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1. Executive Summary/Project Abstract 
 

The Louis Berger Group, Inc. (Berger) proposes to restore the Little Buffalo Creek Stream 
Mitigation Site (Site) in Cabarrus County, North Carolina to provide the North Carolina 
Ecosystem Enhancement Program (NCEEP) with approximately 6,557 stream mitigation units 
needed to compensate for projects occurring within the Yadkin-Pee Dee River basin.  
 
The Little Buffalo Creek Stream Mitigation Site consists of six reaches along the mainstem 
and seven unnamed tributaries (UTs) (Figure 1). The mainstem of Little Buffalo Creek as well 
as UT 4 and UT 7 are perennial streams. The remainder of the UTs are intermittent. 
Photographs of each reach and UT can be found in Appendix 1. North Carolina Division of 
Water Quality (NCDWQ) Stream Classification Forms can be found in Appendix 3. This 
stream mitigation project includes reaches of restoration, enhancement, and preservation along 
the mainstem and its associated UTs. In total, the Site will provide 13641 linear feet of 
restoration, enhancement, and preservation. At a 1:1 ratio for restoration, 1.5:1 for 
enhancement level I, 2.5:1 for enhancement level II, and a 5:1 ratio for preservation, the 
NCEEP will receive approximately 6,679 stream mitigation units from the Site. In addition, 
approximately 47 acres of riparian buffer will be protected within a conservation easement. 
The fourteen reaches are detailed below. 
 

Mitigation Types by Reach (Linear Feet) 
Reach Name          Restoration          Enhancement I          Enhancement II          Preservation 
Reach 1                     438                       0                            1,862                         0             
Reach 2                       0                         0                            1,248                         0     
Reach 3                     267                       0                              808                          0 
Reach 4                       0                       120                            721                          0 
Reach 5                       0                         0                              952                          0 
Reach 6                       0                         0                               0                         2,053 
UT 1                           0                          0                             109                          0 
UT 2                            0                         0                             616                         335 
UT 3                         197                       515                           763                           0 
UT 4                            0                       397                           431                           0 
UT 5                            0                         0                             184                           0 
UT 6                            0                         0                             151                           0 
UT 7                       1,374                       0                               0                             0 
UT 8                          100                       0                               0                             0 
 
The original stream channel has been altered by years of ranching activities, including cattle 
access to the stream and riparian zone. Several reaches of the stream have bedrock in their 
streambed and vertical migration of the stream has been confined to a small percentage of the 
project site. The stability in the vertical direction coupled with the loss of vegetation along the 
stream due to cattle accessing the stream via the streambank have led to streambank failures 
and lateral stream migration on several stream reaches throughout the Site.  
 
The goals of the proposed Little Buffalo Creek Stream Restoration project include, but are not 
limited to, the enhancement of water quality and aquatic/terrestrial habitat, stream stability 
improvement, and erosion reduction. The uplift of these stream functions specifically requires: 
 
• Protecting and improving water quality through the removal or minimization of the 

biological, chemical, and physical stressors, 
o reducing sediment input into the stream from erosion, 
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o reducing non-point pollutant impacts by removing livestock access (including 
restoring  forested buffer, 

o protecting headwater springs 
• Improving aquatic and terrestrial wildlife habitat, 

o moderating stream water temperatures by improving canopy coverage over the 
channel; and, 

o restoring, enhancing, reconnecting, and protecting valuable wildlife habitat. 
•  Restore floodplain connectivity 

o reestablishing floodplain connection thereby dissipating energy associated with flood 
flows.  

 
In addition to the ecological uplift that the project will provide to the Site through the 
improvement of the stream functions, this project establishes the following environmentally 
advantageous goals: 
 
• providing a water source for livestock removed from the stream and riparian corridor; 
• reducing the number of locations that livestock are able to cross the stream; and 
• providing a safe and environmentally appropriate stream crossing points for livestock. 
 
In order to achieve the project goals, Berger proposes to accomplish the following objectives: 
 
• fence the cattle out of the stream and riparian corridor, 
• remove invasive vegetative species from the riparian corridor, 
• restore and enhance unstable portions of the stream, 
• preserve the stream channel and banks through a conservation easement, and 
• plant the riparian corridor with native tree and shrub vegetation. 
 
The expected ecological benefits and goals associated with the Little Buffalo Creek site 
mitigation plan serve to meet objectives consistent with the resource protection objectives 
detailed in the Yadkin-Pee Dee River Basinwide Water Quality Plan, 2008. 
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2. Project Site Identification and Location 
 
Berger proposes to restore the Little Buffalo Creek Stream Mitigation Site (Site) in Cabarrus 
County, North Carolina to provide the North Carolina Ecosystem Enhancement Program 
(NCEEP) with approximately 6,557 stream mitigation units needed to compensate for projects 
occurring within the Yadkin-Pee Dee River basin. This Restoration Plan describes existing 
project site conditions and details the restoration process. This report continues the regulatory 
review process through the NCEEP. 
 
The Little Buffalo Creek Stream Mitigation Site consists of six reaches along the mainstem 
and seven unnamed tributaries (UTs) (Figure 1). The mainstem of Little Buffalo Creek as well 
as UT 4 and UT 7 are perennial streams. The remainder of the UTs are intermittent. 
Photographs of each reach and UT can be found in Appendix 1 and North Carolina Division of 
Water Quality (NCDWQ) Stream Classification Forms can be found in Appendix 3. This 
stream mitigation project includes reaches of restoration, enhancement, and preservation along 
the mainstem and its associated UTs. In total, the Site will provide 13,641 linear feet of 
restoration, enhancement, and preservation. At a 1:1 ratio for restoration, 1.5:1 for 
enhancement level I, 2.5:1 for enhancement level II, and a 5:1 ratio for preservation, the 
NCEEP will receive approximately 6,679 stream mitigation units from the Site. In addition, 
approximately 47 acres of riparian buffer will be protected within a conservation easement.  

 
2.1. Directions to the Project Site 

 
From Raleigh: follow US-1 south. Merge onto US-64 W via Exit 98B toward 
Pittsboro/Asheboro. Stay on US-64 for approximately 62 miles. Turn left onto NC-49. Turn 
right onto NC-49 S. Turn right onto Stokes Ferry Road. Turn left onto Old Beatty Ford Road. 
Turn left onto St. Stephen Church Road. Turn right onto Old Mine Road. The upper and 
middle sections of the project can be accessed by parking on Old Mine Road. The lower 
sections of the project can be accessed by parking on Kluttz Road. 
 

2.2. USGS Catalog Unit, Hydrologic Unit Code and NCDWQ River Basin Designation 
 
The Site is located in Cabarrus County southwest of the Town of Gold Hill, in the Rocky River 
basin, US Geologic Survey (USGS) Catalog Unit (CU) 03040105 (Hydrologic Unit Code 
(HUC) and Targeted Local Watershed (TLW): 03040105020060), of the Yadkin-Pee Dee 
River basin (Figure 1). Streams in the uppermost reach of the Rocky River watershed, 
including Little Buffalo Creek, are located primarily in the Southern Outer Piedmont 
ecoregion. They are characterized by sandy substrates and generally consistent summer flow 
regimes (Griffith et al. 2002). The Rocky River, the largest tributary of the Yadkin River, 
flows for approximately 25 river miles from its headwaters near Mooresville in Iredell County 
to its confluence with Irish Buffalo Creek in Cabarrus County. Outside of this region’s 
numerous small urban areas, land use is primarily agricultural (NCDWQ 2007). 
 
According to the NCDWQ 2008 Yadkin Pee-Dee River Basin Plan, 13 benthic and 21 fish 
sites were sampled as part of the five-year basinwide sampling program. Of the sites that were 
sampled in both 2001 and 2006, over 30 percent declined in bioclassification while just 20 
percent showed an improvement. Further, the total number of samples increased by 41 percent 
and corresponded to a 37 percent increase in the number of impaired sites. This suggests that 
as further investigations are performed, more water quality problems are uncovered. In 
response to existing impacts from agricultural land uses and anticipated residential growth, the 
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NCEEP targeted the Rocky River Watershed for water quality and habitat quality 
improvements (NCEEP 2009b). 
 
The site is located in Targeted Local Watershed (TLW) 03040105020060.  By the year 2015, 
the population within this area is expected to increase by 4000.  According to the 2009 Lower 
Yadkin Pee Dee River Basin Restoration Priorities Report (NCEEP 2009b), the goals for CU 
03040105, which encompasses this watershed, include: improved management of stormwater 
runoff, protection of threatened and endangered wildlife resources, continued mitigation of 
impacts resulting from rapid urbanization, and restoration of water quality in DWQ-identified 
impaired streams.    

 
2.3. Project Vicinity 

 
Located in Cabarrus County, North Carolina, the Site is approximately 12 miles east of 
Kannapolis and two miles southwest of Gold Hill. The Site starts at the Rowan/Cabarrus 
county line (Figure 1). 
 

2.4. Project Components and Structure 
 
A summary of the project components is available in Table 1 and Figure 3 displays mapped 
soils and proposed mitigation.  
 
Reach 1 begins at the Rowan/Cabarrus county line and continues 2,300 feet south until Old 
Mine Road bridge. The existing riparian buffer extends approximately 10 feet on both sides. 
Both sides of the bank are open to cattle pasture. The floodplain is generally flat and slopes 
upward to the east and west from each streambank. Soils along this reach are Chewacla sandy 
loam (Ch), Tatum silt loam (2-8 percent slopes) (TaB), and Goldston very channery silt loam 
(15-45 percent slopes) (GoF) (USDA 2009a). Reach 1 will include restoration and 
enhancement level II. The restoration component will provide stable channel geometry and 
improvement in water quality, and aquatic and terrestrial wildlife habitat. Enhancement level II 
will provide improved water quality through the removal or minimization of the biological, 
chemical, and physical stressors. This effort will also improve aquatic and terrestrial habitat 
over time as invasive species are removed and natural species returned.  
 
Reach 2 begins just below  the Old Mine Road bridge and continues downstream for 1,248 
feet. The existing riparian buffer extends approximately 10 feet on both sides. Both sides of the 
bank are open to cattle pasture. The floodplain is generally flat and slopes upward to the east 
and west from each streambank. Soils along this reach are Chewacla sandy loam (Ch) and 
Goldston very channery silt loam (15-45 percent slopes) (GoF) (USDA 2009a). Reach 2 will 
include enhancement level II efforts. 
 
Reach 3 begins where Reach 2 ends and continues 1,075 feet south to UT4. The existing 
riparian buffer extends approximately 10 feet on the west stream bank, but is more forested 
along the east bank. Both sides of the bank are open to cattle pasture. The floodplain is 
generally flat and slopes upward to the east and west from each streambank. Soils along this 
reach are Chewacla sandy loam (Ch) (USDA 2009a). Reach 3 will include restoration for the 
central portion and enhancement level II for the upper and lower portions. 
 
Reach 4 begins at UT 4 and continues 841 feet south to UT 3. The existing riparian buffer 
extends approximately 10 feet on both sides. Both sides of the bank are open to cattle pasture. 
The floodplain is generally flat and slopes upward to the east and west from each streambank. 
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Soils along this reach are Chewacla sandy loam (Ch) (USDA 2009a). Reach 4 will include 
enhancement level I and enhancement level II. Enhancement level I provides improved water 
quality through the removal or minimization of the biological, chemical, and physical 
stressors. Additionally, this effort will improve aquatic and terrestrial wildlife habitat over time 
as invasive species are removed and natural species are returned. 
 
Reach 5 begins at UT 3 and continues for 952 feet past UT 5 and UT 6. The existing riparian 
buffer extends approximately 10 feet on both sides. Both sides of the bank are open to cattle 
pasture. The floodplain is generally flat and slopes upward to the east and west from each 
streambank. Soils along this reach are Chewacla sandy loam (Ch) (USDA 2009a). Reach 5 will 
include enhancement level I and enhancement level II. 
 
Reach 6 begins where Reach 5 ends and extends 2,053 feet to the end of the mitigation reach at 
Kluttz Road. The existing riparian buffer extends approximately 10 feet on the west bank, but 
is more forested on the east bank. The west bank is open to cattle pasture. The floodplain is 
generally flat and slopes upward to the east and west from each streambank. Soils along this 
reach are Chewacla sandy loam (Ch) (USDA 2009a). Reach 6 consists of only preservation. 
 
UT 1, north of the first cattle crossing, flows into Reach 1 from the west. Only 109 feet of this 
reach upstream of the confluence with Little Buffalo Creek will be enhanced as the landowner 
was unwilling to allow more for this project. There is no riparian buffer and both sides of the 
bank are open to cattle pasture. Soils along this reach are Chewacla sandy loam (Ch) (USDA 
2009a). UT 1 will include enhancement level II. 
 
UT 2 flows into Reach 2 from the west. This reach extends 951 feet from the pond outlet to the 
mainstem of Little Buffalo Creek. For 336 feet below the pond, the existing riparian buffer is 
greater than 50 feet wide on each side of the bank. Below that point, there is no riparian buffer. 
This area is open to cattle pasture. Soils along this reach are Chewacla sandy loam (Ch) 
(USDA 2009a). The section of the reach with the riparian buffer will include preservation, 
while the section below will include enhancement level II. 
 
UT 3 flows into the end of Reach 4 from the west. Mitigation for this reach starts at Old Mine 
Road and continues 1,475 feet to the mainstem. There is no existing riparian buffer and both 
banks are open to cattle pasture. Soils along this reach are Chewacla sandy loam (Ch), 
Georgeville silty clay loam (2-8 percent slopes) (Geb2), and Badin channery silt loam (8-15 
percent slopes) (BaD) (USDA 2009a). UT 3 will include restoration, enhancement level I and 
enhancement level II. 
 
UT 4 flows into the end of Reach 3 from the east and will be mitigated for approximately 828 
feet. The existing riparian buffer extends approximately 10 feet on the south bank, but is 
forested along the north bank. The south bank is open to cattle pasture. Soils along this reach 
are Chewacla sandy loam (Ch) and Goldston very channery silt loam (15-45 percent slopes) 
(USDA 2009a). UT 4 will include enhancement level I and enhancement level II. 
 
UT 5 flows into Reach 5 from the east. The riparian buffer is intact along the north bank of the 
stream, but the south bank is open to cattle pasture. Soils along this reach are Goldston very 
channery silt loam (15-45 percent slopes) (GoF) and Chewalca sandy loam (0-2 percent 
slopes) (Ch) (USDA 2009a). Mitigation for UT 5 will include approximately 184 feet of 
enhancement level II. 
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UT 6 also flows into Reach 5 from the east. The riparian buffer is intact for a portion upstream 
along the south bank. The north bank is open to cattle pasture. Soils along this reach are 
Goldston very channery silt loam (15-45 percent slopes) (GoF) and Chewalca sandy loam (0-2 
percent slopes) (Ch) (USDA 2009a). Mitigation for UT 5 will include approximately 151 feet 
of enhancement level II. 
 
UT 7 is a larger tributary flowing into Reach 6 from the west. The existing riparian buffer 
extends approximately 10 feet from each bank. Stream geometry is severely incised. Soils 
along this reach Chewalca sandy loam (0-2 percent slopes) (Ch) (USDA 2009a). The original 
length of UT 7 is approximately 1,374 feet. Mitigation consists of restoration  This restoration 
effort also includes a short segment of  UT 8.  The lower half of the stream’s geometry is 
severely incised because of head cutting due to the incision of UT 7. The flow from the UT 8 
to UT 7 will be redirected to join UT 7 at a new location upstream of the current confluence 
and at a more natural elevation. 

 
3. Watershed Characterization 

 
3.1. Drainage Area 

 
The Little Buffalo Creek Stream Mitigation project has a total drainage area of approximately 
4,039 acres (Figure 2). The watershed is mostly agricultural with forested areas. UT 1 has a 
drainage area of approximately 293 acres, UT 2 has 193 acres, UT 3 has 62 acres, UT 4 has 
254 acres, UT 5 has 8 acres, UT 6 has 16 acres, and UT 7 has 1,222 acres. Little Buffalo Creek 
flows south into Dutch Buffalo Creek, which then flows into Reedy Creek. Reedy Creek flows 
to the Rocky River, which eventually drains into the Yadkin Pee-Dee River. Table 4 in Section 
12 displays the drainage area, easement area, and surface water classification associated with 
each project reach.   
 

3.2. Surface Water Classification / Water Quality 
 
The CU 03040105 subbasin is located adjacent to the City of Charlotte where rapid 
development and limited stream waste assimilation capacity is having a major impact on water 
quality. Of the monitored waters, 29 percent are supporting and 65 percent are impaired. New 
impairments corresponded with an increase in number of sample sites, indicating as more 
monitoring is done more water quality problems will likely be detected. A macro-benthos 
survey specifically for the Site was completed in October 2010. The results from the survey are 
included in Appendix 10.  
 
The network of ambient monitoring sites in the Rocky River watershed indicate that turbidity 
and nutrients (nitrogen and phosphorus) are notably higher in this area than in other parts of 
the Yadkin – Pee Dee River basin. Fecal coliform bacteria, iron, and copper are also pollutants 
of concern in this watershed. Iron and copper occur naturally in the soils of this region and 
further investigation is needed to determine the groundwater contribution of these metals to 
surface waters. Other possible sources include nonpoint source runoff from urban areas and 
waste land-application sites. Land use in this subbasin is mostly comprised of cultivated 
cropland, although there are large numbers of swine and poultry operations (NCEEP 2009b, 
NCDWQ 2008a).  
 

 Water Supply Watershed 
The Little Buffalo Creek Stream Mitigation Site is not located within a water supply 
watershed. Little Buffalo Creek is classified as C: freshwaters protected for 
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secondary recreation, fishing, aquatic life including propagation and survival, and 
wildlife (NCDWQ 2010). Several segments of Dutch Buffalo Creek as well as 
several tributaries to Dutch Buffalo Creek are listed as High Quality Waters (HQW). 
These segments are downstream of Little Buffalo Creek. 

 
 Pollution Sources within the Subbasin 

Subbasin CU 03040105 has eight major and 45 minor facilities with National 
Pollutant Discharge Elimination System (NPDES) permits to discharge wastewater 
into its waterways. All major and minor facilities are either located downstream of 
Little Buffalo Creek or in other watersheds. No facilities are located on Dutch 
Buffalo Creek. In 2001, a fish community (F-8) was sampled at SR 2622 (NC 200) 
and rated ‘Good.’ In 2004, the community was resampled and dropped to a ‘Good-
Fair’ rating (NCDWQ 2007). 

 
 303d-Listed Stream or Watershed 

Several streams are listed as impaired on the 2008 final 303d list within the CU 
03040105. Many streams listed as impaired occur within the Charlotte, Concord, 
and Kannapolis vicinity. No streams are listed as impaired within the Dutch Buffalo 
Creek watershed, upstream of its confluence with Reedy Creek. The entire stretch of 
the Rocky River within the 03040105 watershed is listed as impaired due to copper 
and turbidity (NCEEP 2009b, NCDWQ 2008b). 

 
 NCWRP Targeted Watershed 

Several 14 digit HUCs of 03040105 are listed as NCEEP Targeted Local 
Watersheds, including HUC 03040105020060 (NCEEP 2009b). 

 
   Significant Natural Heritage Area 

A significant natural heritage area is an area that contains one or more threatened or 
endangered species or exemplifies a naturally occurring ecological community that 
exists within North Carolina. Within the HUC subbasin 03040105020060, the 
Natural Heritage Program (NCNHP) has identified nine significant natural heritage 
areas and one managed area (NCDENR 2010): 

 
o Butcher Branch Forest is located 3.3 miles south of the Site; 
o Charity Church Hardwood Forest is located 4.6 miles southwest of the Site; 
o Dutch Buffalo Creek Aquatic Habitat is located 4.7 miles southwest of the 

Site; 
o Dutch Buffalo Creek Dam is located 3.1 miles southwest of the Site; 
o Georgeville Sunflower Site is located 13.5 miles southwest of the Site; 
o Lower Butcher Branch Depression Swamps are located 2.1 miles south of 

the Site; 
o Miami Church Hill Rare Plant Site is located 12 miles southwest of the Site; 
o Stephens Church Forest is located 12.5 miles southwest of the Site;  
o Walker Road Hardpan Forest is located 7.8 miles southwest of the Site; and 
o The Gold Hill Rail Trail (managed area) is located 0.15 miles northeast of 

the Site. 
 

3.3. Physiography, Geology, and Soils 
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The Site is located within the Carolina Slate Belt ecoregion of the Piedmont physiographic 
province of North Carolina, along the edge of the Southern Outer Piedmont ecoregion.  The 
Carolina Slate Belt extends from southern Virginia, across the Carolinas, and into a small part 
of eastern Georgia. The mineral-rich metavolcanic and metasedimentary rocks with slatey 
cleavage tend to be finer-grained and less metamorphosed than other parts of the Piedmont 
(except for the Triassic Basins) and is somewhat less resistant to erosion.  
 
The Carolina Slate Belt has been an important region of mineral production and is thought to 
have the potential for containing undiscovered deposits of gold and silver, as well as copper, 
lead, zinc, molybdenum, and tin. The volcanic slates are deeply weathered in places forming 
clay and shale, and soils generally have high silt contents. The more silty and silty clay soils of 
the Carolina Slate Belt contrast with the loam and sandy loam soils often found in other parts 
of the Piedmont. Streams tend to dry up and water yields to wells are low as this region 
contains some of the lowest water-yielding rock units in North Carolina (Griffith et al. 2002). 
 
The Southern Outer Piedmont extends from Alabama, across large portions of the Georgia and 
South Carolina Piedmont, and into northern North Carolina. It covers the middle portion of the 
North Carolina Piedmont in the south. The ecoregion has lower elevations, less relief, and less 
precipitation than the Southern Inner and Northern Inner Piedmont ecoregions, and tends to 
have more cropland than those Inner Piedmont regions. The landform class is mostly irregular. 
Gneiss, schist, and granite are typical rock types, and the rocks are intensely deformed and 
metamorphosed.  
 
Streams within each area are affected by the soils, geology, vegetation, and topography 
characteristic of the physiographic region. Overall, streams in the Southern Outer Piedmont 
ecoregion are characterized by sandy substrates and generally consistent summer flow regimes, 
while streams in the Carolina Slate Belt are characterized by low summer flows, extensive 
bedrock formations, and the prevalence of boulder and cobble substrate. The characteristics of 
the regional geology is expressed within the Little Buffalo Creek project reach through its 
eroding banks where the stream has carved out the moderately erodible soils and at halted 
headcuts where the stream degraded to bedrock. 
 

3.4. Historical Land Use and Development Trends 
 
As specified in the NCDWQ Basin Plan and the NCEEP River Basin Restoration Priorities 
Report, this subbasin is located adjacent to the City of Charlotte where rapid development and 
limited stream waste assimilation capacity is having a major impact on water quality. Thirteen 
benthic and 21 fish sites were sampled as part of the five-year basinwide sampling program. 
NCDWQ’s biological and ambient data indicate streams in urbanizing areas of the Rocky 
River Watershed are demonstrating negative water quality impacts (NCDWQ 2008a, NCEEP 
2009b). Of the sites that were sampled in both 2001 and 2006, over 30 percent declined in 
bioclassification while just 20 percent showed an improvement. As further investigations were 
performed as part of the sampling program, more water quality problems were uncovered.  
 
In response to existing impacts from agricultural land uses and anticipated residential growth, 
the NCEEP targeted the Rocky River Watershed for water quality and habitat quality 
improvements. The severe bank erosion, shifting sandy substrates, channelization, and 
sedimentation point to an overall pattern of habitat degradation in the watershed. In addition, 
turbidity violations are common throughout the Rocky River watershed. It is likely that a 
combination of human caused land disturbances and natural erosion are causing the majority of 
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turbidity violations in this watershed, with human causes being the leading contributor 
(NCEEP 2009b, NCDWQ 2008a).  
 
WARSSS Analysis 
In addition to the standard analysis, the Environmental Protection Agency’s (EPA) Watershed 
Assessment of River Stability and Sediment Supply (WARSSS) Reconnaissance Level 
Assessment (RLA) methodology was used as a basis to conduct a table top assessment of Little 
Buffalo Creek.  This methodology examines land and river management activities and attempts 
to identify sediment sources and channel stability problems linked to these activities.   
 
Multiple data sets were compiled to aide in this assessment, including USGS topographic 
maps, high altitude aerial photography, and US Department of Agriculture, Natural Resources 
Conservation Service (USDA NRCS) soils data.  Synthesis of the data was done using ESRI 
ArcMAP GIS software.  A comparative analysis was done using aerial photography from 1983 
and 2005/2006 to determine if trends could be identified as influencing river stability and 
sediment supply (USDA 1983; USDA 2005; USDA 2006).  (Aerial photography was available 
from 2005 for Cabarrus County and from 2006 for Rowan County. The timeframe 
encompassing both sets of aerial photography will herein be referred to as 2006.) The 4,039-
acre Little Buffalo Creek watershed was divided into two sub-watersheds, UT 7 and the main 
stem of Little Buffalo Creek for this analysis.   
 

WARSSS Exhibit 1. Size of Little Buffalo Creek watershed and sub-watersheds. 

 

Little Buffalo 
Creek 

Watershed 

Main Stem Sub-
Watershed 

UT 7  
Sub-Watershed 

Total Size (acres) 4,039 2,817 1,222 
300 ft Riparian 
Buffer (acres) 1,526 1,026 500 

 
Analyses conducted as part of the WARSSS analysis are summarized below. 
 

 Riparian Buffer Evaluation 
LBG applied a 300-foot buffer to the centerline of the stream features to determine 
the extent of the riparian zone within each reach.  
 

 Bedload Transport Sampling 
Conducted bed load sampling (via buckets buried side by side through the length of 
each cross section) to confirm sediment transport calculations. 

 
 Land Use Analysis 

Land use polygons were digitized from 1983 and 2006 aerial photography to satisfy 
spatial analysis requirements (USDA 1983; USDA 2005; USDA 2006). The land 
use analysis found that the acres of forested land, the miles of roadways, the area of 
surface mining, the number of structures, and the number of water impoundments 
increased within the Little Buffalo Creek watershed from 1983 to 2006. Detailed 
results for land use analysis are presented in Exhibit 2. 

 
 WARSSS Exhibit 2.  Little Buffalo Creek land use/land cover analysis 
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Little Buffalo 
Creek 

Watershed 

Main Stem 
Sub-Watershed 

UT 7  
Sub-Watershed 

1983 2006 1983 2006 1983 2006 

Forested Land (ac) 2,152 2,300 1,451 1,531 701 800 
Forested land: 300 ft 
Riparian Buffer (ac) 1,033 1,089 658 690 375 399 
Non-Forested Land (ac) 1,872 1,694 1,325 1,245 547 448 
Non-Forested Land: 300 
ft Riparian Buffer (ac) 493 437 368 336 125 101 
Mines/Quarries (ac) 2.1 31.6 0 26.5 2.1 7.1 
Roads (miles) 18.2 30.3 11.6 21.6 6.6 8.7 
House/Structures 179 385 108 262 71 123 

 
 Soils Analysis 

Potentially erodible soil within the Little Buffalo Creek watershed were identified 
soils using NRCS web soil surveys for Cabarrus and Rowan Counties (USDA 2010), 
as well as soil survey area shapefiles obtained from the Soil Data Mart 
(http://soildatamart.nrcs.usda.gov) (USDA 2009a; USDA 2009b). A soil type was 
identified as “erodible” if it had an erosion factor of moderate or severe. Detailed 
results for soil analysis can be found in Exhibit 3. 

 
 WARSSS Exhibit 3.  Little Buffalo Creek Highly Erodible Soils Analysis 

  

Little Buffalo 
Creek 

Watershed 

Main Stem Sub-
Watershed 

UT 7  
Sub-Watershed 

1983 2006 1983 2006 1983 2006 

Erodible Soils (ac) 630 630 511 511 119 119 
Erodible Soils - 300 ft 
Riparian Buffer (ac) 382 382 302 302 80 80 
Forested Erodible 
Soils (ac) 452 487 349 376 104 111 
Non-Forested 
Erodible Soils (ac) 178 143 163 136 15 8 
Forest Erodible Soils: 
300 ft Riparian 
Buffer (ac) 289 314 216 237 73 77 
Non-Forested 
Erodible Soils: 300 ft 
Riparian Buffer (ac) 93 68 85 645 8 3 

 
Conclusions 
From this table top exercise one can conclude that watershed processes are not likely the cause 
of channel instability within the main stem sub-watershed. From 1983 to 2006 the sub-
watershed experienced a doubling in the number of house/structures and an increase in miles 
of roads.  These increases were relatively insignificant relative to the size of the sub-watershed.  
The main stem sub-watershed remains rural without significant urbanization.  Land use did not 
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significantly change. The sub-watershed did not experience a significant change in the size or 
number of impoundments. These factors make it likely that watershed driven hydrological 
processes are not the source of channel of instability. 
 
A 26.5 acre quarry was constructed between 1983 and 2006 within the sub-watershed, but this 
acreage is less than one percent of the sub-watershed size. This quarry is not likely a 
significant source of sediment to the stream.  Furthermore, erodible soils, both within and 
outside the 300-foot riparian buffer, experienced a slight increase in forested land use.  It is not 
likely that land use changes are leading to watershed-driven sediment supply and, therefore, is 
not likely a major factor leading to channel instability. 
 
It is unlikely that UT 7 sub-watershed has experienced significant changes in watershed 
processes leading to stream instability. UT 7, similar to the main stem sub-watershed, 
experienced a doubling in the number of house/structures, but only a two mile increase in 
roadways.  Both of these are insignificant relative to the sub-watershed size.  The number or 
size of impoundments did not significantly change between 1983 and 2006.  UT 7 experienced 
a slight (non-significant) increase in forested acres.  This suggests that, as within the main 
stem, watershed driven hydrological processes are not the source of channel instability. 
 
UT 7 did not experience watershed changes leading to an increase in sediment supply.  The 
mine within the sub-watershed increased in size by five acres; this is insignificant when one 
considers that the sub-watershed is over 1,200 acres in size.  Land use on erodible soils did not 
significantly change.  Forested land on erodible soils slightly increased within the 300-foot 
riparian buffer, as well as in the sub-watershed as a whole.  This suggests that watershed 
driven sediment supply is not contributing to channel instability. 
 
From this table top exercise it appears that the Little Buffalo Creek watershed is not 
experiencing significant watershed driven processes leading to channel instability.  The 
watershed has not experienced significant changes in hydrological processes or land use 
changes leading to changes in sediment supply.  It is likely that localized processes, (i.e. cattle 
grazing and direct stream access), and/or localized stream features (i.e. undersized culverts) 
that are the major forcing functions driving channel instability. 
 

3.5. Endangered / Threatened Species 
 
The US Fish and Wildlife Service (USFWS) and NCNHP listed two species for Cabarrus 
County that are offered protection by the Endangered Species Act of 1973, as amended 
(USFWS 2008 and NCNHP 2010). Species listed are the Carolina heelsplitter (Lasmigona 
decorata) and the Schweinitz’s sunflower (Helianthus schweinitzii). Both species are listed as 
endangered. 
 
Suitable habitat for the Carolina heelsplitter includes mud, muddy sand, or muddy gravel 
substrates in streams and rivers along stable, wellshaded stream banks (USFWS 2008). 
Suitable habitat for the Schweinitz’s sunflower includes roadsides, power line clearings, old 
pastures, woodland openings and other sunny or semi-sunny situations (USFWS 2008). The 
project area includes degraded stream channels with little riparian vegetation and poor water 
quality from nutrient loading. The majority of the mainstem of Little Buffalo Creek and its 
UTs are open to cattle pasture. Due to the Site’s disturbed nature, suitable habitat for the 
Carolina heelsplitter and Schweinitz’s sunflower is not anticipated to occur on Site. In 
addition, the NCNHP shapefile did not indicate any federally threatened or endangered species 
within a mile of the Site (NCDENR 2010). 
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A letter was sent to the USFWS dated November 16, 2009 requesting any known information 
on these species in the county. No response was received; therefore; it is assumed that the 
USFWS does not have any comments nor do they have information relevant to this project. A 
copy of the letter sent to USFWS can be found in Appendix 11. 
 

3.6. Cultural Resources 
 
Berger conducted a cultural resources records review for the Site on November 24, 2009. The 
archaeological field work was conducted from January 6 through January 7, 2010. The official 
archaeological site inventory and National Register files at the North Carolina State Historic 
Preservation Office (SHPO) and the Office of State Archaeology (OSA) in Raleigh were 
reviewed for the presence of previously recorded archaeological sites and historical properties 
within the boundaries of the parcel that contains the Site and within a one mile radius of that 
location. No previously recorded archaeological sites are located within one mile of the Site. 
The Daniel Isenhour House and Farm (District #0000392) is the only nearby architectural 
property listed on the National Register of Historic Places. The proposed project is not 
expected to have an effect on the ca. 1843 house or the contributing outbuildings and 
landscape. No other architectural properties determined eligible, or under consideration, for 
inclusion in the National Register of Historic Places are located within one mile of the Site. 
Outside the project boundary, the remains of a gold mine, identified as the Whitney Mine in 
Cabarrus County Architectural Survey files, is present immediately above one of the unnamed 
tributaries proposed for preservation. The mine depression has been converted into a pond 
through the construction of an earthen dam. 
 
Fieldwork included a pedestrian reconnaissance of the Site. This was accomplished by walking 
the perimeter of the Site. Locations with good surface visibility, such as cutbanks, exposed 
ground surfaces, and erosional features, were also inspected in order to identify structural 
remains, cultural deposits, and any other cultural features. The area was photographed and its 
topographic and vegetative characteristics noted. A total of three shovel tests were excavated 
within the boundaries of the Site. An additional shovel test was excavated in the vicinity of the 
mine. Shovel Test 1 was excavated in a pasture along the level upper reaches of the project 
marked for restoration. Shovel Test 2 was excavated in a sparsely wooded area near the center 
of the project area. Shovel Test 3 was excavated on the grassy slope overlooking the old mine. 
Shovel Test 4 was excavated in an area of tall grass and weeds near the confluence of the creek 
and its southern most tributary in the project area. No artifacts were collected in Shovel Test 
pits 2, 3, and 4. The location of Shovel Test 1 has been temporarily designated an 
archaeological site (Temp Site 4555-1). The artifacts recovered from Shovel Test 1 include 
rhyolite early reduction flakes, a rhyolite biface reduction flake, and an unidentified chert flake 
showing possible signs of utilization. Although much of the terrain along the eastern bank of 
Little Buffalo Creek is steeply sloped, the northern, western, and southern portions of the 
project area are characterized by floodplains sufficiently wide for human occupation. The 
presence of prehistoric artifacts suggests there is a moderately high potential for additional 
prehistoric cultural resources within the project boundary. 
  
A letter summarizing the findings of the cultural resources records review and the 
archaeological reconnaissance was submitted to the NC SHPO on January 22, 2010. A 
response letter, dated February 2, 2010, from the NC SHPO stated that “We have conducted a 
review of the project and are aware of no historic resources which would be affected by the 
project. Therefore, we have no comment on the project as proposed.” As a result, no further 
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investigations were performed. Letters of coordination, including the NC SHPO concurrence, 
are provided in Appendix 11. 
 
These findings were also summarized in the Categorical Exclusion (CE) document submitted 
March 8, 2010.  The CE was approved on March 23, 2010 for the Little Buffalo Creek Stream 
Mitigation Project and a copy of this approval is provided in Appendix 11. Therefore, the 
proposed project is not likely to affect cultural resources. 

 
3.7. Discharge 
 

A flow meter was used to take flow measurements at various stages at the reference reach and 
at UT 7. A rough stage discharge curve was created, but high flows did not occur during the 
sampling period, limiting the utility of this data. Roughness coefficients were calculated using 
velocity, slope, and flow area data collected during the field effort and used in the hydrologic 
and hydraulic modeling effort.  

 
3.8. Potential Constraints 

 
3.8.1. Property Ownership and Boundary 

 
The Site is enrolled in a perpetual conservation easement held by the state of North Carolina. 
Documentation of this enrollment and the property boundary survey are provided in Appendix 
12. The conservation easement is also mapped on the design plan sheets found in Section 14. 
 

3.8.2. Site Access 
 
The northern portion of the Site can be accessed from Old Mine Road. The southern portion of 
the Site can be accessed from Kluttz Road. Areas requiring work can also be accessed through 
several pastures on Site. It is not anticipated that site access would act as a constraint. 
 

3.8.3. Utilities 
 
Based on a deed and title search, in addition to landowner input, there are no known utility 
right of ways that traverse the Site.  
 

3.8.4. FEMA / Hydrologic Trespass 
 

There are no Federal Emergency Management Act (FEMA) studied streams within the project 
reach and; therefore, FEMA coordination is not anticipated for this project. H&H models were 
used to confirm that there will be no hydrologic trespass as a result of this project. The results 
are provided in Appendix 8. 
 

4. Project Site Streams - Existing Conditions 
 

4.1. Existing Conditions Survey 
 
The Site is comprised of the mainstream of Little Buffalo Creek from its entrance into 
Cabarrus County southward to its crossing of Kluttz Road at the downstream end of the Site. 
Four first order tributaries, two second order tributaries, and one third order tributary feed the 
mainstem from parcels belonging to three landowners. The upstream two thirds of the 
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mainstem are flanked by sparse vegetation, with the exception of one short reach. The 
downstream third of the Site is stable and well buffered. 
 
Within the project site Little Buffalo Creek is a predominantly a Rosgen C-type channel. Little 
Buffalo Creek is a second order stream until its confluence with UT 1. From UT 1 to UT 7, 
Little Buffalo is a third order stream. The mainstem turns into a fourth order stream at its 
confluence with UT 7. Representative photos of the reaches of Little Buffalo Creek are 
provided in Appendix 1. The upstream two thirds of the mainstem of Little Buffalo Creek are 
primarily characterized by a vertically stable stream channel with a cobble/gravel substrate and 
numerous bedrock outcroppings. Portions of the mainstem are laterally unstable as evidenced 
by a bankfull width range of approximately 10 feet to more than 30 feet in areas with little 
persistent vegetation. Comparable bankfull widths within stable, preservation reaches range 
from 20 to 25 feet. Some sections of the mainstem have fairly good vegetation; however, 
unimpeded cattle access has reduced the ability of existing vegetation to absorb stream energy 
resulting in over widened channel dimension.  
 
Within this upper section many of the small UTs originate from small farm ponds or springs 
located onsite. Seven UTs will receive some level of mitigation as part of the project. 
Currently cattle have access to all of the tributaries and only half of them have any vegetation 
beyond grass.  
 
Land cover immediately to the north and south of the Site is primarily forest. Further upstream 
and downstream there are large agricultural fields adjacent to the creek. The majority of the 
Site is in cow pasture while the riparian areas consist of Piedmont/Mountain Bottomland 
Forest with a sparse understory (Schafale and Weakley 1990). 
 
The widths of the existing mature forest buffer along the segments of Little Buffalo Creek and 
its tributaries vary but are generally forested immediately along the channel. The buffer is only 
about 10 feet in width at many locations. More detailed descriptions of the individual project 
reaches can be found in Section 2.4 above and in Section 4.1.5 below. Existing conditions are 
also displayed on the design sheets found in Section 14. 
 

4.2. Channel Classification 
 
Stream Classification was performed using the Rosgen Classification System which is 
predicated on combinations of morphological variables including dimension, pattern, profile, 
slope, and available sediment. 
 
Little Buffalo Creek is predominantly a “C4” stream type as the overwhelming majority of the 
stream within the project reach has a width/depth ratio greater than 12 and has formed a 
riffle/pool bedform sequence with a gravel bed. Much of the stream lies on bedrock and has a 
fairly sinuous low flow channel. Stream banks are low but suffer instability, primarily due to 
hoof shear from to cattle intrusion rather than shear stress. In a few short reaches the stream 
narrows considerably due to a combination of lack of bedrock bed and fairly good bank 
vegetation and would be considered and “E4” stream type, but these reaches make up a very 
small fraction of the onsite length. Similarly there are a few small sections of stream that are 
wider and more entrenched and would be classified an “F4” stream type. 
 
The upper end of UT 7 is a wide flat stream as it exits the two culverts under Old Mine Road. 
A head cut extends nearly half way from the confluence back to the culvert, UT 7 is an “F4” 
stream type that is itself entrenched albeit not as much as the head cut section. The stream has 
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cut down to bedrock and the beginnings of a “C4” stream type are starting to form within the 
“F4” due to the vertical stability being provided by the rock and culvert. Downstream from the 
confluence of UT 7 and the mainstem of Little Buffalo Creek, the stream narrows, and is even 
more severely entrenched.  The stream’s side slopes are vertical and beginning to fall in on 
themselves, slowly widening the stream.  
 
The other stream reaches and tributaries are proposed to undergo enhancement or preservation 
and therefore their classifications are listed in Table 4 instead of discussed here. 
 

4.3. Valley Classification 
 
Valley Classification was performed using the Rosgen Classification System. Both Little 
Buffalo Creek and UT 7 were classified as having valley type 8 (Rosgen 1996). This valley 
type is defined as long and broad with gentle relief; alluvial terraces and floodplains are the 
predominant depositional landforms and most often stream type “C” and E” form riffle/pool 
bedforms (Rosgen 1996).  
 
UT 5 and UT 6 were not classified as they are spring fed and have valleys of less than 200 feet. 
Similarly the portion of UT 1 being protected was less than 200 feet and therefore was also not 
classified. 
 
UT 2, UT 3, and UT 4 were classified as having valley type II. This valley type is defined as 
having moderate relief, moderate side slope gradients, and valley floors developed from parent 
material alluvium and colluvium (Rosgen 1996). Due to low sediment supply, the stream type 
“B” is most often found as the stable type within this valley and each of these tributaries 
exhibits predominantly “B” streams. 
 

4.4. Discharge 
 
The bankfull discharge of Little Buffalo Creek and UT7 were calculated by calibrating 
bankfull discharge at the nearby USGS Gage Station, gage # 02125000 (Big Bear Creek near 
Richfield, NC), and relating the flows comparing drainage areas (Rosgen 1996). Calibration of 
return intervals considered 53 years of available data. The discharge associated with field 
surveyed bankfull indicators corresponded with a return interval of approximately 1.14 years. 
Appendix 7 shows annual peak flows from 1955-2007. 
 
Bankfull discharge for Little Buffalo Creek was determined to be 115 cubic feet per second 
(CFS) in the upstream restoration reach and 163 CFS in the lower restoration reach. UT 7 was 
calculated to have a bankfull discharge of 96 CFS (UT 7 enters Little Buffalo Creek 
downstream of the lower restoration reach). 
 
The NC Regional Curve for Rural Piedmont streams was consulted as well; however, the curve 
calculated data resulted in a flow that was field calibrated to a feature deemed to be inner 
berm. This feature was fairly distinct and therefore was incorporated into the natural channel 
design of both Little Buffalo Creek and UT 7. 
 

4.5. Channel Morphology (pattern, profile) 
 
A portion of Reach 1, a portion of Reach 3, and all of UT 7 are going to be fully restored with 
a natural channel design that will result in the construction of a completely new channel in 



The Louis Berger Group, Inc.  Little Buffalo Creek Stream Mitigation Site 
     EEP Project Number 94147  

Little	Buffalo	Creek	Stream	Restoration	Plan	 Page	16	

 

each instance. Since the other reaches (enhancement and preservation) will receive less 
manipulation of morphology only the three restoration reaches will be discussed in this section. 
 
Reach 1 
The portion of Reach 1 that is to be restored lies within a portion of the landscape that appears 
to have been a pond at some point in time. At the upstream end of the reach, the stream 
squeezes through an opening defined by a right bank of bedrock and a left bank that is several 
feet higher than the surrounding grade. The left bank appears to be the remnants of the berm 
that defined the back of the pond historically. The stream hugs the high bank on the right while 
the left floodplain is low and flat as it was the old pond bed. The end of the reach is defined by 
the stream taking a 90 degree right turn. The remnants of the stone dam are still present on the 
terrace high above the left stream bank. 
 
A comprehensive list of dimension measurements for the 438 feet of proposed restoration of 
Reach 1 is shown in Table 5. The bankfull widths range from 46 to 83 feet and the width to 
depth ratios range from 33 to 128. Since the stream was pushed up against the valley wall, it 
has virtually no pattern, or a sinuosity of nearly 1.0, in this section.  Similarly the stream rests 
on bedrock for more than half its length, so there is not a common step-pool morphology found 
in this reach. 
 
 
 

 
        Reach 1 (upstream limit of restoration reach) - Bedrock Bank on the right. (3/29/2010) 
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       Reach 1 (downstream limit of restoration reach) – Remnants of dam (circled). (12/9/2009)  
                                                                                                              

 
Aerial photograph of the restoration limits of Reach 1. (4/2/2010) 
 
 
 

Berm 
Bedrock Bank 

90o turn at Dam 
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Reach 3 
The portion of Reach 3 that is to be restored has been pushed up against the left wall of the 
valley and has cut a vertical bank over time. In addition to being placed at the toe of the valley 
slope, the restoration reach occurs in a section that is transitioning from one of the widest parts 
of Reach 3 to some of the narrowest of Reach 3. 
 

 
         Reach 3 – restoration to begin where narrow channel leaves wide channel on left. (6/18/2008) 
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         Reach 3 – restoration will relocate the restored channel to the right, away from steep bank.  
         (6/18/2008) 

 

  
         Reach 3 – restored channel will tie into narrower, stable channel downstream. (6/18/2008) 
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A comprehensive list of dimension measurements for Reach 3 is shown in Table 5. The 
bankfull widths range from 34 to 48 feet and the width to depth ratios range from 19 to 40. The 
entire restoration reach, 267 feet of stream, forms one long curve pushed up against the valley 
wall and has no additional pattern to be measured.  This portion of the reach rests on bedrock 
so there is not a common step-pool morphology found in this reach. The bedrock is adding to 
the stress on the high bank as the stream can no longer cut down to dissipate energy and 
instead is migrating laterally. 
 
UT 7 
UT 7 is proposed as restoration. Though the mean bankfull depth is only a foot, the high 
streambanks are over six feet deep in the shallow portions and over 10 feet deep in some areas.  
In the upstream half of the reach the right bank is the low bank, about at the midpoint they 
even out, and the downstream portion has the low bank on the left. The reach will be 
reconnected just upstream of its current confluence and the cut from the new channel will be 
used to fill much of the existing channel.  
 
Since UT 7 has cut down to bedrock and reached vertical stability, consideration was given to 
only performing streambank enhancement activities and allowing the channel to remain in 
place. However, it was decided that the banks were too steep and the best design approach 
would be to reestablish the channel on the historic floodplain in order to preserve the existing 
mature vegetation. Both the H&H modeling and sediment transport analysis indicated the need 
for a wider, shallower channel than what exists currently. 
 
Placing the stream channel back onto the historic floodplain also allows for the creation of a 
wider, shallower, and more sinuous channel more in character with the channel’s natural 
condition. Upstream of the culverts under Old Mine Road, the channel has a very high width to 
depth ratio. Downstream of the two culverts, the channel has downcut to the bedrock and is 
beginning to widen back to its equilibrium point, but has not yet reached the appropriate width. 
Establishing the proper width to depth ratio would allow for a gradually changing flow and 
sustainable sediment transport.  
 
Also by raising the bed of the stream close to the invert of the culvert, there will no longer be a 
drop of several feet from the invert of the downstream end of the culvert to the water’s surface 
in the scour pool. This proposed condition is better for fish passage through the culverts. The 
increased bed elevation will not cause hydrologic trespass. 
 
Currently, UT 8 joins enters UT 7just a few tens of feet below the confluence with Little 
Buffalo Creek. Both UT 7 and UT 8 have downcut due to the elevation of the mainstem.  UT 7 
has cut all the way back to the culverts at Old Mine Road; UT8 has only headcut halfway back 
to the road due to a bedrock outcropping in its halting the cut. A short portion of UT 8 will be 
restored and connected to UT 7 further upstream in order to avoid raising its bed. 
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         UT 7 – The culverts under Old Mine Road are the upstream limit of the restoration reach. 

(3/29/2010) 
 

 
 UT 7 – Looking downstream within the upper portion of UT-7. The higher bank is on the left 
(3/29/2010). 
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         UT 7 – Downstream section of UT-7 looking upstream right after a storm event. (12/9/2009) 
 
A comprehensive list of dimension measurements for UT 7 is shown in Table 5. The bankfull 
widths range from 20 to 30 feet and the width to depth ratios range from 20 to 32. Aside from 
the initial plunge pool below the culverts, this entire reach is littered with bedrock and there is 
a weak step-pool profile found. Even the low bank within the reach is several feet higher than 
the bed. With the stream having reached bedrock it is now transferring the stress onto the 
streambanks. With the depth of the channel now below the root zone of most trees, the added 
shear stress and lack of roots has allowed the stream to start undercutting the stream banks in 
some places. The stream is predominantly straight until after its confluence with its UT then it 
has a gentle curve until it reaches the mainstem. 
 

4.6. Channel Evolution 
 
The mainstem of Little Buffalo Creek has likely been a “C4” channel for the recent past and 
will continue for the foreseeable future. Much of it sits on bedrock and it is at the bottom of a 
wide valley where it is not constrained so it is in a state of equilibrium except for a few places 
where it has been moved or cattle have caused bank trauma. 
 
The UT 7 channel likely started as a “C4” stream type that over the years has devolved into an 
“F4” over the years in response to a combination of the farmers straightening it, the cattle 
creating bank instability, and the increased flow due to mining practices directly upstream.   
 
Through their evolution, both Little Buffalo Creek and UT 7 have downcut until they have 
reached bedrock. In their unstable reaches, both streams have created vertical banks. Over time 
these streams would undercut the banks causing them to fall in on the stream, lowering the 
bank height as the stream attempts to reach a state of equilibrium by accessing its newly 
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formed floodplain. The design channels restore the state of equilibrium without having to 
erode the existing landscape. 
 

4.7. Channel Stability Assessment 
 
The Bank Erodibility Hazard Index (BEHI) method was used to assess streambank stability 
throughout the project site (Rosgen 2006). The majority of the mainstem of Little Buffalo 
Creek rated as low or very low on the BEHI assessment. The exceptions being portions of the 
stream that are to undergo restoration or enhancement level 1 mitigation; those reaches scored 
as follows: 

 Little Buffalo Creek Reach 1(Restoration portion), BEHI rating of Very High 
 Little Buffalo Reach 3 (Restoration portion),  BEHI rating of Very High 
 Little Buffalo Reach 4 (all of reach including concrete removal area), BEHI rating of  

Moderate 
  
The same is true for the tributaries; they had BEHI ratings of low or very low except for the 
following reaches: 

 UT-3 (E-I portions), BEHI rating of High 
 UT-4 (E-I portions), BEHI rating of High 
 UT-4 (E-II portions), BEHI rating of Moderate 
 UT-7 (Lower Restoration portion), BEHI rating of  High  
 UT-7 (Upper restoration portion), BEHI rating of Very High 

 
4.8. Bankfull Verification 

 
The bankfull indicators in the disturbed portions of the site were somewhat obscured due to the 
cattle onsite accessing the stream regularly. Reaches immediately upstream and downstream 
were used to compare indicators. In the more stable sections, the field indicators used to 
identify bankfull included the back of point bars, the upper break in slope of the bank, and the 
presence of inner berms. In the more disturbed areas, depositional features provided the best 
indication of bankfull. 
 
Project reach bankfull discharges were compared to the NC Rural Piedmont Regional Curve 
(Harman, W.H. et al. 1999) and the bankfull verification data LBG collected at the USGS Big 
Bear Creek Gage data (USGS, 2010). The regional curve underestimated bankfull discharges 
for the project reach, but aligned well with the inner berm elevations. Therefore, this 
information was not relied upon for verifying bankfull. Assuming a linear relationship between 
bankfull discharge and drainage area, the bankfull discharges for the reference reach 
corresponded well to the verified Big Bear Creek gage bankfull discharge.  
 

4.9. Vegetation Community Type(s) Descriptions and Disturbance History 
 
The Site consists mostly of cow pasture; the historical vegetative community has been almost 
completely disturbed. Areas along the stream banks of the mainstem and its tributaries consist 
of Piedmont/Mountain Bottomland Forest with a sparse understory and several invasive 
species.  Along most riparian segments, the buffer is 10 feet in width. Only the southern 
portion of the east bank of Little Buffalo Creek has an intact, riparian buffer forest of greater 
than 50 feet wide. 
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The vegetative communities present vary depending on several factors; exposure to cattle 
grazing, position relative to channel dimension, seasonal soil moisture availability and invasive 
species presence. Portions of the main stem not subjected to grazing have a prominent shrub 
structural layer dominated by common privet (Ligustrum sinense), likey a result of past 
grazing, with spice bush (Lindera benzoin) and greenbriar (Smilax rotundifolia) common 
native species on the bankfull terrace and higher alluvial terraces. The tree structural layer is 
comprised of green ash (Fraxinus pennsylvanica), sweet gum (Liquidambar styraciflua) and 
tulip poplar (Liriodendron tulipifera) on the bankfull terrace and higher alluvial terraces. The 
composition of the community shifts to a tree layer dominated by river birch and sycamore 
(Platanus occidentalis) with a patchy shrub layer of primarily silky dogwood (Cornus 
amomum) and hazel alder (Alnus serrulata) which occurs along the low flow channel and 
inner-berm channel features up to the bankfull terrace. Seasonal moisture availability next to 
ephemeral and intermittent channels on the terrace of the main stem favor tulip poplar and 
spicebush while drier areas of floodplain terrace favor white oak (Quercus alba) and red bud 
(Cersis canadensis). Grazed sections of the main stem have a thin to absent shrub layer but the 
tree layer is much the same only sparse and that tree of heaven (Ailanthus altissima) replaces 
tulip poplar in community structure.  
 
All of UT 7 is subject to grazing. The riparian vegetation exists on an alluvial terrace above 
bankfull as the channel has incised and the groundwater table driving stream flow is 
disconnected from the immediately adjacent riparian vegetation. There is no shrub structural 
component to the vegetative community. Vegetation includes some invasive species such as 
tree of heaven, mimosa (Albizia julibrissin), Chinese privet, and microstegium (Microstegium 
vimineum). Tree of heaven is abundant however a few large sweet gums have persisted.   

 
5. Reference Streams 

 
5.1. Watershed Characterization 

 
The reference reach used for the project was the upstream-most portion of Reach 1 of Little 
Buffalo Creek (Figures 6 through 10).  This reach extended from the gate crossing upstream to 
the property line. This portion of the reach had little sign of degradation due to cattle, fair 
vegetation, and in many cases was sitting on bedrock which helps yield stable morphology. 
The reference reach watershed is fairly undeveloped and consists primarily of low density 
residential areas, forested areas, and pastures. 
 
Some additional dimension and pattern measurements were made immediately upstream of the 
property line. Additional dimension and pattern measurements were made throughout the 
mainstem of Little Buffalo Creek within the project bounds. 
 

5.2. Channel classification 
 
The reference channel is slightly entrenched with a width to depth ratio that ranges from 31 to 
64 with an average ratio of 47.  Additionally the reference reach had a high sinuosity of 1.25, a 
slope of 0.38, and a gravel bed. These factors key out to a Rosgen classification of a “C4” 
stream. 
 

5.3. Discharge (bankfull, trends) 
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A flow meter was used to take flow measurements at various stages at the reference reach. A 
rough stage discharge curve was created, but high flows did not occur during the sampling 
period limiting the utility of this data. Roughness coefficients were calculated using velocity, 
slope, and flow area data and used in the hydrologic and hydraulic modeling effort. 
 

5.4. Channel Morphology (pattern, dimension, profile) 
 
Supplemental data was collected throughout the project site and even one property upstream, 
but only the data from the cross sections is shown in the morphological table. 
 
Dimension 
Four riffle cross sections were surveyed and the following minimum, average, and maximum 
measurements were obtained: 

 W Bankfull = 43, 52, 64 (ft.) 
 A Bankfull = 55, 59, 65 (sq. ft.) 
 D Bankfull = 0.98, 1.16, 1.98 (ft.) 
 W/D = 31, 47, 64 (dimensionless) 

 
Additionally, in both straight-pools and curved-pools, cross sections were surveyed to collect 
data for use in creating the design pools. 
 
Pattern 
The reference reach was relatively straight, so pattern measurements were sought out in many 
of the other stable reaches throughout the project site as well as stable sections immediately 
upstream of the project reach. Additionally, pattern measurements of the inner berm were 
taken in both locations.  The natural channel design pattern was made more conservative to 
address the fact that the new channel will not have the mature vegetation the reference reaches 
currently contain. 
 
Profile 
Since the reference reach was located on site it was influenced by all of the same parameters 
that will impact the portions of the project that are scheduled to undergo construction. The 
slope, soil type, vegetation, abundance of bedrock, and other factors within the reference reach 
were all as close to exact as one could get to the proposed restoration reaches. 
 
The reference reach consisted of two sub-reaches with respect to its profile or slope, each 
reach was approximately 50 percent of the overall reach. The upstream end of the reach has a 
0.74 percent slope while the second half of the reach is much flatter with only a 0.16 percent. 
The reaches overall slope is 0.46 percent. Riffle slopes ranged from near one percent to in 
excess of four percent. 
 

5.5. Channel Stability Assessment 
 
The same BEHI assessment that was conducted throughout the project site was completed on 
the reference reach. The assessment resulted in “very low” values recorded in the reference 
reach. 
 

5.6. Bankfull Verification 
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In the more stable sections, the field indicators used to identify bankfull included the back of 
point bars, the upper break in slope of the bank, and the presence of inner berms. In the more 
disturbed areas, depositional features provided the best indication of bankfull. This information 
was supplemented with anecdotal evidence from the landowners, who have monitored the 
weather and stream high flow events closely.  
 
Project reach bankfull discharges were compared to the NC Rural Piedmont Regional Curve 
(Harman, W.H. et al. 1999) and the bankfull verification data LBG collected at the USGS Big 
Bear Creek Gage data (USGS, 2010). The regional curve underestimated bankfull discharges 
for the project reach, but aligned well with the inner berm elevations. Therefore, this 
information was not relied upon for verifying bankfull. Assuming a linear relationship between 
bankfull discharge and drainage area, the bankfull discharges for the reference reach 
corresponded well to the verified Big Bear Creek gage bankfull discharge.  
 

5.7. Vegetation Community Type(s) Descriptions and Disturbance History 
 
The community types and disturbance history are discussed in section 4.1.9. 
 

6. Project Site Wetlands 
 
Wetland scientists from Berger performed a wetland investigation on the Site in July 2008. 
The investigation was conducted in accordance with the procedures outlined in the Corps of 
Engineers Wetland Delineation Manual (Environmental Laboratory 1987). Two small wetland 
seeps were identified and delineated, one wetland along UT 5 and one wetland along UT 6 
(Figure 4). These wetlands were captured in the permanent conservation easement and 
protected in perpetuity, although no restoration work will occur there. 
 

7. Reference Wetlands 
 
Wetland Mitigation is not proposed as part of this project; therefore, reference wetlands are not 
necessary. 
 

8. Project Site Restoration Plan 
 
Within the proposed project site, Little Buffalo Creek and its UTs have impaired water quality 
due to stressors that are biological (bacteria such as fecal coliform), chemical (fertilizers) and 
physical (cattle on streambanks and riparian zone) in origin. Coupled with the poor water 
quality, the lack of riparian buffers throughout much of the Site has greatly devalued both 
aquatic and terrestrial habitat. Berger will mitigate approximately 14,432 linear feet of stream 
channel along Little Buffalo Creek and its UTs. 

 
Little Buffalo Creek has been divided into six reaches within the project site using the natural 
divisions of the landscape as points of transition. Additionally, seven UTs are identified of the 
project site. All of the reaches are shown on Figures 1 through 4. The 13 reaches can be 
defined in the following way: 
 
• Reach 1 – Upstream property boundary to existing cattle crossing (CC1) at Old Mine 

Road, 
• Reach 2 – Below Old Mine Road to existing cattle crossing (CC2) at first wire crossing, 
• Reach 3 – Existing cattle crossing (CC2) to existing cattle crossing (CC3) below UT 4, 
• Reach 4 – Existing cattle crossing (CC3) to UT 3, 
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• Reach 5 – UT 3 to Chains at property boundary (proposed cattle crossing at Reach 5/6 
point), 

• Reach 6 – Chains at property boundary to Kluttz Road, 
• UT 1 – Feeds Little Buffalo Creek immediately upstream of Old Mine Road from the west, 
• UT 2 – Feeds Little Buffalo Creek from west in Reach 2 (originates at pond), 
• UT 3 – Feeds Little Buffalo Creek from west at Reach 4/5 transition (originates at 2nd 

pond), 
• UT 4 – Feeds Little Buffalo Creek from east at Reach 3/4 transition, 
• UT 5 – Feeds Little Buffalo Creek from east within Reach 5, 
• UT 6 – Feeds Little Buffalo Creek from east immediately upstream of Reach 5/6 

transition, and 
• UT 7 – Feeds Little Buffalo Creek from west almost immediately upstream of Kluttz 

Road, includes UT 8, a tributary to UT 7.  
 
The proposed stream mitigation concept for Little Buffalo Creek consists of a combination of 
activities along distinct reaches of the mainstem of the creek and its tributaries. Mitigation 
approaches include stream restoration, enhancement (levels I and II) and preservation. 
Collectively, the mitigation effort will result in an improved headwater stream system that will 
improve water quality, stream habitat, and riparian habitat. 
 
Restoration activities will create a new, stable stream channel with the appropriate dimension, 
pattern, and profile to transport perennial flow and sediment, and will re-connect the stream to 
its floodplain. Reestablishment of vegetation and cattle exclusion will also occur as part of the 
restoration activities. 
 
Enhancement activities will include reestablishing native riparian vegetation within a 50-foot 
easement along each bank of the stream corridor and excluding cattle with fencing. In the case 
of enhancement level I the activities will also include reshaping or relocating the bed and 
banks.  
 
Preservation will be conducted within portion of the stream corridors that have intact riparian 
forests and stable stream reaches. 
 
An illustration of the proposed stream restoration concept for the Little Buffalo Creek 
Restoration site is provided in Figure 3.  
 
Reach 1 – Restoration and enhancement level II is proposed for this reach. This reach has a 
section that was previously a mill pond. The stream currently hugs the valley wall from the 
former inlet of the pond and makes an abrupt 90 degree turn at the exit of the old pond. 
Restoration will include re-aligning the stream channel for a more natural flow for 438 feet. 
Two log vanes are proposed along the realignment to slow the energy of the water. This 
restoration will bring the stream closer to its original landscape position, restore sinuosity, and 
alleviate the instability associated with the turn. The old channel will be filled. The remaining 
1862 feet of the stream length will undergo enhancement level II, which involves 
reestablishing native riparian vegetation within a 50-foot easement along each bank of the 
stream corridor and excluding cattle with fencing. Any existing fence will be removed. 
 
Reach 2 – Only enhancement level II is proposed for 1248 feet on this reach. This includes 
reestablishing native riparian vegetation within a 50-foot easement along each bank of the 
stream corridor and excluding cattle with fencing. Any existing fence will be removed. 
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Reach 3 – Restoration and enhancement level II is proposed for this reach. This reach is 
pushing against its left bank and has severely undercut the stream banks, which are now 
greater than 6 feet high. Restoration will align a new channel for 267 feet where the stream 
historically existed along the center of the valley floor. The old channel will be filled and the 
bank will be repaired. Just upstream of the restoration segment, the channel has over-widened. 
Placing trees along the east bank is proposed to help direct preferential flow towards the center 
of the channel. The remaining 808 feet of stream will undergo enhancement level II, which 
involves reestablishing native riparian vegetation within a 50-foot easement along each bank of 
the stream corridor and excluding cattle with fencing. Any existing fence will be removed. 
 
Reach 4 – Enhancement level I and II are proposed for this reach. Enhancement level I is 
proposed for the 120 foot segment that contains concrete slabs along the right stream bank just 
upstream of the confluence of UT 3. The concrete is to be removed and the stream’s 
dimension, pattern, and profile will all be adjusted throughout this segment. The remaining 
721feet of stream will undergo enhancement level II, which involves reestablishing native 
riparian vegetation within a 50-foot easement along each bank of the stream corridor and 
excluding cattle with fencing. Any existing fence will be removed. 
 
Reach 5 – Only enhancement level II is proposed for 952 feet on this reach. This includes 
reestablishing native riparian vegetation within a 50-foot easement along each bank of the 
stream corridor and excluding cattle with fencing. Any existing fence will be removed. 
 
Reach 6 – Preservation is proposed for this 2,053 foot reach. This section of channel has intact 
riparian forest and a stable stream bed. 
 
UT 1 – Only enhancement level II is proposed for 109 feet on this reach. This includes 
reestablishing native riparian vegetation within a 50-foot easement along each bank of the 
stream corridor and excluding cattle with fencing. Any existing fence will be removed. 
 
UT 2 – Both preservation and enhancement level II is proposed for this reach. The upper 335 
feet will be preserved, while the lower 616 feet will be enhanced. This includes reestablishing 
native riparian vegetation within a 50-foot easement along each bank of the stream corridor 
and excluding cattle with fencing. Any existing fence will be removed. 
 
UT 3 – This reach has a short segment of restoration through a former pond, followed by 
sections of enhancement level I and enhancement level II. The first 197 feet consists of 
restoration where the segment was previously ponded and there is no existing concentrated 
flow path. The stream’s dimension, pattern, and profile will all be established throughout this 
segment by cutting a channel through the ponded area. Additionally the pipe section will be 
removed from this section. The next 263 feet will consist of enhancement level II. This 
includes reestablishing native riparian vegetation within a 50-foot easement along each bank of 
the stream corridor and excluding cattle with fencing. Any existing fence will be removed. The 
following 515 feet will consist of enhancement level I. This reach has down cut. The stream 
banks will have to be laid back throughout this reach in order to reduce the shear stress along 
the stream banks. These actions will affect the stream’s dimension and pattern. Additionally, in 
some sections the profile will be adjusted and a pipe section will be removed from this section 
as well. The lower 500 feet will consist of enhancement level II. 
 
UT 4 – Enhancement level I and II are proposed for this reach. The upper 431 feet will be 
enhancement level II. This includes reestablishing native riparian vegetation within a 50-foot 
easement along each bank of the stream corridor and excluding cattle with fencing. Any 



The Louis Berger Group, Inc.  Little Buffalo Creek Stream Mitigation Site 
     EEP Project Number 94147  

Little	Buffalo	Creek	Stream	Restoration	Plan	 Page	29	

 

existing fence will be removed. The lower 397 feet will be enhancement level I. The lower 
segment of this reach is incised due to head cutting from the confluence of LBC. The stream 
banks will have to be laid back throughout this reach in order to reduce the shear stress along 
the stream banks. This reach is fairly well forested and small construction equipment will be 
necessary, possibly requiring some segments to be completed by hand. 
 
UT 5 – Only enhancement level II is proposed for 184 feet on this reach. This includes 
reestablishing native riparian vegetation within a 50-foot easement along each bank of the 
stream corridor and excluding cattle with fencing. Any existing fence will be removed. 
 
UT 6 – Only enhancement level II is proposed for 151 feet on this reach. This includes 
reestablishing native riparian vegetation within a 50-foot easement along each bank of the 
stream corridor and excluding cattle with fencing. Any existing fence will be removed. 
 
UT 7 –Restoration is proposed for 1,374 feet of UT-7. This reach has been straightened and 
has downcut several feet until it has reached bedrock.  It will be almost entirely reconstructed 
on its original floodplain and will join the existing channel just above the confluence with 
LBC. The old channel will be plugged at specified locations and filled with the dirt excavated 
from the new channel. Two rock cross vanes are proposed, one along the upper section and one 
below the confluence with UT-8, an unnamed tributary to UT 7. A series of 12 step pools is 
proposed along the lower segment for approximately 180 feet to account for the drop in 
elevation. The segments of enhancement include reestablishing native riparian vegetation 
within a 50-foot easement along each bank of the stream corridor and excluding cattle with 
fencing. Any existing fence will be removed. 
 

Mitigation Types by Reach (Linear Feet) 
Reach Name          Restoration          Enhancement I          Enhancement II          Preservation 
Reach 1                     438                       0                            1,862                         0             
Reach 2                       0                         0                            1,248                         0     
Reach 3                     267                       0                              808                          0 
Reach 4                       0                       120                            721                          0 
Reach 5                       0                         0                              952                          0 
Reach 6                       0                         0                               0                         2,053 
UT 1                           0                          0                             109                          0 
UT 2                            0                         0                             616                         335 
UT 3                            0                       515                           763                          0 
UT 4                            0                       397                           431                           0 
UT 5                            0                         0                             184                           0 
UT 6                            0                         0                             151                           0 
UT 7                        1,374                      0                               0                             0 
UT 8                          100                       0                               0                             0 

 
 
Stream mitigation for the Little Buffalo Creek Stream Mitigation Site is being conducted to 
protect ecologically important streams in perpetuity, through the implementation of a 
conservation easement owned by the State of North Carolina. Stream mitigation will restore, 
enhance, and preserve the existing riparian corridor, aquatic habitat and stream hydrology of 
the stable perennial stream channels by establishing a permanent conservation easement along 
13,641 linear feet of stream. The easement protects a minimum 50-foot wide forested buffer 
along both sides of the creek and encompasses 47 acres. Where necessary, the easement is 
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protected by fencing to keep livestock out of the 50-foot buffer. The easement was recorded by 
Cabarrus County and is held by NCEEP. The conservation easement is shown on design sheets 
19 to 28 in Section 14.0. 
 
A few areas of invasive floral species were identified in patchy distributions at various 
densities, particularly along the banks of the mainstem and UT 7. Invasive species along the 
mainstem include: multiflora rose (Rosa multiflora) and Chinese privet. Invasive species along 
UT 7 include: tree of heaven, mimosa, microstegium, and Chinese privet. No specific control 
effort is detailed for these species; however, they will be removed during the construction 
process.  
 
Throughout the project area, native species will be planted in order to re-establish a native 
Piedmont/Mountain Bottomland Forest, which is currently found upstream and downstream of 
the Site. Restoring a forested riparian corridor will also provide additional forest habitat as 
well as provide a connection between the intact hardwood forests to the north of the Site and 
the forested corridor to the south of the Site. The proposed species for planting can be found on 
Table 7 in Section 12 of this report.  
 
Berger proposes to exclude cattle from the stream along both sides of the upstream two 
properties by extending fencing the length of the two properties, tying into existing fencing 
where possible. Two cattle crossing locations have been agreed upon, in principal, by the 
landowners (Figure 4). Portions of the downstream two properties will be fenced as needed as 
cattle do not have access to the properties in their entirety. Agreed upon fencing will be either 
4 foot tall woven wire with one strand of barbed wire across the top or electric fence. 
 

8.1. Restoration Project Goals and Objectives 
 
The original stream channel has been altered by years of ranching activities, including cattle 
access to the stream and riparian zone. Several reaches of the stream have bedrock in their 
streambed and vertical migration of the stream has been confined to a small percentage of the 
project site. The stability in the vertical direction coupled with the loss of vegetation along the 
stream due to cattle accessing the stream via the streambanks have led to streambank failure 
and lateral stream migration on several stream reaches throughout the Site.  
 
The goals of the proposed Little Buffalo Creek Stream Restoration project include, but are not 
limited to, the enhancement of water quality and aquatic/terrestrial habitat, stream stability 
improvement, and erosion reduction. The uplift of these stream functions specifically requires: 
 
• protecting and improving water quality through the removal or minimization of the 

biological, chemical, and physical stressors, 
o reducing sediment input into the stream from erosion, 
o reducing non-point pollutant impacts by removing livestock access (including 

restoring  forested buffer, 
o protecting headwater springs 

• improving aquatic and terrestrial wildlife habitat, 
o moderating stream water temperatures by improving canopy coverage over the 

channel; and, 
o restoring, enhancing, reconnecting, and protecting valuable wildlife habitat. 

• Restore floodplain connectivity 
o reestablishing a floodplain connection thereby dissipating energy associated with 

flood flows. 
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In addition to the ecological uplift that the project will provide to the Site through the 
improvement of the stream functions, this project establishes the following environmentally 
advantageous goals: 
 
• providing a water source for livestock removed from the stream and riparian corridor; 
• reducing the number of locations that livestock are able to cross the stream; and 
• providing a safe and environmentally appropriate stream crossing points for livestock. 

 
In order to achieve the project goals, Berger proposes to accomplish the following objectives: 
 
• fence the cattle out of the stream and riparian corridor, 
• remove invasive vegetative species from the riparian corridor, 
• restore and enhance unstable portions of the stream, 
• preserve the stream channel and banks through a conservation easement, and 
• plant the riparian corridor with native tree and shrub vegetation. 
 
The expected ecological benefits and goals associated with the Little Buffalo Creek site 
mitigation plan serve to meet objectives consistent with the resource protection objectives 
detailed in the Yadkin-Pee Dee River Basinwide Water Quality Plan, 2008. 

 
8.1.1. Designed Channel Classification and/ or Wetland Type 

 
Reach 1 
The proposed channel for Reach 1 is merely a continuation of the channel immediately 
upstream of it, only in a proper location. The existing channel is appropriately sized and has a 
stable bed as it sits on bedrock; however the right bank is vertical and extremely high. 
Additionally the valley makes a turn to the right and the channel currently runs directly into the 
valley wall forcing a 90 degree right turn. The proposed channel is slightly entrenched and will 
have a width to depth ratio of 26.  Additionally the reach will have length added in the form of 
a curve to replace the 90 degree turn. This will reduce the overall reach slope to 0.38 percent, 
but will increase the overall reach sinuosity to 1.25. The substrate of the reach will remain a 
gravel bed. These factors key out to a Rosgen classification of a “C4” stream. The design for 
this reach is shown on the design plan sheets in Section 14. 
 
Reach 3 
The section of Reach 3 to be restored is currently a long curved reach; however, the proposed 
channel will bypass the curve that is cutting into the high bank and reconnect the stream to its 
floodplain. The entrenchment ratio will be greater than 2.2 and the width to depth ratio is 
proposed at 22. This width to depth ratio pushes the lower limit of the reference data, but 
sections immediately upstream of the impaired reach had even smaller width to depth ratios 
and were stable. With the implementation of the design, Reach 3’s slope will decrease to 0.46 
percent, and the sinuosity will decrease to 1.09. The channel will continue to be considered a 
gravel bed stream. These factors key out to a Rosgen classification of a “C4” stream for the 
design channel. The design for this reach is shown on the design plan sheets in Section 14. 
 
UT 7 
From immediately downstream of its plunge pool at the foot of the two culverts under Old 
Mine Road to its confluence with Little Buffalo Creek, UT 7 is disconnected from its 
floodplain. Elevating this reach will reconnect the two and the result will be an entrenchment 
ratio greater than 2.2 and the width to depth ratio is proposed at 26. Again this is slightly 
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narrower and deeper than the reference, but this is to ensure that the reach is able to move 
some of the larger particles within its bedload. The design channel will have a sinuosity of 1.17 
and an overall slope of 0.68 percent. More specifically, the majority of the stream will have a 
0.16 percent slope and the step pool section transitioning to the tie in point just about Little 
Buffalo Creek will have a slope of 3.00 percent. The new channel will be a gravel bed stream 
that is classified as a Rosgen classification of a “C4” stream. The design for this reach is 
shown on the design plan sheets in Section 14. 
 

8.1.2. Target Wetland Communities / Buffer Communities 
 
In the areas on Site of agricultural land where the riparian buffer forest canopy is non-
contiguous, seedlings of native woody species will be planted. There are no target wetland 
communities for this project. The goal of the planting scheme will be to establish a riparian 
forest community consistent with a Piedmont/Mountain Bottomland Forest and to complement 
the existing riparian vegetation.  
 

8.2. Sediment Transport Analysis 
 
The energy a stream has to transport sediment (or stream power) is directly related to two 
factors: discharge and slope. As a stream progresses from upstream to downstream, typically 
its discharge increases and its slope decreases.  This dynamic influences the stream’s overall 
power, as well as the stream’s balance of the two principal components of its sediment load: 
bed load and wash load. 
 
As a check that the proposed design will create a stable channel that will not aggrade or 
degrade over time, but adjusts within stable limits, the competence of the restored channels 
was evaluated. Sediment transport competency is a measure of the stream’s ability to move a 
particular grain size and is measured in force (lbs/ft2).  
 
For the purposes of this report, the following calculations are used to make the competence 
prediction: 
 
Shear Stress  

߬ ൌ  ܴܵߛ	
Where:    
  τ = Shear stress (lb/ft2) 
  γ = specific gravity of water (62.4 lb/ft3) 
  R= Hydraulic radius (ft) 
  S = Slope (ft/ft) 
 
Dimensionless Shear stress 

߬∗ ൌ 	
߬

ሺߩ௦ െ ହܦ௪ሻ݃ߩ
 

Where:  
 
  ߬∗ = Dimensionless shear stress  
 ௦ = density of rockߩ  
 ௪ = density of waterߩ  
  g = acceleration due to gravity (ft/s) 
  D50 = Median grain Size 
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The table below summarizes the existing and proposed sediment transport competency calculations for 
the restoration reaches. Enhancement reaches were not analyzed because they are currently stable with 
respect to sediment transport. For each restoration reach, the proposed conditions reduce the shear forces 
acting on the channel bottom, resulting in a slight reduction in the grain size that the channel can 
mobilize. The median movable grain size is still within the gravel range in each case. The bankfull shear 
stress predicts that each restored reach will be capable of moving particles ranging from 20 – 33 mm, 
closely corresponding to the existing material on site. The proposed channel dimensions will not increase 
the potential for vertical incision, but rather will reduce this tendency. Additionally, the use of constructed 
riffle and pool features and structures throughout the proposed restoration areas will provide additional 
stability.  
 

Reach 1 
Upper Restoration 

Area 

Reach 3 
Lower Restoration 

Area 
UT7 

Existing Proposed Existing Proposed Existing Proposed 

Hydraulic Radius 
(ft) 

1.14 1.35 1.48 1.76 0.96 0.96 

Slope (ft/ft) 0.0047 0.0038 0.0067 0.0047 0.008 0.0068 

Dimensionless 
shear stress 

0.35 0.32 0.62 0.52 0.48 0.41 

Median Movable 
Particle at Incipient 
Motion (mm) 

21 20 38 33 30 26 

 
 

8.3. HEC-RAS Analysis 
 
A hydrologic and hydraulic analysis of Little Buffalo Creek was conducted to verify that the 
proposed restored Little Buffalo Creek dimensions developed from reference reach and 
regional curve data are appropriate and to determine what, if any, impacts will occur off-site as 
a result of the proposed creek/tributary widening and realignment. The hydrologic analysis 
(surface water hydrology) of Little Buffalo Creek was performed using the United States Army 
Corps of Engineers Hydrologic Engineering Center’s Hydrologic Modeling System (HEC-
HMS) model, which yielded the peak flood discharges for four storm events (1.5-year, 2-year, 
5-year, and 100-year storm events). The peak discharges from the HEC-HMS model were used 
in the Hydrologic Engineering Center’s River Analysis System (HEC-RAS) to determine 
water surface profiles, channel velocities and hydrologic trespass resulting from the project 
implementation. To be able to quantify the impacts that might occur as a result of channel 
modification, a baseline condition (existing condition) was first modeled and the results were 
then compared to the proposed channel modification. This information was utilized to develop 
the proposed restored channel geometry and to determine whether the restored stream will 
impact the existing condition flood elevations for various storm events. The following report 
sections describe the methodology, results and conclusions of the hydrologic and hydraulic 
analyses. 
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8.3.1. Hydrologic Analysis 

 
The hydrologic analysis for this project incorporated available data and implemented USDA-
NRCS recommended procedures to estimate the peak runoff rates for the site drainage system, 
consisting of an existing main channel of Little Buffalo Creek and its multiple tributaries. 
Stormwater peak runoff rates (design flood discharges) for the contributing drainage areas of 
Little Buffalo Creek and its tributaries were calculated using the HEC-HMS (version 3.4) 
computer program, which simulates precipitation-runoff processes. The Soil Conservation 
Service (SCS) runoff unit hydrograph approach was used for the flow computation 
methodology. The SCS method is based on the procedures outlined in the June 1986 edition of 
Technical Release 55–Urban Hydrology for Small Watersheds (TR-55), published by the U.S. 
Department of Agriculture, Soil Conservation Service (USDA, 1986). 
 

8.3.1.1. Data Sources 
 

Parameters used to estimate the stormwater peak runoff rates include the drainage area, the 
runoff curve number, and the watershed lag time. The drainage areas were delineated 
utilizing available site survey contours. Beyond the limits of the site survey, the survey 
contours were supplemented with additional 1-ft interval contours that were generated 
using the U.S. Geological Survey (USGS) National Elevation Dataset (NED) digital 
elevation models (DEM). The DEM data were imported into ArcMap 9.3, and 1-foot 
interval contours were generated using the Spatial Analyst and the 3D Analyst extensions. 
The total contributing drainage area to the downstream terminus of the project site was 
estimated to be approximately 6.25 square miles. The overall drainage area of the project 
site was divided into twenty-one sub-areas, which first discharge to the multiple tributaries 
before finally emptying to the main Little Buffalo Creek. The drainage area was divided 
based on the available topographic and existing drainage information. Delineated drainage 
areas for existing and proposed conditions are shown in Appendix 8I.  
 
Soils information for the contributing drainage sub-areas was obtained from the United 
States Department of Agriculture-Natural Resources Conservation Service (USDA-NRCS) 
Web Soil Survey for Cabarrus County and Rowan County, North Carolina. The land cover 
data was obtained from the USGS National Land Cover Dataset (NLCD). The land use 
classifications of the contributing drainage sub-areas of the Little Buffalo Creek project 
site are primarily agricultural land and woods. Field visits, supplemented by aerial 
photograph and county zoning map reviews, were performed to obtain existing and 
proposed land use information. 
 

8.3.1.2. Weighted Curve Number Computations 
 

The weighted runoff curve number computations were performed using the NRCS Soil-Cover 
Complex methodology, as outlined in TR-55 and the National Engineering Handbook. Area-
weighted averages of runoff curve numbers for each unique combination of land use and soil 
type (soil-cover complex methodology) were computed to evaluate the weighted curve number 
for each sub-watershed. The curve numbers assigned for each unique land use-soil hydrologic 
soil group combination are adopted from TR-55, for antecedent moisture condition II (AMC-
II). The weighted runoff curve number calculations for all sub-watersheds are included in 
Appendix 8B. 
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8.3.1.3.  Watershed Lag Time Computations 
 
The watershed lag time was calculated separately for each sub-watershed to better simulate the 
peak flow hydrograph responses and flow combinations through the project site. The NRCS 
Watershed Lag Method (also known as the NRCS Curve Number Method) was used to 
calculate the time of concentration and the watershed lag time for each sub-watershed, as 
outlined in the National Engineering Handbook and USDA-SCS Technical Paper 149. The lag 
time of a watershed may be thought of as a weighted time of concentration. It is related to the 
physical properties of a watershed such as area, length and slope. NRCS developed an 
empirical relationship between the watershed lag time and the time of concentration: 
 

  CL TT 6.0  where, 

TL – Watershed lag time in hours 
TC – Watershed time of concentration in hours 
Time of concentration for a watershed can be calculated using the empirical relationship: 

5.0

7.08.0

1140

)9
1000

(

Y
CN

L
TC


  where, 

L – Watershed Hydraulic Length in feet 
CN – Watershed Weighted Curve Number (Dimensionless) 
Y – Average Watershed Slope (%), which can be determined using the formula 

A
CIY )100(  where, 

C – Total length of contours inside the watershed, in feet 
I – Contour Interval in feet, and 
A – Drainage area in sq. feet 
 

Based on this method, the lag time for each watershed is calculated. Watershed lag time and 
time of concentration calculation worksheets for existing and proposed conditions are included 
in Appendix 8C.  

 
8.3.1.4. Hydrologic Reach Routing 

 
The Muskingum-Cunge reach routing method was utilized to route the peak flows through 
open channel reaches between each hydrologic point of interest (POI). The input parameters 
for the Muskingum-Cunge method include reach length, slope, invert, shape of cross-sections 
and Manning’s roughness coefficients for the routed reaches.  
 

8.3.1.5. Peak Discharge Summary 
 
The peak discharges were estimated based on a Type II rainfall distribution (TR-55, 1986), and 
using 24-Hour rainfall depths obtained from the National Oceanic and Atmospheric 
Administration (NOAA) Hydrometeorological Design Studies Center for the geometric 
centroid of the overall Little Buffalo Creek watershed (Appendix 8A). A log-log plot was 
performed with the NOAA reported 24-hour precipitation depths, to calculate the depth of the 
1.5-year 24-Hour rainfall. A 1.5-year rainfall has a probability of exceedance of 66.7 percent in 
a given 1 year period. Detailed calculations and the logarithmic plot of the values are presented 
in Appendix 8E. Design flood discharges were determined for the 1.5-year, 2-year, 5-year, and 
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100-year storms at several points of interest along the existing and proposed reaches. A 
summary of the computed peak discharges for the modeled storm events at each hydrologic 
POI location along the existing and proposed reaches is presented in Appendix 8F. POI 
locations are depicted on the maps and exhibits included in Appendix 8I.  

 
Four separate work areas are proposed inside the overall drainage area to realign and restore 
the main branch and two tributaries of Little Buffalo Creek. The sinuous longitudinal shapes of 
the proposed restoration channel sections will provide slightly longer watershed hydraulic 
lengths, which will result in a slight increase in the watershed lag times. The changes to peak 
flows will be negligible. A separate proposed condition hydrology was not developed for this 
study, and the changes in the channel geometry due to the restoration design were evaluated 
based on the peak flow values as calculated under the existing conditions, to obtain a 
conservative estimate of the resultant flow velocities and water surface elevations. 
 

8.3.2. Hydraulic Analysis 
 
The open channel hydraulics of Little Buffalo Creek and its major tributaries within the study 
area were modeled using the HEC-RAS (version 4.1.0) river modeling program, as detailed in 
the following report sections. 
 

8.3.2.1. Hydraulic Geometry Model 
 
A total of 38 surveyed cross-sections along Little Buffalo Creek and its tributaries were used to 
develop the HEC-RAS geometry base. In order to properly evaluate the site, the surveyed 
cross-sections were supplemented with additional cross-sections throughout Little Buffalo 
Creek and its tributaries based on field survey data, photogrammetric survey prepared by 
GeoData Corp, and USGS DEM where necessary. Cross-sections cut throughout the creek and 
tributaries were laid out perpendicularly to the centerline of the channel and the topographic 
contours. The HEC-RAS geometry took into consideration the three locations of the proposed 
restoration work. Cross-section locations are identified on the HEC-RAS Cross-Section 
Location Plan in Appendix 8I.  

 
The proposed channel realignment work at the Little Buffalo Creek site is sub-divided into 
three areas (see Appendix 8I - HEC-RAS Cross-Section Location Plan), which will be referred 
to in subsequent discussions as Work Area 1, Work Area 2 and Work Area 3. To determine the 
impact of the proposed stream restoration work occurring at the three specific proposed work 
areas and beyond, the proposed condition model was created using the existing condition 
model cross-sections and roughness values, in addition to the proposed geometric and 
roughness parameters associated with the proposed stream restoration design. Using the same 
stream cross-section locations for both the existing and proposed condition models allowed for 
direct comparison of existing and proposed condition water surface profiles at a given cross-
section, thereby allowing for a better evaluation of the hydraulic impacts of the proposed 
stream restoration on adjacent properties. 

 
Roughness coefficients (Manning’s n-values) were calculated based on field data and verified 
by comparing the results to the HEC-RAS Hydraulic Reference Handbook (USACE, 2002). 
For the existing condition model, the roughness coefficients selected for the main channel 
varied from 0.035 to 0.055. The Manning’s n-values selected for the overbanks ranged from 
0.030 to 0.08 to represent no crop lands, farmlands, and forested areas.  
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A concrete liner exists in a fourth area, Work Area 4, which will be removed under proposed 
condition as part of the stream restoration work. A Manning’s n-value of 0.013 was selected 
for this material under existing condition.  

 
For the proposed condition model, the roughness coefficient selected for the main channel of 
the proposed work areas were equivalent to the existing condition roughness coefficient, as the 
channel bed material will be the same as the existing bed material. A roughness coefficient of 
0.10 was selected for the adjacent floodplain areas of the proposed streams to represent the 
proposed fifty-foot forested buffers on both sides of the proposed channels. Outside of the 
fifty-foot proposed forested buffers, Manning’s roughness coefficients for the floodplains 
remained the same as existing condition. 

 
To account for the series of proposed step pools at Work Area 3, a roughness coefficient of 
0.050 was used, which was representative of cobbles with boulders so as to mimic the 
proposed logs in the channel. This roughness value was chosen as the most representative 
value for the step pool design to account for energy dissipation. No modifications to roughness 
coefficients were made outside of the proposed work areas.  

 
The HEC-RAS model included nine surveyed hydraulic structures for the existing condition 
model, which were maintained in the proposed conditions model, as the hydraulic structures 
will remain in place. A wooden bridge exists on Old Mine Road and two 92”x138” culverts 
exist on Kluttz Road at their respective crossings of Little Buffalo Creek. The remaining seven 
hydraulic structures are CMP and RCP culverts of various sizes located along the tributaries 
that discharge to the main channel. Locations of the hydraulic structures modeled are shown in 
Appendix 8I – HEC-RAS Cross-section Location Plan.  

 
In addition, the proposed condition model took into consideration the proposed ditch plugs at 
the proposed work areas as described previously in this report, using the Obstruction tool in 
HEC-RAS to account for the blockage.  

 
8.3.2.2. HEC-RAS Peak Flow Loading Points Summary 

 
The design floods (peak discharges) that were entered into the HEC-RAS Steady Flow Data 
Editor were developed from the hydrologic POI locations, as modeled in the HEC-HMS 
computer program (Appendices 8F and 8G). A steady-state flow simulation (i.e., flow rate not 
changing with time) was utilized, and normal depth boundary conditions were specified for 
both the upstream-most and downstream-most cross-sections. 

 
The peak flows generated from the hydrographs in the HEC-HMS model were specified in the 
HEC-RAS Steady Flow data at appropriate loading points (junctions) along the reaches, for the 
various modeled storm events.  

 
The peak flow coded inputs for existing and proposed conditions remained the same, as the 
design of the three proposed reaches did not affect the overall hydrology of the site as 
described in Section 8.3.1.5. Appendix 8G presents a summary of the HEC-RAS peak flow 
inputs along the reaches associated with the HEC-HMS POIs. 

 
 
 
 
 



The Louis Berger Group, Inc.  Little Buffalo Creek Stream Mitigation Site 
     EEP Project Number 94147  

Little	Buffalo	Creek	Stream	Restoration	Plan	 Page	38	

 

8.3.2.3. Hydraulic Modeling Results 
 

8.3.8.3.1 Work Area 1 
 
Appendix 8H provides a summary of the HEC-RAS modeling results for existing and 
proposed conditions for Little Buffalo Creek Work Area 1. It should be noted that even though 
the same general cross-section locations were used for both the existing and proposed 
condition models, the existing and proposed “stationing” of each cross-section differed from 
one another in some areas within the proposed work areas as a result of the proposed changes 
in the main channel alignment and associated increase in sinuosity. For this reason, the HEC-
RAS modeling results summary (Appendix 8H) refers to the proposed condition stationing of 
each cross-section. As evidenced in Appendix 8H, increases in water surface elevation 
occurred at cross-sections 11+16 and 13+90 (Main-Reach 1 River Station 4.6 and 3.7, 
respectively) for the 100-year, 5-year, 2-year and 1.5-year storm under proposed condition. 
The increases in water surface elevations at cross-section 11+16 are however minor and within 
the predefined minimum error water surface model default tolerance error of 0.3 ft. Increases 
in elevations under proposed conditions at cross-section 13+90 can be attributed to the 
proposed logs slightly downstream of cross-section 13+90. The logs will act as a block to slow 
velocities in the channel, but will increase the water surface elevation slightly as shown. The 
increase in water surface elevation will be primarily contained within the channel banks and 50 
foot forest buffer and should not impact existing nearby buildings or structures. 
 
The velocity summary presented in Appendix H shows that the average velocities within the 
proposed main reach exhibits a decrease compared to existing condition velocities with the 
exception of the cross-sections directly upstream of Work Area 1 and cross-section 13+90 
(Main-Reach 1 River Station 3.7). An overall decrease in average velocities within the main 
channel is expected as the cross-sectional area of the proposed channel is larger than the 
existing channel. The increases in velocity for the cross-section directly upstream of Work 
Area 1 can be attributed to the transition between Work Area 1 and the existing channel. The 
existing channel cross-sectional area is smaller than the proposed channel cross-sectional area. 
Based on the fundamental concepts of the Continuity Equation, the velocity is expected to 
increase at the cross-section directly upstream of Work Area 1 under proposed condition in 
order to satisfy the continuity of flow as it is transitioning into cross-section 11+16 (Main-
Reach 1 River Station 4.6), which has a larger cross-sectional area. The same concept can be 
applied to the minor increase in velocity for cross-section 13+90 (Main-Reach 1 River Station 
3.6) as the transition into the existing channels (smaller cross-sectional area) is expected to 
result in slight increases in velocity. This slight increase in velocity appears to be localized as 
the difference in velocity between existing and proposed conditions reduces to zero further 
downstream at cross-section labeled as Main-Reach 1 River Station 3.  

 
8.3.8.3.2 Work Area 2 

 
Appendix 8H provides a summary of the HEC-RAS modeling results for existing and 
proposed conditions for Little Buffalo Creek Work Area 2. As explained in Section 8.3.2.3.1, 
the existing and proposed “stationing” of each cross-section differed from one another in some 
areas, as a result of the proposed changes in the main channel alignment and associated 
increase in sinuosity.  As evidenced in Appendix 8H, an overall decrease in water surface 
elevation resulted with the proposed realignment at Work Area 2. The only increase in water 
surface elevation occurs at cross-section 12+60 with the largest resulting in a 0.09 ft increase 
for the 2-year storm. The increases in water surface elevations are however minor and within 
the minimum error water surface model default tolerance error of 0.3 ft. This negligible impact 
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is likely due to the transitioning between the larger proposed cross-sectional area and the 
smaller existing cross-sectional area, therefore reducing the wetted area.  
 
As shown in Appendix 8H, there are some increases in velocities occurring at cross-section 
10+05 (Main-Reach 2 River Station 2) for the 100-year and 5-year storm under proposed 
condition. Cross-section 10+05 is the upstream transition between the existing channel and 
proposed channel. The existing channel cross-sectional area is smaller than the proposed 
channel cross-sectional area. Based on the fundamental concepts of the Continuity Equation, 
the velocity is expected to increase at the cross-section directly upstream of Work Area 2 under 
proposed condition in order to satisfy the continuity of flow as it is transitioning into cross-
section 11+08 (Main-Reach 2 River Station 1.5), which has a larger cross-sectional area. 
However, the velocity increase at cross-section 10+05 appears to be localized as the main 
channel velocities remain essentially the same as existing conditions as shown in Appendix 
8H. 
 

8.3.2.3.3. Work Area 3 
 
Appendix 8H below provides a summary of the HEC-RAS modeling results for existing and 
proposed conditions for Little Buffalo Creek Tributary Work Area 3. As explained in section 
8.3.2.3.1, the existing and proposed “stationing” of each cross-section differed from one 
another at some areas, as a result of the proposed changes in the main channel alignment and 
associated increase in sinuosity. Work Area 3 consists of various proposed activities including 
proposed ditch plugs at specific locations of the existing channel, proposed riffles/pool design, 
rising of the channel bed compared to existing channel bed, and a step pool design. Work Area 
3 can also be considered to have the most significant change in re-routing the existing channel 
compared to all the other proposed Work Areas.  
 
As evidenced in Appendix 8H, some increases and decrease in water surface elevations were 
observed. The increases in water surface elevations were observed between cross-section 
14+20 (LBC 4 River Station 1.7) and cross-section 17+12 (LBC 4 River Station 1.3). As 
shown in Appendix H, the largest impact occurs at cross-section 16+37 (LBC 4 River Station 
1.5) with a 1.31 ft increase in water surface elevation for the 1.5-year storm event. The water 
surface elevation increases occurring at this location can be largely associated with the 
proposed ditch plugging of the existing channel. Proposed ditch plugs will be installed at the 
existing channels located on cross-section 17+12 (LBC 4 River Station 1.3) and Cross-section 
18+78 (LBC 6 River Station 3). The ditch plugging of the existing channels at these locations 
will prevent water from entering into the existing channels, thus reducing a large amount of 
storage available within the floodplain. This impact extends upstream of cross-section 17+12 
(LBC 4 River Station 1.3) until cross-section 12+52 (LBC 4 River Station 1.8) where the 
proposed impact eventually dissipates as shown in Appendix 8H. From the results, the 
proposed ditch plugs appear have a pronounced effect on the lower storm events as the 
proposed impacts significantly reduce for the 100-year storm event. It should be noted that 
even though there are significant increases in surface water elevations for the lower storm 
events (1.5 to 5 year storms), the increases are primarily contained within the banks of the 
stream and are not expected to impact areas adjacent and outside of the project boundary. 
 
The velocity summary indicates a general decrease in main channel velocity for all storm 
events at Work Area 3 as expected due to the effects of the proposed riffles/pool design, the 
fifty-foot forested buffers surrounding both sides of the proposed channel, and the proposed 
step pool design. The only increases in velocity under proposed condition occurs at cross-
section 17+12 (LBC 4 River Station 1.3) and cross-section 18+78 (LBC 6 River Station 3). 
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Unlike the existing condition where the existing channel is relatively straight, all three cross 
sections under proposed condition are located at or near bends of the meandering channel and 
the increases in velocities at these locations can be attributed to the bends where velocity of the 
channel is highest. However, the velocities within the main channel eventually dissipate 
downstream by cross-section 19+47 (LBC 6 River Station 2) where the proposed step pool 
begins.  
 
 

8.3.2.3.4. Work Area 4 
 
Work Area 4 consists of a section of streambanks requiring removal of an existing concrete 
liner along the right bank of the existing channel (toe of slope to right bank) and slightly 
increased cross-sectional area while maintaining the same channel alignment. Appendix H 
provides a summary of the HEC-RAS modeling results for existing and proposed conditions 
for Little Buffalo Creek Tributary Work Area 4. As evidenced in Appendix 8H, an overall 
decrease in water surface elevations occurs with the exception of the following cross-sections: 
Main-Reach 4 River Station 0.9 and Main-Reach 4 River Station 0.5. 
 
The increase in water surface elevations for Main-Reach 4 River Station 0.9 and Main-Reach 4 
River Station 0.5 are considered minor with the largest increase yielding 0.24 feet under 
proposed condition. The minor increases observed can be attributed to the removal of the 
existing concrete liner and the proposed pools within the proposed channel. Under proposed 
conditions, the channel bed will be restored to existing channel conditions with small pools, 
which is modeled with a Manning’s n roughness coefficient of 0.055. Under existing 
conditions, the concrete liner is modeled with a Manning’s n roughness coefficient of 0.013. 
Although the concrete liner under existing condition exists only along the right bank of the 
existing channel (toe of slope to right bank), this significant difference between the roughness 
parameter results in a slightly increased water surface elevation under the proposed condition. 
The increases in water surface elevations are within the minimum error water surface model 
default tolerance error of 0.3 ft. 
 
As shown in Appendix 8H, increases in velocity are observed at the upstream transition area of 
Work Area 4. This is most likely attributed to the increase in slope from the existing channel to 
the proposed channel. However, within the proposed channel, a decrease in channel velocity 
results as expected since the proposed condition has a slightly larger cross-sectional area and a 
rougher channel bed compared to existing with the addition of the pools and the removal of the 
concrete liner. 
 

8.3.3. Existing Bridges and Hydraulic Structures 
 

In addition to evaluating the flooding impacts at the cross-sections along the proposed work 
areas, existing bridges and hydraulic structures along or within the vicinity of the proposed 
reaches were evaluated to determine whether adverse impacts would occur as a result of the 
proposed stream realignment activities. Appendix 8H presents the computed water surface 
elevations and velocity summary for the hydraulic structures evaluated.  

 
A wooden bridge exists on Old Mine Road downstream of Work Area 1. The modeling results 
indicate no impact in the water surface elevations and velocities under proposed condition, 
with the exception of a negligible 0.01 ft water surface elevation increase and a decrease of 
0.01 ft/s velocity for the 1.5-year storm at the downstream cross-section, as summarized in 
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Appendix H. No impact is expected at this wooden bridge as the proposed Work Area 1 is 
approximately 653 ft upstream of the wooden bridge. As the modeling results indicate, 
proposed impacts have already diminished by cross-section Main-Reach 1 River Station 3.3, 
which is located approximately 472 ft upstream of the wooden bridge.  
 
As described in Section 8.3.2.3.1, two 92”x138” CMP culverts exist on Kluttz Road, at the 
most downstream section of the overall project site. As evidenced in Appendix H, the 
modeling results indicate that no impact is anticipated under proposed conditions, as the flood 
elevation differences between existing and proposed conditions do not change for any of the 
modeled storm events. In addition, the main channel velocities for the upstream and 
downstream bounding cross-sections under proposed conditions remained the same as under 
existing conditions. 

 
Additionally, two hydraulic structures exist upstream of the Work Area 3 tributaries along Old 
Mine Road. The modeling results indicate an overall decrease in flood elevations, indicating 
no adverse impacts. One hydraulic structure consists of two 8.5’ CMP culverts as shown in 
Appendix 8I. The modeling results indicate that no adverse impact is anticipated under 
proposed conditions. No increase in water surface elevations is expected at the bounding 
upstream cross-section of the hydraulic structure (LBC Trib 4 River Station 3), as the results 
indicate no changes in water surface elevations for all storm events evaluated. At the 
downstream bounding cross-section (LBC Trib 4 River Station 2.9), the water surface 
elevation for the 2-year decrease under proposed conditions; however, these impacts are 
considered negligible, since it is 0.02 ft. For the 5-year storm and the 1.5 year, the water 
surface elevation at the downstream bounding cross-section exhibits a 0.03 ft and a 0.04 ft, 
respectively, increase under proposed conditions, which are also considered negligible. The 
100-year storm event results indicate zero impact in water surface elevations under proposed 
condition. As shown in Appendix 8H, there are no velocity changes under proposed condition 
at the upstream face of the hydraulic structure. Downstream of the hydraulic structure (cross-
section LBC Trib 4 River Station 2.9), the impacts in velocity occur at the 5-year, 2-year and 
1.5-year storm event, which yields a maximum increase in velocity of 0.03 ft/s and a maximum 
decrease in velocity of 0.06 ft/s. These impacts, which can be considered negligible, can be 
attributed to the transition from the existing channel to the proposed channel, which begins at 
cross-section 11+95 (LBC 4 River Station 1.85).  

 
The second hydraulic structure upstream of Work Area 3 consists of a 72”x108” CMP culvert. 
As evidenced in Appendix 8H, the modeling results indicate that no impact is anticipated 
under proposed conditions, as the flood elevation differences between existing and proposed 
conditions do not change for any of the modeled storm events. In addition, the main channel 
velocities for the upstream and downstream bounding cross-sections under proposed 
conditions remained the same as under existing conditions.  
 
HEC-RAS results for the remaining hydraulic structures (labeled as #2, 3, 4, 5, and 6 in 
Appendix I - HEC-RAS Cross-Section Location Plan) were not evaluated as the hydraulic 
structures were located at the headwater of existing tributaries that were not impacted by any 
proposed work. 

 
Overall, as the modeling results indicate in Appendix 8H, no adverse impacts are expected at 
the hydraulic structures along or within the vicinity of the proposed work areas.  
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8.3.4. Hydrologic Trespass for the 100-Year Storm Event 
 
In analyzing for hydrologic trespass, the 100-year storm event was selected to determine 
whether the 100-year flood elevation extends outside of the adjacent properties as a result of 
the proposed stream modifications. As evidenced in Appendix 8H, major impacts for the 100-
year flood elevations are not anticipated as the modeling results indicate that there is an overall 
decrease in the 100-yr flood elevations under proposed conditions with the exception of a few 
localized areas in Work Area 1, Work Area 3 and Work Area 4.  
 
As evidenced in section 8.3.3, water surface elevation impacts are not anticipated for the 100-
year storm event at the existing bridges and hydraulic structures (locations shown on Appendix 
8I) as there is no difference in the 100-year flood elevations between existing and proposed 
conditions. Additionally, there is no difference in the 100-year flood elevations at the most 
upstream and downstream end of the project site as shown in Appendix 8H. 
 
In Work Area 1, the cross-section 13+90 (Main-Reach 1 River Station 3.6) results in a 0.61 ft 
increase in the 100-year flood elevation under proposed conditions. After evaluation of the 
surrounding topography, this 0.61 ft increase under proposed condition has a minimal impact 
as the surrounding areas reach very high grounds with steep slopes on both sides of the 
proposed stream significantly minimizing the spread of flood water. Cross-section 11+16 
(Main-Reach 1 River Station 4.6) results in a 0.05 ft increase in the 100-year flood elevation 
and cross-section Main-Reach 1 River Station 4.9 results in a 0.14 ft increase. Both of these 
increases are under the minimum error water surface model default tolerance error of 0.3 ft. 
Again, Work Area 1 is also surrounded by high grounds that will minimize the spread of flood 
water. 
 
In Work Area 3, cross-section 12+52 (LBC 4 River Station 1.8) results in a 0.11 ft increase in 
the 100-year flood elevation under proposed conditions. After evaluation of the surrounding 
topography, this 0.11 ft increase under proposed condition has a minimal impact as the 
surrounding areas reach very high grounds with steep slopes on both sides of the proposed 
stream significantly minimizing the spread of flood water. The only other increase in the 100-
yr flood elevation occurring at Work Area 3 is at cross-section 16+37 (LBC River Station 1.5), 
which results in a 0.08 ft increase in the 100-year flood elevation under proposed conditions. 
As mentioned previously, Work Area 3 is surrounded by high grounds with steep slopes on 
both sides of the proposed stream. The 0.08 ft increase in the 100-year flood elevation under 
proposed conditions is within the water surface model default tolerance of 0.3 ft.  
 
In Work Area 4, cross-section Main-Reach 4 River Station 1 exhibits an increase of 0.24 ft for 
the 100-year flood elevation under proposed conditions and this increase is below the 
minimum error water surface model default tolerance error of 0.3 ft. This localized increase 
will also have minimal spread of flood water due to the surrounding topography. Both sides of 
the proposed stream extend to extremely steep slopes reaching high grounds with elevations 
surpassing the 100-year flood elevation under proposed conditions.  
 
The HEC-RAS modeling results indicate that the 100-yr flood elevations actually decrease or 
do not change under proposed conditions, with the exception of a few minor increases 
occurring at localized spots described above. After evaluation of the 100-yr flood elevation 
results, no hydrologic trespass issues are anticipated under proposed conditions.  
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8.3.5. Conclusions 
 
The hydrologic and hydraulic analyses of the Little Buffalo Creek restoration show that no 
adverse impacts are anticipated for the 1.5-year, 2-year, 5-year, and 100-year storm events. 
The HEC-RAS modeling results indicate negligible (a 0.01 ft increase in the 100-year flood) to 
no increase in water surface elevations at the most upstream cross-section (Main Reach 1 River 
Station 6) and most downstream cross-section (Main Reach 5 River Station 1) of the overall 
project site as shown in Appendix 8H. Therefore, adverse flooding impacts are not anticipated 
to result upstream or downstream of the proposed project site.  
 
As the existing Little Buffalo Creek reach within the project area does not currently have a 
FEMA-delineated floodplain or floodway, the Conditional Letter of Map Revision 
(CLOMR)/LOMR process will not be applicable to this project. 

 
8.4 Stormwater Best Management Practices 

 
The project site is almost entirely pastureland for cattle. There are a few small barns and 
buildings within the site and gravel and paved roads around it. Aside from the precipitation 
that falls directly on the ponds and stream channel itself, all stormwater generated onsite will 
be funneled through a riparian buffer on either Little Buffalo Creek or one of its tributaries. 
 
Although not a stormwater best management practice (BMP), but rather an agricultural BMP, 
drinking wells will be installed now that the cattle are excluded from the stream. 
 

8.5 Hydrological Modifications (for wetland restoration or enhancement) 
 
No wetlands were identified on Site; therefore, hydrological modifications are not necessary. 
 

8.6 Soil Restoration 
 
At this point in time no soil restoration is planned onsite; nearly all of the areas to be planted 
are existing cattle pasture and aside from minimal compaction due to livestock intrusion, 
should be suitable for planting. In the area where new channel is proposed, the design does not 
include excavation into the subsoils and no soil restoration is planned in these sections.  
 

8.7 Natural Plant Community Restoration 
 

8.7.1 Narrative of Plant Community Restoration 
 
In general, the goal of the planting scheme will be to establish a riparian forest community 
consistent with a Piedmont/Mountain Bottomland Forest. Berger's planting plan will 
incorporate the use of native trees and shrubs.  
 

8.7.2 Seeding Plan Summary for Vegetation Communities and Zones 
 
For areas of restoration, an herbaceous seed mix will be used to cover the old portions of the 
stream channel.  
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8.7.3 Planting Plan Summary for Vegetation Communities and Zones 
 
Tree species will be established through the planting of live stakes and bare root or tubeling 
seedlings of hardwood species native to the area. The establishment of species will follow the 
Guidelines for Riparian Buffer Restoration (NCEEP 2004). The overall goal of the planting 
density is to attain a minimum density of 260 trees per acre at maturity (five years). Planting 
stock will be obtained from sources within 200 miles of the site. Target plant species can be 
found in Table 7 of Section 12 in the report. 
 
There will be three planting zones. Zone 1 includes the areas of the inner stream berm up to 
bankfull in the restoration and enhancement level I mitigation areas. This zone will be planted 
with livestakes to provide stabilization to the streambank. Zone 1 will consist of black willows 
(Salix nigra) and silky dogwood live stakes planted at 2000 stems per acre. Stakes will be 
installed along both banks on five-foot centers in a triangular pattern. Zone 2 includes the 
bankfull bench of the stream and will be planted with bare root or tubeling plants. Zone 2 will 
consist of nine-foot spacing on center bare root or tubeling of species such as hazel alder, river 
birch, ironwood (Carpinus caroliniana), silky dogwood, green ash, spicebush, sycamore, black 
willow, and arrowwood (Viburnum dentatum). Zone 3 includes the area above the bankfull 
bench to 50 feet from the top of bank. This zone will also be planted with bare root or tubeling 
plants. Zone 3 will consist of nine-foot spacing on center bare root or tubeling of species such 
as ironwood, sugarberry (Celtis laevigata), redbud, green ash, sycamore and tulip poplar. Both 
Zone 2 and 3 will be planted at 500 stems per acre with species consistent with a 
Piedmont/Mountain Bottomland Forest to enhance the existing riparian buffer. Zones 2 and 3 
will be plants for all levels of mitigation except for preservation. The planting summary is 
detailed in Table 7 of Section 12.0 and shown on design sheets 30 to 41 of Section 14.  
 
Seedlings will be established in a naturalized pattern to avoid creating rows and monotypic 
stands. Tree species will be established within zones that reflect the preferable hydrologic 
regimes of each species; areas with the longer periods of inundation will be planted with flood 
tolerant species. To encourage a higher diversity of woody plant species on the site, planting 
patterns will include leaving small gaps to provide open areas for recruitment. 
 

8.7.4 Narrative of species management 
 
A few areas of invasive floral species were identified in patchy distributions at various 
densities, particularly along the banks of the mainstem and UT 7. Invasive species along the 
mainstem include: multiflora rose (Rosa multiflora) and Chinese privet. Invasive species along 
UT 7 include: tree of heaven, mimosa, microstegium, and Chinese privet. No specific control 
effort is detailed for these species; however, the woody species will be removed during 
construction and remaining root stumps treated with an appropriate herbicide.  

 
9. Performance Criteria 

 
9.1 Streams 

 
For stream hydrology, a minimum of two bankfull events must be documented within the 
standard 5-year monitoring period. In order for the monitoring to be considered complete, the 
two verification events must occur in separate monitoring years. 
 
All of the morphologic and channel stability parameters will be evaluated in the context of 
hydrologic events to which the system is exposed. 
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• Dimension – General maintenance of a stable cross-section and hydrologic access to the 
floodplain features over the course of the monitoring period will generally represent success in 
dimensional stability. For stream dimension, cross-sectional overlays and key parameters such 
as cross-sectional area, and the channel’s width to depth ratios should demonstrate relative 
stability in order to be deemed successful. 
 
• Pattern – Pattern features should show little adjustment over the standard 5 year monitoring 
period. Rates of lateral migration need to be moderate. 
 
• Profile – For the channels’ profile, the reach under assessment should not demonstrate any 
trends in thalweg aggradation or degradation over any significant continuous portion of its 
length. Over the monitoring period, the profile should also demonstrate the maintenance or 
development of bedform (facets) more in keeping with reference level diversity and 
distributions for the stream type in question. It should also provide a meaningful contrast in 
terms of bedform diversity against the pre-existing condition. Bedform distributions, riffle/pool 
lengths and slopes will vary, but should do so with maintenance around design distributions. 
This requires that the majority of pools are maintained at greater depths with lower water 
surface slopes and riffles are shallow with greater water surface slopes. 
 
• Substrate and Sediment Transport – Substrate measurements should indicate progression 
towards, or maintenance of the known distributions from the design phase. Sediment Transport 
should be deemed successful in by absence of any significant trend in the aggradation or 
depositional potential of the channel. 
 

9.2 Vegetation 
 
Survival of woody species planted at mitigation sites should be at least 320 stems/acre through 
year three. A 10 percent mortality rate will be accepted in year four (288 stems/acre) and 
another 10 percent in year five resulting in a required survival rate of 260 trees/acre through 
year five. This is consistent with Wilmington District (1993) guidance for wetland mitigation 
(USACE 2003). 
 

9.3 Schedule/Reporting 
 
Berger will be responsible for the success of the restoration project. Annual monitoring of the 
site will be carried out for a period of five years after completion of all restoration activities, or 
until the restoration site is deemed successful. Monitoring will be conducted each year and the 
subsequent report will be submitted to NCEEP before December 31 of that year. Required 
documents will also be delivered to Carolina Vegetation Survey as required. Direct sampling 
and measurement techniques will be employed as well as photo-documentation. Based on field 
observations and annual monitoring results, Berger will determine if actions are required to 
reach or exceed the performance criteria outlined in the Mitigation Plan. Monitoring Reports 
(including the Summary Report) will follow the format established in the NCEEP Full 
Delivery Templates Version 1.2 (11116/06), which will be obtained from the EEP Project 
Manager. Additionally, Berger will utilize EEP's monitoring template and guidance V-1.3 
(01/15/2010) for this project, available on the website at http://portal.ncdenr.org/web/eep/fd-
forms-templates. 
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10. Preliminary Monitoring 
 
The surface water hydrology at the Little Buffalo Creek Stream Restoration site will be 
monitored using a stream gage with an automatic data logger. The gage will be established to 
compare the surface water level in the streams to the mean bankfull stage. The performance 
criteria prescribed in the Stream Mitigation Guidelines (USACE 2003) requires that at least 
two bankfull events are documented during the five year monitoring period. If less than two 
bankfull events occur during the first five years, the annual monitoring will be required to 
continue until the second bankfull event is documented. The two documented bankfull events 
must occur during separate monitoring years. 
 
Stream channel stability will be determined by measuring the dimension, pattern, and profile 
of the stream to determine the rates, magnitude, and direction of stream adjustments. Rosgen 
methodologies of determining stream stability will be employed. Monumented cross-sections 
will be installed and surveyed on a yearly basis to monitor vertical bed stability in accordance 
with NCDENR stream monitoring guidelines. A longitudinal profile will be surveyed along the 
thalweg of the channel to capture the bed slope and determine the level of aggradation or 
degradation and capture any changes in the pool/riffle sequence. The stream pattern will be 
evaluated by measuring the sinuosity of the channel, which will be calculated by dividing the 
channel length determined during the long profile by the straight-line valley length. Pebble 
counts will also be performed to assess changes in bed material distribution (i.e., finer 
substrate in pools and coarser substrate in riffles). As part of the pre-construction visual 
inspection and during monitoring year 5, a detailed BEHI and Near Bank Stress (NBS) 
assessment will be performed. The entire project will be classified into the BEHI erosion 
hazard categories and accompanied by an NBS assessment for the purpose of describing 
sediment export estimates (tonnage per annum). 
 
Problem areas will be identified based on a visual inspection of vegetative and structural 
characteristics. Vegetative problem areas will be identified as either lacking vegetation or 
containing exotic vegetation and the probable cause of the problem will be described, shown in 
a plan view, and photographed. Invasive species will be observed and documented each 
monitoring year in the areas of restoration and enhancement level I. If invasive plant 
populations become problematic, Berger will manage and control them as necessary by 
mechanical and/or chemical methods. Any vegetation control requiring herbicide application 
will be performed in accordance with NC Department of Agriculture (NCDA) rules and 
regulations. Structural problem areas will be identified in more descriptive terms by individual 
issue. Aggradation or degradation of channel slope, instream and engineered structures, bank 
erosions and other physical stability problems will be measured, described, shown in plan 
view, and photographed. 
 
Vegetative establishment will be monitored through the use of permanent sample quadrats 
established at random locations. The quadrats will be monitored annually employing 
techniques described per the CVS-EEP Protocol for Recording Vegetation- VERSION 4.0 as 
published at NCEEP’s website: http://portal.ncdenr.org/web/eep/process-and-protocol. One 
representative digital photo of each sample plot will be taken the same day as the vegetative 
sampling is conducted. A series of fixed photograph stations will be established upon the as-
built survey to record a set of representative views during subsequent monitoring years. 
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10.1 Anticipated Performance Criteria 
 
As stated above, Berger intends to follow the 2003 Stream Mitigation Guidelines and the 2006 
CVS-EEP Vegetation Monitoring Protocol as the protocols for monitoring. More specifically, 
Berger is planning the following assessments: 
 
Cross Sections 

 LBC Stations 21+25 through 25+75, 2 riffle and 2 pool cross sections, 
 LBC Stations 48+00 through 51+00, 1 riffle and 1 pool cross sections,  
 LBC Stations 64+00 through 65+25, 1 riffle and 1 pool cross sections, 
 UT 3 Stations 10+00 through 12+00, 1 riffle and 1 pool cross sections, 
 UT 3 Stations 14+00 through 20+00, 1 riffle and 1 pool cross sections,  
 UT 4 Stations 13+60 through 18+28, 1 riffle and 1 pool cross sections, 
 UT 7 Stations 12+00 through 23+00, 2 riffle, 2 pool, 2 step-pool cross sections. 

 
Longitudinal Profiles 

 LBC Stations 20+00 through 27+00, no less than 500 linear feet, 
 LBC Stations 47+00 through 52+00, no less than 300 linear feet, and 
 UT 7 Stations 10+00 through 23+00, no less than 1,100 linear feet. 

 
Vegetation Plots 

Using the CVS-EEP protocol, Berger has determined that 18 vegetation plots will be 
required within the restoration and enhancement reaches onsite. No vegetation plots will be 
established in preservation reaches. These plots will be monitored using Levels 1 and 2 plot 
sampling. The location of these plots has not been established yet. 

 
Photo Points  

Berger expects to install and monitor 24 photo points throughout the site.  The photo points 
will capture restoration, enhancement, and preservation reaches and will be in addition to 
photographs taken at cross sections and vegetation plots. The location of these plots has not 
been established yet.  
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Table 1: Project Components 
Little Buffalo Creek Stream Mitigation Project 

EEP Project No. 94147 
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Footage  
(linear feet) Stationing B
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(a
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es
) 

 
Reach 1 

 
2,300 

Restoration 1:1 
Enhancement Level II 2.5:1 

P1 438 R; 1862 EII 10+00 to 33+00 7.7 

Reach 2 1,248 Enhancement Level II 2.5:1 NA 1248 EII 33+62 to 46+10 3.8 

 
Reach 3 

 
1,075 

Restoration 1:1 
Enhancement Level II 2.5:1 

P1 
P2 

267 R; 808 EII 
 

46+10 to 56+85 
 

3.9 

Reach 4 841 
Enhancement Level I 1.5:1 
Enhancement Level II 2.5:1 

P2 
P2 

120 EI;  721 EII 56+85 to 65+26 3.2 

Reach 5 952 Enhancement Level II 2.5:1 NA
952 EII;  

 
65+26 to 74+78 2.7 

Reach 6 2053 Preservation 5:1 NA 2,053 P 
75+05 to 82+48; 

 91+79 to 
104+90 

10.0 

UT 1 109 Enhancement Level II 2.5:1 NA 109 EII 10+00 to 11+09 0.1 

UT 2 951 
Enhancement Level II 2.5:1 

Preservation 5:1 
NA 616 EII; 335 P 10+00 to 19+50 2.7 

UT 3 1,475 
Restoration 1:1 

Enhancement Level I 1.5:1 
Enhancement Level II 2.5:1 

P1 
P2 
P2 

197 R; 
515 EI; 
 763 EII 

10+00 to 24+74 4.2 

UT 4 828 
Enhancement Level I 1.5:1 
Enhancement Level II 2.5:1 

P2 
P2 

397 EI; 431 EII 
 

10+00 to 18+28 
 

1.9 

UT 5 184 Enhancement Level II 2.5:1 NA 184 EII 10+00 to 11+84 0.5 

UT 6 151 Enhancement Level II 2.5:1 NA 151 EII 10+00 to 11+51 0.4 

UT 7* 1,374 Restoration 1:1 P1 1,374 R 10+00 to 23+74 5.9 

UT 8* 100 Restoration 1:1 P1 100 R 10+00 to 23+74  
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*UT 8 to UT7’s flow was redirected to join UT7 at new location. 
Note: Stationing based off of proposed lengths; therefore it may not correspond to existing feet.  Also, due to rounding some of the 
values when added may appear to be 1’ short of total, this is purely a product of values being rounded to nearest linear foot.  

Component Summations 

Restoration Level Stream (linear feet) Ratio Stream Mitigation 
Units 

Restoration 2,376 1:1 2,376 

Enhancement Level I 1,032 1.5:1 688 

Enhancement Level II 7,845 2.5:1 3,138 

Preservation 2,388 5:1 478 

TOTALS 13,641  6,679 

 

Table 2: Project Activity and Reporting History 
Little Buffalo Creek Stream Mitigation Project 

EEP Project No. 94147 

Activity or Report Data Collection Complete Completion or Delivery
Technical Proposal June 2009 August 2008
Categorical Exclusion February 2010 March 2010
Secure Conservation Easement March 2010 July 2012
Mitigation Plan August 2010 April 2013
Final Design – Construction Plans N/A May 2013
Construction N/A August 2013
Fencing Installation N/A September 2013
Native Species Planting N/A October 2013
Mitigation Plan / As-built (Year 0 Monitoring – 
Baseline) 

November 2013 December 2013

Year 1 Monitoring November 2014 December 2014
Year 2 Monitoring November 2015 December 2015
Year 3 Monitoring November 2016 December 2016
Year 4 Monitoring November 2017 December 2017
Year 5 Monitoring November 2018 December 2018
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Table 3: Project Contact Table 
Little Buffalo Creek Stream Mitigation Project 

EEP Project No. 94147 

Designer 

Primary Project Design POC 

The Louis Berger Group, Inc. 
1001 Wade Avenue, Suite 400 
Raleigh, NC 27605 

Michael O’Rourke (919) 866-4421 
Edward Samanns (973) 407-1468 

Construction Contractor 

Construction contractor POC 

To be determined 

Fencing Contractor 

Fencing Contractor POC 

To be determined  

Planting Contractor 

Planting Contract POC 

To be determined 

Nursery Stock Suppliers To be determined 
Monitoring Performers The Louis Berger Group, Inc. 

1001 Wade Avenue, Suite 400 
Raleigh, NC 27605 

EEE Consulting 

Stream Monitoring POC Louis Berger Group, Inc., Jennifer Brunton, P.E. 
(973-407-1365) 

Vegetation Monitoring POC EEE Consulting, Tina Sekula, PWS (919-866-4439) 
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Table 4: Project Attribute Table 
Little Buffalo Creek Stream Mitigation Project 

EEP Project No. 94147 
Project County Cabarrus County 

Physiographic Region Piedmont 
Ecoregion Southern Outer Piedmont 

Project River Basin Yadkin-Pee Dee River 
USGS HUC for Project (14 digit) 03040105020060 

NCDWQ Sub-basin for Project 03-07-12 
Within extent of EEP Watershed Plan? No 

WRC Class (Warm, Cool, Cold) Warmwater 
% of project easement fenced or demarcated 100% of the project easement will be demarcated and approximately 85% will be fenced. 

Beaver activity observed during design phase? Yes 
 

Restoration Component Attribute Table (Mainstem) 
Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 

Drainage Area (acres) 1914 2146 2446 2568 2632 4039 
Stream order 2/3 3 3 3 3 3/4 

Restored (R) /Enhanced (EI or EII) / Preserved 
(P)  length (feet)

438 (R) 
1862 (EII) 

1248 (EII) 267 (R) 
808 (EII) 

120 (EI)  
721 (EII) 

952 (EII) 2053 (P) 

Perennial or Intermittent Perennial Perennial Perennial Perennial Perennial Perennial 
Watershed type (Rural, Urban, Developing, etc) Rural Rural Rural Rural Rural Rural 

Watershed LULC Distribution (e.g.) 
Residential 

Ag-Row Crop 
Ag-Livestock 

Forested

10 10 10 10 10 10 
0 0 0 0 0 0 
40 40 40 40 40 40 
50 50 50 50 50 50 

Watershed Impervious cover (%) 5% 5% 5% 5% 5% 5% 
NCDWQ AU/Index number 13-17-11-6 13-17-11-6 13-17-11-6 13-17-11-6 13-17-11-6 13-17-11-6 

NCDWQ classification C C C C C C 
303d listed? No No No No No No 

Upstream of a 303d listed segment? No No No No No No 
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Table 4: Project Attribute Table 
Little Buffalo Creek Stream Mitigation Project 

EEP Project No. 94147 
Reasons for 303d listing or stressor N/A N/A N/A N/A N/A N/A 

Total acreage of easement 7.7 3.8 3.9 3.2 2.7 10.0 
Total vegetated acreage within the easement 4.0 1.3 2.4 0.6 1.5 8.1 

Total planted acreage as part of restoration 3.7 2.5 1.5 2.6 1.2 1.9 
Rosgen classification of existing C4/F4 C4/E4 C4/F4 C4 C4/D4b C4 
Rosgen classification of As-built C4 No Restoration C4 No Restoration No Restoration No Restoration

Valley type VIII VIII VIII VIII VIII VIII 
Valley slope 0.48% 0.38% 0.51% 039% 0.47% 0.43% 

Cowardin classification N/A N/A N/A N/A N/A N/A 
Trout waters designation N/A N/A N/A N/A N/A N/A 

Species of concern, endangered, etc.? (Y/N) No No No No No No 
Dominant soil series and characteristics

Series Chewacla/ 
Goldston 

Chewacla Chewacla Chewacla Chewacla Chewacla 

Depth 6 to 18 in/ 
10-20 inches 

6 to 18 in 6 to 18 in 6 to 18 in 6 to 18 in 6 to 18 in 

Clay % U U U U U U 
 K U U U U U U 

T U U U U U U 
Note: N/A is used for items that do not apply, “-” is used for items that are unavailable, “U” is used for items that are unknown and “NA” is used for items that are not applicable due to the 
fact that the mitigation project is stream preservation only. 
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Table 4: Project Attribute Table 
Little Buffalo Creek Stream Mitigation Project 

EEP Project No. 94147 
Project County Cabarrus County 

Physiographic Region Piedmont 
Ecoregion Southern Outer Piedmont 

Project River Basin Yadkin-Pee Dee River 
USGS HUC for Project (14 digit) 03040105020060 

NCDWQ Sub-basin for Project 03-07-12 
Within extent of EEP Watershed Plan? No 

WRC Class (Warm, Cool, Cold) Warmwater 
% of project easement fenced or demarcated 100% of the project easement will be demarcated and approximately 85% will be fenced. 

Beaver activity observed during design phase? Yes 
 

Restoration Component Attribute Table (Unnamed Tributaries)     
UT 1 UT 2 UT 3 UT 4 UT 5 UT 6 UT 7/UT8 

Drainage Area (acres) 293 193 62 254 8 16 1222 
Stream order 2 1 1 2 1 1 3/1 

Restored (R) /Enhanced (EI or EII) / Preserved 
(P)  length (feet)

109 (EI) 616 (EII) 
335 (P) 

197 (R)  
515 (EI) 
763 (EII) 

397 (EI) 
431 (EII) 

184 (EII) 151 (EII) 1474 (R) 

Perennial or Intermittent Intermittent Intermittent Intermittent Perennial Intermittent Intermittent Perennial 
Watershed type (Rural, Urban, Developing, etc)

Rural Rural Rural Rural Rural Rural Rural 
Watershed LULC Distribution (e.g.) 

Residential 
Ag-Row Crop 
Ag-Livestock 

Forested

0 0 0 0 0 0 5 
0 0 0 0 0 0 0 
20 20 100 20 80 80 45 
80 80 0 80 20 20 50 

Watershed Impervious cover (%) 5% 5% 5% 5% 5% 5% 5% 
NCDWQ AU/Index number 13-17-11-6 13-17-11-6 13-17-11-6 13-17-11-6 13-17-11-6 13-17-11-6 13-17-11-6 

NCDWQ classification C C C C C C C 
303d listed? No No No No No No No 

Upstream of a 303d listed segment? No No No No No No No 
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Table 4: Project Attribute Table 
Little Buffalo Creek Stream Mitigation Project 

EEP Project No. 94147 
Reasons for 303d listing or stressor N/A N/A N/A N/A N/A N/A N/A 

Total acreage of easement 0.1 2.7 4.2 1.9 0.5 0.4 5.9 
Total vegetated acreage within the easement 0 0.6 0.2 1.6 0 0.05 1.2 

Total planted acreage as part of restoration 0.1 2.1 4.0 0.3 0.5 0.35 4.7 
Rosgen classification of existing NA B6 B6/G6 B4c NA NA F4 
Rosgen classification of As-built No Restoration No Restoration B6 B4c No Restoration No Restoration C4 

Valley type NA II II II NA NA VIII 
Valley slope NA 2.45% 2.35% 2.17% NA NA 0.96% 

Cowardin classification N/A N/A N/A N/A N/A N/A N/A 
Trout waters designation No No No No No No No 

Species of concern, endangered, etc.? (Y/N) No No No No No No No 
Dominant soil series and characteristics

Series Chewacla Chewacla Badin/ 
Georgeville 

Goldston Goldston Goldston Chewacla 

Depth 6-18 inches 6-18 inches 72+ inches/ 
72+ inches 

10 to 20 
inches 

10 to 20 
inches 

10 to 20 
inches 

6-18 inches 

Clay % U U U U U U U 
K U U U U U U U 
T U U U U U U U 

Note: N/A is used for items that do not apply, “-” is used for items that are unavailable, “U” is used for items that are unknown and “NA” is used for items that are not applicable due to the 
fact that the mitigation project is stream preservation only. UT 1, UT 5, & UT 6 are not classified as the reaches are 100 feet long or less. 
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Table 5: Morphological Design Table 
Little Buffalo Creek Stream Mitigation Project 

EEP Project No. 94147 
Item Existing 

Conditions 
Designed 

Conditions 
Reference Reach 

LOCATION Reach 1 Reach 1 Reach 1 
Stream Type C4/F4 C4 C4 
Drainage Area, Ac 1470 1470 1470 
Bankfull Width (Wbkf), ft 46-57-83 36 43-52-64 
Bankfull Mean Depth (dbkf), ft 0.65-1.18-1.60 1.38 0.98-1.16-1.38 
Width/Depth Ratio (Wbkf/ dbkf)  33-57-128 26 31-47-64 
Bankfull X-Section Area (Abkf), ft

2 54-63-83 49.5 55-59-65 
Bankfull Mean Velocity, fps 1.82 2.32 2.44 
Bankfull Discharge, cfs 115 115 115 
Bankfull Max Depth (dmax), ft 2.54-3.04-3.83 1.5 2.17-2.41-2.50 
Depth Ratio dmax/dbkf 3.91-2.58-2.39 1.09 2.21-2.08-1.81 
Low Bank Height 2.8 1.5 1.89 
Bank Height Ratio (BHR) 0.91-1.09-1.37 1 1.15-1.28-1.32 
Width Flood-prone Area (Wfpa), ft 68-107-177 >88 >150 
Entrenchment Ratio (ER) 1.49-1.84-2.17 >1.53 >2.2 
Valley Slope (Svalley), ft/ft 0.0055 0.0055 0.0055 
Channel Slope (Schannel), ft/ft 0.0047 0.0035 0.0039 
Sinuosity (K) 1.05 1.27 1.16 

 
LOCATION Reach 3 Reach 3 Reach 1 
Stream Type C4 C4 C4 
Drainage Area, Ac 2081 2081 1470 
Bankfull Width (Wbkf), ft 34-41-48 40 43-52-64 
Bankfull Mean Depth (dbkf), ft 1.20-1.47-1.80 1.80 0.98-1.16-1.38 
Width/Depth Ratio (Wbkf/ dbkf) 19-30-40 22 31-47-64 
Bankfull X-Section Area (Abkf), ft

2 58-60-62 72 55-59-65 
Bankfull Mean Velocity, fps 2.73 2.3 2.44 
Bankfull Discharge, cfs 163 163 115 
Bankfull Max Depth (dmax), ft 2.47-2.78-3.09 2.0 2.17-2.41-2.50 
Depth Ratio dmax/dbkf 2.06-1.89-1.72 1.11 2.21-2.08-1.81 
Low Bank Height 1.27 2 1.89 
Bank Height Ratio (BHR) 1.94-2.19-2.43 1 1.15-1.28-1.32 
Width Flood-prone Area (Wfpa), ft 258-265-272 >88 >150 
Entrenchment Ratio (ER) 5.3-6.5-7.7 >2.1 >2.2 
Valley Slope (Svalley), ft/ft 0.0037 0.0037 0.0055 
Channel Slope (Schannel), ft/ft 0.0067 0.0018 0.0039 
Sinuosity (K) 1.13 1.39 1.16 
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Table 5: Morphological Design Table Continued. 
LOCATION UT 7 UT 7 Reach 1 
Stream Type F4/C4 C4 C4 
Drainage Area, Ac 1230 1230 1470 
Bankfull Width (Wbkf), ft 20-26-30 25 43-52-64 
Bankfull Mean Depth (dbkf), ft 0.85-1.00-1.17 0.97 0.98-1.16-1.38 
Width/Depth Ratio (Wbkf/ dbkf) 20-26-32 26 31-47-64 
Bankfull X-Section Area (Abkf), ft

2 20-26-31 24.3 55-59-65 
Bankfull Mean Velocity, fps 3.7 3.9 2.44 
Bankfull Discharge, cfs 96 96 115 
Bankfull Max Depth (dmax), ft 1.79-2.16-2.95 1.13 2.17-2.41-2.50 
Width Flood-prone Area (Wfpa), ft 39-54-91 >55 >150 
Entrenchment Ratio (ER) 1.45-2.07-3.01 >2.2 >2.2 
Meander Length (Lm), ft NA NA NA 
*Reach 1, Reach 3, and UT 7 are the only reaches where restoration is proposed. 
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Table 6: BEHI and Sediment Export Estimates for Project Site Streams 
Little Buffalo Creek Stream Mitigation Project 

EEP Project No. 94147 
Time Point Reach Lin. Ft Extreme Very High High Moderate Low Very Low 

ft % ft % ft % ft % ft % ft % 
Preconstruction 1 EII 1,862                     1,862 100 

Preconstruction 1 Rest 438     438 100                 

Preconstruction 2 EII 1,248                     1,248 100 

Preconstruction 3 Rest 267   267 100               

Preconstruction 3 EII 808         808 100   

Preconstruction 4 EII 721             360.5 50 360.5 50     

Preconstruction 4 EI 120             120 100         

Preconstruction 5 EII 952                 952 100     

Preconstruction 6 Pres 2,053                     2,053 100 

Preconstruction UT 1 EII 109                 109 100     

Preconstruction UT 2 Pres. 335                     335 100 

Preconstruction UT 2 EII 616         616 100   

Preconstruction UT 3 Res 197     197 100       

Preconstruction UT 3 EI 515         515 100             

Preconstruction UT 3 EII 763                 763 100     

Preconstruction UT 4 EI 397         397 100             

Preconstruction UT 4 EII 431             431 100         

Preconstruction UT 5 184                     184 100 

Preconstruction UT 6 151                     151 100 

Preconstruction UT 7 Rest 1374         1373 100             

Preconstruction UT 8 rest 100         100 100   

Project Total 14,379     791 5.5 2,174 15.1 1,012 7.0 3,595 25.0 6,807 47.4 

 
 

Note: The percentages are based off the pre-construction linear feet measurements, not SMUs. 
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Table 7 – Planting Summary for Vegetative Communities and Zones 
Little Buffalo Creek Stream Mitigation Project 

EEP Project No. 94147 
Zone Species Common 

Name 
Type Species 

percent 
Quantity 
per Acre 

Acreage Total 
Quantity 

Z
on

e 
1 

(0
.3

3 
ac

re
s)

 

Salix nigra black billow live stake 60% 1200 0.33 396 

Cornus amomum silky dogwood live stake 40% 800 0.33 264 

TOTALS  2000 0.33 660 

 Z
on

e 
2 

(1
2 

ac
re

s)
 

Alnus serrulata hazel alder 
bare root or 

tubeling 15% 75 11.42 571 

Betula nigra river birch 
bare root or 

tubeling 10% 50 
11.42 

571 

Carpinus caroliniana ironwood 
bare root or 

tubeling 10% 50 
11.42 

571 

Cornus amomum silky dogwood 
bare root or 

tubeling 5% 25 
11.42 

285 
Fraxinus 
pennsylvanica green ash 

bare root or 
tubeling 10% 50 

11.42 
571 

Lindera benzoin spicebush 
bare root or 

tubeling 10% 50 
11.42 

571 

Platanus occidentalis sycamore 
bare root or 

tubeling 15% 75 
11.42 

856 

Salix nigra black willow 
bare root or 

tubeling 10% 50 
11.42 

571 

Viburnum dentatum arrowwood 
bare root or 

tubeling 15% 75 
11.42 

856 

TOTALS  500 11.42 5710 

Z
on

e 
3 

(1
2 

ac
re

s)
 

Carpinus caroliniana ironwood 
bare root or 

tubeling 10% 50 12.17 608 

Celtis laevigata sugarberry 
bare root or 

tubeling 10% 50 
12.17 608 

Cercis canadensis redbud 
bare root or 

tubeling 10% 50 
12.17 608 

Fraxinus 
pennsylvanica green ash 

bare root or 
tubeling 5% 25 

12.17 
304 

Lindera benzoin spicebush 
bare root or 

tubeling 10% 50 
12.17 

608 
Liriodendron 
tulipifera tulip poplar 

bare root or 
tubeling 20% 100 

12.17 
1271 

Quercus alba white oak 
bare root or 

tubeling 15% 75 
12.17 

912 

Ulmus rubra slippery elm 
bare root or 

tubeling 10% 50 
12.17 608 

Viburnum dentatum arrowwood 
bare root or 

tubeling 10% 50 
12.17 608 

TOTALS  500 12.17 6085 
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Table 8 – Seeding Summary for Permanent Vegetation  

Little Buffalo Creek Stream Mitigation Project 
EEP Project No. 94147 

Scientific Name Common Name 
Panicum virgatum var. Shelter Switchgrass 
Panicum clandestinum var. Tioga Deer tongue 
Elymus virginiana   Virginia wild rye  

 
Mixed Wildflowers Meadow seed mix 

 
Table 9 – Planting Summary for Temporary Sediment and Erosion Control Seed Mix  

Little Buffalo Creek Stream Mitigation Project 
EEP Project No. 94147 

Scientific Name Common Name 
Lolium multiflorum Annual rye 
Dichanthelium clandestinum Deer tongue 
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Figure 5:  Project Site Wetland Delineation Map 
 

Not applicable to this project. Figure not produced. 
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Figure 9:  Reference Site Wetland Determination Sample Locations with Gauge Locations 
 

Not applicable to this project. Figure not produced 
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Species
Percent 

Min.Purity
Percent Min. 
Germination

Quantity per 
Acre (lbs.)

Lolium multiflorum 98 90 30
Panicum virgatum var. Shelter (PLS) 95 80 4
Panicum clandestinum var. Tioga 95 75 2
Elymus virginiana 95 90 3
Wetland Seed Mix N/A N/A 2

Zone
Plant 

Community
Location Type Species

Common 
Name

Species 
Percent

Quantity 
/Acre

Acreage
Total 

Quantity

Salix nigra Black willow
60% 1200 0.33 396

Cornus amomum
Silky dogwood 40% 800 0.33 264

100% 2000 0.33 660

Distance between individual stems in feet. 5

Zone
Plant 

Community
Location Type Species

Common 
Name

Species 
Percent

Quantity 
/Acre

Acreage
Total 

Quantity

Alnus serrulata
smooth alder / 
hazel alder 15% 75 11.42 856

Betula nigra river birch 
10% 50 11.42 571

Carpinus caroliniana ironwood 
10% 50 11.42 571

Cornus amomum silky dogwood
5% 25 11.42 285

Fraxinus pennsylvanica green ash
10% 50 11.42 571

Lindera benzoin spicebush
10% 50 11.42 571

Platanus occidentalis 
sycamore

15% 75 11.42 856

Salix nigra 
black willow

10% 50 11.42 571

Viburnum dentatum
arrowwood

15% 75 11.42 856

100% 500 11.42 5710

Distance between individual stems in feet. 9

Zone
Plant 

Community
Location Type Species

Common 
Name

Species 
Percent

Quantity 
/Acre

Acreage
Total 

Quantity

Carpinus caroliniana ironwood 
10% 50 12.17 608

Celtis laevigata sugarberry
10% 50 12.17 608

Cercis canadensis redbud
10% 50 12.17 608

Fraxinus pennsylvanica green ash
5% 25 12.17 304

Platanus occidentalis sycamore
10% 50 12.17 608

Liriodendron tulipifera tulip poplar
20% 100 12.17 1217

Quercus michauxii
swamp chestnut 
oak 15% 75 12.17 912

Ulmus rubra slippery elm
10% 50 12.17 608

Viburnum dentatum arrowwood
10% 50 12.17 608

100% 500 12.17 6085

Distance between individual stems in feet. 9

2

Totals 9

Totals 9

Bankfull Bench
Bare Root or 

Tubeling

Piedmont / 
Mountain 

Bottomland 
Forest

Above Bankfull 
to 50 ft. from 
Top of Bank

Bare Root or 
Tubeling

Zone 2

Zone 3

Zone 1

Piedmont / 
Mountain 

Bottomland 
Forest

Inner Berm
up to 

Bankfull
Live Stakes

Piedmont / 
Mountain 

Bottomland 
Forest

Totals
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PROJECT SITE PHOTOGRAPHS
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 Photo 1: Reach 1 -View looking upstream from a portion of Reference Reach. (6/18/2008) 
 

  
 Photo 2: Reach 1 near proposed restoration reach. View looking downstream. (6/18/2008) 
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Photo 3: Reach 1 near end of restoration reach at 90o turn (right to left, then into the page). 
(3/29/2010) 
 

 
Photo 4: Reach 2 downstream of Bridge, upstream of UT 2. View looking downstream. 
(6/18/2008) 
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Photo 5: Reach 3 – restored channel to be to the right. View looking downstream. (6/18/2008) 
 

 
Photo 6: Reach 3 – E-2. View looking downstream. (6/18/2008) 
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Photo 7: Reach 4. View looking downstream. (6/18/2008) 
 

 
Photo 8: Reach 4. Concrete on rt. bank to be removed and dimension, pattern, & profile 
restored. (8/30/2010) 
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Photo 9: Reach 5. View looking upstream at multi-thread channel. (7/17/2008) 
 

 
Photo 10: Reach 6. Preservation Reach. (7/31/2008) 
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Photo 11: UT 1. View looking upstream from confluence with mainstem. (12/9/2009) 
 

 
Photo 12: UT 2. View looking upstream. E-2 in pasture, Preservation from trees up to pond. 
(6/18/2008) 



The Louis Berger Group, Inc.  Little Buffalo Creek Stream Mitigation Site 
     EEP Project Number 94147  
 

Final Little Buffalo Creek Stream Mitigation Plan  Appendix 1 

 

 
Photo 13: UT 3. View looking upstream at E-1 area. (7/27/2010) 
 

 
Photo 14: UT 3. View looking upstream at E-2 area. (12/9/2009) 
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Photo 15: UT 4. View looking downstream at E-1 area, backpack shown for scale. (8/30/2010) 
 

 
Photo 16: UT 4. View looking upstream at E-2 area. (8/30/2010) 
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Photo 17: UT 5. View looking upstream. (7/31/2008) 
 

 
Photo 18: UT 6. View looking upstream. (7/31/2008) 
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Photo 19: UT 7. View looking upstream at upper limit – culverts under Old Mine Rd. 
(3/29/2010) 
 

 
Photo 20: UT 7. View looking downstream. 
(3/29/2010)



 

 

 

 
 
 
 

APPENDIX 2 
 

PROJECT SITE USACE ROUTINE WETLAND DELINEATION 
DATA FORMS 

 
(N/A – No Wetlands are associated with this project)
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PROJECT SITE NCDWQ STREAM CLASSIFICATION FORMS 
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REFERENCE SITE PHOTOGRAPHS
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  Photo 20: Upstream of project area. View looking upstream after a large rain event. 
  (3/31/2010) 

 

 
  Photo 21: Upper limits of project area. View looking upstream. (3/31/2010) 
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  Photo 22: Middle of reference reach. View looking downstream.  (3/31/2010) 

 

 
  Photo 23: Middle of Reference Reach. View looking upstream.  (4/13/2010) 
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  Photo 24: Downstream portion of Reference reach. View looking upstream.  
  (4/13/2010) 

 

 
  Photo 25: Downstream portion of Reference reach. View looking upstream at curve.  
  (4/13/2010)



 

 

 
 
 
 

APPENDIX 5 
 

REFERENCE SITE USACE ROUTINE WETLAND 
DETERMINATION DATA FORMS 

 
(N/A – A reference site was not necessary for this project) 

  



 

 

 
 
 
 

APPENDIX 6 
 

REFERENCE SITE NCDWQ STREAM CLASSIFICATION 
FORMS 

 
(Little Buffalo Creek is a named, blue line stream on the USGS 

topographic quadrangle. The stream is perennial; therefore; a stream 
classification form was not completed.) 
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HYDROLOGIC GAUGE DATA SUMMARY, GROUNDWATER 
AND RAINFALL INFORMATION 
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Appendix 7 Table 1: Hydrologic Gauge Data Summary – Annual Peak Flows

USGS 02125000 BIG BEAR CR NR RICHFIELD, NC 

1955-2007 

Date Cubic Feet per Second 

(CFS) 

Date Cubic Feet per Second 

(CFS) 

2/6/1955 4880 12/31/1981 3720 

3/16/1956 4200 3/6/1983 2850 

6/8/1957 7460 7/15/1984 9700 

4/6/1958 4880 8/17/1985 2740 

7/9/1959 9700 11/21/1985 4370 

2/18/1960 4550 2/28/1987 3990 

2/21/1961 4140 3/10/1988 1610 

4/11/1962 5400 3/24/1989 4150 

3/6/1963 3020 10/1/1989 8030 

8/11/1964 4850 10/11/1990 10100 

10/16/1964 8270 6/16/1992 3290 

3/4/1966 5610 4/6/1993 4700 

8/22/1967 11100 3/2/1994 3410 

3/12/1968 3440 9/11/1995 6600 

8/16/1969 3620 10/4/1995 4900 

4/1/1970 1960 7/23/1997 11400 

3/3/1971 4880 2/17/1998 4820 

10/16/1971 4040 1/24/1999 2030 
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7/24/1973 6590 10/11/1999 7520 

4/5/1974 1730 8/18/2001 3360 

5/18/1975 6110 1/23/2002 3840 

12/31/1975 1520 3/20/2003 7670 

3/30/1977 5830 9/28/2004 9640 

10/26/1977 8410 3/28/2005 2810 

3/24/1979 6690 12/15/2005 3010 

3/21/1980 3440 3/2/2007 5580 

8/12/1981 7770 

Source: USGS 2010. USGS Water Resources. National Water Information System: Web Interface. Peak Streamflow for the 
Nation. USGS 02125000 BIG BEAR CR NR RICHFIELD, NC. Available URL: 
http://nwis.waterdata.usgs.gov/nwis/peak?site_no=02125000&agency_cd=USGS&format=html 
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Source: North Carolina State Climate Office. NC CRONOS Database – Monthly Sum of Daily Percipitation. Mount Pleasant, 
Cabarrus County, North Carolina. Station # 315945. 
Available URL: http://www.nc-climate.ncsu.edu/cronos/ 
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HEC-RAS Analysis 
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NOAA 24‐HOUR PRECIPITATION DEPTHS FOR GEOMETRIC CENTROID OF  

LITTLE BUFFALO CREEK WATERSHED 

 

POINT PRECIPITATION 
FREQUENCY ESTIMATES 
FROM NOAA ATLAS 14  

North Carolina 35.5050 N 80.3662 W 800 feet  
from "Precipitation-Frequency Atlas of the United States" NOAA Atlas 14, Volume 2, Version 3 

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley 
NOAA, National Weather Service, Silver Spring, Maryland, 2004 

Extracted: Wed Mar 10 2010  
        

Precipitation Frequency Estimates (inches) 

ARI* 
(years) 

5 
min  

10 
min  

15 
min  

30 
min  

60 
min  

120 
min  

3 hr  6 hr  

12 
hr  

24 hr 48 hr 4 day 7 day 
10 

day  

20 
day  

30 
day  

45 
day  

60 
day  

1 0.40 0.63 0.79 1.08 1.35 1.57 1.67 2.03 2.41 2.87 3.36 3.78 4.33 4.96 6.65 8.18 10.31 12.32

2 0.47 0.75 0.94 1.30 1.63 1.90 2.02 2.44 2.91 3.47 4.04 4.53 5.17 5.89 7.85 9.62 12.08 14.37

5 0.55 0.87 1.10 1.57 2.01 2.35 2.52 3.05 3.65 4.35 5.03 5.58 6.29 7.08 9.26 11.18 13.81 16.22

10 0.60 0.96 1.21 1.75 2.28 2.69 2.90 3.52 4.23 5.04 5.81 6.41 7.19 8.02 10.38 12.39 15.14 17.66

25 0.66 1.05 1.33 1.97 2.62 3.13 3.40 4.15 5.03 5.98 6.86 7.55 8.41 9.27 11.89 13.98 16.87 19.51

50 0.70 1.11 1.40 2.12 2.87 3.45 3.78 4.64 5.67 6.73 7.69 8.45 9.38 10.26 13.07 15.21 18.18 20.91

100 0.73 1.16 1.47 2.25 3.10 3.77 4.16 5.13 6.32 7.50 8.54 9.37 10.38 11.26 14.27 16.42 19.45 22.24

200 0.76 1.21 1.52 2.37 3.32 4.08 4.55 5.63 7.00 8.29 9.41 10.32 11.40 12.27 15.48 17.64 20.71 23.55

500 0.79 1.25 1.57 2.50 3.59 4.47 5.05 6.32 7.93 9.36 10.60 11.63 12.80 13.65 17.12 19.26 22.36 25.24

1000 0.81 1.28 1.60 2.59 3.79 4.76 5.44 6.84 8.67 10.22 11.54 12.65 13.91 14.73 18.39 20.50 23.59 26.51

* These precipitation frequency estimates are based on a partial duration series. ARI is the Average Recurrence Interval. 
Please refer to NOAA Atlas 14 Document for more information. NOTE: Formatting forces estimates near zero to appear as zero.

* Upper bound of the 90% confidence interval 
Precipitation Frequency Estimates (inches) 

ARI** 
(years) 

5 
min 

10 
min 

15 
min 

30 
min 

60 
min 

120
min

3 
hr

6 
hr

12
hr

24
hr

48
hr

4 
day

7 
day 

10 
day 

20
day

30
day

45
day

60
day

1 0.43 0.69 0.86 1.18 1.47 1.71 1.83 2.22 2.63 3.10 3.61 4.04 4.62 5.26 7.00 8.59 10.78 12.84

2 0.51 0.81 1.02 1.42 1.77 2.07 2.21 2.68 3.19 3.74 4.35 4.85 5.51 6.25 8.26 10.10 12.61 14.95

5 0.59 0.95 1.20 1.71 2.19 2.57 2.75 3.33 3.99 4.69 5.41 5.97 6.70 7.51 9.74 11.73 14.40 16.89

10 0.65 1.04 1.31 1.90 2.48 2.94 3.15 3.84 4.62 5.43 6.24 6.86 7.65 8.50 10.92 13.00 15.78 18.38

25 0.71 1.14 1.44 2.13 2.84 3.41 3.69 4.51 5.46 6.45 7.36 8.08 8.95 9.82 12.51 14.67 17.59 20.31

50 0.76 1.20 1.52 2.29 3.11 3.76 4.11 5.04 6.14 7.25 8.26 9.05 9.99 10.88 13.76 15.97 18.98 21.78

100 0.79 1.26 1.59 2.44 3.36 4.11 4.51 5.57 6.84 8.07 9.17 10.05 11.05 11.95 15.03 17.26 20.32 23.19

200 0.82 1.31 1.65 2.57 3.60 4.44 4.93 6.11 7.56 8.93 10.12 11.07 12.16 13.03 16.33 18.56 21.66 24.58

500 0.86 1.36 1.71 2.72 3.90 4.87 5.49 6.85 8.55 10.11 11.43 12.50 13.69 14.52 18.09 20.30 23.41 26.39

1000 0.88 1.39 1.74 2.82 4.12 5.19 5.91 7.42 9.36 11.04 12.46 13.62 14.90 15.69 19.47 21.65 24.74 27.76



* The upper bound of the confidence interval at 90% confidence level is the value which 5% of the simulated quantile values for a given frequency are greater than.  
** These precipitation frequency estimates are based on a partial duration series. ARI is the Average Recurrence Interval. 
Please refer to NOAA Atlas 14 Document for more information. NOTE: Formatting prevents estimates near zero to appear as zero.  

* Lower bound of the 90% confidence interval 
Precipitation Frequency Estimates (inches) 

ARI** 
(years) 

5 
min 

10 
min 

15 
min 

30 
min 

60 
min 

120
min

3 
hr

6 
hr

12
hr

24
hr

48
hr

4 
day

7 
day 

10 
day 

20
day

30
day

45
day

60
day

1 0.36 0.58 0.73 1.00 1.25 1.44 1.53 1.86 2.22 2.67 3.12 3.52 4.07 4.68 6.31 7.79 9.88 11.84

2 0.43 0.69 0.87 1.20 1.50 1.74 1.85 2.24 2.67 3.23 3.77 4.23 4.86 5.56 7.44 9.15 11.55 13.79

5 0.50 0.80 1.01 1.44 1.85 2.15 2.31 2.79 3.35 4.04 4.68 5.21 5.91 6.67 8.78 10.63 13.19 15.57

10 0.55 0.88 1.11 1.61 2.09 2.46 2.64 3.21 3.87 4.68 5.39 5.97 6.73 7.55 9.83 11.77 14.45 16.94

25 0.60 0.96 1.21 1.80 2.39 2.84 3.08 3.76 4.55 5.53 6.35 7.00 7.85 8.70 11.23 13.26 16.07 18.69

50 0.63 1.01 1.28 1.92 2.60 3.12 3.41 4.17 5.09 6.21 7.11 7.82 8.74 9.61 12.32 14.40 17.29 20.00

100 0.66 1.05 1.33 2.04 2.80 3.38 3.73 4.59 5.63 6.90 7.87 8.64 9.63 10.52 13.41 15.52 18.46 21.25

200 0.69 1.08 1.37 2.13 2.99 3.63 4.05 4.99 6.17 7.60 8.65 9.49 10.55 11.44 14.50 16.63 19.61 22.45

500 0.71 1.12 1.41 2.24 3.21 3.94 4.44 5.52 6.88 8.54 9.69 10.64 11.79 12.67 15.97 18.09 21.09 24.00

1000 0.72 1.13 1.42 2.30 3.36 4.16 4.74 5.90 7.41 9.29 10.51 11.53 12.76 13.62 17.10 19.20 22.20 25.16

* The lower bound of the confidence interval at 90% confidence level is the value which 5% of the simulated quantile values for a given frequency are less than.  
** These precipitation frequency estimates are based on a partial duration maxima series. ARI is the Average Recurrence Interval. 
Please refer to NOAA Atlas 14 Document for more information. NOTE: Formatting prevents estimates near zero to appear as zero.  



 



 

 

Maps -  

 

 

These maps were produced using a direct map request from the 
U.S. Census Bureau Mapping and Cartographic Resources 
Tiger Map Server. 



 
Please read disclaimer for more information. 

Other Maps/Photographs -  

View USGS digital orthophoto quadrangle (DOQ) covering this location from TerraServer; USGS Aerial 
Photograph may also be available 
from this site. A DOQ is a computer-generated image of an aerial photograph in which image displacement caused 
by terrain relief and camera 
tilts has been removed. It combines the image characteristics of a photograph with the geometric qualities of a map. 
Visit the USGS for more information. 

Watershed/Stream Flow Information -  

Find the Watershed for this location using the U.S. Environmental Protection Agency's site. 

Climate Data Sources -  

Precipitation frequency results are based on data from a variety of sources, but largely NCDC. The following links 
provide general information 
about observing sites in the area, regardless of if their data was used in this study. For detailed information about 
the stations used in this study, 
please refer to NOAA Atlas 14 Document. 
 
Using the National Climatic Data Center's (NCDC) station search engine, locate other climate stations within:  

+/-30 minutes
...OR... 

+/-1 degree
of this location (35.5050/-80.3662). Digital ASCII data can be obtained directly 

from NCDC.  
 

Hydrometeorological Design Studies Center 
DOC/NOAA/National Weather Service 
1325 East-West Highway 
Silver Spring, MD 20910 
(301) 713-1669  
Questions?: HDSC.Questions@noaa.gov 
 
Disclaimer 
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CURVE NUMBER INDEX
SOURCE: NRCS Runoff Curve Numbers Table 2-2a, 2-2b and 2-2c, TR-55 SCS CURVE NUMBER METHOD

A B C D
1 Cultivated Row Crops-Straight Row (SR)-Good Condition SR-G 67 78 85 89

2 Deciduous Shrubland
Brush-brush weed grass mixture with brush the 
major element-Fair Condition

BR-F 35 56 70 77

3 Evergreen Shrubland
Brush-brush weed grass mixture with brush the 
major element-Good Condition

BR-G 30 48 65 73

4 High Intensity Developed
Residential Districts - 1 Acre (20% average 
impervious)

R1 51 68 79 84

5 Low Intensity Developed
Residential Districts - 2 Acre (12% average 
impervious)

R2 46 65 77 82

6 Managed Herbaceous Cover Row Crops-Straight Row (SR)-Good Condition SR-G 67 78 85 89
7 Mixed Hardwoods/Conifers Woods-Good Condition WO-G 30 55 70 77
8 Mixed Upland Hardwoods Woods-Good Condition WO-G 30 55 70 77
9 Southern Yellow Pine Woods-Good Condition WO-G 30 55 70 77

10 Unmanaged Herbaceous Upland
Farmsteads-building, lanes,driveways and 
surrounding lots

FA 59 74 82 86

11 Water Bodies Impervious Areas WATER 98 98 98 98

LU Index Land Cover Description LU Symbol
Hydrologic Soil Group (HSG)

NRCS Curve Number Table Equivalent
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SOILS INDEX
Source: NRCS Web Soil Survey

Soil 
Symbol

 Soil Description
HSG for 
SCS CN

HSG for 
Rational C

BaB  Badin channery silt loam, 2 to 8 percent slopes  B
BaC  Badin channery silt loam, 8 to 15 percent slopes  B

BaD
  Badin channery silt loam, 8 to 15 percent slopes  (CABARRUS); Badin 

channery silt loam, 15 to 30 percent slopes  (ROWAN)
B

BaF  Badin channery silt loam, 15 to 45 percent slopes  B
CeB2  Cecil sandy clay loam, 2 to 8 percent slopes, moderately eroded  B

ChA
 Chewacla sandy loam, 0 to 2 percent slopes, frequently flooded  

(CABARRUS);  Chewacla loam, 0 to 2 percent slopes, frequently flooded 
(ROWAN) 

C

CmB  Cid-Lignum complex, 1 to 6 percent slopes  C

EnB
  Enon sandy loam, 2 to 8 percent slopes (CABARRUS); Enon fine sandy 

loam, 2 to 8 percent slopes (ROWAN)
C

EnC  Enon fine sandy loam, 8 to 15 percent slopes  C

GeB2  Georgeville silty clay loam, 2 to 8 percent slopes, moderately eroded  B
GoC  Goldston very channery silt loam, 4 to 15 percent slopes  C
GoF  Goldston very channery silt loam, 15 to 45 percent slopes  C

HeB
  Herndon silt loam, 2 to 8 percent slopes (CABARRUS); Helena sandy loam, 

1 to 6 percent   slopes (ROWAN) 
C

KcB  Kirksey-Cid complex, 2 to 6 percent   slopes  C
KkB  Kirksey silt loam, 1 to 6 percent slopes  C
LdB2  Lloyd clay loam, 2 to 8 percent slopes, moderately eroded  B
MeB2  Mecklenburg clay loam, 2 to 8 percent   slopes, moderately eroded  C
OkA  Oakboro silt loam, 0 to 2 percent   slopes, frequently flooded  C
PaD  Pacolet sandy loam, 15 to 25 percent   slopes  B
PcE3  Pacolet-Udorthents complex, 12 to 25 percent slopes, gullied  B
PxB  Poindexter-Rowan complex, 2 to 8   percent slopes  B
SeB  Sedgefield fine sandy loam, 1 to 6 percent slopes  C

TaB
 Tarrus silt loam, 2 to 8 percent slopes (CABARRUS);  Tarrus-Badin complex, 

2 to 8 percent slopes  (ROWAN) 
B

TaC  Tarrus-Badin complex, 8 to 15 percent slopes  B
TaD  Tarrus silt loam, 8 to 15 percent slopes  B
TbB2  Tarrus silty clay loam, 2 to 8 percent slopes, moderately eroded  B
TbD2  Tarrus silty clay loam, 8 to 15 percent slopes, moderately eroded  B

Ud  Udorthents, loamy  C
UwB2  Uwharrie silty clay loam, 2 to 8 percent slopes, moderately eroded  B
VaB  Vance sandy loam, 2 to 8 percent slopes  C
VaC  Vance sandy loam, 8 to 15 percent slopes  C
VnB2  Vance sandy clay loam, 2 to 8 percent slopes, moderately eroded  C
VnC2  Vance sandy clay loam, 8 to 15 percent slopes, moderately eroded  C

W  Water  D
WtB  Wynott-Enon complex, 2 to 8 percent slopes  C
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ID DA Cover Soils HSG Area Area (Acres)
Area 

(Sq.Miles)
CN CN*A

Weighted 
CN

84 SUB-1 BR-F BaC B 29921.8345 0.687 56 38.4670049 56
97 SUB-1 BR-F BaC B 4255.00148 0.098 56 5.47015801 56
101 SUB-1 BR-F BaC B 9842.59216 0.226 56 12.6534702 56
81 SUB-1 BR-F CmB C 17485.8932 0.401 70 28.099461 70
83 SUB-1 BR-F CmB C 13067.1532 0.300 70 20.9986392 70
82 SUB-1 BR-F TbB2 B 44440.5156 1.020 56 57.1319759 56
87 SUB-1 BR-F TbB2 B 8742.94191 0.201 56 11.2397784 56
95 SUB-1 BR-F TbB2 B 43714.747 1.004 56 56.1989401 56
96 SUB-1 BR-F TbB2 B 48202.7155 1.107 56 61.9685965 56
100 SUB-1 BR-F TbB2 B 42615.1435 0.978 56 54.7853084 56
47 SUB-1 R1 TbB2 B 17109.6894 0.393 68 26.7093406 68
51 SUB-1 SR-G BaC B 247198.68 5.675 78 442.642264 78
44 SUB-1 SR-G CeB2 B 60140.1378 1.381 78 107.688952 78
25 SUB-1 SR-G CmB C 513221.195 11.782 85 1001.46468 85
36 SUB-1 SR-G CmB C 85790.2905 1.969 85 167.405296 85
38 SUB-1 SR-G CmB C 303112.564 6.959 85 591.473094 85
50 SUB-1 SR-G CmB C 153368.91 3.521 85 299.273584 85
55 SUB-1 SR-G CmB C 43900.2706 1.008 85 85.6639807 85
57 SUB-1 SR-G CmB C 84282.0154 1.935 85 164.462151 85
30 SUB-1 SR-G EnB C 1146299.92 26.315 85 2236.81114 85
31 SUB-1 SR-G EnC C 372848.773 8.559 85 727.551554 85
27 SUB-1 SR-G HeB C 4496.77854 0.103 85 8.77470561 85
53 SUB-1 SR-G LdB2 B 130718.366 3.001 78 234.0687 78
42 SUB-1 SR-G OkA C 66548.2149 1.528 85 129.857628 85
35 SUB-1 SR-G TaB B 3915.63805 0.090 78 7.01147309 78
33 SUB-1 SR-G TaC B 51823.8277 1.190 78 92.7974876 78
37 SUB-1 SR-G TaC B 366193.267 8.407 78 655.717971 78
48 SUB-1 SR-G TaC B 8152.72659 0.187 78 14.5985462 78
29 SUB-1 SR-G TbB2 B 593776.166 13.631 78 1063.23556 78
32 SUB-1 SR-G TbB2 B 91944.0322 2.111 78 164.638074 78
34 SUB-1 SR-G TbB2 B 55714.8713 1.279 78 99.764921 78
39 SUB-1 SR-G TbB2 B 373188.787 8.567 78 668.244385 78
46 SUB-1 SR-G TbB2 B 152853.736 3.509 78 273.705038 78
49 SUB-1 SR-G TbB2 B 2178689.88 50.016 78 3901.23532 78
54 SUB-1 SR-G TbB2 B 20736.8871 0.476 78 37.132167 78
56 SUB-1 SR-G TbB2 B 71100.4834 1.632 78 127.314915 78
52 SUB-1 SR-G UwB2 B 237387.406 5.450 78 425.073868 78
45 SUB-1 SR-G VaC C 1123.32039 0.026 85 2.19197046 85
26 SUB-1 SR-G VnB2 C 655727.518 15.053 85 1279.54176 85
41 SUB-1 SR-G VnB2 C 711657.865 16.337 85 1388.68041 85
40 SUB-1 SR-G VnC2 C 748446.575 17.182 85 1460.46738 85
43 SUB-1 SR-G W D 116908.653 2.684 89 238.862951 89
28 SUB-1 SR-G WtB C 232523.478 5.338 85 453.730386 85
85 SUB-1 WATER BaC B 36003.4029 0.827 98 80.9993913 98
86 SUB-1 WATER W D 33940.2072 0.779 98 76.3576746 98
19 SUB-1 WO-G BaC B 465766.346 10.693 55 588.08882 55
107 SUB-1 WO-G BaC B 150211.783 3.448 55 189.661343 55
21 SUB-1 WO-G CeB2 B 22433.8757 0.515 55 28.3256006 55
0 SUB-1 WO-G CmB C 226215.265 5.193 70 363.523153 70

11 SUB-1 WO-G CmB C 17953.7791 0.412 70 28.8513438 70
17 SUB-1 WO-G CmB C 139754.4 3.208 70 224.58237 70
58 SUB-1 WO-G CmB C 8736.42084 0.201 70 14.0392438 70
62 SUB-1 WO-G CmB C 836160.347 19.196 70 1343.69202 70
74 SUB-1 WO-G CmB C 257569.639 5.913 70 413.908969 70
80 SUB-1 WO-G CmB C 26988.5045 0.620 70 43.3699568 70
5 SUB-1 WO-G EnB C 414584.166 9.518 70 666.227998 70

65 SUB-1 WO-G EnB C 8742.94191 0.201 70 14.049723 70
66 SUB-1 WO-G EnB C 71355.7073 1.638 70 114.667115 70
70 SUB-1 WO-G EnB C 8742.96061 0.201 70 14.0497531 70
6 SUB-1 WO-G EnC C 75463.9959 1.732 70 121.269048 70

67 SUB-1 WO-G EnC C 137.207843 0.003 70 0.22049011 70
2 SUB-1 WO-G HeB C 49374.9096 1.133 70 79.3444369 70

16 SUB-1 WO-G OkA C 848849.681 19.487 70 1364.08351 70
98 SUB-1 WO-G OkA C 7.4768979 0.000 70 0.01201522 70
106 SUB-1 WO-G OkA C 168934.285 3.878 70 271.473828 70
10 SUB-1 WO-G TaB B 148997.755 3.421 55 188.128478 55
8 SUB-1 WO-G TaC B 2900408.45 66.584 55 3662.13188 55

22 SUB-1 WO-G TaC B 68689.1737 1.577 55 86.7287546 55
61 SUB-1 WO-G TaC B 12603.2124 0.289 55 15.9131469 55
68 SUB-1 WO-G TaC B 395547.015 9.081 55 499.42805 55
71 SUB-1 WO-G TaC B 21903.3113 0.503 55 27.6556961 55
76 SUB-1 WO-G TaC B 17485.8932 0.401 55 22.078148 55
77 SUB-1 WO-G TaC B 86451.1214 1.985 55 109.155456 55
89 SUB-1 WO-G TaC B 8821.82826 0.203 55 11.138672 55
92 SUB-1 WO-G TaC B 126488.079 2.904 55 159.70717 55
102 SUB-1 WO-G TaC B 35677.3774 0.819 55 45.0471937 55
104 SUB-1 WO-G TaC B 1188.38692 0.027 55 1.50048853 55
4 SUB-1 WO-G TbB2 B 25521.711 0.586 55 32.2243826 55
7 SUB-1 WO-G TbB2 B 169166.015 3.884 55 213.593453 55
9 SUB-1 WO-G TbB2 B 300407.435 6.896 55 379.302316 55

12 SUB-1 WO-G TbB2 B 1186455.83 27.237 55 1498.05029 55
13 SUB-1 WO-G TbB2 B 185221.47 4.252 55 233.865492 55
24 SUB-1 WO-G TbB2 B 280509.564 6.440 55 354.178743 55
59 SUB-1 WO-G TbB2 B 6.53042776 0.000 55 0.00824549 55
60 SUB-1 WO-G TbB2 B 6143.53123 0.141 55 7.75698387 55
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ID DA Cover Soils HSG Area Area (Acres)
Area 

(Sq.Miles)
CN CN*A

Weighted 
CN

LITTLE BUFFALO CREEK
WEIGHTED RUNOFF CURVE NUMBER CALCULATIONS

EXISTING CONDITIONS

63 SUB-1 WO-G TbB2 B 356814.981 8.191 55 450.523966 55
69 SUB-1 WO-G TbB2 B 171195.512 3.930 55 216.155949 55
72 SUB-1 WO-G TbB2 B 104958.75 2.410 55 132.523675 55
73 SUB-1 WO-G TbB2 B 66035.029 1.516 55 83.3775619 55
78 SUB-1 WO-G TbB2 B 97150.8458 2.230 55 122.665209 55
79 SUB-1 WO-G TbB2 B 16726.2518 0.384 55 21.1190048 55
88 SUB-1 WO-G TbB2 B 8742.95126 0.201 55 11.0390799 55
94 SUB-1 WO-G TbB2 B 33703.1477 0.774 55 42.5544794 55
99 SUB-1 WO-G TbB2 B 177.997336 0.004 55 0.22474411 55
103 SUB-1 WO-G TbB2 B 97849.2698 2.246 55 123.547058 55
105 SUB-1 WO-G TbB2 B 132564.003 3.043 55 167.378791 55
108 SUB-1 WO-G TbB2 B 27950.0604 0.642 55 35.2904804 55
23 SUB-1 WO-G VaC C 35804.9865 0.822 70 57.5378572 70
93 SUB-1 WO-G VaC C 163.424489 0.004 70 0.2626197 70
1 SUB-1 WO-G VnB2 C 9237.39354 0.212 70 14.8442963 70

15 SUB-1 WO-G VnB2 C 521852.072 11.980 70 838.605258 70
75 SUB-1 WO-G VnB2 C 101979.437 2.341 70 163.878802 70
91 SUB-1 WO-G VnB2 C 391839.842 8.995 70 629.67835 70
14 SUB-1 WO-G VnC2 C 460182.487 10.564 70 739.503537 70
64 SUB-1 WO-G VnC2 C 21034.0477 0.483 70 33.8012704 70
90 SUB-1 WO-G VnC2 C 7275.53918 0.167 70 11.6916378 70
18 SUB-1 WO-G W D 3206.13191 0.074 77 5.66740489 77
20 SUB-1 WO-G W D 68591.2582 1.575 77 121.247174 77
3 SUB-1 WO-G WtB C 9949.33984 0.228 70 15.988379 70

SUB-1 Total 522.355 0.816 36552.3024 70
728 SUB-10 BR-F BaB B 115896.567 2.661 56 148.994668 56
908 SUB-10 BR-F BaB B 199164.931 4.572 56 256.043071 56
647 SUB-10 BR-F BaC B 1695.78085 0.039 56 2.1800672 56
666 SUB-10 BR-F BaC B 7881.7376 0.181 56 10.1326287 56
671 SUB-10 BR-F BaC B 3155.87538 0.072 56 4.05714006 56
673 SUB-10 BR-F BaC B 49565.123 1.138 56 63.7200847 56
676 SUB-10 BR-F BaC B 3494.37363 0.080 56 4.4923077 56
713 SUB-10 BR-F BaC B 9675.94615 0.222 56 12.4392329 56
646 SUB-10 BR-F BaD B 39137.4908 0.898 56 50.3144969 56
651 SUB-10 BR-F BaD B 4180.45729 0.096 56 5.37432526 56
654 SUB-10 BR-F BaD B 8642.74787 0.198 56 11.1109706 56
675 SUB-10 BR-F BaD B 5248.58698 0.120 56 6.74749475 56
899 SUB-10 BR-F BaD B 26228.8444 0.602 56 33.7193592 56
905 SUB-10 BR-F BaD B 6559.26248 0.151 56 8.43247702 56
910 SUB-10 BR-F BaD B 235.571893 0.005 56 0.30284725 56
919 SUB-10 BR-F BaD B 25230.8696 0.579 56 32.4363797 56
930 SUB-10 BR-F BaD B 7.16654475 0.000 56 0.00921319 56
911 SUB-10 BR-F ChA C 14596.3257 0.335 70 23.4559871 70
929 SUB-10 BR-F ChA C 8735.78472 0.201 70 14.0382215 70
645 SUB-10 BR-F EnB C 175424.264 4.027 70 281.903087 70
650 SUB-10 BR-F EnB C 4075.59012 0.094 70 6.54938724 70
665 SUB-10 BR-F EnB C 861.223016 0.020 70 1.3839672 70
670 SUB-10 BR-F EnB C 7748.45965 0.178 70 12.451611 70
672 SUB-10 BR-F EnB C 20378.4777 0.468 70 32.7477833 70
711 SUB-10 BR-F EnB C 78140.2047 1.794 70 125.569659 70
644 SUB-10 BR-F EnC C 76814.8191 1.763 70 123.439792 70
652 SUB-10 BR-F EnC C 26715.7577 0.613 70 42.9316583 70
655 SUB-10 BR-F EnC C 100.194046 0.002 70 0.16100972 70
707 SUB-10 BR-F EnC C 8742.94191 0.201 70 14.049723 70
712 SUB-10 BR-F EnC C 130757.621 3.002 70 210.124736 70
904 SUB-10 BR-F GeB2 B 72127.3082 1.656 56 92.7256488 56
918 SUB-10 BR-F GeB2 B 184599.942 4.238 56 237.318566 56
923 SUB-10 BR-F GeB2 B 8742.94191 0.201 56 11.2397784 56
925 SUB-10 BR-F GeB2 B 8742.96061 0.201 56 11.2398024 56
782 SUB-10 BR-F PcE3 B 110428.616 2.535 56 141.965164 56
780 SUB-10 BR-F TbB2 B 29938.6587 0.687 56 38.4886337 56
827 SUB-10 BR-F TbB2 B 6148.73797 0.141 56 7.90471364 56
912 SUB-10 BR-F TbB2 B 82727.1406 1.899 56 106.352614 56
781 SUB-10 BR-F TbD2 B 121921.225 2.799 56 156.739867 56
828 SUB-10 BR-F TbD2 B 28823.0858 0.662 56 37.0544721 56
909 SUB-10 BR-F TbD2 B 245339.009 5.632 56 315.403684 56
636 SUB-10 R2 EnB C 11461.9237 0.263 77 20.2609762 77
641 SUB-10 R2 EnB C 159.89308 0.004 77 0.28263928 77
635 SUB-10 R2 VaB C 11959.3204 0.275 77 21.1402128 77
640 SUB-10 R2 VaB C 537.586213 0.012 77 0.95027866 77
681 SUB-10 SR-G BaB B 280256.298 6.434 78 501.836347 78
685 SUB-10 SR-G BaB B 267648.42 6.144 78 479.260256 78
692 SUB-10 SR-G BaB B 344270.47 7.903 78 616.462273 78
729 SUB-10 SR-G BaB B 4616.0539 0.106 78 8.26566126 78
731 SUB-10 SR-G BaB B 104531.859 2.400 78 187.17826 78
734 SUB-10 SR-G BaB B 817974.556 18.778 78 1464.69273 78
838 SUB-10 SR-G BaB B 357256.998 8.201 78 639.716388 78
840 SUB-10 SR-G BaB B 307117.536 7.050 78 549.934981 78
849 SUB-10 SR-G BaB B 667821.353 15.331 78 1195.82336 78
881 SUB-10 SR-G BaB B 90597.1526 2.080 78 162.226306 78
680 SUB-10 SR-G BaC B 176574.535 4.054 78 316.180297 78
684 SUB-10 SR-G BaC B 335363.266 7.699 78 600.512736 78
686 SUB-10 SR-G BaC B 81698.2125 1.876 78 146.291565 78
691 SUB-10 SR-G BaC B 122151.107 2.804 78 218.727878 78
694 SUB-10 SR-G BaC B 68613.4154 1.575 78 122.861488 78
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ID DA Cover Soils HSG Area Area (Acres)
Area 

(Sq.Miles)
CN CN*A
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CN

LITTLE BUFFALO CREEK
WEIGHTED RUNOFF CURVE NUMBER CALCULATIONS
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730 SUB-10 SR-G BaC B 28752.0853 0.660 78 51.4844502 78
736 SUB-10 SR-G BaD B 370572.188 8.507 78 663.559015 78
836 SUB-10 SR-G BaD B 217096.484 4.984 78 388.74026 78
841 SUB-10 SR-G BaD B 720871.457 16.549 78 1290.81666 78
851 SUB-10 SR-G BaD B 222656.965 5.112 78 398.697045 78
895 SUB-10 SR-G BaD B 43512.2038 0.999 78 77.9144145 78
900 SUB-10 SR-G BaD B 8742.96061 0.201 78 15.6554391 78
931 SUB-10 SR-G BaD B 1908.3297 0.044 78 3.4171193 78
933 SUB-10 SR-G BaD B 7428.39314 0.171 78 13.3015304 78
937 SUB-10 SR-G BaD B 81989.0601 1.882 78 146.812367 78
747 SUB-10 SR-G BaF B 17463.7567 0.401 78 31.2711897 78
830 SUB-10 SR-G BaF B 13273.1696 0.305 78 23.7673835 78
860 SUB-10 SR-G BaF B 53792.4016 1.235 78 96.3224821 78
839 SUB-10 SR-G ChA C 166983.406 3.833 85 325.839979 85
932 SUB-10 SR-G ChA C 34378.0335 0.789 85 67.0829395 85
936 SUB-10 SR-G ChA C 170.921464 0.004 85 0.33352444 85
605 SUB-10 SR-G EnB C 3112.90924 0.071 85 6.07431785 85
606 SUB-10 SR-G EnB C 86.5850581 0.002 85 0.16895615 85
607 SUB-10 SR-G EnB C 1323063.3 30.373 85 2581.73509 85
609 SUB-10 SR-G EnB C 130255.739 2.990 85 254.172126 85
630 SUB-10 SR-G EnB C 730187.981 16.763 85 1424.83881 85
631 SUB-10 SR-G EnB C 11899.936 0.273 85 23.2207199 85
648 SUB-10 SR-G EnB C 7184.90242 0.165 85 14.0201264 85
653 SUB-10 SR-G EnB C 1201.85677 0.028 85 2.34522097 85
678 SUB-10 SR-G EnB C 646991.872 14.853 85 1262.49562 85
679 SUB-10 SR-G EnB C 119198.526 2.736 85 232.595838 85
689 SUB-10 SR-G EnB C 327200.137 7.511 85 638.475932 85
829 SUB-10 SR-G EnB C 57975.7291 1.331 85 113.129866 85
832 SUB-10 SR-G EnB C 307850.675 7.067 85 600.718718 85
834 SUB-10 SR-G EnB C 911689.991 20.930 85 1779.0094 85
604 SUB-10 SR-G EnC C 9821.29942 0.225 85 19.1646109 85
610 SUB-10 SR-G EnC C 219571.762 5.041 85 428.457294 85
629 SUB-10 SR-G EnC C 54388.0729 1.249 85 106.12916 85
634 SUB-10 SR-G EnC C 240508.683 5.521 85 469.312168 85
682 SUB-10 SR-G EnC C 118698.221 2.725 85 231.619578 85
690 SUB-10 SR-G EnC C 74801.5569 1.717 85 145.962634 85
693 SUB-10 SR-G EnC C 94631.5633 2.172 85 184.65755 85
833 SUB-10 SR-G GeB2 B 595275.148 13.666 78 1065.91969 78
934 SUB-10 SR-G GeB2 B 41671.7367 0.957 78 74.6188122 78
940 SUB-10 SR-G GeB2 B 7240.21934 0.166 78 12.9645801 78
746 SUB-10 SR-G KkB C 218999.751 5.028 85 427.341112 85
845 SUB-10 SR-G KkB C 445368.808 10.224 85 869.062183 85
883 SUB-10 SR-G KkB C 796.901757 0.018 85 1.5550195 85
896 SUB-10 SR-G KkB C 26431.4063 0.607 85 51.5764356 85
608 SUB-10 SR-G MeB2 C 50536.6367 1.160 85 98.6137309 85
632 SUB-10 SR-G MeB2 C 467178.061 10.725 85 911.619266 85
649 SUB-10 SR-G MeB2 C 9875.92299 0.227 85 19.2711996 85
612 SUB-10 SR-G TaB B 128434.037 2.948 78 229.978303 78
683 SUB-10 SR-G TaB B 6823.00383 0.157 78 12.2175 78
687 SUB-10 SR-G TaB B 175328.572 4.025 78 313.949234 78
732 SUB-10 SR-G TaB B 29924.9398 0.687 78 53.5846029 78
741 SUB-10 SR-G TaB B 90010.368 2.066 78 161.17559 78
743 SUB-10 SR-G TaB B 9763.05677 0.224 78 17.4820576 78
745 SUB-10 SR-G TaB B 454432.43 10.432 78 813.721982 78
789 SUB-10 SR-G TaB B 6604.2808 0.152 78 11.8258472 78
818 SUB-10 SR-G TaB B 17485.8932 0.401 78 31.310828 78
835 SUB-10 SR-G TaB B 166715.638 3.827 78 298.526625 78
837 SUB-10 SR-G TaB B 525028.586 12.053 78 940.133832 78
844 SUB-10 SR-G TaB B 392519.474 9.011 78 702.858562 78
846 SUB-10 SR-G TaB B 334474.577 7.678 78 598.921419 78
847 SUB-10 SR-G TaB B 38766.7055 0.890 78 69.4169657 78
859 SUB-10 SR-G TaB B 71814.3971 1.649 78 128.593273 78
935 SUB-10 SR-G TaB B 1299.93775 0.030 78 2.32771222 78
613 SUB-10 SR-G TaC B 30372.8834 0.697 78 54.3867059 78
614 SUB-10 SR-G TaC B 34889.4737 0.801 78 62.4742641 78
688 SUB-10 SR-G TaC B 46057.1971 1.057 78 82.471565 78
733 SUB-10 SR-G TaC B 53203.3992 1.221 78 95.2677947 78
742 SUB-10 SR-G TaC B 13700.3583 0.315 78 24.532322 78
735 SUB-10 SR-G TaD B 171962.781 3.948 78 307.922335 78
848 SUB-10 SR-G TaD B 381520.922 8.759 78 683.164186 78
861 SUB-10 SR-G TaD B 14280.4122 0.328 78 25.5709861 78
868 SUB-10 SR-G TaD B 8742.94191 0.201 78 15.6554056 78
611 SUB-10 SR-G TbB2 B 141902.141 3.258 78 254.094743 78
737 SUB-10 SR-G TbB2 B 525949.477 12.074 78 941.78281 78
740 SUB-10 SR-G TbB2 B 504.423106 0.012 78 0.90323697 78
842 SUB-10 SR-G TbB2 B 537685.225 12.344 78 962.797236 78
852 SUB-10 SR-G TbB2 B 767226.711 17.613 78 1373.82193 78
885 SUB-10 SR-G TbB2 B 663359.034 15.229 78 1187.83298 78
915 SUB-10 SR-G TbB2 B 8695.062 0.200 78 15.5696702 78
917 SUB-10 SR-G TbB2 B 6687.19802 0.154 78 11.9743215 78
738 SUB-10 SR-G TbD2 B 23277.4805 0.534 78 41.6814389 78
744 SUB-10 SR-G TbD2 B 74971.9377 1.721 78 134.247271 78
831 SUB-10 SR-G TbD2 B 273106.899 6.270 78 489.034391 78
843 SUB-10 SR-G TbD2 B 88447.4949 2.030 78 158.377057 78
850 SUB-10 SR-G TbD2 B 981464.626 22.531 78 1757.44354 78
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882 SUB-10 SR-G TbD2 B 110584.235 2.539 78 198.015848 78
884 SUB-10 SR-G TbD2 B 70158.4714 1.611 78 125.628117 78
914 SUB-10 SR-G TbD2 B 47.8892668 0.001 78 0.08575213 78
916 SUB-10 SR-G TbD2 B 2055.7439 0.047 78 3.68108411 78
603 SUB-10 SR-G VaB C 169084.972 3.882 85 329.940831 85
628 SUB-10 SR-G VaB C 58058.5267 1.333 85 113.291432 85
633 SUB-10 SR-G W D 186.696069 0.004 89 0.38144973 89
663 SUB-10 WO-G BaB B 121923.705 2.799 55 153.944072 55
717 SUB-10 WO-G BaB B 15038.0366 0.345 55 18.98742 55
794 SUB-10 WO-G BaB B 406097.004 9.323 55 512.748742 55
801 SUB-10 WO-G BaB B 64278.8416 1.476 55 81.1601535 55
814 SUB-10 WO-G BaB B 28628.9983 0.657 55 36.1477251 55
819 SUB-10 WO-G BaB B 8742.95126 0.201 55 11.0390799 55
853 SUB-10 WO-G BaB B 43655.5228 1.002 55 55.1206097 55
856 SUB-10 WO-G BaB B 26286.4009 0.603 55 33.1899001 55
867 SUB-10 WO-G BaB B 12954.0672 0.297 55 16.3561454 55
926 SUB-10 WO-G BaB B 65779.6308 1.510 55 83.0550894 55
626 SUB-10 WO-G BaC B 48.5050034 0.001 55 0.06124369 55
662 SUB-10 WO-G BaC B 951901.953 21.853 55 1201.89641 55
677 SUB-10 WO-G BaC B 8742.95126 0.201 55 11.0390799 55
699 SUB-10 WO-G BaC B 62082.244 1.425 55 78.3866717 55
703 SUB-10 WO-G BaC B 185142.162 4.250 55 233.765356 55
715 SUB-10 WO-G BaC B 47763.1634 1.096 55 60.3070245 55
716 SUB-10 WO-G BaC B 202840.549 4.657 55 256.111804 55
763 SUB-10 WO-G BaC B 1012.56461 0.023 55 1.27849068 55
767 SUB-10 WO-G BaC B 50710.3058 1.164 55 64.0281638 55
624 SUB-10 WO-G BaD B 243135.488 5.582 55 306.989252 55
660 SUB-10 WO-G BaD B 230247.855 5.286 55 290.716988 55
784 SUB-10 WO-G BaD B 89251.6623 2.049 55 112.691493 55
799 SUB-10 WO-G BaD B 700131.667 16.073 55 884.00463 55
803 SUB-10 WO-G BaD B 743963.398 17.079 55 939.347724 55
816 SUB-10 WO-G BaD B 248220.595 5.698 55 313.409843 55
854 SUB-10 WO-G BaD B 186693.938 4.286 55 235.724669 55
866 SUB-10 WO-G BaD B 4531.84471 0.104 55 5.72202615 55
886 SUB-10 WO-G BaD B 1943.38029 0.045 55 2.45376299 55
889 SUB-10 WO-G BaD B 171808.814 3.944 55 216.93032 55
901 SUB-10 WO-G BaD B 8742.94191 0.201 55 11.0390681 55
907 SUB-10 WO-G BaD B 3668.45312 0.084 55 4.63188525 55
927 SUB-10 WO-G BaD B 460797.077 10.578 55 581.814491 55
938 SUB-10 WO-G BaD B 6054.88448 0.139 55 7.64505616 55
788 SUB-10 WO-G BaF B 82492.2946 1.894 55 104.156938 55
793 SUB-10 WO-G BaF B 395081.859 9.070 55 498.840731 55
811 SUB-10 WO-G BaF B 788284.677 18.097 55 995.308936 55
862 SUB-10 WO-G BaF B 99632.4777 2.287 55 125.798583 55
802 SUB-10 WO-G ChA C 870465.932 19.983 70 1398.82037 70
939 SUB-10 WO-G ChA C 2514.97422 0.058 70 4.04151045 70
616 SUB-10 WO-G EnB C 298455.821 6.852 70 479.612201 70
621 SUB-10 WO-G EnB C 261943.311 6.013 70 420.937369 70
623 SUB-10 WO-G EnB C 353114.98 8.106 70 567.448315 70
638 SUB-10 WO-G EnB C 220254.846 5.056 70 353.944886 70
639 SUB-10 WO-G EnB C 2942.47802 0.068 70 4.72850003 70
642 SUB-10 WO-G EnB C 8742.96061 0.201 70 14.0497531 70
643 SUB-10 WO-G EnB C 8742.95126 0.201 70 14.049738 70
657 SUB-10 WO-G EnB C 162751.675 3.736 70 261.538505 70
658 SUB-10 WO-G EnB C 23723.8079 0.545 70 38.1236582 70
659 SUB-10 WO-G EnB C 24009.6506 0.551 70 38.5830014 70
667 SUB-10 WO-G EnB C 48814.4733 1.121 70 78.4438276 70
668 SUB-10 WO-G EnB C 56448.156 1.296 70 90.7109945 70
674 SUB-10 WO-G EnB C 14712.6514 0.338 70 23.64292 70
695 SUB-10 WO-G EnB C 702575.346 16.129 70 1129.02374 70
696 SUB-10 WO-G EnB C 175.694147 0.004 70 0.28233678 70
702 SUB-10 WO-G EnB C 215387.947 4.945 70 346.123882 70
710 SUB-10 WO-G EnB C 498.119469 0.011 70 0.80046747 70
721 SUB-10 WO-G EnB C 5100.38764 0.117 70 8.19621521 70
792 SUB-10 WO-G EnB C 94189.0857 2.162 70 151.359871 70
796 SUB-10 WO-G EnB C 2261.46804 0.052 70 3.63413138 70
798 SUB-10 WO-G EnB C 18538.1654 0.426 70 29.7904403 70
810 SUB-10 WO-G EnB C 32.5605853 0.001 70 0.05232417 70
877 SUB-10 WO-G EnB C 173.677016 0.004 70 0.2790953 70
618 SUB-10 WO-G EnC C 109097.22 2.505 70 175.316928 70
620 SUB-10 WO-G EnC C 488337.294 11.211 70 784.747718 70
627 SUB-10 WO-G EnC C 33558.9623 0.770 70 53.9285436 70
637 SUB-10 WO-G EnC C 222669.341 5.112 70 357.824929 70
656 SUB-10 WO-G EnC C 5623.94876 0.129 70 9.03756689 70
661 SUB-10 WO-G EnC C 278032.12 6.383 70 446.791745 70
669 SUB-10 WO-G EnC C 375599.69 8.623 70 603.580769 70
698 SUB-10 WO-G EnC C 391577.339 8.989 70 629.256513 70
700 SUB-10 WO-G EnC C 318446.973 7.311 70 511.73756 70
709 SUB-10 WO-G EnC C 32061.0709 0.736 70 51.5214637 70
714 SUB-10 WO-G EnC C 13437.5048 0.308 70 21.5937864 70
797 SUB-10 WO-G GeB2 B 79301.2565 1.821 55 100.127849 55
888 SUB-10 WO-G GeB2 B 12118.1327 0.278 55 15.3006726 55
906 SUB-10 WO-G GeB2 B 13817.4588 0.317 55 17.4462863 55
913 SUB-10 WO-G GeB2 B 8742.95126 0.201 55 11.0390799 55
920 SUB-10 WO-G GeB2 B 8742.95126 0.201 55 11.0390799 55
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ID DA Cover Soils HSG Area Area (Acres)
Area 

(Sq.Miles)
CN CN*A

Weighted 
CN

LITTLE BUFFALO CREEK
WEIGHTED RUNOFF CURVE NUMBER CALCULATIONS

EXISTING CONDITIONS

921 SUB-10 WO-G GeB2 B 8742.95126 0.201 55 11.0390799 55
922 SUB-10 WO-G GeB2 B 8742.95126 0.201 55 11.0390799 55
924 SUB-10 WO-G GeB2 B 8742.95126 0.201 55 11.0390799 55
757 SUB-10 WO-G KkB C 68870.9069 1.581 70 110.674093 70
787 SUB-10 WO-G KkB C 240479.99 5.521 70 386.446265 70
809 SUB-10 WO-G KkB C 1491193.92 34.233 70 2396.31713 70
825 SUB-10 WO-G KkB C 52333.0929 1.201 70 84.0981749 70
855 SUB-10 WO-G KkB C 31881.5489 0.732 70 51.2329757 70
887 SUB-10 WO-G KkB C 6799.58033 0.156 70 10.926782 70
890 SUB-10 WO-G KkB C 5.6083755 0.000 70 0.00901254 70
894 SUB-10 WO-G KkB C 8742.94191 0.201 70 14.049723 70
617 SUB-10 WO-G MeB2 C 110528.713 2.537 70 177.617307 70
622 SUB-10 WO-G MeB2 C 4339.04666 0.100 70 6.97275633 70
705 SUB-10 WO-G PaD B 83835.7355 1.925 55 105.853201 55
727 SUB-10 WO-G PaD B 3745.94523 0.086 55 4.72972883 55
761 SUB-10 WO-G PaD B 1026.88058 0.024 55 1.29656639 55
764 SUB-10 WO-G PaD B 12283.0783 0.282 55 15.5089373 55
769 SUB-10 WO-G PaD B 15812.7202 0.363 55 19.9655558 55
765 SUB-10 WO-G PcE3 B 54925.3397 1.261 55 69.3501765 55
772 SUB-10 WO-G PcE3 B 72955.2783 1.675 55 92.1152504 55
776 SUB-10 WO-G PcE3 B 140513.002 3.226 55 177.415406 55
806 SUB-10 WO-G PcE3 B 2970.02206 0.068 55 3.75002785 55
822 SUB-10 WO-G PcE3 B 77018.6093 1.768 55 97.2457188 55
704 SUB-10 WO-G TaB B 5045.5745 0.116 55 6.37067487 55
739 SUB-10 WO-G TaB B 25780.5643 0.592 55 32.5512175 55
751 SUB-10 WO-G TaB B 58880.5736 1.352 55 74.3441586 55
754 SUB-10 WO-G TaB B 17108.8017 0.393 55 21.6020224 55
756 SUB-10 WO-G TaB B 1364.67903 0.031 55 1.72307959 55
768 SUB-10 WO-G TaB B 4344.06017 0.100 55 5.48492445 55
800 SUB-10 WO-G TaB B 140460.582 3.225 55 177.34922 55
808 SUB-10 WO-G TaB B 504666.994 11.586 55 637.2058 55
812 SUB-10 WO-G TaB B 306618.947 7.039 55 387.145135 55
857 SUB-10 WO-G TaB B 99644.4536 2.288 55 125.813704 55
863 SUB-10 WO-G TaB B 179874.239 4.129 55 227.113938 55
872 SUB-10 WO-G TaB B 6557.59848 0.151 55 8.27979606 55
874 SUB-10 WO-G TaB B 3943.20961 0.091 55 4.97880002 55
876 SUB-10 WO-G TaB B 31421.7104 0.721 55 39.6738768 55
891 SUB-10 WO-G TaB B 10153.2176 0.233 55 12.8197191 55
897 SUB-10 WO-G TaB B 5304.14491 0.122 55 6.69715267 55
664 SUB-10 WO-G TaC B 11636.5192 0.267 55 14.6925747 55
701 SUB-10 WO-G TaC B 447914.581 10.283 55 565.548714 55
706 SUB-10 WO-G TaC B 23616.0433 0.542 55 29.8182365 55
718 SUB-10 WO-G TaC B 695.196428 0.016 55 0.87777327 55
720 SUB-10 WO-G TaC B 19176.6459 0.440 55 24.2129368 55
723 SUB-10 WO-G TaC B 5781.64422 0.133 55 7.30005583 55
725 SUB-10 WO-G TaC B 8742.96061 0.201 55 11.0390917 55
749 SUB-10 WO-G TaC B 8064.49191 0.185 55 10.1824393 55
783 SUB-10 WO-G TaD B 46232.6772 1.061 55 58.3745924 55
813 SUB-10 WO-G TaD B 861337.675 19.774 55 1087.54757 55
826 SUB-10 WO-G TaD B 501.974361 0.012 55 0.63380601 55
858 SUB-10 WO-G TaD B 44390.5738 1.019 55 56.0487043 55
864 SUB-10 WO-G TaD B 35239.5192 0.809 55 44.4943424 55
865 SUB-10 WO-G TaD B 8742.94191 0.201 55 11.0390681 55
873 SUB-10 WO-G TaD B 2185.36213 0.050 55 2.75929562 55
875 SUB-10 WO-G TaD B 4799.74165 0.110 55 6.06027986 55
878 SUB-10 WO-G TaD B 15878.0673 0.365 55 20.0480647 55
879 SUB-10 WO-G TaD B 8742.95126 0.201 55 11.0390799 55
880 SUB-10 WO-G TaD B 8742.94191 0.201 55 11.0390681 55
697 SUB-10 WO-G TbB2 B 715440.082 16.424 55 903.333437 55
708 SUB-10 WO-G TbB2 B 89842.1461 2.062 55 113.437053 55
719 SUB-10 WO-G TbB2 B 10694.7715 0.246 55 13.5034993 55
722 SUB-10 WO-G TbB2 B 31160.1848 0.715 55 39.3436676 55
724 SUB-10 WO-G TbB2 B 8742.95126 0.201 55 11.0390799 55
726 SUB-10 WO-G TbB2 B 7319.34264 0.168 55 9.24159425 55
748 SUB-10 WO-G TbB2 B 45043.6038 1.034 55 56.8732372 55
750 SUB-10 WO-G TbB2 B 32651.1188 0.750 55 41.2261602 55
752 SUB-10 WO-G TbB2 B 18297.3248 0.420 55 23.1026828 55
753 SUB-10 WO-G TbB2 B 188800.801 4.334 55 238.38485 55
758 SUB-10 WO-G TbB2 B 11287.3572 0.259 55 14.2517136 55
759 SUB-10 WO-G TbB2 B 7622.15394 0.175 55 9.62393174 55
760 SUB-10 WO-G TbB2 B 4003.67309 0.092 55 5.05514279 55
762 SUB-10 WO-G TbB2 B 1193.10581 0.027 55 1.50644673 55
766 SUB-10 WO-G TbB2 B 92956.0497 2.134 55 117.36875 55
770 SUB-10 WO-G TbB2 B 1357.40327 0.031 55 1.71389302 55
773 SUB-10 WO-G TbB2 B 1217.62856 0.028 55 1.53740979 55
774 SUB-10 WO-G TbB2 B 16268.2646 0.373 55 20.5407382 55
777 SUB-10 WO-G TbB2 B 239062.736 5.488 55 301.846889 55
779 SUB-10 WO-G TbB2 B 43714.747 1.004 55 55.1953876 55
785 SUB-10 WO-G TbB2 B 109318.287 2.510 55 138.02814 55
790 SUB-10 WO-G TbB2 B 25236.1416 0.579 55 31.8638151 55
804 SUB-10 WO-G TbB2 B 86758.043 1.992 55 109.542984 55
817 SUB-10 WO-G TbB2 B 911447.8 20.924 55 1150.81793 55
820 SUB-10 WO-G TbB2 B 21592.8475 0.496 55 27.2636963 55
823 SUB-10 WO-G TbB2 B 41373.6066 0.950 55 52.2394023 55
871 SUB-10 WO-G TbB2 B 349940.686 8.034 55 441.8443 55

V:\Operations\121\1008 ‐ Little Buffalo Creek\Deliverables\Calculations\H&H\HYDRO\WORKSHEETS\ANALYSIS3_af\RCN‐EX.xls 5 of 15



ID DA Cover Soils HSG Area Area (Acres)
Area 

(Sq.Miles)
CN CN*A

Weighted 
CN

LITTLE BUFFALO CREEK
WEIGHTED RUNOFF CURVE NUMBER CALCULATIONS

EXISTING CONDITIONS

893 SUB-10 WO-G TbB2 B 367.070846 0.008 55 0.46347329 55
903 SUB-10 WO-G TbB2 B 31767.5284 0.729 55 40.1105156 55
928 SUB-10 WO-G TbB2 B 351740.965 8.075 55 444.11738 55
755 SUB-10 WO-G TbD2 B 193192.705 4.435 55 243.930184 55
771 SUB-10 WO-G TbD2 B 95625.2477 2.195 55 120.738949 55
775 SUB-10 WO-G TbD2 B 21556.0298 0.495 55 27.2172093 55
778 SUB-10 WO-G TbD2 B 1043.98151 0.024 55 1.31815847 55
786 SUB-10 WO-G TbD2 B 9259.89125 0.213 55 11.6917819 55
791 SUB-10 WO-G TbD2 B 18478.6241 0.424 55 23.3315961 55
795 SUB-10 WO-G TbD2 B 798019.601 18.320 55 1007.60051 55
805 SUB-10 WO-G TbD2 B 161848.167 3.716 55 204.353747 55
807 SUB-10 WO-G TbD2 B 64503.9642 1.481 55 81.4443993 55
815 SUB-10 WO-G TbD2 B 960966.544 22.061 55 1213.3416 55
821 SUB-10 WO-G TbD2 B 74518.2486 1.711 55 94.0886978 55
824 SUB-10 WO-G TbD2 B 196038.056 4.500 55 247.522799 55
869 SUB-10 WO-G TbD2 B 12786.6751 0.294 55 16.1447918 55
870 SUB-10 WO-G TbD2 B 432881.223 9.938 55 546.567201 55
892 SUB-10 WO-G TbD2 B 8375.88042 0.192 55 10.5756066 55
898 SUB-10 WO-G TbD2 B 8742.95126 0.201 55 11.0390799 55
902 SUB-10 WO-G TbD2 B 3204.28602 0.074 55 4.04581568 55
615 SUB-10 WO-G VaB C 3296.26288 0.076 70 5.29702483 70
619 SUB-10 WO-G VaB C 96300.8221 2.211 70 154.753387 70
625 SUB-10 WO-G W D 33759.6152 0.775 77 59.6760874 77

SUB-10 Total 1094.511 1.710 75336.3224 69
1058 SUB-10A SR-G BaB B 253237.713 5.814 78 453.45596 78
1057 SUB-10A SR-G BaD B 216223.019 4.964 78 387.176205 78
1059 SUB-10A SR-G BaF B 311450.776 7.150 78 557.694228 78
1063 SUB-10A SR-G ChA C 507886.511 11.659 85 991.054947 85
1062 SUB-10A SR-G TaB B 568662.907 13.055 78 1018.26691 78
1061 SUB-10A SR-G TaD B 203983.32 4.683 78 365.259389 78
1060 SUB-10A SR-G TbB2 B 406340.808 9.328 78 727.607507 78
1065 SUB-10A SR-G TbB2 B 1106431.16 25.400 78 1981.21283 78
1064 SUB-10A SR-G TbD2 B 1204616.47 27.654 78 2157.02674 78
1066 SUB-10A WO-G BaD B 13595.4158 0.312 55 17.165929 55
1068 SUB-10A WO-G BaD B 346017.31 7.943 55 436.890543 55
1072 SUB-10A WO-G BaD B 722.183064 0.017 55 0.9118473 55
1073 SUB-10A WO-G BaF B 30807.0271 0.707 55 38.8977615 55
1055 SUB-10A WO-G ChA C 1246.24475 0.029 70 2.00268899 70
1069 SUB-10A WO-G ChA C 28502.9494 0.654 70 45.8036378 70
1076 SUB-10A WO-G ChA C 66881.4454 1.535 70 107.47707 70
1078 SUB-10A WO-G ChA C 173.083213 0.004 70 0.27814107 70
1075 SUB-10A WO-G TaB B 168581.166 3.870 55 212.855008 55
1074 SUB-10A WO-G TaD B 182563.019 4.191 55 230.508863 55
1056 SUB-10A WO-G TbB2 B 1739.28255 0.040 55 2.19606382 55
1067 SUB-10A WO-G TbB2 B 26096.8038 0.599 55 32.9505099 55
1071 SUB-10A WO-G TbB2 B 88073.2785 2.022 55 111.203635 55
1070 SUB-10A WO-G TbD2 B 782.878639 0.018 55 0.98848313 55
1077 SUB-10A WO-G TbD2 B 52.9553931 0.001 55 0.06686287 55

SUB-10A Total 131.650 0.206 9878.95176 75
941 SUB-11 SR-G BaB B 305610.132 7.016 78 547.235773 78
943 SUB-11 SR-G BaD B 108069.447 2.481 78 193.512784 78
942 SUB-11 SR-G BaF B 15672.3452 0.360 78 28.0634281 78
946 SUB-11 SR-G ChA C 220635.928 5.065 85 430.533836 85
944 SUB-11 SR-G TaB B 44987.726 1.033 78 80.5565342 78
945 SUB-11 SR-G TaB B 194211.141 4.458 78 347.760996 78
949 SUB-11 WO-G BaB B 103621.801 2.379 55 130.835607 55
952 SUB-11 WO-G BaB B 8394.18813 0.193 55 10.5987224 55
948 SUB-11 WO-G BaD B 1477.80579 0.034 55 1.86591641 55
951 SUB-11 WO-G BaD B 100158.187 2.299 55 126.462357 55
954 SUB-11 WO-G BaD B 107959.284 2.478 55 136.312228 55
947 SUB-11 WO-G BaF B 5940.00563 0.136 55 7.50000711 55
950 SUB-11 WO-G BaF B 20638.962 0.474 55 26.0592955 55
953 SUB-11 WO-G BaF B 17054.7232 0.392 55 21.5337414 55
955 SUB-11 WO-G TaB B 23964.9179 0.550 55 30.2587347 55

SUB-11 Total 29.348 0.046 2119.08996 72
1054 SUB-11A SR-G ChA C 110976.073 2.548 85 216.551107 85
1053 SUB-11A SR-G TaB B 252239.809 5.791 78 451.669079 78

SUB-11A Total 8.338 0.013 668.220186 80
141 SUB-2 FA BaC B 17766.9552 0.408 74 30.1826144 74
157 SUB-2 FA BaC B 17917.5907 0.411 74 30.438515 74
139 SUB-2 FA CmB C 35831.6496 0.823 82 67.4516821 82
121 SUB-2 FA TaC B 25890.1724 0.594 74 43.9823866 74
120 SUB-2 FA TbB2 B 101151.257 2.322 74 171.836387 74
140 SUB-2 FA TbB2 B 158556.28 3.640 74 269.356398 74
149 SUB-2 FA TbB2 B 24.7981233 0.001 74 0.04212721 74
158 SUB-2 FA TbB2 B 112845.045 2.591 74 191.701867 74
160 SUB-2 FA TbB2 B 1460.83525 0.034 74 2.48167604 74
159 SUB-2 FA Ud C 6771.45296 0.155 82 12.7469959 82
113 SUB-2 SR-G BaC B 159626.962 3.665 78 285.833403 78
154 SUB-2 SR-G BaC B 11147.8466 0.256 78 19.9617088 78
161 SUB-2 SR-G BaC B 22030.2827 0.506 78 39.4481646 78
164 SUB-2 SR-G BaC B 69881.154 1.604 78 125.131543 78
110 SUB-2 SR-G CmB C 615344.371 14.126 85 1200.74085 85
116 SUB-2 SR-G CmB C 3387.22578 0.078 85 6.60960034 85
117 SUB-2 SR-G LdB2 B 184280.474 4.230 78 329.978809 78
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ID DA Cover Soils HSG Area Area (Acres)
Area 

(Sq.Miles)
CN CN*A

Weighted 
CN

LITTLE BUFFALO CREEK
WEIGHTED RUNOFF CURVE NUMBER CALCULATIONS
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114 SUB-2 SR-G TaC B 191814.039 4.403 78 343.468666 78
111 SUB-2 SR-G TbB2 B 416714.36 9.566 78 746.182739 78
112 SUB-2 SR-G TbB2 B 707317.586 16.238 78 1266.54664 78
118 SUB-2 SR-G TbB2 B 400756.018 9.200 78 717.607195 78
155 SUB-2 SR-G TbB2 B 174457.9 4.005 78 312.390179 78
162 SUB-2 SR-G TbB2 B 401160.098 9.209 78 718.330754 78
167 SUB-2 SR-G TbB2 B 415.915412 0.010 78 0.74475211 78
168 SUB-2 SR-G TbB2 B 6224.98464 0.143 78 11.1466667 78
119 SUB-2 SR-G Ud C 8005.1771 0.184 85 15.6207542 85
156 SUB-2 SR-G Ud C 50453.9565 1.158 85 98.4523944 85
163 SUB-2 SR-G Ud C 5762.56281 0.132 85 11.2446703 85
115 SUB-2 SR-G UwB2 B 72979.8171 1.675 78 130.680113 78
126 SUB-2 WO-G BaC B 3046116.79 69.929 55 3846.10706 55
137 SUB-2 WO-G BaC B 19024.128 0.437 55 24.0203636 55
138 SUB-2 WO-G BaC B 282327.604 6.481 55 356.474247 55
142 SUB-2 WO-G BaC B 110426.771 2.535 55 139.427742 55
146 SUB-2 WO-G BaC B 196461.526 4.510 55 248.057482 55
153 SUB-2 WO-G BaC B 7070.7247 0.162 55 8.9276827 55
136 SUB-2 WO-G BaD B 309692.072 7.110 55 391.025343 55
148 SUB-2 WO-G BaD B 10904.4593 0.250 55 13.7682567 55
122 SUB-2 WO-G CmB C 238167.233 5.468 70 382.729714 70
129 SUB-2 WO-G CmB C 242053.981 5.557 70 388.975635 70
150 SUB-2 WO-G CmB C 38812.2709 0.891 70 62.3704996 70
130 SUB-2 WO-G LdB2 B 6029.46143 0.138 55 7.61295634 55
143 SUB-2 WO-G LdB2 B 20717.507 0.476 55 26.1584684 55
147 SUB-2 WO-G LdB2 B 8676.10842 0.199 55 10.9546824 55
124 SUB-2 WO-G OkA C 15204.9027 0.349 70 24.4339575 70
145 SUB-2 WO-G OkA C 66447.7534 1.525 70 106.780136 70
132 SUB-2 WO-G TaB B 520025.649 11.938 55 656.598041 55
135 SUB-2 WO-G TaB B 358881.71 8.239 55 453.133472 55
127 SUB-2 WO-G TaC B 20301.1026 0.466 55 25.6327053 55
109 SUB-2 WO-G TbB2 B 22094.7216 0.507 55 27.8973757 55
123 SUB-2 WO-G TbB2 B 142553.872 3.273 55 179.992263 55
125 SUB-2 WO-G TbB2 B 26387.3857 0.606 55 33.3174062 55
131 SUB-2 WO-G TbB2 B 312196.715 7.167 55 394.187772 55
133 SUB-2 WO-G TbB2 B 794597.469 18.241 55 1003.27963 55
144 SUB-2 WO-G TbB2 B 107252.246 2.462 55 135.419502 55
151 SUB-2 WO-G TbB2 B 118560.871 2.722 55 149.698069 55
152 SUB-2 WO-G TbB2 B 1672.21721 0.038 55 2.11138537 55
165 SUB-2 WO-G TbB2 B 73270.0195 1.682 55 92.5126509 55
134 SUB-2 WO-G Ud C 481625.49 11.057 70 773.96199 70
166 SUB-2 WO-G Ud C 1291.4144 0.030 70 2.07527567 70
128 SUB-2 WO-G UwB2 B 1768.04683 0.041 55 2.23238236 55

SUB-2 Total 265.854 0.415 17170.2144 65
424 SUB-3 SR-G BaC B 44008.1682 1.010 78 78.802505 78
422 SUB-3 SR-G TbB2 B 3370.38369 0.077 78 6.03512231 78
423 SUB-3 SR-G TbB2 B 121692 2.794 78 217.905785 78
425 SUB-3 SR-G TbB2 B 2517.97598 0.058 78 4.50877241 78
426 SUB-3 SR-G TbB2 B 8742.94191 0.201 78 15.6554056 78
417 SUB-3 WO-G BaB B 113569.345 2.607 55 143.395638 55
412 SUB-3 WO-G BaC B 1287348.95 29.553 55 1625.4406 55
416 SUB-3 WO-G BaC B 69627.5205 1.598 55 87.913536 55
420 SUB-3 WO-G BaC B 22666.7546 0.520 55 28.6196396 55
411 SUB-3 WO-G BaD B 68879.865 1.581 55 86.9695265 55
413 SUB-3 WO-G BaD B 913891.079 20.980 55 1153.90288 55
419 SUB-3 WO-G BaD B 290.156076 0.007 55 0.36635868 55
421 SUB-3 WO-G BaD B 82248.6512 1.888 55 103.849307 55
409 SUB-3 WO-G OkA C 224006.899 5.142 70 359.974355 70
418 SUB-3 WO-G OkA C 952.887042 0.022 70 1.53126935 70
415 SUB-3 WO-G TaB B 55388.8368 1.272 55 69.9354 55
410 SUB-3 WO-G TbB2 B 544213.3 12.493 55 687.138005 55
414 SUB-3 WO-G Ud C 277724.441 6.376 70 446.297311 70

SUB-3 Total 88.180 0.138 5118.24141 58
965 SUB-3A SR-G CeB2 B 83186.2451 1.910 78 148.956086 78
971 SUB-3A SR-G CmB C 127789.08 2.934 85 249.358856 85
964 SUB-3A SR-G OkA C 79292.6245 1.820 85 154.726196 85
970 SUB-3A SR-G TaB B 38703.2543 0.889 78 69.3033479 78
966 SUB-3A SR-G TaC B 631326.746 14.493 78 1130.47489 78
993 SUB-3A SR-G TaC B 786.347221 0.018 78 1.40805976 78
968 SUB-3A SR-G TbB2 B 143764.464 3.300 78 257.429481 78
969 SUB-3A SR-G TbB2 B 393362.741 9.030 78 704.368544 78
994 SUB-3A SR-G TbB2 B 51575.1939 1.184 78 92.3522755 78
995 SUB-3A SR-G TbB2 B 30765.0814 0.706 78 55.0889888 78
967 SUB-3A SR-G VaC C 43397.2613 0.996 85 84.6824428 85
963 SUB-3A SR-G VnB2 C 382454.744 8.780 85 746.295989 85
962 SUB-3A WO-G CmB C 130079.834 2.986 70 209.035546 70
972 SUB-3A WO-G OkA C 342854.278 7.871 70 550.959584 70
982 SUB-3A WO-G OkA C 9401.21278 0.216 70 15.1075504 70
961 SUB-3A WO-G TaB B 273694.249 6.283 55 345.573547 55
985 SUB-3A WO-G TaB B 7851.99188 0.180 55 9.91413116 55
991 SUB-3A WO-G TaB B 342.46761 0.008 55 0.4324086 55
957 SUB-3A WO-G TaC B 490465.311 11.260 55 619.274383 55
973 SUB-3A WO-G TaC B 307338.405 7.056 55 388.053541 55
976 SUB-3A WO-G TaC B 11784.7567 0.271 55 14.8797433 55
979 SUB-3A WO-G TaC B 8742.94191 0.201 55 11.0390681 55
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ID DA Cover Soils HSG Area Area (Acres)
Area 

(Sq.Miles)
CN CN*A

Weighted 
CN

LITTLE BUFFALO CREEK
WEIGHTED RUNOFF CURVE NUMBER CALCULATIONS

EXISTING CONDITIONS

980 SUB-3A WO-G TaC B 40853.7862 0.938 55 51.5830634 55
984 SUB-3A WO-G TaC B 890.968733 0.020 55 1.12496052 55
986 SUB-3A WO-G TaC B 7775.63448 0.179 55 9.8177203 55
988 SUB-3A WO-G TaC B 8664.24962 0.199 55 10.9397091 55
990 SUB-3A WO-G TaC B 17143.4443 0.394 55 21.645763 55
992 SUB-3A WO-G TaC B 26228.8444 0.602 55 33.1172278 55
959 SUB-3A WO-G TbB2 B 39676.3814 0.911 55 50.0964411 55
960 SUB-3A WO-G TbB2 B 79667.6054 1.829 55 100.590411 55
974 SUB-3A WO-G TbB2 B 1776.14386 0.041 55 2.24260589 55
975 SUB-3A WO-G TbB2 B 275451.533 6.323 55 347.79234 55
977 SUB-3A WO-G TbB2 B 73262.3964 1.682 55 92.5030257 55
978 SUB-3A WO-G TbB2 B 7510.34018 0.172 55 9.48275275 55
981 SUB-3A WO-G TbB2 B 29089.8146 0.668 55 36.7295638 55
983 SUB-3A WO-G TbB2 B 1803.20164 0.041 55 2.27676975 55
987 SUB-3A WO-G TbB2 B 18453.2287 0.424 55 23.2995311 55
989 SUB-3A WO-G TbB2 B 78.6922973 0.002 55 0.09935896 55
958 SUB-3A WO-G VaC C 383155.901 8.796 70 615.723441 70
956 SUB-3A WO-G VnB2 C 238254.983 5.470 70 382.870726 70

SUB-3A Total 111.081 0.174 7650.65007 69
223 SUB-4 R2 PxB B 11375.4127 0.261 65 16.9743303 65
224 SUB-4 R2 PxB B 43714.7657 1.004 65 65.2309405 65
222 SUB-4 R2 TaC B 54897.1906 1.260 65 81.9172954 65
221 SUB-4 R2 TbB2 B 47385.7725 1.088 65 70.7087974 65
193 SUB-4 SR-G BaC B 274438.236 6.300 78 491.418329 78
237 SUB-4 SR-G BaC B 7374.69933 0.169 78 13.2053845 78
244 SUB-4 SR-G BaC B 17485.8932 0.401 78 31.310828 78
251 SUB-4 SR-G BaC B 199296.846 4.575 78 356.867631 78
172 SUB-4 SR-G CeB2 B 449934.038 10.329 78 805.667011 78
178 SUB-4 SR-G CeB2 B 603873.547 13.863 78 1081.31627 78
194 SUB-4 SR-G CmB C 75.4566111 0.002 85 0.14724086 85
173 SUB-4 SR-G EnB C 173212.333 3.976 85 337.994682 85
183 SUB-4 SR-G EnB C 273740.549 6.284 85 534.158555 85
189 SUB-4 SR-G EnB C 97107.066 2.229 85 189.488076 85
234 SUB-4 SR-G EnB C 611.474076 0.014 85 1.19318862 85
181 SUB-4 SR-G EnC C 258166.212 5.927 85 503.767861 85
187 SUB-4 SR-G HeB C 75640.505 1.736 85 147.5997 85
177 SUB-4 SR-G MeB2 C 275019.442 6.314 85 536.654099 85
176 SUB-4 SR-G OkA C 94065.7879 2.159 85 183.553535 85
255 SUB-4 SR-G OkA C 1899.49831 0.044 85 3.70655087 85
261 SUB-4 SR-G OkA C 8742.94191 0.201 85 17.0603779 85
190 SUB-4 SR-G PxB B 360931.451 8.286 78 646.295987 78
174 SUB-4 SR-G SeB C 449908.513 10.328 85 877.920652 85
195 SUB-4 SR-G SeB C 72468.0705 1.664 85 141.409228 85
252 SUB-4 SR-G TaB B 269713.547 6.192 78 482.958142 78
179 SUB-4 SR-G TaC B 162838.789 3.738 78 291.584609 78
188 SUB-4 SR-G TaC B 483624.871 11.102 78 865.994949 78
219 SUB-4 SR-G TaC B 1880.87675 0.043 78 3.36796111 78
240 SUB-4 SR-G TaC B 7445.33029 0.171 78 13.3318586 78
242 SUB-4 SR-G TaC B 2440.00395 0.056 78 4.36915307 78
247 SUB-4 SR-G TaC B 3725.95663 0.086 78 6.67182317 78
253 SUB-4 SR-G TaC B 5008.87918 0.115 78 8.96906741 78
256 SUB-4 SR-G TaC B 29072.54 0.667 78 52.0582672 78
258 SUB-4 SR-G TaC B 6259.79452 0.144 78 11.2089985 78
186 SUB-4 SR-G TbB2 B 483190.642 11.093 78 865.217404 78
191 SUB-4 SR-G TbB2 B 240129.352 5.513 78 429.983688 78
218 SUB-4 SR-G TbB2 B 8742.95126 0.201 78 15.6554224 78
220 SUB-4 SR-G TbB2 B 226331.004 5.196 78 405.275903 78
231 SUB-4 SR-G TbB2 B 8742.95126 0.201 78 15.6554224 78
232 SUB-4 SR-G TbB2 B 1301.2291 0.030 78 2.33002455 78
233 SUB-4 SR-G TbB2 B 195960.262 4.499 78 350.89303 78
235 SUB-4 SR-G TbB2 B 30556.9976 0.701 78 54.7163869 78
236 SUB-4 SR-G TbB2 B 1368.24259 0.031 78 2.45002116 78
238 SUB-4 SR-G TbB2 B 96.1758388 0.002 78 0.17221569 78
239 SUB-4 SR-G TbB2 B 96172.4639 2.208 78 172.209646 78
241 SUB-4 SR-G TbB2 B 1297.62097 0.030 78 2.32356373 78
243 SUB-4 SR-G TbB2 B 6302.94732 0.145 78 11.2862693 78
248 SUB-4 SR-G TbB2 B 5017.00398 0.115 78 8.98361594 78
249 SUB-4 SR-G TbB2 B 17485.9119 0.401 78 31.3108615 78
250 SUB-4 SR-G TbB2 B 82629.4652 1.897 78 147.959098 78
254 SUB-4 SR-G TbB2 B 3734.06273 0.086 78 6.68633822 78
257 SUB-4 SR-G TbB2 B 113121.906 2.597 78 202.559886 78
259 SUB-4 SR-G TbB2 B 2483.15674 0.057 78 4.44642392 78
182 SUB-4 SR-G VaB C 315874.848 7.251 85 616.37654 85
175 SUB-4 SR-G VnB2 C 842508.194 19.341 85 1644.01277 85
196 SUB-4 SR-G VnB2 C 80294.9235 1.843 85 156.682013 85
184 SUB-4 SR-G VnC2 C 238434.816 5.474 85 465.265366 85
180 SUB-4 SR-G W D 46338.5803 1.064 89 94.677081 89
185 SUB-4 SR-G W D 87419.4791 2.007 89 178.611883 89
192 SUB-4 SR-G WtB C 187166.884 4.297 85 365.224635 85
211 SUB-4 WO-G BaC B 314292.284 7.215 55 396.833692 55
230 SUB-4 WO-G BaC B 143392.919 3.292 55 181.051665 55
262 SUB-4 WO-G BaC B 5669.16027 0.130 55 7.15803064 55
198 SUB-4 WO-G CeB2 B 15627.8227 0.359 55 19.7320993 55
204 SUB-4 WO-G EnB C 62541.9669 1.436 70 100.50362 70
209 SUB-4 WO-G EnB C 205708.714 4.722 70 330.569558 70
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ID DA Cover Soils HSG Area Area (Acres)
Area 

(Sq.Miles)
CN CN*A

Weighted 
CN

LITTLE BUFFALO CREEK
WEIGHTED RUNOFF CURVE NUMBER CALCULATIONS

EXISTING CONDITIONS

215 SUB-4 WO-G EnB C 78733.5143 1.807 70 126.523095 70
202 SUB-4 WO-G EnC C 338681.262 7.775 70 544.253634 70
214 SUB-4 WO-G EnC C 174812.072 4.013 70 280.919308 70
207 SUB-4 WO-G HeB C 86504.4121 1.986 70 139.010763 70
200 SUB-4 WO-G MeB2 C 42411.1415 0.974 70 68.1538086 70
199 SUB-4 WO-G OkA C 411066.047 9.437 70 660.574455 70
170 SUB-4 WO-G PxB B 36966.258 0.849 55 46.6745682 55
217 SUB-4 WO-G PxB B 17277.1517 0.397 55 21.8145855 55
228 SUB-4 WO-G PxB B 5.53776102 0.000 55 0.00699212 55
212 SUB-4 WO-G TaB B 67004.9791 1.538 55 84.6022464 55
263 SUB-4 WO-G TaB B 11816.7329 0.271 55 14.9201173 55
201 SUB-4 WO-G TaC B 226466.269 5.199 55 285.942259 55
208 SUB-4 WO-G TaC B 486873.981 11.177 55 614.739875 55
213 SUB-4 WO-G TaC B 4940.82286 0.113 55 6.2384127 55
225 SUB-4 WO-G TaC B 135512.312 3.111 55 171.101404 55
227 SUB-4 WO-G TaC B 144410.262 3.315 55 182.336189 55
245 SUB-4 WO-G TaC B 8727.78028 0.200 55 11.0199246 55
169 SUB-4 WO-G TbB2 B 52923.204 1.215 55 66.8222272 55
206 SUB-4 WO-G TbB2 B 228778.83 5.252 55 288.862159 55
210 SUB-4 WO-G TbB2 B 572660.119 13.146 55 723.055706 55
216 SUB-4 WO-G TbB2 B 132585.631 3.044 55 167.4061 55
226 SUB-4 WO-G TbB2 B 49715.4601 1.141 55 62.7720456 55
229 SUB-4 WO-G TbB2 B 44423.4204 1.020 55 56.0901772 55
246 SUB-4 WO-G TbB2 B 15.1709826 0.000 55 0.01915528 55
260 SUB-4 WO-G TbB2 B 8742.94191 0.201 55 11.0390681 55
197 SUB-4 WO-G VaB C 10865.3457 0.249 70 17.4603811 70
203 SUB-4 WO-G VaB C 31893.5175 0.732 70 51.2522091 70
205 SUB-4 WO-G W D 2830.60664 0.065 77 5.00359759 77
171 SUB-4 WO-G WtB C 10930.8072 0.251 70 17.5655763 70

SUB-4 Total 282.642 0.442 20889.0756 74
286 SUB-5 BR-F BaB B 57215.6013 1.313 56 73.5554103 56
285 SUB-5 BR-F BaC B 7866.75679 0.181 56 10.1133696 56
287 SUB-5 BR-F BaC B 38558.9577 0.885 56 49.5707445 56
284 SUB-5 BR-F BaD B 876.20382 0.020 56 1.12643283 56
281 SUB-5 SR-G BaB B 184687.103 4.240 78 330.706933 78
283 SUB-5 SR-G BaB B 10274.1048 0.236 78 18.3971573 78
288 SUB-5 SR-G BaB B 173932.069 3.993 78 311.448608 78
301 SUB-5 SR-G BaB B 8742.96061 0.201 78 15.6554391 78
309 SUB-5 SR-G BaB B 1366249.2 31.365 78 2446.45173 78
317 SUB-5 SR-G BaB B 179139.097 4.112 78 320.772488 78
282 SUB-5 SR-G BaC B 117183.845 2.690 78 209.833332 78
289 SUB-5 SR-G BaD B 143176.441 3.287 78 256.376546 78
308 SUB-5 SR-G BaD B 1292.00049 0.030 78 2.31349949 78
310 SUB-5 SR-G BaD B 447802.653 10.280 78 801.85048 78
313 SUB-5 SR-G BaD B 280114.142 6.431 78 501.581797 78
314 SUB-5 SR-G BaD B 415.510562 0.010 78 0.74402718 78
318 SUB-5 SR-G BaD B 3073.35221 0.071 78 5.50324776 78
299 SUB-5 SR-G ChA C 1414.34529 0.032 85 2.75985651 85
291 SUB-5 SR-G GoC C 527.612879 0.012 85 1.02954763 85
312 SUB-5 SR-G GoC C 256296.528 5.884 85 500.119487 85
290 SUB-5 SR-G GoF C 271136.372 6.224 85 529.076942 85
311 SUB-5 SR-G GoF C 610300.126 14.011 85 1190.89786 85
300 SUB-5 SR-G TaB B 7132.74394 0.164 78 12.772131 78
268 SUB-5 WO-G BaB B 98204.8157 2.254 55 123.995979 55
271 SUB-5 WO-G BaB B 314167.01 7.212 55 396.675518 55
275 SUB-5 WO-G BaB B 16643.2038 0.382 55 21.0141462 55
292 SUB-5 WO-G BaB B 251420.588 5.772 55 317.450237 55
303 SUB-5 WO-G BaB B 38214.0386 0.877 55 48.2500487 55
319 SUB-5 WO-G BaB B 896.101277 0.021 55 1.13144101 55
321 SUB-5 WO-G BaB B 156209.309 3.586 55 197.233976 55
322 SUB-5 WO-G BaB B 40.2701197 0.001 55 0.05084611 55
267 SUB-5 WO-G BaC B 197851.142 4.542 55 249.812047 55
272 SUB-5 WO-G BaC B 736620.566 16.910 55 930.076472 55
280 SUB-5 WO-G BaC B 92838.76 2.131 55 117.220657 55
269 SUB-5 WO-G BaD B 731085.921 16.783 55 923.088284 55
274 SUB-5 WO-G BaD B 225361.439 5.174 55 284.547271 55
276 SUB-5 WO-G BaD B 38063.268 0.874 55 48.0596818 55
279 SUB-5 WO-G BaD B 64534.3627 1.482 55 81.4827812 55
293 SUB-5 WO-G BaD B 232127.403 5.329 55 293.090155 55
302 SUB-5 WO-G BaD B 5073.85477 0.116 55 6.40638228 55
307 SUB-5 WO-G BaD B 10509.913 0.241 55 13.2700921 55
320 SUB-5 WO-G BaD B 231.675155 0.005 55 0.29251914 55
278 SUB-5 WO-G ChA C 5155.02261 0.118 70 8.28401246 70
295 SUB-5 WO-G ChA C 269278.005 6.182 70 432.724067 70
305 SUB-5 WO-G ChA C 1495.1219 0.034 70 2.40262931 70
297 SUB-5 WO-G GoC C 95199.9711 2.185 70 152.984343 70
298 SUB-5 WO-G GoC C 195320.515 4.484 70 313.875942 70
306 SUB-5 WO-G GoC C 50365.565 1.156 70 80.9363992 70
316 SUB-5 WO-G GoC C 169.916279 0.004 70 0.27305187 70
277 SUB-5 WO-G GoF C 23823.2935 0.547 70 38.2835294 70
294 SUB-5 WO-G GoF C 767205.888 17.613 70 1232.88366 70
304 SUB-5 WO-G GoF C 195614.801 4.491 70 314.348853 70
315 SUB-5 WO-G GoF C 17315.9956 0.398 70 27.8264392 70
270 SUB-5 WO-G KcB C 180988.823 4.155 70 290.845216 70
264 SUB-5 WO-G OkA C 281998.622 6.474 70 453.165829 70

V:\Operations\121\1008 ‐ Little Buffalo Creek\Deliverables\Calculations\H&H\HYDRO\WORKSHEETS\ANALYSIS3_af\RCN‐EX.xls 9 of 15



ID DA Cover Soils HSG Area Area (Acres)
Area 

(Sq.Miles)
CN CN*A

Weighted 
CN

LITTLE BUFFALO CREEK
WEIGHTED RUNOFF CURVE NUMBER CALCULATIONS
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266 SUB-5 WO-G TaB B 187648.893 4.308 55 236.93042 55
296 SUB-5 WO-G TaB B 26710.2815 0.613 55 33.7251029 55
265 SUB-5 WO-G Ud C 96378.1807 2.213 70 154.877701 70
273 SUB-5 WO-G Ud C 254053.798 5.832 70 408.259088 70

SUB-5 Total 230.170 0.360 15828.4319 69
1009 SUB-5A SR-G BaC B 1700.42869 0.039 78 3.04484476 78
1025 SUB-5A SR-G ChA C 896.633773 0.021 85 1.74962972 85
1030 SUB-5A SR-G ChA C 70142.7605 1.610 85 136.871778 85
1033 SUB-5A SR-G ChA C 96942.5963 2.225 85 189.167142 85
1001 SUB-5A SR-G EnB C 11330.0658 0.260 85 22.1087142 85
1005 SUB-5A SR-G EnB C 104631.006 2.402 85 204.169778 85
1012 SUB-5A SR-G EnB C 5560.39965 0.128 85 10.850183 85
1032 SUB-5A SR-G GoF C 11873.4409 0.273 85 23.1690192 85
1022 SUB-5A SR-G OkA C 6775.04543 0.156 85 13.2203595 85
1003 SUB-5A SR-G TaB B 109341.928 2.510 78 195.791331 78
1007 SUB-5A SR-G TaB B 27473.0916 0.631 78 49.1942412 78
1010 SUB-5A SR-G TaB B 245748.043 5.642 78 440.044705 78
1020 SUB-5A SR-G TaB B 315109.029 7.234 78 564.244818 78
1024 SUB-5A SR-G TaB B 27592.2036 0.633 78 49.4075271 78
1026 SUB-5A SR-G TaB B 5429.61256 0.125 78 9.72244673 78
1029 SUB-5A SR-G TaB B 263.939339 0.006 78 0.47261865 78
1031 SUB-5A SR-G TaB B 229578.419 5.270 78 411.090833 78
1002 SUB-5A SR-G TaC B 121916.453 2.799 78 218.307699 78
1006 SUB-5A SR-G TaC B 3517.35884 0.081 78 6.29830095 78
1011 SUB-5A SR-G TaC B 98234.5204 2.255 78 175.902034 78
1013 SUB-5A SR-G TaC B 3182.54227 0.073 78 5.69876715 78
1019 SUB-5A SR-G TaC B 13614.772 0.313 78 24.3790684 78
1023 SUB-5A SR-G TaC B 36937.8276 0.848 78 66.1421156 78
1004 SUB-5A SR-G TbB2 B 29365.4674 0.674 78 52.5827929 78
1008 SUB-5A SR-G TbB2 B 20687.0318 0.475 78 37.0428945 78
1000 SUB-5A WO-G ChA C 2950.52247 0.068 70 4.74142729 70
1027 SUB-5A WO-G ChA C 37382.4615 0.858 70 60.0728261 70
1035 SUB-5A WO-G ChA C 11955.893 0.274 70 19.2128676 70
1015 SUB-5A WO-G EnB C 151.501629 0.003 70 0.24345992 70
1034 SUB-5A WO-G GoF C 34365.6647 0.789 70 55.2248974 70
996 SUB-5A WO-G OkA C 396326.7 9.098 70 636.888637 70
997 SUB-5A WO-G TaB B 87087.6292 1.999 55 109.959128 55
999 SUB-5A WO-G TaB B 344987.043 7.920 55 435.589701 55

1016 SUB-5A WO-G TaB B 4288.3542 0.098 55 5.41458864 55
1018 SUB-5A WO-G TaB B 5540.97009 0.127 55 6.99617436 55
1021 SUB-5A WO-G TaB B 8742.95126 0.201 55 11.0390799 55
1028 SUB-5A WO-G TaB B 5816.21948 0.134 55 7.34371146 55
998 SUB-5A WO-G TaC B 797612.449 18.311 55 1007.08643 55

1017 SUB-5A WO-G TaC B 77390.0395 1.777 55 97.7146963 55
1014 SUB-5A WO-G TbB2 B 58.656577 0.001 55 0.07406133 55

SUB-5A Total 78.340 0.122 5368.27532 69
373 SUB-6 BR-F BaC B 2192.69416 0.050 56 2.81889056 56
374 SUB-6 BR-F BaD B 127156.206 2.919 56 163.46987 56
370 SUB-6 BR-F EnB C 133522.729 3.065 70 214.568206 70
376 SUB-6 BR-F TaB B 22326.123 0.513 56 28.7020865 56
371 SUB-6 BR-F TaC B 1415.16326 0.032 56 1.81930997 56
375 SUB-6 BR-F TaC B 25376.6963 0.583 56 32.623852 56
372 SUB-6 BR-F TbB2 B 26974.9959 0.619 56 34.6785989 56
351 SUB-6 SR-G BaC B 165681.111 3.804 78 296.674166 78
358 SUB-6 SR-G BaC B 253996.33 5.831 78 454.814366 78
364 SUB-6 SR-G BaC B 125610.328 2.884 78 224.922075 78
389 SUB-6 SR-G BaC B 18378.0131 0.422 78 32.9082879 78
391 SUB-6 SR-G BaC B 9008.84086 0.207 78 16.1315332 78
396 SUB-6 SR-G BaC B 1009.04876 0.023 78 1.80683661 78
328 SUB-6 SR-G BaD B 2656.55571 0.061 78 4.75691795 78
352 SUB-6 SR-G BaD B 75049.8829 1.723 78 134.386843 78
359 SUB-6 SR-G BaD B 171803.633 3.944 78 307.63736 78
365 SUB-6 SR-G BaD B 23349.5831 0.536 78 41.8105483 78
393 SUB-6 SR-G BaD B 6.73385362 0.000 78 0.01205786 78
399 SUB-6 SR-G BaD B 186457.208 4.280 78 333.876543 78
392 SUB-6 SR-G ChA C 239.520932 0.005 85 0.46738474 85
397 SUB-6 SR-G ChA C 465425.315 10.685 85 908.199076 85
405 SUB-6 SR-G ChA C 214659.717 4.928 85 418.872266 85
324 SUB-6 SR-G EnB C 47317.2784 1.086 85 92.3316957 85
327 SUB-6 SR-G EnB C 3.787056 0.000 85 0.0073898 85
361 SUB-6 SR-G EnB C 64914.1673 1.490 85 126.669059 85
367 SUB-6 SR-G EnB C 86823.0468 1.993 85 169.420546 85
404 SUB-6 SR-G GoF C 1688.00071 0.039 85 3.29384896 85
329 SUB-6 SR-G MeB2 C 345977.683 7.943 85 675.11715 85
388 SUB-6 SR-G OkA C 4460.51682 0.102 85 8.70394696 85
362 SUB-6 SR-G TaB B 75458.7594 1.732 78 135.118991 78
368 SUB-6 SR-G TaB B 30697.2766 0.705 78 54.9675751 78
379 SUB-6 SR-G TaB B 99680.8293 2.288 78 178.491843 78
385 SUB-6 SR-G TaB B 4593.58165 0.105 78 8.22542168 78
387 SUB-6 SR-G TaB B 217445.375 4.992 78 389.364997 78
390 SUB-6 SR-G TaB B 75864.3763 1.742 78 135.845302 78
394 SUB-6 SR-G TaB B 1064.25419 0.024 78 1.90568932 78
395 SUB-6 SR-G TaB B 1155.63545 0.027 78 2.06931967 78
398 SUB-6 SR-G TaB B 2446.97377 0.056 78 4.38163348 78
400 SUB-6 SR-G TaB B 376570.165 8.645 78 674.299193 78
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406 SUB-6 SR-G TaB B 164774.787 3.783 78 295.051271 78
326 SUB-6 SR-G TaC B 273608.246 6.281 78 489.932122 78
330 SUB-6 SR-G TaC B 142128.011 3.263 78 254.499192 78
350 SUB-6 SR-G TaC B 14321.2402 0.329 78 25.644094 78
360 SUB-6 SR-G TaC B 50205.5524 1.153 78 89.8997495 78
366 SUB-6 SR-G TaC B 49526.024 1.137 78 88.682963 78
377 SUB-6 SR-G TaC B 1493.67218 0.034 78 2.67461961 78
384 SUB-6 SR-G TaC B 4149.36962 0.095 78 7.43000069 78
386 SUB-6 SR-G TaC B 4524.23271 0.104 78 8.10124315 78
325 SUB-6 SR-G TbB2 B 33665.8442 0.773 78 60.2831922 78
349 SUB-6 SR-G TbB2 B 146228.376 3.357 78 261.841444 78
357 SUB-6 SR-G TbB2 B 83970.6364 1.928 78 150.360644 78
363 SUB-6 SR-G TbB2 B 109300.705 2.509 78 195.717515 78
369 SUB-6 SR-G TbB2 B 4414.80745 0.101 78 7.9053026 78
378 SUB-6 SR-G TbB2 B 175661.62 4.033 78 314.545601 78
323 SUB-6 SR-G VaB C 270688.104 6.214 85 528.202223 85
336 SUB-6 WO-G BaC B 8982.16808 0.206 55 11.3411213 55
342 SUB-6 WO-G BaC B 10509.538 0.241 55 13.2696187 55
347 SUB-6 WO-G BaC B 170099.756 3.905 55 214.772419 55
354 SUB-6 WO-G BaC B 144367.353 3.314 55 182.282012 55
401 SUB-6 WO-G BaC B 1354.94385 0.031 55 1.71078769 55
337 SUB-6 WO-G BaD B 1367360.82 31.390 55 1726.46568 55
348 SUB-6 WO-G BaD B 16.8435963 0.000 55 0.02126717 55
355 SUB-6 WO-G BaD B 4084.85255 0.094 55 5.15764211 55
403 SUB-6 WO-G BaD B 21753.8884 0.499 55 27.4670308 55
402 SUB-6 WO-G ChA C 73.8942154 0.002 70 0.11874644 70
408 SUB-6 WO-G ChA C 3228.27238 0.074 70 5.18776553 70
332 SUB-6 WO-G EnB C 1718.72437 0.039 70 2.76195377 70
335 SUB-6 WO-G EnB C 187800.641 4.311 70 301.791664 70
356 SUB-6 WO-G EnB C 34995.6538 0.803 70 56.2372766 70
407 SUB-6 WO-G GoF C 2685.36872 0.062 70 4.31533081 70
338 SUB-6 WO-G MeB2 C 50757.406 1.165 70 81.5660795 70
346 SUB-6 WO-G OkA C 112261.3 2.577 70 180.401537 70
340 SUB-6 WO-G TaB B 390492.734 8.964 55 493.046381 55
344 SUB-6 WO-G TaB B 807897.748 18.547 55 1020.07291 55
345 SUB-6 WO-G TaB B 218197.521 5.009 55 275.50192 55
381 SUB-6 WO-G TaB B 333999.482 7.668 55 421.716518 55
383 SUB-6 WO-G TaB B 98948.1462 2.272 55 124.934528 55
334 SUB-6 WO-G TaC B 68694.2678 1.577 55 86.7351866 55
339 SUB-6 WO-G TaC B 1848402.32 42.433 55 2333.84132 55
343 SUB-6 WO-G TaC B 835.52787 0.019 55 1.05495943 55
380 SUB-6 WO-G TaC B 595557.203 13.672 55 751.966166 55
382 SUB-6 WO-G TaC B 189569.236 4.352 55 239.355096 55
333 SUB-6 WO-G TbB2 B 62844.396 1.443 55 79.3489849 55
341 SUB-6 WO-G TbB2 B 310921.57 7.138 55 392.57774 55
353 SUB-6 WO-G TbB2 B 103467.576 2.375 55 130.640878 55
331 SUB-6 WO-G VaB C 101191.327 2.323 70 162.612326 70

SUB-6 Total 281.685 0.440 18425.2147 65
434 SUB-7 SR-G BaB B 14311.7216 0.329 78 25.6270497 78
435 SUB-7 SR-G BaD B 708.814007 0.016 78 1.26922618 78
428 SUB-7 SR-G ChA C 5150.07887 0.118 85 10.0495111 85
427 SUB-7 SR-G GoF C 32200.2265 0.739 85 62.8333161 85
430 SUB-7 WO-G BaB B 3813.96258 0.088 55 4.81560932 55
436 SUB-7 WO-G BaB B 20.9035086 0.000 55 0.02639332 55
438 SUB-7 WO-G BaB B 32924.7569 0.756 55 41.5716628 55
441 SUB-7 WO-G BaB B 333839.902 7.664 55 421.515027 55
444 SUB-7 WO-G BaB B 13441.2382 0.309 55 16.9712604 55
450 SUB-7 WO-G BaB B 54070.8616 1.241 55 68.2712899 55
453 SUB-7 WO-G BaB B 1522.79899 0.035 55 1.922726 55
454 SUB-7 WO-G BaB B 0.36427923 0.000 55 0.00045995 55
457 SUB-7 WO-G BaB B 5654.45375 0.130 55 7.1394618 55
433 SUB-7 WO-G BaD B 96613.5839 2.218 55 121.986848 55
437 SUB-7 WO-G BaD B 8722.04776 0.200 55 11.0126866 55
439 SUB-7 WO-G BaD B 1150.94684 0.026 55 1.45321571 55
442 SUB-7 WO-G BaD B 49608.1222 1.139 55 62.6365179 55
446 SUB-7 WO-G BaD B 4629.18612 0.106 55 5.84493197 55
448 SUB-7 WO-G BaD B 8728.73906 0.200 55 11.0211352 55
451 SUB-7 WO-G BaD B 22868.2438 0.525 55 28.8740452 55
432 SUB-7 WO-G ChA C 359.676447 0.008 70 0.57799245 70
429 SUB-7 WO-G GoC C 8747.74583 0.201 70 14.0574428 70
440 SUB-7 WO-G GoC C 43319.5258 0.994 70 69.613563 70
443 SUB-7 WO-G GoC C 122492.763 2.812 70 196.843283 70
447 SUB-7 WO-G GoC C 14.2122086 0.000 70 0.02283872 70
449 SUB-7 WO-G GoC C 25406.3642 0.583 70 40.8274906 70
452 SUB-7 WO-G GoC C 23500.6521 0.540 70 37.7650516 70
455 SUB-7 WO-G GoC C 17611.542 0.404 70 28.301376 70
456 SUB-7 WO-G GoC C 3088.48816 0.071 70 4.96313525 70
458 SUB-7 WO-G GoC C 1970.96102 0.045 70 3.16729274 70
459 SUB-7 WO-G GoC C 4113.45677 0.094 70 6.61023815 70
460 SUB-7 WO-G GoC C 6821.47847 0.157 70 10.9619718 70
461 SUB-7 WO-G GoC C 3535.62629 0.081 70 5.68167678 70
462 SUB-7 WO-G GoC C 36.055854 0.001 70 0.057941 70
431 SUB-7 WO-G GoF C 130597.163 2.998 70 209.866882 70
445 SUB-7 WO-G GoF C 5892.7769 0.135 70 9.46956803 70

SUB-7 Total 24.965 0.039 1543.63012 62
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ID DA Cover Soils HSG Area Area (Acres)
Area 

(Sq.Miles)
CN CN*A

Weighted 
CN

LITTLE BUFFALO CREEK
WEIGHTED RUNOFF CURVE NUMBER CALCULATIONS

EXISTING CONDITIONS

1037 SUB-7A SR-G ChA C 232386.129 5.335 85 453.462372 85
1036 SUB-7A SR-G GoF C 7927.69275 0.182 85 15.4695566 85
1038 SUB-7A SR-G TaB B 135914.776 3.120 78 243.373566 78
1040 SUB-7A WO-G ChA C 1362.4181 0.031 70 2.18937711 70
1039 SUB-7A WO-G GoF C 1682.03237 0.039 70 2.7029905 70

SUB-7A Total 8.707 0.014 717.197862 82
512 SUB-8 BR-F BaB B 3061.67786 0.070 56 3.93604133 56
515 SUB-8 BR-F BaB B 150115.801 3.446 56 192.986337 56
473 SUB-8 BR-F BaC B 115115.333 2.643 56 147.990328 56
478 SUB-8 BR-F BaC B 33603.1148 0.771 56 43.1995967 56
504 SUB-8 BR-F BaC B 7563.79948 0.174 56 9.72389281 56
511 SUB-8 BR-F BaC B 6919.73811 0.159 56 8.8958984 56
514 SUB-8 BR-F BaD B 346644.259 7.958 56 445.640002 56
525 SUB-8 BR-F BaD B 8742.94191 0.201 56 11.2397784 56
471 SUB-8 BR-F EnB C 294248.488 6.755 70 472.851106 70
477 SUB-8 BR-F EnB C 10111.6321 0.232 70 16.2491793 70
481 SUB-8 BR-F EnB C 32810.4119 0.753 70 52.725639 70
513 SUB-8 BR-F TaB B 8101.2726 0.186 56 10.4148592 56
516 SUB-8 BR-F TaB B 26161.1631 0.601 56 33.6323493 56
472 SUB-8 BR-F TbB2 B 7753.39604 0.178 56 9.96763495 56
496 SUB-8 SR-G BaB B 430196.185 9.876 78 770.323747 78
519 SUB-8 SR-G BaB B 6085.87054 0.140 78 10.8975643 78
521 SUB-8 SR-G BaB B 86874.2719 1.994 78 155.559991 78
530 SUB-8 SR-G BaB B 64466.6892 1.480 78 115.43622 78
532 SUB-8 SR-G BaB B 253899.556 5.829 78 454.641079 78
476 SUB-8 SR-G BaC B 37883.2628 0.870 78 67.8350436 78
494 SUB-8 SR-G BaC B 124485.943 2.858 78 222.908713 78
506 SUB-8 SR-G BaD B 69139.4077 1.587 78 123.803347 78
520 SUB-8 SR-G BaD B 97592.4254 2.240 78 174.752277 78
529 SUB-8 SR-G BaD B 226921.427 5.209 78 406.333134 78
527 SUB-8 SR-G ChA C 256880.733 5.897 85 501.259465 85
493 SUB-8 SR-G EnB C 394385.087 9.054 85 769.576042 85
526 SUB-8 SR-G GoF C 19.9132533 0.000 85 0.03885736 85
495 SUB-8 SR-G TaB B 222258.555 5.102 78 397.983639 78
502 SUB-8 SR-G TaB B 10806.8649 0.248 78 19.3511355 78
503 SUB-8 SR-G TaB B 444.931089 0.010 78 0.79670856 78
505 SUB-8 SR-G TaB B 433813.508 9.959 78 776.801047 78
522 SUB-8 SR-G TaB B 84267.0604 1.935 78 150.891431 78
528 SUB-8 SR-G TaB B 478865.795 10.993 78 857.473186 78
531 SUB-8 SR-G TaB B 579573.322 13.305 78 1037.80347 78
475 SUB-8 SR-G TbB2 B 388225.082 8.912 78 695.16888 78
468 SUB-8 WO-G BaB B 72581.2535 1.666 55 91.6429969 55
518 SUB-8 WO-G BaB B 111.621521 0.003 55 0.14093626 55
465 SUB-8 WO-G BaC B 1702753.75 39.090 55 2149.94161 55
480 SUB-8 WO-G BaC B 33.2856273 0.001 55 0.04202731 55
484 SUB-8 WO-G BaC B 10570.6036 0.243 55 13.3467217 55
486 SUB-8 WO-G BaC B 8742.95126 0.201 55 11.0390799 55
487 SUB-8 WO-G BaC B 8742.94191 0.201 55 11.0390681 55
489 SUB-8 WO-G BaC B 130342.435 2.992 55 164.573782 55
491 SUB-8 WO-G BaC B 18854.3442 0.433 55 23.8059902 55
498 SUB-8 WO-G BaC B 19660.9142 0.451 55 24.8243867 55
508 SUB-8 WO-G BaC B 668.276124 0.015 55 0.84378298 55
517 SUB-8 WO-G BaC B 4358.12353 0.100 55 5.50268122 55
470 SUB-8 WO-G BaD B 108.653081 0.002 55 0.13718823 55
510 SUB-8 WO-G BaD B 5520.03571 0.127 55 6.96974205 55
524 SUB-8 WO-G BaD B 87135.9198 2.000 55 110.020101 55
535 SUB-8 WO-G BaD B 68900.6525 1.582 55 86.9957733 55
533 SUB-8 WO-G ChA C 49203.8769 1.130 70 79.0695911 70
463 SUB-8 WO-G EnB C 71458.4659 1.640 70 114.832245 70
474 SUB-8 WO-G EnB C 78626.2662 1.805 70 126.350749 70
479 SUB-8 WO-G EnB C 17452.6076 0.401 70 28.0459717 70
482 SUB-8 WO-G EnB C 8742.95126 0.201 70 14.049738 70
485 SUB-8 WO-G EnB C 11516.2024 0.264 70 18.5062941 70
466 SUB-8 WO-G TaB B 212794.032 4.885 55 268.679333 55
467 SUB-8 WO-G TaB B 32002.0561 0.735 55 40.4066365 55
469 SUB-8 WO-G TaB B 429.375503 0.010 55 0.54214079 55
500 SUB-8 WO-G TaB B 527178.257 12.102 55 665.629113 55
501 SUB-8 WO-G TaB B 1152.95734 0.026 55 1.45575422 55
507 SUB-8 WO-G TaB B 15923.2819 0.366 55 20.1051539 55
509 SUB-8 WO-G TaB B 43191.5676 0.992 55 54.5348075 55
523 SUB-8 WO-G TaB B 293.583482 0.007 55 0.37068621 55
534 SUB-8 WO-G TaB B 56754.5146 1.303 55 71.6597406 55
499 SUB-8 WO-G TaC B 12490.4858 0.287 55 15.7708154 55
464 SUB-8 WO-G TbB2 B 447164.191 10.265 55 564.601251 55
483 SUB-8 WO-G TbB2 B 6915.30827 0.159 55 8.73144983 55
488 SUB-8 WO-G TbB2 B 35773.6295 0.821 55 45.1687241 55
490 SUB-8 WO-G TbB2 B 33603.3727 0.771 55 42.4285009 55
492 SUB-8 WO-G TbB2 B 8742.95126 0.201 55 11.0390799 55
497 SUB-8 WO-G TbB2 B 6567.9302 0.151 55 8.29284116 55

SUB-8 Total 209.254 0.327 14070.2241 67
582 SUB-9 BR-F BaB B 146698.574 3.368 56 188.593208 56
584 SUB-9 BR-F BaB B 258772.715 5.941 56 332.673831 56
587 SUB-9 BR-F BaB B 17485.9119 0.401 56 22.4795929 56
581 SUB-9 BR-F BaD B 71875.2078 1.650 56 92.4015527 56
583 SUB-9 BR-F BaD B 3515.82253 0.081 56 4.51988204 56
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ID DA Cover Soils HSG Area Area (Acres)
Area 

(Sq.Miles)
CN CN*A

Weighted 
CN

LITTLE BUFFALO CREEK
WEIGHTED RUNOFF CURVE NUMBER CALCULATIONS
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589 SUB-9 BR-G BaB B 164991.327 3.788 48 181.808625 48
588 SUB-9 BR-G BaD B 6582.15326 0.151 48 7.25306145 48
537 SUB-9 SR-G BaB B 448851.048 10.304 78 803.727772 78
538 SUB-9 SR-G BaB B 366280.515 8.409 78 655.8742 78
554 SUB-9 SR-G BaB B 382262.829 8.776 78 684.49267 78
557 SUB-9 SR-G BaB B 158366.326 3.636 78 283.576065 78
558 SUB-9 SR-G BaB B 62661.5482 1.439 78 112.203874 78
591 SUB-9 SR-G BaB B 89493.1528 2.054 78 160.249447 78
601 SUB-9 SR-G BaB B 148704.259 3.414 78 266.274843 78
536 SUB-9 SR-G BaD B 590245.565 13.550 78 1056.91355 78
553 SUB-9 SR-G BaD B 95212.0978 2.186 78 170.489982 78
556 SUB-9 SR-G BaD B 18523.6647 0.425 78 33.1690965 78
590 SUB-9 SR-G BaD B 253670.696 5.823 78 454.231274 78
600 SUB-9 SR-G BaD B 8069.52202 0.185 78 14.4495573 78
543 SUB-9 SR-G ChA C 5112.90019 0.117 85 9.97696318 85
542 SUB-9 SR-G GoF C 22503.4164 0.517 85 43.9116252 85
541 SUB-9 SR-G TaB B 1261072.59 28.950 78 2258.11897 78
555 SUB-9 SR-G TaB B 116789.661 2.681 78 209.127493 78
602 SUB-9 SR-G TaB B 206889.939 4.750 78 370.464079 78
539 SUB-9 SR-G W D 5.4874182 0.000 89 0.01121167 89
540 SUB-9 SR-G W D 7287.77146 0.167 89 14.8900748 89
592 SUB-9 SR-G W D 2893.66831 0.066 89 5.91222405 89
593 SUB-9 SR-G W D 3660.53341 0.084 89 7.47905128 89
595 SUB-9 WATER BaB B 3808.44378 0.087 98 8.5681242 98
596 SUB-9 WATER BaB B 14062.307 0.323 98 31.6369624 98
594 SUB-9 WATER BaD B 147140.084 3.378 98 331.031409 98
599 SUB-9 WATER TaB B 109074.294 2.504 98 245.392123 98
597 SUB-9 WATER W D 223230.797 5.125 98 502.218048 98
598 SUB-9 WATER W D 27261.1963 0.626 98 61.3314334 98
547 SUB-9 WO-G BaB B 1648821.63 37.852 55 2081.84549 55
548 SUB-9 WO-G BaB B 18745.8152 0.430 55 23.6689585 55
550 SUB-9 WO-G BaB B 150914.869 3.465 55 190.549078 55
561 SUB-9 WO-G BaB B 53422.3137 1.226 55 67.4524163 55
566 SUB-9 WO-G BaB B 38592.6846 0.886 55 48.7281372 55
545 SUB-9 WO-G BaD B 2355918.33 54.084 55 2974.64436 55
559 SUB-9 WO-G BaD B 27207.3724 0.625 55 34.3527429 55
564 SUB-9 WO-G BaD B 338.394449 0.008 55 0.42726572 55
552 SUB-9 WO-G ChA C 19672.6987 0.452 70 31.6136114 70
546 SUB-9 WO-G GoC C 134016.025 3.077 70 215.360922 70
560 SUB-9 WO-G GoC C 26854.9672 0.617 70 43.155365 70
562 SUB-9 WO-G GoC C 851.322389 0.020 70 1.3680571 70
563 SUB-9 WO-G GoC C 27434.2471 0.630 70 44.0862557 70
565 SUB-9 WO-G GoC C 151135.13 3.470 70 242.870962 70
568 SUB-9 WO-G GoC C 22665.1316 0.520 70 36.4223878 70
570 SUB-9 WO-G GoC C 1811.65844 0.042 70 2.91129685 70
571 SUB-9 WO-G GoC C 5207.33432 0.120 70 8.36807627 70
572 SUB-9 WO-G GoC C 43678.7005 1.003 70 70.1907491 70
573 SUB-9 WO-G GoC C 8633.46273 0.198 70 13.8737923 70
574 SUB-9 WO-G GoC C 8742.95126 0.201 70 14.049738 70
575 SUB-9 WO-G GoC C 8742.94191 0.201 70 14.049723 70
576 SUB-9 WO-G GoC C 4424.48342 0.102 70 7.11005141 70
578 SUB-9 WO-G GoC C 8187.47209 0.188 70 13.1570947 70
585 SUB-9 WO-G GoC C 2433.66605 0.056 70 3.91084994 70
551 SUB-9 WO-G GoF C 1010453.55 23.197 70 1623.77751 70
567 SUB-9 WO-G GoF C 37209.8803 0.854 70 59.7954917 70
569 SUB-9 WO-G GoF C 75187.0775 1.726 70 120.824046 70
577 SUB-9 WO-G GoF C 1148.49198 0.026 70 1.84560236 70
579 SUB-9 WO-G GoF C 29607.479 0.680 70 47.5785934 70
580 SUB-9 WO-G GoF C 8742.96061 0.201 70 14.0497531 70
586 SUB-9 WO-G GoF C 6309.27587 0.145 70 10.1388731 70
544 SUB-9 WO-G TaB B 127933.325 2.937 55 161.531976 55
549 SUB-9 WO-G W D 6061.82539 0.139 77 10.7153479 77

SUB-9 Total 264.329 0.413 17859.8764 68
1088 SUB-9A SR-G ChA C 12590.9734 0.289 85 24.569163 85
1087 SUB-9A SR-G GoF C 23396.3788 0.537 85 45.6540908 85
1091 SUB-9A WO-G ChA C 58848.4545 1.351 70 94.5682235 70
1089 SUB-9A WO-G GoC C 105975.064 2.433 70 170.29969 70
1092 SUB-9A WO-G GoC C 24180.3363 0.555 70 38.8572898 70
1094 SUB-9A WO-G GoC C 27947.4864 0.642 70 44.9110204 70
1095 SUB-9A WO-G GoC C 85117.3796 1.954 70 136.781831 70
1097 SUB-9A WO-G GoC C 6771.99959 0.155 70 10.8824603 70
1098 SUB-9A WO-G GoC C 4629.4945 0.106 70 7.43949988 70
1099 SUB-9A WO-G GoC C 109.814354 0.003 70 0.17646935 70
1100 SUB-9A WO-G GoC C 8742.94191 0.201 70 14.049723 70
1101 SUB-9A WO-G GoC C 109.479185 0.003 70 0.17593074 70
1102 SUB-9A WO-G GoC C 8742.96061 0.201 70 14.0497531 70
1103 SUB-9A WO-G GoC C 11912.9365 0.273 70 19.1438373 70
1104 SUB-9A WO-G GoC C 5919.79589 0.136 70 9.51298697 70
1090 SUB-9A WO-G GoF C 242531.688 5.568 70 389.743301 70
1093 SUB-9A WO-G GoF C 21708.6365 0.498 70 34.8853204 70
1096 SUB-9A WO-G GoF C 506.729712 0.012 70 0.81430394 70

SUB-9A Total 14.916 0.023 1056.51489 71
1083 SUB-9B SR-G BaB B 565221.945 12.976 78 1012.10541 78
1081 SUB-9B SR-G BaD B 8894.70532 0.204 78 15.9271583 78
1080 SUB-9B SR-G ChA C 492471.24 11.306 85 960.974641 85

V:\Operations\121\1008 ‐ Little Buffalo Creek\Deliverables\Calculations\H&H\HYDRO\WORKSHEETS\ANALYSIS3_af\RCN‐EX.xls 13 of 15



ID DA Cover Soils HSG Area Area (Acres)
Area 

(Sq.Miles)
CN CN*A

Weighted 
CN

LITTLE BUFFALO CREEK
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1079 SUB-9B SR-G GoF C 9499.48507 0.218 85 18.5366444 85
1082 SUB-9B SR-G TaB B 882220.266 20.253 78 1579.73326 78
1085 SUB-9B WO-G ChA C 22651.664 0.520 70 36.4007456 70
1086 SUB-9B WO-G ChA C 7764.8305 0.178 70 12.4779186 70
1084 SUB-9B WO-G GoF C 1802.5066 0.041 70 2.89659003 70

SUB-9B Total 45.696 0.071 3639.05237 80
1041 SUB-9C SR-G BaB B 582002.553 13.361 78 1042.15333 78
1046 SUB-9C SR-G BaB B 9866.33101 0.226 78 17.6669839 78
1042 SUB-9C SR-G BaD B 420270.823 9.648 78 752.55106 78
1047 SUB-9C SR-G BaD B 11156.9978 0.256 78 19.9780953 78
1045 SUB-9C SR-G ChA C 42373.407 0.973 85 82.6845638 85
1043 SUB-9C SR-G GeB2 B 530552.425 12.180 78 950.025004 78
1048 SUB-9C SR-G TaB B 965055.253 22.155 78 1728.06037 78
1044 SUB-9C SR-G W D 36504.3018 0.838 89 74.5840877 89
1050 SUB-9C WO-G BaD B 6544.47565 0.150 55 8.26322683 55
1052 SUB-9C WO-G ChA C 9641.90557 0.221 70 15.4943386 70
1049 SUB-9C WO-G GeB2 B 1199.10052 0.028 55 1.51401581 55
1051 SUB-9C WO-G TaB B 8001.47267 0.184 55 10.1028695 55

SUB-9C Total 60.220 0.094 4703.07795 78
1109 SUB-9D SR-G BaD B 1244.26118 0.029 78 2.22801588 78
1115 SUB-9D SR-G BaD B 12922.3796 0.297 78 23.1392472 78
1107 SUB-9D SR-G BaF B 1030.13818 0.024 78 1.84460005 78
1108 SUB-9D SR-G ChA C 298448.878 6.851 85 582.372697 85
1114 SUB-9D SR-G ChA C 175995.632 4.040 85 343.42582 85
1118 SUB-9D SR-G ChA C 34971.8051 0.803 85 68.2415847 85
1121 SUB-9D SR-G ChA C 8742.94191 0.201 85 17.0603779 85
1105 SUB-9D SR-G GeB2 B 1622382.44 37.245 78 2905.09253 78
1112 SUB-9D SR-G GeB2 B 699129.143 16.050 78 1251.88414 78
1116 SUB-9D SR-G GeB2 B 8742.95126 0.201 78 15.6554224 78
1117 SUB-9D SR-G GeB2 B 1502.74127 0.034 78 2.69085903 78
1106 SUB-9D SR-G TaB B 220700.165 5.067 78 395.193133 78
1113 SUB-9D SR-G TaB B 9657.943 0.222 78 17.2938373 78
1122 SUB-9D WO-G BaF B 1171.07645 0.027 55 1.47863188 55
1125 SUB-9D WO-G BaF B 1459.75287 0.034 55 1.84312231 55
1111 SUB-9D WO-G ChA C 137431.341 3.155 70 220.849263 70
1119 SUB-9D WO-G ChA C 3270.0211 0.075 70 5.25485484 70
1120 SUB-9D WO-G ChA C 6412.86118 0.147 70 10.3053325 70
1123 SUB-9D WO-G ChA C 36441.5014 0.837 70 58.5607232 70
1124 SUB-9D WO-G ChA C 719.853593 0.017 70 1.15678952 70
1126 SUB-9D WO-G ChA C 1453.89506 0.033 70 2.33637865 70
1110 SUB-9D WO-G GeB2 B 2202.18078 0.051 55 2.78053129 55

SUB-9D Total 75.437 0.118 5930.68789 79
1128 SUB-9E SR-G BaB B 1622492.84 37.247 78 2905.29021 78
1179 SUB-9E SR-G BaB B 63.2360074 0.001 78 0.11323252 78
1127 SUB-9E SR-G BaD B 162612.541 3.733 78 291.179481 78
1130 SUB-9E SR-G BaD B 436316.069 10.016 78 781.282216 78
1132 SUB-9E SR-G BaD B 688359.84 15.803 78 1232.60026 78
1131 SUB-9E SR-G BaF B 36984.0399 0.849 78 66.2248648 78
1136 SUB-9E SR-G ChA C 222244.84 5.102 85 433.673355 85
1146 SUB-9E SR-G ChA C 88.5913 0.002 85 0.17287099 85
1135 SUB-9E SR-G GoF C 889816.921 20.427 85 1736.32778 85
1129 SUB-9E SR-G TaB B 287569.426 6.602 78 514.931479 78
1134 SUB-9E SR-G TaB B 256859.631 5.897 78 459.941487 78
1180 SUB-9E SR-G TaB B 2200.65126 0.051 78 3.9405601 78
1133 SUB-9E SR-G W D 6141.91403 0.141 89 12.5489061 89
1175 SUB-9E WATER BaB B 2221.96561 0.051 98 4.99891253 98
1176 SUB-9E WATER BaD B 100322.08 2.303 98 225.701649 98
1178 SUB-9E WATER GoF C 11016.4441 0.253 98 24.7844701 98
1177 SUB-9E WATER W D 52555.5753 1.207 98 118.237979 98
1143 SUB-9E WO-G BaB B 151135.268 3.470 55 190.827359 55
1161 SUB-9E WO-G BaB B 150397.296 3.453 55 189.895576 55
1183 SUB-9E WO-G BaB B 4224.33252 0.097 55 5.33375318 55
1187 SUB-9E WO-G BaB B 31823.108 0.731 55 40.1806919 55
1139 SUB-9E WO-G BaD B 75351.876 1.730 55 95.1412576 55
1142 SUB-9E WO-G BaD B 2678.3048 0.061 55 3.38169798 55
1144 SUB-9E WO-G BaD B 55077.1411 1.264 55 69.5418448 55
1147 SUB-9E WO-G BaD B 235669.669 5.410 55 297.562714 55
1150 SUB-9E WO-G BaD B 99269.0339 2.279 55 125.339689 55
1153 SUB-9E WO-G BaD B 8858.12917 0.203 55 11.1845065 55
1155 SUB-9E WO-G BaD B 8742.94191 0.201 55 11.0390681 55
1163 SUB-9E WO-G BaD B 187544.251 4.305 55 236.798297 55
1189 SUB-9E WO-G BaD B 18417.2932 0.423 55 23.2541581 55
1192 SUB-9E WO-G BaD B 1007.81513 0.023 55 1.27249385 55
1158 SUB-9E WO-G BaF B 103.959874 0.002 55 0.13126247 55
1162 SUB-9E WO-G BaF B 328901.87 7.551 55 415.280139 55
1167 SUB-9E WO-G BaF B 3503.27952 0.080 55 4.42333273 55
1170 SUB-9E WO-G BaF B 27536.3064 0.632 55 34.7680637 55
1173 SUB-9E WO-G BaF B 35919.0037 0.825 55 45.3522774 55
1181 SUB-9E WO-G BaF B 23925.0883 0.549 55 30.2084449 55
1184 SUB-9E WO-G BaF B 4148.83668 0.095 55 5.23843015 55
1188 SUB-9E WO-G BaF B 21313.3515 0.489 55 26.9107973 55
1191 SUB-9E WO-G BaF B 7735.14548 0.178 55 9.76659783 55
1138 SUB-9E WO-G ChA C 4827.60824 0.111 70 7.75786447 70
1141 SUB-9E WO-G ChA C 182157.539 4.182 70 292.723318 70
1152 SUB-9E WO-G ChA C 1233.28372 0.028 70 1.9818609 70

V:\Operations\121\1008 ‐ Little Buffalo Creek\Deliverables\Calculations\H&H\HYDRO\WORKSHEETS\ANALYSIS3_af\RCN‐EX.xls 14 of 15



ID DA Cover Soils HSG Area Area (Acres)
Area 

(Sq.Miles)
CN CN*A

Weighted 
CN

LITTLE BUFFALO CREEK
WEIGHTED RUNOFF CURVE NUMBER CALCULATIONS

EXISTING CONDITIONS

1157 SUB-9E WO-G ChA C 3606.42148 0.083 70 5.79544314 70
1160 SUB-9E WO-G ChA C 17932.7671 0.412 70 28.817578 70
1166 SUB-9E WO-G ChA C 8291.84581 0.190 70 13.3248211 70
1168 SUB-9E WO-G ChA C 10712.6113 0.246 70 17.21494 70
1169 SUB-9E WO-G ChA C 2330.09008 0.053 70 3.74440555 70
1172 SUB-9E WO-G ChA C 9700.1882 0.223 70 15.5879976 70
1174 SUB-9E WO-G ChA C 7075.88971 0.162 70 11.3708053 70
1186 SUB-9E WO-G ChA C 204.432405 0.005 70 0.32851856 70
1137 SUB-9E WO-G GoF C 0.08897791 0.000 70 0.00014299 70
1140 SUB-9E WO-G GoF C 433516.628 9.952 70 696.652065 70
1145 SUB-9E WO-G GoF C 219513.898 5.039 70 352.754197 70
1149 SUB-9E WO-G GoF C 182110.475 4.181 70 292.647687 70
1151 SUB-9E WO-G GoF C 48127.8351 1.105 70 77.3404146 70
1154 SUB-9E WO-G GoF C 8627.78271 0.198 70 13.8646646 70
1156 SUB-9E WO-G GoF C 13879.4904 0.319 70 22.3040479 70
1159 SUB-9E WO-G GoF C 16935.0781 0.389 70 27.2143128 70
1165 SUB-9E WO-G GoF C 35944.8008 0.825 70 57.7625358 70
1164 SUB-9E WO-G TaB B 15910.0117 0.365 55 20.0883987 55
1171 SUB-9E WO-G TaB B 3837.49823 0.088 55 4.84532605 55
1182 SUB-9E WO-G TaB B 2303.76545 0.053 55 2.90879477 55
1185 SUB-9E WO-G TaB B 1476.04361 0.034 55 1.86369142 55
1190 SUB-9E WO-G TaB B 966.10688 0.022 55 1.21983192 55
1148 SUB-9E WO-G W D 1881.50739 0.043 77 3.32589689 77

SUB-9E Total 172.044 0.269 12658.2217 74
Grand Total 3999.723 6.250 277183.473
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APPENDIX C: Watershed Lag Time and Time of 
Concentration Calculations 

 

 
 
 
 



SUB‐AREA NUMBER SUB‐1

total contour length, C (Ft) = 98189.52

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  22753794.72

Average watershed slope, Y (%) = 8.63

watershed hydraulic length, l (Ft)= 8297.60

Weighted CN (Dimensionless) = 70.00

Time of Concentration, Tc (Hours) 1.31

Time of Concentration, Tc (Minutes) 78.44

Watershed Lag Time, TL (Minutes) 47.07 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐2

total contour length, C (Ft) = 66281.62

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  11580583.53

Average watershed slope, Y (%) = 11.45

watershed hydraulic length, l (Ft)= 6099.48

Weighted CN (Dimensionless) = 65.00

Time of Concentration, Tc (Hours) 1.01

Time of Concentration, Tc (Minutes) 60.78

Watershed Lag Time, TL (Minutes) 36.47 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐3

total contour length, C (Ft) = 28930.78

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  3841129.13

Average watershed slope, Y (%) = 15.06

watershed hydraulic length, l (Ft)= 3509.25

Weighted CN (Dimensionless) = 58.00

Time of Concentration, Tc (Hours) 0.68

Time of Concentration, Tc (Minutes) 40.71

Watershed Lag Time, TL (Minutes) 24.42 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐3A

total contour length, C (Ft) = 20427.58

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  4838696.36

Average watershed slope, Y (%) = 8.44

watershed hydraulic length, l (Ft)= 6161.76

Weighted CN (Dimensionless) = 69.00

Time of Concentration, Tc (Hours) 1.07

Time of Concentration, Tc (Minutes) 64.21

Watershed Lag Time, TL (Minutes) 38.53 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐4

total contour length, C (Ft) = 56620.45

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  12311878.99

Average watershed slope, Y (%) = 9.20

watershed hydraulic length, l (Ft)= 6258.00

Weighted CN (Dimensionless) = 74.00

Time of Concentration, Tc (Hours) 0.90

Time of Concentration, Tc (Minutes) 54.29

Watershed Lag Time, TL (Minutes) 32.57 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐5

total contour length, C (Ft) = 76290.6806

contour interval, I (Ft) 20

Drainage area, A (Sq.Ft) =  10026217.06

Average watershed slope, Y (%) = 15.22

watershed hydraulic length, l (Ft)= 7191.86

Weighted CN (Dimensionless) = 69

Time of Concentration, Tc (Hours) 0.90

Time of Concentration, Tc (Minutes) 54.12

Watershed Lag Time, TL (Minutes) 32.47 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐5A

total contour length, C (Ft) = 11603.90

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  3412497.50

Average watershed slope, Y (%) = 6.80

watershed hydraulic length, l (Ft)= 6829.54

Weighted CN (Dimensionless) = 69.00

Time of Concentration, Tc (Hours) 1.29

Time of Concentration, Tc (Minutes) 77.68

Watershed Lag Time, TL (Minutes) 46.61 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐6

total contour length, C (Ft) = 59797.37

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  12270184.78

Average watershed slope, Y (%) = 9.75

watershed hydraulic length, l (Ft)= 8637.78

Weighted CN (Dimensionless) = 65.00

Time of Concentration, Tc (Hours) 1.45

Time of Concentration, Tc (Minutes) 87.00

Watershed Lag Time, TL (Minutes) 52.20 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐7

total contour length, C (Ft) = 6466.06

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  1087484.57

Average watershed slope, Y (%) = 11.89

watershed hydraulic length, l (Ft)= 2052.77

Weighted CN (Dimensionless) = 62.00

Time of Concentration, Tc (Hours) 0.45

Time of Concentration, Tc (Minutes) 26.95

Watershed Lag Time, TL (Minutes) 16.17 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐7A

total contour length, C (Ft) = 1210.57

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  379273.05

Average watershed slope, Y (%) = 6.38

watershed hydraulic length, l (Ft)= 1442.02

Weighted CN (Dimensionless) = 82.00

Time of Concentration, Tc (Hours) 0.26

Time of Concentration, Tc (Minutes) 15.81

Watershed Lag Time, TL (Minutes) 9.49 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐8

total contour length, C (Ft) = 35909.77

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  9115103.55

Average watershed slope, Y (%) = 7.88

watershed hydraulic length, l (Ft)= 7098.37

Weighted CN (Dimensionless) = 67.00

Time of Concentration, Tc (Hours) 1.31

Time of Concentration, Tc (Minutes) 78.49

Watershed Lag Time, TL (Minutes) 47.10 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐9

total contour length, C (Ft) = 59663.16

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  11514139.70

Average watershed slope, Y (%) = 10.36

watershed hydraulic length, l (Ft)= 6399.65

Weighted CN (Dimensionless) = 68.00

Time of Concentration, Tc (Hours) 1.02

Time of Concentration, Tc (Minutes) 61.35

Watershed Lag Time, TL (Minutes) 36.81 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐9A

total contour length, C (Ft) = 3789.05

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  649740.40

Average watershed slope, Y (%) = 11.66

watershed hydraulic length, l (Ft)= 2374.57

Weighted CN (Dimensionless) = 71.00

Time of Concentration, Tc (Hours) 0.40

Time of Concentration, Tc (Minutes) 24.14

Watershed Lag Time, TL (Minutes) 14.48 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐9B

total contour length, C (Ft) = 4407.92

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  1990520.39

Average watershed slope, Y (%) = 4.43

watershed hydraulic length, l (Ft)= 2750.50

Weighted CN (Dimensionless) = 80.00

Time of Concentration, Tc (Hours) 0.57

Time of Concentration, Tc (Minutes) 33.92

Watershed Lag Time, TL (Minutes) 20.35 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐9C

total contour length, C (Ft) = 6788.04

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  2623135.26

Average watershed slope, Y (%) = 5.18

watershed hydraulic length, l (Ft)= 3871.68

Weighted CN (Dimensionless) = 78.00

Time of Concentration, Tc (Hours) 0.73

Time of Concentration, Tc (Minutes) 43.86

Watershed Lag Time, TL (Minutes) 26.32 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐9D

total contour length, C (Ft) = 8497.13

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  3286019.25

Average watershed slope, Y (%) = 5.17

watershed hydraulic length, l (Ft)= 5317.00

Weighted CN (Dimensionless) = 79.00

Time of Concentration, Tc (Hours) 0.91

Time of Concentration, Tc (Minutes) 54.86

Watershed Lag Time, TL (Minutes) 32.92 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐9E

total contour length, C (Ft) = 40222.61

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  7494223.71

Average watershed slope, Y (%) = 10.73

watershed hydraulic length, l (Ft)= 5247.63

Weighted CN (Dimensionless) = 74.00

Time of Concentration, Tc (Hours) 0.73

Time of Concentration, Tc (Minutes) 43.65

Watershed Lag Time, TL (Minutes) 26.19 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐10

total contour length, C (Ft) = 243977.39

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  53435661.84

Average watershed slope, Y (%) = 9.13

watershed hydraulic length, l (Ft)= 13559.06

Weighted CN (Dimensionless) = 69.00

Time of Concentration, Tc (Hours) 1.93

Time of Concentration, Tc (Minutes) 116.04

Watershed Lag Time, TL (Minutes) 69.62 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐10A

total contour length, C (Ft) = 30689.94

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  5734662.48

Average watershed slope, Y (%) = 10.70

watershed hydraulic length, l (Ft)= 5952.11

Weighted CN (Dimensionless) = 75.00

Time of Concentration, Tc (Hours) 0.78

Time of Concentration, Tc (Minutes) 46.99

Watershed Lag Time, TL (Minutes) 28.19 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐11

total contour length, C (Ft) = 5420.67

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  1278396.60

Average watershed slope, Y (%) = 8.48

watershed hydraulic length, l (Ft)= 2438.02

Weighted CN (Dimensionless) = 72.00

Time of Concentration, Tc (Hours) 0.47

Time of Concentration, Tc (Minutes) 28.13

Watershed Lag Time, TL (Minutes) 16.88 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



SUB‐AREA NUMBER SUB‐11A

total contour length, C (Ft) = 1164.45

contour interval, I (Ft) 20.00

Drainage area, A (Sq.Ft) =  363215.87

Average watershed slope, Y (%) = 6.41

watershed hydraulic length, l (Ft)= 1149.13

Weighted CN (Dimensionless) = 80.00

Time of Concentration, Tc (Hours) 0.23

Time of Concentration, Tc (Minutes) 14.02

Watershed Lag Time, TL (Minutes) 8.41 (0.6*Tc)

WATERSHED LAG TIME CALCULATIONS



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

APPENDIX D: Hydrologic Reach Routing Calculations 
 

 
 
 
 



Reach Location POI‐1 to POI‐2 POI‐2 to POI‐3 POI‐3 to POI‐4 POI‐4 to POI‐5 POI‐5 to POI‐6 POI‐6 to POI‐7 POI‐7 to POI‐8

Reach Length (Ft) 2504.46 4568.61 912.18 1496.37 962.03 3588.25 232.22

Upstream Invert Elevation (Ft) 671.00 658.60 633.53 629.59 623.98 620.50 605.33

Downstream Invert Elevation (Ft) 658.60 633.53 629.59 623.98 620.50 605.33 605.30

Reach Slope (Ft/Ft) 0.0050 0.0055 0.0043 0.0037 0.0036 0.0042 0.0001

HYDROLOGIC REACH LENGTH CALCULATIONS

V:\Operations\121\1008 ‐ Little Buffalo Creek\Deliverables\Calculations\H&H\HYDRO\WORKSHEETS\ANALYSIS3_af\Reach Lengths and Slopes.xlsx



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

APPENDIX E: 1.5 Year 24-Hour Precipitation Depth 
Calculations 

 

 
 
 
 



Frequency Probability (%)
24-Hr Precipitation Depths 

(inches)
1 -Year 100 2.87

2 -Year 50 3.47

5 -Year 20 4.35

10 -Year 10 5.04

25 -Year 4 5.98

50 -Year 2 6.73

100 -Year 1 7.50

200 -Year 0.5 8.29

500 -Year 0.2 9.36

1000 -Year 0.1 10.22

Frequency Probability (%)
24-Hr Precipitation Depths 

(inches)
1.5 -Year 66.7 1.00

1.5 -Year 66.7 3.25

1.5 Year 24 Hour Precipitation Depth Calculations

Selected Precipitation Values by Recurrence Intervals (from NOAA)

24-Hr Precipitation Depth Estimate (See Attached Logarithmic Plot)
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APPENDIX F: HEC-HMS Peak Flows Summary 
 

 
 
 
 



CONTRIBUTING 
HYDROLOGIC ELEMENT

DRAINAGE 

AREA (MI2)

PEAK 
DISCHARGE 

(CFS)

VOLUME 
(IN)

SUB-1 0.816 181.30 0.86
SUB-2 0.415 71.30 0.62
POI-1 1.231 248.90 0.78

POI-1 TO POI-2 1.231 247.80 0.78
SUB-4 0.442 171.80 1.07

SUB-3A 0.174 38.90 0.81
SUB-3 0.138 12.80 0.36
POI-2 1.985 425.40 0.82

POI-2 TO POI-3 1.985 422.20 0.82
SUB-6 0.440 58.50 0.62
SUB-5 0.360 96.90 0.81

SUB-5A 0.122 25.20 0.81
POI-3 2.907 568.30 0.79

POI-3 TO POI-4 2.907 567.20 0.79
SUB-8 0.327 56.50 0.71
SUB-7 0.039 8.50 0.50

SUB-7A 0.014 18.00 1.58
POI-4 3.287 626.70 0.78

POI-4 TO POI-5 3.287 624.00 0.78
SUB-9 0.413 93.20 0.76

SUB-9B 0.071 54.40 1.44
SUB-9A 0.023 12.70 0.91
POI-5 3.794 705.70 0.79

POI-5 TO POI-6 3.794 703.70 0.79
SUB-9C 0.094 54.30 1.31
POI-6 3.888 722.70 0.80

POI-6 TO POI-7 3.888 717.30 0.80
SUB-10 1.710 262.20 0.81
SUB-9E 0.269 122.30 1.07
SUB-10A 0.206 94.80 1.13
SUB-9D 0.118 61.50 1.37
POI-7 6.191 1068.50 0.84

POI-7 TO POI-8 6.191 1062.40 0.84
SUB-11 0.046 24.70 0.96

SUB-11A 0.013 15.90 1.44
POI-8 6.250 1067.10 0.84

LITTLE BUFFALO CREEK - EXISTING CONDITIONS FLOW SUMMARY - 1.5 YEAR
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CONTRIBUTING 
HYDROLOGIC ELEMENT

DRAINAGE 

AREA (MI2)

PEAK 
DISCHARGE 

(CFS)

VOLUME 
(IN)

SUB-1 0.816 214.70 0.99
SUB-2 0.415 87.80 0.74
POI-1 1.231 297.80 0.90

POI-1 TO POI-2 1.231 296.50 0.90
SUB-4 0.442 198.70 1.22

SUB-3A 0.174 46.40 0.94
SUB-3 0.138 17.40 0.44
POI-2 1.985 507.10 0.94

POI-2 TO POI-3 1.985 503.30 0.94
SUB-6 0.440 71.80 0.74
SUB-5 0.360 115.60 0.94

SUB-5A 0.122 30.00 0.94
POI-3 2.907 680.70 0.91

POI-3 TO POI-4 2.907 679.30 0.91
SUB-8 0.327 68.30 0.83
SUB-7 0.039 10.90 0.60

SUB-7A 0.014 20.10 1.76
POI-4 3.287 751.30 0.90

POI-4 TO POI-5 3.287 748.20 0.90
SUB-9 0.413 112.00 0.88

SUB-9B 0.071 61.20 1.61
SUB-9A 0.023 14.80 1.04
POI-5 3.794 847.20 0.92

POI-5 TO POI-6 3.794 844.70 0.92
SUB-9C 0.094 61.60 1.47
POI-6 3.888 866.90 0.93

POI-6 TO POI-7 3.888 860.50 0.93
SUB-10 1.710 311.80 0.94
SUB-9E 0.269 141.40 1.22
SUB-10A 0.206 109.00 1.28
SUB-9D 0.118 69.50 1.54
POI-7 6.191 1276.10 0.97

POI-7 TO POI-8 6.191 1269.10 0.97
SUB-11 0.046 28.80 1.10

SUB-11A 0.013 17.80 1.61
POI-8 6.250 1274.50 0.97

LITTLE BUFFALO CREEK - EXISTING CONDITIONS FLOW SUMMARY - 2 YEAR

V:\Operations\121\1008 - Little Buffalo 
Creek\Deliverables\Calculations\H&H\HYDRO\HYDROLOGIC_MODEL\EXISTING_FLOW_SUMMARY.xlsx



CONTRIBUTING 
HYDROLOGIC ELEMENT

DRAINAGE 

AREA (MI2)

PEAK 
DISCHARGE 

(CFS)

VOLUME 
(IN)

SUB-1 0.816 362.00 1.57
SUB-2 0.415 164.70 1.24
POI-1 1.231 517.20 1.46

POI-1 TO POI-2 1.231 515.00 1.46
SUB-4 0.442 314.10 1.86

SUB-3A 0.174 79.70 1.50
SUB-3 0.138 41.80 0.83
POI-2 1.985 872.80 1.51

POI-2 TO POI-3 1.985 866.50 1.51
SUB-6 0.440 133.90 1.24
SUB-5 0.360 198.70 1.50

SUB-5A 0.122 51.60 1.50
POI-3 2.907 1190.00 1.46

POI-3 TO POI-4 2.907 1187.30 1.46
SUB-8 0.327 122.00 1.37
SUB-7 0.039 22.20 1.05

SUB-7A 0.014 28.50 2.50
POI-4 3.287 1316.60 1.45

POI-4 TO POI-5 3.287 1311.10 1.45
SUB-9 0.413 196.40 1.43

SUB-9B 0.071 89.60 2.33
SUB-9A 0.023 24.30 1.64
POI-5 3.794 1493.00 1.47

POI-5 TO POI-6 3.794 1488.30 1.47
SUB-9C 0.094 92.40 2.17
POI-6 3.888 1525.60 1.49

POI-6 TO POI-7 3.888 1513.40 1.48
SUB-10 1.710 534.10 1.50
SUB-9E 0.269 223.00 1.86
SUB-10A 0.206 169.80 1.93
SUB-9D 0.118 103.20 2.25
POI-7 6.191 2216.10 1.53

POI-7 TO POI-8 6.191 2204.00 1.53
SUB-11 0.046 46.50 1.71

SUB-11A 0.013 25.90 2.33
POI-8 6.250 2212.60 1.54

LITTLE BUFFALO CREEK - EXISTING CONDITIONS FLOW SUMMARY - 5 YEAR
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CONTRIBUTING 
HYDROLOGIC ELEMENT

DRAINAGE 

AREA (MI2)

PEAK 
DISCHARGE 

(CFS)

VOLUME 
(IN)

SUB-1 0.816 989.30 4.04
SUB-2 0.415 517.40 3.49
POI-1 1.231 1476.10 3.85

POI-1 TO POI-2 1.231 1470.10 3.85
SUB-4 0.442 781.10 4.48

SUB-3A 0.174 223.30 3.93
SUB-3 0.138 173.70 2.76
POI-2 1.985 2461.60 3.92

POI-2 TO POI-3 1.985 2445.90 3.92
SUB-6 0.440 420.90 3.49
SUB-5 0.360 555.00 3.93

SUB-5A 0.122 144.60 3.93
POI-3 2.907 3435.20 3.86

POI-3 TO POI-4 2.907 3428.30 3.86
SUB-8 0.327 361.20 3.71
SUB-7 0.039 75.80 3.17

SUB-7A 0.014 59.90 5.39
POI-4 3.287 3813.60 3.84

POI-4 TO POI-5 3.287 3798.30 3.84
SUB-9 0.413 564.40 3.82

SUB-9B 0.071 197.30 5.16
SUB-9A 0.023 63.30 4.15
POI-5 3.794 4356.40 3.86

POI-5 TO POI-6 3.794 4342.90 3.86
SUB-9C 0.094 211.80 4.93
POI-6 3.888 4445.00 3.89

POI-6 TO POI-7 3.888 4412.50 3.89
SUB-10 1.710 1498.70 3.93
SUB-9E 0.269 553.20 4.48

SUB-10A 0.206 412.90 4.59
SUB-9D 0.118 232.70 5.04
POI-7 6.191 6341.10 3.97

POI-7 TO POI-8 6.191 6310.30 3.97
SUB-11 0.046 119.10 4.26

SUB-11A 0.013 56.00 5.16
POI-8 6.250 6333.00 3.97

LITTLE BUFFALO CREEK - EXISTING CONDITIONS FLOW SUMMARY - 100 YEAR
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APPENDIX G: Peak Flows for HEC-RAS Hydraulic Analysis 
 

 
 
 
 



River Reach Name
Reach 

Number

River Station 

Number

100‐Year 

Discharge 

(CFS)

5‐Year 

Discharge 

(CFS)

2‐Year 

Discharge 

(CFS)

1.5‐Year 

Discharge 

(CFS)

HEC‐HMS CONTRIBUTING 

HYDROLOGIC ELEMENTS

LBC Main Stream 1 6 3161.20 1123.10 652.70 547.50 POI‐2 + SUB‐5 + SUB‐5A

LBC Main Stream 1 2.5 3570.90 1240.70 711.70 594.80 POI‐3 + SUB‐7A + SUB‐7

LBC Main Stream 2 3 4074.20 1430.50 827.30 693.80 POI‐4 + SUB‐9A + SUB‐9B

LBC Main Stream 4 2 4356.40 1493.00 847.20 705.70 POI‐5

LBC Main Stream 3 5 5230.90 1851.80 1077.80 906.50 POI‐6 + SUB‐9D + SUB‐9E

LBC Main Stream 5 2 (4*) 6333.00 2212.60 1274.50 1067.10 POI‐8

LBC Trib 1 1 2 361.20 122.00 68.30 56.50 SUB‐8

LBC Trib 2 1 6 211.80 92.40 61.60 54.30 SUB‐9C

LBC Trib 3 1 3 564.40 196.40 112.00 93.20 SUB‐9

LBC Trib 4 1 4 1498.70 534.10 311.80 262.20 SUB‐10

LBC Trib 5 1 5 412.90 169.80 109.00 94.80 SUB‐10A

LBC Trib 6 1 1 (4*) 1911.60 703.90 420.80 357.00 SUB‐10 + SUB‐10A

* The proposed condition river station name for the cross‐section. 

LITTLE BUFFALO CREEK ‐ HEC‐RAS LOADING POINTS SUMMARY
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APPENDIX H: HEC-RAS Computed Water Surface 
Elevations and Flow Velocities Summary 

 

 
 
 
 



Storm Frequency

Existing Condition 

Water Surface 

Elevation

Proposed 

Condition Water 

Surface Elevation

Difference in Water 

Surface Elevation 

(Proposed minus 

Existing)

Existing 

Condition 

Velocity

Proposed 

Condition 

Velocity

Velocity Difference 

(Proposed minus 

Existing)

(ft, NAVD 1988) (ft, NAVD 1988) (ft) ft/sec ft/sec ft/sec

100‐Year Storm 647.96 648.1 0.14 3.96 3.99 0.03

5‐Year Storm 645.2 644.87 ‐0.33 3.73 4.53 0.8

2‐Year Storm 643.94 643.6 ‐0.34 3.69 4.53 0.84

1.5‐Year Storm 643.6 643.28 ‐0.32 3.58 4.46 0.88

100‐Year Storm 646.62 645.92 ‐0.7 10.76 14.6 3.84

5‐Year Storm 644.81 644.13 ‐0.68 6.01 8.42 2.41

2‐Year Storm 643.67 643.02 ‐0.65 5.07 7.24 2.17

1.5‐Year Storm 643.34 642.71 ‐0.63 4.74 6.97 2.23

100‐Year Storm 646.86 646.8 ‐0.06 5.83 5.65 ‐0.18

5‐Year Storm 644.78 644.1 ‐0.68 5.2 6.89 1.69

2‐Year Storm 643.56 642.96 ‐0.6 4.84 5.5 0.66

1.5‐Year Storm 643.25 642.65 ‐0.6 4.47 5.18 0.71

100‐Year Storm 646.5 646.55 0.05 7.15 5.85 ‐1.3

5‐Year Storm 643.55 643.92 0.37 9.14 4.91 ‐4.23

2‐Year Storm 642.62 642.78 0.16 7.52 3.96 ‐3.56

1.5‐Year Storm 642.33 642.46 0.13 7.16 3.72 ‐3.44

100‐Year Storm 646.48 646.48 0 6.19 5.32 ‐0.87

5‐Year Storm 643.81 643.86 0.05 6.09 4.17 ‐1.92

2‐Year Storm 642.71 642.7 ‐0.01 5.39 3.45 ‐1.94

1.5‐Year Storm 642.42 642.37 ‐0.05 4.99 3.27 ‐1.72

100‐Year Storm 646.43 646.36 ‐0.07 4.2 3.85 ‐0.35

5‐Year Storm 643.81 643.76 ‐0.05 3.49 2.7 ‐0.79

2‐Year Storm 642.65 642.58 ‐0.07 3.23 2.24 ‐0.99

1.5‐Year Storm 642.32 642.25 ‐0.07 3.19 2.12 ‐1.07

100‐Year Storm 645.68 646.29 0.61 8.41 8.6 0.19

5‐Year Storm 643 643.7 0.7 6.91 7.23 0.32

2‐Year Storm 642.12 642.53 0.41 5.15 5.33 0.18

1.5‐Year Storm 641.85 642.2 0.35 4.71 4.86 0.15

100‐Year Storm 646.35 645.66 ‐0.69 4.45 4.23 ‐0.22

5‐Year Storm 643.75 643.01 ‐0.74 3.46 3.05 ‐0.41

2‐Year Storm 642.6 642.13 ‐0.47 3.06 2.51 ‐0.55

1.5‐Year Storm 642.27 641.86 ‐0.41 2.93 2.36 ‐0.57

100‐Year Storm 645.21 645.21 0 2.41 2.41 0

5‐Year Storm 641.47 641.47 0 3 3 0

2‐Year Storm 639.87 639.87 0 3.64 3.64 0

1.5‐Year Storm 639.49 639.49 0 3.65 3.65 0

Main‐Reach 1 River Station 4.6 (Cross‐section 11+16 of proposed project reach)

HEC‐RAS Computed Water Surface Elevation and Velocity Summary for Work Area 1

Existing and Proposed Conditions

Main‐Reach 1 River Station 4.9 (Cross‐section Upstream of Realigned Channel of proposed project reach)

Main‐Reach 1 River Station 4.8 (Cross‐section Upstream of Realigned Channel of proposed project reach)

Main‐Reach 1 River Station 4.7 (Cross‐section Upstream of Realigned Channel of proposed project reach)

Main‐Reach 1 River Station 4 (Cross‐section 11+73 of proposed project reach)

Main‐Reach 1 River Station 3.8 (Cross‐section 13+41 of proposed project reach)

Main‐Reach 1 River Station 3.7 (Cross‐section 13+90 of proposed project reach)

Main‐Reach 1 River Station 3.6 (Cross‐section 14+40 of proposed project reach)

Main‐Reach 1 River Station 3 (Downstream of Realigned Channel of proposed project reach)
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Storm Frequency

Existing Condition 

Water Surface 

Elevation

Proposed 

Condition Water 

Surface Elevation

Difference in Water 

Surface Elevation 

(Proposed minus 

Existing)

Existing 

Condition 

Velocity

Proposed 

Condition 

Velocity

Velocity Difference 

(Proposed minus 

Existing)

(ft, NAVD 1988) (ft, NAVD 1988) (ft) ft/sec ft/sec ft/sec

100‐Year Storm 638.06 638.06 0 8.12 8.11 ‐0.01

5‐Year Storm 636.24 636.24 0 5.65 5.66 0.01

2‐Year Storm 635.36 635.34 ‐0.02 4.55 4.57 0.02

1.5‐Year Storm 635.1 635.08 ‐0.02 4.21 4.24 0.03

100‐Year Storm 635.76 635.38 ‐0.38 7.01 9.22 2.21

5‐Year Storm 634.31 633.75 ‐0.56 5.26 5.6 0.34

2‐Year Storm 633.64 632.94 ‐0.7 4.38 3.92 ‐0.46

1.5‐Year Storm 633.42 632.66 ‐0.76 4.09 3.57 ‐0.52

100‐Year Storm 635.32 634.97 ‐0.35 8.02 8.88 0.86

5‐Year Storm 633.93 633.51 ‐0.42 6.13 5.35 ‐0.78

2‐Year Storm 633.27 632.78 ‐0.49 5.13 3.86 ‐1.27

1.5‐Year Storm 633.03 632.51 ‐0.52 4.93 3.47 ‐1.46

100‐Year Storm 634.54 634.51 ‐0.03 8.45 7.32 ‐1.13

5‐Year Storm 633.09 633.15 0.06 7.74 5.07 ‐2.67

2‐Year Storm 632.4 632.49 0.09 7.07 3.93 ‐3.14

1.5‐Year Storm 632.18 632.25 0.07 6.63 3.62 ‐3.01

100‐Year Storm 634.43 634.42 ‐0.01 5.55 5.56 0.01

5‐Year Storm 633.12 633.11 ‐0.01 3.81 3.82 0.01

2‐Year Storm 632.42 632.41 ‐0.01 3.52 3.54 0.02

1.5‐Year Storm 632.15 632.14 ‐0.01 3.63 3.66 0.03

Main‐Reach 2 River Station 1 (Downstream of Realigned Channel of proposed project reach)

HEC‐RAS Computed Water Surface Elevation and Velocity Summary for Work Area 2

Existing and Proposed Conditions

Main‐Reach 2 River Station 3 (Cross‐section Upstream of Realigned Channel of proposed project reach)

Main‐Reach 2 River Station 2 (Cross‐section 10+05 of proposed project reach)

Main‐Reach 2 River Station 1.5 (Cross‐section 11+08 of proposed project reach)

Main‐Reach 2 River Station 1.3 (Cross‐section 12+60 of proposed project reach)
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Storm Frequency

Existing Condition 

Water Surface 

Elevation

Proposed 

Condition Water 

Surface Elevation

Difference in Water 

Surface Elevation 

(Proposed minus 

Existing)

Existing 

Condition 

Velocity

Proposed 

Condition 

Velocity

Velocity Difference 

(Proposed minus 

Existing)

(ft, NAVD 1988) (ft, NAVD 1988) (ft) ft/sec ft/sec ft/sec

100‐Year Storm 624.82 624.82 0 4.32 4.32 0

5‐Year Storm 621.89 621.89 0 2.83 2.83 0

2‐Year Storm 620.06 620.06 0 2.83 2.83 0

1.5‐Year Storm 619.59 619.59 0 2.85 2.85 0

100‐Year Storm 619.86 619.86 0 6.47 6.47 0

5‐Year Storm 618.32 618.35 0.03 5.31 5.25 ‐0.06

2‐Year Storm 617.9 617.88 ‐0.02 3.52 3.55 0.03

1.5‐Year Storm 617.65 617.69 0.04 3.23 3.18 ‐0.05

100‐Year Storm 619.22 619.19 ‐0.03 3.84 3.06 ‐0.78

5‐Year Storm 618.36 618.38 0.02 3.06 2.52 ‐0.54

2‐Year Storm 617.81 617.75 ‐0.06 3.32 3.34 0.02

1.5‐Year Storm 617.46 617.5 0.04 3.72 3.57 ‐0.15

100‐Year Storm 618.37 618.48 0.11 7.34 5.97 ‐1.37

5‐Year Storm 617.77 617.08 ‐0.69 5.36 5.82 0.46

2‐Year Storm 616.76 616.54 ‐0.22 6.18 4.28 ‐1.9

1.5‐Year Storm 616.49 616.38 ‐0.11 5.75 3.89 ‐1.86

100‐Year Storm 617.74 617.7 ‐0.04 6.72 5.51 ‐1.21

5‐Year Storm 616.6 616.67 0.07 6.85 3.38 ‐3.47

2‐Year Storm 615.78 616.2 0.42 6.47 2.49 ‐3.98

1.5‐Year Storm 615.47 616.05 0.58 6.22 2.24 ‐3.98

100‐Year Storm 617.13 617.21 0.08 4.97 4.19 ‐0.78

5‐Year Storm 615.67 616.33 0.66 5.49 2.34 ‐3.15

2‐Year Storm 614.98 615.94 0.96 4.87 1.7 ‐3.17

1.5‐Year Storm 614.5 615.81 1.31 5.03 1.53 ‐3.5

100‐Year Storm 617.03 616.6 ‐0.43 4.77 7.91 3.14

5‐Year Storm 615.2 615.83 0.63 5.9 6.16 0.26

2‐Year Storm 614.87 615.42 0.55 4.12 5.69 1.57

1.5‐Year Storm 614.34 615.34 1 4.28 5.29 1.01

100‐Year Storm 616.91 616.64 ‐0.27 3.74 2.37 ‐1.37

5‐Year Storm 614.97 614.72 ‐0.25 4.2 7.32 3.12

2‐Year Storm 614.76 614.55 ‐0.21 2.85 5.81 2.96

1.5‐Year Storm 614.14 614.48 0.34 3.21 5.6 2.39

100‐Year Storm 616.91 616.63 ‐0.28 2.71 1.64 ‐1.07

5‐Year Storm 614.94 614.78 ‐0.16 3.2 2.23 ‐0.97

2‐Year Storm 614.75 614.27 ‐0.48 2.18 1.07 ‐1.11

1.5‐Year Storm 614.09 613.65 ‐0.44 2.67 0.84 ‐1.83

100‐Year Storm 616.94 616.62 ‐0.32 1.52 1.17 ‐0.35

5‐Year Storm 614.96 614.67 ‐0.29 2.44 2.13 ‐0.31

2‐Year Storm 614.75 614.18 ‐0.57 1.91 1.03 ‐0.88

1.5‐Year Storm 613.97 613.42 ‐0.55 3.53 0.79 ‐2.74

100‐Year Storm 616.9 616.61 ‐0.29 1.99 0.94 ‐1.05

5‐Year Storm 614.92 614.67 ‐0.25 1.96 0.8 ‐1.16

2‐Year Storm 614.73 614.23 ‐0.5 1.33 0.59 ‐0.74

1.5‐Year Storm 614.01 613.57 ‐0.44 1.7 0.63 ‐1.07

LBC 4River Station 1.8 (Cross‐section 12+52 of proposed project reach)

HEC‐RAS Computed Water Surface Elevation and Velocity Summary for Work Area 3

Existing and Proposed Conditions

LBC 4 River Station 3 (Cross‐section Upstream of Realigned Channel of proposed project reach)

LBC 4 River Station 2.9 (Cross‐section 10+03 of proposed project reach)

LBC 4 River Station 2 (Cross‐section 10+59 of proposed project reach)

LBC 4 River Station 1.7 (Cross‐section 14+20 of proposed project reach)

LBC 4 River Station 1.5 (Cross‐section 16+37 of proposed project reach)

LBC 4 River Station 1.3 (Cross‐section 17+12 of proposed project reach)

LBC 6 River Station 1.5 (Cross‐section 20+00 of proposed project reach)

LBC 6 River Station 1 (Cross‐section 21+56 of proposed project reach)

LBC 6 River Station 3 (Cross‐section 18+78 of proposed project reach)

LBC 6 River Station 2 (Cross‐section 19+47 of proposed project reach)
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Storm Frequency

Existing Condition 

Water Surface 

Elevation

Proposed 

Condition Water 

Surface Elevation

Difference in Water 

Surface Elevation 

(Proposed minus 

Existing)

Existing 

Condition 

Velocity

Proposed 

Condition 

Velocity

Velocity Difference 

(Proposed minus 

Existing)

(ft, NAVD 1988) (ft, NAVD 1988) (ft) ft/sec ft/sec ft/sec

100‐Year Storm 630.35 629.6 ‐0.75 4.64 6.24 1.6

5‐Year Storm 628.51 627.73 ‐0.78 3.33 5.02 1.69

2‐Year Storm 627.74 626.95 ‐0.79 2.89 5.23 2.34

1.5‐Year Storm 627.44 626.62 ‐0.82 2.98 5.62 2.64

100‐Year Storm 630.24 629.43 ‐0.81 6.05 6.33 0.28

5‐Year Storm 628.39 627.29 ‐1.1 4.54 6.37 1.83

2‐Year Storm 627.61 626.55 ‐1.06 4.08 5.7 1.62

1.5‐Year Storm 627.29 626.34 ‐0.95 4.14 5.25 1.11

100‐Year Storm 629.19 629.43 0.24 11.53 5.49 ‐6.04

5‐Year Storm 627.72 627.38 ‐0.34 8.09 4.42 ‐3.67

2‐Year Storm 626.8 626.67 ‐0.13 7.83 3.62 ‐4.21

1.5‐Year Storm 626.41 626.42 0.01 7.92 3.44 ‐4.48

100‐Year Storm 629.26 629.29 0.03 7 5.11 ‐1.89

5‐Year Storm 627.05 627.2 0.15 7.45 4.31 ‐3.14

2‐Year Storm 626.32 626.54 0.22 6.87 3.36 ‐3.51

1.5‐Year Storm 626.06 626.3 0.24 6.81 3.14 ‐3.67

100‐Year Storm 629.17 629.21 0.04 6.18 5.01 ‐1.17

5‐Year Storm 626.87 627.01 0.14 6.36 4.99 ‐1.37

2‐Year Storm 626.17 626.33 0.16 5.57 4.31 ‐1.26

1.5‐Year Storm 625.93 626.07 0.14 5.34 4.22 ‐1.12

100‐Year Storm 629.17 629.17 0 5.06 5.06 0

5‐Year Storm 626.79 626.78 ‐0.01 6.03 6 ‐0.03

2‐Year Storm 626.01 626.01 0 5.8 5.75 ‐0.05

1.5‐Year Storm 625.8 625.81 0.01 5.41 5.37 ‐0.04

Main‐Reach 4 River Station 0.5

Main‐Reach 4 River Station 0.1 (Cross‐section 21 ft. Downstream of Restored Channel of proposed project reach)

HEC‐RAS Computed Water Surface Elevation and Velocity Summary for Work Area 4

Existing and Proposed Conditions

Main‐Reach 4 River Station 1.2 (Cross‐section 25 ft. Upstream of Restored Channel of proposed project reach)

Main‐Reach 4 River Station 1.1

Main‐Reach 4 River Station 1

Main‐Reach 4 River Station 0.9
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Storm Frequency

Existing Condition 

Water Surface 

Elevation

Proposed 

Condition Water 

Surface Elevation

Difference in Water 

Surface Elevation 

(Proposed minus 

Existing)

Existing 

Condition 

Velocity

Proposed 

Condition 

Velocity

Velocity Difference 

(Proposed minus 

Existing)

(ft, NAVD 1988) (ft, NAVD 1988) (ft) ft/sec ft/sec ft/sec

100‐Year Storm 645.04 645.04 0 4.69 4.69 0

5‐Year Storm 640.93 640.93 0 6.05 6.05 0

2‐Year Storm 639.34 639.34 0 5.49 5.49 0

1.5‐Year Storm 638.98 638.98 0 5.27 5.27 0

100‐Year Storm 642.7 642.7 0 7.74 7.74 0

5‐Year Storm 639.82 639.82 0 6.25 6.25 0

2‐Year Storm 638.48 638.48 0 5.34 5.34 0

1.5‐Year Storm 638.09 638.1 0.01 5.02 5.01 ‐0.01

Storm Frequency

Existing Condition 

Water Surface 

Elevation

Proposed 

Condition Water 

Surface Elevation

Difference in Water 

Surface Elevation 

(Proposed minus 

Existing)

Existing 

Condition 

Velocity

Proposed 

Condition 

Velocity

Velocity Difference 

(Proposed minus 

Existing)

(ft, NAVD 1988) (ft, NAVD 1988) (ft) ft/sec ft/sec ft/sec

100‐Year Storm 624.82 624.82 0 4.32 4.32 0

5‐Year Storm 621.89 621.89 0 2.83 2.83 0

2‐Year Storm 620.06 620.06 0 2.83 2.83 0

1.5‐Year Storm 619.59 619.59 0 2.85 2.85 0

100‐Year Storm 619.86 619.86 0 6.47 6.47 0

5‐Year Storm 618.32 618.35 0.03 5.31 5.25 ‐0.06

2‐Year Storm 617.9 617.88 ‐0.02 3.52 3.55 0.03

1.5‐Year Storm 617.65 617.69 0.04 3.23 3.18 ‐0.05

Storm Frequency

Existing Condition 

Water Surface 

Elevation

Proposed 

Condition Water 

Surface Elevation

Difference in Water 

Surface Elevation 

(Proposed minus 

Existing)

Existing 

Condition 

Velocity

Proposed 

Condition 

Velocity

Velocity Difference 

(Proposed minus 

Existing)

(ft, NAVD 1988) (ft, NAVD 1988) (ft) ft/sec ft/sec ft/sec

100‐Year Storm 624.68 624.68 0 3.22 3.22 0

5‐Year Storm 622.31 622.31 0 4.68 4.68 0

2‐Year Storm 621.29 621.29 0 4.47 4.47 0

1.5‐Year Storm 621.06 621.06 0 4.31 4.31 0

100‐Year Storm 622.49 622.49 0 10.96 10.96 0

5‐Year Storm 620.8 620.8 0 8.24 8.24 0

2‐Year Storm 620.69 620.69 0 5.57 5.57 0

1.5‐Year Storm 620.57 620.57 0 5.15 5.15 0

Storm Frequency

Existing Condition 

Water Surface 

Elevation

Proposed 

Condition Water 

Surface Elevation

Difference in Water 

Surface Elevation 

(Proposed minus 

Existing)

Existing 

Condition 

Velocity

Proposed 

Condition 

Velocity

Velocity Difference 

(Proposed minus 

Existing)

(ft, NAVD 1988) (ft, NAVD 1988) (ft) ft/sec ft/sec ft/sec

100‐Year Storm 615.67 615.67 0 4.7 4.7 0

5‐Year Storm 614.01 614.01 0 2.5 2.5 0

2‐Year Storm 613.51 613.51 0 5.06 5.06 0

1.5‐Year Storm 612.85 612.85 0 4.57 4.57 0

100‐Year Storm 613.01 613.01 0 7.87 7.87 0

5‐Year Storm 609.34 609.34 0 9.75 9.75 0

2‐Year Storm 607.79 607.79 0 8.26 8.26 0

1.5‐Year Storm 607.38 607.38 0 7.81 7.81 0

Main‐Reach 5 River Station 1 (Downstream Bounding Cross‐section)

LBC Trib 5 River Station 4 (Upstream Bounding Cross‐section)

LBC Trib 5 River Station 3 (Downstream Bounding Cross‐section)

HEC‐RAS Computed Water Surface Elevation for two 92"x138" CMP Culverts along Kluttz Road Downstream 

of Project Site

Existing and Proposed Conditions

Main‐Reach 5 River Station 1.9 (Upstream Bounding Cross‐section)

Existing and Proposed Conditions

LBC Trib 4 River Station 3 (Upstream Bounding Cross‐section)

LBC Trib 4 River Station 2.9 (Downstream Bounding Cross‐section)

HEC‐RAS Computed Water Surface Elevation for 72"x108" CMP Culvert along Old Mine Road (Upstream of 

Work Area 3)

Existing and Proposed Conditions

HEC‐RAS Computed Water Surface Elevation and Velocity Summary for Wooden Bridge on Old Mine Road

Existing and Proposed Conditions

Main‐Reach 1 River Station 2.5 (Upstream Bounding Cross‐section)

Main‐Reach 1 River Station 2 (Downstream Bounding Cross‐section)

HEC‐RAS Computed Water Surface Elevation for Two 8.5' CMP Culverts along Old Mine Road (Upstream of 

Work Area 3)
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Storm Frequency

Existing Condition 

Water Surface 

Elevation

Proposed 

Condition Water 

Surface Elevation

Difference in Water 

Surface Elevation 

(Proposed minus 

Existing)

Existing 

Condition 

Velocity

Proposed 

Condition 

Velocity

Velocity Difference 

(Proposed minus 

Existing)

(ft, NAVD 1988) (ft, NAVD 1988) (ft) ft/sec ft/sec ft/sec

100‐Year Storm 651.12 651.13 0.01 6.39 6.38 ‐0.01

5‐Year Storm 648.66 648.66 0 5.08 5.09 0.01

2‐Year Storm 647.67 647.67 0 4.18 4.18 0

1.5‐Year Storm 647.38 647.38 0 3.99 3.99 0

100‐Year Storm 613.01 613.01 0 7.87 7.87 0

5‐Year Storm 609.34 609.34 0 9.75 9.75 0

2‐Year Storm 607.79 607.79 0 8.26 8.26 0

1.5‐Year Storm 607.38 607.38 0 7.81 7.81 0

HEC‐RAS Computed Water Surface Elevation and Velocity Summary Upstream and Downstream of Overall 

Project Site

Existing and Proposed Conditions

Main‐Reach 1 River Station 6 (Most Upstream Cross‐section of Overall Project Site

Main‐Reach 5 River Station 1 (Most Downstream Cross‐section of Overall Project Site
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Cabarrus County 
Zoning Districts

Due to physical characteristics such as soil type, topography, etc.,
this district should remain agrarian.To a lesser degree, these 
are also those lands which are conducive to providing recreationally
oriented open space. These land areas should remain the farmland 
and undeveloped forested land of the County. 
Public utilities will not be planned for these areas.

Intended to promote development with a low density feel.  This
district allows conventional, open space and amenity subdivisions. 
These zones are located where public utilities either are available 
or are envisioned available within the next two to five years.

Comprised of land having a strong rural, pastoral feel.  Natural
environmental elements such as tree lines, small ponds, rock
formations, and manmade elements such as pasture fencing are 
to be retained, if at all possible. Development only includes 
standard single family detached dwelling.

Intended to permit development with a moderately high density 
community character.  This district allows open space and amenity
subdivisions. These zones are located where public utilities
either are available or are envisioned available within the next ten
years.  These districts are located adjacent to municipalities.

Intended to allow for a wide range of residential uses and will be the
primary location for multifamily development. This district allows 
amenity and open space subdivisions.  This district is typically
located near muncipal boundary lines and are adjacent to mixed
use areas.  Both water and sewer are available and transportation 
networks are capable of supporting high density development.

Intended to accomodate relatively low intensity office and
institutional uses at an intensity complementary to residential land
use.  Where appropriate, this district can serve as a transition
between residential land use and higher intensity non-residential
land use.

Intended to accomodate relatively small scale commercial and
office development at an intensity complementary to residential 
land use.

Provides location for large scale commercial activities. The zone will
accomodate a wide variety of office, retail, and lodging land uses. 
It may border the other less intense commercial zone or either of the
two industrial zones. It may border a high intensity residential zone,
but must have the proper buffers.

Provides for both large and small scale industrial and office
development.  The primary distinguishing feature is that it is geared
towards indoor industrial activities which do not generate high levels
of noise, soot, odors, or orther potential nuisances/pollutants for 
impacting adjoining properties.  It is located within the county where
proper infrastructure is provided.

While this zone permits both large and small scale industrial/office
development, its primary purpose is to provide a clocation for large
scale development. It is designed to permit a wide variety of
industrial uses which may occur both indoors and outdoors,
including land uses which are permitted in no other zoning district
between of their potential to create nuisances for adjoining
properties.

Cabarrus County shall not be held liable for any errors in these data.
This includes errors of omission, commission, errors concerning the
content of the data, and relative and positional accuracy of the data.
These data cannot be construed to be a legal document . Primary
sources from which these data were compiled must be consulted for
verification of information contained in in the data. 

Map Prepared by Cabarrus County Planning Services, December 2005.
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General zoning districts (Per Section 21-32) 

(a) Rural Agricultural, RA. This district is developed to provide for a minimum level of land use 
regulations appropriate for outlying areas of the county. These outlying areas typically 
consist of rural single-family housing, larger tracts of land used for agriculture or in fields and 
forest land, with some nonresidential uses intermingled. Multifamily uses are discouraged in 
this district. This district would provide for protection from the most intensive land uses while 
containing provisions for a variety of less intensive land uses. It is the intent of this district to 
rely upon development standards to protect residences from potential adverse impacts of 
allowed nonresidential uses. The most intensive land uses would not be allowed in this 
district. 

(b) Rural Residential, RR. This zoning district is comprised of areas of the county in which 
moderate levels of single-family housing has occurred or is occurring. In this district, 
agricultural uses have been replaced to a significant degree with single-family housing. The 
regulations in this district are intended to provide a land owner with an opportunity to 
engage in limited business or commercial activities. Multifamily uses are not allowed. 

(c) Residential Suburban, RS. The purpose of this zoning district is to protect existing residential 
neighborhoods and promote the creation of more residential neighborhoods. These areas are 
typically near major thoroughfares and have or could be provided significant infrastructure. 
Commercial uses, business uses and multifamily uses are generally not allowed. 

(d) Multifamily Residential, MFR. This district is intended to allow for a wide range of residential 
uses and will be the primary location for multifamily development. This district will typically 
be located near arterials or collectors. The development of multifamily developments within 
this district cannot be predetermined and cannot be adequately controlled by general district 
standards. Therefore specific development proposals for multifamily developments in this 
district shall be reviewed and approved by the board of commissioners. Approval of the site 
plan may include the addition of fair and reasonable standards to the site plan. No other uses 
allowed in the MFR district shall require site plan approval by the board of commissioners 
unless expressly required by this chapter. Additional approval standards for multifamily 
residential developments are listed in article III. The requirements of this district shall not 
apply to duplexes on individual lots but shall apply to multiple duplexes on an individual lot. 

(e) Manufactured Home Park, MHP. 

(1) This district is established in order to provide for the proper location and planning of 
manufactured home parks, excluding family manufactured home parks. Special 
requirements shall be applied to these parks which shall specify improvements to the 
park to ensure the public health, safety and welfare of the park inhabitants as well as 
the surrounding area. Designation of an area as being in the MHP district provides 
design and appearance criteria which are more appropriate for rental manufactured 
housing and/or spaces, including vinyl or similar skirting, clustering of units and 
reduced road construction standards. These standards are not applicable to 
manufactured homes and/or lots located outside a MHP district. This district requires 
site plan review for development of manufactured home parks by the board of 
commissioners. This review is required because the use may have particular impacts 
on the surrounding area and the county as a whole. Approval of the site plan may 
include the addition of fair and reasonable standards to the site plan. No other uses 
allowed in the MHP district shall require site plan approval by the board of 
commissioner unless expressly required by this chapter. 

(2) Manufactured home parks, existing at the effective date of this chapter and registered 



as provided by the county mobile home park ordinance are zoned as conforming uses, 
even though they may not meet the development standards of this chapter. 
Expansions of the existing registered manufactured home parks or construction of 
new manufactured home parks, approved under the county mobile home park 
ordinance may be initiated or continue unless no work has begun within six (6) 
months of the date of issuance of a "permit to develop" under that ordinance, or work 
has ceased for a period of twelve (12) months. 

(3) Other manufactured home parks, which meet the intent of this section by having 
improvements similar to the requirements of this chapter may also be zoned as 
conforming uses. However, all expansions of any manufactured home park, existing at 
the effective date of this chapter shall meet all requirements of this chapter unless 
expressly provided otherwise. Development standards for a manufactured home park 
are listed in article III. 

(f) Commercial, Business, Industrial, CBI. This zone allows for a wide range of commercial, 
business and light industrial activities which provide goods and services. This district is 
typically for more densely developed suburban areas, major transportation corridors, and 
major cross-roads communities. However this district may also exist or be created in an area 
other than listed in this subsection if the existing or proposed development is compatible with 
the surrounding area and the overall public good is served. 

(g) Industrial, IND. This district is intended to provide for industrial activities involving 
extraction, manufacturing, processing, assembling, storage, and distribution of products. The 
district is also designed to accommodate other, more intense nonresidential uses which 
generate adverse side effects such as noise, odor or dust. The district is typically applied in 
areas with maximum accessibility to major highways, rail lines, and other significant 
transportation systems. However this district may also exist or be created in an area other 
than listed in this subsection if the existing or proposed development is compatible with the 
surrounding area and the overall public good is served. 

(h) Neighborhood Business, NB. This district is designed for retail, limited small manufacturing 
facilities and service oriented business centers which serve small trading areas. As a result 
the list of allowed uses is more limited than those in the CBI district. The development 
standards for these business areas are designed to promote sound, permanent business 
development and to protect abutting and surrounding residential areas from undesirable 
aspects of nearby commercial development. This district is also designed to provide 
opportunities for potential development within the NB district. 

Areas zoned NB shall be so located as to conveniently serve the community population. The 
establishment and subsequent development of this district shall not create or expand 
problems associated with traffic volumes or circulation. As the district is established to 
provide for small neighborhood oriented business areas limitations on gross floor area is 
established. Limitations on total impervious surface are established to minimize the adverse 
impacts of this type of development on adjacent residential areas. Generally, the NB district 
shall be two (2) acres or larger. However a lot of record, smaller than two (2) acres may be 
considered for rezoning to NB if the owner of the lot does not own adjacent property which 
may be included in the rezoning request. 

(i) Institutional, INST. The purpose of the Institutional district is to recognize and permit the 
creation of defined areas for the unified and orderly development of major cultural, 
educational, medical, governmental, religious and other institutions in order to support and 
enhance their benefits to the community in a manner which protects adjacent residential 
uses. Trade school facilities teaching a trade, for example truck driving or welding, which 
have that activity on site, shall meet zoning requirements for that use. 



Economic development districts established for I-85 (Per Section 21-34) 

(a) The following districts are hereby established to preserve, encourage and enhance the 
economic development opportunities in areas adjacent and near I-85 in accordance to plans 
adopted by the county board of commissioners. It is recognized that I-85 is uniquely 
important in the future of the county because of the great potential for development of all 
types that exist along this corridor. Development within these districts shall be of types which 
maximize the economic benefits to the county while minimizing the potential impacts. 

(b) The district are designed to accommodate, as appropriate, uses such as manufacturing, 
distribution, retail, service industries, corporate parks. Certain individual uses may be allowed 
as uses by right in some districts, while other more intensive uses may require a higher level 
of review and approval by the county. The districts encourage and allow more creative 
design of land development than may be provided on other general zoning districts. This 
flexibility is provided for planned unit developments. 

(c) The district are labeled as 85-ED 1 through 4. "85" represents the relationship to I-85. "ED" 
represents the economic development designation for the sites. 

(1) 85-ED-1. The purpose of the 85-ED-1 district is to encourage the location of "high 
capital investment/high wage/low employment/clean" industries. Certain industries shall 
be allowed as permitted uses standards provided to protect adjacent neighborhoods. 
Other heavy industries may be allowed as conditional uses. If part of a larger master 
plan limited accessory and ancillary retail and service uses may be allowed. 

a. In the 85-ED-1 district the following uses are permitted by right with a minimum lot 
size of five (5) acres: 

 Manufacturing group: 

  Printing and publishing (SIC 27). 

  Rubber and miscellaneous plastics products (SIC 30). 

  Fabricated metal products (SIC 34), except: 

  Ammunition, except for small arms (SIC 3483). 

  Ordnance and accessories (SIC 3489). 

  Industrial machinery and equipment (SIC 35). 

  Electrical and electronic equipment (SIC 36), except: 

  Power distribution and specialty transformers (SIC 3612). 

  Transportation equipment (SIC 37). 

  Instruments and related products (SIC 38). 

  Miscellaneous manufacturing industries (SIC 39). 

b. The following are allowed with the issuance of a conditional use permit: 

Manufacturing group: 

Lumber and wood products (SIC 24). 

Furniture and fixtures (SIC 25). 

Plastic materials, synthetic resins, etc. (SIC 282). 



Drugs (SIC 283). 

Paper and allied products (SIC 26). 

Stone, clay, glass, and concrete products (SIC 32). 

Primary metal industries (SIC 33). 

Services group: 

Racing, including track operation (SIC 7948). 

c. Approval of a PUD with a minimum lot size of twenty (20) acres will allow the above 
uses in addition to accessory and ancillary uses on up to ten (10) percent of the total 
acreage. 

Transportation, communication, and utilities group: 

Local and interurban passenger transit (SIC 41). 

Transportation services (SIC 47). 

Retail trade group: 

General merchandise stores (SIC 53). 

Food stores (SIC 54). 

Eating and drinking places (SIC 58). 

Miscellaneous retail (SIC 59). 

Finance, insurance, and real estate group: 

Depository institutions (SIC 60). 

Service industries group: 

Hotels, rooming houses, camps, and other lodging places (SIC 70). 

Personal services (SIC 72). 

Business services (SIC 73). 

Automotive repair, services, and parking (SIC 75). 

 (2) 85-ED-2. In areas where existing conditions such as surrounding development, access 
etc. may make the area less marketable for uses listed exclusively in the 85-ED-1 district 
then the 85-ED-2 district may be appropriate. The primary additions to this district are 
distribution and wholesaling operations. 

a. Certain industries shall be allowed as permitted uses with standards provided to 
protect adjacent neighborhoods. Other heavy industries and distribution and 
wholesale operations may be allowed as conditional uses. If part of a larger master 
plan limited accessory and ancillary retail and service uses may be allowed. 

Manufacturing group: 

Printing and publishing (SIC 27). 

Rubber and miscellaneous plastics products (SIC 30). 

Fabricated metal products (SIC 34), except: 



Ammunition, except for small arms (SIC 3483). 

Ordnance and accessories (SIC 3489). 

Industrial machinery and equipment (SIC 35). 

Electrical and electronic equipment (SIC 36), except: 

Power distribution and specialty transformers (SIC 3612). 

Transportation equipment (SIC 37). 

Instruments and related products (SIC 38). 

Miscellaneous manufacturing industries (SIC 39). 

Service industries group: 

Engineering and management services (SIC 87). 

b. The following are allowed with the issuance of a conditional use permit: 

Manufacturing group: 

Lumber and wood products (SIC 24). 

Furniture and fixtures (SIC 25). 

Plastic materials, synthetic resins, etc. (SIC 282). 

Drugs (SIC 283). 

Paper and allied products (SIC 26). 

Stone, clay, glass, and concrete products (SIC 32). 

Primary metal industries (SIC 33). 

Transportation, communication, and utilities group: 

Local and interurban passenger transit (SIC 41). 

Motor freight transportation and warehousing (SIC 42). 

Transportation services (SIC 47). 

Wholesale trade group: 

Wholesale trade--durable goods (SIC 50). 

Wholesale trade--nondurable goods (SIC 51). 

Services group: 

Racing, including track operation (SIC 7948). 

c. Approval of a PUD with a minimum lot size of twenty (20) acres will allow the above 
uses in addition to accessory and ancillary uses on up to ten (10) percent of the total 
acreage. 

Transportation, communication, and utilities group: 

Local and interurban passenger transit (SIC 41). 

Transportation services (SIC 47). 



Retail trade group: 

General merchandise stores (SIC 53). 

Food stores (SIC 54). 

Eating and drinking places (SIC 58). 

Miscellaneous retail (SIC 59). 

Finance, insurance, and real estate group: 

Depository institutions (SIC 60). 

Service industries group: 

Hotels, rooming houses, camps, and other lodging places (SIC 70). 

Personal services (SIC 72). 

Business services (SIC 73). 

Automotive repair, services, and parking (SIC 75). 

(3) 85-ED-3 Corporate Park District. Some areas with good interstate visibility, good 
access and good surrounding environment may be suitable for high-end corporate 
headquarters. This may or may not include manufacturing. The purpose of the district is 
to provide for a high-quality mixture of employment uses of varying types in a single 
coordinated development. Minimum development size is twenty (20) acres and will 
require approval of a PUD. 

a. Allowed primary uses are: 

Manufacturing group: 

Lumber and wood products (SIC 24). 

Furniture and fixtures (SIC 25). 

Paper and allied products (SIC 26). 

Printing and publishing (SIC 27). 

Plastic materials, synthetic resins, etc. (SIC 282). 

Drugs (SIC 283). 

Rubber and miscellaneous plastics products (SIC 30). 

Stone, clay, glass, and concrete products (SIC 32). 

Primary metal industries (SIC 33). 

Fabricated metal products (SIC 34), except: 

Ammunition, except for small arms (SIC 3483). 

Ordnance and accessories (SIC 3489). 

Industrial machinery and equipment (SIC 35). 

Electrical and electronic equipment (SIC 36), except: 

Power distribution and specialty transformers (SIC 3612). 



Transportation equipment (SIC 37). 

Instruments and related products (SIC 38). 

Miscellaneous manufacturing industries (SIC 39). 

Transportation, communication, and utilities group: 

Local and interurban passenger transit (SIC 41). 

Motor freight transportation and warehousing (SIC 42). 

Transportation services (SIC 47). 

Service industries group: 

Hotels, rooming houses, camps, and other lodging places (SIC 70). 

Personal services (SIC 72). 

Business services (SIC 73). 

Automotive repair, services, and parking (SIC 75). 

Health services (SIC 80). 

Legal services (SIC 81). 

Educational services (SIC 82). 

Membership organizations (SIC 86). 

Engineering and management services (SIC 87). 

b. Allowed accessory and ancillary uses on up to twenty (20) percent of the total 
acreage: 

Transportation, communication, and utilities group: 

Local and interurban passenger transit (SIC 41). 

Transportation services (SIC 47). 

Wholesale trade group: 

Wholesale trade--durable goods (SIC 50). 

Wholesale trade--nondurable goods (SIC 51). 

Retail trade group: 

General merchandise stores (SIC 53). 

Food stores (SIC 54). 

Eating and drinking places (SIC 58). 

Miscellaneous retail (SIC 59). 

Finance, insurance, and real estate group: 

Depository institutions (SIC 60). 

Service industries group: 

Hotels, rooming houses, camps, and other lodging places (SIC 70). 



Personal services (SIC 72). 

Business services (SIC 73). 

Automotive repair, services, and parking (SIC 75). 

(4) 85-ED-4 Retail Center. Many areas near the interstate will draw interest from 
retailers. It is often appropriate or desirable to have a portion of an area zoned for larger 
retail development. This helps ensure availability of most retail and service needs in a 
location nearby and accessible to major employment and residential areas. Minimum 
development size is twenty (20) acres and will require approval of a PUD. 

a. Allowed primary and accessory uses are: 

Retail trade group: 

Building materials, hardware, garden supply, and mobile (SIC 52). 

General merchandise stores (SIC 53). 

Food stores (SIC 54). 

Automotive dealers and gasoline service stations (SIC 55). 

Apparel and accessory stores (SIC 56). 

Furniture, home furnishings and equipment stores (SIC 57). 

Eating and drinking places (SIC 58). 

Miscellaneous retail (SIC 59). 

Finance, insurance, and real estate group: 

Depository institutions (SIC 60). 

Nondepository credit institutions (SIC 61). 

Security, commodity brokers, and services (SIC 62). 

Insurance carriers (SIC 63). 

Insurance agents, brokers, and service (SIC 64). 

Real estate (SIC 65). 

Holding and other investment offices (SIC 67). 

Service industries group: 

Hotels, rooming houses, camps, and other lodging places (SIC 70). 

Personal services (SIC 72). 

Business services (SIC 73). 

Automotive repair, services, and parking (SIC 75). 

Miscellaneous repair services (SIC 76). 

Motion pictures (SIC 78). 

Amusement and recreational services (SIC 79). 

Health services (SIC 80). 

Legal services (SIC 81). 

Educational services (SIC 82). 



Social services (SIC 83). 

Museums, art galleries, botanical and zoological garden (SIC 84). 

Membership organizations (SIC 86). 

Engineering and management services (SIC 87). 

Miscellaneous services (SIC 89). 

(5) Approval process for PUDs. All PUDs shall be reviewed and approved as required for 
conditional use permits in article III of this chapter. Uses included in PUDs which require 
conditional use approval as freestanding uses shall not require separate a separate 
conditional use permit approval if approved as part of a PUD. 

(6) Other zoning criteria. Notwithstanding limits on reduction of setbacks in article XIII of 
this chapter, all standards are subject to modification in site plan approval process. 
However, in no situation shall the required buffer from project perimeter be reduced if 
adjacent to a residentially zoned area. 

a. Buffers. Forty (40) feet from project perimeter. 

b. Screening. In accordance with article IX, screening for a PUD shall be determined 
using the predominant use of the PUD or relevant portion thereof. 

c. Street frontage. Minimum of one hundred (100) feet for development. 

d. Maximum lot coverage. Eighty (80) percent of lot area. 

e. Development size. Development sizes are as permitted below. Permitted and 
conditional uses on lots five (5) acres or more but less than twenty (20) acres in size 
are only allowed on lots of record existing at the effective date of the ordinance from 
which this chapter derives, or on aggregations of lots existing at the effective date of 
the ordinance, creating a lot five (5) acres or larger in size. 

1. 85-ED-1. 

 Permitted used . . ……………………………………. 5 acres 

 Conditional uses . …………………………………... . 5 acres 

 PUDs ……………………………………………... . . 20 acres 

2. 85-ED-2. 

 Permitted used . . ……………………………………. 5 acres 

 Conditional uses . . ………………………………….. 5 acres 

 PUDs . . ……………………………………………... 20 acres 

3. 85-ED-3. 

 PUDs . ……………………………………………… . 20 acres 

4. 85-ED-3. 

 PUDs . ……………………………………………… . 20 acres 

f. Subdivision requirements. All subdivisions of property must be approved as a PUD. 

g. Maximum building height. No maximum height. 

h. Parking. As required in zoning ordinance. 

i. Signs. As provided in zoning ordinance. 



j. Circulation system. Requires access to major or minor thoroughfare or interstate 
service road. No access to local streets is allowed. Interior streets are designed to 
connect to other adjoining property within a 85-ED district. This requirement may be 
waived if it is found that connection to adjoining property is not appropriate due to 
incompatibility of adjacent development. 

k. Nuisance conditions. The project shall no cause detrimental levels of noise, dust, 
odor etc. to nearby areas. 

l. Loading, maintenance and outdoor storage areas. All loading, maintenance and 
outdoor storage areas shall be located to the rear or side of the building, but shall 
not face a side street. 

m. Open space. Open space shall be suitably landscaped with grass and/or trees and 
shrubs. Within a PUD the open space shall be pedestrian oriented. Parking or 
vehicular access is not allowed. 

n. Lighting. Lighting shall be provided at intersections, along walkways and in parking 
lots. The maximum height of lighting is twenty-five (25) feet. Spacing of lighting shall 
be four (4) times the height. 

o. Building character and style. Building designs within a PUD shall strive to establish a 
distinctive style and maintain a high quality development standard. Buildings should 
include similar architectural styles but should not be identical throughout the 
development. The site plan shall at a minimum describe building materials colors and 
architectural features of the development. 

p. Pedestrian facilities and design. Within a PUD, the site plan shall provide for a unified 
and well-organized arrangement of buildings, service areas, parking, etc., to provide 
a high level of convenience and safety for pedestrians, employees, and visitors. 

q. Landscaping. Approval of PUD shall include at a minimum the following: 

1. Trees shall be planted on both sides of interior access streets used by the public. 
These trees shall be ten (10) feet tall at planting and a minimum of twenty (20) 
feet tall at maturation, and shall be of similar size and shape. The trees shall be 
planted no further than forty (40) feet apart. 

2. Entranceways and medians shall be landscaped with trees and/or shrubs as 
appropriate for the type of development. 
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EEP FLOODPLAIN REQUIREMENTS CHECKLIST 
 

  



 
 

 

      

 

EEP Floodplain Requirements Checklist 

 

 

This form was developed by the National Flood Insurance program, NC Floodplain 

Mapping program and Ecosystem Enhancement Program to be filled for all EEP projects.  

The form is intended to summarize the floodplain requirements during the design phase 

of the projects.  The form should be submitted to the Local Floodplain Administrator with 

three copies submitted to NFIP (attn. Edward Curtis), NC Floodplain Mapping Unit (attn. 

John Gerber) and NC Ecosystem Enhancement Program. 

 

Project Location 

 

Name  of project: Little Buffalo Creek (Stream Restoration) 

Name if stream or feature: Little Buffalo Creek 

County: Cabarrus 



 
 

 

Name of river basin: Yadkin 

Is project urban or rural? Rural 

Name of Jurisdictional 

municipality/county: 

Gold Hill 

DFIRM panel number for 

entire site: 

3710568200J  (11/05/08) 

Consultant name: The Louis Berger Group, Inc. 

Phone number: 919.866.4400 

Address: 1001 Wade Avenue – Suite 400 

Raleigh, NC 27605 

 

 

 

 



 
 

 

 

 

Design Information 

 

Provide a general description of project (one paragraph).  Include project limits on a 

reference orthophotograph at a scale of 1” = 500”.     

 

Summarize stream reaches or wetland areas according to their restoration priority. 

 

See attached Restoration Plan. 

 

Floodplain Information 

 

Is project located in a Special Flood Hazard Area (SFHA)? 

Yes No
  

If project is located in a SFHA, check how it was determined: 

Redelineation
 

Detailed Study
 

Limited Detail Study
 



 
 

 

Approximate Study
 

Don't know
 

List flood zone designation:  

Check if applies: 

AE Zone
 

Floodway
 

Non-Encroachment
 

None
 

A Zone
 

Local Setbacks Required
  

No Local Setbacks Required
 

 

If local setbacks are required, list how many feet: 

Does proposed channel boundary encroach outside floodway/non-

encroachment/setbacks? 



 
 

 

Yes No  

Land Acquisition (Check) 

State owned (fee simple)
 

Conservation easment (Design Bid Build)
 

Conservation Easement (Full Delivery Project)
 

Note: if the project property is state-owned, then all requirements should be 

addressed to the Department of Administration, State Construction Office (attn: 

Herbert Neily,     (919) 807-4101)  

Is community/county participating in the NFIP program? 

Yes No
 

Note: if community is not participating, then all requirements should be addressed 

to NFIP (attn: Edward Curtis, (919) 715-8000 x369) 

Name of Local Floodplain Administrator:  Robbie Fox 

Phone Number: (704) 920-2138 

 

 

 

 

 



 
 

 

Floodplain Requirements 

 

This section to be filled by designer/applicant following verification with the LFPA 

No Action
 

No Rise
 

Letter of Map Revision
 

Conditional Letter of Map Revision 
(CLOMR)  

Other Requirements
 

 

List other requirements: 

 

Comments: 

 

Name: Edward Samanns    Signature:  __________________________      

 

Title: Director of Environmental Sciences  Date: ______April 5, 2013______ 
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Appendix 10 Table 1: Benthos Survey Results 
Little Buffalo Creek Stream Mitigation Project 

EEP Project No. 94147 
1.1.1. SPECIES T.V. F.F.G. UT7 LBC LBC 

        Restoration Reference 
NEMATODA 6       1 
MOLLUSCA           
 Bivalvia           
   Veneroida           
    Sphaeriidae   FC       
     Pisidium sp. 6.5 FC 1     
 Gastropoda           
   Basommatophora           
    Physidae           
     Physella sp. 8.8 CG 32   1 
ANNELIDA           
 Oligochaeta           
   Tubificida           
    Naididae           
     Dero sp. 10 CG   2 1 
    Tubificidae w.o.h.c. 7.1 CG 1 7 2 
ARTHROPODA           
 Crustacea           
   Cladocera           
    Daphnidae           
     Ceriodaphnia sp.       1   
   Decapoda           
    Cambaridae 7.5   1 1   
     Cambarus sp. 7.6 CG     1 
     Procambarus sp. 7 SH     2 
 Insecta           
   Collembola         2 
   Ephemeroptera           
    Heptageniidae           
     Stenonema femoratum 7.2 SC     4 
   Odonata           
    Calopterygidae           
     Calopteryx sp. 7.8 P     2 
    Coenagrionidae           
     Enallagma sp. 8.9 P     1 
    Libellulidae           
     Perithemis tenera 9.9 P     1 
   Hemiptera           
    Belostomatidae           
     Belostoma sp. 9.8 P   1   
    Corixidae 9   1 1   
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Appendix 10 Table 1: Benthos Survey Results 
Little Buffalo Creek Stream Mitigation Project 

EEP Project No. 94147 
    Veliidae           
     Microvelia sp.   P   1   
   Megaloptera           
    Corydalidae   P       
     Nigronia serricornis 5 P     1 
    Sialidae   P       
     Sialis sp. 7.2 P     4 
   Coleoptera           
    Cucurlionidae         1 
    Dytiscidae           
     Neoporus sp. 8.6   1   1 
    Elmidae   CG       
     Stenelmis sp. 5.1 SC     3 
   Diptera           
    Ceratopogonidae       1 1 
    Chironomidae           
     Ablabesmyia mallochi 7.2 P     4 
     Chironomus sp. 9.6 CG 100 239 49 
     Conchapelopia sp. 8.4 P     27 
     Cryptochironomus sp. 6.4 P     6 
     Goeldichironomus sp.   CG 1 6   
     Microtendipes pedellus gp. 5.5 CG     5 
     Natarsia sp. 10 P 2   2 
     Parachironomus sp. 9.4 P   1 1 
     Paratanytarsus sp. 8.5 CG     1 
     Polypedilum flavum (convictum) 4.9 SH     11 
     Polypedilum illinoense 9 SC   2 17 
     Polypedilum scalaenum 8.4       7 
     Procladius sp. 9.1 P 2   1 
     Tanytarsus sp. 6.8 FC   6 36 
    Culicidae     29 14 1 
     Anopheles sp. 8.6 FC 1   1 
     Culex sp. 10 FC 8 46 2 
    Sciomyzidae     1     
    Tipulidae   SH       
     Hexatoma sp. 4.3 P     2 
TOTAL NO. OF ORGANISMS     181 329 202 
TOTAL NO. OF SPECIES     14 15 34 
EPT     0 0 1 
BIOTIC INDEX assigned values     9.05 9.14 7.59 

*North Carolina Tolerance Values (T.V.) range from 0 for organisms very intolerant of organic wastes to 10 for organisms very 
tolerant of organic wastes 
*F.F.G.-Functional Feeding Group:  CG=Collector/Gatherer, FC=Filtering/Collectors, SC=Scrapers, SH=Shredders, P=Predators 
and PI=Piercer 
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