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EXECUTIVE SUMMARY 
 

 
This Mitigation Plan Addendum is being submitted as a follow up to the Mitigation Plan dated May 18, 
2010 by Kimley-Horn and Associates, Inc. (KHA). The Mitigation Plan was reviewed by the Interagency 
Review Team and a §404 permit (Action ID SAW-2010-00764) was issued on August 27, 2010.  The 
purpose of this addendum is to document our analyses and revised design approach in support of an 
amended 404/401 permit application.   
 
The Shadrick Creek Restoration Project (project) will be used to fulfill stream mitigation requirements 
accepted by the EEP for the Catawba River Basin (CU 03050101).  Through this project, EEP proposes 
to restore and enhance approximately 5,324 linear feet (LF) of Shadrick Creek and approximately 3,179 
LF of three unnamed tributaries (UT) to Shadrick Creek.  The project will also preserve 3,835 LF of five 
UTs, enhance 0.53 acre of existing wetland, remove invasive plant species across the project, establish 
native riparian buffers, install over 8,000 LF of livestock fencing, and construct alternative watering 
devices.   
 
The project is located within an EEP Targeted Local Watershed (Shadrick Creek, lower Muddy Creek, 
HUC 03050101030060), as documented within the 2009 River Basin Restoration Priorities (RBRP) for the 
Upper Catawba River Basin.  Furthermore, the project site is within a priority subwatershed for stream 
and wetland restoration as identified within the RBRP.  Primary stressors within the subwatershed include 
habitat and riparian buffer degradation.   
 
The purpose of this addendum is to document a revised design approach.  Project background and non-
design elements of the KHA Mitigation Plan are unchanged and the recorded conservation easements 
will not change.  The revised design will use more of the existing channels and will incorporate bio-
engineering measures and in-stream structures to address instability and habitat degradation.  The 
revised design is expected to result in greater benefit and less impact to the natural resources at the site. 
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1.0 PROJECT GOALS AND OBJECTIVES 
 
The EEP develops River Basin Restoration Priorities (RBRP) to guide its restoration activities within each 
of the state’s 54 cataloging units. RBRPs delineate specific watersheds that exhibit both the need and 
opportunity for wetland, stream and riparian buffer restoration. These watersheds are called Targeted 
Local Watersheds (TLWs) and receive priority for EEP planning and restoration project funds.  
 
The project goals address stressors identified in the TLW and priority subwatershed, and include the 
following: 
 

 Improve water quality by repairing eroding stream banks,  establishing riparian buffers and 
implementing agricultural best management practices; 

 Improve the community structure of the buffers; 
 Improve stream function and habitat by re-establishing stream-to-floodplain connections; 
 Restore long-term stability through the restoration of channel dimension, pattern and profile;  
 Improve in-stream habitat using in-stream structures; and 
 Remove exotic invasive plant species. 

 
Specific project objectives include: 
 

 Restoration and enhancement of approximately 5,276 LF of Shadrick Creek; 
 Restoration and enhancement of 3,179 LF of UT’s 1, 5, 9 and 10;  
 Preservation of 3,835 LF of UT’s 2, 5, 6, 7 and 8; 
 Enhancement of 0.53 acre of wetland by improving hydrologic connections and vegetation 

communities; 
 Installing over 8,000 LF of livestock fence, three wells and six watering tanks; and  
 Establishment of riparian buffers by removing exotic invasive plants and installing a variety of 

native vegetation.   
  



Shadrick	Creek	Restoration	Project	–	Draft	Final	Mitigation	Plan	Addendum	 February	2015		
Page	2	

 

2.0 UPDATED BASELINE INFORMATION 
 
 

Scale: As Shown 

 

Shadrick Creek Restoration  
McDowell County, NC  

 

Figure 1: Project Site Map 
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2.1 General Observations 
 
The initial topographic survey of the project site was performed by W.K. Dickson & Co., Inc. (WKD) in 
2009.  KHA staff supplemented this topographic survey with a detailed geomorphic survey, including 
several cross sections and longitudinal profiles.  Based on our review of these data and our observations 
of current site conditions, we believe the WKD and KHA data are still valid.  While several areas of active 
erosion identified during the initial survey are still actively eroding, the erosion does not appear to have 
affected stream patterns and profiles significantly.   
 
Cattle continue to have unrestricted access to Shadrick Reach 1 (upstream of the Norfolk Southern 
Railway right-of-way) and UTs 5, 8, 9 and 10.  Floodplain and bank vegetation along UT1 and Shadrick 
Reach 2 appears to have matured somewhat since the KHA study, but the riparian buffers are still 
sparse.    
 
2.2 Data Review and Additional Data Collection 
 
As a starting point for our site assessment, we reviewed the following data collected by KHA during their 
site assessment and imported these data into the RIVERMorph software: 

 Nine cross sections and five longitudinal profiles on Shadrick Creek; 
 Eight cross sections and four longitudinal profiles on UT1; 
 Four cross sections and one longitudinal profile on UT9 
 One cross section each on UTs 2, 5 and 10; 
 Eight pebble counts and one bulk sample on Shadrick Creek; 
 Three pebble counts on UT1; 
 One pebble count on UT5; 
 The 2009 WKD topographic survey; and 
 Several photographs 

 
In order to check the validity of the WKD and KHA data sets and to supplement these data with 
geomorphic and sediment data we deemed necessary for our analysis, we collected the following 
additional data: 

 One cross section each on Shadrick Creek Reaches 1 and 2; 
 One cross section about 200 LF upstream of Shadrick Reach 2; 
 Three cross sections on UT1; 
 One cross section on UT9; 
 Five pebble counts and six bulk samples on Shadrick Creek, UT1 and UT9; and 
 Several photographs. 

 
We also performed the qualitative evaluations of the current conditions, including: 

 Identification of desirable native woody species; 
 Location of non-native species infestations; 
 Bank and bed stability; and 
 Site constraints, including rights-of-way, fences and the proposed ford crossings. 

 
A comparison of our surveyed cross sections indicated that, while our judgments of bankfull indicators 
may be somewhat different, the channel cross sectional areas we surveyed are in close agreement to 
those surveyed in 2009.  Our sediment data are also similar to the KHA data set.  For example, in 
Shadrick Reach 1, the D50 of the KHA “entrainment” pebble counts ranged from 14 mm to 57 mm (an 
average of 23 mm) while our riffle pebble counts indicated a D50 ranging from 23 mm to 40 mm (an 
average of 29 mm).  These comparisons give us confidence that the KHA data, when combined with our 
data, provide a complete baseline data set from which to develop the revised design.  
 
The additional geomorphic data are summarized in Appendix A.  The KHA data set is not repeated 
herein.  Recent site photographs are included in Section 2.3 below. 
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2.3 Current Site Photographs 

 
  

 
Shadrick Creek Reach 1, looking 

downstream near station 12+00; 10/29/12 

 
Shadrick Creek Reach 1, looking south at UT5 

confluence near station 20+50; 4/9/13 

 

 
Shadrick Creek Reach 1, looking 

downstream near at 26+50; 4/9/13 

 

 
Shadrick Creek Reach 1, looking downstream at 

station 43+00; 5/30/13 

 
Shadrick Creek Reach 2, looking 

downstream at station 101+50, 11/9/12  

 
Shadrick Creek Reach 3, looking upstream from 

station 111+00; 11/9/12 
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UT1, looking downstream near station 

13+50; 4/10/13 

 
UT1, looking downstream near station  

18+00; 4/10/13 

 

 
UT1, looking upstream near station 22+00; 

4/10/13 

 

 
UT1, looking downstream at reach 2 from NS 

railway; 4/10/13 

 
UT9, looking downstream near station 

12+50, 5/30/13  

 
UT10, looking downstream near station 12+00; 

5/30/13 
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UT2, looking west; 10/29/12 

 
UT5 Enhancement Reach,  
looking upstream; 5/30/13 

 
UT6, looking downstream near Shadrick 

confluence; 4/9/13 

 
UT8, looking downstream from near upstream 

end of preservation reach; 4/10/13 

 
WA1, looking north, 4/10/13  

 
WA2, looking north; 10/29/12 
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3.0 MITIGATION APPROACH 
 

Descriptions of each project component with proposed treatments are presented in Table 1 below.  Buffer 
mitigation credits are proposed for stream reaches where the planted buffer within the conservation 
easements will extend at least 50 feet from the top of the bank.  The projected mitigation credits are 
presented in Table 2.  Mitigation credits presented in Table 2 are projections based on the proposed 
design.  Upon completion of site construction, the mitigation credit for each project component will be 
revised as needed to be consistent with the as-built conditions.   
 

Table 1. Component Descriptions 

Reach Characteristics and Uplift Discussion 

Shadrick Creek Reach 1 

Impacted by livestock access, agricultural practices, and vegetation removal; 
widespread bank erosion and mid-channel deposition; some mature trees and 
shrubs worthy of protection; privet infestation; bedrock visible in profile multiple 
locations; 0.09 acre wetland on right floodplain; planned ford crossing at 22+20. 

Uplift gained by a combination of on-line bank sloping, floodplain benching, 
bioengineering and in-stream structures.  Buffers will be planted with native trees 
and shrubs.  Existing wetland will be protected during construction. 

Shadrick Creek  
Reaches 2 and 3 

Impacts due to historic agricultural practices, including recent tree farming; bank 
erosion at outside meander bends and mid-channel deposition; planned ford 
crossing at 106+00; small pocket wetlands on right floodplain. 

Uplift gained by bank sloping, floodplain benching, off-line channel construction, 
bioengineering, in-stream structures, and planted buffers.  Existing wetlands will be 
protected during construction. 

UT1 

Impacted by historic livestock access, buffer vegetation removal and channel 
incision; bank erosion common at outside meander bends.  Work reaches bisected 
by railroad right-of-way; some mature trees in downstream reach. 

Uplift gained by on-line bank sloping and benching, bioengineering and in-stream 
structures.   Buffers will be planted with native trees and shrubs.  Planned ford 
crossings in both upstream and downstream reaches. 

UT5 

Impacted by livestock access and buffer vegetation removal; abundant alder and 
sycamore on banks; privet infestation.  Upstream wooded reach is stable and will 
be preserved. 

Uplift gained by privet removal and establishment of wider and more diverse 
buffers.  Planned ford crossing at break between enhancement and preservation 
reaches. 

UT9 

Impacted by livestock access and buffer vegetation removal; dam and pond at 
headwaters.  Wooded UT8 is functioning well and will be preserved. 

Uplift gained by on-line bank sloping and benching, bioengineering and in-stream 
structures.   Buffers will be planted with native trees and shrubs.  Planned ford 
crossing will replace culvert mid-reach. 

UT10 

Impacted by livestock access and buffer vegetation removal; large headcut at 
headwaters has been filled with debris.   

Uplift gained by on-line bank sloping and benching, bioengineering and in-stream 
structures.   Buffers will be planted with native trees and shrubs.   

Wetland A 

Wetland is located at headwaters of UT1.  Impacted by vegetation removal and 
minor infestation of non-native species.  Hydrology appears largely intact but is 
threatened by headcut at upstream end of UT1.  

Uplift gained by stabilization of UT1 headwaters, removal of non-native species 
and supplemental planting. 

Wetland B   
Impacted by vegetation clearing and livestock access.  

Uplift gained by supplemental planting. 
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Table 2: Projected Mitigation Credits 

Shadrick Creek Restoration Project 
McDowell County, North Carolina 

EEP Project No. 92916 

Mitigation Credits * 

Stream SMUs Wetland WMUs Buffer SF 

Type R EI EII P E 
527,000 

Totals 1,353 4,615 91 767 0.27 

Project Components * 

Project Component -
or- Reach ID 

Stationing/Location 
Existing Thalweg 

LF or AC 
Approach 

Restoration -
or- Restoration 

Equivalent 

Proposed 
LF or AC * 

Mitigation Ratio Buffer SF 

Shadrick Reach 1 STA 10+00-46+86 3,686 P3 EI 3,641 1.5:1 199,000 

Shadrick Reach 2 STA 100+00-105+75 595 P3 EI 575 1.5:1 
226,000 

Shadrick Reach 3 STA 105+75-117+29 1,168 P2 R 1,108 1:1 

UT1 STA 10+00-30+68 1,637 P3 EI 1,637 1.5:1 46,000 

UT5 STA 1665-1893 228 Buffer EII 228 2.5:1 
Incl. in 

Shadrick R1

UT’s 2, 5, 6, 7 & 8** - 3,835 Preservation P 3,835 5:1 - 

UT9 Reach 1 10+00-17+23 678 P3 EI 678 1.5:1 
34,000 

UT9 Reach 2 19+59-22+04 237 P2 R 245 1:1 

UT10 10+00-13+91 391 P3 EI 391 1.5:1 21,000 

Wetland A - 0.44 Stab./Buffer E 0.44 2:1 - 

Wetland B - 0.09 Buffer E 0.09 2:1 - 

Component Summary 

Restoration Level 
Proposed  
Amount 

Streams 

Restoration 1,353 LF 

Enhancement I 6,922 LF 

Enhancement II 228 LF 

Preservation 3,835 LF 

Buffer : 527,000 SF 

Wetlands 

Enhancement  0.53 AC 

 
* Mitigation credits and stream lengths account for breaks in conservation easements.   
** UT3 and UT4 were determined to be non-jurisdictional. 
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4.0 MITIGATION WORK PLAN 
 

4.1 Channel Evolution Discussion 
 
As discussed in the KHA Mitigation Plan, streams at the project site have been impacted by buffer 
vegetation removal and livestock trampling.  It appears that some sections of Shadrick Creek have been 
straightened and channelized, particularly between stations 20+00 and 31+00.  The channel in this reach 
is considerably straighter than adjacent reaches, and the low point of the valley is to the left of the existing 
channel.  Elsewhere along Shadrick Creek, levees are present, mainly on the left bank and likely 
consisting of dredge spoils.  
 
The combination of bank vegetation removal, trampling and levee placement has led to incised conditions 
and bank erosion.  Near station 43+00, the former stream bed materials are visible on the bank roughly 1 
to 2 feet above the current thalweg, giving a general indication of the level of incision.  Bedrock is 
common throughout the Shadrick Creek profile; this bedrock has prevented even deeper incision.  In 
response to the vertical constraint, the channel has widened, which in turn has led to mid-channel 
sediment deposition in areas where the sediment transport competence and/or capacity has been 
reduced.  Bank erosion is further accelerated in areas of mid-channel deposition where flow energies are 
directed toward already raw banks.  This is the main problem in Shadrick Creek Reaches 2 and 3. 
 
The tributaries flow through valleys that are steeper and more confined than the Shadrick Creek valley.  
The same impacts that have left Shadrick Creek in a degraded state have impacted the tributaries, chiefly 
UTs 1, 5, 9 and 10.  Other than UT5 Reach 2, the tributary channels do not appear to have been 
straightened or moved from the low point of their valleys.  The preservation reaches of UTs 2, 5, 6, 7 and 
8 were either impacted to a lesser degree or have recovered from past impacts to the point where 
intervention is not warranted. 
 
4.2 Target Streams  
 
The project addresses the primary water quality stressors described in the Upper Catawba River Basin 
Restoration Priorities Plan (2009).  The project design will restore, enhance and protect where 
appropriate threatened ecological services in the project area.  The proposed designs will address 
channel incision by promoting more frequent stream-to-floodplain interaction and the associated energy 
dissipation effects a functioning floodplain will provide.  The conservation easement boundaries will 
encompass riparian buffers and two wetlands at the site.   
 
Table 3 below summarizes the links between each design objective and the ecological service 
improvements that can be achieved on a reach-by-reach basis.   
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Table 3:  Design Objectives and Ecological Services 

Design Objective Enhanced Ecological Services 

Project Reach 

Shadrick 
Reaches 
1 and 2 

Shadrick 
Reach 3 

UT’s 1, 9 
(R1) and 10 

UT9 
Reach 2 

UT5 

Create bankfull benches; restore 
stream to floodplain interaction.   

a. Reduction in channel shear stresses 
will protect in-stream habitats 

b. Flood attenuation 

c. Fine sediment storage 

     

Create new channel dimension, 
pattern and profile  

a. Maintenance of stable channel bed 
and banks. 

b. Equilibrium sediment transport 

c. Maintenance of in-stream riffle and 
pool habitats 

     

Use in-stream structures and bank 
grading to promote stability, riffle 
and pool formation and sediment 
transport continuity for on-line 
reaches. 

a. Maintenance of stable channel bed 
and banks. 

b. Equilibrium sediment transport 

c. Maintenance of in-stream riffle and 
pool habitats 

     

Establish riparian buffers with 
diverse group of native species. 

a. Filtration of runoff 

b. Thermal regulation 

c. Input of organic matter 

     

Remove invasive exotic vegetation 
and seed source; replant buffer 
areas with native vegetation. 

a. Riparian buffer habitat 

b. Robust species diversity 
     

 
4.3 Design Methodology and Data Analyses 
 
The design methodology incorporated both form-based and analytical approaches, using a combination 
of reference reach data, reference cross sections within the project reaches, statistical relationships and 
hydraulic analyses to arrive at a design discharge for each reach.  We then used the design discharges to 
develop riffle and pool typical sections, profiles and pattern through an iterative process.  The following 
sections summarize each phase of the methodology; supporting calculations and data are included in 
Appendix A. 
 

4.3.1 Reference Reaches and Reference Sections 
 
The primary reference for Shadrick Creek Reach 1 is the short reach of Shadrick Creek between stations 
10+00 and 11+60.  KHA surveyed a riffle and a pool cross section in this reach, and aside from some 
bank erosion and a bank height greater than bankfull, both cross sections are stable and appear to be 
functioning.  These cross sections serve primarily as dimension and design discharge references.  For 
Shadrick Creek Reaches 2 and 3, Confluence surveyed a relatively stable cross section upstream of the 
Reach 2 limits.  As with the Reach 1 reference sections, this section serves primarily as a dimension and 
design discharge reference.  Sediment samples collected near each reference site provided information 
about critical discharge values required to mobilize pavement materials (Andrews and Nankervis, 
Bathurst, et al).  We also considered the dimensions and bank slopes of cross sections within the project 
reach where bankfull indicators were evident.  These include two cross sections surveyed by Confluence 
(at 27+00 and 115+00 as well as KHA cross sections 7 and 9.      
 
For UT1, Reach 1 of UT9, and UT10, the design approach is to excavate bankfull benches where space 
allows and grade unstable banks where appropriate.  The primary reference for these reaches is the 
bankfull stage that guides the stage at which to excavate the benches and the bankfull discharge.  
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Surveyed cross sections within relatively stable project reaches provide indications of bankfull stage and 
discharge. 
 
For Reach 2 of UT9, we consulted the stable cross sections for a discharge reference and typical 
dimensionless ratios from past projects for morphological parameters such as width-depth ratio and 
radius of curvature ratio.   
 
Morphological data comparisons between the existing, design and reference data sets are included in 
Appendix A. 
 

4.3.2 Design Discharge  
 

In order to evaluate a range of design discharges, we evaluated regional regression equations, analyzed 
field bankfull indicators using hydraulic modeling (HEC-RAS and RIVERMorph), and considered sediment 
transport competence using critical discharge for initiation of bed material mobility.  We also developed 
effective discharge predictions based on sediment transport estimates at varying discharges.  For the 
effective discharge calculations, we used daily streamflow data from a USGS stream gauge on Jacobs 
Fork, scaled down to the Shadrick Creek drainage area, coupled with predicted sediment transport rates.  
(Jacobs Fork is a 26-square mile drainage in Burke County and is the closest gauge to the site.) 
 
Our selected design values are based primarily on hydraulic models using cross sections with reliable 
bankfull indicators, in each case a well-defined bench or break in slope.  We built a reach-wide HEC-RAS 
model of Shadrick Creek from surveyed cross sections and extracted channel geometry from the base 
topographic mapping.  This existing conditions model accounts not only for geometry, but also for varying 
floodplain and channel roughness, which allowed us to adjust discharge until the stage matched the 
stable bankfull indicators.   For the tributaries, we used the RIVERMorph stage-discharge function to 
estimate discharge at stages corresponding to field bankfull indicators.  In general, of the discharge 
predictions, we are most confident in the modeled values because they are based on site-specific, reach-
wide measurements rather than average regional conditions or empirical formulae. 
 
As indicated in Table 4, there is reasonable agreement in the predicted design discharge values.  The 
USGS 2-year estimate typically provides an upper bound on the bankfull discharge.   
 

Table 4: Design Discharge Estimates (cfs) 

Reach NC Mountain/ 

Piedmont  
Regional Curves 

USGS  

2-year 

NC HR1 

Hydraulic 
Model using 

Field 
Indicators 

Critical 
Discharge 
(Pavement 
Samples) 

Effective 
Discharge 

Scaled from 
Jacobs Fork  

Gauge 

Selected 
Design Value 

Shadrick Creek 
Reach 1 

220 / 187 308 200-250 176-291 253 230 

Shadrick Creek  
Reaches 2 & 3 

248 / 209 341 270-320 n/a n/a 300 

UT1  17 / 18 37 20-30 n/a n/a 24 

UT9 18 / 19 37 23 n/a n/a 18 

UT10 7 / 7 17 25 n/a n/a 7 
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4.3.3 Sediment Transport 
 
A qualitative sediment transport assessment of project site reveals the following general conditions: 

 The culverts beneath the railroad tracks on UTs 1, 9 and 10 disrupt sediment transport through 
these streams, but bankfull discharges appear to pass through the culverts and sediment supply 
is low; the consequences of this disruption do not appear to have greatly affected channel 
morphology. 

 On Shadrick Creek, particularly in Reaches 2 and 3, excess fine sediment is being supplied to 
the reach from widespread bank erosion and modest backwater effects from a railroad crossing 
about ½ mile downstream appear to promote deposition.  Much of the fine sediment is being 
deposited on bench features during flood events, but some of the fines are settling in riffles. 

 Gravel and small cobble sized bed materials appear to be moving through Shadrick Creek and 
bars of fresh coarse sediment are visible throughout.  

 Bedrock in the Shadrick Creek bed has fixed the longitudinal slope and prevented channel 
incision beyond what is evident today. 

 
Our detailed sediment transport evaluation is focused on Shadrick Creek and much of the following 
discussion deals with Shadrick Creek in particular.  As part of our sediment transport evaluations, we 
considered landscape position and the connections between the supply, project and downstream 
reaches.  The primary sediment transport issue for Shadrick Creek relates to bank erosion and mid-
channel deposition: in areas where the channel has become overly wide due to bank erosion or livestock 
trampling, the transport capacity has been diminished.  The design attempts to create sediment transport 
continuity with less impacted supply reaches upstream of Reaches 1 and 2.  On the tributaries, incised 
conditions have created greater shear stress on the bed and banks, resulting in greater transport 
competence and capacity than is healthy for the streams. 
 
In terms of sediment transport competence, our analyses indicate the design streams will transport the 
size of the large bed materials sampled at the site.  We attempted to mimic the discharge-shear profiles 
for the relatively stable existing cross sections up to the bankfull stage, with a shear break at the bankfull 
stage where bankfull benches are planned.  The benches will effectively reduce boundary shear at 
discharges greater than bankfull, thereby addressing excess shear that is leading to bank erosion.  When 
compared to an overly wide cross section at station 106+30, the design discharge-shear profile is greater 
up to and beyond the bankfull discharge, indicating that the potential for mid-channel deposition is 
reduced.  When compared to an incised cross section at station 113+00, the design indicates lower shear 
stress throughout the discharge-shear profile.   
 
We also evaluated sediment transport capacity using unit stream power as the indicator parameter.  We 
compared existing and design stream power over a range of stages up to and above the bankfull stage.  
Hydraulic models (HEC-RAS and RIVERMorph) of the existing and design conditions were used to 
support the sediment transport analyses by providing hydraulic parameters such as hydraulic radius, 
slope, shear stress, and power.   
 
Slope and cross section size and shape are the factors that determine stream power.  Because the 
project will involve primarily on-line enhancement, slope is essentially unchanged and cross section 
shape and size become the design focus.  As discussed in Section 4.3.4, there are geotechnical stability 
constraints for cross section design; the design attempts to optimize sediment transport capacity and 
bank stability within these constraints.  Analyses indicate that the design unit stream power in the 
Shadrick Creek reaches is very similar to that in the relatively stable existing project reaches, up to the 
bankfull stage.  Excess stream power will be dissipated on bankfull benches, thereby addressing channel 
incision and bank erosion problems.  When compared to the overly wide, unstable section at station 
106+30, the design unit stream power is slightly greater, indicating a reduction in the potential for mid-
channel deposition.  We anticipate the unit stream power profile in Shadrick Reaches 2 and 3 will more 
closely match that in the supply reach as bank vegetation becomes established and the width-to-depth 
ratio decreases.  As with the competence comparison, stream power is reduced when compared to the 
existing incised section at station 113+00.  Graphical output of these analyses is included in Appendix A.   
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At the tributaries, sediment supply is low and velocities are high.  The main concern in the steep 
upstream reaches is down-cutting and the key design parameter is boundary shear.  Comparisons of 
existing versus design boundary shear indicate reductions in the design shear beyond the bankfull stage.  
Shield’s curve predictions indicate that the D50 of the planned constructed riffle materials will not be 
mobile during events up to twice the bankfull discharge and that an armor layer will remain to protect 
subgrade soils and the overall bed profile. 
 

4.3.4 Cross Section 
 

Design discharge and sediment transport analyses inform the design of cross section dimensions and 
shapes; cross section dimensions and shapes along with slope govern hydraulic parameters that are 
relevant to design.  Past experience also informs the cross section design.  For example, project 
monitoring over the past several years has indicated that a newly constructed E or C-type channel with a 
width-depth ratio less than about 10 can lead to stability problems.   We evaluated reference cross 
sections as indications of bankfull area and general shape, but the design bank slopes are also governed 
by geotechnical stability needs during the monitoring period in areas where little or no deep-rooted 
vegetation will be present for the first few growing seasons.  Ratios of pool-to-riffle depth and top width 
are based in part on reference reach data and in part on past experience. 
 

4.3.5 Pattern and Profile  
 
The proposed restorations of Shadrick Creek Reach 3 and UT9 Reach 2 include pattern changes in 
locations where existing meander bends are unstable and the opportunity exists to relocate the channel 
to the low point of the valley.  At these pattern changes, the design meander geometry is based on a 
range of dimensionless ratios that have proven to be effective in meeting design objectives while 
promoting stability.  The prime example for plan geometry is radius of curvature ratio; well-vegetated 
reference reaches suggest a radius of curvature ratio of 1.0 or less would be desirable, but experience 
indicates that a ratio less than about 1.8 places undue stresses on newly constructed banks that lack 
deep rooted vegetation.  For the re-aligned portions of Shadrick Creek Reach 3 and UT9 Reach 2, the 
design radius of curvature ratio ranges from to 1.9 to 2.6.   
 

4.3.6 In-Stream Structures 
 
In-stream structure types and locations were selected based on design stability, habitat enhancement and 
sediment transport objectives within each reach.  Table 5 below provides a summary of specific 
objectives for the proposed structures.  Data and analyses supporting the sizing of stone for in-stream 
structures are provided in Appendix A. 
 

Table 5. In-Stream Structures 

Structure Objectives 

Geolifts and Brush Mattresses 
a. Bank stability at channel plugs or sloped banks 
b. Quickly establish deep rooted bank vegetation 
c. Offers alternative to extensive bank sloping where space is limited 

Log Vane 
a. Direct flow toward center of channel and away from banks 
b. Promote sediment storage upstream and pool formation downstream 

Constructed Riffle  
a. Set grade in profile 
b. Provide roughness in bed 
c. Initiate riffle habitat and sediment transport equilibrium 

Step Structure 
a. Set grade in profile 
b. Provide roughness in bed 
c. Direct cascading flow to center and downstream plunge pool  

Root Wad Cluster 
a. Enhance bank stability 
b. Provide bank roughness 
c. Establish near-bank cover and pool habitat 
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4.4 Wetlands 
 

KHA identified two jurisdictional wetlands at the site, WA1 and WA2, which combined measure ½ acre. 
KHA describes WA1 as having been recently impacted by logging activities.  Recent observations 
indicate the vegetation communities have recovered somewhat after the logging in 2009, with a variety of 
pioneer tree species and abundant sedges (carex spp.) and rushes (juncus spp.) visible.  The hydrology 
of wetland WA1 will be stabilized by addressing a headcut at the headwaters of UT1, which is the outlet 
of WA1.  The hydrology of WA2 appears to be fairly stable, the source of which is a spring.   
 
The conservation easement will protect both WA1 and WA2 and supplemental plating in the wetlands and 
along the adjacent riparian buffers will enhance their function.  The supplemental planting plans will be 
developed based on appropriate wetland plant communities.  Desirable species will be protected and 
non-native plants will be removed. 
 

5.0 DEFINITIONS 
 
Dx – with respect to sediment grain size distribution, the grain mean diameter which is larger than x% of 
the sample distribution 
 
Morphological description – the stream type; stream type is determined by quantifying channel 
entrenchment, dimension, pattern, profile, and boundary materials; as described in Rosgen, D. (1996), 
Applied River Morphology, 2nd edition  
 
Native vegetation community – a distinct and reoccurring assemblage of populations of plants, animals, 
bacteria and fungi naturally associated with each other and their population; as described in Schafale, 
M.P. and Weakley, A. S. (1990), Classification of the Natural Communities of North Carolina, Third 
Approximation 
 
Project Area - includes all protected lands associated with the mitigation project 
 
Priority Levels of Restoration – 1: convert incised stream to new stream at original floodplain elevation; 2: 
establish new stream and floodplain at existing stream elevation; 3: convert incised stream to new stream 
type without establishing an active floodplain but providing flood-prone area; 4: stabilize incised stream in 
place.  
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APPENDIX A 

 

MITIGATION WORK PLAN DATA AND ANALYSES 



Min Median Max Min Median Max Min Median Max

Stream name

Stream type

Drainage area, DA (sq mi)

Mean riffle depth, dbkf (ft) 2.4 2.6 2.8 1.8

Riffle width, Wbkf (ft) 21.0 22.0 23.0 19.0

Width-to-depth ratio, [Wbkf/dbkf] 6.9 8.6 10.3 10.4

Riffle cross-section area, Abkf (sq ft) 51.4 57.5 63.5 34.5

Max riffle depth, dmbkf (ft) 3.6 3.6 3.7 2.1

Max riffle depth ratio, [dmbkf/dbkf] 1.5 1.4 1.3 1.2

Pool width, Wbkfp (ft) 19.4 21.2 23.0 19.4

Pool width ratio, [Wbkfp/Wbkf] 0.9 1.0 1.0 1.0

Pool cross-section area, Abkfp (sq ft) 60.6 65.7 70.7 60.7

Pool area ratio, [Abkfp/Abkf] 1.2 1.7 2.0 1.8

Max pool depth, dmbkfp (ft) 3.9 4.4 4.8 3.9

Max pool depth ratio, [dmbkfp/dbkf] 1.6 1.7 1.7 2.2

Low bank height, LBH (ft) 4.5 4.8 5.1 2.1

Low bank height ratio, [LBH/dmbkf] 1.3 1.3 1.4 1.0

Width flood-prone area, Wfpa (ft) 68 74 80 32

Entrenchment ratio, ER [Wfpa/Wbkf] 3.0 3.4 3.8 1.7

Radius of curvature, Rc (ft) 34 61 149 34 61 149 60

Radius of curvature ratio [Rc/Wbkf] 1.6 2.8 6.5 1.6 2.8 6.5 3.2

Belt width, Wblt (ft) 66 70 162 66 70 162 65

Meander width ratio [Wblt/Wbkf] 3.1 3.2 7.0 3.1 3.2 7.0 3.4

Valley slope, VS (ft/ft)

Average water surface slope, S (ft/ft)

1.9

5.0

2.3

3.0

1.0

3.0

1.4

38.5

1.4

111.0

Parameter
Existing Stream Design Stream Reference Stream

Shadrick Creek R1 Shadrick Creek R1 Shadrick Ck. Upstream

E4 C4 E4

2.8 2.8 2.5

2.2

27.0

12.4

58.5

100

3.7

0.0070 0.0070 0.0160

0.0053 0.0053 0.0089Average water surface slope, S (ft/ft)

Sinuosity, k = VS/S (ft/ft)

Bankfull discharge, Qbkf (cfs) 220 273 326 220 230 240

Bankfull mean velocity, ubkf = Q/A (ft/s) 4.3 4.8 5.1 3.8 3.9 4.1 3.7

D50 riffle (mm) 23 25 40 23 25 40 40

D84 bar (mm) 10 35 135 10 35 135 106

D100 bar (mm) 22 62 140 22 62 140 106

127

1.32 1.32 1.80
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Min Median Max Min Median Max Min Median Max

Stream name

Stream type

Drainage area, DA (sq mi)

Mean riffle depth, dbkf (ft) 2.3 2.4 2.5 2.1

Riffle width, Wbkf (ft) 19.9 20.6 21.3 19.7

Width-to-depth ratio, [Wbkf/dbkf] 8.5 8.6 8.6 9.5

Riffle cross-section area, Abkf (sq ft) 46.4 49.4 52.3 41.0

Max riffle depth, dmbkf (ft) 3.4 3.7 4.0 3.2

Max riffle depth ratio, [dmbkf/dbkf] 1.5 1.5 1.6 1.5

Pool width, Wbkfp (ft) 21.2

Pool width ratio, [Wbkfp/Wbkf] 1.0

Pool cross-section area, Abkfp (sq ft) 75.4

Pool area ratio, [Abkfp/Abkf] 1.7

Max pool depth, dmbkfp (ft) 5.1

Max pool depth ratio, [dmbkfp/dbkf] 2.1

Low bank height, LBH (ft) 5.6 6.1 6.7 6.0

Low bank height ratio, [LBH/dmbkf] 1.6 1.7 1.7 1.9

Width flood-prone area, Wfpa (ft) 44 58 71 87 116 145 34

Entrenchment ratio, ER [Wfpa/Wbkf] 2.2 2.8 3.3 3.0 4.0 5.0 1.7

Radius of curvature, Rc (ft) 20 43 118 30 60 75 30 40 50

Radius of curvature ratio [Rc/Wbkf] 1.0 2.1 5.5 1.1 2.1 2.6 1.5 2.0 2.5

Belt width, Wblt (ft) 60 80 100 90 116 160 60 80 100

Meander width ratio [Wblt/Wbkf] 3.0 3.9 4.7 3.1 4.0 5.5 3.1 4.1 5.1

Valley slope, VS (ft/ft)

Average water surface slope, S (ft/ft)

0.0063 0.0063 0.0063

0.0050 0.0048 0.0050

3.3 3.3 3.2

2.4

29.0

12.1

69.7

3.4

1.4

41.8

Shadrick Creek R2&3 Shadrick Creek R2&3 Shadrick Supply Rch

E4 C4 E4

Parameter
Existing Stream Design Stream Reference Stream

3.4

1.0

1.4

131.0

1.9

5.5

2.3

Average water surface slope, S (ft/ft)

Sinuosity, k = VS/S (ft/ft)

Bankfull discharge, Qbkf (cfs) 205 225 244 260 280 300 173 217 260

Bankfull mean velocity, ubkf = Q/A (ft/s) 4.4 4.5 4.7 3.7 4.0 4.3 4.2 5.3 6.3

D50 riffle (mm) 10 12 32 10 12 32 10 12 32

D50 bar (mm) 12 12 12

D100 bar (mm) 45 45 45

1.26 1.31 1.26
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CRITICAL DISCHARGE ESTIMATE 1

Andrews (1984) and Andrews and Nankervis (1995)

tci* = 0.0834(di/d'50)‐0.872 applies if di/d'50 ranges from 3 to 7

tci* = 0.0384(di/d'50)‐0.887 if di/d'50 is 1.3 to 3.0

di = d50 of riffle pavement (from zigzag), mm

d'50 = d50 of sub‐pavement (bar sample), mm

d = tci*((rsand‐rh20)/rh20)*Di)/s

d = mean bankfull depth of water (ft) needed to move largest particle

rsand =  2.65 g/cc specific gravity of sand

rh20 =  1.00 g/cc specific gravity of water

Di =  largest particle found in bar or subpavement sample (ft)

s =  average (bankfull) water surface slope

SHADRICK REACH 1

For samples near 12+00

di 40 mm

d'50 22 mm

di/d'50 1 818182di/d'50 1.818182

tci* = 0.022596

Di 105 mm   = 0.34 ft

s 0.0050 ft/ft

d =  2.57 ft

from stage report  for XS1 in RM w/ dbkf = d, qci ~ 176 cfs



CRITICAL DISCHARGE ESTIMATE 2

Bathurst et al (1987)

qcD50 = (0.15g0.5D50
1.5)/(s1.12) D in ft

qci = qcD50(Di/D50)
b

b = 1.5(D84/D16)
-1

SHADRICK REACH 1

Shadrick Pebble Count 12+00

D50 =  0.04 m 0.1312 ft

D84 =  0.099 m 0.32472 ft

D16 =  0.01 m 0.0328 ft
s = 0.005
qcD50 = 15.27825 cfs
b = 0.151515
qci = 17.52694 cfs/ft

Section

Active 
Channel 
Width (ft) qci (cfs) = 

XS1 16.6 291
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Min Median Max Min Median Max Min Median Max

Stream name

Stream type

Drainage area, DA (sq mi)

Mean riffle depth, dbkf (ft) 0.3 0.7 1.0 0.6 0.6 0.7

Riffle width, Wbkf (ft) 3.3 3.9 5.3 5.4 6.7 8.0

Width-to-depth ratio, [Wbkf/dbkf] 4.2 6.1 12.6 9.4 10.5 11.6

Riffle cross-section area, Abkf (sq ft) 1.2 2.8 4.6 3.1 4.3 5.5

Max riffle depth, dmbkf (ft) 0.5 0.9 1.2 1.1 1.1 1.2

Max riffle depth ratio, [dmbkf/dbkf] 1.3 1.3 1.6 1.7 1.8 2.0

Pool width, Wbkfp (ft) 3.6 4.1 6.0 5.0

Pool width ratio, [Wbkfp/Wbkf] 0.9 1.0 1.5 0.7

Pool cross-section area, Abkfp (sq ft) 2.5 2.9 7.2 3.8

Pool area ratio, [Abkfp/Abkf] 0.9 1.7 2.6 0.9

Max pool depth, dmbkfp (ft) 0.9 1.3 1.9 1.2

Max pool depth ratio, [dmbkfp/dbkf] 1.3 1.8 2.7 1.9

Low bank height, LBH (ft) 0.45 1.2 3.67 1.1 1.1 1.2

Low bank height ratio, [LBH/dmbkf] 1.0 1.5 3.0 1.0

Width flood-prone area, Wfpa (ft) 4.5 13 21 13 16.5 20

Entrenchment ratio, ER [Wfpa/Wbkf] 1.1 2.8 5.2 2.5

Radius of curvature, Rc (ft) 7 20 70 7 20 70 21 22 23

Radius of curvature ratio [Rc/Wbkf] 2.1 5.1 13.2 2.1 5.1 13.2 3.1 3.3 3.4

Belt width, Wblt (ft) 16 35 50 16 35 50 40

Meander width ratio [Wblt/Wbkf] 4.8 8.9 9.5 4.8 8.9 9.5 6.0

Valley slope, VS (ft/ft)

Average water surface slope, S (ft/ft)

0.0260 0.0260 0.0260

0.0230 0.0230 0.0230

0.7

8.0

11.6

5.5

 G4 B4 B4

0.1 0.1 0.1

Parameter
Existing Stream Design Stream Reference Stream

UT1 UT1 UT1 near STA. 18+00

2.0

1.6

2.3

1.0

1.0

1.0

1.4

11.0

1.4

11.2

24

3.0

Average water surface slope, S (ft/ft)

Sinuosity, k = VS/S (ft/ft)

Bankfull discharge, Qbkf (cfs) 20 24 27 25

Bankfull mean velocity, ubkf = Q/A (ft/s) 5.3 5.5 5.8 4.5 7.0

D50 riffle (mm) 3 6 9 3 6 9 3 6 9

D84 bar (mm) 130 130 130

D100 bar (mm) 132 132 132

1.13 1.13 1.13

30
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Min Median Max Min Median Max Min Median Max

Stream name

Stream type

Drainage area, DA (sq mi)

Mean riffle depth, dbkf (ft) 0.5 0.7 1.1 0.6 0.6 0.7

Riffle width, Wbkf (ft) 4.2 5.7 6.0 5.4 6.7 8.0

Width-to-depth ratio, [Wbkf/dbkf] 5.7 6.3 12.7 9.4 10.5 11.6

Riffle cross-section area, Abkf (sq ft) 2.6 2.7 6.3 3.1 4.3 5.5

Max riffle depth, dmbkf (ft) 0.6 0.9 1.5 1.1 1.1 1.2

Max riffle depth ratio, [dmbkf/dbkf] 1.4 1.4 1.5 1.7 1.8 2.0

Pool width, Wbkfp (ft) 4.1 6.3 8.6 5.0

Pool width ratio, [Wbkfp/Wbkf] 1.0 1.1 1.4 0.7

Pool cross-section area, Abkfp (sq ft) 2.8 3.3 3.9 3.8

Pool area ratio, [Abkfp/Abkf] 1.0 1.2 1.4 0.9

Max pool depth, dmbkfp (ft) 1.0 1.2 1.4 1.2

Max pool depth ratio, [dmbkfp/dbkf] 1.5 1.8 2.1 1.9

Low bank height, LBH (ft) 2.5 2.7 3.6 1.1 1.1 1.2

Low bank height ratio, [LBH/dmbkf] 2.3 2.7 4.4 1.0

Width flood-prone area, Wfpa (ft) 8 10 11 13 17 20

Entrenchment ratio, ER [Wfpa/Wbkf] 1.4 1.7 2.7 2.5

Radius of curvature, Rc (ft) 36 47 62 36 47 62 21 22 23

Radius of curvature ratio [Rc/Wbkf] 6.0 8.2 14.9 6.0 8.2 14.9 3.1 3.3 3.4

Belt width, Wblt (ft) 20 26 31 20 26 31 40

Meander width ratio [Wblt/Wbkf] 4.8 4.5 5.1 4.8 4.5 5.1 6.0

Valley slope, VS (ft/ft)

Average water surface slope, S (ft/ft)

0.0360 0.0360 0.0260

0.0350 0.0350 0.0230

0.7

8.0

11.6

5.5

24

3.0

B4, G4 B4 B4

0.1 0.1 0.1

Parameter
Existing Stream Design Stream Reference Stream

UT9 Reach 1 UT9 Reach 1 UT1 near STA. 18+00

2.0

1.6

2.3

1.0

1.0

1.0

1.4

11.0

1.4

11.2

Average water surface slope, S (ft/ft)

Sinuosity, k = VS/S (ft/ft)

Bankfull discharge, Qbkf (cfs) 24 48 72 25

Bankfull mean velocity, ubkf = Q/A (ft/s) 8.8 10.1 11.4 4.5 7.0

D50 riffle (mm) 0.3 0.3 3 6 9

D84 bar (mm) 84 84 130

D100 bar (mm) 89 89 132

1.03 1.03 1.13

30



Min Median Max Min Median Max Min Median Max

Stream name

Stream type

Drainage area, DA (sq mi)

Mean riffle depth, dbkf (ft) 0.5 0.7 1.1 0.6 0.6 0.7

Riffle width, Wbkf (ft) 4.2 5.7 6.0 5.4 6.7 8.0

Width-to-depth ratio, [Wbkf/dbkf] 5.7 6.3 12.7 9.4 10.5 11.6

Riffle cross-section area, Abkf (sq ft) 2.6 2.7 6.3 3.1 4.3 5.5

Max riffle depth, dmbkf (ft) 0.6 0.9 1.5 1.1 1.1 1.2

Max riffle depth ratio, [dmbkf/dbkf] 1.4 1.4 1.5 1.7 1.8 2.0

Pool width, Wbkfp (ft) 4.1 6.3 8.6 5.0

Pool width ratio, [Wbkfp/Wbkf] 1.0 1.1 1.4 0.7

Pool cross-section area, Abkfp (sq ft) 2.8 3.3 3.9 3.8

Pool area ratio, [Abkfp/Abkf] 1.0 1.2 1.4 0.9

Max pool depth, dmbkfp (ft) 1.0 1.2 1.4 1.2

Max pool depth ratio, [dmbkfp/dbkf] 1.5 1.8 2.1 1.9

Low bank height, LBH (ft) 2.5 2.7 3.6 1.1 1.1 1.2

Low bank height ratio, [LBH/dmbkf] 2.3 2.7 4.4 1.0

Width flood-prone area, Wfpa (ft) 8 10 11 13 17.0 20

Entrenchment ratio, ER [Wfpa/Wbkf] 1.4 1.7 2.7 2.5

Radius of curvature, Rc (ft) 36 47 62 15 21 22 23

Radius of curvature ratio [Rc/Wbkf] 6.0 8.2 14.9 1.9 3.1 3.3 3.4

Belt width, Wblt (ft) 20 26 31 28 42 60 40

Meander width ratio [Wblt/Wbkf] 4.8 4.5 5.1 3.5 5.3 7.5 6.0

Valley slope, VS (ft/ft)

Average water surface slope, S (ft/ft)

0.0360 0.0240 0.0260

0.0350 0.0140 0.0230

0.7

8.0

11.6

5.5

24

3.0

B4, G4 E4 B4

0.1 0.1 0.1

Parameter
Existing Stream Design Stream Reference Stream

UT9 Reach 1 UT9 Reach 2 UT1 near STA. 18+00

2.6

1.8

2.6

1.0

1.0

1.0

1.4

13.7

1.7

14.1

Average water surface slope, S (ft/ft)

Sinuosity, k = VS/S (ft/ft)

Bankfull discharge, Qbkf (cfs) 24 48 72 18

Bankfull mean velocity, ubkf = Q/A (ft/s) 8.8 10.1 11.4 3.3 7.0

D50 riffle (mm) 0.3 0.3 3 6 9

D84 bar (mm) 84 84 130

D100 bar (mm) 89 89 132

1.03 1.71 1.13

30
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Min Median Max Min Median Max Min Median Max

Stream name

Stream type

Drainage area, DA (sq mi)

Mean riffle depth, dbkf (ft) 0.5 0.6 0.6 0.7

Riffle width, Wbkf (ft) 7.0 5.4 6.7 8.0

Width-to-depth ratio, [Wbkf/dbkf] 13.0 9.4 10.5 11.6

Riffle cross-section area, Abkf (sq ft) 3.8 3.1 4.3 5.5

Max riffle depth, dmbkf (ft) 0.8 1.1 1.1 1.2

Max riffle depth ratio, [dmbkf/dbkf] 1.5 1.7 1.8 2.0

Pool width, Wbkfp (ft) n/a 5.0

Pool width ratio, [Wbkfp/Wbkf] 0.7

Pool cross-section area, Abkfp (sq ft) n/a 3.8

Pool area ratio, [Abkfp/Abkf] 0.9

Max pool depth, dmbkfp (ft) n/a 1.2

Max pool depth ratio, [dmbkfp/dbkf] 1.9

Low bank height, LBH (ft) 2.0 1.1 1.1 1.2

Low bank height ratio, [LBH/dmbkf] 2.5 1.0

Width flood-prone area, Wfpa (ft) 9 13 16.5 20

Entrenchment ratio, ER [Wfpa/Wbkf] 1.3 2.5

Radius of curvature, Rc (ft) 36 66 67 36 66 67 21 22 23

Radius of curvature ratio [Rc/Wbkf] 5.1 9.4 9.6 5.1 9.4 9.6 3.1 3.3 3.4

Belt width, Wblt (ft) 30 30 40

Meander width ratio [Wblt/Wbkf] 4.3 4.3 6.0

Valley slope, VS (ft/ft)

Average water surface slope, S (ft/ft)

2.0

1.3

2.3

0.8

1.0

0.8

1.4

9.5

1.4

8.1

Parameter
Existing Stream Design Stream Reference Stream

UT10 UT10 UT1 near STA. 18+00

F4 B4 B4

0.03 0.03 0.1

0.6

7.0

12.3

4.0

24

3.4

0.0260 0.0260 0.0260

0.0249 0.0249 0.0230Average water surface slope, S (ft/ft)

Sinuosity, k = VS/S (ft/ft)

Bankfull discharge, Qbkf (cfs) 7 7

Bankfull mean velocity, ubkf = Q/A (ft/s) 1.9 1.8 7.0

D50 riffle (mm) 0.3 0.3 3 6 9

D84 bar (mm) 84 84 130

D100 bar (mm) 89 89 132

30

1.04 1.04 1.13



Check of in‐stream structure particle mobility 7/10/2013

Reach

Discharge 

or Stage

Shear 

(psf) *

Particle Diam. 

Shield's Curve, 

Rosgen data (mm)

Particle Diam. 

Shield's Curve, 

Rosgen data (in)
Constructed 

Riffle D50 (in)

Rock Vane or 

Boulder Step 

Med. Boulder 

Size (in)

Ford 

Crossing D50 

(in)

Shadrick R1 

& R2 bankfull 0 75 120 4 7& R2 bankfull 0.75 120 4.7

2xbankfull 0.96 145 5.7

Shadrick R3 bankfull 0.84 130 5.1

2xbankfull 1.28 180 7.1

UT1 bankfull 0.95 145 5.7

2xbankfull 1.13 165 6.5
10 24 10 to 24

UT9 R1 bankfull 1.44 200 7.9

2xbankfull 1.73 225 8.9

UT9 R2 bankfull 0.58 100 3.9

2xbankfull 0.69 115 4.5

UT10 bankfull 0.86 135 5.3

2xbankfull 1.06 160 6.3

* From stage shear calcs (RAS and RIVERMorph)



HA 9‐1 left floodplain of UT9 near upstream CE line Reach 2

0‐2.5' brown to tan and brown sandy clay

2 5' 4 2' mottled brown tan and lt gray sandy clay

Hand Auger Boring Summary

Shadrick Creek Restoration

3/26/2013

2.5'‐4.2' mottled brown, tan and lt. gray sandy clay

4.2'‐4.5' blue‐gray silty, sandy clay

4.5'‐5.0' blue‐gray sandy gravel, wet at 4.5'

5.0' terminated

N: 730391.86

E: 1140102.94

Z: 1145.5' +/‐

HA 9‐2 left floodplain UT9, midway along Reach 2

0‐2.0' brown sandy clay

2.0'‐2.5' mottled brown, tan and lt. gray clayey sand; wet at 2.2'

2 5' 4 8' bl e gra cla e sand becoming silt then gra ell belo 3 0'2.5'‐4.8' blue‐gray clayey sand, becoming silty then gravelly below 3.0'

4.8' Refusal on gravel, water at 3.0'

N: 730310.71

E: 1140168.65

Z: 1143.8' +/‐

HA S‐1 left floodplain Shadrick Reach 3; 2.5' +/‐ below LB

0‐0.5' Topsoil

0.5'‐2.0' tan clayey sand

2.0'‐3.5' mottled tan and lt. gray clayey sand; wet and more clay at 3.0'

3.5'‐4.5' blue‐gray sandy clay/clayey sand with gravel

4 5' i d 2 8'4.5' terminated; water at 2.8'

N: 729159.58

E: 1144983.12

Z: 1100' +/‐

HA S‐2 left floodplain Shadrick Reach 3; same elev. as LB

0‐3.0' red‐brown sandy clay

3.0'‐5.0' red‐brown to gray sandy clay/clayey sand with gravel below 3.5'

5.0' refusal on gravel, wet at 3.5'

N: 728865.88

E: 1145221.19

Z: 1101' +/‐
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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: 
 

Shadrick Creek Restoration 

Name if stream or feature: 
 

Shadrick Creek 

County: 
 

McDowell 

Name of river basin: 
 

Catawba 

Is project urban or rural? 
 

Rural 

Name of Jurisdictional 
municipality/county: 
 

McDowell County 

DFIRM panel number for 
entire site: 
 

1732, 1733, 1742 

Consultant name: 
 

Confluence Engineering, PC 

Phone number: 
 

828-255-5530 

Address: 
 
 
 

16 Broad Street, Asheville, NC 28801 
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Design Information 

 
Provide a general description of project (one paragraph).  Include project limits on a 
reference orthophotograph at a scale of 1” = 500”.    SEE MITIGATION PLAN 
 
Summarize stream reaches or wetland areas according to their restoration priority. SEE 
MITIGATION 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: AE, with non-encroachment area 
 
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: not known 
 
Does proposed channel boundary encroach outside floodway/non-
encroachment/setbacks? Not known 
 

Yes No
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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: Jerry Silvers 
Phone Number: 828-652-7030 ext. 2 
 

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: 
We submitted a so-rise report to McDowell County on 9/20/13.  I spoke by phone with 
Jerry Silvers on September 16 and he indicated that he might send the report and models 
to NCFMP for review and approval, but that he’d need to review the package first.  I 
have not heard back from Mr. Silvers. 
 

Name: __Andrew Bick______________  Signature:   
Title: _____Principal________________ Date: _____10/31/13_______________ 



Andrew Bick <confluence.eng@gmail.com>

Shadrick Creek Flood Study
3 messages

Andrew Bick <andrew@confluence-eng.com> Fri, Jan 10, 2014 at 9:59 AM
To: Jerry Silvers <buildinginspections@mcdowellgov.com>, Julie Cahill <julie.cahill@ncdenr.gov>

Jerry - this is a follow up to our conversation on December 9th regarding the flood study for the Shadrick Creek
restoration project.  You had mentioned that you were going to look at it that week but we have not heard back
from you.  Have you had a chance to review this yet?  We are trying to get the floodplain permit as soon as
possible.

If you have any questions, I'd be glad to talk on the phone or come to your office.

-- 
Andrew Bick, PE
Confluence Engineering
16 Broad Street
Asheville, NC 28804
o: 828.255.5530 ext. 19
c: 828.606.0306
www.confluence-eng.com

Building Inspections <buildinginspections@mcdowellgov.com> Fri, Jan 10, 2014 at 3:04 PM
To: Andrew Bick <andrew@confluence-eng.com>

Good Afternoon Andrew,

First off I apologise for the delay in my response to this matter, however I now have reviewed your no rise study
and found everything acceptable,therefore this E-mail can stand for your approved flood plain development permit
for the Shadrick creek project as described in your flood study documents.

There will be no charge for this permit as we will not be making any field inspections, however we do request
documentation supported by pictures when this project is complete.

If you need any thing more please advise

Jerry Silvers
McDowell County
Flood Plain Administrator

cc Ron Harmon  McDowell County Planning
     File
[Quoted text hidden]

-- 
Jerry Silvers
McDowell County Building Inspections
60 East Court Street
Marion, NC 28752
P. 828-652-7030
F. 828-659-3484
buildinginspections@mcdowellgov.com

tel:828.255.5530%20ext.%2019
tel:828.606.0306
http://www.confluence-eng.com/
tel:828-652-7030
tel:828-659-3484
mailto:buildinginspections@mcdowellgov.com


APPENDIX B 

 

PRELIMINARY PLANS 
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