




 

 

 

May 3, 2017 

Andrea Hughes, Mitigation Project Manager         
Regulatory Division 
Wilmington District, Corps of Engineers 
69 Darlington Avenue 
Wilmington, North Carolina 28403‐1343 
 
NCDMS Project Name: Cedar Branch Restoration Site, Randolph County, NC  
USACE AID#: SAW‐2003‐21395 
NCDMS #: 97009 
 

Dear Ms. Hughes,  

Following an on‐site meeting at Cedar Branch with Todd Tugwell of USACE and Tim Morris and Adam 
Spiller of KCI on April 28th, 2017, we have made the following changes to the Cedar Branch Restoration 
Site Mitigation Plan. This version will be resubmitted to NCDMS as the final mitigation plan and included 
with the PCN application for the project. 

‐ Additional notes were added in Section 7.2 Design Parameters regarding the wetland fringe that 
is anticipated to develop along some portions of T1 and T3. Enhancement I work along T1 and T3 
may be altered based on field conditions to focus on developing a floodprone bench that will have 
an improved hydrologic connection with the enhanced channel.  

‐ Visual monitoring  of  fringe  wetlands  along  T1  and  T3  was  added  in  Section  10 Monitoring 
Requirements. Three groundwater gauges have been added along T1 and T3 for  informational 
purposes.  

‐ The  stream  gauges  shown  in  the  Proposed Monitoring  Plan  (Appendix  C)  have  been moved 
upstream based on the locations discussed in the field. These gauges will be held to a standard of 
30 days of continuous flow within a calendar year for a minimum of three of the first four years 
assuming normal precipitation conditions per comments from Sue Homewood, NCDWR, January 
24, 2017. 

‐ A note was added to Sheet 5 in the plans commenting that cross‐section and profile on T1 and T3 
may  be  adjusted  in  the  field  to  better  promote  wetland  development  along  the  bankfull 
bench/floodplain.  

Sincerely, 
 
 
 
Tim Morris 
Project Manager 

tim.morris
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DEPARTMENT OF THE ARMY
WILMINGTON DISTRICT, CORPS OF ENGINEERS

69 DARLINGTON AVENUE
WILMINGTON, NORTH CAROLINA 28403-1343

REPLY TO
ATTENTION OF:

CESAW-RG/Hughes January 31, 2017

MEMORANDUM FOR RECORD

SUBJECT: Cedar Branch Restoration Site - NCIRT Comments during 30-day Mitigation Plan 
Review

PURPOSE: The comments listed below were posted to the NCDMS Mitigation Plan Review 
Portal during the 30-day comment period in accordance with Section 332.8(g) of the 2008 
Mitigation Rule.

NCDMS Project Name: Cedar Branch Restoration Site, Randolph County, NC

USACE AID#: SAW-2003-21395

NCDMS #: 97009

30-Day Comment Deadline: January 23, 2017

Kathy Matthews, USFWS, December 22, 2016:
There are no USFWS-listed species at the site or for many miles downstream of the site. 

Travis Wilson, NCWRC, January 23, 2017
The mitigation plan incorporates a 5 year monitoring plan, this should be updated to 
utilize a 7 year monitoring plan.  

Sue Homewood, NCDWR, January 24, 2017:
1. DWR believes that the stream reaches located at the Cedar Branch Restoration Site have 

clearly been impacted from current and historical land-use practices and that the 
restorative measures proposed by KCI will provide ecological uplift to the site streams.

2. The stream mitigation approaches on the Proposed Monitoring Map, in Appendix C, 
should match the proposed mitigation map Figures 8 and 9 (p28 and 29) and the 
Determination of Credits Table (p20). On the Monitoring Map (Appendix C), TI below 
the T1-1 and T1 confluence is shown as R and should be changed to E1 and T2 is shown 
as restoration and should be changed to EII. 

3. During the site visit conducted in September 2015 the IRT members questioned whether 
T1 (upper portion), T1-1 and T-3 (upper portion) were jurisdictional.  The mitigation plan 
notes that a JD was performed by the USACE but the mitigation plan does not include a 
map with the JD documentation, therefore this concern cannot be resolved/verified at this 
time.



4. Although T1-1 and T-3 (upper portion) are proposed for EII credit, DWR still has 
concerns that these areas lack the characteristics of an intermittent stream. DWR 
recommends placing a monitoring gauge in the thalweg along the upper third of each 
stream’s reach to ensure a minimum of 30d of flow is achieved during a normal rainfall 
year for at least three out of the first four monitoring years.

5. The mitigation plan proposes EI for the upper portion of T3 in order to “bring the incised 
channel up to reconnect bankfull flows to the existing floodplain”.  It is DWR staff’s 
opinion that a channel as small as T3 does not regularly access a floodplain therefore 
raising the bed to “connect flows to the floodplain” is not justified.  Regardless, staff has 
a concern that raising the bed will disconnect the channel with the groundwater table, as 
was discussed during the 2015 site visit, and request that flow monitoring be provided for 
the EI portion of this channel to document success.

6. Tributary 5 was not reviewed during the 2015 site visit.  DWR suggests that this tributary 
should be visited by an IRT member to confirm the proposed plan and credits for this 
tributary.

7. Table 7 (p23) lists the Functional Outcomes and Monitoring Measurements through 
listing project Goals, Objectives, Functional Level, Functional-Based Parameter Effects, 
and Monitoring Measurements. While DWR does agree that the removal of cattle 
(Objective) will likely have a positive effect on the site’s Physio-Chemical water quality 
(Functional Level) via Nutrient and Bacteria Reduction (Function-Based Parameter 
Effects), DWR does not believe that relying on the “Estimation Reductions Based on 
Converted Land Use” is an accepted monitoring measurement as this is a prediction 
rather than being based on field monitoring.

8. Although the stormwater BMP’s are not proposed for mitigation credit, DWR is 
concerned that the proposed design may result in long term impacts to the receiving 
stream and/or buffers.  Specifically, DWR has concerns that the plans indicate a shallow 
detention area of natural soils which appear to be un-vegetated which is to be covered by 
an installed mulch layer.  Without ensuring sufficient infiltration rates of the soil below 
the detention area, the area is likely to pond regularly and the mulch is likely to 
redistribute and not provide proper soil coverage to ensure that erosion will not occur 
within the area.  In addition, there is a concern that the mulch will be washed into the 
rock outlet when the area is completely ponded during heavy storm events. 

9. It will be necessary to identify the location of any jurisdictional wetlands within the 
project boundary on all documents when the 404/401 application is submitted.  The 
application should identify any impacts, permanent or temporary, to these wetlands 
and/or any measures taken to avoid impacts to these wetlands.

10. Please note that the project will be held to the currently accepted performance standards 
as stated in the 2003 SMGs, and the project should state so in Section 9.0.

Andrea Hughes, USACE, January 26, 2017
1. Page 20, Table 5: There appear to be discrepancies regarding the resources and the

proposed treatments.  During our site visit on September 22, 2015, the Corps and DWR 
questioned the jurisdictional status of the upper reaches of Tributary 1 and Tributary 1-1.
The chart proposes to generate credits associated with both reaches beginning at the 
property boundary.



2. Page 20, Table 5: Also, for Tributary 1, the chart indicates E1 from station 55+50 to 
58+24 and restoration from Station 58+24 to 61 +18. According to field notes, for T-1
below the confluence with T1-1, KCI indicated that E1 might be requested to properly 
transition into the restoration work on UTCC. 

3. Page 20, Table 5: The table indicates restoration of Tributary 3-1. The Corps and DWR 
discussed the proposed treatments for Tributary 3-1 and the upper reaches of Tributary 3
(above confluence with T3) with the provider during the site visit. It was determined that 
additional information (groundwater wells) would be required to justify a restoration 
approach for these areas.  The mitigation plan does not include additional information to 
justify restoration.

4. Page 20, Table 5: The mitigation plan includes an additional resource (Tributary 5) that 
was not proposed at the technical stage or discussed/reviewed during the site visit. We 
recommend a site visit to review this resource and the proposed treatment.

5. Page 21, Section 6.0:  The credit release schedule is 7 years with a 5% release in years 4 
and 6. 

6. Page 22, Section 7.2:  The plan indicates two BMPs will be constructed within the 
boundaries of the mitigation site.  The plan sheets indicate these areas will be graded to a 
depth of 6 inches and layered with mulch. We concur with DWR concerns regarding the 
placement of mulch and would prefer these areas be vegetated. While the provider is not 
requesting mitigation credit associated with the BMPs, these areas are located within 
buffer areas that would typically be planted with woody vegetation.

7. Page 25, Crossings:  This section states that fencing will be installed upstream and 
downstream of each crossing.  This conflicts with plan sheet 17 that depicts fencing 
upstream of the UTCC crossing only.  The plan sheet indicates no fencing for the 
crossing on UT 4, or the downstream end of the culvert on UTCC.  Also, please be 
advised that according to NRCS stream crossing standards code 578, stream crossings for 
agricultural use can be no more than 30 feet wide.  Since the stream crossings located 
outside the easement on UT 4 and UTCC exceed 30 feet, a permit may be required.

8. Page 30, Section 9.0:  The final vegetation performance standard is 210 stems per acre at 
Year 7 with interim standards of 320 stems per acre at Year 3 and 260 stems per acre at 
Year 5.  If volunteer stems are proposed for inclusion, they must be a species from the 
approved planting list.

9. Page 31, Section 10.0: Monitoring (stream geomorphology and vegetation) should be for 
a period of 7 years post construction.  The monitoring should include data collection in 
years 1,2,3,5 and 7 with visual monitoring in years 4 and 6.  There should be a minimum 
of 180 days between post construction data collection and Year 1 monitoring data 
collection. Full monitoring reports are required in years 1,2,3,5 and 7 with limited reports 
in years 4 and 6. 

10. Page 32, Table 10: According to Table 5 on page 20, monitoring should occur on 
approximately 6,135 linear feet of stream channel (Restoration and E1 reaches).

11. Page 31, Section 11.0: The long term management plan must include a list of 
management activities, and discussion regarding long term management funding for the 
mitigation site.

12. Appendix B: According to the field notes taken by John Thomas on October 15, 2015, 
the JD map was revised.  The mitigation plan did not include a copy of the revised map.



13. Appendix C:  Regarding the monitoring plan, we recommend adding a cross-section 
below the proposed road crossing on UTCC.  Also, regarding proposed treatments, the 
monitoring map is not consistent with Table 20 or the figures on pages 28 and 29.

14. Other:  Intermittent reaches where the provider proposes to raise the bed elevation should 
be monitored to demonstrate a minimum of 30 days of continuous flow on an annual 
basis.

Andrea Hughes
Mitigation Project Manager
Regulatory Division
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February 23, 2017 

Andrea Hughes, Mitigation Project Manager     
Regulatory Division 
Wilmington District, Corps of Engineers 
69 Darlington Avenue 
Wilmington, North Carolina 28403-1343 
 
NCDMS Project Name: Cedar Branch Restoration Site, Randolph County, NC  
USACE AID#: SAW-2003-21395 
NCDMS #: 97009 
 

Dear Ms. Hughes,  

Please find below our responses in italics to the NCIRT Comments dated January 31, 2017 for the Cedar 
Branch Restoration Site Mitigation Plan. These changes will be made as outlined in the Revised Final 
Mitigation Plan that will be resubmitted to NCDMS and included with the PCN application for the project. 

Kathy Matthews, USFWS, December 22, 2016: 
There are no USFWS-listed species at the site or for many miles downstream of the site. 

Thank you, noted. 

Travis Wilson, NCWRC, January 23, 2017 
The mitigation plan incorporates a 5 year monitoring plan, this should be updated to utilize a 7 year 
monitoring plan. 

We will change the mitigation plan to reflect a 7-year monitoring plan.  

Sue Homewood, NCDWR, January 24, 2017: 
1. DWR believes that the stream reaches located at the Cedar Branch Restoration Site have clearly been 

impacted from current and historical land-use practices and that the restorative measures proposed 
by KCI will provide ecological uplift to the site streams. 
 

2. The stream mitigation approaches on the Proposed Monitoring Map, in Appendix C, should match the 
proposed mitigation map Figures 8 and 9 (p28 and 29) and the Determination of Credits Table (p20). 
On the Monitoring Map (Appendix C), TI below the T1-1 and T1 confluence is shown as R and should 
be changed to E1 and T2 is shown as restoration and should be changed to EII. 

This has been updated in the mitigation plan. We apologize for not changing that map.  



 

3. During the site visit conducted in September 2015 the IRT members questioned whether T1 (upper 
portion), T1-1 and T-3 (upper portion) were jurisdictional. The mitigation plan notes that a JD was 
performed by the USACE but the mitigation plan does not include a map with the JD documentation, 
therefore this concern cannot be resolved/verified at this time. 

The map used for the JD submission is now included along with the JD approval and shows those reaches 
as being jurisdictional intermittent streams.  
 
4. Although T1-1 and T-3 (upper portion) are proposed for EII credit, DWR still has concerns that these 

areas lack the characteristics of an intermittent stream. DWR recommends placing a monitoring gauge 
in the thalweg along the upper third of each stream’s reach to ensure a minimum of 30d of flow is 
achieved during a normal rainfall year for at least three out of the first four monitoring years. 

Pressure transducer gauges will be placed in T1, T1-1, and T-3 to monitor the presence of flow for 30 
days or more for a minimum of three years. An additional gauge will be installed at the bottom of UTCC 
to monitor for bankfull occurrences. The approximate locations of these gauges have been added to the 
monitoring map in Appendix C.  

5. The mitigation plan proposes EI for the upper portion of T3 in order to “bring the incised channel up 
to reconnect bankfull flows to the existing floodplain”. It is DWR staff’s opinion that a channel as small 
as T3 does not regularly access a floodplain therefore raising the bed to “connect flows to the 
floodplain” is not justified. Regardless, staff has a concern that raising the bed will disconnect the 
channel with the groundwater table, as was discussed during the 2015 site visit, and request that flow 
monitoring be provided for the EI portion of this channel to document success.  

See response to #4. 

6. Tributary 5 was not reviewed during the 2015 site visit. DWR suggests that this tributary should be 
visited by an IRT member to confirm the proposed plan and credits for this tributary. 

KCI has removed Tributary 5 from the credit calculations.  We do feel that T5 is an intermittent stream.  
It emanates from a spring seep in the woods.  KCI was not planning to do anything to the stream in the 
woods other than to stabilize a few headcuts where T5 entered UTCC.  KCI was only requesting 
restoration credit for the extension of this channel from the woods line to the proposed location of UTCC 
(in the current ag. Field).  Since this stream was not investigated as part of the JD walk with John Thomas 
and given the fact that site visits will likely delay project acceptance, we have removed T5 from the 
credit table.  We will still design and construct the T5 extension, we just will not request credits for it.   
A photo is provided below for your reference.  We would be happy to collect video footage of the channel 
in the woods if the IRT sees any justification in the attached photo for T5 credits.        



 

 

 

 

 

7. Table 7 (p23) lists the Functional Outcomes and Monitoring Measurements through listing project 
Goals, Objectives, Functional Level, Functional-Based Parameter Effects, and Monitoring 
Measurements. While DWR does agree that the removal of cattle (Objective) will likely have a positive 
effect on the site’s Physio-Chemical water quality (Functional Level) via Nutrient and Bacteria 
Reduction (Function-Based Parameter Effects), DWR does not believe that relying on the “Estimation 
Reductions Based on Converted Land Use” is an accepted monitoring measurement as this is a 
prediction rather than being based on field monitoring. 

KCI used nutrient and bacterial guidance provided by NCDMS, “Quantifying Benefits to Water Quality 
from Livestock Exclusion and Riparian Buffer Establishment for Stream Restoration” (2016), for these 
calculations. While we realize that these load reductions are estimates, it does provide a way to 
approximate the functional uplift provided for water quality using site-specific parameters.  

8. Although the stormwater BMP’s are not proposed for mitigation credit, DWR is concerned that the 
proposed design may result in long term impacts to the receiving stream and/or buffers. Specifically, 
DWR has concerns that the plans indicate a shallow detention area of natural soils which appear to 
be un-vegetated which is to be covered by an installed mulch layer.  Without ensuring sufficient 
infiltration rates of the soil below the detention area, the area is likely to pond regularly and the mulch 
is likely to redistribute and not provide proper soil coverage to ensure that erosion will not occur 
within the area. In addition, there is a concern that the mulch will be washed into the rock outlet 
when the area is completely ponded during heavy storm events. 

KCI has used similar structures on our past projects and has not experienced this problem. However, we 
will add a 2” layer of topsoil above the mulch and then the entire BMP will be seeded with a wetland 
mix and stabilized. These BMPs generally become vegetated quickly due to the high incoming nutrient 
loads. This vegetation stabilizes any disturbed soils and/or mulch in the structure. However, KCI will 
watch these structures post-construction to ensure that no erosion is occurring. They have been added 
explicitly to our “Planned Maintenance” table in the mitigation plan.  

9. It will be necessary to identify the location of any jurisdictional wetlands within the project boundary 
on all documents when the 404/401 application is submitted. The application should identify any 
impacts, permanent or temporary, to these wetlands and/or any measures taken to avoid impacts to 
these wetlands. 



 

Three small wetlands, totaling approximately 0.05 acre, were identified during the delineation process 
and are included on the map submitted as part of the JD (now included in Appendix B). The wetlands 
are also shown on Figure 4, Current Conditions Plan View, and will be added to Figure 9 as well to show 
the wetlands in the context of the proposed mitigation.  Wetland A is a forested wetland (0.02 acre) of 
marginal quality with cattle impacts. The other two wetlands (Wetlands B and C) are emergent features 
of poor quality found at the intersection of the agricultural fields and stream floodplains. All three of 
these wetlands will be enhanced during the construction process by removing cattle and planting with 
native vegetation. These actions will be described in the PCN.  

10. Please note that the project will be held to the currently accepted performance standards as stated 
in the 2003 SMGs, and the project should state so in Section 9.0. 

This has been added to the first paragraph in Section 9.0. 

 

Andrea Hughes, USACE, January 26, 2017 

1. Page 20, Table 5: There appear to be discrepancies regarding the resources and the proposed 
treatments. During our site visit on September 22, 2015, the Corps and DWR questioned the 
jurisdictional status of the upper reaches of Tributary 1 and Tributary 1-1. The chart proposes to 
generate credits associated with both reaches beginning at the property boundary. 

2. Page 20, Table 5: Also, for Tributary 1, the chart indicates E1 from station 55+50 to 58+24 and 
restoration from Station 58+24 to 61 +18. According to field notes, for T-1 below the confluence with 
T1-1, KCI indicated that E1 might be requested to properly transition into the restoration work on 
UTCC. 

For items #1-2, please see the attached memo submitted to NCDMS on July 29, 2016 that describes our 
revised mitigation approach in respect to the site visit in 2015. Both T1 and T1-1 were approved as 
jurisdictional intermittent streams under the JD.  

3. Page 20, Table 5: The table indicates restoration of Tributary 3-1. The Corps and DWR discussed the 
proposed treatments for Tributary 3-1 and the upper reaches of Tributary 3 (above confluence with 
T3) with the provider during the site visit. It was determined that additional information (groundwater 
wells) would be required to justify a restoration approach for these areas.  The mitigation plan does 
not include additional information to justify restoration. 

A pressure transducer will be installed along the top of T3 to ensure the presence of 30 days of flow or 
more within each year. In the final design, only Enhancement I credit is being requested for T3, not 
restoration as discussed earlier for that reach. As stated on page 16 in the mitigation plan, T3 channel 
is incised and vertically unstable for its entire length with numerous headcuts. T3-1 is a short, steep 
tributary that is also incised and vertically unstable. 

4. Page 20, Table 5: The mitigation plan includes an additional resource (Tributary 5) that was not 
proposed at the technical stage or discussed/reviewed during the site visit. We recommend a site visit 
to review this resource and the proposed treatment. 

Please see response to NCDWR’s comment above regarding T5. 

5. Page 21, Section 6.0: The credit release schedule is 7 years with a 5% release in years 4 and 6. 



 

We will change this in the mitigation plan.  

6. Page 22, Section 7.2: The plan indicates two BMPs will be constructed within the boundaries of the 
mitigation site. The plan sheets indicate these areas will be graded to a depth of 6 inches and layered 
with mulch.  We concur with DWR concerns regarding the placement of mulch and would prefer these 
areas be vegetated. While the provider is not requesting mitigation credit associated with the BMPs, 
these areas are located within buffer areas that would typically be planted with woody vegetation. 

Please see previous response to DWR. We are not planning on planting these areas with woody 
vegetation since they are treating incoming agricultural run-off and herbaceous vegetation is more 
effective at providing treatment. These BMPs will be watched closely and included in our maintenance 
plan.  

7. Page 25, Crossings:  This section states that fencing will be installed upstream and downstream of 
each crossing. This conflicts with plan sheet 17 that depicts fencing upstream of the UTCC crossing 
only.  The plan sheet indicates no fencing for the crossing on UT 4, or the downstream end of the 
culvert on UTCC. Also, please be advised that according to NRCS stream crossing standards code 578, 
stream crossings for agricultural use can be no more than 30 feet wide.  Since the stream crossings 
located outside the easement on UT 4 and UTCC exceed 30 feet, a permit may be required. 

The depiction on Sheet 17 is correct, and the text in the mitigation plan has been modified to reflect 
that. The upstream portion of the crossing on UTCC will be fenced, since it will be located adjacent to 
the cattle pasture and used to carry both livestock and equipment. The lower end and the UT4 crossing 
will not be fenced, since they are not located next to any pasture. The easement exclusions are 50’ wide, 
but the crossings themselves will be only 16’ wide. The easement exceptions are wider than the actual 
physical crossings to accommodate any changes to the property the landowner might make at a later 
date (subject to any additional permitting requirements at that time).  

8. Page 30, Section 9.0:  The final vegetation performance standard is 210 stems per acre at Year 7 with 
interim standards of 320 stems per acre at Year 3 and 260 stems per acre at Year 5.  If volunteer stems 
are proposed for inclusion, they must be a species from the approved planting list. 

This will be added to this section.  

9. Page 31, Section 10.0: Monitoring (stream geomorphology and vegetation) should be for a period of 
7 years post construction. The monitoring should include data collection in years 1,2,3,5 and 7 with 
visual monitoring in years 4 and 6. There should be a minimum of 180 days between post construction 
data collection and Year 1 monitoring data collection. Full monitoring reports are required in years 
1,2,3,5 and 7 with limited reports in years 4 and 6. 

The mitigation plan will be updated with these requirements. 

10. Page 32, Table 10: According to Table 5 on page 20, monitoring should occur on approximately 6,135 
linear feet of stream channel (Restoration and E1 reaches). 

This will be changed in Table 10.  

11. Page 31, Section 11.0: The long term management plan must include a list of management activities, 
and discussion regarding long term management funding for the mitigation site. 

The following will be added to the mitigation plan: 



 

Upon approval for close-out by the Interagency Review Team (IRT), the site will be transferred to the 
NCDEQ Stewardship Program. This party shall be responsible for periodic inspection of the site to ensure 
that restrictions required in the conservation easement are upheld. Monitoring visits are conducted in 
order to report site integrity or breaches of easement. Site visits also include periodic boundary re-
marking and documentation of site conditions.  

The NCDEQ Stewardship Program currently houses DMS stewardship endowments within the non-
reverting, interest-bearing Conservation Lands Stewardship Endowment Account. The use of funds from 
the Endowment Account is governed by North Carolina General Statute GS 113A-232(d)(3). Interest 
gained by the endowment fund may be used only for the purpose of stewardship, monitoring, 
stewardship administration, and land transaction costs, if applicable. The NCDEQ Stewardship Program 
intends to manage the account as a non-wasting endowment. Only interest generated from the 
endowment funds will be used to steward the compensatory mitigation site. Interest funds not used for 
those purposes will be re-invested in the Endowment Account to offset losses due to inflation. 

12. Appendix B: According to the field notes taken by John Thomas on October 15, 2015, the JD map was 
revised.  The mitigation plan did not include a copy of the revised map. 

This map will be included in Appendix B.  

13. Appendix C:  Regarding the monitoring plan, we recommend adding a cross-section below the 
proposed road crossing on UTCC. Also, regarding proposed treatments, the monitoring map is not 
consistent with Table 20 or the figures on pages 28 and 29. 

We apologize for not having the monitoring map up-to-date; it has been updated. We have also added 
the additional cross-section on UTCC.  

14. Other:  Intermittent reaches where the provider proposes to raise the bed elevation should be 
monitored to demonstrate a minimum of 30 days of continuous flow on an annual basis. 

See previous response to DWR comments above. We will install pressure transducers on the intermittent 
reaches of T1, T1-1, and T3 as well as on the bottom of UTCC for bankfull monitoring. The approximate 
locations of these gauges have been marked on the revised monitoring map in Appendix C.  

 
Public Comments:  The following relevant comments were received during the public comment period: 
 

1. An adjoining neighbor expressed concern that the mitigation project could result in flooding to 
his property. 

a. KCI Contacted Mr. Bobby McKoy who had inquired about flooding and explained the 
project to him relative to his concerns about flooding.  Mr. McKoy’s property is well 
upgradient of the project and in no jeopardy of being flooded.  KCI also explained our 
obligation to address hydrologic trespass issues in the design process.   

 
2. We received a phone call from an adjacent land owner expressing concern that the property 

owner is not fully aware of the buffer restrictions.  The land owner claims that the property 
owner leases the land for farming and they expressed concern that the parties farming the land 
would not be aware of the restrictions and would continue to farm up to the edge of the 
stream.  



 

a. KCI contacted Mr. Drew Thomas regarding his concerns relating to farming activities 
adjacent to the buffer and explained the specifics of enforcement of easement 
restrictions both during the monitoring period (with KCI) and afterwards (with DMS 
and the Stewardship Program).  KCI also addressed several other concerns that Mr. 
Thomas has regarding the project including access and manure application.  Mr. 
Thomas mentioned that he was not in opposition to the project and the easement, he 
just wanted to make sure the landowner would not be requesting access through his 
or other neighbors properties and that easement violations would be enforced if 
needed.  
  

3. KCI also spoke to Mr. Colon Farlow and Mr. Joe Nelson regarding other issues and concerns.  
Both of these landowners were more concerned with the process and wanted to get a basic 
understanding of the need for mitigation and the timing of the project.   

 
 
 
Please contact me if you have any questions or would like clarification concerning these responses.  
 
 
Sincerely, 
 
 
 
 
Tim Morris. 
Project Manager 

tim.morris
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MEMORANDUM 
 
Date:  July 29, 2016 
 
To:  Matthew Reid 

 
From: Tim Morris, Project Manager 

KCI Associates of North Carolina, PA 
 
Subject: Cedar Branch Restoration Site 
  Draft Mitigation Plan – Credit Revisions 

Lower Yadkin River Basin - 03040103 
Randolph County, North Carolina 
Contract No. #6598 
DMS Project #97009 

 
General Comment: 

- The crediting approach for Tributary 1(55+50-61+18), Tributary 2 (80+00-81+27) 
and Tributary 3-1(150+00-150+78) does not agree with what was discussed with the 
IRT at the Post Contract Meeting conducted on September 22, 2015. Please review the 
memorandum dated September 22, 2015 from KCI acknowledging the IRT concerns and 
update the Mitigation Plan as necessary. These three reaches are currently shown as 
Restoration, but the IRT did not agree with that approach. 

 
KCI’s deviations from the mitigation approach discussed at the IRT meeting in September 2015 
are primarily due to design constraints that were encountered once the stream design process was 
initiated.  
 
Tributary 1 and Tributary 1-1 – During the field walk, the IRT expressed major concern about 
the streams above the confluence of T1 and T1-1.  The main concern was the small drainage areas 
associated with these streams.  The IRT questioned whether they were even jurisdictional.  As a 
result of the meeting, KCI has changed the restoration approach on the area above the T1 – T1-1 
confluence to EII.  Both features were determined to be jurisdictional intermittent streams by John 
Thomas of ACOE.     
 
Although the IRT also expressed some concern about potentially impacting some larger trees 
downstream of the confluence of T1-1 and T-1, they did not indicate that KCI’s restoration 
approach was inappropriate below the confluence, at least not according to our notes.  We realize 
that the memo indicates “KCI may request EI for the linear footage below the confluence of T1 
and T1-1”.  That sentence should have said “above”, not “below” as the area we were discussing 
in that section was strictly the area above the confluence and we noted that there may need to 
have grade control installed to arrest some of the small head-cuts located a short distance above 
the confluence.  Per your comments, we have changed our approach for the area downstream of 
the confluence to have a short stretch of EI (from 55+50 to 58+24) that transitions through the 
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area with the larger trees to full restoration (58+24 to 61+18) where the floodplain widens to the 
south to the confluence of UTCC.  Where practical, we have designed the EI section to minimize 
damage to the mature trees that line the channel, especially on the right bank.  KCI feels that this 
approach is consistent with the feedback we received during the IRT site visit and incorporates 
your comments on the draft mitigation plan.           
 
Tributary 2 – KCI’s memo states that “IRT recommended a light touch here and would only grant 
restoration credit to accommodate the tie-in of the Tributary to the UTCC at a higher elevation.”  During 
the design process, it was determined that the UTCC channel at the point of the confluence with 
T2 had to be at a design bed elevation of 675.88.  The corresponding elevation in T2 is located 
approximately 78’ upstream from T2’s confluence with the mainstem.  This tie-in point will 
require grading and channel filling in line with a restoration approach in order to prevent T2 from 
being in a backwater condition through the reach.  KCI considers this approach consistent with 
what was discussed in the field, although the tie-in point is further upstream than what we 
estimated in the memo (50’ at the time).  Although additional grading will likely be required 
above the tie-in point, KCI has changed the length above here from restoration to EII (49’) based 
on your comments.   
 
Tributary 3-1 – Tributary 3-1 was not investigated in detail during the IRT site visit.  The IRT 
walked this stretch of channel briefly and agreed with our approach as restoration.  Section 6 of 
the memo mistakenly indicated T3-1 as EI, but this does not match our notes from the site walk.          
 
Please see the table below with the proposed revisions to the mitigation crediting approach. Changes 
from the first mitigation plan draft are highlighted in red. 
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Cedar Branch Restoration Site, Randolph County 
Mitigation Credits 

  
Stream 

Riparian 
Wetland 

Non-
riparian 
Wetland 

Buffer 
Nitrogen 
Nutrient 

Offset 

Phosphorous
Nutrient 

Offset 

Type  R RE R RE R 
R
E 

   

Linear 
Feet/Acres 

5,234 1,909        

Credits  5,234 1,004        
TOTAL 
CREDITS 

6,238       

Project Components 
Project 

Component 
 -or-  

Reach ID 

Proposed 
Stationing/ 
Location 

Existing 
Footage/ 
Acreage 

Approach 
 (PI, PII etc.) 

Mitigation 
Ratio 

Restoration 
Footage  

or Acreage 

Restoration 
-or- 

Restoration 
Equivalent  

Tributary 1 

50+00 to 55+50 550 Enhancement II 2.5:1 550 220 

55+50 to 58+24 257 Enhancement I 1.5:1 274 183 

58+24 to 61+18 229 Restoration 1:1 294 294 

Tributary 1-1 70+00 to 73+13 313 Enhancement II 2.5:1 313 125 

Tributary 2 
80+00 to 80+49 46 

Enhancement 
II 

2.5:1 49 20 

80+49 to 81+27 77 Restoration 1:1 78 78 

Tributary 3 
90+00 to 96+27 624 Enhancement I 1.5:1 627 418 

96+27 to 101-57 517 Restoration 1:1 530 530 

Tributary 3-1 150+00 to 150+78 68 Restoration 1:1 78 78 

Tributary 4 250+00 to 257+42 677 Restoration 1:1 692 692 

Tributary 5 300+00 to 300+96 64 Enhancement II 2.5:1 96 38 

UTCC 10+00 to 46+12 3,246 Restoration 1:1 3,562 3,562 

Component Summation 

Restoration 
Level 

Stream  
(linear feet) 

Riparian Wetland 
(acres) 

Non-riparian Wetland 
(acres) 

Buffer 
(square 

feet) 

Upland 
(acres) 

    
Riverine 

Non-
Riverine     

Restoration  5,234      

Enhancement        

Enhancement I  901      

Enhancement II  1,008      

Creation        

Preservation        

High Quality 
Preservation        

TOTAL 
CREDITS 

6,238      
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Please contact me if you have any questions or would like clarification concerning these responses.  
 
 

Sincerely, 
       

 
 
 
 

Tim Morris 
Project Manager 
 
 

tim.morris
Tim Morris
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Memoranda 

 
 

TO: Matthew Reid, DMS PM 

Todd Tugwell, ACOE 

      
FROM: Tim Morris, KCI 

DATE: September 22, 2015  

SUBJECT: Cedar Branch Stream Restoration Project 

IRT Site Review Meeting 

KCI Project Number:  2015859 

DMS Project Number 97005  

 

Attendees: 

 

Ginny Baker, NC DWR 

Sue Homewood, NC DWR 

Shari Bryant NC WRC  

Todd Tugwell, ACOE 

Andrea Hughes, ACOE 

Paul Weisner, DMS 

Matthew Reid, DMS 

Periann Russell, DMS 

Garrett Weeks, DMS 

Tim Morris, KCI 

Steve Stokes, KCI 

Adam Spiller, KCI 

  

An IRT field review was conducted for the above referenced project on September 22, 2015 

starting at 10:30am.  Weather was partly sunny.  Rainfall totals were 1.89” in the previous 30 

days and 0.00” in the previous 12 days.  Streams were primarily dry throughout the project with 

occasional areas of standing water within the pools in the lower section of Tributary 1 and 

Tributary 4.  Tim Morris and Adam Spiller from KCI presented the project to the attendees.  The 

following issues and concerns were documented at the meeting and will be addressed in the 

future development of the site. 

 

1. The IRT expressed concern regarding the proposed mitigation approach for the upper 

reach of T1 (to its confluence with T1-1) and T1-1.  These tributaries were dry at the time 

of the site visit.  The small drainage area above both of these channels made the IRT 
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question the need for restoration and even the jurisdictional status of these headwater 

channels.  As a result of this and a walk of the channels, the IRT recommended an EII 

approach.     

 

Response:  KCI will change the mitigation approach on these two reaches from R to EII.  

KCI believes that several areas within the lower portions of both T1 and T1-1 may 

require grade control to arrest/stabilize existing headcuts and to properly transition into 

the Restoration work on UTCC that will be targeted for P1 Restoration.  Depending on 

the level of work required to stabilize these areas, KCI may request EI for the linear 

footage below the confluence of T1 and T1-1.  This approach will be will be vetted at the 

mitigation plan stage.   

 

2. The IRT expressed concern regarding the restoration approach proposed on T2.  IRT 

recommended a light touch here and would only grant restoration credit to accommodate 

the tie-in of the Tributary to the UTCC at a higher elevation.    

 

Response: KCI will accommodate this restoration approach in the mitigation plan.    

 

3. The IRT expressed concern regarding the mitigation approach for T3 from the head of T3 

to the confluence with T3-1.  The IRT questioned the increase in function that would be 

achieved to justify the Restoration approach.  KCI indicated that increased function 

would be derived by stabilizing the channel and existing headcuts and elevating the 

existing groundwater table to create an integrated headwater stream/wetland fringe 

component that is currently absent.  The IRT indicated that installing groundwater wells 

along the channel in the preconstruction stage may be warranted to help justify a 

Restoration approach, but that an EI approach was a more acceptable restoration approach 

for this reach. 

 

Response:  KCI is leaning towards an EI approach in this reach based on the feedback 

from the IRT, however, we will consider the additional monitoring elements required to 

justify Restoration as we gather more data and develop the mitigation plan.    

 

4. The IRT expressed concern regarding the two most upstream crossings on UTCC.  These 

crossings are in close proximity to each other.   

 

Response:  These crossings will be combined into a single, albeit wider, crossing at the 

transition point between the cattle pasture and the crop field.   

 

5. IRT did not believe the proposed BMP’s were justified in the design and that the buffer 

would provide all of the function that would be needed. 
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Response:  KCI will remove the BMP’s from the design of the project.  

 

6. Based on the feedback from the IRT, and assuming EII for T1 and T1-1 upstream of their 

confluence and EI for the rest of T1, EII for half of T2, and EI for the upper portion of T3 

and for T3.1, the credit yield for this site will be decreased by 720 credits as a result of 

this meeting.    
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EXECUTIVE SUMMARY 
 
This mitigation plan has been written in conformance with the requirements of the following:  

 Federal  rule  for  compensatory  mitigation  project  sites  as  described  in  the  Federal  Register  Title  33 
Navigation and Navigable Waters Volume 3 Chapter 2 Section § 332.8 paragraphs (c)(2) through (c)(14). 

 NCDEQ Division of Mitigation Services In‐Lieu Fee Instrument signed and dated July 28, 2010  
 
These documents govern NCDMS operations and procedures for the delivery of compensatory mitigation. 

 
The Cedar Branch Restoration Site  (CBRS)  is a  full‐delivery mitigation project being developed  for  the 
North Carolina Division of Mitigation Services (DMS)  in the Lower Yadkin River Basin (03040103 8‐digit 
cataloging  unit)  in  Randolph  County,  North  Carolina.  The  site’s  natural  hydrologic  regime  has  been 
substantially modified through the relocation and straightening of the existing stream channels, impacted 
by  cattle  access,  and  cleared  of  any  riparian  buffer.  This  site  offers  the  chance  to  restore  impacted 
agricultural lands to a stable stream ecosystem with a functional riparian buffer and floodplain access. 

The NCEEP’s publication  in 2009  identified HUC 03040103050040 (Caraway Creek) as a Targeted Local 
Watershed  (TLW). The project  is also  located within  the Upper Uwharrie Local Watershed Plan  (LWP) 
study area. The goals and priorities for the CBRS are based on the  information presented  in the Lower 
Yadkin River Basin Restoration Priorities: maintaining and enhancing water quality, restoring hydrology, 
and  improving  fish  and wildlife  habitat  (NCEEP,  2009).  The  project will  support  the  following  basin 
priorities: 

‐ Managing stormwater runoff 
‐ Reducing fecal coliform inputs 
‐ Improving/restoring riparian buffers 
‐ Reducing sediment loading 
‐ Improving stream stability 
‐ Reducing nutrient loading 
‐ Excluding livestock and implementing other agricultural BMP’s 

 
The goals for the project are to: 

‐ Restore channelized and livestock‐impacted streams to stable C/Cb channels. 
‐ Restore a forested riparian buffer to provide bank stability, filtration, and shading. 

 
The project goals will be addressed through the following objectives: 

‐ Relocate a channelized stream to its historic landscape position. 
‐ Install cross‐sections sized to the bankfull discharge. 
‐ Create bedform diversity with pools, riffles, and habitat structures 
‐ Fence out livestock to reduce nutrient, bacterial, and sediment impacts from adjacent grazing and 

farming practices. 
‐ Plant the site with native trees and shrubs and a herbaceous seed mix. 

 
CBRS is located approximately 2.8 miles west of Sophia, North Carolina in Randolph County. Specifically, 
the site is 0.5 miles west on Mt. Olive Church Road from its intersection with Edgar Road (SR‐1526). The 
center of the site is at approximately 35o49’25.96” N and ‐79o54’30.78” W near the center of the eastern 
half of the Glenola USGS Quadrangle. 

The CBRS will restore a stable stream ecosystem along an Unnamed Tributary to Caraway Creek (UTCC) 
and seven of its on‐site tributaries with a combination of Restoration, Enhancement I, and Enhancement 
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II techniques. The majority of the project streams will use a Priority 1 Approach aside from those areas 
that require a Priority 2 transition out of steep or incised areas. Once site grading is complete, the riparian 
communities will be planted with native tree species. The site will be monitored for seven years or until 
the success criteria are met. 

Cedar Branch Restoration Site, Randolph County 
DMS Contract 6598; DMS Project Number 97009 

Mitigation Credits 

  Stream 
Riparian 
Wetland 

Non‐riparian 
Wetland 

Buffer 
Nitrogen 
Nutrient 
Offset 

Phosphorous 
Nutrient 
Offset 

Type  R  RE  R  RE  R  RE       

Linear 
Feet/Acres 

5,234  1,813               

Credits  5,234  966               

TOTAL CREDITS  6,200           

R=Restoration  RE=Restoration Equivalent   
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1.0 RESTORATION PROJECT GOALS AND OBJECTIVES 
 
DMS 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 DMS planning and restoration project funds. 
 
The 2009 Lower Yadkin Pee‐Dee River Basin RBRP identified HUC 03040103050040 (Caraway Creek) as a 
Targeted Local Watershed (NCEEP 2009). The watershed is characterized by 20% agriculture land use. The 
past impacts to streams in this watershed include nonpoint source agricultural pollution from more than 
20  animal  operations.  The  RBRP  listed  impacts  from  agriculture  use,  including  stream  bank  erosion, 
excessive sedimentation, livestock access to streams, and stormwater pollution (fecal coliforms), as the 
major stressors within this TLW. The basin priorities as listed in the RBRP are: 
  ‐Managing stormwater runoff 
  ‐Reducing fecal coliform inputs 
  ‐Improving/restoring riparian buffers 
  ‐Reducing sediment loading 
  ‐Improving stream stability 
  ‐Reducing nutrient loading 
  ‐Excluding livestock and implementing other agricultural BMP’s. 

The Cedar Branch Restoration Site (CBRS) was identified as an opportunity to help achieve these 
priorities within the TLW. The goals for the project are to: 

‐ Restore channelized and livestock‐impacted streams to stable C/Cb channels. 
‐ Restore a forested riparian buffer to provide bank stability, filtration, and shading. 

 
The project goals will be addressed through the following objectives: 

‐ Relocate a channelized stream to its historic landscape position. 
‐ Install cross‐sections sized to the bankfull discharge. 
‐ Create bedform diversity with pools, riffles, and habitat structures. 
‐ Fence out livestock to reduce nutrient, bacterial, and sediment impacts from adjacent grazing and 

farming practices. 
‐ Plant the site with native trees and shrubs and a herbaceous seed mix. 

 
 
2.0 SITE SELECTION 
 
2.1 Directions 
The CBRS is situated in the northwestern corner of Randolph County. The site is located approximately 
2.8 miles west of Sophia, North Carolina. Specifically, the site is 0.5 mile west on Mt. Olive Church Road 
from its intersection with Edgar Road (SR‐1526). The center of the site is at approximately 35°49'25.96" N 
and ‐79°54'30.78" W near the center of the eastern half of the Glenola USGS Quadrangle. To reach the 
site from Raleigh: Proceed west on I‐40 for approximately 73 miles and keep left at the fork to stay on I‐
85 south.  After approximately 7 miles, take Exit 113B to merge onto I‐74 east and then stay on I‐74 east 
for approximately 4 miles.  Then take Exit 79 and turn right onto Cedar Square Rd.  After 0.3 mile, turn left 
onto US‐311 S and after another 0.3 mile turn right onto Edgar Rd.  Travel 2.9 miles and turn right onto 
Mt. Olive Church Rd and continue for approximately 0.5 mile. Turn left onto Farlowe Pines Dr. to reach 
the CBRS after approximately 0.2 mile. Section 2.3 shows the Vicinity Map (Figure 1) for the site. 
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2.2 Site Selection 
CBRS is part of the 03040103050040 Hydrologic Unit (HU) (Caraway Creek), which is a TLW, located within 
the Lower Yadkin Pee‐Dee River Basin. The project is also located in the Upper Uwharrie Local Watershed 
Plan (LWP) study area. The Upper Uwharrie Watershed was designated a LWP Study Area due to poor 
water quality and aquatic habitat degradation  issues, as well as  the  rapid urban growth of  the upper 
portions of the watershed (NCDENR, EEP 2005b). The CBRS is located within the Middle Caraway Creek – 
Rural Mainstem Subwatershed, which is mainly agricultural, especially along the tributaries to Caraway 
Creek, and irrigation from the farms may cause low‐flow conditions in streams (NCDENR, EEP 2005a). The 
subwatershed  received  a  rating  of  “Assumed  Function  Deficit”  for  habitat  function,  and  “Assumed 
Function Threatened” for water quality and hydrology functions. The stressors within Caraway Creek are 
removal of riparian buffer vegetation, hydraulic modifications, poorly installed culverts, residential road 
runoff, runoff from small “garden” plots in the floodplain, and obstructions of fish passage. 
 
There are no conservation or protected areas located adjacent to the project site, but the site will connect 
to a forested buffer at the end of the project stream that eventually connects to Caraway Creek. While 
most of  the project  land  is  in agriculture or pasture,  the upstream headwaters have  forested  riparian 
buffers. With the protection of this stream, there will be continuous buffers along the majority of streams 
within the project watershed and downstream to Caraway Creek.  
 
The  nearest  named  downstream  water  body  is  Caraway  Creek,  which  is  just  under  0.5  river  mile 
downstream of the site. The section of Caraway Creek downstream of the site is identified as 13‐2‐3, and 
is classified for surface water as Class C. This reach of Caraway Creek was not listed as impaired under the 
draft 2016 303(d) list.  
 
2.2.1 Historic Site Geology/Geomorphic Setting 
The site lies within the Southern Outer Piedmont (Level IV 45b) ecoregion of the Piedmont physiographic 
province.  The  Southern  Outer  Piedmont  is  mostly  irregular  plains  with  tree  plantations  and  pine 
dominating old field sites. In less altered areas, mixed oak forests can be found. The geology of this area 
is typified by gneiss, schist, and granite rock types, covered with deep saprolite and mostly red, clayey 
subsoils (Griffith et al. 2002). The CBRS is within the Carolina Slate Belt and the geologic formation mapped 
at the project is Mafic Metavolcanic Rock (CZmv), which consists of metamorphosed basaltic to andesitic 
tuffs  and  flows,  grayish  green  to  black  and  locally  includes  hypabyssal  intrusives  and  minor  felsic 
metavolcanic rock (USGS 2016).  
 
The valley at the site is best described as partly confined, with the valley wall shaping the channel in many 
places. There is bedrock control in the existing stream channels in three locations: two along the middle 
portion of UTCC and one on T3 just upstream of the confluence of UTCC and T3. The top of the project 
drainage area starts at approximately elevation 772 feet and is 636 feet at the bottom of the watershed. 
Valley slopes range from approximately 2‐6% across the different incoming drainages. These valleys are 
primarily colluvial with little active sediment transport within the headwater streams.  
 
According to the Soil Survey of Randolph County, the majority of the proposed project area is mapped as 
MeC2—Mecklenburg  clay  loam,  8  to  15  percent  slopes,  moderately  eroded  (MeC2)  with  a  small 
percentage of WvC2—Wynott‐Enon complex, 8  to 15 percent slopes, moderately eroded  (WvC2)  (see 
Figure  3). Mecklenburg  clay  loam  is  a well‐drained  soil  located  on  upland  hillslopes  and  ridges.  The 
Wynott‐Enon complex is also well‐drained and is typically located in uplands and interfluves. Neither of 
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these two soil types present major limitations for typical construction activities associated with stream 
restoration.  
 
2.2.2 Chronology of Impacts 
The CBRS has undergone modifications  that have  altered  the  site hydrology  and  vegetation. Historic 
aerials were examined for any information about how the site has changed over recent history (Figures 
5a and 5b). Historic aerials were obtained from the USGS EarthExplorer and Google Earth for 1948, 1961, 
1973, 1981, 1993, 1999, 2002, and 2014.  
 
The site has been systematically impacted over the past 80 years, serving as a dairy farm for at least fifty 
of  those  years. The primary  impacts  to  the  system were  associated with  channelization  and  clearing 
throughout the site to utilize the resources in support of agricultural production. In the earliest site photo 
from 1948, the upper portion of the project has already been cleared and there is farmland along all of 
the upper tributaries. The lower portion of the project is still forested. For almost the next 30 years, the 
site remained in a similar condition, with small areas of clearing throughout the farm to support the dairy 
operation  established  at  the  property.  Between  1981  and  1993,  the  field  to  the west  of  the most 
downstream project reach was cleared to the edge of the floodplain. During this time, the main project 
stream (UTCC) most likely meandered throughout its entire floodplain and this area remained forested. 
By 1999, two waste lagoons used by the dairy operation were built at the upstream end of the property. 
Between 1999 and 2002, the forested floodplain at the downstream end of the project was cleared and 
row  crops were  planted.  The  lagoons were  officially  closed  and  filled  in  2003. By  2009,  the  lagoons 
returned to pasture and the site has remained in a similar condition since then.  
 
Over  the 67  years of  available  record, physical  impacts  included:  channel modification, ditching,  and 
vegetation removal. As a result, functional impacts included: un‐regulated access by cattle to portions of 
the project and associated non‐point  source  runoff  from agricultural operations  to  the entire system. 
Based on field evaluations, historic photograph interpretation, and LIDAR, the project stream is believed 
to have meandered through this valley system before it was cleared and straightened.    
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2.8  Site Photographs 

View looking south at the confluence of T1 and T1‐1. Livestock access 
has degraded the bed and bank and impaired water quality. 3/19/15 

View looking south and downstream at T1. Elevating the channel will 
increase floodplain connection and hydrology. 3/19/15 

View north and upstream on UTCC. Restoration will  integrate  the 
stream with its floodplain. 4/13/15 

Drain emptying into the top of T3.  On‐site drainage will be directed 
into BMP’s to mitigate nutrient and soil loading. 3/19/15 

View north  and upstream on  T3.  Streams will be buffered with  a 
native  vegetative  buffer  to  limit  soil  and  nutrient  runoff  from 
adjacent row crop operations. 3/19/15 

View south and downstream on T3 towards its confluence with UTCC 
where enhancement will restore a vegetative buffer.  3/19/15 
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View  south  and  downstream  on UTCC. Natural meanders will  be 
returned to the channel and a vegetative buffer will be installed to 
reduce sediment and nutrient loading. 3/19/15 

View west and downstream on T4. Restoration will integrate T4 with 
its floodplain. 3/19/15 

Tile drain emptying  into T4. On‐site drainage will be directed  into 
BMP’s to mitigate nutrient and soil loading. 4/13/15 

Looking west and downstream on T4 at  its confluence with UTCC. 
Restoration will integrate T4 with its floodplain. 4/13/15 

View looking south at the relic floodplain, where the lower portion of 
UTCC and its planted riparian buffer will be relocated.  4/13/15 

Looking north and upstream at the lower portion of UTCC that is to 
be relocated. 4/13/15 
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3.0 SITE PROTECTION INSTRUMENT 
 
3.1 Site Protection Instrument Summary Information 
The land required for the construction, management, and stewardship of this mitigation project includes 
portions of the following parcel. The conservation easement plat and documents for the CBRS have been 
completed and recorded. A copy of the land protection instrument is included in Appendix A. 
 

Table 1. Site Protection Instrument Summary 

Landowner  PIN   County 
Site Protection 
Instrument 

Deed Book and 
Page Number 

Acreage 
protected 

GERALDINE A FARLOW 
LIFE ESTATE  

7725946466  Randolph 
Conservation 
Easement A 

DB 2472, PG 702  11.93 

7725946466  Randolph 
Conservation 
Easement B 

DB 2472, PG 702  1.70 

7725946466  Randolph 
Conservation 
Easement C 

DB 2472, PG 702  7.71 

 

Easement Boundary Marking 
Livestock exclusion fencing will be installed along the easement boundary around the upper portion of 
the site that is currently subject to livestock grazing. Woven wire fence will be installed as described within 
the project’s RFP. The rest of the site will be marked and surveyed as per DMS’s requirements contained 
within  http://deq.nc.gov/about/divisions/mitigation‐services/dms‐vendors/rfp‐forms‐templates.  In 
addition, the easement boundaries will be marked with salt‐treated wooden posts placed approximately 
100 feet apart. Each line post will be marked with a conservation easement placard. Corner posts will be 
marked with signs stating “Conservation Easement Corner.”   
 

   

View south and downstream on T5 in the forest east of UTCC. 4/8/16 
Looking east and downstream at the confluence of T5 and UTCC. T5 
will be extended to the restored UTCC. 4/8/16 
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Orthoimagery, 2014.

FIGURE 6
SITE PROTECTION INSTRUMENT FIGURE

CEDAR BRANCH RESTORATION SITE
RANDOLPH COUNTY, NC ±0 500250

Feet

Project Easement
Project Parcel

3.2    Site Protection Instrument Figure

Terry Ray Farlow and wifeSharon Petty FarlowPIN 7725946466

13

ConservationEasement C(7.71 ac)

ConservationEasement A(11.93 ac)

ConservationEasement B(1.70 ac)



Final Mitigation Plan (Rev. May 2017)              Cedar Branch Restoration Site 

14 

4.0 BASELINE INFORMATION 
 

 
Table 2. Project Information 

Project Name    Cedar Branch Restoration Site  

County    Randolph County 

Project Area (acres)    21.3 acres  

Project Coordinates (lat. and long.)    35.823878° N, ‐79.90855° W 

Project Watershed Summary Information 

Physiographic Province    Piedmont 

River Basin    Yadkin 

USGS Hydrologic Unit 8‐digit    03040103  USGS Hydrologic Unit 14‐digit  03040103050040 

DWQ Sub‐basin    13‐2‐3 

Project Drainage Area (acres)    294 acres 

Project Drainage Area Percentage of 
Impervious Area   

4% 

CGIA Land Use Classification 
Managed Herbaceous Cover 59% (173 ac), Mixed Hardwoods/Conifers 34% (100 ac), Low 
Density Developed 5% (15 ac), Transportation 2% (6 ac) 

Existing Reach Summary Information 

Parameters    UTCC  T1, T1‐1  T2  T3, T3‐1  T4  T5 

Length of reach (linear feet)  3,038  1,349  124  1,209  627  61 

Drainage area (acres)  88 acres  30 acres  18 acres  28 acres  30 acres  31 acres 

NCDWQ Water Quality 
Classification 

C   C  C  C  C  C 

Rosgen Classification  G4c‐E4  G4  G4  E4  G4  C4b 

Evolutionary trend 
Channelized, 
Stage III 

 Channelized, 
Stage III 

Channelized, 
Stage III 

Channelized, 
Stage III 

Channelized, 
Stage III 

Stable 

Mapped Soil Series 
Mecklenburg 
Clay Loam 

Wynott‐Enon 
Complex 

Mecklenburg 
Clay Loam 

Mecklenburg 
Clay Loam 

Mecklenburg 
Clay Loam 

Mecklenburg 
Clay Loam 

Drainage class  Well drained  Well drained  Well drained  Well drained  Well drained  Well drained 

Soil Hydric status  Hydric  Hydric  Hydric  Hydric  Hydric  Hydric 

Slope  1.5%  3.1%  3.1%  3.7%  3.1%  2.7% 

FEMA classification  Zone X  Zone X  Zone X  Zone X  Zone X  Zone X 

Existing vegetation 
community 

Pasture, 
Headwater 
Forest   

Pasture, 
Headwater 
Forest   

Headwater 
Forest   

Pasture  Pasture 
Headwater 
Forest   

 
 

Existing Wetland Summary Information 

Parameters       

Size of Wetland (acres)    0.02 (WA)  0.03 (WB and WC) 

Wetland Type   Bottomland Hardwood Forest  Bottomland Hardwood Forest 

Mapped Soil Series    Wynott‐Enon Complex  Mecklenburg clay loam 

Drainage class    Well Drained  Well Drained 

Soil Hydric Status    Hydric  Hydric 

Source of Hydrology    Stream Floodplain 
Hillside Seepage and Stream 

Floodplain 

Hydrologic Impairment    Ditching and Grazing  Ditching and Grazing 

Existing vegetation community   
Forested Wetland 
(Headwater Forest) 

Emergent Wetland  
(Non‐Tidal Freshwater Marsh) 
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Regulatory Considerations 

Regulation    Applicable?  Resolved? 
Supporting 

Documentation 

Waters of the United States – Section 
404 

Yes  Applying for NWP 27 
Jurisdictional 
Determination 

Waters of the United States – Section 
401 

Yes  Applying for NWP 27 
Jurisdictional 
Determination 

Endangered Species Act**  No  N/A  N/A 

Historic Preservation Act**  No  N/A  N/A 

Coastal Zone Management Act ** 
(CZMA)/ Coastal Area Management 
Act (CAMA) 

No  N/A  N/A 

Essential Fisheries Habitat**  No  N/A  N/A 

**Items addressed in the Categorical Exclusion in Appendix B. 
 

4.1  Watershed Summary Information 
The project watershed for the CBRS is comprised of 0.5 square mile (294 acres) and is shown in Figure 2. 
Current  land use  in the project watershed consists of pasture/farmland (59%/173 ac), forest (34%/100 
ac), low‐density development (5%/15 ac), and roads (2%/6 ac). The project watershed upstream of the 
site remains forested and connects to a forested corridor of Caraway Creek downstream of the project.  
 
4.2  Reach Summary Information 
 
Existing Conditions 
The project has experienced landscape and vegetative modifications to allow for agriculture and grazing. 
The existing site conditions are shown in Section 2.6 (Figure 4) and seen in site photographs (Section 2.8). 
There are eight streams located throughout the site.  
 
Tributary 1 (T1) begins at the northern boundary of the property, and drains approximately 12 acres. The 
project reach begins at a fence line, where it comes out of a forested parcel. Upstream of the fence is a 
stable natural channel. Once it comes onto the project, the stream has been heavily impacted by cattle. 
Banks that are accessible to cattle are degrading and lack a defined bank shape; where the stream is well 
defined by the valley, the bank forms are distinct, but vertical with hoof prints along the tops of bank. The 
hydrology  in T1  is  intermittent, with seeps from the western hill slope forming the channel flow. After 
approximately 550  linear feet, an  intermittent tributary joins T1. This tributary (T1‐1),  is approximately 
313 linear feet, and also comes onto the site at the northern fence line, but from a distinct spring under 
an exposed root system. This spring is T1‐1’s primary hydrologic source within its 9‐acre drainage. Similar 
to T1, this stream has been impacted by cattle. Upstream of this confluence, both of these streams lack a 
riparian buffer with the exception of  isolated cedar trees. After the confluence, the channel does have 
isolated trees that are providing partial canopy cover, but active headcuts have also developed within T1. 
Cattle have impacted the banks here. From the confluence with T1‐1, T1 flows approximately 486 linear 
feet to the main project stream, an unnamed tributary to Caraway Creek (UTCC). Both T1 and T1‐1 are 
intermittent streams throughout their project lengths and have a combined drainage area of 30 acres at 
the confluence of T1 with UTCC.  
 
UTCC begins at a fence  line near the northeastern part of the site. Where the project reach enters the 
site, the drainage area is 88 acres. It is a perennial stream with steep and eroding banks. The channel is 
incised within the valley and has partial canopy cover provided by isolated trees, but the trees are small 
and early successional species. The cattle have impacted the stream banks and kept the herbaceous and 
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shrub growth sparse. After the fence line, UTCC flows 80 linear feet to the confluence with T1 and then 
100 linear feet to the confluence with Tributary 2 (T2), which also begins at the eastern fence line. T2 is a 
perennial channel draining 18 acres and has similar bank conditions and vegetative cover to the nearby 
reach of UTCC. T2 is approximately 123 linear feet long.  
 
After the confluence with T2, UTCC flows through pasture that is dominated by large privet and small early 
successional trees. A black plastic pipe directs drainage from a roadside ditch directly to UTCC. From T2, 
UTCC continues for approximately 650 linear feet to a fence at the end of the cattle pasture; on the other 
side  of  the  fence,  row  crops  begin.  There  is  also  an  existing  42”‐concrete  culvert  crossing  for  farm 
equipment.  Row  crops  are  maintained  to  the  top  of  bank  of  the  channel.  The  channel  has  been 
straightened, and is on average deep and narrow. The channel banks alternate from being covered with 
grasses and other weeds to being vertical, shear, and eroding. As the stream flows south from the crossing, 
a distinct relic floodplain is evident throughout the valley bottom along the western side of the channel 
from this point until the downstream end of the project. Approximately 480 linear feet after the culvert, 
Tributary 3 (T3) joins UTCC from the west.  
 
T3 begins in the middle of a field at a black pipe that drains the upslope area near the road and buildings 
to the northeast. It is intermittent, fed by seeps coming from the western slope, and flows 1,141 linear 
feet until its confluence with UTCC. The T3 channel is incised and vertically unstable for its entire length 
with numerous headcuts. Another short  intermittent tributary, T3‐1 (68  linear feet),  joins T3 from the 
west midway between the start of T3 and the confluence with UTCC. T3‐1 is also seep driven, intermittent, 
incised, and vertically unstable. Downstream of the confluence of T3 and T3‐1, T3 is a perennial channel. 
T3‐1 has a drainage area of 10 acres; T3 drains 7 acres at its start and has a 28‐acre drainage area at the 
confluence with UTCC.  
 
After  the confluence with T3, UTCC continues  to  flow  south with a  relic  floodplain  still evident on  its 
western side. At this point  in the  landscape, UTCC  is still  incised with a bank height ratio over 1.5, and 
intermittent undercut and eroding banks. After approximately 450 linear feet, Tributary 4 (T4) joins UTCC 
from the east. T4, approximately 677 linear feet, is an intermittent stream that begins at a cluster of trees, 
but then has no vegetated buffer for its length within the project. Similar to other UTCC tributaries that 
have been impacted by on‐site agriculture, there is minimal bedform. A black drainage pipe with a direct 
outlet  to  the  channel  enters midway  down  the  tributary. While  less  incised  into  the  valley  as  other 
tributaries, there is still no accessible bench or floodplain along T4. The T4 drainage area is 30 acres at its 
confluence with UTCC.  
 
After the confluence with T4, UTCC flows for approximately 420 linear feet along the eastern edge of the 
valley where the stream has been moved and channelized. The relic floodplain to the west is the widest 
along this section. Over the history of this site, this was the  last portion of the site to be cleared. The 
eastern side of the channel is a steep hillslope covered in early successional trees that are growing back 
from the clear‐cutting that occurred around 2001. The stream here  is  less  incised as  it flows down the 
valley, with bank height ratios between 1.0‐1.5. The bedform is more varied than upstream, but because 
the channel has been straightened, it lacks the heterogeneity in features that a meandering channel would 
provide. The western side of the channel receives unmitigated runoff from extensive row cropping and 
the floodprone area is smaller than the wide relic floodplain that it used to occupy.  
 
Tributary 5 (T5) enters UTCC from the property line along the forested slope to the east. T5 is 64 linear 
feet long and drains approximately 12 acres. T5 has not been impacted by agriculture in recent history 
and maintains functional bed and bank features. T5 joins UTCC approximately 150 linear feet before the 
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end of the project. The project ends where UTCC flows  into the forest at the south end of the project. 
These woods form part of the  large forested buffer that  is contiguous with an expansive undeveloped 
region along Caraway Creek. Where UTCC flows off of the project parcel, the drainage area is 294 acres.  
 
Channel Morphology (Pattern, Dimension, and Profile) 
A Rosgen Level II assessment was conducted to gather existing stream dimension data throughout the 
project site to determine the degree of channel  instability. Four channel cross‐sections were surveyed 
along the length of UTCC and used to classify the stream as a Rosgen G4c stream type at the beginning of 
the reach and then transitioning to an E4 towards the end. Four other cross‐sections were surveyed along 
T1, T3 and T4, which classified as Rosgen G4, E4, and G4, respectively. Section 2.6 shows the locations of 
these cross‐sections. The cross‐sectional data developed from this survey are presented in Appendix C.  
 
Bankfull Verification   
KCI conducted bankfull verification by locating two stable cross‐sections found immediately outside of the 
project area (UTCC Upstream and UTCC Downstream), along with two cross‐sections within the project 
that had stable bankfull indicators (UTCC On‐Site and UT1 On‐Site) (see Appendix B). A local regional curve 
was created using these cross‐sections as shown below to compare with the Piedmont Regional Curve 
(Harman et al 1999). The  local curve showed that the Piedmont Curve was underestimating the cross‐
sectional area compared to the data collected from the local project streams. Based on this analysis, we 
used the local bankfull data to determine bankfull elevations and cross‐sectional areas for the proposed 
channel sizing.  
 

Table 3. Local Regional Curve Data 

Cross‐Section Location Acres 
Drainage 
Area (Sq. 
Miles) 

Field XS 
Area 
(sf) 

XS Area Estimate 
(sf) from Local 
Regional Curve 

Q (cfs) 

Onsite T1 25.2 0.04 5.0 5.1  14.4 

UTCC Upstream  84.3 0.13 11.7 10.9  40.5 

Onsite UTCC  177.9 0.28 17.0 17.5  96.2 

UTCC Downstream 313.3 0.49 24.8 25.0  111.2 
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Figure 7. Local Curve for Bankfull Determination 

To further evaluate the field measurements taken within the project, we compared the flow results for 
the four cross‐sections to two different hydrologic methods. First, we compared our results to the 2‐year 
recurrence  interval  flow  calculations using  the USGS Rural Peak‐Flow Regression Equations  for North 
Carolina  in the USGS National Streamflow Statistics Program (USGS 2016). Bankfull values  in the North 
Carolina Piedmont average a 1.4‐year recurrence  interval (Harman et al. 1999), and as such should be 
lower  than  the 2‐year USGS values. Our  field results are higher  than expected compared  to  the USGS 
values, but do not exceed the higher endpoint given by the USGS results. The effective discharge equation 
for a 1.5 recurrence interval (Simon et al. 2004) was also used as a comparison tool; in general, the Q1.5 
values were slightly above the field flow values calculated, but were similar. This comparison shows that 
our field calculations are within the range of other established discharge estimations. In addition to these 
results, KCI also completed a TR‐55 model for the watershed, but the results were much higher than was 
reasonable for the site, and not considered valid for this system. 
 

Table 4. Local XS Flow Compared to USGS Regression for North Carolina 

Cross‐Section 
Location 

Drainage 
Area (Sq. 
Miles) 

Field 
Q 

(cfs)1 

USGS 
Regression 2‐
year Q (cfs) 

USGS Regression 
Low Prediction 

(cfs) 

USGS Regression 
High Prediction 

(cfs) 

1.5 Effective 
Discharge4 (cfs) 

Onsite T1  0.04  14.4  18.63  N/A3  N/A3  28.2 

UTCC Upstream  0.13  40.5  43.4  23.0  82.0  57 

Onsite UTCC  0.28  96.2  73.7  39.6  137.0  90.1 

UTCC Downstream  0.49  111.2  110.0  59.5  204.0  125.8 

1. Calculated in Bentley Flowmaster using field bankfull dimensions and Manning’s formula. 
2. Calculated using USGS NSS, North Carolina Region 1 Equations assuming impervious percentage of 3.7%.  
3. USGS NC Region 1 Equation considered valid for 0.1‐1.0 square mile only. 
4. Simon et al. 2004 equation for Piedmont (Ecoregion 45) for 1.5 Recurrence Interval.  

 
 
 

NC Piedmont Rural Curve
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4.3  Regulatory Considerations 
A jurisdictional determination was submitted to the US Army Corps of Engineers on August 31, 2015 and 
was approved October 19, 2015. The approved  jurisdictional determination  is  included  in Appendix B. 
Following the completion of the mitigation plan, a pre‐construction notification (PCN) will be completed 
to apply for a Nationwide 27 Permit (NWP) to comply with Sections 401 and 404 of the Clean Water Act 
with  the Wilmington  District  of  the  US  Army  Corps  of  Engineers  and  the NCDEQ  Division  of Water 
Resources. 
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5.0 DETERMINATION OF CREDITS  
 

Table 5. Determination of Credits 
Cedar Branch Restoration Site, Randolph County 

  
Stream 

Riparian 
Wetland 

Non‐
riparian 
Wetland 

Buffer 
Nitrogen 
Nutrient 
Offset 

Phosphorous
Nutrient 
Offset 

Type   R  RE  R  RE  R 
R
E 

     

Linear 
Feet/Acres 

5,234  1,813               

Credits   5,234  966               

TOTAL CREDITS  6,200       

Project Components 

Project 
Component 

 ‐or‐  
Reach ID 

Proposed 
Stationing/ 
Location 

Existing 
Footage/ 
Acreage 

Approach 
 (PI, PII etc.) 

Mitigation 
Ratio 

Restoration 
Footage  

or Acreage 

Restoration 
‐or‐ 

Restoration 
Equivalent  

Tributary 1 

50+00 to 55+50  550  Enhancement II  2.5:1  550  220 

55+50 to 58+24  257  Enhancement I  1.5:1  274  183 

58+24 to 61+18  229  Restoration  1:1  294  294 

Tributary 1‐1  70+00 to 73+13  313  Enhancement II  2.5:1  313  125 

Tributary 2 
80+00 to 80+49  46  Enhancement II  2.5:1  49  20 

80+49 to 81+27  77  Restoration  1:1  78  78 

Tributary 3 
90+00 to 96+27  624  Enhancement I  1.5:1  627  418 

96+27 to 101‐57  517  Restoration  1:1  530  530 

Tributary 3‐1  150+00 to 150+78  68  Restoration  1:1  78  78 

Tributary 4*  250+00 to 257+42  677  Restoration  1:1  692  692 

Tributary 5  300+00 to 300+96  64  N/A  N/A  (96)  0 

UTCC*  10+00 to 46+12  3,246  Restoration  1:1  3,562  3,562 

Component Summation 

Restoration 
Level 

Stream  
(linear feet) 

Riparian Wetland 
(acres) 

Non‐riparian Wetland 
(acres) 

Buffer 
(square 
feet) 

Upland 
(acres) 

     
Riverine 

Non‐
Riverine      

Restoration   5,234           

Enhancement              

Enhancement I   901           

Enhancement II   912           

TOTAL CREDITS  6,200           

* Crossings have been removed from creditable linear footage for all project streams. Tributary 5 does not have any 
mitigation credit, but is included to show its stationing as part of the mitigation project.  
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6.0 CREDIT RELEASE SCHEDULE 
 
All credit releases will be based on the total credits generated as reported by the as‐built survey of the 
mitigation  site.  Under  no  circumstances  shall  any mitigation  project  be  debited  until  the  necessary 
Department of the Army (DA) authorization has been received for its construction or the District Engineer 
(DE) has otherwise provided written approval for the project  in the case where no DA authorization  is 
required for construction of the mitigation project. The DE, in consultation with the Interagency Review 
Team  (IRT),  will  determine  if  performance  standards  have  been  satisfied  sufficiently  to  meet  the 
requirements of the release schedules below. In cases where some performance standards have not been 
met, credits may still be released depending on the specifics of the case. Monitoring may be required to 
restart or be extended, depending on the extent to which the site fails to meet the specified performance 
standard. The release of project credits will be subject to the criteria described as follows: 
 

Table 6. Stream Credit Release Schedule – 7‐year Timeframe 
 

Monitoring 
Year 

Credit Release Activity 
Interim 
Release 

Total 
Released 

0  Initial Allocation – see requirements below 30%  30%

1  First year monitoring report demonstrates performance
standards are being met 

10%  40%

2  Second year monitoring report demonstrates performance
standards are being met 

10%  50% (60%*)

3  Third year monitoring report demonstrates performance
standards are being met 

10%  60% (70%*)

4  Fourth year monitoring report demonstrates performance
standards are being met 

5%  65% (75%*)

5  Fifth year monitoring report demonstrates performance
standards are being met 

10%  75% (85%*)

6  If required, sixth year monitoring report demonstrates performance
standards are being met 

5%  80% (90%*)

7  If required, seventh year monitoring report demonstrates 
performance standards are being met, and project has received close‐
out approval from IRT 

10%  90% (100%*)

*See Subsequent Credit Releases description below 
 

The initial allocation of released credits, as specified in the mitigation plan can be released by the NCDMS 
without prior written approval of the DE upon satisfactory completion of the following activities: 
 

‐ Approval of the final Mitigation Plan 
‐ Recordation of the preservation mechanism, as well as a title opinion acceptable to the USACE 

covering the property 
‐ Completion  of  project  construction  (the  initial  physical  and  biological  improvements  to  the 

mitigation site) pursuant to the mitigation plan; Per the NCDMS Instrument, construction means 
that a mitigation site has been constructed  in  its entirety,  to  include planting, and an as‐built 
report  has  been  produced.  As‐built  reports must  be  sealed  by  an  engineer  prior  to  project 
closeout, if appropriate but not prior to the initial allocation of released credits. 

‐ Receipt of necessary DA permit authorization or written DA approval for projects where DA permit 
issuance is not required 
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Subsequent Credit Releases 
All  subsequent  credit  releases must be approved by  the DE,  in  consultation with  the  IRT, based on a 
determination that required performance standards have been achieved. For stream project with a 7‐year 
monitoring period, a reserve of 10% of a site’s total stream credits shall be released after two bank‐full 
events  have  occurred,  in  separate  years,  provided  the  channel  is  stable  and  all  other  performance 
standards are met. In the event that less than two bankfull events occur during the monitoring period, 
release of  these  reserve credits shall be at  the discretion of  the  IRT. As projects approach milestones 
associated with credit release, the NCDMS will submit a request for credit release to the DE along with 
documentation substantiating achievement of criteria required for release to occur. This documentation 
will be included with the annual monitoring report. 
 
 
7.0 MITIGATION WORK PLAN 
 
7.1 Planting Plan 
All unforested portions of the project easement will be planted to establish a forested riparian buffer. The 
planting plan is shown in the attached project plan sheets (Appendix D). Trees and shrubs will be planted 
at a density of 968 stems per acre (9 feet x 5 feet spacing) in an area of approximately 19.6 acres to achieve 
a mature  survivability  of  210  stems  per  acre  after  seven  years. Woody  vegetation  planting  will  be 
conducted during dormancy. Species to be planted may consist of the following and any substitutions 
from the planting plan will be taken from this list: 
 

Common Name  Scientific Name 
River Birch  Betula nigra 
American Persimmon Diospyros virginiana 
Green Ash  Fraxinus pennsylvanica 
Tulip Poplar  Liriodendron tulipifera 
American Sycamore  Platanus occidentalis 
White Oak  Quercus alba 
Southern Red Oak  Quercus falcata 
Swamp Chestnut Oak  Quercus michauxii 
Pin Oak   Quercus palustris 
Willow Oak  Quercus phellos 

On the restored stream banks, live stakes will be used to provide natural stabilization. Species identified 
for live staking include:  
 

Common Name  Scientific Name 

Silky Dogwood   Cornus amomum 

Black Willow  Salix nigra 

Silky Willow  Salix sericea 
A custom herbaceous seed mix composed of native species will also be developed and used to further 
stabilize and  restore  the wetland. The  seed mix  includes Orchardgrass  (Dactylis glomerata), Bluestem 
(Andropogon  glomeratus),  Virginia wildrye  (Elymus  virginicus),  River Oats  (Chasmanthium  latifolium), 
Purple  Love  Grass  (Eragrostis  spectabilis),  Deertongue  (Panicum  clandestinum),  and  Switch  Grass 
(Panicum virgatum). 
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7.2 Design Parameters 
Restoration work on the site includes: the realignment of the project streams to their relic floodplains, 
exclusion of cattle, installation of two BMPs at point sources of concentrated flow coming from outside 
the easement, and the establishment of a native riparian buffer. Two culvert crossings are planned for the 
site, which will not be included within the project easement.  
 
The project will restore and enhance a total of 7,047 lf, which will generate 6,200 lf of stream credit within 
the conservation easement. An overview map of the proposed mitigation is shown in Section 7.3 (Figure 
8) and the project plan sheets are included in Appendix D. 
 
As a result of the restoration actions, the table below takes the proposed goals and objectives of the site 
described in Section 1 and relates them to the anticipated functional uplift (adapted from Harman et al. 
2012).  The  primary  stream  functions  that  will  be  improved  are  stream  hydraulics,  through  the 
redevelopment of a Priority 1 stream; stream geomorphology, through the restoration of a stable stream 
form with  diverse  bed  features,  structure,  and  vegetation;  and  physico‐chemical  functions, with  the 
reductions  in bacterial and nutrient  inputs to the project streams from converted  land use (pasture to 
forested buffer) and filtering capabilities of the riparian buffer. These nutrient and bacterial parameters 
will not be monitored directly, but  rather have been estimated  as  a  reduced  contribution  to project 
streams of 1.026 x1014 fecal coliform colonies, 1,129 pounds of  total nitrogen, and 80 pounds of  total 
phosphorus per year (based on NCDMS 2016 guidance; see Appendix C for calculations). 
 

Table 7. Functional Outcomes and Monitoring Measurements 

Goals  Objective  Functional Level 
Function‐Based 
Parameter Effects 

Monitoring 
Measurement  

Restore 
channelized 
and livestock‐
impacted 
streams to 
stable C/Cb 
channels 

Relocate a channelized 
stream to its historic 
landscape position 

Hydraulics 
Floodplain 
Connectivity 

Flood Frequency 

Bank Height Ratio and 
Entrenchment Ratio 

Install cross‐sections sized to 
the bankfull discharge 

Geomorphology 
Bank 
Migration/Lateral 
Stability 

Cross‐Sectional Survey 

Visual Inspection of 
Bank Stability 

Create bedform diversity with 
pools, riffles, and habitat 
structures 

Geomorphology  Bed Form Diversity 

Percent Riffle and 
Pool, Facet Slopes, 
Visual Inspection 

Visual Inspection of 
Feature Maintenance 

Restore a 
forested 
riparian 
buffer to 
provide bank 
stability, 
filtration, and 
shading 

Fence out livestock to reduce 
nutrient, bacterial, and 
sediment impacts from 
adjacent grazing and farming 
practices. 

Geomorphology 
Bed Material 
Characterization 

Pebble Count 

Physico‐Chemical 
Nutrient and 
Bacteria Reductions 

Estimated Reductions 
Based on Converted 
Land Use 

Plant the site with native 
trees and shrubs and a 
herbaceous seed mix. 

Geomorphology/ Species 
Composition 

Vegetation 

Density 

Species 
Composition/Diversity 

Table adapted from Harman et al. 2012 
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In addition to the stream restoration, two BMPs will be installed with biofiltration components that will 
enhance nutrient cycling and serve as a sink  for detrimental pollutants before  they  reach  the stream. 
These structures will consist of 2” layer of mulch overlaid with 2” of topsoil. Following installation, they 
will be seeded with a wetland seed mix. The BMPs will be monitored to ensure they stabilize and are not 
contributing any sediment to the project streams.  
 
Design Summary 
The project streams were designed using a modified reference reach approach using a local regional curve 
developed from stable reference cross‐sections (see Appendix B for reference data). Stable pattern data 
were  taken  from  the UT  Fisher River  reference. This  reference  site  is  located  in Surry County, and  is 
approximately 65 miles to the northwest of the Cedar Branch Site, higher up  in the Yadkin Basin. The 
reference site has a drainage area of approximately 0.38 square mile, which is similar to UTCC (0.45 square 
mile). The sediment size is also comparable between the two sites, ranging from fine to coarse gravel for 
the D50‐D84 values. UT Fisher River is classified as a B4c due to its entrenchment, which is different from 
the C4 and C4b project streams, but the pattern data remains relevant due to the similarities between the 
streams  as described  above.  In  addition  to  the data  from  the on‐site  reference  and UT  Fisher River, 
common reference values from Harmon et al. 2012 were also used to aid the development of the design 
criteria. The proposed  channel design  values have been adjusted as necessary  to  fit  the existing  site 
conditions based on these sources. In general, the proposed values for pattern fit within the ranges given 
by the UT Fisher River reference reach. Slope values were adjusted slightly as needed to fit the needs of 
transitional  areas  and  the  existing  site  (valley)  conditions.  The  proposed  channel  slopes  have  been 
designed so the existing valley slope matches the new top of bank slope as much as possible. Appendix C 
contains the proposed morphological criteria and the project plan sheets are in Appendix D. 
 
Unnamed Tributary to Caraway Creek (3,562 lf R) 
UTCC is the primary stream channel at the site and will be restored along its entire project length as a C4‐
type channel using a Priority 1 approach as much as possible. As the stream comes onto the property at a 
fence line, there will be a transitional period at the tie‐in with the existing stream where the restoration 
will take the form of a Priority 2 channel until the channel elevation is graded gradually to match the slope 
of the valley. Any portions that are restored with a Priority 2 approach (transitional areas) will conform to 
the guidelines that DMS has prescribed for Priority 2 restoration within this project’s RFP, which includes 
a consistent bench at least 1.5 times the bankfull width beyond the belt‐width extent, preservation and 
reapplication of existing topsoil in the bench, and at least 5:1 slopes from the floodplain to the terrace. 
The upper portion of channel, where the cattle have access to the stream (approximately 1,000  linear 
feet) has varying densities of sparse trees along the channel. The design dictates that these trees should 
be minimally impacted and that the large trees will be preserved wherever possible.  
 
Once the stream leaves the cattle pasture, there is a well‐defined floodplain and the stream is bordered 
by row crops that extend to the top of bank. The stream will be brought back up from its currently incised 
condition to access the relic floodplain. The stream will be restored to remeander through this floodplain, 
which is generally to the west of the current alignment. This restoration approach will continue to the end 
of the project, where the stream will connect to the existing channel at the southern edge of the field of 
row  crops.  This  restoration will  improve  stream  functions  that  are  compromised because of  the  site 
conditions.  
 
Tributary 1 and Tributary 1‐1 (T1 550 lf EII, 274 lf EI, 294 lf R; T1‐1 313 lf EII) 
Both  of  these  reaches will  begin  as  Enhancement  II, which will  consist  of  excluding  the  cattle  and 
expanding and planting the riparian buffer with native species. Existing large trees will be preserved as 
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much as possible. T1 will change to Enhancement I and then restoration by the end of the stream. The 
restoration work will use a Priority 1 approach combined with a Priority 2 approach in transitional areas. 
Following regulatory feedback on the draft mitigation plan, the design of the Enhancement I portion of 
the stream may be altered  in  the  field to encourage  the  formation of wetlands along the constructed 
bankfull  bench  and  floodplain.  The  design  cross‐section will  be  used  as  a  starting  point,  but will  be 
adjusted  in the field as necessary to ensure there  is a wide bankfull bench that will receive and retain 
hydrological  inputs  from  slope  seepage,  overbank  events,  and  surface water  to  form  an  anticipated 
wetland  fringe  community.  Large  trees have been  designed  around  as much  as possible  to preserve 
shading and habitat. As an additional benefit to the project, the buffer around T1 and T1‐1 will extend at 
least 50’ from the western side of T1 to the eastern property line. This will create a unified buffer between 
these two reaches and an extended buffer on the eastern sides of T1 and T1‐1 as shown in Figure 8. 
 
Tributary 2 (49 lf EII, 78 lf R) 
This  short  reach will  be  treated  in  a  similar  fashion  to UTCC  at  the  beginning  of  the  project with  a 
combination Priority 1/2 approach beginning with Enhancement II and changing over to restoration. The 
channel will transition from an  incised stream at  its start to a stream with access to  its floodplain. The 
restoration will start approximately 78’ upstream from T2’s confluence with UTCC, which is the tie‐in point 
that will  require  a  restoration  approach  in order  to prevent  T2  from being  in  a backwater  condition 
through the reach. Mature trees along this channel will also be protected as much as possible. 
 
Tributary 3 and Tributary 3‐1 (T3 627 lf EI, 530 lf R; T3‐1 78 lf R) 
The alignment of  the  top portion of T3 will  remain  in  its  current  location using Enhancement  I while 
bringing the incised channel up to reconnect flows to a bankfull bench. Multiple step pools will be installed 
for grade control and pool habitat along this steep reach. The riparian buffer will be expanded and planted 
with native species to encourage a wetland fringe community to develop. Similar to T1, a bankfull bench 
will be constructed to integrate the stream into the adjacent wetland fringe community and the designed 
channel cross‐section and profile may be altered to encourage frequent out‐of‐bank flooding. The bottom 
portions  of  T3  and  T3‐1 will  be  completed  using  a  Priority  1  restoration  approach  and will  involve 
remeandering the alignment and introducing multiple pools and structures to create bed diversity. As with 
all the tributaries within the project, a 50’ vegetated buffer will be installed along the new alignments. 
 
Tributary 4 (692 lf R) 
The reach will be restored using a combination of Priority 1 and 2 approaches. Priority 2 will be needed 
for  the highly  incised  transitional area at  the  top half of  the  reach, and  then  the stream will move  to 
Priority 1 for the remainder of the alignment.  
 
Tributary 5 (96 lf – no credit) 
No credit is being proposed for T5, but the reach is included in the overall mitigation design for the site. 
T5 will use a transitional Priority 1/2 approach similar to T2. Less work will be completed on the upper 
portion of the reach, but at the bottom, T5 will extend from its current location, adding two new meanders 
with riffle‐pool bed morphology in order to connect to the new UTCC alignment.  
 
Crossings 
Two culverted crossings will be  installed as part of the project, one on UTCC and another on UT4. The 
UTCC crossing will be fenced on the upstream end where it runs adjacent to pasture. The culverts have 
been designed to be embedded 1’ below the proposed streambed elevation to allow aquatic organism 
passage and will have floodplain drain pipes to connect flows on either side of the crossing during large 
events. 
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7.3   Data Analysis 
 

Sediment Analysis 
The on‐site streams currently have a mixture of gravel, sand, and cobble bed materials. Once T1 and UTCC 

flow  onsite,  they  are  highly  influenced  by  erosion  that  is  occurring  from  the  cattle  impacts  that  are 

contributing high quantities of  fine  sediment. This  is  further exacerbated along T3, T4, and  the  lower 

sections of UTCC where the streams lack a vegetated buffer and receive sediment from adjacent row crop 

run‐off. 

In order to analyze the existing sediment conditions within the project streams, one bar sample and eight 

pebble counts were performed for trend analysis. These data are provided  in Appendix C. The project 

streams contain gravel with a minimal subpavement layer. The sediment sampling show that the average 

D50 for UTCC is 16 mm, for T1 is 12 mm, for T3 is 6.5 mm, and for T4 is 6.4 mm. These values classify the 

sediment in the project streams in the medium gravel range. The D84’s for UTCC, T1, T3, and T4 are 55, 

50, 33, and 35 mm, respectively.  

Based on the collected sediment and cross‐section data, shear stress values were calculated using both 
average channel boundary shear stress and a modified critical shear stress (USDA, Forest Service 2008). 
The modified shear stress was calculated using the D84 values from field samples and compared to the 
average  channel boundary  shear  stress based on  the  existing  and proposed  channel dimensions  and 
slopes. The results are shown in the table below.   
 
 

Table 8. Shear Stress Results 

XS  Reach 
Avg Shear 

Stress (lb/sf) 
D50 
(mm) 

D84 
(mm) 

Sample 
Type 

Modif. 
Critical Shear 
Stress (lb/sf) 

Predicted Grain 
Size Movement 

(mm) 

Existing  UTCC / XS2  1.02  7.3  31  PC  0.17   

Existing  UTCC / XS3  1.02  44  110  PC  0.88   

Existing  UTCC / XS5  1.20  6.4  13  PC  0.12   

Existing  UTCC / XS6  0.93  6  65  PC  0.19   

Existing  Trib 1 / XS1  1.42  12  50  PC  0.28   

Existing  Trib 3 / XS7  1.72  6.7  31  PC  0.16   

Existing  Trib 3 / XS8  1.88  6.3  34  PC  0.23   

Existing  Trib 4 / XS4  1.34  6.4  35  PC  0.16   
       

Proposed  UTCC‐Top  0.73  7.4  31  PC  0.17  56 

Proposed  UTCC‐Middle  0.76  44  110  PC  0.88  58 

Proposed  UTCC‐Bottom  0.86  6  65  PC  0.19  66 

Proposed  Trib 1  0.96  12  50  PC  0.28  75 

Proposed  Trib 2  0.65  6.3  34  PC  0.16  50 

Proposed  Trib 3 & 3‐1  1.35  6.3  34  PC  0.16  106 

Proposed  Trib 4  1.08  6.4  35  PC  0.16  84 

Proposed  Trib 5  0.81  N/A  N/A  PC  N/A  63 

 
Based on the calculated average channel boundary shear stress for the proposed channels, the stream 
will have adequate stream power to transport the existing D84 material as shown by the critical shear 
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stress values. Due to the project slopes that were a site design constraint, the average channel boundary 
shear stress  is higher  than  that needed  to move  the existing D84  (critical shear stress). The sediment 
supply  from upstream sources  is  low  in  this small  forested watershed, and once erosion  from project 
slopes and banks are stabilized,  there will be  limited  incoming gravel  to  replenish  the newly  restored 
channels. The results indicate the need for riffle reinforcement to protect the newly constructed riffles 
from  excessive  scour,  especially when  the  channel  is  newly  constructed  and  not  as well  imbricated. 
Proposed riffle grade control structures have been designed with a mix of Class A, B, and 1 stone with 10% 
ABC stone; Class A (the smallest among Classes A, B, and 1) has an approximate modified critical shear 
stress of 1.95  lb/sf, which  is  large enough to withstand all of the predicted average channel boundary 
stresses. In this way, the channel will act more as a threshold channel than an alluvial channel. The last 
column in the table above provides a predicted grain size that will move at the calculated modified critical 
shear stress for the proposed channel. The largest grain size predicted to be mobilized is 106 mm. Given 
the mix of the constructed riffle, 106 mm equates to the midrange of the Class A Stone (approximately 4 
in.). It can be expected that approximately 85% of the constructed riffle stone will be greater than this 
diameter. Additionally, our experience has  revealed minimal movement of  constructed  riffle material 
when it is well mixed and placed in the stream bed in similar design conditions.  
 
Geomorphic Assessment 
A project‐wide assessment of stream stability and causes of impairment was performed at the project. 
The project streams are generally in Stage III (Degradation) in the channel evolutionary process (Simon 
and Rinaldi 2006). The primary disturbance to the system has been the relocation and straightening of the 
project streams, which has disconnected flow from a frequently accessible floodplain or floodprone areas. 
There have been disturbances  to  the sediment  regime of  the site, but  they are  localized on‐site  from 
upslope erosion from cattle and direct  impacts on stream banks made by cattle hooves. The upstream 
watershed is forested and not a cause of downstream disturbance at this point in time.  
 
KCI conducted a  survey  to determine  the degree of departure  from a  stable  system occurring on  the 
project streams. The results are categorized into project streams with low, moderate, or high amounts of 
erosion (see mapping in Figure 4). Of the project streams, approximately 29% are experiencing low levels 
of erosion, 60% moderate  levels, and 11% high  levels of erosion. All of  the areas of bank erosion are 
undergoing active scour as opposed to any widespread mass wasting. The removal of riparian vegetation 
and  impacts  from cattle hooves have  induced bank erosion across  the  site. As mentioned previously, 
approximately 62% of the project streams have bank height ratios greater than 1.5, indicating the degree 
of incision that has occurred across the project channels. Because the type of impairments are caused by 
local sources, the project has a high potential for success. Returning the restored streams to an elevation 
where  the  floodplain or  floodprone  area will be  accessible will  alleviate  the  near‐bank  stress  that  is 
inducing bank erosion and failure. Exclusion of cattle will eliminate the additional stress to the channel 
banks as well. Excess sedimentation from farm fields and pasture will be reduced through the conversion 
of the  immediate streamside areas to forested riparian buffer and will be further aided by the filtering 
capacity of the restored buffers. 
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8.0 MAINTENANCE PLAN 
The site will be monitored on a regular basis, with a physical inspection of the site conducted a minimum 
of once per year throughout the post‐construction monitoring period until performance standards are 
met. These site inspections may identify site components and features that require routine maintenance. 
Routine maintenance should be expected most often in the first two years following site construction and 
may include the following: 
 

Table 9. Planned Maintenance 

Component/Feature  Maintenance Through Project Close‐Out 

Stream 

Routine channel maintenance and repair activities may include securing of loose coir 
matting and supplemental installations of live stakes and other target vegetation along the 
channel. Areas where stormwater and floodplain flows intercept the channel (such as the 
proposed water quality treatment areas) may also require maintenance to prevent bank 
failures, knick points, and erosion. 

 Vegetation   
Vegetation shall be maintained to ensure the health and vigor of the targeted plant 
community. Any vegetation control requiring herbicide application will be performed in 
accordance with NC Department of Agriculture (NCDA) rules and regulations. 

Site Boundary   

Site boundaries shall be identified in the field to ensure clear distinction between the 
mitigation site and adjacent properties. Boundaries may be identified by fence, marker, 
bollard, post, tree‐blazing, or other means as allowed by site conditions and/or 
conservation easement. Boundary markers disturbed, damaged, or destroyed will be 
repaired and/or replaced by KCI on an as needed basis up until the project is closed out.  

 
 
9.0 PERFORMANCE STANDARDS 
Monitoring of the Cedar Branch Restoration Site shall occur for seven years following construction or until 
the success criteria have been met. The following performance standards must follow the North Carolina 
Stream  Mitigation  Guidelines  (USACE  2003)  and  the  Stream  and  Wetland  Mitigation  Monitoring 
Guidelines (NCEEP 2014b). The table at the end of this section expands on the functional improvements 
anticipated for this site and how these improvements are linked to the monitoring of the performance 
standards. 
 
Vegetation Performance 
The site must achieve a woody stem density of 320 stems/acre after three years, 260 stems/acre after 
five years, and 210 stems/acre after seven years to be considered successful. Plot data with  individual 
species lists will be provided. Volunteer species must be on the approved planting list if counted toward 
success. If monitoring indicates that the specified survival rate is not being met, appropriate corrective 
actions will take place, which may include invasive species control and replanting.  
 
Stream Hydrologic Performance 
During the monitoring period, a minimum of two bankfull events must be recorded within the monitoring 
period. These two bankfull events must occur in separate monitoring years. Bankfull events will be verified 
using automatic stream monitoring gauges to record daily stream depth readings. The Qgs flow (69 cfs 
based on 66% of the USGS 2‐year regression flow estimate at the bottom of the site – 105 cfs) will also be 
monitored at the site to document a minimum of two flow events. In addition, flow must be recorded in 
the upper  reaches of  T1,  T1‐1,  and  T3  for  a minimum of 30  continuous days within  a  calendar  year 
(assuming normal precipitation) for three out of four of the first four monitoring years.  
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Stream Geomorphology Performance 
The site’s geomorphology will be monitored per the NCEEP 2014 monitoring guidelines. Adjustment and 
lateral movement  following construction and as  the Cb or C‐type channels settle over  the monitoring 
period are to be expected. Geomorphological measurements of cross‐sections will be used to determine 
if any adjustments that occur are out of the range typically expected for this type of stream. The bank 
height ratios should not exceed 1.2 and the entrenchment ratios should be 2.2 or greater. All riffle cross‐
sections should fall within the parameters for the appropriate stream type. The cross‐sections along the 
Enhancement I reaches of T1 and T3 will be monitored, but are expected to be more dynamic since they 
will be built to connect to potential wetlands on the bankfull bench. This approach is based on discussions 
in the field after IRT review of the draft mitigation plan.  
 
 
10.0 MONITORING REQUIREMENTS 
Monitoring of  the Cedar Branch Stream Restoration Site shall consist of  the collection and analysis of 
stream hydrology, stability, and vegetation survivability data to support the evaluation of the project in 
meeting established performance standards described above over a period of seven years. The Proposed 
Monitoring Plan in Appendix C shows the proposed locations of monitoring features described below.  
 
Vegetation Monitoring 
The  success  of  the  riparian  buffer will  be  evaluated  using  12  ten‐by‐ten meter  or  equivalently‐sized 
vegetative  sampling  plots  within  the  planted  area.  Trees  and  shrubs  will  be  grouped  into  height 
classifications and  the species notated. Volunteers will be recorded  in  the same manner, but counted 
separately from planted trees. The corners of each monitoring plot will be permanently marked  in the 
field  and  the  coordinates  of  the  plot  corners  will  be  recorded  using  conventional  survey  or  GPS. 
Additionally,  a  photograph will  be  taken  of  each  plot  that will  be  replicated  each monitoring  year. 
Beginning at the end of the first growing season, KCI will monitor the planted vegetation in monitoring 
years 1, 2, 3, 5, and 7. 
 
Stream Hydrologic Monitoring 
Bankfull events on‐site will be verified using an automatic stream monitoring gauge to record daily stream 
depth readings. Four pressure transducer gauges will be installed across the site to monitor flow at the 
following locations: T‐1 (top), T1‐1 (top), T3 (top), and bottom of UTCC. 
 
Groundwater Hydrologic Monitoring 
Three pressure transducer gauges will be installed across the site to monitor groundwater elevations at 
the following locations: one will be placed between along the Enhancement I reach of T‐1, and two will 
be placed along the Enhancement I reach of T3. These data will be recorded for informational purposes.  
 
Stream Geomorphology Monitoring 
The stream monitoring will follow the procedures established in the USDA Forest Service Manual, Stream 
Channel Reference Sites  (Harrelson et al. 1994) and  the methodologies utilized  in  the Rosgen  stream 
assessment  and  classification  system  (1994  and  1996).  The  collected  data  will  consist  of  detailed 
dimensional measurements, longitudinal profiles, and bed materials sampling. 
 
Dimension 
Fifteen  permanent  cross‐sections will  be  established  along  the  restored  reaches  and will  be  used  to 
evaluate any changes in stream dimension. Permanent monuments will be established at the left and right 
extents of each cross‐section by conventional survey. The cross‐section surveys shall provide a detailed 
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measurement of the stream and banks and will include points on the adjacent floodplain or valley, at the 
top of bank, bankfull, at all breaks  in slope, the edge of water, and thalweg. Dimensional ratios will be 
calculated for each cross‐section based on the survey data. Cross‐section measurements will take place 
in Years 1, 2, 3, 5, and 7. 
 
Profile  
After construction, the profile of all project channels will be surveyed. Measurements will include slopes 
(average, pool, and riffle) as well as calculations of pool‐to‐pool spacing. The profile will only be surveyed 
during the baseline monitoring unless there are  indications that changes are occurring  in the restored 
profile over the course of monitoring.  
 
Bed Materials  
Pebble  counts will  be  conducted  at  each monitored  riffle  cross‐section  for  the  purpose  of  repeated 
classification and to evaluate sediment transport during Years 1, 2, 3, 5, and 7. 
  
Visual Assessment 
An annual site walk will be conducted at the end of each monitoring period to document any problem 
areas.  Specific  problem  areas  that  could  arise  include  excessive  bank  erosion,  bed  deposition  or 
aggradation, problems with the installed structures, or sparse vegetative cover. The findings of the visual 
assessment as well as any recommended corrective actions for problem areas will be summarized in the 
monitoring reports by way of a Current Conditions Plan View (CCPV) figure.  
 
Photograph reference points will be established to assist in characterizing the site and to allow qualitative 
evaluation of the site conditions. The location of each photo point will be marked in the monitoring plan 
and the bearing/orientation of the photograph will be documented to allow for repeated use.  
 
Each cross‐section will be photographed to show the form of the channel with the tape measure stretched 
over the channel for reference in each photograph. An effort will be made to consistently show the same 
area in each photograph. 
 
The development of wetland fringe communities along T1 and T3 will be described annually,  including 
noting which species are present and if any indicators of surface hydrology are present. 
 
Reporting 
Annual monitoring data will be reported using the most current DMS monitoring template (NCEEP 2014). 
The monitoring  report  shall provide a project data chronology  that will  facilitate an understanding of 
project  status and  trends, population of DMS databases  for analysis,  research purposes, and assist  in 
decision making regarding project close‐out. The report will document the monitored components and 
include all collected data, analyses, and photographs. The first scheduled monitoring will be conducted 
during  the  first  full growing season  following project completion; a minimum of 180 days must occur 
between post‐construction baseline data collection and Year 1 monitoring. Full monitoring reports will be 
completed in Years 1, 2, 3, 5, and 7. A limited monitoring report (CCPV, photos, stream gauge data, and 
site narrative) will be submitted in Years 4 and 6. 
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Table 10. Monitoring Parameters 
Parameter  Quantity  Frequency  Notes 

Stream 
Pattern and 
Profile 

Approx. 6,135 linear feet  Once at Baseline   

Dimension  15 Cross‐Sections 
Monitoring Years 
1, 2, 3, 5, and 7 

 

Substrate 
Pebble counts at permanent 
riffle cross‐sections 

Monitoring Years 
1, 2, 3, 5, and 7 

 

Surface 
Water 
Hydrology 

Automatic Recording 
Gauges 

Annual (3 gauges 
on tops of T1, T1‐
1, and T3)  

30 days continuous flow within a 
calendar year required for intermittent 
portions of T1, T1‐1, and T3 for 3 of the 
first 4 years of monitoring assuming 
normal precipitation 

Vegetation 
12 permanent vegetation 
monitoring plots 

Monitoring Years 
1, 2, 3, 5, and 7 

 

Project 
boundary 

  Semi‐annual 
Locations of vegetation damage, 
boundary encroachments, etc. will be 
mapped 

 
 
11.0 LONG‐TERM MANAGEMENT PLAN 
Upon approval  for close‐out by  the  Interagency Review Team  (IRT),  the site will be  transferred  to  the 
NCDEQ Stewardship Program. This party shall be responsible for periodic inspection of the site to ensure 
that restrictions required in the conservation easement are upheld. Endowment funds required to uphold 
easement and deed restrictions shall be negotiated prior to site transfer to the responsible party. 

 
The  NCDEQ  Stewardship  Program  currently  houses  DMS  stewardship  endowments  within  the  non 
reverting, interest‐bearing Conservation Lands Stewardship Endowment Account. The use of funds from 
the  Endowment  Account  is  governed  by North  Carolina General  Statute GS  113A‐232(d)(3).  Interest 
gained by the endowment fund may be used only for the purpose of stewardship, monitoring, stewardship 
administration, and  land  transaction  costs,  if applicable. The NCDEQ Stewardship Program  intends  to 
manage the account as a non‐wasting endowment. Only interest generated from the endowment funds 
will be used to steward the compensatory mitigation site. Interest funds not used for those purposes will 
be re‐invested in the Endowment Account to offset losses due to inflation. 
 
 
12.0 ADAPTIVE MANAGEMENT PLAN 
Upon  completion of  site  construction  KCI will  implement  the  post‐construction monitoring  protocols 
previously defined  in this document. Project maintenance will be performed as described previously  in 
this document. If, during the course of annual monitoring it is determined the site’s ability to achieve site 
performance standards are jeopardized, KCI will notify the DMS and the USACE of the need to develop a 
Plan of Corrective Action. The Plan of Corrective Action may be prepared using in‐house technical staff or 
may require engineering and consulting services. Once the Corrective Action Plan is prepared and finalized 
KCI will: 
   
1. Notify the DMS and USACE as required by the Nationwide 27 permit general conditions.  
2. Revise  performance  standards,  maintenance  requirements,  and  monitoring  requirements  as 

necessary and/or required by the USACE.  
3. Obtain other permits as necessary.  
4. Implement the Corrective Action Plan.  
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5. Provide the USACE a Record Drawing of Corrective Actions. This document shall depict the extent and 
nature of the work performed. 

 
 
13.0 FINANCIAL ASSURANCES 
Pursuant to Section IV H and Appendix III of the Division of Mitigation Service’s In‐Lieu Fee Instrument 
dated July 28, 2010, the North Carolina Department of Environment and Natural Resources has provided 
the U.S. Army Corps of Engineers Wilmington District with a formal commitment to fund projects to satisfy 
mitigation  requirements  assumed  by  DMS.  This  commitment  provides  financial  assurance  for  all 
mitigation projects implemented by the program. 
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Offsite Reference Data 





Project Reach Location

Source: Bottom (2013) USGS
1:24000 Quadrangle Map

UT TO FISHER RIVER
REFERENCE SITE LOCATION 

SURRY COUNTY, NC ±0 1,000500
Feet

7

Directions to Reference Reach:
-From I-77, take Exit 93.
-Travel West from I-77.
-Bear right on Fisher Valley Rd (SR 1338)
-UT to Fisher River crosses road
approximately 3 miles from I-77 near
street address 317 Fisher Valley Rd

Lat 36.4265 / Long -80.8092  

adam.spiller
Rectangle



Station Rod Ht. Elevation
0.0 2.22 100.00 98.22
3.0 2.15 100.07 10.40
5.0 2.50 99.72 10.00
7.0 2.98 99.24 99.47
8.0 3.49 98.73 13.10
8.8 4.00 98.22 1.25
9.0 4.96 97.26 1.04

12.0 5.03 97.19 9.6
14.0 5.25 96.97 1.30
16.0 5.16 97.06 2.08
17.0 5.20 97.02 0.013
18.0 5.06 97.16 42 B4c
18.7 4.00 98.22
19.5 2.65 99.57
20.0 1.66 100.56

Stream Type:

Mean Depth at Bankfull:

0.38
6/9/2005
G. Mryncza, A. Spiller

Discharge (cfs)

W / D Ratio:
Entrenchment Ratio:
Bank Height Ratio:

Yadkin
UT to Fisher River
XS#1 Riffle

River Basin:
Watershed:
XS ID
Drainage Area (sq mi):

Bankfull Cross-Sectional Area:

Date:
Field Crew:

Bankfull Elevation:
SUMMARY DATA

Slope (ft/ft):

Bankfull Width:
Flood Prone Area Elevation:
Flood Prone Width:
Max Depth at Bankfull:

Yadkin River Basin, UT to Fisher River, XS#1 Riffle
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Pebble Count
Material Size Range (mm) Count UT to Fsher River
silt/clay 0 0.062 0 Surry County, NC

very fine sand 0.062 0.13 0 Riffle #1 (Sta. 01+00) 
fine sand 0.13 0.25 0 Note:

medium sand 0.25 0.5 0
coarse sand 0.5 1 5

very coarse sand 1 2 8
very fine gravel 2 4 21

fine gravel 4 6 9
fine gravel 6 8 8

medium gravel 8 11 11
medium gravel 11 16 6

coarse gravel 16 22 7
coarse gravel 22 32 2

very coarse gravel 32 45 9
very coarse gravel 45 64 6

small cobble 64 90 5
medium cobble 90 128 2

large cobble 128 180 1
very large cobble 180 256 0

small boulder 256 362 0
small boulder 362 512 0

medium boulder 512 1024 0
large boulder 1024 2048 0

very large boulder 2048 4096 0
total particle count: 100

bedrock based on size percent less than (mm) particle size distribution
clay hardpan sediment D16 D35 D50 D65 D84 D95 gradation geo mean std dev

detritus/wood particles only 2.208 4.18 7.7 13 42 79 4.5 9.6 4.3

artificial based on percent by substrate type

total count: 100 total count silt/clay sand gravel cobble boulder bedrock hardpan wood/det artificial
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Station Rod Ht. Elevation
0.0 1.33 100.00 97.78
3.0 1.78 99.55 11.60
5.0 2.35 98.98 8.35
5.5 2.82 98.51 100.05
5.7 3.81 97.52  
6.0 4.52 96.81 2.27
6.5 5.79 95.54 1.39
8.0 5.82 95.51 6.0
9.0 5.50 95.83  

10.0 5.02 96.31 0.85
11.5 4.80 96.53 0.001
13.0 3.90 97.43 52 B4c
14.0 3.55 97.78
16.0 3.03 98.30
20.0 2.66 98.67

Stream Type:

Mean Depth at Bankfull:

0.38
6/9/2005
G. Mryncza, A. Spiller

Discharge (cfs)

W / D Ratio:
Entrenchment Ratio:
Bank Height Ratio:

Yadkin
UT to Fisher River
XS#3 Pool

River Basin:
Watershed:
XS ID
Drainage Area (sq mi):

Bankfull Cross-Sectional Area:

Date:
Field Crew:

Bankfull Elevation:
SUMMARY DATA

Slope (ft/ft):

Bankfull Width:
Flood Prone Area Elevation:
Flood Prone Width:
Max Depth at Bankfull:

Yadkin River Basin, UT to Fisher River, XS#3 Pool

90

95

100

105

110

0 10 20 30

Station (feet)

E
le

va
tio

n 
(fe

et
)

Bankfull

Flood Prone Area



Station Rod Ht. Elevation
0.0 2.68 100.00 98.12
3.0 2.94 99.74 13.40
5.0 3.61 99.07 11.62
6.0 4.10 98.58 100.15
6.8 4.56 98.12  
7.0 4.70 97.98 2.03
9.0 4.94 97.74 1.15

11.0 5.21 97.47 10.1
12.0 5.64 97.04  
13.0 6.00 96.68 0.81
15.0 6.59 96.09 0.001
17.0 6.42 96.26 56 B4c
18.0 6.50 96.18
18.2 4.93 97.75
19.0 3.56 99.12
20.0 2.80 99.88

Stream Type:

Mean Depth at Bankfull:

0.38
6/9/2005
G. Mryncza, A. Spiller

Discharge (cfs)

W / D Ratio:
Entrenchment Ratio:
Bank Height Ratio:

Yadkin
UT to Fisher River
XS#2 Pool

River Basin:
Watershed:
XS ID
Drainage Area (sq mi):

Bankfull Cross-Sectional Area:

Date:
Field Crew:

Bankfull Elevation:
SUMMARY DATA

Slope (ft/ft):

Bankfull Width:
Flood Prone Area Elevation:
Flood Prone Width:
Max Depth at Bankfull:

Yadkin River Basin, UT to Fisher River, XS#2 Pool
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Station Rod Ht. Elevation
0.0 4.62 100.00 98.28
3.0 5.54 99.08 10.70
7.0 6.01 98.61 9.00
8.5 6.34 98.28 99.73
9.0 7.04 97.58 20.50
9.5 7.66 96.96 1.45

11.0 7.67 96.95 1.19
12.0 7.79 96.83 7.6
14.0 7.58 97.04 2.30
16.0 7.57 97.05 1.00
17.0 7.51 97.11 0.013
17.5 6.34 98.28 46 B4c
19.0 5.90 98.72
21.0 5.06 99.56
25.0 4.37 100.25

Slope (ft/ft):

Bankfull Width:
Flood Prone Area Elevation:
Flood Prone Width:
Max Depth at Bankfull:

Bankfull Elevation:
SUMMARY DATA

Drainage Area (sq mi):

Bankfull Cross-Sectional Area:

Date:
Field Crew:

Yadkin
UT to Fisher River
XS#4 Riffle

River Basin:
Watershed:
XS ID

Stream Type:

Mean Depth at Bankfull:

0.38
6/9/2005
G. Mryncza, A. Spiller

Discharge (cfs)

W / D Ratio:
Entrenchment Ratio:
Bank Height Ratio:

Yadkin River Basin, UT to Fisher River, XS#4 Riffle
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Pebble Count
Material Size Range (mm) Count UT to Fsher River
silt/clay 0 0.062 1 Surry County, NC

very fine sand 0.062 0.13 0 Riffle #2 (Sta. 02+55) 
fine sand 0.13 0.25 0 Note:

medium sand 0.25 0.5 0
coarse sand 0.5 1 8

very coarse sand 1 2 10
very fine gravel 2 4 16

fine gravel 4 6 16
fine gravel 6 8 10

medium gravel 8 11 12
medium gravel 11 16 12

coarse gravel 16 22 7
coarse gravel 22 32 4

very coarse gravel 32 45 3
very coarse gravel 45 64 0

small cobble 64 90 1
medium cobble 90 128 0

large cobble 128 180 0
very large cobble 180 256 0

small boulder 256 362 0
small boulder 362 512 0

medium boulder 512 1024 0
large boulder 1024 2048 0

very large boulder 2048 4096 0
total particle count: 100

bedrock based on size percent less than (mm) particle size distribution
clay hardpan sediment D16 D35 D50 D65 D84 D95 gradation geo mean std dev

detritus/wood particles only 1.625 4.00 5.8 9 16 29 3.1 5.0 3.1

artificial based on percent by substrate type

total count: 100 total count silt/clay sand gravel cobble boulder bedrock hardpan wood/det artificial
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Pebble Count
Material Size Range (mm) Count UT to Fsher River
silt/clay 0 0.062 0 Surry County, NC

very fine sand 0.062 0.13 0
fine sand 0.13 0.25 0 Note: Reach Pebble Count

medium sand 0.25 0.5 2
coarse sand 0.5 1 7

very coarse sand 1 2 15
very fine gravel 2 4 13

fine gravel 4 6 9
fine gravel 6 8 10

medium gravel 8 11 9
medium gravel 11 16 5

coarse gravel 16 22 7
coarse gravel 22 32 6

very coarse gravel 32 45 7
very coarse gravel 45 64 6

small cobble 64 90 4
medium cobble 90 128 0

large cobble 128 180 0
very large cobble 180 256 0

small boulder 256 362 0
small boulder 362 512 0

medium boulder 512 1024 0
large boulder 1024 2048 0

very large boulder 2048 4096 0
total particle count: 100

bedrock based on size percent less than (mm) particle size distribution
clay hardpan sediment D16 D35 D50 D65 D84 D95 gradation geo mean std dev

detritus/wood particles only 1.382 3.60 6.7 11 34 60 4.9 6.8 4.9

artificial based on percent by substrate type

total count: 100 total count silt/clay sand gravel cobble boulder bedrock hardpan wood/det artificial
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Elevation BM:  100
inc BS HI FS FS depth FS FS FS FS AZ ELEV ELEV ELEV ELEV ELEV ELEV

notes distance station 0 100 TP bed water LB RB BKF WS azimuth bed water srf LF RB BKF WS
5 100 4.45 4.34 95.55 #N/A #N/A #N/A #N/A 95.66

9 14 100 4.94 3.77 4.54 95.06 #N/A #N/A #N/A 96.23 95.46
8 22 100 5.34 4.65 94.66 #N/A #N/A #N/A #N/A 95.35
3 25 100 5.25 94.75 #N/A #N/A #N/A #N/A #N/A

10 35 100 5.34 3.84 4.65 94.66 #N/A #N/A #N/A 96.16 95.35
8 43 100 5.38 94.62 #N/A #N/A #N/A #N/A #N/A
4 47 100 5.36 4.65 94.64 #N/A #N/A #N/A #N/A 95.35
3 50 100 5.27 4.66 94.73 #N/A #N/A #N/A #N/A 95.34
5 55 100 5.21 3.72 94.79 #N/A #N/A #N/A 96.28 #N/A
9 64 100 4.66 #N/A #N/A #N/A #N/A #N/A 95.34
5 69 -0.53 99.47 4.48 4.32 94.99 #N/A #N/A #N/A #N/A 95.15

12 81 99.47 4.65 4.51 94.82 #N/A #N/A #N/A #N/A 94.96
2 83 99.47 5.26 94.21 #N/A #N/A #N/A #N/A #N/A
5 88 99.47 5.25 3.74 4.51 94.22 #N/A #N/A #N/A 95.73 94.96
3 91 99.47 4.84 4.6 94.63 #N/A #N/A #N/A #N/A 94.87
6 97 99.47 5.09 94.38 #N/A #N/A #N/A #N/A #N/A

11 108 99.47 5.43 5.06 94.04 #N/A #N/A #N/A #N/A 94.41
4 112 99.47 5.56 93.91 #N/A #N/A #N/A #N/A #N/A

13 125 99.47 5.59 4.49 5.25 93.88 #N/A #N/A #N/A 94.98 94.22
18 143 99.47 4.64 #N/A #N/A #N/A #N/A 94.83 #N/A
-16 127 99.47 5.55 93.92 #N/A #N/A #N/A #N/A #N/A
8 135 99.47 5.8 5.53 93.67 #N/A #N/A #N/A #N/A 93.94
5 140 99.47 6.16 5.61 93.31 #N/A #N/A #N/A #N/A 93.86
2 142 99.47 6.46 4.64 93.01 #N/A #N/A #N/A 94.83 #N/A
5 147 99.47 6.71 92.76 #N/A #N/A #N/A #N/A #N/A
2 149 99.47 6.59 5.61 92.88 #N/A #N/A #N/A #N/A 93.86
6 155 99.47 5.94 5.61 93.53 #N/A #N/A #N/A #N/A 93.86
7 162 99.47 6.1 5.73 93.37 #N/A #N/A #N/A #N/A 93.74
8 170 99.47 7.04 4.8 5.73 92.43 #N/A #N/A #N/A 94.67 93.74
3 173 99.47 6.78 92.69 #N/A #N/A #N/A #N/A #N/A
7 180 99.47 6.13 5.73 93.34 #N/A #N/A #N/A #N/A 93.74
8 188 -1.56 97.91 4.67 4.23 93.24 #N/A #N/A #N/A #N/A 93.68
8 196 97.91 4.53 4.39 93.38 #N/A #N/A #N/A #N/A 93.52
9 205 97.91 4.97 4.75 92.94 #N/A #N/A #N/A #N/A 93.16
4 209 97.91 5.45 4.75 92.46 #N/A #N/A #N/A #N/A 93.16
3 212 97.91 5.45 92.46 #N/A #N/A #N/A #N/A #N/A
3 215 97.91 5.65 92.26 #N/A #N/A #N/A #N/A #N/A
2 217 97.91 5.88 92.03 #N/A #N/A #N/A #N/A #N/A
3 220 97.91 5.25 3.59 92.66 #N/A #N/A #N/A 94.32 #N/A
8 228 97.91 5.22 92.69 #N/A #N/A #N/A #N/A #N/A
4 232 97.91 5 4.83 92.91 #N/A #N/A #N/A #N/A 93.08
5 237 97.91 5.37 4.94 92.54 #N/A #N/A #N/A #N/A 92.97

10 247 97.91 5.35 4.97 92.56 #N/A #N/A #N/A #N/A 92.94
13 260 2.46 100.37 7.71 6.38 7.43 92.66 #N/A #N/A #N/A 93.99 92.94
16 276 100.37 7.67 92.7 #N/A #N/A #N/A #N/A #N/A
4 280 100.37 8.06 92.31 #N/A #N/A #N/A #N/A #N/A
4 284 100.37 8.73 7.67 91.64 #N/A #N/A #N/A #N/A 92.7
6 290 100.37 8.78 7.67 91.59 #N/A #N/A #N/A #N/A 92.7
7 297 100.37 7.92 7.67 92.45 #N/A #N/A #N/A #N/A 92.7
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Onsite Reference Data 
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NC OneMap, NC Center for Geographic Information and
Analysis, NC 911 Board Source: Northern Piedmont
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ONSITE REFERENCE CROSS-SECTIONS
CEDAR BRANCH RESTORATION SITE

RANDOLPH COUNTY, NC ±0 500250
Feet

Project Parcel
Project Easement
Reference Cross-Sections
Intermittent Streams
Perennial Streams
Other Streams

7



Cross-Section Plots

Station Elevation

0.0 500.39 498.70

3.9 499.90 498.69

8.2 499.62 11.7

12.3 498.79 18.2

14.9 498.45 500.36

17.6 498.52 49.0

19.4 498.64 1.7

21.7 498.70 0.6

23.0 498.28 9.0

24.1 497.19 5.1

25.1 497.04 1.0

26.7 497.04

28.0 497.10

28.5 497.18

30.1 498.10

32.1 498.99

34.1 499.64

36.6 500.01

40.1 500.07

45.9 500.22

49.3 500.32

Mean Depth at Bankfull:

84 acres

1/6/2016

A. French, T. Seelinger

W / D Ratio:

Entrenchment Ratio:

Bank Height Ratio:

Bankfull Width:

Flood Prone Area Elevation:

Flood Prone Width:

Max Depth at Bankfull:

Bankfull Cross-Sectional Area:

Date:

Field Crew:

Top of Bank Elevation:

Yadkin

Caraway Creek

Upstream XS-1

River Basin:

Watershed:

XS ID

Bankfull Elevation:

SUMMARY DATA

Drainage Area (sq mi):
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Cedar Branch - Onsite Reference, Yadkin River Basin, Caraway Creek, Upstream XS-1

Bankfull Top of Bank Flood Prone Area Assessment 1/6/16



Cross-Section Plots

Station Elevation

0.0 499.13 497.70

8.1 499.16 497.69

10.9 498.79 10.9

14.3 497.94 12.1

17.4 497.74 499.40

21.2 497.72 50.0

23.0 497.56 1.7

25.0 496.99 0.9

26.4 496.65 13.4

27.5 496.13 >5

28.5 495.98 1.0

29.4 496.07

30.2 496.05

30.8 496.18

31.8 496.83

33.2 497.63

35.5 498.09

38.0 498.67

41.6 499.04

46.5 499.28

51.3 499.36

Bank Height Ratio:

Entrenchment Ratio:

SUMMARY DATA

Bankfull Elevation:

Top of Bank Elevation:

Bankfull Cross-Sectional Area:

Bankfull Width:

Flood Prone Area Elevation:

Flood Prone Width:

Max Depth at Bankfull:

Mean Depth at Bankfull:

W / D Ratio:

Drainage Area (sq mi): 84 acres

Date: 1/6/2016

Field Crew: A. French, T. Seelinger

River Basin: Yadkin

Watershed: Caraway Creek

XS ID Upstream XS-2
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Cedar Branch - Onsite Reference, Yadkin River Basin, Caraway Creek, Upstream XS-2

Bankfull Top of Bank Flood Prone Area Assessment 1/6/16



Cross-Section Plots

Station Elevation

0.0 10499.77 10498.30

2.4 10499.60 10498.29

4.4 10499.48 24.7

8.3 10499.19 17.7

10.6 10499.11 10500.00

12.9 10498.46 100.0

15.1 10498.31 1.7

16.1 10496.73 1.4

18.5 10496.71 12.7

20.4 10496.65 5.6

23.0 10496.75 1.0

24.5 10496.82

27.2 10496.99

30.0 10496.79

32.0 10497.34

32.8 10498.31

33.8 10499.22

37.8 10499.33

41.0 10499.67

44.0 10500.35

Bank Height Ratio:

Entrenchment Ratio:

SUMMARY DATA

Bankfull Elevation:

Top of Bank Elevation:

Bankfull Cross-Sectional Area:

Bankfull Width:

Flood Prone Area Elevation:

Flood Prone Width:

Max Depth at Bankfull:

Mean Depth at Bankfull:

W / D Ratio:

Drainage Area (sq mi): 313 acres

Date: 1/6/2016

Field Crew: A. French, T. Seelinger

River Basin: Yadkin

Watershed: Caraway Creek

XS ID Downstream XS
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Cedar Branch - Onsite Reference, Yadkin River Basin, Caraway Creek, Downstream XS

Bankfull Top of Bank Flood Prone Area Assessment 1/6/16



Cross-Section Plots

Station Elevation

0.0 692.00 690.12

2.7 691.35 690.11

4.7 690.85 5.0

7.3 690.27 9.2

8.9 690.04 691.32

9.7 689.81 30.0

10.2 689.18 1.2

11.1 688.93 0.5

12.0 688.99 16.8

12.9 689.15 3.3

13.9 689.57 1.0

14.7 689.79

15.7 689.90

17.6 690.12

23.2 690.22

25.7 690.46

Bank Height Ratio:

Entrenchment Ratio:

SUMMARY DATA

Bankfull Elevation:

Top of Bank Elevation:

Bankfull Cross-Sectional Area:

Bankfull Width:

Flood Prone Area Elevation:

Flood Prone Width:

Max Depth at Bankfull:

Mean Depth at Bankfull:

W / D Ratio:

Drainage Area (sq mi): 25 acres

Date: 1/6/2016

Field Crew: A. French, T. Seelinger

River Basin: Yadkin

Watershed: Caraway Creek

XS ID Onsite-T1
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Cedar Branch - Onsite Reference, Yadkin River Basin, Caraway Creek, Onsite-T1

Bankfull Top of Bank Flood Prone Area Assessment 1/6/16



Cross-Section Plots

Station Elevation

0.0 660.04 658.13

4.5 659.87 658.12

9.5 659.75 17.0

12.3 659.37 14.0

14.5 658.89 660.13

15.7 658.52 >50

16.6 658.20 2.0

17.7 657.48 1.2

18.6 656.78 11.5

20.6 657.02 3.6

22.2 656.57 1.0

23.4 656.33

24.5 656.13

25.8 656.36

27.2 656.34

28.2 657.36

29.5 657.81

30.7 658.13

33.8 658.49

37.4 658.71

41.6 658.82

45.5 658.85

Bank Height Ratio:

Entrenchment Ratio:

SUMMARY DATA

Bankfull Elevation:

Top of Bank Elevation:

Bankfull Cross-Sectional Area:

Bankfull Width:

Flood Prone Area Elevation:

Flood Prone Width:

Max Depth at Bankfull:

Mean Depth at Bankfull:

W / D Ratio:

Drainage Area (sq mi): 178 acres

Date: 1/6/2016

Field Crew: A. French, T. Seelinger

River Basin: Yadkin

Watershed: Caraway Creek

XS ID Onsite-UTCC
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Cedar Branch - Onsite Reference, Yadkin River Basin, Caraway Creek, Onsite-UTCC

Bankfull Top of Bank Flood Prone Area Assessment 1/6/16
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USACE Wetland Determination Forms 
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NC DWR Stream Identification Forms
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Jurisdictional Determination 















NC OneMap, NC Center for Geographic Information and
Analysis, NC 911 Board Source: NC OneMap

Orthoimagery, 2014.

FIGURE 3. JURISDICTIONAL FEATURES
CEDAR BRANCH RESTORATION SITE

RANDOLPH COUNTY, NC ±0 500250
Feet

Stream Data Form Locations
Upland Data Form Locations
Project Parcel
Project Easement
Wetlands
Intermittent Streams
Perennial Streams
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FHWA Categorical Exclusion Form







Version 1.4, 8/18/05 
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Part 2: All Projects 

Regulation/Question Response 

Coastal Zone Management Act (CZMA) 

1.  Is the project located in a CAMA county?  Yes 
 No 

2. Does the project involve ground-disturbing activities within a CAMA Area of 
Environmental Concern (AEC)? 

 Yes 
 No 
 N/A 

3. Has a CAMA permit been secured?  Yes 
 No 
 N/A 

4. Has NCDCM agreed that the project is consistent with the NC Coastal Management 
Program? 

 Yes 
 No 
 N/A 

Comprehensive Environmental Response, Compensation and Liability Act (CERCLA)  

1. Is this a “full-delivery” project?  Yes 
 No 

2. Has the zoning/land use of the subject property and adjacent properties ever been 
designated as commercial or industrial? 

 Yes 
 No 
 N/A 

3. As a result of a limited Phase I Site Assessment, are there known or potential 
hazardous waste sites within or adjacent to the project area? 

 Yes 
 No 
 N/A 

4. As a result of a Phase I Site Assessment, are there known or potential hazardous 
waste sites within or adjacent to the project area? 

 Yes 
 No 
 N/A 

5. As a result of a Phase II Site Assessment, are there known or potential hazardous 
waste sites within the project area? 

 Yes 
 No 
 N/A 

6. Is there an approved hazardous mitigation plan?  Yes 
 No 
 N/A 

National Historic Preservation Act (Section 106) 

1. Are there properties listed on, or eligible for listing on, the National Register of 
Historic Places in the project area? 

 Yes 
 No 

2. Does the project affect such properties and does the SHPO/THPO concur?  Yes 
 No 
 N/A 

3. If the effects are adverse, have they been resolved?  Yes 
 No 
 N/A 

Uniform Relocation Assistance and Real Property Acquisition Policies Act (Uniform Act) 
1. Is this a “full-delivery” project?  Yes 

 No 

2. Does the project require the acquisition of real estate?  Yes 
 No 
 N/A 

3. Was the property acquisition completed prior to the intent to use federal funds?  Yes 
 No 
 N/A 

4. Has the owner of the property been informed: 
* prior to making an offer that the agency does not have condemnation authority; and  
* what the fair market value is believed to be? 

 Yes 
 No 
 N/A 
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Part 3: Ground-Disturbing Activities 

 

Regulation/Question Response 

American Indian Religious Freedom Act (AIRFA) 

1. Is the project located in a county claimed as “territory” by the Eastern Band of 
Cherokee Indians? 

 Yes 
 No 

2. Is the site of religious importance to American Indians?  Yes 
 No 
 N/A 

3. Is the project listed on, or eligible for listing on, the National Register of Historic 
Places?  

 Yes 
 No 
 N/A 

4. Have the effects of the project on this site been considered?  Yes 
 No 
 N/A 

Antiquities Act (AA) 

1. Is the project located on Federal lands?   Yes 
 No 

2. Will there be loss or destruction of historic or prehistoric ruins, monuments or objects 
of antiquity? 

 Yes 
 No 
 N/A 

3. Will a permit from the appropriate Federal agency be required?  Yes 
 No 
 N/A 

4. Has a permit been obtained?  Yes 
 No 
 N/A 

Archaeological Resources Protection Act (ARPA) 

1. Is the project located on federal or Indian lands (reservation)?  Yes 
 No 

2. Will there be a loss or destruction of archaeological resources?  Yes 
 No 
 N/A 

3. Will a permit from the appropriate Federal agency be required?  Yes 
 No 
 N/A 

4. Has a permit been obtained?  Yes 
 No 
 N/A 

Endangered Species Act (ESA) 

1. Are federal Threatened and Endangered species and/or Designated Critical Habitat 

listed for the county? 

 Yes 
 No 

2. Is Designated Critical Habitat or suitable habitat present for listed species?  Yes 
 No 
 N/A 

3. Are T&E species present or is the project being conducted in Designated Critical 
Habitat? 

 Yes 
 No 
 N/A 

4. Is the project “likely to adversely affect” the specie and/or “likely to adversely modify” 
Designated Critical Habitat? 

 Yes 
 No 
 N/A 

5. Does the USFWS/NOAA-Fisheries concur in the effects determination? 
(By virtue of no-response) 

 Yes 
 No 
 N/A 

6. Has the USFWS/NOAA-Fisheries rendered a “jeopardy” determination?  Yes 
 No 
 N/A 
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Executive Order 13007 (Indian Sacred Sites) 

1. Is the project located on Federal lands that are within a county claimed as “territory” 
by the EBCI? 

 Yes 
 No 

2. Has the EBCI indicated that Indian sacred sites may be impacted by the proposed 
project? 

 Yes 
 No 
 N/A 

3. Have accommodations been made for access to and ceremonial use of Indian sacred 
sites? 

 Yes 
 No 
 N/A 

Farmland Protection Policy Act (FPPA) 

1. Will real estate be acquired?  Yes 
 No 

2. Has NRCS determined that the project contains prime, unique, statewide or local 
important farmland? 

 Yes 
 No 
 N/A 

3. Has the completed Form AD-1006 been submitted to NRCS?  Yes 
 No 
 N/A 

Fish and Wildlife Coordination Act (FWCA) 

1. Will the project impound, divert, channel deepen, or otherwise control/modify any 
water body? 

 Yes 
 No 

2. Have the USFWS and the NCWRC been consulted?  Yes 
 No 
 N/A 

Land and Water Conservation Fund Act (Section 6(f)) 

1. Will the project require the conversion of such property to a use other than public, 
outdoor recreation? 

 Yes 
 No 

2. Has the NPS approved of the conversion?  Yes 
 No 
 N/A 

Magnuson-Stevens Fishery Conservation and Management Act (Essential Fish Habitat) 

1. Is the project located in an estuarine system?  Yes 
 No 

2. Is suitable habitat present for EFH-protected species? 
 

 Yes 
 No 
 N/A 

3. Is sufficient design information available to make a determination of the effect of the 
project on EFH? 

 Yes 
 No 
 N/A 

4. Will the project adversely affect EFH?  Yes 
 No 
 N/A 

5. Has consultation with NOAA-Fisheries occurred?  Yes 
 No 
 N/A 

Migratory Bird Treaty Act (MBTA) 

1. Does the USFWS have any recommendations with the project relative to the MBTA?  Yes 
 No 

2. Have the USFWS recommendations been incorporated?  Yes 
 No 
 N/A 

Wilderness Act 

1. Is the project in a Wilderness area?   Yes 
 No 

2. Has a special use permit and/or easement been obtained from the maintaining 
federal agency? 

 Yes 
 No 
 N/A 

 
 



Final Mitigation Plan (Rev. May 2017)   Cedar Branch Restoration Site 

Appendix C. Mitigation Work Plan Data and Analyses 





Final Mitigation Plan (Rev. May 2017)   Cedar Branch Restoration Site 

Nutrient and Bacterial Reduction Estimates 





TN reduction (lbs/yr) = 51.04 (lbs/ac/yr) x Area (ac)

TP reduction (lbs/yr) = 4.23 (lbs/ac/yr) x Area (ac)

Reduction (lbs/ac/year) Acres Total Reduction (lbs/year)

TN 51.04 7.6 387.9

TP 4.23 7.6 32.1

Nutrient Reduction from Buffer Adjacent to Agricultural Fields

TN reduction (lbs/yr) = 75.77 (lbs/ac/yr) x Area (ac)

TP reduction (lbs/yr) = 4.88 (lbs/ac/yr) x Area (ac)

Reduction (lbs/ac/year) Acres Total Reduction (lbs/year)

TN 75.77 9.8 741.0

TP 4.88 9.8 47.7

Total Estimated Nitrogen and Phosphorus Reduction from Exclusion and Buffer

Cattle Exclusion Buffer Total Reduction (lbs/year)

TN  387.904 741.0 1128.9

TP 32.148 47.7 79.9

Cattle Exclusion (Grazing Pasture)

Estimated Reduction in Total Nitrogen and Total Phosphorus From Cedar Branch Restoration Project



1. Fecal from direct input

# cows Average Weight Total Weight AU=total/1000
An animal unit (AU) is one 

thousand pounds of livestock. 

Assume avg cow weighs 1500 lb.
20  1,500  30,000                 30 

Fecal Coliform Reduction from Direct Input (col) = 2.2 x 1011(col/AU/day) x AU x 0.085

Fecal (col/AU/day) AU Percent Total (col/day) Total(col/year)
Total (half‐year 

grazing)

2.200E+11 30 0.085 5.610E+11 2.048E+14 1.024E+14

2. Fecal from buffer filtering

Weighted Curve Number

Land Use / Hydrologic Soil 

Group
CN Acres Weighted CN

Pasture (Poor) / C 86 5.09

Pasture (Fair) / C 79 2.51

Runoff ‐ Q (inches)

P (annual rainfall in inches) Weighted CN S (inches) Ia (inches) Q (inches)

46.6 83.7 1.95 0.39 44.3

Fecal Coliform Reduction from Buffer Filtration (col) = Runoff’s fecal coliform concentration (col/gal) x Runoff volume (Gal) x 0.85

Common Fecal Coliform Fecal conc (col/gal) Q (in) Total acres Volume (in‐ac) Vol (gal)
Fecal reduction 

(col/year)
Pastures under Continually 

Grazing Year‐round
1,894,000 

Pastures Grazed for Half of 

Year
329,500  44.3 7.6 337.0 9,150,939            2.563E+11

Pastures Grazed for Two 

Months of Year
340,900 

1.024E+14

2.563E+11

Total Coliform Reduction 

Direct Input Reduction 

Buffer Filtration

Total (col/year) 1.026E+14

83.7

Estimate of the Amount of Fecal Coliform Prevented from Entering Stream due to Livestock Exclusion at the Cedar Branch Restoration Project
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Existing Conditions 

Cross‐Sections 





Cross-Section Plots

Station Elevation

0.0 684.57 683.13

3.4 684.60 684.65

6.5 684.64 5.0

10.0 684.77 5.8

12.4 684.79 684.29

14.7 684.65 9.0

15.6 683.98 1.2

16.5 683.48 0.9

17.4 682.16 6.7

18.3 681.97 1.5

20.0 682.21 2.3

21.8 682.25

22.8 683.46

23.9 684.16

25.5 684.82

28.0 685.34

30.2 685.42

32.7 685.68

36.3 685.96

39.4 686.17

Bankfull Elevation:

SUMMARY DATA

Drainage Area (sq mi):

Bankfull Cross-Sectional Area:

Date:

Field Crew:

Top of Bank Elevation:

Yadkin

Caraway Creek

XS-1

River Basin:

Watershed:

XS ID

Mean Depth at Bankfull:

16 acres

1/6/2016

A. French, T. Seelinger

W / D Ratio:

Entrenchment Ratio:

Bank Height Ratio:

Bankfull Width:

Flood Prone Area Elevation:

Flood Prone Width:

Max Depth at Bankfull:
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Cedar Branch Stream Restoration Site, Yadkin River Basin, Caraway Creek, XS-1

Bankfull Top of Bank Flood Prone Area Assessment 1/6/16



Cross-Section Plots

Station Elevation

0.0 676.67 673.52

4.8 676.79 676.15

9.4 676.87 11.3

14.2 676.66 7.8

17.2 676.59 675.22

18.8 674.72 9.6

20.3 672.20 1.7

22.3 671.84 1.5

23.6 671.82 5.3

25.2 671.90 1.2

26.8 671.93 2.5

27.8 675.10

29.3 675.88

31.4 676.15

36.4 676.03

40.7 676.15

46.0 676.27

51.6 676.51

River Basin: Yadkin

Watershed: Caraway Creek

XS ID XS-2

Drainage Area (sq mi): 88 acres

Date: 1/6/2016

Field Crew: A. French, T. Seelinger

Entrenchment Ratio:

SUMMARY DATA

Bankfull Elevation:

Top of Bank Elevation:

Bankfull Cross-Sectional Area:

Bankfull Width:

Flood Prone Area Elevation:

Flood Prone Width:

Max Depth at Bankfull:

Mean Depth at Bankfull:

W / D Ratio:

Bank Height Ratio:
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Cross-Section Plots

Station Elevation

0.0 658.98 655.86

4.6 658.72 658.00

7.8 658.64 13.2

11.3 658.36 10.1

14.5 657.73 657.66

16.3 657.24 17.0

17.4 655.72 1.8

19.3 654.70 1.3

20.1 654.58 7.8

22.0 654.18 1.7

22.7 654.18 2.2

24.1 654.17

25.4 654.09

26.7 654.73

27.3 655.25

27.7 656.60

30.5 657.37

33.2 657.89

37.4 658.02

41.8 657.85

45.5 657.79

48.9 657.83

River Basin: Yadkin

Watershed: Caraway Creek

XS ID XS-3

Drainage Area (sq mi): 294 acres

Date: 1/6/2016

Field Crew: A. French, T. Seelinger

Entrenchment Ratio:

SUMMARY DATA

Bankfull Elevation:

Top of Bank Elevation:

Bankfull Cross-Sectional Area:

Bankfull Width:

Flood Prone Area Elevation:

Flood Prone Width:

Max Depth at Bankfull:

Mean Depth at Bankfull:

W / D Ratio:

Bank Height Ratio:
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Bankfull Top of Bank Flood Prone Area Assessment 1/6/16



Cross-Section Plots

Station Elevation

0.0 673.24 668.15

5.1 672.89 671.52

11.0 672.49 5.0

18.5 672.06 6.5

24.8 671.52 669.15

26.9 670.89 7.8

28.1 669.83 1.0

29.1 667.88 0.8

30.3 667.40 8.5

31.2 667.28 1.2

31.7 667.28 4.5

32.4 667.21

33.4 667.20

34.2 667.17

35.0 667.46

36.5 669.45

39.0 671.33

41.0 671.98

43.8 672.35

50.1 672.55

55.8 672.88

River Basin: Yadkin

Watershed: Caraway Creek

XS ID XS-4

Drainage Area (sq mi): 30 acres

Date: 1/6/2016

Field Crew: A. French, T. Seelinger

Entrenchment Ratio:

SUMMARY DATA

Bankfull Elevation:

Top of Bank Elevation:

Bankfull Cross-Sectional Area:

Bankfull Width:

Flood Prone Area Elevation:

Flood Prone Width:

Max Depth at Bankfull:

Mean Depth at Bankfull:

W / D Ratio:

Bank Height Ratio:
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Cross-Section Plots

Station Elevation

0.0 651.08 648.76

4.2 650.97 650.57

7.7 651.05 16.9

12.1 651.27 10.0

14.8 651.46 651.36

17.9 651.11 >50

19.2 649.19 2.6

20.5 646.85 1.7

21.0 647.00 5.9

22.0 647.05 5.0

22.5 646.96 1.7

23.0 646.19

24.4 646.40

26.3 646.57

27.4 647.34

29.6 648.87

30.8 649.56

32.0 650.57

35.0 650.52

40.5 650.68

46.2 650.49

52.4 650.63

River Basin: Yadkin

Watershed: Caraway Creek

XS ID XS-5

Drainage Area (sq mi): 294 acres

Date: 1/6/2016

Field Crew: A. French, T. Seelinger

Entrenchment Ratio:

SUMMARY DATA

Bankfull Elevation:

Top of Bank Elevation:

Bankfull Cross-Sectional Area:

Bankfull Width:

Flood Prone Area Elevation:

Flood Prone Width:

Max Depth at Bankfull:

Mean Depth at Bankfull:

W / D Ratio:

Bank Height Ratio:
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Cross-Section Plots

Station Elevation

0.0 646.36 644.30

1.5 645.84 644.35

5.2 644.73 16.9

8.6 644.32 13.9

12.7 644.35 647.10

14.3 644.06 >50

14.9 643.54 2.8

15.7 642.71 1.2

16.3 641.91 11.4

17.8 641.46 3.5

19.6 641.59 1.0

20.4 642.01

21.5 643.48

22.2 643.87

24.7 643.99

28.0 644.44

30.0 644.70

33.8 645.34

39.1 645.58

44.6 645.60

48.7 645.64

River Basin: Yadkin

Watershed: Caraway Creek

XS ID XS-6

Drainage Area (sq mi): 294 acres

Date: 1/6/2016

Field Crew: A. French, T. Seelinger

Entrenchment Ratio:

SUMMARY DATA

Bankfull Elevation:

Top of Bank Elevation:

Bankfull Cross-Sectional Area:

Bankfull Width:

Flood Prone Area Elevation:

Flood Prone Width:

Max Depth at Bankfull:

Mean Depth at Bankfull:

W / D Ratio:

Bank Height Ratio:
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Cross-Section Plots

Station Elevation

0.0 663.16 661.27

3.7 663.14 663.29

7.0 663.29 5.0

10.5 663.10 6.0

13.4 662.37 662.57

15.5 661.70 11.3

16.8 661.27 1.3

18.1 660.61 0.8

19.4 660.20 7.1

20.0 660.02 1.3

20.9 660.02 2.6

21.5 660.01

22.4 660.76

23.4 662.38

26.0 662.93

29.4 663.34

34.3 663.56

38.0 663.85

River Basin: Yadkin

Watershed: Caraway Creek

XS ID XS-7

Drainage Area (sq mi): 28 acres

Date: 1/6/2016

Field Crew: A. French, T. Seelinger

Bank Height Ratio:

Entrenchment Ratio:

SUMMARY DATA

Bankfull Elevation:

Top of Bank Elevation:

Bankfull Cross-Sectional Area:

Bankfull Width:

Flood Prone Area Elevation:

Flood Prone Width:

Max Depth at Bankfull:

Mean Depth at Bankfull:

W / D Ratio:
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Cross-Section Plots

Station Elevation

0.0 685.45 683.00

3.7 685.23 683.80

7.7 684.30 3.9

11.9 683.69 4.7

15.4 683.90 684.30

17.0 683.84 15.7

17.6 682.60 1.3

18.0 681.75 0.8

19.4 681.89 5.6

20.9 682.20 3.4

22.5 683.26 1.6

24.2 684.54

27.2 684.79

31.0 685.07

35.2 685.26

River Basin: Yadkin

Watershed: Caraway Creek

XS ID XS-8

Drainage Area (sq mi): 7 acres

Date: 1/6/2016

Field Crew: A. French, T. Seelinger

Entrenchment Ratio:

SUMMARY DATA

Bankfull Elevation:

Top of Bank Elevation:

Bankfull Cross-Sectional Area:

Bankfull Width:

Flood Prone Area Elevation:

Flood Prone Width:

Max Depth at Bankfull:

Mean Depth at Bankfull:

W / D Ratio:

Bank Height Ratio:
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Existing Conditions 

Sediment Data 





  Sample Weights   Sample Weights   Sample Weights   Sample Weights   Sample Weights   Sample Weights   Sample Weights   Sample Weights   Sample Weights   Sample Weights

Total Net Total Net Total Net Total Net Total Net Total Net Total Net Total Net Total Net Total Net

1 1.9 0.9 2.9 2.0 6.6 5.2 3.2 1.9 9.7 8.3 4.5 3.0 6.4 4.9 5.3 3.9 No. Dia. WT.

2 1 110mm 1.55 kg

3 2 109mm 1.45 kg

4 25

5

6

7

8

9

10

11

12

13

14

15

Net Wt. Total 0.9 2.0 5.2 1.9 8.3 3.0 4.9 3.9 0.0 0.0 30.0

 % Grand Tot. 3.0% 6.5% 17.4% 6.2% 27.7% 10.0% 16.4% 12.9% 0.0% 0.0%

Accum. % =< 3.0% 9.5% 26.9% 33.1% 60.8% 70.8% 87.1% 100.0% 100.0% 100.0%

NOTES

1.0

Tare Weight (kg)

0.95

Sieve Size (mm)Sieve Size (mm)

< 1.0

Tare Weight (kg)

4.0

Tare Weight (kg)

1.350.95

2.0

Tare Weight (kg)

1.4 1.4

Sieve Size (mm)

16.0

Tare Weight (kg)

1.45

Sieve Size (mm) Sieve Size (mm)

8.0

Tare Weight (kg)

Sieve Size (mm) Sieve Size (mm)

63.0

Tare Weight (kg)

1.4

Sieve Size (mm)

31.5

Tare Weight (kg)

1.45

Sieve Size (mm)

Tare Weight (kg)

Sieve Size (mm)

Tare Weight (kg)

S

U

B

S

A

M

P

L

E

S

Point / Side BAR-BULK MATERIALS SAMPLE DATA:  Size Distribution Analysis  

GRAND TOTAL
SAMPLE WEIGHT

SURFACE
MATERIALS

DATA
( Two Largest Particles)

Party: KOB, JS

Location: Cedar Branch Date: 01-05-2016 Notes: Pavement sample 0-6 inches

Bucket
+ Materials
Weight____________

Bucket
Tare
Weight____________

Materials
Weight____________
(Materials less than:
_____________mm.)

Be Sure to Add 
Separate Material
Weights to Grand
Total



Bar Sample Sieve Analysis

Stream:

Watershed:

<1 0.9 3.0% 3.0% Location:

1.0 2.0 6.5% 9.5% Note:

2.0 5.2 17.4% 26.9%

4.0 1.9 6.2% 33.1%

8.0 8.3 27.7% 60.8%

16.0 3.0 10.0% 70.8%

31.5 4.9 16.4% 87.1%

63.0 3.9 12.9% 100.0%

0.0 0.0 0.0% 100.0% 2 64 256 2048 0.00001

0.0 0.0 0.0% 100.0% 2 64 256 2048 100

Total: 30.0 100%

Size percent less than (mm) Percent by substrate type

D16 D35 D50 D84 D95 silt/clay sand gravel cobble boulder bedrock

1.3 4.2 6.1 27.7 48.1 0% 27% 73% 0% --- ---

Pavement Sample # 1 (0-6 inches)

Cedar Branch Stream Restoration SiteSmallest Sieve 

Passed (mm)

Weight 

(oz) % Item

Percent 

Finer Than

0%

10%

20%
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80%

90%

100%

0.1 1 10 100 1000 10000
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Particle Size (mm)

Bar Sample Sieve Analysis

Cumulative Percent Percent Item

Sands Gravels Cobbles Boulders Bedrock



Pebble Count Plots

Particle Millimeter Count

Silt/Clay < 0.062 S/C

Very Fine .062 - .125 S

Fine .125 - .25 A

Medium .25 - .50 N

Coarse .50 - 1 D 6

Very Coarse 1 - 2 S 12

Very Fine 2 - 4 16

Fine 4 - 5.7 G 11

Fine 5.7 - 8 R 6

Medium 8 - 11.3 A 7

Medium 11.3 - 16 V 8

Coarse 16 - 22.6 E 9

Coarse 22.6 - 32 L 8

Very Coarse 32 - 45 S 15

Very Coarse 45 - 64 10

Small 64 - 90 C 5

Small 90 - 128 O 4

Large 128 - 180 B 2

Large 180 - 256 L 1

Small 256 - 362 B

Small 362 - 512 L D16 2.1 mean 10.2 silt/clay 0%

Medium 512 - 1024 D D35 5 dispersion 4.9 sand 15%

Lrg- Very Lrg 1024 - 2048 R D50 12 skewness -0.10 gravel 75%

Bedrock >2048 BDRK D65 25 cobble 10%

Total 120 D84 50 boulder 0%

D95 98 bedrock 0%

hardpan 0%

wood/det 0%

artificial 0%

Cross-Section  1

TypeSize Distribution

Note:

Size (mm)
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Pebble Count Plots
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Very Fine .062 - .125 S

Fine .125 - .25 A 1

Medium .25 - .50 N

Coarse .50 - 1 D 12

Very Coarse 1 - 2 S 13

Very Fine 2 - 4 16

Fine 4 - 5.7 G 10

Fine 5.7 - 8 R 5

Medium 8 - 11.3 A 10

Medium 11.3 - 16 V 7

Coarse 16 - 22.6 E 11

Coarse 22.6 - 32 L 9

Very Coarse 32 - 45 S 4

Very Coarse 45 - 64 9

Small 64 - 90 C

Small 90 - 128 O 2

Large 128 - 180 B 2

Large 180 - 256 L

Small 256 - 362 B

Small 362 - 512 L D16 1.3 mean 6.3 silt/clay 0%

Medium 512 - 1024 D D35 4 dispersion 4.9 sand 23%

Lrg- Very Lrg 1024 - 2048 R D50 7 skewness -0.09 gravel 73%

Bedrock >2048 BDRK D65 14 cobble 4%

Total 111 D84 31 boulder 0%

D95 60 bedrock 0%

hardpan 0%

wood/det 0%

artificial 0%

Cross-Section  2

Size (mm) Size Distribution Type

Note:

0%

20%

40%

60%

80%

100%

0.01 0.1 1 10 100 1000 10000

%
 F

in
e

r 
T

h
a

n
 (

C
u

m
u

la
ti

v
e
)

Particle Size - Millimeters

Particle Size Distribution
Cedar BranchStream RestorationSite

(XS2)

XS2



Pebble Count Plots

Particle Millimeter Count
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Pebble Count Plots

Particle Millimeter Count

Silt/Clay < 0.062 S/C
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Fine .125 - .25 A

Medium .25 - .50 N

Coarse .50 - 1 D

Very Coarse 1 - 2 S 25

Very Fine 2 - 4 17

Fine 4 - 5.7 G 11

Fine 5.7 - 8 R 8

Medium 8 - 11.3 A 10

Medium 11.3 - 16 V 3

Coarse 16 - 22.6 E 6

Coarse 22.6 - 32 L 10

Very Coarse 32 - 45 S 8

Very Coarse 45 - 64 6

Small 64 - 90 C 4

Small 90 - 128 O 1

Large 128 - 180 B 1

Large 180 - 256 L

Small 256 - 362 B

Small 362 - 512 L D16 1.6 mean 7.5 silt/clay 0%

Medium 512 - 1024 D D35 4 dispersion 4.7 sand 23%

Lrg- Very Lrg 1024 - 2048 R D50 6.4 skewness 0.10 gravel 72%

Bedrock >2048 BDRK D65 12 cobble 5%

Total 110 D84 35 boulder 0%

D95 67 bedrock 0%

hardpan 0%

wood/det 0%

artificial 0%

Cross-Section  4

Size (mm) Size Distribution Type

Note:

0%

20%

40%

60%

80%

100%

0.01 0.1 1 10 100 1000 10000

%
 F

in
e

r 
T

h
a

n
 (

C
u

m
u

la
ti

v
e
)

Particle Size - Millimeters

Particle Size Distribution
Cedar BranchStream RestorationSite

(XS4)

XS4



Pebble Count Plots

Particle Millimeter Count

Silt/Clay < 0.062 S/C
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Pebble Count Plots

Particle Millimeter Count

Silt/Clay < 0.062 S/C
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Pebble Count Plots

Particle Millimeter Count

Silt/Clay < 0.062 S/C
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Medium .25 - .50 N

Coarse .50 - 1 D 10
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Pebble Count Plots

Particle Millimeter Count

Silt/Clay < 0.062 S/C

Very Fine .062 - .125 S

Fine .125 - .25 A
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Coarse .50 - 1 D 8

Very Coarse 1 - 2 S 21
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Fine 4 - 5.7 G 4

Fine 5.7 - 8 R 11

Medium 8 - 11.3 A 5

Medium 11.3 - 16 V 11

Coarse 16 - 22.6 E 8

Coarse 22.6 - 32 L 2

Very Coarse 32 - 45 S 6

Very Coarse 45 - 64 4

Small 64 - 90 C 3

Small 90 - 128 O 5

Large 128 - 180 B

Large 180 - 256 L

Small 256 - 362 B

Small 362 - 512 L D16 1.3 mean 6.6 silt/clay 0%

Medium 512 - 1024 D D35 3 dispersion 5.1 sand 27%
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Bedrock >2048 BDRK D65 12 cobble 8%
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Morphological Criteria Table 





Morphological Criteria

Reference 
for UTCC

G4c - E4 G4 ** E4 G4 ** B4c C4 C4 C4 C4b C4 C4b C4b C4b

0.45 0.05 0.03 0.04 0.05 0.05 0.38 0.22 0.28 0.41 0.05 0.03 0.04 0.05 0.05

5.3 -- 11.4 5.8 ** 6 6.5 ** 9.0 -- 10.0 11.7 13.2 15.0 7.8 7.8 7.8 7.8 7.8

1.2 -- 1.7 0.9 ** 0.8 0.8 ** 1.1 -- 1.2 1.0 1.0 1.1 0.6 0.6 0.6 0.6 0.6

11.3 -- 16.9 5 ** 5 5 ** 10.4 -- 10.7 11.3 13.2 16.9 5.0 5.0 5.0 5.0 5.0

5.3 -- 11.4 6.7 ** 7.1 8.5 ** 8.0 -- 10.0 12.1 13.2 13.2 12.1 12.1 12.1 12.1 12.1

1.7 -- 2.8 1.2 ** 1.3 1 ** 1.3 -- 1.5 1.5 1.5 1.7 1.0 1.0 1.0 1.0 1.0

11.3 -- 48 9 ** 11.3 17 ** 13 -- 21 ~ 90 ~ 100 ~ 105 ~ 50 ~ 30 ~ 30 ~ 30 ~ 30

1.2 - 3.5 1.5 ** 1.9 1.2 ** 1.3 -- 2.3 >2.2 >2.2 >2.2 >2.2 >2.2 >2.2 >2.2 >2.2

1.0 1.0 1.0 1.0 1.0 1.0 1.2 1.2 1.2 1.2 1.3 Na Na Na Na

Pool Mean Depth (ft) * * * * * ** 1.2 -- 1.4 1.7 1.6 1.8 1.2 1.2 1.2 1.2 1.2

Riffle Mean Depth (ft) (Dbkf) 1.2 -- 1.7 0.9 ** 0.8 0.8 ** 1.1 -- 1.2 1.0 1.0 1.1 0.6 0.6 0.6 0.6 0.6

Pool Width (ft) * * * * * ** 8.4 -- 11.6 16.4 18.5 20.9 10.9 10.9 10.9 10.9 10.9

Riffle Width (ft) 7.8 -- 13.9 5.8 ** 6 6.5 ** 90. -- 9.9 11.7 13.2 15.0 7.8 7.8 7.8 7.8 7.8

Pool XS Area (sf) * * * * * ** 11.6 -- 13.4 27.1 30.1 38.3 12.9 12.9 12.9 12.9 12.9

Riffle XS Area (sf) 11.3 -- 16.9 5 ** 5 5 ** 10.4 -- 10.7 11.3 13.2 16.9 5.0 5.0 5.0 5.0 5.0

Pool Width / Riffle Width * * * * * ** 0.8 -- 1.3 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

Pool Max Depth / Dbkf * * * * * ** 2.1 -- 2.4 2.8 2.8 3.2 2.0 2.0 2.0 2.0 2.0

Bank Height Ratio 1.0 -- 2.5 2.3 ** 2.6 4.5 ** 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Mean Bankfull Velocity (V) (fps) 5.2 -- 6.2 6.1 ** 6.7 5.9 ** 4.1 -- 4.5 4.5 4.7 5.1 4.9 4.0 5.8 5.2 4.5

Bankfull Discharge (Q) (cfs) 63 -- 105 31 ** 33 29 ** 42 -- 46 50-55 60-65 85-90 20-25 20-25 25-30 25-30 20-25

Radius of Curvature (Rc) (ft) * * * * * ** 13 -- 42 25 - 35 30 -- 35 35 -- 45 15 -- 25 15 -- 25 15 -- 25 15 -- 25 25

Belt Width (Wblt) (ft) * * * * * ** 45 41 -- 54 46 -- 58 53 -- 74 29 -- 36 Na Na Na Na

Meander Length (Lm) (ft) * * * * * ** 93 -- 136 101 -- 150 115 -- 155 153 -- 180 72 -- 80 Na Na Na Na

Radius of Curvature / Bankfull Width * * * * * ** 1.3 -- 4.4 2.1 -- 3.0 2.3 -- 2.7 2.3 -- 3.0 1.9 -- 3.2 Na Na Na Na

Meander Width Ratio (Wblt / Wbkf) * * * * * ** 4.5 -- 5.0 3.5 -- 4.6 3.5 -- 4.4 3.5 -- 4.9 3.7 -- 4.6 Na Na Na Na

Meander Length / Bankfull Width * * * * * ** 9.0 -- 15.0 8.6 -- 12.8 8.7 -- 11.7 10.2 -- 12.0 9.2 -- 10.3 Na Na Na Na

Valley slope 0.015 0.032 0.032 0.038 0.031 0.027 0.016 0.015 0.015 0.015 0.030 0.019 0.038 0.031 0.027

Average water surface slope 0.015 0.031 0.031 0.037 0.031 0.027 0.013 0.013 0.013 0.013 0.025 0.017 0.035 0.028 0.021

Riffle slope 0.0 -- 3.8 1.8 ** 4 3.8 ** 0.013 - 0.028 0.020 -- 0.037 0.020 -- 0.035 0.020 -- 0.035 0.025 -- 0.040 0.026 -- 0.027 0.025 - 0.042 0.030 -- 0.040 0.020 -- 0.030

Pool slope * * * * * ** 0 -- 0.001 0 0 0 0 0 0 0 0

Pool to pool spacing * * * * * ** 30 -- 59 50 -- 83 67 -- 91 79 -- 105 42 -- 51 38 32 -- 55 34 -- 48 41

Pool length * * * * * ** 3 -- 25 19 -- 42 20 -- 49 36 -- 61 8 -- 25 12 -- 17 11 -- 22 13 -- 19 15 -- 16

Riffle Slope / Avg. Water Surface Slope 0.0 -- 0.39 0.58 ** 1.1 1.2 ** 1.0 -- 2.2 1.5 -- 2.9 1.5 -- 2.7 1.5 -- 2.7 1.0 -- 1.6 1.5 -- 1.6 0.7 -- 1.2 1.1 -- 1.4 0.7 -- 1.1

Pool Slope / Avg. Water Surface Slope * * * * * ** 0 0 0 0 0 0 0 0 0

Pool to Pool Spacing / Bankfull Width * * * * * ** 3.3 -- 6.0 4.3 -- 7.1 5.1 -- 6.9 5.3 -- 7.0 5.3 -- 6.5 4.9 4.1 -- 7.0 4.3 -- 6.1 5.3

* : no data shown for pools, radius of curvature or meanders in existing stream do to channelization / lack of bed diversity

** : no data collected for this reach

Na : not applicable for B type stream
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Proposed Monitoring Plan 
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Appendix D. Project Plan Sheets 
























































