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Executive Summary 

The following goals for the Lyle Creek stream restoration project were established through the 

North Carolina Ecosystem Enhancement Program (NCEEP): 

 1.  Restore 2,400 feet of an unnamed tributary (UT) to Lyle Creek,  

 2.  Enhance the riparian area through planting native species, and 

 3.  Exclude cattle access to the UT to Lyle Creek and 800 linear feet of a       

       secondary unnamed tributary.   

The Lyle Creek Stream Restoration Project consisted of restoring approximately 1,940 linear feet 

of an unnamed tributary to Lyle Creek by relocating approximately 1,240 linear feet of existing 

channel (Restoration, Priority 1) and restoring in-place (Enhancement Level I, Priority 2/3) 

approximately 700 linear feet of existing channel.  The UT’s riparian areas were planted with 

native bare root seedlings and herbaceous cover to enhance the riparian areas and stabilize 

stream banks.  The entire site was fenced to exclude cattle access to the UT and a second UT to 

Lyle Creek.  This report serves as the 4
th

 year of the 5 year monitoring plan for the Lyle Creek 

stream restoration site.     

Results from the 2006 survey indicate the upper, in-place restoration (Reach 1) is maintaining 

stability and holding grade.  There are areas of moderate bank erosion and some signs of stress 

on one cross-vane within the reach, but no major stressors are apparent.  The lower, relocation 

restoration (Reach 2), is illustrating a trend towards instability.  Reach 2 has headcuts migrating 

through the system causing bedforms to shift and structures to fail.  Severe bank erosion is 

occurring throughout Reach 2, which is causing the stream to over widen and increase the fines 

within the streambed.  The lower three cross-vane structures are either failing or stressed, 

creating a risk for another headcut.  The sill located approximately 150 feet upstream from these 

structures continues to maintain grade.  However, the sill may not maintain stability and hold 

grade if these structures continue to fail downstream.  A remediation plan is being developed by 

others for the stream restoration portion of the project. 

There were three vegetation plots established by EcoScience in 2002.  Please refer to the 

Monitoring Plan View Map (Figure II) for the location of these plots.  In addition, four new plots 

were established by JJG in 2006.  Please refer to the Monitoring Plan View Map (Figure II) for 

the location of these new plots.  The plots established by JJG were randomly selected and 

monitored per the new 2006 North Carolina Ecosystem Enhancement Program protocol.  The 

three previously established plots were also monitored per the new protocol.  Planted stems must 

represent 30% of the stems per acre total under per the new protocol.   

The survival rate for woody vegetation monitored for 2006 is 87%.  The monitoring data 

recorded an average of 12 planted stems per plot.  The site density is approximately 480 planted 

stems per acre.  The success criterion for these previously established plots requires 260 live 

stems per acre in monitoring year 4 of 5 (2006).  The site has exceeded the vegetation success 

goal for monitoring year 4 (2006).  Furthermore, the natural recruitment woody stems recorded 
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substantially increases the number of live stems per plot.  There is an average of approximately 

40 recruitment stems per plot.  In total, approximately 50 woody stems per plot were recorded.  

A review of the planted and natural recruit’s monitored indicates a current site density of 

approximately 2,000 stems per acre.   

In conclusion, Reach 1 is stable and functioning as designed.  Reach 2 is unstable and is 

overwidened due the loss or stress of several structures.  A remediation plan is being prepared by 

others for this reach.  Vegetation growth has exceeded the success goal of 260 stems per acre 

with a planted stem density of 480 trees per acre.
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SECTION I 

Project Background 

The background information provided in this report is referenced from previous reports 

conducted by EcoScience, Inc., North Carolina State University, and Soil and Environmental 

Consultants, PA. 

1. Location and Setting 

The Lyle Creek Mitigation Site was developed by the North Carolina Ecosystem Enhancement 

Program (NCEEP).  The site is located in Catawba County, North Carolina immediately 

northwest of the intersection of Wyke Road and US-70 (Figure I).  The Lyle Creek Stream 

Restoration Project consisted of restoring approximately 1,940 linear feet of an unnamed 

tributary (UT) to Lyle Creek by relocating approximately 1,240 linear feet of existing channel 

(Restoration, Priority 1) and restoring, in-place (Enhancement Level I, Priority 2/3) 

approximately 700 linear feet of existing channel.  The restored channel was designed and 

constructed as an E-channel.  The project also included enhancing the associated riparian zone.  

The restoration project was completed in July 2002. 

To access site from Interstate 40, take Exit 138 and turn south onto Wyke Road.  Turn right onto 

Stagecoach Road. Continue on Stagecoach Road for approximately 1 mile, at which point the 

road will cross the UT to Lyle Creek.  The restoration project is located approximately 1,000 feet 

downstream from Stagecoach Road. 

2. Mitigation Structure and Objectives 

The Lyle Creek stream restoration project was developed as a mitigation site through the 

NCEEP.  The restoration site is located within the northeastern Piedmont region of the Catawba 

River Basin (HUC 3050101).  Historically, the site was utilized for livestock grazing and 

agricultural hay production.  Previous land uses, such as riparian vegetation removal, dredging 

and straightening, and livestock access contributed to the UTs degraded state.  These activities 

were thought to have inhibited stream stability, producing an incised channel, with a headcut 

migration occurring through the site.

The following goals for the Lyle Creek stream restoration project were established: 

 1.  Restore 2,400 feet of an UT to Lyle Creek,  

 2.  Enhance the riparian area through planting native species, and 

 3.  Exclude cattle access to the UT to Lyle Creek and 800 linear feet of a

secondary unnamed tributary.   
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Restoring 2,400 linear feet of the UT to Lyle Creek was implemented by enhancing 700 linear 

feet (proposed to be 1,055 linear feet) and relocating 1,240 linear feet (proposed to be 1,345 

linear feet) within a 12.4 acre plot of the UT to Lyle Creek (Table I).  The 700 linear feet of 

stream enhancement, noted as Reach 1 in this monitoring report, involved an in-place restoration 

approach.  The reach was enhanced using vegetation and bank stabilization structures, such as 

single arm vanes, cross-vanes, J-hooks, and root wads.  The restoration of 1,240 linear feet of the 

UT, noted as Reach 2 in this monitoring report, involved relocating the channel away from a 

previously straightened ditch.  A sinuous, stable pattern, with riffle-pool bedform was 

constructed.  Cross-vanes, J-hooks, and riffles were installed to provide bank stabilization, 

habitat, and maintain grade control.  On a second unnamed tributary to Lyle Creek, 

approximately 800 linear feet of stream preservation was implemented by installing fencing to 

exclude cattle access. 

The UT’s riparian areas were planted with native bare root seedlings and herbaceous cover to 

enhance the riparian areas and stabilize streambanks.  The entire site was fenced to exclude cattle 

access to the UT Reach 1 and 2 and the second UT (approximately 800 linear feet) to Lyle 

Creek.

Table I 

Project Mitigation Structure and Objectives  

Lyle Creek/Project No. 423 

Segment/Reach Mitigation 

Type 

Approach Linear 

Feet

Stationing

(ft) 

Comments 

Reach 1 

UT to Lyle 

Creek

EI P2/3 700 0+00-7+00 
Channel restoration, in-place with use of grade 

control and bank protection structures. 

Reach 2 

UT to Lyle 

Creek

R P1 1,240 7+00-19+40 

Channel restoration, relocation with use of grade 

control and bank protection structures. 

2nd UT to Lyle 

Creek
P P 800 N/A 

Preservation/Enhancement; fenced in stream to 

exclude cattle. 

(EI=Enhancement Level I, R=Restoration, P=Preservation) 

3. Project History and Background 

The stream enhancement/restoration was designed by EcoScience Corporation and constructed 

by North State Environmental.  Construction activities were completed in 2002.  Monitoring has 

been conducting annually from 2003 to present, with an as-built survey completed in late 

2002/early 2003.  This report serves as the 4
th

 year of the 5 year monitoring plan for the Lyle 

Creek stream restoration site.  Tables II and III provide detailed project activity, history and 

contact information for this project.  Table IV provides more in-depth watershed/site background 

for the project.



Page I-4 

                                                                                       Project Background 

Lyle Creek Stream Restoration Project  Jordan, Jones, & Goulding, Inc.  

Year 4 of 5 Monitoring  March 2007 

Project No. 423 

Table II 

Project Activity and Reporting History 

Lyle Creek/Project No. 423 

Activity or Report 
Scheduled 

Completion 

Data Collection 

Completed 

Actual Completion or 

Delivery 

Restoration Plan Unknown Unknown Unknown 

Final Design-90% Unknown Unknown Unknown 

Construction Unknown 2002 July 2002 

Temporary S&E mix applied to entire 

project area 
Unknown 2002 2002 

Permanent seed mix applied to reach  Unknown 2002 Fall 2002 

Mitigation Plan/ As-Built (Year 0 

Monitoring) 
2002 2002 February 2003 

Year 1 Monitoring 2003 November 2003 February 2004 

Year 2 Monitoring  2004 July 2004 February 2005 

Year 3 Monitoring October 2005 December 2005 February 2006 

Year 4 Monitoring September 2006 September 2006 November 2006 

Year 5 Monitoring September 2007 TBD TBD 

Table III 

Project Contacts 

Lyle Creek/Project No. 423 

Designer

EcoScience Corporation 

1101 Haynes Street, Suite 101 

Raleigh, NC 27604  

Contractor's Name 

North State Environmental, Inc. 

2889 Lowery St., Suite B 

Winston-Salem, NC 27101 

Planting Contractor Unknown 

Seeding Contractor Unknown 

Monitoring Performers 

Jordan, Jones, and Goulding, Inc. 

9101 Southern Pine Blvd., Suite 160 

Charlotte, NC 28273 

Stream Monitoring, POC Dan Rice, 678-333-0457 

Vegetation Monitoring, POC Dan Rice, 678-333-0457 
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Table IV 

Project Background

Lyle Creek/Project No. 423 

Project County Catawba County, North Carolina 

Drainage Area 0.74 sq mi 

Drainage impervious cover estimate ~10% 

Stream Order 3rd 

Physiographic Region Piedmont 

Ecoregion Piedmont 

Rosgen Classification of As-built E 

Cowardin Classification N/A 

Dominant soil types Cecil-Chewacla 

Reference Site ID Unknown 

USGS HUC for Project and Reference 3050101 

NCDWQ Sub-basin for Project and Reference 03-08-32 

NCDWQ classification for Project and Reference WS-IV;CA 

Any portion of any project segment 303d list? No 

Any portion of any project segment upstream of a 303d listed segment? No 

Reason for 303d listing or stressor? N/A 

% of project easement fenced? 100% 

4. Monitoring Plan View 

The monitoring plan view map (Figure II) illustrates the location of the longitudinal profile 

stations, cross-section stations, vegetation plots, and photo points.  A total of seven cross-

sections were previously established within Reach 1 and 2.  Approximately 2,000 linear feet of 

longitudinal profile was monitored.  Three vegetation plots were previously established and four 

new vegetation plots were established by JJG in 2006.  The new plots were established in 

accordance with NCEEP’s revised vegetation monitoring protocol.  Photographs were taken 

upstream and downstream at each cross-section and at existing photo points.  No problems 

occurred that inhibited accurate data assessment. 
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SECTION II 

Project Condition and Monitoring Results 
The following monitoring results are from the 2006 (year 4 of 5) survey completed in September, 

2006.

A. Vegetative Assessment 

Planted zones related to the stream restoration consist of the stream bank and the buffer area 

adjacent to the stream.  The riparian zone begins at the top of bank and proceeds perpendicular to 

the stream for an average distance of 50 feet.  The planted stream bank initiates at base flow 

elevation and extends to the top of bank.  The overall success of these two particular planted 

zones is good.  Live stakes (Salix nigra and Cornus amomum) and herbaceous species (Carex

spp. and Juncus spp.) along the stream bank are healthy and abundant.  The riparian buffer is 

dominated by a thick herbaceous layer with numerous shrubs and saplings throughout.  Natural 

recruitment vegetation appears to be dominant.  This is likely due to the undisturbed forested 

areas along the right bank of the restoration area causing regeneration of trees. 

There were three vegetation plots established by EcoScience in 2002.  Please refer to the 

Monitoring Plan View Map (Figure II) for the location of these plots.  The success criterion for 

these previously established plots requires 260 live stems per acre in monitoring year 4 of 5 

(2006).  In addition, four new plots were established by JJG in 2006.  Please refer to the 

Monitoring Plan View Map (Figure II) for the location of these new plots.  The plots established 

by JJG were randomly selected and monitored per the new 2006 NCEEP protocol.  The three 

previously established plots were also monitored per the new protocol.  Planted stems must 

represent 30% of the stems per acre total.  Please refer to Appendix A for the vegetative survey 

data table and monitoring plot photos.   

1. Soil Data 

Lyle Creek is situated within a narrow ridge and valley within the inner Piedmont Belt of the 

North Carolina Piedmont Physiographic Province.  Researchable data indicates that the soils 

within the project area are those found in alluvial landforms in this physiographic region; 

however, grading and filling activities during construction likely disturbed the parent soil. 

Review of the North Carolina Soil datamart indicates that three soil series are found within the 

project limits (Figure III and Table V).  These soil series consist of Chewacla (Hydric Soil of the 

United States), Cecil, and Hiawasee.  Chewacla soils are generally found along stream corridors.  

These soils are formed from fine alluvial material and are somewhat poorly drained within the 

project area.  Cecil soils are also found in areas adjacent to the stream.  However, these soils are 

not as prevalent as Chewacla.  The Cecil soils within the project area are formed from fine 

alluvial material and are somewhat poorly drained.  The Hiawasee series is generally found on 

high stream terraces.  The undisturbed forested slopes and the surrounding upland consist of this 

soil type.  
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Table V 

Preliminary Soil Data 

Series
Max Depth 

(in)

% Clay of 

Surface

K

factor 

T

factor 

% Organic 

matter

Chewacla  60 10 - 35 0.28 5 1.0 – 4.0 

Cecil 75 5 - 20 0.28 5 0.5 – 1.0 

Hiawasee 60 - 80 10 - 35 0.28 5 0.5 – 2.0 

2. Vegetative Problem Areas 

During the initial assessment conducted in March 2006 as well as the vegetative survey 

conducted in September 2006, it was noted that some areas of stream bank have suffered 

localized loss of vegetative cover.  In these areas, it is evident that flood events may have caused 

the bank erosion and the resulting loss of vegetation.  Problem areas associated with the riparian 

buffer zone were also observed.  Most notable is the abundance of invasive species such as 

Rubus argutus, Rosa multiflora, Ligustrum sinense, and Microstegium virmineum.  Please refer 

to Table VI for more details on vegetative problem areas.  Please refer to Appendix A2 and A3 

for photos of these areas.

3. Vegetative Problem Area Plan View 

Please refer to Appendix B1 and B2 for location of vegetative problems onsite. 

4. Stem Count 

JJG conducted the vegetative assessment and vegetative plot analysis on September 27, 2006 and 

September 28, 2006 per the new NCEEP 2006 protocol.  Seven plots were surveyed, three of 

these were previously established by EcoScience in 2002 and four were newly established plots 

by JJG in 2006.  The vegetative plots established on site were selected randomly and represent 

the riparian buffer zone.

Trees planted within the plots monitored include overcup oak species (Quercus lyrata), river 

birch (Betula nigra), American sycamore (Platanus occidentalis), green ash (Fraxinus 

pennsylvanica), black willow (Salix nigra), and silky dogwood (Cornus amomum).  In addition, 

natural recruitment vegetation was also monitored within these plots.  Species encountered were 

tulip poplar (Liriodendron tulipifera), sweet gum (Liquidambar styraciflua), tag alder (Alnus

serrulata), black gum (Nyssa sylvatica), Eastern red cedar (Juniperus virginana), oak species 

(Quercus spp.), and species that were originally planted.  Please refer to Table VII for a 

summary of stem counts.  
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Table VI 

Vegetative Problem Areas 

Vegetative Issue Location Probable Cause 

Invasive population 

Plot 1 

existing seed source, 

storm flows, and land 

disturbance 

Invasive population 

Plot 2 

existing seed source, 

storm flows, and land 

disturbance 

Invasive population 

Plot 3 

existing seed source, 

storm flows, and land 

disturbance 

Invasive population 

Plot 5 

existing seed source, 

storm flows, and land 

disturbance 

Invasive population 

Plot 6 

existing seed source, 

storm flows, and land 

disturbance 

Invasive population 

Plot 7 

existing seed source, 

storm flows, and land 

disturbance 

Vegetative Issue Station
Probable 

Cause 

Photo 

Point # 

moderate bank erosion / loss of stream 

bank vegetation 
0+25 to 0+35 storm flows A2.1 

moderate bank erosion / loss of stream 

bank vegetation 
4+25 to 4+50 storm flows A2.1 

severe bank erosion / loss of stream 

bank vegetation 
5+75 to 6+00 storm flows A2.2 

severe bank erosion / loss of stream 

bank vegetation 
9+25 to 9+40 storm flows A2.2 

severe bank erosion / loss of stream 

bank vegetation 
10+25 to 10+50 storm flows A2.2 

severe bank erosion / loss of stream 

bank vegetation 
11+55 to 11+90 storm flows A2.2 

severe bank erosion / loss of stream 

bank vegetation 
13+55 to 13+80 storm flows A2.2 

severe bank erosion / loss of stream 

bank vegetation 
14+35 to 14+70 storm flows A2.2 

severe bank erosion / loss of stream 

bank vegetation 
16+00 to 16+30 storm flows A2.2 

severe bank erosion / loss of stream 

bank vegetation 
16+60 to 17+10 storm flows A2.2 

severe bank erosion / loss of stream 

bank vegetation 
17+80 to 18+00 storm flows A2.2 

moderate bank erosion / loss of stream 

bank vegetation 
18+45 to 18+60 storm flows A2.1 

severe bank erosion / loss of stream 

bank vegetation 
18+75 to 19+38 storm flows A2.2 
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Table VII

Stem Counts for Planted Species Arranged by Plot – Year 4 of 5 (2006) 

Year 3 (2005) 

Plot Data 

Year 4 (2006) 

Vegetation Plot Data 

Species 

1 2 3

Total # 

of

planted 

stems 

Year 4 

(2006)

1 2 3 4 5 6 7

Acer rubrum  4       4 

Betula nigra 3 5 1 32 1* 5* 1* 2 9 6 8 

Fraxinus pennsylvanica 1  4  *  2 1 1  

Nyssa sylvatica  3    1 1  1 

Platanus occidentalis 2 18 *  2  2 11 3 

Quercus lyrata  1     1   

Salix nigra 1 3 8 1*  2   2 3 

Liriodendron tulipifera 6 2 8 6  2 N/A N/A N/A N/A 

Alnus serrulata 3  2 2   N/A N/A N/A N/A 

Juniperus virginiana 1 2 2   2 N/A N/A N/A N/A 

Totals (2006) 14 6 10 82 10 5 9 5 14 20 19 

Initial Totals (2005) 29 6 10 N/A 29 6 10 N/A N/A N/A N/A 

Average # of Stems per 

plot
10 N/A 12 

Percent Survival (2006) 48% 100% 100% N/A 35% 83% 90% 100% 100% 100% 100% 

* Species had numerous volunteers counted 

The survival rate for the woody vegetation monitored for 2006 is 87%.  At this stage in the 

project and vegetation development, JJG is unable to clearly determine which stems were planted 

and which stems could be natural recruitment.  This is also true for the newly established plots 4 

through 7.  JJG decided to measure the largest trees as the planted specimens and recorded the 

smaller stems as natural recruitment.  The monitoring data recorded an average of 12 planted 

stems per plot.  The site density is approximately 480 planted stems per acre, which exceeds the 

year 4 goal of 260 planted stems per acre.  Furthermore, the natural recruitment woody stems 

recorded substantially increases the number of live stems per plot.  There is an average of 

approximately 40 recruitment stems per plot.  In total, approximately 50 woody stems per plot 

were recorded.  A review of the planted and natural recruit’s monitored indicates a current site 

density of approximately 2,000 stems per acre.  The site density was calculated by dividing the 

average number of stems by the plot size (0.025 ac).  All plots for this project were NCEEP 

standard of 10m X 10m (100 sq. m). 

In conclusion, the vegetation throughout the stream and riparian restoration project meets the 

success requirements.  Although some loss of stream bank vegetation has occurred, the overall 

growth of the riparian buffer is good.  Per the success criterion for year 4 of 5 (2006), the site has 

exceeded 260 stems per acre.     

5. Vegetation Plot Photos 

Please refer to Appendix A3 for photographs of the vegetation monitoring plots. 
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B. Stream Assessment 

Stream dimension, pattern, profile and substrate were evaluated within 1,940 linear feet of the 

stream restoration site.  The stream assessment including walking the entire stream reach and 

monitoring 1,940 linear feet of longitudinal profile and seven pre-established cross-sections.  

Please refer to Tables VIII, IX, and X for the stability assessments and the as-built morphology 

and hydraulic summary.  Refer to Table XI for monitoring years 2003-2006 morphology and 

hydraulic summary, and Appendix B for the problem area plan view map, stability assessment, 

stream photographs, and raw data. 

1. Problem Areas Plan View (Stream) 

Please refer to Appendix B1 for problem areas plan view map. 

2. Problem Areas Table Summary 

Table XIII below provides categorical feature issues by station, the suspected cause and denotes 

a representative photo of the condition, which is located in Appendix B2. 

3. Numbered Issues Photo Section 

Please refer to Appendix B2 for problem areas plan view photos. 

4. Fixed Photo Station Photos 

Please refer to Appendix B3 for photo station photos. 
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Table VIII 

Stream Problem Areas 

(Please refer to Appendix B2 for photos)

Lyle Creek/Project No.423 

Feature Issue Station Numbers Suspected Cause Photo ID 

00+25 - 00+45 
Erosion under tree root due to 

excess shear stress 
Reach 1 

04+20 - 04+50 
Moderate bank slumping due to 

excess shear stress  - LB  

14+75 - 14+90 
Bank undercutting due to excess 

shear stress - RB 

Bank erosion - moderate 

Reach 2 

18+45 - 18+65 
Moderate erosion due to shifting of 

upstream pool to RB 

B2.1 

Reach 1 05+75 - 06+05 

No bank protection on downstream 

end of bend resulting in severe 

erosion - LB 

09+20 - 09+40 

Severe bank erosion and failure due 

to insufficient channel capacity and 

excess shear stress - LB 

10+00 - 10+25 

Severe bank erosion and failure due 

to insufficient channel capacity and 

excess shear stress - LB 

11+60 - 11+95 

Severe bank erosion and failure due 

to channel migration and excess 

shear stress - LB 

13+55 - 13+85 
Bank undercut and failed due to 

excess shear stress   - LB 

14+35 - 14+70 

Bank undercut and failed due to 

channel migration, downcutting, and 

excess shear stress - LB 

15+25 - 15+45 
Bank undercutting due to excess 

shear stress - LB 

17+80 - 18+00 
Severe erosion due to excess shear 

stress - LB 

16+00 - 16+30 

Stream downcut and channel shifted 

resulting in severe erosion and tree 

fall - LB 

16+70 - 17+10 
Severe bank erosion and failure due 

to upstream structure failure - LB 

18+75 - 19+05 
Severe bank erosion and failure due 

to upstream structure failure - RB 

Bank erosion - severe 

Reach 2 

19+10 - 19+40 

Severe bank erosion and bank 

failure below right arm of failed 

cross vane - RB 

B2.2 
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Table VIII Con’t.   

Stream Problem Areas 

(Please refer to Appendix B2 for photos) 

Lyle Creek/Project No.423 

Feature Issue Station Numbers Suspected Cause Photo ID 

08+85 - 09+00 Insufficient channel capacity shifting riffle downstream 

10+90 - 11+15 Insufficient channel capacity shifting riffle downstream 

11+95 - 12+20 Insufficient channel capacity shifting riffle downstream 

14+10 - 14+30 
Insufficient channel capacity shifting riffle downstream 

into pool 

15+10 - 15+20 
Insufficient channel capacity shifting riffle downstream 

into pool 

Downcut/lost riffle Reach 2 

15+75 - 16+00 
Insufficient channel capacity shifting riffle downstream 

into pool 

B2.3 

Lateral bar Reach 1 06+60 - 06+80 Stream over widened B2.4 

Mid-channel bar Reach 2 14+70 - 14+75 Mid-channel bar formed from upstream erosion B2.5 

14+95 
Log vane structure detached from bank and blocking 

channel due channel erosion under log. 

16+70 
Right vane arm collapsed due to shifting channel and 

excess shear stress 
Structure - failed Reach 2 

19+25 
Right vane arm eroded and dislodged due total failure 

of structure and bank 

B2.6 

Reach 1 05+00 
Erosion at top right vane arm due to insufficient 

channel capacity 

17+50 
Erosion under invert & footer rock and stressing right 

arm 

18+30 
Erosion behind left vane arm due to insufficient 

channel capacity 

Structure - stressed 

Reach 2 

18+60 Erosion under invert and footer rock 

B2.7 

5. Stability Assessment 

The upstream section (Reach 1) of the project consists of Enhancement Level I.  The overall 

pattern, profile, and dimensions of this section appear stable with some isolated signs of 

moderate erosion.  The section of the channel that was relocated (Reach 2) is showing significant 

signs of instability.  The pattern, profile and dimensions of the channel appear to be shifting in 

Reach 2.  A general overview is provided below.      

Reach 1:  Restored Channel In-Place:  Enhancement Level I (700 ft) 

There are areas of moderate erosion associated with the outer bank of tight meander bends within 

Reach 1; however, these banks still appear to be stable.  There is one area (Station 05+75 to 

06+05) of severe erosion, bank instability, and poor bank protection near the downstream end of 

this section.  This is a tight bend, and there is insufficient bank cover to protect the bank.  One 
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cross-vane (Station 05+00) is showing signs of stress on the right arm, but the bank is stable, and 

there is sufficient bank cover.

Cross-sections 1, 2 and 3 are located within Reach 1.  Cross-section 1 is a pool that was 

previously filling in.  Since then, the pool has deepened; thereby, decreasing the width to depth 

ratio.  Cross-section 2 is a riffle and cross-section 3 is a pool, both have shown slight bankfull 

width increases, which lead to an increase in width to depth ratio.  The reach appears to be 

maintaining stability with stable structures and minimal bank erosion; however, both the d50 and 

d84 from the surveyed riffle cross-section have decreased over the monitoring years.  The d50 

has changed from medium to fine sand and the d84 has significantly changed from medium 

gravel to coarse sand.  The area immediately upstream of Reach 1 is showing signs of bank 

erosion and instability, which is most likely the source of the sedimentation and fining occurring 

within Reach 1.  Please refer to Tables VIII, IX, X, XI, and Appendix B for detailed stream 

assessment problem area results.    

Reach 2:  Relocated Channel:  Restoration (1,240 ft) 

In several riffle areas, there are indications of an active headcut, in which the stream elevation 

has dropped, and the riffle material has shifted downstream and deposited immediately upstream 

of pools.  Typically, the bend immediately downstream of these areas is severely eroded and 

often collapsed.  As a result of this instability, the stream is beginning to show signs of pattern 

migration.  Several meander bends are severely eroded with bank failure.  The bank erosion is a 

major source of instream sedimentation.  Many of the structures installed to maintain grade and 

stability have failed or are stressed.  For most cross-vanes, the failure or stress is associated with 

only one vane arm.  The one log vane (Station 14+95) installed within Reach 2 has failed and is 

now lodged as an obstruction in the stream.  Upstream of the convergence point, there are three 

cross-vanes that step the elevation down to the elevation of the adjoining UT of Lyle Creek and 

the end of the project.  The stress and failure level of these structures increase as the stream 

elevation drops to meet the elevation of the convergence point.  The most downstream structure 

has completely failed, and there is a risk of a head cut formation from the downstream 

convergence point upstream to an existing sill.  The upstream sill is located approximately 150 

feet above the downstream end of the project and these vanes.  This sill is holding well, and 

currently there are no signs of headcutting.  However, this sill may not hold if the downstream 

vanes continue to fail and lose grade.  Please refer to Table VIII, IX, X, XI, and Appendix B for 

detailed stream assessment and problem area results.  

Reach 2 includes cross-section’s 4, 5, 6, and 7.  Cross-section 4 is a riffle, which appears to have 

overwidened and is now building a new bench at innerberm.  Cross-section 5 is a riffle that has 

shifted approximately 5 feet to the left from its original as built station.  Cross-section 6 is a pool 

that has previously downcut and appears to be aggrading.  The pool is filling in, which is 

illustrated by the decrease in its width to depth ratio and mean depth.  Cross-section 7 is a pool 

with an undercut bank.  It is very unstable and eventually, will have have bank failure (left).  

This pool also shifted in 2005 approximately 3 feet from previous survey stations.   

In summary, Reach 1 has areas of moderate bank erosion and some signs of stress on one cross-

vane within the reach, but no major stressors are apparent.  The lower, relocation restoration 



  Page II-10 
  Project Conditioning and Monitoring Results  

Lyle Creek Stream Restoration Project  Jordan, Jones, & Goulding, Inc.  
Year 4 of 5 Monitoring  March 2007 
Project No. 423 

(Reach 2), is illustrating a trend towards instability, with headcut formations and severe bank 
erosion throughout.  A maintenance plan is currently being developed by others for Reach 2. 
 

 
Table IX 

Categorical Stream Feature Visual Stability Assessment 
   

Lyle Creek/Project No. 423 
Reach 1:  Enhancement Level I (700 ft) 

Feature As-Built (2002) MY1 (2003) MY2 (2004) MY3 (2005) MY4 (2006) 
A.  Riffles - - - 36 % 97.9% 
B.  Pools - - - 92 % 87.5% 
C.  Thalweg - - - 92 % 100% 
D.  Meanders - - - 67 % 93.3% 
E.  Bed General - - - 86 % 93.7% 
F.  Vanes/J Hooks, etc - - - 89 % 94.5% 
G.  Wads and Boulders - - - N/A - 
H.  Bank Performance - - - - 88.6% 

 
Lyle Creek/Project No. 423 

Reach 2:  Relocation Restoration (1,240 ft) 
Feature As-Built (2002) MY1 (2003) MY2 (2004) MY3 (2005) MY4 (2006) 

A.  Riffles - - - 36 % 62.5% 
B.  Pools - - - 92 % 91.65% 
C.  Thalweg - - - 92 % 50% 
D.  Meanders - - - 67 % 46.7% 
E.  Bed General - - - 86 % 97.43% 
F.  Vanes/J Hooks, etc - - - 89 % 35.8% 
G.  Wads and Boulders - - - N/A - 
H.  Bank Performance - - - - 72.6% 

(MY3 data represents data for the entire Reach, and cells noted with a (-), data was not provided). 
 

 
6.  Quantitative Measures Tables 
 
Tables X and XI, display morphological summary data from all monitoring years.  The as-built data 
provided in the previous monitoring reports was not accurately reported between years; therefore, JJG 
referenced regional curves to verify cross-sectional area to determine which data set to report.  The as-
built data provided in Table X was taken from the North Carolina State University 2003 monitoring 
report.  Raw survey data can be found in Appendix B.  
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  Project Conditioning and Monitoring Results 

Lyle Creek Stream Restoration Project  Jordan, Jones and Goulding, Inc. 

Year 4 of 5 Monitoring  March 2007 

Project No. 423

Table XI cont.   

Morphology and Hydraulic Monitoring Summary 

Lyle Creek/Project No. 423 

ADDITIONAL REACH PARAMETERS 2003 2004 2005 2006 

Reach 1 Reach 2 

Valley Length (ft) N/A N/A 1337 1337 

Channel Length (ft) N/A N/A 1940 1940 

Sinuosity N/A N/A 1.45 1.45 

Water Surface Slope (ft/ft) N/A N/A Not Reported 0.0067 0.0081 

Bankfull Slope (ft/ft) N/A N/A 0.01 0.0060 0.0075 

Rosgen Classification N/A N/A C4 C4 

7.  Hydrologic Criteria 

A crest gauge has been installed upstream of cross-section 4.  The table below is a verification that 

one bankfull or greater event occurred within the Lyle Creek restoration project in November 2006.  

Other indicators such as old wrack lines were observed at the bankfull and greater elevations within the 

restoration site as well as.  

Table XII.  Verification of Bankfull Events 

Lyle Creek/Project No. 423 

Date of Collection Date of Occurrence Method Photo # (if available) 

11/24/06 Unknown Crest Gauge N/A 
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Year 4 of 5 Monitoring  March 2007 

Project No. 423 

SECTION III 

Methodology

IV.  Methodology 

Methods employed for the Lyle Creek Stream Restoration Project were a combination of those 

established by standard regulatory guidance and procedures documents and the North Carolina 

State University and Soil and Environmental Consultants monitoring reports. 



 
 
 
 
 
 
 
 
 
 

Appendix A 
(Click here) 

www.nceep.net/business/monitoring/Monitoring_report_web/2006pdfs/LYLE_CREEK_2006/Lyle_Creek_Appendix_A.pdf
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APPENDIX A 

Vegetation Raw Data 

1. Vegetation Survey Data Tables* 

2. Vegetation Problem Area Photos 

3. Problem Monitoring Plot Photos 
*Raw data tables have been provided electronically.



Lyle Creek Stream Restoration
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Appendix A1.  Vegetation Survey Data Tables

Date:

Project No.:

March 2007

423

Prepared For:

SEE ATTACHED .PDF FILE NOTED AS 

“VEG DATA SHEETS-2006”

FOR VEGETATION SURVEY DATA TABLES
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Year 4 of 5

Appendix A2.  Vegetation Problem Area Photos

Date:

Project No.:

March 2007

423

Prepared For:

1.  Bank Erosion:  Moderate-3/30/06 2.  Bank Erosion:  Severe-3/30/06

Photos taken during the initial 

assessment conducted in March 2006

3.  Bank Erosion:  Moderate-3/30/06 4.  Bank Erosion:  Severe-3/30/06
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Appendix A3.  Vegetation Monitoring Plot Photos

Date:

Project No.:

March 2007

423

Prepared For:

1.  Monitoring Plot 1 2.  Monitoring Plot 2 3.  Monitoring Plot 3

4.  Monitoring Plot 4 5.  Monitoring Plot 5 6.  Monitoring Plot 6

7.  Monitoring Plot 7

Photos were taken during the vegetation 

Assessment Conducted September 27-28, 

2006



 
 
 
 
 
 
 
 
 
 

Appendix B 
(Click here) 

www.nceep.net/business/monitoring/Monitoring_report_web/2006pdfs/LYLE_CREEK_2006/Lyle_Creek_Appendix_B.pdf


Lyle Creek Stream Restoration Project  Jordan, Jones and Goulding, Inc. 

Year 4 of 5 Monitoring  March 2007 

Project No. 423

APPENDIX B 

Geomorphic and Stream Stability Data 

1. Problem Area Plan View 

2. Representative Stream Problem Area Photos 

3. Stream Photo Station Photos 

4. Qualitative Visual Stability Assessment 

5. Cross-section Plots and Raw Data Tables* 

6. Longitudinal Plots and Raw Data Tables* 

7. Pebble Count Plots and Raw Data Tables* 
*Raw data tables have been provided electronically.
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Appendix B2.  Representative Stream Problem Area Photos

Date:

Project No.:

March 2007

423

Prepared For:

1.  Bank Erosion:  Moderate-3/30/06

2.  Bank Erosion:  Severe-3/30/06
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Date:

Project No.:

March 2007

423

Prepared For:

3.  Downcut/Lost Riffle-3/30/06

4.  Lateral Bar-3/30/06

Appendix B2.  Representative Stream Problem Area Photos
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Date:

Project No.:

Prepared For:

5.  Mid-Channel Bar-3/30/06

6.  Structure failed-3/30/06

March 2007

423

Appendix B2.  Representative Stream Problem Area Photos
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Date:

Project No.:
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