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1.0 Executive Summary 
 
This annual monitoring report details the second year monitoring activities and their results 
for the Little White Oak Creek Stream Restoration Site (LWOC).  All of the monitoring 
activities were conducted and the subsequent results are reported in accordance with the 
approved mitigation plan (Mulkey Engineers and Consultants, 2008) for LWOC.  The 
content and format of this report were developed in accordance with the contract 
requirements for the Full Delivery RFP 16-D06027 (NCEEP, 2005).  Accordingly, this 
report includes project background information, project monitoring results, and description 
of the project monitoring methodology.  
 
Mulkey Engineers and Consultants (Mulkey) submitted LWOC for the Full Delivery RFP 
16-D06027 to provide 18,200 Stream Mitigation Units (SMUs).  Mulkey was awarded the 
stream restoration contract and began work on the project on May 16, 2007  The primary 
goals of LWOC were to improve water quality, to reduce bank erosion, to reestablish a 
floodplain along each of the stream reaches, and to improve the aquatic and terrestrial 
wildlife habitat.  These goals were met through the following objectives:   
 

• By using natural channel design to restore stable pattern, dimension, and profile for 
18,290 linear feet of stream channel  

• By establishing a conservation easement, which will protect the streams from cattle 
intrusion and future development activities 

• By establishing a floodplain or reconnecting the stream back to its historic 
floodplain, or a combination of both, for each project stream reach 

• By creating or restoring floodplain features such as vernal pools, off channel ponds, 
or riparian wetlands 

• By increasing the amount of aquatic habitat through the addition of rock and wood 
structures 

• By reestablishing native plant communities throughout the conservation easement, 
whereby reintroducing shading, cover areas, and travel corridors. 

 
LWOC is located in Polk County, North Carolina near the community of Mill Springs and is 
situated in the Broad River Basin.  Past land use practices, including extensive cattle 
farming, stream channelization and dredging, and clearing of the riparian buffers resulted in 
substantial degradation of the stream systems at LWOC.  LWOC is comprised of seven 
stream reaches totaling 18,290 feet of restored stream channel.  All of the analyses, design, 
and restoration at LWOC were accomplished using natural stream channel design methods.  
In addition to stream channel restoration, the restored stream banks and the riparian and 
upland buffer areas along LWOC were also replanted with native species vegetation.  
 
The survivability of the planted vegetation at LWOC was monitored at representative 
vegetation plots as well as project-wide.  Stem counts, photo documentation and 
comparison, and visual assessment were utilized.  Bare root stock were planted at a density 
of 680 stems per acre (8 foot by 8 foot spacing) and live stakes were planted on the stream 
banks at a density of 1,742 stems per acre (5 foot by 5 foot spacing).    A total of 24 
representative vegetation plots were installed at LWOC based on the recommendations set 
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forth by EEP regarding the acreage contained in the conservation easement.  The 
survivability of the planted woody vegetation at LWOC was monitored using annual stem 
counts at each of the plots.  In addition to the stem counts, annual photos were taken at each 
of the plots and also from 14 other permanent photo reference points.  The vegetation plot 
photos were used for photo documentation and comparison of the vegetation growth at each 
plot.  The photo documentation at the reference points were employed to assist in a project-
wide visual assessment of the vegetation at LWOC.  Survivability will be based on 
achieving a minimum of 320 stems per acre after Year 3 and 260 stems per acre after Year 
5, across the project site.  The stem counts were conducted during the latter part of the 
growing season months (August, September, and October) to insure survival throughout a 
complete growing season while still allowing for relative ease in identification.   
 
In late August 2008, the vegetation monitoring for Monitoring Year 1 was conducted using 
the methodologies described above, including stem counts, photo documentation, and visual 
assessment.  The stem counts resulted in the 24 vegetation plots having a survivability of 
planted woody stems ranging from 438 to 1000 stems per acre, with an average survivability 
of 713 stems per acre.  The results indicated the survivability of the planted woody 
vegetation at LWOC will meet the success criteria outlined above for Year 3 and Year 5.  
The comparisons of the baseline and Monitoring Year 1 photos at both the 24 vegetation 
plot photo reference points and the 14 permanent photo reference points strongly 
complemented this suggestion, as no concerns, problems, or negative trends were 
documented.  Similarly, the project-wide visual assessment provided further validation, as 
no vegetation problem areas were observed.     
 
In mid October 2009, the vegetation monitoring for Monitoring Year 2 was conducted using 
the methodologies described above, including stem counts, photo documentation, and visual 
assessment.  The stem counts resulted in the 24 vegetation plots having a survivability of 
planted woody stems ranging from 367 to 1000 stems per acre, with an average survivability 
of 670 stems per acre.  As with the previous year, the results indicated the survivability of 
the planted woody vegetation at LWOC will meet the success criteria outlined above for 
Year 3 and Year 5.  The comparisons of the baseline and Monitoring Year 2 photos at both 
the 24 vegetation plot photo reference points and the 14 permanent photo reference indicated 
the vegetation is moving in a positive direction.  The project-wide visual assessment 
provided validated this positive trend, as no vegetation problem areas were observed.     
 
Stream dimension, pattern, profile, stream bed material, bank stability, and bankfull 
hydrology were monitored to evaluate the success of stream restoration at LWOC.  The 
limits of the project stream reaches to be monitored at LWOC were determined using the 
sampling rates outlined by the USACE et al. (2003).  The monitoring were conducted using 
annual field surveys, pebble counts, crest gage recordation, visual assessment and photo 
documentation.  Baseline conditions for comparison of the stream parameters to be 
monitored were established from data gathered immediately after construction through the 
as-built survey process.  Longitudinal profiles and Modified Wolman pebble counts were 
conducted for all reaches and a total of 13 permanent cross sections were surveyed and 
photo documented across LWOC.  A total of eight crest gages across LWOC were installed 
for hydrologic monitoring to verify the occurrence of bankfull storm events.  Annual photo 
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documentation was used for stream monitoring to complement and validate the other stream 
monitoring practices from 14 permanent reference photo points.   Annual project wide visual 
assessment was conducted using field observation and pedestrian surveys to identify any 
specific problem areas.  Since it is only required during Monitoring Year 3 and Monitoring 
Year 5, the BEHI information will only be collected during those years.  Stream restoration 
success at LWOC was evaluated by comparison of the annual monitoring results against 
those same parameters as predicted, specified, and required in the proposed design and as 
implemented during the construction process represented by the as-built or baseline 
conditions.  Success is achieved when all such comparisons reveal positive trends toward 
overall stream stability.   
 
In late August 2008, the stream monitoring for Monitoring Year 1 was conducted using the 
methodologies described above.  The results of the stream dimension, pattern, and profile 
monitoring demonstrated that all of the reaches were experiencing the expected minor 
adjustments indicative of movement toward increased stream stability and were attributed to 
vegetation establishment and natural channel adjustments.  Fluctuations in bed materials 
were expected to occur during the early years following construction.  Fining of the bed 
materials was documented by the stream bed material monitoring.  The stream systems at 
LWOC appear to be sand-dominated and therefore coarsening of the bed may not occur.  
However, the monitoring results suggested on-site sediment supply from LWOC has been 
reduced as a result of the restoration.  Fluctuations in bed materials are likely to continue 
and several years may be needed to observe a consistent bed material.  Data collected at six 
of the eight on-site crest gauges provided evidence indicating a storm event producing a 
stage in excess of the bankfull storm occurred at LWOC during Monitoring Year 1.  This 
documented the first of two required bankfull events over the five year monitoring period in 
order to achieve success with regards to hydrologic monitoring at LWOC. No stream 
problems were documented through the photo documentation comparison process.  
However, the project-wide visual assessment conducted along each of the project stream 
reaches revealed 12 specific stream problem areas which included in-stream structure 
failures and associated stream bank erosion, areas of floodplain and adjacent stream bank 
erosion, and an area of stream bank erosion.  Mulkey elected to promptly address all of the 
observed stream problem areas and conducted construction repairs of each in October 2008.  
All of the in-stream structures and the areas of floodplain and stream bank erosion were 
repaired.  The repairs to the all of the areas of eroded stream banks included re-grading, re-
seeding with appropriate temporary and permanent seed, re-installing coir fiber matting, and 
re-planting with live stakes.  Upon completion of the repair work, LWOC experienced no 
other stream problem areas and was deemed a success for Year 1 Monitoring.  
 
In mid October and early November 2009, the stream monitoring for Monitoring Year 2 was 
conducted using the methodologies described above.  The results of the stream dimension, 
pattern, and profile monitoring demonstrated that all of the reaches were experiencing the 
expected minor adjustments indicative of movement toward increased stream stability and 
were attributed to vegetation establishment and natural channel adjustments.  Fluctuations in 
bed materials were expected to occur during the early years following construction.  Fining 
of the bed materials was documented by the stream bed material monitoring.  The stream 
systems at LWOC appear to be sand-dominated and therefore coarsening of the bed may not 
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occur.  However, the monitoring results suggested on-site sediment supply from LWOC has 
been reduced as a result of the restoration, particularly from increased native vegetation and 
soil stabilization.  Fluctuations in bed materials are likely to continue and several years may 
be needed to observe a consistent bed material.  Data collected at seven of the eight on-site 
crest gauges provided evidence indicating a storm event producing a stage in excess of the 
bankfull storm occurred at LWOC during Monitoring Year 2.  This documented the second 
of two required bankfull events over the five year monitoring period in order to achieve 
success with regards to hydrologic monitoring at LWOC. No stream problems were 
documented through the photo documentation comparison process.  However, the project-
wide visual assessment conducted along each of the project stream reaches revealed 3 
specific stream problem areas, all of which are associated with beaver dams constructed 
along reaches R1 and R2.  Mulkey is actively coordinating with the United States 
Department of Agriculture (USDA) Wildlife Services under their Beaver Management 
Assistance Program (BMAP) to have the beavers and beaver dams removed, as well as to 
have site monitored for future beaver activity. 
 
Therefore, based on the results of the stream monitoring for Monitoring Year 2 at LWOC, as 
well as the ongoing corrective actions being taken, Mulkey did not propose any additional 
recommendations or actions other than to proceed with the annual stream monitoring. 
  
2.0  Project Background 
 
2.1  Project Location and Setting 
 
The Little White Oak Creek Stream Restoration Site is located in Polk County, North 
Carolina approximately 2.5 miles east/southeast from the community of Mill Springs along 
NC Highway 9 South, and approximately 0.5 mile northwest from the intersection of NC 
Highway 9 South and US Highway 74 (Figure 1).  LWOC is situated in the Broad River 
Basin 8-digit cataloging unit of 03050105 and the 14-digit cataloging unit 03050105030010.  
Mulkey proposed to provide 18,200 Stream Mitigation Units (SMUs) with LWOC under the 
Full Delivery RFP 16-D06027 issued by the Ecosystem Enhancement Program Department 
of Environment and Natural Resources (NCEEP).  Mulkey acquired and installed permanent 
fencing along an easement covering 55.3 acres, which encompasses the restored streams and 
associated buffers at LWOC.   
 
2.2  Project Goals and Objectives 
 
The primary goals of LWOC were to improve water quality, to reduce bank erosion, to 
reestablish a floodplain along each of the stream reaches, and to improve the aquatic and 
terrestrial wildlife habitat. 

 
These goals were met through the following objectives:   
 

• By using natural channel design to restore stable pattern, dimension, and profile for 
18,290 linear feet of stream channel  
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• By establishing a conservation easement, which will protect the streams from cattle 
intrusion and future development activities 

• By establishing a floodplain or reconnecting the stream back to its historic 
floodplain, or a combination of both, for each project stream reach 

• By creating or restoring floodplain features such as vernal pools, off channel ponds, 
or riparian wetlands 

• By increasing the amount of aquatic habitat through the addition of rock and wood 
structures 

• By reestablishing native plant communities throughout the conservation easement, 
whereby reintroducing shading, cover areas, and travel corridors. 

 
2.3  Project Restoration Approach and Mitigation Type 
 
LWOC is comprised of three main reaches (R1, R2 Upper and R2 Lower) and four 
tributaries (R1A, R2A, R2B and R2D).  Prior to construction, these seven reaches were 
identified and proposed for restoration due to their distinct stream characteristics and 
drainage areas.  These seven existing reaches totaled approximately 15,487 linear feet.  A 
total of 18,290 linear feet of stream channel was restored at LWOC within the 55.3 acre 
conservation easement.   
 
Analyses, design, and restoration of the stream channels at LWOC was accomplished using 
Natural Stream Channel design methods developed by Rosgen (Rosgen, D. L., 1994, 1996, 
1998).  The proposed Rosgen channel type for two of the tributaries (R2A and R2B) was a 
C4 channel.  The restoration of these tributaries was implemented using Priority Level I and 
II methodologies.  The proposed stream classification for the majority of the reaches (R1, 
R1A, R2 Upper, and R2 Lower) was a C5 channel.  A combination of Priority Level I and II 
methods were used to construct these reaches.  The remaining reach (R2D) was proposed to 
be a C6 channel using the same methods previously mentioned.   
 
The most significant stream restoration component at LWOC involved the reconstruction of 
each of the stream reaches such that stream flows greater than bankfull are allowed to access 
the restored stream’s floodplain.  Two different approaches were used to insure such 
floodplain access.  The first approach involved relocating and raising the stream bed such 
that the historic floodplain is accessed by stream flows greater than bankfull (the sections of 
the project stream reaches that were restored using Priority Level I methodologies).  A 
second approach was used where site constraints prevented such relocation and raising of 
the stream bed.  Therefore the second approach involved building a floodplain at a level 
lower than the historic floodplain through the construction of bankfull benches (the sections 
of the project stream reaches that were restored using Priority Level II methodologies).  In-
stream structures were installed along each of the stream reaches to provide grade control 
and stream bank protection, and to increase in-stream habitat diversity.  The in-stream 
structures installed included rock cross vanes, j-hook rock vanes, rock vanes, constructed 
riffles, and root wads.  Stream banks were further stabilized through the installation of coir 
fiber erosion control matting, temporary and permanent seeding, and the installation of 
native species vegetation in the form of transplants, live stakes, and bare root stock.  All 
areas of the site that were disturbed during construction activities were stabilized using 
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temporary and permanent seeding.  The riparian and upland buffer communities along 
LWOC were also restored with native species vegetation using a target community which 
will emulate the Piedmont/Low Mountain Alluvial Forest described by Shafale and Weakley 
(1990).  The conservation easement was fenced to permanently protect the restored stream 
and buffer areas.  Information regarding the restoration approach and mitigation type for 
each of the seven project stream reaches is detailed in Table 1.  
 
2.4  Project History 
 
The existing conditions at LWOC prior to restoration were a result of cattle use for the past 
50 years.  When Mulkey initially became involved with this project, there were 
approximately 200 livestock (cattle and horses) utilizing the pastures.  The livestock had 
never been fenced from any of the stream channels within LWOC.  This continual livestock 
access to the streams resulted in substantial erosion along the stream banks, incision of the 
channels, channel widening in some areas, and heavy siltation throughout LWOC, as well as 
reduced water quality due to large quantities of fecal matter into the stream system.  Based 
on information gained from the property owner, it was determined that many of the streams 
at the LWOC, particularly the smaller tributaries, were historically maintained through 
channelization, dredging, and clearing of the riparian buffer.  As a result of these land and 
water quality issues, Mulkey submitted LWOC for the Full Delivery RFP 16-D06027 to 
provide 18,200 Stream Mitigation Units (SMUs).  Mulkey was awarded the stream 
restoration contract by the NCEEP and began work on the project on May 16, 2007.   The 
project activity and reporting history are detailed in Table II.  Table III lists the contacts for 
the designer, contractor, relevant suppliers, and monitoring firm for LWOC.  Table IV 
provides a complete listing of project background information. 
 
2.5  Project Monitoring Plan View 
 
Mulkey conducted monitoring baseline surveys along the entire length of each of the 
restored project stream reaches using total station survey equipment.  These surveys were 
conducted to establish and document baseline conditions for the newly restored stream 
channels for future monitoring activities.  As-built drawings were developed using the 
results of the monitoring baseline surveys.  These drawing depicted the post construction 
condition of LWOC and are included in Appendix A.  The as-built drawings consisted of 
plan sheets that include the following: 
 

• Title sheet 
• Legend sheet 
• As-built planimetric drawing developed from aerial photography of LWOC after the 

completion of construction 
• As-built planimetric drawings and profiles developed from the baseline monitoring 

field surveys 
 
The as-built drawings illustrate the location of all major project elements, including, but not 
limited to the: 
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• Restored stream channel thalweg, normal edges of water, constructed bankfull 
channel limits, and the constructed cut slope limits 

• Conservation easement boundaries 
• Permanent fencing limits 
• Topography 
• In-stream structures 
• Photo points 
• Crest gages 
• Vegetation plots locations 
• Permanent cross sections 
• Project survey control 
• Monitoring profile survey limits 
• Relevant structures and utilities 

 
3.0  Project Condition and Monitoring Results 
 
3.1 Project Vegetation Monitoring 
 
3.1.1  Vegetation Monitoring Methodology 
 
The survivability of the planted vegetation at LWOC, including both woody and herbaceous 
species, was monitored at representative vegetation plots as well as project-wide.  
Monitoring at representative vegetation plots focused primarily on planted woody vegetation 
and was conducted using stem counts and photo documentation.  Project-wide monitoring of 
planted vegetation included both woody and herbaceous species and was accomplished 
using visual assessment as well as photo documentation.  
 
Major grading and channel construction was completed during the last week of November 
2007.  Throughout construction, appropriate temporary and permanent seeding was 
conducted to stabilize areas disturbed during construction.  Appropriate existing native 
species vegetation was also salvaged, where feasible, in the form of transplants and live 
stakes, throughout the construction process.  Immediately following the completion of the 
major grading and channel construction activities, all remaining plant material was installed 
during the months of November and December 2007.  These remaining plant materials 
consisted of native species bare root seedlings and live stakes and were installed, as 
appropriate, to restore the riparian and upland buffer communities along LWOC within the 
conservation easement area.  A complete listing of the planting zones, their corresponding 
acreages, and the corresponding vegetation species was included in the approved mitigation 
report (Mulkey Engineers and Consultants, 2008).  The bare root stock were planted at a 
density of 680 stems per acre (8 foot by 8 foot spacing) and the lives stakes were planted on 
the stream banks at a density of 1,742 stems per acre (5 foot by 5 foot spacing).   
 
An As-Built Survey was initiated immediately following the installation of plant materials.  
In December 2007, during the as-built survey and after the completion of planting, a total of 
24 representative vegetation plots (vegetation plots 1 through 24) were installed randomly 
across LWOC.  An iron pipe was installed at each plot corner for monumentation and a 
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polyvinyl chloride (PVC) pipe, along with a label specifying the plot number, was also 
installed at one of the corners of each plot.  The plot corners were strategically located such 
that each plot has a total area of approximately 100 square meters.  Between January and 
February 2008, after the establishment of the plots, all stems contained in the plots were 
identified and tallied by species and plot, then marked with loosely tied survey flagging (on 
lateral branches) to facilitate future identification.  This data was recorded to provide the 
baseline survivability.  The survivability of the planted woody vegetation at LWOC for the 
various monitoring periods was then calculated using annual stem counts at each of the plots 
and compared to the baseline data.  During each of the annual stem counts, the planted stems 
were re-flagged as required to ensure that all planted stems were accounted for and 
considered in the survivability calculations.  In addition to the stem counts, photos were 
taken at each of the plots.  Where necessary, the corner of each plot was remarked with PVC 
pipe and the plot number relabeled.  This PVC plot corner was used as the reference point 
from which the annual vegetation plot photos were taken such that the photos at each plot 
will have the same orientation.  The photos were compared to the photos from the previous 
years to validate and document vegetation success.  In addition to the photo reference points 
established at each of the vegetation plots, a total of 11 additional permanent photo reference 
points were installed across LWOC.  Subsequently, three additional permanent photo 
reference points (photo points 2.5Y1, 3.5Y1, and 8.5Y1) were added during the Year 1 
monitoring period to ensure adequate photo documentation would be conducted within the 
monitoring limits of the project stream reaches.  These additional permanent photo reference 
points were monumented using steel rebar and PVC pipe.  Photos were taken from each of 
the 14 permanent photo reference points with the same orientation each applicable year and 
used for photo documentation and annual comparison of the vegetation growth across 
LWOC.  This exercise helped to further validate and document vegetation success at 
LWOC.  Between January and February 2008, after installation of the described 11 
permanent photo reference points, photos were taken from each of the permanent photo 
reference points to document the baseline conditions at LWOC with regards to planted 
vegetation.  Monitoring Year 1 and Monitoring Year 2 photos were taken from all 14 photo 
points during the visit in August 2008 and October 2009, respectively.  Project-wide visual 
assessment was also used for vegetation monitoring at LWOC.  A visual assessment was 
conducted using annual field observation and pedestrian surveys to identify any specific 
vegetation problem areas at LWOC during the monitoring period.  Any problem areas where 
vegetation was lacking or exotic vegetation was present, was identified and categorized as 
bare bank, bare bench, bare floodplain, or invasive population.  Such areas were documented 
using representative photos and their locations were identified on the Monitoring Plan View. 
 
3.1.2  Vegetation Monitoring Success Criteria 
 
Vegetation success at LWOC was determined by stem survivability.  Successful 
survivability is dependent upon achieving at least 320 stems per acre after three years and 
260 stems per acre after five years across the project site. Therefore, survivability rates 
exceeding these requirements in previous years were deemed successful.  The stem counts 
were conducted during the latter part of the growing season months (August, September, and 
October) to ensure survival throughout a complete growing season while still allowing for 
relative ease in identification.  As described above, photo documentation and visual 
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assessment was used to complement the stem counts as part of the vegetation monitoring 
protocol at LWOC.  If during any given year, the planted species survivability was not 
anticipated to meet the final criteria established for vegetation; supplemental plantings were 
considered.  In the event this occurred, a remedial planting plan was developed to achieve 
the survivability goals established for Years 3 and 5.  
 
3.1.3  Vegetation Monitoring Results for Year 1 of 5 
 
In late August 2008, the vegetation monitoring for Monitoring Year 1 was conducted.  The 
methodologies described in the Vegetation Monitoring Methodology Section above were 
used for the vegetation monitoring at LWOC for Monitoring Year 1.  Stem counts were 
conducted at each of the 24 vegetation plots and the results are summarized in Table V.  
Photos were taken from the photo reference points at each of the 24 vegetation plots.  
Appendix B compares these photos with the initial baseline photos taken from the photo 
reference points at each of the 24 vegetation plots.  Photos were also taken from each of the 
14 permanent photo reference points.  Appendix C compares these photos with the initial 
baseline photos taken from the original 11 permanent photo reference points and provided 
the baseline photos for the 3 points installed during the Monitoring Year 1.  A project-wide 
visual assessment was also conducted to identify any specific vegetation problem areas.  
Table VI summarizes the results of the project-wide vegetation visual assessment.  The 
results of the Monitoring Year 1 stem counts showed that the 24 vegetation plots had 
successfully achieved the survivability of planted woody vegetation with stem counts 
ranging from 438 to 1000 stems per acre, with an average survivability of 713 stems per 
acre.  The results indicated the survivability of the planted woody vegetation at LWOC 
should meet the success criteria defined in Section 3.1.2.  During the stem counts, it was 
noted no significant volunteer woody species were observed at any of the 24 vegetation 
plots. The comparison of the baseline and Monitoring Year 1 photos at both the 24 
vegetation plot photo reference points and the 11 permanent photo reference points strongly 
complemented this suggestion, as no concerns, problems, or negative trends were 
documented.  The project-wide visual assessment provided further validation, as no 
vegetation problem areas were observed.  Based on the results of the vegetation monitoring 
for Monitoring Year 1 at LWOC, Mulkey did not propose any additional recommendations 
or actions other than to proceed with the annual vegetation monitoring.  
 
3.1.4  Vegetation Monitoring Results for Year 2 of 5  
 
In mid October 2009, the vegetation monitoring for Monitoring Year 2 was conducted.  The 
methodologies described in the Vegetation Monitoring Methodology Section were used for 
the vegetation monitoring at LWOC for Monitoring Year 2.  Stem counts were conducted at 
each of the 24 vegetation plots.  Table V presents the results of these stem counts for each of 
the plots.  This table includes and compares the results of the initial stem counts from the 
original planting, the previous years, and Monitoring Year 2.  Photos were taken from the 
photo reference points at each of the 24 vegetation plots and are compared to the previously 
collected photos in Appendix B. Photos were also taken from each of the 14 permanent 
photo reference points.  Appendix C compares these photos with the initial baseline photos 
taken from the original 11 permanent photo reference points from Year 0 and the photos 
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from the 14 total permanent photo reference points in Monitoring Year 1.  A project-wide 
visual assessment was also conducted to identify any specific vegetation problem areas and 
is summarized in Table VI.  The results of the Monitoring Year 2 stem counts continued to 
display successful survivability in all 24 vegetation plots with the counts ranging from 367 
to 1000 stems per acre and an average survivability of 670 stems per acre.  Therefore 
survivability of the planted woody vegetation at LWOC should meet the success criteria 
established in Section 3.1.2.    Similar to Monitroing Year 1, no significant volunteer woody 
species were observed at any of the 24 vegetation plots.  The comparison of the Monitoring 
Year 2 photos to those previously collected at both the 24 vegetation plot photo reference 
points and the 14 permanent photo reference points suggested the vegetation was growing 
exceptionally well.  Live stake vegetation has exceeded growth expectations and the bare 
root material is starting to overcome the weedy vegetation.  A further review of the 
vegetation through the project-wide visual assessment validated this positive trend, as no 
concerns, problems, or negative trends were documented.  Based on the results of the 
vegetation monitoring for Monitoring Year 2 at LWOC, Mulkey did not propose any 
additional recommendations or actions other than to proceed with the annual vegetation 
monitoring.  
 
3.2 Project Stream Monitoring 
 
3.2.1  Stream Monitoring Methodology 
 
Stream dimension, pattern, profile, stream bed material, bank stability, and bankfull 
hydrology were monitored to evaluate the success of the stream restoration activities at 
LWOC.  The monitoring of stream dimension, pattern, and profile, or morphometric 
monitoring, along with the monitoring of stream bed material, were conducted using annual 
field surveys along with visual assessment.  The morphometric, stream bed material, and 
stream bank stability monitoring were conducted along representative sections of the project 
stream reaches.  Hydrologic monitoring consisted of field measurements of bankfull events 
using crest gages.  Project-wide stream monitoring was accomplished using visual 
assessment as well as photo documentation.  
 
Major grading and channel construction were completed during the last week of November 
2007.  Immediately following the completion of the major grading and channel construction 
activities, all remaining plant material was installed during the months of November and 
December 2007.  The as-built survey of all of the stream reaches at LWOC were initiated 
immediately following the installation of plant materials and were conducted utilizing aerial 
photography and total station surveys while following the protocols set forth by the 2003 
USACE Stream Mitigation guidelines (USACE et al., 2003).  In addition to documenting 
the construction of LWOC for comparison to the proposed design, the results of the as-built 
survey were also used to establish baseline morphology for the proposed monitoring.  This 
information is presented in Table VII.  A summary of the restored stream channel lengths 
are outlined in Table I.  A complete set of As-Built Drawings including a monitoring plan 
view and longitudinal profile for the as-built conditions of the restored channels can be 
found in Appendix A.  After the completion of the as-built survey, the limits and 
corresponding lengths of the project stream reaches to be monitored at LWOC were 
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determined using the sampling rates outlined by the USACE et al. (2003).  A total of 5,893 
linear feet (32%) of all restored stream channels will be surveyed annually during the 
monitoring period.  Based on these the sampling rates, the limits of the project stream 
reaches to be surveyed annually for monitoring are as follows: 
 
Reach R1 – 1,974 Linear Feet Total (Stations 14+00-R1- through 33+74-R1-) 
Reach R1A – 500 Linear Feet Total (Stations 0+00-R1A- through 5+00-R1A-) 
Reach R2 – 2,047 Linear Feet Total (Stations 25+13-R2- through 45+60-R2-) 
Reach R2A – 326 Linear Feet Total (Stations 0+00-R2A- through 3+26-R2A-) 
Reach R2B – 551 Linear Feet Total (Stations 9+35-R2B- through 14+86-R2B-) 
Reach R2D – 495 Linear Feet Total (Stations 2+84-R2D- through 7+79-R2D-)  
 
The upstream and downstream limits of these reaches were monumented in the field using 
steel rebar/PVC pins.  Each pin was also labeled with an aluminum tag identifying the 
respective reach and the correct descriptor (“begin” or “end”).   
 
A total of 13 permanent cross sections, consisting of both riffles and pools, were established 
across LWOC and surveyed during the as-built survey process.  The number of cross 
sections was determined using the sampling rates outlined by the USACE et al. (2003).  The 
left and right ends of each cross section were monumented with a steel rebar pin and PVC 
pipe.  An aluminum tag identifying the cross section number was also installed at the pin on 
the left side of the channel.  In addition to the cross section surveys, photos were taken at 
each of the 13 cross sections, looking across the stream from left to right, to document the 
baseline conditions at each respective cross section.  Specific stations along each permanent 
cross section were established during the as-built survey to promote replication and 
consistency during the subsequent annual cross section surveys.  The stationing for each 
cross section was established to always begin on the left side of the channel, facing 
downstream, at the left rebar/PVC pin, and to continue across the stream channel to the 
rebar/PVC pin on the right side.  The as-built survey of the 13 cross sections established the 
baseline conditions with regards to stream dimension.  All of the 13 cross sections will be 
surveyed each year during the five-year monitoring period and the resulting parameters will 
be compared annually.  The parameters to be monitored include bankfull width, floodprone 
width, bankfull cross sectional area, bankfull mean depth, bankfull max depth, width to 
depth ratio, entrenchment ratio, wetted perimeter, and hydraulic radius.  Annually, photos 
will be taken at each of the 13 cross sections looking across the stream from left to right and 
compared to the photos from the previous years to document stream conditions at each 
respective cross section.    
 
The pattern for all of the stream reaches was surveyed and baseline conditions were 
established as part of the as-built survey.  Monitoring surveys for stream pattern are limited 
to the project stream reaches specified above for annual monitoring surveys.  The stream 
pattern parameters resulting from the annual monitoring surveys include sinuosity, belt 
width, radii of curvature, meander wavelength, and meander width ratio. These parameters 
will be compared annually.   
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The as-built survey included a longitudinal profile survey along the entire length of all 
restored stream reaches.  Longitudinal profiles were surveyed by identifying each stream 
feature (riffle, run, pool, or glide) and surveying specific points at each feature.  These 
specific locations included top of bank, bankfull, water’s edge or surface, and thalweg.  The 
as-built survey were used to establish the baseline conditions with regards to monitoring the 
longitudinal profile within the project reaches described above.  The longitudinal profiles 
surveys conducted each year are then limited to the project stream reaches specified above.  
The parameters resulting from these longitudinal profile surveys are compared on an annual 
basis to those of the baseline and previous years.  The parameters to be monitored include 
bankfull slope, riffle length, riffle slope, pool length, and pool to pool spacing.   
 
During the as-built survey, Modified Wolman pebble counts were conducted at each of the 
project stream reaches to classify the stream bed materials.  The pebble counts for the larger 
project stream reaches (R1 and R2) were conducted at each of the permanent cross sections 
by performing an equal number of counts at each cross section and then combining the 
results into a reach-wide count.  A minimum of 100 counts were made for each of these 
larger reaches.  Reach-wide pebble counts were conducted along the smaller project stream 
reaches (R1A, R2A, R2B, and R2D).  A minimum of 50 counts were made for each of these 
smaller reaches.  The stream bed materials are monitored at LWOC by repeating the same 
pebble count procedures on an annual basis.   The results of the pebble counts for each 
specified project stream reach are compared on an annual basis.     
 
BEHI information was collected during the existing condition surveys and sediment 
transport rates were subsequently developed.  The resulting information served as baseline 
data for stream bank stability at LWOC.  Stream bank stability monitoring using these 
parameters is required in Monitoring Year 3 and 5.  Data collected during these years will be 
compared with pre-construction conditions to determine the change in bank erosion hazard 
indices and sediment export rates for each reach assessed.  Positive change, namely 
reduction, in both the stream bank erosion rates and sediment transport rates at LWOC are 
expected as a result of restoration and will be documented as described to demonstrate 
success.  
 
A total of eight crest gages, one at each reach and one at the confluence of Reaches R1 and 
R2, were installed across LWOC during the as-built survey.  At the base of each crest gage a 
permanent vertical datum was installed.  The locations of each crest gage along with the 
elevation of the permanent vertical datum were surveyed during the as-built survey. The 
crest gages were used for the hydrologic monitoring at LWOC to verify the occurrence of 
bankfull storm events.  Each crest gage was set during its initial installation and baseline 
photos were taken.  The crest gages were checked annually and the flood stage(s) recorded 
by each gage and measured relative to the permanent vertical datum of the respective gage.  
The results of these measurements were used to document the occurrence of significant 
storm events, with the goal of specifically documenting the occurrence of bankfull and 
larger stream flow events.   
 
Photo documentation and project-wide visual assessment was used for stream monitoring at 
LWOC to complement the other stream monitoring practices.  A total of 14 permanent 
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reference photo points were installed across LWOC (11 during the as-built survey and 3 
during the Year 1 monitoring period as described above).  These photo points were 
monumented using steel rebar/PVC pins.  Photos were taken at that time to provide photo 
documentation of baseline stream conditions.  Photos were taken from each of the 14 
permanent photo reference points with the same orientation each year and were used for 
photo documentation and annual comparison of the stream conditions across LWOC.  This 
exercise helped to further validate and document stream restoration success at LWOC.  The 
visual assessment was conducted using annual field observations and pedestrian surveys to 
identify any specific problem areas along the streams at LWOC during the monitoring 
period.  Any such problem areas were identified and organized under appropriate categories.  
Such areas were documented using representative photos, where applicable, and their 
locations were mapped on the Monitoring Plan View.  The suspected cause and appropriate 
remedial action for each problem was determined.  If during any given year, the streams 
were not anticipated to meet the final established monitoring criteria, corrective actions were 
considered.  Such modifications were documented and discussed with EEP.  
 
3.2.2  Stream Monitoring Success Criteria 
 
Stream dimension, pattern, profile, stream bed material, bank stability, and bankfull 
hydrology were monitored annually for the project stream reaches as described in detail 
above.  Stream restoration success at LWOC was evaluated by comparison of the annual 
results against the same parameters as predicted, specified, and required in the proposed 
design.  Success was achieved when all such comparisons reveal positive trends toward 
overall stream stability.  Expectation was the stream monitoring results should confirm the 
stream channels at LWOC are of the proposed stream channel type (Rosgen 1994).   
 
Stream dimension parameters including bankfull width, floodprone width, bankfull cross 
sectional area, bankfull mean depth, bankfull max depth, width to depth ratio, entrenchment 
ratio, wetted perimeter, and hydraulic radius were measured and/or calculated for each of the 
permanent cross sections.  The described dimension parameters were expected to remain 
consistent from year to year and should fall within the ranges established by the original 
proposed design parameters.  It was expected and acceptable that minor adjustments in 
dimension will occur such as the development of point bars and the subsequent deepening of 
pools.  As vegetation becomes established and the stream banks are stabilized, the 
anticipation was that the width depth ratios will decrease and the entrenchment ratios will 
increase slightly, both within the normal ranges for C and E stream channel types (Rosgen, 
1994).   
 
Stream pattern parameters including sinuosity, belt width, radii of curvature, meander 
wavelength, and meander width ratio were measured and/or calculated.  Stream pattern 
measurements were expected to remain consistent from year to year and to fall within the 
originally proposed design parameters. As vegetation becomes established and the stream 
banks are stabilized, it was anticipated that the sinuosity of the streams will also adjust, 
likely becoming more sinuous with time.   
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Stream longitudinal profile parameters including bankfull slope, riffle length, riffle slope, 
pool length, and pool to pool spacing were measured.  Longitudinal profiles parameters were 
expected to remain relatively consistent from year to year.  The stream profiles should not 
show aggrading or degrading conditions during the five-year monitoring period, however, 
minor profile adjustments such as deepening of pools was expected.   
 
Stream bed material was monitored using the described Modified Wolman pebble counts.   
The success criteria for the bed material will be determined at the end of the five-year 
monitoring period when data can be reviewed and compared to the proposed channel 
material types.  Fluctuations in bed materials will likely occur during the early years 
following construction and several years may be needed to observe a consistent bed 
material.  Bed materials should ultimately reflect the proposed design conditions for each 
reach at LWOC.   
 
Stream bank stability will be monitored using BEHI and sediment transport estimates during 
Monitoring Years 3 and 5.  Data collected during these years will be compared with pre-
construction conditions to determine the change in bank erosion hazard indices and sediment 
export rates for each reach assessed.  Positive change, namely reduction, in both stream bank 
erosion rates and sediment transport rates at LWOC are expected as a result of restoration 
and will be documented as described to demonstrate success.   
 
Hydrologic monitoring success was based on the ability to document the occurrence of 
bankfull storm events at LWOC.  A minimum of two bankfull events, each occurring in two 
separate monitoring years, are required to be documented within the five-year monitoring 
period.  The described crest gauges were used to determine and document the occurrence of 
these bankfull events. 
 
As described above, photo documentation and visual assessment was used to complement 
the other stream monitoring practices as part of the stream monitoring protocol at LWOC.  If 
during any given year, the streams were not anticipated to meet the final established 
monitoring criteria, corrective actions was considered.  Such modifications were 
documented and discussed with EEP.  
 
3.2.3  Stream Monitoring Results for Year 1 of 5  
 
In late August 2008, the stream monitoring for Monitoring Year 1 was conducted.  The 
methodologies described in the Section 3.2.1 were used for the stream monitoring at LWOC 
for Monitoring Year 1.  Detailed surveys were conducted along the project stream reaches 
specified to be surveyed for annual monitoring.  The results of these surveys were compared 
to the baseline data for the morphometric monitoring obtained during the as-built survey.  
 
All of the 13 cross sections were surveyed to measure the bankfull width, floodprone width, 
bankfull cross sectional area, bankfull mean depth, bankfull max depth, width to depth ratio, 
entrenchment ratio, wetted perimeter, and hydraulic radius.  The results of the cross section 
surveys are presented in Table VIII.  Appendix D compares photos taken during Monitoring 
Year 1 with the initial baseline photos at each of the 13 cross sections.  Appendix E provides 
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an overlay of the Monitoring Year 1 and baseline conditions along with the raw data for 
each cross section.  The comparison of the baseline and Monitoring Year 1 stream 
dimension morphometric data for each of the project stream reaches showed very positive 
results, all of which were comparable to the originally proposed design parameters.  The 
results showed that all of the reaches were experiencing the expected minor adjustments 
including decreasing width to depth ratios, increasing entrenchment ratios, and minor 
increases in depth.  Each of these trends was indicative of movement toward increased 
stream stability and was attributed to vegetation establishment and natural channel 
adjustments.  The comparison of the Year 1 Monitoring cross section photos to the as-built 
cross section photos strongly complemented these suggestions, as no concerns, problems, or 
negative trends were documented.    
 
The pattern for all of the stream reaches was surveyed to measure the parameters of 
sinuosity, belt width, radii of curvature, meander wavelength, and meander width ratio.  The 
results of the pattern surveys are presented in Table VIII.  The comparison of the baseline 
and Monitoring Year 1 stream pattern morphometric data for each of the project stream 
reaches showed very positive results, all of which were comparable to the originally 
proposed design parameters.  The results showed that all of the reaches were experiencing 
the expected minor adjustment attributed to vegetation establishment and natural channel 
adjustments. This adjustment included slightly increasing radii of curvature, indicative of 
movement toward increased stream stability.  These minor adjustments can be viewed 
through the overlays included in Appendix A.  
 
Longitudinal profile surveys were conducted along each of the project stream reaches 
specified for annual monitoring surveys. The surveys were performed to measure the 
parameters of bankfull slope, riffle length, riffle slope, pool length, and pool to pool spacing.  
The results of the longitudinal profile surveys are presented in Table VIII.  The comparison 
of the baseline and Monitoring Year 1 longitudinal profiles for each of the monitored project 
stream reaches showed very positive results, all of which were comparable to the originally 
proposed design parameters.  The results showed that all of the reaches were experiencing 
the expected minor adjustment attributed to vegetation establishment and natural channel 
adjustments. This adjustment included deepening of pools.  The comparison of the baseline 
and Monitoring Year 1 longitudinal profiles did not show excessive aggrading or degrading.  
Overlays can be found in Appendix E along with the raw data from both the baseline and 
Monitoring Year 1 conditions. 
  
Modified Wolman pebble counts were repeated at each of the project stream reaches to 
classify the stream bed materials for comparison to the baseline conditions.  The results of 
the pebble counts are presented in Table VIII while the raw data and overlays of the percent 
accumulation graphs can be viewed in Appendix E.  Fluctuations in bed materials were 
expected to occur during the early years following construction.  This expectation was 
observed in comparing the results of the baseline and Monitoring Year 1 pebble counts.  
Specifically, the bed material d50 and d84 for each of the stream reaches decreased.  This 
trend may be observed during the five-year monitoring period.  At this time it is believed 
that the original assumption that the stream bed materials would coarsen after restoration 
may have been incorrect.  The stream systems at LWOC appear to be sand-dominated and 
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therefore coarsening of the bed may not occur.  The monitoring results do suggest, however 
that on-site sediment supply from LWOC has been reduced as a result of the restoration.  As 
noted earlier, the success criteria for the bed material will be determined at the end of the 
five-year monitoring period when data can be reviewed and compared to the proposed 
channel material types.  Fluctuations in bed materials will likely continue to occur and 
several years may be needed to observe a consistent bed material.   
 
Stream bank stability monitoring was not conducted, as this monitoring practice is scheduled 
to be performed using BEHI and sediment transport estimates during Monitoring Years 3 
and 5.   BEHI information was collected during the existing condition surveys and sediment 
transport rates were subsequently developed.  The resulting information will serve as 
baseline data for stream bank stability at LWOC and is presented in Table IX.  The raw data 
for this table can be viewed in Appendix E. 
 
Each of the eight crest gages were checked during the Monitoring Year 1 surveys to monitor 
hydrology at LWOC.  Six of the eight crest gages recorded flood stages in excess of the 
bankfull stage.  The two crest gages that did not record flood stages in excess of the bankfull 
stage were the crest gages at Reaches R2A and R2D.  The crest gage at Reach R2A 
apparently did not record any evidence of a flood stage event, possibly due to problems with 
the cork or the gage itself.  The crest gage at Reach R2D recorded a flood stage that was 
0.26 feet below the bankfull stage.  Each of the crest gages was reset after checking stage 
measurements, in order to record future events.  Table X lists the information related to the 
verification of bankfull events at LWOC for Monitoring Year 1 while the raw data can be 
found in Appendix E.    The evidence recorded by the crest gages indicated a storm event 
producing a stage in excess of the bankfull storm occurred at LWOC during Monitoring 
Year 1.  This documentation of the first bankfull event at LWOC during the monitoring 
period suggests success with regards to hydrologic monitoring at LWOC.   
 
Photo documentation and project-wide visual assessment were used to complement the other 
Monitoring Year 1 stream monitoring practices.  Photos were taken from each of the original 
11 permanent photo reference points.  Three additional photo points (photo points 2.5Y1, 
3.5Y1, and 8.5Y1) were also added to ensure that adequate photo documentation would be 
conducted within the monitoring limits of the project stream reaches.  Photo point 2.5Y1 
was added for Reach R2, photo point 3.5Y1 for Reach R2B, and photo point 8.5Y1 for 
Reach R1A.  After installation, photos were taken at each of the three added photo points.  
Appendix C includes all of the described photos and provides comparison of the photos with 
the initial baseline photos taken from the 11 permanent photo reference points.  The new 
photos taken at three additional photo points will serve as supplemental baseline condition 
photos and subsequent photos at these same locations will be compared in Monitoring Years 
2 through 5.  No stream problems were documented through the photo comparison process.  
A project-wide visual assessment was conducted along each of the project stream reaches to 
identify any specific stream problem areas.  Table XI presents the results of the project-wide 
visual assessment.  The project-wide visual assessment revealed 12 specific stream problem 
areas.  Each of these stream problem areas, including their description, location, and 
suspected cause, are listed in Table XII.  The stream problem areas included eight in-stream 
structure failures and associated stream bank erosion, three areas of floodplain and adjacent 
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stream bank erosion, and one area of stream bank erosion.  Mulkey elected to promptly 
address all of the stream problem areas and conducted construction repairs of each in 
October 2008.  The eight stream problem areas categorized as failures of in-stream 
structures and were determined to be caused by incorrect construction of the given in-stream 
structure.  The failed in-stream structures included j-hook rock vanes and rock cross vanes.  
All eight of the structures and the associated areas of stream bank erosion were repaired.  
Several of the j-hook rock vanes were converted to rock vanes during the repairs to prevent 
future point bar erosion.  The three stream problem areas categorized as floodplain and 
adjacent stream bank erosion were determined to be attributed to the incorrect installation of 
floodplain interceptors.  All three of the eroded areas were repaired and floodplain 
interceptors were installed using both rock and log materials.  The remaining stream 
problem area categorized as stream bank erosion was determined to be caused by a minor 
field adjustment made to the stream alignment in order to save an existing mature tree at the 
request of the landowner.   This area of stream bank erosion was also repaired.  The repairs 
to the all of the areas of eroded stream banks included re-grading, re-seeding with 
appropriate temporary and permanent seed, and re-installing coir fiber matting.  Black 
willow (Salix nigra) and/or silky dogwood (Cornus amomum) live stakes were harvested on-
site and were installed at the repaired stream banks.  Please note that the results shown in 
Table XI were updated such that the repairs to the stream problem areas described above are 
included.  Based on the results of the stream monitoring for Monitoring Year 1 at LWOC, as 
well as the subsequent corrective actions taken, Mulkey did not propose any additional 
recommendations or actions other than to proceed with the annual stream monitoring. 
 
3.2.4  Stream Monitoring Results for Year 2 of 5  
 
In mid October and the beginning of November 2009, the stream monitoring for Monitoring 
Year 2 was conducted.  The methodologies described in the Section 3.2.1 were used for the 
stream monitoring at LWOC for Monitoring Year 2.  Detailed surveys were conducted along 
the project stream reaches specified to be surveyed for annual monitoring.  The results of 
these surveys were compared to the previous data collected during prior monitoring periods, 
baseline conditions established through the as-built survey, and to the proposed design 
parameters calculated prior to construction.  
 
All of the 13 cross sections were surveyed to measure the bankfull width, floodprone width, 
bankfull cross sectional area, bankfull mean depth, bankfull max depth, width to depth ratio, 
entrenchment ratio, wetted perimeter, and hydraulic radius.  The results of the cross section 
surveys are presented in Table VIII.  Appendix D compares photos taken during Monitoring 
Year 2 with the initial baseline photos and the previous monitoring photos taken at each of 
the 13 cross sections.  Appendix E provides an overlay of the Monitoring Year 2, the 
previous monitoring periods, and baseline conditions along with the raw data for each cross 
section.  The comparison of Monitoring Year 2 to the previous surveys for stream dimension 
data for each of the project stream reaches showed very positive results, all of which were 
comparable to the originally proposed design parameters.  Throughout all the cross sections, 
the bankfull cross sectional area and entrenchment ratios remained consistent indicating the 
channels were able to contain and convey all the flows experienced during Monitoring Year 
2.  However, the main channels R1 and R2 displayed typical signs of adjustment in their 
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channel geometries.  Both of these reaches have recently been impacted by beavers and 
some of these adjustments can be attributed to this recent development.  In particular on R1, 
cross section 11 had a significant increase in the width to depth ratio due to the backwater of 
a downstream beaver dam causing the pool to experience siltation.  On the other end, cross 
section 12 experienced the reverse because a beaver dam was located directly upstream and 
the cascading water created scour ultimately decreasing the width to depth ratio.   Similarly, 
cross sections along R2 exhibited localized changes in channel geometries, some attributable 
to beaver activity and others to natural fluctuations, but all within the acceptable ranges of 
the design parameters.  The one exception was cross section 1, with a width to depth ratio 
climbing up to 22 and the bankfull cross sectional area remaining consistent, a cursory 
analysis raised concern.  However, the overlay of cross section 1 clearly demonstrated the 
channel developing opposing inner berms to better accommodate the low flow capacity.  
This effectively allowed the channel to deepen without creating a change in the cross 
sectional area causing the width to depth ratio to increase instead of decrease due to the 
derivation being based on the calculated value of mean depth.  The results of the smaller 
tributaries R1A, R2A, R2B, and R2D consistently exhibited minor natural adjustments 
typical of stable C type streams.  The comparisons of the Monitoring Year 2 overlays and 
cross sectional photos to the previous years strongly substantiated these findings, as no 
concerns, problems, or negative trends were documented. 
 
The pattern for all of the stream reaches was surveyed to measure the parameters of 
sinuosity, belt width, radii of curvature, meander wavelength, and meander width ratio.  The 
results of the pattern surveys are presented in Table VIII.  The comparison of the Year 2 
monitoring data to previous years stream pattern data for each of the project stream reaches 
showed very positive results, all of which were comparable to the originally proposed design 
parameters.  The results showed that all of the reaches remained consistent to the design 
parameters with minor variations attributed to vegetation establishment, natural channel 
adjustments, and variance in measuring techniques.  These minor variations can be viewed 
through the overlays included in Appendix A.  
 
Longitudinal profile surveys were conducted along each of the project stream reaches 
specified for annual monitoring surveys. The surveys were performed to measure the 
parameters of bankfull slope, riffle length, riffle slope, pool length, and pool to pool spacing.  
The results of the longitudinal profile surveys are presented in Table VIII.  In comparing the 
data collected from Monitoring Year 2 to the previously collected data, the results followed 
the previous analysis.  All reaches showed acceptable minor variations in all parameters 
monitored.  These variations are within the design tolerances and are attributable to 
vegetation establishment, natural channel adjustments, and variance in measuring 
techniques.  Overall, none of the longitudinal profiles showed excessive aggrading or 
degrading.  Overlays of the longitudinal profiles can be found in Appendix E.  
  
Modified Wolman pebble counts were repeated at each of the project stream reaches to 
classify the stream bed materials and for comparison to the previous years’ conditions.  The 
results of the pebble counts are presented in Table VIII while the raw data and overlays of 
the percent accumulation graphs can be viewed in Appendix E.  Fluctuations in bed 
materials were expected to occur during the early years following construction.  Over time 
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the expectation was for the stream to eventually coarsen, however, Monitoring Year 1 and 
Year 2 have shown the opposite to be true.  Specifically, the bed material d50 and d84 for 
each of the stream reaches decreased.  Therefore it is believed that the original assumption 
that the stream bed materials would coarsen after restoration may have been incorrect.  The 
stream systems at LWOC appear to be sand-dominated and therefore coarsening of the bed 
may not occur.  Nonetheless, the monitoring results do suggest on-site sediment supply from 
LWOC was reduced as a result of the restoration.  As noted earlier, the success criteria for 
the bed material will be determined at the end of the five-year monitoring period when data 
can be reviewed and compared to the proposed channel material types.  Fluctuations in bed 
materials will likely continue to occur and several years may be needed to observe a 
consistent bed material.   
 
Stream bank stability monitoring was not conducted, as this monitoring practice is scheduled 
to be performed using BEHI and sediment transport estimates during Monitoring Years 3 
and 5.   BEHI information was collected during the existing condition surveys and sediment 
transport rates were subsequently developed.  The resulting information will serve as 
baseline data for stream bank stability at LWOC and is presented in Table IX.  The raw data 
for this table can be viewed in Appendix E. 
 
Each of the eight crest gages were checked during the Monitoring Year 2 surveys to monitor 
hydrology at LWOC.  Seven of the eight crest gages recorded flood stages in excess of the 
bankfull stage.  The one crest gage that did not record a flood stage in excess of the bankfull 
stage was at Reach R2D.  Although, the region has seen a significant drought, the site has 
received large quantities of rain this monitoring year.  Additionally, the R2D reach has a 
constant flow of water throughout its course.  The crest gage at Reach R2D recorded a flood 
stage that was 0.10 feet below the bankfull stage this monitoring year.  This information 
coupled with the other seven gauges having recorded a bankfull event during this monitoring 
year suggested that Mulkey needs to recheck the R2D crest gage in 2010 for elevation 
discrepancies with regard to its zero elevation.  All of the crest gages were reset after 
checking stage measurements, in order to record future events.  Table X lists the information 
related to the verification of bankfull events at LWOC for Monitoring Year 2 while the raw 
data can be found in Appendix E.    The evidence recorded by the crest gages indicated a 
storm event producing a stage in excess of the bankfull storm occurred at LWOC during 
Monitoring Year 2.  This documented the second and final required bankfull event at LWOC 
and therefore demonstrated success with regards to hydrologic monitoring per Section 3.2.2.   
 
Photo documentation and project-wide visual assessment were used to complement the other 
Monitoring Year 2 stream monitoring practices.  Photos were taken from each of the 14 
permanent photo reference points.  Appendix C includes all of the described photos and 
provides comparison of the photos between the baseline conditions, Monitoring Year 1 and 
Monitoring Year 2 photos taken from the 14 permanent photo reference points.  No stream 
problems were documented through the photo comparison process.  A project-wide visual 
assessment was conducted along each of the project stream reaches to identify any specific 
stream problem areas (Table XI).  During the project-wide visual assessment, along with the 
other Monitoring Year 2 field work activities, Mulkey noticed a significant increase in 
beaver activity at the site.  Specifically, beaver dams have been constructed along Reaches 
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R1, R2 Upper, and R2 Lower in several locations.  Please note that Table XI and Table XII 
have been updated to reflect these observations.  Mulkey is currently coordinating with the 
USDA Wildlife Services under BMAP to have the beavers and beaver dams removed, as 
well as to have the site monitored for future beaver activity.  Mulkey has also observed 
cattle intrusion into the fenced buffers at LWOC.  Mulkey is working with the landowner to 
prevent future cattle trespass from occurring.  Other field observations made during the 
Monitoring Year 2 include the observation of the apparent restoration of wetland hydrology 
adjacent to Reach R1A.  The restoration of Reach R1A appears to have reconnected the 
stream to its historic floodplain, as well as raise the groundwater table in the buffer areas 
adjacent to the reach.  These observations are evidenced by the increase of wetland 
vegetation species and the saturation of the soils in the buffer areas adjacent to Reach R1A.  
The waste treatment outfall located on R1 reach and emanating from the nearby school 
appears to be functioning extremely well.  Vegetation around the outfall is growing rapidly 
and helping to create a highly stable secondary treatment area.   
 
Based on the results of the stream monitoring for Monitoring Year 2 at LWOC, as well as 
the subsequent corrective actions being taken, Mulkey does not propose any additional 
recommendations or actions other than to proceed with the annual stream monitoring. 
 
NCEEP expressed concerns regarding the fencing of the conservation easement at LWOC to 
Mulkey in a letter dated May 26, 2009.  Mulkey responded to NCEEP in a June 1, 2009 
letter, urging NCEEP to consider several key exceptions for this particular case.  These 
exceptions are explained in the referenced June 1, 2009 letter.  Mulkey awaits response from 
NCEEP regarding the July 2009 letter before further addressing the concerns raised by 
NCEEP. 
  
4.0  Project Monitoring Methodology 
 
Success criteria for stream mitigation sites are based on guidelines established by the 
USACE, US Environmental Protection Agency (USEPA), NC Wildlife Resources 
Commission (NCWRC) and the NCDWQ (USACE et. al, 2003).  These guidelines establish 
criteria for monitoring both hydrologic conditions and vegetation survival.  These same 
guidelines were used to develop the monitoring methods, frequencies, and success criteria 
discussed herein for LWOC and further described in detail in the approved mitigation report 
(Mulkey Engineers and Consultants, 2008).  LWOC site conditions will be monitored 
annually during the latter part of the growing season months (August, September, and 
October) over the five-year monitoring period.  This monitoring period complies with the 
requirements set fourth in the Full Delivery RFP 16-D06027.  Monitoring results will be 
documented on an annual basis, with the associated reports submitted to the NCEEP as 
evidence that the established project goals and objectives are being achieved.   The results of 
annual monitoring will be used to evaluate the degree of success LWOC has achieved in 
meeting the said goals and objectives.  In the event that goals are not being met, Mulkey will 
coordinate with the NCEEP to develop a plan for ameliorating the areas of concern. 
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