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ra Suck Creek Stream Restoration
Fcosystem As-Built Report
Moore County, North Carolina

1.0 Introduction

The Suck Creek Stream Restoration project lies within the Richardson Farm in Moore County,
North Carolina located south of SR1261 and East of SR1210. The stream drains a portion of the
Deep River Subbasin (USGS Hydrologic Unit 03030003) and North Carolina Department of
Water Quality (NCDWQ) Subbasin 03-06-10 of the Cape Fear River Basin. Figure 1 shows the
project area.

The restoration effort has the goal to transform the pre-existing altered stream corridor to a more
stable and biologically active form. The objectives for this goal include:

e Restore 3,260-linear feet of Suck Creek through geomorphic modification through
dimension, pattern, and profile adjustments; and cattle exclusion
Establish a riparian zone (7.8 ac.) surrounding restored sections of Suck Creek
Improve the habitat within the channel and the riparian zone.
Provide cattle exclusion fencing and controlled crossings to protect restoration effort
Provide perpetual protect of riparian area and stream with conservation easement
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Figure 1: Site Map
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2.0 Summary

Restoration of Suck Creek involved restoring the altered stream corridor including adjacent
riparian zones to a referenced, stable condition. In addition, the design accounted for the needs of
the surrounding cattle pasture, public safety, local agencies, and physical constraints within the
project area. Construction modified the stream’s dimension, pattern, and profile to stable
conditions. In-stream structures were used to protect stream banks and riparian buffers; provide
habitat; control grade; and stabilize crossings that allow the property owner and cattle to travel to
separate sections of pasture. Vegetation representing local riparian communities was planted to
provide additional stability to the stream banks and establish a riparian buffer. Refer to the
Executive Summary of Design for more details concerning the mitigation details (Kimley-Horn
and Associates 2002).

A Priority I Restoration (Rosgen 1997) was performed on the project reach. The previously
existing channel was incised with unstable banks. The project watershed is shown in figure 2.
Using reference data from regional curves and appropriate reference reaches, the channel
geometry was modified to a more stable C4 stream type — as defined by Rosgen (Rosgen 1994).
In accordance with the Priority I Restoration method, the stream bed was elevated to reconnect to
its abandoned terrace increasing available flood prone area to near pre-existing conditions. The
result of the restoration effort is an increase of the width to depth ratio and reduced bank height
ratios thus improving channel stability. The sinuosity of the reach was also increased that
resulted in a decreased mean slope. The decreased mean slope reduces the stream velocities of
bankfull events that should also increase stream stability. In-stream structures including rock
cross vanes, root wads, and log vanes were incorporated into the channel. A vegetative buffer
was planted along the stream corridor that should further stabilize the stream banks, improve
habitat conditions, and reduce ambient water temperature. Stream channel construction was
completed in April of 2003 with the vegetated buffers planted in February 2004. Restoration
areas including stream and buffer are surrounded by fencing and protect by a conservation
easement. Refer to the attached As-Built Plan Sheets (Exhibit 1) for mitigation details.

Results of the mitigation effort are as follows:

e 3,260 linear feet of Priority I Restoration
e 7.8 acres of Riparian Buffer Establishment
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3.0 Success Criteria

The stream geometry will be considered successful if the cross-section geometry, profile, and
sinuosity are maintained or reach a dynamic equilibrium. It is expected that there will be minimal
changes in the designed cross sections, profile and/or substrate composition. Changes that may
occur during the monitoring period will be evaluated to determine if they represent a movement
toward a more unstable condition (down-cutting, deposition, erosion) or are minor changes that
represent an increase in stability (settling; vegetative changes; coarsening of bed material).

The channel geometry stability should be verified using surveys of the established cross-sections,
longitudinal profiles, and pattern. Photographs will be used to subjectively evaluate channel
aggradation or degradation, bank erosion, success of riparian vegetation, and effectiveness of in-
stream structures and erosion control measures. Longitudinal photos should indicate the absence
of developing bars within the channel or an excessive increase in channel depth. To be deemed
successful, photos should not indicate excessive erosion or continuing degradation of the banks
over time.

The success of vegetation planting will be gauged by stem counts. A stem count over 260 trees
per acre at the end of the monitoring period will be considered successful. The restored buffer
should mimic the function of upstream and downstream ecological function. Photos taken at
established photo points should indicate maturation of riparian vegetation community.
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4.0 Monitoring

4.1 Schedule

The progress of the mitigation effort will be monitored for five years from 2004 to 2008.
Monitoring will proceed according to recommendations outlined in the 2003 Stream Mitigation
Guidelines (McLendon, Fox et al. 2003).

4.2 Methodology

The following is a discussion of the methodologies used in the monitoring effort and summary
report documentation. This section will facilitate follow-up monitoring efforts and enable
replication of the monitoring that was performed.

The geomorphology of the stream should be assessed using the Rosgen morphological variables
(Rosgen 1996). The morphology of the stream is to be monitored a minimum of once a year for 5
years after construction.

4.21 Reference Photographs

Monitoring — Locations of the photograph points were established at all cross section locations
and vegetation plots.

All photo points are called out on the As-Built Record Drawing Plan Sheets in Exhibit 1. Photos
are included with channel morphology survey results located in Exhibit 2 — Monitoring Reports.

Procedure — Photographs should be taken standing at the approximate location of established
photo point. Photographs will be taken throughout the monitoring period. Photos should be
compared to previous year(s) photos to evaluate vegetative growth along the stream corridor of
the restoration site and channel evolution. All follow up monitoring photos should be taken at
approximately the same location as in the initial photo point locations as established in this report.

4.2.2 Channel Morphology

Cross-section geometry and longitudinal profile data were gathered during field reconnaissance.
Two distinctive areas along the stream channel denoted as Upper Reach and Lower Reach were
surveyed and established for monitoring. These areas are shown on the As-Built Record Drawing
Plan Sheets in Exhibit 1. Stream geometry data for each area is located in Exhibit 2 — Monitoring
Reports.

Cross-Sections

Monitoring — Permanent cross sections were established along the stream corridor of the
restoration site. Two sets of cross-sections were taken in the two areas established along the
stream corridor denoted as Upper Reach and Lower Reach. One riffle and one pool cross-section
was surveyed for each area. The locations of each cross-section were marked in the field to
establish the exact transect location. The cross-section data was compiled and plotted for each
station (Exhibit 2 — Monitoring Reports).

Rebar was used to mark the established location of each cross-section. Rebar was driven
vertically flush to ground on each side of bank to establish the outer limits of each cross-section
surveyed. White PVC piping was placed adjacent to each rebar marker to aid in locating the
rebar in the field. All cross-section locations are shown on the As-Built Record Drawing Plan
Sheets in Exhibit 1.
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Procedure — The following steps should be executed to ensure successful replication of cross-
section location and surveying parameters. Data will be collected once a year for five (5) years.
Cross-sections should be plotted over that of previous year(s) for comparison.

Minimum Equipment Needed:

e Tape (at least 100°) for cross-sections
Tape (at least 500”) for profile
Surveyor’s Level (Optical or Laser)
Surveyor’s Rod
Camera
Record Drawings
Monitoring Report

General Procedure:
e Locate CROSS-SECTION on Record Drawing plan sheets and in field
e Locate end points on banks marked with rebar and PVC piping
e Pull tape (100’ tape) from left bank to right bank looking downstream at cross-section
location between the two rebar points. The end of the tape (0°0”) should be directly over
the left rebar (temporary benchmark, TBM)
Locate temporary bench mark
Set up Level/surveying equipment in location to limit visual constraints
Survey any temporary benchmarks (refer to Exhibit 1)
Survey from left to right bank
Survey distinctive points (i.e. top of bank, edge of water, bankfull features, etc.)

All elevations for the Upper and Lower Reaches are based on relative elevations of temporary
bench marks (TBM). Survey elevations in an area should be based on TBMs noted in the survey
results in Exhibit 2 — Monitoring Reports.

At least 20 measurements are recommended to accurately portray channel cross-sections.
Measure all significant breaks of slope that occurs across the channel.  Outside the channel,
measure important features including the active floodplain, bankfull elevations, and stream
terraces. Attempts should be made to match the stations of the year 0 survey.

Longitudinal Profile

The longitudinal profile will measure points along the stream channel. The profile will indicate
any changes in slope of water surface, channel bed, floodplain, and terraces. The elevations and
positions of channel defining indicators can also be monitored with this profile.

Monitoring — Longitudinal profiles were taken along the stream corridor of the restoration site for
each of the two established stations. The profiles were taken in two distinctive areas along the
stream corridor denoted as Upper Reach and Lower Reach. Refer to As-Built Record Drawing
Plan Sheets in Exhibit 1. The longitudinal profile for both areas begins at the base of a stream
structure located upstream of the cross sections and ends at the base of structure located
downstream of the cross sections. The specific structures denoting the beginning and ending of
the longitudinal profile are shown on the As-Built Record Drawing Plan Sheets in Exhibit 1. The
longitudinal data was compiled and plotted for each area (Exhibit 2 — Monitoring Reports).
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Procedure — Conduct the longitudinal profile survey when conducting the cross-section surveys.
Run tape beginning at the established STATION 0 point and continue downstream along the left
side bank (looking downstream) to the established length. Survey points at each station should
include a ground shot at the deepest point in the channel (thalwag), water surface shot, and any
channel forming features (bankfull, top of bank, etc.). The start and end points of each
longitudinal profile is shown on the Record Drawing plan sheets. Each profile runs from
upstream to downstream. Data will be collected once a year for five (5) years. Longitudinal
profiles should be plotted over that of previous year(s) for comparison.

4.2.3 Modified Wolman Pebble Count

The composition of the streambed and banks is a good indicator of changes in stream character,
channel form, hydraulics, erosion rates, and sediment supply. Composition can indicate how a
stream is behaving. A pebble count gives a quantitative description of the bed material.

Monitoring — Pebble counts were performed at each of the two areas along the stream reach
(representative of two meander wavelengths and within the longitudinal profile of each area).
Each pebble count consisted of a number of samples taken from each the riffle and pool features
relative to proportion of each feature within the longitudinal profile. For example, in both
reaches where the distribution was 50% riffle and 50% pools, 50 samples each were counted for
both riffles and pools. Pool/riffle counts were chosen near the cross-sections taken for that area.
Within each riffle and pool feature, the pebble count is further divided between bed and bank
materials relative to the proportion of channel surface area. For example: if the total of 100
pebbles are measured for the reach and riffles account for 50 percent of the facet features and the
bed accounts for 50 percent of channel surface area of the riffles, then 25 pebbles should be
sampled from the bed of the riffles. This data was compiled and plotted for each area (Exhibit 2 —
monitoring reports).

Procedure — Follow the basic steps for the Modified Wolman Pebble Count (Rosgen 1996).
Perform count at each of the two areas along the stream channel. Measure a minimum of 100
particles taken in proportion to distribution of pools and riffles within each area to obtain a valid
count. Use a tally sheet to record the count. Data will be collected once a year for five (5) years.
Pebble counts should be plotted over previous year(s) for comparison.

4.2.4 Vegetation

Monitoring —On March 24™, 2004, 2 assessment plots were set up along the length of the project
area. The plots assessed the number of bare root seedlings and live stakes. Plots consisted of
belted transect due to the linear shape of the project. Plots were 4 meters long by 25 meters wide.
Plot locations are shown on the As-Built Record Drawing Plan Sheets in Exhibit 1.

During the initial survey, it was difficult to determine or identify herbaceous vegetation as well as
the stakes and bare root seedlings due to the time of year. Most of the herbaceous cover had died
back and was not evident.

Procedure - Vegetation survival inside the riparian buffer will be documented for a 5-year period
through photographic documentation of the entire length of the corridor in which buffers were
planted. Documentation will occur at pre-established photo stations/plot areas. Vegetation
survival of target dominant species will be confirmed using belted transects. Two belted transects
have been established. The locations of each transect (each labeled as Vegetation Monitoring
Quad) are shown on the As-Built Record Drawing Plan Sheets in Exhibit 1. The transect area
may also be scaled from the record drawing plan sheets For each transect the number of
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surviving plants by species should be tallied as counts of live woody stems for both stakes and
bare roots. Herbaceous cover should be incorporated into the plots. Plot size for herbaceous
cover should be no more than one-meter square in size. Estimates of coverage of herbaceous
vegetation along with dominant species should be recorded. Vegetation sampling should be

completed before the end of the growing season from August 1 to October 31. Damaged or dead
plants should be replaced per the contract documents (Kimley-Horn and Associates 2003).
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4.3 Reports
The following section includes monitoring reports for the Suck Creek Stream Restoration Project.
I\Iﬁf ri(l))retr Moil(let;;mg Monitoring Survey Dates(s)
As-Built 2004
1 2004
2 2005
3 2006
4 2007
5 2008
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2004 Suck Creek Restoration Initial Monitoring Report Abstract

Suck Creek was restored through the North Carolina Ecosystem Enhancement Program (EEP) -
formerly Wetlands Restoration Program (NCWRP). The goal of the project is to transform the
pre-existing altered stream corridor to a more stable and biologically active form through the

following objectives:

1.) Restore 3,260-linear feet of Suck Creek through geomorphic modification through
dimension, pattern, and profile adjustments; and cattle exclusion

2.) Establish a riparian zone surrounding restored sections of Suck Creek

3.) Improve the habitat within the channel and the riparian zone.

This is the baseline monitoring report for Suck Creek.

Table 1: Background Information

Project Name

Suck Creek

Designer's Name

Kimley-Horn and Associates, Inc.
PO Box 33068, Raleigh, NC, 27636
(919) 677-2000

Contractor's Name

Shamrock Environmental Corporation

Project County

Moore

Directions to Project Site

The project is located west of Carthage in Moore County. From
Raleigh, follow US-1 south to US-15/501 toward Carthage. When
approaching Carthage, take NC-24/ Monroe Street into downtown.
Follow through the downtown traffic circle to Dowd Rd / SR-1240.
Take Dowd Road (SR-1240) west away from Carthage for
approximately 8.3 miles. Take a right onto Beulah Hill Church Rd.
/ Mt. Caramel Rd (SR 1210). After approximately 1.5 miles, turn
right onto Richardson Farm Road (SR 1290) — a gravel road.
Follow Richardson Farm Road to the primary residence and then
turn left onto a gravel road. Follow the gravel road past the cattle
nursery and chicken houses. The upper section of the project
stream is located at the bottom of the hill. Please note that this is a
private residence and permission is requested prior to entering the
site.

Drainage Area 4.8 sq. mi
USGS Hydro Unit 03030003
NCDWQ Subbasin 03-06-10

Project Length 3,260 linear feet (Restoration)

Restoration Approach 3,260-feet of dimension, pattern, and profile
3,260-feet of cattle exclusion
7.8 acres of riparian buffer

Date of Completion 2003

Monitoring Dates March 2004
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CIIC March 2004
Results and Discussion
Based on field observations and measurements, Suck Creek appears to be performing in close
accordance to project goals. The channel geometry elements of dimension, pattern, and profile
closely approximate design specifications. With the exception of possible aggradation in the
upper reach, channel material distribution conforms to distribution anticipated during the
mitigation design.

Over the course of construction, the watershed experienced above average rainfall with greater
than two bankfull flooding events. In spite of the active flooding events, the channel has
maintained its form and integrity. The investigator observed some isolated occurrences of bank
erosion and arm scour of in-stream structures. The time of investigation occurred closely behind
initial plantings. The investigator observed that the vegetation had been planted properly. The
success of the planting will be determined during future monitoring efforts.

The following list describes potential elements of concern that should be monitored closely:

1. Mid-Channel Bar Formation

An area between station 4+00 and 5+00 may be forming a mid-channel bar
2. Bank scour

KHA observed isolated occurrences of bank scour at the following locations:

e 11+50
e 2475
e 13+50
o 18+25
e 21+00

The As-Built Record Drawing Plan Sheets (Section 2 of the As-Built Report) shows the
areas of scour. These areas should be monitored for expansion.
3. Arm scour of in-stream structures
KHA observed evidence of arm scour for the following structures:
o 12425
13+75
16+25
17+50
18+00 — Appears to have the most severe erosion
21+50
25+75
o 26+50
The As-Built Record Drawing Plan Sheets (Section 2 of the As-Built Report)
identifies the structures experiencing arm scour. These structures should be
monitoring for changes.

Prepared by Andrew :=" Kimley-Horn
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Photos
The following are photographs of typical sections and areas of concern throughout the project.

L o |

; ;@ o

Rt al’) AN £ X e
Photo 5: Issue 2 - Bank Erosion

Photo 6: sue 3 - Structure Arm Scour

Prepared by Andrew A
Assocees,Ic.
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1.0 BACKGROUND INFORMATION

The Suck Creek Stream Restoration project lies within the Richardson Farm in Moore County, North
Carolina located south of SR1261 and East of SR1210. At the downstream terminus, the stream drains a
4.8 square mile watershed that includes several impoundments. Project construction was completed in
April 2003 and the as-built survey was completed June 2003. The riparian buffer was planted in February
2004. The mitigation effort included a Priority I Restoration (Rosgen 1997)of 3,260 linear feet of stream
and the establishment of 7.8 acres of riparian buffer.

1.1 Goals and Objective
The goal of the project is to transform the pre-existing altered stream corridor to a more stable and
biologically active form through the following objectives:

1.) Restore 3,260-linear feet of Suck Creek through geomorphic modification of dimension, pattern,
and profile adjustments; and cattle exclusion

2.) Establish a riparian zone surrounding restored sections of Suck Creek

3.) Improve the habitat within the channel and the riparian zone.

1.2 Project Location

The project is located west of Carthage in Moore County. From Raleigh, follow US-1 south to US-
15/501 toward Carthage. When approaching Carthage, take NC-24/ Monroe Street into downtown.
Follow through the downtown traffic circle to Dowd Rd / SR-1240. Take Dowd Road (SR-1240) west
away from Carthage for approximately 8.3 miles. Take a right onto Beulah Hill Church Rd. / Mt.
Caramel Rd (SR 1210). After approximately 1.5 miles, turn right onto Richardson Farm Road (SR 1290)
— a gravel road. Follow Richardson Farm Road to the primary residence and then turn left onto a dirt
road. Follow the dirt road past the cattle nursery and chicken houses. The upper section of the project
stream is located at the bottom of the hill. Please note that this is a private residence and permission is
requested prior to entering the site.

1.3 Project Description

Suck Creek was restored using a Priority 1 (Rosgen 1997) protocol that modified channel dimension,
pattern, and profile and established a riparian zone adjacent to the creek. In-stream structures including
log and rock cross vanes; and rock j-hooks were installed a maintain channel profile. Root wads and
vegetation were added to maintain channel pattern. Fencing was installed to maintain easement
boundaries. Stabilized fords were installed to allow animal and motor vehicles to cross the stream.

2.0 YEAR 2004 RESULTS AND DISCUSSION
2.1  Vegetation
On March 24™, 2004, the investigators assessed two rectangular plots measuring 4 x 25 meters for bare

root seedlings, live stakes, and ground cover. Survey methodology is described in Section 4 of the As-
Built Report and results are shown in Appendix A and discussed below.

Due to the dormant season, the investigator could not readily identify the species of herbaceous
vegetation, live stakes, or bare root seedlings. Most of the herbaceous cover had died back and was not

T:\pn\011795008\monitoring\yearQ\report_update\suck creek monitoring_report_year0_bo Prepared by Andrew Kiley
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evident. The investigator performed a stem count of live stakes and bare roots without identification of
the plant species.

During the visit, the investigator noticed that the electric fence had been activated and that cattle had
minimal access to the riparian buffer. The investigator observed only spotty evidence of cattle within the
riparian buffer that consisted primarily of cattle waste. The investigator did not observe active
herbivorous grazing or evidence of grazing.

2.1.1 Results and Discussion

The species composition of the plots could not be determined due to the dormant season. A count of live
stakes and bare roots confirmed that the riparian buffer had been planted according to design
specifications.

2.2 Geomorphology

On March 24", 2004, the investigators performed a geomorphic survey for two areas of the project reach
that are identified on the As-Built record drawing plan sheets (Section 2 of the As-Built Report). The
geomorphic survey for each area included the following:

e Pool and Riffle Cross Section

e Stream Profile

e Modified Wolman Pebble Count

Survey methodology is described in Section 4 of the As-Built Report and results are shown in Appendix
A and discussed below.

2.2.1 Results and Discussion

For the discussion that follows, the stream has been divided into two sections: the upper and lower reach.
Additionally, the station numbers referenced below are illustrated on the As-Built record drawing plan
sheets located in Section 2 of the As-Built Report. The upper reach extends from the top of the project to
the primary road crossing (Station 0+00 to Station 8+75). The lower reach extends from the primary road
crossing to the end of the project (Station 8+75 to Station 29+63).

The measured values for channel dimension, pattern, and profile from the monitoring survey accord with
design specifications. Table 1 — Summary of Channel Conditions provides survey details.

T:\pn\011795008\monitoring\yearQ\report_update\suck creek monitoring_report_year0_bo Prepared by Andrew Kiley
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Overall the channel profile and banks appeared
stable. The investigator did not observe head cuts or
similar indicators of channel degradation. Possible
evidence of aggradation as indicated by mid channel
bars lie within upper reach in the region between
station 4+00 and 5+00.

The investigator observed isolated incidents of bank
scour throughout the reach with more numerous
occurrences within the lower reach. KHA observed
bank erosion near the following stations:

e 11450
o 2475
o 13+50
o 18425
e 21400

See the As-Built record drawing plan sheets (Section
2 of the As-Built Report) for the locations of bank
scour.

Photo 2: Evidence of Bank Erosion - Station 13+50

Photo 3: Evidence of Bank Erosion - Station 18+25 Photo 4: Evidence of Bank Erosion - Station 21+00
T:\pn\011795008\monitoring\yearO\report_update\suck_creek monitoring_report_year0_bo Prepared by Andrew Kiley
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All structures appeared to be functioning properly though the investigator observed erosion adjacent to
the arms of several j-hooks and cross-vanes. KHA observed evidence of arm scour for the following

structures:
o 12425
o 13475
e 16+25
o 17+50
e 18400 — Appears to have the

most severe erosion
21+50
o 25475

26+50

The As-Built record drawing plan sheets (Section 2
of the As-Built Report) drawing identifies the
structures experiencing arm scour. These structures
should be monitored for changes

Photo 6: Structure Arm Scour - Station 17+50

T:\pn\011795008\monitoring\yearO\report_update\suck_creek monitoring_report_year0_bo
dy_update.doc

Photo 7: Structure Arm Scour - Station 18+00
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Exhibit 3 Site Topographic Map
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Suck Creek — Moore County, North Carolina
Mitigation Monitoring Methods
March 2004

1. Introduction

The purpose of this document (Mitigation Monitoring Methods) is to outline the procedure used
to assess the success of the Suck Creek restoration effort. The stream has been constructed to be
stable and provide improved biological habitat. Refer to the Suck Creek Restoration Executive
Summary of Design (Executive Summary) (Kimley-Horn and Associates 2002) for details
concerning the restoration effort. The monitoring methods described in Section 2 have been
developed to allow for the assessment of restoration goals. Monitoring success criteria are taken
from the Executive Summary (Kimley-Horn and Associates 2002) and Section 11 of the Stream
Mitigation Guidelines of April 2003 (McLendon, Fox et al. 2003).

2. Success Criteria

The stream geometry will be considered successful if the cross-section geometry, profile, and
sinuosity do not deviate significantly from a stable channel geometry. It is expected that there
will be minimal changes in the designed cross sections, profile and/or substrate composition.
Changes that may occur during the monitoring period will be evaluated to determine if they
represent a movement toward a more unstable condition (down-cutting, deposition, erosion) or
are minor changes that represent an increase in stability (settling; vegetative changes; coarsening
of bed material).

The channel geometry stability should be verified using surveys of the established cross-sections,
longitudinal profiles, and pattern. Photographs will be used to subjectively evaluate channel
aggradation or degradation, bank erosion, success of riparian vegetation, and effectiveness of in-
stream structures and erosion control measures. Longitudinal photos should indicate the absence
of developing bars within the channel or an excessive increase in channel depth. To be deemed
successful, photos should not indicate excessive erosion or continuing degradation of the banks
over time.

The success of vegetation planting will be gauged by stem counts. A stem count over 260 trees
per acre at the end of the monitoring period will be considered successful. The restored buffer
should mimic the function of upstream and downstream ecological function. Photos taken at
established photo points should indicate maturation of riparian vegetation community.

3. Schedule

Monitoring will be performed annually for five years beginning in autumn 2004 and ending in
2008. Monitoring reports will be completed immediately following the monitoring effort. The
monitoring methods outlined in this section should be followed during the monitoring effort.
Each monitoring report should have the same format as the initial monitoring report.

4. Monitoring Methods

The following is a discussion of the methodologies used in the monitoring effort and summary
report documentation. This section will facilitate follow-up monitoring efforts and enable
replication of the monitoring that was performed.

The geomorphology of the stream should be assessed using the Rosgen morphological variables
(Rosgen 1996). The morphology of the stream is to be monitored a minimum of once a year for 5
years after construction.
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Suck Creek — Moore County, North Carolina
Mitigation Monitoring Methods
March 2004

Reference Photographs

Monitoring — Locations of the photograph points were established at all cross section locations
and vegetation plots.

All photo points are called out on the As-Built Record Drawing Plan Sheets in Appendix A of the
initial monitoring report (initial monitoring report) (Kimley-Horn and Associates 2004). Photos
are included with channel morphology survey results located in Appendix C of the initial
monitoring report.

Procedure — Photographs should be taken standing at the approximate location of established
photo point. Photographs will be taken throughout the monitoring period. Photos should be
compared to previous year(s) photos to evaluate vegetative growth along the stream corridor of
the restoration site and channel evolution. All follow up monitoring photos should be taken at
approximately the same location as in the initial photo point locations as established in this report.

Channel Morphology

Cross-section geometry and longitudinal profile data were gathered during field reconnaissance.
Two distinctive areas along the stream channel denoted as Upper Reach and Lower Reach were
surveyed and established for monitoring. These areas are shown on the As-Built Record Drawing
Plan Sheets in Appendix A of the initial monitoring report. Stream geometry data for each area
is located in Appendix C of the initial monitoring report.

Cross-Sections

Monitoring — Permanent cross sections were established along the stream corridor of the
restoration site. Two sets of cross-sections were taken in the two areas established along the
stream corridor denoted as Upper Reach and Lower Reach. One riffle and one pool cross-section
was surveyed for each area. The locations of each cross-section were marked in the field to
establish the exact transect location. The cross-section data was compiled and plotted for each
station (Appendix C of the initial monitoring report).

Rebar was used to mark the established location of each cross-section. Rebar was driven
vertically flush to ground on each side of bank to establish the outer limits of each cross-section
surveyed. White PVC piping was placed adjacent to each rebar marker to aid in locating the
rebar in the field. All cross-section locations are shown on the As-Built Record Drawing Plan
Sheets in Appendix A of the initial monitoring report.

Procedure — The following steps should be executed to ensure successful replicatioﬁ of cross-
section location and surveying parameters. Data will be collected once a year for five (5) years.
Cross-sections should be plotted over that of previous year(s) for comparison.

Minimum Equipment Needed:

o Tape (at least 100°) for cross-sections
Tape (at least 500°) for profile
Surveyor’s Level (Optical or Laser)
Surveyor’s Rod
Camera
Record Drawings
¢ Monitoring Report
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Suck Creek — Moore County, North Carolina
Mitigation Monitoring Methods
March 2004

General Procedure:

e Locate CROSS-SECTION on Record Drawing plan sheets and in field

e Locate end points on banks marked with rebar and PVC piping

e Pull tape (100’ tape) from left bank to right bank looking downstream at cross-section
location between the two rebar points. The end of the tape (0°0”) should be directly over
the left rebar (temporary benchmark, TBM)

e locate temporary bench mark

¢ Setup Level/surveying equipment in location to limit visual constraints

e Survey any temporary benchmarks (refer to Appendices A & C of the initial monitoring
report for locations)

o Survey from left to right bank

e Survey distinctive points (i.e. top of bank, edge of water, bankfull features, etc.)

All elevations for the Upper and Lower Reaches are based on relative elevations of temporary
bench marks (TBM). Survey elevations in an area should be based on TBMs noted in the survey
results in Appendix C of the initial monitoring report

At least 20 measurements are recommended to accurately portray channel cross-sections.
Measure all significant breaks of slope that occurs across the channel.  Outside the channel,
measure important features including the active floodplain, bankfull elevations, and stream
terraces. Attempts should be made to match the stations of the year 0 survey.

Longitudinal Profile

The longitudinal profile will measure points along the stream channel. The profile will indicate
any changes in slope of water surface, channel bed, floodplain, and terraces. The elevations and
positions of channel defining indicators can also be monitored with this profile.

Monitoring - Longitudinal profiles were taken along the stream corridor of the restoration site for
each of the two established stations. The profiles were taken in two distinctive areas along the
stream corridor denoted as Upper Reach and Lower Reach. Refer to As-Built Record Drawing
Plan Sheets in Appendix A of the initial monitoring report for locations. The longitudinal profile
for both areas begins at the base of a stream structure located upstream of the cross sections and
ends at the base of structure located downstream of the cross sections. The specific structures
denoting the beginning and ending of the longitudinal profile are shown on the As-Built Record
Drawing Plan Sheets in Appendix A of the initial monitoring report. The longitudinal data was
compiled and plotted for each area (Appendix C of the initial monitoring report).

Procedure — Conduct the longitudinal profile survey when conducting the cross-section surveys.
Run tape beginning at the established STATION 0 point and continue downstream along the left
side bank (looking downstream) to the established length. Survey points at each station should
include a ground shot at the deepest point in the channel (thalwag), water surface shot, and any
channel forming features (bankfull, top of bank, etc.). The start and end points of each
longitudinal profile is shown on the Record Drawing plan sheets. Each profile runs from
upstream to downstream. Data will be collected once a year for five (5) years. Longitudinal
profiles should be plotted over that of previous year(s) for comparison.

Modified Wolman Pebble Count
The composition of the streambed and banks is a good indicator of changes in stream character,
channel form, hydraulics, erosion rates, and sediment supply. Composition can indicate how a

stream 1is behaving. A pebble count gives a quantitative description of the bed material.
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Suck Creek — Moore County, North Carolina
Mitigation Monitoring Methods
March 2004

Monitoring — Pebble counts were performed at each of the two areas along the stream reach
(representative of two meander wavelengths and within the longitudinal profile of each area).
Each pebble count consisted of a number of samples taken from each the riffle and pool features
relative to proportion of each feature within the longitudinal profile. For example, in both
reaches where the distribution was 50% riffle and 50% pools, 50 samples each were counted for
both riffles and pools. Pool/riffle counts were chosen near the cross-sections taken for that area.
Within each riffle and pool feature, the pebble count is further divided between bed and bank
materials relative to the proportion of channel surface area. For example: if the total of 100
pebbles are measured for the reach and riftles account for 50 percent of the facet features and the
bed accounts for 50 percent of channel surface area of the riffles, then 25 pebbles should be
sampled from the bed of the riffles. This data was compiled and plotted for each area (Appendix
C of the initial monitoring report).

Procedure — Follow the basic steps for the Modified Wolman Pebble Count (Rosgen 1996).
Perform count at each of the two areas along the stream channel. Measure a minimum of 100
particles taken in proportion to distribution of pools and riffles within each area to obtain a valid
count. Use a tally sheet to record the count. Data will be collected once a year for five (5) years.
Pebble counts should be plotted over previous year(s) for comparison.

Vegetation

Monitoring —~On March 24™, 2004, 2 assessment plots were set up along the length of the project
area. The plots assessed the number of bare root seedlings and live stakes. Plots consisted of
belted transect due to the linear shape of the project. Plots were 4 meters long by 25 meters wide.
Plot locations are shown on the As-Built Record Drawing Plan Sheets in Appendix A of the
initial monitoring report.

During the initial survey, it was difficult to determine or identify herbaceous vegetation as well as
the stakes and bare root seedlings due to the time of year. Most of the herbaceous cover had died
back and was not evident.

Procedure - Vegetation survival inside the riparian buffer will be documented for a 5-year period
through photographic documentation of the entire length of the corridor in which buffers were
planted. Documentation will occur at pre-established photo stations/plot areas. Vegetation
survival of target dominant species will be confirmed using belted transects. Two belted transects
have been established. The locations of each transect (each labeled as Vegetation Monitoring
Quad) are shown on the As-Built Record Drawing Plan Sheets in Appendix A of the initial
monitoring report. The transect area may also be scaled from the record drawing plan sheets For
each transect the number of surviving plants by species should be tallied as counts of live woody
stems for both stakes and bare roots. Herbaceous cover should be incorporated into the plots.
Plot size for herbaceous cover should be no more than one-meter square in size. Estimates of
coverage of herbaceous vegetation along with dominant species should be recorded. Vegetation
sampling should be completed before the end of the growing season from August 1 to October
31. Damaged or dead plants should be replaced per the contract documents (Kimley-Horn and
Associates 2003).
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