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Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC

SUMMARY

The Key Branch Stream and Wetland Restoration Site (hereafter referred to as the
“Site”) is located in Anson County and was constructed and planted in the fall of 2003.
The 118-acre Site covers approximately 6,200 linear feet of restored stream channel
and 108.9 acres of wetland restoration. Approximately 47,800 bottomland hardwood
trees were planted on 70.2 acres of the Site. To be successful, the Site wetlands must
meet success criteria for both hydrology and vegetation for five consecutive years or
until approved by the regulatory agency. Additionally, the restored stream must show
vertical and horizontal stability with respect to as-built conditions based upon the
established success criteria.

Thirteen groundwater gauges were monitored in 2011, of which ten met the success
criteria for jurisdictional hydrology (saturation within 12 inches of the surface for greater
than 12.5 percent of the growing season). The three additional gauges did not meet
success criteria. Two of the three gauges maintained saturation for approximately 9
percent of the growing season with the third approximating 6 percent. The Site
experienced below average rainfall for the 2011 growing season.

Four vegetation plots established under North Carolina Department of Transportation
(NCDOT) protocol, and four riparian vegetation plots established following replanting in
2005 were monitored to measure woody stem density. In the current monitoring year,
plots representing the stream restoration buffer (riparian vegetation plots) had an
average tree density of 283 trees per acre and plots representing the wetland
restoration area (wetland vegetation plots) had an average tree density of 750 trees per
acre.

Success criteria for the restored stream reach has been established to confirm that no
significant changes have occurred to the dimension, pattern, profile, and bed material
over the monitoring period. Location surveys of the constructed features were
conducted to verify the performance of the stream. A survey was performed using a
total station to describe the stream longitudinal profile and 12 permanent stream cross-
sections. Overall, the stream channel bed form and banks are stable and have not
changed significantly compared to as-built conditions.

Although the reach meets the criteria for success, beaver are abundant in the area and
have persistently recolonized the Site after prior removal efforts. The beaver are active
with dams above and below the Site as well as within the Site boundaries at the upper
end. They were removed most recently in late 2010 and re-established dams in 2011.
As per the North Carolina Ecosystem Enhancement Program another removal effort
has been contracted with monthly monitoring scheduled for the Site until closeout. The
beavers’ presence has altered the function of the stream. Instead of a flowing stream,
parts of the site are characterized as a lentic system. The stream has experienced
limited flow in the summer months promoting vegetation growth in the channel. This
condition has been caused by a combination of factors including multiple dry summers,
beaver dams above the Site, and the low slope of the stream channel.
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Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC

1.0 INTRODUCTION

1.1. Project Description

The Site encompasses 118 acres and is located in Anson County between Lower White
Store Road (SR 1252) to the west and Mineral Springs Church Road (SR 1240) to the
east (Figure 1).

1.2. Purpose

In order to demonstrate successful mitigation, the Site must be monitored for a
minimum of five years or until approved for close-out by the regulatory agencies.
Success criteria are based on federal and state guidelines for stream and wetland
mitigation (USACE 2003). Criteria for wetland hydrologic conditions, restored stream
channel stability, and vegetation survival are included in this document. The following
report describes the monitoring results for groundwater hydrology, stream channel
stability, and planted vegetation during the 2011 growing season at the Key Branch
Restoration Site.

1.3. Project History

Fall 2003 Construction

November 2003 Site Planted

March-November 2004 Hydrologic Monitoring (Year 1)

July 2004 Stream and Vegetation Monitoring (Year 1)
February 2005 Site Replanted

March-November 2005 Hydrologic Monitoring (Year 2)

August 2005 Stream and Vegetation Monitoring (Year 2)
March-November 2006 Hydrologic Monitoring (Year 3)

September 2006 Stream and Vegetation Monitoring (Year 3)
March-November 2007 Hydrologic Monitoring (Year 4)

September 2007 Vegetation Monitoring (Year 4)

March - November 2008 Hydrologic Monitoring (Year 5)

October 2008 Vegetation Monitoring (Year 5)

March - November 2009 Hydrologic Monitoring (Year 6)

August 2009 Vegetation Monitoring (Year 6)

March — November 2010  Hydrologic Monitoring (Year 7)

September 2010 Stream and Vegetation Monitoring (Year 7)
March - November 2011 Hydrologic Monitoring (Year 8)

September 2011 Vegetation Monitoring (Year 8)

November 2011 Stream Monitoring (Year 8)

Monitoring Year 8 (2011) 2 December 2011



Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC

2.0 HYDROLOGY

2.1 Success Criteria

In accordance with federal and state guidelines for wetland mitigation, the success
criteria for hydrology requires that these areas be inundated or saturated (within
12 inches of the surface) by surface or groundwater consecutively for at least
12.5 percent of the growing season. Areas meeting hydrology for less than 5 percent of
the growing season are classified as non-wetlands. Areas meeting hydrology between
5 percent and 12.5 percent of the growing season can be classified as wetlands
depending upon such factors as the presence of wetland vegetation and hydric soils. If
wetland parameters are marginal as indicated by vegetation and hydrological
monitoring, consultation with EEP personnel and regulatory agencies will be undertaken
to determine the extent of wetland restoration in these areas. A jurisdictional
determination will be performed in early 2012 to determine the extent of wetland areas
at the Site.

The growing season in Anson County begins March 11 and ends November 23
(258 days). These dates correspond to a 50 percent probability that air temperatures
will not drop below 28°F or lower after March 22 and before November 15. Minimum
wetland hydrology is required for at least 12.5 percent of this growing season; for Anson
County, 12.5 percent of the growing season equals 30 consecutive days.

2.2  Hydrologic Description

On-site hydrologic monitoring was initially facilitated by fourteen, continuously recording
groundwater gauges located throughout the wetland restoration area (Figure 2). One of
the gauges could not be located in 2009, reducing the number to 13. During the 2011
monitoring season, groundwater data was collected monthly from all monitoring gauges.

2.3  Results of Hydrologic Monitoring

2.3.1 Site Data

The maximum number of consecutive days that groundwater was within 12 inches of
the surface was determined for each groundwater gauge. This number was converted
into a percentage of the 258-day growing season. The results are summarized in
Table 1 and indicate that all gauges exhibited saturation for at least 6.2 percent of the
growing season. The average saturation period for all gauges was 60.1 days (23.3%)
ranging from 16 to 107 days (6.2 and 41.4%). Ten of the thirteen gauges met success
criteria by maintaining saturation for more than 30 days. The remaining three gauges
maintain saturation for 5 to 12.5 percent of the growing season.

Appendix B contains hydrographs of the daily water depth recorded for each
groundwater gauge. In general, groundwater levels show a typical pattern of flooding or
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Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC

high water table during the winter to early spring, followed by a summer and early fall
drawdown period, punctuated by peaks of associated precipitation events.

Table 1. Key Branch Hydrologic Monitoring Results

Monitoring S Number of Days
<5% 5-12.5% >12.5% Actual % Gauges met
Gauge Dates o
Success Criteria
KBMGH1 v 39.1 March 11 - 101
June 19
KBMG2 v 23.2 Ma,\rﬂc:y191 - 60
KBMG3 v 23.2 Ma,{,f:yg - 60
March 11 —
v
KBMG5 17.8 April 25 46
March 11 —
v
KBMG6 414 June 25 107
KBMG7 v 39.1 March 11 - 101
June 19
March 11 —
KBMGS8 4 19.3 April 29 50
March 11 —
v
KBMG9 159 April 20 41
March 27 —
v
KBMG10 9.3 April 19 24
March 17 —
v
KBMG11 8.9 April 18 23
KBMG12 v 40.7 M\Ja;cr;]r; 1223— 105
March 30 —
v
KBMG13 6.2 April 14 16
July 17 —
v
KemeTs 18.2 August 30 47

2.3.2 Climatic Data

Figure 3 shows a comparison of 2011 monthly rainfall to the historic range of normal
precipitation for Wadesboro, NC (State Climate Office of NC, CRONOS Database). The
historic range of normal precipitation is determined from rainfall data collected between
1948 and 2011. Figure 3 depicts the range of normal rainfall between the 30 percent
and 70 percent of all observations compared to the actual 2011 monthly rainfall
amounts.

Monthly rainfall amounts were below the 30" percentile during five months of the
growing season. The months of July, September and October received average rainfall,
while May received above average rainfall. The total rainfall of 25.36 inches for the year
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through November is below the historic average of 41.52 inches for the same time
period.

3.0 STREAM ASSESSMENT
3.1. Stream Monitoring Requirements

The Site stream monitoring plan requires an assessment of geomorphologic
parameters in keeping with the U.S. Army Corps of Engineers (USACE) “Stream
Mitigation Guidelines”, dated April 2003. The monitoring plan includes the protocol and
provisions for providing photographs and channel stability analysis on a yearly basis.
Global Positioning System (GPS) equipment was used along with metal detectors to
locate existing cross section pins. Twelve permanent cross-sections were located and
surveyed. A 3,000 foot longitudinal profile of the restored channel was surveyed
beginning near station 13+00 (Figure 2 A-B). Bank stability and overall condition of the
stream was assessed during the cross-section and longitudinal profile surveys. Lateral
photographs were collected at each cross-section (Appendix D). A stream monitoring
gauge located in the channel provides stream flow elevation data to verify bankfull
events.

3.2. Post Construction Conditions

The project involved the construction of approximately 6,200 linear feet of channel
using a Priority 1 restoration approach. Engineered structures included j-hook vanes,
log vanes, rock cross vanes, rootwad revetments, step pools, and additional bank
sloping. A step pool was installed at the beginning and end of the reach to maintain
grade. A rootwad complex was installed in the apex of numerous bends with cover logs
for habitat. Cross vanes, log vanes, and j-hook vanes were installed throughout the
reach to direct higher flow velocities into the center of the channel. Throughout the
entire reach the inner berm was maintained, enhanced, or created as channel
modifications were made.

3.3 Results of Stream Monitoring

The mitigation plan stipulated the placement of a permanent monitoring cross-section
every 20 bankfull widths. A total of twelve cross sections were surveyed. Three cross-
sections were identified as riffles, cross sections 5, 10, and 12. For this report, only
cross sections containing riffles were used in the comparison of channel morphology
presented below in Table 5. Data shown in Table 6 includes all cross sections surveyed
along the reach. Overall, the stream survey data indicates a stable channel with very
little lateral or vertical movement. The stream gauge registered seven bankfull events
during the 2011 monitoring year (March 28, April 1, April 6, April 10, May 12, May 15
and May 28), further demonstrating stream stability. Bankfull Events for the eight year
monitoring period are presented in Table 2.

Monitoring Year 8 (2011) 5 December 2011
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Table 2. Bankfull Events

Year Evaluation Method Number of Events Monitoring Firm

s
2005 N/A N/A NCDOT

2006 Stream Gauge 1 2 The Louis Berger Group
2007 Stream Gauge 1 and 2 N/A The Louis Berger Group
2008 N/A N/A Atkins

2009 N/A N/A Atkins

2010 Stream Gauge 1 3 Atkins

2011 Stream Gauge 1 7 Atkins

Although the restored reach met criteria for success, beaver are abundant in the area
and have persistently recolonized the Site after prior removal efforts. Beaver are active
with dams above and below the Site as well as within the Site boundaries at the upper
end (Figure 2, Appendix A). They were removed most recently in late 2010 and re-
established dams in 2011. As per the North Carolina Ecosystem Enhancement
Program another removal effort has been contracted with monthly monitoring
scheduled for the Site until close out. The beavers’ presence has altered the function of
the stream. Instead of a flowing stream, parts of the site are characterized as a lentic
system. The stream has experienced limited flow in the summer months promoting
vegetative growth in the channel. This condition has been caused by a combination of
factors including multiple dry summers, beaver dams above the Site, and the low slope
of the stream channel.
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Table 3. Baseline Stream Data Summary

Key Branch Stream and Wetland Restoration Site - EEP Pro

ject 206

Parameter Gauge Regional Curve Pre-Existing Condition Reference Reach(es) Data Design Monitoring Baseline
Dimension and Substrate - Riffle Only LL UL Eq. Min | Mean | Med | Max sb® Min | Mean | Med | Max | sD° Min Med | Max Min | Mean | Med | Max | SD°
Bankfull Width (ft)] 27 35 22 25
Floodprone Width (ff t)I >200 >200 >150 | >150
Bankfull Mean Depth (ft)l 1.01 1.16 0.65 | 0.93
Bankfull Max Depth ( ft)I 1.75 217 115 | 1.74
Bankfull Cross Sectional Area (ft )I 35 37 17 21
Width/Depth Ratiol 27 34 27 34
Entrenchment Ratio >7 >7 >7 >7
Bank Height Ratio]
Profile
Riffle Length (ft)]
Riffle Slope (ft/ft)]
Pool Length (ft)]
Pool Max depth (fi t)I
Pool Spacing (ft)I
Pattern
Channel Beltwidth (ft)] 160 180
Radius of Curvature (ft)I 50.0 72.8 35 60
Rc:Bankfull width (ff)
Meander Wavelength (ft)I 370 465 265 378
Meander Width Ratio 6.3 8.1 6.3 8.1
Transport parameters
Reach Shear Stress (competency) Ib/f?
Max part size (mm) mobilized at bankfull}
Stream Power (transport capacity) W/m?
Additional Reach Parameters
Rosgen Classification] C6 C6
Bankfull Velocity (fps)l
Bankfull Discharge (cfs)|
Valley length (ft)] 1590 4149
Channel Thalweg length (ft)I 1065 6182
Sinuosity (ft)] 1.49 1.49
Water Surface Slope (Channel) (ft/ft)l 0.19 0.005
BF slope (ft/ft)]
Bankfull Floodplain Area (acres)l 115+ 115+

% of Reach with Eroding Banks

Channel Stability or Habitat Metric

Biological or Other

Shaded cells indicate these cells not available.
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Table 4. Morphology and Hydraulic Monitoring Summary
Key Branch Stream and Wetland Restoration Site - EEP Project 206

Cross Section 1 (Glide)

Cross Section 2 (Run)

Cross Section 3 (Pool)

Cross Section 4 (Pool)

Cross Section 5 (Riffle)

Based on fixed baseline bankfull elevation® MY1 | MY2 | MY3 | MY7 | MY8 | MY+ | MY+ | MY1 | MY2 | MY3 | MY7 | MY8 | MY+ | MY+ | MY1 | MY2 | MY3 | MY7 | MY8 | MY+ | MY+ | MY1 | MY2 | MY3 | MY7 | MY8 | MY+ | MY+ | MY1 | MY2 | MY3 | MY7 | MY8 | MY+ | MY+
Record elevation (datum) used]
Bankfull Width (ft)] 18.6] 18.4] 19 19.7 | 154 20.2 | 23.8 | 26.1 24 22.3 18.1 | 28.3 29 218 | 244 17.3 1 21.3 | 19.5 20 22.1 209 | 22.9 22 22.5 24
Floodprone Width (ft)] >100 | >100 | >100 | >100 | >100 >100 | >100 | >100 | >100 | >100 >100 | >100 | >100 | >100 | >100 >100 | >100 | >100 | >100 | >100 >100 | >100 | >100 | >100 | >100
Bankfull Mean Depth (ft)] 0.7 0.9 1 0.9 0.7 1.1 1.5 1.3 1.3 1.1 1 1.2 1.2 1.3 1.2 1.2 1.1 1.2 1.3 1.3 1 1 1.1 1.1 0.9
Bankfull Max Depth (ft)] 1.5 1.6 2 1.9 1.2 2 2.6 2.6 2.3 1.7 1.9 2.5 2.9 2.3 2.5 2.2 2.1 2.1 2.4 2.3 1.8 2.8 2.1 1.9 1.7
Bankfull Cross Sectional Area (ft)] 13 16.2 | 19.5 | 16.9 | 11.1 222 | 352 | 342 | 314 | 249 18.1 ] 334 | 351 | 28.1 | 304 20.8 | 24.2 23 26 29.3 209 | 23.3 | 25.2 | 24.1 | 20.9
Bankfull Width/Depth Ratio] 26.6 | 20.9 19 219 | 214 184 | 161 20 18.5 | 19.9 18.1 24 242 | 16.8 | 19.6 144 ] 187 | 16.3 | 154 | 16.7 209 | 225 20 205 | 27.6
Bankfull Entrenchment Ratioj >5 >5 >5 5.1 6.5 >5 >5 >5 4.2 4.5 >5 >5 >5 4.6 4.1 >5 >5 >5 5 4.5 >5 >5 >5 4.4 4.2
Bankfull Bank Height Ratiof] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cross Sectional Area between end pins (ftzll
d50 (mm)f Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt
Cross Section 6 (Glide) Cross Section 7 (Run) Cross Section 8 (Pool) Cross Section 9 (Glide) Cross Section 10 (Riffle)
Based on fixed baseline bankfull elevation® MY1 | MY2 | MY3 | MY7 | MY8 | MY+ | MY+ | MY1 | MY2 | MY3 | MY7 | MY8 | MY+ | MY+ | MY1 | MY2 | MY3 | MY7 | MY8 | MY+ | MY+ | MY1 | MY2 | MY3 | MY7 | MY8 | MY+ | MY+ | MY1 | MY2 | MY3 | MY7 | MY8 | MY+ | MY+
Record elevation (datum) used]
Bankfull Width (ft)] 19.7 21 21 25.1 | 19.9 229 | 199 | 20.7 30 17.9 219 | 19.9 19 21.2 | 26.3 20 19.9 20 228 | 234 211 20 27 222 | 24.8
Floodprone Width (ft)] >100 | >100 | >100 | >100 | >100 >100 | >100 | >100 | >100 | >100 >100 | >100 | >100 | >100 | >100 >100 | >100 | >100 | >100 | >100 >100 | >100 | >100 | >100 | >100
Bankfull Mean Depth (ft)] 1.1 1.1 1.1 0.9 0.9 1.1 1.2 1.2 0.8 1 1.2 1.2 1.3 1.1 1.3 1.3 1.2 1.2 1 0.9 0.9 1 0.9 0.8 0.7
Bankfull Max Depth (ft)] 2 2.1 2 1.9 1.6 2 1.8 1.9 1.7 1.5 2.3 2.3 2.5 2 2.4 2.2 2 2 1.9 1.8 1.6 1.7 1.8 1.4 1.2
Bankfull Cross Sectional Area ()] 21.7 | 23.8 | 23.3 | 23.7 | 184 25.2 | 23.6 25 228 | 17.6 259 | 241 | 255 | 22.8 | 34.3 26 23.8 | 23.7 | 23.1 | 20.1 19 205 | 243 | 171 | 17.3
Bankfull Width/Depth Ratio] 17.9 | 18,5 | 19.1 | 279 | 21.5 208 | 16.8 | 17.3 | 375 | 17.9 185 ] 164 | 146 | 19.3 | 20.2 154 |1 166 | 16.7 | 22.8 | 27.3 2341 195 ] 30.1 | 27.8 | 35.6
Bankfull Entrenchment Ratioj >5 >5 >5 4 5 >5 >5 >5 3.3 4.4 >5 >5 >5 4.7 3.8 >5 >5 >5 4.4 4.3 >5 >5 >5 4.5 4
Bankfull Bank Height Ratiof] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cross Sectional Area between end pins (ft>
d50 (mmZI Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt
Cross Section 11 (Run) Cross Section 12 (Riffle)
Based on fixed baseline bankfull elevation* MY1 | MY2 | MY3 | MY7 | MY8 | MY+ | MY+ | MY1 | MY2 | MY3 | MY7 | MY8 | MY+ | MY+
Record elevation (datum) used
Bankfull Width (ft)] 27.6 26 31 21.5 | 26.2 269 | 229 ]| 212 | 215 ] 194
Floodprone Width (ft)} >100 | >100 | >100 | >100 | >100 >100 | >100 | >100 } >100 | >100
Bankfull Mean Depth (ft)f 1.1 1.2 1 0.9 1.1 1 0.9 0.9 0.8 0.8
Bankfull Max Depth (ft)] 2.2 2.4 2.3 1.5 1.6 2.1 1.9 2 1.6 1.5
Bankfull Cross Sectional Area (ft)] 30.4 | 31.9 | 31.4 | 18.6 | 28.4 26.9 | 205 20 18.2 | 15.6
Bankfull Width/Depth Ratio} 25.1 | 21.2 | 30.6 | 23.9 | 24.2 26.9 | 25.6 | 235 | 26.9 | 241
Bankfull Entrenchment Ratio} >5 >5 >5 4.7 3.8 >5 >5 >5 4.7 5.2
Bankfull Bank Height Ratioj 1 1 1 1 1 1 1 1 1 1
Cross Sectional Area between end pins (ft?)
d50 (mm)] _Silt Silt Silt Silt Silt Silt Silt Silt Silt Silt

"t is uncertain if the monitoring datum has been consistent over the monitoring history, which may influence calculated values.
MY1, MY2, MY3 data from a prior performer is not available.




THIS PAGE INTENTIONALLY LEFT BLANK



SWep JaABaQ WOl MO} PONPaJ 0} 8NP SNoJaWNU 0} 8np [suueyd Jo uolepelbby

‘MOJ}-9se(q Je JaA02 awos Bulpiroid sBoj/spemiooy 9| < ones yidaq

%001} Bld o [INpjueg ues|y : yydaq j00d Xe ~ Buluiejuiew sainjonlys Buiwioy jood JENGeH 7
(yuswnoop aouepinb Buuojiuow 433 Ul 8|qe} Sy} 10} aouepinb 89s) "%G| .
%001 Bld o paaoxa JOU Se0p 8oUBN|jUl JO JUBJXD SBINJONIIS BY} UIY}IM UOISOIL dueg uonosl0id Hued '€
%001 of (o174 ‘SWie 1o S||IS yjeausapun moj} [euelsans Aue Buijoe| sainyonis buidid ez
%001 [e174 (1% IS 8y} ssoloe apelb Jo asueusulew BunigIyxe SaINoNIs [01U0D dpel) |0Jju0D 8pels 'z
%001 o 14 'sBoj Jo siepinog pabpoisip ou yum joejul AjjeoisAyd senjonis Abaul [esano ‘T UMHMM%MMMHM
VN 0 0 %001 0 0 s[elol
VN 0 0 %001 0 0 asdejj0o Jo ‘Buinies ‘Buidwnis yueg Bunsem ssen ‘¢
‘Jeyjiqey buipiaoid ale pue
VN 0 0 %001 0 0 a|qeule)sns Jeadde ‘})sapow ale jey} synosapun apnjoul TON seod ‘Al nasapun 'z
sieadde Bunsem ssew jey} juaixa ayy 0} Buibueysano/nolepun syueg
uoIS0.d pue JNods . i
VN 0 0 %001 0 0 Jo/pue ymmolb Jood wouy Aldwis Buiynsal 1an00 aaleyeban Bupoe| yueg Buipoiz/painods 1 Aued g
%001 61 61 (ep119) Jepueaw jo weansumop je Bulsjuad Bamiey) z
%001 25 25 (uny) puaq Japueauw jo wealisdn je Buusjuad Bamey] | uonisod Bampeyl v
(3141 Wwansumop Jo peay pue ajyu weassdn
%00} s s 1O |1} UBSM]IS( SDUB)SIP SUIBIUdD JO % 0¢<) Seldoidde QibuaT g
%001 s [4°] (9°1 < wdaq IInpueg ues|y : ydaq |00d Xe|) Jusoyns Gidsq | i
° ' o |0od Japues|y '€
%0 (514 0 8jelisqns J9SIEOD SUlBJUIBW BIYIY - djessgng/ainixal | uonipuod BIPIY ¢
VN VN VN Buinoumop jJo aouapiag - Uonepeibaqg g
(sJ4eq juiod apnjoul o} Jou) Ajjesayel mopy]  (SHun uny pue ajyry) i
%0 «C819 VN 109|)0p Apueoyiubis o} Jusioyyns ymmolbuoiew.oy seq - tonepeibby “| AN[igels [eallan ' pag T
uoljelabaA uolyelsbaA uolyelsbaA papualu| se wmmw.,poo“_ Sjuswbas 1]INg-SY papusalu| se O8N Alobared-gqns Alobaie)d
Apoom Apoopn Apoopn Buiwiogiad a|geisun a|geisun ulJaqunN | Bulwiopiad jauueyd jauueyd
Buizijigers | Buizigels | Buiziigeis | ‘a|geiS9% | Jolunowy | jo JleaquinN [exoL ‘a|qe1s lofey
10} yum aberoo4|yim saquinn JaqunN

% paisnipy

s wssassy Alljigels ABojoydio weans [ensin ‘G ajqel




THIS PAGE INTENTIONALLY LEFT BLANK



Table 6. Monitoring Data - Stream Reach Data Summary

Key Branch Stream and Wetland Restoration Site - EEP Project 206

Additional Reach Parameters

Parameter MY-1 MY -2 MY-3 MY- 7 MY- 8
Dimension and Substrate - Riffle only | Min |Mean| Med | Max | sD* Min |Mean| Med | Max | sD* Min |Mean| Med | Max | sD* Min |Mean| Med | Max | SD* | n | Min [Mean| Med | Max | SD* | n
Bankfull Width (ft)] 23 1219]234]221 1541 23.3]|24.2]28.8
Floodprone Width (ft)| >100]>100]>100|>100 >100]>100]>100|>100
Bankfull Mean Depth (ft)I 09710971097 ] 0.9 0.7 1 1 1.3
Bankfull Max Depth (ft)l 1.83]12.13]1.97 ] 1.63 1.2 1.8 1.7 | 25
Bankfull Cross Sectional Area (ft2)| 223121412321 19.8 11.1]123.3|22.6]33.8
Width/Depth Ratio 23.7]1225]24.5] 251 16.7124.2| 23 | 35.6
Entrenchment Ratio >5 >5 >5 14.53 35| 44 | 41 >5
Bank Height Ratio 1 1 1 1 1 1 1 1
Profile
Riffle Length (ft)I 11 61 120 40 65 | 135 9.06 | 47.9]46.4 |101.6] 24.5 | 27 84 | 516|474 ]| 106 | 246 27
Riffle Slope (ft/ft)l 0 0.006]0.037 0.001 0.004]0.011 0.000]0.00030.00110.012]0.005] 27 }]0.000]0.004]0.003]0.012]0.003) 27
Pool Length (ft)I 22 46 70 28 75 | 178 172131712971 51.2]19.09] 26 §122]|31.8]|286|515]11.1] 26
Pool Max depth (ft)l
Pool Spacing (ft)I 39 113 | 252 32 111 | 246 256]1758]|76.8] 135 | 29 26 276 77.7)73.8]| 128 | 28.1| 26
Pattern
Channel Beltwidth (ft)I 91 118 | 144 91 118 | 144 6.9 | 56.9]| 57 | 129 | 35.3 214168.1]60.5]| 125 | 27.2
Radius of Curvature (ft)I 12 26 37 12 26 37 18 139.7| 40 73 | 144 18.8141.7 ] 36.9 ] 86.7 | 16.1
Rc:Bankfull width (ft/ft)]
Meander Wavelength (ft)l 179 189 | 215 179 189 | 215 58 | 139 | 139 | 207 | 42.3 646 | 161 | 174 | 223 | 37.2
Meander Width Ratio NA 53 ] NA NA 53 | NA 03| 26] 26| 5.8 1.391292]| 2.5 | 4.33

Rosgen Classificationl C6 C6 C6 C6 C6
Channel Thalweg length (ft)I 3023 3023 3023 3023
Sinuosity (ft)] 15 15 15 15
Water Surface Slope (Channel) (ft/ft)l 0.00041 0.00055 NA (dry channel) 0.00029
BF slope (ft/ft)l 0.000245 0.00049 0.00057 0.00065

Ri% I Ru% | P% | G% | S%

SC% /1 Sa% / G% / C% I B% ! Be%

d16/d35/d50/d84 / d95 |

% of Reach with Eroding Banks

Channel Stability or Habitat Metric

Biological or Other

Shaded cells indicate data not available.
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Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC

4.0 VEGETATION ASSESSMENT
4.1. Success Criteria

According to the Stream Mitigation Guidelines, the success criteria for vegetation
require that at least 320 planted stems per acre must be surviving after the third
growing season. The required survival criterion will decrease by 10 percent per year
after the third year of vegetation monitoring for two years (i.e., for an expected
288 stems per acre for Year 4, 260 stems per acre for Years 5 and beyond). NCDOT
Stem Counting Protocol was used as the standard sampling methodology.

4.2. Description of Species

Based on the mitigation plan, the wetland restoration area and the riparian restoration
area were to be planted with the following species:

Wetland Vegetation

Quercus pagoda (Cherrybark Oak)
Quercus phellos (Willow Oak)

Quercus michauxii (Swamp Chestnut Oak)
Quercus lyrata (Overcup Oak)

Quercus nigra (Water Oak)

Ulmus americana (American EIm)
Fraxinus pennsylvanica (Green Ash)
Betula nigra (River Birch)

Riparian Vegetation

Betula nigra (River Birch)

Salix nigra (Black Willow)
Cephalanthus occidentalis (Buttonbush)
Cornus amomum (Silky dogwood)

4.3. Results of Vegetation Monitoring

Eight vegetation monitoring (10 x 10 m2) plots were established to monitor planted
vegetation within the Site. Vegetation monitoring plots were separated into 4 riparian
vegetation plots and 4 wetland vegetation plots. During Year 8 monitoring, the Site
exceeded the vegetation success criteria with an average stem density of 283 stems
per acre for riparian plots (Table 6), and an average stem density of 750 stems per acre
for wetland plots (Table 7). Two riparian plots did not meet success criteria but did show
improvement throughout the overall monitoring period (Tables 8 and 9). Herbaceous
vegetation at the Site was found to be dense and healthy. (Photographs from the
vegetation plots are provided in Appendix C). Each plot exhibited good diversity and

Monitoring Year 8 (2011) 15 December 2011
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included between 5 and 9 species with 15 total species observed across all plots. Many

of the trees exhibited heights in excess of 8-10 feet.

Table 7. Results of Riparian Vegetation Plots Monitoring

Key Branch Stream and Wetland Restoration (NCEEP Project 206)

Riparian
Plots

R5
R6
R10
TOTAL

R1
Table 8. Results of Wetland Vegetation Plots Monitorin

Wetland
Plots

702
1175
440
684
3333

67
44
39

40
December 2011

190

50 | 12 | 15

15

16

67
Average Tree Density: 750

2 12

D2
D3
D5
D8
TOTAL

Monitoring Year 8 (2011)




Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC

Table 9. Riparian Plot Vegetation Summary Data

Riparian Plot Numbers
R5

Species

P
iy
P
(e}

Year R10

2005
2006
2007
2008
2009
2010
2011

Betula nigra
(River birch)

2005
2006

Fraxinus 2007
pennsylvanica 2008 12

(Green aSh) 2009 12

2010 12
2011 11

O|—_|lO|IN OO | =~ NN

2005
2006
2007
2008
2009
2010
2011

Quercus laurifolia
(Laurel oak)

2005
2006
2007
2008
2009
2010
2011

Quercus lyrata
(Overcup oak)

o|lw|~N|o|lo|o|v|[=2|o|lo|a|ojo|2 |2 | |IR|lw|w|=a|a|=2|2|a|lo|o|o

—_
—_

2005
2006
Quercus michauxii 2007
(Swamp chestnut 2008

oak) 2009
2010
2011

S|~ O|lO|OCO|O || IN|~|O|r|O|lO|O|O|O|O|O|O|O|OCO|O |||~
NININDNN O[O O[NNIV W|M{hlO|O|O|O|2|O|O|R|W|IW|IWIN|W|~r|lOW|W|W|W|O|O|O

O(O|O|O|O|O|O|O|OO|O|OM|O|O[=|IN|INIDNIN/O|O|O

IO |OO|IN|O| =
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Key Branch Stream and Wetland Restoration (NCEEP Project 206)

Anson County, NC

Table 9. (continued)

2005

1

2006

1

2007

1

Salix nigra
(Black willow)

2008

10

2009

10

2010

10

2011

13

OININ|~|W|W|—-

oO|lo|loo|lOo|U0|N| N

oO|lOoO|lO|lO|O|O|O

Table 10. Wetland Plot Vegetation Summary Data

Species

Wetland Plot Numbers

Year

O
N

D3

O
(3]
O
(o0}

Betula nigra
(River birch)

2005

2006

2007

2008

2009

2010

AR E KA

2011

Fraxinus
pennsylvanica
(Green ash)

2005

2006

AIBEININDNINI2(N[2~

2007

—_
—_

2008

2009

2010

2011

Quercus laurifolia
(Laurel oak)

2005

2006

2007

2008

2009

2010

2011

Wi A|A|a|lo|lw|~N|olr|rlo|r|NM|w|NMIMINMIMV—2|lo|o

Quercus lyrata
(Overcup oak)

2005

—
o

OIN|[~ |~ |O|d|O|O|d|N|N|W

2006

(&)

w

2007

(o]

-
(@)]

2008

—
o

-
(o]

2009

—
o
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Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC

Table 10. (continued)

—
N

Quercus lyrata 2010

A a
~ | ©

(Overcup oak) 2011

—_
~

2005

2006

2007

Quercus michauxii

(Swamp chestnut oak) 2008

2009

2010

2011

2005

2006

2007

Quercus pagoda

(Cherrybark oak) 2008

2009

2010

2011

2005

2006

2007

Quercus phellos

(Willow oak) 2008

2009

2010

2011

2005

2006

2007

Salix nigra

(Black willow) 2008

2009

2010
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Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC
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Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC

APPENDIX B

GROUNDWATER GAUGE HYDROGRAPHS
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Water Depth (in)
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Water Depth (in)
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Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC

APPENDIX C

SITE PHOTOS
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Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC

D2 — Vegetation Plot - facing north

D3 — Vegetation Plot - facing north
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Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC

D5 — Vegetation Plot - facing south

D8 — Vegetation Plot - facing north

Monitoring Year 8 (2011) December 2011



Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC

R5 — Vegetation Plot - facing northwest
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Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC

R6 — Vegetation Plot - facing southwest

R10 — Vegetation Plot - facing south

Monitoring Year 8 (2011) December 2011



Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC

After beaver dam removal at top of site. November 23, 2010

Beavers had returned to top of site by February 23, 2011

Monitoring Year 8 (2011) December 2011



Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC
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Key Branch Stream and Wetland Restoration (NCEEP Project 206) Anson County, NC

APPENDIX D

STREAM SURVEY DATA
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Survey Data Cross—Section 2 — Run
Station Elevation Feature
0 99.11 | @LPIN 101
9.18 98.94
13.45 98.16 EEESEN  Year—7 SURVEY (2010)
14.87 97.68 10
17.69 97.08 c EEmTEN Year—8 SURVEY (2011)
25.75 97.03 [e) @ Bankfull
27.71 97.61 o}
32.52 98.74 O 99 4
37.60 9891 | @RPIN W
— NOTES:
Ll
1. All cross—sections facing
) @ mW the downatream direction.
> 2. Cross—section stationing
nU represents approximate field
O locations.
° 9/ ™
(2 v
96
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Station
Summary Data
[Bankiul Cross—Sectonal Area 249
[Banktull width 223 o
[Bankfull Mean Depth 1.1 - :
_uma.i:: Nax Depth 1.7 o S wel 0 .MH d 1%
Width/Depth Ratio N/A )
Entrenchment_Rotio N/A Cross—section, upstream looking downstream Cross—section, looking at right bank
Classification N/A
Title |Cross-Section 2
a ﬂrlfu Project Key Branch Wetland and Stream Restoration Site, Anson County _ Po_mvn,.wz‘wm namm\“m:o: 3
>I—I—A— Z w Fogsysiem Survey Date Survey Weather Field Team Location
L 1/14/11 — 11/15/11 Sunny Jeremy Schmid, Jeff Siceloff, Kirsten Hunt Station 17+00

Key Branch Restoration Site
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Survey Data

Cross—Section 4 — Pool

Station Elevation Feature

0 99.14 | @LPIN

3.91

13.35

18.58

22.55

36.46

30.44

30.84

36.02

43.96

51.97 @RPIN

101

O

@ @ IVII

Elevation

98

ive

A N
A

N

=N Year—7 SURVEY (2010)
Em=mNN Year—8 SURVEY (2011)

@ Bankfull

NOTES:

1. All cross—sections facing
the downstream direction.

2. Cross—section stationing
represents approximate field

ATKINS B2

m \ locations.
o 9/
[0 (\“
=
96
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Station
Summary Data
[Bankiul Cross—Sectonal Area 29.3
[Banktull width 22.1
—umo.,x?: Mean Depth 1.3
[Bankfull Max Depth 2.3
Width/Depth Ratio N/A . . . .
Entrenchment Ratio N/A Cross—section, upstream looking downstream Cross—section, looking at right bank
Classification N/A
Title |Cross-Section 4
Project Key Branch Wetland and Stream Restoration Site, Anson County _ va_mﬂn,.wcﬁ namm\“m:o: 7

Survey Date
11/14/11 = 11/15/11 Sunny

Survey Weather Field Team
Jeremy Schmid, Jeff Siceloff, Kirsten Hunt

Location
Station 26+50

Key Branch Restoration Site
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Survey Data

Cross—Section 6 — CGlide

NATKINS

S

Fix ST

Station Elevation Feature
0] 99.75 @LPIN \4 Og
4.02 99.72
10.97 99.45 BN Year—7 SURVEY (2010)
18.51 99.43 \4 O
7159 9876 c " Year—8 SURVEY (2011)
25.34 98.20 ) -
28.03 97.82 S e ekl
32.29 98.05 O @@
34.51 98.77 w I \
39.9 99.69
2L NOTES:.
46.46 99.91 Ll I” - dons fock.
54.06 100.06 | | R eni dadmcar it
56.55 o] o 20 N ® downatreom direction
> N 2. Cross—section stationing
nU represents approximate field
O locations.
© 9/
o
96
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Station
// / 1i \.. F
Summary Data
[Bankiul Cross—Sectonal Area 18.4
[Banktull width 19.9
—umo.,x?: Mean Depth 0.9
Bankfull Max Depth 1.6
Width/Depth Ratio N/A ) . . .
Entrenchment Ratio N/A Cross—section, upstream looking downstream Cross—section, looking at right bank
Classification N/A
Title |Cross-Section 6
Project Key Branch Wetland and Stream Restoration Site, Anson County _ va_mﬂn,.wcﬁ namm\mwMMr.o: 5

Survey Date Survey Weather Field Team
Jeremy Schmid, Jeff Siceloff, Kirsten Hunt

11/14/11 = 11/15/11 Sunny

Location
Station 35+00

Key Branch Restoration Site
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Survey Data

Cross—Section 8 — Pool

NATKINS

Foasysf

Station Elevation Feature
0 99.26 QLPIN \4 OA
1.52 98.95
9.25 98.39 EEESEN  Year—7 SURVEY (2010)
14.84 97.67 10
19.48 96.14 c DN Year—8 SURVEY (2011)
23.64 96.57 le) @ Bankfull
31.93 97.74 S
35.23 98.60 O g9
39.06 98.60 W
44.66 99.01
— NOTES:
56.60 99.03 | @RPIN Ll N
@ mW 1. All cross—sections facing
o the downatream direction.
> 2. Cross—section stationing
e} represents approximate field
locations.
o
o 9/
= /
=
96
0 5 10 15 20 25 30 35 40 45 50 55
Station
Summary Data
[Bankiul Cross—Sectonal Area 343
[Banktull width 26.3
—umo;xE: Mean Depth 1.3
[Bankfull Max Depth 2.4
Width/Depth Ratio N/A ) . . .
Entrenchment_Rotio N/A Cross—section, upstream looking downstream Cross—section, looking at right bank
Ciassification N/A
Title |Cross-Section 8
ﬂrlfu Project Key Branch Wetland and Stream Restoration Site, Anson County _ Po_mﬂn,.wz‘wm nsmm\“m:o: 5

Survey Date

11/14/11 = 11/15/11

Survey Weather

Sunny

Field Team
Jeremy Schmid, Jeff Siceloff, Kirsten Hunt

Location
Station 44+00

Key Branch Restoration Site
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Survey Data

Cross—Section 10 — Riffle

NTKIN

| cosysfem

Station Elevation | Feature
0 100.28 | @QLPIN \4 Oé
4.84 100.08 mm—— Year—7 SURVEY (2010)
8.71 99.56
T4.36 95.94 10 JI m— Year—8 SURVEY (2011)
18.12 98.90 N
2270 99.26 5 N 4 —Bandul
24.60 99.79 S v
28.41 100.13 O @@
34.14 100.20 | @RPIN w
— NOTES:
Ll
1. All cross—sections facing
) @ mW the downstream direction.
> 2. Cross—section stationing
HU represents approximate field
locations.
o
o 9/
[
96
0 S 10 15 20 25 30 35 40 45 50 55 60 65
Station
Summary Data
[Bankiul Cross—Sectonal Area 17.3
[Banktull width 24.8
—umo;xE: Mean Depth 0.7
Bankfull Max Depth 1.0
Width/Depth Ratio 35.4
rtrenchment_Ratio 4.0 Cross—section, upstream looking downstream
Classification 3
Title |Cross-Section 10
WIH Project Key Branch Wetland and Stream Restoration Site, Anson County _ Po_mvn,.wz‘wm nsmm\mmmmnmza; =

Survey Date Survey Weather
11/14/11 = 11/15/11 Sunny

Field Team

Jeremy Schmid, Jeff Siceloff, Kirsten Hunt

Location
Station 53+00

D10 Key Branch Restoration Site

EEP Project No. 206
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Survey Data Cross—Section 12 — Riffle
Station Elevation Feature
0 99.92 @LPIN 101
8.95 100.05
15.39 99.92 I BN Year—7 SURVEY (2010)
22.58 99.15
1 OO0t N = = Year—8 SURVEY (2011)
25.86 98.40 I -
27.92 98.17 o N = @ Banktul
30.45 98.05 o}
35.10 99.03 O 99
37.93 99.59 w
4422 99.84 9 B NOTES:
51.13 . N
5500 Mm Mm ORPIN L lll 1. Al cross—sections facing
: . o 98 the downatream direction.
> 2. Cross—section stationing
nU represents approximate field
locations.
o
o 9/
[
96
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Station
Summary Data
[Bankiul Cross—Sectonal Area 15.6
[Banktull width 19.4
—umo;xE: Mean Depth 0.8
Bankfull Max Depth 15
Width/Depth Ratio 24.3
Entrenchment Rotio 5.2 Cross—section, upstream looking downstream
Classification C
Title |Cross-Section 12
ﬁs ﬂrlfu Project Key Branch Wetland and Stream Restoration Site, Anson County _ Po_mvn,.wz‘wm nsmm\“m:o: >
>I—I—A— Z pu Fomstem Survey Date Survey Weather Field Team Location
L 11/14/11 — 11/15/11 Sunny Jeremy Schmid, Jeff Siceloff, Kirsten Hunt Station 61400

D12 Key Branch Restoration Site

EEP Project No. 206
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