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MONITORING SUMMARY

The Horse Creek (Wake Forest Country Club) stream restoration project includes 2,825 linear feet (If) of
Horse Creek and 550 If of an Unnamed Tributary (UT) to Horse Creek. Prior to restoration the stream
was classified as a Rosgen C/E5 stream. The majority of the pre-construction stream bank lacked natural
vegetation which resulted in increased bank erosion and reduced buffer filtration rates. Restoration of
Horse Creek called for a Rosgen C5 stream, reconnected the stream to its original floodplain in a new
alignment, and increased stream length and sinuosity. The UT was an entrenched, straight, G5e. The
design for the UT called for a Rosgen E5 channel, raised the profile, and reconnected the stream to its
floodplain along a new alignment. In General, the restoration supports the EEP goal of the protection and
improvement of water quality by restoring wetland, stream and riparian area functions and values lost
through historic, current, and future impacts. Specifically, the stream restoration has the following
objectives:

. Reduction of downstream sedimentation by stabilizing eroding stream banks within the
WFCC property;

. Replacement of a degraded stream reach with a stabilized stream which supports natural
stream processes;

. Reduction in property loss within the WFCC property;

. Improved aquatic habitat, including pools for fish, woody debris for habitat, and reduction in
water temperature from shading of riparian trees; and

. Improved aesthetics of the restored stream reach.

. Nitrogen reduction to Falls Lake and the Neuse River by establishing new riparian buffer to
filter nutrients along the denuded reach within the WFCC;

. Additional source water protection for Falls Lake, the City of Raleigh’s water supply through
buffer establishment; and

. Establishment of riparian corridor for wildlife between existing wooded areas.

The most notable vegetation problems were long sections of floodplain that had been mowed as part of
regular fairway maintenance before the country club closed. These areas are located along the upper two
thirds of the Horse Creek mainstem and along the entire UT section. These areas continue to fill in with
vegetation since the closing of the golf course in the fall of 2007. The riparian area adjacent to Horse
Creek below the confluence with Ut Horse Creek contains significant populations of Ligustrum sinense
and smaller pockets of Lonicera japonica.

A supplemental invasive exotic species assessment was performed during September 22 and 23, 2009.
The site has been treated for exotics and invasives during the 2010 growing season and will continue to be
treated during the 2011 growing season. Supplemental planting is scheduled for late 2011.

The vegetation plots (VP) impacted by past-mowing (i.e., VP C, E, I, and O) have stem densities below
260 stems/acre (Monitoring Year 5 goal). Planted stems across all plots were measured at 243 stems /
acre. Although planted stem densities were less than the Monitoring Year 5 goal, overall stem densities
including native volunteers exceeded 260 stems / acre. Growing conditions appear to support locally
adapted species. However, supplemental plantings will benefit several regions.
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Year 5 monitoring continued to show that the Horse Creek main stem continues to exhibit bank instability
in the form of bank erosion and slumping. Overall approximately 8% of the stream banks can be
classified as unstable. The actual cause of these erosional areas may be attributed to a combination of
steep banks, a lack of soil stability, and/or a lack of deeply rooted vegetation in these areas. In-stream
structures instability was observed in two sections: within the UT between stations 12+00 and 13+00 and
within the main stem between stations 34+00 and 39+00. Bank protection and piping are the dominant
failures within the project reaches. Evidence of new Beaver dams along the main stem was observed
below the Station 25+00.

The UT Horse Creek reach has remained stable for Monitoring year 5. The headcut observed in
Monitoring Years 2,3, and 4 has progressed upstream only a couple of inches during Year 5. As in Year
4, the UT reach was essentially dry at the time of surveying, and appeared to have been dry for a while as
grass was growing in the channel along nearly the entire reach. The section of rising stream bed
mentioned in Year 4 has maintained grade. Only the upstream portion of the channel, from the culvert
outlet at the upstream end to the headcut (Station 10+59), had water in the channel. This grass growth
and resulting soil development within the channel may have contributed to the observed streambed rise in
the downstream aggradational area. In addition, two cross vanes (Stations 12+28 and 12+77) had water
piping around and/or under some part of the structure.

Summary information/data related to the occurrence of items such as beaver or encroachment and
statistics related to performance of various project and monitoring elements can be found in the tables and
figures in the report appendices. Narrative background and supporting information formerly found in

these reports can be found in the mitigation and restoration plan documents available on EEPs website.
All raw data supporting the tables and figures in the appendices is available from EEP upon request.
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METHODOLOGY
Vegetation Methodology

The following methodology was used for the stem count. The configuration of the seven (7) vegetation
plots was marked out with tape to measure 10 meters by 10 meters (or equivalent to 100 square meters)
depending on buffer width. The planted and naturalized woody material in the plot was marked with
flagging. Plot inventories were conducted per the 2006 CVS-EEP Level Il Protocol for Recording
Vegetation (EEP 2007).In 2007, EEP requested that only vegetation plots C, E, F, |, K, L, and O be
monitored. These plots were carried forward for the 2010 monitoring year.

Stream Methodology

The project monitoring for the stream channel included a longitudinal survey, cross-sectional surveys, and
photo documentation. These measurements were taken at each reach. The stationing was based on
thalweg. The methodology for each portion of the stream monitoring is described in detail below.

Longitudinal Profile and Plan View

A longitudinal profile was surveyed for both reaches with a Nikon DTM-520 Total Station, prism, and a
TDS Recon Pocket PC. The heads of features (i.e., riffles, runs, and pools) were surveyed, as well as the
point of maximum depth of each pool, boundaries of problem areas, and any other significant slope-
breaks or points of interest. At the head of each feature and maximum pool depth, the thalweg, water
surface, edge of water, left and right bankfull, and left and right top of bank (if different than bankfull)
were surveyed. All profile measurements were extracted from this survey, including channel and valley
length and length of each feature, water surface slope for each reach and feature, bankfull slope for the
reach, and pool spacing. This survey also was used to draw plan view figures with Microstation v8
(Bentley Systems, Inc., Exton, PA) for each reach, and all pattern measurements (i.e. meander length,
radius of curvature, belt width, meander width ratio, and sinuosity) were extracted from the plan view.
Stationing was calculated along the thalweg.

Permanent Cross Sections

Six permanent cross sections (three riffles and three pools) were surveyed along Horse Creek and two
permanent cross sections (one riffle and one pool) were surveyed along the UT. The beginning (i.e., left
bank facing downstream) and end of each permanent cross section were originally marked with a wooden
stake and metal conduit. Cross sections were installed perpendicular to the stream flow. Each survey
noted all changes in slope, tops of both banks, left and right bankfull, edges of water, thalweg, and water
surface. The cross sections were then plotted, and Monitoring Year 5 data was overlain on Monitoring

Years 0 through 4 for comparison. Monitoring Year 1 cross sections were not included per a 2007 EEP

comment asking SEPI to remove these from the overlay figures based on the low survey accuracy. All

dimension parameters (i.e. bankfull width, floodprone width, bankfull mean depth, cross sectional area,

width-to-depth ratio, entrenchment ratio, bank height ratio, wetted perimeter, and hydraulic radius) were

extracted from these plots and compared to data from all previous monitoring years.

Pebble Counts

Based on the fact that Horse Creek and UT to Horse Creek are sand bed streams, it was determined that
pebble counts were unnecessary as they would fail to detect increases in fine sediments. Therefore,
pebble counts were not performed for Monitoring Year 5.
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Photo Documentation

Permanent photo points were established during Monitoring Year 1. A set of three photographs (facing
upstream, facing downstream, and facing the channel) were taken at each photo point with a digital
camera. Two photographs were taken at each cross-section (facing upstream and downstream). A
representative photograph of each vegetation plot was taken southern-most corner closest to the channel.
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Appendix A
Project Vicinity Map and Background Files



Project: Horse Creek (Wake Forest Country Creek) (EEP #409) Year 5 (2010) Monitoring, Wake County, N
Carolina

prth

April 2011

Figure 1. Project Location Map




Table 1. Project Restoration Components
Hor se Creek/EEP Project Number 409
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Horse N N 0+00 — | 10400 — | Channel
Creek |2.890 |7 PI&PIM 12,899 | 58,99 |39+69 | relocation.
UT to 0+00 —

10+00 — Channel

Horse 612 R~ PI 548 5+48 .
Creek 15+52 relocation.
* denotes that the Restoration Plan states Priority 1 for the stream, except “at the intersections, the proposed reach will be
Priority 2".

“P” in the Approach column refers to Priority Level.

" denotes that the Restoration Plan states the stream channel was elevated and reattached to its flood plain.
P1 denotes Priority |

Pl denotes Priority 11

R denotes Restoration

Table2. Project Activity and Reporting History
Horse Creek Stream Restor ation/EEP Project Number 409
Data Collection | Actual Completion

Activity or Report Scheduled Completion Complete or Delivery
Restoration Plan 2002 November 22, 2002
Final Design - 90% 2003 March 27, 2003
Construction 2003 April 1, 2005
Temporary S&E mix applies to entire project area 2003 April 1, 2005
Permanent seed mix applies to reach/segments [1&2 2003 April 1, 2005
Containerized and B&B plantings for
reach/segments 1&2 2003 April 1, 2005
Mitigation Plan/ As-built (Year O Monitoring -
baseline) 2003
Year 1 monitoring December 2006 August 2006 August 1, 2006
Year 2 monitoring December 2007 November 2007  December 21, 2007
Year 3 monitoring December 2008 November 2008 December 5, 2008
Year 4 monitoring December 2009 October 2009 November 20, 2009
Year 5 monitoring December 2010 October 2010 November 20, 2010




Table 3. Project Contact Table

Horse Creek (Wake Forest Country Club) /EEP Project Number 71082

Designer
Kenneth Ashe, PE

Dewberry & Davis, Inc

2301 Rexwoods Drive, Suite 200
Raleigh, NC 27607
919-881-9939

Construction Contractor
Allen Eudy

Contaminant Control, Inc
438-C Robeson Street
Fayetteville, NC 28301
910-484-7000

Planting Contractor
Jim Matthews, Ph.D.

HARP

9305-D Monroe Road
Charlotte, NC 28270
704-687-4061

Seeding Contractor
Andrew Van Vlack

705 Comphrey Court
Wake Forest, NC 27587
919-570-6163

Seed Source

Mellow Marsh Farm
1312 Woody Store Road
Siler City, NC 27344
919-742-1200

Nursery Stock Suppliers

Mellow Marsh Farm
1312 Woody Store Road
Siler City, NC 27344
919-742-1200

2006 (Year 1) Monitoring
Performers
Kenneth Ashe, PE

Dewberry & Davis, Inc

2301 Rexwoods Drive, Suite 200
Raleigh, NC 27607
919-881-9939

2007-2010 (Year 2 - 5) Monitoring
Performers
Phillip Todd

SEPI Engineering Group
1025 Wade Avenue
Raleigh, NC 27605
919-789-9977

2010 Stream Monitoring POC

Andy Kiley (919) 789-9977

2010 Vegetation Monitoring POC

Phil Beach (919) 789-9977

Wetland Monitoring POC

N/A




Table 4. Project Background Table

Horse Creek (Wake Forest Country Club) /EEP Project Number 71082

Horse Creek

UT to Horse Creek

Project County

Wake

Wake

Drainage Area

7.9 square miles

1.6 square miles

Drainage impervious cover

estimate (%) 8% <5%
Stream Order 3 18
Physiographic Region Piedmont Piedmont
Ecoregion 45f 45f
tF)(ltj)i?tgen Classification of As- cs E5
Cowardin Classification N/A N/A
Dominant soil types Chewacla Chewacla

Reference site ID

Little Beaver Dam

UT to Barton Creek

USGS HUC for Project and

03020102 03020102
Reference
NCI_DWQ Sub-basin for 03-04-01 03-04-01
Project and Reference
NCDWQ classification for WS-IV WS-V
Project and Reference
Any portion of any project
segment 303d listed? No No
Any portion of any project
segment upstream of a 303d| No No
listed segment?
Reasons for 303d listing or N/a N/A
stressor
% of project easement fenced 0 0
% of project easement
demarcated with bollards (if | 100 100

not fenced)




Appendix B
Visual Assessment Data
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Cross-Section 1: View downstream. Horse Creek (11-10-2010

).

Cross-Section 1: View upstream. Horse Creek (11-10-2010)

Cross-Section 2: View Downstream. Horse Creek (11-10-201

).

Cross-Section 2: View upstream. Horse Creek (11-10-2010)

Cross-Section 3: View downstream. Horse Creek (11-10-201

D)

Cross-Section 3: View upstream. Horse Creek (11-10-2010)




Cross-Section 4: View downstream. Horse Creek (11-10-2010

).

Cross-Section 4: View upstream. Horse Creek (11-10-2010)

Cross-Section 5: View downstream. Horse Creek (11-10-2010

).

Cross-Section 5: View upstream. Horse Creek (11-10-2010),

Cross-Section 6: View downstream. Horse Creek (11-10-2010

).

Cross-Section 6: View upstream. Horse Creek (11-10-2010),




Cross-Section 7: View downstream. UT Horse Creek (11-10-20

10). Cross-Section 7: View upstream. UT Horse Creek (11-10-201(

Cross-Section 8: View downstream. UT Horse Creek (11-10-20

10). Cross-Section 8: View upstream. UT Horse Creek (11-10-201(

Photo-Point 1: View downstream. Horse Creek (11-10-2010)

Photo-Point 1: View upstream Horse Creek (04-29-2011)

~

~



Photo-Point 2: View downstream. Horse Creek (11-10-2010)

Photo-Point 2: View upstream. Horse Creek (11-10-2010)

Photo-Point 3: View downstream Horse Creek (11-10-2010).

Photo-Point 3: View upstream Horse Creek. (11-10-2010).

Photo-Point 4: View downstream. Horse Creek (11-10-2010)

Photo-Point 4: View upstream. Horse Creek (11-10-2010).




Photo-Point 5a: View downstream. UT Horse Creek (11-10-2010). Photo-Point 5a: View upstream. UT Horse Creek (11-10-2010).

Photo-Point 5b: View downstream. Horse Creek (11-10-2010). Photo-Point 5b: View upstream. Horse Creek (11-10-2010).

Photo-Point 6: View downstream. Horse Creek (11-10-2010) Photo-Point 6: View upstream. Horse Creek (11-10-2010).




Photo-Point 7: View downstream. Horse Creek (11-10-2010) Photo-Point 7: View upstream. Horse Creek (11-10-2010).

Photo-Point 8: View downstream. Horse Creek (04-29-2011) Photo-Point 8: View upstream. Horse Creek (11-10-2010).

Photo-Point 9: View downstream. UT Horse Creek (11-10-201(¢). Photo-Point 9: View upstream. UT Horse Creek (04-29-2011)




Photo-Point 10: View downstream. UT Horse Creek (11-10-201

0) Photo-Point 10: View upstream. UT Horse Creek (11-10-2010).

Photo-Point 11: View downstream. UT Horse Creek (11-10-201

0). Photo-Point 11: View upstream. UT Horse Creek (11-10-2010).

Photo-Point 12: View downstream. UT Horse Creek (11-10-201

0). Photo-Point 12: View upstream. UT Horse Creek (11-10-2010).




Photo 1: Vegetation Plot C (10-4-2010)

Photo 2: Vegetation Plot E (10-4-2010)

Photo 3: Vegetation Plot F (10-4-2010)

Photo 4: Vegetation Plot | (10-4-2010)

Photo 5: Vegetation Plot K (10-4-2010)

Photo 6: Vegetation Plot L (10-4-2010)




Photo 7: Vegetation Plot O (10-4-2010)




Appendix C
Vegetation Plot Data



Table 7. Vegetation Plot Mitigation Success Summary Table

Tract

Vegetation
Plot ID

Vegetation Survival
Threshold Met?

Tract Mean
(Stems per Acre)

Wake Forest
Country Club

No

No

Yes

No

Yes

Yes

oI | X|—=|T|m|O

No
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Appendix D
Stream Survey Data
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Pebble counts were not performed for Horse Creek or UT to Horse Creek during Monitoring
Year 5 because they are sand bed streams and the counts would not successfully detect changes
in the amounts of fine sediments in the channel bed.
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Appendix E
Hydrologic Data
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