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I A Axiom Environmental, Inc,

218 Snow Avenue, Raleigh, NC 27603 919-215-1693

Axiom Environmental, Inc.

January 6, 2022

Mr. Jeremiah Dow

North Carolina Department of Environmental Quality
Division of Mitigation Services

1652 Mail Service Center

Raleigh, North Carolina 27699-1652

RE: Mud Lick Creek Monitoring (DMS Project # 93482, Contract #7683)
Final MY4 (2021) Annual Monitoring Report

Dear Mr. Dow:

Axiom Environmental, Inc. (AXE) is pleased to provide you with the Final Mud Lick Creek MY4 (2021)
Annual Monitoring Report. We received your comments via email on January 4, 2022, and have addressed
them as follows:

1.

In the fish sampling report in Appendix F, it appears that the Reach 2 baseline NCIBI score of 20 was
summed incorrectly and should have been 24. We don’t expect you to have Three Oaks change the report
but simply wanted to note it for the record so it can be corrected for the next round of fish monitoring.
This has been noted and will be corrected during MY 7 fish monitoring.

Please submit the stream areas of concern features as lines and ensure that these areas are reflected in
Table 5.

A stream areas of concern line feature has been included in the digital submittal. These areas were not
included on Table 5 due to the fact that they occur on Enhancement II reaches.

Please ensure that areas outside of the main channel (determined by the low bank height) are excluded
from the cross sectional area calculation before the bankfull elevation is adjusted to achieve the MY0
cross sectional area. For example, XS-4 should have a BHR less than 1.0 when these points are excluded.
Areas outside the main channel were excluded from the cross-sectional areas prior to adjusting the
bankfull elevation for all cross-sections. Cross-section 4 has a low bank height of 2.047941 and BF max
depth of 2.063948, making its bank height ratio 0.99, which was rounded to 1.0.

We recommend removing the green dotted line on all cross sections. Also, it may make analysis easier
to display the MY-04 LTOB as a line instead of a point. We also recommend not reporting BHR on
pools, and we really only need to see LTOB identified on pool features.

The MYO0 TOB line was removed from all cross-section figures. The MY-04 LTOB point was changed
to a line. BHR values were removed from pool cross-sections.

Please let me know if you have any questions or comments regarding any component of this submittal. Thank
you for the opportunity to continue to assist the Division of Mitigation Services with this important project.

Sincerely,
AXIOM ENVIRONMENTAL, INC

Kenan Jernigan



PROJECT SUMMARY

The North Carolina Division of Mitigation Services (NCDMS) has established the Mud Lick Creek
Mitigation Site (Site) located within the Cape Fear River Basin Cataloging Unit (CU) 03030003 in the
Upper Rocky River local watershed planning (LWP) area and 14-digit HUC 03030003070010. The Site
was identified as a priority mitigation project in the Detailed Assessment and Targeting of Management
Report (Tetra Tech 2005). The main stressors to aquatic resources identified during the watershed
assessments described in the LWP documents include the following.

Nutrient (nitrogen and phosphorous) loading from farming;

Sediment loading from overland runoff, disturbed surfaces, and streambank erosion;
Cattle access to streams increasing bank erosion and fecal coliform contamination; and
Insufficient bank vegetation.

The project will contribute to meeting management recommendations to offset these stressors as
described above for the LWP area by accomplishing the following primary goals.

e Control and reduce nutrient sources from the Site;

e Reduce sediment loads from disturbed areas on the Site and from eroding stream banks;
Increased aeration of flows within the project extent promoting increases in dissolved oxygen
concentrations;

Reduce sources of fecal coliform pollution;

Improve instream habitat;

Reduce thermal loadings;

Reconnect channels with floodplains and raise local water table; and

Restore riparian habitat.

These goals will be accomplished through the following objectives:

e Restore riparian vegetation on the Site and thereby reduce sediment loads to streams from stream
banks and existing pastures, increase on-Site retention of sediment and nutrients, create riparian
habitat, and provide shade for streams to reduce thermal loadings;

e Stabilize eroding streambanks to reduce sediment inputs;

o Install fencing around the perimeter of the conservation easement to eliminate livestock access
to streams, thereby reducing sediment, nutrient, and fecal coliform inputs;

e Plant restored and stabilized streambanks with native species to improve stability and habitat;

e Install instream structures to improve stability, create habitat, and help aerate stream flows;

e Raise streambeds to reconnect restored channels to floodplains and raise local water tables; and

e Restore streams and vegetation so the Site looks natural and aesthetically pleasing.

Stream Success Criteria: The stream restoration performance criteria for the Site will follow approved
performance criteria presented in the 2015 Mud Lick Creek Mitigation Site Final Mitigation Plan as
described below.

Stream Dimension: Riffle cross-sections on the restoration reaches and enhancement II reaches, where
banks were re-graded (three reaches of Mud Lick Creek), should be stable and should show little change in
bankfull area, maximum depth, and width-to-depth ratio. Bank-height-ratios shall not exceed 1.2 and
entrenchment ratios shall be at least 2.2 for restored channels to be considered stable. All riffle cross-
sections should fall within the parameters defined for channels of the appropriate stream type. If any
changes do occur, these changes will be evaluated to assess whether the stream channel is showing signs
of instability. Indicators of instability include a vertically incising thalweg or eroding channel banks.
Changes in the channel that indicate a movement toward stability or enhanced habitat include a decrease in

2021 MY4 Annual Monitoring Report (Final) Executive Summary page i
Mud Lick Creek Mitigation Site (DMS Project # 93482)



the width-to-depth ratio in meandering channels or an increase in pool depth. Remedial action would not
be taken if channel changes indicate a movement toward stability.

Stream Pattern and Profile: The as-built survey will include a longitudinal profile for the baseline
monitoring report. Longitudinal profile surveys will not be conducted during the seven-year monitoring
period unless other indicators during the annual monitoring indicate a trend toward vertical and lateral
instability.

Substrate: Substrate materials in the restoration reaches should indicate a progression towards or the
maintenance of coarser materials in the riffle features and smaller particles in the pool features.

Hydraulics: Two bankfull flow events, in separate monitoring years, must be documented on the restoration
reaches and enhancement II reaches where banks were re-graded (three reaches of Mud Lick Creek) within
the seven-year monitoring period.

Vegetation Success Criteria: The final vegetative success criteria will be the survival of 210 planted
stems per acre in the riparian corridor along restored and enhanced reaches at the end of the required
monitoring period (year seven). The interim measure of vegetative success for the Site will be the survival
of at least 320 planted stems per acre at the end of the third monitoring year and at least 260 stems per acre
at the end of the fifth year of monitoring. If this performance standard is met by year five and stem density
is trending towards success (i.e., no less than 260 stems/acre), monitoring of vegetation on the Site may be
terminated with written approval by the USACE in consultation with the NC Interagency Review Team.
The extent of invasive species coverage will also be monitored and controlled as necessary throughout he
required monitoring period (seven years).

Photo Documentation: Photographs should illustrate the Site’s vegetation and morphological stability on
an annual basis. Cross-section photos should demonstrate no excessive erosion or degradation of the banks.
Longitudinal photos should indicate the absence of persistent bars within the channel or vertical incision.
Grade control structures should remain stable. Deposition of sediment on the bank side of vane arms is
preferable. Maintenance of scour pools on the channel side of vane arms is expected.

Visual Assessments: Visual assessments should support performance standards as described above.

As per Sections 7.2 and 12.4 of the Mitigation Plan, physio-chemical and biological parameters were
included as part of specialized monitoring, depending on the data that could be obtained during the baseline
period. Monitoring of these parameters was for investigative purposes only and not tied to mitigation
success or credit. The sample size and variability of the pre-construction physio-chemical data was
inadequate for the purposes of post-construction comparison and therefore, these will not be monitored
moving forward. However, fish and macrobenthos will be monitored at the stations indicated in the asset
and monitoring features map (Figure 2, Appendix B).

Site Background: The Site is located in northwestern Chatham County, north of Siler City and northwest
of Silk Hope (Figure 1, Appendix B). The Site is located within United States Geological Survey (USGS)
Hydrologic Unit and Targeted Local Watershed 03030003070010 (North Carolina Division of Water
Resources Subbasin 03-06-12) of the Cape Fear River Basin. Prior to construction, the Site was used for
agricultural livestock production. The proposed project will improve water quality as well as provide
numerous ecological benefits within the Cape Fear River Basin. The project will help meet management
recommendations of the Upper Rocky River Local Watershed Plan by restoring a vegetated riparian buffer
zone, stabilizing eroding stream banks, and removing livestock from streams and riparian zones. These
activities will result in reduced nutrient, sediment, and fecal coliform inputs; improved aquatic and riparian
habitat, and other ecological benefits.
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Mitigation Components: Project mitigation efforts will generate 2832 Stream Mitigation Units (SMUs)
as the result of the following (Table 1, Appendix A & Figure 2, Appendix B).

e Restoration of 1215 linear feet of Site streams

e Enhancement (Level 1) of 2426 linear feet of Site streams

Site design was completed in June 2015. Site construction occurred May 24—August 25, 2017 (final
walkthrough) and the Site was planted in February 2018. Completed project activities, reporting history,
completion dates, project contacts, and project attributes are summarized in Tables 1-4 (Appendix A). The
assets and credits in the report and shown in Table 1 are based upon approved as-built numbers as approved
by the IRT on 11/1/2018.
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1.0 METHODS

Monitoring of restoration efforts will be performed for seven years, or until success criteria are fulfilled.
Monitoring is proposed for the stream channel and vegetation. In general, the restoration success criteria,
and required remediation actions, are based on the Stream Mitigation Guidelines (USACE et al. 2003).
Monitoring features are summarized in the following table and described below; monitoring features are
depicted on Figure 2 (Appendix B).

Monitoring Summary

Parameter | Monitoring Feature | Quantity | Frequency
Streams
Dimension Cross-sections 7 riffles & 3 pools annually
Substrate Pebble counts 3 riffles annually
Hydrology Crest gauges 3 annually
. Vegetation Plots 12 annually
Vegetation Warranty Plots 10 MY1
Visual assessments Entire Site biannually
Exotic & nuisance species Entire Site annually
Project boundary Entire Site annually
Reference photographs 22 annually
Supplemental Monitoring
5 sites (Preconstruction only)
Macrobenthos 3 sites (MY3, MY5, & MY7)
Biological 3 sites (Preconstruction only)
Fish 2 sites (MY4 & MY7)
Streams

The restored stream reaches are proposed to be monitored for geometric activity as follows.

7 permanent riffle cross-sections

3 permanent pool cross-sections

3 riffle pebble count samples for substrate analysis
3 stream crest gauges

The data will be presented in graphic and tabular format. Data to be presented will include 1) cross-
sectional area, 2) bankfull width, 3) average depth, 4) maximum depth, and 5) width-to-depth ratio.
Substrate analysis will be evaluated through pebble counts at three riffle cross-sections and data presented
as a D50 for stream classification and tracking purposes. The stream will subsequently be classified
according to stream geometry and substrate (Rosgen 1996). Significant changes in channel morphology
including bank-height-ratios and entrenchment ratios will be tracked and reported by comparing data to
asbuilt measurements in addition to each successive monitoring year. Annual photographs will include 22
fixed station photographs (12 vegetation plots and 10 cross-sections) (Appendix B). The Site contains three
stream crest gauges to assist with documentation of bankfull events. No bankfull events were documented
during monitoring year 4 (2021), lack of bankfull events is attributed to a relatively dry year and lack of
tropical systems that have historically trigged these events. A of total of five bankfull events have been
documented over the monitoring period to date (Table 12, Appendix E).
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Year 4 cross-section 8 data are characterized by a bank height ratio of less than 1. Pool cross-sections (like
cross-section 8) are typically not monitored for bank-height-ratio because they are naturally sediment
storage and transport areas within a stream. This is apparent in review of the varying Dyax and LBH values
exhibited by cross-section 8 throughout the monitoring period. Bank erosion has not been noted within or
adjacent to cross-section 8, and overall, the reach appears stable. Cross-section 2 has been characterized
by in increased bank height ratio for the past several monitoring years. This cross-section is located within
an Enhancement (Level II) reach of stream that has scoured in previous years; however, the scour appears
to have been minimized and the cross section has remained relatively consistent and stable for the past 3
monitoring years. All site cross-sections are meeting success criteria during year 4 (2021).

Two stream areas of concern were observed during monitoring year 4 (2021); both were documented during
previous monitoring years. Stream Area of Concern #1 is located along Mud Lick Creek R2 where
approximately 50 feet of the right bank and 20 feet of the left bank have eroded to the point of bank
sloughing. This area remains relatively unchanged from year 1 (2018); the establishment of dense
herbaceous vegetation and lack of high discharge events have allowed this area to continue to stabilize.
Stream Area of Concern #2 consists of scour and sloughing along an outer bend along Mud Lick Creek R3,
immediately downstream from cross-section 1. It was noted during year 4 (2021) that the material that had
sloughed from the bank was generally stable and herbaceous vegetation was vigorous. Both stream areas
of concern are located within enhancement Il stream reaches; all stream reaches generating restoration
credit are stable throughout and functioning as designed. Stream areas of concern are depicted on Figure 2
in Appendix B.

Vegetation
Restoration monitoring procedures for vegetation health will monitor plant survival and species diversity.

After planting of the area was completed, 12 permanent vegetation plots were installed and monitored at
the Site; annual results are in Appendix C. Annual measurements of vegetation will consist of the
following.

e 10 plant warranty inspection plots (only MY1)
e 12 CVS vegetation plots

A photographic record of plant growth should be included in each annual monitoring report; baseline
photographs are included in Appendix B. During the first year, vegetation will receive a cursory, visual
evaluation on a periodic basis to ascertain the degree of overtopping of planted elements by nuisance
species. Subsequently, quantitative sampling of vegetation will be performed as outlined in the CVS-EEP
Protocol for Recording Vegetation, Version 4.2 (Lee et al. 2008) in late fall/early winter of the first
monitoring year and annually toward the end of the growing for the remainder of the monitoring period
until vegetation success criteria are achieved.

Locations of exotic and nuisance vegetation are documented and depicted on Figure 2 (Appendix B).

Year 4 (2021) stem count measurements for twelve permanent CVS plots indicate the planted stem density
across the Site is 300 planted stems per acre. Eight of the twelve individual CVS plots met success criteria
based on planted stems alone; however, when including naturally recruited stems of American sycamore
(Platanus occidentalis) the stem densities of plots 6 and 10 are above success criteria (Table 8, Appendix
C). Plot 1 was one stem shy of success, likely due to herbaceous competition. Plot 11 was two stems shy
of success criteria. This plot is dominated by dense herbaceous vegetation and many natural recruits of
sweetgum (Liquidambar styraciflua). Areas within the site remaining below success criteria are primarily
due to herbaceous competition with dense fescue (festuca spp.). There are several isolated areas of dense
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sweetgum along North Branch R2 that are likely out competing more desirable tree species. During
vegetation data collection an abundance of deer browse was documented in all permanent CVS plots.
Additionally, several populations of dense Chinese privet (Ligustrum sinense) and tree of heaven (4ilanthus
altissima) were observed scattered throughout the Site, these areas are relatively unchanged from previous
years. Invasive populations are depicted on Figure 2 (Appendix B). Overall, the site is trending towards
success. It is expected that desirable hardwood species recruits will continue to establish and planted stems
will continue to thrive.

Project Boundaries & Visual Assessments
Locations of any fence damage, vegetation damage, boundary encroachments, etc. will be documented and
included on mapping.

Visual assessments will be performed along all streams on a bi-annual basis during the seven-year
monitoring period. Problem areas will be noted such as channel instability (i.e. lateral and/or vertical
instability, in-stream structure failure/instability and/or piping, headcuts), vegetated buffer health (i.e. low
stem density, vegetation mortality, invasive species or encroachment), beaver activity, or livestock access.
Areas of concern will be mapped and photographed accompanied by a written description in the annual
report. Problem areas will be re-evaluated during each subsequent visual assessment.

During year 3 (2020) monitoring, onsite beaver activity was observed including a significant dam along
North Branch R3, a dam along Mud Lick Creek R2, and several smaller dams throughout the Site. In
response, on November 4, 2020, USDA trapped beaver and removed six dams. Beaver activity was not
observed during year 4 (2021) monitoring period.

Supplementary Monitoring

Supplemental monitoring will include biological monitoring in the Spring as follows.
e 3 benthos sampling sites (MY3, MY5, & MY7)
e 2 fish sampling sites (MY4 & MY7)

Additional parameters are being monitored for analytical purposes and are not tied to mitigation success
and associated credit releases. The primary criteria for indication of improvement for the benthos and fish
will be an increase of at least one bioclassification between the pre-con assessment and the post-con
monitoring. Richness and EPT metrics will be analyzed as well. Based on values tabulated on Habitat
Assessment Field Data Sheets, benthic macroinvertebrate habitat appears to be improving at the Site.
Overall values for the data sheets improved by 15 to 60 points. In addition, each independent variable on
the data sheets show improvement, except for channel modification. Biotic index (tolerance of a stream
benthic community) has not shown significant improvement, with station MLC-2 shifting from a Fairly
Poor to Very Poor designation. The other two stations appear to have biotic indices showing improving
water quality shifting from Poor to Fairly Poor. Fish sampling was conducted in May of 2021, there was a
slight improvement in the community from pre-construction sampling. The report is included in Appendix
F. A summary of benthic results including preconstruction Habitat Field Data Assessment Sheets and
Biotic Index values from laboratory analysis results is presented below.
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Site MLC-2 MLC-3 MLC-5

Habitat Assessment Precon MY 3 Precon MY 3 Precon MY 3

Field Data Sheet Data (2015) (2020) (2015) (2020) (2015) (2020)
Channel Modification 5 3 5 3 4 5
Instream Habitat 11 14 11 11 9 18
Bottom Substrate 3 8 3 11 1 11
Pool Variety 4 10 6 10 0 10
Riffle Habitats 7 14 7 10 0 16
Bank Stability and Veg 8 4 13 6 10 14
Light Penetration 7 7 7 7 2 2
Riparian Veg Zone Width 2 10 1 10 12 10
Total Score 47 70 53 68 26 86

Biotic Index 6.01 8.05 6.64 6.31 6.90 5.90
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Table 1. Mud Lick Creek (ID-93482) - Mitigation Assets and Components**

Project Wetland Existing Stationing Mitigation As-Built Restoration | Approach Mitigation Mitigation
Component Position and Footage Plan Footage Level Priority Ratio (X:1) Credits
(reach ID, etc.) HydroType Footage * Level Notes/Comments
North Branch R1 318 100+10 - 103+28 327 318 Ell - 1.5 212.000 Planting, fencing
North Branch R2 522 103+28 - 108+66 520 538 R Pl 1 538.000
20 LF of restoration was removed from North Branch Reach 2 in order to
North Branch R3 351 108+66 - 111+51 303 265 R P2 1 265.000 account for an easement break
East Branch R1 165 200+05 - 201+69 168 164 Ell - 1.5 109.333 Planting, fencing
East Branch R2 315 201+69 - 205+81 409 412 R P2 1 412.000
Mud Lick Creek R1 525 300+72 - 306+23 623 551 Ell - 1.5 367.333 Planting, fencing, bank repairs
Mud Lick Creek R2 693 Ell - 1.5 440.000
Mud Lick Creek R3 733 313+14 - 320+47 748 733 Ell - 1.5 488.667 Planting, fencing, bank repairs

*Reach start and end stationing may differ slightly from the mitigation plan due to removal of stream lengths that are outside the conservation easement. The upstream ends of Mud Lick Creek, North Branch, and East Branch experienced
footage reductions of 72’, 10’, and 5’ respectively, while the downstream end of Mud Lick Creek experienced a footage reduction of 17’

**The assets and credits in the report and shown in Table 1 are based upon approved as-built numbers as approved by the IRT on 11/1/2018

Length and Area Summations by Mitigation Category

Restoration Level

Stream

(linear feet)

Riparian Wetland

(acres)

Non-riparian
Wetland

(acres)

Riverine

Non-Riverine

Restoration

1215

Enhancement

Enhancement |

Enhancement Il

2426

Creation

Preservation

High Quality Pres

Overall Assets Summary

Overall
Asset Category Credits
Stream 2,832.333




Table 2. Project Activity and Reporting History
Mud Lick Creek (ID-93482)

Elapsed Time Since Grading Complete: 4 years S months
Elapsed Time Since Planting Complete: 3 years 11 months
Number of Reporting Years: 4

Activity or Deliverable

Data Collection

Completion

Complete or Delivery
Project Institution -- February 13,2013
Mitigation Plan -- December 2015
404 Permit Date -- March 25, 2016
Final Design — Construction Plans -- June 2015
Construction -- August 25, 2017
Bare Root; Containerized; and B&B Plantings for
the Entire Project Site February 2018 February 2018
Baseline Monitoring Document (Year 0 Monitoring July 2018 September 2018
Baseline)
Monitoring Year 1 (2018) Document December 2018 December 2018
Monitoring Year 2 (2019) Document September 2019 January 2020
Monitoring Year 3 (2020) Document Septem; g;/g)ctober January 2021
Monitoring Year 4 (2021) Document October 2021 January 2022
2021 MY4 Annual Monitoring Report (Final) Appendices
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Table 3. Project Contact Table
Mud Lick Creek (ID-93482)

Designer

Wildlands Engineering, Inc. (License No. F-0831)
312 West Millbrook Rd, Suite 225

Raleigh, NC 27609

Angela N. Allen, PE (919) 851-9986

Construction Plans and Sediment and
Erosion Control Plans

Wildlands Engineering, Inc. (License No. F-0831)
312 West Millbrook Rd, Suite 225

Raleigh, NC 27609

Angela N. Allen, PE (919) 851-9986

Construction Contractor

North State Environmental, Inc.
2889 Lowery Street

Winston Salem, NC 27101
Michael Anderson (336) 725-2010

Planting Contractor

North State Environmental, Inc.
2889 Lowery Street

Winston Salem, NC 27101
Stephen Joyce (336) 725-2010

As-built Surveyors

Allied Associates, PA

4720 Kester Mill Road
Winston Salem, NC 27103
David Alley (336) 765-2377

Baseline Data Collection

Axiom Environmental, Inc.
218 Snow Avenue

Raleigh, NC 27603

Grant Lewis (919) 215-1693
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Table 4. Project Baseline Information and Attributes

Mud Lick Creek (ID-93482)

Project Information

Project name

Mud Lick Creek Mitigation Site

Project county

Chatham County, North Carolina

Project area (Acres) 11.2
Project coordinates (lat/long) 35.8128°N, 79.4350°W
Planted Acres 9.6

Project Watershed Summary Information

Physiographic region

Carolina Slate Belt of the Piedmont Physiographic Province

Project river basin

Cape Fear River Basin

USGS hydrologic unit (8 digit/14-
digit)

03030003/03030003070010

NCDWR Sub-basin 03-06-12
Project drainage area (mi?) 3.64
% Drainage area impervious <1%

CGIA land use classification

Developed, Forested/Scrubland, Agriculture/Managed Herb., Open Water

Reach Summary Information

Parameters Mud Lick Mud Lick | Mud Lick North North East
Creek — Creek — Creek — Branch - Branch - Branch
R1 R2 R3 R1 R2
Restored length (linear feet) 551 660 733 856 265 576
Valley confinement Slightly confined - unconfined
Drainage area (acres/mi?) 1747/2.73 2170/3.39 | 2330/3.64 | 236.8/0.37 416/0.65 172.8/0.27
Perennial (P), Intermittent (I) P P P P P P
NCDWR Water quality WS-IIL CA
classification
Stream Classification (existing) E4 C4 E4 E4 B4c B4c
Stream Classification (proposed) E4 C4 E4 C4 C4 C4
Evolutionary trend (Simon & VvV Vv VvV v v v
Hupp)
FEMA classification AE AE AE AE AE AE
Regulatory Considerations
Regulation Applicable? Resolved? Supporting Documentation
Waters of the US — Section 404 Yes Yes SAW-2014-00736
Waters of the US — Section 401 Yes Yes SAW-2014-00736
. No Effect —

Endangered Species Act Yes Yes CE Document
Historic Preservation Act No NA CE Document
Coastal Zone Management Act
(CZMA/CAMA) : No NA NA

. . Chatham County Floodplain
FEMA Floodplain Compliance Yes Yes Development Permit #14-001
Essential Fisheries Habitat No NA NA
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Appendix B
Visual Assessment Data

Figure 1. Site Location
Figure 2. Current Conditions Plan View
Tables SA-5C. Visual Stream Morphology Stability Assessment
Table 6. Vegetation Condition Assessment
Vegetation Plot Photographs
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Table 5A

Visual Stream Morphology Stability Assessment

Reach ID North Branch R-2
Assessed Length 538
Number Number with | Footage with | Adjusted % for
Major Stable, Total Number of | Amount of % Stable, Stabilizing Stabilizing Stabilizing
Channel Channel Performing | Number in Unstable Unstable |Performing as Woody Woody Woody
Category Sub-Category Metric as Intended As-built Segments Footage Intended Vegetation Vegetation Vegetation |
1. Bank 1. Scoured/Eroding Bank Iac!(lng vegetative cover resulting simply from poor growth and/or scour 0 0 100% 0 0 100%
and erosion
Banks undercut/overhanging to the extent that mass wasting appears likely.
2. Undercut Does NOT include undercuts that are modest, appear sustainable and are 0 0 100% 0 0 100%
providing habitat.
3. Mass Wasting Bank slumping, calving, or collapse 0 0 100% 0 0 100%
Totals 0 0 100% 0 0 100%
2. Engineered 1. Overall Integrity Structures physically intact with no dislodged boulders or logs 8 8 100%
Structures ’ ' °
2. Grade Control Grade control structures exhibiting maintenance of grade across the sill. 8 8 100%
2a. Piping Structures lacking any substantial flow underneath sills or arms. 8 8 100%
. Bank erosion within the structures extent of influence does not exceed 15%. o
3. Bank Protection (See guidance for this table in EEP monitoring guidance document) 8 8 100%
4. Habitat Pool forming structures maintaining ~ Max Pool Depth : Mean Bankfull Depth 8 8 100%

ratio > 1.6 Rootwads/logs providing some cover at base-flow.




Table 5B

Visual Stream Morphology Stability Assessment

Reach ID North Branch R-3
Assessed Length 265
Number Number with | Footage with | Adjusted % for
Major Stable, Total Number of | Amount of % Stable, Stabilizing Stabilizing Stabilizing
Channel Channel Performing | Number in Unstable Unstable |Performing as Woody Woody Woody
Category Sub-Category Metric as Intended As-built Segments Footage Intended Vegetation Vegetation Vegetation |
1. Bank 1. Scoured/Eroding Bank Iac!(lng vegetative cover resulting simply from poor growth and/or scour 0 0 100% 0 0 100%
and erosion
Banks undercut/overhanging to the extent that mass wasting appears likely.
2. Undercut Does NOT include undercuts that are modest, appear sustainable and are 0 0 100% 0 0 100%
providing habitat.
3. Mass Wasting Bank slumping, calving, or collapse 0 0 100% 0 0 100%
Totals 0 0 100% 0 0 100%
2. Engineered 1. Overall Integrity Structures physically intact with no dislodged boulders or logs 3 3 100%
Structures ’ ' °
2. Grade Control Grade control structures exhibiting maintenance of grade across the sill. 3 3 100%
2a. Piping Structures lacking any substantial flow underneath sills or arms. 3 3 100%
. Bank erosion within the structures extent of influence does not exceed 15%. o
3. Bank Protection (See guidance for this table in EEP monitoring guidance document) 3 3 100%
4. Habitat Pool forming structures maintaining ~ Max Pool Depth : Mean Bankfull Depth 3 3 100%

ratio > 1.6 Rootwads/logs providing some cover at base-flow.




Table 5C

Visual Stream Morphology Stability Assessment

Reach ID East Branch R-2
Assessed Length 412
Number Number with | Footage with | Adjusted % for
Major Stable, Total Number of | Amount of % Stable, Stabilizing Stabilizing Stabilizing
Channel Channel Performing | Number in Unstable Unstable |Performing as Woody Woody Woody
Category Sub-Category Metric as Intended As-built Segments Footage Intended Vegetation Vegetation Vegetation |
1. Bank 1. Scoured/Eroding Bank Iac!(lng vegetative cover resulting simply from poor growth and/or scour 0 0 100% 0 0 100%
and erosion
Banks undercut/overhanging to the extent that mass wasting appears likely.
2. Undercut Does NOT include undercuts that are modest, appear sustainable and are 0 0 100% 0 0 100%
providing habitat.
3. Mass Wasting Bank slumping, calving, or collapse 0 0 100% 0 0 100%
Totals 0 0 100% 0 0 100%
2. Engineered 1. Overall Integrity Structures physically intact with no dislodged boulders or logs 5 5 100%
Structures ’ ' °
2. Grade Control Grade control structures exhibiting maintenance of grade across the sill. 5 5 100%
2a. Piping Structures lacking any substantial flow underneath sills or arms. 5 5 100%
. Bank erosion within the structures extent of influence does not exceed 15%. o
3. Bank Protection (See guidance for this table in EEP monitoring guidance document) 5 5 100%
4. Habitat Pool forming structures maintaining ~ Max Pool Depth : Mean Bankfull Depth 5 5 100%

ratio > 1.6 Rootwads/logs providing some cover at base-flow.




Table 6
Planted Acreage

Vegetation Condition Assessment
9.6

Mapping CCPV Number of | Combined | % of Planted
Vegetation Category Definitions Threshold Depiction Polygons Acreaﬁe Acreage
1. Bare Areas None 0.1 acres None 0 0.00 0.0%
2. Low Stem Density Areas None 0.1 acres None 0 0.00 0.0%
Total 0 0.00 0.0%
3. Areas of Poor Growth Rates or Vigor None 0.25 acres None 0 0.00 0.0%
Cumulative Total 0 0.00 0.0%
Easement Acreage 11.2
% of
Mapping CCPV Number of | Combined | Easement
Vegetation Category Definitions Threshold Depiction Polygons Acreaﬁe Acreage
4. Invasive Areas of Concern Several small areas of dense Chinese privet and dense tree of heaven 200 SF green and 13 0.20 1.8%
yellow polygons
5. Easement Encroachment Areas None none None 0 0.00 0.0%
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Table 7. Planted Woody Vegetation

Mud Lick Creek Restoration Project (#93482)

Species Quantity
Green Ash (Fraxinus pennsylvanica) 300
Sycamore (Platanus occidentalis) 400
Eastern Redbud (Cercis canadensis) 400
Cottonwood (Populus deltoides) 300
River birch (Betula nigra) 300
Hackberry (Celtis occidentalis) 300
Black Gum (Nyssa sylvatica) 300
American Elm (Ulmus americana) 300
Eastern Hophornbeam (Ostrya virginica) 300
Elderberry (Sambucus spp.) 300
Black Locust (Robinia psuedoaccia) 300
Silky Dogwood (Cornus ammomum) 300
Witch Hazel (Hamamelis virginica) 550
Buttonbush (Cephalanthus occidentalis) 300
Persimmon (Diospyros virginiana) 300
Ironwood (Carpinus caroliniana) 400
Swamp Tupelo (Nyssa biflora) 100
Swamp Chestnut oak (Quercus michauxii) 100
Water oak (Quercus nigra) 100
Tulip Poplar (Liridendron tulipifera) 300
TOTAL 5950

2021 MY4 Annual Monitoring Report (Final)

Mud Lick Creek Mitigation Site (DMS Project # 93482)

Appendices



Table 8. Total and Planted Stems by Plot and Species
DMS Project Code 93482. Project Name: Mud Lick Creek

Current Plot Data (MY4 2021)
93482-01-0001 93482-01-0002 93482-01-0003 93482-01-0004 93482-01-0005 93482-01-0006 93482-01-0007 93482-01-0008 93482-01-0009
Scientific Name Common Name Species Type |PnoLS|P-all [T PnolS|P-all |T PnolS|P-all |T PnolS|P-all |T PnolS|P-all |T PnolS|P-all |T PnoLS|P-all (T PnoLS|P-all (T PnolLS|P-all (T
Acer negundo boxelder Tree 2
Acer rubrum red maple Tree
Alnus alder Shrub
Baccharis halimifolia eastern baccharis Shrub
Betula nigra river birch Tree 1 1 1 1 1 1 2 2 2 3 3 3 1 1 1
Carpinus caroliniana American hornbeam |Tree 1 1 1 1 1 1 5 5 5
Carya hickory Tree
Celtis laevigata sugarberry Tree 2 2 2
Celtis occidentalis common hackberry |Tree
Cephalanthus occidentalis |common buttonbush |Shrub 1 1 1 1 1 1
Cercis canadensis eastern redbud Tree 1 1 1 1 1 1
Cornus amomum silky dogwood Shrub 3 3 3 1 1 1 1 1 1
Corylus americana American hazelnut Shrub 1 1 1
Diospyros virginiana common persimmon [Tree 1 1 1 1 1 1
Fraxinus pennsylvanica green ash Tree 1 1 1 1 1 1 1 1 1 8 8 8
Juglans nigra black walnut Tree
Liquidambar styraciflua sweetgum Tree 60
Liriodendron tulipifera tuliptree Tree 1 1 1 1 1 2
Nyssa tupelo Tree
Nyssa biflora swamp tupelo Tree 2 2 2 1 1 1
Ostrya virginiana hophornbeam Tree 2 2 2
Platanus occidentalis American sycamore |Tree 2 2 2 5 5 5 1 1 1 20 4 4 4 1
Populus deltoides eastern cottonwood |Tree
Quercus oak Tree
Quercus michauxii swamp chestnut oak |Tree 3 3 3
Quercus nigra water oak Tree 1 1 1
Robinia pseudoacacia black locust Tree
Ulmus americana American elm Tree 3 3 3 2 2 2
Ulmus rubra slippery elm Tree 1 1 1 1 1 1
Unknown Shrub or Tree
Viburnum dentatum southern arrowwood [Shrub
Stem count 6 6 6 8 8 8 8 8 8 8 8 8 9 9 9 5 5 85 7 7 9 9 9 9 10 10 12
size (ares) 1 1 1 1 1 1 1 1 1
size (ACRES) 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Species count 4 4 4 5 5 5 3 3 3 6 6 6 2 2 2 4 4 6 3 3 4 5 5 5 6 6 7
Stems per ACRE| 242.8( 242.8| 242.8| 323.7| 323.7| 323.7| 323.7| 323.7| 323.7] 323.7| 323.7| 323.7] 364.2| 364.2| 364.2] 202.3( 202.3| 3440| 283.3| 283.3| 364.2| 364.2| 364.2| 364.2| 404.7| 404.7| 485.6

Color for Density

Exceeds requirements by 10%

Exceeds requirements, but by less than 10%
Fails to meet requirements, by less than 10%
Fails to meet requirements by more than 10%

PnolS = Planted excluding livestakes
P-all = Planting including livestakes
T = All planted and natural recruits including livestakes

T includes natural recruits




Table 8. Total and Planted Stems by Plot and Species (continued)
DMS Project Code 93482. Project Name: Mud Lick Creek

Current Plot Data (MY4 2021) Annual Means
93482-01-0010 93482-01-0011 93482-01-0012 MY4 (2021) MY3 (2020) MY2 (2019) MY1 (2018) MYO0 (2018)
Scientific Name Common Name Species Type |PnoLS|P-all T PnolS|P-all |T PnolS|P-all |T PnolS|P-all |T PnolS|P-all |T PnoLS|P-all (T PnoLS|P-all (T PnoLS|P-all (T
Acer negundo boxelder Tree 2 8 4 1 1 3 1 1 10
Acer rubrum red maple Tree 3 2 10
Alnus alder Shrub 3
Baccharis halimifolia eastern baccharis Shrub 2 2 2
Betula nigra river birch Tree 8 8 8 8 8 8 8 8 8 6 6 6 4 4 4
Carpinus caroliniana American hornbeam |Tree 1 1 1 2 2 2 10 10 10 10 10 10 11 11 11 12 12 12 15 15 15
Carya hickory Tree 1
Celtis laevigata sugarberry Tree 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1
Celtis occidentalis common hackberry |Tree 1 1 1 1 1 1 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3
Cephalanthus occidentalis |common buttonbush |Shrub 2 2 2 3 3 3 3 3 3 3 3 3 4 4 4
Cercis canadensis eastern redbud Tree 2 2 2 2 2 2 3 3 3 8 8 8 6 6 6
Cornus amomum silky dogwood Shrub 2 2 2 7 7 7 7 7 7 9 9 9 9 9 9 8 8 8
Corylus americana American hazelnut Shrub 1 1 1
Diospyros virginiana common persimmon [Tree 2 2 2 1 1 1 1 1 1 6 6 6 7 7 8 5 5 5 4 4 4 5 5 5
Fraxinus pennsylvanica green ash Tree 1 1 1 12 12 12 11 11 12 11 11 11 14 14 15 12 12 13
Juglans nigra black walnut Tree 3 3 3 4 1 5
Liquidambar styraciflua sweetgum Tree 102 110 6 278 124 98 19 10
Liriodendron tulipifera tuliptree Tree 2 2 3 4 4 8 4 4 7
Nyssa tupelo Tree 1 1 1 2 2 2
Nyssa biflora swamp tupelo Tree 1 1 1 4 4 4 5 5 5 5 5 5 6 6 6 6 6 6
Ostrya virginiana hophornbeam Tree 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1
Platanus occidentalis American sycamore |Tree 1 1 3 13 13 36 11 11 13 12 12 14 7 7 7 7 7 7
Populus deltoides eastern cottonwood |Tree 3 3 3 4 4 4 3 3 3
Quercus oak Tree 1 1 1 1 1 1 1 1 1 1 1 1
Quercus michauxii swamp chestnut oak |Tree 1 1 1 1 1 1 1 1 1 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7
Quercus nigra water oak Tree 1 1 1 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3
Robinia pseudoacacia black locust Tree 1 1 1 1 1 1 1 1 1 1 1 1
Ulmus americana American elm Tree 5 5 5 5 5 5 5 5 5 4 4 5
Ulmus rubra slippery elm Tree 2 2 2 2 2 2 2 2 2
Unknown Shrub or Tree 1 1 1 2 2 2 3 3 3 3 3 3
Viburnum dentatum southern arrowwood [Shrub 2 2 2
Stem count 6 6/ 110 6 6| 118 7 7 16 89 89| 398 96 96| 242| 102 102| 215 97 97| 123 90 90| 129
size (ares) 1 1 1 12 12 12 12 12
size (ACRES) 0.02 0.02 0.02 0.30 0.30 0.30 0.30 0.30
Species count 5 5 6 6 6 8 5 5 7 19 19 23 22 22 26 22 22 26 19 19 22 18 18 23
Stems per ACRE| 242.8( 242.8| 4452| 242.8| 242.8| 4775| 283.3| 283.3| 647.5] 300.1| 300.1| 1342] 323.7| 323.7| 816.1] 344 344| 725.1} 327.1| 327.1| 414.8] 303.5| 303.5| 435

Color for Density

Exceeds requirements by 10%

Exceeds requirements, but by less than 10%
Fails to meet requirements, by less than 10%
Fails to meet requirements by more than 10%

PnolS = Planted excluding livestakes
P-all = Planting including livestakes
T = All planted and natural recruits including livestakes

T includes natural recruits
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Table 10a. Baseline Stream Data Summary (Mud Lick Creek)
Mud Lick Creek Mitigation Project - NCDMS Project Number 93482

Pre-Existing Condition (Mud Lick

Design (Mud Lick

Parameter Gauge Regional Curve Creek) Reference Reach(es) Data Creek) Monitoring Baseline (Mud Lick Creek)
Dimension and Substrate - Riffle Only LL UL Eq. Min Mean| Med | Max | SD Min Mean Med Max SD Min Max | Med | Min | Mean | Med | Max SD n
BF Width (ft) 18.2 22.0 | 24.6 5.3 10.8 12.3 18.3 19.8 21 3
Floodprone Width (ft) 250.0 306.0 | 378.0 14 60 125 100 100 100 3
BF Mean Depth (ft) 1.9 2.1 2.3 0.8 1.0 1.8 1.6 2.0 2.7 3
BF Max Depth (ft) 3.0 4.0 4.2 1.0 1.5 2.6 3.6 3.7 3.8 3
BF Cross Sectional Area (ft%) 41.3 46.3 | 47.5 5.4 10.6 19.7 33.0 40.4 49.8 3
Width/Depth Ratio 8.0 10.5 | 12.8 5.2 8.6 14.4 6.8 9.9 13.1 3
Entrenchment Ratio 12.4 13.7 | 17.2 1.7 4.3 >10.2 4.8 5.1 5.5 3
Bank Height Ratio 1.1 1.2 1.2 1.0 1.0 1.1 1.0 1.0 1.3 3
Profile
Riffle length (ft)
Riffle slope (ft/ft) 0.0040 0.0188 | 0.0704
Pool length (ft)
Pool Max depth (ft) 3.7 4.4 5.2 1.2 1.8 3.3
Pool spacing (ft) 9.0 46.0 73.0
Pattern
Channel Beltwidth (ft) 26.1 529 | 69.9 10 41 102
Radius of Curvature (ft) 9.9 24.8 | 58.8 11 21 85
Rc:Bankfull width (ft/ft) 0.5 1.1 2.39 1.3 2 9.1
Meander Wavelength (ft) 59.9 159.6 | 244.4 - - -
Meander Width ratio 1.4 2.2 3.8 1.6 4.4 8.9
Transport parameters
Reach Shear Stress (competency) lbs/ft”
Max part size (mm) mobilized at bankfull
Stream Power (transport capacity) W/m’
Additional Reach Parameters
Rosgen Classification E/C4 E/C4 E/C-type
Bankfull Velocity (fps) 3.0-3.4 2.2-5.6
Bankfull Discharge (cfs) 123.9 - 157.42 20 -97
Valley Length (ft)
Channel Thalweg Length (ft)
Sinuosity| 1.20-1.37 1.0-2.3

Water Surface Slope (ft/ft)

BF slope (ft/ft)

Bankfull Floodplain Area (acres)

% of Reach with Eroding Banks

Channel Stability or Habitat Metric

Biological or Other




Table 10b. Baseline Stream Data Summary (North Branch)
Mud Lick Creek Mitigation Project - NCDMS Project Number 93482

Parameter Gauge Regional Curve Pre-Existing Condition (North Branch) Reference Reach(es) Data Design (North Branch) Monitoring Baseline (North Branch)
Dimension and Substrate - Riffle Only LL UL Eq. Min Mean| Med | Max SD Min Mean Med Max SD Min Max | Med | Min | Mean | Med | Max SD n
BF Width (ft) 8.3 10.4 5.3 10.8 12.3 13.8 14.0 14.6 16.2 17.7 2
Floodprone Width (ft) 333 80.0 14 60 125 30 70 100 100 100 2
BF Mean Depth (ft) 0.7 1.5 0.8 1.0 1.8 1.0 1.2 0.8 0.9 1.0 2
BF Max Depth (ft) 1.5 2.3 1.0 1.5 2.6 1.3 2.0 1.8 1.8 1.8 2
BF Cross Sectional Area (fﬁ) 7.7 12.7 5.4 10.6 19.7 14.4 16.3 14.2 14.4 14.5 2
Width/Depth Ratio 5.4 14.0 5.2 8.6 14.4 12.0 13.0 14.6 18.4 22.1 2
Entrenchment Ratio 1.9 10.1 1.7 4.3 >10.2 2.2 5.0 5.6 6.2 6.8 2
Bank Height Ratio 1.7 2.0 1.0 1.0 1.1 1.0 1.0 1.0 1.0 1.0 2
Profile
Riffle length (ft)
Riffle slope (ft/ft) 0.0040 0.0188 | 0.0704 0.0060 | 0.0340
Pool length (ft)
Pool Max depth (ft) 2.1 2.7 1.2 1.8 33 1.3 4.7
Pool spacing (ft) 9.0 46.0 73.0 19.0 92.0
Pattern
Channel Beltwidth (ft) 11 26 38.5 10 41 102 41 125
Radius of Curvature (ft) 6.1 17 37 11 21 85 25 42
Rc:Bankfull width (ft/ft) 0.73 1.6 | 4.46 1.3 2 9.1 1.8 3
Meander Wavelength (ft) 37.9 64.1 | 100.6 - - - 41 168
Meander Width ratio 1.1 2.8 4.6 1.6 4.4 8.9 3 15
Transport parameters
Reach Shear Stress (competency) Ibs/ft*
Max part size (mm) mobilized at bankfull
Stream Power (transport capacity) W/m’
Additional Reach Parameters
Rosgen Classification E5/B5c¢ E/C4 C4 C-type
Bankfull Velocity (fps) 33-35 22-5.6 24-43
Bankfull Discharge (cfs) 2541 -44.45 20 -97 34.6 - 70.1
Valley Length (ft)
Channel Thalweg Length (ft)
Sinuosity| 1.22-1.32 1.0-2.3 1.2-13
Water Surface Slope (ft/ft)
BF slope (ft/ft)

Bankfull Floodplain Area (acres)

% of Reach with Eroding Banks

Channel Stability or Habitat Metric

Biological or Other|




Table 10c. Baseline Stream Data Summary (East Branch)

Mud Lick Creek Mitigation Project - NCDMS Project Number 93482

Parameter Gauge Regional Curve Pre-Existing Condition (East Branch) Reference Reach(es) Data Design (East Branch) Monitoring Baseline (East Branch)
Dimension and Substrate - Riffle Only LL UL Eq. Min Mean| Med | Max SD Min Mean Med Max SD Min Max | Med | Min | Mean | Med | Max SD n
BF Width (ft) 43 53 10.8 12.3 11.0 8.9 12.8 16.6 2
Floodprone Width (ft) 23.0 14 60 125 24 55 100 100 100 2
BF Mean Depth (ft) 1.1 0.8 1.0 1.8 0.9 0.6 0.7 0.8 2
BF Max Depth (ft) 1.4 1.0 1.5 2.6 0.9 1.5 1.2 1.4 1.5 2
BF Cross Sectional Area (fﬁ) 4.8 5.4 10.6 19.7 9.7 6.7 8.7 10.6 2
Width/Depth Ratio 3.9 5.2 8.6 14.4 124 | 11.1 19.4 27.7 2
Entrenchment Ratio 2.1 1.7 4.3 >10.2 2.2 5.0 6.0 8.6 11.2 2
Bank Height Ratio 1.9 1.0 1.0 1.1 1.0 1.0 1.0 1.0 1.0 2
Profile
Riffle length (ft)
Riffle slope (ft/ft) 0.0040 0.0188 0.0704 0.0156 | 0.0442
Pool length (ft)
Pool Max depth (ft) 1.6 1.2 1.8 33 1.0 3.5
Pool spacing (ft) 9.0 46.0 73.0 15.0 73.0
Pattern
Channel Beltwidth (ft) -- 10 41 102 22 98
Radius of Curvature (ft) -- 11 21 85 20 30
Rc:Bankfull width (ft/ft) -- 1.3 2 9.1 1.8 3
Meander Wavelength (ft) -- - - - 33 132
Meander Width ratio -- 1.6 4.4 8.9 3 12
Transport parameters
Reach Shear Stress (competency) lbs/ft’
Max part size (mm) mobilized at bankfull
Stream Power (transport capacity) W/m”
Additional Reach Parameters
Rosgen Classification B4c E/C4 C4 C-type
Bankfull Velocity (fps) 4.2 2.2-56 33
Bankfull Discharge (cfs) 20.2 20 -97 32
Valley Length (ft)
Channel Thalweg Length (ft)
Sinuosity| 1 1.0-2.3 1.20 -1.30
Water Surface Slope (ft/ft)
BF slope (ft/ft)

Bankfull Floodplain Area (acres)

% of Reach with Eroding Banks

Channel Stability or Habitat Metric

Biological or Other|




Table 11a. Monitoring Data - Dimensional Morphology Summary (Dimensional Parameters - Cross Sections)
Mud Lick Creek Mitigation Project - NCDMS Project Number 93482

Cross Section 1 (Mud Lick Cr) Cross Section 2 (Mud Lick Cr) Cross Section 10 (Mud Lick Cr)
Parameter Riffle Riffle Riffle
Dimension MYO0 MY1 MY2 MY3 MY4 MY5 [ MY5+ | MYO MY1 MY2 MY3 MY4 MY5 | MY5+ [ MYO MY1 MY2 MY3 MY4 MY5 | MY5+
BF Width (ft)] 18.3 18.8 18.6 19.1 18.0 21.0 22.0 14.9 15.9 14.6 19.8 19.6 18.9 18.4 18.1
Floodprone Width (ft) (approx)| 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
BF Mean Depth (ft)| 2.7 2.6 2.7 2.6 2.8 1.6 1.5 2.2 2.1 2.3 2.0 2.1 2.1 2.2 2.2
BF Max Depth (ft)] 3.8 3.8 3.8 3.6 3.7 3.7 3.6 3.3 3.5 3.3 3.6 3.4 3.5 3.7 3.8
Low Bank Height| 5.0 5.1 5.0 3.7 3.9 3.7 3.6 3.9 4.0 3.7 3.6 3.4 3.7 3.8 4.0
BF Cross Sectional Area (ftz) 49.8 49.8 49.8 49.8 49.8 33.0 33.0 33.0 33.0 33.0 40.4 40.4 40.4 40.4 40.4
Area at Low Bank (ftz) 49.8 NA 75.8 75.8 52.5 33.0 NA 42.6 42.6 39.8 40.4 NA 43.2 43.2 459
Width/Depth Ratio| 6.7 7.1 6.9 7.3 6.5 13.4 14.7 6.7 7.7 6.5 9.7 9.5 8.8 8.4 8.1
Entrenchment Ratio| 5.5 5.3 NA** | NA** | NA** 4.8 4.5 NA** | NA** [ NA** 5.1 5.1 NA** | NA** | NA**
Bank Height Ratio*| 1.3 1.3 1.3 1.0 1.04 1.0 1.0 1.2 1.1 1.13 1.0 1.0 1.1 1.0 1.08
d50 (mm)[ 9.9 4.4 43 4.3 3.8 9.9 4.4 4.3 4.3 3.8 9.9 4.4 43 4.3 3.8

*Bank Height Ratio is calculated based on the As-built (MYO) cross-sectional area as described in the Standard Measurement of the BHR Monitoring Parameter document produced by the technical industry work group consisting of the NCIRT, NCDMS, and Industry Practitioners in NC (9/2018).
** Based on the technical industry work group consisting of the NCIRT, NCDMS, and Industry Practitioners in NC (9/2018), entrenchment ratio is no longer reported for success criteria.

Table 11b. Monitoring Data - Stream Reach Data Summary
Mud Lick Creek Mitigation Project - NCDMS Project Number 93482

Parameter | Baseline (Mud Lick Creek) | MY-1 (Mud Lick Creek) | MY-2 (Mud Lick Creek) | MY-3 (Mud Lick Creek) | MY-4 (Mud Lick Creek) | MY-5 (Mud Lick Creek)
Dimension and Substrate - Riffle Only Min Mean Med Max SD n Min Mean Med Max SD n Min Mean Med Max SD n Min Mean Med Max SD n Min Mean Med Max SD n Min Mean Med Max SD n
BF Width (ft)] 18.3 19.8 21 3 18.8 19.6 22 3 14.9 18.6 18.9 3 15.9 18.4 19.1 3 14.6 18.0 18.1 3
Floodprone Width (ft)] 100 100 100 3 100 100.0 100 3 100 100 100 3 100 100 100 3 100 100 100 3
BF Mean Depth (ft)] 1.6 2.0 2.7 3 1.5 2.1 2.7 3 2.1 2.2 2.7 3 2.1 2.2 2.6 3 2.2 2.3 2.8 3
BF Max Depth (ft)] 3.6 3.7 3.8 3 3.4 3.6 3.8 3 3.3 3.5 3.8 3 3.5 3.6 3.7 3 3.3 3.7 3.8 3
BF Cross Sectional Area (ft*)]  33.0 40.4 49.8 3 33.0 40.4 49.8 3 33.0 40.4 49.8 3 33.0 40.4 49.8 3 33.0 40.4 49.8 3
Area at Low Bank (ft")] 33.0 40.4 49.8 3 NA NA NA NA 42.6 43.2 75.8 3 42.6 43.2 75.8 3 48.4 54.9 71.2 3
Width/Depth Ratio] 6.8 9.9 13.1 3 7.0 9.3 14.7 3 6.8 6.9 9.0 3 7.3 7.6 8.4 3 6.4 6.5 8.1 3
Entrenchment Ratio] 4.8 5.1 5.5 3 4.5 5.1 5.3 3 5.3 5.4 6.7 3 52 5.4 6.3 3 5.5 5.6 6.9 3
Bank Height Ratio] 1.0 1.0 1.3 3 1.0 1.0 1.3 3 1.1 1.2 1.3 3 1.0 1.0 1.1 3 1.0 1.1 1.1 3
Riffle length (ft)
Riffle slope (ft/ft)
Pool length (ft)
Pool Max depth (ft)
Pool spacing (ft)
Pattern
Channel Beltwidth (ft)
Radius of Curvature (ft)
Rc:Bankfull width (ft/ft)
Meander Wavelength (ft)
Meander Width ratio

1
Additional Reach Parameters

Rosgen Classification C-type Ce-type Ce-type Ce-type Ce-type

Channel Thalweg Length (ft)

Sinuosity|

Water Surface Slope (Channel) (ft/ft)

BF slope (ft/ft)

Ri%/RU%P%G%/S%

SC%/SA%/G%/C%/B%BE%

d16/d35/d50/d84/d95

% of Reach with Eroding Banks

Channel Stability or Habitat Metric

Biological or Other|




Table 11c. Monitoring Data - Dimensional Morphology Summary (Dimensional Parameters - Cross Sections)
Mud Lick Creek Mitigation Project - NCDMS Project Number 93482

Cross Section 3 (North Branch) Cross Section 4 (North Branch) Cross Section 5 (North Branch) Cross Section 6 (North Branch)
Parameter Pool Riffle Pool Riffle
Dimension MYO0 MY1 MY2 MY3 MY4 MY5 [ MY5+ | MYO MY1 MY2 MY3 MY4 MY5 | MY5+ [ MYO MY1 MY2 MY3 MY4 MY5 | MY5+ | MYO MY1 MY2 MY3 MY4 MY5 | MYS5+
BF Width (ft)| 14.2 13.7 13.3 13.2 12.0 17.7 22.7 20.7 22.1 19.8 14.2 14.6 15.1 14.2 12.4 14.6 15.1 14.8 19.4 17.2
Floodprone Width (ft) (approx)] NA NA NA NA NA 100.0 100.0 100.0 100.0 100.0 NA NA NA NA NA 100.0 100.0 100.0 100.0 100.0
BF Mean Depth (ft)] 1.1 1.1 1.2 1.2 1.3 0.8 0.6 0.7 0.6 0.7 1.3 1.3 1.2 1.3 1.5 1.0 1.0 1.0 0.7 0.8
BF Max Depth (ft)] 2.2 2.1 2.2 2.3 2.4 1.8 1.9 1.8 1.8 2.1 2.6 2.6 2.7 2.8 2.7 1.8 1.8 1.8 1.9 2.0
Low Bank Height| 2.2 2.1 2.3 2.5 2.7 1.8 1.9 1.8 1.8 2.0 2.6 2.6 2.8 2.9 2.8 1.8 1.8 1.8 2.1 2.2
BF Cross Sectional Area (ftz) 15.5 15.5 15.5 15.5 15.5 14.2 14.2 14.2 14.2 14.2 18.6 18.6 18.6 18.6 18.6 14.5 14.5 14.5 14.5 14.5
Area at Low Bank (ftz) 15.5 NA 18.0 18.0 19.9 14.2 NA 14.2 14.2 13.8 18.6 NA 20.3 20.3 19.7 14.5 NA 15.0 15.0 16.9
Width/Depth Ratio] NA NA NA NA NA 22.1 36.3 30.2 34.4 27.6 NA NA NA NA NA 14.7 15.7 15.1 26.0 20.4
Entrenchment Ratio] NA NA NA NA NA 5.6 4.4 NA** | NA** [ NA** NA NA NA NA NA 6.8 6.6 NA** | NA** [ NA**
Bank Height Ratio*| NA NA NA NA NA 1.0 1.0 1.0 1.0 1.0 NA NA NA NA NA 1.0 1.0 1.0 1.11 1.06
d50 (mm) -- -- -- -- -- 18.8 8.0 8.4 4.0 4.9 -- -- -- -- -- 18.8 8.0 8.4 4.0 4.9

*Bank Height Ratio is calculated based on the As-built (MYO) cross-sectional area as described in the Standard Measurement of the BHR Monitoring Parameter document produced by the technical industry work group consisting of the NCIRT, NCDMS, and Industry Practitioners in NC (9/2018).
** Based on the technical industry work group consisting of the NCIRT, NCDMS, and Industry Practitioners in NC (9/2018), entrenchment ratio is no longer reported for success criteria.

Table 11d. Monitoring Data - Stream Reach Data Summary
Mud Lick Creek Mitigation Project - NCDMS Project Number 93482

Parameter | Baseline (North Branch) | MY-1 (North Branch) | MY-2 (North Branch) | MY-3 (North Branch) | MY-4 (North Branch) | MY-5 (North Branch)
Dimension and Substrate - Riffle Only Min Mean Med Max SD n Min Mean Med Max SD n Min Mean Med Max SD n Min Mean Med Max SD n Min Mean Med Max SD n Min Mean Med Max SD n
BF Width (ft)] 14.6 16.2 17.7 2 15.1 18.9 227 2 14.8 17.8 20.7 2 19.4 20.8 22.1 2 17.2 18.5 19.8 2
Floodprone Width (ft)] 100 100 100 2 100 100.0 100 2 100 100 100 2 100 100 100 2 100 100 100 2
BF Mean Depth (ft)] 0.8 0.9 1.0 2 0.6 0.8 1.0 2 0.7 0.9 1.0 2 0.6 0.8 1.0 2 0.7 0.8 0.8 2
BF Max Depth (ft)] 1.8 1.8 1.8 2 1.8 1.9 1.9 2 1.8 1.8 1.8 2 1.8 1.8 1.9 2 2.0 2.1 2.1 2
BF Cross Sectional Area (ftz) 14.2 14.4 14.5 2 14.2 14.4 14.5 2 14.2 14.4 14.5 2 14.2 14.4 14.5 2 14.2 14.4 14.5 2
Area at Low Bank (ftz) 14.2 14.4 14.5 2 NA NA NA NA 14.2 14.6 15.0 2 14.2 14.6 15.0 2 11.6 11.6 13.8 2
Width/Depth Ratio] 14.6 18.4 22.1 2 15.1 26.5 37.8 2 14.8 17.8 20.7 2 19.4 28.1 36.8 2 20.4 24.0 27.7 2
Entrenchment Ratio] 5.6 6.2 6.8 2 4.4 5.5 6.6 2 4.8 5.8 6.8 2 4.5 4.8 52 2 5.1 5.4 5.8 2
Bank Height Ratio] 1.0 1.0 1.0 2 1.0 1.0 1.0 2 1.0 1.0 1.0 2 1.0 1.1 1.1 2 1.0 1.0 1.1 2
Profile
Riffle length (ft)
Riffle slope (ft/ft)
Pool length (ft)
Pool Max depth (ft)
Pool spacing (ft)
Pattern
Channel Beltwidth (ft)
Radius of Curvature (ft)
Rc:Bankfull width (ft/ft)
Meander Wavelength (ft)

Meander Width ratio

Additional Reach Parameters
Rosgen Classification C-type C-type C-type C-type C-type
Channel Thalweg Length (ft)
Sinuosity|
Water Surface Slope (Channel) (ft/ft)
BF slope (ft/ft)
Ri%/RU%P%G%/S%
SC%/SAY%/G%/C%/B%BE%
d16/d35/d50/d84/d95
% of Reach with Eroding Banks
Channel Stability or Habitat Metric
Biological or Other




Table 11e. Monitoring Data - Dimensional Morphology Summary (Dimensional Parameters - Cross Sections)
Mud Lick Creek Mitigation Project - NCDMS Project Number 93482

Cross Section 7 (East Branch) Cross Section 8 (East Branch) Cross Section 9 (East Branch)
Parameter Riffle Pool Riffle
Dimension MYO0 MY1 MY2 MY3 MY4 MY5 [ MY5+ | MYO MY1 MY2 MY3 MY4 MY5 | MY5+ [ MYO MY1 MY2 MY3 MY4 MY5 | MY5+
BF Width (ft)] 8.9 11.1 10.2 14.4 9.4 7.6 10.8 8.2 7.5 9.7 16.6 21.1 18.6 24.6 21.9
Floodprone Width (ft) (approx)| 100.0 100.0 100.0 100.0 100.0 NA NA NA NA NA 100.0 100.0 100.0 100.0 100.0
BF Mean Depth (ft)] 0.8 0.6 0.7 0.5 0.7 1.4 1.0 1.3 1.4 1.1 0.6 0.5 0.6 0.4 0.5
BF Max Depth (ft)] 1.2 1.4 1.3 1.4 1.4 2.4 1.5 2.1 2.4 2.0 1.5 1.6 1.5 1.5 1.7
Low Bank Height| 1.2 1.4 1.4 1.4 1.6 2.4 1.5 2.2 2.4 1.6 1.5 1.6 1.5 1.5 1.7
BF Cross Sectional Area (ftz) 6.7 6.7 6.7 6.7 6.7 10.5 10.5 10.5 10.5 10.5 10.6 10.6 10.6 10.6 10.6
Area at Low Bank (ftz) 6.7 NA 7.5 7.5 8.4 10.5 NA 11.7 11.7 7.6 10.6 NA 10.7 10.7 10.2
Width/Depth Ratio| 11.8 18.4 15.5 30.9 13.2 NA NA NA NA NA 26.0 42.0 32.6 57.1 45.2
Entrenchment Ratio| 11.2 9.0 NA** | NA** | NA** NA NA NA NA NA 6.0 4.7 NA** | NA** | NA**
Bank Height Ratio*| 1.0 1.0 1.1 1.0 1.12 NA NA NA NA NA 1.0 1.0 1.0 1.0 1.0
d50 (mm)[ 14.3 3.7 5.4 2.5 2.5 -- -- -- -- -- 14.3 3.7 5.4 2.5 2.5

*Bank Height Ratio is calculated based on the As-built (MYO) cross-sectional area as described in the Standard Measurement of the BHR Monitoring Parameter document produced by the technical industry work group consisting of the NCIRT, NCDMS, and Industry Practitioners in NC (9/2018).
** Based on the technical industry work group consisting of the NCIRT, NCDMS, and Industry Practitioners in NC (9/2018), entrenchment ratio is no longer reported for success criteria.

Table 11f. Monitoring Data - Stream Reach Data Summary
Mud Lick Creek Mitigation Project - NCDMS Project Number 93482

Parameter | Baseline (East Branch) | MY-1 (East Branch) | MY-2 (East Branch) | MY-3 (East Branch) | MY-4 (East Branch) | MY-5 (East Branch)
Dimension and Substrate - Riffle Only Min Mean Med Max SD n Min Mean Med Max SD n Min Mean Med Max SD n Min Mean Med Max SD n Min Mean Med Max SD n Min Mean Med Max SD n
BF Width (ft)] 8.9 12.8 16.6 2 11.1 16.2 21.2 2 10.2 14.5 18.7 2 14.4 19.5 24.6 2 9.4 15.6 21.9 2
Floodprone Width (ft)] 100 100 100 2 100 100 100 2 100 100 100 2 100 100 100 2 100 100 100 2
BF Mean Depth (ft)] 0.6 0.7 0.8 2 0.5 0.6 0.6 2 0.6 0.7 0.7 2 0.4 0.5 0.5 2 0.5 0.6 0.7 2
BF Max Depth (ft)] 1.2 1.4 1.5 2 1.4 1.5 1.6 2 1.3 1.4 1.5 2 1.4 1.5 1.5 2 1.4 1.6 1.7 2
BF Cross Sectional Area (ftz) 6.7 8.7 10.6 2 6.7 8.7 10.6 2 6.7 8.7 10.6 2 6.7 8.7 10.6 2 6.7 8.7 10.6 2
Area at Low Bank (ftz) 6.7 8.7 10.6 2 NA NA NA NA 7.5 9.1 10.7 2 7.5 9.1 10.7 2 8.4 8.6 8.8 2
Width/Depth Ratio] 11.1 19.4 27.7 2 18.5 30.5 42.2 2 14.6 22.9 31.2 2 28.8 45.2 61.5 2 13.1 29.1 45.1 2
Entrenchment Ratio] 6.0 8.6 11.2 2 4.7 6.9 9 2 5.3 7.6 9.8 2 4.1 5.5 6.9 2 4.6 7.6 10.7 2
Bank Height Ratio] 1.0 1.0 1.0 2 1 1 1 2 1.0 1.0 1.1 2 1.0 1.0 1.0 2 1.0 1.0 1.1 2
Profile
Riffle length (ft)
Riffle slope (ft/ft)
Pool length (ft)
Pool Max depth (ft)
Pool spacing (ft)
Pattern
Channel Beltwidth (ft)
Radius of Curvature (ft)
Rc:Bankfull width (ft/ft)
Meander Wavelength (ft)
Meander Width ratio

Additional Reach Parameters
Rosgen Classification C-type C-type C-type C-type C-type
Channel Thalweg Length (ft)
Sinuosity|
Water Surface Slope (Channel) (ft/ft)
BF slope (ft/ft)
Ri1%/RU%P%G%/S%
SC%/SAY%/G%/C%/B%BE%
d16/d35/d50/d84/d95
% of Reach with Eroding Banks
Channel Stability or Habitat Metric
Biological or Other|




River Basin:

Cape Fear

Site Name Mud Lick Creek
XS ID XS - 1, Riffle (Mud Lick Cr)
Drainage Area (sq mi): 3.64
Date: 4/6/2021
Field Crew: Adams, Lawson
Station Elevation SUMMARY DATA
0.30 99.73 Bankfull Elevation: 97.2
7.12 99.84 Bankfull Cross-Sectional Area: 49.8
10.90 99.67 Area at Low Bank: 71.2
13.12 98.51 Bankfull Width: 18.0
16.98 96.92 Flood Prone Area Elevation: 101.0
19.18 95.46 Flood Prone Width: 100.0
20.82 94.35 Max Depth at Bankfull: 3.7
23.53 93.82 Low Bank Height: 3.9
26.12 93.75 Mean Depth at Bankfull: 2.8
29.67 93.80 W /D Ratio: 6.5
31.70 93.48 Entrenchment Ratio: NA
32.72 93.59 Bank Height Ratio: 1.04 |Stream Type E
34.31 97.38
36.71 98.28
40.62 98.77 Cape Fear River Basin, Mud Lick Creek, XS - 1, Riffle (Mud Lick Cr)
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River Basin:

Cape Fear

Site Name Mud Lick Creek
XS ID XS - 2, Riffle (Mud Lick Cr)
Drainage Area (sq mi): 3.64
Date: 4/6/2021
Field Crew: Adams, Lawson
Station Elevation SUMMARY DATA
0.40 98.99 Bankfull Elevation: 96.9
5.67 98.88 Bankfull Cross-Sectional Area: 33.0
10.61 98.41 Area at Low Bank: 48.8
14.68 97.29 Bankfull Width: 14.6
17.61 96.25 Flood Prone Area Elevation: 100.2
18.76 95.04 Flood Prone Width: 100.0
20.97 93.65 Max Depth at Bankfull: 3.3
22.54 93.55 Low Bank Height: 3.7
23.94 93.60 Mean Depth at Bankfull: 2.3
25.61 93.63 W /D Ratio: 6.4
27.66 94.10 Entrenchment Ratio: NA Nl
28.80 95.05 Bank Height Ratio: 1.13 |Stream Type | E |
30.41 96.86
34.58 97.75
39.42 97.43 Cape Fear River Basin, Mud Lick Creek, XS - 2, Riffle (Mud Lick Cr)
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Scouring on the right bank of this cross-section is apparent, howerver this is an EIl reach and localized at this location.




River Basin:

Cape Fear

Site Name

Mud Lick Creek

XS ID

XS - 3, Pool (North Branch)

Drainage Area (sq mi):

0.65

Date:

4/6/2021

Field Crew: Adams, Lawson
Station Elevation SUMMARY DATA
-0.20 98.56 Bankfull Elevation: 98.2
1.96 98.52 Bankfull Cross-Sectional Area: 15.5
4.37 98.51 Area at Low Bank: 19.9
7.18 98.51 Bankfull Width: 12.0
9.81 98.56 Flood Prone Area Elevation: NA
12.35 98.09 Flood Prone Width: NA
14.32 97.68 Max Depth at Bankfull: 2.4
14.77 96.83 Low Bank Height: 2.7
15.68 96.28 Mean Depth at Bankfull: 1.3
16.48 96.09 W /D Ratio: NA
17.16 96.04 Entrenchment Ratio: NA
17.91 95.90 Bank Height Ratio: NA |Stream Type | E |
18.72 95.81
19.45 96.04
19.90 96.14 Cape Fear River Basin, Mud Lick Creek, XS - 3, Pool (North Branch)
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20.91 96.90 100
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River Basin:

Cape Fear

Site Name Mud Lick Creek
XS ID XS - 4, Riffle (North Branch)
Drainage Area (sq mi): 0.65
Date: 4/6/2021
Field Crew: Adams, Lawson
Station Elevation SUMMARY DATA
-0.10 98.62 Bankfull Elevation: 98.9
3.48 98.92 Bankfull Cross-Sectional Area: 14.2
5.00 98.74 Area at Low Bank: 13.8
8.10 98.53 Bankfull Width: 19.8
10.82 98.37 Flood Prone Area Elevation: 101.0
11.69 98.08 Flood Prone Width: 100.0
12.54 97.55 Max Depth at Bankfull: 2.1
12.92 97.55 Low Bank Height: 2.0
13.12 96.91 Mean Depth at Bankfull: 0.7
13.50 97.09 W /D Ratio: 27.7
14.38 96.88 Entrenchment Ratio: NA
14.93 96.92 Bank Height Ratio: 1.0 IStream Type | I
15.55 97.10
16.00 97.65
17.52 98.08 Cape Fear River Basin, Mud Lick Creek, XS - 4, Riffle (North Branch)
19.57 98.47
21.62 98.79 102
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River Basin: Cape Fear
Site Name Mud Lick Creek
XS ID XS - 5, Pool (North Branch)
Drainage Area (sq mi): 0.65
Date: 4/6/2021
Field Crew: Adams, Lawson
Station Elevation SUMMARY DATA
0.10 98.06 Bankfull Elevation: 97.9
1.86 98.07 Bankfull Cross-Sectional Area: 18.6
4.33 98.35 Area at Low Bank: 19.7
5.85 98.21 Bankfull Width: 12.4
7.40 97.71 Flood Prone Area Elevation: NA
8.57 97.22 Flood Prone Width: NA
8.81 97.07 Max Depth at Bankfull: 2.7
9.21 96.73 Low Bank Height: 2.8
9.69 96.41 Mean Depth at Bankfull: 1.5
10.01 95.72 W /D Ratio: NA
10.36 95.60 Entrenchment Ratio: NA SR S = A
11.26 95.25 Bank Height Ratio: NA |Stream Type | ¢ ]
12.24 95.28 )
13.95 95.19
14.81 95.51 Cape Fear River Basin, Mud Lick Creek, XS - 5, Pool (North Branch)
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River Basin:

Cape Fear

Site Name Mud Lick Creek
XS ID XS - 6, Riffle (North Branch)
Drainage Area (sq mi): 0.65
Date: 4/6/2021
Field Crew: Adams, Lawson
Station Elevation SUMMARY DATA
0.40 98.02 Bankfull Elevation: 97.9
3.73 97.85 Bankfull Cross-Sectional Area: 14.5
6.33 97.66 Area at Low Bank: 11.6
8.33 97.22 Bankfull Width: 17.2
10.23 96.80 Flood Prone Area Elevation: 99.9
11.98 96.74 Flood Prone Width: 100.0
13.20 96.51 Max Depth at Bankfull: 2.0
13.45 96.00 Low Bank Height: 2.2
14.91 95.86 Mean Depth at Bankfull: 0.8
15.69 95.81 W /D Ratio: 20.4
16.27 96.00 Entrenchment Ratio: NA
16.86 96.74 Bank Height Ratio: 1.06 |Stream Type | ¢ ]
17.37 97.03
19.13 97.61
21.71 97.98 Cape Fear River Basin, Mud Lick Creek, XS - 6, Riffle (North Branch)
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River Basin: Cape Fear ;
Site Name Mud Lick Creek
XS ID XS - 7, Riffle (East Branch)
Drainage Area (sq mi): 0.27
Date: 4/6/2021
Field Crew: Adams, Lawson
Station Elevation SUMMARY DATA
0.50 99.19 Bankfull Elevation: 98.8
2.81 99.25 Bankfull Cross-Sectional Area: 6.7
5.11 99.14 Area at Low Bank: 8.4
6.59 98.92 Bankfull Width: 9.4
7.34 98.92 Flood Prone Area Elevation: 100.2
8.06 98.57 Flood Prone Width: 100.0
8.77 98.19 Max Depth at Bankfull: 1.4
9.49 97.86 Low Bank Height: 1.6
9.96 97.48 Mean Depth at Bankfull: 0.7
10.85 97.36 W /D Ratio: 13.1
11.49 97.31 Entrenchment Ratio: NA
12.23 97.42 Bank Height Ratio: 1.12 |Stream Type | ¢ ]
12.95 97.67 ]
13.46 98.18
15.20 98.49 Cape Fear River Basin, Mud Lick Creek, XS - 7, Riffle (East Branch)
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River Basin: Cape Fear
Site Name Mud Lick Creek
XS ID XS - 8, Pool (East Branch)
Drainage Area (sq mi): 0.27
Date: 4/6/2021
Field Crew: Adams, Lawson
Station Elevation SUMMARY DATA
0.80 100.92 Bankfull Elevation: 100.2
5.11 100.95 Bankfull Cross-Sectional Area: 10.5
8.27 100.79 Area at Low Bank: 16.6
10.55 99.81 Bankfull Width: 9.7
11.36 99.03 Flood Prone Area Elevation: NA
12.27 98.78 Flood Prone Width: NA
13.39 98.28 Max Depth at Bankfull: 2.0
14.62 98.46 Low Bank Height: 1.6
16.27 98.99 Mean Depth at Bankfull: 1.1
18.13 99.91 W /D Ratio: NA
21.29 100.88 Entrenchment Ratio: NA
24.06 100.94 Bank Height Ratio: NA
27.57 101.09
Cape Fear River Basin, Mud Lick Creek, XS - 8, Pool (East Branch)
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River Basin:

Cape Fear

Site Name Mud Lick Creek
XS ID XS -9, Riffle (East Branch)
Drainage Area (sq mi): 0.27
Date: 4/6/2021
Field Crew: Adams, Lawson
Station Elevation SUMMARY DATA
0.00 101.24 Bankfull Elevation: 101.2
5.81 101.07 Bankfull Cross-Sectional Area: 10.6
9.73 100.71 Area at Low Bank: 8.8
12.60 100.35 Bankfull Width: 21.9
13.55 99.98 Flood Prone Area Elevation: 102.8
14.22 99.60 Flood Prone Width: 100.0
14.86 99.48 Max Depth at Bankfull: 1.7
16.25 100.37 Low Bank Height: 1.7
18.01 100.56 Mean Depth at Bankfull: 0.5
20.94 100.88 W /D Ratio: 45.1
23.83 101.14 Entrenchment Ratio: NA 0
27.29 101.22 Bank Height Ratio: 1.0 |Stream Type C
29.38 101.24
Cape Fear River Basin, Mud Lick Creek, XS - 9, Riffle (East Branch)
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River Basin:

Cape Fear

Site Name

Mud Lick Creek

XS ID

XS - 10, Riffle (Mud Lick Cr)

Drainage Area (sq mi):

3.64

Date:

4/6/2021

Field Crew: Adams, Lawson
Station Elevation SUMMARY DATA
0.50 97.89 Bankfull Elevation: 97.4
4.67 98.09 Bankfull Cross-Sectional Area: 40.4
7.08 96.85 Area at Low Bank: 54.9
9.35 95.31 Bankfull Width: 18.1
10.98 94.25 Flood Prone Area Elevation: 101.1
12.60 93.86 Flood Prone Width: 100.0
14.52 93.87 Max Depth at Bankfull: 3.8
16.61 93.61 Low Bank Height: 4.0
17.94 93.89 Mean Depth at Bankfull: 2.2
19.38 95.52 W / D Ratio: 8.1
21.81 96.29 Entrenchment Ratio: NA
24.87 97.65 Bank Height Ratio: 1.08 |Stream Type |
28.30 98.78
31.26 99.27
34.47 99.20 Cape Fear River Basin, Mud Lick Creek, XS - 10, Riffle (Mud Lick Cr)
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Project Name: Mudlick Creek

Cross-Section: 2

Feature: Riffle

Cumulative Percent
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Particle Size (mm)
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MY0-2018

MY1-2018

MY2-2019

MY3-2020 MY4-2021

2021
Description Material Size (mm) [ Total # [ Item % [ Cum %
Silt/Clay silt/clay 0.062 5 11% 11%
very fine sand 0.125 2 4% 15%
fine sand 0.250 1 2% 17%
Sand medium sand 0.50 0 0% 17%
coarse sand 1.00 7 15% 32%
very coarse sand 2.0 1 2% 34%
very fine gravel 4.0 8 17% 51%
fine gravel 5.7 5 11% 62%
fine gravel 8.0 0 0% 62%
medium gravel 11.3 3 6% 68%
Gravel medium gravel 16.0 3 6% 74%
course gravel 22.3 3 6% 81%
course gravel 32.0 0 0% 81%
very coarse gravel 45 4 9% 89%
very coarse gravel 64 3 6% 96%
small cobble 90 2 4% 100%
medium cobble 128 0 0% 100%
Cobble large cobble 180 0 0% | 100%
very large cobble 256 0 0% 100%
small boulder 362 0 0% 100%
small boulder 512 0 0% 100%
Boulder medium boulder 1024 0 0% | 100%
large boulder 2048 0 0% 100%
Bedrock bedrock 40096 0 0% 100%
TOTAL % of whole count 47 100% | 100%
Summary Data
D16 0.179
D35 2.08
D50 3.8
D84 36
D95 61
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Project Name: North Branch

Cross-Section: 4

Feature: Riffle

Cumulative Percent
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MY1-2018

MY3-2020

2021
Description Material Size (mm) [ Total # [ Item % [ Cum %
Silt/Clay silt/clay 0.062 12 24% 24%
very fine sand 0.125 3 6% 30%
fine sand 0.250 1 2% 32%
Sand medium sand 0.50 1 2% 34%
coarse sand 1.00 3 6% 40%
very coarse sand 2.0 0 0% 40%
very fine gravel 4.0 4 8% 48%
fine gravel 5.7 2 4% 52%
fine gravel 8.0 4 8% 60%
medium gravel 11.3 2 4% 64%
Gravel medium gravel 16.0 5 10% 74%
course gravel 22.3 4 8% 82%
course gravel 32.0 4 8% 90%
very coarse gravel 45 2 4% 94%
very coarse gravel 64 3 6% 100%
small cobble 90 0 0% 100%
medium cobble 128 0 0% 100%
Cobble large cobble 180 0 0% | 100%
very large cobble 256 0 0% 100%
small boulder 362 0 0% 100%
small boulder 512 0 0% 100%
Boulder medium boulder 1024 0 0% | 100%
large boulder 2048 0 0% 100%
Bedrock bedrock 40096 0 0% 100%
TOTAL % of whole count 50 100% | 100%
Summary Data
D16 NA
D35 0.56
D50 4.9
D84 24
D95 48
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Project Name: East Branch

Cross-Section: 7

Feature: Riffle

Cumulative Percent
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2021
Description Material Size (mm) [ Total # [ Item % [ Cum %
Silt/Clay silt/clay 0.062 8 16% 16%
very fine sand 0.125 4 8% 24%
fine sand 0.250 1 2% 26%
Sand medium sand 0.50 3 6% 32%
coarse sand 1.00 3 6% 38%
very coarse sand 2.0 5 10% 48%
very fine gravel 4.0 3 6% 54%
fine gravel 5.7 2 4% 58%
fine gravel 8.0 2 4% 62%
medium gravel 11.3 5 10% 72%
Gravel medium gravel 16.0 2 4% 76%
course gravel 22.3 2 4% 80%
course gravel 32.0 4 8% 88%
very coarse gravel 45 3 6% 94%
very coarse gravel 64 1 2% 96%
small cobble 90 0 0% 96%
medium cobble 128 2 4% 100%
Cobble large cobble 180 0 0% | 100%
very large cobble 256 0 0% 100%
small boulder 362 0 0% 100%
small boulder 512 0 0% 100%
Boulder medium boulder 1024 0 0% | 100%
large boulder 2048 0 0% 100%
Bedrock bedrock 40096 0 0% 100%
TOTAL % of whole count 50 100% | 100%
Summary Data
D16 0.062
D35 0.71
D50 2.5
D84 27
D95 54
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Appendix E.
Hydrology Data

Table 12. Verification of Bankfull Events
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Table 12. Verification of Bankfull Events
Mud Lick Creek Restoration Site (DMS Project No. 93482)

indicate a bankfull event after approximately 4.60 inches of
rain fell over 48-hour period.

Date of Data Date of Method Photo (if
Collection Occurrence available)
October 16-17, Observations throughout floodplain and crest gauge indicate
December 6, 2018 2018 a bankfull event aftger 4.61 inclrl)es of rain fell fverg 48 hours. 1,2
Observation of wrack in floodplain along North Branch R2
May 8, 2019 February 24, 2019 and crest gauge data from all site crest gauges indicate a 3
bankfull event after 2.27 inches of rain fell over 48 hours.
Observation of wrack on Mud Lick Creek R2 floodplain
September 18, 2019 July 24,2019 fences and crest gauge data from all site crest gauges indicate 4
a bankfull event after 3.02 inches of rain fell over 48 hours.
Observations of wrack throughout site along all stream
reaches, and crest gauge data from all site crest gauges
May 29, 2020 February 7, 2020 indicate a bankfull e\%entgafter approximately 3.59 %ncl%es of 36,7
rain fell over 24-hour period.
Observations of wrack throughout site along all stream
November 16, 2020 November 12, 2020 reaches, and crest gauge data from all site crest gauges 8.9

2021 MY4 Annual Monitoring Report (Final)
Mud Lick Creek Mitigation Site (DMS Project # 93482)
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Appendix F.
2021 Fish Survey Report
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1.0 INTRODUCTION

The Mud Lick Creek Mitigation Site (The Site) is a North Carolina Department of
Environmental Quality Division of Mitigation Services (NCDMS) project designed to restore
and enhance a total of 3,750 linear feet (LF) of perennial stream in Chatham County, NC.
The Site is located in the Upper Rocky River Watershed within Cape Fear River Basin
Hydrologic Unit Code (HUC) 03030003 (Cape Fear 03) and within the Upper Rocky River
local watershed planning area (LWP) identified as a priority for mitigation. Restoration and
enhancement activities have been performed on Mud Lick Creek and two unnamed tributaries
referred to as North Branch and East Branch. Three Oaks Engineering (Three Oaks) was
retained in 2015 to evaluate the baseline condition of these streams and conducted water
quality monitoring, benthic macroinvertebrate community sampling, and fish community
sampling within the Site. Following restoration, Three Oaks was tasked with conducting fish
community sampling in monitoring years (MY) 04 and 07.

This report details MY-04 fish community results conducted May 18, 2021.
2.0 SITE DESCRIPTIONS

Fish community sampling was conducted in Mud Lick Creek (Reach 1 and 2) and a
qualitative survey was conducted in North Branch.

Mud Lick Reach 1 (MLDN encompassing Baseline Site 3). This reach is located just
upstream of the Silk Hope Liberty Road crossing. Stream width ranged from three to six
meters (m), with an average depth of .15 m and a max depth of .75 m in pools. Banks were
between .75 and 1.5 m with moderate erosion in portions of the reach. The creek was
characterized by low velocity flow with limited riffle and run habitat present. Instream habitat
such as woody debris, leaf packs, snags and undercut banks were common. Substrate
consisted primarily of silt and sand, with areas of gravel and cobble associated with riffle and
run habitats. The riparian zone consisted of grasses, shrubs and scattered mature trees creating
a partial canopy. Active pastureland borders the enclosed riparian conservation area.

Mud Lick Reach 2 (MLWC and MLUP encompassing Baseline Site 2). Mud Lick Creek
Site 1 is the most upstream site sampled for the project. Stream width ranged between two and
five m, with an average depth of .25 m and a maximum depth of .75 m in pools. Bank height
ranged between one and two m high with moderate erosion observed throughout the reach.
The creek was characterized primarily by a run with some areas of pool and riffle. Log veins,
added through restoration efforts, have created additional riffle habitat. In stream habitat
consisted of woody debris, leaf packs, snags and undercut banks. Restoration has also added
macrophytes, present throughout the reach. Substrate was comprised primarily of silt, sand
and gravel. Significant algal growth was noted throughout the reach. The riparian zone
consisted primarily of grasses and shrubs with scattered mature and immature trees providing
some canopy cover of the reach. Active pasture borders the riparian zone with fencing
providing a barrier.

Mud Lick Creek MY-04 Fish Monitoring Report 1 July 2021



Site 3 (NBDN). Site 3 is located just upstream of North Branch’s confluence with Mud Lick
Creek on North Branch. The stream ranged from 0.75 to 1.5 m wide with banks .3 to one m
high. The reach has been restored with log veins within the stream channel creating some
riffle and pool structure; maximum water depth was .3 m. Substrate consisted mostly of silt
and sand with some gravel and cobble present. Matting and revegetation on the banks was
observed, erosion was minimal within the reach. The riparian zone consisted of grasses and
shrubs. Similar to Reach 1 and 2, the riparian zone was bordered by active pasture.

3.0 FISH COMMUNITY SAMPLING

The freshwater fish populations in the Cape Fear River Basin have been sampled extensively
over the years and 95 species have been recorded (Rhode et al. 1994, Menhenick 1991). The
health and diversity of the fish fauna is reflective of the water quality of a particular water
body and monitoring of the fish fauna is a useful tool in tracking and understanding water
quality trends over time.

North Carolina Department of Environmental Quality, Division of Water Resources
(NCDWR) has developed a method of assessing water quality by establishing an Index of
Biotic Integrity rating, which is based upon the evaluation of the fish community of a
particular water body. The evaluation results in a numerical score, which is called the North
Carolina Index of Biotic Integrity (NCIBI). The NCIBI evaluates 12 metrics (parameters)
pertaining to species richness and composition, trophic composition, and fish abundance and
condition. Each metric value is converted into a score of 1, 3, or 5, with 5 representing
conditions expected for a relatively undisturbed reference stream in the specific river basin or
ecoregion (NCDENR 2013). The NCIBI score translates to biodiversity ratings of Excellent,
Good, Good-Fair, Fair and Poor. Currently, Excellent, Good, or Good-Fair ratings indicate
that the stream is Fully Supporting its Aquatic Life Use Support classification. A Fair or Poor
rating is Not Supporting its Life Use Support stream classification and the water quality
standard is not being met.

The study area is within the Outer Piedmont of the Cape Fear River Basin ecoregion for
which NCIBI reference indices have been established. These reference indices are needed in
order to apply the NCIBI protocol to a given waterbody. In addition, protocol collection
methodology and data analysis must be strictly followed.

The purpose of applying the NCIBI methodology is not solely to compare scores generated at
each of the monitoring sites with other streams in the reference ecoregion, but also to compare
scores generated at the monitoring sites overtime to monitor changes in fish community
composition in response to natural or human-induced factors.

3.1  Fish Community Sampling Methods
Fish community surveys were conducted on May 18, 2021 by the Three Oaks team of Tom

Dickinson (NC Wildlife Resources Commission Permit 21-SFC00057), Lizzy-Stokes Cawley,
and Nathan Howell.
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3.1.1 Field Methods

A standard 600 linear feet of stream were surveyed with backpack electrofishing equipment
and dip nets at each of the three sites in Mud Lick Creek. Survey methodology, data analysis,
and interpretation (scoring) essentially follow procedures outlined in Standard Operating
Procedures Biological Monitoring Stream Fish Community Assessment (NCDENR 2013).

3.1.2 Water Chemistry

Water chemistry was measured at each site in conjunction with fish sampling using a YSI-Pro
Plus multiparameter water quality meter. Parameters measured were temperature, dissolved
oxygen, conductivity, and pH (Table 6).

3.1.3 Habitat Assessment

The habitat assessment method developed by NCDWR was used to evaluate the physical
structure and conditions of the stream and surrounding area. Parameters are numerically rated
based on current stream conditions and include land use, stream width and depth, bank
structure and stability, instream habitat, substrate, habitat, and riparian zone attributes. A total
of 12 parameters are individually allotted scores with a possible maximum score for a site of

100 (Table 7).

4.0 RESULTS

Five species of fish were collected during the MY-04 survey efforts. The survey results and

associated IBI scoring are provided below by site.

4.1 Reach 1 Mud Lick Creek

A total of 1,894 seconds of electro-shocking time was used during the 2021 surveys.

Table 1. Reach 1 Species List

Baseline MY-04
May 6, 2015 May 18, 2021
- Common Tolerance Tropic # of Size # of Size
Scientific Name Name Rating Guild Sl Classes Count Classes
Gambusia holbrooki Eastg m Tolerant Insectivore 115 6 10 2
Mosquitofish
Lepomis cyanellus Green sunfish Tolerant Insectivore 15 5 95 7
Lepomis Bluegill Intermediate | Insectivore = = 4 2
macrochirus
Mlcrop_terus Largemouth Intermediate Piscivore = = 1 1
salmoides Bass
Notemigonus Golden shiner Tolerant Omnivore = = 9 2
crysoleucas
Table 2. NCIBI Score Mud Lick Creek Reach 1
Mud Lick Creek MY-04 Fish Monitoring Report 3 July 2021




Baseline May 6, 2015

MY-04 May 18, 2021

Metric/score criteria

Site Metric #

Site Metric
Score

Site Metric #

Site Metric
Score

No. of species

> 16 species =5

10-15 species = 3

<10 species = 1

2

1

5

1

No. of fish

>225fish=5

150-224 fish = 3

<150 fish=1

130

119

No. of species of darters

> 3 species =5

1-2 species = 3

0 species = 1

No. of species of sunfish

> 4 species =5

3 species =3

0-2 species = 1

No. of species of suckers

> 3 species =5

1-2 species = 3

0 species =1

No. of intolerant species

> 3 species =5

1-2 species =3

0 species = 1

% of tolerant individuals

<35%=5

36-50% =3

>50% =1

100%

95.8%

% of omnivorous and herbivorous individuals

10-35% =5

36-50% = 3

>50% or <10% =1

0%

7.6%

% of insectivorous individuals

65-90% =5

45-64% =3

<45% or >90% = 1

100%

91.6%

% of piscivorous individuals

1.4-15% =5

0.4-1.3% =3

<0.4% or >15% =1

0.0%

0.1%

% of diseased fish

<1.75% =5

1.76-2.75% = 3

>2.75% =1

0.00%

0.00%

% of species with multiple age groups

>50% =5

35-49% =3

<35% =1

100%

80.0%

NCIBI Score

20 (Poor)

20 (Poor)

Mud Lick Creek MY-04 Fish Monitoring Report
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4.2

Reach 2 Mud Lick Creek

A total of 1,865 seconds of electro-shocking time was used in 2021 surveys.

Table 3. Reach 2 Species List

Baseline May 6, MY-04 May 18,
2015 2021
S Common Tolerance Tropic # of Size # of Size
Scientific Name Name Rating Guild Sl Classes Count Classes
Gambusia Eastern .
holbrooki Mosquitofish Tolerant Insectivore 60 6 22 4
Lepomis cyanellus | Green Sunfish Tolerant Insectivore 18 9 46 9
Lepomis Bluegill Intermediate Insectivore = = 2 1
macrochirus
Notemigonus Golden shiner Tolerant Omnivore = = 10 2
crysoleucas

Table 4. NCIBI Score Mud Lick Creek Reach 2

Baseline May 6, 2015

MY-04 May 18, 2021

Metric/score criteria

Site Metric #

Site Metric
Score

Site Metric #

Site Metric
Score

No. of species

> 16 species =5

10-15 species = 3

<10 species =1

2

1 4

1

No. of fish

>225fish =5

150-224 fish =3

<150 fish = 1

78

No. of species of darters

> 3 species =5

1-2 species =3

0 species = 1

No. of species of sunfish

> 4 species =5

3 species = 3

0-2 species = 1

No. of species of suckers

> 3 species =5

1-2 species =3

0 species =1

No. of intolerant species

> 3 species =5

1-2 species =3

0 species = 1

% of tolerant individuals

<35%=5

36-50% =3

>50% =1

100%

1 97.5%

% of omnivorous and herbivorous individuals

10-35% =5

Mud Lick Creek MY-04 Fish Monitoring Report
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Baseline May 6, 2015 MY-04 May 18, 2021

Metric/score criteria Site Metric # StteiMernic Site Metric # Site Metric
Score Score

36-50% = 3

>50% or <10% =1
% of insectivorous individuals 100% 5 87.5% 5

65-90% =5

45-64% =3

<45% or >90% = 1
% of piscivorous individuals 0.0% 1 0.0% 1

1.4-15% =5

04-1.3% =3

<0.4% or >15% =1
% of diseased fish 1.28% 5 1.25% 5

<1.75% =5

1.76-2.75% =3

>2.75% =1
% of species with multiple age groups 100% 5 75% 5

>50% =5

35-49% =3

<35% =1
NCIBI Score 20 (Poor) 28 (Poor)

4.3 Reach 3 North Branch

A short qualitative survey was conducted in North Branch in which three species were
identified.

Table 5. Site 3 Species List

Scientific Name Common Name Tolerance Rating | Tropic Guild | Count
Gambusia holbrooki | Eastern Mosquitofish Tolerant Insectivore | Common
Lepomis cyanellus Green Sunfish Tolerant Insectivore | Common
Micropterus salmoides Largemouth Bass Intermediate Piscivore Rare

4.4  Water Chemistry

Water chemistry data measured during the fish sampling are listed in Table 6.

Table 6. Physicochemical data collected-Mud Lick Creek

Baseline May 6, 2015 MY-04 May 18, 2021
Reach 1 Reach 2
Parameter (Site 3) (Site 2) Reach 1 Reach 2
Water Temp (C) 15.5 16.4 15.4 17.6
pH 7.40 6.56 6.31 6.51
Dissolved Oxygen (DO) (mg/L) 8.20 8.75 5.82* 12.20*
Specific Conductivity (uS/cm) 89.3 91.8 117.4 111.7

*Dissolved Oxygen was resampled on May 24" due to DO YSI malfunction May 18"
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45 Habitat Assessment Scores

Habitat scores were determined using the Habitat Assessment Field Data Sheet for Mountain/
Piedmont Streams (NCDENR 2013) and are shown in Table 7 and Appendix B. These visual-
based habitat evaluation scores consist of eight parameters that rate channel modification, in-
stream habitat, bottom substrate, pool variety, riffle habitats, bank stability and vegetation,
light penetration, and riparian vegetation zone width for each sampling reach. A numerical
score is used to rate each parameter and the total score gives a relative measure of overall
habitat quality.

Table 7. Habitat assessment scores-Mud Lick Creek Fish Sampling Sites

Baseline May 6, 2015 MY-04 May 18, 2021
Tgi:hal Tg;ghz)z Reach 1 Reach 2 Highest Possible Score
1. Channel Modification 4 5 4 4 5
2. Instream Habitat 10 16 15 16 20
3. Bottom Substrate 8 4 4 4 15
4. Pool Variety 4 8 4 8 10
5. Riffle Habitats 3 7 3 3 16
6. Bank Stability and Vegetation 7 2 5 5 14
7. Light Penetration 2 2 7 2 10
8. Riparian Vegetative Zone Width 4 0 8 8 10
Total 42 44 50 50 100

5.0  DISCUSSION

These efforts provide current fish community and habitat data for Mud Lick Creek in two
distinct reaches as well as qualitative data for North Branch. The data documents stressed fish
communities in both reaches, with Mud Lick Branch Reach 1 scoring 20 (poor) and Reach 2
receiving a score of 28 (poor). NCIBI scores were similar to baseline results in which Reach 1
(Site 3) scored 20 (poor) and Reach 2 (Site 2) scored 20 (poor). Fish counts were similar for
Reach 1 and 2 compared to the baseline, however, species richness increased, with five
species recorded in Reach 1 and four in Reach 2 during MY-04 efforts; only two species were
captured during the baseline efforts at each site. Additional species detected in MY-04
included Largemouth Bass, Bluegill and Golden Shiner. However, the tolerant Eastern
Mosquitofish and the non-native Green Sunfish were the most prevalent species detected in
the three reaches.

Water quality parameters measured were temperature, pH, DO, and conductivity.
Temperature, DO, pH, and conductivity readings were within the normal range of conditions
for streams. The high dissolved oxygen levels observed in Reach 2 are likely influenced by
the presence of algae in the reach that are contributing to fluxes in DO as a result of
photosynthesis occurring during daylight hours.
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The rated stream habitat field assessment parameters were channel modification, in-stream
habitat, bottom substrate, pool variety, riffle habitats, bank stability and vegetation, light
penetration, and riparian vegetation zone width. Following restoration overall habitat scores
improved in both reaches. Reach 1 saw moderate improvement for instream habitat from
baseline scores as undercut banks, snags and logs were common throughout the reach. Pool
variety and riffle habitat in Reach 1 and Reach 2 scored the same as baseline values. Stream
restoration activity has created more structure for instream habitat through placement of log
veins and macrophyte plantings. Instream restoration was more apparent in Reach 2 and North
Branch where an increase in habitat and riffle and pool was noted. Growth of mature trees
provided additional stream shading and increased scores for light penetration in Reach 1.
Scores for both Reach 1 and Reach 2 increased from baseline for riparian vegetative zone
width as the exclusion of grazing cattle, and tree and shrub plantings has allowed for a
riparian buffer to be established in all assessed reaches. Reach 1 scored a 50 in MY-04
surveys, an improvement from baseline survey score of 42. Reach 2 scored 50 in MY-04
surveys, an improvement from baseline survey score of 44. The score is on a 100-point scale,
with 100 indicating highest quality stream habitat.

These efforts provide monitoring data for comparison to previous baseline efforts. While the
assessment indicates a stressed fish community, there is potential for future improvement as
riparian buffers become more established and additional species and abundance can
recolonize newly created habitat. Further fish sampling is planned for MY-07.

Mud Lick Creek MY-04 Fish Monitoring Report 8 July 2021
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Appendix 5. Habitat assessment field data sheet -- Mountain/Piedmont streams.

11113 Revasion 8

Habitat Assessment Field Datn Sheet

Mountain/ Piedmont Streams _

Biclogical Assessment Branch, DWR [TOTAL SCORE. :zﬁ} |
Directions foe use: The obiserver is 1o survey s minfamum of 100 meters with 200 seters préferned of stream. peeferably in an
upstresm direction starting above the bridge poal and the road nght-ot-way. The segment which is assessed shonld reprosent Avemge
seream condidons. To perform 8 proper habitas evaluation the observer peods to pet indo the steeant. To tompleie the torm, stheet the
deseriprion which best fits the observed habitats and then vircle the score. Mihy ghserved hbit folls i between two desazipthone, selicy
an intermedinie score, A fimal habitat acore is determined by sdding the nesiits from the differcrt metrics.

Stream MMO\ Ll(’\(_ Cf(f\s:cstim‘mm: QCadA Lzam Mamp S‘\ E ;Eﬁém fy Oh"\'\‘h awwn Covu/\'}-

7

i
pae 0 /\81292) cn  Bain (A T subain Dee o Cubbasin
O TDILSE N R

Observer(s)____ " Type of Siudy. D Fish OBemhos O Basinwide DOSpecial Study (Deseribe)

1 sttt 35 § NG HS) ongitmae = 14, 133 géﬁomgim: BIMI Q1P D Siwe Belt O Triasos Bsin

Water OQuality: T emperature ‘5 "I "C DO "31313-1 Conductivity ltzm-ﬁ_“_wfﬂ'cm pH __(1_3 l

Physieal Churacterization: Visible fnd use rofers to tmmedinte srea that yoo con sec from ampling Jocation - include what yuu
chtimale driving thro the watershed in wateyshed land use.

¥ allow Fields % Commercisl Cvalodusteist | SeOther - Describer 2

Vigible Lansd Usis _ Foremt %afesidentinl )X_Q_%Acﬁve Paswyre % Active Crops N
/o) mgovﬁ{ VVeton

wye man—
Watershed landuse s DlFvrest DAgmeniturs Olrban £ Aninal operations Lpstream €S
G S 3 -+

Width: {mectons} E‘sm:aun3 > Channel (3t 1op of bank} G Strenm Depth: (m) avy 15 Mav , §V\

O Width variable L Larpe river =23m wide
Bank Height (from despest pan of riffe o iop of bank-first N3t surface vaw stand on); (m'yﬁ\ )
Bank Angle: q S “or ONA  {Vertical is 90°, horizomal s 7. Angles > 90 sndicnie sloge 1s towards rosd-clanmsct, = 94"
miheite slope is awoy from channel. WA if bank i% o0 low for bank angle to matier,)

O Chansielized Diteh

D0veply imeised sieep, straighi banks C1Both banks undercwr at bend DChanned libed in with sediment

D Recent overbank deprsits O8ar developmen ORunied swustures OExposed bedroclk:
[0 Excessive periphyion growth 3 Heavy filamentous algae growth Otreon tinge 0 Sewage smell

Manmade Stabilization: ON QY CIRip-rap, cement, gabions O Sedment(grade-comrol structure DBermlevee

Flow conditions : OHigh ONommad Dlpw

Turbidity: [Clear 03 Shghtly Twbid OTuwbid ETannic OMilky DColered ifosn dyes) .
Good pntﬂtﬂ:"ﬁi Wetlands Restoralion Project™ TIYES CINO Detalls (W v V. aLV\-_L ’@:Q_,é-\-g oy oN

]

Chasnel Flow Siatas
Useful especially under abnomsial or bow fluw conditions
A. Walcs reashes base of beth luwer banks, mmimal channel subsirate expsed oo, ., L.
B OWaker fills ¢ %% of available channel. o1 <2%% of channel substage 14 exposml
C. Wager fills 25-75% of available channel, many logsisnags euposed
D, Rood 318 00t OF WIET. 1o eovrs v v wmerin s et s oo
L. Very lithe warer 10 channed. mostly preseit s standing pools.... . .. .

o= I ——
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Appendix 5 (continued).

I, Chranci Modification ofe
A. chianmnel natural, frequent bends....ovoe e, -
B. channel natural, infreguert bends nl chmllzmon canld ba. uld} ........... éj
C. some channelization present... 3
D. more extensive channelizalion, =40% of strwmm SEUPEE ..o e e et e smenens 2
E. no beads, completely chanstilizod or rip mppod Drg,abmncd e, . 0

O Evidens of dredgting OBvidence of dempgging=nu bige wooly debris in smean D Banks of waifoen shap: h:agh( l,i
Remarks E Subuolai

i1, Instresm Habltar: Conssder the peroeniage of tee rexch thal v favorable for benthos colomization or fish cover. If >¥0% of the reach
is rocks, 1 1ype i pregend. circhke the score of (7. Definiien: leatpacks consist of okler kaves that are packed wgether and have begun to
decay (oot piles of leaves in pool arcag). Mark as s, o Abundss

Rocks Macrophytes Zé Sticks nnd leafpacks )é Bapgs and logs Z,:Uﬁdﬁrcui bunks or root mats

AMOUNT OF REACH FAVORABLE FOR COLONIZATION OR COVER

=H% A0:70% 20-30%, <HP%
Seore . Seom Score . Seony
4 0f 3 types presemibon o 20 12 3
3 types present e e 19 @ 1] 7
2 ey Pes PICSEt e e e s 1% T 10 &
1 sype present,., 17 13 9 5 o
Mo types prcscm SRR | I b
O Ko woady vegeiation in ripariun ame R&m;&rk& Subloal

IIL. Bottom Substrate (4ill, sand, detritus, gravel, cobbte, bonldery Look at entire yeach for substrate seoring, but only Jonk af niffie foze
etnbieddeduess, and use rocks from all pans of nffe-look for “mud line™ or difficulty exmFacting recks,
A, substrate with good mis of gravel, cobble and boulders

Svuge
1 embeddedness <20% f m:y tivels: smnd, mlly only behind large biulders) .. 15
3. embeddednyay 40-50% " 8
3 embeddedness >80% e 1
B. substrate gravel sod sobble
b, embeddetdness C20%himnimun aremeiererecoes o4 e e mset e mamemeseemen e mreteat 410 eerimsmnns 1%
2. embeddedness 20400 e - 11
3. embeddedness 40-8085 .. . SO menRomatd &
T, subsirate mostly gravel
2. embeddedness =504 . T ——— @
B. subsirate homogeneons
1. snbstaie peardy all bedrock.. oo . - S 3
2, subsiate neardy all sand .oes e = . e 3
3. subatrate neardy all delTiug, e e e s T . 2
4. substrate nearky @11 5 CIBY. ..o e e e rm b AR st « 1 L_'
Rtk ) —_— 5 ___ Subtoml__ !

1%. Pool Variery  Fuols are areas of deepor than avenpe maxmum depths with Bisle o no surfuce iurbulemee. Water velocities

awocisted with pools are always slow. Pooke may takes the forms of "pocket waler”, small pools behind boulders or obstructicis, in large
high gradient streans, os side eddies

A. Poals preseot Score
1. Pools Frcqucm [>30% ot 200m area surveyed |

a. varigly of poel sizes. e e s smpas s s R e 10

b pools about the saiwe s fmﬂwnim poc'ls ﬁlhn{g m) e R FRRRRU 5
2. Pools Infreguent (<30% of she 200m area surveyed)

e VAFIELY DF PO BLDES . cievvrere e vomess « it it esemtass e e ssssmmmes s smies + + o b s everenseonems

b pools shoot the <ame sre
B. Fouls abgent.....,....

O #ua bokem baaldercahblezhard L1 Borwon sosly-siod as you walk O $i% bt 03 Some posils over wadir aepih
Remarks
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Appendix 5 (continued).

V. Riffle Habitsts
Definition: Riffle s anex nf reaeration-can be debric darn, of nsrow channel meen Riffles Frequent  Riffles lafregisent

) Sgore Score
A. well defined riffle and run, nffle as wide g5 stream and extends 2X widify of siream... 16 12
B, riffke a8 wide u3 sironm but rifBe kngth s not 2X stream widih SR I T

T. riffle not ax-wide Bs streamm and riffle Eengih is oot 2X stream width

LY

D GRS Ao nvimec et e o . 0 3
Channel Slope: OTypucal for area OSteep-fast flow DlLowslike & coastal sream Subtoal
V1. Bank Stability and Vegetation

A. Erosliap
LMo, or very little, crosion prissent, .. ..o

2. Erosion mostly st vntsue of meanders.
3. Less than 50% of banks eroding........,
A MOSSE CTOBEOI. ccovvve e e
B. Bank Yegetation

1. Momtly musture trees (2125 DEH) present .. oo T
2. Moty small trees <12 DBH) present, large troes fare ..., §
3. No trees on davk, can have some shreubs and EFABHCH. v é)

2

Yegelapon Score

4. Moady grusses or mossea on bank ..., ...
5. Little or no batk vegetation, bare soil everywhere ., . |
Remarks Subtotal_

S

VAL Light Penetratlon Canopy is defined as tree or vegetative cover directly nbove the stream's serfsce Crnapy would block out
sunlight when the sun is direcily averhesd, MNote shading from ecumtsins, hot oot use 1o score this metric

Sgpre
A. Stream with good canopy with some breaks tor light peactiation ... .\ v v 10
B. Sirearn with full canopy - bresks for Fight penevavion absent, oo L L f
C. Strenm with partial canopy - sunliplt and shading ore essentially equal. . @
). Stream with minimal canopy - full sun in all but 2 few aness, S e 2
E. Mo canepy and no shading. .., VSO il 0
Remarks__ — . . e Subioeal ,-,l

VI, Riparian Vegelative Zone Wideh
Definition: Riparian zone for this form 1 area of natural vegetation adjucent to stream {can go bevond floodplaing. Defimitinm A bresk in
the reparian zone is any place on the siream banks which alinws sediment i pollutions 1 dizectly entor the siemm, such as paths down j
stTeRm, Eonm drains. upsood trees, oticr slides, et
FACE UPSTREAM Lfi. Bank Kt Hank
Dominant vegelation. O Trees 0 Shnibs D Grassss £ Weedanld flied OFxatics fkudou eich Seare Sopre
A. Riparian zoue ittt (oo breaks)

1 width = 18 metess..onn

2. width 1208 meters, . ...

3. warhh &-12 meters..............

5 5

T 7

[~

B. Ripzarian zone ot intart (breaks)
L. breaks rare
8 WA 2 T8 MEETS. ooy et S 4 4
b width 12-18aneter,. . oo 1 3
.o wideh 6-12 meters.. ... 3 2
d widih < 6 mesers.. I I
2. teaks common
2. width > VR meters, oo, 15803 8051 s anmamen v g o1 o1 e 3 3
b. wadth 12-18 meters....., 7 2
¢ width 6-12 meters, , , 1 1
dowidth = dmeoters.. ... R, [ 0 g
Remarks e - o Subtoal
Page Toial Zg
O Toiscleimer-Torm filled oul, bsit seore docsni match sulnective apinion-stypical stneam TOTAL SCORE 3
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Appendix 5. Habitat assessment field data sheet -- Mountain/Piedmont streams.

11113 Revision B

Habitat Assessment Field Data Sheet

Mountain' Plodmont Streams

Biclogical Assessmcnt Branch, DWR [TOTAL SCORE__ 9 2]
Dircctions for use: The observer is to survey 2 minfmuom of 100 meters with 200 melers preferred of steam, preferably in an
upstream direction starting above the bridge pool and the rond nghi-of-way. The segment which is assessed should Tepresent gverage
stream conditions. To perform & psroper habitat evnluation the observer needs to get into the stesam. Te complete the form, select the
description which best fits the observed habitals and then circle the ncore. IMthe ohserved habitat falls in botween two descriprions, sebecy
an intermedinic score. A final habitat score s doteernined by adding the results from the different metrics.

sweamMud \chC G({ﬁuﬁwmw@ilm Name JCounty, C\«\O\-\\am

(& VAo~
Date 5 e = S 7 Basin CO\\?L Fea»/ Subbasin D(ﬁ D .
‘ I_SC ”x" ‘9\’ A .‘

Otscrver(s) |, 2 Tfpe of Swdy. PRish  OBembos O Basinwide DSpocial Study (Describe)
Latieae 3° 8 'lu}.m\gimd;? 7'%:' _8 ' Ecoregion: [ M7 ,Bé\u State Belt D Trigssic Bosin
Water Quality: T:mvcratm_E_'@"_’C DO_g_"Bms-'l Conductivity (corr.y |11 wip Siem  pH _G;S '

Physieal Characterization: Visible land use refery to immediate area thai you ean 2ee from xsmpling location - inchde what you
cxtimutc driving thru the watershed in watershed land use.

Visible Land Use: _ %eFortst SeResidondial 1O ShActive Pasture % Active Crops |
_S3Fallow Fickls % Commercial “indusirial ___ SOuber - Describer 10 Clon Sevuend lov ey

Warershed land use*  DlForest DAgrieninire DUrban ({mw operations npstresm

Width: (metens) Stream _! O( 'L Channzl (ot top of bank) 'l_'l fL stream Depih: (m} Avg \ﬁ + Max ?-_S- £4
{1 Width variable 13 Large river >25m wide q -
Bank Height |from despest part of riffie 1o top of bank-first Nat surface you stand ond: (m} 4
Bank Anzle‘i O ®or ONA  (Vertical ia 907, harizontal i (. Angles = 00° indicate slope is towards mid-chamnct, < K
indicite siope is sway from channel. NA if bank if taa low for bank angle to matter,}

O Channelized Ditch

Obeeply incised-steep, siraight banks (lBoth banks undercut atbend DChanoed filled in with sediment

[ Recent overbank deposits BIBar developmen DiBuried siructures  CIExpadad bedrock
00 Excessive periphyion growth B Heavy filamentous algae prowth OGreen tinge 0 Sewnge smell

Manmeds Stibilization: ON DY EXRip-rap. cement. gabions O Sediment'grade-control structure DBermlevee
Flow conditions : OHigh IWNormal OLow

Tarbidity: OClens BSlightly Twbd DOTubid CiTannic DMilky OlColored (frym o | .
Good potential for Wettands Restoration Project?? OYES CINO Details &Wéﬂ‘\* v esdorati'on

?” Vo b £ f;’?*—:

Channel Flgw Status
Useful especially voder abnormal or bow flony conditions. <
A, Water reaches base of both lower banks, minimal channel subsirate exposed ... ..ovcomonne.,. ﬂ\
B. Watée flls > 3% of avarlable channel, or <25% of channel substrate is exposed., a
. Water fills 25-75% of available channel, many lvpsiags exposed. . .. oo, ]
D. Root mats out of water............. .., a
o

E. \'ﬂylih}cu‘amiﬂchnnnd,mu.ly.-"prctjs;e;l;;Mx;;poola.......m.” T
] [ e
Weather Condmum:_a_l OverCas Photos: O8 My OXDigital £135mm

Remarkss S ok wie e lon ylens e loeew A_ﬁ,(oo‘ﬁ"( Cor

i
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Appendix 5 (continued).

I. Chranel Modificatiou
A chamned natral, frequent Bendie. e
B rchannel natural, infrequent bends {chammelization conld be old),
C 500w chanaeliZaton presaiib o i e e pesseremes +s o
D. zaore extensive channelization, =40% of xreom desrupred....oooevevn.eoo...
E. no'bends, completsly channelized or rip rapped or gabioned, 01, . vy ]
B Evidence of dredging CIBvidence of desnugging=nc basger woudy debris in smenn [DJBanks of unifos shape/height ﬂ_
. Subiial

g
2
=
£

[2¥] w@unl

-y
=g

Remarks

1L Instresm Hablar: Constler (e poroentage of the seach ihal 15 favorable for benthos calomization or fish cov er. IF =708 of the reach
i rocks, 1 vype is present. circke the score of 17, Defimbion: Jeafpacks consist of nlder beaves that are packed wgether and have begon 1o
decay (s piles of leaves in pool areas). Mark sx it o3 Abundant.

Rocks ><'Ml,cmph}'tes X Sticks and leafpacks 2< Spngs and logs %Uldcr\cui banks or root mats

AMOUNT OF REACH FAVORABLE FOR COLONIZA TION OR COVER

=HMs 4N.78 20-90 UM
Seore Seore Seore  Sare
4 0f 5 Opes preseRten s e, 20 (6) 12 b
3 tyjoes presens. ... .19 133 ] 7
2 EyPes PACHEE e e - 18 14 1] ]
1 rype present,.. ... .. 17 ] 9 3
Wes bYpos peesent. ..o ) sa
O Ko weody vegefation i riparian cvee Remarks_ ! = - Sublogy)

HE. Bottom Subsstrate {silt, sund, detritus, gravel. cobble, boulder) Leok mi entire reseh for substraie peoring, but onty Jook at niflc for
etwheddedness, and wse rocks from all pans of nifle-look for "mud line™ or difficul ¥ extmeting rogks.

A substraie with good mis of pravel, cobble and boulders Score
1. embeddedness <208 [very lile sand, wsually only behind lage boulders) . ot 15
3. emboddedness 0-80%, [ b
B. substrate gravel and cobile
E. emhediedness <20% e ermmnenies s et e 14
2, embecdedness 20-40%,, 1
3. embeddediness AG-R0% N, )
&, emnbiedehetness =BO% e . 2

. substrate mostly gravel
L. embeddedness =3P G i s
2. embeddedness =50%...........
. subsirate homogeneans
1. substrate nearty all bedrock o
2. substruie nearky all sand ........
3. subatrate nearly alf dotniug, |,
4. substrate nearly all sil elay.... 1 L./\
Remarks -

— SE— o . Nubtots] ___

IV, Pool Varfety  Fuals are preas 0f deeper than average maxmmwm depthe with htrie or no surfoce furbulemee. Waer velogities
ssaciabed with poals are always slow. Pooks may take the Yo of "pocker waler”. small pools behind biwbéers or chstructions, in e
high pradient streants. or side eddies

A. Puols prescat Scope
L. Bools Freguent (=38 of 20tm ares surveyed
& variely of pool sizes.... ... b5 B o o s A LT 1

b pools shout the same sive lindwsaies pools filling m) ¥ PRI ENTTS @
2. Pools Infrequent (<30% of the 200w anes surveved)

I pods abowt te xaime size
Subota)

B. Podds abgent. ..,
& Pud botcom bauldercobblezhard 01 Bations sady-sing as you aolt E Si bernan O Some poals over wader eeplly

Remarks o [ ——
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Appendix 5 (continued).

V., Riffle Habliars
Definition: Riffle is area of reacration-can be Yebric dam, of nsmow chanpel seen Riffles Frequent  Riffles lnfreg uent
! Score Seupe

A. weell defined siffle and nan, nfile as wide a5 stream and extends 2% width of sieam..,. 16 12

B. riffie a3 wide 45 streom but rifTie kngth is not 23 stream weidth oo 14 7

L. ciffle not ax-wide a3 siecam and riffle kength is not 2X sream width .o o 30 3

L L v @ 3
Channel Slope: OTypucel forares  [ISteep - fast flow  DlLowelike & coastad stream Subiodal

¥1. Bunk Stability and Y egetation
A. Ernslan

L. Ne, or very litthe, CROSIon Prissenl, ooy T

<. Ervsion mostly at auiside of meandees... .-

3. Less than 50% of basks eroding...... .. @ ) 3

S, DHRIIVE BIOBEON e eovvecee s st oo s ermres et v s rene Froninn Score

B. Bank Yegetatinn

1. Mostly evarure trees (2027 DEH) present oo T

2. Moty small trees 212" [JRH) present, large trees rare . .. §

3. No wroes ab hank, cen have some sheubs and grasses............ 3

4. Mostly grasis o7 mos5e8 0n Bank oo

% Little or bo bask vegestion, bare soil everywdere ... 0 Veyelation Sgure b"
Remarks Subdatal

VIL Light Penetration Canopy is defined as tie or vegetative cover direcily sbove the stream'’s serface. Crnopy would block out
sunlight whe the sun is directly overhesd, Hote shading from mountains, but not use 1o score this metric.

Hoore
A, Strearn with gond canopy with some breiks for HEbt peneteatson . ... ., o oo 3 1))
B. Stream with fall canopy - beesks for Nipht penctation shsent, ..o L]
C. Stregm with partial canopy - sunlight and shading are essentiallyequal.., .., . . 7
Lv. Stream with minfmal canopy - full sun in alf but & fow aress..... ., . @
E. B sanopy and 0o shading.. oot o ¢
Remarks_ . _ Subtowal Z_

VIE. Ripariax Yegelatbvr Zone Width
Drefinition: Ripanan zone for this fonm 5 sz of natoral vegenion adjicent to stream {ean go bevond floodplain}. Definition; A bresk i

the riparian zone is any place on the siream banks which allows sediment or pollutmts 1o dervetly eiler the strepn, such as paths down
siveam, storm drains, uprootid trees, otter slides, =tc.

FACE UPSTREAM L&. Bank Ki Bank
Dominant vegeiation. £ Trees B Shrubs O Creoix £ Weodsinld fichd DVEAotics (kudz elc) Scoee Seore
A. Riparian 2oue intact (no breaks)
Jowidth = 8 MBS i e 5

2. width 1218 meters,,
3 wadth 6-12 mieters.
& widih = & meie ...
1. Riparion zone nol Intact (breaks)
k. hreaks mre
3. width = 18 meters. ..o

i
3 'd@ "]

@
2

beowidth E2-EB meters, oy 1 3

Wit 612 IRers e L i 2

d widih < fmesers., . L i E— t 1

2. breaks common

B owidth = 1K meters, L 1 3

b width |2-1E nscters...... 2 2

¢ width 5-12 meters, | . ! 1

dowidth= émeters. ... .. ... 0 a %
Remarks e Subrotal

Page Total l %
O Disclaimes-form filled oul, bar score oesnt match subgective npinion-atypical ¢ream TOTAL SCORE, SC)
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Appendix G.
Random Veg Transect Data

2021 MY4 Annual Monitoring Report (Final) Appendices
Mud Lick Creek Mitigation Site (DMS Project # 93482)



Total and Planted Stems by Plot and Species - Random Transects
Project Code 93482. Project Name: Mud Lick Creek

Current Plot Data (MY4 2021)

VT1 VT2 VT3 VT4 VT5 VT6 Average
Scientific Name Common Name Species Type |PnolS| T |[PnolS| T |JPnolS| T |[PnolS| T |JPnolS| T |JPnolS| T |[PnolS| T
Acer negundo boxelder Tree
Acer rubrum red maple Tree
Alnus alder Shrub
Baccharis halimifolia eastern baccharis Shrub
Betula nigra river birch Tree 1 1 1 1 2 2
Carpinus caroliniana American hornbeam |Tree
Carya hickory Tree
Celtis laevigata sugarberry Tree
Celtis occidentalis common hackberry [Tree 1 1 1 1
Cephalanthus occidentalis |common buttonbush |Shrub
Cercis canadensis eastern redbud Tree
Cornus amomum silky dogwood Shrub 3 3 1 1 4 4
Diospyros virginiana common persimmon [Tree 2 2 2 2 4 4
Fraxinus pennsylvanica green ash Tree 3 3 2 2 5 5 10 10
Juglans nigra black walnut Tree
Liquidambar styraciflua sweetgum Tree 5 80 85
Liriodendron tulipifera tuliptree Tree
Nyssa tupelo Tree
Nyssa biflora swamp tupelo Tree 15 15 2 2| 17 17
Ostrya virginiana hophornbeam Tree
Platanus occidentalis American sycamore |Tree 4 4 1 1 1 1 4 4 10 10
Populus deltoides eastern cottonwood |[Tree 1 1 1 1
Quercus oak Tree
Quercus michauxii swamp chestnut oak |[Tree
Quercus nigra water oak Tree
Robinia pseudoacacia black locust Tree
Ulmus americana American elm Tree 4 4 4 4
Rhus copallinum Winged Sumac Tree 1 1
Ulmus rubra slippery elm Tree
Viburnum dentatum southern arrowwood |Shrub 1 2 2 1 1 1 7
Stem count 8 8 13 25 25 85 5 6 53| 146
size (ares) 1 1 1 1 1 1 1
size (ACRES) 0.03 0.03 0.03 0.03 0.03 0.03 0.17
Species count 3 3 4 5 5 5 5 5 2 3 4 5 9 12
Stems per ACRE] 290 290} 290 472] 327| 327§ 908| 908] 182 3086) 182| 218} 321| 883

Color for Density

Exceeds requirements by 10%

Exceeds requirements, but by less than 10%
Fails to meet requirements, by less than 10%
Fails to meet requirements by more than 10%

PnolS = Planted excluding livestakes
T = All planted and natural recruits including livestakes




Legend

Stream Areas of Concern
- CVS Plot Not Meeting Success during MY4
\: CVS Plot Meeting Success during MY4
— E2
—R

Monitoring XS
|:| MLC Conservation Easement
Random Transects (9/30/21)

- <260 stems/acre
\: >260 stems/acre

Proposed Fescue Thinning Areas
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