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Garner Branch Stream Restoration Project
Chavis Park, Raleigh North Carolina

Introduction

The Wetlands Restoration Program identified the Garner Branch project in 1999 for a
design project. Garner Branch was investigated from the Confluence with Walnut Creek
to the origin of the stream at Lenoir Street. After submittal of preliminary findings to
WREP final design/build plans were prepared for the reach of Garner Branch from Martin
Luther King Boulevard to Lenoir Street approximately 1,830 linear feet. Two short
segments of tributaries within the Chavis Park boundaries were also included in this
project. The first location is approximately 250 linear feet of tributary just upstream of
Station 55+00. The second tributary is located just above Station 63+00 and is
approximately 120 feet in length. Therefore the total project stream length included in
this submittal is approximately 2,200 linear feet.

Project Location

The project is located on Garner Branch within the limits of Chavis Park. Chavis Park is
a very old & established park located in downtown Raleigh, North Carolina. The park is
an urban park located approximately one mile south east of the state capitol building in
downtown Raleigh. The upstream limit of the project is Lenoir Street and the lower limit
is Martin Luther King Boulevard.

Problem Statement

Unstable Channel Configuration:

The channel has incised over the years through out the park. Based on the tributary plan,
profile, and dimensions, the stream was classified as a G4c type. A G type stream is
generally described as an entrenched “gully step/pool channel with low width-to-depth
ratios on moderate gradients. Isolated short reaches of the channel did exhibit other
Rosgen stream Characteristics, but the G4c appears to be the most representative of the
typical stream condition. The existing channel pattern throughout the stream is causing
further instability in the steep banks due to the erosion occurring at the toe. In much of
the stream the floodplains are too high, not allowing for frequent storm water access.
The existing stream above station 64+00 was classified as an E4 stream. The existing
pattern in this region is also causing extensive erosion on high banks within bends.

Poor Water Quality:
The water quality in the stream is impacted both by the urban environment and by the
sediment caused by eroding banks. The watershed is comprised of downtown Raleigh.
The stream receives sediment starved storm water being released through a concrete
culvert at the origin of the project. Further along the stream length sediment is being
released from continually eroding banks. Bank Erosion Hazard Indexes were completed
for eleven locations along the stream reach. The values ranged from moderate to very
high with an average index of 32 (High).

An environmental assessment was preformed on the stream with these results.
Bioclassification ratings were Poor as EPT Taxa were few and Biotic Index values were
high, indicative of poor water quality. Tolerance values for individual benthic



mocroinvertebrate species varried from 0 to 10, with the higher numbers indicating more
tolerant species found in polluted conditions.

Bed Features:

The bed of the stream is featureless throughout much of its length. There are several rock
nick points that are controlling the grade of the channel especially in the lower reaches
below station 59+00.

Vegetation:

The vegetation that is present in the channel is primarily non-native species. The
vegetation ranges from very sparse to vigorous vegetation communities. Bank vegetation
protection is poor. The existing stream riparian vegetation is low. The park maintains
mowed grass almost to the top of bank along the stream.

Habitat:

The stream has poor habitat. The urban watershed characteristics create storm events that
have large peak discharges that occur quickly and produce high velocities. Abundant in-
stream cover is not present and fines are currently embedding the channel.

Project Goals and Objectives
The objective of this stream restoration project is to improve the water quality, riparian
quality and stability of the stream. Restoring the natural flow pattern of the stream and
stabilizing the steep channel banks will accomplish this. Long-term stabilization will be
accomplished by planting the riparian area with native vegetation.
¢ Reduce bank erosion by adjustment of the existing channel pattern or by bio-
engineered methods.
¢ Improve water quality by reducing erosion and by increasing the connectivity
between the channel and floodplain.
Stabilize the bankfull elevation along the reach.
Enhance in stream habitat by placing structures, overhanging vegetation and removal
of aggressive species.
¢ Enhance riparian corridor with native vegetative species to improve the function and
aesthetic value.
o Slope and vegetate the stream banks so that they are more resistant to flooding.
Plant native trees, bushes and ground cover that will stabilize the stream banks, shade
the stream, and provide wildlife cover and food.

Watershed Conditions

Garner Branch a tributary of Walnut Creek is located in Downtown Raleigh. The main
channel begins just south of East Cabarrus Street and continues south through primarily
residential neighborhoods and Chavis Park until it enters Walnut Creek just west of State
Street. This project will only include work on Garner Branch from Lenoir Street to
Martin Luther King Boulevard. The watershed is approximately 347 acres (0.54 square
miles) to our point of interest at Martin Luther King Boulevard.



The watershed basin has a western boundary located primarily along Rock Quarry Road
and Cumberland Street. The northern boundary extends almost to New Bern Avenue and
the eastern limit is approximately defined by Chavis Way. The southern watershed
boundary is Martin Luther King Boulevard.

The watershed contributing stormwater runoff to Garner Branch is very urban and fully
developed. The current zoning and planimetric maps from the City of Raleigh show
three-quarters of the watershed development consists primarily of residential high density
properties. Land usage in the upper north-eastern quarter of the watershed supports dense
developments of downtown city offices, businesses and industrial facilities.

The soils in the watershed basin are identified in the Wake County North Carolina Soil
Survey published by the US Department of Agriculture Soil Conservation Service. These
soils consist primarily of Cecil and Appling Sandy Loam in the upland areas and
Worsham Sandy Loam and Wehadkee soils in the floodplains adjacent to the stream.

Cecil soils are identified in the survey for the segment of the tributary that extends north
of Martin Luther King Boulevard within the stream corridor, floodplains, and most of the
adjacent watershed upland area. Cecil soils are characterized with fair infiltration rates,
rapid surface runoff, and a moderate to very severe hazard of further erosion.

Stream Reference Reach Site

Brookhaven Park in Raleigh was used as the reference reach channel for the stream plan
form design from station 64-+00 through station 69+00. The reference reach site was
surveyed by NC State in 1998. The reference reach is a stream type C4. The watershed
size for the reference reach is 0.14 square miles. The watershed area for the project site
at station 64-+00 is 0.14 square miles.

Stream Restoration Plan

The stream work being proposed consists of stream bank stabilization, in-stream
structures, stream plan form adjustments and storm drainage retrofits. The existing non-
native and nuisance vegetation along the steep stream banks will be cleared along the
entire 2,200 linear feet and replanted with native species that will be sensitive to the park
setting and visibility concerns. In-stream structures are proposed to establish additional
bedform and provide better habitat. Some bio-technical practices are proposed in areas
where the banks are steep and severely eroded.

The proposed work will be preformed within the confines of the existing incised channel.
At locations where possible the banks will be sloped back to stable slopes before re-
vegetation. The tops of these banks now functioning as a terrace are 12 to 25 feet in
height along the stream length. Sanitary sewer lines, park asphalt walkways, roadways,
and park shelter buildings are located in close proximity to these terrace edges. Park
pedestrian bridges, a very old stone bridge, and utility lines cross the creek. No utilities
except for storm water discharge point sources into the creek are proposed to be changed
during construction. All existing bridges will remain in place. A cross vane will be
placed down stream of the stone bridge set at the elevation of the existing footings to



assist in re-establishing the channel grade through the bridge structure. The City of
Raleigh will be performing repairs necessary to this stone bridge and footings.

From station 52+60 to station 62+00 the work will primarily consist of stream bank
stabilization and re-grading of the stream floodplain. The floodplain will be reworked to
allow for more frequent stormwater access. A “W” Vane structure will be placed just
upstream of the Martin Luther King culverts to help direct the flow into both barrels. A
second rock vane will be installed between the “W” Vane and the existing upstream
bedrock to assist in redirecting the flow away from the reconstructed bank. At station
55+50 the existing in-stream island will be cut down and will be replanted with wetland
vegetation.

At station 64-+00 through 69+00 the stream will be re-meandered through the floodplain.
Where the floodplain is restricted it will be widened to obtain more pattern and assist
with bankfull as well as large stormwater flows. The proposed channel was designed
based on the Rosgen method. The only parameter that could not be consistently obtained
in this reach is the belt width. Due to the close proximity of Chavis Way to the north and
utility lines to the south the required belt width stayed at the low end of the range or
below. The morphological characteristics of the existing, proposed and reference reach is
shown in the table below.

Variables Existing Channel Proposed Reach Reference Reach
Stream type E4 C4 C4
Drainage Area 0.14 Urban 0.14 Urban 0.14 rural
(Sq. Mile)
Bankfull width 12 fi 23 ft 12.8 ft
(Wbkf) 16-24 21-25 10-15.6
Bankfull mean 1.55 ft. 1.2 ft. 0.67 ft
depth (dbkf) 1.4-2.0 1.1-13 0.55-0.8
Width/depth ratio 7.7 C - 19 19.4
(Wbkf/dbkf) 18:21" 18.2-20.6
Bankfull Cross 18.6 sq ft 25sq ft 8.6 sq ft
Sectional Area 5.5-11.8
(Abkf)
Bankfull Mean 5.7 ft/sec 4.2 ft/sec 3.5 ft/sec
Velocity (Vbk{)
Bankfull Discharge, 107 115 30
cfs (Qbkf)
Bankfull Maximum 3.0-3.8 1.76 ft 1.1
depth (dmax) 1.65-1.98 1-1.2
Max driff/dbkf ratio 2.2 1.6 1.64
1.5-1.8 1.5-1.8
Low bank Height to 1.2 1.0 1.0
max dbkf 0.9-1.1 0.9-1.1
Width of flood 52-57 fi 52 f 27 ft
prone area (Wfpa) 40-63 19-33
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Entrenchment ratio 4.5 2.6
(Wipa/Wbkf) 1.9-3.3
Meander length 96 ft. 80ft 47 ft
(Lm) 70-108
Ratio of meander 8 3.5 3.7
length to bankfull 4-6 3.0-4.7 3.0-4.7
width (Lm/Wbkf)
Radius of Curvature 20 32 23.5
(Re) 8-31 23-40 12-35
Ratio of radius of 1.67 1.4 1.8
curvature to 1.1-1.6 1.0-2.7
bankfull width
(Rc/Whkf)
Belt width (Wblt) 37t 43 fi 3451
19-50 35-50 28-41
Meander width ratio 3.0 1.9 2.7
(Wblt/Wbkf) 1.5:2.2 2.2-3.2
Sinuosity (stream 1.05 («11\_,_,“ 1.7 2
length /valley ‘\\,‘J
distance) (k)
Valley slope (ft/ft) 0.0054 0.0054 0.027
Average slope 0.0052 0049 0.016
Savg= (Svalley /k)
Pool Slope (Spool) 0.001 0.004 0.001
0- 0.009 0-.003
Ratio of pool slope .14 0.06 0.06
to average slope 0-0.18 0-0.18
(spool/Sbkf)
Maximum pool 2.8 ft 351 201t
depth (dpool) 3.3-3.9 1.9-2.2
Ratio of pool depth 1.8 2.98 2.98
to average bankfull 2.8-3.3 2.8-33
depth (dpool/dbkf)
Pool width (Wpool) 10 f 17 ft 9.8 1t
15-20 8.4-11.3
Ration of pool width 0.83 0.76 0.76
to bankfull width 0.65-0.88 0.65-0.88
(Wpool/Wbkf)
Ratio of pool area to 1.2 1.12 1.12
bankfull area 1.1-1.2 1.1-1.2
Pool to pool spacing 69 fi 64 ft 45 fi
(p-p) 44-95 50-78 40-50
Ration of p-p 6 2.8 3.5
spacing to bankfull 2.4-3.1 3.1-3.9

width (p-p/Wbkf)




Materials: Existing Proposed Reference

Particle Size
distribution of
channel material

D16 0.35 mm 0.35 mm 0.74 mm
D35 1.1 1.1 4.4

D50 3.0 3.0 16

D84 11.5 11.5 70

D95 23 23 100

Particle Size
distribution of bar

material

D16 0.54 mm 0.54 mm Not Available
D35 1.2 1.2

D50 2.4 2.4

D84 12 12

D95 22 22

Largest size particle

at the toe ( lower 2.0 inches 2.0 inches

third) of bar

Sediment Transport Validation

(Based on Bankfull shear Stress) Existing Proposed
Calculated value 0.50 0.34
Value from Shield Diagram (Ib/sq.ft.) 0.38 0.38
Critical dimensionless shear stress 0.0216 0.0216
Miminum mean dbkf calculated using critical 121 12ft
dimensionless shear stress equations

Storm Drainage Retrofits:
There is currently four existing pipes that discharge stormwater into Garner Branch and
one location in which two existing swales discharge water at the top of the bank causing
erosion. Each retrofit is described below for existing and proposed conditions.

Retrofit “A”
An existing 24 inch diameter corrugated plastic pipe currently discharges water from the
parking lot into the creek. The pipe exits the slope of the existing stream bank
approximately 15 feet above the stream invert. No storm drainage system records were
available to determine the connection of the system. The drainage basin is approximately
2.3 acres consisting of impervious roadways & parking lots, park grounds, and apartment
land use.

The existing system proposed to be retrofitted will provide for treatment of the parking
lot stormwater within a constructed grass swale approximately 50 feet in length.
Currently this stormwater enters a piped system and directly discharges to the stream.




The stormwater discharge from the parking lot, along with the overland flow, will be
collected into a yard inlet located at the top of the stream bank. After entering the inlet
the stormwater will continue through a series of pipes and a junction box transitioning the
stormwater down the bank approximately 15 feet in elevation. The pipe will then
discharge at the channel elevation in between two proposed rock vanes. The existing 24
inch CPP will be connected to the yard inlet if it is determined in the field that this pipe
collects water from sources other than the parking lot inlet that is shown to be retrofitted
in this plan.

Retrofit “B”
A 18” RCP discharges to the stream just upstream of the aerial sanitary sewer crossing
directly across from the swimming pool. The headwall and concrete apron are
approximately 3-4 feet above the existing channel. A large scour has occurred and is
advancing past the headwall.

The proposed retrofit will include a junction box placed within the stable channel bank.
The junction box will provide for a drop in elevation so that the proposed outlet pipe can
be lowered to the existing channel elevation. The pipe will be extended outside of the
scour and the end stabilized.

Retrofit “C”
A 15” pipe discharges stormwater from the inlet on Cape Avenue to the top of the stream
bank in the park. The 15” pipe crosses under the park asphalt bike trail and over the
existing sanitary sewer line which are both located in close proximity to the existing
stream top of bank. The pipe end sections are currently separated.

Investigations were made to pull the existing system back to allow for the water to flow
through an open channel however the existing bike trail was a concern for the parks
department. They were concerned with potential hazards with water on the trail. Also a
sanitary sewer upgrade is planned for the park which is just in the conceptual stages. The
sewer may be relocated in this area. The proposed retrofit includes extending the existing
15” pipe into a junction box located at the top of the bank and dropping the elevation -
through the structure to the stream invert elevation. The pipe outlet into the stream will
be tied into the vegetated geogrids proposed to be placed at the channel bottom.

Retrofit “D”
Two existing swales exist on either side of the existing park shelter. This area is all
grassed. The swales are currently discharging over the top of the bank and causing
erosion of already unstable steep banks. The water that enters these swales travel
approximately 250 feet over grassed park land before they get to this point.

To prevent this point discharge the proposed retrofit will include the installation of two
yard inlets and 15” pipe that will collect the overland flow and transfer it down to the
stream. We have not increased the impervious area or changed the land use in any way.
The retrofit is proposed to convert an unstable point discharge at the existing top of bank
to a more stable discharge point at the stream bottom.



Retrofit “E”
An existing 18 inch corrugated metal pipe originates at a curb inlet in Chavis Way. The
CMP currently discharges out of an unstable bank. The pipe is very damaged and falling
apart in sections.

The proposed retrofit will relocate the discharge point of the 18 inch pipe onto a
reconstructed flood plain. The pipe will discharge in the direction of flow of the stream.
The new pipe will be an 18”RCP with a stabilized outlet.

Riparian Restoration

Low growing woody species will be planted on the steep banks of the incised channel.
These species will be planted as bare rooted or potted stock during he dormant season.
As much as possible existing established large trees tat are on site will be avoided.
Riparian species were chosen to be aesthetically pleasing and to benefit wildlife by
providing food or habitat. Only native species will be used to re-vegetate the riparian
zone. A selection of the folowing species will be used at this site:

Red Chokeberry (aronia arbutifolia), American Beautyberry (Callicarpa americana),
Buttonbush (Cephalanthus occidentalis), Silky Dogwood (Cornus amomum), Witch
Hazel (Hamamelis virginiana), Winterberry (Ilex, verticillata), Dog-hobble (Leucothoe
fontanesiana), Spicebush (Lindera benzoin), Common Elderberry (Sambucus
canadensis), Flowering Dogwood (Cornus rugosa). All flower species will be planted 3
to 4 feet apart, bush species 4-8 feet apart and trees will be planted 10-15 feet apart.



Chavis Park Downtown Raleigh, North Carolina
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Garner Branch Location Map
within
Chavis Park, Raleigh North Carolina
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US Geological Survey Quadrangle Map

Raleigh East & West, NC
Scale 17’=2,000°




Garner Branch Chavis Park Raleigh, North Carolina

Over Widened Stream Segment Just Downstream of the Culvert



Garner Branch Chavis Park Raleigh, North Carolina

Rock Outcrop Just Upstream of Culverts Under MLK Bivd.



Garner Branch ChavisPark Raleigh, North Carolina
ChavisPark Stone Bridge
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Cross Section #1

Inner Berm Width= 12'
Bankfull Cross Section Bankfull Elevation 92.36
Elevation Incremental Incremental Incremental
Station Elevation from Bankfull Avg.Height Ft. Distance Ft. Area Sq.Ft.
494 92.36 0
0.58 1.60 0.93
51 91.2 1.16
1.13 2.00 2.25
53 91.27 1.09
1.48 1.70 2.51
54.7 90.5 1.86
2.05 3.30 6.76
58 90.12 2.24
2.46 1.30 3.19
59.3 89.69 2.67
‘ 1.34 2.20 2.94
61.5 92.36 0
Total Area 18.58 Sq. Feet
Width = 16'
Bankfull Cross Section Bankfull Elevation 93.48
Elevation Incremental Incremental Incremental
Station  Elevation from Bankfull Avg.Height Ft. Distance Ft. Area Sq.Ft.
46 93.48 0
0.24 2.00 0.48
43 93 0.48
0.80 1.40 1.12
494 92.36 1.12
1.70 1.60 2.72
51 91.2 2.28
2.25 2.00 4.49
53 91.27 2.21
2.60 1.70 4.41
547 90.5 2.98
3.17 3.30 10.46
58 90.12 3.36
3.58 1.30 4.65
59.3 89.69 3.79
1.90 2.70 512
62 93.48 0
Total Area 33.45 Sq. Feet
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t PEBBLE COUNT
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Pebble Count

PCLVCYY\CV\‘\’ Sample
Larcéce.jf Rio. Pavticdde = 3.0

PEBBLE COUNT

Site: Chavis Park, Pavement Sample #2 at upper end,

Date: 4/19/2001

Party: Becky Ward, Bob Ward

Reach: Garner Branch .

Particle Counts °
Inches Particle Millimeter Riffles Pools | Total No.| item % [% Cumulative
Silt/Clay <0.062 }|S/G: 0 0 0% 0%
Very Fine o 2 0 2 2% 2%
Fine 2 0 2 2% 4%
Medium 0 0 0 0% 4%
Coarse 1 0 1 1% 5%
.04 -.08 | Very Coarse 4 0 4 4% 9%
.08-.16 | Very Fine 3 0 3 3% 12%
.16 -.22 Fine. 16 0 16 16% 28%
22 -.31 Fine 10 0 10 10% 38%
31-.4 Medium : 12 0 12 12% 50%
44 - 63 Medium 11.3-16.0}: 26 0 26 26% 76%
.63 -.89 Coarse 16.0-22.6 13 0 13 13% 89%
.89 -1.26 Coarse 226-320¢F 8 0 8 8% 97%
1.26 - 1.77] Very Coarse | 32.0-450} 3 0 3 3% 100%
1.77-2.5| Very Coarse | 45.0-64.0 | 0 0 0 0% 100%
25-35 Small 64-90 | 0 0 0 0% 100%
35-50 Small 90 - 128 0 0 0 0% 100%
50-71 Large 128 - 180 0 0] 0 0% 100%
7.1-10.1 Large 180 - 256 0 0 0 0% 100%
10.1-14.3 Small 256 - 362 0 0 0 0% 100%
14.3-20 Small 362-512 | 0 0 0 0% 100%
20-40 Medium 512-1024 | 0 0 0 0% 100%
40 - 80 | Lrg- Very Lrg [1024 - 2048} R 0 0 0 0% 100%
Bedrock ‘BDRK] 0 0 0 0% 100%
Totals 100 0 100 100%  100%
Particle Size Distribution Sample #2
100% e -—
90%
H 80% /
5 70% /
£ 60%
S ] /
€ 50% 1 o
E 40%
[ //
[T
2 20% 1 7
10% ; ——
0% le—ro o v
0.1 1 10 100 1000
Particle Size - Millimeter

1
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Wildland Hydrology Field Data Form 1999RAM ]
. BANK EROSION POTENTIAL . .
Stream Name__ Garper Branel. -Chayis Pa k. Date:__ y-19-0/

Xsec. No._Sta. 11¥00 N-Rak Crew: R4 B, Wavd

Location/Note: =t}

Bank Height (&% 505" * 4.2

Bankfull Height () B = 15’

Root Density (%)___ & "death = densi = 40%
Bank Angle ( degrees ) 0 :
Surface Protection ( % ) b Ps

BANK EROSION POTENTIAL

mem—

CRITERIA VERY LOW LOW | MODERATE _(CHIGH> | VERYHIGH | EXTREME
VAWE | woEx | vAUE | womx | vaiue | omex | vaLoe WDEX | VALUE | INDEX | vALuz | mvDEx
Bank HUBKI Hs LML | 1019 |19 12039 | 1245 {4059 | 1620 6079 | 218B) |80€D) | 28 | 10
Rox DeptvBank Ht | 1009 | 1.0-19 |0.89050 | 20.3.9 049080 | 4089 [029-115 [ 6079 |0.14-05 |8090 | <05 10
RoxDenstry (%) | 80-100 | 1.0-1.9 | 8579 | 2039 [ 1529 [6079 | 514 |8090.| w0 | 10
Bank Angle Degrees) | 020 | 1.0-19 | 2160 | 2059 6;%‘ T% 8190 [60-79 |91-119 (8090 | >n9 | 10
SufieProc (%) | 80-100 | 1019 | 5579 [2039 | 3054 | 4089 | 1529 6079 | 1005|8050
i 168 9.0 10
595 10195 20295 (20395 4045 4650
Numerical
Adjustnents Mepe

BANK MATERIALS: BEDROCK: BANK EROSION POTENTIAL ALWAYS VERY Low
BOULDERS: BANK EROSION POTENTIAL LOW
COBBLE: DECREASE BY ONE CATEGORY UNLESS MIXTURE OF GRAVEL/SAND IS OVER 50%,
THEN NO ADJUSTMENT ’
GRAVEL: ADJUST VALUES UP BY 5-10 POINTS DEPENDING ON COMPOSITION OF SAND
SAND: ADJUST VALUES UP BY 10 POINTS
— SILT/CLAY: NO ADJUSTMENT : .
STRATIFICATION: = 5-10 POINTS (UPWARD) DEPENDING ON POSITION OF UNSTABLE LAYERS IN RELATION TO
Nodg, BANKFULL STAGE

BEHI___ -  35.%- /;A#L




Wildland Hydrology Fleld Data Form 1999RAM

.. - BANK EROSION POTENTIAL . .
Stream Name__(Gavnee Branch - Chavis Pock, Date:__ 4-9-01
Xsec. No._ St 70400 S-Rak Crew: 2 d . Ward

Location/Note: %7 K

Bank Height (£8Y 20’

Bankfull Helght (v _- 1. lo! _
Root Density (%)___ /0-12.™ voot by = 307
Bank Angle (degrees) 3 0-H5 &

Surface Protection (%) __ 50 % mu.m/_@&_g{asb

. BANK EROSION POTENTIAL

CRITERIA | VERYLOW Low MODERATE HIGH | VERYHIGH | EXTREME

VAWE | ooex | vAwe | woex | vaLoe | ovoex | vaive NDEX | VALUE | NDEX | vALuE | pvoex
Bank HUBKS Ht O | 1019 | L9 12039 | 12415 | 4089 | 1620 [6079 [2128 |8090 | G28)
Rox DepvBank e | 1009 | 1019 029050 | 2055 049030, 40-59 1029-115 | 6079 [0.14-05) s | 10
FoxDensty (%) | 8010 | 1.0-19 | 5579 | 2039 (54 |@op9 | 1529 | 6079 | S14 |soso | <o | o
Bank Angie Dcgrees) | 020 | 1019 | 2160 2 | 6190 | 4059 | 8190 6079 [91-19 [8090 | >u9 | 10
SwtirPoc (%) @-100)] 108 | 8619 (2039 | 2054 4089 | 1529|6079 | 1015 |som0 | oo | o
ToTALS 1 3 4 q 10

595 10195 (2099 30395 4045 4650

Numerical _ ’
Adjustments Nm+:.

BANK MATERIALS: BEDROCK: - BANK EROSION POTENTIAL ALWAYS VERY LOW
BOULDERS: BANK EROSION POTENTIAL LOW |
COBBLE: DECREASE BY ONE CATEGORY UNLESS MIXTURE OF GRAVEL/SAND IS OVER 50%,
50\ W\ (\g«%Q THEN NO ADJUSTMENT
GRAVEL: ADJUST VALUES UP BY 5-10 POINTS DEPENDING ON COMPOSITION OF SAND
SAND: ADJUST VALUES UP BY 10 POINTS
SILT/CLAY: NO ADJUSTMENT :
STRA'HFICAT!ON 5-10 POINTS (UPWARD) DEPENDING ON POSITION OF UNSTABLE LAYERS IN RE!ATION TO
No BANKFULL STAGE

BEH|




Wildland Hydrology Field Data Form 1999RAM
- BANK EROSION POTENTIAL

Stream Name Garxner Brangh = Chavis Park Date: 4.19-0!
Xsec. Noﬁhé@ggg Q= ggg_ Crew 54 R Wah
Location/Note: &nk__wi

Bank Helght & 20"
Bankfull Height (&~ _ (o "

Root Denslty (%)___/2- 14 drgﬁ_aﬁ%_dm&%.
Bank Angle (degrees ) 0% '

Surface Protection (% )_ %20 %

. BANK EROSION POTENTIAL
CRITERIA VERY LOW Low MODERATE HIGH VERY HIGH EXTREME

VALUE | DoEx | vALe | oex | vaue | omx | vaLve woex | vawe |omx | vae | ooex
Bank HUBKS Kt 111 | 1019 | L1119 12039 | 1315 | 4089 | 1620 |6079 [2128 [8090 | G2B
Rox DepdvBank e | 1009 | 10-19 (09050 | 2039 [049-030 [ 4089 [029-115 | 6079 |0.14-) [806] | <05 10
Root Denskry (%) 80100 | 1019 | 5579|2039 | 30£) 4 1529 6079 | 514 |8090. | <0 10
Bank Angle (Degrees) | 020 | 1.0-19 | 2160 | 2039 | 6180 | 4089 3069 [60GY |19 8090 | >n9 10
Surface Prot. (%) 20100 | 1049 | 579 [2039 | 054 [4089 | 1599 60783y 1015|8090 | <10 10
TOTALS 549 M4 9q . o]
595 10-195 20295 (30395 4045 4-50
Numerial . -
Adjusanents N dne

BANK MATERIALS: BEDROCK: BANK EROSION POTENTIAL ALWAYS VERY LOW
- BOULDERS: BANK EROSION POTENTIAL LOW ‘
COBBLE: DECREASE BY ONE CATEGORY UNLESS MIXTURE OF GRAVEL/SAND IS OVER 50%,
THEN NO ADJUSTMENT
GRAVEL: ADJUST VALUES UP BY 5-10 POINTS DEPENDING ON COMPOSITION OF SAND
SAND: ADJUST VALUES UP BY 10 POINTS
~=» SILT/CLAY: NO ADJUSTMENT :
STRATIFICATION:  5-10 POINTS (UPWARD) DEPENDING ON POSITION OF UNSTABLE LAYERS IN RELATION TO
Nﬂt BANKFULL STAGE

BEHI__39.9 ~fﬁ#5




Wildland Hydrology Field Data Form 1999RAM
. - BANK EROSION POTENTIAL . .
Stream Name favner K’)mnds Chowvs Park Date:___4-19-¢gl

Xsec. No. s Crew:__ R4 8 Waxd
Location/Note: 35‘1‘—

Bank Helght (/1) 97

Bankfull Height (ty __— \H 7 = )57

Root Density (%) 0" e gi-L A
Bank Angle (degrees) 70 -90

Surface Protection (%) __80%

BANK EROSION POTENTIAL
L .
CRITERIA VERY LOW LOwW MODERATE HIGH VERY HIGH EXTREME
vAwe | owex | vawe | woex | value ,WDEX | VALUE | woEx | vALE | DDEX | vawe | ovoex
Bank HUBKf Kt 10-11 | 1019 | LI-119 | 2039 | 12-15 [40-59 | 1620 | 6079 |21-28 |8090 ($T))
Ro DepdvBank Ht | 1009 | 1.0-1.9 (089050 [ 2039 | 049030, | 4059 |029-1.15 | 6.0.79 01455 |aom | <os 10
- ' . L3,
Root Denstty (%) 0100 | 1019 | 557 2009 | 3054|4059 | 1529 (6079 | 514 [809D | <o 10
Bank Angle Degrees) | 0-20 | 1.0-19 | 2140 | 2039 | 6180 | 4059 | 81869 91-119° [80490 | >n9 10
SufieProc (%) (8100 (.09 | 8579 [2099 | 3054|4089 | 1529 |6o7s 115 {8090 | <0 | 10
TOTALS 1.0 3 : 185" )0
595 10-19.5 20295 @399 4045 4650
Numerical
Adjusanents

BANK MATERIALS: BEDROCK: BANK EROSION POTENTIAL ALWAYS VERY LOW
BOULDERS: BANK EROSION POTENTIAL LOW
COBBLE: DECREASE BY ONE CATEGORY UNLESS MIXTURE OF GRAVEL/SAND 1S OVER 50%,
THEN NO ADJUSTMENT
GRAVEL: ADJUST VALUES UP BY 5-10 POINTS DEPENDING ON COMPOSITION OF SAND
SAND: ADJUST VALUES UP BY 10 POINTS . .
w=3SILT/CLAY: NO ADJUSTMENT ’ :
STRATIFICATION:  5-10 POINTS (UPWARD) DEPENDING ON POSITION OF UNSTABLE LAYERS IN RELATION TO
o BANKFULL STAGE
<

BEH| _304 - /%»‘9[3




Wildland Hydrology Field Data Form 1999RAM
.. - BANK EROSION POTENTIAL . .
Stream Name 6arnrx Brand. —Chavs Pack  Dater_ 4- 910
Xsec. No. S - Crew: & 5% Ward,
Location/Note:_# 2 ’ :
Bank Height (£t ] °
Bankfull Height (1) " :3’
Root Density (%) __12-" deoll:. ; 40%
Bank Angle (degrees) /R0°
Surface Protection (%)__ 20 %
BANK EROSION POTENTIAL
CRITERIA VERY LOW Low MODERATE HIGH VERY HIGH | EXTREME
VALE | mDEX | VALUE | tioEx | vALUE | woex | value INDEX | VALUE | voEX - | vALUE | iDEx
Bank HUBKS Ht 1011 | 1019 [ 11-119 | 2039 | 1215 |40-59 | 1620 [6079 | 2128 [8090 @
Roct DepcvBank Kt | 1009 | 10-1.9 (009050 | 20-3.9 | 049030 | 4.0-5.9 [029-115 | 60-7.9 0.1465 <05 10
Root Density (%) 80-100 | 1.0-1.9 55-79 2.0-3.9 3%-84 4@ 1'529 6.0-7.9 514 8.0-9.0 <$0 10
Bank Angle (Degrees) | 020 | 10-19 | 2160 | 2039 | 6180 | 4059 | 8190 |6079 |91-119 |8090
Surface Pro. (%) 80-100 | 1.0-19 55-19 2.0-3.9 30:54 4.0-59 l% 6(03\9 10-15 8.049.0 <10’ 10
TOTALS 4y.s 7 9 20
595 10-195 20295 0-395 @o4s ) 4650
Numerical
Adjustments

BANK MATERIALS: BEDROCK:
~ THEN NO ADJUSTMENT

~—*» SILT/CLAY: NO ADJUSTMENT

BANKFULL STAGE

NIME.
BEH|  40.5 = Very ,%;%A

BANK EROSION POTENTIAL ALWAYS VERY LOW
BOULDERS: BANK EROSION POTENTIAL LOW
COBBLE: DECREASE BY ONE CATEGORY UNLESS MIXTURE OF GRAVEL/SAND IS OVER 50%,

GRAVEL: ADJUST VALUES UP BY 5-10 POINTS DEPENDING ON COMPOSITION OF SAND
SAND: ADJUST VALUES UP BY 10 POINTS

N

STRATIFICATION: 5-10 POINTS (UPWARD) DEPENDING ON POSITION OF UNSTABLE LAYEPS IN RELATION TO

’v)

/p dﬂ( 4 ¥




Wildland Hydrology Field Data Form 1999RAM
. BANK EROSION POTENTIAL . .
Stream Name Garnee Brancd - Chavs Pack Date:__ 4- 19-0/

Xsec. No.ilui:f_m Crew:__248 slacd.
Location/Note: ¥

Bank Helght (£13_2%.

.. Bankfull Height () __ 13" =
¥ Root Density (%) Lo" "wys\:rﬁo,ca plente olye 2-3 -fz)vmr‘ao'\'s p=85%
Bank Angle (degrees ) 40-720°
Surface Protection (%) _ G %k

BANK EROSION POTENTIAL
CRITERIA VERY LOW Low MODERATE HIGH VERY HIGH | EXTREME
VAWE | owEx | vAWE | ovozx | vALUE | ovoex | vaiue WDEX | VALUE | DOEX | vAwe | ooex
Bank HUBK] He 1011 | 1019 | L1119 | 2039 | 1215 [ 4059 | 1620 | 6079 | 2128 |8090 | »28
Root DepdvBank Ht | 1009 | 1.0-19 (0890350 | 20-3.9 |049-030 | 4059 |029-115 | 6079 014,05 (o | < | w0
Roox Densiy (%) [(33)100 @.9 5579 (2039 | 3054 (4059 | 1529 6079 | 514 |8090 | S0 | 10
Bank Angle Dcprecs) | 00 | 1019 | 2140 2039 | 6180 [4pgd | 8190|6079 |9r119 |80w0 | sus | 10
Surtace Proc. (%) 80100 | 19Ty | ST | 2039 | 3054 [4089 | 1529 |6079 | 1015 8080 | <0 | 10
TOTALS | 2.5 S g /0
595 10195 (2025 30-395 045 4650
Nfosamerss Nome

BANK MATERIALS: BEDROCK: BANK EROSION POTENTIAL ALWAYS VERY LOW
BOULDERS: BANK EROSION POTENTIAL LOW '
COBBLE: DECREASE BY ONE CATEGORY UNLESS MD('IURB OF GRAVEL/SAND IS OVER 50%,
THEN NO ADJUSTMENT
GRAVEL: ADJUST VALUES UP BY 5-10 POINTS DEPENDING ON COMPOSITION OF SAND
SAND: ADJUST VALUES UP BY 10 POINTS
= SILT/CLAY: NO ADJUSTMENT !
STRATIFICATION:  5-10 POINTS (UPWARD) DEPENDING ON POSITION OF UNSTABLE LAYERS IN RELATION TO
NONE.. BANKFULL STAGE

BEH| __95.5  Muderuk

%«M\ 9 b«W

W g

xh




Wildland Hydrology Field Data Form 1999RAM
. BANK EROSION POTENTIAL - ,
Stream Name___ 2z ner Brancl =Chavis Pare. Date: 4-19-01

Xsec. No.&g_gl%__ﬁi&g_ Crew:___ g 41 Waod
Location/Note: J

Bank Helght (£4) __ 1L-\BY

Bankfull Height (t) 17" =1y
Root Denslty (%)__{@"-24 " Denaly = 80%
Bank Angle ( degrees ) _&Q-20°
Surface Protection (%)_“10% _
‘ BANK EROSION POTENTIAL
CRITERIA | VERYLOW Low MODERATE HIGH VERY HIGH | EXTREME
' vawe | ooex | vawe | woex | vave | ooex | vaor WoEX | vALUE | oEx | vae | ovoex
Bank HUBKS Ht 10-1.1 1.0-1.9 | L1-1.19 | 2.0-3.9 12-15 14089 | 1.620 |6079 | 2128 8.0-9.0 >28
MWH 1.0-0.9 1.0-1.9 |0.89-050 | 2.0-3.9 0.49-0.30 | 4.0-5.9 1029-1.18 | 6.0-7.9 O.l?--OS @9.0 <05 10
Roct Denstry (%) 20-100 @w 5579 (2039 | 3054 |4089 | 1529 [6079 | 514 [8090 | <o 10
Bank Angle (Degrees) | 0-20 | 10419 | 21460 | 2039 61-80 @5.9 8190 | 6079 [91-119 [8090 | >119 10
Surface Proc. (%) 80-100 l(m 55-79 20-3.9 30-54 4.0-59 15-29 6.0-7.9 10-18 8.0-9.0 <10’ 10
Toms 2.5 9 8 10
5495 10-195 20295 |) 30-395 40-45 4650
Numerical
Adjustments

BANK MATERIALS: BEDROCK: BANK EROSION POTENTIAL ALWAYS VERY LOW
BOULDERS: BANK EROSION POTENTIAL LOW ‘
COBBLE: DECREASE BY ONE CATEGORY UNLESS MIXTURE OF GRAVEL/SAND IS OVER 50%,
THEN NO ADJUSTMENT
GRAVEL: ADJUST VALUES UP BY 5-10 POINTS DEPENDING ON couposmon OF SAND
SAND: ADJUST VALUES UP BY 10 POINTS
3 SILT/CLAY: NO ADJUSTMENT :
STRATIFICATION:  5-10 POINTS (UPWARD) DEPENDING ON POSITION OF UNSTABLE LAYERS IN RELATION TO
V‘ we BANKFULL STAGE

BEH|__ 29,5 - Moderak,

s ¥
{ /{M@‘




Wildland Hydrology Field Data Form 1999RAM
BANK EROSION POTENTIAL

Stream Narﬁe Garner Branch — Cha vs &d Date: 4-19-9/
Xsec. No._sky, 58150 k/-gak Crew: B4R Waed

Location/Note: 3 £
Bank Height (£4) 19
Bankfull Height () __ 1™ - )3’ . ‘
Root Density (%) _3-4" Trera) shrabs . b7 o) sarfies vc,,d’d’m Dcns\\s
Bank Angle (degrees) 80 -gc° . '
Surface Protection (%) _10%
BANK EROSION POTENTIAL
CRITERIA VERY LOW LOW | MODERATE HIGH VERY HIGH | EXTREME
VALR | x| vawn | oomx | vaoe | ooex | e WOEX | VALUE | DDEX | vaLue | ooex
Bank HUBKS Hy POLL | 1009 11119 {2039 [ 12415 [ 4089 | 1620 | 6079 | 2128 |8090 | a8 1)
MWK 1.0-0.9 1.0-1.9 [0.89-050 | 2.0-3.9 0.49-030, | 4.0-5.9 029-1.]45 6(%9 Q.l4~.05 8.09.0 <05 10
RootDensty (%) | 80100 | 1019 | 8579 | 2039 | 30.54 W8I | 152 [e079 | s |sowo | o0 | 19
Bank Angle Degrees) | 020 | 1019 | 2140 | 2009 | 6190 | 4059 | 3130 6@%9 [91119 |8090 | 59 | 10
Surface Proc. (%) 80-100 | 1.0-1.9 | 8579 % 30-54 1 40-59 | 1529 [6079 | 1015 8090 <10 10
| Toms 3.3 59 14 - 10
595 10195 20295 D IR 46-50
Numerial
Adpusanents

BANK MATERIALS: BEDROCK: BANK EROSION POTENTIAL ALWAYS VERY LOW
BOULDERS: BANK EROSION POTENTIAL LOW '
COBBLE: DECREASE BY ONE CATEGORY UNLESS MIXTURE OF GRAVEL/SAND IS OVER 50%,
THEN NO ADJUSTMENT '
GRAVEL: ADJUST VALUES UP BY 5-10 POINTS DEPENDING ON COMPOSITION OF SAND
SAND: ADJUST VALUES UP BY 10 POINTS
T Ay No ADJUSTMENT : .
STRATIFICATION: = 5-10 POINTS (UPWARD) DEPENDING ON POSITION OF UNSTABLE LAYERS IN RELATION TO
QS\W BANKFULL STAGE

BEHI__33.3 — Hiah
=2l

e
R

N\



Wildland Hydrology Fleld Data Form 1999RAM
BANK EROSION POTENTIAL

Stream Nanie (2acnec mm&'&_-f‘&m_eo_:h_ Date: y-19-01
Xsec. No.Sh. 5‘?+& W-8nk, Crew: B8

Location/Note:’

Bank Height (£#4)  1.'

Bankfull Height () __ 1%\ =1.6°

Root Density (%)___ R"“=.61' 0 =407,
Bank Angle ( degrees ) 20 ~110
Surface Protection (%) _\0%o

BANK EROSION POTENTIAL

CRITERIA VERY LOwW LOwW ‘ MODERATE HIGH VERY HIGH EXTREME

VAWE | poex | vAle | ooex | value | worx | vaLoe WoEX | VALUE | woEx | Al | ooex
Bank HUBKS He 111 | 1019 | LI-L19 2039 | 12415 | 4059 | 1620 | 6079 | 2128 |8090 | 28
Root DeptvBank HE | 1.009 | 1.0-1.9 [0.09050 | 20-3.9 049030, | 4059 |029-1.15 | 6079 0.14-05. <05 10
Roct Denstry (%) 80-100 | 1019 | 8579 |2039 | 3054 1489 | 159 (6079 | 514 [8090 | =0 10
Bank Angle Degress) | 020 | 1019 | 2140 2039 | 6180 | 4059 | 810 | 6079 | 91119 >119 10
Surface Prot. (%) 80-100 | 10-19 | S5-79 | 20-39 | 3054 | 4059 | 1529 | 6079 | 1015 89390 | <0 | 10
Touss 5 551 i

595 10-195 20-295 30-39.5 (4045 46-50

Numerical
Adjustments

BANK MATERIALS: BEDROCK: BANK EROSION POTENTIAL ALWAYS VERY LOW
BOULDERS: BANK EROSION POTENTIAL LOW ;
COBBLE: DECREASE BY ONE CATEGORY UNLESS MIXTURE OF GRAVEL/SAND IS OVER 50%,
THEN NO ADJUSTMENT ;
GRAVEL: ADJUST VALUES UP BY 5-10 POINTS DEPENDING ON COMPOSITION OF SAND
SAND: ADJUST VALUES UP BY 10 POINTS . .
~—SILT/CLAY: NO ADJUSTMENT ' ' ‘
STRATIFICATION: = 5-10 POINTS (UPWARD) DEPENDING ON POSITION OF UNSTABLE LAYERS IN RELATION TO
Nm(,/ - BANKFULL STAGE ' :

BEH| Ve i

et



Wildland Hydrology Field Data Form 1999RAM
. BANK EROSION POTENTIAL . .
Stream Name___(Govne Branch, ~Chovis Pk, Date:_ 4-19-¢|
Xsec. No.&h B5+00  S-8yk Crew: RAR ulavd,

Location/Note:_ ¥\ "

Bank Helght (15 1'T"
Bankfull Height (r) ‘ ?’L W_—50% _ -
Root Density (%) 12"t \?éﬁambs) plusc b8 sorbvr plante O =09,

Bank Angle ( degrees ) q_éQ
Surface Protection (% ) D%

BANK EROSION POTENTIAL

CRITERIA VERY LOW Low | MODERATE HIGH VERY HIGH | EXTREME

VAL | ooex | vawe | oiomx | vaoe | ooex | wviive WOEX | VALUE | DIDEX | AL | Dvoex
Bank HUBKS Ht MOL1 | 1019 [ L1119 | 2039 | 1215 | 4059 | 1620 | 6079 | 2128 |s0ss 23 | (10
foxDepdvBank Bt | 1009 | 1.0-19 09050 | 2039 (049030 | 4059 [029-145 | 6079 |onecs 8089 | <os 10
Root Denstty (%) 80100 | 1019 | 5579 208D | 3054 | 4089 | 1529 | 6079 | 514 |s000 &S0 10
Bank Angle (Degrees) | 020 | 1019 | 2160 | 2099 | o160 D59 | s190 |6079 |91-119 |8os0 | o119 10
Surface Prot. (%) - 80-100 | 1 - 5579 12039 | 3054|4059 | 1529 [60-79 | 1015|8090 <10’ 10
TOTALS LS ! 4.0 ; 9.0 [0

595 10-19.5 20295 %35 4045 46-50

Numerical
Adjustuments

BANK MATERIALS: BEDROCK: BANK EROSION POTENTIAL ALWAYS VERY LO
BOULDERS: BANK EROSION POTENTIAL LOW -
COBBLE: DECREASE BY ONE CATEGORY UNLESS MIXTURE OF GRAVEL/SAND IS OVER 50%,
THEN NO ADJUSTMENT 3
GRAVEL: ADJUST VALUES UP BY 5-10 POINTS DEPENDING ON COMPOSITION OF SAND
SAND: ADJUST VALUES UP BY 10 POINTS . . .
“DSILT/CLAY: NO ADJUSTMENT : .
STRATIFICATION: = 5-10 POINTS (UPWARD) DEPENDING ON POSITION OF UNSTABLE LAYERS IN RELATION TO
N % BANKFULL STAGE

BEHI __ 384 - Mouduak



Wildland Hydrology Field Data Form 1999RAM
BANK EROSION POTENTIAL

Stream Name - Date:_ 4-19-9)
Xsec. No. &ﬁg_;_m Crew: 1343 Waud
Location/Note: - ¥\ "

Bank Height (£ 2!

Bankfull Height () __ [, =~ \.2!

Root Density (%) T-37 dma\kt * %

Bank Angle ( degrees ) 6Q°
Surface Protection (%) _ 9p-480le

BANK EROSION POTENTIAL
CRITERIA VERY LOW LoW | MODERATE HIGH | VERYHIGH | EXTREME
vawe | ooex [ vawr | oomx | e | amex | v WDEX | VALUE | WNOEX | valr | ovomx

Bank HUBKS Hs OV | 1019 11119 [ 2039 | 1215 [ 4089 | 1620 | 6079 | 2128 |soes >28
RoxDepdvBank Ht | 1009 | 10-19 089050 | 2039 | 049030, | 4059 [osoirs 719 01405 (8090 | <as | 10
Root Denstry (%) 80-100 | 1019 | 8579 |2 54 14089 | 1529 6079 | 514 |aom0 | @0 | o
Bk AngeOpess) | 020 | 1019 | 2140|2599 | 6190|4959 | 3190 | eors 91-119 (8090 | >n9 | 10
Surtace Pr. (%) B0 A | 57 [2099 | 2054 (4089 | 159 [6675 | 1015 [aoms a0 | 10
s 5| s ; 2 T

' 595 10-19.5 20-29.5 30-395 1045 4650
Numeriaal
Adjustments

BANK MATERIALS: BEDROCK: BANK EROSION POTENTIAL ALWAYS VERY LOW
BOULDERS: BANK EROSION POTENTIAL LOW ;
COBBLE: DECREASE BY ONE CATEGORY UNLESS MIXTURE OF GRAVEL/SAND IS OVER 50%,
THEN NO ADJUSTMENT o
GRAVEL: ADJUST VALUES UP BY 5-10 POINTS DEPENDING ON COMPOSITION OF SAND
SAND: ADJUST VALUES UP BY 10 POINTS : .
~—PSILT/CLAY: NO ADJUSTMENT ‘ : .
STRATIFICATION:  5-10 POINTS (UPWARD) DEPENDING ON POSITION OF UNSTABLE LAYERS IN RELATION TO
A BANKFULL STAGE
NN~

BEH! - 34 - mgdbro\t.




