APPENDIX A

Geomorphic Plots of Channel Cross Sections
and Longitudinal Profiles



On-Site Cross-Sections and Longitudinal Profile
with Photo-documentation
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Cross section #1 looking downstream
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Cross section #3 looking downstream
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Cross section #4 looking downstream
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Cross section #5 looking upstream

Cross section #5 looking downstream



Bank Erosion Cross-Sections and Longitudinal Profiles
with Photo-documentation



Bank erosion cross section #1 looking upstream

L

Bank erosion cross section #1 looking downstream
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Longitudinal Profile at BEXS#1 - Walker Run
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Bank Erosion Prediction
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Near Bank | Near Bank Stress/Mean
Stress Rating Shear Stress
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Extreme >1.6
. mrTrTmhTe B
Near Bank ' .

Stream Bank Erodibility Rating
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Bank Erosion Prediction at Cross Section

A B c D
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B H ' P i
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Column A

Column B:
Column C:
Column D:

Use Siream Bank Erodibility Rating and Near. Bank Stress Rating in conjunclion with
Figure 6-27 in Rosgen, 1996.
Study Bank Height (Use Cross Seclion Plol: top of bank - Ine of bank)
Input 1 fool for point erosisn @ cross section

Columns A'B'C
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BEHI Variable Worksheet

Stream:  Welle IZea Cross Section: DBE XSE,/«L Date: 3 /ﬁ{/c’ﬁ Observers: REU 2 P3
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' H.27 .5 AjB 3,28
Height (ft) Al Depth(it) 5 c J
Root Depth/Bank Height (F) ’4‘ -
Sludy Bank .
¢ . / !
Root Depth {{t) 1o . Height (ft Y 06 . DIE 0.28 -
Welghted Root Dansity (H f
; |
Rbo\ot Censily - 57(:- aee |78 &
{%) %
G H
Bank Angle (1) i
Bank Angls S
{Degreas) 1 |
Weighted Surface Protaction (K)
Height of Bank G.5 <y
Protection (ft) Jie 0. 1o Horlzontal Distance (f]
J ad
\\)',\
[ 1& + :.. M Root
.-'_.: Dapth
Bank

Moo

“———'Banka”-—--——v

Highest Bank Haight

R N
'y

Max Bankfull

Depth

-\ ¢~ Study Bank Height

Surace
Protection




B

Bank E‘r'od_i_vbyif'ity Hazard

Rating Guide

3 /1% /4

Stream Wplier Ron Reach REXS # Date CrewBRl, EFS
Bank Height (ft): Bank Height/’ :Root Deptht Root Bank Angle. |  Surface
Bankfull Height {ft): Bankfull Ht Bank Height- Oensity % {Degrees) Protection%
Valve 1.0-1.1 1.0-0.9 100-80 0-20 100-80
VERYLOW ndex | ioie | 1018 | 1e1s | tede | 1019 |

Bank Erosion Potential

Choice 1 o L V: I V: ] Vil b 74
Value 2128 | 014005 1450 | 9rmg | 1410
vervhion wdes | 0a0 [ soso ] soso ] aves | 8000 |
Choite t 1V', i VI L P T ) /. v, Vi v
...... Vale 228l R0 S
EXTREME index 10 7 10 L 10 0
“choice Viaml g vk T viooE T vi ]
IV = value, I = index SUB-TOTAL (Sum one index from each column) 3G, Y

Bank Material Description:

)

{Bank Materials
Bedrock.(Bedrock banks have very low bank erosion potential)

Boulders:(Banks composed of bouldefs have low bank erosion potential)
Cobble (Subtract 10 points, If sand/gravel matrix greater than 50% of bank material, then do not adjust)
Gravel (Add 5-10 points depending percentage of bank material that is composed of sand)

Sand (Add 10 points)
Silt Clay {+.0: no adjustment)

BANK MATERIAL ADJUSTMENT' 0

Stratification Commerits:

Stratification

Add 5-10 points depending on position of unstable layers in relation to bankfull stage

v . -
STRATIFICATION ADJUSTMENTI 0

]

VERY LOW
5-8.5

Low
10-19.5

Bank location description {circle one)

Straight Reach (Dulside of Bend

MODERATE
20-29.5

HIGH
30-39.5

'VERY HIGH
40:45

EXTREME

48-50

GRANDTOTAL |
BEHIRATING !
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Table 1. Documentation of ratios and derived values for near-bank stress

Stream. Location: Datz! Crew:
Transverse and/or central bars - short andfor discontinuous. MBS = HighMery High
Methaod 1 {Extensive deposition {continuous, cross channel). NBS = Extreme
Chute cutofis, down-valley meandsar migration. converging ficw (S22 NBS #1). NBS = Extremne
Radius of | Bankfull . Pool Average .
. Rztio Ratio
Method 2 Curvature| Width Method 3 Slope Slope
= Re (feet) | Wy (feet)] RoiW | S, S S,/S
Pool | Riff Neat
Slone Sllope:e Ratio Bank Max D:;Z Ratio
Methog & | P Method 5| Depth
S, Sa S./Sw’ day (feet) | d {feet) doy/d
Near-
Bahrjlia(\;ax g:i; Bank Mean | Average | Bankful Ratio
R ) ) Shear Stress
Method 6| Depth Stope S‘hear Depth Slope 5
\ress
do (feet) | Sep | (/1) | d(feet) S | cpotd) | Tt
‘ 1.3 O.094 | 0.3%2 0.6 | 0wo2 | ¢ 26 ] ¥.2%
Method 7 Velocity Gradient .

Table 2. Converting Ratio Values to an Overall Near-Bank Stress Rating

Method Number 1 [ 2 ] 3 7 4 ] s 6 | 7

Rating®

Very Low >3.0 <0.20 <04 <1.0 <0.8 <1.0
Low NIA 221-3.01020-0.40{041-060| 1.0-15 | 08-105] 10-12

Moderate 201-221041-0601061-080( 1.51-18 [1.06-1.14] 1.21-18
High See (1) 1.81-2.0 (0.61-0.80| 0.81-1.0 1.81-25[1.15-1.19} 161-2.0

Very High Above 15-18 [ 081-101[1.01-12{251-30]1.20-1.80) 2.01-2.3

Extreme <15 >1.0 >4.2 > 3.0 >1.6 >2.3

*Circle the dominant near-bank stress rating selected.

(SRR T COF T

LA

2

Methods for Estimating Near-Bank Stress

. Ratio of pool slope to average wate
. Ratio of pool slope to riffle slope (S/S,9: Level It - Genera) Pradiction.
Ratio of near-bank maximum depth 1o bankfull mean depth (d./dg ) Level I - Derailed Prediction.

»

¢ surface slope (S./S): Level I - General Prediction.

. Transverse bar or split channalceniral bar creating NBS/igh velociiv gradieni: Level [ - Reconnaissance.
. Channel patiern {Re/W): Level 11 - General Prediction.

Patio of nzar-bank ¢h.2ar stress io pankivli shear stress (LJisr ). Noar bank = 1/3 of channzi widih 21 st sie Level U1 - Detailed Prediction

Velocity profiles/lsovelsVelociny gradieni: Level IV - Validation.

~1

Noie: Oniv seiect the method(s) appropriate for level of assessment and site conditions. 1115 not

necessan (o sclect all mathods w obtain an average near-bank stress raiing,

15t fizid day 05.«/snbs form (3)
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Longiludinal Profile at BEXS#2 - Walker Run
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Bank Erosion Prediction

Stream

"‘/‘5* e s

e n

Cross Section

RBEAsw 2

Date
318 /04

Near Bank Stress Rating

Mean Shear Stress

Bankfull Hydraulic
Radius (ft) R

(. b

Water Surface Facet
Siope (ft/it) S

0.00%

Shear Stress (Ib/ft?)
1 = YRS y=62.4lo/ft*

0. 29

Near Bank Shear Stress

Bankfull Hydraulic Radius

(f) R {near bank 1/3) O, CI
Near Bank Water
Surface Slope (fUit) $|0. 008

Shear Stress (Ib/ft?)
T near bank= YRS

Near Bank Stress/
Mean Shear Stress
(v near bank/r)

Conversion of Numerical indices to
4 Adjective Ratings

/ Near Bank
/| Stress Rating

" Near Bank Stress/Mean
Shear Stress

Stress Rating

Very Low <0.8
Low 0.8-1.05
Moderate 1.06 - 1.14
High 1.15-1.19
Very High 12-16
Extreme >1.6
NearBank |\ -i

Stream Bank Erodibility Rating

Column A:

Column B:
Column C:

Column D:

[ - o o
BEH! Rating I H_:}L
Bank Erosion Prediction at Cross Section
A B c D
Lateral Erosion at . Length of . .
Cross Section Bank Height Bank Fredicted Erosion
{(feetlyear) (feet) {feet) feet3
‘ T T
i 045 TRy 1 .00 e
‘Circle Egr—aérﬂjéé_fi:' - Colorado '

Use Stream Bank Erodibility Raling and Near Bank Siress Raling in conjunction with

Figure 6-27 in Rosgen, 1996

Study Bank Haight {Use Cross Section Plol: top of kank - (o2 of bank)

Inpul 1 fool for point erosion @ cross section

Columns A°B*C
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BEHI Variable Waorksheet

Steam:  \alle ¢ Rin Cross Section: BERS ®.2 |Datwe: 3../18'/051 Cbservers: LBRQ . E FJ
Bank Height/Max Depth Bankful! (C)
Highest Bank ) Max Bankfull 4% Bank Skatch
o .57 0.1 A/B S.0%,
Hsight (ft) A Depth (1) 5 c N
Root Depth/Bank Helght {F)
Study Benk " la ;
Root Depth (ft)| + . 2 . {8t DIE 0. H;
o Height (ft) e E )
Wsighted Root Denslty (H sg.
¥
; _ 3
i/opt Density % G*F ! 3 92 &
7 G ! H ;
Bank Angle (1) >
Bank Angle ; Y
(Degrees) ; |
Weighted Surface Protection {K)
. ]
Height of Bank - V&
Protection (ft) o % JiE l 0.'% Horlzonts! Distancs {R)
J ) K
4 \'—-T\
( 4 AR | Root
E. 4 | Depth
D
- T SANA
= A ".| Bank
aQ e e te—
p . T | ’
/’\: -:—-:—-Bankfu”————»x —:==—-==—3
XA u§< 3 2 Surlace
@ 3=:2 + Protection
& 5%
I fg‘ 3 ;
=




Bank Erodibility-Hazard Rating Guide

i

Stream Wollle; [Run Reach BExXs F 2 Date 3/1y /01  CrewBRu, EF3
Bank Height (ft): Bank Height/ Root Depth/ Root Bank Angle Surface
Bankfull Height {ft): Bankfull Ht Bank Height Density % (Degrees) Protection%
SO 100-80
VERY LOW 10-19 1.0-1.9
I: V: N
21_-69 _____ 79-5_5
_ LowW 2.0-3.9 2039 |
< R Ao
S I V: I
g o vawe | azws I osses 1 s 1 s [ se30 |
Do.. MODERATE 4.0-5.9 4.0-5.9
c
9
0
= HIGH
X
c
©
[ee]
VERY HIGH
EXTREME
Choice  Jv: S.04: 10 v ! v R % I v 3
V = value, | = index SUB-TOTAL (Sum ane index from each column) 3.5

Bank:Material Description: !
.
Bank Materials
Bedrock (Bedrock banks have very low bank erosion potential)
Boulders (Banks composed of boulders have low bank erosion potential)
Cobble (Subtract 10 points. If sand/gravel matrix greater than 50% of bank material, then do not adjust)
Gravel (Add 5-10 points depending percentage of bank materiat that is composed of sand)
Sand (Add 10 points)
Silt Clay (+ O: no adjustment)

BANK MATERIAL ADJUSTMENTI d

Stratification Comments:

Stratification

Add 5-10 points depending on position of unstable layers in retation 1o hankfull stage '
STRATIFICATION ADJUSTMENTI v
VERY LOW Low MODERATE leG}S VERY HIGH EXTREME
5-9.5 10-19 5 20-29.5 {30395 40-45 46-50
s>

s e v e ouoa v

GRAND TOTAL
BEHI RATING !37 <
TING !

Bank location description (circle one)

Straight Reach /Gulside of Bengd>
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Table 4. Documentation of ratios and derived values for near-bank stress

Straam: Location: Datz: Crew:
Transverse and/or central bars - shart andlar discontinuaus. MBS = HighfMery High
Method 1 [Extensive deposition (continuous, cross channal). NBS = Extreme
Chute cuteffs, down-valley meandar migration, converging flow {S22 NBS #1). N8S = Extreme
Radius of | Bankfull . Pool Average .
. Ratio Ratio
- Curvature| Width Slope Slope
tdethod 2 Re (feet) | Weg (feet)|  RorW Method 3 s S S,/
) Near-
SF;ESL_ ;gee Ratio Bank Max g':;‘; Ratio
Method 4 Method 5| Depth
S, S S/Su d, {feet) | d (feet) dau/d
Near- Near- Near- ,
Bank Max| Bank Bank Mean | Average Bankfull Ratio
Method 6| Depth Slope Shear Depth Slope  |Shear Stress
Stress
dw (feet) | Siy |t (0/f) | d (feet) S (o) | Tt
1.3 O.0vY | 0.32 0.6 0wl ©0.26 1 V.23
Method 7 Velocity Gradient <

Table 2. Converting Ratio Values to an Overall Near-Bank Stress Rating

Method Number 1] 2 ] 3 ] 4 1 s 1 & T 7
Rating*
Very Low >3.0 <0.20 <04 <1.0 <0.8 <1.0
Low NIA 221-3.0/0.20-040(041-060] 1.0-15 { 08-105}| 10-1.2
Moderate 2.01-2.2{041-060{061-080} 1.51-1.6[1.06-1.14] 1.21-1.6
High See (1) 181-20(061-0.80) 0.84-10| 1.81-25(1.15-1.19| 1.61-2.0
Very High Ab:)ve 15-1.8 | 0.81-10) 1.01-12| 251-3.0]1.20-160] 2.01-2.3
Extreme <1.5 > 1.0 >1.2 >3.0 > 16 >23

*Circle the dominant near-bank stress rating selected.

N O\ Al ST VR S LS B

Mlethods for Estimating Near-Bank Stress

. Velaciny profilesfisovelsVelocity gradieni: Leve) 1V - Validation.

Noie: Onijv select the method(s) appropriate for level of assessment and site conditions. It is not
nzeessany to select all mzthods to obiain an averaze near-bank swress rating.

1st fiald dav 08 lsabs form (3

Transverse bar or split channelcentral bar creating NBSthigh velotiy gradient: Leve) | . Reconnaissance.
. Channel pattern (Re/W0): Level 11 - General Prediction.
. Ratio of pool slopz to average water surface sfope (S,/S): Level 11 - General Prediction.
. Retio of pool slope to rifile slope (S/Ss0): Lievel 1 - General Prediction.
Ratio of near-bank maximum depth to bankfull mean depth.(d;/dy): Level [Tl - Detailed Prediction.
Ratio of near-baitk #4227 stress to bankiull shenr stress (Lot ). Near bank = /3 of chznned widih a: study site Level 101 - Detailed Prediction

AdE
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Bank erosion cross section #3 looking upstream

Bank erosion cross sectiont3 looking downstream



Longitudinal Profile at BEXS#3 - Walker Run
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Cross Section 3 ; 1
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|
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93.32
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elevationf
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93.32
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FS = 87.34 elev 93.32
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Flow Resistance k
Manning's “n"fTkE

D'Arcy - Weisbach *f"

Channel Slope
percent siope|
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Bank Erosion Prediction

Stream

W opiKed

i

Cross Section

BEx¢ ¥

Date

3.8 /04

Near Bank Stress Rating

Mean Shear Stress_

Bankfull Hydraulic
Radius (f) R

0.

Water Surface Facet
Slope (fUft) S

0.00035

Shear Stress (ibrft?)
T = yRS y=62.41b/ft’

0.017

Near Bank Shear Stress

Bankfull Hydraulic Radius
(ft} R {near bank 1/3)

12

Near Bank Water
Surface Slope (ft/ft) S

O.puod

Shear Stress (Ib/ft?).

T near hank= YRS

l10.07Z

Near Bank Stress/
Mean Shear Stress
(v near bank/t)

Conversion of N

f Adjective Ratings

umerical Indices to

Near Bank
Stress Rating

Near Bank Stress/Mean

Shear Stress

Stress Rating

e @ —

Very Low <0.8
Low 0.8-1.05
Moderate 1.06-1.14
High 1.15-1.19
Very High 12-18
—————T I
Extreme >1.6
Near Bank '

Very Migh 1

" -0 o o]

Stream Bank Erodibility Rating

BEHI| Rating

Bank Erosion Prediction at Cross Section

A B C D
Lateral Erosi?n at Bank Height Length of Predicted Erosion.:
Cross Section Bank
__(feetiyear) (feet) (feet) feet’
" Y Y 1 7 R/
“Circle graph used: Colorado @I@

Column A

Columi B:
Column C:

Column D:

Use Stream 8ank Erodibility Rating and Near Bank Stress Rating in conjunction with

Figure 6-27 in Rosgen, 1996

Study Bank Height {Use Cross Seclion Plot: iop of bank - toe of bank)
inpul i foot for point erosion @ cross section

Columns A'B°C
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BEHI Variable Worksheet

Stream:  Wollker  Tupn Cross Section: RE X $ #,.3 |Date: 3/ 1% /a"! Observers: | BRU . EFY
Bank Height/Max Depth Bankfull (C)
Highest Bank Max Bankfull Bank Sketch
e .33 o A AJB 3L
sight (ft) A Depth (ft) B c
Root Depth/Bank -Helght (F)
Study Bank <
Root Depth (ft) | 2. . I DIE 0.5
o Height (ft) £ i _
Weighted Root Density (H $
¥
. B 3
. ?/c:;n Density 1< 5 GF 7 3 &
4 a H g
Bank Angla {l) g
Bank Argle 90°
{Degrees) |
Weighted Surface Protection (K)
Height of Bank
Protectlon (ft) O JIE O Hotizontas Distance M)
J K
~
( t Root
= 4. Depth
- 2 fé ) Bank
,‘/\'-5 i ) I @ XX
P X ————tBankaH————i-x< ——-————%
A g _ ‘% Suriace
7 ] Protaction
5 88 V)
T ‘g 8 :
=
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BanK Erodibility Hazard Rating Guide

L

N
<-|Bank Matérials .. ----

"_T'u 'Bedrog'k'(Bgdrock i)anks have very low bank erosion potential)

Boulders' '(.Banks composed of boulders have low bank erosion potential)

Gravel {Add 5-10 points depending percentage of bank material that is composed of sand)
Sand (Add 10 points)
Silt Clay {+ 0: no adjustment) -

Stream Walier Zon Reach BEXS #3 Date 3./1% /04 CrewBpll, E7S
Bank Height (f): Bank Height/ Root.Depth! Root Bank Angle Surface
Bankfull Height (ft); Bankfull Ht Bank Meight Density % {Degrees) Protection%
e et L 1908 {0080 . ..0% ..
VERY LOW index 1.0-1.9 1.0-1.9
""" Choice R
Value 0.89-0.5 78-55
_ ow 7 index | 2039 | 2039 | 2033 | 2038
sy Choice vies 38 v F T v
S Value 0.49-03 5430
& | MODERATE | index | a0s9 [ eoss | doss
S Choice I \% I: \'S
@ e value ... 1820 1 S 029015 ) . 280
W HIGH . Index __|.....8978 ] ... 6ovo . f . 5078 | 8078 |
x Choice : v: l§7oi: 74 v 40-1:
@ S vale _).....2d2B ) 014005 ) ....1430 1 .swems
VERY HIGH Index 8.0-9.0 8.0-9.0
""" Choice N P
Value <0.05 ‘ <5
EXTREME | meex | 10 | w1 T T e T
""" Choice VR (VA VN A
V = value, | = index SUB-TOTAL (Sum one:index from each colymn) 39.7
Bank Material Description: ~

Cobble (Subtract 10 points. If sand/gravel matrix greater than 50% of bank material, then do nol adjust)

BANK MATERIAL ADJUSTMENTl (o]

Stratification Comments:

Stratification
Add 5-10 points depending on position of unstabie layers in ralation to bankiull stage

)

) ]
STRATIFICATION ADJUSTMENTI 4]

Josh-C:MyDocuments/Class Files/RAM/Forms/Ram Forms .xis R

VERY LOW LOw MODERATE HIGH VERY HIGH EXTREME
5-9.5 10-195 20-29.5 30-39.5 40-45 46-50
Bank location descripti ircle one) GRAMD TOTAL
Straight Reach {Qulside of Bend BEHI RATING

Wildland Hydrology 9/0Q
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Colorado USFS 1989 J
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Table 1. Documentation of ratios and derived values for near-bank stress

Stream Location: Datz: Crew:
Transverse and/or central bars - short and/ar discontinuaus. MBS = Highery High
athod 1 |Extensive depasition (continuous, cross channe!). NB8S = Extreme
Chittz cutafls, down-valley meander migration, converging fow (S22 NES #1). NBS = Extreme
Radius of Bar?kqu Ratio Pool Averags Ratio
Mathod 2 Curvature)  Width Methad 3 Slope Slope
SNCCE Re (feer) | Wag (feg))] R | C S. 5 WS
Pool Riffl Naar- M
Slgoe Sl'o i Ratio Bank Max D:;?\ Ratio
Mathod 4 P pe ethod 5| Depth | o0
S; Sar S8 d,, (feel) | d (feetl) dae/d
. Near-
Bahrl\iab:a" g:i; Bank Mean Average | Bankfull Ratio
Meihod 61 Depth * Slope Shear Depth Slope |Shear Suess
Etho P P Stress
deo (feet) | Sp |t (0/f) | d (feet) S | t(uit) | T
) 0 .0YY 0.3 0.6 0.007 1| C.26 .23
Method 7 Velocity Gradient K

Table 2. Converting Ratio Values to an Overall Near-Bank Stress Rating

Method Number 1T 2 1T 3 1T 4 | s [ & | 7

Rating*

Very Low >3.0 <0.20 < 0.4 <1.0 <0.8 <1.0
Low A 2.21-3.0)020-0.40])0.41-060] 1.0-15 | 0.8-1.05| 1.0-12

Moderate 201-22|041-060]|061-080] 1.51-1.8 11.06-1.14] 121-1.6
High See (1) 181-201061-080) 081-10 [ 1.81-25)115-119( 1.61-2.0

Very High Abave 15-18 | 081-1.0] 1.01-1.2 | 251-3.0 {1.20-1.60] 2.01-2.3

Extreme <1.5 > 1.0 > 1.2 >3.0 > 1.6 >2.3

*Circle the dominant near-bank stress rating selected.

Razro of neas-bank shear

_\E [ 0 PO N VS S L

Methods for Estimating Near-Bank Stress

st field dav 05.<lsnbs form (3)

: ’")m' szizct the method(s) appropriaie for lev
+ 10 szlect all methods to obiain an average

=

stress (o pankfull sheas swess (Lofi ). Near baak =

:x

173 ol chanact widih an swedw site

Velocin: profiles/Isovels/Velociny gradizni: Level IV - Validation.

ar-bank sress ratng.

- Ratio of pool slope to riffle slope (5,/S,): Level It - General Prediction.
Ratio of near-bank maximum depth to bankfull mean depth (d/dg): Level 1T - Detailed Prediction.
Level L4} - Detailed Prediction

2} of azsessmeni and site conditions.

It is noi

- Transverse bar or split channel/ceniral bar crezting NBS/high velociny gredizni: Level 1 - Reconnaissance.
. Channel pattern (Re/\W): Level [1- General Prediction.
. Ratio of pool slops 10 average water surface siopz (S,/3): Level 11 - General Prediction.

A4S



Assessment Reach Cross-Sections and Longitudinal Profile
with Photo-documentation



Assessment reach cross section #1 looking upstream
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Assessment reach cross section #1 looking downstream
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1) Individual Pebble Count

Two individual samples may be entered below. Select sample type for each.

Riffle Surface :Vj
Material  Size Range (mm  Count Riffle Surface Pebble Count, Walker Run
siltielay 0 - 0.062 : —e—cumulative % # of paniclesf
very fine sand 0.062 - 0.125 :
fine sand 0.125 - 0.25 1
medium sand  0.25 - 0.5 ' 100% L 35
coarsesand 0.5 - 1
very coarse sand 1-2 90% -
very fine gravel 2 -4 1 ; o T e e e e e -~ T30
fine gravel 4-6 4 3 80% - i
< |
fine gravel 6 -8 11 | 3 70% A 1 25 S
medium gravel 8 - 11 11 g . / i 5
medium gravel 11 - 16 14 £ 60%- : 120 &
coarse gravel 16 - 22 19 IS 50% b o e ) o
coarse gravel __ 22 - 32 12 3 ° ' ; i °
very coarse gravel 32 - 45 11 8 409 - h i T® 5
very coarse gravel 45 - 84 22 ! : s
small cobble 64 - 90 23 30% : 1 110 °
medium cobble 90 - 128 32 " i )
large cobble 128 - 180 16 20% - 1 :
very large cobble 180 - 256 16 10% - : | ¥
small boulder 256 - 362 3 X I H
small bouider 362 - 512 0% - - o . 0
medium boulder 512 - 1024 0.01 0.1 1 10 100 1000 10000
large boulder 1024 - 2048 particle size (mm)
| verylarge boulder 2048 - 4096
total particle count: 195
Size (mm) Size Distribution Type
bedrock —eweeeeeee 1 D16 12 mean 41.0 silt/clay 0% bedrock 1%
clay hardpan —-eeeeeee D35 28 dispersion 38 sand 0%
detritus/wood --~—-——-~- 050 57 skewness  -0.14 gravel  54%
artificial ——--—--—-- 065 88 cobble  44%
total count: 196 D84 140 boulder 2%
095 220
Note:|




| Longitudinal Slope Profile

Longitudinal Profile - Walker Run
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IL.

Walker Run Wild Trout Surveys PPL Bell Bend Nuclear Power Plant

INTRODUCTION

Surveys for fish species composition and the presence of wild brown trout were extended through this
effort to the section of Walker Run upstream of Beach Grove Road. This section of Walker Run is
significantly different than the downstream segments that were sampled previously. Casual
observation shows the upstream segment to have better stream habitat quality, a higher elevational
grade, and desirable riparian habitat that provides canopy cover to the stream.

The presence of wild brown trout in the downstream segment (below Beach Grove Road), as
documented in earlier surveys, has raised questions regarding (1) the habitat quahty in the
downstream section, (2) how it compares to the upstream section, (3) whether wild brown trout are
found throughout the two sections, and (4) the distribution of brown trout in the two stream sections.

The following report describes the findings of additional fish surveys and habitat assessments
throughout the two sections of Walker Run, located in Salem Township, Luzeme County, PA and
more specifically located upstream, within, and downstream of the proposed PP&L Bell Bend
Nuclear Power Plant (BBNPP) site.

The fish surveys and habitat assessments completed through this effort were completed at three
separate sampling reaches in the upstream section of Walker Run (above Beach Grove Road) and at
three separate sampling reaches in the downstream section (below Beach Grove Road). Fish surveys
were focused on accurately characterizing the fish species composition at each sampling reach, and
the number and body length of wild brown trout. Habitat assessments were similarly completed at the
same six sampling reaches. Habitat assessments consisted of completing visual characterizations of
habitat quahty using the EPA’s Rapid Bioassessment Protocols, and completing macroinvertebrate
community sampling at the same six sampling reaches. Of the six sampling reaches surveyed in this
effort, sampling reach 5 was within the proposed project site.

The combination of these survey approaches across both upstream and downstream sections of
Walker Run allow us to both charactenize and compare the wild brown trout distribution and stream
habitat quality in these two different stream sections.

METHODS

On March 25, 2009, Landstudies and Normandeau Associates performed the electroshocking field
survey for characterizing the fish commumty in Walker Run, in Salem Township, Luzeme County,
PA. Fish surveys were conducted using an electrofishing pram with a single or double anode probe,
depending on stream reach being surveyed. The electrofishing gear was powered by a Georator unit
producing 230 volt DC current with the output ranging from 2 to S amperes. A single clectrofishing
pass was made through each sampling reach. All captured fish were identified to species and brown
trout were measured for total length. All fish were released. The location and stream length of each
sampling reach is shown in Figure }.

Visual habitat assessments were performed at six sampling reaches on March 31 and April 1, 2009.
The high gradient habitat assessment field data sheets, which are part of the EPA’s Rapid
Bioassessment Protocols (RBP), were utilized for Sampling Reaches 1 through 3 in the higher
elevational gradient upstream section of Walker Run. The low gradient habitat assessment field data

LandStudies, lnc. 1 May 2009
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sheets, also part of the RBP, were utilized for Sampling Reaches 4 through 6 in the downstream
section of Walker Run. The RBP evaluates ten habitat quality parameters on a () to 20 scale, with
scores of 16 to 20 indicating optimal habitat quality, scores of 11 to 15 indicating suboptimal habitat
quality, scores of 6 to 10 indicating marginal habitat quality, and scores of 0 to 5 indicating poor
habitat quality. The location and stream length of each habitat assessment sampling reach is shown in
Figure 2.

Macromvertebrate community surveys were performed at the six sampling reaches on March 31 and
April 1,2009. A 500-micron mesh D-frame net was used to collect stream macroinvertebrates from
four separate riffle sections within each sampling reach. The four nffle sections were selected within
each reach to include the spectrum of riffle habitat conditions in each reach. Macroinvertebrate
sampling in the downstream section of Walker Run, and particularty in sampling reaches S and 6, was
challenging to locate four distinct riffle habitats. In some cases, marginal riffle/run habitat was
sclected for macroinvertebrate sampling because higher quality riffle habitats were not present. At
each reach, the four separate nffle section samples were composited tnto one sample to provide a
stream reach characterization. The Jocations of the four D-net jabs at each of the six sampling reaches
are shown in Figure 3.

Macroinvertebrate samples were preserved in isopropyl alcohol in the field. Samples were sorted into
vials in the laboratory using a 5X illuminated magnifying lamp. All samples were sorted completely.
Organisms were identified to the genus level using a stereo microscope, except for midge larvae

(Family Chironomidae), nematodes (Plylum Nematoda), and segmented worms (Class Oligochaeta).

Trout spawning gravels were sampled within each of the six habitat assessment reaches. The reach
was visually inspected throughout its length, and the best spawning gravel location was selected. This
sampling selection was based on the location in the reach with the highest gravel concentration, the
least silt and sand embeddedness, and a location preferably at a pool-riffle transition where upwelling
would most likely occur. These characteristics are critical for trout to be able to construct redds in the
gravel (where they will lay and fertilize eggs) and to maximize the exchange of oxygen and metabolic
wastes through interstitial gravel spaces. A six-inch diameter PBC pipe was placed at the selected
location (see Photo t in Appendix B) and the top 3-inches of enclosed gravel, cobble, silt, sand, and
clay were removed from inside the PVC pipe and transferred to a plastic bag. The sampled substrate
materials were allowed to dry in a flat sample tray, then photographed and the substrate composition
was visually estimated. Whei each reach was visually inspected to select the spawning gravel
location, the frequency of high quality spawning gravel locations within the reach was noted. This
sampling is useful, from a trout spawning perspective, to characterize (1) the best, rather than the
average, stream substrate composition i the reach, and (2) the composition of the stream substrate
with depth since trout will excavate the substrate to be able to bury the eggs in the constructed redd.

FINDINGS
A. FISHERIES SURVEY
A total of 1,140 fish were collected and identified during the March 25, 2009 fisheries survey of
Walker Run. The stream length of the sampling reaches averaged 300 feet, and totaled 1,797 feet (see

Table 1). The average electroshocking time for the sampling reaches (time the shocker was turned on
and sampling for fish) was 34 minutes, with a total of 203 minutes of shocking time.
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A total of eight fish species were collected in the sampling (Table 1). The largest number of fish were
collected in reach 6 (the most downstream sampling reach), with about 44 percent of the total number
of fish in the survey. White sucker, fallfish, creek chub, and tessellated darters comprised over 95
percent of the fish collected in reach 6 (Table 2). These species are tolerant of lower water quality
conditions. Fallfish and tessellated darters were not collected at any other sampling reach (Figure 4).
Twice as many creck chub were collected in the downstream section of Walker Run as the upstream
section, and nearly four times as many white sucker were collected in the downstream section as the
upstream section (Figure 4, Table 1),

Blacknose dace and brown trout were generally collected throughout the two sections of Walker Run,
although they were low in abundance in the most downstream Reach 6. Green sunfish and
pumpkinseeds were more abundant in the downstream section. These latter two species are typical of
warmwater conditions where riparian canopy cover is more open.

A total of 89 wild brown trout were collected in this survey (Table 1), with nearly twice as many
brown trout collected from the upstream section as the downstream section (59 versus 30). Brown
trout abundance in the survey collections generally decreased as you move downstream on Walker
Run (Figure 5). Brown trout comprised between 3.4 and 22.2 percent of the fish population at the
three upstream sampling reaches, while they comprised between 0.4 and 10.1 percent of the fish
population at the three downstream sampling reaches (Table 2). These findings indicate that habitat
conditions are more suitable for brown trout in the upstream section of Walker Run.

The body length data for the collected brown trout is shown in Table 3. These data, depicted
graphically in Figure 6, indicate that the range of body lengths were found at all but the most
downstream reach 6. The size distribution for brown trout at each sanipling reach is shown in Figure
7. The greatest number of small brown trout (<= 100 mm) were collected at the most upstream
sampling reach 1. A total of 2] brown trout <= 100 mm were collected in the upstream section of
Walker Run, while a total of 6 brown trout <= 100 mm were collected in the downstream section.
This distribution ts represented graphically in Figure 8. Assurning that these smallest size brown trout
do not migrate extensively from where they were born, this would suggest that the most upstream
section of Walker Run has the better habitat for trout spawning and fry development.

In the previous fish survey of Walker Run, corupleted in July 2008, the largest number of brown trout
were collected at the most upstream sampling reach in that survey. That samphng reach corresponds
to the most upstreamn sampling reach in the downstream section of Walker Run in the current survey
effort (corresponding to sampling reach 4). The July 2008 survey did not sample in the upstream
section of Walker Run.

B. HABITAT ASSESSMENT

Physical habitat characterizations, using RBP field data protocols, are shown in Table 4 for each
habitat assessment sampling reach. Canopy cover was shaded at the three upstream assessment
reaches, while 1s was partly open or open at the three downstream assessment reaches. Riffles were
more common In the upstream section of Walker Run than the lower section. Reach 5 is channelized
with a trapezoidal channel shape. Just downstream from this channelized section in reach 5 is a
beaver dam. We intentionally did not include the backwater areas from this beaver dam in our fish
sampling nor in our habitat assessments because it is of poor habitat quality for both fish and

LandStudies, Inc. 3 May 2009
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Table 1. Number of fish electroshocked in Watker Run on March 25, 2009. Electroshocking time and sampling reach length provided.

Species | Reach 1 | Reach 2 | Reach 3 | Reach 4 | Reach 5 | Reach 6 [Combined
Electroshocking Time (min) 44 35 31 21 32 | 40 203
Sampling Reach Length (ft) 390 370 255 260 247 275 1,797
Creek Chub (Semotilus atromaculatus) 54 27 14. 37 62 99 293
White sucker (Catostomus commersoni) 34 25 3 12 8 210 292
Blacknose Dace (Rhinichthys atratulus) 58 24 49 49 75 13 268
Fallfish (Semotilus corporalis) 0 0 0 0 ‘ 0 115 115
Brown Trout (Salmo trutta) 23 22 14 11 17 2 89
Tesselated Darter (Etheostoma olmstedi) 0 0 0 0 0 59 59
Green Sunfish (Lepomis cyanellus) 3 1 0 5 6 8 23
Pumpkinseed (Lepomis gibbosus) 0 0 0 0 0 1 1
Total: 172 99 80 114 168 507 1,140
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Table 2. Fish species composition at the six reaches in Walker Run, sampled on March 25, 2009. Electroshocking time
and sampling reach length provided.

Species , [ Reach 1 | Reach 2 | Reach 3 [ Reach 4 | Reach 5 | Reach 6 [Combined
Creek Chub (Semotilis atromaculatus ) 31.4% 27.3% 17.5% 32.5% 36.9% 19.5% 25.7%
White sucker ( Catostoma commersoni) 19.8% 25.3% 3.8% 10.5% 4.8% 41.4% 25.6%
Blacknose Dace (Rhinichthys atratulus ) 33.7% 24.2% 61.3% 43.0% 44.6% 2.6% 23.5%
Fallfish (Semotilus corporalis) 0.0% 0.0% 0.0% 0.0% 0.0% 22.7% 10.1%
Brown Trout (Sal/mo trutta ) 13.4% 22.2% 17.5% 9.6% 10.1% 0.4% 7.8%
Tesselated Darter (Etheostorna olmstedi ) 0.0% 0.0% 0.0% 0.0% 0.0% 11.6% 5.2%
Green Sunfish (Lepomis cyanelius ) 1.7% 1.0% 0.0% 4.4% 3.6% 1.6% 20%
Pumpkinseed (Lepomis gibbosus) 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.1%
Total:| 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% 100.0%




Walker Run Wild Trout Surveys PPL Bell Bend Nuclear Power Plant

‘ Figure 5. Wild brown trout collected along Walker Run as you move downstream.

Brown Trout on Walker Run :

Number Collected

0 0.5 1 1.5 2 25

Distance Downstream (mi)

macroinvertebrates. Visual observations indicate significant sediment deposition 1n the backwater
areas, with extensive algal growth in these slower moving waters.

Attached algae 1s abundant at the two most downstream assessment reaches in Walker Run, indicating
the input of nutrients from upstream agricultural land uses. Attached algae were also present at the
most upstream assessment reach, indicating the input of nutrients from the agricultural land use just
upstream of this reach.

Percent embeddedness is similar at the four most upstream assessment reaches, ranging from 25 to 35
percent. Assessment reaches 5.and 6, however, have higher percent embeddedness ranging from 60
to 70 percent which is largely comprised of sand and silt. Gravel substrate in the stream bottom was
more common at the four most upstream assessment reaches (20 to 30 percent of the stream bottom)
compared to the two most downstream assessment reaches (5 to 10 percent). Gravels are important
for wild brown trout spawning, as is a low percent embeddedness with sands and silts ([ess than 30
percent is optimal), and a shaded canopy cover (Raleigh et. al, 1986; Katzel and McKnight, 2001).

The RBP habttat assessment results (Table.S) indicate optimal or near-optimal habitat quality in the
upper section of Walker Run, while the habitat quality is'marginal in the lower section of Walker
Run.  The marginal habitat quality in the downstream section of Walker Run is largely due to
higher embeddedness, greater sediment deposition, channel alteration, fewer riffles, very poor bank
‘ stability and vegetative protection, and the absence of significant forested riparian zones. The high
streambanks, accumulation of legacy sediments, and consequent bank erosion in the downstream
sections of Walker Run are a prumary cause for the poor stream substrate conditions in the lower
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Table 3. Body lengths of brown trout collected in Walker Run on March 25, 2009.

Reach No.

Length {mm)

Length (mm)

Length {mm)

Length (mm)

Length (mm)

Length (mm)

Count

Min (mm)

Max (mm)

No. <= 100 mm

1

317

240

179

205

247

255

23

75

317

12

157

160

96

93
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122

100

110
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100
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PPL Bell Bend Nuclear Power Plant

section of the stream. This is particularly an issue at the lower two assessment reaches (reaches 5

and 6).

Figure 7. Wild brown trout size distribution at each sampling reach.
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‘ Figure 8. Wild brown trout <= 100 mm collected along Walker Run as you move downstream.

Brown Trout <= 100 mm on Walker Run
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. C.  MACROINVERTEBRATE SURVEY

Macroinvertebrate surveys were collected on March 31 and April 1, 2009 from four separate nffle
locations within each of the 6 assessment reaches. A total of 5,680 organisms were identified within
72 taxa (Table 6). The number of taxa collected from the reaches varied from 29 in reach | to 46 in
reach 5. Pollution tolerance values for each taxon were taken from the CBWP-MANTA EA-05-13
(2005) and from Mandaville (2002). Pollution tolerance values indicate whether organisms within a
taxon are intolerant or tolerant of stream pollution.

The pollution tolerance values were utilized with the macroinvertebrate sampling results to calculate a
biotic index for each stream reach. The Hilsenhof Biotic Index (HBI) provides a single metiic to
characterize the stream reach based on which taxa were collected there and their poltution tolerance.
The HBI findings (Table 7) clearly show that the upstream four reaches have very good water quality,
while the lower two reaches have good to fair water quality. The EPT Ratio is a ratio based on the
percent of the total organisms collected in a reach that were either mayflies (Order Ephemeroptera),
stoneflies (Order Plecoptera), or caddisflies (Order Trichoptera). These three orders of insects are
generally intolerant of pollution, particularly the mayflies and stoneflies. The EPT ratio indicates that
reaches 2 and 3 have the highest water quality. This finding is similarly indicated using the Percent
Ephemeroptera metric and Percent Plecoptera metric.

D. SPAWNING GRAVEL SAMPLING

‘ Photographs of the sampled gravels that were the best sites for potential brown trout spawning in each
habitat agsessment reach are shown in Figures 9 to 14. When fully dried, the composition of the
gravels was visually estimated based on particle size ranges.

LandStudies, Inc. 14 May 2009



Table 4. Physical aftributes of Walker Run using EPA's RBP parameters and characterizations.

' ‘Physical Attributes . REACH1 - | | 'REACH2 ' "REACH3 .
Stream Reach Length (ft) 195 255 295
Average Stream Width (ft) - riffle 13 13 11
Average Stream Depth (ft) - riffle 0.18 0.45 0.50
Canopy Cover shaded shaded shaded
Riffles - Proportion of Reach 60% 70% 60%
Runs - Proportion of Reach 10% 0% 10%
Pools - Proportion of Reach 30% 30% 30%
Channelized? no no no
Dam Present? natural ne no
Percent Large Woody Debris 30% 15% 10%
Attached Algae Present present none none
Percent Embeddedness 25% 35% 30%
Substrate (Percent Composition):

Boulders (> 10 in) 15% 10%: 20%

Cobble (2.5"to0 10" 50% 60% 50%

Gravel (0.1"to2.5") 20% 20% 20%

Sand  {0.06 to 2.0 mm) 15% 10% 10%

Silt {0.004 to 0.06 mm)

Clay  (<0.004 mm)

4 - Habitat Category ". REACH4 REACH5 | | REACH6
Stream Reach Length (ft) 310 425 285
Average Stream Width (ft) - riffle 11 13 14
Average Stream Depth {ft) - riffle 0.25 1.05 0.45
Canopy Cover (% shaded) partly open partly open parily open
Riffles - Proportion of Reach 35% 5% 20%
Runs - Proportion of Reach 45% 25% 50%
Pools - Proportion of Reach 20% 70% 30%
Channelized? no yes no
Dam Present? no no no
Percent Large Woody Debris 0% 0% 5%
Attached Algae Present none present abundant
Percent Embeddedness 30% 60% 70%
Substrate (Percent Composition):

Boulders (> 10 in) 2% 5% 10%

Cobble (2.5"to 10") 50% 15% 40%

Gravel (0.1"to 2.5" 30% 10% 5%

Sand  (0.06 to 2.0 mm) 15% 45% 20%

Silt (0.004 to 0.06 mm) 3% 25% 25%

Clay (< 0.004 mm)
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Table 5. Habitat assessments of Walker Run using EPA's RBP parameters and characterizations.

REACH 1.

~ -« Habitat-Category
Epifaunal substrate / available cover 14 12 13
Embeddedness / Pdol Substrate (LG) 15 12 14
Velocity / Depth Regime / Pool Variability (LG) 17 14 14
Sediment deposition 16 12 13
Channel Flow Status 12 11 13
Channel alteration 20 20 20
Frequency of Riffles 14 18 14
Bank stability 19 18 15
Vegetative protection 18 18 20
Riparian vegetation zone width 20 20 15
Average Score: | 17 | | 16 [ | 15
; Habitat:Category REACH:4 Scoring, Descriptions
Epifaunal substrate / available cover 12 10 9
Embeddedness / Pool Substrate (LG) g 7 7
Velocity / Depth Regime / Pool Variability (LG g 6 7
Sediment deposition 12 7 8
Chanriel Flow Status 11 18 11 Optimal: 20to 16
Channel alteration 17 6 13 Suboptimal: 15to 11
Frequency of Riffles./ Channe! Sinuosity (LG) 7 3 11 Marginal: 10to &
Bank stability 5 5 4 Poor: 5to 0
Vegetative protection 7 7 5
Riparian ' vegetation zone width 5 6 8
Average Score: | 9 | | 8 1| 8

LG denates low gradient streams (sites 4 through 6)
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Table 6. Macroinvertebrates collected in Walker Run on March 31 and April 1, 2009. Average percent composition in the stream for each taxon and the poliution tolerance
of each taxon are shown.

RS | N A BE | RV P . : " Average Percent . ‘Té’bféﬂéé‘ :
__ORDERICLASS |  FAMILY GENUS -] WR2. | VWR3 | WR4 | WR3S WR-6 . ‘Compasition Vailue - ;
Turbellaria Planariidae Dugesia 1 0.0% 9.3
Nematoda 2 0.0% 10.0
QOligochaeta 21 27 0.8% 10.0
Amphipoda Gammaridae Gammarus 1 26 0.5% 6.7
Bivalvia Sphaeriidae Psidium 4 0.1% 5.7
Gastropoda Physidae Physa 2 0.0% 7.0
Gastropoda Ancylidae Ferrissia 1 1 1 0.1% 7.0
Crustacea Cambaridae Cambarus 1 3 0.1% 0.4
Megaloptera Corydalidae Nigronia 3 8 2 1 0.2% 1.4
QOdonata Gomphidae Stylogomphus 2 2 1 0.1% 2.2
Coleoptera Elmidae Optioservus 3 4 2 0.2% 5.4
Coleoptera Elmidae Cudimnius 7 5 2 1 0.3% 2.7
Coleoptera Elmidae Promoresia 1 5 0.1% 2.0
Coleoptera Eimidae Sienelmis 20 0.4% 7.1
Coleoptera Psephenidae Ectopria 1 1 3 0.1% 2.2
Diptera Blepharicendae Blepharicera 1 1 0.0% 4.0
Diplera Ceratopogonidae Palpomyia 2 0.0% 6.0
Diptera Ceratopogonidae Probezzia 1 2 1 0.1% 3.0
Diptera Ceratopogonidae Sphaeromias 1 0.0% 3.6
Diptera Chironomidae 22 44 45 159 237 591 19.3% 6.6
Diptera Empididae Chelifera 2 0.0% 7.1
Diptera Empididae Clingceera 1 2 3 7 0.2% 74
Diptera Empididae Hemerodromia 1 0.0% 7.9
Diptera Simuliidae Prosimuiium 274 143 173 1448 231 71 41.2% 24
Diptera Simuliidae Stegoplerna 1 1 27 2 0.5% 24
Diptera Simuliidae Simulium 1 7 2 0.2% 5.7
Diptera Tipuliidae Antocha 4 3 16 0.4% 8.0
Diptera Tipuliidae Dicranota 1 1 4 1 3 0.2% 1.1
Diptera Tipuliidae Hexatoma 2 1 0.1% 1.5
Diptera Tipuliidae Limnophila 1 0.0% 4.8
Diptera Tipuliidae Pseudolimnophila 2 1 1 0.1% 2.8
Diptera Tipuliidae Tipula 1 1 0.0% 6.7
Ephemeroptera Ameletidae Ameletus 3 4 3 6 16 0.6% 26
Ephemeroptera Baetidae Acerpenna 3 2 1 18 0.4% 2.6
Ephemeroptera Baetidae Baetlis 2 35 18 49 6 1 2.0% 3.9
Ephemeroptera Baetidae Diphetor 1 22 4 12 10 0.9% 2.3
Ephemeroptera Baetidae Plauditus 7 4 10 5 0.5% 4.0
Ephemeroptera Ephemerellidae Ephemerella 2 16 3 55 8 1.5% 23
Ephemeroplera Ephemerellidae Eurylophella 2 2 1 1 61 4 1.3% 4.5
Ephemeroptera Ephemerellidae Serratella 8 83 93 79 82 112 8.0% 2.8
Ephemeroptera Ephemeridae Ephemera 1 0.0% 3.0
Ephemeroptera Heptageniidae Cinygmuia 3 0.1% 1.6
Ephemeroplera Heptageniidae Epeocrus 30 59 84 134 15 5.7% 1.7
Ephemeroptera Heptageniidae Maccaffertium 2 19 16 4 43 22 1.9% 3.0
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Table 6 (continued). Macroinvertebrates collected in Walker Run on March 31 and April 1, 2009. Average percent composition in the stream for each taxon and the
pollution tolerance of each taxon are shown.

To!eranpe Values range from 0 (SpecieS‘is-‘hng!y,iﬁtolér“aniéofpollutioh) to 10
{species is highly tolerant of poliution);

18

- ; — - DR ; I S R | I -Average Pércent Tolerance
ORDER/CLASS FAMILY | GENUS WR1 | WRZ ‘| WR3 WR-4 WRS | WR6 | | " composition Value -
Ephemeroptera Heptageniidae Stenacron 2 6 7 0.3% 2.0
Ephemeroplera Leptophlebiidae Leptophlebia 1 22 0.4% 1.8
Ephemeroptera Leptophlebiidae Paraleptophiebia 20 54 18 10- 1 1.8% 2.0
Ephemeroptera Isonychiidae Isonychia 3 3 16 1 0.4% 2.5
Plecoptera Capniidae Paracapnia 1 0.0% 2.8
Plecoptera Chloroperlidae Haptoperia 1 6 1 2 1 0.2% 1.6
Plecoptera Chloroperlidae Sweltsa 2 3 2 0.1% 19
Plecoptera Leuctridae Leuctra 4 3 1 2 0.2% 0.4
Plecoplera Nemouridae Amphinemura 4 26 42 58 6 2.4% 3.0
Plecoptera Nemouridae Ostrocerca 1 1 ) 3 2 0.1% 1.7
Plecoptera Peltoperlidae Tallaperia 1 1 10 7 0.3% 1.5
Plecoptera Perlidae Acroneuria 4 10 4 1 0.3% 2.5
Plecoptera Perlodidae {soperla 1 2 24 23 3 0.9% 2.4
Plecoptera Pteronarcidae Pteronarcys 3 0.1% 1.1
Plecopiera Taeniopterygidae Taeniopteryx 1 0.0% 4.8
Trichoptera Brachycentridae Micrasema 1 0.0% 2.3
Trichoptera Hydropsychidae Cheurnatopsyche 6 2 6 3 1 47 1.2% 6.5
Trichoptera Hydropsychidae Diplectrona 14 10 5 0.5% 2.7
Trichoptera Hydropsychidaé Hydropsyche 3 4 16 1 16 0.7% 7.5
Trichoptera Limnephilidae Hydratophylax 1 0.0% 3.4
Trichoptera Polycentropodidae |  Polycentropus 1 3 1 1 0.1% 1.1
Trichoptera Phryganeidaé Plilostomis 1 0.0% 4.3
Trichoptera Psychomyiidae Lype 7 0.1% 4.7
Trichoptera Psychomvyiidae Psychomyia 1 6 0.1% 49
Trichoptera Philopotamidae Chimarra 1 3 0.1% 4.4
Trichoptera Philopotamidae Dolophitodes 3 2 3 0.1% 1.7
Trichoptera Uenoidae Neaophylax 4 8 10 3 0.4% 2.7
Trichoptera Rhyacophilidae Rhyacophila 10 8 23 12 0.9% 2.1
Total Organisms per Samplel 407 611 | 618 2,166 872 [ 1006 |=[ 5,680




Table 7. Macroinvertebrates community metrics for samples collected from Walker Run on March 31 and Aprit 1, 2009.
of each taxon are shown.

]Benthic Community Metric * | WRa | WR=2 WR-5 WR-6
Hilsenhof Biotic Index - score interpretations provided below table 2.63 282 2.80 : 282 4.06 5.81
Number of Intolerent Taxa 26 34 32 30 32 18
Number of EPT Taxa 20 29 26 28 26 13,
EPT Ratio 24.8% 65.1% 62.1% 24.6% 37.6% 22.3%
Percent Ephemeroptera Taxa 17.7% 50.6%. 40.0% 17.7% 33.5% 14.5%
Percent Plecoptera Taxa 2.9% 8.5% 14:7% 4.4% 1.7% 0.1%
Percent Trichioptera Taxa 4.2% 6.1% 7.4%: 2.5% 2.4% 7.7%:
EPT to Diptéra Ratio 33.4% 207.3% 169.2% 32.8% 64.4% 32.3%:

Scores of 0 to 4.50 are rated.good
Scores of 4.51 to 6.50 are rated fair
Scores of 6.51 to 8.50-are rated poor
Scores.of 8.51 to 10.0.are-rated very poor
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FIGURE 9
SITE 1 SPAWNING GRAVEL SAMPLING
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' FIGURE 10

SITE 2 SPAWNING GRAVEL SAMPLING
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FIGURE 11
SITE 3 SPAWNING GRAVEL SAMPLING
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FIGURE 12
SITE 4 SPAWNING GRAVEL SAMPLING




FIGURE 13
SITE 5 SPAWNING GRAVEL SAMPLING




FIGURE 14
SITE 6 SPAWNING GRAVEL SAMPLING
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Gravels are important for wild brown trout spawning, as is a low percent embeddedness with sands
and silts (less than 30 percent 1s optimal), and a shaded canopy cover (Raleigh et. al, 1986; Kondolf,
2000; Katzel and McKnight, 2001). The ideal location for trout spawning will be one with a high
gravel concentration, the least silt and sand embeddedness, and a location preferably at.a pool-riffle
transition where upwelling would most likely occur. These characteristics are critical for trout to be
able to construct redds in the gravel (where they will lay and fertilize eggs) and to maximiize the
exchange of oxygen and metabolic wastes through interstitial gravel spaces.

The findings of the spawning gravel survey are shown in Table §. Based on the percent composition
of gravel, and the percent of silts and sands (those less than 3 mm), and the availability of high quality
spawning gravel areas within the reach, the three most upstream reaches have the best gravels in terms
of quality and availability (Table 8). These three reaches also have the greatest canopy cover of all
the reaches (Table 4).

V. CONCLUSIONS

The fisheries survey of Walker Run as performed at six sampling reaches extending from 0.9 miles
upstream of Beach Grove Road to 1.25 miles downstream of Beach Grove Road. Three sampling
reaches were in the upstream section of Walker Run (above Beach Grove Road), and-the other three
sampling reaches were downstream of Beach Grove Road. Sampling Reach 5 was located on the
project site. A total of 89 wild brown trout were collected from Walker Run, with nearly twice as
many brown trout collected in the upstream section compared to the downstream section. The
greatest number of small brown trout (<= 100 mm) were collected from the upstream section (total
of 21) compared to the downstream section (total of 6). These findings indicate that the upstream
section of Walker Run has better habitat for brown trout spawning and fry development, and overall
better habitat for brown trout populations than the downstream section of Walker Run.

The habitat assessment of Walker Run indicated optimal or near-optimal habitat quality in the
upstream section of Walker Run, while the downstream section had marginal habitat quality. The
poorer habitat quality in the downstream section was attributed to greater substrate embeddedness,
greater sediment deposition, fewer riffle areas, channelization, and very poor bank stability and
vegetative protection. These habitat characteristics in the downstream section reflect the erosion
that is occurring there, caused by the presence of legacy sediments.

The habitat quality in the upstream section of Walker Run 1s optimal or near-optimal primarily
because it is fully shaded, has low substrate embeddedness, a greater presence of gravel substrate,
and more prevalent riffle areas. These habitat characteristics are critical habitat features for
successful spawming of brown trout.

Macroinvertebrate survey metrics indicate excellent water quality in the four most upstream
reaches, and in particular reaches 2 and 3. Water quality is good to fair in the downstream reaches
of Walker Run.

Trout spawning gravel survey results indicate that the best gravels for brown trout spawning dre
found in the three most upstream reaches. There will probably be suitable spawning gravel areas in
the three downstream reaches, although the frequency of those suitable areas appears to be
significantly less than i the three upstream reaches.
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‘ Based on all the results from this survey of Walker Run, the upstream section of Walker Run
(upstream of Beach Grove Road) has the best water quality, best habitat quality, the most brown
trout, the greatest number of small brown trout, and the better spawning gravel areas.

Photographs of Walker Run from both the fisheries survey and the habitat assessment survey are
provided in the Appendices.

LandStudies, nc. 27 May 2009



Table 8. Spawning gravel sampling surveys of Walker Rur

P}iysibal i REACH 1  REACH:2 | REACH 3

Riffles - Proportion of Reach 60% 70% 60%

Runs - Proportion of Reach 10% 0% 10%

Pools - Proportion of Reach 30% 30% 30%

Availability of Spawning Gravels ih. Reach Frequent Frequent Frequent

Percent Embeddedness in Reach 25% 35% 30%

Spawning Gravel Sample Substrate:

Cobble (2.5" to 10") 20% 10% 10%

_ Gravel (0.17t0 2.5% 70% 75% 80%
Sand  (0.06 to 2.0 mm) 10% 15% 10% -
Silt (0.004 to 0.06 mm) 0% 0% 0%

Rercent finerthan. 1 mm:(estimated - spawning.gravel sample)* 5% 5% . 5%

Percent finer than-3 mm (estimated - spawning gravel sample)** 10% 10% 10%

o ‘ﬁal?itat"jq;lgt‘ggory‘ g . "REACH 4 REACH-5 REACH &

Riffles - Praportion of Reach 35% 5% 20%

Runs - Proportion of Reach 45% 25% 50%

Pools - Proportion of Reach 20% 70% 30%

Availability 'of Spawhing Gravels,inRedch Present Low Low.

Percent Embeddedness in Reach 30% 60% 70%

Spawning Gravel Sample Substrate:

‘Cobble (2.5"to 10") 25% 15% 0%

" .Gravel (0:1"102.5"), i s 50% 55%. . 20%.
Sand  (0.06 to 2.0 mm) 20% 25% 10%
Silt (0.004 to 0.06 mm) 5% 5% 70%

Percent finerihan 1:mm {(estimatéd - spawning:gravel sample)* 10% 15% 75%

3'mm-(estimatéd - spaw l:'sample)™’ 25% 35% 80%.

A

* Percent finer than 1 mm should be less than 14% for spawning gravels.
** Percent finer than 3 mm should be less than 30% for spawning gravels.
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