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An Application of Physico-Environmental Evaluation System of Stream®
- Focusing on urban streams -
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ABSTRACT

The purpose of this study is to present the basic data for restoration of physical stream environment
by analyzing habitat variables because habitat environment is changed due to the construction of
waterfront space in urban streams.

Assessment results of 10 habitat variables(three divisions) were almost same as optimal condition,
in the reach of reference stream where there are no stream crossing structures and channel alteration.
Assessment results of reaches in urban rivers, where streams were improved on water-friendly
recreation activities, appeared to be marginal condition. Because habitat environment got worse due
to stream improvement works such as construction of weir for water landscape, stepping stones for
walking, low water revetment and high water revetment, and high water channel. In addition, in the

case of mid gradient stream, the frequency of riffles was small or not existed because the intervals
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of the river crossing structures was short. In the case of mild stream types, the diversity of the pool

was damaged due to the deposition of sludge in the upstream pool of weir and the installation of low

water revetment.
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Table 1. Surveyed rivers in study area.

Length of survey reach

Stream name Location
(km)
Hamyang-gun and . .
yang-gu National river :
Namgang Sancheong-gun,
39.5km
Gyeongsangnam-do
Ydeungonson Gapeheon Daedeok-gu, Yuseong-gu and|  National river :
— Seo-gu, Daejeon city 33.53km
Syeendsandnam=do National river :
Daedeok-gu and Jung-gu, '
— () 160200 Yudeungcheon Chungcheongnam-do
G Daci i Local stream :
. . eumsan-gun, Daejeon ci
Figure 1. Location map of study area gun, Lacy Y 22.07km
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5 &
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C.E.F Segment M
atscament M| % Segment
0 £
'E §egmenl 1 g Segment 2
=} e E i_ag,rmmb! egment -1
E AT Segment 3 ‘
_Eeﬂqw, 0.001 001 0. 0 10.0 100.0 1000
Clay Silt Sand Gravel Cabble |Boulder
0.0 1/10000 1/1000 1/100 1/10 1.0 (<0.004] | (0.008~0.062) (0.082-20) ‘ (2~64) (64~256] | (>256)
Channelsiope Grain size (mm)

Figure 2. Comparison of Rosgen (1994) system and
Yamamoto (1988) system of channel
slope(Kim and Jung, 2015).
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R
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Figure 3. Comparison Rosgen (1994) system with
Yamamoto (1988) system of grain size
(Kim and Jung, 2015).
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Table 2. Classification of segments (Yamamoto, 2004).
Segment 2
Category Segment M Segment 1 Segment 3
2-1 22
Mountainous Region Alluvial fan
Valley plain
Morphological type Natural bank
region
Delta
Represe:lit;l:ve gram Variable > 2 cm 1-3 em |0.03-1 cm < 0.3 mm
Sand and silt are
In many cases, the |placed on the surface, Bottom layer is same
Structural materials |bedrocks are exposed| but the thickness is | as bed materials as Silt,  clay

in bank

to the channel and thinner. Bank

fine sand, silt and clay

banks. materials are same as mixture.
the bed material.
Channel slope >1/60(variable) 1/60-1/400 1/400-1/5000 1/5000-Level
Meanders are

Meandering sections frequently, but c}.lanpel

. . . width/depth ratio is | . . .
Sinuosity Variable are a few . | Sinuosity is various.
L greater where there is
longitudinally.

s-shaped meanders or
islands

Erosion in bank

Very changeable. Very changeable.

Moderate, if bed
materials are coarse,
channel width would

Infinitesimal, channel
is not changeable

be changeable substantially.
frequently.
Mean depth in Variable 053 m 28 m 3-8 m

channel
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Assessment of channel/hydraulic characteristics

Stream classification

High gradient Mid gradlent Low gradient
Stream Segment - M Segment — Segment - 2 - 3
class (>1/60) (1/60~1/400) (1/400~1/5 000)
Reach : 10 x channel width Reach : 25xchannel width H 25xchannel width
p
Division Channel/Hydraulic Bank River disturbances
1. Available cover 1. Shape of cross section 1. Channel alteration
R T 2 Eggfd:jlmf‘gem 2. Bank stability (Left, Right)
3. Velocity/Depth(P. Variability) (Left, Right) 2. stream crossing structures|
category ||4. Sediment deposition
5. Channel flow status
6. Frequency of :1fﬂes($imosly)

Marginal (4)| ‘ Poor (5) ‘

Optin'lsal @| |su ’Imal @ Normlal ®
[Sotatgt] it | e
| J !

Teststeam >

Stream < Natural river

| [ Disturbance || Disturbed river >

status

Figure 4. Flowchart of study process(Kim and Jung, 2015)
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250 | mmWater surface width
—Chamnel width

el Bel 934 A A% 61
Table 3. Stream type, channel width and reach length in each stream.
River name Reach location (No.) (m) Channel slope Segment Average width Reach Reach
Reach slope Average slope of channel (m) | length (m) No.
0,000~3,400  (No.209~226) 1/2,000~254 1 135 3,400 1
3,400~7,560  (N0.226~247) 1/604~438 1 157 4,160 2
7,560~10,520 (No.247~261) 1/488~407 1/389 1 99 2,960 3
10,520~ 14,230 (No261~279) 1/433~369 1 128 3260 4
14,230~16,840 (N0.279~292) 1/420~392 1 116 3,010 5
Namgang 16,840~20,110 (N0.292~308) 1/440~407 2 128 3270 6
20,110~23,400 (No.308~324) 1/483~418 2 125 3,290 7
23,400~26,510 (No.324~340) 1/468 ~445 1520 2 115 3,110 8
26,510~31,160 (No.340~363) 1/438~456 2 167 4,650 9
31,160~35,900 (No.363~386) 1/489~469 2 177 4,740 10
35,900~39,540 (No.386~404) 1/480~464 2 110 3,640 11
0,000~4,955  (No.0+000~4+955) 1/2,800~628 2 194 4955 1
4,955~10,925 (No.4+955~10+925) 1/1,500~ 866 2 184 5970 2
10,925~15,045 (No.10+925 ~15+045) | 1/1,100~865 2 147 4,120 3
15,045~18,530 (No.15+045~18+530) 1/900~831 2 93 3,485 4
Gapcheon 1/665
18,530~22,670 (No.18+530~22+670) 1/850~750 2 108 4,140 5
22,670~25,850 (No.22+670~25+850) 1/785~712 2 101 3,180 6
25,850~29,090 (No.25+850~29+090) 1/749~692 2 75 3,240 7
29.090~33510 (No.29+090~33+510) 1/714~654 2 65 4,420 8
0,000~4,005  (No.0+000~4+005) 1/670~199 2 127 4,005 1
4,005~8,390  (No.4+005~8+390) 1/460~420 1452 2 78 4,385 2
8,390~11,390 (No.8+390~ 11+390) 1/440~380 2 68 3,000 3
11,390~ 14,800 (No.11+390~14+800) | 1/400~380 2 71 3410 4
14,800~ 16,600 (No.14+800 ~No.6) 1/400~370 1 45 1,800 5
16,600~17,800 (No.6~No.12) 1/400~370 1 45 1,200 6
17,800~19,400 (No.12~No.20) 1/377~360 1 37 1,600 7
Yudeungcheon | 19,400~21,000 (No.20~No.28) 1/370~347 1 38 1,600 8
21,000~23,200 (No.28 ~No.39) 1/350~344 1 40 2,200 9
23,200~25,200 (No.39~No.49) 1/346~335 11247 1 40 2,000 10
25,200~29,200 (No.49~No.69) 1/334~324 1 42 4,000 11
29,200~31,200 (No.69~No.79) 1/325~313 1 37 2,000 12
31,200~33,400 (No.79~No.90) 1/318~307 1 31 2,200 13
33,400~35,200 (No.90~No0.99) 1/308 ~299 1 21 1,800 14
35,200~37,600 (NO.99~No.111) 1/297~274 1 16 2,400 15
195 -
185 1&———— Mid-gradient ple Low-gradient
165 Jo towgradont-bd L i gradint—
z o i W i
8
o

15

© === Yudeungcheon

Cumulative Length (km)

01234567 89101112131415161718192021222324252627282930313233 343536373839

Figure 5. Longitudinal changes of minimum
channel elevation in three streams.

——River width

012345678 9101112131415161718192021:

Cumulative channel length (km)

4252627282930313;

Figure 6. Longitudinal changes of river width, channel
width and water surface width in Namgang.



Low-gradient

W Water surface width
—Channel width
—River width

012345678 9101112131415161718192021222324252627282930313233

Left bank

Cumulative channel length (km)

Figure 7. Longitudinal changes of river width,
channel width and water surface width

in Gapcheon.
——1.7km ~—5.5km ——7.7km ——13.1km —=—14.8km
——18.8km ——22.3km 24.7km —=—30.5km —=—32.4km
—=—37.4km

37.6km —=—39.8km

T

90 -
80—
701

Percentage finer (%)

1 10 100 1000
Grain size(mm)

Figure 9. Grain size distributions of bed materials in

Namgang.

Table 4. Grain size distributions of bed materials in

Namgang.

Location D50 D60 Max.
(km) (mm) (mm) (mm)
1.7 100 129 229
5.5 166 178 339
7.7 162 177 336
13.1 130 146 336
14.8 85 94 176
18.8 105 128 207
22.3 120 135 203
24.7 130 143 203
30.5 163 195 267
324 150 165 288
374 103 120 274
37.6 138 152 220
39.8 128 147 224
Mean 123.2 140.2 236.8

Right bank

Left bank

mmWater surface width
—Channel width
——River width

012345678 910111213141516171819202122232425262728293031323334353637

Cumulative channel length (km)

Figure 8. Longitudinal changes of river width, channel
width and water surface width in Yudeung-
cheon.
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Table 5. Grain size distributions of bed materials in

Gapcheon.

Location D50 D60 Max.
(km) (mm) (mm) (mm)
13 16 20 126
17 20 29 196

19 13 17 174

23 31 40 111

27 46 57 141

32 55 70 190
Mean 29.3 372 1247

Table 6. Grain size distributions of bed materials in

Yudeungcheon.

Location D50 D60 Max.
(km) (mnm) (mm) (mm)
14.6 35 46 176
15.6 22 30 127
16.4 16 20 157
17.2 28 35 139
20.0 30 38 165
22.4 28 34 106
23.8 19 21 62
26.8 20 26 127
29.4 14 16 87
314 18 20 94
34.4 19 24 163
36.0 20 26 289

Mean 249 30.8 116.9
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Figure 10. Grain size distributions of bed materials
in Gapcheon.
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Figure 11. Grain size distributions of bed materials
in Yudeungcheon.
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Figure 12. Assessment results of Namgang.

Table 7. Assessment results of Namgang.

Mid-gradient

Category | Habitat parameter Reach No.
1 2 3 |Mean
Chamnel and @ Available cover| 18 | 19 | 17 | 18

hydraulic |@ Riffle substrate | 18 | 19 | 18 | 18
characteristics

@ Velocity/depth | 16 | 17 | 18 | 17

Bank | ? ggdim.e.“t 418 | 18 | 17
position
® Channel flow 5l ls
status
©® Frequency of
Tiffles 14 18 18 17
@ Crosssection | 13| 48 | 17 | 16
Disturbance P
® Bank stability 14 18 18 | 17
© Channel
alteration 1218 |17 16
@0 Stream crossing
siructures 18 | 20 | 20 | 19
Score 82 192 | 91 | 86
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Figure 13. Assessment results of Yudeungcheon.
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Table 8. Assessment results of Yudeungcheon.
Mid-gradient
Category Habitat parameter Reach No.
3 4 5 6 7 8 9 10 | 11 12 ] 13| 14| 15 |Mem
@ Available cover 60 | 70 | 70 [ 140 | 140|150 | 70 | 70 | 150 | 7.0 | 150 | 140 | 150 | 9.0
Charel and ) Riffle substrate 100|120 | 140 | 13.0| 160 | 170 | 160 | 180 | 180 | 180 | 180 | 180 | 170 | 110
hazrrle ul?n 3 Velocity/depth 100 | 11.0 [ 13.0 | 13.0| 150 | 150 | 13.0 | 130 | 160 | 150 | 150 | 120 | 170 | 137
aulic
chal}; steristcs (@ Sediment deposition | 12.0 | 13.0 | 140 | 100 | 11.0 | 11.0 | 130 | 140 | 13.0 | 140 | 11.0 | 11.0 | 120 | 122
() Channel flow status | 4.5 | 60 | 45 | 65 | 66 | 50 | 50 | 75 | 60 | 7.0 | 50 | 54 | 40 | 56
(® Frequency of riffle| 8.0 | 100 | 140 | 150 | 130 | 170 | 160 | 13.0 | 100 | 180 | 150 | 120 | 180 | 138
Bark (@ Cross-section shape | 7.0 | 7.0 | 140 | 140 | 140 | 140 | 100 | 10.0 | 120 | 140 | 160 | 130 | 12.0 | 12.1
(8 Bank stability 80 | 60 | 80 |98 | 84 | 84 |70 |80 |70 |70 70| 60]60]74
© Channel alteration | 2.0 | 60 | 60 | 40 | 40 | 40 | 20 | 20 | 20 | 20 | 40 | 20 | 20 | 32
. 0 X
Disturbance | (0 Seam crossing |y |y 41 0 | g | 70 | 56 | 56 | 42 | 54 | 64| 72 | 80 | 64 | 54
structures
Score 705 | 82 | 99.5(105.3| 109 |1144| 98 |102.5| 110 | 114 | 119 |[107.4| 118 | 88.0
(Grade) @ I3’ ][6][0 10161010
SR ERFota Wik AFtelt} o zskH
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Table 9. Assessment results of Namgang.
Low-gradient
Category Habitat parameter Reach No.
4 5 6 7 8 9 10 11 | Mean
@ Available cover 15 18 | 18 | 16 | 18 | 16 | 17 | 16 17
Channel and () Pool substrate 18 19 18 16 19 16 16 18 18
hvdraulic (3 Pool Variability 17 19 17 15 18 17 18 16 17
yaauie @ Sediment deposition 8| 18| 18| 14| 18] 15] 15| 17] 17
characteristics
(® Channel flow status 17 18 18 12 18 14 15 16 16
(® Channel sinuosity 16 19 18 14 18 16 16 15 17
Bank (@ Cross-section shape 16 16 14 14 17 15 15 16 15
® Bank stability 16 14 16 12 16 14 14 14 15
Disturbance © Channel alteration 16 18 16 14 14 14 14 14 15
¢ {0 Stream crossing structures 20 20 20 20 20 20 20 20 20
Score 153 | 164 | 159 | 134 | 164 | 146 | 150 | 153 147
(Grade) @10l 00 @
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Figure 15. Assessment results of Gapcheon.

Table 10. Assessment results of Gapcheon.
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Figure 16. Assessment results of Yudeungcheon.

Low-gradient
Category Habitat parameter Reach No.
1 2 3 4 5 6 7 8 | Mean
D Available cover 80 | 80 | 80 | 80 | 80 | 150 | 150 | 160 | 108
Channel and @ Pool substrate 100 | 100 | 70 | 100 | 140 | 140 | 160 | 160 | 12.1
hydraulic () Pool Variability 110 | 130 | 70 | 70 | 150 | 11.0 | 100 | 70 | 10.1
characteristics @ Sediment deposition 50 | 50 | 50 | 50 | 140 | 140 | 160 | 160 | 100
(® Channel flow status 144 80 | 85 | 75 | 84 | 70 | 55 | 50 8.0
(® Channel sinuosity 90 | 3.0 | 70 | 90 | 70 | 120 | 180 | 190 | 105
Bank @ Cross-section shape 3.0 1.0 1.0 | 40 | 130 | 7.0 | 110 | 9.0 6.1
(® Bank stability 108 | 90 | 108 | 96 | 120 | 70 | 50 | 100 | 93
Disturbance © Channel alteration 100 90 | 90 | 90 | 140 | 80 | 70 | 7.0 9.0
{0 Stream crossing structures 126 | 56 | 06 | 32 | 90 | 42 | 28 | 36 52
Score 822 | 68 | 663 | 73.1 | 1104 | 101 |110.5| 113 | 859
(Grade) 1G]] 6
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Table 11. Assessment results

of Yudeungcheon.

Low gradient
Category | Habitat parameter Reach No.
1 2 Mean
@ Available cover 8.0 5.0 6.5
@ Pool substrate 6.0 5.0 55
Channel
and 3 Pool Variability 5.0 6.0 55
hydraulic | @ Sediment 110 | 110 | 110
characteri deposition
p
stics | (5 Channel flow 25 | 85 | o0
status
©® Channel sinuosity | 70 | 80 | 75
@ Cross-section 10 20 | 70
Bank shape
® Bank stability 90 | 90 | 90
. © Channel alteration| 6.0 6.0 6.0
Disturban :
ce ({0 Stream crossing 32 | 32 | 32
structures
Score 615 | 61.5 66
(Grade) @ @ @
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Appendix [

Table 1. Field survey data sheet for assessment of channel and hydraulic characteristics.

High gradient stream

Stream class Location
Stream name Reach No.
Station No. ~ Reason for survey
Investigator Date/Time
Condition category
Division gﬁz; Optimal Sub-optimal Normal Marginal Poor
¥ 20~18 17~14 13~8 7~4 3~1
Greater than 70% of | 70-40% mix of stable habitat; | 40-30% mix of stable habitat; | 30-20% mix of stable Less than 20% stable
substrate favorable for | well-suited for full colonization | habitat availability less than | habitat; habitat availability | habitat; lack of habitat is
epifaunal colonization and | potential, adequate habitat for desirable; substrate less than obvious; substrate unstable
Available fish cover; mix of maintenance of populations; frequently disturbed or desirable; substrate or lacking
cover Boulder-cobble or other | presence of additional substrate in removed frequently disturbed or
stable habitat and at a stage | the form of newfall, but not yet temoved
to allow full colonization | prepared for colonization (may
potential. rate at high end of scale).
Score 0 [ 1w [ w8 [ a6 i5s [ 3w [ [ 7] 6] s[4]37]2]1
Step-pool substrate consists | Cobble and boulder particles in | Cobble and boulder particles |~ Cobble and boulder Cobble and boulder
of cobble and boulder | step-pool areas may be 25-45% | in step-pool arcas may be | particles in step-pool areas | particles in step-pool areas
particles that are 0-25% |  surrounded by fine gravel. | 45-65% surrounded by fine | may be 65-85% surounded | are more than 85%
Embeddednes | gyrrounded by fine gravel gravel, by fine gravel. surounded
§ Layering of cobble by fine gravel.
provides diversity of niche
space.
Score 0 [ 19 [ 8 [ [ w6 [ 15 [ 3 1wl ag [ [ 7] 6] 5] 4] 3] 2 |1
All four velocity/depth | Only 3 of the 4 flow regimes are | Only 2 of the 3 habitat Dominated by 2 Dominated by 1
Tegimes present present (if fast-shallow is missing, | regimes are present (if velocity/depth regime velocity/depth regime
Velocity/ (slow-deep, slow- shallow, | score lower than if missing other | fast-shallow or slow-shallow (usually slow-deep, (usually slow-deep).
Depth fast-deep, regimes). are slow-shallow)
fast-shallow). Slow is <0.3 missing, score low).
mjs, deep is > 0.5 m.)
Score 0 [ w8 e[ 5[ ol ad [ [ 7] 6] 5] 4] 3] 211
Litfle or no enlargement of | Some new increase in bar | Moderate deposition of new | Moderate deposition of | Heavy deposits of fine
Channel islands or point bars and | formation, mostly from fine | gravel on old and new bars; | new gravel on old and new |  gravel, increased bar
and . less than 5% of the bottom | gravel ; 5-20% of the bottom 20-35% of the bottom | bars; 35-50% of the bottom | development; more than
Hydraulic ) affected by fine gravel | affected ; slight deposition in | affected ; fine gravel deposits |  affected; fine gravel 50% of the bottom
Characte- | Sediment deposition. pools. at obstructions, constrictions, | deposits at obstructions, changing
risties | deposition and bends; moderate constrictions, and bends; | frequently; pools almost
deposition of pools prevalent. | moderate deposition of | absent due to substantial
pools prevalent. fine gravel deposition.
Score 0 [ 19 [ w8 [ [ a6 5 [ 3w [ [ 7] 6] s[4 3271
Water reaches base of both | Water fills >75% of the available | Water fills 25-50% of the | Water fills 50-75% of the | Very litfle water in channel
Channel | lower banks, and minimal | channel; or <25% of channel | available channel; andjor | available channel; andjor | and mostly present as
flow amount of channel substrate s exposed. riffle substrates are mostly | riffle substrates are mostly standing pools.
status substrate exposed. exposed.
is exposed.
weight Natural channel : 1.0, stepping stone : 09, dredging : 08, Crossing structure height :(<0.5m) 0.7, (0.5~1.0m) 0.6, (1.0m<) 0.5
Score 0 [ 19 [ 8 [ ] 15 [ ] 1w oag [ ] 7] 6] 5] 4] 3 [ 2 |1
Occurrence of step-pools Occurrence of step-pools Occasional riffle; bottom Occasional step-pool, | Generally all flat water or
relatively frequent; ratio of |  infrequent; distance between | contou rs prov ide some | bottom contours prov ide | shallow step-pools; poor
distance between riffles divided by the width of the | habitat: distance between | some habitat: distance | habitat; distance between
step-pools divided by width stream s between 4 to step-pools divided by the between step-pools
of the stream <4:1 6. width of the stream is between | step-pools divided by the | divided by the width of the
Frequency | (generally 1 to 4); variety 6to8. width of the stream is | stream is a ratio of >10.
of of habitat is key. In streams between § to 10.
step-pools where step-pools are
continuous, placement of
boulders or other large,
natural obstruction is
important.
Score 0 [ 19 [ w8 [ 6] 5 [ 3w [[7] 6] s[4 37271
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Table 1. Field survey data sheet for assessment of channel and hydraulic characteristics(continue).
Condition category
Scope | Habitat parameter Optimal Sub-optimal Normal Marginal Poor
20~18 17~14 13~8 7~4 3~1
Both levees are mostly | One of both levees | One of both levees is | Both sides are confined by | Both sides are confined
mountains or natural | is mostly mountains | mostly mountains or | levees, but 30~10% of | by levees, and <10% of
levees that are not | or natural levees | natural levees that are reach has relatively reach has condition of
improved. >70% of that are not not improvement. | condition of close-to-natural | close-to-natural levees
reach has condition of |  improvement. | 50~30% of reach has | levees with small impact on | because of artificial
Cross-section natural levee. Stream | 70~50% of reach | condition of natural | ecosystem according to | stream according to
shape of improvement : steep | has condition of levee. improvement works for | improvement works.
channel slope levee(>1:1), natural levee. close-to-natural stream
retaining wall, low (mild slope levee(<1:2), soil
water revetment, high cover revetment, and
water channel, and vegetated revetment).
dredging.
Bark Score 0 [ v [ 8 [[ie]s[u didufwos 7 [6]s |4 3] 2]
Banks stable; evidence | Moderately stable ; | Moderately unstable; Moderately unstable; Unstable; many eroded
of erosion or bank infrequent, small | 30-50% of bank in | 50-70% of bank in reach has | areas; "raw” areas
failure absent or areas of erosion, | reach has areas of areas of erosion; high | frequent along straight
minimal; little potential | mostly healed over. | erosion; high erosion | erosion potential during | sections and bends;
Bank Stability (score | for fygure problems. | 5-30% of bank in | potential during floods. floods. obvious bank
each bank) <5% of bank affected | reach has areas of sloughing; 60-100% of
erosion. bank has erosional
scars.
weight Natural bank : 1.0, atificial mild slope bank: 0.9, soil-cover revetment(gabion) : 0.8, stone pitching revetment(porous) :
0.6, stone/concrete-block masonry revetment 0.5
Score 20‘19 18 17‘16‘15 14 1312‘11‘149‘87‘6‘5‘4 3‘2‘1
Channelization or Some Channelization may be | Channelization may be Banks shored with
dredging absent or channelization extensive ; extensive; embankments or | gabion or cement; over
minimal; stream present, usually in |  embankments or | shoring structures present on | 70% of stream reach
with normal pattern | areas of bridge shoring structures | both banks; and 50-70% of |  channelized and
(Less than 5%) abutments; present on both banks; | stream reach channelized | disrupted. In stream
evidence and 30-50% of stream and disrupted. habitat greatly altered
of past reach channelized or removed entirely.
Channel channelization, ie.,|  and disrupted.
alteration dredgmg, (grea[er
than past 20yr) may
be present, but
recent
channelization is
not present.
Disturbanc (5~30%)
e
Score 0 o[ 8 (s s[u/duos 7[e[s][4]3]2]1
Habitat is not affected | Habitat is a little | Habitat is more or less | Habitat is more affected by | Habitat is seriously
by structures because affected by affected by structures | structures because the height | affected by structures
river crossing structures | structures because | because the height of | of river crossing structures | because the height of
Snm such as weir and drop | the height of river river crossing such as weir and drop river crossing
Crossing structure in reach are not | crossing structures | structures such as weir | structure in reach are | structures such as weir
structures at all. such as weir and | and drop structure in 1.0~15m. and drop structure in
drop structure in | reach are 0.5~1.0m. reach are >1.5m.
reach are <0.5m.
Weight Number of step-pools between structures : >5 step-pools(1.0), 5~4 step-pools(0.9), 3-2 riffles(0.8), 1 step-pool(0.7),
no step-pool(0.6)
Score 0 [ ] s Jfw]is]uldufwos 7 [e6]s[4]3]2]1
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Appendix II

Table 2. Field survey data sheet for assessment of channel and hydraulic characteristics.

Mid gradient stream
Stream class Location
Stream name Reach No.
Station No. ~ Reason for survey
Investigator Date/Time
i Condition category
Divson | bRl Optl Suboptml Normal Merginal Poor
20~18 17~14 13~8 T~4 3~1
Greater than 50% of | 50-40% mix of stable habitat; | 40-30% mix of stable habitat; | 30-20% mix of stable habitat; Less than 20% stable
substrate favorable for well-suited for full habitat availability less than | habitat availability less than | habitat; lack of habitat is obvious;
%mfamal colonization and |  colonization potential, desirable; substrate frequently desirable; substrate substrate unstable or lacking
h cover; mix of stiags, adequate habitat for disturbed or removed frequently disturbed or
Available submerged logs, undercut | maintenance of poy auons temoved
cover banks, cobble or other siable | presence of ad
habitat and at a stage to allow | substrate in the fotm of
full colonization potential | newfall, but not yet prepared
(Le. logy/ smags that are NOT | for colonization (may rate at
new fall and are NOT high end of scale).
transient).
soe | 0 [ o [ s [ w6 5] u[Be[njolo[s[ 7] el 5[ 4] 3 [ 2] 1
Riffle substrate consists of | Gravel, cobble, and boulder | Gravel, cobble, and boulder | Gravel, cobble, and boulder | Gravel, cobble, and boulder
gravel, cobble, and boulder icles in riffle areas ma pamcles in rifle areas ma pamclm in riffle arezs may be pamclm in riffle areas are more
particles that are 0:25% 2545% surounded by fine | be 45-65% surrounded by fine | 65-85% surrounded by fine than 85% sumounded
Riffle | Suounded by fine sediment. sediment. Pool sediment. Pool sediment. Pool by fine sediment. Pool
Substrate Pool substrates are a mixture | substrates are a mixture of | substrates are a mixture of coarse | substrates are a mixture of substrate may be all mud with
of substrate materials with | coarse to soft sand; some root | to soft sand; some root mats and | coarse to soft sand; some toot mat and submer,
litle to no deposition of fines | mats and submerged submerged vegetation may be | root mats and submerged | vegetation abundant. Niche
and gravei,la] or cobble | vegetation may be present. present. vegetation may be preser. space severely limited.
prevalent.
soe | 0 [ o [ s | w] e[ 5] w[e[njolo[s] 1] 6] 5] 3 [ 2 ]
Al four velocity/depth | Only 3 of the 4 flow regimes | Only 2 of the 4 habitat regimes Dominated by 1 Dominated by 1
Velocityl | ™ imes present (sfow—deep are present (if fast-shallow is | are present (if fastshallow or velocitydepth regime velocity/depth regime
Deptlt1y slow- shallow, fast-deep, | missing, score lower than if slow-shallow are (usually slow-deep).
fastshallow). Slow is missing other regimes). missing, score low).
Chamel <03mps, deep is > 0.5 m)
ad | Soe | 0 [ [ 8w [ u[ 6] 5] wjpejulofofs ] 1] 6] 5] 3 [ 2 ]
hdraic Litle or 1o enlrgement of | Some new increase in bar | Modeme cepsiion of ew e, | Modente depositon of new | Heavy ceposis of fine
istics islands or point bars and less | formation, mostly from | sand, or fine sediment on old and | gravel, sand, or fine sediment material, increased bar
than 5% of the bottom | gavel, sand, or fine sediment; | new bars; 20-35% of the bottom | on old and new bars; 35-50% developnﬂn more than 50% of
Sediment affected by sediment | 5-20% of the bottom affected; | affected ; sediment deposits at | of the bottom affected; | the bottom changing frequently;
deposition deposition. slight deposition in pools. |  bstructions, constrictions, and sediment deposits at ls almost absent due to
epos bends; moderate deposition of bstructions, substantial sediment deposition.
pools prevalent. constrictions, and bends;
moderate deposition of pools
prevalent.
soe | 0 [ o [ s [ w[ e[ 5] wne[unjolo[s] 1] 6] 5] 3 [ 2 ]
Chame] | Weter reaches base of both | Water fills >75% of the | Water fills 25-50% of the available | Water fills 50-75% of the | Very little water in channel and
flow lower banks, and minimal | available channel; or <25% | chamnel; andlor riffle substrates are | available channel; andfor riffle | mostly presert s standing pools.
safts amount of charmel substrate | of channel substrate is mostly exposed. substrates are mostly exposed.
is exposed. exposed.
weight Natural channel @ 1.0, stepping stone : 0.9, dredging : 0, Crossing structure height :(<0.5m) 0.7, (0.5~l.0m) 06, (1.0m<) 05
Score [ w8 [ nlw] s wlofufwlo[s] 7] e[ s] 4] 3 ] 21
Occurrence of riffles Occurrence of riffles | Occasional riffle; bottom contou | Occasional riffle; bottom Generally all flat water or
relatively frequent; ratio of | infrequent; distance between | 1s prov ide some habitat: distance | contou s prov ide some shallow riffles; poor habitat;
distance between riffles | riffles divided by the width between distance between distance between tiffles divided
divided by width of the stream | of the stream is between 7 | riffles divided by the width of the | iffles divided by the width of | by the width of the stream is a
Frequency | <7:1 (generally 5 to 7); varkty to 15. stream is between 15 to 20. | the stream is between 20 to 25. tatio of >25.
of of habitat is key.
riffles In streams where riffles are
continuous, placement of
boulders or other large,
natural obstruction 1s
important.
soe | 0 [ o [ s [ w[ 6] 5] w[Be[njolols [ 7] 6l 5[ 4] 3 [ 2] 1
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Table 2. Field survey data sheet for assessment of channel and hydraulic characteristics(continue).

Scope

Habitat parameter

Condition category

Optimal Sub-optimal Normal Marginal Poor
20~18 17~14 13~8 7~4 3~1
Both levees are mostly One of both levees is One of both levees is |Both sides are confined by [Both sides are confined
mountains or natural |mostly mountains or| mostly mountains or [evees, but 30~10% of reachby levees, and <10% of
levees that are not | natural levees that |natural levees that are | has relatively condition of |reach has condition of
improved. >70% of reachare not improvement| not improvement. | close-to-natural levees with | close-to-natural levees
Cross-section  |has condition of natural| 70~50% of reach |50~30% of reach has| small impact on ecosystem | because of artificial
shape of ) levee. Stream has condition of | condition of natural | according to improvement stream according to
channel improvement : steep natural levee. levee. works for close-to-natural | improvement works.
slope levee(>1:1), stream (mild slope
retaining wall, low water levee(<1:2), soil cover
revetment, high water revetment, and vegetated
channel, and dredging. revetment).
Bank Score 20 ‘ 19 18 17‘16‘15‘14 13‘12‘11‘14 9‘8 7 ‘ 6 ‘ 5 ‘ 4 3 2 ‘ 1

Bank Stability (score

Banks stable; evidence of
erosion or bank failure
absent or minimal; little|
potential for future

Moderately stable ;
infrequent, small
areas of erosion,
mostly healed over.

Moderately unstable;
30-50% of bank in
reach has areas of
erosion; high erosion

of bank in reach has areas of|
erosion; high erosion

potential during floods.

Moderately unstable; 50-70%

Unstable; many eroded
areas; "raw” areas
frequent along straight
sections and bends;

each bank) problems. 5-30% of bank in |potential during floods. obvious bank sloughing;
<5% of bank affected | reach has areas of 60-100% of bank has
erosion. erosional scars.
Natural bank : 1.0, atificial mild slope bank: 0.9, soil-cover revetment(gabion) : 0.8, stone pitching revetment(porous) :
weight 0.6, stone/ concrete
-block masonry revetment 0.5
Score 0 [ w8 [[we]s]uddgos 7 [e[s[4]3]2]1
Channelization or  |Some channelization| Channelization may be| Channelization may be | Banks shored with
dredging absent or | present, usually in extensive ; extensive; embankments or jgabion or cement; over
minimal; stream areas of bridge lembankments or shoringshoring structures present on| 70% of stream reach
with normal pattern |abutments; evidence| structures present on |both banks; and 50-70% of|  channelized and
(Less than 5%) of past both banks; and 30-50%| stream reach channelized | distupted. Instream
Channel channelization, ie., | of stream reach and disrupted. habitat greatly altered or
alteration dredging, (greater channelized removed entirely.
than past 20yr) may|  and disrupted.
be present, but recent
channelization is not
present.
(5~30%)
, Score 0 [ v | 8 |vfw[is|uddudos 765 |4]3]2]1
Disturbance Habitat is not affected by Habitat is a little [Habitat is more or less|Habitat is more affected by| Habitat is seriously
structures because river pffected by structure affected by structures Structures because the height

crossing structures such|because the height of

affected by structures

20 ‘ 19 ‘ 18 ‘17‘16‘15‘14‘13‘ 12‘ 11

because the height of | of river crossing structures | because the height of
Stream as weir and drop river crossing  [river crossing structures| such as weir and drop river crossing structures
crossing structure in reach are nof structures such as [such as weir and drop| structure in reach are  |such as weir and drop
structures at all. weir and drop | structure in reach are 1.0~ 1.5m. structure in reach are
structure in reach are 0.5~1.0m. >1.5m.
<0.5m.
Weicht Number of step-pools between structures : >5 step-pools(1.0), 5~4 step-pools(0.9), 3-2 riffles(0.8), 1 step-pool(0.7),
8 no_step-pool(0.6)
Score

s s 2 [s s« ]2]
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Table 3. Field survey data sheet for assessment of channel and hydraulic characteristics.

Low gradient stream

Stream class Location
Stream name Reach No.
Station No. ~ Reason for survey
Investigator Date/Time
Condition category
Scope | Habitat parameter Optimal Sub-optimal Normal Marginal Poor
20~18 17~14 13~8 7~4 3~1
Greater than 50% of | 50-40% mix of stable #0-30% mix of stable habitat] 30-20% mix of stable [Less than 20% stable
substrate favorable for | habitat; well-suited for |habitat availability less than habitat; habitat habitat; lack of
epifaunal colonization full colonization  (desirable; substrate frequently| availability less than | habitat is obvious;
and fish cover; mix of | potential; adequate disturbed or removed desirable; substrate [substrate unstable or
snags, submerged logs, habitat for frequently disturbed or lacking
. undercut banks, cobble orf  maintenance of removed
Available cover yher gable habitat and atpopulations; presence of
a stage to allow full additional substrate in the)
colonization potential form of newfall, but not
(Le. logs/ snags that are| yet prepared
NOT new fall and are | for colonization (may
NOT transient).  [rate at high end of scale),
Score 20 [ 9 [ 8 [l |B[fulwo]o[s]7]6[s5[4[3[2]1
Mixture of substrate | Mixture of soft sand, | All mud or clay or sand Hard-pan clay or bedrock Hard-pan clay or
Pool materials, with gravel [mud, or clay, mud mayjbottom ; little root mat ; little| ; little root mat or bedrock; no root mat
substrate nd firm sand prevalent jbe dominant ; some roof  submerged vegetation. vegetation. or vegetation.
haracteristi root mats and submerged
ChATACIETISCS mats and submerged | vegetation present.
vegetation common.
Score 0 [ 9] 8[| |B[efufofels[7]e6[5]4[3]2]1
Even mix of large-sha | Majority of pools | Shallow pools much more [Majority of pools small| Majority of pools
Pool llow, large-deep, small | large-deep; very few | prevalent than deep pools. shallow. absent.
variability -shallow, small-deep shallow.
pools present
Score 20 ] 19 [ 8 ][]y [B[rlulw[o]s]7]e6][5[4][3]2]1
Little or no enlargementSome new increase in banModerate deposition of new| Moderate deposition of | Heavy deposits of
Channel of islands or point bars|formation, mostly from |gravel, sand, or fine sedimentnew gravel, sand, or finel fine material,
and and less than 20% of the| gravel, sand, or fine jon old and new bars; 40-60%jsediment on old and ne increased bar
Hydraulic bottom affected by sediment; 20-40% of the of the bottom affected; | bars; 60-80% of the |development; more
Characte-ri Sedi sediment deposition. | bottom affected; slight |  sediment deposits at bottom affected, than 80% of the
stics d ment deposition in pools. | obstructions, constrictions, | sediment deposits at | bottom changing
eposition and bends; obstructions, frequently; pools
moderatedeposition of pools|constrictions, and bends;almost absent due to
prevalent. moderatedeposition of |substantial sediment
pools prevalent. deposition.
Score 0 [ v [ Jufw][s]u[s[ejufw]ofs][7]e]s[4[3]2]1
Water reaches base of (Water fills >75% of the| Water fills 25-50% of the Water fills 50-75% of the) Very little water in
Channel both !ower banks, and | available channel; or flvailable channel; andfor vai}able channel; and/or| channel and m0§tly
flow siatus minimal amount of <25% of channel | riffle substrates are mostly | riffle substrates are | present as standing
channel substrate substrate is exposed. exposed. mostly exposed. pools.
is exposed.
ioht Natural channel : 1.0, stepping stone : 0.9, dredging : 0.8, Crossing structure height :(<0.5m) 0.7, (0.5~1.0m) 0.6,
wee (L0n<) 05
Score 20 [ 19 [ 18 [17]6]15] 4 |[r2fulwo[ofs8]7]6][5]4]3[2]1
The bends in the streamThe bends in the stream| The bends in the stream Channel straight; Channel straight;
increase the stream | increase the stream fincrease the stream length 1) waterway has been | waterway has been
length 3 to 4 times | length 1 to 2 times |to 2 times longer than if it| ~channelized for a | channelized for a
longer if it was in a [longer than if it was in 4 was in a straight line. long distance. long distance.
straight line. straight line.
Channel ot channel braiding is
stnuosity considered nomal in
coastal plains and other
low-lying areas. This
parameter is not easily
rated in these areas.
Score 20 ] 19 ][ 18 [ s]u[B[rlulw[9o[s]7]6]5]4

3[2] 1
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Table 3. Field survey data sheet for assessment of channel and hydraulic characteristics(continue).

Condition category

Scope pga;;:g;r Optimal Sub-optimal Normal Marginal Poor
20~18 17~14 13~8 7~4 3~1
Both levees are mostly | One of both levees is One of both levees is mostly Both sides are confined by | Both sides are
mountains or natural | mostly mountains or |mountains or natural levees Jevees, but 30~10% of reach confined by levees,
levees that are not atural levees that are nof that are not improvement. | has relatively condition of |and <10% of reach
improved. >70% of reach improvement. 70~50% | 50~30% of reach has | close-to-natural levees with | has condition of
has condition of naturalpf reach has condition off condition of natural levee. |small impact on ecosystem| close-to-natural
. levee. Stream natural levee. according to improvement | levees because of
Cross-section | mprovement : steep works for close-to-natural | artificial stream
shape of slope levee(>1:1), stream (mild slope according to
channel retaining wall, low water levee(<1:2), soil cover |improvement works.
revetment, high water revetment, and vegetated
channel, and dredging. revetment).
Bank
Scoe | 20 [ 19 | 18 ||| 15[ [nfufn s 765 [4]3]2]1
Banks stable; evidence off Moderately stable; ~Moderately unstable; 30-50%Moderately unstable; 50-70%| Unstable; many
erosion or bank failure infrequent, small areas ofof bank in reach has areas ofof bank in reach has areas ofieroded areas; “raw”
Bank [absent or minimal; little| erosion, mostly healed |  erosion; high erosion

stability (score

potential for future

OVver.

potential during

erosion; high erosion
potential during floods.

areas frequent along
straight sections and

each problems. 5-30% of bank in reach floods. ibends; obvious bank
bank) <5% of bank affected | has areas of erosion. sloughing; 60-100%
of bank has erosional
scars.
. Natural bank : 1.0, atificial mild slope bank: 0.9, soil-cover revetment(gabion) : 0.8, stone pitching revetment(porous) : 0.6,
weight
stone/concrete-block masonry revetment 0.5
sore | 20 [ 19 |8 [ ][5 w[[efufw/ofs[ 71 [e][s[4]3]2]1
Channelization or Some channelization | Channelization may be Channelization may be | Banks shored with
dredging absent or |present, usually in areas| extensive; embankments or | extensive; embankments or | gabion or cement;
minimal; stream of bridge abutments; [shoring structures present onshoring structures present onover 70% of stream
with normal pattern evidence of past  |both banks; and 30-50% of |both banks; and 50-70% of| reach channelized
(Less than 5%) channelization, i.e., | stream reach channelized | stream reach channelized and disrupted.
Channel dredging, (greater than and disrupted. and disrupted. Instream habitat
alteration past 20yr) may be greatly altered or
present, but recent removed entirely.
channelization is not
present.
(5~30%)

Disturbance Score 20‘19‘18 17‘16‘15‘14 13‘12‘11‘10‘9‘87‘6‘5‘4 3‘2‘1
Habitat is not affected byHabitat is a little affected Habitat is more or less |Habitat is more affected by|Habitat is seriously
structures because river by structures because theaffected by structures becausestructures because the heightaffected by structures
crossing structures such | height of river crossing |the height of river crossing| of river crossing structures because the height of

River as weir and drop | structures such as weir |structures such as weir and| such as weir and drop river crossing
crossing  Structure in reach are nof and drop structure in | drop structure in reach are | structure in reach are | structures such as
structures at all. reach are <0.5m. 0.5~1.0m. 1.0~1.5m. weir and drop

Structure in reach are
>1.5m
Weight Number of step-pools between structures : >5 step-pools(1.0), 5~4 step-pools(0.9), 3-2 riffles(0.8), 1 step-pool(0.7), no
step-pool(0.6)
Score

20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4‘3‘2‘1




