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ABSTRACT: This study applied the stream physical habitat assessment system to obtain basic information for river
restoration and watershed management in high-gradient and mid-gradient streams in the Naeseongcheon basin. The total
length of high-gradient and mid-gradient streams in the Naeseongcheon basin is about 273 km, and as a result of the
assessment, it was analyzed that suboptimal reach was about 8.2 km, normal reach was 180.3 km, and marginal reach was 84.7
km. In addition, the physical habitat quality of high-gradient streams was analyzed to be normal condition with an average of
106 points (53%), and in particular, the score of channel/hydraulic category, which is the most important for the habitat of
aquatic animals, was analyzed to be normal, close to the limit, with an average of 54 points (45%). The physical habitat quality
of mid-gradient streams was found to be in normal condition with an average of 90 points (45%), and the score of
channel/hydraulic category was in marginal condition with an average of 39 points (32%). Overall, among 165 reaches of
high-gradient and mid-gradient streams in the Naeseongcheon basin, 4 reaches (3%) were evaluated as suboptimal, 119
reaches (72%) were normal, and 42 reaches (25%) were considered marginal. These results showed that the physical habitat of
Naeseongcheon was significantly disturbed. Disturbance of stream physical habitat in the Naeseongcheon basin occured due
to farmland around stream, urbanization, reservoir construction, and river maintenance.
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o
p-4

12

B oE 2 S oftioll sHE=ER 2 RAETEIE /ot 712 HEE ¢7] 6l slrel =2
MAX| BIIHAIE NS Fotan) Ldd™ fE0 8A 2 SZA ol SHER 2F 273 kmO|H, 0| B0fA 2=~ <t
8.2 km, HE 180.3 km, B 84,7 km@l O BMEQIC} 5t ZAAF S FH|C| S2| MAIK| ES TH 1067 (53%) 2=
HE S50/H, 53| oM S22 MAX0f| 7+ S0t of/a2| QA2 Bt 547 (45%) 22 SHAIMEN| 7712 H& 552!
Zoz BML(RICE SAA G 22| MAIX| S T 90 (45%) 2E S50|H, sie/42] EY Tt 39H (32%) SHINENZ

=l I 61 16571 712t & 24 470 (3%), HE 197} (72%) L S| 4274

UsE BoED WEN 7l i =2

~
[@)]
2
-
]
i
)]
dJ
il
:Q
iu]
=
o
ro
i
1=
rnr
e
0%
2l
|0

S| MARPE NS TRt SREED
AAR| TRAS SHRiF0| ZAR| EAE, K| A U I SO WAt

*Corresponding author: khkiml@gnu.ac.kr, ORCID 0009-0001-4255-4373

(© Korean Society of Ecology and Infrastructure Engineering. All rights reserved.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/),
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

143



144 K. H. Kim et al. / Ecology and Resilient Infrastructure (2023) 10(4): 143-160

1.ME

S AR B Aol B8 A B A
o] =714, shery Bl ety 5402 A osr
(Jowett 1997), 2] A7}HL Z7ek v Be) & 614
AR & H7 k= A o] -2t (Maddock 1999). =
S AEAS o441 Sl

s e At et

5l U e FOROR E
R84 Qlek. 3 AR TEL BEA YA AN T
o 7k 9 AEARS Este, et 71aS Al
£35}7] = gt} (Gillenwater et al. 2006, Dong et al.
2013). o] 2t A A |2 R A 27 (GIS) 2] 2
7R 9 AR olu]A] Hlo|elS o itk

Aol IS vAE T2 A4 B s A,
25513, 2] o372 0] FIHEA S Bal| H Al 2] A
to} 5= WA T A AE A A 9
A% dlofE R 7|Hke 2 gtk AR A
stie 54, o 54, ol A ¢dA watsta

Z A A1#] 2l (River Habitat Quality : RHQ)Oﬂ st ¢
AAIE A0S A TR 2 4 ok
O B A chopet 4 @ A Eaele] o
7 XA A] A G7tol FRE T Ol E S0 EUOIA ARS-
H= 9= B/ 4 B7H(SEPA 2003)9f =2 2] 7 7F
2 W7} (LAWA 2002)7} 900, u]Zto] 4= Rapid
Bioassessment Protocol (EPA 2004)7} AR-E] 11 QiTh.
E3F ol A ARG-E = AusRivAS = G} ]2
B7HA 2R F R Al A ES 295k 9ltt (Parsons
et al. 2002).
AUl s A HREE) S 44 )
A2EE mste] A8 7K S At (Kim
and Park 1999, KICT 2007, Park et al. 2005, Kim
2008, Kim 2009). Jung and Kim (2018)-2 7 A| & 0. &
AZAQ PR GBI S AHE B
of AR 7] ARSI, Bt W S 54, Bt
£ 9l SPHILT o] o 2 A el A4

WA 2ok BrPPAS Eedshich 242
74 SH A1 He i 7150 S e
She 553 BMIAZ Esie, AAK AL 2
SheAY 2 B84 59 B2 54l 9o
2k A] ke o) A WAISH 41X 542 71

il
Jo
Y
FH
JPE
0
_O|L
%
_WL
i
(o]
‘\T
N
:\ll:1
n‘,
s

7hA]281] 107) 2| 320 B7HA] 57} 8

2.1 ZAX| 7HE

2 A7) Rl W o2 St Fse

7 el B350l et glek freiwA 1,815 kn’,
o] W% EL. 318,36 m, 5 W AAF15.54% 2
AAEE GAL B4 QHE A, C’ﬂfﬂ:‘f 4Bt 5
370 AR 27N O] i s YRS IR e HA
1,814.71 km? 3 AF 22 1,134.58 km*> 24 62.51%
o, -2kt HA| et (2F65.5%) 2Tt 2F3.2%7} 2}
2 HhHo]| ¢ %] &2 553,52 km® £.4] 30.50% 4] -
et A Bt (9F21.7%) e oF9.1% 7 E Ao =
LR ZAREE 0 2 5 o) W2 53 A7
shar glo] WA E7et A= A H ol 9=
S B 7E Al = A] 81 A A1) 7 o] mRtE| 3
o} A H o) 3 A= 102.33 km2A] = 7FsHd -
7127.0 km&} A 5Hd 4171 73.45 kmol ok W/dxd 4=
A= A=A Qo) 2770 AL ¢33 317.59 km
ofe}. 5419 2|42 3142t (56.33%) 1 HuF(32.42%)

= o of



K. H. Kim et al. / Ecol. Resil. Infrastruct. (2023) 10(4): 143-160

I High gradient
B Mid gradient
I Low gradient

o7
“(km) 100 200
CD

7.5 0 7.5 15.0 22.5 30.0 km

145

No. Stream "name No. Stream name
1 Naeseongcheon 8 Seocheon
2 Geumcheon 8-1 Nakhwaamcheon
2-1 Bokgyecheon 8-2 Geumgyecheon
2-2 Daeharicheon 8-3 Jowacheon
2-3 Sujincheon 8-4 Honggyocheon
3 Songpyeongcheon 8-5 Jukgyecheon
4 Hancheon 9 Toilcheon
4-1 Jungpyeongcheon 9-1 Gucheon
4-2 Geumgokcheon 10 Nakhwaamcheon
4-3 Yongducheon 10-1 Haenggyecheon
5 Seokgwancheon 1 Changpyr?ongcheo
6 Okgyecheon 11-1 Dongmakcheon
6-1 Ugokcheon 11-2 Gagyecheon
7 Seoktapcheon

Fig. 1. Study area of physical habitat assessment in Naeseongcheon watershed.
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Table 1. General characteristics of streams

Stream Reach
Type Site N L(—E‘nmg)th Gradient Mﬁgtﬁh(ag;el NI Minimtzm) length Maximzjnn:) length
Changpyeongcheon| 1,000 | 1/60~55 21 5 200 200
Naeseong | Seokiapcheon | 6,144 | 1/85~32 16 11 200 900
High cheon Yongducheon | 3,164 | 1/53~36 20 7 195 700
grdient Sujincheon 4,757 | 1/68~35 20 9 200 900
Reference | Beomwangcheon 900 1/19 21 3 300 300
stream Uitancheon 950 1/23 31 2 300 350
Toilcheon 22,706 | 1/424~147 39 7 1,500 4,200
Gucheon 10,490 | 1/370~124 27 6 700 2,400
Nakhwaamcheon |14,102 | 1/549~172 65 4 2,300 4,502
Haenggyecheon 6,324 | 1/183~70 59 5 700 1,900
Gagyecheon 6,512 | 1/202~76 39 4 800 2,200
Dongmakcheon 3,890 | 1/112~68 15 6 200 1,100
Changpyeongcheon| 2,800 | 1/222~73 34 3 800 1,000
Seocheon 3,428 | 1/403~326 97 2 1,189 2,239
Namwoncheon 8,248 | 1/417~59 65 3 2,449 3,296
Geumgyecheon 5,270 | 1/417~83 4 3 1,100 2,470
Jukgyecheon 12,784 | 1/436~132 64 4 1,894 4,218
Sacheon 11,189 | 1/171~106 57 4 1,800 3,400
Naeseong | Honggyocheon | 7,490 | 1/160~56 39 4 1,083 2,526
Mid cheon Jowacheon 5,800 | 1/283~127 23 5 800 1,600
gradient Okgyecheon (14,503 | 1/500~114 43 14 597 1,603
Ugokcheon 4,922 | 1/264~94 35 4 606 1,816
Seokgwancheon |15,306 | 1/343~106 50 5 1,521 4,626
Hancheon 15,687 | 1/434~123 48 13 569 2,573
Yongducheon 2,038 | 1/154~60 30 2 700 1,338
Geumgokcheon 10,929 | 1/227~85 46 5 1,010 3,387
Jungpyeongcheon | 9,504 | 1/380~152 38 5 465 3,123
Songpyeongcheon | 9,627 | 1/422~109 24 6 800 2,011
Geumcheon 28,226 | 1/595~122 86 5 3,324 8,040
Daeharicheon  |13,371 | 1/146~66 38 6 900 3,200
Bokgyecheon 10,948 | 1/464~213 42 5 1,217 3,288
Naeseongcheon (P)| 2,081 | 1/397~353 27 3 597 785
Reference Wangpicheon 4,000 1/152 51 3 1,200 1,400
stream Namgang 10,520 1/389 130 3 2,960 4,160
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Assessment of physical habitat guality in streams

High gradient Mid gradient Low gradient
Stream
Segment — M Segment — 1 Segment — 2 - 3
class (>1/60) (17601400} {17400~1/5,000)
Reach : 10x% channel width Reach : 23 x channel width Rea channel width
Ll I . j
: g '3.'I -"
Category|| Channel/Hydraulic Bank Stream disturbances
1. Habitat stability 1. Shape of cross section 1. Channel alteration
2. Embededness(Riffles/Pool 2. Bank stability {Left, Right)
s *Ut'lﬁfrah‘[l;hﬁflﬁ"l"i?ﬁ'-in”? (Left, Right) 2. Crossing structures
3. Velocity/Depth regime
pssessment | ™ o oo variability)
parameters | 4. Sediment deposition
5. Channel flow status
&, Frequency of riffles
{Channel sinuosity)

1
|
; | 1 1
Optirmal {5) SuboptimalMJ‘ ‘ Normal (3) ‘ Marginal (2) | Poor (1)
| ] 1
Reference

I __[_

I

Test stream

Habitat i
Channel < Natural river | [Disturbance | Disturbed river >
condition

Fig. 2. Flowchart of study process.
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Table 2. Criterion of habitat parameters used in assessment of streams

& Habitat | Habitat Condition Category
ategory " - - -
parameter type Optimal Suboptimal Normal Marginal Poor
Greater than 80% o, =M
(50% for low gradient f‘x;go r;‘ai(;? 30 ref;nfg;
v ale o epffa. M of Sable bty o (10-30% for
nal colonization and well-suited for full low gradient streams) Less than 20%
- colonization potential | . .. 120-40% (10% for low| o
fish cover ; mix of |, . mix of stable habitat; : (10% for low gra-
H b od ; adequate habitat for habitat ilabilit gradient streams) dient st
1. Available snags, submerged | i ioonce of popu-| 2Dt availability | o T obitat Tack [dient streams)
cé)ver M logs, undercut banks, lations: presence of less than desirable; of habitat is o,bvious stable habitat; lack
L  |cobble or other stable ad ditio,ne[z)I substrate substrate frequently |, substrate unstable of habitat is obvious
habitat and at stage in the form of new fall disturbed or 2)r lackin ; substrate unstable
to allow full coloni- but not vet pre reci removed. 9. or lacking.
zation potential (i.e., for oolorzlizati)np(amay
logs/snags that are )
rate at high end of
not new fall and not scale)
transient)
Gravel, cobble, and
boulc(i)er particles are Gravel, cobble, and|Gravel, cobble, and|Gravel, cobble, and Gravel, COb.bIe’ and
a H 0-20% surrounded boulder particles are |boulder particles are|boulder particles are boulder particies are
Embedded- by fine sediment. more than 80%
M 20-40% surrounded|40-60% surrounded|60-80% surrounded
ness Layering of cobble fi " fi " fi " surrounded by fine
provides diversity of by fine sediment. |by fine sediment. |by fine sediment. sediment.
niche space.
2 Mixture of substrate| .
) . mixture of soft sand,
materials, with R All mud or clay or
b. ravel and fimn sand mud, or clay is sand bottom are is Hard-pan clay or [Hard-pan clay or
Pool grevalent is more 35~50% ; mud may 20~35% - little or no bedrock are 5~20% |bedrock are less
substrate L p . be dominant; some ° ' ; little or no root mat|than 5% ; little or no
. than 50% ; root mats root mat ; no ! .
characteriz root mats and ; submerged root mat ; submer-
- and submerged submerged ) .
ation . submerged ; vegetation. ged vegetation.
vegetation vegetation present vegetation.
common. 9 P ’
Al 4 veloctyldeph | only 3 of the 4 [Only 2 of the 4
Channel/ a. (sI%w— deep slow- regimes present |habitat regimes Dominated by 1 Dominated by 1
Hydraulic Velocity/ H P, (if fast-shallow is |present (if fast- velocity/depth velocity/depth
shallow, fast-deep
Depth M fast-sha’llow) ’ |missing, score lower|shallow or slow- |regime (usually regime (usually
regimes (slow is <0:'5 ms than if missing other|shallow are missing,|slow-deep). fast-shallow).
deep is >0.5 m) regimes). score low).
3 Even mix of large-
shallow, large-deep,
b, small-shallow, small|Majority of pools |Large-deep pools Small-shallow pools|Majority of pools
-deep pools present.|large-deep and are common and
Pool L h . are prevalent than [small-shallow or
A (large is greater than|small-deep ; very |few largr-deep pools
variability 1/2 of river cross |few shallow. are present small-deep pools. |pools absent.
section, deep is
greater than 1m)
Moderate deposi-
tion of new gravel, |[Moderate deposition Heavy denosits of
Some new increase|sand or fine sedi- |of new gravel, sand fine Vny1aterFi)§I
Little or no enlarge-|in bar formation, |[ment on old and |or fine sediment on increased ba’r
ment of islands or [mostly from gravel,|new bars; 40-60% |old and new bars; develobment: more
point bars and less|sand or fine sedi- |(50-80% for low- |60-80% (50-80% for po o
4 H than 80% (80% for
. than 5% (<20% for|ment ; 20-40% gradient) of the low-gradient) of the )
Sediment M ) o . . low gradient) of the
. low-gradient streams)|(20-50% for low |bottom affected; bottom affected; )
deposition L " - f ) . bottom changing
of the bottom affec-|gradient) of the sediment deposits |sediment deposits at frequently: pools
ted by sediment |bottom affected ; |at obstructions, obstructions, const- aln?ost agéegt due o
deposition. slight deposition in |constrictions, and |rictions, and bends; : "
. ... _'|substantial sediment
pools. bends; moderate |moderate deposition "
" deposition.
deposition of pools [of pools prevalent
prevalent
Water fills 50-75% |Water fills 30-50% |Water fills less than
~ 0
b |Water fils 585% of [YYter IS 7585% ot the available  |of the available  [30% of the available
5. Channel flow M the available channel channel : or 15-25% channel, and/or channel, and/or channel, and/or
status L ; or <15% of channel of chann’el substrat(: 25-50% of riffle 60-80% of riffle more than 80% of

substrate is exposed

is exposed

substrates are
mostly exposed.

substrates are
mostly exposed.

riffle substrates are
mostly exposed.
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Category Habitat Habitat Condition Category
parameter type Optimal Suboptimal Normal Marginal Poor
Occurrence of step
or riffles relatively
frequent; ratio of
distance between Occasional steps or|Occasional steps or|Generally all flat
a riffles divided by |Occurrence of stepsiriffles ; bottom con-|riffles ; bottom con-|water or shallow
F.re en width of the stream|or riffles infrequent;|tours provide some |tours provide some |steps or riffles ; poor
of qQuencyl <71 (generally 5 to|distance between |habitat; distance |habitat; distance |habitat; distance
steps M |7); variety of habitat|riffles divided by the|between riffles between riffles between steps or
(rifﬂpes) is key. In streams |width of the stream|divided by the width|divided by the width riffles divided by the
where riffles are con-|is between 7 to 15.|of the stream is  |of the stream is  |width of the stream
tinuous, placement between 15 to 25. |between 20 to 25. |is a ratio of >25.
of boulders or other
large, natural obst-
Channe:I/ 6 ruction is important
Hydraulic -
The bends in the
stream increase the
stream length 1 to 7
times longer than ifl oy o 4c in the [The bends in the |The bends in the
it was in a straight . . . . .
. stream increase the|stream increase the|stream increase the|Channel straight ;
b. line. (Note - channel
N . |stream length 8 to |stream length 16 to|stream length 22 to|waterway has been
Channel L braiding is consi- ) ) ) .
sinuosit dered normal in 15 times longer than|22 times longer than |24 times longer than|channelized for a
Y A if it was in a straight|if it was in a straight|if it was in a straight|long distance.
coastal plains and |. " "
other lowlying areas line. line. line.
This parameter is
not easily rated in
these areas.)
One of both sides is|One of both sides is . Both sides are
. . Both sides are con-|confine by levees,
a mountainous area|a mountainous area
As a natural levee, or a relativel or a relativel fined by levees, and|and most of stream
more than 70% of Y Y 30 to 10% of the |are in the state of
7. H L natural levee, and |natural levee, and PR
. the stream is in a o o stream has rela- |artificial rivers due
Cross-section M . 70-50% of the 50-30% of the . A o
natural state without g L tively little impact on|to river improve-
shape L N stream is in a stream is in a
river improvement . . the ecosystem due |ment works, and
works natural state without|natural state without to river imorove- |less than 10% of the
’ river improvement |river improvement t kp - - oth
works. works. ment works. rivers are in the
Bank natural state.
Banks stable : Unstable; many Unstable; many
8 evidence of er’osion Moderately stable ;|Moderately eroded areas ; "raw"|eroded areas ; "raw"
y - ) infrequent, small  |unstable; 40-60% of|areas frequent areas frequent
Bank stability or bank failure . . . .
o H i~ .|areas of erosion |bank in reach has |along straight along straight
(condition of absent or minimal ; o h h
banks) M littepotential for mostly healed over. |areas of erosion; sectpns and bends sectpns and bends
L 20-40% of bank in |high erosion ; obvious bank ; obvious bank
(score each future problems. h h P ial duri loughing : 60-80% | sloughing :
bank) <20% of bank reach has areas o potential during sloughing ; 60-80% |sloughing ; more
affected erosion. floods. of bank has than 80% of bank
) erosional scars. has erosional scars.
Streams follow a Some channe- Straightening,
lization present, - Banks shored with |dredging of other
normal and natural H Channelization may . . .
. usually in areas of S gabion or cement; [types of river
meandering pattern, |, . . |be extensive ; o h
N bridge abutments ; 50-70% of the improvement works
Channelization or B embankments or
A evidence of past ) stream reach present, most of
9. H |dredging absent or N - shoring structures . . -
L . channelization, i.e. channelized and river banks is
Channel M |minimal ; stream " present on both -
. . dredging, (greater . disrupted. Instream |box-cut, and
alteration L with normal pattern. banks; and 30 to . "
river improvement than past 20 yr) may 50% of stream habitat greatly _channel disturbance
. . |be present 10-30%, " altered or removed |is more than 70%.
) works is non-exi- reach channelized - .
Distur- but recent channe- " entirely. Instream habitat
stent or less than | .~ and disrupted.
bance 10% lization is not greatly altered or
) present. removed entirely.
10 Weirs or drop works |Weirs or drop works|Weirs or drop works |Weirs or drop works |Weirs or drop works
Cr(I)ssin for agricultural, for agricultural, living, |for agricultural, living, [for agricultural, living, |for agricultural, living,
structurgs H living, industrial and|industrial and water-|industrial and water-|industrial and water-|industrial and water-
(except M waterfront land- front landscape front landscape front landscape front landscape
assesgment L |scape absent ; present, but height of | present, but height of|present, but height of | present, but height of
of fishwa crossing structures |crossing structures |crossing structures |crossing structures |crossing structures
function) Y affecting river affecting river habitat|affecting river habitat|affecting river habitat|affecting river habitat
habitat absent. is less than 0.5m. |is 0.5-1.0m. is 1.0-1.5m. is higher than 1.5m.
Score 20]19[18]17[16] 15[ 14[13]12[11J10[ 9[8[ 7[5]5][4[3]2]1
Remarks H=High gradient, M=Mid gradient, L=Low gradient
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Fig. 3. Example photographs of field survey contents in Changpyeongcheon (Mid gradient Reach No.3).
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Table 3. Assessment results of high gradient streams

Stream Channel/Hydraulic Bank Disturbance AS?::SIT; il

No. i - " Total

Name | Reach A\:Xa)i\llaek:le (i:ggzg; Vl?)lggtlr'ny/ qtljzéicy m"fg Cr;l?)r;\r/lel g;?:n s‘?a?)?llif(y ﬂ;?ggi s%?urg Degree | Condition
regimes | of steps status | shape

1 cP4 | 12 19 5 17 3 6 3 12 12 10 | 99| 9.9 | Normal
Z Chang  LCPS| 1 19 6 17 4 16 6 12 12 20 [125| 12.5 | Normal
3 |pyeong- | CP-6 | 11 19 16 18 3 11 13 12 12 20 [135| 13.5 | Normal
Ty e Tepr [ s 20 6 17 3 11 10 12 12 20 | 125] 12,5 | Normal
5 | cP8 | 16 20 7 16 3 11 3 12 12 20 [120| 12 | Normal
6 ST-1 9 1 2 3 3 8 11 16 16 20 | 89| 89| Normal
7] sT2 | 11 1 7 14 3 12 12 16 16 20 |112| 11.2 | Normal
8 | ST-3 | 14 18 4 3 3 4 9 12 12 11 90| 9.0 | Normal
9 | ST-4 9 1 6 3 2 3 11 12 12 11 70| 7.0 | Marginal
10 | ST-5 | 11 1 6 6 3 6 12 12 10 | 75| 7.5 |Marginal
zfﬁggf”' ST6 | 11 1 7 3 3 5 12 11 16 | 77| 7.7 |Marginal
12 ST-7 | 15 17 16 3 4 7 10 12 11 12107 10.7 | Normal
13 | ST-8 | 16 18 7 3 3 4 12 12 11 9 95| 9.5 | Normal
14 | ST-9 | 11 18 7 3 2 5 20 20 19 20 |125| 12,5 | Normal
15 | ST-10| 14 18 7 2 2 6 12 20 19 20 [120| 12.0 | Normal
16 | ST11| 9 18 2 1 3 6 20 19 16 | 102| 10.2 | Normal
17 Y03 | 7 19 1 9 3 11 14 14 20 | 105| 10.5 | Normal
18 | YD4 | 1 18 2 4 3 5 10 14 14 14 | 95| 9.5 | Normal
19 | YD5 | 12 19 7 10 3 4 10 14 13 11 | 103| 10.3 | Normal
?Zﬁggg“' YD-6 | 11 19 6 7 3 5 16 15 10 | 99| 9.9 | Normal
21 Yo7 | 8 20 7 7 3 7 16 15 19 [110| 11.0 | Normal
2| YD8 | 14 19 6 5 4 7 16 20 18 13 |122] 12.2 | Normal
23 | YD-9 | 14 20 6 12 3 9 13 18 17 20 [132| 13.2 | Normal
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K. H. Kim et al. / Ecology and Resilient Infrastructure (2023) 10(4): 143-160

Stream Channel/Hydraulic Bank Disturbance As?;a:j“n;ent
No. i o o Total
Name | Reach A\g\lzbrle E:;:Zg; Vl:e)leogtl';]y/ qtljzerﬁcy mm:an: Cf;s)rwel sc;rgtiS:n S‘Sa?)ri}lifty 5:;?2{;:; m{g Degree | Condition
regimes | of steps status | shape
24 SJ-1 12 19 5 5 3 8 8 16 16 19 111| 11.1 | Normal
25 | sk2| 9 18 7 7 7 8 8 12 | 1 10 | 97| 9.7 Nomal
? SJ-3 15 18 16 16 4 12 11 12 11 20 135| 13.5 | Normal
7 SJ-4 16 18 7 7 3 10 10 12 11 19 113 | 11.3 | Normal
ifﬁg&; SJ-5 15 16 7 7 2 5 15 12 1" 20 110| 11.0 | Normal
29 SJ-6 17 17 6 6 3 6 1 12 11 10 89| 8.9 | Normal
? SJ-7 15 16 7 7 3 7 10 12 10 6 93| 9.3 | Normal
7 SJ-8 15 18 7 7 3 12 10 12 1 19 114 | 11.4 | Normal
37 SJ-9 16 19 5 5 3 9 9 12 12 13 103| 10.3 | Normal
88 BW-3 17 18 19 19 19 15 17 18 13 16 171 | 17.1 | Suboptimel
Em- BW-4 17 18 19 19 19 15 17 18 15 20 177 | 17.7 | Suboptimel
35 BW-5 16 18 19 18 18 16 16 16 17 19 173 | 17.3 | Suboptimel
36 UT-3 16 14 18 19 14 10 10 10 12 18 141 | 14.1 | Normal
73;]2; uT-5 19 19 19 20 20 18 18 18 19 20 190 | 19.0 | Optimal
38 uT-7 18 18 19 20 20 18 13 16 16 20 178 | 17.8 |Suboptimel
3.2 ZBA} ofA Ut FA o2 A E T, ARolM shR7A S
XJ_C_)_EO&ZJ:% L Ao a;ﬂotﬂﬂe Aotk E
N P 5, B el 4 A4 B
T SR B ST UHASE USRS gele) 37 9 574 el alo] A gelel Bt
(riffle-pool) 27} A Sgolo, el
_ ) =] AR 9] HE Table SOl AlAI5H D}
for_g x}ﬂy_} :QH]—EO]]:]- 0:]%_/\ qxg] Exl& 5} i .
WA ojo) AEA S 317 7|2 02 E11200
SR AN o2 A BET A ooD I AR o ok 3406 o AL 15.54% om. A
S50| AR LR, AR WS AT Y 0l EoF EX O okggy, 7} sl7olE @A Eajrlg o @

st

/\—] J:lDf];Go

S35k walt Lepde) &

AL 5] 1] 3k 267) 13370 Al 7kt ﬂxsw @
38 27]) 67]) Al2be] 57V ATRE Table 4] i}
W o} e,

274 51 bl A= U1 (poor) S A2 431
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GA

(47 3H)2) 47 e sk
o} E32 7 2F

2HA

Aoz 9 7PE1 A
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Table 4. Assessment results of mid gradient streams

153

Stream Channel/Hydraulic Bank Disturbance AS:Z:EIT; ent
No. f - _ Total
Name | Roacn A1 S| | oy |t o™ | ocion | ark | Cherel| S| | £ | Co-
regimes | of riffles status | shape

1 i1 10 8 1 1 7 14 14 14 14 20 [103 [10.3 |Normal
2| T2 15 13 20 19 2 2 13 14 15 9 [122 [12.2 | Normal
3 T3 15 13 17 9 2 3 13 14 15 12 113 |11.3 | Normal
Z Zﬁ;’on T4 15 13 7 2 3 3 13 14 15 12 | 97| 9.7 | Normal
5 TI-5 16 14 16 2 3 6 13 14 14 12 110 | 11.0 | Normal
6 | TI-6 14 11 6 1 3 3 10 14 13 11 | 86| 86 |Normal
7 -7 15 13 20 1 3 4 10 14 14 14 |108 |10.8 | Normal
8 GC1| 15 12 2 7 3 4 11 12 11 9 |86 86 |Normal
9| Gc2| 14 9 7 7 2 6 11 12 11 20 | 99| 9.9 |Normal
10 | Ge3| 15 12 7 3 2 3 11 12 11 10 | 86| 8.6 |Normal
11 [cheon  [Gca | 10 7 17 4 3 5 10 12 10 12 | 90| 9.0 | Normal
12| GCs5 | 11 8 14 1 3 7 8 12 10 13 | 87| 8.7 |Normal
13| GC6 | 11 8 5 1 3 8 8 12 10 9 | 75| 75 |Nomal
14 NH-1 3 5 5 1 1 2 11 16 15 9 | 68| 68 |Marginal
Eml;am_ NH-2 3 4 7 1 2 3 11 16 14 9 70| 7.0 |Marginal
16 |gheon | NH-3 9 7 4 1 18 8 11 16 14 9 |o7| 97 |Nomal
17 NH4 | 14 9 5 1 2 4 11 16 14 5 | 81| 81 |Normal
18 HG-1 5 5 14 12 2 4 9 16 15 11 | 93| 9.3 | Normal
19| HG-2 2 2 5 4 3 8 9 16 13 10 | 72| 7.2 |Marginal
20 [T hea [ 6 6 16 12 2 4 8 16 13 11 | 94| 9.4 |Normal
21 HG-4 7 6 6 1 3 6 6 12 10 10 | 67| 6.7 |Marginal
22 HG-5 2 2 2 1 4 10 6 12 12 15 | 66| 6.6 |Marginal
23 GG-1 4 5 5 5 3 12 13 16 15 20 | 98| 9.8 | Normal
Z Gagye- | GG2| 14 10 7 2 2 4 8 16 14 13 | 90| 9.0 | Normal
25 [cheon | GG3 7 6 7 6 3 4 8 16 13 8 | 78| 7.8 |Marginal
26 | GG4 5 11 7 5 2 3 6 12 11 5 | 67| 67 |Margnal
27 DM-1 | 18 18 7 12 3 4 3 12 12 15 |104 |10.4 | Normal
28 | DM-2 | 16 15 7 6 2 4 5 12 12 15 | 94| 9.4 |Normal
EDOHQWK_ DM-3 | 15 14 2 1 2 5 6 12 11 14 | 82| 82 |Normal
30 [cheon | pMa | 15 13 3 2 3 8 3 12 10 14 | 83| 83 |Normal
31 DM-5 | 14 11 16 4 3 8 3 12 10 11 | 92| 92 | Normal
32 DM-6 | 15 13 5 2 3 6 3 12 10 12 | 81| 81 |Normal
33 | hang |LOP1 15 2 6 16 2 3 11 16 14 7 | 92| 92 |Nomal
34 [pyeong- | CP2 | 15 14 2 2 3 7 11 16 13 10 | 93| 9.3 | Normal
T35 (e Tepa [ 19 19 9 10 3 7 5 12 10 9 [103[10.3 | Normal
36 |Se0- SE-6 2 2 16 20 2 4 11 13 16 11 | 97| 9.7 | Normal
" 37 |cheon [ g7 3 4 8 15 2 3 11 16 12 11 | 85| 85 |Normal
38 NW-1| 18 17 17 17 19 11 17 14 10 11 |151 151 S“rgglpt'
— [Namwon- Subopt-
39 [cheon | NW-2 | 17 15 20 17 19 5 16 15 15 11 |150 (150 [P0
40 | NW-3 | 18 19 13 4 20 6 10 16 16 10 |132 132 | Normal
41 GK-1 18 17 2 1 2 4 11 16 9 11 | 91| 9.1 |Normal
?fﬁ;&g"e GK2 | 20 19 6 2 2 2 11 16 14 11 |103 |10.3 | Normal
43 GK3 | 19 18 7 1 2 3 14 16 15 8 [103 [10.3 | Normal
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Stream Channel/Hydraulic Bank Disturbance As?:;smn;ent

No: Nemo | Reach | Available | Embed- Vg'g:t‘:]y’ un;ﬁ;y Seciment | ANl S10SS- | gan | Channel | Crossing e Condi-
cover |dedness regimes | of riffles depasition status | shape stability |alteration | structures gree | tion

44 JG-1 1 1 7 18 3 1 14 16 16 13 | 90| 9.0 | Normal
E Jukgye- | JG2 1 1 17 16 2 1 12 16 16 9 | 91| 9.1 |Normal
46 |cheon | g3 2 2 7 3 2 14 16 13 8 |69 6.9 |Marginal
47| JG4 | 18 16 6 2 3 4 9 16 14 13 |101 |10.1 | Normal
48 Sc-1 2 2 17 15 3 7 11 16 16 16 |105[10.5 |Normal
49 g SC-2 1 1 7 8 3 5 9 16 16 13 | 79| 7.9 | Normal
" 50 [cheon [ sc3 1 1 13 3 5 7 11 16 13 11 | 81| 81 |Normal
51 | sc4 | 18 16 19 3 3 7 11 12 10 12 111|111 | Normal
52 HGY-1| 1 2 2 4 3 7 5 16 14 9 | 63| 63 |Marginal
EHonggy_ HGY-2| 5 5 5 6 3 6 5 16 14 12 | 77| 7.7 |Marginal
54 [cheon  IhGy-3| 1 1 1 3 4 10 8 16 13 9 | 66| 66 |Marginal
55 | HGY-4| 1 2 2 7 3 9 12 16 14 13 | 79| 7.9 |Marginal
56 JW-1 3 4 1 1 3 5 11 16 13 7 | 64| 64 |Margnal
57 | JW-2 4 5 7 13 2 10 11 16 11 12 | 91| 9.1 |Normal
E iﬁg’g‘n JW-3 1 1 16 7 3 11 11 16 10 20 | 96| 9.6 | Normal
59 JW-4 1 1 7 4 3 10 11 16 10 19 | 82| 82 |Nommal
60 | JW-5 1 1 1 1 2 4 3 16 13 20 | 62| 6.2 |Normal
61 0G-1 2 3 3 2 3 12 11 16 15 20 | 87| 87 |Normal
62| 0G-2 1 1 17 16 2 11 11 16 16 20 [111 [11.1 | Normal
63 | 0G-3 1 1 16 14 1 6 11 16 16 20 [102 [10.2 | Normal
64| 0G4 1 2 7 13 2 7 11 16 15 20 | 94| 94 |Normal
65 | 0G5 2 1 7 12 2 5 11 16 16 20 | 92| 9.2 |Normal
66 | 0G-6 1 1 6 6 2 6 11 16 16 20 | 85| 85 |Nomal
E Okgye- | OG7 1 1 6 7 3 12 11 16 16 20 | 93| 9.3 |Normal
68 [cheon | oG8 2 3 13 7 2 14 11 16 16 20 [104 [10.4 |Normal
69 | 0G-9 2 3 2 3 2 6 11 16 16 20 | 81| 81 |Normal
70 | 0G-10| 1 2 16 14 2 7 11 16 16 14 | 99| 9.9 |Normal
71 oG-11] 1 1 16 13 2 8 11 16 16 20 [104 [10.4 |Normal
72 0G-12| 1 1 2 2 2 4 11 16 16 10 | 65| 65 |Marginal
73| 0G-13| 1 1 2 3 2 3 11 16 16 10 | 65| 6.5 |Marginal
74 | oG-14| 1 1 2 7 2 6 11 16 16 20 | 82| 82 | Normal
75 UG-1 1 2 6 2 3 6 11 16 14 11 | 72| 7.2 |Marginal
E Ugok- | UG2 2 2 6 1 2 4 11 16 15 12 | 71| 7.4 |Marginal
77 [cheon | yg3 1 2 6 2 2 4 11 16 14 10 | 68| 6.8 |Marginal
78| UG-4 1 1 2 3 2 8 11 16 15 20 | 79| 7.9 |Marginal
79 SG1 | 19 18 16 20 2 6 12 16 16 20 [145 [145 S;’g‘;?'
E |sG2| 18 18 7 5 3 6 11 16 15 14 |113 |11.3 | Normal
81 [cheon | SG-3| 18 18 6 2 2 2 12 16 15 9 |100 [10.0 | Normal
82| SG4 | 18 18 6 2 2 2 10 16 15 13 |102 |10.2 | Normal
83| SG5 | 19 18 17 2 2 4 11 16 14 9 [112 [11.2 | Normal
84 HC3 | 17 16 15 15 3 4 10 16 16 11 |123 |12.3 | Normal
Egﬁé‘m HC-4 6 17 5 13 3 5 8 16 16 14 |103 |10.3 | Normal
86 HC5 | 18 18 5 10 3 6 8 16 16 10 |110 |11.0 | Normal
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Stream Channel/Hydraulic Bank Disturbance As?:;smn;ent

e Name | Reach fuzlales) lEnibzie nggti;y/ un;ﬁ;:y Sedlment Cr;%r\:\?el sCergtls; Banl_( Cha’“.‘e' Crossing o De- C(.’ndi'
cover |dedness regimes | of riffles depasition status | shape stability |alteration | structures gree | tion

87 HC-6 | 16 17 3 16 3 8 8 16 16 16 |119|11.9 | Normal
88 HC-7 | 18 18 16 16 8 7 10 16 16 16 141 |14.1 StLilr?gl)-
89| HC-8 | 19 18 15 10 3 9 10 16 16 16 |13213.2 | Normal
90 | HC-9 | 19 19 2 6 3 9 8 16 16 16 |114 |11.4 | Normal
E?ﬁ:on HC-10| 19 18 6 9 3 6 8 16 16 10 |11 |11.1 | Normal
) HC-11 18 5 12 3 6 10 16 16 9  [100 [10.0 | Normal
93| HC-12 18 2 17 3 5 16 16 10 |101 |10.1 | Normal
94| HC-13 18 2 8 3 4 16 16 10 | 94| 9.4 |Normal
95| HC-14| 19 18 5 10 3 6 16 16 10 |112|11.2 | Normal
96 | HC15| 19 19 5 9 3 6 1 16 16 10 [114 [11.4 | Normal
97 |Yongdu- | YD1 | 14 11 1 1 9 8 8 16 13 9 |9 90 |Normal
98 [cheon | yp2 | 19 19 2 1 8 8 16 12 11 |104 |10.4 | Normal
99 GGO1| 1 1 6 12 2 3 15 18 17 10 | 85| 85 |Normal
100 GGo2| 2 1 5 1 3 9 14 18 15 16 | 84| 84 |Normal
Efﬁggfo“' GGO3| 3 4 1 1 3 7 14 18 14 10 | 75| 7.5 |Marginal
102 GGo4| 2 2 5 1 2 4 8 18 16 9 |67 67 |Margnal
103 GGos| 7 6 15 4 2 4 8 16 16 13 | 91| 91 | Normal
104 JP-1 8 7 17 19 3 6 8 16 14 13 111 | 11.1 | Normal
E Jung- JP2 3 4 5 5 2 4 8 16 15 19 | 81| 81 |Normal
106 |pyeong- | JP-3 8 7 17 7 3 7 8 16 14 9 96 | 9.6 | Normal
Tor|oen Mpy 2 2 2 1 3 7 8 16 14 9 |64| 64 |Marginal
108 JP5 1 1 2 4 3 6 7 16 16 13 | 69| 6.9 |Marginal
109 SP-1 2 2 2 4 6 8 8 16 14 12 | 74| 7.4 |Marginal
110 SP-2 2 3 5 6 4 8 8 12 10 14 | 72| 7.2 |Marginal
111 |Song- | sp3 1 1 6 7 3 6 8 12 11 12 | 67| 6.7 |Marginal
WEKEEQQ‘ SP-4 1 1 2 1 3 8 8 12 11 12 | 59| 6.7 |Marginal
113 SP-5 1 1 2 1 3 4 8 12 11 10 | 53| 5.3 |Marginal
114 SP-6 1 1 2 1 5 7 8 12 11 10 | 58| 5.8 |Marginal
115 GC-1 5 5 14 12 2 3 9 16 15 11 | 92| 92 | Normal
116 GC-2 2 2 5 4 3 9 9 16 13 10 | 73| 7.3 |Marginal
E fgo’“n GC-3 6 6 16 12 2 7 8 16 13 11 | 97| 9.7 | Normal
118 GC4 7 6 6 1 3 4 6 12 10 10 | 65| 6.5 |Marginal
119 GC5 2 4 2 1 4 4 6 12 12 15 | 62| 6.2 |Marginal
120 DH-1 | 14 9 1 1 3 8 6 16 15 12 | 85| 85 | Normal
121 DH-2 3 3 5 7 3 7 7 16 14 12 | 77| 7.7 |Marginal
EDaehari— DH-3 2 3 5 3 7 6 16 13 10 | 67| 6.7 |Marginal
123|cheon | D4 6 3 4 3 7 7 16 13 9 | 75| 75 |Margnal
124 DH5 | 15 13 15 9 3 7 5 16 14 9 [106 [10.6 |Normal
125 DH-6 | 14 9 7 2 3 4 5 16 14 9 |83 83 |Normal
126 BG-1 2 2 16 17 3 11 8 16 15 20 [110 [11.0 | Normal
E Bokgye. | B%2 1 1 7 17 2 6 8 16 15 20 | 93| 9.3 |Normal
128|cheon | BG3 3 4 6 4 5 8 8 16 13 11 | 78| 7.8 |Marginal
129 BG4 1 2 6 2 3 8 8 16 13 12 | 71| 7.1 |Marginal
130 BG-5 1 1 2 2 2 3 8 12 12 5 | 48| 4.8 |Marginal
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Stream Channel/Hydraulic Bank Disturbance AS?:SSSItn; il
No. f Total
.| Racn At Erbec"Cag | gy | ST o | scin | Bk | S| s ) Do | ond
regimes | of riffles status | shape
131 NS-23 1 1 2 4 3 9 8 14 14 13 | 69| 6.9 |Marginal
Em_ NS-24 1 1 5 6 6 9 12 14 14 10 | 78| 7.8 |Merginal
133 NS-25 4 5 2 5 2 4 3 12 12 15 | 64| 6.4 |Merginal
134 WA-15| 18 17 17 17 16 15 17 16 18 20 | 20 | 17.1 | Subop
—_{Wangpi- timal
135|cheon  |WA-17| 18 19 19 17 17 17 18 18 19 18 | 20 | 18.0 |Optimal
135 WA-19| 18 18 18 18 19 16 18 17 19 20 17 | 18.1 | Optimal
136 NG-1 18 18 16 14 14 15 13 14 12 18 | 35| 15.2 | Normal
ENamgang NG-2 19 19 17 18 18 17 18 18 18 20 | 36| 18.2 |Optimal
138 NG-3 17 18 18 18 18 17 17 18 17 20 | 32|178 St:::glp
Table 5. Proportion of sites of different river habitat quality in the river systems
River system Optimal Suboptimal Normal Marginal Poor
Toilcheon - - 7(100%) - -
Gucheon - - 6(100%) - -
Nakhwaamcheon - - 2(50%) 2(50%) -
Haenggyecheon - - 2(40%) 3(60%) -
Gagyecheon - - 2(50%) 2(50%) -
Dongmakcheon - - 6(100%) - -
Changpyeongcheon - - 8(100%) - -
Seocheon - - 2(100%) - -
Namwoncheon - 2(67%) 1(33) - -
Geumgyecheon - - 3(100%) - -
Jukgyecheon - - 3(75%) 1(25%) -
Sacheon - - 4(100%) - -
Honggyocheon - - - 4(100%) -
Jowacheon - - 4(80%) 1(20%) -
Naeseongcheon Okgyecheon - - 12(86%) 2(14%) -
Ugokcheon - - - 4(100%) -
Seotapcheon - - 8 3 -
Seokgwancheon - 1(20%) 4(80%) - -
Hancheon - 1(8%) 12(92%) - -
Yongducheon - - 9(100%) - -
Geumgokcheon - - 3(60%) 2(40%) -
Jungpyeongcheon - - 3(60%) 2(40%) -
Songpyeongcheon - - - 6(100%) -
Geumcheon - - 2(40%) 3(60%) -
Sujincheon - - 9(100) - -
Daeharicheon - - 3(50%) 3(50%) -
Bokgyecheon - - 2(40%) 3(60%) -
Naeseongcheon - - - 3(100%) -
Total basin - 4(3%) 119(72%) 42(25%) -
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Table 6. Habitat quality characteristics in high gradient stream

157

Channel Bank Disturbance
Categol
Pal ramgetg' ® o i ® ® © 9 Total
. : Velocity/ - Channel | Cross- )
Static Available | Embed- Frequency | Sediment ; Bank | Channel | Crossing
Depth o flow section . .
cover | dedness b of steps |deposition stability |alteration |structures
regime status shape
Naeseongcheon 7.00 1.00 1.00 1.00 2.00 3.00 1.00 12.00 10.00 6.00 70
Min.
Reference 16.00 | 18.00 | 19.00 | 18.00 | 18.00 | 1500 | 13.00 | 16.00 | 13.00 | 16.00 171
stream
Naeseongcheon| 17.00 20.00 16.00 18.00 7.00 16.00 20.00 20.00 19.00 20.00 135
Max.
;‘i‘;ﬁ”c‘* 19.00 | 19.00 | 19.00 | 2000 | 2000 | 18.00 | 18.00 | 1800 | 19.00 | 20.00 190
Naeseongcheon| 12.59 15.69 6.66 7.81 3.13 7.69 9.66 14.00 13.38 15.56 106
Average g‘i‘;ﬁ”ce 1747 | 1750 | 1883 | 1917 | 1833 | 1533 | 1517 | 1600 | 1533 | 18.83 178
Total 13.32 15.97 8.58 8.89 10.53 14.32 13.68 16.08 117
—— Naeseongcheon ——— Naeseongcheon —— Naeseongchaon
----- Reference stre -----Reference stre ~-=--Reference stre
(a) Average (b) Maximum (c) Minimum
8%‘_';‘?35)"(% ) 0(0%) |23(72%)| 0(0%) | 1(3%) | 0(0%) | 0(0%) | 1(3%) | 5(16%) | 4(13%) | 16(50%) | 50(16%)
(31%20_’1’2;'(‘;1) 15(47%) | 4(13%) | 3(9%) | 6(19%) | 0(0%) | 1(3%) | 2(6%) | 8(25%) | 8(25%) | 3(9%) |50(16%)
Site
numbers |Normal
by grade |(14>-8)(%) 16(50%) | 0(0%) 0(0%) 3(9%) 0(0%) | 13(41%) | 23(72%) | 19(59%) | 20(63%) | 12(38%) | 106(33%)
?giﬁ')’zfﬁ')) 1(3%) | 0(0%) |25(78%) | 13(41%) | 5(16%) | 17(53%) | 3(9%) | 0(0%) | 0(0%) | 1(3%) | 65(20%)
Poor(4>)(%) 0(0%) | 5(16%) | 4(13%) | 9(28%) |27(84%) | 1(3%) | 3(9%) | 0(0%) | 0(0%) | 0(0%) | 49(15%)
B (T4 40%]) Hat2- 294 (72%) o= EAE . S S 54 H= 97% olsl7t Hg o =4 53] gAY
oleiet WA ATE HAHA HAA AL HEAHE  E7hs3%, 1 EE 3%l Ao ekt so] 4
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Table 7. Habitat quality characteristics in mid gradient stream

Channel Bank Disturbance
Category ® ® @
. Parameter| ~© @ Velocity/ ® © Channel | Cross- % ) Total
Static Available| Embed- Depth Frequency | Sediment e Bl Bank | Channel | Crossing
cover |dedness P of riffles |deposition stability |alteration |structures
regime status shape
Naeseongcheon|  1.00 1.00 1.00 1.00 1.00 100 | 300 | 1200 | 900 | 5.00 48
Min.
Reference 17.00 | 17.00 | 16.00 | 14.00 | 14.00 | 1500 | 13.00 | 14.00 | 12.00 | 18.00 171
stream
Naeseongcheon| 20.00 | 19.00 | 20.00 | 20.00 | 20.00 | 14.00 | 17.00 | 18.00 | 17.00 | 20.00 149
Max.
Sﬁg‘f}""e 19.00 | 19.00 | 19.00 | 18.00 | 19.00 | 17.00 | 18.00 | 1800 | 19.00 | 20.00 182
Naeseongcheon| 7.89 | 765 | 754 | 644 | 336 | 602 | 940 | 1510 | 1377 | 1256 90
Average Stf;ear:]""e 18.00 | 1817 | 1750 | 17.00 | 17.00 | 1617 | 16.83 | 16.83 | 17.17 | 19.33 174
Total 833 | 811 797 | 689 | 395 | 645 | 972 | 1517 | 1392 | 1285 93

——Naeseongcheon —— Naeseongcheon

—— Naeseongcheon

----- Reference stre -----Reference stre ====:Reference strea

(a) Average (b) Maximum (¢) Minimum
8%?%3)1%) 22(17%) | 21(16%) | 4(3%) | 5(4%) | 4(3%) | 0(0%) | 0(0%) | 4(3%) | 0(0%) |22(17%) | 82(6%)
Suboptimal

(18>-14)(%) 25(19%) | 12(9%) | 28(21%) | 15(11%) | 0(0%) | 2(2%) | 9(7%) [102(77%)| 83(62%) | 18(14%) | 294(22%)
Site

numbers| Normal
by grade| (14>-8)(%)

Marginal
(8>-4)(%)

Poor(4>)(%) 61(46%) | 54(41%) | 38(29%) | 55(41%) [116(87%)| 21(16%) | 6(5%) | 0(0%) 0(0%) | 0(0%) |351(26%)

8(6%) |21(16%)| 5(4%) |22(17%)| 3(2%) | 34(26%) |101(76%)| 27(20%) | 50(38%) | 88(66%) | 359(27%)

17(13%) | 25(19%) | 58(44%) | 36(27%) | 10(8%) | 76(57%) | 17(13%) | 0(0%) | 0(0%) | 5(4%) |244(18%)

7 (32%), 3T (57 407) Ht2 2471 (61%), i 95% 7} AAAYE o] st A 53] 87%7F I FA el = Ut
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HRIE AABH= Aot

oA S 5H B2 RloA F-AFE] 4] (sediment depo-
sition) 714 34= 574 AL 578 AF SO A AR o2
/% axof| B2 o] WA sh= g i 9 A = 7E A A A9
t|2]= FEFS Hrlshe 7120l i (embed-
dedness) B7HA| 3= AL SF O A= 228l (step) &
GO A4, sukE 9 Apzo] 7o) A2 AlHALR
31 A, S A sh ol A= o] & (riffle) TUFY &

23l
UFS 9 o] 9J70] Ahe MARE 29 HEh A
Aol 0|3 GFL B BHE Holek. Ed A5 - 4
4o W7 FAA U S SHAM 5403
s A 0.5 mE 71 EOR W 1 =t 22
oS THIT =28, LB, B2 L BE-
2.9] 4714 9] TSI Aol QPP S48
S AFHT GBI 52 BBk Aolrk
B AR §0 AL S S B
A0k 273 km & 9= 2F 8.2 kim, B 180.3 km, $H4|
84.7 kmQl A1 02 BAE|QIt}. Table 22 HI7A|AH]
2 74k shel g3t Ane fAbEEL 7 1)
247 OIS T2, SR 1 S T

167 o277 -1k, <5/ A& 163 370 21k 757
of5}207) 7710 2 HFE| Y], EAA SHHOIAE F
BA} SR AR 71 AT1E ol itk olelgh
B AFsE 9 71 (B7E )0l A B A
WA, SOH A, 24, A8 L SRR RS A
A] & s H|2F Aol AL 2R A A] A dof| whE
stream power) H-g1} SAF9] AT} 5
=l /g oF3HE e otoll whet a1 o] &) 41414
Weks RS ok gtk

A3 520) B2) 44 AL 51e] X5 54
(Jensen et al. 2001), 52 U] 5121 2] $]*] (Montgomery
and Buffington 1997), 3} #2] 9] 4 &F (Wood-Smith
and Buffington 1996) 2 W gt 5 E31% Q] @ 4vof Z]uj
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s
o>

]
g B
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5. 2 &
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2. G sHHol A= Bt o] EEl A4]A] dol| 7H
T3 ot/ g 0 67 B E F 47 A
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AR 24, A7sh 2 W B - YR da 5o
2 Qlgt b wekel Ao & gehEch

(1615012820).
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