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Empirical Erosion Rate for Soft Rock Bed Channel — Da-An River and

Ba-Chang River as Examples

Student : Chun-Wen Peng Advisor : Dr. Jyh-Jong Liao

Department of Civil Engineering
National Chiao Tung University
Abstract

Because of environmental changes or human factors, middle and
downstream of rivers of western of Taiwan are flowing through the soft
rock bed channel which appears drastic river-bed incision problems.
The erosion of soft rock bed channel at two rivers, the Da-An river and
the Ba-Chang river is studied in this thesis. The reasons to cause the
strong erosion between two rivers are different. The Da-An river is
caused by the river bed uplift induced by the 1999 Chi-Chi earthquake.
The Ba-Chang river is caused by the the weir building and gravel mining.
In Taiwan, Study and mitigation of riverbed erosion is limited to alluvium
riverbed.

This thesis aims to propose an empirical erosion rate model based on
the study on the two rivers. To development the model, the erosion
mechanisms for soft rock bed channel are investigated. Based on the
field results, the factors affected the erosion rate are explored including
the stream hydraulics, geology, geomorphology, etc. The erosion depth of
main channel is calculated from DEM preparing from areal photos and

LiDAR with different periods. Also, the corresponding hydraulics data



are collected. Then, regression analysis is adopted for developing the

models. An empirical erosion rate model in terms of channel slope, peak

discharge, and accumulated discharge is presented in this thesis.
Keywords: Da-An river; Ba-Chang river; softrock riverbed; rock

mechanisms; erosion rate model
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Table 4b. K, Calibration From Single-Grain Abrasion Mill
Experiments

Rock Type o, MPa p,, kg/m® E. g/hr E' m/s k.

'

Artificial (20:1)® 0.163 2300 215 8.69 x 1077 407 x 10"

Artificial (6:1) 0.448 2300 71 2.87 x 10 163 x 10"

Artificial (4:1) 1.12 2300 51 2.06x 107% 363 x 10'2
Sandstone 1.583 2450 29 L% 1078 337 x 10"
Graywacke 9.1 2500 0:22-8.18 x 107'° 138 x 10'?
Limestone 9.78 2600 021 751 % 107'° 130 x 10"
Welded tuff 10.9 2600 0.036 1.26 x 107'° 623 x 10"
Quartzite 19 2600 0.008 2.86 % 107'" 909 % 10"
Andesite 244 2600 0.030 1.06 x 107'° 147 x 10"

“*Erosion rate units conversion made with bedrock disc area of 0.03 m=,
"Numbers in parenthesis indicate sand to Portland cement ratios for
artificial sandstone.
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(- ) B kx OrthoEngine » & = #7% % » File>New o

&% OrthoEngine

File Utilites Options Help

| I~

(= )** Project Information 4L % :
Filename : 432 & XS E2 & S8 2 (prj)e
Name : &% & % -4 °
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Math Modelling Method : 2biE Aerial Photography °

Camera aerial : % #% Standard aerial -

Exterior orientation : :% # Compute from GCPs and tie points °

Filenarme: |G:\Ken\DEMc:Iass_photogrammetry'\ﬂﬁﬂ‘l 279616575, prj M
Mame: |9516575
Description: |

M ath Modelling Method Optiong

+ Aerial Phatography

Camera typpe:
" Satelite Orbital Modeling .
£ Polgnomial |Standard aerial -
" Thin Plate Spline Exterior orientation:
" Rational Functions |E0mpute from GCP's and tie points j

" Mone [mosaic only)

ﬂ ak Cancel

(= )*" Set Projection 4L & » £ = 3 8% % S LT 347 R o

4
2, 4L

Output projection: 3 ¥% % *ti¥ # Transverse Mercator( Gauss-Krueger )
HEEH WGS 19847 £ 3 2% 121 R E» * B

% 0.9999 0 R E A 5 250000m o
Output pixel spacing : Im o

GCP Projection : ¥ $ 82  siip e » 2LiE ”Set GCP Projection based on

Output Projection” °

ﬂ Set Projection

Output projection
Other v | EarthModel.. [ |TH Dooo More

Output pixel spacing: |1.0000000 m
Output line zpacing:  |1.0000000 m

GLCP Projection
Other | EarthModel... | |TH Doog More

Set GCP Projection bazed on Output Projection |

ﬂ ok Cancel
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FEFR
Fd Apts s AR L B o (T AT
TR

L BLimAE T L
Radial Lens Distortion : 4% 8 1% % £ :T it

Decentering Distortion : 3. 15 %

193

Fiducial Marks : =& &

2

AT > ¥ Lo
b

o
P
i

Image scale : if+* i

Edge and corner °
Earth radiuls : # 3

ﬂ Standard Aerial Camera Calibration Information
General Camera Parameters

Focal length: || mm
Frincipal paint of spmmetry: ><:|D.DDD mm Y:|D.DDD T
Radial Lens Distartion
ROJ0 R1:0 R2|0 R3J0
R0 RE|0 RE|D R70
Compute From Table... | Mo Distartion |
Decentering Distartion
P10 P20 P20 P&f0
Mo Digtortion
Fiducial Marks
Position: ™ Edage " Comer " Edge and cormer Compute From Length...
Topmiddle | mm ;| mm
Right middle ;| mm ;| mm
Eottom middle ;| mm ;| mm
Left middle 3| mm ;| mm
Other Parameters
Image zcale 1: Earth radius: m
@? 0K Cancel

g L2 7

AR T
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&% OrthoEngine: 9616575

File [tilities Option: Help

Processing step
Data lnput

Ve
Vg
[~]5]
3][7]
=

(Z)EE T E G % - B> B> B2 Open Image 4L 7 BE:iE “New Image
“o #spe (tif A% ) Y OrthoEngine » ¥ 4 %] 3% x {5 2 Sp 1

“Quick Open “F# fx »

ﬂ Open Image

& Uncorected irR?es  Oitho images

E?J B 1J L!J|Ckp»u||u|_.lu¢|_.l Open I Newlmage| Close '
(= )5 B gcts > gk ¢ p # B+ ! Fiducial Mark Collection for Photo
JE

TARALE o B iR
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%) Fidncial Mark Collection for Photo-94R070_134 X

Fid IMarks
Top left #[3420 F ‘:|255.0 L &gt | Clear
Top middle = P Y L Set | Clear
Top right ) P L  Set | Clear
Right middle s P L  Set | Clear
Bottom right = P Y L Set | Clear
Eattom riddle . F L Set | Clear
Eattom left . F L Set | Clear
Left middle " P L Set | Clear
Frincipal point b P L
Calibration edge Left -

Errars
Top left Mia
Top middle M2
Top right M/
Right middle M/a
Battom right M2
Eattom riddle N2
Eattom left MA&
Left middle N2

@? 0K | Auto Fiducial Collectinn| Cancel |

() E PRl e BF R FHREH IRy & o R
fies 3 8 Bt mietFEIEEERR P L 0
Fiducial Mark Collection for Photo 4% ¢ - BE:% 4p ¥ B I=1E 1

“Set AT & P FEm ot F AT e Y LR FHRITL TR
20 ¥ NERE A RIEE S “Clear 0 & A7 T BT B R

H 22k 7% & 15 Fiducial Mark Collection for Photo 4R % & = #-

T
R
o
e
Je=
fu
&

R R A R - AR RS L7 &

B R G R ID I ()R A
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LEfHE 5 kB S{EEEE S 0 BiE “Auto Fiducial
Collection “> ¢ J13L4+354= " Do you want to overwrite images with

fiducial marks | > Z:iE “NO “» 2 {5 8:iF “OK “ - & * 'f;,z o w

¥ Fiducial Mark Collection for Photo:94R070_135 3

Fiduial Marks
Top left #|337E F . |244.3 L %Set Clear
Top middle #:|8409.0 P %:|253.0 L Set [ Clear
Top right H|1B4775 P v:|262.8 L Set [ Clear
Right middle #[1B4BE.8 P Y:|B3318 L Set | Clear
Battarm right #|164555 P Y:|164016 L Set | Clear
Eattom middle #|83870 P Y:[1E3881 L Set | Clear
E ottom left ®|3639 P 163822 L Set [ Clear
Left middle #:|3268 P Y¥:|83135 L &gk [ Clear
Frincipal paint #8397 1 P Y.83223 L
Calibration edge Left -

Errarz
Top left 0.004 rm 03fF
Top middle 0.015 mm 11P
Top right 0.004 mm 03P
Right rniddle: 0.003 rrn 0EFR
Battom right 0.009 mm 07pP
Eattom riddle 0,018 o 13P
Eattom left 0.005 mm 0ip
Left middle 0.011 mm 0ap

@7 0K | Auto Fiducial Collect\on| Cancel |

( C:\Program Files\PCI Geomatics\Geomatica_V101\user) ¢ p #

[
\\

fiducial.rpt £, » 4cit % - RSB G p B HEELE TR L > ERL LT R

% e [F] » BiE Fiducial Mark Collection A% & 3 “OK “» = =K

=3

»LO
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(- )Processing step i ## GCP/TP Collection » i B~ & 4] ghe i &

%]_;,o

(Z)BE LS 18 b F =

“Compute model

(Z)EPFAIB > B TR By o 4803 A6

£% OrthoEngine: 9616575

File Ttilities OCptions Help

Processing step ; I— r't:l" o]
[GCR/TP Colection J |t m El Sok

BOEE.EF 2169.7L GOBBEX 21637Y Int 122 140.0 151.0

34R070_135

)

— B> B B Ec GCP Collection 4% » & 3B

F

_—

[e]

m GCE Collection for 94R070_135

[V Auto locate

‘Working Image: 34R070_135
Paint Projection: Tk Dooo

PontD: [Gooot  =[scF -]
Image pixel | +i- |D.1 F

Image line: ] - 10.1 L

E asting [x]: I +f- |1 .0 m

Northing (r): | +10 m

Elevation (2] +-[1.000 m

Acce Wli 1 Mew Point | |

Reference Images —

T
Image 10 Status pen Image

Accepted Points: 0 Total
Residual units: © Ground @ Pizek ¢ Microns
RMS: # FAMS: :

Point ID | Residual | Res Res' Type Image

o | j
@7 _Cose |

ERHERT -

% working image> ¥ — 3k }I| 5 reference image °
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(z )t e 7 R = BALE > 1T % - GCP Collection % % 3
SR E AR T o 12 94R070 134 2 94R070 135 % & » #v -ﬁ % working
image > {$ -‘-r‘—,z = reference image 1T ¥ o 7 L3t 94R070_135 B T AL § >

PBEEEAEE o BERT L F & “UsePoint “ o M2t B

a Yiewer: Image ID: O4R070_135 - __ammetcy\94R070_135 hf

Working | Use Paint @ @ @ @ @ / - OT '(

()£ > 94R070_134 E 7R F > H&F B Fipflghi=3 » ZLERT +
+ & “UsePoint 3@ ikt &+ GO001 » 2 GCP Collection ® &

s+ Image pixel / line °

(= )** GCP Collection 4 & » 7 £ 72 3% Working Image = 94R070_134 >

ﬂ GCP Collection fox 94R070_134

Ground control source: IManuaI Entry ;I
Fileriame:| Browze
DEM: | Browize
¥ Autolocate I~ Compute model

‘working Image: 94R070_134
Paint Projection: Th Looo

Paint ID: |GOOOT ~|lsce -]
Image pixet [G074.9 +- |04 P
Image line:  [2170.5 w00 L
Easting [<); [233377.311 10 m
Northing [): |2688698. 216 10 m
Elevation [2); |365.3174 +-[1.000 m

Acceptl Deletel Neanintl ExhactElevahnnl

Reference Images

Image ID Status Open Image |
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4~ L4 NEH » 4% “Accept “ - % = G0001 -

(=)= =13 G000l R & & 7% > Accepted Point ff i » & ¥ & p
#3738 G0002 - £ % (2 ) (7 ) = Hpyrdlg-

ﬂ GCE Collection for 94R070_134

Ground control source: |Manua| entry j
DEM: | Browsze
v Zuto locate [” Compute model

‘working Image:94R070_134

Point Projection: T Dooo

PointID; [Gonaz | |
Image: pizel: ’7 +/- lr F

Image line: ’7 +/- IT L

Easting [<): ’7 +- 'T i

Northing []: ’7 +/- IT m

Elevation@:[ +-[1000 m

| | New Point | |

Fieference Images

Image 10 Status

Accepted Points: 1 Total
Residual units:  Ground & Pixels O Micions
‘v FikdS:

RS X AMS
Fairt 10 | Fiesidual | Res# | Fes | Type | Irnage
GOOOT | Stale [ | e |

(~)*" GCP/TP Collection » BLiE % = B 1 E » B £z Tie Point Colletion
RTE o FFEBF 4| 8heni®E > 12 94R070 134 % working image %
94R070_135 & reference image % % o 7 L3t 94R070_135 E 7 AR & >
SEGHRE RS -Y > BREMRT 42 “UsePoint “ > 3§
f§t &7 TO001 -

(4)E* 94R070 134 B 7 LT » S F L B8 > BEART 41 &
“Use Point  “» >t 21+ &5t T0O001 » % Tie Point Colletion * %f 7%

Image pixel / line °

()= =1 %3 TOOOL R & & 71 >+ Accepted Tie Point #§f i » ¥ 2 ¢
p#ATH T0002 - £ % (= ) s Hepdie-
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Point Collection

Tie pont ID; ~ |T0002

[ Elevation |—+£-|_m

¥ Auto locate I~ Compute model

“w'orking Image Tie Point

94R070_134 -y [
+i- L

Fieference Image Tie Points .

Image 1D Pizels " Lines

Quick Open Image |

Acceptl Deletel Clearl NewF’oinll

Accepted Tie Points: 1 Total
Residualunitz O Graund & Pikels O Micrans

Paint |D Flasiduall Resi | Res' | Typs | Image

T0001 Stale] [ [

« | »
Awgziliary Infarmation

Se\ectl DEM:
@1 N

(- - )** GCP/TP Collection > Z-if % = 1 & > B f< Image Layout 4%

T WAL RS o
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34R070_134

+3R070_134

- "
+B4R07 134

+34R070_135

k - .*34HEEEI_T3
1 Close
o~k ET A
fRE 3 REo vk 2P = & p|E i A & | - Processing step

¥ # Model Calculations » BLiE % & 1 E e B ficdzt 85 = & ¢4 »

&% OrthoEngine: 94R070 HENN=ET

File [tilities Option: Help

Praceszing step @‘

#E- “OK 3 E?PT:-I -

X)

iz PR

i
(= )Processing step £ ## DEM From Stereo °

(Z)BE+ > 1 E 5% — B > B B fx Generate Epipolar Images 4L & ©

*+ Left Image ## 3% % = % 94R070 134 > Right Image 1 % #% +

£% OrthoEngine: 94R070 =M=

File Utilities Options Help

e B 5

Geocode Estracted E pipolar DERM

94R070 135 - gLiE “Add Epipolar Pairs To Table “ » #-4% tf¥t4e > >
** Epipolar pairs #§ =& 7 - 8% “Save Setup “ # 2-iE “Generate

Pairs “ o
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&% Generate Epipolar Images

Epipolar selection,

User zelect - j
Left Image Right Image
94R070 134: E:~Taan PCINI4R07 0 94R070 135: E: an PCIN94R07 0

94R070_135: E:~Taan PCINGARO7ONS

<5 I > < | 3
Channel ® Channels |1 Channel: © Channels  [1
| ool
Add Epipolar Pairz To T able
Epipolar pairs:
Number Select Lefl File | FightFile |  LeftChannelz |  Right Channels
1 | v | srovois4 | sdRo0Es | 1 [ 1

K — i

Select All | Select Mone | Remove | Remove All[  Switch Pairs | Switch All Pairs

Options Processing Start Time
‘Wwiorking cache [MB): 128 j ' Start now
7 Start at [hh:mm)
Down sample factar: |1 j
=l =
| (A= RE=
70 p il

Epipolar setup saved successfully
- = ] Save Setup! Generate F‘airs| Cloze |

CHFEEGx 218 7 B 7 2 5 W4 o Processing step i #% 3-D

o
m
fut
L

Operations » E# + > 1 E 5| % 2 B > B > B fx 3-D Stereo Pair
Selection 4 % ° >t Project pair overview {§ % # working image Stereo

air detail ## i~ 1% # reference image > 2.:E Epipolar image ° £ ZkiE
p g p1p g

“‘ D Stereo Pair Selection

Project pair averview: Stereo pair detai:

TFrreTes

+4R070_134

+94R070_13%

3

Freath o load pai " Uncorrected image: ~ 34R070_135.
B & Epipolar image: e S4R070134_94R070_135

Stereo mode: [Anaglyph  ~
@7 Load Pair Close

“Load Pair “+# o
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& 3-D Feature Exiraction: 94R070_134/94R070._135
Stereopair Selection:

Left Image | Right Image
¢l 94R70_134_94R070_1Jer 94R070_134_G4R070_1)

Select Stereopair.

“Wector Layer Information

Name Wisible Color | Descripfion j

Il
Change priority: & | | Showall| Hide Al
Mew Layer | Load Layer ‘ Save Layer ‘ Delete Layer |
Operation
New Paint Accept |
Newy Line Cancel
Mew Paly. J p
Attribute: =
Shape Id j
=

(= )Processing step i£ # DEM From Stereo °

(Z)BE L2 1 B 6% - B> B > B fz Automatic DEM Extraction 4

% o %% Stereo Pairs § F &7 ez M3 o H2tH e T 4 5

Minimum/Maximum elevation * * 12 4p B 2 47 & X 307 & - iz on
PRV RSB ESE D AES W ¥ I

gpAd B o
Failure value * 35 7 fie % prehifcik & > N ZLE 5 -100 -
Background value * 35 @ DEM P 23 ok Eehieft » p g 5 -150

DEM detail : &2 & * # f& Rk s B k7 fe > & 5 High ~ Medium -

Low o :£4% Low P¥ > $it#8 7 o€ B MAp B pFis 0k o

Output DEM channel type :  “16 bit signed “¥ & F| & #i= > “32 bit
real “¥ & I | #c@hk o
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Pixel sampling interval @ -2 7 feiE Az ? PP FIg 0 EH TE
@*’WHEMﬁﬁﬁﬁﬁk’ﬁ@ﬁaﬁ
i KR e

’

Use clip region : ™ fechfe il 5 " UR 4B hendp TR > 7 THTH %

B o

Fill holes and filter : p #* &% ﬁi:’piéiiflt ey TP AT OARIT R R H B

AREEFTER LF R Lo

Create score channel : Ze45 B §F c4p B (2 ¥ -
7 ; p

¥ Automatic DEM Extraction FEEFEXK
Sterso pais
Select Lett Image Right Image Epipolar Pai Epiolst DEM DEM Rspor
v S4R070_T34 S4R07_T35 Onine Gem_94RO70_134_S4R070_1 35,7 dem_94R070_134_99R070_1351)

Select All [ Select None

Epipalar DEM Extraction Options Geocoded DEM

Mirimum slevation: ,2807 F Create Geocoded DEM

Marimurn elevation s

Failure value: [fo0— | J
Background value: [0 [ —

DEM detait [Medm =] .

Output DEM channel type: [Z2bitreal <] I

Pixel samping interval  [8 - | Resolution: 21 il &

[ Use clip region :I

Jv Fill holes and filter

[w Cieate score channel

Exraction Start Time:
& Start now
I~ Delete Epipolar Pairs after use £ Start at (shom)

iz = ¢
-

|DEM extracted successfully Cancel
@7 Extract DEM [ Tlogel

Delete Epipolar Pairs after use : % = 7 fie {& » # 1% t# ¥t o

EE %z‘ﬁ“ﬂb,ﬂ?ﬁé » B € p# A 4 dempix (& T EHLF N

B A2 ) ¥ demurpt (T EdR 2 ) o
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LA

(Z)BE L3 1 E b % v B2 8 0 B £2 Geocode Extracted Epipolar
DEM AL § © *% Input DEM {§ = » 4% » # 3% (=) &2 fidem.pix o 3t

Output DEM 1§ i » % & #5 &) DEM it /£~ e fe* ) ~ £ F 87 e

&% Geocode Extracted El'il'og

Input DER

File: Browse

|E:Taan_PCIN94R 0704dem_34R07

Select| DEM channel |3 _~
Failure value: -100
Background walue: |-150

Input ‘windaow
* Fullimage " window

1]
1

COutput DER

File: EBrowseE|

Pizel spacing: ’7 m
Fil holsz: |Yes -

@ | Claze |
P2 BARE PN FEEEN > 8L “Geocode DEM “ o

(p)Ed gy 24 (XYZ) BE- 12057 B35 F
¥z Export Extracted DEM 4R & « §* » # 38 (=) A 4 ehpix» T &5

g2 ﬁe‘] R 0 BhiE “Export DEM “ o
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