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Ecohydraulic Habitat-based Criteria
for Stream Restoration Design

Incorporating ecological criteria into the restoration
design process by linking multi-dimensional
hydraulics with organism use of stream habitat.

Stream restoration practices
need to consider bank and bed Fluvial
structure, and multiple stages, Geomorphology

in the design process. // \'\

A 2D hydrodynamic model is _ : _
a necessary design tool when Engineering = | ’ég:r:lc
lateral habitat is considered. Hydraulics gy
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Two-Dimensional Hydrodynamic Models

5

5

=
5

Two-dimensional (2D) hydrodynamic models are many:
River2D, HEC-RAS-2D, RMA-2V, MIKE21, others.

2D hydrodynamic models fundamentally are the same applying
the principles of mass and momentum conservation (depth-
averaged St. Venant equations), but different in meshing schemes
and numerical solution techniques to route mass and momentum.

River2D uses a finite element unstructured mesh design.

River2D download site:
http://www.river2d.ualberta.ca/

UNIVERSITY OF

B ALBERTA

Freeware

Steffler (2002)



http://www.river2d.ualberta.ca/
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River 2D: A Two-Dimensional Hydrodynamic Model

Model Structure: the operational basics

[ > Three Separate Modules:

1. R2D_Bed.exe --- Used to create a topographic surface

2. R2D_Mesh.exe --- Used to generate a finite element
mesh that lies over the topographic surface to route
water mass and momentum from cell to cell

3. River2D.exe --- Performs the hydraulic modeling per

topo and mesh files, and given boundary conditions
Boundary Conditions - discharge, exit boundary water surface
elevation, initial guess at upstream water surface elevation
Computes Steady and Transient Flows (v.95)

Habitat sub-module is in River2D.exe

Steffler (2002)
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River 2D: A Two-Dimensional Hydrodynamic Model

Model Set-Up and Computing...

Example:
Beaver Creek, Knox Co.,
Halls Crossing

text (*.txt) tab delimited file

P Halls_Bed_Final.txt - Notepad
ZIC8 Edit Format View Help

i 786913.259000
2 786979, 901700
3 786988, 202300
4 787010. 528600
5 787033, 018900
5] 786968.227500
7 787004 .524000
8 786921. 081400
9 787036, 261900
10 787035.138100
11 787032.879000
12 787027.675400
13 787026,388900
14 787024 ,.819100
15 787023.335100
16 787022.347200
17 787021.635200
18 787020.361400
19 787015.402200
20 787017.876100
21 787016.226500
22 787013.914600
23 787012.328400
24 787010.414600
25 787008, 281600
26 787006.115400

v X

156031.472900
195940.487100
195925.424400
195898, 318000
195874.349300
155933, 009000
195880, 716300
195984 . 081400
195851.159000
195854.197400
195857.451200
195862 . 996400
195865, 298800
155866. 955300
195869, 095200
195871. 019800
195872. 243600
155873.180400
195873. 624200
195876.329200
195878, 844800
155881. 182800
195883.165200
195885. 793500
195888. 512700
195890, 736400

Y

309.
309.
300,
309,
300,
310.
310.
310.
309.
309.
300,
300.
300,
300,
309,
309.
309.
309.
309.
309.
309.
309,
309,
309.
309.
300.

350054
715814
725575
580212
543604
153962
747666
282839
671088
646801
664652
673005
636946
705173
694 584
300985
521728
608859
635800
606206
521894
646542
661473
631703
661018
613470

Z

[elelololeolelololelelaliololoolols)olalololslololel o]

.120000
.120000
120000
.120000
.120000
.120000
.120000
.120000
.120000
.120000
.120000
.120000
.120000
.120000
.120000
.120000
.120000
.120000
120000
.120000
.120000
.120000
.120000
.120000
.120000
.120000

ks

X,Y = plan coordinates, Z = elevation, k., = roughness height
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River 2D: A Two-Dimensional Hydrodynamic Model

R2D_Bed.exe --- Used to create a topographic surface
Ilc‘_jr Intitled - R2D_E
| File Edit View Display Bed Help
B |(m| = sle| @ ¢lBlAls]E] 8] efe]. ]
i |
File Editing ‘ Node/Break-line Editing

Triangulate Function
Display Editing: zoom in/out, scale to fit, scale to point

— Bed Function: node/break-line editing, edit roughness height,
and create model boundaries

Display Function: zoom, show nodes/break-lines, triangulation,
contours/color, boundaries, background, annotation options
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River2D: R2D_Bed Module

Each node has a unique
X, y coordinate, bed
elevation, and
roughness height (ks)

Edit Node Properties

bed code
786303.3591 % coordinate
1960246989 v coordinate
307.952776 bed elevation

0.275 roughness height

LLLLN

Change Nodel Delete Node I

Next Node I New Node l
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River2D: R2D_Bed Module

+~ Halls_Bed_Final.BED - R2D_Bed

File Edit View Display Bed Help

B|@ ze alee dl ¢|lalals B gl ele|.]x]

Bed Elevation

Beaver Creek at Halls Crossing, Knox County, YN

196048 827
307.68 lerenset
308.09 <
308.50 ‘;; define outlet,
308.90 no flow
boundary

309.31 = and inlet
309.72 |
310.13 £ |

B I
310.53 % I

|
310.94 I Y
311.35 s v
311.76 T
Scale
100 m model nodes
model turned off
')
boundary :
for flow
o 195962.280
786846.899 X 786981.882

X = 786842.135096, y = 196057.453887

[ i

[
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River 2D: A Two-Dimensional Hydrodynamic Model

R2D_Mesh.exe --- Used to generate a finite element mesh that
lies over the topographic surface (bed file) to route water mass
and momentum from cell to cell

ﬁ Intitled - RZ2DM

File View Boundary Generate Display Options Help

2 |=(dl@e| @] ¢lolAls|C] BlE| o|e]=|s|]q] <] ]
*
I T Mesh Node & T _
File Figure Break-line Editing Snap functions
Editing Scaling Smoothing Worst Triangle
Boundary: Set Options: set various function thresholds
inflow, outflow Display Function: zoom, show nodes/break-lines,
and no flow contours/color, worst triangle, large difference
boundaries elevation threshold, display options
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River2D: R2D_Mesh Module

‘&4 Channel_Refine_1.msh - R2DMesh
File View Boundary Generate Display Options Help

B |=(E & B ¢(alalsE] mE oo =|]-]a] f<n] £

unstructured grid
196064.531

307.68
308.09
308 50
308.90
309.31
309.72
310.13
310.53
310.94
311.35
31176

finite
element
mesh

195913.070
786816.256 X 787064.751

x = 786801.41263, y = 196082.85635, z = 0.00000, # nodes = 2480, QI = 0.26671274 =il 4
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River2D: R2D_Mesh Module

‘=4 Channel_Refine_1.msh - R2DMesh
File View Boundary Generate Display Options Help

B(s(d| 8| B +lojals o) B8] oe|x|s|~|a| xlt| «[«]

307.68
l 308.09
308.50
i 308.90
309 31
309.72

310.13
310.53

B 310 94
.311.35
311.76

195994.766

195975.390
786953.718

786921.929 X

X = 786916.11881, y = 195397.40347, z = 309.75848, dz = -0.00000, # nodes = 2480, QI = 0.26671274 [ i [l i
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River 2D: A Two-Dimensional Hydrodynamic Model

River2D.exe --- Performs the hydraulic modeling per topo and
mesh files, and given boundary conditions

= Untitled - River2C

File Edit View Display , Hydrodynamics

Mesh Edit Habitat lce Cover Options Help
sl@a| Bl]+[o|al: D IIIII lo[=] = 2
T_ . —T— Habitat: Weighted Usable Area
File Editing

Trlangulate Smoothing, Mesh/Node Editing
Display Editing: zoom in/out, scale to fit, scale to point

— Display Function: zoom, show nodes/numbers, contours/color,
boundaries, velocity vectors, annotation options
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River2D.exe Hydraulic Module

+~ Halls_Exist2.cdg - River2D
File Edit Yiew Display Flow MeshEdit Habitat Options Help

=8| B +|ojAls|c 88| of=| w 2|

Velocity
0.001

0.124
0.247
0.369
10.492
‘0.615
0.737
0.860
0.983
1.105
1.228

BLstance minimal osculating
10.0m fast-slow patterns

i \ vector output
" 195819.06

786852.875 X 787084.920 _

X = 786810,187493, v = 196060.612787 [ num | 4



River2D Model Example Output

Yelocity

0.000
.0.1 58

0316

2/3
bankfull
flow

N T

Embarras River, Champaign County, Illinois



Verification of River2D Model Output

Embarras River depth-averaged, downstream velocities
Meandering Reach
Vertification - River2D Model Output
Velocity
.0000 @ O;
- £
= 06 - f 0 og =
-DEEZ E 04 0
o
o 0.2
1406 > 0 ¢ 0O [m]
- 12.0 13.0 14.0 15.0 16.0 17.0
Distance (m) Cross-Section 6
O field © model
Vertification - River2D Model Output
@ 0.8
E 06 ——o
2 04 — &
S 02 2 =
1/3 Q = 0.95 m3/s S, 0
ba n kfu I I 10.0 11.0 12.0 13.0 14.0 15.0 16.0
fIOW Distance (m) Cross-Section 7
O field ¢ model




River2D Model — Exercise 1

[ Learn basic model functions for bed mesh, and hydraulic
modeling modules.

[> Use Embarras River topo and ks data provided in file:
EmbarHS.bed

Topographic file has been
smoothed with CAD

Photos:
Embarras River
Champaign County, IL




