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HABITAT MAPPING WITH HEC-RAS

By Tristen Anderson
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TRISTEN ANDERSON

Grew up in Blaine, MN (30 minutes North of
Minneapolis)

Graduated from the University of Minnesota
Duluth in 2019 — B.S. in Civil Engineering

Started M.S. degree in Civil Engineering at CSU in
Fall 2021

Initially funded through Graduate Teaching
Assistantship (GTA). Taught CIVE 301 — Fluid i A : il ‘
Mechanics Laboratory. pre- restoration post-restoration

Transitioned to Graduate Research Assistantship
(GRA). Dr. Julien is my advisor, and | am researching
the Montano Reach of the Middle Rio Grande River.

| will graduate this summer and hopefully get a job
with an engineering company that specializes in
River Restoration.
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OVERVIEW

My graduate research focuses on the Middle Rio Grande
(MRG) in New Mexico.

Utilized One-Dimensional hydraulic modeling to relate
hydraulic conditions to suitable habitat for Rio Grande
Silvery Minnow.

|) Introduction to HEC-RAS
2) How to set up HEC-RAS

3) Demonstration of how HEC-RAS works




BACKGROUND

Human alterations along the MRG river system have
resulted in significant changes to the riverscape.

Dams

River Straightening

Urbanization

The Rio Grande Silvery Minnow was listed on the
endangered species list in 1994

Only occupies 7% of its historic range
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WHAT IS HEC-RAS

Stands for Hydrologic Engineering Centers River Analysis System (HEC-RAS)

Publicly available software created by the US Army Corps of Engineers

WHAT IS HEC-RAS CAPABLE OF?

One-dimensional steady flow

One and two-dimensional unsteady flow calculations

Sediment transport/mobile bed computations

Water temperature/water quality modeling




WHAT IS A MODEL!?

Simplified description of reality
Different types

Mathematical

Conceptual

Physical

Numerical
Should use “Occam’s Razor”

Emphasize the main features at the expense of “smaller” features




HOW DOES IT WORK?

Water surface profiles are computed from one cross section to the next by solving the Energy equation
with an iterative procedure called the standard step method.

One Dimensional Energy Equation

2 '1712

29

(%)
Zy + }’2‘*'“25:21"‘3’1‘*'“1

Z= elevation of channel inverts
Y= depth of water aane! Bottom
v= average velocity

g= gravitational acceleration

a= velocity weighting coefficients

Representation of Terms in the Energy Equation

h.= energy head loss



HOW DOES IT WORK?

The energy head loss (he) between two cross sections is comprised of friction losses and contraction

0‘1”12 0‘2”22

or expansion losses.  h,= LS_f + C

29

Energy Loss Due to Expansion and
Contraction

L = discharge weighted reach length

S; = representative friction slope between
two sections

C = contraction/expansion coefficient

Energy Loss Due to Friction from
Manning’s Equation

2
o Q
I = \k
1
K = =R, /34
n

n = Manning’s coefficient
A = cross sectional area
R, = hydraulic radius

S; = friction slope



HOW DOES IT WORK?

Computational Procedure (Sub-Critical)

Starting at the most downstream segment, for a known Q and h, assume a trial
flow depth, h*, at the upstream cross-section.

Based on the h* determine the corresponding total energy head.

Compute S; and solve for losses h,

Compare the upstream energy head (trial depth) with the known downstream
energy head. Iterate (change the trial flow depth) until the energy equation is
balanced within a specified error tolerance (typically within 0.01 feet).

The unknown (trial) depth now becomes the known depth, and the next
upstream cross-section is assigned a trial depth.This procedure is repeated
until the upstream end of the channel is reached.



SETTING UP HEC-RAS

Required Information
Surveyed cross-sections (STA and ELEV)
Boundary conditions (e.g., slope for normal depth calculation)

LiDAR topographical data (if using RAS Mapper)

HEC-RAS 6.1.0
File Edit Run View Options GISTocls Help

Project:

Plan:

Geometry:

Steady Flow:

Unsteady Flow: I I

Desariptor: [ J [Us Customary Units




SETTING UP HEC-RAS

Run Steady Flow Analysis RAS Mapper

*  Flow Regime (Sub/super/mixed)

Geometry Editor

* View maps and

* Flow Distribution i
data spatially

s HEC-RA§ 5.0.7 X

wun View  Options  GIS Too

Datum'Bosque. pri

EG M

View Cross = ———

Sections EG M Profiles sque.f14

View i

evees-1 (fixed ns)

Steady Flow Data
* Reach boundary

conditions (slope)
* Flow rates

J us Customary Units




SETTING UP HEC-RAS

“ Edit and/or create lateral structures

File Edit Options
“Jools R

Inline
Structure

Opens cross

section view:
You can go
through cross
section by cross
section to view
flow throughout a
cross section.You
can also add
features here, such
as computational
levees or blocked
obstructions

Opens various
tables:
Bank Stations
Manning’s n
Levees
Blocked
Obstructions

Can adjust
parameters at one
or all cross sections
throughout the
reach

Description :

Toggle on/off
topographic
imagery

Graphical Cross
Section Edit:

If you are setting bank
stations, levees, or
blocked obstructions
and the elevations are
unknown, this is the
fastest way to set these
cross section by cross

section.

O

Plot WS extents for Profile:

| —

-




SETTING UP HEC-RAS

“_ Geornetric Data - Montano_reach_2012_NL

O
File Edit Options View Tables Tools GISTools Help

ools  River Storzge | 2D Flow | SAS2D BC Reference| IC
Reach Area Ares Ca

: 2 ¢ Reference 2 2 Description
Lines Lines Paints Point: | Breakl

n
DO i |FEs | o

ents for Profile:

-

Storage
Arez

2D Flow
Area

SAfID
Conn

7211784 B43

T185986.6 647

153441 652
T14077.6 657




SETTING UP HEC-RAS

Geometric Data - 19¢

File Edit Options View Tables Tools GISToels Help
Tools River | Storage | 20Flew | Al2DArea) #4020 Area Eﬂﬁreaﬁi 2bAred . Pump Description : Plot WS extents for Profile:

Reach firea Area Cionn BC Lines |BreakLine Mannn | Station
Fegions o I J I{nnne}l LI

N D | B DS

Junct, -
(]

Crozz

Imlire
Structure

Lateral
Structure

Storage
Area

4020 Area
Cann

Pump
Station

{}I

HTah
Param. | None of the X5's are Geo-Referenced [ == Geo-Ref user entered X5 — Geo-Ref interpolated XS = Non Geo-Ref user entered X5 — Non Geo-Ref interpolated X5) -
L4

"fiew = |
Picture 0.2144, 0.0438
B




== C_ross Section Data - Montano_reach_2012_RML

Exit Edit Plot

Options

Help

_~ | River Sta.:|816693.9 458

Channel

|518.27 |527.55 |533.78
1|o 4988. 3
2|o.38 4988, 35
3|s.59 4988, 35
4| 11.54 4988.53
5|17.67 4988.59
&|23. 19 4988, 48
7|27.71 4987, 54
8|33.84 4985.22
o|40.5 4983,32
10| 42,2 4983.21
11|45.27 4982, 75
12| 52.97 4984, 39 D —
13| 53.41 4984, 41
14|53.29 4982, 74
15|s57.82 4981.88
16|59, 19 4951.82
17| 73.27 4981. 24
18|85.17 4980.53
19|8s5.58 4980,52
20|89.52 4980.95
21|94.5 4980.99 . .
100 20 aom1 2o Station/ Elevation
23| 103.84 4981.13 Coordinates
74| 111.02 4981.33
25| 115.55 4981.09
25| 118,18 4951.05
27| 125.97 4981.59
28| 137.22 4981, 79
29| 190.25 4981.53
30| 143.35 4981, 37
31| 197.1 4981. 36
32| 151.2 4981, 17
33| 154.495 4951, 14
34| 159.03 498151 | |
Multiple (blocked) Ineffective Flow Areas
Skew (2. 78 dearees)

Elevation (1)

apply Data I “\.;-‘;”n?n -+ nl Plot Options [ Keep Prev X5 Plots  Clear Prew I v Plot Terrain (if available) Cut from Terrain I

Plan: Montano 2012 ML 4/M17/2023

River Station, akin P

to cross-section #

M

Bank Stationing.
Used to designate
different sections
of the channel for
calculations

Legend

EG 500 cfs
WS 500 cfs

R S

Crit 500 cfs
-
Ground
Ineff

-
Bank Sta

4580
4578
] [ ]
4576 ool
] Graphical Cross Section Display
4574 ———————————— — — — —
0 500 1000 1500 2000 2500 3000
Station (ft)

Belect river for cross section editing




SETTING UP HEC-RAS

—
|
|

File

Cross Section

Options

Help

river: [TNCER | > .|| + |
Reach: I ochiti to EB I River 5ta.: 4@5 ﬂﬂ

Elewation ()

Bosque Plan: Plan 47  11/29/2021
1465

-'14%125*—.1—4

Computational
Levees

3000 4000 5000

1000 2000

Station (ft)

O

X

Reload Data I

[
Crit PF 1
—

0 fis
1 ftis
2 fiis
3 fiis

G000




SETTING UP HEC-RAS

Cross Section = O X
File Options  Help
| [ammE [ mversmcme =19

Bosque Plan: Plan 46 11/29/2021
1485

A 4’\?}25{«—_1 —»{

WS PF 1
C——
0.0 ftls

—
0.5 ft's
—//

1.0 ft's
15 ftls
2.0 ft's
2.5 ft's
— .
Ground
*

Elevation ()

Bank Sta

1000 2000 3000 4000 000 8000

Station (ft)




SETTING UP HEC-RAS

Edit Manning's n or k Values

Area Edit Options

Channel n Values have
a light green
background

Constant .. I Multiply Factor . I Set ] Reduce to L ChR ...

River Station| Frctn (nfK)

1]4835
434
483
451
480
479
478
77
470
475
474
473
472
471
G| 470
459
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SETTING UP HEC-RAS

Run Steady Flow Analysis RAS Mapper

* Flow Regime (Sub/super/crit)

Geometry Editor

* View maps and

*  Flow Distribution .
data spatially

s HEC-RA§ 5.0.7 X

File Edit §Run  View Options GI5 Too

Tu I . - i = 1 A P . + i a o
7T -1t ke C I+ Fo ool e 1 ] + -

Praoject: * = : ogDatum'Bosque.pri

EG M

View Cross — —

Sections EG M Profiles sque.f14

View i

evees-1 (fixed ns)

Steady Flow Data
* Reach boundary

conditions (slope)
* Flow rates

J us Customary Units




SETTING UP HEC-RAS

Input # Flow Profiles
Steady Flow Data - Flow 14 — ([l X

File Opticns  Help

Description ; J Apply Data |

EnterEdit Mumber of Profiles {32000 max): I Reach Boundary Conditions ... <\ 9.
= [Edit Numbe es (32000 max; Boundary Conditions
e KnownWS

River: FUn Grande I Add Multiple. .. | * Ciritical depth

Reach: Em:hiﬁ to EB ~ | River 5ta. :45-5 ~| Add A Flow Change Location | *  Normal Depth

Rating Curve

Flow Change Location Profile Mames and Flow Rates

River Reach RS ,
1|Rio Grande Cochiti to EB 435 £1000

Flow Profiles

dit Steady flow data far the profiles (cfs)



SETTING UP HEC-RAS

Run Steady Flow Analysis RAS Mapper

* Flow Regime (Sub/super/crit)

Geometry Editor

* View maps and
data spatially

*  Flow Distribution

-f—-.: HEC-RAS5.0.7
File Edit Dpti-:nns GIS Tool

| | —- e 3 o _ -' - A bl ff-‘-ﬁf: ==| | " =EE: =
Project: F GGE-DEG MAVDESDatum \Bosgque. prj
-G M

View Cross View Eeis OUtPUtT&b'GS

=G M P fl que.qs2
Sections 3G N rofiles que.f14

=

Flan:

Steady Flow Data
* Reach boundary

conditions (slope)
* Flow rates

=vees-1 (fived ns)

J u5 Customary Units




SETTING UP HEC-RAS

Options
Flow Distribution
Locations

Flow Regimes
Subcritical

Supercritical
Mixed

Run!

| Steady Flow Analysis _ %
Options  Help

Plan : | Short ID :3'Iar|4+':'-

Geometry File : : wed ns)

Steady Flow File : Flnw 14 I

Plan Description :

Flow Regime J
% Subcritical —

™ Supercritical
Optional Programs

[ Floodplain Mapping

ter/Edit short identifier for plan (used in plan comparisons) |




SETTING UP HEC-RAS

Flow Distributions

By default HEC-RAS will use 3 flow
distributions (left floodplain, main channel,
right floodplain)

Can define a greater resolution, up to 45
slices.

In this case, | wanted to most resolution
possible for the floodplains.

Bosque Plan: bosque_5000 9/7/2021
1506

,D3ﬂ3—+7 0203 _4'7 0303 —‘l

Blocked
Obstruction

=
T
8
4
&

1000
Station (ft)

Figure 63 Cross-section with flow distribution from HEC-RAS with 20 vertical slices in the floodplains and 5 vertical slices in the
main channel. The blue and green slices are small enough that the discrete color changes look more like a gradient.




VIEWING THE RESULTS

Run Steady Flow Analysis RAS Mapper

* Flow Regime (Sub/super/crit)

Geometry Editor

* View maps and
data spatially

*  Flow Distribution

-f—-.: HEC-RAS5.0.7
File Edit Dpti-:nns GIS Tool

Project: F GGE-DEG MAVDESDatum \Bosgque. prj
-G M

View Cross View Eeis OUtPUtT&b'GS

=G M P fl que.qs2
Sections 3G N rofiles que.f14

=

Flan:

Steady Flow Data
* Reach boundary

conditions (slope)
* Flow rates

=vees-1 (fived ns)

J u5 Customary Units




VIEWING THE RESULTS

Options allows

you to further

define output
values

— —_________________________ — —

Profile Output Table - Standard Table 1

Options  5td, Tables User Tables Locations Help

Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
{ | Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB
Cochiti to EB | 459
Cnchiti tn FR 1458

Q Total | Min Ch Bl |W.5. Elev| Crit W.5. | E.G. Elev |E.G. Slope
(cfs) y ] (ft) () (ftfrt)

PF1 3 0.000208
PF 1 4000.00 0,00
PF 1 4000.00 548, 3 ] 0,000
PF1 4000.00 543.3 0.000326
PF1 4000.,00 2 553 0.000275
PF 1 4000.00 546.8 2 0.000314
PF 1 4000.00 546, 7¢ 2 0.000766
PF 1 4000.00 546,68 3 0.001169
PF1 4000.,00 546, 56 0.000354
PF 1 4000.00 545, 5 8 .96 0,000459
PF 1 4000.00 3] 3 . 0.001103
PF 1 4000.00 B8 . 0.000617
PF1 4000.,00 548, B . 0.000513

Ll P

[T ]

Lo pa

L s

L

FE1 4000.00 4545.¢ .36 46| 0.000514 3910.37

FE 1 4000.00 4545, .08 18| 0.000468
PF 1 4000.00 0.000435
FE1 4000.00 4545,3 53| 0.00
PE1 4000.00 G 3| 0,000696
FE 1 4000,00 , 3, 8 0.000569
PF1 4000.00 .3 8.4 0.001307
PF 1 4000.00 . 3 5 0.001429
PF 1 4000,00 543.33 3 0001114
PF 1 4000.00 . 5,52 0.000564
PF1 4000.00 0.000315
PF 1 4000.00 . 0.000314
PE1 4000.00 0.000409
PE1 4000.00 &, 1t 0,000

PF 1 A000.00 . 4545 94

3501.97

ra [-.J

otal flow in cross section.

()
4186.

2300.57
2344.73




VIEWING THE RESULTS

Run Steady Flow Analysis RAS Mapper

* Flow Regime (Sub/super/crit)

Geometry Editor

* View maps and
data spatially

*  Flow Distribution

-f—-.: HEC-RAS5.0.7
File Edit Dpti-:nns GIS Tool

Project: F GGE-DEG MAVDESDatum \Bosgque. prj
-G M

View Cross View Eeis OUtPUtT&b'GS

=G M P fl que.qs2
Sections 3G N rofiles que.f14

=

Flan:

Steady Flow Data
* Reach boundary

conditions (slope)
* Flow rates

=vees-1 (fived ns)

J u5 Customary Units




VIEWING THE RESULTS

Flow profile

File
Re

Elevation ()

Profile Plot

Options

Help
3| 1| Profiles ...

Bosque Plan: Plan 46  11/29/2021
Rio Grande Cochitito EB

20000 40000 ] &0000

Main Channel Distance (ft)

EG PF 1
WS PF 1

Crit PF 1
—_—

Ground

100000




RAS MAPPER

Run Steady Flow Analysis RAS Mapper

* Flow Regime (Sub/super/crit)

Geometry Editor

* View maps and

*  Flow Distribution .
data spatially

s HEC-RAY5.0.7 x

File Edit un View Options GIS Tool)p Help
S| E| X5 § B - P A P | A2| 2|

Project: Posque :\WGG-DEG NAVDSADatum \Bosque. pri

=

Plan: lan 46 View Cross B View husuas Output Tables
avees-1 (fixed ns) TGN que.g’i2
Steady Flow Data [ —

Sections 3G N Profiles que.f14

* Reach boundary
conditions (slope)
* Flow rates

J u5 Customary Units




RAS MAPPER

What is RAS Mapper?

HEC-RAS has the capability to perform
inundation mapping of water surface profile
results directly from HEC-RAS.

Visualizes | D model results.

Various types of map layer results can be
generated,

depth of water

water surface elevations;
velocity

inundation boundary (shapefile)
flow (ID only right now)

depth times velocity

depth times velocity”2

File Tools Help
Selected Layer: PMFBrkFroehi08

WSE (
- Map Layers
v qu Satellite

I
Geometry ‘Geometry

set o the one terrain a alable Tera

hoOQ x 2

2o ENMAS (M) Min] «




RAS MAPPER

Allows for the exportation of raster files.

(-tif and .vrt)
What is a Raster File?

A raster consists of a matrix of cells (or
pixels) organized into rows and columns
(or a grid) where each cell contains a
value representing information, such as
depth.

ERASMapper
File  Project Tocls Help

Selected Layer: Terrain

=

O
-] Velocity ( s
- [] Depth (3000 ofs)

Messages Profile Lines | Active F4 | »

MR e ENS B e

Selected: 'Terrain'




RAS MAPPER + ARCGIS PRO

Table 5 Rio Grande Silvery Minnow habitat velocity and depth range requirements (from Mortensen et al., 2019)

| Velocity (cn/s) Depth (cm)
T N TR T T

Juvenile Habitat

ArcGIS Pro is a mapping software

developed by ESRI.

Using a tool called “ModelBuilder” the
depth and velocity rasters can be
combined. Then the hydraulic
requirements for each life stage of the
Silvery Minnow are applied.

EEgovoy s HabitatMap | £ C

Project s ysi View  Edit y s Linear Referencing

\dd Graphics Layer

Explore 7 ™ Bookmarks Go | Basemap Add
v« To XY Data

Navigate

>1 dlld <50

4[] Mont:

(v Aggdeg_Mont

&ii Pause £ Lock LT‘

nplaced Download

Offline

Tristen - ArcGIS

Online (TA' (@




Life Stage
Adult Habitat
Juvenile Habitat

Larvae Habitat

locity (c

 v<40
v<30
v<5

5<d<60
1<d<50
d< 15

500

1,000 Feet

Montano Rd to Isleta Diversion Dam

Page 12 of 15




TAKE-AWAYS

HEC-RAS is a useful tool to produce modeling
results with a relatively small amount of data.

Cross-sectional geometry
Channel slope

Manning’s roughness values
LiDAR data (if using RAS Mapper)
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