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HEC-River Analysis System (RAS)

* Among industry leaders in surface water hydraulic modeling
1D, 2D steady, unsteady flow

* Floodplain and floodway analyses P~ i =
« Dam and levee safety m
* Compound flooding i
* Hydraulic structures r Y
 Sediment transport, erosion, water quality TN ‘- - ’”’es

» Extensively used by USACE, FEMA, o -

state and local agencies, industry e -
e Free i 1321,22“_"’-7 o

* Supported by a great team at HEC =




2D Modeling Example
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Pipe Networks

Added in RAS 6.6
* Replace existing guidance to
use Preissman slot
approximation
Short term goal
* Chicago deep pipe system
* Longer term goals
* Integration with surface models

* Improve urban and suburban

drainage modeling
 Assess pluvial flood risk

* Analyze adequacy of stormwater
systems
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Computational Methodology

Node D 1 § Node D1 28 Node DI 4 K | Archer D16 § Node DI & § Node DI7 8

* Nodes and Conduits GIS layers define
pipe geometry

* Pipe network mesh: create cell
property tables (just like 2D cells)

* RAS 1D finite volume solver
* Diffusion wave, full shallow water eqns TR, ess01o |
* Modified for pressurized flow

* Accounts for: Nose D11 B oce DL hoe 0143 e D1 o2 ]
* Losses through system (entrance/exit)
* Drop inlet and culvert openings

* Mainline only system modeling

GEI@




Open Channel Finite Volume Flow Solver
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Matrix Equation
Q(Z)+¥Z=0b

Solve using Newton’s Method
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- = Positive Component
=~ = Negative Component
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/ Solve with Nested Iterations (Casulli and Stelling, 2013)
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Computational Methodology

» Advantages
» Wetting/drying

* Flow transitions
* Sub/super-critical, pressurized/unpress

* Plunging flow into junctions

» Stability with steep pipes

* Variable system discretization
 Transient flow computation

 Disadvantages

* Longer compute times than simpler
approaches

* No pressure transients explicitly modeled
(e.g., the water hammer effect)
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Creating a Pipe Network
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File Project Tools Help Debug
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* Import EPA-SWMM based
models

* Industry standard for stormwater
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Boundary Conditions - Surface Connections




Boundary Conditions - External

* Applied at nodes T P
* Types

* Flow Hydrograph o
» Stage Hydrograph
* Normal Depth

* Allows use of data from external
sources or models

* Watershed model inputs, e.g.

!! Unsteady Flow Data - Laterallnflows_15Y_Tidal-COPY

File Options Help

Description: | J

Boundary Conditions l Initial Conditions] Meteorological Daiﬁ] Observed Daiﬁ]

Boundary Condition Types

Stage Hydrograph

Mormal Depth

Flow Hydrograph

Add Boundary Condition Location

AddRS... | AddSA/2D Flow Area... | |
Select Location in table then select Boundary Condition Type

[ [river | Reach [RS | Boundary Condition |
Pipe Nodes Boundary Condition

1| GeorgiaSt [DT5023K] Flow Hydrograph

2| Georgiast [DT6014M] Flow Hydrograph

3| GeorgiaSt [DTE104F] Stage Hydrograph

4| Georgiast [DT5106K] Flow Hydrograph

5| Geargiast [DT5042M] Flow Hydrograph
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Results Visualization in RAS Mapper

Selected Layer: Legion_2D Y
[] Initial Condition Points I Fs Y
Pipe Networks (Beta) v
[] Manning's n
[7] Percent Impervious
{13 Empty Layers)
["]1Plans
["] Event Conditions
= [v] Results
= [¥] Legion_2D
[”] Event Conditions

2D Flow Areas
7] Boundary Condition Lines
[] Initial Condition Points
[=- [¥] Pipe Networks (Beta)
Nodes
Conduits
[ Manning's n
[7] Percent Impervious
[1Plan
Depth (01JUN1938 04:00:00) [T
[[] Velocity (Max)
[1'WSE (01JUN1938 01:00:00)
[] Pipe WSE (Max)
- [¥] Pipe Depth (01JUN1938 04:00:0( T
[7] Pipe Percent Full (01JUN1938 01:00:00)
[] Pipe Velocity [Max)

Messages| Views | Profile Lines | Active Features | Layer’ ¢ ]




9 Hy — (u] < ge and Flow Hydrc = o
File Type Options File Type Options
Major Group: -] > Time Series Maximum _Time at Max__ Volume ac-ft Major Group: > Time Series Masimum _ Time at Max _ Velume ac-ft
Stage 119.9301/an 1988 0455 - Stage 119.85/01/an 1988 0500 -
Minor Group: Node: | ArchOUT (0BS) IR IS 3 & Minor Group: Node: | EllipseQUT (OBS) IR IR &
‘ ‘ El J—‘ Obs Stage 119.84101/an1988 0430 ‘ El ‘ El J—‘ Obs Stage 119.8301/an1988 0415
I Plot Stage I Plat Flow W Obs Stage W Obs Flow I Use Ref Stage Conduit Flow Qut 108.85/01Jan 1988 0445 1273 > I Plot Stage ¥ Plat Flow W Obs Stage W Obs Flow [~ Use Ref Stage Conduit Flow Out 5001Jan1988 0500 1241 >
Time Series ‘ Rating Curve Time Series ‘ Rating Curve |
Plan: SurchargeTestsForDifferentShapes  Major Group:  Minor Group:  Node: ArchOUT Plan: SurchargeTestsForDifferentShapes  Major Group:  Minor Group:  Node: EllipseOUT
1200 | B k| &
° 50
Legend Legend
* ANatytical test cases L B
P Swge 1195 P Sage
1195
. N 40 - .
. 80 ¥ Obs Stage ¥ Obs Stage
o I™ Conduit Flow Cut 1190 I Conduit Flow Cut
_ 1190 . 0
g === & a2 — =
< 8 obsrow H Z lm oesrow
= Obs Stage: 115.68 2 = H
g S H 2
St 11880 I+ 9 ™
® & s age T 5 1as 2
r e S u S .
1180
L4 1180 10
comparisons :
1175 0 s 0
31Dec1087 2400 o1 0egRR02:24:43 ) Loos nuno 011an1928 0600 011an1938 0800 31Dec1987 2400 01Jan1988 0200 01Jan1988 0400 01Jan1988 0600 01Jan1988 0800
Time and Date Time and Date
Stage and Flow Hydrograph - o X Flow b -~ o
File Type Options File Type Options
L@ =l > lime.Sones Maximum _ Time 2t Mex_[Volume ac-ft Major Group: -] > Time Series Maximum _ Time at Max__ Volume ac-fc
Stage 119.76/01Jan 1988 0500 -
Minor Group: | || Node: [ Bax0UT (08S) | 3 ]| o, e : Stage 12012]01Jan 1988 0455 -
p: Node: | CircleOUT (QBS}) | ¥t
Obs Stage 119.76/01/an 1988 0500 [ ‘ B Obs Stage 120.12/07Jar1988 0500
I¥ Piot Stage W Plot Flow W Obs Stage ¥ Obs Flow [~ Use Ref Stage Conduit Flow Out 5001Jan 1988 0500 124 v [ Plot Stage 7 Plot Flow 19 Obs Stage [ Obs Flow [ Use Ref Stage Conduit Flow Cut 50/01Jan1988 0500 1230 -
O s ‘ Rating Curve. | Time Series ‘ Rating Curve
Plan: SurchargeTestsForDifferentShapes  Major Group:  Minor Groug:  Node: BoxQUT Plan: SurchargeTestsForDifferentShapes  Major Group:  Minor Group:  Node: GircleOUT
50 ppo— 1 . 50 :—H 2
egen d Legend
1200 =l
1195 P Stge P sege
[
40 ¥ Obs Stage 40 ¥ Obs Stage
- 1195
I™ Conduit Flow Cut I Conduit Flow Out
1100 _——— —_ =
R w " ObsFlow A w Obs Flow
£ = E 1190 =
z S = kel
S H <
g H & 3
& 1185 = 13 =
& e
20
@ 185
1180
10 180 10
175 0 175 0

RESDURCE
HARACEENT
ASSTCIATES.




Outcomes

1. More accurate riverine + stormwater flood modeling
* Replace need for separate models and complex, iterative linking

e




| Import SWMM Project = O X

o u tC 0 m e S Filename: [C:\Temp\SWMM FulllletroArea inp =]

Import Options
[V Merge Subcatchments Into Single 2D Area
Buffer Smooth Distance: [0 (f)

[V Use Catchment Boundaries As Breaklines

Common Edge Tolerance: ID (f)

2. Leverage existing HEC-RAS, EPA-SWMM based — -
models, and GIS data | =
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E Stage and Flow Hydrograph

* Import tools ‘
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Outcomes

e 3. Visualize and communicate outcomes of stormwater
infrastructure alternatives with HEC-RAS Mapper
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Status

 Pipe Networks (beta) in HEC-RAS
Version 6.6 - Released October 15t

* HEC gathering feedback

 Additional beta releases
* Bug fixes and minor enhancements

for pipes \;'\{\;, . ‘
 Additional pipe shapes &‘}C_‘«,J . Z
. : : -\ e N Ry @&

* Weirs and gates in pipe networks
* Computation engine efficiency improvements

* Streamlined model building / auditing tools
* RAS 2025




Also: 2D Bridges! * Pressurized flow solver implemented in 2D
 Above deck and below deck 2D cells

pelected Layer: Velocity NEE EEEEGET 1 LY R ol -
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Map Layers
Terrains

@ Tensin o

The Tenain layer Terrain has modifications created with a
previous version of RAS Mapper which does not store the
elevation data (profile). Edit and Save the modifications to
improve RAS Mapper performance. Layers affected: ‘Terain'
with Modifications layer ‘Polygons’.
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Questions?

Contact info:
steve@rmanet.com

Wwortor720 3 T3S TN - W19 2
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