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Major New Hydraulics Features
for HEC-RAS 6.0

Spatial Precipitation

Spatial Infiltration

Bridge Hydraulics inside 2D Flow Areas
Wind Forces

1D Finite Volume solver

New 2D full momentum solver with greater Momentum
conservation properties

Pump stations inside 2D Flow Areas
Computational speed improvements
3D Visualization tool




Spatial Precipitation

» Gridded Data
« HEC-DSS file format (from HEC-MetView)
« GRIB - NWS
= NetCDF - NWS

= Point Gage Data

- HEC-DSS time series
» Regular Interval
= Irregular Interval

= User Entered into a Table




Unsteady Flow Boundary Conditions

A Unsteady Flow Data - Gridded Precipitation =

File Options Help
Description: | J Apply Data

Boundary Cnndiﬁnns] Initial Cu:undiﬁu:un:l Meteorological Data l Observed Data]

Precipitation/Evapotranspiration: |Enable | Wind: |N|:| Wind Forces j

Meteorological Stations (required for point time series data)
Create Edit Stations ... | Rasterization Parameters (Optional) ... | Plot Stations ... |

Meteorobgrcal Variables

R atio (Optional); | fGridded Data - D55 |_

Gridde
Source
Lioo Data
Filerame: |C:\HEC Data\HEC-RAS \Automated Test Datasets 51120 Unsteady Flow Hydr [
Path: |/SHGMARFC/PRECIF /0 15EP 20 18:0200,/015EP 20 18:0300/NEXRAD
Projection Override (Optional): | =
Evapotranspiration

Mode: |Mone -




Gridded Data

Boundary Cn:unn:litin:lnsl Initial Conditions ~ Meteorological Data l Observed Data]

Predipitation /Evapotranspiration: |Enal:u|e v| Wind: |N|:| Wind Forces j

Meteorological Stations (required for point time series data)
Create/Edit Stations ... | Rasterization Parameters (Optional) ... | Plot Stations ... |

Meteorological Variables
Precipitation

Mode: |Griu:|u:|e::| j Ratio {Optional): | fGridded Data - DS5 ’_

Gridded Data

D55

DS :

DSS Dat] -
2" GDAL Raster File(s) |
n Rkt

RAsS\Automated Test Datasets 51420 Unsteady Flow Hydr |j.".|

Path: |/SHG/MARFC/PRECIP/0 15EP 20 18:0200/0 15EP 20 13:0300/NEXRAD/
Projection Cwerride (Optional): | ﬂ
Evapotranspiration
Mode: |N-:|ne j




Point Gage Data

& Unsteady Flow Data - Point Precipiation Data 1972

File Options Help

O

Description: |

Boundary Cundih’ons] Initial Conditions ~ Met=orological Data ] Observed Dab]

Precipitation /Evapotranspiration: |Enable ﬂ Wind: |No Wind Forces ﬂ

_Meteorological Stations (required for point time series data)

|§CreatefEdit Stations ... | Rasterization Parameters (Optional) ... |

s

Plot Stations ... |

Meteorological Variables
Precipitation

=

*

Mode: |Point + | Ratio (Optig

Point Time Series Data

Interpolation Method: |[Thiessen Polyg

Meteorological Stations

3

Station Name |Sum
1| ALVIN BUSH DAM D551 Point Name Gauge Height{m) | Latitude | Longitude | Project Project ¥

2| DRIFTWOOD pss{ |_1|ALVIN BUSH DAM 10 41,35 -77.9166667  1922740.6 431189.94
3|HOLLIDAYSBURG 2 Dss; | 2|DRIFTWOOD 10 41.3383333 -78.1333333 1863234.88 427128.04
_4|PHILIPSBURG 8 E 0SSy | 3|HOLLIDAYSBURG 2 10 40.4272222 -78.3388883 1790610.4  95591.73
_EEEE;ISAD’“EZDSTRGNL AP ngf _4|MILROY 2 WNw 10| 40.7138889 -77.5905556 2012703.14 19942225
Sl cURWENSVILLE LAE Dss] | 3|PHILIPSBURG 8 E 10 40.8953889 -78.2205556 1838408.56 256227.39
— 6| RAYSTOWN LAKE 2 10 40.4333333 -78.0069444 1396963.52  97268.31
7| TYRONE 10 40.6705556 -78.2386111 133295279 183975.72
Evapotranspiration 8| WILLIAMSPCRT RGNL AP 10 41.2452 -75.9188883 2197043.88 394058.23
Mads: m  9|CRESSON 15E 10 40,45 -73.5916667 | 1734232.01 104373.03
10| CURWENSVILLE LAKE 10 41.05 -73.41 1786461.52 322534.71
11|DUBCIS 7E 10 41.1208333 -78.7583333 1690689.7 349266.08
12(MADERA 2 SE 10 40.8283333 -78.435 1778927.51 241828.17
? MTI I HFTM 100 4018908333 -F7. 4706667 N4073.791 763969, 17

Plot Point Locations ... Sort Points By Mame ... | QK Cancel
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Point Gage Data

A Unsteady Flow Data - Point Precipiation Data 1972 — O >
File Options Help

Description: | J _|

Boundary Cundiﬁonsl Initial Conditions ~ Meteorological Data l Observed Data]

Predipitation/Evapotranspiration: |Enal:u|e ﬂ Wind: |N|:| Wind Forces j

Meteorological Stations (required for point time series data)
Create/Edit Stations ... | Rasterization Parameters (Optional) ... | Flot Stations ... |

Meteorological Variables
Precipitation
Mode: |Paint | Ratio (Optional): | Point Time Series Mode (Thiessen Palygon) ’_

Point Time Series Data

Interpolation Method: |Thiessen Polygon - Edit ... A
Station Name __|Thiessen Polygon | Edit | ~

1] ALVIN BUSH Dan [N Distance b 0.500 (inches)

2|priFTwoop | Distance 5 b 0,390 (inches)

=] Inv Distance 5q (Restricted) :

_3 HOLLIDAYSBURG Trian ulation 2.90 ﬁnu:hes}

_ 4|PHILIPSBURG 8 B i Ei' 0,550 (inches)

5| WILLIAMSPORT b 0,850 (inches)

iR = oo : 0 0.470 (inches)

7| CURWENSVILLE LAKE DSS: data range = 0.000 to 0.300 {inches) j

Evapotranspiration

Mode:  |Mone -

~




Cumulative Rainfall

Selected: 'Precipitation’ 6/20/1972 1:00:00 AM
ALVIN BUSH DAM

= RENOVO 6 S

DRIFTWOOD

WEEDVILLE

WILLIAMSPORT RGNL AP

DUBOIS7E

' CURWENSVILLE LAKE

PHILIPSBURG 8 E MILLHEIM

STATE COLLEGE
MADERA 2 SE

TYRONE 4 NE BALD EAG

Peak Preservation

CRESSON 1 SE |
HOLLIDAYSBURG 2




Rainfall Time Series Plots
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Precipitation

0.6

o
=
|

Precipitation [in]

M Frecipitation

Il I.JJ

a5 RASMapper Plot

[Biot | Tabe |

Accumulated Precipitation [in]

Accumulated Precipitation

o
|

[
I

=~
L

w
L

InvDistSq
— Triangulation
TinRestrictedinvDistSq

T
20Jun1872

T
20Jun1972 1600

21Jun1872 0800

T
22)un1972
Time (6/22/1972)

T
22Jun1972 1600

T
23Jun1972 0800

T
24Jun1972

90} Lpy

9@0 9@0 ng

795779579,
80 é' o>, 2
<00 “0p

Uy

7y iy €T 1,

2
7. 7 = v} [l 7 £ <,
oy ep “<op Pap PBop Pop "oy ey %o,
Time (6/22/1972)

2 0g

1, 4, 7y, 4? 2, )
Uy Py 5 Pty 5 Ptz > iy >
795 ”?9; ”?9; "?9; “7g5 ”79; 075);?9@" 795."7g 8029 %

7q,
o "

o

(ﬂ)

3
f_g) ’JJ_QP ”75.; ”@;
< 30; 7
% 000

f;{
00

(7}




PMP Example

a5 RASMapper Plot — o

Accumulated Precipitation

—
/

Ttumulated Precipitation

™~
i

[N
o

@

Accumulated Precipitation [in]

o

| S

o
01Jan2099 01Jan2099 1600 02Jan2099 0800 02Janz099 03J2n2099 1600
Time (1/2/2099)
o) RASMapper Plot - O

20

15

M Frecipitation

=
=]

Precipitation [in]

.
%,

2 03"”"‘3
) %’900 %’%

07'903099 O]Je 03099 oe’e,,e%a‘!‘b@%
%oy oy gy %oy

Time (1/2/20889)

a
e’eﬂe

%z, %, 23, 03,
o, an, “an, b,
é% O9g ?qu 8% !% 3939 -:’059




Spatial Infiltration

= Three Methods

= Deficit — Constant method
= SCS Curve Number
« Green and Ampt

= Spatial Data
= Solls
= Land cover

= Other Optional Data

« Evapotranspiration
« Mean Monthly Pan evaporation data

11



Gridded Precipitation example

HEC-RAS

12
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Bridge/
| Culv |

Bridge Hydraulics inside of a
2D Flow Area

« Utilizing existing HEC-RAS 1D Bridge
Hydraulics methods inside of a 2D Flow
Area.

« Model complete range of Bridge Hydraulic

flow regimes:
= Low flow
= Pressure flow
= Pressure flow and weir flow (road over topping)
= Low flow and weir flow

13



Why Is it Important?

Previous versions of HEC-RAS had no method for handling bridges
inside of a 2D Flow Areas

Modelers were forced to do 1D channels with 2D Floodplains where
bridges are important.

« 1D to 2D connections can be complicated

= Time consuming

« May cause instabilities

= Less accurate for channel to floodplain flow transfers

« More computation time to develop models and possible run times.

The new 2D Bridge Capability has the following benefits:
= Less need for combined 1D/2D modeling
Able to develop more detailed 2D models
Greater Modeling flexibility
More Stable numerical solutions
More accurate flow transfers from channel to floodplain
Possibly faster computationally (model specific)

14



Approach

Use HEC-RAS 1D Bridge Geometry and Cross Section
Layout (automated layout) inside of 2D Flow Area

Develop a family of Headwater-Tailwater-Flow curves from
RAS 1D bridge hydraulic calculations

Using a special momentum equation that gets applied only
at the bridge 2D cell faces:

Friction loss, pressure differential, and convective acceleration forces
are equated from the water surface difference in the bridge curves.

= The forces are distributed across multiple faces though the bridge
based on conveyance.

Local acceleration is calculated on the fly, as it is not a force in curves
Bridge faces are then solved in 2D just like all other faces.
Extremely efficient — almost no increase in computations.

15



1D Bridge Data and Curves

_ Geometric Data - Single 2D Area with Bridges and Breaklin — O X

Eile Edit Options View Tables Tools GISTools Help

Tools River sal2DAreal sal2DAreal Reference| 20Area Plot WS extents for Profile:
Reach Al BC Lines Pointz | BreakLines n —J
s

Editors
Junct,

w Connection Data Editor - Single 2D Area with Bridges and Breaklin — O X
File View Options Help
B Connection: ﬂﬂ Apply Data |
—Sl;‘r—?}_sﬁe Description I J Breach (plan data) ... |

2 4 o AT Connections
_“ 1 L 41 b ) ! | From: Flow Area: BaldEagleCr Set SA/2D ... | Weir Length: I
Storage ! 8 3 4 = ) IZD =
Area —— ! | o (To: IZD Flow Area: BaldEagleCr Set 542D ... | Centerline Length: I

Cwerflow Computation Method |

2DFlow

Centerline GIS Coords... |

Area " Normal 20 Equation Darmain % Use Weir Equation
Structure Type:]| |Bridge (Internal to 20 Flow Area) LI I Cut profile from terrain ... |
Internal Boundary Plot: US Inside Bridge ;] ﬂ tl Clip Weir Profile to 2D Cells... |
Higway 120 B2 Decks -
Roaduayl Highway 120 E
600 Legend US Inside Bridge
_——— —— —
— Tailwater Curves |y
590 — -
] : i Free Flow Cuve €007 Tegend
g 580] ~ l Sloping 590 g
5 Abutment *
= ] = 530 Bank Sta
% 5701 £ 1 Cument Temain
o 1 E 570 umen eman
g = £
8 5601 = -k
2 oo w
K] = 550 1
3 2
I 550 g
540 1
sl 530 . . : ! : .
1] 100 200 200 400 00 800
50 Station (ft) -
0 50000 100000 150000 200000 250000 300000 350000 | _I’
Flow(cfs) Eelect connection to Edit
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Results

1D vs 2D Model Comparison

\< seometric Data - Mesh Test — ]
File Edit Options View Tables Tools GISTools Help
Tools River Stgrage 2g:elgw ;sA.‘zD‘lneai s..\Bzgnlmea‘ n;;ei;tnceiazn;z?a 20Area. | Pump Plot WS extents for Profile:
| Reach rea Conn ines 2 | Breaklines  Mannn Station
e D | 2 DidEgme | MR G| Aeions | P | [(oone)
|Ear _ _ =
| =

| Junct.

w Connection Data Editor - Mesh Test

File View Options Help

Connection: IBridge

Breach (plan data) ... I

Description |

r Connections

| From: [ZD Flow Area: 2DBridgeArea Set SA/2D ... Weir Length:

‘ To: [ZD Flow Area: 2DBridgeArea Set SA/2D ... Centerline Length:

Head Water Elevation (ft)

45807

4535

45807

i (g} & Use Welr Equation ' Centerline GIS Coords... |
Structure Type: lBridge (Internal to 2D Flow Area) L] Cut profile from terrain ... I
Plot: IUS Inside Bridge j ﬂ 1] Clip Weir Profile to 2D Cells... I
i Deck/ . «
Internal Boundary 2 = Bijdock Roadwavl Bridge _j
Bridge B2 US Inside Bridge
Legend y
D e —] 4615 ' Legend
Tailwater Curves Sloping 4610!'—1 | ——
= - Abutment; iy Ground
] *
Free Flow Curve 4605 Bank Sta
£ 4500 el |
Modsling < ‘\L Current Terrain | |
§ 45957
] \
2 45901 \
45851
45380
[ s
4575 T T T T T T "
0 50 100 150 200 250 300 350
Station (ft) _.]
N |

Move to previous connection

4575
0

20000

40000 60000 a0000 100000

Flow (cfs) 2309301.11, 14738709.86
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1D Model of Same Area

- [m] X

File Edit Options View Tables Tools GISTools Help
i | PR | 2
Tools :lev;crh 32’[;3392 2 e ;Lﬁ;ﬁg“}afe%‘:ﬁ:e 'slﬂaﬁ:‘e: Pump RS Plot WS extents for Profile:

{_ Geometric Data - 1D Model of Bridge

Stati
P | <TH

Regions

_' I(none)

Head Water Elevation (ft)

Internal Boundary
River 1 Reach 1 787 BR

ge Legend

- |,
Tailwater Curves

_—
L} Free Flow Curve

20000

40000 60000 20000 100000

E |
230972890, 14739055.17

Flow{cfs)
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1D and 2D Comparison Animation

Water Surface Elevation on ‘Centerline’

4610 =— 1D Model RunWSE '05JAN2021 00:00:00
7 - 2D Bridge Sm Cell BQ FEQ WSE '05JAN2021 00:00:00'
1 = 'TerrainBridge.TerrainNoPiers' Profile

605 | | -
= Bridge Deck
4600
| e . :
B 1~
54595—
§ -
4590 4

0 200 400 600 800 1000 1200 1400 1600
Station [feet]
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Multiple Brldges

7 ; Selected: "Velocity' | o g S 04JAN1999 12:00:00}

b - o M - " ),Tt J..__,’.__,L,_(L___]__]j___]
.J J ) : ' - : . \/-—}_ WP e o

AJ

RN
SIND

S //
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Wind Forces

= Added to 1D and 2D solution algorithms
= 1D Finite Difference and 1D Finite Volume SWE
« 2D SWE - current and new equation solver.
= Not in 2D Diffusion Wave solver

1D Momentum Equation 8Q 8NQ)+9A(_+5 +3] T, IR
ot oX OX P

= Data Sources

= Gridded Data
« (Gaged Point data
= User Entered Table

21



Animations
Spatial Wind Forces in 2D Modeling
Hurricane Laura 2020

22



Hurricane Laura Precipitation

File Project Tools Help

Selected Layer: Precipitation

2D Flow Areas
[] Bridges/Culverts
[ Inline Structures
[] Lateral Structures
[[] SA/2D Connections

! [[] Precipitation (Accumulats

i [[] Depth (27AUG2020 06:00:00)
i [ Velocity (Max)
. [] WSE (Max)

Map Layers

[ ArcGIS Ocean Basemap

[] LandCover

i -[¥] Google Hybrid
=[] Terrains
..[] Terrain-test coast

Messages Profile Lines | Active Features | 4 l !
(255340873, 3347339.95 1 pixel = 2250.81f1)




Hurricane Laura Wind Field




Hurricane Laura Water Surface




1D Finite Volume Solution
Algorithm

* The new 1D Finite Volume algorithm has the

following positive attributes:

= Can start with channels completely dry, or they can go dry during
a simulation (wetting/drying)

= Very stable for low flow modeling

« Can handle extremely rapidly rising hydrographs without going
unstable

« Handles subcritical to supercritical flow, and hydraulic jumps
better — No special option to turn on.

« Junction analysis is performed as a single 2D cell when
connecting 1D reaches (continuity and momentum is conserved
through the junction)

26



Partial Cells
Left floodplain, Main channel, Right floodplain

Right Floodplain Main Channel Left floodplain

@ I i=1 i=2 i=3 /
@ @
o]

Separate cells for main channel,
left floodplain and right floodplain.

Current Finite Difference uses only
two flow areas: channel & floodplain

Notation: Partial cells indexed by i = - o -
u;; = channel or overbanks velocities at

Aj; = channel or overbanks partial areas for cross-section j

Aj = X.; Aj; cross-section total area
Cross-section partial conveyance K;; = (Ajl-Rjzi/?’) /(nji/k)

Cross-section total conveyance K; = };; Kj;




Junctions

/ v

( Data Requirements:
j { 1. Elevation - Volume Curve

2. XS/Face Properties
| @ \ 3. Angles with respect to

controling cross section
4. Junction Reach Lengths

28



Natural River — No Connections
Starting Dry, then wet, then dry

\ Geometric Data - Geometry W|thout Constnctlon

Inline
Structure

{

Lateral
Structure

i

Storage
Area

(5
o
mud
3
=

Area

SAl2DArea
Conn

Pump
Station

HTah
Param.

View
Picture
[ia3]

e A
33493 X3 24843 25, 15407 25

File Edit Options View _'[ables Ioo|s GIS Tools Help
i | st 2DFI 20fArea) SAL2DAI DA 20A [
Jodks E'e‘f-,fh k<ol et it s.gcun:jaf 1C Pointz | Breakrﬁ:e{ Maﬂ:: 1 Sptl;tr?gn RS
Editors = { Regions | (P « 12.99
Junct,
®
~ Cross
Section #5507 3%
| e =36339.
Brdg/Culv £ 3844687

-

§42895 87
672259 P

‘-'-

ried

5 Description :

-~

-

N 4293710
21111645

2238615

;’ RRRAS715.77
55700.55

N59795 28

7.4
Loc Hav

L~ Flow Hydrograph

River: Bald Eagle Reach: Loc Hav R5: 138154 .4

500001

Legend

40000

Flowe

30000

Flowy {cfs)

20000

10000

Simulation Time (davs)

|
i
|
|
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Natural River — Continued

Animation - Finite Volume - Dry to Wet to Dry
T . - I - ¢

File Options Help
Reaches ... |‘|1‘I Profiles ... ||Eﬂ [ Plot Initial Conditions  Reload Data
1D Finite Volume Equation Solver I
Bald Eagle Loc Hav I
6301 Legend
WS 18FEB1999 0000
S e sl
l Ground
I
6601
6401
6201
€
5
£ 6001
2
frr}
5801
I
5601
5401
520 1)
0 20000 40000 60000 80000 100000 120000 140000

Main Channel Distance (ft) 134238.70, 597.92 -

30



Natural River — Continued

Finite Volume vs Finite Difference — Starting Wet
—ere TS W SR

File Options Help
Reaches ... Il|‘l‘| Profiles ... L A [ PlotInitial Conditions  Reload Data
1D Finite Volume Equation Solver
Bald Eagle Loc Hav I
8807 Legend
WS Max WS - No Const Fin Diff
BR0 WS Max WS - No Const Fin Vol
Grcl-und
5404
I 8201
B
5
il £ 800
il =
w
5801
560
540
520 T T T T T T ) /
0 20000 40000 50000 20000 100000 120000 140000 =
Main Channel Distance (ft) 7
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Natural River — Continued
Upstream Inflow and Downstream Outflows

B8] DSS Plot — — | ]

File Options Help
=] 3 1

Path: | (all Paths)
Flot ]Tahle |

i 136564 9,659 942
! ‘\t Jensen
N ] :-.=====.-% o Legend

BALD EAGLE LDHC HAW 1355649
BALD EAGLE LOC HAW 136564.9

BALD EAGLE LOC HAW 655.942

FLOW (CFS)

02/23/1999 05:32, 36569.15 -
3
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1D Bridge Hydraulics Beaver Creek

== Profile Plot - Warning Geometry is newer than output.

File Options Help

- m} X

Reaches . | & 1| Profiles |ﬂﬂ [ Plot Initial Conditions _ Reload Data
Beaver Cr. - unsteady flow Plan: 1) May 1974 Flood 1/18/2017  2) May 1974 FiniteVol  4/22/2019 J
Beaver Creek Kentwood S|
2209 Legend
WS Max WS - May 1974 FiniteVol q
WS Max WS - May 1974 Flood ;
Gt Max WS My 1574 FiniteVol
TG Wax WS Niay 1974 Fiood
Ground
™ P S e e ] ,"'7‘7-&7-"7/‘“‘“‘/ Right Levee
- e == (Cross Section - Warning Geometry is newer than output. - O X
= N
A g ¥ File Options Help
R ST P
gt River: ARAN +o _Reload Data |
noy™ Reach: |Kentwood | Rwversta: [5.4 BRU -] ﬂﬂ
£ Beaver Cr. - unsteady flow Plan: 1) May 1974 Flood 1/18/2017  2) May 1974 FiniteVol  4/22/2019
@ & 15 ‘Jr 25 ‘Jr 04 “]r 15 ‘J|
2254 T
egend
205
WS Max WS - May 1974 Flood
2201 WS Max WS - May 1974 FiniteVol
" Crit Max WS - May 1974 Flood
________________ "
Crit Max WS - May 1974 FiniteVo
200 £ 2157 Ground
A
E ,,,,,,,,,,, Ineff
m
*
& Bank Sta
w210
195 T T .
0 1000 2000 3000 2054
Main Channel Distance (f)
200 T T T |
0 500 1000 1500 2000
Station (ft)
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Alternative Solution Scheme for
Shallow Water Equations

= Momentum - conservative discretization of
the acceleration terms

« Greater momentum conservation than current
solver In current version
= Semi Explicit — Time step Is somewhat
limited by the Courant condition

« Generally requires smaller time steps and
more computational time to run

34



Sudden Dambreak in a Flume (WES Data
Set and report from 1960)

2.500

Current FEQ Solution

1'—;500 —o—Bed Elev
=
§ B Obs.5s
o Comp. 5s
2
w Obs. 10s
1.000
— Comp. 10s
® Obs. 20s
\ Comp. 20s
0.500 X
0.000

Distance (ft)

0.000 50.000 100.000 150.000 200.000 250.000 300.000 350.000 400.000

v

Alternative FEQ Solver

—&o—Series1

B Series2

Series3

Series4

Series5
® Seriesb

Series7

00 50.000 100.000 150.000 200.000 250.000 300.000 350.000 400.000

Distance (ft)

v
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Flow over a Bump assuming no Friction

0.45

Current Solver: 0.4

0.35

03 Computed WSE
E\ 0.25 Measured WSE
w

g 0.2 Bed Elevation

0.15
0.1
0.05

0 2 4 6 8 10 12 14 16 18 20

Distance, m

0.45

New Solver: 0.4
0.35

0.3 Computed WSE
€ 0.25 Measured WSE

w
g 0.2 Bed Elevation

0.05

0 2 4 6 8 10 12 14 16 18 20

Distance, m
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Sudden Expansion — Lab Data

1.2m

Vmag (m/s)

E 3

0.0 0.35

37



Sudden Expansion

New Solver D& D= 0.4

Current Solver (Dir=0.7)
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Pump
. Ltation

Pump Stations Connected to

2D Flow Areas

= Pump Stations now how spatial
connections

= X, Y coordinates for too and from locations
= Can now connect to 2D flow areas

. 2
. 2
. 2

D ce
D ce

D ce

to another 2D cell
to Storage Area
to 1D river reach (XS location)
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{_Geometric Data - Bald Eagle Pump Test
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¥ Pump Stations Example

Ltation
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Computational Speed Improvements

= New Matrix Format
Previous versions allowed the matrix to be Non-Symmetric

= Version 6.0 uses a Symmetric matrix format
= This allowed us to use a faster solver - Symmetric Positive Definite
Solver

= Additional Parallelization
« Additional parallelization was done on the 2D code for both matrix
setup and solution.
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2D Computational Speed

2D Test Name Number Cells Equation Type 5.0.7 6.0 Speed Factor

Bald Eagle Detailed 87,022 FEQ 1 hr 29 min 55s 59 min 37s 1.51 |
Muncie 2D 50ft Grid 5,376 FEQ 1 min 15s 55s 1.36
Saint Paul 2D 2,251 Diff 1 min 32s 1 min O1s 151
EU Test No 2 10,000 FEQ 40s 22s 1.82
EU Test No 4 80,000 FEQ 56s 40s 1.40
EU Test No 5 7,460 FEQ 50s 36s 1.39
EU Test No 6 36,492 FEQ 1 min 18s 50s 1.56
EU Test No 7 20m grid 16,590 FEQ 12 min 25s 10 min 26s 1.19
EU Test 8A 2m grid 97,000 FEQ 1 hr 10 min 36s 48 min 26s 1.45
Yolo Bypass?2 17,129 FEQ 9 min 34s 8 min 11s 1.17
Boise River 10,423 FEQ 10 min 46s 6 min 57s 1.55
Truckee River 1D/2D 162,805 Diff 1 hr 18 min 27s 47 min 6s 1.67
400 sq mi Watershed 2,033,190 Diff 16 hrs 45 min 145 hrs5§§ " 1.69
Average Speed 150

Increase



2D lterative Matrix Solvers

= HEC-RAS 5.0.7 uses a solver called
PARDISO - direct solver

» Better for model stability and volume accounting
« Slower

» For HEC-RAS 6.0 we have added optional
lterative Solvers

« Potentially faster
» Requires user-based solution tolerance
« Potentially less stable
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With lterative Solvers

2D Test Name Number Cells Equation Type 5.0.7 6.0 6.0 Iter Solv ~ Speed Factor
Bald Eagle Detailed 87,022 FEQ 1 hr 29 min 55s 59 min 37s 51 min 47s 1.73 |
Muncie 2D 50ft Grid 5,376 FEQ 1 min 15s 55s 51s 1.47
Saint Paul 2D 2,251 Diff 1 min 32s 1 min O1s 1 min 52s 0.82
EU Test No 2 10,000 FEQ 40s 22s 13s 3.08
EU Test No 4 80,000 FEQ 56s 40s 25s 2.24
EU Test No 5 7,460 FEQ 50s 36s 24s 2.08
EU Test No 6 36,492 FEQ 1 min 18s 50s 37s 2.11
EU Test No 7 20m grid 16,590 Diff 12 min 25s 10 min 26s 6 min 57s 1.79
EU Test 8A 2m grid 97,000 FEQ 1 hr 10 min 36s 48 min 26s 15 min 2s 4.69
Yolo Bypass?2 17,129 FEQ 9 min 34s 8 min 11s 5 min 41s 1.68
Boise River 10,423 FEQ 10 min 46s 6 min 57s 4 min 50s 2.23
Truckee River 1D/2D 162,805 Diff 1 hr 18 min 27s 47 min 6s 1 hr 10 min 30s 1.1
400 sq mi Watershed 2,033,190 Diff 16 hrs 45 min 148 g s 53 min 555 11 hr 3 mins 43s 1.52
Average Speed 204

Increase
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3D Visualization tool
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