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Internal SA/2D Area Conn

* Discuss using SA/2D Area Conn inside of 2D
areas

* aka Hydraulic Structures (HS)




Hydraulic Structure Example

Structure

Lateral
Structure




Hydraulic Structures (HS)

e User entered station/elevation data overrides terrain data
e Can add breaches

e Can add culverts and gates
* Culvert/Gates can be georeferenced

* Can model with weir equation or 2D equation
* HS centerline is also a breakline



Levees With HS

e When:

 Bad Terrain data

 Structure too high for 2D equations (i.e. water fall), Weir equation is a better
solution

* Need Culverts, Gates, or Breaching
* Create the HS and enter the Station/Elevation (SE) data
* The user entered SE data controls the flow over the structure



“Levees” Without HS

* Breaklines may be all that is needed!

* |F
- The terrain data is good enough
- The Faces line up accurately
- Normal 2D Equation is appropriate
- No culverts, gates, breaches, etc.

* THEN
- No HS required!



Overview Data Entry

* Create HS Centerline
e Convert existing breakline (if breakline already exists)

 Download centerline (if available)
* Or draw by hand

* HS goes left to right looking downstream (for positive flow convention)

 Edit Centerline/Breakline and Cell Mesh, as needed (the centerline is also a
breakline)

* Enter station/elevation of weir
* Enter culverts, gates, breach, etc.
* Select 2D Domain or Weir Eq.



Converting a Breakline

F

. Geometric Data - With Upper Levee

File Edit Options View Tables Tools GISTools Help

Riwer
Fieach

Ereak Line: ‘Upper' [spacing default{250) to default{250]]

Edit Break Line Data ...
Edit Break Line Cell Spacing ...
Enforce Breakline in 20 Flow Area ' BaldEagleCr' i

Plat Profile (from Terrain) ...

Conwvert this Break Line into a new internal 54/20 Area Connection ... % i
Delete Break Line ...

* If a Breakline has already
been created, then it can
be converted to a hydraulic
structure.

e Left-click on the Breakline
and select Convert...




Drawing HS Centerline

* Click SA/2D Conn and draw the
location of the HS

* Double-click to finish drawing
and name the HS

* Copy coordinates from Excel

EAMZDARe3
Cann

BpeH

“_ Geometric Data - Without Upper Levee

File Edit Options View Tables agls GISTools Help
i Storage | 2DFle saf2DArea BAZDAMRE| 20Area ar
Firea Area Coonn EC Lines [BreakLines| pa.

Db AR aEy

Inlime
Structure




HS Centerline Table

" Geometric Data - Without Upper Levee

File Edit Options View Tables Tools [GlSTaaIs] Help

Tools River | Storage | Zhflow |sAl20Area) 5o Reach Invert Lines Table
Reach Area Conn
Editors — - & .I- XS Cut Lines Table ...

Lateral Structures Centerlines Table...

Storage Area/2D Flow Area Outlines Table ...

Junct.
@

Cross
Section

Brdg,Cul

2D Flow Area Boundary Condition Lines ..
Breaklines Cell Spacing Table...

Inline
Sitrcture

Breaklines Coordinates Table...

Land Cover Regions Table ...

GIS Levee Lines Table ...

IS Ineffective Area Lines Table...
Stream MNode (River Stationing) Table ...

Latersl §

Structure

Storage
Araa

(IS Cut Lines
v Scale Cut Lines to Reach Lines ...

20Flam
Area

SAF20FArea GI5 Coordinate Operations

Conn

Boe

Furmp
Station

{}l

HTah
Param.

Plot GIS Profile Reach Bounds ..

Lirnit GIS Bounds to Bridge Openings
Plot GIS Reach Bounds from File ...
Make GIS Ticks ..

|
i/

. .
ey
Picture

Storage Area/20 Flow Area Outlines Filter (multiple] ...
Storage Area/2D Flow Area Connection Centerline Table ... [}

Plot W3 extents for Profile:

i Jll[ncne}

=]

i
oF

w

f” '4": p et

1
P> !’
X 1?/

Mames (Select one or Many) _@J iél > |

Dam

Lower Leves

Middle Levee
|pper Levee

Import Lines | Filter Line{s}l Lengths

"!- e

' 54 Connections Centerlines GIS Cuurd nate

= ¥

#

—Selected Area Edit Options

Add I Mulﬁplyl Set'u'aluesl F‘.Eplacel

Round I

¥ (ft)

¥ (ft)

Ok

Cancel
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HS Centerline w/ Editing Tools

ERASMapper
File Project Tools Help
S L 0 i o@a==e> o CLcan also be added from
® Do  Smmsmmmmmm RASMapper
#-[[] Original Geometry
@[] With Upper Levee
Ebéﬁfﬂw".“ * Click SA/2D Conn and draw the
4= location of the HS
EEDFIwArea-s ] o ]
D | - * Double-click to finish drawing and
= - name the HS
~[]BC Lines . .
50 * Or CL can be imported as shapefile
&=
My . .
-0 * Weir SE data still on 2D Conn
EI:IEvenIComihum _ . .
e MR = Editor/Geom Editor
i i~[] Event Conditions e

P -Dﬁeornetw
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HS Cell Spacmg

El [v] Geometries
g l [] Original Geometry
g EF E With Upper Levee

* HS/Breakline can be enforced
while still in Edit mode

* Additional Cells can be added
along the HS centerline

. 6-[]20 Flow Areas SE—

- S5 Layer Properties

BB

O000000RO00

BC Lines EE Open Attribute Table

Stop Editing
Update SA/2D Connections (4 of 4) »
Edit 2D Connection Breakline Prape:tis A I -

MRl Fer o ARSI et R BT

[4| S @

* Cell spacing should not be made
too small!

. 2D Connection Breakline Editor x

Q’E‘Q] _@] [~ Zoom To Selected kY x_y]

Erforce 1 Cell
Protection

ﬂ Connection Name Near Spacing | Near Repeats Far Spacing Radius
1| Dam 1 v
ﬂ 2 Lower Levee 100 1 2
3 Middle Levee 100 1 v
P 4 100 1 2

Enforce Selected As Breaklines | ok | cConcel | 12




Inspect Cells Around HS

“ Geometric Data - SA to 2D Flow Area

o] T [ S | e o o ] * RAS will show the HS as a black
= line w/ red dots

* Inspect the line for problems
e Start/End of HS!
* Tight Curves

tipper Levee)
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Terrain CL Profile Missing Levee

“ Geometric Data - With Upper Leves

File Edit

Options

View Tables

Tools  River | Storage | 2DFiow Ismenﬁrea[smen .
—

Tools

w Connection Data Editor - With Upper Levee

" - -
E Centerline Terrain P — Elﬁu
. = P
Plot | Table |
. Breach (plan data) ... |
L Legend | —
p————
Terrain Weir Length: I 8700.75
I | - Centerline Length: I 8700.78
= — Centerline GIS Coards... |
5 | Terrain Profi ]
£ errain Profile ...
& i
w
560 i ==
555- T T T T T T T T T T T T T T T T T T T T
3100 3200 3300 3400 3500 3600 3700 ~—
| o =
Station (ft) «|[§
I KN | »
[ = i — W W
o o
HTah ‘ L] L] L ] - -
Param. er Leves - - 3 - -
WiEy - - - -
Ficture
ﬂ L ] - - .l’. L ] L] L ] -
A 4w b Podr
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w Connection Data

Editer - With Upper Levee

3751

Elevation (ft)

3651

2801

File View Help | Storage Area Connection Weir Data
Connection:  |Uppell | 0 pots Embankment Station Elevation Table
Description Weir Width 10 Insert Row | Celete Row | Filter... |
Connections —| || Weir Computations: Station | Elevation j
1 a. 575.847
From: 20 f Standard Weir Equation Paramete
ndard Weir Equation Parameters S 101581 =75 871
To: 3 E 201,643 575,84
Owerflow Computatid) Weir Coeffident (Cd) 0 4 247,13 373,37
& Normal 2D Equatid| 5 302.591 575,681
i 3] 404, 594 576.531
Structure Type:|Weir 7 307,721 975,333
Weir Crest Shape: |Brnad Crested j 8 508.005 576.321
2, 711,923 576.065
10 814.374 575.922
11 918.472 576.095
Paramm 12 923,957 575.895
' =807 13 1020776 575.66
] 14 1121.53 575.677
15 1222.874 576.039
I 13733 F3IQ CTC 041

Legend

[——
Spilleray
—_—

HW Cell Min Elev

—_—

TW Cell Min Elev

Centerline Terrain

3

000 3200 3400

3500
Station (ft)

3800

4000

42010
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Check Weir/GIS Length

. Edit and/or create lateral structures

=

File Edit Options View Tables Tools GISTools Help
Tools  River | Storage | 20DFlow |zarcoarealsatcnareal coArea | 2parea PLmg RS Description : Plot WS extents for Profile:
Reach Area red Conn B Linez |[Breaklines piannn Station % 5
Editars r— - - .- - Fegions .::? 12.99 I - Jl{ﬂﬂne}
Junct, t\
L]
Crogz
Section
File View Help
Brdg,Cul
f Connection: IL.Ipper Leves ;I ﬂ ﬂ Apply Data |
- Description I i J Breach (plan data) ...
Inlire -
Structure —Connections
=S s [2D flow area: BaldEagleCr SetSA[2D ... I Weir Length: I 8700.76
Lateral
Structure il | To: IZD flow area: BaldEagleCr Set SAZD ... I Centerline Length: I 3700.76
—Overflow Computation Method
Storage . . . . .
firea % Normal 20 Equation Domain ~ { Use Weir Equation Centerline GIS Coords. ..
e T""DE:IWE" ﬂ Terrain Profile ...
Area Wefir
Embaskment:
EAM2DArea =
Conn -
IVR[=ES
= am
Pump £
Station I
oy ;-
g
HTah =
Param.
Wigy EX
F'u:tﬂure |Belect connection to Edit




“_ Geometric Data - 5A to 2D Flow Area

File Edit Opticns View Tables Tools GISTools Help

ge | & 20 a0Areal  20Area

Description : Plot WS extents for Profile:

Lines |BreakLines X - I—;D{HME} I
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Hydraulic Structures Options

Geometric Data - Single 2D Area - Dam as Internal Struct w (Connection Data Editor - Single 2D Area - Internal Dam Structure - O X
id g g
File Edit Options View Tables Tools GISTools Help File View Help
Tools  River Storage 2DFlow |S4/20FAMea $A.'2D_r-‘|r\ea 20FArea 20Anea Pump RS O
Reach Area Frea Conn EC Lines [Breaklines| pa Sati . . lﬁ'
Editor, — & Do v Regions | ¢ | <123 P [| connection:  [EENEERREL ~| 3t
Junct. ab. Description | Breach (plan data) ...
® SAnD Connections
Cross +[a]e]s
Section LI From: |2D‘ flow area: BaldEagleCr Set SA/2D ... Weir Length: 6882.06
Brda/Cuk S[elsleTalsla[slsle To: 2D flow area: BaldEagleCr Set SA/2D ... | | Centerine Length: 6882.06
EEEEEE““ E"; Overflow Computation Method
sl slelelelele el=] @ Normal 2D Equation Domain ( Use Weir Equation Centerline GIS Coords... |
o si] Structure Type: |Welr, Gates, Culverts, Outlet RC and Outlet TS ~| Terrain Profi ... |
StrLicturg: el ==
Sar +1s| Flap Gates: |N0 Flap Gates ﬂ
B 5 e felerele| il
e ? OE e tete e le] Embatkment Sayers Dam J
| *] L LAL] - [ (|
p R S
BUUHUOE) UL ‘I. [ IEIH
SA/20frea atilale o ——+H- 4P e Legend
.C.ﬁ Santooaads Culuert
Slalele e elee e e i s = v Spillway
Pump o [ [eaale ]
Station T slefs [a[eTelals Outlet HWW Cell Min Elev
[ 5 Slejelslelele]8 e
s SleTTe L~ o TW Cell Min Elev
. A1
Param. 4] U-'ﬁtsbt Centerline Terrain
i = + If—\"
" dogauooaaL 620
Sle[slels g" v
Jaga r 200
: w[e]e W —-
580 T T T T T T |
1| I 0 1000 2000 3000 4000 5000 G000 7000
Station (ft)
ISelect connection to Edit




Culverts & Gates inside a HS

“_ Geometric Data - Single 20 Area - Dam as Internal Struct

File

Edit Options View Tables Tools

(15 Tools

Help

By default, culverts/gates are not
georeferenced and transfer flow
from immediately adjacent cells

* |In this case, cells need to extend
past toe and into channel
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Gates/Culverts and Cell Edges

Cells extend past toe
and into channel

T S




Cell Edge Location for non- IS,

georeferenced culverts/gates

.

aces/Cell Edges

Cell Edge Not OK
Cell Edge OK \"

/ \

7% N .




Georeferenced Culverts & Gates

* Georeferenced culverts & gates
transfer flow from distant cells

Gate flow cellﬁ\

cell

- B this case, cells do not need to

Z extend past toe and into channel
H * Small cells can still cause

problems for 1D weir flow!
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Georeference Culverts & Gates

Connection Gate Editor

Gate Group: |Gate #1 ~] 4t 1A %] B ] .
e B * Draw the centerline with the

s pomeepes et MOUSE pointer and then and

AP gsay o paste GIS coordinates for the
Weir Coeffident: 3 . .
appropriate opening

Sbmerged e o * Clicking on Individual Gate

Orifice Coeffident (typically 0.8): 0.8

- Centerlines will bring up a table
B — that shows all of the openings

Opening GIS Data: Opening #1—

Opening Centerline Stations # Openings: E Length: 509.5

Station | GIS Sta X Y
|1EOpening =1 : 5745 5746.035 | 200717293 3213536
23[Opening #2 5765 5765.018 | 007546.11 3217026
3 A
iz . e
3] 3
S 5
= o | b
Individual Gate Centerlines ... OK Cancel Help
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Gate in channel above Cell Invert

w Connection Data Editor - Single 2D Area - D.. —

File View Help

Comecion: TR -] 4 1] - s60] Cegend
scription | - ] Spillveay
. ] . —_—
SITERLE 6307 . HW Cell Min Elev
From: |2D flow area: BaldEagleCr Set SAS2D ... ]
520 TW Cell Min Elev
Tao: |2D flow area: BaldEagleCr Set SA/2D ... 1
] Centerline Terrain
Owerflow Computation Method 510 ]
" Mormal 2D Equation Domain ' Lise Weir Equation ]
Structure Type: |WEiI’, Gates, Culverts, OQutlet RC and Outlet TS j 500 '
Flap Gates: |No Flap Gates ﬂ
ol - =
I 4BIEII] o IE-EIIEII] S IE-EIIIIEI o IE-4II:IEI S IEEIEIEI
7004 Legend Station (ﬂ}
Spllay
S " T = HW Call Wi Eley
TW Call i Ela
v Cerferline Terraln [ °
], - * Non-georeferenced gate in
E h | ab dj t cell
ouet | 2 cnhannel apbove adjacent ce
e~ ..
minimum
00
B e o wom o om | w 7om
Station () -
il — o[

Belect connection to Edit
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Georeferenced Gate below adjacent cell
INVErt o e ammmmmes

Flap Gate Mo Flap Gates |

: * Small HW/TW cells on abutment

| next to HS do not show channel

& - .

S location

K | (]

3 * This plot does not show whether
_ the georeferenced gate
centerline has been properly

entered or not

6201

G600

580 T T T T T T
0 1000 2000 3000 4000 5000 G000
Station (ft)
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Breach for HS

Toaols
Editors

Jupct

Inline
Structure

Lateral
Structure

f

Storage
Area

20Flow
Area

EAME0AMREE
Conn

R[S

Purmp
Station

{}I

HTah
Fararn.
ieny

Picture
ia1]

Riwver Storage | 20Flow |ZA/20AMea|EARDAMRE|]  20Area 20A Pump
Reach firea Frea Conn BC Lines |Breaklines pa Station
B ns it

= i A

ers Da

Storage Area Connection Breach Data

N

onnection Sayers Dam
¥ Breach Thig Structure

Method: IUser Entered DaE;I

- ﬂ 1| Delete this Breach ... I

Breach Plot | Breach Proaression | Simolified Phvsical | Brea

Center Station:

Final Bottom Width:
Final Bottom Elevation:
Left Side Slope:

Right Side Slope:
Breach Weir Coef:

[saso
e
=
b
e
B

Breach Formation Time (hrs): |3-2

Failure Mode:
Piping Coeffident:
Initial Piping Elev:
Trigger Failure at:
Starting W5

b

IWS Elev vl

667

e gt S Bkl D i Gy P e 2 Gk - el D S ok

™ Tagend | 1
| s—
Sy
Final Breach
50
850
=
£ &
&
00
580 T T T T T T 1
0 1000 2000 3000 4000 5000 6000 7000
Station (%) |
El| ]
0K | Cancel
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HS Breach and Cell

Face/Cell Edge ====9

Breach Happens
Face
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HS Equation Choice

w Connection Data Editor - With Upper Levee

File VWiew Help

Connection: Upper Levee «| & T . .
l =2t = sesemaw. | * Normal 2D Equation Domain

Connections

From: 2D flow area: BaldEagleCr Set SA/2D ... || weir Length: Im L4 fIOW dCross fa cecom putEd With
Ta: |2D flow area: BaldEagleCr SetSA/2D ... || Centerline Length: Im 2 D fl OW e q u at i O n S

Overflow Computation Method
{* MNormal 20 Equation Domain ™ Use Weir Equation Centerline GIS Coords. .. |

Structure Type:|'u.fu'eir ﬂ Terrain Profile ... | o U S e We i r E q u at i O n

w% Upper Levee ® Q - CLH/\1-5
HTah

Pararn.

€
= ]
= c B
§ 0]
=
o
E <4

565

550

2000 2500 3000
Station (ft)
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Normal 2D Equation Domain

* Face properties are adjusted for user entered SE Data, but 2D Area is
solved in the normal manner

* Generally, faster, more accurate
e But not good for true weir type

* HS with culverts/gates can still use 2D for overflow
 culvert/gate flow is computed separately




Welir Equation

* Weir flow computed using [1D] weir equation and user SE Data
* Flow computed “just prior” to each iteration of 2D
* More appropriate for [non-submerged] weir flow




Weir Equation continued

* Less desirable for submerged conditions
e Turn on Weir Submergence Decay Exponent!

* May require “trial and error” solution causing 2D to iterate
e Gate and culvert flow are always computed “just prior” to 2D

32



HS Weir Flow

Weir OK
2D Unstable?
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HS 2D Flow
ﬁ

2D Solution is better
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Use Restart/Prior to Switch

~w Connection Data Editor - Upper Levee bck . Unsteady Flow Data - 500 Flood Event - Change — O >
File View Options Help File Options Help
Connection: [Upper Levee ;I i]l] Apply Data Description: “ J
Description [ __J Boundary Conditions  Initial Conditions | Meteorological Data ] Observed Data |
Connections
From: [2D Flow Area: BaldEagleCr SetSA/D ... Initial Flow Distribution Method
To: 2D Flow Area: BaldEagleCr SetSA/D ... ] (+ RestartFilename: |C:\Users\gOhecssp\Documents\1RAS Data\Develop\2D dass\temp\BaldEagle.p0 E‘
Overflow Computation Method " Prior WS Filename: | _‘

* Normal 20 Equation Domaini { Use Weir Equation

Profile: I _I

Structure Type: IWEi"r Gates, Culverts, Outiet RC and Outlet TS LI " Enter Initial flow distribution (Optional - leave blank to use boundary condtions)

Flap Gates: INa Flap Gates LI

e Can switch methods while when using a restart/prior WS method
* Really only viable for a single location such as a levee breach
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HS Tailwater Considerations
i

For 2D, Cell Edges on
Embankment might (?777?)
work

For Weir Equation, place Cell
Edge far enough back to get
correct tailwater
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Questions?

US Army Corps
of Engineers e
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