Precipitation, Infiltration,
Evapotranspiration, and Wind

Alex Sanchez, Ph.D.

Senior Hydraulic Engineer
USACE, Institute for Water Resources, Hydrologic Engineering Center

R [FEE.
e

US Army Corps
of Engineers«




Overview

* Precipitation
* Input Data Types
* Infiltration

 Methods
* Input Data

* Evapotranspiration
* Methods

* Percent Impervious

* Wind
* Formulation and Options
* Input Data




Precipitation
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Boundary Conditions

A Unsteady Flow Data - Precipiation State College 1972 - O X

File Options Help

* Single Hyetograph per v | | s

2 D F I OW A r e a Boundary Conditions I Initial Condﬁonsl Meteorological Data | Observed Datal

Stage Hydrograph | Flow Hydrograph I Stage/Flow Hydr. | Rating Curve I
Precipitation Hydrograph - - - -
Mormal Depth I Lateral Inflow Hydr, I Uniform Lateral Inflow I Groundwater Interflow I
2D: BaldEagleCr
" Read frm DSS before samiation EaaPs T.5, Gate Openings I Elev Controlled Gates I Navigation Dams | IB Stage/Flow I
Fie: | Precipitation @ E |
Path: I
/ Condition Location
(% Enter Table Data time interval: |1 Hour - - )
i Pump Sta
eigal o S SPP I N | AddsA/2DFiow Area... | AddComn... | addPurpsts... | AddPipeNode ... |
& Use Simulation Time: Date: JUN1972 Time: 0000 7
(" Fixed Start Time: Date: | _;’]rm: [ Select Location in table then select Boundary Condition Type
River Reach RS Boundary Condition
No. Ordinates | Interpolate Missing Values | DelRow | InsRow |
Date Simulation Time Precipitation -
(hours) (in) Storage/2D Flow Areas
1 19Jun1972 2400 0:00:00 0 1 BaldEagleCr ROD, T ————
A = -
3| | ERTime Series - O x 2|BaldEagleCr  BCLine: Upstream Inflow Flow Hydrograph
4| |File Options Help _3|BaldEagleCr  BCLine: DSNormalDepth Normal Depth
5
6
7 Boundary Condition
= -
E 035 <[ :M m ] & T.5. Gate Openings
10 030 A ; Legend
- os S e J\ ,,,,,,,,,,,,,
12 =020 ' VA ! IV Precipitation Hydrograph
B || &, J v ______ A
14 0.10 M\ f I
15 ‘{ |
= 0.05 e I e e S
7 000 A t
18 20Jun1972 2400 22Jun1972 2400
19 e e
20 20Jun 1972 1900 19:00:00
21 201un1972 2000 20:00:00 Ad|
] Cancel I




Meteorological Data - Precipitation

nstea ow Data - Gndded Precipitation —
U dy Fl o Gridded Precipitati | =

 Gridded Data

= HEC-DSS file format (from HEC-MetView)

= National Weather Service
= GRIB
= NetCDF

= National Centers for Environmental Information

= NetCDF

* Meteorological Station Data

= HEC-DSS time series
= Regular Interval
= |rregular Interval

= User Entered into a Table

* Constant Rate

File Options Help

Description: |

Boundary Conditions l

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

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

J Apply Data

Initial Conditong  Meteorological Data l Observed Datal

Meteorological Variables

Precipitation

Mode: |Gridded + | Ratio (Optional): | FFiddEd Data -Ds5 l_

Gridde L

Paint
Sourcefelasa ﬂ
Constant ..‘
DS5 Data-
Filename: |C: \HEC Data'HEC-RAS\Automated Test Datasets 51120 Unsteady Flow Hydr =
Path: |/SHG/MARFC/PRECIP,/0 15EF 20 18:0200/015EF 2018:0300/MEXRAD/
Projection Qverride (Optional): | =
Evapotranspiration

Mode:  |Mone -




Gridded Precipitation

A Unsteady Flow Data - qpe
File Options Help

Description: |

Boundary Condiﬁonsl Initial Conditions Meteorological Data I Observed Datal

* Input Formats
° DSS GrIdS Precipitation/Evapotranspiration: |Enable 'I Wind: INo Wind Forces LI

Meteorological Stations (required for point time series data)

o G DA L Ra Ste r Fi I e ( S) Create [Edit Stations ... | Rasterization Parameters (Optional) ... | Plot Stations ... I
° N et N C D F Meteorqlogiczfl Variables
Precipitation
* GRIB Mode: |Gridded v | Ratio (Optional): | Gridded Data - DSS |—
° etc. Gridded Data
Source: IDSS
* Ratio (Optional) ,Ej,jj;choms,me(s) , =
* Used to scale precipitation o '
Evapotranspiration
Mode: INone LI




Gridded Precipitation

Boundary Conditic:nsl Initial Conditions Meteorological Data l Observed DaE]

Precipitation/Evapotranspiration: |Enable T| Wind: |Nc:| Wind Forces j

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

Meteorological Variables

. . . Precipitation
i P rOJ e Ct I O n OVE r rl d e Mode: |Gridded j Ratio (Optional): | Fridded Data - D55 ’_
H idded
* If data has a different S Dla;S =
prOjeCtion from RAS project DSSDE ...........................................................
T [Eta HEL-RAS\Automated Test Datasets 51420 Unsteady Flow Hydr @
Path: |;"SHG;"I'~"IARFC;"F‘RECIF‘,|"EI 15EP2012:0200,/01SEP2018: 0300 MEXRAD
Projection Cwerride (Optional): | ﬂ
Evapotranspiration
Mode: |Nnne j




Gridded Precipitation - GRIB

Boundary Conditionsl Initial Conditions Meteorological Data l Observed Datal

Precipitation/Evapotranspiration: IEnable vl Wind: INo Wind Forces ;I

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

I Plot Stations ... I

Meteorological Variables

Source: [EDLINERCESONE v

- Precipitation
Mode: IGridded vl Ratio (Optional): | Gridded Data - GDAL Raster File(s) l_
—Gridded Data

—Import Grids from Files (NetCDF, GRIB, GDAL)

Import Raster Data ... |

Import Gridded Data - Select Files

" Select Single File

Filename: I

% Select Multiple Files

Folder: |c:\Data\Precip|
File Filter (*.nc): I’.gribz
Show List of Filtered Files ... |

Import Grids ... Cancel |

! Import Gridded Meteorology Datasets for Precipitation

- [m] X

Data Type: Iper-cum L] Units: (File Metadata: "[mm]") First Timestep Duration (Optionaq_ hrs |
Band Index | Use Band =
\MRMS_GaugeCor_QPE_01H_00.00_20180908-000000.grib2 v | 2018-09-08 00:0... | 2018-03-08 00:0 ‘
A\MRMS_GaugeCor_QPE_01H_00.00_20180308-010000.grib2 1 v 20180908 01:0... |2018-09-08 01:0...
AMRMS_GaugeCorr_QPE_01H_00.00_20180908-020000.grib2 1 v 2018-09-08 02:0... |2018-09-08 02:0...
AMRMS_GaugeCor_QPE_01H_00.00_20180308-030000.grib2 1 v 2018-09-08 03:0... |2018-09-08 03:0...
AMRMS_GaugeCor_QPE_01H_00.00_20180908-040000.grib2 1 v 2018-05-08 04:0... |2018-05-08 04:0...
A\MRMS_GaugeCor_QPE_01H_00.00_20180908-050000.grib2 1 v 2018-09-08 05:0... |2018-09-08 05:0...
AMRMS_GaugeCor_QPE_01H_00.00_20180508-060000.grib2 1 v 2018-09-08 06:0... |2018-05-08 06:0...
AMRMS_GaugeCor_QPE_01H_00.00_20180908-070000.grib2 1 v 20180908 07:0... |2018-09-08 07:0...
AMRMS_GaugeCor_QPE_01H_00.00_20180908-080000.grib2 1 v 2018-09-08 08:0... |2018-09-08 08:0...
AMRMS_GaugeCor_QPE_01H_00.00_20180508-090000.grib2 1 v 2018-09-08 09:0... |2018-05-08 09:0...
AMRMS_GaugeCor_QPE_01H_00.00_20180908-100000.grib2 1 v 2018-05-08 10:0... |2018-09-08 10:0...
AMRMS_GaugeCorr_QPE_01H_00.00_20180908-110000.grib2 1 v 20180908 11:0... |2018-09-08 11:0...
AMRMS_GaugeCor_QPE_01H_00.00_20180908-120000.grib2 1 v 20180908 12:0... |2018-09-08 12:0...
AMRMS_GaugeCor_QPE_01H_00.00_20180908-130000.grib2 1 v 2018-09-08 13:0... |2018-09-08 13:0...
AMRMS_GaugeCor_QPE_01H_00.00_20180908-140000.grib2 1 v 20180908 14:0... |2018-05-08 14:0...
AMRMS_GaugeCor_QPE_01H_00.00_20180908-150000.grib2 1 v 2018-09-08 15:0... |2018-09-08 15:0...
AMRMS_GaugeCor_QPE_01H_00.00_20180908-160000.grib2 1 v 2018-09-08 16:0... |2018-09-08 16:0... |8 _

Check

_ Ok | Cameel |




Point Gage Precipitation

& Unsteady Flow Data - Point Precipiation Data 1972 — d x

File Options Help

Description: | J

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

Precipitation/Evapotranspiration: |Enable |  Wind: |MNo Wind Forces -

Meteorological Stations (required for point time series data) I,}
: Rasterization Parameters (Optional) ... | Plot Stations ... |
Meteorological Variables
Precipitation
Mode: m Ratio {Optional): | Foint Time Series Mode{ Meteorological Stations
Point Time Series Data ) m— 7 %
Interpolation Method: |Thiessen Polygon j Detailed Tﬂbl&]
Station Mame | Summary Point Mame Gauge Height{m) | Latitude | Longitude | Project X Project ¥
SR AENEYEPE SN AR EE A S I 1 L) 1| ALVIN BUSH DAM 10 41.35 -77.9166667 1922740.6 431189.94
2| DRIFTWOOD DSS: data range = 0.000 to 0,390 (inches) —
3 HOLLIDAYSEURG 2 DSS: data range = 0.00 to 2.0 (inches) __2|DRIFTWOOD 10| 41.3383333 -78.1333333| 1863234.88| 427123.04
e DSS: data range = 0.000 to 0.550 {inches) | |__3|HOLLIDAYSBURG 2 10| 40.4272222 -73.3888889  1790510.4 95591.73
5| WILLIAMSPORT RGHL AP DSS: data range = 0.000 to 0.850 {inches) _4 MILROY 2 WHNW 10 40.7138889 -7F7.5905556 2012703.14 199422.25
E CRESSONM 15E DSS: data range = 0.000 to 0.470 (inches) 5|PHILIPSBURG 8 E 10 40.8953889 -78.2205556 ) 18338408.6| 266227.39
_7|CURWENSVILLELAKE  DSS: data range = 0.000 to 0.300 (nches) | | 6|RAYSTOWN LAKE 2 10| 40.4333333 -78.0069444| 1896963.52  97268.31
7| TYROMNE 10 40.6705556 -78.2386111| 1832952.79| 183975.72
Evapotranspiration 8| WILLIAMSPORT RGML AP 10 41,2452 -75.9188839 | 2197049.858| 394055.23
9| CRESS0M 1 5E 10 40.45 -78.5916667 | 1734232.01| 104373.03
Mode: _[Nane =~ 10| CURWENSVILLE LAKE 10 41.05 -78.41 1786461.52| 322534.71
11|DUBOIS 7E 10 41.1208333 -78.7583333 ) 1690689.7| 349266.08
12|MADERA 2 5E 10 40.8283333 -78.435) 1778927.51 241828.17
REINIT = 1N 40.89NR333 774766667 2N44073.79) 267396912 LY
Plot Point Locations ... Sort Points By Mame ... (]4 Cancel




Point Gage Precipitation

& Unsteady Flow Data - Point Precipiation Data 1972

File Options Help

Description: I

Boundary Conditionsl Initial Conditions ~ Meteorological Data | Observed DaEI

Precipitation /Evapotranspiration: IEnabIe 'I Wind: IN:: Wind Forces vl

~ Meteorological Stations (required for point time series data)

a >

J Apply Data |

| Rasterization Parameters (Optional) ...

Flot Stations .

Meteorological Variables

- Precipitation

Mode: IPoint vI Ratio (Optional): I

Pnint Time Series Mode (Thiessen Poly

—Paint Time Series Data
Interpolation Method: IThiessen Polygon j Edit ..
Station Name |Summary

1| ALVIN BUSH DAM DSS: data range = 0.000 to 0,500 {inches)
__2|DRIFTWOOD D55: data range = 0.000 to 0,390 {inches)
__3|HOLLIDAYSBURG 2 DSS: data range = 0.00 to 2,90 (inches)

__4|PHILIPSEURG BE D55: data range = 0,000 to 0,550 {inches)

5| WILLIAMSPORT RGML AP | DS5: data range = 0.000 to 0.850 (inches)

6| CRESSON 15E DS55: data range = 0.000 to 0.470 (inches)

7| CURWENSVILLE LAKE D55: data range = 0.000 to 0,300 {inches)

~ Evapotranspiration

Mode: INune 'I

Raster Parameters

Left: | 1600000
Top: |450000

Fix Raster Parameters based on current Met
Stations Extent

Rows: 200

Cols: 350

Fix Raster Parameters based on current Met
Stations and Current Geometry Extent

|2000

Cell Size:

Clear (use Met Stations Extent at runtime) ]

- | Plot Raster Extents ... | ok | cancel |
- | %
Plot | Table |
Meteorological Stations _I
700000 7 —
SA/2D
sy E . Meteorological Stations
. s User-Defined Raster Param Extent
500000 = ® SEEE s EEEEEEEEEEEE e
. . Met Sta - Default L
: O Vo .
4000007 = & & »
: ¥ / :
000004 - Z =
: 6% o © :
200000 © & & .
1000001 * o O .
o] = .
-100000 : T : . ; .
1400000 1600000 1800000 2000000 2200000 2400000 2600000
(ft) _'I
ET| I |
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Point Gage Interpolation Methods

&, Unsteady Flow Data - Point Precipiation Data 1972 — O X

File Options Help

Description: I J .ﬁ.pplyDatal

Boundary Cundiﬁunsl Initial Conditions ~ Meteorological Data | Observed Da13|

Predipitation/Evapotranspiration: IEnabIe vI Wind: INu Wind Forces ;I

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

Meteorological Variables
~ Precipitation

Maode: IPcint vI Ratio (Optional): | Fnint'ﬁme Series Mode (Thiessen Polygon) I_

—Point Time Series Data
Interpolation Method: |Thiezsen Polygon LI Edit ... I ﬂ
Station Name | Thiessen Polygon | Edit |
1| ALVIN BUSH DAM %:: g::z:g - h 0.500 (inches) |
_2{DRIFTWOOD |1, Distance Sq (Restricted) p 0.390 (inches) e
_3 HOLLIDAYSBURG|Triangulation 2.90 {iﬂd"lES} LI
_ 4|PHILIPSBURG 8 Fl==l a1 i 0.550 (inches) o]
5| WILLIAMSPORT fShape Preservation P 0.850 (nches) [oae]
— ] ERESSEM-1-5E aplace oo T Targe—orooeto 0,470 {inChES} LI
7| CURWENSVILLE LAKE DSS: data range = 0.000 to 0.300 (inches) _I LI

— Evapotranspiration

Mode: INune - I

11



Cumulative Rainfall

Selected: ‘Precipitation’ Selected: ‘Precip
ALVIN BUSH DAM ALVIN BUSH DAM

RENOVO 6 S RENOVO 6 S

WEEDVILLE

WILLIAMSPORT RGNL AP

PHILIPSBURG 8 E MILLHEIM PHILIPSBURG 8 E

STATE COLLEGE

TYRONE 4 NE BALD EAG

Inverse Distance Squared
Triangulation Limited : I

HOLLIDAYSBURG 2 HOLLIDAYSBURG 2

Peak Preservation

Selected: Selected:

ALVIN BUSH DAM ALVIN BUSH DAM
DRIFTWOOD

DRIFTWOOD

WEEDVILLE WEEDVILLE

WILLIAMSPORT RGNL AP WILLIAMSPORT RGNL AP

PHILIPSBURG 8 E MILLHEIM PHILIPSBURG 8 E MILLHEIM!

STATE COLLEGE STATE COLLEGE

TYRONE 4 NE BALD EAG TYRONE 4 NE BALD EAG

Inverse Distance - Thiessen Polygon

Sq uared
HOLLIDAYSBURG 2 | HOLLIDAYSBURG 2




Rainfall Time Series Plots

o) RASMapper Plot
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Probable Max Precipitation Example

=) RASMapper Plot
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Crumulated Precipitati

on

~
G

-

[
o

/

@

Accumulated Precipitation [in]

o

e

o

01Jan2099

02Jan2099 0800
Time (1/2/2099)

03J2n2099 1600

Time (1/2/20889)

85! RASMapper Plot O
| Table |
Precipitation
20
| M Frecipitation
15
=
S
s
]
210
S
@
=
5
0
O, O @2, %, s, 63, 03 03,
Gr, & £ i o 9, S, &
g g, g, s, ey sy oy, @09‘9}
TR TR & oy




Infiltration

 Computed at 1D XS’s, Storage Areas, and 2D Cells
e Supported in all Equation Sets

* Methods
= Deficit-Constant (DC)
= SCS Curve Number (CN)
= Green and Ampt without (GA) and with Redistribution (GAR)

e Parameterization based on
= Soils
= Land cover

* Other Optional Data
= Percent Impervious



Deficit-Constant Method s

= Governing Equation

.
7 =k - f+p Groug Rates (in/hr
! _ Deep sand, deep loess, 0.3-0.45
aggregated silts

Shallow loess, sandy lam 0.15-0.30
C Clay loams, shallow sandy 0.05-0.15
loam, soils low in organic

content, and soils usually

high in clay

Soils that swell significantly  0.00 - 0.05
when wet, heavy plastic

clays, and certain saline

soils

where
D :Soil moisture deficit [L]

E :Soil evaporatranspiration [L/T]
f :Infiltration [L/T]
p :Percolation [L/T]

= |nput
» Initial deficit [L]
» Maximum deficit [L]

» Potential percolation rate (loss rate) [L/T]
16



Deficit-Constant Verification

= Comparison with HEC-HMS dataset from PROSPECT Class

Time | Precipitation | Deficit | Loss | Excess
(hrs) (in) (in) (in) (in) 1 ———— — —,——— — ———————r
I —Precipitation | ]

1 0.0 0.5 0.0 0.0 08 i Infiltration ]
2 0.5 0.0 0.5 0.0 I j= == - = Excess

3 0.5 00 |0.25]| 025 3

4 1.0 00 |025]| 075 T 06 §
5 0.5 00 |[0.25]| 025 | : o

6 0.0 0.05 | 0.0 | 0.0 ~04r 5 v .
7 0.0 0.1 0.0 0.0 - | . I S O
8 0.0 0.15 | 0.0 | 00 02F ; : | | _
9 0.0 02 | 00 | 00 [ : ! I .

10 0.5 0 |035| 015 N AT Y | T T
11 0.5 0 0.25 | 0.25 0 2 4 6 8 10 12 14
12 0.5 0 0.25 0.25 Time (hr)

13 0.5 0 0.25 | 0.25

14 0.5 0 0.25 | 0.25

17



Group
Treatment or Practice Hydrologic A B C D
Condition

AT straight row 77 8 91 94

= Equations

2

(P - I ) 1000 Straight row Poor 72 81 88 91
P = 4 S = —10 I =rS Good 67 78 85 89
e - a a Row crops Contoured Poor 70 79 84 88
P_]a +S CN Good 65 75 82 86
Contoured and Poor 66 74 80 82
where terraced Good 62 71 78 81
P : Accumulated excess depth [L] smallgrain Rl N
. Contoured Poor 63 74 82 85
P : Accumulated rainfall depth [L] Good 61 73 81 84
Contoured and Poor 61 72 79 82
CN: Curve number [_] terraced Good 59 70 78 81
Close-seeded Poor 66 77 85 89
. ' : legumes or Straight row Good 58 72 81 85
Ia' Inltlal abStraCtlon [L] rotation Poor 64 75 83 85
. . meadow Contoured Good 55 69 78 83
. Abstraction ratio [-] Poor 63 73 80 83
Contoured and Good 51 67 76 80

. I 1 I terraced
= |nput S :Potential maximum retention [L] oo e
Fair 49 69 79 84
Pasture or Contoured Good 39 61 74 80
> Curve Number range Poor 47 67 81 88
. . Fai 25 59 75 83
» Abstraction ratio B I B
L. . . . . Meadow Good 30 58 71 78
» Minimum infiltration rate (optional) Poor 45 66 77 83
Fair 36 60 73 79
» Dry period used to reset method (optional) — R R N

18 Roads (dirt) 72 82 87 89
(hard surface) 74 84 90 92



Rates (in)

0.8

0.6

0.4

0.2

SCS CN Verification

— Rainfall
Infiltration

— EXCESS

19

Time (hrs)

14

HEC-HMS |Computed |HEC-HMS [Computed

Precip Loss Loss Excess Excess

Time | (in) (in) (in) (in) (in)
1:00 0 0 0 0 0
2:00 0.5 0.5 0.5 0 0
3:00 0.5 0.417 0.4167 0.083 0.0833
4:00 1 0.521 0.5208 0.479 0.4792
5:00 0.5 0.174 0.1736 0.326 0.3264
6:00 0 0 0 0 0
7:00 0 0 0 0 0
8:00 0 0 0 0 0
9:00 0 0 0 0 0
10:00 0.5 0.139 0.1389 0.361 0.3611
11:00 0.5 0.114 0.1136 0.386 0.3864
12:00 0.5 0.095 0.0947 0.405 0.4053
13:00 0.5 0.08 0.0801 0.42 0.4199
14:00 0.5 0.069 0.0687 0.431 0.4313




Green-Ampt Method

= Equations

ar _ . _ o,
7 =f f =min(f,,R) f. —KS(H- - j

where
Water Content

f :Infiltration potential [L/T] :
f. :Infiltation potential (infiltration rate given unlimited [L/T] i
R : Rainfall [L/T] L 7

v : Wetting front suction [L]

Depth

K :Saturated hydraulic conductivity [L/T]
F : Cumulative infiltration depth [L]

6, =6 —6 : Moisture deficit [-]

6. : Saturated moisture content[-]

6. : Initialmoisture content[-]

20



Green-Ampt Input Parameters

= GA Soil Residual Pore-size Saturated Wetting
Texture Water Porosity | Distribution | Hydraulic
» Initial soil water content [-] Content (-) | (-) Conductivity | Suction

» Saturated hydraulic conductivity [| BT o002 0.437 0.694 21.0 10.6
. . 0.035  0.437 0.553 6.11 14.2

> Wetting Front Suction [L] 0.041  0.453 0.378 2.59 22.2
: 0.027  0.463 0.252 1.32 31.5

" GAR (optional) BT oo0is | 0501 0.234 0.68 40.4
| 0.068 0.398 0.319 0.43 44.9

> Same GA plus 0.075 0464  0.242 0.23 44.6
» Residual Water Content [-] 0.040 0.471 0.177 0.15 58.1
0.109 0.430 0.223 0.12 63.6

» Pore-size distribution index 0.056 0.479 0.150 0.09 64.7
0.09. 0.475 0.165 0.06 71.4

» If either parameter is missing
GA is used

21



Green-Ampt Verification

= Comparison with code by Daliakopoulos (2015)

» Computed — solid lines

» Daliakopoulos (2015) - Circles

Parameter Value
(Sgr’g]u/ﬁc)ed hydraulic conductivity 0.044
Wetting front suction (cm) 22.4
Saturated water content (-) 0.499
Residual water content (-) 0.03
Initial water content (-) 0.25

22

(cm/hr, cm)

2.5

RN
(@) ]

—

—— Rainfall intensity

— Infiltration Rate

— Infiltration Depth
Surface Storage

— RUnNoff depth

10




Redistribution Method (GAR)

" Governing Equation (Ogden and Saghafian1997) o/ e 1 o @ 1
T ) B
. Zo
do 1 K G(6.,60 L
- = f—E -K —| K, +— (6.9 a0 g ;j__ -
at  Z, Z,
where . 0 . . o .
| 1 | 1 l
G(6.,0)):Integral of the capillary drive through the p ,'E , “ /
P50 I P 40 =
saturated front [L] A J‘ i A [ P
Z,=F /(6,-6):Depth of wetting front [L] gl""’"/""“' __
F, : Cumulative infiltration [L]

6,:Soil moisture content corresponding to unsaturated front [L]
K, = K(6,) :Unsaturated hydraulic conductivity corresponding to 6, [L/T]
K. = K(6):Unsaturated hydraulic conductivity corresponding to 6. [L/T]



= Comparison with Alapaha

GAR Validation

Sand Tests (Rawls et al. 1976)

Parameter Value
Saturated hydraulic conductivity 0.47
(cm/hr)

Suction at the wetting front (cm) |45
Saturated water content (-) 0.38
Residual water content (-) 0.06
Initial water content (-) 0.19
Pore distribution index 0.45

24

Rate (cm/hr)

Depth (cm)

12

10 [

Rainfall
Computed Infiltration Rate |
O Measured Infiltration Rate
O —
as
O
O ‘O
L o |
O
i PO oL-L.0 ¢ N
eSS TER) | 9
O OO0 00eeEEeaE
1 L& (O () 1 1
A4 U
1 2 3 4 5 6
Time (hr)
T T T T T
Saturated Cumulative Infiltration Depth Y
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= Percent Impervious

Percent Impervious and Surface Excess

» Associated with Land Cover classification layer

» Between 0 and 100

» Usually set to 100 for open water

= Surface Excess Rate

P
v=R—£1—

imp

100

Js

v:Excess [L/T]

R :Rainfall [L/T]

f :Infiltration [L/T]

P Percent impervious [%]




Evapotranspiration

= Evapotranspiration Potential £7,
= Actual Evapotranspiration

ET=E +E
where
E, =min(ET,,h/ At): Surface water evaporation [L/T]
E, =min(ET, - E,,S, / At):Evapotranspiration [L/T]
h:Water depth [L]
S : Soil water [L]
At: Time step [T]

= |nput Data Modes
» Constant, Point Gage, or Gridded
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Spatial Compositing ot Classification
Values in Cells

2D Flow Area Editor X
[ | Applies to 2D Flow Area: |ElaI|:|EagIeCr j ﬂ
Cell Properties l

» Infiltration parameters Computation Points
(e.g. max dEf'Clt, CN, Etc.) Points Spacing (ft) DX: | 200 DY | 200 El Mesh State = Complete

Mumber of Cells = 23445
Average Face Length = 200

o [ ] [ ]
» % im pervious Average Cell Size = 39,857
Maximum Cell Size = 130,512

v Enforce Bresklines / Refinement Regions Minimum Cell Size = 2,795

» Manning’s n
" Cell composite values computed as

Generate Computation Points Mesh Status = Success: Existing mesh
read from hdf file in 0.062 seconds.

Hydraulic Cell/Face Properties
Default Manning's n Value:; | 0.04

Z AiXi Al‘ . Area | Spatially Varied Manning's n on Faces
Xc _ ZA Xi CIaSSIflcatlon v Composite Classification Values in Cells 'E}l Coampuite Eroperty Tables |
i
I

Force Mesh Recomputation Clo=se |
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Limitations

= Surface water cannot infiltrate

= Does not include
» Inter-flow
» Base-flow
» Ground water flow
» Canopy storage and dynamics
» Depression storage
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Meteorological Data - Wind

A Unsteady Flow Data - Gridded Precipitation

* Enabled in Meteorological Data 2 B
tab of Unsteady Flow Data editor pesatpons |

N . . Boundary Condit‘onsl Initial Conditions Meteorological Data | Observed Data
* Velocities defined at 10-m height
Precipitation/Evapotranspiration: IEnable v | Wind{ |Velocity X/Y
° d .
I n p u t D a ta M O e S Meteorological Stations (required for point timg ngé"d o

o Gridded Create/Edit Stations ... I Rasterization Paral IVelodty XIY..... Plot Stations ... |
= HEC-DSS file format (from HEC-MetView) PR SN  eeliiee
= GDAL Formats Wind Velocity X
: : : [Poin + | Ratio (Optional): int Time Series Mod Distance 5
* Meteorological Station Data e || ot s | ek oo Soton 40w G Ul 3o [
= HEC-DSS ti . Point Time Series Data
- IMme series Interpolation Method: |Inv Distance Sq —‘l{ Edit | @l
= User Entered into a Table Station Name >

nv Distance Sa

Inv Distance Sq (Restricted

MILLHEIM

* Constant Rate
* Interpolation Methods

Meteorological Point Location Time Series: Wind Velocity X

Detailed I Table |

d N e a re St Met Station Point: |MILLHEIM LI ﬂ IJ [V Use this Time Series Q]
. : -
* |nverse Distance = N
M I Create regular interval time series Z| Data Type
* Inverse Distance Squared s ===
(% shift with Simulation: J20Jun197200:00:00 | Time Interval Units
" Fixed Start: [203un1972 00:00:00 | [1Hour ~||ms |

. R [ . |
a t I O ( O pt I 0 n a ) Date/Time (ddmmmyyyy hh:mm:ss) l Simulation Time (Hours) I Value (m/s)

0

* Used to scale the wind velocities or : 2
convert height to 10-m B —

o




Wind Options

HEC-RAS Unsteady Computation Options and Tolerances

— 1D Unsteady Flow Options
Theta [implicit weighting factor] (0.6-1.0):
Theta for warm up [implicit weighting facto

Storage Area elevation tolerance [max=0.
Flow calculation tolerance [optional] (cfs):
Max error in water surface solution (Abort

Maximum number of iterations (0-40):

r] (0.6-1.0):

Water surface calculation tolerance [max=0.2](ft):

2](f1):

Tolerance)(ft):

Maximum iterations without improvement (0-40):

0.02
0.02

1111

[
(=]
>

1

General I 2D Flow Options | 1D/2D Options | Advanced Time Step Control | 1D Mixed Flow Options |

r~1D/2D Unsteady Flow Options
Number of warm up time steps (0 - 100,000):
Time step during warm up period (hrs):

Minimum time step for time slicing (hrs):
Maximum number of time slices:

Lateral Structure flow stability factor (1.0-3.0):
Inline Structure flow stability factor (1.0-3.0):
Weir flow submergence decay exponent (1.0-3.0):
Gate flow submergence decay exponent (1.0-3.0):

AT

Gravity (ft/s~2): 32.174

-Wind Forces
Reference Frame: Eulerian ;l
Drag Formulation: Hsu (1988)
Garratt (1977)
- Geometry Preprocessor Options Large and Pond (1981)
Family of Rating Curves for Internal BoyAndreas et al. (2012)
Constant Cd

{+ Use existing internal boundary tablés~wcrrpossone:
" Recompute at all internal boundaries

- 1D Numerical Solution
¢ Finite Difference (dassic HEC-RAS methodology)
Finite Difference Matrix Solver

¢ Skyline/Gaussian (Default: faster for dendritic systems)
" Pardiso (Optional: may be faster for large interconnected systems)

" Finite Volume (new approach)

Number of cores to use with Pardiso solver: Al Available LI

oK Cancel Defaults ...
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Wind Surface Stress

-3

Only for Shallow Water Equations

» Surface Stress is given by
- SE O~ T BB T
. =p,C), ‘VVIO‘VVIO I
O 2
 Wind Reference Frame 5 e
1 N 270  |mema- Large and Pond (1981) .
E - P S FTTTTITII Andreas et al. (2012)
_ Wlo _V for Lagranglan Charnock (1955) + smooth flow
leo - E . 0 | | |
I/I/IO for Euleﬂan 0 10 20 30 40 50 60
Wind Speed (m/s)
* Input Data Modes
* Constant Lagrangian Reference Frame
* Point Gages Wind Wind
€
+ Gridded v v
T -
Current Current
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Thank You!

HEC-RAS Website:
https://www.hec.usace.army.mil/software/hec-ras/

Online Documentation:
https://www.hec.usace.army.mil/confluence/rasdocs

) twwR (=

US Army Corps
of Engineers «
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