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OSM-TIPS Large Watershed
Modeling Software Review Team

e OSM’s Technical Innovation and Professional
Services program began in 1986 to provide
focused technology and training to OSM,
State and Tribal SMCRA Partners

TIPS formed the Large Watershed Modeling
Software Review Team was created to search
for and evaluate software to be used to
evaluate impacts of mining on large
watersheds.

e The Team consists of 9 State and OSM
watershed specialists.



OSM-TIPS Large Watershed Team
Seeking & Testing Software Capable of:

 Predicting Flooding and Floodplain
Impacts Caused by Mining and
Land Use Changes

 Predicting Changes in Sediment
Loading caused by Mining, Road
Construction, or Other Land Use
Changes

 Predicting Water Quality Impacts
and Changes Caused by Mining
and Other Activities Within the
Watershed

 Accounting for Water Losses and
Gains Within the Watershed
Caused by Mining or Other
Activities

 Accounting for Ground Water
Contributions and Interactions
Under Baseflow Conditions

 Compatibility With Other TIPS and
OSM Software Systems, including
GIS




OSM-TIPS Large Watershed
Modeling Software Review

Support targeted activities, including:

Predictive impact analyses in support of permitting
activities (e.g., CHIA preparation, PHC evaluation)

Assessing impacts on water quantity, quality, and
seasonal variation

Conducting NEPA & similar hydrologic impact studies
Assessing impacts of discharges from AML sites
Evaluate flood hazards/impacts associated with mining
Provide defensible technical findings in litigation



Large Watershed Model Review

o Software considered include:

 Watershed Modeling System
(WMS)

« BASINS

e Watershed Characterization
Modeling System (WCMS)

« HEC-RAS and HEC-HMS
 MIKE (11)-SHE
» ARC-HYDRO



Watershed Modeling System: WMS

 Developed by the Environmental
Modeling Research Laboratory (EMRL)
at Brigham Young University, Provo, UT

« EMRL development sponsored by U.S.
Army Corp. of Engineers, EPA, Federal
Highway Administration, and others

o Distribution, training, and su

pport of

Software Is through Environmental
Modeling Systems, Inc. (EMS-I)



WMS Geospatial Data
Interface Capabillities .

Provides a graphical user interface for various hydrologic models
Interfaces with other TIPS supported software including:

* AutoCAD

e ArcView 3X

* ArcGIS 8X

« HEC RAS
Supports a wide range of image formats

e GeoTIFF

 TIFF

 JPEG

 MrSID
Allows the use and conversions between different coordinate or
projection
GIS information or modeling results can be imported or exported for
use in other applications or by WMS



WMS Data Analysis Capabilities

(2)

 Allows automated watershed delineation using digital
elevation data obtained from:
* Digital Elevation Models (DEMS)
 USGS National Elevation Dataset (NED)
* Triangulated Irregular Networks (TINS)
e ArcGIS Elevation Grids
e Survey Data
« Automates the calculation of basin information needed to
run the various hydrologic models
« Composite Curve Numbers (Loss Coefficients)
« Channel and Storage Routing, Time of Concentration/Lag Times
« Basin Elevations, Slopes, Flow Lengths, etc.

* Allows for floodplain modeling and mapping based on
digital terrain information and hydrologic model results



Hydrologic Models Supported

« HEC-1

e TR-20

e TR-55

e Rational Method

« MODRAT (Modified Rational Method)

 NFF (USGS National Flood Frequency Regional Eqn)
« HSPF (Hydrologic Simulation Program — Fortran)

« HEC-RAS (Pre- and Post-Processing Interface)

« GSSHA (Gridded Surface Subsurface Hydrologic
Analysis)

« CE-QUAL-W2 (Enhanced Stream Water Quality Model)



Example of WMS-to-HEC-RAS
Work Flow

Watershed
Characterization
Map Data TIN Data

DEM|Data
Map-Based DEM-Based TIN-Based
Watershed Watershed Watershed
Delineation Delineation Delineation
v
Loss Coefficients ~— Hydrologic L1 Time of Concentration
Model
/ Development [~ .
Precipitation (e.g., HEC-1) Routing

Hydrologic Floodplain

Response (e.g., Analysis with
hydrograph) HEC-RAS




WMS Demonstration:
Clear Fork Watershed, KY and TN

e Large concentration of
proposed and existing
surface mining

« OSM reqgulates coal
mining in Tennessee

e Public water utility system
potentially affected

 Residential area and
school located In
floodplain of Clear Fork
Creek




Clear Fork Study Area in Kentucky and Tennessee
Part of the Cumberland River Drainage System

Clear Fork
Study Area

[



Clear Fork Watershed Watershed
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Mining in Clear Fork Watershed

|. Appolo Fuels, Inc. (KY-8070234)
[T Appolo Fuels, Inc. (0sM=2129)
[T Apeolo Fuels, Inc. 0sM3045)
Appolo Fuels, Inc. (OSM-3063)
I:l Appolo Fuels, Inc. {OSM-3018)

| | Appolo Fuels, Inc. (O8M-3112)

- Appolo Fuels, Inc. {OSM-3011)

/" 914 ®n [ 3l \-. T Appolo Fuels, Inc. (OSM-3012)

L &5 - %
' - Mountainside Coal Company {OSM-3052)
- Mountainside Coal Company (OSM-3058)
- Bell County Coal Company (KY-8075202)

- Bell County Coal Company (KY-8075179)

[ stata Mining Company (ky-8070232)

” Appolo Fuels, Inc. {Proposed)




History of Permitted Surface Disturbance
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Clear Fork Watershed Looking North into Kentucky




Clear Fork Watershed Looking Downstream From the
Headwaters area in Kentucky
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Reach of Concern in Lower Clear Fork Watershed

School and

Residential

Development
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Position of School and Residents Relative to Stream

School 200 feet |07 | W




Clairfield Elementary School and Floodplain
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Clear Fork Looking Upstream Behind School
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Clear Fork Looking Downstream Beh




WMS Uses Standardized ESM-1 Workspace Configuration

B




Bring In digital topographic data
(DEMSs In this case) as the basis for
digital terrain model development

STWMS 7.0 -[untitledwprl ]

e File Edt Cisplay TIN BEM Flood  Windaw' Help

@\..

| Units... | =

B

O = é“ % [on e 2 odel [ =]

Elevation units:
&+ Meters

" Feet

Thinning factor:

Loak in: ll'_j DEMS

¥ Smooth DEM or mport

Add | De\elel Smooth Options |

~ DEM coverag

Maithern boundary 14071134.81 96391 Enclose &l DEM[z] |

Eastern boundary

i254484.1 204376

western boundary

231291 5362579

File narne: i"eagan.dem" "fork_ridge.dem' "'frakes_ky.dem Open I
Files of type: IAII Files [%.7] L‘ Cancel |

Southem boundary 4042723 809447

Appioximate total points 6593440

Help

Approximate clipped points B533440

Open USGS DEMS Set Elevation Units and Thinning
Factors



WMS Provides GIS Capabilities, e.g.,
User Defined Contouring Preferences

splay: TIN  DEM

§||'><|nn

Contour Options

Cantours I Contour Label Dplinms_l

- Data Set Information
Diata Set: DEM Contaur
Minimum value: 93518
Masimum value: 3208.49
Difference: 22733

Mol | Ll“ Unils... | 3¢ Units; Meters - Z Units; Meters

. Bold and Label
T Display Legend

[ Bold every |3_ rd contour

™ Label every |3_ rd contour

- Contour Interval

& Mumber of contours 25

i~ Specifiedinterval: |77 4517

B Specified values: Walues

- Contour Range

I Contour spesified rangs

Mirimum yalue: II'J (]

™ Fil Below

© Eoﬁto_ur Methad
i« Huormal inear contaurs

" Colar fill between contours

Transparency: 0%

€ Smoothed
€ Cell Filled
™ Cubic splines contours

Tenwom: 000

—_—

Masimurmvalus IU i}

I Fil Above

~ Color

St |
Method:  Hue Range
Faleite

Preview

Help

(2233200, 4066020.0)

] Terain Dala

Time Steps:

I Show Date!Time




And, Shading and 3D Perspective View

i WMS 7.0 - [untitled.wpr]
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DEMs Can Be Clipped to Project Area to
Improve System Performance

G File Edt Display TIN DEM Flood ‘Window Hslp

J 0= é“ | | fode| I _] ‘| Uniits. JXY'Umits: Meters  Z Units: Meters

Watershed
Boundary was
Easily Brought

iInto WMS as an
AutoCAD DWG
File and was
__ usedasa
Reference for
Trimming the
Cumulative
Impact Area out
of the DEM

(234779.0, 4055205.0)




Automatically Calculate Flow Accumulations and Delineate
Stream Channels for Specified Drainage Area

5|

Using TOPAZ

Units.. _l ¥t Units: Meters 2 Units: Meters

Display Options

Gereral
DEM | Map

Scatter Point

#- [ Terrain Data

Time Steps:

I River I
| Hydraologic b odeling l

Foint Display Step:

] Chanhge Units. I

Mirn Accumulation For Did
=] 'i ¥ Watershed

| | ¥ Stream
| | [ Flow Direction

— 'i ¥ Flow Accumulation  Accumulation lntervals... I
¥ Color Fil Dramage

™ Points
™ Flat DEM Cells
[~ MoDataCells

[ Depression Cells

I Display Basin Patterns
¥ Fill Bagin Boundarp Only

-i v DEM Contours Cortours... l

ricl

Specify
Accumulation
Threshold,
the drainage
area at which
WMS begins
generating
flow arcs

Specify the
Drainage
Qutlet for the

¥ Land Use Grids
v Sail Tppe Grids

Al off Al on i

Help

Cancel

|(233807.0, 4060131.0)

watershed
basin on the
resulting
stream arc



TOPAZ [ WMS Computes Stream Arcs and Basin Boundary
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Stream Arcs Can Be Edited in WMS to Correct Errors, e.qg.,
Diversions by Culverts, Embankments, Roadways or Ditches

M5 WMS 7.0 - [cow.wpr] |__||i”i|
3 File Edit Display Feature Objects Drawing Objects Images CAD  Models ‘Window  Help I
0O & é” K.IU.U i i Maodel INnnE j H Units... IWUnits: Meters  Z Units: Meters |
W = § ’ .
+ ] . 1 : S EIC e D
¢°ﬁ Drainage

D-“,e"- 1D-Hyd Centerline
O+ 1D-Hyd Cross Section

Box Culvert Beneath
Highway Must be
Manually Inserted to
Correct Drainage

Time Steps:

(2380756, 4051184.2)




The Box Culvert was Added by Editing the Stream
Section Directly Adjacent to the Road Crossing

Edit DEM Elevations

Edit DEM Elevations

- Prafile of selected cells-

— Profile of zelected cells -
5 u :
ek |3 L Al of |3
S e
/ bt AR |
Elevation: Offset elevatio b_l,l\§ constant i Eleswation: 1159 4788 Offzet elevations by a constant 1
| Interpolate Set to constant ele&ition | Interpnl Set to constant elesvation |
Help Ok N Cancel J Help / 0K, | Cancel J
\

\

Road Embankment Detected by
the DTM Which is Removed or
Lowered along the Stream



Once the Culvert is Inserted, the Drainage
Can be Recalculated Based on the Revised Topography

151 WMS 7.0 - [cow.wpr] FEX

W5 File Edit Display TIN DEM [EURERER Help

=] TerainData
B D. New tin
[z elevation (elev]
[i23] W5, Elev-PF1_Hd
i 23 W.S. Ele¥-PF 1_w
S ]

Insert Culvert and
Recalculate Flow Directions
to Get Correct Drainage

™ Show D ateTime

(235050.2, 40511547, 1267.962) 5) -8731.038




Flow Path Can Also be Edited to Correct DEM
Irregularities or Lack of Data Points, Especially in Low
Gradient Areas

= WMS 7.0 - [hec_DEM.wpr]
o Fil= Ed play: TIN DEM! Window Help

MEE

7 [380.99267474609  viocle! | =] J Urits... | % Urits: Meters 2 Unis: Meters ‘
T 2 g

b ¥ M > = EC] Tenain Data Specify
_ * - [ DEu ..
| | @ -. Individual
' ' Pixels and

Change the
Flow
Direction or
Redigitize the

Stream

B _ Calculated
i | Stream

| Channel is

e Not within
1 Actual
Stream

it 337 §: 535; Elevation: 340,9926




Corrected Stream Arcs and Generated Feature Objects are
Recomputed & Used in the Hydrologic Models

nem Di"""‘a" [ ||| Units...| 57 Urite: Meters - Z Unis: Meters = F e a.tu r e
1 Tenain Data O bj ects
(Basin
Boundary
and Stream

Arcs) can be
Imported into

WMS or

amo Exported for

;gg 3 Use in Other
Applications

(237740.0, 4055796.0)



Watershed Topology

of the Watershed can be Defined by

adding Outlets to Major Sub-Basins

= WMS 7.0 - [hec DEM.wpr]
Waw File Edit Display TIN DEM ‘wWindow Help

DEEs | FBToEIE Mods [ ]| s [ Ui Meters Z ks beters |
B Bt

T

B [

''''' — =530 mi'2

A=5.08 mi"2

AOFD=277523 ft
AVEL=1543 55 tt
MFD=27089.75 t

AQFD=3190.83
AVEL=1821 41 ft
MFD=26503 36 ft

A=3.40 mi"2

AOFD=3308.38 ft
AVEL=215984 1t
MFD=19285.21 t

A=5.03 mi"2

ADFD=334302 ft
AWEL=2133.52 ft
MFD=17019.10 1t

A=0.90 mi*2

ACFD=315193 ft
AVEL=198574 ft
MFD=31669.97 1t

Time Steps:

Vated Time

(236607.0, 4050819.0, 457.207) Upstream Area: 0.1




Stream Channel Profiles Can be Edited Prior to Running
Hydrologic Models to Smooth Irregularities Caused
DEM Cell Spacing

“T] = 5!.. J : : o 2 [ Model | | Units. |07 Urits: Meters - Z Units: Meters _
e ] SR TeranData
TY® 2EE
:E = Edit DEM Elevations sl Stream ArCS
3e0 ajs] can b_e
8 Broken into
‘“ Smaller
Sections
before
Interpolating
or
Smoothing

the Data and
Then Joined
Back to
Prevent
Over
Interpolation




e File Edit Diplay TN REM Food  Window. Help

WMS Displays the Proposed Interpolated
Stream Channel Profile for the Selected Stream____Arc

= WMS 7.0 - [hec DEM.wpr]
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~ Profile of selected cell

Elevation
Interpolate I
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Set to constant elevation I

Help I

ok I Cancel

=B Terain Data
B A DEM

Time Steps:

y,
Fia
(236782, 1, 4053275.5, 655.768) Upstream Area: 0.0 Arcinfo: ID: 938; LENGTH: 2732.7505 m; TYPE: GEMERAL STREAM




WMS Allows You to Utilize ArcView Shape Files or
ArcGIS Coverages to Overlay Land Use and Soils Maps
to Assign Curve Numbers within the Watershed

Land use data is available from

multiple sources or can be developed STATSGO (1:250,000) and SSURGO

from local aerial photography (1:12,000 to 63,360) soils data is

This is from EPA Landuse / Landcover available from NRCS in digital format

GIRAS Spatial Database (1:250,000)



Link the Attribute Tables from the Shape Files or
Coverages for the Watershed and Attach the Information
to the Resulting Feature Objects

LT WMS 7.0 - [hec_DEM.wpi]

E File  Edit Display Data Selection Mepping  Windgw: Help

J D = 5 || % |00 R [T z [ Iode] | ;l H Units.. J v Units: Meters - 2 Units: Meters.

bod ' + 1= (] GIS Layers
” OE] ic_landuse.shp
B

Time Steps:

GIS to Feature Objects Wizard -- Step 1 of 2

Polpgon ttributes Mapping: Soil Type-

Select which polygon attributes to map to available fields:

- Mapping Previe i
Show Da 5
MUID. | arEn | PERIMETER | HYDGRP Show DaterTime

Mapping: | Mot map. ;E Mol mapped ;E Mot mapped ll SCS soil type ™

i TH158 J6BFTE2E36.8.. (81945770000 C

Help Cancel < Back Mext > Firush

(172590,0, 4137110.0)




However, Available Land Use and Soils Information was Limited

@ ArcView GIS 3.3

File Edit Wiew Theme Graphics ‘Window Help

2 ESE
e o] &

— 260270256 o
Seale ] Mihay

Y




TIPS purchased IKONOS Satellite Imagery to Identify
Existing Conditions To Assist in Evaluating Land Uses
In the Watershed

KY
TN




Anderson Level-2 land use classification was attempted with
ERDAS Image and ARCGIS Spatial Analyst.

File Utility Wiew A&0I Raster Help

BEEDESZ @ Tm+Ri XGgan £

[2620443,50, B11050,61



Shadows and Snow Cover along With Poor Definition Failed to
Produce a Useful Classification

File Uity View AO1 Raster Help
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FEHDESY @3 H=+RkE X
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As aresult, Land Use was Done by Standard “Heads Up” Digitizing

& ArcView GIS 3.3
File Edit Miew Theme Graphics Window Help

EX

o ZEC LT
Seale 1] BSEdTAT ¥
HEE:

o Landuse_ricky.shp
. '

14
21
32

ﬂ W atershed.shp

] Mosaic_tn_sp_nad:




Premining Land Use

2 4 Miles

Classification

I Mixed Forest
7] Residential

I Roads

[ Cropland/Pasture
[_]Shrub and Brush
I Open Water

[ ] Mining

I Mixed Barren

W E



Postmining Land Use

0 2 4 Miles

Classification
Il Mixed Forest
[ Residential
Il Roads

[ Cropland/Pasture

[] Shrubs and Brush
I Open Water

[ ] Mining

Revegetated Mine Land




Assigning Curve Numbers

 The best available Land Use and Soils
data was overlaid to delineate areas of
equal curve number within the Clear Fork
watershed

 WMS calculates area-weighted curve
numbers for each sub-basin



WMS Will Recalculate the Weighted Curve Numbers for Each
Basin Which has Been Defined Based on Soils and Land Use
®E[ES

e B % =[] Hydralogic Tree Data
Ty =EY 7




WMS Allows Interactive Entry of Parameter Information Needed
for the Hydrologic Simulation by Clicking on the Individual Basin
lcon

= WMS 7.0 - [steve_demo.wpr] Q@El
5 X

G File Edit Display Tree HEC-1 Models Calculstors  Hydrographs  kindow  Help =

= = = Jo 2 [or Model [HEC-1 ||| Units.. | %¢ Units: Meters Z Units: Meters
tJ' @ | Lenot=es i;on(.;ﬁ =-[F] Hydrologic Tree Data
¥ ¥ 45|50l - D - NavE MEOL - TYPE - 1D/ NAME W
BB 0 il
| =1 croplend
of 2K MW I+ Decicuiis Forest
i In this HEC-1

\

*Q Simulation
You Can Enter
Information
Relative to

- D - Storm Type,
<+ Previous Hydrograph Station | et Hydrograph Station I P re CI p Itatl 0 n )
Ba;i:;:ita-; - Basin Diata HUKT:’;QL;ElJC,;KE,;ﬁ;T,HS Rialfifia L LOSS
Kb KD Output Control kM.KO Oitput Cant = -
PB.FGPH.PIFC.PM Precipitation SVSASESDSLESST  F L E q U atl O n S y
LULELGLHLS Loss Method RCRXRY .
UCUS.UA LD UK Unit Hydrograph Method U n It
OT.01.D3.DR
Hydrograph
& HEC:1 File Output - sel d
.PC U.QISeZ uﬂt'.);t&:eeﬂcfzziﬁ‘t .9553 0.8572 .9554 -85397 0.961 -9622 0.9635 & M eth Od ] EtCI

Edit HEC

Diversion HEC-1 Cards
MAMCMS MDD M Show Melt Data

] [] ] []
PCO.9E45 0966 0.9672 0.9685 0.9697 0.8708 0.9722 0.9734 0.9745 0.875%
PCO0.977 0.9782 0.9794 0.950F 0.8931F 0.9520 0.9%41 0.0553 0.986d 0.9376 .
PCO.98EE 0.9589  0.891 0.992Z 0.9933 0.994d4 0.9956 0.0967 0.9975 0.9933
FCo 1.0 SI
L5 0.0 70.72 0.0 -
TDo_7178 ¥

™ Display Job Control Cards Copy to Clipboard
e =2

Jiz48317.0, 4058514.0) [NAME: 8B; AREA: 3.4025



WMS Allows You to Route the Flow Hydrograph to account
for Lag Time and Attenuation between the Upper and
Lower Reaches of the Watershed

tode! IHEE-1 _vj ‘ | Uriits... J #00 Urits: Meters Z Units: Meters

<=+ Previous Hydrograph Station Mext Hydrograph Station - |
D=5
Basin HEC-1 Cards Routing HEC-1 Cards 2=
KK B&BF = CN=707
KERLAD RKAMAT.RS  Routing Data Foad o
KM KD KM.KD Output Control AVEL=2159.84 fl

FE_F&G.PH.PILPCPM
LULELGLHLS
UCUS, L& LD Lk
WA MC b5 MO M

SV 5ASESHSL55.5T
RC.R=AY

Diversion HEC-1 Cards
DT.DL.DO.DR

HEC-1 Routing Data

HELCA1 File Dutput - select ta edit

0.0
ED14644. 0.00306 0.05 TRAF|

Routing name Combining name |5C  Muskingum [RM] Corpute HETES

NSTRS i !
€ Norouting (RN) ! ]
Time Steps:
' Shaddlzr/St RT
@ Muskingum Cunge (RD] raddhaifstaggerlAT)
NSTRS 1
I Display s Portial Gards Copytd & Momnal Muskingum Cunge parameters ol
e L 1464433 5 (0003953 N [0.050000
ﬂ] SHAPE @ TRAP € DEEF € CRC
25.000 Z [1.000
O\ Deliret e s2ston @ Charnel € Resevair =5 sbe T ime

I Channel loss

D=12 Erter B —
o 5 Kiremal R L
Ch=30.3 Inematic wave i
£=540 mi2 o AT [000
AVEL=1542.41 5 |0.o00 .
@& TRAP € DEEP @ CIRC I Direct input hydroaraph Q1)
wii [3 z [roor ™1 Observed hydrograph (A0]
% Z |0

I Patten hydrograph (GP)

Help Cancel
ID=11 L\'
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(2404900, 4048183.0) IQUTLET MAME; 5C; UPSTREAM AREA: 5,43
Kinematic Wave routing will be used for all selected outlsts. The corresponding parameters need to be defined,




Results Can be Plotted Against Previous Simulations to
Compare Results of the Various Settings or Methods Used

i WMS 7.0 - [steve_demo.wpr]
,“EFiIe Edit Display Tree HEC-1 Models Calculators Hydrographs  Window  Help =
ID=E=E & [ ' [oo 2 [0 Madel [HECA ||| Units.. | ¥ Units: Meters 2 Urits: Meters -

1= ] Hydrolagic Tres Data
=EY T

5 %3 [2) Index1,7C
26 x . LA j o ST
& O o
_Ch n;' 1250 .
A / "
131000
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z .
2 o CN=T18

/1
Time Steps:

5C 98
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250

1] 250 500 750 1000 1250 1500 1750 2000
Time
= Lo Dot ine

CN=774

1B

1(241593.0, 4051295.0) ~ |PEAK: 1819.15; TIME OF PEAK: 13 hrs, 35 min.; YOLUME: 21355614.590



After Peak Flows Are Calculated, Cross Sections and Profiles
can be Delineated in WMS for Export to
HEC-RAS to Determine Flood Depth and Extent

e WMS 7.0 - [steve_demo.wpr] g|i||§|
5 File Edit Display Feature Objects Drawing Objects Images CAD  River Tools Madels window  Help —| 8%
O = é” <.|I].U T Model IF{iver Taoals j J Units... | %47 Units: Meters 2 Units: Meters |
=B Map Data
O Drainage

O Land Use

D_.:.'.‘. Sail Type
= _,'eu Materials
- --$ 10-Hyd Centerline
-4 1D-Hyd
| eagan_het

< il | &

Time Steps:

= Show D ate!Time

(238053.7, 4050278,1)




Mannings Roughness Values for Materials in the Cross Sections

Can be Mapped in WMS For Exporting to HEC-RAS

EF“E' Edit Display Festure Objects Drawing Objects Images CAD Models ‘Window Help

O & é” o [

(2372545, 4049081,3)

2 oo Made! [Hone
"

Jl
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Cross Sections Can be Previewed and Edited Prior to
Exporting to HEC RAS
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Surveyed Cross Sections Can also be Merged With
DTM Data Generated from TINs or DEMs to More
Accurately Represent the Stream or Floodplain
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The Data from the DTM and the Survey Can Then Be
Merged into a Single Cross Section
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Once the Alignment has Been Verified, The Data Can Then Be
Merged or Blended into the Cross Section File

Cross-5ection Attributes
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WMS Will Then Convert the Cross Sections and
Profiles to a HEC RAS Geometry File for Export
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Once Exported, HEC RAS will Automatically Launch
and Allow For Calculation of the Flow Analysis
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HEC RAS will Allow You to Preview The
Stream Profile in 3D
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You Can Also Preview the Cross Sections and
Calculated Flood Depths in Either WMS or HEC RAS
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WMS Will Then Import the Resulting HEC RAS Project File and
Delineate a Floodplain Map Based On the Cross Sectional

Information
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WMS Allows You to Quickly Plot the Cross Sections or
Profiles Anywhere Along the Floodplain
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By Using Color Filled Contours and Transparency,
The Floodplain can ldentify Potentially Affected Structures
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Midsection of Floodplain Evaluation
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Lower Section of Floodplain Evaluation
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WMS also Calculates an Elevation Grid for the Flood Surface
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Floodplain Maps or other Feature Objects Generated can be
Exported to ESRI, AutoDesk, or ASCIlI Format Files
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WMS Converts the Flood Depth Contour Lines to Feature Objects
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Feature Objects Can Then be Exported to ESRI Shape Files
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The Results Can Then Be Used in ArcMAP or ArcView
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WMS Problems ldentified During Initial
Testing

Some stability problems were noted during testing — especially
during coordinate conversions, TIN generation, and
simulations

No “Undo” option which requires frequent “ Saves”

On-screen digitizing somewhat limited (panning and zooming
not available)

Multiple coordinate systems were often problematic (This
project had 7 coordinate systems)

AutoCAD Drawings Must be version 2002 or older

Current version of HEC RAS not supported — Must be 3.1.1 or
older

Most capabilities of the software seem to be covered in existing
TIPS or public domain software systems (However does offer a
good graphical user interface)

DEM data typically too coarse for floodplain delineation in low
order watersheds



Conclusion and Summary

« WMS Interfaces Well With
Other TIPS Supported
Software (ArcView, ArcGIS,
AutoCAD, HEC RAYS)

« Automates Watershed
Delineations and stream
Channel Generation

« Allows for Export of Modeling
Results and Features Objects
to Other Software applications

 Uses Common Hydrologic
Models to Generate Peak Flow
Estimates

» Allows for Front End and Post-
Processing for Other
Hydrologic Models (GSSHA,
HEC-RAS, CE-QUAL-W?2)




