Creating a Bathymetric Database &

Datum Conversion

Mitchell Brown
Civil Engineering Technician
Mitchell.E.Brown@usace.army.mil
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Introduction to Bathymetric Databases in SI\/ISA

®

* Introduction to
working with
bathymetric
datasets

* Importing
Datasets (xyz,
points, shapefiles,
other ascii)

* Datum Conversion

* SMS conversion
(Corpscon; Global
Mapper)




Multiple Bathymetric Datasets

®

" Limited bay bathymetry %
= NOAA - Offshore datasets ;

= LIDAR - Shoreline and
nearshore (important for

structure resolution)

= Channel

» NJ State maintains north channel
and north bay channel

» Federally maintained entrance and
south channel (15 years)

= NAN-supported field data collection
» Included bathymetry of the backbay (Spring High Tide)




Common Spatial Reference Datum & Vertical
Datum

®

Horizontal Projection & Datum: Pick a
system in metric units that is planar
(UTM; State Plane)

@ Horizontal Projection

Continental
County Systems
Gauss Kruger
MNational Grids

> Polar

» State Plane

> State Systems

> UTM
World

» World (Sphere-based)

] @ Horizontal Projection

Filter strings:

Add projection from: | EPSG code... Jprj file..

Projection name:
NAD_1983_StatePlane_New_Jlersey FIPS_2900

WKT:
PROJCS[MAD_1983_StatePlane_New_Jersey_FI|

merican_1983",DATUM['D_North_American_1983 |

6378137.0,298.257222101]] PRIMEM[ GreenwicH
0.0174532925199433]] ,PROJECTION[ Transvers
_Easting”, 150000.0],PARAMETER [False_Nor thin|
0.0],PARAMETER["Central_Meridian”,-74.5] PAR/
0.9999] PARAMETER ['Latitude_Of _Origin”, 38.83
1.0], AUTHORITY[EPSG",32111]]

x |

Vertical Projection & Datum: Must be
in metric as well; Datum is not
necessary (Local)

MNAD 1983 (2011) (US Feet)
MNAD 1983 (CORS96) (Meters)
NAD 1983 (CORS96) (US Feet)
v NAD 1983 (Meters)
MAD 1983 StatePlane New Jersey FIPS 2900 (Meters)
v MNAD 1983 (US Feet)
MNAD 1983 StatePlane New Jersey FIPS 2900 (US Feet)
MNAD 1983 HARN (Meters)
MNAD 1983 HARN (US Feet)
NAD 1983 NSR52007 (Meters)

Filter strings} INew Jersey

| PROICS['NAD_15983_StatePlane_New_Jersey_FIPS_2900",GEOGCS['GCS_North_A
| merican_1983",DATUM['D_North_American_1983",SPHEROID['GRS_1980°,

| 6378137.0,298.,257222101]] PRIMEM[ Greenwich”,0,0] UNIT[Degree”,
|0.0174532925199433]],PROJECTION[ Transverse_Mercator”] PARAMETER [ False
| _Easting", 150000.0] PARAMETER[False_Northing",

|0.0],PARAMETER ["Central_Meridian",-74.5],PARAMETER["Scale_Factor”,

| 0.9995] PARAMETER [Latitude_OF Origin”, 38.83333333333334] UNIT[ Meter",

| 1.0],AUTHORITY[EPSG", 32111]]

Add projection from: | EPSG code... .prj file... Library... Edited Parms...
‘Pro;edlon name:

| NAD_1983_StatePlane_New_Jersey_FIPS_2900

| Wi

. o1/ ome

i

Display Projection X
Horizontal
€ Noproj Units: | ~|
@ Global projection Set Projection... I |}
Projection name: A
NAD_1983_StatePlane_Mew_Jersey FIPS_2900
WKT:
PROJCS["NAD_1983_StatePlane_Mew_Jersey FIPS_2900" GEOGCS
["GCS_Morth_American_1983" DATUM
["D_Morth_American_1983" SPHEROID
["GRS_1980",6378137.0,298.257222101]).PRIMEM[ 'Greenwich" 0.0 LUNIT
["Degree",0.0174532925199433]) PROJECTION
["Transverse_Mercator'] PARAMETER v
Vertical
D atum: |Local LI Units: |Meters j
Help... | oK | Cencel |

...Need to convert all bathymetric data

4




PRODUCTS
Data, Analyses, and
Publications

Home | Products / Datums

Datum Errors for
East Coast

About Tidal Datums
2012-2016 Datums in SE
Alaska & Louisiana

Great Lakes Low Water
Datums

Vertical Datum
Transformation
JUMF TO AREA
Favorite Stations
Alabama

Alaska

Bermuda
California
Caribbean/Central
America
Connecticut
Delaware

District of Columbia
Florida

Georgia

Hawail

Indian Ocean Asia and

Africa

Tides and Currents (NOAA

PROGRAMS
Serving the Nation

EDUCATION

Tides, Currents, and P

Datums - Station Selectio

Datum Errors for
Gulf Coast

Present Epoch

Sortby Name  Station ID

8730667 Alabama Point, AL

8737138 Chickasaw Creek, AL

8735180 Dauphin Isiand, AL

8731439 Gulf Shores, ICWW, AL

8737048 Mobile State Docks, AL

87380432 West Fowl River Bridge, AL

g Alaska
9455120 AGNES COVE, AK

9455146 AIALIK SILL, AIALIK BAY,
AK

9462719 Akun Cove, Akun Island, AK
9455606 Anchor Point, Cook Inlet, AK

9454794 Applegate Island, AK

9450906 BECK ISLAND, CLARENCE

Datum Errors for Datur
West Coast

Superseded Epoch

8731952 BON SECOUH

8736897 Coast Guard g
AL
8735291 Dog River Brig

8737373 Lower Bryant

8733821 Point Clear, M|

9456501 AGUCHIK IS
BAY, AK

9460150 ATTU, MASS

9462694 Akutan, Alaskd
9451317 Anchor Point,

9461710 Atka, AK

9454907 BLACKSTONH

Elevations on Station Datum

Station: 8531991, LONG
BRANCH FISHING PIER, NJ
Status: Accepted (Apr 17 2003)
Units: Meters

Datum Value
MHHW 7.294
MHW 7.189
MTL 6.519
MSL 6.534
DTL 6.542
MLW 5848
MLLW 5790
NAVDES 6.609
STND 0.000
GT 1.504
MN 1.341
DHQ 0.105
DLQ 0.058
HWI 12.260
Lwi 65.040
Max Tide 8.269
Max Tide Date & 01/0211987
Time 09:12
Min Tide 4.389
Min Tide Date & 01/101978
Time 21:00
HAT

HAT Date &

Time

LAT

TM.: 75
Epoch: 1983-2001
Datum: STND

Description

Mean Higher-High Water
Mean High Water

Mean Tide Level

Mean Sea Level

Mean Diurnal Tide Level
Mean Low Water

Mean Lower-Low Water

North American Vertical Datum
of 1988

Station Datum
Great Diunal Range
Mean Range of Tide

Mean Diurnal High \Water
Inequality
Mean Diurnal Low Water
Inequality

Greenwich High Water Interval
(in hours)

Greenwich Low Water Interval
(in hours)

Highest Observed Tide

Highest Obzerved Tide Date &
Time

Lowest Observed Tide

Lowest Observed Tide Date &
Time

Highest Astronomical Tide
HAT Date and Time

Lowest Astronomical Tide

Datums for 8531991, LONG BRANCH,FISHING PIER, NJ

All figures in meters relative to station datum

Showing datums for
8531991 LONG BRANCH,FI1.

Data Units Feet
= Meters

Epoch @® Present (1983-2001)

~[pHo:0.105

Superseded (1960-1978)

https://tidesandcurrents.noaa.gov/stations.html?type=Datums 5



Prep for the Coastal Modeling System A

®

» Based on a Cartesian or Quadtree (telescoping) grid
» Planar coordinate system
= CMS Model computation is in metric and depths are positive from zero

= SMS 13.1 and later works with elevations, but exports depths to CMS
files

» Grid is generated based on a single bathymetry stored in SMS scatterset or
raster format

= Vertical datum is not specified and is assumed local

= The boundary condition forcing (tidal) must be in the same datum as
the bathymetry

= Typically modeling grids are brought to a mean datum such as mean
sea level (msl) or mean tide level (mtl)
= - This requires that all imported datasets projections are defined, and
final dataset uses a unified projection, datum, and units

» Shark River Inlet bathymetry will be converted to State Plane horizontal
coordinates in meters with the vertical datum set to MSL in meters




®

Converting Depths to Elevations
(CMS Requirement)

izﬂ Data Vertices Breaklines Triangles | i
EIcF Data Set Toolbox...
] Find..

[ Vector Options...

Contour Options...

Set Contour Min/Max

Contour Range Options...

Film Loop...
Transform...

Zonal Classification

Filter...

De Transform Scatter Set
Sc
Sc| | © Scae " Translate " Rotate
Ba 3 x 00 Ange: [00
A Y: Imi y: Iﬁ_ Auis location:
o | E
" Depths <> elevations E: IOIU
wse: 00
¥ Frame image after transformation
Help... | OK I Cancel

When loading old projects, SMS 13.1
will sometimes change the sign of the
depth dataset. This does not always
work. Check the sign of the deep
water.

Data = Transform
Can adjust scatterset data by scaling,
translating (adding/subtracting), or
rotating horizontal or vertical

Select Depths €< —> Elevations
Flips sign from depths to elevations
(positive down to positive up).
Necessary for CMS model calculation.




15 Year Record of Bathymetry

Date Survey Type Date Survey Type
1-Jan-1995 Condition 28-Mar-2007 Condition
6-Jan-1998 Condition 30-Aug-2007 Before Dredge
6-May-1999 Condition 4-Jan-2008 After Dredge

11-Apr-2000 Condition 25-Mar-2008 Condition
16-Apr-2002 Condition 9-Jun-2008 After Dredge

6-Dec-2002 Before Dredge 31-Oct-2008 After Dredge
18-Jan-2003 After Dredge 8-Dec-2008 Before Dredge

7-Jul-2003 Condition 6-Jan-2009 After Dredge

7-Aug-2003 After Dredge 15-Apr-2009 Before Dredge
28-Apr-2004 Condition 1-May-2009 After Dredge
10-Jun-2005 Condition 20-Aug-2009 Before Dredge
23-Dec-2005 After Dredge 10-Dec-2009 After Dredge
23-May-2006 Condition 6-Jan-2010 After Dredge
27-Nov-2006 Condition

Horizontal Datum:;

NAN Channel Surveys

| L@ e
7 Bl st =l L

== _ [z
GRtEBET By N D sl

sl

4.7
m

State Plane NAD27 New Jersey 2900 (ft)
Vertical Datum:
MLW (ft) — COE Datum (not local NOAA benchmark)
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Vertical Datum Relationships A

®

NOAA (Long Branch)
NAVD 88
N AN
0.246 ft (0.075 m) VSL
2 25 ft 2.496 ft 2.687 ft
(0.686 m) (0.761 m) (0.819 m)
MLW
0.19 ft
(0.058 m) | _—




g File Edt Display Data Vertices Breaklines Triangles Scatter Web Window Hel
EEEE I EEERAE
&

= [ 8 4]

£ (7] 3364_0409_fc MLW

=I5 MapData
[41€D default coverage

MLW - MSL
2.25 ft (0.686 m)

EEEE PR

Channel
Survey

=R

‘‘‘‘‘‘
enak

o
aaeEAE Oy an D

SHEET 30f 4

T sheET20r

Horizontal Datum:
State Plane NAD27 New Jersey 2900

Vertical Datum:
MLW (ft)
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Dataset Toolbox | Data Calculator

®
aasetiod Dataset Toolbox
_Flnd,.,
zm:: 0|:ic ~Tools —Data Calculator
ontour Opy
secunoo| | [E-Math ~Data Sets ~Time Steps
coou - Compare datasets B 3364_0409_ft MLW jrooq00:0. |
famLach. 8 Data Calculator =
Transform... § " § E
s 1] i = Angle convention )
- d2. x location
Filter... (=) Spatial .
Delete Dupli Smooth datasets d3. y location
e |- Geometry d4. MLW m
Scatter Conl H N "
Boundary - Gﬂd Spamg
(=) Temporal
----- Merge datasets
[=)- Conversion
i...Scalar to Vector @ M5 13.1.24 (B4-64) - [Workshap.sma]
\& File Edit Display Dats Vemtices Breskfines Triangles Scetter Window Help
|:—]--C:oastal e Y P T
« -~ Wave Length and Celerity GOEEDFOYaND | |
EE— - Quadratic Friction o B
- Chezy Friction
- Directional Roughness 4 i
i--Canopy Coefficient | Il 20 ~—
i 2y % ——
----- Primitive Weighting 2 TR, '-c'ﬂ““*?mﬁac%
[=)- Modification 5 -
Map activity e e
----- Filter
Add to Expression | Data Set
Update Available Tools Output dataset name: | MSL m|
] i‘w' - < >
(191135.0, 145257.0)




June 2009
Survey

Provided conversion from local datum

to MSL.:
=== e MLW > MSL
e o s 2.25 ft (0.686 m)

XYZ pulled out of drawing and
changed to ASCII format

12



Field Data Collection — Multibeam Bay e
Bathymetry (August 2009)

®

'ﬁ File Edit Display Data Wertices Breaklines Triangles Scatter Web Window Help _Iﬁllﬂ
J_’:@ﬁ”@@i }_~,|J><| Y:l Z:l 5 W i

74| Contour {m) /
E._ﬁ Scatter Data
. &[4[ Field Team Measurements 0809 0.0
L@z (& -1.2
B [ZIE Map Data ..

" #1@ default coverage -23 .
= 35 N Horizontal Datum:

-4.7

58 ’ State Plane
- NADS83 New
Jersey 2900 (m)

/ Vertical Datum:
NAVDS88 (m)

BIEY:T

EECEINER

ER
-
' 4

4 | 2 (190260.7, 151370.3)
XYY [ PRl P IR eI
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LIDAR A

®

Depth (ft)
= Files are emailed in separate sections from i
the NOAA CSC Archive 48.0

31.0
= Typically, several to 10s of files that are 140

5-100 mb in size 7
= Compiling takes time

= Points have been sampled/filtered and
cropped to area of interest

Horizontal Datum:

State Plane NAD83 New Jersey 2900 (ft)
Vertical Datum:

NAVDSS (ft)

14



Coastal Relief Model (DTM/DEM

| & Bathymetry & Global Relief | ngdcan.. | = | E| NGDC 3 Arc-Second Coastal Relief Model
I@NOAAEQ;E?&}@EOPHYSICAL ]_______i M _ue e we | or e _:-,_ W _w  w v
. |
: I

' 3 &

Bathymetry & Global Relief

Scientific stewardship, products, and services for ocean g
depth data
and denved digital elevation models

»
N |
]

I
Bathymetry (Ocean Depths) 1 :
n > 5 B i &
I
I

Bathymetric & Fishing Maps
Great Lakes
IHO Data Center for Digital Bathwrnatry JHO DCDB)
International Ocean Mapping Projects
Multibeam Data
DEM Discovery Portal MOS Hydrographic Survey Data

Satellite-derived Data

Trackine Data

¥ ey | Iy et tmages
Hawail ¥ Puerto Rico |

[ Create Custam Grid

lob revoution amagos

[ [ & L3 L]

ETOPO Gridded Relief Models

P p— -

" "o 08 100 " 00 " & ™ ?’

Images & Animations
Tsunami Inundation DEMs

Fawhinad Bathumates 8. Tannneanho

click an area of the map above to view/download imaages and data
Offline Products . % G E BCO [
Coastal Relief & Tsunami Inundation

FTP Atcess Coastlines & Coastline Extractor International Ocean Mapping
Contact MGG Digital Elevation Model (DEM) Discovery Portal )
Global Relief (ETOPO1, ETOPO2, ETOPDS) Related Data at NGDL: Macine
Geology & Geophysics

) Sediment Thickness
Topography (Land Elevations ) T: ,.',mm, Th-'r. 4

Al Topography

Global Land 1-km Base Elevation Project (GLOBE)
U.S. State images of 30-second Topographic Data
Lidar Archive

Related External Sites

Download ETOPO1 KMZ

NGDC compiles, archives, and distributes 3 1-a
bathymetric data from coastal and open ocean | : =
areas, including acting as the long-term archive for -

NO&a National Ooean Service (NOS) data collectad

in suppart of charting and navigation.

Educational Resources

Paosters, DVDs & CDs

NGDC compiles the global ETOPO1 1-minute relief bt L ™ Tt
database, coastal relief models for US coastal
areas, creates digital elevation models for tsunami
Inundation research, and stewards gridded
topographic data from the GLOBE project.

— GLUUAS Grd Transiator - Design-a-Gna s

NGDC particpates in numerous intemational gcean
ing projects, and operates the International
Hydrographic Organization (IHO) Data Center for

o isdews avitad C URESAR s 804, eted RIS -E [Sam, et
esm | marm | Fiolr Ot il Wrwane Bavan davetian fai Uiy

40 rid Owtabana[ 1]
Digital Bathymetry (IHO DCDB) on behalf of the
member nations. L e e |
| T (|

HOAS > HESDIS > NGOC > MGGD > Marine Geology & Geophysics Questions: dem.infolnoaa.qov

NGOC Home | Contacts | Data | Disclaimers | Education | News | Privacy Policy | Site Map Generate a 3 Sec ““""""_"—u:-
(pt/3 second) grid e

1 laary Bastes Farmat b
T ASCH Baster Farman CANEH (Are) Hewler Comms
D ¥R . deph ) * ron timadar ¥ vt oy Grkd Cally
| 1




Coastal Relief Model A

Horizontal Datum:
Geographic NAD83
Vertical Datum:
MSL (m) - Not accurate for shallow bathymetry (used for offshore)

16



i Extra Bathymetry

= Convert shoreline
shapefile in SMS

Horizontal Datum:

State Plane NAD83 New
Jersey 2900 (ft)

= Added extra bay contour
(set to 0.75 m above MSL)

17



Create a Contour Polyline in the Map Module

T e . Select Default Coverage under Map Data
SEE | Tt BL A 1Y Type = Generic = Mapping/Observation/Shoals

ST B Cwiey Fewure b web Wi 1o

ZRomzas L) |
.

Draw arcs (polylines) feature
with £ tool

TaaaERL

Select arcs &
and convert the z
B elevation to the
& desired contour

! elevation

| aosasa, vsownng
heeEREFOYa B

o
adeEAR YAy’
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® Create Scatters

et Points from Map Data

g P e Dpley | Fastue Cbimcty Web Wirdo Help alolx

;| Create Scatter Point Set Source:
- (¥ Featue points and verlices on aics
r " Feature points on arcs

ate@ERRFfOrankd "  Fantire porits ok on arc:
Bttt emes sove st ek 3|
1~ Scafter Pont 2 alue Source
+ Auc elevation

" Aue node and vertex elevations
€ Auc spacing

; - New scatter poirt set name:

¥ Corvert selections only
¥ Triangulate

[Geater Fron i<

== Sclect arcs to redistribute the spacing of vertices
S8 Feature Objects - Redistribute Vertices

BN Specify Spacing based on horizontal coordinate
W system units (metric in this case)

= Feature Objects > Map>Scatter
@ Include Feature Pts and vertices
S and the Arc Elevations

R R i e ]

--------
- ] Sostten_From Map

ARHTZA, AT
ade@EBRrOYanh| " &

e AL (a1 s g th gt obpets

L, 1575, LT B A
At @EBRNFOYank " aasi
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®

g File Edit Display Data Vertices Breaklines

Triangles Scatter Web ‘Window Help

All Files Referenced to Same Horizontal and

Vertical Datum

i..[v] W Rect_10ct2006

EEY IIEEERIE i z
& g Depth tm)
EI--La Scatter Data (83 20.0
Elj CRM-3sec2 17.9
kgL R 15.8
= ftii ] ol 15.7
= 5L-15m > 18
.[i23] elevation o o
EE 0.75m Contour & v
i L[Z] elevation e 53
o [Z[] 2005Lidar 22
. levatio g 1
o A -1.0
Ir|
ES|
i
E-[AL¥ Map Data —
.[#]€D default coverage &
=1 [l Images
' bl

(184853.0, 155243.0)

EXX T PR P eI

Delete unnecessary
data points (check
alignment and
elevations in
overlapping datasets)
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Merging Scattersets

®

SRS e T TR = “1 Merging all scattersets will integrate all points.

! : = Overlapping areas of scattersets should either be
deleted or use a separate method of merging (by
prioritizing using triangles).

: x|
z - Select scatter sets to merge
P |
= Priority | Scatterset | Merge I Dataset -
0 B v MSL _g&mwwbmm&mmmmmmmb =1®] x|
- ! Chi Kece M hd CREm[EQY b4 -
2 SL-15m ~ elevation | T
. 3 0.75m Contour ~ elevation - T Siﬁ:‘;’«;
9 4 2005Lidar ~ msl_m - -1
: B s 15n
ateE@EFOYant "y | |5 [pointsm M ml = s
Plerge trw o e scatter sets. 3 3384_0409_II_MLW ~ ;I Elz—;;;‘-":;
3 et
3 midm
EL pores
e
[z it
g;;_m'_cuus L'
SelectAll |  Deselectal | Move up Mave dowin -
o |
i wlev.
o T : = FGE MspData
— Merged scatter set options 0 pping region options 1 B ki i
: = [l Imaoes
Name: IMerged & Merge all scatter points 68 Rect_ 10022006
I | Dilole il scoite scke (" Delete lower pricrity scatter points
¥ Mairtan tiangulation
Help... I\ OK Cancel
b
1852700, 149674.0)

[eeeEALFOY el 2w
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Surface-water Modeling System (SMS) A

Questions?

Mitch Brown
Mitchell.E.Brown@usace.army.mil
601-634-4036
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