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Mapping Rivers and Lakes for
Highways:

4 Uses for Hydrography
In Transportation

2014 National Hydraulic Engineers Conference
Petra DeWall
August 215
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4 Uses for Hydrography in Transportation
1. Scour Evaluation and Repair
2. Pre-design Mapping for Waterway Modeling
3. Flood Monitoring at Bridges

4. Iron Mine Bathymetry
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« hyedrogerasphy -ies, | hi'dragrafe | noun,

« 1. science of surveying of bodies of water and waters-related information;

2. a) depth measurement of waters (esp. of oceans), bathymetry;
b) surveying of bodies of water;

3. a) descriptive hydrology;

b) characteristic features of bodies of water, descriptive set of
waters-related data and information;

4. (register of the) totality of the waters in an area, waters index;
5. a) map element; b) cartographic depiction of waters;

6. shape of the bottom of a water, topography covered by water,
morphology;

7. art technique; b) artwork.
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Why do hydrographic mapping?

To support highway safety
and construction.
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MnDOT Bridge Waterways/Hydraulics
has hydrographic mapping for 16 years
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 Big water — Kann Boat

o Little water — 4’ Oceanscience RiverBoat

« Low water — Rowboat (with 6 hp motor)
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Row Boat






Presenter
Presentation Notes
6 hp motor was bought with funds previously set aside for Kann boat improvements.   We wore the Floatation suits in November because boat access to mine pit was bad.
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Presenter
Presentation Notes
Nicki careens from shore to shore in this photo.
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Presenter
Presentation Notes
Verizon MIFI internet connection gave us better GPS location and potential equipment field support –  support not needed in this instance.  Smart phone allowed Nicki to answer emails and phone calls while on the boat.


2 Survey-grade Depthsounders
and Sidescan imaging

HYDROGRAPHIC SYSTE

e

Echotrac CV-100 Hydrotrac Sidescan Sonar
Humminbird 898C
(images only)
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Presenter
Presentation Notes
Echotrac and Hydrotrac  measured depths that were recorded in Hypack2013 software.  Humminbird sidescan sonar showed images, saved as snapshots.
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ADCP on the RiverBoat Trimaran
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Presentation Notes
bonnie
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ADCP Flowrate Measurement



Presenter
Presentation Notes
BR 40002, TH 22 in St Peter
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Hypack -- collect and edit depth data
WinRiver |l - measure flow velocities and Q
Excel — data editing

Microstation — CADD design mapping
Geopak — create TINs, contours, X-sections
ArcGIS — mapping with earth layers
MNCON - coordinate system conversion
HEC-RAS - 1-D modeling

SMS - 2-D modeling
D & & 4L & o @ 5



Hypack Export XY & depth

KExporiUThEnglish.xyz - Notepad [- [0[X]

C_Bro036_014PR10Hy
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1617570,
1617581.16,16327739.
1617591.48,165277445,
1817405, 07,16527751.
1617415.18,16527756,
1617425.33,16327762.
1617455.64,16327767,
1617444 ,15,16327772.
1617454, 68,16327777.
1el7465.12,16527785.

1617475, 69, 16327758, :
1617486.35,16327793. Then convert to MN

1617497, 08,16327798. :

1617507.69,16327803. ; Cou_nty coordinates for
1617518.47,16327808. . project.
1617529.52,16327814. 0
1617540.48,16327819.
1617550.63,16327824.
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1 Ensemble Beams aviRiver Dep GGA Lat GGA Long water speedbt  Flowdirectiol
18.17422 18.17422 44.94389 -93.0854 277131639 74.1423946
18.7896 18.7896 44.94389 -93.0854 279247841  68.8496538
19.37237 19.37237 44.9439 -93.0854 3.1209418  77.8989097
19.74637 19.74637 44.9439 -93.0855 2.67948176  69.239056
20.04485 20.04485 44.94391 -93.0855 3.29011708  76.7808016
20.3584 20.3584 44.34391 -93.0855 2.92499413  66.7617683
20.60413 20.60413 44.94391 -93.0855 2.91952854  72.330096
20.79856 20.79856 44.94391 -93.0855 3.25023316  73.5076437
20.93144 20.93144 44.94391 -93.0855 3.33582222  67.2611456
21.57589 21.57589 44.94391 -93.0855 3.26798228  76.6519925
2207212 22.07212 44.94392 -93.0855 3.32995619  72.6347607
22.37047 22.37047 44.94392 -93.0856 3.12052784  81.7794269
231685 23.1685 44,94393 -93.0856 2.40365852  66.8932485
23.88568 23.88568 44.94393 -93.0856 2.91430027 84.5503107
2524175 25.24175 44.94395 -93.0856 3.00762017  95.1269051
75.94218 25.94218 44.94395 -93.0856 797878283 47.7858212
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Presenter
Presentation Notes
Site photos were taken with the Ricoh GPS camera record coordinate location and direction. 
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Which Scour?

* Pier and Abutment Scour
o Lateral Migration
« Contraction Scour
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Pler Scour

o Obstructions can cause scour
« Mapping defines extent of repairs
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Scour Hole from pier
Bridge 18004 MN 371 Brainerd

Underwater
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Bridge 9100 at
MN Hwy 1 and Red River
Oslo

Scour hole
downstream
of RR pier
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| ow water reveals more stuff




o Lateral Migration
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 The Minnesota meanders like craz
 1930’s highway was far from river

o)
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By 2008 river ha

highway



Presenter
Presentation Notes
Notice the tracks of the river before 1930’s.  The river had been near 2008 location before.


Highway embankment collapses
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MN River US 169 R.P. 60
Scour Repair
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<~ Velocity Contour 1 - TRDI

Depth [ft]

E lh 'U' I cll_v Hagnllude [Ref: VTG] [fl.i's]
epth

aEa

110CTO7 Water Surface elevation 748.96 NAVD88
(riprap partly installed) ADCP/WinRiver 11 Software
Photo above taken at lower water surface.

cEnsemble Number



Presenter
Presentation Notes
Photo above was taken during lower water than when the ADCP transect was measured.
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Contraction Scour
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Presentation Notes
nicki
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+ April 1, 2010 Flood was recedlng“

« Crib wall channels flow from RR to Robert Street
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Presenter
Presentation Notes
Floods roiled rivers across Minnesota in spring of 2010.  As flooding peaked and began to recede on the Mississippi in St. Paul, Nicki and I were called out to measure scour in the turbulent water under the Robert Street Bridge. Periods of high flow have historically led to scour issues at this bridge, so monitoring riverbed elevations and velocity is an important safety measure during and after flood events.



WinRiver |l Software
Measure and process flow velocities




Depths show scour downstream of Bridge

oooooo

Legend

—— Railroad Bridge
—— Robert St. Bridge
== Concrete wall

X Depth measurement

e Scour to 30 feet below the normal riverbed

e Area of a football field!



Presenter
Presentation Notes
At the Robert Street Bridge, visualizing riverbed elevations using GIS illustrates a substantial scour hole downstream of the bridge.  ArcGIS 3D Analyst tool interpolates the data to render color-shaded images, helping us “see” under the roiling water.  White shading in the picture marks the worst scour. 



Flow velocities illustrate
from cribbing

A

Legend
—— Railroad Bricge
—— Robert St. Bridge

=== Concrete wall
X Velocity measurement



Presenter
Presentation Notes
Riprap repairs were made in 1995 and Bridge is armored and okay.


Depth and Velocity Correlation

Hydrotrac Depths ADCP Velocities

(GPS location was lost under bridge)

ER 9036 River Mapping
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Bathymetry Is most important!

« Backbone of the hydraulic model

 Physical characteristics
— XYZ data
— Soll properties
— Land cover (trees, grass, developed, etc)



Presenter
Presentation Notes
It is the backbone of our hydraulic models.  We need to describe the physical characteristics of the river section we are modeling.
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Mapping for design
Elevation Contours and 3D Rendering




Vi
WouvLHo,

N

ES
I°’4
2
Of 1—91\*\

(4
Surveys Bridge Lidar with river map
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Presenter
Presentation Notes
Why need 2D models?
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MN River
Mapping
for Flow
Model
St. Peter
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at St
Peter

St Peter Flood Mitigation Project
Lidar Survey Extents
(Area of Interest)
8/2/2011



Presenter
Presentation Notes
Keep this data in mind, it will be used later for the 2D model
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Pre-design Mapping for
Waterway Modeling

TH22_Ov erflow Plan: 100-yr GR + Overflow bridge 10/12/2012
RS =69.35001 MO Bridge #2: BR 40002, TH 22

.06

EG 1%WwW/ET
Ws 1% W/ET

Crit 1% WET
- e
Ground
Ineff
L)

Bank Sta

Elevation (ft)

St. Peter modeling Bridges
4930 and 40001

Station (ft)


Presenter
Presentation Notes
This is what we do.
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River channel aims at abutment
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Presenter
Presentation Notes
Hole was inplace 2 months after September 2011 flood.
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Presenter
Presentation Notes
Color-coded velocity data illustrates area of fastest flow in channel.


ADCP flow vectors show direction of flow

.-"r- ; ’*: l .. - ‘J.-.:
Bridge 72007


Presenter
Presentation Notes
Flow vectors show both velocity and direction.  Note the slower, backwards flow at left.
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Mining Companies say “Move Iit!”
Mining companies own parts of US 53
MnDQOT has R/W easement

$400 Million Value of ore under current US53
United Taconite and RGGS want to mine it

MnDOT must move US 53 by Spring 2017

m & 8 A &® oo = 5



Presenter
Presentation Notes
$400 Million value of ore under existing US53 information from Larry Zanko,  University of Minnesota Duluth�Natural Resources Research Institute, who is assessing value of ore under E1 and E2 alignments.
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Rouchleau Pit - 2003
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Bathymetric mapping July 29 - 31



Presenter
Presentation Notes
District 1 requested that the entire mine pit be mapped in Summer of 2013.  With barge access in place, we were able to use our standard river mapping boat.


Max water depth 325 feet S

 Sheer underwater cliffs require tight XY location



“Two GPS units:
1. VRS XY NMEA for depth map
2. Terrasync for navigation



Presenter
Presentation Notes
Older GeoXH tracked our path while new GeoXH 6000 with VRS output NMEA string for XY point location.


10 cm XY accuracy

Narrow canyon with sheer cliffs challenges GPS
GLONASS Russian satellites — new GPS technology
Sprint wireless MIFI hotspot

VRS for GPS real-time correction from MnCORS

Not Z — measured water surface from benchmark

m & 8 A &® oo = 5



Presenter
Presentation Notes
GPS elevation isn’t good accurate enough, as we move, even with glonass. 
We might experiment with a stationary setup to see if we can get a consistent elevation that matches the benchmark elevation)



Rochleau Mine
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Presenter
Presentation Notes
Deepest areas in the pit are in the foot, the leg and the “heart” of Madame Virginia Rochleau.


Upland and underwater contours
on 3D oblique view



Presenter
Presentation Notes
Lidar upland contours, paired with bathymetric depths are shown in this oblique 3D view.  Alignments, sadly, were not in 3D, so I sketched rough lines near the proper elevation for E1A and E2, shown in yellow.


Cliffs are too steep, so

Lidar elevations missing near waterline
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E2 bridge flies 200 feet above 120" deep water



Presenter
Presentation Notes
(Prelim’s profile is rotated 180 degrees in this view, to align with our mapping).  The right-side pier would require a notch be cut in the rock cliff for the footing to be built.  This created a problem for test borings because the center of the pier was high on the rock face, and the barge doing the  work could not reach it.  They also could not hold the barge inplace against the rock in order to bore it.


@l .
E2 alighment

broad ledge and deep trench

Near ali NI b\:

Trees in shall A



Presenter
Presentation Notes
Narrow gorge location  for Alignment E2 tall bridge option, with about 200 foot tall piers.


Abrupt drop off
at E1A alignment,
upper left



Presenter
Presentation Notes
Early E1A --   I expect they will move the alignment northward at the NW end of the crossing, to avoid filling the abyss.  Jay said they’re looking into a cutoff wall.  The bottom dives to well below 100 feet here.


Submerged Trees

| - and Power Poles
R E,d _ Allgnment E1A

0'35’ R

False depths
from | phsTe |
debris ' : e

e ik


Presenter
Presentation Notes
Depth data contained many false readings that were submerged trees and powerpoles.  




Presenter
Presentation Notes
Deleting spot elevations in a 3D oblique view is faster easier and actually fun(!) .  By rotating the oblique  view, groups of floating spot elevations diverged from the line that they should have followed.  Fence Delete could be used for groups of bad elevations.


““Mine View in the
Sky”

will disappear
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Presentation Notes
The overlook-visitors center “Mine View in the Sky” will be removed by the mining company to get at the ore below.  The  volunteer said that was okay, because mining is important to the local community.  My guess is that there will be a replacement “Mine View”  built with the US 53 project (though probably not “in the sky”).  Mine View now sells some local crafts like this wooden bowl carved from a convoluted tree.
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