















































































































































Frequency of Survey Number between 0-99 (in months)

Finish Grade Elevn. Real number (in ft.)

Bridge Length Real number {(in ft.)

Basin Slope Real number

Drainage Area Real number

Precipitation Real number

Design Storm 1 Number between (-9999 (in vears)
Discharge 1 Real number

Water Surface Elevn., 1 Real number

Average Velocity 1 Real number

Area of Opening 1 Real number

Backwater 1 Real number

Design Storm 2 Number between 0-9999 (in years)
Discharge 2 Real number

Water Surface Elevm. 2 Real number

Average Velocity 2 Real number

Area of Opening 2 Real number

Backwater 2 Real number

Kl Real number

K2 Real number

K1 and K2 are regression coefficients used for prediction of
scour,
o SOUNDING - This entity contains the actual sounding data. The

attributes of this entity are:

Bridge Number 10 chars
Pier/Bent Number 3 chars
Distance (from bridge) Number between 0-999 (ft.)
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Position 2 chars (US/DS/CL)

Bottom Elevation Real number (ft.)
Date of Survey 6 chars (YYMMDD format)
Comment 50 chars

PIER -~ This entity contains information about the location of the
piers of a bridge, their type and their bottom elevations. This
information has to be entered before the CROSS SECTION or HISTORY
Query can be made. The reference point for measuring the distances
can be arbitrarily fixed as the left-most pier of the bridge

(looking upstream). The attributes of this entity are:

Bridge Number 10 chars
Pier/Bent Number 3 chars
Type 2 chars
Station (Distance) Real number

(Distances increase as one traverses from left to right facing

upstream)

Elevn. of Top of Footing Real number
Elevn. of Bot. of Footing Real number
Elevn. of Pile Tip Real number
Comment 50 chars

CROSS SECTION - This entity contains the c¢ross section of a river
near a bridge. This data is used for calculating the cross-
sectional area, velocity, etc., required for scour prediction. The
record corresponding to the left channel bottom ghould have "LEFT
CHANNEL BOT" in its comment field. The record corresponding to the
right chaﬁnel bottom should have "RIGHT CHANNEL BOT" in its“comment

field. The attributes of this entity are:
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Bridge Number 10 chars

Distance Real number

Bottom Elevation Real number

Date of Survey 6 chars (YYMMDD format)
Comment 50 chars

BRIDGE NOTES -~ This entity comments about a bridge made by a survey

team. The attributes of this entity are:

Bridge Number 10 chars

Date of Survey 6 chars (YYMMDD format)
Line no Number

Comment 50 chars

PARTISH CODE - This entity contains a list of parishes and thei£ two~
digit codes. This information is used only at the time of data
entry for reference. The attributes of this entity are:

Code 2 chars

Kame 25 chars
PIER CODE - This entity contains information about the type of the
pier and its corresponding code. The attributes of this entity are:

Code 3 chars

Type 25 chars
STRUCTURE CODE -~ This entity contains the type of structure and its
corresponding code. The attributes of this entity are:

Code 2 chars

Type 25 chars
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Main Menu QUERY

To activate the main menu, the user types UC=QUERY at the command line.
This command invokes the menu shown in Figure 5. The default view for such
menus has been set to 5, so the user switches to View 5 to choose options on
the QUERY menu. The available options are:

o REVIEW BRIDGES

o SURVEY SHEET & PLAN

0 CROSS SECTION

o] LONGITUDINAL SECTION

o] HISTORY & SCOUR PREDICTION

o} END

Menu REVIEW BRIDGES

This menu (Figure 6) provides the user with information about bridges,
such as the name of the bridge, number, route, structure, frequency of survey,
etc. The specifications for this query are:

o BRIDGE NUMBER

0 PARISH

o ROUTE

o DISTRICT

o STRUCTURE TYPE

o] SURVEY FREQUENCY (months)

The user can omit any or all of the specificatioms by just typing RETURN at

the corresponding key entry fields.
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QUERY

REVIEW BRIDGES

SURVEY SHEET & PLAN
CROSS-SECT 10N
[ONGITUDINAL SECTION
HISTORY

SCOUR PREDICTION

END

Figure 5, Main Menu Query
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ReEVIEW BRIDGES

DISTRICT  STRUCTURE TYPE SURVEY FREG (MO) DATE-FIRST SURVEY

MSGS

REPORT | MORE lgxn OK

Figure 6, Menu Review Bridges
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Menu SURVEY SHEET & PLAN

Using this menu (Figure 7), the user can obtain the survey sheet and a
plan of the survey for a bridge on a given date. The specifications for this
query are:

o BRIDGE NUMBER

o] DATE OF SURVEY (in YYMMDD format)

If a graphical presentation of the survey plan is desired, the user selects
the SURVEY PLAN option on the menu, A sample survey plan is shown in

Figure 8.

Menu CROSS-SECTION

Using this menu (Figure 9) the user can obtain the cross-section of the
river on a given date at a specified distance from the bridge. The
specifications for this query are:

0 BRIDGE NUMBER

o DISTANCE from bridge (in ft.)

o POSITION (upstream US, centerline CL, or downstream (DS)

o DATE OF SURVEY (in YYMMDD format)

A graphical presentation of the cross section is given in Figure 10.

Menu LONGITUDINAL SECTION

Using this menu (Figure 11), the user can obtain the longitudinal section
of the river on a given date along a given pier. The specifications for this
query are:

o BRIDGE NUMBER

0 PIER/BENT NUMBER

o DATE OF SURVEY (in YYMMDD format)

A graphical presentation of the longitudinal section is given in Figure 12.
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SURVEY SHEET

BRIDGE NO. —— DATE OF CURRENT SURVEY

VALID NAME
| vaLues DATE OF LAST SURVEY

DATE PIER DISTANCE POSN. EXISTING CHANGE FROM BOT. PIER
ELEVATION LAST SURVEY ELVN.

MSGS

REPORT ERASE| [Spri="l [ More | | exiT | | OK

Figure 7. Menu Survey Sheet
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CROSS-SECTION

VALIB | gr1pgE NGO, 2280586091 DISTANCE
VALUES
DATE

DISTANCE

POSITION —
POSITION FPIER NO. DATE PIER/BENT NO. ELEVATION

us 20 768224
DS 21 778304
us 22 786308
Ds 23 739119
us 24 791182
DS 25 801962

26 811813

27 820930

28 93192¢

29 840914

39 850802

MSGS CHOOSE MORE TO DISPLAY MORE RECORDS

REPORT

OVERLAY

ERASE | |ouerres GRAPH‘ MORE} fExIT} }OKJ

Figure 9. Menu Cross-Section
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LONGITUDINAL-SECTION

BRIDGE NO. — ... PIER/BENT NO., —
VALUES

DATE
DISTANCE POSITION PIER NO. DATE | DISTANCE POSN. ELEVATION
MSGS
OVERLAY
REFPORT) [ERASE| | Cotcl  [GRAPH (MOREJ JEXIT) !OKJ
Figure 1l. Menu Longitudinal-Section
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Menu HISTORY AND SCOUR PREDICTION

Using this menu (Figure 13), the user can obtain the variation of the
maximum scour depth in a given area over a period of time and also get an
estimate of the scour likely to occur for a given flood. The specifications
for the history query are:

0 BRIDGE NUMBER

o UPSTREAM BOUND FOR AREA OF INTEREST

o DISTANCE from bridge (in £t.)
0 POSITION (upstream US, centerline CL, or downstream DS)

o DOWNSTREAM BOUND FOR AREA OF INTEREST

o DISTANCE from bridge (in ft.)
o POSITION (upstream US, centerline CL, or downstream DS)

o] LEFT BOUND - PIER/BENT NUMEER

o RIGHT BOUND - PIER/BENT NUMBER

0 DATES OF INTEREST (in YYMMDD format)

o INITIAL DATE

o] LAST DATE
The user chooses the QUERY (instead of OK) option to submit the specifications
of the history query. The specifications for the scour prediction are:

o BRIDGE NUMBER

o FLOOD FLOW (in cu.ft./s)

] STAGE (ft.)

The user selects the SP option to obtain the predicted scour. A graphical
display of scour (Figure 14) can be obtained by overlaying the results of

scour prediction on a plot of a history query.
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HISTORY

BRIOGE NO, ————
FLOOD FLOW 3 UPSTREAM BOUND DOWNSTREAM BOUND PIER/BENT NOC.
(CU.FT./S)
——  DIST. ———— FROM
STAGE (FY¥.} DIST.
VALID PQSK. POSN. _ 10
VALUES ™  DATES —
SCOUR (FT.) INITIAL LAST
OIST.  POSN. PIER DATE DIST.  POSN. PIER  DATE  ELEVATION
MSGS
OVERLAY
SP | REPOR]j |ERASE | ioucnies] | GRAPH MOREI EXIT} OUERY}

Figure 13,

Menu Scour History
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Figure 14, Typical Scour History and Prediction Plot
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End

Selection of this option causes the program to end. The user has to

return to the QUERY menu in order to end the program,

HYDROGRAPHIC SURVEYING EQUIPMENT: REVIEW AND RECOMMENDATIONS

At present LADOTD uses a Raytheon 719 Fathometer (current price
$4,500-5000). This is an analog system; that is, its output is directed into
a paper chart where the operator manually marks important points of reference.
This is a cumbersome process. In addition, the data points are currently
obtained at selected locations by manually adjusting the location of the boat
along each cross section. Additional points are not ordinarily reported.
Obviously, this is a disadvantage if further interpolations of the criginal
data are required.

We have reviewed several types of hydrographic surveying equipment in
order to provide a recommendation to LADOTD for augmenting its present
capabilities with more efficient and state-of-the-art equipment. From these
criteria, only digital (or microprocessor-based) systems were considered.
These include equipment from the following manufacturers: Odom Hydrographic
Systems Inc., Internmational Measurement and Control Company, Raytheon,
Motorolla, Comstar Hydrographic Systems, and Ferranti Ocean Research Equip-
ment. However, in the following discussion we review equipment from only two
of these manufacturers: Hydro I by International Measurement and Control
Company and a series of systems by Odom. Some of the other manufacturers do
not offer grated digital systems and therefore they are not discussed in our
evaluation.

The following éwo hydrographic systems employ microprocessor-based,

iine-of-sight angle measuring and transmitting systems that are used in

54



conjunction with a single range measuring system to provide continuous dynamic
positioning of the survey vessel in relation to one known shore point. When
deployed, the theodolite and transceiver, together with the remote unit of the
range system, are located at a known shore point. The theodolite receiver and
the master unit of the range system are installed aboard the survey vessel.

As the vessel moves along a sounding line, distance between the shore station
and the vessel is continuously measured while the shore operator tracks the
onboard ranging antenna with the theodolite. Both types of data can be
converted and displayed onboard or can be transmitted to a soft or hard disc
of a computer system.

These systems will automatically collect an (¥X,Y) coordinate pair and a
depth reading at pre-set distance intervals. Also, the equipment usually
offers navigation information both for navigating to the starting point of a
grid and for keeping on-line as soundings are being stored. Additional
features include: interface to sounders, distance measurement (5 times per
second or more), vertical and horizontal angle measurement (2 times per second
or more), depths recorded at distance intervals, automatic computation of
next line coordinates, parallel and nonparallel line modes, and real time data
output.

These systems provide high accuracy and digital data. The advantage of
digital data recording is that data are readily available to be displayed on
board, edited, and stored on disk. This also implies that previously
collected scour surveying data can be available on the vessel and be compared
with the current data in real time. These systems can significantly reduce
the production time for the LADOTD scour surveys.

These systems are ideal for small boat situations. The Hydro I system

may be used with a 12 ft. boat; however, the Odom-system with the ECHOTRAC
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fathometer requires a 22 ft. boat. Both systems are discussed in detail in

the following paragraphs.

SYSTEM 1: Hydro I, a fully automated range azimuth surveying system

International Measurement and Control Company

300 E. Mineral Suite #5, Littleton, Colorado 80122

Tel: 303~-797-7722

The Hydro I is a highly reliable and fully automated hydrographic
positioning system that can be integrated with the existing sounding equipment
and computer of the LADOTD to provide a complete hydrographic surveying package
including computerized mapping.

Standard Hydro I equipment (costing $25,000)
Hydro I Laser (range of 5,000 m, accuracy 2 ft.)
Lietz DT5 Theodolite (accuracy %5 Arc Secc, resolution 10 Arc Sec)
Quick Track Endless Tangent
Shore/ship Voice and Data Links (range 5 miles)
Navigator Box
12,000 Point Data Collector (x,y,z = 1 Point)
Rechargeable Batteries w/chargers
Omni-Directional Prism Cylinder without prisms
RS5232 Computer Interface

Configurations

Case 1. TIf LADOTD decides to keep using the currently owned Raytheon 719
fathometers, then to use the Hydro I package, they need to purchase and
install the Fathometer Digitizer -~ DIGITRACE (%$2,500) for each of their
fathometers. These can be purchased by International Measurement and Control
Company oxr from ODOM (see below). The advantage of getting them from ODOM is

that ODOM is located in Baton Rouge and they can install the DIGITRACE in both
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of the LADOTD Raytheon fathometers. 1In this case, the cost will be (minimum

configuration):

Standard Hydro I 25,000
Two DIGITRACE (@ $2,500) 5,000
Total 30,000

There are some more optional equipment for Hydro I. The one that needs to be
mentioned is a set of prisms for $1,000, bring the total cost to $31,000.

Case 2. 1If LADOTD decides that the currently owned Raytheon 719 fatho-
meters are not worthy of keeping, then they can get equivalent fathometers
from Raytheon, or IMCC, for approximately $5,000 a piece. For two fathometers
the total cost will be $31,000 + 10,000 = $41,000 (maximum configuration).

SYSTEM 2: Odom Hydrographic Survey System

Cdom Hydrographic Systems Inc.

P.0. Box 927, Baton Rouge, La 70821

Tel: 504-~769-~3051

This system is composed of the following subsystems which can be
configured in any desirable fashion:

The Positioning System

The positioning system is composed of the distance measuring unit and the
shore station remote. Odom usually provides this system, which is manufac~-
tured by Racal, Delnorta or Motorolla. These systems are sold by Odom for
about $18,000, assuming they are used equipment.

The Hydrographic Sounder

Odom's Hydrographic Sounder is called ECHOTRAC. It is a precision
digital survey echosounder and it is composed of the recorder and the
transducer. There are two models of ECHOTRAC Recorders: The single-frequency

recorder that costs $17,160 and the dual-frequency that costs $18,260. The
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dual frequency recorded is recommended since it provides a valuable option.
There are a number of transducers available, each designed with a certain
frequency and angle. The cost of the dual-frequency transducer is $2,576.

The Azimuth Measuring System

Odom's azimuth bearing system is called AZTRAC. It is composed of a
modified Lietz DT20 E theodolite, a shore station tramsmitter, and a receiver.
The resolution of the system is 0.0l degrees (36 Arc Sec) and its range is 7
km. The cost of AZTRAC is approximately $18,250 (including cables, transit
cases and receiver and transmitter antennas)., A BCD Converter can be
purchased for $6,261. This converter will provide the interface to the
distance measuring system which has the capability of transmitting coded angle
data through its existing RF data links. Without this converter, distance and
azimuth data cannot be integrated.

The Hydrographic Data Acquisition System

Odom's version is called NAVIRACE and is composed of a processor,
terminal, printer, plotter, and optional Hayes modem. The cost of the
processor alone is $17,000. Prices are not quoted for the other peripherals
since they vary with the type chosen.

Digibar

This is a device available from Odom for calibrating the velocity of

sound for the ECHOTRAC. Its cost is $3,300.

The Echosounder Digitizer

Odom's version is called DIGITRACE and is internally mounted. DIGITRACE
is a low-cost digitizer that can be installed inside most analog echosounders,
such as the Raytheon 719, for digital depth displaying and output. It costs

approximately $2,500.
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Recommendation

Case 1 (minimum configuration)

Positioning system $18,000
Dual frequency ECHOTRAC sounder 18,260
Dual frequency transducer 2,576
AZTRAC — azimuth measuring system 18,250
BCD data converter 6,261
Navtrace processor (minimum unit for storing of data) 17,600
Total $80,347

Case 2 (maximum configuration)

As above $80,347

Additional cost for complete NAVTRACE (estimate) 6,000
(this will help for onboard data review)

Digibar 3,300

Total $90,000

For backup, LADOTD may consider one more fathometer:

(Second) Dual frequency ECHOTRAC sounder 18,260
(Second) Dual frequency transducer 2,576
29,836

This system is much more expensive. However, its capabilities are
superior as well. If LADOTD considers replacing its old Raytheon fathometers,
it may be desirable to choose Case 1 or Case 2 from ODOM. If onboard review
of old data is desirable, then the complete NAVIRACE system is required {(Case
2}. Odom also has a multi-~transducer (32) Sounder system {ECHOSCAN) capable
of capturing a "bottom picture" without gaps. MHowever, this feature is very

costly ($25,000).
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The ODOM equipment can be configured in a number of different ways, Data
collection can be done by boat as discussed above. However, in this case the
hydrographic surveys would have to be done after a flood event, as is
currently done for safety reasons. This would not represent an improvement
over current procedures in this respect. However, it is possible to configure
the transducers in a pier-mounted system which could be maintained in position
throughout a flood event. In this manner, the maximum scour developed during
the flood could be measured.

Up to eight transducers could be mounted on the bridge piers and
configured to cover specified areas upstream and/or downstream of the piers.
These transducers would be portably mounted in brackets attached to the piers.
In this way, they could be placed in position prior te the arrival of a flood
event and then removed after the event for use elsewhere. The only equipment
required for this configuration are the tranducers and recorder for a maximum

cost of $38,868.

POSSIBLE FUTURE MODIFICATIONS

If the digital survey equipment recommended in this study is purchased,
the present SAMS will have to be modified to accept the changed data format.
As long as the data consist of individual survey points (X,Y,Z) taken at
finite intervals, the basic components of the present system can be modified
to accept these data. In this case, some software would have to be written or
purchased to accept the data from the digital recorder and input it into the
correct format for SAMS. BSAMS, as currently comnstructed, will accept data at
any grid spacing as long as the spacing is specified.

However, if thé data are to be taken at a nearly continuous spacing such

that underwater, three-dimensional topographic maps are to be drawn, the
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present system will not suffice. 1In this case, vendors of hydrographic survey
systems and some other parties offer software packages to accomplish these
tasks for a PC enviromment. In addition, other options are available, such as
routines to compute volumes of scour or £ill and to do detailed mapping of

areas near a piler.

61



CONCLUSIONS AND RECOMMENDATIONS

The current procedure for scour survey and data analysis can be improved

in many aspects. The vital part of the monitoring process is the time

required for scour surveys to be taken, plotted, and analyzed. The system

which resulted from this research project, if implemented and maintained, will

drastically shorten this turn-around time and increase the reliability of the

entire monitoring procedure. Furthermore, the analysis of the scour survey

data will be made more objective by use of the scour analysis equations

developed in this study. Therefore, to gain the maximum efficiency of the

SAMS developed in this project, the following recommendations are made to

LADOTD with regard to this study:

1.

Staff gages should be placed at all important bridges which are to
be monitored. Meaningful data analysis is impossible without
discharge and stage information. Therefore, these gages must be
carefully maintained and an accurate stage-discharge relationship
determined for each gage. The USGS could be contracted to carry out
these tasks.

Full cross sections should be taken at each bridge at each survey
date. The current procedure of only reporting elevations relative
to a few piers does not give a complete picture of the activity
which is taking place at the bridge. A full section is necessary to
get a complete picture and also to compute the necessary hydraulic
parameters for scour analysis. These sections should be referenced
to a known benchmark location so that they can be properly repro-
duced and updated. Only one section at each bridge is currently
necessary and it should be taken a few feet (20-50) upstream of the

bridge.
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Eventually, sufficient sections should he taken both upstream and
downstream of the bridge so that a bridge backwater model can be
run. This is the most accurate method of determining the
stage~discharge relationship for the bridges. With this
relationship accurately known, water surface elevations could be
used as an indication of when the bridge may be in danger of failure
due to pier scour,

Serious consideration should be given to purchasing automatic
digital scour measurement equipment. The equipment discussed in
this study would greatly enhance the quality and reliability of the
present method by providing the hydrographic survey data in a more
real~time fashion. In addition, if the transducers were pier-
mounted, actual measurements of scour during flood events could be
obtained. These data would be highly useful and would greatly

increase the safety of Louisiana's bridges.
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APPENDIX I

Calibration Procedure for Trend Equations

The recommended procedure for calibrating the scour prediction equation

for a particular bridge based on the currently available data base is as

follows:

1.

Determine the location of the most significant scour activity (the
"scour hole") for the bridge under analysis. The time history plots
can be a great aid in making this determination.
Compile all of the available scour information for this location.
Notice that this location may encompass more than one pier and more
than one location u/s or d/s of the piers. Only scour, i.e.,
negative changes in the bottom elevation, should be used in the
analysis.
From available flow records, determine the time and discharge of the
closest flood event previous to each available scour survey.
Unfortunately, this is a somewhat subjective judgment. The "flood"
must be judged relative to the discharge which preceded it.
Obtain a channel cross section near the bridge site (preferably a
few feet upstream) representing conditions as near the flood date as
possible.
From the chosen flood event and cross section, estimate the average
velocity and depth of flow using the software provided.
With the estimated flow depth and velocity from Step 5 and the scour
values coﬁpiled in Step 2, regress the equation:

VZ

ds = K1 Y + K2 (ig) (X1I)
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where

dS = scour depth (ft)
Y = mean flow depth (ft)
V = average flow velocity (ft/sec)

Kl’KZ = regression coefficients
The SAS package or any linear regression procedure can be used in

these computations,
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