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The Integrated Hydrographic Survey Systems study was initiated in

1 1971 as a work unit of the Office, Chief of Engineers ’ Improvement of
Operation and Maintenance Techniques research program. The objective

of the study is to ensure effective and efficient hydrographic surveying

systems for Corps use .

Accomplishments to date include (a) a literature search for state—

of—the—art information, (b) a continuing canvass of manufacturers for

available equipment and development programs, Cc) a survey of Corps

Districts to determine responsibilities and needs, (d) initiation of

equipment development programs including District evaluation of the

• equipment, (e) development of a training program for technicians, and
(f) the holding of biennial conferences.

2 Four previous conferences have been conducted and the proceedings
published as listed below:

• Conference Site Conference Date Publishing Date

Waterways Experiment Station,
Vicksburg, Miss. 9—11 May 1972 Oct 1972

U
ç~ Mobile District , Mobile, Ala. 30—31 May 1973 Oct 1973

San Francisco District ,
San Francisco, Calif. 21—22 May 197)4 Dec 197)4

New Orleans Distr ict ,
‘-~~~~~h~~~Orleans, La. 5—6 Nov 1975 Mar 1976

This publication summarizes the proceedings of the Fifth Hydro—

graphic Survey Conference at the OMNI International Hotel, Norfolk , Va.,
on 8—9 November 1977. The conference, as were the previous four, was

• conducted to encourage a continuing exchange of ideas, methods , and

experiences of District surveying personnel. The experience and knowl—

edge thus gained will be beneficial to the Corps hydrographic surveying

improvement program. -~

~~~~~ The conference was sponsored by the Office, Chief of Engineers

(aCE). These proceedings were compiled by Messrs. E. D. Hart, 
~~~~~~~~~~~~~~~~~~~
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Hydraulics Laboratory 1 and 0. C. Downing, Instrumentation Services
Division , under the general supervision of Mr. F. P. Hanes , Chief of
the Instrumentation Services Division, Mr. E. B. Pickett, Chief of the
Hydraulic Analysis Division, and Mr. H. B. Simmons, Chief of the Hydrau.-
lies Laboratory , Waterways Experiment Station (WES). --—- ,

F “— .COL John L. Cannon, CE, was Commander and Director of WES during
the period of the conference and preparation of the proceedings.
Mr. F. R. Brown was Technical Director.
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U. S. Army Corps of Engineers

FIlTH II Y DR O CRAP H LC SURVEY CON FERENCE

8 • 9 November 1977

GEN ERAL

The U. S. Army Corps of Engineers conducted its Fifth National

Hydrographic Survey Conference on 8—9 November 1977 . The Norfolk Dis-

trict acted as host to the conference which was conducted in the OMNI

International Hotel. Corps attendees included representatives of 30

District and 3 Division offices , U. S. Army Engineer Topographic Lahora—

tory, U. ~~~. Army Coastal Engineerin~ Resear ch Cent er , U. S. A rmy Enj~ineer

Waterways Experiment Station (WE S) ,  and Office , Chief of Engineers.

Other U. S. agencies represented were the National Oceanographic and

Atmospheric Administration (NOAA), Il. S. Geological Survey , Bureau of

Land Management , Tennessee Valley Auth ority ,  Naval Oceanographic Office,
U. S. Naval Explosive Ordnance Disposal Facility, U. S. Defense Mapping

Center, and the U. S. Coast Guard. Also present were representatives
:~ of the Governments of Canada, Great Britain, and Venezuela. A memoran -.

dun (Appendix A) announcing the conference was issued in September 1977,
by the WES. A list of the 1146 Government (98 Corps ) personnel who

attended is included as Appendix B.

• The two—day conference consisted of the presentation of four tech—

z~icU papers by Government employees and the display and demonstration
of hydrographic survey equipment by 31 private firms and a tour 01~ the

NOAA Atlantic Marine Center in Norfolk . A businesr meeting was con-

ducted by Corps and other Government attendees on the ~tIi. The con fer—

ence schedule is included as Appendix C.

Mr. M. Millard , representative of the O f f i c e , Ch ief o~ Engineers

(OCE), acted as Conference Chairman. Mr. Roger rruhs and other employ— -:

ees of the Norfolk District acted as coordinators and hosts. Mr. A. L.

H Wilkerson of the Memphis District was chairman of’ the technical session

.1
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WELCOMING STATEMENTS

The opening day formal session was held in Providence Hall of the
OM1~I International Hotel (see page 1 4) .  Mr. Zane Goodwin, Chief of the

Norfolk District Engineering Division, welcomed the attendees to the
Norfolk District and to the city of Norfolk. He was impressed with the

manner in which the Corps and other agencies continued to improve their

surveying methods. He felt this conference would play a significant

role in this improvement program.

The Norfolk District, with limited manpower, is able to utilize

electronic equipment in surveying over 700 miles of navigable channel.

He hoped that information obtained at the conference would help them to

improve this capability. Attendees were invited to use District facil-

ities as necessary and to enjoy their stay in Norfolk.

OPENING REMARKS

Mr. M. Millard, OCE , also welcomed the attendees to the conference.

He reviewed briefly the concentrated program to improve the Corps’ hydro—

graphic surveying capabilities through the utilization of electronic
-

‘ 
equipment. This program was initiated in 1959 and since that time

almost every District has automated, to some degree, their surveying

systems. This conference should be utilized to the maximum degree to

determine what is available and to ensure that private industry is

aware of our needs.

FORMAL PRESENTATIONS

The primary purpose of the formal presentations was to promote
an exchange of experience in the Corps and other agency hydrographic

surveying programs. The papers discussed two new surveying systems,

system mobility and data processing.

5
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TRAILERABLE AUTOMATED SURVEY BOAT

by

Donald Thrower

Survey Sect ion, Mobile District

During the past year in the Mobile District, our Survey Section

has been working with WES in testing a small boat data logger device,

which consists of a Morgan D—81, interfaced with a Tellurometer CA1000—D.

The Morgan D—81 hydrographic data processor is an advanced port-

able data collection system designed to automatically sample and record

digitized water depth , boat position , and t ime—of—day on a standard
cassette tape.

The sampling rate can be programmed from the keyboard to occur

automatically at specified intervals or manual sampling may be accom-

plished from a front panel switch. A calculatorlike numeric—function

keyboard and the displays provide a reliable, easy—to—use method of

data entry for setting up mission parameters. A set of eight switches

are used for controlling the various operating modes of the system, and
a set of eight LED’s inform the operator of various conditions and

statuses. Recorded data can be reviewed and displayed or can be trans-

mitted to a remote device. The Morgan D—81 is especially designed to

be small, lightweight (approximately 15 lb), and with low power. This

makes it especially useful for small boats. The Morgan D—8l is supplied

with a lightweight 200—kHz transducer to be operated “over the side” so

that a permanent mounting or brackets are not necessary. All that is

needed for operation of the Morgan D—8l is a power source of 12 VDC at

36 watts.
The Tellurometer CA1000—D is a standard electronic distance—

measuring instrument with a dynamic capability. In the Dynamic Mode

this distance—measuring system can continuously monitor a moving vessel

with an accuracy of +2 ft at ranges up to 15 miles.

7
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The vessel’s position is continuously presented in feet on a digital

display. These data can be interfaced with a digital printer. This

single—range system consists of two instruments, termed the Master and

the Remote, which are tripod mounted at each end of the line to be

measured, the slope distance being obtained from the Master instrument.
In a situation where the Master and Remote units are not intervisible,

continuous monitoring of signal strength and, therefore, direction can

be observed by a large meter on the face of the Master unit. The

CA1000—D is fast and simple to operate with continuous duplex voice

communication between Master and Remote. The size , weight ( 8—1/2 ib) ,

and power consumption have been kept to a minimum due to the exclusive

use of modern , solid-state components in the design.

The small boat data logger system (Morgan D—81--Teflurometer

CA1000—D ) collects hydrographic data electronically on standard cassette

tapes . With an acoustic coupler the survey party has the ability to

transmit field data by telephone to the Automatic Data Processing (ADP)

Center. The data are then accessed to a host computer for various uses

such as computer plotting of hydrographic range section, dredging

quantity estimates , hydraulic design , etc.

The small boat data logger system is compared with the conventional

tag line and Raytheon depth—recording system below.

Item D—8]. Data Logger Conventional

Survey party 14—man party 5-man party

500—ft range and 8 hr/l6 ranges 8 hr/8 ranges
overbanks — fi eld

500—ft range and Reduced and plotted Reduced and plotted
overbanks — office 2 hr/16 ranges 16 hr/16 ranges

Thrnover time Transmits immediately Field notes mailed in —

with immediate data data reduced in office
reduction

Safety No tag line Tag line - lightning,
barge traffic, objects
in water

Distance/range +7 miles +1000 ft

8
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After using the small boat data logger system for 8 months on

one of our primary river projects (Tenn—Tom) we were confronted with

several problems. The main problem with this system is track loss when

operating in certain areas or locales. Around locks and dams the di s-

tance track is lost because of the large amount of’ wave reflection from

concrete structures. There have also been problems of track loss around

electric power lines and when operating in the vicinity of a radio

transmitting station.

During the same period , other companies’ systems were investi-

gated. The “Miniran Ran ” manufactured by Navigation Management , Inc . ,

of Anthony , Florida, was demonstrated at Walter F. George Lock and Darn.

Track loss, the same problem, was encountered when operating within

an area approximately 1000 ft upstream of the dam.

Decca Surveys of Houston , Texas, was under contract to the
Mobile District to survey the reservoir area immediately upstream cf

the Walter F. George Lock and Dam. Observed by Survey Section person-

nel, the Decca Autocarta System accomplished the survey without track

loss or malfunction.

The Decca Autocarta System was recommended highly by both Memphis

and Oregon Districts. In February 1976 we purchased a 23—ft all—

aluminum utility MonArk Boat. Then in February 1977 we purchased the

Short Range Decca Autocarta System. The Decca Autocarta System has

full hyd.rographic survey capability including data log~ in~ for accessing

host computers.

The Decca Autocarta System is considered the most suitable system

for the type of hydrographic survey work performed by the Survey Section

of the Mobile District.

At this time I would like to show slides with comments c’ii some

of our hydrographic field operations.

9
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DEMONSTRATION OF PASSIVE R EFLE CTOR NAVIGATION SYSTEM

S FOR DREDG IN G AND BUOY TENDING OPERATIONS

by

George C. Downing

U. S. Army Engineer Waterways Experiment Station

INTRODUCTION

Background

1. The Corps of Engineers is heavily involved in a number of in-

land marine operations related to the construction and maintenance of

our national waterways. This entails work in rivers , canals, harbors,

reservoirs , and estuaries under widely differing conditions of climate ,

topography , and urban factors. In order to maintain an efficient and

responsive service, Corps management has encouraged the development and

use of up—to—date methods and equipment . This paper describes an eval—

uation study directed toward improving the techniques available for

positioning marine vessels such as dredges. The study reported here was

inititated by the Corps of Engineers with recent thterest and participa—

tion by the Coast Guard (CG), since both organizations have recognized

the need for improvements in marine positioning techniques. The CG in-
terest relates to their 1~equircmenL for accurate position information in

buoy tending. The objective of the Corps ’ phase of th i s  invest i gation
was to study the use of a passive reflector positioning system (PRANS)

in simulated dredge service and to evaluate its potential as a lower

operating cost alternate to existing techniques.

2. Within the past few years, electronic positioning systems of

several different types have been tried on dredges operated by the Corps.

Two electronic distance—measuring systems are in use on dredges working

on the East Coast and there are three acoustic navigators in use on the

West Coast. In addition , the Corps has numerous electronic positioning

systems on survey boats. Electronic positioning systems currently in

use perform well but require active shore units which are complex and

13
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expensive. The acoustic navigators operate without the need for shore

stations but have limitat ions due t o  drift and they cannot operate i t~

river c hannels w h i c h  have moving sediment 1 v ~5~x~s on the bottom .

3. Rxpens e ot the shore unit. : of all the miorowave act ive  -s-po~. —

der position in~ sy: tens akos i t  necessary t o  man the shore stat ions in
most instances to  avoid theft or vandalism . Expense of t he  shore unhs

of the most acouratt  active responder posit ion i n~ sy stems  is also hi  ~
(approximately $15K/unit) such that the  nwnher i - s n o t  ical in use is so—

stricted to the bare minimum, which in turn lImits operatiii~ f reedom .

Thus, as a dredge or survey boat moves to a now location it is necessnry

to move the shore responders and the shore crew members. Active re-

sponder systems also require power which is supplied by batteries that

are recharged and replaced on a daily basis. In normal operation ,

active responder systems require setup of shore units at the beginning

of each day and disassembly at the end of each day. In the event that

2~4-.hr operation is required , two or three shifts of personnel will be

needed and, in many situations, exposure of the shore crew members to

conditions which are unacceptable in modern employm ent practices. An-.

other situation where active responder systems are limited is in guidi ng

a hopper dredge from a shoal area to a dump area. It is impractical to

move the shore stations each time a trip to the dump is to be made and

the distance from shoal to dump is usually too long to be covered by the

limited number of shore units available.

~~. A study to investigate the use of a PRANS cn dredges was

proposed to the Corps by Associated Controls and Communications , Inc .

(ACCI) , as a potential method of improving operational efficiency . Ob-

jectives of’ the study were to ( a )  demonstrate the use of a PRANS under

conditions which simulated the operation of a hopper dredge and (b)

gain experience in the use of such a system . It was expected that the

experience so gained would improve the design of’ a subsequent prototype

system if additional development appeared warranted . The proposed

study was considered to have a considerable merit and the field test

program reported in this paper was therefore initiated .
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Vield demon st rat ion

5. The ~ew England Division (NED ) was contacted by WES regarding
the ~RANS project and assis tance in conducting the program was requested.

NE ) agreed to provide a boat and operator and to assist with their

knowledge of the area. This support enabled the site of the test pro-

gram to be located in the Boston Harbor area, which greatly assisted
the installatio~i and checkout for the demonstration . The area selected

Li for the simulated dredge maneuvers was out of the main shipping channels

of the Boston Harbor so that interference was minimized. Islands sur—

rounding the area provided sites for the shore mounted reflectors. The

availability of Corps survey data on the islands was also taken into

accoun t in selecting t1~e sites. Five reflectors were installed by ACCI :

three were on surveyed sites at Nixes Mate Island , L~vell Island, and

an unnamed rock e~t~ t of Bug Light ; two were on tmsurveyed sites, with

one of these being on Peddocks Island and the other on a navigation

l igh t  west of Feddocks Island . The un surveyed reflectors were origi-

nally intended to be used to demonstrate U—turn maneuvers only and the

avai labi l i ty  of survey data was not used as a cr i ter ia  in site selection .
As things developed , unseasonal storms and vandalism damaged two of the

surveyed reflectors late in t h e  preparation stage . Due to the need to

avoid extensive schedule slippage , it was deemed expedient to shif t to

the unsu.rveyed reflectors and use these for all of the demonstrations

and experiments.

t .  The demonstrat ion test plan for the Corps phase of the program

was intended to simulate typical hopper dredge maneuvers. The three

maneuvers selected to simulate were :

a. Dredge cuts parallel to channel center line and with in—
crements offset from center line.

b. A turn at two defined points in a simulated three—segment
channel.

C . A U-turn.

The navigation system was to display to the dredge operator the distance

from each turn and the offset from center line during these boat

operations.

15 
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7. The demonstration test plan for the CG phase of the program
was intended to evaluate the system for buoy se t t ing  maneuvers . The
simulation selected for t h i s  part was (a) simulation of’ buoy tender

maneuvers and ( b )  determination of’ resolution of the p o s i t i o n i n g  system .

8. An importan t aspoet of this phase of the development program

was a demonstration of system operation to selected representatives

from Corps offices in various parts of the country . This  approach ga i ned

direct feedback for the  program t’rom men who are knowledgeable user:; of’

electronic distance measuring equipment and automat le data processing

systems . It was felt that guidance from a group suck a:; t .hi : ;  would be

of’ great value in evaluating the system potential and in  guiding sub—

sequent I liasos of the development. Af te r  several delay s and postpone-

ments, demonstrat i on maneuvers were run , during November 1 Y(h, in t h e

area between Ueorges I slancl and the navigation .11 g u t  . The barge was

programmed to foil ow a hypothetical c hannel wh ich  inc lud ed  t.Ii roe s t r a i g h t

sections and two turns. I)ist,aiict’ to turn and offset from center line

were di splayed a:; a simul ation of ’ c1r.ed~ie operation . Corps representa-

tives who attended the demonstrat ion and par t ic i pa ted in t in ’  related
di scu :;sions were as follows

Mr. N.  H .  West , Portland District
Mr. A. L. Wilkerson , Memphi s  D i s t r i c t
Mr. R.  A. Pruhs , No rfolk District.
Mr.  H. H . ~picu , Philadelphia l)istriet
Mr. F. Ciocone , NED
Mr. ~ . Fi st,oi , NFl)
Mr . Ne il fi amuels , OCE

S 
Mr. G. C. Downing , WES

)~ Coast Guard r ep re sunt at .  lye:; were given demonstrat.i ens of the

I RAN S operation during maneuvers simulat ,  ing  buoy tending . Comments

from CU personnel indicate the demonstration was a valuable exposure

!‘or the at .  t .oinleo s . A CC report on the PHAN S proj ect has been prepared

• by the R&D Cente r  at Groton , Connecticut. Thi s report. s out.! t . .1 od

“Tests , Demonstration , and Evaluation of’ ACC I Developed All Weather Pi .o~
else Navigation Systems for Applicability to Nav igat i on Aids Operation .”

TIit’ report dt ’scr I hen the system demonstrate ! and gives an e x t e n s i v e

analysis of the resolution test data. It. concludes that I’RAN S in  a

1 $  
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I ~ viable candidate for further development. CWO Bob Couehxnan was in
charge of the CG phase of this program.

10. The resolution test of the PRANS was made by moving the test

barge SALEM along the dock on Georges Island and tying up at 5— to 10— ft

intervals along the dock pilings. The 5-. to 10—ft movements were set

with a mechanical tape measure. Cross comparisons of the PRANS data,

the Autotape data , and the dock position data were made. The CG R&D

Center made an extensive analysis of the resolution test data. During

the data gathering phase of the program, a large number of replicate

readings were taken so that statistical techniques could be applied with

a high level of confidence. Analysis procedures and results are in-

cluded in the referenced CG report. A summary of the data analysis re-

sults from the CG report is included as Table 1. These results illus-

trate the very high resolution capability of the PRANS equipment.

PRAITS DESCRIPTION

Components

11. For the field demonstration of the PRAMS technique ACCI

assembled a shipboard system composed of electronic equipment components

used in previously conducted St. Lawrence Seaway tests but modified for

the Corps/CG evaluation program. These components were on loan from

the St. Lawrence Seaway Corp. for the duration of this test program.

Conventional radar components were used for the microwave sections of

the system and a FF1 display was available for its regular pilot guid-

ance use. Major components of the system consisted of the items de-

scribed in the following paragraphs.

a. Radar — A Decca marine radar unit was modified by ACCI to
S meet PRAMS requirements. The antenna and associated ped—

estal were mounted on the deck of the barge SALEM for the
demonstration. The radar display unit was mounted in the
cabin of the SALEM. This item was on loan from the
St. Lawrence Seaway Corp.

b. Gyrocompass - A Model 301 Sperry gyrocompass was leased
for the period of’ the field trials. This unit provided
azimuth information to the computer and enabled it to
adjust the azimuth gates around the reflectors as the
boat moved.

17 
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C .  Data Terminal — A Texas Instruments Model 733 data ter-
minal was used for computer input and output functions .
The keyboard allowed rapid program modification. Data
collected during test periods were printed by the 733.
This unit was supplied by ACCI .

ci. Display Panel - A display built by ACCI for the St. Law-.
rence Seaway program was installed to demonstrate how

‘ 
information can be supplied to the pilot . This unit was
modified for the dredge program to indicate distance from
center line of’ programmed channel and also distance to
end of a cut .

e. Computer and Associated Circuits — A minicomputer used in
the St. Lawrence Seaway program was used in these tests.
Some of the associated circuitry was modified to match
the Corps program needs. The computer processes inputs
from the radar receiver , the gyrocompass , and the data
terminal . A stored program executes the needed computa-
tional and control functions.

f. Software — Systems software is a key element in the PRAMS
operation although it is not a visible item . A fast and
efficient program instructs the computer when to open
radar receiver gates, computes geodetic position from the
two range measur ement s , and directs the processed results
to the output devices.

~~. Microwave Reflectors — Reflectors mounted on the shore
constitute the foundation of the PRAMS . Without these
relatively simple component s the rest of the system is
inoperative. For these tests, ACCI fabricated corner
cube—type reflectors from sheet aluminum. One of these
reflectors is presented as Figure 1. The reflectors
used have approximately one-metre-square sides.

4

~~~~~

Figure 1. ¶I~rpical microwave reflector
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Circuit functions

12. To better illustrate the functions and interrelations of the

variouC; components, a simplified block diagram of the PRANS is !‘iven in

Figure 2. In this diagram the control and data paths can be readily

visualized and some of the special circuits associated with the computer

are shown. A linear gain receiver section was designed and built by

ACCI as an input to the computer controlled detection circuits. This

is in contrast to the logarithmic gain receiver normally used in a radar

receiver to enhance the weak echoes which are received from natural sur—

faces such as shoreline, trees, small boats, etc. With a linear re-

ceiver amplifier as used for the PRA1’~S detector , radar returns from good

microwave reflectors are generally large compared with natural shoreline

echoes. The radar antenna transmits and receives energy in a narrow

azimuth angle (approximately 2 deg) and is coupled with the remainder of

the radar system through a transmitter/receiver (TR ) switching uni t .  A

sensor attached to the radar antenna, as an ACCI modification , detects

the antenna azimuth with respect to the boat axis and the signal is

transmitted to the PRANS computer for processing. The gyrocompass pro-

vides the computer with boat headinL’ information. The constant fraction

discriminator is the single most important component necessary to de-

liver the high resolution of the PRANS. This unit detects the same

point on a reflected signal pulse even when the signal amplitude changes

over a large ratio (see Figure 3). This is in contrast to most pulse

detection circuits which trigger on a fixed amplitude. The time in-

terval measurement for range is greatly enhanced using the constant

fraction discriminator unit. The gating circuits preceding the constant

fraction discriminator are computer controlled to prevent reflections

from undesired targets from interfering with proper target detection.

By programming in the approximate time for each shore station signal to

arrive, and blanking signals which occur prior to this time, the time

interval measurement for range is maintained valid even where strong

and unwanted natural reflections exist ahead of and behind the target

reflector. A diagram illustrating the range gate function is riven in

Figure 14• The computer also controls the signal gate on the basis of

20
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Figure 3. Diagram illustrating function of constant
fraction discriminator

TINE INTERVA L MEASUREMENT FOR RANGE
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Figure .~. Diagram illustrating function of range gate
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azimuth using the antenna azimuth signal and gyrocompass signal for
references. By programming the approximate azimuth for each shore sta-
tion and blanking signals which occur outside these limits, a strong
discrimination is achieved against unwanted natural reflections from
either of the target reflectors. Figure 5 illustrates the azimuth

gating function . The combination of range and azimuth gating provides

RANGE GA TE

, \

BUILDING AZIMUTH GA TE_-~~~( ,~~~ 
\‘.~‘

~~~~~~~~~~~~~~~ \
SHORE STATION,

)
REFLECTOR

,.. ..‘‘~~~...—. SH~~j J~%~~IN RADAR BEAN WIDTH

RADAR ANTENNA

Figure 5. Diagram illustrating function of azimuth gate

a very effective shield against unwanted reflections. The computer

program adjusts the range and azimuth gates for each antenna rotation
to accommodate the movement of the boat. The computer program is also
designed to shift to a new set of gates when the boat leaves the area
covered by one set of reflectors and enter s a new area.

COMPAMISON OF POSITIONING TECHNIQUES WITH PRAMS

- 
- General

13. In order to set the passive reflector positioning techni4ue
S in proper perspect ive , it vii]. be useful to review positioning tech—

niques in general and how these relate to Corps use. This review will

23
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assist projecting the course of development and the relative merits of

competitive systems. For instance, with the manual methods used by the
Corps in past years, the measurement medium was either optical (via
transits) or mechanical (via tapes, cables, wires, etc.). Newer tech-

niques in use by the Corps involve acoustic and microwave energy for
determining positioning. There is a wide variety of possibilities for

navigation aids but only a few of these are considered practical for

Corps use. Ocean shipping and aircraft can use methods which provide S

only relatively coarse accuracy, but inland waterway use demands a

higher level of precision. The Corps requirement for high accuracy

positioning is greater than most inland waterway users, resulting in

use of a limited number of systems.

Active responder DME

l1~. Active responder electronic distance measuring equipment

(DME) has been widely accepted by Corps Districts during the past few

years because it can (a) provide higher accuracy, (b) adapt to auto-

matic systems, and (c) permit higher operating speeds. A sketch of a

survey boat equipped with a. 3—range electronic DME is shown in Figur e 6.
The sketch illustrate s microwave DME and gives an idea of the equipment
and shore personnel involved . HF distance-.measuring equipment is also

used by some districts because it provides nonhine—of—sight use while

all microwave equipment requires line—of—site. Various local conditions

and operating modes determine the optimum choice between types for a

• given application. Acoustic active responder systems are impractical

in inland waterways because of the shallow water , compared to offshore,
and the irregular bottom contours.

Passive reflector DME
4 15. Figure 7 illustrates the equipment needed for a 3—range

passive reflector system as a direct comparison with the microwave DME

illustrated in Figure 6. The notable difference between the systems is

the absence of shore personnel. Accuracy and compatibility with auto-

matic systems are equivalent. Other comparisons of the two types of’

systems were discussed in the introductory section of this report.

21~
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Doppler navigators

1 . Doppler navigators are used by several Corps Districts and
Labs for specialized uses. All marine doppler navigators are based on

acoustic reflection from the waterway bottom. The principle upon which

this equipment is built is that a shift  in frequency will occur between
transmitted and reflected energy when a source is moving relative to a

reflector. Doppler navigators can be built using optical, electrical ,
or acoustical energy but for boat use acoustic energy is the only prac-

tical underwater technique. For boat navigation , a complete system

would include a 2—axis doppler system, gyrocompass, and a computer with

display appropriate to the job. The computer can integrate the boat

course from a starting point and plot the position of the boat wherever
it is piloted and without any reference other than a firm waterway

bottom . This latter point can be a very considerable advantage since
shore stations are not required except for a starting point reference

and periodic checkpoints. By greatly reducing the need for shore refer-

ence stations, a doppler navigator can, in some instances, give versa—

- ‘ tility not possible with electronic or optical DME . For instance , a
boat can be navigated around bends in rivers and harbors where the

setup time for electronic DM5 would be very costly . A doppler naviga-

tor system can also operate offshore beyond reasonable line—of—sight

conditions . Another example would be the situation where a hopper

dredi5~e needs guidance from a shoal area to a dumping ground. A doppler

navigator could provide this capability much easier than electromagnetic

DME, provided other conditions are satisfied .
17. There are several significant and severe limitations to

acoustic doppler navigators for Corps use. As a fundamental constraint,

the integral of velocity is displacement but with an error which is

cumulative with time. Thus, a boat navigating with this method will

have an error which increases in magnitude with the length of’ time

since the last reference position check. Another severe constraint for

Corps use is the stability of the bottom, since this is used as refer—

ence reflection. In many rivers, there is a layer of sediment moving

along the bottom of the channel. This moving layer is highly reflective

27
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to acoustic energy and appears as a false bottom to the signal analyzing
circuits. Since the doppler shift is derived from the relative motion

of the boat and the bottom , as determined acoustically , it follows that
the true velocity of the boat will be in error by the velocity of the

moving bottom . This effect limits the use of doppler navigators to

offshore areas or to inland waterways where there is very little sedi-

ment being transported. Another constraint worth mentioning is the

depth range over which an acoustic doppler unit is effective. For off-

shore work the water depth may become too great for the reflected

signal to be detected and the signal processing equipment will shift to

water track mode and give reduced accuracies. Some doppler equipment

is designed for deepwater work but generally these use lover frequen-

cies to get lower signal attenuation and have reduced accuracy as a

result of this compromise. Doppler navigators are widely used for

oceangoing vessels but due to the limitations mentioned above, they
have found relatively slow acceptance by Corps personnel. Looking to

the future, doppler navigators may find considerable use as supplements

to electronic DM5.

Satellite navigation

18. For ocean shipping use, doppler navigators are used in con-

junction with a satellite positioning system. The satellite system

gives a position update on approximately an hourly basis, thereby, re-

setting the doppler navigator integral drift to essentially zero at

each update time. Between satellite fixes, the doppler navigators keep

the ship so equipped on course. The two techniques thus complement each

other very well in this application ; the doppler providing continuous

high—resolution , short—term positioning information and the satellite

system correcting the long—term drift of the doppler system. This works

S very well for open ocean navigation but the satellite fixes are too far

apart in time to be adequate for Corps work. In an hour’s time lapse

the cumulative error of the doppler system would be too great for sur—

vey work. The NAVSTAB satellite navigation system is planned for

operational readiness in 1988 . It will have a calculated accuracy of

+10 m in the horizontal plane and +8 m in the vertical. This  accuracy 5
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c~ pabili ty will be excellent for aircraft  and offshore navigation and

will be adequate for some inland waterway uses. The NAVSTAB system

will have ~21~ satellites orbiting in such a pattern that at least four

will be within line—of—sight .Th hours per day. If’ its projected accu-

racy is achieved in practLoe , N AVSTAB will  exceed the accuracy of’ LORAN

and D1FFEHEN ~1’IAL LORAN . The projected accuracy of +10 ni is, however ,

not adequate to meet the range accuracy for Corps hydrographic work

5 which most Districts consider as requiring +3 m or better in resolution

and repeatability . Thus, even without considering the long time lag

before NAVSTAR is operational, the development of passive reflector

systems does not pose a duplication of effort.

Compound positioning systems

l~ . While the satellite/doppler combination is inade~juate for

inland waterway surveys, and electronic DM5/doppler combination may be

very useful in some instances. A doppler navigator operated in conjunc-

tion with a microwave DM5 would extend the area of’ coverage of a given

• set of shore stations. The doppler navigator could maintain course

through blind spots , interference cones , and where the geometry of the

DME is poor. Either active responder or passive reflector DM5 can be

used in conjunct5ion with a doppler unit.

Waterway/reflector considerations

20. If a waterway is permanently equipped with passive reflectors

suitable for general marine use there are possibilities for savings

which are not apparent if only the old ways of doing things are con—

s~dered. Commercial shippers with PRANS—typo equipment aboard could

operate with greater efficiency and safety than with the present visual

navigation aids. Greater efficiency would accrue from less weather de-

pendence and also from better boat control . By reduc ing or eliminating

dependence on visual aids, the boat operators could operate in weather

which otherwise causes them to lay over. Boat operators could also

reduce energy consumption by making more precise settings of rudder

and power on the basis of more precise position location and speed S

information .
21. Another concept made possible when a waterway is equipped

29
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have greater freedom of movement to survey efficiently rather than being
constrained to an area covered by two or three shore responders. We

can also consider the possibility of collecting channel surveillance
survey data by boats running up and do~m a given waterway for other
purposes and thereby supplyi ng some types of hyth ’ographi c survey data
without sending government crews out specifically for that purpose. A

simplified sketch illustrating a waterw ay equipped with permanen tly in—
stalled reflectors is shown in Figur e 8. -

S

Other passive
reflector radar equipment

21i . The passive reflector technique is not limited to the system
evaluated in the subject test program . Several companies build pre-

cision digita l ranging units which can be adapted to existing radar

sets. Alpine Pioneer , Inc . ,  manufactures a digital radar ranging un it

which is manual ly bal anced and because of its greater simplicity is

much lower in cost than a computer controlled system. Because of the

slow speed of a manually balanced unit , this system is envisioned as

being useful for locating a boat at a fixed point . Setting buoys might
be such a situation. Another example of an alternate passive reflector

:1 system is the portable range unit manufactured by NanoFast , Inc., in
Chicago, Illinois. This is a single range automatic tracking unit with

an accuracy of 6 in. in range. It may be an economical choice for small
boat s running single ranges.

Reflector design considerations

25. Reflectors for PRANS development are a. key element in the
S success of the technique. The best imaginable shipboard equipment is

useless without adequate shore reflector stations. Reflectors are

basically simple and potentially low cost compared to active responder

units but the multitude of factors which influence the design or selec-

tion of type is far from simple. As a PRAN S component , the function of

a reflector is to return a large portion of the radar pulse incident on

it. A large signal return is desirable for proper signal detection, and

to obtain a strong reflection it is necessary to hav e a lar ge radar

cross section. Thus, from an electrical performance standpoint, it is

3]. 
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best to use a large reflector. Reflector installation and maintenance

costs are however directly proportional to size. Performance and costs

are thus in direct conflict. Optimum reflector design therefore re-

quires a careful compromise between performance, as related to signal
return, and the cost of a reflector installation at a given waterway
site. For short ranges, less expensive reflectors can be used. Another

factor which must be considered is the azimuth coverage required of a

given reflector. Some types are omnidirectional and others are very

narrow beam units. Beam width and signal return are inverse functions

for a given reflector size so it is necessary to consider beam width as

another compromise factor in design selection for a given site and use.

CONCLUSIONS AND RECOMNENDATIONS

26. The PRANS demonstrated the ability to provide guidance to
dredge captains by displaying distance from center line and distance

to end of cut while following a preprogrammed test course which in-.

cluded three straight sections and two turns. The test operations

performed under the study contract described in this paper have sub-

stantiated the original conclusion that this positioning technique has

51 considerable promise as a general navigation aid for inland marine and

nearshore use. Both government and commercial marine operations can

benefit from the availability of a navigation aid which can provide

accuracy commensurate with the needs of restricted inland waterway chan-

nels. Usefulness of this technique will be greatly enhanced for Corps

use and for other government agencies if microwave reflector navigation
S 

aids are installed and maintained by the CG as is presently done with

optical navigation aids. For commercial shipping, it will be essential

to have government supplied navigation aids to make the system prac—

tical. A key element in this program is therefore the cooperation and

participation of a multiagency group interested in improving navigation

techniques.
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BATHYMETRIC SWATH SURVEY SYSTEM AND ITS POTENTIAL

FOR EFFECTIVE BOTTOM MAPPING

by

CAPT Wayne L. Mobley
National Oceanographic and Atmospheric Administration

SUMMARY

National needs require improvement in present survey systems and

techniques for acquiring and processing bathymetric data. Requirements

for such data include their use in support of changing navigational

usage of nautical and engineering endeavors. The objectives of the

Bathymetric Swath Survey System (BS3) Program are to improve the effec-

tiveness of marine surveying, improve data quality, and provide useful

engineering data for nautical charts and bathymetric maps. BS3 opera-

tions can be divided into three areas:

1. West Coast and Alaska — shallow water operation.

2. East Coast, Gulf , and Great Lakes - shallow water operations.

3. Deep ocean operations.

The development of new instrumentation and operational techniques

for the West Coast and Alaska shallow water operations is under way

with the procurement of a modified General Instruments 21—beam BO ’SUN

sonar, which will be installed aboard the NOAA ship DAVIDSON. The sin--

veying and processing techniques, aimed at improving the effectiveness

of bottom mapping, will be demonstrated this spring in Puget Sound near

Seattle, Washington.

NATIONAL NEEDS

Marine commerce is an essential element of our Nation’s economic

life and contributes significantly to the welfare and safety of people

and property. The production of nautical charts and related data is

required to satisfy navigational needs and to contribute to national

- - goals such as managing ocean resources, developing basic science, and

improving national defense.
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While charts were originally devised to enable mariners to travel
safely from place to place, they are now used for a multiplicity of

purposes, such as the planning of marine ventures, the exploitation of 
S

ocean resources, management and use of the coastal zone, and implementa-
tion of pollution control measures.

The largest user of the products and services provided by the

National Ocean Survey ( NOS)/NOAA nautical charting program is the Fed-

eral Government , and over 50 percent of total chart production goes to
satisfy defense requirements. Other Federal users include the U. S.

Coast Guard, U. S. Army Corps of Engineers, and NOAA ’s National Marine

Fisheries Services. In addition to their use in navigation, the charts
facilitate leasing of mineral rights, planning of public works, environ-

mental protection/restoration actions, and ocean science development.

In the private sector, the greatest use of nautical charts is in
marine shipping, an integral part of the national economy from colo-

nial days to the present. Nautical charts are vital in safeguarding

passengers and the huge volume of marine cargo from the many dangers

besetting waterborne transportation. Other significant users from the

— private sector include c ommercial fishermen, who use charts for naviga-
tion and to locate potential feeding grounds, and recreational boaters,

who depend on nautical charts for safe and accurate navigation.
Because ship—supported launches are too slow and inefficient to

cover the rather narrow but expansive areas of shallow water bordering

the United States and its possessions, new, more efficient surveying

technology is needed. Although it has been demonstrated that for survey-

ing inshore areas field parties with launches are more efficient than

ships with launches, increasing the number of field parties has not been

shown to be more efficient than methods employing advanced technology.

OBJECTIVES

The obj ectives of the B53 Program are to improve the effectiveness

of marine surveying , improve data quality, and provide useful engineer-
ing data for nautical charts and bathymetric maps.
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The first step in meeting this objective was the procurement of

a General Instrument BO’SUN multibeam sonar, modified , to develop,

demonstrate , and evaluate techniques for hydrographic operation (Fig—

ures 1 and la).
A This system was selected to meet the operational requirements

aboard the NOAA ship DAVIDSON operating in the West Coast and Alaska

areas .

OPERATING AREAS

NOS bathymetric surveying areas , categorized by water depth (Fig-

ure 2 ) ,  are:

(1) Shallow Water (less than 3 fathoms). Water depths of less
than 3 fathoms along the West Coast and Alaska are not nor-
mally surveyed except in flat bottoms . Areas where shallow
depth surveying is required are primarily along the East
Coast , in the Gulf of Mexico, and in the Great Lakes. In the
past these areas have been surveyed with conventional methods,
but such methods cannot provide the necessary bottom coverage
and are considered inadequate for contemporary data require-
ments. The proposed BS3 is also considered inappropriate for
these waters. However, a program in photobathymetry and a
cooperative Laser Hydrography Development Project with NASA
are addressing the technique of surveying in these shallow
water areas.

(2) Shallow Water (3 to 20 fathomsj — East Coast, Gulf, and Great
Lakes. These areas are probably the most extensive, as well S

as the most critical to private , commercial, and military
navigation. Present hydrographic operations are ineffective

S 

in locating obstructions. Wire—drag operations, however, will
satisfactorily locate the numerous types of man—made obstruc-
tions normally found on the bottom. The general specifica-
tions for a BS3 which would improve hydrographic surveying, as
well as increase the chances of detecting underway obstruc—
tions , are:
(a) The system should be a combination of multibeam and side

scan sonar suitably packaged for installation on a small
craft which can operate up to 20 knots. This type of
system would be in the 100— to 200—kHz range , with an
analog ship chart similar to a typical side scan sonar
record. All digital raw data would be recorded on
magnetic tape for subsequent processing ashore or aboard
a support ship. The sonar system could also be used as
a sensor supportive of the B53 on a larger ship.
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(b) An operational techniques development effort for such a
system would be required . A system presently exists
which , with modifications , could be developed to satisfy
these operational requirements. In. the shallow waters of
the East and Gulf Coasts such a system would supplement
wire—drag operations, and could provide much more cost-
effective surveys for bathymetric mapping, nautical chart-
ing, and locating obstructions.

(3) Deep Ocean (20 fathoms ). Operational requirements are some-
what different for deep water than for shallow water areas.
Safety to surface navigation is not the critical issue. Con-
trol of the survey vessel is important if the bathymetric data
are to be of use in mapping. An integrated navigation system

• is a must when surveying beyond the range of medium range
positioning systems. Swath coverage must be as wide as possi-
ble without the outer beam data being degraded. The graphics
may display the entire swath since we are not surveying pri-
marily for hazards to navigation . Areas of special investiga-
tion may require 100 percent survey coverage. A swath position
plot of these areas will be required .

(14 ) Shallow Water (10—300 fathoms) — West Coast, Alaska, and
Hawaii. The nearshore waters along the West Coast are not
very shallow ; however , the underwater features are of such a
rugged character that a multibeam swath sonar can be very
effective in ensuring adequate charting of navigable areas.
This requirement has taken on a very high priority with the
advent of the very large crude carriers (VLCC ’s) and their use
along the Alaskan and West Coasts.

The operational requirements for the prototype BS3 designed to operate
in these waters (Figure 3) are:

(1) The system must provide the hydrographer with information on
position and least depth of shoals located between survey
lines. From the data obtained from multibeam scans to either
side of the vessel, the system will provide graphics which
display the corrected vertical depth under the ship, as well
as the corrected contour of features shallower than the under—
vessel depths. All raw data will be stored for additional
after—the—fact processing and will be distilled for Marine

S Center processing.

(2 )  The system is intended to eliminate the need for wire drag in
West Coast operation. It will provide 100 percent coverage of
the bottom and the information required to certify clear chan-
nels. However, over the terrains in which it will be required
to survey , some of its outer beam data will be useful only for
the qualitative real—time graphics display , whereas the more
nearly vert ical beam data will be used quant itat ively for
production of hydrographic and bathymetric smooth sheets.
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SYSTEM CONFI GURATI ON

The system components (Figure 14) and configurations which are

being developed by General Instrument Corporation (GIC) for NOS include

the sonar subsystem and the data acquisition subsystem.

The navigation subsystem is presently on board the vessels.

The Heave Roll Pitch Corrector Subsystem (HRPCS) is being devel-

oped by the NOS Engineering Development Lab (EDL) based on the design

of the Arthur D. Little Engineering Model. The primary effort is the

implementation of the real—time digital processing which was previously

implemented in analog form. An alternate system—-the DATAWELL HIPPY

120, a new design of Datawell ’s Wave Rider heave—and—roll pitch sensors

and digital processor in one package—-will be evaluated.

The Hydrographic Tide Telemetry and Logging Subsystem (HYTTLS) is

also being developed by EDL. Based on previous successful tide telem-

etry projects, a design was formulated that will provide : Data for

5 real—time zoned tide corrections during survey operations; hourly

heights stored f o r  up to 30 days during periods in which the vessel is

nonoperational ; or beyond telemetry range of the tide gages.

Additional miscellaneous subsystems to be interfaced with the

9 system include a Sperry gyrocompass repeater which will provide digital

heading. GIC will also provide a logarithmic left/right steering meter

which will be installed on the bridge for the helmsmen. There will be

various relay outputs for marking the various analog recorders (i.e.,

Raydist sawtooth, HYTTLS recorder) and a circuit to synchronize BS3 with

the NOS Hyd5roplot System.

The system hardware configuration is shown in Figure 5. The

CAMAC* interface provides the mechanism for the simple and inexpensive

integration of the various subsystems .

OPERATIONAL TECHNIQUES DEVELOPMENT

The modified BO ’SUN BS3 designed for West Coast shallow water

* Triple IEEE Standards 583, 595, and 596 for connecting instrumenta—
tion and control devices to a computer . 

~~~~~~~~~~~~~~ S .  
-
~~~~~~~~~~~~~~~

-5-5 -- —- - - IJ



- — 55~5_ S_ — —  55_~_~ - _~~~ _~
__ — — — - — - ———-—— ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~ 

S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — .~~~~~- —~s.s - - - -

areas must meet the following objective:

Develop , test , and evaluate techniques using a modified BO’SUN
multibeam sonar system for hydrographic operations so as to pro-
vide useful and accurate data for processing and verification of
hydrographic and bathymetric survey .

The following system features would be useful to the hydrographer:

(1) The system wil l  display all shoal features foun d in the deeper
navigable water (10—300 fathoms) of the West Coast which lie
in the swath of the system (2.6 times the depth), and which
will provide 100 percent coverage of bottom and verification
of all underwater natural features (Figure 6).

(2) The system will provide least depths over shoal features ,
real—time vessel position , and swath coverage so as to mini-
mize development time (Figure 7).

(3) The ~y~tem will permit the hydrographer to maintain quality
control so as to provide the required information for nautical
chart ing and bat hymetric mapping (Figure 8).

~y~ tem features useful for processing and verification include :

(1) Digital data which can be read and processed with minimum
programming required at the Marthe Centers .

(2) Processed data of higher quality than heret.o rcre .

S (1~) A quantity of data required for ver i f ica t icn  which is equal S

to or less than that presently produced.

(14) Contour information which can he accepted , changed , added to,
or rejected with minimum manual effort .

Accurate data in the ocean environment can best he defined in

terms of preci~;ion and repeatability . The BS must provide vertical

data of equal or better quality than present systems and the horizontal

locat ion o1~ contours must he more precise than the methods used

heretofore.

Surveying procedures presently require navigation normal to or

at angles up to 145° with the contour to permit the delineation of the
features of the bottom (Figure 9). Line spacing is regulated by the

depth of the water and scale of survey. The operation of the swath sys-

tem heretofore has likewise been conducted normal to the contour in an
attempt to make use of all depths which are stored and contoured after

the fact. This procedure has had problems in junctioning . The proce—

dures preliminarily envisioned for this type of system might include :

14o S
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(1) Surveying parallel to the contour.

(2 )  Running crosslines at 9Q0 with respect to the contour during
low water and calm seas. The vertical depth will provide
ground truth for contouring, or for verification of contours
obtained from lines run parallel to the contours.

(3) Beginning hydrography midehannel in deep water and progressing
shoreward.

( 14 )  Regulating line spacing in accordance with coverage desired
and as a function of depth.

(5) Regulating line spacing by navigation of ship along depth
curves desired for charting.

(6) Determining least depth of features by surveying along ridge
of feature.

(7 )  Determining the maximum depth of canyons by navigating along
the canyon.

FIELD EXPERIMENT

The field experiment for the West Coast shallow water system is

designed to provide a comparison with the present system (Hydroplot ) and

to demonstrate the aforementioned survey procedures (Figure 10).

(1) Three and a half months of dedicated ship time is planned with
NOAA ship DAVIDSON.

(2) An area in Puget Sound near Seattle, Washington, representa-
tive of West Co’.st features, was selected with navigable depth
ranges of 8 ~

.- - - ]50 fathoms. The area provides excellent geo-
detic controJ ~~r calibration and radio positioning as well as
tidal benchma~-~ s

(3) A test survey at 1:5000 scale will be established so that a
precise vertical profile over a variety of bottom features and
depths can be established. The BS3 will then be operated so
as to provide quantitative data for analysis and character-
ization of the outer beams .

(14 ) An area will be surveyed twice at a scale of 1:10,000——once by
the conventional survey method using Hydroplot and BS3 operat-
ing simultaneously , and once with the BS3 surveying parallel
to the contour so as to provide 100 percent bott om coverage .
Navigational control will be by conventional survey methods ,
such as Del—Norte, Raydist, etc.

(5) Additionally , areas which are of concern to deep draft ship—
ping (VLCC) will be evaluated by reconnaissance surveys for
comparison with previous wire—drag surveys.
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CONFERENCE D~ 4ONSTRATIONS

Conference Attendees will be able to observe a live demonstration

of the SWATH System aboard the NOAA survey boat LAIDLEY this afternoon

and tomorrow. A sample chart from the on—line plotter is shown in

Figure 11.

‘ 1
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GENERAL INSTRUMENT CONTRACT

OBJECTIVE: PROVIDE SYSTEM TO DEVELOP , DEMONSTRATE

AND EVALUATE TECHNIQUE USING BO ’SUN

MULT IBEAM SONAR FOR HYDROGRAPHIC OPERATION S

SO AS TO PROVIDE USEFUL AND ACCURATE DATA

FOR PROCESSING AND VERIFICAT I ON OF

HYDROGRAPHIC AND BATHYMETRIC SURVEYS

MILESTONE: JANUARY 78 INSTALLATION DAVIDSON

Figure 1
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OPERATING AREAS

Continental U. S. & Possessions
Shallow Water (less than 3 fm)

• BS3 Inappropriate
• Photobath ymetry

• • Laser Scann ing

Eas t Coas t, Gulf , & Great Lakes
Shallow Water (3 to 20 fm)
• Mul tibeam
• Side scan

Oceans
Deep Water (greater than 20 fm)
• Multibeam modified NBES
• Integrated Navigation

Wes t Coas t, Alas ka , & Hawa ii
Shallow Water (10 to 300 fm)
• Prototype BS3

Modified BO ’SUN
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REQUIREMENTS FOR :

HYDROGRAPHER

LOCATE SHOAL ING .
LEAST DEPTH ON SHOALS.
REDUCE TIME REQU IRED TO DELINEATE SHOALS

AND CHANNELS .
INCREASE PROBABILITY OF DETECTING HAZARDS

TO NAVIGATION.
REAL-TIME HARD COPY GRAPHIC DISPLAY .

PROCESSING

COMPUTER COMPATIBLE DIGI TAL DATA.
MANAGEABLE VOLUME OF DATA.

VERIFICATION

IMPROVE ACCURACY OF ALL DATA.
LESS DATA TO ANALYZE.
GRAPHIC RECORDS FOR QUAL ITY CONTROL .

Figure ~
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BS3 HARDWARE COt-IPONENTS

SONAR SUBSYSTEM

G. I .  21 beam BO ’SUN sonar (mod i f i ed)

DATA ACQUISITION SUBSYSTEM

DEC PDP 11/34 64K , RT11 operating system
Dual floppy disk 512K bytes
Dua l Magne tic tape dr i ves (TSO 3)
CRT Term i nal VT52AA

Gould 5005 Electrostatic Printer/Plotter
H . I .  COMPLOT P lotter DP3
Qan tex Dual 3M Magne ti c tape dr ives
KSC CAMAC In terface

NAV IGATION SUBSYSTEM

Raydist, Del-Norte, or MiniRanger

HEAV E, ROLL, PITCH CORRECTOR SUB SY STEIi

A.D.L. Engineering Model modified by EDL , NOS , or
DATAWELL HIPPY 120 (a lternat ive)

HYDROGRAPHIC TIDE TELEMETRY AND LOGGING SUBSYSTEM

EDL , NOS - Shipboard transmit/receiving station/logger with
4 tide gage site transmit/receiving stations

MISCELLANEOUS SUBSYSTEMS

Sperry Gyrocompass Repeater-Digital
G.I. Left/Right steering meter
G.I. Relay output , 8 channel for marking , bell , etc.
Hydrop l ot synchronization input

Figure 14
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BS3 HA RDtIA RE CONFIGURATION

F PUP fl/34
64K MOS MEMORY

REAL-TIME CLOCK
RT-H OPERATING SYSTEM
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~~~~~~N~~ N
Afl ! ~~~

-: 
D [ GOULD 5005
A I -b--I ELECTROSTAT IC
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AUTOMATED SURVEY SYSTEM - DATA PROCESSING

by

Orval J . McCoy
U. S. Army Engineer District, Wilmington

The Wilmington District is on the mid—Atlantic Coast with some

1500 miles of navigable channels, including two deepwater ocean ports.

Our natural topography covers almost all features from deep ocean,

shallow sounds, wide rivers and bays to narrow, winding, navigable
rivers, power dams, reservoirs, and attendant recreational areas.

Since 1971 our District has had a Motorola Automated Survey System.

This system is mounted in a 65—ft aluminum hulled boat drawing 5.5 ft  of
water at the skegs. System power is from a 20—kw generator.

Our initial goal, after the complete system became operational,

was to utilize the survey system in as many areas as possible, reducing

both field and office effort. With the many diversified bydrographic

areas (deep and shallow water), two or more different sizes of boats

would be required, all using basically the same type of equipment and

following the same procedures. During the last 5 years almost all the

areas that we could adapt the system to, and float the 65—ft boat in ,
were surveyed and processed. We are now ready for a smaller draft

vessel equipped with the newer, smaller survey equipment.

The Wilmington District ’s initial concept of automated survey

systems was not to just acquire survey data by automated means, but to

have a completely integrated data acquisition and processing system

that would produce a product in a final usable form to the various con-

cerned departments , each department having access to and use of the data

base generated by the survey system .

Our approac h therefore was in two directions , but each dependent

on the other so I cannot really separate the two operations easily . So ,

in general , I will present the field system first  and the in—house

system second.

The first step was to learn about our equipment , train the survey

55



- ~——- -. — — — ——----—- --------- — —-- —- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ---C — — - -~~~~-~~~ a W ~~~~~~- ’ C~~~~ 
5 5 5  - -

- 
S -

crew in its operation, and develop methods of field surveys. To adapt

the new equipment to the old survey methods soon proved to be awkward

and in some cases useless. So, taking a page from land surveying, we
decided to “survey an area. ” In other words , develop a topo map of an
area, then place the channel we were interested in , in that area. Limits

of area were set to reduce over—survey effort, but current events have

continually expanded the area of survey since the little extra time

required in data acquisition is more than offset by the usefulness of

the data by other departments.

Most of our channels are permanently established but the area

principle still holds, with the exception that we know where the channel

limits are and can run several times over each toe to ensure adequate

coverage.

Learning about our equipment was harder than we thought. Manu-

facturer’s performance statistics differed considerably with the dynamic

situation of field surveys. All of us became extremely good detect ives ,
knowing the performance statistics, then examining the equipment and

analyzing the output data to determine the actual performance. Serious

discrepancies were found and corrected , such as signal cancellation in

the ranging system, time problems between the range acquisition and

depth acquisition , depth editing 2 calibration difficulties due to warmup

periods including the difficulties in setting up of sufficient calibra-

tion sites, and tape recorder problems that hopefully will be reduced

with reel—to—reel tapes and standard tape formatting which , incidently ,

we have on our new Motorola Survey System just installed during the

middle of September.

It was during this investigative stage that a single system (field

and office processing) concept really paid off. Close cooperative ef—

fort by field and office did produce results. The slides will show some

of the steps taken in—house to analyze and display field system perfor—

mance so that proper evaluation could be made. (Slides are not included

in this report.) Watching lights flash or examining masses of printed

numbers is not the way to find out what is going on in the equipment .

Again, I emphasize that pictorial representation is the best way
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to really analyze the output of the various components of the survey

system. A diagnostic series of computer programs that can periodically

examine and plot the incoming data from the range console, fathometer ,
and plotter to verify field operation is essential. We are in the pro-

cess now of displaying the various diagnostic programs on our Tektronix

Graphic Terminal, thus shortening the verification process and eliminat-

ing a lot of paper. . 
-

As I mentioned previously , we have just purchased a new Motorola

Survey System and installed it temporarily on our 65—ft vessel for sys-

tem verification , checkout, training, and to provide time for in—house

computer program modifications. This new system uses the MiniRanger III

operating in the “C” Band 5 14—56 MHz , an M6800 Micro Processor, reel—to—
reel and cassette tape, optional recording functions , and a 20—in.

Houston Instruments Plotter.

The system is currently being tested and it works beautifully .

All operator inputs are responses to computer—generated questions, thus
extremely easy to learn to operate. The system is small and compact.

It’s in a 19—in, standard rack about 30 in. high with the operator ’s

terminal sitting on top of the rack. The Plotter and fathoineter are

the only outboard units.  Our small 11—in. Houston Instruments Plotter

may be used if desired.

The new field system software is essentially the same as the

original with much more capability. We have in the new survey system

a remote tracking capability . This will allow our 6 5—f t  mother vessel
to track , in X and Y coordinates, the position of a mobile transponder

located in a small survey fathometer skiff using the mother vessel ’s

computer, ranging equipment , and tape recorders. Then digitizing the

fathometer scroll or having a digital fathometer with a tape recorder

and combining the two tapes in—house , a survey will appear to have been

made in the normal, automated way. Likewise, the mobile transponder

5 
and battery could be placed in a truck or on a man’s back with the same

tracking capability . For instance, a man running a level, and the rod-
- 

- man with the mobile transponder and battery on his back could define a

shoreline , establish X—sectional elevations on a disposal area, or do
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other types of topographic work that while being acquired , is recorded

in X, Y, and Z coordinates on the mother vessel. (Z data are sent by

radio to the mother vessel for manual insertion in the tape recorder.)

An in—house computer program can then plot or otherwise use these data

to supplement a hydrographic survey or to supply plotted topographic

data. We also have an onboard postplot routine that can plot the tide—

reduced depth data as acquired along the track of the boat. Although

of little use in a contract situation due to the random positions of

each sounding and the unedited, unverified depth data, the postplot

function will allow rapid presentation of rough data to a government

plant, such as a hopper or sidecasting dredge, or an initial plot of an

U area for preliminary usage. Postplotting is also time—consuming and

requires people with mapping expertise not generally found with field

survey units. And right here is probably on~ of the major management

problems facing a District when trying to incorporate a survey s~.stem

into its survey effort——who does what~ when Without intimate, produc-

tive coo- eration between the various departments (field surveys, office

mapping, computational sections, ADP, and others), the survey system as

a tool for a District will be worse than useless. Wilmington District

has surmounted this problem in that for the last 14 years we have sur-
veyed, mapped , computed, and paid contractors based totally on data our

survey system acquired and processed.

As I said earlier, it is hard to separate the field and in—house

survey systems. I have already covered some of our software develop-

ments and background necessary to develop software routines to accom-

plish the desired task. Let us now look at our in—house system.

Our software programs are designed to be as technician/operator

independent as is possible ; also this is the obj ective of the field

(hardware) systems such as Motorola, Del—Norte , ..., Data Logger . In

the area approach to surveys al]. survey jobs look exactly alike, thus

input , both field and office , can be reduced to the absolute minimum .

With ow’ Tektronix Graphics Terminal and new minicomputer system , all

our programs are being redesigned to further reduce and simplify

technician/operator input and control. Program selection and dat a input
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will be in response to computer requests. All programs will be self— -:

loading and each succeeding program will be automatically called as re-

quired for finished results. Our new operating system , not yet fully

developed or operational, will look like this (slide).

Raw data tapes will enter the sy~;tem to disk storage. The tech-

nician will then call the raw data and the survey edit program . The

survey edit program will then call for channel control data, control

line starts and stops , and X—s ection interval and tide table if net-

applied in the f ield.  Incidentally , channel control data may differ

significantly between the office and the field. In the field , channel

survey control generally follows the center line of the channel or aren

to be surveyed . The office channel control may be the eenter l ine of :i

channel baseline or any other line that may be desired.  Also the  s:une

survey may be plotted ‘vi ’i’~t1 titites with di fferen t control lint’s . All

office data are presented in X—section from 9Q0 to a sel ected control

line, because it is easier to read and also that is how volumes :ii’e

computed. The edit program will display on our Tektronix Graphics

Terminal the track of the boat as it acqu~ red the data. Programmed edit -

capability will check and eliminate all errcr—llagged dat a generated by

the field system. (Bad range data will set. X and Y coordinates to zero.)

Technician edit capability will eliminate any obvious positional data

units. When this is completed , the bot tom prof i le  as acquired will be

I displayed. Programmed editing will consist of elimination of soundiiigs

that fall outside a preset gate ( s im i l a r  to that of t .1i~ field unit s

fathometer ga te) .

Next dill be a plotted di splay of the raw data overplot .t -ed on the

edited data , for both the track of boat and bet -t om pr of i l e, t o  1)0 sure

nothing was changed t hat was not desired. The edit program will  then

adjust all soundings for squat and tide . (A squat curve wan generated

when we acquired our survey vessel .)  At thi s point the data file wi l l

be “change protected ” to become a library f i le  for r e tenti ’-’n as long as
desired. Subsequent run s of this t ’ile will allow only channel control

data changes as desired by an interested department- technician .

The edit program will then call in the X— sect ion generator.

t)
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CIOUigCO of original, control data may be made if desired .

X—s e ct  ions are generated by rotating all field data coordinates

into stations and of f s et s based on the control line , with the first X—
section ~)O

0 to the start of this line. Soundings are interpolated

(straight line interpolation ) fi’cm two consecutive soundings that span

a cross—section line at each X—section interval along the track of boat

as the data were originally acquired. In our current program, as many

as 50 X-sections containing up to 80 soundings may be acquired from a

single pass through a data tape . Each X—section is then sorted in

ascending order to facilitate further use.

The X—sect:ion generation program will automatically call in the

X—seotion edit program. This program will display on the Tektronix

Graphics Terminal each X— sec tkon individually . X—sect ion edit  and tech-

n ic 1151  change is provided to eliminate any final obvious e r ror s  in depth.

Thin file of edit-ed X—section data is then stored either temporarily or

permanent ly  f or other dcpart.mcn t-~. . From this point a technician must. S

select the next program , map plot , or quantity computations. The map—

ping section will select map plot , enter the scale, sheet orientation ,
di rec t ion  of’ increasing stations , number of’ oliannel segments on map

sheet to he plotted , and plot l imits and other map control data n ece s—

sary to plot the survey as they want it. A map plot tape will  be de—

livered to them from AD? for plotting on a Calcomp Flat.bed Plotter.

Th is is just a straightforward plot package U s u i g  control data supplied

and generating a plot tape. Plotting field surveys on predrawn sheets

has presented some real problems , namely , scale control . Our plotter is

accurate to 0.005—in, our predrawn , reproduced m a p s are not . Also keep—

lag up wi th  mas t-er sheets and reproduced copi~ s is burdensome , so we are

just beginning to accumulate a library file of digiti~ ed master sheets

of all our channels. Each shee t will he identified with the name num-

bering system we use on the field surveys, and will he called for plot—

t in g at the time that sheet is needed to plot a survey .

If the quanti ty computations program is selected , the techn ician
will enter cut control data as required , start and stop station of cut ,

and offset limits of both sides of’ cut . Thin  is art adaptation of our
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first quantity program to accept data from a disk rather than from

cards . Quantities are computed to three selected depths with any

selected side slope on either side of the cut. Volumes are given be-

tween each consecutive station and also accumulated for a total.

In our systems approach , one or more people may be involved in

processing a survey. One technician will usually handle a particular

job from raw data to map plot ; another technician will compute quanti-

ties. All of our projects are identified by their F&A number. Then

smaller components of that project are identified by another unique

number, both permanent. These numbers with the date or dates of any

survey will uniquely identify all surveys and simplify locating and

retrieving.

In summary , data processing is an important part of our survey

system. The field system generates mountains of data which ean he

utilized only by a computer. Effective use must depend on reducing all

these data into a form usable by the different interested departments.

Planning and developing an efficient in—house data—processing system

accomplishes this and thus becomes an integral part of the field auto—

~
- . mated survey system.
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MANUFACTURER S’ PROGRAI~I

The manufacturers’ program was conducted in two parts: in—house

exhibits and field demonstrations. The private firms were invited to

attend to ensure that Corps survey personnel were familiar with the

latest available hydrographic surveying equipment. Thirty-one private

firms participated during the afternoon of 8 November and all day on

9 November. The firms, their product or service, contact, address, and

telephone number are listed in Appendix D.

IN-HOUSE EXHIBITS

The exhibits were made in the Stratford and York Halls of the

OMNI International Hotel. Individual exhibit space was provided for

each firm . The conference attendees were divided into three group s and

assigned a formal half—day period for visiting the exhibit area. Addi-

tional time was spent with t~e manufacturers at the attendees discretion.
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FIELD DEMONSTRAT IONS

Six boats were available for live demonstrations of survey equip—

ment. Three survey boats were provided by the Norfolk District, and

one each by the Baltimore District , NOAA , and MonArk Boat Company (see

Appendix D). Attendees boarded the boats at a landing situated adjacent

to the OMNI Hotel. As with the in—house exhibits, the assigned groups

each spent a half—day observing these demonstrations.

Motorola , Inc., demonstrated its system aboard the MonArk boat.

NOAA personnel conducted surveys with their newly developed General

Instrument Corporation Bathymetric Swath Surveying System aboard their

survey boat LAIDLEY. Companies demonstrating aboard the four Corps

boats were Tellurometer, Hydrocarta , Ocean Research Equipment, Plessy
Environmental, Ross and Teledyne Hastings—Raydist. Photographs of the

field demonstration activities follow.
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A noel-  tn ’ -: of the Corps and other govermnnozn t. a ’rsot n n a  ‘ 1 WI t  I i  hiold
- 

- 
on tine morn I tig on ’ ~ November. Mr. M. Millard , I ~Ci , } l ’ o-. :i denl at tIne

meeting. lIe hr lo t ’lv X. t~ J I ewed some ex i s t i ng  and niow Cor p:: p ro~ n’~ cnn:: wi t  i oh I

will rt’qu i ro i uvolvetnient o t’ the 1)1st r lo t - survey i e o  ~I a ’ . Thest’ i na I u (i€’d

the Dam Snt t ’n ’ty , Stretunibnuik Pro:; ion , and hentoin Pro:: iou l 1’0C1’W10 . A l —

though this will put nt s t ra  I I I  011 :U1I’vo~V ot ’ s  , thlO Outlook I ’t -  add i t - i  ona~

personnel is not I’OLII  i S  I ng.

Coits iderable t I unit ’ was devoted to di  5 0 1 1 : : : :  1 ng a ni t ’ t ’d ‘on nt nit i t ’0 r un

- 

S 

1’:rado structure t ’t ’u’ Cou p:: I iy d ro 1 ’rap li I ~• slnu’ va ’yor:: . I ron oonnnt ’li t:: it

I1 }’i L ’ I t l ’S thtei’ t’ 1 5 I t  W I t ie t’Itnig, o 0 t ’ g r n t d t ’:: t o n ’  a patt y t ’ h I  i a ’ I • t - lia ’ grnid& ’ SOt

bel tig t1e i a ’un ~i e n n  t - In ~on n L I  no i tat iv .i dual. Distriot- ci n n s s i  t ’Ier . Mr.  Mi l iunrd

• said li t ’ would c on t i n ue  to w o r k  OH t i n t : ;  p r oh i  onni .  He :t:;kotl tha t  j ob  do—

script i on:: t’ t ’ dC—0’) ana l d C — l i  hyd rographil  c sur v ey  party cht ie l’s he sou l  I.

to him La,: use us a guide.  Photographs o I’ the meet .i iig are shown bel ow.

I ~~~~~~~~~~~~~~ 

-

, 1
- S 0 ~~~~ - ‘ S 5 -

( ( .

— ---- 5 -__-- - --- - --- - - - -- --



- - “ ‘ ‘ ‘ ‘  ‘ ‘ ‘“ “  ‘ ‘ 5-~~~~ ”~~~~~~~~~~~~ ’ 
~~~~~~~~ “‘.‘i- -_  - - _-,_- .r-~

- -~ ’~~’5---’-Sr—~ww -s- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- APPENDIX A: MEMORANDUM ANNOUNCING CONFERENCE

5 - - — ~~~~~~~——S - S - -—- —-5 - 
5 — — — —’ -  ~~ -- — — -~~~~~~~

‘-‘



- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ,  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “~~r~~~—v-,-.5-’---,- - - .-. -,-

WATERWA YS EXPERIMENT STATION. CORPS OF ENGINEERSc-
_ s DEPART M~MT OF TH~ ARMY

vIc~ SBuRG M~~siS:~~PI 39180

WESHP 29 September 1977

SUBJECT: Corps of Engineers Hydrographic Survey Conference , 8—9 November 1977

Division Engineers , U. S. Army Engineer Divisions , CONUS
Division Engineer, U. S. Army Engineer Division , Pacific Ocean

-: Division Engineer , U. S. Army Engineer Division, Middle East
— 

- District Engineers,U. S. Army Engineer Districts , CONUS

1. The Waterways Experiment Station (WES) has been assigned the re-
sponsibility of coordinating development and/or procurement among the
CE field offices of modern , efficient hydrographic surveying systems.
An important and effective phase of this assignment has been a biennial
conference, initiated in 1972, which brings together surveying personnel
from each Corps office. Private vendors have presented their hydrographic
surveying equipment at each of these meetings. The net result has been an
efficient and accelerated Corps program of procuring and using modern
hydrographic surveying systems. Experience with the new equipment and
knowledge gained at the conferences have resulted in considerable savings
in the Corps surveying program .

2. Because of the favorable response to the conferences and actions taken
by the districts and divisions, it has been determined they should be con—
tinued . This will permit a continuing exchange of ideas , methods , and
experiences of Corps surveying personnel . Several Corps offices have
leased and evaluated integrated systems and other components since the
last conference . The experience and knowledge thus gained will provide
valuable information for others.

3. The conference will be held on 8—9 November 1977 in the Norfolk
District at the OMN I Hotel. The conference agenda is inclosed. A portion
of the first day will consist of presentations and discussions of hydro—
graphic equipment , experiences , and problems . The remaining time will be
devoted to equipment exhibits , field demonstrations , and a Corps business
meeting.

4. The conference will be most beneficial if as many districts and
divisions as possible can be represented. The Office , Chief of Engineers ,
recommends that each district and division send at least one member from
their hydrographic surveying group . To further ensure the success of the
conference it is requested that departing flights be scheduled after
6:00 p.m. on 9 November 1977.

19
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WESHP 29 September 1977
SUBJECT: Corps of Engineers Hydrographic Survey Conference , 8—9 November 1977

5. Adequate lodging is available at the OMNI. Because of the rates
(single $24—$32 , double $32—$40) some may desire to “double—up .”
Limousine ($3.25 one way) or taxi service can be used from and to the
airport. Advance information or assistance such as city maps , reser-
vations , etc. may be obtained through Miss Cheryl A. Lunn of the Norfolk
District Public Affairs Office (telephone number FTS 924—3606 or 804—446—
3606). For monitoring purposes it is requested that all lodging reser-
vations be made through the Norfolk District. Further details concerning
the conference may be obtained by calling Mr. H. D. Hart (FTS 542—2258 or
601—636—3111, Ext 2258) or Mr. C. C. Downing (FTS 542—2747 or 601—636—
3111, Ext 2747) of WES.

1 m d  JOHN L. CA1~NON
as Colonel, Corps of Engineers

Comoander and Director

_ _ _ _ _ _  - 
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Corps/Agency Personnel

C~~ ps

Office, Chief of Engineers , CE Manning , E. C.
Millard , M.

New England Division Donovan, F.
Guptill , H.
Hamilton , R.
Ober , T.

North Atlantic Division Beechley, B.

Pacific Ocean Division Kalino, V.

Alaska District Adams, B. J.
Millet , L. G.

Baltimore District Auter, W.
Bunting , W.
Lowery , B.

Buffalo District LaFouxitain, J.

Charleston District Jennette , N. W.
Linbaker , F. L. S

Chicago District Hauck, R. E.
Wagman, E.

Detroit District Bagalay, R. H.
Barnes, H. C.
Gauthier , R. L.
Lamphere , C. E.
Simpson , M.

ft. Worth District Morrow, F. B

Hunt ington , District Applegate, B. H.
French, S.
Huffman , G.

Jacksonville District Pruett, J. C.
Kansas City District Brown , D.

Burke , T.
Vanhaverbeke , M.

Los Angeles District Anderson , H.
Wood , J . E.

Louisville District Connor, M.
Beck , B.

Memphis District Kilmore, D. H.
Wilkerson , A. L.
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CorpsJAgency Personnel

S Corps(Continuedj

Mobile District Bedsole , T.
Thrower , D.
Wells , B.

Nashville District Davis , H. M.

New Orleans District Cainbre, R. F.
Tobelman , C. D.

New York District Elinore, H. V., Jr.
Muszak, W. F.

Norfolk District Aaron, W. L.
Cox , R. M.
Ewell, D. L.
Goodwin , Z. M.
Jarvis, A. D.
Kelley, M. 1.
Kyker , A.
Miles , ?4. K.
Moses, H. T.
Parker , L. E. (Retired)
Pruhs , J. H. (Retired)
Pruhs, R.
Sweitzer, B.
Vann , B. G.
Walsh, J. A.

Omaha District Brown , H. W.
Christian, H. E.

Philadelphia Distr ict Spies, H. B.
Wagner , B.

Pittsburgh Distr ict Schmidt , F.
- 

Taylor , T. E.

Portland District Hopman , B.
Sing , D.
West , N. H.

Rock Island District Crittenden , J . L.
Gilmore , M.

St. Louis District Brown, G. N.
Derrick , H.
Graf , B. E.
Houston, D.
Krah , B.
Long, N. C.

(Cont inued)
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Corps/Agency Personnel

Corps (Continued)

St. Louis District (Continued) Olson, P.
Page , L.
Turlin , C. L.

St. Paul District Kletzke, G. S.

San Francisco District Bruch, T.
Dickson, W. J.

Savannah District Bell, 1). R.
Ricks , 0.

Seattle District Maresh, H.
Parker , H.

Tulsa District Hartwell, H.

Vicksburg District Brooks, J. H.
Sykes , B. J.

Wilmington District McCoy , 0. J.
Holliday , B. W.

U. S. Army Coastal Engineering Prths , D.
Research Center

U. S. Army Engineer Topographic Cotman , H.
Laboratory Messmore , J. A.

Robertson , K.

U. S. Army Engineer Waterways Downing , G. C.
Experiment Station Hart, B. D.

Other U. S. Government

Bureau of Land Management Healy, J. E.

Coast Guard Research & Lindeblad, J.
Development Center Pike, C.

4 
Defense Mapping Center Witter, B. H.

Cheyenne , Wyo.
Nat ional Oceanographic and Atwell , J. T.

Atmospheric Administration Bloom, J.
Cabaniss, E.
Corndius, B.
Daniels, W. H.
Dinkle , C.
Efird , J.
Elliott , D.
Faulkenberry , B.

(Continued)
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CorpsJAgency Personnel

Other U. S. Government (Continued)

National Oceanographic and Holden, K.
Atmospheric Administration Hopkins, B. D.
( Continued ) Jones , R. W.

Kennedy , J .
Krebs , M. S.
McCaffrey , E. K.
Mo’bley , W . L.
Munson, B. C.
Nixon , C. H.
Pardue, A.
Riddick , F.
Shea , J. D.
Savers , J.
Suriocki, B. D.
Wallace, J.
Winslow , T.

Tennessee Valley Authority Sheridan, W. M.

U. S. Coast Guard Anthony , J. J .
Holmdohl , 0. R.
Horton , G.
Schroeder, K.
Wrarala , T. R.

U. S. Geological Survey Adsit , R. B.

U. S. Naval Explosive Ordnance Pedersen , A.
Disposal Facility

U. S. Naval Oceanographic Office Johnston, J.
Morton , M. H.
Taylor , P.
Woodson , H.

Foreign and Nongovernment

At omic Energy Research Establish— Ward, L.
ment , United Kingdom

Dept . of Transportation , Canada Jones , 0.

Marconi Space & Defense Systems , Napier , D.
United Kingdom Pearce , H.

4 Marine Technology Support Unit Wood , L. 0.
Aere Harwell, United Kingdom

Venezuela Perez , C.

Waterway Surveys & Engineering , Ltd. Holton , J. W . ,  Jr.

Sea Technology Bussmann , C. A.
Arlington, Va. Mulcahy, M.
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APPENDIX D: SUPPLIERS OF HYDROGRAPHIC EQUIPMENT OR
SURVEY SERVICES REPRESENTED AT THE CONFERENCE - .
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Company Name Person to Contact Product or Service

Ameteh/Straza J. Harford Doppler Navigators
790 Greenfield Drive Rockville , MD Marine Equipment
El Cajon, CA 92021 3O5/52l~1~lO6

AVCO—Ev erett Condon McDonough Laser Depth Profiling
2385 Rever€ Beach Parkway 617/389—3000
Everett, MA O2l1~9

Bernsten Cast Products William B. Garrett Land Survey Monuments
Box 3025 6U8/2149_851~9
Madison, WI 537014

Cubic Western Data C. b. hernpeJ. Distance—Measuring
5650 Kearny Mesa Road ‘TlI~/279—7l.~00 Equipment
P. 0. Box 80787 Electronic Survey
San Diego , CA 92138 Systems

Decca Survey Systems , Inc . Earl Smith Distance—Measuring
P. 0. Box 22397 713/783—8220 EquipmentS 
Houston, TX 77027 Electrcnic Survey

Systems
Contract Surveys

Del—Norte Technology , Inc . Jim Stegall Distance—Measuring
P. 0. Box 696 817/267_35141 Equipment
Euless , TX 76039

EPSCO Lou Stadlin Loran—C Plotter
Marine Navigation Products 80!~/723_7889
1411 Providence Hwy
Westwood , MA 02090

General Instrument Corp. Jack Capell Marine Equipment
Harris ASW Division 617/326—7815 Underwater—Scanning
33 Southwest Park Systems
Westwood , MA 02090

Hewlett—Packard Lawson Deaton Land Survey Equipment
1820 Embarcadero Road 919/885—8101

• Palo Alto , CA 914 3014 Regional Sales
Office

P. 0. Box 5188
High Point ,

NC 27262

Hydrocarta Corp. Coh n G. McQ. Weeks Positioning Equi pment.
9730 Town Park Drive 713/77 1—1263 ~~~~ t~’~~ ic ~T h -~ ’.~
Houston , TX 77036 Systems

Contract ~ urv ey~
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Company Name Person to Contact Product or Service

HydroLab Jim Flynn Environmental Monitor-
?. 0. Box 91~O6 512/837—2050 ing Equipment
Austin, TX 78766

Innerspace Technology, Inc . Stephen Holowacz Depth Digitizers
27 Frederick St. 201/i&147_0398 Subbottom Profilers
Waidwick, NJ 071463

JMR Instruments John Eflison Marine Equipment
20621 Pluxmner St. 213/882—2800
Chatsworth, CA 91311

Kilbane J. C. Kilbane Software Support
Software Consultant 617/14814_0736
61 Chester Road
Belmont , MA 02178

Klein Associates, Inc. Martin Klein Side Scan Sonar
Route 111, RFD 2 Gene Schartz
Salem, NH 03079 603/893—6131

Marconi/AMF Peter Moon Navigation Systems
Sea Link Systems 703/1471—3222 Mini—Sonar
3001 Centerville Rd.
Herndon, VA 22070

Martek Instruments, Inc. Ben Cameron Environmental Monitor—
879 W. 16th St. 7114/5140_141435 ing Equipment
Newport Beach, CA 92660

MonArk Boat Co. J. H. Smith Survey Boats
P. 0. Box 210 501/36 7—5361
Monticello, AR 71655 —6236

Morgan Consulting, Inc . John Morgan Depth Data Loggers
357 N. Eglin Parkway 9014/2142_11413 Microprocessor
Ft. Walton Beach, FL 325148 Navigation Systems

Motorola, Inc. Dick Lambson Distance—Measuring
Government Electronics Div. Dick Speilman Equipment
8201 E. McDowell Rd. 602/9149—3181 Electronic Survey
Scottsdale, AZ 85252 Systems

Ocean Research (ORk ) Dave Porta Sub—Bottom Profilers
P. 0. Box 709 617/5148—5800 Side Scan Sonar
Fa]inouth, MA 025141
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Company Name Person to Contact Product or Service

Plessey Environmental G. N. C].ausen Environmental
Systems 7114/216—6500 Equipment

P. 0. Box 808145
San Diego, CA 92136 Jerry Blakely/

Rick Stephens
301/9146—0082

Raytheon Corporation Bill Adams Depth Measuring
P. 0. Box 360 John Donnelly Equipment
Portsmouth, RI 02871 1401/8147—8000

Riley, Park, Hayden & Ralph L. Hayden Contract Surveys
Assoc., Inc. 14014/511—5600

136 Marietta Street, NW
Atlanta, GA 30303

Ross Laboratories, Inc. Wayne Ross Depth Measuring
3138 Fairview Ave., E. 206/3214—3950 Equipment
Seattle, WA 98102

Sercel, Inc. John L. DeVault Electronic Navigation
Suite D10 713/688—91433 EquIpment
148oo W. 314th Street
Houston, TX 17018

Sperry Marine Systems Mort Howard Doppler Navigators
Sperry Rand Corporation Great Neck, NY Gyrocompasses
Route 29 N 516/5714—1502 Depth Sounders
Charlottesville, VA 22901

Teledyne/Geotech Bill Whyte Electronic Survey
3114 Montgomery Street 703/836—3882 Systems
Alexandria, VA 223114

Teledyne/Raydist J. W. Newsome Electronic Distance—
P. 0. Box 127,5 8014/723—6531 Measuring Equipment
Hampton, VA 23361 J
Teliurometer Division Ron Baronello Electronic Distance-
Pleasey Electronics Corp. 516/231—7710 Measuring Equipment
89 Marcus Boulevard Land Surveying
Hauppauge , NY 11787 Equipment

Wang Laboratories Sam Narkirisky Data-Processing
Suite 1404 8014/8714—8005 Equipment
Denbigh Professional Park
606 Denbigh Boulevard
Newport News , VA 23602
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In accordance with lette r from l)AEN-ROC . DAEN—A SI dated
22 July 1977 , SubJect: Facsimil e Catalog Card s for
Laboratory Technical Publicat ions, a facsimile catalog
card in Library of Congress MARC format Is reproduced
below.

Uni ted States. Army . Corps of Engineers. Hydrograph ic
Survey Conference.
Proceedings. le t—

1972—
Vtck sb u rg , Miss. : U. S. Wa terways Experiment Station.

v. : Iii. 27 cm .
1st— edited b y E. I). Hart and C. C. Downing.

— 
_Supplement . 1-

Vtcksb urg,  Mi ss. : U . S. Waterways Experiment Station . 197i—
nos. : ill. ; 27 cm.

No .1— by G. C. Downing.

I. Hydr ograp hic survey ing —— Congresses . 1. Hart , E. Dale ,
ed. It. Downing, George C. III. United States. Waterways
Experiment Stati on . Vi cksburg, Miss .
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