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., 20 .  ABSTRACT

needed for general oceanographic research. The survey also inc&ded a sum-

mary of the state-of-the-art capabilities of current oceanographic instrumenta-

tion . A number of instrumentation needs have been identified which are

receiving inadequate attention and/or support .
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SectIon 1

INTRODUCTION

One of the tasks of the Exp loratory Development Office , Code 500 ,

of NORDA is the development of oceanographic instruments to meet Navy

measurement needs fOr which Instrumentation is not commercially available .

In order to carry out this task effectively , it Is necessary for NORDA to be

familiar with: (1) ongoing programs In the Navy community which require

measurement of oceanographic parameters , (2) the state-of-the-art in ocean-

ographic Instrumentation in order to identify measurement requirements which

are not being met and (3) instrumentation R&D programs outside of NORDA in

order to identify areas of need which are not being addressed or which require

additional support . It was the purpose of the work reported on here to provide

such information to NORDA through a survey of the Navy and oceanographic

R&D community .

The approach to the survey consisted of two phases . The first phase

was to review previous survey work on requirements vs state-of-the-art in

marine instrumentation . This included looking at work done In both the

military and civilian communities. This phase served to take advantage of

previous survey work already performed , to avoid unnecessary ,

and to better define the best approach to condu cting the survey. The se~~ nd

phase combined a survey of the Navy ’ s oceanographic measurement needs with

a survey of development programs in those areas where Instrumentation needs

were identified . As will be discussed later , the approach taken in the second

phase was to concentrate on measurements needed to support ongoing system-

related programs as opposed to measurements needed for general oceanographic

research.

Section 2 of this report summarizes the review of previous survey work

and the conclusions reached on the approach to be taken in conducting the

survey . Section 3 presents the results of the survey and Section 4 is a summary .

Recommendations on types of Instrumentation which are receiving Inadequate

attention or support are presented In Section 5.
1— 1
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Section 2

PREVIOUS SURVEYS OF REQUIREMENTS

VS STATE-OF-THE-ART

2. 1  OBJECTIVE AND APPROACH

The purpose of reviewing previous surveys was to take advantage

of work already perfo rmed , to avoid unnecessary duplication , and to better

define the scope of and approach to the survey work to be done . In addition ,

the most recent summary of the state-of-the-art in oceanographic measure-

ment capabilities was to be updated , if necessary, to reflect recent improvements .

The review work was carried out by searching the open literature and

technical reports and contacting knowledgeable people involved in ocean-

ographic work In both the military and civilian communities. One of the pro-

blems initially encountered in the literature search was obtaining copie s of

many of the potentially relevant reports since many were not readily available

from either a central source or from the source of orig in . This problem was

largely circumvented by locating personal copies in the Washington area and

borrowing or browsing through them . The updating of the most recent state-

of-the-art summary was done by contacting commercial manufa cturers and

sorting out the best available instruments.

2 . 2  RESULT S

A considerable number of both general and limited scope surveys ,

review articles and assessment reports have been published in the last

decade or so. They cover the gamut in marine parameter measurements

including the physical , chemical , biological and geological properties of

rivers , lakes , estuaries , coastal waters and the deep ocean. These are

listed in the Reference section in chronological order . Two of the most useful

for an overview of the entire field of marine instrumentafi on are Ref. 4 , “Ocean

Instrumentation: Problems and ,
“ from the IEEE Ocean ‘75 Conference

and Ref . 6 , “ Ocean Instrumentation , ” which was prepared by NOAA for the

2—1 
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National Ocean Policy Study of the U . S. Senate . Pro bably the most com-

prehensive assessment study available was conducted for the U .S .  Coast Guard

by Texas Instruments in 1970 and is reported in Ref. 17 . This includes a
voluminous compilation of all commercially available oceanographic sensors

and instruments with their specifications .

Based on articles and reports we were able to obtain , on browsing

of other people ’s copies , and on personal discussion s , a number of noteworthy

observations were made :

• NOAA and the U . S. , Coast Guard have recently

solicited proposals for stud ies on marine instru-

mentation. 27 ’ 28 The Coast Guard study is a

summary and assessment of the state-of-the-art

of all forms of underwater sens ing . The NOAA

study consists of three parts: (1) identifying

marine data needs , (2) assessing the state—of-

the art in marine instrumentation , and (3) comparing

(1) and (2)  to uncover technological deficiencies .

The NOAA study is similar in nature to the present

NORDA study , but the scope is to include the mea-

surement needs of “ government , academia and

industry for marine environmental data .” This Is

a big undertaking and should be a very useful

product if a thorough job Is done . The res ults

of both of these studies should be quite useful

to NORDA .

• Most requirement surveys have given only a single number

or range of a number for a required capability . What is

needed when one is dealing with more than one type of

use and type of user is a histogram of requirement vs the

number of users needing that requi rement and the particular

2—2
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use associated with the requirement . This is parti-

cularly important for cost-effectiveness considera-

tions if a single instrument is to be developed for a

variety of users . Figure 1 gives the type of informa-

tion needed . This data was gathered during a recent

questionnaire survey by N OAA ’s Office of Ocean

Engineering of water quality measurement requirements1.

Collecting this type of information require s care in the

distribution of questionnaires to ensure a mei~t iingfu l

interpretation .

• Msasurement capabilities are only one area of instru-

mentation characteristics which must be considered in

the development or improvement of marine instrumenta-

tion. Characteristics may be conveniently grouped into

three areas:

1. performance chara cteristics

2.  operational characteristics

3. logistics characteristics

The first of these are the measurement capabilities of

the instrument such as range , accuracy , resolution , time

and frequency response , etc . Most requirement surveys

have concentrated only on this area . The second are the

operational limitations and conditions and involve con-

siderations such as tow speed , sea state , in-situ

capability , automation of data collection , real-time

processing and ~~ se of deployment . The development

of expendable and air deployable instrument s as well

as benefit s from size and weight reduction come under

this category . Requirements on these characteristics

2-3
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are less well documented , probably because more

subjectivity is involved . This area , however ,

present s the best opportunity for application of

recent technology advances in areas such as fiber

optic data transmission , microprocessors and Keviar

strengthened cables. The third area includes factors

such as initial cost; ease and co st of maintenance ,

repair and calibration; auxiliary support equip-

ment such as winche s , cable s ; etc .

• Coastal zone measurements , especially by remote

sensing techniques, are receiving considerable

emphasis in the civilian field due to their relevance

to pollution studies and the offshore oil and fishing

indu stries . Shallow water bathymetry measurements from

aircra ft , in particular , have been of interest to NA~A ,

NOAA and the Coast Guard in recent years and ha-

application to Nava l amphibious operations.

• An area that has been receiving considerable attention

is remote sensing of ocean propertie s from satellites.

Figure 2 taken from Ref. 6 shows various ocean pro-

perties measured by a number of different satellites.

Aircraft measurements , while more versatile , have

received much less attention . With the rapid survey

capability afforded by aircra ft , it would seem that instru-

mentation development in thi s area should receive more

emphasis .

Figure 3 shows the results of a 1974 oceanographic instrument

inventory survey by NOAA 6 and Fig . 4 shows 1975 oceancgraphic instrument

deve lopment funding . The latter Information would be much more usefu l if

the funding were broken down into type of instrument , intended application ,

2—5
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IN-SITU INSTRU MENT S

• Interior  $ 300K

• NOAA 650K

• Navy 500K

• &~ ny 75K

• EPA 500K

• Academia 2 , 000K

TOTAL $ 4 ,025K

REMOTE MARINE SENSORS

• NASA $ 500K

• Coast Guard 1,550K

TOTAL $ 2 ,050K

Figure 4. FY-197S Ocean Instrument Development
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and organizations within the agency that were providing the funding and

doing the actual development . It Is this type of information that is one of

the objectives of the present study .

Figure 5 summarizes oceanographic parameter measurement require-

ments vs the state-of-the-art. The required capabilities and 1974 state-of-

the-art were taken from Ref. 6. The range of numbers under required cap-

abilities reflect the requirements of a wide variety of uses.  The 1977 state—

of-the-art was obtained by a survey of data sheets fro m or telephone interviews

with commercial manufa cturers and the appropriate manufacturer is indicated .

As can be seen , the state-of-the-art has improved significantly in the past

three years in the measurement of the majority of the parameters .

2 .3  CONCLUSIONS

Based on a review of previou s survey and assessment studies and on

discussions with individuals involved in the studies , it was concluded that

the best approach to the survey work for NORDA 1 s purpose would be to con-

centrate on measurement requirements and associated instrumentation needed

to support ongoing Navy system-related programs. In parti cular , the needs

of proj ects related to weapon and sensor system development and improvement

would be emphasized as opposed to instrumentation needs for general ocean-

ographic research which have traditionally received the majority of attention.

It was also concluded that for any type of survey other than of the genera l

oceanographic community , conducting personal interviews as opposed to a

questionnaire survey , was the only effective approach .

The questionnaire of Fig . 6 was subsequently drawn-up as a working

questionnaire to use during personal interviews with Navy project managers

and other cognizant personnel . Although C . ,  Environmental Data

doesn ’t really address instrumentation directly , it is the data r•eeds that

ultimately drive the need for new or better instrumentation . It was felt that

inclusion of this area might uncover data needs for which Instrument develop-

ment necessary to meet the needs had not yet been identified . This in fact

2—9
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A. INSTRUMENTATIO N IMPROVEMENT

What specific instruments need to be improved and what are the

required improvements in the three areas below ? Give reasons for or applica-

tion of improvement .

1. Performance Characteristics — Measurement capabilities

such as range , accuracy , resolution , time/frequency ,

response , etc .

2.  Operational Characteristics — Operational limitations and

conditions such as tow speed , sea state , in-situ cap-

ability , automation of data recording , real time processing

and ease of deployment .

3. Logistics Characteristics — Considerations such as initial

cost , ease and cost of maintenance , repair and calibration ,

and auxiliary equipment such as winches , cables , etc .

Consider both individual sensors and complete measurement systems with

one or more sensors such as STD ’s , towed platform s , etc .

B. NEW INSTRUMENTATION DEVELOPMENT

What new instrumentation needs to be developed and for what

specific purposes?

Consider the following two areas:

1. Long Term Monitoring — Instruments such as data buoy s and

satellite remote sensors .

2. Short Term Surveying — Instruments such as aircraft deployable/

recoverable buoys , aircraft remote sensors , ship towed multi-

sensor platforms , portable ship-deployed instrument packages.

C. ENVIRONMENTAL DATA

What types of environmental data need to be collected and what

experiments are requ ired to get this data? Give reasons for need and

amount of data required .

Figu re 6. Que stionnaire on Oceanographic Instrumentation R&D Needs

2— 11 

-~~~~- -



r

— turned out to be the case. This questionnaire proved to be quite usefu l

both in conducting interviews and In categorizing needs which were

Identified during the interviews. The results of these interviews are pre-

sented in the next section .
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Section 3

SURVEY OF NAVY MEASUREMEN T RE QUIREMENTS

AND INSTRUMENTATION DEVELOPMENT

3.1 APPROACH

As mentioned in the previou s section , the scope of the require-

rrients survey was limited to measurement requirements and associated

instrumentation needed to support ongoing Navy programs related to sensor

and weapon systems. It was necessary to limit the scope in some manner

since a survey of the needs of the entire oceanographic community , even

within the Navy would require a much larger effo rt than this study could

support . In addition , oceanographic instrumentation development in support

of sensor and weapon systems has received less attention than more genera l

instrumentation , primarily because it is more specialized and the details

of the application are often classified .

As a result of limiting the scope of the requirements survey in this

manner , it was sufficient to limit the survey of Instrumentation development

primarily to Navy sponsored work , except in a few cases where the need was

for an instrument that would also be of general use to the civilian community .

As can be seen from Figs. 3 and 4 , the Navy ’ s use and develop ment of marine

In strumentatIon (which includes part of that listed under academia)

is only a fraction of the total community and a survey that included all users

would be a major undertaking. Fortunately , most individuals involved in

instrumentation development funded by the Navy are also aware of similar

development work in other sectors of the oceanographic community so that

one can get a good idea of what is being done in any given area of

instrumentation development without having to survey the entire community .

The results cf the N OAA and Coast Guard surveys mentioned in Sec. 2 .2 should

supplement the results of this survey in this area.
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Within the scope of the survey as defined above , there were a

number of possible approaches to organizing the conduct of the survey and

the presentation of the results . The approach taken was basically two-fold .

First , appropriate program and proje ct managers in the various Navy manage-

ment organizations were contacted in order to discuss the project s under their

cognizance . Organizations included NAVMAT , NAVSEA , NAVAIR , NAVE LEX and

ONR plu s ARPA . As might be expected , “ appropriate” managers were

primarily those involved in the development of weapons and surveillance :~systems for acou stic and non-acoustic ASW . Second , several laboratories

were visited to either discuss in more detail projects identified above or to

find out what relevant work was being done under in-house R&D funds.

Laboratories visited Included NUSC/New London , NUSC/Newport , NRL and

AP I/Johns Hopkins University .

In selecting program managers and laboratories to visit , one of the

guidelines used was to concentrate on programs with which NORDA might not be

familiar in keeping with the original objective s of the survey . In addition ,

sufficient information was obtained from progra m managers In many cases that

it was not felt necessary to visit or contact the laboratory or institution per-

forming the work . Consequently , the exclusion of a laboratory or institution

from this report is in no way an indication of the importance of its programs.

The following section presents the result s of telephone or personal

Interviews with the various organizations and laboratories.

3.2 SURVEY RESU LTS

Results are presented as information gathered during interviews and

Include both measurement and instrumentation requirements , and instrumenta-

tion development work . In general , information which was not relevant to the

purpose of the survey has not been included . Thus this section is not intended

as a summary of programs In which the various organizations contacted are

3—2 
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involved but rather a summary of instrumentation and measurement problems

encountered and relevant developmental work toward solving those problems . 
-

Names of individuals given include both people who were interviewed and

people who are cognizant of the indicated areas as further points of contact .

I
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N OAA OFFICE OF MARINE TECHNOLOGY, TEST AND EVALUATION LABORATORY

Eugene Russin , Chief , Sensor Test Branch

NOAA ’ s T&E Laboratory is essentially the former NOIC . As such ,

many instruments under development are brought here for calibration and

evaluation . The following was ascertained:

• It was fe lt that the greatest need in general purpose ocean-

ographic instrumentation was for a more reliable current

meter. Fouling is still a major proble m with mechanical

types. Although EM types have been around for a while ,

they are quite sensitive to housing design effect s on flow

In the sensor area . A new design by Jack Olson at NOSC

was recently evaluated and appears promising . More develop-

ment work needs to be done with acoustic current meters and

possible optical techniques as well . A Neil Brown Mark III
CM was being tested at the time of the visit .

• Another area that needs better instrumentation is the water

quality area . Specifics were not discussed .

• R. W . Austin at Scripps is preparing an optical instrumentation

handbook for NOAA. Draft is due 1 September .

• This laboratory is doing a study of current sensors and

open ocean (rider type) wave sensors . Study will include

effects of motion on performance and a state-of-the-art

summary of both off-the-shelf and deve lopmental instruments .

3—4
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OFFICE OF NAVAL RESEARCH

Persons Contacted and Area of Interest:

Dr. Al Sykes — Ocean measurements to support

acoustic systems

Dr. Dave Lewis — Optics

Dr. Matt White — Ocean Optics

Instrumentation/measurement needs indicated were :

• Time series of vertical temperature profiles for detecting
internal waves. An XBT profile every 10 minute s would
suffice but the XBT ’ s would have to be cheaper and have
better resolution than present units .

• A profiling current meter would be very useful for
measurements of current shear .

• A small , in-situ , digital recording package for acoustic
data acquisition . Present analog recorders are a waste of
bandwidth in most applications . Digital recording would

increase the data capacity of an unattended sensor .

• An array of wave sensors for prediction of acoustic surface
reverberation . Sea state alone is insufficient . Time and
spatial correlation lengths are needed .

• Optical communications with submarines from aircraft or
satellites requires measurement of ocean optical properties.
Although ship deployable instrumentation , air deploy-
able devices would be superior for rapid survey or for
tactical useage . None exist at present nor does any develop-
ment appear to be going on in this area .

3—5

1~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



w — ----—----
~~~~~~~

— 
~~~~~~~~~

--
~~~~~~~~~

- ---
~~~~~~~~~ —--—-- - ——- --

~~

—

~~

---

~~~~

-

DEFENSE ADVANCED RE SEARCH PROJECTS AGENCY

Persons Contacted:

Dr. Phil Selwyn — Ocean Monitoring and Control Division ,

Tactical Technology Office

DARPA is interested in non-acoustic ASW , among other things , and

is funding some studie s in this area . Of particular interest are internal waves

and associated turbulence generated by current shear-Induced instabilities .

Instrumentation studies being funded include :

• Development of an acoustic vorticity meter. It is felt that

vorticity may be a better measure of internal waves than

vertical motion . In addition , it is not affected by trans-

lational motion and could be mounted on a towed platform or

a submarine .

• Laser Doppler Velocimeter (LDV) Studies. This is the ultimate

local velocity sensor if it can be made workable in the ocean

because it allows one to get out of the flow fie ld of the platforr~i.

With regard to both acoustic and laser velocimeters , it is fe lt that

the question of whether or not the acoustical and optical scatterers are truly

neutra lly buoyant and follow the water motion has not yet been answered .

Instrument needs expressed were :

• Stabilized thermistor chain . There are severa l excellent

thermistor chains around but platform motion corrupts the

data taken .

• Current shear meter. Shear measurements are needed to

determine the Richardson number.
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NAVAL MATE RIAL COMMAND

MAT 0314 — Program Administrator for Undersea

Surveillance , CDR Keith Hastie

The Undersea Target Surveillance program element is a 6 .2  program

in detection of undersea targets such as submarines , mines and swimmers .

CDR Hastie fe lt that the only work of interest to NORDA was the PANOIC

experiment being conducted in the Pacifi c as a joint effort of NAVOCEAN O ,

ARPA and ONR (Code 222 ) wIth support from this program element . It was

suggested that the Ocean and Atmospheric Support program element would be

more relevant to NORDA ’s interests . Since NORDA is quite familiar with

this program, this was not pursued .

3—7
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N AVA L ELECTRONICS SYSTEMS COMMAN D

ELEX 320 — Undersea Surve illance Division

Persons Contacted:

CDR Al Miller — Code 320

Bill Kamminga — Code 3202 , Technical Assistant for Ocean

Sciences Programs

E LEX 320 work s closely with PME- 124 , the Undersea Surveillance

Project , to develop an understanding of a ~oustic propagation as it relates to

the performance of acoustic surveillance systems including bottom mounted ,

towed , and air-deployed arrays . On-going projects are mainly concerned with

acoustic measurements and instrumentation needs are minimal . Although

non-acoustic surveillance comes under the domain of 320 , there is presently

no work being supported in this area .

3—8
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NAVAL SEA SYSTE MS COMMAND

SEA 03E — Oceanographer and Environmental Assistant ,

John Ropek

SEA 03E’ s primary interest is In environmental measurements related

to prediction of torpedo performance . Measurement/ instrumentation needs

expressed were :

• An expendable sound velocimeter would be much preferred

over predict ing SV profiles from BT’s. Salinity structure

In the ocean is more important than previously thought .

• Means of predicting acoustic surface reverberation without

having to use active sonar. Sea state information is not

enough. An optical or some other technique is needed to

measure the surface wave spectrum from a submarine .

• Current profiles are needed to predict acoustic doppler shift

vs depth . A submarine-launched profiler is needed for the

MK 48 and an air-launched one for the MK 46.

• BT is most important measurement needed at present . Finer

structure BT’s may be needed in the future .

• Operating forecasting of turbulence is seen as a possible

future need.

SEA 06H2 — Advanced Systems and Integration Office ,

LCDR Dave Bolka

The feeling was expressed that instrumentation and measurements

needed to support acoustic systems were by-and-large ~atisfactory . An instru-

ment that would be convenient wou ld be an expendable sound velocimeter ~XSV)

although for most purposes , SV profiles as presently derived from BT’ s are sufficient .

3—9
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NAVAL AIR SYSTEMS COMMAND

AIR 370 — Surveillance Administration

Persons Contacted :

Barry Dillon — Code 370E , Non-Acoustic Sensor

Surveillance

The only need for instrumentation to support non-acoustic detection

systems in the air community is for an expendable , air-deployable k-meter

to measure the diffuse optical attenuation coefficient , k , of seawater. This

measurement is needed to predict the performance of the ORICS (Optical

Ranging , 1FF , and Communication System) system , which uses a blue-green

laser for subsurface detection and communication .

As far as instrumentation to support acoustic and underwater weapon

systems are concerned , AIR 3700 is chartered to , and is involved in the

development of systems to predict performance as influenced by natural

environmental conditions. Basically , their job is similar to NORDA ’ s but for

the air community specifically . Present efforts are aimed at improving air

XBT ’ s and developing dropsondes and other instrumentation to predict atmos-

pheric effe cts on microwave and optical propagation .
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APPLIED PHYSICS LABORATORY/JOHNS HOPKINS UNIVERS ITY

SSBN Security Program

The SSBN Security Progra m at APL is concerned with submarine

detectability in all areas of acoustics and non-acoustics . The most relevant

area of interest to NORDA Is Applied Hydrodynamic Program. This program is

concerned with the possible effects of turbulence and internal waves generated

by a submarine and has conducted a number of at-sea measurement tests with

and without submarines. Oceanographic instrumentation suitable for ire asure-

merit of turbulence and internal waves is virtually non-existent commercially

and a large part of the effort in this program is defining and developing instru-

mentation and techniques for measuring the phenomena .

Cognizant individuals in the Applied Hydrodynamics Program are:

F Dr. Larry Crawford — Program manager

Dr. Carl Gundersdorf — Towed thermistor/fiuorometer chain

Dr. Dave Johnson — Turbulence measurements

Dr. Dave Wend strand — Internal waves

Instrumentation/measurement needs include:

• Small-scale measurements of temperature and salinity.

These require fast response sensors and a stable platform

for towed measurements.

• Measurements of current shear for determination of Richardson

numbers . Development of an acoustic velocimeter is be ing

supported for this purpose .

• Small-scale velocity fluctuations . LDV’s and Acou stic DV’s

are potentia l solutions but no satisfactory instrument exists

for ocean use . APL is investigating the use of these as well

as cold films and other sensors .
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NAVAL UNDERWATER SYSTEMS CENTER , New London

Persons Contacted:

Dr. Bill Von Winkle — Associate Technical Director for

Technology , Code 10

Ray Hasse — Head , Special Projects Department ,

Code 31

Tom Cummins — Head , Ocean Technology Division ,

Code 311

Dr. Peter Cable — Head , Advanced Systems Technology

Division , Code 313

Ralph Polley — Head , Submarine Electro-Optics Systems

Division , Code 343

Dr. Bill Stachnick — Courageous Project , Optics , Code 343

Charles Veitch — SEAGUARD Project

(MAR , Inc.)

Instrumentation/measurement needs expressed and relevant develop-

ment work include :

~ Preprocessing of acoustic data from multi-element arrays is

needed to reduce telemetry bandwidth requirements and size

of cables. This is a good application for microporcessors .

• It would be very desirable to have a 5000-7000 foot towed

hydrophone array with a diameter of 5/8” and on the order

of 400 hydrophones. Fiber optical telemetry provides a

solution to size , weight and bandwidth problems provided a

compatible hydrophone can be developed. NUSC , Code 313 ,

as well as at least two commercial companies have been

working on the development of an optical hydrophone , i. e . ,

3—12
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an acousto-optic transducer , that would interface direct ly

with fiber optics and should also be smaller and cheaper.

• Ship and air deployed arrays need to be lighter. Applica-

tion for fiber optics and Kevlar .

• A small heading sensor is needed that will fit into a thin

array for passive measurements of array shape . Size needed

js~~ 1.9 cmx 10.2 cm (3/4
’ x 4”); accuracy , 1/4°-1°. Such

a sensor is applicable to SEAGUARD , SASS and Thinline programs.

• Small tension cells are needed to measure forces acting on

towed or vertical arrays.

• A good differential pressure gauge that can operate in deep
(
~~ 5500 m) water is needed for accurate measurements of

vertical angles of arrays.

• NUSC is involved in boundary layer turbulence measurements

near the bottom to investigate transport of waste from dredge

disposal sites . A good means of measuring turbulence is

needed . Conventional current meters are not really designed

for this .

3— 13
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NAVAL UNDERWATER SYSTEMS CENTER, Newport

Persons Contacted:

John D’Albora — Code 36313 , Courageous Project

Manager

Dr. Ken Kemp — Code 36313

Dr. Guido Garosi — Code 36313

Dr. Dave Shonting — Code 311

Gerald Cook — Code 311

Dr. Don Connors — Code 311

The Courageous Project is involved in the measurement of turbulence

and the associated effect on the T ,S microstructure in the ocean . Measure-

ments needed for which instrumentation is not commercially available include:

• Small scale measurements of T and S. Small scale is defined

as 100 m down to centimeter or possibly millimeter scales.

Platform stability , sensor size and sensor time response are

problems at small scales. Exact number for smallest scale

needed Is difficult to estimate since not enough is known

about such T ,S stru cture at such scales to assess its

importance . Carl Gibson at Scripps has been developin g a

microscale CTD which may be useful for such measurements .

• Measurements of current shear on the order of 1 cm/s in 1 m

i. e . ,  io 2 /s are needed to calculate Richardson numbers .

The Richardson number is needed to predict turbulence

generated by internal wave instabilities.

• Measurements of current (velocity) fluctuations . A large

part of the Courageous Project has been the investigation of

instrumentation to make the above measurements . A number

of instruments and sensors have been investigated . Observations

3—14
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made thus far are:

— Acoustic current meters need to be improved in

sensitivity and resolution . In addition , a better

understanding of the acoustic scattering coef-

ficient of seawater is needed .

— Laser Doppler Velocimeters such as the DISA LDV

current meter are potentially quite useful but need

improvement .

— A hot film anemometer for ocean use would be

highly desirable .

— Pressure sensors have been used by NUS C for some

time as a means of sensing the mean and flu ctuating

component s of the water velocity . The operating

principle is the same as that of a pitot tube except

that the interpretation of the response to a time

dependent velocity has been open to question . This

technique may be useful for shear measurements ,

depending on the sensitivity .

— Regardless of how good a sensor one has,  platform

stability is para mount when making microstructu re

or current measurements . NUSC has been developing

a towed device for making these measurements but

it needs more work.
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NAVA L RE SEARCH LABORATORY

Persons Contacted :

Dr. Joe Elliot — Associate Superintendent for Ocean

Science Applications , Code 8301

Gene Rudd — Applied Oceanography , Code 83 10

NRL has been involved in non-acoustic ASW studies for some tixre .

Work still on-going includes bioluminescence studies , gas measurements ,

and hydrodynamic studies. The hydrodynamic studies appear to have the

greatest measurement instrumentation needs of interest to NORDA . These

include :

• Expendable profiler for measurement of current shear ,

temperature and salinity . These three quantities provide the

Richardson number. It is felt that the performance of salinity

profilers is not yet acceptable and needs more development

work .

• Directional spectra of internal waves. Internal wave ampli-

tudes can be as large as 10 in or more and consequently

the vertical displacement of the sound ve locity profile can

have a significant effect on acoustic propagation . NRL has

used temperature chains in the past to make such measurements .

• Current shear has also been found to affect acoustic propaga-

tion. Current profiles are needed for this purpose as well

as for Richardson number determination .

NRL is presently surveying available instrumentation and techniques

for measuring current and T , S profiles. They expect to complete the survey

sometime in September and will then decide on the best Instrumentation to

support for use in the ir studies.
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3.3 CONCLUSIONS

Based on the approach taken to the survey and the experience

during the survey , several conclusions have been drawn regarding the effect-

iveness of the survey:

• The identification of measurement and instrumenta-

tion needs by talking to program/project managers

in the various program management organi~ations is

most effective for projects at the 6 .3 or higher stage

iii RDT &E which are identified as line item projects.

• Requirements of projects In 6.1 and 6 .2  are more

difficult to identify at the program administrator level

and generally require contacting the performing lab-

oratory or contractor. in addition , these requirements

are less “ firm ” than those of projects in more advanced

stages .

• Instrumentation development in support of 6.2 projects

is also more difficult to ident ify without dealing with

the performing organization .

• Fortunately, individuals who are involved in instru-

mentation development are usually aware of similar

development efforts elsewhere , and after contacting a ; -~

few knowledgeable people in a given area of instru-

rnentation , one can be fairly certain that the field

has been covered.

While it is difficult to tell how complete a survey has been , and the present

one was not intended to be all-inclusive, a number of instrumentation needs

have been uncovered which are of potential interest to NORDA. These are

summarized in the next section .
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Section 4

SUMMARY

This section summarizes instrumentation and mea surement needs

identified during the survey and discussed in Sec. 3 .2 .  The needs are listed

in order determined by: (1) the number of different projects indicating the

need , (2) significance of the availability of the instrument or measurement

capability to the success of the proJect and (3) significance of the project

to the overall performance of a weapon or sensor system. Wh ile these

judgements and their relative weighting are certainly subjective , they are

the judgement of the authors based on info rmatIon and impressions gathered

during the Interviews.

Oceanographic instrumentation and measurement capabilities needed

by the Navy community to support ongoing projects related to weapon and

sensor systems include:

• An expendable current profiler both for ship and air

deployment. The need for such an instrument was

Identified in several projects for both acoustic and

non-acoustic applications . Acoustic application

is for prediction of doppler shift change and its effect

on propagation . Non-acoustic application is for measure-

ment of current shear which is needed to determine the

Richardson number , a measure of the ability of internal

waves to generate turbulence through shear-induced

instabilities . NORDA is presently supporting the develop-

ment of such an In strument and should continue to do so.

• Acoustic or laser doppler velocimeter with a remote

sensing (outside of flow perturbations) capability .

Such an instrument could be used to measure current

shear , vorticity , and turbulence as well as mean flow

and would find a large number of users and applications.

4—1
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• An expendable sound velocity profiler or T , S profiler.

For acoustic SV profiles , either device would suffice

and both ship and air-deployable versions are

desirable . For non-acoustic applications , a T , S

profiler is desired for rapid measurement of density

profiles to determine the Brunt-Vaisala frequency and ,

in conjunction with current shear , the Richardson

number profile .

• Microscale measurement s of T , S and v for detection of

turbulence and the mixing effects of turbulence . Basically ,

this calls for small T , S and v sensors with high fre-

quency response. The latter requires development of

sensors such as acoustic/laser velocimeters , hot

film sensors for ocean use or pitot-tube principle

velocity sensors . Velocity resolution needs to be quite

good for use on a moving platform .

• Current shear measurement s from a moving platform

such as a towed device or a submarine. Such a measure-

ment capability requires very good velocity resolution

and consequently the development of velocity sensors

of the type mentioned above .

• An expendable, air -deployable optical k-meter.

Measurements of the diffuse attenuation coefficient , k ,

are needed to predict the performance of air-to-subsurface

optical detection and optical communication systems .

In addition , measurements of the effective diffuse water

backscatter reflectance P as well as depth profiles

of and a , the beam attenuation coefficient , are

important in certain optical detection applications.
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• A small, fiber optic compatible hydrophone should

be developed. Fiber optics- In moored , towed and
portable arrays is inevitable and a compatible

sensor w ill be required .

Other needs expressed include :

• A small heading sensor for thin arrays.

• A small , in-situ , digital recording package for

acoustic data acquisition.

• Method of predicting surface reverberation from

a submarine other than active sonar.

• A deep water d ifferential pressure gauge for vertical

array angle determination.

• Small in—line tension cells for towed and vertical

arrays .

• Use of fiber optics to make towed and portable

arrays lighter without sacrificing bandwidth .

• Use of in-situ microprocessors for preprocessing

of acou stic data to reduce bandwidth and storage

requirements.
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Section 5

CONCLUSIONS AND RECOMMENDATIONS

In the course of the present survey , a number of both general and
— specif ic Instrumentation and measurement needs were identified and were

summarized in the previous section. The majority of these needs can be grouped

into eight genera l measurement categories: current velocity , turbulence , sound

velocity , temperature , salinity , optical properties , surface wave spectrum ,

and internal wave soectrum. In addition , seven spec ific improvements have

been identified which deal with acoustic arrays .

Measurements in each of the eight general categories discussed below

have wide-spread applicability and the development or support of the needed

instrumentation should be considered by NORDA.

• Current Velocity

-
_ 

- 

~e vertical profile of current velocity is needed

within both the Navy and the genera l oceanograp iic

community . Navy applications include acoustic

propagation prediction and prediction of turbulence .

The general oceanographic community requires this

measurement in many phases of its work including

pollution regulation , monitoring , acquisition of

baseline data , and basic research .

The development of almost any reliable current

profiler is desirable and is recommended . However ,

an expendable , air/ship deployable profiler Is pre-

ferred and would find application by many users .

The desirability of this measurement is indicated

both by discussion with Navy personnel and by the

number of Individual instruments undergoing develop-

ment in the private sector , such as the Cyciesonde
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at the University of Miami and the Drop-Soride at

Woods Hole .

In addition to a current profiler , a “differential”

current meter should be developed to allow measure-

ments of current shear from a moving platform . Tech-

niques employing matched conventional current meters

have been used In the past but have been unsatisfactory ,

largely due to insufficient velocity resolution . Candidate

sensors include those applicable to turbulence measurement.

• Turbulence

The ability to accurately measure turbulence (velocity

fluctuations) is highly desired within both the Navy

and the general oceanographic community . As with a

current profiler , users outside the Navy would include
regulatory and monitoring agencies on Federal and

State levels , and basic researchers . Although highly

specialized delicate instruments such as hot film flow-

meters have been developed by researchers in the past ,

it is desirable to develop either an acoustic or laser

doppler velocimeter for ocean use since hot films , hot

wires , etc., are beset by fouling problems. LVDs exist

for use in flow channels in laboratories but deve lopment

is required to allow them to be used in the ocean

environment . The use of pressure sensors for turbulence

measurements should also be investigated .

• Sound Ve locity

Knowledge of the sound velocity profile is the most

basic measurement need of the Navy . Although instru-

ments to measure sound velocity directly exist , an

axpendable , air/ship dep loyable SV profiler would be

5—2
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a useful instrument if it could be manufactured

cheaply enough . The adequacy of SV profiles derived

from BT’s needs to be investigated in detail to

determine the actual degree of need for an expendable

SV profiler.

• Temperature

Vertical profiles of tempera ture on a large scale are

used for calculating sound velocity profiles and

Brunt-Vaisala frequency profiles and Instrumentation

for such measurements is by-and-large satisfactory .

Horizontal and vertical profiles of temperature on

microscales (few cms) are needed for detection studies

and require physically small sensors with short thermal

time constants . A fair amount of work is going on in

microscale temperature sensors and the only involve-

ment by NORDA is seen as a possible future need for a

microscale XBT .

• Salinity

The addition of a conductivity sensor to an XBT is

needed for two purposes . The first is for the calcula-

tion of density profiles from the large scale T , S pro-

file and possibly for microscale measurements of

salinity . The second is the need for profiles of both

T and S in the calculation of the sound velocity pro-

file in ocean areas where salinity fluctuates significantly

about its seasonal mean . Although there is presently no

operational need for density profiles , it is quite likely that

there will be in the future as is now the case for sound

velocity profiles. For the latter measurement , a cost/

accuracy trade-off study needs to be performed
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to determine the desirability of T vs T , S vs direct

SV profiles. In any case , the integration of a conductivity

sensor into an XBT should be pursued .

• Optical Properties

Navy air-to-subsurface optical communication and

detection systems require data on the diffuse and beam

attenuation coefficients and the diffuse backscatter

reflectance vs depth . Although there are currently no

such systems beyond the 6 .2 stage of RDT&E , efforts

are increasing in these areas in both the ASW and SSBN

security communities. While no operational need

currently exists for such measurement s , there is a need

for a rapid survey capability in operational ocean areas

as well as a need for optical measurements during at-sea

testing of developmental systems .

While instrumentation exists to make such measurements

from ships , the development of air-deployable instru-

mentation would be a real boon to a number of programs th

terms of both cost of ship operations and a much more

rapid survey capability . The genera l oceanographic com-

munity , and In particular the water quality quarter , would

also find considerable use In such Instrumentation .

• Surface Wave Spectrum

An operational need exists to predict acoustic surface

reverberation from a submarine without having to use

its active sonar. A submerged submarine ’ s present

knowledge of the sea surface condition is inadequate

for such predictions. A submarine deployable wave

sensor is needed with the capability of measuring the

sea surface wave spectrum as applicable to acoustic
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reverberation . The specifi c characteristics required

of such a wave sensor need to be investigated .

• Internal Wave Spectrum

The measurement of internal waves Is important to a

number of ongoing Navy programs involved in hydro-

dynamic detection studies. Measurement of internal

waves is generally done indirectly by measuring the

displacement of the temperature , salinity or turbidity

structure of the ocean and instrumentation for such

measurements is by-and-large satisfactory . Direct

measurement of water velocities requires very sensitive

current sensors . While the sensitivity of state-of-the-

art acoustic and EM current meters is quite good , the

development of an LDV for ocean use , particularly one

with a remote , volume scanning capability , would be

very welcome in the internal wave community and would

allow measurement capabilities which are difficult if not

impossible at present . In particular a scanning LDV with

good sensitivity and resolution would allow measurements

fro m moving platforms of small currents , current shear and

vorticity . Development of an LDV for ocean use should be

given a high priority because of its many potential applications .

The specific developments needed in the area of acoustic arrays are:

• Acousto-Optic Hydrophone

• Lig hter weight arrays

• Small heading sensor

• Small in—situ , digital recorder

• Deep water , differe ntial pressure gauge

5— 5
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• Small tension cells

• Preprocessing of data

Although these developments are of less interest to the genera l oceanographic

community than those just discussed , fixed and towed arrays are , and probably

will remain , the primary ASW sensor due to the nature of the underwater medium .

Advancement in the state-of-the art of acoustic array technology will depend

on the above development s as well as developments in array fabrication

employing new materials such as Keviar . The above development seen as

having the most significant impact on array technology is the incorporation

of fiber optics for telemetry which will require a compatible hydrophone .

Although development of an acousto-optic hydrophone has been going on for
the past several years , a much greater effort is needed .

Table 7 summarizes and prioritizes the conclu sions and recommenda-

tions presented in this section . An attempt has also been made to estimate

the required accuracy or resolution where this was possible. In many cases ,

it is difficult to put a number on a requirement because not enough is presently

known about the parameter of interest in the ocean , particularly at small

physical scales. Other characteristics required of new or improved instru-

mentation are also listed as appropriate.

To summarize , a number of instrumentation and measurement needs

have been identified which are not being met by currently available instru-

mentation . In a number of cases , development work is currently in progress

on such instrumentation but needs emphasis and/or additional support. In

other cases , development of instrumentation is inadequate or non-existent

as far as could be determined . Before any new development support is initiated

by NORDA , this assumption should be investigated more closely .
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