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. ABSTRACT

¥ This ig the final report of Contract Nonr-

1 2866 (00) including a history of the contraet and a

3 bibliography of scientific contributions supported

1 by the contract at the Woods Hole Oceanographic

: Institution from March 1, 1959, to June 30, 1969.

The contract was initiated as a project to provide
basic environmentzl measurements in a broad ocean
area between Bermuda and the Antilles that would
limit the specifications and the performance of a
large long range underwater acoustics system known
. as Project ARTEMIS. From the beginning in late

& 1958 until thne present the research program in-
cluded sound transmission studies, temperature and
sound velocity measurements, studies of currents

in the deep ocean and studies of the bottom conditions.
This program of research has brought about better
understanding of the ocean movements and reflecting
properties of the ocean bottom in the Bermuda-
Antilies area. A reliable environmental ocean measur-
ing system was developed under this contract and put
to use to determine spatial and temporal variations
in the acoustic structure in the ocean.
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INTRODUCTION

The Geophysics Department z* the Woods Eole Oceanographic
Institution has been responsible for a portion of the environ-
mental research in the ocean in support of Project ARTEMIS under
Contract Nonr-2866(00) since the contract was initiated late in
1958. This report will be a final report of the research into
the ocean environmental factors that infiluence underwater acoustic
propagation and pertinent to the needs in the development of an
advanced acoustics system. As such it will contain a brief
history of the research work and a bibliography.

Late in 1958, when Project ARTEMIS began, it was recognized
that such a large scale feasibility study would require the coopera-
tion of some twenty Jaboratories, frequent coordinating, planning
and review conferences, and a major research effort to uncover the
environmental factors that would limit the specifications and
performance of the system. The research area in the oczan chosen
for this 1. :ge scale feasibility study was situated hetween Bermuda
and the Antilles. J. B. Hersey, who was the principal iunvestigator,
in the Department of Geophysics for the Office of Naval Research
contract with the Woods Hole Oceanographic Institution, set forth
four categories that required an extensive research effort. These
were: sound transmission studies, water structure studies, water
current studies, and studies of bottom conditions. It was the
considerable experience in the basic factors about the sound
transmission medium and its boundaries that affect long range
sound transmission, gained by the research efforts >f the Geophysics
Department of this Institution since 1953 and before, that helped
immeasurably in the delineation of the important arez+ of research
needed. Although there was a goodly amount of scientific knowledge
available about the areas mentioned above, as well as specialty
fields such as signal processing and the design of large sound
transducers, the scale of the ARTEMIS feasibility study required
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a considerable extrapolation of the state of the knowledge at
that time. For instance, there was a great deal known about
environmental variations in the sea but a considerable lack

of the detailed knowledge required to make a prediction about

the limitations of the system concept. We now recognize more
fully the serious limitations placed on the performance of the
ARTEMIS system, as initially conceived, by fluctuations in the
ocean and by sound transmission loss and scattering due to

bottom reflectiuns. Indeed, the scale of the research effort

into environmental factors undertaken has only recently provided

a grasp of the complexity of ocean processes. The enormity of
the ocean's environmental problem in long rarnge underwater sound
transmission, particularly when one is pushind to get the very
most from an advanced systems development program, is beginning

to be appreciated. Even to this day, questions such as how large
one can make an underwater hydrophone array and achieve considerable
gain cannot be answered simply. An answer to such a question
requires measurements of the spatial and temporal coherence of
acoustic signals in the ocean, the reflecting properties of the
ocean floor and the sublayers below, and measurements of the noise
distribution. All of these factors Vary with location in the ocean.
It is interesting, in retrospect, that the basic limitations of
the ARTEMIS system were foreseen to be environmental in character
and that a program of research into all of the above areas was
carried out.

In the early years of this program extensive expeditions
were undertaken to obtain pertinent information regarding sound
transmission characteristics. Particularly, information was vital

with respect to sound transmission loss on a-year round basis. There-

fore, measurements of transmission loss were conducted in the winter,
as well as in the spring, summer, and fall. This kind of information
was essential in considerations of the level of the ¢ource design

and the amount of signal processing that would be required under

the system's concept. There are a number of reports describing

this vesearch contained in the bibliography. Moreover, extensive
studies of the bottom of the ocean, detailed site surveys, bottom
photography, seisnic studies of reflectors underneath the bottom
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which could produce destructive as well as ccnstructive inter-
ference in the frequency ranges cf interest were all part of the
systematic investigation of the ARTEMIS area carried out by the
Department of Geophysics. Considerable effort went into the
identification of sound paths and some of these sound paths have
been given extensive study with regard to wavefront fluctuations
by the research group of the Bell Telephone Laboratories and the

scientists of Hudson Laboratories in efforts to optimize beam-
forming.

The sound velocity structure in the region was studier
extensively by the Geophysics Department. Members of this
department were the first to employ the National Bureau of
Standards sound velocimeter to the ocean environment problem
in the ARTEMIS area. The environméntal system used for this
wor’s from the Institution's research ships has undergone develop-
ment throughout the contract periods even up to this present time.
Some brief description of the present capabilities that have
resulted from this development program will be mentioned later.
Both acoustic and oceanographic cruises were carried out by the
Geophysics Department in an effort to identify reliable sound
paths., Water structures near the surface were studied with the
thermistor chain on long traverses of the ARTEMIS area in 1961
in order to determine the scale of the fluctuations and to deter-
mine the likelihood of multiple bottom reflections as opposed to
sound channel and surface reflected type transmission. Thermistor
chain observations gave considerable insight into the character
of the ocean's fluctuations in the vicinity of the sea surface
and it became obvious from these records that there were many
scales of inhomogeneities affecting sound transmission. Any
examination of these records at such an early date gave the
impression that the internal motions of the ocean were overwhel-
mingly complex. It was clear from these research efforts that
many years of study of this complex pheromencn of internal ocean
movements would be required before a meaningful grasp of the
processes involved could be established. Moreover, the very
complexity of the recoxds and the lack of adequate theories of
turbulence precluded the possibility of any direct approach
using the measurements in the prediction of acoustical fluctuations.
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Indeed, even to this present day, although some real progress
has been made, there is a real problem in trying to correlate

oceancgraphic fluctuations and acoustical transmission fluctua-
tions.

In the early and middle years of the contract period very
little was known about deep currents in the ocean. Swallow float
measurements were just beginning to be made and members of the
Geophysics Department conducted drogue measurements to obtain
estimates of the current flow with some emphasis on the vicinity
of the proposed receiver array location. Transient currents were
observed in the very deep ocean and there was concern as to how
oczan currents might affect the lifetime of undersea equipment.
There are several reports which describe efforts to obtain infor-
mation about deep ocean currents. The difficulties of measuring
ocean currents and of interpreting the results of such measure-
ments is now well appreciated by oceanographers. The need for
continued research into deep ocean currents is more fully
appreciated. The lifetime and the complexity of the in-water
ARTEMIS system has demonstrated that careful planning and design
with enough thought to the ocean problems in the vicinity can
provide a reasonably long life. However, many of the engineering
problems associated with long life underwater installations have
not been solved,

In the middle 60's extensive oceanographic cruises were
taken by the Geophysics Department to make systematic measurements
of sound velocity, temperature, salinity, and other variables
in the ocean. The scale of these cruises over the ARTEMIS area
was enlarged whenever the research could be sponsored jointly by
other contracts held by the Institution.* After the realization
that small scale internal wave fluctuations, known to have an
important effect on sound transmission, could not be understood
adequately without a study of large scale phenomena, the research

* Progress reports of some of the work on this contract were
issued periodically in WHOI reports in view of their pertinence
to another contract, Nonr-4029(0C). These brief accounts are
cited in the bibliography in the semi-annual reports of
Oceanographic and Underwater Acoustic Research.
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pProgram entered into a study of large scale Rossby waves. A
major cruise of ATLANTIS II-22.in June 1966 was undertaken to
learn about the ocean area and to study the thermal front region
which passed through the area from west to east and may extend
as far east as the mid-Atlantic ridge. Several reports on this
work have been completed. They reveal that the Sargasso Sea is
a very ccmplicated region of eddies of different sizes and
intensities which vary with depth. It is likely that the move-
ment of these eddies have an influence on the smaller scale
internal gravity waves and on aconustical fading phenomena.

During this period the Sylvania Applied Research Laboratory
in Waltham, Massachusetts offered considerable assistance to the

Institution in the development of an on-line sound velocity profiling

system. A report on this work prepared by them is cited in the

bibliography. uvuring this period the Institution entered in closer

cooperation with acoustical studies in progress by the Bell

Telephone Laboratories. Many sound velocity profiles were obtained

by the Institution's cruises to the area along sound transmission
bearings from Argus Island, off Bermuda. These studies showed
that thermal characteristics that occur near the ocean surface,
particularly in the thermal front region, extend very deep into
the ocean. Some ray computations were undertaken in order to
study the influence of this thermal front region on sound trans-
mission.

The purpose of CHAIN Cruise 67 was to study the thermal
front region and to supply environmental measurements necessary
to assist in the interpretation of acoustical studies. The
acoustical measurements were carried out by the Bell Telephone
Laboratories group under the guidance of Howard Broek. The
results of this effort to relate environmental variations
directly to acoustical fluctuations indicated some correlation
with the longer scale ocean movements. However, it is clear
that environmentdl measurements along a transmission run need
to be obtained with relatively permanent installations in the
water in addition to ocean measurements from ships.
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An evaluation of the final sound velocity profiling systex
that was developed during this contract occurred on CHAIN Cruice
89 which took place during March and April of this year. This
system plotted in final form during the cruise many of the sxan
velocity profiles , temperature,and other variables measured. Tie
in-water sensor package that was designed for this system car
handle up to 7 oceanographic sensors. Each are sequentialiy
sampled. 2 hydrophone could also be included for continucus
monitoring of the sound field. The depth of the instrument 1is
obtained using an inverted echo sounder and a computer abcard
the ship calculates from the measurements the depth of the instr -
ment and the sound velocities to be associated with that depth
The information was displayed on teletype output 2nd on graphs
and stored on digital magnetic tape. The results of that cruise
have been analyzed and several reports have been completed. We
believe this demunstrates a technical capabkility that the Geophys..:
Department has been striving for in this area of oceanographic
measurements, namely, to provide reliable oceanographic measure-
ments pertinent to acoustic transmission during and shortly £zl-
lowing the completion of a cruise.

In summary, Contract Nonr-2866(00) was initiated as a
project to provide basic environmental measurements in a brcad
ocean area between Bermuda and the Antilles that are related t: tieg
performance of a large long range underwater acoustic system
known as Project ARTEMIS. From the beginning in 1958 until the
present the research program included sound transmission studies
and extensive studies of the ocean environment for acoustics.

This program of research has brought about a better understandirsy
of the ocean movements and reflecting properties of the ocean
bottom in this large ocean area between Bermuda and the Antilles
The basic nature of the findings in this area establish a bass
from which continued studies in this and adjoining areas can ke
fruitfully developed. Also during this contract pericd a re.iak.e
environmental ocean measuring system has been developed. Yh.is
system is very useful in obtaining information about the spatia.
and temporal variations in the acoustic structure of the ccean.
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dtd September 1959. (Also Contract Nonr-1367).
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1959 Voorhis, A. D. and L. Baxter, II. Sound transmission
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1960 Bruce, John G., Jr. Current studies off Plantagenet

Bank, Bermuda (U). WHOI Ref. No. 60-23 dtd May 1960.
(Confidential). :

1960 Foster, D. B. ILetter to Mr. Joseph F. McGrath (ONR) .
concerning progress dtd August 3, 1960. (Confidential).
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Hersey, J. B. Letter to Dr. R. A. Frosch reporting
activities at Woods Hole and of other cooperating
groups in the studies of environmental problems
dtd May 13, 1960. (Confidential).

Hersey, J. B. Status of Current Activities under Con-
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Voorhis, A. D. Measurements of acoustic energy at Bermuda
during the ARTEMIS IV Exercise (U). WHOI Ref. No.
60-39 dtd August 1960. (Confidential).

Baxter, Lincoln II and Helen S. Graham. Seasonal variations
in acoustic transmission losses in long paths in North
American Basin (U). WHOI Ref. No. 61-26 dtd July 196l.
(Confidential).

Beckerle, J. C. Fluctuations in long range transmission of
sound between a fixed source and fixed receivers.
U. S. Navy Jour. of Und. Acous., 1ll, 719-732.
(Confidential) (Done at Bell Telephone Laboratories).

Bruce, John. Cruise plans for ATLANTIS Cruise #274,
October 17 - December 3, 1961l. Tech. Memo No.
9-61 dtd October 1961.

Bruce, John G., Jr. Current studies off Plantagenet Bank.
WHOI Ref. WNo. 61-17 dtd June 1961.

Johnson, H. R. Sound transmission between proposed source-
ship and receiving~array sites (U). WHOI Ref. No.
61-15 dtd May 1961. (Confidential).
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Baxter, Lincoln II. Detailed path identification program.
Hudson Laboratories Status Rpt. No. 5, ARTEMIS Rpt.
#26, pp. 150-153, May 31, 1962.

Baxter, L., II and H. S. Graham. Correlated time functions
of sound energy received at Bermuda in summer and winter
from explosive sources (U). Hudson Laboratories
ARTEMIS Rpt. No. 25 and WHOI Ref. No. 62-26.
(Confidential).

Caulfield, David D. and J. B. Hersey. Cruise planes for
CHAIN Cruise #29, July -~ August 1962. WHOI Tech.
Memo No. 3-62.

Hersey, J. B. VII. Environmental research. Hudson
Laboratories Status Rpt. 5, ARTEMIS Rpt. No. 26,
pp. 113-123. (Confidential).

Pratt, Richard M. Report on ATLANTIS Cruise #260,
11 October - 7 November 1960, WHOI Ref. MNo. 62-19
dtd May 1962. (Also Contract Nonr-1367).

Reitzel, John. Cruise plan for ATLANTIS #282, July 5 =
August 13, 1962. WHOI Tech. Memo No. 1-62 dtd
June 1962.

Baxter, L., II, H. S. Graham and D. D. Caulfield. Acoustic
path identification in the deep sea. (U). (Abstract).
Jour. Und. Water Acous, 13(1):224-225, January 1963.
(Confidential).

Birch, F. 8., J. S. Reitzel and J. B. Hersey. Variation
of sound velocity in the ocean area between Bermuda,
the Bahamas and the Greater Antilles. (Abstract).
Jour. Und. Water Acous., 13 (1):224.

Hersey, J. B. Specifications for sound velocimeters to
be mounted in the modules to be installed this year
in the ARTEMIS array area. Memo to Dr. Warren A.
Tyrrell dtd February 20, 1963.
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Hersey, J. B. Contribution to report on acoustic
navigation entitled "The Need for Acoustic Navigation
in the ARTEMIS Environmental Research Program".

Letter to Raymond Hasse, USNUSL dtd February 21, 1963.

Nalwalk, A. J. and J. K. Hall. Track charts, bathymetry,
and location of observations. CHAIN Cruise No. 29,
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(Also Contract Nonr-4029).

Reitzel, John. Letter to Dr. R. A. Frosch, Hudson
Laboratories, reporting ARTEMIS work performed on the
second half of Cruise #l of R/V ATLANTIS II dtd
May 24, 1963. (Confidential).

Backus, Richard H. Chapter I - Environment. Biological
Considerations. (For ARTEMIS Handbook).

Beckerle, John C. Chapter I - Environment. Sound
Velocity Conditions. (For ARTEMIS Handbook).

Beckerle, John C. Cruise plans for ATLANTIS II Cruise No.
11. 17 June ~ 10 August 1964. WHOI Tech. Memo
No. 10-64 dtd June 1964. (Also NSF Grant GP-1123).

Beckerle, John C. Environmental Measurements. ARTEMIS
Annual Report.

Bruce, John G., Jr. Current studies south of Bermuda.
WHOI Ref. No. €4-5 dtd February 1964.

Bruce, John G., Jr. Deep current measurements north of
Puerto Ricou. ARTEMIS Report No. 38 and WHOI Ref,
No. 64-34.
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Hays, Barl E. Microbathymetric Survey. WHOI Ref.
No. 64-13, ARTEMIS Report No. 36 dtd March 1964.
(Confidential).

Voorhis, A. D. and J. B. Hersey. Oceanic thermal fronts
in the Sargasso Sea. Jour. Geophy. Res., Vol. 69,
No. 18, pp. 3809-3814. (Also Contract Nonr-4029
and 2196).

Baxter, Lincoln, II, Helen S. Graham and wvavid D. Caulfield.
Some long-range experiments on sound fransmission cor-
relation and reverberation for Project ARTEMIS. U.S.N.
Jour. of Und. Acous., Vol. 15, No. 1, pp. 15-40,
January 1965. (Confidential).

Beckerle, J. C. Cruise plans for CHAIN Cruise #47. Woods
Hole t)> Woods Hole, 19 April - 11 May 1965. WHOI
Tech. Memo No. 6-65 dtd March 1965. (Also Contract
Nonr-4029).

Beckerle, J. C. CHAIN Cruise #47. In Oceanographic and
Underwater Acoustics Research conducted during the
period 1 November 1964 - 30 April 1965, pp. 13-15.
WHOI Ref. No. 65-46 dtd June 1965.

Beckerle, J. C. Study of sound velocity profiles -
Thermal fronts and internal waves southwest of
Bermuda in Oceanographic and Underwater Acoustics
Research conducted during the period 1 November 1964 -
30 April 1965, pp. 15-16. WHOI Ref. No. 65-46 dtd
June 1965.

Dunkle, William M. Track charts, Lathymetry and location
of observations. CHAIN Cruise #47, North Atlantic
Ocean, April 20 - May 11, 1965. WHOI Ref. No. 65-27
dtd June 1965. (Also Contract Nonr-4029).

Knott, S. T. Bathymetric and seismic reflection studies
cf the ARTEMIS environs (U). WHOI Ref. No. 65-2,
and ARTEMIS Report No. 40 dtd February 1965.
(Confidential).
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Payne, R. E. Track charts, bathymetry and location of
observations. ATLANTIS II Cruise No. 11, North
Atlantic Ocean, June 8, 1964 ~ August 8, 1964 dtd
April 1965. WHQI Ref. No. 65-18. (Also NSF Grant
GP-1123).

Payne, R. E., J. C. Beckerle and S. Stillman. Velocimetry,
in Oceanographic and Underwater Acoustics Research
conducted during the period 1 May ~ 31 October 1964,
pp. 55-56. WHOI Ref. No. 65-12 dtd March 1965.

Pratt, R. M. and W. M. Dunkle. Track charts, bathymetry
and location of observations. ATLANTIS Cruise No.
260. North Atlantic Ocean. Hydrographer Canyon -~
Muir Seamount surveys. October 11, 1960 - November 7,
1960. WHOI Ref. No. 65-15 dtd March 1965. (Also °
Contract Nonr-1367).°

Reitzel, J. S. Track charts, bathymetry and 'location of
observations. ATLANTIS Cruise No. 282. North Atlantic
Ocean. July 7, 1962 - August 11, 1962. WHOI Ref. No.
65-14 dtd March 1965. (Also Contract Nonr-1367).

Beckerle, John C. Acoustical and environmental fluctuations
(U). Proc. of the Third U, S. Navy Symp. on Military
Oceanography, Vol. I, pp. 331-339. (Confidential).

Beckerle, J. C. Evidence of internal waves in c¢rossing the
thermal front region in Oceanographic and Underwater
Acoustics Research conducted during the period 1 May -

31 October 1965, pp. 14-17. WHOI Ref. No. 66~1l1 dtad

Beckerle, J. C. The ray theory of internal waves and temp-
erature measurements in the ocean in Oceanographic
and Underwater Acoustics Research conducted during
the period 1 May ~ 31 October 1965, p. 18. WHOI Ref.
No. 66-11 dtd April 1966.
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Beckerle, J. C. Cruise plans for ATLANTIS II, Cruise No.
22. WHOI Tech. Memo No. 3-66 dtd June 1966. (Also
Contract Nonr-4029).

Beckerle, J. C. and R. E. Payne. Sound velocity contours
northeast of the Bahamas in Oceanographic and Under-
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66-11 dtd April 1966.
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and Underwater Acoustics Research conducted during the
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time processing system for oceanographic velocity
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in Oceanographic and Underwater Acoustics Research
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p. 25. WHOI Ref. No. 67-3 dtd March 1967.
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Acoustics Research conducted during the periocd 1 iy -
31 October 1956, pp. 25-27. WHOI Ref. No. 67-3 4dtd
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