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ABSTRACT (U)

{(U) Acoustic transmission loss data were acquired during
Cruise 1 of the CHURCH STROKE III Exercise of July 1979. Ini-
tial comparisons of observed transmission loss data, with pre-
exercise model predictions made using the ASTRAL model with
historical environmental data inputs indicated a considerable
degree of disagreement. A series of post-exercise model runs
were undertaken to isolate the environmental factors contributing
to the obs2rved disagreement. Model runs using a rarge-
dependent normal mede inodel (SNAP) wer: made using a geoacoustic
description ¢f the seafloor. Good agreement was attained for
detailed structure comparisons. cstimates made using the model
ASTRAL, together with a bottom loss description derived from the
same geoacoustic descrigtion ¢f the seaficor, matched the cb-
served leve's quite well in an average sense. Since the at-
tenuation estimates were derived from those resulting from the
BEARING STAKE Exercise, some implications as to the validity of
geoacoustic parameter extrapolation are apparent. Auditional
implicaiions arise with respect to the degree to which pre-
exercise ambient noise estimates agree with observations wade
during CHURCH STROKE II[.
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I. INTRODUCTION (U)

(C) During the summer of 1979 an environmental acoustic measurement exercise
known as CHURCH STROKE III was conducted in the eastern Gulf of Mexico. The
exercise, sponsored by the Long Range Acoustic Propagation Project, resulted in
measurements of transmission loss and ambient noise directionality being obtained
at a Bite located near a bathymetric feature known as the Catoche Tongue (23.62°N,
86.00"W; point E of Fig. 1).

(C) This particular site offered the opportunity to observe two acousti-
cally important effects. The presence of steep slopes and shallow banks in the
southeast, southwest, and northwest quadrants offered the potential for signif-
icant bathymetric blockage of ship-radiated noise produced by ships located in
these sectors. It was hypothesized that the bathymetry would serve to diminish
the ambient noise contributions to the side-lobes and ambiquous beams of a mid-
water line array located in the Catoche Tongue, with its near-broadside beams
steered into the northeast quadrant. Additionally, the presence of a steep
basin-slope-shelf transition in the bathymetry at a moderate distance from the
array location afforded the opportunity to obtain transmission loss data which
could be used to determine the degree to which up-slope enhancement affected the
received level of a low~-frequency source being towed over a highly range depen-
dent track. The data, together with the supporting environmental observations,
were to serve in a test of the ability of numerical models to correctly estimate
ambient noise directionality in a complex environment, as well as their ability
to handle up-slope enhancement effects on transmission loss.

(U) An extensive modeling effort was undertaken prior to the exercise.
Predictions were made of transmission loss, directional noise, and omnidirec-
tional noise for scveral combinations of source depth, receiver depth, and
frequency. The study was centered around the Catoche Tongue site. The track
of greatest interest, from a transmission loss point of view, was to the north-
east along a bearing of 0520 from the array location in the Catoche Tongue.
This track has been designatea CTPOY. The array location and this principal
transmission loss track are depicted in Figure 1.

(U) Post-exercise comparisons between model predictions and measurements
indicated that the pre-exercise data inputs to the mocels were probably inaccurate
representations of the actual environment. The most probable environmentally
related causes of observed discrepancies between model results and measurement
results were thought to be the bottom loss 2stimates ¢ ¢ the historical shipping
distribution. In order to determine the degree to wh' .t e archival environrmental
data differed from those environmental data odserved during the exercise, and to
assess the resultant impact on transmission loss (TL) model results, the post-
exercise analysis effort described in this renort was undertaken. No attempt
has been made to reconcile observed shipping with historical shipping distribu-
tions.

IT. TRANSMISSION LOSS COMPARISONS (PRE-EXERCISE) (U)

(U) The plots of Fiqure 2 allow comparisons to be made between the measured
TL values and the TL estimates derived from archival sound speed profiles,
bathymetry, and bottom loss estimates extrapclated from the sparse bottom loss
data available in the region. A range dependent transmission loss model {ASTRAL)
was exercised to obtain the 30-40 nm range-averaged estimates shown in the plots.
While one should not expect detailed agreement for this type of comparison, it
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appears that the model has overestimated the average TL and may have failed to
accurately predict the onset of bathymetric enhancement,

(U) The degree of disagreement is sufficient to indicate that significant
inaccuracies may exist in the environmental input data. Since the track is bottom
limited, the bottom loss is an important parameter. An inaccurate representation
of the loss due to bottom interaction could account for a substantial portion of
the differences between observations and model estimates. Other environmental
factors which could account for some of the TL differences include inaccurate
representation of the effect of the Gulf of Mexico Loop Current on the sound
speed fieid, and improper location of the basin-slope transition region in the
archival bathymetry. These potential effects have been tested with regard to
their impact on the estimated TL by comparison with actual environmentai data in
the cases of the sound speed and bathymetry, and by the use of various bottom
loss descriptions derived from geophysical observations in the investigation of
bottor interaction effects.

ITI. SOUND SPEED AND BATHYMETRY COMPARISONS (U)

(U) The archival environmental data used in the pre-exercise model runs
are depicted in Figure 3. The bathymetry is essentially flat out to 110 nm and
has an average depth of 3394 m. The slope begins at 110 nm and extends to 125 nm
where the water depth is 350 m. The shelf extends from the 125 nm point,
reaching land at 280 nm. One may observe a representation of the measured
bathymetry along CTPO1 in Figure 4. The basin floor is seen to be essentially
flat with the exception of a small rise at 17 rm. Along the source track, the
average depth in the basin is 3298 m, about 100 m less than the archival data
indicate. The actual bathymetry indicates a basin-slope break at 111 nm, with
the slope extendina to 127 nm and reaching a depth of 386 m. These values are
very similar to the archival bathymetry values. A visual comparison of the
bathymetry depicted in Figures 3 and 4 reveals a difference in the fine detail,
with the actual bathymetry showing a few features which do not appear in the
archival data. The agreement between the two representations appears to be
sufficient to preclude any major impact on the transmission loss estimates,
particularly at low frequency.

(C) If one were looking for the effects of the Gulf Loop Current in the
sound speed profiles, one would look for a subsurface sound speed maximum between
100 m and 200 m in depth. This manifestation of the salinity maximum is

encrally found at this depth in waters associated with the Gulf Loop Current
?Nowlin and Hubertz, 1972). The archival SVPs displayed in Figure 3 show only
a hint of a maximum. The only effect observed is a decreased gradient between
30 m and 200 m in the first profile. In contrast the first three profiles of
Figure 4 indicate the presence of a sound speed maximum at 150 m - 160 m forming
a weak channel centered gbout 110 m - 130 m. The fourth and fifth profiles show
a weakened effect manifested as a decreased sound speed qradient between 70 m
and 120 m. The sixth profile shows little indication Jf a salinity maximum in
the 100 m to 200 m depth range. Another apparent difference between the archival
and ohserved SVP field is the presence of a layer in the archival data. The
layer depth increases from 30 m in the first profile to 75 m in the second pro-
file located 72 nm awdy. The towed source was located at an average depth of
91 m; thus, it is pessible that the subsurface maximum could affect the propaga-
tion since the socurce could be located in the ryesultant upper sound chanrel.
However, it is not felt that the presence or absence of a shallow surface layer
is a sianificant factor in the propagation.
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(U) Figure 3. Archival sound speed and bathymetry profiles along
track CTP0l

. -

. 5 CONFIDENTIAL




CONFIDENTIAL

t R i e
| // /(////’ /*/'

| ( (

| Vo \

\ \ \\ \ \\_‘ _
AN VoV \J

i .
l, \ A \
" \ \
Y .. + TN S _Lj._ﬁ_‘x,....l._i*_xﬂix - I - e ey
' e 8 e B 8 T 8 ® ® W ® ®w W ®w w 0 =
- .t.l. T
CHURCH STROKE 11: CIPGY ACTUAL -« w . e ww-

UNCLASSIHED

(U) Figure 4. Measured scund speed and bathymetry profiles along
track CTPO!

6 CONFIDENTIAL




CONFIDENTIAL

(U) A feature common to both the archival and actual SVP field is the gradual
shoaling of the deep sound channel axis from about 1150 m at the beginning of the
track to about 950 m at the Lasin-slope break.

(C) Since the actual SVP field and bathymetry were similar to their archival
representations, 1ittle effort has been expended to isclate their effects. The
only observable effect in the mode’ estimates which may be related to SVP differ-
erces is 2 slight decrease (1-5 dB} in average TL between 67 nm and 87 nm, possibly
due to the disappearance of the 150 m subsurface maximum in the actual SVP field at
67 nm. This may be an artifact, since there is iittle indication in the TL data of
such a decrease in TL in this region of the track. Other than this reaion, the
model results from ASTRAL using a single archival profile and a flat bottom (refer-
red to as the 1-D case) compare very well with the ASTRAL results using the full
measured environment, as displayed in Figure 4 (referred to as the 2-D case) out to
the basin-slope bathy~etry break. This effect indicates that the differences in
basin bathymetry a«d 3VPs are minimal for average TL calculations. More detailed
calculations using a rormal mode model (SNAP), which is capable of utilizing range
dependent environmental inputs, indicate that SVP differences arfect the detailed
structure, but have little effect upon the average TL levels. This conclusion is
borne out by comparisons made between 1-D SNAP results, 2-D SNAP results and TL
ohservations along the basin portion of the source track.

IV. BOTTOM LO0SS COMPARISONS (U)

(C) As a result ot the environmental comparisons discussed in the previous
sections, the major portion of the effort tc isolate significant environmental
factors was concentrated on the bottom loss descrintion. It was known before the
exer-ise that an adeguate bottom description was not available. In an attempt to
improve the state of understanding of the bottom loss in the exercise area, a pair
of independent studies were undertaken. The first s:tudy, conducted by Science
Applications, Inc. (SAI), concentrated on assessing the availability and quality cf
measurements of bottom loss in the Gulf of Mexico. Only two sites (indicated by
asterisks in Fig. 5) were found to be suitable sources of directly measured bottos
loss data. One was located near the Catoche Tongue and the other was located south
of Cuba. Clearly this data was considered insufficient to charactecize the hottom-
toss characteristics of the Gulf. Using geological and geophysical data derived
from Neval Air Develupment Center bottom-l10ss stations, an attempt was made to
supplement the sparse measurements with bottom loss estimates derived from geoacous-
tic madels of the seafloor. Based on these analyses, the bottom-loss in the deep
areas of the Gulf of Mexico and Caribbean Sea wore characterized by three sets of
curves, and additional sets were defined for the slope and shelf regions. Figure 5
indicates the geographic distribution of the five bottom types (A through E)}. These
bottom types were used in the pre-exercise modeling efforts. A second study, con-
ducted by the Applied Research Laboratory (ARL), University of Texas, concentrated
on the basin regions of the Gulf/Caridbbhesn area. This study was wholly based upon
geological and geophysical data available from surveys in the Gulf/Caribbesn area.
Gecacoustic descriptions of the seafloor were constructed for each of four regions
as displayed in Figure 6. These gecacoustic descriptions, consisting of sound
speed profiles, density, and attenuation profiles, could be used directiy by cer-
tain TL models, including SKAP. Their use by certain other TL models, such as
ASTRAL, required the production of bottom-loss curves prior to application. Both
types of bottom description were provided.

(U) The choice of the SAI description for pre-exercise mode!ing was based upon
the availability of bottom-loss curves for slope and shelf reqions, in addition to
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the basin descriptions. This element was essential, parﬁicularly in the produc-

tion of TL inputs to ambient noise models, since large numbers of noise sources are
located in these shelf and slope regions.

(U) Of primary interest to this study are those bottom types which would be
encountered along the source track CTP3l. The SAI descriptions show the basin seg-
ment to be a type C, the siope segmnent to be a type E, and the shelf segment to be
a type D. The ARL description, having no slope or shelf descriptions, indicates
that--the -track-falls within the Lower Mississippi Fan (LMF) region. Figures 7, 8,
and 9 show the SAI bottom-loss curves, while Figure 10 is a graphical representa-
tion of the ARL geoacoustic model for the LMF region. The figure includes two pos-
sible acoustic attenuation profiles. They are labeled as L (Tow loss) and M
(medium loss). These profiles were derived from data taken during the BEARING
STAKE exercise in an area of similar geological structure (Mitchell et al., 1978).

V.  TRANSMISSION LOSS COMPARISONS (POST-EXERCISE) (U)

A. One-Dimensional Model Comparisons (U)

(U) The initial test of bottom loss effects on TL were conducted using
ASTRAL with the 1-D environment and bottom loss curves derived from both the Tow
and medium Toss ARL geoacoustic models. The resultant curves were graphically
compared with pre-exercise ASTRAL runs made with 2-D archival environmental inputs
using the SAI bottom, and TL data collected during the exercise. The bottom-loss
curves used in the basin segment of CTPOl are shown as Figure 11.  The principal
differences are to be found in the low angle ( 20°) loss. Both ARL curves are
signigicantly lower. The medium loss ARL curve reaches the Tevel of the SAI curve
at 40Y, while the low loss curve remains below 4 dB per bounce out to 550,  This
low curve most nearly approximates the actual basin bottom conditions, as may be
observed from the TL comparison plots of Figure 12. One may observe the gradual
divergence of the ASTRAL curves as bottom interactions accumulate. The low angle
differences between the ARL and SAI curves lead to a difference between 2.5 and
6.0 dB at a range of 100 nm. The effect of this difference on the ambient noise
predictions could be significant for nearby noise sources. Any comparisons beyond
110 nm are invalid due to the presence of the basin-slope break at that range.

(U) Further evidence that the ARL low loss geoacoustic model is the most
representative is apparent from Figures 13 and 14, which show comparisons of TL
predictions and data over two 40 nm range intervals of CTP 0l. One may see the
degree of agreement between the TL data and 1-D SNAP model predictions. The ab-
sence of any range dependence in the SVPs and bathymetry indicates that a proper
representation of the bottom is sufficient to resolve most of the discrepancies
between the observed TL and the pre-exercise model estimates. The agreement obser-
vable in Figure 13 indicates that the presence of the Loop Current over this range
interval, as indicated by the actual SVP field of Figure 4, may not have much
effect on the TL for the source depth, receiver depth, and frequency configuration
of this exercise. The average level is matched quite well, and one may say that
the structure is reasonably well-reproduced. The agreement in structure may be
fortuitous and any final conclusions on this matter are better left to more detailed
analysis. The comparison plots of Figure 14 continue to show good agreement between
the 1-D SNAP estimates and the observed TL data. The two diverge beyond 110 nm,
but that is to be expected in light of the onset of the slope at this range.

(U) The curves and data plotted in Figure 15 allow one to make a direct
visual comparison between the 1-D model estimates of ASTRAL and SNAP using the ARL
lTow loss bottom, the pre-exercise 2-D model estimates using archival environmental
data and the SAI range dependent hottom description, and the observed TL data. The
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(U) Figure 12. Comparison of ASTRAL transmission 10ss model predictions
using SAI bottom types C, D, E; ARL LMF region low and
medium attenuation; and CHURCH STROKE III measurements
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data and the SAI range dependent bottom description, and the observed TL data.

The good agreement amcng the 1-D ASTRAL, 1-D SNAP, and observed TL data is apparent
as long as the 1-D assumption is valid. Yet to be resolved is the apparent
discrepancy between the data and model results beyond 110 nm.

B. Two-Dimensional Model Comparisons (U)

(U) Once it was determined, through 1-D model comparisons, that the ARL
Tow loss bottom description was adequate to resolve the apparent discrepancies
between the pre-exercise model estimates and observed data for the basin, several
model runs were made using all available environmental data, including SVPs ard
bathymetry along the source track. These actual environmental data were combined
with the ARL low loss bottom description to provide the inputs for ASTRAL and SNAP.

(U) Due to input difficulties when handling rapidly varyina environments
such as steep slopes, SNAP was exercised only in the basin. The range dependent
SVP string, along with the ARL geoacoustic bottom description, was input to SNAP in
an attempt to assess the impact of the Gulf Loop Current on the TL estimates.
Figures 16 and 17 show comparison plots of the 2-D SNAP estimates and the observed
TL data. As with the 1-D SNAP results, the agreement is good. The detailed
fluctuations do not show exceptional aareement, especially between 105 nm and
110 nm on Figure 17. The cause of this increase in TL in the model estimates
cannot be related to any particular feature in the environment.

(U) Figure 18 is a composite comparison plot of the 2-D SNAP, 2-D ASTRAL,
and observed TL data. The inter-model comparison shows cood aoreement between the
SNAP and ASTRAL estimates for the basin segment (0-110 nm). An interesting
feature is the small increase in the ASTRAL TL at 108 nm. This may be similar to
the TL increase exhibited by SNAP at 107 nm, but is diminished and offset by the
ASTRAL interval averaging. ASTRAL appears to pick up the onset of slope enhancement
quite well and reproduces the rate and degree of the TL decrease as the source
encounters the slope. The rapidly increasing TL beyond 127 nm is not consistent
with the TL data. However, other 2-D model runs, including the Parabolic Equation
model, exhibit the same rapid increase at the same range; thus, the disagreement
does not appear to be unique to the ASTRAL model. Examination of the TL data
reveals that the values beyond 127 nm were obtained under low signal-to-noise
conditions, leading to a degree of suspicion regarding their validity.

V1. CONCLUSIONS (u)

(U} The objective of this limited examination of apparent disaoreements
between pre-exercist TL model estimates and observed transmission loss data was to
determine the decree to which the archival environmental data differed from those
eavironmental data observed during the measurement exercise and to assess the
resultant impact on the TL model estimates. That objective has been met. The
archival bathymetry has been shown to be little different from the bathymetry
measured alone the source track. While the historical SVP field does not indicate
the strong presence of the Gulf Loop Current in contrast to the measured SVP field,
the effects of this environmental difference have been shown to be somewhat insig-
nificant for the source depth, receiver depth, and frequency configuration used in
the measurements. The key factor has been shown to be the bottom description.
While no direct measurements of bottom-1.ss were made, geoacoustic models of the
seafloor were available for use in resolvino discrepancies between model estimates
of TL and experimental ovservations. Sensiti:ity studies conducted during this
study led to the selection of a particular genacoustic model consisting of a sound
speed profile for the sediment, a sed’ment density, and an estimate of attenuation
based upon previous experimental obsecvations in a region with & similar geclooical
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(U) Figure 15.
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Comparison of transmission loss estimates using ARL LMF
region low attenuation bottom in 1-D SNAP and ASTRAL model
runs; SAI types C, D, and £ bottom in archival 2-D ASTRAL
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Comparison of transmission loss estimates using ARL LMF
region low attenuation bottom, measured sound speed and
bathymetry in 2-0 SNAP and ASTRAL model runs; and CHURCH
STROKE 11] measurements

20 CONFIDENTIAL




S AN AN

CONFIDENTIAL

history. The use of this geoacoustic model and its bottom-loss derivative in TL
model estimates led to good agreement between the observed levels and the model
estimates. There was some indication of agreement with regard to the more detailed
structures of the observations and model estimates for track segments in the basin,
but additional investigations must be pursued to resolve certain significant
structure differences observed for other track segments, includino portions over
the slope and shelf. ASTRAL was shown to reproduce the averace TL, the onset of
slope enhancement, and the dearee of slope enhancement fairly well, but disagree-
me;i. remains between ASTRAL estimates and observations at the extreme rance of the
source track. The observations indicate sustained propacation beyond 127 nm, while
ASTRAL indicates a rapidly increasino TL beyond this rance, a result consistent
with a PE model result for the same environment. However, low signal-to-noise
ratios in the 7L data at this extreme range cause the validity of these data to
be suspect.

VIT. RECOMMENDATIONS (U)

(C} While there is now a degree of confidence in the bottom-loss description
for the basin regions, some questions still remain as to the reflectivity of the
slope and shelf regions. Additional investigations of bottom properties in these
areas miyht shed some light on the validity of the SAI bottom descriptions. A
model study to assess the sensitivity cf TL to slope and shelf reflectivity should
be conducted. Once confidence is gained in the ability to properly estimate TL fur
this region, investigations should proceed to resolve differences between predicted
and observed ambient noise levels and directionality. This will entail examinaiion
of the actual versus archival ship counts and some investigation of the validi{y of
assumptions made during the aerial shipping surveys. The conditions and assumptions
under which the ambient noise directionality was determined should be examinad with
respect to the probability that similar conditicns can be simulated during ambient
noise model calculations. In particular, the averaoino intervals, the array con-
figuration, the degree of array tilt, and the noise deconvolution method should be
examined. Once confidence is gained in the quality of model ‘nput data and experi-
mental observations, appropriate ambient noise model rums should then proceed. The
re<uit. of these model runs should then be compared with experimental observations
with an interest in identifying remaining discrepancies and, if possible, pointina
out remaining data and model deficiencies.

{1} The final result of any further post-analysis shouid he an identification

of bey data base and model deficiencies and a set of re¢ommendations for <ollecting
the appropriate data or upgrading and modifying the current modelina capability.

CONFIDENTIAL




CONFIDENTIAL

VIII. REFERENCES (U)

Mitcheli, S. L., F. C. Focke, J. J. Lemmor, and M. M. McSwain (1978). Analysis
of Acoustic Bottom Interaction in BEARING STAKE. Applied Research Labora-
tories Technical Report 78-52 (ARL TR-78-52): Applied Research Laboratories,
The University of Texas at Austin,

Mowlin, W. D., Jr., and J. M. Hubertz (1972). Contrasting Summer Circulation
Patterns for the Eastern Gulf. In: Contributions on the Physical Oceanog-
raphy of the Gulf of Mexico, L.R.A. Capurro and Joseph L. Reid, eds.
Houston, Gulf Publishing Co., p. 110-139 (Texas A8M University Oceanographic
Studies Series, v. 2).

Tracor, Inc. {1979). Quick Look Report for CHURCH STROKE III, Cruise 1 (U).

Tracor Sciences and Systems, Tracor, Inc.., Rockville, MD, September, 73 p.
{(Tracor Document Number T-79-RV-72S, September 13, 1979). SECRET.

Underwater Systems, Inc. (1979). Gulf of Mexico and Caribbean Sea Data and

Model Base Report (U). Underwater Systems, Inc., Rockville, MD, July, 220 p.
(LRAPP Report C79-027, July 1979). CONFIDENTIAL.

e CONFIDENTIAL

PN SNy VY, WL, THRE . SITE. VL DTt W -




CONFIDENTIAL

DISTRIBUTION LIST (U)

Assistant Secretary of the Navy Commander 1
(Research, Eng. and Systems) Naval Air Systems Command
Department of the Navy Naval Air Systems Command Hdgrs
Washington, DC 20350 Washington, DC 20361
Attn: G. A, Cann 1 Attn: NAIR-370 1
Chief of Naval Operations Deputy Under Sec or Defense for
Department of the Navy Research and Engineering
Washington, DC 20350 Department of Defense
Attn: 0P-095 1 Washington, DC 20301 1
GP-096 1
0pP-651 1 Defense Adv Research Proj Agency
OP-952 1 1400 Wilson Boulevard
Arlington, VA 22209
Headguarters , Attn: Dr. T. Kooij 1
Naval Material Command Cdr. V. E. Simmons 1
Washington, DC 20360
Attn: Code MAT-08T245 2 Commander
. Naval Oceanography Command
Project Manager NSTL Station, MS 39529 1
Antisubmarine Warfare System Proj
Department of the Navy Director of Navx Laboratories
Washington, DC 20360 Rm 1062, Crystal Plaza Bldg. 5
Attn: PM-4 2 Department of the Navy
Washington, DC 20360 1
Chief of Naval Research
800 North Quincy Street Commander in Chief
Arlington, VA 22217 U.S. Atlantic Fleet
Attn: Code 100 1 Norfolk, VA 23511
Code 102B 1 Attn: Code 358 1
Code 220 1
Code 230 1 Commander
Code 460 1 Second Fleet
Code 480 1 FPO New York, NY 09501 1
Commander Commander
Naval Electronic Systems Command Operational Test and Eval. Force
Naval Electronic Sys Command Hdgrs Naval Base
Washington, DC 20360 Norfolk, VA 23511
Attn: PME-124 1 Attn: Code 42 1
PME-124TA 1
PME-124/40 1 Oceanographic Development Sqd 8
PME-124/60 1 Naval Air Station
Elex-320 1 Patuxent River, MD 20670 1
Commander ARPA Research Center
Naval Sea Systems Command Unit 1, Bldg. 301A
Naval Sea Systems Command Hdgrs NAS Moffett Field, CA 94035
Washington, DC 20362 Attn: E. L. Smith 1
Attn: NSEA-06H1 1

Defense Documentation Center
Cameron Station
Alexandria, VA 22314 3

‘ | 23 CONFIDENTIAL




CONFIDENTIAL

Commanding Officer
Naval Research Laboratory
Washington, DC 20375 -

Attn: Code 8100
Code 8160
Code 2627

Commander

Naval Oceanographic Office
NSTL Station, MS 39522
Attn: Code 7000

Code 7300

Library

Commanding Officer
Naval Ocean Research and
Development Activity

NSTL Station, MS 39529
Attn: Code 110

Code 125

Code 300

Code 320

Code 340

Code 500

Code 520 File

Code 522

Naval Ocearn Research and
Development Activity

Liaiscn Office

800 N. Quincy St.

Arlington, VA 22217

Attn: Code 130

Officer-in-Charge

New London Laboratory

Naval Underwater Systems Center
New London, CT 0£320

Attn: Code 31
Code 312
Code 542

Commander

Naval Ocean Systems Center
San Diego, CA 92152

Attr: Code 724
Code %43
Commander

Naval Air Development Center
warminster, PA 18974
Attn: Code 303

Code 3032

b b

—

b b = = ()

[V e Py

— N

24

Commanding Officer
Naval Coastal Systems Laboratory
Panama ity, FL 32407 1

Officer-in-Charge

White Oak Laboratory

Naval Surface Weapons Center

Silver Spring, MD 20910 1

O0fficer-in-Charge

Carderock Lab

David W. Taylor Naval Ship R&D Center
Bethesda, MD 20084

Superintendent

Naval Postgraduate School

Monterey, CA 93940

Attn: Library 1

Commanding Officer

Naval Environmental Prediction
Research Facility

Monterey, CA 93940 1

Chief, Def. Res. Est. Atlantic
P. 0. Box 1012
Dartmouth, Nova Scotia B2Y3Z7 1

Director of Naval Matters

Center of Naval Analysis

Arlington, VA 22209

Attn: C. E. Woods 1

University of California

Marine Physical Lab San Diego

P. 0. Box 6049

San Diego, CA 92106 1

Johns Hopkins University
Applied Physics Laboratory
Johns Hopkins Road
Laurel, MD 20810
Attn: A. Chwastyk

W. L. May

G. A. Smith 1

[

Palisades Geophysical Inst., Inc.
131 Erie St.

P. 0. Box 3926

Blauvelt, NY 10913 1

University of Texas

Applied Research Laboratories

P. 0. Box 8029

Austin, TX 78712

Attn: G. E. Ellis 1
L. D. Hampton 1

K. E. Hawker 1

CONFIDENTIAL



-

CONFIDENTIAL

Woods Hole Oceanographic Inst.

Woods Hole, MA 02543
Attn: E. E. Hays

Analysis and Technology, Inc.

Route 2
North Stonington, CT 06359
Attn: S. Elam

B-K Dynamics

15825 Shady Grove Road
Rockville, MD 20850
Attn: P. G. Bernard

Bell Telephone Laboratories
1 Whippany Road
Whippany, NJ 07981
Attn: Dr. J. Goldman
Dr. L. F. Fretwell

Bolt, Beranek and Newman
50 Moulton St.
Cambridge, MA 02138

Daniel H. Wagner Associates
Station Square One
Paoli, PA 19301

Daubin Systems Corp.

104 Crandon Blvd., Suite 315
Key Biscayne, FL 33149

Attn: Dr. S. C. Daubin

Envo, Inc.

800 Follin Lane
Vienna, VA 22180
Attn: G. A. Phillips

Ocean Data Systems, Inc.
6000 Executive Blvd.
Rockville, MD 20852
Attn: G. V. Jacobs
Dr. E. Morenoff
J. H. Locklin

Ocean Data Systems, Inc.
3581 Kenyon St.
San Diego, CA 92110

Planning Systems, Inc.
7900 Westpark Dr., Suite 600
Mclean, VA 22101
Attn: R. Klinkner
Dr. R. S. Cavanaugh

~~~~~~~~~~~

— s Pt

25

Science Applications, Inc.
8400 Westpark Drive
McLean, VA 22101

Attn: Dr. J. S. Hanna

Sutron Corp.

1925 N. Lynn St., Suite 700
Arlington, YA 22209

Attn: C. H. Dabney

Tracor, Inc.
1601 Research Blvd.
Rockville, MD 20850
Attn: J. T. Gottwald
Dr. A. F. Wittenborn

TRW Systems Group
7600 Colshire Dr.
McLean, VA 22101
Attn: R. T. Brown
1. B. Gereben

Underwater Systems, Inc.
8121 Georgia Ave.

Silver Spring, MD 20910
Attn: Dr. M. S. Weinstein

Western Electric Company
P. 0. Box 20046
Greensborough, NC 27420
Attn: R. H. Harris

H. Skeen

[Py

CONFIDENTIAL

I T T . T T T T T U T S Y T I T O T T S R T T N S P NP PR PR N S P T ¥ TV T U

rag



...........................

(This Page Intentionally Left Blank)

26

CONFIDENTIAL



UNCLASSIFIED

SECUMTY CLASSIFICATION OF THIS PAGZ (When Da’s Entered) Qi?l i L
oup READ INSTRUCTIONS

., REPORT NUMBER 2. GOVT ACZESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

NORDA Technical Note 63
4. TITLE (end Subdtitle) 8. TYPE OF REPORT & PERIOD COVERED

Environmental Effects on Low Frequency Final

Transmission Loss in the Gulf of Mexico (U) 1 Oct 79 - 30 Sep 80

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(®) 8. CONTRACT OR GRANT NUNBER(®)

Burlie A. Brunson
M. Mark Truxillo
Richard B. Evans

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
Naval Ocean Research and Development Activity AREA & WORK UNIT NUMBERS
Ocean Science and Technology Laboratories/Code 321 Prog. Element 63795N
NSTL Station, Mississippi 39529 Work Unit 73210A-00

11, CONTRQLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Surve{ﬁ ance Environmental Acoustic Support September 1980

Project, NORDA Code 522 TS NUMBER OF PAGES

NSTL Station, Mississippi 39529

14 MONITORING AGENCY NAME & ADDRESS(if different lrom Controlling Office) | 1. SECURITY CLASS. (of thia report)

CONFIDENTIAL
T8a. GECL ASSIFICATION/ DOWNGRADING

Classified by OPNAVINST
16. DISTRIBUTION STATEMENT (of thia Report) 555135 Enc] 42
Distribution limited to U. S. Government 7 ’ 07 Feb 1977. Review on
Agencies only. Further requests for this 07 Feb 1997.
document must be made to NORDA Code 321
NSTL Station, MS 39529.

17. DISTRIAUTION STATEMENT (of the abstract enlered in Block 30, I dliferent from Report)

8. SUPPLEMENTARY NOTES

19. XEY WORDSE (Continue on reverss side I necesaary and ldentify by dlock number)

Ocean Acoustics Geoacoustic Models
Transmission Loss Low Frequency
Acoustic Mode's Model Sensitivity

Environmental Effects

20 AQSTRACT (Continus on reverse elde H necessery and idantity by Block number)

(U) Acoustic transmission loss data were acquired during Cruise 1 of the
CHURCH STROKE III Exercise of July 1979. Initial comparisons of observed
transmission loss data, with pre-exercise model predictions made using the
ASTRAL model with historical environmental cata inputs indicated a consider-
able degree of disagreement. A series of post-exercise model runs were
undertaken tu isolate the enviornmental factors contributing to the observed
disagreement. Model runs using a range-aependent nurmai mode model (SNAP)

¥
DD 125 MI3 - somoner uov s amsovere UNCLASS IFLED

7 SECURITY CLASSIFICATION OF THIS PAGE (When Dale Batered)

SV X




R Tl S A R P

B OO
UNCLASSHREEDp- . 1o unclassified)

SECURITY CLASSIFICATION OF THIS PAGE (When Daia Entered)

were made using a geoacoustic description of the seafloor. Good agreement was
attained for detailed structure comparisons. Estimates made usi. 1 the model
ASTRAL, together with a bottom loss description derived from the same geo-
acoustic description of the seafloor, matched the observed levels quite well
in an average sense. Since the attenuation estimaces were derived from those
resulting from the BEARING STAKE Exercise, some implications as to the val.dit
of geoacoustic parameter extrapolation are apparent. Additional implications
arise with respect to the degree to which pre-exercise ambient noise estimates
agree with observations made during CHURCH STROKE III.

. - «—raq' 'ﬂ?

% :f\L’ . Y

¢ - -

o cetra i)
{This pCy

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

ARV U AT T - VT T . e I . . T R T E TONE. YN N PO TV WADE Y SR T Y. U T DY W T Y Y . T T Y R T T T T N Y Y



DEPARTMENT OF THE NAVY
OFFICE OF NAVAL RESEARCH
875 NORTH RANDOLPH STREET
SUITE 1425
ARLINGTON VA 22203-1995

IN REPLY REFER TO:

5510/1
Ser 3210A/011/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref: (a) SECNAVINST 5510.36
Encl: (1) List of DECLASSIFIED LRAPP Documents

1. In accordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

A & 2,
BRIAN LINK
By direction



Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

DISTRIBUTION LIST:
NAVOCEANO (Code N121LC - Jaime Ratliff)
NRL Washington (Code 5596.3 — Mary Templeman)
PEO LMW Det San Diego (PMS 181)
DTIC-OCQ (Larry Downing)
ARL, U of Texas
Blue Sea Corporation (Dr.Roy Gaul)
ONR 32B (CAPT Paul Stewart)
ONR 3210A (Dr. Ellen Livingston)
APL, U of Washington
APL, Johns Hopkins University
ARL, Penn State University
MPL of Scripps Institution of Oceanography
WHOI
NAVSEA
NAVAIR
NUWC
SAIC



(1) 1ON3

]

ERIETET (1) VISV TV-THOANVI HOIVASTI DILSNODV
[ 10101L argerieAru - -
! an uead() 10y 1)U AImep DJIAIOVd -SHOIANAddYV "LNIFWIIddXd I VIVd HHL 1aer n ¢"IOA-£00-OW
() ILEVd DILNVILY
n aN ST110L AI01R10QET Y2IB3SOY [BAEN LSVAHIMON dH.L NI LNIFNINAdXT NOILLYVOVJOId ‘D 'g ‘9[pInH ["IOA OLTADV
AONVI ODNOTHALLVIOIVTIOD V -LVAN LOA(0dd
n an 02010L P8 (1) WVD0¥d INTNTINS VAN A8 LSAL JLLNVILY aiqepeasup| LTI OUREARS
ue9d() 10} 1)U AINBA 197! n ANO ‘50 NV1d O
o aN 50800L - ‘..mmu‘mmmmﬁ WoressayreaeN|  YHONASNVIL JHANOdSNVAHL 49AIdS VES| ___PlqeqieAeuq) S01¢ gD AEdsN
LY < 20UIOY - T I
n 6079050aVv 101169 P cm 350 10§ 19Uy AInepy INAATIAIXT I VIIVd J|qereaeun) alqeqiearun)
m AL Sduadg () 69-7 NV1d DIALLNAIDS SIQEIEARL 100NV
o n N -9v80208dV omnoooo i%\ i mmumo 10} I1juazy Dsﬁz ~JINO J@DE@ VAS ONIZITILA INFWIIIdXT 1T VIIVd taet il O “69-T dS INO
B (N) ASIOYIXT YOHONYV i
n ‘Nv e 10Z1SL 201330 oydeiSouean() [eae [ -d ‘eoon
B ‘U aN-AV SN T 30 2 ) Ol ‘%A,Ewmeo HHIL ONDINA SNOILLIANOD ALIDOTAA ANNOS i . H‘m{ ) rxm 0t dLOON
aN AHL DNTENA €261 YJIWNIANS NI NVADO0 JILNVILY
¢ ANATD Y UBad() [BAR 1 (] “1oUud
o ‘SN 9562000V 10£008 aAASEL O TFAEN LSVAHILYON dHL 40 TINLDNYLS ddddS ANNOS 44 4 ETAVIION
] aN nv S9LI01RI0QRTT YOIBISIY () SINTFWTINSVAN NOILVOVIOUd ‘ .
. conr ¢ ] e S TPyt
-9 -SN -961+100AV 61L09L payddy ‘sexa], Jo AJIs19Atuf) (SNS) HOYNOS FAISOTIXT Tvad IVNOS ! ATS TR LEILALTHV
aN (N) d17d dA WO SINFNTINS VAN NOLLYVDVJIOdd
¢ . . 9 K101RI0QE T [ROISATJ SULIE g "D ‘SLUo -0)-
-0 -V -2L0010DAaV 10L09L el d W (SNS) 90YNOS AAISOTdXT JOHONV HOUNHD gD SHHow LTy 1dN
aN (N) 190d3d SNOLLVIHEdO
¢ 9 O Suiioawm3uyg orwusia ) N ‘uue amn
-9 ‘SN ‘vPLOESOAY fettel D7 OTE TS ATAI ITIOTdXE OTWSTAS A/ TVEA TIVNOS H'm e StLODHUSH
aN () TAIVLS ONIIVAd
I91U9)) SWIIISAS UBID() [BAR VO ‘[egna
O ‘SN 6208700AdV 108018 2 S O TPAEN DNTINA SAVIIV 40 ALI'TIIVIIVA HONHIFHOD v T HIqnaN 0894.LOSON
aN ‘nv (N) SALIS TIVIS ONNIVId dHL
12U SWAISAS UBIIQ) [BAR - *(J ‘Uuopio
O |ionzsozooay)| 03018 O S TR0 TN | v $80'T NOLLYOVAONd 40 SISATYNY FAOW TYINNON 47 TopIoD E0LALISON
0 ‘SN .mN:M meNU av 10¥018 191U2)) SWRISAS UBIDQ [eABN|  SHLIS TVIS ONMNVAL FHL LV NOLLVTNIS AVIdY ‘4 g ‘uopion +994.LOSON
aN ‘nv (3Y)
D ‘SN *LZS£200AY S16008 ATADOY @9y ueddQ [eaeN| 11T FYI0YLS HOUNHD HNMANA 11 vAgNVT 9HL H1IM 'd '] ‘'uagaian D0SNLVAION
R ATINSVIN SOILLSEHLOVIVHD TYNDIS DILSN0DV
(1) ODIXAW J0 47115 FHL NI SSOT NOISSINSNVIL
< A11AD uead() [eAr ‘810 VY g ‘uosuns V@ION
0] aN -£¥56200AdV | 106008 IANOY 074 O [eAEN AONANOTIL MO NO SIOLIIT TV INTNNOYIANT I v'd d EONLL
NOILVIVdTId viivd
ANA1O uead() JeAe T Y ‘OSnOYIAM ue J[qe[reAru
D £615200aVv 10C16L 1ADdY ¥y O [eAEN ANV STOYNO0S ASVE VLVA T INNTOA "SIVANAS [ | POAM UGBA 1qefT N
0 ANV 67016L SOLIOYIOAV] HOIES ANV SINFWZINSVAN JLLSN0DV A<HMWWMW%M~M%M e 19 D Y ‘oood seLdLTIV
¢ ¢ orjddy ‘sexa] Jo ANSISATU
SN -z01s200av e 130 A i DVAODV/IVd ¢ 3SINAD T ANOYLS HOIANHD
I[igejieA Jje J0)euisLI
*SSE[D) AmqeneAy ed (10)eu3LIO) IPLL 1oyiny Jeuosidg [ 1oquiny yaoday
sLiciiilg} ‘qng 32anog uonedqnyg

sjuawind0Q ddv¥ peuissejoaq




