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PREFACE (U)

(U) This document is a summary of the CHURCH OPAL Exercise. The
CHURCH OPAL Exercise Plan (U), August 1975 (Secret), contains the details of
the Exercise operations and data acquisition, The CHURCH OPAL Data
An&lysia Plan (U), September 1975 (Secret), contains the details of the data
arfalysis, '
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/ 1. \ INTRODUCTION (U)
P

- (C) The CHURCH OPAL Exercise is one of a series of LRAPP Exerciées
specifically designed to acquire environmental acoustic data required for ASW

F program decisions. It will be conducted during September 1975 in a region of
; the Northeast Pacific Ocean in accordance with the CHURCH OPAL o

/

%Exercise Plan (U), August 1975 (Secret),
’ ' jp?’fhls Exercise includes the following ocean acoustic experiments re-

Jated to the Moored Surveillance System (MSS), the Sound Surveillance Systein
\ (SOSUS), and the Surveillance Towed Array Sonar System (SURTASS): —

\\ < ?7') Noise Floor Chgfact?fiia{ig -
\ ¢ P = 7 “ASEPS Evaluatimﬁpter -Array Coherent Processing ) %;L
< 9’ ‘37 Horizontal Directionality of Ambient Noisehowed Array
I“Pe_rformance RN
(C) The objective of the Noise Floor experiment is to establish the char-
acteristics, persistence, and geographic extent of the low frequency ambient
noise floor. The noise floor is a depth below which distant shipping noise is

dramatically reduced, thereby providing the opportunity for short range acoustic

e objectives of the second
-e¥periment relate to the evaluation of the propagation modélmcé'mponent.of the
Automated Signal Excess Prediction System (ASEPS) and to an evaluation of sig-
nal coherence properties with respect to inter -array processing algorithms
using SOSUS and SURTASS. The third experiment addresses the measurement
of horizontal directionality of ambient noise and the assessment of towed array

perfcrmance as it relates to narrow beam noise threshold and variability.

sensors to attain a substantial performance gain. 121\

(C) The CHURCH OPAL Exercise will draw deliberately on the 1973
CHURCH ANCHOR Exercise, thereby improving ASW acoustic prediction capa -
bility in the Northeast Pacific Ocean.
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1.1 Exercise Measurement Systems (U)

(C) The acoustic measurement systems for the Exercise include the Large
Aperture Marine Basic Data Array (LAMBDA) system and two Acoustic Data
Capsule (ACODAC) systems, The primary CW acoustic energy source will be
the Vibroseis syl'stem,-and the secondary source will be the Honeywell HX -231-F,
Expandable bathythermographs (XBT) and airborne XBTs (AXBT), Salinity-
Temperature-Depth and Sound Speed (STD/SV) systems, Airborne Radiation
Thermometer (ART), and bathymetry recording systems will be used for envir-
onmental measurements.

(S) The LAMBDA system is a wide-aperture, narrow beam, compound
towed array system 2,438 meters in overall active length, There ave three
arrays in the compound array, The LAMBDA system has an onboard data
processing and analysis capability.

(C) The ACODAC system is a bottom~=moored, vertically suspended hydro-
phone array recording system, The sysiem is self-contained. Its principal
components are the subsurface buoy (suspension), recording and power module,
hydrophone array, acoustic release, backup time release, and bottom moor,
The ACODAC system can be preprogrammed for recording on selected duty
cycles, Hydrophone depths are preseiected.

(C) The Vibrosels system cunsists of two towed CW acoustic energy
gources, The transducers are two 122-cm diameter hemispheres connected by a
servo-controlled hydraulic ram that moves the hemispheres, thereby creating
spherical acoustic pressure waves, The primary frequency range is 10 to 100
Hz at a maximum source level range of 190 db//uPa, The frequency range can
be extended to 250 Hz at reduced power output levels, The Vibroseis syscem is
programmable in both frequency and duty cycle, The transducers can be towed
at selected depths to a maximum depth of 100 meters.

(C) The Honeywell HX-231-F CW projector is a towed acoustic source
with a resonant frequency of 104 Hz, The transducer is a ccrumic bender bar
and produces a maximum source level of 192 dB//uPa at the resonant frequency.
The HX-231-F {8 the backup source,
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(C) The DEL'TA array is a lightweight, mechanically floating, stationary
system, It has u l14-element array with a 38, 1-meter element spacing that is
the same as the LAMBDA low frequency array. Tension is maintained on the
array by means of a buoyed drag parachute attached to one end and a weighted
cable that passes over a buoyed sheave attached to the other end, The array
can be deployed for up to 6 hours. Acoustic and array status information can
be telemetered via an RF link or recorded aboard a tethered small boat.

(C) The WARF and SEA ECHO over-the-horizon (OTH) radar systems
will be used for surface shipping surveillance in specified areas during the
Exercise. Aircraft flights for surface shipping surveillance will also be used.

(S) Acoustic data will be recorded from 1321, 1322, 1323, and 2411 during
selected Exercise events using R&D recorders, Station recorders will be used
to obtain limited data from 1321, 1322, 1323, 1511, 2321, and 2411 during
specified periods of the Exercise,
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ﬁ%{ } ] : 1.2 Exercise Participants (U)
i - P !
} a. (C) The Commands, Laboratories, and Organizations participating in A
Lo this Exercise are as follows: .
P R
i i Commands |
L 3
? 3 Chief of Naval Operations (OP-095) 4
S -4
‘) in Commander in Chief, U, S, Pacific Fleet (CINCPACFLT) E
ll . Commander, Third Fleet (COMTHIRDFLT) -3
i : gl; Commander, Oceanographic System Pacific (COMOCEANSYSPAC) g
rl Commander, Patrol Wings Pacific (COMPATWINGSPAC) |
Ej ‘]’:f Manager, ASW Systemas Project (MASWSP)
i ’ . Oceanograpler of the Navy (OCEANAYV) ;
b | ) a Chief of Naval Research (CNR) g
" ; . Commauder, Military Sea Lift Command Pacific (COMSCPAC) 3
f z i Laboratories
..’ f‘ ' Acoustic Environmental Support Detachment (AESD)
A - i Naval Oceanographic Office (NAVOCEANO) :
ol Naval Research Laboratory (NRL) A
f;; p 5 & Naval Undersea Center, San Diego (NUC)
"‘v, \ . n,
E 1 Civilian Institutions and Coatractors 5
\ 1@ 4 Applied Research Laboratories, Univeraity of Texas (ARL/UT)
N | g Delta Seiscom, Inc. (DELTA)
15 g L Hawail Institute of Geophysics (HIG) .
S . " Lorkheed Missiles and Space Company (LMSC) 3
, ‘ i;_ Planning Systems, Inc. (PSI) “
Seismic Engineering Company (SECO) !
-", l'. l Stanford Research Institute (SRI) 5
g Texas Instruments, Inc. (TI)
. ' I Tracor, Inc. (Tracor)
' . b Underwater Systems, Inc. (USI) 1
b | & l Untversity of Miami (UM)
‘c i Xonics, Inc. (Xonics) :l
A
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1.3 Exercise Resources and Operating Organizations (U)

(C) The major resources participating in this Exercise are summarized

as follows:

Ships
R/V MOANA WAVE
M/V SEISMIC EXPLORER

M/V AMERICAN DELTA II

Aircraft

1 P-3A
2 P-3C

Acoustic Sources

Vibroseis

Honeywell HX-231-F

Measurement Systems

LAMBDA

ACODAC
DELTA Array
STD/SV Systems

XBT

ART

AXBT
WARF

SEA ECHO

Operating Organization

HIG
NUC
DELTA

Opetating Organization

VXN-8
COMPATWINGSPAC

Responsihle Organization

Deploying
Units

DELTA

NUC

Responsible Organization

AMERICAN
DELTA Il

MOANA WAVE

Deploying
Units

NUC

TI
1.MSC

HIG
NUC

NAVOCEANO
NAVOCEANO
NAVOCEANO
SR1

NRL

6
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SEISMIC
EXPLORER

MOANA WAVE
MOANA WAVE

MOANA WAVE
SEISMIC EXPLORER

All Ships
P-3A Aircraft
P-3A Aircraft
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LT b
i‘ 3* '5 ,';;
; . Shore Facilities ;' 1
i Naval Base, San Diego .

; Naval Base, Pear! Harbor ! ‘

i Naval Air Station, Barbers Point

Naval Air Station, Moffett Field A

Elmendorf Air Force Base, Anchorage 3

d - R
Shore Station, Centerville Beach g

: Shore Station, Barbers Point 3

o Shore Station, Pacific Beach ’

Shore Station, Midway

L Fleet Weather Central, Pearl hartor :
. Fleet Numerical Weather Central, Monterey ‘
. WARF OTH Radar, Los Banos
SEA ECHO OTH Radar, San Clemente Island :
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1.4 Exercise Overview (U)

(C) The M/V SEISMIC EXPLORER will deploy the LAMBDA array, which
will make signal propagation, coherence, and noise directionality measurements
at four locations. The M/V AMERICAN DELTA Il will deploy the Vibroseis,
which will transmit CW signals for the propagation and coherence measurements,
The R/V MOANA WAVE will deploy ACODACs at two locations, and then recover

and redeploy one of them at a third location. . The ACODACs will make noise and

signal propagation measurements at 13 depths. The MOANA WAVE will also

make a series of environmental measurements, and will also make four deploy-

ments of the DELTA array. A VXN-8 P=3A aircraft will make 12 environmental
(ART and AXBT) and shipping surveillance flights, Two COMPATWINGSPAC VP

‘aircraft will make two shipping surveillance flights each, The WARF and SEA

ECHO over -the -horizon (OTH) radar systems will conduct surveillance and sur-
face shipping in limited areas during this Exercise, Several shore stations will
monitor selected Exercise events,

8
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2. EXERCISE OPERATIONS AND EVENTS (U)

(C) The three experiments are integrated intothe Exerciee in a manner that

gulk s~ g
- :—v:-:n

| i . provides maximum utility of the measurement resources. The data acquisition
‘ i, for an individual experiment is accumulated through a series of Exercise events.
' . All events do not necessarily pertain to all three experiments simultansously.
‘ %. !' Events pertinent to each major experiment are given in this section. _
( ;J . (C) Figure 2 shows the overall operations scliedule. The Exercise will be
ag_ conducted during September 1975, Three ships (AMERICAN DELTA II, '
AR SEISMIC EXPLORER, MOANA WAVE), one VXN-8 P-3A aircraft, and two ;
'i‘ !S- Fleet P=3C aircraft will participate in the Exercise. '
| ¢ (C) AMERICAN DELTA 11 will depart from San Diego and will deploy the 2.
{~ g f Vibroseis CW sources on a number of tracks along the Exercise baseline, and :
' - will conclude its activities in Kodiak, Alaska. ;
ﬂ (C) SEISMIC EXPLORER will depart from San Diego and deploy the E
'i, LAMBDA array at sites A1, A2, AA, and AB, LAMBDA will be used to make :
| b i‘ signal propagation, noise directionality, coherence and beam noise fluctuations, {
:' , v 4 and statistics measurements, At the conclusion of the LAMBDA measurements, i
n { SEISMIC EXPLORER will transit to Honolulu,
!‘ &" * (C) MOANA WAVE will depart from San Diego and deploy ACODACS at Al ]
Hl f and A3. She will deploy the DELTA array at AB and operate the HX source for :‘
” ‘ - array deformation measurements. MOANA WAVE will recover the ACODAC at :
b Al and deploy it at A2, She will then deploy the DELTA array at AB and operate i
b L the HX source for array deformation measurements, MOANA WAVE will make
‘ : . environmental measurements, including STD/SVs and XBTs, throughout the Ex-
AN § ercise. At the conclusion of the HX source operations, MOANA WAVE will \
4 transit to Honolulu, After a short stay in Honolulu, she will recover the
8 ,_ Iz ACODACS at A? and A3 and transit to San Diego.
_ - '; (C) VXN-8 P-3A aircrait will make 12 flights for environmental measure-
1 ;* I ments and surface shipping surveillance during the Exercise, VXN-8 will oper- v
' p: ate from NAS Moffett Field, NAS Barbers Point, and Elmendorf AFB, Fleet E‘
; : l P-3C aircraft will make four shipping surveillance flights from NAS Barbers -"};
‘ Point, ¥z{-
l‘x" , \.f’ ' 9 ?
3 @“;
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(C) The WARF and SEA ECHO, over-the-horizon (OTH) radars, will be
used for surface shipping surveillance in limited portions of the Exexcise area
on 5 separate days each,

(C) Data from 1321, 1322, 1323, and 2411 will be‘:ecorded during selected
Exercise events. Stations recorders will be used to obtain limited data from
1321, 1322, 1323, 1511, 2321, and 2411 during selected events,

(C) The Exercise activities will be concentrated along the CHURCH
ANCHOR baseline (143°30'W). The measurement sites not on the CHURCH
ANCHOR baseline are Sites Al and A2 for additional noise floor measurements,
and Sites Al and A2 for propagation measurements in conjunction with Al.

(C) The Exercise consists of 25 major events that are summarized in
Table A, This table includes the measurement systems used for each event
and the primary and secondary measurement objectives of each event. Partici-
pating measurement systems are indicated by the letter X. The LAMBDA
measurement sites are indicated, VXN-8 aircraft flights are denoted by T
followed by the flight sequence designation. VP alrcraft flights are denoted by
P followed by the flight sequence devignation. The primary muasurement
objectives are indicated by the lettexr P, and the secondary measurement objec-
tives are indicated by the letter S,

10
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ion

Mezsurements
2000 Depth Cycle at VI7A

2100 CW Tow VI7A to V17B
at V20
2500 Naise Floor Measurements

v
2400 ﬂnna'CWTowganquxhCyck:

2200 | Shallow Tows and Depth Cycle at V18
2300 | Shaliow CW Tows and Depth Cycle at

1900 LAMBDA Array Deformation

Event
No.
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L 3. EXPERIMENT DESCRIPTIONS (U)
3, -

|, (C) The CHURCH OPAL Exercise includes the following three ocean
acoustic experiments related to the Moored Surveillance System (MSS), the
Sound Surveillance System (SOSUS), and the Surveillance Towed Array Sonar
System (SURTASS):

0 Noise Floor Characteristics

o ASEPS Evaluation; Inter-Array Coherent Processing

';‘."‘ b L\ Horizontal Directionality of Ambient Noise; Towed Array
, Performance

Sufficient environmental and shipping surveillance data for adequate analysis of
l‘ . : l the three acoustic experiments will algo be obtained,

5 ' (U) A description of each experiment and the supporting environmental
‘ﬁ byl and shipping surveillance studies is contained in the following sections. In
y each section, the discuasion includes:

. ‘ 0 Technical Objectives

\ o Field Operations

N o  Data Acquisition

\: ] o Analyses

J' l 3.1 Noise Floor Characteriatics (U)

(C) During the CHURCH ANCHOR Erercise, some unusually low levels of

& \ [ low frequency ambient noise were measured on bottomed and neax -bottom hydro -
!
phones. This effect subsequently led to the development of an experimental

R l ] model based on the concept of a "noise floor," a depth below which the noise
{- A from distant shipping is severely attenuated by high bottom loas and/or bathy -
;: - metric obstruction, Where the water depth exceeds that of the noise floor,

b U ambient noise levels are expected to be unusually low, such that surface-

7; generated wind noise will dominate even at frequencies as low as 10 I z or less,

j E (C) The noise floor can be of great aignificance for surveillance systems
: ‘ using bottomed or near-bottom sensors such as MSS, i.e. , systems that by de-
I sign are intended to function at relatively short ranges, For this reason, it is
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of interest to obtain additional measurements to verify the noise floor concept
and to increase the understanding of this phenomenon,

(C) Data from the CHURCH ANCHOR Exercise were suggestive of the
noise floor, but were insufficient to quantitatively characterize the phenomenon,
The coherence properties of this noise have also not been measured.

3.1.1 Technical Objectives (U)

(C) The technical objectives of this experiment are listed below in
order of priority:

o Parameterization of the nolge below the floor with depth, fre-
quency, and wind speed. Measurements allow the comparison of
the noise level below the floor at three widely separated locations.
Three-dimensional plots of noise level versus depth and frequency
will be developed for high and low values of surface windspeed.
These plots will determine the depth intervals and frequency bands
in which the noise floor exists.

0 Evaluation of noise model predictions. The noise floor data will be
compared with the noise model predictions.

3.1.2 Field Operations (U)

(C) For the noise floor experiment, three ACODAC sites have
been selected based upon noise floor depth predictions and compatibility with
other experiments; Figure 3 shows the location of the ACODAC sites, and
Figure 4 shows the location of the CW tows intended to simulate distant shipping.

(Figures 3 through 11 contain a list of the events associated with the experiments
related to each figure.)

(C) The ACODAC hydrophone depths are listed in Table B, Each hydro-
phone string includes two broadband hydrophones to record wind noise above
the shipping noise spectrum.

3.1.3 Data Acquisition (U)

(C) For this experiment, all data will be recorded by the ACODAC
tape recorder and processed post-exercise. Two Mod II ACODAC systems

16
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Figure 3. (C) Noise Floor Characteristics Experiment:
ACODAC Deployment Sites (U)
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Table B, (C) ACODAC Hydrophone Placements
(In Meters Above Bottom) (U) ‘.";
ACODAC Site Al A2 A3 ‘
Hydrophone No.
1 4,470* 2,330 2,500*
2 1,400 2,330 2,500
3 900 2,080 2,200
,, 4 700 1,730 1,900
5 600 1,480 1,600 1
| ] 6 500 1,130 1,300
3 7 400 830 1,000
3 ]\ 8 300 530 700
I 9 200 230 400 3
1 | 10 100 158 100
11 55 130 58
b 12 30 30 30 -
| 13 30* 30* 3o* |
;-, N i *600 -Hz bandpaas hydrophone '-"
\' , with 14-channel tape recorders will be us J to collect the acoustic data. One ‘
H ACODAC will be deployed at Site Al, recovered, and redeployed at Site A2,
¥ The other ACODAC will be deployed at Site A3, The bottom depth, predicted L
l noise floor depth, and predicted critical depth for the three sites are shown In ]
b | Table C. ¥
‘ } (C) Detailed wind speed data projected from the FNWC synoptic model tl '
’ i will be obtained for the entire exercise period and extrapolated for the three ‘ '
‘; ¥ { I ACODAC deployment sites. The wind predictions will be compared with data l'
| from the three Exercise ships and the recorded wind noise from the ACODACS. f
i 2
o £
q
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‘ 3.1.4 Analyses (U)

(C) The primary objective of the analysis is to determine the extent
of the contributions of the bottom and local environmental on the formation of a
noise floor, This determination is necessary for the evaluation of noise floor
modeling, The analyses consist of the following:

AL, TS e

] The data from the two broadband hydrophones on each ACODAC
will be processed and compared with the wind speed data to select

two 1-hour samples typical of four different wind speed regimes
from ecach ACODAC,

o For each of these wind speed regimes and ACODAC sites, 1/3-
octave broadband noise spectra will be reduced and compared to

|
|
5 [ determine the ambient noise level and spectra versus sensor depth.
l The qualitative and quantitative differences in the noise versus
|
|

depth versus wind speed at each of the sites will be established.

|

|

' Table C. (U) ACODAC Site Characteristics (Meters) (U)
i

1

I

ACODAC Site Al A2 A3
! |. Water Depth 4,700 5,300 5,555

! Noise Floor Depth 4,540 5,000 4,400 }
F Critical Depth 4,200 4,500 3,900 L
o iy
.
I
4
li
20 R
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3.2 ASEPS Evaluation; Inter-Array Coherent Processing (U)

> *
B ot

(S) The primary objective of this experiment is to evaluate the ASEPS
. model for undersea surveillance application in the Exercise area. Data will be
, j acquired that can be used to verify the propagation loas component of the model.
The second objective is to compare propagation, S/N, effective array gain, and
coherence between LAMBDA and a SOSUS array. Another objective is the
demonstration of Coherent Multi-Array Processing (CMAP), with Doppler cor-
rection, between widely spaced mobile and fixed arrays. This objective is in-
tended to verify the Doppler -Time Algorithm developed at NUC. Theexperi -
ment has been designed to provide data for all three purposes.

[ 1

P e ]

i 3.2.1 Technica) Objectives (U)

1 (S) The following are the prioritized objectives of this experiment:

- ) Evaluation of the propagation loss model component of
: H ASEPS, Propagation loss at several frequencies and several
} ‘ source depths will be compared with ASEPS model predictions,

¥ o Measuremeunt and comparison of effective array gain and
coherence. These measurements will be made for both sig -

"}ij y ; 1 nal and noise with the LAMBDA and bottomed arrays.

o Verification of Doppler shift versus arrival time algorithm

: lé for a mobile sensor. Simultaneous Doppler -time shift

E: ) measurements between a stationary array and the mobile
H LAMEDA array (approximately 3 knots) will be obtained.

iy Simultaneous measurements of Doppler shift and arrival
' time from widely separated arrays with substantially differ -
ent Doppler shifts from a single source will also be obtained,

eaieoa Gl
P
A-“y"':'.

N I
oy yd
Arvnmi B

3.2.2 Field Operations (U)

. (S) Figures 5 and 6 show the operations related tc the ASEPS evalua -
j tion. A series of short CW tows (V1 to V2, V3 to V4, V5 to V6, V7 to V8 to V9,
and V10 to V11) will be made, These tows will be monitored by 1321, 1322,

1323, and 2411, Additional supporting data will be obtained by the ACODACS at

=
H ;
[ ——
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(C) ASEPS Evaluation Deployments:
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Al and A3, and by LAMBDA at Al. Vibroseis will also execute depth cycles at
V8, V13, V15, V17, V18, V19, and V20, and a transmission sequence at V13,
V15, and V17. These depth and transmission cycles will be recorded on the
NAVFAC station recorders at 1321, 1322, 1323, 1511, 2321, and 2411.

(S) Figure 7 shows the Exercise operations for the inter-array coherent
processing experiment, It also includes the operations for SOSUS-LAMBDA
comparisons. LAMBDA will occupy Site Al during the 3-hour power cycle at
V1 and the V1 to V2 tow. LAMBDA will then be towed at 3 knots from Al to A2
during a CW source transmission at V3 and the V3 to V4 tow, LAMBDA will
operate at Site AB during the V12 to V13 tow, and for the power and depth cycles
at V13. These transemissions will also be recorded at 1321, 1322, and 1323,

3,2.3 Data Acquisition (U)

(S) The ASEPS experiment will obtain analog broadband recording of
beams and hydrophones from 1321, 1322, 1323, and 2411, The recording for
each of these arrays will be done with appropriate time codes. Sound speed
profiles will be obtained at all Vibroseis sites. Bottom loss estimations for the
area will be obtained from CHURCH ANCHOR and other archival data.

(S) LOFARGRAMS from each of the recorded beams will be retained for
post -exercise evaluation, In addition, ACODAC data from deployment Al will
be used for comparison,

(S) The data for the inter-array coherent procesasing experiments will
congist of simultanecus recordings aboard the SEISMIC EXPLORER and at 1321,
1322, and 1323, All 64 hydrophones of the LAMBDA array will be recorded,
and hydrophones and beams from 1321, 1322, and 1323 will be recorded so that
the beams may be coherently processed for Doppler shift and time., The data
will be recorded using DAPAAN recorders.

(C) For the SOSUS-LAMBDA comparisons, LAMBDA will be deployed at
a depth of 170 meters at Al and A2 and the slow ‘tow capability (approximately
0.5 knot) of SEISMIC EXPLORER will be utilized.

(S) The CW propagation loss will be processed onboard LAMBDA as re-
ceived energy versus time. Ashore, the navigational data will be used to

24
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E Figure 7. (C) Inter-Array Coherent Procesaing Deployments (U)
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substitute range for time. The data from a single hydrophone, the source-on
beam, and the adjacent beams at the source frequencies and two adjacent fre-
quencies (% 3 to 5 Hz) will be used to assesa both the LAMBDA and SOSUS
arrays, Coherence between two pairs of widely spaced hydrophones will be
used with a mid-array hydrophone to sample the coherence across the aperture
of the array.

3.2.4 Analyses gUQ

(S) Propagation loss measurements will be made by 1321, 1322,
1323, 1511, 2321, 2411, ACODAC Al, and LAMBDA. These measurements will
be compared with the appropriate ASEPS propagation loss predictions.

(S) For each of the transmission sequences and each of the source depths
and frequencies, effective array signal gain and noise gain will be computed
utilizing the main t'arget beam versus the average of five individual hydro-
phones, The noise array gain will be determined at the same frequencies,
narrow band, during the source -off periods. In addition, an array gain or beam-
forming analysis will be accomplished by comparing the source-off beam with the
two adjacent beams, Signal~to-noise ratio will be plotted and analyzed as a
function of source strength at each frequency and each power cycle point,

(S) The ASEPS prediction model will be compared with the SOSUS beam
data for the appropriate tows. The model will also be compared with the data
J recelved by ACODAC Al on hydrophone #2 (1,400 meters above the bottom),

It will also be compared with the beam and single hydrophone propagation data
recelved by the LAMBDA array at Site A1,

26
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3.3 Horizontal Directionality of Ambient Noise; Towed Array
Performance (U)

(C) One objective of this experiment is to test the horizontal noise
directionality estimation technique developed at NUC. This experiment will
be supported by a DELTA array deployment, The time stationarity of the
noise field will be addressed by towing the LAMBDA array on three head-
ings while maintaining the DELTA array on one heading,

(C) Two additional,techniéal objectives are (1) to evaluate the towed
array for long range detection capabilities, including the influence of the envi-
ronment, i.e., an ocean frontal system, and (2) the effect of array deformation
on propagation and coherence measurements, These objectives include determ-
ination of signal detection and coherence, S/N measurements, and noise statistics,
with and/or without frontal interference, in a range-dependent manner,

(C) The objectives also include determination of the effect of array defor -
mation on coherence by making simultancous array deformation and coherence
measurements,

3.3.1 Technical Objectives (U)

(C) The following is a prioritized list of specific technical
objectives:

0 Measurement of horizontal noise directionality using LAMBDA
and the DELTA array, LAMBDA will assume three to six separate
headings concurrently with a DELTA deployment at a single
heading, for evaluation of the NUC directionality estimating
technique.

(o} Measurement of natrow beam noise threshold and variability with
LAMBDA. These measurements including temporal fluctuation
measurements will be made to determine the ability of the towed
array to make long range detections in the gaps between surface

shipping interference.
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o Compezrison of beam noise measurements maﬂe with LAMBDA
and DELTA., The DELTA array will be deployed near LAMBDA
and the temporal fluctuations of beam noise measurements will be
compared with the LAMBDA measurements,

0 Long range signal propagation and coherence. Measurements of
signal propagation and coherence will be obtained at ranges up to

1,000 nm.

0 Determination of beam signal fluctuations, S/N, and noise
statistics, CW transmissions will be made at ranges from 400 to
1,000 nm through oceanic frontal disturbances. Measurements
will be made of coherence propagation statistics and beam noise
during these periods.

0 Measurement of array deformation. Array deformation measure-
ments will be made simultaneously with the long range coherence
measurements,

3.3.2 Fleld Operations (U)

(C) Ambient noise horizontal directionality measurements will be
made at AB as shown in Figure 8, The Vibrosels will act as a beacon for de-
termining the headings of the LAMBDA array during these measurements. The
DELTA array will be deployed in the vicinity of the LAMBDA array during one
of the measurement periods and will provide a means for solving the ambigu-
itles inherent in a linear array.

(C) A series of beam noise measurements will be made with the LAMBDA
array at Sites AA and AB as shown in Figures 9 and 10, Fleet aircraft will
provide ship surveillance, The WARF and SEA ECHO OTH radars will also
provide shipping surveillance. During one of these measurement periods, the
DELTA array will be deployed in close proximity to LAMBDA in an attempt
to determine if the beam noise threshold levels observed on LAMBDA repre-
sent an environmental limitationor a LAMBDA -system limitatior.
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;‘; 1t (C) Signal propagation and coherence measurements will be made for

"{g transmission paths ranging from 300 to 1,000 nm as shown in Figure 11, The ? ;
f?‘ Vibroseis will be towed while transmlitting CW sequences, )
f{‘! (C) MOANA WAVE will operate an auxiliary source (HX-231-F) cloge to ! K f
l‘ LAMBDA for measuring the array deformation, This source will transmit o
EL short pulses with a 1 ~-minute pulse repetition rate. This sequence will allow f ;
,’)} for the separation of direct, surface -reflected, and bottom -bounce paths: o
3

% , 3.3,3 Data_Acquisition (U) |

al

§v (S) During the noise directionality measurements, the DELTA

3?' array will be deployed during the daylight portions of the LAMBDA measure -

:g{_;'“ | ment periods. The Vibroseis will transmit as a beacon, The LAMBDA array

gﬁ (LF and MF sections), utilizing the SD 301 data processor, will produce the

spectra of the broadside beam and a single hydrophone. The onhoard digital
recorder will record the 128 beains or 64 hydrophones from the processor.

fr’ (S) For the beam noise threshold, the MF and HF sections of the LAMBDA
array will be used. The updated LAMBDA procesaor will be used on line and
during transits to process noise intensity versus aperture and noise intenaity
versus azimuth for five beams (near broadside) at three frequenciea,

» et

| Siaten |

f i gmn s v 2 £ v
[ A e apT— | S Sar— p—— Y

(S) For the signal propagation' and coherence measurements, the 64-

‘ channel analog recorder will be on line, The SD 301 spectrum malyzers and
LAMBDA processor will be used on line to provide S/N and noise versus aper -
ture and azimuth at three pairs of frequencies assoclated with the array seg-
ments, During these operations, the array will be operated in the LF mode.

‘ The array switching will be coordinated with the source frequencies appropri-
ate to the three arrays. The frequencies will be each of the two simultaneous f
propagation frequencies, one frequency 3 to 5 Hz below and one frequency 3 to
5 Hz above each of the transmission frequencies. The beams will be the
source ~on beam and adjacent beams. This procedure will allow for onboard
S/N, beam quality, and noise measuremecnts during CW -off cycles. l
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3.3.4 Analysis ((8))

(C) The LAMBDA hydrophone data will be analyzed ashore for co-
herence versus aperture across the LF array, This analysis should provide a
comparison of coherence versus aperture with and without frontal interference,
The DELTA data will be processed onboard with the LAMBDA processor,

(C) The S/N and noise portions of the exper!.ménts in all three array |
modes should be derivable from the onboard proceasing. '
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3.4 Shipping Surveillance (U)

b

(C) The WARF and SEA ECHO, over-the-horizon radars, will be used to
provide surveillance of surface shipping in limited portions of the Exercise area
for 5 days each, A VXN-8 P-3A will conduct shipping surveillance in the WARF
area on 3 days and in the SEA ECHO area on 3 days to verify the ship counts.

e 2t
- Z T

3.4.1 Technical Objectives (U)

e e R

LRI (C) The following technical objectives of the shipping surveillance
N [: L are listed in order of prioxity:

i il

';,i [ { (o] Determine the nearby shipping distritution concurrent with

[ LAMBDA horizontal directionality measurements at AA and con-
‘ff current with LAMBDA and DELTA horizontal directionality meas -

—

urements at AB.

o Determine ships on LAMBDA beams during beam noige threshold
measurements, The establishment of the number of ghips on each
LAMBDA beam during the beam noise threshold measurements will
allow determination of the beam noise threshold levels in the
absence of surface ships,

s LR Tt SR DT

—-

= =
T
30t pa—
————-

L‘ o Eveluate the OTH radar measurements of shipping distvibutiois,
The simultaneous aircraft surveillance of the OTH radar surveil -
L lance areas will allow an evaluation of the OTH coverage.

A 3.4.2 Field Operations (U)

(C) The WARF radar will operate during daylight hours for 5 days.
f } H WARF will have three surveillance areas that will he changed each day to cor-
: respond with the areas of acoustic measurements. The SEA ECHO radar will
e also operate during daylight hours for 5 days. SEA ECHO will have two sur -
U veillance areas that will be changud each day to correspond with the acoustic
% | ! measurement areas. The survelillance areas are shown in Figure 12, and
i } their approximate positions are given as follows:

|
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, (C) The WARF surveillance areas are as follows:
” WARF Area 1: 35° - 40°N/140° - 145°W (approximate)

R IS T = I

SR o

WARF Area 2: 25° - 30°N/140° - 145°W (approximate)
WARF Area 3: 30° - 35°N/140° ~ 145°W (approximate)

These areas will be scanned according to the following schedule:

S T T e e e
—
rmnd

WARF Area 1: 10 September 1975
WARF Area 2: 13 and 14 September 1975
WARF Area 3: 11 and 12 September 1975

(C) The SEA ECHO surveillance areas are as ‘ollows:

SEA ECHO Area 1: 45° - 50°N/140° - 145°W (approximate)
SEA ECHO Ares 2: 50° ~ 55°N/140° - 145°W (approximate)

These areas will he acained according to the following schedule:

P SIEEE
r
s

T

SEA ECHO Area 1: 22 and 23 September 1975
SEA ECHO Area 2: 20, 21, and 24 September 1975

St kot B
% ST A L

P
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3.4.9 Data Acquisition (U)

(C) Stanford Research Institute (SRI) will process the WARF radar
data and deliver tracks of the detected ships. These data will include estimated

N S T S

S AR

;( ship courses, speeds, and sizes. NRL will proceas the SEA ECHO radar data
.\‘ U and will deliver ship populations for each resolution cell within the surveillance
§\ ) area. A chart will be provided that identifies the geodeay of each measure -

’; - S i ment cell, The aircraft surveillance data will yield contact plots for the sur-

i veillance area. '

W o

: L 3.44  Analysis (U)

"

9 (C) The OTH radax data will be compared with the aircraft sur-

55.; | veillance and ship report data, The aircraft surveillance data will be

P e
T

used as a basls fur determining the contacts missed by the OTH radar and the
false alarm rate of the OTH radar.

ey

(C) The WARF radar and VXN-8 surveillance schedules were selected so
that coveri:ge of AA and AB will be concurrent with LAMBDA and joint LAMBDA -

A
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.:‘a:lgq'
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DELTA operations at these sites, This concurrence will aid the interpretation _
of ambiguous and unambiguous noise roses for \A and AB, U
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i ﬂ i
3.5 Environmental Support (U)
] (U) Throughout the three acoustic experiments, there are requirements
k- for environmental data as follows:
i
.I o] Determination of wind speed as a function of time at _ 1
] three ACODAC sites |
s kit
3 J o Measurements of aound apeed profiles 1
q U o Determination of reconciled ship tracks for range data
q 3.5.1  Wind Speed Data (U)
' H (U) Wind speed data from all three ships will be acquired as a '
1 ) function of time throughout the experiments, The data from these sources will
H be compared with the FNWC synoptic model. These data will be used to select
‘ specific noise floor data periods and to parameterize the noise floor data with ;
i ( wind speed. ;
. 3.5.2  Sound Speed Profiles (U) ;
' H (C) 'The sound speed data will be derived from STD/SV casts at
_' - locations shown in Figure 13 and from XBT and AXBT deployments (Figure 14). .
; H 'The sound speed data will provide inputs to ASEPS for prediction evaluation. _:;
','- ] Complete sound speed profiles along the propagation track will be obtained for ’
!‘]: ” modeling support to the SOSUS-LAMBDA propagation comparison,

i{' H 3.5.3 Reconciled Ship Tracks (U)

\' (U) Source -to-receiver ranges are required for all source=

: ‘ U receiver combinations during the acoustic experiments,

X

1 1

i

ki

*', ﬂ
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4. MANAGEMENT AND REPORTS (U)

(C) The management organization for this Exercise is shown in Figure
13. This program is under the general technical direction of the Manager,
LRAPP, Dr. Roy D, Gaul, and the Scientific Officer, Mr. Edward L. Smith,
- Fhe overall responsibility for the conduct of the Fxerclse operations will be
vested in the Officer Conducting the Exercise (OCE), dOMTHIRDFLT. who
will also gerve as the Officer in Tactical Command (OTC), CTG 30,5,
COMTHIRDFLT has designated CDR George E, Lawniczak, Jr., as Project
Officer for the Exercise.

(1J) Respounsibility for the technical organization, planning, and execution
of the Exercise is vested in the Technical Director (TD), My, Sidney Kulek
(Xonics), who is supported by senior members of the Xonics staff. An ad hoc

. Technical Advisory Group (TAG) was established to advise the Technical
Director on technical aspects of the program. Tune TAG reviewed documents
with the TD to verify technical adequacy, utllization of assets, integration with
other experiments, and planning for interpretive analysis of data. Dr. Scott C.
Daubin of the University of Miami was appointed Chairman of the TAG, The
other members of TAG are Mr. Roy T, Brown (TRW), Dr. Robert R. Gardner
(PME -124/T'A), Dr. John S, Hanna (AESD), and Mr. John A. Hess (URC).

(L) During the Exercise, the TD will report to the OTC for tactical con-
trol. The TD and the OTC will be located at EXCON (COMTHIRDFLT Head -
quarters) during the Exercise, Princlpal Investigators (PI's) are responsible for
performance of the technical experiments (Table D), Unit Investigators (Ul's)
aboard each platform (Table E) are responsible for execution of experimeuts in
accordance with the Exercise Plan,

(C) 'The data acquired during the Exercise will be anaiyzed, and the re-
sults presented in a serles of reports. Interim Technical Notes will be pre-
pared by the individual Unit Investigators and Principal Investigators during
and immediately following the Exercise, These Technical Notes will describe
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the extent and estimated quality of the data collected and significant results
obtained to date.

(C) A Synopsis Report will be published on 1 January 1976 by the Tech-
nical Ditector from contributions from the Unit and Principal Investigators.
This report will include a comprehensive assessment of exercise operations, a

U ' complete data inventory, and a discuasion of problem areas. It will assess data
o quality, report preliminary results, and present a revised data aralysis plan
U based on the data actually collected and the initial conclusions.

(C) Technical Reports will be issued by participating organizations, They
| U - will cover high interest results of immediate application and a detailed analysis
- of experiments under their cognizance, Table F indicates the schedule for the
Technical Reports.

e

(C) The Environmental Acoustic Summary Report will be the primary out-

. put of the acoustic measurements, It will provide a comprehensive summaxry
U of the environmental acouatic characteriatics of the Exercise area. It will be
prepared by 1 October 1976.

T e et

BN ot N INCRI SO I S

(C) The Technical Director is responsible for the coordination, prepara-
tion, and publication of all reports.

i

| S

- e =
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: Table D, (C) Principal Investigators (U)
- Seuwdy  Principal Investigators | Organization
i Noise Floor Characteristics | A, F, Wittenborn | Tracor
; ASEPS Evaluation R. ]. Hecht ust
‘;‘ , ~_ |Inter-Array Coherent Processing] R. R. Kolesar NUC
; SOSUS-LAMBDA Propagation
Loss Comparison R. R. Kolesar NUC
b Horizontal Directionality of
¥ Ambient Noise R. A. Wagstafi NUC
; Towed Array Performance S. W. Marshall NRL
5 Environmental Measurements K. W, Lackie NAVOCEANO
i Shipping Surveillance | L. P. Solomon PSI
!
|
R Table E. (C) Unit mvestigators (U)
E Platform o Unit Investigators |Organization “
SEISMIC EXPLORER ¢y )
| with LAMBDA C. L. Morningatar |NUC {-} :
AMERICAN DELTA II "
i, with Vibroseis W. Clark Xonics H g
MOANA WAVE i
with ACODAC T. M. Mitchell Tl Rk
VXN-8 Atrcrafe K. W. Lackie NAVOCEANO |
4 Shore Station A NUC .
kR .
i "
3 i
\'.' “: - gj
. . !i
al ] ‘j
3 !
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Table F, (C) Summary of Technical Reports (UJ)

i e
e o S T T )

paC

P

Wind Speed Parameterization
Omndirectional Intensities
Spectral Characteristics
Time Fluctuations

H Vertical Noise Coherence

2,  ASEPS Evaluation Report 1 Mar 1976 USI/AESD
g Array Signal Gain--Measured

L 1. Noise Floor Report 1 Mar 1976 Tracor

R or

iz

SO

PITTR

Noise Array Gain--Measured
Beam Quality

Propagation Loss
Comparison of PL to Model

3. Inter-Array Coherent Proceasing Report 1 Feb 1976 NUC

) Experimental Synopsis

; Data Base Quality

Feasibility for Mobile Sensor
{ Propagation Loss

4, Towed Array Performance Report 1 Mar 1976 NRL

Signal Propagation Statistics

Noise and Narrow Beam Noise ,

S/N and Detection Capablilities .

Coherence and Fluctuations :

Beam Quality

Effects of Water Mass on Array
Performance

5.  Array Deformation Report 1 May 1976 NRL

Analysis of Hydrophone Position Data

Feasibility of Measurement

Dynamic Modes of Array

Feasibility of Application of Array
Dynamics to Data Acquisition

5 Sy s
P 52

AR e 5o

6, SOSUS/LAMBDA Comparison 1 May 1976 NUC

7.  Environmental Measurements Report 1 Mar 1976 NAVOCEANO
8.,  Ship Tracks Report (Informal) 1 Dec 1975 NAVCCEANO
9.  Ambient Noise Horizontal 1 Mar 1976 NUC

Directionality Report
10. Shipping Surveillance Report 1 Dec 1975 PSI
47
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APPENDIX A h> R e

SHIP OPERATIONS (U)
B
1 fi

_ i (U) This appendix provides a summary of the ship operations for the

N I CHURCH OPAL Exercise. Specific details are contained in the CHURCH j

" { OPAL Exercise Plan (U), August 1975 (Secret).
K 1, M/V AMERICAN DELTA II (U)
g ! (C) M/V AMERICAN DELTA II will tow the Vibroseis, recozd '1

"I H bathymetry, and make T-5 and T-7 XBT measurements, )
K| (C) AMERICAN DELTA II track is shown in Figures A-1 and A2, and §
A | her detailed event schedule is given in the CHURCH OPAL Exercise Plan. . ‘1
N AMERICAN DELTA II will depart the San Diego Sea Buoy on 3105007 August.

“ She will transit to V1 and deploy the Vibrosels sources, Vibroseis will make

& i a transmigsion at V1, a tow from V1 to V2, a stationary tranamission at V3, ‘
: . a tow from V3 to V4, a tow from V5 to V6, a tow from V7 to V8, a depth cycle \

i=; § at V8, a tow from V8 to V9, a tow from V10 to V11, a tow from V1o V2, a I'.‘.:

tow from V2 to V3, a tow from V3 to V4, a tow from V12 to V13, a stationary

\ 1 I transmission at V13, a depth cycle at V13, a tow from V13 to V14 to V15, a .

’f stationary transmission at V15, a depth cycle at V15, a tow from V15 to V16,

"‘ ‘ % a tow from V17 to V17A, a stationary transmisqlon at V17A, a depth cycle at ”‘

i ' V17A, a tow from V17A to V17B, a tow from V18 to ViBA, a depth cycle at i
l 1- V18A, a tow from V18A to V18B, a tow from V19 to V194, a depth cycle at

A V19A, a tow from V19A to V19B, a two from V20 to V20A, a depth cycle at |

V20A, and a tow from V20A to V20B, She will then transit to Kodlek, Alaska, ;

I o
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Figure A-1 (C) M/V AMERICAN DELTA II Track (U)
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va

ROSE CENTER AT 36°10' N 143930’ W

FROM T0 ON
LAT LONG LAT LONG HEADING

N w N w oT
v 367427 1439%8.7' v2: 359°37.3' 143°01.7 145°
v2: 369373 143°01.7 v3:  36°906.3' 142°40.9' 230°
v3: 36°06.3' 142°40.9' v4:  38%14.7'° 144°19.2' 277°
V6: 369477 1449109 ve: 36°32,3°  142°40.9' 066°
V7.  3E°48.2 142°48.6 ve:  36°10 143930 303°
ve:  3e°10 143930 ve:  38°31.8° 144°11.7 3039
Vv10: 35936.2° 143%4.4’ V11: 36944.8°  143°05.3 030°
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Figure A-2 (C) M/V AMERICAN DELTA II Track Detaiil (U)
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L& M/V SEISM!C EXPLORER )

(€ M/V SEISMIC EXPLOBER will tow L,A.MBDA. record bathymetry. .
aud make STD/SV and T=5 and 'I‘-7 XBT trusurements during the Exerciae. L

. (o)} SEISMIC E’{PLDRER trac.k is shown in Flgu:be A-«S, :.hd her détailed
cvent schedule m given in the. CHURCH OPAL Exercise Plan, SFISMIC o
EXPLORER will dephrt the San’ Diego Sea Buby bn'010200'z September. ‘ She wﬂl ,
tranéit wo A and deploy LAMBDA. - LAMBDA wiil make measureménts Ian B sloww 'f
| tow mod (0, 8 knot) at Al and then in the tow. mode (3 knots) on. & tow, feom Al to \
A2, SEISMIC EXPLORER wlll then recovar LAMBDA and transit to AA where |
she will deploy LAMBDA, atid: LAMBDA wul make méasurements in‘the’ dlowv-
tow mode, - SEISMIC EXPLuRER will reoover LAMBDA anq ;ranu:t i‘rom Mto
_AB, “At .\B, LAMEDA will make meanurements in the slow -tow mode for 13 -
_' days. SEISMIC EXPLOR ER will then recover, LAMBUA and traastt to Honolulu,

52

CONFIDENTIAL




CONFIDENTIAL /

v v T 1
|;h Ifﬂ

CANAOA

§f {

ol |

X e !
w0l "yl
il )
b -
X
! , ]
7: 48
o |
! i
5 "

gi ﬁ Figure A-3. (C) M/V SRISMiZ EXPLORER Track L)
l 83

CONFIDENTIAL | B

ATy ; 4 wa Ll e ror PATRTRY !, i A R E SV AT ST \ Ll b «
. ”

o R ‘_“‘ ' i L. ah i a“ i

.




CONFIDENTIAL

3. R/V MOANA WAVE (U)

(C) R/V MOANA WAVE will deploy ACODACs, the HX source, and
the DELTA array. She will also record bathymetry and make STD/SV and T-5
and T-7 XBT measurements,

(C) MOANA WAVE track is shown in Figure A-4, and her detailed event
schedule is shown in the CHURCH OPAL Exercise Plan, MOANA WAVE will
depart the San Diego Sea Buoy on 311100Z August. She will transit to Al and
deploy an ACODAC, She will then transit to 30°N 140°W and take an STD/SV.
She will continue the transit north along 140° W taking two more STD/SVs, .
From 38°N 140°W, she will transit to A3 where she will deploy an ACODAC,
She will then transit to AB taking STD/SVs enroute, At AB, she will make two
deployments of DELTA in conjunction with LAMBDA and operate the HX source
for array deformation measurements, MOANA WAVE will then transit to Al,
recover the ACODAC, transit to A2, and deploy the ACODAC, She will transit
to AB where she will make two deployments of DELTA and operate the HX source
for array deformation measurements, The MOANA WAVE will make eaviron-
mental measurements, including XBTs, throughout the Exercise, At the con-
clugion of the HX source operations, MOANA WAVE will transit to Honolulu,
After a ghort stay in Honolulv; she will recover the ACODACs at A2 and A3
and transit to San Diego (Figure A-5).
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Figure A-5. (C) R/V MOANA WAVE Track: Hawaii to San Diego (U)
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- and B2, Aircraft tracks are given in Figures B-1 through B-8, All VXN-8

CONFIDENT!IAL

APPENDIX B
AIRCRAFT OPERATIONS (U)

(C) The primary objectives of the aircraft operations in this Exercise are
surveillance of surface shipping and the acquisition of environmental data. Alr-
craft operations will include aircraft and flight crews supplied by NAVOCEANO
VXN =8 and by COMPATWINGSPAC. Bxercise flight events are given in Tables B~1

tracks are denoted by the prefix T and all VP tracks by the prefix P, All air~
craft sorties will be flown from Elmendoxf AFB, NAS Moffett Field, or NAS
Barbers Point.
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{C) VXN-8 Alrcraft Tracks TC and TC (U)
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’ ﬂ APPENDIX C
" OTH RADAR OPERATIONS (U)

e

(C) Stanford Research Institute will operate the WARF radar for the purpose 1
of ship detection over three areas approximately 5 degrees by 5 degrees on 5
separaté days. SRI will subsequently deliver charts of the detected ships in v\
those areas to reprecentatives of LRAPP, The areas and periods of operation b
are given in Table C-1 and are shown in Figure C-1, 2

= Fren T e
[ E— [ amm— [ omwamme

(C) Naval Research Laboratory will operate the SEA ECHO radar for the
purpose of ship detection over two areas approximately 5 degrees by 5 degrees

1
y U on 5 separate days. NRL will subsequently deliver charts of the detected ships
3 . - in those areas to representatives of LRAPP, The areas and periods of operation ';
?\1 | are given in Table C-2 and are shown in Figure C-1. '
\ } . (C) Both SRI and NRL will provide surface ship density distribution data for
bt their areas. The data will be in tabular form, and ship populations will be given
)'.:- ) for each resolution cell within the (larger) eurvelllance area, These data will be
v | stated for a measurement epoch whose duration for each surveillance area is suf-

ficiently long to provide a good probability of detection. Charts that identify the
geodesy of each measurement cell will be provided.
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& Table G-1 l
a (C) WARF Radar Operation Schedule (U) _‘
Date-Time Group ~ Area L
A 101600-110400Z Sep 35°00' - 40°00'N  140°00' - 145°00'W
R | | 111600-120400Z 30°00' - 35°00'N  140°00' - 145°00'W :
. 121600-130400Z 30°00' - 35°00'N  140°00' - 145°00'W .
131600-140400Z 25°00' - 30°00'N  140°00' - 145°00'W :
141600~150400Z 25°00' - 30°00'N  140°00' - 145°00'W l
] F'l
Table C-2 1
a (C) SEA ECHO Radar Operation Schedule (U) '
! ' Dat: “1ime Group Area
2016C" -; 10400Z Sep 50 - 50°N 140 - 145°W
21160 400Z 50 - 55°N 140 - 145°W
221600 - 250400Z 45 - 50°N 140 - 145°W
231600-240400Z 45 - 50°N 140 - 145°W
@ 241600-250400Z 50 - 55°N 140 - 145°W
"f
il
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CANADA

Figure C-1, (C) OTH Radar Coverage (U)
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SHORE STATION OPERATIONS (U) it

(C) Data will be recorded at 1321, 1322, 1923, and 2411 during selected .
: . Bxercise events. Station recorders will be used to obtain limited data at 1321, _‘u:f\'
. | 1822, 1323, 1511, 2821, and 2411 during selected eveats. s

. ‘ (C) Table D-1 indicates the ochedules for data recording at a number ot

- ., shore stations, NUC will use DAPAAN to xecord data from 1321, 1322, and 1928,

| . NAVOCEANO will use a 14-track tape recorder to record data from 2411, Shore
" ytation personnel will use the station 7 -track tape recorders to record lelected

-"- data from 1321, 1322, 1823, 1511, 2321, and 2411, :

H APPENDIX D B
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. Table D-1 i
(C) Shore Station Operations Schedule (U) '

T T T I e A A i

Bvent Date Recorders Station Recorder | ,“ !
! 1321 [ 1322 | 1328 | 2411 | 1821 | 1322 | 1828 | 1511 | 2321 | 2411
’; 200 |NUQ |NUC [NUC |NOO | -7} - ) - ) o] -
; 300 NUC | NUC [ NUG [NOO | = - - | sP | s¥ -

400 NUC | NUC | NUC | NOO | = - - N .
500 NUC | NUC | NUC | NOO | - - ~ | sp | sp .

Y S SIS

600 | NUC [ NUC | NUC {NOO | - - - -] - -

700 NUC | NUC | NUC | NOO | - - - o -

800 Nuc | Nuc [ Nuc |Noo | - | - ) - ] -] - ] - %
3 900 NUC | NUC | NUC | NOO | - - - - - -

| 1200 - - . - SP - | sp | sp | SP | sP [

1300 - | - | - | - - ) | s [ |sp | sp )

3 1500 - - - - |sp | - | sp | 8P | &SP | SP

. 1600 - - - « | - |sp [ s |sp |[sp | sp {

| 1900 - - - - - | se.| s [ sp | sp | sp -

i 2000 - - - - | 8P | sp - | sp | sp | sP

2200 - - - - SP Sp - SP | SP SP
2300 - - - - SP - SP SP sp SP
2400 - - - - Sp - sp sp sp SP

—

et

SP = Station Personnel

2 |
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APPENDIX E
SECURITY GUIDELINES (U)

(C) Classitication of plans, communications, logs, and reports will be indi-
cated for each page or paragraph thereof. The lowest classification permitted will
be used, and unclassified poxtions will be handled iéparately where it will expadite
providing instructions or recording data. Classified material is subject to the Gen-
eral Declassification Schedule of Bxecutive Order 11652, The following aspects of
the Exercise will be classified as shown.

1. Unclassified

i At g 3w i .n'u\'-"‘ IV TR e i e AR i

Name of the Exercise, CHURCH OPAL, when not associated with
classified material,

NOTE: CHURCH OPAL will be encoded in voice transmissions.
Participating Cornmands, L.cboratories, and Institutions.
Individual chips and aircraft.
Scientific (non-tactical) measurement systems used,
Commercial sound sources used.

Data on temperature, salinity, depth, scund speed, bathymetry,
sub -bottom profile, other geologicai and geophysical data, weather

" and sea-surface observations, shipping density.

Reports of environmental data or other reports that do not relate
environmental effects to acoustic phenomena obtained during these
events,

Amblient noise data when not identified with locations.

Unannotated raw acoustic data such as strip charts, magnetic tapes
of amblent noise, shot arrival, and signal arrival times,

75
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NOTE: Care will he taken to ensure that
there i8 no coupling of UNCLASSIFIED
raw data to processed data, which would

{
a8 result in compromising the acoustic por-
b tions of this Exercise,

NOTE: Cn_il signs will be used {n voice

:g,. communications during the Exercise in
e sccordance with the CHURCH OPAL Ex-
5{“ 5 ercise Plan, Appendix C1, Communications.
i
41 2.  Confidential
& -
i e Any link of Exercise CHURCH OPAL with the Exercise area.
al o
ff, _ e Ships and alxcraft schedules and tracks until after execution of l i
"{g’{ N : each exercise phase when they are declaasified. T
%’1 e Processed acoustic data, .ich as ambient noise levels, propa- J (
; gation loss, level versus distance information, depth, frequency,
A and output level of sound sources, including charge size. 1
f@ " 3. Secret
bl a4
Bl ' ¢ Systems implications of the data obtained.
ol “&\'
3;, . : _ j
!
4
. i
' :
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1) a' Assistant Secretary of the Navy Commander
o Research and Development Oceanographic System Atlantic
Department of the Navy Box 100
g'l: Washington, D,C. 20360 1 Norfolk, VA 283511
£ ¥
s Chief of Naval Operations Commander
b oge Attn:  OP-095 1 Naval Air Forces
5 3' OP-951 1 U.S. Pacific Fleet
By OP-955 1 Naval Air Station
S . OP-955F 1 North Island
at i;,‘ OP-094 1 San Diego, CA 92135
Y OP-096 1
it b OP-098 1 Commander
g OP-02 1 Patrol Wings, Pacific
L L é‘h OP-03 1 U.S. Pacific Fleet
‘, Department of the Navy L Naval Air Station
Wb Washington, D,C, 20350 Moffett Field, CA 94035
a L Chiet of Naval Development Commander
N Headquarters, Naval Material Naval Air Station
K ] Command Moffett Field, CA 94035
i b Attn:  MAT-03
4 Washington, D,C. 20360 1 Commander
A NAS Barbers Point
‘r._( i Commander in Chief Pacific FPO, San Francisco, CA 96611
(i FPO, San Francisco, CA 96610 1
i . Commander
;' ( Commander in Chief Ocean Group Development Squad 8
ey U.S. Pacific Fleet Naval Alr Station
b " FPO, San Francisco, CA 96610 2 Patuxent River, MD 20670
!§. ﬁ Commander Commander
Third Fleet Elmendorf AFB
, FPO, San Francisco, CA 96610 4 Anchorage, AK
5
. Commander, Submarine Forces Commander
" U, 8, Pacific Fleet Military Sea Lift Command,
E FPO, San Francisco, CA 96610 1 Pacific
Attn: CDR M. Kunze
- Commander Oakland, CA 94625
i . Oceanographic Systein, Pacific
. Box 1390
: FPO, San Francisco, CA 96610 4
I
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UNCLASSIFIED

Chief of Naval Research

Attn:  Code 100

Code 102

Code 102-08

Code 102-08C

Code 200

Code 400

Code 480

AESD
Department of the Navy
Arlington, VA 22217

s
wiNn—-n—-r—-un—-n—-v—-

Oceanographer of the Navy

Hoffman Building II

200 Stovall Street

Alexandria, VA 22332 2

Commander

Naval Air Systems Command

Attn: NAIR-540

Department of the Navy

Washington, D,C., 20360 1

Commander
Naval Electronic Systems Command
Attn: PME-124
PME-124TA
PME ~124/20
PME-124/30
PME-124/40
PME-124/50
PME -124/60
Department of the Navy
Washington, N.C. 20360

\*l—lh‘l—lh.l-ll-‘l-l

Commander 1
Naval Sea Systems Command

Attn: Code 06H1 A
Department of the Navy

Washington, D,.C, 20360

Project Manager
Antisubmarine Warfare Systems
Project
Attn:  ASW-10
ASW-11
ASW-12
ASW-13
Department of the Navy
Wushington, D,C. 20360

nh-ll—u-u-r-‘

Strategic Systems Project Office
(PM-~1)

Department of the Navy

Washington, D.C. 20360 1

Commander, Naval Weather
Service Command
Naval Weather Service Headquarters
Washington Navy Yard
Washington, D,C. 20390 1

Commanding Officer

Fleet Weather Central

Box 113

FPO, San Francisco, CA 96610 1

Commanding Officer
Fleet Numerical Weather Central
Monterey, CA 93940 1

Commander

Naval Air Development Center

Attn:  Code 20517 1
Warminater, PA 18974

Commander

Naval Ordnance Laboratory

White Oak

Silver Spring, MD 20910 1

Director
Nuval Research Laboratory

Attn: Code 1211 1
Code 8101 1
Code 8168 1
. Washington, D.C. 20390 kB
Commander

Naval Undersea Center
Attn:  Code 40
San Diego, CA 92132 5

Commander
Naval Underwater Systems Center
Attt Code T
Code TA
New London, CT 06320

Commanding Officer
Naval Coastal Systems Laboratory
Panama City, FL 32401 1
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Commanding Ofticer

Chesapeake Division

Naval Facilities Engineexing
Command

Attn; Code FPO-1E4 1

Washington Navy Yard

Washington, D.C. 203%0

Director for Naval Matters

Center for Naval Analysis

Attn: CAPT C.E. Woods 1
Arlington, VA 22209

Defense Advanced Research Projects Agancy
Attn:  Mr, R, T. Cook

1400 Wilson Boulevard

Arlington, VA 22209 1

Defense Docurmnentation Center
Cameron Station

Alexandria, VA 22314 p)
Univer sity of Hawail
Hawaii Institute of Geophysics
Attn:  Dr, G, P, Woollard

Mt. T, H. Daniel 1
2525 Correa Road 2

Honolulu, HI 96722

Lockheed Missiles & Space Company
Artn: Mz, Robext C. Parsons

P, O. Box 504

Sunhyvale, CA 94088 1

Director

Marine Physical Laboratory

Scripps Institution of Oceanography
San Diego, CA 92152 1

Planning Systems, Inc.

Attn:  Dr. L. R, Solomon
7900 Westpark Drive, Suite 507
McLlean, VA 22101

Stanford Reaearch Inatitute

Attn:  Dr. J. R. Barnum

333 Ravenswcod Avenue

Menlo Park, CA 94025 1
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Texas Instruments, Inc,

Attn: Mr, A. Kirst, Jr. MS 400
P,O. Box 6015

Dallas, TX 75222

. Tracor, Inc,

Ocean Technology Division

-Attn:  Dr. A. F. Wittenborn

Mr. Jl T. Gottwald
1601 Research Boulevard
Rockville, MD 20850

TRW Syatems Group
Attn:  Mr. R, T. Brown
7600 Colshire Drive
McLean, VA 22101

Undersea Research Corporation
Attn:  Mr, ], A Heas

7777 Loesburg Pike, Suite 306
Falls Church, VA 22043

Underwater Systema, Inc..
Attn:  Dr. M, S. Welnastein
8121 Georgia Avenue

Silver Spring, MD 20910

University of Miami
Rosenstiel School of Marine
and Atmospheric Science

Attn:  Dr, S. C. Daubin
10 Rickenbacker Causueway
Miami, FL 33149

University of Texas

Applied Research Laboratories
Attn: Mr, G. E. Ellis

P.O, Box 8029

Austin, TX 78712

Woods Hole Oceanographic
Ju+tution

Aitmm, Dr. E. E, Hays

Woods Hole, MA 02543

Xonics, Inc.

Attn: Mr. S. Kulek
6837 Hayvenhurst Avenue
Van Nuys, CA 91406

A

e Smge ol e oL E

- D




DEPARTMENT OF THE NAVY

OFFICE OF NAVAL RESEARCH
800 NORTH QUINCY STREET e
ARLINGTON. VA 22217-5660" . o IN REPLY REFER TO

5510/1
Ser 43/885
03 Dec 03

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF CHURCH OPAL DOCUMENTS
Ref: (a) SECNAVINST 5510.36

Encl: (1) Partial List of CHURCH OPAL Documents

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

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

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N774) letter N774D/3U630173, 11 September 2003.

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

3. If other CHURCH OPAL documents are located in your repositories, their markings
should be changed and a copy of the title page and a notation of how many pages the
documents contained should be provided to Chief of Naval Research (ONR 43) 800 N.
Quincy Street, Arlington, VA 22217-5660. This will enable me to maintain a master list
of downgraded/declassified CHURCH OPAL reports.

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

PEGGY LAMBERT
By direction

DISTRIBUTION LIST:
See page 2



Subj: DECLASSIFICATION OF CHURCH OPAL DOCUMENTS

DISTRIBUTION LIST:

NAVOCEANO (Code N121LC - Jaime Ratliff)

NRL Washington (Code 5596.3 - Mary Templeman)

PEO LMW Det San Diego (PMS 181-1) (LTJG Ken Larson, USN)
DTIC-OCQ (Larry Downing)

ARL, U of Texas (David Knobles)

BlueSea Corporation (Roy Gaul)

ONR 32B (CAPT Houtman)

ONR 321 (Dr. Livingston)

ONR 03B (Mr. Lackie)



Title: CHURCH OPAL ENVIRONMENTAL ACOUSTIC SUMMARY
Formerly SECRET

Author: Unknown

Originator: Naval Ocean R&D Activity :

Ref. No.: LRAPP RS 77-002 Date: April 1977

Available at NRL (529148), MC/NAVOCEANO (85006869) and ARL:UT (51577)

Title: CHURCH OPAL EXERCISE OPERATIONS SUMMARY AND DATA INVENTORY
Formerly SECRET

Author: Unknown

Originator: Xonics, Inc.

Ref. No.: Xonics 1099

Date: October 1976

Available at MC/NAVOCEANO (85028383)

Title: HORIZONTAL DIRECTIONALITY OF AMBIENT NOISE DURING THE CHURCH OPAL
EXERCISE '

Formerly SECRET

DTIC No.: AD C017 835

Author: Wagstaff, R. A.

MCS No.: 85007295

Originator: Naval Ocean Systems Center

Ref. No.: NOSC TR394

Date: October 1978

Available at MC/NAVOCEANO (85007295)

Title: OTH RADAR SURVEILLANCE AT WARF DURING THE LRAPP CHURCH OPAL EXERCISE
Formerly SECRET

DTIC No.: AD CO10 483 .

Author: Barnum, J. R.

MCS No.: 85010085

Originator: Stanford Research Institute

Ref. No.: TR39S8231

Date: March 1977

Available at MC/NAVOCEANO (85010085) and NRL (528986)

Title: CHURCH OPAL Exercise Summary, 1 September 1975 - Xonics, Inc
Formerly CONFIDENTIAL

DTIC No.: AD C004 343

Available at NRL (516165), ARL:UT (??) and MC/NAVOCEANO (??)

Title: CHURCH OPAL EXERCISE PLAN
Formerly SECRET
Author: none
Originator: Xonics, Inc and Office of Naval Research
Ref No: Xonics 1101
Date: August 1975
_Available at NRL (521309), ARL:UT (55397) and MC/NAVOCEANO (??)



