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Appendix IIE. Accuracy Assessment of Generic FACT (Incoherent
Phase) Compared to LORAD Experimental Data (U)

LORAD (U)

Environment (U)

{C) The sound speed profile selected for
model runs (Martin, 198l) consists of
the merge between an average near sur-
face profile (to 150 meters) and a
Nansen cast taken about one month after
the test. The upper 150 meters of the
profiles was the result of averaging 3
bathythermograph records, one at the
recelver and two at a distance of one
convergence zone (CZ); Sound speeds were
originally calculated from equations fit
by Mackenzie to tables of Kuwahara.
These were later corrected to Wilson's
equation. The sound speed 1s plotted and
tabulated in Figure IIE-1. A surface
duct is found to a depth of 30.5 meters
overlying a deep sound channel with axis
at 750 meters. The profile has a posi-
tive depth excess of 975 meters and ter-
minates at 5670 meters.

The bottom loss is FNOC Type 5. This is
listed in Table IIE-1 and plotted in
Figure IIE-2.

Test Cases (U)

(C) Two test cases, each consisting of
seven subsets were selected for use in
model evaluation and are shown below.
The LORAD experimental data for Cases IA
through IIG are shown in Figures IIE2
through IIELS5.

Accuracy Assessment Results (U)

(C) The accuracy assessment procedures
were followed as outlined in section 1.1
and are described in detail in section 5
of volume I of this series. Before pro-
ceeding further we nust emphasize that
in the comparison of the FACT model with
LORAD experimental data it 1s the
Generic FACT model (Weinberg, 1980) that
was used rather than FACT PL9D which was
used for comparison with all other data
sets. This choice was notivated by the
need for independent selection of start
range and range incremeants for model
runs. This was, in turn, required be-
cause the LORAD data extends to the
seventh convergence zone (CZ), maximum
range 440 km and with FACT PL9D, the

. Case Run Frequency Source Receiver Bottom Convergence
i Number (Hz) Depth  Depth Bounce Zone
N (m) (m) Region
. b
= IA 35 530 15.2 30.5 First First
- 18 65 530 15.2 30.5 Second Second
S Ic 85 530 15.2 30.5 - Third
)l D 105 530 15,2 30.5 - Fourth
o 1E 125 530 15.2 30.5 - Fifth
wg IF 145 530 15.2 30.5 - Sixth
Yy 16 165 530 15.2 30.Z2 - Seventh
L Y ITA 3D 530 15.2  304.8 First First
yt TEA IIB 6D 530 15.2  304.8 Second Second
11C 8D 530 15.2  304.8 - Third
. 11D 10D 530 15.2  304.8 - Fourth
2 IIE 12D 530 15.2  304.8 - Fifth
2{. 1IF 14D 530 15,2  304.8 - Sixth
b IIG 16D 530 15.2  304.8 - Seventh
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spacing between model generated pcints
could be a minimum of 1.76 km over the
440 km range (using the maximum allow-
able 250 points). This spacing 1is too
gross to capture any CZ structure which
might exist. The Generic FACT model, in
contrast, does allow independent selec-
tion of start range and range increment
and was used to generate model points at
0.5 km spacing over the entire range in-
terval. This required three model runs,
each generating 300 points (the Generic
FACT model does not share the 250 point
limitation with FACT PLSD). A few fur-
ther comments about the use of Generic
FACT: Generic FACT 1s essentially a
modularized FACT PL9D run on the UNIVAC
1108 computer. This was done, however,
before it was realized that FACT PL9D
required some double precision correc-
tions in being transferred from the CDC
6600 to the UNIVAC 1108; The result is
that Generic FACT does not have these
corrections whereas FACT PL9D as run on
the UNIVAC 1108 does. In test cases for
physically unrealizable environments
significant errors were found in the
FACT predictions, necessitating the
double precision corrections. Running
FACT PLYD with and without these correc-
tions for physically realizable environ-
nments led to iInsignificant differences.
This was true for the PARKA environment
which was quite similar to that of LORAD
and also resulted in marked convergence
zone propagation. It is with the above
in mind that Generic FACT was used:
Results are presented for only the inco-
herent phase option. This was not a
limitation of the Generic FACT model but
was rather an arbitrary choice.

(U) The following plots are given for
each of the fourteen LORAD cases: (1)
Generic FACT output using the incoherent
phase addition option and (2) the Gener-
ic FACT result subtracted from the LORAD
experimental data. These plots are pre-
sented in Figures IIE16-1IE43.

(U) Means and standard deviations of the
differences between Generic FACT and

LORAD data are glven for each case in

£E-2

LS
!.-'-"‘3 P

________

Table IIE2. A positive mean value in-
dicates less loss for Generic FACT than
for LORAD data and the model prediction
is therefore optimistic with respect to
the experimental result. For this situ-
ation detection ranges as predicted by
the model are greater than those indi-
cated by the experimental data. For a
negative mean value the converse of the
above holds.

(C) We now turn to examining the differ-
ences between the FACT and LORAD results
by the "Difference Method.” The reader
is encouraged to refer to Tabie IIE2 and
the appropriate figures while reading
the following text. We are reminded that
Cases IA-IG apply to a receiver at 30.5
meters (100 feet) and Cases IIA-1IG
apply to a recriver at 365 meters (1000
feet). In Case IA, the Generic FACT pre-
diction is in substantial agreement with
the LORAD data to a range of approxi-
mately 38 kilometers in the first bottom
bounce region. Past this range Generic
FACT shows less loss than the LORAD data
although the latter 1is spread over 15
dB. This effect holds over the final 20
kilometers of the first bottom bounce
region. The FACT convergence =zone is
approximately twice as broad as that ob-
served in LORAD, the FACT CZ peak 1s at
73 dB compared to LORAD's at 71 dB. The
data atc the start of the second CZ shows
much greater loss for LORAD than 1is
shown by the FCAT prediction. It is the
behavior past 38 kilometers of FACT com-
pared to LORAD that primarily accounts
for the mean and standard deviation for
this case. For Case 1IB, the second
bottom bounce regions and second CZs of
Generic FACT and LORAD are compared. The
Generic FACT propagation loss 1s less
than LORADs for the entire second boti-un
bounce region. Once again the LORAD data
is spread over about 15 dB 1in this
region. It should be noted that FACT's
highest loss internal bottom loss type
(i.e., Type 5) was used in these model
runs. Thus, we have the closest agree-
ment possible between Generic FACT and
LORAD results in the second and, 1in
fact, the first bottom bounce region.
The second CZ as predicted by Generic
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FACT starts before and ends after that
of the LORAD data. A slight jump in the
FACT CZ at about 126 km may indicate
that the CZ 1s anomalously elongated
past that range. If Generic FACT coher-
ent results were avallable the structure
of this elongated zone would be evident.
Unfortunately this information 1s not
avalilable. In Cases IC through IG, we
compare only the convergence zones as
observed from LORAD data and predicted
by Generic FACT. The LORAD CZ's retain
approximately the same width from the
third through the fifth zones; the sixth
and seventh CZs are somewhat broader. In
contrast, the Generic FACT CZs continue
to broaden from the first to the seventh
(for which the full zone is not present-
ed). The sixth convergence zone of Ge-
neric FACT is approximately 55 km in
length. For Cases IC-~IG, the values of
and in Table IIE-2 are somewhat mislead-
ing in that they apply to the range in-
terval over which the LORAD data exists
(only its comparatively narrow CZ) and
should not be interpreted as implying
overall sgreement of the LORAD and FACT
CZs but rather are measures of the
agreement of LORAD and FACT over the
limited intervals of LORAD's convergence
zones. It is also evident from the fig-
ures that at the start of the conver-
gence zone, Generic FACT shows a rather
abrupt rise which does not change much
from CZ to CZ. LORAD's convergence zone
starts are equally abrupt to FACT's for
the first and second zones. Thereafter,
the zone start becomes 1increasingly
gentle witn increasing CZ number. Even
in the third CZ, a substantial differ-
ence is seen 1in the slope of the CZ
start between FACT and LORAD results.

(C) Let us now examine Cases I[IA-IIG for
which the receiver was at 305 meters
(1000 feet). Results for Case IIA are
fairly similar to those for Case IA in
the first bottom bounce region. Close
agreement between Generic FACT predic-
tions and LORAD results is found to a
range of about 40 kilometers. From that
point to the start of the first conver-
gence zone at about 55 kilometers, the
Generic FACT prediction shows less loss
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than the LORAD data despite the use of a
FNOC Type 5 bottom for model runs (the
highest loss bottom). Both LORAD data
and FACT show a double lobe first con-
vergence zone. Both LORAD and FACT Cis
are of approximately the same width but
the FACT CZ occurs about 1 kilometer be-
fore LORAD's. Case IIB also parallels
Case TIA in that the Generic FACT pre-
diction in the second bottom bounce re-
gion shows 1less 1loss than the LORAD
data, despite the use of a Type 5 bot-
tom. The second CZ for FACT has a steep-
er rise, begins 1 kilometer sooner, and
has the same width as LORAD's < cond CZ.
for Cases IIC-IIG, converge. 2 zones
three through seven are compared. The
FACT CZs retain their steep rise but the
LORAD CZs rise with smaller slope as CZ
number increases. Even in the third CZ
(Case 1IC) this difference of slopes 1is
significant.

(C) The extent of the Generic FACT and
LORAD CZs are quite similar for Case
IIC. This is impossible to determine for
the fourth CZ of Case IID since the
LORAD data terminates in mid-zone. In
Case IIE, the peak of the LORAD fifth CZ
is 90 dB compared to 96 dB for Generic
FACT. The shapes and levels of the LORAD
and FACT convergence zones are so dif-
ferent in this case that it is possible
to say only that zone widths are some-
what comparable. In Case IIF, the CZ
start 1s somewvhat 1ill-defined for the
LORAD data, yet the LORAD and FACT sixth
CZs do share similar levels and shapes.
In Case I1G, the convergence zones for
LORAD and FACT are again in substantial
agreement. This is apparently contradic-
ted in Table IIE-2. What happened was
that before the onset of the LORAD and
FACT seventh C2s at 415 killomaters,
great differences in the seventh bottom
bounce region from 407 to 415 km between
LORAD and FACT occurred and were respon-
sible for the large values of p and o. We
note that Generic FACT predicted double
lobed CZs for all CZs. LORADs first and
second CZs were double lobed; the rest
did not appear to be although this fea-
ture may be masked by fluctuations.
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(C) Detection ranges for LORAD data and
Generic FACT predictions as a function
of figure of merit (FOM) are given in
Tables IIE3-IILl6 for Cases IA~IIG, re-
spectively. The Generic FACT runs were
made using 1incoherent phase addition,
which results in a smooth curve free
from fluctuations {in the bottom bounce
reglons. The LORAD data shows fluctu-
ations over a range of 15 dB in the same
region. The latter's detection coverage
must therefore be described as "zonal
detection coverage” given in a percent—
age which approximates the percentage of
points characterized by less propagation
loss than the FOM sagainst which detec-
tion performance is being measured (over
a stated raunge interval). For Case IA,
LORAD shows much longer detection cover-
age than that predicted by Generic FACT
for FOMs between 80 and 85 dB. At FOM =
90 dB, the maximum range of detection is
40 km for both data sets in the flrst
bottom bounce region. As FOM increases
past 90 dB the Generic FACT detection
ranges are 1increasingly longer than
LORAD's. The LORAD CZ starts 1.5 km
later than FACT for all FOMs. The FACT
CZ end is 2 km longer than LORAD's at
FOM = 75 dB and increasec to 5 km louger
at FOM = 95 dB. In Case IB, neither FACT
nor LORAD shows no second bottom bounce
reglon coverage for FOM < 95 dB. Beyond
this FAC™ shows greater second bottom
bounce reglion coverage mtil at FOM =
110 dB, both LORAD and FACT show cover-
age until the second convergence zone.
The Generic FACT second CZ starts 3 km
before LORAD's for all FOMs. For FOM =
80 and 85 dB LORAD's second CZ is longer
than FACT's by 3.5 and 1.5 km, respec-
tively. For FOM > 90 dB the situation is
reversed and at FOM = 95 dB the FACT CZ
extends 4 km past LORAD's. In Case IC,
the third convergence zone start of FACT
precedes that of LORAD by 4.5 km at FOM
= 85 dB and falls to a lead of 2.5 km at
FOM = 105 dB. The corresponding CZ ends
are 5 km and 10.5 km longer for FACT at
FOM = 85 dB and 105 dB, respectively.
This pattern is maintained and intensi-
fied in Cases ID-IG. As we move to suc-
cessive zones, the cowparison of zone

gtarts between Generic FACT and LORAD
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remains roughly the same. The conver-
gence zone widths, however, become in-
creasingly 1longer for Generic FACT
whereas they remalin approximately con-
stant for LORAD data. With the relation
between zone starts remaining unchanged,
this means that the zone ends must (and
do) increasingly disagree with each suc-
ceeding convergence zone. Generic FACT
for the sixth CZ is 50% wider than is
LORAD's CZ at FOM = 110 dB.

(C) In Case IIA, 1in the first bottom
bounce region we find broader detection
coverage for LORAD than is predicted by
Generic FACT by large amounts for FOM =
80 dB and 85 dB. The LORAD coverage,
however, is very spotty as can be seen
by tha Zonal Detection Coverage of 10%
over all (for FOM = 80 dB) or most (for
FOM = 85 dB) of the detection interval.
For FOM = 90 dB and 95 dB, LORAD and
Generic FACT predict nearly equal cover-—
age. For FOM > 1CU dB, Generic FACT pre-
dicts more extensive detection coverage
than 1s indicated by LORAD. The FACT
detection coverage 1s almost double
LORAD's at FOM = 105 dB. For the first
convergence zone, LORAD shows a zone at
FOM = 80 dB whereas FACT predicts no
zone at this level. For FOM = 85 dB, the
FACT and LORAD CZs have the same width
but the FACT CZ occurs 2 km sooner. For
FOM = 90 dB, the CZs start at the same
range; the LORAD CZ extends 1 km past
FACT's CZ. At FOM = 95 dB, the CZ ends
are at the same range but FACT's CZ
starts 2 km later than LORAD's. For
FOM = 100 dB, LORAD shows a CZ whereas
Generlc FACT predicts continuous detec-—
tion coverage to beyond the first CZ. In
Case IIB, we see that neither Generic
FACT nor LORAD predict detection in the
second bottom bounce region for FNM
< 100 dB. For FOM > 105 dB, LORAD and

FACT show roughly equivalent detection

coverage in the second bottom bounce
region. The second convergence zone
widths are roughly the same at all FOMs
for both LORAD and Generic FACT. The
zone offsets decrease from 3.5 km at
FOM = 90 dB to -0.5 km at FOM = 105 dB,
the negative sign indicating that the
LORAD CZ precedes that of FACT. For Case
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IIC, the third convergence zone starts
for LORAD vary from 180.5 km at FOM = 95
dB to 173.5 km at FOM = 110 dB; Generic
FACT CZ start ranges vary from 177.5 to
176.5 km over the same FOM interval. The
Generic FACT CZ end always precedes that
of LORAD by approximately 6 ku. For Case
IID, the LORAD data does not extend far
enough to define the end of the fourth
convergence zone. The CZ start of LORAD
precedes that of FACT by 1 to 2 km over
the span of FOMs. This translates into a
maximum start range error of less than
2% of the total range. The Generic FACT
zone start of the fifth CZ (Case IIE) is
also in error by less than 2% of the
total range, the LORAD start range belng
smaller. The LORAD CZ end 1is greater
than FACT's. The result is a Generic
FACT CZ width which 1is two to three
times narrower than LORAD's. Cases IIF
and IIG show the same general behavior
as was observed in Case IIE.

(C) The comparison between LORAD and
Generic FACT may be summarized as fol-
lows: (1) Good agreement was achieved in
the first bottom bounce region to about
40 km beyond vhnich FACT predicted less
loss than was found in LORAD until the
first CZ was reached. The discrepancy
increased with increasing range. This
result was independent of receiver
depth. (2) The Generic FACT prediction
showed less loss than did LORAD data
through the second bottom bounce region
despite the use of FACT's lossiest bot-
tom (i.e., Type 5). This result was
independent of receiver depth. (3) For
the 100 foot (30.5 m) receiver: (a) The
FACT CZ start always occurred at shorter
range than LORADs; (b) The slope of the
CZ start was the same for all of FACT's

seven CZs whereas the LORAD CZ slopes

agreed with FACT for CZ 1 and CZ 2 but
became iucreasingly gentle with addi-
tional CZs; {c) The CZ end for FACT al-
ways extended beyond that for LORAD; (d)
The LORAD CZs 1ncrease in width much
more slowly than do FACT CZs with in-
creasing zone number. (4) For the 1000
foot (30.5 m) receiver: (a) The first
two CZs are double-lobed for LORAD; all
CZs are double-lobed for Generic FACT

predictions; (b) The first two CZs are
of approximately the same width for
LORAD and FACT. Differences 1in zone
start and end are FOM dependent, (c) For
the third CZ and beyond, start ranges
generally differ by less than 2% of the
entire raange; (d) The fourth through
seventh convergence zones are generally
much narrower (factor of 2 is typical)
for Generic FACT than for LORAD.
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(C) Table IIE-1. Bottom Loss (dB) versus Grazing Angle (d=grees). -
FNOC Type 5. Frequency = 530 Hz. Sl
Grazing Bottom el
Angle Loss e
0.0 0.0
A
2.5 8.0 T
5.0 8.7
B
7.5 10.0 =
15.0 14.1 |
17.5 15.0 ﬁ i
20.0 15.8
22.0 16.0 &
90.0 16.0
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(C) Table IIE-2. Means (M) and Standard Deviation (g) in dB of \

Differences Obtained by Subtracting Generic FACT! Incoherent >

. Results from LORAD Experimental Data. i

i 2

g Run Frequency Source Receiver ;1

! Case | Number (Hz) Depth (m) Depth (m) M Y :

IA 35 530 15.2 30.5 3.0 | 5.5 ;

5 IB 6S 530 15.2 30.5 9.1 7.0 2

% IC 8s 530 15.2 30.5 1.8 5.4 *

ID 108 530 15.2 30.5 0.1 3.5 p

d IE 128 530 15.2 30.5 0.9 3.9 Y

: IF 148 530 15.2 30.5 1.0 4.2
X IG 165 530 15.2 30.5 2.3 | 8.7

IIA 3D 530 15,2 304.8 1.8 4.2 .

[ .

@ 1B 6D 530 15.2 304.8 6.5 5.8 ;

IIC 8D 530 15.2 304.8 -0.3 2.6 :

% IID 10D 530 15.2 304.8 -0.1 3.1 N

o IIE 12D 530 15.2 304.8 -0.8 | 4.2 X

) IIF 14D 530 15.2 304.8 -1.9 5.6 ]

‘ G 16D 530 15.2 304.8 -7.1 11.8 !

. 3

:}‘f 1. The Generic FACT model was used instead of FACT PL9D bacause the N

e LORAD ranges and data densities r¢ 'uired independent selection of a

‘ ! model start range and range increment. !
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(C) Table IIE-3. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for LORAD Run 3S Data
(2-73 km) and Generic FACT! Incoherent Model Results.

(Source Depth = 15.2 m, Receiver Depth = 30.5 m,

AW AT E TSR TSN

Tat RS

Frequency = 530 Hz). Bottom Loss: FNOC Type 5.
9 1st CZ | 1st CZ
Data Set FOM Rc First Bottom Bounce Region Start End
LORAD 38 ™ --- 61.5 63.0
Generic FACT| 75 ] 2.0 59.0 61.0
LORAD 38 80| --- | zpc? 10%, 3-8 km 61.0 | 63.5
Generic FACT] 80| 2.5 59.0 63.0
LORAD 3S 85) --- | ZDC 50%, 3-8 km 60.5 64.0
Generic FACT| 85] 4.5 59.0 65.5
LORAD 38 90 { --- ZDC 90%, 3-10 km; ZDC 40%, 10-20 60.0 64.5
km, ZDC 50%, 20-30 km; ZDC 20%,
35-40 km
Generic FACT| 90 | 40.0 58.5 68.0 B
LORAD 38 95110.0 | ZDC 80%, 10-30 km; ZDC 50%, 30-41 60.0 65.0
km; ZDC 20%, 41-51 km
Generic FACT| 951 58.0 58.0 70.0
LORAD 38 100 | 32.0 | ZDC 85%, 32-42 km; ZDC 50%, 42-50 59.5 65.0
km; ZDC 30%, 50-57 km
Generic FACT| 100 | 86.0
LORAD 35 C | 105|46.0 | ZDC 90%, 46-51 km; ZDC 50%, 58.0 65.5
51-58 km
Generic FACT| 105 [139.0
LORAD 38 110 | 52.0 | ZDC 90%, 52-58 km 66.0
Generic FACT]| 110 155.0

and range increment.

2. Rc

3. ZIDC =
over whlch detection is possible.

= Range to which coverage is continuous.

CONFIDENTIAL

1. The Generic FACT model was used instead of FACT PL9D because the LORAD
ranges and data densities required independent selection of model start range

* Zonal Detection Coverage in percentage of the indicated range interval
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(C) Table IIE-4. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for LORAD Run 6S
(73-132.5 km) and Generic FACT 2 Incoherent
Model Results. (Source Depth = 15.2 m,

Receiver Depth = 30.5 m, Frequency = 530 Hz).
Bottom Loss: FNOC Type 5.

me A

a Data Set FOM Second Bottom Bounce Region 2nd CZ Start | 2nd CZ End
| LORAD 65 80 123.0 124.0
f’ Generic FACT| 80 120.5 1205 |
i LORAD 6S 85 122,5 125.5
W
tj Generic FACT 85 119.0 124.0 :
R LORAD 68 90 122.0 126.0 3
& Generic FACT| 90 119.0 128.0 :
i LORAD 6S 95 121.5 130.0
\ Generic FACT 95 118.5 134.0 N
Eﬁ LORAD 6S 100 119.0 131.5 b
Generic FACT| 100 Continuous coverage to 86 km 118.5 137.0 J
i LORAD 68 105 | zpc? 25%, 75-110 km |  ----e- | --ee-
Generic FACT| 105 | Continuous coverage to 139 km 118.0 139.0 4
e8 LORAD 6S 110 ZDC 60%, 75-118 km b
o Generic FACT| 110 Continuous coverage to 155 km :
! 1. The Generic FACT model was used instead of FACT PLSD because the LORAD
ranges and data densities required independent selection of model start range
and range increment.
a 2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval
over which detection is possible.
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(C) Table IIE-5. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for LORAD Run 8S Data and
Generic FACT! Incoherent Model Results

fLll

(Source Depth = 15.2 m, Receiver Depth = 30.5 m, i

Frequency = 530 Hz). Bottom Loss: FNOC Type 5. -

Data Set FOM 3rd CZ Start 3rd CZ End 3

LORAD 8S 85 184.5 185.5 q

Generic FACT 85 180.0 180.5 )

LORAD 8S 90 184.0 189.0 I:!

Generic FACT 90 179.0 184.5 |

LORAD 8S 95 182.5 191.0 E}
Generic FACT 95 178.5 193.0
LORAD 8S 100 182.0 192.0
Generic FACT 100 178.5 200.0
LORAD 8S 105 181.0 193.5
Generic FACT 105 178.5 204.0

1. The Generic FACT model was used instead of FACT PL9D because
the LORAD ranges and data densities required independent selection
of model start range and range increment.
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(C) Table IIE-6. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for LORAD Run 10S Data and
Generic FACT! Incoherent Model Results
(Source Depth = 15.2 m, Receiver Depth = 30.5 m,
Frequency = 530 Hz). Bottom Loss: FNOC Type 5.

Data Set FOM 4th CZ Start 4th CZ End
LORAD 108 90 240.5 251.5
Generic FACT 90 239.5 241.5 |
LORAD 105 95 238.5 252.5 1
Generic FACT 95 239.0 250. 0 |
LORAD 108 100 238.0 253.5 |
Generic FACT 100 239.0 258.0
LORAD 108 105 237.5 254.0
Generic FACT 105 238.5 268.5

1. The Generic FACT Model was used instead of FACT PL9D because
the LORAD ranges and data densities required independent selection
of model start range and range increment.
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(C) Table IIE-7. Detection Range in km as a Function of ;._f

Figure of Merit (FOM) in dB for LORAD Run 12S Data
and Generic FACT1 Incoherent Model Results.
(Source Depth = 15.2 m, Receiver Depth = 30.5 m,
Frequency = 530 Hz). Bottom Loss = FNOC Type 5.

3

2

Data Eet FOM 5th CZ Start 5th CZ End

LORAD 128 20 307.0 310.5 j

Generic FACT 90 | 0 eee—= P —aea-

LORAD 128 95 305.5 314.5 a3

Generic FACT 95 299.5 302.5 ~

LORAD 128 100 304.5 316.0
Generic FACT 100 299.0 314.5 ;

LORAD 12§ 105 302.0 317.0
Generic FACT 105 298.5 327.0 I

1. The Generic FACT model was used instead of FACT PLYD because a
the LORAD renges and data densities required independent
selection of model start range and range increment.
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(C) Table IIE-8. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for LORAD Run 148 Data
and Generic FACT! Incoherent Model Results
(Source Depth = 15.2 m, Receiver Depth = 30.5 m,
Frequency = 530 Hz). Bottom Loss = FNOC Type 5.

Data Set FOM 6th CZ Start 6th CZ End
LORAD 148 95 364.0 373.0
Generic FACT 95 359.5 361.0
LORAD 145 100 363.5 377.5
Generic FACT 100 359.0 365.5
LORAD 14S 105 361.0 382.5 'i
Generic FACT 105 358.5 378.0
LORAD 14§ 110 360.5 385.0
Generic FACT 110 358.5 394.0

1. The Generic FACT model was used instead of FACT PL9D because

the LORAD ranges and data densities required independent
selection of model start range and range increment.
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(C) Table IIE-9. Detection Range in km as a Function of -
Figure of Merit (FOM) in dB for LORAD Run 16S Data
and Generic FACT1 Incoherent Model Results
(Source Depth = 15.2 m, Receiver Depth = 30.5 m,
Frequency = 530 Hz). Bottom Loss = FNOC Type 5.

-4

Data Set FOM 7th CZ Start 35
LORAD 16D 100 423.0 %
Generic FACT 100 420.5 .
LORAD 16S 105 420.0 a
Generic FACT 105 419,0 \
LORAD 168 110 418.5 §j
Generic FACT 110 418.5 |

1. The Generic FACT model was used instead of FACT PL9D

because the LORAD ranges and data densities required 0
independent selection of model start range and range Rj
increment.
a
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(C) Table IIE-10.

(2.5-71.0 km) and Generic FACT!

Frequency = 53C Hz).

Detection Range in km as a Function of
Figure of Merit (FOM) in dB for LORAD Run 3D Data

Incoherent Model Results.

(Source Depth = 15.2 m, Receiver Depth = 305 m,

Bottom Loss = FNOC Type 5.

0 1st cz% | 1st cz®
Data Set FOM Rc First Bottom Bounce Region Start End
LORAD 3D 80 | ----- ZDC3 90%, 2.5-7.5 km 63.54 64.5
Generic FACT 80 3.0 -—-- - -
LORAD 3D 85 | ~~---- ZDC 60%, 2.5-8.0 km, ZDC 10%, 59.0 65.0
8.0-31.5 km
Generic FACT 85 4.0 57.0 63.5
LORAD 3D 90 | ----- ZDC 90%, 2.5-8.0 km, ZDC 60%, 57.5 65.5
8-15 km, ZDC 40%, 15-32 km,
ZDC 90%, 32-40 km
Generic FACT 90 37.0 57.5 64.5
LORAD 3D 95 | ---~-- ZDC 90%, 25-30.0 km, ZDC 80%, 55.5 66.5
30-40 km, ZDC 20%, 40-50 km
Generic FACT 95 52.0 57.5 _66.5_ ]
LORAD 3D 100 32.0 ZDC 90%, 32-41 km, ZDC 50%, 55.0 67.0
41-50 km, ZDC 20%, 50-58.5 km
Generic FACT | 100 72.5 L e s
LORAD 3D 105 41.5{ ZDC 95%, 41.5-50 km, ZDC 50%,| ----- | -----
Generic FACT | 105 | 108.5| 90°%8km 1 _____ | .
LORAD 3D 110 52.0| ZDC 80%, 52-57 km | ~==--- |  ==---
Generic FACT | 110 | 142.5¢y | ===== | ===

1. The Generic FACT model was used instead of FACT PL9D because the LORAD

ranges and data densities required independent selection of model start range
and range increment.

R_ = Range to which coverage is continuous.

c

3. ZDC = Zonal Detection Coverage in percentage of the indicated range interval
over which detection is possible.

4. Start range for second lobe of convergence zone.

5. Convergence zone is double lobed to a maximum loss of 99 dB for LORAD
data; to 96 dB for Generic FACT.
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(C) Table IIE-11. Detection Range in km as a Function of "
Figure of Merit (FOM) in dB for LORAD Run 6D Data L
(71-132.5 km) and Generic FACT" Incoherent
Model Results. (Source Depth = 15.2 m, o
Receiver Depth = 305 m, Frequency = 530 Hz). g
Bottom Loss = FNOC Type 5.

L7,

Data Set FOM | Second Bottom Bounce Region [2nd CZ3 Start| 2nd CZ3 End £
LORAD 6D 85 121.0 122.0* 8
Generic FACT| 8] | eeeee | aeeas <
LORAD 6D 90 120.5 127.5 o
Generic FACT| 90 117.0 123.0 o |
LORAD 6D 95 118.0 128.0
Generic FACT| 95 117.0 127.0 a
LORAD 6D | 100 117.0 129.0 |

|_Generic FACT | 100 116.5 127.5

LORAD 6D 105 ZDC2 10%, 71-97.5 km 115.5 131.0 {

Generic FACT| 105 100% Detection Coverage to 108.5 116.0 131.0
LORAD 6D 110 ZDC 90%, 71-78 km, ZDC = 50%, 115.0 132.0
78-113 km ol
Generic FACT| 110 [ 100% Detection Coverage @ | =---= | = =ena- ~)
LORAD 6D 115 ZDC 90%, 71-106 km, ZDC 70%, | ----- | = ----- -
106-115 km \ﬁ
Generic FACT| 115 100% Detectionn Coverage @ |  ----- | = ----- )
=
1. The Generic FACT model was used instead of FACT PL9D because the LORAD =
ranges and data densities required independent selection of model start range
and range increment. )
2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval i
over which detection is possible.
Convergence zone is double lobed to 91 dB for LORAD, 93 dB for Generic FACT. :3
This is the end range of the first lobe of the second convergence zone. -
£
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1SS RSN
"': t (C) Table IIE-12. Detection Range in km as a Function of
;' Figure of Merit (FOM) in dB for LORAD Run 8D Data and
Generic FACT1 Incoherent Model Results

. (Source Depth = 15.2 m, Receiver Depth = 305 m,
' Frequency = 530 Hz). Bottom Loss = FNOC Type 5.
A oo
gi e Data Set FOM 3rd CZ Start 3rd CZ End

a LORAD 8D 90 182.5 186.0
3 v Generic FACT 90 | - | -
}k LORAD 8D 95 180.5 190.5 :
3 |
' Generic FACT 95 177.5 184.0
= i
‘ @ LORAD 8D 100 177.0 195.5 !
by A {
N Generic FACT 100 177.0 190.0 1
i~ 3 |
) @ LORAD 8D 105 175.0 196.0
o~
< Generic FACT 105 177.0 190.0

N
< LORAD 8D 110 173.5 199.0
i a Generic FACT 110 176.5 194.5
‘§‘
' L 1. The Generic FACT model was used instead of FACT PLYD because
by I the LORAD ranges and data densities required independent selec-
'. tion of model start range and range increment.
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(C) Table IIE-13. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for LORAD Run 10D Data and
Generic FACT! Incoherent Model Results
(Source Depth = 15.2 m, Receiver Depth = 305 m,
Frequency = 530 Hz). Bottom Loss = FNOC Type 5.

Data Set FOM 4th CZ Start 4th CZ End?2
LORAD 10D 95 240,0 | 0 -----
Generic FACT 95 242,53 242.5
LORAD 10D 100 238.0 | 0 -----
Generic FACT 100 237.0 '247.0
LORAD 10D 105 234.0 : L e
Generic FACT 105 237.0 252.5
LORAD 10D 110 232.0 | 0 -----
Generic FACT 110 236.5 252.5

1. The Generic FACT model was used instead of FACT PL9D because
the LORAD ranges and data densities required independent
selection of model start range and range increment.

2. The LORAD data does not extend to the end of the convergence zone.
3. The Generic FACT convergence zone is double lobed to 102 dB.
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(C) Table IIE-14.
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Detection Range in km as a Function of

Figure of Merit (FOM) in dB for LORAD Run 12D Data
and Generic FACT! Incoherent Model Results

(Source Depth =

- 15.2 m, Receiver Depth = 305 m,

Frequency = 530 Hz) Bottom Loss = FNOC Type 5.

Data Set FOM 5th CZ Start 5th CZ End
LORAD 12D 95 30;.0 314.0
Generic FACT % I 0 e-s-- 1  mmm--
LORAD 12D 100 299, 02 316.52
Generic FACT 100 297.5 303.0
LORAD 12D 105 293.0 318.0
Generic FACT 105 297.5 312.0
LORAD 12D 110 290.5 319.0
Generic FACT 110 297.0 315.5

1. The Generic FACT
the LORAD ranges
tion of model start

2. The Generic FACT
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model was used instead of FACT PL9D because
and data densities required independent selec-
range and range increment.

convergence zone is double lobed to 104 dB.
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(C) Table IIE-15.
Figure of Merit (FOM) in dB for LORAD Run 14D Data and

Generic TACT1

Incoherent Model Results

Detection Range in km as a Function of

(Source Depth - 15.2 m, Receiver Depth = 305 m,

Frequency = 530 Hz).

Bottom Loss = FNOC Type 5.

Data Set FOM 6th CZ Start 6th CZ End
LORAD 14D 100 357.5 376.0
Generic FACT 100 362.52 362.52

hv_
LORAD 14D 105 354.5 379.0
Generic FACT 105 357.5 365.5
LORAD 14D 110 352.5 380. 0
] Generic FACT 110. 357.0 375.5

1. The Generic FACT model was used instead of FACT PL9D because
the LORAD ranges and data densities required independent

selection of model start range and range increment.

2. The Generic FACT convergence zone is double lobed to 107 dB.
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(C) Table IIE-16.

Figure of Merit (FOM)
Generic FACT

adhini s i8S A5 AR T A SR AR RATRR S0 L L0 SR AR I

e e e —— s

Detection Range in km as a Fuaction of
n dB for LORAD Run 16D Data and
Incoherent Model Results
(Source Depth = 15.2 m, Receiver Depth :
Frequency = 530 Hz).

305 m,
Bottom Loss = FNOC Typc 5.

Data Set FOM 7th CZ Start 7th CZ End
LORAD 16D 100 415.0 438.5
Generic FACT wo )} e e
LLORAD 16D 105 414.0 439.0
Generic FACT 105 417.5 122.5
LORAD 16D 110 413.5 439.5
Generic FACT 110 417.5 432.5

1. The Generic FACT model was used instead of FACT PLY9D bhecause the
LORAD ranges and data densities required independent sclection of
model start range and range increment.

2. The Generic FACT convergence zone is double lohed to 109 dB.
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-Appendix IIF. Accuracy Assessment of FACT PL3D
" Compared to JOAST Experiment Data IIF-1

JOAST Il (U)

Environment (U)

(C) The JOAST III environments used for
FACT model evaluation test cases are
statioans 1, 2, 3, and 5. The sound speed
profile graphs and tables for these sta-
tions are given 1in Figures I1IFl-4. The
station 1 profile has a nearly isoveloc-
ity (slightly negative gradient) 1layer
overlying a sound channel with axis at
137 meters. Bottom depth is 2816 m and a
positive depth excess of approximately
700 m is found. The sound speed profille
for station 2 has a negative gradient
layer to 18.3 m above a sound channel
with an axis depth of 61 m. The critical
depth (i.e., depth at which the surface
sound speed 1s again encountered) 1is
1530 m and the bottom depth is 2725 m.
The positive depth excess is therefore
1195 w. The sound speed profile for sta-
tion 3 is simiiar to that for statiom 2.
A slightly negative gradient surface
layer to 18.3 m overlays a sound channel
with axis at 70 m« The critical depth is
at 1998 m and the bottom depth is at
3471 m, yielding a positive depth excess
of 1473 m. The sound speed profile for
station 5 1s unique among the JOAST
stations 1in that a positive gradient
surface duct 1is found which extends to
44,2 m above a slightly negative gradi-
ent layer to a depth of 149.6 m, at
which point a deep sound channel begins.
The deep sound channel axis is at 442.3
m, the critical depth at about 1900 m

.and the bottom at 2743.2 m, giving a

positive excess of 843 wm.

(C) The bottom loss vs grazing angle

curves for stations 1 and 2 are given in
for station 3 in Figure

Figure IIF-5,

1IF-6, and for station 5 in Figure IIF-
7. Bottom loss vs. grazing angle is tab-
ulated for stations 1 and 2 1in Table
IIF-1, for station 3 ia Table L[IF-2, and
for station 5 in Table LIF-3. The curves
for stations 1 and 2 are FNOC type 2
having 3.5 dB loss at O degrees, 4.8 dB
loss at 15 degrees, and 9 d3 loss at
normal incidence. For station 3 the FNOC
type 3 bottom applies and 1is character-
ized by 5.8 dB loss at zero degrees,
7.6 dB loss at 15 degrees and 1l1.5 dB
loss at 90 degrees (a maximum loss of
11.6 dB is found from 76 to 80 degrees).
For station 5, an FNOC type 8 bottom is
found. At O degrees the loss is 13.1 dB,
at 15 degrees the loss is 26.7 dB, and
at normal incidence the loss is 25.0 dB.
This curve has two local maxima: 28.2 dB
at 24 degrees and 26.5 dB at 80
degrees.

Test Cases (U)

(C) Fourteen test cases were chosen from
the Joint Oceanographic Acoustic and
System Test (JOAST) IIL results. For all
cases but one the recelvers were the
uppermost (60 feet), middle (260 feet),
and lowest (535 feet) hydrophones of a
vertical array. The JOAST IIL experinment
covered all basins of the Mediterranean
Sea (see Martin, 1981, for details). In
all cases the source was the AN/SQS-26
sonar transmitting pulsed signals at a
frequency of 3700 Hz. The source was at
a depth of 20 feet. Data were obtalned
by towing the vertical array througu tLhe
first convergence zone while the source
remained In fixed position. Ranges were
precisely determined by radio 1link. A
list of the test cases is as follows:
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Case Station Run  Recelver Figure
Depth (tt)
| 1 43 60 | IF8a=I
L 1 43 260 | IF9a~1
i 1 43 535 | IF10a~=1
v 2 63 60 HIFtia=|
v 2 63 260 | IF12a~1
Vi 2 63 535 L IF13a=1
Vi 3 43 60 | 1F14a=]
Vi 3 43 260 11F 158~
1X 3 43 535 | IF16a-1
X 3 103 60 IIF17a=1
X\ 3 93 535 | {F18a~]
Xi i 5 43 60 11F19a=1
Xiil 5 43 260 | IF20a=1
Xy 5 43 1000 1 1IF21a=}
CONFIDENTIAL

Accuracy Assessment Results (U)

(C) The accuracy assessment procedures
were followed as outlined in section 1.1
and described in detail in Volume I of
this series, with the exception that in
the Difference Technique, means and
standard deviations were not calculated.
These calculations were omitted since a
slight error in convergence zone range
leads to a large value for the standard
deviation which can be easily misinter-
preted as an error in convergence zone
shape.

(U) The following figures were produced
for each case: (a) JOAST experimental
data, (b) FACT PLY9D output using the
coherent option, (c) the coherent rasult
smoothed by application of a 2 kn window
running average, (d) the smoothed coher-
ent result subtracted from the JOAST
data, (e) FACT PL9D output using the
seml-coherent phase addition option, (f)
the semi-coherent result smoothed by
application of a 2 km window running

average, (g) the smoothed semi-coherent
result subtracted from JOAST data, (h)
FACT PLI9D using the 1incoherent phase

option, and (1) the incoherent result
subtracted from JOAST data. The figures
for the first case are numbered IIF-8a
through IIF-81, for the second case
IIF-9a through IIF-9i, etc.

by
q
)

e

S e v g

-

.

(U) The results of the figure of merit
versus detection range analysis are
given in tables IIF-4 through IIF-17.
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(U) The results for each case are sum-
marized below. Unless otherwise stated,
results pertain to the semi-coherent
phase addition option.

(C) Case I (Station 1, Run 43, Source/
Receiver Depth = 20 ft/60 ft)

(C) The convergence zone start ranges
are in basic agreement between JOAST and
FACT PLI9D. The zone width given by FACT
is approximately 2 km greater than the
JOAST measured value. Bottom bounce
energy corrupts the CZ onset of JOAST
results for FOM > 95 dB. Bottom bounce
energy corrupts the CZ end of FACT for
FOM > 105 dB. JOAST and FACT have peak
values of 80 dB in the CZ.

(C) Case II (Station 1, Run 43, Source/
Receiver Depth = 20 ft/260 ft)

(C) The JOAST convergence zone onset
shows probable bcttom bounce effects for
FOM > 100 dB. The FACT CZ is affected by
bottom hounce energy for FOM > 100 dB.
FACT's CZ is multilobed except for the
incoherent phase option. The JOAST con-
vergence zone 1s approximately 1.5 km
narrower than the FACT PL9D predicted
CZ. The convergence zone peaks are found
at 84 dB for both JOAST and FACT re-
sults.

(C) Case III (Station 1, Run 43, Source/
Receilver Depth = 20 ft/535 ft)

(C) The JOAST data shows contamination
of the convergence zone start by bottom
bounce energy for FOM > 100 dB. The
JOAST zone width is narrower than that
glven by the FACT PLI9D model by 1 to 3
kyd, with the disparity increasing with
increasing figure of merit. The JOAST
data appears to consist of two lobes;
the FACT result consists, of three lobes
for the semi-coherent phase option,
numerous spikes and lobes for coherent
phase, and a single-lobed CZ for inco-
herent phase addition. The end of the
FACT CZ is found at greater range than
extrapolation would indicate due to
bottom bounce energy for FOM > 105 dB.
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Both JOAST and FACT agree on peak CZ
values of 87 dB.

(C) Case IV (Station 2, Run 63, Source/
Receiver Depth = 20 ft/60 ft)

.C) The convergence zone envelopes for
JOAST and FACT PL9D are essentially
identical; however, details differ sig-
nificantly. JOAST shows fluctuations of
5-10 dB; FACT coherent has a multi-lobed
structure with variability of 15-20 dB;
FACT semi-coherent hasically runs*sts of
three lobes with 15-20 dB variations;
and FACT incoherent has almost no varia-
bility. The onset of the FACT CZ is 1 km
shorter than that for JOAST as is the
end. Therefore, a translation of FACT to
greater range by 1 km would bring JOAST
data and FACT results 1lato almost per-
fect agreement. In this context we note
that both JOAST and FACT have peak
levels of 76 dB. The JOAST CZ start is
bottom bounce dominated for FOM > 97 dB

zone start 1s found to be 2 km less than
JOAST and the end 1 km less. The effect
of bottom bounce on the JOAST CZ is not
evident in this case. FACT, however,
shows the effect of bottom bounce on the
zone ctart for FOM > 95 dB and on the
zone end for FOM > 105 dB. Both JOAST
and FACT have peak levels of 84 dB.

(C) Case VII (Station 3, Run 42, Source/
Receiver Depth = 20 ft/60 ft)

(C) For values of FOM < 90 dB, JOAST and
FACT have similar envelopes and agree
with regard to CZ start and end ranges.
For FOM = 95 dB, start ranges are still
in agreement but FACT exhibits an anoma-
lous extencion which the JOAST data does
not show, the disparity being 6 km. FACT
is bottom bouncz dominated at the CZ
start for FOM > 100 dB; no bottom bounce
is evident for JOAST to FOM = 115 dB.
The peak values of JOAST and FACT are
both 78 d4B.

whereas FACT's CZ start is bottom bounce

domina‘ed for FOM > 92 dB. (C) <Case VIII (Station 3, Run 43,

Source/Receiver Depth = 20 £t/260 ft) i
(C) Case V (Station 2, Run 63, Source/ !

Receiver Depth = 20 ft/260 ft)

(C) The convergence zone envelopes for
JOAST and FACT are similar at the zone
start and through the =zone (including
the presence of two lobes) but differ
greatly at the zone end - the JOAST data
shows a steady falloff to past 130 dB

whe' 2as FACT shows an anomalous feature
dication ~f lobe structure in the JOAST fr “7 to 55 km which {s due, at least

(C) As 1in the previous case, CZ enve-
lopes agree quite well between JOAST and
FACT as do their peak levels of 82 dB.
The FACT CZ begins 2 km shorter than
does .JOAST's CZ. There may be some in-

o~ data. FACT shows four lobes modulated in part, to bottom bhounce energy. The %
" b by spikes for the coherent option, four extension of the FACT CZ due to the . j
ﬁiﬂ lobes without spikes for the semicoher- anomalous feature 1s evident 1in the i
u - ent option and no lobes when incoherence inherent result. Peak values of 84 dB |
e is selected. Bottom bounce affects the  for FACT and 86 dB for JOAST are found. !
F;?i h CZ results at zone start of FACT for FOM
neod > 95 dB and of JOAST for FOM > 100 dB. (C) Case IX (Station 3, Run 43, Source/
Al 3$ Receiver Depth = 20 ft/535 ft)
NEN TN (C) Case VI (Station 2, Run 63, Source/
Receiver Depth = 20 ft/535 ft) (C) The JOAST convergence zone consists
BN of two primary lobes with peaks at 88 dB
RCRALCN (C) Once again the convergence zone en- and a third lobe at 45 km with a peak
l.:-_'.; " velopes of the JOAST data and FACT out- value of 96 dB. Through the first two
ﬁujq ; put are almost identical. Lobe structure lobes, JOAST and FACT are almost iden-
Pe I 1s evident in the JOAST data and very tical. The third lobe 1s not, however,
N W complicated structure 1Is found for FACT present in the FACT output but, rather,
EE:-'.\: coherent and semi-coherent. The FACT the same anomalous feature as 1In the
" :
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previous two cases between 47.5 and 52
km. The minimum loss peak for FACT is 85
dB.

(C) Case X (Station 3, Run 103, Source/
Receiver Depth = 20 ft/60 ft)

(C) The convergence 2zone envelopes of
JOAST and FACT are quite similar for FOM
< 90 dB but past 45 km FACT's falloff
1s in disagreement with JOAST, the FACT
CZ being anomalously extended (similar
to cases VII = IX). The peak values of
JOAST and FACT are 78 dB. The zone
starts agree to within 0.5 km for FOM
< 95 dB with the FACT CZ having shorter
onset range than JOAST; for FOM > 95 dB,
the zone starts agree to within 1 km
with FACT once again fouad a shorter
range than JOAST. FACT incoherent has an
extended CZ due to the anomalous feature
observed 1in the coherent and semi-
coherent results.

(C) Case XI (Station 3, Run 103, Source/
Receiver Depth = 20 ft/535 ft)

(€) The convergence zone envelopes for
JOAST and FACT data are essentially the
same for ranges less than 47 km and fig-
ures of merit < 100 dB. Beyond 47 km,
FACT exhibits additional energy not in-
dicated by JOAST. This energy substan-
tially lengthens the convergence zone in
tne incoherent phase result. The minimum
loss peak values are 84 dB for JOAST and
85 dB for FACT.

(C) Case XII (Station 5, Run 43, Source/
Receiver Depth = 20 £ft/60 ft)

(C) The JOAST CZ has a typical shape for
this data set but has an unusually high
minimum loss peak value of 86 dB. This
high value may be caused by the presence
of a surface duct with both source and
receiver in the duct. In the FACT re-
sult, the effect of the surface duct is
obvious and dominates the propagation
loss. The coanvergence zone 1is evident
from its modulation of the surface duct
pattern between 42 and 43 km, which
agrees with the JOAST range. The FACT C2
level is 79 dB, which 1is in keeping with

EISEREREAIAN

-

-

previous results at 60 feet when no duct
was evident. The FACT surface duct
module clearly failed in this case to
even qualitatively predict the JOAST
measurement results.

(C) Case XIII (Station 5, Run 43,
Source/Receiver Depth = 20 ft/260 ft)

As in previous cases FACT shows an anom-
alous extension to the convergence 2zone
which 1s unsupported by the JOAST exper-
imental data. The JOAST and FACT con-
vergence zone envelopes show little re-
gsemblence to each other 1in shape or
level. The onset of FACT is at 3 km
shorter range than that of JOAST, and
FACT 1s double-lobed before the anoma-
lous extension whereas JOAST does not
show multi-lobed structure. This 1s a
cross-layer case for FACT. The minimum
loss peak levels are 82 dB for FACT and
88 dB for JOAST.

(C) Case XIV (Station 5, Run 43, Source/
Recelver Depth = 20 ft/260 ft)

(C) This 1s a cross-layer case as was
case XIITI and the only case where the
receiver is at 1000 fect. Unfortunately,
the onset of the zone is not included in
the JOAST data. Once again, as witn the
previous two cases, JOAST and FACT
strongly disagree. FACT has a minimum
loss peak of 81 dB and JOAST has a peak
value of 97 dB. FACT has four 1lobe-
visible although it 1s not clear that
all belong to the convergence zone.

General Conclusions (U)

(C) Except for the 1last three cases
which involved a surface duct, the JOAST
experimental data and FACT uodel resu'te
were 1n excellent agreement with respect
to convergence zone start and shape of
the zone with the serious exception that
for stations 2 and 3 (cases IV - IX) the
FACT result shows an anomalous and sub-
stantial broadening of the zone at 1its
end. FACT CZ results are generally mark-
ed by bottom bounce energy for figure of
merit values greater than 105-110 dB
whereas JOAST results rarely show this
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effect. Results for the final three
cases are ambiguous in that the JOAST
data has lower CZ levels than previous
stations ({-e., 1, 2, and 3) but shows a
reasonably shaped CZ when compared to
results for other stations. FACT results

ok

i

—r—w

m

o for station 5 show anomalous zone exten- i
[N slon to long ranges, and in case XII,
where both source and receilver were in
the duct, the convergence zone was mask-
bt ed by the surface duct contribution.
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- (C) Table IIF-1. Bottom Loss (dB) vs. Grazing Angle (degrees) for -
JOAST III Stations 1 and 2. FNOC Type 2. Frequency = 3.7 kHz. By
] i
<] BL o BL (2] 3L (2] BL o BL (2] BL (5] BL s
\‘
0 | 3.49 || 13 | 4.56 || 26 | 6.03 || 39 | 7.40 || 52 | 8.37 |[65 | 8.85 78 8.‘96
=
1 ] 3.54 14 | 4.66 || 27 6.15 J40 7.49 |1 53 | 8.43 || 66 8.87 79 8.96 :-w
2 13.60 ||15 | 4.77 || 28 |6.26 [| 41 | 7.58 || 54 | 8.48 {167 | 8.89 80 8.96 ©
W T
3 13.67 || 16 | 4.88 || 29 | 6.37 | 42 | 7.67 || 55 | 8.53 ||68 | 8.90 81 8.96 W !
4 | 3.74 |17 | 5.00 |[ 30 | 6.48 || 43 ) 7.75 ]| 56 | 8.57 |69 | 8.91 82 8.96 =
5 |3.81 18 |5.11 |31 |6.59 || 44 | 7.83 || 57 | 8.61 {70 |8.92 || 83 | 8.96 e
6 |3.89 |19 |5.22 |32 |{6.70 || 45 | 7.91 || 58 | 8.65 [|71 [8.93 || 84 | 8.96 <
7 13.98 [[20 [5.34 [[33 {6.81 || 46 | 7.98 [{ 59 | 8.69 {72 | 8.94 85 8.96 N 1
v,
8 14.07 |21 [5.45 {134 |6.91 |[47 | 8.06 || 60 | 8.72 ||73 | 8.95 86 8.97 G }!
S |4.16 |22 | 5,57 ||35 }7.01 ||48 | 8.13 [[61 | 8.75 |j74 | 8.95 87 8.97 = |
10 | 4.25 JJ23 |5.69 [{36 |7.11 |49 | 8.19 [ 62 | 8.8 (|75 | 8.95 88 8.98 7] ‘
11 | 4.35 [ 24 |5.80 37 |7.21 |50 | 8.26 |63 |8.81 |76 |8.96 | 89 | 8.99 T
12 |4.45 |25 |5.92 [[38 |7.31 |[51 [ 8.32 |64 |8.83 |77 [8.96 || 90 | 9.00 T
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3
(C) Table 1IF-2. Bottom Loss (dB) vs. Grazing Angle (degrees) for
g JOAST III Station 3. FNOC Type 3. Frequency = 3.7 kHz.
R T -
:\4 O |BL [|® |BL |[© BL o BL 2] BL e BL o BL
N
p 05.79 131 7.39]26 | 8.83 || 39 | 10.03 || 52 |10.92] 65 | 11.45 | 78 | 11.62
o 15,9114} 7.50(/27 | 8.94 || 40 { 10.11 [} 53 | 10.97 | 66 | 11.48 || 79 | 11.62
".'. 2 16,0415} 7.62128 | 9.04 || 41 | 10.19 || 54 | 11.02 ) 67 | 11.50 § 80 | 11.62
nE (l
316,16 116 | 7.74|[29 | 9.14 || 42 10,27 | 55 11.07 68 | 11.52 || 81 | 11.61
ﬁ 4 16.29 17| 7.85}/30 | 9.23 || 43 | 10.34 |56 |11.12) 69 | 11.54 || 82 | 11.60
» 5 16.41 {18 | 7.97 ||31 | 9.33 || 44 | 10.41 | 57 (11.17 ] 70 | 11.56 (| 83 | 11.59
W
- 6 |6.54 |19 |8.08 (32 | 9.42 | 45 | 10.49 |58 |[11.21§ 71 | 11.57 || 84 | 11.58
e 7 (6.66 [[20|8.19 (33 | 9.52 || 46 | 10.55 |59 |11.25( 172 | 11.59 || 85 | 11.57
i 8 |6.78 121 | 8.30 ({34 | 9.61 || 47 | 10.62 |60 |11.29| 73 | 11.60 | 86 | 11.56
6 9 16.90 {22 | 8,41 (|35 | 9.70 |{ 48 | 10.68 |61 |{11.33 | 74 | 11.61 || 87 | 11.54
10 {7.03 Y123 | 8,52 |{36 | 9.78 || 49 | 10.75 |62 |11.36 | 75 | 11.61 || 88 | 11.52
i;‘"’ "
5] 11 [7.15 [{24 | 8.63 [[37 | 9.87 {| 50 | 10.81 |63 |11.39 | 76 | 11.62 | 89 | 11.50
12 §7.27 125 | 8.73 ||38 | 9.95 Il 51 | 10.86 |64 |11.42 § 77 | 11.62 || 90 | 11.48 J
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(C) Table IIF-3. Bottom Loss (dB) vs. Grazing Angle (degrees) for
JOAST III Station 5. FNOC Type 8. Frequency = 3.7 kHz. s-a
K T A
e |[BL (e |BL |le |[BL [e |BL e |BL © | BL © | BL 0
1}
0 [13.07] 13 |25.83 |26 | 28.12[139 | 26.52| 52 | 25.10( 65 | 25.39| 78 | 26.42 2
1 |14.61 14 |26.28 |27 | 28.07 || 40 | 26.37| 53 | 25.06 | 66 | 25.48{ 79 | 26.44
2 116.05| 15 {26.67 |28 | 28.00 || 41 | 26.22| 54 | 25.03 | 67 | 25.56|| 80 | 26.45 {
-4
3 117.38 4 16 [27.01 |[29 | 27.91 | 42 [ 26.08) 55 | 25.01| 68 | 25.65| 81 | 26.44
4 |18.61 17 |27.30 {130 | 27.80 [/ 43 | 25.94} 56 |25.00 69 | 25.74( 82 | 26.40 X
A
5 {19.74 | 18 [27.54 |31 | 27.69 || 44 | 25.81| 57 | 25.01| 70 | 25.84 83 | 26.32 o
(1]
6 {20.78 | 19 [27.73 ||32 | 27.56 || 45 [ 25.69| 58 | 25.02 | 71 | 25.93| 84 | 26.26 o
7 121,73 20 [27.89 (|33 | 27.43 [ 46 [ 25.58| 59 | 25.05| 72 | 26.02]| 85 | 26.14 5
™
. ]
8 22.60] 21 [28.00 ||34 | 27.28 || 47 | 25.47| 60 | 25.08 | 73 | 26.10}f 86 | 25.99 Y
9 |23.39§ 22 [28.09 [|35]|27.13 (48 { 25.38] 61 | 25.13| 74 | 26.18| 87 | 25.81 E
|
10 [24.11 23 |28.14 |36 | 26.98 || 49 | 25.29|[ 62 |25.18( 75 | 26.26( 88 | 25.59
25,
11 |24.75] 24 |28.16 ||37 | 26.83 | 50 | 25.22(| 63 | 25.25| 76 | 26.32| 89 | 25.32 &
12 |25.32§ 25 |28.15 ||38 | 26.68 || 51 25.15h 64 25.321 77 26.3SJL90 25,01 =
e
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(C) Table IIF-4, Convergence Zone (CZ) Start and End Rzamges1
as a Function of Figure of Merit (FOM) for JOAST III Experimental Data and
FACT PL9D Predictions with Coherentz, Semi-Coherent, and
Incoherent Phase Addition, Case I (Station 1, Run 43,
Source Depth = 20 ft, Receiver Depth = 60 ft, Frequency = 3.7 kHz)

13

rit
i
Wy FOM CZ Start CZ End
{(@B) | Data Set Range (km) | Range (km) | Remarks
E 80 |JOAST 39.0 40.5
N FACT Coherent 38.5 139.5
FACT Semi-coherent 38.5 38.5
E;, FACT Incoherent 38,5 38.5
‘ 85 |JOAST 39.0 42.0 ‘
FACT Coherent 38.5 44.5 :
M FACT Semi-coherent 38.5 44.5 :
K FACT Incoherent 38.5 42.0
S |
90 |JOAST 38.0 43.5 i
& FACT Coherent 38.5 45.0 CZ is multi-lobed for FOM < 90 aB
ﬂ FACT Semi-coherent 38.0 45.0 CZ is double-lobed for FOM < 91 dB :
FACT Incoherent '38.5 45.0 |
L 95 |JOAST 36.5 44.0 CZ start includes bottom bounce effect t
b « for FOM 3> 95 dB
B FACT Coherent 38.0 45.0 . J
FACT Semi-coherent 38.0 45.0 1
Can FACT Incoherent 38.0 45.0 ) i
' 100 (JOAST 36.0 44.5 1
FACT Coherent 38.0 4.0 |
“ FACT Semi-coherent 38.0 45.0
0 FACT Incoherent ---- 45.5 '
KCal
[P
105 {JOAST 35.0 4.0 1
FACT Coherent 37.0 45.5 CZ includes some bottom bounce energy f
o FACT Semi-coherent 37.0 46.0 CZ includes some bottom bounce energy |
ry - FACT Incoherent me 45.5 ‘ |
_ 110 |JOAST 35.0 . |
,,«:: FACT Coherent z.n ---- |
N FACT Semi-coherent 38.0 47.5 CZ includes some bottom bounce energy ]
FACT Incoherent =--- ---- ' w‘
. |
o 1. Detection ranges accurate to +0.25 km 1
L"{:;‘ i 2. Coherent results are unsmoothed . 1
" & |
F‘q ~ |
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(C) Table IIF-5. Convergence Zone (CZ) Start and End Rangesl as a
Function of Figure of Merit (FOM) for JOAST III

Experimental Data and FACT PL9D Predictions with E‘_g

Coherent2, Semi-coherent and Incoherent Phase Addition. Case II -

(Station 1, Run 43, Source Depth = 20 ft, Receiver Depth = 260 ft, < :
Frequency = 3.7 kHz) )
. m
7 h
FOM CZ Start | CZ End _ S ra
(dB) | Data Set Range (km) | Range (km) | Remarks N
o
85 |JOAST 39.0 40.0 !
FACT Coherent 38.0 38.0 Single spike |
FACT Semi-coherent 38.0 38.0 Single spike <
FACT Incoherent 38.5 38.5 R
90 |{JOAST 38.5 41.0
FACT Coherent 38.0 4.0 ‘\ !
FACT Semi-coherent 38.0 44.0 !
FACT Incoherent 38.0 42,0
7
95 |JOAST 38.0 48.5 hol
FACT Coherent 38.0 4.5 CZ is multi-lobed for FOM 95 dB
FACT Semi-coherent 38.0 45.0 CZ is multi-lobed for FOM < 98 dB
FACT Incoherent 38.0 45.0 — =
100 | JOAST 35.5 43.5 CZ start corrupted by bottom bounce =
FACT Coherent 37.5 4.5 i
FACT Semi-coherent 38.0 45.0 oo |
FACT Incoherent 37.8 45.0 Yo ;
o
103 | JOAST 35.5 44.5
FACT Coherent 37.5 46.0 Slight broadening due to bottom bounce ™
FACT Semi-coherent 37.0 46.0 Slight broadening due to bottom bounce =
FACT Incohere:n! “--- 45.5 e
110 | JOAST 35.0 45,0 ‘ N
FACT Coherent 36.5 47.0 Broadening of CZ due to bottom bounce O
FACT Semi-coherent 36.5 47.0 Broadening of CZ due to bottom bounce W
FACT Incoherent -==- ---- |
 od
115 [ JOAST 35.0 e
FACT Coherent 36.5 47.5 Broadening of CZ due to bottom bounce g
FACT Semi-coherent “mn- 47.5 Broadening of CZ due to bottom bounce
FACT Incoherent ve-- - 3
L B i
1. Detection ranges accurate to #0,25 km
i}.:,: 2. Coherent results are unsmoothed ::::
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(C) Table IIF-6. Convergence Zone (CZ) Start and End Ra.xg'es1 as a
Function of Figure of Merit (FOM) for JOAST Experimental Data and

B FACT PL9D Predictions with Coherent2, Semi-coherent, and

g Incoherent Phase Addition. Case III.

(Station 1, Run 43, Source Depth = 20 ft, Receiver Depth = 535 ft,
Frequency = 3.7 kHz)

q I ) CZ Start CZ End_
- (dB) [Data Set Range (km) | Range (km)| Remarks
B 85 |JOAST -—-- ----
t FACT Conherent 37.5 37.5
» FACT Semi-coherent 37.5 37.5
FACT Incoherent 37.5 37.5
~
N 90 |JOAST 38.0 42.0
e FACT Coherent 37.5 43.5
FACT Semi-coherent 37.5 4.0
\1 FACT Incoherent 37.5 41.5
iy _
95 |JOAST 37.5 43.5 CZ double-lobed for FOM < 103 dB | ‘
FACT Coherent 37.5 44.0 CZ multi-lobed for FOM < 105 dB ,1
b"’;& FACT Semi-coherent 37.5 44.0 CZ multi-lobed for FOM 103 dB ! !
o FACT Incoherent 37.5 44.5 B
100 |JOAST 37.0 44.0 f
fa FACT Coherent 37.0 45.0 f
‘ FACT Semi-coherent 37.0 45.0 ;
FACT Incoherent -=-- 45.0
~ 105 |JOAST 35.0 44.5
f.), FACT Coherent 37.0 45.5 CZ end greater due to bottom bounce ‘
energy i
v FACT Semi-coherent 37.0 45.5 CZ end greater due to bottom bounce 1
energy 1
o I[FACT Incoherent —--- 46.0 |
. 110 |JOAST .- 45.0 ‘
b FACT Coherent 36.5 46.5 :
.:';. FACT Semi-coherent 36.5 47.0 ‘f
FACT Incoherent ---- ----
- 115 [JOAST 45.0 i
A FACT Cnherent 36.5 47.5 1
FACT Semi-coherent ---- 47.5
. FACT Incoherent -=-- ---- i
S i
R
1. Detection ranges accurate to * 0.25 km
a 2. Coherent results are unsmoothed
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(C) Table IIF-7. Convergence Zone (CZ) Start and End Rangesl as a Function

of Figure of Merit (FOM) for JOAST III Experimental Data and
FACT PL9D Predictions with Coherentz, Semi-coherent, and Incoherent
Phase Addition. Case IV (Station 2, Run 63, Source Depth = 20 ft,
Receiver Depth = 60 ft, Frequency = 3.7 kHz)

1 FOM ) CZ Start CZ End T
(dR) | Data Set Range (km) [Range (km) | Remarks
75 |JOAST _ 36.0 36.0 .
FACT Coherent ---- -—--
FACT Semi-coherent —--- .-
FACT Incoherent mm-- ===
80 |JOAST 35.0 36.0
FACT Coherent 34.0 37.0
FACT Semi-coherent 34.0 36.0
FACT Incoherent ' 34.0 36.0
85 |[JOAST 35.0 38.5
FACT Coherent 33.5 38.5
FACT Semi-coherent 34.0 37.0
FACT Incoherent 34.0 37.0
90 |[JOAST 35.0 41.0
FACT Coherent 33.5 42.5
FACT Semi-coherent 33.5 42.0
FACT Incoherent 33.5 40.0
95 [JOAST 34.5 43.5
FACT Coherent 33.5 42.5
FACT Semi-coherent 33.5 43.0
FACT Incoherent 33.5 43.0
100 [JOAST 32.5 44.0 Zone start possibly bottom bounce encrgy
FACT Coherent 33.0 42.5
FACT Semi-coherent ---- 43.0
FACT Incoherent i 43.0
»II . i
;ff-;;‘- 105 |JOAST 44.5
ey FACT Coherent ---- 43.0 CZ multi-lobed for I'OM <X 107 dB
E:.p._'; FACT Scmi-coherent - 43.0 CZ multi-lobed for FOM << 103 dB
SN FACT Incoherent ---- 43.5
= 110 |JOAST ---- 45.0
FACT Coherent ---- 44.0
\j.«.: FACT Semi-coherent ———— 44.0
S FACT Incoherent === ----
2;3:.‘2
N 1. Detection ranges accurate to +0.25 km
2. Coherent results are unsmoothed
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(C) Table IIF-8. Convergence Zone (CZ) Start and End Ranges as a Function
of Figure of Merit (FOM) for JOAST III Experimental Data and
FACT PL9D Predicticns with Coherent#, Semi-coherent, and Incoherent
Phase Addition. Case V (Station 2, Run 63, Source Depth = 20 ft,
Receiver Depth = 260 ft, Frequency = 3.7 kHz)

FOM CZ Start CZ End
(dB){ Data Set Range (km) | Range (km) | Remarks
85 | JOAST 35.0 36.5 N
FACT Coherent 34.0 36.0
FACT Semi-coherent 33.5 36.0
FACT Incoherent 33.0 36.0 :
90 | JOAST 35.0 38.5 3
FACT Coherent 33.0 41.5 !
FACT Semi-coherent 33.0 38.5 |
FACT Incoherent 33.0 37.5 |
95 | JOAST 34.5 .43.0 |
FACT Coherent 33.0 42.0
FACT Semi-coherent 33.0 42.5 ;
FACT Incoherent ' 33.0 43.0 .
100 | JOAST ‘ 32.0 44.0
FACT Coherent 32.0 43.0
FACT Semi-coherent se-- 43.0
FACT Incoherent ~=-- 43.0
105 |JOAST 32.0 44.0 |
FACT Coherent .- 43.0 CZ Multi-lobed for FOM & 105 dB
FACT Semi-céoherent ———— 43.0 CZ Multi-lobed for FOM 106 dB
FACT Incoherent ---- 43.0
110 | JOAST -——-- 45.5
FACT Coherent ---- 43.0 . .
FACT Semi-coherent ---- 44.0 Slight bottom bounce effect at CZ end
FACT Incoherent -———— cma-
115 | JOAST .- 45.5
FACT Coherent ——-- 44.5
FACT Semi-coherent -=-- 44.5
FACT Incoherent - “——-
1. Detection ranges accurate to #0.25 km 1
2, Coherent results are unsmoothed ‘
1
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(C) Table IIF-9. Convergence Zone (CZ) Start and End Rangesl as a
Function of Figure of Merit (FOM) for JOAST III

L

P

Experimental Data and FACT PL9D Predictions with CoherentZ, X
Semi-coherent, and Incoherent Phase Addition. Case VI L‘\
(Station 2, Run 63, Source Depth = 20 ft, Receiver Depth = 535 ft, ‘.
Frequency = 3.7 kHz) ~
) J’ —_— - :\“
NS FOM CZ Start CZ End
B8] (dBY Data Set Range (km) | Range (km) | Remarks b
-‘ *) *' |
'H 85 | JoAsT 37.0 37.0 o
N FACT COHERENT 33.0 37.5 T
FACT Semi-coherent 33.0 35.0 o
FACT Incoherent 32.5 33.5 ‘] |
90 | JOAST 34.1 39.0 XA
FACT Coherent 32.5 41.5 |
FACT Semi-coherent 32.5 38.0 ‘ J
FACT Incoherent 32.5 37.5 ‘=
95 JOAST 34.0 42.0 .
FACT Coherent 32.0 42.0 20
FACT Semi-coherent 32.0 42.0 s
FACT Incoherent 32.5 42.5 -
100 | JOAST 32.0 44.5
FACT Coherent “-—- 42.5 ﬁ
FACT Semi-coherent ---- 42.5 -
FACT Incoherent ---- 42.5
105 | JOAST 32,0 44.5 s
FACT Coherent 42.5 -
FACT Semi-coherent -e- 43.0 CZ multi-lobed for FOM & 106 dB
FACT Incoherent ---- 42.5 -
110 | JOAST ---- 44.5 F,
FACT Coherent ---- 42.5 CZ multi-lobed for FOM « 108 dB
FACT Semi-coherent ---- 44.0 CZ contaminated by bottom bounce energy .
FACT Incoherent ———- &
115 | JOAST 45.5 -
FACT Coherent --=- -
FACT Semi-coherent ---- 44.5 CZ contaminated by bottom bounce energy wn
FACT Incoherent ---- ---- ) ¥1

1. Detection ranges accurate to *0,25 km
2. Coherent results are unsmoothed
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o (C) Table IIF-10. Convergence Zone (CZ) Start and End Ranges1 as a i
. Function of Figure of Merit (FOM) for JOAST III |
' Experimental Data and FACT PL9D Predictions with Coherent?,
oo Semi-coherent, and Incoherent Phase Addition. Case VII
2 (Station 3, Run 43, Source Depth = 20 ft, Receiver Depth = 60 ft,
G Frequency = 3.7 kHz) :
i
P = S S : |
JEFON ‘¢ Stayr _  CZTEnc_ :
X T(dB| Dat S - tange (km) | Range (km» ' Remarks . :
g ' T + T g :
o 80 | JOAST i 40.¢C 42.0 ; {
FACT Coneren: : 39.0 40.5
FACT Semi-coherent 39.0 40.5
E FACT Incoherent 39.0 40.5 , !
) n
85 JOAST 39.5 42.5 i
FACT Coherent 39.0 42.0 CZ double-lobed for FOM « 85 dB ;
i FACT Semi-coherent 39.0 42.0 CZ double-lobed for FOM & 85 dB 4
ﬁ FACT Incoherent 39.0 41.0 :
90 | JOAST 39.0 44.0 l
q-; FACT Coherunt 39.0 4.0 \
X FACT Semi-coherent 39.0 4.0 N
. FACT Incoherent 38.5 43.5 N
y
p 95 JOAST 39.0 44.5 CZ multi-lobed for FOM g 95 dB §
FACT Coherent 38.5 50.0 CZ anomaly for for FOM> 95 dB {
re. CZ end l
FACT Semi-coherent 38.5 50.5 Also an anomalous peak at 50 km :
o FACT Incoherent 38.5 50.0 a
S
% 100 | JOAST 39.0 44.5 j
FACT Coherent 37.0 52.0 P
FACT Semicoherent 36.5 52.0 CZ end is anomalous for FOM > 90 dB j
! FACT Incoherent 36.5 53.0
£ .
' 105 | JOAST 39.0 45.5
. FACT Coherent 35.0 54.0 CZ contaminated by bottom bounce energy
S}." FACT Semi-coherent 35.0 54.0 CZ contaminated by bottom bounce energy
» FACT Incoherent ---- ---- >
110 JOAST 38.5 45.5
- FACT Coherent 34.5 ---- CZ start contaminated by bottom bounce
o energy r
- FACT Semi-coherent 34.5 ---- CZ start contaminated by bottom bounce "1
energy G
e FACT Incoherent —--- -=-- ~
A 1
S 115 | JOAST 37.5 46.5 d
FACT Coherent 34.5 ---- CZ start contaminated by bottom bounce !
Y enel‘gy .
5‘,\ FACT Semi-coherent 34.5 ---- CZ start contaminated by bottom bounce 1
! energy K
FACT Incoherent m=-- mm=- J
o ";
ﬂ 1. Detection ranges accurate to *0.25 km -
2. Coherent results are unsmoothed .
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(C) Table IIF-11. Convergence Zone (CZ) Start and End Ranges as a h
Function of Figure of Merit (FOM) for JOAST III

Experimental Data and FACT PL9D Predictions with Coherent2, e

Semi-coherent, and Incoherent Phase Addition. Case VIII i

(Station 3, Run 43, Source Depth = 20 ft, Receiver Depth = 260 ft, '
Frequency = 3.7 kHz)

L(’.,'-}E SRS

FOM CZ Start CZ End
(dB) | Data Set Range (km) | Range (km) | Remarks
85 | JOAST —e-- o
FACT Coherent 39.0 39.0 S
FACT Semi-coherent 39.0 39.0 ’
FACT Incoherent 39.0 41.0 =
90 | JOAST 38.5 42.5 el
FACT Coherent 38.5 41.0
FACT Semi-coherent 38.5 41.0 A
FACT Incoherent 39.0 41.0 ﬁ
95 JOAST 38.5 43.0
FACT Coherent 38.0 45.0 Anomalous peaks from 47 to 50 km o,
FACT Semi-coherent 38.5 4.0 Anomalous peaks from 48 to 50 km t}
FACT Incoherent 38.5 43.0 CZ double-lobed for FOM < 96 dB -
100 JOAST 38.5 44.5 o
FACT Coherent 36.5 46.0 Anomalous peaks from 47 to 51 km -
FACT Semi-coherent 38.0 46.0 Anomalous peak from 48 to 51.5 km
FACT Incoherent 36.0 52.0
105 JOAST 37.0 45.0 CZ double-lobed for FOM < 103°'dB -’:'.:
FACT Coherent 35.0 46.5 Bottom bounce contamination at C2 =
Start. Anomalous peaks from 47 to
52.5 km. a
FACT Semi-coherent 35.0 46.5 Bottom bounce contamination at C2 .
Start. Anomalous peak from 47 to "
52.5 km. i
FACT Incoherent -—-- 52.0 '-::
L™
110 | JOAST 37.0 45.0 :
FACT Coherent - ---- Bottom bounce contamination
FACT Semi-coherent -——-- ——-- Bottom bounce contamination ~
FACT Incoherent ---- ---- N
115 | JOAST 46.0 .
FACT Coherent - -—-- Bottom bounce contamination =
FACT Semi-coherent ---- -~ Bottom bounce contamination =
FACT Incoherent ---- -
S
1. Detection ranges accurate to +0.25 km " :,:
2. Coherent results are unsmoothed
Y
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(C) Table IIF-12. Convergence Zone (CA) Start and End Ranges1
as a Function of Figure of Merit (FOM) for JOAST I(II

Experimental Data and FACT PL9D Predictions with Coherent?
Semi-coherent, and Incoherent Phase Addition. Case IX

(Station 3, Run 43, Source Depth = 20 ft, Receiver Depth = 535 ft,
Frequency = 3.7 kHz)

e m— e - e e
FOM . 3 _CZ Stant CZ End . o
(dB) | Data Set Pump,e (km) | Range (km) Remarks
85 | JOAST l
FACT Coherent 38.5 41.0 CZ is 2 spikes ?
FACT Semi-ccherent 38.5 41.0 C7 is 2 spikes
FACT Incoherent 39.0 41.0 CZ is 2 spikes
90 JOAST 38.5 42.5 CZ is 2 spikes
FACT Coherent 38.0 41.5 CZ is 2 spikes
FACT Semi-coherent i8.¢ 41,5 CZ is 2 spikes
FACT Incohevent 38.0 41.5 CZ is 2 spikes ;
95 [ JOAST 38.5 43.0 j
FACT Coherent 38.0 44.5 Anomalous peaks from 47.5 to 50 km !
FACT Semi-coherent 38.0 44.0 Anomalous peak from 48.5 to 50 km i
FACT Incoherent 38.0 43.5 i
100 | JOAST 38.0 45,0 ” i
FACT Cohezent 38.0 45.5 C.Z” contaminated by boitom bounce: !
end ;
FACT Semi-coherent 38.0 45.5 Anomalous peak from 47.5 to 51 km
FACT Incoherent 36.0 52.0
|
105 JOASRT 37.0 45.5 !
FACT Coherent ---- ---- CZ contaminated by bottom bounce energy |
FACT Semi-ccherent ---- -- - CZ contaminated by bottom bounce energy |
FACT Incoherent -—-- 52.0 i
110 | JOAST 37.0 46.0 (
FACT Ccherent ---- ---- i
FACT Semi-ccherent RERE ----
FACT Incoherent ---- ----
115 JOAST ---- 46.5
FACT Coherent - ----
FACT Semi-coherent .- ----
FACT Incoherent - ===

1. Detection ranges accurate to 0.25 km
2. Coherent results are unsmoothed
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(C) Table IIF-13. Convergence Zone (CZ) Start and End Rang‘es1 as a
Function of Figure of Merit (FOM) for JOAST III
Experimental Data and FACT PL9D Predictions with Coherentz,

Semi-coherent, and Incoherent Phase Addition. Case X ;:i
(Station 3, Run 103, Source Depth = 20 ft, Receiver Depth = 60 ft, ‘
Frequency = 3.7 kHz) "
N
FOM CZ Start CZ End - =
(dB) | Data Set Range (km) | Range (km) | Remarks
80 JOAST 39.0 41.0
FACT Coherent 39.0 41.0
FACT Semi-coherent 39.0 40.5 S
FACT Incoherent 39.0 40.5
85 | JOAST 39.0 42.0 o
FACT Coherent 39.0 42.0 Double-lobed CZ for FOM 85 dB e
FACT Semi-coherent 39.0 42.0 Double-lobed CZ for FOM « 85 dB
FACT Incoherent 39.¢ 41.0 T
90 JOAST 39.0 42.5 -
FACT Coherent 39.0 4.0 CZ end appears anomalous _
FACT Semi-coherent 39.0 44.0 =
FACT Incoherent 38.5 44.0 N
95 | JOAST 39.0 47.5 n
FACT Coherent 38.5 50.0 CZ end appears anomalous e
FACT €ami-coherent 39.¢0 50.5 CZ end appears anomalous a
FACT Incoherent 38.5 50.0 ;
160 | JOAST 38.0 48.5
FACT Coherent 37.0 52.0 CZ end appears anomalous i
FACT Semi-coherent 37.5 52.0 CZ end appears anomalous
FACT Incoherent 36.5 52.5 m
105 | JOAST 38.0 49.0 ':'3
FACT Coherent 36.5 54,0 ‘
FACT Semi-coherent 36.5 54.5 -
FACT Incoherent 36.5 ----
e 110 | JOAST 37.0 19.5 |
- FACT Coherent 36.0 - =
el FACT Semi-coherent 36.0 ---- .
N FACT Incoherent 36.5 h
’::‘;\.: |.';
:::-,'l 1. Detection ranges accurate to *0.25 km
el | 5 I
rl_'!_‘ 2. Coherent results are unsmoothed
N
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(C) Table IIF~14. Convergence Zone (CZ) Start and End Ranges1 as & Function
of Figure of Merit (FOM) for JOAST III Experimental Data and

FACT PLSD Predictions with Zoherent2,
Phase Addition. Case XI 7Stat::n 2, Run 63, Source Depth =

Semi-coherent, and Incoherent

20 ft,

RSN

Receiver Lepil. . 535 I+, Frequency = 3.7 kHz)
'_._—5.- o ey e —— e S— - — 1
orgn C7 Start Ci End |
) I)'\'it.'l Set Runge (km) | Rangce (K1) | Remarks
85 JOAST 38.0 38.0
FACT Coherent 38.5 41.0 CZ consists of 2 peaks
FACT Semi-coherent 38.5 41,0 CZ consists of 2 peaks
FACT Incoherent 38.5 41,0 CZ consists of 2 peaks
90 JOAST 37.5 42.0
FFACT Coherent 38.0 41.5 Double-lobed CZ
FACT Semi-coherent 38.5 41.5 Double-lobed CZ
IACT Incoherent 38.0 41.5 Doubie-lobed CZ
95 JOAST 37.5 43.0
FACT Coherent 38.0 44.5 Anomalous spikes from 48 to 50 km
FACT Semi-coherent 38.0 44.5 Anomalous peak from 48.5 to 50 km
FACT Incoherent 38.0 43.0
100 JOAST™ 37.5 45.5
FACT Coherent 38.0 45.5 Anomalous spikes from 47.5 to
50.5 km. Double-lobed CZ for
FOM < 101 dB.
FACT Secmi-coherent 38 0 45.5 Anomalous peak from 47.5 to
) 51 km. Double-lobed CZ for
FOM < 97 dB.
FACT Incoherent 37.5 52.0 Double-lobed CZ for FOM » 97 dB
. 105 JOAST 37.0 48.5
FACT Coherent 36.0 46.0 Anomalous spikes from 46.5 to 52 km
FACT Semi-coherent 36.0 46.0 Anomalous peak from 46.5 to 52 km
FACT Incoherent 36.0 52.0 |
110 JOAST -—-- 49.0
FACT Coherent 36.0 .-—-
FACT Seni-coherent 36.0 -——-
FACT Incoherent 36.0 ----
115 JOAST --- .-
FACT Cohcrent 36. 0 -—--
FACT Semi-coherent 36.0 ----
TACT Incoherent ---- ===
1. Detection ranges accurate to *0.25 km
2. Coherent results are unsmoothed
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(C) Table IIF-15.

Convergence Zone (CZ) Start and End Ranges™ as a
Function of Figure of Merit (FOM) for JOAST III
Experimental Data and FACT PL9D Predictions with Coherent®,
Semi-coherent, and Incoherent Phase Addition.

(Station 5, Run 43, Source Depth = 20 ft, Receiver Depth = 60 ft,
Frequency = 3.7 kHz)

1
2 [~ ]
Case XII iq

FOM CZ Start CZ End N
(dB) | Data Set Range (km) | Range (km) | Remarks e
80 JOAST -—-- ——--
FACT Coherent 41.5 43.0 CZ barely modulates erroneous o
surface duct contribution S
FACT Semi-coherent 41.5 43.0 CZ barely modulates erroneous ;
surface duct contribution o
FACT Incoherent 41.5 42.0 CZ barely modulates erroneous S
surface duct contribution b |
85 | JOAST ---- ---- CZ barely modulates erroneous 53
surface duct contribution i
FACT Caherent -.--- ———— b
FACT Semi-coherent ———— ———-
FACT Incoherent ---- ---- N
--\|
90 | JOAST 41.5 43.0 i
FACT Coherent --=- -==- Surface duct contribution masks .
CZ fr FOM » 85 dB -
FACT Semi-coherent ---- ---- a
FACT Incoherent -——-- ———-
95 | JOAST. 41.5 44.5 >
FACT Coherent -—-- -———
FACT Semi-coherent -——- ———
FACT Incoherent -—-- —-——
100 | JOAST 41.0 45.5
FACT Coherent ———— ————
FACT Semi-coherent -——- ———— ‘A
FACT Incoherent === -—-- :.-‘
. |
105 JOAST 41.0 49.0 7
FACT Coherent ——== -—-- ‘!',:
FACT Semi-coherent - - :'0
FACT Incoherent -—-- ——-- )
110 JOAST 39.0. 49.0 ;‘
FACT Coherent ---- -——- - ;
FACT Semi-coherent -—--- ---- !
FACT Incoherent -—-- - -
LY "..
ol
1. Detection ranges accurate to 0.25 km ‘:
2. Coherent results are unsmoothed :; :
.
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(C) Table IIF-16. Convergence Zone (CZ) Start and End Ranges™ as a a
Function of Figure of Merit (FOM) for JOAST III 9
Experimental Data and FACT PL9D Predictions with Coherent®, ‘.‘
Semi-coherent, and Incoherent Phase Addition. Case XIII 5
(Station 5, Run 43, Source Depth = 20 ft, Receiver Depth = 260 f{t, .
Frequency = 3.7 kHz) X
:
FOM . __lcz start CZ End o —:--i_— F-____—_J‘ ;
(dB) | Data Set | Range (km) | Range (km) | Remarks | z
85 | JOAST ---- :}'
FACT Coherent 38.0 41.5 CZ consists of two spikes v
FACT Semi-coherent 38.0 41.5 CZ consists of two spikes
FACT Incoherent 39.0 41,0 CZ consists of two spikes
90 JOAST 41.0 42.0 !
FACT Coherent 38.0 42.5 Double-lobed CZ for FOM « 92 dB :'».1
FACT Semi-coherent 38.0 42.5 Double-lobed CZ for FOM 90 dB o
FACT Incoherent 38.0 44.5 Double-lobed CZ for FOM < 88 dB 3
95 JOAST 40.0 43.5
FACT Coherent 38.0 43.0 Anomalous energy from 43 to 51 km
FACT Semi-coherent 38.0 51.0 >
FACT Incoherent 38.0 51.0 -
100 | JOAST 40.0 46.0 .
FACT Coherent - -~ CZ masked by erroneous surface
duct contribution for FOM 2 95 4B q
FACT Semi-coherent 51.0 .‘,:;
FACT Incoherent ---- 51.0 .q;
105 | JOAST 39.5 48.0 : 3
FACT Coherent ---- ---- g
FACT Semi-coherent ---- ----
FACT Incoherent ---- -—-- o
b
110 JOAST 39.0 49.0 -
FACT Coherent —--- --=- :
FACT Semi-coherent ---- ---- e
FACT Incoherer.t ---- ---- ~
115 JOAST 39.0 49.0
FACT Coherent ---- ---- S
FACT Semi-coherent “--- ---- :,1
FACT Incoherent ---- ---- 3
.
:}
1. Detection ranges accurate to *0.25 km !
2. Coherent results are unsmoothed o
-
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(C) Table IIF-17. Convergence Zone (CZ) Start and End Rang'esx1 as a o
Function of Figure of Merit (FOM) for JOAST III 9 -
Experimental Data and FACT PL9D Predictions with Coherent”, K
Semi-coherent, and Incoherent Phase Addition. Case XIV
(Station 5, Run 43, Source Depth = 20 ft, Receiver Depth = 1000 ft, By
Frequency = 3.7 kHz) o
FOM nZ Start CZ End : A |
(dB) | Data Sef Range (km) | Range (km) | Remarks 5 ota i
| 85 | JOAST - 3
FACT Coherent 38.5 39.0 KNS
FACT Semi-coherent 38.5 39.0 Sl
FACT Incoherent 38.5 38.5
rc_r
90 JOAST -——- ---- :&i
FACT Coherent 38.5 43.5 CZ consists of 2 spikes o
TACT Semi-coherent 38.5 43.5 CZ consists of 2 spikes )
FACT Incoherent 38.0 43.5 CZ consists of 2 spikes o
95 JOAST ---- ---- “
FACT Coherent 38.0 48.5 CZ consists of 3 peaks
FACT Semi-coherent 38.0 48.5 CZ consists of 3 peaks
FACT Incoherent 38.0 48.5
100 | JOAST ---- 42.5
FACT Coherent 38.0 49.0 Plus additional spike from =
53.5 to 54.0 km -]
FACT “emi-coherent 38.0 49,0 Plus additional spike from '
53.5 to 54.0 km o
FAC1i ncoherent 38.0 49.0 Plus additional spike from "Cj
53.5 to 54.0 km e
105 JOAST -=-- 45.5 ==
FACT Coherent 38.0 49.0 Plus additional coverage ‘:?
. : from 51 to 54 km o
FACT Semi-coherent 38.0 49.0 Plus additional coverage f
vt from 51 to 54 km o
FACT Incoherent 38.0 54.0 S ;
110 JOAST ---- 47.0 oy !
FACT Coherent ---- 54.0 CZ start masked by surface R
] duct contribution Py
N FACT Semi-coherent ---- 54.5 CZ start masked by surface J

Vs

duct contribution
FACT Incoherent ———— I

k

i

115 | JOAST —.—- 49.5 I

FACT Coherent ---- ---- CZ masked by surface .

$' duct contribution '

2 FACT Semi-coherent ---- me—- CZ masked by surface :

T+ duct contribution o
b, FACT Incoherent ---- - ;
_‘1 (2R

v 1. Detection ranges accurate to *0.25 km o

. 'Q . n l.

d 2. Coherent results are unsmoothed e
'h“ \_‘.A'.
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Appendix lIG. Accuracy Assessment of FACT PLID
Compared to FASOR Experimental Data l1G-1 (U)

FASOR (U)

Environment (V)

(C) The FASOR environments selected for
the purpose of model evaluation were
from stations designated as FIG, OAK,
THORN, and REDWOOD. The sound speed pro-
files and their tabulations for these
stations are given in Figures IIGl1-11G4,
respectively. The station FIG sound
speed profile consists of three negative
gradients, representative of an arctic
environment. The first gradient extends
to 75 meters, the second is a strong
thermocline to 150 meters, and the third
gradient is essentially the pressure in-
duced gradient extending to the bottom
at 7648 meters. The station OAK sound
speed profile consists of a surface duct
to 30 meters overlying a channel with
substantial negative depth excess which

extends to the bottom at 120 meters. The .

station THORN sound speed profile con-
sists of a negative gradient (i.e., a
surface duct) to 55 meters over a strong
positive gradient intersecting the bot-
tom at 104 meters. The sound speed
structure at station REDWOOD is a broad
sound channel with axis at 1200 meters.
The channel 1s bottom limited and inter-

sects the bottom at 3282 meters. The
negative depth excess 1is approximately
1600 meters.

(C) The bottom loss versus grazing angle
curve for station FIG 1is plotted in
Figure IIG-5 and 1i--ed in Table IIG-l.
The loss at O degrees is 8 dB; at 18
degrees the loss has risen to 15 dB.
From 19 degrees to 90 degrees the loss
is between 15 and 16 dB. For FASOR sta-
tions OAK and THOP® , the bottom loss is
plotted in Figure 'IG-6 and listed in
T=ble IIG-2. The loss rises from a value
of 3.5 dB at O degrees to a normal in-
cidence value of 9 dB. At 15 degrees the
bottom loss is 4.5 dB. The bottom loss
versus grazing angle for station REDWOOD
is given in Figure IIG-7 and Table IIG-
3. The loss at zero degrees is 13 dB, at
10 degrees the loss.is 24 dB. The bottom
loss versus grazing angle curve has two

maxima: 28.2 dB at 25 degrees and
26.5 dB at 80 degrees.
Test Cases (U)

(C) Six test cases from the FASOR exper-
iments were selected for model evalua-
tion as follows:

CASE STATION RUN SOURCE RECEIVER FREQ. n Rpax
DEPTH (m) DEPTH (m) (kHz) (km) (km)

I FI1G 3 6.1 37 1.5 6.0 54.0

IIa OAK 1 23.0 37 1.5 26,0 44.0

IIb 0AK 2 23.0 37 1.5 12.0 24.5

I1Ia THORN 1 23.0 37 1.5 19.5 33.5

IIIb THORN 2 23.0 37 1.5 12.0 25.5

v REDWOOD 3 6.1 37 1.5 1.0 36.0
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(C) Cases 1IIa and IIb pertain to a
single environment and Cases IIIa and
IIIb pertain to a different but single
environment. Between Cases IIa and IIb
there is a gap in data between 24.5 and
26 km. Cases IIIa and IIIb have a data
overlap between 19.5 and 25.5 km. As
mentioned above, Case II (i.e., station
OAK) has a surface duct; the source 1is
in the duct and the receiver below the
duct. This case will therefore be domi-
nated by contributions from bottom in-
teracting paths. Case III (i.e., station
THORN) also has a surface duct; in this
case both source and receiver are in the
duct. For station FIG (Case 1) due to
the large negative gradients, all energy
will be transmitted from the shallow
source to the shallow receiver (both in
the uppermost gradient) by surface re-
flected paths with negligible bottom
reflected energy. The station REDWOOD
sound speed profile would indicate sig-
nificant bottom interaction; however, a
high loss (FNOC Type 8) bottom dimini-
shes this contribution.

Accuracy Assessment Results (U)

(U) The accuracy assessment procedures
were followed as outlined in section 1.l
and described in detail in section 5 of
Volume I of this series. The following
figures are given for each case: (1) The
FASOR data for the six cases in Figures
IIG-8 through IIG13, (2) the FASOR data
smoothed by a running average with 2
kilometer window and overlap of 25%
resulting in a point every 0.5 km. The
smoothed data are plotted in Figures
I1G-14 through IIG-19. (3a) The FACT
PL9D model output and (3b) the FACT PL9D
result subtracted from the smoothed
FASOR data for the coherent, semicoher-
ent and incoherent phase options. These
are presented 1in sets of three pairs
(corresponding to the three phase op-
tions) in Figures IIG-20 through IIG-55.
As an examination of the figures re-
veals, the coherent and semicoherent
results are identical for stations FIG,
THORN, and REDWOOD (Cases I, IIIa, IIIb,
and IV). The selected coherence option
has been overridden 1internally in the
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FACT PL9D program. This sometimes occurs
due to an error in logic whereby coher-
ence is determined by testing the hori-
zontal separation between the direct and
surface reflected paths rather than on a
ray-by-ray basis. This matter is dis-
cugsed and an example given in section
5.0, "The Physics of the FACT Model," by
C. L. Bartberger.

(C) The means and standard deviations of
differences between the smoothed FASOR
data and the FACT PL9D results are given
in Table IIG-4. For Case I, the primary
difference is a constant offset of 7 dB
with the FASOR data showing greater loss
than the FACT results. The FACT model
does not take surface loss into account.
In a case such as this, the addition of
surface loss could result in the needed
7 dB increase in propagation loss to
achieve agreement with the FASOR data.
In Case Ila, the slope of the FACT prop-
agation loss curve is similar to that of
the FASOR data. This impression 1is en-
hanced if Case IIb is included in the
analysis. The FASOR data exhibits 7-15
dB fluctuations whereas the FACT result
shows no fluctuations in the same inter-
val. Had the FASOR data been 1left un-
smoothed, larger values of ¢ for Cases
ITa and IIb would have resulted. In
Cases IIla and IIlb, the FACT model
shows a physically unrealistic interfer-
ence pattern of increasing amplitude
with range. This pattern does, however,
capture the exteat of fluctuations ob-
served in the unsmoothed data. In Case
IV, station REDWOOD, the coherent FACT
output shows much greater struccure than
exhibited by the FASOR data. Umoothing
of this output, or alternately c¢bserving
the incoherent results, and comparing to
the FASOR data, gives smaller mean anrl
standard deviation. Agreement, either
qualitative or quantitative, 1is not
achlieved in this case in any event.

(C) The results of figure of merit (FOM)
analysis are found in Tables iIIG-5 to
I1IG-10 for the six cases. In Case I, due
to the average higher loss of 7 dB shown
by the FASOR data, the FACT model pre-
dicts optimistic detection coverage.

CONFIDENTIAL

N N

- '-‘_‘-"I“P.' \:' -‘. « Jl ‘! N i .
LL‘.‘.AL-ALA‘A:AL }._&\_‘ A -‘n.'\--n..--"_.'_;'.‘o" IR |

R SRRRRRA

AE A _"'.."Y_".]

- }. s

P A
’




-
g
i
2
8

| # 7

<
¥

s

g

ta A TV O ORI IR T N T

CONFIDENTIAL

This is most dramatically revealed for
an FOM of 85 dB for which the FASOR data
would give a maximum detection range of
8.5 km while FACT predicts 23 km. For
Cases Ila and IIb, the FOM results of
Tables IIG-6 and IIG-7 show basic agree-
ment between FASOR experimental and FACT
model results. Typical 1s the Case IIb
regsult for an FOM of 90 dB for which
FASOR data gives a maximum detection
range of 22 km compared to 23.5 km for
FACT. Station THORN results (Cases IIla
and IIIb) are presented in Tables 1IIG-8
and IIG~9. The unrealistic nature of the
FACT predictions for this case cast
doudbt on the detection ranges therefrom
obtained. Nonetheless, the agreement be-
between FASOR data and FACT results 1is
quite good for FOM > 85 dB, particularly
1f one looks at the detection percentage
for Zonal Detection Coverage (ZDC). For
FOMs of 75 or 80 dB, agreement ls errat-
ic and dependent on the phase option
selected for FACT. For station REDWOOD,
Case 1V, the FASOR data gives much great
greater detection ranges than does FACT,
regardless of phase option seclected.

(C) On the basis of the above, the fol-
lowing conclusions are drawn: (1) The
PACT model yielded identical results for
coherent and semicoherent phase options
for stations FIG, THORN, and REDWOQOD
indicating that FACT over-rode th2 se-
lected phase option internally in these
cagses. (2) The agreement between experi-
mental data and model result was far
better for the shallow water Cases Ila,
IIb, IIIla, and IILb than for the deep
water Cases I and IV. (3) FACT demon-
strated an unrealistic interference pat-
tern for Case I1Ia, IIIb. (4) FACT was
excessively optimistic with respect to
the data for the "high latitude"” Case I
and excessively pessimistic in the "mid-
latitude” Case IV. In Case IV, the dis-
agreement 1is 1likely due to the high
bottom loss designated for this area.
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(C) Table 1I1G-1. Bottom Loss in dB versus Grazing Angle 2
in degrees for FASOR Station FIG (FNOC Type 3). Frequency = 1500 Hertz. -
o BL e BL e BL e BL e BL o BL
__.E = | .
0 8.05 115 | 14.421] 30 15.84 45 15.37 60 14.89 75 15.11 :3
1 8.70 16 | 14.63) 31 15.84 46 15.33 61 14,88 76 15.15
2 9.32 |17 | 14.82] 32 15.84 47 15.28 62 14.88 7 15.19 a
3 9.90 118 | 14.99 33 15.82 48 15,24 63 14.88 78 15.22 .
4 |10.45 [j19 | 15.14 34 15.80 49 15.20 64 14.88 79 15.26 z}
5 110,96 120 | 15.27 85 15.78 || 50 15.15 65 14.89 80 15.30 3‘
6 111.43 121 | 15.39 36 16.75 51 15.12 66 14.90 81 15.34 ‘
7 111.88 22 | 15.49{ 37 15,72 52 15.08 67 14,91 82 15.37 E’
8 |12.29 §23 | 15.57 38 15.68 53 15.05 68 14,93 83 15,41 1
9 |(12.68 J24 | 15.65] 89 15.64 54 15.01 69 14.94 84 15.44 aw
10 |13.03 j25 | 15.71 | 40 15.60 55 14,99 70 14,97 85 15.48
11 {13.36 26 | 15.75 ] 41 15.56 56 14.96 71 14,99 86 15.50 :.q
12 113.66 §27 | 15.79( 42 15.51 57 14.94 72 15.02 87 15.53 N
13 [13.94 |28 | 15.82 43 15.47 58 14.92 73 15.05 88 15.55 H
14 |14.19 |29 | 15.84 ] 44 15.42 59 14.90l 74 15.08 89 15.57
o - -
C
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(C) Table IIG-2. Bottom Loss in dB versus Grazing Angle in degrees for

FASOR Stations OAK and THORN (FNOC Type 2, Frequency = 1500 Hertz). K

e |BL Je |BL e |BL e | BL e | BL e | BL E

0 [3.49( 15 [ 4.77 || 30 | 6.48 45 | 7.91 60 | 8.72 75 | 8.95 5

1 |3.54| 16 | 4.88 | 31 | 6.59 46 | 17.98 61 | 8.75 76 | 8.96 G

2 |s.60f 17 |5.00 || 32 | 6.70 47 | 8.06 62 | 8.78 77 | 8.96 l

3 (3.67] 18 [5.11 || 33 | 6.81 48 | 8.13 63 | 8.81 78 | 8.96 )

4 |3.74( 19 [5.22 || 34 | 6.01 49 | 8.19 64 | 8.83 79 | 8.96 "

E’i; 5 | 3.81] 20 |5.34 || 35 | 7.01 50 | 8.26 65 | 8.85 80 | 8.96 3§

6 |3.80[ 21 |5.45 (| 36 | 7.11 51 | 8.32 66 | 8.87 81 | 8.96 a

F:} 7 [3.98 | 22 |5.57 || 37 | 7.21 52 | 8.37 67 | s8.89 82 | 8.96 :

> 8 [4.07 ) 23 |5.69 || 38 | 7.31 53 | 8.43 68 | 8.90 83 | 8.96 2

~ 9 14.16 | 24 |5.80 || 39 [ 7.40 ] 54 | 8.48 ] 69 | 8.91 || 84 | 8.96
' 10 | 4.25 § 25 |{5.90 || 40 | 7.49 55 | 8.53 70 | 8.92 85 | 8.96
@ 11 | 4.35 ) 26 | 6.03 || 41 | 7.58 56 | 8.57 71 | 8.93 86 | 8.97
M 12 | 4.45 ) 27 | 6.15 || 42 | 7.67 57 | 8.61 72 | 8.94 87 | 8.97
13 | 4.56 | 28 | 6.26 | 43 | 7.75 58 | 8.65 73 | 8.95 88 | 8.98
i 14 {4.67] 29 | 6.37 " 44 7.33[ 59 | 8.69 74 | 8.95 89 | 8.99
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(C) Table IIG-3. Bottom Loss in dB versus Grazing Angle in degrees for -
FASOR Station REDWOOD (FNOC Type 8, Frequency = 1500 Hertz). 5’

BL ) BL

0 27.80 | 45 | 25.60 | 60 | 25.08] 75 | 26.26
1 27.69 || 46 | 25.58 | 61 (25,13 76 | 26.32 5
2 |16.05| 17 | 27.30 32 | 27.56 || 47 | 25.47 | 62 | 25.18| 77 | 26.38 -
3 [17.38]18 | 27.54 33 | 27.43| 48 | 25.38 | 63 | 25.25| 78 | 26.42 ol
4 (18,6119 | 27.73} 34 | 27.28 || 49 | 25.29 | 64 | 25.32( 79 | 26.44 0
| 5 |19.74] 20 | 27.89f 35 | 27.13 (1 50 | 25.22 | 65 | 25.39 ) 80 | 26.45 ~
* 6 {20.78{21 | 28.00| 36 | 26.98 )| 51 | 25.15| 66 | 25.48| 81 | 26.44 ::§
5 7 | 21,7322 | 28.09| 37 | 26.83| 52 | 25.10 | 67 | 25.56| 82 | 26.40 N
i 8 |22.60( 23 | 28.14( 38 26.68L 53 | 25.06 | 68 | 25.65| 83 |26.34 i’
3 9 |23.39)/24 | 28.16( 39 | 26.52 || 54 | 25.03 | 69 | 25.74| 84 | 26.26
10 {24.11/25 | 28.15( 40 | 26.37 || 55 | 25.01 (| 70 | 25.84( 85 | 26.14 b
% 11 |24.75(/26 | 28.12( 41 | 26.22| 56 | 25.00§ 71 | 25.93 ) 86 | 25.99 ¥
" 12 |25.32|/27 | 28.07| 42 | 26.08 | 57 | 25.01 | 72 | 26.02( 87 |25.81 Ly
i 13 |25.83(/28 | 28.00( 43 | 25.94 | 58 | 25.02 | 73 |26.10| 88 | 25.59 ™
:: 14 [26.28}29 | 27.91| 44 | 25.81 || 59 | 25.05§ 74 | 26.18 | 89 | 25.32 i
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X
o (C) Table 11G-4. Means (M) and Standard Deviations (@) of
Differences Obtained by Subtracting FACT PLSD OQutputs with
Coherent, Semicoherent, and Incoherent Phase Options from

! Smoothed! FASOR Experimental Data (in dB).
L Z: Semicoherent Incoherent
(. Coherent Phase Phase Phase
" Case | Station Run 7] g M o u o |
& I FIG 3 6.8 2.7 6.8 2.7 7.1 2.3 |
E; Ila OAK 1 4,0 1.8 3.5 1.7 3.3 1.9
(A

IIb OAK 2 2.0 1.5 2.1 0.8 2.1 0.7
Eﬁ Illa THORN 1 -1.3 3.9 -1.3 3.9 2.4 3.6

IIb THORN 2 -4.4 3.3 -4.4 3.3 -2.6 3.9
g Iv REDWOOD 3 -8.1 10.8 -8.1 10.8 -4,7 5.9

o 1. Smoothed by running avérage with a 2-km window and 25% overlap thereby
B generating oune point every 0.5 km.
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(C) Table IIG-5. - Detection Range in km as a Function of Figure of Merzit (FOM)
in dB for FASOR1 Data (6-54 km) and FACT PL9D Model Results4,
(Station FIG, Run 3, Source Depth = 6 m, Receiver Depth = 37 m, ea
Frequency = 1.5 kHz). g‘

Data Set rom | R ° Range > R_
FASOR 85 > | zpc! 508, 6-8.5 km |
FACT Coherent 85 23 \'i! ‘
FACT Semicoherent® | 85 | 23 ’
FACT Incoherent 85 23 oy
FASOR 90 | 17 | ZDC 75%, 25-29 km. One peak at 32 km.
FACT Coherent 90 37.5 | ZDC 60%, 37.5-48 km o~
FACT Semicoherent®| 90 | 37.5 | ZDC 60%, 37.5-48 km k‘:’-
FACT Incoherent 90 50 o
FASOR 95 18 | ZDC 70%, 18-52 km. &
FACT Coherent 95 |[>54
FACT Semicoherentd | 95 |>54 N
FACT Incoherent 95 [>54
FASOR 100 |>54 One dropout at 33 km. K8
FACT Coherent 100 [>54 - |
FACT Semicoherent3 | 100 |>54 .
FACT Incoherent 100 |>54 o

1. FASOR data were not smoothed. a
[y}

2. FACT model results were not smoothed.
3. R, = Range to which coverage is continuous. N
4. ZDC = Zonal Detection Coverage in percentage of the indicated range -
interval over which detection is possible. -
5. FACT Coherent and Semicoherent results are identical. oy
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! (C) Table IIG-6. Detection Range in km as a Function of Figure of Merit (}YOM) :
XY in dB for FASOR Datal (26-44 km) and FACT PL9D Model R-sults<. '
(Station OAK, Run 1, Source Depth = 23 m, Receiver Depth = 37 m, !
! Frequency = 1.5 kHz.) i
) Data Set FOM R03 Range > Rc s
(.1 [
;'f .
T FASOR 95 |<26 ;
FACT Coherent 95 | 29 |
FACT Semicoherent 95 29 :
FACT Incoherent® 95 29 :
FASOR 100 |<26 | ZDC" 80%, 26-28 km

FACT Coherent 100 35

FACT Semicoherent 100 34
FACT Incoherent5d 100 34

\ - v
A

. Na A

& m s an =

B¢ FASOR 105 29 ZDC 70%, 29-32 km; 100% coverage 32-36 km;
™ 50% coverage 36-44 km,

FACT Coherent 105 40.5 ]
$2, FACT Semicoherent | 105 | 41.5 ]
!'

FACT Incoherentd | 105 | 41.5 '
FASOR 110 39 | ZDC 60%, 39-44 km
FACT Coherent 110 [ >44 \
FACT Semicoherent 110 | >44
FACT Incoherent® 110 | >44

1. FASOR data were not smoothed.
2., FACT model results were not smoothed.
3. R, = Range to which coverage is continuous.

4. ZDC = Zonal Detection Coverage in percentage of the indicated range
interval over which detection is possible.

5. FACT semicoherent and incoherent results are identical.
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(C) Table IIG-7. Detection Range in km as a Function of Figure of Merit (FOM)
in dB for FASOR Datal (12-24.5 km) and FACT PL9D Model Results2.

S d

(Station OAK, Run 2, Source Depth = 23 m, Receiver Depth = 37 m, i
Frequency = 1.5 kHz.) ﬁ
3 )]
Data Set FOM Rc Range > Rc -"_-.
FASOR 80 < 12 g
FACT Coherent 80 | 14.5 N
FACT Semicoherent 80 14.5 .
FACT Incoherent$ 80 | 14.5 el
FASOR 85 | 19.5 [zDpcY 10%, 19.5-21.5 km ']
FACT Coherent 85 | 19.5 ;:»
FACT Semicoherent 85 19 o
FACT Incoherentd 85 19 2
FASOR 90 | 18 |2DC 50%, 18-22 km &
FACT Coherent 90 24.5 =
FACT Semicoherent | 90 | 23.5 ]
FACT Incoherentd 90 | 23.5 )
FASOR 95 | 23 |ZDC 50%, 23-24.5 km i’
. FACT Coherent 95 [>24.5
¥ FACT Semicoherent | 95 [>24.5 <
b FACT Incoherent5 95 [>24.5 ~t |
oY " -
5 1. FASOR data were not smoothed. :7
R 2. FACT model results were not smoothed. .
:?_: 3. R, = Range to which coverage is identical. ;:_;
N 4. ZDC = Zonal Detection Coverage in percentage of the indicated range
i interval over which detection is possible. ]
:’ﬁ 5. FACT semicoherent and incoherent results are identical. "
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(C) Table 1IG-8.
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Detection Range in km as a Function of Figure of Merit (FOM)

in dB for FASOR Datal (19.5-33.5 km) and FACT PLSD Model Results2.
(Station THORN, Run 1, Source Depth = 23 m, Receiver Depth = 37 m,
Frequency = 1.5 kHz.)

Data Set FOM Rc3 Range > Rc or Comments

FASOR 80 |<19.5 | zpc? 108, 19.5-27 km

FACT Coherent5 80 15.57 | Peaks at 20 and 22.5 km

FACT Semicoherent5’6 80 15.57 Peaks at 20 and 22.5 km

FACT Incoherent5 80

FASOR 85 |[<19.5 ZDC 65%, 19.5-23.5 km, ZDC 20%, 23.5-
33.5 km.

FACT Coherent® 85 ( 21 | ZDC 65%, 21-33.5 km

FACT Semicoherent>’®| 85 | 21 | zDC 65%, 21-33.5 km

FACT Incoherent® 85 | 167 | zDC 55%, 16-27.5 km

FASOR 90 28 ZDC 50%, 28-33.5 km

FACT Coherent® 9 | 26 | ZDC 50%, 26-33.5 km

FACT Semicoherent®’®| 90 | = ZDC 50%, 26-33.5 km

FACT Incoherents’7 90 22 ZDC 25%, 22-33.5 km

FASOR 95 |[>33.5 With the exception of one dropout at 29 km

FACT Coherent® 95 | 32.5

FACT Semicoherent®’®| 95 | 32.5

FACT Incoherent5 95 >33.5 With the exception of two dropouts at 26
and 30 km

o L2 DN =
- .

FASOR data were not smoothed.

FACT model results were not smoothed.
R e = Range to which coverage is continuous.

. ZDC = Zonal Detection Coverage in percentage of the indicated range

interval over which detection is possible.

oscillatory.

FACT coherent, semicoherent and incoherent results are unrealistically

6. FACT coherent and semicoherent results are identical.

Range given is outside range interval for FASOR data (i.e., 19.5-33.5 km).
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N4 (C) Table IIG-9. Detection Range in km as a Function of Figure of Merit (FOM) ~
e in dB for FASOR Datal (12-25.5 km) and FACT PL9D Model ResultsZ. :
an (Station THORN, Run 2, Source Depth = 23 m, Receiver Depth = 37 m, —
. Frequency = 1.5 kHz.) q
s |
Ty S
‘-.:,.: Data Set FOM R03 Range > R, -:C
‘.\‘\ L
e FASOR 75 |<12 | zpc? 60%, 12-21 km
a0 FACT Coherent® 75 | 117 | One peak at 13 km R
£ FACT Semicoherent®’%| 75 117 | One peak at 13 km |
“;ES; FACT Incoherent® 75 | 11.57 | ZDC 55%, 11.5-17 km 2
y P '..v’. }
'i FASOR 80 | 14.5 | ZDC 80%, 14.5-24 km ‘
- FACT Coherent® 80 | 15 | ZDC 30%, 15-24 km 5
2 FACT Semicoherent®’®| 80 | 15 | zpC 30%, 15-24 km )
FACT Incoherent® 80 | 18 | ZDC 408, 18-27.5' km .
FASOR 35 | >22 ZDC 60%, 22-25.5 km se
FACT Coherent® 85 | 21 | zDC 508, 21-34.5" km
FACT Semicoherent’’®| 85 | 21 | zDpC 508, 21-34.57 km 3
FACT Incoherent® 85 | 22 | zpC 708, 22-48" km s
FASOR 90 | 24.5 | ZDC 50%, 24.5-25.5 km 1
FACT Coherent® 90 | 25.5 | ZDC 50%, 25.57-52.5" km =
FACT Semicoherent®’®| 90 | 25.5 | zDC 50%, 25.57-52.57 km .
FACT Incoherent® 90 [>25.5 N
1. FASOR data were not smoothed. o
2. FACT model results were not smoothed. ‘
3. R ¢ = Bange to which coverage is continuous 11
4. ZDC = Zonal Detection Coverage in percentage of the indicated range -3

interval over which detection is possible.

TV 9. FACT coherent, semicoherent, and incoherent results are unrealistically \
N oscillatory. T
'.,.-Q.' 6. FACT coherent and semicoherent results are identical. o
;i . Range is outside interval for which there is FASOR data (i.e., 12-25.5 km). &3
! e
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d
(C) Table I11G-10. Detection Range in km as a Function of Figure of Merit (FOM) T
in dB for FASOR Datal (1-36 km) and FACT PL9D Model Results2. L
(Station REDWOOD, Run 3, Source Depth = 6 m, Receiver Depth = 37 m, ]
Frequency = 1.5 kHz.) 0
Data Set FOM R 3 Range > R i
[ (¢} 3
FASOR 85 ? i
FACT Coherent 85 4 3'4
FACT Semicoherent® | 85 4 'y
FACT Incoherent 85 4 i
FASOR 90 2.5 -
FACT Coherent 90 5 !
FACT Semicoherent® 90 6] : r{
FACT Incoherent 90 5.5 _ (}
FASOR 95 5 | zpc? 608, 5-11 km §
FACT Coherent 95 7
FACT Semicoherent® 95 7 t'
FACT Incoherent 95 7 3
FASOR 100 11.5 ZDC 50%, 11.5-24.5 km s
FACT Coherent 100 9 ZDC 50%, 9-11 km u
FACT Semicoherent5 100 - 9 ZDC 50%, 9-11 km a
FACT Incoherent 100 '«'.l
FASOR 105 [21.5 | One dropout from 15 to 16 km N
FACT Coherent 106 | 11 | 2zDC 25%, 11-18 km N
FACT Semicoherent5 105 11 ZDC 25%, 11-18 km
FACT Incoherent 105 [12.5 51
FASOR ' 110 |[28.5 q
FACT Coherent 110 11.5 ZDC 50%, 11.5-25 km
FACT Semicoherent® | 110 |11.5 | ZDC 50%, 11.5-25 km
FACT Incoherent 110 18.5 -
FASOR 115 | 29 | One peak between 32 and 33 km %
FACT Coherent 115 19 ZDC 50%, 19-25.5 km; ZDC 20%, 25.5-36 km ‘
FACT Semicoherent® | 115 19 ZDC 50%, 19-25.5 km; ZDC 20%, 25.5-36 kui o
FACT Incoherent 115 28.5 E
.1, FASOR data were not smoothed for FOM analysis. :4
2. FACT model results were not smoothed. 8

Lar}
oy
1

- R, = Range to which coverage is continuous.

o> W
)

AL

LY
L)
-

ZDC = Zonal Detection Coverage in percentage of the indicated range interval
over which detection is possible.

5. FAST coherent and semicoherent results are identical.
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: VELOCITY PROFILE
i VELOCITY (M/S)
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“ .’I‘ 0 v ! T LN S mata | r+T..r T T DEPTH VELOCITY
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o (U) Figure 1IG-2. Sound Speed Versus Depth Profile for FASOR Station OAK i
t‘-sﬂi' \
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(U) Figure IIG-3. Sound Speed Versus Depth Proflle for FASOR Station THORN ‘
o]
\ Y
o

:\3
G-16 ,
CONFIDENTIAL !-’1

|
R e A T ey NN S SR N D N 2 R N e




v - YT MO NS T e ety § SR
R et T AR PSS Tt AR RMF el 1 ol m s eaa, A g il ) O AN RSN | T s gy s S (A € SN LN ol o Ry \-h
( 4
£
7
7
L A\M.
- G
qooMagy uonels YOSVd 103 argoad yideq snsiap paadg prmog -p-DIf 2andig (n) =
!
74
"By
TVILNAQIINOD Z
w -y
Q
YT T T T T YT T T YT T T T Y T T T Y T T T Y Y T T Y T T YT YT Y Y YT TT) O Gf ——
v<4<qq.ﬂ-q]qﬂ-<q.q-d-mi< q J‘J M ] 009 T 1] T T ™ F L
L | 1 p Ay
i | ! ! ; 4 f i 4 N 0.1._
: i 1 i t E v )
e ' o " L Qmm L 4 O L
L ' H | i o _ 4
L | u h i T - . O -
! . | : ] I {ocs i
- f ; ai
g . 1 00s old
ﬁ . | ,
b u 2 i 4 ..a.m,
05k [ ) 2
+ h | '
w ) — -~ — y 0052 \.«.u
T - ’
004 ' | L
1 - .
g y 00°#ISI 0°282% - “ 1
[ ] 0L°60S1 0°000% L 1 .
01° 1051 00062 { ~
I s R 0L"26h! 00002 | 4 0002 — "
1 01°68h1 0°0GLI i ] o 0 A
] R 09-cent 0-00S1 i © Y
1 oos T ot'canl 000t ] 2 L ¢
3 I 08 wehi 0°DOEL 1 T P
m ] ~ 09°wgal 0°002I ] - .
4 X OL wewl 00011 x
3 b T D6 %8n 0° 0001 4 006!
[ 1 0s2 09°Ga8nl 0°006 ]
! 0£°LO%1 0-008
[ ] 0S5 gnE 0°00L 1
{ 4 00°66%1 0°009 :
002 0£°Z6hI 000G
ﬁ 1 08°96h1 0°00h )
] 0£°66h1 0°00€ -
- ] 09°%051 0052 ooo!
- 0s1 0h°60S1 0002 1
! 4 . 01°51S1 07061 4
-l - 1 0£°L1St 0°S21
A ! ! ] 04" 1251 0°004
I - O£°L2G1 0°GL
—” 1+ A 001 09°£561 0°05 ]
b ! ‘ ; 1 18°s£51 0°LE 1 00s
P4 - : : ! .. 01°L£S1 0-0f ]
! ; ' | 0L 6£S1 0°02
- s - s S et R XL 01°0%51 0°61 )
) : ! 00°0n5t 0°01 4
L ﬁ i 06°0nG1 19 |
: ) ! i 05°2n51 070
N ddeddopbb s b s s b s s sobnsssdosanstanss b Adia o ALIJOTIA  Hid3D I TUOTV T S UETE U EE TR U TUTEY VT UT WD n
o) ©551 0hGL DEGE 02G1 QIG1 00G! 0641 GBhE Skl 0ShI DGhI omf OhG1 2EST JSST 0151 00G1 0601 0Bh! G ki G3hl O0GHI
(S/H) ALIJUT3RA {S/H) ALIJ0T3A
QO 371.408d 3DV IUNS - 473~ 371408d AL1J073A
£

-

. . § — - >~ P A AP LA P Yo SiEB AR x
Al 775 BB 75 W B s S . AR v WS S B R YY) 2 A ,



ew L, TR NE T T N ACTTAC Y AW AT W N AT W ENCVBTR TR ST AT RN W TR VWY A 2% B B RS S Rl ity A vab)
h

g CONFIDENTIAL 4

BOTTOM LOSS
ANGLE (DEG)
0 S 10 15 20 25 30 35 40 45 %0 5% 60 65 70 75 80 85 90

S S N T

25

_,_~___
fi:;l;d

i |
RN

20 . . . . ' . . . b f ! .o tf -
| |

(3

—
i

1 O9

—— e

+
—_—
Ll

i)
—

- ¢
l”"—"f‘
R

i
|

& =y e
— #—J ——

CONFIDENTIAL

(C) Figure IIG-5. Bottom Loss Versus Grazing Angle for FASOR Station FIG |
(FNOC Type 5, Frequency = 1.5 Kilohertz)
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(C) Figure IIG-6. Bottom Loss Versus Grazing Angle for FASOR Stations OAK
and THORN (FNOC Type 2, Frequency = 1.5 Kilohertz)
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' (C) Figure IIG-7. Bottom Loss Versus Grazing Angle for FASOR Station REDWOOD g
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Appendix IlIH: Accuracy Assessment of FACT PLID
Compared to GULF OF ALASKA Experimental Data (U)

GULF OF ALASKA (GOA) (U)

Environment (U)

(C) Seven environments in the Gulf of
Alaska (GOA) acoustic experiment were
chosen as suitable for the evaluation of
range 1independent propagation 1loss
models. The acoustic measurements in the
seven environments are referred to as
runs 140, 143, 124, 108, 107, 112B, and
112A. The sound speed profiles for these
enviromments are given in Figures IIH-1
through IIH-7. All profiles are basical-
ly the same, with shallow sound channels
the axes of which vary between 75 and 90
meters. Surface sound speeds are between
1476 and 1480 meters/second. Runs 140,
143, 124, and 112A profiles have a sur-
face duct to a depth of 10 meters. Bot-
tom depths vary from 4042 to 4078
meters. Positive depth excess ranges

between 2850 and 3050 meters. The bottom
of the sound channel is found between
1000 and 1200 meters (as defined by the
reciprocal depth to the surface sound
speed or the sound speed at the bottom
of the surface duct when one exists).

(C) The bottom loss versus grazing angle
curve was the same for all runs and is
given in Table IIH~l. This bottom loss
curve is for a FNOC Type 6 bottom and is
independent of frequency above 1000
hertz. The bottom loss is 9.7 dB at O
degrees, 17.8 dB at 15 d.grees and 18.4
at normal incidence.

Test Cases (U)

(C) There are fourteen test cases for
the Gulf of Alaska experiments, corre-
spond responding to two receiver depths
for each of seven runs:

CASE RUN SOURCE RECEIVER FREQUENCY MINIMUM MAXIMUM

NUMBER DEPTH (m) DEPTH (m) (kHz) RANGE RANGE

_ (km) (km)
I 140 30.5 30.5 1.5 37.0 63.0
II 140 30.5 304.8 1.5 37.0 63.0
III 143 30.5 30.5 1.5 8.5 53.0
v 143 30.5 304.8 1.5 8.5 53.0
\' 124 30.5 30.5 1.5 2.5 11.0
VI 124 30.5 304.8 1.5 2.5 11.0
VII 108 1067.0 30.5 2.5 2.5 28.0
VII1I 108 1067.0 304.8 2.5 2.5 28.0
IX 107 1067.0 30.5 2.5 30.0 67.0
X 107 1067.0 304.8 2.5 30.0 67.0
X1 112B  304.8 30.5 2.5 2.0 19.5
XII 112B  304.8 304.8 2.5 2.0 19.5
XIII 112A  304.8 30.5 2.5 15.0 58.0
XIv 112A  304.8 304.8 2.5 15.0 58.0
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(C) In Cases I, III and V, source and
receiver are at the same depth in the
upper part of the sound channel. In
Cases II, IV, and VI, both source and
receiver are in the sound channel, but
on either side of the axis. In Cases VII
through X, the source 1s below the sound
channel and the receiver is in the chan-
nel either above the axis at 30.5 m or
below the axis at 305 m. For Cases XI
through XIV the source is in the lower
half of the sound channel and the
recelver 1is either at the same depth of
305 m or above the channel axis at
30.5 m. The dominant propagation 1is
either via the sound channel (purely
refracted) paths or half-channel
refracted~-surface reflected) paths. Due
to the nature of the sound speed profile
and relatively high bottom loss (FNOC
Type 6), bottom reflected energy is not
a significant factor.

Accuracy Assessment (V)

(C) The accuracy assessment procedures
applied to the FACT FL9YD outputs and the
experimental data are described in sec-
tion 1.1 of this volume and 1in greater
detail in section 5 of Volume I of this
series with the exception that the co-
herent model output is not smoothed be-
fore subtraction from the experimental
data. The Gulf of Alaska experimental
data (Cases ([-XIV) are plotted in Fig-
ures IIH-8 through IIH-21. This same
data, after smoothing by & 0.5 kilometer
window running average is shown in Fig-
ures ITIH-22 through I1H-35. The experi-
mental data are characterized by large
fluctuations, even after smoothing for
Cases I-VI and XIII. It is, therefore,
not surprising to see large values of
standard deviations of differences for
these cases between Gulf of Alaska data
and FACT model outputs in Table IIH-2.
For each case the following figures are
produced: (a) the FACT PL9D coherent
output, (b) the FACT coherent result
subtracted from Gulf of Alaska data,
smoothed in 0.5 kilometer increments,
(c) FACT PL9D semicoherent output, (d)

FACT PLI9D semicoherent output subtracted
smoothed 1in

from Gulf of Alaska data

0.5 km increments, (e) FACT PL9D inco-
herent output, (f) FACT PL9D incoherent
output subtracted from Gulf of Alaska
data smoothed in 0.5 km increments.
These plots are found in Figures IIH-36
through IIH-119 for the fourteen cases.

(C) The means and standard deviations of
differences between the smoothed Gulf of
Alaska data and the FACT PL9D results
(for the three coherence options) are
glven in Table IIH-2. The smoothing of
the GOA data was done in dB space. If
instead, the smoothing was in intensity
space, these smoothed results would be
about 5 dB higher (1.e., less loss) than
those done in dB space. This would ef~-
fectively subtract 5 dB from the means
of Table IIH-2 which would improve the
result for most cases. For Case I, the
FACT output has an anomalous appearance
at all ranges. Differences in the three
coherence optluns are not evident beyond
about 15 km. The dip in the Gulf of
Alaska (GOA) data at 42 km is not seen
in the model output and the low loss
peak found in the model output at 69 km
is not found 1n the GOA data. These dif-
ferences, particularly the first,
account for both the mean and standard
deviation being about 6 dB. In Case II,
the high loss feature of the GOA data at
42 km is the greatest cause of disagree-
ment with the model results. Except at
very short range (< 3 km) the three FACT
coherence options yield the same result.
As in Case I, anomalous features are ob-
served in the FACT curve. Here, however,
they are attenuated compared to the Case
I tresult. In Case III, the data shows
large fluctuations on range scales
varying from less than 0.1 km to 10 km.
Fluctuations at the rapid end of t“is
spectrum are absent in the FACT model
results. Past about 13 km, all FACT
phase options yield the same result.

‘Once again, the nature of the FACT fluc-

tuations produces a propagation 1loss
curve which has an anomalous appearance.
The FACT low loss peaks at 24 and 47 km
are not observed in the GOA data and
result in large differences. The rise in
the GOA data to a low—loss plateau takes
place at B km compared to 13 km in the
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model results. This contributes to the
large standard deviation fovnd (~ 7 dB).
For Case IV, the largest discrepancy is
found between 9 and 14 km. In this
interval, the GOA data shows ocscillation
about the 75 dB level while the FPACT
model predicts s rise from 95 to 85 dB.
This region is primarily responsible for
the standard deviation of 5.3 dB. Fluc-
tuations for the GOA data are 10-15 dB
and are almost nonexistent for the FACT
output. For Case V, the FACT output has
an anomalous appearance. Although the
coherence options gives identical re~-
sults beyond 13 km, our interest in this
case is from 2.5 to 11.0 km. The varia-
bility of the model results in this re-
gion is reflected in the values of u and
o. Regardless of phase option, the FACT
result shows much greater loss than does
GOA data. The level of fluctuations be-
tween GOA data and FACT coherent are
both in the range of 15 to 20 dB. In
Case VI, the three FACT phase options
yleld identical results between 2.5 and
11.0 km, the interval of the GOA data.
The FACT result is a smoothly fallirg
curve in this interval which rides the
low-1l0ss peaks of the GOA data. Extreme
fluctuztions to 6 km in the GOA duta are
not observed in the model results. In
Case VII, the fluctuations of the GOA
data and the FACT coherent and semi-
coherent results (rc of similar magni-~
tude. The value of ¢ for the difference
curve would have been smaller had the
model results been smoothed as were the
GOA data before taking differences. This
would not alter the large mean differ-
ences between FACT and GOA results (~15
dB) with FACT showing less loss. Also,
ag reflected in the difference curve,
the slope of the FACT propagation loss
curve is much greater than that of the
GOA results. The incoherent FACT output
is smooth in the GOA data region and in
strong disagreement with the GOA data.
For Case VIII, except for ranges less
than 8 km, the three phase options yield
the same result which appears to be the
result of incoherent phase addition. A
large mean difference (~11 dB) 1is
observed between the FACT result and the
GOA data. The GOA fluctuations of 10 dB

are absent in the FACT prediction. The
slope of the FACT result is steeper than
that for GOA data. In Case IX, as in
Case VII, the coherent .and semi-coherent
FACT outputs show rapld oscillations
with periods of 2 to 3 km. The first
convergence zone (CZ) starts at 46 km
and ends at 52 km for FACT coherent and
semicoherent; for FACT incoherent the CZ
extends from 46 to 56 km. The GOA con-
vergence zone starts at 46 km; it is
difficult to pinpoint the end of the GOA
convergence zone, as it is for the FACT
model's CZ. Reasonable agreement is
found between the low-loss envelopes of
the GOA and FACT coherent and semi-
coherent results. Large mean differences
(~6 dB) and standard deviations (~7 dB)
are largely due to the fact that the GOA
data was subjected to a running average
and the FACT model results were not. The
GOA fluctuations are of the same general
magnitude as thogse for FACT coherent and
gsemicoherent results but are much more
rapid (i.e., smaller period). The FACT
incoherent results ride at or above the
low-loss peaks of the GOA data. When the
latter is smoothed a mean difference of
~9 dB is found. In Case X, as 1in Case
VIII, all phase options yield what
rrpears to be an incoherent result ex-
cept at short ranges (<5 km). A double-
lobed convergence zone clearly evident
in the FACT result is not double-lobed
in the GOA data. Both CZs appear to
start at 44 km; the FACT CZ ends at 48
km compared to the GOA CZ end at 51 km.
The FACT curve closely corresponds to
the GOA low-loss envelope. It 1is clear
that the FACT result shows no fluctua-
tions; GOA data fluctuations are about
10 dB with periods of 0.1 km or less. In
Case XI, the FACT interference structure
has an anomalous character. For ra.ges
greater than 3 km, the three coherence
options yield the same result. The GOA
data shows an interference structure
which 1is absent in the model result.
With the exception of one small (anoma-
lous in FACT) interval, the model shows
less loss than the GOA data. The slopes
of the GOA and FACT curves are quite
similar. GOA data show 3-5 dB rapid
fluctuations; FACT has none. In Case
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XII, the envelope of the GOA data and
the FACT curve have nearly identical
shapes, which accounts for the small
standard deviation (of the difference
between smoothed GOA data and the FACT
curve). Rapid GOA fluctuations between 5
and 10 dB are not evident in FACT re-~
sults, which have an anomalous interfer-
ence pattern and are identical for all
phase options. In Case XIII, the FACT
result 1s again independent of phase
option chosen and has what appears to be
an anomalous interference pattern. The
interference structure seen in the GOA
data between 15 and 22 km is well model-
ed by FACT although the FACT result is
at lower loss (i.e., roughly parallel to
the GOA result in this interval). The
GOA fluctuations are rapid and between
10 and 15 dB (longer period interference
patterns of approximately 1 to 2 km ex-
hibit 3 to 5 dB rapid fluctuations modu=-
lating the longer patterns. The FACT
curve rides on or above the GOA low-loss
envelope. For Case XIV, the FACT inter-
ference structure again has an anomalous
appearance. The three coherence options
yield the same result. The FACT curve
once again shows 1losses less than or
equal to those of the GOA low-loss en-
velope. Fine scale fluctuations of 5 to
10 dB are seen in GOA data; none are
evident in FACT.

(C) We now turn to the Figure of Merit
(FOM) results. Tables IIL-3 through IIH-
16 give detection coverage as a function
of figure of merit in 5 dB steps for the
fourteen cases. In what follows we shall
refer to detections per opportunity
ratio. This 1s the gsame as Zonal Detec-
tion Coverage (ZDC) as listed and de-
fined in the tables. For Case I, at FOM
= 80 dB, coverage 1s slight and compara-
ble for GOA and FACT. At FOM = 85 dB,
FACT coverage has a 1large gap but 1is
complete otherwise; GOA's coverage shows
a smaller gap but the chances of detec-
tion on a single ping basis are less
than FACT's in areas of mutual coverage.
The results for FOM = 90 dB are similar
to those for 85 dB; At FOM = 95 dB, both
FACT and GOA show detection coverage
over the entire interval. FACT has a

T A Ll e a0 S FLOT LTS 2o b 28 TE MR DAL o e S A e Lk N

detections per opportunity ratio of 1.0
at all ranges; GOA has ratios varying
between 0.2 and 0.95 depending on range.
At FOM = 100 dB, the GOA ratios are
between 0.5 and 0.95 and at FOM = 105 dB
the GOA ratios vary between 0.8 and 0.98
(the FACT PLY9D detection opportunity
ratio is 1.0 for these FOMs). For Case
II, GOA coverage is much more extensive
than 1s FACT. At FOM = 85 dB, GOAs
coverage 1s complete but only slightly
greater than FACT's; FACT's coverage,
however, 1is complete whereas GOA's cov-
erage varles from 10X to 6CY (i.e., per-
centage of detections per opportunity).
For FOM > 90 dB, both GOA and FACT have
detection coverage over the entire range
interval although FACT has an advantage
in Zonal Detection Coverage precentage.
For Case III, at FOM = 75 dB, GOA and
FACT have roughly equivalent coverage.
At FOM = 80 dB, the GOA coverage is much
more extensive than FACT's. At FOM = 85
dB, GOA coverage 18 more extensive than
FACT's, but FACT's is at 100X detections
per opportunity whereas GOA's varies
between 20 and 50Z. For FOM > 90, GOA
and FACT have essentially complete cov-
erage over the GOA data interval; how-
wever, FACT is at the 100X detection per
opportunity level and GOA's percentage
is variable and depends on range. For
Case IV, at FOM = 75 dB FACT shows no
coverage. GOA has coverage over a 15
kilometer interval but at a 102 detec—-
tions per opportunity ratio. At 80 and
85 dB, GOA's coverage is broader, but
FACT's is at the 100X level. At FOM > 90
dB, both GOA and FACT have essentially
complete coverage over the GOA data
interval. FACT's coverage is at the 1002
level which 18 approached by GOA data
for FOM > 95 dB. In Case V, GOA ucla
shows much greater coverage than FACT
results for FOM < 90 dB. At FOM = 95 dB,
coverage 1s over the entire GOA data in-
terval (2.5-11 km) but at a much higher
detections per opportunity percentage
for GOA than for FACT. For FOM > 100 dB,
GOA and FACT give complete range cover-
age at a percentage of 90 or better. For
Case VI, FACT and GOA show detection
coverage over the range interval (2.5-11
km) regardless of FOM. The FACT 2Zonal
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Detection Coverage (2ZDC) percentage 13
1002 at all FOMs; the GOA 2ZDC increases
from 502 to 95X as FOM increases from 75
to 100 dB. For Case VII, GOA shows
essentially no detection coverage at
FOM < 85 dB while FACT shows substantial
coverage. At FOM > 95 dB, GOA and FACT
show coverage over the entire interval
(2.5-28 km) but at a higher detection
per opportunity percentage for FACT. For
Case VIII, FACT again has better detec-
tion coverage than GOA data. At FOM =
75 dB, GOA coverage is a point; FACT's
is 3 km. At FOM = 80 and 85 dB, FACT's
coverage 1s far more extensive than
GOA's. For FOM > 90 dB, FACT's coverage
is total over the range interval (2.5-28
km); GOA has coverage over the entire
range interval but at varying detection
per opportunity percentages. For Case
IX, neither GOA nor FACT show coverage,
aside from convergence zone, for FOM =
85 dB. GOA has no coverage in the range
interval (30-67 km) at FOM = 90 4B, but
FACT shows slight coverage at the start
of this interval. At 95 dB, GOA still
has no coverage and FACT's now extends
to 42 km. For FOM > 100 dB, GOA and FACT
have coverage over the range interval;
FACT's 1is at the 100% detections per
opportunity level for incoherent phase
while GOA's 1s variable. CZ start ranges
are ldentical for GOA and FACT. The CZ
end range results are variable and de-
pend on FOM. At FOM = 85 dB, FACT shows
a CZ; GOA does not. For Case X, GOA and
FACT show nearly identical CZ start and
end ranges at FOM = 90 dB. At FOM > 95
dB, FACT has 1002 detection coverage
over the GOA data interval of 30-67 km.
GOA shows coverage at all ranges but at
varying detection per opportunity per-
centages. In Case XI, GOA and FACT has
very similar detection coverage in terms
of range interval. FACT, however, has a
higher (actually 100%) detections per
oportunity percentage than GOA data. In
Case XII, FACT has broader detection
range coverage and/or higher detection
per opportunity percentage. With the ex-
ception of FOM = 90 dB, this is also
true for CASE XIII. For Case XIV, at
FOM = 80 dB, GOA percentage level is low

H-5

but coverage is continuous over an 18 km
interval; this compares with spotty cov-
erage at the 100Z level for FACT - the
sum of FACT's range coverage 1is 12 km.
The same general situation is found for
FOM = 85 dB. At FOM > 90 dB, GOA and
FACT have detection capability over the
15-58 'km GOA data range interval. FACT
has 1002 detection per opportunity per-
centage whereas GOA's varies with range
and FOM.

(C) General Conclusions: (1) For the
arctic sound speed field, FACT results
were insensitive to phase option chosen
over most of the range interval when the
receiver was deep (305 meters). (2) In
many cases, the FACT interference struc-
ture had an anomalous appearance. (3) In
most cases at 2.5 kHz, FACT showed less
loss than GOA data to the extent that
‘the FACT curve often provided a low-loss
envelope for the GOA data. (4) In all
cases FACT showed no fluctuations et
periods of less than 1 km except between
5 and 15 km; the GOA data typically
showed fluctuations of 10 dB at periods
less than 1 km. (5) FACT and GOA results
at 1.5 kHz showed no basic agreement in
shape of the propagation loss curve or
features therein. (6) The large negative
differences in Case V would appear to
arige from an incounsistency in the FACT
results rather than in the GOA data. (7)

At 1.5 kHz, the Gulf of Alaska data

shows better coverage than FACT in terms

of percentage of the possible range in-

terval covered at a given FOM. When both

cover a given range segment, however,

FACT usually has a 100% detection per

opportunity ratio while GOA's percentage

is both range and FOM dependent. (8) At

2.5 kHz, the Gulf of Alaska data shows

poorer or equal coverage to FAUT in

terms of percentage of the possible

range interval covered st a given FOM.
When both cover a given range segment,
FACT usually has a 1007 detection per
opportunity ratio while GOA's percentage

is both range and FOM dependent.
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(C) Table IIH-1. Bottom Los3s in dB versus Grazing Angle in degrees. B
FNOC Type 6. Frequency »1000 Hertz. » 5
6 | BL @ | BL © | BL © | BL © | BL © | BL
0 9.7 | 15| 17.8 | 30 | 19.4 | 45 | 18.7 | 60 | 18.5 | 75 | 18.9 *
1]10.6 )16 | 18,1 | 31| 19.3 | 46 | 18,7 | 61 | 18.5 | 76 | 18.9 -
2 |11.4 | 17| 18.3 | 32| 19,8 | 47 | 18.7 | 62 | 18.5 | 77 | 18.9 a
3 /12,118 | 18,5 | 33 | 19.3 | 48 | 18,6 | 63 | 18,5 | 78 | 19.0 X
4 |12.8 |19} 18.7| 34| 19.3 | 49 | 18.6 | 64 | 18.5 | 79 | 19.0 -
5 113.5 |20} 18.8| 35| 19,2 | 50 | 18.5 | 65 | 18.6 | 80 | 19.0 :3
6 |14.1 ] 21 | 18,9 | 36 | 19.2 | 51 | 18.5 | 66 | 18.6 | 81 | 19.0 ‘
7T 114.7 | 22 | 19.0 § 37| 19.1 | 52 | 18.5 | 67 | 18.6 | 82 | 18.9 :;
8 1]15.2 | 23 {19.1 | 38 | 19.1 | 63 | 18,5 | 68 | 18.7 | 83 | 18.9 ,
9 |15.7 ]| 24 | 19.2 | 39 | 19.0 | 54 | 18.5 | 69 | 18.7 | 84 | 18.9 s’].j !
10 | 16.1 | 25 | 19.3 | 40 | 19.0 | 55 | 18.4 | 70 | 18.7 | 85 | 18.8 w :
11 | 16.4 | 26 | 19.3 | 41 | 18.9 | 56 | 18.4 | 71 | 18.8 | 86 | 18.8 2 1
12 | 16.9 | 27 | 19.3 | 42 | 18.9 | 57 | 18.4 | 72 | 18.8 | 87 | 18.7 W
13 | 17.3 | 28 | 19.4 | 43 | 18.8 | 58 | 18,4 | 73 | 18.8 | 88 | 18.6 . ‘
14 | 17.6 | 29 | 19.4 | 44 | 18.8 | 59 | 18,5 | 74 | 18.9 | 89 | 18.5 g
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(U) Table IIH-2. Means (u) and Standard Deviations (¢) in dB of
Differences Obtained by Subtracting FACT PL9D Model Results
from Gulf of Alaska Experimental Data.l

FACT FACT

Qghﬁggn; Semicoherent]Incoher2nt
Source | Recelver

Freq. Depth Depth p o p o p o
Case | Run | (kHz) (m) (m)

"R, | Te it bt | o SUSISIINL B SO

I 140 1.5 30.5 30.5 6.2 6.0} 6.2 | 6.0 6.2 ] 6.0
I 140 1.5 30.5 | 304.8 3.2} 4.3] 8.2} 4.3| 3.2 | 4.3
III 143 1.5 30.5 30.5 2.4 7.6| 2.7] 6.6| 2.7 6.5
IV 143 1.5 30.5| 304.8 -0.3| 5.3]-0.3] 5.3]-0.3] 5.3

@ \' 124 1.5 30.5 30.5 [15.6(10.2}-10.1 | 3.1}-10.3 | 3.4
' VI 124 1.5 36.5| 304.8 6.7{ 3.8{ 6.7} 3.8| 6.7 | 3.8
ﬁ VII 108 2.5 1067 30.5 14.1| 6.8| 14.2 | 6.8 16.0 | 4.1

VIII {108 2.5 1067 304.8 11.0} 2.7| 11.0 | 2.7} 11.0 | 2.7

IX 107 2.5 1087 30.5 6.3 7.0] 6.3 | 6.9| 8.9 | 2.2

a X 107 2.5 1067 304.8 5.9 2.0] 5.9 | 2.0 5.9 2.0
XI 112B 2.5 304.8 30.5 8.71 4.2] 8.7] 4.2( 8.7 4.2

. :3 X1 112B 2.5 304.8 | 304.8 8.6 | 2.8} 8.6 2.8| 8.6} 2.8
| XIII |112A 2.5 304.8 30.5 9.1 4.3 9.2} 4.3] 9.2 | 4.3
g XIV |112A 2.5 304.8 | 304.8 7.7 3.4 7.7} 3.4] 7.7 ] 3.4

1. Gulf of Alaska data were smoothed by application of a running average
with a 2 kilometer window.
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(C) Table IIH-3. Detection Range in km as a Function of am
Figure of Merit (FOM) in dB for Gulf of Alaska, ﬂ
Run 140 (37-63 km) Experimental Data and :
FACT PLSD Model Results. i
CASE I: f-
(Source Depth = 30.5 m, Receiver Depth = 30.5 m, Freque.cy = 1.5 kHz)) A
Bottom Loss: FNOC Type 6
DATA SET roM | R} Range > R_ i
2 N
Gulf of Alaska 80 ZDC” 50%, 38-40 km W
FACT PL9D3 80 100% coverage, 38.5-42.5 & 57.5-59.5 km Rt
1
Gulf of Alaska 85 ZDC 30%, 37-41 km; ZDC 15%, 44.5-61 km =
FACT PL®D® 85 100% coverage 37-44.5, 57.5-68 km J
Gulf of Alaska 90 ZDC 80%, 37-41 km; ZDC 50%, 43-63 km
FACT PL&DS 90 100% coverage, 37-52.5 & 57.5-63 km f}
Gulf of Al 5 ZDC 95%, 37-40 km; ZDC 20%, 40-50 km; A
ulf of Alaska ? 'ZDC 85%, 50-63 km i
FACT PL9D? 95 100% coverage, 37-63 km o
Gulf of Alaska 100 40.5 | ZDC 50%, 40.5-50 km; ZDC 95%, 50-63 km @
FACT PLQD3 100 100% coverage, 37-63 km
Gulf of Alaska 105 42.0 ZDC 80%, 42-43.5 km; 98%, coverage pest 5
43.5 km
FACT PLgD® 105 100% coverage, 37-63 km .

.
o

1. Rc = Range to which detection coverage is continuous.

3

2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval
over which detection is possible.

3. FACT PL9D coherent, semicoherent, and incoherent outputs give identicai
detection coverage at this FOM (over the Gulf of Alaska data interval: 37-
63 km).
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(C) Table IIH-4. Detection Range in km as a Function of
i Figure of Merit (FOM) in dB for Gulf of Alaska,
Run 140 (37-63 km) Experimental Data and
FACT PLAD Model Results.
CASE II:
(Source Depth = 30.5 m, Receiver Depth = 305 m, Frequency = 1.5 xHz)
Bottom Loss: FNOC Type 6

S .
- e
2 L2

& DATA SET FoM R ! Range > R,
E} Gulf of Alaska 75 100% coverage, 47-48 km
FACT PLgD? 75 .
1003 coverage, 38-40 km; ZDC° 205, 46-
Gulf of Alaska 80 54.5 km
FACT PL9D? 80 100% coverage, 37-39.5 km
ZDC 60%. 37-40 km: ZDC 10%, 40-45 km;
Gulf of Alaska 85 ZDC 50%, 45-63 km
@ FACT PL9D? 85 100% coverage 37-47, 49.5-56
ZDC 5% 510 K2 DC 20%, 40-44 knm;
‘ Gulf of Alaska 90 ZDC 70%, 44-63 km
i FACT PL9D? 90 100% coverage, 37-63 km
100% coverage, 37-40 km; ZDC 80%, 40-44 km:
@. Gulf of Alaska 95 100% coverage, 44-52.5 km; ZDC 85%, 52.5-63 km
4
FACT PL9D? 95 100% coverage, 37-63 km_
100% coverage, 37-40 km; ZDC 85%, 40-44 km
Gulf of Alaska 100 ZDC 95%, 44-63 km
FACT PLOD? 100 100% coverage, 37-63 km

1. R ¢ = Range to which detection coverage is continuéus.

2. FACT PL9D coherent, semicoherent, and incoherent outputs are identical over
the Gulf of Alaska data interval (37-63 km).

3. ZDC = Zonal Detection Coverage in rercentage of the indicated range interval
over which detection is possible.
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(C) Table IIH-5. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Guilf of Alaska,
Run 143 (8.5-83.0 km) Experimental Data and
FACT PLSD Model Results.
CASE III:
'(Source Depth = 30.5 m, Receiver Depth = 30.5 m, Frequency = 1.5 kHz)
Bottom Loss: FNOC Type 6

=L

23

-1

KN
DATA SET rou | r 1 Renge R, w!
] o
) Gulf of Alaske 8 zpc® 8%, 19-31.5 km ti w
FacT? 1) 1008 coverage, 22.8-24.5 km Wy
Gulf of Alaska 80 ZDC 28\, 10.5-30 km -
Loty
FacT? 80 1008 coverage, 13.5-14 km, 23-36 km & 45-48.8 km )
Gulf of Alaska 88 2DC 808, 10-38 km; ZDC 20%, 41.3-83 km
3 1008 coverage, 13-16.3 km, 20-32 km, 38.5-38 km 4
FACT 88 & 44.8-80 km
¥BC 0N, 10-13 km; ZDC 808, 13-30.5 km; ZDC 408,
Gulf of Alaska 90 30.5-83 km ‘
racT? 90 1008 covera -5,
I5C 108, b“l" a"xmh; zni"uc mooi.’"xa-ao.n km; ZDC 60%, @
Gulf of Alaska 5 30.5-83 km O
FACT Coherent 98 ZDC 208, 8.3-13 km: 100% coverage past 13 km
FACT Semicoherent | 98 100% coverage past 13 km a
FACT Incoherent 95 8.5 | 100% coverage past 13 km
Gulf of Alaska 100 ZDC 708, 9-13 km; ZDC 908, 9-38 km; ZDC 80%, 38-58 km )
FACT 'Cohqront 10¢ ZDC 50%, 8.5-13 km; 100% coverage past 13 km &:

FACT Semicoherent | 100 11.5 | zDC 80%, 11.5-13 km; 100% coverage past 13 km
FACT Incoherent 100 >53

1

Z0C T 8.59-14.5 km; .5 ms v
Gulf of Alaska 105 38-4i km; 100% coverage, 41-33 km
FACT Coherent 108 10 ZDC 80%, 10-13 km: 100% coverage past 13 km ﬁ
FACT Semicoherent | 105 ' .>08 ' !
FACT Incoherent 105 > -
Gulf of Alaska 110 ZDC 908, 8.5-12.5 km; 1008 coverage 12.5-53 km N
~,
FACT Coherent 110 11.8 | ZDC 80%, 11.5-13 km: 100% coverage past 13 km
FACT Semiccherent | 110 >53 :\}'
FACT Incoherent 110 >B53 \:.:
1. R, = Range to which detection coverage is continuous. -,.::i
o
2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval over -
which detection is posasible.
3. FACT PLOD coherent, semicoherent, and incoherent outputs give identical detection oo
coverage at this FOM.
CONFIDENTIAL -
I\
N
a0
=y
3

H-10 CONFIDENTIAL

DV, 00 SO (OIS CCKR (PN ST CO R (8 CR OO L LRV B 0N ‘Ls‘:\‘}s‘hﬁ\'ﬁ&‘l\i\‘.\w‘(ﬁ‘h‘.‘i




. W W - L2 T VLI S S SR S S AR
P T TR e B R R TR R N SA R L Rk s LA AL S S L .

CONFIDENTIAL

(C) Table IIH-6. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Gulf of Alaska,
Run 143 (8.5-53.0 km) Experimental Data and
FACT PL9D Model Results.
CAE 1IV:
(Source Depth = 30.5 .n, Receive: Depth = 305 m, Frequency = 1.5 kHz)
Bottom Loss: FHOC Type 6 -

DATA SET FomM | R Range > R_

Gulf of Alaska 7 zpc? 10%, 9.5-24.5 km \‘
FACT® 75 |

Gulf of Alaska 80 ZDC 40%, 9.5-35 km; ZDC 15%, 35-53 km

FACTS 80 100% coverage, 16-21 km and 23-28 km

Gulf of Alaska 85 ZDC 90%, 9-29.5 km; ZDC 40%, 29.5-53 km | !

3 100% coverage, 13.5-21, 22-32, 38.5-45.5,
FACT 85 47.5-53 km

FACT® 90 100% coverage 11-53 km

Gulf of Alaska 95 ZDC 98%, 8.5-30 km; ZDC 95%, 30-53 km

ZDC 50%, 8.5-10 km; 100% coverage past
FACT Coherent 95 10 km

FACT Semi &
Incoherent 95 >53

Gulf of Alaska 100 ZDC 95%, 8.5-53 km
FACT® 100 | >53

1. R e = Range to which detection coverage is continuous.

2. ZDC = Zonal Detection Coverage in percentage of indicated range interval
over which detection is possible.

3. FACT PL9D coherent, semicoherent and incoherent outputs give identical
detection coverage at this FOM.
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(C) Table IIH-7. Detection Range in km as a Funection of
Figure of Merit (FOM) in dB for Gulf of Alaska,
Run 124 (2.5-11.0 km) Experimental Data and
FACT PL9D Model Results.
CASE V:
(Source Depth = 30.5 m, Receiver Depth = 30.5 m, Frequency = 1.5 kHz)
Bottom Loss: FNOC Type 6

‘

W

3P

v
s

DATA SET FOM R Range > llc

.

Guif of Alaska 75 . znc? esy, ¢-6 km
e FACT Coherent 73
' FACT Semicoherent | 75

,
3,
w
o

.', : FACT Incoherent (£}

i Gulf of Alaska 80 ZDC 608, 3.8-11 km @ f
L b
{‘:fi FACT Coherent 80 ‘ J
iy
A FACT Semicoherent | 80 |
o . f
;é FACT Incoherent 80 @ :
o Gulf of Alaska 85 ZDC 70%, 3.5-11 km !
{
iy FACT Coherent 85 2.3 1
% . FACT Semicoherent | 85 2.8 g i
Ex FACT Incoherent | 85 | 2.5 !
T Gulf of Alaska %0 ZDC 80V, 2.5-11 km {1
' FACT Coherent 80 3.5 g !
1
- FACT Semicoherent | 90 3.0 ;
b 4 ’
i FACT Incoherent 90 3.0 g‘ i
MY e T
ko Gulf of Alaska 95 ZDC 854, 2.5-11 km \3 ;
i, . {
4 FACT Coherent 95 3.5 | zDC 26%, 3.5-11 km ;
Ny i
FACT Semicoherent | 95 5.5 | ZDC 30%, 5.5-11 km % i
B i
KN FACT Incoherent 95 8.0 1
0 Gulf of Alaska 100 ZDC 908, 2.5-11 km }
-;’ FACT Coherent 100 | 3.5 | ZDC 608, 3.5-11 km @ i
el FACT Semicoherent | 100 | >11 ]
; i
FACT Incoherent 100 >11 ;
e Gulf of Alaska 105 ZDC 95%, 2.5-11 km @ ]
$ i
W FACT Coherent 105 4.5 | zpc 808, 3.5-11 xm 1
?};. FACT Semicoherent | 105 >11 "\Q i
. g
¢ FACT Incoherent | 105 | 11 W
Gulf of Alaska 110 ZDC 88%, 2.5-11 km
" ZDC 60%, 4.5-8.5 km; 100% coverage 0y
8] FACT Coherent 110 4.5 | past 8.5 km .*:.‘, 1
) FACT Semicoherent | 110 | >11 EA |
’u FACT Incoherent 110 >11 - 5
“ 7!
- 1. Rc = Range to which detection coverage is continuous. !
" 2, ZDC = Zonal Detection Coverage in percentage of the indicuted range over ‘
* which detection is possible. l :
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(C) Table IIH-8. Detection Range in km as a Function of
%) ' Figure of Merit (FOM) in dB for Gulf of Alaska,
&4 Run 124 (2.5-11 km) Experimental Data and
FACT PL9D Model Results,

CASE VI: !
g (Source Depth = 30.5 m, Receiver Depth = 305 m, Frequency = 1.5 kHz)
Bottom Loss: FNOC Type 6
@ DATA SET Fom | R ! Range > R,
E Gulf of Alaska 75 zDC? 508, 2.5-11 km
FACT PL9D® 75 | 10
@ Gulf of Alaska 80 ZDC 75%, 2.5-11 km
FACT PL9D 80 >11
. Gulf of Alaska 85 ZDC 60%, 2.5-6 km; 100% coverage past 6 km
ﬁ FACT PLSD 85 | >11
Gulf of Alaska 90 ZDC 70%, 2.5-6 km; 100% coverage past 6 km
@ FACT PL9D 90 >11 :
Gulf of Alaska 95 ZDC 85%, 2.5-6 km; 100% coverage past 6 km
& FACT PLOD 95 | >11 | ‘
@ Gulf of Alaska 100 ZDC 95%, 2.5-6 km; 100% coverage past 6 km
FACT PL9D 100 >11 |

=B

1. R c = Range to which detection coverage is continuous.

2. ZDC = Zonal Detection Coverage in percentage of the indicated range over
which detection is possible.

3. FACT PL9D results for coherent, semicoherent and incoherent phase opiioas
&j are identical over the Gulf of Alaska data interval (2.5-11.0 km).
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(C) Table IIH-9. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Gulf of Alaska,
Run 108 (2.5-28.0 km) Experimental Data and
FACT PL9D Mcdel Results. ‘
CASE VII: ‘
(Source Depth = 1067 m, Receiver Depth = 30.5 m, Frequency = 2.5 kHz)
Bottom Loss: FNOC Type 6

Il &E

FACT Incoherent 80 15.0

1

DATA SET FOM Rc Range >Rc 5’ |
Gulf of Alaska 75 ~
FACT Coherent and 2 LY
Semicoherent 75 ZDC*® 80%, 2.5-6.5 km v
FACT Incoherent 78 7.0 :
Gulf of Alaska 80 Single peak at 2.5 km @
FACT Coherent and

Semicoherent 80 ZDC 90%, 2.5-14.5 km; 100% coverage, 18-19 km

Gulf of Alaska 85 Single peaks at 2.5 and 8.5 km g
FACT Coherent and

Semicoherent 85 10.0 | ZDC 70%, 10-24 km

FACT Incoherent 88 24.0

ap @A

Gulf of Alaska 90 ZDC 20%, 2.5-20 km; 100% coverage 27.5-28 km
FACT Coherent and
Semicoherent 90 20.0 | 2DC 680%, 20-28 km |
FACT Incoherent 80 [>28.0 - 1
|
Gulf of Alasks 85 ZDC 40%, 2.5-28 km L, !
FACT Coherent and i
Semicoherent 95 20.0 { ZDC 90%, 20-28 km |
FACT Incoherent 95 |>28.0 :
Gulf of Alasks 100 ZDC 60%, 2.5-28 km 1
FACT Coherent and 100% coverage, 2.5-28 km with exception of spike J
Semicoherent 100 at 20 km. Ej ;
FACT 100 [>28.0 =
|
Gulf of Alaska 105 ZDC 80%, 2.5-20 km :
FACT Coherent and ﬁ jl
| Semicoherent 105 >28.0 B
; FACT Incoherent 105 [>28.0 -
Gulf of Alaska 110 ZDC 93%, 2.5-28 km :3
FACT Coherent and |
Semicoherent 110 >28.0 ;
! FACT Incoherent |110 [>28.0 3 i
!
| 1. Rc = Range to which detection coverage is continuous. A
| heN
‘ 2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval over ﬁ ‘
1 which detection is possible. ‘
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(C) Table IIH-10.

(Source Depth = 1067 m, Receiver Depth = 305 m, Frequency = 2.5 kHz)
Bpttom Loss: FNOC Type 6. "

Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Gulf of Alaska,

Run 108 (2.5-28.0 km) Experimental Data and
FACT PL9D Model Results.

CASE VIII:

A LR R i o T T T W W% aT a a RAM R_

DATA SET roM | R ' Range > R_ ;-‘
- !
Gulf of Alaska 75 Single peak at 2.5 km .
FACT PLOD? 75 zDC> 80%, 2.5-5.5 km i
Gulf of Alaska 80 100% coverage, 2.5-3.5 km "
FACT PLOD? 80 13.5 E
"Guif of Alaska 85 ZDC 108, 2.5-20 km; single peak at 25 km
| FACT PL9D? 85 | 24,0 :
ZDC 70%, 2.5-9 km; ZDC 50%, 9-20.5,
Gulf of Alaska 90 ZDC 15%, 23-28 km
FACT PLOD? 90 |>28.0
ZDC 95%, 2.5-9 km; ZDC 758, 9-20 km; )
Gulf of Alaska 95 ZDC 60%, 20-28 km !
FACT PL9D2 95 |>28.0 !
Gulf of Alaska 100 ZDC 98%, 2.5-20 km; ZDC 90%, 20-28 km
FACT PLYD2 100 |>28.0 .

1. R c = Range to which detection coverage is continuous.

2. FACT PL9D coherent, semicoherent and incohererlxt outputs are identical
over the Gulf of Alaska data interval (2.5-28.0 km).

3. ZDC = Zonal Detection Coverage in percentage of the indicated range interval
over which detection is possible.
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(C) Table IIH-11,

Detection Range

in km as a Function of
Figure of Merit (FOM) in dB for Gulf of Alaska,
Run 107 (30-87 km) Experimental Data and

FACT PL9D Model Results.

CASE IX:

(Source Depth = 1067 m, Receiver Depth = 30.5 m, Frequency = 2.5 kHz)

Bottom Loss: FNOC Type 6

‘5 1 | CZ CcZ
DATA SET FOM | R e Start |End
Gulf of Alaska 85
FACT Coherent and
Semicoherent 85 45.5 | 46.5
FACT Incoherent 85 45.5 | 46.5] .
Convergence Zone Detection
Gulf of Alaska 90 45.0 | 48.5 | coverage is 50%
FACT Coherent and :
Semicoherent 90 45.5 | 48.0 | zDC? 30%, 30-35.5 km
FACT Incoherent 90 32.5 | 45.5 ] 51.0
Convergence Zone Detection
Gulf of Alaska 95 45.0 | 56.0 | coverage is 40%
FACT Coherent and ZDC 50%, 30-45 km; ZDC 50%,
Semicoherent 95 45.0 | 51.0] 51.5-59 km
FACT Incoherent 95 42.0 | 45.5 | 56.5
ZDC2730%, 30-45 km; ZDC 758%,
Gulf of Alaska 100 45-56 km; ZDC 15%,56-67 km
FACT Coherent and ZDC 90%, 30-45 km; ZDC 60%,
Semicoherent 100 45.0 | 51.0} 51.5-67 km
|FACT Incoherent 100 >67.0
ZDC 70%, 30-45 km; ZDC 85%,
Gulf »f Alaska 105 45-57 km; ZDC 35%, 57-67 km
! FAC1 Coherent and ZDC 95%, 30-51 km; ZDC -70%,
Semicoherent 105 51-67 km
FACT Incoherent 105 >67.0
ZDC 85%, 30-45 km; ZDC 95%,
Gulf of Alaska 110 45-57 km; ZDC 60%, 57-67 km
FACT Coherent and
Semicoherent 110 ZDC 98%, 30-67 km
FACT Incoherent 110 >67.0

1. Rc is the range to which detection coverage is continuous.

2. ZDC = Zonal Detection Coverage in percentage of the indicated
range interval over which detection is possible.

CONFIDENTIAL

H-16
| Fl s
N3 M&Mﬁﬂi‘iﬁﬁ\:\l'};r;&t;m{.t-iﬂ}}:{t{-:{i-Z&gﬁt{tgswﬂlé!&mm: ST

) RBEz

K
Calsl

&R

-
7
W,

wd B 29

aep

&)

QD

&z

{”.

gL

s

&Y



* 2t i 2t turab e Lot A S LR AR TS S m Tt It Bl B S I B A Tl B 2 DRt ISl S b Rab . pE e RASCRR A

CONFIDENTIAL

(C) Table IIH-12. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Gulf of Alaska,
Run 107 (30-67 km) Experimental Data and
FACT PLSD Model Resulits.
CASE X:
(Source Depth = 1087 m, Receiver Depth = 805 m, Frequency = 2.5 kHz)
Bottom Loss: FNOC Type 6

S S avr—a G S A S e e

b L X IF R egpRg L2 sV

1 Cz CZ
DATA SET FOM Rc Start | End
Convergence Zone Detection
Gulf of Alaska 90 44.01 52.5 | coverage is 20%
3 CZ is double lobed with gap
FACT 90 43.5] 51.5]of 2 km
g ZDC2 10%, 30-44.5 km; ZDC 40%,
Gulf of Alaska 95 44.5-54.5 km; ZDC 5%, 54.5-67 km
ractd 95 | 42.0] 43.0] 2 |1008% coverage, 43-67 km
o ZDC 50%, 30-44.5 km; ZDC 85%, |
Gulf of Alaska 100 44.5-54.5 km; ZDC 30%, 54.5-67 km i
@ | FacT?® 100 | >67.0
ZDC 95%, 30-44.5 km; ZDC 98%, 44.5-| .
ﬁ Gulf of Alaska 105 54.5 km; ZDC 70%, 54.5-67 km i
FACT® 105 | >67.0 | g
@ “Gulf of Alaska 110 100% coverage, 30-55 km; ZDC 95%, a’
; 3 55.5-67 km N
FACT 110 >67.0 5

1, Rc = Range to which detection coverage is continuous.

2. ZDC = Zonal Detection Coverage in percentage of the indicated range
interval over which detection is possible.

Zn =

3. FACT coherent, semicoherent and incoherent outputs are identical in
g the interval of the Gulf of Alaska data (30-67 km).
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(C) Table IIH-18.
Figure of Merit (FOM) in dB for Gulf of Alaska,
Run 112B (2-19.8 km) Experimental Data and
FACT PLSD Model Results.
CASE XI:

(Source Depth = 305 m,

Detection Range in km as a Function of

Receiver Depth = 30.5 m, Frequency = 2.5 kHz)

+Bottom Loss: FNOC Type 6

CONFIDENTIAL
DATA SET
Gulf of Alaska

1
FOM | R, Range >R,

75 zpc? 508, 2-6 km
FACT PLSD? 75 100% coverage, 2-8 km
Gulf of Alaska 80 ZDC 70%, 2-7 km
FACT PL9D> 80 100% covera -

- ZDC 908, 2-6.5 km; ZDC 308, 6.5-11 km;
Gulf of Alaska 85 ZDC 5%, 11-19.5 km
FACT PLED? 85 100% coverage, 2-14 km & 16.5-19.5 km |
y 4-0.0 Km; » B, =11 km;

Gulf of Alaska 90 ZDC 35%, 11-19.85 km
FACT PLOD? 90 | 14 |zDC 808, 14-19.5 km
Gulf of Alaska 95 6.5} ZDC 90%, 6.5-11 km; ZDC 60%, 11-19.5 km
FACT PL9D? g5 | >19.5
Gulf of Alaska 100 7.0]1 ZDC 90%, 7-19.5 km
FACT PL9D2 100 | >19.5

1, Rc = Range to which detection coverage is continuous.

2, FACT PL9D coherent, semicoherent, and incoherent outputs are identical
over the Gulf of Alaska data interval (2-19.5 km).

3. ZDC = Zonal Detection Coverage in percentage of the indicated range
interval over which detection is possible.
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(C) Table IIH-14. Detection Range in km as a Function of 1
Figure of Merit (FOM) in dB for Gulf of Alaska,

Run 112B (2-19.% km) Experimental Data and |

FACT PLSD Model Results. !

CASE XII: |

(Source Depth = 305 m, Receiver Depth = 305 m, Frequency = 2.5 kHz)
Bottom Loss: FNOC Type 6 .

-
L

1. R, = Range to which detection range is continuous.
2. FACT PL9D coherent, semicoherent, and incoherent outputs are identical.

3. ZDC = Zonal Detection Coverage in percentage of the indicated range

1
|
DATA SET FOM Rcl Range > R,
Gulf of Alaska 70 zDCS 30%, 2-3 km i
B FACT PLSD? 70 4.5 | 1008 coverage, 15-16.5 km |
¥ !
ot Gulf of Alaska 7% 2.0| ZDC 30%, 2-7 km |
| FACT PLgD? 75 _8.5( 100% coverage, 13-18 km _ !
ZDC 85%, 2-7 km; ZDC 10%, 7.5-15.5 km; l
Gulf of Alaska 80 3.0 ZDC 40%, 15.5-19.5 km i
@ FACT PL9D2 80 |>19.5 !
- i
Gulf of Alaska 85 5.5| ZDC 40%, 5.5-19.5 km !
i FACT PL9D? 85 |>19.5 1
. {
@ Guif of Alaska 90 6.5 ZDC 65%, 6.5-19.5 km g
i
FACT PL9D? 90 | >19.5 i
ZDC 90%, 10-14 km; 100% coverage,

B Gulf of Alaska 95 9.5 14-19.5 km
FACT PLSD 95 |>19.5 '
a !
\
\
|
@ !

ﬁ?‘ interval over which detection is possible.
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(C) Table IIH-15. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Gulf of Alasxa, .
Run 112A (1%-88 km) Experimental Date and i
FACT PLSD Model Results. :
CASE XIII:
(Source Depth = 305 m, Receiver Depth = 30.5 m, Frequency = 2.5 kHz)
Bottom Loss: FNOC Type 6

15
[ A

DATA SET roM | R} Range > R, a |
Gulf of Alaska 85 zpcd 658, 30-32 km :

FACT PLSD? 88 100% coverage, 22-23.5, 30-33.5, 37.5-39 km

Gulf of Alaska 90 zpc® 154, 22.5-56 km @
FACT PL®D? 90 1008 coverage, 21-42 & 50-51 km ]

Gulf of Alaska 95 ZDC 50%, 22.5-58 km

FACT PLSD? 05 100% coverage, 18-53.5 & 54-58 km

Gulf of Alaska 100 ZDC 15%, 15-22 km; ZDC 70%, 22-58 km @
FACT PLSD? 100 |>58 g

Gulf of Alaska 105 ZDC 50%, 15-24 km; ZDC 958, 24-58 km

FACT PL#D? 105 |>58 g

Gulf of Alaska 110 | | ZDC 80%, 15-44 km; ZDC 98%, 24-58 km

FACT PL#D? 110 |=>58 g

&7

1. Rc = Range to which -etectior coverage is continuous.

2. FACT PLSD cohur.nt, semicoherent and incoherent outputs are insignificantly
different over the Gulf of Alaska data interval (13-58 km). ,

(1
3. ZDC - Zonal Veteciion Coverage in psrcentage of the indicated range interval
over vhich detection is possible. ;’.;
T
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(C) Table IIH-18.
Figure of Merit (FOM) in dB for Gulf of Alaska,

s a B R R T Tt A Rl Reih By S ket o AL I o e i ol

Detection Range in km as a Function of

Run 112A (15-58 km) Experimental Data and

FACT PLSD Model Results.

CASE XIV:

(Source Depth = 305 m, Receiver Depth = 305 m, Frequency = 2.5 kHz)
Bottom Loss: FNOC Type 6

DATA SET FOM ncl Range > K
Gulf of Alaska 80 zDCS 108, 15-33 km
9 100% coverage, 15-18.5, 26,.5-33.3,
FACT PLD 80 45-47 km
Gulf of Alaska 85 ZDC 40%, 15-33 km; ZDC 10%, 33-45 km
| FacT pLED? 85 | 24.0 | 1008 coverage, 26-37, 40-41, & 42-49.5 km
o ZDC 80%, 15-33 km; ZDC 4083, 83-47 km;
Gulf of Alaska 90 ZDC 208, 47-38 km
| FACT PLAD? g0 | 88.0
ZDC 958, 15-88 km; ZDC 80%, 33-47 km;
Gulf of Alaska 93 ZDC 50%, 47-58 km
FACT PLgD? 95 |»58.0
C 98%, 15-33 »w; ZD —33-47 km:
Gulf of Alaska 100 ZDC 85%, 47-58 n
FACT PLOD? 100 |=88.0
100% coverage, 15-40 km; ZDC 90%, 40-
Gulf of Alaska 108 58 km
FACT PLGD? 106 |>58.0

1. R - Range to which detection coverage is continuous.

2. FACT PL9D coherent, semicoherent and incoherent outputs are identical.

3. ZDC = Zonal Detection Coverage in percentage of the indicated range interval

over which detection is possible.
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DEPARTMENT OF THE NAVY

OFFICE OF NAVAL RESEARCH
800 NORTH QUINCY STREET
ARLINGTON, VA 22217-5660 IN REPLY REFER TO

5510/1
Ser 93/160
10 Mar 99

From: Chief of Naval Research

To:  Commander, Naval Meteorology and Oceanography Command
1020 Balch Boulevard
Stennis Space Center MS 39529-5005

Subj: DECLASSIFICATION OF PARKA I AND PARKA II REPORTS
Ref: (a) CNMOC ltr 3140 Ser 5/110 of 12 Aug 97
Encl: (1) Listing of Known Classified PARKA Reports

1. Inresponse to reference (a), the Chief of Naval Operations (N874) has reviewed a number of
Pacific Acoustic Research Kaneohe-Alaska (PARKA) Experiment documents and has
determined that all PARKA I and PARKA II reports may be declassified and marked as
follows:

Classification changed to UNCLASSIFIED by authority of Chief of Naval Research
letter Ser 93/160, 10 Mar 99.

DISTRIBUTION STATEMENT A: Approved for public release. Distribution is
unlimited.

2. Enclosure (1) is a listing of known classified PARKA reports. The marking on those
documents should be changed as noted in paragraph 1 above. When other PARKA I and
PARKA II reports are identified, their markings should be changed and a copy of the title
page and a notation of how many pages the document contained should be provided to Chief
of Naval Research (ONR 93), 800 N. Quincy Street, Arlington, VA 22217-5660. This will
enable me to maintain a master list of downgraded PARKA reports.

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

@m Fo b T

PEGGY LAMBERT
By direction

Copy to:
NUWC Newport Technical Library (Code 5441)
NRL Washington (Mary Templeman, Code 5227)
NRL SSC (Roger Swanton, Code 7031)

vDTIC (Bill Bush, DTIC-OCQ)



The Acoustic Model Evaluation Committee (AMEC) Reports, Volume 2, The Evaluation of the Fact
PLYD Transmission Loss Model, Book 3, Appendices E-H, September 1982, NORDA-35-VOL-2-BK-
3, 428 pages

(DTIC # C034 020)

The Acoustic Model Evaluation Committee (AMEC) Reports, Volume 3, The Evaluation of the
RAYMODE X Propagation Loss Model, Book 1, September 1982, NORDA-36-VOL-3-BK-1, 127
pages

(DTIC # C034 021)

The Acoustic Model Evaluation Committee (AMEC) Reports, Volume 3, TheEvaluation of the
RAYMODE X Propagation Loss Model, Book 2, Appendices A-D, September 1982, NORDA-36-
VOL-3-BK-2, 324 pages '

(DTIC # C034 022)

The Acoustic Model Evaluation Committee (AMEC) Reports, Volume 3, The Evaluation of the
RAYMODE X Propagation Loss Model, Book 3, Appendices E-H, September 1982, NORDA-36-
VOL-3-BK-3, 388 pages

(DTIC # C034 023)*



