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

• LORAD (U) Test Cases (U)

* Environment (U) (C) Two test cases, each consisting of
seven subsets were selected for use in

(C) The sound speed profile selected for model evaluation and are shown below.
model runs (Martin, 1981) consists of The LORAD experimental data for Cases IA
the merge between an average near sur- through 1IG are shown in Figures 1IE2
face profile (to 150 meters) and a through IIE15.
Nansen cast taken about one month after

•l ;the test. The upper 150 meters of the Accuracy Assessment Results (U)
profleswas the result of averaging 3

bathythermograph records, one at the (C) The accuracy assessment procedures
receiver and two at a distance of one were followed as outlined in section 1.1
convergence zone (CZ); Sound speeds were and are described in detail in section 5

Soriginally calculated from equations fit of volume I of this series. Before pro-
by Mackenzie to tables of Kuwahara. ceeding further we must emphasize that
These were later corrected to Wilson's in the comparison of the FACT model with
equation. The sound speed is plotted and LORAD experimental data it is the
tabulated in Figure IIE-l. A surface Generic FACT model (Weinberg, 1980) that

- ,duct is found to a depth of 30.5 meters was used rather than FACT PL9D which was
* overlying a deep sound channel with axis used for comparison with all other data

at 750 meters. The profile has a posi- sets. This choice was motivated by the
tive depth excess of 975 meters and ter- need for independent selection of start
minates at 5670 meters. range and range increments for model

= 4K.runs. This was, in turn, required be-
The bottom loss is FNOC Type 5. This is cause the LORAD data extends to the
listed in Table IIE-I and plotted in seventh convergence zone (CZ), maximum
Figure IIE-2. range 440 km and with FACT PL9D, the

Case Run Frequency Source Receiver Bottom Convergence
Number (Hz) Depth Depth Bounce Zone

(m) (m) Region

IA 35 530 15.2 30.5 First First
IB 65 530 15.2 30.5 Second Second
IC 85 530 15.2 30.5 - Third

- t. ID 105 530 15.2 30.5 - Fourth
IE 125 530 15.2 30.5 - Fifth9 IF 145 530 15.2 30.5 - Sixth

IG 165 530 15.2 30.f - Seventh
IIA 3D 530 15.2 304.8 First First
IIB 6D 530 15.2 304.8 Second Second
liC 8D 530 15.2 304.8 - Third
LID 1OD 530 15.2 304.8 - Fourth
1HE 12D 530 15.2 304.8 - Fifth
IIF 14D 530 15.2 304.8 - Sixth
LIO 16D 530 15.2 304.8 - Seventh
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spacing between model generated points Table lIE2. A positive mean value in-
could be a minimum of 1.76 km over the dicates less loss for Generic FACT than
440 km range (using the maximum allow- for LORAD data and the model prediction
able 250 points). This spacing is too is therefore optimistic with respect to
gross to capture any CZ structure which the experimental result. For this situ-
might exist. The Generic FACT model, in ation detection ranges as predicted by
contrast, does allow independent selec- the model are greater than those indi-
tion of start range and range increment cated by the experimental data. For a
and was used to generate model points at negative mean value the converse of the
0.5 km spacing over the entire range in- above holds.
terval. This required three model runs,
each generating 300 points (the Generic (C) We now turn to examining the differ-
FACT model does not share the 250 point ences between the FACT and LORAD results
limitation with FACT PL9D). A few fur- by the "Difference Method." The reader
ther comments about the use of Generic is encouraged to refer to Table 1IE2 and
FACT: Generic FACT is essentially a the appropriate figures while reading
modularized FACT PL9D run on the UNIVAC the following text. We are reminded that
1108 computer. This was done, however, Cases IA-IG apply to a receiver at 30.5
before it was realized that FACT PL9D meters (100 feet) and Cases IIA-IIG
required some double precision correc- apply to a rec'iver at 365 meters (1000
tions in being transferred from the CDC feet). In Case IA, the Generic FACT pre-
6600 to the UNIVAC 1108; The result is diction is in substantial agreement with

% that Generic FACT does not have these the LORAD data to a range of approxi-
corrections whereas FACT PL9D as run on mately 38 kilometers in the first bottom
the UNIVAC 1108 does. In test cases for bounce region. Past this range Generic
physically unrealizable environments FACT shows less loss than the LORAD data
significant errors were found in the although the latter is spread over 15
FACT predictions, necessitating the dB. This effect holds over the final 20
double precision corrections. Running kilometers of the first bottom bounce
FACT PL9D with and without these correc- region. The FACT convergence zone is
tions for physically realizable environ- approximately twice as broad as that ob-
ments led to insignificant differences. served in LORAD, the FACT CZ peak is at
This was true for the PARKA environment 73 dB compared to LORAD's at 71 dB. The
which was quite similar to that of LORAD data ac ,the start of the second CZ shows
and also resulted in marked convergence much greater loss for LORAD than is
zone propagation. It is with the above shown by the FCAT prediction. It is the
in mind that Generic FACT was used. behavior past 38 kilometers of FACT com-
Results are presented for only the inco- pared to LORAD that primarily accounts
herent phase option. This was not a for the mean and standard deviation for
limitation of the Generic FACT model but this case. For Case IIB, the second .9

was rather an arbitrary choice. bottom bounce regions and second CZs of
Generic FACT and LORAD are compared. The

(U) The following plots are given for Generic FACT propagation loss is less
each of the fourteen LORAD cases: (1) than LORADs for the entire second botLi,,a
Generic FACT output using the incoherent bounce region. Once again the LORAD data
phase addition option and (2) the Gener- is spread over about 15 dB in this
ic FACT result subtracted from the LORAD region. It should be noted that FACT's
experimental data. These plots are pre- highest loss internal bottom loss type
sented in Figures IIE16-I1E43. (i.e., Type 5) was used in these model

runs. Thus, we have the closest agree-
(U) Means and standard deviations of the ment possible between Generic FACT and
differences between Generic FACT and LORAD results in the second and, in
LORAD data are given for each case in fact, the first bottom bounce region.

The second CZ as predicted by Generic
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FACT starts before and ends after that than the LORAD data despite the use of a
of the LORAD data. A slight jump in the FNOC Type 5 bottom for model runs (the
FACT CZ at about 126 km may indicate highest loss bottom). Both LORAD data
that the CZ is anomalously elongated and FACT show a double lobe first con-
past that range. If Generic FACT coher- vergence zone. Both LORAD and FACT CZs
ent results were available the structure are of approximately the same width but
of this elongated zone would be evident, the FACT CZ occurs about 1 kilometer be-
Unfortunately this information is not fore LORAD's. Case lIB also parallels
available. In Cases IC through IG, we Case IIA in that the Generic FACT pre-
compare only the convergence zones as diction in the second bottom bounce re-
observed from LORAD data and predicted gion shows less loss than the LORAD
by Generic FACT. The LORAD CZ's retain data, despite the use of a Type 5 bot-
approximately the same width from the tom. The second CZ for FACT has a steep-
third through the fifth zones; the sixth er rise, begins I kilometer sooner, and
and seventh CZs are somewhat broader. In has the same width as LORAD's P cond CZ.
contrast, the Generic FACT CZs continue For Cases IIC-IIG, convergeL a zones
to broaden from the first to the seventh three through seven are compared. The
(for which the full zone is not present- FACT CZs retain their steep rise but the
ed). The sixth convergence zone of Ge- LORAD CZs rise with smaller slope as CZ

Sneric FACT is approximately 55 km in number increases. Even in the third CZ
length. For Cases IC-IG, the values of (Case IIC) this difference of slopes is
and in Table IIE-2 are somewhat mislead- significant.
ing in that they apply to the range in-
terval over which the LORAD data exists (C) The extent of the Generic FACT and
(only its comparatively narrow CZ) and LORAD CZs are quite similar for Case
should not be interpreted as implying tIC. This is impossible to determine for
overall agreement of the LORAD and FACT the fourth CZ of Case LID since the
CZs but rather are measures of the LORAD data terminates in mid-zone. In
agreement of LORAD and FACT over the Case LIE, the peak of the LORAD fifth CZ
limited intervals of LORAD's convergence is 90 dB compared to 96 d8 for Generic
zones. It is also evident from the fig- FACT. The shapes and levels of the LORAD
ures that at the start of the conver- and FACT convergence zones are so dif-
gence zone, Generic FACT shows a rather ferent in this case that it is possible
abrupt rise which does not change much to say only that zone widths are some-
from CZ to CZ. LORAD's convergence zone what comparable. In Case IIF, the CZ
starts are equally abrupt to FACT's for start is somewhat ill-defined for the
the first and second zones. Thereafter, LORAD data, yet the LORAD and FACT sixth
the zone start becomes increasingly CZs do share similar levels and shapes.
gentle witn increasing CZ number. Even In Case IG, the convergence zones for
in the third CZ, a substantial differ- LORAD and FACT are again in substantial
ence is seen in the slope of the CZ agreement. This is apparently contradic-
start between FACT and LORAD results. ted in Table ILE-2. What happened was

that before the onset of the LORAD and
(C) Let us now examine Cases IhA-IIG for FACT seventh CZs at 415 kilomaters,
which the receiver was at 305 meters great differences in the seventh bottom
(1000 feet). Results for Case IIA are bounce region from 407 to 415 km between
fairly similar to those for Case IA in LORAD and FACT occurred and were respon-
the first bottom bounce region. Close sible for the large values of / and •. We
agreement between Generic FACT predic- note that Generic FACT predicted double
tions and LORAD results is found to a lobed CZs for all CZs. LORADs first and
range of about 40 kilometers. From that second CZs were double lobed; the rest
point to the start of the first conver- did not appear to be although this fea-
gence zone at about 55 kilometers, the ture may be masked by fluctuations.

L. Generic FACT prediction shows less loss
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(C) Detection ranges for LORAD data and remains roughly the same. The conver-
Generic FACT predictions as a function gence tone widths, however, become in-
of figure of merit (FOM) are given in creasingly longer for Generic FACT
Tables 11E3-11l6 for Cases IA-IIG, re- whereas they remain approximately con-
spectively. The Generic FACT runs were stant for LORAD data. With the relation
made using incoherent phase addition, between zone starts remaining unchanged,
which results in a smooth curve free this means that the zone ends must (and
from fluctuations in the bottom bounce do) increasingly disagree with each suc-
regions. The LORAD data shows fluctu- ceeding convergence zone. Generic FACT
ations over a range of 15 dB in the same for the sixth CZ is 50% wider than is
region. The latter's detection coverage LORAD's CZ at FOM - 110 dB.

must therefore be described as "zonal
detection coverage" given in a percent- (C) In Case IIA, in the first bottom
age which approximates the percentage of bounce region we find broader detection
points characterized by less propagation coverage for LORAD than is predicted by
loss than the FOM against which detec- Generic FACT by large amounts for FOM
tion performance is being measured (over 80 dB and 85 dB. The LORAD coverage,
a stated range interval). For Case IA, however, is very spotty as can be seen
LORAD shows much longer detection cover- by the Zonal Detection Coverage of 10%
age than that predicted by Generic FACT over all (for FOM - 80 dB) or most (for
for FOMs between 80 and 85 dB. At FOM - FOM = 85 dB) of the detection interval.
90 dB, the maximum range of detection is For FOM - 90 dB and 95 dB, LORAD and
40 km for both data sets in the first Generic FACT predict nearly equal cover-
bottom bounce region. As FOM increases age. For FOM > 10^ dB, Generic FACT pre-
past 90 dB the Generic FACT detection dicts more extensive detection coverage
ranges are increasingly longer than than is indicated by LORAD. The FACT
LORAD's. The LORAD CZ starts 1.5 km detection coverage is almost double
later than FACT for all FOMs. The FACT LORAD's at FOM - 105 dB. For the first
CZ end is 2 km longer than LORAD's at convergence zone, LORAD shows a zone at
FOM - 75 dB and increase. to 5 kin longer FOM = 80 dB whereas FACT predicts no

" " at FOM - 95 dB. In Case IB, neither FACT zone at this level. For FOM = 85 dB, the

nor LORAD shows no second bottom bounce FACT and LORAD CZs have the same width
region coverage for FOM < 95 dB. Beyond but the FACT CZ occurs 2 km sooner. For
this FACT shows greater second bottom FOM - 90 dB, the CZs start at the same
bounce region coverage mntill at FOM - range; the LORAD CZ extends 1 km past
110 dB, both LORAD and FACT show cover- FACT's CZ. At FOM X 95 dB, the CZ ends
age until the second convergence zone. are at the same range but FACT's CZ
The Generic FACT second CZ starts 3 km starts 2 km later than LORAD's. For
before LORAD's for all FOMs. For FOM - FOM - 100 dB, LORAD shows a CZ whereas

p 80 and 85 dB LORAD's second CZ is longer Generic FACT predicts continuous detec-
than FACT's by 3.5 and 1.5 km, respec- tion coverage to beyond the first CZ. In
tively. For FOM > 90 dB the situation is Case IIB, we see that neither Generic

reversed and at FOM - 95 dB the FACT CZ FACT nor LORAD predict detection in the
extends 4 km past LORAD's. In Case IC, second bottom bounce region for MOM
the third convergence zone start of FACT < 100 dB. For FOM > 105 dB, LORAD and
precedes that of LORAD by 4.5 km at FOM FACT show roughly equivalent detection
- 85 dB and falls to a lead of 2.5 km at covefage in the second bottom bounce
FOM - 105 dB. The corresponding CZ ends region. The second convergence zone
are 5 km and 10.5 km longer for FACT at widths are roughly the same at all FOMs

"FOM - 85 dB and 105 dB, respectively, for both LORAD and Generic FACT. The

This pattern is maintained and intensi- zone offsets decrease from 3.5 km at
fied in Cases ID-IG. As we move to suc- FOM X 90 dB to -0.5 km at FOM X 105 dB, U

cessive zones, the comparison of zone the negative sign indicating that the

starts between Generic FACT and LORAD LORAD CZ precedes that of FACT. For Case

E-4 CONFIDENTIAL
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lIC, the third convergence zone starts predictions; (b) The first two CZs are
for LORAD vary from 180.5 km at FOM - 95 of approximately the same width for
dB to 173.5 km at FOM - 110 dB; Generic LORAD and FACT. Differences in zone
FACT CZ start ranges vary from 177.5 to start and end are FOM dependent, (c) For
176.5 km over the same FOM interval. The the third CZ and beyond, start ranges
Generic FACT CZ end always precedes that generally differ by less than 2% of the
of LORAD by approximately 6 km. For Case entire range; (d) The fourth through
LID, the LORAD data does not extend far seventh convergence zones are generally

Senough to define the end of the fourth much narrower (factor of 2 is typical)
convergence zone. The CZ start of LORAD for Generic FACT than for LORAD.
precedes that of FACT by I to 2 km over
the span of FOMs. This translates into a References (M)

:-"- ; {, maximum start range error of less than
2% of the total range. The Generic FACT 1. Martin, R. L. et al. (1982). The
zone start of the fifth CZ (Case lIE) is Acoustic Model Evaluation Committee

Salso in error by less than 2% of the (AMEC) Reports. Volume IA. Summary of
total range, the LORAD start range being Range Independent Environmental Acoustic
smaller. The LORAD CZ end is greater Propagation Loss Data Sets (U). Naval
than FACT's. The result is a Generic Ocean Research and Development Activity
FACT CZ width which is two to three Report No. 34. CONFIDENTIAL
times narrower than LORAD's. Cases IIF
and ILG show the same general behavior

N as was observed in Case I11.

(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 w.hich 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

V despite the use of FACT's lossiest bot- Accession For

tom (i.e., Type 5). This result was NTIS GRA&I
independent of receiver depth. (3) For DTIC TAB
the 100 foot (30.5 m) receiver: (a) The Unannounced El
FACT CZ start always occurred at shorter f i.eiontiO
range than LORADs; (b) The slope of the-- P
CZ start was the same for all of FACT's re
seven CZs whereas the LORAD CZ slopes b u n
agreed with FACT for CZ 1 and CZ 2 but D..... .......
became increasingly gentle with addi- Availability Codes
tional CZs; (c) The CZ end for FACT al- AVaI-and/or

ways extended beyond that for LORAD; (d) Dist Special
The LORAD CZs increase 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; all1 CZs are double-lobed for Generic FACT

E-5 CONFIDENTIAL
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(C) Table lIE-1. Bottom Loss (dB) versus Grazing Angle (d-grees).
FNOC Type 5. Frequency = 530 Hz.

Grazing Bottom
Angle Loss

0.0 0.0

2.5 8.0

5.0 8.7

7.5 10.0

15.0 14.1

17.5 15.0
20.0 15.8

22.0 16.0

90.0 16.0
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(C) Table IIE-2. Means (an) nd Standard Deviation (a) in dB of
Differences Obtedined by Subtracting Generic FACT 1 Incoherent

Results from LORAD Experimental Data.

Run Frequency Source Receiver
N Case Number (Hz) Depth (m) Depth (m) 5A

IA 3S 530 15.2 30.5 3.0 5.5

IB 6S 530 15.2 30.5 9.1 7.0

IC 8S 530 15.2 30.5 1.8 5.4

"ID 10S 530 15.2 30.5 0.1 3.5

IE 12S 530 15.2 30.5 0.9 3.9

IF 14S 530 15.2 30.5 1.0 4.2

IG 16S 530 15.2 30.5 2.3 8.7
IIA 3D 530 15.2 304.8 1.8 4.'

IIB 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

lIE 12D 530 15.2 304.8 -0.8 4.2

IIF 14D 530 15.2 304.8 -1.9 5.6

IIG 16D 530 15.2 304.8 -7.1 11.8

1. The Generic FACT model was used instead of FACT PL9D because the
LORAD ranges and data densities rL uired independent selection of
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 kin) and Generic FACT 1 Incoherent Model Results.
(Source Depth = 15.2 m, Receiver Depth = 30.5 m,

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

2 1st C Z 1st C Z
Data Set FOM R 2 First Bottom Bounce Region Start Endc

LORAD 3S 75 -61.5 63.0
Generic FACT 75 2.0 .... _59.0_ 61.0
LORAD 3S 80 --- ZDC 3 10%, 3-8 km 61.0 63.5
Generic FACT 80 2.5 59.2 63.0
LORAD 3S 85 --- ZDC 50%, 3-8 km 60.5 64.0
Generic FACT 85 4.5 59.0 65.5
LORAD 3S 90 --- ZDC 90%, 3-10 kin; ZDC 40%, 10-20 60.0 64.5

km, ZDC 50%, 20-30 kin; ZDC 20%,
35-40 km

Generic FACT 90 40.0 58.5 68.0
LORAD 3S 95 10.0 ZDC 80%, 10-30 kin; ZDC 50%, 30-41 60.0 65.0

kin; ZDC 20%, 41-51 km

Generic FACT 95 58.0 km;_____20%,_41_51_km_ 58.0 70.0
LORAD 3S 100 32.0 ZDC 85%, 32-42 kin; ZDC 50%, 42-50 59.5 65.0

kin; ZDC 30%, 50-57 km
Generic FACT 100 86.0

LORAD 3S C 105 46.0 ZDC 90%, 46-51 km; ZDC 50%, 58.0 65.5•• 51-58 km

Generic FACT 105 139.0
LORAD 3S 110 52.0 ZDC 90%, 52-58 km 66.0
Generic FACT 110 155.0

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.

2. Rc = Range to which coverage is continuous.

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

over which detection is possible.
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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.

Data Set FOM Second Bottom Bounce Region 2nd CZ Start 2nd CZ End

LORAD 6S 80 123.0 124.0

Generic FACT 80 120.5 120.5

LORAD 6S 85 122.5 125.5
Generic FACT 85 119.0 124.0

LORAD 6S 90 122.0 126.0

Generic FACT 90 119.0 128.0

LORAD 6S 95 121.5 130.0

Generic FACT 95 118.5 134.0

LORAD 6S 100 119.0 131.5
Generic FACT 100 Continuous coverage to 86 km 118.5 137.0

LORAD 6S 105 ZDC 2 25%, 75-110 km .....

Generic FACT 105 Continuous coverage to 139 km 118.0 139.0

LORAD 6S 110 ZDC 60%, 75-118 km

Generic FACT 110 Continuous coverage to 155 km

S 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
over which detection is possible.

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

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

Data Set FOM 3rd CZ Start 3rd CZ End

LORAD 8S 85 184.5 185.5
Generic FACT 85 180.0 180.5

LORAD 8S 90 184.0 189.0
Generic FACT 90 179.0 184.5

LORAD 8S 95 182.5 191.0

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

SGeneric 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 MWrit (FOM) in dB for LORAD Run 10S Data and

Generic FACT 1 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 10S 90 240.5 251.5

Generic FACT 90 239.5 241.5

LORAD 10S 95 238.5 252.5

Generic FACT 95 239.0 250.0

LORAD 10S 100 238.0 253.5

Generic FACT 100 239.0 258.0

LORAD 10S 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
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.

Data Set FOM 5th CZ Start 5th CZ End

LORAD 12S 90 307.0 310.5

Generic FACT 90

LORAD 12S 95 305.5 314.5

Generic FACT 95 299.5 302.5

LORAD 12S 100 304.5 316.0

Generic FACT 100 299.0 314.5

LORAD 12S 105 302.0 317.0

Generic FACT 105 298.5 327.0

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-8. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for LORAD Run 14S Data

and Generic FACT1 Incoherent Mode] 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 14S 95 364.0 373.0

Generic FACT 95 359.5 361.0

LORAD 14S 100 363.5 377.5

Generic FACT 100 359.0 365.5

LORAD 14S 105 361.0 382.5

Generic FACT 105 358.5 378.0

LORAD 14S 110 360.5 385.0

Generic FACT 110 358.5 394.0

W1. 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.

Data Set FOM 7th CZ Start

LORAD 16D 100 423.0

Generic FACT 100 420.5

LORAD 16S 105 420.0

Generic FACT 105 419.0

LORAD 16S 110 418.5

Generic FACT 110 418.5

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-10. Detection Range in km as a Function of

Figure of Merit (FOM) in dB for LORAD Run 3D Data
(2.5-71.0 km) and Generic FACT1 Incoherent Model Results.

(Source Depth = 15.2 m, Receiver Depth = 305 m,
Frequency = 530 Hz). Bottom Loss = FNOC Type 5 .

Data Set FOM 2 First Bottom Bounce Region Start End

LORAD 3D 80 ----- ZDC 3 90%, 2.5-7.5 km 63.54 64.5

Generic FACT 80 3.0 ,

LORAD 3D 85 ZDC 60%, 2.5-8.0 kin, 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 kin, 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 kin, ZDC 80%, 55.5 66.5
30-40 kin, ZDC 20%, 40-50 km

Generic FACT 95 52.0 57-. 5 -...5

LORAD 3D 100 32.0 ZDC 90%, 32-41 km, ZDC 50%, 55.0 67.0
41-50 kin, ZDC 20%, 50-58.5 km

Generic FACT 100 72.5 __-----_-----

LORAD 3D 105 41.5 ZDC 95%, 41.5-50 km, ZDC 50%, ---
S50-58 km

Generic FACT 105 108.5 5-8k

LORAD 3D 110 52.0 ZDC 80%, 52-57 km --

Generic FACT 110 142.5

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. Rc = Range to which coverage is continuous.

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 LOR D Run 6D Data
(71-132.5 kin) 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 Second Bottom Bounce Region 2nd CZ 3 Start 2nd CZ 3 End

LORAD 6D 85 121.0 122.04

Generic FACT 85 , -----

LORAD 6D 90 120.5 127.5
Generic FACT 90 117.0 123.0
LORAD 6D 95 118.0 128.0
Generic FACT 95 117.0 127.0
LORAD 6D 100 117.0 129.0

Generic FACT 100 . _116.5 127.5
LORAD 6D 105 ZDC 2 10%, 71-97.5 km 115.5 131.0
Generic FACT 105 100% Detection Coverage to 108.5 116.0 131.0

km ....

LORAD 6D 110 ZDC 90%, 71-78 kin, ZDC = 50%, 115.0 132.0
78-113 km

Generic FACT 110 100% Detection Coverage -

LORAD 6D 115 ZDC 90%, 71-106 kin, ZDC 70%,
106-115 km

Generic FACT 115 100% Detection Coverage
I- I

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
over which detection is possible.

3. Convergence zone is double lobed to 91 dB for LORAD, 93 dB for Generic FACT.

4. This is the end range of the first lobe of the second convergence zone.
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(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 FACT 1 Incoherent Model Results

(Source Depth = 15.2 m, Receiver Depth = 305 m,
Frequency = 530 Hz). Bottom Loss = FNOC Type 5.

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

LORAD 8D 90 182.5 186.0

Generic FACT 90

LORAD 8D 95 180.5 190.5

Generic FACT 95 177.5 184.0

LORAD 8D 100 177.0 195.5

Generic FACT 100 177.0 190.0

LORAD 8D 105 175.0 196.0

k Generic FACT 105 177.0 190.0

LORAD 8D 110 173.5 199.0

Generic FACT 110 176.5 194.5

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

tion of model start range and range increment.

M CONFIDENTIAL

I E-

CO lDETA



CONFIDENTIAL

(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 1 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

Generic FACT 95 242.53 242.5

LORAD 10D 100 238.0

Generic FACT 100 237.0 247.0

LORAD 10D 105 234.0

Generic FACT 105 237.0 252.5

LORAD 10D 110 232.0

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. Detection Range In km as a Function of
Figure of Merit (FOM) in dB for LORAD Run 12D Data

and Generic FACT1 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 95 308.0 314.0

Generic FACT 95 - -

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 model was used instead of FACT PL9D because
the LORAD ranges and data densities required independent selec-
tion of model start range and range increment.

2. The Generic FACT convergence zone is double lobed to 104 dB.
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(C) Table IIE-15. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for LORAD Run 14D Data and

Generic rACT 1 Incoherent Model Result-
(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

ORAD 14D 105 354.5 379.0

Generic FACT 105 357.5 365.5

ORAD 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 lIE-16. Detection Range in km is a Ful.tioll ()I'
Figure of Merit (FOM) tn dB for LORAD uun 101) I)at, njd

Generic FACT' Incoherent Model Resuilts
(Source Depth = 15.2 m, Receiver Depth = 305 m.

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

Data Set FOM 7th CZ Start 7th CZ End

LORAD 16D 100 415.0 438.5

Generic FACT 100

LORAD 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 4132.5

1. The Generic FACT model was used instead of FACT 1il.91) beeause the
LORAD ranges and data densities required indepw:idenIt selection of
model start range and range increment.

2. The Generic FACT convergence zone is double loed to 1(09 (113.
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Appendix 11F. Accuracy Assessment of FACT PL9D

U, Compared to JOAST Experiment Data 1F-H

JOAST III (U) IIF-6, and for station 5 in Figure IIF-
7. Bottom loss vs. grazing angle is tab-

Environment (U) ulated for stations 1 and 2 in Table
IIF-I, for station 3 in Table I1F-2, and

(C) The JOAST III environments used for for station 5 in Table hIF-3. The curves
FACT model evaluation test cases are for stations 1 and 2 are FNOC type 2
stations 1, 2, 3, and 5. The sound speed having 3.5 dB loss at 0 degrees, 4.8 dB
profile graphs and tables for these sta- loss at 15 degrees, and 9 d3 loss at
tions are given in Figures IIFI-4. The normal incidence. For station 3 the FNOC
station I profile has a nearly isoveloc- type 3 bottom applies and is character-
ity (slightly negative gradient) layer ized by 5.8 dB loss at zero degrees,
overlying a sound channel with axis at 7.6 dB loss at 15 degrees and 11.5 dB
137 meters. Bottom depth is 2816 in and a loss at 90 degrees (a maximum loss of

S positive depth excess of approximately 11.6 dB is found from 76 to 80 degrees).
700 m is found. The sound speed profile For station 5, an FNOC type 8 bottom is
for station 2 has a negative gradient found. At 0 degrees the loss is 13.1 dB,
layer to 18.3 m above a sound channel at 15 degrees the loss is 26.7 dB, and
with an axis depth of 61 m. The critical at normal incidence the loss is 25.0 dB.
depth (i.e., depth at which the surface This curve has two local maxima: 28.2 dB
sound speed is again encountered) is at 24 degrees and 26.5 dB at 80

i • 1530 m and the bottom depth is 2725 m. degrees.
The positive depth excess is therefore
1195 in. The sound speed profile for sta- Test Cases (U)
tion 3 is similar to that for station 2.
A slightly negative gradient surface (C) Fourteen test cases were chosen from
layer to 18.3 in overlays a sound channel the Joint Oceanographic Acoustic and
with axis at 70 m. The critical depth is System Test (JOAST) III results. For all
at 1998 in and the bottom depth is at cases but one the receivers were the
3471 m, yielding a positive depth excess uppermost (60 feet), middle (260 feet),
of 1473 in. The sound speed profile for and lowest (535 feet) hydrophones of a
station 5 is unique among the JOAST vertical array. The JOAST III experiment
stations in that a positive gradient covered all basins of the Mediterranean
surface duct is found which extends to Sea (see Martin, 1981, for details). In
44.2 m above a slightly negative gradi- all cases the source was the AN/SQS-26
ent layer to a depth of 149.6 m, at sonar transmitting pulsed signals at a
which point a deep sound channel begins, frequency of 3700 Rz. The source was at
The deep sound channel axis is at 442.3 a depth of 20 feet. Data were obtained
m, the critical depth at about 1900 m by towing the vertical array through the

Sand the bottom at 2743.2 m, giving a first convergence zone while the source
"positive excess of 843 in. remained in fixed position. Ranges were

precisely determined by radio link. A
(C) The bottom loss vs grazing angle list of the test cases is as follows:
curves for stations 1 and 2 are given in
Figure 1IF-5, for station 3 in Figure

F-1 CONFIDENTIAL
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Case Station Run Receiver Figure (U) The results for each case are sum-
Depth (ft) marized below. Unless otherwise stated,

I 1 43 60 I IF8a-I results pertain to the semi-coherent Al
II 1 43 260 1I F9a-I phase addition option.
III 1 43 535 IIFl0a-I
IV 2 63 60 IIFlta-I
V 2 63 260 IIF12a-I (C) Case I (Station 1, Run 43, Source/
VI 2 63 535 1 IF13a-I Receiver Depth - 20 ft/60 ft)
VII 3 43 60 I IF14a-I
VIII 3 43 260 IIFt5a-I
IX 3 43 535 !IF16a-I (C) The convergence zone start ranges
X 3 103 60 IIF17a-I are in basic agreement between JOAST and
X1 3 93 535 IIF18a-I
XII 5 43 60 IIF19a-I FACT PL9D. The zone width given by FACT
Xl;I 5 43 260 IIF2Oa-I is approximately 2 km greater than the
XMV 5 43 1000 IIF21a-I JOAST measured value. Bottom bounce

CONFIDENTIAL 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 peakAccuracy Assessment Results (U)vau of8dBnthCZ
values of 80 dB in the CZ.

(C) The accuracy assessment procedures
were followed as outlined in section 1.1 (C) Case II (Station 1, Run 43, Source/
and described in detail in Volume I of Receiver Depth - 20 ft/260 ft)
this series, with the exception that in
the Difference Technique, means and (C) The JOAST convergence zone onset
standard deviations were not calculated. shows probable bcttom bounce effects for
These calculations were omitted since a FOM > 100 dB. The FACT CZ is affected by
slight error in convergence zone range bottom bounce energy for FOM > 100 dB.
leads to a large value for the standard FACT's CZ is multilobed except for the
deviation which can be easily misinter- incoherent phase option. The JOAST con-
preted as an error in convergence zone vergence zone is approximately 1.5 km
shape. narrower than the FACT PL9D predicted

CZ. The convergence zone peaks are found
(U) The following figures were produced at 84 dB for both JOAST and FACT re-
for each case: (a) JOAST experimental sults.

data, (b) FACT PL9D output using the
coherent option, (c) the coherent reýsult (C) Case III (Station 1, Run 43, Source/
smoothed by application of a 2 km window Receiver Depth - 20 ft/535 ft)
running average, (d) the smoothed coher-
ent result subtracted from the JOAST (C) The JOAST data shows contamination >

data, (e) FACT PL9D output using the of the convergence zone start by bottom

semi-coherent phase addition option, (f) bounce energy fur FOM > 100 dB. The
the semi-coherent result smoothed by JOAST zone width is narrower than that
application of a 2 km window running given by the FACT PL9D model by I to 3
average, (g) the smoothed semi-coherent kyd, with the disparity increasing with
result subtracted from JOAST data, (h) increasing figure of merit. The JOAST
FACT PL9D using the incoherent phase data appears to consist of two lobes;
option, and (i) the incoherent result the PACT result consists, of three lobes
subtracted from JOAST data. The figures for the semi-coherent phase option,
for the first case are numbered IIF-8a numerous spikes and lobes For coherent

phase, and a single-lobed CZ for inco-
IFahucasecherent phase addition. The end of the1lF-9a through IIF-91, etc. FACT CZ is found at greater range than
(U) The results of the figure of merit extrapolation would indicate due to
versus detection range analysis are bottom bounce energy for FOM > 105 dB.
given in tables IIF-4 through IIF-17.
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Both JOAST and FACT agree on peak CZ zone start is found to be 2 km less than

values of 87 dB. JOAST and the end I km less. The effect
of bottom bounce on the JOAST CZ is not

(C) Case IV (Station 2, Run 63, Source/ evident in this case. FACT, however,
Receiver Depth = 20 ft/60 ft) shows the effect of bottom bounce on the

zone ctart for FOM > 95 dB and on the
'C) The convergence zone envelopes for zone end for FOM > 105 dB. Both JOAST

JOAST and FACT PL9D are essentially and FACT have peak levels of 84 dB.
identical; however, details differ sig-
nificantly. JOAST shows fluctuations of (C) Case VII (Station 3, Run 43, Source/
5-10 dB; FACT coherent has a multi-lobed Receiver Depth = 20 ft/60 ft)
structure with variability of 15-20 dB;

• FACT semi-coherent basically f!o.iLsts of (C) For values of FOM < 90 dB, JOAST and
three lobes with 15-20 dB variations; FACT have similar envelopes and agree
and FACT incoherent has almost no varia- with regard to CZ start and end ranges.
bility. The onset of the FACT CZ is 1 km For FOM = 95 dB, start ranges are still
shorter than that for JOAST as is the in agreement but FACT exhibits an anoma-
end. Therefore, a translation of FACT to lous extenrion which the JOAST data does
greater range by 1 km would bring JOAST not show, the disparity being 6 km. FACT
data and FACT results into almost per- is bottom bounce dominated at the CZ
fect agreement. In this context we note start for FOM > 100 dB; no bottom bounce
that both JOAST and FACT have peak is evident for JOAST to FOM = 115 dB.
levels of 76 dB. The JOAST CZ start is The peak values of JOAST and FACT are

,C! •: bottom bounce dominated for FOM > 97 dB both 78 dB.
whereas FACT's CZ start is bottom bounce
domina'ed for FOM > 92 dB. (C) Case VIII (Station 3, Run 43,I -- Source/Receiver Depth = 20 it/260 ft)

(C) Case V (Station 2, Run 63, Source/
Receiver Depth = 20 ft/260 ft) (C) The convergence zone envelopes for

N" JOAST and FACT are similar at the zone
(C) As in the previous case, CZ enve- start and through the zone (including
lopes agree quite well between JOAST and the presence of two lobes) but differ
FACT as do their peak levels of 82 dB. greatly at the zone end - the JOAST data
The FACT CZ begins 2 km shorter than shows a steady falloff to past 130 dB

.does JOAST's CZ. There may be some in- whe' ias FACT shows an anomalous feature
dicatLion -f lobe structure in the JOAST fr 't7 to 55 km which is due, at least
data. FACT shows four lobes modulated in part, to bottom bounce energy. The

*'. i- by spikes for the coherent option, four extension of the FACT CZ due to the
lobes without spikes for the semicoher- anomalous feature is evident in the
ent option and no lobes when incoherence inherent result. Peak values of 84 dB

i'- is selected. Bottom bounce affects the for FACT and 86 dB for JOAST are found.
CZ results at zone start of FACT for FOM
> 95 dB and of JOAST for FOM > 100 dB. (C) Case IX (Station 3, Run 43, Source/

Receiver Depth = 20 ft/535 ft)
(C) Case VI (Station 2, Run 63, Source/
Receiver Depth = 20 ft/535 ft) (C) The JOAST convergence zone consists
(neof two primary lobes with peaks at 88 dB

""%. (C) Once again the convergence zone en- and a third lobe at 46 km with a peak
velopes of the JOAST data and FACT out- value of 96 dB. Through the first two

r. put are almost identical. Lobe structure lobes, JOAST and FACT are almost iden-
is evident in the JOAST data and very tical. The third lobe is not, however,

iN U complicated structure is found for FACT present in the FACT output but, rather,
coherent and semi-coherent. The FACT the same anomalous feature as in the

NOF-3~ CONFIDENTIAL
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previous two cases between 47.5 and 52 previous results at 60 feet when no duct
km. The minimum loss peak for FACT is 85 was evident. The FACT surface duct
dB. module clearly failed in this case to

even qualitatively predict the JOAST
(C) Case X (Station 3, Run 103, Source/ measurement results.
Receiver Depth = 20 ft/60 ft)

(C) Case XIII (Station 5, Run 43,
(C) The convergence zone envelopes of Source/Receiver Depth = 20 ft/260 ft)
JOAST and FACT are quite similar for FOMI 90 dB but past 45 km FACT's falloff As in previous cases FACT shows an anom-
Ts in disagreement with JOAST, the FACT alous extension to the convergence zone
CZ being anomalously extended (similar which is unsupported by the JOAST exper-
to cases VII - IX). The peak values of imental data. The JOAST and FACT con-
JOAST and FACT are 78 dB. The zone vergence zone envelopes show little re-
starts agree to within 0.5 km for FOM semblence to each other in shape or
< 95 dB with the FACT CZ having shorter level. The onset of FACT is at 3 km
onset range than JOAST; for FOM > 95 dB, shorter range than that of JOAST, and

the zone starts agree to within 1 km FACT is double-lobed before the anoma-
with FACT once again found a shorter lous extension whereas JOAST does not
range than JOAST. FACT incoherent has an show multi-lobed structure. This is a
extended CZ due to the anomalous feature cross-layer case for FACT. The minimum
observed in the coherent and semi- loss peak levels are 82 dB for FACT and
coherent results. 88 dB for JOAST.

(C) Case XI (Station 3, Run 103, Source/ (C) Case XIV (Station 5, Run 43, Source/
Receiver Depth - 20 ft/535 ft) Receiver Depth = 20 ft/260 ft)

(C) The convergence zone envelopes for (C) This is a cross-layer case as was
JOAST and FACT data are essentially the case XIII and the only case where the

same for ranges less than 47 km and fig- receiver is at 1000 feet. Unfortunately,
ures of merit < 100 dB. Beyond 47 kmn, the onset of the zone is not included in

FACT exhibits additional energy not in- the JOAST data. Once again, as witn the

dicated by JOAST. This energy substan- previous two cases, JOAST and FACTS~ tially lengthens the convergence zone in strongly disagree. FACT has a minimum m

tne incoherent phase result. The minimum loss peak of 81 dB and JOAST has a peak 4
loss peak values are 84 dB for JOAST and value of 97 dB. FACT has fout lobL
85 dB for FACT. visible although it i~s not clear that

all belong to the convergence zone.
(C) Case XII (Station 5, Run 43, Source/
Receiver Depth =20 ft/60 ft) General Conclusions (U)

(C) The JOAST CZ has a typical shape for (C) Except for the last three cases
this data set but has an unusually high which involved a surface duct, the .JOASTminimum loss peak value of 86 dB. This experimental data and FACT model resu't" •]

high value may be caused by the presence were in excellent agreement with respect
of a surface duct with both source and to convergence zone start and shape of
receiver in the duct. In the FACT re- the zone with the serious exception that

sult, the effect of the surface duct is for stations 2 and 3 (cases IV - IX) the
obvious and dominates the propagation FACT result shows an anomalous and sub-

.. ,loss. The convergence zone is evident stantial broadening of the zone at its

from its modulation of the surface duct end. FACT CZ results are generally mark-
pattern between 42 and 43 km, which ed by bottom bounce energy for figure of
agrees with the JOAST range. The FACT CZ merit values greater than 109-110 dB

level is 79 dB, which is in keeping with 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 (i.e., 1, 2, and 3) but shows a
reasonably shaped CZ when compared to
results for other stations. FACT results
for station 5 show anomalous zone exten-
sion to long ranges, and in case XII,
where both source and receiver were in
the duct, the convergence zone was mask-
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.

e B L E BL f L B BL E) BL E) BL B BL

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 40 7.49 53 8.43 66 8.87 79 8.96

2 3.60 15 4.77 28 6.26 41 7.58 54 8.48 67 89 80 .6
"16 8.89 80 .9

3 3.67 16 4.88 29 6.37 42 7.67 55 8.53 68 8.90 81 8.96

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

6 3.89 19 5.22 32 6.70 45 7.91 58 8.65 71 8.93 84 8.96

7 3.98 20 5.34 33 6.81 46 7.98 59 8.69 172 8.94 85 8.96

8 4.07 21 5.45 34 6.91 47 8.06 60 8.72 73 8.95 86 8.97

%'

9 4.16 22 5.57 35 7.01 48 8.13 61 8.75 74 8.95 87 8.97

10 4.25 23 5.69 36 7.11 49 8.19 62 8.78 75 8.95 88 8.98

11 4.35 24 5.80 37 7.21 50 8.26 63 8.81. 76 8.96 89 8.99

12 4.45 25 5.92 38 7.31. 51 8.32 64 8.83 77 8.96 1190 9.00

CONFIDENTIhAL
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(C) Table IIF-2. Bottom Loss (dB) vs. Grazing Angle (degrees) for
JOAST III Station 3. FNOC Type 3. Frequency =3.7 kHz.

0 BL 0 BL 0 BL E) BL E0 BL E0 BL e BL

05.79 13 7.926 8.83 39 10.03 52 10.92 65 11.45 78 11.62Ii1 5.91 14 7.50 27 8.94 40 10.11 53 10.97 66 11.48 79 11.62

2 6.04 15 7.62 28 9.04 41 10.19 54 11.02 67 11.50 80 11.62

3 6.16 116 7.74 29 9.14 42 10.27 55 11.07 68 11.52 81 11.61

4 6.29 17 7.85 30 9.23 43 10.34 56 11.12 69 11.54 82 11.60

5 6.41 18 7.97 31 9.33 44 10.41 57 11.17 70 11.56 83 11.59

6 6.54 19 8.08 32 9.42 45 10.49 58 11.21 71 11.57 84 11.58

7 6.66 20 8.19 33 9.52 46 10.55 59 11.25 72 11.59 85 11.57

8 6.78 21 8.30 34 9.61 47 10.62 60 11.29 73 11.60 86 11.56

9 6.90 22 8.41 35 9.70 48 10.68 61 11.33 74 11.61 87 11.54

10 7.03 23 8.52 36 9.78 49 10.75 62 11.36 75 11.61 88 11.52

012 7.27 25 8.73 37 9.95 50:10.81664 11.42 77 11.62 890 11.48

127.15] L24 8.63 137 9.87 50 10.81 63 11.39 76 11.62 890 11.50

CCONFIDENTIAL
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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.

E) BL 0 BL 0 BL E0 BL 9 BL 0 BL 0 BL

IN0 13.07 13 25.83 26 28.12 39 26.52 52 25.10 65 25.39 78 26.42

1 14.61 14 26.28 27 28.07 40 26.37 53 25.06 66 25.48 79 26.44

2 16.05 15 26.67 28 28.00 41 26.22 54 25.03 67 25.56 80 26.45

3 1.38 16 27.01 29 27.91 42 26.08 55 25.01 68 25.65 81 26.44

418.61 17 27.30 30 27.80 43 25.94 56 25.00 69 25.74 82 26.40

51.418 27.54 31 27.69 44 25.81 57 25.01 70 25.84 83 26.32

6 20.781 19 27.73 32 27.56 45 25.69 58 25.02 71 25.93 84 26.26

7 21.73 20 27.89 33 27.43 46 25.58 59 25.05 72 26.02 85 26.14

822.60 21 28.00 34 27.28 47 25.47 60 25.08 73 26.10 8 59

9 23.39 22 28.09 35 27.13 48 25.38 61 25.13 74 26.18 87 25.81

10 24.11 23 28.14 36 26.98 49 25.29 62 25.18 75 26.26 88 25.59

12 25.32 25 28.15 38 26.683 51 25.15 64 25.325 77 26.38 390 25.01

11 24.75 :24 28.16 137 26.683 150 25.22, 63 25.325 76 26.32, 90 25.3

CONFIDENTIAL
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,- (C) Table IIF-4. 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 2 , Semi-Coherent, and
Incoherent Phase Addition, Case I (Station 1, Run 43,

Source Depth = 20 ft, Receiver Depth = 60 ft, Frequency = 3.7 kHz)

FOM CZ Start CZ End
(dB) Data Set Range (kin) Range (kin) Remarks

80 JOAST 39.0 40.5
FACT Coherent 38.5 39.5
FACT Semi-coherent 38.5 38.5
FACT Incoherent 38.5 38.5

85 JOAST 39.0 42.0
FACT Coherent 38.5 44.5
FACT Semi-coherent 38.5 44.5
FACT Incoherent 38.5 42.0

90 JOAST 38.0 43.5
FACT Coherent 38.5 45.0 CZ is multi-lobed for FOM < 90 dB
FACT Semi-coherent 38.0 45.0 CZ is double-lobed for FOM < 91 dB
FACT Incoherent *38.5 45.0

,' 95 JOAST 36.5 44.0 CZ start includes bottom bounce effect
.1, for FOM > 95 dBFACT Coherent 38.0 45.0

FACT Semi-coherent 38.0 45.0
" __ FACT Incoherent 38.0 45.0

3 100 JOAST 36.0 44.5
FACT Coherent 38.0 4E, 0
FACT Semi-coherent 38.0 45.0

*! FACT Incoherent ---- 45.5

105 JOAST 35.0 40.0
FACT Coherent 37.0 45.5 CZ includes some bottom bounce energy
FACT Semi-coherent 37.0 46.0 CZ includes some bottom bounce energy
FACT Incoherent ---- 45.5

110 JOAST 35.0
I FACT Coherent 37.

F I'ACT Semi-coherent 38.0 47.5 CZ includes some bottom bounce energy
FACT Incoherent ....

S.I. 1. Detection ranges accurate to +0.25 km

2. Coherent results are unsmoothed

CONFIDENTIAL
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(C) Table IIF-5. 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 2 , Semi-coherent and Incoherent Phase Addition. Case II

(Station 1, Run 43, Source Depth = 20 ft, Receiver Depth = 260 ft,

Frequency = 3.7 kHz)

FOM CZ Start CZ End
(dB) Data Set Range (kin) Range (kin) Remarks

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

90 JOAST 38.5 41.0
FACT Coherent 38.0 44.0
FACT Semi-coherent 38.0 44.0
FACT Incoherent 38.0 42.0

95 JOAST 38.0 43.5
FACT Coherent 38.0 44.5 CZ is multi-lobed for FOM < 95 dB
FACT Semi-coherent 38.0 45.0 CZ is multi-lobed for FOM < 98 dBFACT Incoherent 38.0 45.0 _,_

100 JOAST 35.5 43.5 CZ start corrupted by bottom bounce
FACT Coherent 37.5 44.5
FACT Semi-coherent 38.0 45.0
FACT Incoherent 37.5 45.0 4

105 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 Incoherent .... 45.5

"" 110 JOAST 35.0 45.0
FACT Coherent 36.5 47.0 Broadening of CZ due to bottom bounce
FACT Semi-coherent 36.5 47.0 Broadening of CZ due to bottom bounce
FACT Incoherent . |

115 JOAST 35.0 ----
FACT Coherent 36.5 47.5 Broadening of CZ due to bottom bounce
FACT Semi-coherent .... 47.5 Broadening of CZ due to bottom bounce
FACT Incoherent ....- -

1. Detection ranges accurate to ±0.25 km

2. Coherent results are unsmoothed
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(C) Table IIF-6. Convergence Zone (CZ) Start and End Ra-igesI as a
Function of Figure of Merit (FOM) for JOAST Experimental Data and

FACT PL9D Predictions with Coherent 2 , Semi-coherent, and
Incoherent Phase Addition. Case III.

(Station 1, Run 43, Source Depth = 20 ft, Receiver Depth 535 ft,

Frequency = 3.7 kHz)

FOM CZ Start CZ End

(dB Data Set Range (kin) Range (km) Remarks

85 JOAST
FACT Coherent 37.5 37.5
FACT Semi-coherent 37.5 37.5
FACT Incoherent 37.5 37.5

90 JOAST 38.0 42.0
FACT Coherent 37.5 43.5
FACT Semi-coherent 37.5 44.0
"FACT Incohcrent 37.5 41.5

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
FACT Semi-coherent 37.5 44.0 CZ multi-lobed for FOM • 103 dB
FACT Incoherent 37.5 44.5

100 JOAST 37.0 44.0
FACT Coherent 37.0 45.0
FACT Semi-coherent 37.0 45.0

FACT Incoherent ---- 45.0

105 JOAST 35.0 44.5
FACT Coherent 37.0 45.5 CZ end greater due to bottom bounce

energy
FACT Semi-coherent 37.0 45.5 CZ end greater due to bottom bounceS~ energy

IFACT Incoherent ---- 46.0

110 JOAST ---- 45.0
_FACT Coherent 36.5 46.5

. FACT Semi-coherent 36.5 4V.0
FACT Incoherent

115 JOAST ---- 45.0%FACT Coherent 36.5 47.5
FACT Semi-coherent ---- 47.5
FACT Incoherent

1. Detection ranges accurate to ± 0.25 km

2. Coherent results are unsmoothed
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(C) Table IIF-7. 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 2 , Semi-coherent, and Incoherent
Phase Addition. Case IV (Station 2, Run 63, Source Depth = 20 ft,

Receiver Depth = 60 ft, Frequency = 3.7 kHz)

II FOM CZ Start CZ End maS(.dB) D~ata Set Range (kin) 'Range (kiin) Hemarks

75 JOAST 36.0 36.0.• ~FACT Coherent .
2,FACT Semi-coherent -----

PFACT Incoherent .. --- -

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 1
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

-V 100 JOAST 32.5 44.0 Zone start possibly bottom bounce energy
FACT Coherent 33.0 42.5
FACT Semi-coherent ---- 43.0
FACT Incoherent 43.0

-- 105 JOAST ---- 44.5
FACT Coherent 43.0 CZ multi-lobed for FOM < 107 dB

FACT Semi-coherent ---- 43.0 CZ multi-lobed for FOM < 103 dB
FACT Incoherent 43.5 _ _,_

110 JOAST ---- 45.0
FACT Coherent ---- 44.0
FACT Semi-coherent ---- 44.0
FACT Incoherent ---- ----

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 RangesI as a Function
of Figure of Merit (FOM) for JOA T III Experimental Data and

FACT PL9D Predicticns with Coherenti, 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
NO) Data Set Range (km) Range (kin) Remarks

85 JOAST 35.0 36.5
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
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 ---- 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-coherent 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 ....- -

115 JOAST 45.5
FACT Coherent ---- 44.5
FACT Semi-coherent ---- 44.5
FACT Incoherent ---- ----

1. Detection ranges accurate to ±0.25 km
% 7h, 2. Coherent results are unsmoothed
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(C) Table IIF-9. Convergence Zone (CZ) Start and End Ranges1 as a
Function of Figure of Merit (FOM) for JOAST III

Experimental Data and FACT PL9D Predictions with Coherent 2 ,
Semi-coherent, and Incoherent Phase Addition. Case VI

(Station 2, Run 63, Source Depth - 20 ft, Receiver Depth 535 ft,
Frequency = 3.7 kHz)

FOM CZ Start CZ End
(dB Data Set -Range (km) Range (km) Remarks

85 JOAST 37.0 37.0
FACT COHERENT 33.0 37.5
FACT Semi-coherent 33.0 35.0
FACT Incoherent 32.5 33.5

90 JOAST 34. r 39.0
FACT Coherent 32.5 41.5
FACT Semi-coherent 32.5 38.0 -FACT Incoherent 32.5 37.5

95 JOAST 34.0 42.0
FACT Coherent 32.0 42.0
FACT Semi-coherent 32.0 42.0
FACT Incoherent 32.5 42.5

100 JOAST 32.0 44.5
FACT Coherent ---- 42.5
FACT Semi-coherent ---- 42.5
FACT Incoherent ---- 42.5

105 JOAST 32.0 44.5FACT Coherent ---- 542.

FACT Semi-coherent 43.0 CZ multi-lobed for FOM 4106 dBFACT Inwoherent 42.5

110 JOAST --- 44.5

FACT Coherent ---- 42.5 CZ multi-lobed for FOM'o 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
FACT Incoherent ---- ----

1. Detection ranges accurate to ±0.25 km

2. Coherent results are unsmoothed
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(C) Table IIF-10. Convergence Zone (CZ) Start and End RangesI as a

"Function of Figure of Merit (FOM) for JOAST III
Experimental Data and FACT PL9D Predictions with Coherent 2 ,' Semi-coherent, and Incoherent Phase Addition. Case VII

(Station 3, Run 43, Source Depth 20 ft, Receiver Depth = 60 ft,
i • Frequency = 3.7 kHz)

F ON_! Z Star: CZ End'tdB i Da-,s Sc_:, rtange (km)- Range (kmi -Rema k.

80 JOAST 4C. C 42.0
FACT Coneren: 39.0 40.5
FACT Semi-coherent 39.0 40.5

- FACT Incoherent 39.0 40.5

85 JOAST 39.5 42.5
FACT Coherent 39.0 42.0 CZ double-lobed for FOM4 85 dB
FACT Semi-coherent 39.0 42.0 CZ double-lobed for FOM 4 85 dB
FACT Incoherent 39.0 41.0

90 JOAST 39.0 44.0
FACT Coherent 39.0 44.0
FACT Semi-coherent 39.0 44.0
FACT Incoherent 38.5 43.5

95 JOAST 39.0 44.5 CZ multi-lobed for FOM*4ý 95 dB
FACT Coherent 38.5 50.0 CZ anomaly for for FOM > 95 dB
F T Sre. CZ end

FACT Semi-coherent 38.5 50.5 Also an anomalous peak at 50 km

100 JOAST 39.0 44.5
FACT Coherent 37.0 52.0
FACT Semicoherent 36.5 52.0 CZ end is anomalous for FOM > 90 dB
FACT Incoherent 36.5 53.0

105 JOAST 39.0 45.5
FACT Coherent 35.0 54.0 CZ contaminated by bottom bounce energy

• .' 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,, • Fenerg

FACT Semi-coherent 34.5 ---- CZ start contaminated by bottom bounce
SenergyAN",_ FACT Incoherent --- _- en

S"it 3 JOAST 37.5 46.5 ;

FACT Coherent 34.5 ---- CZ start contaminated by bottom bounce
energy::.•FACT Semi-coherent 34.5 --- CZ start contaminated by bottom bounce -

FACT Incoherent ---- ----

1. Detection ranges accurate to ±0.25 km

2. Coherent results are unsmoothed
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(C) Table IIF-Il. 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 2 ,
Semi-coherent, and Incoherent Phase Addition. Case VIII

0 1(Station 3, Run 43, Source Depth = 20 ft, Receiver Depth = 260 ft,
Frequency = 3.7 kHz)

FOM CZ Start CZ End _

(dB) Data Set Range (kin) Range (kin) Remarks

85 JOAST ---- ----
FACT Coherent 39.0 39.0
FACT Semi-coherent 39.0 39.0
FACT Incoherent 39.0 41.0

90 JOAST 38.5 42.5
FACT Coherent 38.5 41.0FACT Semi-coherent 38.5 41.0FACT Incoherent 39.0 41.0

95 JOAST 38.5 43.0
FACT Coherent 38.0 45.0 Anomalous peaks from 47 to 50 km
"FACT Semi-coherent 38.5 44.0 Anomalous peaks from 49 to 50 km
FACT Incoherent 38.5 43.0 CZ double-lobed for FOM < 96 dB

100 JOAST 38.5 44.5
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 CZ 02"

Start. Anomalous peaks from 47 to
52.5 km.

FACT Semi-coherent 35.0 46.5 Bottom bounce contamination at CZ
Start. Anomalous peak from 47 to
52.5 km.

FACT Incoherent 52.0

110 JOAST 37.0 45.0
FACT Coherent ---- ---- Bottom bounce contamination
FACT Semi-coherent ---- Bottom bounce contamination
FACT Incoherent --.-- --

115 JOAST ---- 46.0

FACT Coherent ---- ---- Bottom bounce contamination
FACT Semi-coherent Bottom bounce contamination
FACT Incoherent-----

1. Detection ranges accurate to ±0.25 km

2. Coherent results are unsmoothed

lei
', CDCONFIDENTIAL

F-"6•

~s CONFIDENTIAL



A CONFIDENTIAL

"(C) Table IIF-12. Convergence Zone (CA) Start arnd End Ranges1

as a Function of Figure of Merit (FOM) for JOAST III
Experimental Data and FACT PL9D Predictions with Coherent 2 ,

Semi-coherent, and Incoherent Phase Addition. Case IX

(Station 3, Run 43, Source Depth 20 ft, Receiver Depth 535 ft,

Frequency = 3.7 kHz)

FOM C.Z7 Star't CZ End

(dB) Data Set Range (kin) Range (kin) Remarks

85 JOAST .........
FACT Coherent 38.5 41.0 CZ is 2 spikes
FACT Semi-coherent 38.5 41.0 CZ 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 spikes1FACT Semi-coherent 38.0 41.5 CZ is 2 spikesFACT Incoherent 38.0 41.5 CZ is 2 spikes

95 JOAST 38.5 43.0FACT 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
"FACT Incoherent 38,0 43.5

100 JOAST 38.0 45.0
SFACT Coherent 38.0 45.5 Cz contaminated by bottom bounce:

end
I FACT Semi-cohe-ent 38.0 45,5 Anomalous peak from 47.5 to 51 km

FACT Incoherent 36.0 52.0. "• 105 JJOAST 37.0 45.5

FACT Coherent ---- ---- CZ contaminated by bottom bounce energy
I FACT Semi-coherent --..... CZ contaminated by bottom bouice energy

FACT Incoherent ---- 52.0

"110 JOAST 37.0 46.0
FACT Ccherent ---- ----

.. * A I FACT Semi-coherent .........
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 RangesI as a
Function of Figure of Merit (FOM) for JOAST III

Experimental Data and FACT PL9D Predictions with Coherent2,
Semi-coherent, and Incoherent Phase Addition. Case X

(Station 3, Run 103, Source Depth = 20 ft, Receiver Depth = 60 ft,Frequency = 3.7 kHz)

FOM CZ Start CZ End
(dB) Data Set Range (kin) Range (kin) Remarks

"80 JOAST 39.0 41.0
FACT Coherent 39.0 41.0
FACT Semi-coherent 39.0 40.5
FACT Incoherent 39.0 40.5

85 JOAST 39.0 42.0 K
FACT Coherent 39.0 42.0 Double-lobed CZ for FOM • 85 dB
FACT Semi-coherent 39.0 42.0 Double-lobed CZ for FOM • 85 dB
FACT Incoherent 39.0 41.0

90 JOAF" 39.0 42.5
FACT Coherent 39.0 44.0 CZ end appears anomalous
"FACT Semi-coherent 39.0 44.0
FACT Incoherent 38.5 44.0

95 JOAST 39.0 47.5
FACT Coherent 38.5 50.0 CZ end appears anomalous
FACT Semi-coherent 39.0 50.5 CZ end appears anomalous
FACT Incoherent 38.5 50.0

100 JOAST 38.0 48.5
FACT Coherent 37.0 52.0 CZ end appears anomalous
FACT Semi-coherent 37.5 52.0 CZ end appears anomalous
FACT Incoherent 36.5 52.5

105 JOAST 38.0 49.0
FACT Coherent 36.5 54,0
"FACT Semi-coherent 36.5 54.5
FACT Incoherent 36.5

110 JOAST 37.0 49.5
FACT Coherent 36.0
FACT Semi-coherent 36.0 -.
FACT Incoherent 36.5

L!

1. Detection eqnges accurate to ±0.25 km

2. Coherent results are unsmoothed
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0 -(C) Table IIF-14. 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 C-herent 2 , Semi-coherent, and Incoherent
Phase Addition. Case Xi ! tte".n 2, Run 63, Source Depth = 20 ft,

Receiver i~ep'L 52 "', Frequency = 3.7 kHz)

r • ., I .•(9'i••.• ,CZ St'art Cz- E'nd(

FACT Coherent 38.5 41.0 CZ consists of 2 peaks
JACT Semi-coherent 38.5 41.0 CZ consists of 2 peaks

"FA FACT Incoherent 38.5 41.0 CZ consists of 2 peaks

90 JOAST 37.5 42.0
FACT Coherent 38.0 41.5 Double-lobed CZ
FACT Semi-coherent 38.5 41.5 Double-lobed CZ

______ FACT Incoherent 38.0 41.5 Double-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 JQA1F 37.5 45.5
"". FACT Coherent 38.0 45.5 Anomalous spikes from 47.5 to
"-•.- .50.5 kmn. Double-lobed CZ for

FOM < 101 (113.
FACT Semi-coherent 38 0 45.5 Anomalous peak from 47.5 to

51 Rmn. Double-lobed CZ for
FOM < 97 dB.

FACT Incoherent 37.5 52.0 ouble-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 kmi
FACT Semi-coherent 36.0 46.0 Anomalous peak from 46.5 to 52 km

,, FACT Incoherent 36.0 52.0

II0- JOAST 49.0
FACT Coherent 36.0 ----
FACT Semi-coherent 36.0
"FACT Incoherent 36.0

"115 JOAST
FACT Coherent 36.0
FACT Semi-coherent 36.0

V.~~ FACT 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 1 2

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

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

FOM CZ Start CZ End
(dB) Data Set Range (km) Range (kin) Remarks

80 JOAST ---- ----

FACT Coherent 41.5 43.0 CZ barely modulates erroneous
surface duct contribution

FACT Semi-coherent 41.5 43.0 CZ barely modulates erroneous
surface duct contribution

FACT Incoherent 41.5 42.0 CZ barely modulates erroneous
surface duct contribution

85 JOAST ---- ---- CZ barely modulates erroneous
surface duct contribution

FACT Coherent--------
FACT Semi-coherent
FACT Incoherent ---- ----

90 JOAST 41.5 43.0
FACT Coherent ---- Surface duct contribution masks

CZ for FOM •85 dB
FACT Semi-coherent
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
FACT Incoherent ---- ----

105 JOAST 41.0 49.0
FACT Coherent ---- ----

FACT Semi-coherent ---- ----
FACT Incoherent ---- ----

110 JOAST 39.0 49.0
FACT Coherent ---- ----

FACT Semi-coherent ---- ----
FACT Incoherent

1. Detection ranges accurate to ±0.25 km

2. Coherent results are unsmoothed
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S(C ) Table IIF-16. Convergence Zone (C Z) 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. Case XIII

(Station 5, Run 43, Source Depth = 20 ft, Receiver Depth 260 ft,

LI Frequency =3.7 kHz)

FOM CZ Start CZ End
tY a . Range (km) Range (km)) Remarks

85 JOAST --.--
FACT Coherent 38.0 41.5 CZ consists of two spikes
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 dBFACT Semi-coherent 38.0 42.5 Double-lobed CZ for FOM < 90 dBFACT Incoherent 38.0 44.5 Double-lobed CZ for FOM < 88 dB

95 JOAST 40.0 43.5
'L 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

S!,100 JOAST 40.0 46.0FACT Coherent 46.0 CZ masked by erroneous surface
F o--duct contribution for FOM)' 95 dB

FACT Semi-coherent ---- 51.0
FACT Incoherent ---- 51.0

105 JOAST 39.5 48.0
FACT Coherent ---- ----
FACT Semi-coherent
FACT Incoherent ---- -

110 JOAST 39.0 49.0
SFACT Coherent ---- ----

i FACT Semi-coherent ----

FACT Incoherent ....

115 JOAST 39.0 49.0
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-17. 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 2

Semi-coherent, and Incoherent Phase Addition. Case XIV OA

(Station 5, Run 43, Source Depth = 20 ft, Receiver Depth 1000 ft,
Frequency = 3.7 kHz)

FOM ______(ZStart CZ End ______

(dB) Data Set Range (km) Range (kin) Remark"

85 JOAST
FACT Coherent 38.5 39.0
FACT Semi-coherent 38.5 39.0 -"\

FACT Incoherent 38.5 38.5

90 JOAST
FACT Coherent 38.5 43.5 CZ consists of 2 spikes
FACT Semi-coherent 38.5 43.5 CZ consists of 2 spikesFACT Incoherent 38.0 43.5 CZ consists of 2 spikes .

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 l-emi-coherent 38.0 49.0 Plus additional spike from

53.5 to 54.0 km
FAC.L ncoherent 38.0 49.0 Plus additional spike from

53.5 to 54.0 km

105 JOAST 45.55.5
FACT Coherent 38.0 49.0 Plus additional coverage

from 51 to 54 kmFACT Semi-coherent 38.0 9.0 Plus additional coverage

from 51 to 54 kmFACT Incoherent 38.0 54.0

110 JOAST 47.0
FACT Coherent 54.0 CZ start masked by surface

duct contribution -
FACT Semi-coherent 54.5 CZ start masked by surface

duct contribution
FACT Incoherent ----

115 JOAST 49.5
FACT Coherent ---- CZ masked by surface

duct contribution -•

FACT Semi-coherent ---- CZ masked by surface
duct contribution

FACT Incoherent .

1. Detection ranges accurate to t0.25 km

2. Coherent results are unsmoothed
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BOTTOM LOSS
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(C) Figure IIF-5. Bottom Loss Versus Grazing Angle for JOAST Stations
1 and 2, FNOC Type 2, Frequency = 3.7 Kilohertz
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(C) Figure IIF-6. Bottom Loss Versus Grazing Angle for JOAST Station
3, FNOC Type 3, Frequency = 3700 Hertz
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(C) Figure IIF-7. Bottom Loss Versus Grazing Angle for JOAST Station
5, FNOC Type 8, Frequency = 3700 Hertz
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Appendix 11G. Accuracy Assessment of FACT PLO
Compared to FASOR Experimental Data IIG-1 (U)

FASOR (U)

Environment (U) sects the bottom at 3282 meters. The
negative depth excess is approximately

(C) The FASOR environments selected for 1600 meters.
the purpose of model evaluation were
from stations designated as FIG, OAK, (C) The bottom loss versus grazing angle
THORN, and REDWOOD. The sound speed pro- curve for station FIG is plotted in
files and their tabulations for these Figure IIG-5 and li-'"ed in Table IIG-1.
stations are given in Figures IIGI-IIG4, The loss at 0 degrees is 8 dB; at 18
respectively. The station FIG sound degrees the loss has r~sen to 15 dB.
speed profile consists of three negative From 19 degrees to 90 degrees the loss
gradients, representative of an arctic is between 15 and 16 dB. For FASOR sta-
environment. The first gradient extends tions OAK and THOP' , the bottom loss is
to 75 meters, the second is a strong plotted in Figure 'IG-6 and listed in
thermocline to 150 meters, and the third T'.-ble IIG-2. The loss rises from a value
gradient is essentially the pressure in- of 3.5 dB at 0 degrees to a normal in-
duced gradient extending to the bottom cidence value of 9 dB. At 15 degrees the
at 7648 meters. The station OAK sound bottom loss is 4.5 dB. The bottom loss
speed profile consists of a surface duct versus grazing angle for station REDWOOD
to 30 meters overlying a channel with is given in Figure IIG-7 and Table hG-
substantial negative depth excess which 3. The loss at zero degrees is 13 dB, at
extends to the bottom at 120 meters. The 10 degrees the loss. is 24 dB. The bottom
station THORN sound speed profile con- loss versus grazing angle curve has two
sists of a negative gradient (i.e., a maxima: 28.2 dB at 25 degrees and
surface duct) to 55 meters over a strong 26.5 dB at 80 degrees.
positive gradient intersecting the bot-
tom at 104 meters. The sound speed Test Cases (U)
structure at station REDWOOD is a broad
sound channel with axis at 1200 meters. (C) Six test cases from the FASOR exper-
The channel is bottom limited and inter- iments were selected for model evalua-

tion as follows:

CASE STATION RUN SOURCE RECEIVER FREQ. Rmin Rmax
DEPTH (m) DEPTH (m) (kHz) (km) (km)

I FIG 3 6.1 37 1.5 6.0 54.0
IIa OAK 1 23.0 37 1.5 26.0 44.0
lib OAK 2 23.0 37 1.5 12.0 24.5
Illa THORN 1 23.0 37 1.5 19.5 33.5
IIIb THORN 2 23.0 37 1.5 12.0 25.5

7 r IV REDWOOD 3 6.1 37 1.5 1.0 36.0

CONFIDENTIAL

1 CONFIDEni IAL



CONFIDENTIAL
(C) Cases hIa and I~b pertain to a FACT PL9D program. This sometimes occurs
single environment and Cases IIIa and due to an error in logic whereby coher-
Ilib pertain to a different but single ence is determined by testing the hori-
henvironment. Between Cases Ila and lib zontal separation between the direct and

Sthere is a gap in data between 24.5 and surface reflected paths rather than on a

26 km. Cases lIla and IlIb have a data ray-by-ray basis. This matter is dis-
overlap between 19.5 and 25.5 km. As cussed and an example given in section
mentioned above, Case II (i.e., station 5.0, "The Physics of the FACT Model," by
OAK) has a surface duct; the source is C. L. Bartberger.I in the duct and the receiver below the
duct. This case will therefore be domi- (C) The means and standard deviations of

nated by contributions from bottom in- differences between the smoothed FASOR
teracting paths. Case III (i.e., station data and the FACT PL9D results are given
THORN) also has a surface duct; in this in Table IIG-4. For Case I, the primary .
case both source and receiver are in the difference is a constant offset of 7 dB
duct. For station FIG (Case I) due to with the FASOR data showing greater loss
the large negative gradients, all energy than the FACT results. The FACT model
will be transmitted from the shallow does not take surface loss into account.
source to the shallow receiver (both in In a case such as this, the addition of
the uppermost gradient) by surface re- surface loss could result in the needed
flected paths with negligible bottom 7 dB increase in propagation loss to
reflected energy. The station REDWOOD achieve agreement with the FASOR data.
sound speed profile would indicate sig- In Case Isa, the slope of the FACT prop-
nificant bottom interaction; however, a agation loss curva is similar to that of .,

high loss (FNOC Type 8) bottom dimini- the FASOR data. This impression is en-
shes this contribution. hanced if Case lib is included in the

analysis. The FASOR data exhibits 7-15
Accuracy Assessment Results (U) dB fluctuations whereas the FACT result

shows no fluctuations in the same inter-
(U) The accuracy assessment procedures val. Had the FASOR data been left un-
were followed as outlined in section 1.1 smoothed, larger values of o for Cases
and described in detail in section 5 of Ila and hIb would have resulted. In .
Volume I of this series. The following Cases lIla and Illb, the FACT model

Sfigures are given for each case: (1) The shows a physically unrealistic interfer-FASOR data for the six cases in Figures ence pattern of increasing amplitude

IIG-8 through IIG13, (2) the FASOR data with range. This pattern does, however,
smoothed by a running average with 2 capture the extent of fluctuations ob-
kilometer window and overlap of 25% served in the unsmoothed data. In Case
resulting in a point every 0.5 km. The IV, station REDWOOD, the coherent FACT
smoothed data are plotted in Figures output shows much greater struc(,ure than
IIG-14 through IIG-19. (3a) The FACT exhibited by the FASOR data. Smoothing
PL9D model output and (3b) the FACT PL9D of this output, or alternately cbserving
result subtracted from the smoothed the incoherent results, and comparing to
FASOR data for the coherent, semicoher- the FASOR data, gives smaller mean anl
ent and incoherent phase options. These standard deviation. Agreement, either
are presented in sets of three pairs qualitative or quantitative, is not
(corresponding to the three phase op- achieved in this case in any event.
tions) in Figures IIG-20 through IIG-55.
As an examination of the figures re- (C) The results of figure of merit (FOM)
veals, the coherent and semicoherent analysis are found in Tables IIG-5 to
results are identical for stations FIG, IIG-10 for the six cases. In Case I, due ,•
THORN, and REDWOOD (Cases I, lIla, IIIb, to the average higher loss of 7 dB shown
and IV). The selected coherence option by the FASOR data, the FACT model pre-
has been overridden internally in the dicta optimistic detection coverage.
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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 %1
Cases Ila and Ilb, the FOM results of "

4 Tables IIG-6 and IIG-7 show basic agree-

ment between FASOR experimental and FACT
model results. Typical is the Case hIb
result 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 Illa
and Ilib) are presented in Tables IIG-8
and IIG-9. The unrealistic nature of the
FACT predictions for this case cast
doubt on the detection ranges therefrom
obtained. Nonetheless, the agreement be-

between FASOR data and FACT results is
quite good for FOM > 85 dB, particularly
if one looks at the detection percentage
for Zonal Detection Coverage (ZDC). For
FOMs of 75 or 80 dB, agreement is errat-
ic and dependent on the phase option

selected for FACT. For station REDWOOD,
Case IV, the FASOR data gives much great
greater detection ranges than does FACT,
regardless of phase option selected.

(C) On the basis of the above, the fol-
ýV lowing conclusions are drawn: (1) The

FACT model yielded identical results for
coherent and semicoherent phase options
for stations FIG, THORN, and REDWOOD
indicating that FACT over-rode tha se-
lected phase option internally in these
cases. (2) The agreement between experi-
mental data and model result was far

better for the shallow water Cases Ila,
lib, IlIla, and Illb than for the deep I
water Cases I and IV. (3) FACT demon-
strated an unrealistic interference pat-
tern for Case Ilia, IIIb. (4) FACT was
excessively optimistic with respect to

ri the data for the "high latitude" Case I
and excessively pessimistic in the "mid-
latitude" Case IV. In Case IV, the dis-
agreement is likely due to the high
bottom loss designated for this area.
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(C) Table IIG-1. Bottom Loss in dBE versus Grazing Angle
in degrees for FASOR Station FIG (FNOC Type 5). Frequency =1500 Hertz.

e BL e EL B L a 13L B L B L

0 8.05 15 14.42 30 15.84 45 15.37 60 14.89 75 15.11
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 77 15.19
3 9.90 18 14.99 33 15.82 48 15.24 63 14.88 78 15.22
4 10.45 19 15.14 34 15.80 49 15.20 64 14.88 79 15.26
5 10.96 20 15.27 35 15.78 50 15.15 65 14.89 80 15.30 I
6 11.43 21 15.39 36 15.75 51 15.12 66 14.90 81 15.34
7 11.88 22 15.49 37 15.72 52 15.08 67 14.91 82 15.37

8 12.29 23 15.57 38 15.68 53 15.05 68 14.93 83 15.41
9 12.68 24 15.65 89 15.64 54 15.01 69 14.94 84 15.44
10 13.03 25 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

12 13.66 27 15.79 42 15.51 57 14.94 72 15.02 87 15.53

13 13.94 28 15.82 43 15.47 58 14.92 73 15.05 88 15.55

S 14 14.19 29 15.84 44 15.42 59 14.90 74 15.08 89 15.57
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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).

ee BL e BL e l BL e BL e BL

0 34,15 4.77 30 6.48 45 7.91 60 87 75 .9

1 .4 16 4.88 31 6.59 46 7.98 61 87 76 .9

2 3.60 17 5.00 32 6.70 47 8.06 62 8.78 77 8.96

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 6.91 49 8.19 64 8.83 79 8.96

5 3.81 20 5.34 35 7.01 50 8.26 65 8.85 80 8.96

6 3.89 21 5.45 36 7.11 51 8.32 66 8.87 81 8.96

7 3.98 22 5.57 37 7.21 52 8.37 67 8.89 82 8.96

8 4.07 23 5.69 38 7.31 53 8.43 68 8.90 83 8.96

9 4.16 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 8.96I
11 4.35 26 6.03 41 7.58 56 8.57 71 8.93 86 8.97
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

S 14 4.67 29 6.37 44 7.83 59 18.69 74 8.95 89 8.99
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(C) Table I10-3. Bottom Loss in dB versus Grazing Angle in degrees for
FASOR Station REDWOOD (FNOC Type 8, Frequency = 1500 Hertz).

.si BL 10 BL e BL 8 BL 0 BL 8 BL

213.073 22 28.09 37 26.83 452 25.10 67 25.56 82 26.40
22.60 23 28.014 38 26.68 53 25.06 68 25.65 83 26.34
23.39 24 28.16 39 26.52 547 25.03 69 25.74 84 26.26

25611 28.15 340 26.37 55 25.01 70 25.84 85 26.144

6 2.826 28.12 41 26.225950078593 8 59

10 2.127 28.07 42 26.08 57 25.01 72 26.02 87 25.814

232.3 8 28.00 43 25.94 58 25.02 73 26.10 88 25.59

14 2.829 27.91 44 25.81 59 25.05 74 26.18 89 25.32
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(C) Table IIG-4. Means (;A) and Standard Deviations (0) of
Coherent, Semicoherent, and Incoherent Phase Options from

Smoothedl FASOR Experimental Data (in dB).

Semicoherent Incoherent
_ _ _ Coherent Phase Phase Phase

Case Station Run pA UrL a / 0
I FIG 3 6.8 2.7 6.8 2.7 7.1 2.3

Ha OAK 1 4.0 1.8 3.5 1.7 3.3 1.9
OIb OAK 2 2.0 1.5 2.1 0.8 2.1 0.7

Ula THORN 1 -1.3 3.9 -1.3 3.9 2.4 3.6

IlIb THORN 2 -4.4 3.3 -4.4 3.3 -2.6 3.9

IV REDWOOD 3 -8.1 10.8 -8.1 10.8 -4.7 5.9

1. Smoothed by running average with a 2-km window and 25% overlap thereby
generatin• one point every 0.5 km.
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(C) Table IIG-5. , Detection Range in km as a Function of Figure of Meat (FOM)
in dB for FASOR1 Data (6-54 kin) and FACT PL9D Model Results'.
(Station FIG, Run 3, Source Depth = 6 m, Receiver Depth = 37 m,

Frequency = 1.5 kHz).

Data Set FOM R Range > Rc c

FASOR 85 ? ZDC 4 50%, 6-8.5 km

FACT Coherent 85 23

FACT Senicoherent 5  85 23

FACT Incoherent 85 23

FASOR 90 17 ZDC 75%, 25-29 km. One peak at 32 km.

FACT Coherent 90 37.5 ZDC 60%, 37.5-48 km

FACT Semicoherent 5  90 37.5 ZDC 60%, 37.5-48 km

FACT Incoherent 90 50

FASOR 95 18 ZDC 70%, 18-52 km.

FACT Coherent 95 >54

FACT Semicoherent 5  95 >54
FACT Incoherent 95 >54 "_
FASOR 100 >54 One dropout at 33 km.

FACT Coherent 100 >54

FACT Semicoherent 3  100 >54

FACT Incoherent 100 >54 "

1. FASOR data were not smoothed.

2. FACT model results were not smoothed.

3. R c = 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 Coherent and Semicoherent results are identical.
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(C) Table IIG-6. Detection Range in km as a Function of Figure of Merit (OOM)

in dB for FASOR Data 1 (26-44 km) and FACT PL9D Model R'sultsu.
(Station OAK, Run 1, Source Depth = 23 m, Receiver Depth = 37 m,

Frequency = 1.5 kHz.)

3 -e >
Data Set FOM R c Ranpe >

FASOR 95 < 26

SFACT Coherent 95 29 I
FACT Semicoherent 95 29

FACT Incoherent 5  95 29

FASOR 100 <26 ZDC 80%, 26-28 km

FACT Coherent 100 35

FACT Semicoherent 100 34

FACT Incoherent 5  100 34

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

FACT Coherent 105 40.5

FACT Semicoherent 105 41.5

FACT Incoherent 5  105 41.5

FASOR 110 39 ZDC 60%, 39-44 km
FACT Coherent 110 >44
FACT Semicoherent 110 >44
FACT Incoherent5 110 >44

1. FASOR data were not smoothed.

2. FACT model results were not smoothed.

3. Rc = 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 Data1 (12-24.5 kin) and FACT PL9D Model Results 2 .
(Station OAK, Run 2, Source Depth = 23 m, Receiver Depth = 37 m,

Frequency = 1.5 kHz.)

Data Set FOM R Range> Rc c

FASOR 80 < 12
FACT Coherent 80 14.5

FACT Semicoherent 80 14.5

FACT Incoherent 5  80 14.5

FASOR 85 19.5 ZDC 4 10%, 19.5-21.5 km

FACT Coherent 85 19.5

FACT Semicoherent 85 19

FACT Incoherent 5  85 19

FASOR 90 18 ZDC 50%, 18-22 km

FACT Coherent 90 24.5
FACT Semicoherent 90 23.5

FACT Incoherent 5  90 23.5

FASOR 95 23 ZDC 50%, 23-24.5 km

FACT Coherent 95 >24.5

FACT Semicoherent 95 >24.5

FACT Incoherent 5  95 >24.5

1. FASOR data were not smoothed.
2. FACT model results were not smoothed.

3. R = Range to which coverage is identical.
4. ZDC = Zonal Detection Coverage in percentage of the Indicated range

interval over which detection is possible. r-l
5. FACT semicoherent and incoherent results are identical.
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L" (C) Table IIG-8. Detection Range in km as a Function of Figure of Merit (FOM)in dB3 for FASOR Datal (19.5-33.5 kmn) and FACT PL9D *Model Results2.

(Station THORN, Run 1, Source Depth = 23 m, Receiver Depth = 37 m,
Frequency = 1.5 kHz.)

Data Set FOM R3c e ak g > or Comments

p 5FASOR 80 <19.5 ZDC 4 10%, 19.5-27 km

FACT Coherent 80 15.57 Peaks at 20 and 22.5 km

FACT Semicoherent 5,6 80 15.57 Peaks at 20 and 22.5 km

FACT Incoherent 5  80
LFASOR 85 <19.5 ZDC 65%, 19.5-23.5 kin, ZDC 20%, 23.5-

AT C33.5 km.

FACT Coherent 85 21 ZDC 65%, 21-33.5 km

FACT Semicoherent 5 ' 6  85 21 ZDC 65%, 21-33.5 km

S FACT Incoherent 5  85 167 ZDC 55%, 16-27.5 km

FASOR 90 28 ZDC 50%, 28-33.5 km

FACT Coherent 90 26 ZDC 50%, 26-33.5 km

FACT Semicoherent5, 6  90 26 ZDC 50%, 26-33.5 km

FACT Incoherent 5 ' 7  90 22 ZDC 25%, 22-33.5 km

FASOR 95 >33.5 With the exception of one dropout at 29 km
FACT Coherent 5  95 32.5
FACT Semicoherent 5 ' 95 32.5

FACT Incoherent 5  95 >33.5 With the exception of two dropouts at 26

~ j_________ ___and 30 km

1. FASOR data were not smoothed.

2. FACT model results were not smoothed.
3. Rc = Range to which coverage is continuous.
4. ZDC = Zonal Detection Coveragu in percentage of the indicated range

5. FACT coherent, semicoherent and incoherent results are unrealistically

oscillatory. w

6. FACT coherent and semicoherent results are identical.

7. Range given Is outside range interval for FASOR data (i.e., 19.5-33.5 km).
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(C) Table IIG-9. Detection Range in km as a Function of Figure of Merit (FOM)
in dB for FASOR Data1 (12-25.5 km) and FACT PL9D Model Results 2 .

(Station THORN, Run 2, Source Depth = 23 m, Receiver Depth = 37 m,
Frequency = 1.5 kHz.)

3

Data Set FOM Rc Range > Rc

FASOR 75 < 12 ZDC 4 60%, 12-21 km
FACT Coherent5 75 One peak at 13 kmFACT Semicoherent 5 '6  75 117 One peak at 13 km

S..,5 7FACT Incoherent 75 11.5 ZDC 55%, 11.5-17 km

FASOR 80 14.5 ZDC 80%, 14.5-24 km
FACT Coherent5 80 15 ZDC 30%, 15-24 kmFACT Semicoherent 5 ' 6  80 15 ZDC 30%, 15-24 km

56FACT Incoherent 80 18 ZDC 40%, 18-27.54 km

FASOR 35 >22 ZDC 60%, 22-25.5 km
5 7FACT Coherent 85 21 ZDC 50%, 21-34.57 km

FACT Semicoherent 5 ' 85 21 ZDC 50%, 21-34.5~ km
FACT Incoherent 5  85 22 ZDC 70%, 22-487 km

FASOR 90 24.5 ZDC 50%, 24.5-25.5 km
FACT Coherent 90 25.5 ZDC 50%, 25.57-52.5 km

55FACT Semicoherent5'6 90 25.5 ZD 50,2.72.km".!

FACT Incoherent 5  90 >25.5 m,,

1. FASOR data were not smoothed.
2. FACT model results were not smoothed.
3. Rc = 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 coherent, semicoherent, and incoherent results are unrealistically
oscillatory. C I A

6. FACT coherent and semicoherent results are identical.

7. Range is outside interval for which there is FASOR data (i.e., 12-25.5 kin). 4
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(C) Table IIG-10. Detection Range in km as a Function of Figure of Merit (FOM)
in dB for FASOR Datal (1-36 kin) and FACT PL9D Model Results 2 .

(Station REDWOOD, Run 3, Source Depth = 6 m, Receiver Depth 37 m,
Frequency =1.5 kHz.)

Data Set FOM R 3  Range R

FASOR 85 ?

FACT Coherent 85 485!

855
SFACT Semicoherent5 85 4

FACT Incoherent 85 4 !

"FASOR 90 2.5
FACT Coherent 90 5
FACT Semicoherent5 90 5
FACT Incoherent 90 5.5

FASOR 95 5 ZDC 4 60%, 5-11 km

_ FACT Coherent 95 7

FACT Semicoherent 95 7
FACT Incoherent 95 7

FASOR 100 11.5 ZDC 50%, 11.5-24.5 km
FACT Coherent 100 9 ZDC 50%, 9-11 km

FACT Semicoherent5 100 9 ZDC 50%, 9-11 km
FACT Incoherent 100 9

FASOR 105 21.5 One dropout from 15 to 16 km
FACT Coherent 105 11 ZDC 25%, 11-18 km

FACT Semicoherent 5  105 11 ZDC 25%, 11-18 km
FACT Incoherent 105 12.5

FASOR 110 28.5
FACT Coherent 110 11.5 ZDC 50%, 11.5-25 km
SFACT Semicoherent5 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 5  115 19 ZDC 50%, 19-25.5 km; ZDC 20%, 25.5-36 k,,i

FACT Incoherent 115 28.5

I. FASOR data were not smoothed for FOM analysis.
"2. FACT model results were not smoothed.

3. Rc = Range to which coverage is continuous.

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

5. FAXT coherent and semicoherent results are identical.
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VELOCITY PROFILE
VELOCITY (M/S)
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(U) Figure IIG-2. Sound Speed Versus Depth Profile for FASOR Station OAK
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VELOCITY PROFILE
VELOCITY (OIS)
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75.0 1537.20
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104.0 1528.00
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200

- 250
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400_ _ _ _
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(U) Figure IIG-3. Sound Speed Versus Depth Profile for FASOR Station THORN
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(C) Figure IIG-5. Bottom Loss Versus Grazing Angle for FASOR Station FIG
(FNOC Type 5, Frequency 1.5 Kilohertz)

iw

G-1 8

CONFIDENTIAL

(C FgreII-. oto Ls VrusGrzn•Agl frFAO Station FIG -.



CONFIDENTIAL

AA', I
BOTTOM LOSS 0 77 8

ANGLE (DEGi ,5

0 5 10 15 20 25 30 35•40 45 50 55 60 65 70 "75 0 85 90

20-----------------------------

15

5p

CONFIDENTIAL

(C) Figure IIG-6. Bottom Loss Versus Grazing Angle for FASOR Stations OAK
and THORN (FNOC rype 2, Frequency = 1.5 Kilohertz)
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(C) Figure TIG-7. Bottom Loss Versus Grazing Angle for FASOR Station REDWOOD
(FNOC Type 8, Frequency = 1.5 Kilohertz)
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£ CONFIDENTIALE Appendix IIH: Accuracy Assessment of FACT PL9D
Compared to GULF OF ALASKA Experimental Data (U)

GULF OF ALASKA (GOA) (U) between 2850 and 3050 meters. The bottom
of the sound channel is found between

Environment (U) 1000 and 1200 meters (as defined by the
reciprocal depth to the surface sound

(C) Seven environments in the Gulf of speed or the sound speed at the bottom
Alaska (GOA) acoustic experiment were of the surface duct when one exists).
chosen as suitable for the evaluation of
range independent propagation loss (C) The bottom loss versus grazing angle
models. The acoustic measurements in the curve was the same for all runs and is
seven environments are referred to as given in Table IIH-1. This bottom loss
runs 140, 143, 124, 108, 107, 112B, and curve is for a FNOC Type 6 bottom and is
112A. The sound speed profiles for these independent of frequency above 1000
environments are given in Figures IIH-1 hertz. The bottom loss is 9.7 dB at 0through IIH-7. All profiles are basical- degrees, 17.8 dB at 15 digrees and 18.4
ly the same, with shallow sound channels at normal incidence.
the axes of which vary between 75 and 90
meters. Surface sound speeds are between Test Cases (U)
1476 and 1480 meters/second. Runs 140,
143, 124, and 112A profiles have a sur- (C) There are fourteen test cases for
face duct to a depth of 10 meters. Bot- the Gulf of Alaska experiments, corre-
tom depths vary from 4042 to 4078 spond responding to two receiver depths
meters. Positive depth excess ranges for each of seven runs:

SCASE 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
II 143 30.5 30.5 1.5 8.5 53.0
IV 143 30.5 304.8 1.5 8.5 53.0
V 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
VIII 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
XI 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 0.5 km increments, (e) FACT PL9D inco-
receiver are at the same depth in the berent output, (f) FACT PL9D incoherent
upper part of the sound channel. In output subtracted from Gulf of Alaska
Cases II, IV, and VI, both source and data smoothed in 0.5 km increments.
receiver are in the sound channel, but These plots are found in Figures IIH-36
on either side of the axis. In Cases VII through IIH-119 for the fourteen cases.
through X, the source is below the sound
channel and the receiver is in the chan- (C) The means and standard deviations of
nel either above the axis at 30.5 m or differences between the smoothed Gulf of
below the axis at 305 m. For Cases XI Alaska data and the FACT PL9D results
through XIV the source is in the lower (for the three coherence options) are
half of the sound channel and the given in Table IIH-2. The smoothing of
receiver is either at the same depth of the GOA data was done in dB space. If 't
305 m or above the channel axis at instead, the smoothing was in intensity
30.5 m. The dominant propagation is space, these smoothed results would be
either via the sound channel (purely about 5 dB higher (i.e., less loss) than
refracted) paths or half-channel those done in dB space. This would ef-
refracted-surface reflected) paths. Due fectively subtract 5 dB from the means
to the nature of the sound speed profile of Table TIH-2 which would improve the
and relatively high bottom loss (FNOC result for most cases. For Case I, the
Type 6), bottom reflected energy is not FACT output has an anomalous appearance
a significant factor. at all ranges. Differences in the three

coherence options are not evident beyond
Accuracy Assessment (U) about 15 km. The dip in the Gulf of

Alaska (GOA) data at 42 km is not seen
(C) The accuracy assessment procedures in the model output and the low loss
applied to the FACT PL9D outputs and the peak found in the model output at 69 km
experimental data are described in sec- is not found in the GOA data. These dif-
tion 1.1 of this volume and in greater ferences, particularly the first,
detail in section 5 of Volume I of this account for both the mean and standard
series with the exception that the co- deviation being about 6 dB. In Case II,
herent model output is not smoothed be- the high loss feature of the GOA data at
fore subtraction from the experimental 42 km is the greatest cause of disagree-
data. The Gulf of Alaska experimental ment with the model results. Except at
data (Cases I-XIV) are plotted in Fig- very short range (< 3 kin) the three FACT
ures IIH-8 through IIH-21. This same coherence options yield the same result. .-

data, after smoothing by a 0.5 kilometer As in Case I, anomalous features are ob-
window running average is shown in Fig- served in the FACT curve. Here, however,
ures 11H-22 through I1H-35. The experi- they are attenuated compared to the Case
mental data are characterized by large I result. In Case III, the data shows
fluctuations, even after smoothing for large fluctuations on range scales
Cases I-VI and XIII. It is, therefore, varying from less than 0.1 km to 10 km.
not surprising to see large values of Fluctuations at the rapid end of tk-is
standard deviations of differences for spectrum are absent in the FACT model
these cases between Gulf of Alaska data results. Past about 13 km, all FACT
and FACT model outputs in Table IIH-2. phase options yield the same result.
For each case the following figures are Once again, the nature of the FACT fluc-
produced: (a) the FACT PL9D coherent tuations produces a propagation loss
output, (b) the FACT coherent result curve which has an anomalous appearance.
subtracted from Gulf of Alaska data, The FACT low loss peaks at 24 and 47 km
smoothed in 0.5 kilometer increments, are not observed in the GOA data and
(c) FACT PL9D semicoherent output, (d) result in large differences. The rise in
FACT PL9D semicoherent output subtracted the GOA data to a low-loss plateau takes
from Gulf of Alaska data smoothed in place at 8 km compared to 13 km in the
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model results. This contributes to the are absent in the FACT prediction. The
large standard deviation fot-nd (- 7 dB). slope of the FACT result is steeper than
For Case IV, the largest discrepancy is that for GOA data. In Case IX, as inUfound between 9 and 14 km. rn this Case VII, the coherent and semi-coherent
interval, the GOA data shows oscillation FACT outputs show rapid oscillations

Wa about the 75 dB level wh~le the FACT with periods of 2 to 3 km. The first
VU model predicts a rise from 95 to 85 dB. convergence zone (CZ) starts at 46 km

This region Is primarily responsibl~e for and ends at 52 km for FACT coherent and'the standard deviation of 5.3 dB. Fluc- semicoherent; for FACT incoherent the CZ
tuations for the GOA data are 10-1.5 dB extends from 46 to 56 km. The GOA con-
and are almost nonexistent for the FACT vergence zone starts at 46 kin it is
output. For Case V, the FACT output has difficult to pinpoint the end of the GOA
an anomalous appearance. Although the convergence zone, as it is for the FACTUcoherence options gives identical re- model's CZ. Reasonable agreement is
suits beyond 13 kin, our interest In this found between the low-loss envelopes ofEcase is from 2.5 to 11.0 km. The varia- the GOA and FACT coherent and semi-
bility of the model results In this re- coherent results. Large mean differences
gion is reflected in the values of m and (-6 dB) and standard deviations (-7 dB)
cr. Regardless of phase option, the FACT are largely due to the fact that the GOA
result shows much greater loss than does data was subjected to a running averageIGOA data. The level of fluctuations be- and the FACT model results were not. The
tween GOA data and FACT coherent are GOA fluctuations are of the same general
both in the range of 15 to 20 dB. In magnitude as those for FACT coherent and
Case VI, the three FACT phase options samicoherent results but are much more
yield identical results between 2.5 and rapid (i.e., smaller period). The FACT
11.0 ki2, the Interval of the GOA data, incoherent results ride at or above the
The FACT result is a smoothly fallin~g low-loss peaks of the GOA data. When theIcurve in this interval which rides the latter is smoothed a mean difference of
low-loss peaks of the GOA data. Extreme -9 dB is found.- In Case X, as in Case

S flUCt~~rtions to 6 km in the GOA dauta are VIII, all phase options yield what
not observed in the model results. In rnpears to be an incoherent result ex-
Case VII, the fluctuations of the GOA cept at short ranges ((5 kin). A double-
data and the FACT coherent and semi- lobed convergence zone clearly evident
coherent results ; ro of similar magni- in the FACT result is not double-lobedItude. The value of a for the difference in the GOA data. Both CZs appear to
curve would have been smaller had the start at 44 kin; the FACT CZ ends at 48

S model results been smoothed as were the km compared to the GOA CZ end at 51 km.
GOA data before taking differences. This The FACT curve closely corresponds to
would not alter the large mean differ- the GOA low-loss envelope. It is clear

S ences between FACT and GOA results (-15 that the FACT result shows no fluctua-
dB) with FACT showing less loss. Also, tions; GOA data fluctuations are about
as reflected in the difference curve, 10 dB with periods of 0.1 km or less. In
the slope of the FACT propagation loss Case XI, the FACT interference structure

S curve is much greater than that of the has an anomalous character. For ra,,ges
GOA results. The incoherent FACT output greater than 3 kin, the three coherence
is smooth in the GOA data region and in options yield the same result. The GOAP strong disagreement with the GOA data. data shows an interference structure
For Case VIII, except for ranges less which is absent in the model result.
than 8 kmn, the three phase options yield With the exception of one small (anomna-
the same result which appears to be the lous in FACT) interval, the model shows

S result of incoherent phase addition. A less loss than the GOA data. The slopes
large mean difference (-'-11 dB) is of the GOA and FACT curves are quite
observed between the FACT result and the similar. GOA data show 3-5 dB rapid
GOA data. The GOA fluctuations of 10 dB fluctuations; FACT has none. In Case

H-3 CONFIDENTIAL
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XII, the envelope of the GOA data and detections per opportunity ratio of 1.0
the FACT curve have nearly identical at all ranges; GOA has ratios varying
shapes, which accounts for the small between 0.2 and 0.95 depending on range.
standard deviation (of the difference At FOM - 100 dB, the GOA ratios are
between smoothed GOA data and the FACT between 0.5 and 0.95 and at FOM - 105 dB
curve). Rapid GOA fluctuations between 5 the GOA ratios vary between 0.8 and 0.98
and 10 dB are not evident in FACT re- (the FACT PL9D detection opportunity
sults, which have an anomalous interfer- ratio is 1.0 for these FOMs). For Case
ence pattern and are identical for all II, GOA coverage is much more extensive
phase options. In Case XIII, the FACT than is FACT. At FOM - 85 dB, GOAs
result is again independent of phase coverage is complete but only slightly
option chosen and has what appears to be greater than FACT's; FACT's coverage,
an anomalous interference pattern. The however, is complete whereas GOA's coy-
interference structure seen in the GOA erage varies from 10% to 6C! (i.e., per-
data between 15 and 22 km is well model- centage of detections. per opportunity).
ed by FACT although the FACT result is For FOM > 90 dB, both GOA and FACT have
at lower loss (i.e., roughly parallel to detectio- coverage over the entire range
the GOA result in this interval). The interval although FACT has an advantage
GOA fluctuations are rapid and between in Zonal Detection Coverage precentage.
10 and 15 dB (longer period interference For Case III, at FOM - 75 dB, GOA and
patterns of approximately I to 2 km ex- FACT have roughly equivalent coverage.
hibit 3 to 5 dB rapid fluctuations modu- At FOM - 80 dB, the GOA coverage is much
lating the longer patterns. The FACT more extensive tnan FACT's. At FOM - 85
curve rides on or above the GOA low-loss dB, GOA coverage is more extensive than
envelope. For Case XIV, the FACT inter-- FACT's, but FACT's is at 100% detections
ference structure again has an anomalous per opportunity whereas GOA's varies
appearance. The three coherence options between 20 and 50%. For FOM > 90, GOA
yield the same result. The FACT curve and FACT have essentially complete cov-
once again shows losses less than or erage over the GOA data interval; how-
equal to those of the GOA low-loss en- wever, FACT is at the 100% detection per
velope. Fine scale fluctuations of 5 to opportunity level and GOA's percentage
10 dB are seen in GOA data; none are is variable and depends on range. For
evident in FACT. Case IV, at FOM - 75 dB FACT shows no

coverage. GOA has coverage over a 15
(C) We now turn to the Figure of Merit kilometer interval but at a 10% detec-
(FOM) results. Tables IIH-3 through IIH- tions per opportunity ratio. At 80 and &
16 give detection coverage as a function 85 dB, GOA's coverage Is broader, but
of figure of merit in 5 dB steps for the FACT's is at the 100% level. At FOM > 90
fourteen cases. In what follows we shall dB, both GOA and FACT have essentially
refer to detections per opportunity complete coverage over the GOA data
ratio. This is the same as Zonal Detec- interval. FACT's coverage is at the 100%
tion Coverage (ZDC) as listed and de- level which is approached by GOA data
fined in the tables. For Case I, at FOM for FOM > 95 dB. In Case V, GOA tdLa
- 80 dB, coverage is slight and compara- shows much greater coverage than FACT
ble for GOA and FACT. At FOM - 85 dB, results for FOM < 90 dB. At FOM = 95 dB,
FACT coverage has a large gap but is coverage is over the entire GOA data in-
complete otherwise; GOA's coverage shows terval (2.5-11 km) but at a much higher
a smaller gap but the chances of detec- detections per opportunity percentage
tion on a single ping basis are less for GOA than for FACT. For FOM > 100 dB, ,
than FACT's in areas of mutual coverage. GOA and FACT give complete rang-e cover-
The results for FOM - 90 dB are similar age at a percentage of 90 or better. For
to those for 85 dB; At FOM - 95 dB, both Case VI, FACT and GOA show detection
FACT and GOA show detection coverage coverage over the range interval (2.5-11
over the entire interval. FACT has a km) regardless of FOM. The FACT Zonal
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Detection Coverage (ZDC) percentage ia but coverage is continuous over an 18 km
100% at all FOMs; the GOA ZDC increases interval; this compares with spotty cov-
from 50% to 95% as FOM increases from 75 erage at the 100% level for FACT - the
to 100 dB. For Case VII, GOA shows sum of FACT's range coverage is 12 km.
essentially no detection coverage at The same general situation is found for
FOM < 85 dB while FACT shows substantial FOM - 85 dB. At FOM > 90 dB, GOA and
coverage. At FOM > 95 dB, GOA and FACT FACT have detection capability over the
show coverage over the entire interval 15-58 'km GOA data range interval. FACT
(2.5-28 km) but at a higher detection has 100% detection per opportunity per-
per opportunity percentage for FACT. For centage whereas GOA's varies with range
Case VIII, FACT again has better detec- and FOM.
tion coverage than GOA data. At FOM -

S75 dB, GOA coverage is a point; FACT's (C) General Conclusions: (1) For the
is 3 km. At FOM - 80 and 85 dB, FACT's arctic sound speed field, FACT results
coverage is far more extensive than were insensitive to phase option chosen
GOA's. For FOM > 90 dB, FACT's coverage over most of the range interval when the
is total over th range interval (2.5-28 receiver was deep (305 meters). (2) In
km); GOA has coverage over the entire many cases, the FACT interference struc-
range interval but at varying detection ture had an anomalous appearance. (3) In
per opportunity percentages. For Case most cases at 2.5 kHz, FACT showed less
IX, neither GOA nor FACT show coverage, loss than GOA data to the extent that
aside from convergence zone, for FOM - the FACT curve often provided a low-loss U
85 dB. GOA has no coverage in the range envelope for the GOA data. (4) In all
interval (30-67 km) at FOM - 90 dB, but. cases FACT showed no fluctuations at
FACT shows slight coverage at the start periods of less than 1 km except between
of this interval. At 95 dB, GOA still 5 and 15 km; the GOA data typicallyS has no coverage and FACT's now extends showed fluctuations of 10 dB at periods
to 42 km. For FOM > 100 dB, GOA and FACT less than 1 km. (5) FACT and GOA results
have coverage over the range interval; at 1.5 kHz showed no basic agreement in

S FACT's is at the 100% detections per shape of the propagation loss curve or
opportunity level for incoherent phase features therein. (6) The large negative
while GOA's is variable. CZ start ranges differences in Case V would appear to
are identical for GOA and FACT. The CZ arise from an inconsistency in the FACT
end range results are variable and de- results rather than in the GOA data. (7)
pend on FOM. At FOM - 85 dB, FACT shows At 1.5 kHz, the Gulf of Alaska data Ia CZ; GOA does not. For Case X, GOA and shows better coverage than FACT in terms
FACT show nearly identical CZ start and of percentage of the possible range in-
end ranges at FOM - 90 dB. At FOM > 95 terval covered at a given FOM. When both
dB, FACT has 100% detection cove-rage cover a given range segment, however,
over the GOA data interval of 30-67 km. FACT usually has a 100% detection per I
GOA shows coverage at all ranges but at opportunity ratio while GOA's percentage
varying detection per opportunity per- is both range and FOM dependent. (8) At
centages. In Case XI, GOA and FACT has 2.5 kHz, the Gulf of Alaska data shows

f' very similar detection coverage in terms poorer or equal coverage to FAUf in
of range interval. FACT, however, has a terms of percentage of the possible
higher (actually 100%) detections per range interval covered at a given FOM.
oportunity percentage than GOA data. In When both cover a given range segment,
Case XII, FACT has broader detection FACT usually has a 100% detection perrange coverage and/or higher detection opportunity ratio while GOA's percentage
per opportunity percentage. With the ex- is both range and FOM dependent.
ception of FOM - 90 dB, this is also
true for CASE XIII. For Case XIV, at
FOM - 80 dB, GOA percentage level is low
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(C) Table IIH-1. Bottom Lows in dB versus Grazing Angle in degrees.
FNOC Type 6. Frequency> 1000 Hertz.

o EL 9 BL 9 BL 9 BL 9 BL 9 BL

0 9.7 15 17.8 30 19.4 45 18.7 60 18.5 75 18.9 77 :U. 6 81 11934U 1.76 18.5 76 18.9
3 1.1 8 1.5 3 1.3 8 1.6 3 1.5 78 19.0

4 128 1 187 3 193 4 186 6 185 80 19.0

6 14.1 21 18.9 36 19.2 51 18.5 66 18.6 81 19.0

7 14.7 22 189. 37 19.1 52 18.5 67 18.6 82 18.9

8 15.2 23 19.1 38 19.1 53 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

10 16.1 25 19.2394 19.0 55 18.4 70 18.7 85 18.8

11 16.4 26 19.3 41 18.9 56 18.4 71 18.8 86 18.8

12 16.9 27 19.3 42 18.9 57 18.4 72 18.8 87 18.7

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

N! CONFIDENT IAL
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(U) Table IIH-2. Means (W) and Standard Deviations (a) in dB of
Differences Obtained by Subtracting FACT PL9D Model Results

from Gulf of Alaska Experimental Data. 1

FACT 1 FACT FACT

Source Receiver
Freq. Depth Depth 11 Cr 11 (7 C

SCase Run (kHz) .(m) Wm

1 140 1.5 30.5 30.5 6.2. 6.0 6.2 6.0 6.2 6.0

II 140 1.5 30.5 304.8 3.2 4.3 3.2 4.3 3.2 4.3

111 143 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

V 124 1.5 30.5 30.5 -15.6 10.2 -10.1 3.1 -10.3 3.4

VI 124 1.5 30.5 304.8 6.7 3.8 6.7 3.8 6.7 3.8

5 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 1067 30.5 6.3 7.0 6.3 6.9 8.9 2.2

gX 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 8.7 4.2 8.7 4.2 8.7 4.2

XII 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

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.

it CONFIDENTIAL

aIt
k,1

B H-7
CONFIDENTIAL



CONFIDENTIAL

(C) Table IIH-3. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Gulf of Alaska,

Run 140 (37-63 km) Experimental Data and
FACT PL9D Model Results.

CASE I: r-.
(Source Depth 30.5 m, Receiver Depth = 30.5 m, Freque icy = 1.5 kHz))

Bottom Loss: FNOC Type 6

DATA SET FOM R0
1  Range > Rc

Gulf of Alaska 80 ZDC 2 50%, 38-40 km , .

FACT PL9D3  80 100% coverage, 38.5-42.5 & 57.5-59.5 km

Gulf of Alaska 85 ZDC 30%, 37-41 km; ZDC 15%, 44.5-61 km

FACT PL9D3  85 100% coverage 37-44.5, 57.5-63 km

Gulf of Alaska 90 ZDC 80%, 37-41 kin; ZDC 50%, 43-63 km

FACT PL9D3  90 100% coverage, 37-52.5 & 57.5-63 km

Gulf of Alaska 95 ZDC 95%, 37-40 km; ZDC 20%, 40-50 km;
3ZDC 85%, 50-63 km

FACT PL9D3  95 100% coverage, 37-63 km

Gulf of Alaska 100 40.5 ZDC 50%, 40.5-50 kin; ZDC 95%, 50-63 km

FACT PL9D3  100 100% coverage, 37-63 km

SZDC 80%, 42-43.5 km; 98%, coverage past
Gulf of Alaska 105 42. 0 43.5 km

FACT PL9D3  105 100% coverage, 37-63 km

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

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 identical
detection coverage at this FOM (over the Gulf of Alaska data interval: 37-
63 kin).

CONFIDENTIAL
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(C) Table IIH-4. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Gulf of Alaska,

Run 140 (37-63 kin) Experimental Data and
FACT PLPD Model Results.

CASE II:U (Source Depth = 30.5 m, Receiver Depth = 305 m, Frequency = 1.5 kHz)
Bottom Loss: FNOC Type 6

DATA SET FOM Rc 1 Range > RC

Gulf of Alaska 75 100% coverage, 47-48 km
PL 2S FACT P9275

100% coverage, 38-40 km; ZDC 3 20%, 46-
Gulf of Alaska 80 54.5 km
FACT PL8 92 80 100% coverage. 37-39.5 km

ZDC 60%. 37-40 kin; ZDC 10%. 40-45 kin;Gulf of Alaska 85 ZDC 50%, 45-63 km

FACT PL9D2  85 100% coverage 37-47, 49.5-56
ZDC 95%, 37-40 kin: ZDC 20%, 40-44 kin;Gulf of Alaska 90 ZDC 70%, 44-63 km

t FACT PL9D2  90 100% coverage, 37-63 km
100% coverage, 37-40 kin; ZDC 60%, 40-44 kin;Gulf of Alaska 95 100% coverage, 44-52.5 kin; ZDC 85%, 52.5-63 km

FACT PL9D2  95 100% coverage. 37-§3 km
100% coverage, 37-40 kin; ZDC 85%, 40-44 kinGulf of Alaska 100 ZDC 95%, 44-63 km

FACT PL9D2  100 100% coverage, 37-63 km

1. Rc= Range to which detection coverage is continuous.
2.: PL9D coherent, semicoherent, and incoherent outputs are identical over

the Gulf of Alaska data interval (37-63 kin).

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

CONFIDENTIAL

H-9 CONFIDENTIAL



CONFIDENTIAL
%'

(C) Table IIH-5. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Gulf of Alaska,
Run 143 (8.5-53.0 kin) Experimental Data and

FACT PL9D Model Results.
CASE III:

(Source Depth = 30.5 m, Receiver Depth = 30.5 m, Frequency = 1.5 kflz)
Bottom Loss: FNOC Type 6

DATA SET FOM Re 1  Range Re

6 Gulf of Alaska 75 ZDC3 65i, 19-21.5 km

FACT3 75 100% coverage, 22.5-24.5 km

Gulf of Alaska S0 ZDC 25%, -0.5.Okm

FACT 3  s0 100t coverage, 13.5-14 km, 22-26 km a 45-48.5 km

Gulf of Alaska 85 ZDC 50%. 10-38 km-; ZDC 20%. 41.5-52 km
!00% coverage, 13-16.5 km, 20-32 kin, 38.5-39 km

FACT 3  85 i 44.5-50 km
ZDC 30%. 10-13 km; ZDC 80%, 13-30.5 km; ZDC 40%.

Gulf of Alaska 90 30.5-53 km

.ACT 3  90 100% ooveraq . 13.5-5j km
ZD1 40%. 9-13 ki; ZDC 90%, 13-3.IA km; ZDC 00%,

Gulf of Alaska 95 30.5-53 km

FACT Coherent 95 ZDC 20%, 0.5-13 km; 100% coverage past 13 km

FACT Semicoherent 95 100% coverage past 13 km

FACT Incoherent 95 8.5 100% coverage past 13 km

Gulf of Alaska 100 ZDC 70%, 9-13 km-; ZDC 90%, 9-38 km; ZDC 80%, 38-53 km

FACT Coherent 100 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 Inoohetrent 100 > 58 ________________Vow__3._5_W___________ 51.__
zuLu *uot U.D-1'd.5 Ki; ZU• UU 1l.5-15 Km; WDL *0S,

Gulf of Alaska 105 38-41 km-; 100% coverage, 41-53 km

FACT Coherent 105 10 ZDC 80%, 10-13 kin; 100% coverage past 13 km

FACT Semicoherent 105 ->58

FACT Incoherent 105 >58

Gulf of Alaska 110 ZDC 90%, 8.5-12.5 km; 100% coverage 12.5-53 km r

FACT Coherent 110 11.5 ZDC 80%, 11.5-13 km; 100% coverage past 13 km

FACT Semicoherent 110 >58

FACT Incoherent 110 >58

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

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 identical detection
coverage at this FOM.

CONFIDENTIAL
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(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 kin) Experimental Data and
FACT PL9D Model Results.

CA -;E IV:
(Source Depth = 30.5 ,n, Receivei Depth = 305 m, Frequency 1.5 kHz)

Bottom Loss: FNOC Type 6

DATA SET FOM R c Range > Rc

9 Gulf of Alaska 7ZDC 2 10%, 9.5-24.5 km

FACT 3  75

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

FACT 3  80 100% coverage, 16-21 km and 23-28 km

Gulf of Alaska 85 ZDC 90%, 9-29.5 kin; ZDC 40%, 29.5-53 km
100% coverage, 13.5-21, 22-32, 38.5-45.5,

FACT 85 47.5-53 km

Gulf of Alaska 90 ZDC 90%, 8.5-30 kin; ZDC 60%, 30-53 km

FACT 3  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 kin; 100% coverage past

FACT Coherent 95 10 km
FACT Semi &
Incoherent 95 >53

Gulf of Alaska 100 ZDC 95%, 8.5-53 km

FACT 3  100 >53

1. R 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 Function of
Figure of Merit (FOM) in dB for Gulf of Alaska,

Run 124 (2.5-11.0 kin) 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

DATA SET FOM Ro RangeP Ra

Gulf of Alaska 75 ZDC2 65%. 4-6 km

FACT Coherent 75

FACT Semicoherent 75

FACT Incoherent ?d

Gulf of Alaska so ZDC 60%, 3.5-11 km

FACT Coherent s0

FACT Semicoherent 80

FACT Incoherent 80

Gulf of Alaska 85 ZDC 70%, 3.5-11 km

FACT Coherent 85 2.5

FACT Semicoherent 85 2.5

FACT Incoherent 85 2.5

Gulf of Alaska 90 ZDC 80%, 2.5-11 km

FACT Coherent 90 3.5

FACT Semicoherent 90 3.0

FACT Incoherent 90 3.0

Gulf of Alaska 95 ZDC 85%. 2.5-11 km

FACT Coherent 95 3.5 ZDC 25%. 3.5-11 km

FACT Semicoherent 95 5.5 ZDC 30%, 5.5-11 km

FACT Incoherent 95 A.0

Gulf of Alaska 100 ZDC 90%. 2.5-11 km

FACT Coherent 100. 3.5 ZDC 60%. 3.5-11 km

FACT Semicoherent 100 >11

FACT Incoherent 100 >11

Gulf of Alaska 105 ZDC 95%. 2.5-11 km

FACT Coherent 105 4.5 ZDC 80%, 3.5-11 km

FACT Semicoherent 105 >11

FACT Incoherent 105 >11

Gulf of Alaska 110 ZDC 85%, 2.5-11 km
ZDC 60%. 4.5-8.5 kin; 100% coverage

FACT Coherent 110 4.5 past 8.5 km

FACT Semicoherent 110 >11

FACT Incoherent 130 >11

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

"2. ZDC = Zonal Detection Coverage in percentage of the indicated range over
"which detection is possible.
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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,
Run 124 (2.5-11 kin) Experimental Data and

FACT PL9D Model Results.
CASE VI:

(Source Depth = 30.5 m,' Receiver Depth = 305 m, Frequency 1.5 kHz)
Bottom Loss: FNOC Type 6

DATA SET FOM R 'c 1Rahge> R

Gulf of Alaska 75 ZDC 2 50%, 2.5-11 km

FACT PL9D3  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 kim; 100% coverage past 6 km

5 FACT PL9D 85 >11

Gulf of Alaska 90 ZDC 70%, 2.5-6 kin; 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 PL9D 95 >11

3Gulf of Alaska 100 ZDC 95%, 2.5-6 kin; 100% coverage past 6 km

FACT PL9D 100 >11

1. Rc = 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 optioMs
are Identical over the Gulf of Alaska data interval (2.5-11.0 kin).
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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 kin) Experimental Data and 3
FACT PL9D Model Results.

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

Bottom Loss: FNOC Type 6

DATA SET FOM R Range >R 0

Gulf of Alaska 75
FACT Coherent and 2
Semicoherent 75 ZDC 2 90%, 2.5-6.5 km

FACT Incoherent 75 7.0

Gulf of Alaska 80 Single peak at 2.5 km
FACT Coherent and
Semicoherent 80 ZDC 90%, 2.5-14.5 kin; 100% coverage, 18-19 km

FACT Incoherent 80 15.0

Gulf of Alaska 85 Single peaks at 2.5 and 8.5 ki.
FACT Coherent and
Semicoherent 85 10.0 ZDC 70%, 10-24 km

FACT Incoherent 85 24.0

Gulf of Alaska 90 ZDC 20%, 2.5-20 kim; 100% coverage 27.5-28 km
FACT Coherent and
Semicoherent 90 20.0 ZDC 60%, 20-28 km

FACT Incoherent 90 >28.0

Gulf of Alaska 95 ZDC 40%, 2.5-28 km
FACT Coherent and
Semicoherent 95 20.0 ZDC 90%, 20-28 km

FACT Incoherent 95 >28.0

Gulf of Alaska 100 ZDC 60%, 2.5-28 km
FACT Coherent and 100% coverage, 2.5-29 km with exception of spike
Semicoherent 100 at 20 km r

FACT 100 >28.0

Gulf of Alaska 105 ZDC 80%, 2.5-20 km
FACT Coherent and
Semicoherent 105 >28.0

FACT Incoherent 105 >28.0

Gulf of Alaska 110 ZDC 95%, 2.5-28 km
FACT Coherent and
Semicoherent 110 >28.0

FACT Incoherent 110 >28.0

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

2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval over
which detection is possible.
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(C) Table IIH-10. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Gulf of Alaska,

Run 108 (2.5-28.0 kin) Experimental Data andFACT PL9D Model Results.

CASE VIII:
(Source Depth = 1067 m, Receiver Depth = 305 m, Frequency = 2.5 kHz)

Bpttom Loss: FNOC Type 6.

DATA SET FOM R Range > R.

Gulf of Alaska 75 Single peak at 2.5 km

FACT PL9D2  75 ZDC 3 80%, 2.5-5.5 km

Gulf of Alaska 80 100% coverage, 2.5-3.5 km

FACT PL9D2  80 13.5

Gulf of Alaska 85 ZDC 10%, 2.5-20 kin; single peak at 25 km

FACT PL9D2  85 24, _,
ZDC 70%, 2.5-9 kin; ZDC 50%, 9-20.5.

Gulf of Alaska 90 ZDC 15%, 23-28 km

FACT PL9D2  90 >28.0
ZDC 95%, 2.5-9 kin; ZDC 75%, 9-20 kin;Gulf of Alaska 95 ZDC 60%, 20-28 km

FACT PL9D2  95 >28.0

Gulf of Alaska 100 ZDC 98%, 2.5-20 kin; ZDC 90%, 20-28 km

FACT PL9D2  100 >28.0

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 (2.5-28.0 kin).

S3. ZDC = Zonal Detection CoeaeIn pecnaeof the Indicated rneinterval
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 (30-67 kin) 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

DATA SET FOM 'R1 CZ CZD Start End

Gulf of Alaska 85
FACT Coherent and
Semicoherent 85 45.5 46.5

FACT Incoherent 85 45.5 46.51
"Convergence Zone Detection

Gulf of Alaska 90 45.0 48.5 coverage is 50%
FACT Coherent and
Semicoherent 90 45.5 48.0 ZDC 2 30%, 30-35.5 km

FACT Incoherent 90 32.5 45.5 51.01
Convergence Zone Detection

Gulf of Alaska 95 45.0 56.0 coverage is 40%
FACT Coherent and ZDC 50%, 30-45 kin; ZDC 50%,
Semicoherent 95 45.0 51.0 51.5-59 km
FACT Incoherent 95 42.0 45.5 56.5

ZDC2 30%, 30-45 kin; ZDC 75%,

Gulf of Alaska 100 45-56 kin; ZDC 15%,56-67 km
FACT Coherent and ZDC 90%, 30-45 kin; ZDC 60%,
Semicoherent 100 45.0 51.0 51.5-67 km

FACT Incoherent 100 1>67.0
ZDC 70%, 30-45 km; ZDC 85%,

Gulf -f Alaska 105 45-57 kin; ZDC 35%, 57-67 km \X'
FACI Coherent and ZDC 95%, 30-51 kin; ZDC 70%,
Semicoherent 105 51-67 km

FACT Incoherent 105 >67.0
ZDC 85%, 30-45 kin; ZDC 95%,

Gulf of Alaska 110 45-57 kin; ZDC 60%, 57-67 km ORW

FACT Coherent and 6.
Semicoherent 110 ZDC 98%, 30-67 km

FACT Incoherent 110 >67.0

1. R 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.
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(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 PL9D Model Results.

CASE X:
(Source Depth = 1067 m, Receiver Depth = 305 m, Frequency = 2.5 kHz)

Bottom Loss: FNOC Type 6

DATA SET FOM R1 CZ CZc Start End

Convergence Zone Detection
Gulf of Alaska 90 44.0 52.5 coverage is 20%

CZ is double lobed with gap
FACT3 90 43.5 51.5 of 2 kmSZDC2 10%9 30)-44.5 kin; ZDC 40%,

Gulf of Alaska 95 44.5-54.5 kin; ZDC 5%, 54.5-67 km

ON FACT3 95 42.0 43.0 ? 100% coverage, 43-67 km

ZDC 50%, 30-44.5 kin; ZDC 85%,
Gulf of Alaska 100 44.5-54.5 kin; ZDC 30%, 54.5-67 km

FACTS 100 >7. 0 - ZDC 95%, 30-44.5 km; ZDC 98%, 44.5-

Gulf of Alaska 105 54.5 km; ZDC 70%, 54.5-67 km

FACT 3  105 >67. 0

-Gulf of Alaska 110 100% coverage, 30-55 kin; ZDC 95%,
55.5-67 km

FACT 3  110 >67.0

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

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

Interval over which detection is possible.

3. FACT coherent, semicoherent and incoherent outputs are identical in I
the interval of the Gulf of Alaska data (30-67 km).
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(C) Table IIH-13. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Gulf of Alaska,

Run 1123 (2-19.5 kin) Experimental Data and
FACT PLOD Model Results.

CASE XI:
(Source Depth = 305 m, Receiver Depth = 30.5 m, Frequency = 2.5 kHz)

-Bottom Lose: FNOC Type 6

DATA SET FOM Rol Range > R

Gulf of Alaska 75 ZDC 3 50%, 2-6 km

FACT PL9D2  75 100% coverage, 2-8 km

Gulf of Alaska 80 ZDC 70%, 2- 7 km

FACT PLOD 2  80 100% ooverafe. 2-13 km
ZDC 90%, 2-6.5 kin; ZDC 30%, 6.5-11 kin;

Gulf of Alaska 85 ZDC 5%, 11-19.5 km

FACT PLOD 2  85 100% coverage, 2-14 km & 16.5-19.5 km
-ZDC 98%, 2-6.5 km; ZDC 60%, 6.5-11 km;

Gulf of Alaska 90 ZDC 35%, 11-19.5 km

FACT PL9D2  90 14 ZDC 80%, 14-19.5 km

Gulf of Alaska 95 6.5 ZDC 90%, 6.5-11 km; ZDC 60%, 11-19.5 Um

FACT PLOD2  95 >19.5

Gulf of Alaska 100 7.0 ZDC 90%, 7-19.5 km

FACT PLOD 2  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 kin).

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
Figure of Merit (FOM) in dB for Gulf of Alaska,

Run 112B (2-19.5 kin) Experimental Data and
FACT PL9D Model Results.

CASE XII:
(Source Depth = 305 m, Receiver Depth = 305 m, Frequency = 2.5 kHz)

Bottom Loss: FNOC Type 6

DATA SET FOM R 1 Range > Rc

Gulf of Alaska 70 ZDC 3 30%, 2-3 km

FACT PL9D2  70 4.5 100% coverage, 15-16.5 km

Gulf of Alaska 75 2.0 ZDC 30%, 2-7 km

FACT PLgD2  75 8.5 100 coverag2. 13-19 km
ZDC 85%, 2-7 km; ZDC 10%, 7.5-15.5 kin;

Gulf of Alaska 80 3.0 ZDC 40%, 15.5-19.5 km

FACT PL9D2  80 >19.5

Gulf of Alaska 85 5.5 ZDC 40%, 5.5-19.5 km

S FACT PL9Dl2  85 >19.5

Gulf of Alaska 90 6.5 ZDC 65%, 6.5-19.5 km

FACT pL9D2  __ >19.5
ZDC 90%, 10-14 km; 100% coverage,

Gulf of Alaska 95 14-19.5 km

FACT PL9D 95 >19.5

1. Re = Range to which detection range is continuous.

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

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 Alaska,

Run 112A (15-58 km) Experimental Date and
FACT PLOD Model Results.

CASE XIII:
(Source Depth = 305 m, Receiver Depth = 30.5 m, Frequency = 2.5 kHz)

Bottom Loss: FNOC Type 6

DATA SET FOM Re 1  Range >R 0

Gulf of Alaska 85 ZDC 3 65%, 30-32 km

FACT PLOD2  85 100% coverage, 22-23.5, 30-33.5, 37.5-39 km

Gulf of Alaska 90 ZDC 3 15%, 22.5-55 km

FACT PLOD 2  90 100% coverage, 21-42 & 50-51 km

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

FACT PLOD2  95 100% coverage, 18-53.5 & 54-58 km

Gulf of Alaska 100 ZDC 15%, 15-22 kim; ZDC 70%, 22-58 km

FACT PLOD 2  100 t 58

Gulf of Alaska 105 ZDC 50%, 15-24 kim; ZDC 95%, 24-58 km

FACT PLOD2  105 >58

Gulf of Alatska 110 ZDC 80%, 15-24 kim; ZDC 98%, 24-58 km

FACT PLOD2  110 ='58 1

1. Rc = Range to which %etertior coverage is continuous.

2. FACT PLOD cohur nt, semicoherent and incoherent outputs are insignificantly
different over the Gulf of Alaska data interval (15-58 kim).

3. ZDC - Zonal Detecion Coverage in percentage of the indicated range interval
over vhich de tetion is possible.
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(C) Table IIH-18. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Gulf of Alaska,I ~Run 112A (15-58 kmn) Experimental Data and

FACT PLOD Model Results.
CASE XIV:

(Source Depth =305 mn, Receiver Depth = 305 m,* Frequency =2. 5 kH a)
Bottom Loss: FNOC Type 6

UDATA SET FOMt R~ Range z-

bGulf of Alaska s0 ZDC3 10%, 15-33 km
2 100% coverage, 15-18.5, 26.5-33.5,

FACT PLD80 45-47 km

Gulf of Alaska 85 ZDC 40%, 15-33 kin; ZDC 10%, 33-45 km

3FACT PL9D2  85 24.0 100% cojve &Z2, 26-37. 40-41, a 42-49.5 km
ZDC 80%, 15-33 kin; ZDC 40%, 33-47 kin;

Gulf of Alaska 90 ZDC 20%, 47-58 km

FACT9 SIDJj .LO
ZDC 95%, 15-33 kin; ZDC 80%, 33-47 kin;

Gulf of Alaska 95 ZDC 50%. 47-58 km

5FACT PL90 2  95 ;-58.0
ZDC 98%, 15-33 "-m; ZDC 95%, 33-47 kin;

Gulf of Alaska 100 ZDC 85%, 47-58 .n

FACTPL9D 10 :,-8.0100% coverage, 15-40 kin; ZDC 90%, 40-
Gulf of Alaska 105 58 kmI2
FACT PLOD 105 '58. 0

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

2. FACT PLO9D coherent, aemicoherent 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
5510/11

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

Enc: (1) Listing of Known Classified PARKA Reports

1. In response 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.

PEGGY LAMBERT
By direction

Copy to:

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

VJDTIC (Bill Bush, DTIC-OCQ)
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