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Appendix IliA. Accuracy Assessment of RAYMODE X
Compared to SUDS Experimental Data (U)

SUDS I (U) Test cases (U)

Environment (U) (C) The 12 test cases selected from SUDS
I experimental data for use in model

(C) All environmental measurements come evaluation are given in the table below.
from station I of the SUDS I measure- In this table, Rmin is the minimum
ments. Three sound speed profiles, given range at which data is found, Rmax is
in Figures IIIA-1-3, represent average the maximum range and SSP denotes sound
conditions during three measurement speed profile.
periods. These sound speed profiles, in
accordance with Martin (1982), will be (C) Both source and receiver are in the
referred to as profiles A, E, and B. surface duct for Cases I, I11, IX and
Profile A has a surface duct to a depth XI. Source and receiver are in a cross-

S of 68 meters (m) overlying a sound chan- duct geometry in Cases II, IV, V, VII, X
nel with axis at 900 m. Profile E is an and XII. Both source and receiver are
average profile with a 20 m surface below the duct for Cases VI and VIII.
duct, a subsurface channel with an axis The SUDS experimental data for the 12
at 200 m and a deep sound channel with test cases are plotted in Figures
axis at 900 m. Profile B has a surface IIIA-4-15.
duct to a depth of 79 m and a deep sound
channel with axis at 900 m. Accuracy Assessment Results (U)

(C) The source used pulsed energy, and (U) Accuracy assessment procedures were
bottom bounce arrivals were temporally followed as outlined in section 1.1 and
filtered out. The effective bottom loss described in detail in section 5 of
for model input should therefore be rn dB Volume I of this series.. The following
(actually, a bottom loss of 50 dB was figures are given for each case: (1)
entered for all grazing angles). RAYMODE X results obtained using the

CASE SOURCE RECEIVER FRE- Rmin [Rinax NO. OF SSP WIND
DEPTH DEPTH QUENCY (kin) j (kin) POINTS SPEED
(m) (W) (kilz) (kn)

1 45 17 0.4 2.0 24.5 925 A 11
o 11 45 112 o.4 2.0 17.4 625 A i i: 1::•

III 42 43 1.0 2.0 24.4 959 A 11
IV 42 112 2.:0 2. 24.8 818 A 11 O

IV 41 6 1.5 o.4 24.6 196 E 4 i•-
VI 41 59 1.5 0.4 24.8 811 E 4
VI 41 6 2.5 0.4 24.8 868 E 4
VIII 41 59 2.5 0.4 24.8 866 E 4

IX 45 17 3.5 0.1 35.3 1311 B 6
X 45 112 3.5 0.1 35.8 918 B 6
XI 42 17 5.0 0.1 35.5 1421 B 6 %

XII 42 2 0.1 33.8 959 B 6
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coherent phase addition option, (2) RAYMODE agreement is poor, the discrep-
smoothed RAYMODE X coherent results ancy increasing with range. Case VI is
obtained by applying a running average the first below-ldyer source/receiver
with a 2 km window, (3) the smoothed geometry and basic agreement is achieved
RAYMODF X coherent result subtracted over the full range extent of 24 km.
from the SUDS experimental data, (4) This agreement extends to include the

RAYMODE X results obtained using the degree of fine scale fluctuations and
incoherent (i.e., rms) phase addition the presence of a 6 km interference pat-
option, and (5) the RAYMODE X incoherent tern. Case VII is a cross-layer case for
results subtracted from the SUDS experi- which SUDS and RAYMODE results are com-
mental data. These plots for the 12 test pletely lacking in agreement. Here the
cases are given in Figure IIIA-16 SUDS data shows increasing propagation
through ITIA-75. loss to about 10 km, from which point

the loss decreases. RAYMODE, on the
(C) The means and standard deviations of other hand, shows increasing loss with
the difference between the SUDS experi- cange to 24 km. Both SUDS and RAYMODE 'I.

mental data and the RAYMODE X smoothed show strong but disagreeing interference
coherent and incoherent outputs are patterns. For the below-layer geometry
given in Table IIIA-1. For Case I, the of Case VIII, the curves show a constant
RAYMODE X coherent and incoherent out- 18 dB of fset to 6 km, beyond which SUDS
puts are totally different than the SUDS and RAYMODE have strong, interference U
data--the RAYMODE transmission loss patterns with quite similar periods. Be-
curve is concave downward, the SUDS yond 10 km, differences are due to phas-
curve concave upward. In Case II the ing of the interference patterns: they
curves are qualitatively and quantitati- are almost out of phase by r radians.
vely similar. Case I, we recall, has an The region between 6 and 10 km is the
in-layer source/receiver geometry where- transition region--at the start the
as Case II has cross-layer geometry. One curves are in phase but are of very
would expect greater loss for the cross- different level and change to agreeing
layer Case II than for the in-layer Case in level but being out of phase. Case
I. For the SUDS data this is true; the IX, a case of in-layer geometry shows
separation between the in-layer and qualitative difference between the RAY-
cross-layer curves was found to be about MODE model and SUDS experiment results.
15 dB. By contrast, the RAYMODE curves SUDS shows less loss and an interference
differ by a few dB (the cross-layer case pattern with a period ranging between 3
having less loss) to 9 km. From 9 to 15 and 4 km compared to RAYMODE coherent
km, the cross-duct case shows substan- for which interference nulls (beyond
tially less loss (by as much as 8 dB). initial Lloyd Mirror effects) are seen
After 15 km, the models are in basic at 6 and 26 km. These broad nulls are
agreement. Case III is another in-layer filied-in, in the RAYHODE incoherent
source/receiver geometry and the differ- output leading to somewhat better (al-

ence between the SUDS curve and the RAY- though still seriously differing quali-
MODE curve (unless otherwise stated, tatively and quantitatively) agreement
remarks apply to coherent and incoherent with SUDS data. For the cross-duct geom-
results alike) simply increases with etry of Case X substantial agreement is
range. Case IV is a cross-layer case in found to 7 km, from which point dis-
which agreement between SUDS and RAYMODE agreement grows: beyond 16 km, the
is excellent to 20 km. From 20 to 24 km disagreement levels off at a devastating
a 7 dB bias is seen in the difference 20 dB. Aside from the portion of the
curve due to RAYMODE continuing a trend data where clipping is obvious, the
to higher loss while SUDS assumes a con- upper envelope of the RAYMODE curve is
stant loss in this range interval. Case at or below the lower envelope of the
V is characterized by cross-layer SUDS data. For in-layer Case XI, the
source/receiver geometry. The SUDS/
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most serious discrepancy is with regard FOM < 90 dB. This is also true for Case
to interference patterns. For RAYMODE a VII. Here, however, RAYMODE predictions
weak interference pattern (peak to null are pessimistic by a factor of two for
values of 3 dB) with a period of about 7 FOM > 95 dB. Case VIII is the only case
km is seen; for SUDS strong interference where RAYMODE is optimistic in detection
(peak to null values of 15-25 dB) with range by a factor as large as two. It
periods between 2 and 3 km are found. should be noted that the SUDS detection
The RAYMODE curve rides at or above the ranges are quite small through FOM - 100
peaks of the SUDS curve. Case XII, hav- dB (5.5 km). In Case IX, RAYMODE gives
ing cross-layer geometry, is another much less detection coverage than SUDS FIN
example of qualitative and quantitative data indicate should be achieved. Here,
dissimilarity; the slopes of the loss a great difference is found between the
curves are in utter disagreement. The RAYMODE coherent and incoherent results,
relatively low mean values in Table particularly for FOM - 85 dB. Case X is
IIIA-l for this case are due to cancel- another case in which the detection
ing negative and positive effects--here, ranges for SUDS data are usually about
the standard deviation is the important twice those of RAYMODE X predictions. In
indicator. Case XI, good agreement in detection

range is generally achieved (within 2
(C) Let us now turn to the Figure of dB) although significant differences are
Merit (FOM) analysis. FOM versus detec- found between RAYMODE coherent and inco-
tion range is tabulated for SUDS data herent results. Finally, in Case XII,
and both RAYMODE X coherent and incoher- RAYMODE is slightly optimistic for FOM
ent results at 5 dB increments for the < 95 dB with both SUDS and RAYMODE pre-
twelve cases in Tables IIIA-2-13. For dicting fairly short detection ranges.Case 1, the RAYHODE results are grossly For FOM > 95 dB, SUDS results show some- '•-

pessimistic compared to SUDS detection what greater detection ranges than do
ranges. SUDS detection ranges are four RAYMODE predictions (i.e., R.AYMODE pes-
times as great as RAYMODE's for FOM- 75 simistic with respect to SUDS).

S dB. This factor decreases until at FOM -
95 dB, SUDS detection range results are (C) The following are concluded from the
twice those of RAYMODE. For Case II, above: (1) In terms of decibel differen-
RAYMODE predictions are pessimistic com- ces between SUDS and RAYMODE data, only
pared to SUDS detection ranges. At low Cases II, IV, and VI show fair agree-
figures of mi.!rit, RAYMODE detection ment. Case II and IV are cases of cross-
ranges are 65% of SUDS; this percentage layer source/receiver geometry at 400
is 80% at FOM - 95 dB. Case III is a and 1000 Hz, respectively. Cases of
case of grossly pessimistic results for cross-layer geometry at higher frequen-
RAYMODE as compared to SUDS. SUDS pre- cies showed basic qualitative and quan-
dicts detection coverage over the full titative disagreement between SUDS data
extent of the data (24.5 km) for FOM > and RAYMODE X results. All cases of both .
80 dB; RAYMODE predicts coverage to 6 km source and receiver in the layer showed
at FOM - 80 dB; at FOM = 100 dB, RAYMODE lack of agreement between SUDS and RAY-
predicts coverage to 24 km, but with MODE. Of the two below-layer cases, VI
some zonal effects. Case IV detection showed good agreement between SUDS and
coverage is twice as great for SUDS as RAYMODE, but VIII did not. (2) The fig-
is predicted by RAYMODE. For Case V, ure of merit analysis shows RAYMODE
SUDS detection ranges are again twice as predictions of detection range to be
great as those predicted by RAYMODE. strongly pessimistic compared to SUDS
Case VI is the first case for which RAY- results in Cases I, II, III, IV, V, IX
MODE predictions are optimistic, al- and X (not uncommonly by a factor of 2).
though only slightly so. For this case, Only in Case VIII were RAYMODE detection
SUDS and RAYMODE are in close agreement, ranges much longer (by a factor of 2)
generally differing by 1 dB or less for than those of SUDS. No clear trend '.
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emerges with regard to source/receiver
geometry. (3) It would appear from com-
parison with SUDS data that the surface
duct module of RAYHODE X is deficient.
Thi,! is further borne Out in section 3,
The Physics of the RAYMODE Y. Model, by
R. Deavenport.
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(U) Table IIIA-1. Means (i) and Standard Deviations of Differences
Obtained by Subtracting (1) Smoothedl RAYMODE X Coherent Output

and (2) RAYMODE X Incoherent Output from SUDS Experimental
Data (in dB).

RAYMODE X RAYMODE X
Smoothed Coherent Incoherent

Case 11

I -12.5 12.9 -10.7 11.9

II -2.2 3.9 -2.2 3.7

III -10.1 9.3 -10.4 9.9

IV -0.9 3.3 -1.3 3.5

V -10.3 10.1 -8.7 9.4

VI -0.4 3.7 0.6 3.9

VII -4.1 10.4 -3.6 10.5

VIII 4.7 7.5 5.0 8.5

IX -11.7 10.1 -5.7 6.0

X -13.4 8.8 -10.2 7.9

XI -8.9 6.9 -6.6 6.4

SXII -3.7 10.1 -1.6 9.5

1. RAYMODE X coherent output was smoothed by
application of a running average with a 2 kilo-
meter window.
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(C) Table IIIA-2. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for SUDS I Data and

RAYMODE X Model Results.
CASE I:

(Station 1, Run 3, Source Depth = 45 m, Receiver Depth = 17 m,
Frequency = 400 Hz)

DATA SET FOM Re 1  Range > R0

SUDS 70 12.0

RAYMODE X Coherent 70 3.0

RAYMODE X Incoherent 70 3.0

SUDS 75 15.5

RAYMODE X Coherent 75 3.5

RAYMODE X Incoherent 75 4. 0

SUDS 80 17.0

RAYMODE X Coherent 80 5.0

RAYMODE X Incoherent s0 5.5

SUDS 85 18.5

RAYMODE X Coherent 85 7.0 1
RAYMODE X Incoherent 85 7.5

SUDS 90 19.5

RAYMODE X Coherent 90 8.5

RAYMODE X Incoherent 90 9

SUDS 95 20.5 ZDC 70%, 20.5-24 km

RAYMODE X Coherent 95 12

RAYMODE X Incoherent 95 12

SUDS 100 >24

RAYMODE X Coherent 100 12.5 100% coverage 21-22 km

RAYMODE X Incoherent 100 12 100% coverage 20-24

SUDS 105 >24

RAYMODE X Coherent 105 14 100% coverage 14.5-16.5 km,

RAYMODE X Incoherent 105 13.5 100% coverage 14->24 km

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

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

CONFIDENTIAL 4
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(C) Table IIIA-3. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for SUDS I Data and ,

RAYMODE X Model Results. h'"~CASE 11:
(Station 1, Run 3, Source Depth = 45 m, Receiver Depth = 112 m,

Frequency = 400 Hz) %I

DATA SET FOM ReI Range > Re

SUDS 75 ZDC 2 90%, 1.5-6.5 km

RAYMODE X Coherent 75 4.5

RAYMODE X Incoherent 75 4

SUDS 80 7.0

RAYMODE X Coherent 80 5.5

RAYMODE X Incoherent 80 5

SUDS 85 7.5 ZDC 15%, 7.5-13 km

"RAYMODE X Coherent 85 7

RAYMODE X Incoherent 85 7

SUDS 90 10.5 ZDC 70%, 10.5-14.5 km

RAYMODE X Coherent 90 8.5

RAYMODE X Incoherent 90 8

SUDS 95 16.5

RAYMODE X Coherent 95 14

RAYMODE X Incoherent 95 14

SUDS 100 >16.5

RAYMODE X Coherent 100 14.5

RAYMODE X Incoherent 100 14.5

SUDS 105 >16.5

RAYMODE X Coherent 105 15

RAYMODE X Incoherent 105 15.5 ZDC 70%, 15.5-16.5 km

SUDS 110 >16.5

RAYMODE X Coherent 110 15.5

RAYMODE X Incoherent 110 >16.5

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

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

CONFIDENTIAL
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(C) Table IIIA-4. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for SUDS I Data and

RAYMODE X Model Results.
CASE III:

(Station 1, Run 4, Source Depth = 42 m, Receiver Depth = 43 m,
Frequency = 1 Hz)

DATA SET FOM Re 1  Range > Re

"100% coverage, 7.5-17.5 km with

SUDS 75 7.0 one dropout at 15 km

RAYMODE X Coherent 75 4.0

RAYMODE X Incoherent 75 4.0

SUDS 80 21.5 ZDC2 60%, 21.5-24.5 km

RAYMODE X Coherent 80 6.5

RAYMODE X Incoherent 80 6

SUDS 85 >24.5

RAYMODE X Coherent 85 9 ZDC 60%, 10.5-11.5 km

RAYMODE X Incoherent 85 7 100% coverage 7.5-9 km

SUDS 90 >24.51 100% coverage 10- 12 kin, 12.5-RAYMODE X Coherent 90 9.5 14 bm
1001 coverage 10-12 km, 12.5- iRAYMODE X Incoherent 90 9.5 13 kin, 13-13.5 km 1

SUDS 95 >24.5
"100% coverage 15.5-16.5 kin,

RAYMODE X Coherent 95 14 18-18.5

RAYMODE X Incoherent 95 14

SUDS 100 >24.5

RAYMODE X Coherent 100 14.5 ZDC 75%, 15-24 km

RAYMODE X Incoherent 100 14.5 ZDC 95%, 14.5-22 km

SUDS 105 >24.5

RAYMODE X Coherent 105 >24

RAYMODE X Incoherent 105 24

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

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

CONFIDENTIAL
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(C) Table IIIA-5. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for SUDS I Data and

RAYMODE X Model Results.
(uCASE IV: m
(Station 1, Run 4, Source Depth = 42 m, Receiver Depth = 112 m,

Frequency = 1 kHz)

DATA SET FOM R Range > Re

SUDS 75 ZDC 90%, 2.5-5 km

RAYMODE X Coherent 75 3.0

RAYMODE X Incoherent 75 3.3

SUDS 80 5.5 ZDC 80%, 5.5-6.5 km

RAYMODE X Coherent 80 3.5 100% coverage 4-5 km

RAYMODE X Incoherent 80 10.5

SUDS 85 7.0

RAYMODE X Coherent 85 7.5

RAYMODE X Incoherent 85 7.5

SUDS 90 7.0 ZDC 5%, 7-15 km

RAYMODE X Coherent 90 8.0

RAYMODE X Incoherent 90 8.0

SUDS 95 8.0 ZDC 40%, 8-16.5 km
100U coverage 9-11 km

RAYMODE X Coherent 95 8.5 ZDC 2 30%, 12-15.5 km

RAYMODE X Incoherent 95 9.0 100% coverase 9.5-11 km

ZDC 80%. 8.5-16.5 km, ZDC 50%.
SUDS 100 8.5 16.5-18.5 km; ZDC 20%, 18.5-24.5 km

RAYMODE X Coherent 100 16.0 100% coverage 17-18 kim, and 16.5 km

RAYMODE X Incoherent 100 13.5 ZDC 45%, 14-17.5 km

SUDS 105 17.0 ZDC 95%, 17-24.5 km

RAYMODE X Coherent 105 18.0 100% coverage 19.5-20.5 km

RAYMODE X Incoherent 105 10.5

SUDS 110 >24.5S~100% coverage 19-21 km, 21.5-

RAYMODE X Coherent 110 18.5 23 km

RAYMODE X Incoherent 110 19.0 ZDC 70%, 19.5-25.5 km

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

i 2. ZDC = Zonal Detection Cuverage in percentage of th, indicated range
interval over which detection is possible.

CONFIDENTIAL
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(C) Table IIIA-6. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for SUDS I Data and

RAYMODE X Model Results.
CASE V:

(Station 1, Run 1, Source Depth = 41 m, Receive'r Depth = 6 m,
Frequency = 1.5 kHz)

DATA SET FOM R Range > R

SUDS 70 100l coverage. 0.5-4 km

RAYMODE X Coherent 70 2.0

RAYMODE X Incoherent 70 2.0 "___
lOOl coverage, 0.5-5 km, ZDC 50,

SUDS 75 5-6 km

RAYMODE X Coherent 75 3.5
SRAYMODE X Incoherent 75 4.0 ________________

S... 
Ic h r100% coverage, 0.5-9 km and 19.5-

STIDS s0 22 km

RAYMODE X Coherent so 4.0

RAYMODE X Incoherent 80 4.0 ___ 5__-1._m;Z5CM_1 ._" ~ZDC 35%," 9"11.5 kmn; ZDC 90%, 11.5-

SUDS 85 9.0 18 kin; 100% coverage, 19-22.5 km

RAYMODE X Coherent 85 4.0 100% coveraep 5-5.5 km

RAYMODE X Incoherent 95... ........- L.
SX Ior100% coverage, 9.5-11, 11.5-18, 18.5-
SUDS 90 9.0 23; ZDC 50%, 23-24.5 km

RAYMODE X Coherent 90 A.0 ZDC 60%. 5-9 km
1001 coverage 0-7 kin, 7.5-

RAYMODE X Incoherent 90 5.0 8.5 km - iI
SUDS 95 9.0 ZDC 99%. 9-24.5 km

RAYMODE X Coherent 95 4. ZDC 70%. 5.5-11 km
"100% coverage 5.5-8.3 km.

RAYMODE X Incoherent 95 5.5 9-10 km

SUDS 100 >24.5

RAYMODE X Coherent 100 4.0 ZDC 70%, 5-17 km

RAYMODE X Incoherent 100 10.5 ZDC 75%, 11-16.5 km

SUDS 105 >24.5

RAYMODE X Coherent 105 7.0 ZDC 65% 7-19 km

RAYMODE X Incoherent 105 it.0 ZDC 70% 17-23 km

SUDS 110 >24.5

RAYMODE X Coherent 110 10.5 ZDC 80% il->24 km

RAYMODE X Incoherent 110 19.5 ZDC 75%, 19.5->24 km

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

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

CONFIDENTIAL
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(C) Table IIIA-7. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for SUDS I Data and

RAYMODE X Model Results.
S~CASE VI :

(Station 1, Run 1, Source Depth 41 m, Receiver Depth = 59 m,
Frequency = 1.5 kHz)

DATA SET FOM Ret Range > Re

SUDS 65 ZDC3 50%, 0.5-3 km

RAYMODE X Coherent 65 1.5

RAYMODE X incoherent 65 2.0

SUDS 70 ZDC 70%, 0.5-3.5 km

RAYMODE X Coherent 70 2.5 100% coverage 3-4 km

RAYMODE X Incoherent 70 3.5

SUDS 75 ZDC 85%, 0.5-3.5 km

RAYMODE X Coherent 75 2.5 100% coverage 3-5 km

RAYMODE X Incoherent 75 5.0

SUDS 80 5.0 100% coverage 7-7.5 km

RAYMODE X Coherent 80 5.0

RAYMODE X Incoherent s0 6.0

SUDS 85 5.0 100% coverage, 6.5-8 km

RAYMODE X Coherent 85 5.0 100% coverage 6-6.5 and 7-9 km

RAYMODE X Incoherent 85 8.0
ZDC 85%. 5-11 km; ZDC 85%, 11.5-

SUDS 90 5.0 12.5 km; ZDC 30%. 14-16.5 km

SRAYMODE X Coherent 90 10.5

RAYMODE X Incoherent 90 10.5
ZDC 85%, 11-18 km; ZDC 85%,

SUDS 95 11.0 20-22 km

RAYMODE X Coherent 95 11.0 100% coverage 13-15.5 km

RAYMODE X Incohere:,t 95 15.0 ZDC 65%, 13-22 km
ZDC 95%. 11.5-18km; ZDC 10%, 18-20.5km;

SUDS 100 11.5 ZDC 90%, 20-22.5km; ZDC 20%. 22.5-25km
. 100% overage 12-16.5 kin, 19.5-

RAYMODE X Coherent 100 11.5 22 km

SRAYMODE X Incoherent 100 22.0

SUDS 105 13.0 ZDC 95%. 13-24 km
100% coverage 12-18 kin; 18.5-

RAYMODE X Coherent 105 11.5 24.5 km

RAYMODE X Incoherent 105 >24

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

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

CONFIDENTIAL
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(C) Table IIIA-8. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for SUDS I Data and

RAYMODE X Model Results.
CASE VII:

(Station 1, Run 2, Source Depth = 41 m, Receiver Depth = 6 m,
Frequency = 2.5 kHz)

DATA SET FOM R Range > R

SUDS 65 ZDC2 10%, 0-1 km

RAYMODE X Coherent 65 2.5

RAYMODE X Incoherent 65 2.0

SUDS 70 ZDC 60%. 0-1 km

RAYMODE X Coherent 70 3.0

RAYMODE X Incoherent 70 3.0

SUDS 75 ZDC 50%, 0-2 hm

RAYMODE X Coherent 75 4.0

RAYMODE X ýncoherent 75 4.0S. ... ZDC 701, 0-4 kin; 100%

SUDS 30 coverage, 21-22 km

RAYMODE X Coherent 80 4.0

RAYMODE X Incoherent 80 4.0 ______________k ;_100% _coverag
ZDC 05%, 1-4 kim; 100% coverage

SUDS 85 1.0 17.5-18.5 and 20-23 km

RAYMODE X Coherent 85 4.0 ZDC 65%, 4.5-7 km

R A Y M O D E X In cohe re n t 85 5 .5 _ _ _ _ 10% ,_ 4 -11 _k m ; _ _ _ _ _ __90% ,S~ZDC 10%, 4-11 kim; ZDC 90%,

SUDS 90 4.0 15.5-23.5 km

RAYMODE X Coherent 90 5.0 100% coverage 5-7.5 km

RAYMODE X Incoheren. 90 7.5

SUDS 95 6.0 ZDC 80%, 6-17 kim; ZDC 90%,17-24 km

RAYMODE X Coherent 95 8.0 ZDC 70%, 8-10.5 km

RAYMODE X Incoherent 95 8.0 100% coverage 9-11 km

SUDS 100 7.0 ZDC 95%, 7-24.5 km
10016 coverage 9-11.5 kmn; ZDC 7016,

RAYMODE X Coherent 100 8.0 13- 15.5 km

RAYMODE X Incoherent 100 11.5 100% coverage 13-14.5 km

SUDS 105 >24.5

RAYMODE X Coherent 105 12.0 ZDC 65% 12-23 km

RAYMODE X Incoherent 105 16.0 100% coverage 17-19 km

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

2. ZDC = Zone' aetection Coverage in percentage of the indicated range
interval ovtr which detecion is possible.

CONFIDENTIAL
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(C) Table IIIA-9. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for SUDS I Data and

RAYMODE X Model Results.
CASE VIII:

(Station 1, Run 2, Source Depth = 41 m, Receiver Depth 59 m,
Frequency = 2.5 kHz)

DATA SET FOM Rc Range > c

SUDS 70 ZDC 2 15%, 0-1 km

IPAYMODE X Coherent 70 2.5

RAYMODE X Incoherent 70 3.0

SUDS 75 ZDC 20%, fl-1 km

RAYMODE X Coherent 75 3.5 100% coverage 4.5-5.5 km

RAYMODE X Incoherent 75 5.0

SUDS 80 ZDC 50%, 0-2 km

RAYMODE X Coherent 80 5.5

RAYMODE X Incoherent 80 5.5

SUDS 85 ZDC 60%, 0-3 km

RAYMODE X Coherent 85 6.0

RAYMODE X Incoherent 85 7.0

SUDS 90 ZDC 80%. 0-4 km

RAYMODE X Coherent 90 6.0 100% coverage 7-8 km, 10-11 km

RAYMODE X Incoherent 90 10.0 _____ ____ ____ ____ ______km _coverage
SUDS 5 4.0 ZDC' 50%, 4-5 kin; 1/2 km coverage

SUDS 95 4.0 at 8 and 22 km

RAYMODE X Coherent 95 6.0 ZDC 60% 6,5-14.5 km

RAYMODE X Incoherent 95 11.0
ZDC 60%, 5-8.5 km; ZDC 50%,SSUDS 100 5.0 11-18 kin; ZDC 30%, 20.5-23 km

RAYMODE X Coherent 100 9.0 ZDC 70% 9.5-19 km

RAYMODE X Incoherent 100 15.0
ZDC1., 6-8.5kni; ZDC 20%, 8.5-11 km;

SUDS 105 6.0 ZDC 90%, 11-18.5km; ZDC 75%, 20-23.5km

RAYMODE X Coherent 105 12.5 ZDC 75% 13-30 km __

RAYMODE X Incoherent 1_05 __ 19.5° .,

S.... • D-C -,-•}•-5- k ; -•C-•-,18.5-

SUDS 110 6.0 20 k!! ZDC 95%, 20-24 km

RAYMODE X Coherent 110 >24.0

RAYMODE X Incoherent 110 >24.0

IIi I1. Re = Range to which detection coveragre 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 IIIA-10. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for SUDS I Data and

RAYMODE X Model Results.
CASE IX:

(Station 1, Run 5, Source Depth = 45 m, Receiver Depth = 17 m,
Frequency = 3.5 kHz)

DATA SET FOM R Range > Rc

ZDC 2 90%, 0-8.5 km; ZDC 50%,

SUDS S5 11-12.5 km

RAYMODE X Coherent 65 2.0 coverage at 2 and 3 km

RAYMODE X Incoherent 65 2.5
ZDC 90%, 9.5-12.5 kin; ZDC 5%,

SUDS 70 9.0 14-17 km

RAYMODE X Coherent 70 3.5

RAYMODE X Incoherent 70 3.5 ZDC 50%, 9-10 km; ZDC 90%, 10-13 km;
SUDS 75 9.0 ZDC 80%, 13-20 km

RAYMODE X Coherent 75 4.0

RAYMODE X Incoherent 75 6.0
ZDC 90%., 9-21 kin; ZDC 30%, 21- -3.5 krm

SUDS 80 9.0 100% coverage 23.5-27.5 km

RAYMODE X Coherent 80 5.0 100% coverage 14.5-20.5 km

RAYMODE X Incoherent 80 8.5

SUDS 85 9.0 ZDC 90%, 9-32 km

RAYMODE X Coherent 85 5.5

RAYMODE X Incoherent 85 22.5
ZDC 90%, 23-32 kin; ZDC 10%,

SUDS 90 23.0 32- 36 km

RAYMODE X Coherent 90 6.5 100% coverage 10-23 km

RAYMODE X Incoherent 90 30.0 ZDC 95%, 23-32.5 kin; ZDC 50%,

SUDS 95 23.0 32.5- 36 km

RAYMODE X Coherent 95 24.0 100% coverage 30.5->36 km

RAYMODE X Incoherent 95 >36

SUDS 100 36.0

RAYMODE X Coherent 100 25.0 100% coverage, 29->36 km

RAYMODE X Incoherent 100 >36

1. R c = Range to which detection coverage is -ontinuous.

2. ZDC = Zonal Detection Coverage in percentage of the indicated range
interval over which detection is possible.
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(C) Table IIIA-11. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for SUDS I Data and

RAYMODE X Model Results.
(1SCASE X:
(Station 1, Run 5, Source Depth = 45 m, Receiver Depth = 112 m,

Frequency = 3.5 kHz)

DATA SET FOM Ro ZI Range > Re
Z.. DC 98. 0-2.5 kin; ZDC 161,SSUDS 70 2.5-4 km

RAYMODE X Coherent 70 3.0

RAYMODE X Incoherent 70 3.0

SUDS 75 2.5 ZDC 30%, 2.5-6 km

RAYMODE X Coherent 75 3.0

RAYMODE X Incoherent 75 3.5 _D__60_,_4-6.5_kin; __D___5_,

ZDC 60%. 4-6.5 kin, ZDC 15%,
SUDS 80 2.5 6.5-9 km

I RAYMODE X Coherent 80 4.0

RAYMODE X Incoherent 80 4.0 100% covrage 5-5.5 km80C 5, 4-65 ZDC 30%.

SUDS 85 4.0 6.5-10.5 km
D RAYMODE X Coherent 85 6.5

[RAYMODE X nCoherent 85 6.5

SUDS X.0 ZDC 60%, 7-12.5 kin; ZDC ?%, 12.5-17 km
SUDS I 90 7. (data between 12 end 23 km is clipped)

RAYMODE X Coherent 90 8.0

RAYMODE X Incoherent 90 8.5 ZDC 90%, 10.5-12.5 km; ZDC ?%, 12.5-21 km

SUDS 95 10.5 (data between 12 a 23 km is clipped); ZDC
10%, 23-25 km

RAYMODE X Coherent 95 ] 9.5

R Data between 12 & 23 km is clipped; 100%

SUDS 100 coverage to >12 kin; ZDC 30%, 23-32.5 km

__, _ __ __ .___ __._ __ t,>:2kRAYMODE X Coherent 0O0 , 0.0

RAYNIODE X Incoherent 100 10.5
Data between 12 & 23 km is clipped; 100%SUDS [ 0 ! ? coverage to_>12 km; ZDC 50%, 23-32.5 km

RAYMODE X Coherent 105 10.0 ZDC 45%, 11-13 km

RAYMODE X Incoherent 105 _14.0 D0S-TData between 12 & 23 km to clipped; 100%

SUDS 110 ? coverage to >12 kmn ZDC 70%, 23-33.5 km

RAYMODE X Coherent 110 11.0 ZDC 65% 11.5-16 km

RAYMODE X Incoherent II0| 13.5 ZDC 90% 14-19 km

SUDS 115 ? coverage to >12 kin; ZDC 90%, 23-34.5 km

RAYMODE X Coherent 115 13.5 ZDC 90%. 14-22 km

RAYMODE X Incoherent 115 17.0 ZDC 80% 17.5-25.5 km

1. R = 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 IIIA-12. Detection Range in km as a Function of 14
Figure of Merit (FOM) in dB for SUDS I Data and

RAYMODE X Model Results.
CASE XI:

(Station 1, Run 6, Source Depth = 42 m, Receiver Depth = 17 m,
Frequency = 5 kHz)

DATA SET FOM Rc 1 Range > Rc

SUDS 70 ZDC 2 50%, 0-2 km

RAYMODE X Coherent 70 2.5 100% coverage 3-5 km

RAYMODE X Incoherent 70 3.5 100% coverage 3.5-4.5 km
ZDC 60%, 0-2 kin; ZDC 15%, 2-4 kin;

SUDS 75 ZDC 60%, 5.5-6.5 km

RAYMODE X Coherent 75 2.5 100% coverage 3-6 km

RAYMODE X Incoherent 75 5.0 ______ 1._5_5_ m;_____ 60%ZDC 80%," 1.5-5 kin; ZDC 601,

SUDS 80 1.5 5-8.5 km

RAYMODE X Coherent 90 13.0

RAYMODE X Incoherent ,80 7.5 9ZDC 90%, 1.5-7 kin; ZDC 70%,

SUDS 85 1.5 7-13.5 km; ZDC 15%, 13.5-19 km

RAYMODE X Coherent 85 14.5 100% coverage 21-20.5 km

RAYMODE X Incoherent 85 14.0
ZDC 85%, 4.5-13 kin; ZDC 50%,

SUDS 90 4.5 13-19 km

RAYMODE X Coherent 90 22.0 100% coverage 23.5-28 km

RAYMODE X IncoherenL 90 21.0
ZDC 90%, 5-19 km; ZDC 60%, 19.5-

SUDS 95 5.0 27.5 kin; ZDC 15%, 27.5-32 km

RAYMODE X Coherent 95 >36

RAYMODE X Incoherent 95 >36

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

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

CONFIDENTIAL

A-16 CONFIDENTIAL



CONFIDENTIAL
(C) Table IIIA-13. Detection Range in km as a Function of

Figure of Merit (FOM) in dB for SUDS I Data and
RAYMODE X Model Results.

CASE XII:
(Station 1, Run 6, Source Depth = 42 m, Receiver Depth = 11 m,

Frequency = 5 kHz)

DATA SET FOM It Rangp > Ra

SUDS 70 015 ZDC
2

. 50%, 0.5-1.5 km
SRAYMODE X Coherent 70 2.3$

RAYMODE X Incoherent 70 2.5

SUDS 75 2.5 ZDC 50%. 0.5-2 km

RAYRIODE X Coherent 75 3.0

RAYMODE X Incoherent 75 3.5 ZDC 50%, 1-2 kmn; ZDC 15%,

SUDS 80 1.0 2-3.5 km
_RAYMODE X Coherent 80 4.0

RAYMODE X Incoherent 80 4.0

ZDC 90%, 1-3 kin; ZDC 30%.
SUDS 85 1.0 3-4 km

RAYMODE X Coherent 85 6.5

RAYMODE X Incoherent 85 6.0

SUDS 90 2.5 ZDC 30%, 2.5-5.5 km

RAYMODE X Coherent 90 7.5

RAYNIODE X Incoherent 90 7.5

SUDS 95 3.5 ZDC 30%, 3.5-7 km

RAYNIODE X Coherent 95 9.0

RAYSMODE X Incoherent- 95 9.5
ZDC ?%, 4-14 km (data Is clipped

SUDS 100 4.0 at high loss end)

RAYMODE X Coherent 100 9.5

RAY)IODE X IncoheEpL_ 100 9.5
ZDC ?%, 5-16.5 km (data is clipped

SUDS 105 5.0 at high loss end)

RAYNIODE X Coherent 105 11.5
Coherent 105 11.5 ZDC ?%, 7-25 km (data is clipped

SUDS 110 7.0 at high loss end)

RAYMODE X Coherent 110 11.5 ZDC 404, 12-15 km

RAYMODE X Incoherent 110 11.5 ZDC 45%, 12.5-15 km
ZDC ?2. to 23 m;m (data is clipped at high

SUDS 115 ? loss end); ZE '- 35%.,23-25 km: ZDC 10%,
25-29 km

SRAYMODE X Coherent 115 12 ZDC 35%. 12.5-17.5 km

RAYMODE X Incoherent 115 14 ZDC 402 14.5-19.5 km
ZDC ?I to 23 Km (data is clipped at high

SUDS 120 ? loss end); ZDC 40%, 23 29 km

RAYMODE X Coherent 120 13.5 ZDC 70%, 14-21 km

RAYMODE X Incoherent 120 16 ZDC 70'. 16.5 23.5 km

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

2. ZDC = Zondl Detection Coverage in percentage of the indicated range
intervI over which detection is possihle.
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Appendix IIIB. Accuracy Assessment of RAYMODE X Cdpl
-to HAYS-MURPHY Mediterranean Eal a (U)

HAYS-MURPHY (U) Tables tII5-2 and It11-. for 4W &ad
FNOC bottom types, respectiVely. 11e M

Environment (U) Type 2 curve has 1.1 d8 bottom loss at
0, 2.7 dl at 15% and 8.3 d3 at eorsl

(C) The Hays-Murphy data used here were incidence. The FNOC type curve has a
collected in the Algiers-Provencal Basin constant bottom loss of 3 dl to 14% )_3

of the Mediterranean Sea over a distance dB at 15%, and 11 d5 at normul irlt-

of 200 kilometers (km) of what is termed dence.
the St. Margarets run (Martin,1982). The
St. Margarets run was much longer, but Test Coels (U)
the flat bottom assumption of range I
independent propagation loss models was (C) Six test cases were chosen for ex-
violated past 200 km. The sound speed perimental data/model comparlson.

profile is plotted and tabulated in Fig-

ure IIIB-l. The profile is essentially Source Receiver Frequency
bilinear with a minimum at 61 meters Case Depth Depth (Ni)
(m). The critical depth is 1894 m, idi- ..;_ ,_ .

cating a depth excess of approximately 24.4 m 137.2 m 35.0
850 m. (80 ft) (450 ft)

II 24.4 in 137.2 a 67.5

(C) Two sets of bottom loss tables were 24(80 ) (450 13 t)., ___

used as input to the RAYHODE X model. 24.4 m 137.2 m 100.0
The first are the MGS bottom loss versus (80 ft) (450 ft)
grazing angle curves found in subroutine IV 24.4 m 137.2 m 200.0

MGSBL in the RAYMODE X model, and in the (80 ft) (450 ft) ___.

six cases examined below, an MGS Type 2 V 24.4 m 106.7 m 35.5
bottom was found to pertain at the site (80 ft) (350 ft)
of the receiver. Also used as input to VI 24.4 m 106.7 m 100.0

RAYMODE X were the FACT PL9D model's (80 ft) (350 ft)
internal FNOC/NOO bottom loss tables for
an FNOC Type 3 bottom. These latter CONFIDENTIAL
tables were inputted to RAYMODE X from
an external table of 91 values (corres- (C) Experimental data for the six cases
ponding to 0-90* grazing angle). The six is given in Figures IIIB-2 to IIIB-7.
cases of Hays-Murphy acoustic data cover The experimental data for these cases
four frequencies: 35.0, 67.5, 100.0 and show a frequency dependence whereby in
200.0 Hz. For the lowest three frequen- going from 67.5 to 100.0 to 200.0 Hz the
cies, a single bottom loss curve is propagation loss increases by about 6

found from each of the MGS and FNOC sets dB. There does not seem to be a signifi-
of curves. The MGS Type 2 curve for 100 cant frequency dependence in going from!• Hz and less is given in Table 1118-3. 35.0 to 67.5 Hiz. When Case V is compared

The MGS Type 2 curve has a critical with Case I and Case VI is compared with

angle of 9%, 1.6 dB bottom loss at 150, Case III, no significant receiver depth
and 8 dB loss at normal incidence. The dependence is found over the 100 ft

~ FNOC Type 3 curve has a critical angle (30.5 m) separation. In all cases, the '•
of 120, 1 dB bottom loss at 150, and 10 data is free of convergence zone struc-
dB loss at normal incidence. The bottom ture. Fluctuations of 4-5 dB in the
loss curves for 200 Hz are given in first 100 km of data modulate an overall

B-1 CONFIDENTIAL
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decrease of approximately 10 dB and in The following figures were produced for
the second 100 km, an overall decrease each case: (1) RAYMODE X using the co-
of 2-5 dB is modulated by 2-5 dB fluctu- herent phases addition option; (2) this
ations. The Hays-Murphy data results coherent result smoothed by a running
from one-third octave analysis of under- average of five points (i.e., a 2 km
water explosive detonations. The fre- window); (3) the smoothed coherent re-
quencies given are the geometric mean sult subtracted from the Hays-Murphy
frequencies of the one-third octave experimental data; (4) RAYMODE X output
bands. using the incoherent phase addition

option; and (5) the incoherent result

Accuracy Assessment Results (U) subtracted from the Hays-Murphy experi-
mental data. These five curves are given

(C) Use of MGS (i.e., RAYMODE X) bottom first for all cases where RAYMODE X was

loss or FNOC (i.e., FACT PL9D) bottom run with its own MGS bottom loss and
loss in the RAYMOUE X model runs usually then for RAYMODE X run using the FNOC
resulted in differences of 0.5 dB or bottom loss for FACT PL9D. The plots are
less between mean (p) differences be- given as follows:
twen RAY40DE X output and Hays-Murphy
data (as can be seen by comparing Table
lll-Sa with IlIB-6a, and IIIB-5b with RAYMODE (i.e., FACT (i.e., FNOC)
II1-6b), with one notable exception: In Case MGS) Bottom Bottom

Case IV, the only case at 200 Hz, a dif-
t-rence of 1.5 dB in means is found in I Fig. IIIB-8 to Fig. IIIB-38 to
the 0 to 25 km range interval, the only Fig. IIIB-12 Fig. III--42

laterv&al strongly affected by choice of
actm loss. We shall return to this II Fig. IIIB-13 to Fig. IIIB-43 to
pt-it in Rreater detail below. Aside Fig. IIIB-17 Fig. IIIB-47 bi

free Case IV, only the RAYMODE X results
using th. 'w (I.e., RAYM.ODE's own) bot- III Fig. IIIB-18 to Fig. IIIB-48 to

tom loss are discussed due to the slight Fig. IIIB-22 Fig. IIIB-52
effect of bottom loss.

IV Fig. IIIB-23 to Fig. IIIB-53 to
(U) Accuracy as !ssment proced,::,- ap- Fig. IIiB-27 Fig. IIIB-57
plied to the RAYMODE X outputs and the -

experimental data are described in Sec- V Fig. IIIB-28 to Fig. IIIB-58 to
tion 1.1 of this volume and in greater Fig. IIIB-32 Fig. IIIB-62
detail in Section 5 of Volume I of this .
series (NORDA Report 33). For the six VI Fig. IIIB-33 to Fig. IIIB-63 to
Hays-Murphy cases, no significant propa- Fig. IIIB-37 Fig. IIIB-67
gation loss features are evident in the
experimental data and for calculation of UNCLASSIFIED

statistics of differences from model
results, arbitrary intervals of 0-25 km, (C) In examining the means and standard
25-50 km, and 50-200 km were selected. deviations of the differences between
The means and standard deviations of Hays-Murphy data and RAYMODE X outputs,
differences between Hays-Murphy experi- the following conclusions may be drawn:
mental data and the RAYMODE X model out- (i) In all cases the model exhibits
puts are found in Tables ITIB-ba and greater loss than does the experimental .
Ill-5b for the coherent and incoherent data (indicating that the model predic-
model results, respectively, where the tion is overly pessimistic). The mean
MGS bottom loss was used. Similar re- differences vary from 3 to 11 dB. Bottom
sults in which RAYMODE X used the FNOC parameter measurements near the site

bottom loss (found in FACT PL9D model) (DiNapoli, 1972), when converted to
are given in Tables IIIB-6a and IIIB-6b. bottom loss via a Rayleigh model that

B-2 CONFIDENTIAL
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includes attenuation in the bottom, in percentage of the indicated range in-
result in a bottom loss versus grazing terval for which detection is possible)
angle curve with a critical angle of 200 of 30% extending to ranges as great as
and a normal incidence loss of 5.9 dB. 14 km. In contrast, the Hays-Murphy ex-
This is lower than either the MGS or perimental data generally shows continu-
FNOC bottom loss results given in Tables ous coverage to about 20 km and ZDC of
IIIB-l through lIIB-4, and its use would generally 60% to range of about 40 km.
likely eliminate the mean differences At FOM-80 dB, RAYMODE incoherent cover-
within the first region (i.e., to 25 age is continuous to about 12 km; for

Skm). (2) The standard deviations of dif- RAYMODE coherent results, continuous
ferences between Hays-Murphy data and coverage extends to about 4 km and ZDC
RAYMODE results are generally smaller of variable percentages extend coverage
for the incoherent predictions than for to ranges as great as 45 km (often with
the coherent predictions generally by large gape). The Hays-Murphy data has
about 2 dB. This is not surprising, continuous detection coverage to 42-55
since the model's incoherent addition km over the six cases. ZDC of generally
has a smoothing effect as does averaging 50% extends to ranges from 84 to 113 km.

over a one-third octave frequency band At FOM=85 dB, RAYMODE incoherent detec-
for the experimental data. (3) For the tion coverage is continuous to 47 km.
incoherent RAYMODE results, standard For RAYMODE coherent, continuous cover-
deviation of differences between Hays- age is generally to 6 km followed by
Murphy data and RAYMODE outputs are ZDCs of about 50% to about 50 km and
between 2.5 and 5.5 dB. (4) There is no ZDCs of 5-15% to ranges of about 100 km.
significant difference between use of The Hays-Murphy data shows continuous
the MGS bottom loss (found in RAYMODE) coverage for most cases to 130 km and
and the FNOC bottom loss (found in the ZDC at percentages above 50% to ranges
FACT PL9D model). (5) Particularly for of 170 km or more. Finally, at FOM=90
the incoherent results, the agreement dB, the RAYMODE incoherent predictions
between model results and Hays-Murphy show continuous coverage to 95 km and,
data is best at 200 Hz and significantly typically, spotty coverage to about 140
better than results for the other three km. RAYMODE coherent gives continuous
frequencies. We recall that the lower coverage to 6 km and ZDCs of varying
three frequencies all used the same bot- percentages to ranges from 120 to over
tom loss table and therefore conclude 195 km over the six cases. For all
that the difference in bottom loss prob- cases, Hays-Murphy experimEntal data
ably accounted for the improved loss at shows continuous coverage ,.c greater
200 Hz (Note: This applies to only the than 200 km.
first bottom bounce region (i.e., to 25
kkm) beyond which bottom bounce paths are (C) General conclusions basel an compar-

not significant contributors.) ison of RAYMODE X outputs with Hays-
Murphy experimental data follow: (1)

(C) The figure of merit (FOM) versus de- Significant differences in mean levels
tection range analysis for the six Hays- were primarily responsible for pessimis-
Murphy cases are given in Tables IIIB-7 tic detection range predictions by the
when RAYMODE X uses its own (i.e., MGS) model. These differences appear to be
bottom loss and in Tables IIIB-8 when attributable to the bottom loss inputs
RAYMODE X uses the bottom loss of the for the first bottom bounce region

- FACT PL9D model (i.e., FNOC). For an FOM (i.e., to 25 km). Beyond this range,
of 75 dB, RAYMODE incoherent results differences are as great and unex-
show detection coverage from 0 to 2.0- plained, but bottom loss is not a fac-
4.5 km for the six cases. The RAYMODE tor. It is to be noted that for this
coherent results show coverage from 0 to scenario, RAYMODE and FACT bottom loss
1.5-3.5 km and zonal detection coverage inputs led to essentially the same re-
(ZDC, Zonal Detection Coverage, is given sults. (2) Mean differences between the

B-3 CONFIDENTIAL
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Hays-Murphy data and the RAYMODE model
were smaller by about 2 dB for incoher-
ent results as compared to coherent
results. This is reversed for standard
deviations of differences betwecn the
model and Hays-Murphy data for which
RAYMODE coherent generally showed about
2 dB greater standard deviation than did
RAYMODE incoherent. The net effect is
that the RAYMODE incoherent curve is in
better agreement with the experimental
data than is the RAYMODE coherent curve
with regard to general characteristics
(i.e., shape) but the RAYMODE coherent
results are more in agreement with the
experimental data with regard to detec-
tion range coverage (although the
agreement is far from satisfactory).
This is understandable since detections,
particularly of a zonal nature, are
determined more by fluctuations than by
mean levels (particularly for average
signal-to-noise ratios that are negative
or near zero.
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(U) Table IIIB-1. Bottom Loss in dB Versus Grazing Angle in Degrees.
MGS Bottom Type 2. Frequency < 100 Hertz.

e BL 0 BL 0 BL J BL E BL 0 BL

0 0.00 15 1.92 30 5.23 45 7.25 60 8.28 75 8.54

1 0.00 16 2.19 31 5.40 46 7.34 61 8.32 76 8.54

2 0.00 17 2.45 32 5.57 47 7.44 62 8.36 77 8.52

3 0.00 18 2.70 33 5.73 48 7.53 63 8.39 78 8.51

4 0.00 19 2.95 34 5.88 49 7.61 64 8.42 79 8.49

5 0.00 20 3.19 35 6.03 50 7.69 65 8.45 80 8.48

6 0.00 21 3.42 36, 6.17 51 7.77 66 8.47 81 8.45

7 0.00 22 3.65 37 6.31 52 7.84 67 8.49 82 8.43

8 0.00 23 3.87 38 6.45 53 7.91 68 8.51 83 8.40

9 0.14 24 4.08 39 6.57 54 7.97 69 8.52 84 8.37

10 0.46 25 4.29 40 6.70 55 8.03 70 8.53 85 8.33

11 0.77 26 4.49 41 6.82 56 8.09 71 8.54 86 8.30

12 1.07 27 4.68 42 6.93 57 8.14 72 8.55 87 8.26

13 1.36 28 4.87 43 7.04 58 8.19 73 8.55 88 8.21

14 1.64 29 5.05 44 7.15 59 8.24 74 8.55 89 8.17

UNCLASSIFIED

'0
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(U) Table IIIB-2. Bottom Loss in dB Versus Grazing Angle in Degrees.
MGS Bottom Type 2. Frequency = 200 Hertz.

0 BL 0 BL 0 BL 0 BL 0 BL 0 BL

0 1.08 15 2.88 30 5.51 45 7.16 60 8.08 75 8.43

1 1.12 16 3.09 31 5.65 46 7.24 61 8.12 76 8.43

2 1.15 17 3.30 32 5.78 47 7.32 62 8.16 77 8.43

3 1.19 18 3.50 33 5.91 48 7.40 63 8.19 78 8.43

4 1.22 19 3.69 34 6.03 49 7.47 64 8.22 79 8.43

5 1.26 20 3.88 05 6.15 50 7.54 65 8.25 80 8.43

6 1.29 21 4.07 36 6.27 51 7.61 66 8.28 81 8.42

7 1.32 22 4.25 37 6.38 52 7.67 67 8.31 82 8.41

8 1.35 23 4.42 38 6.49 53 7.73 68 8.33 83 8.40

9 1.48 24 4.59 39 6.60 54 7.79 61. 8.35 84 8.39

10 1.73 25 4.76 40 6.70 55 7.84 70 8.37 85 8.38

11 1.97 26 4.92 41 6.80 56 7.90 71 8.38 86 8.36

12 2.21 27 5.07 42 6.90 57 7.95 72 8.40 87 8.34

13 2.44 28 5.22 43 6.99 58 7.99 73 8.41 88 8.32

14 2.66 29 5.37 44 7.08 59 8.04 74 8.42 89 8.30

UNCLASSIFIED
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(U) Table IIIB-3. Bottom Loss in dB Versus Grazing Angle in Degrees.
FNOC Bottom Type 3. Frequency < 150 Hertz.

, BL

0 0.0

11 0.0

20 3.0

25 4.4

35 6.7

45 8.5

56, 10.0

90 10.0

§ UNCLASSIFIED

U (U) Table IIIB-4. Bottom Loss in dB Versus Grazing Angle in Degrees.
FNOC Bottom Type 3. Frequency = 200 Hertz.

S0 BL

0 3.0

13 3.0

20 5.3

35 8.7

45 10.3
53 11.0

S90 11.0

UNCLASSIFIED
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(U) Table IIIB-5a. Means (v) and Standard Deviations (a) in dB of

Differences Between Hays-Murphy Experimental Data and
RAYMODE X Coherent Model Output. 1

Bottom Loss = MGS Type 2.

Case Frequency Source Receiver 0-25 km 25-50 km 50-200 km
(Hz) Depth (ft) Depth (ft) 1 a 11 a a

I 35.0 80 450 -9.3 3.8 -9.2 3.1 -9.3 3.3

II 67.5 80 450 -10.3 5.1 -10.9 4.0 -10.9 2.7

III 100.0 80 450 -9.6 4.9 -7.8 5.3 -8.9 3.6

IV 200.0 80 450 -6.0 3.4 -6.1 5.5 -8.4 4.2

V 35.0 80 350 -7.6 4.7 -10.9 2.5 -10.5 3.1

VI 100.0 80 350 -9.1 5.3 -6.7 6.2 -7.4 4.1

1. Smoothed by application of a 2 kilometer window moving average.

CONFIDENTIAL

(U) Table IIIB-5b. Means (p) and Standard Deviations (a) in dB of Differences
Between Hays-Murphy Experimental Data and RAYMODE X Incoherent

M,•odel Output. Bottom Loss = MGS Type 2.

Case Frequency Source Receiver 0-25 km 25-50 km 50-200 km
- (Hz) Depth (ft) Depth (ft) p a p a p a

1 35.0 80 450 -8.6 3.6 -8.1 2.9 -7.8 2.2

II 67.5 80 450 -8.6 2.2 -8.4 2.3 -8.6 1.5

I11 100.0 80 450 -6.7 2.2 -6.0 3.0 -6.4 2.0

IV 200.0 80 450 -3.2 2.1 -2.5 3.6 -3.9 1.8

V 35.0 80 350 -7.3 3.2 -7.5 2.1 -7.4 1.9 6

VI 100.0 80 350 -5.6 2.1 -4.7 2.9 -5.1 1.6 A
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(U) Table IIIB-6a. Means (vi) and Standard Deviations (u) in dB of Differences
Between Hays-Murphy Experimental Data and RAYMODE X Coherent

Model Output.1 Bottom Loss = FNOC Type 3.

Case Frequency Source Receiver 0-25 km 25-50 km 50-200 km

(Hz) Depth (ft) Depth (ft) 11 a a a a

1 35.0 80 450 -9.2 3.8 -8.7 2.9 -9.1 3.3

11 67.5 80 450 -10.8 5.9 -10.5 4.1 -10.4 3.0
III 100.0 80 450 -10.2 5.3 -7.7 5.4 -8.5 3.7

IV 200.0 80 450 -7.5 3.7 -6.5 5.5 -8.8 4.4

V 35.0 80 350 -7.6 4.8 -10.5 2.4 -9.9 2.9

VI 100.0 80 350 -9.7 5.7 -6.6 6.3 -7.1 4.3

1. Smoothed by application of a 2 kilometer window moving average.

CONFIDENTIAL

3 (U) Table IIIB-6b. Means (vi) and Standard Deviations (a) in dB of Differences
Between Hays-Murphy Experimental Data and RAYMODE X Incoherent

Model Output. Bottom Loss = FNOC Type 3.

Case Frequency Source Receiver 0- 25 km 25-50 km 50- 200 km
(Hz) Depth (ft) Depth (ft) a U a a

I 35.0 80 450 -8.6 3.4 -7.8 2.9 -7.5 2.2

II 67.5 80 450 -8.7 2.1 -8.1 2.3 -8.3 1.5

III 100.0 80 450 -6.8 2.2 -5.7 3.1 -6.1 2.0

IV 200.0 80 450 -4.9 1.9 -3.3 3.9 -4.5 2.1

V 35.0 80 350 -7.3 2.9 -7.2 2.0 -7.1 1.9

VI 100.0 80 350 -5.7 2.1 -4.4 2.9 -4.8 1.8
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(C) Table IIIB-7a. Detection Range in Kilometer as a Function of
Figure of Merit (FOM) in dB for Hays-Murphy

Mediterranean Experimental Data and
RAYMODE X Model Predictions

Case I:
(Source Depth = 80 ft., Receiver Depth = 450 ft., Frequency = 35 Hz)

Bottom Loss: MGS Type 2

Data Set FOM Rc 1  Range > Rc

Hays-Murphy 75 25.5 ZDC 2 60%, 25.5-44 km

RAYMODE X
Coherent 75 3.5 ZDC 35%, 5.5-14 km
RAYMODE X
Incoherent 75 4.5

Hays-Murphy 80 54.5 ZDC 50%, 54.5-93 km
RAYMODE X
Coherent 00 4.5 ZDC 50%. 5-16 kin; ZDC 20%. 24-39 km
RAYMODE X
Incoherent 80 12.0

Ha~-Muphy 85 130.5 ZDC 50%, 130.5-172.5 km
"'YM -Y----- XZDC 70%, 5-47 kin, ZDC 15%, 57-66.5 km
Coherent 85 5.0 ZDC 15%. 104-112 km I
RAYMODE X
Incoherent 85 47.5

Hays-Murphy 90 >200 _

RAYMODE X 100% coverage 7.5-16.5 kin, 17-41 kin; ZDC 70%,
Coherent 90 6.5 41-155 km

* RAYMODE X 100% coverage 103-112.5 kin, 123.5-125.5 kin,
Incoherent 90 93.5 141-142 km

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

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

CONFIDENTIAL
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(C) rable IIIB-7b. Detection Range in Kilometer as a Function of
Figure of Merit (FOM) in dB for Hays-Murphy

Mediterranean Experimental Data and
RAYMODE X Model Predictions

Case II:
(Source Depth = 80 ft., Receiver Depth = 450 ft., Frequency = 67.5 1Iz)

Bottom Loss: MGS Type 2

S1 Range > R
Data Set FOM Rc c

RHays-Murphy 75 42.5
RAYMODE XCoherent 75 1.5 ZDC2 50%, 1,5_7 km[

S~RAYMODE X

Incoherent 75 3.0

Hays-Murphy 80 54.0 ZDC 50%, 54-113 km
RAYMODE X ZDC 60%, 4-7.5 kin, 100% coverage 13.5-15.5 km,
Coherent 80 3.5 and 19-22.5 kin: ZDC 20%. 30-45 km
RAYMODE X

SIncoherent 80 11.0 100% coverage 136-137 km

Ha•s-Murphy 85 >200 Except for a few dropouts of -< km
RAYMODE X__ ZDC 45%, 7.5-47.5; ZDC 20%, 59-79.5 km,
Coherent 85 6.5 ZDC <5%. 91.5-115: peak at 143.5 km
RAYMODE X
Incoherent 85 47

Hays-Murphy 90 >200
RAYMODE X ZDC -.W 8-50.5 kin; ZDC 55%, 55-124 kin;

S Coherent 90 7.5 ZDC 20% 134.5-159 kmi ZDC 15%. 186-194 km
RAYMODE X 100% coverage 101.5-107 km, 113.5-116 km and
Incoherent 90 95 136.5- 140 km

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

2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval
for which detection is possible.
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(C) Table IIIB-7c. Detection Range in Kilometer as a Function of
Figure of Merit (FOM) in dB for Hays-Murphy

Mediterranean Experimental Data and
RAYMODE X Model Predictions

Case III:
(Source Depth = 80 ft., Receiver Depth = 450 ft., Frequency = 100 Hz)

Bottom Loss: MGS Type 2

Data Set FOM Rc1  Range> Rc

Hays-Murphy 75 17.5 ZDC 2 60%, 17.5-42 km
RAYMODE X
Coherent 75 2.5 Peaks at 4, 5, 9, and 10.5 km
RAYMODE XN
Incoherent 75 2.5

Hays-Murphy 80 43.5 ZDC 20%, 43.5-84 km

RAYMODE X ZDC 30%. 3-13 kin; Peak at 39 km
Coherent 80 3.5 100% coveraire 23-27.5 km and 45-46 km
RAYMODE X
Incoherent 80 12.0 100% coverage 34.5-36 km

Hays-Murphy 85 127.5 ZDC 70%, 127.5-190 km
RAYMODE X ZDC 80%, 7.5-13.5 kin; ZDC 75%, 17.5-54 km
Coherent 85 6.0 ZDC 5%. 78.5-104 kin; Peak at 133.5 kmRAYMODE XIncoherent 85 47.0

.Has-Murphy 90 >200
S RAYMODE X ZDC 70% 7.0-59.5 kin; ZDC 40%, 61.5-106 kin; ZDC 10%

Coherent 90 6.0 108-127.5 km; ZDC 60% 130-145 km; ZDC 20% 183-193 km;
_______ X ZDC 60% 115-119 kmn: ZDC 65% 128-138 km• RAYMODE X

Incoherent 90 96 100% coverage 99-106 km, 108-112 km

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

2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval for which
detection is possible.
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(C) Table lllB-7d. Detection Range in Kilometer as a Function of

Figure of Merit (FOM) in dB for Hays-Murphy
Mediterranean Experimental Data and

RAYMODE X Model Predictions
Case IVI(Source Depth = 80 ft., Receiver Depth = 450 ft., Frequency =200 Hz)

Bottom Loss: MGS T),pe 2

Data Set FOM Rc 1 ag

Ha s-lurhy 80 421.5 ZDC2 50%, 421.5-975 km

RAYMODE X
Coherent 75 2.0 Peaks at 3.5 and 12 km
RAYMODE X
Incoherent 75 2.0

Hays-Murphy 80 194 42.5 ZDC_50_, 42.5-95 km

Coherent 80 2.0 ZDC 203% 2.5-24 kin; peak at 44 km
RAYMODE X

S Incoherent 80 3.0 1005 coverage 3- 9 km

Hays-Murphy 85 194
RAYMODE X
Coherent 85 2.0 ZDC 35%, 2.5-48 km; peaks at 66 and 133 km
RAYMODE X 1Incoherent 85 47.5

._Hays-Murphy 90 >200

RAYMODE X ZDC 45%', 2.0-49 kmn; ZDC 20%6, 54.5-101.5 km
S Coherent 90 2.0 ZDC 20%. 125-137 km;i ZDC 35%, 163-16.7..5 km
b; RAYMODE X 100% coverage 63.5-81 kin, 84-87.5 kin, 99-103.5 km

Incoherent 90 49.5 and 132-134 km

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

2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval for
which detection is possible.
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(C) Table IIIB-7e. Detection Range in Kilometer as a Function of
Figure of Merit (FOM) in dB for Hays-Murphy

Mediterranean Experimental Data and
RAYMODE X Model Predictions

Case V:
(Source Depth = 80 ft., Receiver Depth = 350 ft., Frbquency = 35 Hz)

Bott=m Loss: MGS Type 2

Data Set FOM Rcl Range > R4

Hays-Murphy 75 25.5 ZDC 2 50%, 25.5-47 km
RAYMODE X

Coherent 75 3.5 100% coverage 8.5-10 kmi; peak at 17.5 km
RAYMODE X
Incoherent 75 4.0

Hays-Murphy 80 55.0 ZDC 40% 55-93 kmRAYMODE X

Coherent 80 5.5 ZDC 45%, 5.5-23 km; ZDC 20% 33.5-38 km
RAYMODE X
Incoherent 80 12.0 _

Hays-Murphy 85 118.0 ZDC 50%, 118-188 km
-RAYMODE X 100% coverage 8-12.5 km, 14-23.5 km;
Coherent 85 6.5 ZDC 50% 24-47 kmi; ZDC 5%. 50-81.5 km
RAYMODE X
Incoherent 85 47.0

Hays-Murphy 90 >200 _

RAYMODE X 1006 coverage 7.5-12.5 kin, 13-25 km
Coherent 90 7.0 ZDC 65%, 25.5-88km; ZDC 20%, 96-119 km
RAYMODE X
Incoherent 90 93.0 ZDC 40%, 103-143 km

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

2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval for
which detection is possible. I_,
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(C) Table IIIB-7f. Detection Range in Kilometer as a Function of
Figure of Merit (FOM) in dB for Hays-Murphy

Mediterranean Experimental Data and
RAYMODE X Model Predictions

Case VI:
(Source Depth = 80 ft., Receiver Depth = 350 ft., Frequency = 100 Hz)

Bottom Loss: MGS Type 2

Data Set FOM Rc1 Range > Rc

Hays-Murphy 75 17.0 ZDC 2 10%, 17-41 km

RAYMODE X ,t

SCoherent 75 2.5 Peaks at 4 km, 9 km, 11 km
RAYMODE X
Incoherent 75 2.5

Hays-Murphy 80 42.0 ZDC 10%, 42-52 km
RAYMODE X ZDC 35%, 4.5-13.5 kin; ZDC 20%, 23-28 km
Coherent 80 4.5 100% coverage 44-46 km and 46.5-47 km
RAYMODE X
Incoherent 80 3.0 100% coverage 3.5-12 km, 35-36.5 km

iHays-Murphy 85 54.0 ZDC 90%, 52-127 kmRAYMODE X

Coherent 85 5.0 ZDC 50%, 6-55 kin; ZDC 25%, 68.5-95 km
RAYMODE X
Incoherent 85 47.0

Hays-Murphy 90 >200
~ RAYMODE X ZDC 70%, 5-59.5 kin; ZDC 55%, 65-116 kin;

Coherent 90 5.0 ZDC 45%, 124-147.5 km; ZDC 30%. 171-191.5 km
RAYMODE X

A Incoherent 90 94.0 ZDC 60%, 99-138.5 km

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

2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval for
which detection is possible.
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(C) Figure IIIB-Sa. Detection Range in Kilometer as a Function of
Figure of Mer!t (FOM) in dB for Hays-Murphy

Mediterranean Expertmental Data and
RAYMODE X Model Predictions

Case I:
(Source Depth = 8P ft., Receiver Depth = 450 ft., Frequency = 35 Hz)

Bottom Loss: FNOC Type 3

Data Set FOM R 1 Range > R
c

Hays-Murphy 75 25.5 ZDC 2 60%, 25.5-44 km
RAYMODE X 100% coverage 7.5-8.5 km and 12-14 km and peak

Coherent 75 4.0 at 5 km
RAYMODE X
Incoherent 75 4.5

Hays-Murphy 80 54.5 ZDC 50%, 54.5-93 km
RAYMODE X
Coherent 80 4.5 ZDC .60%, 5-16 kin; ZDC 15%, 22-40 km
RAYMODE X
Incoherent 80 15.0

Hays-Murphy 85 130.5 ZDC 50%, 130.5-172.5 km
RAYMODE X
Coherent 85 6.5 ZDC 65%, 7.5-51.5 km; ZDC 15%, 57.5-76 km
RAYMODE X
Incoherent 85 48

Hays-Murphy 90 >200
RAYMODE X ZDC 65%, 43.0-155 km
Coherent 90 6.5 100% coverage 7.0-16 km, 16.5-42.5 km
RAYMODE X
Incoherent 90 100 100% coverage 101.5-120 km, 133-135.5 km; 140-142 km

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

2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval for
which detection is possible.
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(C) Table IIIB-8b. Detection Range in Kilome'ter as a Function of
Figure of Merit (FOM) in dB for Hays- Murphy

Mediterranean Experimental DrAta and
RAYMODE X Model Preditionc

Case II:
(Source Depth = 80 ft., Receiver Depth = 450 ft., Frequency = 67.5 Hz)

Bottom Loss: FNOC Type 3

Data Set FOM Rc1 Range >

fHays-Murphy 75 42.5

RAYMODE X 100% coverage 2-3.5 km, 5-6 km and a peak at
Coherent 75 1.5 4.5 km

SRAYMODE X
Incoherent 75 3.0

Hays-Murphy 80 54.0 ZDC 2 50%, 54-113 km
S RAYMODE X ZDC 60%, 4-7.5 km; ZDC 20%, 19-45 km

Coherent 80 3.5 100% coverage 13.5-15.5 km and 18,5-23 km
RAYMODE Xa Incoherent 80 12.0 100% coverage 56-57 km

Hays-Murphy 85 >200 Except for a few dropouts of < 1 km
i RAYMODE X ZDC 60%, 6.5-50 kin; ZDC 25%, 58.5-79.5 km;

Coherent 85 6.0 ZDC 10%, 104.5-115 km
RAYMODE X
Incoherent 85 48 100% coverage 69-51.5 km

SHays-Murphy 90 >200
RAYMODE X ZDC 65%, 8-5I km; ZDC 55%, 55-124.5 kin;

S Coherent 90 8.0 ZDC 30%. 134.5-159km; ZDC 25%. 184-194.5 km
RAYMODE X
Incoherent 90 118.5 100% coverage 136.5-140.5 km

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

~ 2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval for
which detection is possible.
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(C) Table IIIB-8c. Detection Range in Kilometer as a Function of
Figure of Merit (FOM) in dB for Hays-Murphy

Mediterranean Experimental Data and
RAYMODE X Model Predictions

Case III:
(Source Depth = 80 ft., Receiver Depth = 450 ft., Frequency = 100 Hz)

Bottom Loss: FNOC Type 3

Data S-3t FOM Rc1 Range > R

Hays-Murphy 75 17.5 ZDC 2 60%, 17.5-42 km
RAYMODE X
Coherent 75 2.5 Peaks at 5 and '.0.5 km
RAYMODE X
Incoherent 75 2.5

Hays-Murphy 80 43.5 ZDC 20%, 43.5-84 km
I RAYMODE X ZDC 30%, 3.5-13 kin; 100% coverage 23-27.5 km,
Coherent 80 3.0 39-39.5 km, 45-46.5 km f
RAYMODE X
Incoherent 80 12.0 100% coverage 25-26 km

Hays-Murphy 85 127.5 ZDC 70%, 127.5-190 kmS RAYMODE X ZDC 85S%, 5.5-54 km; ZDC 10%, 75-104 km

Coherent 85 5.0 Peak at 133 km 5
RAYMODE X
I•ncoherent 85 48 100% coverage 69.5-71 km

100% coverage except 15-18, 48-49, 161.5-180 and
Hays-Murphy 90 15.0 190-199 km

RAYMODE X ZDC 70%. 7-62 kin; ZDC 50%, 65-145 kin;
Coherent 90 6.0 ZDC 30%, 182-192.5 km; Peak at 150 km
RAYMODE X
Incoherent 90 119 100% coverage 128-138 km

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

2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval for
which detection is possible.
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(C) Table IIIB-8d. Detection Range in Kilometer as a Function of
Figure of Merit (FOM) in dB for Hays-Murphy

Mediterranean Experimental Data and
RAYMODE X Model Predictions

Case IV:
F (Source Depth = 80 ft., Peceiver Depth = 450 ft., Frequency = 200 Hz)

Bottom Loss: FNOC Type 3

Data Set FOM R1 Range >R

c c

Hays-Murphy 75 21.5 ZDC 2 90%, 21.5-37.5 km
-RAYMODE X

Coherent 75 2.0 _

SRAYMODE X"
Incoherent 75 2.0

V Hays-Murphy 80 42.5 ZDC 50%, 42.5-95 km@RAYMODE XtI_

Coherent 80 2.0 ZDC 5%, 3-44 kmRAYMODEX-"

S Incoherent 80 3.0 100% coverage 3-4 km

Hais-Murphy 85 194 , __
RAYMODE X_"_ _
Coherent 85 2.0 ZDC 35%, 2.5-48 km; peak at 66 km

SRAYMODE X
Incoherent 85 23.0 100% coverage 131- 147 km

Hays-Murphy 90 >200
RAYMODE X ZDC60%, 2.5-48.5 kin; ZDC 30%, 55-101.5 km;

AYCoherent 90 2.0 ZDC 25%, 125-135.5 km; ZDC 30%, 163-167.5 km
RAYMODE X
Incoherent 90 49.0 100% coverage 64-81 km, 84-87.5 km, 99.5-101.5 km

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

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

which detection is possible.
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(C) Table IIIB- Be. Detection Range in Kilometer as a Function of
Figure of Merit (FOM) in dB for Hays-Murphy

Mediterranean Experimental Data and
RAYMODE X Model Predictions

Case V:
(Source Depth = 80 ft., Receiver Depth = 350 ft., Frequency = 35 Hz)

Bottom Loss: FNOC Type 3

Data Set FOM Rc1 Range > Rc

Has-Murphy 75 25.5 ZDC 2 50%, 25.5-47 km
RAYMODE X

Coherent 75 4.0 100% coverage 9-10 km, 7.5-8 km
RAYMODE X"-
Incoherent 75 4.0

Has-Murphy 80 55 ZDC 40%, 55-93 km"-RAYM'ODE 'X '

Coherent 80 5.0 ZDC 35%, 6-23 km, ZDC 20%. 34-40.5 km
RAYMODE X
Incoherent 80 11.0

Hays-Mutphy 85 118 ZDC 50%, 118-188 km
RAYMODE X
Coherent 85 6.5 ZDC 40%. 7.5-53.5 kin; ZDC 20%. 60-87.5 km
RAYMODE X
Incoherent 85 48.0

Hays-Murphy 90 >200
RAYMODE X
Coherent 90 6.5 ZDC 70%, 7.5-120 km; Peak at 136 km
RAYMODE X 100% coverage 102-121 kin, 127.5-128.5 kin, 133-136
Incoherent 90 99 kin, 140-143 km

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

2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval for
which detection is possible.
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(C) Table IIIB-8f. Detection Range in Kilometer as a Function of
Figure of Merit (FOM) in dB for Hays-Murphy

Mediterranean Experimental Data and
RAYMODE X Model Predictions

Case VI :

(Source Depth = 80 ft., Receiver Depth = 350 ft., Frequency = 100 Hz)
Bottom Loss: FNOC Type 3

Data Set FOM R 1  Range >R

Hays-Murphy 75 17.0 ZDC 2 10%, 17-41 km
-RAYMODE X
Coherent 75 2.5 Peaks at 4.0 and 11 km

SRAYMODE X
Incoherent 75 2.5

Hys-Murphy 80 42.0 ZDC 10%, 42-52 kmSRAYMODE X

Coherent 80 3.0 ZDC 15%, 3.5-46 km
RAYMODE X
Incoherent 80 2.5 100% coverage 3-8 kin, 35-36 km

Hays-Murphy 85 54.0 ZDC 90%, 52-127 km
RAYMODE X ZDC 30%, 6-55 kin; ZDC 20%, 68-104 km
Coherent 85 5.0 Peaks at 137, 138, and 144 km
RAYMODEIncoherent 85 47.5 100% coverage 68-70 km

Hays-Murphy 90 >200
RAYMODE X ZDC 60%, 5.5-60 kin; ZDC 55%, 65-145 km
Coherent 90 5.0 ZDC 20%, 171-191.5 km
RAYMODE X
Incoherent 90 119 100% coverage 128-139 km

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

2. ZDC = Zonal Detection Coverage in percentage of the indicated range i terval for
which detection is possible.
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Appendix 1i1C. Accuracy Assessment of RAYMODE X
Compared to PARKA Experimental Data (U)

PARKA (U) Case I. Source Depth - 500 ft (152.4 m),
Receiver Depth - 300 ft (91.4 m), Fre-

Environment (U) quency - 50 Hz.

(C) The sound speed profile for the PAR- Case II. Source Depth = 500 ft (152.4
KA environment is plotted and tabulated m), Receiver Depth = 300 ft (91.4 m),
in Figure IICI. This profile exhibits a Frequency - 400 Hz.
surface duct to a depth of 262 ft (80 m)
and a deep sound channel to a depth of (C) For both cases, source and receiver
14594 ft (4448 m). The positive depth are below the surface duct. Due to the
excess is 3452 ft (1052 m). large depth excess, convergence zone

(CZ) propagation is exhibited by the

S (C) Two sets of bottom loss tables were PARKA data in both cases; in Case I,
used as input to the RAYHODE X model. three convergence zones were observed
The first is RAYMODE's internal MGS bot- and in Case II, two zones were observed
tom loss found in subroutine MGSBL, and (range was sufficient for a third zone
in the two cases examined, a type 6 bot- but it was not evident). In both cases,
tom was found to pertain at the site of the flat bottom and single profile as- .1
the receiver. The second set of curves sumptions inherent in the RAYMODE X mod-
are the FNOC/NO0 curves found in subrou- el held to a range of 200 km. The PARKA
tine BTMLOS in the FACT PL9D model; and experimental data for these cases are
here a type 3 bottom was found from the found in Figures IIC6 and IIC7.
bottom loss province charts. The latter
curves were input into RAYMODE X from an Accuracy Assessment Results (U)
external table of 91 values. The MGS
curves for 50 and 400 Hz are found in (U) The accuracy assessment procedures
Figures IIIC-2 and IIIC-3 and Tables were followed as outlined in section 1.1
IIIC-1 and IIIC-2. The corresponding and described in detail in Volume I of
FNOC/NOO curves are presented in Figures this series. The following types of fig-
EIIC-4 and IIIC-5 and Tables IIIC-3 and ures were produced for each case. (1)
IIIC-4. At 50 Hz, RAYMODE X's MGS bottom RAYMODE X output using the coherent
loss has a critical angle of 9%, 1.6 dB option, (2) the coherent result smoothed
loss at 150 and 8.1 dB loss at normal by application of a 2 kilometer window
incidence. The FNOC/NOO results at 50 Hz running average, (3) the smoothed coher-

-- has a critical angle of 12%, a 1 dB loss ent result subtracted from PARKA, (4)
at 15%, and 10 dB loss at normal inci- RAYMODE X output using the incoherent
dence. At 400 Hz, the RAYMODE X internal phase option, and (5) the incoherent re-
MOS curve shows a 7.5 dB loss at zero sult subtracted from PARKA data. For
degrees, 11.3 dB at 15', and 15.9 dB at each case, these five curves are first

• normal incidence. FNOC/NOO results for given for RAYMODE X run with its own
400 Hz show a constant 3 dB loss to 140, internal MGS bottom loss and then for
3.3 dB at 150, and 11 dB at normal inci- RAYMODE X run using FACT PL9D's FNOC/NOO
dence. bottom loss curves. These results are

given in Figures IIIC-8-17 for Case I
Test Cases (U) and Figures IIIC-18-27 for Case II.

k. (C) Two test cases were chosen for the
PARKA environment:

C-1 CONFIDENTIALC-I ,1
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(U) The means and standard deviations of comparisons with PARKA data. (3) Agree-
differences between PARKA data and RAY- ment between PARKA data and RAYMODE X
MODE X outputs in dB for which the model with the incoherent phase option is A-
uFd the MGS bottom loss are given in -1.1, a' 2.9 for the first convergence
Tabic IIIC-5 for Case I and Table IIIC-6 zone, A - 3.5, a - 3.8 for the second
for Case II. Corresponding results for convergence zone, and A - -6.4, a - 2.6

' which the FNOC/NOO bottom loss was used for the third convergence zone. Thus, we
are given in Tables IIIC-7 and IIIC-8. see a lessening of agreement with each
Note that a positive mean value of dif- successive zone, a trend one would ex-

ference indicates that the model exhib- pect. (4) In the bottom bounce regions,
•%$',.•its less loss than the PARKA exper- the RAYMODE X model results are consis-

imental data and is too optimistic; con- tently optimistic; clearly, the bottom
versely, a negative mean value of dif- loss was not great enough (i.e., a high-
ference indicates greater loss for model er bottom type is indicated for the FNOC
result than for experimental data and area charts whereas for MGS only one
the model prediction is therefore too bottom loss curve exists at 50 Hz re-
"pessimistic. Optimistic model re&ults gardless of bottom type and therefore a k
translate into prediction of detection basic problem is found for the MGS bot- I
ranges which are greater than should be tom loss data base). We note the increa-
predicted (i.e., greater than the exper- sing discrepancy between experimental
imental results) and vice versa for pes- data and model prediction with range as
simistic model results. indicated by the incroase ofA with range

in bottom bounce regions. No clear trend
(C) The following observationt can be emerges, however, for the behavior of
made witn regard to the 50 Hz results the standard deviation with range in

% (i.e., Case I) from Tables IIIC-5 and bottom bounce regions.
IIIC-7 and reference to appropriate fig-
uzes: (1) The results are quite sensi- (C) For Case I1 (400 Hz) the means and

Stive to the choice of coherence option standard deviations of the difference
with the incoherent option in better curves (PARKA experimental data minus
agreement with the data (by as much as RAYMODE X predictions) found in Tables "-
4.8 dB upon comparing the sum A+ a, for IIIC-6 and IIIC-8 lead .o the following
incoherent and coherent results) in most conclusions: (I) The FNOC bottora loss
regions. The picture is not, however, results in .better agreement with the
all one sided; in the second 'and third data than does the use of MGS bottom
bottom bounce regions the coherent op- loss information (Note: This conclusion
tion shows slight advantage over the in- should not be generalized to other en-
coherent of 0.7 and 0.9 dB, respective- vironments or frequency regions) (2)
ly, when viewed in terms of A+ a . (2) For the T4GS bottom loss the model re-
The RAYMODE and FACT bottom loss options suits are generally pessimistic as seen
lead to differences ranging from 0 to in Table IIIC-6 by the negative values
1.8 dB in values of p or a. The use of for p. This changes to slight optimism .9

CMGS bottom loss results in better agree- upon using the FNOC bovtom loss curves
ment between RAYMODE output and PARKA with mean values varying from 1.9 to 2.8Sdata through the second bottom bounce dB. (3) The large standard deviation in
region and in the third bottom bounce the region from 1.27.5 to 200 kilometers
region than does the use of the FNOC is due to the RAYMODE X prediction of
bottom loss for both coherence options. the third convergence zone which was not N
The two bottom loss tables differ by 0 evident in the PARKA data.
"dB to a grazing angle of 9 degrees and
by less than 1 dB thereafter. It is (C) The figure of merit (FOM) versus de- :4

therefore not surprising that the ef- tection range analyses for the two cases
fects of changing bottom loss in RAYMODE are given in Tables IIIC-9 and IIIC-10,
X did not lead to large discrepancies in respectively, for the RAYMODE X model

C-2 CONFIDENTIAL
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using the internal MGS bottom loss. (C) For Case II (400 Hz) the following
Corresponding Tables IIIC-i1 and IIIC-12 are observed from reference to Table
apply to use of the FNOC/NOO bottom loss IIIC-IO and the figures: (I) For FOM

in RAYMODE X. For Case I, the following 80 dB, the RAYMODE prediction shows a
Sresults are observed from Table IIIC-9: first convergence zone vwereas the PARKA

,l) For FOM - 80 dB, the PARKA data data does not. (2) For FOM - 85 dB, the
shows a double-lobed first convergence RAYMODE model predicts a convergence
zone whereas the RAYMODE X prediction zone elongated at start and end when
does not. (2) For FOM -8E dB, both compared to PARKA data; 2 km short at
PARKA and RAYMODE X (coherent) have a the start and 4 km long at the end. (3)
double-lobed first convergence zone. For FOM = 90 dB, the start range of the
Although the zone end is predicted accu- first CZ i3 the same for RAYMODE and
rately by RAYMODE, zone onset is at two PARKA; the end of the zone is, however,
or three kilometers greater range than elongated by 5 km. PARKA data shows
PARKA give3, for coherent and incoherent second and third CZ coverage as does
predictions, respectively. R&YMODE pre- RAYMODE. The incoherent RAYMODE predic-
dicts a second convergence zone with an tion for the second CZ starti at the 7
onset at about 5 km greater range than same range as PARKA but ends 5 km far-
the PARKA data indicate. The third con- ther. The third CZ start for RAYM3DE is
vergence zone predicted by RAYMODE is 13 km beyond that for PARKA and the end
not present in the ?ARKA data for an FOM is 7 km farther. (4) For FOM = 95 dB,
of 85 dB. (3) For FOM = 90 dB, the RAM- the coverage fcr PARKA is ccntinuoaG to
MODE prediction is optimistic with re- 50 km; for RAYMODE, the coverage is
gard to the PARKA data. The onset of the zonal at 35% between 10 and 50 km. The
first CZ is long by 2 km, the onset of first CZ is essentially the same for

K the second CZ is long by 5 km as is the PARKA and RaYMODE. The second CZ start
zone end. The third CZ onset is at 15 km is shifted by 3 km greater range for
greater range for IUYMODE than for PARKA RAYMODE as compared to PARKA; the CZ
data. ,4) For FOM - 95 dB, the RAYMODE ends are identical. The third CZ pre-
model predicts better detection perform- dicted by RAYMODE is not found in PARKA
ance than thp, obrserved from PAPKA data, data. (5) For FOM 1 100 dh, PARK(A shows
. his a cont )us coverage range which continuous coverage to 69 km and RAIMODE
extends to beyond the tirst C7, and to 70 kin, the end of the first CZ. PARKA
predc-cs a second CZ onset 9 km beyond shows low (15%) coverage between first ,

S PARKA's result. The third CZ onset -and and second CZs; RAYMODE shows no cover-
end ranges are greater for RAYMODE than age in thio regioa; th- second CZ onset
for PARKA. There is also substantial (3 at 4 km less range for PARKA than for
difference between the second and third RAYMODE. Beyond the second CZ, PARKA
CZs predicted by RAYMODE with coherent shows no coverage but RAYMODE has a
phase and RAYMODE with incoherent phase. broad third CZ. (6) For FOM - 105 dB,
In both cases! the bottom bounce energy PARKA shows continuous coverage to the
is evident at the zone onset in the form end of the second CZ whereas RAYMODE has
of fluctu'itions in the coherent result. no coverage between the first and second
(5) For FOM - 100 dB, .he RAYMODE pre- CZs. The end of the second CZ is at 129
diction is again optimistic with respect km for PARKA and 133 km for RAYMODE in-
to PARKA. Indeed, RAYMODE incoherent coherent. B the second CZ, RAYMODE
predicts c,'utinuous coverage over the and PARKA coverage ý,re zonal to 183 km
entire range extent of 200 km. (6) For where PARKA coverage ends; RAYMODE coy-
FOM - 105 dB, coverage is essentially erage continues to 195 km including a
continuous with the only difference third CZ. (7) For FOM - 110 dB, PARKA . <1

being a zone of no detection between 149 coverage is continuous to 188 km. RAY-
and 155 for PARKA. MODE coverage over this interval is .1
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largely zonae: past the first convergence
zone and drops out in the third bottom
bounce region.

(C) Overall, the following results are
given for the ,omparieon between PARKA
experimental data and the RAYMODE X
model: (1) The FNOC/NOO bottom loss
leads to better agreement than does the
MGS bottom loss. (2) At 50 Hz, the PARKA
data and RAYMODE predictions agree well
(near the RAYMODE coherent peaks) in the
first bottom bourv.e tagion and agree.
well in the middlt of the second bottom
bounce region. In the third bottom
bounce region, the RAYNODE prediction
shows less lose than the PARKA data.
This is in contrast to the 400 Hz re-
suilts for which PARKA shows significant-
ly less loss in all bottom bouace re-
gions conpared to RAYMODE. (3) At 50 Hz,
the first convergence zone as predicted
by RAYMODE Is in very good agreement
with that of PARKA but slightly wider.
The second RAYMODE CZ is found at short-
er range than is PLAKA's by about 5 kin;
this situation is exaggerat,ýd in tho
case of the third convergence zone. At
400 Hz, the results for the first and
second CZ starts are basically the same.
The RAYMODE first CZ is wider than RAY-
MODE's and the second is narrower.

0
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(U) Table IIIC-1. Bottom Loss (dB) versus Grazing Angle (degrees).
MGS Type 6. Frequency = 50 Hz.

e BL e B BL BL e BL e BL e BL N A BL

0 0 12 1.36 26 4.49 39 6.57 52 7.84 65 8.45 78 8.51

1 0 14 1.64 27 4.68 40 6.70 53 7.91 66 8.47 79 8.49

2 0 15 1.92 28 4.87 41 6.82 54 7.97 67 8.49 80 8.48

3 0 16 2.19 29 5.05 42 6.93 55 8.03 68 8.51 81 8.45

4 0 17 2.45 30 5.23 43 7.04 56 8.09 69 8.52 82 8.43

5 0 18 2.70 31 5.40 44 7.15 57 8.14 70 8.53 83 8.40

6 0 19 2.95 32 5.57 45 7.25 58 8.19 71 8.54 84 8.37

7 0 20 3.19 33 5.73 46 7.34 59 8.24 72 8.55 85 8.33

.4 8 0 21 3.42 34 5.88 47 7.44 60 8.28 73 8.55 86 8.30

9 0.14 22 3.65 35 6.03 48 7.53 61 8.32 7-4 8.55 87 8.26

110 0.46 23 3.87 36 6.17 49 7.61 62 8.36 75 8.54 88 8.21

11 0.77 24 4.08 37 6.31 50 7.69 63 8.39 76 8.54 89 8.17

12 1.07 25 4.29 38 6.45 51 7.77 64 8.42 77 8.52 90 8.12

UNCLASSIFIED

4.4.
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(U) Table IIIC-2. Bottom Loss (dB) versus Grazing Angle (degi •s).
MGS Type 6. Frequency = 400 Hz.

EL B 0 BL 0 BL 0 BL 0 BL 0 BL 0 BL

0 7.50 13 11.15 26 13.12 39 14.39 52 15.20 65 15.69 78 15.91

1 8.37 14 11.34 27 13.24 40 14.46 53 15.25 66 15,72 79 15.92

2 8.85 15 11.52 28 13.35 41 14.54 54 15.30 67 15.74 80 15.92

3 9.19 16 11.69 29 13.46 42 14.61 55 15.34 68 15.76 81 15.93

4 9.44 17 11.86 30 13.57 43 14.68 56 15.38 69 15.78 82 15.93

, 5 9.65 18 12.02 31 13.67 44 14.75 57 15.42 70 15.80 83 15.93

6 9.83 19 12.18 32 13.77 45 14.81 58 15.46 71 15.82 84 15.94

7 9.98 20 12.33 33 13.87 46 14.87 59 15.50 72 15.84 85 15.93

8 10.11 21 12.47 34 13.96 47 14.93 60 15.53 73 15.85 86 15.93

9 10.28 22 12.61 35 14.05 48 14.99 61 15.57 74 15.87 87 15.93

10 10.52 23 12.74 36 14.14 49 15.05 62 15.60 75 15.88 88 15.92

11 10.74 24 12.87 37 14.23 50 15.10 63 15.63 76 15.89 89 15.92~ I

- 12 10.95 25 13.00 38 14,31 51 15.15 64 15.66 77 15.90 90 15.91

UNCLASSIFIED

1%'
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(U) Table IIIC-3. Bottom Loss (dB) versus Grazing Angle (degrees).
FNOC Type 3. Frequency 50 Hz.

9 BL

0 0

11 0
20 .3

25 4.4

35 6.7

45 8.5

S66 10.0

90 10.0

UNCLASSIFIEDI
(U) Table II10-4. Bottom Loss (dB) versus Grazing Angle (degrees).

"FNOC Type 3. Frequency 400 Hz.

0 BL

0 3.0

13 3.0

20 5.3

35 8.7

45 10.3

53 11.0

"90 11.0

UNCLASSIFIED

I. .!
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(C) Table IIIC-G. Means (p) and Standard Deviations (a) of Differences
Between PARKA Experimental Data and RAYMODE X Model Outputs (in dB).

Source Depth = 500 ft., Receiver Depth = 300 ft.,
Frequency = 400 Hz.

MGS (i.e., RAYMODE X's Internal)
,', Type 6 Bottom Loss Used in RAYMODE X Model Runs.

1 st 2 nds Id

Bottom 1 t Con- Bottom 2' Can-
Bounce vergence Bounce Vewrg.e
Region Zone Region Zone

54- 59.5- 1*?- 12'.5
0-54 km 59.5 km 107 km 127.5 km 2 km__- - i.-

Model Output 1 a o u o ;, .

RAYMODE Coherent -5.9 2.4 1.0 3.1 -5.8 6.2 -2.1 4.6 -1.4 9.5

RAYMODE Incoherent -4.7 1.5 0.4 1.8 -5.0 6.3 -2.5 5.4 -0.6 16.?

CONFIDENTIAL
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(C) Table IIIC-8. Means (1) and Standard Deviations (a) of Differences
Between PARKA Experimental Data and RAYMODE X .

Model Outputs (in dB).
Source Depth = 500 ft., Receiver Depth = 300 ft.,

Frequency = 400 Hz.
FNOC (i.e., FACT's Internal) Type 3 Bottom Loss

Used in RAYMODE X Model Run,; .

st 2ndnd

Bottom 1st Con- Bottom 2 Con-
Bounce vergence Bounce vergence
Region Zone Region Zone

0- 54- 59.5- 107- 127.5-
54 km 59.5 km 107 km 127.5 km 200 1-n

Model Output a a a a "

RAYMODE Coherent 0.5 1.8 1.6 3.1 -0.1 5.0 -2.4 4.9 1.5 7.3

RAYMODE Incoherent 1.9 1.3 2.5 2.1 3.1 2.7 -0.7 4.0 2.8 7.4

CONFIDENTIAL i-,-

CONFIDENTIAL
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(C) Table IIIC-9a. Detection Ranges la b (km) as a Function of

Figure of Merit (FOM) for PARKA Experimental Data and
RAYMODE X Predictions.

MGS (i.e., RAYMODE's Internal) Type 6 Bottom Loss
Used in RAYMODE Model Runs.

Source Depth = 500 ft., Receiver Depth = 300 ft.,
Frequency = 50 Hz. -

_______________ _________________________First Conveince u~Z fie

SSit Re3 -ir't Lobel Second Lobe
Data Set (dii) c-ftar tnd Start End

PARKA 80 _5'8 59 60.5 6L2.
2 -Coverage at 6, 15. 57.5 and 62.5 km

RAYNIODE Coherent so 5 100% coverage 8- 10 km

RAYMIODE Incoherent 80 oo

PARKA 85 ZDC
4 

607, 11-23 km i 55 59 59.5 64.5

RAYNIODE Coherent 85 10.5 ZDC 459. 12.5-42 km 57 60.5 61.5 64.5

RAYNIODE Incoherent 85 31 58 65

PARKA 90 36.5 100% coverage 40-46.5 km 53.5 100% coverage 53.5-71.5 km

RAYMODE Coherent 90 it ZDC 70% 12.5-45 km 55.5 64.5 ZDC 65% 65.5-93 km
1 coverage to 8 kim; ZDC 30%.

RAYMODE Incoherent 90 68 - 109-118 km

PARKA 95 74.5
ZDC 90% 102-118 km;

RAYMODE Coherent p5 17 ZDC 65% 18-51 km 55 65 100% coverage 65.5-87.5 km

RAYMODE Incoherent 95 130.5

PARKA too 125
ZDC 90% 17.5-27.5 kmn; ZDC 80%, ZDC 50% 98-103 kim; 100% coverage

RAYMODE Coherent 100 17 46.5.52.5 km; 100% coverage 68-87.5 km and 104-119.5 km
,-. _ _128.5-45 km .. 53.5 67.5 -. _

RAYNIODE Incoherent 100 >200

PARKA 105 149
100% coverage to 90 km except losses 100% coverage, 100-129 km;

RAYMODE Coherent 105 90 at 23, 27.5-28.5 and 87 km ZDC 40% 93-100 km

RAYMIODE Incoherent 105 >200
•"PARKA 110 >200 _____________________ _________________"PA A 100% coverage to 200 km except 94.5-

RAYNIODE Coherent 110 94.5 95.5, 99. 132, 167 km

RAYMIODE Incoherent 110 ý>2070

Ia. All detection ranges in kilometers.

lb. Range accuracy is ± 0.25 kni.

2. RAYMODE X Coherent resuths have been smoothed by a 2 km running average.

3. RH = Range to which coverage is continuous.

4. ZDC = Zonal Detection Coverage (percent the FONl has a greater value than the propagation loss over the indicated interval).

CONFIDENTIAL
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(C) Table IIIC-9b. Detection Ranges (k) as a Function ofFigure of Merit (FOM) for PARKA Experimental Data
and RAYMODE X Predictions. MGS (i.e., RAYMODE'S

Internal) Type 6 Bottom Loss Used in 
-

RAYMODE X Model P R uns.

Source Depth = 500 ft., Receiver Depth = 300 ft., Frequency = 50 Hz

Second ConveZne one Third Convernence Zone ''.'FOM First Lobe Second Lobe Fart Wobe Sn loe

Data Set (dE) Start Ind Start End Start End Start End

PARKA 80so_-___ ______

RAYMODE Coherent 2  80

RAYMODE Incoherent 90 _ _-____

PARKA 85 115.5 117.5 171 171 173 174.5

RAYMODE Coherent 85 120. 121 123.5 126

RAYMODE Incoherent 85 121 125

PARKA 90 114 120.5 169.5 179a

RAYMODE Coherent 90 119 124 124.5 126 184 188

RAYMODE Incoherent 90 117.5 127 180.5 188.5

PARKA 95 l0 1-3.5 100% coveraae 162-167.5 km 150 i.
ZDC 40% 127-148.5 km .100% cover- -

, ,

RAYMODE Coherent 95 119 126.5 ze 177-178 km; 190-191 km 178.5 _ 188.5
00% coverage 131-132.5 km and

RAYMODE Incoherent 95 130.5 90-191 km 164 _ 189 19

p AR A.I L. 100L...5 00 % coverag e resumes at 1589km - - - 181.5 ...

• DC 55% 128- 140.5 kin; 1O0t cover- 
• ..•

SRAYlMOD E Coherent 100 119 127.5 ge 141-16 5.5 kzn;(gDC 60% 166- L88.5 ,.• !

•L5TM 
, V1 km)

RAYMODE Incoherent 100 __ 

U.:
PARKA 105 

verae 155.- >200 km

D 55% covere 128 -140 km; 
oZDC r

RAYMODE Coherent 105 
0 % 168.5-172.5 6m) 16 8

RAYMODE Incoherent 105 200
s , A l0 d e t e c t io n r an g e i n k i l o m e t e rs .

lb. Range accuracy is ±0. 25 km.

2. RAYMODE X coherer~t results have been smoothed by a 2 km running average. V.

4. ZDC = Zonal Detection Coverage (percent the FOM has a greater value the propagation loss over V,

the indicated interval).

CONFIDENTIAL
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(C) Table IIIC-10a. Detection Rangesla'b (km) as a Function of
Figure of Merit (FOM) for PARKA Experimental Data and

RAYMODE X Predictions.
MGS (i.e., RAYMODE's Internal) Type 6 Bottom Loss

Used in RAYMODE Model Runs.
Source Depth = 500 ft., Receiver Depth = 300 ft.,

Frequency = 400 Hz.

First Conver Zone
-" FePON' c First [Lb "5=~nd Lobe

Datai Set (dit) c Start End Start End

PARKA 80

RAYMODE Coherent
2  

80 4.5 Lose of coverage at 61 kin 60 62 63 63.5

RAYMODE Incoherent 80 4.5 61 61.5

PARKA 85 0.0 58 59.5 __ _
- Mloverage ar .o Kim tonr of coverage suu coverage Usl.3-133. Izz.D-IAX,•3

RAYMODE Coherent 85 6 tt 57-57.5 km 56 62 62.5 63.5 124-"125 km

RAYMODE Incoherent 85 6 56.5 63 63.4 64

-PARKA 90 30.5 1. 59 t
ZDC

4 80% 8-16.5 km coverage at ZDC 85% 11F 5-127/5 km (i.e. dis-

RAYMODE Coherent 00 7.5 64.5-65 km 56 64 continuous a.t 2nd CZ)

RAYMODE Incoherent 90 8 55.5 64 Coverage at 65 km

PARKA 95 50 54 66

RAYMODE Coherent 05 0.5 ZDC 35% 10-50 km 52.5 66 Coverage at 128 km

RAYSIODE Incoherent 95 28 55 67

PARKA tOo d0 6 _9 ZDC 15% 69-108 km
ZDC 75% 18-50 km

RAYMODE Coherent 100 17.5 ZDC 05% 67.5-71 km 52 67 ZDC 55% 128-'32 km

RAYMODE Incoherent 100 70 70

PARKA 105 129
100% coverage to 51.5 km except'

RAYMODE- Coherent 105 30 44. 48.5, 50, 51 km 51.5 70.5

RAYMODE Incoherent 105 73.5 Coverage at 174 and 175.5 km
PARKA 120 1988__________________

PO_ At 
- -

1 
100% coverage 735.-77.5 kin;

RAYMODE Coherent 110 73 ZDC 45% 74-107 km ZDC 40% 78.5-103.5 km

RAYMODE Incoherent 110 70 Coverage 103-104, 105-107 km

PARKA 115 >200

RAYMODE Coherent 115 73 ZDC 80% 73.5-104.5 kmi

RAYXIODE Ircoherent 1t5 140.5 ZDC 35% 141-160 km

PARKA 120 >200
100% coverage 74-144 km e,.cpt

RAYMODE CO ".n.it 120 73.5 78, 86.5. 135. 136 km 100% coverage 144-150 and 151-160.5 km

RAYNIODE Incoherent 120 >200

PARKA 125 >200 '
1007% coverage >200 km except

RAYMODE Coherent 125 144.5 150-151 and 178 km -

RAYMODE Incoherent 125 >200 -

ti. All detection ranges in kilometers.

lh. Range accuracy is t 0.25 km. j_

2. RAYMODE X Coherent results have been smoothed by n 2 km running average.

3. Re = Range to which covernge is continuous.

4. ZDC Zonal Detection Coverage (percent of OIlM that has a greater value than the propagation loss over the indicated interval).
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(C) Table IIIC-10b. Detection Ranges la,b (kin) as a Function of
Figure of Merit (FOM) for PARKA Experimental Data and

RAYMODE X Predictions. MGS (i.e.. RAYMODE's
Internal) Type 6 Bottom Loss used in RAYMODE X'3. Model Runs.

Source Depth = 500 ft., Receiver Depth = 300 ft., Frequency = 400 Hz.

second Cow or on Third Converyence ZoneSPid FJ'S •b boa Lbe" First Soe8econd Lo)be

Data get 010) t' _ _ _ _ __ a En_ tart Eno

H 0131

Incoherent s0

RAYMO0DR

Incoherent 05
PAR-A 90 114, %

RAYF4DE ZDC' 701 103-181.5 km (i.e.. Dia-
Coherent 0 continuou Third CZ)-0
RAYO Coverap cros8 Second CZ except
Incoherent 90 114 119.5 120.5 126 117.5-113 km and 123.5 km 182.5 104 185 186

PARKA 90 110.5. 127.0-
RAYMODE ZDC 650 in 2nd Lobe of Third CZ
Coherent - 5 11 1 8 11. 110.5 i127.5 130-191 km 152-
RAYMODE
Incoherent 95 113 119.5 120 127.5 172 176.5 180 190

PARKA 100 101.- 126.0 3 km coverage at 165 km
RAYMODK No coverage at 186, 131 km
Coherent 100 112 - lfl. Jovere at 181 km 171.5177 1795 1186
SRAYMORRIS Coverage at I 0,131.5, 102 kmIncohe rent_ 100 1112.5i ~ •. . No Ao o 8 NO 101 kM , 171.5. 1177.5 179 19

PARKA 105 129 No coverae pat 133 kmRAYMODE ZDC 408 111-137 kin; ZDC 70% '

Coherent 105 110 130.5 191.5-195 ks; no coverage In km 169 177 179.5 19L1
RAYMODE
Incoherent 105 110 133 ZDC 808 191.5-196 km 169 191

RA-YMODEZDC 60o 131-140.5 kim; Coverage
Coherent 110 107.5 130.5 at 153. 164-165, 135 I5 N 196.5 km 167 177.5 178.5 194
RAYMODE 1001 coverage 150.-10I km and
Incoherent 110 107.5 135.5 166-160 kin; coverage at 199 km 168 197

PARKA 115

RAYMQDE ZDC 508 135- 160 km
Coherent 115 104 134.5 No coverage at 194.5 km 161 177.5.178 %200

RAYMODE
Incoherent 115 161 >200

PARKA12

R1Y IDE - .2

Coherent 120 161 -178 -

Incoherent 120

PARKA

Coherent
RAYMaDE

Incoherent

Ia. All detection ranges in kilometers.

lb. Range accuracy is -0.25 km.

2. RAY51ODE X coherent results have been smoothed by a 2 km running average.

4. ZDC = Zonal Detection Coverage (percent of the FOM that has a greater value than the propagation loss
over the indicated interval).
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(C) Table IJIC-lis. Detection Ranges la, b (m asaFunction of
Figure of Merit (FOM) for PARKA Experimental Data and

RAYMODE X Predictions.
FNOC (i.e., FACT's Internal) Type 3 Bottom Loss

Used in RAYMODE Model Runs.
Source Depth = 500 ft., Receiver Depth = 300 ft.,

Frequency = 50 Hz.

________ 
First Convergencezonle

Datal Set (d) Re EWZ'nF trr

PARKA go 58.0 50.0 60.1 62.5 _________________

2 No coverage except 9. 10. 21.3 Rat
RAYMODI Coherent2 Be 5 and Interval 36.5-58.5 km 62.5 63.5

RAYMODR Incoherent So 4.5

PARKA so 11.4 1 1-3k 5.0 59.0 59.5 64.5

RAYMODE Coherent a5 16.5 coverage at 72 and TO km S? 60.5 61.5 64 No coverage except at 119.5 and 121 km

RAYMODRIincoherent 65 14 loot coveraige 25-3? kin so 65

PARKA _ 6 296.5 IS"% coverage "64.5 kmn 13.5 _ 1001 coveraige 52.5-11.5 kmt

RAYIOODR Coherent 90 12 ZDC 70% 12.5-44.5 kma 55.5 64.5 60.5-611. 5, 62.5S. anid 13 km

RAYMOODKI -ncelue~nt ol so

PARKA *f . 5l
RAYODSCohren N 7 ZC 7% 1-52km 4.5I00 coverage 55.5-57 km except 66 km'
RAYMDR ohernt 11 1 1D T" 8-6 Ito$4. 95 and 102-12T kmn except 102.5, 103.5,

I" t lot 6 m exept117 
and 110 km

IRAYMODR Incoherent 0 163 156-161.50kT_______________

_PARKA in... itZ n171-1 0:7MV4L. 5r-veaeWm
RAYMNODR Coherent 1e06 5 Is 1?n 160% covra e 29- 45. km 4t 63. is C co 0rag at- 1.00 km

RAYMODR Incoherent 106 IOTA

PARKA )-...240. 166M covemag to 1116 Its *except
RAYMODR Coherent 110 1? IT. 16, $3. W-211.8 96-N. 122 Itm

RAYMOODR Incolerjen 116 M2

Is. All detection ranges in kilometers.

lb. Ranile accuracy ta t 0.21 kms.
2. RAYMODDS X Coherent results have been hmoohd by a 2 km running average.

3. It R tange to which coverage W. continuousa.

4. ZDC *Zonal Detection Coverage (percent the POW has a greeter value than the propagation Ice* over the indicated interval).
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(C) Table IIIC-1lb. Detection Rangesla'b (kin) es a Function of
Figure of Merit (FOM) for PARKA Experimental Data and
RAYMODE X Predictions. FNOC (i.e., FACT's Internal)

Type 3 Bottom Loss Used in RAYMODE X Model Runs.
Source Depth = 500 ft., Receiver Depth = 300 ft., Frequency = 50 Hz.

FOM aLFrst ' J,-nnA•,

Data Set (dB) art startifna startnkno

S~PARfiA soI ..

RAYMODE
Coharent

2  _0
RAYMODE

Incoherent 80

asK 115.5 .171.0 11."..0 173.0 174.5
RAYMODE 

5

Incoherent 85 121.5 124.5
PARKA 90 114.0 120.5 169.5 178.0

RAYNIODE
or 90 123.5 126.5 ZDC4 50% 106-122.5 km 1 184.5 188

Incoherent 90 117.5 127 180.5 188.5

PARKA 95 110.0 _ 123.5 100% coverage 162-167.5 km
- RAYMODE ZDC 30% 127-141 kin; ZDC 35%

Coherent 95 119 126.5 163-179 km; 100% coverage 141- 178.5 188.5
___A____DE" _ 162 km: 189.5-196.5 km

RAYNIODEA
Incoherent 95

Rt00 112 125 158 km 1 181.5
-AMODE ZDV 69• 12W-140.$Lkin ZDC " Ise
Coherent 100 119 128 167-176.5 km; 100% coverage 137- 176.0 188.5

164, 189.5-191, 192.5-193.5km-

RAYMODE

"No coverage. 149-155 Rm
UA KA.K- 105 100 goveranm. 155 to >200 km

RAYMODE ZDC 80% 129-132.5 km. ZDC 75%
Coherent 105 100 129 109-200 km; ZDC 95% 168-172.5 km 172. 189

- - 100% coveres 132. 5- 168 km

Incoherent 105

Is. All detection range in kilometers.

lb. Range accuracy is ±0.25 km.

M 2. RAYMODE X coherent results have been smoothed by a 2 km running average.

4. ZDC - Zonal Detection Coverage (percent of the FOM has a greater value than the propagation
losa over the indicated interval).
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(C) Table IIIC-12a. Detection Ranges lab (km) as a Function of
Figure of Merit (FOM) for PARKA Experimental Data and

RAYMODE X Predictions.
FNOC (i.e., FACT's Internal) Type 3 Bottom Loss

Used in RAYMODE Model Runs. ";
Source Depth = 500 ft., Receiver Depth = 300 ft.,

Frequency = 400 Hz.

D SM 3 Frst Lobe Second Lobe
D~tt Set (dlB) RStartEnd Start End

PARKA 85 0.0 58.0 59.5

RAYMIODE Coherent 2  
85 6 ZDC 4 35. 7-20 km coverage at 38.5 km 56 62 63 64

RAYNIODE Incoherent 85 5.5 100% covernge 6 7 km and 63-63.5 km 56 62.5
PARKA• 90 36j_____________ _5.5 ___.6 S6 5.0 _____________

ZDC 60% 8-54 km covernge #It 64.5. ZDC 45%. A cross second CZ
RAYNIODE Coherent 90 7.5 66 km 56 64 114-127.5 km

RAYSIODE Incoherent 90 44 55 64 No coverage It 117.5 -118 kim

PARKA _.95 50.0 54.0 -_6. _

ZDC 15% 69-92 kin; 100% coverageRAYNIODE Coherent 95 7.5 ZDC 90% 8-50 km 51.5 64 64.3-65. 65.5-66. 106 km

RAYRIODE Incoherent 95 68.5 Coverage at 69 km

PARKA 1OO 69.0 69.0 ZDC 15% 69-109 kmi
ZDC 40% 638-111 km

RAYMIODE Coherent 100 48 No coverage at 48 km 51 f6 ZDC 20% 128-138.5 km

RAYMODE Incoherent 190 94
_ _ =- = =

PARKA 105 129.0

RAYMIODE Coherent 105 50.5 ZDC 70% 67-112 km 51 66 ZDC 25% 130..5-167.5 km

RAYMIODE Incoherent 105 136

PARKA 110 183.0

RAYMODE Coherent 110 66 ZDC 80% 66.5-108 km
100% coverage to 2C0 km with less n

RAYMODE Incoherent I1o 198 at 198 km

PARKA 115 >200

RAYNIODE Coherent 115 96 ZDC 80% 97'-108 km

RAYMODE Incoherent 115 >200

P.ARKA 129 >200
100% coverage to 200 km except at

RAYMODE Coherent 120 103.5 103.5. 133, 195, 199 km

RAYNIODE Incoh-rent 120 >200

lit. All detection ranges in kilometers.

lb. Raoge accuracy is t 0.25 kin.

2. RAYRIODE X Coherent results have been smoothed by it 2 km running sverage.

3. Re = Range to which coverage is continuous. r'
4. ZDC /Zonal Detection Covee-ýuge (percent the MOIN hits iu greater value than the pr-opagation loss over the indicated interval).
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(C) Table IIIC-12b. Detection Rangesla'b (kin) as a Function of
Figure of Merit (FOM) for PARKA Experimental Data and
RAYMODE X Pr'editions. FNOC (i.e., FACT's Internal)
Type 3 Bottom Loss Used in RAYMODE X Model Runs.

Source Depth = 500 ft., Receiver Depth = 300 ft., Frequency = 400 Hz.

•.-,

Second Convergence Zone Third nv Lyn Zon_,e
S"lOM First Lobe Second Lobe First Lobe Second Lobe.

l)'0-t Set ((lII) Start Enc Start End Start End Start End

PARKA 85 I
RAYMODE %.
Cgherent 2  

85 121.5 123 124 124.5 No coverat e at 122 km
RAYMODE ,.__ _

Incoherent 85o a . k

PARKA 90 104.5 120.0
RAYMODE ZDC4 70k across 2nd lobe of
Cohrn 90 114 127.5 third CZ 179.5-190.5 lim 172 176

Incoherent 90 114 119.5 120.5 124.5 Coverage at 180, 187-188 km 182.5 184.5 185 196.5
PARKA 95 110.5 127.0 ,.

P.AYMIODE ZDC 75% across 2nd lobe of third

Coherent 95 113 127.5 CZ ISO- 190.5 kmn; No coverage 172 175 .-
118, 124 km coverag t185k

RAYMODE No coverage 1803.5-19 km_%_
Incoherent 95 113.51119.5 119.5 127.5 181.5-182 km 172 176.5 178.5 190

PARKA 1 108.0 8.0 3 km coverage at 165 km
RAYMODE No coverage 1LI6, 187.5 km

Coherent 100 112.5 120.5 coverage at2 -192 km 171 177 179 191
RncAOherEt Coverage at 131.5.192 km
Coherent 110 110.5 1 A A 130.5 a 19-19 an 18. km 15.5 177.5 178.

PARKA 105 12,9,.0 No coverage past 183 km [

RAYMODE
Coh r n 1 05 112 t130.5 No covera ge at 191, 192 km 168.5 177.5 178.5 194RAYMODE 11.D 5_T-1_•k, _00 cvr

Incoherent 110

PARKA 115

RAYMODVE ZDC 951 13 7T-165 T,, 0U%

2 Coherent 
115 108oo 

133 coverage 195-198 km and 199.5 km 163 177.5 178 194.5

IncoherentI0

I c h~ t 1 115

Ia. All detection ran!,e in kilometers.

lb. Range accuracy is ±0.25 km.

2. RAYMODE X coherent results have been smoothed by ai 2 km running average.

4. ZDC = Zonal Detection Coverage (percent the FOM has a greater value than the propagation
loss over the indicated interval),N D
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(C) Figure IIIC-3. Bottom Loss Versus Grazing Angle. MGS 6.
Frequency =400 Hertz
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(C) Figure IIIC-4, Bottom Loss Versus Grazing Angle. FNOC 3.
Frequency = 50 Hertz
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(C) Figure IBIo-5.eBottom Loss Versus Grazing Angle. FNOC 3.

Frequency 400 Hertz

C-24

CONFIDENTIAL



* CONFIDENTIAL

So o

I
S II

* 0 :1

0 0

h -
" 144 Q,.)•k

( ~U wC w ES- oI.~~aa

-* O

0.0 00

*c 0 0

CD CD iD

cLi)

I D c D C0 D 0 C 40 oCD cz 40 l C

Ir U ,- 1 ) C 0 V *M C 0 V

(80 SS1 W)VVd

C-2 CO FDE TA



CONFIDENTIAL

o0

CC

•D .

ix 0

0 0 I°0

*4 b

0 0r

CD CD

- - --- -,-"-,"-- ",

C-2 CONIDETI0



U CONFIDENTIAL

CY.

, 0

0

0z

UJ•

0 u. o

C 0

Ic,) So

N-22

oCo

(80) SSO1 NOI.lY0VdO8d

C- 27 CONFIDENTIAL



CON FIDENTIAL

004-

20

to

-w~

00:

.4 04

00

C,))
cC.)

CD%

o D.
Q ) ) D 0 C 4 o ý D ) D D D0r

(8C) SSO1 NOI1Y5VdO~dd

C-28 CONFIDENTIAL



CONFIDENTIAL

coo

0.

0 94E

o a<* 1111'
co coI

7 7

C-2

C-29 CONFIDENTIAL



CON FIDENTIAL

4-1-

o 00

0 (a

U)

4 .4

00

CDC

0 D

0 - *1 C

- - -- - w

C03

0OFDETA



U1 CONFIDENTIAL

C 0
DN

Ux
C C2

,ai - -•

U* -- ,

IIC- C- .. o

- NCW

I AIIiI.I I

m -S-

Co 0

~C C-3D

coo

(80) 3 ON F 'Id AI0 SSO1 NOI1V0YdO8d

CONFIDENTIAL
!-.• ."4•,', • •.• •,€ •' •"•,,••.t,'! ',•% • ".•, v.'• ';,'..i,",,'.•',,-•..•,•! .,*.._.,. * *,-'.;" *.,. -•'• •,,.*'. •.f"l.:-r"' *-'



CON FIDENTIAL

cJ;

oK

0)0

01

coo

01 F

w. 0

LI))

CD0cq~

L CD
Q C c CD CD CD CD D D 4 C C

vmw -WMC- N V w co mo

(8 )S0 0 (V)d0

C-3

CONFIENTIA



U CONFIDENTIAL

3 0 LI P
S\Co

0 C

00

3 •1 . - 0 0 • - 4 c q 0 0 - 0 .o ,

�00

C-33 -

01A

0 0

* ~Co3 COFDETA



CONFIDENTIAL

o 0o

co 0

co c0

0 ~

CD ii -I

o -... '. -2

U) W

00/P

0 0 o CDC)V

00

CV) CE L

b-4

c~J - I- CJ ~ J - I- - J CDJ

(80) 30N383d.AIO SSO1 NOIlVOYdO~d

C-34 CONFIDENT! IL



* CONFIDENTIAL

L i
0 1*I.-

CC

o4
c o "

p%
00 -

0 
0.

6
Z 44

0 "0

z ~>4

CD CO I "g

100o

0 C0C 0 D C lC

(60) SSO1 NIlLV9VdQ0Id

C- 35 CONFIDENTIAL
f• • " • • '•',"•,'',' " ' ,• .,, .. •.• ,., .. ,••t,< • ,,,, ..... ;-.,. ' ., .• .. , ,,. ..... •,." -'.



CON FIDENTIAL

00

04 0

0 
l

- W'

0

.94 ktof

'-vLf ttz

CD u

0 l c\)

(80) -333:I S0 0l5d

CONFIDENT iAL



CONFIDENTIAL
o °

U . ... .. : --- • .,..- =•:,

, 0a

0 -

CD

U) z

W'w

0a

Z -4 '-o
0C

094

(8C)r SSO1 NOiVYd

C-37 ONFIDNTIA
-'j



CONFIDENTIAL w

- ~CD
00)- -..

Co

0D 4

n 4,

a oq

CD ch c

0ObD

C D
C - C,

.rij6

-w rA

z z

0 (

>-4

0(
0k

CD3 COFDETA
~- - --v - - - - - -.. . . . . .



CONFIDENTIAL

S04
Col

Co

o _o

W) E
I

! I II I

oo

com

S• c- CONIDENTAL

W ,

o0 2

CDJ

co 0c.)

CD CD m -5 m' CD D 01 -D

cyllj

(80) 30N383JJIG SSO1 NOII1VDVd08

- C-39CONFIDENTIAL



CONFIDENTIAL

o 0

P1,1

ol 0

0 0)

0) -)SOI O -~g d~

At 0r

>4.

c!,j

CDi
CD D

C-40 CONFIDENTIAL

Ii



CONFIDENTIAL

"4=0)

0)ral

LIr•

D -W

C A

U).

(80) 33.:•'1-I.-I SO80 NOIIVgVdO•I

c-41 CONFIDENTIAL



CON FIDENTIAL

co0
00

r) - .

0

0-

00

oo

14-

o ~CD0
CCV

v CD m m;CD

'4 4

(80) S31-Il9d

C-42
CONFIENTIA



CONFIDENTIAL41
p.

2m
400

0 0

to z

o 0

40

co~
co-

C~bJ0 0 -

0 0

(80) SSQ1 NOIJ.V5VdO8dU

C-4
C-43 CONFIDENTIAL



CON FIULEN'rIAL

06.
q)n

-) z

0 04c t

CD m

o
-i.~ z

i o Cl

7 7a

(8) O38JIGSS1NOV~0d

C-4 CO FDETA



S~~~--. ~ W* ~.ArtN W, ~F LW. i W.. -ý W% or. W .W F w o * W - W. R a .. 4 A.

CONHDENTIAL

00

I

Z t

00

*0 0)C S ' OI L•V=I•::

0i0

D ,

c-45~CON FIDENTIAL. ".

•• 'W .•L• ,• •"•'&••wt"r • "i. •O•,"W.k,.•, 71-'~-,, ' ,-''..,',-.'' -"..",, -"",','"", ',-"-", .*--, "''"o""'.'- ;""" ...



CON Fl DNTIAL

QD 0

-D E

o go

0) a

C o E'

co g

CD - a C

CD U) 0

0 XC. Z:ý.l 1 C

00

40 U3rjrz

~0
o o

N -1

0 CD

o~ 0i N

(8a) 3ON3833AI0 SSO-1 NQl.iY9VdO8d

C-46 CONFIDENTIAL
4 ~lVt~l3-sr:Jr~f.-..tt.Al.......- - - - - - - - - - -



CONFIDENTIAL

Appendix 1110. ( Accuracy Asessment of RAYMODE X
Compared to BEARING STAKE Expenmental Data

BEARING STAKE (U) (C) In all cases the source is relative-
ly shallow at 18 or 91 m. Receiver

Environment (U) depths vary from about 500 m to the
depth of the sound channel axis to the

(C) The sound speed profile for station bottom and 30 m off the bottom. The
1B, run P1, is given in Figure IIID-1. maximum range of the experimental data
The profile is characterized by a broad, is 286 km. The RAYMODE X model was run
deep sound channelthe breadth evidenced to this range with a uniform spacing of
by a variation of 1 r/sec from 1500 m to 1 km between points. The Bearing Stake
the sound channel axis at 1725 m and a data for the 12 test cases are plotted

• 1 m/sec increase to a depth of approxi- in Figures IIID-5-16. The Bearing Stake
mately 2000 m. This profile is severely experimental data are seen to exhibit
bottom limited. substantial fluctuations and, in order '

to compare mean levels of model and
(C) The bottom loss versus grazing angle experimental results, the experimental
for this environment is given in Figures data were smoothed by application of a
IIID-2-4 and Tables IIID1-IIID3 for 25, running average with a 2 km window. The
140 and 290 Hz. At all frequencies the smoothed experimental data for the 12
bottom loss is 0 dB at 0 degrees and cases are given in Figures IIID-17-28.
11.2 dB at normal incidence. At 5, the
losses at 25, 240 and 290 Hz are 0.15, AccuracyAssessmentResults(U)
0.73 and 1.27 dB, respectively. At 15*
the losses are 0.58, 1.83 and 3.15 dB. (U) The accuracy assessment procedures
These experimentally determined bottom were followed as outlined in section 1.1
losses are lower than the RAYMODE inter- and described in detail in section 5 of
nally stored values for a type 1 area Volume I of this series. The following
designator, the lowest loss routinely figures were produced for each case:
available to this model. (1) RAYMODE X output using the coherent

phase addition option, (2) RAYMODE X
Test Cases (U) coherent output subtracted from the

smoothed Bearing Stake experimental
(C) Station IB, Run PI consists of 12 data, (3) RAYMODE X output using the in-
cases as follows: coherent phase addition option, and (4)

RAYMODE X incoherent results subtracted
SOURCE RECEIVER FREQUENCY from the smoothed Bearing Stake experi-

CASE DEPTH (m) DEPTH (m) (Hz) mental data. The plots are given for
"- each case successively in Figures IIID-

1I 91 496 25 29-76. The means and standard deviations
II 91 1685 25 of differences between the smoothed111 91 3320 25 m
IV 91 3350 25 Bearing Stake data and the RAYMODE X
V 18 496 140 model results are given in Table IIID-4.
"VI 18 1685 140 It is important to quantify the effects
VII 18 3320 140
VIII 18 3350 140 of the use of the 2 km windov sliding
Ix 18 496 290 average on the mean and standard devia-
X 18 1685 290 tion of the differences between experi-XI 18 3320 290 [XII 18 3350 290 mental data and model results as com-

pared to no averaging. Note: The 2 km
window running average is equivalent to '1..

%t
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a sonar system which integrates signal result to lower values of propagation
for five minutes when detecting a 12 loss. At the farthest ranges, an offset
knot target opening (or closing) range of 17 dB would be required to align the
to own-ship on a bearing of 180' (or two data sets. In Case IV, the structure
O). Means and standard deviations at short ranges (to about 25 km) observ-
between Bearing Stake and RAYMODE X ed in the coherent model output is not
results were calculated for the Bearing seen in the Bearing Stake data. From 25
Stake data used with and without smooth- to 90 km, the mean difference is 3-5 dB.
irg. In general, the means for the un- Past this range the mean difference be-
smoothed results are about 0.2 dB great- tween the curves increases rapidly,
er (i.e., more positive) than those for eventually to greater than 20 dB. The
the smoothed Bearing Stake data and the model shows strong interference patterns
standard deviation is approximately 1 dB which lengthen with range. Such behavior
less. The difference in the two mean is not observed in the Bearing Stake re-
values is of an insignificant amount. sults. Some of these effects are some-
The difference of the standard devia- what mollified with respect to the
tions, although not great, is signifi- incoherent RAYMODE X curve. For Case V,
cant and clearly in the proper direc- the interference structure of the Bear-
tion. The overall effects of smoothing ing Stake data is not seen in the model
the experimental data were consistent result, particularly between 25 and 45
and not very great. km. To about 30 km the mean difference

is positive indicating the model shows
(C) The Bearing Stake data did not have less loss than the Bearing Stake data.
clearly definable regions although some Past about 70 km this trend is reversed
near-field interference patterns are in and the model shows increasingly greater
evidence. It was for this reason that loss than the experimental data with
the means and standard deviations were increasing range. In Case VI, agreement
calculated over the entire 286 km range is basically good to 75 km, after which
extent. As will be seen below, this the experimental data exhibits increas-
choice was not very useful and an arbi- ingly less loss with respect to the
trary set of intervals such as 0-25, RAYMODE X results. In Case VII, there is
25-50, 50-100, 100-200, >200 km would similarity in the basic interference
have been more useful. patterns shown by Bearing Stake and

RAYMODE to a. range of 60 km, but the -
(C) Conclusions based upon examining the phasing of these patterns differs. Past
difference curves follow: For Case I, 60 km, the model result shows increas-
the smoothed BEARING STAKE data is ingly greater loss than the Bearing
largely at the peaks of the RAYMODE X Stake data with. increasing range, as
coherent prediction to about 150 km and usual. In Case VIII, both model and
clearly above (i.e., showing less loss) experiment show strong interference pat-
the RAYMODE curve past 170 km. For RAY- terns to 60 km but little or no agree-
MODE incoherent, the Bearing Stake data ment in their structure, causing large
has less loss than the RAYMODE curve at oscillations in the difference curve.
almost all points past 80 km. For Case RAYHODE shows Increasingly greater prop-
II, the JOAST data shows less loss than agation loss than 3earing Stake with
does the RAYMODE predictions. The dis- increasing range. In Case IX, generally
crepancy increases with range from mean good agreement between RAYMODE coherent
differences of 3-5 dB for ranges less and Bearing Stake curves are seen to
"than 90 km to 12-15 dB at the full range about 45 km; other range intervals of
extent of 286 km. In Case III, the basically good agreement are 60 to 70,
structure of the Bearing Stake data is 90 to 105, and 125 to 140 km. Interlaced
well emulated to a range of 60 km by intervals of strong disagreement are due
applying a 5 dB offset of the tAYMODE to low loss features in the Bearing

2 CONFIDENTIAL
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Stake data. Past 150 km, RAYMODE always than do RAYMODE results for FOM > 75 dB.
predicts greater loss than is observed At FOM a 80 dB, RAYMODE coherent has the
in Bearing Stake experimental results. greatest detection coverage, followed by
In Case X, with the exception of some Bearing Stake data and RAYMODE incoher-
high loss peaks in the coherent output, ent, in that order. For FOM - 85 and 90
RAYMODE and Bearing Stake results ar" in dB, Bearing Stake and RAYMODE coherent
basic agreement to a range of 140 km. have similar detection coverage both of
Past 140 kilometers the RAYMODE result which are much greater than RAYMODE in-
falls off at a much faster rate than coherent coverage results. For FOM > 95

S does the Bearing Stake data. In Case XI, dB, long and comparable detection cover-
both coherent RAYMODE and Bearing Stake age is found between the model and
show strong interference patterns. The experimental data. For Case II, Bearing
patterns show some similarity but are Stake experimental data lead to greater
out of phase to 40 km; from 40 to 105 km detection coverage than predicted by the
the interference patterns seem unrela- RAYMODE X model, regardless of coherence
ted. The lack of coincidence of these option, at all FOMs. This superior de-
large interference patterns is respon- tection coverage is in terms of both
sible for large oscillations of the maximum range and percentage of the time
difference curve. This effect is lea- detectionr can be made in a given range-
sened for the incoherent RAYMODE compar- inetectov a n be made in aiccvon cover-
ison with Bearing Stake. Past 150 kin, age is 30% longer for Bearing Stake data
the difference curve is seen to increas- compared to the RAYMODE X prediction at
ingly rise to more negative values, FOM - 75 dB. This difference becomes
indicating higher and higher loss for greater at higher FOMs; at FOM - 80 dB,
model as compared to experiment with Bearing Stake detection coverage is
increasing range. For Case XII, the three times longer than RAYMODE's. For

S RAYMODE coherent prediction shows much FOM > 95 dB, both experiment and model
stronger interference patterns to 100 km predict coverage to 285 km; but Bearing
than are observed in the Bearing Stake Stake, due to continuous coverage, can
experimental data, causing large oscil- detect a greater percentage of the time
lations in the difference curve. These than RAYMODE with its intermittent cov-
oscillations are superimposed on a trend erage. Detection coverage results fory
from positive values of difference (A-.5 Case IV are quite similar to those for
dB) at short ranges (10 km) to zero mean Case III. For Case V, detection coverage
in the neighborhood of 100 kin, to large is short (4-5 kin) at FOM - 75 dB for
negative differences (I&--13 dB) at long both model and experiment. For higher
range (280 km). The same trend is clear- FOMs (80-90 dB) detection coverage is
er for the incoherent RAYMODE versus much greater for Bearing Stake data than N

Bearing Stake comparison since the large for RAYMODE inceherent predictions comp-*
interference pattern oscillations are arable for RAYMODE coherent predictions.
not present. For FOM>95 dB, maximum detection cover-

age range and/or percentage of coverage
(C) We now see how the above is reflec- is greater for Bearing Stake results r%
ted in the figure of merit (FOM) analy- than for RAYMODE predictions. For Case
sis. This analysis technique is demon- VI, at FOM<85 dB, Bearing Stake and co-
strated in section 1 of this volume and herent RAYMODE detection coverage re-
In section 5 of Volume I in greater de- sults are in basic agreement with RAY-
tail. The result is detection coverage MODE X incoherent predicting compara-
for various values of FOM (in 5 dB tively pessimistic detection coverage.
steps) for the Bearing Stake experimen- For FOM>90 dB Bearing Stake gives better
tal data (unsmoothed), the RAYMODE X detection coverage than does RAYMODE,
coherent result, and the RAYMODE X inco- the discrepancy increasing with increas-
herent result. For Case I, Bearing Stake ing FOM in terms of maximum detection
data shows greater detection coverage range and/or percentage coverage. For

D-3 CONFIDENTIAL
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Case VII, Bearing Stake and RAYMODE give with those of Bearing Stake at short
similar detection coverage for FOM - 75 ranges (030 km) and dissimilar at longer
and 80 dB. For FOP > 85 dB, Bearing ranges. The RAYMODE interference pat-
Stake coverage is longer and stronger terns are geaerally stronger (i.e.,
than RAYMODE's by factors as great as 2 greater peak-to-peak excursion) than are
to 1. For Case VIII, Bearing Stake and those of Bearing Stake. (e) Detection
RAYMODE X coherent give similar detec- coverage results are usually in rough
tion coverage for FON < 85 dB. At FOM - agreement for figures of merit of 75 and
85 dB, RAYMODE incoherent is pessimis- 80 dB between RAYMODE X predictions and
tic. At FOH > 90 dB, Bearing Stake data Bearing Stake data. This agreement often
yield longer detection ranges with high- extended to 85 and 90 dB and in one case
er percentage coverage than do RAYMODE to 95 dB. (f) For FOM > 95 dB, Bearing
predictions. For Case IX, Bearing Stake Stake detection coverage was to much
and RAYMODE detection coverage is simi- longer range and was more complete
lar for FOM < 90 dB with the exception (i.e., better percentage coverage).
of a pessimistic RAYMODE incoherent
re-sult at FOM - 90 dB. At FO > 95 dB,
Bearing Stake yields superior detection.
coverage to RAYMODE. For Case X, detec-
tion coverage between RAYMODE and Bear-
ing Stake results is comparable (with
coherent RAYMODE being closer to Bearing
Stake than incoherent RAYMODE which is
pessimistic) at FOM < 95 dB. Past this
FOM, Bearing Stake gives longer and more
complete detection coverage than does
RAYMODE. For Case XI, RAYMODE gives
slightly better detection coverage than
Bearing Stake for FOM < 95 dB. For FOM >
100 dB, however, Bearing Stake yields
detection coverage far greater than RAY-
MODE predicts. Results for Case XII are
roughly similar to those for Case XI.

(C) General Conclusions: (a) RAYMODE X
coherent predictions are in better
agreement with Bearing Stake data than Ut

are RAYMODE X incoherent predictions,
(b) agreement between RAYMODE and Bear-
ing Stake results are often in reason-
able agreement to ranges from as far as
60 to 150 km, (c) in the difference
curves, there is an underlying trend
causing the difference between Bearing
Stake and RAYMODE results to become
increasingly negative with range. This
suggests that a higher critical angle in
the bottom loss versus grazing angle
curve would lead to better agreement,
offsetting this trend. (d) Bearing Stake
data for the receiver on and 30 m off
the bottom show strong interference pat-
terns. RAYMODE X predictions show pat-
terns which are generally out of phase
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(C) Table IIID-1. Bearing Stake Station 1B, Run P1. Bottom Loss (dB)
versus Grazing Angle (degrees). Frequency 25 Hertz

o BL 93 BL a BL e BL G BL 9 BL

0 0.00 15 0.55 30 4.20 45 10.40 60 11.20 75 11.20

L, 1 0.05 16 0.70 31 4.80 46 10.45 61 11.20 76 11.20

2 0.075 17 0.85 32 5,60 47 10.50 62 11.20 77 11.20

3 0.10 18 1.00 33 6.20 48 10.60 63 11.20 78 11.20

4 0.15 19 1.10 34 6.90 49 10.70 64 11.20 79 11.20

5 0.20 20 1.30 35 7.60 50 10.75 65 11.20 80 11.20

6 0.25 21 1.50 36 8.20 51 10.80 66 11.20 81 11.20

7 0.30 22 1.60 37 8.90 52 10.90 67 11.20 82 11.20
8 0.35 23 1.70 38 9.70 54 10.95 68 11.20 83 11.20

9 0.40 24 2.00 39 10.10 54 11.00 69 11.20 84 11.20

10 0.45 25 2.20 40 10.15 55 11.05 70 11.20 85 11.20

11 0.50 26 2.60 41 10.20 56 11.10 71 11.20 86 11.20

12 0.55 27 2.80 42 10.25 57 11.15 72 11.20 87 11.20

13 0.60 28 3.20 43 10.30 58 11.20 73 11.20 88 11.20

14 0.58 29 3.50 44 10.35 59 11.20 74 11.20 89 11.20

CONFIDENTIAL
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(C) Table IIID-2. Bearing Stake Station 1B, Run P1. Bottom Loss (dB)
versus Grazing Angle (degrees). Frequency = 140 Hertz.

0 BL 0 BL 0 BL 9 BL 0 BL 9 BL

0 0.00 15 1.83 30 4.13 45 10.43 60 11.20 75 11.20

1 0.13 16 1. 83 31 4.33 46 10.53 61 11.20 76 11.20

2 0.33 17 1.83 3? 4.63 47 10.63 62 11.20 77 11.20

3 0.53 18 1.91 33 5.03 48 10.73 63 11.20 78 11.20

4 0.79 19 2.13 34 5.63 49 10.74 64 11.20 79 11.20

5 0.93 20 2.23 35 6.23 50 10.83 65 11.20 80 11.20

6 1.18 21 2.33 36 6.93 51 10.84 66 11.20 81 11.20

7 1.33 22 2.43 37 7.53 52 10.85 67 11.20 82 11.20I * I

8 1.53 23 1 2.63 38 8.13 53 10.86 68 11.20 83 11.20

9 1.53 24) 2.83 39 8.63 54 10.92 69 11.20 84 11.20

10 1.68 25 2.93 40 9.13 55 10.93 70 11.20 85 11.20

11 1.73 26 3.23 41 9.63 56 10.94 71 11.20 86 11.20

12 1.78 27 3.33 42 10.13 57 11.01 72 11.20 87 11.20

13 1.83 28 3.63 43 10.23 58 11.02 73 11.20 88 11.20

14 1.83 29 3.83 44 10.33 59 11.03 74 11.20 89 11.20

CONFIDENTIAL
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(C) Table IIID-3. Bearing Stake Station 1B, Run P1. Bottom Loss (dB)

versus Grazing Angle (degrees). Frequency = 290 Hertz.

G BL 0 BL 9 BL G BL 9 BL 9 BL

0 0.00 15 3.17 30 6.37 45 10.67 60 11.20 75 11.20
1 0.27 16 3.18 31 6.57 46 10.87 61 11.20 76 11.20

2 0.67 17 3.19 32 6.77 47 11.07 62 11.20 77 11.23

3 0.97 18 3.37 33 6.97 48 11.20 63 11.20 78 11.20

4 1.27 19 3.57 34 7.47 49 11.20 64 11.20 79 11.20
5 1.57 20 3.77 35 7.97 50 11.20 65 11.20 80 11.20

6 1.87 21 3.97 36 8.27 51 11.20 66 11.20 81 11.20
7 2.17 22 4.19 37 8.67 52 11.20 67 11.20 82 11.20
8 2.37 23 4.57 38 9.27 53 11.20 68 11.20 83 11. 20
9 2.47 24 4.77 39 9.67 54 11.20 68 11.20 84 11.20
90 2.67 25 5.17 40 9.77 55 11.20 70 11.20 85 11.20

11 2.77 26 5.37 41 9.97 56 11.20 71 11.20 86 11.20

S12 2.87 27 5.67 42 10.17 57 11.20 72 11.20 87 11.20

13 3.07 28 5.97 43 10.27 58 11.20 73 11.20 88 11.203 14 3.15 29 6.17 44 10.47 59 11.20 74 11.20 89 11.20
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(C) Table IIID-4. Means (dB) and Standard Deviations (dB) Between
Smoothed Bearing Stake Datal and RAYMODE X Modei Results.

RAYMODE X
Source ReceiverSouce ReeierCoherent Incoherent
Depth Depth Frequency

Case Station Run (meters) (meters) (Hertz) A a JA "

I 1B P1 91 496 25 -5.5 6.9 -3.7 4.3

II 1B P1 91 1685 25 -7.7 6.5 -4.9 4.0

III 1B P1 91 3320 25 -9.6 7.0 -6.6 4.8

IV 1B P1 91 3350 25 -8.5 7.5 -6.4 3.6

V 1B P1 18 496 140 -6.1 7.2 -4.8 5.0

VI 1B P1 18 1685, 140 -6.3 7.1 -5.1 4.3

VII 1B P1 18 3320 140 -7.4 7.1 -7.2 5.2

VIII 1B P1 18 3350 140 -6.1 7.9 -6;8 6.0

IX 1B P1 18 496 290 -6.6 7.9 -5.3 6.1

X 1B P1 18 1685 290 -6.0 8.1 -4.7 6.4

XI 1B P1 18 4320 290 -3.8 8.4 -4.1 7.1

XII 1B P1 18 4350 290 -2.4 7.8 -4.1 7.0

1. Smoothed by application of a 2 km window running average.

CONFIDENTIAL
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(C) Table IIID-5. Detection Range in km as a Function of Figure of Merit (FOM)
in dB for Bearing Stake Data' and RAYMODE X Model Results.

Case I: (Station 1B Run P1, Source Depth = 91 m, Receiver Depth = 496 m,
Frequency = 25 Hz.)

Data Set FOM R Range > Re

Bearing Stake 70 3.9

RAYMODE X
Coherent 70 2.3

RAYMODE X
Incoherent 70 3.0

Bearing Stake 75 5.5 ZDC 3 15%, 5.5-31 km

RAYMODE X
Coherent 75 3.0 Coverage at 4.5, 10.5, 25.5 km

RAYMODE X
Incoherent 75 5.0

Bearing Stake s0 6.0 ZDC 50%, 6-32 km, ZDC 5-10%, .32-90.5 km

RAYMODE X
Coherent s0 7.0 ZDC 35%, 9-45 km

RAYMODE X
Incoherent 80 17,0

Bearing Stake 85 6.5 ZDC 65%, 6.5-99 km; ZDC 15%, 90.5-175 km

RAYMODE X

Coherent 85 15.0 ZDC 45%, 10.5-S., "',__.

RAYMODE X
Incoherent 95 31.5 ..

Bearing Stake 90 65.5 ZDC 85%, 65.5-150 kin; ZDC 30%, 150-243 km

RAYMODE X
Coherent 90 19.0 ZDC 45%. 19.5-165 km

RAYMODE X
Incoherent 90 93.0 1OO coverage 109.5-115.5 and 120-123 km

Bearing Stake 95 76.5 ZDC 85% 235->287 kin; 100% coverage (except for dropouts at
76. 168 kin) to 235 km

RAYMODE X
Coherent 95 31.5 ZDC 65%, 31.5-225 km

RAYMODE X
Incoherent 95 172.5 100% coverage 177-193 kin, 205.5-210 km and 217.5-22C.5 km

Bearing Stake 100 77.0 100% coverage (except for dropouts at 76, 168 kin) to >287 km

RAYMODE X
Coherent 100 46.0 ZDC 70%, 46-283.5 km

RAYMODE X
Incoherent 100 271.5 100% coverage 282->288 km

1. Smoothed b, running average with 2 kilometer window.

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

3. ZDC = Zonal Detection Coverage in percentage of indicated range intormal over which
detection can be made.

CONFIDENTIAL
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(C) Table IIID-6. Detection Range in km as a Function of Figure of Merit (FOM)
in dB for Bearing Stake Data' and RAYMODE X Model Results.

Case II: (Station 1B Run P1, Source Depth = 91 m, Receiver Depth = 1685 in,
Frequency = 25 Hz.)

Data Set FOM Rc 2 Range > Re

i'eating Stake 75 12.0 One small peak (1 point) at 19 km

IHAYNIODE X8.
lioh : rent 75 8.0

101.tuing Stake 80 13.0 ZDC 3  70%, 13-44 km
I Mt)-D E X
C,,hlr'cnt 80 9.0 ZDC 15%, 13.0-36 km
itxYMODE X
I k. . _ .. ,, ent 80 17.0
iBea.ingr Stake 85 25.0 ZDC 95%, 25-66 km; ZDC 50%, 66-119 km; ZDC 15%, 119-199 .,I:!

85 10.5 ZDC 35%, 12.0-70.5 km
RAYMOTE X
IlncoLhrent 85 40.5 100% coverage 45-51 km
Bieariag Stake 90 75.0 ZDC 95%, 75-144 kin; ZDC 60%, 149-196 km; ZDC 10%,196-186 km

i 90 16.5 ZDC 40%, 16.5-159.0 km

RAYMODE X
Incoherent 90 91.5

Bearing Stake 95 76.0 ZDC 95%, 76-256 kin; ZDC 80%, 256 ->287 km
RAYMODE X
Coherent 95 50.0 ZDC 50%, 82-216.0 km
RAYMODE X
Incoherent 95 166.5 100% coverage 171-179 kin, 192-198 km, and 212-216 km
Bearing Stake 100 > 287.0 ___

R A V I,",DE X
SCoherent 100 50.0 ZDC 70% , 51.0-264.0 km

RAVMODE X
i.,, rvort 100 225.0 100% coverage 249-265 kin, 270-283.5 km

I. Smoothed by running average with 2 kilometer window.

2. itu= Range to which detection coverage is continuous.

3. ?DC = Zonal Detection Coverage in percentage of indicated range interval over which detection
can be made.

CONFIDENTIAL
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(C) Table IIID-7. Detection Range in km as a Function of Figure of Merit (FOM)
in dB for Bearing Stake Datal and RAYMODE X Model Results.

Case III: (Station 1B Run P1, Source Depth = 91 m, Receiver Depth = 3320 m,
Frequency = 25 Hz.)

Data Set FOM Rc2 Range > R c

Bearing Stake 75 5.0 ZDC 3 85%, 5-22 km

RAYMODE X
Coherent 75 100% coverage 1.5-3.0 km and 10.5-16.5 km

-RAYNIODE X'

Incoherent 75 100% coverage 1.5-16.5 km

r- Bearing Stake 80 6.0 ZDC 90%, 6-71.5 km
RAYMODE XCoherent 80 100% coverage 1.5-5 km and 9.0-17.0 km

RAYMODE X
Incoherent 80 23.0

Bearing Stake 85 70.0 ZDC 20%, 225-286 kin; ZDC 65%, 75-140 kin; ZDC 50%,
140-225 km

RAYINODE X •i

Coherent 85 100% coverage 1.0-7 km, 8-19 km, 30-47 km
ZDC 10%. 48-82.5 km

P AYMODE X-

Incoherent 85 33.0 100% coverage 52.5-62 km

Bearing Stake 90 75.5 ZDC 90%, 75.5-286 km

RAYMODE X
Coherent 90 19.5 100% coverage 22-25 km, and 28.5-52 km; ZDC 45%, 52.5-166.5 km

RAYMODE X
SIncoherent 90 109.5 100% coverage 133.5-138 km ,.,

Bearing Stake 95 76.0 100% coverage (except for dropouts at 76, 186 km) to>286 km

RAYMODE X
Coherent 95 20.0 100% coverage 21-26 km, 28-84 km (except 54, 88 km); ZDC 40%,

RAYMODE X
Incoherent 95 158.0 100% coverage 161-196 kin; ZDC 25%, 201-285 km

Bearing Stake 100 76.5 100% coverage (except dropouts at 76, 168 km) to > 286 km

RAYMODE X
Coherent 100 27.0 100% coverage 27-103.5 km, 105-124.5 km, 126-147 km and N,S~148.5-163 kmn; ZDC 50%, 164.5-285 km
RAYMODE X --
Incoherent 100 237.0 100% coverage 238.5-250.5 km, 257-275 km, >278 km

1. Smoothed by running average with 2 kilometer window.

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

3. ZDC = Zonal Detection Coverage in percentage of indicated range interval over which detection can
be made..,--
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(C) Table IIID-8. Detection Range in km as a Function of Figure of Merit (FOM)
in dB for Bearing Stake Data' and RAYMODE X Model Results.

Case IV: (Station 1B Run P1, Source Depth = 91 m, Receiver Depth = 3350 m,
Frequency = 25 Hz.)

Data Set FOM Re2 Range > R c

Bearing Stake 75 6.0 ZDC 3 95%, 6-19 km
RAYMODE X
Coherent 75 100% coverage, 1.5-7.5 km, 9-16 km, and 19 km
RAYMODE X
Incoherent 75 100% coverage 1.5-16.5 km

Bearing Stake 80 35.0 ZDC 60%, 35-69 kim; 100% coverage 87-90 km

RAYMODE X
Coherent 80 100% coverage 1.5-7.5 km, 9-16 kim; ZDC 35%, 18-51 km

RAYMODE X
Incoherent 80 23.0
Bearing Stake 85 80.0 ZDC 70%. 80-150 km, ZDC 20%, 150-186 km

RAYMODE X
Coherent 85 100% coverage 1.5-16 kin, 17.5-19.5 kin, 20-30 km, 27-28.5 km d

and 30-47 km. ZDC 45%, 48-91.5 km
RAYMODE X 7

Incoherent 85 62.0
Bearing Stake 90 150.0 ZDC 90%, 150-286 km

RAYMODE X
Coherent 90 100% coverage 1.5-16.5 km, 17-23 km, 25.5-75 km (except

dropouts at 27, 52 kin). ZDC 50%, 75-173 km

RAYMODE X
Incoherent 90 109.5 100% coverage 135-138 km
Bearing Stake 95 > 286. 0•

RAYMODE X
Coherent 95 100% coverage 1.5-96 km (except dropouts at 24, 48, 85 km)

ZDC t0a, 100.5-224.50 2

RAYMODE X
Incoherent 95 158.0 100% coverage 180.5-196 km

ZDC 20%, 201-256 km
Bearing Stake 100 > 286. 0

RAYMODE XCoherent 100 100% coverage 1.5-124.5 km (except dropouts at 100 Rin, 103.5 kmn) ,
ZDC 655t. 126-257.5 km ;

RAYMODE X
Incoherent 100 273.0 ZDC 75% 238.5- >286 km -4

1. Smoothed by running average with 2 kilometer window.

2. Rc = Range to which detection coverage is continuous. :1
3. ZDC = Zonal Detection Coverage in percentage of indicated range interval over which detection

can be made.
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(C) T ý',le IIID-9. Detection Range in km as a Function of Figure of Merit (FOM)
in dB for Bearing Stake Data1 and RAYMODE X Model Results.

Case V: (Station 1B Run P1, Source Depth = 18 m, Receiver Depth = 496 m,
Frequency 140 Hz.)

Data Set FOM Rc2 Range 2> Rc

Bearing Stake 75 5.0 RneR

"RAYMODE X
Coherent 75 4.0
RAYMODE X

Incoherent 75 4.5_ _ _ _-___ _

Bearing Stake so 6.0 100% coverage 30.5-34 km

RAYMODE X -'-

Coherent 80 4.5 100% coverage 10.5-13.5 kin, 27-29 km; Peaks at 6, and 31.5 km .,

RAYMODE X
i Incoherent 80 5.0 "..J

Bearing Stake 85 7.0 ZDC 50% 7-41 km

RAYMODE X
Coherent 85 7.5 ZDC 65% 7.5-36 km, peaks at 49 and 55.5 km

RAYMODE X
Incoherent 85 34.5

Bearing Stake 90 8.0 100% coverage 11-44 km ZDC 55%, 44-115 km

RAYMODE X
Coherent 90 15.0 100% coverage 15.5-37 kin; ZDC 40%., 40.5-94.5 km

RAYMODE X
"Incoherent 90 66.0 Si'

Bearing Stake 95 41.0 ZDC 75%, 41-150 km ZDC 15%, 150-247.5 km

RAYMODE XU ACoherent 95 38.0 ZDC 45% 40-139 km

RAYMODE X
Incoherent 95 102.0

Bearing Stake 100 136.5 ZDC 95%, 136.5-249 km

RAYMODE X
Coherent 100 38.0 ZDC 65% 39-145 kin, ZDC 10% 151-204 km

S RAYMODE X
Ineoherent 100 142.5 _.__ _

Bearing Stake 105 251.0 ZDC 90%, 251-286 km

RAYMODE X 100% coverage 45-139.5 km (except dropouts at 89.0 km. 103.5 km,
Coherent 105 43.5 and 124.5 kin); ZDC 55%, 141-235 km
RAYMODE X

Incoherent 105 195.0
S.,.. .J .

1. Smoothed by runnir'-• P', : ge w• kilometer window.

S 2. Rc = Range to which detection coverage is continuous.

3. ZDC = Zonal Detection Coverage in percentage of indicated range interval over which detection can
be made.

D-13 CONFIDENTIAL
-. *t*'. .j



CONFIDENTIAL

(C) Taole I1D-10. Detection Range in km as a Function of Figure of Merit (FOM)
in dB for Bearing Stake Data1 and RAYMODE X Model Results.

Case VI: (Station 1B Run P1, Source Depth = 18 m, Receiver Depth = 1685 m,
Frequency = 140 Hz.)

Data Set FOM R 2 Range > R0

Bearing Stake 75 6.5 100% coverage, 8-10 km

RAYMODE X
Coherent 75 4.5 100% coverage, 5-8 kin; peak at 10 km

RAYMODE X
Incoherent 75 9.0 _0

Bearing Stake 80 11.0 ZDC3 25%, 11-21 km
RAYMODE X
Coherent 80 12.0 100% coverage 15-18 km, 19.5-22.5 kin; peak at 23 km

RAYMODE X
Incoherent 80 10.5 ____

Bearing Stake 85 15.5 ZDC 45%, 20-48 km

RAYMODE X 100% coverage 14-25.5 kin, 31.5-37.5 kin, 40.5-43 km
Coherent 85 13.0 Peaks at 26 kin, 88 km. 46.5 km

RAYMODE X ,
Incoherent 85 12.0

Bearing Stake 90 43.5 ZDC 95%, 45-67 kin; ZDC 25%, 67-115.5 km

RAYMODE X 100% coverage 14-28 km, 28.5-43.5; ZDC 65%, 45.0-70.5 kin;
Coherent 90 13.5 Peaks at 83 kin, 91.5 km

RAYMODE X
Incoherent 90 60.0
Bearing Stake 95 129.0 ZDC 85%, 129-150 kin; ZDC 20%, 150-216.5 km

RAYMODE X
Coherent 95 43.5 ZDC 45%, 44.0-124.5 kin; Peajs at 145.5 kin, 152 km

RAYMODE X
Incoherent 95 96.0

Bearing Stake 100 157.5 ZDC 85%, 157.5-226.5 km; ZDC 20%, 226.5-286 km

RAYMODE X
Coherent 100 79.5 ZDC 55%. 81-180 km

RAYMODE X
Incoherent 100 133.0 .,

Bearing Stake 105 162.0 100% coverage (except 162-166 kin) to > 286 km
RAYMODE X "
Coherent 105 88.0 100% coverage 90-128 kin; ZDC 40%, 130-243

RAYMODE X
Incoherent 105 190.5

1. Smoothed by running average with 2 kilometer window.

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

3. ZDC = Zonal Detection Coverage in percentage of Indicated range interval over which detection
can be made.
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(C) Table IIID-11. Detection Range in km as a Function of Figure of Merit (FOM)
in dB for Bearing Stake Data1 and RAYMODE X Model Results.

Case VII: (Station 1B Run P1, Source Depth = 18 m, Receiver Depth = 3320 m,p Frequency = 140 Hz.)

Data Set FOM R 2  Range> a0

Bearing Stake 75 ? ZDC 3 50% to 19.5 km
RAYMODE X
Coherent 75 100- 100% coverage 1.5-3 km. 4.5-5 km, 6-7.5 km, 12-16.5 km
RAYMODE X
Incoherent 75 ----- 100% coverage 1.5-17 km

Bearing Stake 80 9 ZDC 80% 9-20 km; 100% coverage 45-50 km

RAYMODE X
Coherent 80 ----- 100% coverage 1.5-3 km, 4.5-8 kin, 11-18 km

RAYMODE X
Incoherent 80 ----- 100% coverage 1.5-19 km

BI 3earing Stake 85 24 ZDC 50%, 24-84 km, ZDC 5% 84-130 km

RAYNIODF X
Coherent 85 4.0 100% coverage 4-9 km, 9-10.5 km, 11-20 km, 35-50 km; peak at 22.5 Km

RAYMODE X
Incoherent 85 20.0 . ]

Bearing Stake 90 24 100% coverage (except for dropouts at 24, 59 km) to 141.5 km
ZDC 15% 141.5-215.5 km

RAY•IODE X 100% coverage 22-24 km, 34.5-54 km
Coherent 90 20.0 ZDC 70%, 58-85.5

RAYNIODE X
SIncoherent 90 56.0 __

Bearing Stake 95 141.5 ZDC 65%, 141-249 km

RAYNIODE X 100% coverage 21-25.5 km, 33-85.5 km (except 61 km), 144-146 km
SCoherent 95 21.0 ZDC 45%, 41-83 km, ZDC 80% 87-123

RAYMODE X
Incoherent 95 94.0
Bearing Stake 100 143 ZDC 15%, 143-286 km 9

RAY1lOf)E X 100% coverage, 86-88.5 km, 89-125 km
Coherent 100 85.5 ZDC 55%, 127-196.5 km; peak at 213 km
RAYMODE X
Incoherent 100 157.5

Bearing Stake 105 253.5 100% coverage (except from 253.5 to 256 km) to 286 km

RAYMODE X
Coherent 105 140.0 ZDC 65% 142.5-244 km

RAYMODE X
Incoherent 105 202.5

1. Smoothed by running average with 2 kilometer window.

S 2. R = Range to which detection coverage is continuous.

3. ZDC = Zonal Detection Coverage in percentage of indicated range interval over which detection
can be made.
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(C) Table IIID-12. Detection Range in km as a Function of Figure of Merit (FOM)
in dB for Bearing Stake Data' and RAYMODE X Model Results.

Case VIII: (Station lB Run P1, Source Depth = 18 m, Receiver Depth = 3350 m,
Frequency = 140 Hz.)

Data Set FOM Rc2 Range > Rc

Bearing Stake 75 ? ZDC 3 50%. 4-18 km ,.
RAYMODE X"-

Coherent 75 100% coverage 1.5-3.5 kin, 4.5-7.5 kin, 10-18 km
RAY'MODE X ,'

Incoherent 75 100% coverage 1.5-16.5 J

Beatring Stake 80 10.5 100% coverage 12.5-20 kin, 46-50 km
RAYMODE X =,

Coherent 80 100% coverage 1.5-8 kin, 9-19 km; peak at 40.5 km .
RAY'MODE X'"•

Incoherent 80 ----- 100% coverage 1.5-18.0 km

B~earing Stake 85 30.5 ZDC 50%, 30.5-57 km, ZDC 5%, 57-131.5 km
ZANN•ODE X ia

G _t __rent 85 100% coverage 1.5-22.5 km, 31-51 km

. neoherent 85 21.0 P!

Bearing Stake 90 32.0 ZDC 75%, 32-100 kin; ZDC 50%, 100-148 km

RAYMODE X 100% coverage 1.5-24 km, 28.5-53 km, 55-59 km, 60-76.5 kin,
Coherent 90 ZDC 45%, 79-88.5; peaks at 97.5 km, 114.5 kmi, 117 km

RAYMODE X
Incoherent 90 55.5

Bearing Stake 95 34.0 100% coverage (except 34-37 and 60-61 km) to 167;
ZDC 50%., 165-233 km; ZDC 20%, 233-273 km

RAYMODE X 100% coverage 1.5-26 km, 28.5-54 kin, 55.5-84 kin; ZDC 65%,
Coherent 95 85-123 kin, ZDC 25%. 134-166.5 km ,

RAYMODE X CL
Incoherent 95 93.0

Bearing Stake 100 . 254.0 ZDC 50%, 254-286 km

RAYMODE X 100% coverage 1.5-26 kin, 28-85.5 km (except dropouts at 54 and
Coherent l1-0-- 84 kin); 86-111 km, 112.5-129 km, ZDC 55%, 131-196.5 km

RAYMODE X P
Incoherent 100 157.5

Bearing Stake 105 255.0 100% coverage (except 255-258 km) to>286 km

RAYMODE X 100% coverage 27-147 km (except dropout at 86 km)
Coherent 105 27.0 ZDC 70%. 148.5-232 km

RAYMODE X
Incoherent 105 201.0

1. Smoothed by running average with 2 kilometer window.

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

3. ZDC = Zonal Detection Coverage in percentage of indicated range interval over which detection
can be made.
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(C) Table IIID-13. Detection Range in km as a Function of Figure of Merit (FOM)
in dB for Bearing Stake Datal and RAYMODE X Model Results.

Case IX: (Station 1B Run P1, Source Depth = 18 m, Receiver Depth 496 m,
Frequency =290 Hz.)

Data Set FOM Rc 2  Range > R.
c .,

Bearing Stake 75 4.5

RAYMODE X
Coherent 75 4.0
RAYMODE X
Incoherent 75 4.0
Bearing Stake to 5.5

RAYMODE X
Coherent 80 5.0 Peak at 15 km

RAYMODE X
Incoherent 80 6.0 ..
Bearing Stake 85 8.0 ZDC 3 25%. 8-37 km

RAYMODE X
Coherent 85 10.0 ZDC 45%, 13-38 km

RAYMODE X
Incoherent 85 33.0
Bearing Stake 90 23.0 ZDC 90%. 23-44 kin; ZDC 25%, 44-84 kin; ZDC 5%, 84-183 km

RAYMODE X 100% coverage, 12-16 kin, 16-17 km, 18-31.5 km; ZDC 80%, 33-46 lXm-
Coherent 90 11.0 ZDC 40%, 61.5-70.5 km

RAYMODE X
, Incoherent 90 41.0

Bearing Stake 95 50.5 ZDC 70%, 50.5-90 kin; ZDC 15%, 90-183 km

RAYMODE X 100% coverage (except dropouts at 17.5, 39 km) to 46 kin; ZDC 50%,
Coherent 95 17.5 48-78 kin; peaks at 94.5 and 97 km

RAYMODE X
Incoherent 95 73.5
Bearing Stake 100 60.5 ZDC 95%. 60.5-89.5 kin; ZDC 60%, 89.5-208 km

Coherent 100 31.5 ZDC 60%, 48-106.5 kin; peaks at 111 km. 118 kin, and 130.5 km

RAYMODE X --

Incoherent 100 108.0

Bearing Stake 105 93.0 ZDC 90%, 93-163 kin; ZDC 75%, 163-2.7.5 km

RAYMODE X 100% coverage, 47-82 km (except dropouts at 52.5, 64 km)
Coherent 105 46.5 ZDC 50%, 83-165 km
RAYMODE X
Incoherent 105 144.0 ____
Bearing Stake 110 173.0 ZDC 95%, 173-258 kin; ZDC 35%, 258-286 km

RAYMODE X 100% coverage, 47-111 km (except dropout at 82.5 kin);
Coherent 110 46.5 ZDC 60%, 119-222 km

RAYMODE X
Incoherent 110 181.0

1. Smoothed by running average with 2 kilometer window.

2. Rc = range to which detection coverage is continuous.

3. ZDC = Zonal Detection Coverage in percentage of indicated range interval over which detection ",h
can be made.
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(C) Table IIID-14. Detection Range in kin as a Function of Figure of Merit (FOM)
in dB for Bearing Stake Data1 and RAYMODE X Model Results.

Case X: (Station 13 Run P1, Source Depth = 18 m, Receiver Depth = 1685 m,
Frequency = 290 Hz.)

Data Set FOM Roa Range > Re,

Bearing Stake 75 6.5

RAYMODE X .

Coherent 75 6.0 100% coverage 7.5-9 km

RAYMODE X
Incoherent 75 9.0 _ _.... ...__ _,_ _ _ _"__ _

Bearing Stake 80 8.0 100% coverage 9-10.5 km

RAYMODE X
Coherent 80 6.0 100% coverage 7.5-10.5 km, peak at 18 km

RAYMODE X
Incoherent 80 10.5_ _ _ _ _ _ _ _ _ _

Bearing Stake 95 12.0 ZDC" 70%. 12-31 km

RAYMODE X
Coherent 85 12.0 100% coverage 13.5-18 km, 21-28 kmn peak at 39 km
RAYMODE X
Incoherent 85 27.0 .,,___,

Bearing Stake 90 24.5 ZDC 35%, 29.5-63 km

RAYMODE X
Coherent 90 12.0 ZDC 30%. 36-59 kin; 100% coverage 13.5-18 km, 19.5-20 km, 21-31.5 km

RAYMODE X
Incoherent 90 45.0

Bearing Stake 95 36.0 ZDC 80%, 36-69 kin; ZDC 40% 69-108 km
RAYMODE X 100% coverage (except dropouts at 19 and 33 kin) to 48 km
Coherent 95 19.0 ZDC 35%, 50-99 km

RAYMODE X
Incoherent 95 65.0 , "_,_,

Bearing Stake 100 19.5 ZDC 90%, 69. 5-100 kmi; ZDC 35%, 100-127.5 km'; 100%t verage
182-186 km

RAYMODE X 100% coverage 50-52.5 km, 54-56 km, 57-81 knd
Coherent 100 48.0 ZDC 40%, 80-108 km

RAYMODE X
Incoherent 100 97.5 . ..... ,._,_.___,_,____

Bearing Stake 105 101.0 ZDC 65%, 101-286 km

RAYMODE X 100% coverage 49.5-81 km (except dropouta at 52.5, 55.5 kin)
Coherent 105 48.0 ZDC 45%, 84-151 km

•]RAYMODE X
Incoherent 105 129.0
Bearing Stake Ito 204.5 ZDC 90%, 204.5-286 kmn. __

RAYMODE X 100% coverage 82.5-116 km (except dftpouts at 94.5, 108 kin)!•=•A ODYM--Chentnoherent X i11010 810.8"0 ZDC 40% 117-193.5 km , "

_ ~~Bearing Stake 11 > >286.o .......
RAYMODE X 100% overage '(except dropoutd at 94.5, 117, 135 kin) to 148.5 km
Coherent 115 94.5 ZDC 55%, 150-242 km

S' -- R A Y M O D E X" ,

Incoherent 115 221.0

1. Smoothed by running average with 2 kilometer window.

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

3. ZDC = Zonal Detection Coverage in percentage of indicated range interval over which detection
can be made.
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(C) Table IID-15. Detection Range in km as a Function of Figure of Merit (FOM)
in dB for Bearing Stake Data' and RAYMODE X Model Results.

Case XI: (Station 1B Run P1, Source Depth = 18 m, Receiver Depth = 3320 m,3 Frequency = 290 Hz.)

2I.

Data Set FOM R Range > R0

Bearing Stake 75 8.0

RAYMODE X
Coherent 75 ZDC 3 60%. 1.5-19 km 0.
RAYMODE X V
Incoherent 75 - 100% coverage 1.5-10.5 km I

Bearing Stake 80 11.0 100% coverage 12-14 km

RAYMODE X b
Coherent 80 ZDC 75%, 1.5-19 km

RAYMODE X
Incoherent 80 ----- 100% coverage 1.5-18 km

-,Bearing Stke 85 18.5 100% coverage 27-31.5 km

RAYMODE X ZDC 80%, 1.5-19.5 kin; 100% coverage 31.5-34.5 km and
Coherent 85 46.5-52 km

RAYMODE X
Incoherent 85 100% coverage 1.5-20 km

Bearing Stake 90 18.5 ZDC 45%, 18.5-56 km
LiAYMODE X 100% coverage (except dropouts at 9 km. 13.5 km, 21 km) 1.5-25.5 km I

'oherent 90 ----- and 30-37.5 km, 43.5-52.5 km; ZDC 60% 78-87 kin; peak at 55.5 km

* RAYNIODE X
Incoherent 90 1---- 100% coverage 1.5-54 km

Bearing Stake 95 22.0 ZDC 75%, 22-75; ZDC 20%, 75-133 km

RAYMODE X 100% coverage 1.5-26.5 km, 29-37.5 km, 43-52.5 km, 55-56 km, and
.4 Coherent 95 ----- 77-88.5 kin; peaks at 42 km. 60 km, and 61.5 km

RAYMODE ( ....
Incoherent 95 - 100% coverage 1.5-61.5 km and 81-87 km

Bearing Stake 100 25.0 ZDC 70% 25-163 kin; ZDC 25% 163-238 km

RAYMODE X 100% coverage 29-38 km, 41-57 km, 58-64.5 km, 72-73.5 km; 75-93 km.
Coherent 100 28.0 105-106.5 km, 108-123 km; peaks at 126 km, 140 km
RAYMODE X -i! ~ Incoherent 100 97.0,:_- 13-3 j'Bearing Stake 105 79.0 100% coverage (with exception of 79-81 km and 134-135 km) to 141 kin.

ZDC 35%, 149-252 km

RAYMODE X Peak at 69 km, 100% coverage 70.5-73.5 km, 74-96 km, 103.5-130 kin;
Coherent 105 64.5 ZDC 75%, 133-158 kin, 100% coverage 174-175.5 km

RAYMODE X
Incoherent 105 136.5._.___._

Bearing Stake 110 141.5 100% coverage (except for 5 dropouts) to>286 km

RAYMODE X 100% coverage (except dropouts at 68, 70.5, 96, 132 kin) to 158 km
Coherent 110 68.0 ZDC 65%, 160-226.5 km

RAYMODE X
Incoherent 110 178.51

1, Smoothed by running average with 2 kilometer window.

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

3. ZDC = Zonal Detection Coverage in percentage of indicated range interval over which detection
can be made.
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"(C) Table IIID-16. Detection Range in km as a Function of Figure of Merit (FOM)
in dB for Bearing Stake Da 1al and RAYMODE X Model Results.

Case XII: (Station 1B Run P1, Source Depth = 18 m, Receiver Depth = 3350 m,
Frequency = 290 Hz.)

2•Re Rag.•R

Data Set ION R Range>R

Bearing Stake 75 5.5

RAYMODE X
Coherent 75 ZDC 3 60%, 1.5-18 km

RAYMODE X
Incoherent 75 100% coverage 1.5-10.5 km

Bearing Stake 80 8.0 ZDC 80%. B-19 km

RAYMODE X
Coherent so ZDC 70%, 1.5-19 km

"RAYMODE X
Incoherent 80 --- 100% coverage 1.5-18 km
Bearing Stake 85 13.5 100% coverage 16-19 km

RAYMODE X 100% coverage, 1.5-8 km, 9-24 km, 30-34.5 km, 36-37.5 km, and
Coherent 85 45-52 kn,, 52.5-55 km

RAYMODE X
Incoherent 85 100% coverage 1.5-20 km

Bearing Stake 90 14.0 ZDC 45%, 14-58 km

RAYMODE X 100% coverage 1.5-25.5 km (except dropout at 9 kmi), 28.5-39 kin,
Coherent 90 43.5-55.5 km, 57-59 kin; ZDC 55%, 76-82.5

RAYMODE X
Incoherent 90 100% coverage 1.5-55 km

Bearing Stake 95 24.0 ZDC 75%. 24-63 km; ZDC 40%, 63-112 km

RAYMODE X 100% coverage 1.5-26 km, 28.5-63 km (except dropout at 40.5 kin)
Coherent 95 and 73.C,-91.5 kin, 116-118.5 km
RAYMODE X

Incoherant 95 100% coverage 1.0-63 km, 79.5-88 km

Bearing Stf.Ae 100 36.5 ZDC 85%, 36.5-134 kin; ZDC 15%, 134-222 km

RAYMODE X 100% coverage 1.5-26 km. 28-66 km, 73-94 km, 101-105 km,
Coherent 100 10C.5-124.5 km, with peak at 70.5 km

RAYMODE X
Incoherent 100 97.5

Bearing Stake 105 134.0 ZDC 70%, 134-286 km

RAYMODE X 100% coverage 1.0-67.5 kin, 70-71.5 km, 72-95 km, and 97-129 kin;
Coherent 105 ZDC 65%, 130.5-167 kin; ZDC 5%, 170-192 km

RAYMODE X
Incoherent 105 136.5

Bear!ng Stake 110 257.0 ZDC 85%, 257-286 km

RAYMODE X
Coherent 110 96.0 100% coverage 97-132 km, 133.5-195 km; ZDC 55%, 196.5-228 km
RAYMODE X I17.

Incoherent 110 177.0

1. Smoothed by running average with 2 kilometer window.

2. Rc = Range to which detection c°overrge is continuoua.3. ZDC = Zonal Detection Coverage in percentage of indicated range interval over which detection

2 can be made.
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(C) Figure IIID-2. Bottom Loss Versus Grazing Angle. Frequency =

25 Hertz
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(C) Figure IIID-3. Bottom Loss Versus Grazing Angle. Frequency =

140 Hertz
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(C) Figure IIID-4. Bottom Loss Versus Grazing Angle. Frequency =
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DEPARTMENT OF THE NAVY
OFFICE OF NAVAL RESEARCH

800 NORTH QUINCY STREET

ARLINGTON. VA 22217-5660 IN REPLY REFER TO

5510/1
Ser 93/160
10 Mar 99

From: Chief of Naval Research
To: Commander, Naval Meteorology and Oceanography Command

1020 Balch Boulevard
Stennis Space Center MS 39529-5005

Subj: DECLASSIFICATION OF PARKA I AND PARKA II REPORTS

Ref: (a) CNMOC ltr 3140 Ser 5/110 of 12 Aug 97

Encl: (1) Listing of Known Classified PARKA Reports

1. 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)

vDTIC (Bill Bush, DTIC-OCQ)



The Acoustic Model Evaluation Committee (AMEC) Reports, Volume 2, The Evaluation of the Fact
PL9D Transmission Loss Model, Book 3, Appendices E-H, September 1982, NORDA-35-VOL-2-BK-
3•3428 pages
(DTIC # C034 020)

The Acoustic Model Evaluation Committee (AMEC) Reports, Volume 3, The Evaluation of the
RAYMODE X Propagation Loss Model, Book 1, September 1982, NORDA-36-VOL-3-BK-1, 127
pages
(DTIC # C034 021)

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

\/(DTIC # C034 022)

The Acoustic Model Evaluation Committee (AMEC) Reports, Volume 3, The Evaluation of the
RAYMODE X Propagation Loss Model, Book 3, Appendices E-H, September 1982, NORDA-36-
VOL-3-BK-3, 388 pages
(DTIC # C034 023)'

4



DEPARTMENT OF THE NAVY
OFFICE OF NAVAL RESEARCH

875 NORTH RANDOLPH STREET
SUITE 1425

ARLINGTON VA 22203-1995
tN REPLY REFER TO:

5510/1
Ser 321OA/011/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

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

Ref: (a) SECNAVINST 5510.36

Encl: (1) List of DECLASSIFIED LRAPP Documents

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

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

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

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

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

BRIAN LINK
By direction



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

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