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Appendix IIA. Accuracy Assessment of RAYMODE X
Compared to SUDS Exper:mental Data (U)

SUDS | (U)

Environment (U)

(C) All environmental measurements come
from station 1 of the SUDS 1 measure-
ments. Three sound speed profiles, given
in Figures IIIA-1-3, represent average
conditions during three measurenment
periods. These sound speed profiles, in
accordance with Martin (1982), will be
referred to as profiles A, E, and B.
Profile A has a surface duct to a depth
of 68 meters (m) overlying a sound chan-
nel with axis at 900 m. Profile E is an
average profile with a 20 m surface
duct, a subsurface channel with an axis
at 200 m and a deep sound channel with
axis at 900 m. Profile B has a surface
duct to a depth of 79 m and a deep sound
channel with axis at 900 m.

(C) The source used pulsed energy, and
bottom bounce arrivals were temporally
filtered out. The effective bottom loss
for model input should therefore be oo 4B
(actually, a bottom loss of 50 dB was
entered for all grazing angles).

Test cases (U)

(C) The 12 test cases selected from SUDS
I experimental data for use in model
evaluation are given in the table below.
In this table, Ryy, 1s the minimum
range at vhich data is found, Ry,y 1is
the maximum range and SSP denotes sound
speed profile.

(C) Both source and receiver are in the
surface duct for Cases I, III, IX and
XI. Source and receiver are in a cross-
duct geometry in Cases II, IV, V, VII, X
and XIXI. Both source and receiver are
below the duct for Cases VI and VIII.
The SULS experimental data for the 12
test cases are plotted 1in Figures
ITTA-4-15.

Accuracy Assessment Results (U)

(U) Accuracy assessment procedures were
followed as outlined in section 1.1 and
described in detail 1in section 5 of
Volume I of this series.. The following
figures are given for each case: (1)
RAYMODE X results obtained using the

CASE | SOURCE | RECEIVER | FRE- Rpin Rpax | NO. OF | SSP | WIND
DEPTH | DEPTH QUENCY | (km) (km) | POINTS SPEED
{m) (m) (klz) (kn)
I 45 17 0.4 2.0 24.5 | 925 A |1
1 45 112 0.4 2.0 17.4 | 625 A |1
111 42 43 1.0 2.0 24.4 1 959 A |1
v 42 112 2.0 2.0 | 24.8 | 818 A |11
v 41 6 1.5 0.6 | 2406 | 706 E | 4
VI 41 59 1.5 0.4 24.8 | 811 E | 4
Vi1 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
X1 42 17 5.0 0.1 35.5 | 1421 B | 6
XI1 42 112 | 5w 0.1 33.8 | 959 B | 6
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coherent phase addition option, (2)
smoothed RAYMODE X coherent results
obtained by applying a running average
with a2 2 km window, (3) the smoothed
RAYMODF X coherent result subtracted
from the SUDS experimental data, (4)
RAYMODE X results obtained using the
incoherent (i.e., rms) phase addition
option, and (5) the RAYMODE X incoherent
results subtracted from the SUDS experi-
mental data. These plots for the 12 test
cases are given 1in Figure IIIA-16
through ITIA-75.

(C) The means and standard deviations of
the difference between the SUDS experi-
mental data and the RAYMODE X smoothed
coherent and incoherent outputs are
glven in Table IIIA-1. For Case I, the
RAYMODE X coherent and incoherent out-
puts are totally different than the SUDS
data--the RAYMODE transmission 1loss
curve 1s concave downward, the SUDS
curve concave upward. In Case II the
curves are qualitatively and quantitati-
vely similar. Case I, we recall, has an
in-layer source/receiver geometry where-
as Case II has cross—-layer geometry. One
would expect greater loss for the cross-
layer Case Il thaan for the in-layer Case
I. For the SUDS data this is true; the
separation between the 1n-layer and
cross—-layer curves was found to be about
15 dB. By contrast, the RAYMODE curves
differ by a few dB (the cross-layer case
having less loss) to 9 km. From 9 to 15
km, the cross-duct case shows substan-
tially less loss (by as much as 8 dB).
After 15 km, the models are 1in basic
agreement. Case III is another in-layer
source/receiver geometry and the differ-
ence between the SUDS curve and the RAY-
MODE curve (unless otherwise stated,
remarks apply to coherent and incoherent
results alike) simply increases with
range. Case IV is a cross—layer case in
which agreement between SUDS and RAYMODE
is excellent to 20 km. From 20 to 24 knm
a 7 dB blas is seen in the difference
curve due to RAYMODE continuing a trend
to higher loss while SUDS assumes a con-
stant loss in thls range interval. Case
V 1is characterized by cross-layer
source/receiver geometry. The SUDS/

____________

RAYMODE agreement is poor, the discrep-
ancy increasing with range. Case VI is
the first below-layer source/receiver
geometry and basic agreement is achieved
over the full range extent of 24 km.
This agreement exteads to include the
degree of fine scale fluctuations and
the presence of a 6 km interference pat-
tern. Case VII i8 a cross-layer case for
which SUDS and RAYMODE results are com-—
pletely lacking {in agreement. Here the
SUDS data shows 1ncreasing propagation
loss to about 10 km, from which point
the 1logs decreases. RAYMODE, on the
other hand, shows increasing loss with
vange to 24 km. Both SUDS and RAYMODE
show strong hut disagreeing interference
patterns. For the below-layer geometry
of Case VIII, the curves show a constant
18 dB offset to 6 km, beyand which SUDS
and RAYMODE have stron; interference
patterns with quite similar periods. Be-
yond 10 km, differences are due to phas-~
ing of the interference patterns: they
are almost out of phase by » radlans.
The region between 6 and 10 km 1is the
trangition region--at the start the
curves are in phase but are of very
different level and change to agreeing
in level but being out of phase. Case
IX, a case of in-layer geometry shows
qualitative difference between the RAY-
MODE model and SUDS experiment results.
SUDS shows less loss and an interference
pattern with a period ranging between 3
and 4 km compared to RAYMODE coherent
for which interference nulls (beyond
initial Lloyd Mirror effects) are seen
at 6 and 26 km. These broad nulls are
filied-in, 1in the RAYMODE 1incoherent
output leading to somewhat better (al-
though still geriously differing quali-
tatively and quantitatively) agreement
with SUDS data. For the cross—duct geom-
etry of Case X substantial agreement is
found to 7 km, from which point dis-
agreement grows: beyond 16 km, the
disagreement levels off at a devastating
20 dB. Aside from the portion of the
data where clipping 1is obvious, the
upper envelope of the RAYMODE curve is
at or below the lower envelope of the
SUDS data. For in-layer Case XI, the
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most serious discrepancy is with regard
to interference patterns. For RAYMODE a
weak interference pattern (peak to nuli
values of 3 dB) with a period of about 7
km is seen; for SUDS strong interference
(peak to null values of 15-25 dB) with
periods between 2 and 3 km are found.
The RAYMODE curve rides at or above the
peaks of the SUDS curve. Case XII, hav-
ing cross-layer geometry, 1s another
example of qualitative and quantitative
dissimilarity; the slopes of the loss
curves are in utter disagreement. The
relatively low mean values 1in Table
ITIA-1 for this case are due to cancel-
ing negative and positive effects--here,
the standard deviation is the 1important
indicator.

(C) Let us now turn to the Figure of
Merit (FOM) analysis. FOM versus detec-
tion range 1s tabulated for SUDS data
and both RAYMODE X coherent and incoher-
ent results at 5 dB increments for the
twelve cases in Tables IIIA-2-13. For
Case I, the RAYMODE results are grossly
pessimistic compared to SUDS detection
ranges. SUDS detection ranges are four
times as great as RAYMODE's for FOM = 75
dB. This factor decreases until at FOM =
95 dB, SUDS detection range results are
twice those of RAYMODE. For Case 1II,
RAYMODE predictions are pessimistic com-
pared to SUDS detection ranges. At low
figures of moerit, RAYMODE detection
ranges are 65% of SUDS; this percentage
is 80%Z at FOM = 95 dB. Case III is a
case of grossly pessimistic results for
RAYMODE as compared to SUDS. SUDS pre-

" dicts detection coverage over the full

extent of the data (24.5 km) for FOM >
80 dB; RAYMODE predicts coverage to 6 km
at FOM = 80 dB; at FOM = 100 dB, RAYMODE
predicts coverage to 24 km, but with
some zonal effects. Case IV detectlion
coverage 1s twice as great for SUDS as
is predicted by RAYMODE. For Case V,
SUDS detection ranges are again twice as
great as those predicted by RAYMODE.
Case VI is the first case for which RAY-
MODE predictions are optimistic, al-
though only slightly so. For this case,
SUDS and RAYMODE are in close agreement,
generally differing by 1 dB or less for

PETRFIYRATEER RTd TR TR TR T T T T T P WL P T P W Ry T ey e, AL A CA LAV A A & A Sl Nl Aol “nda e "ot S RaN iRy 2

FOM < 90 dB. This is also true for Case
VII. Here, however, RAYMODE predictions
are pessimistic by a factor of two for
FOM > 95 dB. Case VIII is the only case
where RAYMODE is optimistic in detection
range by a factor as large as two. It
should be noted that the SUDS detection
ranges are quite small through FOM = 100
dB (5.5 km). In Case IX, RAYMODE gives
much less detection coverage than SUDS
data indicate should be achieved. Here,
a great difference is found between the
RAYMODE coherent and incoherent results,
particularly for FOM = 85 dB. Case X is
another case in which the detection
ranges for SUDS data are usually about
twice those of RAYMODE X predictions. In
Case XI, good agreement in detection
range 1is generally achieved (within 2
dB) although significant differences are
found between RAYMODE coherent and inco-
herent results. Finally, 1in Case XII,
RAYMODE is slightly optimistic for FOM
< 95 dB with both SUDS and RAYMODE pre-
dicting fairly short detection ranges.
For FOM > 95 dB, SUDS results show some-
what greater detection ranges than do
RAYMODE predictions (i.e., RAYMODE pes-
simistic with respect to SUDS).

(C) The following are concluded from the
above: (1) In terms of decibel differen-
ces between SUDS and RAYMODE data, only
Cases II, IV, and VI show fair agree-
ment. Case II and IV are cases of cross-
layer source/receiver geometry at 400
and 1000 Hz, respectively. Cases of
cross~layer geometry at higher frequen-
cles showed basic qualitative and quan-
titative disagreement between SUDS data
and RAYMODE X results. All cases of both
source and recelver in the layer showed
lack of agreement between SUDS and RAY-
MODE. 0Of the two below—-layer cases, VI
showed good agreement between SUDS and
RAYMODE, but VIII did not. (2) The fig-

ure of merit analysis shows RAYMODE
predictions of detection range to be
strongly pessimistic compared to SUDS

results in Cases I, II, III, IV, Vv, IX
and X (not uncommonly by a factor of 2).
Only in Case VIII were RAYMODE detection
ranges much longer (by a factor of 2)
than those of SUDS. No clear trend
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emerges with regard to source/receiver
geometry. (3) It would sppear from com-
parison with SUDS data thet the surface
duct module of RAYMODE X 1is deficlent.
This 1is further borne out in section 3, ,
The Physice of the RAYMODE Y Model, by e ‘
R. Deavenport. ;
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(U) Table IIIA-1. Means (p) and Standard Deviations of Differences -
Obtained by Subtracting (1) Smoothedl RAYMODE X Coherent Output o
! and (2) RAYMODE X Incoherent Output from SUDS Experimental .
Data (in dB). “i
FI (:
o NS
4 RAYMODE X RAYMODE X N
Smoothed Coherent Incoherent =
e [a
I -12.5 12.9 -10.7 11.9 \'.\q
& p
II -2.2 3.9 -2.2 3.7 5
@ 111 -10.1 9.3 -10.4 9.9 !
IV -0.9 3.3 -1.3 3.5
a v -10.3 10.1 -8.7 9.4
VI -0.4 3.7 0.6 3.9
&
E; VII -4.1 10.4 -3.6 10.5
i 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
XII -3.7 10,1 -1.6 9.5

RAYMODE X coherent output was smoothed by
application of a running average with a 2 kiio-
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.

(Station 1, Run 3, Source DeCp‘zlst=I;l5 m, Receiver Depth = 17 m,
Frequency = 400 Hz}
DATA SET FOM R, Kange > R
SuUDS 70 12.0
RAYMODE X Coherent 70 3.0
RAYMODE X Incoherent 70 3.0
SuDs (L] 15.8
RAYMODE X Coherent 73 3.8
RAYMODE X Incoherent 75 4.0
SuUDS 80 17.0
RAYMGDE X Coherent 80 5.0
RAYMODE X Incoherent 80 5.5
SuUDS 85 18.5
RAYMODE X Coherent 85 7.0
RAYMODE X Incoherent 85 7.5
SUDS 90 19.5
RAYMODE X Coherent 80 8.%
RAYMODE X Incoherent 90 9
SuDS 95 20.5 ZD02 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.

c

2. ZDC = Zonal Detection Coverage in percentage of the indicated range
interval over which detection is possible.
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(C) Table IIfA-3. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for SUDS I Data and
RAYMODE X Model Results.

' CASE II:
w3 (Station 1, Run 3, Source Depth = 45 m, Receiver Depth = 112 m, u
_ Frequency = 400 Hz) N
H 3
N
DATA SET FOM R} Range > R, i
a SUDS 75 znc? 004, 1.5-6.5 km “3
ﬂ RAYMODE X Coherent % 4.3 '.‘:
k RAYMODE X Incoherent 75 4 :J
SuUDS 80 7.0 \
g RAYMODE X Coherent | 80 5.5 “
RAYMODE X Incoherent | 80 5 o)
ﬁ SUDS 85 7.5 ZDC 15%, 7.5-13 km
RAYMODE X Coherent 85 7
E} RAYMODE X Incoherent 85 7
SuUDS 90 10.5 ZDC 170%, 10.5-14.5 km
i RAYMODE X Coherent 90 8.5
RAYMODE X Incoherent 90— 8
g [ sups 95 16.5
RAYMODE X Coherent 95 14
RAYMODE X Incoherent | 95 14 '
& SUDS 100 >16.5
B RAYMODE X Coherent 100 14.5
RAYMODE X Incoherent | 100 14,5
SUDS 105 316.35
@ 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
Es RAYMODE X Incoherent | 110 >16.5
1. Rc = Range to which detection coverage is continuous.

AR

B

2. 2DC = Zonal Detection Coverage in percentage of the irdicated range

interval over which detection is possible.
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(C) Table IIIA-4. Detection Range in km as a Function of :a

Figure of Merit (FOM) in dB for SUDS I Data and
RAYMODE X Model Results.
CASE I1I:
(Station 1, Run 4, Source Depth = 42 m, Receiver Depth = 43 m,
Frequency = 1 Hz)

L B
Lo

DATA SET FOM R ! Range > R_ vl
Yo
100% coverage, 7.5-17.5 km with ;
SuDs .15 7.0 one dropout at 18 km 1|
N
RAYMODE X Coherent (£ ] 4.0 h‘j
RAYMODE X Incoherent 75 4.0
SUD§ 80 1.5 ZDCTBO’L 21.5-24.5 km e
RAYMODE X Coherent 80 6.5
RAYMODE X Incoherent 80 é ﬁ
SUDS 85 >24.3 B3
RAYMODE X Coherent 85 9 ZDC 608, 10.5-11.5 km i
RAYMODE X Incoherent 85 7 1008 coverage 7.5-9 km i
w__SuUDS 90 >24.5
! % o 100% coverage 10-12 km, 12.5-
RAYMODE X Coherent .8 14 km ™
IG‘H coverage 10-12 km, 12.5- i\?
RAYMODE X Incoherent 90 9.5 13 km, 13-13.5 km e
| SUDS 95 >24.5
100% coverage 15.5-16.5 km,
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 R&
RAYMODE X Incoherent | 100 14.5 ZDC 95%, 14.5-22 km ~
SUDS 105 >24.5 Ly
RAYMODE X Coherent 105 >24
RAYMODE X Incoherent | 105 24 Ei
1, Rc = Range to which detection coverage is continuous.
b
2. ZDC = Zonal Detection Coverage in percentage of the indicated range 3
interval over which detection is possible.
r’:
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1. Rc = Range to which detection coverage is continuous.
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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. W
CASE IV: -
(Station 1, Run 4, Source Depth = 42 m, Receiver Depth = 112 m, [‘
Frequency = 1 kHz)
o <
\‘.}» 1 e
DATA SET FOM R Range > R S
(4] [4] -
@ SUDS 75 zDc? 908, 2.5-5 km 3
\
*  RAYMODE X Coherent 75 3.0 .
N
L%
ﬁ RAYMODE X Incoherent 75 3.3 ﬂ
sSUDS 80 5.5 ZDC 80%, 5.5-6.%5 km
E RAYMODE X Coherent 80 3.5 100% coverage 4-5 km
. RAYMODE X Incoherent | 80 10.5
ﬁ !  SUDS 85 7.0
RAYMODE X Coherent 85 7.5
§ RAYMODE X Incoherent | 85 7.5
h -
SUDS 90 7.0 ZDC 5%, 7-15 km
i RAYMODE X Coherent 90 8.0
RAYMODE X Incoherent 90 8.0
- suDS 95 8.0 ZDC 40%, 8-16.5 km
ﬁ TOUY coverage 9-11 km
Y] RAYMODE X Coherent a5 8.5 ZDC2 30%, 12-15.5 km
RAYMODE X Incoherent 95 9.0 100% covera 9.5-11 km
& DT 508 85 16-5 k. 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 km, and 16.5 km
@ RAYMODE X Incoherent | 100 13.5 ZDC 45%, 14-17.5 km
sSuUDS 105 17.0 ZDC 95%, 17-24.5 km
g RAYMODE X Coherent 105 18.0 100% coverage 19,5-20.5 km
RAYMODE X Incoherent 105 18.5
:.‘i sSUDS 110 >24.5
- T00% coverage 19-21 km, 21.5-
RAYMODE X Coherent 110 18.5 23 km
@ RAYMODE X Incoherent | 110 19.0 ZDC 708, 19.5-25.5 km

2. ZDC = Zonal Detection Cuverage in percentage of th: indicated range
interval over which detection is possible.
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(C) Table II1A-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, Receiver Depth = 6 m,
Frequency = 1.5 kHz)

F@ | RO
—t

3

DATA SET FOM R, Range > R
suUDS 70 1008 coverage, 0.5-4 km q
RAYMODE X Coherent 70 2.0 ‘
RAYMODE X Incoherent | 70 2.0 N
TOUX Goverags, U.5-5 km7 ZDC 50, ~
SUDS 8 5-8 km ‘
RAYMODE X Coherent 1] LN}
RAYMODE X Incoherent 75 4.0
| TOO¥ coverage, U.5-8 km and 19.5-
' SUDS 80 22 km
[ RAYMODE X Coherent 80 4.0
__RAYMODE X Incoherent | 80 4.0
[ IHC 35K, 9-11.% km: ZbDC 30%, I1.5-
. Subs 85 9.0 18 km; 1008 coverage, 19-22.8 km
! RAYMODE X Coherent 88 4.0 1008 coverage 5-5.8 km
: t | 8 5.0
1008 coverage, 9.5-11, 11.5-18, 18.5-
SUDS 80 9.0 23; ZDC 50%, 23-24.5 km
RAYMODE X Coherent 90 4.0 ZDC 608, 5-9 km
TOOV coverage 8-7 km, 7.5-
RAYMODE X Incoherent ] 5.0 8.%5 km
SUDS 95 9.0 ZDC 98%, 9-24.5 km
RAYMODE X Goherent | 95 4.0 ZDC 708, §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 108 >24.5 -
RAYMODE X Coherent 105 7.0 ZD7 65% 7-19 km
RAYMODE X Incoherent | 105 1.0 ZDC 70% 17-23 km Wl
LR Y
SUDS 110 >24.5 J
RAYMODE X Coherent 110 10.5 ZDC 80% i1->24 km o
RAYMODE X Incoherent | 110 19.5 ZDC 75%, 19.5->24 km )

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

[ 173

2. IZDC = Zonal Detection Coverage in percentage of the indicated range
interval over which detection is possible.
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&.\s (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.
CASE VI:
! (Station 1, Run 1, Source Depth = 41 m, Receiver Depth = 59 m,
Frequency = 1.5 kHz)

e S . MRV .. a"aA s s AR L . s -

“i DATA SET FOM R, Range > R_
gﬁ SuDS 85 zpc? son, 0.5-3 km ;
"
RAYMODE X Coherent 65 1.8 i
| @ RAYMODE X Incoherent 85 2.0 A
| {
sSuDs 70 ZDC 70%, 0.8-3.%5 km (
3 RAYMODE X Coherent 70 3.5 100% coverage 3-4 km '
g; RAYMODE X Incoherent | 70 3.5
SuDs 78 ZDC 85%, 0.3-3.5 km
ﬁ RAYMODE X Coherent 75 2.8 100% coverage 3-5 km
RAYMODE X Incoherent 75 5.0
Ej SuUDS 80 5.0 100% coverage 7-7.5 km
g RAYMODE X Coherent 80 5.0
RAYMODE X Incoherent 80 6.0
i sSuUDS 8% 5.0 100% coverage, 6.5-8 km
RAYMODE X Coherent 8% 5.0 100% coverage 6-6.5 and 7-9 km
3 RAYMODE X Incoherent | 85 8.0
] ZDC 858, 5-11 km; ZDC 85%, 11.5-
sSUDS 80 5.0 12.5 km; ZDC 30%, 14-16.5 km
H RAYMODE X Coherent 90 10.5
L RAYMODE X Incoherent 90 10.5
75T B3¢, 11-18 km; ZDC B%%,
SuUDS 85 11.0 20-22 km
E} RAYMODE X Coherent 95 11.0 100% coverage 13-15.5 km
RAYMODE X Incoherent 95 15.0 ZDC 65%, 13-22 km
" ZDC . - m; , 18-20.5 km;
m | _SuDSs 100 11.5 ZDC 90%, 20-22.5 km; ZDC 20%, 22.5-25 km
3 ~YO0% coverage 12-15.% km, 19.5- —
_RAYMODE X Coherent 100 11.§ 22 km
} RAYMODE X Incoherent | 100 22.0
h SUDS 10§ 13.0 ZDC 9%%, 13-24 km
100% coverage 12-18 km; 18.5-
-, RAYMODE X Coherent 108 11.5 24.5 km
N RAYMODE X Incoherent | 105 >24
A 1. Rc = Range to which detection coverage is continuous.
g 2. 2DC = Zonal Detection Coverage in percentage of the indicated range
interval over which detection is possible.
\'
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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 Rc‘ Range > Rc
SUDS es zpc? 108, 0-1 km
RAYMODE X Coherent 1 65 2.5
RAYMODE X Incoherent (1) 2.0
SUDS 70 ZDC 60%, 0-1 km
RAYMODE X Coherent 70 3.0
RAYMODE X Incoherent 70 3.0
sSuDs 75 ZDC 508, 0-2 &m
RAYMODE X Coherent 7% 4.0
RAYMODE X jncoherent % 4.0

ZDC 708, 0-4 km; 1008 |
SUDS 80 coverage, 21-22 km
RAYMODE X Coherent 80 4.0
RAYMODE X Inccherent 80 4.0

ZDC 958, 1-4 km; 100% coverage

SUDS 85 1.0 17.5-16.5 and 20-23 km
RAYMODE X Coherent 85 4.0 ZDC 65%, 4.5-7 km
RAYMODE X Incoherent 85 8.8

ZDC 10%, 4-11 km; ZDC G0%,

SUDS B0 [ 4.0 15.5-23.5 km

RAYMODE X Coherent 80 5.0 100% coverage 5-7.3% km

RAYMODE X Incoheren 80 7.5

SuUDSs 95 6.0 ZDC 80%, €-17 km; ZDC 90%,
17-24 km

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

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

SuUDS 100 7.0 ZDC 95%, 7-24.5 km

coverage 9-11.5 Km; ’

RAYMODE X Coherent 100 8.0 13-15.5 km

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

SuUDSs 105 >24.5

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

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

1. R e S Range t~ which detection coverage is continuous.

2. IDC = Zona' uUetection Coverage in percentage of tne indicated range
interval ovur which deteciion is possible.
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1
@ (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) i
i ‘
i
i i
!
DATA SET FOM Rcl Range > 2, N
ﬁ SUDS 70 ZDC? 15%, 0-1 km
RAYMODE X Coherent 70 2.5
ﬁ RAYMODE X Incoherent 70 3.0
SuDS 75 ZDC 20%, 0-1 km
@ RAYMODE X Coherent 75 3.5 100% coverage 4.5-5.5 km | ‘
RAYMODE X Incoherent | 75 5.0 }
i
SuUDS 80 ZDC 50%, 0-2 km \
t
ﬁ RAYMODE X Coherent 80 5.5 b
RAYMODE X Incoherent 80 5.5
E; SUDS 85 ZDC 60%, 0-3 km ' \
]
RAYMODE X Coherent 85 6.0 ' )
. RAYMODE X Incoherent | 85 7.0
sSuUDS 90 ZDC 80%, 0-4 km
N
-ﬁ\ RAYMODE X Coherent 90 6.0 100% coverage 7-8 km, 10-11 km | :
E?J RAYMODE X Incoherent | 90 10.0 :
ZDC 50%, 4-5 km; 1/2 km coverage \
SUDS 95 4.0 at 8 and 22 km :
g RAYMODE X Coherent 95 6.0 ZDC 60% 6,5-14.5 km i
RAYMODE X Incoherent | 95 11.0 F‘
ZDC 60%, 5-8.5 km; ZDC 50%, ‘
@ SUDS 100 5.0 11-18 km; ZDC 30%, 20.5-23 km i N
- RAYMODE X Coherent 100 9.0 ZDC 70% 9.5-19 km
RAYMODE X Incoherent 100 15.0
v 7DC 8.4, 6-8.5 km; ZDC 20%, 8.5-1T km; | '
J SUDS | 105 6.0 ZDC 90%, 11-18.5 km: ZDC 75%, 20-23.5 km .
. RAYMODE X Coherent | 105 12.5 ZDC 75% 13-30 km E
3 | RAYMODE X Incoherent [ 105 | 195 | ;
i ZDC 95%, 6-15.5 km: ZDC 50%, 18.5 ;
SUDS 110 6.0 20 km: ZDC 95%, 20- 24 km
e LT L T
RAYMODE X Coherent | 110 >24.0 ,
RAYMODE X Incoherent 110 >24.0 o b
U
- e — — !

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

2. ZIDC = Zonal Detection Coveru;,e in percentage of the indicated range
mterva] 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:

interval over which detection is possible.

CONFIDENTIAL

A-14

(Station 1, Run 5, Source Depth = 45 m, Receiver Depth = 17 m,
Frequency = 3.5 kHz)
DATA SET FOM R, Range > R,
zDC2 908, 0-8.5 km; ZDC 508,
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 00%, 9.5-12.% km; 2DC 5%,
SuUDS 70 8.0 14-17 km
RAYMODE X Coherent 70 3.5
RAYMODE X Incoherent 70 3.5 |
ZDC 50%, 9-10 km; y 10- m;
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 km; ZDC 30%, 21- 23.5 km; |
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 km; 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 km; ZDC 50%,
SUDS 95 23.0 32.5-36 km
RAYMODE X Coherent 95 24.0 100% coverage 30.5->38 km
RAYMQDE X Incoherent 95 >36
SUDS 100 36.0
RAYMODE X Coherent 100 25.0 100% coverage, 29->36 km
RAYMODE X Incoherent | 100 >38
1. Rc = Range to which detection coverage is continuous.
2. IDC = Zonal Detection Coverage in percentage of the indicated range
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A
(C) Table IIIA-11. Detection Range in km as a Function of .
Figure of Merit (FOM) in dB for SUDS I Data and K
RAYMODRE X Model Results. v
CASE X: '
(Station 1, Run 5, Source Depth = 45 m, Receiver Depth = 112 m, -
Frequency = 3.5 kHz) :
g ¥
) 1 ¢
DATA SET FOM Rc Range > Rc [n
—— o afpr————— o -, — - —— "
zpc? 98y, 0-2.5 km; ZDC 18%, -
SUDS 70 2.5-4 km !
RAYMODE X Coherent 70 3.0 E
RAYMODE X Incoherent 70 3.0 &
E SUDS 75 2.5 ZDC 30%, 2.3-6 km é
RAYMODE X Coherent 75 3.0
RAYMODE X Incoherant 75 3.5
ZDC 60%, 4-6.5 km; ZDC 15%, i
SUDS 80 2.5 6.5-9 km !
¥
RAYMODE X Coherent 80 4.0 >
[}
ﬁ | _RAYMODE X Incoherent 80 4.0 100% cov~rage 8-5.5 km i
r ZDC 85%, 4-6.5; ZDC 10%,
SUDS 85 4.0 6.5-10.5 km
gg RAYMODE X Coherent 85 6.5 S
; RAYMODE X Incoherent | 35 6.5 "
ZDC 80%, 7-12.5 km; ZDC ?%, 12.5-17 km '
I sups 90 7.0 (data between 12 and 23 km is clipped) .
T
' ' RAYMODE X Coherent 90 i 8.0
RAYMODE X Incoherent 90 8.5 :
. ZDC 90%, 10.5-12.5 km; ZDC %%, 12.5-21 km |
3 SUDS 95 10.5 (data between 12 & 23 km is clipped); ZDC
I 10%, 23-25 km
RAYMODE X Coherent 95 9.5
RAYMODE X Incoherent 95 10.0
Data between 12 & 23 km is clipped; 100% \
SUDS 100 ? coverage to >12 km: ZDC 30%, 23-32.5 km
. RAYMODE X Coherent | 100 ' 10.0 i
g} —RAYMODE X Incoherent , 00 | 10.5 B _g:
i Data between 12 & 23 km is clipped; 100%
SUDS | 100 : ? coverage to >12 km; ZDC 50%, 23-32.5 km J
_‘ RAYMODE X Coherent ; 105 ! 10.0 ZDC 45%, 11-13 km
Al e
¥ RAYMODE X Incoherent i 105 | 14.0 -
i N Data between 12 & 23 km is clipped; 100%
SUDS : 110 ? coverage to >12 km; ZDC 70%, 23-33.8 km
T
@ + RAYMODE X Coherent : 110 11.0 ZDC 65% 11.5-16 km
l . RAYMODE X Incoherent ' 110 13.5 ZDC 90% 14-19 km
| - ! Data between 12 & 23 km is clipped: 100%
: | sups 115 ’ coverage to >12 km; ZDC 808, 23-34.5 km
& IR N SRR
. RAYMODE X Coherent 115 13.5 ZDC 90%, 14-22 km
L RAYMODE X Incoherent 115 17.0 ZDC 80% 17.5-25.5 km

=

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

Frequency = 5 kHz)

(C) Table IIIA-12. Detection Range in km as a Function of

(Station 1, Run 6, Source Depth = 42 m, Receiver Depth = 17 m,

DATA SET FOM . R} Range > R_
SUDS 70 zpc? 508, 0-2 km
RAYMODE X Coherent 70 2.5 100% coverage 3-5 km
RAYMODE X Incoherent 70 3.5 100% coverag‘e 3.5-4.5 km |

z » - km; D » - km;
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 ) .

ZDC 80%, 1.5-5 km; ZDC 60%,
SUDS 80 1.5 5-8.5 km
RAYMODE X Coherent 90 13.0
RAYMODE X Incoherent 80 7.5 _

ZDC 90%, 1.5-7 km; 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

D » 4.9-13 km; ) ‘
SUDS 90 4.5 13-19 km
RAYMODE X Coherent 90 22.0 100% coverage 23.5-28 km
+—RAYMODE X Incoherent 90 21.0

ZDC 90%, 5-19 km; ZDC 60%, 19.5-
SUDS 95 5.0 27.5 km; 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.
interval over which detection is possible.
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2. ZIDC = Zonal Detection Coverage in percentage of the indicated range
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(C) Table I1IIA-13. Detection Range in km as a Function of :
Figure of Merit (FOM) in dB for SUDS I Data and '
RAYMODE X Model Results. j
CASE XII: :
l (Station 1, Run 6, Source Depth = 42 m, Receiver Depth = 11 m, l
Frequency = 5 kHz) \
DATA SET FoM R, Renge > R, ;
)
SUDS 70 0.5 | zpc? sow, 0.5-1.5 km .
RAYMODE X Coherent 70 2.5
& RAYMODE X Incoherent 70 2.3
1
SUDS 5 2.5 ZDC 50%, 0.5-2 km :
RAYMODE X Coherent 75 3.0 i
W
RAYMODE X Incoherent 75 3.5 .
ZDC 808, 1-2 km; ZDC 158,
sSuDS 80 1.0 2-3.5 km
g; RAYMODE X Coherent 80 4.0 J
3 ;
- RAYMODE X Incoherent | 80 4.0
- ) ZDC 90%, 1-3 km: ZDC 308, ﬂ
SuDs 85 1.0 3-4 km b
W RAYMODE X Coherent 85 6.5
RAYMODE X Incoherent | 85 6.0
- sUDS 90 2.5 | 2zDC 308, 2.5-5.5 km :
&
) RAYMODE X Coherent 90 7.5 :
RAYMODE X Incoherent 90 7.5
i SuUDS 95 3.5 ZDC 30%, 3.5-7 km
RAYMODE X Coherent 95 9.0
RAYMODE X Incoherent | 95 9.5
v ZDC %%, 4-14 km (data is clipped
@ sSuDs 100 4.0 at high loss end)
RAYMODE X Coherent 100 9.5
RAYMODE X Incoherent | 100 9.5
ZDC 7%, 5-16.5 km (data is clipped
. SUDS 105 5.0 at high loss end)
’ RAYMODE X Coherent | 105 1.5
- RAYMODE X Incoherent 105 11.5
q ZDC 7%, 7-25 km (data is chpped
y SUDS 110 7.0 at high loss end)
RAYMODE X Coherent 10 1.5 ZDC 40%, 12-15 km
RAYMODE X Incoherent | 110 11.5 ZDC 45%, 12.5-15 km
ZDC 7%, to 23 wm; (data is clipped at high
SUDS 115 ? loss end);: ZI < 35%,23-25 km: ZDC 10%,
25-29 km
RAYMODE X Coherent 115 12 ZDC 35%, 12.5-17.5 km
@ RAYMODE X incoherent | 115 14 ZDC 40%, 14.5-19.5 km
ZDC ?% to 23 Km (data is clipped at high
sSUDS 120 ? loss end): ZDC 40%, 23 29 km
Eﬂ} RAYMODE X Coherent 120 13.5 ZDC 70%, 14-21 km
‘-\‘ . — —
tb RAYMODE X Incoherent | 120 16 ZDC 70%, 16.5 23.5 km

Rc = Range to which detection coverage is continuous.

ZDC = Zonal Detection Coverage in percentage of the Indicated range
interval over which detection is possible.
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CASE X. RAYMODE Coherent, Frequency = 3.5 Kilohertz, Source

(C) Figure IIIA-61.

WY

Depth = 112 Meters

iver

45 Meters, Rece

Depth
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Appendix H1IB. Accuracy Assessment of RAYMODE X Compared 3

[ ] L] “

to HAYS-MURPHY Mediterransen Experimental Data (U) .
v 7
ﬁ HAYS-MURPHY (U) Tables IIIB-2 and I1IB-4 for MGS and J
FNOC bottom types, respectively. The “CS .

Environment (U) Type 2 curve has 1.1 dB bottom lose at !

-

&z e

0°, 2.7 dB at 15°, and 8.3 dB at sormal
(C) The Hays-Murphy data used here were incidence. The FNOC type curve has 2
collected in the Algiers-Provencal Basin congtant bottom loss of 3 dB to 14°, ).)
of the Mediterranean Sea over a distance dB at 15° and 11 dB at normal taci-
of 200 kilometers (km) of what is termed dence.
the St. Margarets run (Martin,1982). The
St. Margarets run was much longer, but Test Cases (V)
the flat bottom assumption of range
independent propagation loss models was (C) Six test cases were chosen for ex-
violated past 200 km. The sound speed perimental data/model compar!son.
profile is plotted and tabulated in Fig-

TA,

ure IIIB-1. The profile is essertially Source Receiver Frequencyﬁf_
bilinear with a minimum at 61 meters Case Depth Depth (Hz) ’
(m). The critical depth is 1894 m, indi- i
Ej cating a depth excess of approximately I 24,4 n 137.2 m 35.0
850 m. (80 ft) (450 ft)
. II 266 n [ 137.2 m 67.5 |
i (C) Two sets of bottom loss tables were (80 ft) | (450 ft)
used as input to the RAYMODE X model. 111 24,4 m 137.2 m 100.0
The first are the MGS bottom loss versus (80 ft) (450 ft)
L grazing angle curves found in subroutine IV 24,4 m 137.2 m 200.9
t’ 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
5 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
i ponding to 0-90° grazing angle). The six is given in Figures IIIB-2 to IIIB-7.
‘ Q cases of Hays-Murphy acoustic data cover The experimental data for these cases
bt 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
::‘ cles, a single bottom loss curve 1is propagation loss 1increases by about 6
S 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
W Hz and less 1s given in Table IIIB-3. 35.0 to 67.5 Hz. When Case V is compared :xj
ﬁ_f The MGS Type 2 curve has a critical with Case 1 and Case VI is compared with r:
" angle of 9°, 1.6 dB bottom loss at 15°, Case III, no significant receiver depth f--i
- and 8 dB loss at normal incidence. The dependence 1is found over the 100 ft E\
é FNOC Type 3 curve has a critical angle (30.5 m) separation. In all cases, the %
of 12°, 1 dB bottom loss at 15°, and 10 data is free of convergence zone struc-—
dB loss at normal incidence. The bottom ture. Fluctuations of 4-5 dB 1in the .::«.
kY loss curves for 200 Hz are given 1in first 100 km of data modulate an overall r-_'_‘,!
: CONFIDENTIAL |
At -}:
e e e T S
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decrease of approximately 10 dB and in
the second 100 km, an overall decrease
of 2-5 dB is modulated by 2-5 dB fluctu-
ations. The Hays-Murphy data results
from one-third octave analysis of under-
water explosive detonations. The fre-
quencies given are the geometric mean
frequencies of the one~-third octave
bands.

Accuracy Assessment Results (U)

(C) Use of MGS (i.e., RAYMODE X) bottom
loss or FNOC (i.e., FACT PL9D) bottom
loss in the RAYMOLDE X model runs usually
resulted in differences of 0.5 dB or
less between mean (u) differences be-
tweer RAYMODE X output and Hays-Murphy
data (as can be seen by comparing Table
1119~5a with I1IB-6a, and IIIB-5b with
:1IB-6b), with one notable exception: In
Case IV, the only case at 200 Hz, a dif-
t-rence of 1.5 dB in means is found in
the 0 to 25 km range {nterval, the only
I1terval strongly affected by cholce of
sottom loss. We shall return to this
polat in greater detail below. Aside
fron Case 1V, only the RAYMODE X results
using the MCS {i.e., RAYMODE's own) bot-
ton loss are discussed due to the slight
effect of bottom loss.

(U') Accuracy as 2ssment proced::.S ap-
plied to the RAYMODE X outputs and the
experimental data are described in Sec-
tion 1.1 of this volume and in greater
detail in Section 5 of Volume I of this
series (NORDA Report 33). For the six
Hays-Murphy cases, no significant propa-
gation loss features are evident in the
experimental data and for calculation of
statistics of differences from model
results, arbitrary intervals of 0-25 km,
25-50 km, and 50-200 km were selected.
The means and standard deviations of
differences between Hays-Murphy experi-
mental data and the RAYMODE X model out-
puts are found 1in Tables IIIB-5a and
I1I-5b for the coherent and incoherent
model results, respectively, where the
MGS bottom loss was used. Similar re-
sults in which RAYMODE X used the FNOC
bottom loss (found in FACT PL9D model)
are given in Tables IIIB-ha and IIIB-6b.

The following figures were produced for
each case: (1) RAYMODE X using the co-
herent phases addition option; (2) this
coherent result smoothed by a running
average of five points (i.e., a 2 km
window); (3) the smoothed coherent re-
sult subtracted from the Hays-Murphy
experimental data; (4) RAYMODE X output
using the incoherent phase addition
option; and (5) the incoherent result
subtracted from the Hays-Murphy experi-
mental data. These five curves are given
firgt for all cases where RAYMODE X was
run with its own MGS bottom loss and
then for RAYMODE X run using the FNOC
bottom loss for FACT PL9D. The plots are
given as follows:

RAYMODE (i.e., | FACT (i.e., FNOC)

Case MGS) Bottonm Bottom

1 Fig. IIIB-8 to Fig. II1IB-38 to
Fig. IIIB-12 Fig. IIIN-42

Il Fig. IIIB-13 to| Fig. IIIB-43 to
Fig. ITIB-17 Fig. IIIB-47

111 Fig. IIIB-18 to| Fig. IIIB-48 to
Fig. I11B-22 Fig. IIIB-52

P

v Fig. IIIB-23 to| Fig. IIIB-53 to
Flg. I1[B-27 Fig. IIIB-57

\' Fig. ITIB-28 to| Fig. II1IB-58 to
Fig. IIIB-32 Fig. IIIB-62

VI Fig. ILIB-33 to| Fig. IIIB-63 to
Fig. 1IIB-37 Fig. ILIB-67

UNCLASSIFIED

(C) In examining the means and standard
deviations of the differences between
Hays-Murphy data and RAYMODE X outputs,
the following conclusions may be drawn:
(1) In all cases the model exhibits
greater loss than does the experimental
data (indicating that the model predic-
tion 1s overly pessimistic). The mean
differences vary from 3 to 11 dB. Bottom
parameter measurements near the site
(DiNapoli, 1972), when converted to
bottom loss via a Rayleigh model that

E [

R )
S

N | |

()
F I A §

T
ia

X

* 52 CONFIDENTIAL

K P IS -
PR A S P TR A A S I

. K
I Y S SNl T S T T SR ]




IAAANASIAR A SRS RA R A DA RARALE AR ARA N L0 DA RAS LR RO A AR D A RN R R R LA A AR RS A N

7 ?lt
[ o™ ol o

r
P

¥

| M) Fer U

254

...-
e S

-

xr

L

“r Ta U
L

CONFIDENTIAL

includes attenuation 1n the bottom,
result in a bottom loss versus grazing
angle curve with a critical angle of 20°
and a normal incidence loss of 5.9 dB.
This is lower than either the MGS or
FNOC bottom loss results given in Tables
I1IB~1 through IIIB-4, and its use would
likely eliminate the mean differences
within the first region (i.e., to 25
km). (2) The standard deviations of dif-
ferences between Hays-Murphy data and
RAYMODE results are generally smaller
for the incoherent predictions than for
the coherent predictions generally by
about 2 dB. This 1s not surprising,
since the model's incoherent addition
has a smoothing effect as does averaging
over a one-third octave frequency band
for the experimental data. (3) For the
incoherent RAYMODE results, standard
deviation of differences between Hays-
Murphy data and RAYMODE outputs are
between 2.5 and 5.5 dB. (4) There 1s no
significant difference between use of
the MGS bottom loss (found in RAYMODE)
and the FNOC bottom loss (found in the
FACT PL9D model). (5) Particularly for
the iIncoherent results, the agreement
hetween model results and Hays-Murphy
data 1s best at 200 Hz and significantly
better than results for the other three
frequencies. We recall that the 1lower
three frequencies all used the same bot-
tom loss table and therefore conclude
that the difference in bottom loss prob-
ably accounted for the improved loss at
200 Hz (Note: This applies to only the
first bottom bounce region (i.e., to 25
km) beyond which bottom bounce paths are
not significant contributors.)

(C) The figure of merit (FOM) versus de-
tection range analysis for the six Hays—
Murphy cases are given in Tables ITIB-7
when RAYMODE X uses its own (1.e., MGS)
bottom loss and 1in Tables IIIB-8 when
RAYMODE X uses the bottom loss of the
FACT PLY9D model (i.e., FNOC). For an FOM
of 75 dB, RAYMODE 1incoherent results

show detectlon coverage from 0 to 2.0-
4.5 km for the six cases. The RAYMODE
coherent results show coverage from O to
1.5-3.5 km and zonal detection coverage
(ZDC, Zonal Detection Coverage, 1s given

in percentage of the indicated range in-
terval for which detection 1s possible)
of 30% extending to ranges as great as
14 km. In contrast, the Hays~-Murphy ex-
perimental data generally shows continu-
ous coverage to about 20 km and ZDC of
generally 60% to range of about 40 km.
At FOM=~8C dB, RAYMODE 1incoherent cover-
age 1s continuous to about 12 km; for
RAYMODE coherent results, continuous
coverage extends to about 4 km and ZDC
of variable percentages extend coverage
to ranges as great as 45 km (often with
large gaps). The Hays-Murphy data has
continuous detection coverage to 42-55
km over the six cases. ZDC of generally
50% extends to ranges from 84 to 113 km.
At FOM=85 dB, RAYMODE incoherent detec-
tion coverage 1{s continuous to 47 km.
For RAYMODE coherent, continuous cover-—
age 1s generally to 6 km followed by
ZDCs of about 50% to about 50 km and
ZDCs of 5-15% to ranges of about 100 km.
The Hays-Murphy data shows continuous
coverage for most cases to 130 km and
ZDC at percentages above 507 to ranges
of 170 km or more. Finally, at FOM=90
dB, the RAYMODE incoherent predictions
show continuous coverage to 95 km and,
typlcally, spotty coverage to about 140
km. RAYMODE coherent gives continuous
coverage to 6 km and ZDCs of varying
percentages to ranges from 120 to over
195 km over the six cases., For all
cases, Hays-Murphy experimental data
shows continuous coverage ¢ greater
than 200 km.

(C) General conclusions based on compar-
ison of RAYMODE X outputs «ith Hays-
Murphy experimental data foilow: (1)
Significant differences 1in mean levels
were primarily responsible for pessimis-
tic detection range predictions by the
model. These differences appear to be
attributable to the bottom loss inputs

for the first bottom bounce region
({.e., to 25 km). Beyond this range,
differences are as great and unex-—

plained, but bottom loss 1s not a fac-
tor. It is to be noted that for this
scenario, RAYMODE and FACT bottom loss
inputs led to essentially the same re-
sults. (2) Mean differences between the
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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 between 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 1is
that the RAYMODE incoherent curve is in
better agreement with the experimental
data than is the RAYMODE coherent curve
with regard to general characteristics
(1.e., shape) but the RAYMODE coherent
results are more in agreement with the
experimental data with regard to detec-
tlon range coverage (although the
agreement 1is far from satisfactory).
This 1s understandable since detections,
particularly of a 2zonal nature, are
determined more by fluctuations than by
mean levels (particularly for average
signal-to-noise ratios that are negative
Oor near zero.
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(U) Table IIIB-1. Bottom Loss in dB Versus Grazing Angle in Degrees. -\.f?j
!, MGS Bottom Tvpe 2. Frequency < 100 Hertz. ﬁ
' 1
2y e BL |© BL |© BL |© BL | © BL ) BL %:ﬂ
. '::i
0 {0.00 |15 | 1,92 |30 |5.23 |45 |7.25 | 60 8.28 75 8.54
@ 1 10.00 {16 | 2.19 |31 |5.40 {46 | 7.34 | 61 8.32 76 8.54 KX
2 | 0.00 |17 | 2.45 |32 | 5.57 | 47 |7.44 | 62 8.36 Uk 8.52 :f{
g 3 10.00 18 | 2.70 |33 |5.73 |48 | 7.53 | 63 8.39 78 8.51 o
4 10.00 |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
5 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 |6G.31 [52 |[7.84 | 67 8.49 82 8.43
g 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 -
g 10 | 0.46 {25 | 4.29 |40 |6.70 | 55 [8.03 ([ 70 8.53 85 8.33 u§
11 [ 0.77 | 26 | 4.49 |41 |6.82 |56 |8.09 | 71 8.54 86 8.30 e
i 12 | 1.07 | 27 | 4.68 |42 |6.93 | 57 [8.14 | 72 8.55 87 8.26 ﬁ
} 13 | 1.36 | 28 | 4.87 }43 |7.04 |58 |8.19 | 73 8.55 88 8.21 o
E 14 | 1.64 |29 | 5.05 {44 |7.15 |59 [8.24 | T4 8.55 89 8.17 '.'i
E
i -
E UNCLASSIFIED
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(U) Table IIIB-2. Bottom Loss in dB Versus Grazing Angle in Degrees. 3
MGS Bottom Type 2. Frequency = 200 Hertz. i
O | BL 0 | BL o BL 0o BL o) BL o) BL .
o

0 [1.08 |15 | 2.88 | 30 } 5.51 | 45 | 7.16 | 60 8.08 7 8.43
1 (1.12 [ 16 | 3.09 | 31 |{5.65 | 46 | 7.24 | 61 8.12 76 8.43
2 11.15 [ 17 | 3.30 | 32 |5.78 | 47 | 7.32 | 62 8.16 (X} 8.43 M
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 o |
5 [ 1.26 | 20 |3.88 | 25 |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 by
7 11.32 )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 ﬁ

9 11.48 | 24 | 4.59 | 39 [6.60 | 54 | 7.79 | 6V 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 fj
12 | 2.21 {27 | 5.07 | 42 |€.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 i
14 | 2.66 |29 |5.37 | 44 [7.08 | 59 | 8.04 | 74 8.42 89 8.30
4
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(U) Table IIIB-3. Bottom Loss in dB Versus Grazing Angle in Degrees.
FNOC Bottom Type 3. Frequency < 150 Hertz.

o ) BL
0 0.0
B 11 0.0 |
| 20 3.0 |
B 25 4.4 !
' 35 6.7
@ 45 8.5
56 10.0
E 90 10.0
{ UNCLASSIFIED
B

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

e BL
0 3.0
13 3.0

E—‘#
B 20 5.3
35 8.7
g 45 10.3
53 11.0
4 90 11.0
UNCLASSIFIED
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b
(U) Table IIIB-5a. Means (n) and Standard Deviations (o) in dB of v
Differences Between Hays-Murphy Experimental Data and
RAYMODE X Coherent Model Output.l
Bottom Loss = MGS Type 2.

Case|Frequency | Source | Receiver 0-25 km 25-50 km | 50-200 km ﬂ |
(Hz2) Depth (ft)|Depth (ft) ] o n o 1 o 1
I 35.0 80 450 -9.3 [ 3.8 | -9.2 [3.1] -9.3|3.3 ";
11 67.5 80 450 -10.3 | 5.1 |-10.9 | 4.0 | -10.9 | 2.7 i
11 | 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 |55 | -8.4 | 4.2 -
\' 35.0 80 350 -7.6 | 4.7 |-10.9 | 2.5 |-10.5 | 3.1 X
vi | 100.0 80 350 - -9.1 | 5.3 | -6.7 |6.2 | -7.4 | 4.1 )

Bz

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

CONFIDENTIAL

rrrd

(U) Table IIIB-5b. Means (u) and Standard Deviations (o) in dB of Differences
Between Hays-Murphy Experimental Data and RAYMODE X Incoherent
Model Output. Bottom Loss = MGS Type 2.

o
, &
Case [Frequency | Source Receiver 0-25 km 25-50 km 50-200 km
(Hz) Depth (ft)|Depth (ft) m 0 m o B a
3
I 35.0 80 450 -8.6 | 3.6 -8.1 ] 2.9 -7.8 | 2.2
I1 67.5 80 450 -8.6 | 2.2 -8.4 | 2.3 -8.6 | 1.5
II1 100.0 80 450 -6.7 2.2 -6.0 { 3.0 -6.4 | 2.0 E
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 %
Vi 100.0 80 350 -5.6 | 2.1 -4.7 ] 2.9 -5.1 | 1.6
:']
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(U) Table IIIB-6a.

Means (1) and Standard Deviations (o) in dB of Differences

Between Hays-Murphy Experimental Data and RAYMODE X Coherent
Model Qutput.l Bottom Loss = FNOC Type 3.

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

(Hz) Depth (ft) |Depth (ft) n 0 i 0 m 5]
I 35.0 80 450 -9.2 |2.8 -8.7 2.9 -9.1 3.3
Il 67.5 80 450 -10.8 |5.9 ;-10.5 |4.1 {-10.4 }3.0
1 100.0 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 15.5 -8.8 4.4
\'s 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.

(U) Table IIIB-6b.

Model Output.

CONFIDENTIAL

Means {u) and Standard Deviations (o) in dB of Differences
Between Hays-Murphy Experimental Data and RAYMODE X Incoherent
Bottom Loss = FNOC Type 3.

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

(Hz) Depth (ft) [Depth (ft) m 0 v 0 o 0
I 35.0 80 450 -8.6 13.4 -7.8 | 2.9 -7.5 | 2.2
I 67.5 80 450 -8.7 2.1 -8.1 | 2.3 -8.3 | 1.5
IIT | 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
\' 35.0 80 350 -7.3 [2.9 -7.2 1 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 11IB-7a. Detection Range in Kilometer as a Function of
Figuvre of Merit (FOM) in dB for Hays-Murphy
Mediterranean Experimental Data and
RAYMODE X Model Predictions
Case I:

(Sourze Depth = 80 ft., Receiver Depth = 450 ft., Frequency = 35 Hz)
Bottom Loss: MGS Type 2

1

Data Set FOM Rc Range > Rc

Hays-Murphy 75 25.5 | ZDC2 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 80 4.5 | 2DC 50%, 5-16 km; ZDC 20%, 24-39 km
RAYMODE X
Incoherent 80 12.0

Hays-Murphy 85 130.5 | ZDC 50%, 130.5-172.5 km
RZYFJI%EE X ZDC 70%, 5-47 xm, ZDC 15%, 57-66.5 km

nt 85 5.0 - km

RAYMODE X
Incoherent 85 47.5

Hays-Murphy 90 200
RAYMODE X 100% coverage 7.5-16.5 km, 17-41 km; ZDC 70%,
Coherent 90 6.5 |41-155 km_
RAYMODE X 100% coverage 103-112.5 km, 123.5-125.5 km,
Incoherent 90 93.5 | 141-142 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) Iable 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 I1z)
Bottem Loss: MGS Type 2

=5 A =2 -8

Data Set FoM | R ! Range > R_ 1
Heys-Murphy 75 42.5 ‘
_m%ﬁ_'“ E X
Coherent 75 1.5 |2zpc? 50%, 1.5-7 km
" RAYMODE X
E Incoherent 75 3.0

Ha%s-Murphy 80 54.0 [ZDC 50%, 54-113 km

E X ZDC 60%, 4-7.5 km, 100% coverage 13.5-15.5 km,
| __Coherent 80 3.5 !and 19-22.5 i - m
RAYMODE X
Incoherent 80 11.0 | 100% coverage 136-137 km

Hays-Murphy 85 [>200 Except for a few dropouts of < km
RKYM%D'EX ZDC 45%, 7.5-47.5; ZDC 20%, 59-79.5 km,

| _Coherent 85 6.5 |ZDC <5 - m
RAYMODE X
| Incoherent 85 47
} | Hays-Murphy 90 >200
| RAYMODE X ZDC 5%, 8-50.5 km; ZDC 55%, 55-124 km;
' Coherent _ 90 7.5 |ZDC 20% 134.5-159 km; ZDC 15%, 186-194 km
| 5 RAYMODE X 100% coverage 101.5-107 km, 113.5-116 km and
| Incoherent 90 95 136.5-140 km
| !”
1. Rc = Range to which detection coverage is continuous.

2. ZIDC = Zonal Detecticn Coverage in percentage of the indicated range interval
for which detection is possible.
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(C) Table IIIB-Tc.

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

PN

Data Set FOM Rcl Range > Rc T
Haye Murphy 75 | 17.5|zDC? 608, 17.5-42 km @
Coherent 75 2.5 | Peaks at 4, 5, 9, and 10.5 km
DE X ™
Incoherent 75 2.5 'd
Hays-Murphy 80 43.5 | ZDC 20%, 43.5-84 km '
EKYM%EE X C 30%. 3-13 km; Peak at 39 km a
Coherent 80 3.5 | 100% coverage 23-27.5 km_and 45-46 km
RAYMODE X
Incoherent 80 12.0 | 100% coverage 34.5-36 km 3
Ha%s-Murphy 85 [ 127.5 |ZDC 70%, 127.5-190 km . b
R X ZDC 80%, 7.5-13.5 km; ZDC 75%, 17.5-54 km
Coherent 85 6.0 | 2ZDC 5%, 78.5-104 km; Peak at 133.5 km a
RAYMODE X
Incoherent 85 47.0
o
Hays-Murphy 90 [>200 E
RAYMODE X ZDC 70% 7.0-59.5 km; ZDC 40%, 61.5-106 km; ZDC 10%
Coherent 90 6.0 | 108-127.5 km; ZDC 60% 130-145 km; ZDC 20% 183-193 km;
ZDC 60% 115-119 km; ZDC 65% 128-138 km 3
RAYMODE X
Incoherent 90 96 100% coverage 99-106 km, 108-112 km
1 IR
1. R e = Range to which detection coverage is continuous. -
2. ZIDC = Zonal Detection Coverage in percentage of the indicated range interval for which ,“1
detection is possible. e
CONFIDENTIAL =
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(C) Table IIIB-7d. Detection Range in Kilometer as a Function of e
Figure of Merit (FOM) in dB for Hays-Murphy -
! Mediterranean Experimental Data and e
RAYMODE X Model Predictions X
Case IV: Al
@ (Source Depth = 80 ft., Receiver Depth = 450 ft., Frequency = 200 Hz) ol
Bottom Loss: MGS Type 2 by
o~
E Data Set FOM Rcl Range >R_ =
, :
ﬁ; Hays-Murphy 75| 21.5 | 2DC? 908, 21.5-37.5 km R
‘ DE X N
Coherent 75 2.0 Peaks at 3.5 and 12 km
g RAYMODE X
Incoherent 75 2.0
Hays-Murphy 80 42.5 | ZDC 50%, 42.5-95 km
ﬁ RAYM%DE X
nt 80 2.0 ZDC 20%, 2.5-24 km; peak at 44 km
_ RAYMODE X s
E@ Incoherent 80 3.0 | 100% coverage 3-9 km '*ﬁ
A
Hays-Murphy 85 | 194 b
RAYMODE X N
l Coherent 85 2.0 ZDC 35%, 2.5-48 km; peaks at 66 and 133 km
RAYMODE X N
re Incoherent 85 47.5 :‘;.:
; \.:“
Es- Hays-Murphy 90 [>200 . N
RAYMODE X ZDC 45%, 2.0-49 km; ZDC 20%, 54.5-101.5 km | ;J
Coherent 90 2.0 | ZDC 20%, 125-137 km; ZDC 35%, 163-167.5 km
RAYMODE X 100% coverage 63.5-81 km, 84-87.5 km, 99-103.5 km N
Incoherent 90 49.5 | and 132-134 km N
5 ;
' 1. R ¢ = Range to which detection coverage is continuous. :

N 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 h
Figure of Merit (FOM) in dB for Hays-Murphy
Mediterranean Experimental Data and
RAYMODE X Model Predictions N
Case V:
(Source Depth = 80 ft., Receiver Depth = 350 ft., Frequency = 35 Hz) 5
Bottom Loss: MGS Type 2
1 -
Data Set FOM |R Range > R ol
C C ""
Hays-Murphy 75| 25.5 |zDC? 508, 25.5-47 km 2
TKYM%DE X W
Coherent 75 3.5 100% coverage 8.5-10 km; peak at 17.5 km
RAYMODE X
Incoherent 75 4.0 ﬁ
Hays-Murphy 80 55.0 | ZDC 40% 55-93 km
RAYMODE X a
Coherent 80 5.5 ZDC 45%, 5.5-23 km; ZDC 20%, 33.5-38 km
RAYMODE X
Incoherent 80 12.0 g
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 2DC 50% 24-47 km; 2DC 5%, 50-81.5 km 5
RAYMODE X
Incoherent 85 47.0
Hays-Murphy 90 >200 _ g
RAYMODE X 100% coverage 7.5-12.5 km, 13-25 km
| Coherent 90 7.0 ]ZDC 65%, 25.5-88 km; ZDC 20%, 96-119 km
RAYMODE X 5
Incoherent 90 93.0 |ZDC 40%, 103-143 km
2
1. Rc = Range to which detection coverage is continuous. td
2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval for i
which detection is possible. {:I’,
CONFIDENTIAL 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

-———
"?‘ ¢

’
“a

T W NG A B R AR A NAEERE A .S S 2 S 8 SRS . . 2 aw

|
' Data Set FOM (R cl Range >R
Eg Hays-Murphy 75 17.0 | 2DC2 10%, 17-41 km
RK?M%BE X
@ Coherent 75 2.5 | Peaks at 4 km, 9 km, 11 km
RAYMODE X
Incoherent 75 2.5 )
ﬁ ‘ Hays-Murphy 80 42.0 ZDC 10%, 42-52 km
RAYMODE X ZDC 35%, 4.5-13.5 km; ZDC 20%, 23-28 km
Coherent 80 4.5 100% coverage 44-46 km and 46.5-47 km X
@ RAYMODE X -1
Incoherent 80 3.0 100% coverage 3.5-12 km, 35-36.5 km b
i ] Ha*s-Murphy 85 54.0 ZDC 90%, 52-127 km d
_Qoherent 85 5.0 ZDC 50%, 6-55 km; ZDC 25%, 68.5-95 km q
- RAYMODE X :
tﬁ Incoherent 85 47.0 \
Hays-Murphy 90 p200 ___ i
E RAYMODE X ZDC 70%, 5-59.5 km; ZDC 55%, 65-116 km; '
Coherent 90 5.0 ZDC 45%, 124-147.5 km; ZDC 30%, 171-191.5 km <
RAYMODE X ;
E; Incoherent 90 94.0 ZDC 60%, 99-138.5 km .
]

1. R c = 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-8a. Detection Range in Kilometer as a function of -4
Figure of Merit (FOM) in dB for Hays-Murphy -
Mediterranean Experimental Data and a
RAYMODE X Model Predictions
Case I: :
(Source Depth = 8/ ft., Receiver Depth = 450 ft., Frequency = 35 Hz) v
Bottom Loss: FNOC Type 3 o
! 1
Data Set FOM |R_ Range > R_ 2
| Ha%s-Murphy 75| 25.5 | ZDC2 60%, 25.5-44 km 5l
DE 100% coverage 7.5-8.5 km and 12-14 km and peak L‘
Coherent 75 4.0 | at 5 km .
RAYMODE X
Incoherent 5 4.5 @ ‘
Hays-Murph 80 54.5 | ZDC 50%, 54.5-93 km R
_Y%—RA M DE__p—:X @
Ccherent 80 4.5 ZDC 50%, 5-16 km; ZDC 15%, 22-40 km |
RAYMODF X !
Incoherent 80 15.0 |
. g
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 ai
RAYMODE X :
Incoherent 85 48
Hays-Murphy 90 |>200 g !
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 é
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‘er as a Function of

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

RAYMODE X Model Predirtions

Case II:

(Source Depth = 80 ft., Receiver Depth = 450 ft., Frequency = 67.5 Hz)
Bottom Loss: FNOC Type 3

1

c

Data Set FOM |R c Range > R e

Hays-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
RAYMODE X
Incoherent 75 3.0

Hays-Murphy 80 54.0 | ZDC2 50%, 54-113 km _
RAYMOD:E 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 X
Incoherent 80 12.0 100% coverage 56-57 km

Hays-Murphy 85 D200 Except for a few dropouts of <1 km
RAYMODE X ZDC 60%, 6.5-50 km; 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

Hays-Murphy 90 p200 _
RAYMODE X ZDC 65%, 8-51 km; ZDC 55%, 55-124.5 km;
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. 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 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 I1I:

(Source Depth = 80 ft., Receiver Depth = 450 ft., Frequency = 100 Hz)
Bottom Loss: FNOC Type 3

Data St FoM | R} Range >R_
Hays-Murphy 75 | 17.5 | 2DC?2 60%, 17.5-42 km
RAYMODE X
Coherent 75 2.5 Peaks at 5 and 10.5 km
RAYMODE X
Incoherent 75 2.5
Hays-Murphy 80 43.5 | ZDC 20%, 43.5-84 km -
RAYMODE X ZDC 30%, 3.5-13 km; 100% coverage 23-27.5 km,
Coherent 80 3.0 39-39.5 km, 45-46.5 km
RAYMODE X
Incoherent 80 12.0 100% coverage 25-26 km
Hays-Murphy 85 127.5 | ZDC 70%, 127.5-190 km
AYMODE X ZDC 05%, 5.5-54 km; 2DC 10%, 75-104 km
Coherent 85 5.0 Peak at 133 km
RAYMODE X
Incoherent 85 48 100% coverage 69.5-71 km
100% coverage except 15-18, 48-49, 161.5-180 and
Hays-Murphy 90 15.0 1 190-199 km
RAYMODE X ZDC 70%. 7-62 km; ZDC 50%, 65-145 km;
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

!I—IZ
Ko s  J LRSS %S § W

! Mediterranean Experimental Data and
RAYMODE X Model Predictions
Case IV:
X% (Source Depth = 80 ft., Receiver Depth = 450 ft., Frequency = 200 Hz)
: Bottom Loss: FNOC Type 3 o
;’3
t b
Data Set FOM Rc Range > Rc -jt
i
i
% | Ha%s-Murphy 75 | 21.5 | 2DC2 90%, 21.5-37.5 km %
Coherent 75 2.0 H
RAYMODE X Y
@ Incoherent 75 2.0 -y
Hays-Murphy 80 42.5 | ZDC 50%, 42.5-95 km
ﬁ RAYMODE X
' Coherent 80 2.0 | ZDC 5%, 3-44 km
RAYMODE X
) Incoherent 80 3.0 100% coverage 3-4 km
&
AYHBDE X
Coherent 85 2.0 ZDC 35%, 2.5-48 km; peak at 66 km
RAYMODE X F
Incoherent 85 23.0 100% coverage 131-147 km h
Hays-Murphy 90 _|>200 _ 2
RAYMODE X ZDC 60%, 2.5-48.5 km; ZDC 30%, 55-101.5 km; .
| Coherent 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. R c = 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-8e. 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 |[R cl Range > R
Hays-Murphy 75 25.5 |ZDC2 50%, 25.5-47 km
EKYM%BE X
Coherent 75 4.0 |100% coverage 9-10 km, 7.5-8 km
E
Incoherent 75 4.0
Hays-Murphy 80 55 ZDC 40%, 55-93 km
RAYMODE X
Coherent 80 5.0 |ZDC 35%, 6-23 km, ZDC 20%, 34-40.5 km
RAYMODE X
Incoherent 80 11.0
Hays-Murphy 85 118 ZDC 50%, 118-188 km
EKYM%EE X
Coherent 85 6.5 |Z2DC 40%, 7.5-53.5 km; Z 2 -
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 km, 127.5-128.5 km, 133-136
Incoherent 90 99 km, 140-143 km

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

c

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 A
! Mediterranean Experimental Data and
' RAYMODE X Model Predictions
Case VI: P
\ (Source Depth = 80 ft., Receiver Depth = 350 ft., Frequency = 100 Hz) ;
, Bottom Loss: FNOC Type 3 x
i
1 |
i Data Set FOM R, Range > Rc ;
@ Haés-Murgr_xy 75 | 17.0 | 2DC2 108, 17-41 km s
\ J
Coherent 75 2.5 | Peaks at 4.0 and 11 km i
@ Incoherent 75 2.5 %
| Ha%s-Murglly 80 42.0 | ZDC 10%, 42-52 km ﬁ
ﬁ Coherent 80 3.0 | ZDC 15%, 3.5-46 km |
DE X
@ Incoherent 80 2.5 100% coverage 3-8 km, 35-36 km
| ___Hays-Murphy 85 54.0 | ZDC 90%, 52-127 km _
RAYMODE X ZDC 30%, 6-55 km; ZDC 20%, 68-104 km .
‘ Coherent 85 5.0 | Peaks at 137, 138, and 144 km
_ Incoherent 85 47.5 | 100% coverage 68-70 km q
Hays-Murphy 90 {>200 L
RAYMODE X ZDC 60%, 5.5-60 km; ZDC 55%, 65-145 km b
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 iterval for
which detection is possible.
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Appendix |NC. Accuracy Assessment of RAYMODE X
Compared to PARKA Experimental Data (U)

PARKA (U)
Environment (U)

(C) The sound speed profile for the PAR-
KA environment is plotted and tabulated
in Figure IICl. This profile exhibits a
surface duct to a depth of 262 ft (80 m)
and a deep sound channel to a depth of
14594 ft (4448 m). The positive depth
axcess 1s 3452 ft (1052 m).

(C) Two sets of bottom loss tables were
used as 1input to the RAYMODE X model.
The first is RAYMODE's internal MGS bot-
tom loegs found in subroutine MGSBL, and
in the two cases examined, a type 6 bot-
tom was found to pertain at the site of
the receiver. The second set of curves
are the FNOC/NOO curves found in subrou-
tine BTMLOS in the FACT PL9D model; and
here a type 3 bottom was found from the
bottom loss province charts. The latter
curves were input into RAYMODE X from an
external table of 91 values. The MGS
curves for 50 and 400 Hz are found in
Figures IIIC-2 and IIIC-3 and Tables
ITIC-1 and 1IIIC-2. The corresponding
FNOC/NOO curves are presented in Figures
IIIC-4 and IIIC~5 and Tables IIIC-3 and
IIIC-4. At 50 Hz, RAYMODE X's MGS bottom
loss has a critical angle of 9°, 1.6 dB
loss at 15° and 8.1 dB loss at normal
incidence. The FNOC/NOO results at 50 Hz
has a critical angle of 12°, a 1 dB loss
at 15°, and 10 dB ioss at normal inci-
dence. At 400 Hz, the RAYMODE X internal
MGS curve shows a 7.5 dB loss at =zero
degrees, 11.3 dB at 15°, and 15.9 dB at
normal incidence. FNOC/NOO results for
400 Hz show a constant 3 dB loss to 14°,
3.3 dB at 15°, and 11 dB at normal inci-
dence.

Test Cases (U)

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

Case I. Source Depth = 500 ft (152.4 m),
Receiver Depth = 300 ft (91.4 m), Fre-
quency = 50 Hz.

Case II. Source Depth = 500 ft (152.4
m), Receiver Depth = 300 ft (91.4 m),
Frequency = 400 Hz.

(C) For both cases, source and receiver
are below the surface duct. Due to the
large depth excess, convergence zone
{CZ) propagation 1s exhibited by the
PARKA data 1in both cases; in Case I,
three convergence zones were observed
and in Case II, two zones were observed
(range was sufficient for a third zone
but it was not evident). In both cases,
the flat bottom and single profile as-
sumptions inherent in the RAYMODE X mod-
el held to a range pf 200 km. The PARXA
experimental data for these cases are
found in Figures IIC6 and IIC7.

Accuracy Assessment Results (U)

(U) The accuracy assessment procedures
were followed as outlined in section 1.1
and described in detail in Volume I of
this series. The followlng types of fig-
ures were produced for each case. (1)
RAYMODE X output wusing the coherent
option, (2) the coherent result smoothed
by application of a 2 kilometer window
running average, (3) the smoothed coher-
ent result subtracted from PARKA, (4)
RAYMODE X output using the incoherent
phase option, and (5) the incoherent re-
sult subtracted from PARKA data. For
each case, these five curves are first
given for RAYMODE X run with its own
internal MGS bottom loss and then for
RAYMODE X run using FACT PL9D's FNOC/NOO
bottom 1loss curves. These results are
given 1in Figures IIIC-8-17 for Case I
and Figures I1I1C~-18-27 for Case II.
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(U) The means and standard deviations of
differences between PARKA data and RAY-
MODE X outputs in dB for which the model
uexd the MGS bottom loss are given in
Tabis IIIC-5 for Case I and Table IIIC-6
for Case II. Corresponding results for
which the FNOC/NOO bottom loss was used
are given in Tables IIIC-7 and IIIC-8.
Note that a positive mean value of dif-
ference indicates that the model exhib-
its less 1loss than the PARKA exper-
imental data and is8 too optimistic; con-
versely, a negative mean value of dif-
ference indicates greater loss for model
result than for experimental data and
the model prediction 1s therefore too
pessimistic. Optimistic model results
translate into prediction of detection
ranges which are greater than should be
predicted (i.e., greater than the exper-
imental results) and vice versa for pes-
simistic model results.

(C) The following observation: can be
made witn regard to the 50 Hz results
(L.e., Case I) from Tables IIIC~-5 and
ITIC~7 and reference to appropriate fig-
ures: (1) The results are quite sensi-
tive to the choice of coherence option
with the incoherent option i1in better
agreement with the data (by as much as
4.8 dB upon comparing the sum u+ ¢ for
incoherent and coherent results) in most
regions. The picture 1is not, however,
all one sided; in the second ‘and third
bottom bounce regions the coherert op-
tion shows slight advantage over the in-
coherent of 0.7 and 0.9 dB, respective-
ly, when viewed in terms of u+e¢ . (2)
The RAYMODE and FACT bottom loss options
lead to differences ranging from 0 to
1.8 dB in values of p or ¢. The use of
MGS bottom loss results in better agree-
ment between RAYMODE output and PARKA
data through the second bottom bounce
region and in the third bottom bounce
region than does the use of the FNOC
bottom loss for both coherence options.
The two bottom loss tables differ by O
dB to a grazing angle of 9 degrees and
by less than 1 dB thereafter. It is
therefore not surprising that the ef-
fects of changing bottom loss in RAYMODE
X did not lead to large discrepancies in

comparisons with PARKA data. (3) Agree-
ment between PARKA data and RAYMODE X
with the incoherent phase option is u =
-1.1, ¢ = 2.9 for the £first convergence
zone, p = 3.5, o= 3.8 for the second
convergence zone, and p = -6.4, o = 2.6
for the third convergence zone. Thus, we
see a lessening of agreement with each
successive zone, a trend one would ex-
pect. (4) In the bottom bounce regions,
the RAYMODE X model results are consis-
tently optimistic; clearly, the bottom
loss was not great enough (i.e., a high-
er bottom type is indicated for the FNOC
area charts whereas for MGS ounly one
bottom loss curve exists at 50 Hz re-
gardless of bottom type and therefore a
basic problem 1s found for the MGS bot-
tom loss data base). We note the increa-
sing discrepancy between experimental
data and model prediction with range as
indicated by the incrcase of u with range
in bottom bounce regions. No clear trend
emerges, however, for the behavior of
the standard deviation with range in
bottom bounce regions.

(C) For Case II (400 Hz) the means and
standard deviations of the difference
curves (PARKA experimental data minus
RAYMODE X predictions) found in Tables
ITIC-6 and 1I1IC-8 lead to the following
conclusions: (1) The FNOC bottor: loss
results 1in better agreement with the
data than dces the use of MGS bottom
loss information (Note: This ccnclusien
should not be generalized to other en-
viromments or frequency regions). (2)
For the MGS bottom loss the model re-
sults are generally pessimistic as seen
in Table IIIC~6 by the negative values
for p. This changes to slight optimise
upon using the FNOC bottom loss curves
with mean values varying from 1.9 to 2.8
dB. (3) The large standard deviation in
the region from 127.5 to 200 kilometers
is due to the RAYMODE X prediction of
the third convergeunce zone which was not
evident in the PARKA data.

(C) The figure of merit (FOM) vevsus de-
tection range analyses for the two cases

are given 1in Tables IIIC-9 and IIIC-10,
respectively, for the RAYMODE X model
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using the internal MGS bottom loss.
Corresponding Tables IIIC-11 and ITIIC-12
apply to use of the FNOC/NOO bottom loss
in RAYMODE X. For Case I, the following
results are observed from Table IIIC-9:
1) For FOM = 80 dB, the PARKA data
shows a double-lobed first convergence
zone whereas the RAYMODE X prediction
does not. (2) For FOM = B8Z dB, both
PARKA and RAYMODE X (coherent) have a
double-~lobed first convergence zone.
Although the zone end is predicted accu-
rately by RAYMODE, zone onset is at two
or three kilometers greater range than
PARKA gives, for coherent aad incoherent
predictions, respectively. RAYMODE pre-
dicts a second convergence zone with an
onget at about 5 km greater range than
the PARKA data indicate. The third con-
vergence zone predicted by RAYMODE 1is
not present in the PARRA data for an FOM
of 85 dB. (3) For FOM = 90 4B, the RAY~
MODE prediction 1is optimistic with re-
gard to the PARKA data. The onset of the
first CZ is long by 2 km, the onset of
the second CZ is long by 3 km as 1s the
zone end. The third CZ onset 1s at 15 km
greater range for RAYMODE than for PARKA
data. [4) For FOM = 95 4R, the RAYMODE
model predicts better detection perform-—
ance than tha* obcerved from PARPKA data,
kis a cont >us coverage range which
extends to beyond rflhe tfirst €7, and
predicts a second CZ2 onset 2 km beyond
PARKA's result., The thizd CZ onset and
end ranges are greater for RAYMODE than
for PARKA. There 1is alse substantial
difference between the second and third
C?s predicted by RAYMODE with coherent
phase and RAYMODE with incoherent phase.
In both cases. the bettum bounce energy
is evident a2+ the znae onset in the form
of flustuitions in the colerent result.
(5) For FOM =+ 100 dB, the RAYMODE pre-
diction is again optimistic with respect
to PARKA. 1Indeed, RAYMODE incoherent
predicts crntinuous coverage over the
entire range exteat of 20C km. (8) For
FOM = 105 dB, coverage 1s essentially
continuous with the ounly difference

belng a zone of no detectica between 149
and 155 for PARKA.

o

AU TS TR AR AR A

L B

(C) For Case II (400 Hz) the foliowing
are observed {rnam raference to Table
ITIC~10 and the figures: (1) For FOM =
80 dB, the RAYMODE prediction shows a
first convergence zone vhereas the PARKA
data does not. (2) For FOM = 85 4B, the
RAYMODE model cgpredicts a convergence
zone elongated at start and end when
compared to PARKA data; 2 km short at
the start and 4 km long at the end. (3)
For FOM = 90 dB, the start range of the
first Cz 13 the same for RAYMODE and
PARKA; the end of the zone is, however,
elongated by 5 km. PARKA data shows
second and third CZ coverage as does
RAYMUDRE. The incoherent RAYMODE predic-
tion for the second CZ startc at the
same range 2 PARKA tut ends 5 km far-
ther. The third CZ start for RAYMODE is
13 kn beyond that for PARKA and the ~nd
is 7 km farther. (4) For FOd = 935 dB,
the coveraga fcr PARKA 1s continuous to
50 km; for RAYMODE, *the coverage is
zonal at 35% between 10 and 50 km. The
first CZ 1is wessentlally the same for
PARKA and RAYMOLDE. The second CZ start
is shifted by 3 km greater range for
RAYMODE as compared tc¢ PARKA; the CZ
ends are 1identicsal. The third CZ pre-
dicted by KAYMODE 1is not found in PARKA
data. (5) For FOM = 100 dE, PAR’A shows
centinuous coverage to 69 km and RAYMODE
to 70 km, the end of the first CZ. PARKA
shows low (15%) coverage between 1first
and second CZs; RAYMODE shows no cover-
age in this reglon; th: s2cond CZ onset
13 at 4 km less range for PARKA than for
RAYMODE. Beyond the secona CZ, PARKA
shows no coverage but RAYMODE has a
broad taird (6) For FOM = 105 dB,
PARKA shows countinuous coverage to the
end of the second CZ whereas RAYMODE has
no coverage between the first and secord
CZs. The end of the second CZ is at 129
km for PARKA and 133 km for RAYMODE in-
coherent. Beyond the second (Z, RAYMODE
and PARKA coverage wure zonal to 133 km
where PARKA ccverage ends; RAYMODE cov-
erage continues to 195 km 1including a
third CZ. (7) For FOM - 110 dB, PARKA
coverage 18 continuous to 188 km. RAY-
MODE coverage over this 1interval 1is

o
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lacgely zona. past the first convergence
zone and drops out in the third bottom
bounce region.
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(C) Overall, the following results are
given for the .omparicon between PARKA
experiwental data and the RAYMODE X
model: (1) The FNOC/NOO bottom 1loss
leads to better agreement than does the

MGS bottom loss. (2) At 50 Hz, the PARKA o
data and RAYMODE predictions agree well -4
(near the RAYMODE coherent peaks) in the N
first bottom bour-e 1r2gion and agree o

F Y

well in the middle of the second bottom
bounce region. In the third bottom
bounce regilon, the RAYMODE prediction
shows less loss than the PARKA data.
This is 1in contrast to the 400 Hz re- .
sults for which PARKA shows significant-
ly less loss in all bottom bouace re-
gions cuompared to RAYMODE. (3) At 50 Hz,
the first convergence zone as predicted
by RAYMODE is in very good agreement
with that of PARKA but slightiy wider.
The second RAYMODE CZ is found at short-
er range *than 1s P/AKA's hy about 5 km;
this situation is exaggerated in the
case of the third convergeace zone. At 1
400 Hz, the resuits 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. : . |

|e 4L

."".T")
-

s Al

Lo,"'
—

r e
AAS

E(

.7

SO

v

- CONFIDECSTIAL

Y
IS

AT PRI G 0 O L N R I
XAV VR T AR LR R RN LY S IR IR L«i



f
\

]
3

e e

'l
PR

SR T O |

hY

CONFIDENTIAL

(U) Table IIIC-1.

Bottom Loss (dB) versus Grazing Angle (degrees).

s v
.

Lo

v
Ry B
s 4 " u" .

(AY]

"h\
e
oy

PSRBT N :-,:,s' ~J't-.}) :“,:‘-}\' w}!.‘,x;.-&’r' Yy \’QT. " \; Y }N}m&}'{

MGS Type 6. Frequency = 50 Hz.
{ ToT e |
© |BL || BL [|©|BL {{® |BL (e |BL |fe | BL 1e | BL ﬁ
~
e
0 off 12| 1.36| 26| 4.49 | 39 |6.57 f{ 52 | 7.84 || 65 8.51 -
1 ofl 14| 1.64| 27| 4.68| 40 |6.70 || 53 | 7.91 || 66 8.49 .
2 off 15| 1.92| 28| 4.87 | 41 |6.82 {| 54 | 7.97 || 67 8.48 Qj
3 off 16| 2.19 29} 5.05( 42 |6.93 || 55 | 8.03 || 68 8.45 gj
4 off 17| 2.45| 30| 5.23 | 43 [7.04 || 56 | 8.09 | 69 8.43
5 ol 18| 2.70| 31| 5.40 | 44 |7.15 || 57 | 8.14 || 70 8.40
6 of 19| 2.951 32| 5.57 | 45 (7.25 | 58 | 8.19| T 8.37
7 off 20| 3.19 33| 5.73 | 46 [7.34 | 59 | 8.24 || 72 8.33
|
8 0f 21| 3.42| 34| 5.88 | 47 [7.44 || 60 | 8.28 || 73 8.30 e
9| 0.14 22| 3.65 35| 6.03 v 48 |7.53 || 61 | 8.32 { 74 8.26 ;&
)
10 0.46 | 23| 3.87 | 36| 6.17{| 49 |7.61 || 62 | 8.36 || 75 8.21 -
N
11| 0.77|| 24| 4.081 371 6.31 I 50 |7.69 || 63 | 8.39 || 76 8.17 ':i
3
12 | 1,07 25| 4.29 || 38| 6.45 || 51 |7.77 || 64 | 8.42 || 77 8.12 e
- -y =
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=
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(U) Table IIIC-2.

--------

Bottom Loss (dB) versus Grazing Angle (degy :s).

v ® s

&l

MGS Type 6. Frequency = 400 Hz. g
e | BL ]e BL BL f§ © | BL BL BL 5
o] 7.50f 13 13.12 14.39 || s2115.20 15.69 15.91 -
1] s.37 14 13.24 14.46 || 53| 15. 15.72 15.92 N
2| s.85 ] 15 13.35 14.54 || 54| 15. 15.74 15.92 N
' -

3| 9.19] 16 13.46 || 42| 14.61 ] 55 15.34 15.76 || 31| 15.93
4| 9.44 17 13.57 | 43| 14.68 || 56 | 15.38 15.78 || 82| 15.93 g
5| 9.65| 18 13.67 || 44| 14.75 || 57 | 15.42 15.80 || 83| 15.93 |
6| 9.83ll 19 13.77 | 45| 14.81 || 58 | 15.46 15.82 || 84| 15.94 H
7] 9.98 || 20 13.87 || 46 | 14.87 | 39 15.50 15.84 || 85| 15.93 *2
L
8|10.11 ] 21 13.96 || 47 14.93 || 60| 15.53 15.85 || 86 | 15.93
9]10.28 | 22 14.05 || 48| 14.99 || 61| 15.57 15.87 || 87/ 15.93 i
10 | 10.52 | 23 14.14 || 49{15.05 || 62 15.60 15.88 || 88 15.92 |
11 | 10.74 || 24 14.23 || 50| 15.10 || 631 15.63 15.89 || 89| 15.92 ﬁ
i
12 | 10.95 | 25 14.31 || 51|15.15 || 64 | 15.66 15.90 || 90 15.901 a;
. {
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=
W
§
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(U) Table IIIC-3.
FNOC Type 3.

Bottom Loss (dB) versus Grazing Angle (degrees).

Frequency = 50 Hz.

o BL
0 0
11 0
20 .3
25 4.4
35 6.7
45 8.5
66 10.0
90 10.0
UNCLASSIFIED

(U) Table IIIC-4.
FNOC Type 3.

Bottom Loss (dB) versus Grazing Angle (degrees).

Frequency = 400 Hz,

e BL
0 3.0
13 3.0
20 5.3
35 8.7
45 10.3
53 11.0
90 11.0
UNCLASSIFIED
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(C) Table IIIC-6.

Means (u) and Standard Deviations (o) of Differences

Between PARKA Experimental Data and RAYMODE X Model Outputs (in dB).
Source Depth = 500 ft., Receiver Depth = 300 ft.,

Frequency = 400 Hs.
MGS (i.e., RAYMODE X's Internal)

Type 6 Bottom Loss Used in RAYMODE X Model Runs.

t
18
Bottom 1St Con- f'd Con-
Bounce vergence vergsnce
Region Zone Zone
54- 107- 127.5%
0-54 km 59.5 km 127.5 km 200 km
Model Output u o} u o :
RAYMODE Coherent -5.9 2.4} 1.0 |3.1
RAYMODE Incoherent -4.7 [1.5]| 0.4 (1.8
T
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(C) Table IIIC-8. Means (u) and Standard Deviations (o) of Differences ,t‘-
Between PARKA Experimental Data and RAYMODE X N
Model Outputs (in dB).

.

Source Depth = 500 ft., Receiver Depth = 300 ft.,

Frequency = 400 Hz. e
. FNOC (i.e., FACT's Internal) Type 3 Bottom Loss [j‘a
E‘ Used in RAYMODE X Model Run.;. ::.;_-.q
r Y
@ 45t ond jt:ljlf
Bottom ISt Con- Bottom 2nd Con- *' ‘
g Bounce vergence [ Bounce vergence 'E
> Region Zone Region Zone i
0- 54~ 59.5- 107- 127.5-
@ 54 km 59.5 km 107 km 127.5 km 200 ¥m
Model Output o o u ] u o U g g B o
ﬁ RAYMODE Coherent 0.5 1.8 1.6 |3.1}-0.1 |5.0¢-2.4 |4.9) 1.5 | 7.3
B RAYMODE Incoherent 1.9 | 1.3§ 2.5 [2.1§ 3.1 {2.7|-0.7 }4.0) 2.8 | 7.4
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(C) Table IIIC-9a. 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 = 50 Hz.

First_Conv
TOM R Iirst Lobe | Second Lobe
Data Set dn) (3 Start] EndT Start | End
PARKA 80 ) ) 58 | 59 | 60.5 |62.5
2 Coverage at 8, 15. 57.5 and 62.5 km
RAYMODE Coherent 80 5 100% coverage 8-10 km
RAYMODE Incoherentj 80
PARKA 85 ZDC" 50% 11-23 km N 55 59 59.5 ]64.5
RAYMODE Coherent 85 " 10.5) ZDC 45% 12.5-42 km 37 60.5| 61.5 | 64.5
RAYMODE Incoherent| 85 31 58 85
PARKA 90 36.5 | 100% coverage 40-46.5 km 53.5 100% coverage 53.5-71.5 km
RAYMODE Coherent 80 11 ZDC 70% 12.5-45 km 55.5 64.5 | ZDC 65% 65.5-83 km
Y00% coverage to 68 km; ZDC 30%,
RAYMODE Incohcrent | 90 68 109-118 km
PARKA 95 74.5
ZDC 90V 102-118 km;

RAYMODE Coherent 5 17 ZDC 65% 18-51 km 8% 85 1008 coverage 85.5-87.5 km
RAYMODE Incoherent] 95 130.5
PARKA 100 125

ZDC 90% 17.5-27.5 km; ZDC 80%, ZDC 50% 98-103 km: 100% coverage
RAYMODE Coherent {100 17 46.5-52.5 km: 1009 coverage 68-87.5 km and 104-118.% km

28.5-45 km 53.5 67.5
RAYMODE Incoherent |100 >200
PARKA 105 149

100% coverage to 90 km except losses 100% coverage, 100-128 km;
RAYMODE Coherent 105 90 at 23, 27.5-28.5 and 87 km . ZDC 40% 93-100 km
RAYMODE Incoherent |105 >200
PARKA 110 >200

100% coverage to 200 km except 94.5-
RAYMODE Coherent |110 94.5 | 95.5, 99, 132, 167 km
RAYMODE Incoherent |110 >200

la. Al detection ranges in kilometers.
1b. Range accuracy is * 0,25 xm.
RAYMODE X Coherent resut!s have been smoothed by n 2 km running average.
3. Rc = Range to which coverage is continuous.
4. ZDC = Zonnl Detection Coverage (percent the FOM has a greater value than the propagation loss ovor the indicated interval).
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% (C) Table IIIC-9b. 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
g RAYMODE X Model Runs.
Source Depth = 500 ft., Receiver Depth = 300 ft., Frequency = 50 Hz

BT

e W o

.
e ——

1a. All detection range in kilometers.
1b. Range accuracy is *0.25 km.
2. RAYMODE X coherert results have been smoothed by a 2 km running average.

4. ZDC = Zonal Detection Coverage (percent the FOM has a greater value the propagation loss over
the indicated interval).
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Second Convergence ZOng ird rgence
i FOM | First Lobe | Secon be 8 be on
g Data Set (dB) |Start]End [Start |En '?;'tm}' End | Start [End
PARKA 80
@ RAYMODE Coherent? | 80
. RAYMODE Incoherent | 80
PARKA . 85 |115.9 117.5 171 e f173 [174.8
@ RAYMODE Coherent | 85 |120.5121 [123.5]126
RAYMODE Incoherent 85 121 125
ﬁ PARKA 20 114 120.5 169. 179
RAYMODE Coherent 80 [119 |124 |124.5]126 184 188
Ej RAYMODE Incoherent | 90 | 117.5 127 180.5| 188.5
" | PARKA 95 o verage 162-167.5 km 180
DC 40% 127-148.5 km: 100% cover-
RAYMODE Coherent 95 119 126.5 177-178 km; 190-181 km 178, 5} 188.5 -
% coverage 131-132.5 km and
RAYMODE Incoherent | 95 130.5 [180-181 km 164 189
2ot km AL
L PARKA 100 125 003 cov: s at 158 km 181.8
—EDC 55% 128-140,5 km: 1008 cover-
RAYMODE Coherent 100 |19 127.5 hge 141-185.5 km; (ZDC 60% 166- 188.5
k : 75 km)
F "
% RAYMODE Incoherent -| 100
F S coverage 14U- I35 km; 100%
PARKA 105 verage 155.- >200 km
‘ coverage 130- 188 km:(2DC
} RAYMODE Coherent 108 0% 168.5-172.5 km) 173 89
E RAYMODE Incoherent 108 p200
‘ 4
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2.  RAYMODE X Coherent results have been snioothed by a 2 Km running avernge.
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(C) Table IIIC-10a. Detection Ranges™ '~ (km) as a Function of
Figure of Merit (FCh) for PARKA Experimental Data and oy
RAYMODE X Predictions.
MGS (i.e., RAYMODE's Internal) Type 6 Bottom Loss -
Used in RAYMODE Model Runs. i
Source Depth = 500 ft., Receiver Depth = 300 ft., ~
Frequency = 400 Hz.
. First Convergence Zone :3
oM 3 Flr b Tobe | i
Data Set (aB) Re BT B T o
PARKA 80 E\{ 1
RAYMODE Colun-cn(2 80 4.5 | Loss of coverage nt 61 km 80 62 63 63.5 H-
RAYMODE lncohervent| 80 4.5 61 81.5
PARKA 85 9.0 58 59.% [ 8
COVETIe Y 7.9 TOUS &Overage 121.5-122, 112.5-123.5, }
RAYMODE Coherent 83 [ ot 37-57.5 km 56 62 62,8 163.5 | 124-125 km g
RAYMODE Incohcrent] 8% 6 56.5 | 63 63.4 ]64
PARKA. 90 1 36,8 55,5 . &%
ZDCY 80% 8-16.5 km coverage at ZDC 83% 117 5-137/3 km (i.e. dis-
RAYMODE Coherent 90 7.5 | 64.5-65 km 56 64 continuous .1 2nd C2)
RAYMODE Incoherent| 90 8 55.3 64 Coverage at 65 km
PARKA 95 so 84 66 :;q
"
RAYMODE Coherent 95 9.5 | ZDC 35% 10-50 km 52.% 66 Coverage at 128 km :\;
RAYMODE Incoherent| 93 28 55 67
PARKA 100 89 690 [ ZDC 158 00-10B km
ZDC 759 18-50 km
RAYMODE Coherent {100 17.8 { ZDC 93% 67.5-71 km 52 87 2ZDC 85% 128-:32 km
RAYMODE Incoherent| 100 70 70
PARKA 108 129 o
T00T coverage to 51.5 km except ™
RAYMODE. Coherent | 105 30 44, 48.3%, 5C, 51 km 51.5 70.5 :d
RAYMODE Incohercnt| 103 73.5 { Coverage at 174 and 175.5 km
PARKA 110 188
. 1008 coverage 73.5-77.5 km; }
RAYMODE Coherent | 110 73 ZDC 45% 74-107 km ZDC 40% 78,5-103.5 xm [
RAYMODE Incoheront] 110 79 Coverage 103-104, 108-107 km
PARKA 115 >300 ,Q
Y
RAYMODE Coheraent 115 73 ZDC 80% 73.5-104.5 km ;ﬁ
RAYMODE Ir coherent| 115 140.5 [ ZDC 35% 141-160 km h
PARKA 120 >200 .
100% coverage 74-144 km ercopt Al
RAYMODE Cct reat | 120 73.5 | 79, 86.5, 135, 1368 km 100% covcrage 144-130 and 131-160.3 km s
- - K%
RAYMODE Inccherent| 120 >200
| PARKA : 125 200 .
Y covarnge 200 km except PR
RAYMODE Coherent 125 144.5 | 150- 151 and 178 km . a
RAYMODE Incoherent| 123 >200
ta. Al detection ranges in kilometers. ° 4
1h. Range accuracy is * 0.25 km. i _‘

LS\

3. Rc = Range to which coverage is continuous. <

4. ZDC = Zonal Detection Coverage (percent of FOM that has a greater valuc than the propagation loss over the indicated interval). ;h.
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@ (C) Table IIIC-10b. Detection Ranges b (km) as a Function of el
Figure of Merit (FOM) for PARKA Experimental Data and ¢"
RAYMODE X Predictions. MGS (i.e.. RAYMODE's A
' Internal) Type 6 Bottom Loss used in RAYMODE X '
- Model Runs. o
Source Depth = 500 ft., Receiver Depth = 300 ft., Frequency = 400 Hz. :.i-‘
Ay . U
4 . Convergence Zon P!
| w e soond Lobe | '3-7.'
Data Bet (dB) nd, [Start [En art [En A
[ |
T
 fe
20 i :’.t-l
. R
Incoherent 80 5'6
! )
§ e TS———
ﬁohonn} [ 1]
g Incoherent 1]
E“ﬁ% 114.9 1
gA: DE ?: - rd-C km (l.e., Dis-
oherent CO| ous
RAYMODE Coverage across Second CZ except
ﬁ Incoherent 90 114 |119.5] 120.5]128 117.5-118 km and 133.5 km 182.5| 184 |185 |188
|98 | 131.0
RAYMGDE ZDC 63\ In 2nd Lobe of Third CZ |
T 13 Jue | 11e.50137.8]  180- ‘182 134,58
RAYMODE
g Incoherent s ns June.s| 120 7.8 172 |176.5}180 |190
EABKA 100 108.0. 128.0 3 km coverage at 168 km
AYMODE No coverage at 186, 188 km
o 100 112 131.8 m_ﬁ_[%m 170.81177 l179.5]186 |
a AYMODE Coverage at 130, 131.5, 1982 km
]ngoherent 100 REY N 129.81 No St JeLkn 171.81177.5]179 131
PARKA 108 129 No ocovera ast 183 km
; —RAYHODE — 75 100 1187 Ko, 200707
! g 108 110 130.5]| 191.5-185 km; no coverage 188 km | 169 |177 |179.3]191
Incoherent 108 110 i 1 EE) ZDC 800 191.5-196 km 169 191
iﬁ“ﬁ 110
5 Coherent 110 107.5 130.8 t 18 1P li}s‘o?o?";; ?::.;' o |67 177.5]178.5/194
' oheren o o a - o o m 5 N
F ~—RAYWODE 1500 vercye 138 T
Inocherent 110 107.5 135.8 166-18¢ km: coverage at 199 km i;“ 197
! 5 PARKA 118
' IDC 508 185-180 km
@ Cohersnt 115 104 134.5 No coverage at 194.5 km 181 1177.81178 |-200 |
RAYMODE X
; Incoharent 113 161 »200
| @ PARKA 120 o~
Coherent 120 181 J178 179,51 -
—RAYNODE — iy
Incoherent 120 o
@ PARKA o
Coherent
Incoheren: -

AR

1a. All detection ranges in kilomnters.

Aol A I o pd
o ST
EJ‘J.H.

lb. Range accuracy is *0.2% km.

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

ans

4. IDC = 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 NIC-11a. Detection Ranges'®’P (km) as a Function of 8
Figure nf Merit (FOM) for PARKA Experimental Dats and !
RAYMODE X Predictions.
FNOC (i.e., FACT's Internal) Type 3 Bottom Loss -
Used in RAYMODE Model Runs. o
Source Depth = 500 ft., Receiver Depth = 300 ft., ol
Frequency = 50 Hz.
3

First Convergence Zohe

M R 3
Data Set (dB) c tart] En tart n
o
I~
PARKA ” s0.0] 30.0} e0.5 Jez.8 ¥
2 o coverage except ¥, 1U, Z1.0 km I
RAYMODE Coherent®| o0 3 | and interval 3.8-38.5 km 62.5 [63.5
i
RAYMODE Inocoherent| 80 4.3 g i
| PARKA 1. o0y 11- 13 kn s5.0] 89.0] s0.5 lea.s &,j |
RAYMODE Coherent L H 10.5] coverage at 1| und 'IO km ' s7 $0.5] 61.5 lt‘l No coverage except at 119.5 and 131 km
!
RAYMODE Inooh 14| 1000 coverage 23-37 km 88 os B
LY
|L_PARKA 38.5] 1008 coverage 40-44.3 km 83.8 100N coverage, 53.5-71.5 km /
Verage a .5, U8.5, an
RAYMODE Coherent 12 2DC 708 13.5-44.85 km 8.8 |64.5 | 80.8-01.85, 82.8, and 83 km

L]

"

”»

%0
RAYMODE Incoherent| 90 1)

— = —

M—m 14

¥ TRV coverage 85.5-87 Xm except 88 km
RAYMODE Coherent | 98 17 | ZDC 708 10-32 km 54.8 65 | and 103-127 xm except 102.5, 103.5,

117 and 119 km

) 1008 coverage fo 191.5 km except
RAYMODE Incoherent] 96 183 158-165.8 km

ARKA I8 Y T e ISR TR v WS R T ] é
LIAYH)DI Coherent | 100 17 82 km: 1008 coversge 239-43.% km 3.8 ] coverage at 91.%, 98, 99 km
i KAYMODE Incoherent] 188 191.8 E‘S
IFYFVU i S S . A
RAYMODE Coherent | 108 17 1008 coverage 20.3-46 km “ ] IDC 508 91-100 km
RAYMODE Inocob 08 »”e
TEETS

TRV coversge to T80 km exoept
RAYMODE Coherent | 110 17 17, 18, 23, 38-28.0, 95-98, 132 ke

RAVMODR Incohereny 110 >300

(28 =1

la. Al detection ranges in kilometers.
1b. Rangs accuracy is t 0.28 km.

2. RAYMODE X Coherent results have been smoothed by a 2 km running average. 'F.
R, = Range to which coverage is continuous. x’

)
i

4. IDC = Zonal Detection Coverage (percent the FOM has a grester value than the propagsation loss over the indicated interval).

.
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(C) Table IIIC-11b. Detection Rangesm’b (km) 83 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.

. S

=%

- -
o

PR W
o

a * F &

=~
ettt o IR b

e
L OV N, N

1a. All detection range in kilometers.

YON v Zone Third Conver,
Data Set (dB) ar n Ehﬁ n art] En W
T =
' PARKA 80 _ ot
) RAYMODE &0 "iﬁ
RAYMODE N
Incoherent 80 K -_“
_ ———— l. »
ﬁ g5 1175 171.0/1:1.0/173,01174.5 ] S
"n&mob E__—_J
Coherant 83 124 126
RAYMODE
@ Incoherent 85 121.5) 124.5
. PARKA 90 114.0 120.5 169.5 178.0
T RAYMODE .
oheren 90 123.5/126.5 ] zDC® 508 106-122.5 km 184.5] 188
1 .
ﬁ Incoherent 90 117.5 127 180.5 188.5
" PARKA 95 110.0 123.5 | 1004 coverage 162-167.5 km :
RAYMODE ZDC 30% 127- 141 km; ZDC 35% "
Coherent 95 119 126.5 163-179 km; 100% coverage 141- 178.5 188.5 BN
162 w = v\}"
RAYMODE RS
Incoherent 95 '}‘.‘i
q '_'\‘,‘!
100 112 123 coverage resumes at 158 km 181,5 e~
F'ﬁ%%%n‘i DC 60% 126-140.3 km; ZDC 75
Coherent 100 119 128 167-176.5 km; 1008 coverage 137- | 176.0 188.5
184, 189.5-191, 192.5-193.8 km N
- RAYMODE W
} N : 39
h’ 0 coverage, 149- m \’r’i
| L EARKA,__ 103 . 1003 coverags. 135 to >200 km. ’
F RAYMODE ZDC 80% 129-132.3 km, ZDC 73% .
t Coherent 105 100 129 189-200 km; ZDC 95% 168-172.5 km | 172.5 189
| & 100% coverage }32.5-168 kpy
R "y
E Incoherent 105 t_»:.
: b—__f R — .
i g

1b. Range sccuracy is *0.35 km,
2. RAYMODE X coherant results have been smoothed by a 2 km running average.

Je!

4. IDC = Zonal Detection Coverage (percent of the FOM has a greater value than the propagation
loss over the indicated interval).
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(C) Table IIIC-12a. Detection Ranges ™ '~ (km) as a Function of
N Figure of Merit (FOM) for PARKA Experimental Data and
¥ RAYMODE X Predictions.
;ﬁ FNOC (i.e., FACT's Internal) Type 3 Bottom Loss
")‘;Gﬁ Used in RAYMODE Model Runs.
ot Source Depth = 500 ft., Receiver Depth = 300 ft.,
Frequency = 400 Hz.
s P
N con
Mg FOR R d First Lobe ] Second Lobe
5 Data Sot (dB) ¢ arl | End | STart | End
1% L
el
2l PARKA 85 9.0 8.0 59.5
RAYMODE Coheront?| 83 ¢ |2Dc* 383 7-20 km coverage at 38.5km |56 |62 |63 |64
RAYMODE Incoherent] B85 3.3 ] 100% coverage 6-7 km and 63-63.3 km| 58 62.3
PARKA 20 36,9 ] 55.8 9.0
ZDC 600 8-54 km caverage at 84.5, ZDC 438, A cross second C2
RAYMODE Cohercnt | 90 7.5 | 86 km 56 64 114-127.5 km
RAYMODE Incoherent] 80 4“4 55 64 N6 coverage «t 117,38 -118 km
PARKA, 93 $0,0 54.0 868.0
ZDC 15\ G9-92 km; 1008 coverage
RAYMODE Coherent 93 7.5 | ZDC 90% 8-30 km 51.% a4 64.5-65, 65.5-66, 1068 km
RAYMODE Incoherent] 95 68.5 | Coverage at 89 km
PARKA 100 9.0 69.0 | ZDC 13% 68-108 km '
¥ BT 0% 83-117 km T
'Il"l RAYMODE Coherent | 100 48 No coverage at 48 km 51 66 ZDC 209 128-138.5 km
. RAYMODE Incoherent]| 100 94
o
o PARKA 108 120.0
"
:“ RAYMODE Coherent | 105 50.5 | ZDC 70% 67-112 km 51 66 2DC 25% 130,5-167.3 km
.‘;r" RAYMODE Incoherent| 108 138
e by .
&;:, PARKA 110 188.0
' RAYMODE Coherent | 110 66 | ZDC 80% 66.5-108 km
100X coverage to L0 km wilh loss
% RAYMODE Incoherent| 110 198 | at 198 km ’
4
:n'. PARKA 1s >300
U
L:f‘; RAYMODE Coherent | 115 96 ZDC 80% 97-108 km
YNE
\‘s: RAYMODE Incoherent] 115 |>200
PARKA 120 _ [>a00
100% coverage to 200 km excepti at
= RAYMODE Coherent | 120 103.5| 103.5, 133, 195, 199 km
N
Xy RAYMODE Incoherentl 120 |>200
e
' N la. Al detection ranges in kilometers.
-t
:’g:m b,  Ruange nccuracy is & 0.25 km.
-
'_"' 2. RAYMODE X Coherent results have been smoothed by a 2 km running average.
g& 3. Rc = Range to which coverage is continuous.
‘:l’,‘:.' 4, ¢DC = Zonal Detection Coverage (percent the FOM has & greater value than the propagation loss over the indicated interval).
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(C) Table IIIC-12b.

Detection Ranges

la,b

Figure of Merit (FOM) for PARKA Experimental Data and

T2 7

Source Depth =

RAYMODE X Preditions.

300 ft., Frequency =

FNOC (i.e., FACT's Internal)
Type 3 Bottom Loss Used in RAYMODE X Model Runs,
500 ft., Receiver Depth =

(km) as a Function of

400 Hz.

Second Convergence Zune . —__.1Third Convergence Zone
FOM First Lobe | Second Lobe First Lobe ] Second Lobe
Data Set (dB) tart [EncC tart [End . ‘_ Start |[End [ Start]End
@ PARKA 85
herent? 85 121.5}123 124 [124.5 No coverage at 122 km
o RAYMODE
E{j Incoherent 85
' |_PARKA. 90 14,5 120,0
RAYMODE 2DC4 70% across 2nd lobe of
- Coheﬁm 90 114 127.5 third CZ 179.5-190.5 km_ 172 1176
g Incoherent 90 114 1119.5] 120.5]|124.5 Coverage at 180, 187-188 km 182.5/184.5[185 |186.5
_PARKA __ 95  1110.5 137.0
o PAYMODE ZDC 75% across 2nd lobe of third
Coherent 95 113 127.5 CZ 180-190.5 km; No coverage 172|175
118, 124 km coverage at 128.5 km
T RAYMODE No coverage 180.5-181 km
Incoherent 95 113.5]119.5] 119.5]127.5 181.5-182 km 172 ]176.5/178.5]190
";\\
") PARKA 100 108.0 128.0 3 km coverage at 165 km
~RAYWODE No coverage TG, TB7.% km
Coherent 100 112.5 120.5 coverage 192 km 171 177 179 191
AYMODE Coverage at 131.5, 192 km
: licohergnt 00 Lo 1305 No overage L i8lkn. e
- m
' EA%BA 105 ~]129.0 No coverage past 183 km
RAYMODE
Coheren 105 112 130.5 No coverage at 191, 192 km 168.5]177.5/178.5]194
o Incoherent 105
———
* Eﬁwe 110
A ZDC 65% 132-165 ki, 1008 cover-
110 108.5 132 age 196-198 and 198.5 km 165.5]177.51178.5{194.9%
RAYMODE
\ Incoherent 110
PARKA 115 )
\ ZhC Y 128 5-183. 3 km: 10OV
@ Coherent 115 108 133 coverage 195-198 km and 199.5 km J163 [177.5/178 ]194.5
Incoherent LLHS

P
-

o2

A
T

ZDC =

&
-~

1a. Al detection ranue in kilometers.

b, Range accuracy is *0.25 km.

loss over the indicated interval).

E

2. RAYMODE X cohcrent results have been smoothed by o 2 km running average.
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Zonal Detection Coverage (percent the FOM has a greater value than the propnguhon
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(C) Figure IIIC-2. Bottom Loss Versus Grazing Angle. MGS 6.
Frequency = 50 Hertz
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(C) Figure IIIC-3. Bottom Loss Versus Grazing Angle. MGS 6.
Frequency = 400 Hertz
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Bottom Loss Versus Grazing Angle. FNOC 3.
Frequency = 50 Hertz
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(C) Figure IIIC-5. Bottom Loss Versus Grazing Angle. FNOC 3.
Frequency = 400 Hertz
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2 Appendix ID. (U) Accuracy Assessment of RAYMODE X
o -l

X Compared to BEARING STAKE Experimental Data :
) BEARING STAKE (V) (C) In all cases the source is relative- .
N ly shallow at 18 or 91 m. Receiver
i Environment (U) depths vary from about 500 m to the S
depth of the sound channel axis to the ’

N (C) The sound speed profile for station bottom and 30 m off the bottom. The .
Y 1B, run Pl, is given in Figure IIID-l. maximum range of the experimental data ﬁ
The profile is characterized by a broad, is 286 km. The RAYMODE X model was run Q

&) deep sound channel,the breadth evidenced to this range with a uniform spacing of <+
&; by a variation of 1 m/sec from 1500 m to 1 km between points. The Bearing Stake &

the sound channel axis at 1725 m and a
1 m/sec increase to a depth of approxi-
mately 2000 m. This profile i{s severely
bottom limited.

data for the 12 test cases are plotted
in Figures I1IID-5-16., The Bearing Stake
experimental data are seen to exhibit
substantial fluctuations and, in order
to compare mean levels of model and
experimental results, the experimental
data were smoothed by application of a
running average with a 2 km window. The
smoothed experimental data for the 12
cases are given in Figures IIID-17-28.

ot iy

(C) The bottom loss versus grazing angle
for this environment is given in Figures
IIID-2-4 and Tables IIID1-IIID3 for 25,
140 and 290 Hz. At all frequencies the
bottom loss is O dB at O degrees and
11.2 dB at normal incidence. At 5°, the
losses at 25, 240 and 290 Hz are 0.15,
0.73 and 1.27 dB, respectively. At 15°
the losses are 0.58, 1.83 and 3.15 dB.

X3

Accuracy Assessment Results (U)

m

(U) The accuracy assessment procedures

< 0

&
[Sat P 2

These experimentally determined bottom
losses are lower than the RAYMODE inter-
nally stored values for a type 1 area
designator, the 1lowest 1loss routinely
available to this model.

were followed as outlined in section 1.1
and described in detail in section 5 of
Volume I of this series. The following
figures were produced for each case:
(1) RAYMODE X output using the coherent

P

phase addition option, (2) RAYMODE X
coherent output subtracted from the
smoothed Bearing Stake experimental
data, (3) RAYMODE X output using the in-
coherent phase addition option, and (4)
RAYMODE X incoherent results subtracted

Test Cases (U)

(C) Station 1B, Run Pl consists of 12
cases as follows:

F 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- ’

E I 91 496 25 29-76. The means and standard deviations 3‘
HI g% %ggg %;’ of differences between the smoothed =

v 91 3350 25 Bearing Stake data and the RAYMODE X |

[ v 18 496 140 model results are given in Table IIID-4. -
,‘\: YI%I %g %ggg %2‘8 It is important to quantify the effects N
' VIII 18 3350 140 of the use of the 2 km windo.' sliding g
. IX 18 496 290 average on the mean and standard devia- K
E ))EI %g %ggg %38 tion of the differences between experi- =
XI1 18 3350 290 mental data and model results as com- !

pared to no averaging. Note: The 2 km .

"C{“' window running average is equivalent to
DS
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a sonar system which integrates signal  Tresult 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 \
0°). 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 ~y
results were calculated for the Bearing  Seen in the Bearing Stake data. From 25 '.'EJ :
Stake data used with and without smooth~ to 90 km, the mean difference is 3-5 dB. b
ing. 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 v
legss. The difference 1in the two mean is not observed in the Bearing Stake re- o 1
values 1s of an insignificant amount. sults. Some of these effects are some- o
The difference of the standard devia-  what mollified with respect to the ~
tions, although not great, 1is signifi- incoherent RAYMODE X curve. For Case V, N
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 regult, particularly between 25 and 45 ‘-
and not very great. km. To about 30 km the mean difference H

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 tremd is reversed ".i‘u
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 i
calculated over the entire 286 km range 1s basically good to 75 km, after which S
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 o

N difference curves follow: For Case I, 60 km, the model result shows increas-

- the smoothed BEARING STAKE data is ingly greater 1loss than the Bearing -2

A largely at the peaks of the RAYMODE X Stake data with increasing range, as ;J
coherent prediction to about 150 km and usual. In Case VIII, both model and T

a clearly above (i.e., showing less loss) exper iment show strong interference pat-

E):' the RAYMODE curve past 170 km. Por RAY- terns to 60 km but lit:le or no agree- A

J1 MODE incoherent, the Bearing Stake data  ment in their structure, causing large

:.g has less loss than the RAYMODE curve at oscillations in the difference curve.

N almost all points past 80 km. PFor Case RAYMODE shows increaaingly greater prop-
II, the JOAST data shows less loss than  agation loss than Bearing Stake with oy
does the RAYMODE predictions. The dis- increasing range. In Case IX, generally =

‘i crepancy increages 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 ka to 12-15 dB at the full range about 45 km; other range intervals of N

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 RAYMODE to low 1loss features in the Bearing
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Stake data. Past 150 km, RAYMODE always
predicts greater loss than is observed
in Bearing Stake experimental results.
In Case X, with the exception of some
high loss peaks in the coherent output,
RAYMODE and Bearing Stake results ar— in
basic agreement to a range of 140 km.
Past 140 kilometers the RAYMODE result
falls off at a much faster rate than
does the Bearing Stake data. In Case XI,
both coherent RAYMODE and Bearing Stake
show strong interference patterns. The
patterns show some similarity but are
out of phase to 40 km; from 40 to 105 km
the interference patterns seem unrela-
ted. The lack of coincidence of these
large interference patterns is respon-
sible for 1large oscillations of the
difference curve. This effect 1is les-
sened for the incoherent RAYMODE compar-—
1son with Bearing Stake. Past 150 km,
the difference curve 1s seen to increas-
ingly rise to more negative values,
indicating higher and higher loss for
model as compared to experiment with
increasing range. For Case XII, the
RAYMODE coherent prediction shows much
stronger interference patterns to 100 km
than are observed in the Bearing Stake
experimental data, causing large oscil-
lations in the difference curve. These
oscillations are superimposed on a trend
from positive values of difference (us5
dB) at short ranges (10 km) to zero mean
in the neighborhood of 100 km, to large
negative differences (u~-13 dB) at long
range (280 km). The same trend is clear-
er for the 1incoherent RAYMODE versus
Bearing Stake comparison since the large
interference pattern oscillations are
not present.

(C) We now see how the above is reflec-
ted in the figure of merit (FOM) analy-
sis. This analysis technique is demon-
strated in section 1 of this volume and
in section 5 of Volume I in greater de-
tail. The result is detection coverage
for wvarious values of FOM (in 5 dB
steps) for the Bearing Stake experimen-
tal data (unsmoothed), the RAYMODE X
coherent result, and the RAYMODE X inco-
herent result. For Case I, Bearing Stake
data shows greater detection coverage

than do RAYMODE results for FOM > 75 dB.
At FOM = 80 dB, RAYMODE coherent has the
greatest detection coverage, followed by
Bearing Stake data and RAYMODE incoher-
ent, in that order. For FOM = 85 and 90
dB, Bearing Stake and RAYMODE coherent
have similar detection coverage both of
which are much greater than RAYMODE in-
coherent coverage results. For FOM > 95
dB, long and comparable detection cover-
age 18 found between the model and
experimental data. For Case II, Bearing
Stake experimental data lead to greater
detection ccverage than predicted by the
RAYMODE X model, regardless of coherence
option, at all FOMs. This superior de-
tection coverage 1is in terms of both
nmaximum range and percentage of the time
detection can be made in a given range
interval. For Case III, deteccion cover-
age is 30X longer for Bearing Stake data
compared to the RAYMODE X prediction at
FOM = 75 dB. This difference becomes
greater at higher FOMs; at FOM = 80 dB,
Bearing Stake detection coverage 1is
three times longer than RAYMODE's. For
FOM > 95 dB, both experiment and model
predict coverage to 285 km; but Bearing
Stake, due to continuous coverage, can
detect a greater percentage of the time
than RAYMODE with its Intermittent cov-
erage. Detection coverage results for
Case IV are quite similar to those for
Case II1. For Case V, detection coverage
is short (4-5 km) at FOM = 75 dB for
both model and experiment. For higher
FOMs (80-90 dB) detection coverage 1is
much greater for Bearing Stake data than

for RAYMODE inccherent predictions comp-'

arable for RAYMODE coherent predictions.
For FOM>95 dB, maximum detection cover-
age range and/or percentage of coverage
is greater for Bearing Stake results
than for RAYMODE predictions. For Case
VI, at FOM<85 dB, Bearing Stake and co-
herent RAYMODE detection coverage rTe-
sults are in basic agreement with RAY-
MODE X 1ncoherent predicting compara-
tively pessimistic detection coverage.
For FOM>90 dB Bearing Stake gives better
detection coverage than does RAYMODE,

the discrepancy increasing with increas-
ing FOM in terms of maximum detection
range and/or percentage coverage. For
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Case VII, Bearing Stake and RAYMODE give
similar detection coverage for FOM = 75
and 80 dB. PFor FOM > 85 dB, Bearing
Stake coverage is longer and setronger
than RAYMODE's by factors as great as 2
to 1. For Case VIII, Bearing Stake and
RAYMODE X coherent give similar detec-
tion coverage for FOM < 85 dB. At FOM =
85 dB, RAYMODE incoherent is pessimis-
tic. At FOM > 90 dB, Bearing Stake data
yield longer detection ranges with high-
er percentage coverage than do RAYMODE
predictions. For Case IX, Bearing Stake
and RAYMODE detection coverage is simi-
lar for FOM < 90 dB with the exception
of a pessimigstic RAYMODE incoherent
result at FOM = 90 dB. At FOM > 95 dB,

Bearing Stake ylelds superior detection.

coverage to RAYMODE. For Case X, detec-
tion coverage between RAYMODE and Bear-
ing Stake results 1is comparable (with
coherent RAYMODE being closer to Bearing
Stake than 1incoherent RAYMODE which 1is
pessimistic) at FOM < 95 dB. Past this
FOM, Bearing Stake gives longer and more
conplete 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 ylelds
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 Dbetter
agreement with Bearing Stake data than
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 18 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

D-4
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with those of Bearing Stake at short
ranges (<30 km) and dissimilar at longer
ranges. The RAYMODE interference pat-
terns are geaerally stronger (i.e.,
greater peak-to-peak excursion) than are
those of Bearing Stake. (e) Detection
coverage results are usually in rough
agreement for figures of merit of 75 and
80 dB between RAYMODE X predictions and
Bearing Stake data. This agreement often
extended to 85 and 90 dB and in one case
to 95 dB. (f) For FOM > 95 dB, Bearing
Stake detection coverage was to much
longer range and was more complete
(1.e., better percentage coverage).
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F’ (C) Table IIID-1. Bearing Stake Station 1B, Run P1. Bottom Loss (dB) -
-,j versus Grazing Angle (degrees). Frequency = 25 Hertz BY)
! © |BL |e | BL |[® |BL e | BL E-[ BL e | BL .
. 0 [0.00 |15 0.55| 30 4.20 | 45 # 10.40 | 60 | 11,20 | 75 | 11.20 o
& 1 |o0.05 | 16| 0.70 | 31 4.80 | 46 | 10.45 | 61 | 11.20 | 76 | 11.20 p
2 ;0.075] 17| 0.85| 32 5.60 | 47 | 10.50 | 62 | 11.20 | 77 | 11.20 i
E 3 ]0.10 {18 | 1.00 | 33 6.20 | 48 | 10.60 | 63 | 11.20 | 78 | 11.20 o
| 4 10,15 [ 19| 1.10]| 34 6.90 | 49 | 10.70 | 64 | 11.20 | 79 | 11.20 N
F 5 |0.20 |20 1.30 | 35 7.60 | 50 | 10.75 | 65 | 11.20 | 80 | 11.20 “N
> 6 |0.25 | 21| 1.50 | 36 8.20 | 51 | 10.80 { 66 | 11.20 | 81 | 11.20 =
Q 7 10.30 | 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 | s8 | 11.20 | 83 | 11.20 .
~ 9 10.40 | 24| 2.00| 39 | 10.10 | 54 | 11.00 { 69 | 11.20 | 84 | 11.20 N
Q 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 N
& 12 | 0.55 [27| 2.80| 42 [ 10.25 | 57 | 11.15 | 72 | 11,20 | 87 | 11.20 E
13 | 0.60 | 28| 3.20| 43 | 10.30 | 58 | 11.20 | 73 [ 11.20 | 88 | 11.20 N
i 14 |0.58 (29| 3.50| 44 | 10.35 | 59 | 11.20 | 74 | 11.20 | 89 | 11.20 -
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(C) Table IIID-2. Bearing Stake Station 1B, Run P1, Bottom Loss (dB)
versus Grazing Angle (degrees). Frequency = 140 Hertz.

|

i
e |BL |e |BL |e |BL e |BL e |BL © |BL -
=—J==b —f—— ]
0 {000 15 ]1.8 |30 | 413 |45 | 10.43 | 60 | 11.20 | 75 | 11.20 L
1]0.13 [16 | 1.83 | 31 4.33 |46 | 10.53 | 61 | 11.20 | 76 | 11.20
2 |0.33 |17 | 1.83 | 32 4.63 |47 | 1063 | 62 | 11.20 | 77 | 11.20 ﬂ
3053 |18 |1.91 |33 ; 5038 |48 | 10.73 | 63 |11.20 | 78 | 11.20
4 /079 |19 | 2.13 | 34 563 |49 | 10.74 | 64 | 11.20 | 79 | 11.20 }“i
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 B
711.33 |22 | 2.43 | 37 7.53 |52 | 10.85 | 67 | 11.20 | 82 | 11.20 o |
8 |1.53 |23 |2.63 38 , 8.13 53 . 10.86 | 68 | 11.20 | 83 | 11.20 .
9 |1.58 |24 |2.83 |39 | 8.63 |54 1092 | 69 |11.20 | 84 | 11.20 ﬁ |
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 E‘j |
12 | 1.78 |27 |3.33 {42 10.13 |57 ! 11.00 | 72 | 11.20 | 87 | 11.20 =
13 |1.83 |28 |3.63 |43 |10.23 |58 |11.02 | 73 | 11.20 | 88 | 11.20 g
14 |1.83 |29 [3.83 {44 |10.33 |59 | 11.03 | 74 | 11.20 | 89 | 11.20
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(C) Table IIID-3.
versus Grazing Angle (degrees).

Bearing Stake Station 1B, Run P1.
Frequency = 290 Hertz,

Bottom Loss (dB)

e |BL |e | BL e | BL

0 6.37 | 45 | 10.67
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 | 11.29
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
51 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 | € | 11.20 | 84 | 11.20
10| 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
12| 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 | 11.20
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 tj ‘
Smoothed Bearing Stake Datal and RAYMODE X Model Results.

' . RAYMODE X =

sﬁ’:;f; Rgc:::tvhe r Frequency Coherent Incoherent

Case| Station | Run | (meters) | (meters) (Hertz) M o M o !
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 ﬂ
111 1B P1 91 . 3320 25 -9.6 | 7.0 | -6.6 | 4.8 .

v 1B P1 91 3350 25 -8.5 | 7.5 | -6.4 | 3.6 1%
\' 1B P1 18 496 140 -6.1 | 7.2 | -4.8 | 5.0 3; |
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 g
Vil | 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 E
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 a |
X1 | 1B Pl 18 4350 290 2.4 | 7.8 | -4.1 | 7.0 ;}i

1. Smoothed by application of a 2 km window running average.
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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 Datal and RAYMODE X Model Results.
' Case I: (Station 1B Run P1, Source Depth = 91 m, Receiver Depth = 496 m,
Frequency = 25 Hz.)
R
: Data Set FOM R, | Range > R,
Bearing Stake 70 3.8
ot RAYMGDE X
Coherent 70 2.3
j RAYMODE X
Incoherent 70 3.0
Bearing Stake 75 5.5 | zpcd 158, 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
ﬁ Bearing Stake 80 6.0 ZDC 50%, 6-32 km, ZDC 5-10%, 32-90.5 km
RAYMODE X
2 Coherent 80 7.0 ZDC 35%, 9-43 km
E; RAYMODE X
Ineoherent 80 17.0
Bearing Stake 85 6.5 ZDC 65%, 6.5-98 km; ZDC 15%, 90.5-175 km
i RAYMODE X
Coherent 85 15.0 ZDC 459, i8.5-87 "n.
y RAYMODE X
g, Incoherent 85 31.5
| ‘ Bearing Stake 90 85.5 2ZDC 85%, 65.5-150 km; ZDC 30%, 150-243 km
[
RAYMODE X
g. Coherent 90 18.0 ZDC 45%, 19.5-165 km
| RAYMODE X ;
: Incoherent 90 93.0 , 100% coverage 109.5-115.5 and 120-123 km
Bearing Stake 95 76.5 ZDC 85% 235->287 km; 100% coverage (except for dropouts at
: 76, 168 km) to 235 km
RAYMODE X
Coherent 95 31.5 ZDC 65%, 31.5-225 km
E{ RAYMODE X o
Incoherent 95 172.5 : 100% coverage 177-193 km, 205.5-210 km and 217.5-22C.5 km
Q?‘ Bearing Stake 100 77.0 - 100% coverage (except for dropouts at 76, 168 km) to >>287 km
N RAYMODE X i
Coherent 100 46.0 ZDC 70%, 46-283.5 km
,0 RAYMODE X
'y Incoherent 100 271.5 100% coverage 282->288 km

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

=

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-6. Detection Range in km as a Function of Figure of Merit (FOM) 1‘

in dB for Bearing Stake Datal and RAYMODE X Model Results.
Case II: (Station 1B Run P1, Source Depth = 91 m, Receiver Depth = 1685 m,
Frequency = 25 Hz.)

7

Data Set FOM Rcz Range > R_ -
. o
——— v aeamm—. ‘.j
i‘earing Stake 75 12,0 One small peak (1 point) at 19 km L
RAYMODE X "X
“(i\")‘l.u:reut 75 8.0 o ;_"
RANTIODE X
_dugoheyent 75 9.0 I
Reaving Stake 80 13.0 | zpcd® 708, 13-44 km o
RAYMODE X ‘
Culirent 80 9.0 ZDC 15%, 13.0-36 km R
RAYMODE X j
__iieherent 80 17.0 - |
Beuving Stake 85 25.0 ZDC 95%, 25-66 km; ZDC 50%, 66-119 km; ZDC 15%, 119-199 i "E; {i
T TRAVMODE X - o
Cohir Lt 85 10.5 ZDC 35%, 12.0-70.5 km L !
RAYMODE X i ;
Incoherent 85 40.5 100% coverage 45-51 km b, 1
Bearing Stake 90 75.0 ZDC 95%, 75-144 km; ZDC 60%, 149-196 km; ZDC 10%, o
196-186 km o
- - : .
RAYMODE X ol
Cuhercnt 90 16.5 ZDC 40%, 16.5-159.0 km _ ¢
RAYMODE X = ‘
Incoherent 90 91.5 I
Bearing Stake 95 76.0 ZDC 95%, 76-256 km; ZDC 80%, 256 ->287 km |
" RAYMODE X i:f. |
Coherent 95 50.0 ZDC 50%, 82-216.0 km R
RAYMODE X ]
Incoherent 95 166.5 100% coverage 171-179 km, 192-198 km, and 212-216 km 5 }"@ |
) Bearing Stake 100 | > 287.0 oo
r\;ﬂ: RASVMODE X - |
“ Coherent 100 50.0 ZDC 70%, 51.0-264.0 km _ ;; f
RAYMODE X =
% Incolcrent 100 225.0 100% coverage 249-265 km, 270-283.5 km |
\ ey et A ema s . :,:::’ .
% 1. Sinoothed by running average with 2 kilometer window. ) = |
“
g 2. R_ = Range to which detection coverage is continuous. é
’ \
i 3. 2DC = Zonal Detection Coverage in percentage of indicated range interval over which detection !
g can be made. .
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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 18.5 100% coverage 22-25 km, and 28.5-52 km; ZDC 45%, 52.5-166.5 km
RAYMODE X
Incoherent 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
"7 RAYMODE X
Coherent 95 20.0 100% coverage 21-26 km, 28-84 km (except 54, 88 km); ZDC 40%,
Ej 85.5-222 km
! RAYMODE X
; Incoherent 95 158.0 100% coverage 161-196 km; ZDC 25%, 201-285 km
3 @ 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
J 148.5-163 km; ZDC 50%, 164.5-285 km
) RAYMODE X
Incoherent 100 237.0 100% coverage 238,.5-250.5 km, 257-275 km, >278 km

B CONFIDENTIAL i

| . '. -
@ (C) Table IIID-7. Detection Range in km as a Function of Figure of Merit (FOM) T
in dB for Bearing Stake Datal and RAYMODE X Model Results. e
Case I1l: (Station 1B Run P1, Source Depth = 81 m, Receiver Depth = 3320 m, K‘T
! Frequency = 25 Hz.) <§
' N
A
-‘..:
% \:;j
B - 2 }A‘q
Data Set FOM R, Range > R, ay
E Bearing Stake 75 5.0 ZDC3 85%, 5-22 km .'\‘,.‘.,‘
RAYMODE X o
. Coherent ®¥ ] ----- 100% coverage 1.5-3.0 km and 10.5-16.5 km YK
ﬁ RAYMODE X N
Incoherent % ----- 100% coverage 1.5-16.5 km u
. Bearing Stake 80 6.0 ZDC 90%, 6-71.5 km .;;.3
“  RAYMODE X M
' Coherent 80 | ----- 100% coverage 1.5-5 km and 9.0-17.0 km
RAYMODE X
B Incoherent 80 23.0
Bearing Stake 85 £.0 ZDC 20%, 225-286 km; ZDC 658, 75-140 km; 2DC 50%,
140-225 km

RAYMODE X
Coherent 8 | ----- 100% coverage 1,0-7 km, 8-19 km, 30-47 km
ZDC 10%, 48-82.5 km

=2

PRAYMODE X

";.._{...

1. Smoothed by running average with 2 kilometer window.
2. R_ = Range to which detection coverage is continuous.

- c
‘ % 3. ZDC = Zonal Detection Coverage in percentage of indicated range interval over which detection can
‘ be made.
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(C) Table 1IID-8,

Detection Range in km as a Function of Figure of Merit (FOM)
in dB for Bearing Stake Datal and RAYMODE X Model Results.
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Case IV: (Station 1B Run P1, Source Depth = 91 m, Receiver Depth = 3350 m,
Frequency = 25 Hz.) g
Data Set FOM Rc Range > Rc ;
Bearing Stake 75 6.0 | zpcd o5y, 6-19 km
RAYMODE X ~
Coherent 75 100% coverage, 1.5-7.5 km, 9-16 km, and 19 km P,
RAYMODE X
Incoherent 75 100% coverage 1.5-18.5 km N
Bearing Stake 80 35.0 ZDC 60%, 35-69 km; 160% coverage 87-80 km _;;
RAYMODE X
Coherent 80 100% coverage 1.5-7.8 km, 9-168 km; ZDC 35%, 18-51 km 'R
RAYMODE X )
Incoherent 80 23.0 ’
Bearing Stake 85 80.0 ZDC 70%, 80-150 km, ZDC 20%, 150-186 km x
RAYMODE X . ‘
Coherent 85 100% coverage 1.5-16 km, 17.5-19.5 km, 20-30 km,-27-28.5 km |
and 30-47 km. ZDC 45%, 48-91.5 km ]
RAYMODE X G
Incoherent 8% 62.0 ol
- |
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 km). ZDC 50%, 75-173 km 1
RAYMODE X = 1
Incoherent 90 108.5 100% coverage 135-138 km ) i
Bearing Stake 95 >286.0 2 «1
RAYMODE X l
Coherent 95 100% coverage 1.5-96 km (except dropouts at 24, 48, 85 km) H {
ZDC 60%, 100.5-224.5 Ny
RAYMODE X !
Incoherent 95 158.0 100% coverage 160.5-196 km o ;
ZDC 20%, 201-286 km Gy
Bearing Stake 100 >286.0 ! |
RAYMODE X on |
Coherent 100 100% coverage 1.5-124.5 km (except dropouts at 100 km, 103.5 km) R
ZDC 65%, 126-257.5 km A
RAYMODE X '
Incoherent 100 273.0 ZDC 75% 238.5- >286 km

.
s e

1. Smoothed by running average with 2 kilometer window.

2. R ™ Range to which detection coverage is continuous.

. A

e

3. ZDC = Zonal Detection Coverage in percentage of indicated range interval over which detection
can be made.
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‘(C) T ~le IIID-9. Detection Range in km as a Function of Figure of Merit (FOM)
in dB for Bearing Stake Datal and RAYMODE X Model Results.

Case V: (Station 1B Run P1, Source Depth = 18 m, Receiver Depth = 496 m,
Frequency = 140 Hz.)
; 2
Data Set FOM R, Range > R,
Bearing Stake 75 5.0
RAYMODE X
Coherent 75 4.0
RAYMODE X
Incoherent 75 4.5
Bearing Stake 80 6.0 100% coverage 30.5-34 km
RAYMODE X
Coherent 80 4.5 100% coverage 10.5-13.5 km, 27-29 km; Peaks at 6, and 31.5 km
RAYMODE X
Incoherent 80 5.0
Bearing Stake 85 7.0 | zpc?® 508 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 80 8.0 100% coverage 11-44 km 2ZDC 55%, 44-115 km
RAYMODE X
Coherent 90 15.0 100% coverage 15.5-37 km; ZDC 40%, 40.5-94.5 km
RAYMODE X
Incoherent 90 66.0
Bearing Stake 95 41.0 ZDC 75%, 41-150 km ZDC 15%, 150-247.5 km
RAYMODE X
Coherent 95 38.0 ZDC 45% 40-139 km
RAYMODE X
Incoherent 95 102.0
Bearing Stake I 100 136.5 ZDC 95%, 136.5-249 km
RAYMODE X
Coherent 4 100 38.0 ZDC 65% 39-145 km, ZDC 10% 151-204 km
RAYMODE X :
Incoherent ¢ 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 km); ZDC 55%, 141-235 km
RAYMODE X
Incoherent 105 195.0
1. Smoothed by runnir-~ &.. ze w' kilometer window.

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) Taole IIID-10. Detection Range in km as a Function of Figure of Merit (FOM)
in dB for Bearing Stake Datal and RAYMODE X Model Results.
Case VI: (Station 1B Run P1, Source Depth = 18 m, Receiver Depth = 1685 m,
Frequency = 140 Hz.) 3

)

LW,

,‘
el el

2’

Data Set FOM R Range > R,
Ly
Bearing Stake 75 6.5 100% coverage, 8-10 km 'S
RAYMODE X
Coherent  £] 4.5 100% coverage, 5-8 km; peak at 10 km o
RAYMODE X 'tj, 3
Incoherent 75 9.0 -
Beering Stake 80 11.0 ZDC’ 25%, 11-21 km s
RAYMODE X ' % :
Coherent 80 12.0 100% coverage 15-18 km, 19.5-22.5 km; peak at 23 km v
RAYMODE X o o
Incoherent 80 10.5 ﬁ i
Bearing Stake 85 15.8 ZDC 45%, 20-48 km |
RAYMODE X 100% coverage 14-25.5 km, 31.5-37.5 km, 40.5-43 km j
Coherent 85 13.0 Peaks at 26 km, 88 km, 46.5 km D!
RAYMODE X j
Incoherent 85 12.0 .
Bearing Stake 80 43.5 ZDC 95%, 45-67 km; ZDC 23%, 67-115.5 km 1
RAYMODE X 100% coverage 14-28 km, 28.5-43.5; ZDC 85%, 45.0-70.5 km; g l
Coherent 90 13.5 Peaks at 83 km, 91.5 km
RAYMODE X o
Incoherent 90 60.0 g-;
Bearing Stuke 95 129.0 ZDC 85%, 129-150 km; ZDC 20%, 150-216.5 km e
RAYMODE X
Colerent 95 43.5 ZDC 45%, 44.0-124.5 km; Peaks at 145.5 km, 152 km H
o
RAYMODE X 3
Incoherent 95 96.0 ‘
Bearing Stake 100 157.8 ZDC 85%, 157.5-226.5 km; ZDC 20%, 226.5-286 km -
RAYMODE X &
Coherent 100 79.8 ZDC 55%, 81-180 km
RAYMODE X =
Incoherent 100 133.0 o
Bearing Stake 105 162.0 100% coverage (except 162-166 km) to > 286 km
RAYMODE X
Coherent 105 88.0 100% coverage 90-128 km; ZDC 40%, 130-243 d‘d
RAYMODE X
Incoherent 105 1980.5
WG
| ¥
1. Smoothed by running average with 2 kilometer window. -
2. Rc = Range to which detection coverage is continuous. a
3. ZDC = Zonal Detection Coverage in percentage of indicated range interval over which detection -
can be made. |
D-14 -
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(C) Table IIID-11.

Case VII
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Detection Range in km as a Function of Figure of Merit (FOM)
in dB for Bearing Stake Datal and RAYMODE X Model Results,
: (Station 1B Run P1, Source Depth = 18 m, Receiver Depth = 3320 m,

Frequency = 140 Hz.)

- -

Datu Set FOM R, Range>R_

Bearing Stake 75 ’ zpc? 508 to 18.5 km

RAYMODE X

Coherent % | ----- 100% coverage 1.5-3 km, 4.5-5 km, 6-7.5 km, 12-16.5 km

RAYMODE X

Incoherent ™ | -e--- 1008 coverage 1.5-17 km

Bearing Stuke 80 ] ZDC 80% 9-20 km; 100§ coverage 43-30 km

RAYMODE X

Coherent 80 | ----- 100% coverage 1.5-3 km, 4.5-8 km, 11-18 km

RAYMODE X -

Incoherent 80 | ----- 100% coverage 1.5-19 km

Beuring Stake 85 24 ZDC 50%, 24-84 km, ZDC S% 84-120 km

RAYMODE 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

RAYMODE X 100% coverage 22-24 km, 34.5-54 km

Coherent 90 20.0 ZDC 70%, 58-85.5

RAYMOUDE X

Incoherent 90 56.0

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

RAYMODE X 100% coverage 21-25.5 km, 33-85.5 km (except 61 km), 144-146 km

Coherent 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

RAYMODE 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

Beuring 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 20z.5

1.  Smoothed by running average with 2 kilometer window.

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

c

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) 3
in dB for Bearing Stake Datal and RAYMODE X Model Results.
Case VIII: (Station 1B Run P1l, Source Depth = 18 m, Receiver Depth = 3350 m,
Frequency = 140 Hz.) Yy
N\
N
Data Set FOM R’ Range > R, g
3 _ e
Beuring Stake 75 ? ZDC" 50%, 4-18 km iy
RAYMODE X e
Coherent "’y - 100% coverage 1.5-3.5 km, 4.5-7.5 km, 10-18 km
RAYMODE X o
Incoherent ™| ----- 100% coverage 1.5-16.5 j :
Beoring Stake 80 10.5 100% coverage 12.5-20 km, 46-50 km
RAYMODE X )‘4
Coherent 80 | ----- 100% coverage 1.5-8 km, 9-19 km; peak at 40.5 km R
- LY
RAYMODE X
Incoherent 80 ¢ ----- 100% coverage 1.5-18.0 km
ficaring Stake 8s 30.5 ZDC 50%, 30.5-57 km, ZDC 5%, 57-13..5 km g
TAYMODE X
Ccehisrent 8 | ----- 100% coverage 1.5-22.5 km, 31-51 km
1 RAYMODE X 7
\ (ncoherent 85 21.0 ’ :'*:r
Bearing Stake 90 32.0 ZDC 75%, 32-100 km; ZDC 50%, 100-148 km
RAYMODE X 100% coverage 1.5-24 km, 28.5-53 km, 55-59 km, 60-76.5 km, -
Coherent 90 | ----- ZDC 45%, 79-88.5; peaks at 97.5 km, 114.5 km, 117 km !
RAYMODE X
Incoherent 90 55.5 -~
Beoring Stake 95 34.0 100% coverage (except 34-37 and 60-61 km) to 167; ﬁ
ZDC 50%, 165-233 km; ZDC 20%, 233-273 km ‘
RAYMODE X 100% coverage 1.5-26 km, 28.5-54 km, 55.5-84 km; ZDC 65%,
Coherent 95 | ----- 85-123 km, ZDC 25%, 134-166.5 km -
RAYMODE X ' X
Incoherent 95 93.0
Bearing Stake 100 254.0 ZDC 50%, 254-286 km <
RAYMODE X 100% coverage 1.5-26 km, 28-85.5 km (except dropouts at 5¢ and "_.,_'
Coherent o ! ----- 84 km); 86-111 km, 112,5-129 km, ZDC 55%, 131-196.5 km
RAYMODE X 1 .
Incoherent 100 157.5 "
Bearing Stake 105 255.0 100% coverage (except 255-258 km) to>286 km b
RAYMODE X 100% coverage 27-147 km (except dropout at 86 km) .
Coherent 105 27.0 ZDC 70%, 148.5-232 km b
RAYMODE X -
Incoherent 105 201.0
=
1. Smoothed by running average with 2 kilometer window. L.
2. R, = Range to which detection coverage is continuous. e
ey
3. IDC = Zonal Detection Coverage in percentage of indicated range interval over which detection 5
can be made.
3
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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 P1l, Source Depth = 18 m, Receiver Depth = 496 m,
! Frequency = 290 Hz.)

R XY

“»
Pt

~r el

.

a Data Set roM | R? [ Range >R, X
Bearing Stake 3 4.5 "!"
RAYMODE X AN
iy Coherent 75 4.0 o~
RAYMODE X 3
o Incoherent 75 4.0 ‘\q
ﬁ'; Bearing Stake 20 s.8 %
RAYMODE X ‘
Coherent 80 5.0 Peak at 15 km
RAYMODE X R
t §0 6.0 - \':
Bearing Stake 85 8.0 | zpc® 258, 8-37 km K
RAYMODE X N
Coherent 8s 10.0 ZDC 45%, 13-38 km
RAYMODE X i
Incoherent 8s 33.0 3
&z Bearing Stake 90 23.0 ZDC 90%, 23-44 km; ZDC 25%, 44-84 km; ZDC 5%, 84-183 km
3 RAYMODE X 100% coverage, 12-16 km, 16-17 km, 18-31.5 km; ZDC 80%, 33-46 km: ; )
Coherent 90 11.0 ZDC 40%, 61.5-70.5 km V
RAYMODE X I&
. Incoherent 90 4.0
Bearing Stake 95 50.8 ZDC 70%, 50.5-90 km; ZDC 15%, 90-183 km X
\ RAYMODE X 100% coverage (except dropouts at 17.5, 39 km) to 46 km; ZDC 50%, )
{3 Coherent 95 17.5 | 48-78 km; peaks at 94.5 and 97 km n
V RAYMODE X .\‘
Incoherent 95 73.5 ",
Bearing Stake 100 80.5 ZDC 935%, 60.5-89.5 km; ZDC 60%, 89.5-208 km
g RAYMODE X 1
Coherent 100 31.5 ZDC 60%, 48-106.5 km; peaks at 111 km, 118 km, and 130.5 km Y.
_ RAYMODE X :'i
i Incoherent 100 108.0 R
&: Bearing Stake 108 93.0 ZDC 9C%, 93-163 km; ZDC 75%, 162-237.5 km l).
RAYMODE X 100% coverage, 47-82 km (except dropouts at 52.5, 64 km) ™
Coherent 105 46.5 ZDC 50%, 83-165 km -
Ei RAYMODE X n
- Incoherent 105 144.0 X
Bearing Stake 110 173.0 ZDC 95%, 173-258 km; ZDC 35%, 258-286 km .‘
g RAYMODE X 100% coverage, 47-111 km (except dropout at 82.5 km); .-'
Coherent 110 46.5 ZDC 60%, 119-222 km
RAYMODE X
) Incoherent 110 181.0 By
B ‘*1
1*4
1. Smoothed by running average with 2 kilometer window. ¢'
Ll
E 2. R, = range to which detection coverage is continuous. 2
3. ZDC = Zonal Detection Coverage in percentage of indicated range interval over which detection =
can be made. -
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(C) Table IIID-14. Detection Range in kin as a Function ot Figure of Merit (FOM) E\
in dB for Bearing Stake Datal and RAYMODE X Model Results.
Case X: (Station 1B Run P1, Source Depth = 18 m, Receiver Depih = 1685 m,
Frequency = 290 Hz.)

b3 1]

"R
Data Set rou | R? | Range >R, >
Bearing Stake 78 6.8
RAYMODE X .’
Coherent 78 6.0 100% coverage 7.5-9 km . o
RAYMODE X
Incoherent 78 9.0 L )
Bearing Stake 80 8.0 | 1008 coverage 9-10.5 km A o
RAYMODE X -
Coherent 80 8.0 100% coverage 7.5-10.5 km, peak at 18 km
RAYMODE X .
Incoherent 80 10.5 "y
Bearing Stake | 95 12.0 | ZDCY 708, 12-31 km ; !
RAYMODE X )
Coherent 83 12.0 100% coverage 13.5-18 km, 21-28 km: peak at 39 km ~g
RAYMODE X - Y
Incoherent 88 37.0
Bearing Stakz2 90 24.8 ZDC 35%, 20.5-63 km
RAYMODE X ay
Coherent 90 12,0 ZDC 30%, 36-59 km; 100% coverage 13.5-18 km, 19.5-30 km, 21-31.5 km Y
RAYMODE X !
Incoherent 90 45.0
Bearing Stake 95 36.0 ZDC 80%, 36-69 km; ZDC 40% 69-108 km —
RAYMODE X 100% coverage (except dropouts at 19 and 33 km) to 48 km vy
Coherent 95 19.0 ZDC 35%, 50-99 km N —
RAYMODE X
Incoherent 95 85.0 N : SR
Bearing Stake | 100 9.5 ZDC 908, 69,5-100 km; zZDC 358, 100-127.8 km; 1008 coverage ol
183-186 km ) Y
RAYMODE X 100% coverage 50-52.5 km, 54-56 km, 57-81 knl
Coherent 100 48.0 ZDC 40%, 80-1708 km F
RAYMODE X . =
Incoherent 100 97.5 P
Bearing Stake 1056 101.0 ZDC 65%, 101-286 km
RAYMODE X 100% coverage 49.5-81 km (except dropouts at 52.8, 56.3 km) AN
Coherent 108 48.0 ZDC 45%, 84-151 km N )
RAYMODE X -
Incoherent 108 128.0
Bearing Stake | 110 204.5 | ZDC 80%, 204.5-286 km. N
RAYMODE X 100% coverage 82,5-116 km (except dropouts at 94.5, 108 km) ‘-.'t
Coherent 110 81.0 ZDC 40% 117-193.5 km " N
RAYMODE X .
Incoherent 110 169.0 \i
Bearing Stake | 115 >286.0 . =
RAYMODE X 100% coverage (except dropouts at 84.5, 117, 135 km) to 148.5 km
i Coherent 115 4.5 ZDC 55%, 150-242 km N ",
g RAYMODE X -
Incoherent 115 231.0 o'
1. Smoothed by runnlné average with 2 kilometer window. o
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. LA
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' ‘.} (C) Table IIID-15. Detection Range in km as a Function of Figure of Merit (FOM) o
W in dB for Bearing Stake Datal and RAYMODE X Model Results. .
Case XI: (Station 1B Run P1, Source Depth = 18 m, Receiver Depth = 3320 m, 8
' E Frequency = 290 Hz.) '
:
3 X
' Data Set FOM R, Range > R_ N
- o
Bearing Stake 78 8.0 =
- RAYMODE X 3 !
. Coherent 7% | ----- ZDC" 80%, i.5-19 km L:
RAYMODE X o
£.0 Incoherent ™ | ----- 100§ coverage 1.3-10.8 km t':
L Bearing Stake | 80 11.0 | 1008 coverage 12-14 km N
1
RAYMODE X o
Coherent 80 | ----- ZDC 758, 1.5-19 km .
Ea RAYMODE X "
Incoherent 80 | ----- 100% coverage 1.5-18 km X
Bearing Stake 85 18.5 | 1008 coverage 27-31.5 km @
J RAYMODE X ZDC 80%, 1.5-19.5 km; 100% coverage 31.5-34.5 km and N
Coherent 85 | ----- 46.5-52 km ‘j
RAYMODE X . !
Incoherent 8% | ----- 1008 coverage 1.5-20 km Nt
@ Bearing Stake 90 18.% ZDC 45%, 18.5-36 km j
¥ RAYMODE X 100% coverage (except dropouts at 9 km, 13.5 km, 21 km) 1.5-25.5 km \!
(‘oherent 90 | ee--- and 30-37.5 km, 43.5-52.5 km; ZDC 60% 78-87 km; peak at 55.5 km
RAYMODE X
Incoherent 90 | ----- 100% coverage 1.3-54 km
Bearing Stnke 95 22,0 ZDC 75%, 22-75; ZDC 20%, 75-133 km 5
e RAYMODE X 100% coverage 1.5-26.5 km, 29-37.5 km, 43-52.5 km, 55-56 km, and Dy
X Coherent 95 |  aeee- 77-88.5 km; peaks at 42 km, 60 km, and 61.5 km zi
' RAYMODE X "
Incoherent 98 [ ----- 100% coverage 1.5-61.5 km and 81-87 km :]
P Hearing Stake 100 25.0 ZDC 70% 25-163 km; ZDC 25% 163-238 km -
! RAYMODE X 1008 coverage 29-38 km, 41-57 km, 58-64.5 km, 72-73.5 km; 75-03 km. X
Coherent 100 28.0 105-106.5 km, 108-123 km; peaks at 126 km, 140 km ;
. RAYMODE X >
1{; i Incoherent 100 97.0 i
- Bearing Stake 105 79.0 100% coverage (with exception of 79-81 km and 134-135 km) to 141 km;: i
ZDC 35%, 149-252 km
RAYMODE X Peak at 69 km, 100% coverage 70.5-73.5 km, 74-96 km, 103.5-130 km; !
: 2 Coherent 105 64.5 ZDC 175%, 133-158 km, 100% coverage 174-175.5 km :\,
m RAYMODE X 3
N Incoherent 105 136.5 A
"q . Bearing Stake 110 141.5 100% coverage (except for 5 dropouts) to >286 km é
L) Yy
: RAYMODE X 100% coverage (except dropouts at 68, 70.5, 96, 132 km) to 158 km
Coherent 110 68.0 ZDC 65%, 160-226.5 km !
4 RAYMODE X
r,-.‘- Incoherent 110 178.5 2
% O
Ko 1, Smoothed by running average with 2 kilometer window. _\‘:
) Y
g 2, R e © Range to which detection coverage is continuous. i
I 3. 2DC = Zonal Detection Coverage in percentage of indicated range interval over which detection ;q
{‘Q can be made. ﬁ
N ;
v, -

X

g, %]
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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 Datal and RAYMODE X Model Results.
Case XII: (Station 1B Run P1, Source Depth = 18 m, Receiver Depth = 3350 m,
Frequency = 290 Hz.) q

“alla

Data Set FOM Rcz Range >R \' :
c [
Bearing Stake 75 5.8 ‘
RAYMODE X s &
Coherent 5§ e---- ZDC" 60%, 1.5-18 km ne
RAYMODE X : .
Incoherent 78 - -- 100% coverage 1,5-10.5 km =
Bearing Stake 80 8.0 ZDC 80%, 8-19 km ‘;:3
RAYMODE X ‘
Coherent 80 | ----- 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 o
Coherent 86 | ----- 45-52 km., 52.5-55 km Q 3
RAYMODE X 1
Incoherent 8 | ----- 100% coverage 1.5-20 km i
Bearing Stake 90 14.0 ZDC 45%, 14-58 km ,,'; !
RAYMODE X 100% coverage 1.5-25.5 km (except dropout at 9 km}, 28.5-39 km, t.
Coherent 0 | ----- 43.5-85.5 km, 57-58 km; ZDC 56%, 76-82.5 1\
RAYMODE X , =
Incoherent 80 | ----- 100% coverage 1,5-55 km g
Bearing Stake o5 24.0 ZDC 175%, 24-63 km; ZDC 40%, 63-112 km !
RAYMODE X 100% coverage 1.5-26 km, 28.5-83 km (except dropout at 40.5 km) j
Coherent 9% | ----- and 73.5-91.5 km, 116-118.5 km Ol
RAYMODE X o
Incoherant 9% | ----- 100% coverage 1.0-63 km, 79.5-88 km o
— |
Bearing Steke 100 38.5 ZDC 85%, 38.5-134 km; ZDC 15%, 134-222 km |
RAYMODE X 100% coverage 1.5-26 km, 28-66 km, 73-94 km, 101-1C5 km, % ]
Coherent 100 | ----- 106.5-124,5 km, with peak at 70.5 km c B
RAYMODE X ‘w
Incoherent 100 97.5 3.
Bearing Stake 105 134.0 ZDC 70%, 134-286 km w ‘
RAYMODE X 100% coverage 1.0-67,.5 km, 70-71.5 km, 72-95 km, and 97-129 km;
Coherent 0 | ----- ZDC 65%, 130.5-167 km; ZDC 5%, 170-192 km -
RAYMODE X ‘,‘ ;
Incoherent 105 136.5 .
Bear‘ng Stake 110 257.0 ZDC 85%, 257-286 km
RAYMODE X ' n
Coherent 110 96.0 100% coverage 97-132 km, 133.5-195 km; ZDC 55%, 196.5-228 km é
RAYMODE X
Incoherent 110 177.0
M
1. Smoothed by running average with 2 kilometer window. -
2, Rc = Range to which detection coversge i8 continucus. : .
3. 2DC = Zonal Detection Coverage in percentage of indicated range interval over which detection S
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

23 CONFIDENTIAL |
TN B LI MLV PRERCR 1 GV ARSI A AL M W DU JN



CONFIDENTIAL

vy &b

BOTTOM LOSS
ANGLE (DEG)
50 S 10 15 20 25 30 35 40 45 S0 55 60 65 70 75 80 85 90

"

LA )
oL

"

m

Sy . DAY

d 2 20 it

C““ |
Iy :
(N X!
- 5
.lig; B4R
. 15

LOSS (DB}
5
\
)
&0

3}
e

,_,
o

CONFIDENTIAL E

‘f,‘ (C) Figure IIID-4. Bottom Loss Versus Grazing Angle. Frequency = ;
< 290 Hertz <
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Meters, Receiver Depth = 3320 Meters, Frequency
140 Hertz

Bearing Stake Station 1B, Run P1, Source Depth = 18

(C) Figure IIID-11.
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Bearing Stake Station 1B, Run P1, Scurce Depth = 18

(C) Figure IIID-14.

Meters, Receiver Depth = 1685 Meters, Freauency

290 Hertz
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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

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 aufhority of Chief of Naval Research
letter Ser 93/160, 10 Mar 99.

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

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.

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

@W o b T

PEGGY LAMBERT
By direction

Copy to:

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

o DTIC (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, 428 pages

\/ (DTIC # C034 020)

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

\/(DTIC # C034 021)

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

V(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)*



DEPARTMENT OF THE NAVY

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

IN REPLY REFER TO:

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

MEMORANDUM FOR DISTRIBUTION LIST

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

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

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

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

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

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

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

R F
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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