NUSC Technical Report 8323
7 September 1938

A FILE
AD-A204 007 CoRY

Global Modsl for Sound Absorption
in Sea Water: Impact Study
Part |

P. M. Schelisle
Combet Systems Analysis Stait

B. H, Moilsn
OWNI Anelysis

0. (. Browning
Advanced Concepts Offics

Naval Underwater Sysiems Center
Newport, Rhiode Island / New London, Connecticut

Appuoved for pubilc releass; diatribution I uniimited.

89 ' 1 2320w




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

ta. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
UNCLASSIFIED
2a. SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION 7 AVAILABILITY QF REPQRT

Approved for public release;
distribution is unlimited.

2b DECLASSIFICATION / DOWNGRADING SCHEDULE

4 PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)
NUSC Technical Report 8323

6a. NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL 7Ta. NAME OF MONITORING ORGANIZATION

Naval Underwater (If applicabie)

Systems Center 61M

6¢. ADORESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)

New London Laboratory

New London, CT 06378

82. NAME OF FUNDING / SPONSORING 8b. OFSICE SYMBOL [ 9. PROCUREMENT INSTRUMENT IDENTIEICATION NUMBER
ORGANIZATION Naval Underwater | (F applicatie}

Syshemns Center 19

8c. ADORTSS (City, Stota, and 2iP Cove} 10. SOURCE OF FUNDING NUMBERS

PROGRAM PROJECT TASK WORK_UNIT

New London Labora:r:ory ELEMENT NO. | NO. NO. ACCESSION NO.

New London, CT 06320 719Y11

11 TITLE (include Security Classification)

GLOBAL MODEL FOR SGUND ABSORPTION IN SEA WATER: IMPACT STUDY PART I

12, PERSONAL AUTHOR(S) . .

b eneTie ete, D. G. Browning, and R. H. Mellen (OMNI Analysis)

132, TYPE OF REPORT 13b. TIME COVERED 14 F RT {Yeasr, th, D 15. PAGE COUNT

Suitr 0 PRSPt Yormowi 5 Pact

16 SUPSLEMENTARY NOTATION

\L COSATI CODRS 18. SUBIECT TERMS (Continue on reverse if necassary and identify by block number)
FIELD GROUP SUL-GROUP Sound Absorption

19 ABSTRACT (Continue on reverse if necessary and identify by biock numbar)

NUSC Technical Report 8323 contains the unclassified portmn of "Global Model
for Sound Absorption in Sea Water: Impact Study, Part I." NUSC Technical Report
8325 contains the confidential portion of this study.

20 OSTRIQUTION F AVARABILITY OF ABSTRACT . T, ITY CLASSIFICATION
[T urcLassreounumited B3 same as ret [(Jomic useRs Uf{‘x&-fiig“s’:&iém3
223 NAME OF RESPONSIBLE INOIVIDUAL TE\EP! 3 Ares Code) [ 22¢. OF SYMBOL
15. G. Browring z(’?oﬁ) ESU-&I%' ) 4
- miar
OO FORM 1473, 84 Mar 3] APR edition may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE

All other editiony are obrolete
UNCLASSIFIED




TABLE OF CONTENTS page

SUMINBIL i eres e i
BACKGIOUNG. .......oiooeie ettt seb s |
’ ADSOrALICN MOGET. oo 2
. P P T T B8 e eee et e et r e 7
GIODBY MOURL. ..ot s e e e e s 8
K P O T S sttt et s e s e e ees s s s eeee e senenae g
COonvergence ZONE MOGR. ... csssssnrsssssassenns 10
BOtLom BOUNCE MOGR........ oot sese s e eeenesenres 1R
SUMTACE DUCT MO oot esb s enee 15
R B BN C S oottt et ee e eeee et ereeee s et rent et ee e eenee s en s ersenenee 20
APPENdiIX Al K CONLOUNS .ot ettt saeeba b s 21
A Access:zlizh “cl T
NTIS chaer ¥
DTiC TAB A .
Unannounced 1 L
Justification .
By —
Distritutiony/
« __Avatiahitliiy O»does (
iDist ' .A ) \(\m.,
| )
i
Al




Summary

Analysis of propagation loss is generally based on the absorption formula
developed by Thorp in 1965. The Global Model is an improved formula based
on more recent field and 1aboratory experiments. The new formula involves
the pH factor K=10®¥8) which varies with both region and depth. In order to
account for depth variation, the effective absorption must be calculated by
integrating loss over ray paths. Contour charts are provided for estimating
the required K profiles throughout the World Ocean.

" The purpose oﬁhls report i examme“the impact of the model on sonar
performance and the surface and bottom-loss models upon which predictions
are currently basad. The present analysis is limited mainly to active systems
operating in the frequency range 3-4 kHz. The four regions examined are:
North Atlantic, North Pacific, Eastern Mediterranean and Norwegian Sea.

Comparison of K model predictions with those based on the Thorp formula
indicates that two-way path absorption for the first CZ zone ranges from
approximately 4 d8 less in the North Pacific to 12 dB greater in the Eastern
Mediterranean. In the bottom-bounce mode, these values are reduced roughly
in proportion to range.

The MGS bottom-10ss model is based on analysis of one-wey paths using
the Thorp formula. The difference between the K mode! and Thorp formula for
10° grazing angle in the Eastern Mediterranean is roughly 4 dB, meking the
actual bottom-loss smaller by about one province number. The differences
decrease with increasing qrazing angle and are smaller in the other areas.
Corrections to the MGS model should therefore be relatively minor. !

K model predictions of two-way loss for the surface-duct mode at 25 km
range vary from 3 to 8 dB more than Thorp values, since pH tends to be high
near the surface. The higher absorplion coefficients evidently account for o
large fraction of the excess attenuation previously ascribed to surface loss.
Since the surface-loss models were based on pre-Thorp absorption models, o
major reassessment is indicated




Sound absorption in sea waler is more than an order of magnitude greater
than in fresh water. The excess is the result of relaxations involving certain
chemical constituents. Laboratory experiments in the 1930's identified the
principle mechanism as a magnesium sulfate with relaxation frequency near
100 kHz. Combining measured relaxation parameters with data from field
experiments in the frequency range 2-30 kHz, Schulkin and Marsh {1] devised
the first practical formula for sound absorption in sea water in 1962.

At about that time, interest shifted to lower frequencies in an effort to
increase range and questions arose about extrapolation of the S&M formula.
In 1965, Thorp (2] reported results of tong-range sound-channel experiments
covering lower frequencies and a second anomaly was observed. The data
were fitted by adding a 1 kHz relaxation component to the S&M formula and
this became known as the “Thorp formuta” (3].

Mediterranean experiments by Leroy (4], showed a similar anomaly with
greater magnitude and relaxation frequency. Experiments carried over the
next two decades in other areas confirmed the variability of the anomaly and
regional dependence became & critical factor

The anomaly was identified as a second relaxation involving boric acid, a
minor sea-water constituent [S]. in this case, absorption depends on pH as
well as temperature [6]. The relaxation mectanism was identified as the
boric acid/carbonate equilibrium and parameters were measured in the
laboratory {7]. The experiments also showed that a pH-dependent relaxation
of magnesium carbonate has 8 minor but significant role in sea water
absorption (8).

An absorption formula, based solely on known chemical processes, would
be toc complex and the accurscy would be inadequate as well. However, the
range of the ocean parameters is small and simplifying approximations cen
be made; 1 e. that magnitudes of pH-depend:nt terms increase exponentially
with pH and thet relaxation frequency increases exponentially with the
temperature. The Thorp formula can then be modified by simply adding tho
third relaxation and including pH and temperasture factors for all terms.

A 3-relaxation formula has been developed and absorption coefficients
based on archival pH values have been found o be in good agreement with
experimental doto For prediction purposes, the Global Mode! [9] includes
contour charts for estimating pH correclion factors vs depth as well as
region The purpose of this report is to examine the potentisl impact of the
model on systems performance ond the surface and bottom-10ss models upon
which predictions are currently based.
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AbDsorption Model

A'—'AI (NgSO4 )+A2(B(0H)3)+A 3(“9C03)
An=(5/35) agF Fn /(F24 F2)

_ 7760
a,=0.5x10 0 kM2 £ _ 50410
(pH-8) T/70
a,=0.1x10 " F,=0.9x10
) 1730
a;= 0.03x10™® g =asx10

Atlantic 4°C pH8.0
A=0.007f2+0.112/(1+2)+0.18 12/ (6% +12)
N.Pacific 4°C pH 7.7
A=0.00712+0.0512/(1+12)+0.09 12/(62+12)
Mediterranean Sea 14°C pH8.3
A=0.00612+0.2612/(1.42+(2)+0.78 12/7(122+12)
Norwegian Sea 0°C pH8.2

Az0.0112+0.16 17(0.9%12)+ 0.2 1%(4.52+12)

Table t: Simplified absorption formulae.

Relaxational absorption formula nave the simple form shown in the top box
of Table | Values are for A in dB/km, F and relaxation {requency Fn in kHz

and T in °C. The 3 components of the model are simply additive. Thorp's value
pH=B8.0 1s used as reference. The pure waler term is omitted, making the
formula valid for frequencies less than roughly 100 kHz. Values of pH in the
World Ocean vary roughly from 7.7 to 8.3, corresponding ‘o &~ absorption
ratio of aimost 4/1 at the lower frequencies

The magnesium sulfate term (A1) also includes the depth factor D(km),
which is adapted from the pressure correction of Fisher and Simmons [10].
Depth dapendencias of the other relaxations are not yet known; however, the
field deta indicate that effects on the boric acid term (A2) ars negligible.
Effects on the magnesiurm carbonate term (A3) will be much less important
becouse its contrbution is so small

Specific farmulae are showh in the bottom box Note thatl the At terms are
approximations valid only for F<cF .
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Figure 1: Thorp's dota and 3-relaxation model.

Thorp's formula for the N. Atiantic sound channel was given as (3}

=40 F2/(4100+F2)+0.1 F2/(1+F2) dB/kyd.

Note that the temperature and depth terms in the S&M formulae are omitted
and therefore it applies strictiy to roughly 4°C at | km depth.

Figure 1 shows Thorp's original data compared to the 3-relaxation model
The 1ndividual components are identified snd the top curve 1s their sum. The
overall fit to the data 1s as good or better than the 2-component formula.
Note that the boric acid {(A2) coefficient is 1ower than that in the Thorp
formuta by some 10%, making the coefficient in dB/km becomes equal to the
coefficient of the second lerm in Thorp's equation. The magnesium carbonate
component makes up the difference al the lower frequencies.

The parameter adjustment in the present model is mainily justified on the
basis of data-fit, the third component having been found essential. When the
laboratory data were fitted by 8 2-relaxation model, senous discrepencies
appeared st higher pH vaiues. For example, correcting Thorp's second term to
pHB S gave values that much too tow in the 10 kHz range, clear evidence of
another component By sea-water synthesis, the mechemsm was identified
as magnesium carbenate, temperature and pH dependence of the parameters
were measured and the relaxation incorporated as the third component of the
absorption model

-3-
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Figure 2: Model and datae comparison.

Figure 2 compares the 3-component relaxation model predictions and data
from sound-channel experiments in the Mediterranean, North Pacific and
North Atlentic (Thorp).

iz 'he Nirih Pacific case, the lower value pHx7.7 reduces both the boric
acid (A2) a1 the magnesium carbonate (A3) coefficients by a fector of two
compared {o the N Allantic values. Relaxation frequency depends only on the
temperature and remains the same.

In the Mediterranesan case, the higher value pH=E 3 \ncreases both the boric
acid (A2) and the magnestum carbonate (A3) coefficients by a factor of two
compared to the N. Atlentic However, the relaxation frequency is higher and
the curves do not differ by gs large a large factor at the lower freqencies

The value pH 8 0 has bean assumed for Thorp's sound-channel experiment
and 1s used as reference value for the 3-relaxation model Predictions based
on archival pH values then show good agreement within exparimenta! limits
for 8ll regions examined
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Figure 3: Absorption spectra A/F vs pH for T=4°C.

The effects of the 3-relaxation model are illustrated in Figures 3 and 4.
Note that the absorption coefficient A has been dividad by the frequency
F(kHz) in order to compress the vertical scale.

Predicted spectra vs pH for 4°C and normat salinity (S=39) are shown in
Figure 3 and cover the approximate sga-water range of pH 7.7-8.3 in 0.1
steps The effect of pH on the absorption spectrum below 10 kHz is mainly
due to the coefficient of the boiic acid component A2 Below | kHz, the
max/min ratio approaches the factor four.

From anelysis of experimentel date, the oversi! arror of the model is
estimated to be roughly of the order of £13&. In other words, the RMS error
of an astimated coelficient in dB/km ts not expected to be any greater if not
himited by the accuracy of the environmentsl facters. For exampie, 4 change
of 005 pH umits corresponds 10 8 12Z change in the boric acid coefficient
and the pH error must be within these limits in order to realize the model
sccuracy A major limiting factor is therefore the accurscy of of the pH
data-base.

~-5-
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Figure 4: Absorption spectra A/F vs temperature for pRB.0.

Figure 4 shows the predicted zpectrum dependence on temperature for
pH=B 0 and norma! salinily (5=3%), covering the nominal sea-water range
€-30°C in 5°C steps.

Temperature affects in the model come adout only through the relaxation
frequency cocfficients of the three lerms. increesing tempersture shifts the
curves upward in frequency.

Model errors involving temperature coefficient are estimated to be within
the expectled +15% limits Since the tempurature sensilivity is rather low,
the value need only be kngwn only to within roughly £1°C to be well within
these limits

Errors invoives in the salinity fector are probsbly also within the accuracy
limits for the normal sea-water range Salinity variations are evidently the
result of evaporation or dilution by fresh water Concentrations of all the
constituents, except carbon Jioxide, tend to remain tn constant ratio Carbon
droxide concentralicn evidently tends to reman constant.

The multiplying facter S/35 for all three components may be justified over
8 limited range, say 30-40 ppt. Beyond this range, corrections must be mede
for changes tn the boric arid retsxation frequency. This cen require a more
accurate knowledge of the concentrations, which s beyond the scope of the
i-resent model.

L 4




PH Profiles
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Depthi(km) s ‘
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Figure 5 pH profiles.

in addition to regional variability, pH aiso can depend strongly on depth
Figure S compares pH profiles for varigus regions of the World Ocean It is
clear that the absorptton will vary significantly for different ray paths,
particuiarly tn the North Pacific where sound-channel tosses will be much
less than for other paths In order to account for the depth varabilily, the
most general method of estimating effective sbsorption is to integrate loss
over all the ray paths involvad This requires an appropriste profile for the
pH factor The Global Model uses contour charts of constant pH al S sglectsd
depths and the profile is generated by algorithm

Contours of constant pH ot selected depths from the World Jcegn Atlases
of Gorshkov [11] have bean used 1n the analysis The profile increments are
0 1 pH units and interpolstion is required /7-s/fw pH values are used in the
{lobal Modet medeal and spgropriate corrections have been made

The GEQSECS reports [12] contain pH profiles abtained from circuits of the
Allantic, Pacific and indian Ocesns These data have been used together with
the Russtan date to geve'op the constant-pH contour charts

-7 -




Global Model

A=A, (MgS04)+A ,(BIOH) )+A ;(HgCO;)
An=(5/35) apF  Fr /{F2+ £2)

- T/60
a,=0.5x10 DKM/ £ 50510
8,=0.1K F,=0.9x10" "

1730
a5= 0.03K Fy=4.5%10

Table 2: Global modsl absorption formula.

Variability of pH is clearly the major limiting factor in the accuracy of
the absorption formule. [n Table 2, the pH parameter K= 108 ngs teen
substituted in the formula of Table 1.

Five K points have been found to give a reasonably accurate estimate of the
K-profiles The points are numbeied 0-4 and the profile is fitted by the
expression:

K(D)=K(4)+ {Cy + C, D+ C, 0% ¢ C, 0% + C, DY expl-(a 0)'3)

where the exponent | 5 has been chosen by trial to obtain “best® results
For latitudes less than 60°, the depth values D=0, 05, 1 2, and 4 km are used
with a=1/km Since water ¢epths for latitudes greater than 60° are ganeraily
shallower and most of the vaniabihity of concern 1s concentrated nearer the
surface, the depth values D=0, 0 1, 0.3, 05,1 km are used with a=4/km.

The five equations for n=0,1,2,3,4 Lo be solved are then given by

Co* €y D, *C,0, 2+ C,D, 3 +C,0 ¢ =IKID,) - K(4)] expl(aD)' 3}

and solution for the coefficients can be obtained either glgebreicaliy or by
writing the equations in matrix form and inverting

The K contour charts for the lower latitudes are shown in Appendix A,
Figures 1A-5A The hugh latitudes charts are shown in Figures 6A-11A and
include surface vaiuaes for both summer and winter conditions

-8 -




K Profiles

0
Depthitkm) /i/f
Q 3 [v] 2
e
Q
L
(0)
[s]
21 o
N. Pac>
3 o q
4 L 1 1 o~
0 K Factor

Figure 6: K profiles and data.

Figure & shows calculated profiles compared to typical data for the three
regions. Errors are seen o be insighificant in comparison to the expected
overall error of the model. The North Pacific and eastern Mediterranean cases
represent the expected extremes in pN effects.

Both K and temperature profiles are used for integrating absorption along
the ray paths. The temperature profiies are generated in the same manner.
Selinity is taken as constant 5=35 except for the Mediterranean case where
S=38 is used. Absorption at selected frequencies F(kHz) at ranges R(km) are
calculated by integration over the appropriate ray paths for the convergence
zeng, bottom-reflection and surface duct modes. Note that tota! range slong
tne ray peths is used throughout.

Expected errurs are calculated concurrently using AK=20.05 for the CZ and
bottom-bounce modes and AK=+0.1 for the surface-duct mode. Values for the
Thorp aguatinn are also calculated concurrently so as {0 minimize relative
errors. The valuas A=A(Kmod)-A(Thorp) are the dB differences between the
tnogels and the ¢+A values indicate the degree of significance of the K model.

-g-




Converqence Zone Mode

ZAlpha (dB) £Z A 30°N[Pac 45°N| E Mad | 7OUNIOE
F(kHz) | R{km)> | 74 62 39 39
Kmod. | 436 29.8 333 1 267
4.0 Thorp | 40.4 338 211 211
A 3.2¢1.1] -40%00] 12.1¢07| 55106
Kmod. | 376 250 297 230
35 Thorp | 342 28.7 17.9 17.9
A ] 34:10] -37:09] 118:06] 51:05
Kmod | 320 207 262 195
30 Thorp | 267 | 241 15.0 150
A 33+0.3] -34¢08] 112:606] 45:65
Kmod | 267 167 226 16.3
25 Thorp | 233 193 125 125
A 28:08] -33+0.7] 101205| 38+04
<mod. | 215 130 | 185 132 |
20 T Thup 192 161 10. | 10.1
[ & 22:07] -31206] B84:04{ 31:04

Table 3: CZ two-way path absorption.

Calculstions of two-way path absorption for CZ propagation in the four
regrons by the ray integration method are shown in Table 3.

Values for the N Atiantic indicate that the K model is roughiy 3 dB higher
than the Thorp formule (Ax3 dB) in the 3-4 kHz range This s due due to fact
that K> 1 betow the axis of the sound channg! where Thorp's measurements
were made

For the N Pacific case, the path integrated K<! and A=-4 dB. However, the
increase in K with depth below the thermocline causes losses to be grealer
than for the sound-channel mode. The axial value Kx0'S would give 4x-0 dB
for the same range It should be pointed out that, 1n some areas where the K
profiles do not fail off quite so rapidly with depth within the thermoctine,
A-0 dB even when the mimimum X value is the same This indicstes the very
important affect of the K proiila and the hazards of trying to use e regional
average K for ail ray paths

For the Mediterranean case, K> 1 over the entire ray path end Ax~12 dB8 The
corresponding vaite far the Norwegian Sea, where K values are aiso fairly
uniform but not as great 1< a=5 db Nate that CZ conditions sre probable in
hoth reqrans only during the summer moaths

_‘0_-




Bottom Bounce Mode

N. Allantic
5060

\¥¢
30 40
Range (km)

70

Figure 7: Bottom-bounce ray paths.

Bottom-bounce is importent because it can ba the anly practical mode of
operation at ranges between CZ zones when such conditions axist. Figurs 7
shows sorae bottom-bounce ray paths for renges out to the first C2Z in the
North Atlantic with water depth 4 km.

Tables 4-7 show calculations of the tyro-way path absorption for the four
regions considered. Velues for the K model, Thorp formula and the difference
A=Kmod-Thorp are shown as a function of grazing angle and ray-renga R(km).
Note that K model values are approximately equal to the £7 values corrected
in proportion to R This is exactly true for the Thorp formuls since the Joss
1s independemt of ray path.

Bottom grazing angles greater than about 5° are the mein concern. For the
N Atlantic, the 5° K model velues ors approrimetely 2.5 dB higher than Thorp.
Corresponding & valuas are roughiy -45 dB in the N Pacific, »9 dB in the E.
Mediterranean and +7 dd in the Norwegian Sea All values become small at
mgh grazing angles becausc of the reduced ranges.
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24lpha(dB) BB N. Atl. 3.5kHz dkm depth
Theta® | R(km) | Kmod |[Thorp | A(dB)
53 62 321 28.7 34
72 28 30.0 26.7 33
10.0 53 271 241 30
140 46 235 209 27
18.8 39 199 176 23
240 33 16.9 15.0 19
300 27 140 12.4 16
36.0 23 117 10.4 13
P 121 19 95 8.5 1.1
415 16 | 8.1 7.2 09

Tab'e < B8 two-way path absorption/N. Atl.

2alpha(dB) BB N Par. 5.5kHz 4km depth

Theta® R(km) | Kmod ]Thorp A(dB)

54 £0 2129 274 -4

92 a3 20.2 24 -39

143 44 17.0 20.2 =32

195 37 14.2 10.9 =27

pr

249 32 12.0 143 -2.3

30.8 26 g9 1.7 -10
(365 | 22 82 | 94 |-16
419 19 71 85 -14
47.1 i6 8.0 12 -1.1
517 | 15 | 55 | 65 | -11

Table S BB two-way nath absorption/N. Pac.

-‘2_




2Alpha(dB) BB E.Med. 3.5kHz 3km depth
Theta® | R(km) | Kmod |Thorp | a(dB)
5.3 50 318 228 g.1
102 41 266 189 77
16.0 33 213 15.0 63

214 27 17.6 12.4 5.3
270 23 14.8 10.4 44
329 19 12.1 8.5 36
384 16 10.2 72 3.1
436 15 9.2 6.5 27
487 12 74 5.2 22
332 1 6.5 46 19

Table 6: BB two-way path absorption/E. Mediterranean

2Alpha(dB) BB TONIOE 3.SkHz 3km depth
Theta® | R(km) | Kmod |Thorp | A(dB)
53 50 297 228 68
10.2 41 246 18.9 57
16.0 33 166 15.0 46
214 27 162 | 124 38
270 23 13.6 10.4 .32

329 19 111 8.5 26
384 16 94 1.2 22
436 15 85 6.5 20
487 12 6.8 5.2 16
232 t 6.0 46 14

Table 7 BB two-way path absorption/Norwegian Sea
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Figure 8: MGS Bottom loss model

Figure 8 shows the Marine Geophysical Survey bottom loss curves for the
range 1-4 kHz [13]. Province numbers characteristic of the four regions ore:
N. Atlantic, #4; N. Pacific, #6, E. Mediterranean, #5, Norwegian Sea, 3.

The MGS data analysis was based on the Thorp formule and the question
arises about the possiblie tmpact of the K modei. A good indication of the
approximate magnitudes con be seen from A values for the various regions.
Since one-way poths were involved in the actual experiments, the 4 values in
Tables 4-7 must be divided by two.

The results indicate that K model effects on MGS curves are significant ot
the lower grazing angles. In the Narwegian ses and £ Mediterrenean for
example, bottom 1oss should be reduced by some 3-4 dB for 10°, which is
roughly equivalent to one province number smaller In the other regions, the
corresponding values range within 2 dB. At the higher grazing sngles, the
shorter ranges tend to make the effects small in all cases.

_|4-




Surface Duct Mode
|

A E(dB/km) Bismark Sea pHB8.3 30°C
[ surface duct Az=90m

0l

Frequency (kH2)

Figure 9: Bismark Sea surface-duct data and model.

A {(dB/Xm)
[Gulf of Aden
pHB.2 30°C
surface duct
AZ=30m

01 R ; s aaal
! |
Frequency (kHz)

Figure 10 Gulf of Aden surface-duct data and model
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Figures 9 and 10 show attenuation data from surface-duct experiments in
the Bismark Sea and the Gulf of Aden [9] compared to the predictions of the K
model. The diffraction loss for the lowest mode is calculated for a bilinear
gradient with g=.018/s within the layer and a large negative gradient below.
The three absorption components are identified and the top curve is the sum
of the four components.

Since the model accounts for the experimental data above the diffraction
cutoff in both cases, there are no extra loss that can be ascribed to surface
refiection. This is not unexpected because the sea state was very low in both

experiments.

24Alpha (dB) SD Atl. 30°N | Pac.45°N| E.Med. { 70N10E
F(kHz) | R(kmh | 25 25 25 25
Kmod. | 20.1 19.7 219 176
40 Thorp 138 138 138 13.8
A 6.3:09] 58:08| 80:09] 37:08
K mod. 18.1 173 19.6 15.1
35 Thorp 11.7 117 11.7 i17
A 6.4t08]| 56207 78:08] 3.407
K mod. 16.0 15.1 173 129
30 Thorp 98 98 98 0.8
A 6.1:07] S52:07| 74:08| 3.0:06
K mod. 13.5 129 148 10.7
25 Thorp 8.2 8.2 82 8.2
A 54206 47:06] 67207 26206
K mod. 10.7 106 121 g7
20 Thorp 6.6 6.6 6.6 6.6
A 41105 40:05] 5506] 21205

Table 8: Two-way surface duct absorption.

Table B shows estimated two-way path absorption for 25 km tirge! renge.
Note that the A values are a1l positive in this case becguse pH tends to be
uniformly high near the surface.

Since surface 10ss must also be considered, the question then arises aboul
the reliability of tha prediction models.

- 16 -
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Figure 11: Comparison absorption and surface-loss formuls.
The empirical surface-1oss formule of Schulkin [14] is given by:

ceg=1.6(Fh)'72  dB/1imiting-ray cycle

where F is in kHz and h is mean waveheight in ft. This formula was derived
from anatysis of AMOS (15] and other surface-duct experiments [16] by
subtracting the S&M absorption formula [1i from the measured attenugtion
values, dividing the result by the skip distance of the limiting ray and curve-
fitting the results. '

Figure |1 compares the absorption predictions with attenustion estimates
for a 60m surface duct. The data points are from ref 16. To estimate the K
maodel correction, the o and S&M formulae are added as shown by the dashed
tines for wave heights h=0S5, 1 and 2m. Subtracting the K model curve from
these curves then gives corrected values of surface loss. Corrected values
are therefore smaller by an amount equal o the difference between the two
absorption formuiae In this example, the skip distance is roughly 6.3 km and
the difference amounts to roughly 2 dB/bounce ot 3.5 kHz. Since the K model
end dashed curves are nearly parallel in this range, corrected values would
become negative for h¢ 0 15m, approximately.
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Figure 12: Comparison absorption and surface-loss formula.

Figure 12 compares the K-mode! predictions with estimates based on the
empirical surface-10ss formula currently used in the GENERIC Sonar Model:

=20 10g, 1(0.3+0.7/11+(Fh/10)2]}  dB/limiting-ray cycle

where F 15 in kH2 and h 1s mean waveheight {n 1t. This formula is evidently a
modified version of Beckmann-Spizzichino theory in which o, o (Fh)? for

small parameter vatues. The modiTication causes asymptotic saturation at
s> 10 dB for high parameler values.

The dashed lines for wave heights h=05, 1 and 2m are agsin the sum of the
S&M formula end a, for the limiting ray in the 60m duct of Fig. 11. Where the

values fall below the K model curve, correction would again yield negotive
values of surface loss.

It1s clear that both surface-loss models tend to overastimate surface 1oss
by & significant amount. However, it is difficult to see how the errors can be
accuretely assessed and corrected without going back to the originol data (if
still available 1) and recalculating surface loss using the present absorption
model

-|8_




Conclusion

This study has been limited mainly to the analysis of the potential impact
of the K model on active sonar systems in the frequency range 3-4 kHz and on
the surface and bottom-loss models used in performance prediction. The four
regions examined are North Atlantic, North Pacific, Eastern Mediterranean
and Norwegian Sea.

Comparison of K model predictions with those based on the Thorp formula
indicates that two-way path loss in the CZ mode can vary from roughly 4 dB
less in the N. Pacific to 12 dB more in the E. Mediterranean. Exact values can
depend strongly on the K profile, particulariy in the t. Pacific where the pH
variatiens are greatest. The hazards of using regional average values of K for
all ray paths have been pointed out.

in the bottom-bounce mode, the path loss is roughly equalivalent to the C2Z
coefficient times operating range. Bottom reflection loss must, of course, be
included. The MGS bottom-loss model examined here was based on analysis of
one-way propagation experiments using the Thorp formula. in the Eastern
ffediterranean, the corrected bottom loss for grazing angles near 10°is
roughly equivalent to one province number less, the amount decressing with
increasing angle. In the other regions, the corresponding values are genarally
smaller.

The K mode! predictions for two-way path loss in the surface-duct mode at
3-4 kHz and 25 km vary from 3 to 8 dB greeter than Thorp values because pH
tends to be highest near the surface. The higher absorption ciearly accounts
for a large port of the observed excess attenuation that has previcusly been
ascribed to surface 10ss. The surface~loss models are evidently all based on
analyses of surface-duct experiments using pre-Thorp absorption models and
predictions are both Loo high and not at a1l consistent. The difficulties in
making appropriate corre. tions, particularly for other propagation medes,
are obvious and 8 major reassessment of this problem is thergfore indicoted.

_tg_




References

1. M. Schulkin and H. W. Marsh, "Sound absorption in sea water”,
J. Acoust Soc. Am. 34 864-865 (1962)
2. W H. Thorp, “Deep ocean sound attenuation in the sub and low kilocycle-
per-second region®, J. Acoust. Soc. Am. 38, 648-654 (1965)
3. W.H. Thorp, "Analytic description of the low-frequency attenuation
coefficient™ J. Acoust. Soc. Am. 42 270-271 (1967)
4. C.C. Leroy, "Sound propagation in the Mediterranean Sea”, in Underwater
Acoustics, ed. V. M. Albers (Plenum, 1967)
S. E. Yeager, F. H. Fisher, J. Miceli and R. Bressel, "Origin of low-{requency
sound absorption in sea water™, J. Acoust. Soc. Am. 53, 1705-1707 (1973)
6. R. H. Mellen and D. G. Browning, "Variability of low-frequency sound
absorption: pH dependence”, J. Acoust. Soc. Am. 61, 704-706 (1977)
7.R.H. Mellen, D. G. Browning and V. P. Simmons, “Investigation of chemical
sound absorption in sea water by the resonator method”, J. Acoust. Soc Am.
68 248-257 (1980); §9, 1660-1662 (1981); 70,143-148 (1961);
74, 987-993 (19383)
8. R.H Mellen, V. P. Simmons and D. G. Browning, “Sound absorption in sea
water: a third chemical relaxation”, J. Acoust. Soc. Am. 65, 923-925 {19} 4;
9. R.H. Mellen, P. M. Scheifele and D. G. Browning, "Global mode! for sound
abscrption in sea water™ NUSC Scientific and Engineering Studies, 1987
10. F. H. Fisher and V. P. Simmons, “Sound absorption in sea water™,
J. Acoust. Soc. Am 62, 558-564 {1977)
11. World Ocean Atlas, edited by S. G. Gors":kov (Pergamon Press, New York)
vol 1, Pacific Ocean (1974); Vol 2, Atlantic and indian Oceans (1978);
vol. 3, Arctic Ocean (1983)
12 GEOSECS Atlas, NSF (1981) Vol. 1, Atlantic Ocean; Vol. 3, Pacific Ocean;
Vol S, Indian Ocean
13 See R J Urick, Principles of Underwater Sound (McGraw-Hill, 1983)
14. M. Schulkin, “Surface-coupled losses in surface sound channels”,
J Acoust. Soc. Am 44 1152-1154 (1968)
15 H. W.Marsh end M. Schulkin, “Report on the status of Project AMOS™,
USL Rep. 155 A, 9 May 1867
16. H. R. Baker, A G. Pieper and C W. Searfoss, "Messurements of sound
transmission 10ss ot low freguencies 1.5-SKC",
NRL Report 4225, Sept. 1953

-20-




A

m vz g g C@q 2 \

=N \sk\//é\‘\z T

< Rk/{mﬂw | = s : =i / i m .

mw%f\m@ NG D/Q ,u.,ﬁ/m

p WY 8 sﬂv\\\mm/ m,mw
_ a/

[
. =
R}_.-—»-'"

A
d
-,

N

b
=
V=
T
«
6
¢

60
30
o

30
60
60
30
0

30
60




p— e

[0.5 km Contours]

Pa

2

R
=0V
L e

Figure 2A 0.5 km K Contours
- 22 -

—~—

“PV\'@%

WJ\F\\:) \\r—

60
30|




=]
T ﬂiwx.\@wm B m
7 fv%/\./ \ va M_/ /N | m
f g L :
g @@ B ] | LZ& /W
3¢ 1] TR B b@ﬁ 2
M.l_. nif\mﬂru\@zﬂ.{ @\\\\ﬁ@m
| p\% : \\\ f ° /Amv / 7 hmm\ ( 2
qumm?\. \\ - | 71 /\ﬂw\ AT !
@w/c / mA?@ L | &
e ﬂ_ ,_;\,,JJ
\Mﬂf@




\} \_\ﬁt? /{\L 2 km Contours
IR\ o e

i

% ) 3 50 5 12
L g
60 pal :j [ y iy / ™
,\2 Y g ” \"‘) i
B aan Wy
AT\
4 30 . \ 4 HV\\!/J
3 07 \.&
\vg "
2 r/\/\ o8]
© {: } . A \\\,\
7 (/
L 60
R 0 20 50 18D 150 20 9% &0
. Figure 4A: 2 km K Contours
-2

-24_




|8
20

. ~ Iy i
RS
EEI R
R\,M/(mvzu : ¥ m

< = £
{Mh .\m)\/ | ﬂ/;M/ c ﬁ,- —F ¢ '
\VWBT : N&U& i ,\/wi oﬂﬁ <D 3

mﬂ /% ndll - 1 .

60
30
0

30
60
60
30
0

30
60




SOE] ==
k| Surface Contours-Summer
N\

Russia

-~ Greenland
N 80
0 1.9

Riaska

Canada /

1.9

Figure 6A: Gurface K contours-summer

..26_







Russia

90E

100m Contours

Figure 8A: 100m K contours

_28_.




S0E
—P\[Z’.O[lm Contours

N
Russia
Russia /—/-
&
Q 15
L o D\ 0
Siberia Morway
1.3 g
{180 6 12
[i2] ' i3]
R G20
Greenland

1.4}

o / 13
a7

Figure SA. 300m K contours




”
|500m Contouirs|

Russia

Siberia

Alaska

)

Figure 10A: 500m K contours

- 30 -




2E [t km Contours

—
Russia
Q
238!
Siberia 1.
13]
180} ; 16 |
7

Alaska

Figure 1 TA 1 km K contours

-3]..




INITIAL DISTRIBUTION LIST

hddressee

CINCLANTFLY

CINPACFLT

COMMANDER SECOND FLT

COMMANDER THIRD FLY

CONMANDER SIXTH FLY

COMMANDER SEVENTH FLT

SURF FORCE LANT

SURF FORCE PAC

SUB FORCE LANY

SUB FORCE PAC

OPER T&E FORCE COMMANDER

SURF WARFARE DEV GROUP, NFOLK

SUBHARINE DEV GROUP

SUBRARINE DEV SQUADRON 12

ASST SEC NAV (RES, ENG, & SYS)

RARPA

cNo (op-7%, -096, -098, -981, -02, -21, -22, -03,
~35, -351)

CKR (OCNR-11, -12, -122, -13, -20)

ONR BET BAY SY. LOUIS

NAY AIR SYS COX (NAIR-O}

SAWAR (PDW-80, -181, -183, -164)

NAVSEASYSCOM (SEA-06, -62, ~63, -63¥, PMS-396, -405, -411)

NRL

NORDA

NAV COASYAL SYS CYR

ROSC

NOSC DET HAWAIL

DTNSROC

OTNSROC ACOS RES DEY BAYVIEW

RSWC

NAVAL OCEARDGRAPHY COMNAND

RAVAL OCEANOGRAPHIC OFFICE

FLY RUNERIGAL OCEANOGRAPHY CTR

NTSA

NPS

Wl

NTIC

CNA

DYIC

No. of
Conies

°—‘-—J—-‘—-‘—l—‘_l_-‘-;‘—d—‘-d—d—‘—l—l

it

weh d ot wd wnl od it wmt s cid wl pid S -l ot ) Lo et ot (L)




