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Development of an underwater acoustic profiler for survey of

wedge-like saline layer

Kiyokazu NishimuraV, Kei Anma?, Youichi Tuchiya®, Shigeo Matsuda®
Takao Tokuoka® and Yoshio Inouchi?

Abstract:We have developed an underwater acoustic profiler equipped with a digital re-
corder. This system quantitatively measures reflection amplitude and detects the weak re-
flector caused by the rapid change of acoustic impedance at the boundary of the halocline in
water. Consequently, a survey of wedge-like saline layer is possible in brackish water lake
and estuary.

The system consists of the following components,

(1) Acoustic profiling unit

This component was made by modification of a 200 kHz precision echo sounder (Model 101,
Senbon Denki Co., Ltd.). The receiving circuit was modified to use straight amplifiers to
maintain the linearity and fidelity of signals. In addition, the receiving circuit is equipped
with signal output for digital recording.

(2) Digital recorder

The recorder consists of a 12 bit high-speed A/D converter at IMHz sampling rate and an
EXABYTE tape drive using 8 mm tape (max. 2.2GByte).

(3) Digital playback system

This component is used to obtain a profile records from digital data, It consists of an
EXABYTE tape drive, a personal computer and an inkjet color printer,

The reflecting waves were recorded without distortion by using the straight amplifiers and the
high-speed A/D converter of the system,

In a field experiment in Lake Nakaumi, digital reflection data in water were successfully
obtained. The reflection data in the profile records show that resolution and dynamic range
were improved in comparison with conventional analog records,
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Fig, 1, Reflection on plane interface.
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Fig, 2, Relation between variation of salinity and water temperature, and density, sound velocity and acoustic impedance.
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Fig, 3, Survey track for prospecting of wedge-like saline layer
in Lake Nakaumi,
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Fig, 4, Block diagram of analog underwater acoustic profiler,
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Fig. 5, Example of analog acoustic profiling record and measured results of salinity and water temperature (February, 1993).

L5 il b MV REEH D, Kooz
LIV EAH B, FKES S KERTETB LU
K65 E TORBOIENITHIZ Ebr 5.
& 5 ONU- 1T OHRETLE % B2 & 3anfhiTiz iy X
W58, F/3ufhLiz b iV REmAHh, B7-
FOEE SN/ FEMREE 1 RIZ—F 5. Lo Lads
b, BRAFEKIC LA EonfhiEizid 2 ROTH T
PR.ONEH, KEFFORERRISHVOT, 6 -
FOEHRED 75 7 1 Zi3B b Tz,

W EKEDEARD EL LA, KETORIHED
BEIZHES LTWAOPBE L. BF, N-101E
B LUKRT -5 D95, KEOEN—ETKIE
PHMES CEET, BHroAETA2LOEL
THE®E, B, OHMREEEL L2, ARIZ8T—E
CIREL. FRICEAEEHE, BEELEG6-CD
EERED IS Y — 2 ERT. T MR EIZR 6 -6iz
R X CEPDS LIS B0, K6 -F&RERERD
NF —YRRT. RIZ, WAOMEFKEN S HEE
T—EETKEDAPEILTE b DL LT, BHHE,
TR AR ER L7, $E5i320% ARE L7,
Fhuz ks E, HRIIKREFRKDONY -2 TH 5D
S, BEOBIGINE A, REMREIZE 6 -HIZ
RT L) IEB L USSR, RERRE
FELZWEIICRZE, 02 ths, KRED
IR OB, BUEOREIIRE L pdboT
WHZ LY, BBLIFHETES.

B4 BT, KROELL Y IESOEND TS

WDFEIZ, LD RELHIATVAEZ ERRLDS,
CDEINIIEBOT—5 THHEIDENT.

TV ANAKFEEREE

1. YA5F LK

ER D7 o UK EERARIC L A R
TP OREHOAEL T AICEEEY, £
ZLARIB O/ SV IREH I T, Zhi
ML, F=AIEEFTI LT AIEICLY, B
ELR PRSI T2 A TR OIRBD E8T7 -4 &
LTHRIFTAZEHNTE, LDEELWIRN, s
WhEE e n, TV NMMEICL Yy A FI v oL
YTUNIRL Y, Tru g TiEEREETH -
T MES B EORRIWEEE D, 2 5IIHEEE
g TAZ LIk TEED IV K-S 2o
TotkA T — S MBHSTEL, TZTTHFusrRK
HE BRI T X — RN BUHED 73 7 VIR
PR 7TV % VEOK T EEREROME T2 -
7z,

R L7-TT 8 VKPP EEEERO T A 7 A
WBLUELARIEE LI 0@BYTHAE, T/ AT
A7y 7RERT IR L.

T NVAKRFFERAEIL, SEHTEIRLE
70 S ROKPEERERAEK L 7T F VIR
BrLEERENA (KR) . HREBAKIHET S



WFTER - 2 - BB - AREEEER - Rk - RN

0 0
1 1 K
2 2
ot \ b i
g &3
Z 4 % Z 4
8- [ \L %
Qb o5 <
. \} | & \\
4 7
8 8
10 i5 20 25 30 4 6 8 10 12 14
Salinity(%.) Temperalure(°C)
0 \ o7
I 1
1 -
I N
2 = \ 27 \\
T3+ }\ 4 —
£y \\ £ BN
a L
8 5 8 5 = \
6 \\ 6 1
7 [
8 - 8 -
2 1024
1440 1450 1460 1470 1480 1490 1010 1012 1014 1016 101331020 102
Velocity(m/s) Density(kg/m”)
0 0
- R
2 e L ]
ET 1 £57 | =
=4 N e s &
L a’l
& 5 - as >
6 i ™. 6 i _/r
74 } 7
8 8
1.45 10° 1.49 10° 1.53 10° -0.001 0 0.001 0.002 0.003 0.004 0.005
Impedance(N-s/m®) . Reflection coefficient
G Temperature = 8 °C constant H Salinity = 20 %. constant
0
0
1 [ 1
N 7 i
E gl o 1 = 4 rat
£ s
Sol s s g5 ~F
6 s I T 6
.// | r
7 e — - 7
8 8
.0.001 0 0.001 0.002 0.003 0.004 0.005 -0.001 0  0.001 0.002 0.003 0.004 0.005

Reflection coelficient Reflection coefficient

BU6. BANU-1CBVTBIEG (1), KiRB), FHEC), HED), TR -5 2 ) B LURAMRLF) %
YT 7. G3ARIRESC—E LARE L /a0 SUNREL, HIZHES%20% L ARGE L7 6 O BUNREE R 5
F27,

Fig, 6. Graphs of salinity (A), temperature (B), sound velocity (C), density (D), acoustic impedance (E) and reflection coeffi-
cient (F) on station of NU-1. G shows reflection coefficient when water temperature was assumed fixed temperature of
8°C. H shows reflection coefficient when salinity was assumed fixed salinity of 20%o
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Fig, 9. Example of acoustic profiling records nearby Nakaura-
Suimon in Lake Nakaumi (August, 1993).
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was printed out by inkjet color printer using digital data obtained by the acoustic profiler, The original is a color figure and intensity

of reflection is expressed by various colors,
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