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Foreword

SY/T 6736 Marine seismic digital streamer sys-
tem includes three parts;
—Part 1. Standards for specifying hydro-
phone parameters ;
Part 2. Standards for specifying hydro-
phone streamer-cable characteristics;
—Part 3 Central recording system.
This 1s the Part 1 of SY/T 6736.
This part is modified in relation to SEG Stand-
ards for marine seismic hydrophones and
streamer cables (Geophysics, 52, no. (02, 242 -
248, 1987) Part 1. Standards for specifying
hydrophone parameters.
This part was redrafted in accordance with SEG
Geophysies, 52, no. 02, 242 — 248, 1987, Part
I In Annex B provides the table of comparison
between the numbers of clause, sub-clause in
this part and the provision in SEG Standards Ge-
ophysics, 52, no. 02, 242 — 248, 1987 Part [ ,
for reference.
Owing to the special requirements of China pe-
troleumn exploration industry, while adopting
SEG standards, this part was modified. The
technical differences between this part and the
SEG standards have been edited into the main
article, and the discrepancies have been marked
by the vertical side lines in the blank space by
the edge of those pages respectively. In Annex C

10

(informative Annex) provides the table of the
technical. In Annex C provides the table of the
technical differences between this part and the
SEG Geophysics, 52, no. (12, 242 — 248, 1987
Part | and the reasons, for reference.

Annex A, Annex B and Annex C of this part are
informative.

This part was proposed by China National Off-
shore Oil Corporation.

This part 1s under the jurisdiction of The Com-
mittee of Petroleum Instrument Standardization.
This part was drafted by China Naticnal Off-
shore (il Corporation, Don Fang Geophysical
Exploration Incorporated Company, Petroleum
Industry Instrument Quality Surveillance and
Test Center and Guangzhou Marine Geological
Survey Ministry of land and Resources, P. R.
China.

The main drafters of this part are Zhanhai Yu,
Guoxin He, Zaillu Zhang.
Peichang 1.i, Rongying Chu, Zhanquan Cao,
Zexi Han, Jie Chen, Xiaoquan Han, Wei Zhao,

and Yanhong Lian.

Zhenguo Yin.

This part is issued in both Chinese and English
versions. In the cvent of any discrepancy he-
tween the texts, the Chinese versions shall pre-

vail.
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Marine seismic digital streamer system—

Part 1: Standards for specifying hydrophone parameters

1 Scope

This part of SY/T 6736 specifies the composi-
tions, requirements and calibration for the three
types of hydrophones commonly used in marine
geophysical exploration: piezoelectric elements,
elements with integral preamplifiers and ele-
ments with coupling transformers.

This standard is applicable to manufacturing,
testing and quality evaluation of the hydro-
phones.

2 Normative references

The following normative documents contain provi-
sions, which, through reference in the part of SY/T
6736, constitute provisions of the part. For dated
references, subseguent amendments to, or re-
visions of, any of these publications (exclude
errata) do not apply. However, parties to a-
greements based on the part are encouraged to
investigate the possibility of applying the most
recent editions of the normative documents indi-
cated below. For undated references, the latest
edition of the normative document referred to
applies.

ANSI S 1.1--1976  Acoustic terminology.
ANSI S 1. 8—1974 Reference quantities for a-
coustical level

ANSI 51.20—1988  Procedures for calibra-
tion of underwater electroacoustic transducers

ANSL Y 10. 11—1959

COUSLics.

Letter symbols for a-

ASTM Standard metric practice guide
ASTM E 380—79 Designation {also ANSI
2210 1—1976

3 Letter symbols , metrication, terms and defi-

nitions

The following letter symbols, metrication ,

terms and definitions applicable to this part of

SY/T 6376.

3.1

letter symbols

Letter symbols used in this part comply with

those given in ANSI Y 10.11—1959, ANSI S

1.1—1976, ANSI S 1.8—1974, and ASTM

Standard metric practice guide, ASTM E

380 79 CANSI Z 2141 1—1976) .

3.2

terminology

Terminology used in this part is based on defini-

tions given in ANSI S 1.1--1976 and ANSI

S 1.20—1988.

3.3

metrication

Metrication used in this part comply with Metric

System and the tentative metric standard SEG

has published. This publication. SI Metric sys-

tem of units and SEG tentative metric standard ,

SEG Metrication Subcommittee, 1981, should

be consulted.

3.4

piezoelectric elements

Piezoelectric element hydrophone is a kind of un-

derwater electroacoustic transducer, which con-

sists of one or more piezoelectric elements. They

may be bare or encapsulated.

3.5

elements with integral preamplifiers

Elements with integral preamplifiers hydrophone

consists of one or more piezoelectric efements

with an integral preamplifier. The integral am-
11
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plifier 1s generally included to provide a larger
signal and/or lower cutput impedance than the
direct coupled piezoelcctric units. The integral
preamplifier requires power from either an exter-
nal power source or an internal battery. The
preamplificr may be of the voltage, charge, or
current mode type.

36

elements with coupling transformers

Elements with coupling transformers of hydro-
phone is underwater Electroacoustic transducer
include a transformer with one or more piezoe-
lectric elements. Transformer-coupled hydro-
phones provide lower output impedance than di-
rect coupled piezoelectric units within the oper-
ating frequency band.

3.7

positive polarity of piezoelectric elements

The color code or other marking to indicate posi-
tive polarity voltage or charge for a positive (in-
crease in) acoustic pressure should be designat-
ed. Red is the preferred color for the positive

terminal.
4 Requirements

4.1 Physical
The physical characteristic common to all three
hydrophone types.

a) Dimensions: A drawing of the sensor configu-
ration should be provided with dimensions
given in centimeters (cm);

b) Materials: Materials shall be specified by the
manufacturer to allow judgments as to chemi-
cal compatibility with fluids that the hydro-
phone assembly may contact (e g, ballast
fluids in seismic streamers). A statement as-
suring materials compatibility may be substi-
tuted for the materials specification;

¢) Weight. Weight shall be given in g;

d) Displacement: Displacement should be given
in cubic centimeters (cm?®);

e) Temperature: The operating and storage tem-
perature ranges should be given in degrees

12

Celsius (C) .

4.2 Electrical

The Electrical characteristic are common 1o all

three hydrophone types;

a) lLeads: The type and length of electrical leads
should be stated;

b) Polarity: The cclor code or other marking to
indicate positive polarity voltage or charge,
red is the prefcrred color for the positive ter-
minal;

¢) Capacitance; Capacitance across the hydro-
phone output terminals should be given in
microfarads (pF) with tolerance expressed
as = X4,

d) Resistance: The DC resistance across hydro-
phone output terminals should be given and
expressed as greater than 100MQ at stated
conditions of temperature and humidity.

4.3 Performance

The performance standards are common to all

three hydrophone types;

a) Freefield voltage sensitivity; Free-field volt-
age sensitivity should be given in decibels
(dB) referenced to 1 volt per micropascal
with accuracy expressed as * X dB. The [re-
quency at which the sensitivity is determined
shall be stated (e. g. , Free-ficld voltage sen-
sitivity - XXX dB re 1 V per pPa + XX dB
@ XX Hz), the nominal value shall he
-194dB;

b) Mechanical resonance: The lowest major me-
chanical resonant frequency for free-field con-
ditions should be stated;

¢} Sensitivity versus frequency: A curve or
statement should be furnished showing open-
circuit free-field voltage sensitivity versus fre-
qUENCY;

d) Sensitivity versus depth: A curve or state-
ment should be [urnished showing open-cir-
cuit freefield voltage sensitivity versus
depth;

e} Sensitivity versus temperature; Maximum

change in sensitivity over the operating tem-



perature range should be stated;

1) Acccleration sensitivity: A statement should
be given as to acceleration scnsitivity along
cach of the three major orthogenal axes. The
measurement method should be given;

g) Depth capability: Depth excursion in meters
{m) to which the hydrephone can be subjec-
ted without destruction or significant perma-
nent change in sensitivity (<2 1 dB) should be
stated;

h

—

High dynamic pressure capability; The maxi-
mum acoustic pressure that the hydrophone
can withstand a specified number of cycles
without permancnt change in characteristics
greater than 1 dB should be stated if intended
for such usage;

i) Free-field charge sensitivity; Free-field charge
sensitivity can be computed [rom the capaci-
tance and free-field voltage sensitivity of the
sensors. Freefield charge sensitivity should
be stated in decibels referenced to 1 nanocou-
lomb per micropascal (1nC/ pPa as 0 dB)
with accuracy of + X dB. Statement of this
paramecter is optional.

4.4  Additional parameters for integral pream-

plifier hydrophone

These parameters apply to hydrophones with in-

tegral preamplifiers only: .

a) Impedance: The nominal output impedance
of the device should be specified in ohms
(1> . Plots of output impedance amplitude
and phase versus frequency should be provid-
ed. The minimum load impedance and maxi-
mum load capacitance for the preamplifier
should also be specified;

b) Frequency response; The frec-field voltage
sensitivity as a [unction of frequency should
be plotted [lor the open circuit condition.
Both amplitude and phase plots should be
provided;

¢} Power: The voltage and current require-

ments of the preamplifiers should be given.

If battery powered, the battery type and ex-

I SN SR Y. W10 ST
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pected operating and storage life should be
given;

d) Clipping pressure: The peak pressure level at
which preamplifier saturation occurs should
be stated in dB (re 1 pPa as 0 dB);

e) Harmonic distortion; The total harmonic dis-
tertion should be given for a specified frequency
when the input acoustic signal is at a specified
percentage of the clipping pressure;

) Noise: A plot of the preamplifier noise output
spectral density with the sensitive element i-
solated from noise sources should be provid-
ed. The Y coordinate of the plot should be
expressed in terms of the equivalent sound
pressure level input, L. e , dB (re 1 pPa/Hz
as + dB) .

4.5 Additional parameters for transformer cou-

pled hydrophone

These parameters apply te hydrophones with

transformer coupled only.

a) Impedance: The nominal output impedance
of the device should be given in ohms. The
curve of itmpedance amplitude and phase ver-
sus frequency should he provided;

b} Dec resistance. Resistance should be given in
ohms with tolerance expressed as + X Y%

c) Natural frequency: The frequency at which
the hydrophone circuit sensitivity is grea-
test, specified as (XX £ X %) He;

d) Freguency response: The curve of [reefieid
voltage sensitivity as a function of frequen-
¢y, and the amplitude and phase response
should be provided for both of the open cir-
cuit condition and at least one shunt resist-
ance circuit;

e} Harmonic distortion: When total harmonic
distortion excecds a stated percentage at a
stated frequency, the maximum acoustic

pressure should be given.
5 Hydrophone calibration method

The hydrophone calibration method should con-
form to methods described in ANSI SL 20 — |
13
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1Y88. method of calibration should be given.
If a secondary calibration method is employed, Hydrophone specifications data sheet has been
the “calibration-standard-hydrophone” source or given in Annex A.

14
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Annex A
{ Informative)
Data sheet

Example of hydrophone data sheet:
XYZ Corportion
Model

Hydrophone specifications

Intenode use:

For use in streamer-cable systems with charge
coupled amplifiers or transformer coupling:

Physical specifications;

cm

Materials: Surfaces exposed to streamer fluids

are and which are compatible with

all commonly used ballast liquids.
Height: g
Displacement; _ com’.

Operating temperature: T to o

m (<{1dB permanent

Maximum depth ;
change in voltage sensitivity)

Electrical specifications (Open-circuit values) ;
pF+ “@ Hz
MO® T@ %

Capacitance:

Resistance; >>

humidity

Terminals: Positive polarity marked “ + ” and
with Rea dot

Performance:

- dB re 1V/pPa*

Voltage sensitivity ;

o Lnttr TP P T

dB@ Hz
Lowest mechanical resonant frequency:
Hz
Voltage sensitivity vs frequency; < 3dB change
Hz to Hz
Plots are available on request:

from

Voltage sensitivity vs temperature; < 3dB from
' C 1o T@ m & H:z
Voltage sensitivity vs depth; <3dB change from

0 to m
Change sensitivity: dB re 1nC/uPa @
m & ‘C (computed)

Acceleration sensitivity: Output is <<
mV/g due to acceleration in any of the three ma-
Hz &

jor axes. Tests made in air at

g.
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Annex B
{ Informative)
Comparison between the numbers of clause, sub-clause in this part and the provision in
SEG Geophysics, 52, no. 02, 242 - 248, 1987 Part |

Table B. 1 provides the comparison between the the provision in SEG Geophysics, 52, no. (02,
numbers of clause. sub-clause in this part and 242 - 248, 1987, Part 1.

Table B.1 Comparison between the numbers of clause, sub-clause in this part and the provision in
SEG Geophysics, 52, no. 02, 242 -248, 1987 Part |

The numbers of clause, sub-clause in this part SEG Geophysics, 52, no. 02, 242-248, 1987, Part [
1 Scope P.1: Scope: the 1*sentence
2 Normative references P.2: Definitions, terminology
3.1~3.3 P. 2: Definitions, terminology, metrication.
3.4~3.6 P. 1. Scope : all after the 1* sentence
3.7 P. 2, Electrical (2) pelarity
4 Requirements P. 2. Hydrophone sensor parameter standards
4,1 Physical P. 2. Physical
4.2  Electrical P. 2. Electrical
4.3  Performance P. 3. Perlormance

4.4  Additional parameters for integral preamplifier hy- | P. 3; Additional parameters for integral preamplifier hy-

drophene draphone

4.5 Additional parameters {or transformer coupled hy- | P. 4. Additional parameters for transformer coupled hy-

drophone drophone

5  Hydrophone calibration method P. 3;: Hydrophone calibraticn method

Annex A (Informative Annex) Data sheet P.5: Annex A Data sheet
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Annex C

(Informative)
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Technical differences and the reasons between this part and the SEG
Geophysics, 52, no. 02, 242-248, 1987, Part |

Table C. 1 provides the Technical differences be-

tween this part and the SEG Geophysics, 52,

no. (12, 242 =248, 1987 Part | and the reasons.

Table C.1 Technical differences between this part and the SEG Geophysics, 52, no. 02,
242 - 248, 1987, Part ] and the reasons
H
]
T]‘l(‘ nllrnl)ers OI
clause, sub — clause Technical differences reasons
in ths part
] The *purpose” in part | of the SEG standards has been ' 1t is not suitable for the standard
deleted in this part. statement in China
5 Six ANSI standards have been revised cditorially as the | This is for convenience of the applica-
normative references. tion and the editorial reqirements
3 43 The three types of hydrophones have been revised edito- | This is for convenience of the applica-
- ‘ i rially as the delinitions. ticn and the editorial regirements
} This part has been supplemented with the regulation that o .
) . This is for convenience of the opera-
4. 2d> the de resistance across hydrophone output terminals . ) )
tion: and the inspection
should be greater than 100MQ
This part has been supplemented with the regulation that o ]
) ) | This is for convenience of the opera-
4. 3a) the nominal value of hydrophone free-field voltage sensi- | .
o tion and quality control
tivity shall be — 194dB
. Hydrophone calibration method has been revised editori- | This is for convenience of the applica
ally as clause 5 tion and the editorial reqirements

T TR N v MWl 1 o AP ;Yo e -
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