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Abstract: The subbottom profiling is an important means of marine engineering survey, 

hazardous geology study and continental shelf scientific research. The accuracy of 

subbottom profile data interpretation has a direct impact on the research and 

investigation results. Because some of profilers’ transducer and hydrophone are 

separately installed, when the survey area is very shallow, distortion of shallow layers 

will be caused if it is seen as a self-excited and self-collected single-channel seismic 

system. According to the principle of subbottom profiler, the distortion correction 

formula is deduced and analyzed, providing actual value to using C-View software to 

interpret such subbottom profile data more accurately. In addition, the seabed 

sediments sound velocity is one of the key parameters when acquiring and processing 

the subbottom profile data. On the basis of comparing some sound velocity forecasting 

empirical equations, the LU Bo’s equation was considered the most appropriate to 

predict the seabed sediments, sound velocity at near-shore of China. In a survey of an 

artificial island site, the LU Bo’s equation and the porosity data obtained from geological 

drilling were utilized to predict the sediments sound velocity, and the sound velocity 

structure profile was plotted, which was applied in processing the subbottom profile 

data of the artificial island investigation. The method of using porosity data to predict 

sediments sound velocity in processing subbottom profile data can improve the 

interpretation accuracy and it’s of practical significance. 

 

Keywords: subbottom profile; layer thickness correction; sound velocity forecasting 

equation; porosity 

 

1  Introduction 

 

The subbottom profiling is an important geophysical method based on 

water-acoustics and geo-acoustics, which can efficiently detect the structure and 

construction of submarine sediments without stopping the ship. With advances of marine 

scientific research, large-scale development of marine oil and gas resources, construction 
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of more and more marine engineering projects and geologic hazards research, the 

subbottom profiling has been more and more widely used because of not only its high 

sensitivity and resolution but its continuity and the ability of quickly finding out the 

underwater geologic formation characteristics and distribution. 

The subbottom profiler can be divided into two types according to the combination of 

transducers and hydrophones: integration type and separation type. The former’s 

transducer and receiver are combined into one (self-excited and self-receiving), which are 

contained in a common box and approximately in the same location, such as SES-2000, 

ChirpⅢ, et al. The latter’s transducer and receiver is usually separately installed by 4 - 10 m 

in horizontal to avoid the wake and mechanical noises, such as AAE CSP2000, C-Boom, et 

al. To the subbottom profiler of separation type, because the acoustic signal are not a 

vertical path to go, but an oblique path, and the incidence angle and reflection angle is not 

zero, and it can only be treated as a system of self-excited and self-receiving in very deep 

water; When in shallow water, the incidence angle and reflection angle are very large and 

the profiler cannot be treated as a system of self- excited and self-receiving any more. In 

this case, the travel time interpreted from the profile is much larger than the case of vertical 

launch and vertical receive so that the distortion of shallow layer will be caused. Therefore, 

we must find an efficient method to correct the layer thickness 
[1, 2]

. 

When acquiring and processing the subbottom profile data, to determine the sound 

velocity of seabed sediments is a key problem. What we want to obtain is the arrival time of 

the reflected sound signal from the acoustical interface, and if the velocity of sediments 

layers can’t be approximately determined, we can’t acquire their real thicknesses. Usually 

a constant sound velocity value will be used according to experience data, for example, 

generally 1 600 m/s in the Bohai Sea. However, due to the complexity of actual structure of 

seabed sediments, the velocity is not a constant at all and there will be an error added up 

to the layer thickness in interpreting the profile data. Therefore, we must find out the real 

distribution of sediments sound velocity to correct the layer thickness. 

Based on the principle of subbottom profiler, the factors leading to the distortion of 

seabed sediments for the above points were analyzed and the corresponding correction 

methods were proposed, which were successfully applied to solve practical projects and 

were proved to be right and efficient. 
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2  Distortion and correction of shallow stratigraphic thickness 

 

2.1  Distortion of shallow layers thickness 

When the distance ( d ) between the profiler’s transducer and hydrophone is very 

large and the sea water is very shallow, the incidence angle ( i ) will be very large and the 

real path ( SKAK
11

+ ) of sound waves will be very different from the vertical path ( 1
PK ). 

There will be a large deviation between the obtained layer thickness and the real case, and 

then the distortion will occur. 

Assuming that the real path of sound wave is 
t
s , the vertical two-way path is 

v
s , 

and the distortion of propagation medium is defined as: 
vt
sss −=Δ , and the distortion 

rate is as follows: 

v

vs

v
s

ss

s

s
D

−=Δ=
                            (1) 

From the formula (1) it can be seen that the largerD  value indicates the larger 

deviation between the real path and vertical two-way path of sound wave, and the larger 

deviation from the real seabed layers thickness. 
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Fig. 1  Sound waves propagation path of subbottom profiler 

2.2  The correction method of distortion 

The C-View software is developed by C-Products Company of Hong Kong. It has 
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been widely used in acquiring and processing the subbottom profile data. When the 

C-View software is used to interpret the subbottom profile data, usually the seafloor 

boundary is tracked firstly, then the stratigraphic interface boundaries are depicted, as a 

result that the profile data obtained are calculated based on the seafloor depth. From the 

profile, the seafloor depth ( 0
H ) can be obtained directly, and then the underlying seabed 

layers, boundaries are depicted and the layer depth values are calculated: )1(0H , )2(0H , 

)3(0H , …… , )(0 n
H . 

In Fig. 1, 1
AKAM = , 1

SKSN = , and the first layer depth is 1
h , then, 211

KKh = , 

2

11

0

SKAK
H

+
= ,  

121

221122

0

22

)1(0
2222

hKK
NKMKSKAKSKAK

H
SKAK

H =
+

=
+

−
+

=−
+

= ＜

, 

also that is, 
1)1(0 hH ＜ . 

It can be seen that the directly calculated depth from the profile is smaller than the 

real layer depth, because while the software is calculating, the uncorrected seafloor depth 

is subtracted, which is larger than the real seafloor depth. That is caused by the C-View 

software data processing principle. The seafloor depth distortion is transmitted to all the 

underlying layers, depths while calculating (the layer depth distortion caused by this is 

called genetic distortion). Because of the genetic distortion, the directly calculated depth 

from the profile is smaller than the real layer depth. Actually the directly interpreted depth 

from the profile is a result of the double impacts of layer distortion and seafloor depth 

genetic distortion. 

In the first reflection interface, the real travel time is: 011
2' HSASKAK ==+ ,  

In the right-angled triangle SOA' , 22

00
42 dHah −=− , then:  

 22

00
45.05.0 dHah −+=                              (2) 

The formula (2) is the seafloor depth correction formula. It can also be said that 

appropriate seafloor depth can be obtained from the subbottom profile if accurate 

instrument placement parameters are input. 

In the second reflection interface, the real travel time is: 0)1(022 22' HHSASKAK +==+ ,  

In the right-angled triangle SOA '' , 22

0)1(010 )(4)(2 dHHahh −+=−+ , then:  
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0

22

0)1(01 )(45.0 hdHHah −−++=  

Similarly, all the underlying layer depth values are available:  

0

22

0)(0 )(45.0 hdHHah
ii

−−++= , where i =1, 2, …… , n              (3) 

The formula (3) is the formula for sediments, layer thickness correction. The layer 

depth values calculated are based on the seafloor depth. 

2.3  Application example 

The First Institute of Oceanography of SOA had conducted an oilfield investigation 

using a subbottom profiler (C-Boom), and meanwhile a borehole (30 m) in the center of the 

oilfield was drilled. During the subbottom profile investigation, the research ship had 

passed the center well twice: the first was from west to east and the second was from 

south to north. The real-time seafloor depth was 1.4 m - 3.5 m. The horizontal distance 

between the transducer and hydrophone was about 4.8 m. Because the seafloor depth 

was too small, the distortion of shallow seabed layer thickness was very obvious. 

 

Fig. 2  Comparison of the subbottom profile and the boring log 

The uncorrected interpreted geological profile (Fig. 3a) can be obtained from the 

measured original subbottom profile (Fig. 2). As can be seen from the Fig. 3a, there is an 

obvious deviation between the geological profile and the boring log, and all the layer 

interface boundaries cannot match well. The layer distortion rate and the corrected layer 

depth values can be calculated using formula (1) and formula (3), which are listed in the 
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Tab. 1. While the real seafloor depth is 1.96 m, the seafloor depth distortion rate (58.2%) is 

so large that correction calculations have to be conducted. 

By inputting the real instrument placement parameters ( a  and d ), the subbottom 

profile data can be corrected using formula (3) and each layer depth can be corrected to be 

right. As a result, the real geological profile depicted according to the corrected data can 

match with the boring log pretty well (Fig. 3b). 

Tab. 1  Comparison of uncorrected and corrected layer depths 

Interface Uncorrected depth /  m Corrected depth / m Error / m Distortion rate 

Seafloor 3.10 1.96 1.14 58.2% 

A1 1.10 1.48 0.38 25.7% 

A2 4.90 5.67 0.77 13.6% 

B 9.90 10.81 0.91 8.4% 

C1 12.60 13.55 0.95 7.0% 

C2 22.90 23.93 1.03 4.3% 

 

3  Correction of layer thickness related to the sound velocity 

 

The sound velocity of seabed sediments has a relationship with sediments’ physical 

and mechanical parameters. Since the 1950s, some meaningful results have been made 

about seabed sediments acoustical and physical characteristics at home and abroad [3-11]. 

Hamilton (1956, 1980), Anderson (1974), ZHOU Zhi-yu and MENG Jin-sheng (1983), Orsi 

and Dunn (1990), LU Bo et al (1995, 2006) and TANG Yong-lu (1998) established empirical 

equations for different sea areas based on the relationship between sound velocity and 

porosity data. In the investigation of marine oil platforms and artificial island sites, generally 

engineering geological drilling and subbottom profiling are implemented at the same time, 

so the porosity is an accessible parameter. Therefore, it is feasible that the sound velocity, 

which can be predicted by using seabed sediments’ porosity data, is used to interpret 

subbottom profile data more accurately. 

3.1  Seabed sediment sound velocity model 

Seabed sediments are made up of two-phase media: solid particles and liquid 

seawater. Because of the difference of porosity, moisture, density, grain size and stacking 

mode of solid particle, et al., there may be high sound velocity sediment layers or low 

sound velocity sediment layers. After analyzing a large number of sediments data, 

Hamilton (1980) summarized two more kinds of sediments, sound velocity structure model: 
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high sound velocity model and low sound velocity model. And he pointed that in deep sea 

areas, low sound velocity model commonly existed, and in continental shelf, high sound 

velocity model was generally found. By studying a large number of seabed sediment data 

from sea area of China, LU Bo et al. (1995) thought there were not only two sound velocity 

models in continental shelf area of sea area in China. They established three kinds of 

sediment sound velocity structure models, which represented the basic characteristics of 

sediments, sound velocity structure in the offshore area of southeast China (Fig. 4). 

(m)

(m)
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Silty sand and clay interlayer

Silt

Silty sand

Mucky silty clay

Silty sand

Fine sand

a

Seafloor

Fine sand

b

Silty sand and clay interlayer
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Silty sand

Mucky silty clay

Silty sand

 

Fig. 3  Comparison of uncorrected (a)/corrected (b) geological profile and the boring log 



90                                     Marine Science Bulletin                                     Vol. 14 

Although these three models don’t give us an accurate sound velocity calculation 

equation of seabed sediments, they are of great instructive significance and reference 

value to constructing detailed profile of sediments, sound velocity. They have the following 

meaning: 1) the sound velocity of seabed sediments is not a constant, and its structure is 

very complex, and the difference among the seabed layers may be significant; 2) the sound 

velocity of loose seabed sediments maybe lower than that of seawater; 3) the low sound 

velocity not only exists in the fluid mud on the seafloor surface, but in the interlayer of some 

high sound velocity sediments. 

High sound velocity
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High sound velocity

 sediments

High sound velocity
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Fig. 4  Three seabed sediments’ sound velocity models (by LU Bo) 

3.2  Sound velocity profile for correcting the layer thickness 

According to LU Bo et al. (1994), in the continental shelf of the southeast China, the 

seabed sediments’ sound velocities vary greatly: 1 336 m/s - 1 885 m/s. While processing 

subbottom profile data, the sediments’ sound velocity used is usually 1 600 m/s. Then the 

1ms travel distances corresponding 1 336 m/s, 1 600 m/s, 1885 m·s
-1

 are respectively 

1.336 m, 1.600 m, 1.885 m. Obviously, the difference is so large that greatly reduces the 

subbottom profile data interpretation accuracy, therefore, the layer depths must be 

corrected. In this paper, an artificial island site subbottom profiling is taken for an example 

to study the layer thickness correction related to the seabed sediments, sound velocity. 

Obviously, the sediment sound velocity structure models (Fig. 4) cannot meet the 

requirement of subbottom profile correction, and more realistic sound velocity values 

corresponding to the seabed layers must be given. The seabed sediments’ sound velocity 

is affected by many factors: density, porosity, moisture (water content), grain size, pressure, 
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temperature, burial depth and geologic age and so on. After plenty of research to the 

seabed sediments geophysics, most scholars at home and abroad have come to a 

common conclusion that the porosity is the best parameter to predict the seabed 

sediments’ sound velocity. Here are 6 sound velocity prediction empirical equations based 

on the variable porosity. 

Hamilton 
[3]

:  

2

p 126.1716.219.2455 nnC +−=                             (4) 

Anderson 
[5]

:  

2

p 1868.058.272506 nnC +−=
                             (5) 

ZHOU Zhi-yu and MENG Jin-sheng 
[6]

:  

2

0p 1868.058.27962 nnCC +−+=
                          (6) 

Orsi and Dunn 
[7]

:  

2

p 1782.0132.274.2527 nnC +−=
                          (7) 

TANG Yong-lu 
[10]

:  

2

0p 156.002.25942 nnCC +−+=
                          (8) 

LU Bo et al. 
[9]

: 

2

p 185.053.2507.2369 nnC +−=
                           (9) 

Where Cp is the sound velocity of seabed sediments, n  is the porosity of sediments, 

0
C  is the sound velocity of sea water near the seafloor. 

Because of limitations of measurement data and study sea area, each of above 

equations has a certain regional applicability. The study sea areas of equation (4), (5) and (7) 

are in abroad. The equation (6) is only an extended conclusion based on the introduction of 

seawater sound velocity C0. The equation (8) is for the South China Sea. The equation (9) is 

a summary based on a large number of data from the southeast sea area of China, and it is 

applicable to most of the southeast sea area of China. In this paper, the equation (9) is 

selected to conduct a trial for the layer thickness correction related to sound velocity based 

on an artificial island project in Bohai Sea. 

The Fig. 5 is the composite drilling log of borehole (L3) for an artificial island geological 

investigation in Bohai Sea. The Tab. 2 is the laboratory soil testing data of the core. In the 

study, firstly the sediments are divided into 9 layers and all the porosity data within the scope 
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of each layer is extracted. Then, the equation (9) is applied to calculate sound velocity of 

each samples and the average sound velocity of each layer. Lastly, the sound velocity profile 

(Fig. 6) is plotted and is used to correct the layer thicknesses of 9 layers. 

Because of the discretion of the porosity n  from the geological drilling data and the 

dependence to the porosity of sound velocity calculation, the density of sound velocity 

calculated is determined by the porosity. The more dense the sound velocity is, the more 

detailed the sound velocity profile is, and the more close to the reality the average sound 

velocity of each layer is. 

Tab. 2  Laboratory soil testing data of an artificial island from Bohai Sea 

No. 
Depth 

/ m 

Moisture 

/ % 

Density 

/ g/m
3
 

Gravity 
Porosity 

/ % 

L3-1 2.6-2.8 24.6 2.01 2.70 40.3  

L3-2 4.2-4.4 27.6 1.97 2.72 43.2  

L3-3 5.1-5.3 27.2 1.98 2.70 42.3  

L3-4 6.2-6.4 17.7 1.97 2.70 38.0  

L3-5 11.5-11.7 19.3 2.00 2.70 37.9  

L3-7 15.1-15.3 17.6 2.03 2.70 36.1  

L3-8 15.5-15.7 30.5 1.94 2.72 45.3  

L3-9 17.2-17.4 35.1 1.82 2.72 50.5  

L3-10 17.5-17.7 40.3 1.82 2.73 52.5  

L3-11 17.7-17.9 37.0 1.83 2.75 51.4  

L3-12 17.9-18.1 32.5 1.86 2.73 48.6  

L3-13 18.6-18.8 23.3 1.97 2.69 40.6  

L3-14 19.5-19.7 32.9 1.85 2.72 48.8  

L3-15 20.0-20.2 35.0 1.87 2.74 49.4  

L3-18 25.0-25.2 17.9 1.98 2.70 37.8  

L3-21 27.0-27.2 18.6 2.03 2.69 36.4  

L3-24 31.7-31.9 18.6 2.03 2.70 36.6  

L3-25 34.5-34.7 21.2 1.97 2.69 39.6  

L3-28 37.7-37.9 21.5 1.98 2.68 39.2  

L3-29 40.2-40.4 19.5 1.99 2.70 38.3  

L3-30 40.8-41.0 23.4 2.00 2.68 39.5  

L3-31 41.4-41.6 19.3 1.94 2.68 39.3  

L3-32 41.7-41.9 17.4 1.97 2.68 37.4  

L3-34 45.8-46.0 20.1 2.01 2.68 37.6  

L3-35 47.9-48.1 19.4 1.94 2.68 39.4  

L3-36 48.8-49.0 19.0 1.97 2.68 38.2  

L3-37 49.7-49.9 18.6 2.00 2.68 37.1  

In the acquisition of subbottom profile data, the profiles are obtained in two modes: 

two-way travel time profile and depth profile. In fact, the depth profile is collected in order to 

make an overview of the sediments structure and it is obtained from the data acquiring 

software by time-depth conversion based on the two-way travel time and an preliminary 
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assuming sound velocity. Therefore, to the two-way travel time profile the depth can be 

calculated by one-way travel time and sound velocity profile; to the depth profile the one-way 

travel time must firstly be calculated according to the preliminary assuming sound velocity 

and then the depth can be calculated by one-way travel time and sound velocity profile 

either.  

The Tab. 3 (Corrected depth) is the calculation result of the subbottom profile based on 

the sound velocity profile we plotted. As can be seen from the table, the average sound 

velocity of silty clay is smaller than the silty sand and fine sand, and the difference is about 

80 - 100 m/s. By comparing the layer depths between those corrected before and after, the 

minimum deviation of layer depths is -0.1 m, and the maximum deviation is -1.3 m. It can be 

seen that the deviation is so large that must be corrected to ensure the interpretation 

accuracy of the subbottom profile data. 
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Fig. 5  Composite boring log of borehole (L3) 
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Fig. 6  Seabed sediment sound velocity profile of the artificial island site 

Tab. 3  Comparison of stratum depth before and after correction 

Layer 
No. 

Stratum name 
Sound velocity

/ m/s 
Single travel time

/ms 
Uncorrected depth

/m 
Corrected depth 

/m 
Error

/m 

①  Mucky silty clay 1 626 2.952 4.7 4.8 -0.1

②  
Silt and silty 

clay interlayer 
1 643 5.447 8.7 8.9 -0.2

③  Silty sand 1 667 7.607 12.2 12.5 -0.3

④  Silty clay 1 626 7.976 12.8 13.1 -0.3

⑤  Silty sand 1 640 10.049 16.1 16.5 -0.4

⑥  Silty clay 1 566 14.966 23.9 24.2 -0.3

⑦  Fine sand 1 677 18.246 29.2 29.7 -0.5

⑧  Fine sand 1 661 23.544 37.7 38.5 -0.8

⑨  Fine sand 1 662 30.523 48.8 50.1 -1.3

 

4  Conclusion and prospect 

 

Because the exciting transducer and the receiving hydrophone of subbottom profiler 

are installed separately, in shallow water, the layer depth of seabed sediments will be 

distorted. The factors affecting the distortion include: the horizontal distance ( d ) between 

transducer and hydrophone and seawater depth of working sea area. The larger the 

distance d  is, the more serious the distortion and the smaller the distance d  is, the less 
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serious the distortion is; the larger the seawater depth is, the more serious the distortion is, 

the smaller the seawater depth is, the less serious the distortion is. Generally speaking, 

when the seawater depth is smaller than 15 m, the subbottom profile data must be 

corrected. In this paper, the equation (2) and (3) are deduced based on the working 

principle and they are of important guiding significance and reference value to process the 

subbottom profile data. 

The seabed sediment sound velocity is one of the key parameters in acquiring and 

interpreting the subbottom profile data. On the basis of comparing some sound velocity 

forecasting empirical equations, the LU Bo’s equation was considered the most 

appropriate to predict the seabed sediments sound velocity in the near-shore area of China. 

In the survey of an artificial island site, the porosity data obtained from geological drilling 

was utilized to predict the sediments sound velocity, and the sound velocity profile was 

drawn, which was applied in interpreting the subbottom profile data. The method of utilizing 

porosity to predict sound velocity in processing subbottom profile data can improve the 

interpretation accuracy and it’s of important practical significance. 

The sound velocity profile constructed based on the sediment porosity data is a 

layered structure. But in fact, the sound velocity distribution in sediments is very complex. 

Even within the same sedimentary layer, the sound velocity is changing with the depth 

increasing (generally increasing with the depth increasing affected by the pressure). 

Therefore, the layered structure cannot reflect the real sound velocity structure of the 

seabed sediments, and for studying the real continuous structure of sound velocity, our 

future efforts are needed. 
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浅地层剖面资料处理中的地层厚度校正 
 

王方旗，亓发庆，胡光海，董立峰，陶常飞 
(国家海洋局 第一海洋研究所，山东 青岛 266061) 

 

摘  要：浅地层剖面测量是海洋工程勘察、灾害地质调查和大陆架海洋地质科学研究的重要手段，资料解译

的准确程度将对地质调查和研究成果的可靠性造成直接影响。由于发收分置型浅地层剖面仪的激发装置与接

收装置是分开的，当调查区域的水深过浅时，将其近似为自激自收的单道地震系统会导致地层的畸变，水深

越浅地层畸变率越大。根据浅地层剖面仪的基本原理，推导出了浅部地层厚度畸变校正公式，为用 C-View

软件更准确地解译此类浅地层剖面资料提供了参考。海底沉积物的声速直接影响浅地层剖面地层厚度解译的

准确性，利用卢博等建立的适用于中国东南近海的声速经验公式，在某人工岛构造调查中，根据地质钻孔获

取的孔隙度参数计算各沉积层的平均声速，建立相应的声速结构剖面，对地层厚度进行校正，取得较好的效

果，用孔隙度预测声速的方法参数容易获取，能够提高浅地层剖面资料的解译精度，使地层的厚度更接近于

实际，具有一定的实用意义。 
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