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ABSTRACT

A sea area with an upwelling provides an 

advantageous environment for the development 

of a highly productive food chain and hence a 

rich fishery. Accordingly, projects in Japan are 

underway to construct human-made undersea 

ridges for artificial upwelling generation in order 

to boost the productivity of national coastal 

fisheries and, consequently, secure sustainable 

fisheries resources. An example of such a project 

is provided by a group of approximately 15-m 

high human-made undersea ridges constructed 

using ashcrete blocks or natural rocks on a 

70- to 80-m deep seabed, with the neighbouring 

ridges spaced about 60 to 80 m apart.  

When seabed current flows interact with the 

human-made undersea ridges, upwelling will 

occur and bring nutrient-rich deep water up 

to the surface to help the enrichment of the 

local food chain consisting of phytoplankton, 

zooplankton and fish, with the largest species 

of the last being the top predator.

Successful generation of artificial upwelling 

depends critically on the location, design, and 

configuration of these human-made undersea 

ridges. This demands a very high level of 

construction accuracy. In order to accurately 

build underwater structures by dumping rocks 

from split hopper barges down to a deep 

underwater site, the stone-dumping process 

must be optimised taking into consideration 

not only accurate determination of ship 

position but the natural conditions, such as 

tides, in the area.

This report provides introductory descriptions 

of the various efforts incorporated into the 

human-made undersea ridges constructed by 

Tomac Corporation, on a 76-m deep seabed 

offshore west of Nagasaki City, Nagasaki 

Prefecture, Japan, during the period from 

2008 to 2009. It was first published in the 

Proceedings of WODCON XIX in Beijing, China 

in September 2010 and is reprinted here in a 

slightly revised version with permission.

INTRODUCTION

It has been feared in recent years that the 

growth rate in global food production may fail 

to keep up with the growth rate in the world 

population. With its national food self-sufficiency 

Above: Fish is a staple of the Japanese lifestyle and 

economy. With declining resources, constructing 

human-made undersea ridges for artificial upwelling 

generation to boost the productivity of national coastal 

fisheries and secure sustainable fisheries resources is an 

important accomplishment.

rate down to approximately 40%, Japan 

depends on imports for almost all kinds of 

food products. 

The securing of domestic fisheries resources 

has been increasing in importance. The vast 

exclusive economic zone in the waters 

surrounding Japan is one of the world’s three 

largest fisheries. The fish resources of more 

than one-half of the indigenous species have 

been low for a long time, and so have the 

annual per-species catch rates. 

Accordingly, Japan has implemented a variety 

of different measures to restore and rebuild 

its over-fished fisheries resources. Under such 

circumstances, Japan plans to construct 
human-made undersea ridges along the coastal 

areas to produce places of artificial upwelling 

and thereby improve basic productivity.

upWeLLIng
An upwelling is a complex and extensive 

mixture of currents and eddies of water that 

flow upward from the deep sea to shallow 

sea levels. When large-scale human-made 

undersea ridge structures are developed to 

artificially produce upwelling, nutrients will be 

supplied to the surface layers from the deep 

sea. A constant supply of nutrients from deep 

to shallow sea levels reachable by sunlight 
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A human-made undersea ridge was constructed 

by dumping 7,363 m3 of stone on a seabed 

(–76 m) offshore west of Ioujima, Nagasaki City to 

produce artificial upwellings in order to improve the 

local fishery productivity. To achieve this, a fleet 

consisting of a split hopper barge (800 m3), 

a pusher (880 kw), a support boat (560 kw) 

and a survey boat (740 kw) were mobilised.

LocAtIon AnD scope
Stone that was placed at the job site offshore 

of Ioujima, Nagasaki City, Nagasaki Prefecture 

was carried out by lightering the stones from 

the base port, New Nagasaki Port, Nagasaki 

City. A shuttle was maintained along the 

transfer route (8 miles long) every day.  

This report describes the execution of the 

construction of one of the three sections of 

the total project length, that is, the final 

phase, Phase 3 Eastern Section (L = 11.8 m).
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Yoshiyuki Haseyama (right) received the IADC Award 

for the Best Paper by a Young Author from IADC 

Secretary General Rene Kolman at WODCON XIX .

IADC yOung AuThORs AWARD 
pREsEnTED AT WODCOn XIX, 
bEIjIng, ChInA, 
sEpTEMbER 8-12 2010

An IADC Best Paper Award for a Young Author was presented 

to Yoshiyuki Haseyama at the WODCON XIX, held at the 

Beijing International Convention Center in Beijing. WODCON 

is organised by the World Dredging Association, the umbrella 

group for the CEDA, WEDA and EADA, and is held once in 3 years 

in alternating continents. Mr. Haseyama graduated in 2006 

from Akita National College of Technology, Department of 

Civil and Environmental Engineering and in the same year 

joined Tomac Corporation, Chiba-ken, Japan. He is one of 

the younger civil engineers at Tomac and is presently 

working at a harbour construction site in Yokohama, Japan.

His paper is based on research done to build undersea ridges 

west of Nagaski city to improve its over-fished coastal 

areas. With its national food self-sufficiency rate down to 

about 40%, Japan is becoming more and more dependent 

on imports of almost all kinds of foods. Since fish is an 

important staple of the Japanese diet, the economic value 

of securing domestic fishery resources is important to the 

long-term stability of Japanese society. The paper describes 

several efforts to enrich the local underwater food chain by 

using highly accurate stone-dumping techniques. 

Each year at selected conferences, the International 

Association of Dredging Companies grants awards for the 

best papers written by younger authors. In each case the 

Conference Paper Committee is asked to recommend a 

prizewinner whose paper makes a significant contribution 

to the literature on dredging and related fields. The purpose 

of the IADC Award is “to stimulate the promotion of new 

ideas and encourage younger men and women in the 

dredging industry”. The winner of an IADC Award receives 

€ 1000 and a certificate of recognition and the paper may 

then be published in Terra et Aqua. 

would enable proliferation of phytoplankton, 

which is at the bottom of the marine food 

chain. This proliferation increases the animal 

population in the upper strata of the trophic 

hierarchy, contributing to the formation of 

highly productive fisheries and enriched marine 

ecosystems near the upwelling (Figure 1).

pRoJect outLIne
The project, the Western Nagasaki Wide-Area 

Fishery Development Work (Western part of 

Nagasaki Prefecture, was commissioned by 

the Nagasaki Prefecture Fishery Department 

Fishing Port and Fisheries Development Section. 

The main Contractor was Ohishi Construction 

Co., Ltd. and the subcontractor was Tomac 

Corporation. The job site was located offshore 

west of Nagasaki City and the project period 

took place from December 25, 2008 to  

March 19, 2009 (Figure 2).

Figure 1. Schematic drawing of upwelling.

Figure 2. Job site 

location map.
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9.  Using the post-dumping mound geometry 

prediction system, the mound geometry 

was predicted on the basis of the results of 

the bathymetric survey to determine the 

dumping point (coordinates).

pRocess ImpRovement 
consIDeRAtIons
The following describes (a) the major challenges 

of special note in the construction process,  

(b) consideration and measures for improved 

work efficiency, and (c) the process leading up 

to the implementation of the proposed 

measures. This includes:

1.  Influences of the constantly changing tides 

(tidal current rate and direction)

2.  Establishing a reliable barge position holding 

method and a clear chain of command and 

communication reliant on the guide system

3.  Optimising the stone-dumping process and 

the post-dumping mound geometry prediction 

system so that a man-made undersea ridge 

can be built true to its design cross-section.

4.  Conducting a high-precision bathymetric 

survey for appropriate dumping point deter-

mination and mound geometry prediction.

constRuctIon methoD
1. Influences of the local tide on the 
stone-dumping operation
When dumping stone from a barge, the 

influences of the changing tide cannot be 

ignored. Stones dumped offshore may not 

always sink vertically because of potentially 

significant influences of the local tide. Hence, 

the local tide characteristics were measured 

and analyzed to clarify the tendencies of the 

tidal current rate and direction and their 

influences on the stone-dumping operation. 

Table II and Figure 4 show an excerpt of the 

tidal current measurement data and the 

details of the tidal current conditions (rate and 

direction) analysis based on the obtained data.

1. Tendencies of the tidal current conditions 
(whole of the water area)
Figure 5 shows the results of the statistical 
processing for all the current rates measured  

on each day of stone-dumping and at each 

depth. Thus, Figure 5 reveals that the tidal 

current rate almost always remained at 

20 cm/s or lower. The average value was 

approximately 13.0 cm/s. Direction reveals 

that the most frequent range of occurrence in 

the range of θ = 0° to 22.5°.

Figure 3. Design drawing.

Table I. Table of Main vessels
Name Specification Quantity Intended purpose

Split hopper barge 800 m3 1 Stone barging and dumping

Pusher 880 kw 1 Stone barging and dumping point positioning

Support boat 560 kw 1 Supports to dumping point positioning

Support/survey boat 740 kw 1 Supports to dumping point positioning

vesseLs empLoyeD
Table I above lists the main vessels employed 

for the work. In order to dump one-tonne 

stones, a split hopper barge compatible  

with large-sized materials was deployed.  

The push boat employed was a single  

low-speed engine powered vessel. A twin 

high-speed engine powered survey boat  

with high maneuverability was used  

because of the requirement to conduct a 

high-resolution bathymetric survey for 

accurate as-built geometry control.

constRuctIon FLoW
The human-made undersea ridge construction 

work was carried out according to the 

following workflow: 

1.  The fleet moved from the moorings to the 

stone-dumping site.

2.  The tidal current direction and rate at the 

stone-dumping point was measured at 

four-metre intervals down to the target 

depth.

3.  Based on the measured tidal current 

direction and rate, calculations were made 

to correct the dumping point (coordinates).

4.  Using a guidance system, the barge was 

moved to the vicinity of the specified point. 

The barge was then guided with the 

support boats along her sides.

5.  The barge was held at the specified point 

to slowly dump the stones.

6.  After placement of all the stones, the barge 

was moved back to the loading site. 

Meanwhile, the survey boat conducted a 

multi-narrow beam bathymetric survey.

7.  After returning to the port, the barge 

reloaded with stones using a self-propelled 

grab hopper dredger.

8.  The barge’s position holding performance 

during the dumping operation and the 

bathymetric survey results were analyzed to 

examine the movements of the boats and 

the barge and the time required for full 

gate opening and to improve construction 

accuracy.
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2. Tendencies of tidal current conditions  
(each water depth range)
The water depth was divided into three parts: 

0 to 26 m (Figure 6), 26 to 50 m (Figure 7), 

and 50 to 76 m (Figure 8), to analyze the tidal 

current rate and direction tendencies for each 

water depth range. Thus, each water depth 

range shows no tendency with respect to  

tidal current rate. The average value of  

V = 12.9 cm/s was obtained.

The tidal current flow direction was observed 

to be primarily from south to north.

Meanwhile, although not so clearly, water 

depth: 50 to 76 m reveals that the most 

frequent range of occurrence was in the 

range of θ = 337.5° to 360°. The tidal 

current flow direction also remained from 

south to north. 

Compared with the other water depth ranges, 

Figure 8 showed somewhat greater variations 

in numerical values. Thus, each water depth 

Figure 4. Tidal current measurement results.

Table II. Measured tidal current rates (excerpt)

Meassured
depth

1st dumping 2nd dumping

Jan. 26 Jan. 28

V (cm/s) θ (˚    ) V (cm/s) θ (˚    )

6 14.0     2.4 36.3 284.1

10   6.7   10.7 18.4 286.6

14   5.1     1.1 17.9 286.2

18   4.2     8.6 17.3 288.8

22   2.8   12.2 16.8 289.4

26   4.1   24.8 17.0 288.9

30   4.9   88.8 16.8 288.6

34   6.0 114.5 15.0 282.6

38   6.8 110.7 13.4 277.0

42   5.6 121.0 13.5 270.8

46   5.0 135.0 11.9 266.3

50   6.5 143.5 11.9 270.9

54   7.5 158.3 11.3 256.7

58   8.0 166.8 10.0 236.3

62   8.5 161.6 11.6 234.5

66   9.5 174.2   6.6 195.3

70   3.3 102.6   4.8 215.3

74

Ave.   6.4 110.9 14.7 265.8

Max 14.0     2.4 36.3 284.1

range shows no distinct tendency with respect 

to tidal current rate. Meanwhile, the tidal 

current direction averaged at 

θ = approx. 6.0°, approx. 6.0°, and 

approx. 4.3° in the water depth ranges 

of 0 to 26 m, 26 to 50 m, and 50 to 76 m, 

respectively.

3. Dumping point offsetting in response to 
tidal current conditions
Based on the vertical distribution of the 

observed tidal current rate, the dumping 

point was corrected using Formula 1:

(Lct·Up/h)/Up = 0.8 Uf/Up Formula 1 where:

Lct: Horizontal travel Uf: Tidal current rate

Up: Typical sinking rate h: Water depth

Table III shows an excerpt of the results of the 

offsetting using Formula 1.

4. Observations on tidal current conditions
Figure 4 shows that the tidal current rate and 

direction varied vertically during the first 

measurement. No distinctive tendency in the 

variations was observed. Considering the 

distribution of measured tidal current rate 

according to the predictions by Formula 1,  

it is unlikely that significant influences 

occurred on the position and geometry of  

the mound. This time, a two-metre mesh  

grid was used for surveying. It turned out  

that such influences fell within the margin  

of error of measurement.

Comparisons of the tidal current-corrected 

dumping points and the centers of gravity  

of the actually formed mound, however, 

revealed a maximum shift as large as 

approximately 5.7 m was measured.  

It was considered that this may have been 

caused by factors other than the tidal current, 

such as the accuracy of the tidal current 

correction (Formula 1) or the oscillations  

and positional deviations of the vessels  

during the dumping operation.
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Figure 6. Frequency distribution of tidal current rate and direction (water depth: 0 to 26 m).

Figure 7. Frequency distribution of tidal current rate and direction (water depth: 26 to 50 m).

Figure 8. Frequency distribution of tidal current rate and direction (water depth: 50 to 76 m).

Figure 5. Frequency distribution of tidal current rate and direction (whole of the water area).
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2. positioning method
Considering that the job site was of a 

relatively small scale, a method was used 

based on existing technical resources instead 

of introducing a dynamic positioning system 

(DPS) capable of automatically controlling the 

propulsion system aboard a boat to hold her 

position on a point offshore. Before dumping 

stone, the split hopper barge had to first be 

pushed to the area above the job site and 

guided to a specified point by the push boat. 

She was then accurately positioned by the 

two support boats. In the original plan it was 

intended to hold the position of the barge by 

direct application of vertical tension with the 

support boats at the centers of her sides 

(Figure 9). The barge, however, kept moving 

to the front, back, left and right and could 

not hold its position very well.

After reconsideration, it was decided to shift 

the tension applying points 10 metres astern 

from the centres of the sides of the barge so 

that it would be pulled not vertically 

downward but astern (Figure 10). 

Consequently, the barge would constantly be 

pulled astern by the support boats. At the 

same time, however, the push boat would 

apply a propulsion force in the “ahead” 

direction so that the forces applied on the 

barge would be balanced. Thus, the barge 

would be able to remain still at a point, 

facilitating maneuvering and position  

holding.

Table III. Tidal current offset and mound points

Dumping 
No. Date Point

Planned 
point Dumping point after current offsetting Mound point

(1) 
Coordnates

(2)
Coordnates

Offset
(2) – (1)

Offset
Shift

Offset
Angle

(3) 
Coordnates

Difference
(3) – (1)

Offset 
distance
(3) – (1)

Angle
(3) – (1)

1   Jan. 26  
X-axis 200.000 199.556 – 0.444

0.463
⬆ 200.510 0.510

1.518
Y-axis 100.000 100.130 0.130 344° 98.570 – 1.430 110°

2  Jan. 28 
X-axis 200.000 202.327 2.327

2.336
⬇ 203.870 3.870

5.741
⬈

Y-axis 100.000 99.795 – 0.205 175° 104.240 4.240 48°

3   Jan. 29 
X-axis 206.000 208.835 2.935

3.418
⬊ 208.990 2.990

3.396
⬆

Y-axis 100.000 98.249 – 1.751 149° 101.610 1.160 28°

4  Jan. 30
X-axis 204.000 199.559 – 4.441

4.939
⬉ 200.820 – 3.180

5.040
⬉

Y-axis 83.000 85.162 2.162 334° 86.910 3.910 309°

5    Feb. 2 
X-axis 203.000 202.068 – 0.932

1.029
⬋ 202.930 – 0.070

0.184
⬅

Y-axis 118.000 117.563 – 0.437 205° 117.830 – 0.170 248°

6   Feb. 3 
X-axis 202.000 200.591 – 1.409

1.983
⬋ 198.210 – 3.790

3.902
⬇

Y-axis 77.000 75.605 – 1.395 225° 76.070 – 0.930 194°

7   Feb. 4 
X-axis 201.000 200.666 – 0.334

0.338
⬇ 201.290 0.290

0.908
Y-axis 122.000 121.947 – 0.053 189° 122.860 0.860 71°

8   Feb. 5
X-axis 217.000 217.550 0.550

1.836
216.140 – 0.860

1.534
⬋

Y-axis 100.000 98.248 – 1.752 107° 98.730 – 1.270 236°

9   Feb. 6 
X-axis 190.000 189.469 – 0.531

2.009
⬅ 190.070 0.070

0.148
⬊

Y-axis 100.000 101.938 1.938 285° 99.870 – 0.130 118°

10   Feb. 7
X-axis 200.000 201.365 1.365

1.884
⬈ 202.570 2.570

2.669
⬆

Y-axis 100.000 101.299 1.299 44° 100.720 0.720 16°

Figure 9. Original method. Figure 10. Revised method.



18  Terra et Aqua | Number 121 | December 2010

analysis of the movements of the individual 

elements at individual times with inter-

element contacts and sliding considered.

1) Post-dumping mound geometry 
prediction system
In order to prepare a stone-dumping plan 

appropriate for the conditions of this 

construction work, the mound geometry was 

simulated using a solid-liquid two-phase-flow 

model based on the distinct element method.

Dumping conditions
• Water depth: approx. 76.0 m

• Barge: Fukumaru FK-800, hold capacity 800 m3

•  Barge hold dimensions: L 25.40 m, B 10.00 m, 

H 4.30 m Opening width: 5.67 m

• Stone: 1.0 t/piece

Simulated model conditions
•  Water depth: 76.0 m

•  Barge hold dimensions: L 25.40 m, B 10.00 m, 

H 4.30 m Opening width: 5.6 m

• Stone model: 1.40 t/piece (D = 1.003 m)

The mound geometry was predicted as follows: 

The actual mound geometry of a barge full  

of dumped stone was modelled in advance. 

Based on each model, the subsequent model 

of the mound was obtained with the dumping 

point shifted accordingly. The models thus 

obtained were all superposed on top of each 

other. The review of the prediction method  

was as follows: Each mound geometry 

modelled was compared with the post-

dumping mound geometry and then modified 

to reflect the latter. What follows describes in 

detail how to determine the individual 

dumping points and sequence based on the 

whole stone-dumping process simulated using 

the mound geometry models that were based 

on the analysis results obtained by the distinct 

element method.

Distinct element method 
An analysis method, in which the object  

of analysis is modelled as an aggregate of 

free-moving polygonal, circular, or spherical 

elements, to allow sequential tracking and 

3. guiding system and chain of 
communication
A guide system was developed that enabled 

the respective workboats to check on their 

positions and directions in real time. This 

system was used for computerised barge 

guiding in synch with instructions 

communicated via transceivers. The barge  

was equipped with a GPS, and the support 

boats were each installed with a GPS and a 

gyrocompass as the position finding and  

inter-vessel communication equipment to 

facilitate the barge guiding operation.  

The vessels were interconnected via a wireless 

LAN network to allow on-screen monitoring 

via the laptop computers aboard the 

workboats (Figure 11).

4. post-dumping mound geometry 
prediction system for stone-dumping 
optimisation
The following procedure was used to accurately 

build a human-made undersea ridge with its 

cross-section exactly as specified:

(1)  Predict the geometry of an undersea mound 

of dumped stones. Determine the dumping 

points and sequence to ensure that the  

cross-section of the mound will be as 

specified.

(2)  Compare the predicted and actual  

mound geometries and review the prediction 

method as needed to improve prediction 

accuracy.

(3)  Compare and check the mound geometry 

predicted during the dumping operation and 

the actual mound geometry. If adjustments 

are required, review the dumping points 

and sequence.

Figure 11. Screenshot of the 

guide system software.

Figure 12. 

Screenshot of the 

as-built mound 

geometry 

prediction system.
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Cases studied
In the actual construction, a barge with a hold 

capacity of 800 m3 was loaded with 600 m3 

of stone. Two cases are considered here in 

which the split hopper barge had her bottom 

opened both rapidly and slowly to dump the 

stone (Tables IV and V).

Thus, it turned out that the more rapidly the 

bottom of the barge opened, the wider and 

lower the mound, and the more slowly the 

bottom of the barge opened, the narrower 

and higher the ridge. 

By narrowing the stone-dumping range and 

increasing the mound height, it was possible 

dump stones and constructs the ridge with 

pinpoint accuracy.

2) Stone-dumping plan
A stone-dumping plan support system was 

used to examine the dumping plan. The 

stone-dumping plan system displays seabed 

geometry data on the computer screen so 

that the operator, while viewing the seabed 

geometry on the screen, can specify the 

points for dumping stones on the seabed 

from the barge. This system instantaneously 

displays on the computer screen in 2D and 

cross-sectional images of the stone mound 

geometry prediction model superposed on the 

seabed geometry. The operator repeats the 

image superposition process, with the 

dumping points shifted, until the specified 

reference values are reached.

Using the stone-dumping plan support system 

and incorporating the results of the mound 

geometry simulations, a stone-dumping plan 

was developed that would ensure a 

satisfactory as-built geometry. Figure 12 

shows the stone-dumping plan thus 

developed. The white numerals in Figure 12 

indicate the ordinal numbers and centres of 

the stone-dumping points.

3) Review of the mound geometry 
prediction model
The mound geometry prediction model is a 

representation of the stone mound geometry 

analysed by the distinct element method.  

The analysis, however, assumes that all the 

individual stones are identical and spherical. 

The shapes of individual stones are not taken 

into consideration. Therefore, differences 

the actual mound. The fore-and-aft (Y) and 

the side-to-side (X) dimensions were changed 

to agree with those of the actual mound.  

The mound height was adjusted to keep the 

dumped stone volume unchanged.

Dimensional adjustment of the mound: 
Mound height Z1

 = Z
0
 × K

z

K
z
 = (L

0
×W

0 
) / (L

1
×W

1
)

Table Iv. Cases studied
Load volume (m3) Dumping time (s) * Remarks

Case 1 600 1 Rapid dumping

Case 2 600 120 Slow dumping

* Time required to achieve the full-opening bottom door (width of 5.6 m)

were expected to be found between the 

prediction model and the actual mound 

geometry. Such differences were identified 

using bathymetric survey results every time 

before and after dumping stone. Every time 

after dumping stone the prediction model was 

adjusted and reviewed to reflect the actual 

mound geometry.

a. Adjustment of the mound volume

The mound volume based on the prediction 

model was multiplied by the factor K
v
 to agree 

with the actual mound volume:

Volume adjustment: V
1
 = K

v
 × V

0

b. Dimensional adjustment of the mound

The center of gravity of the mound geometry 

prediction model was aligned with that of  

Table v. simulation results
Case 1 Case 2

Load volume (m3) 600 600

Dumping time (s) 1 120

Mound volume (m3) 421.1 534.9

Mound geometry

Volume : V
0

Volume : V
1
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c. Mound height adjustment

The height of the prediction model was changed 

to agree with that of the actual mound. The X 

and Y dimensions were adjusted to keep the 

dumped stone volume unchanged.

Dimensional adjustment of the mound: 
L

1
 = L

0
 × (K

s 
) 0.5

W
1
 = W

0
 × (K

s 
) 0.5

K
s
 = V

1 
/ Z

1

4) On the stone-dumping plan support 
system
The stone-dumping plan support system supports 

the creation of a work plan that specifies the 

points for dumping stone on the seabed from 

the barge. The seabed geometry data obtained 

from the bathymetric survey results are displayed 

on the computer screen so that the operator, 

while viewing the seabed geometry on the 

screen, can specify the points for dumping 

stones on the seabed from the barge. This 

system instantaneously displays on the computer 

screen the plane and cross-sectional view 

images of the stone mound geometry prediction 

model superposed on the seabed geometry. 

The operator repeats the image superposition 

process, with the dumping points shifted, until 

the specified reference values are reached.

This system uses a mesh map color-coded by 

depth as the method of on-screen two-

dimensional representation of the seabed 

geometry (Figure 13). This is because the 

on-screen data must be updated every time 

the dumping point is shifted. In other words, 

in this way, image rendering goes faster and 

mesh counting becomes possible, facilitating 

an easy grasp of the volume of stones to be 

dumped. Additionally, the cross-sectional view 

screen displays pre- and post-stone dumping 

seabed geometries side by side and then 

displays control reference geometries so that 

it can be determined immediately whether the 

post-stone dumping seabed geometry meets 

the control criteria.

5. Introduction of multi-narrow beam 
bathymetry
The multi-narrow beam bathymetry system 

consists of a narrow multi-beam echo sounder 

for water depth measurement, a GPS for 

spatial positioning, a gyrocompass for survey 

boat oscillation measurement, and an 

oscillation sensor. This system synchronises 

bathymetric, positional, and oscillation data, 

enabling high-precision bathymetric surveys. 

This system digitises all measurement data, 

allowing simultaneous viewing of the seabed 

geometry and bathymetric data. The 

measurement data are compiled into a 

database, allowing visual representation of 

changes in the seabed geometry over time. 

Thus, the as-built geometry of the stone 

mound was accurately and easily grasp  

(Figure 14).

6. The layer thickness control system
The layer thickness control system uses 

database software for bathymetric data 

management and allows visualisation of work 

progress. Capable of bathymetric database 

management, this system enables planar 

visualisation (surface plane viewing) of 

bathymetric values of the whole or partial job 

site area. The system allows the operator to 

collect geometric data on the mound of 

dumped stones by obtaining differences 

between the pre- and post-stone dumping 

elevation data stored in the database.

Bathymetric data collected before and after 

stone-dumping are converted into two-metre 

mesh data for registration in the layer 

thickness control system (survey DB). The 

registered bathymetric data can be displayed 

as surface plane views. The mesh size settings 

for plane views can be changed from the 

registered value of two metres to the desired 

size (Figure 15).

Figure 13. Operation 

screen of the 

stone-dumping plan 

support system.

Figure 14. As-built 

geometry control 

data obtained by 

narrow multi-beam 

bathymetric system.
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The chronological cross-sectional view feature 

allows viewing of cross-sections of measure-

ment history within the desired survey range 

(Figure 16). The dates of measurement data 

are displayed in a list format along the right 

edge of the screen. The date information can 

be toggled between show and hide.

The surface plane view screen displays 

bathymetric values plotted as mesh maps.  

The mesh size can be changed as desired.  

To display ground surface undulations, the mesh 

size is reduced. To display average ground 

surface elevations, the mesh size is increased.

The chronological cross-section view is used to 

extract bathymetric values for specified points 

from the database and plot these values in 

color-coded line graphs for bathymetry dates.

The post-dumping geometry plane view 

feature is used to view stone-mound 

geometries based on pre- and post-stone 

dumping survey data (Figure 17). Mound 

geometries are converted into vessel-by-vessel 

data and compiled into a database. Registered 

mound geometries are statistically processed 

into mound geometry prediction models 

vessel by vessel.

7. Improved efficiency of barge 
loading of stones
The efficiency of stone-dumping was further 

enhanced by improving the process of loading 

stones from a self-propelled grab hopper 

dredger to the split hopper barge (Figure 18). 

At first stones were loaded flat to the fore 

and aft ends of the barge hold. This resulted 

in small quantities of stone being left behind 

at the fore and aft ends of the hold. It was 

considered that these stones had received a 

greater restraining force when being dumped 

than those in the middle and consequently 

had become stuck and left behind.

As a solution to the problem, a method of 

loading stones into the hold so that the 

stones were piled into the shape of a top-

wide/bottom-narrow trapezoidal prism was 

devised and implemented. This ensured 

vertical dumping of all stones from the hold 

which helped to prevent such problems as 

stone clogging. Thus, the stone-dumping 

operation was made easier and more efficient.

Figure 16. Chronological cross-sectional view screen.

Figure 15. Surface plane view screen.

(Details)

(Arbitrariness section)

Figure 17. Post-dumping geometry plane view screen.

Figure 18. Original (top) and improved (below) stone-dumping.
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survey result values are color-coded. In 

Figure 21, the red areas indicate points  

higher than the corresponding design values, 

while the blue areas indicate points lower 

than the corresponding design values. The 

color intensities reflect the magnitudes of 

deviations from the design values. As can  

be seen in Figure 21, there were fewer blue 

areas (lower-than-design-value areas) and  

red areas (higher-than-design-value areas)  

this time than before. Therefore, it can be  

said that this time a ridge truer to the  

design than the previous one was built.

The above results prove that the measures  

to solve some problems encountered  

during the construction work were the  

most appropriate for safe and efficient 

execution for construction of this kind  

(Figure 22).

outcome oF meAsuRes tAken
As described above a variety of different 

improvement measures were implemented, 

including the as-built mound geometry 

prediction system. Consequently, the  

barge position was successfully held in the 

self-imposed target error range of ± 2.5 m 

during all 16 dumping operations. The 

as-built-mound-geometry prediction system 

enabled careful examination and accurate 

determination of the stone-dumping points 

based on rigorous simulations. 

Thanks to the newly introduced high-precision 

multi-narrow beam bathymetry the day-to-day 

stone-dumping point relocation and 

adjustments to the stone-dumping procedure 

was successfully performed. Figures 19 and 20 

show the results of the first and the 13th 

stone-dumping operations, respectively.

The meshes in these figures have a grid pitch 

of 1 m. The red frames stand for 5 × 5 m 

squares, and the blue frames for 2.5 × 2.5 m 

squares. It is apparent that there were fewer 

and smaller variations in the barge position 

during the first dumping operation than in  

the 13th dumping operation. The duration 

indicated in the figures is the length of time 

the barge remained still at any one point. 

Again, the barge performed better in the  

13th dumping operation than in the first 

dumping operation.

Figure 21 shows the differential map  

of the ridge, in which the differences between 

the design values and the post-dumping 

Figure 21. Design-actual differential map. Figure 22. As-built bird’s eye view.

CONCLUSIONS

In this construction work, the barge was 

accurately and efficiently guided and the 

stone-dumping points were determined.  

More importantly, a satisfactory level of 

performance in undersea ridge construction 

was eventually achieved. 

Orders for similar construction work at 

different locations and under various 

environmental conditions are expected  

to be achieved. Construction techniques, 

including the improvement measures taken  

on this project, will be further refined in  

order to expand this type of work both at 

home and abroad.

Figure 19. Result of first dumping. Figure 20. Result of 13th dumping, using revised method.
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