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Man-in-the-Sea Project in Japan*

Tadayoshi SASAKI**

Abstract: In Japan, as in many leading countries of the world, research has been under
way concerning development of underwater habitat designed to be used in the conducting
of investigations for development of natural resources on continental shelves, the mining of
mineral resources in the sea floor, the installation of equipment for harvesting natural resources
and the study of underwater fishery culture stations, biological and geological studies of the
ocean with considerable success.

This research project aims at constructing, at a depth of 100 m, an underwater work
base designed to house four oceanauts for about a month so that they may carry out various
underwater activities. It is scheduled to be completed in 1973. The main structure of the
underwater habitat, support systems, DDC, PTC, and all other items required, are being
produced by Mitsubishi Heavy Industries, Ltd., Mitsubishi Electric Corporation, Hitachi
Shipbuilding & Engineering Co., Ltd. and Nakamura Iron Works Co., Ltd.

This series of research is being undertaken by the Japan Association of Underwater
Exploitation, and the sponsor is the Science and Technology Agency.

The recommendations of the Council for Marine Science and Technology also includes
a note pointing out the necessity for future construction based on the results of this under-

water habitat at a depth of 250 m capable of housing 10 oceanauts.

1. Introduction

Ocean exploitation in the world is making
great strides today. Especially, the develop-
ment of resources in the continental shelves is
being carried out vigorously as one of primary
goals.

For a country like Japan that is small and
devoid of land resources, the exploitation of
mineral and living resources of the continental
shelves is deemed as imminent and imperative.
To do this, minute and detailed underwater
and seafloor survey and underwater works are
prerequisite.

The time-honored procedure practiced for
many years by oceanographic survey ships and
traditional undersea survey vehicles had been
found insufficient. To improve the situation,
a new method of launching an underwater
habitat on sea floor where man stays over and
works successively was introduced. The Sealab
Program of the United States of America, the
Precontinent Project of France and other man-
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in-the-sea programs of England, Germany and
and U.S.S.R. are just in this case. The trends
are already of global nature.

It is of significance that a country like Japan
has started research and development work of
the underwater habitat in order to help push
foreward the survey on the exploitation of
continental shelves resources, mining of mineral
deposits, underwater engineering work and
aquaculture.

Our man-in-the-sea project is pointing to
mounting the underwater habitat at the depth
of 100 m where four oceanauts live about a
month and engage in underwater works. Many
of basic research works are to be conducted
as future goal. A report submitted to the
Marine Science and Technology Council of
Japanese Government calls for an installation
of the underwater habitat at the depth of 250 m
where ten oceanauts spend a month and work
on the sea floor.

2. Organization of the project

The man-in-the-sea project was brought to
effect by Japan Association of Underwater

1)
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Exploitation as committed by the Science and
Technology Agency of Japanese Government.
To put the project into operation, the JAUE
initiated a committee of Underwater Habitat
Research.

The names of the committee members are
as follows:

Chairman Tadayoshi SASAKI Tokyo Univer-
sity of Fisheries

Committee members:

Shunya Iso Tokyo Kyuei Co., Ltd.

Shigeo INABA Shizuoka Prefectural Fishery
Experiment Station

Yutaka UNO Tokyo University of Fisheries

Michimasa ENDO Mitsubishi Heavy Industries,
Ltd.

Gohachiro OsHIBA Institute of Physical and
Chemical Research

Yasuto OHTA Japan Association of Under-
water Exploitation

Takayasu OKAMOTO Hitachi Shipbuilding &
Engineering Co., Ltd.

Kenji OKAMURA Mitsubishi Heavy Industries,
Ltd.

Genji KAwAl Hitachi Shipbuilding & Engi-
neering Co., Ltd.

Kenji KANDA Tokyo University of Fisheries

Hiroshi KITAGAWA Nippon Sanso K.K.

Masao KUDO Japan Association of Under-
water Exploitation

Tokio KUBO Meteorological Research Institute

Fujio KoBORI Mitsubishi Electric Corporation

Kogaku KoMAMIYA Ministry of Labor

Kenshun SATO Asahi Senken & Co., Ltd.

Osamu SHIGETO Kyushu Workmen’s Accident
Compensation Hospital

Hiroshi SHIMIZU Japan Organo Co., Ltd.

Kyuichi SUGAWARA Sensui Kenkyujo

Masao SUGIMOTO Hitachi Ltd.

Kenzo TAKANO University of Tokyo

Jun TAMURA Sumitomo Shoji Kaisha, Ltd.

Akira TERADA Mitsubishi Heavy Industries,

Ltd.

Shin TERAMOTO Mitsubishi Heavy Industries,
Ltd.

Mansuke NAKAMURA Nakamura Iron Works
Co., Ltd.

Ichiro NASHIMOTO Tokyo Medical and Dental
University

¢2)

Shojiro OKADA Hitachi Shipbuilding & Engi-
neering Co., Ltd.

Teizo NUMATA Japan Association of Under-
water Exploitation

Masami HAYAKAWA Tokai University

Yoshiki HIRANO Kawasaki Heavy Industries,
Ltd.

Tamao FUKADA Fukada Salvage Co., Ltd.

Hajime FUJKI Mitsubishi Electric Corp.

Ryukichi HENMI Ocean Systems Japan, Ltd.

Eiichi YAMADA Mitsubishi Electric Corp.

Takanosuke YAMANAKA Nihon Aqua Lung Co.

Mitsuharu YOSHIDA Kawasaki Heavy Indu-
stries, Ltd.

Seiichi WATANABE Institute of Physical and
Chemical Research

And this research committee of underwater
habitat is devided into three subcommittees
(working groups);

Construction Subcommittee:
Chairman, Kenji OKAMURA Mitsubishi Heavy
Industries, Ltd.

Life Support Subcommittee:

Chairman, Ichiro NASHIMOTO Tokyo Medical
and Dental University

Field Operation Subcommittee:

Chairman, Akira TERADA Japan Association of
Underwater Exploitation

The construction contractors of the under-
water habitat are;

Underwater Habitat; Mitsubishi Heavy Indu-
stries, Ltd.
PTC and DDC: Nakamura Iron Works Co.,

Ltd.

Surface Support Vessel: Hitachi Shipbuilding
and Engineering Co., Ltd.

3. Underwater habitat

1. Introduction

The underwater habitat makes an axis of
whole submergence system and the Kobe Ship-
vard & Engine Works of Mitsubishi Heavy
Industries, Ltd. designed and constructed it.

The habitat is designed so that four ocean-
auts may live in it for a month at the depth
of 100m. And it will be logistically supported
by a surface ship by means of;
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(1) Electricity, fresh water, foods and other ballast tanks and access trunk, and support
expendables structure.  Each component has following
(2) Monitoring inside the habitat successively functions.
and arranging a PTC ready beside the (1) Pressure hull
habitat This makes a living quarters for the ocean-
(3) Emplacement and retrieval with no auts and shapes a cylindrical from with three
oceanauts inside compartments inside.

2. Principal particulars
The haitat is constructed in the shape of
cylindrical hull with the outside diameter of

- SURFACE SUPPORT VIEsSSEL

2.3m and length of 10.85m. Its principal
particulars are shown in the Table 1.
3. General arrangement

The habitat consists mainly of pressure hull,

Table 1. Principal particulars of habitat.

1. Lengfh 11.85m
2. Beam (without fender) 4.70 m 2
3. Height 6.525 m ‘ DUMB-WAITERA
4. Pressure hull (Resisting to internal pressure } UNDERWATER
of 11.1 atm on the surface) {1 UMBILICAL. \?i{?”‘\l
Diameter (outside) 2.30 m P
Length 10.85m
5. Weight in air abt. 65 tons
Submerged abt. 85 tons
6. Occupants 4 oceanauts
7. Maximum depth 100 m N
8. Maximum duration 30 days

Fig. 1. Total system of “‘Man-in-the-Sea’ I’roject.
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Fig. 2. General arrangement of underwater habitat.
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1) Underwater access room

An room to and from ambient
seawater with an access hatch (900 mm¢)
is used for storing diving apparatuses and

access

accessories and installed with shower.
ii) Laboratory and living quarters
A compartment located in the middle
of the habitat where installed with water
works of fresh water supply from a mother
vessel, instrumentation of environmental
control, and equipments for communications
and for life support of the oceanauts.
1) Bed room
A compartment for four oceanauts in-
stalled with escape hatch
(635 mmeg).
(2) Ballast tanks and access trunk
On either side of the pressure hull, there
is a cylinder respectively which is partitioned

a emergency

into three smaller ballast tanks totalling six
in all. Flooding the tanks the habitat can
be lowered to the sea floor. and displacing
the water from the tanks it can be buovant.

The access trunk is located on the top in
the middle part of the pressure hull and
used It

functions when it

as passage when on the surface.
another ballast tank

starts descending.

as

(8) Support structure

This makes a structure which holds afore-
nentioned pressure hull and ballast tanks
and has built-in flasks and fixed ballast.

Four legs at the hottom of the support
structure are made in the form of truncated
pyramid, and was designed as such in con-
sideration of sandy sea-bed. Provided against
muddy seafloor, ample bearing area of steel
saucer(disc) is equipped at the base of each
leg.

Equipment
All the equipments and apparatuses in the

habitat have been made and checked specifically
to insure right operation in the hyperbaric

helium rich environment.

In consideration of

special conditions in the closed atmosphere,

materials

were selected with due attention so

that no toxic fume may come out from them.

Description of some of the important equip-
ments and apparatuses will be mentioned as

L.a mer, Tome 9, N° 2 (1971)

follows :
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(1) Atmosphere control and treatment

The characteristics of environment of
underwater habitat will be closed atmosphere,
hyperbaric pressure, increased density, higher
specific heat, increased thermal conductivity
and so on. With these characteristics in
mind, an atmosphere control system has been
designed to effect the conditions inside the
habitat as follows:

1) Maintain the inside temperature at 30°C
as compared to 10°C of ambient seawater
temperature.

i) Maintain the inside relative humidity at
less than 70 %.

iii) Maintain the partial pressure of oxygen
at 0.315 kg/cm?.

iv) Maintain the partial pressure of carbon
dioxide at less than 7 mm Hg.

v) Maintain the water level in the skirt
automatically at given position.

In order to meet the conditions, the following
equipments are incorporated in the habitat.

1) Ventilation and air purification

To keep the air quality even in the
habitat of air volume of abt. 40 m3, circu-
lation fans (4 m®/min x 140 mm Ag)
equipped. And to purify the air, CO:
scrubber (LiOH canister) and charcoal
filter are built in the fan at the suction
vent.

are

i) Insulation and heating

The floor in the pressure hull is covered
by concrete measuring 180 mm thick in the
center line, and is imbedded with heating
wire of 2.1 kw. The interior part of the
pressure hull except the floor is lined with
cork board of 50mm thickness,
equipped with six radiant heaters.
ii1) Dehumidification

Under normal conditions, it is thought
one dehumidifier of 300cc/h will be enough.
However, in preparation for a higher
humidity raised temporarily when ocean-
auts come home from the surrounding
environment, two dehumidifiers
decided to equip the habitat.
iv) Gas control system

The gas control system is installed te

and is

were
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keep the partial pressure of oxygen and

total pressure (or water level) in the habitat

normal. This procedure is carried out by
releasing gas into the habitat from gas flasks

(helium: 150 kg/cm?x266.7 [x 4, oxygen:

150 kg/cm?x 266.7 [x4). To insure this

process, equipped with in the habitat are

PO; sensors, and in the skirt are water-

level indicators with each instrument con-

nected with electro-magnetic valve to co-
ordinate the gas release automatically.

Those regulating instruments of valves,

pressure gages, flow meters are put in a

gas control panel together with manual

control device. In preparation for acute
gas contamination in the habitat, there is
mixed gas (He+O2) line.

(2) Electric power

The electricity consumed in the habitat is
supplied by means of umbrical cord from a
surface support vessel. The electricity supply
1s made in 440V 60 Hz, three-phase and
made available of the maximum 40 KVA.

The 440V electricity is supplied to the
water heater and circulation fan, and other
apparatuses are supplied with 100V electricity
through power transformer. Wiring of 440 V
line and 100 V line is made ungrounded.
(3) Tllumination

For interior lighting are used fluorescent
lamps (20 W x12, 10 W x5) that were fully
tested under the hyperbaric helium rich atmo-
sphere.

For exterior lighting are used pressure-
resisting and water-tight metal halide lamps
with one each below the view ports of the
pressure hull, one on the superstructure
(platform) and three around the underwater
access hatchtotalling to thirteen altogether.
(4) Communications

Normally, wire-telephone with helium-
speech unscramber is utilized. On top of
this, electrowriter to and from the support
vessel, and suppersonic underwater telephone
between the habitat and oceanauts in the
water outside, are utilized. T/V units are
also placed in the habitat for entertainment
and aquisition of informations.

(5) Monitoring

Fig. 3. Overall view of underwater habitat.

TFig. 4. Launching at Kobe shipvard & engineering

works, Mitsubishi Heavy Industries, Ltd.

g——




90 La mer, Tome 9, N° 2 (1971)

Fig. 6. Interior of habitat.

The activities and behavior of the ocean-
auts in and outside the habitat are observed
from the surface through three ITV cameras
inside the hull and one placed in the water
near the access hatch.

Of atmospheric conditions in the habitat,
POs sensor indications are telemetered, and
sampling of air are sent up for gaschromato-
graphic examination respectively through the
umbrical cord and gas sampling hose there-
in to the surface.

4. Surface support vessel

1. Role of surface support vessel

The underwater habitat has electricity, fresh
water and so on supplied from the surface
support vessel, and the very fact makes it
possible for the habitat to hold in it only the
minimum volume of supplies and materials,
and also for the habitat to stay compact. The
support vessel in this Man-in-the-Sea project
was designed as a steel pontoon not self-pro-
pelled. This support vessel was planned to

Fig. 7. \lodel of surfacesupport vessel. Surface
support vessel in the center, Underwater
habitat at the bottom on the right, and PTC
under a gantry crane aboard the support
vessel.

perform many functions as mentioned below;
(See Fig. 1)
(1) Supplies of materials
1) Electricity and fresh water supplied at
all times through umbrical cable and hose.
i1) Foods, medicines and equipments are
supplied at regular intervals through
pressurized dumbwaiter.
(2) Observation inside habitat
i) Done by television of the conditions in
the habitat and surroundings.
ii) Done by check-up of sampled gas
through gas analvser.
iii) Done by check-up of habitat's oxygen
by O: meter in the support ship.
iv) Done by reading a clinometer of incli-
nation of the habitat.
(3) Communications
The communications between the support
vessel and habitat are made through;
1) Supersonic transceiver
1) Wire Telephone

6
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iil) Wire Telemail

iv) Emergency signalling buzzer
(4) Base for diver-engineers

After saturation diving, the diver-engineers
are taken to DDC of the support vessel for
decompression. Of this DDC, there are in-
stalled on board the vessel of the systems of
the control, monitoring and communications
of the chamber.

The oceanauts are transferred from the
habitat to the DDC of the vessel by PTC or
undelwater pressure elevator. This PTC is
also connected by monitoring and communi-
cation apparatuses to the support vessel.
(5) Works performed by winches

1) Assistance given to the descent and
ascent of the underwater habitat.

ii) Hanging down and up the underwater
elevator.

(6) Living quarters for supporting crew-
members

The living space is provided for the crew-
members of observation, supply, oceanauts,
oceanaut superintendent of underwater works
and vessel's crew.

(7) Others

i) The support vessel is equipped with VHF
wireless telephone and portable trans-
ceiver and may communicate with other
ships.

ii) The initial compression of gas in the
underwater habitat, PTC and DDC, and
the compression of gas in the DDC from
second time on, are made from the gas
tank of other boat through the support
vessel's pipe.

iii) Gas supply is made to various equip-
ments as follows:

Decompression tank helium
Used for compression and stored for
emergency use. One-time use only.
Decompression tank Oxygen
Used for breathing and stored for a
month. For regular use.
Decompression tank compressed air
For compression and stored for a
month. For regular use.
PTC helium-oxygen
Used for breathing and stored for a

C7)

month. For renewal
Not specified helium-oxygen
For emergency
iv) Consultation room and medical equip-
ments are ready to check up and control
the health conditions of oceanauts.

2. Particulars of surface support vessel

The main specifications of the support vessel

and description of special equipments installed
on board will be:

(1) Mooring
Moximum wind velocity 20 m/sec.
Maximum current speed 1.5 knot
Highest sea-level 2m
Sand (Holding
power of anchor coefficient 3)
(2) Hull of the surface support vessel
1) Particulars

Seafloor quality

Length 25m
Beam 11m
Depth 3m
Draft 1.85m
High 1.25m
Fuel tank 47 m?
Fresh water tank abt. 86 m®
Ballast tank 68 m?®
Waste oil tank abt. 1m?
i) No. of bed

Officers’ cabin 4
Consultation cabin 1
Cabin for oceanauts 4
Cabin for crew 8
Cabin for physical management 6

23

iii) Gantry crane

a. Capacity at 4.5m outreach...10.5¢

b. Pulleys fixed at the end of the out-
reach to raise and lower the under-
water habitat. The wire go through
the pullleys to winches through coun-
terweight.

c. Travelling truck with pulleys on the
crane is for launching and retrieval of
the underwater elevator.

d. Davit for hanging counterweight for
a underwater habitat with a capacity
of 40t and a radius of rotation of
2.0m is installed.

iv) Crane for supplies
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Table 2. Principal particulars:of machinery part.

Name

ELECTRIC GENERATING PLANT

Main generator

Prime mover for the above

AIR COMPRESOR

Main air compressor

Emergency air compressor

AIR BOTTLE
Main air bottle
Aux. air bottle

Fuel oil transfer pump

Fresh water pump
Driven centrifugal type
fresh water pump

For D.D.C.

Sea water service pump

DECK MACHINERIES
Mooring winch &
counterweight
Handling winch mooring
winch & underwater
habitat

Hoisting winch
for P.T.C.
Travelling winch
dumbwaiter &

counterweight

Handling winch P.T.C.
docking adjusting

Winch & submerged

anchor handling winch

Catapiller winch

for P.T.C.

Catapiller winch

for underwater habitat

Hose reel winch for
underwater habitat

No. of Capacity motor
Type set rpm X kw Remarks
Horizontal drip proof 2 100 KVA (80 kw) 1,200
AC 445V, 60 hz
4 Cycle diesel engine 2 125 ps X 1,200 rpm
Vertical, electric motor 1 (AT. FA) 580%x7.5 Auto-Stop
driven type 30 m®/hx 30 kg/cm?®
Manual operated type 1 D.P. 25kg/cm®
Steel plate welded 1 1.5 m®x 30 kg/cm?
Steel plated welded 1 80 /%30 kg/cm?
(Auxiliaries in engine room)
Horizontal, electric motor 2 Im®/hx5m 1,150%0.4 Auto-stop
driven gear type
Horizontal, electric motor 1 5m*/hx30m 3,500%2.2 Cont. running
Horiz. elect. motor 1 1,5m3/hx140 m 3,500X7.5
Hyd. sys.
Driven centrifugal type
Horiz. elect. motor
driven centr. type 1 10 m*/h x20 m 3,500 X2.2 Cont. running
Elect. hydraulic type 1 10t X6 m/min oil pump 22 kw 3-Drum
1-W. End
Do 1 10t X6m/min Above oil 3-Drum

pump to be 1-W. End
commonly used

Do 1 10.5t X5 m/min 1-Drum

Do 1 3tX4m/min Oil pump 1-Drum
7.5 kw 1-W. End

Do 1 2tX5m/min Above oil 1-Drum

pump to be 1-W. End
commonly used

Do 1 2tX5m/min 1-Drum
1-W. End

Elect. motor driven 1

Gear type

Do 1 0.3tX6 m/min 0.75 kw

Do 1 0.3tX6 m/min 0.75 kw 1-Drum

8>
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A crane for supplies to the habitat for a
capacity of 1.0t and a radius of rotation of
1.5m is installed.

v) Supply hose

a. Fresh water
inside diameter 25 mme¢ x 180 mm
b. Gas sampling
inside diameter 5 mmg x 180 mm
These hoses are tied to the cable link-

ing the support vessel and underwater
habitat.

vi) Mating equipment
Equipment for mating the underwater
elevator and DDC is installed.
(3) Engines and motors
As for particulars of main equipments, see
Table 2.
(4) Power sources of support vessel
i) Primary electric power source equipments
a. Two primary generators of 100 KVA
(800 kw) driven by diesel engine. One
generator put in use when towed, and
two of them put in motion in works.

U/W habitat
Tied to lifting steel cable
600V, 36 mme x 180 m
53.3¢x180m W /tension member 41.1¢x150m W /tension member

Line hanged down
Power line
Communication line

Project in Japan 93

b. Main switchboard panel consists of
control panels of generator, 445V and
105V electric current.

i) Secondary electric power source equip-
ments

a. Storage battery, charger and charger-
discharger equipped for battery light,
communication apparatuses, signalling
alarm, and wireless telephone.
Particulars of battery:

Lead-acid, marine
Voltage of DC 24V
Capacity of 200 Ah

b. Three single-phase transformers of
125 KVA is equipped in the engine
room for the use of lighting, signal
lights, small electric appliances,
measuring instruments and communi-
cation apparatuses.

ii1) The distribution of electricity to the
underwater habitat and the elevator is
made of follows:

U/W elevator (PTC)
Independent
600V, 21.5 mm¢ x 150 m

Coaxial, 3¢ for T/V Single-con-
ductor, 10c for regulated signals

Cable handling
Cable storing

numeral 8
Disposing cable ends

By catapillar winches

By catapillar winches

In cable storage in the form of In cable storage in numeral 8

In the water, by water-tight pressure connector, and made seperable
in emergency. On board the vessel, by water-tight connector.

3. Structure of the support vessel

The vessel is a non-self-propelled steel pontoon
and shapes almost like a box with bow and
stern short raked.

(1) Below main deck

Below the main deck, there are fore and
after ballast tank, fuel tank, and fresh water
tank on each board.

In the double-bottom space, there are waste
oil tank, and on both side fuel oil and fresh
water tank. Between the fresh water tanks
are installed pipe passage and bilge well.
And only the bottom the tanks occupy is
double-bottomed.

Other spaces of steel partition include
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engine room, switchboard panel room, pas-
sage, living quarters, decompression room,
gas cylinder room, warehouse and cable
storage.

Living quarters partitioned by wall devides
into rooms of officers, health controllers,
diver-engineers and vessel crew-members.
(2) Deck cabin

In the deck cabin, installed are steel-par-
titioned dining room, pantry, food store,
shower stall, toilet and passage.

(3) Open deck

On the main deck and winch platform,
there are winches, catapillar winches, hose
reels, davits and gantry.



94 La mer, Tome 9, N° 2 (1971)

The decompression room below the main
deck opens up to the deck by an access
hatch.

On the after deck behind the deck cabin
is reserved an area covered bv an awning
for extra storage of gas cylinders.

5. Deck decompression chamber (DDC)

1. Outline

The decompression tank equipped in the sur-
face support vessel is the space where the
oceanauts receive recompression and decom-
pression treatment, and also where facilities
and regulating equipments of living, air-con-
ditioning, supply of gas,
observation, etc. are equipped. (See Fig. 8)
2. Particulars of DDC

Maximum internal pressure 10.3 kg/cm2G

communications,

Crew-member 4

Temperature, inside 25-35°C
outside 25°C

Humidity, inside 60-80 %

Recompression time
Decompression time
Place to be installed

5-10 hours (regular)
72 hours (regular)
Surface support vessel

3. Decompression chamber

Devided into two areas of main and ante-
room, and the main room equipped with
service lock and the anteroom with mating
hatch.  Facilities for living and sanitation may
be installed. Passage to the tank is made
through the anteroom, and at the entrance to
the anteroom, and between the main and ante-
room, there is air-tight lock one each.

Fig. 8. DDC

Specifications of DDC

Type Cylindrical chamber w/2 rooms
Dimensions
Inside diameter 2m

Length overall 7m (Main room 5.2m,
Anteroom 1.8 m)
Volume abt. 21 m® (Main room 15.3

m?, Anteroom 5.7 m?)
Width overall abt. 2.3m

Height overall abt. 2.3m (excl. docking

trunk)

Weight abt. 9.3 tons

Lock 700 mm¢ 2 (at entrance
and in between two
rooms)

Hatch 600 mm¢é 1 (at the
hatch to u/w elevator)

Service lock 400mm¢ 1 (Main
room)

Observation 250 mm¢ 1 (Main

viewport room)

150 mm¢ 3 (Two in
main room, 1 in ante-
room for ITV)

75 mm¢ 3 (One each
for lock, and one for
service lock)

6. Underwater elevator (PTC)

1. Outline
The underwater elevator shuttles between
the surface support vessel and the underwater
habitat. It is equipped with facilities and
regulating equipments of gas supply, communi-
cations, observation and descent and ascent
of itself.
observation station and is provided with the
characteristics of high-strength and anti-
humidity. It is built so that it may mate with
the DDC. (See Fig. 9)
2. Particulars of PTC
Maximum internal pressure

It functions also as an underwater

10.3 kg/cm?G
10.3 kg/em2G

Maximum external pressure

Crew-members 4
Humidity 100 %
Temperature Water temperature

Place to be installed Area around u/w

habitat
3. PTC structure

(10



Man-in-the-Sea Project in Japan

On the top of the PTC, there are manhole
and hanging shackle, in the middle viewpoints
and fixing devices for gas flasks, and on the
bottom an access hatch and mating flange.

Specifications of PTC
Type
Cylindrical chamber w/one room, perpendi-
cular

Dimension
Inside diameter 1.75m
Height overall 2.84m (Top to flange)
Volume abt. 5.5 m?.

Maximum diameter abt. 2.3m (when gas
flasks equipped)

Weight
Four oceanauts aboard
In air abt. 7.0 tons (Incl. anchor)
In water abt. 0.5ton ( ,, o)
’s I, —0.5ton (Excl. anchor)
Access hatch 700 mm¢ 1
Manhole 400 mm¢ 1
View ports 150 mm¢ 2

Fig. 9. PTC
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Stabilization of Sheared Zones of Undersea Coal Mine
Using the TACSS System*

Shigetaka IIDA**, Hirosuke KUBOTA**

Abstract: In construction of underwater structures and development of undersea resources,
techniques to stop leakage of seawater under high pressures are extremely important for
successful performance of work. The authors have developed the process distinguished by
a special chemical grouting material which undergoes a chemical reaction upon contacting
water to form a water-insoluble solidified gel to seal or strengthen ground at the seabottom
or underwater structures having seams or cracks where severe leakage occurs, and have
named this technique the ‘“TACSS System (Takenaka Aqua-reactive Chemical Soil Stabili-
zation System).”’

The Paper reports on two cases in which the TACSS System was applied to stabilize
sheared zones encountered at the cut face of tunnels being driven in undersea coal mines at
depths of approximately 600 m below sea level. Seawater under high pressures of approxi-
mately 60 kg/cm? accompanied by methane gas had been erupting from these sheared zones
with outcrops at the seabottom, and various measures having been attempted to no avail,
hope of making any further advances had been given up for several years. With application
of the TACSS System, a breakthrough of the sheared zone was made in an exceedingly
effective and safe manner and a great step forward was taken in solution of difficult problems
in this field of engineering.

May 1930 to May 1936 in improvements and
driving down to the present depth.)
The TACSS grouting project carried out this

1st Case

Water cut-off and stabilization works of
tunnel cutting face at sheared zone in shaft
off Hashima Island, Takashima Colliery,
Mitsubishi Coal Mining Co.

time was adopted with the purpose of stopping
water and stabilizing the cutting face of the
tunnel at a sheared zone, which tunnel was
being driven to develop a new coal field off

1. Introduction Hashima. Driving of the tunnel had been at

The Takashima Colliery of Mitsubishi Coal
Mining is comprished of the two areas of
Takashima and Hashima, at the latter, Hashima
(Hashima, Takashima-cho, Nishi Sonogi-gun,
Nagasaki-ken) known popularly as ‘‘Gunkan-
jima (Warship Island)”, with Vertical Shaft
No. 2 at 636 m below sea level as the main
base, good quality coking coal is being mined
in the Mitsuse area, while at the same time
development of the coal fields off Hashima is
being hurried. (Driving of the main shaft was
completed to a depth of 199 m below sea level
in 1895, after which 6 years were spent from

* Received April 30, 1971
** Takenaka Technical Research Laboratory, Japan

a complete standstill for approximately 2 years
since this sheared zone had been encountered.

The outline of this sheared zone off Hashima
which is exposed at the seabottom is as shown
in Fig. 1. In the advance check boring per-
formed in 1967 from the cutting face of the
tunnel, upon boring through Layer A (a pul-
verized coal layer 1.0m thick popularly called

A Layer(1.0m) Uwa llassaku Layer(2,5m)

P— 8.0—%H L1004 1254

T -
30
A=
k35— k—— 9.0 —f ﬂ
Slmle}ye&/ Sandstone Layer

Outline of sheared zone off Hashima.

Fig. 1.

C12)



Stabilization of Sheard Zones of Undersea Coal Mine Using the TACSS System 97

“giro”’) and while reaching out to the Uwa-
hasshaku Layer (coal vein), the pulverized coal
of Layer A blew out from the boring hole
accompanied by water under a high pressure
of approximately 60 kg/cm?.  This phenomenon
was due to seawater penetrating through
cracks in the Uwa-hasshaku Layer, shale layer
and sandstone layer crumbling the weak Layer
A. Because of this, consolidation grouting by
cement injection which was to serve at the
same time for water cut-off was attempted,
but this was not successful in stopping the
severe blow-out of pulverized coal from Layer
A accompanied by water. (The total amount
of cement injected is said to have been 600 to
650 tons at injection pressures of 100 to 150
kg/cm?).

2. Grouting plan

As shown in Fig. 2, a grouting plan was
established in which cover rock comprised of
three-row overlapping spherical solidified masses
would be made to surround the cutting face
of the tunnel (not including the bottom) at
Layer A of a thickness of 1.0 m.

1. Chemical grout used

In selection of the chemical grout used, the
following points were considered:

a) The work site was a tunnel with especially

poor ventilation for an undersea tunnel.

b) The environmental temperature and humi-

dity were high.

¢) Explosive methane gas of 2~4 % (100 %

at time of blowout of pulverized coal) was
being generated at all times in the tunnel.

d) The particle size distribution of the pul-

verized coal blown out was similar to that
of silt-bearing sancy soil and there was
concern over penetration of the grout
chemical.

From the above, odorless, non-flammable

A Layer(1.0m)

Solidified TACES

Hole for TACSS
injection =65mm

Part of TACSS injection

IFig. 2. Qutline of TACSS injection.

(13)

types T-020 NF and T-022 NF were selected
as the main grout ingredients and C-852 was
selected as the reaction accelerator.

2. Injection quantity

Since the ground layer to be worked was a
pulverized coal layer bearing water under
pressure of approximately 60kg/cm?, it was
considered that expansion effect during the
solidification process of the grout could not be
expected very much, and it was assumed that
volumetric ration of solidification, B(f=solidi-
fied volume/volume of gout injected), would
be =4 in determining the injection quantity
per hole.

If the quantity of grout injected is Q and
the radius of the solidified mass is », Q would
be about 216 from the following equation, but
actually, the loss of approximately 30 due to
filling of the injection hole (the shale layer
portion to Layer A) was taken into consider-
ation and a total of 240 (=240 kg) was adopted.

_A=rt _ 4X314x06° _,
38 3x4

3. Geltime

The quantity of reaction accelerator to be
added was set at 2% (wgt) of the main in-
gredient considering the pumping capacity
(25 I/min) of the grout pump (described below)
and geltime of approximately 10 min for the
standard injection yuantity per grout hole.

3. Grouting equipment system

The outline of the grouting equipment system
is as shown in Fig. 3.

1. Grout injection pump

Model BG-5, manufactured by Toho Chika
Koki Co., Ltd. with the following specifications:

Grout Tank
Grout Injection Pump

Water Pump
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Type: Single cylinder, double action, piston

type
Pumping quantity: 25//min
Pumping pressure: 64kg/cm? (max.)
Cylinder diameter: 45 mm
Stroke 60 mm

7PH air motor (sprocket
chain drive, air pressure
5kg/cm?)

Crankshaft revolution: 150 rpm

Power requirement:

2. Water pump (for borehole washing and

pumping supplementary reaction water)

Model CP-15, manufactured by Toho Chika

Koki Co., Ltd. with the followmg specifications:

Type : 4-throw plunger type

Pumping quantity : 30//min

Pumping pressure : 300 kg/cm?

Power requirement: 15 HP air motor (spro-
cket chain drive, air
pressure 5 kg/cm?)

3. Grout tank, water tank

Steel tanks, diameter 75cm height 60 cm,

capacity 250

4. Grout injection hose

Diameter 1 in length 10 m, pressure-resistant

hose (double-layer wire reinforced)

5. Pressure valves

Used at connection point of grout injection

hose and grout hole packer, manufactured by
Japan Longyear Co., Ltd.

4. Outline of grouting operation

TACSS grouting schedule:

1. Bore hole diameter 65 mm. Model Seki-
saku P-6 manufactured by Sekiyu Sakusei
Co., Ltd., bore hole and packer coupled
at No. 2 and No. 3 groups of collier.

2. Washing of hole

3. Grout injection

4. Pumping of reaction water

Injection of supplementary reaction water

simultaneously with ejection of residual grout
in bore bole.

5. Results of grouting

After grouting with TACSS and prior to
proceeding with tunneling, check boring was
performed in the pressure of an inspector from

the Sasebo Mine Safety Inspection Office at
the crown of the cutting face and 5 other places
(No. 2, No. 4, No. 6, No. 9 and No. 11 in
Fig. 2) as a result of which there was no blow
out of ‘“‘giro”’ or sea water which had been
seen previously and permission for tunneling
was granted.

According to the condition of the cutting
face at the time of tunneling through the
sheared zone, it was seen that just as planned
in the beginning, lenses of previously grouted
cement which had solidified, solidified TACSS
gel and “‘giro” had formed an integral, dry,
solidified area. (This solidified area was not
limited to the periphery of the tunnel but had
spread to the entire cross section of the cutting
face.) There was no crumbling at all due to
the pressurized sea water and a magnificent
breakthrcugh had been made of the fault.
Further, on observation of the solidified mass
taken from the cutting face at the time of
excavation, solidified TACSS gel was seen to
be very densely filled in Layer A and the
Uwahasshaku Layer, and moreover,
of the high-pressure grouting, an exceedingly
strong and dense solidified mass had been
obtained.

because

6. Conclusions

This grouting work was carried out under
extemely severe conditions of a sheared zone
at an undersea coal mine tunnel with especially
the environment of the work are being that of
blow out of ‘““giro’’ and generation of methane
gas with danger of a mine disaster occurring,
but with the TACSS process being a one-
liquid system, apparatus and operations were
all simpler than other grouting methods while
a high level of results coulld be obtained with
small amounts of grout which was of great
effect in preventing disaster inside the narrow
Also, at the time of injection of grout
the skinning effect at the surface of the grout
in the tank due to the high temperature and
humidity in the tunnel was extremely effective
as a barrier against the humidity so that in
particular reclaimed grout could be reused to
hold grout losses to a minimum.

At the initial stage of grouting, due to the

tunnel.

(14)
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shortage in water to react with the grout
chemical, unreacted grout flowed in reverse
simultaneously with opening of the valve of
the packer so that some loss was produced,
but subsequently, water was pumped before
and after injection of grout as a supplement
and it became possible to cause the grout to
become completely solidified.

2nd Case

Water cut-off and stabilization works of
tunnel cutting face at sheared zone in
drift of Ikeshima Mine, Matsushima Coal
Mining Co.

1. Introduction

The mines of Matsushima Coal Mining Co.,
Ltd. consist of the Oshima Coal Mine and
Ikeshima Coal Mine, and presently, at Ikeshima
(Ikeshima, Nishi Sonogi-gun,
Nagasaki-ken) excavation of a tunnel is being
continued at a depth 600 m under sea level to
develop a new coal field, but during tunneling
a sheared zone with a thickness of approxi-
mately 20 m was encountered. Following this,
further excavation was made for 5m, but as
the sheared zone consisted of interbeds of soft
sandstone and sandy shale the rock character
was extremely weak against water, on top of
which there were numerous cracks allowing
great quantities of fossil water to penetrate
down from a water-bearing layer located
approximately 30 m above the tunnel (pressure
of springing water approx. 25kg/cm?) causing
the rock to swell readily and crumble to pressent

Sotome-cho,

For this reason, tun-
neling was discontinued for a time and cement
was grouted from the cutting face in a manner
to surround the tunnel. This cement grouting
(W/C=3/1 by weight, grouting pressure 100
kg/cm?) was performed by a two-row process
with the first outer row grouted with a total
cement quantity of approximately 65 tons, while
the inner row was grouted with about 3.5 tons.
However, since injection of the inner row was
almost impossible and springing of water at
the cutting face was not stopped, the TACSS
Process was taken up with the 3 objectives of

a dangerous condition.

1) positive sealing of cracks over the entire
tunneling length through the sheared zone, 2)
prevention of water springing and 3) study of
the applicability to other tunnels in this mine.

2. Grouting plan

Grout holes were bored from the cutting face
and as in the case of the Hashima Mine, the
3 operation stages of 1) washing of the bore
hoel, 2) grout injection, and 3) pumping of
reaction water were carried out.

Since the grouting work had the purpose
of stabilizing the tunneling face by stopping
springing of water from the upper water-bearing
layer through sealing of cracks in the rock of
the sheared zone, no particular standard injection
quantity of grout was established and priority
in injection was given wherever the take was
good.

1. Chemical grout used

Similarly to the case of Hashima, the environ-
mental conditions of an undersea tunnel was
taken into consideration and odorless, non-
flammable type main ingredients T-022 NF and
T-025 NF and reaction accelerator C-528 were
selected.

2. Geltime

The geltime of the injected grout was set at
approximately 6 to 7 minutes and the standard
quantity of accelerator was taken at 3 to 4%
by weight of main ingredient.

3. Grouting equipment system

The grouting equipment system was entirely
the same as in the case of Hashima with the
exception of the packer.

4. OQutline of grouting operation

Injection of TACSS was carried out according
to the following procedure:

1. Hole boring and packer coupling

Bore holes, diameter 37 mm, carried out from
No. 2 and No. 3 groups of collier.

2. Washing of bore hole interiors

Performed with previously mentioned CP-15
grout pump.

3. Grout injection

Accomplished with previously mentioned BG-5

(15)
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grout pump.
4. Pumping of supplementary reaction water
Performed with CP-15 grout pump.

5. Results of grouting

After injection of TACSS, check boring was
carried out through the sheared zone from the
middle portion of the cutting face, the result
of which was that no springing of water could
be seen at all and tunneling work was resumed.

According to observations of the cutting face
and the natural ground on passing through
the sheared zone, it was seen that grout had
uniformly penetrated into even the smallest
cracks and a dense gel had been formed.
There were especially numerous cracks running
diagonally from the upper right hand portion
to the lower left hand portion while also there
were several cracks running horizontally from
left to right and in these cracks the gelled
grout had penetrated everywhere in thin paper
form to completely fulfill the role of sealing
cracks.

Through application of TACSS Process, the
fault was passed successfully without a drop
of water being allowed to spring.

6. Conclusions

It was possible to use the experience gained
previously at Hashima to full advantage in this
work and the operation was carried out with
extreme smoothness. Only, unlike the case of
Hashima, since the emphasis was on sealing
cracks in the sheared zone, it was not possible
to calculate the required amount of chemical
grout beforehand. However, as the injected
grout all gelled without fail in the cracks the
grouting pressure rose in the end and the it
was possible to readily confirm the sealing
effect. The reason for this is that in the

TACSS Process the grout is never wasted
without limit through dilusion or washing away
by underground water.

Closure

The examples of TACSS grouting performed
at the two undersea coal mines reported here
have been of immense value in solving the
difficult problem of driving through sheared
zones under great water pressures in develop-
ment of new undersea coal fields in the area
of Nagasaki Peninsula and are very welcome
news to the coal mining industry in this region.
It is consider that these results are usefull for
undersea civil works, construction undersea
tunnel, prevention of water leakage of structure
in the sea and of oil leak from oil field at
sheared zone. Moreoer, prevention of sliding
In this method,
as chemical grout insolube in seawater TACSS
system does not happen the water pollution.

The results of prevention of water leakage
under high pressure in undersea coal mine

of structure in the sea etc.

show possibility of many application for ocean
development.

Acknowledgements

In former work technical guidance was
received from the engineers, engineering Oper-
ations Section Chief TOMINAGA, Sub-section
Chief NAGANO and Sub-section Chief ARI-
MATSU of the Hashima Mine of Mitsubishi
Coal Mining Co., and later work enthusiastic
technical advice was received throughout from
Chief Supervisor NAGAO, Assistant Chief Shaft
Supervisor HIRAI, Engineer SHIRAISHI and
Engineer HORIE of the Ikeshima Mine of
Matsushima Coal Mining Co. to whom the
sincerest gratitude is hereby extended.

(16



Stabilization of Sheard Zones of Undersea Coal Mine Using the TACSS System 101

TACSS T3 X 2 iR BT O 2B THIC o T

OB R OB AR EE R

EE KHEESCHETERICRN CEE TRAT BEALIET 3 MR EE Ch 5, EEEI5ED 2
BoATALDER LREOEARZHE L LROMEBIMCE Uit 20 v 27 A% ER KRS
BRI E A T3 (Takenaka's Aqua-reactive Chemical Soil Stabilization System B& LT TACSS T#)
LIEAL T NS,

AHER 2 DOWMERIICENT TACSS TR X AHUBKEBFED ks & OB Ze e b TR B4
26D TH D, TNLDORIRNSHOHE T 600 m THEYHE & WBHAEATTLTHY, BERMEA
DR BER B KD e IO R R AT RNRS DN b 00b b T2 BHIRETEH - £, TACSS T
DB L VYL L SWBREBTRIIL, OHNH CORTEERERI N,

(17)



La mer (Bulletin de la Société franco-japonaise d’océanographie)

Tome 9, N° 2, pp. 102 & 109, Mai 1971

Study on the Purification of Breathing Gas
by Regenerable Adsorbents*

Hiroshi SHIMIZU**, Tkuo SHINDO** and Seiichiro ARAKI**

Abstract: Accumulation of carbon dioxide gas due to the breathing by man poses a serious
problem in closed environments such as undersea habitats and vehicles. A study was made
in an effort to find a new method for the removal of carbon dioxide from the breathing gas.
In this study were used various synthetic and natural zeolites as adsorbents for the removal

of carbon dioxide gas by adsorption.

It was found out that effective removal of carbon dioxide gas is realized by use of suitable
zeolites. It was also established that zeolites exhausted with carbon dioxide can be regenerated
very effectively by heat under reduced pressure. There was no decrease in the carbon
dioxide adsorption capacities of zeolites even after the repetition of exhaustion and regene-
ration. That is to say, zeolites were found to be reusable again and again.

The use of microwave for the heat regeneration of zeolites leads to a shorter time for
heating and to a more adequate effective regeneration than the case of electric heating.

1. Introduction

Purification of breathing gas for human
beings living undersea has become a matter of
great importance in the marine exploration.
In particular, removal of carbon dioxide from
the breathing gas is a key to the successful
undersea activities by man. People on the land
usually breath the atmospheric air containing
about 0.05% by volume of carbon dioxide.
If the concentration of carbon dioxide in the
air exceeds 12~13 % volume, man suffers from
the carbon dioxide poisoning. If the worst
comes to the worst, he will die of this poisoning.
As long as he lives on the land, man is seldom
When he lives in
an undersea vehicle or in an undersea habitat,
however, man is in constant danger of suffering
from the poisoning by carbon dioxide accumu-
lated in the limited space. At present, it is a
common practice to use chemical absorbents
such as lithim hydroxide, barium hydroxide,
etc. for the removal of carbon dioxide from
the breathing gas. Needless to say, these
chemicals have limited capacities to absorb
carbon dioxide and therefore it is impossible

subject to such a danger.

* Received April 30, 1971
** Exploratory Projects, Japan Organo Co., Ltd.

to use them continuously for an extended
period. This means that a large stock of the
chemical absorbent is required if man is to live
undersea for many hours or days. Such a
large stock of chemicals in turn takes up a
great deal of space in the undersea vehicle or
habitat.

A study was made in an attempt to develop
a carbon dioxide removal system which one
can use repeatedly by regenerating the absor-
bent. In this study different kinds of natural and
synthetic zeolites were tested as the absorbent
of carbon dioxide. Some of the zeolites ex-
hausted with carbon dioxide were regenerated
quite effectively and it was confirmed that
these zeolites can be used repeatedly for a long
period. Unlike the conventional chemical ab-
sorbents, the zeolites can be used semiperma-
nently once they are charged into a column of
the new carbon dioxide removal system. Thus,
the use of regenerative zeolites compared favor-
ably with the conventional method in the space
economy. Moreover, the new system will
permit one to save the trouble of replacing the
exhausted adsorbent with a new one and of
course one will not run a risk of forgetting to
charge the adsorbent.

In the present study, about ten kinds of
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zeolites were tested for the adsorption and
desorption of carbon dioxide. Data of three
kinds of these zeolites which turned out to
have better performance are reported in this
paper.

2. Adsorption and desorption of carbon
dioxide on various zeolites

250m/ of each zeolite was charged into a
glass column of about 30 mm I.D. The pres-
sure in the glass column was reduced to less
than 10 mm Hg abs. by means of a vacuum
pump.
admitted from a gas holder to the glass column
to return the pressure to normal.
Following this, the mixed-gas was passed
continuously through the zeolite column to
adsorb carbon dioxide. This adsorption run
was terminated when the COg leakage* became
higher than 80~90 %. Regeneration was next
carried out in accordance with the methods
described in 2.4. After the regeneration, the
adsorption run was carried out once more to
look into the CQg: adsorption capacity of the
regenerated zeolite.
sorption and regeneration cycle was repeated
to make a cycling-up test on the COz removal
by each zeolite.

1. Description of apparatus

Fig. 1 is a schematic flow diagram of the
experimental apparatus. Three pure gases (He,
Og and CO;) from respective gas bombs were
mixed, and admitted to the adsorption column.

Then a mixed-gas containing COs was

therein

In like manner, the ad-

Detector 1

He
0,

COy

@ Flow Indicator
Flow Totalizer
Gas Holder

@ Vacuum Indicator
@ Vacuum Pump

Fig. 1.

hot water

70¢ —=

Detector 2

Experimental apparatus.

* CO; leakage

— Effluent CO: concentration (volume %) 14
Influent CO; concentration (volume %)

(199

Detectors 1 and 2 were used to determine the
influent and efluent CO; concentration, respec-
tively. Through the jacket around the ad-
sorption column was run hot water to heat the
Previous to each ad-
sorption run, the gas holder was filled with a
mixed-gas of much the same gas composition
as the influent mixed-gas. The mixed-gas filled
in the gas holder was used to return to normal
the pressure inside the column which was once
reduced by means of the vacuum pump. The
flow totalizer was used to measure the total

zeolite to regenerate it.

effluent gas volume.

2. Characteristic of zeolites

About 10 different kinds of natural and
synthetic zeolites were tested. Of these zeolites,
three kinds Zeolite A, B and C were found to
have better performance than other zeolites,
and these three zeolites were selected as candi-
dates for the adsorbent to be used in the new
CO; removal system.
data obtained from the aforementioned three
i.e. Zeolite A, B and C.
Characteristics of these three zeolites are as

In this paper are reported
kinds of zeolites,

follows:

a) Zeolite A
This is a synthetic mordenite with much the
same chemical formula as the natural morde-
nite. The value of Si:Al ratio of this zeolite
is 5 which is the highest of all the zeolites.
This zeolite has greater acid stability than
other zeolites and its effective pore size is
about 10 angstroms. It contains hydrogen

It has a white color appear-

ance and it is in the form of 1.6 mm diameter

ions as cations.

pellets,

b) Zeolite B

This is a Type X synthetic zeolite with an
effective pore size of about 9 angstroms and
this zeolite has the chemical formula NayO-
Alp03-2.5 Si0O2-nH0O. It has a white color
appearance and it is in the form of beads
with a 8~12 mesh size distribution.

¢) Zeclite C

This is a natural zeolite with a pore size
distribution ranging from 4 to 9 angstroms.
Its chief components are cryoptilolite and
mordenite. This zeolite has a bluish appear-
ance and it has the granular form ranging
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in size from 3 to 5 mm.

3. Adsorption tests

250 m/ of each zeolite was charged into a
glass column of about 30mmI.D. to a bed
depth of about 40 cm. Then, the cock at the
bottom of the column was closed and the pres-
sure in the column was reduced to less than
10 mm Hg abs. by means of a vacuum pump.
After the pressure inside
lowered to less than 10 mm Hg abs., the vacuum
pump was stopped and the pressure in the
column was returned to normal by introducing
the mixed-gas in the gas holder to the column.
Then the influent mixed-gas containing COq
was admitted to the column to begin the ad-
sorption run.

The influent mixed-gas was prepared by
mixing pure gases of He, O: and CO: after
the flow of each pure gas had been measured
by respective rotameters.

the column was

The pure gases were

so mixed that the resultant mixed-gas might
contain about 2 % by volume of O and about
1% by volume of CO; on the basis of He
matrix. The flow rate of the influent mixed-
gas measured by the flow totalizer was about
800 m//min. This is equivalent to a space
velocity (SV for short) of 190~210 bed volumes
(BV for short) per hour or a linear velocity
(LV for short) of 70~80 m per hour.

Kitagawa Gas Detectors were used as detec-
tors 1 and 2 for the determination of CO,
concentration in the influent and effluent gas,
respectively.

4. Regeneration tests

Regeneration consisted of heating the zeolite,
and of evacuating resultant desorbed COs. For
the heating of the zeolite was used hot water
at about 70°C or an electric furnace to heat
the zeolite to 300°C. The heating was con-
tinued for 2~3 hours in each regeneration

100, 1 i : /// 100 1
80— — : 80 : /// 1 ‘ |
k ‘ : ~~-Run 1 Run 10 /, rRun 8i ‘ I
Run 4 /i } ™ 1
60 o fend ———— ’60— 4
/ ] L 7
i / S ///L‘Run 6
S0———f / $40 i
Ef /‘ ’E Run 7 j{l
£20 r =20 14
A - o s 1 =
S U — -~ R ‘ © — "
20 i ] oL )
0 1 3 4 5 6 7 8 0 3 4 6 7 8
BVICO,+ BV(CO,)—
Fig. 2. Breakthrough curves of Zeolite A Fig. 3. Breakthrough curves of Zeolite A
cycling-up test (Run 1~5). cycling-up test (Run 6~10).
Table 1. Experimental conditions and results, cycling-up test of Zeolite A.
Heating Average Average Influent gas flow CO; adsorption
tem ef influent CO: influent CO; sV LV capacity
atu%‘e " concentration flow (Total)
(volume %) (ml/min) (I/min) (BV/hr.) (m/hr) BV(COy)
Run
1 fresh zeolite — 1.23 10.7 0.867 208 85 5.19
2 regeneration 1 70°C 1.31 11.4 0.871 209 85 4.32
3 2 'y 1.38 11.4 0. 826 198 81 3.52
4 " 3 ' 1.26 10.0 0.869 209 85 3.72
5 - 4 ' 1.22 10.4 0.853 205 83 3.72
6 » 5 'y 1.28 11.2 0.874 210 85 3.96
7 ., 6 ., 1.25 10.6 0.845 203 82 3.81
8 ' 7 ' 1.18 9.8 0.828 199 81 3.15
9 ’s 8 s 1.09 9.4 0.862 207 84 3.60
10 ' 9 . 1.07 9.0 0.843 202 82 3.24
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method. Heat treatment by use of microwaves
was also studied.

5. Experimental results

Experimental conditions and results are given
in Tables 1, 2 and 3, and Figs. 2, 3, 4 and 5.
The breakthrough curves in these figures were
constructed by plotting the CO: leakage as a
function of BV(CO). The designation BV
(COy) denotes numbers of bed volumes of COs
adsorbed per one bed volume of the adsorbent
zeolite.

The area surrounded by the breakthrough
curve and the straight line corresponding to
the 100 9% leakage was determined by the
graphical integration and this area was regarded
as the total quantity of CO; adsorbed by the
zeolite in each adsorption run.

What follows are experimental results and
discussion on the three zeolites which showed
better COs removal performance.

a) Zeolite A

From Table 1, and Figs. 2 and 3, it can be

seen that this zeolite has lower COs adsorp-
1007

80—+

On the other hand, it is
regenerated considerably well by the heat
treatment at about 70°C. The cycling-up
test for this zeolite was carried on as far as
the 10th cycle. As a result, the CO; adsorp-
tion capacity of this zeolite reached an almost
value of 3~4 BV. (See Fig. 3)

b) Zeolite B
Table 2 and Fig. 4 show that this zeolite
has higher CO; adsorption capacities. How-
ever, this zeolite is not regenerated very well
by the heat treatment at about 70°C. It is
also noted that the COs adsorption capacity
of the zeolite decreases with increasing cycles.
The CO; leakage level increases with in-
creasing cycles. This
regenerated by hot water, this zeolite will
eventually have to be thrown away after a
few cycles. When this zeolite is regenerated
by heating to 300°C using an electric furnace,
its COq adsorption capacity becomes stabilized
at about 12 BV though the capacity after the
regeneration is lower than that of the fresh
zeolite or about 19 BV. Good performance
of this zeolite regenerated at 300°C is also

tion capacities.

means that when

reflected in the sharp breakthrough curves
! as well as in the zero COs leakage level.
y 80— ¢) Zeolite €
\\£40N As seen from Table 3 and Fig. 5, this zeolite
A had the highest CO; adsorption capacity.
£ The breakthrough curves for this zeolite are
i‘20~ relatively sharp. However, when this zeolite
S Oi i is heated at about 70°C, almost no regenera-
5 BVCOL e tion is effected. When regenerated by heating
Fig. 4. Breakthrough curves of Zeolite B at 300°C, the regeneration ratio fluctuated
cycling-up test. but the CO: adsorption capacity was the
Table 2. Experimental conditions and results, cycling-up test of Zeolite B.
Heating . Average  Average Influent gas flow CO, adso.rption
temper. influent CO:  influent CO: S\ LV capacity
concentration flow (Total)
ature (volume %) (m//min) ({/min) (BV/hr) (m/hr) VB(CO:)
Run
1 fresh zeolite — 1.12 9.8 0.875 210 84 18.8
2 regeneration 1 70°C 1.14 9.5 0.835 200 81 13.0
3 ' 2 ’s 1.08 9.7 0. 899 216 88 11.0
4 vy 3 ' 1.18 10.1 0. 856 205 83 8.5
5 . 4 . 1.08 9.3 0.866 217 74 11.7
6 ' 5 ' 1.11 9.1 0.822 206 70 11.5
7 6 1.07 8.7 0.811 203 79 11.6

(21)
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Table 3. Experimental conditions and results, cycling-up test of Zeolite C.

. Average

Elean:tg influent COz

erfp " concentration

ature  (volume %)

Run

1 fresh zeolite — 1.17
2 regeneration 1 70°C 1.07
3 . 2 " 1.05
4 55 3 300°C 1.17
S . 4 . 1.14
6 » 5 N 1.34

Average
influent CO, SV LV

flow
7 (ml/inﬁn) (1/7mi‘ni)7 (BV/hr) (m/hr) BV(CO-)

Influent gas flow CO; adsorption
capacity

(Total)

10.0 0.853 205 83 19.6
9.1 0. 846 203 82 2.1
8.7 0.833 200 81 3.0
9.5 0.808 194 69 20.7
9.0 0.791 190 67 15.4

10.5 0.787 189 67 22.9

100 .
80+ -
%Run 2
| ~Run 3
T 60F——F -
<
s |
S0
El
{20\{~
%
|
% 5 0
EARTo Jp——
Fig. 5. Breakthrough curves of Zeolite C

cycling-up test.

highest, that is, about 20 BV.

6. Discussion

Of about 10 different kinds of zeolites tested
in this work, three kinds were selected as
promising CO; adsorbents. Features of these
three zeolites are as follows:

a) Zeolite A

This zeolite is regenerated quite effectively

by heating at a comparatively low tempera-

ture of 70°C. This is a distinguished advan-
The COs adsorption
capacity of this zeolite is of the order of
3~4 BV.
b) Zeolite B

Heating to 300°C is required for the effective
regeneration of this zeolite. The COs adsorp-
tion capacity of this zeolite regeneraled at
300°C is constant at about 12 BV.
c) Zeolite C

Just as in the case of Zeolite B, heating to
300°C is required for the effective regeneration
of this zeolite. When regenerated at this

tage of this zeolite.

temperature, the CO; adsorption capacity is
about 20 BV which is the highest among the
capacity values shown by other zeolites.
Another advantage of this zeolite lies in the
fact that this natural zeolite is less expensive
than other synthetic zeolites.

3. Regeneration of zeolites by microwave
heating

In the foregoing experiments it was found
out that in most cases zeolites exhausted with
COz2 can best be regenerated at temperatures
of about 300°C. Heating by means of an
electric furnace as used in the foregoing ex-
periments required time as long as 2~3 hours
because zeolites are poor conductors of heat.
In order to remedy this drawback to the heat-
ing by an electric furnace, a study was made
on heat regeneration of zeolites by microwave.

A adsorption column charged with 1.0 liter
of zeolite was placed inside a microwave heating
range designed especially for this study. When
microwave of 2450 MHz. at an output of 800 W
was applied, it took no more than 7 minutes
to raise the temperature of zeolite to 300°C.
This finding led to a study in depth of the
heat regeneration of zeolites by the microwave
heating range.

Zeolite B was used in this study. One liter
of zeolite B was charged into an adsorption
column made of glass. This adsorption column
was placed horizontally in the microwave range.
The gas inlet and outlet of the adsorption
column were communicated to the outside of
the microwave range. Air in mixed with COq
gas was passed through the adsorption column

(22)
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Microwave
ange
Detector

‘adsorption column

@ Blower

@ Dryer

@ Flow Indicator
Flow Totalizer
@ Vacuum Indicator
@ Vacum Pump

Fig. 6. Experimental apparatus.
(Microwave heating)

to accomplish an adsorption run.

Then the zeolite was regenerated by micro-
wave heating under reduced pressure and the
regenerated zeolite was allowed to cool to room
temperature.

Following this, the adsorption run was carried
out again with the regenerated zeolite to look
into any change in the adsorption capacity of
the zeolite.
repeated regeneration by microwave heating

In this way, the effectiveness of

was investigated.

1. Experimental apparatus

An experimental apparatus used in this study
is shown in Fig. 6.

2. Microwave heating range

A microwave heating range manufactured by
N Company was used in this study. Photos
of this microwave range are shown in Figs. 7
and 8.

are as follows:

Specifications of this microwave range

1 liter

300+50°C in minutes
30 minutes at 300+50°C
with automatic intermit-

Heating capacity:
Heating rate:
Keeping warmth:

tent microwave irradia-
tion
Microwave frequency: 2450 MHz.
800 W on the average
100 V AC singl-phase, 50 Hz.
frequency, and 16 A current
3. Adsorption tests
As shown in Fig. 6, a constant flow of air
was sent to the system by means of a blower
via a silica gel dryer and a rotameter. At the
same time, a constant flow of COs gas from
a bomb was sent also to the system via another

Microwave output:
Input power:

(23)

Fig. &.

Microwave heating.

rotameter. The resultant mixed gas was in-
troduced to the adsorption column in the micro-
wave range. This adsorption column with 60
mm[.D. and 350 mm depth was previously
charged with 1 liter of Zeolite B. The influent
mixed gas had a flow rate of 3.8~4.5 liters/min.,
a SV of 228~270 BV /hr. or a LV of 80~100
m/hr. The CO; concentration in the influent
mixed gas ranged from 1.5 to 2.5 % by volume.
The adsorption run was terminated when the
COs concentration in the effluent gas became
constant,

The effluent gas volume was calculated from
the cumulative flow reading at the flow totali-
zer in advance of the air dryer, adsorption time,
COs concentration in the effluent gas, etc. COq
concentration was determined by means of
Kitagawa (as Detector.

The CO; adsorption capacity of zeolite was
determined by the graphic integration of BV
(COy)-leakage curve.

4. Regeneration tests

Ag soon as an adsorption run was terminated,
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Table 4. Experimental conditions and results (Microwave heating), cycling-up test of Zeolite B.

Heatin Microwave Average Average Influent gas flow CO; adsorption

intervagl irradiation influent CO:  influent INY% LV capacity

(min) interval  concentration CO; flow BV(COy)

(min) (volume %) (m//min) (/min) (BV/hr) (m/hr) (B.T Cap.) (Total)
Run

1 37 13 2.10 91.7 4.370 262 93 9.2 16.1
2 " " 1.76 80.8 4.593 276 97 8.9 14.9
3 74 26 1.75 79.3 4.531 272 96 8.6 14.2
4 37 13 1.70 75.6 4,448 267 94 9.0 16.4
5 " 2.09 89.4 4.280 257 91 9.1 16.3

3

the flow of influent mixed gas was stopped and
the pressure inside the adsorption column was
reduced by means of the vacuum pump. When
the pressure inside the adsorption column be-
came lower than 50 Hg abs., the irradiation of
microwave was
working the vacuum pump. The temperature
of zeolite rose to 300°C in about 7 minutes.
Thereafter, the temperature inside the adsorp-
tion column was kept at about 300°C for about
30 minutes by the automatic and intermittent
Then, the zeolite
was allowed to cool while continuing the pres-
sure reduction by the vacuum pump. This
completed the regeneration step.

5. Experimental results

The experimental results are shown in Table
4 and Fig. 9. The total CO; adsorption capa-
city of Zeolite B was about 14~16 BV(CO,),

started while continuously

irradiation of microwave.

100 % R
Run 3 sy
N ~ ,\/
80 7
%/ o
T 60 =% !
T - \ |
) Run_2 //% Run 5! !
Sq0 = //' % :
& . i |
< ' 1
E //4 1 f
£20 77 *
8 : ,
S/ ‘ i 1
p I
0570 is 20 25
BV(COz)—
Fig. 9. Breakthrough curves of Zeolite B

(Microwave heating) cycling-up test.

and its breakthrough capacity for COs about
9BV(CO;z). The breakthrough point of COq
was constant throughout the cycling-up test
and the CO; leakage was 0% up to the break-
through point.

These results indicate that heat'ng by micro-
wave i1s an effective means of regenerating
zeolite exhausted with COs.

In the present study, tests were carried out
under ordinary pressure and on a small scale.
It is therefore necessary to make an additional
study in which the new purification method
is adopted under high pressure and on a larger
In that case, helium mixed gas is used
under high pressure and therefore, the micro-
wave heating range, especially its magnetron
should necessarily be of material impervious
to helium gas. Also, in a scale-up application
of the present purification method, a due con-
sideration should be given to the specifications
of the microwave regeneration system.

As stated above, various problems are ex-
pected in the practical application of the pre-
sent purification method. However, there is a
strong possibility that this method can be put
into practice.

As a result, a new method of continuously
purifying the breathing gas has been contrived,
whereby COs in the breathing gas is removed
on suitable zeolites which can be repeatedly
regenerated by means of microwave heating.

scale.

(24)
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Applications of Cathodic Protection System to

Marine Steel Structures in Japan*

Masao NAKAGAWA™*

Abstract: For the purpose of corrosion control on the area above the splash zone of the
marine steel structures, various types of coating are applied, while in the submerged zone
and mud zone cathodic protection, both ‘‘impressed current system” and ‘‘galvanic anode

system’’, is most effective and economical.

It is easy to keep the rate of corrosion prevention

more than 90 % through proper design, installation and maintenance.

This is a report of the design, outline of installation works and protective effect of
cathodic protection systems for sea-berth for oil tanker, drilling platform, wave observation
tower, drilling barge and submarine pipeline by impressed current system or galvanic anode

system.

1. Introduction

Oceanic development involves many technical
problems and one of them is corrosion control,
including anti-fouling, for submarine steel
structures. Nowadays major marine structures
made of steel are the harbour cargo handing
facilities such as quay, sea-wall, sea-berth for
mammoth tankers, etc. and the undersea
resources exploiting equipment such as drilling
barge, drilling platform, submarine pipeline,
etc., and in the years to come promising is
construction of number of such submarine
structures as undersea tunnel, undersea oil
storage tank, undersea power plant, undersea
operation center, undersea farm and so on, for
each of which corrosion control will be the
most important problem.

Most of marine structures are located in the
corrosive environments which should be divided
into five categories; (1) sea atmospheric zone,
(2) splash zone, (3) tidal zone, (4) submerged
zone and (5) sea mud zone, and consequently
the mechanism of corrosion is more complex
and the corrosion rate is higher than in the
ordinary corrosive environments. Therefore,
the most suitable method of corrosion control
in each particular zone must be taken up in
order to overcome such severe corrosive cir-

* Received April 30, 1971
** Nakagawa Corrosion Protecting Co., Ltd., Japan

cumstances.

For protecting the section exposed in the air
above the splash zone, it is usual to apply
paint coating or concrete covering, and as a
preventive coating system, undercoat of in-
organic zinc rich paint followed by topcoat of
epoxy-base or coal tar epoxy base paint is said
most durable.

The section above the mean water level of
the tidal zone may be protected by the same
method as for the splash zone because of short
time of sea water immersion, while the section
below M. W. L. may be guarded by cathodic
protection. Since the section above M. W. L.
is especially attacked by severe corrosion, it
may sometimes be protected by covering the
pile with wrought iron, Monel metal or stain-
less steel.

Although the submerged zone and the sea
gud zone may be temporarily protected by
coating, it is difficult to re-coat once the initial
coating had deteriorated, so in many cases
cathodic protection system is applied to the
structurals as naked in these zone, or coating
and cathodic protection are applied in combi-
nation to such structures as steel piling, sub-
marine pipeline, undersea tunnel and undersea
storage tank.

Cathodic protection system has been actually
applied to a great many structures all over the
world, and in Japan, too, more than fifteen

26)
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hundred constructions in harbour facilities and 2. Example 1: Sea-berth for oil tankers
submarine structures have been protected by

this system since 1950 and its effectiveness of

protection is widely recognized. The following berth system. The scale and construction are
are the merits of cathodic protection system: various, but generally it is a type of pier or

(a) Regardless of the old or new-built dolphin, constructed of large-diameter steel

structl'lre, it is applicable. S pipes. This is an example of the impressed
(b) As it almost has no need of trimming

the structure for the purpose of cathodic
protection, neither any change in design
of the structure nor shutdown of the plant
1S necessary.

(¢) As the protective effect is high (normally
more than 90 per cent protection rate), it
has no need of considering more allowance

Currently the mode of moorings for large-
sized tankers is changing to the offshore sea-

current system cathodic protection on a sea-
berth, but there are many cases of the galvanic
anode system cathodic protection as described
in the next example. Usually, the impressed
current system is taken up for large-scale
facilities, while the galvanic anode system is
employed for small-scale structures and this is

' ) oes because of economical reason.
for corrosion than required or of using

high-quality anti-corrosive material.

(d) The protective effect can easily be con-
firmed by electrochemical means.

(e) It prevents shutdown of the plant, re-
placement of structural members, loss of

(a) The object for corrosion control:
Sea-berth for 350,000 D. W.T. class crude

manufactures or accident resulting from
corrosion.

(f) The cost of corrosion prevention is
relatively low for its effectiveness of pro-
tection.

(g) Easy maintenance.

In this report several typical examples of
cathodic protection application to submarine
steel structures are cited with brief explanation
of design and installation work.

95 95 a5 35 35 45 95 95

M3 PI3 P14 Mg
& f=—=)

Central  Pier

350.000 DW.T o Dp &D3z .. .. Sub-Dolphin
D) & Dg Main Dolphin
i N M| - M . Mooring Dotphin
Fig. 2. General plan of sea-berth for 350,000 D.W.T. tankers ' N
Pl - Plg - Catwalk
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oil tanker, —28 meter deep, with 136 steel

piles.
(b) Method of corrosion control:
Above the water level ... Anti-corrosion

coating (inorganic zinc rich paint and
tar-epoxy paint)

In seawater and sea mud. .. Impressed cur-
rent system with two-step transformer-
rectifier

(¢) Protective current:

Central pler ....................... 140 A
Main dolphin ...... 360 A X2 units=720 »
Sub-dolphin ........ 927 x2 r =184~
Mooring dolphin ... 57» x4 » =228~
Catwalk............ 107 x14 » =140~

Total....... ... .. ... . . 1,412 »

(d) Power source apparatus:
Control transformer, input 460 V, 3 ¢,

2IKVA . ... 1 unit
Silicon rectifier, output 10V x90 A,
13KVA ... 18 units
(e) Electrode unit:
Material........... Lead-silver alloy

Size and quantity. . . .
25 ¢ x 850 mm, 30 A rating...48 pieces
25 ¢x200 mm, 10 A rating...12 pieces
(f) Wiring and piping:
Piping. .. Thick-wall conduit pipe
Wiring. . D.C. side: Vinyl insulated cable
A.C. side: Polyethylene insulated,
polyethylene sheathed
cable

(g) Reference electrode:

Each dolphin was fitted with a zinc reference
electrode which is connected to the control
transformer with measuring circuit wiring,
and the potential of each section can be
monitored through instrumentation of the
control transformer.

The general plan of the sea-berth is shown
in Fig. 2 and the wiring diagram is in Fig. 3.
The electrode unit was attached to the steel
pipe pile through insulator by underwater
welding process, as shown in Fig. 4; all the
steel piles are kept under protective potential.
According to the result of test for protective
effect by means of test pieces over one year,
the corrosion rate of the non-protected pieces

Fig. 5. Lead-Silver Electrode attached to
pile by underwater welding.

Fig. 6. Underwater Welding of galvanic anode.

was 0.12~0.14 mm per year, while that of all
the protected pieces was zero, representing 100
per cent protection.

3. Example 2: Sea-berth for oil tankers

This is a 250,000 ton tanker berth which was
installed in the 26 m deep sea around the middle
of Tokyo Bay, constructed of 95 pieces of 0.71
to 1.0 m diameter and 68 to 75m long steel
pipe pile with extension of approximately 500 m.

Between the sea-berth and the on land tank-
vard is laid 42-inch diameter submarine pipe-
line, which is cathodically protected by the
impressed current system from the seaside.

The following is the generality of design of
cathodic protection:

(a) Protected area and protective current

29)
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Protected Protective

4. Example 3: Offshore platform

Structure area current
(m?) a) Most of offshore platforms for oil production
,U‘nil‘oadmiggpl;:ri e '773?757/#“720'2 are c?nstructed of steel pipe. piles .and for
Main dolphins 5, 426 206 corrosion control measure, anti-corrosion coat-
Mooring dolphins 4,875 264 ing is applied to the sea atmospheric zone,
(A- MI, M2 & M4 anti-corrosion coating or metallic covering to
g{l(;oprllenrieifal\flzslp(}i;shIB) iggg 122 the splash zone and cathodic protection system
Catwalk pier-A 1’404 84 to the submerged zone. Many offshore plat-
. » -B ’996 56 forms are of jacket type which is usually
Total 19,678 1,587 assembled and processed in the works on land

(Not including submarine pipeline)

(b) Method for corrosion control
Galvanic anode system

alloy anodes (ALAP)

(c) Type and quantity of anodes in use

with aluminium

and transferred to the location and emplaced.
Accordingly the cathodic protection equipment
can be installed at the time of assembling in
the works, then the structure fitted with alumi-
nium anodes being shipped from the works.
In case of this platform, glavanic anode
system with aluminium anodes is applied, but

Structure Type  Type Type impressed current system is also applicable.
H-70 H-80 H-120 In many cases, the platform is protected by

-\</2pc2-) ’—\</2p.c0e) A(/Zéc()e) galvanic anode system during the period of

Unloading pier 42pes  117pes  pes wild-cat drilling and it is changed over to
Main dolphins 62 30 102 impressed current system when oil production
Mooring dolphins 51 27 90 is set about following the success in prospecting.
f\llxié’nlr\l? d%l;\}f?rz a2 9 35 This is because when the well begins to pro-
Supplemental dolphins 12 44 duce oil the power supply cabling mu.st be la.ld
Catwalk pier-A 12 =4 up to the platform thereby power being avail-
py " -B 10 34 able and also because impressed current system
Total 211 315 207 is economically advantageous for long-term

753 pieces of ALAP anode in total were
installed, and 6 to 11 pieces were attached to
each pile by underwater welding process,

illustrated in Figs. 6, 7 and 8.

corrosion control, as compared with galvanic
anode system. However, galvanic anode system
is recommendable where maintenance is diffi-
cult to do.

Oil well casing can also be guarded by

as

_General Plan of Sea Berth for 250,000 D.W.T

Oil  Tankers
_ 500,000 -
= 120,000 80,000 50,000 __ 50000 __ 80,000 120,000 ~
Inside moormcqo Dolphin Main Dolphin  Unloading Pier Main Dolphin tnside mooring Dolphin el -
M2) 30,000 20,000 (M3}~ """ Submarine_Pipeline
_Outside moormg( Dolphin § > OOOD‘W-T 16,000_14,000 - SO § Outside mooring Dolphin
o ¢ 3 -7
10,000 g“{ K Oil Supply boat g, 5 - - ~ 10,000 (Ma)
b4 38 / (l \ Dolphin @ i T o
) S o) / X 000 § il S
=1 / : 2
%w | meolk\\E\\\ ) %J e N e
G l u_u‘_fg ﬂl
TS o
owWT
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DW.T
~—— 250,000 TANKER
Fig. 7. Generalplan:of sea-berth.
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Shape of anode and general arrangement on offshore oil well jacket.
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cathodic protection, but while the casing is to
be put in more than 1,000 m deep beneath the
sea bottom, the anode cannot be installed in
the sea mud, so it is necessary to make special
design in consideration of the anodes to be
installed and protective current value, in order
to make protective current thoroughly flow to
the lower area of the casing.

As the facilities related to the offshore oil
production platform, there are submarine pipe-
line and undersea storage tank. Some of the
undersea storage tanks are fitted with number
of aluminium anodes on the shell plate for
cathodic protection. In the other paragraph
is stated about submarine pipeline.

(a) The object for corrosion control:
Offshore oil well jacket in 115 feet deep
water.

(b) Method of corrosion control:

Galvanic anode system with aluminium
anodes.

(c¢) Protected area and protective current:
In sea water... 1,960 m?x0.10 A/m?2=196 A
In sea mud..... 180 m2x0.02 A/m?= 4~

Total. ..o 200 »
(d) Anode in use:
Kind and Brand.... Aluminium anode
“ALAP” Type H-140
Shape and Size. . ... Square bar;

(110+130) x 130 x 1,500 mm
Initial current output...2.5 A/piece
Quantity of anodes installed ... 80 pieces
Service Life .................. 12 years

(e) Method of fitting:

The strap for anode mounting was welded
to the specified position on the steel pile
at the time of assembling and processing
of the main structure on land. Fig. 9
represents the shape of the anode and
arrangement.

5. Example 4: Wave observation tower

(a) The object for corrosion control:
Jacket-type tripod steel tower constructed
of steel pipes, 812mm O.D. in 20 m deep
water.

(b) Method of corrosion control:

Impressed current system

(c) Protected area:

In sea water........ 520 m?
In sea mud......... 140 m?
(d) Protective current:
55 amperes
(e) Power source apparatus:
Silicon rectifier, D.C. output 15 Vx60 A
() Electrode unit:
Material. . ... Lead-silver alloy
Size and quantity....25X650 mm ...3 sets
The electrode was enclosed in a hard vinyl
holder which was attached to the horizontal
truss with L-steel by underwater welding
process. The lead-wire of the electrode was
connected through a metallic conduit pipe to

Metering Room

Transformer - Rectifier

Conduit Pipe

o}
o}
<
<
he HWL + 2000
LWL +0.000
Electrode
7, 500

- 20,000

15,000

Fig. 10. Wave observation tower-electrode
arrangement and piping.
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the rectifier installed in the observation tower
so as to avoid damage due to wave.

Fig. 10 shows the electrode arrangement and
piping. The potential in the submerged zone
is kept at a such value sufficient for attainment
of corrosion prevention, namely —1,000mV
referred to S.C.E. According to the result of
testing by the test pieces simultaneously attached
to the tower four years ago, the corrosion rate
of the non-protected piece is 0.3mm a year,
while that of the protected piece is zero. One
set of non-protected piece and protected one
is shown in Fig. 11.

Report on test by test pieces
Place of Installation: The observation tower
off Hiratsuka Beach, National Disaster
Prevention Science Center
Date of installation: November 23, 1966
Date of removal: September 16, 1970
Days of testing: 1,415 days

Fig. 11. “P”’: Cathodically protected test piece
“C”’: Non-protected test piece

(Both pieces underwent four year testing

in the sea water of Sagami Bay, Japan.)

Wire Piece Water Weight before Weight after Weight loss ~ Corrosion rate
mark mark depth test test By weight By depth
(m) (gr) (gr) (gr) (gr/m/hr) (mm/yr)
79 P -2 85. 069 85.210 0 0 0
C 84.121 56.227 27. 894 0.262 0.292
80 P —4 85.181 85. 342 0 0 0
C 83.120 52.765 30. 355 0.285 0.318
81 P —6.5 84. 682 84.879 0 0 0
C 85.033 59. 060 25.972 0.244 0.272
82 P -9 34.509 84.670 0 0 0
C 83.197 49. 844 33.354 0.313 0.349

Note: (1) Mark ‘P’ represents the protected test piece and mark ‘C’ the non-protected one.
(2) It is attributable to some irremovable deposits on the piece that the weight of every protected
piece after testing is larger than before testing. In this case, weight loss is deemed ‘‘zero’’.

field, too.

6. Example 5: Drilling rig It is usual to protect the shell plating of

Any of the marine structures such as ship,
submarine survey boat, mobile drilling rig, etc.
can dock in from time to time for repair or
replacement of anti-corrosion equipment, but
in every case careful consideration must be
given to the problem of corrosion in view of
use in high-corrosive marine environments for
a long term, great loss due to possible shut-
down resulting form debasement in strength
and function attributable to corrosion and also
of high cost of the structure itself, and cathodic
protection system is widely applied in this

ship by combination of anti-corrosion coating
and cathodic protection, and in many cases the
cathodic protection is provided by galvanic
anode system with zinc anodes, but now the
automatic control impressed current system
becomes popular. Since the value of required
protective current widely varies depending on
the ship’s condition, that is, at anchor or on
voyage, and what is more the paint film may
be damaged under condition of over-protection,
it is desirable for cathodic protection of the
ship’s shell plating to keep the protective cur-
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rent proper constantly. Galvanic anode system
may sometimes fail to feed sufficient current
when large amount of protective current is
required. Impressed current system tends to
feed excessive current when the ship is at
anchor. Accordingly, automatic control im-
pressed current system is most advantageous
because it can keep the protective current for
the shell plating adequate all the time, regardless
of being at anchor or being under way.

Cathodic protection system can be applied
to the ballast tanks of ship, too. In order to
protect the internal surface of the tank from
corrosion due to sea water ballast during the
period of empty hold, galvanic anode system
with aluminium anodes or zinc anodes is
employed. For planning and designing of
corrosion control for the ballast tank, ‘it is
necessary to calculate the service life of anodes
in consideration of the rate of sea water
ballasting.

The submarine boat is also protected by
combination of coating and cathodic protection.
The hull of submarine boat undergoes com-
pressive stress by external pressure while sub-
merging, and when surfacing it is subject to
the effect of residual stress of compression,
though external pressure is eliminated. This
means the hull undergoes repeated stress by
submerging and surfacing, and then it is
necessary to take the problem of stress corro-
sion into consideration.
deep-sea submarine boat, super high tensile
maraging steel is used, but there are some
unsolved problems in the countermeasure for
such phenomena as weld decay crashing and
delayed crashing, and furthermore this material
may cause hydrogen embrittlement in case of
excessive cathodic protection. The hull and
manipulator section of “‘SHINKAI", the first-
built submarine survey boat in Japan, are pro-
tected by galvanic anode system.

In case of cathodic protection to high tensile
steel, there is no trouble of hydrogen embrittle-
ment as far as the steel member of 50~60
kg/mm? is concerned, but it is said the material
of higher tension than the above is subject to
embrittlement to some degree, though the
degree is not yet proven.

In construction of

On the other hand, cathodic protection is
fairly effective against stress corrosion, too
and in fact there are some cases in U.S.A.
where it is applied to maraging HY-100 steel
structure. In this case, corrosion preventing
system is so designed as to flow protective
current with as slight as possible potential
difference through mild steel corrugated sheet
as electrode, and to prevent hydrogen embrittle-
ment by anti-corrosion coating on the steel
surface with polyurethane-base paint to make
low current density.

There are many types of mobile drilling rig-
submersible rig, self-elevating platform rig,
semi-submersible rig and floating barge; to all
of them cathodic protection system is applied.
The particulars of the corrosion preventing
device vary depending on the scale and con-
struction of the rig. In most cases, the ex-
ternal sections are protected by automatic
control impressed current system and the
interior of floater or ballast tank is protected
by galvanic anode system.

The following are the details of cathodic
protection system for RIG-61 of Transworld
Drilling Co. built in Japan:

Self-elevating column-stabilized floating

drilling rig
1. Cathodic protection for hull's shell plating
while navigating

(a) Protected area and protective current:

Shell plating, etc......
3,050 m2x0.01 A/m?=30.5 A

(b) Method of cathodic protection:

Galvanic anode system with aluminium

anodes

(c) Anode in use:
Material .......... Aluminium alloy
Brand............. ALAP Type AB-16BC

Flat plate, 50 x 100 x 500 mm
Initial current output....0.72 A/piece
Quantity of anodes...... 46 pieces
Service life........ 730 days, say 2 years

(d) Installation:

The anode was fastened with nuts to the
stud bolts welded in place to the shell
plate; the anode arrangement is at inter-
vals of 1.5~1.6m.
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. ANODE ARRANGEMENT
R3 P3 P4
(D L] Sl >
< — A
P Ry
52 AUTOMATIC CONTROLLER AND POWER SOURCE
"o Pr-TiIMPRESSED CURRENT _ANODE
R3 O REFERENCE _ELECTRODE
® CONSENT BOX AND HAND _WINCH
Fig. 12. Self-elevating column-stabilized floating drilling rig—61.
2. Cathodic protection for the shell plating of
the legs during drilling operation
(a) Protected area and protective current:
Legs and footings ..... (1,460 m?2x0.10 A)
X4 legs=146 A x4 legs
(b) Method of cathodic protection:
Automatic control impressed current system
(c) Power source apparatus:
Model........... S.C.R. Model Automatic
Control Rectifier...1 unit
Input................ 480V, 3¢
Output .............. 20 V x 150 A x4 ccts.
(d) Electrode unit:
Material ............. Platinized titanium
Size. .o 50 ¢ x 2,000 mm
Current output....... 150 A /piece
Quantity ............. 4 pieces
Service life........... 5 years ke & H
(e) Reference electrode: Fig. 13. Automatic control D.C. power
Material. ............. Zinc source apparatus.
Size............... ... 50 ¢ % 100 mm during navigation or typhoon. The refer-
Quantity............. 4 pieces ence electrode is mounted around the leg.

(f) Outline of design:
The power source apparatus is located in
the barge control room. The electrode is
hanged down by hand winch from each of
four places on the hull and is hoisted

(35)

3.

Fig. 12 shows the anode arrangement and
Fig. 13 shows D.C. power source unit.
Cathodic protection for the interior of leg
and footing
(a) Protected area:



—
[\
j=)

Total area of protection. .. 38,700 m?
Each leg and footing has several compart-
ments so that balance can be maintained
by combination of sea water ballasting in
each of them.

(b) Protective current density:
As the time of ballasting varies by each
compartment, its protective current density
also varies. In the area where ballasting
is for limited days it is 500 mA/m?, while
in the area where ballasting is for many
days it is 54-70 mA/m?2.

(¢) Anode in use:

Anode arrangement in ballast tank

Fig. 14.

54,000

La mer, Tome 9, N°

2 (1971)

For the designed service life as five years,
five types of aluminium alloy anode and
one type of magnesium anode were in-
stalled in the tanks, depending on the days
of ballasting. Fig. 14 shows the anode
arrangement in a ballast tank of RIG-61.

7. Example 6: Submarine pipeline

Generally, the submarine pipeline is protected
from corrosion by combination of insulative
covering with coal-tar enamel coating and
glass-cloth reinforcement and cathodic protec-
tion. Accordingly, the current density in
cathodic protection is remarkably low as of
1~5mA/m?, as compared with in case of bare
surface. However, because of long extension
as well as of limited position and large inter-
vals for different from
other structures, there are many points to be
considered at the time of design for corrosion
control system.

anode arrangement,

This is an example of the impressed current
system for a submarine pipeline, but in many
cases galvanic anode system with aluminium
anodes or zinc anodes is applied. Fig. 15 shows
the method of installing galvanic anode. Also,
there are many cases where an anode bracelet

Weld Joint Weld Joint
Fig. 15. Anode attached on pipeline. 300
50 - =-%0_
260
=
 a
A TR
=4 ' m >
6 x 38 /m
Flat Plate o
(2] .
"
s' x 38M™m N
Flat Plate
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is mounted with band embracing the pipe, as
shown in Fig. 16.

(a) The object for corrosion control:

Submarine pipeline, 48”'¢ x 10km, with coal-

tar enamel and glass-cloth covering.
(b) Method of corrosion control:

Impressed current system

(c) Protected area and protective current:
Under sea bottom. ..

48,500 m2x2.15 mA/m?2=105 A
Under soil on land, etc

.............. 10 »
............................ 115~
(d) Power source apparatus:
Silicon rectifier.................... 1 unit
Input-400V, 3¢

Output-36 Vx 130 A
(e) Electrode unit:
Material

.......... High silicon cast iron
Size and quantity . . 180-240¢ x 800 mm, 30A

rating. .. 4 pieces
Installation. ... .... The electrodes were

Fig. 16.
i
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buried under the sea
bottom the sea-

shore 300m far from the

near

submarine pipeline.

Fig. 17 shows the general arrangement of
cathodic protection

pipeline.

system for a submarine

Anode bracelet mounted on pipeline.
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General arrangement of cathodic protection system for sul marine pipeline.
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Studies on the Aquaculture of Macrobrachium nipponense (De Haan)

with Special Reference to Breeding Cycle, Larval Development

and Feeding Ecology*

Yutaka UNO**

Abstract: The commercial important fresh water prawn, Macrobrachium nipponense (De
Haan) was reared in the laboratory. The adult female took place pre-spawing molt and spawn
ing in the intervals of 17~18 days under the laboratory conditions. Relation between egg-
carrying period and temperature may be expressed by linear equation. It will seen that there

are at least three peaks of spawning in the field.

The larva went through nine zoeal stages to the first postlarva in 20 days approximately,

under the laboratory condition: water temperature 27.8~28.2°C,

salinity 4.56~5.15 %> Cl.

The temperature metamorphosing to postlarva ranged from 28.5 to 32.3, 24.4 to 32.4, 24.2
to 32.1 and 27.7 to 32.4°C at salinity 1.65, 4.64, 7.22 and 11.8 % Cl, respectively. Relation
between the size of ration and concentration of food may be expressed in favor of Ivlev’s

formula, 7r=R (1—e~kP),

1. Introduction

The prawn, Macrobrachium nipponense (De
Haan) is very commonly met with in brackish
and fresh waters of Far East region. The
species is the most important commercial fresh
water prawn in Japan.

Recently, interest has been shown in the
possibility of the culture for mass-production
of the genus in the world. Macrobrachium
carcinus has been reported by LEWIS et al.
(1965) and M. rosenbergi by LING (1961, 1962)
and UNO et al. (1969).

The taxonomical and ecological studies of
the prawn has been reported by KuBo (1940,
1949, 1950). However, there is little evidence
on larval development, breeding and feeding
ecology, as the first place of the propagation
on this species. The present paper is dealt
with these problems basing on the feeding ex-
periment in the laboratory.

2. Materials and methods

The adult specimens were collected from the

* Received April 30, 1971
** Ecological Laboratory, Tokvo University of
Fisheries

Lake Kasumiga-Ura, Ibaragi Pref., Japan and
removed our University for experiments. Adults
were reared separately, one in each glass
aquarium 30x 19x 15 cm.
fed daily with approximately 5 grams of bivalve
meal, measuring the daily ration. Each aquarium
was examined daily to record water temperature
and molting.

The breeding behavior was examined in the

All the prawn were

field as the prawn do not always behave
naturally in aquaria. Random samples from
the commercial catches were collected from
Tamatsukuri, Kasumiga-Ura during May 22 to
September 22, 1970. Intervals between sampling
dates were usually 10 days.

In order to the larval development, groups
of newly hatched larvae were placed in pouches
made of bolting silk to promote feeding capacity
and prevent from siphoning out of larvae. The
details of rearing method have already described
(KwoON and UnNo, 1969).

With a view to determining the effects of
temperature on the larval development, groups
of 50 newly hatched zoeae were reared under
8 different variations of temperature ranging
from 18.9 to 37.0°C. The combined effects of
temperature and salinity on the metamorphosis
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of larva were investigated. The newly hatched
zoeae were reared through metamorphosis under
the various salinity-temperature combinations.
The effect of food concentration on the ration
10 ninth zoea larvae kept
in 300 m/ glass jar were fed under 6 different
food concentrations ranging from 200 to 1,200
Artemia salina nauplii. The size of ration

of zoea was studied.

during 6 hours was determined.

3. Results and discussions

A) Breeding cycle

The daily ration and pre-spawning molting
cycle of the species was shown in Fig. 1. The
prawn took place pre-spawning molting about
ten days after culturing and being adapted in
the aquarium under conditions of water temper-
ature 24.5~25.4°C and salinity 3.12~4.15 %
Cl. The sexually ripe female (1~7 hours after
the pre-spawning molting) was able to made
by introducing a mature male into an aquarium.
Egg-laving took place between 1~6 hours after
mating.
by following: 1.

Sexually ripe females can be identified
The fully developed overy
can be seen through the carapace as a large

greenish grav colored mass. 2. The daily ration

Llfk} 73 T2

Ration,g

Daily

___,41; “,, 4

ﬂ‘ i

1L11111'11'A‘III111111'L
30 40 50 60
Days

4
™
T

O Lo 11

Fig. 1.
spawning molting cvcle of
nipponense in the laboratory. Temperature
24.5~25.4°C, 3.12~4.15%, Cl and
feeding on bivalve meat.
MB, pre-spawning molt (arrow).

Showing the daily ration (g) and pre-
Macrobrachium

salinity
M, common molt;

of food decreases 2~4 days before pre-spawn-
ing molt as shown in Fig. 1 (arrow BM indi-
cated molting). The interval between two
successive molts ranged from 17~18 days at
24.5~25.4°C.

The egg-carrying period determined in 23
specimens under various water temperatures,
ranged from 11 to 22 days, as shown in Fig.
2. Relation between egg-carrying period and
temperature may be expressed by linear equa-
tion.

The occurrence of berried specimens among
female in the field was shown in Fig. 3. The

20 - e

y=5142-1.37x

Egg-carrying period, days
T
3

10 1 | | 1
24 26 28 30

Temperature, °C

Fig. 2.
egg-carrying period () of Macrobrachium

Relation between temperature (2) and

nipponense.

% T ! !
20 . !
thv 22,1970

freguency

50 80

[_r : ] Body Length in mm
. .
o 30 40 50 60 70

Body Length n mm

(S

Fig. 3. Body-length frequency distribution of
female prawn, Macrobrachium nipponense (De
Haan) collected from the Lake Kasumiga-Ura
during the breeding season. Black, berried

individuals; White, no berried.
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Fig. 4. The variations of gonad index (GI,
gonad weight/body weightX100) during the
breeding season. A, frequency distribution of
individuals which GI ranged 1 to 2: B, GI,
2-5; C, GI 5-8; D, GI>8.

breeding period of the species extended from
It will be seen that the
larger individuals more than about 40 mm in
body length berried in the beginning season.
The variation of the gonad index (GI, gonad
weight/body weight X 100) was shown in Fig.
4. The frequency distribution of individuals
which GI ranged from 1 to 2 had three peaks
at May 22~June 10, June 22~July 20 and
August 14~September 22. Those peaks were
shown in Fig. 4A marked by a, bandc. The
individuals belonging to the first group taken
on May 22, the beginning of the breeding
season had almost no berried eggs. The values
of GI of this group increased reaching approxi-
mately 8~10 at June 1~July 10 in Fig. 4Da.
The second group (Fig. 4Ab) corresponded to
the second one in Fig. 4Db. The GI of in-
dividuals belonging to the third group (Fig.
4Ac) did not increase during the breeding
season, but many of them already berried. It
will be seen that there are at least three peaks
of spawning during the breeding season.

B) Larval development

The eggs were slightly oval in shape, measur-
ing from 0.54x0.67 mm change to 0.56x0.92
mm on average; being light greenish gray
primitively in color and changed to light gray
owing to advance of development; body length

June to September.
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Fig. 5. Relation between temperature (¢) and
period of zoea larva (T), Macrobrachium
nipponense.

of newly hatched zoea larva was 2.06 mm and
first postlarva is 5.3l mm on average. The
larva went through nine zoeal stages to first
postlarva in 20 days approximately, under the
laboratory condition. The species was also
decreased on body length when ninth zoea
larva was metamorphosised to first postlarva
as M. rosenbergi did (UNO and KwON, 1969).
The recognized characters of each stage was
summerized in Table 1. The morphological
description was reported in detail by KwoON
and UNO (1969).

C) The effects of temperature and salinity

on larval development

The temperature suitable for metamorphosis
ranged from 25.1 to 33.3°C. Under suitable
temperature, larval period was 25.1 to 13.7
days and percentage metamorphosis ranged 100
to 62 %. The zoea perished when temperature
was lower than 22.1 and higher than 35.3°C.
The relation between the temperature () and
the time in day (7)) required for metamor-
phosing to postlarva may be expressed in favor
of formula, T ¢"?=c i.e. log T=log c—0.434 ab,
where @ and ¢ presented constants. Calculating
approximate values of a, ¢ and Qo from the
experimental data, the equations will be obtain-
ed. Q10=2.27, log T=1log 198.7—0.0359 ¢ (Fig.
5).

The newly hatched zoeae were reared through
metamorphosis under 24 temperature-salinity
combinations. The temperature ranged from
20.3 to 35.9°C and salinity from 1.65 to 10.88
% Cl. The result was shown in Fig. 6. The
temperature suitable for metamorphosing to
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Table 1. The recognized characters of larvae,

Macrobrachium nipponense (De Haan) reared in the

laboratory under the conditions of water temperature 27.8~28.2°C, salinity 4.56~5.15 %, Cl and
feeding on Artemia salina nauplii. B, hiramous; R, rudimentary; U, uniramous; D, degenerative;
I, incomplete; Aps, apical setae; Sps, sub-apical setae; Sne, segment of endopod.

Ttem Body R Cd e . Posi- o Wﬁ{\'grrnlr)er of appf:ndégis -
Sta length ccognized characters tion Maxilliped ‘ Pereiopod

g L - . 1st_ 2nd  3dd Ist 2nd  3rd  4th 5th

mm Aps 4 4 4 - - = = =

71 2.06 Sessile eyes Sps — — — — — - — —

Sne B 3B 3B R-B R-B — — —

Aps 4 4 4 4 — — —

Z2 2.27 Stalked eyes Sps B 2 2 — — —
Sne | B 4B 3B 4B 4B RB — RU

A rostral tooth, telson Aps 4 4 4 4 - - -

73 2.61 Sps 2 2 2 — — —
and uropod Sne B 4B 4B | 4B 4B RB -~ RU

i Two rostral teeth, Aps 4 4 ! 4 — 4 —

74 3.07 | uropod hiramous with Sps 2 2 i 2 2 4 —
setae Sne B 4B 4B 4B 4B RB 4B 6U

N B S . B - (S

| Buds of pleopods, ' Aps 4 4 4 . 4B 4B RB 4 —

Z5 3.71 antennal flagellum | Sps 2 2 2 L2 2 — 2 —
two-segmented Sne B 4B 4B ‘ 4B 4B BI1 4B  6U

i Pleopods biramous and Aps 4 4 4 L4 4 4 4 —

76 4.24 rudimentary; rudimen- | Sps 2 2 2 2 2 2 2 —
: tal chelae of pereiopods Sne B 4B 4B 4B 4B 4B 4B 6U:'R

" Pleopods biramous, : Aps | 4 4 4 4 4 4 —

YA 4.69 bare; antennal flage- | Sps | 2 2 6 2 2 -
llum 3 or 4-segmented | Sne : B 5B 4B 4B 4B 4B 4B 6B

Movable chelae, telson Aps 4 4 4 4 4 4 4 -

78 5.15 Sps 2 2 6 6 6 6 —

convex posteriorly :

l Sne 5B 4B 4B 4B 4B 4B 4B 6B
~ | Pleopods with setae, | ' ) K
} antennal flagellum . 7- Aps 4 4 4 4 4 4
79 5.60 9-segmented, antennul- Sps 2 2 6 6 6 6 —
o anner fagellum 3 g, B 5B 4B ., 4B 4B 4B 4B 6B
Behaviors of swimm- Aps 4 4 4 — — — — -
PL 5.31 ing and locomotion as = Sps 2 2 4 — — — — -

. adult Sne

B 5B 3B 3B:D 5B'D 5B-D 5B-D 6B-D

postlarva ranged from 28.5 to 32.3, 24.4 to 34.4,
24.4 to 32.1 and 27.7 to 32.4°C under salinity
1.65, 4.64, 7.22 and 11.88 %, Cl, respectively.
It will be concluded that the range of suitable
temperature at optimal salinity for larval devel-
opment is greater than that at salinity above

and below this value.

D) Intensity of feeding

The result of the effect of food concentration
on the ration of zoea was shown in Fig. 7.
The relation between the size of ration (r) and
concentration of food (p, number of Artemia

(42 )
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Fig. 6. The combined effect of temperature and
salinity on percentage metamorphosis of zoea
larva, Macrobrachium nipponense.
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Fig. 7. The way in which the size of the
ratio » depends on the degree of concent-

ration of the food p. Feeding condition
is shown in Table 1.

salina nauplii/300 m/ sea water) may be ex-
pressed in favor of Ivlev’s formula, r=R(1—
e %), where r, R and % presented actual and
maximal ration, and constant, respectively
(IVLEV, 1961). Calculating approximal value
of & from the experimental data, the equation
will be obtained, »=22.63(1—e=0.34p),

4, Summary

1. Macrobrachium nipponense (De Haan)
was reared in the laboratory. The breeding
cycle was examined basing on the separate
feeding and compared with that in the field.
Under laboratory condition (water temperature

24.5~25.4°C) the interval between two succes-
sive molts ranged from 17 to 18 days, and the
spawning took place in this interval after pre-
spawning molt. It will be seen that there are
at least three peaks of spawning in the field,
basing on gonad index variations.

2. The egg-carrying period of this species
was depended on water temperature. Relation
between egg-carrying period (y) and tempera-
ture (x) may be expressed by linear equation,
y=51.42—1.37x.

3. Under the laboratory condition the larva
went through nine zoeal stages to first post-
larva in 20 days. The species was decreased on
body length when ninth zoea larva was meta-
morphosised to first postlarva. The recognized
characters were shown in the table.

4. Relation between the temperature and
the time required for metamorphosing to post-
larva may be expressed by the formula, log T
=log 198.7—0.0359 ¢. The temperature suitable
for metamorphosing to postlarva ranged from
28.5 t0 32.3, 24.4 to 34.4, 24.4 to 32.1 and 27.7
to 32.4°C under salinity 1.65, 4.64, 7.22 and
11.88 %0 ClL

5. The relation between the size of ration
and concentration of food may be expressed in
favor of Ivlev's formula, r=22.63 (1—e="-34pr),
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The Direction of Fisheries Development of Japan in Future

Yutaka HIRASAWA

Abstract:

This paper deals with the potential fisheries production of ocean, the economic

efficiency of input between fishery and agriculture in protein production, and the directions

of Japanese fisheries in future.

Owing to examination of above those things, I have one conclusion that the developing
countries would be exploiting offshore, deep sea fisheries ground and the developed country

would be exploiting coastal fisheries ground.

In general, it is believed that the growth of

fishery is performed from coastal sea to offshore and next from offshore sea to deep sea,
but in this paper 1 will assert another idea about the future Japanese fisheries development

that 1 reversed usual idea.

L. kEABHRROFAEN

KEBREN S ENTRTOEER ZHIFONE D
ENTEDD, TR OWTIEE L D%E, HES
DHRMNRREENTH Y, EKHORKL Y Tkl
Erv, HEOFNTIIHN 20{E+ v ThHB, =
ST HEA O BN E Y O T RITR b
n, 2~3Er U E L OHEROEL O ITTH
%,

Table 1 13 FAO & KB & 2% 1968 iz 4 <
Bl i BT » RO ERTH S0, £ D
FHEEILLFELUTHY, HRELUTREIBEDR
B RO TRBRLEREL 5 28R VW25, li#H
&b 1965 fE D S HEE T & D, #AAEEE 5,350 77

Table 1. Forecast of fisheries production
in future. C(unit: million tons)

e —

e

A | B o | D : E
| Total Catch | Catch of : Future c :
! i the fishes ‘ Potential i B Ax D
; . investigated | catch ‘{ 1
S | —e . R
Fao | 535 | 43.0 L one2 27 LY
i 1 | i
Japan | b1 147.3-640 | 1.7-2.3 ; 91-123
. ,L SR RO PSS S EU

* 1071454 5 30 H2HE
*k g kg kS Tokyo University of Fisheries

FUZOWT, FD 5 FAO T3 4,300 7 b v
DHEFERRER T 5 AT, HEATIE 2,770
T VERBRTHEREYE 72, 20D HIEH
DR DMELEED 5 b, EiER L CERERR
HERH OB D - T, FhboErhz XD,
EBEMAEEREAAEGL 5 2ABOLEEAT
HBHe WINhL, BB LOFALTHETHY,
FAO @ BARTHADHLAN R A A EZEL
ZEe e T DHERHEROME S CTRSNT
WA, Bizlk#s L ¢ FAO ¢k 2742, HAT
W L7~23 0t 5 T B, F2°T, ER%EDOX
s bHEER G L bl - RELE L Z OF
STHEFBETHALELT, ZhiEdTHIEL
DONEThB, 2%, REABIL TS
fED LI OWT FAO TlkF 0 7 iy 7] fERIT
14y, BAOBEAGTIE 91T v 1.2
fErv i BERtbLRTWA,

T ORMEEE b el O BENEERRE
L Ediew, B LIRS AT O B I
ELEETAENPLTH D, Tteiif, FAO O
HiZ k- CLEKEDH 7 3 (kril) R TLE
B 5,000 77 b v DEBELFIRETH B L5 2, &
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Fig. 1. Capital efficiency of agriculture

and fisheries.

Table 2. Economic efficiency of fisheries.
T A B c D
Capital Fixed Capital | Live Cost per
Efficiency per ton for production | 100 kg
. f{added value\net protein | per 100
"\ fixed capital hours
, $ kg |
Fisheries 0.6 2,800 587 21
Coastal 248 33
Otfshore, | .
Deep sca 1,506 17
Stock—
raising 0.2 7,500
Cattle ' 117 130
Hog | 388 58
Egg 652 47
—— U U S R E—
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Fig. 2. The stages of fisheries development

and expected trend in future.
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Table 3. The position of marine culture
in Japanese fisheries.
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Table 4. Income elasticity of demand.
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