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IV. PRODUCTION PROCESSES

A. OIL GEOLOGY

Natural or crude oil and gas accumulate under-
ground in porous beds of rock (sandstone, limestone,
dolomite, etc.) over extremely long periods of time.

Since oil is lighter than water, and gas is lighter
than oil, a separation by gravity occurs, with gas and
oil accumulating in the upper levels of the rock reser-
voir or porous medium. In general, there are four types
of conditions which cause oil pools to form (anticlines,
faults, sand lenses, changes in porosity). In many oil
pools, a combination of two or more will exist.

Crude oil is obtained by drilling wells into a porous
bed of rock which contains ‘‘pools’ of gas, oil, and
water usually separated in that order by gravity. Oil
accumulations vary greatly in size and productivity. Oil
either flows or is pumped into tanks in the oil fields and
from there is transported, usually through a pipe line,
to a refinery or to loading facilities at tide water.

B. REFINING OF CRUDE OIL

Oil refineries receive and store crude oil in large
tanks ordinarily having capacities of 35,000-85,000
barrels. This crude is run through various types of stills
and towers in which it is heated. Various fractions are
distilled off and then condensed into liquids of different
specific gravities, which are separated and stored by
product in tanks for final distribution to the consumer.

In more detail, crude oil is pumped into one of sev-
eral different types of primary distillation units. The
oldest type is the battery of shell stills in which the oil
is progressively heated as it flows from one still to the
next. In this process the most volatile fractions of the
oil boil off in order of their volatility as the oil moves
through progressively hotter units. Separation of the
products of distillation is accomplished by means of
running the condensed liquids into various "‘run down™
tanks, each tank receiving only those oils which dis-
tilled between certain temperature limits. Batteries of
shell stills are rectangular in shape, possibly 30 feet
wide, varying in length with the number of stills. The
more modern ones have low towers in associations.

More modern primary distillation units are generally
called pipe stills. They secure an accurate separation
of products by means of ““fractionating’’ or “bubble™
towers. Each pipe still has a furnace in which the crude
oil is heated and vaporized before it is run to the
tower. Successive fractions of the oil are drawn off by
pipes at the side of the tower in the form of liquid as
the vapor is cooled and condensed during its passage
upwards through the tower.

For a more perfect and accurate separation of prod-
ucts, certain cuts or fractions are vaporized through
“re-run’’ towers, in which the distillation process just
described is done again more carefully, so that the
final product varies in boiling range only within very
small limits.

The gasoline made by the above primary or straight
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run distillation is marketed as motor gasoline or used
as a base stock for aviation gasoline.

In more modern refineries a process called “‘crack-
ing"' is then applied to some of the heavier fractions
obtained from straight run distillation. In this process
the large molecules composing heavy oil are broken
into small molecules such as are found in gasoline. In
its most simple form (Thermal cracking), heat and pres-
sure are applied to heavy oil and a lighter product is
formed. When cracking is carried out in the presence
of a catalyst, better results are obtained. The most
modern cracking process is the ‘Cat (Catalytic)
Cracker' used in the making of aviation gasoline. It
is not known whether the Japanese are using this
process, but they are actively using Thermal cracking.

Cracking stills or towers are heavier than pipe still
towers since they operate under pressure. Cat Crackers
are very large, often as much as 200’ tall supported
by a framework of steel girders, and with associated
furnaces and pump houses, make an impressive showing
in a refinery area.

Due to demands for high octane aviation fuel, mod-
ern refining practice has developed many processes
for producing aviation gasoline and for raising the
octane number (a rating for the anti-knock efficiency
of gasoline) of gasoline components. Such processes
include Hydrogenation, Dehydrogenation, Polymeriza-
tion and Alkylation of various refinery products.

Other parts of a modern refinery, varying with the
type of crude oil used, are the paraffin and lube oil
plant, asphalt plant, Edeleanu plant (solvent extraction),
and many minor by-products works. There are always

a boiler house and, most characteristic, many groups
of tanks.

C. SYNTHETIC OIL

Oil can be produced synthetically by combining
hydrogen and carbon in one or more of the known
hydrogenation or hydrocarbon synthesis processes.
The Germans have developed the making of synthetic
oil to a greater degree than any other nation. Japan
is attempting to use the German processes. It is not
known definitely as yet what success she has had in
her ambitious synthetic program, but it is probable that
expansion will fall short of the German rate (about
20-25 percent per year). Photographs of Japanese
synthetic oil installations examined to date indicate a
low rate of progress. German synthetic processes are
roughly grouped into the hydrogenation (Bergius) and
the Fischer-Tropsch (hydrocarbon synthesis) processes,
although there are many variations in the use of tem-
perature pressure and catalyst.

(1) Hydrogenation (Bergius).—In this process (by
which most of the German synthetic aviation gasoline
was produced) the reactions take place under very
high pressure and temperature and vusually in the pres-
ence of a catalyst. Hydrogen gas is produced and
purified in one of several ways and is combined under
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high pressure with carbon in the form of either a coal
or lignite paste or a low grade oil. The combination
takes place in a hydrogenation stall, about 60-80 feet
tall, which must be made of very high grade steel,
similar to gun barrel, in order to withstand high pres-
sures, which run from 3,000 to 9,000 pounds per
square inch.

The output of the hydrogenation stalls can generally
be divided into three products: methane gas, high-
grade oil, and low-grade oil. The methane is used in
the formation of hydrogen or as fuel; most of the high-
grade oil is refined to gasoline; and the low-grade oil
is rerun through the stalls or used as diesel oil or fuel
oil.

The hydrogenation plants can be adjusted in many
ways with varying degrees of efficiency to produce
many products including high-octane blending agents
for aviation gasoline, edible fats, lubricants, etc.

In general, a typical German hydrogenation plant
includes a boiler and power house, gas generating
and purifying equipment, gas holders, compressors and
injector houses, hydrogenation stalls, a refinery, and
tanks.

On the other hand, Japanese plants include the
same component parts, but no two are arranged in
identical plan and are all small. It appears probable
that development is little more than in an experimental
stage, none of the various modifications being suffi-
ciently successful to be standardized.

2. Fischer-Tropsch. In a Fischer-Tropsch or hydro-
carbon synthesis plant, a gas composed of CO and H»
is made into an oil in a reaction chamber in the pres-
ence of a catalyst. Oil produced by this process is some-
what similar to a very waxy crude oil and, therefore,
it must be refined. It is used mostly for the production
of motor gasoline, gas and diesel oils, and fuel oil.
Japanese capacity for Fischer-Tropsch oil is about
seven-tenths of its hydrogenation capacity in compar-
ison to German output of only one-quarter Fischer-
Tropsch. Water gas is made by blowing steam over
incandescent coke in gas generators. Hydrogen sul-
phide, organic sulphur, and carbon dioxide are
removed from the gas in purifying columns and scrub-
bers. Close control must be maintained over the pro-
portions of the remaining carbon monoxide and
hydrogen. The purified mixed gas is pumped into
reaction chambers (usually found in long, tall buildings
—i.e., contact oven houses) and in the presence of a
catalyst and under varying degrees of heat and pres-
sure, an oil is formed.

In general, typical Fischer-Tropsch plants, Japanese
as well as German, follow a standard pattern and in-
clude a boiler and power house, gas generating and

purifying equipment, gas holders, contact oven houses,
refinery, and tanks.

3. Low temperature carbonization (L. T. C.)—Llow
grade oil, gas, benzol, and poor coke are obtained by
heating coal slowly at about 600° C. in the absence of
air, in a process called low temperature carbonization
(L. T. C.). This is done in a long tall building containing
L. T. C. ovens. There is also a gas holder and some
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tankage found in association with the oven buildings
and its coal and coke piles.

The tarry oils formed in this process, and the follow-
ing one, can be cracked for additional gasoline, diesel
and fuel oil. The benzol obtained may be added to
gasoline in order to raise its octane rating. It is be-
lieved that a substantial amount of feed stock for
Japanese hydrogenation plants also is derived from
this source.

4. High temperature carbonization.—This process
operates at a high temperature and produces good
coke, some tar oils and benzol, with a much higher
yield of gas than L. T. C. Consequently, it is used for
making coke and in producing gas for municipal gas
works. The tar produced can be used as feed stock for
hydrogenation plants.

5. Japanese procedure.—In the late 1930's Japan
instituted a program for the development of a large
oil production. It is believed that this program has not
developed according to plan, although Japan probably
has a synthetic production (including L. T. C. oil) and
shale oil production of about 8 million barrels per
annum.

German practice has been referred to extensively
because it has been thoroughly studied and because it
is believed that Japan has attempted to pattern its
synthetic program after that of Germany. It is not known
how successful she has been in adapting German proc-
esses to her particular problems or in developing new
methods of her own.

Photography of 13 out of 23 synthetic and shale oil
plants has indicated that the Japanese are using modi-
fied hydrogenation processes at Nagoya (90:20-456),
Yokkaichi (90:20-1684), Otake (90:30-2121), Tuku-
yama (90:32-674), Ube (90:32-1841), Fushun (93:3-
41), Ssupingkai (93:3-43), and Chin-Hsi (93:3-203);
the Fischer-Tropsch process at Amagasaki (?20:25-
1203), Omuta (90:35-1262), and Chinchow (93:3-
175); and L. T. C. at Eian (84:1-126) and Wakamatsu
(90:34-1123). There are no satisfactory photographs
of the synthetic oil plants at Agochi (84:1-125) and
Kirin (93:2-58), although the presence of a plant at
Agochi is indicated in oblique pictures. The two large
shale oil plants at Fushun are also covered by pictures.

The refinery and synthetic oil plant at Yokkaichi
(90:20-1684) has several points of interest besides
being the largest known refinery in Japan (6,600,000
barrels). Large gas holders in two parts of the plant,
together with buildings of unusual characteristics, in-

dicate hydrogenation of lower fractions of oil from the
main refinery.

D. SHALE OIL

Japan has at least two plants with a total of 3,000,-
000 barrels capacity in which an oil similar to crude
oil is distilled from oil shale. Since large deposits of
oil shale are found in Manchuria and since the mining
of this shale is made economic because it is removed
as overburden in the process of mining coal, it is
possible that Japan has other shale oil plants or may
build them in the future.

After stripping oil shale from the coal bed, it is
transported to the S. M. R. Shale Oil plant (93:3-40)
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and to the East Fushan Shale QOil Plant (93:5-202) both
at Fushun, Manchuria, where it is crushed, then fed into
retorts where it is heated to 350°-550° C. Heating is
accomplished by means of hot flue gases plus producer
gas injected into the upper half of the retort. By means
of this heat, oil is distilled from the shale and is then
condensed and run into storage tanks. Refining is
accomplished as in a crude oil refinery.

(193)

CONFIDENTIAL

Retorts used in this plant have a constriction in the
middle, and after distillation has been accomplished
in the upper half, the hot spent shale is dropped into
the lower half where it is blown with steam to make
producer gas.

Other methods for obtaining oil from oil shale are
used in Sweden, Scotland, and Estonia but it is not
believed that they are used by Japan.
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V. PHYSICAL VULNERABILITY AND WEAPON RECOMMENDATIONS

A. INTRODUCTION
1. General
The following is written for the use of those persons
who are engaged in selecting weapons, estimating
force requirements, and formulating operational plans
for attack on targets in this category. For such purposes
the following questions must be answered.

1. What portion of a target should be the primary
objective?

2. What is normally the best type, size, and fuzing
of HE? In what circumstances should different
types be used?

3. Should IB be used, either exclusively or mixed
with HE? If so, what is the best size and type,
and what is the optimum quantity?

4. What weight of attack is required?

This section deals with the physical characteristics
of targets found in this category, the choice of primary
objectives, the selection of weapons and the density
required on the target for expectancy of a particular
level of damage. For determination of force require-
ments, reference should be made to JTG M-8.

Because of differences in importance and vulner-
ability, the Petroleum Industry is divided into three
subsystems for analysis. These subsystems are:

1. Synthetic and Shale Oil Plants
2. Oil Refineries
3. Oil Storage

Synthetic and shale oil plants and oil refineries are
discussed here, while a complete discussion of the
attack of oil storage is given under the category
Military Stores in this binder to which reference should
be made. However, the Summary, below, includes
weapon recommendations for attack of oil storage.

For a description of the processes involved, refer-
ence shauld be made to the preceding parts of this
General Analysis of the Petroleum Industry, and for a
more detailed discussion of the physical characteristics
of refineries to ‘‘Photo Industrial Study No. 2: The
Petroleum Industry’”” AC/AS Intelligence, USAAF and
PIC, Division of Naval Intelligence, Navy Department.

B. SUMMARY

1. General

In one target area may be found together oil manu-
facturing installations, refining equipment and storage
facilities. A single weapon should be used for attack
of such a target, selected to do maximum overall dam-
age. The choice of weapon will depend on the relative
economic importance and on relative physical vulner-
ability of the components of the target. With respect
to physical vulnerability, storage is first, refining in-
stallations second, manufacturing last, as indicated in
Tables 7, 10, and Table 2 of Part V1 of MS (P) (Military
Stores—Petroleum,
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2. Production

Four kinds of industrial plants associated with oil
production can be attacked, namely:

1. Shale oil plants
2. Low pressure synthetic plants (Fischer-Tropsch)

3. High pressure synthetic plants (Bergius or Hy-
drogenation)

4. Refineries

A shale oil plant extracts crude oil from oil bearing
rock, by heating the latter in large retorts. Synthetic oil
plants produce crude oil by combining carbon (coal)
or CO with hydrogen. Refineries take crude oil, ob-
tained by any of the above processes or from oil wells,
and separate it into its various useful fractions.

Although shale oil plants, low pressure synthetic
plants and refineries employ different processes and
contain different types of equipment, they have ap-
proximately the same resistance to attack. High pres-
sure synthetic plants are somewhat more resistant be-
cause the equipment used in the later stages of the
process is stronger, due to the higher pressures em-
ployed. However, the installations used in the early
stages are of resistance comparable to that of the other
types of oil producing plants.

Attack of oil producing plants is planned to do
general damage to the special processing equipment.
Three types of damage are expected: damage from
direct hits on equipment, damage from blast and frag-
ments from near misses, and damage due to fire.
Important factors to be considered in weapon selection
are the proportion of total area covered by installa-
tions, the existence of blast walls protecting equipment
against near misses, and the possibility that the plant
may not be in operation or has ample time to shut down

and drain pipes and vessels in preparation for an
attack.

3. Storage

Crude and finished products are normally stored in
tank ‘‘farms’’, which are collections of cylindrical steel
tanks. The tanks are generally between 75 and 150
feet in diameter and up to 40 feet high. They are
usually separated by low earth or concrete dykes. In
the ETO, blast walls for protection against near miss
bombs have been extensively employed. Such walls
were not evident on early Japanese photo cover, but
recent cover shows that they are being constructed
in a few places.

Attack can be by HE bombs or rockets. The object
of attack must be to spill contents and start fires. For
this, direct hits are necessary since near misses, unless
very near, only create fragment holes, which are rela-
tively easily repaired. Fire is the major cause of damage
and is started by the HE weapons which rupture the
tanks and pipes containing inflammable liquids.

Underground storage can be located on photo cover
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but is sometimes difficult to identify during attack. This
fact, combined with the normal resistance of the target
and the unlikelihood of getting fire-spread between
storage units and makes underground storage a much
less vulnerable target than surface storage. However,

it is apparent that the Japanese are now putting a
considerable portion of their oil stores underground;
consequently, any serious attack on Japanese petro-
leum must involve the attack of underground storage.

TABLE 7
Weapon Selection
Type of Recommended
Target Attack Weapons Fuzing Remarks
Oil Storage
Surface Storage Tanks | Med. or High 100# GP 0.025/0.025
Dive 100# GP or 0.025/0.025
larger
Low HE Rockets Inst
Underground Storage Med. or High 500+ or Larger Bomb to be capable of perforating roof cover. See Table 3,
GP or SAP 0.1/0.1 Part V of Mil. Stores—Oil
Synthetic Qil Plants Med. or High 500# GP 0.025/0.025
Dive 500# GP 0.025/0.025
Shale Oil Plants Med. or High 500# GP 0.025/0.025
Dive 500# GP 0.025/0.025
Refineries Med. or High 500# GP Inst/ND For refineries without blast walls in which building density
is less than 30%.
Med. or High 250# GP 0.01/0.01 For refineries protected by blast walls or in which building
density is more than 30%.
Med. or High 2504# GP 0.025/0.025 For refineries that are shut down prior to attack and with
lines drained of oil products.
Dive 500# GP Same as for
Med. or High
Level

C. SYNTHETIC AND SHALE OIL PLANTS
1. Target Characteristics

a. Synthetic plants are either high pressure (Bergius
or hydrogenation process) or low pressure (Fischer-
Tropsch process). The early stages of both processes
are similar, consisting of the production and purification
of gases. Following these stages in the low pressure
plant are contact ovens, in which reactions between

the gases take place. In low pressure plants the essen-
tial installations are:

1. Gas Generators
2. Gas Purifiers
3. Contact Ovens

4. Equipment for handling and processing gases,
coal and oil

The contact ovens operate on a unit basis, and since
there is a large number of ovens in a typical plant
the loss of output resulting from damage is only pro-
portional to the number of units damaged. They do not
offer the same bottleneck to production that is offered
by the gas generating and purifying equipment.

b. The final stage in the high pressure plant contains
the hydrogenation stalls in which the combination of
gas with coal takes place under pressure of the order
of 3750 Ib/sq in. or higher. The essential installations
in high pressure plants are:

1. Gas Generators
2. Gas Purifiers
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3. Hydrogenation Stalls

4. Equipment for handling and processing gases,
coal, and oil

The hydrogenation stalls and the equipment associated
with this stage in the process are designed to resist the
high working pressures employed and are, conse-
quently, very hard to damage.

The gas generators and purifiers are more vulner-
able and are as vital to production as the same equip-
ment in low pressure plants.

c. The essential part of a shale oil plant is the
battery of retorts in which oil is extracted from oil
bearing rock. Since these operate on a unit basis the
loss of oil output achieved by damaging retorts is pro-
portional to the number of units out of action.

In addition to the essential installations that are
discussed above, all plants have a large amount of
auxiliary equipment whose destruction adds consider-
ably to the effectiveness of an attack. There may be
mentioned, for example, storage tanks offering a useful
fire hazard, fire fighting devices, boilers and heating
and power plants, shops for production and repair of
equipment, etc.

Many of the important installation of synthetic plants
are housed in small, light, steel-frame structures cover-
ing from 15 to 209, of the plant area. These structures
are not important in themselves, nor are they heavy
enough to furnish debris capable of inflicting serious
damage on the essential equipment inside.
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2. Weapon Selection

Weapons are selected for maximum damage to
essential installations. The 500 |b. GP bomb is con-
sidered the best weapon. Most installations are too
resistant to be damaged by a 250 Ib. GP except by
a direct hit. On the other hand, the greater individual
effectiveness of the 1000 Ib. GP is more than com-
pensated by the smaller number that can be carried.
On this account it is also less effective in starting fires.

Since most installations are either within buildings or
are of considerable height a fuzing of 0.025/0.025
is preferred.

The MAE (Mean Area of Effectiveness) of the 500 Ib.
GP bomb against typical essential installations (except-
ing the more resistant parts of high pressure plants)
is approximately 10,000 sq. ft./ton. This is the area of
plant requiring replacement or extensive repair. The
250 Ib. GP and 1000 Ib. GP will be somewhat less
effective, having MAE's of about 8000 sq. ft./ton.

The recommended ground densities of bombs which,
on the average, will produce various levels of destruc-
tion to synthetic and shale oil plants are given inTable 2.
Fire damage is not included.

TABLE 8

Recommended Ground Densities
(tons per 1,000,000 sq. ft.)
for Attack of Synthetic and Shale Oil Plants

Expected fraction of damage F*

Bomb F = .30 F=.50 F=.70
500 Ib. GP 33 70 120
250 and 1000 |

Ib. GP 45 Q0 150

W

*Calculated from
D = 1,000,000 loge 1

M I —F
where D = density (tons/ 1,000,000 sq. ft.)
M = MAE of bomb (sg. ft./ton)

3. Force Requirements
a. High level attack

Force requirements are determined by the usual

methods based upon operational factors and aiming
accuracy.”

b. Dive bombing

The primary objectives are suitable targets for dive
bombing attacks. Ground densities required are the
same as for high level attack. However, the target area
is smaller so that a smaller weight of attack will be re-
quired. Force requirements are determined by the usual

methods based upon operational factors and bombing
accuracy.”

D. OIL REFINERIES
1. Target Characteristics

Refineries contain a great many large and small
steel vessels and an intricate system of piping. A char-
acteristic feature is the absence of housing for many
of the principal installations. Light, steel framed struc-
tures are used mainly to house pipe furnaces, com-
pressor and pumping equipment, boilers and similar

* See JTG M-8 for a discussion of these methods.
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installations. The typical refinery consists of a number
of separate units which progressively remove the de-
sired factions from the crude oil. These units are usually
compact and occupy only a small part of the entire
plant area. The remainder is mostly occupied by tanks
and incidental buildings.

The processing equipment of a refinery is of primary
importance; this consists of the distillation and cracking
units whose critical installations are shell stills, pipe
stills, and fractionating and other columns. Most oper-
ating pressures are atmospheric or moderate so that
equipment is not particularly heavy. Because of the
nature of the process, it is unlikely that production will
be stopped completely for long periods unless much
essential equipment is destroyed. Refineries have a high
degree of resilience and production can frequently be
resumed by by-passing damaged equipment.

2. Weapon Selection

Maximum plant destruction is caused by fire. GP
bombs have proven effective in disrupting vessels and
piping, and igniting the spilled contents by both direct
hits and near misses. Owing to the small proportion of
the total target area covered by vital installations, how-
ever, it appears from available evidence* that bombs
should be fuzed for maximum near-miss effect, rather
than for penetration and consequent maximum destruc-
tion by direct hits. The opposite view has however also
been put forward.** Where a high proportion of the
total target area is covered by storage tanks, as will
often be the case, delay fuzed weapons will cause
more overall damage.

For near-miss effect, the recommended weapon is
the 500 Ib. GP bomb, fuzed inst/ND since it has a
greater effective area per unit weight than the 250 |b.
GP bomb. The still greater effective area of the 1000 Ib.
or larger bomb is not sufficient to offset the smaller
number of direct hits. The 500 |b. GP bomb is most
effective against unprotected refineries where building
density is less than 309,. Where building density ex-
ceeds 30°, or where blast walls are used, the 250 Ib.
GP bomb, fuzed 0.01/0.01, is preferred. This fuzing
is a compromise between the instantaneous fuzing re-
quired for maximum near miss damage and 0.025 sec.
for maximum direct hit damage. If plane loading char-
acteristics are such that the ratio of the number of
250 |b. to 500 Ib. bombs that can be carried is less
than 3:2, the relative efficiency of the 250 Ib. bomb is
decreased and the 500 Ib. GP bomb, fuzed 0.01/0.01,
should be used instead of the 250 I.b GP. Where over
509, of the target area is occupied by storage tanks,
it is recommended that weapon and fuze be selected
for damage to the latter.

The recommendations above are intended to achieve
maximum fire damage. Experience has shown that fire
risk is lessened when a plant is not operating and the
vessels and pipe lines are drained at the time of attack.
Weapons are then best selected for maximum direct hit
damage, and the 250 Ib. GP bomb, fuzed 0.025/0.025

is recommended for refineries that are not in operation
when attacked.

*AAF Evaluation Board—Oil Refineries—Ploesti—1 February 1945

**Bomb Damage Study, Leghorn OQil Refineries: Ordnance Officer
Twelfth Air Force
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Because experience has shown that the GP bombs
are effective in releasing and igniting the inflammable
contents, incendiary attack is not recommended.

The effectiveness of the 250 Ib. and 500 Ib. GP
bombs are compared in Table 4. This comparison is
based upon the observed radii at which there exists
509, probability that the installations will be ruptured
and fires started. They are not the true mean effective
areas of destruction since fire damage is not included.

TABLE 9

Weapon Effectiveness for Refineries

Bomb Effective Radius

Effect. Area per Ton*

500 Ib. GP 35 ft.
250 Ib. GP 20 ft.

15,000 sq. ft.
10,000 sq. ft.

*Based upon actual weights of bombs, TNT loaded.

The range of ground densities (in tons per million
sq. ft. of target area) to achieve a 509, probability
that a desired fraction of the plant be destroyed is
given in Table 10.

TABLE 10

Ground Densities (tons per 1,000,000 sq. ft.)
for Attack of Refineries

Fraction of Plant F*

Bomb . F=.50 F=.70

500 Ib. GP A5 | 80
250 |b. GP 70 120

*Computed by the formula used for Table 2.

Very considerable success has been achieved by
the RAF in certain attacks of German refineries. These
were characterized by (a) very heavy weights of attack
and (b) the employment of about 1/3 (total weight)
of 4000 Ib. HC (light case) bombs. Since these attacks
have not been thoroughly analyzed it is impossible, at

present, to determine the relative effectiveness of large
blast bombs.

3. Production Loss

Production loss is the best means of establishing
effectiveness of weapons and required ground densities.
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This can be estimated by using the accumulated infor-
mation obtained from the attacks of the Ploesti re-
fineries.*

An approximate formula for the effectiveness of the
500 Ib. GP bomb is:

L—6T

where
L—effective loss in days of normal output
T—tons of bombs per million sq. ft. of target area

This formula is applicable to refineries that are sub-
jected to repeated attacks, provided that sufficient time
occurs between raids for repairs to be completed, and
plant operation is near capacity.

An estimate of the level of damage to be aimed at
can be made by relating the weight of attack for given
levels of damage in Table 10 to the above formula.
Production loss in days for each level of damage is
given in Table 11.

TABLE 11

Production Loss in Refineries

Fraction of Damage Production Loss in Days

.30 150
.50 300
70 500

4. Force Requirements
a. High Level Attacks

To obtain force requirements necessary to achieve
ground densities given in Table 10, the usual methods,

based upon operational factors and aiming accuracy,
must be followed.*

b. Dive Bombing

Although ground densities for dive bombing attacks
are the same as for high level attacks, the primary
targets can be attacked individually by dive bombers,
resulting in a reduction in total weight of bombs re-

quired. Force requirements are calculated by the usual
methods.*

*British Bombing Research Mission ‘‘Report on the Bombing of
Ploesti’’

* See JTG M-8 for a discussion of these methods.
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Japanese Synthetic and Shale Oil Plants, Inner Zone, 1 July 1945

|

TABLE 12-A

SECRET

Percent

Estimated of Inner
Type of Annual Zone

Target No. Name Place Facility Capacity ! Capacity
84:1-125 Agochi Coal Liquefaction Plant Agochi, Korea Hy.2 350,000 4.6
84:1-126 Korean Coal Industry Co. Eian, Korea LL.C. 70,000 1.0
90:1-962 Synthetic Oil Plant, Naihoro Naihoro, Karafuto L L2 105,000 1.4
90:1-2039 Naibuchi Synthetic Qil Plant Naibuchi, Karafuto LT.C.2 210,000 2.8
90:2-1049 Kushiro Synthetic Qil Plant Kushiro, Hokkaido F.-T.2 200,000 2.8
90:2-1050 Takikawa Synthetic Oil Plant Takikawa, Hokkaido F.-T.2 350,000 4.6
90:2-1561 Hokkaido Synthetic Qil Co. Rumoi, Hokkaido F.-T.2 350,000 4.6
90:3-988 Mitsubishi Coal Liquefaction Plant W anishi-Muroran, Hokkaido LT.C.2 70,000 1.0
90:20-456 Toho Gas Works Synthetic Oil Plant Nagoya, Honshu L.T.C. + Hy. 210,000 2.8
90:20-1684 | Utsube River Oil Refinery Yokkaichi, Honshu Hy. 385,000 5.0
90:25-1203 | Nippon Qil Refinery and Tank Farm Amagasaki, Honshu F.-T. 280,000 3.6
90:30-2121 | Otake Oil Refinery Otake, Honshu Hy.2 105,000 1.4
90:32-674 Tokuyama Synthetic QOil Plant Tokuyama, Honshu Hy.2 130,000 1.7
90:32-1841 | Ube Coal Liquefaction Co. Ube, Honshu L.T.C. 4+ Hy. 280,000 3.6
90:34-1123 | Nissan Liquid Fuel Co. W akamatsu, Kyushu LT.C?2 70,000 1.0
90:35-1262 | Mitsui Coal Liquefaction Plant Omuta, Kyushu F.-T. 280,000 3.6
93:2-58 Kirin Artificial Oil Co. Kirin, Manchuria Hy.2 350,000 4.6
93:3-40 SMR Shale Oil Plant Fushun, Manchuria Shale QOil Plant 2,000,000 26.3
93:3-41 SMR Coal Liquefaction Plant Fushun, Manchuria L.T.C. + Hy. 280,000 3.6
93:3-43 Manchuria Coal Liquefaction Co. Ssupingkai, Manchuria L.T.C. + Hy. 140,000 1.8
93:3-175 Manchuria Synthetic Fuel Co. Chinchow, Manchuria F.-T. 245,000 3.3
93:3-202 East Fushun Shale Qil Plant Fushun, Manchuria Shale Oil Plant 1,000,000 13.1
93:3-203 Chin-Hsi Oil Plant Chin-Hsi, Manchuria L.T.C. 4+ Hy. 140,000 1.8
Total 7,600,000 100.0

' In barrels, 42 U, S. gallons.

(193)

SECRET

no. 13,921




CONFIDENTIAL

TABLE 12-B
Crude Oil Refineries in Japanese Inner Zone, 1 July 1945, annual capacities in thousands of barrels
Lube Oil
Refin- | Crack- Iso- Capacity
ing ing Octane
Ca- Ca- Ca- High Ordi-
Target No. Name of Refinery Location Region pacity | pacity | pacity | Grade | nary
90:3-1027 Nippon Oil Refinery, Karugawa Karugawa Hokkaido 132
90:6-1066 Nippon Oil Co. Refinery Tsuchizaki No. Honshu 1320 330
90:6-1067 Funakawa Oil Refinery Funakawa 165 65
90:6- Morohashi Futada 17 7
90:6- Niitsu Sekiyuv (Marushin) Hirazawa 65 65
90:6- Ganshin Sekiyv Hirazawa 53 20
90:6- Asahi Petroleum Co. Akita 17 7
90:6- Nagai Morhashi Okubo 17 7
90:9- Kato Seiyusho Shimo Gusa Futsu 33 13
90:9- Suzuki Seiyusho Unknown 50 20
90:9- Wasyo Seiyusho Kita Nakajima 33 13
90:9- Kobayashi Fukuro-machi 17 7
90:9-1000 | *Nippon Oil Co. Niigata 1000 330 155
90:9- | Hayama Oil Co. Niigata 66 | 7 25
90:9- Asata Niigata area 33 13
90:9- Yamaguchi Niigata-ken )
90:9- Wada Refinery Niigata-ken 50 20
90:9- Maruzen Qil Co. Niigata-ken 40 16
90:9- Niitsu Tsuneyashi Niigata area 50 20
| 90:9- Hara Niigata area 17 7
90:9- Suzuki Refinery Niigata-ken 3
90:9- Saito Niigata area 33 13
90:9- Tarkyo Niigata 66
90:9- Seiji Niitsu area 33 13
90:9- Tatsuji Otaiv Niitsu area 17 7
90:9- Marushin Sekiyu (Niitsu) Niitsu area 825 330 7 S0
90:9- Kato Seiyusho Niitsu area 33 7
90:9- Ishizaki Seiyusho Niitsu area 50 20
90:9- Maruzen Sekiyu Niitsu area 40 16
90:9-1649 | *Nippon Oil Refinery, Kashiwazaki Kashiwazaki 1320 495 70
90:9- Niitsu Tsuneyashi Nishinakadori 166 25
Sub Total No. Honshu 5635 | 1485 7 701
90:17-360 Edogawa Petroleum Storage Tokyo Cent. Honshu 85 35
90-17-911 Ogura QOil Co. Tokyo 1155 660 70
90:17-21351 Joto Oil Refinery of Asahi Sekiyu Co. Tokyo 165
90:17-116 | *Mitsubishi Oil Refinery Kawasaki 2850 | 1000 36 70 70
90:17-127 | *Hayama Petroleum Refinery! Kawasaki 1320 | 1000 15 165 85
90:17-128 *Petroleum Center Kawasaki 2000 400 18 70 100
90:17-87 *Qgura Oil Co. Yokohama 3300 | 1160 24 310
90:17-90 Oriental Oil Co. Yokohama 66
90:18-2150 Shimizu Qil Refinery* Shimizu 1650 660 18 70
90:20- Uchida Nagoya 43 17
90:20-1684 | *Utsube River Oil Refinery? ° Yokkaichi 6600 1650 ? 70 70
90:25-1764 | *Marvzen Oil Refinery Shimotsu 1000 ? 7 165 330
90:25-2252 | *Toa Oil Co., Shimotsu Refinery Shimotsu 1000 ? 7 70 85
90:25- Osaka Sekiyu Funa-machi 165
90:25- Osaka Koyu (Yoshida?) Funamatsu, Osaka 85
90:25-257 Maruzen Qil Refinery and Toyo Qil Refinery | Osaka 561 220
90:25- Niitsu (Showa?) Sekiyo Nakadori, Osaka 231 335
90:25-1203 | *Nippon Oil Refinery and Tank Farm Amagasaki 1650 500 70 85
Sub Total Cent. Honshu | 23841 7030 125 680 1667
90:29-2247 | *Mitsuhama Oil Refinery® Mitsuhama Shikoku
90:30-2121 | *Otake Oil Refinery? Otake S. Honshu 3300 1000 36 165
90:32-670 Japan Paraffin Mfg. Co.” Kudamatsu 400 70
90:32-672 *Nippon Oil Co., Kudamatsu Plant Kudamatsu 2500 660 85
90:32-673 | *Tokuyama Naval Fueling Station® Tokuyama 3300 | 1150 20 165
90:34-40 Asahi QOil Refinery Hikoshima 165
Sub Total S.W. Japan 9665 2810 56 70 415
84:4-88 *Chosen Oil Refinery Genzan Korea 1650 425 5 150 85
84:7-215 Makino Island Refinery and OQil Storage Fusan Korea 65
93:5-1 *Manchuria Petroleum Co. Kanseishi Manchuria 1650 660 100 165
83:1-125 Maruzen Oil Installation Shanghai China
Sub Total Continent 3365 1085 S 250 250
Grand Total, Inner Zone 42506 | 12410 193 1000 3033

M—_ﬂ

*Bold face type indicates targets on the A list, End Prdt. Ind., Petroleum.
' May have small hydrogenation plant, see Table
2 Has hydrogenation plant. See Table

. . for capacity.

3 Hydrogenation plant adjoins this target.
4 Believed owned by Toa Oil Co.

5 Second Naval Fuel Depot.

¢ Under construction.

7 Reported shale oil plant.
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. . for capacity.
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I. CURRENT DEVELOPMENTS

A. REQUIREMENTS AND SUPPLY

There have been no material recent changes in
either the requirements or supply situations with respect
to Japanese military ammunition and explosives.!

B. CHARACTERISTICS OF THE INDUSTRY
1. Extent and Location

To date 47 important ammunition and/or explosive
storage areas, many of which are incidental to explo-
sive manufacturing or ammunition loading establish-
ments, have been definitely located and assigned
target numbers. Fifteen to 20 additional small am-
munition or explosive storage areas have been ob-
served but disregarded as having only slight potential
target value. Of the 47 storage targets 30 are located
on Honshu, 6 on Kyushu, and 11 on the Asiatic con-
tinent.

Only 15 of these 47 targets are purely storage areas.
Seventeen targets are primarily manufacturing plants
producing military explosive materials, but including
also incidental storage facilities which contain explo-
sives and may possibly in some cases also contain
finished ammunition. An additional 15 targets are
primarily shell, bomb, or component loading establish-
ments with incidental storage of considerable size.
Characteristically, nearly every explosive manufactur-
ing or loading establishment either includes, or has
affiliated with it, a certain amount of either stored
ammunition or explosive material.

The apparent geographic pattern of stored ammu-
nition and explosives in Japanese territory is as follows:

a. One group of 30 storage areas is scattered along
the E Honshu coast in a belt extending SW from N of
Tokyo to Hiroshima, with concentrations in and near
the cities of Tokyo, Nagoya, and Osaka.

b. A second group of 6 storage areas is dispersed
along the E and W coasts of Kyushu near the cities of
Nobeoka, Omuta, Oita, and Sasebo.

c. A third group of 11 continental storage areas may
be found near the cities of Mukden, Fushun, Kirin, and
Chinchow in Manchuria, and Konan and Heijo in Korea.

The above described geographical pattern may not
be truly representative of all Japanese ammunition-
explosive storage areas. The observed pattern is ex-
plained largely by the fact that aerial photography
available for inspection follows the same geographic
pattern. All air cover available through March 19435
was inspected, but by this date only a small part of
the total area of Japan had been covered by aerial
reconnaissance.

1 Ammunition, as used in this paper, includes bombs, grenades,
and rockets as well as shells.

(193)

2. Size and Integration with Manufacturing
Plants

Ammunition and explosive storage areas checked
to date vary considerably in size. A large area is de-
fined as one which contains more than 45 medium to
large size revetted or dispersed buildings. A medium
area is defined as one which contains between 25
and 45 medium or large size revetted or dispersed
buildings. A small area is one containing less than 25
revetted or dispersed buildings of medium to large
proportions.

On this basis, 23 of the 47 major ammunition or
explosive storage areas are large size; 13 are medium,
while 11 classify as small.

A cross classification of these storage areas, by
extent of storage facilities and principal purpose of
each installation, is given in Table .

TABLE |

Japanese Ammunition Storage Areas, By Size and
Maijor Function

Size
Major Function . Total | Large |Medium| Small
Storage Japan 10 3 3 4
Continent 5 | 2 2 1
Explosive Mfg. | Japan 13 | 10a| 2 1
Continent | 4 2b 2
Loading Japan 13 6 4 3
! Continent 2 | lc 1
I Totals Japan 36 19 9 8
Continent 11 4 3 2
GRAND TOTALS 47 23 14 | 10

a—Including 3 not certain (Inadequate air cover)
b—Including 1 not certain (Inadequate air cover)
c—Not certain (Inadequate air cover)

C. EFFECTS OF AIR ATTACK TO DATE

To date no large attacks on ammunition or explosive
storage areas either in Japan proper or on the conti-
nent N of Shanghai have been made. Very slight dam-
age to a few storage areas has been caused by bombs
aimed at aircraft and urban area targets.

D. CURRENT PRINCIPAL TARGETS

The major known storage areas are listed in Table
Il. The relative potential importance of each area for
air attack will obviously depend not only on its char-
acter and size, as shown in this table, but also upon
the geographic relationship between each potential
storage target and the scene of impending military
operations.

e ———_—
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Il. RELATION TO MILITARY STRENGTH

A. REQUIREMENTS

Japan'’s requirements for ammunition and explosives
will obviously depend on the future character of the
war. This is uncertain, but the probable general order
of magnitude of ammunition requirements may be cal-
culated by making reasonable postulates as to future
strength and dispositions of the Japanese military
forces, and by drawing inferences therefrom.

The Japanese may feel able to defend their home
islands with as few as 30 divisions. In active defensive
operations, these divisions might, on the average, ex-
pend 1 unit of fire per month. (Two units of fire per
month constitute a ‘‘division-month’ of ammunition
supply — sufficient for the heaviest type of combat.)
Under these assumptions, the average ammunition con-
sumption by the entire Japanese ground force defend-
ing the home islands might be about 15 division-months
per month. Under such conditions of active defensive
operations, Japan would require in the home islands
about 180 division-months supply of ammunition, i.e.
360 units of fire or 1,800,000 tons of intermediate
steel, derived either from stocks or new production,
in order to sustain combat for a year.

Requirements for continental defense can be calcu-
lated in a similar manner. If Japan can maintain a
potential front-line force of 20 divisions in Manchuriaq,
the requirements for one year’s resistance will be 120
division-months of ammunition, i.e., 240 units of fire
or 1,200,000 tons of intermediate steel.

B. SUPPLY

It is currently estimated that the Japanese have, both
in Japan proper and on the continental portion of the
Inner Zone, i.e. in North China, Manchuria, and Korea,
about 175 division-months’ supply of ammunition. This
supply, if maintained intact, e.g. not lost to Allied air
action, and fully utilized, i.e. fired rather than cap-
tured intact by Allied ground action or not brought to
the front because of collapse of the transportation sys-
tem, should prove adequate, when supplemented by
new production at a rate of about 5 division-months
per month, to sustain resistance for more than a year

(193)

in the home islands alone or for 1 year in the home
islands plus an additional 3 months on the mainland.

C. MILITARY EFFECTS OF ATTACK ON SUPPLY

Since Japan is believed presently to be producing
no more than 5 division-months' supply of ammunition
per month, it is clear that under the assumption that
decisive land combat is not too long delayed existing
ammunition stocks weigh much more heavily than pos-
sible future ammunition production in determining the
possible length of Japanese resistance to Allied ground
action. A steady drain on ammunition supplies, equal
monthly either to a substantial part of current produc-
tion, or to a small portion of stored reserves will be
steadily required for training. If these non-combat re-
quirements are regarded as deducted from potential
production, it is likely that only 3 to 4 division-months’
supplies per month, or 36 to 48 division-months in a
year, can be added to stored reserves, even in the
absence of any land combat. If training requirements
are viewed as deductible from stocks, a view which
accords more closely with actual practice, stocks still
contribute more to Japanese potential reserve ammu-
nition strength a year hence than does production in

the same interval. This may be illustrated by the fol-
lowing calculations:

POTENTIAL JAPANESE RESERVE AMMUNITION STRENGTH,
1 YEAR HENCE

(in division-months of supply)
Present ammunition reserve strength

Add: Production for 1 yr. at 5 div. mo. per mo.
Less: Requirements for training for 1 yr.........
Equals: Potential strength 1 yr. hence assuming no

ground fighting in interim.................. 211-223 div. mo.

175 div. mo.
60 div. mo.
12-24 div. mo.

Production contributes only a little more than 1/
to this potential future strength; nearly 3/ of the total
originates in stocks already existing.

It may thus be concluded that air attack against
ammunition stocks which succeeded in destroying be-
tween 50% and 70°% of these reserves, might reduce
the possible length and severity of Japanese resistance

by almost an equivalent proportion of the total period
of resistance.

SECRET
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lll. CHARACTERISTICS OF AMMUNITION AND EXPLOSIVE STORAGE

A. LOCATION OF INSTALLATIONS

Ammunition storage is widely dispersed throughout
Japan proper and the continent. Conclusive statements
on the exact geographical pattern are not possible
pending more complete photo coverage. It is now esti-
mated that of the total Japanese reserve supplies of
ammunition, estimated at 175 division-months, at least
50 division-months, or nearly 30%, are stored on the
continent.

B. CONCENTRATION

It is believed that 80°% of the Japanese Empire
reserve supplies of ammunition are now contained in
no more than 100 storage areas, about 30 of which
are presumably on the continent. The 50 largest stor-

(193)

age areas probably contain a fairly high proportion
of the total reserve stocks, perhaps as much as 70%.

C. EXPOSURE TO URBAN AREA ATTACK

All the large ammunition and/or explosive storage
areas are outside urban areas. A few small to medium
storage areas may be found in urban locations such
as near the old established arsenals in NW Tokyo.

D. INTEGRATION OF STORAGE AND
MANUFACTURING
Storage of munitions in Japan is closely associated
with explosive manufacturing and shell loading. Prob-
ably no more than /3 of all storage areas are entirely
separate from manufacturing activity.

SECRET ne. 15,051
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IV. PHYSICAL VULNERABILITY AND WEAPON RECOMMENDATIONS

A. PHYSICAL CHARACTERISTICS OF
STORAGE AREAS '

Ammunition falls into two classes, fixed, in which
the projectile is attached to the propellant cartridge,
and separate loading. The first normally includes all
sizes smaller than 155 mm. In Japanese practice both
types are stored in combustible containers, of wood
for large calibers or of cardboard for the smaller.

Central ammunition stores in Japan consist of stor-
age areas made up of collections of storage units.
The storage units appear to be well standardized. Each
unit consists of a light wood or steel framed shed with
average dimensions about 40 feet x 90 feet (maximum
observed 70 feet x 140 feet) with a light roof to pro-
tect the stores. These sheds may be well dispersed for
protection, or may be surrounded by earth embank-
ments about 120 feet x 180 feet on average. In the
dispersed installations (seldom found in Japan proper
but common on the continent) the degree of builtup-
ness is of the order of 1/, %. The density in the in-
stallations with earth embankments (typical of Japan
proper) is of the order of 8%. (These comprise nearly
1/ of dall installations examined.)

The highly built up installations vary in size. A small
one contains less than 25 units (average about 15),
a medium one contains from 25 to 45 units, while a
large installation has more than 45 (average about 70).

B. PHYSICAL VULNERABILITY

Ammunition stores (not including bombs) are vul-
nerable to incendiary, to HE, and to strafing attack.
The HE contained in projectiles is not particularly easy
to initiate. The propellant, however, will burn readily
and is comparatively easy to ignite. This will result in
complete loss of stores. This, with the combustible na-
ture of the packing make ammunition a good incen-
diary target. (This does not apply to bomb stores,
whose susceptibility to fire is very small.)

Since no operational evidence is at hand as to the
number of small IB's required to start a self supporting
fire in a storage unit (3500 sq. feet) it is assumed that
eight M50 IB or an equal weight of M69 IB are needed.
This assumption is believed to be conservative. On this
basis, it is possible to determine the densities re-

quired for various proportions of total number of units
destroyed.

(193)
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Ammunition is also vulnerable to strafing and to
attack by small HE bombs (20-lb F and 100-Ib GP).
Strafing is considered too hazardous to the attacker
to be recommended, except against isolated ammuni-
tion dumps. HE attack is fairly effective, even when
only a part of a unit is destroyed, since the remaining
material is likely to be injured somewhat, and in any
event will have to be separated from the remnants of
that destroyed—a very difficult and hazardous occu-
pation. Both the 20-lb F and the 100-lb GP can be
used against ammunition stores (the latter is also effec-
tive against bomb stores). The 20-Ib F is not recom-
mended against stores under roofs. An analysis of tests
made by the Ordnance Officer, 12th AF! indicates that
the effective area of the 20-lb F against stored am-
munition is about 300 sq. feet and of the 100-lb GP
about 1500-2000 sq. feet. From these figures it ap-
pears that one 100-Ib GP or five 20-Ib F per storage
unit is required for effective attack. From this, it ap-
pears that HE attack will require from two to three times
the weight of IB attack for equal effect.

1 1st and 2nd Reports, Ord. Off. HQ 12 AF “‘Tests of American

Bombs Against German Ammunition Dumps,” 15 June and 5 Aug
1944 (Conf.).

C. WEAPON RECOMMENDATIONS AND
WEIGHT OF ATTACK

Weapons recommended are the following:
(1) AN-M50 4-Ib IB
(2) AN-M69 6-1b IB
(3) 100-lb GP fuzed 0.01/ND

(4) 20-lb F (not recommended against covered
stores)

Densities needed are given in Table | for various

expected proportions of the total number of units de-
stroyed.

TABLE Il

Ground Density (Tons/1,000,000 sq ft) for 30, 50, and 70%
Expected Destruction of Storage Units

Weapon

M50-47#1B or M69-6#IB
100#GP or 20#F

N
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Target

90:20-196

90:17-201

90:17-203

90:17-205

90:1/7-899

90:20-1138
90:23-1169
90:21-1224
90:27-1281
90:33-1311
90:33-1312
90:17-1336
90:21-1653
90:20-1691
90:25-1723
?0:30-1891
90:17-2042
90:13-2043
90:17-2087
90:13-2088
90:17-2089
90:21-2090
90:25-2091
90:17-2092
90:35-2093
90:35-2094
90:17-2095
90:25-2199
90:30-2226
90:30-2227
90:30-2228
90:30-2229
90:17-2230
90:36-2231
90:27-2232
90:27-2233

SECRET

 §

84:2
93:3
84:3
84:6
93:3
93:3
93:3
93:3
93:3
93:2
93:3

-2
-46
-61
-213
-369
-370
-371
-372
-373
-374
-379

First Letter

L—Large—over 45 revetted or dispersed buildings
M—Medium—25-45 revetted or dispersed buildings
S—Small—under 25 revetted or dispersed buildings

Second Letter
S—Storage Area
E—Explosive Mfgr.
L—Loading Plant
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.
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MILITARY STORES
MUNITIONS
Primary
Name of Target Function
JAPAN
Chigusa Factory, Magoya Arsenls i seesessoses e s e eavanals o mene o o me o e s sy e ML(SS)
Ordnance Storehouse—Ammunition (TOkYO). . ccveeeeeevnacsssasassssccccscscccsscsns MS(ML)
Ordnarice Sopply Depol (Tekya) « 5o 5 550 sunsrisns o senbnssss snasesssboissisdepsssh LS?
Army Arsenal & Military Gunpowder Works (Tokyo). . . cevieriiiiiiiininnienennennan LL(MS)
Japan Military Goods Co., Tomioka Plant. csessssscvesssasosssanissnessnssiessssn e LL(SS)
Nippon Explosives Works (TaKetoyo) s« camsws s ase s s wness s ninsssesnais yesasiness LE(SS)
LI Powder FOolory s o sasen s oas s aa smss st oos sabe s o ne 6 s aee s s enh s ams oeadd s LE(MS)
Tayohashi Army Base & Arsentl. .cosvsnsnsvssvesninnissensoninsssessssssssssaasin SS(SL)
Dal Nibpon Cellulaid Co. [ABOSIT .« o 4455 as n bimas s s s bnmale 5s a5 owmanssss @ Saeeds e w s SE(SS)
Nobeoka Plant of Nippon Nitrogen Explosives Co. .. cvtiiiiiiiiieinneennnnnnnnanness LE(MS)
Raikan Plant of Nippon Nitrogen Explosives Co. ..o iiiiiiiiiniiiiiinniinnnireeeneens ML(SS)
Navy Arsencl THIROTsuRa)« s s o0 saennssus s vrs diess Some ey s es S s asd was®rens e LE(MS)
Teyolawa Neaval APSSIls « ¢ « « sus v e omsmi 2wt n b bsss Gans 65 s S8R REE a5 20 5B EF 50 E 5 LL(MS)
Takaki Factory, Nagoya Arsenal. . c s ceeeesecssesscssssssssssssssssscccsssssonness SL
Hirakata Factory, Osaka Army Arsenal.....ccoeieeeeeeiieceencecessccsssossnsansans LL
Japan Steel Co., Hiroshima Plant. c csveceessssssnsosesscssosssssssecsssccsssssssns ML
Japan Steel €o,, YOkoRame PIant s cesess o samnesas st seaosisnsaasn s ssnasaessny o SL(SS)
eahant: Factary, Tokyo APSEntles vess o ésvas s oo u s e bne v wg ossess s eaes s s nns LE(MS)
Kami-Seya Munitions StOTage . seossssawame s b s oasnm sesabn 65 dens bames oo ises on i LS
Fukaya Branch of Tokyo No. 2 Arsenal. . ....cciieveeeernrenrsereosocsocaccossoncanans LE(MS)
Tama Bronch of Tokyo MO, 2 ArSenitileses s s s s v sssesias e s ssianssbas e st sn v ssssssss LE(MS)
Wail MUntions SIOTagE. « scisssannsss bssmrssas ve smsd@ebEens sss e ssss seesenomesss MS
Keilkottrwe Munilions SIBRtE6< s« r s su s i s ko c056 6 BaBBI S5 FERE 055 » BAOKE EA SRS 30%5 58 SS(SL)
Sakanoichi Branch of Tokyo No. 2 Arsendl. . s casevsasivsssssnssssnsssonssiodssonsos LL(MS)
Eeist Omult Explosives Works .« v des & wie o aes s aes s e s@enn e s 5o gens soebedly s saans ME(SS)
Arao Branch of Tokyo No., 2 Arsentl: ciisicossssmar sassnsenns &8 mamses s veenssas LE(MS)
Kawagoe Branch of Tokyo No. T Arsentl. oo ssius sassevdninsssossssnesssonssebhissd LE2(MS?)
Hirekalo EXplosives WErKS. o v.ov cvs v dae s sann st vas n s @ oias aaaaos a5 essas s s wss w5 LE2(MS?)
Eta Island Munitions Sforage No, Tacscssesssashssssssisissnessnbosnsssensssseesys SS
Eta Island Munitions Storage Ared NO. 2.cccvesssssssssasssasssssasssassssensseinss SL2(SS?)
Yorii Munitions SIOFCG .« o5 s 55 via s o o iadn & 6% 5o 6 005 55 5088 005N E00 50 5 K000 500 54 MS
Saiio. Explosives Wotks: s v » s eess s 8 eapnae 5o ve st kadaauss s o os e@sbsfn e 508 e's @ ME(SS)
Haraniachidt EXBIosives WOTKS o cv s e soads ies # e bi 5 s e sad 0065 el s somi s onesaimn LL(MS)
Sasebo Munitions SIoPagB..sssm s ssminsss CoadRsisriisysat s issnsdisssdssiedis nbwn LS
Takahashi Munitions SIorage c.us s s es ss e s aasea e s s e e vmie s ew sy sds s hasss sins s 55
Tovolani Explosivas Wortks.s « ¢ cos samcaa i ss s o hamemoss 58 San b v ek agnas ey edss ML(SS)
CONTINENT
Chosen Nitrogen EXBIOsIVES FOClOY . « « s a0 smws 5 s @e s 666 a6 sae e sainm s s e baswmviee s d 5 LE(MS)
Mikelin ArSERil. o iviw a5 5m o 555 o8 058 Sam 5508 b 8458k 50w 550 08 6 Mo s s NS k5 MS
Helio Army Arsentl. « v o ndssans sses buesss wssas bns sesshssehioes vessdiae e sssia s SS
Eloh MOBons PIaRE: . 206 saae o oss e b emsn s o6 ik & e bibmae s a5 e ws o em ik s e SL(SS)
Morth Mikden Monitions SIOPQEE., « ves s 6 ve b e ss bdesssssen s s msmae s hapis v e LS
North MOBEEN ATSENET. o ov 650 a0bw ww s 5e b o s sty b ysas s e v ah s sms sems st don 5 ML2(SS?)
Fushun Explosives Plant No. J .o evausdein i ns vias sanenpysasss s s idaan s dmioms o6 et ME(SS)
Fushun Explosives Plant No. 2. . sevenssinsvonias soseisessessmssnssesssyssssseossss ME(SS)
Ssupiblal MUnifions SIOrage .« ssssssssssanssvisoss s sssssssnessnesdoisonsesey s MS
Kitin Munitons SIoT086. oo« i e s s sm i inse ervss LEnd sUpSiaRansLee padava i s nan i LE2(MS?2)
Chinchow Munitions SIOrage . csssvsss i esssosssmessessnssnsssvessssssnsesssees LS

( )—Secondary Function
2—Inadequate photographic coverage
to support a firm conclusion.
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Target

90:20-196

90:17-201

90:17-203

90:17-205

90:17-899

90:20-1138
90:23-1169
90:21-1224
90:27-1281
90:33-1311
90:33-1312
90:17-1336
90:21-1653
90:20-1691
90:25-1723
90:30-1891
90:17-2042
90:13-2043
90:17-2087
90:13-2088
90:17-2089
90:21-2090
90:25-2091
90:17-2092
90:35-2093
90:35-2094
90:17-2095
90:25-2199
90:30-2226
90:30-2227
90:30-2228
90:30-2229
90:17-2230
90:36-2231
90:27-2232
90:27-2233

84:2 -2

93:3 -46
84:3 -61

84:6 -213
93:3 -369
93:3 -370
93:3 -371
93:3 -372
93:3 -373
93:2 -374
93:3 -375

First Letter

MILITARY STORES
MUNITIONS

Primary
Name of Target Function
JAPAN
Chigusa Factory, Nagoya Arsenal. . ...oeueetiinuinneereeerrrennanneneeenesnnnnees ML(SS)
Ordnance Storehouse—Ammunition (TOKYO) e e v evverrereeriesnnarsrecaseacncennnees MS(ML)
Ordnance Supply Depot (Tokyo). .« « v vvvuneeereeetiinereireannnnnrcenneennnnes LS?
Army Arsenal & Military Gunpowder Works (TOKYO) e e e vevenenresacnnsecncnsasosanes LL(MS)
Japan Military Goods Co., Tomioka Plant. ...oveerieeiinnnnereneneeerenennenenes LL(SS)
Nippon Explosives Works (TAREIOVO): oo o5 5 s 4 s s a0 wad Bameibas s inarsbevomsvunsnes LE(SS)
Uit Powder Factorys..cuis sssnsevanb onsssessoyes basssossssasssvesninsnsinasass o LE(MS)
Toyohashi Army Base & Arsenal.....eveeueeiinranirencctooinnnnneenreonnnnnannens SS(SL)
Dai Nippon Celluloid Co. (Aboshi). . v vevevetiiiirininnnrreneeerensnnnnnnees SE(SS)
Nobeoka Plant of Nippon Nitrogen Explosives Co. . cvvevineierererirneceneercnnnens LE(MS)
Raikan Plant of Nippon Nitrogen Explosives Co. .. vvvrtiniineneitrtennannrenecenes ML(SS)
Navy Arsenal (Hiratsuka). . o o ooeevenaneeeeiiarrneeesneeeenttnnaannrensceoneees LE(MS)
Toyokawa Naval Arsenal. . .o.oeeeeeeeneeernarananreenurteennnaneencesnansronenes LL(MS)
Takaki Factory, Nagoya Arsenal. .. .oceeirieniinneenreecnnrennecrecnnnnennneenes SL
Hirakata Factory, Osaka Army Arsenal.....cciveiienerecennranerecnrenernneerenes LL
Japan Steel Co., Hiroshima Plant. . ccovieieeuneieiiiinerannennereennnrennnennees ML
Japan Steel Co., Yokohama Plant....ceeieiiiiniianerneretensonananrcceececnnnceses SL(SS)
Iwahana Factory, Tokyo Arsenal....eeeeeeeeeeetiasnaaaennestessnnaanscccenennnes LE(MS)
Kami-Seya Munitions Storage...eeeeeerereneeeesrccnsrasanenssrccneensenscsesses LS
Fukaya Branch of Tokyo No. 2 Arsenal. . coovvinuenneeiereeneannnenennnnneseceneces LE(MS)
Tama Branch of Tokyo No. 2 Arsenal..e.ceeereieiennnenrenencensrtnnacncecnenanens LE(MS)
Waii Munitions Storage...cececsctssesccsssssnscccsssocnanssscnnnnconncrcccsnees MS
Kakogawa Munitions STOrage. coveeeeeeeseeeeesnressssectanatannnesrcccessseeses SS(SL)
Sakanoichi Branch of Tokyo No. 2 Arsenal. ... vveeeeeeieeanneenccrennncescnnenes LL(MS)
East Omuta Explosives Works. . eeereeeeanarroeesseraaanascessssenonarcccsaennees ME(SS)
Arao Branch of Tokyo No. 2 Arsenal. .cceueeeeeiiieenaeananeseeanneacencnnneees LE(MS)
Kawagoe Branch of Tokyo No. 1 Arsenal. .. .oevinnieeeirtennnnnanneereernnnnneens LE2(MS?2)
Hirakata Explosives Works. « ccceeeeeeeressenoneannoacsacnssssssanansoonnneeenees LE2(MS?2)
Eta Island Munitions Storage No. 1. .. cciietieeenrnarrececcsenssrsonnannassnncones SS
Eta Island Munitions Storage Ared NO. 2. ..o eeeenseececsnsnsescectcosoansecansene SL2(SS?)
Yorii Munitions StOrage. « v eeeesssessaosessressssssscsssassssosanaseosssnncssses MS
Siio EXplosives WOrks. «ecveveeesronseesessoncannsssessssonaannrecsnccenncanescs ME(SS)
Haramachida Explosives Works. .« ceeeeesesasscsssresccsssesssssencssnscsnnccees LL(MS)
Sasebo Munitions SIOrage.csssessassssevssssnsssnssnvsnsasrsassssssesssasssrvons LS
Takahashi Munitions StOrage. cccceeessssccesssesssasescssssscscnsscsarscscsconnos SS
Toyotomi EXplosives Works. .. veueeeeeeriueennrnarenntersnnnaananrerennnnnnneses ML(SS)
CONTINENT

Chosen Nitrogen Explosives FOCtOry . oo ovveneriereineesecsctnnranenascenenneeees LE(MS)
Muledan ArSanal.c. oo s s vs G nis s vERbmeie e e s EeEns sEritey sies JEss i st s s ey MS
Helio Army Arsenals « éscsssvssnns s voiimensass s vossed s snnktnioph s os sioessns SS
Eilnho Munthons Plont « » s s veassss soibanddperios s s pntasphsssspsisessiaiantesses SL(SS)
North Mukden Munitions S1orage. . cceeereerencsresssecenssetsesaccsnnncsescnsees LS
Morth Mukden Arsan].ves's s ssssvess s mpsiartesss s Bemn s fasinssmnednesstaisives ML2(SS?)
Fushun Explosives Plant No. 1..eeeeereerneetttesrnnenassretctasnnnnnnccncnnnnnes ME(SS)
Fushun Explosives Plant No. 2. ..ccveeeranneeceesnnnnaasccanetetacaasessccrannnenes ME(SS)
Ssupinkai Munitions STOrage. v vveerererneerenreeeseetannaserrcensraanasensees MS
Kirin MUNitions SIOTAQE. cesssissssesssonsssshasssssosissnspissssedarnerssvssnan LE2(MS?)
Chinchow Munitions StOrage. « cceetveeesnsesassssessssasssssssssssansascsssosarees LS

L—Large—over 45 revetted or dispersed buildings
M—Medium—25-45 revetted or dispersed buildings
S—Small—under 25 revetted or dispersed buildings

Second Letter
S—Storage Area

E—Explosive Mfgr.
l—Loading Plant

( )}—Secondary Function
2—Inadequate photographic coverage
to support a firm conclusion.
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A. PRESENT POSITION

Details on Japan’s petroleum stock position as of
1 July 1945 are given in Section Il of this study and
Section Il of the General Analysis End Products Indus-
tries: PETROLEUM. Briefly stated, Japan’s Inner Zone
production of petroleum products is no more than
50 percent of requirements at the January 1945 rate.
Stocks are believed to equal no more than 12 months
supply at this consumption rate, with a particularly tight
position in aviation gasoline.

It must be anticipated that in the face of this tight
oil position the Japanese will slash consumption to a
bedrock minimum and adjust their intentions accord-
ingly. In the case of aviation fuel, a decision by the
Japanese to employ available aircraft largely for sui-
cide attacks would mean that available stocks, though
critically short in terms of the requirements of a conven-
tional airforce, would be quite adequate to support
maximum suicide capabilities (limited by availability
of aircraft and pilots) at least for the next nine months.
This would be true even though all synthetic oil produc-
tion were halted in the interim. It must further be antici-
pated that the Japanese will disperse to invulnerable
locations sufficient stocks to support their present air
intentions.

B. CHANGES IN INDUSTRY STRUCTURE

The principal development in petroleum storage is
the removal of tankage which has been observed since
the first cover of the Tokyo area in November 1944,
From available air cover it is estimated that 14,200,000
barrels of capacity have fairly recently been dismantled.
If these removed tanks have not been re-erected, the
total tankage has decreased by the same amount.
From present intelligence, tankage as of 1 June 1945
was 42,800,000 barrels, before allowance for destruc-
tion from air attack.

In all, removal or dismantle has been observed in 23
locations. Some installations have been completely
obliterated. This has been noticeable in tank farms
associated with pre-war refineries; and it has also oc-
curred in installations such as the Azuma Oil Storage
(Target 90:17-297) associated with the Yokosuka Naval
Base.

The reason for this activity is not known. It is clear
that the loss of N.E.l. resources and dwindling overall
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stocks were important in making some tankage superflu-
ous. But it is not certain whether the dismantled tanks
have been used as steel scrap, removed to entirely
unknown locations, or used in recently expanded under-
ground storage. Another possibility is their use as
process tanks in new synthetic plants.

As a result of the removal, underground capacity
is 22 percent of the total instead of 16 percent and
there are only 19 areas (16 in Japan Proper) with
more than 500,000 barrels above ground instead of 29.
Storage capacity is becoming a less concentrated and
relatively a more difficult target.

The current geographic distribution and concentra-
tion is shown in Table 1.

TABLE 1
Current Status of Japanese Oil Storage
Estimated Capacity and Number of Installations
15 June 1945

Surface
and/or
Under- Under-
Surface | ground | ground Total
In Japan Proper
Over 500,000 bbls. 16,959 8,835 1,200 | 26,994
No. of Locations 18 7 1
50,000-500,000 bbls. 6,526 270 183 6,979
No. of Locations 30 ] 1
On Continent
Over 500,000 bbls. 2,978 T 650 3,628
No. of Locations 4 1
50,000-500,000 bbls. 2,504 s T 2,504
No. of locations 18 ot - -
TOTAL 28,967 9,105 2,033 | 40,105

Inner Zone Oil Storage Facilities Each Over 50,000 Bbls.
(thousands of barrels, 42 U. S. gallons)

15 June 1945

Barrels

Percent

Kyushu

Southwest Honshu and Shikokv

Central Honshu
Northern Honshu
Hokkaido
Karafuto

Korea
Manchuria

North China

4,744
13,068
13,756
2,305
100

2,072
1.565
2.495

TOTAL
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40,105
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C. EFFECTS OF ATTACKS TO DATE

A significant part of Japan’s storage capacity and
stocks have been destroyed by the attacks of 10 May
1945. In all 150 tanks with 2,660,000-bbl capacity
have been eliminated. The details are as follows:

Tanks Capacity Destroyed

Name of Target Destroyed or Badly Damaged

Joto Qil Refinery of
Asahi Sekiyv Co.,
Tokyo, 90:17-21351 ]

35,000 bbls.

Otake Oil Refinery,
Otake, 90:30-2121 78 700,000 bbls.

O Shima Naval Oil
Storage, O Shimg,
90:32-1884 14 1,190,000 bbils.

Tokuyama Naval Fueling
Station, Tokuyama,

90:32-673 S7 735,000 bbls.

TOTAL 150 2,660,000 bbils.

N

Notes:

(1) Joto Qil Refinery, Tokyo. Located in burned area of Tokyo as
per photo sortie 3PR/5M77, 11 March 435.

(2) Otake Oil Refinery attacked on 10 May 1945 (Mission 165).

(3) O Shima Naval Oil Storage attacked on 10 May 45 (Mission
166).

(4) Tokuyama Naval Fueling Station attacked on 10 May 45 (Mis-
sions 163 and 164).

(193)

D. CURRENT PRINCIPAL STORAGE AREAS

The principal petroleum storage targets are indicated
in Table Il, which shows present capacity of each in-
stallation.

Some targets are relatively more important than
others irrespective of capacity. Since even now Japan
has 25,000,000-30,000,000 bbls. excess storage capac-
ity, certain tank areas may well be more full than others.
It is reasonable to suppose that underground installa-
tions are most likely to be full. The next most active
areas are probably those associated with active military
installations such as naval bases, and operating re-
fineries such as Otake Oil Refinery (Target 90:30-2121)
and Utsube River Oil Refinery (Target 90:20-1684). With
current stocks at about 10,000,000 bbls, it is probable
that many of the storage areas connected with pre-war
refineries are empty.

If aviation fuel is the principal objective, the most
likely locations of stocks would be at the active re-
fineries (Targets 90:30-2121), Otake Oil Refinery, and
90:20-1684, Utsube River Oil Refinery, Yokkaichi, and
near air bases such as Hiro Oil Storage, Hiro, (Target
90:30-2133). However, at least one half of aviation
gasoline stores are probably dispersed at air fields,
and the exact location of the balance is unknown.

M
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[i. RELATION TO MILITARY STRENGTH

A. USES
The major use for petroleum products is direct mili-

tary consumption in aircraft, naval vessels, and army
vehicles. In addition, there are some industrial needs for
fuel oil in merchant vessels and factories. Lubricants
are primarily industrial in use.

B. REQUIREMENTS
The requirements for petroleum products are consid-

ered in detail in End Products Industries: Petroleum—
General Analysis. Since 1943 they have been dras-
tically reduced. In 1942-1944 Japan was consuming
approximately 50,000,000 bbls of petroleum products
per year. In 1945 requirements are about 30,000,000
bbls. according to earlier estimates. Revised estimates
will probably arrive at a considerably lower figure. Loss
of much of the Japanese air force and navy have been
the major reasons for this change.

C. SUPPLY

Japan's sources of petroleum products are now con-
fined to inner zone production and stocks. Stocks are a
vital part of the supply picture because they are needed
to bridge a wide gap between current production and
requirements. Current stocks estimated (as of 1 July
1945) of approximately 10,000,000 bbls. are only
slightly lower than annual production of about
11,000,000 bbls.

Japan's position differs considerably as between the
different products. Aviation gasoline is believed to be
especially tight with the probability that consumption
may have to be cut back even further to prevent prac-
tical exhaustion of supplies in early 1946. Such a cut-
back is consistent with the enemy's apparent intention
to confine air operations largely to suicide missions.
Stocks make up at least half visible supplies in the next
12 months. Motor gasoline supply is fairly comfortable
with production plus stocks equivalent to 3 years re-
quirements (for further details see Petroleum—General
Analysis).

D. EFFECT OF ATTACKS ON STOCKS ON

MILITARY STRENGTH
Destruction of stocks of petroleum products will

(193)
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always have some adverse effect on the enemy’s mili-
tary strength. The more difficult question is whether
large scale attacks could be expected to have decisive
effect on the efficiency of Japan’s military forces. As
will be shown in Section Ill of this report, storage capac-
ity is greatly in excess of requirements, and much of it
is underground. In the case of ground and sea forces
decisive results could probably not be obtained from
loss of a part of their supply of motor gasoline or fuel
oil. Japan’s ground forces are very lightly mechanized
and motorized by western standards. Japan is not
equipped for a war of movement and once larger scale
land warfare begins, will be forced to depend largely
on static defences and simple transport means regard-
less of gasoline availability. For example, the Japanese
Army is estimated to have only 75,000 trucks available.

This factor plus the relatively large storage and
ample current production of motor gasoline makes
Japanese ground strength (in marked contrast to Ger-
many) relatively invulnerable to attack on either basic
oil production or stocks. Nevertheless, large scale de-
struction of oil stocks might contribute somewhat to the
effectiveness of attacks designed to interdict rail and
water movements.

Attacks on either fuel oil production or stocks would
not have a major effect on the Japanese fleet which is

already of little use to Japan in the defense of the
home land.

Japan's shortage of aviation gasoline would be a
serious handicap within a few months if the enemy
attempted to employ his air force along conventional
lines. Attacks on aviation fuel production and storage
under these circumstances would reduce materially the
efficiency of the Japanese Air Foite. On the other hand,
if it is the enemy's intention to hoard aircraft and pilots
primarily for suicide use, fuel should not be a limiting
factor within the next 9 months and it appears unlikely
that attacks against fuel production or storage could
achieve any significant reduction in such suicide effort.

The difficulties of attacking stocks of aviation gas-
oline and to a lesser degree of attacking stocks of other
petroleum products is indicated in Section lIl.

v, 17,041
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lll. CHARACTERISTICS OF

A. CAPACITY

Before attack and recent removal of tankage, Japan
is believed to have had 57,000,000 bbls. storage
capacity in the Inner Zone.! This estimate is based on
aerial photography covering 51,000,000 bbls. of the
total.2 Previous estimates based largely on ground in-
telligence were considerably higher.

B. LOCATION

Before attack and removal of tankage, the greater
part of Japan’s Inner Zone storage of petroleum lay
between Tokyo and Sasebo. There was 7,800,000 bbl.
capacity on the continent including 1,625,000 in the
Shanghai area and 2,100,000 in Korea. The capacity
in Kyushu was 5,100,000 bbls., in SW Honshu (includ-
ing Shikoku) 23,000,000 bbls., and 18,100,000 bbls. in
Central Japan. See Table 2 below for details.

TABLE 2
Inner Zone Oil Storage Facilities Each Over 50,000 Bbls.
(thousands of barrels, 42 U.S. gallons)

—“’W

Barrels Percent
Kyushu 5,100 9
Southwest Honshu and Shikoku 23,000 40
Central Honshu 18,100 32
Northern Honshu 2,900 S
Hokkaido 100 s e
Karafuto Xy —
Korea 2,100 4
Manchuria 1,600 3
North China 4,100 F §
Total 57,000

1 Inner Zone includes home islands, Manchuria, Korea, and North China,

2 In some cases the 1st photography shows evidence of tank removal.
In such cases previous capacity must be estimated.

C. CONCENTRATION OF CAPACITY

Prior to attack and tankage removal, 87 percent of
capacity was concentrated in 35 locations, each with
500,000 bbl. capacity or over.! Another 13 percent was
concentrated in locations of 50,000 to 500,000 bbls.
Unknown amounts are stored in drums, small tanks, etc.
Of the total storage, 2,105,000 bbls. or 16 percent was
underground. The breakdown of areas by size and
characteristics follows:

PETROLEUM STORAGE

TABLE 3
Estimated Storage Capacity and Number of Installations
1 November 1944

Surface
and/or
Under- Under-
Surface ground ground Total

N e

in Japan Proper

Over 500,000 bbls. 34,703,000 | 8,835,000 1,200,000 | 44,738,000
No. of Locations 29 7 ]

50,000-500,000 bbls. 4,010,000 270,000 183,000 4,463,000
No. of Locations 23 ] |

On Continent

Over 500,000 bbls. 3,986,000 . 650,000 4,636,000
No. of Locations 5 |
50,000-500,000 bbls. 3,129,000 e s 3,129,000
No. of Locations 18

Total 45,828,0001 9,105,000 1 2,033,000 1 56,266,000

D. EXPOSURE TO URBAN AREA AT7VACKS

A certain part of the storage capacity was located
in urban areas, principally that associated with pre-war
refineries. This tankage, however, is less likely to hold

important stocks and is not highly vulnerable to attack
other than with H.E.

E. INTEGRATION WITH OTHER FACILITIES

Petroleum storage is frequently associated with other
facilities. Of the 21 installations in Japan Proper with
more than 500,000 bbls. capacity, 7 are associated
with pre-war refineries, 2 are associated with new re-
fineries, 5 are part of a naval or military base, and
2 are nearby a synthetic plant. Only 7 are completely
independent storage areas. Smaller storage areas are
more likely to be separate installations.

F. CONCENTRATION OF STOCKS

Since storage capacity is so much greater than stocks,
possibly four times as great, it cannot be assumed that
all tankage locations have stocks. It is probable that
almost all of the storage areas associated with pre-war
refineries have little or no stocks. A greater than normal
proportion of stocks are probably in underground loca-
tions. Stocks of naval fuel may be in such locations near
navy stations. Aviation gasoline is at least in part (pos-
sibly %2) in dispersed locations at airfields. It is quite
problematical how much, if any, of the aviation gaso-
line on hand could be destroyed by attacks on known
storage installations. The best possibility of success
would be obtained if current documentary or POW in-
telligence were available as to location of important
stocks. Otherwise, many installations could be attacked
without affecting aviation gasoline.
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IV. PHYSICAL VULNERABILITY AND WEAPON RECOMMENDATIONS

A. INTRODUCTION
The following is written for the use of those persons

who are engaged in selecting weapons, estimating force

requirements, and formulating operational plans for

attack on targets in this category. For such purposes the
following questions must be answered:

1. What portion of a target should be the primary ob-
jective?

2. What is normally the best type, size, and fuzing of
HE? In what circumstances should different types be
used?

3. Should IB be used, either exclusively or mixed with
HE? If so, what is the best size and type, and what
is the optimum quantity?

4. What weight of attack is required?

This section deals with the physical characteristics of
targets found in this category, the choice of primary
objectives, the selection of weapons and with the
density required on the target for expectancy of a par-
ticular level of damage. For determination of force
requirements reference should be made to JTG M-8.

B. SUMMARY
Crude and finished products are normally stored in

tank ‘‘farms’’, which are collections of cylindrical steel
tanks above ground. The tanks are of many different
sizes ranging from 20 to 120 feet in diameter, and up
to 40 feet high. They are usually separated by low
earth or concrete dykes. In the ETO, blast walls for
protection against near miss bombs have been exten-
sively employed. Such walls were not evident on early
Japanese photo cover, but recent cover shows that they
are being constructed in a few places.

Attack can be by HE bombs or rockets. The object of
attack must be to spill contents and start fires. For this,
direct hits are necessary since near misses, unless very
near, only create fragment holes, which are relatively
easily repaired. Fire is the major cause of damage and
is started by the HE weapons which rupture the tanks
and pipes containing inflammable liquids.

Underground storage can be located on photo cover
but is sometimes difficult to identify during attack. This
fact, combined with the normal resistance of the target
and the unlikelihood of getting fire spread between units
makes underground storage a much less vulnerable
target than surface storage. However, it is believed that
the Japanese are now putting a considerable portion
of their oil stores underground; consequently, any

serious attack on Japanese petroleum must involve the
attack of underground storage.

TABLE 4
Weapon Selection—OQil Storage

Type of Recom.
Target Attack Weapon Fuzing

Remarks

Surface Storage | Med. or High 100 GP | 0.025/0.025

Dive 100# GP | 0.025 '0.025
or larger
Low HE Rock- Inst.
ets
Underground Med. or High | 500# or 0.1,0.1 Bomb to be

Storage larger GP capable of

or SAP perforating

roof cover,
See Table 3.
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C. VULNERABILITY OF SURFACE STORAGE
TANKS

1. Target Characteristics

Storage tanks are usually grouped in multiple units
known as tank ‘‘farms’’. The tank farm is divided into
cells by means of earth dykes or concrete walls 3 to 6
feet high. Each cell may contain one or more tanks;
the purpose of this segregation is to reduce fire spread.
The Germans have further protected their tanks with
concrete blast walls, and there is evidence that the
Japanese are now beginning to do likewise.

Tanks are usually constructed of steel plate. The most
common type is cylindrical, with fixed roof for less
volatile liquids or floating roof for highly volatile
liquids. From available intelligence, it is concluded that
most of the surface bulk oil storage in Japan is in tanks
over 70 feet in diameter.

Oil storage tanks are best destroyed by fire which
consumes the inflammable contents. A direct hit on a
tank can be expected to ignite the contents of the tank.
However, most effective destruction will result from an
internal explosion which ruptures the side plates and
spills the oil as well as igniting it. The burning contents,
thus released, are capable of igniting adjacent tanks,
particularly when the retaining dykes are broken or
absent and tank spacing is less than one diameter, or
when oil is being lost from nearby tanks.

2. Weapon Selection

A direct hit or a very near miss is required to rupture
the tank side plates and release the inflammable con-
tents. All HE bombs are effective when direct hits are
obtained. To rupture the tank shell, the bomb must
detonate inside the tank within a certain distance of
the side walls. This limiting distance depends upon the
thickness of side plates and the charge weight of the
bomb. For the common thicknesses of side plates used
in storage tanks it can be shown that the smaller HE
bombs have larger effective areas per unit weight
of bomb. Therefore, the small bombs give greater prob-
abilities of releasing the contents as well as maximum
fire bonus. The 100 Ib. GP bomb is recommended.

Maximum spillage of oil will result when the tank
is ruptured in the lower portion. With 0.025 sec delay
fuzing, the 100 Ib. GP bomb will detonate approxi-
mately 17 feet below the roof of a full tank when
dropped from above 25,000 ft. altitude, and about
14 feet when dropped from 10,000 feet. This fuzing is,
therefore, recommended.

Bombs which miss tanks destroy fire fighting equip-
ment, produce craters and scatter debris, thus inter-
fering with control of the fires that are started. Use
of a small percentage of bombs fuzed long delay is
recommended to discourage fire fighting personnel.
Where possible, anti disturbance fuzed butterfly bombs
should be used for the same purpose.

Although a small number of incendiaries dropped at
the end of an attack may start a few additional fires
among the pools of inflammable liquid spilled but not
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ignited, the amount of such gain is not believed suffi-
cient to offset the additional damage that would be
caused by the displaced HE bombs. Consequently the
use of IB is not recommended.

One direct hit on a tank will rupture the side plates
and/or set fire to the contents. Therefore, the effective
area for the bomb is the area of the tank and is inde-
pendent of the size of the bomb. Table 5 gives the
required ground densities for a 509, probability of
achieving various levels of effective destructions. The
bonus resulting from fire spread from damaged to
undamaged tanks is not included.

TABLE 5
Range of Ground Densities for Attack of Oil Storage
(Tons of 100# GP bombs per 1,000,000 sq. ft.)

Tank
Diameters
in Feet F

Fraction of Tanks Expected to be Hit F*

—
—

.30 F = .50 F=.70

30

S0

70 10
110 4
150 2
200 so

30 55

20 35

*The values above are obtained from the formula:

D= 115X 1000000 . 1 log. ( 1 )
2000 M 1 —F
where D = required density in tons per million sq. ft. based upon
actual weights of bombs, TNT loaded
M = area of tank

When operationally possible, low level attack with
HE rockets will be effective. Instantaneous fuzing
should be used and rockets should be aimed at the
lower portions of tanks.

D. VULNERABILITY OF UNDERGROUND
STORAGE

a. Target Characteristics

Buried tanks may be of steel or reinforced concrete
with column supported concrete roof and earth cover.
At Saipan, buried steel tanks, 220 feet in diameter,
were found. These had reinforced concrete roofs, two
feet thick, supported by steel | beams. Earth cover
above the roof was 5 - 6 feet thick.

Recent photo cover indicates rather extensive con-
struction of underground storage units in Japan. One
installation, located near the shore, consists of steel
tanks surrounded and covered by mud dredged from
adjacent areas.

Underground storage is much less vulnerable than
surface storage to attack. It can be located from photo
cover, but may be difficult to identify during attack.
Furthermore, the cover is generally thick enough to
require fairly large bombs for perforation. Unless a
bomb actually removes a large part of the cover the
likelihood of a serious fire is very small since any fire
that starts is easy to extinguish and the chance of
fire-spread between units is negligible.

2. Weapon Selection

To be effective against underground storage a bomb
must be able to perforate the concrete and earth cover
(see Table 6 for performances of various bombs), ex-
plode inside and either crack floor or walls sufficiently
to create seepage or enlarge the entrance hole and
start a fire. In neither case can a large effect be ex-
pected since seepage will be slow, while any fires will
be relatively easy to extinguish.

TABLE 6

Heights of (level) bomb release (in units of 1,000) feet for perforation of earth plus reinforced concrete (3,400 p. s. i.)
heights less than 2,500 feet are not recommended because of likelihood of ricohe?

Bomb 100 GP 250 GP 500 GP 1,000 GP 500 SAP 1,000 SAP

Concrete

thickness (Lim) (Lim) (Lim) (Lim)
Thick- (ft.)
ness earth (ft.) 0 ] 0 1 1.5 0 ] | P 0 1.5 | 24 0 2 3 4 5 0 2 3 4 S 6 7
R e [ < 1| PR 351 5 lessss 3 4.5 Vivioa 4 3 lieass 3.5 Bl 2R Viseas 25| 5 Q 14 22 | 30
{5 TR IR WO 2341 10 2.5 6 8.5 2.5 6 8 2.5 3.5 9 2.0 é 12 | B0 Visaal 229 4 2.5 V250 1791389 Liass
B i euiwn s 50| 25 25| 9 14 25| 85|12 25| 8 13 25| 8 15 | 30 25} 5 10 15 30 e
ZiDiwssnanasanie £ 3| NI 65112 30 45112 16 3.0| 11 25 livaalisesales st e w aalbo it alie S el s o e e bivis i S & Lo lign.s
VUL e ks Sl oy & o b N 18091 22 lsstss 7 21 30 5 20 lsiwes 4 15 30 30110 [ 3 Yewsvikslies
15 svvniasswveslsessslaeeas VAR (CTWEI T [ W P2 Yonwail Sicanin YOS Yisasilae ; 75130 5 15 30 bk s s lvens
205 cinssiena sl sseeslieae slsveos bvaas alosens 30 PRTITN] (EE N & Newasabe wiies YO.5 s sseabiiiie biane Bysss 2o 0 B o I CHNTRRIC, TN, A (PO e, SR, (e
. SIS SE S N (GO | Re SPURR] PSR ISR P Beooe e Bt IRIET ] ROy (S e 20 Vv asalks YOS N isnwlicvsmebasemeleavis
0.5 vanssdeEes RIS [ A chsaale el il vl st v bl s tulie Laated sn al e e S, Vesrindbas ws FZ.9 i ve vl easiaabosssslammss
< . Py o coabcanmilsie dalvssssloevicileswivel sonaels B PRI RN I (ERRC W IS [P 758 0 1) (. SINET, RN (TN At (e e

NOTE

1,000 AP perforates about 25% more than 1,000 SAP.
1,600 AP perforates about 40% more than 1,000 SAP.
Increasing concrete strength to 5,000 p. s. i. decreases perforation by about 25%.
Decreasing concrete strength to 2,000 p. s. i. increases perforation by about 25%.

Dive bombing (60° or steeper) is equivalent to level release from about 1,500 feet greater altitude.
LIM indicates maximum concrete thickness perforable without break-up.

For earth thickness from 2 /3 to 3,/2 maximum indicated there is high probability of bomb coming to rest and detonating in contact with concrete slab. Such tamped explosions
are almost as effective as when perforation occurs.
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TABLE | SECRET
MILITARY STORES: PETROLEUM MS-P-ST1

OIL STORAGE FACILITIES EACH OVER 500,000 BBLS. @ |ox=..... ! July 1945

(thousands of barrels, 42 U. S. gallons) @[5

Estimated Storage Estimated Storage
Capacity Capacity
Air Objective Surface Air Obijective Surface
Eatder and Pleda Mime Surface | Under- | and/or Total Remarks Folder and Place Name Surface | Under- | and/or Total Remarks
Target Number ground | Under- Target Number ground | Under-
ground ground
N 90:17-2037 Ko;hi.bn Koshiba Point Qil Q752 975" Installation consists of 17 underground
90:29-2132 Yoko Shima | Yoko Shima Storage 8802 8802 Installation consists of 11—80,000 bbl. oint Storage tanks. There are excavations for 3 ad-
camouflaged tanks ditional tanks
0:17-2038 i i : ol esraticton, asndtets Wb 18
90:29-2134 | Omi Shima | Omi Shima Oil 660" 660°| Installation consists of 12—55,000 bbl. e daciadel T MR £ bl o Ao p e sition, sira oF 19-AR000 1.
Starags beiriles: @l servicacble tanks. In addition, 11 tanks, partially dis-
mantled, reprasenting a loss of 605,000
90:30-659 Yeta Shima | Hitonese Qil Storage 520® 1,500¢% 2,0207| Installation consists of 14—35,000 bbl. - - LS (ST kit Smm?if_q_?icit_ S
and 12-—2,500-bll3bl. sderviceable surface 90:20-1684 Yokkaichi Utsube River Oil 1,868°% 1,868 Prior to strike, about 30 large surface
tanks; cillso possible ur: e‘;'ggofunc;go’ruge Refinery tanks, various sizes, in serviceable con-
restvT::r GF;PEO’E'"‘WBJ’ ™" IO and dition. About 45 process tanks and 5
gortl'l;llyepcfl's'm:r::;:c:e ta:aiz n::;;nc:d!e ]k2 storage tanks partially dismantled or re-
arti i : an .s moved, representing a loss of approxi-
':;:;’Edg;oe%rgéegg;f :,tc::,:s :f gppr?;m- mately 455,000 bbls. storage capacity.
Y ' - ge capacity Refined oil reported piped to underground
tanks in Suzuka Mountai
90:30-2121 | Otake Otake Oil Refinery 800+ 8005| Pre-strike estimate 1,500,000 bbls, stor- D
age capacity. As result of air attack, ap- e et e — e — 2
proximately 700,000 bbls. storage ca- 90:25-1203 Amagasaki Nippon Oil Refinery 1,250% 1,250% About 100 serviceable tanks, various sizes
pacity destroyed or rendered unservice- and Tank Farm
able 4 s | R ' e
90:25-1764 Shimotsu Maruzen Qil 1,200 1,200 | Estimate based on pre-war data. At least
90:30-2133 | Hiro Hiro Oil Storage 2,905 2,905 About 120 tanks. Mud dredged from har- Refinery !> large storage tanks reported. Large
bor is being pumped around tanks in an refinery and tank farm owned by Toa
effort to bury them Nenryo Sekiyu Co., also reported in or
near Shimotsu
90:32-2147 Tokuyama Tokuyama Buried OQil 2,500% 2,5002 Instf.:lluﬁcn consists of 10-est. 250,000 bbl. Total 8,950 1,605 1,200 | 11,755 et
Storage buried tanks - LTSRN T o a A=
Northern Honshu
90:36-5435 Nagasaki Kozaki Point Oil 4462 60¢* 5062 14 serviceable surface tanks, various 90:5-996 Ominato Ominato Naval Base 800 800 | Estimate based on pre-war data
Storages sizes. 2-est. 35,000 bbl. and 2-est. and Air Station
10,000 bbl. tanks have been removed. 4 = 4 == S Eaeceomae : e -
partially underground tanks 90:6-1066 Akita Nippon Oil Co. 600 600 | Estimate based on pre-war data
Refinery
90:36-755 Sasebo Sasebo OQil Storages 123° 6704 793% Above ground storage capacity consists N o Sk ACRE! iRy e =
of 3—35,000 bbl. and 8 smaller tanks. latal Ly#l Ll
Under ground capacity consists of 4— § . W g =y
5.2,0;)35?!:: fanl;s undddr;;: ::?r:ge area Manehoitea - X
RE FRioRaL an ' 93:5-1 Kanseishi Manchuria 769% 769% 7 serviceable tanks with floating tops,
: . | _ Petroleum Co. 415,000 bbls; 47 serviceable tanks with
.36- 5 a £ a i ' ;
90:36-183 Yokose Yokose Qil Storage 275 2,900 2,779 ;?;r:east 8 large surface tanks at this loca fixed tops, 263,500 bbls; 168 serviceable
= tanks, by-products and run-downs, 90,500
bbls. Estimate does not include 1 site 85’
Total 6,609 7,230 13,839 diameter, excavation only, and 1 site 140’
PR diameter, graded and with foundation in
90:17-87 Yokohama Ogura Oil Co. 1,279°8 1,275% Only 12 large tanks remain intact. There : PERISENE, BEMES T - s plti:ce el S e -
(Yokohama) are 11 tanks partially dismantled or re- Korea
moved, representing a loss of 880,000 84:4-88 Genzan Chosen Qil Refinery 1,080 1,080%* Tank farm area, 12 serviceable tanks, es-
bbls. storage capacity. In addition, 7— timated capacity 785,000 bbls. Refinery
8‘0,000 bbl. tanks are still under construc- area, 217 serviceable tanks, estimated
tion capacity 295,000 bbls.
90:17-116 Kawasaki Mitsubishi Oil 872+ 872 About 115 serviceable tanks, various sizes 84:7-101 Chinkai Chinkai Naval Base 650 650 | Estimate based on pre-war data. 8 big
Refinery tanks reported
90:17-127 Kawasaki Hoyama Petroleum 600+¢ 600 About 95 serviceable tanks, various sizes Total 1,080 650 1,730
Refinery : S S b P g Ly . M B PR
| B China
- & , " Y ; ; P
90:17-128 Kawasaki Petroleum Center 1,230 1,230% Aboui 100 serviceable tanks including 25 e e el L SUR v |]d]er;gBU h?:lll S}orcge, 4 ,uerwcec.:ble ek,
large and medium-size storage tanks ' B e Iy DU Raie,
o el Mot o s ol g bbl' 17 serviceable tanks, 321,000 bbls; Texas
tanks partially dismantled and 20 empty Eji;t:co ;ee:::;zzrb;le é{;nks'ngBSi?i?::;zllz
sites, representing an aggregate loss of tanks, 28,000 bbls. 223 tanks removed,
?::;'t:;;mufew 1,400,000 bbls. storage capacity approximately 278,000 bbls.
i _ e 83:1-126 Shanghai Standard-Vacuum 320% 520%| Installation consists of 18 serviczable sur-
90:17-297 Yokosuka Azuma Qil Storage 1,305 63042 1,935%] Installation consists of 44 surface tanks in Oil Storage face tanks, various sizes. 1 —35,000 bbl.
serviceable condition, and 7 underground tanks removed. Estimate does not in-
tanks. Since 1 N_overnber 1?44, Q surface clude 3 underground tanks reported in rear
qugs b,:'presenhng qpprox|mal:'ely 3b] 5, of storage areq, large kerosene reservoir,
s. storage capacity, have been and substantial stocks of 50-gallon drums
completely dismantled: of these, 6 were Total 1,129 1,129
partially dismantled at that time, and 3 - ; " s s ECSNeR N i AR S S S
were intact Total Inner Z|one targets ov|er 500,000 bbls. 19,937 8,835 1,850 | 30,622
m

aCovered by aerial reconnaissance
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OIL STORAGE FACILITIES EACH OVER 500,000 BBLS.

(thousands of barrels, 42 U. S. gallons)
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et
S
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Estimated Storage Estimated Storage I
Capacity Capacity
Air Objective Surface Air Objective Surface
Folder and Place Name Surface | Under- | and/or Total Remarks Folder and Place Name Surface | Under- | and/or Total Remarks
Tairgnt Numbok ground | Under- Target Number ground | Under-
ground ground
90:25-53 Osaka Osaka Harbor 2732 27 32| 7 tanks, various sizes 83:8-182 Hankow Hankow OQil Storage 250¢® 2502| Installation consists of 26 serviceable tanks
' Depot various sizes. 34 tanks partiall diSl‘l‘IﬂﬂﬂEé
90:25-258a Osaka Mitsubishi Qil 100 100 | Estimate based on pre-war data . or removed, representing a Yloss of wilis
and b Storage ‘ | ! proximately 920,000 bbls. storage ca-
s A acit
90:25-260 Osaka Rising Sun Petroleum 682 682 1tank 90’ diameter; 4 tanks 50" diameter; pasisy
Oil Storags 2 smaller tanks 83:11-76 Tsingtao Qil Storage Area 244°* 244" Of 30 serviceable tanks, 3 with floating
h (Tsingtao) l tops and 6 horizontal. The following tanks
Total 2,001 | I 2,001 - have been removed: 2—50,000 bbl.
| tanks; 1—24,000 bbl. tank; and 2—
Northern Honshu ' 7,500 bbl. tanks
90:5-995 Nonai Nonai Oil Storage 225 225 | Rising Sun Oil Co. had 7 storage tanks here
in 1941, Tanks reported concealed inside 83:12-4 Taku Asiatic Petroleum Co. 11948 1197 5 serviceable tanks, various sizes
| | of frame buildings (Taku)
90:9-1000 Niigata Nippon Qil Refinery 450% 4502 About 100 tanks including 2 estimated 83:12-5 Taku Japanese Oil 76% 763 7 serviceable tank i i |
55,000 bbl. and 2 estimated 35,000 bbl. Storage (Taku) serviceable Tanks, various sizes
storage tanks
- : 83:12-9 Tangku Standard Vacuum, 65° 65® 6 serviceable tanks, various sizes
90:9-1649 Kashiwazaki | Nippon Oil Refinery 2302 2302| 1—35,000 bb!l. tank, 4—10,000 bbl. Tt Hwe,
tanks, 8 —6,000 bbl. tanks, and approxi- Idemitsu Cos.
mately 54 smaller tanks
83:12-21 Tientsin Texas Co. 1574 157 % Of 13 tanks, 8 horizontal
Total 905 905 (Tientsin)
Hokkaido Total 1,366 1,336
90:4-980 Hakodate Fuel Oil Storage 100 I 100 | Estimate based on pre-war data ‘ " "
Hakodate Harbor Total Inner Zlone targets 50{,000-500,000 bbls. 9,030 270 183 9,483
Manhcuria l. . Grand Total 28,967 9,105 2,033 | 40,105
93:3-214 Hulutao Hulutao Qil Storage 165% | 1658 3—55,000 bbl. tanks believed completed SRR LA - SEPEE=ESEN W NPy S WL SRR 1) o ot Sl TGt e ris i) S SRS T SR S
December 1944
93:5-6 Port Arthur Naval Oil Storage 1782 1782| 7 serviceable tanks, various sizes
93:5-197 Dairen Jijoko Oil Storage 403% 403 2| Earlier estimate 590,000 bbls. Downward
Area revision based on more recent photog-
raphy of better quality
93:5-215 Kanseishi Kanseishi Oil Storage 20" | 50| Tank farm consists of 4 dispersed surface
| tanks with firewalls
Total 796 796
Korea '
84:1-none Seishin 60 60 | Estimate based on pre-war data. Nippon
Qil, Royal Shell, Standard, and Texas
Companies reported having facilities at
this location
84:4-90 Bumpyo Rising Sun Petroleum 165 165 | Estimate based on pre-war data. At least
Co. Storage 11 tanks reported
84:7-215 Fuson Makino Island Rfny. 1178 1172 16 serviceable surface tanks. Small oil
& Qil Storage | refinery capacity not estimated
s A
Total 342 342
China I '
83:1-none Chinkiang Standard Vacuum | 120 120 | Estimate based on pre-war data. Reported
Qil Co. Storage having 7 tanks
83:1-none Chinkiang Asiatic Petroleum 60 60 | Estimate based on pre-war data. Reported
Co. Storage having 6 tanks
83:1-none Shanghai Asiatic Petroleum Co. 8032 802| 3 serviceable tanks, various sizes
(Upper Wharf)
Storage
83:1-none Wuhu Standard Vacuum Qil 85 85 | Estimate based on pre-war data. 5 tanks
Co. Storage reported at this location
83:1-125 Shanghai Maruzen Oil 1102 1102 29 serviceable tanks, various sizes. At
Installation least 8 tanks camouflaged by disruptive
| pattern of paint

aCovered by aerial reconnaissance
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MILITARY STORES: PETROLEUM

OIL STORAGE FACILITIES EACH FROM 50,000 TO 500,000 BBLS.

(thousands of barrels, 42 U. S. gallons)

SECRET

Estimated Storage Estimated Storage
Capacity Capacity
Air Objective i | Surface | Surface
Folder and Place Name Surface | Under- | and/or | Total Remarks Air Objective Under- | and/or
Target Number ground | Under- Folder and Place Name Surface | ground | Under- Total Remarks
ground Target Number ground
J s
Southwest Japan 90:17-21351 Tokyo Joto Qil Refinery of 1008 100®| Prior to incendiary attack, 19 serviceable
90:29-934 Itozaki ltozaki Oil Storage 175 175 | Estimate based on pre-war data. About 10 Asahi Sekiyu Co. tanks, estimated capacity 135,000 bbils.
tanks, various sizes At least one large tank destroyed
90:29-2247 Mitsuhama Mitsuhama Oil Re- 3682 368% About 60 tanks, various sizes 90:18-2150 Shimizu Shimizu Oil Refinery 1678 16723 2—55,000 bbl. tanks; 2—15,000 bbl.
finery tanks; 24 smaller tanks
90:30-1907 Nishi Nomi Kanokawa Oil 3304 3302 Only 6—55,000 bbl. tanks intact. 12 tanks 90:20-none Taketoyo Taketoyo Tank Farm 200 200 | Rising Sun Oil Co. had storage facilities
Jima Storage partially dismantled, and 43 tanks re- , here before the war. Reported Air Force
moved, representing an estimated loss of fuel depot at this location
3,025,000 bbls. storage capacity
90:20-1685 Yokkaichi Mitaki River Qil 2530 2432 46 tanks, various sizes
90:30-2135 Kurahashi Kurahashi Jima Oil 3302 330%| Shows same trend toward dismantling of Refinery
Jima Storage tanks that is evident in other large storage
areas. At present only 6-55,000 bbl. tanks 90:20-2152 Nagoya Nagoya Breakwater 1223 1222| Estimate does not include 3 tank sites: 1—
serviceable; 18 tanks partially dismantled Tank Farm 115’ diameter, 1—95’ diameter, 1—30"
and 6 tanks removed, representing an esti- diameter, representing a loss of approx.
mated loss of 1,320,000 bbls. storage 90,000 bbls. storage capacity
capacity
90:22-2220 Maizuru Oba Qil Storage 88+¢ 887 1—55,000 bbl. tank; 4—46,000 bbl. tank;
90:32-40 Hiko Shima Asahi Qil Refinery 335% 335% 32 serviceable tanks Depot 18 smaller tanks. Estimate does not include
4—55,000 bbl. tanks partially dismantled
90:32-669 O Shima Hanano Waki Qil 2423 242 *| 17 storage tanks, various sizes and 11 tanks removed, representing a loss
Storage of 825,000 bbls. storage capacity
90:32-672 Kudamatsu Nippon Oil Co. 200¢® 200#| 25 storage tanks, various sizes. Photos indi- 90:25-17 Kobe Rising Sun Petroleum 1302 130?%| 7 serviceable tanks. Camouflage netting
(Kudamatsu) cate previous estimates excessive Qil Storage on at least 5 tanks
90:32-673 Tokuyama Tokuyama Naval 3854 3852 Immediately prior to strike, storage ca-
Fueling Station pacity estimated at 1,120,000 bbls. Post-
strike cover indicates that all large storage
tanks at east end of installation have been
destroyed or structurally damaged
90:32-1884 O Shima O Shima Naval Qil 4254 425% As a result of strike, only 5—85,000 bbl.
Storage | tanks intact. Immediately prior to strike,
19 tanks serviceable, representing 1,6135,-
000 bbls. storage capacity; 28 tanks par-
tially dismantled or removed, representing
2,380,000 bbls. storage capacity |
Estimate does not include 3—55,000 bbl.
90:32-2148 Kudamatsu Kudamatsu Tank 3854 3852| tanks without tops and 6 tanks removed
Farm | representing a loss of 495,000 bbls.
storage capacity
90:34-1123 Wakamatsu | Nissan Liquid Fuel 632 63 2| Estimate does not include 2—6,000 bbl.
tanks under construction and 4 sites ap-
prox. 60’ diameter
90:34-2149 Mutsure Mutsure Shima Tank 128% 128%| 7 storage tanks, all serviceable
Shima Farm
90:35-665 Saitozaki Saitozaki Petroleum 1834 183 % Above ground storage capacity approx.
Storage 180,000 bbls. Estimate does not include
3—235,000 bbl. tank sites
90:36-762 Sasebo Sasebo Fuel and 270% 2702| Estimate includes 2—80,000 bbl. tanks,
Munitions Depot 1—55,000 bbl. tank, and 1 underground
reservoir. All sites clearly visible from air
90:36-832 Nagasaki Megami Point Qil 714 712 Probably 3 serviceable tanks
Storages
90:36-2239 Nagasaki Doinokubi Oil 837 83 #| Installation consists of 4 serviceable tanks,
Storage various sizes
Total 3,920 270 183 3,973
Central Japan
90:17-94 Kawasaki Matsukata Oil 45258 4522 22 tanks, various sizes. Estimate does not
Storage include 2—235,000 bbl. tank sites
90:17-130 Kawasaki Assaishi Petroleum 584 58 2| 6 serviceable storage tanks. Refinery fa-
Co. cilities have been removed
& Covered by aerial reconnaissance,
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IV. PHYSICAL VULNERAEBILITY AND WEAPON RECOMMENDATIONS

A. SHIPS

The following table gives weapon recommendations
for attacking various types of ships.

TABLE |
Weapons Recommended for Attack of Merchant Ships!

Altitude of Attack

Preferred Fuze Alternate Fuze
Weapon Weapon
Large Naval Auxiliaries, Ocean Liners, Large Tankers and
Merchant Ships—8000 Tons and Larger
Masthead..c...c0c... 100 GP | None /4-5 500 GP | None /4-5
LOWs s a0 0ad sanensess 1000 GP? 0.1 [/ .1 500GP | 0.1 /.1
Dive or Glide....... .| 1000 GP| 0.1 /0.025 | 500 GP | 0.1 /0.025
Mediumeseeereecanne 1000 GP| 0.1 /0.025 | 500 GP | 0.1 /0.025
Highs s esssnassnines 1000 GP| 0.1 /0.025 | 500 GP | 0.1 /0.025

Moderate-sized Naval Auxiliaries, Merchant Ships
and Tankers—4000 to 8000 tons

Masthead....c.ccc... 1000 GP | None /4-5

500 GP | None /4-5
Lo sans sawuviasnis 1000 GP| 0.1 /0.025 | 500 GP | 0.1 /0.025
Dive or Glide.o...... 1000 GP| 0.1 /0.025 | 500 GP | 0.1 /0.025
Medium.ceeo... ee...| 1000 GP| 0.1 /0025 | 500 GP | 0.1 /0.025
Highcooeasmiirsinis 1000 GP| 0.1 /0.025 | 500 GP | 0.1 /0.025
Small Merchant Ships, Tankers, Large Self-Propelled
Barges and Similar Craft— 1000 to 4000 tons
Masthead..oeovevens 500 GP | None /4-5 250 GP | None /4-5
LOWasisiabnsnssing 500 GP| 0.1 /0.0l 250 GP | 0.1 /0.0l
Dive or Glide........ 500 GP| 0.1 /0.0l 250 GP | 0.1 /0.01
MediUmecssssasnsanss 500 GP| 0.1 /0.01 250 GP | 0.1 /0.01
BIGHG v s inics s vvwis 500 GP| 0.1 /0.01 250 GP 0.1 /0.01
Small Craft—Under 1000 Tons (E-Boats, Fishing
Boats, Barges, Sampans, ICT’s, etc.)
Masthead..ccecveeen 100 GP | None /4-35 250 GP | None /4-5
LOW s cvosum s sanabas 100 GP| 0.1 /ND 250 GP | 0.1 /ND
Dive or Glide....... .| 100GP| 0.1 /ND 250 GP | 0.1 /ND
MediuMeeesecenenenn 100 GP| 0.1 /ND 250 GP | 0.1 /ND
7] | PR S 100 GP| 0.1 /ND 250 GP | 0.1 /ND

1 Taken from “Selection of Bombs and Fuzes for Destruction of Various Targets'
(War Dept. Field Manual FMI-110 and Navy Dept. FTP 224, dated 9 April 1945)

2 Above 7000 feet use .025 sec. delay tail fuze.

B. PORTS AND PORT FACILITIES

1. Physical Characteristics

Port facilities fall into four wmain categories as
follows:

(1) Facilities necessary to create and maintain @
sheltered area.
(a) Breakwaters
(b) Harbor locks and gates
(c) Dredges

(2) Facilities necessary for loading and unloading
cargo.

(a) Lighters and tugs
(b) Shallow water quayage

(c) Deep water piers and wharves
(d) Cranes

(3) Storage facilities.
(a) Warehouses
(b) Open storage areas

(4) Transportation facilities.
(a) Railroad yards and spurs
(b) Access roads.

C. Facilities that create a port (breakwaters, harbor
locks and gates) are relatively invulnerable, especially
to high altitude bombardment, either because of their

(236)

construction or because of their small size. Dredges,
vital to the maintenance of a port, compare with small
merchant ships in size and vulnerability. Of the facili-
ties for loading and unloading cargo, cranes and spe-
cialized loading and unloading equipment are particu-
larly vital. Cranes and coal loading gantries or fixed
conveyors present a very difficult target because of
their small area and considerable strength. Heavy dam-
age to such equipment could usually be expected to
result from djrect hits with 500 GP or larger bombs
and this will be difficult to repair. Loss of coal handling
equipment will very seriously reduce port cargo han-
dling capacity. Conveyors and elevated or depressed
railroad structures associated with the coal loaders are
more vulnerable and present a considerably larger
area ranging from 650 to 1000 feet in length by 40
to 150 feet in width, but are easier to repair. Effective
attack would depend on securing multiple hits.

For a discussion of the attack of storage facilities
reference should be made to General Analysis, Military
Stores and to Weapons Memorandum, Typical Military
Targets, Part IV (M-12).

A discussion of the vulnerability of rail transporta-
tion facilities is given in Road and Rail Transport.

2. Weapon Recommendations and Weight of
Attack

Since no individual portion of a typical target ap-
pears to be particularly vulnerable to attack, the most
effective bomb and fuzing should be chosen for pro-
ducing overall damage. For this purpose the recom-
mended weapon is the 500 GP fuzed 0.01/0.01, which
will be effective against cranes, most types of ships,
and other special equipment. A high level attack di-
rected specifically against cranes and coal handling
equipment would require heavy tonnages for a high
probability of destruction; but if higher precision at-
tacks with dive bombers or RAZON are possible, this
equipment would be a desirable primary objective.

If there is enough combustible material present either
in the form of structures or stores, incendiaries should
be used with the HE. The preferred IB and the density
required will depend on the amount, resistance, and
distribution of the combustible portions of the target
and on the level of damage desired. Reference should
be made to JTG M-8.

The sinking of ships at piers, wharves and quays is
likely to add significantly to general dislocation and
delay. Denial of facilities adjacent to the sunken ships
will result, especially where specialized loading and
unloading equipment is used.

Experience in the ETO shows that recovery from
attacks producing general damage in ports is fairly
rapid (usually a few hours to a few days). It is there-
fore necessary that repeated attacks be made on port
facilities to insure a lasting effect. Repeated attacks

should be more effective than occasional very heavy
attacks.

SECRET no. 21,061




SECRET

Annual bulk cargo carrying capacity on this basis
would be as follows:

192,000 g. r. t. — 15% for layups =
163,200 g. r. t. X 1.25 X 15 = 3.06 million metric tons per year.

(b) Vessels 250-20 g.r.t.—li) Tonnage available
for cargo carriage.—Full powered vessels in this size
range totalled 288,000 g.r.t. on 20 January 1945
and auxiliaries 582,000. Of these tonnages, 163,000
and 232,000 respectively were in units of 100 g.r. .
or more.

Of the full powered craft, at least 25,656 g.r.t.
fell into one of the specialized classes mentioned above
in paragraph (a) (i).

About 50,000 g.r.t. or half of the total shipping
in the 100-500 g.r.t. class shown by Op 16 FE as
allocated to army and navy use, has been allowed
for the 100-250 g.r.t. block. No data is available
for the 20-100 g. r. t. block other than that hundreds
of such craft have been requisitioned. If the same ratio
between total tonnage in the size range and military
and naval requisitions is applicable, a deduction of
38,000 g.r. t. follows.

On this basis full powered tonnage in the 250-20
g. r.t. range is not likely to exceed 175,000 g.r. t.

The deductions applicable to full powered craft
do not, with the exception of fishing craft, apply to
auxiliaries.

Vessels in the 250-100 g. r. t. block have been iden-
tified as fishing type craft to the extent of at least
25,686 g. r. t. The data available do not allocate these
between full powered and auxiliary units and there is
no indication that auxiliaries are included.

There are no data on the percentage of the ton-
nage in the 100—-20 g. r. t. range constituted by fishing
vessels. Comments made above as to the improbability
of large scale diversion of fishing craft in the 1,000
250 g.r.t. class to cargo carriage apply with equal
force to vessels in the 250-20 g. r. t. range.

The tonnage of 250-20 ton vessels definitely identi-
fied as fishing craft is only a small portion of the total
fishing tonnage in this size range. The residual of 730,-
000 g.r.t., calculated by the use of these figures,
therefore, merely represents the known top limit on the
number of vessels of this size available for economic
traffic. While, as noted, data from which a precise
determination of the true figure could be made is lack-
ing, it would be reasonable, judging from the size and
importance of the fishing industry in Japan generally
and the fact that two-thirds of the fish catch is made
in local waters by smaller craft, to reduce this residual
by 50 to 60 percent in appraising enemy capabilities.

(ii) Cargo carrying capacity of the tonnage avail-
able.—Sampling of gross-net tonnage ratios in the
2,000-3,000 ton size range and the 250-100 ton
range indicates that the gross tonnage to deadweight
tonnage ratios should not be very different for the two
sizes so far as full-powered vessels are concerned.’ A

ratio of 1 to 1.25 is therefore believed to be con-
servative.

Auxiliary-powered vessels, of course, have a net
tonnage which more closely approaches gross tonnage
than that of full-powered vessels.® A gross to dead-
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weight ratio of 1-1.6 has been taken as a fair basis
for figuring bulk cargo capacity.

Speed of full-powered vessels in the 250-20 g. r. t.
size range has been taken as 7 knots which is a down-
ward adjustment of the 8-knot average for vessels in
this class in use by the Army. Data is lacking on speeds
of Japanese auxiliary-powered vessels. A speed of 3
knots seems a reasonable assumption.

The 250-20 g. r. t. class of vessels if used for cargo
carrying would be employed in coastal waters and for
choice predominantly in the sheltered waters of the
Inland Sea. Prisoner of war and other reports indicate
that vessels of about 200 g.r.t. were being used in
the Inland Sea coal trade in 1941-43. Use of vessels
in the 250-100-ton range on coastal runs,” in trade
between Hakodate and Aomori and even in carrying
coal and iron between the mainland and Japan® have
also been received. Insofar as the enemy attempts to
maintain traffic with the mainland by use of craft in
the 250-20 g.r. t. class, he is likely to route the ves-
sels between south Korean ports and the Shimonoseki
Straits area so as to shorten the run as much as possible.

On these assumptions, annual bulk cargo movement
per 10,000 g.r.t. of vessels available has been cal-
culated for three runs which should be typical of those
attempted by craft of this size range, i. e., Muroran-
Shiogama, Shimonoseki-Kobe and the Tsushima Strait
run.

These routes involve round trip distances of 600
(nautical) miles, 480 miles, and 250 miles, respectively.

On the Muroran-Shiogama run, there will be an
average of 290 days a year with seas no more than
9 feet high? and this has been taken as a fair figure
for the number of operational days per year to be
expected for the full-powered vessels in question. For
auxiliaries this figure has been further reduced by 40
days.

On the Inland Sea weather conditions are unlikely
to be a serious problem except in the severest weather.
Hiroshima averages only 2 days a year with winds of
over 35'° m.p.h. and Kobe but 5.1 At Shimonoseki,
the average is 31'% and since this is one vital terminal
for the traffic under discussion, conditions at this point
have been taken as controlling; 330 operational days
annually have accordingly been allowed for this run.

Traffic across Tsushima Strait must contend with pre-
vailing winds from northerly quarters during the winter
season. There are, however, an average of 275 days
a year when seas in the Strait are no more than mod-
erate!! and on which operations should be possible for
full-powered vessels. For auxiliaries, a further adjust-
ment of 40 days has been made.

On the basis stated above, the annual bulk cargo

5 The sampling has been only partial and is not claimed to be

statistically conclusive. This is occasion for further research on this
point.

6 Since their propelling machinery, being smaller in relation to
the size of vessel, takes up less of the tctal volume of the vessel.

7 A POW report (14J-957-NA) states that early in 1944, 80 250
g. r. t. wooden ships were carrying coal from Muroran to Shiogama.

Reports of expansion of rail connections to Shiogama broadcast in
the fall of 1944 tie in with this,

8 ONI 49, Change 16, p. 35.
9 Janis 81, Ch. Ill, p. 7.

10 Janis 84 Ch. V, p. 45.

11 Janis 84, Ch. III,
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VIi. — POTENTIAL OF VESSELS UNDER 1,000 G.R.T.

1. General

Statistics generally quoted as to the Japanese ship-
ping position deal with vessels over 1,000 g. r. t. Until
recently these have furnished adequate data for an
appraisal of the relationship between shipping and
Japan’'s war potential. As the total tonnage of vessels
of over 1,000 g.r.t. has dwindled under the impact
of naval and air attack, and as Japan has been stripped
of its overseas conquests at an ever accelerating rate
and thrown back more and more on its own resources
and those of the nearby Asiatic mainland, the question
of the extent to which the enemy can meet his needs
for marine transport with vessels under 1,000 g.r. t.
has, however, become of much increased significance.
This significance is greatly augmented on the one hand
by the shortness of the voyages now involved in main-
taining economic traffic (which reduces the need for
the advantages of speed and sea-keeping qualities
inherent in the larger vessels) and on the other by the
possibility of mining atack in Japanese waters on all
engine driven vessels over 250 g. r. t.

This appendix does not claim to be a definite study
of small shipping potential. It does indicate that, on
the face of the rather inadequate intelligence which is
now at hand, the 1.6 million tons of vessels between
1,000 and 20 g.r.t. plus a substantial tonnage of
barges do have the potentiality if fully employed and
not attacked, of considerably alleviating the effects of
mine blockade and sinkings of larger craft. Further
collection and analysis of evidence on the question is

indicated. The more important factors are discussed
below.

2. Engine Driven Vessels

Engine-driven vessels have been considered in two
categories, those from 1,000 to 250 tons, which can
be attacked by present types of ground mines, and
craft under 250 tons which generally cannot be so
attacked.’

(a) 1,000-250 g.r.t.—l(i) Tonnage available for
cargo carriage.—As of 20 January 1945 there were
afloat vessels totalling 380,000 g.r.t. in this size
range.?2

Of this tonnage 50,766 tons are identified as spe-
cialized vessels, dredges, car ferries, whale killers
salvage, picket and rescue boats, ‘*honey’’ barges and
so forth which would have to be excluded as potential
cargo carriers.

At least another 21,538 tons is made up of fishing
vessels. These could carry bulk cargo if necessary
though their comparatively small hatches would lead
to slow loading and unloading. Since, however, these

1 According to Office of Chief of Naval Operations, Mine War-
fare Sections.

2 Unless otherwise noted, tonnage afloat figures in this Annex
are taken from a report dated 22 January 1945 on distribution of

small ships in the Japanese merchant marine supplied by Op 16
FE, CNO.
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vessels if not taken over by the army or navy are
contributing to the already straitened food supply, their
diversion would increase the deficit to be made up by
imports. In theory, they could probably bring in more
calories and even more proteins if employed in haul-
ing soy beans from Manchuria than in fishing, but it
is likely that any substantial shift of this tonnage to
cargo carrying would be made only under conditions
of the most extreme pressure.

A portion of the balance of 307,696 g.r.t. unde-
terminable but probably not in excess of 115,000 tons
is allocated to Army and Navy use.3

These exclusions from the 380,000 ton total leave
around 192,000 g. r. t. available for cargo carriage.

(ii) Cargo carrying capacity of tonnage available.—
Only an approximation of the magnitude of the weight
of cargo ships in the 1,000-250 class available for
economic traffic might carry is possible. Among the
variables which affect any such calculation are, dis-
tance to be run, speed of vessel under various condi-
tions of wind, sea, and current, cleanness of the ship’'s
bottom and degree of maintenance of her engines,
turn-around time in port (which will be affected by port
congestion, availability of dock labor, bunkering effi-
ciency, and so forth), convoy practice if on a convoyed
run, ratio between gross and deadweight tonnage of
individual ships, and nature of the cargo carried.

Without having attempted a lengthy statistical analy-
sis, inspection of tabulated characteristics of gross and
net tonnages and discussion with officers of the United
States Maritime Commission indicates that the gross to
deadweight tonnage ratio is only slightly lower in the
1,000-250 g.r.t. class than in the medium cargo
vessels. A ratio of 1 to 1.3-1.5 (depending on the
nature of the cargo) is generally accepted for the
latter. Accordingly a ratio of 1 to 1.25 has here been
taken for the smaller vessels.

Speeds in this class are, of course, more likely to
be affected by adverse weather. For this reason and
because the Army is likely to have requisitioned the
better vessels, the average cruising speed of 9 knots
shown by Op 16 FE for army transports of this size
is probably too high for this port of the merchant fleet
generally. Eight knots is a more likely figure.

Japan and Yellow Sea mainland ports are within
300 nautical miles of either the northern or southern
open ports in Japan. Transit time at 8 knots on a 1,000-
mile round voyage will run to almost exactly 5 days.
Allowing a week in port at each end would result in
a total turn-around time of 19 days. Weather condi-
tions should not interdict operations for more than 45
days per year. Given 300 operational days per year,
15 round trips annually could be made.*

3 This allocation is not hard and fast but fluctuates with military
and naval requirements. As far as areas other than the mainland
are concerned the former have recently declined drastically. As far
as mainland needs are required military and economic cargo needs
are complementary since the movements are in opposite directions.

4 Japanese Staff Logistics Manual gives the same figure.
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carrying capacity of full-powered and auxiliary vessels

on the stated runs would be about as follows:
Shiagama-Muroran:

Full-powered Craft:

Transit time — 600 (n. mi.) =— 7 (knots) — 85.7 hrs. = 3.5
days.

Time in port—3 days at Muroran (coal loading time would be
virtually negligible since mechanical loaders can handle
500 tons per hour), 5.5 days at Shiogama (there is a bridge-
crane for the unloading of coal at this port).12

Total turn-around time — 3.5 + 3 + 5.5 = 12 days.

Round trips per year — 290 (operational days) — 12 + 24.

Annual bulk cargo movement per 10,000 g. r. t. = 24 (round
trips) X 10,000 (g. r. t.) X 1.25 (gross to deadweight tons)

— 300,000 tons.
Auxiliaries:
Transit time — 600 (n. mi.) = 3 (knots) — 200 hours — 8.3
days.
Time in port—{as above) — 8.5 days.
Turn-around time — 8.3 + 8.5 — (rounded) 17 days.

Round trips per year — 250 (operational days) = 17 (days
per round trip) — 14.7.

Annuval bulk cargo movement per 10,000 g. r. . = 14.7

(round trips) X 10,000 (g. r. t.) X 1.6 (gross to deadweight
tons) — 233,600 tons.

As noted, it is reported that in early 1944, the Japanese had
allocated eighty 250 gross ton standardized wooden vessels
to haulage of coal between Muroran and Shiogama. 80 X
250 — 20,000 g. r. t. On the above basis this amount of
vessels could deliver 600,000 tons of coal to Shiogama
annually.

Inland Sea:

Full-powered Craft:

Transit time—480 (n. mi.) — 7 — 68 hours — (rounded) 3
days.

Time in port — Other than coal — 14 days Coal—3 at
Wakamatsul3 + 6 for unloading = 9 days.

Turnaround time, 12-17 days.

Round trips per year — 330 (operational days) = 12-7 (days)
— 27 t0 19,

Annual bulk cargo movement per 10,000 g. r. t. = 19-27
(round trips) X 10,000 g. r. t. X 1.25 (gross to deadweight
tons) = 237,500 to 337,500 tons.

Auxiliaries:

Transit time — 480 — 3 knots — 160 hours — (rounded
vpwards) 7 days.

Port time (varied as above) ? to 14 days.

Turn-around time, 16 to 21 days.

Round trips per year = 300 (330—30 days) — 14—21 = 14
to 18.75.

Annual bulk cargo movement per 10,000 g. r. t. — 14—18.75

(g. r. t.) X 10,000 (g. r. t.) X 1.6 (gross to deadweight tons)
— 224,000 to 300,000 tons.

Tsushima Straits:
Full-powered Craft:

Transit time — 250 (n. mi.)) = 5 (knots) — 50 hours =
(rounded), 2 days.

Time in port, 14 days.

Turnaround time, 16 days.

Round trips per year — 275 (operational days) = 16 (days)
= 15,

Annual bulk cargo movement per 10,000 g. r. t. — 18 (r. t.)
X 1.25 — 225,000 tons.

Auxiliaries:

Transit time — 250 (n. mi.) — 3 (knots) — 83 hours =
(rounded), 3.5 days.

Time in port, 14 days.

Turnaround time (rounded upward), 18 days.

Round trips per year — 235 (operational days) (275—40) —
18 = 13.

Annual bulk cargo movement per 10,000 g. r. t. — 13 (r. t.)
X 10,000 X 1.6 = 200,800 tons.

3. Sailing Vessels

(a) Tonnage available. — Information concerning

Japanese sailing vessels is, as might be expected,

12 Janis 85, Ch_ VL.

13 Which has large mechanical coal loading facilities.
14 Domei Jiji Nankan (Tokyo 1943), p. 284-288.
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scanty. The Japan Times Yearbook for 1943'¢ puts
the total tonnage of this type of vessel in 1940 at
1,112,254 g. r.t. The data on engine-driven vessels
in the same publication appears to be somewhat of
an understatement of the actual tonnage. And the sail-
ing vessel figure corresponds closely with that in ONI
49, Change 16, prior to the revision on 20 January
1945. That revision, however, gives the following round
figures for three size ranges:

Over 100 g, r. foocovvvcvcvnsivnnnne 100,000
20100 8: T biiicmmainneranir®ns 300,000
BP9 8. Vo Vosiiv i vinwilpmppanssmnsto 60,000

ONI estimates that about 75 percent of the sailing
tonnage is composed of fishing craft. The latter almost
certainly fall at the low end of the size range. If this
allowance is correct, around 115,000 to 278,000 g.r.t.
are avaiable for cargo haulage in coastal waters.

(b) Cargo carrying capacity. — Sailing vessels are
best adapted, so far as Japan is concerned, to the
movement of bulk cargo in the Inland Sea and the
appraisal in this Annex of their capabilities is based
on their being so used.

Estimate of speeds to be expected must be based
mainly upon judgment since data on actual experience
in these waters is not at hand. Study of weather data
for the Inland Sea indicates that moderate and fairly
continuous winds persist through most of the year (aver-
age wind velocities at Shimonoseki, Hiroshima and
Kobe are as follows, 8, 4.3, and 5.6 knots). There are
calms at Hiroshima on an average of only 7 days per
year. The data for winds over 35 m.p.h. has already
been cited. The winds predominantly have a northerly
or southerly component in this area which favor sailing
passages in an east-west direction. An overall passage
speed of 1.25 knots has been allowed so as to cover
delays while waiting for tides or adverse winds.

Since sailing vessel cargo space is not reduced by
propulsion machinery, the gross to deadweight tonnage
ratio is estimated to be not less than 1 to 2.

Annual cargo capacity for the Inland Sea run for
the estimated tonnages available would therefore be
about as follows:

Transit time — 480 (n. mi.) = 1.25 (knots) — 384 hours = 24
(hours) — 16 days.

Time in port — 14 days.

Turn-around time — 30 days.

Round trips per year — 300 (operational days) = 30 (days
perr.t.) — 10.

Annual bulk cargo movement:

115,000 g.r.t. = 10 X 115,000 X 2 — 2.3 million tons.
278,000 g. r. t. = 10 X 278,000 X 2 — 5.56 million tons.
10,000 g.r.t. — 10 X 10,000 X 2 = 200,000 tons.
4. Barges

(a) Tonnage available.—There are no statistics on
the subject. Persons familiar with Inland Sea shipping
before and during the war report that there was a very
substantial movement of bulk cargo, including coal, by
barge. Barges ranged up to 500 tons in size and tows
contained up to six units.

There are at least 22,000 g. r. t. of tugs in Japan.

(b) Cargo carrying capacity.—Speed in this cate-
gory is also problematical. Office of Defense Transpor-
tation,’> on the basis of long experience with coal
tows on inland waters, including a difficult canal pas-
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sage, between New York and Boston (a distance closely
comparable to that between Shimonoseki and Kobe)
has estimated turnaround time with crane unloading at
around 21 days.'® Though American tugs are more
powerful than Japanese, American barges are several
times as large. Moreover, delays occur on the New
York-Boston run owing to difficulty in getting into and
out of the Cape Cod canal in weather which would
permit continued passage in less confined waters. The
navigational hazards in the Inland Sea appear to be
less.

A gross to deadweight tonnage ratio of 1 to 2 is
stated to be conservative for barges.

Annual bulk cargo capacity per 10,000 g. r. t. would
on the above basis be as follows:

Round trips per year — 300 (operational days) = 21 (days

per round voyage) — (rounded) 14.

Annual capacity per 10,000 g. r. t. X 14 X 10,000 X 2 =
280,000.

5. Summary and Conclusion

The following table indicates in millions of metric
tons possible annual Inland Sea bulk cargo movement
by vessels in the 250-20 g. r.t. range in the various
categories assuming the above calculations are valid

G. R. T. allocation Full-powered | Auxiliary Sail Barge
100.00Q s 55005 dniidon 12.43 12.25 2 2.8
200,000, s 555 wssowivn 24.86 4.50 4 5.6
JOOOOD we0ns vt amsnbis 37.29 2675 26 1 8.4
400,0000 65 s 0000008000 2972 29.00 28 111.2

1 Calculated on @ minimum basis.

2 These tonnages would be applicable in the indicated class only if there was
very substantial building or fishing conversions.

15 Charles Kellers—Regional Director—Water Division, ODT, New
York City.

16 Since the above was written intelligence has come to hand
indicating that the towage turnaround time between Kanda and
Kobe was 21 days until the completion in 1944 of mechanical coal
loading facilities at Kanda which reduced the turnaround to 15 days.

approximations of capabilities.

The above figures as to capacities of various types of
vessels of less than 1,000 g.r.t. are not to be taken
as an indication of net additional marine transport
capacity which is now idle and which could be called
into play in case cargo movement in larger vessels
were interdicted. It is probable that most small ton-
nage which can carry cargo has already been pressed
into service. Photographs of Korean and Japanese ports
indicate considerable activity on the part of such craft
as standardized wooden coasters.

The pattern of economic traffic carried in small ves-
sels is only partially known. Bulk cargo such as coal,
iron ore, and beans is undoubtedly a major component
but the extent to which low priority traffic which could
be dispersed with in an emergency is unknown.

Certain points do emerge clearly. If the Japanese
are able to allocate 200,000 g. r. t. of vessels in the
250-class to the Kyushu-Honshu coal trade, they should
be able to move at least 4 to 5.6 million tons of coal
annually to Honshu. This would be sufficient if combined
with rail tunnel and car ferry capacity (Annex B), to
move all coal available for export from Kyushu to
Honshu.

If this allocation could be increased to around 400,-
000 tons, the load on rail facilities could be very sub-
stantially decreased but complete substitution for the
railroad would req<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>