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"RUSSTIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS
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cth
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rot
1g

English

sin
cos
tan
cot
sec
cse

sinh
cosh
tanh
coth
sech

GRAPHICS DISCLAIMER
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A1l figures, graphics, tables, equations, etc.
merged into this translation were extracted

from the best quality copy available.
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ERECTING GAS STORAGE FACILITIES AND OIL CENTERS

Published by the USSR Minic+:y of Higher and Intermediate
Specialized Education as a text book for students in higher
educational institutions who are studying the special subject,

"Erecting Gas and 0il Pipelines, Gas Storage Facilities, and

011 Centers".

"NEDRA" Publishing House

Moscow 1973
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Erecting Gas Storage Facilities and 0il Centers. Moscow
"Nedra", 1973, 368 p. authors T. T. Stulov, B. V. Popovskiy,
0. M. Ivanstov, M. K. Safaryan, V. A. Afanas'ev.

This text book sets forth basic information about oil centers
and modern methods of constructing steel and concrete tanks for
storing petroleum and petroleum products. Problems in designing
steel and concrete o0il tank members for strength and durability
are also discussed.

Information is given about the design and construction of
gas storage tanks. A separate chapter is devoted to the latest
methods of building storage tanks. A detailed description is
given on erecting reenforced concrete oil storage tanks as well
as underground gas storage tanks.

The final chapter covers the machinery which must be used
with steel or recenforced concrete storage tanks.

The text book is intended for students attending higher
educational institutions which are concerned with petroleum.

There are 25 tables, 211 illustrations and a bibliography

with 17 references.
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Foreword
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Since the production and refining of petroleum and gas within
- the USSR has increased each year, oil tank farms must be expanded
3 and a larger number of gas storage facilities must be const:ucted.
0il tank farm expansion comes about either by building new und
more efficient o0il storage tanks, or by increasing existing tank
capacity.

Widespread use of industrial building methods has perm.tted
a significant increase in the tempo of erecting more tank capacity.
Thanks to the use of prefabricated parts in reenforced concrete
storage tanks, large oil tank farms have been built up which are
efficient and long-lasting facilities. Loss of petroleum and
o petroleum products has been curtailed sharply through the use of
pontoons and breather roofs.

Industrial building methods have reduced the cost of con-
structing such complex facilities as wet and dry sealed, lcw
pressure gas containers. Thanks to new materials, it is ncw
possible to erect buildings of completely different designs, such
as, for example, dry sealed gas storage tanks with variable cross-
sections. The widely adopted practice cf automatic welding helped
the rapid and reliable construction of the important spherical '
type storage containers.

The ever growing production and consumption of natural gas
has forced construction of a number of large scale underground
gas storage facilities.

Storage tank construction was started in our country by the
outstanding engineer (later academician) V. G. Shukhov. The
first riveted, steel storage tank was built to his design in
1878. Subsequently, o0il centers were built in a number of diff-

erent regions to supply consumers with petroleum products.

FTD-HC-23-1722-74
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Steel storage tank construction was perfected during the

Soviet era, and capacity grew. The first standard on riveted
storage tanks with capacities up to 10,500 m® (OST 5125-32) was
approved in 1932. Starting in 1937, electric welding was used to
build storage tanks. After 2944 all storage tanks up to 4600 m®

were welded and in 1951 construction of riveted storage tanks was

discontinued entirely.

During the period from 1944 to 1949 the Electro-Welding
Institute of the Academy of Science of the Ukrainian Soviet So-

cialist Republic, at the prompting of G. V. R@yevskiy, developed
and put into use an industrial technigque of building storage

tanks from rolled stock as received from the factory. This method
is not only widely used today in building gas and oil storage
tanks but is also used to line hydroelectric station tunnels,
smokestacks, etc. Storage tank capacity built using this method
totalled 30,000 m®.

Reenforced concrete storage tanks are also being built in
this country. The first reenforced concrete storage tanks were
built in the Baku region in 1912. Deep cyliudrical, reenforced
concrete, storage tanks with capacities up to 7000 m® were de-
signed and built over a thirty year span. Cylindrical, reenforced
concrete storage tanks with capacities of 160, 250 and 500 m®
were built in 1935. All these tanks were monolithic. Improve-
ments within the construction industry made it possible to shift
over to prefabricated, reenforced concrete, tanks. The maximum
capacity of these types of storage units already
totals 30,000 m’.

A wet seal type gas storage tank with a capacity of 100,000 m®
was built at Dnepropetrovsk in 1933. First gas storage tank

e i i ki . i ks -..p.-n...»-d
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designs were riveted. Subsequently, as has already been noted,
electric welding and industrial type assembly techniques were
also introduced into this area.

This book examines the problems in erecting oil and gas
storage facilities using current industrial technigues. Chapters
1, 9, 10, 11 and 12 were written by T. T. Stulov, chapters 2, 3
and 4 by M. K. Safaryan, chapters 5 and 6 by V. A. Afanas'ev,
chapter 7 by B. V. Popovskiy and chapter 8 by 0. M. Ivantsov.




Chapter One

GENERAL INFORMATICN ABOUT OIL CENTERS

§ 1. Designation and Classification of 0il Centers.

The oil center is a complex, interrelated arrangement of
buildings, installations, pipelines, storage tanks and special
machinery.

An o0il center is defined as a place which receiveg, stores,
and delivers petroleum products. All operations carried out at
the oil center can be classed either as basic or supporting.

The following operations fall into the basic category:

receiving petroleum products which nave been delivered by
rail tank cars, pipeline, tankers or other means;

storage of petroleum products in storage tanks or cargo con-
tainers;

deiivering petroleum products to railroad tank cars, tankers
and pipelines;

transfer pumping to main petroleum product pipeline stations:;

delivery to small consumers via pumps and container ware-

houses.
The following operations fall into the supporting category:

purification and separation of water from petroleum products;
blending lubricating oils or fuels;

reclamation (restoring quality) of refined lubricating oil;




manufacture and repair of containers (barrels, containers);
preheating congealed or viscous petroleum products during

receiving, storage and delivery.
O0il centers are divided into two groups:

The first consists of those which are independent enterprises
whose purpose is to store petroleum and petroleum products and to
supply them tc consumers;

The second consists of centers which belong to the industrial
transportation system, or other types of enterprises (heat and electric

power plants, railroad stations, river and sea ports, etc.).

Depending on firefighting requirements, centers in the first
group can be subdivided further into the following three cate-

gories as a function of total oil farm capacity:

category I - capacity is 50,000 m® or more
category II - capacity is 10,000-50,000 m®
category III - capacity goes up to 10,000 m’

0il centers in the second category are allowed to store the
following quantities (in m’) of petroleum products in storage

tanks or containers:

Subterranean Surface
Storage Storage
Light Combustibles 4,000 2,000
Flammables 20,000 10,000

0il centers are located in specially selected sites accor-
ding to a general development and construction plan for a speci-

fied region: they are near transportation lines if the oil center is




a railroad type and near water routes, if the plan is to have
the o0il center receive and ship petroleum products by water.

Cil centers are tied to public roads by access roads at least
6 m wide. Oil centers in category I have at least two roads accesi-
ble to public roads. Category II and III oil centers have only
one.

Category I oil centers are located at least 100 m away from
industrial enterprises. Category II and III centers are 40 m
away from industrial enterprises and 100 m away from other buil-
dings.

0il centers located on a shore line, or within 200 m or less
from the shore, are set, as a rule, no closer than 100 m to
traffic and, at least 3000 m (for category I centers) or 2000 m
(fcr category II centers) away from traffic at docks, river sta-
tions, hydroelectric stations, bridges, or other industrial facili-
ties not directly on the river bank.

If the oil center is closer than 200 m to a populated point,
an industrial enterprise, or a railroad, and is at a higher eleva-
tion, then protective banks, '.oter canals or other measures must
be set up to prevent flow from the o1l center in case of damage.

0il distribution centers are built to a general plan which
has included such items as building layouts, installations, facil:i-
ties, transportation and industrial networks, maintenance, security,
organization of public services, and road layout within che area.
In general, the oil distribution center is divided into seven in-
dustrial zones with the following purposes (fig. 1.1):

I - receiving and shipping petroleum products by rail;

II - receiving and shipping petroleum products by water;
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security;

IV - operations;

V - supporting production process equipment;
VI - administrative - management;
VII - purification operations.

Fig. 1.1 Layout of a typical oil center by zones.

1- berth; 2- freight railroad tracks; 3- loading and unload-
ing racks; 4- null type storage tanks; 5- office (pump); 6- gate
valve junction; 7, 31- laboratories; 8- tank farms; 9- measuring
tank; 10- embankment; 11, 15, 16, 18, 19, 25- stores; 1l2- auto
pump; 13- weighing bridge; 1l4- pouring tank; 17- unloading area;
20- boiler room; 21, 22 and 23- engineering shop, 24- water pump
area; 26- sludge bed; 27- oil trap; 28- sand trap; 27- adminis-
tration building; 30- office; 32- electric power station; 33-
security guard; 34- fire station.

Zone I contains buildings which receive or ship large batch
lots of petroleum products. It has railroad tracks for handling
oil freight cars, loading and unloading racks, and null type
storage tanks to receive petroleum products from underground
mains, laboratories, and other buildings.




In zone II of o0il centers located on navigable rivers or
seaways, we find berths (piers) for loading and unloading ships
as well as other subsidiary buildings.

Zone III contains installations for storing petroleum pro-
ducts; there are tank farms, gas mains, and buildings for carry-
ing out subsidiary operations.

The tank farms are the principal buildings in o0il centers.

Items in zones I, 1I, and III are interconnected by pipelines
so that petroleum products can be transferred while they are %“:'.g
received, stored or shipped.

Zone IV contains buildings which are used to ship petroleum
products in tank-trucks, barrels, or cans. Included here are self
service racks and pumps for pumping petroleum products into tank
trucks; unloading and packaging facilities for pumping petroleum

products into barrels and cans; and other service type buildings.

The zone IV section is located as close to the entrance as

possible.

Zone V contains the boiler room, the engineering shop, various
storehouses, water pumping station, and other auxiliary installa-
tions. The o0il center's water supply can come from the municipal
water supply system, artesian wells, or open reservoirs.

The office, fire station, and other administrative-management
buildings are located in zone VI,

Zone VII contains a group of buildings which collect and
purify industrial waste water and rainwater (sand and oil traps
and sludge beds, etc.).

10




| Living quarters for the people who work in the oil center
are located in an area separate and apart from the center.

Sometimes, to reduce construction costs, the individual
buildings in zones V and VI are combined, depending on their
processing capabilities.

T e T TS T P T

Not algﬁoil centers have the buildings just listed because
its makeup depends on the type of center it is, its capacity, its
designation, and the nature of operations carried out there. For
example, buildings in zone III (operations) are not found in
transfer centers, and boiler room facilities may not exist at

centers which process white oils (benzene, kerosene, diesel fuel).

§ 2. Classification of 0il Distribution Centers By Opera-
tional Activities.

0il centers, depending on operational activity, fall into
four classes: 1) transfer; 2) pre-factory; 3) delivery; 4) distri-
| bution.

The purpose of transfer centers is to transfer bulk quanti-
ties of petroleum products from one type of transportation sys-
tem to another. The storage period at such facilities (except
for centers on water routes which freeze over) is 12 to 34 days.

Transfer centers are situated at ocean ports, on navigable
rivers, and at large rail truck lines.

Cinio

Petroleum products are transferred from rail car or pipeline

to tankers or vice versa at marine (ocean or river) transfer
centers.

11
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At those transfer centeis which are situated on rivers which
freeze over, and where petroleum cargoes are transferred from shif
to rail, large oil tank farms receive petrolevm products only
during the navigable perind, and ship during te remaining part
of the year.

Powerful pumping equipment and modern input-output systems
at the transfer centers make it possible to move cargo within
a short period of time and without demurrage.

In general, transfer centers belong to category I.

Pre-factory oil distribution centers are raw material or
commodity bases. Raw material bases receive and prepare raw mat-
erial for processing at a factory; and commodity bases ship finished
products to delivery and distribution centers.

Usually raw material and commodity bases are combined and
located in close proximity to the factory or even within its con-
fines. As a rule, pre-factory centers share power, water, and
sewage facilities with the factory.

Delivery centers distribute petroleum products throughout
an extensive network of small distribution points. They can also

supply small consumers (integrated oil delivery centers).

Petroleum products arrive at oil delivery centers and are
then moved to distribution bases by various methods of transpor-
tation.

0il distribution centers supply consumers with petroleum
products directly. Both the capacity and variety »f petroleum
products at distribution bases are smaller than that found in

transfer or pre-factory centers. Distribution centers are not

12
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intended to store things for long periods of time and service
a limited reg'.on.

Distribution centers receive petroleum products by water
or rail, and ship to consumers in rail tank cars, tank trucks,
or other small containers.

Distribution centers located away from waterways or rail-
roads are called interior centers. This is done in preference
to calling them agricultural region oil centers which get their
petroleum products by truck and distribute it in small contain-
ers (barrcls, cans).

Centers which receive products by pipeline are situated
along the main oil pipeline trunks. They deliver petroleum pro-
ducts chiefly by truck.

Distribution centers usually fall into categories II and
IIX.

§ 3. Netermining 0il Center Capacity

It is very important to know the oil center capacity to be
able to increase its capacity in the future. A significant part
of the capital investment {(up to 60%) put into constructing oil
centers goes for the tank farms; therefore, capacity must be
fixed accurately enough so that the fullest use is made under
normal circumstances.

Storage capacity in the tank depends or the type of base
it is, material turnaround, receiving and del.ivery conditions,
and also how many inter-warehouse operations must be performed
(filtering, water separation etc.). Therefore, what type of

13
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center it is (tansfer, distribution, marine, rail) determines
the amount of stored petroleum products; an increase in turn-
around and any unevenness in incoming or outgoing deliveries
contributes to increasing capacity. Additional cawacity is

needed for inter-warehouse operations.

Statistical data on petroleum product requirements within
the particular area must be established and consumption fore-
casts must be considered, if distribution center capacity is to
be found.

If the shipment is by rail, the capacity required at the
center for each type of pgroduct can be determined from thLe form-
ula

___QL__( .._J_)
V“ao-o.«JSp ky-H ks ]®

where V is the capacity in m®; Q is the maximum monthly receipts
in tons; T is the tank car running time, in days, from where

they were filled to the oil center; k;, is the coefficient of un-
evenness in the incoming delivery of products (k= 1/1.5 is a
function of the tank car running time); k2 is the coefficient

of unevenness in outgcing deliveries of products (k2= 1/4); p is
the density of the product in T/m®; the number of days in a month
is 30; and 0.95 is the storage tank utilization factor.

The capacity of 0il centers situated on waterways which

freeze over must equal requirements for the inter navigational

period plus a certain reserve.
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The capacity of a transfer conter can be found graphically
using incoming and outgoing delivery rates (fig. 1l.2) during in-
dividual periods of the year (months).

If the oil tank farm ‘s operating normally, this area bounded
by the incoming delivery curve and the coordinate axes (fig. l.2a)
must equal the area bounded by the outgoing delivery curve and
the coordinate axes (fig. 1l.2b, both areas have been hatched), so
that the products received, Q. equal those shipped out, Qo’

If we superimpose the incoming graph (a) onto the outgoing (b),
we get another graph (c) in which the areas .iarked plus and minus
show how much incoming deliveries exceed outgoing and vice versa.
The sum of the positive areas equals the sum of the negative areas
because input equals output. The points at which the two curves
intersect indicate low or high points of produc*- outgo.

When incoming deliveries exceed outgoing, stor.ge tank capa-
city is filled (see curve oab, fig. 1.2d). Maximum capacity
shows up at the end of a low outgo period (prdinate Vmax)' Upon
reaching its maximum (point b) the curve turns down (segment bcd)
until the end of the high outgo period. Then the low outgo period
starts again and the curve increases (dc), i.e., incoming delivery

exceeds outgoing.

0il tank farm capacity needed by the center is V=Vmax - Vmin’
Let Vmax= 25% and Vmin= -10% of the annual handled, then the re-
quired capacity is V= 25 - (-10) = 35% of the annual turnover.

If petroleum products similar in quality are stored at the
oil center (greases and different grades of diesel fuel) and the
periods when they are filled to the maximum do not coincide, over-
all center capacity can be fixed at some figure less than the sum
of all the individually calculated capacities.

15
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Fig. 1.2

Graphical method of determining oil center capacity.
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0il center capacity can be found analytically if incoming

and outgoing deliveries can be established in terms of an annual
turnover percentage or in actual amounts by months, ten day periods
Table 1.1 shows an example of how capacity can be found

or weeks.

as a percentage of annual turnover; the first two lines show in-

coming and outgoing monthly deliveries as a percentage of the

total annual handle; the third line is the monthly excess of ship-

ments

appears as the difference
the fourth is the monthly
appears as the sum of the

‘ver receipts

~) or receipts over shipments (+) which

between the first and second lines; and
change in o0il tank farm capacity which

monthly petroleum product balances.
(Table 1.1)

o . —
Indices S S 5 e, ) >y = » . J 5 o
£ £ 1 9 54 > [ = — "] [e]] + > 9] b
SlefEl=|g(3]|a]2|2|8]|2|&] &
Incoming 2 15 |5 17 |9 jJ12]15)12110}9 |8 |6 |100
Outgoing b jr2Jwojwo)7 {34347 {9 |09 |6 |100
Monthly “:12 -7 |-5]-3'+2}+9{ +13 +5]|+1{-1]|-1]0C --
balance .
Sum of -12 F19 Fob Fo7 bos [-16) -b| +1 | +2|+1]0 JO | --
monthly
balances
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In our example the tank farm's capacity is V-Vmax vmin=

2- (-27) = 29% of the arnual turnover.

The capacity of measuring tanks, null type tanks and tanks
for internal operations must be added to the capacity just found.

For planning purposes, capacity is found by using a utiliza-
tion factor n and the relation Vp= V/n. An average value for n
is 0.95. As a rule, the constructed storage capacity Ve is al-
ways higher than the planning figure Vp but the difference must
be as small as possible.

The relationship of annual turnover to capacity is the turn-
over factor; this shows how efficiently the tank farm is being
used and the figure varies from 1 to 30. Railroad oil centers
have higher numbers while centers situated on rivers which freeze
over have smaller.

§ 4. Selecting and Surveying An 0il Center Construction
Site.

Before a site can be selected on the map, project engineers
must carry out some preliminary work like the following:

a) study the project specifications;

b) familiarize themselves with site topography using exis-
ting maps and locate railroads and automobile roads;

c) ascertain sources of water, electric power and telephone
lines;

d) determine local availability of construction materials;

Usually several different laycuts of an oil center are possible

sG a special commission selects the optimum one after a review.
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The site where the oil center is to be constructed must con-

form to the general plan for developing neighboring population
centers and industrial enterprises.

The area set aside for construction must accommodate all the
buildings in the o0il center, provisions must be made for protec-
tion against fires and space must be set aside for expansion
(usually 25-30% of the o0il center's area). Wind directions must
be established when laying out the arca. The o0il center is al-

ways located on the lee side of populated areas.

Area topography should be gently sloping so as to allow
petroleum products to be filled or drained from pipelines by
gravity and also to allow rainwater to drain away. Rugged or
flat terrain is not suitable for oil centers because they re-
quire large expenditures to provide the planned topography.

Terrace~-like areas on river banks are very advantageous for
marine oil centers because ships can be loaded by gravity.

Once the area for building an oil center has been selected,
project surveyors face the following work:

1) geological and hydrogeological investigations;
2) topographical survey:

3) collecting general information;

This work is done during geological and hydrogeological in-
vestigation phases:

a) determine location of soil strata, their interdependence,
and geological characteristics and make recommendations on selec-
ting naturally sound foundation sites;

17
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b) collect data on the .bed recommended as the most natur-
ally suitable found~tion sive;

c) determine the level and flow characteristics of subsurface
water.

Depending on geological conditions, a number of holes are
drilled in the area to explore bed formations and to construct a
geological cross-section. In addition, bore pits are sunk and
specimens (mnrnoliths) are taken from the walls for laboratory
investigation. Depth of the bore pits depends on the data obtained
from the drilled holes.

When storage tanks are built above ground, holes are drilled
at least 12 meters to bedrock to determine ground stratification.
A geological cross-section is made of the area where petroleum pro-
ducts are to be stored.

When subsurface storage tanks are to be built, hole depths
are 6 meters below the bottom of the tank and detailed data is
taken on the location of subsurface water and on its chemical
composition. A written report is made on the results of the geo-
logical and hydrogeological investigations and recommendations
are made on how to design the foundations.

The extent of the topological survey is determined by local
conditions - whether there are neighboring, developed areas, rail-
roads, reservoirs, etc. The scale for surveying the section varies
from 1:2000 to 1:500 depending on local topography. Contour lines
are plotted at every 0.5 to 1 meter height above sea level and
levelling is done on a grid square whose sides are 30 to 50 meters.
A situation map is drawn up showing roads, rivers, gorges, build-
ings, borders of populated areas, water and sewage mains, etc.

This is appended to the railroad map in which railhead elevations
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above sea level are also indicated. All material on rai% lines
is coordinated with railroad management. Two baseline axes
(mutually perpendicular) are drawn on the o0il center plan and then
duplicated at the site with benchmarks (buried@ posts). Local de-
partments of various interested organizations (meteorological,
real estate, archives, etc.) receive general information about
the sites such as: geological and hydrogeological data, depth

of the frostline and snow cover; air temperature by month; wind
directions; area seismological data; water sources and usage
potential; and information on roads; availahility of local con-
struction materials; electric power sources etc.

5 5. Preparing a General Plan for an 0il Center.

The general plan is the most important part of the planning
operation. Any errors made during preparation of the general plan
can increase construction cost and have an adverse affect on the
oil center's operation. The general plan must take into account
the sequence of the o0il center's processing operations; advantageous
use of local topological characteristics; efficient integration
of the area's engineering systems (waterlines, sewage, high vol-
tage lines, low current lines etc.) and their respective commu-
nication channels, and of the o0il center's roads; and there must
be good arrangement of the individual zones to fit geological,
hydrogeological, and meteorological conditions.

The following are used in preparing the general plan:

a) a detailed plan of the areas abutting the o0il center:

b) a contour map plan of the oil center;

c) information on fire fighting classification, depending on
the o0il center's catecory:;

d) a master list .f the oil center (a list of all buildings);

c) information about tank farm capacity.
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Preparing the general plan is a complex problem which is
solved by the combined efforts of production - process engineers,
architects, builders, highway engineers, electrical engineers and
water supply engineers. Solution of the problem begins at the
planning stage which breaks down into horizontal and vertical type
planning.

Horizontal planning means that all the o0il center buildings

are arranged in the plan so that there is a technical tie between
indi-idual zones. A process scheme is developed in the first stage
of horizontal planning and all ::pelines and building outlines are
entered therein. The petroleum receiving zones (I or II) which
are associated with rail lines or berthing facilities are located
separately from the other zones. If a river is the water source,
the water intake facilities are located above the docks. A parcel
with the required subsoil properties is set aside for the most
important zone in the 0il center - the storage zone(III). Pre-
vailing winds are considered so that no sparks are carried over
from buildings in which open fires are used (boiler rooms, forges

etc.). The storage zone is enclosed.

The operations zone (IV) is located directly at the entrance.
At large o0il centers (categories I and II) the operations zone is

enclosed and designed to have a separate entrance and exit.

The auxiliary building zone (V) is usually set apart from
the other zones because its sectors are interrelated and open

fire can be used in the work carried on there.

The zone containing the purification facilities is located
in the lowest section of the area in order to drain rainwater and
sewage by gravity. The residential area is built a specified
distance away, as determined by fire safety standards. Also
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buildings are located within the zone, anticipating fires. Be-
sides all this, horizontal planning takes care of road design, in-
cluding 3.5 meter wide approaches to all installations within the
center. Main roads are designed to be 6 meters wide, It is ad-
visable to link roads together to facilitate firz engines' movement.

Vertical planning involves organizing area topology to drain

rain, designing road gradients and engineering support systems,
and also marking the first story for buildings and storage tank
bottoms. This work is done to meet the technical requirements
of tall buildings. They must provide for the following:
gravity loading or unloading of petroleum products into or
from rail tank cars and gravity feeding into the operational zone;
locating the storage zone at a site lower than the surround-
ing installations to avoid spreading spilled products in case
stcrage tanks are damaged.

Pumping stations are also located in the lowest spots so that
suction lines operate properly. Maximum road grade lengthwise is
0.07 and transversely is 0.04.

To determine the scope of earth moving work (fills and ex-
cavations) the oil center is divided into quadrants 20 meters to
tlie side and the quadrant points of intersection are marked in
black, if they represent current levels of the earth's surface,
or in red, if according tu the vertical planning design. The
basic purpose of vertical planning is to balance out earth mov-
ing work so that excavations equals filliugs.

§ 6. Planning 0il Tank Farms

The following requirements apply to storage tanks which are
intended to be used to store petroleum and petroleum products:
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1) hermeticity; 2) fire proofing and 3) life.-

Storage tank parts must be manufactured under industrial
conditions and must be easily assembled at the construction site.

The following indicators evaluate oil tank farms technically
and economically:

1) cost per m® of capacity;

2) overall cost per m® of capacity which consists not only
of the storage tank itself, but also the cost of other necessary
construction in the. oil tank farm (earth moving work, industrial
work, water supply and sewage, heating systems, roads, enclosures
etc.) 5

3) the expenditure for basic construction materials (steel,
reenforced concrete etc.).

Petroleum and petroleum product storage tanks can be surface
types, if their bases are at a uniform level, or above the lowest
planning mark in the adjoining area, or if they are set at a depth
which is less thar half their height; or else underground types,
if the highest level of fluid in the tank is lower than the low-

est planning mark in the adjoining area by at least 0.2 meters.

Comments. 1. The adjoining area is considered to be within
6 meters of the tank wall.
2. Tanks which have been banked with earth are con-
sidered to be underground types providing the height of the embank-
ment is at least 0.2 meters higher than the highkest level of fluid

in a tank and at least 6 meters wide as measured from the bank wall
to the embankment edge.
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Tank shape may be cylindrical (vertical or horizontal),
rectangular, spherical, tear shaped etc. Tank capacity is reg-
ulated by fire safety standards and technical considerations.
The followir.g data must be known to layout oil tank farms:

for surface tanks

the largest capacity within a group of tanks

the distance between walls of neighboring tanks which
comprise the group

the distance between tank groups

the order in which tanks are located within a group.

for underground tanks

division of tanks into groups and subgroups; group and
subgroup capacity is regulated by the product's surface area;

the distance between groups, subgroups and the distance
between neighboring tanks within a subgroup.

In order to forestall spillage of petroleum or petroleum
products because of damage, surface tanks are enclosed with an
uninterrupted, earthen embankment at least 1 meter high and at
least .5 meters wide on the top of other incombustible material
at least 1 metér high and which is designed to withstand the hydro-
static pressure produced by the spilled liquid. Fire safety
standards are followed in building embankments within groups.

Investigation of technical-economic indicators on both sur-
face and underground types of oil tank farms shows that an in-
crease in capacity significantly reduces the amount of basic
materials expended as well as construction cost. In particular,
it was noted that pipeline distances (industrial, water supply,
sewage etc.) were shortened. Moreover, according to information
from V. I. Che;nikin, increasing the capacity of individual tanks

cuts down evaporation losses. For example, the annual evaporation
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loss for a 200 m? tank is 5.75%, for 400 m® it is 5%, for 1000 m®
it is 4.25%, for 2000 m® it is 3.75%, for 5000 m® it is 3.25%, and
for 10,000 m® it is 2.75% of total tank capacity.

§ 7. O0il Center Loading and Unloading Devices

The purpose of this book is to familiarize the reader chiefly
with problems having to do with the construction of 0il centers.
Therefore, we shall describe here only the more commonly used rail-
road loading and unlcading devices.

Special scaffolds have been built to load petroleum products
at main rail trunk lines and to unload them at the storage tanks.
Scaffolds are spotted directly on that section of the rail line
(rail head) which leads away from the nearest station. Petroleum
handling rail track can be either operational (loading - unload-
ing) switching, or by-passing, so changes can be made if other
tracks are taken up, and also there is a railhead to unload crates,
coal and other ma%terials. Loading - unloading devices are built
of fireproof materials and can be either single or double track
tyres (between two tracks).

Petroleum products having different properties (viscosity,
pour points, vapor pressure etc.) arrive at the o0il center in
different types of tanks. This requires different loading and un-
loading systems.

Unloading by pumps (fig. l.3a) can use either topside or

bottomside methods. In the topside method of unloading, the
standpipes 1 are set 4 meterc apart and are connected by flexible
rubber hoses 2. The other end of the hose runs through the access
hatch into the tank car.

If the bottomside method is used, the tank car discharge
fittings are connected by flexible hoses 3 to the manifold 4.
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A drainpibe 5 runs from the inside of the suction manifold 4 to
the pump 6. A cleaning manifold which runs in parallel with mani-
fold 4 is connected to standpipe 1. If the centrifugal pumps are
not self-priming, then a vacuum pump is connected to the air mani-
fold 7 to create the initial vacuum in the suction line. The
vacuum pump exhausts any air in the line due to loose connections.
Petroleum products are pumped directly into the tank farm or first
into a null type tank 8, and then into the tank farm. The un-
loading lines are hermetically sealed.

Topside unloading with a submersible pump. (fig. 1.3b) is
done in the following way. A flexible hose 2 is connected to a

submersible pump and an explosion-proof electric motor. The pump
transfers the petroleum product from the tank car into the storage

tank 8 through hose and pipelines 1, 4, 5.
7 =
~——ttd - to vacuum

?_ from compressor
- --==4¢-04-- steam
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Fig. 1.3 Methods of unloading petroleum products from tank cars.
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Gravitv discharge (fig. l.3c, using the same marking system as
for a and b) is used when topography is favorable and when storage
tanks are located beneath the tank cars. The discharge standpipe

is, in effect, a syphon. There is no pump in the system during
gravity discharge. However, in order to have normal discharge
coaditions, the upper point of the discharge standpipe A must be
connected to a vacuum pump.

scaffold for maintaining
~discharge front

Fig. 1.4 g0 -+ —e]

Discharge of dark petroleum products using a intra-rail trough and
a fixed, coiled heating element.

1- four axle tank car with a capacity of 50 m ; 2- tank car
steam jacket; 3- discharge fitting; 4- reinforced concrete trough
in between the tracks; 5- coiled heating elements in the trough;
6- metal covers for the trough; 7- steam hose D,=32 mm; 8- steam
line; 9- shut-off valve Dy=32 mm.; 10- rotating pipe Dy= 50 mm for
connection to the hose when heating fuel oil with live™ steam,

Open gravity discharge (fig. 1.3, d) differs in that the
petroleum product passes through the tank car‘'s discharge ap-
paratus 10 into chutes 11, and along this into a trough 12, placed
alongside the rail line. The petroleum product discharges into ‘

tank 8 through discharge pipe 5, attached to the center of the trouch,
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Petroleum products are pumped from the decanting tank 8 into the
storage tanks. Decanting (null type) tank capacity is equal to
either the full cargo capacity or 2/3 of it, if the petroleum pro-
ducts are pumped directly out of the delivery tank. The delivery
trough and chutes are made of incombustible materials. The chutes
are about 3.5 meters long. The delivery trough can be located
either alongside the track (one-sided delivery), between tracks
(intra-track delivery), or between a pair of tracks (two-sided
delivery). The trough is as long as the road bed. Heaters,

steam pipes 25-50 mm in diameter, are placed along the bottom of
the trough when viscous petroleum products are being unloaded.

The trough has hinged covers. Figure 1.4 shows the unloading of
dark petroleum products using an intra-track trough with fixed,
coil type heaters.

The enclosed gravity unloading system differs from the open
in that instead of using delivery chutes under the tank car dis-
charge fittings, flexible hoses are used and these run to the un-
loading manifold. The manifold is buried in the ground at some
angle and a discharge pipe is attached at its center.

pumping
station g

e i el

Fig. 1.5
Methods of loading petroleum products.
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A pressurized unloading system (fig. 1.3, e, f) is used to

speed up the discharge process. Here the tank car access hatch is
hermetically sealed by a special cover which contains a nozzle and
this is connected to an air or steam manifold via a flexible hose.
The air or steam increases surface pressure (0.5 Kg-f/cm?) and the
discharge is accelerated. The tank car cover has a safety valve
and a manometer. When the topside method of unloading (fig. 1.3,e)
is used, pressurized material moves through the hose 2 and pipes

1, 4 and 5 into the unloading tank 8. The pressurized bottom method
is chiefly used in handling viscous products; it is very efficient
and reduces pre-heating. If the tréugh is located between rails
(this simplifies unloading) then heaters are put along the trough's
walls and the trough must be set deeper. Petroleum products flow
from the drain pipe 5 into the storage tank 8.

The same facilities used to unload wvhite petroleum products
are used to unload petroleum products int.o tank cars.

-

Figure 1.5 shows how petroleum products are loaded.

Fig. 1.6 Process schematic of a KS scaffold (combination loading and

unloading of white petroleum products).

28




1- loading-unloading standpipe; 2- (main) rubber hose;
3- (purification) rubber hose; 4- air relief coils; 5- main mani-
folds; 6- manifold for unloading improperly working tank cars;
7- air manifold; 8- short pipes for unloading improperly working
tank cars; 9- air release valve for use when the manifold is being
discharged.

oyt ) ?nwn-g
53 I R 7
& Wl gy W

Fig., 1.7
KS scaffold with rubber hoses.

1- hose where D=76 mm; 2- sleeve where D=38 mm; 3- mobile,
collapsible bridge; 4- standpipe; 6- counter-weight; 7- manifold
for unloading improperly working tank cars; 8- air manifold.

Gravity loading (fig. 1.5) is used when topography permits
and it takes place because there is a difference in height between
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the petroleum product in the tank and the top of the scaffold.
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Fig. 1.8
NT type scaffold for loading dark petroleum products.

1- basic manifolds; 2- steam manifold; 3- drain pipe; 4- steam
line; 5- condensate return line; 6- condensatz return trap; 7- tele-
scopic tube; 8-~ lcading pipe; 9- rotating stuffing box; 1l0- steam

nozzle; ll- counterweight.

Pressure loading (fig. 1.5 b) is done with pumps.

Loading via a buffer tank (figure 1.5 c) includes the first

two devices and is done when the o0il center's topography is favor-
able.

Loading and unloading is done at rail routes with scaffold 1.

The number of scaffolds and their spans is a function of volume
and freight capacity at the rail lines.
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Loading and unloading scaffolds for white oils have two or
three main manifolds, a manifold for unloading improperly working
tank cars and an air manifold. Manifold diameters depend on
freight capacity and are determined by hydraulic calculations.

NS, KS, NM and KM railroad type scaffolds can be made either
of metal or reenforced concrete. They are fitted out with a
water pipe system which delivers water with at least 25 horse-
power at a pressure head of 40-60 meters and they have sewage
system or open chutes (in southern regions) which can drain water
or different types of petroleum products. The scaffolds are
equipped with transition sections and hinged bridges to facili-
tate the loading-unloading operation. A schematic diagram of a
KS type scaffold is shown in fig. 1.6 and in figs. 1.7 and 1.8 are
shown KS and MT types.

§ 8. Water Supply and Sewerage Systems at 0il Centers.

Water is distributed at oil centers for industrial, house-
keeping and firefighting purposes. Its consumption is regqulated
by special standards. As a rule, the water supply systen at oil
centers is integrated, i.e., there is one overall system and
facility for delivering water for industrial - firefighting and
housekeeping purposes. Separate systems are set up only when the
quality of water for housekeeping purposes does not meet sanitary
requirements and must be purified. Local watermains, artesian
wells, or intakes from open scurces (rivers and lakes) are water
supply sources. Category I and II centers are always equipped
with a firefighting water system, while category III centers have
firefighting water tanks or reservoirs which deliver water by
motor pumps or firefighting pumping units. There are usually at
least two water tanks or reservoirs, the volume of each is at
least 100 m® and the distance from the water tank to a building
is no more than 200 m and no less than 40 m.
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Foam is mainly used to extinguish fires in oil tank farms -
it can be chemical and made by mobile foam generators or pneumatic-
mechanical and made by foam mixers. Water is delivered to the
foam generators or mixers from the pipeline at a pressure of at
least 4 lic.-f/n2. Information on water expenditure for these pur-
poses is given in table 1.2.

The o0il center s sewage system is always designed in two
sections; one for industrial-rainfall drainage and the other for
housekeeping and human waste discharges. Those systems are never
combined. Figure 1.9 shows the main layout of a sewage disposal
system at an oil center. If ethylated gasoline is stored at the
center, industrial-rainfall drainage is piped into separate tanks
and then purified. The industrial-rainfall system is no closer
than 3 meters to the housekeeping and human waste system. The
waste dicsposal system (gravity type, as a general rule) is designed
to be underground, and is built with cast iron, ceramic or asbestos-
cement pipes. The distance between an o0il trap and the closest
building is at least 30 meters.

(Table 1.2)

Discharge of water
Tanks Tank liters/sec.
Volume
for for for cooling | Total
foam cooling three
extin- a heated | adjacent
guishing | tank tanks
Surface metal 700 12 17 10 39
1000 12 19 11 42
3000 40 30 18 88
5000 50 36 22 108
Underground
S e e 5000 55 30 - 85
concrete 10000 105 50 - 155

Note. Shown is the amount of water which must be expended for
petroleum products whose flash point is 28°C or less; the amount of
water needed to extinguish with foam petroleum products whose igni-
tion point ranges from 28 to 45°C decreases by 17% and for ignition
points over 45°C by 50%. Calculated time for extinguishing the fire

is 10 minutes and 3 hours for cooldown.
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Fig. 1.9
Main layout of an oil center sewage system. l- building

industrial waste system; 2- scaffold waste disposal system; 3~ o0il
tank farm waste disposal system; 4- sand trap and strainer piping;
5- oil trap; 6- first section of the purification pond; 7- second
section of the purification pond; 8- discharge control; 9- basin
discharge; 10- precipitation drying area; 1ll- drainage network:
12- dredge pipeline; 13- dredge pipeline output to ejector;

14- pump station for pumping out accumulated petroleum products;
15- reservoir for accumulated petroleum products; 16~ network to
separator-reservoir.

At large marine 0il centers the ballast water (from tankers)
as well as sewage water is purified. Large and complex installa-
tions are set up to do this; they have o0il traps, settling tanks,
storage tanks, flotation beds and other special equipment. Puri-
fication facilities are designed to meet special standards and
industrial conditions.
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Chapter Two
STEEL STORAGE TANKS
§ 1. PresentDay Status of Storage Tank Construction.

Today steel storage tanks, which are designed to withstand
low gas pressure differentials (2000 mm of water) fall into two

categories:

1) vertical, cylindrical types which are distinctive because
of size and the enclosed construction;
2) trench type.

All modern storage tanks are built to standard designs. Sizes
run in series and low pressure steel storage tanks come in the
following capacities (dimensions in m®): 100; 200; 300; 400; 700;
1000; 5,000; 10,000; 15,000; 20,000; 30,000; 50,000; 100,000.

Storage tanks with capacities up to 30,000 m® are built ex-
clusively by the industrial method using rolled stock; storacn
tanks with capacities of 50.000 and 100,000 m® are built by the
plate stocl method. However, 50,000 and 100,000 m® storage tanks
will be built by the industrial method shortly. This forecast 1is
based on using new wall construction techniques (for example, a
double layered wall) and the possibility of using high strength
steels (S-45 and S-60 classes).

Trench type storage tanks are normally built with a 5,000 m?
capacity but they can be expanded to 10,000 m® if these technical=-

economic features have been considered.

At present the trend abroad is to build vertical cylindrical
storage tanks with large capacities. For example, there is a tank
with a capacity of 100-120,000 m®. The majority are fittced with
breather ronofs.
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§ 2, Design Characteristics of Steel Storage Tanks.

Operating conditions, properties of petroleum and petroleum
products, construction and design requirements and steel prop-
erties are all considered during the design of steel storage tanks.

By the term operating conditions we mean geographical and
climatic conditions at the construction site (positive and negative

temperatures); scil conditions and the possibility of uneven
settling; the turnover factor - the number of times the tanks are
filled and emptied; the reactive nature of the petroleum products
‘and the likelihood of creating a significantly excessive pressure
during filling or a vacuum in emptying hermetically sealed stor-
age tanks.

Properties of Stored Products and Usage Conditions

Petroleum, petroleum products and gas each have special pro-
perties which significantly affect how they are stored. The most
important of these is their flammability and tendency to explode
as well as theii tendencies to form static charges. Several types
of petroleum and petroleum products are highly volatile and vis-
cous.

The white oils (natural gasoline, aviation and automobile
gasoline) and petroleum which contains a significantly large
amount of light fractions (light crudes) are very volatile. Be-
cause these fractio: 1o evaporate, part of the stored petroleum
product is lost and 1ts quality is lowered, so that frequently
it is not suitable for direct use and must be "corrected".

Petroleum product evaporation losses damage the economy.
It happens because of the following reasons:
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1) venting gaseous area when access hatches are opened
or because of "gas siphoning" which occurs when openings are
at various levels;

2) "large scale breathing" while petroleum products are
filled or emptied;

3) "small scale breathing" which happens when gas zone tem-
perature rises and vapor concentration increases, or when the
gas is distributed over a wider area because atmospheric pressure
is lowered; "small scale breathing" occurs when the amount of
petroleum products in the storage tank is constant;

4) saturation of petroleum product vapors throughout the
tank's gas region;

5) boiling off of petroleum products due to heating because
the vapor partial pressures are greater than the pressure at the
petroleum product surface.

Investigations have shown that gasoline losses due to "small
scale breathing" can be completely eliminated if the following
maximum excess pressures (kg-f/cm?) are maintained in the varor
region:

in central Asian area 0.26
in remaining southern areas 0.19
in temperate areas 0.16

in northern areas 0.15

The following are the chief constructional techniques of re-
ducing evaporation losses in petroleum products.

1. Reduction of the gas space. If there is no gas space,
then theoretically there are no losses due to "breathinc". There-
fore, holding the gas space to a minimum is one of the ways to re-
duce evaporation. This can be done, for example, by using storage
tanks which have breather roofs or pontoon roofs.
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2. Increasing the excess gas pressure. "Small scale breathing"
losses are completely eliminated, if petroleum products are stored
under a specified excess of pressure.

3. Entrapment of petroleum product vapors. In this case the
storage tanks are fitted out with gas collectors.

Selecting the Types of Steel Storage Tanks To Store Petroleum
and Petroleum Products.

White petroleum products which have high boiling points
(kerosene, natural gasoline and topped petroleum), oils, and
grease have a low vapor pressure. Therefore, they can be stored
in vertical, cylindrical storage tanks under an excess of pre-
ssures up to 200 mm of water.

Petroleum crudes and white oils (aviation and automobile
gasolines, ligroine) have a vapor pressure which ranges from 0.4
to 1.2 kg-f/cm? at temperatures from 40 to 50°C. These types of
petroleum products can be conveniently stored in droplet shaped,
horizontal cylindrical storage tanks or in tanks which have spheri-
cal roofs.

The vapor pressure of white oils with low boiling points
(priming fuel and natural gasoline) ranges from 1.2 to 2.0 kg-f/cm?.
These, therefore, are stored in horizontal cylindrical or spheri-
cal tanks.

To eliminate losses caused by "large scale breathing" at
places with a high turnover factor (operational storage tanks,
and tanks at main pipeline stations, etc.) it is preferable first
to use tanks which have breather or pontoon roofs, or next to
pressurize them, or as a last resort, to use vertical, cylindrical
tanks which have low pressure gas compensation.
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/ Petroleum products with low boiling points are stored in

L spherical or other type tanks which have been pressurized. 1If
the turnover coefficient Ko gets smaller, the efficiency of pres-
surized tanks increases. When Ko is less than 6, they are more
economical than breather roof type tanks.

Pressure tanks, tanks which have variable gas volumes, and
i vertical cylindrical tanks with low pressure gas equalization
ﬁ systems are used to avoid "small scale breathing" losses.

White o0ils with high boiling points (tractor and lamp kero-
senes, heavy crude and topped petroleum), for the most part, are
1 stored in vertical, metal storage tanks.

- Lubricating oils are chiefly stored in vertical or horizontal
tanks and less frequently in specially lined reenforced concrete
tanks.

The dark petroleum products (heavy diesel, high speed diesel
and furnace fuel oils) are stored in standard metal, reenforced
concrete, or stone storage tanks; while high-viscosity dark pro-

ducts (bitumens, residual oils and tar oils) are stored in reen-

forced concrete tanks.

Sour crude and its products are stored in tanks which have
been treated with a special protective coating to guard against
corrosion.

Construction and Design Requirements

In designing steel works, including plate type storage and
gas tanks, the Soviet school of construction is guided by three

principles: use the most economical metal, the least amount of
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labor and the most rapid form of assembly. According to N. S.
Streletskiy, one of the founders of the Soviet school of design

these principles are equally valid and equally important and form
the basis for quality in the design.

Improving quality is a serious problem and is the basis for
"Construction Standards anéd Rules (CSR)".

In most foreign countries the safe working stress is used
as the standard for strength and reliability; it is defined as
the ratio of the maximum unit stress to a safety factor which is
selected arbitrarily because it is indeterminant.

According to design practice in the USSR, the critical state
of the construction is the standard for strength and reliability;
this means it relates to the real application and to several fac-
tors which describe possible load changes, material quality, and
construction work conditions. This type of design is labelled
"designing to critical states" and the coefficients (load, uni-

formity and working conditions) are called design coefficients.
Domestic Steels For Constructing Storage Tanks

Storage tanks, gas containers and other petroleum and gas
storage facilities are all domestically aesigned installations.
They are intended to be used to store expensive products important
to the economy. Quite frequently the item being stored (gasoline
and liquified gas) is many times more expensive than the facility
itself. The storage area must operate under a wide variety of
climatic conditions, even at temperatures of -40°C and lower.

Oftentimes the storage areas contain products which react quickly
with steel and this causes corrosion.
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The steel used to make storage and gas tanks must be strong
(tensile strength, yield point, elongation etc.), its chemical
composition must have the necessary welding properties, and it
must resist brittle rupture at low temperatures (there must be
enough impact strength and a low cold short cut off point).

The following types of steels are widely used in the domestic
construction of storage tanks: low carbon steel BST. 3 per state
standard (GOST) 380-71; low carbon steel St. 3 which has been
improved by killing according to technical specification for
ferrous metallurgy (ChMTU) 5232-55, and low alloy steel 09G2S (M)
per state standard 5520-62. All these show higher impact resis-
tance at low temperatures.

Strengthened or high strength low alloy steels (S-45 and
S-60 classes) will be used to build storage tanks in the future.
A tank with a capacity of 30,000 m® has already been designed and
built from 16G2AF steel which has a proof stress of 45 kg-f/mm?2.
The use of such steels makes it possible to lower storage tank
weight significantly and to widen the use of rolled stock.

At modern construction sites higher strength steel is often
used to make the base perimeter and lower sections in the storage
tank walls. Rimming steel is used for auxiliary construction
(fences, staircases).

§ 3. Vertical, Cylindrical Storage Tanks Built From Rolled Stock

Storage Tanks Which Have Conical Protective Coverings

Until 1952-1953, welded storage tanks were built from plates.

In 1953 the State Pedalogical Institute (GPI) Promstroyproyekt
developed standardized vertical, cylindrical, storage tank designs
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which differ significantly from the plate construction method

not only in its construction features but also in the type of
steels and electrodes. These tanks were to be assembled from
rolled stock. The lower four wall bands were butt welded into a
circle and the upper bands were lap welded. Vertical seams in
all belts were welded. In new desigrs the rolled walls are butt
welded vertically and around the circles, then all vertical seams
are joined.

The method of building covers for tanks with a capacity of
1000 m® or more using a semi-truss, purlins, radial members and
fasteners was replaced by a prefabricated cover developed by
V. V. Didkovskiy. The panels, which look like trapezoids with
curved bases and are built at factories, have fasteners along
radial and circular load bearing points (channel sections and
angles) and are covered with 2.5 mm thick sheet steel. They bear
against the tank's wall and against a post installed at the
center. The central post is made of tube stock. The bottoms of
tanks with a capacity up to 1000 m® are made of 4 mm thick sheet
steel. In tanks which have a capacity of 2000, 3000 or 5000 m®
the central section of the bottom and the edges are 4 and 6,
4 and 7.5 and 4 and 8 mm thick respectively. The bottom piece

diameter is 100 mm larger than the tank diameter.

In 1957 Giprospetspromstroy developed designs for tanks with
frame and panel type covers which had capacities of 100, 200, 300,
400, 700, 1000, 2000, 3000 and 5000 m®.

Fig. 2.1 shows a 5000 m® tank with a frame .nd panel cover.
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Fig. 2.1. A 5060 m® storage tank with a frame and panel cover
Storage Tanks With Spherical Frame and Panel Covers

In designing storage tanks with a capacity greater than
5000 m® the conical type frame and panel cover becomes complica-
ted and uneconomical. Because of this Giprospetsneft' developed
a design for 10,000 and 20,000 m® storage tanks which had spheri-
cal covers (no central post). The 10,000 m® storage tank (fig.
2.2) is 34.2 m in diameter and the walls are 11.88 m high. 1If
the walls are made from V. St.3 steel, band thickness (from
bottom to top) are: 14; 12; 11; 9; 7: 6; 6 and 6 mm. Such walls
can easily be made from rolled stock. The wall is made in two

layers.
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Fig. 2.2. A 10,000 m’ storage tank with a spherical type cover.

The spherical cover is made from 32 spherical panels. Radial
ribs are made from No. 24 I beams and angles while the circular
ones are made from No. 14 and 10 channels. The periphery of the
cover rests against a ring made of No. 24 channel and a rigid
welded ring formed as an I beam 708 mm. high. The roof covering
is 3 mm thick and at the edges it is 8 mm.

The radius of curvature of the cover is 50 m and the dome
altitude (peak of the arch) is 3m. Bottom edges are 10 and 8 mm
thick and the central section is 5 mm.

The diameter of che 20,000 m® storage tank (fig. 2.3) is
45.64 m and wall height is 11.92 m.

The storage tank wall is made up of eight bands; the four
lower ones are 14, 12, 10 and 10 mm thick, respectively and are
made from low alloy 09G2S steel; the four upper ones are 10 mm
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thick and are made from St. 3 steel per technical specification
(ChMTU) 5232-55. The walls are three-layered.
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Fig. 2.3. A 20,000 m® storage tank with a spherical cover.

The storage tank bottom edges are segmented and are 10 mm
thick 09G2S steel. The center section is 6 mm thick St. 3 steel
per ChMTU-5232-5, and made up in four layers.

The spherical cover is assembled from 48 prefabricated panels.
The panels are ribbed; the radial ribs have box sections made from
two No. 20 channels and have a series of angle brackets; the cir-
cular ribs are made from No. 8 and 6.5 channels. Roofing cover
thickness is 30 mm and 10 mm at the edges.

Storage Tanks With Momentless Covers

In 1952 A. S. Arzunyan suggested a new type of covering
which is the so-called "momentless covering" (fig. 2.4), i.e.,
a cover made of 2.5-3.0 mm thick sheet steel which bears against
a central column and the storage tank wail and, except for the

edges, works cn the principle that steel can be stretched under
optimum conditions.
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The walls and the bottom of these types of storage tanks
are the same as in standard vertical, cylindrical tanks. A
column is set at the center of the tank and the other end holds
a metal canopy (fig. 2.4 c,e). The upper surface of the wall has
been reenforced with a box-shaped framework in order to increase
rigidity and thrust.

The central column in storage tanks with a capacity of 3000 m?
is made out of pipe 325 mm in diameter and is set 1.5 to 2.0 m
higher than the storage tank walls; the inclination facilitates
precipitation drainage. The canopy for 3000 and 5000 m® storage
tanks is made from 8 or 10 mm thick sheet steel. The canopy is
connected to the pipe by a welded bracket.

- The central column is set up on a special shoe (fig. 2.4, d)
| set on the bottom of the storage tank. Two types of column con-
struction have been developed: 1) a tube which has been hermeti-

cally sealed to the bottom by welding, 2) a tube which slips into

a shoe.

An upper peripheral frame (fig. 2.4, f), a stiff wheel, is
welded to the wall; this is made from four angles which go around
the perimeter. All these angles are connected to one another
radially with other angles and straps at fixed distances. Four
mm thick steel is placed around the frame. In 1000 and 2000 m®
3 storage tanks the frame has one or two sets of angle brackets
located in a circle in addition to the angles which are tied to
the walls. No peripheral frame is made for storage tanks with
a capacity less than 1000 m?.

Storage Tanks Which Have Pontoon or Breather Roofs.

A circular membrane is used to close off the liquid surface
in a storage tank to minimize evaporation losses. A welt is put
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Fig. 2.4. A 3000 m® storage tank with a momentless cover.

a- cross-section; b- cover overlay; c- canopy (Version I);
d- canopy (Version II); e- shoe; f- peripheral frame.
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on the edge of the membrane or individual hermetically sealed
compartments are installed in order to achieve buoyancy. If the
membrane has a welt, then it is reenforced with radial and cir-
cular ribs. This is called the pontoon type of construction.
There is a 200 mm clearance between the pontoon and the stcrage
tank wall. Because the storage tank wall and the pontoon deviate
from true circles, in practice the clearance can vary + 80 mm.

A seal on the pontoon makes the hermetic seal.

If the storage tank has no standardized cover (i.e. it is
open) and the cover is a pontoon which floats on top of a filled
reservoir, then such a storage tank is called a tank with a brea-
ther roof.

The pontoon can be made of metal or a gasolinre resistant,
non-metallic material, for example, metal on the periphery and a
non-metallic membrane in the center.

Fig. 2.5 shows a 5000 m® storage tank which has a pontoon.
Storage tanks with capacities of 10,000 and 20,000 m® have simi-
larly structured pontoons.

The principal parts of a pontoon are: a metallic circular
frame and a membrane which can be made either of rubberized
fabric or metal. The membrane is attached to the circular frame
by bolts and clamping strips. The method of sealing the space
between the tank's wall and the breather roof or pontoon is very
important.

The seal must make a hermetic seal at the gap; it must be
stable in gasoline; work both in low and high air and product
temperatures; be abrasion resistant; and must be safe in case of
fire.
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Fig. 2.5. A 5000 m® storage tank with a metal pontoon and center
post (Giprospetsneft' design 1957).

a- cross-section; b- pontoon diagram; l- tank wall; 2- bottom;

3- frame and panel cover; 4- central support; 5- pontoon in the
low position; 6- pontoon in the high position.
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ﬁ . In practice either hard (fig. 2.6) or soft (fig. 2.7) seals
are used; they can be made from rubberized sheets of fabric or

are solid. Basically, the hard (mechanical) types of sealers have
the following features.

1. Sliding metallic members made into wide strips (up to
1000 mm) from flexible thin (1-1.5mm) zinc plated or galvanized
E steel or they can be separate pieces up to 2500 mm long and

1.5-3.0 mm thick. Pieces are connected by a coating of rubber-
ized fabric.

T T T e

Fig. 2.6. Solid type of sealing systems from the State Pedago-
gical Institute, Proyektstal'konstruktsiya.

a- for 16,000 m® storage tanks (1963); b- for experimental
10,000 m® storage tanks (1964); 1- tank wall; 2- breather roof;
3- membrane; 4- lever system; 5- clamping device.
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Fig. 2.7 Soft seals.

a- loop; b- a type of flexible, rubberized fabric sheath; c- same

as in b but with a foamed polyurethane filler.

2. Lever suspension or clamping devices which press the
sliding elements against the storage tank wall and hold them in

a position fixed with respect to the breather roof.

Lever parts and articulated points are usually made of stain-
less or zinc plated steel.

3. A rubberized fabric membrane used in flexible seals to
seal hermetically the space between the sliding elements and the
breather roofs. The membrane can be installed directly over the
petroleum product surface or level with the upper portion of the

breather roof. In the latter case, a gas region is formed over

the petroleum product and the membrane also acts like a protec-
tive baffle.
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Holding the gas region over the petroleum products to a
minimum by means of the membrane (or soft sealing sheaths) stops
evaporation losses due to temperature c<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>