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1.0

I NTRODUCT ION

1.1 STUDY OBJECTIVES

In li ght of the importance of the safe and efficient trans-
fer of oil in Deepwater Ports (DWPs), it was the intent of
this study to examine in detail the oil transfer control
system in order to aid the design review process. Spe-

cifically , the objectives were:

• to evaluate normal procedures and controls used in

DWP crude oil transfer operations

• to evaluate types of failures that might occur in

the control system

• to evaluate emergency procedures and controls which

would be employed when normal procedures and controls

are inoperative.

With offloading rates in DWPs approaching 300,000 barrels

per hour , the performance and reliabili ty of the oil tranfer
equipment and controls are of critical importance. Reaction

times previously adequate in lower volume systems are in-

adequate in the specification of a modern Deepwater Port.

With increasing loading rates , there has been a steady
shift in control technology towards automatic and electronic

control systems. This changing state-of-the-art makes it

dif f icu lt for those evaluating , reviewing, and approving
control system designs to assure that certain minimum

standards are met.

1—1
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1.2 STUDY APPR OACH

The first step in the study was to describe a Deepwater

Port. The one described consists of the following major
systems :

• Tanker

• Offshore  Facilities (Pla t forms and SPM ‘s/Sea Island)

• Onshore Facilities

• Communications

Once the major physical systems were determined , a Functional
Staging Diagram (FSD) was developed . The FSD is a hier-

archical block diagram structure which is used to determine

and display the interdependency of functions necessary for
a system to operate (see 2.3.2 for a complete description) .

Equipment Staging Diagrams (ESD ) were then constructed for a

Deepwater Port utilizing the generic functions of the FSD
as a guide (see 2.3.3 for a complete description of ESD).

The ESDs evolved from a top down approach in which systems

were described in terms of subsystems , elements, and equip-

ment.

Ordinarily , the next step in the approach would have been

to construct Operational Sequence Diagrams (OSD) which

are useful in displaying information-decision—action re-

lationships in highly complex systems. Several factors

contributed to shifting from OSDs to a Failure Modes and

Effects Analysis (FP4EA). One of the primary reasons was

that the DWP oil transfer control system was not as complex

as was originally anticipated . This was combined with the

fact that the oil transfer control system ’s operational

1—2



sequence of system lineup , movement of cargo , and shutdown
were readily displayed in the ESDs. The detailed equipment

sequences , if available , were described in the FMEA .

Multiple Activity Charts (MAC) are useful in analyzing

scheduling problems , work load balance and manpower
utilization in specific and complex systems. Because of

the generic nature of the DWP described herein , MACs

were not considered the appropriate means of displaying

the information. Instead , a more qualitative method is
used in the narrative description of oil transfer control

systems.

As the study progressed through the definition phase, which

inOluded the hierarchical description of the off loading

process and its associated equipment, it became apparent that

the best way to meet the reliability objectives was through

a combination of Fault Trees and Failure Modes and Effects

Analysis. This provided a blend of theoretical and operational

points of view with the emphasis placed on operational and

design experience since the intended user was a design
reviewer . Reliability Block Diagrams could have been used

in lieu of Fault Trees , but it was determined that the
explicitness of Fault Trees (especially since they were

not complex) would be easier to understand and would be
more flexible under changing design than would be Reliability
Block Diagrams .

The Failure Modes and Effects Analysis emphasized extremely

important aspects of oil transfer control systems , based on
actual operational experience. Failure modes were explicitly

described , alternative procedures which would mitigate either

the f ailure or the effects of the failure were synthesized by

1—3
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knowledgeable design experts , and scenarios were postulated

which quantified the spill sizes which could result from

critical equipment failures. Maintenance actions were

recommended which would keep the equipment as close to

designed condition as possible.

1.3 REPORT STRUCTURE AND USES

The primary intended user of this report is the design

reviewer in the United States Coast Guard . The information

presented is structured to provide the reviewer first with

specific descriptive material and then with the means to

use this material so that an informed decision can be

made as to the acceptability of a design .

Section 2.0 provides the specific background material ,
Section 3.0 describes the Numerical Rating System , and

the Appendices contain further backup material and work-

sheets.

Section 2.0, System Characterization , is functionally

oriented , and it is formatted around a hierarchical DWP

equipment structure. This makes it possible for the

reviewer to obtain information knowing either the physical

structure or the functional structure. For example , the

design reviewer could directly obtain information on an

overspeed trip used by a tanker by looking at ESD 11200

and finding that the overspeed trip is number 11213/01.

The review could then turn to Sec-ion 11213/01 in Appendix E

for more information. On the other hand , the reviewer might
not know that an overspeed trip was required . The reviewer

could still get information on it by searching the functional

headings of Pump Protection Devices , Start Pumping , or Move
Oil Through Tanker Systems .

1—4 
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In this report, the location of the DWP Central Control

Station has not been fixed . This is deliberate because

there is no generally accepted practice within the industry

which locates the central control of a terminal in any one

place . Existing Deepwater Ports show a variety of locations

determined by whether or not the DWP in an extension to

existing facilities , by the distance between the on and offshore
facilities, or by the established practices of’ the ownei’(s).

Wherever “Central Control Station” is referred to in this

report, its location can be ignored the communications

link completes the “ioop” of those control systems con-

sidered and the location becomes irrelevant.

Section 3.0, the Numerical Rating System , is an extension

of Section 2.0 in that the reviewer will draw upon the

concepts and criteria presented to describe the system

being evaluated and to numerically rate this proposed
system against the benchmark system of Section 2. The

rating system is comprised of two major parts: the Design

Adequacy Rating and the Reliability/Effects Rating. An

example of how to use the Rating System is given to aid

in the understanding of the procedure.

The Appendices contain various backup material including :

A. Failure Modes and Effects Analysis of the control

system presented in Section 2.0. This analysis is

a systematic procedure which identifies and assesses

the likelihood , consequences, and corrective action

which should be taken for significant modes of
failure .

1—5
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B. Fault Trees of the control system identified in

Section 2.0, including equations which quanti fy
the equipment relationships of the fault tree to

determine the element probability of failure.

C. Element Reliability/Effects Rating Sheet, including
a blank set for the design reviewer and a completed

set on the control system identified in Section 2.0.

0. Effects Rating Factor Worksheet , including a blank
set for the use of the design reviewer and a corn-

pleted set on the control system identified in

Section 2.0.

E. Equipment Description , including:

A general section which discusses the type of

instrumentation used in the control systems.

A section dealing with information in the form

of technical manual excerpts.

A section devoted to the speci fic components of
the control systems .

F. Scenarios of Failure of vital elements and their

resultant effects.

1.4 DEEPWATER PORTS

Deepwater Ports, as def ined in the “Deepwater Port Act of
1974 ,” are :

1—6
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.any fixed or floating manmade structures other than

a vessel , or any group of such structures , located beyond the
territorial sea and off the coast of the United States and

which are used or intended for use as a port or terminal

for the loading or unloading and further handling of oil...
• The term includes all associated components and forms , mooring

buoys , and similar appurtenances...”

This study considers the Control Systems of those ports

covered by The Act and designed only for the off loading

of oil.

Two distinctly different types of offshore facilities
exist and are in operation today , although the fundamental

function of the port remains the same. These are :

1. Sing le Point Mooring
2. Sea Island

The Control Systems of a Deepwater Port are concerned with

two major functions :

1. The actual transfer , measurement and control of the

• oil.

2. The prevention and minimization of any adverse impact

from failure of the oil transfer system .

A narrative description of the basic functions of a Deep-

water Port and a discussion on the dev~1opment of the various
diagrams used in this report can be found in Section 2.0.

1—7
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1.4.1. TANKERS

The control systems associated with the handling of VLCC

crude oil cargoes are concerned with:

• Levels in the tanks

• Cargo pumps

• Stripping pumps

• Valve operation

Investigations have revealed that these controls are kept

as simple as possible and apart from pump protection devices

which automatically shut down the pump under abnormal con-

ditions , no other automatic control loops are installed .

Remote control from a central control room is common on

today ’s tankers. From this central location , the ship ’s

crew control the main cargo and stripping pumps , swi tch

tanks according to the remote level readings and operate

the valves required to route the oil from the tanks via

the pumps to the ship ’ s manifo ld .  Details of the component

parts of these control systems are fully descrtbed in

Appendix E.

1.4.2 OFFSHORE FACILITIES

1.4.2.1 Platforms and Single Point Moorings (Figure 2—1)

This type of facility utilizes a buoy or floating turntable

to which the tanker is moored “bow on. ” Floating flexible

hoses connected from the ship’s manifold to a swivel on
the S.P.M. provide the flexible link between the tanker and

the Deepwater Port facilities.

1—8 
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Block valves on the seabed at the pipeline end manifold
(PLEM) provide the necessary isolation in the event of an
emergency. Single Point Moorings can be connected directly
by submar ine pipeline to shore facil ties , or they can be
part of a complex involving an intermediate pumping platform
and other S.P.M.s.

The Control Systems on an S.P.M. platform , which includes

booster pumps and/or metering facilities, are extens ive
and complex .

If the terminal facilities are such that the rapid closure

of a valve or the quick starting or stopping of a pump

could propagate a surge pressure condition , then a surge

relief system should be included . Various monitors and

controls are necessary to ensure the function and avail-

ability of this relief system at all times.

It is normal practice to install a block valve at the plat-
form end of each submarine pipeline to shore . This valve
serves the purpose of emergency shutdown of the facilities

ef fectively isolating, for instance, a ruptured submar ine
pipeline from the tanker. This valve would also be used

to provide a pressure shutoff for pipeline leak testing.

1.4.2.2 Sea Island (Figure 2-2)

This type of Deepwater Port provides a fixed structure

against which the loaded tanker berths and is moored .

Fully articulated loading arms are connected to the ship ’s

manifold and provide the f lexible link between the tanker
and the piping systems on the structure. These loading

arms will , wi thin certain limi tations , follow the move-
ment of the tanker as it unloads its cargo.

1-9 L 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-~~~~— -.--- .-‘---‘-- -----~~~ ~~~~~~~~ . .  

Jj



The controls associated with the piping systems on the

central platform of the Sea Island can be simple , monitor-
ing only pressures and flow rates , or they can be complex

and comparable to those described for an S.P.M. platform .

The same control systems would be required for booster

pumps , metering , and surge relief as that found on the

S.P.M. platform .

1.4 .3  ONSHORE FACILITIES

Large tank farms containing numerous tanks or underground

storage cavities are necessary to store the cargoes of

oil discharged from VLCCs. The pipelines from these tanks

are connected to the submarine lines through a valve manifold

which , as the number of submarine lines and tanks increases ,

becomes more complex . Electrical interlocks become necessary

to prevent the accidental opening of valves and to ensure

the correct routing of the oil through the onshore facilities.

Where the tank farm is some distance from the shore , the
installation of booster pumps may be required in order to

move the oil to storage . Custody transfer or leak detection

would require the inclusion of a metering station and ,

where the possibility of surge pressures exist , a protection

system would be included . The levels in the tanks are

continuously monitored by level instruments which , in

exceptional cases , may be used to determine volumes for

custody transfer . However , these remote reading level

instruments are used mainly as an operational tool to

prevent overfilling and overemptying .

1.4 .4 COMMUNICATIONS

This essential link between the basic oomponents of any

Deepwater Port can be achieved in many ways.

1—10
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In this study, only the communications which play a part
in the control systems are considered .

Where the offshore facili ties are only a short distance
from shore , a communications submarine cable is laid on
the seabed. An economic break point exists, however , as
the distance offshore became greater. At this point, it
becomes more economical to install a communications radio
link. Both types will carry voice as well as instrumentat ion
Signals.

As the facilities become more and more complex involving
an interchange of many signals , a system of coded com-
munications is necessary . These coded signals may be
transmitted by either the submarine cable or radio.

1—il

----- — - ~~~- --~~~~~~ - --~~~~~~~- - - -~~~-- 
JfJ



- -

2.0

SYSTEM CHARACTER IZAT I ON

4

4

I



._~L_..L. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

2.0

SYSTEM CHARACTERIZATION

2.1 INTRODUCTION

This section deals with the basic functions of a DWP and

explains the development of the Line Diagrams , Funct ionnal
Staging Diagram and Equipment Staging Diagrams contained

in this report. The method employed to develop these

diagrams was based upon the proctressive expansion of 
- 

-

successive diagrams until a detailed list of components • 
-

was obtained .

The initial Line Diagrams (Figures 2-1 and 2-2) show the

two types of Deepwater Ports considered in this report.

It is from these two basic diagrams that all other Line

Diagrams have been developed .

The Functional Staging Diagram (Figure 2-3) takes the

operational sequence of the functions required in moving

oil from the tanker to the onshore storage and displays

it as a three—level hierarchical block diagram . It is

from a combination of these two basic Line Diagrams and

the Functional Staging Diagram that the Equipment Staging

Diagrams were developed .

A logic numbering system was developed to identify the

individual functions and components of the Equipment Staging

Diagrams , and to serve as a cross-reference throughout

- • 
this report.
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2.2 DWP BASIC FUNCTIONS

The following narrative is designed to familiarize the

reader with the basic operational techniques and equipment

employed in importing crude oil at a Deepwater Port. It

is assumed that the tanker is moored or berthed and that

the connection to the hoses or loading arms has been com-

pleted.

2.2.1 PREPARATIONS

The first step in the actual offloading of oil requires

that equipment on the tanker and at the offshore and on-

shore facilities be made ready and “lined-up” to receive

the oil.

On the tanker , the piping systems from the tanks to the

suction of the pumps must be prepared by opening the ap-

propriate valves. A sequence of tanker cargo tank empty-

ings will be followed which maintains the ship at an ac-

ceptable trim. This means that tank levels must be con-

tinuously monitored and when required , the tanks must be

switched to and from the pump suction systems. The piping

route from the pump ’s di~. harge to the ship ’s manifold

must be prepared by opening the appropriate valves.

The offshore facilities , whether they be a platform com-

plex serviced by S.P.M.s or a sea island , must also be

made ready to receive the oil from the tanker. The nec-

essary valves must be opened to route the oil to the sub-

marine pipes which will carry it ashore. If the facil-

ities include booster pumps and metering stations , then
these also must be readied to receive the oil. The
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appropriate valves must be opened to route the oil to the

booster pumps and/or the selected meters . The automatic
sampler must be adjusted and made ready to extract the

proper quantity of oil from the pipeline for analysis.

It is normal practice to leave one valve in the system

closed . On a platform complex served by S.P.M.’s, this

valve would be the isolating valve at the top of the sub-

marine pipe riser; for a sea island platform , it would be

the valve at the base of each loading arm.

At the same time, the onshore facilities must be “lined-up”

to route the oil to the receiving storage tanks. This may

be via a booster pumping station and/or a metering station .

The need for booster pumping is determined by the distance

the oil has to travel.

Metering stations serve dual functions; to precisely measure

the quantity of oil being transferred for custody purposes

and/or to compare offshore metered measurements with on-

shore metered measurements as a means of detecting leaks.

Before pumping commences , the surge protection equipment ,

if installed , must be checked and made ready to deal with

a surge if it should occur.

2.2.2 PUMPING

At the request of the terminal operators , the ship starts

pumping at a very low flow rate. This causes a pressure

build-up against the closed submarine pipe riser or loading

arm valve (s) on the offshore f acilities.

2—3
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This procedure tests the hose or loading arm connections
to the ship ’s manifold . If the connections prove leak

tight , the pipe riser or loading arm valve is opened . The

ship is then requested to increase its pumping rate in

stages until the authorized offloading flow rate has been

attained .

As the ship ’ s storage tanks empty , f u l l  tanks must  be

brought onto line. The ship ’s operators monitor the levels

in the tanks and control the opening and closing of tanker

valves from the ship ’s central control room. This control

room also houses the controls and indicators for the main

cargo and stripping pumps.

The most common type of pump prime mover employed on VLCCs

is the steam turbine. This type of prime mover has the

advantage of variable speeds , thus being able to control

the rate of pumping over a large range.

Once the oil moves from the ship, port operating personnel

monitor and control the flow from a central control room .

It is normal practice to group all controls on a mimic

control panel which , apart from housing the controls and

indicators , has a mimic display of the piping system on

the platform .

DWP oil transfer systems which are required to accommodate

multiple crude oils that cannot be contaminated with each
• other are provided with a “pigging” system . Separation of

crude oil cargoes is accomplished by placing a pig at the

interface of the two crude types. In this way , both crudes

are transferred through the transfer systems simultaneously.
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Pigs are available in many shapes and they 
can be fabricated

from various mater ials. For DWP service , spherical pigs

made of neoprene are the most widely used. 
A more detailed

description of pigging systems is given in Appendix E.

When booster pumps are necessary to assist the ship ’s

pumps in moving the oil ashore, automatic 
controls ensure

that the flow rate and system pressure are synchron ized

with the ship’s pumps.

Meter ing stations which are continuously measuring the

quantity of oil passing through the fac ilities are monitored

• from the central control room where flow 
rates, accumu lated

quantities , pressures and proving procedures are displayed

and controlled .

Alarms and remote indicators warn the 
operators if the

surge protection system 1 when installed, is available 
to

deal with a surge situation.

2.2.3 SHUTDOWN

As the level in each of the ship ’s tanks is reduced , full

cargo tanks are brought on line. Relatively small quantities

of oil remain in the tanks at levels below 
the suction

capabilities of the main cargo pumps. 
This oil is removed

from the tanks and pumped into the piping system by a series

of small pumps called “stripping pumps.” This stripping

operation usually occupies the last hour or so of the dis-

charging time. The main cargo pumps are shut down as

“stripping ” begins.

2—5
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When stripping is complete , the oil in the ship ’ s manifold

is allowed to drain back to the tanks and the valves are

closed . In the case of operations at an S.P.M. facility ,

each hose valve is closed including the undersea valve at

the PLEM. The hose is then disconnected from the ship and

capped while filled with oil (they are drained only prior

to a storm). For a Sea Island operation using loading arms,

the outboard arm is allowed to drain back to the ship before

disconnection takes place; the inboard arm is drained to

the platform slop (drainage) system .

At the conclusion of cargo transfer to shore storage, the

facilities are shut down in a sequence which ensures that

the piping system is “packed ” with oil . This sequence of

valve closing starts at the SPM ’s or loading arms and finishes

at the storage tank onshore.

Booster pumps , in parallel operation at a given station,

if installed , are shut down one at a time as the flow rate

decreases. Likewise , the meters, in parallel operation ,

if installed , are taken off-line as the flow rate decreases.

The onshore facilities are also shut down in a similar

sequence and manner. The final levels in the receiving

storage tanks are noted and the total quantity computed .

2 . 3  DEVELOPMENT OF DIAGRAMS

2.3.1 LINE DIAGRAMS

The text of this report has been supplemented by the in-

clusion of a series of pictorial presentations in the form
of Line Diagrams . These are simple one line diagrams , drawn
isometrically for clarity , which lend themselves to a
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progressive expansion whereby each succeeding diagr am reveals
further detail until all the component parts of the control
systems appear.

Beginning with the two basic diagrams (Figures 2-1 and 2—2)

which illustrate the major component parts of a Deepwater

Port, further diagrams have been developed on a sequence
basis which follows the route of the oi l from the tanker
to the onshore storage facilities.

The major components of a DWP——tanker , offshore facilities

and onshore facilities--have been dealt with individually

and within themselves have been broken down to show the

various control systems involved .

The next step in this progression was to develop Line

Diagrams which show the component parts of each control

system . At this stage, it became possible to prepare

Equipment Staging Diagrams which are discussed in further

detail later in this section .

2.3.2 FUNCTIONAL STAGING DIAGRAM

Concurrently with the development of the basic line diagrams,

a Functional Staging Diagram was produced (Figure 2-3), This
takes the form of a hierarchical block diagram. The purpose
of the diagram is to show how the basic requirement to

transfer oil is broken down into the functional details of

moving oil from the tanker through the offshore and onshore
piping systems , and finally to the onshore storage facilities.
The basis upon which this diagram developed depended on the

established operational technique presently in use at existing
Deepwater Ports. This takes into account the preparation

of the major component parts to receive the oil , the movement
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of the oil through them and the shutdown sequence upon
completion of the operation . Not only has the normal
operational shutdown been considered but also the case

of emergency shut down where protective controls come into
play .

The Communications System , although not a separate functional
component, is so intricately woven into the fabric of the
overall operation that it has been included at this level
rather than at the equipment level where some of its im-
portance could be lost.

2.3.3 EQUIPMENT STAGING DIAGRAMS

These diagrams are the product of both the Line Diagrams
and the Functional Staging Diagram . Each of the lower
level functions shown in Figure 2-3 head their own break-
down of the equipment components for the various control
systems required to perform those functions.

All functions and equipment components are shown on the

equipment staging diagrams in a hierarchical manner ,
such that all are identified by a logic numbering sequence
which is described and explained later in this section.

Appendix A contains the Failure Modes and Effects Analysis
(FMEA’s) which lists each piece of equipment , its function ,
potential failure modes, effects of fa i lure, reliability
and recommended corrective action.

2.3.4 NUMBERING SYSTEM

The logic employed in the numbering system presented in the
Equipment Staging Diagrams is set to follow a hierarchical

sequence.
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The numbering system is based upon utilizing a five-digit

number. For the purposes of the explanation , the five-digit

number is represented by the following five letters:

A B C D E

A is given the value one. This signifies that the function
is the import of oil. A further functional breakdown is

given by B. B is numbered :

1. Discharge oil from tanker

2. Move oil through of fshore piping

3. Move oil through onshore piping

For example , a number given the value 12000 , can be under-

stood to be the import of oil through offshore piping . C

is designed to give a further functional breakdown of the

import of oil through the tanker, offshore and onshore
systems. C is a number:

1. Line-up system

2. Move oil through system

3. Shutdown system

4. Communications system

Now 12200 can be understood as the moving of oil, through

the offshore piping system.

- 
- D separates C into further functional categories. These

categories are too numerous to list, but they can be ‘found
through study of the equipment staging diagrams found later
in this report. For example , 12240 can be understood to
mean that during the movement of oil in the offshore piping

system there exists a system for the relief of pressure surges.
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The numbering system is based upon utilizing a five-digit

number. For the purposes of the explana tion , the five-digit

number is represented by the following five letters:

A B C  D E

A is given the value one. This signifies that the function
is the import of oil. A further functional breakdown is

given by B. B is numbered :

1. Discharge oil from tanker

2. Move oil through offshore piping

3. Move oil through onshore piping

For example , a number given the value 12000, can be under-
stood to be the import of oil through offshore piping . C

is designed to give a further functional breakdown of the

import of oil through the tanker, offshore and onshore

• systems. C is a number:

1. Line-up system

2. Move oil through system

3. Shutdown system
4. Communications system

Now 12200 can be understood as the moving of oil through

the offshore piping system.

D separates C into further functional categories. These
categories are too numerous to list, but they can be found
through study of the equipment staging diagrams found later

in this report. For example, 12240 can be understood to

mean that during the movement of oil in the offshore piping

system there exists a system for the relief of pressure surges.
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Lastly, E signifies the equipment function. For example,
12241 is known as the Surge Relief Availability Control
consisting of a valve actuator.

This, in short, is a summary of the numbering system logic
used in this report.

2.3.5 CONTROL SYSTEM DIAGRAMS

The remainder of this section contains a graphical represen—
tation of the benchmark control system which was developed
for use in the Numerical Rating System of Section 3.
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3.0

NU M E R I C A L  RAT I NG SYS TEM

3.1 IN T R O D U C T I O N

In any rating system , there exists a blend of subjective

judgment and objective performance . Rating systems which

crank out a single number lack “real world” assumptions ,

and decisions based purely on “experience ” lack completely

objective information . Ideally, decisions or ranking of

selections should be made with all information being ob-

jective. However , this is not always possible .

The system described here is one which utilizes the ob-

jective reliability and failure effects data~ and tempers

it with the professional judgment of the design reviewer.

This is the philosophy that flows through this entire

document. Probabilities of failure , spill risks , fault

trees , etc., are presented , but so also are discussions

of applicability , design criteria , applied engineering

principles , and actual operating experience.

This section is an extension of the previous sections -

the design reviewer will draw upon the concepts and

criteria presented in them to describe the system he is

evaluating and to numerically rate this proposed system

against a benchmark system. In order to do this , the

functional to equipment structuring of the Equipment

Staging Diagram must be consolidated to a purely equip-

ment/element oriented network . Table 3—i depicts this

network through the element level. Table 3-2 maps the

consolidated network to the ESD. For definition pur-

poses, an element is a functional grouping of equipments.

3—1
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TABLE 3- 1. I~ P ELEMENT JIJERARU-lyS 5

_ _  

HMP 1
_1 ~ I

[TANKER I OFFSHORE I oNswj REL J FACILITIES 
~ FACILITIES

• Punps • Piping • Valves

• Valves • Valves • Tanks

• Tanks • Sairpling . Booster P~.irps

• Piping • Booster Ptrrips • Surge Relief
System

• l~~rgency Shutdo~xt • Surge Relief • Drain and Slops
System System System

• Comriunications • Drain and Slops • Eniergemcy Shutdo~Cxi
System System

• flnergency S iutdo~.rkSystem

• Corrrnunjcat ions
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3 . 2  DESI GN ADEQUACY

The design adequacy is the measure of the suitability of a

Deepwater Port to perform its functions safely. It is in-

tended to serve as a guideline in the review of any DWP.

The evaluation of any proposed DWP should include an exam-

ination of the plans of the facility to insure that the

proper amount of control equipment is installed. Otherwise ,

a lack of certain control equipment could result in a higher

probability of failure, and a greater risk of an oil spill.

A checklist has been developed to serve as a guideline in

the evaluation of the control system design of any proposed

DWP. First, it is important that all pertinent design ma-

terial be gathered . This includes studying preliminary

schematics, design drawings, equipment lists, and direct

feedback from the DWP applicants.

A considerable amount of time can be spent in searching

through the preliminary design material for those pieces

of equipment that operate as a control function , and

secondly, determining the exact number of like equipment.

In this report, descriptions of DWP control equipment in-

d ude design criteria , catalog cuts , reliability , effects

of failure , spill risk , procedural alternatives , and

maintenance information . A general understanding of DWP

control equipment can be gained by reading Section 2.0

and Appendix E.

In an effort to preserve procedural clarity , one element
in the DWP control system is provided as an example . The

element is the Offshore Surge Relief System , as taken
from Table 3-1. The following is the step-by-step pro-

cedure upon which all control elements of a DWP should be

evaluated.

3—4
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mater~ia1. for the proposed e L T ~~ t.

This includes the examination of drawings , equipment lists ,

and applicant sources. The material written in Section 2.0

and Appendix E on DWP equipment should also be reviewed.

______  ~~~~~~~~~~~~~~~ Che st. 
-

This list should include all equipment considered essential

in controlling the transfer of oil in Deepwater Ports. The

design reviewer can use the ESD’s of Section 2.0 to con-

struct a checklist for all or part of the system in question .

_ _ _ _ _  
those--

present*d ~n the Design Adequacy Che~kIist.

The typed portion of Table 3-3 is constructed from Figure

2—13. (Scanning the related figure will acquaint the

reviewer with the Offshore Surge Relief Equipment usually

found on a typical DWP.) By comparing the checklist with

the material gathered in step number one, it is possible

to see if the proposed element has an adequate amount of

control equipment. It may have extra pieces of equipment ,

and these should be entered under the element heading .

Each piece of proposed control equipment is checked

against the typical DWP equipment list as shown in Table

3—3. In an actual review , the handwritten information in

Table 3-3 would be extracted from a DWP applicant’s pro-

posed design and compared with the Design Adequacy Check-

list.

3—5
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TABL E 3-3. 
— 

DESIGN ADEQUACY CHECKLIS T

OFFSHORE

D W P £€ ~132~~ -~~~~ EVA I U A TO R _ _ _ _ _ _ _ _ _ _

EQUIPMENT fr’ COMMENTS

• SURGE REUEF SYSTEM

12241 SURGE RELIEF
AVAILABILITi~ (X)NTRG

Valve Actuator
12241/01 V” O-~ 1~ Z~4L(~~ ~~~~~~~~~

12 242 SURGE RELIEF
AVAILABIlITY
I’DNITOR

Level Switch /
12242/01 (9,~ j ..s.

Alarm - High
12242/02 V &k.. XA

Alarm — Lo~ /
1

12242/03 C91iJ.. XII;-

12243 RELIE3~. VALVE
PRESSURIZATION

___________________ 1-IEDIUM MJNITOR 
_________ ________________

Pressure Indicator / /
12243/ 01 V 4~ 

J~ZT~~ ~~~t~it~’

3—6
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TABLE 3-3. - DESiGN ADEQUACY CHECKLIST

(Continued)

OFFSHORE

DW P &~Z ‘i~~~~it ~~~~~ EVA LU ATO R ~~~~~7c~Z#tIa2~~
EQUIPMENT COMMENTS

Pres sure Switch 
/ ~~~

- 
Alarm - low ~~ ~~~~~

12244 RELIEF VALVE
PRESSURIZATION
FIEDUM CON1’ROILER

Pressure Control j
Valves /

12244/01 V ~~~ 

~~- - -~~~~~~~~~~~~~~~~~~- - -5 -_ S -s
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3.3 RELIABILITY/FA ILURE EFFECTS RATING

Once the design reviewer determines that a complete control

system is proposed , through the use of the Design Adequacy

Procedure described above, the system can then be rated

numerically.

Figure 3-1 contains the f a u l t  tree for the Surge Relief

System. Appendix B contains the fault trees for all of

the individual elements of the oil t r ans fe r  control system

identified in Table 3-1. These fault trees will be needed

in the execution of the numerical rating system. Addition-

ally, Appendix B gives the reader background information on

fault tree methodology.

3 . 3 , 2  NUMERICAL RATING SYSTEM PROCEDU RE

The rating system is sti. ~ctured around the combination of

a Reliability rating and a Failure Effects rating. These

ratings will enable the professional design reviewer to

make an informed decision on the acceptability of the ap—

plicant’s design . The procedure builds upon previous

sections in this report and is accomplished in five major

steps. These steps are presented in this section and their

use is illustrated in the continuation of the example of

the Surge Relief System.

stép 3—~~ Pill out z~.ement Rel Ut~~!Uf~Ct$ rating
- - 

- 

- sheet . for each elex~snt - the pm~o~~d system
- - - 

- c 1 U~~~~~~ ~~~ ( 1—7) 
- -  

- 
- 

-

Table 3.4 is an example of the Element Reliability/Effects

rating sheet partially filled out for the Offshore Surge

Relief System Element .

3—8
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By walking through the first seven columns of the table as

follows, a more complete picture of the numerical rating

system can now be realized :

Column (1) should list all equipment found in the particular

element. These equipment are readily transcribed from the

Design Adequacy Checklist previously constructed .

Column (2) lists the Equipment Probability of Fa i lure  which

is obtained through the use of the Failure Modes and E f f e c t s

Analysis (FMEA) Summary in Appendix A. The Probability of

Failure is calculated as (l_ e l~
’MBTF ) ,  where MBTF is ob-

tained in Appendix C. For large MBTF , on the order of

10,000 barrels or more , the Probability of Failure can be

closely approximated by the reciprocal of the MBTF , i.e.,,

1
MBTF .

Column (3) lists the benchmark Equipment Probability of

Failure which is always lO
_12

. This probability is assumed

to be as close to the perfect piece of equipment as can

reasonably be expected .

Column (4) lists the Effects Weighting Factors obtained

from Table 3—5 , the Effects Weighting Factor Worksheet

(taken from Appendix D). This worksheet is filled out for

the Surge Relief System identified in this report with

space for additional equipment. It should be noted that

the weights given to the various effects may be changed

by the design reviewer to highlight current concerns for

a particular effect. Table 3—6 con~a1ns the legend for

the various effects categories and the weights given to

these effects by the study team.

3—9

L ~~~~~ -~ --- -~~~~~~~
_

~~~~-- ,  ~~— --- -  - -



- 
- -5--.- -- —- —

~~~~~
----

~~~ 
— - -

~~
-- -

~~~~~~
- -

~~~~~~~
—— - -- - - - 

-5 ’— --5——-

Column (5) lists the Effects Weighting Factor Fraction

which is computed by dividing each individual Effects

Weighting Factor in Column (4) by the Sum of the Effects

Weighting Factors (~~Fi) (bottom of Column [4]). This

procedure normalizes the effects within the element.

Column (6) lists the Effects Weighted Probability of Failure

which is calculated by multiplying , for each equipment , the

Equipment Probability of Failure (2) by the Effects Weighting

Factor Fraction (5).

Column (7) lists the Benchmark Effects Weighted Probability

of Failure which is calculated by multiplying , for each

equipment , the Benchmark Equipment Probability of Failure

(3) by the Effects Weighting Factor Fraction (5).

Step 2• - Calculate the Elenient E~fects Wei9hted Probability
ot Failure, rdne ~~  -

Line (8 ) l ists the Element E f f ec t s  Wei ghted Probabili ty of
Failure which is calculated from the applicable element

fault tree found in Appendix B. In this instance , Figure
3—1 is the element fault tree for the Surge Relief System.

Using the equation given in Figure 3-1, and inserting the

appropriate Effects Weighted Probability of Failure for

each piece of equipment in the fault tree , it is possible

to calculate the Element Effects Weighted Probability of

Failure .

Step 3 - Calculate the BencIu~ark Element Efeect. Wetght d
Probabj lity of - ~‘gL1ure, 14ne - (9 )

-~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~



Line (9) lists the Benchmark Element Effects Weighted

Probability of Failure which is calculated from the ap-

plicable element fault tree found in Appendix B. Again ,

using the equation in Figure 3-1, and inserting the Bench-

mark Effects Weighted Probability of Failure for each piece

of equipment, it is possible to arrive at the Benchmark

Element Effects Weighted Probability of Failure as shown

in Table 3-4.

Note that at the equipment level, there will be the need to

recalculate the Effects Weighted Probability of Failure if

there is more than one piece of a particular equipment in

the proposed system. The procedure is the same as that

prescribed in Step 1 above , once the applicable series/

parallel arrangement is determined and the Equipment Prob-

ability of Failure is recalculated.

For the Surge Relief System , there are five pressure con-

trol valves in series (“ or ” gate) and six pressure in-

dicators also in series. Since these equipments are in

series , their probability of failure is calculated by re-
ferring to Appendix B. The recalculated Equipment Prob-

ability of Failure for the pressure indicators is then :

1— (el~
dO 

. ~~~~~~~~ . ~~~~~~~~ . e~~Ci~~~
’
~ . e1

~
Cl0 12

e 10 ’2) = l—e6~~ 0

or 6x10~~
2. This mean s that the pressure indicators have

a very good probability of not failing. It also means

that their reliability rating will approach one . They will

never equal one , because no piece of equipment can be con-
sidered 100 percen t reliable . Likewise for the pressure

control valves , their probability of failure is:

3—1].



PURGE OFFSHORE
I RELIEF
I SYSTEM
L FA I LURE

I ff1’
1

R E L I E F  VALVE SURGE R E L I E F
PRESSURIZAT I ON A V A I L A B I L I T Y
MEDIUM CONTROLLER CONTROL

/PRESSURE\ f VALVE

~ACTUAT OR~~~TOR

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ R E L I E F  VALVE
AVA I LAB P R E S S U R I Z A T I ON
MON I TOR M E D I U M  MONIT OR

C D F G H
HIGH LOW LEVEL PRESSURE LOW
LEVEL LEVEL SWITCH I N D I C A T O R  PRESSURE P R E S S U R E
ALARM ALARM SWITCH ALARM

P(fa i lure)  = A . (B + C + D) . E . (F + G + H)

Figure 3-I . Surge Relief System Fault Tree .
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TABLE 3-5. EFFECTS WEIGHTING FACTOR WORKSHEET

- ~~— — _ _ _

OFF~~~~E E ~ JI~~~~~ EQum~~ r
FAI1JJRE

WEIQ-ITThZ

N1Th1B~~~~ NAME A B C D  E l F  G H I FACTOR

_ _ _ _ _  
EFFF~TS~EiQ~ flG 1 0 9  8 10 9 1 7  1 5 S Sl~tIAfl~~

12212 T~~~erature ~bnitor

/01 Ten~erature Indica ~r 1 1

12213 Flow Rate ?~bnitor

101 Measuring Device 7 5 12

- Orifice Plate

- Sonic Meter

- P/D Meter

- Turbine Meter

/02 Flow Transmitter 1 5 6

/ 03 Flow Indicator 1 5 6

12214 Flow Rate Controller

/Ol Flow Regulator 1 5 6

/02 Control Valve 1 5 6
Activator

/03 Limit Switches 8 1 5 14

• SAMPLI~~
12220 /01 Sair~1er 1 1

• SURGE RELiEF SYSTF2I

12241 Surge Relief Avail-
ability Control

/01 Valve Actuator 10 9 5 24

3—15
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TABLE 3-5. EFFECTS WEIGHTING FACTOR WOFKSHEET

(Continued)

- 0

OFFsa~RE F x~uIPM~2rr 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — — — — — — — — — wEIQ-rrn~
NUMBER NAME A B C D E F G H I FACTX)R

__________ EFFECTS WEIQfl’fl~ 10 9 8 10 9 7 1 5 3 SIJ4iATICV

12242 Surge Relief Avail-
ability ~4~nitor

/01 Level Switch 1 5 6

/O2 Alarm - High 1 5 6

/O3 Alarm - thw 1 1

12243 Relief Valve
Pressurization
Medium lkrnitor
/0 1 Pressure Indicator 1 1

/02 Pressure Switch 7 7

/O3 Alarm - Low 7 7

1224.4 Relief Valve
Pressurizatior.
Medium Controller

/01 Pressure Control 8 7 15
Valves

• DRAIN & SLOPS
HA~~LI~~

12331 Drain Tank Level
~knitor
/01 Level Switch 9 9

/O2 Alaxm 8 8

3—16

—-- - --5— -
~~~~~~~~

5---- -5- ,-  ~~~ -— —5-— --~~~~ --— - --~~ 



- 
- 5 - - .- - 

T.T T~~~~~~~~~~~~~.=~~~~~~~~~~~~
-

:-1T-— 
— ~-

TABLE 3-6. FAILURE EFFECTS WEIGfl’lNG FAC1ORS

WEIQITING FAC]DR FDR
DETRIMENTA.L EFFECT OF
C0tTrP~)L ~ 1lPONENT
FAILURE (X~I ThE IMPORT

FAILJJRE EFFECTS OF OIL

A. Major oil spill 10

B. Maditzn oil spill 9

C. Minor oil spill 8

D. Catastrophic hazard level 10
E. Critical hazard level 9
F. Marginal hazard level 7
G. Negligible hazard level 1
H. Long delay 5

I. Short delay 3

Definitions of Failure Effects

A. will release trore than 100,000 gallons of oil 1

B. will release between 10, 000 to 100,000 gallons of oil 2

C. will release less than 10,000 gallons of oil 1

D. will cause death or severe inj ury to personnel , or system loss 2

E. will cause personnel injury or major system damage , or will require
itTirEdiate corrective action for personnel or system survival 2

F. can be counteracted or controlled without inj ury to personnel or
major system damage 2

G. will not result in personnel injury or system damage 2

H. will delay the import of oil by n~ re than 1 hour
I. will delay the Im port of oil by less than 1 hour

‘Reference 1

2Reference 3 -F

3—17
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. el~
d
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10 

. e1~
C10 ’°)

= l_e5X10
1°

or 5xl0~~°. The new Effects Weighted Probability of Failure

is then 9.Ox1O~~
4 and 1.l2xl0~~

0 respectively . These values
are entered as shown in Table 3—7. Substituting the Effects

Weighted Probability of Failure into the applicable Failure

equation in Figure 3-1, we get:

P (Failure) = (l.l2xl0~~ °) . (9 .0x l0~~~
4 + 9.0xl0~~

4 +

l.5x1O~~
4) . 3.58xl0 9 

. (9,0x10 14 +

l.04xlO~~
3 + l.04x10 ’3)

= 2.33xl0 44 as the Element Effects Probability
of Failure.

Similarly, the Benchmark Element Effects Weighted Probability

of Failure is calculated by substituting the Benchmark

Effects Weighted Probability of Failure into the same

Element Probability Equation in Figure 3-1 as done in the

calculations above.

P (Failure) = ( 1. 0 4x 1O ~~~
2 ) . (9.Ox10~~

4 + 9.OxlO 14 +
l.5xlO~~

4) x (3.58xlO ~~
3 ) x (9.Ox1O ~~

4 +

l.04xlO~~
3 + l.l2xlO~~~

2
)

= 9.54xl0 5° as the Benchmark Effects Probability
of Failure
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Once the Element Ef fects Weighted Probability of Failure
(Step 2), and the Benchmark Element Effects Weighted

Probability of Failure (Step 3) are calculated , the

Normalized Element Reliability Rating can be calculated

by the expression :

1— (Step 3 Step 2)

or } = Normalized Element Reliability Rating
1— (Line 9 ÷ Line 8)

For example , it is now possible to calculate the Normalized

Element Reliability Rating for the Surge Relief Systems as

- I 
fol lows :

l— (9.54xl0 50 2.33xl0 44) = .999  is the Surge Relief

System ’ s Reliabi l i ty  Rating .

This same procedure is utilized for all the control equip-

men-t elements found in a Deepwater Port.

~ Coimpare the Element Effects Weighted Probability

- ~f ?aUure with the Benchmark Element Effects
!~ .~~h~e& Probab ility of Fa i lure

This comparison is intended to be a relative one. As more

Deepwater Ports are reviewed and their performance documented ,

the design reviewer will be able to establish a more defin—

itive benchmark system. In the interim , the system , as

mentioned in Step 3, should be considered the benchmark
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Once the Element Effects Weighted Probability of Failure

is calculated for all elements, the Control System Effects

Weighted Probability of Failure is readily calculated .

Because of the definition of the Elements , their relation-
ship for reliability purpose is in series. Thus , the
Control System Effects Weighted Probability of Failure is

the product of all the Element Effects Weighted Prob-

abilities of Failure .
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APPENDIX A
FAIL URE MODES AND EFFECTS ANALYSIS

(FMEA)

NOTE

Mean Barrels to Failure figures were obtained from actual

DWP operational statistics from two DWP ’ s in the Carribean .

These figures are identified by an asterisk ( * ) •  The re-
maining MBTF are estimates based on failure rates for

similar equipment found in the WASH-1400 report. Since

the failure rates were based on time of operation or cycles

and were converted to Barrels of oil throughput on en—

— gineering judgment and DWP volumes, there remains uncer-

tainty as to the accuracy of these particular MBTF5. As

more actual data are gathered , these data should be updated.
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APPENDIX B
RELIABILITY/FAULT TREE PROCEDURES

The fault tree is a comprehensive description of system

failure possibilities expressed in symbolic form . The

corresponding failure probabilities can be be evaluated if a

basic set of failure—rate data is available and if a set of

Booleart algebraic equations can be written to describe the

symbolic failure relationships shown on the fault tree

diagram . The data are then substituted in the ordinary

algebraic equations that correspond to the failure relation-

ships to provide a resultant numerical prediction.

To illustrate this procedure, a fault event will be developed

by tracing the following major steps in the predictive tech-

nique . -

.1

a
d’

• Fault tree diagram

• Equivalent algebraic equations

• Input data source

• Prediction results

The example will be taken from ‘she Surge Relief System . The

two basic operations in the fault tree are the “and ” gate

and the “or” gate. • The Surge Relief System will fail only if

the Surge Relief Availability Control fails and the Surge

Relief Availability Monitor fails , and the Relief Valve

Pressurization Medium Controller fails. All events under

an “and ” gate must fail before the event above the gate is
considered failed . 9JRCE RELIEF

SYSTD4 FAILURE

- ‘IL______

SURC~ RELI 1 StJRC~ RELIEF1 RELIEF VALVE1 r~~ LIEF VALVE
AVAILABILITY AVAILABILITY PRESSJRIZATI(}1 PRESSURI ZATIaIJ

~~NTJOL 1~t~ I1OR ] ~EDILI4 ~~4ITOR MEDIUM CCNF1~)LLER

FIGURE B-i “AND” GATE EXM4PLE

B-i

- - — -- ~~~~~~~~~~~~~ • - -~~-•~~~~~~~~ • - 



r~ 
- - 

-

The probability of the Surge Relief System failing is:

P (Surge Relief

System Failure) = P (Surge Relief Availability Control
Failure) •

P (Surge Relief Availiabili ty Monitor
Failure) •

P (Relief Valve Pressurization Med ium
Monitor Failure) •

P (Relief Valve Pressurization Medium
Controller Failure)

On the other hand , Figure B-2 is an example of an ‘t or ” gate.
The Surge Relief Availiability Monitor will fail if the Level

Switch fails or the High Level Alarm fails. .Any event which

fails under an “or ” gate will cause the event above the gate

to fail. [~~~~~~~ —1
AVAILABILITY ~ }1ITOR

FAI LURE

HI(1~ LEVEL ALAI~4 FAILURE LEVEL SII4IITO4 FAiLURE

FIGURE B-2 “OR” GATE EXAMPLE

The probability of the Surge Relief Availability Monitor

failing is:

P (Surge Relief Availability Monitor Failure)

= P (Level Switch Failure) + P (High Level Alarm)

The above equations are useful approx imations for the specif ic
DWP applications where the exponential. distribution is
assumed to approx~.mate equipment failure and the failure rates

are less and 1O~~~.

- -



TA~~ER
VALVES
FAIL

A B REMOTE /i:~i;;i:-~.’~\ FREMOTE LOCAL PUSH BUTTON (PUSH BUTTON\ LOCALINDICATOR INDIC ATOR CONTRO LLER t.CO1%
~1ROI . I.E. R~~~~~OLLE~) 

MANUAL

V ALVE
ACTUATOR
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P(failure)=A+B+C+D+ E+F +(G - H ) + I + J +K + L

B- 4 

~ —~ --4. .~~~~~~~~ -4.--~~~~~~~-~~~- - ~~ - - - - - - - --~~~~~~- . ~~~~~~~~~ - - — - 4.~~~~~~~~~~~~~~~~~~~~~~~~~ -



- 

~~~~T-- - —-—-— -—----~------’---

TA~~~

TANKS
FAIL

A B

LEVEL MANUAL
INDICATORS DIPPING

P(failure) = A . B

B- 5

- - - -~~~~~~~~~ 4. ---—-——— —
~ 

- —-
~~~

- — - -

~



—-
--- —-—-4.----- - -4 .—--- - - - - - -  - -

_-- -~~~~~

T~ANKER

PIPING
FAILS
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PRESSURE MANUA L— INDICATOR PROCEDURE

P(fail~~e) = A . B
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TA~~ER

EMERGENCY
SHUTDO WN
SYSTEM
FAILURE

A B
CONTROLMIDSHIPS ROOMREMOTE REMOTESWITCH SWITCH

P(failure) = A - B
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FAI LURE
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POWERED WALKIE-
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P(failure) = A - B - C
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FAIL
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REMOTE LOCAL PUSH BUTTON PUSH BUTTON LOCAL
IN D I C~\TOR INDICATOR CONTROLLER CONTROLLER MANUAL

A B E F G

LIMIT VALVE
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P(failur e) = (A B) + C + D + (E F - G)
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OFFSHORE
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FAILS

GRIN
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FLOW
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SYSTEM
FAILURE
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P (failure) = A - ( B+C4-D ) - E - (F+G+H)

F G H
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PRESSURE PRESSURE PRESSUREINDICATOR SWITCH ALARM
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SYSTEM
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A~~~~
PRESSURE
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P(failure) = A (B + C + D) - E - (F + G + H)

F G H
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SWITCH

B C
P D .

ALARM

P(failure~ = A + (B - C)
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P(failure) = (A - B) + (C - D)
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E
LOCAL
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P(fajlure) = A + B + C + D + E +  (F. C) + H + I + J
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ONSHORE
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A
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P(failure) = A + B + C
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-• -• ——-- .v-•—•.—i . _•~ .—•.•—.•••.~
. —~~— -. —-•.— .— _.— - ,  _______________

U
(~]

WEIGHTfl~NI}IB~~ NAME A B C D E F G H I FACTOR

EFFECTS T4EIGH~ING 10 9 8 10 9 7 1 5 3 S1.M4~flO~
• VALVES

11111 Valve Line Up ?~bnitor

11223 / 01 R~~ote Indicator 1 3 4

/ 02 theal Indicator 1 5 6

11112 Valve Line Up Controll’

11222 /01 Push &itton Renx)te 1 3 4

/02 Push Button Local 1 3 4

/O3 Manual thcal 1 5 6

/04 Valve Actuator 7 5 12

/05 Limit Switches 7 5 12

• PU4PS

11211 Pressure }~tinitor

11311 /01 Pressure Indicator 8 7 3 18

/ 02 Pressure Transmitt r 1 3 4

/03 Pressure Recorder 1 3 4

/04 Pressure Switch 8 7 I 3 18 1

/OS Alarm 8 7 3 18

_ _



TAM~~~E~ JIpM~~r

WEI~ iTI~~
NUMBER NAME A B C D E F G H I FACTOR

_________ 

EFFECIS WEIQ?~I~~ jQ~. 9 8 10 9 7 1 5 3 St.WkTION

11212 fl~~ Rate Controller 

— I ~~~~~~ 

— — ________

11312 /01 Speed Indicator 1 1

11213 /02 Speed Regulator 8 7 5 20

11313 Pi~tp Protection Device~
/Ol overspeed Trip 9 5 14

/02 Teiperature 9 5 14
Switch

/03 Low Lube Pressure 9 5 14
Trip

/O4 Alarm 9 5 14

• TANKS

11221 Tank Level Ibnitor

/Ol Level lndicator 1 3 4
- Float Gage Read

Switch

- Float Gage Tape

- Metri Tape

- Pne,z~tic

/ O2 Manual Dippthg 1 5 6

• PIPn~
11321 Pressure Ibnitor

/01 Pressure Indicator 
— 

8 
— — ...L. i_ 3 18

- --~~~~~~.
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_ _ _ _ _ _ _ _ _  — —  _ _

TANKER F.C~JIPMENr EQUIPM~~~FAILURE
_ _ _ _  - EFFECIS

NUMBER NAME A B C D E F G H I FACTOR

EFFB~~S ~~~~~~~~ 10 9 8 10 9 7 1 5 3 SI1ItIATRV
— — = = = = =

11322 Hose/Loading Arm
Drain

/Ol Manual 1 3 4
Procedure

• F2~~~~~~ Y
SH~1D~~~sY~~~

11330 /01 Midships 10 9 5 24
Ren~te

Shutdo~~Switch

11330 / 02 Control Roan 10 9 5 24
R~iote Punt,
Shutdown
Switch

• Ca44JNICATI0~~
11410 Voice

/Ol SP Phone 1 3 4

11420 Radio

/O1 VHF 1 3 4

/02 Walkie-Talkie 1 3 4

D-3
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0FFS}DRE EQumIENr ~ d b ~ ~WEI(M~I~~
NUMBER NAME A B C D E F C H I FACTOR

EFFEC1’S T,~EIGHTI~~ 10 9 8 10 9 7 1 5 3 SU~MkTI0N

• VALVES

12121 Valve Line Up Controller

12322 /01 Push Button Ren~ te 1 3 4

/02 Push Button Local 1 3 4

/O3 Manual Local 1 5 6

/04 Valve Actuator 7 5 12

/05 Limit Switches 8 7 5 20

12122 Valve Line Up ~knitor

12321 /01 Ren~te Indicator 1 3 4

/02 Local Indicator 1 5 6

• BOOSTER PUMPS

12231 Pressure 1’bnitor

12311 /01 Pressure Indicator 8 7 3 18

/02 Pressure Transmitter 1 3 4

/03 Pressure Recorder 1 3 4

/04 Pressure Switch 7 3 10

/OS Alarm 8 7 3 18

12232 Tenperature 1’bnitor

12312 /01 Temperature Indica or 1 1

D- 4
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___________ __________________________ — — — — — — WEIQrrfl~
NUMBER NAME A B C D E F G H I FACTOR

EFFECTS WEIG1fl~ING 10 9 8 10 9 7 1 5 3 ST.n4ATIa’~

12233 Flow Yonitor

12313 /01 Flow Elanent 9 5 14

12234 Flow Rate Controller

12314 /01 Flow Transmitter 7 5 12

/02 Flow Controller 7 5 12

/03 Pressure Controlle~ 
I 7 5 12

/04 Signal Selector 1 5 6

/05 Flow ~~gulator 7 5 12

12235 Puip Protection Device~

12315 / 01 Level Switch 8 7 3 18

/02 Vibration Switch I 9 5 14

/03 Differential 9 
I 14

Pressure Switch I

/04 Air Eliminator 8 7 3 18

/O5 Alarm 7 7

• PIPING

12111 Oil In Hose/loading
Aim Detector

/01 Pressure Indicator 8 7 5 20

12112 Hose Loading Arm Drain

/01 Manual Procedure 1 5 6

12211 Pressure !bni tor

12323 /01 Pressure Indicator 8 7 j 3 18

1 
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0
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0FFsH0RE EQuIPMFNr 1
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~~~~~~~~
NUMBER NAME A B C D E F C 11 I

_____ 
E~~~CTS ~~ TQn’TJ~1~ 10 9 8 10 9 7 1 5 3 S1MI4ATIa~= -_---==: __ —_fl____ — = -= = = = = = ,

_ = ___________

/02 Pressure Trans - I
mitter l~~~ 3 4

/03 Pressure Recorder I 1 - 3 4

/O4 Alarm 8 , 7 . 3 18

12212 Tenperature Monitor

/01 Tenperatu re
Indicator 1 1

12213 Flow Rate ~~nitor

/01 Measuring Device 7 5 12

- Orifice Plate

- Sonic Meter

12214 Flow Rate Controller

/01 Flow Indicator . 1 5 6

/02 Flow Controller 7 1 12

/03 Flow Transmitter 1 5 6

/04 Flow Regulator 7 5 12

• • SAMFLING

12220 /01 Saspler 1 1

• SURGE RELIEF SYSTE2

12241 Surge Relief Avail-
ability Control

/01 Valve Actuator 10 9 5 24

-—_ _

D- 6
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F

oFFs13JRE FJ~um~4ENr EQUIPMEI’Tr

— — — — — — — WEIGHTTh~
NUMBER NAME A B C D E F C H I FACTOR

_ _  

EFFFCtS WEI(~{TING l 0 9 8 ~~~~~~~~9 7 1 5 3 S U t4AflON

12242 Surge Relief Avail-
ability ~k,nitor

/01 Level Switch 1 5 6

• / O2 High Level Alax m 1 5 6

/03 Ic,.., Level Alarm 1 1

12243 Relief Valve
Pressurization
Mediun ?krn itor

/01 Pressure Indicator 1 1

/02 Pressure Switch 7 7

/O3 Alarm 7 7

12244 Relief Valve
Pressurization
Mediun Controller

/01 Pressure Control 8 7 15
Valves

• DRAIN & SL(I’S
HANDLDI3

12331 Drain Tank Level
!t,nitor

/01. Level Switch 9 9

/O2 Alarm 8 8

I
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OFFSHORE EQUIBIENr FX~JIPMEN~

— — wEi~r~NUMBER NAME A B C D E F C H I FACTOR

EFFECTS WEIGi{~fl~ 10 9 8 10 9 7 1 5 3 S1.MikTI~1I1 
—~~~ - _ _

• E ~4F~~~~~Y
S}~T1D~~~SY~~~~

12341 Valve Position
!4,nitor

/01 Raiote Indicators 7 7

12342 Valve Line Up Controller

/01 Valve Actuator 10 10

12343 Valve Actuating Mediun
Monitor

/01 Pressure Switch 9 9

/O2 Alartn 9 9

• CQt1LINICATIONS

12410 Voice

12411 - Wire

12412 - Radio

12420 Data

12421 - Wire

12422 - Radio

D- 8
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~~~~~RE~~~~U~~~~ EQUI~~~~~

__________ ___________________________ — — — — — — — — — wEIQrrn~
NUMBER NAME A B C D E F C H I FACTOR

EFFECTS WEIGHTING 10 9 8 10 9 7 1 5 3 SIThATIW

• VALVES 

— — — — — — ______

13111 Valve Lime Up Monitor
13123
13221 /01 Renote Indicator 1 3 4

13321 /02 Local Indicator 1 5 6

j~~ 2 Valve Line Up Controller

13223 /01 Push Button Renx te 1 3 4

13322 /02 Push Button Local 1 3 4

/O3 Manual Local 1 5 6

/04 Valve Actuator 7 5 12

/05 Limit Switches 8 7 5 20

• BO0STER PUMPS

13211 Pressure !~rnitor

13311 /01 Pressure Indicator 8 7 3 18

/02 Pressure Transmitter 1 3 4

/03 Pressure Recorder 1 3 4

/04 Pressure Switch 7 3 10

• /O5 Alarrn 8 7 3 18

13212 Taiperature Monitor

13312 /01 Te~peratwe Indicat r 1 I I

13213 Flow }tnitor

13313 /01 Flow El~ n~~t 9 5 14

D- 9
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ONSHORE EQUIPM~~r EQUfl~~~~

_ _ __ _ _ _ _ _ _ _  — wEi~ rmi~NUMBER NAME A B C D E F C H I FACTOR

EFFECTS WEIGF!~ING 10 9 8 10 9 7 1 5 3 S1~~~~I(1~I

13214 Flow Pate Controller 
— _________

• 13314 /01 Flow Transmitter 1 5 6

/02 Flow Controller 7 5 12

/03 Pressure Controlle 7 5 12

/04 Signal Selector 1 5 6

/05 Flow Regulator 7 5 12

13215 Punp Protection Device~
13315 /01 Level Switches 8 7 3 18

/02 Vibration Switch 9 5 14

/03 Differential 9 5 14
Pressure Switch

/04 Air Eliminator 8 7 3 18

/O5 Alarm 7 7

• TANKS

13222 Tank Level Monitor

• /01 Level Transmitter 3 3

/02 Rem te Indicator 3 3

/03 Local Indi cator 3 3

/04 Level Switches 3 3

I 05 Level Alarm 8 3 11
• STJR~~ R~ ..tEF

YS]fl4

13241 Surge Relief Avail-
abili ty Control

/01 Valve Actuator 10 9 5 24
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• -

ONSWDRE EqJIWENr EqJIP~~~T

___________ __________________________ — — — — — — — — —

NTJMBER N~ 4E A B C D E F G H I FACTOR

__________ 

EFFECTS WEIGHTING— 10 9 8 10 9 7 1 5 3 SU~t1ATI0N

• 13242 Surge Relief Avail-
ability Monitor

/01 Level Switch 1 5 6

102 High Level Alarm 1 5 6

/03 Low Level Alarm 1 1

13243 Relief Valve
Pressurization
Mediun Monitor

• /01 Pressure Indicator 1 1
• /02 Pressure Switch 7 7

/O3 Alatm 7 7

13244 Relief Valve• Pressurization
Mediun Controller

• /01 Pressure Control 7 7
Valves

• PIPING

13323 Pressure Monitor

/01 Pressure Indicator 8 7 3 18

/02 Pressure Transmitter 1 3 4

/03 Press ur e Recorder 1 3 4

/O4 Alarm 8 7 3 18
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0NS}EQUI}~~~T

_______  _________________ — — — — — — — — — WEIGHTING
NUMBER NAME A B C 1) E F C H I FACTOR

_ _ _ _ _  

EFFECTS WEIGFrrING 10 9 8 10 9 7 1]  5 3 SI}MA~TIa~

• DRAIN & SLOPS 
— — — — — — _________

13331 Drain Tank Level
Monitor

• /01 Level Switch 9 9

/02 A.larm 8 8

• E~€RCE~ CY
smri~~~~SY~~~

13341 Valve Position
• Monitor

/01 Rsmote Indicator 7 7

13342 Valve Line Up Controller

/01 Valve Actuator 10 10

13343 Valve Actuating
Mediun Monitor

/ 01 Pressure Switch 9 9
-
• /O2 Alarrn 9 9
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A P P E N D I X  E
EQUIPMENT DESCRIPTION

E— l INTRODUCTION

Generally speaking, the term “Control System ” implies the
means required to operate automatically an assemblage of

devices and equipment that will perform some desirable func-

tion and produce some desired result with a minimum of human
intervention.

The control-mode , that is , the type of control action which
the controller takes in directing the final controlling de-

vice , may vary from simple on—off action to the more complex

proportional p lus - integral action . Table E-l shows the

various control modes as app lied in general process control

and as app lied specificall y to Deepwater Ports.

The interaction of control systems within a DWP must be care-
fully considered . For instance , an automatic flow control

system on a platform complex would interact ‘~-iith the tanker

pum p controls. If the pump controls include pressure or

flow control loops , then the platform flow control will act

as a master controller , effectively chang ing the rate of
pumping; however , time lags through long submarine p ipelines

may make this type of control undesirable. On the other

hand , if the pump relies on manual adjustment to change the

rate of f low , then the flow controller could control the

pumps on an on—off basis throug h its protective devices ,

which is , again , undesirable. It can be assumed that if the

type of pump control on board tankers cannot be determined ,

then the interaction with the flow control on the platform

complex should be studied . Flow control , which is an inte-

gral part of the controls of a booster pump ing station , would

not directl y interact with the ship ’s pumps .

t E-l.l
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E — l . l  VARIABLES

The process variables to be measured and controlled on a
Deepwater Port comp lex are :

• Pressure

• Flow

• Level

• Temperature

These variables and the basic methods emp loyed in their
measurement and control are the sub ject of the following
discussions .

PRESSURE

Pressure is the most commonly measured variable on a DWP

oil transfer system. Gauges are located on the pipelines

wherever it is considered an assistance to the operators ,
i.e., pump suction and discharge piping , the piping at the

base of loading arms , sections of p iping which can be sub-
ject to thermally induced pressure increases , adjacent to
pressure switches and transmitters , ad jacent to pressure
regulators, and monitoring auxiliary compressed gas supplies.

Pressure indication , whether it be by gaug~s on the pipeline
or by remote indicator or alarm , tells the operating per-
sonnel what is going on inside the piping systems . Examples

of this are :

• The operation of remote pumping systems

• Whether control systems , such as flow and pressure
regula tor s, are working correctly

E—l. 3



• Whether other instruments , such as pressure trans-
mitters and switches , are workin g correctly

• The level of oil in loading arm risers

• The correct setting of thermal and other relief sys-

tems

The most common method of determining the system pressure

is by Pressure Gauge or Indicator mounted on the pipeline .

Remote pressure indication employs a transmitter which is

also connected directly to the pipeline and functions simi-

larly to the gauge . Pressure switches , which initiate re-

mote alarms , are also mounted and function similarly to the

gauge . Section E—l .2 describes the princip les and opera-

tion of these instruments .

FLOW

The measurement and control of flow rates through a DWP are

necessary , not only for determining quantities , but also

because of the design limitations of other equipment and

facilities built into the oil transfer system . The veloci-

ties through hoses and loading arms are restricted , due in

part to the vibration at excessive flow rates. The filling

rates of fixed or floating roof tanks are restricted by the

physical rate of tank venting or roof travel. The accuracy

of flow metering is reduced if flow rates move outside re-

commended ranges.

Flow rate measurements are readily converted into totalized

quantities and can , there fore , be used as accurate measure—

ments for custory transfer or leak detection by differential

flow measurement.

E-l .4
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Various well proven methods of flow measurement are avail-
able although some , such as variab le—area , electromagne*ic

and vortex meters , or open weirs and flume s , are not suit-

able for the high throughputs and large pipeline sizes of

a DWP .

Table E-2 shows the various types , ranges and applications

of those methods employed on D~Ps. A more detailed discus-

sion on metering appears later in this Aopendix.

LEVEL

Essentially , the moving of crude oil through a DeeDwater

Port facility is the transfer of oil from one storage to

another. Level measurements , therefore , become very impor-

tant on the discharging tanker and at the onshore tank farra.

A variety of methods for continuous level measurement are

in use today which range from the simple float and tape to

a system employing nuclear radiation . Each has its own ad-
vantages and limitations . Table E-3 presents these together

with ranges and accuracies.

The systems commonly used on oil tankers are the float and
tape , gas bubbler , capacitance and resistance types. ~‘Ior-

mally, at least two level systems of different types are
installed to provide redundancy for safety .

The float and tape system is the mos t commonly used method
in the onshore storage tanks . This method has the advantage

of good accuracy and proven performance over a number of

years.

For point detection of liquid levels , the mechanic al f loat

E-l.5 
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arm level switch is installed which is readily adaptable

to external mounting on the shells of floating roof tanks.

TEMPERP~TURE

Temperature measurements of the crude oil in a DWP are rela-

tively unimportant unless quantity measurements for custody

transfer or leak detection take place.

Metering stations measuring precise quantities have to take

into account thermal changes and apply temperature correction
factors to the measured volumes. This is done by means of

automatic temperature compensating devices employing a resis-

tance type temperature measuring probe.

Where temperature corrections are applied to onshore storage

tank quantities , average temperature must be measured.

Usually, a series of thermocouples are used which are con-

nected to give an average reading. These can be installed

around the tank perifery or, for tanks with floating roofs,

it is more common to install a vertical bundle of thermo-

couples which pass through the roof and which average the

temperatures at various levels.

E—l.2 CONTROL SYSTEMS COMPONENTS

The following is a general description of the component

parts which make up control systems as shown in the

following diagram . Only those components found on
Deenwater Ports have been considered .

E-l .8
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CONTROL SY STEM COMPONENTS

PRIMARY ELEMENT

This is a device that detects or senses the value or change

of value of the variable being measured; in other words , it
is the first link in the measurenent control systom c~~ i i n .

The following are primary elements grouped by process van-

able:

• Pressure Measurer.-ient:

The primary elements for pressure measurement

include the Bourdon ~ ube, Bellows or Diaphragm ,

all of which translate pressure into physical

movement and can Le used irs any pressure measur-
ing instrument whether it be a oressure gauge ,
transmitter or switch. Refer to Table E-4 for

comparison .

The principle of operation is the elastic pro-
perties of the element which changes shape as

pressure is applied internally. The resulting

movement is amplified through linkage and gears

to an indicating pointer or signal—producing

E—l .9
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device. The material used in the manufacture

of these elements is varied. The most commonly

used material on DWPs is 316 stainless steel
which has good corrosion resisting properties in
a marine environment.

• Flow Measurement: -

1. Orifice Plate

An Ori fice Plate is a circular plate with a round
hole in the center which is clamped in the pipe-
line between flanges. These flanges are drilled

and tapped so that the pressure on each side of

the plate can be sensed by a di f ferential pressure
measuring instrument. During flow conditions , the

restriction of the orifice causes a pressure loss.

This loss , measured as the difference between the

upstream and downstream pressures, is proportional
to the square root of the flow rate.

2. Positive Displacement (PD) Meter Rotor

This method of accurate flow quantity measurement

employs the principle of a rotating mechanism
having cavities of known volume. The flowing

liquid rotates the meter which moves known vol-
umes in the cavities from one side to the other.

Each rotation transfers a measured quantity of

liquid , therefore, the number of revolutions is

a positive indication of the volume passed.

3. Turbine Meter Impeller 
—

Just as accurate as the PD Meter , the Turbine

E—l .11 
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Meter requires less space and can handle greater

flow rates. The impeller mounted inside a short -

length of machined pipe is free to rotate on

bearings. The flowing liquid impinging on the

impeller blades causes it to turn . A steady ro-

tational speed is proportional to the liquid velo-

city - hence , the volume flow rate.

4. Dall Tube

This device employs the same principle of differ-

ential pressure measurement across a restriction

in the pipeline as the Orifice Plate . The Dali

Tube is much longer than the Orifice Plate but

causes less permanent pressure loss.

5. Sonic Meters

Two probes are required in this type of flow

measurement which uses the principle of variation

in the speed of sound in a liquid which is pro-

portional to variations in the velocity of that

liquid. This is a recently developed technique

which has the limitation of being affected by

density changes in the flowing liquid.

The two probes, mounted diametrically opposite

one another in the pipeline , are subject to ero-

sion f r om solids in suspension.

• Level Measurement:

1. Float and Tape

Liquid level in high—rise tanks , including ship ’s

E—l .12 
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tanks can be measured to better than ±1/8” with

a float and tape arrangement. The float, usually

made from a material such as 316 stainless steel,

which is impervious to crude oils and a marine

environment , travels inside a “still well” or
perforated vertical pipe which protects the float

from any disturbances in the tank. It is impor-

tant that the specific gravity of the float is

not changed by the accumulation of debris or
sludge ; this will have an adverse a f f ec t  on the
accuracy of level readings.

2. Float and Arm

The application of this type of level measuring

element is generally confined to point indication

of liquid levels for alarm initiation . Several

principles of design are available , all of which

achieve the basic requirement of transmitting the

float movement to a switching device through some

sort of sealing barrier.  The most common types

are those which em’loy the following methods:

tube/rod arms, magnet and follower and bellows.

a. The tube/rod arrangement has a rod inside a

tube, both of which are fixed to the float.

The tube with the rod inside it passes through

a sealing bulkhead to which it is welded .

The tube is “pinched ” on the float side of
the bulkhead to provide a pivot point. The

float/arm assembly moves up and down about
the pivot; simultaneously ,  the internal rod
moves a corresponding amount on the other
side of the bulkhead . This movement actuates

a switch mechanism .

E—l.13
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b. The magnet/follower principle is simply a —

magnet fixed to the float arm which actuates
a follower on the other side of the sealing
barrier.

c. The bellows arrangement allows the arm to
pass through the end of the bellows which ,

apart from providing a sealing barrier , also
gives the flexibility necessary to transmit 

-

the float movement to a switch mechanism.

3.  Capacitance

The principle of changes in a tank level varying

the electrical capacitance of a probe is used in

the design of these instruments. For conductive

fluids , such as crude oil, an insulated vertical

probe is used wherein the capacitance of the in— 
-

sulated sensor varies with the level. Electrical

span and zero adjustment in the electric circuitry

make it conveniently possible for capacitance sys-

tems to be adjusted for accurate , continuous
measurement of liquid level.

Capacitance probes are also used as point sensing

alarm elements.

4. Gas Bubbler

The pressure necessary to overcome the head of
li quid in a tank is a measure of the level in
that tank. Compressed air is pumped into the

bottom of a tank and a pressure gauge mounted on
the same air supply piping indicates the pressure

IL 
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required to “bubble” air into the liquid. The

scale of the gauge is calibrated in units of

liquid level. Since crude oils vary in specific

gravity, a system of specific gravity compensa-
tion has been devised. Two air pressure connec-

tions in the side of the tank are installed with

a known vertical distance between them. The dif-

ference in the pressures required to bubble air

through both connections is related to specific

gravity of the liquid in the tank . In other words,

if the tank contained fresh water at 600F and the

connections were placed 2.31 feet apart , then the
difference in pressure would be 1 psi. If the
specific gravity of the water was increased , then

the difference in pressure would also increase

proportionally.

5. Resistance

This simple method uses a resistance strip inside

a pressure—sensitive sleeving. Variations in

level will short out the resistance strip at vary-

ing lengths. A simple potentiometer type circuit

measures the changing resistance and relates it

to level measurement.

• Temperature Measurement:

1. Thermal Bulb

The principle is that which is used in the clini-

cal thermometer where a temperature sensitive
liquid expands within a confined tube or c~ rtll~n’;-,’ .

The industrial thermometer uses stainless steel

bulbs and tubes normally filled with mercury . The

E—l .15
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expansion of the mercury causes movement in an

elastic element similar to the pressure measuring

elements. This movement drives a pointer or ac-

tuates a switch or compensating mechanisms.

2. Resistance Wire

The characteristic relationship of electrical re-

sistance to temperature in pure metals is utilized

in this primary element. A simple resistance

measuring circuit determines the resistance of a

wire element which is subject to temperature

variations and translates them into temperature
measurements.

3. Thermocouple

A temperature measuring device based on the

phenomenon that an electric current flows in a

continuous circuit formed by wires of diss imilar
metals if the junctions between the two wires

are at -lifferent temperatures. The resulting EMF
L produced in the thermocouple circuit .is measured

and used for indication , compensation or control

of the actual temperature.

INDICATORS

These instruments are mounted close to the measuring point

of the variable to be measured . Most indicators incorporate

a primary element as described in the foregoing section.

Generally , the local indicators used on a DWP are the simple
fixed dial with a moving pointer.

E—l .l6
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The following list groups indicators by process variable:

• Pressure Indicators

i i u ~ w~~lL-~ciiown pressure gauge which employs a pointer
driven around a circular seal by a primary element
(usual ly a “C” type Bourdon tube) .

• Flow Indicators

Although not normally used on oil transfer systems ,

they are sometimes found on tank drainage systems to

indicate flow or no flow conditions in a pipeline.

The principle used is simply a disc o~ target on a
sui table arm , which is mounted in the direct line of -

flow . The velocity of the liquid moves the target
which causes an indicator flag to appear on the out-
side of the pipe .

• Level Indicator

The most corr .~on is a vertical linear scale and pointer
system installed on the outside of a tank . The pointer
is driven up and down the scale by a float inside the
tank , a cable or tape attaches the pointer to the float

via a series of pulleys.

• Temperature Indicator

A thermometer , usually of the mercury—in-steel type

with a circular dial and oointer driven by expansion
within the primary element.

E—l . 17 
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TRANSMITTERS 
—

Transmitters take the output of the primary element , trans-
form it into a transmittable form and transmit the result-

ing signal to remote receiving instruments.

• Pressure Transmitter

The principle of operation is to take the movement

produced by the primary element and apply it to a
series of bellows and nozzles which produce a pneu-
matic signal relative to the measured pressure . For
an electrical transmitter , the movement is used to
vary the position of a mechanism producing a milliamp
signal which is directly related to the measured pres-
sure.

• Flow Transmitter

1. Variable Head ~1eters (Orifice Plate and Dali Tube)

The flow transmitter accepts the two pressures

produced by the variable head type of flow pri-

mary device. These low and high pressures are

applied to either side of a sealed capsule which

is fixed to a force balance beam. The resulting

movement of the beam is translated into a pneu-
matic or electrical signal in a similar fashion
to that found in the pressure transmitter .

2. Rotating Flow Meters (PD Meter and Turbine Meter)

The rotation of the meter internals produces a
pulse signal either directly or by means of gearing.

PD meters employ a system whereby a slotted disc

E—l . 18 
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is rotated and cuts the light source of a photo-
electric circuit. Turbine meters use a magnetic

impulse generated by the tips of the turbine

blades passing a magnetic source .

The pulse signal in both cases is transmitted to
remote receiving instruments.

• Level Transmitters
1. Float and Tape -

As the float follows the varying liquid level in

the tank , a drum , driven by a tension spring or

electric drive takes up the slack and stores the
tape . The revolutions of this drum are directly
related to the position of the f loa t  and , hence ,
the liquid level in the tank . It is the rota—
tional position of the drum which is electrically

transmitted to the remote receiving instruments.

2. Capacitance and Resistance

Both these methods of level measurement t ransmit

the varying capacitance or resistance, without
trans f orming it , to the remote receiving instru-

ments over a simple wire circuit .

3. Gas Bubbler

The pneumatic back pressure which is the output

of the primary device may be transmitted without

change to remote receiving instruments,  or it may
use a pressure transmitter as described earlier .

E—l.19
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• Temperature Transmitters

1. Resistance Wire

The transmission of varying resistance output of
the primary device requires no transmitter to
transform it to a communicable signal . The re-
ceiving instrument measures the resistance output
as one leg of a bridge circuit .

2. The rmocouple -

The transmitting wires of a thermocou~ le circuit
are known as compensating leads. The semi—rare
metals used for the thermocouple itself would he
too costly to use as transmission wires.  It is
the usual practice to use compensating leads of
a less expensive material which has characteris—
tics close to the metals used for the thermocouple .
No transmitter is involved since the receiving
instrument measures directly the EMF produced by
the thermocouple.

SWITCHES

For the variables being considered , the switches which ini-

t iate remote indicators and alarms operate on the same prin—

~2iples as t ransmi t te rs .  The movement of the primary elements
o’ erates switc l : mechanisms instead of t r ansmi t t ing  mechanisms .

ALA RiM S

Basicall y ,  “ alarms ” are receivers similar to other indicators ,
t ioir funct ion is to provide protection by ma i ntaining criti-
cal points in a system under constant surveillance. In a

E — 1 .2 0
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complex such as a DWP , where centralized control is common ,
the alarms would be grouped together into an annunciator

- 
- mounted on a control panel. An annunciator displays a series

of engraved translucent windows which become t a c k - i l l u m i n a t e d
in the event of an alarm. Upon actuation of an alarm point,

the alarm light will flash, illuminating the appropriate win-
dow, and the horn or audio device sounds. A means for si-

lencing the alarm and switching the light to a steady ‘ on ”

state is provided ; a reset switch will extinguish the light

only when the alarm condition has been rectified.

Because these devices must remain operable over long periods

of inactivity , test circuits are built into the annunciator
so that periodic testing of the system can be carried out.

RECEIVERS

The remote instruments which ‘~receive ” the signals f~ o’~ thc~
transmitters fa l l  into three basic categories:

Indicators

Recorders

Controllers

These instruments are usually mounted on the control panel
in the central control station.

• Indicators

1. The conventional type of scale and pointer type

of indicator is the most common. Two variations

are available, those with a f ixed sca le and moving

pointer , or those with a fixed pointer and moving
scale. Which are used is immaterial and depends

upon the designers choice .
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2. Digital indicators lend themselves well to the

remote indication of liquid levels and can be

adopted. for all other variables.

‘ Recorders

Essentially , recorders are indicators which produce
a permanent record. These receivers are generally

panel mounted in control rooms and produce records on
small strip charts . Certain variables which can be
transformed to a digital form may be concentrated at
a central recording station where they are recorded

in digital form.

) Controllers

These panel—mounted receiving instruments are the
master link in a closed ioop control system. Some-

times mounted integrally with records or indicators ,

the controller accepts the signal from the transmitter ,

considers it with respect to its own set point and mode
of control and sends a controlling signal to the regu—

lating device. The introduction to this Appendix ex-

plains the various control modes employed.

ACTUATORS

The actuators in this study are the devices which receive

the controlling signal from a remote controller or from a
command initiated by operating personnel , either locally or

remotely. The actuator interprets the signal and “actuates”

the regulating device , usually a valve.

On a Deepwater Port oil transfer system , the majority of
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the valves, or regulators , are actuated electrically and

are usually either fully open or f ul l~- closed .

Where more precise control is r- ‘i;ui re~ between the two limits
of open or closed , such as flo’~ or nrcssure control at booster

pumping station , the actuator uses a combination of electric

and hydraulic or electric and pneumatic systems. In these

cases , the electr ics are t he i n i t i a t i n g  and signall ing devices
and the hydraulics or penumati-:s are the driving force which

actually moves the valve .

Most actuators , whether they be electric, electro/hydraulic
or electro/pneumatic are fitted uith a series of switches
which initiate remote indication of the valve position and

provide the switchinci necessary for interlocking systems

such as that found on complex man i fo ld s .

I
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Product Selection Information 7

MOVEMENT

~ 250 
00e$4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~_

CASE DIA
BOURDON TUBE POINTER WINDOW RING
PRESSURE ELEMENT

WARNING: All gauge components Should be the Bourd on tube and the window An optional blowout
se lected considering media, and ambient operating disc can be sup p l ed which will rel ieve cas e pr~SSure
Conditions , to pr event mis-application Imprope r buildup in the event a slow leak develo ps in the
application can be detrimental to t il e gauge , cause pressure element
failure and possibly personal in lury or properly
damage Pressure elements — Available for a wide variety of
The information conta ined in this catalog is Offered as a media mat er ials inc lude brass phosph or bronze , alloy
guide to assist in making the proper selection of a sleet . A ISI 316 stai r i es s Steel and K-mone l Proper

select ion of the Bo~..do n system or bellows material ispressure gauge dependent on thi~ process f lu ’ d to W h I  ii the system wit t
Additional information is available from Dresser be subjected ti the co rrect mat er al is not as.ai l ab te the
Industrial Valve and instrument Division use of a diaphragm seal may be necessary to protect

the System h o r n  the proces s fluid

Pressure ranges — Select a gauge with a full scale Movements Movement part s are designed and
pressure range of approximately twice t he normal protecled to reduce friction and ex tend wear life Each
operating pre ssure The maximum operating pressure movement is ultrasonically cleane d and lubricated -
should not exceed approximately 75% of the full scale Movem ents of 2’/z ” and 3’ /~ “ gauges. including
range. Failure to select a gauge range within these bellows type , are stainless Steel with Tetl on~ coated
criteria may ultimately result in fatigue failure of the pinion gear and segment shaft , on 4 ’ /~” and larger
Bourdon tube or bellow s sizes gauges have stainless stee l movement with

bronze pinion and segment shall

Operating conditions — The operating conditions t o Dials - - Dials are uni lorm ly graduated and have
which a gauge will be subjected must ne considered highl y legible black markings White or brushed
Other than discoloration of the dial and hardening of aluminum backgrounds provide a high degree of
the gaskets that will occur as ambient temperatures resolution
ex c eed 150 F , metal and phenol case gauges , ‘6 at  are
not liquid tilled, can withstand continuous ambient
temperature s as high as 350 F Gauges with soft Pointers Adjustable pointers are standard on Ty pe
soldered j oints , however , should not be su blecl ed to 1009 gauges Othe r gaug es are supp lied with nOn-
temperatures above 150 F Accuracy wilt be affected by ad lus table poinle rs wh ich can be reset by removing the
approximately 1 5% per hundred degrees F Gaug es ring, removing and resetting the pointer Ad lustab le
with welded Bourd on tube (system ) joints will pointers are available as an Option on these gauges
withstand 750 F, wi th silver brazed lo in ls , 450 F . for
short times without rupture atthoug h other parts of the
gaug e will be destroyed and calibrati on wilt be lost, it Windows ~ — The standard is glass Non glare glass is
the gaug e wilt be subjected 10 severe vibration or optional b r  applications requiring that refle ction be
pressure pulsati on , the use of a liquId till ed gauge is eliminated Acrylic plastic or shatterproof glas s
recommended window s are al so avai lable , to provide added

re sistance to breakage

C.ses — F i.e case styl es and four dii t e rent materials Rings—The rings, which enclose the windo w, are of
are offered — aluminum stainless steel , Ca st iron and seve ral different type s friction , thread ed , bayonet
phenol Alt cases are open front , with the dial between (cam), hinged, or snap design depending upon case
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Case Types 9

Several importan l car iab les must be considered
when selecting fhe typ e of case for the ap pt s cation , A
gauge is subject to environmental and atmospheric
conditions, and the gauge internals must be protected
from these elements,

Typ e ol mou nting — Stem , surface or flu sh is
important , as is the pressure connection location , lower
or back General characteristics of case Styles are
described below. 30 

£0
The following cases are all open i nn ’ d isSig n , with

For maximum safety, an As hc ol t Duragau ge ~ solid
front gauge should be specified (a solid wall is - - i- tw i- i I ’ r i  ~‘

the pressure syslem and Wind ow l Re-,4ui- ~l Bulletin
DU-1

Comprehensive reference charts of case styles ,
materials, and physical character ist ics of General
Service Gauges are on pages l Oand 12~ dimensional - .,. 

-

drawings are on pages 14 -18  -
, 

, , -~ - s

Type 1189

the dial between the pressure system and th e window

Type 1009
Polished stainless steel case and bayonet lock ring 

Co

in 2’I~ ’, 3 r / 2 ,’ , and 4 / 2 ’ sizeS Maximum corro s ion Type 1017/ 11 87
resistance Available for stem , sur lace . or f lush
mounting, lower and back connected

Type 1188/ 1 220
Black , phenol turret cases in 4 / ~’ , 6 8’ ’. S i p S ,

with Stainless ste el snap ring Lightweight , ( i l”’’ , Tr ’ qh
resistance to corros uon Sfem or s urface mour iled can
be flush panel mounted with an ai . c-s- i ‘r , ring

Type 1189

and ring are black epoxy coated 4 ’ / ~~
“ anut 6 5 1 2 1 5 -

Aluminum case with threaded aluminum ring ~~~~~~ 
C 

‘
, Type 1188/1220

Stem , surface , or t lus h mounted

Type 1010
Aluminum in 41 , 2 ” and 6” sties , cast iron in 8’

and 12” . f r ict ion steel ring Black epoxy coal ed - 

- 
-

~~~
Stem , s i j r t ,, cp , or flush mounting lower .ini h,u k

18connect on

Ty Pe1017/118l
Aluminum case in 4 ’ - ,- ’ 6 ,ic’ii 8’ - 2 - sizes , with

the bottom Case and rrnq ate bi ,i~ E, i55’t uiate d
ste el r ing hinged at fO P ‘i2 ’aI ’i,’it by a ciar rr p cc ’ow ,at

Type 1010

~~~~, /

Flush mounted , back ’ , n n l ’c l i ( ’ i i  only
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u S ’ . , i i ’ ; - ’ ’ i f ’ , l  t ,s t, .- ’, , r  c’ arid , Ii i ,’ ’ ’, I ‘~ ,I ’ . 1 ’ 1 1 h ~ I , ‘

- IS . , u .I ,~ i ,’n I ,iiid i.’ ’ ’1’ 5511 ’ ’ ’  ‘ t ’  i g , i t i ’  I t -  ,, ‘ I 3II’li—
t’tt’l ,~ iI l’I .~ii’’ I ;  5 , 1  U’’ i ’ ’ ’  1 1 5  -v iu lt ’ l i~ Il ’,i l li ,, ‘s , .  cc ,,li ’ - i , , , n t ’ , -  ,u~I ‘‘nI i ’  ‘ ‘i l l I’,\ I’ l i I , l ,15

, , i ,’ ’ -si l u l ’ ’  ,‘‘ i, ,,, u - f l u .  i t — n  r n , , i s v ’  - l o t ’ ’ ,1 Is  a slid.
,iu .,’ u I i 1’ i i ,  disi,. ii.i~~” I . , i u i l i n ’ i i r l n  I ,~~ u i i ’  I’ l l  ‘1
\ , ,,‘s , I . - , I ,, ;, , , Il. u . ’ u u , , l , I , i n , j , ; , i u ’ ., C , I : - : i : , - ’u li,’ , n ’ ss .s n \

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i i , i I ! i ~~’ I I , 2  S . C / I ’ ’ !  In, ’ i ( I ,, . .iil i i l — I b  Ti ( ( l i , ’, S ” t ,  r ’r r,n hI

I I I  C’ ’ ’  l’~ un , h I ’ I I i  1. - n -  112 is c li” ;- ,’ i iip l ~‘ ‘  I ‘ n ’ s  ,,I’
pf i i i  .i’, i i , n ’ d , t s l ! , ’ ,, u , r 1 , h i

r
~~ 

‘ 
I— - 

~~
‘.‘ , ALL -METAL CONSTRUCTION

,

~~
cf

~~~~~~~
it5 

- -
~~~~ 5’, p u b  I, ’ - l : I - . , ’  ~i ,iii. ,llc ; I ,.iII, Ii’fl.i:l,i’ - ’ i i - ’ i p i ’ l. it i ( i l I

5’, I’ l l ’ s u n i t  di’., ,, , i’ . .i’ .i n;~~ - j ’ t ’ ’ - l  st I l l 1” ls ,, - ’ ’ n

- . ‘ , i f l  .,u d s ; i riul tu. i u , - u ’ , :i , - r i ’ r , i , . , ’’I’ m i  ( > u l i , n mI _ i ’ ’, , ; .

/ 
~

‘ , 
5,0 S ui I  ‘ ‘ > ~~- ‘ ‘ ‘ ‘ ‘  TO In. , n ’s ’ S~ ’ i I C ’ i  iii h u b  I I l, , ’n

a I t ~
‘ , h : 1  i, ’ iu ’ In’’’ i . ,i ?‘ ‘,i . i s I i ’i ’ ’ s s ’ I h b ’! , m r  S I , - , n -~ u ’ , ,,I I I I .

- ‘
I

- 

~ 
~~~~~~~ I i ’ ’ t i . ,l ~~~~ i ’ : uu ’ ,, i ’ — i s - ,  r t ia r t n . . , l s  i , ,  . iu ,, i I.ulult ’ Our

- i u .uu fi.uu , ,ss ~,’ , i l t / ’b ’ 1 i ’ ’’ ’ lu ’ ui ’ii c i i ’ ’  i i l i i ; , i i h i i c s l~ utCt’11

I -.— n,
5 o di i i ’  . ,n ~ ii ‘ 5 . - I ’’ i . , l u I u T i  n i t

I 1 I’ . , — , - u iurnt ‘ - I n s ’ s  — I-in, ls , li-r n’ - I — , : . , ,  II,,,,’’

and l i t  i i i  11b 1 s r i  l , l , - s  i i i -  s . n . r i . i r n ’

I’ I i ’ ’ ’ ’  3 ii p lui ~ sir,-. ’, ’ us ’ , ’ , , ,  Ii , , , ’ci ii> (‘-‘i ts ,

1a 1uuiI S d i c i ’ 551 ’5  I’ ’  In h r  un - u ’  s n ’ , il rnt l t’iltui’ls , t ’ , - n , r ’
(,.rl .u,,i r rs cl ’ ’ , iS t b ‘ I i ln ’ In ’t \  ,‘,,l,iI,’,l t roll; t n t ’  sir

s~Iicone l , .nO ’ 
-/ (i~ ‘ i l i i ’ ’ ’ , C .  I - ,‘ r ’ u b . , : ,S r r , , ,1I;:.;, , nn: , ‘. 1  i t t

t r ans fer i~ u i - i / f  ( ‘1! / nyu ” r . u u f l ,  n I  n,- , - b , u n . I~ in’ 1nt ( Pr

h o t es F5. 9746i Clo,e cp n’ I ,.,,.. , ~~~~~~ ~~~~~~~ l a-’, I , ’ ,
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- SIMPLICIT Y OF INSTALLATION

- .
- i 

~ 
Transm itter may be installed in any posit ion. High
and low pressure connection taps are at both ends of
body for optional connection. The instrument is de-
si gned for simp le cl ose-coup ling at the point of
mea surement (Fi gure B6436).

t n ,  16436 lypoel In , ’ n i i i u tio n of d ;p C.t I Tr on ,urri tter fo p Sq u id
Meo ,u rnm .V? ,

A IR
SUPPLY 

PRINCIPL E OF OPERATION
Q OUTPUT Pressure is app l ied throug h the hi gh and low pressure

- D connections to opposite sides of silicone-flli ed t w in-
. ‘ , -

~~~ 

. diap hra gm capsule ( A ) .  Difference between pressures
exerts force at lower end of force bar ( B ) ,  which is

‘ a - . . ~~
‘
... - “ •-‘~~ 

. balanced by a simp le lever system cons isting of fo rce
bar (B ) ,  ra nge rod (E )  and fIexur ~ Connector ( D ) ,

- 
. - with El giloy metal disc (C)  acting as a fulcrum

together with range wheel ( F ) .  Range wheel adjusts
/ C ‘ ‘ the measurement span to any value within the limits
/ K - 

‘. of the diap hr agm capsule. The force exerted by this
ca psule is opposed throug h the lever syste m by feed-
back bellows K ) .  In operation , flapper nozzle ( H )
detect s th e sli ghtest vari ation in forces developed at

C>,,, ‘
~ 

- th e capsule and effects a counterbalancing of these

[‘i ’ :~! ~~~~~~~‘=~~ 
t feed~baclc belIowt b:lam’ing pres~

~~i .
i 

- 
su re Co u:usl y b e w s pre

/ - “.~ s ’  ~~ ‘ , twin-d iap hragm capsule.

HIGH ‘ ‘~ -, .
‘ LOW The result is a pneumatic signal of 3-15 psi propor -

PRESSUR E . -
~~. PRESSUR E - tiona l to differential p ressure .

/ 
\\ 

- CON N ECTI ON

~
“

~‘ ~~~~ - 

Fig. 17503

~~~~~~~~~~ 
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Smith Meter Systems BULLETIN 2 0,3.8

Division SPECIFICATIONS
Geosource Inc. 18” SENTRY SERIES TURBINE METER

GEOSOUR~1 
DECEMBER 1971

ASSEMB LY MATERIALS OF CONSTRUCTION

MODEL

PART CA SA CS SS

HOUSING Carb , 304 SS Carb , 304 SS
—~~ St I . • St t. ’

FLANGES — Carbon St i, or 304 SS - -

Downstrea m STATORS 356T6 316

- 

— 
____  ~ 5520’ 

PLUGS 

Akumus:rn

/ DEFLECTOR Carbon Steel 304
0 Det iect op Rotor I RING Li.u brited Stainless

Ring / / SET SCREW Carbo n Steel 
St~~

’
~ess

/ I 
ROTOR —————— 304 Sta in ies s St eet —-----— ---

upst ream ___.- /stato , I ~ i” ROTOR Hy’ Mu 80
Set Screw I ~~~~~ INSERTS t

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~

)

sn e, 
WA SNE RS

SHAFT —Chrome Vanadia m St ee i—’ ------
it . WASHERS

Cot t a , pin was hers 
~~ / \/ \ ~~~~~~~~~~~ COTTER P I N S — 300 Ser .es Stainless Steel --

.— ~~ R ‘
~~, 

was h ers 0 • Luub rited and El ec tr o -f u tm Coated

t~ / ~ 
Rot or st ~ai t ’ I Located or’ Rotor Rim

NOse.._a”~~~~/ / ~ 
Pia t fornss Bearin g

Plug / Roto r Bearun g
N 5 Sh aft

DIMENSIONAL OUTLINE

Flange
Ra t i n g A N S . I .  5500 3000 4000 6000 9000

.— 45” 1116—”— 
— —

s /16  
Note S “A’  Dim. 25” 28” 28’ 29/. 3 1 ’

20 90

~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Notes

‘C .L_ - f rom base coil ,
‘.
- u , ’ i.u~ 3 Slsupp’ng wmgtrts include

20% packing wergfst

E -2 .7  FLOW
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K12-53, 55, 56, 57 and
_____________ M16-53 , 55 56 , M E T E R S

______ 
September 1974

A 

The K 92.53 , 55, S6, 57 and Ml 6-53, S5, S6 meters ore designed for hig h

facil ities for roses f rom 6000 up to 1 2u500 barrels per hour. They are du al-case
meter s with the mete r in 9 unit installe d in a welded st eel hous ing.

capacity se rv ice on petroteum pipe lines and at tanker loa ding and unloading

With the Smith Meter prind p teu illustrated below , the flow of liqu id is literall y
- ass d istur bed wh ile it it being metered. Since energy is not wasted in arresting

ti quid velocity, slippage is reduced to a minimum , resultin g in GREATER AC-
CURACY Low pressure drop due to streamlined Row and a minimum of friction

~~~~~~~~~~~~~~~~~~~~~ 
- 

~ by Smith. The metering unit is installed in an outer housing with pressure bal’
A. 0. Smith Doub e Case Meters foltow the ori g inal rotary desi gn dev eto ped

once d across the metering unit thus el iminating inner case distortion due to
o perating pressure and piping st rain , The double-case const ruction affords ease
of se rv icing. It is possible to remove a metering unit for inspect ion, c leaning or

means long life and low maintenanc e, thus assuring SUSTAINED ACCURACY.

repa ir simpl y by removing the outer housing cov er and removing the metering
unit. The measuring unit is removed vert ically, thus li quid spil loge is kept to a
m in imum . The ease af removal of the metering unit is conduci ve to low main-
ten ance costs an d greate r overall accu racy as the off-stream time encourages

- . 
per iodic preventit ive maintenance inspectio n. Comp lete metering uniN are

- 
‘ 

interc hangeable between different meter housings ,

- — Mud I 541 6 53 APPLICATIONS
Wi lls lars . Product Pipe Lines; Crude Oil Pipe Lines; Barge and Tanker loading

numeral  t an n i n ’
and Unloading.SPECIFICATIONS

Available Regtslratioa
NORMA L RATED CAPA CI TY Cubic Meters U , S, Barrul s PRINCIPLE OF OPERATION

Per Hour Pet Hour
812-53, S5, Mutimum 950 6.1)00
SO and Si Minimum ISO I,~~ 

MEASUSINO C i-I A O ’ t E R /M16-S3, S5 Masimum 2000 12,515)
-‘ 

- — INNER v t lE tOilTt t  rO USsNOand SO Minimum 4011 2,500
WORKING PRESSURE . .  215 PSI . . 19 Kg Cm° Z’S3 PATH TAKSN BY 

/ cast

300 PSI - 21 Kg 3m2 - Kl2~S5 5LA~~ A5 IT I S

1440 PSI 100 KgCm2 K12 S7 t t ui’40 EX T t N D ECi ’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

St A T IC  ; IQ IJIO
720 PSI - - 50 Kg 3tn2 K12-S6

275 PSI - ’ ’ ’  19 Kg Cm2 - MI6-S3 u

300 PSI - - 21 Kg Cm2 - . - ‘ MI6-S5 B LA D t ~~_
. BLA DE

720 PSI 50K g Cm° - ‘ MIS-SE ~C LLER -_.-_.. __,,,
nototFLANGES - 12’ 150 lb. ANSI f1l 2-S3

12” 300 lb. ANSI 812- S5 . S6
12” ~~ lb. ANSI t112 S7 

____________ _____________16’ 150 lb. A NSI MI6 S3

Moter Hous ing—welded steel const~~ction 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~16’ 300 IS, ANSI M16-S5 , SE 
________

MATERIALS 0? CONSTRUCTION0

Inns, Muter Case—clot. gro used cast iron
Rotor—close gro used cast iron
Block— clot. graiii ed cost iron

- BearIngs , Shaft and Ping—stainless steel with pheno lic
Cam and G.ars—ste.I
Blods,—anodiz.d high tensile aluminum alloy with weor strips The roto r , which revolve, on stainless steel ball bearings , hasBushlngs—sint.r.d iron six evenl y spaced s lots. The slots control the position of three
°16..’e Infernal nat., port , era M.etad refl$ ARMOItOY. a SOUD FILM blades that are at 600 ang les so each othet. As liquid Roru%WIW CAHE miNi larseN uuerndrnt nelaiuM proparsies.

through the meter, the rotor and blades revolve around a Reed
corn , Ball bearings Reed to the blodes roll around the co rn ,

ADJUSTMENT causing the blades to move radially. The successive movement
Dry, access ible calibration is made in estrem ely f ine increment s of the blades , out-w ord ly toward the case wall , for ms a meosur-
w ith any A. 0. Smith adjustment dev ice. These ad j ust ing de- iesg chamber of precise volume between the blades, the rotor ,
vices are protected from dirt and forei gn moRer , and the case wall , the cover , and the bottom of the case. A can-
may be sealed ogainst unauthorized tamper ing. V orious Sinuous series cI these cloned chamb ers is prod uced , six for
units are available far both gro ss and temperature corn ’ each revoluti on of th e rotor. Neither the blad•s nor th. roto r
peemated reg ittr at ion. contact the stati onary walls of the measuring chamber ,

E-2.8  FLOW
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TYPE OF KIT CLASS CLASS A CLASS B CLASS C ’

Moairnu,n p,essa,e 2 psi 9 3 psi g 3 ps i g 
—

ASSEMBLY 
AND SPRING MATERIAL S OF CONSTRUCTION

Housing Cup, Tab. , Steal
Retaine r and Weehe,

Spring Sp r in g Steel

Guid• Mice Stainless Steel

PULLEY ASSEMBLY MATERIALS OF CONSTRUCTION

Hous ing & Cove r Coot _A luwinon t _,..t 
Cost Alasninun, j Nodular Iron

Pvll.p Detran ,,j_ _~~~or_Aluminum Cant Alum in um

Bear ing Tefl o n

SIsaft Sluin les. St eel

Flo uting Roof Tun E s 17¼’ Dia . St o in leus Steel Pan Flout

Pleats All Other Tank T p p e s It -7/8 D.o - Po l yeth y l ,ne Floo r Ibelo.. 3 ps i g)

Tanks tram 3 thra 50 psi9 t 7~ Diu . Sts i n l .ss  Steel  Pun Float

‘50 ps ,g s ero ,n. a.o ,IebI. So , k.t 14,. I2C and I4C KIT SELECTION PROCEDURE
1. O.t. ,m i ns ~‘ K , t ” noesbo, by s n ln ,,, n g to s ank c.n ii 9o ,et ion and typ o

‘ INSTA LLA Tt O N KIT” NUMBER EXPLANATION ~f ,nu ,oIIoi , on ,hoo-r ait paqoa 4 ,hrut.
2. Det.,nin e “ K i t ’ Cl 0,, by ieqa.,.rsen, o f ,t o i ed ps od. ,c t  and to o k

KIT NO. X X

TAH K T Y P E A N O _ . . F 
‘[ TY PE OF EXAMPLE 

K I T NO AT Y PE OF ENTRY KIT CLASS -

CONE ROOF TANK FOR _
~II~ ~~~~~~~~ CLAS S FOR BELOW

INSTALLATION THROUGH TANK SHELL 3 P110 SERVICE

CRANKING ~~~~~~~~~ 

- 
—

HOLE . ., .

_
HUB ~~., PE.TA T ION ~~~v ’ —~~~ 

—

TAPE — \~\ . r - -‘~~ 
- 

-

SPROCKET..._
_ T 0

,~~~~~~
0

j
Qt$C

~C I-I c ’.’ATtC OF T A P E  T Y P I C A l . L I -  EL GA G I N G
A ND CONSTANT FORCE u~~~OR A I S E M B L Y  I N S T A L L A T IO N  OF uOOEL s?’~~T

E-2. ’J LEVEL

- -  — ~--- ~~~~~ -~~~~~~~~~ - 
-~~
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I ‘L I I AUTOMATIC TANK LEVE L GAGE

-

~~
D E S C R I P T I O N  ~~~~~~~~~~~~~~~~~

The Sh.and & J us ’ . \l - d - - I  ~ / u I / I u  A , u , u - u u -  . c i u - . I ,ou k I i- c e  I -

(i.c pe iS a IJO,,I .~~~iu.ii. d i.ipe ds,~~vn ju . yu i . a,,,] b~ - 4 GROUND

I Ii I I I( I I 1) I so I II I 4 READING
s t - ec u l i i - a i ions  and it t u - r u u u u a  u, - I a u l , u f l s  c u t  I- i - An .  j  ~ TANK
P c i , - 1  t- uu u u I n u s isu re  , i u  a c t  u- - u , t  o i ih AP I 11 / .  - G A G E
2 5 11 111 . —

Pion c- ei s in . iu i i n l z i l iC  , u u k  ga y i u .c l P I  I Ii~~ .. ~‘ fli
ha~~~i l u u u ; ~~e u u ’ p - s u r i i i i i t . ~ on- l i  oc i .’i T O 

~ ~~A 
I
l
l 

ns

1 
in cc I t- 4...izx~e”~~~ ~~IPeP.e~~uIt~;Ir .q7s ~~

on he f l oa I  i hscing hi iu i ilie lu c i t e - ian c i . l i t .  

l,iads air a- c i t  d i .s is , b u ied  , lisonc h l u l l e d  II u i , u u ~~a r I- 

u u u . 1 . n  ,uu u a , u n 1 .  , y  j .oIu n j - - u s I i u l u . i  s s s i r e’  clu .,Iin . — “-~~~~~~~~~~ ~

Local  r eaI ,u L!  is bu m e a n s  cl .11 , i L co u f l i c i  l t -~ n l c u Y l  fl yi ROOF - - -.iu 1ui I - I n - n u u i i i i - . on a a b u t ha1I t 1. .,n,I . l’ciiloie READING 
— — I

I t. .u u , u i g  IS iul .II- I hi ‘‘‘~r 1c lie c . ,u , u u i u i ho us— TANK -in5. - uu . -_ u , , L : . tuc uu I usc  . .,,u , I bu i I ~~np i ia f l s i o u i i t i  ‘ ¼
I 

I 
ci I~~ 

~~ 
c,I I 

GAGE 
I

c~~

o

~~~

:

~~

i 

w i’s

non ., ca , l .sh le  Oil .i l u u  ‘ Le a u  i i ii,- ,] - u.. nt -c  c c i - r
Z Z

Iuci i - s’ c 1  rn. , icr ij I- _ . - , u -.I r u .  t u o l u  ,, ii .,
~ 0

h o c - - u .1i sva l t c l  r u - e u  c u i c- ’ -  Iue .n u e r s s u u r s  ‘I ;~ 
t i .  i nns ci I MO D E L  92020 A U T O MA T I C  T A N K  G A G E

th i s  C., y - u n .  ‘. c - s r r u u  i~ -, ii u _ I  i- , , u r . -  O l i n  - . I c i t i . , I  ‘I
- in

— c u - u u . 1, , u u u ~ r- -. . I4. r u u u l l ’ __~~~~
, l u _ e u u n - _ uu d,’s -_

It I c t u ~~ I - s r 1- . u . , u u  i nH - i ,  iluc
llo as . an u 1 5 - , . , u u u - 1 u , iL  - hrnI,ei los n~.iir u .iIls u -  . 1 u i u uyu  Its HOW TO ORDER C

apt s o  u n s u r e  a ‘ ‘ l i i -’ ’ sc — i ’ - , , . j - : u  c u s u c u n  h i s  h u ,u l i  and S p e c i t y ;  2
lo s, l i c i l  cm,  s s S - c b u s  ‘- 1 . Model 92 020 A c t o m o t i c  Tank Level Gage.
I-i fa c L I i l , u ’ -  easy  c - i . l i i u u - . - - . i-u , u j i i i t  - s - .oi~ h u t s  o n

4,0 i ,i u ia l  Is Ico ill 5 l . f l u - . , u - .in i m ost s; . il .inI. 
2. Type at s e s u i c o  Normo l . ammonia , or sever e .  c j

c e n t ,  5. c i a  i o n s  an ,) u i n i - ,  a titoad — c i  r-,ni ’ti ol 3. Gage head onl y, gage hea d f i t t e d  for l i m i t  sw i t c h ,
ma ,e rc  a l t , gage head wi th hand crank or gage head with bond

F EATURES crank  and f i t t e d  los I ,w , I  s w i t c f s ’ . Wi t S ,  or w i thout
Oper a t ion  Ch ecke r . .4

•ACC U R A T E
Large d u g , t a l  reado ut dr ,v en b~ accura te l y perlora ~ed 4. T ype at c a l i b s a t ,on : leet and ,n n hes , decimal teat z
tape provides non-u,ri b igcous and rons , s to n t  data to a, m eters .

r iv e t  A P I  sto nd a ,d s o f o c C u , a c y .  S. T ype of , e o d o u t u  o. inno ge or o utage 
I

• R E L I A B L E It. ma o ,m u m ton E heig ht

Long C o n t a c t  ar c el tape on s p ice bet  and non .1o mming 6. T ype aI i n s ta l l a t i onu  C

cons t , uc t ,o n aI tu to r ing  p a r t s  assu re  s e l i o b d i t y . Ca n . a. Gage onl y (w i thou t  tape to , groun d reading) ”
s tun t  t e n s i o n  on ( lou t s e s u l t s  in ac cu r a t e  t eod ing ; a l so , h . Ground reading ( f i xed  root tank)
v e n t i l a ted  counte r hou s ing i s  n o n - f o g g i n g .  c. Ground t r ad ing  ( f l oa t ing  roof ton k l

d. Roof reading 2
• V E R S A T I L E  

T b I k P in
Lou , coppe r  a luminum bod y ,  c o s e b ull y se l e c t e d  mo te .  e . ur u ant tan (ammonia , I. G)

n a b  lot i n tesna l s , o p t i on a l  fe a tu r E  nd Oc c e s s o r i n  7 D e s c r i p t i o n  of f l u i d  to be gaged inc ludin g p tes s ur e,
make t h i s  s y s t e m  adaptab le  to mus t  p r o du cs s  and temperature , spec t ic g rav i t y .  e t c .
It 9 I - 8 . Addi t ional  o c o e n s o s i e s  require d, npec ,Iy in detai l .
• ECONO M I C A L
L i m i t e d  nc mbe s  at mount . is g  b r a c k e t s  m i n i m i z e  i ns t e l .  • L imi t  .. .utch  ,n..ns be otde , .d ne pas ase l y .  -t

lat ,an c a s t . Comp let e gag ing  s y s t e m  ‘‘ b i t s ’’ lot  ea ch ‘~~ F oi t oo t  ‘coding . sp ec i f y .
,n,t o l l a t ,on  f u r t h e r  reduce  C o s t .

E -2 .1O
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- LIQUID LEVEL INDICATOR

DESCRIPTION 
r 

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i—i o:~:: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ D

actuated len-el gaging system , ouhsch uuli~ es a 
l ’= -._-a_00, ,__t-!

sturd y aluminum or cedssuood indicator board. . ~-~~~
-- - ._ - ~~~~~~~~~~ CA

n_i
The target on the indicat or hoard is accurate to i ‘

~~
-
~ 

-- I - rn
within tint- inch. Large black num e rals on a white - 

- 
- - -

~~~~~ 
-

back ground make the readout p lainl y visible. 1(1 ~
— — -

The indicator board is avai lable with gradua- -

lions in feet and inches or s,-j th graduation s in f,,, 
- -

mete rs. Half travel targets are available for F~~ — ~~ - i
special installations such as below ground tanks j -~--E

A choice of va ri ous materials is available which n - - -
permits application of this gaging system to a ~~~~ - - - -  u. ’
wide variety of environmental con ditions. A -

- 4
li quid seal is a vailable for vapor ti ght installa - ~~j

’E - — —
tions to retain tank vapo r space pressure and -r 

‘
~~~~~~ I

vacuum within the range accommodated b y vac - 
~~~~~~~ 

..T1
uum/pressure breather valves w ith standard ‘ 

- - - - H - - —f
sett ings. The liquid seal also protects  gagcc . 

— 
. - - - I

board from corros ive tank va pors.
E~~ L- --~-~_ __~~J~~ 0

F : “ ‘
(,uide wire assemb l,e -s and an anchor bar are — 

- - 
-
~~

recommended for tanks over 12 feet high or -

~ here product turbulence ex is ts .  The Model I’ • ,

92 302 Liquid Les-c- l Indicator is a l so availab lc’ — -

I ao- s th limit sw it chc -s ‘o pro vide for ht g h ,ur,d - o r  1 -‘i
low leve l alarm s , pump s ta r t  and stop contro l , 

~~ I
or a var ,e rr, - o f other si gnaling functions. I

L IQUID S EAL ‘0 0
‘0 <

FEATURES 8 -

HOW TO ORDER 
~ 8

• ECONOMICAL
Speci fy: Low co st and easy i ns t a l l a t i o n  makes this on

1. Model 92302 Li qui d Level Indicator id eal solution to simp le gag ing pro ble ms.
a. Type of tank (if other than cone roof)
b. Type o f serv ice U V E R S A T I L E

- Stand ard m o t e , u o t s  s uit able Opr mo st services. ., 0
2. Type o f board materia l Components of specia l materials readil y ~
3. Feet and inches or meter and decimeters avai lable. z 0

ca libration
• ACCURACY a

4. Heig ht o f tank Construction affords accuracy to the nearest
5. Additional accessor ies requ ired , Limit in c h. ~ 2

Switches , inspection f rames , etc.  Specif y
in detail. • RELIABLE u s  us

Non ’jomm i ng construction of movable parts
assures  re l iab i l i ty .

us gs

E-2.11 LEVEL

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — -  -- - . - 
- - 

. 

~~~~~~~~~~~~~~~~~



--

P.’

BULLETIN 9399-1 1000

• polyethylene ~~~~~~~float
FOR WIDE PRESSURE

AND TEMPERA TURE 
~~~~~ ____

RANGES. . • - .

~~IJs,I (- e —

U REPLACES COSTLY STAINLESS STEEL FLOATS

• IDEAL FOR CAUSTICS , ACI DS AND VOLATILE LIQUID ENVIRONMENT S

• ADAPTS TO PRESENT GUIDE WIRE FLOAT GAGES

• CORROSION RESISTANT

SPEd F ICATIONS

Materials: High Density Polyethy lene and Glass Filled Polypropy lene

Pressure Range: 3 psi g Maximum

Temperature Range : ~ 20° t o 2 15C F

Specif ic Gravit y Range: .5 to 1.3

Weight: 4 Pounds

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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GPE PRODUCT BULLETIN LB-260-11O

CONTROLS

• 
. -

~~ 

t ‘ ‘ -

.
~~~ r~ ~ 

.

CURRENT ‘
• i ,  -

~~~ 
-

TRANSMITTER ‘ 

. : : , ‘

DESCRIPTION SPECIFICATIONS

The Model X31420 Curren t Output Transmitter is a INPUT POWER:
potentiometer type trans mitter w hich transmits field Ir n mIt5sr ’ 30 V l’~ + _ i 0  a 4 ma
in formation to a remote point. This transm itter is in- a a ‘ 

~~ ~tended primarily for coup ling to ta pe dr ive float type . — at ma
gages. Alarm SwIt ches : 1251250 VA CI28 V DC
Contained in a weather and explosion proof housing, the at 2.5 amp

transmitter uses one 2.000 ohm potentiometer which is INPUT SIGNAL - Shaft s it ’on
driven throug h a gear reduction of the input shaft. The -

output is a current which is prop ortional to the position OUTPUT SIGNAL’ 4 20 ma DCof the wi per in the potent iometer. This current output - 

~~~~~ m DC
signa l is transmi tted to a compatible receiver. - a

High and low level alarm switches are available to OUTPUT LOAD IMPEDANCE: 10 to 500 ohmS
provide safet y during loading or discharge of product.
Alarm switch es can be acutated within plus or minus RANGE: 20 to 120 feet ( 10 loot Increments)
one foot of desi red range.

WIRING: Four conduc tors

I
E-2.13 LEVEL
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LIT IITIIJ A

SCAN F IN S INC11EMEN TS
MAGN ET PICK l iP COIL

The Tek’pu lse II Level Gaging System provides li quid I 
HIGH OR LOWaccurate- remote measurement system available. GPE s -
LEVEL ALARMTel epul se 11 system has maintained a rep utation for

extreme dependability. This is why there are more than
5.000 installations in operation.

pro duct storage facil i t ies with the most reliable and 

~~~~ SWITC H

Continued modernization , physical expansion and com-
puterized operation of present facilities demand the most
reliable and pro ven gag ing system on the market.
Te lepu ise 11 is designed to keep in step with these S H A F T

of two basic components. a Model 41411 Level Transmit-

requirements.

The Telepu lse 11 Digital Electric Gaging System consists S T A R T
P1CC- UP COIL

ter and a Model 42211 Receiver.
PRINTED S Y N C H R O N O U S
CIRCUIT BOARD SCAN MOTOR

The Model 41411 Transmitter mounts directly to a float-
type level gage and digitally encod es shaft position . The
Transmitter utilize s magnetic pick-up coils for operation -

and, therefore , no contact is required. Thi s pr inciple of -

inductance provides for reliability, durability and extreme
accuracy.

When reading is required. a trul y synchronous scan motor
drives a magnet at a constant speed past the pic k-up coils .

for: one for the fine increments linch. decimal foot, or
mi llimeter), and the other for unit increment-s foot or

inducing a voltage pulse. Two pulse signals are provided

decimeters).

The maximum duration between pulse signals is 100
mi lliseconds. These signals are transmitt ed in parallel to
the Model 42211 Receiver located at a remote point.

-

The Model 42211 Receiver provides for digital display of
leve l and temperature readings . Each tank is positively
identifie d with a separate pus h button . A reading is Model 42211 Rec .iv. , with back pen.1 removed af ,owIsg
disp laye d only if proper tank is selected and function 50~~d St OiC ei .ciron ,cs with Deta Logger Pin Connectors

Simple plug-In printed circuit boards tar t est serv ic ing
button is pushed. Function buttons are marked for level
and temperature. lData Logger is optional,)

The Receiver provides for optional connections for a Data
Logger , whic h can be added at any time. In addition ,
provisions for computer interfacing is readily accommo-
dated. The output for thi s option is 4-line BCD from dry
contacts. The Telepu lse I! Receiver can accommoda te the
Tho st complex computer programs , suc h as, hig h sp eed
scanning of an entire st orage facility during filling or
unloading procedure s to obtain up to-date information on
hig h and low level readings. Onl y sli ght modi fication to
stan dard circuitry is necessary. MODEL 70210

s loping desk type conso le , w hich accommodates up to 100 1~ 0vui~ g Re.d relay

Itesistan c . Temperatu re Bulb
The Model 42211 Receiver is available in a standard w It h cov er remov ed

points. For large r ttor sge tan k facilities , the Receiver
electronics are easily expande d and can be adapted to
sop histicated sup ervisory control systems.
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DESCR IP T IO N
The Model 3143U is a coriti nuous level gauging contaIns w I t l I i I 1  Ii ~~~~~~~~~ -

system , using a capacitance probe. The principle II- .. hie soiid -~ :.- ie . -
~~ I - - - - -

of measurinq the lu - - e l  is ii~ sed On the ’ dicdel; t rIc v l I ~~~,L P C  ~~~I ]  I - -
change hC- t ’.e’url liquid and air , which provides a requI red I -~ rr,I-n~~ui’- - -  - - -

capacitance signal proportional to th e tank liquid P t I - c u l t  lhIS S i q i i
level . ..clj itai drs p !e -

The Capac ita nce l iquid Level Gauging System r~ nc-el in t r io s ica l l -  ~. - 
~
- . - .

can be applied to both conductive and non-con- fl Itter Ie’c ei’,1.?S its p~~~’ - - -

duct ive f luids. Only two basic components are SIqIPI : I Barrier Fl i- . ~~ - c  1(0 1 -

necessary to provide accurate and reliable level connected c l i  spec i l - - n ii . is a~.-~~- - - -

readings. A trans m Itter , which m ounts directly to Factor I t utci al f u r  l i f i  - - P l c -  ~~~~~ 
-

the storage tank , and a dlg itat display located up Class . [ l i v iSio l)  1 . . - o .  -

to 1000 feet away, which displays a continuous
level reading. The c c - i l c c t l \ e  -~ - I

~i ~ O o c r  t u b  nu de- I .  - - 1 - - I 1

GPEs Capacit i r ice Gauging S y - t e m  is available is esse ntial t i - I t  t t iu 1 1. . I 1 -

in two  model options. For conducl io f luids , such the f lu id measu.ed a ii - ,  - I
as v.-ater , w ines , acids or most -.~.-ate r- based
products with a low dielectric constant , a teflon Tim e cor - :eu i t r c I-die pul he: I , l I 

- -

insulated cable probe is used For non-co nductive I .e  lip. dv ic i lL- it  at
f luids , such as gasoline or petroleum based i r ~ .t i l i  in a rigid ve’ rl icnl l~~: . P i -  - -

liquids wi th  a high dielectr ic cunstanl , a 1 11 111 (u 1311k I- - It is 5 - d I n t - l I
concentric tube probr is available. - - 1 . -s --- In ch are loinout i. . 1 Pt .  -

I -r i ;:: requc ieci For C - - i.

The te f lon insutaled probe is nor m all y anchored to lurbi lou t tanks , ins i i ,,’. - 
-

the bottom of the tank and extends the to l l  length iie- .e- - .suI - - to avo :d proL -

of the tank and is terminated in the weath erproof i5l i~~ i i t

t ransmitter housing. The Model 1430 T ran s m it t l .

TRANSMITTE R SHOWN 
- 

- NEIl : - . .
WITH TEFLON INSULATED ‘ I lCEti [hi .1 

-• —

C A B L E  PROBE USED FOR [~~ LI) FOR NCti P - -
COND UCTIVE FL UIDS ~~~~~~~~~~~~~~~~ , F l  Ull)S 

-
~~~ ,I12’W1~~~~.~~I -

~~~~~~

- . ..— ~t _ _ _ ;

: y “~~

a _ I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~
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l i l t  rAsper

1iIITIU M S B U O Y A N C Y  T R A N S M I T T E R S
For Li qui d Level or Density MeasurementIS.  (S uit tA il

Nit RUM SlitS
t ltc rtoslc r — -

~ 
- —

A

_ -  

.

~~~~~~~~~~~~~~

UNI i ( t SAi  CAS t
i IST t UMLNIS -PNL OMAII C

I NSTA M TU I - S

P55515 5
Caalie ms

DiG itAl . -sortes 
-

p15(1 _ p  Fi g. 95692 Flg. 95693 Fig. B5694
i.4odel I 794 Pnetinr u$ ie B usy a n cy Truns- Model 61 7t4 El ectr on i c tso y u n y Tru n,. Model 1766 Pneii mnuCc Bii oy uocy Trun s .

,n.Ii~, for To p -vf .Vs . i , ni Moii ni ng. ,o5t ~ v fbi’ To p.of .Veiiel Moonti ng . ini5i~, for Sidr. of-Vvi sei Motini ng.

lice

These force-balance transmitters measure and trans. MAINTENANCE-FREE OPERATION One-p ic cm- lie’..
mit—pneumatically or olectronicolly—liquid level, inter- ures throughout nIl knife edge p ivot’, no wea r.

!1.I-ll’l(Nii fi’ice or density by sensing the buoyant force exerted by Et iiii im it imes routine ina im i rcnammc c Side-of- s etsel vt- i -
a displacer element. They can be used in vented, pres. 

~~~~~ incorporates fiui.ti t li” .ure-seaI at tlan~ e face- --surmzed, or evacuated vessels 
- - no co llecmt ni i t a u n t  fu r liquid that mend to sol imfilsLevel measurements ore made as the surface liquid

itM Pi  RAt U RS - - or cmiinpact -varies over the length of the displacer element. Dis.
_______________ placers ore available in lengths from 1 4 lo 120 inches,

or longer where required. HIGH PERFORMANCE FORCE-BALANCE OPERA-
Density measurements are mode with tIme displacer TION Tm- tic force.l,i lance opciariori I m ito m iom i nfMtssu ttMtsr element comp letely submerged. elc-inenm is li- -s mhan 0(115 ismrh for lull mmme a sum incLevel and density change caused by variations i i ,  -span) mi i - .i I i~ nmi eleirien r m ras- -t error , ir r ua It s - now ElDe r. FoR c e buoyant force are converted to 3- 15 psi or 10.50 ma d.c - -- - - Ii -.i rmi’s i . . rsce llrn m repeama I,il irs and accurac s - . loin I—IDAGUL signals proportional to measurement . Signals are trans- - -

mitted So standard Foxboro pneumatic or electronic nm lim ri mfc ad h a n d.
CONSOTROL receivers which can be mounted up to

IiuMiOitY several hundred feet away lpneumotic) or several thou. PROCESS PROVEN TRANSMITTER This is tIme~~~~ sand feet away (electronic).
__________________ There ore four basic transmitter models in the series umd -ls- •ic -ep rc- d, rc tial,le l-o’il s iii kircc—lialance

Models 1784 Pneumatic and 6 17B4 Electronic; and d II CEI.L Iransmm rr cr imm echa nm tnm. Om it s one c di.
PRO O5C ! Models 1184’ Pneumatic and 61786° Electronic. lli’aimOfl procedure for c imlml lile me line of lii~ - i i mm iar i cACALtS i t 

and sictid -s ra mc elect rm,nic force-balance trail ‘Inc
for pressure . floss ic r I quid leve l - (~ misi lion part’OPEN OR CLOSED VESSEL MEASUREMENT BUO~ - flminim ti ize in v en to m s li ’qui m e n l rn ts .t t t t M t t t t I tG uiiv ii . i i i . imi ir  i r s  i- .i im lie applied so les t-I or dens it i- -

1 ,10 h i l l  I l l  m a vets ied , pri- ’smir izcd. or evacuated
u iihi mcmlsu r lmasscml rcpcatalmi liiv and accuracy . IN-PROCESS CALIBRATION 1 ransnmnter can he

PDSitiO~Le5 . Si’. t irrr- ta-. ’ s~ I~ (I II rrs rim hrr of thirst i r.snliiirp irr’ ~ 51- ca lit iramecl rimp lv to suspendi rip o eig hts (ro om t
0Pt~AtD~S i i i i i . i l f r i t  in .i ‘p i l l  at I, t- “s irriial (r Im dir irc.irl. 151111cr f u r -  liar. . S r i i i pl i-  arid u t i l e  calibration.

icciss o litS

_ _ _ _ _  B40 I~OXBb~O
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— CAN BE USED FOR DIRTY OR VISCOUS UQUIDS -NOT AFFECTED 81 TLIRBIIIENCE—SINGII OR TWO STAGE (1PERATION
MINIMUM SPECIFIC GRAVITY 0.5—MAXIMUM TEMPERATURE 200 F.

M r - r c  d d.~ pl a p (  cont io l~ t t i i, i i -  d i s p lac e ’s  ( ( S I  do TWO STAGE OPIRATIO N

- I ~5 t  SU’ On t ii ns i  u e c lauids u 5 w ~~Oflmfl l Ofl~ I 
seeuen sgs 4 isno - Siage F~~ird 

- — 

~~~ 

-

- levIed by SUdiiCi? .iU~ldbOrn ICe diSp lace ! IS s ol id Oi l t er e n hia l s .Adiu sta b i e spread j ~
and not a itect ed by pressu re betweerr stages . M,o Siuecit.c n0s ~~ ~: ~‘~~‘ ~

-

~~~~~~~~~~~~~ OP E R A T I N G C H A R A CT E R I S T I C S , - 
- -

~
The d is p l acvrs at e susp en ded on a cubi c ir o rn ih e  Upper stage opt - ra tes  on rise
armatur e at a in .gnvhc head cantiS with u sprung u v sta r d C —— Oi t f e re nt i a i  Fixe d
part iall y si.ppOlting ibrii wei 5 ht . A s Ike disp ia uara 

pp ge p rop 
-

be c o m e si. b ir i i.rged in a r is ing liquid , th ei r  wv ig hi
d e c lvasr s . i l o i s r u  ih e spr ing in wane the cable 0 Arl ius t abie spre a d

C and uirr’ulii re cpwaid , i heieb y act uati nd (he met - betwe en stages.
cur, swit ches- Lower stage opera t i - s  on ris e -
The o sp iacers  are Secu ied on the cable by C ia m pS C - I D,ff er .-, it ial Fixed
Operai ing level s  can be ad jus ted  by -- ~~~~ ts~ I Lower stage opera tes  on drop _a

~~~~~~~ clamps and ‘- s .  ng I re  d i sp iace r s  up s - Oiiuii the I -

cable as r es ou nd T h e  buoyancy  p rO dUc ed  bI ihe I T B’
submer pin5 of one d isp lacer  is nor sut ’ .c - . - n 00 Al — — — —~~

—— — — — -- — - - - -
low the spring ho ra ise  the a rmature  - a second d i s -  -— — - - - - - — ,~~~~plac er mus t  be pa- I i a i I y S i i b rnc - rg i - n b e f o r e  any Si r es 195 h Ad mo s rab l e  Dit - a s 

- - ris
- aperur- on occurs on a r ise On a drop. I t ier . ierent.al each v i s or Lowe , I t l i i  tot

the cable u - i L  not mnue in irs  full down Dos- l ion  unti l Cage o p i r a t e s  on r ise at same I
the level ta I ls  to appro s im nate l y tir e m.d po nI Of the paint upper stage operate s on A - 1-~ 5 —
lowesi dispiacer lx, 0(50 and iSS.7 on i t Br 5PA~~ dr op 

I - -

05 the d s c a r e ’ s  ad s lab - i - I, . . - - oiri- - ,,i on and -

J uei .g uS stage operat ions can be -0 .-Usa Upper sta ir opera tes  o n - i -~i- a
I • Oi ifc- i er rt al ad1iista ble

- - - CON ST R U CT I O N  -~ all t y p e s  S tandard  d i s -  Ct
p1 ~ ~ . ~ 6 l O l l  316 

r n r e Upp r ge op t s o  ii oP f _ . .
~
. N so d

- l ange, lengths a.ailab,e A l lenelo 5oieseXj  -eeed wi th  3 d’ N P 1  condu it  
OWe, 9 op erates on r ise 

~ I
lion. Control case can be rota ied 3611 to l a c - L - l a t e  w i i t ing  Tr ial bl ock lot elec- - O - f t , - , i . r r r , a  I ash Stabt
iii cal connections St and a ,d Flange d ’ 1255 Cl — vI ne si res aid i,ra ieria ls t iva i lab le .  -

Lamer stage opera tes  on diop -,

ENCLOSURES - -

GENERAL PURPOSE - NS MA t Ident i f ied by ella, “0” in typ e rr ,0 ber 55 in ~~~~~~ ~~~ 
y 

- 
Mao ieinp 200°F

199G.d Heavy gauge steel case f inis hed in charcoal  gray i— — — - — — - - - -

W EATHER RESISTANT NEMA 2 , 3 - . lop - - I - l ie s by riper “W ri t ype namn bet Ser ies 195 7 Adl us tab le Oil ° ‘
as i n 195-4W teten i ia i each stage Both stages r-
EXPLOSION-PROOF suitable for Class r - Group C 6 0 C u s s  2 . Grasp I. F . operate at same point on lend _..~~ ~& G NEMA 7 . 9 . 9A Ident i l ied by (v icne r “C” in typ e number as in rgg-a~ . drop but operate at d l t f ere ni ° -

~~ i —

V A P OR- PROO F_ EXPLOS IO N-PROO F . id en t i f ied  b 1 p lv i  ‘~ v’ in type norm - paints on ievet r ise. A
bar as in 195-4E v Upper stage operates on rise 

•
‘ -

S I N G L E  STA GE OP E R A T I O N  -
SiNCLt S~~*Gt COSI T OOL S WILL OCt RAT E *11 *50 Spi CiC i c Ge n o i t n  A ND TAMPER -  i CI r
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RESISTANCE BULBS Most accuroic of Ieni~uen iulu,e iriecasening sys l em s fo r
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teinpetcr ture i ovges  born - - t OO F to - 600 F Sysl em
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DIGIT DL
SOS tEMS Provide widest ronge of temperature measu remen t of QUALITY CONSTRUCTION . WIDEST V A R I ETY Thermo-

______________ any measuring system—from as low as —325 to as high couples are m anufactured from selected and tested mate-
as + 2800 F—higher than con be measured by either rials and matched to several Foxboro standard calibration
f illed thermal or resistance bulb systems. May be wire curves based on a reference temperature of 75 F and con-
type, with both elements in wire form; or FY00 type , with forming to those generally listed in industt’y . Couples

one element a closed tube, the other a wire welded to and accessories , including wells, protection wbe~, and

the inside bottom of the tube; or MINOX small-mom cate~~0n ss ires , are available in widest variety of sizes
and materials to tuit virtually any application, see Acces-FLOW t ype with wire elements mognesium.oxide.insuloted in a $w((s page ~~~~

_______________ 
swoged small-diameter protective sheath, PYOD coup les
con be used bore on many applicatIons where wire-type A Wie. lyp. Caup l*, with steel well and universal weather-

LIQUID LLEEL 
couples require protection tubes, robes are available proof head, Connections—3 /4 NPT—mas.’ be mad e with
for both, however, for prateclion against extreme tern- either rigid or ltexibl~ conduit. For tanks or pipes.

______________ 
perotures , physical damage, and contaminc lion. Thermo.

B Wi.. Typ e Coupi, with protection tube and universal
____________ 

coup les ore ovo mlable in the following materials. 
Con nection head. Angie-type assemblies also available.

C Poefabl. Ceup i. of the Foxboro ps-on type Constructed
Copp .r-Censt antan Used for continuous service ifl of an iron tube positive element—-sheathing a constantan

t eAts , measuring temperatures to 600 F1 intermittent service to core negatis-e element , Provides maximum strength and
P5515155 ,
t t tct rnc 700 F. Available as wire type, or as 7/8-inch 00 midget durability . Emf’producin~ junction is ful ly enclosed, safe

Utlt a etM tN T FY00 , or as MINOX small.moss type, from oxidation or contamination; insures esceptsonal
accuracy.

WEIEOV , 559 CC. Pron- Consto nt an Wire type used for continuous seen- D Platinum Coupl. with vi,Lso’xx porcelain protectiontsRQitP,.
DIN5it t ice in measuring temperatures up to 1550 F and for inter- tube.

mit tent service up to 1750 F. FY00 types available with
9/16-inch 00, 1/4.incts 00 Iboby PYOO( , 1/8-inch 00 8 Portab le Clr re ,,,.I-AIumiI Cou p l. for use in molten

flUaiO itt &
MoistuRE (midget PYOD). MINOX smoll-moss thermocouples are aluminum . S%’lres are not joined at the hot end , Junction

also ava ilable . Applications include liquids and molten 
is made by the molten metal. Portable assemblies are

________________ available for all types of couples.metals.
PROD UCT F Standard PYOD Coup l.. with protection tube, stuffing
Iiil LtSO Ch,om.l-AIum.l Wire or MINOX small-moss types. box, and connection head for installation indoors on fur’

Used for temp.rotur.s abas. the rang, of iron-constantan naces, os-ens or ducts, Suppiied with weatherproof head ,
if desired.thermocoup les, For continuous tervice up to 2200 F

t ELLMLTtI i oG and intermittent service to 2300 F. G MINOX Th .rmeceup l.o Small diameter elements—as
______________ 

small as 1/ 16-inch OD—for u-se t here space is limited.
Platinum Rhodium-Platinum Wire and M!NOX small. Small mass results in fast response to temperature change.

mass types. Used for temperatures up to 28 00 F, Wire Metal sheath and magnesium oxide insulation assure corn-Posit to lit F t~o p sis ros s type Furnished with FLtNTEX porcelain protection tube. plete protection of element wires ,

5tt (55 0 SIt

BS O E - 2 . 2 2  TEMPERATURE FO~~~QRO
INCISE APING

Dots
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TILTING TYPE TILTING TYPE TILTING TYPE
SINGLE POLE — S I N G L E T H R O W  SINGLE POLE — SINGLE THROW SINGLE POLE - SINGLE T H R O W

ACTUALSIZE 

~~~~~ f :I& .37o 
~~~~~~~~~~

6
~~~~~J 

~~ / ~~ 2 m5h 6..~~~ 7_ l
0.6.mp.rel20 sotts - 4 

5
a~~~~O I

1.25 a~~p.ees 24 ~oPts 2 an,c,.ees 240 nol ts 6 amperes 120 colts
Differential angle 200 1 amp.,.. 440 cislis AC 3 SWPMCPA 240 ratio

I ‘flIt Act ion - Slow NomI-i fl dsc t ior ia t i f lg  I ampe re 440 notE s AC

SWITC H NO. 6-47 ~~~~~~~~~~ 
Oiff.erm’tui 4ngle24

WITH METAL -ENO CAPS Tilt Action - F.st o Slow Use Ct p  No. 7-39

~~~~. ~~~~ ~~~ 
& SWITC H NO. 9.61 SWiTCH N0 9-78

the tu b, and when the t~ b• iN tilted in 01. 5 __________________________________________
O b  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~
ACTUAL SIZE \ SP ST

,.—. .,.— ~v \ 4 amperes 120 colts Se-ST
i e~~~~~~~~~~ i~~~~~~ 

1~~~~~~~~~.12O c i t

\
~~~_0 3.n,oeees44O noit.AC

_________________________________ U.. Clip N~ . 7-57 
~ 7°A, i~~~v - 2 4 O V A~SP-ST A SWITCH NO. 9-35 Differential AngI e 8°

1.75 amperes 120 eoNs ANTI-VI BRATiON SW ITCH T iE Action - Fast or Slow
0.6 ampere 240 vOlts Min,rnis.mb 1.15. contact under s.c.m. fti~h fe e Use Ct ,p No, 7.59
Dofferene.eiaatgt. 8° 

~~~c y ~~~~~~~~~~~~~~~~ t~~~ 
A SWITCH NO. 9-51

SWITCH NO. 645 60 rnil, wean . 30 ~nIs in each d ,resl iO fl l .
CSIe s Per Second V ibration IM ,Is 001 1

Seen. ON No. 641 d~~orib.d a505• COENOt With 120 
_~~~~~ __ 2_t5__ ~~

higher elactew al cepao ity. 60 45 55 •IJ

I 9 /T6  mi_ S en 120 ol iN
15,’. anspemes 240 colts

4 amperes 120 colts 6 amper es 440 co lts AC
2 amperes 240 salts Non-Induct,ne rat .ri g w,t f ,

1 ample. 440 coi ls AC Type SF leads lpsge A l
I amperes 120 ~~tts - 

Di*f sceniia l Ang ie 5 25 amp.,~ s 120 vo lts 2875 watts
0.5 ample. 240 vo lta Tilt Action Fast or Slow 25 ampere. 240 wa its 5000 watts..~~. io° Use r.l,0 No. 1-57 Us. Clip Nc,. 7-19 1

Tilt ~~tlon ’ Fed at Slow SWITCH NO. 943  SWITCH NO 9-55
Ua. Oip No. 7-151 6 MOMENTARY CONTACT A HEAVY OLJTY SWITCHA WfITCH NO. 9-65 ~~~~~ 

rIm. :

flows pent Ora .5.0,05,,. to oroo ,de a rriom-rman-
t,ey “ pubs. ” .

‘ 

_____ 

. 
. 

-. 
- - 

- , ALLTYPES AVA ILABLEWITHORWITH0UTLEAO S .SEE PAGESO .
T~L,,__,, - . . , - MOUNTIf4G CLIPS-SEE PAGE 60. ENCAPSULATION -‘SEE PAGE 60. 

-

il ~I Muircoid Hermuticiffy Seated Mercury Switches are backed by over fifty years of ingineei’ing know-
~~~~~~ how. Thu switches shown in this bulletin ire standard items and can be vei led to accomodate any

need - ~ich as longer tubu lengths , changes in electrodes and with ~ eciel lead construction.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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onlU one moving part
for trouble-free performance
The fles Ible I,Ri VI \ tube I is tIn — Only ~ i—il - H (lire barrli.r (3 p d Irects the in-
rtiUS’iliI’ ju n 11) — I Ii 1 l  Ile. nt Ill S— I i i  r ii I .j llIrniiII’h Ibe in le t  ~ICtS 4 1
It lg di (Ion Ot ‘iii ii ‘O i ’i d s_Ore 21 is I sp i i  i(inj_ Ill tllbe iltIli doisti )h llli5’h the
ct lnt rlilled by (he po ur n in the ac k et  h I l l  i t s  ~l The ftec ib le lube assures
Sfl hlCR the ii i li i ‘ . I i  1 the Ilibe and th r I ill • s t i l lt i i f f  I CCC 1111111gb fore ig n ( l a t t e r
bodyl - T fnr - Ii s i ,  II P 1 5 1  r ‘—la in i L K  or inn, I uppi- i l hi twIhen 1111, cot-c arid tube,.

_ _  

~~~~~~~~~~~~~~~

-\ 1

I I

Ilirs i l oc
pe r lort isatice fea tu rcs
• I)uhilt I i ( i t - b Iillil, l’hi, i - i l l ;  1H’ i\ I i i ’ d l i i  -~ .1 . .b - ( i  i . i t - O l l V  i r l l r i  Il l , , ’ t n m - , ’ f l  hi ’ it l~~u i,gi- of pl i l i l s to pressure reducing. back
(ia rt in hi- Fh’’lli is (lit , i ,ul l,oc l i i i -  i l i ’  I i f ’ i .  , i l -  ‘ i ii’ I il i it ll i l ii ;  sict i , -n 5 mili l I t - i —  ‘- l i t - i ’  1 , 11 , 1 rInd aUtOtliat iC s huto ff ser—
A gerrivil i l i lt -  ni’it - iillitiit i , - p r , , t i i i - r t -~’. i n ’  like .n - cii ~~ i -

~ 
in- i ’iII.- s’ ,ilv i- i t t  • ‘ it i t r l l ’ .t V i l i ’ . IS w e l l  ii- moto r ValVE operalion —

s~,l vi-d ,v n l ., I IIn h , ( l i i (los Ill ii i i i’ ’  iiiil:~ . 1 1 5 . ’ (‘‘ liii V I l lVr ’ l , l i lrp  Stocks.

• f i l l bi” icil - l’ - - - ,il rv i -  ‘ . fn i tu , l I  ii- 1- . i d~ ’ i h t -  I h1~r i , t i iu i ,  . i ‘ . ‘i ci , .’ is S tli ’ ;ui’tiilahli’ . The fleoflo is ideaUt)
i - i n - i t  ‘ - c ,  w i l l ,  , i i ; ’ , i r i t i s’ i ,Iy l,i,gi’ I- i n t l  h I, - : : - :  o i I l i  I I , , -  l I ~~~l - - - i l - n  su lt id for l’ ittr-tgtinc~ or infre quent opera -
i i’- - t ] - , s s ’ i- ill’hIIil t t i s- i -V 1 ih l i ’ -,jlili, I i t ~’ - l i - rH: ll~ - ucy ~li ’h lI ’  . , I l i’ i l s . - , ,:~~ l i — i  hId (115 The expallsible tube gives tight shut-In
cot ,I’’ :~~o 10 lii- core l : I, l l t i i i r  0 r - u , j o t ~ ’ I, Ii i I i i  .rc h. ’ lu- i- i l i i  n o  5 - i l l .  ‘ , :  c t uni t tg long periods of inaction aitO quick
flon~ l P. m- ru n i h  c u - i t -  l u  - ,t ,ll l iu lip lI’J n I . i i ,li t l l , i ’S i \ i  - i~pettI ng on demand Unlike conventional

li,,lk y I ~‘ : i s -:iliiiiiiil t i ’ s _ r I l l I l I t s  w il l i  ‘ i , ij ra i  I s’ itlsrn. there an. - no nnetal-to-snela l seals or
• r I Is hilily 1 he ItI’Xtlo Sr i Ii cli I i t - i  inil sj i i ,i 51 Ii no 4 Ii I slim parking leakage and valve sticking
t n t - i - ’, It - i t . ’ I - i nn  l in t tnc reases the f low policed I 1711 n t- t i ’  5’ ,hi i l  I’, , u t i ’  h u t  l i ’ l j i l I l i i l  are rlit(i i tiiiptf .
r,iiigi: .u~nl • -l n t l i i l i . i t u  - - the lilt-bId for an s i m m w i th fl e sh - - - ~ — sill h g 1  lip Iii iU ’t- i i i ’  ‘Ii’. -‘.171’ l ’ b ’ l ’ I I u i - i ’ in 1 i - n t - I  ,iii lii- ‘-i ,’i’ ~ sh u t- wit h , • Iiflip,ll_ l . l iii’ h i — i  V , i l l l I ,-  0 1.11511 (If Ili s mi-i t i. — - lttilied consti—uction
I t - l i l t  i t t - l i t - V  l i - - r i  I’ . n r i u l  btn i I ‘ il, I I I— d ill : l i r-s igir b r  Vii5I ol inline Illspection_
lull I p i t h y ’  i l u . i ’ u ’ ,  ii i’ . -l - i’ , iIiti~’ ‘ ‘ i t  nil, • Adaptable - - Because of is unique de-
w i th  .i tu - -1 p m - Il iwa n d Ii, t r u t h ,  t - : i i t s , sign , the h.isir- llexflo is adaptable wulh on l y
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how the flexflo®
operates
Press ure dl ilerentlal controls tube travel, sure reduction Is critical, w ide open flow
The bxed meteri ng or ifice “ A” and variable occurs w hen s he pressure on top of rube is
orifi ce pres sure regulator “ B” control rube reduced to one-hal f inlet pressure . When
differentia l , pressur e reduction Is sub-critical, pressure
pressure is controlled sm oothly and accu- on top of tube must be reduced to outlet
rately, Shuto ff is positive. When the f(~~5 pressure for wide open flow.
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CLOSED TUBE STARTING STARTING

Inlet pressure Is equalized on top of tube, TO LIFT TO THROTTLE
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ThROtTLING ThROTTLING WIDE OPEN — Pressure on top of tube is
equal to downstream pressure , or one-half
irilei pressure (see above).
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RRODUCT FEATURES CONSTRUCTIOf\I
• \ ( t  ( ;l-~-’5 ( II N( ; . ~1r - ’ . l~~~’ — f ull. ‘ii I I ’  t ‘ ‘;~~

i - t  S t—’ in I s ( i l t _ - , u n — I t  ili — ,i t fl l I l t) )  i b f l ( \  ‘ l I s t  i t t  10 ’’ . t ’ ~t- :
t b , vniI’.i “il-Ill flu i .u i •.’~i’ r .i ii — u i i u l l n t - ’ 1 ’ ’. u r l h l i t  0 Pu, ) - s , . t ’ u .

S AI ’’ l’( )Nl,-\’ l ’lt - . ,iih, 1i1: , l i t i .  lii tint,’ 1,111’ Ii) ills_OIl h i u r u i i h i -  iil H~’ !h • l-’af r rhu i i  ~ Iriutn l i t g ( t i~’ ’ - i. u
r —nti it o i i n t ro )  . i g i l t h t  h I \  S I l t- I  ~~

i . - . I t h u u r I l i c i  t , i  (hi’ t’( ’ l’,iiifl I’ .~ i - l h h ’ l u  is

. F e \~’~\’ 1,’.s.~i’I ’ , \ J . I _ , ~ ’I ’fON an ( ti ’  t i f l i ’ i i  1(1 (‘Ilfl l(hui ” l tb i in  “I .i]ih f u r  li’cl is;urhul)f , - ; , i -  r : , I l i lt t  i-I high
rin~’ ‘.‘tiki’, at i lf l V (iis ’a tj t i n (l reSSUri. S II r u )  ‘i’ i ) r i t s - s  h i m  rhhi l i r  Itlili’S . f i r -  , - .
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P R IN C I P A L  OF O P E R A T IO N

~ It,Q(’E~~( l- I u’otor and vanes rotate clockwise (to  c-lose position) ,
The operator may be powered by line pressure, the o il in the remaining quadrants, also connected
sfi ired gas pressure, or by a central hydraulic sys- by a pressure equalizing passage, is pushed out of
te rn, In this diagram the operator is fitted with gas the operator ’s opening port -t hrough the hand pump
hy i l raul ic- t runks and will be powered by line pressure, and into the opening gas hydraulic tank . Back
Htis~~’ve r . at t his time , the operator is in the open pressure its the opening tank is allowed to vent tc i
ph.s lt ilin and t here is no pressure in the operator atmos phere ‘v ia the contro l exhaust port .
iii’ tanks,

SEQ I’EN( ’E 3
SEQI’EN(’E 2 When the (Iperatrlr reaches the fully closed position,
When t he r-oti tro l is actuated , line (Ir(-ssure is ad- the control will neutralize and allow all remaining
milled to the s_losing gas hydraulic tank and forces line pressure to vent to atmosphere, thus neutral-
~irr’ssurired hyhiraulic fluid through the hand pump ,ng tank and operator pressure.
and info the op -rator ’s closing port . Pressure equal-
iCing passages allow bot h closing quadrants to be Ol’TIONAIa LE~’EL1NG (‘HECK VA LV E
pr -ssuruzpd providing balanced torque in pushing For operators used in a rapid cycl ing application,lhe vanes away from the stationary shoes, As the and as a customer option, a leveling check or shuttle

va lve is instalk~d between the tanks , Dur ing norma l
operation the tanks are locked apart , but dur ing
neu tralization a spring centered shuttle valve allows
rap id equalization of oil levels.

SEQI ‘ l-H”~(’E I V .-\l.VF : Ft’LLY ni’l-: N SEQI’Es(’F: ,~ \‘ .\l,\’ i-: FI’ l,l ,V l,i SI- I )
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PRODUCT FEATURES C ONS T R U C T I O N
• No GEARING - - ( iru is ’ l , i t -— _ full , ((l ii’s I ui iWl ’r  to Si t I~ i f i -  m i — I ,  hii- - - n g i t t s i t h  Oil ( l l i ss h - r all..sirlilng ~b’:I r—

val-r s’ sOs-rn ‘Ill’ In , f t - , n l l l j i ’  ( h I  -1.111 brini i ( h i i ’  C ; t - i ’ \  n i - b .. . frNt , smooth
• AU’T ’OMA’I’ IC ,.,adapt.ahle to an I s  mi ’ lIt r i- , j , t ’  , m h ri.n - i t h h , I l f  - -h- - it- • M i ,  irtirn high qualit y

mote control signal
• EASY INSTALLATION an he h I  ti-d to ans’ steel plaIt’ , grhhunil to j iL h ’ h 151110 b u l b - m I nt  c-s • Compo-

valve at any locat ion 
- sif ion -.l’aiv and fibre w iperv assure eakproof opera-

• LOWER M A I N T E N A N C E/ O P E R A T I NG  f i n  at high Jur i-scure • Low friction hearing surfaces
COSTS - . . only one moving part are (.l ri l- ,-id(-d (iv a brent’ .’ i- i i n h tiilg on the piston diam-

• EASILY CONTROLLEDOPERA’I’INF, ~-l ’E F - , J )  h i  l I t , n u f  liri,tt ,.i- f lushir lgs 11 tIll- heads • Piston ii.
- t uses optional hydraulic- llrifll-(’

• ~t mA L V E  PROTECTED FROM O’v’ I’.h U) 
I hr eailed ill v t i i v l’  1 5 t h - i n  • Moun t ing  b rack -l

DAMAGE . - - (uses uptional ad jc u - tat  ‘ Ic reiii f 1 S i  
ma i I - ‘ , i d h i  fIt s d s  e isi s ni-I i -r 15 hike t s u i te S S pe-

• LOCKS IN ANY PO~~l’I’lGN 5 5  i ~ ~r s i t u  it t -h its _ s i i-c m r ius ’ id r ’d  III lock the valve in an~
device locks va lsi  in ins Ill irt-d pl .s i t i  ii ( S i - h u m  ‘!i’.s ir i ’m l • —ri uh iuers  in s t a l l e d  for wed ge

• EMERGENt -Y ()Pl’.R ATIUN . manual ( ih l t i h f ’  I’. pi- gat - va lvt-s
on all units i-an Iif u i ’ t - t l t i -  nil h , l , i l hi r  o l l i n thg  ihliA (

failure
• MOUNTED Dl REt ‘T I,Y I \ ER V ,-\ l,\’ (-

CENTERED ON V A L V E  s’l’I:M f u r  p i bs I t h s . ’
ration f l u  m i l l s _ i l , , rib I 9 h afe r
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P R I N C I P A L  P E R F O R M A N C E
OF O P E R ATION CHARACTERISTICS

Full brute power.. - withou t the slightest sugg estion • Operated remotely or automatically by a var iety of
of shock , That ’s the story behind precision-built, sensory and contro l devices • Can be furnished with
quick-response linear valve operators by Shafer, a wide variety of high or low pressure pilot control
Hydraulic pressure is app lied directly to the valve mechanisms for almost any safety or other operati on
stem through the piston , There are no in-between requirement • Actuator system will automatically
gears to rob t he opera tor of its initial ly developed close valves when a line break occurs, blow down an
power or to slow down val ve response, Operation is entire station if fire danger is imminent or function
fast , positive and full y reliable every time , in comp lex storage and distribution systems
Designed specifically for gate valve installations,
Shafer linea r opera tors feature a special double latch
device for locking the valve into any desired posi-
t ion, It works like this: Gas pressure forces fluid into
t he operator through one latch , The fluid then flows
bac k to the receiving tank through the other latch
w hich had been opened previousl y by hy drau lic
pressure forc ing the poppet away from the seat.

When the pressure is removed, both latches close,
retaining the fluid in the operato r arid locking the
va lve firmly in position ,

VALVE FULLY OPEN 
- 

VALVE FULLY CLOSED

~~~~~~
°

T,

valves in any desirpd position.

VALVE CLOSING
E- ’2.32 ACTUATORS
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STANDARD VALVE CONTRCIL. -
Available for Weather-Proof, Submers i b le, 

-

Explosion-Proof or Nuclear Containment Service, 
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E—3 S P E C I F I C  COMPONENTS

The following section contains supplemental descriptions of

the Equipment Staging Diagrams and Control S~rstem Diagrams

of Section 2.3 , °Syst~m Characterizaton ” . Each of the corn—
oonents listed on the ESD ’ s which make u:- the various con-
trol systems is dealt with indilvidually .  A short description

and purpose paragraph supplements the more general descrip-
tions given in Section E-l o~ this Appendix . The fol lowing

are also considered for each component :

. Reliabi l i ty  Spil l  Risk

• Potential Failure Modes

• Ef fec t s  of Failure

• Alternate Procedures

Standards and Regulations

The cr iter ia f or select in g components shou ld f o llow the

established industry standards and Federal regulations

listed below . This is not to be considered an exhaustive

list since it is limited to normal applications on a Deep-

water Port ;  any specia l ized or unusual  equipment may

require other standards or regulations.

Code of Federal Regulations

33 C.F.R. - 149 , Subpart  C. Pollution Prevention Equipment

33 C.F.R. - 150 , Subpart D. Oil Transfer Operations

46 C.F.R. - 111.80 , Special Requirements for Certain
Lccat ions and Systems

46 C.F.R. - 111.80 , Subpart 1. Application

46 C.F.R. - 111.80 , Subpart 5. Wir ing  Methods and Mater ia ls
for  Hazardous Locations
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46 C . F .R .  — 111.80 , Subpart 8. In t r ins ica ll y Safe Systems
49 C.F.R. — 195, Transportation of Liquids by Pipelines

Indus t ry  Standards

ANSI B3l .4  - Li quid Pe troleum Transportat ion Piping Systems
ANSI Bl6.5 - Steel Pipe Flanges and F i t t ings
API RP500 - Electrical Installations at Petroleum Facilities
API RP5 50 — Manual on Instal lat ion of Ref ine ry  Instruments

and Control Systems , Part I and II
API 2534 - Measurement of Liquid Hydrocarbons by Turbine

r-leter Systems

Maintenance

The analys is  of the data collected and contained in this
study has assumed that an adequate maintenance program
would be followed. It is important and essential to the 

-

smooth operation of any Deepwater Port that it be properly

maintained . With regard to the components that make up

the control systems described in this report , maintenance ,
for the most part , would mean replacement of faulty or

failed components. A program of pre ven tative mainten ance
involving per iodic inspection of componen ts can go a long
way to preventing unnecessary shutdown and interruptions.
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11000 DISCHARGE OIL FROM TANKER (Fig . 2 — 4 )

11100 Line tip Tanker Valve System (Fig. 2-5)

The control systems which monitor and control the operation

of the valves can be either pneumatic , hyd r au lic , or electric.
The latter appears to be the exception due to the hazardous

nature of the cargo and the attendant risk of electrical

sparks .

Whether the system is pneumatically or hydraulically actuated
is immaterial since the basic principle and equi pment are
similar . Generally , the opening and clos in g of the valves

is in i t ia ted  from push buttons and/or levers in the remote

control room where all controls and monitors are concen-
t ra ted on a schematic type control panel or desk.

11101 Valve Line Up Monitor
11101/01 Remote Indicator

Description and Purpose - These panel mounted indicators
tell the operator whether a valve is open or closed. They

may be an electrically operated light , or a target type ,
whereby a disc is mechanically moved by a feedback pres-
sure from the valve. In the case of the electric light ,

an interposing pressure sensitive switch is necessary to

conver t the pneumatic or hydraulic feedback signal from
the valve actuator.

Reliability Spill Risk - The f a i lu re  of a remote indicator
could mislead an operator into believing a valve is closed

when it is open or vice versa. Oil would then be routed

incorrectly to a full tank or unconnected mar.ifold and

result in a spi l l .
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Potent ial  Failure Modes - Failure of a lamp may be fa i r ly
frequent but easily detected since most panels have a

bui l t  in lamp test ing feature . Failure of the pressure

mechanical type of indicator would be caused by leaks in
the hydraulic system.

E f f e c t s  of Failure - No chain reaction whereby other equip-
men t may be a f f e cted is an t icipated.

Alternate Procedure — Reference to the local indicators
bui l t  into the valve actuator wi l l  provide the required
information .

11101/02 Local Indica tor

Description and Purpose - Valve control systems which do

not include a feedback system can be visual ly checked for
position. Usi ally , a rod f i t ted to the main stern of the
valve will indicate this , or if the valve is not of the

r is ing stem type , an indicator on the actuator wil l  give
the required information. This information will be com-

municated to the central control room , usually over radio
(walk ie  t a lk i e) .

11102 Val ve Line Up Controller
11102/01 Push Button Remote

Description and Purpose - On tankers , this remote control
can take the form of an electrical  push button operating

a hydraulic signal  through a solenoid valve , or it can be
a lever which directly operates a hydraulic or pneumatic

valve . The purpose of these controls is to open or close

the valves allowing oil from the ~:~ rious ship ’s tanks to

I - 1 .4
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flow through the pump suction and discharge to the ship ’s

manifold on dec1~.

Reliability Spill Risk - If there is no remote indication

of the valve position , the failure of the remote control

to initiate the closing or opening of a valve could lead

the operator into incorrectly believing a valve has been

actuated. The result could be incorrectly routed oil ,

possibly to an unconnected manifold.

Potential Failure Modes - The most common mode of failure

of push buttons is the wire connections becoming discon-

nected. A secondary type of failure would be the wearing

out of mechanically moving parts inside the switch.

Failure of hydraulic or pneumatic valves would be the

wearing of seals and “0” rings causing the valve to mal-

function.

Effects of Failure - If not resulting in an obvious spill,

the effects of failure would become apparent when pressure

at the pump suction fell below an acceptable level. A

time delay would be the most common effect of failure .

Alternate Procedure — With the failure of the remote con—

trols, the alternative would be for the operator to go to

the particular valve in question and initiate the opening

or closing locally.

11102/02 Manual Local

Description and Purpose - This item is the hand wheel or

lever provided on the valve to manually open or close it.

With large-size valves , gearing is provided to reduce the

I



effort required , but this increases the number of turns of

the hand wheel to open or close the valve.

Hydraulically operated valves will require the pumping of

a lever in order to provide the required pressure to move

the valve.

Reliability Spill Risk - Since this is a mechanical oper-

ation which takes place at the valve , no spill risk is

considered .

Potential Failure Modes - For hand wheels , the most common

failure would be the seizing of gears. For hydraulic

actuators , the failure of seals would be most common.

Effects of Failure - Failures described above would result .
7

in a time delay , while the cause is determined and the

situation corrected and brought back to normal.

Alternate Procedure - No alternative procedure for the

local operation of the valve is possible.

11102/03 Push Button Local

Description and Purpose - It is unlikely that electric

actuators would be employed on tankers carrying hazardous

cargoes so the local push button considered would mechan-

ically actuate a hydraulic or pneumatic valve either on

the actuator or mounted adjacent to it. The purpose is

to operate the valve from a local position in the event

of the fa i lure  or absence of any remote control.

Rel iabi l i ty  Spill Risk - No spill risk is envisaged on
fai lure , unless the valve is to be closed in an emergency ,
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then the resorting to manual closing would take longer and

the chances of a greater spill are increased.

Potential Failure Modes - Failures would be caused by the

leaking seals and worn out mechanical parts.

Effects of Failure - As described above , failures would

only result in a time delay , while the situation is

remedied or the valve operated manually .

Alternate Procedure — The only alternative is to operate

the valve manually.

11102/04 Valve Actuator

Description and Purpose - Hydraulically or pneumatically

operated valves are installed on the latest classes of

VLCCs and ULCCs. The actuators for rising stem types of

gate valves employ a simple cylinder whereby the stem is

integral with the piston and pressure on one side or the

other will move the valve. Those valves requiring a

rotational action have actuators either with opposing

cylinders acting on a yoke , or hydraulic vane type motors

connected directly to the stem of the valve .

Reliability Spill Risk - The failure of a valve actuator

could prevent the closure of a valve and in the unlikely

event of nothing else being able to prevent it (pump

stopping , closing of other valves in the system) , a spill

would occur .

Potential Failure Modes - Failure of a valve actuator

would most likely be caused by faulty seals or worn parts

leaking hydraulic fluid.
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Alternate Procedure - If the valve is fitted with a hand

wheel , this can be used as an alternate method of operation .

However , those fitted with a local manual pump would come

up against the same actuator fault of leaking seals, etc.

11200 Move Oil Through Tanker System (Fig. 2—6)

11210 Start Pumping

Following the line up of the valves and tanks on the tanker ,

the request to start pumping must come from the terminal

operators who have lined up the system to route the oil to

the onshore storage .

Pump room operators rely a great deal on pressure indicators

to tell them how the pump(s) is performing These indicators ,

together with the known head (level) in the suction tank ,

tell them the approximate rate of pumping.

11211 Pressure Monitor

11211/01 Pressure Indicator

Description and Purpose - Pressure gauges are probably the

most common instrument used on the tanker. They are an

important tool and provide a variety of information to the

operators.

Reliability Spill Risk - Most gauges, if not regularly

maintained and calibrated , can give f alse readings and
mislead operators. Although not a part of a control loop,

they do serve an essential function in the movement of oil

through pipelines and their malfunction could result in

unnecessary action being taken .

E—3 .8



Potential Failure Modes - The usual cause of failure in-

volves the gauge being subjected to pressures greater than

those it was designed for . This has the effect of straining

the Bourdon Tube and results in the instrument giving false

readings. Other causes of failure would be the effects of

corrosion on the gearing and constant pressure fluctuations ,

as on a pump discharge, which will rapidly wear out the

internal moving parts.

Effects of Failure - No chain reaction on other controls

will take place.

Alternate Procedures - Redundant gauges could be installed

at critical locations to increase the overall reliability .

11211/02 Pressure Transmitter

Description and Purpose — Pressure transmitters measure the

varying pressures in a piping system and transform it into

a signal , either pneumatic or electric , which can then be

“transmitted” to a remote receiving instrument. Briefly,

the principle of operation is the small movement produced

in a sealed capsule or Bourdon Tube by the pressure being

measured , this in turn causes movement of a force balance

beam which acts on a system of bellows and nozzles for a

pneumatic output or on a moving iron for an electrical

signal output .

Reliability Spill Risk - False signals can be transmitted

by this instrument if it malfunctions . Often it is the

measuring part of a control loop and can therefore have an

adverse affect on a regulating device . This type of instru-

ment is of a proven design and has been used for a number

of years. Its reliability is considered to be good.



Potential Failure Modes - Although most of these instruments

are fitted with an over pressure protection device , this

will only withstand in the order of 150 percent of the max-

imum of its design range . Failure therefore could be caused

by hammer shocks and surges in the piping system. Corrosion

of moving parts will also cause failure if the parts are not

well maintained.

Effects of Failure - The pressure transmitter will he

either a part of a control ioop , or will provide the sig-

nal for a remote indicator or recorder. In the former

case , the consequences of failure would have a more serious

effect — for example , causing a controller to adjust pump

speed either up or down , dependent upon the malfunction .

In the latter case, an operator could be misled into taking

incorrect action .

Alternate Procedure - In the event of failure , the alter-

native procedure is to manually read pressures and make

the necessary adjustments by hand.

11211/03 Pressure Recorder

Description and Purpose - Usually mounted on a central

control panel , this instrument receives the signal from the

transmitter and records it on a time-base chart. The chart
is driven by either a clockwork mechanism , or an electric
synchronous motor. Two basic types of recorders are on the

market , those having a circular chart, and those having a
strip chart which is more compact and does not require

frequent chart changing .

The mechanism which received the transmitted signal and

drives the pen is a small pressure sensitive bellows or

E-3 .l0
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helical wound tube for the pneumatic types, or an
electrically amplified ammeter for the electronic types.

Reliability Spill Risk - The reliability of a recorder is

good if properly maintained. Since they do not serve as a

part of a control loop , then a failure would only affect the
record itself.

Potential Failure Modes - Failure would be confined to a

faulty chart drive or a malfunctioning pen drive.

Effects of Failure - No other controls would be affected by

failure. Only incorrect records would result.

Alternatve Procedure — No alternate procedure would be

required, unless the failure threatened to be long term ,
then manual recording would have to be done.

11211/04 Pressure Switch

Description and Purpose — Basically , this presusre instru-

ment works on the same principle as a pressure transmitter

whereby the movement of a bellows or capsule operates a

switch. Different pressures require different elements.

However, each has its own range and the set point or trip
point can be adjusted within that range.

The purpose of the pressure switch is to draw the attention

of operating personnel to the fact that a predetermined

pressure has been reached .

Reliability Spill Risk - These instruments are considered

fairly reliable . However , if one was to fail , it would not
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initiate the appropriate function or alarm . Depending

upon the application , the consequences of this could range

from a high pressure in the system , to the cavitation of

and damage to a pump . The risk of spill is minimal since

the only source of pressure are the centrifugal pumps which

usually have a shut off pressure well below the maximum for

the piping , and fittings in the system .

Potential Failure Modes - As with any pressure instrument,

the measi~uing element is subjected to fluctuations which

eventually will fatigue the metal. This )together with

corrosion is the most common cause of failure .

Effects of Failure - By not alerting personnel to a potential

pressure build up, thc effects could be overpressurization

of other equipment . No chain reaction within a control

loop is envisaged .

Alternate Procedures - Immediate replacement by another

switch would be the most effective alternate procedure.

11211/05 Alarm

Description and Purpose - The alarm in question would

probably be one in a bank of alarms called an alarm

annunciator . These would be a series of engraved trans-

lucent windows , back-li ghted in the event of an alarm

condition. The light will flash and an audible signal

such as a bell or buzzer would sound . The physical

acknowledgement of the alarm by pressing an appropriate

button will silence the audible signal and steady the

light. The light will not extinguish until the alarm

condition has been correctel .

E—3. 12 

~~~~——-~~~~~~~~~~ , ~~~~~~~~ --- - ~~~~~~~~~~~~~~~~~~~~~~ 



- -  . - - 
—I’

Reliability Spill Risk - The reliability of these

annunciators is considered good apart from the life of the

lamps. A test button is provided so that periodic tests

can be carried out to determine if any lamps have failed .

Potential Failure Modes - As mentioned , lamps have a

limited life. These, together with the occasional relay

failure, are the potential sources of failure .

Effects of Failure - The failure of an alarm to call the

attention of an operator will mean a delay in rectifying

the cause of the alarm.

Alternate Procedure - No alternative procedures are

envisaged since failure goes undetected .

11212 Flow Rate Controller

The most common type of pump driver employed on VLCCs is
the steam turbine.  This type of driver has the advantage
of variable speeds, thus being able to control the rate of

pumping over a fairly large range. Only those controls

associated wi th the pump and its driver are considered
here .

11212/01 Speed Indicator

Description and Purpose - A dial type tachometer is driven
either directly from the drive shaf t  of gear box or from
an electrical impulse generated by a transmitter mounted

on the drive shaft.

This instrument would be calibrated in revolutions per

~~ minute related to the speed of the pump .
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Reliability Spill Risk - No spill risk is envisaged and
the reliability is considered gooC

Potential Failure Modes - With the mechanical drive type of

instrument, failure would most likely be the drive cable.
The electrical type could suffer from dirty contacts in a
pump room environment.

Effects of Failure - Lack of speed indication would of
course, deprive the operator of a means of estimating the

quantity of oil being pumped .

Alternate Procedure - A reduction in speed, while a repair
is affected,would be the most acceptable alternative
procedure.

11212/02 Speed Regulator

Description and Purpose - A globe-type valve in the steam

supply line to the turbine would be the normal method of
regulating the speed.

Potential Failure Mode - Leaking glands would be the most

common mode of failure. A valve could fail in the fully-

open position i~ the extreme case of a mechanical breakage.

Effects of Failure - A badly leaking gland would involve
the shutting down of the operation unless a bypass
system is installed. If a valve failed in the fully open

position , overspeeding of the pump would result.

Alternate Procedure - A bypass is an obvious alternate, if
installed; otherwise, no alternate procedure is possible.

E—3.14
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11213 Pum Protection Devices

As with any large and expensive installation , the minimal

cost of protection devices is well worth the investment.

11213/01 Overspeed Trip

Description and Purpose - The obvious purpose of this

device is to protect the pump and its driver from excessive

speed . A ball and spring centrifugal element in the

governor gives the signal which shuts clown the steam supply .

Reliability Spill Risk — This instrument must be a reliable

type. However, its failure would cause damage to the ~~~~

and/or fts driver . The overspeeding of the pump would

increase the quantity of oil being moved. This together

with coincidental states of tank filling and booster

pumping could result in a spill.

Potential Failure Mode - A sticking governor caused by dirt

combined with old oil and grease is a potential source of

failure . Other sources of potential failure are damage or

corroded mechanical linkage .

Effects of Failure - If other protective devices failed to

effect a shutdown , the failure of the overspeed switch

could result in serious impeller and bearing damage to both

the pump and the steam turbine.

Alternate Procedure - The manual shutting &-.n of the system

would be the most effective alternative ~,rccedure .

ii 
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11213/02 Temperature Switch

~escription and Purpose - A fl~ x i5l~ capillary tube , liquid
or gas .Eilled , transmits the ~igna1 from the temoerature

sensing bulb at the P~~ ? to the remote switch. The switch

is actuated by the movement caused by the expanding gas or

liçui~ in the thermal system. Adjustment o the set ooint

~i~t:un a giver range is ~enera11y a feature of this instru-

cient.

Because o .~ the nature of the equipment it is to protect ,

this  ~nstrunent sI-ioulcl he mounted away from any vibr.~ :ions .

P’l~ ability Spill Risk - If failure were to occur , then the
r~~

- -
~~j -  and/or its driver could suffer damage — a spill local

to the pump could happen.

Potential Failure Mode — The constant vibrations inherent

in the pumping installation could fracture the capillary

tubing . If this were to happen , the switch would not be

initiated in the event of high temperature .

Effects of Failure - High temperature in the pumping system
would , in the event of this instrument failure , result in
damage to the pump and any adjacent piping equipment.

Alterna te  Procedure - Only where it is obvious to an
operator that  temperatures are excessive , can the a l ternat ive
manual shutdown be initiated .

11213/03 Low Lube Pressure Trip

Description and Purpose — For the description of this instru—

E—3. 16



ment , refer  to 11211/04. The purpose of this application
is to protect the pump and its driver from lack of

lubrication. The pressure switch continuously monitors
the lube oil distribution system to the bearings on the
pump and driver.

Reliability Spill Risk - Good reliability must be a factor

in the selection of this instrument.  The possibi l i ty of a
spill is minimal with the fa i lure  of this instrument.

Potential Failure Modes - Blocked pressur e lines to the
instrument could cause the nondetection of low pressure .

Effects of Failure — The effects of the failure of this

switch would not be immediately apparent. Eventua l ly ,  the
bearings of the pump and driver would seize and cause
considerable damage .

Alternate Procedure - There is no alterna tive .ce~i i iFe
apart from manual lubrication and shutdown if the fault is
visually detected.

11215/05 Alarm

Refer to 11211/05.

11220 Switch Tanks on Tanker

The class of tanker being considered in this study would
have a central control room where tank levels , valve and

pump controls would be displayed. It is from this control

point that operators would switch tanks to the suction of

the cargo pumps . The continuous monitoring and display

E— 3 .l7
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of levels in each of the ship ’s tanks informs the operator
when to change from one tank to another . This would be
done by remotely opening and closing the appropriate tank

valves.

11221 Tank Level Monitor

11221/01 Level Indicator

Description and Purpose — Float type level measurement is

used in ship ’s tanks but these are susceptible to fouling
with crude sludge which affects the buoyancy of the float.

A further , less expensive but more reliable method is the
“Metri-Tape .” This takes the form of a hollow plastic tape
attached to the side of the tank . As the level rises , the
tape is squeezed and two wires running the length of the
tape make contact. A simple resistance measuring circuit
transmits the level to remote indicators in the control

room.

The most widely used system of level measurement in ship ’s

tanks works on the pneumatic back pressure principle.

Briefly, the pressure required to pump air into the

bottom of a tank having liquid in it can be related to the

level of liquid in that tank . However , since crude oils

vary in specific gravity some method of compensation is
employed . Two air pressure points in the tank are used

with a known distance between them . The difference in the

pressures together with the known distance between them ,
gives a specific gravity correction factor. The back

pressure transmitted to the control room indicates the

tank levels on panel-mounted indicators.

E—3 .18
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Reliability Spill Risk - Since this study deals only

with the offloacling of oil from a tanker and therefore , the

emptying of tanks , there can be no spill risk attached to

this instrument at the tanker itself.

Potential Failure Mode — Failure of the pneumatic feed-

back system due to tubing corrosion and fracture would be

the main cause of malfunction.

Effects of Failure — The operator would be deprived of

remote indication of the levels in the tank(s). In most

cases, the remote readings would indicate zero; therefore,

a failure would be obvious.

Alternate Procedure — It is common to emp loy more than one
of the level measuring devices described above. If all

else fa i ls , resort to measurement by manual dipping .

11221/02 Manual Dipping

Description and Purpose - This method of level measurement

calls for hand dipping of the tanks through hatches in the

ship ’s deck , sometimes referred to as ullaging. The

readings are relayed. over walkie—talkie radio on the

control room.

11222 Valve Line Up Controller

The equipment involved in this procedure is the same as
that  discussed under 11102 and reference should be made
to that section .
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11223 Valve Line Up Monitor

The equipment involved in this procedure is the same as

that discussed under 11101 and reference should be made

to that section .

11300 Shutdown Tanker System (Fig. ~-7)

11310 Stop Pumping

The equipment associated with this procedure is the same

as that discussed under 11210 and reference should be made

to that section.

11311 Pressure Monitor

Refer to 11211.

11312 Flow Rate Controller

Refer to 11212.

11313 Pump Protection Devices

Ref er to 11213.

11320 Displace Oil from Hoses/Loading Arms

To avoid spilling oil on the ship ’s deck when the hoses or

loading arms are disconnected from the ship ’s manifold , a

procedure of drainage and/or blanking—off must be followed.

The displacement of oil in hoses under normal conditions

is not required. Refer to 33CFR 150.421.

E—3.20
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11321 Pressure Monitor

11321/01 Pressure Indicator

This instrument is identical to that described under sec-
tion 11211/01. However , the purpose of this pressure ~Tau~ e
is as follows. This gauge will indicate the absence of

positive pressure in the ship ’s manifold, and therefore, that
it is safe to disconnect the manifold .

11322 Hose/Loading Arm Drain

11322/01 Manual Procedure

Following the completion of cargo discharge the oil in the
ship ’ s manifold is drained back through the ship ’s piping.

Where the DWP is a Sea Island with loading arm~ these are

also allowed to drain back through the ship ’s piping . In

the case of the SF11 type of DWP , the value at the end of

each hose is closed before disconnection from the manifold

takes place. After disconnecting an SF11 hose from the

tanker manifold, a blank flange is bolted on to the end of
the hose. A small “telltale” valve on the manifold indicates

when drainage is completed .

11330 Emergency Pump Shutdown System

In the event of an emergency , rapid shutdown of the ship ’s

pumps may be necessary . A system is usually installed

which will shut off the steam supply to the turbines.

Switches positioned at the ship ’s manifold and in the con-
trol room will actuate a solenoid valve which in turn will

close a valve in the steam supply line to the turbines .

11330/01 Midship ’s Remote Pump Shutdown Switch

Description _and Purpose - Strategically positioned at the
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manifold for easy access , but also protected against the
environment and accidental operation , this switch would

remotely close the turbine steam supply valve .

Reliability Spill Risk - The reliability of this control

must be good , otherwise failure to initiate a shutdown

could definitely perpetuate a spill or increase the risk

of one.

Potential Failure Mode - Corrosion or fracture of pneumatic

tubing would be the main causes of failure . However , a

built in fail safe feature would be an asset.

Effect of Failure - Delay in initiation of pump shutdown .

Al te rnate Procedure - The only safe al ternat ive, depending
upon the degree of the emergency would be to manually shut
down the pumping system in the pump room. Another alter-

native would be to close the manifold valves and rely on
the protection devices to effect the shut down of the

pu mps. This me thod carries with  i t  the r isk of equi pment
damage .

11330/02 Control Room remote Pump Shutdown Switch

Descri ption and Purpose - This control is the same as that
described under 11330/01 except that it is mounted on the

control panel in the control room.

ll3~i0 Close Tanker Valves

~efer to 11100.
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11341 Valve Line Up Monitor

11341/01 Remote Indicator

Refer to 11101/01.

11341/02 Local Indicator

Refer to 11101/02.

11342 Valve Line Up Controller
11342/01 Push Button Remote

Refer to 11102/01.

11342/02 Manual Local

Refer to 11102/02.

11342/03 Push Button Local

Refer to 11102/03.

11342/04 Valve Actuator

Refer to 11102/04.

11400 Tanker Communication System (Fig.  2-8)

Communications within the tanker during onerations , i.e ..
between personnel on deck and those in the control room
pump room is by portable two-way UHF-FM radios. Aboard
ship the sound-powered telephone links the various control

and operating rooms (Refer to CRF 46 Part 113.30).
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Communications between the tanker and the deepwater port
during approach would be over a VHF-FM radio system. During

docking and unloading o~erations , two-way portable FM radios
are used , operating on a different channel from that used

- on the tanker.

11410 Radio

11410/01 VHF-FM (Marine)

Description and Pur~ose - Communications equipment and fa-
cilities on a deepwater port must meet the requirements of

47 CFR 81 and 83 and each portable means of communication
used must be certified under 46 CFR 111.30-5 for operation

in a Group D, Class 1, Division 1, atmosphere.

The purpose of the VHF—FM is to communicate the tankers

arrival within the stipulated vicinity of the DWP and to

arrange arrival and docking schedules.

Reliability Sp ill Risk - These radios have a high degree of
reliability within their design range. i’~o risk of a spill
on failure since this system is not used for transfer opera-

tions.

Potential Failure Mode — Component and circuitry failure are
the most common mode of failure.

Effects nf Failure - Loss of communications.

Alternate Procedure - A backup short range radio when within
range would be the alternative procedure to follow .
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11410/02 Walkie—Talkie

Description and Purpose - Frequency modulated UHF-FM , short
range , two—way transceivers which a-~- band held , usually

having two channel selection . Their purpose is communica-
tion between the personnel on deck and deck officers during
preparations for unloading .

Reliability Spill Risk - High reliability , if not abused.

No direct spill risk involved; indirect risk of spill through

loss of communications.

Potential Failure Mode - Components and circuitry failure

are most common . Batteries running down .

Effects of Failure — Loss of local communications.

Alternate Procedure — Replacement of faulty set or replace-

ment of batteries.

11420 Voice

11420/01 Sound Powered Telephone

Description and Purpose — Located at strategic location

throughout the tanker , this system provides the basic com-

munication system. The advantage of this system is that no

power source is required . Apart from the call-up signal

which utilizes a hand—operated generator , the system is

sound powered (Refer to CFR 46 Part 113.30).

Reliability Spill Risk — Good r~ liability if of first class

quality . Loss of communications could result in indirect

risk of oil spill.
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Potential Failure Mode — Component failure, particularly
the hand generator for call—up .

Effects of Failure - Loss of local communications.

Alternate Procedure - Resort to walkie-.talkje radio communi-
cations.
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12000 MOVE OIL THROUGH OFFSHORE PIPELINE (Fi gs. 2-9 & 2-10)
12100 Line—Up Offshore System (Fig. 2-11)

Although the control systems associated with manipulation of

Hoses, Loading Arms, and Corrosion Inhibition are not directly

related to the control of the Oil Transfer System , they are
discussed here as a matter of interest so that a complete and
overall view of a Deepwater Port and its major components is
maintained.

Hoses and Loading Arms — An exhaustive search has revealed
that it is not normal to have controls on the hoses con-
necting an S.P.M. to a tanker manifold. The butterfly valve

installed at the manifold end of hoses is for isolation when

disconnected and it does not play a part in th~ control of
oil transfer.

The fully articulated loading arms installed on modern ter-

minals are hydraulically driven by a system of pistons,

cylinders , rams and cables. Three movements of the arms

are powered by these systems:

a) Slewing of the complete arm
b) Raising and lowering of the inboard section
C) Raising and lowering of the outboard section

The controls which first of all select the arm to be maneu-
vered and then perform the other movements are concentrated
on a panel usually in a small building adjacent to the bank
or arms. Owing to the vast freeboard of the tankers, it is
common to find a set of duplicate controls mounted on a pen-
dant box located at the end of at least two of the arms, the
procedure being to maneuver the first arm to the ship ’s rai l
from the control panel on the platform and then perform the
rest of the operation from the remote pendant control on the
ship’s deck .

To save time, a Quick Connect/Disconnect Coupling (Q.C.D.C.)

may be fitted to the end of each arm. This eliminates
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the time involved in making bolted connections. This coupling
is also hydraul ical ly operated from the same control locations
as the arms .

Each arm is fitted with a set of “Drift Switches” which in

the event of ship movement beyond certain limits , will
initiate alarms . (Fig.  2- 12)

I t should be noted that all loading arms are fu l ly  balanced
by counterweights in an EMPTY condition and under no circum-
stances must attempts be made to operate them while full or

pa r t ial ly f ull of oil.

Corrosion Inhibition - Corrosion Inhibit ion in large crude
oil pipelines is not considered normal ; however , where

quantities of water may be expected to be mixed with crude

oil have a high H 2 S content , internal corrosion protection
of the pipeline may be considered necessary . Two methods
are employed using an amine base compound which gives a
chemical protective barrier  coating to the inside surface
of the pipe. The first method is to introduce a high con-
centration slug , usually between “pigs,” into the pipeline

at periodic intervals. The second is to continuously in-
ject a weaker solution of 10 to 50 ppm of the inhibitor
during flowing conditions.

12110 Hose/Loading Arm Connection to Tanker (Fig. 2-12)

In the case of the connection of hoses from an S . P . M .  to
a tanker , the hoses will be ful l  from the pervious
operation . The procedure is for launches to bring the
f loat ing hoses along side the tanker and assist in
the handling of the hoses to the ship ’s manifold .
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Prior to the unlocking of the Loading Arms , checks must be
made to ensure they are empty . A low range pressure gauge

at the base of each arm will indicate the level of oil , of

any,  in the loading arm. It should also be an operational

procedure to open the drain valves at each arm just as a

safeguard against a faulty pressure gauge .

12111 Oil In Hose/Loading Arm Detector

12111/01 Pressure Indicator

Description and Purpose - This instrument is identical to

that described under Section 11211/01 , however , the purpose

of this gauge is as follows :

The following applies to loading arms only , hoses are not

fitted with pressure gauges. Its low range is specifically

selected to reflect the level of oil in the loading arm.

During normal pumping operations , this gauge should be

isolated to avoid overpressure damage.

12112 Hose/Loading Arm Drain

12112/01 Manual Procedure

Hoses are not normally drained of oil except prior to a
tropical storm (Refer to Fed . Req . 33 . 150.421). The following
applies to Loading Arms only.

Operators must manually open vai~es at the base of each
loading arm prior to unlocking the arm stowing mechansim.

Not until all oil has been drained from the arm must the

drain valve be closed.

12120 Line—Up Valves

The large operational valves found on platform complexes are
usually electric motor operated . This operator , generally
called an actuator, is fitted to all valves of 12 inches and
over.

E — 3 .29 

-



- —,—_ — ---- - _‘-—-~~~~- . - —~~~~~- - _ -
~

- , _ -- .— , - . _~~_ -~~—-~~~r —
~~~~ 

-—--- — -- — — -  —

12121 Valve Line-Up Controller

12121/01 Push Button Remote

Description and Purpose - This control would be located in

the central control room of the platform complex . It would

be mounted on a control panel which displays a mimic dia-
gram of the oil transfer system and would constitute at

least two illuminated push buttons for the basic open and

close commands to the valve.

Feedback from the actuator limit switches illuminates the

switches in a sequence indicating fully closed , open or

with both buttons illuminated while between the two limits.

Reliability Spill Risk - The reliability of this remote con-

trol is generally good and with the feedback indication of

the valve position , no risk of a spill is considered .

Potential Failure Modes - Wire connections to the switch are

the most common mode of fa i lure . Lamps also have a limited
l i fe  and must be considered as a mode of fa i lure .

Effects of Failure - Misleading information resulting from
a failure could cause oil to be routed incorrectly .

Alternate Procedure - Failure of remote controls would call

for operating the valve locally .

12121/02 Push Button Local

Description and Purpose - Switches are built into the valve

actuator which initiate the opening , closing and stopping of
the valve. Usually, these controls are of a sturdy manufac-
ture and sealed against the elements .
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Reliability Spill Risk - Under normal operations no spill
risk is envisaged on fa i lure .  If the valve is to be closed
in an emergency , then resorting to manual closing would

take longer and the spill risk would be increased .

Potential Failure Modes - Failure would be through lack of
use , where moving parts would seize due to corrosion.

Ef fec ts of Failure - As described above , failures would only
result in a time delay while the situation is remedied or
the valve is operated manually .

12121/03 Manual Local

Description and Purpose - This item is the hand wheel provided

on the valve to manually open or close it. With large size
valves , gearing is provided to reduce the e f f o r t  required.

Reliability Spill Risk - Since this is a mechanical opera-
tion which takes place at the valve , no spill risk is con-

sidered.

Potential Failure Modes - The most common fa i lure  would be
the seizing of gears and other moving parts .

f Effec ts  of Failure - Failures described above would result

in a time delay while the cause is determined and the situ-
ation corrected and brought back to normal.

Alternate Procedure - No alternative procedure for the

closing of a valve is possible , if both the actuator and

hand wheel are inoperative.
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12121/04 Valve Actuator

Description and Purpose — The actuator varies in size and

complexity according to the size and function of the valve.

Basically,  it consists of an electric motor, a gearing sys-

tem, limit switches and local push button controls. All

electrical parts are housed in a explosionproof enclosure

in accordance with CRF 46.111.80.

The function of the actuator is to open and close a valve .

Reliability Spill Risk - None during line-up.

Potential Failure Modes - Burnt out motors are a common

fa ilure caused by limit switch failure or by seized gearing
or valve disc.

Effec t s  of Failure - Failure of an actuator would result

in a time delay in operating a valve by hand .

Alternatie Procedure — The only alternative is to operate
the valve manually .

12121/05 Limit Switches

Description and Purpose - Limit switches can take many forms.

They are driven from the gearing of the actuator and can be
set to make or break contacts at any time during the travel
of the valve . Limit switches ensure that the valve actuator
stops when the limits of open or close have been reached .

They also provide feedback for remote indication of valve
positions and the switching necessary for interlocks.
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Reliability Spill Risk - Fairly serious consequences could
result with the fa i lure  of limit switches and mis-routing
of oil could end in a spill.

Potential Failure Modes - Dirty contacts or the effects of

corrosion are the main causes of failure.

Effects of Failure - Wrong information fed back to an oper-

ator or the failure to effect an interlock could have a

chain reaction resulting in the misrouting of oil.

Alternate Procedure - Depending upon the effects of failure ,

various alternate procedures are possible. Primarily , these

would involve the closing of other valves in the piping sys-

tem.

12122 Valve Line-Up Monitor

12122/01 Remote Indicator

Description and Purpose - The lamps incorporated in the

Push Button Remote (11222/01) are the remote indication of

the valve position .

Reliability Spill Risk - Although limited in life, the fail-

ure of a lamp would result in minimal risk of an oil spill.

Potential Failure Modes - The failure of the lamp itself is

the most common cause. Secondary to this would be the wire
connections to the lampholder

Effects of Failure - Failure may create a short delay in
operations while it was determined by the lamp test button

that the lamp had in fact failed
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Al ternate Procedure - A check of the local indicators would
soon confirm the valve position .

12122/02 Local Indicator

Description and Purpose - Valve actuators incorporate a

local position indicator. This indicator is driven by the

gearing in the actuator .  On va lves employ ing a r is ing stem ,
a rod f i t ted  to the top of the stem g ives a positive indi-
cation of the valve state.

Reliability Spill Risk - None during l ine—up.

Potential Failure Modes - Mechanical breakage is the only
potential failure mode envisaged.

E f f e c t s  of Failure - Failure of an indicator would have
little effect other than a short delay while the valve

position is determined .

Alternate Procedure - Remote indication on the central
panel will give the valve position .

12200 Move Oil Through Offshore  System (Fi g. 2- 13)
12210 Establish Flow
12211 Pressure Monitor (rig. 2-14)

12211/01 Pressure Indicator

This ins t rument  is identical  to that described under Sec-
tion 11211/01.

12211/02 Pressure Transmit ter

This instrument is identical to that described under Sec-
tion 11211/02.
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12211/03 Pressure Recorder

This instrument is identical to that described under Sec-

tion 11211/03.

12211/04 Alarm

This instrument is identical to that described under Sec-

tion 11211/05.

12212 Temperature Monitor

12212/01 Temperature Indicator

Description and Purpose — This is a local instrument in-

serted into a pocket in the pipeline which displays the

temperature of the pipe contents. Usually a mercury—in-

steel type is used where the expansion of the mercury in

a stainless steel bulb drives the pointer mechanism. Other

types employ the principle of variable electrical resistance

with temperature change.

Reliability Spill Risk - Temperature indicators are basic-

ally very reliable. No risk of an oil spill on failure.

Potential Failure Modes - Corrosion in the pointer driving

1 mechanism and glass breakage are the most frequent failure

I modes.

Effec ts of Failure - Since it is not an element in a con-
trol loop, the effect of failure is inconsequential.

Alternate Procedure - Replacement of the faulty instrument.
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12213 Flow Rate Monitor (Fig. 2—15)

The monitoring of the flow rate is important to operators

on facilities without metering. In this case, the flow rate
measuring and controlling instruments provide the only means
of knowing the ship ’s pumping rate, and of exercising some
degree of control over it. Without it, the terminal is
somewhat at the mercy of the ship ’s personnel who are not
aware of the platform and onshore conditions.

12213/01 Measuring Devices

The measuring devices or primary elements for flow measure-
ments are fully described in the introductory section of

this appendix. This application would normally employ an

orifice plate.

Reliability Spill Risk - The reliability of the orifice

plate is excellent; there is little that can go wrong with

it.

Potential Failure Modes - Sludge blockage of the pressure

taps in orifice flanges.

Effects of Failure - The potential failure modes described

above would result in incorrect flow measurement and con-
trol.

Alterna te Procedure - Determination and correction of faul t
by reaming pressure taps..
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12214 Flow Rate Controller

12214/01 Flow Indicator

Description and Purpose - This is a remote panel mounted

instrument receiving an electrical signal from the flow - 
-

transmitter.

Reliability Spill Risk - A circuitry failure such as an

electrical short in wiring and solid state devices usually

results in a malfunction . No spill risk.

Potential Failure Modes - As described in Reliability above,

circuitry failure would be most common.

Effects of Failure — Lack of true flow rate indications .

If not obviously faulty , operator could be mislead into

taking corrective action .

Alternate Procedure - Request ship ’s estimate of pumping

rate and check tank filling rate over a known period of

time.

12214/02 Flow Controller

Description and Purpose — This panel mounted electronic

instrument receives the signal from the transmitter and

compares it with a preset “set-point” and produces a

corrective signal to the flow regulator .

Reliability Spill Risk - Again , a circuitry or component

failure would result in a malfuction . These instruments

usually have bui lt in circuitry which will cause it to
fail safe, so no risk of spill exists.
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Potential Failure Modes - Circuitry failure would be most

common .

Effects of Failure - The fail safe feature would prevent

any serious effects and also calls the attention of opera-

tors to the situation .

Alternate Procedure — Replacement of whole instrument or

component card. Another alternative is to switch to manual

control.

12214/03 Flow Transmitter

Description and Purpose - In the case of the orifice plate ,

the transmitter converts the pressure differential to an

electrical signal which it transmits to the indicator and

controller in the control panel.

The sonic transmitter converts the speed of the sonic sig-

nal into an electrical signal which it also transmits to

the panel mounted instruments.

Both these transmitters are field mounted and their en-

closure be explosionproof in accordance with CRF 46.111.80.

Reliability Spill Risk - Electric circuitry failure can be

common but with the selection of good quality instruments

reliability should increase. No spill risk envisaged .

Potential Failure Modes - Circuitry failure would be most

common .
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Effects of Failure - Faulty signals to the controller would

result;  in turn this could cause faulty flow regulation .

Alternate Procedure - Replacement of the whole instrument

would result in a short reduction of flow rate. While this

is done , manual control can be employed.

12214/04 Flow Regulator

Description and Purpose - This component in the flow con-
trol loop is the valve in the pipeline which receives the
corrective signal from the controller and regulates the
flow by either opening or closing. In large pipelines , the
conventional type of pneumatically actuated globe valve can—

not be used. These are lirrdted in size. Ball valves or
parallel plug type are usually employed using a conventional
electric motor actuator .

Reliabili ty Spill Risk - The valve itself is considered

very reliable ; however , the actuator could be troubled by
electrical c i rcui t ry  faul ts .

Potential Failure Modes - Electrical failures in the actu-

ator as a primary mode , leaking seals in the valve would be

considered secondary failure modes.

Effects of Failure - The failures considered in the actu-

ator would probably leave the valve in its last position .
Leaking seals could cause “creeping” in the valve which

would soon become obvious to the operators.

Alternate Procedure - Resort to manual control while fault

is corrected.
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12220 Sampling

Although not a control system nor a part of one, automatic

sampling is an integral part of any custody transfer in-

stallation .

The sample of crude oil taken must be representative of
the total cargo discharged. The normal type of instrument
extracts a small predetermined quantity for each unit of

flow measured either by itself or by the metering system.
The sample is automatically contained at the line pressure
to prevent the loss of light ends. Normally , the total
size of sample taken is between two and five gallons.

12220/01 Sampler

Description and Purpose - Two types of samplers are usually

employed on large throughput terminals. The first employs

a propeller inserted into the pipeline which drives a small

rotating pump , the volume of which is adjustable. In this

method , each small sample taken for a given number of pro-

peller revolutions yields a total sample which is repre-

sentative of the total cargo discharged.

The second system uses the signal from the flow transmitter

(12214/03) which will periodically open and close a small

valve for a given number of pulses from the transmitter.

Again , th is resul ts in a total sample which is representa-
tive of the total cargo discharged.

12230 Booster Pumps Controls (Figs. 2-16 & 2—17)

The purpose of a booster pump station is to assist the
tanker cargo pumps in moving the crude oil to shore storage
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tanks. They become necessary when , due to long distances

the friction in the submarine pipelines is too great for

the ships ’ pumps to overcome. One of the major difficulties

in the design and operation of booster pump stations is that

the output from the ship with all its variations of flow

rate and pressure due to tank changing and levels , is the

input to the booster pumps. Controls are necessary so that

the booster pumps can closely follow the variations from

the ship. These controls continuously monitor the suction

and discharge pressures and the discharge flow rate of the

booster pumps , and control the input by regulating contro l

valves.

Apart from these controls on the crude oil system , the

. 1 pumps and their drivers are fitted with a variety of con-

trols and protective devices.

12231 Pressure Monitor

12231/01 Pressure Indicator

This instrument is identical to that described under Sec-

tion 11211/01.

12231/02 Pressure Transmitter

This instrument is identical to that described under Sec—

tion 11211/02.

12231/03 Pressure Recorder

j This instrument is identical to that described under Sec-

tion 112 ‘03.
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12231/04 Pressure Switch

This instrument is identical to that described under Sec-

tion 11211/04.

12231/05 Alarm

This instrument is identical to that described under Sec-
tion 11211/05.

12232 Temperature Monitor

12232/01 Temperature Indicator

This instrument is identical to that described under Sec-

tion 12212/01.

12233 Flow Monitor

12233/01 Flow Element

This element is described under Section 12213/01.

12234 Flow Rate Controller

12234/01 Flow Transmitter

This instrument is identical to that described under Sec—

tion 12214/03.

12234/02 Flow Controller

This instrument is identical to that described under Sec-

tion 12214/02. 

~~~~~~~~~~~ -~~~~~~--~~~~- - - .- -~~ -~~~~



- T~ T T~~~. ~

12234/03 Pressure Controller

Description and Purpose - This is a panel mounted elec-
tronic instrument which receives the signal from the pres-

sure transmitter and a preset “set-point” produces a cor-

rective signal to the signal selector . In all other

aspects , ~he instrument is identical to that described

under Section 12214/02

12234/04 Signal Selector

Description and Purpose - This instrument, which is panel

mounted, accepts the signals from these sources:

a) The suction pressure controller

b) The discharge pressure controller

c) The flow controller

It selects the signal calling for the greatest correction

and passes it on to the regulating valve in the discharge

piping.

Reliability Spill Risk — A circuitry or component failure

would result in a malfunction . These instruments usually

• have a built—in fail safe feature. No risk of spill exists.

Potential Failure Modes - Circuitry failure would be the

most common .

Ef f ects of Failure - The fa il safe feature would f reeze
the output signal and no further regulation would be pos-
sible.
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Alternate Procedure - Replacement of parts or whole instru—

ment. Alternatively , manual control would take over for a
short while.

12234/04 Flow Regulator

Refer to 12214/04.

12235 Pump Protection Devices

Various built-in protection devices are necessary to prevent

damage to the pump and driver. These devices will automa-

tically shut down the pump when a preset point has been

reached. Pumps fitted with mechanical seals on the impeller

shaft have a system whereby any leakage is channeled to a

chamber having a level switch , and when a certain level is
reached , the pump will be shut down. A small bleedoff from

the chamber will prevent initiation of shutdown by small

accumulating leaks which are considered normal. A vibration

switch will detect abnormal vibration caused through imbal-

ance of the rotating parts due to accumulated sludge or wax.

A differential pressure switch continuously monitors the

difference between the suction and discharge pressures and

is set to trip at a predetermined high pressure. This indi-

cates that the pipe has been restricted on the downstream

side of the pump , probably due to the accidental closure

of a valve .

An air eliminator is generally mounted in the pipeline.

This has the effect of momentarily slowing down the flow

and allowing any air to escape and accumulate at the top

of the tank where it is bled off.
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Most of these devices which cause a shutdown also in i t ia te
an alarm on a remote panel. This not only not if ies  the
operator of the shutdown , but also identifies the cause.

12235/01 Level Switch

Description and Purpose - This is the float and arm type of
level switch which operates a mercury switch in an explo-

sionproof enclosure when the critical level is attained.

Reliability Spill Risk - Although normally reliable , the

material of the float should be carefully chosen to be im-

pervious to crude oil and its various properties . Otherwise ,

it is reliable and spill risk is negligible.

Potential Failure Nodes - Corrosion and leaking of the float.

Effects of Failure - The pump would continue to run and the

mechanical sealwould be further damaged. A minor spill may

occur •

Alternate Procedure - This will mean the shutdown of the

pump for a period of time while repairs were effected

12235/02 Vibration Switch

Description and Purpose - A vibration switch comprises a

series of spring steel reeds of varying thickness enclosed
in a switch housing and attached to the body of the pump .
The set point can be adjusted to the degree of vibration
which will cause certain of the reeds to vibrate . The reeds
make electrical contact and initiate the shutdown .
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Reliability Spill Risk - Failure will probably cause damage
to the pump rather than an oil spill.

Potential Failure Mode - Corrosion of the reeds would cause
a failure.

Effects of Failure - Whatever the cause of the vibration ,

if it continues , then the pump and its driver would be
damaged.

Alternate Procedure - The cause of the vibration must be
determined and any damage rectified. This will put the

pump out of service for a period of time .

12235/03 Differential Pressure Switch

Description and Purpose — The principle of pressure measure-
ment by bourdon type as described under Section 11211/01

is used. However , since two pressures are to be measured ,

two opposing tubes are used and the difference in their
movements is the result of the differential pressure. This

movement trips mercury switches which in turn initiate the
shutdown and alarm.

Other aspects of this instrument are as described under

Section 11211/04.

12235/04 Air Eliminator

Description and Purpose — Its function is to eliminate

entrained air from the crude oil before it passes through
the pump. The principle is the same as the float and

arm of a level switch but instead of actuating a switch ,
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a valve is opened on low oil level and the air is
exhausted by line nressure . The valve closes as the level
rises.

Reliabi l ity Spill Risk - The material  of the f loat  must  be
carefully chosen to be impervious to crude oil. Reliability

is considered good but there is a risk of a minor spill in
the event of f a i lu re .

Poten tial Failure Modes - Leaking of the f loat  wi l l  cause
excess air to accumulate and eventually find its way to the

pump. A sticking valve could have the same effect if stuck

closed or it could cause a minor spill if stuck open .

Alternate Procedure - The closing of an isolating valvo

installed after the release valve would stop a further

spill of oil. The system should be shut down while the

air elimination is replaced or repaired.

12235/05 Alarm

This instrument is identical to that described under Sec-

tion 11211/05.

12240 Relief of Pressure Surges (Figs. 2—18 & 2—19)

The purpose of this system is to protect the piping and

equipment from sudden high pressures caused by hammer shocks

as a result of rapid valve closure during high flow rates.

The large quantity of fluid to be relieved in order to re-

duce the pressure to a safe level prohibits the use of the
conventional type relief valve. The type of relief valve

normally installed the “Flexf low” valve manufactured by

“Grove”. This valve is simple in principle and only has
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one moving part — a flexible neoprene sleeve. The line

f lu id  will  not flow past this sleeve unt i l  there is suff i -
cient pressure to l i f t  it against the pneumatic pressure
applied on the outside . The pneumatic pressure , therefore ,

determines the relieving set pressure.

The size and number of valves to be employed is a funct ion
of the quantity of oil to be relieved and the minimum time
in which this can be done . Each valve has its own indivi-
dual chara -teristics and , therefore , requires individual

testing “in-situ ” to determine the pneumatic pressure re-

quired for a given relieve pressure . In order to do this ,
isolating valves and pressure test connections are required

upstream of each relief valve .

o pressures involved are much higher than the normal 100

psig instrument or maintenance air found on some Sea Islands.

Unless a high pressure air system is available , the normal

practice is to use an inert gas such as nitrogen in banks

of commercially filled containers. A system of leakproof

small bore piping and valves supplies the gas pressure from

a i~ank of cylinders to the relief valves. Due to the m di—

vidual characteristics of the relief valves , the supply to

each must be separately adjusted with a pressure regulating

valve. A pressure switch monitoring the supply pressure of

the gas will initiate an alarm on low pressure . Standby

cylinders would then be opened to the system.

The surge vessel , in order to absorb the relieved quantity
of fluid in a short period , must be fitted with large vents .

To prevent an overflow through these vents, a level switch
detects high level in the vessel and causes an isolating
valve to close. This same protective system will come into

play in the event of pneumatic pressure failure allowing

fluid to pass the relief valves.
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The following is a short discussion on the conditions neces-
sary to create a surge .

Pressure surges, sometimes called “water hammer” , can be

created by the rapid opening or closing of a valve , or by

the rapid starting or stopping of a pump. If the velocity

of the liquid flowing in a pipe is suddenly diminished , then

the energy given up by the liquid will be absorbed by com-
pressing the liquid by stretching the pipe wall and by fric-

tional resistance to pressure wave propagation.

“Water Hammer ” is a series of pressure pulsations often ac-

companied by a sound comparable to that of striking the pipe

with a hammer. When a valve is closed rapidly against a

flowing liquid , the pressure is suddenly increased on the

upstream side causing a high pressure wave to travel up-

stream of the valve. Likewise , on the downstream side , the

pressure is suddenly reduced and a vapor pocket may be formed.

This cavity will eventually collapse and produce a high pres-

sure wave which travels downstream of the valve .

A formula has been developed which gives the velocity of the

pressure wave in the pipe where the valve has been closed
instantaneously.

Vp 
=J 1 ci 

(1)

where :
= Velocity of the pressure wave. Ft./Sec.

K = Bulk Modulus of Compressibility

water = 300 ,000 psi

oil = 2,000 to 225 ,000 psi
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g = Acceleration due to gravity = 32.2 FtISec.2

= Specific weight of the liquid lbs./cu. ft.

E = Modulus of Elasticity of the pipe material

steel = 30,000,000 psi

d = Inside diameter of the pipe in inches

e = Thickness of pipe wall in inches

The following formula gives the magnitude of the pressure

produced by arresting the velocity of liquid in the pipe :

p = !~~ V 1 (2)g p 144

where :
p = Pressure in psi

= Specific weight of liquid lbs./cu . f t .
g = Acceleration due to gravity = 32.2 Ft./Sec.2

= Velocity of the pressure wave Ft./Sec.

V = Initial Velocity of Liquid Ft./Sec.

The following formula gives the time it takes the pressure
wave to travel along the pipe and return to the closed valve.

t =

where: t = Total closing time of valve (sec.)

2, = Length of pipe (Ft.)**

V~, = Velocity of the pressure wave (Ft./Sec.)

S = Empiricall y determined multiplier (indicates

fraction of total valve closing action affect-

ing the flow velocity = .15*

* The initial 85% of valve closure does not significantly

contribute to the initiation of a pressure surge.
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** “i” is the length of line between the valve in question

and the origin of flow (storage tank , pump) or the near-

est upstream surge suppressor (surge tank, surge relief

valve, check valve, etc.)

Equation (3) gives the critical time for the closing of the

valve. If the valve closes in a shorter time than ‘t ” , then

a pressure wave will be created , the magnitude of which is

determined by equation (2). It can be seen from equation

(3) that the longer the pipeline, the slower the valve d o -

sure must be to avoid a pressure wave.

12241 Surge Relief Availability Control

12241/01 Valve Actuator

The purpose is to isolate the Surge Relief system when the

tank is getting full.

Description and Purpose - This has to be a quick closing

valve, usually a ball type requiring only a 90° turn to

close from fully open. The actuator can be of the opposing

cylinder type or the hydraulic vane motor type. Either are

quick acting and their time of closure can be adjusted .

The signal to close comes to a solenoidvalve in a pneumatic

pressure line. The released high pressure air or nitrogen

forces the hydraulic fluid into the actuator and the valve

is closed.

Reliability Spill Risk - The quality of this valve actuator

and the tubing associated with its operation should be of

first class quality. Reliability is good ; however , failure

would result in a spill.

Potential Failure Modes - Fracture of tubing is the most corn-

mon cause of failure ; piston seizure in cylinders occurs

occasionally due to non-use.
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E f f e c t s  of Failure - If this valve does not close following
a surge condition , the relief tank will continue to fill

and oil will spill from its vent.

Alternate Procedure - Manual closure of the valve is the

only alternative and will result in a delay . The oil trans-

fer operation should be shut down as soon as possible.

12242 Surge Relief Availability Monitor

12242/01 Level Switch

Description and Pur~pose 
- The type of level switch normally

used employs the principle of displacers rather than floats.

In this particular case, the three displacers, usually made

of a ceramic material , hang on a stainless steel wire sus-

pended from a spring . The wire is attached to a steel rod

which moves in a non-ferrous tube on the outside of which

are magnetic followers connected to mercury switches.

As the level in the tank rises, the displacers become lighter

as they are immersed by the liquid , the soring contracts and

the steel rod moves , thus , actuating the mercury switches
via the magnetic followers.

The housing of the switches must be explosionproof and meet

the standards established by CRF 46.lll.80

— It is usual practice to house the displacers in a “still
well” , a perforated length of pipe , in order to minimize

the affect of turbulence caused by inflow into the tank.

Reliability Spill Risk - Once installed , and as long as good
quality level switches with stainless steel wire and fittings

and mercury switches have been selected , the reliability is

good .
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Failure of this switch could result in an oil spill.

Potential Failure Modes - Displacers sticking in the still

well would casue this instrument to fail.

Effects of Failures - Failure to detect high level in the

tank and initiate the closing of the isolating valve , will
continuously cause oil to flow into the tank and eventually

spill from the vent.

Alternate Procedure - The pumping operation should be shut

down and the valve closed manually .

12242/02 Alarms

This instrument is identical to that described under Sec-

tion 11211/05. - j

12243 Relief Valve Pressurization Medium Monitor

The high pressure pneumatic system which keeps the relief

valves closed is monitored by pressure guages and switches

which will initiate alarms before a critical situation is

reached .

12243/01 Pressure Indicator

This instrument is identical to that described under Sec-

tion 11211/01.

12243/02 Pressure Switch

This instrument is identical to that described under Sec-

tion 12211/04.
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12243/03 Alarm

This instrument is identical to that described under Sec-
tion 11211/05.

12244 Relief Valve Pressurization Medium Controller
12244/01 Pressure Control Valves

Description and Purpose - In order to maintain  the pneumatic
pressure at the set pressure required at the surge relief
valves a series of pressure control valves are necessary .
These valves are small va lves which continuously monitor
the pressure downstream and , if necessary, will open to
allow the higher pressure upstream to bleed through until

the desired pressure at the relief valve is achieved .

Reliability Spill Risk - Cost should be no object in select-
ing the best quality valves available. Given this , relia-

bility is good , however , the risk of a spill does exist on
failure

Potential Failure Modes - Dirt in the pneumatic system could

cause a pressure control valve to stick open or closed .

E f f e c t s  of Failure — If the valve sticks open , the relief
valve will  be over pressurized and would not function in
the event of a surge . If stuck closed , then the relief

valve could become underpressured and leak oil into the

surge tank .
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Alternate Procedure - When detected , the particular relief
valve should be isolated and the pressure control valve

replaced .

12250 Metering (Fig. 2 . 2 0 )

Metering is a means of precise quantity measurement which
can be used for custody t ransfer  and/or leak detection by
comparison with other metering stations. The actual control

functions of the metering equipment are covered in Fig. 2-15.

By definition , deepwater ports are built for the VLCC class

of tanker and designed to accommodate the large discharge

rates achieved by these tankers. Methods of quantity mea-

surement must therefore, also be capable of accommodating

the high flow rates. The equipment accepted in the indus-

try as being capable of accurate measurement at high through-

puts are turbine meters. These meters have the distinct

advantages of being compact, mechanically simple and com-
paratively long lived .

Turbine meters have inherent performance characteristics

such as flow rangeability within tolerable limits of linea-

rity and repeatability . These are generally related to

fluid properties such as density , viscosity and vapor pres-

sure, and to the mechanical characteristics of the meter ,

such as rotor mass, bearing friction , etc. The combination

of fluid properties and meter characteristics produces a

deviation from an ideal of meter linearity and selection

should be governed by an assessment of the characteristics
of the turbine meters. —
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In considering metering at Deepwater Ports, it can be as-

sumed that a high degree of accuracy is desired whether

this be for custody transfer measurement or for comparison

with onshore metering stations , as a means of leak detec-

tion or for both. This high degree of accuracy is only

obtainable with frequent proving of each turbine meter dur-

ing operating conditions. In simple terms , the prover is

a mechanical fluid displacement device of precisely known

volume. The fluid passing through the meter is also passed

through the prover. The resulting comparison of the meter

output with the known volume of the prover provides a fac-

tor which can be applied to the output readings of the meter.

Subsequent provings will show the drift or linearity of

the meter and whether or not it is within the accepted tol-

erances.

Other factors which must be taken into account are temper-

ature and pressure variations. Turbine meters are viscosity

sensitive and for this fact alone temperature correction

factors are important. Other effects of temperature van -

ations would be to physically change the dimensions of the

meter and/or the prover. Pressure variations will have

similar effects by changing the physical dimensions of the

meter and prover. The proving of a meter is best done during

operating conditions when both the meter and the prover are

subject to the same temperature and pressure.

The electrical components associated with metering have

reached a high degree of sophistication and complexity , and

the use of computers is becoming more and more necessary .
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12260 Pigging (Fig. 2—21)

Crude Oil Transfer Systems may be provided with pipeline

pigging systems for cleaning the interior walls of the

pipeline , displacing the crude oil in the transfer system
with seawater or for segregating (batching) two or more
grades of crude oil transferred through the system
simultaneously.

Pigs are readily available in three d i f f e r e n t  shapes;
spheres, cylinders and discs (refer to Appendix E for

manufacturer ’s information).

The components of a piggina system are a launching
barrel , a receiving barrel , launcher and receiver pipline

valves , p ig detector switches , p ig diverter  f i t t i ngs  and
interconnecting small diameter piping to control crude

oil flow upstream and downstream of the pig at the
ba rrel .

Pigs move through the piping system as a result of the

d i f f e r e n t i a l  pressure which exists across the p ig upstream
and downstream . The velocity at which most pigs move
through a system , at least for large diameter piping ,

should be in the order of five to six feet per second

minimum .

Description of Pig Types - The following is a br ief

description of the three types of pigs readily available

and which could be used for  Deepwater Port Oil T r a n s f e r
system service.
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Pipeline Spheres - Pipeline spheres are hollow shell sphc~rn -
~~

fabricated of natural rubber , neoprene , nitrile , polyure-

thane or other materials  compatible with the carrier liquid.
The sphere is filled with glycol or other liquid suitable

for the service under pressure so that the outside diameter

of the sphere is slightly larger than the inside diameter

of the pipeline . The sphere is then forced into the pipe-

line under pipeline fluid pressure, slightly elongating the

sphere. This tight or “interference ” fit provides the seal

between the pipe wall and the sphere to prevent excessive

“leakage” of carrier liquid past the sphere as it moves

through the system .

Pipeline Cylinders - Pipeline cylinders are solid cylinders

usually fabricated of polyurethane . Most cylindrical pigs

are “bullet” shaped to assist in negotiating pipeline bends

and other fittings. The circumference of some cylindrical

pigs are manufactured with criss-crossing bands of hard

rubber n-~aterial which facilitates and improves the “cleaning ”

action of the pigs. Cylindrical type pigs have the capa-

bility of negotiating very short radius turns and , further ,

can be used to clean or segregate product in pipeline sys-

— tems having up to three line size changes in a given run.

P ipeline Discs — Pipeline Disc Pigs consist of a single

or multiple sets of discs , usually cup shaped , which

1ire connected end to end by articulated joints. Wire

brushes , if the pigs function is cleaning , are placed

between the cupped discs. The wire brushes are spring

loaded radially for the purpose of providing a force against

t h e  p i pe wal l  so that  the necessary cleaning action can be
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developed as the pig moves through the pipeline . For pro-
duct segregation (batching) additional cupped discs are
substituted for the brushes.

Pipeline discs may be used for other purposes such as line

scraping or gauging wherein scraper cups and discs are

employed to clean “encrusted” pipe walls (that brushes
cannot clean) or shear welding icycles and other internal
pipe projections to a given gauge (diameter).

Of the three types of pigs described above, the pipeline
sphere is most universally used for Deepwater Ports ser-
vice. It is expected that spheres will continue to be the

dominant pigs used for Deepwater Port Service,- hence , the

following description of a pigging operation will be limited

to spheres.

Pigging Operation - A brief description of a batching oper-

ation using pipeline spheres is presented below. It should

be noted that a step-by-step procedure for a particular

pigging operation may be somewhat different than herein

below described due to the type of pig employed or the par-

ticular receiver/launcher piping arrangement selected or

the type of product transferred . The batching operation

described is keyed to the launching and receiving diagram

(Figure 2—21) .

Launching

1. Open the drain line and ensure that the launching

barrel is completely empty of oil.

2. Open the hinged closure and insert spheres of correct

size for the pipeline , close the hinged closure and
secure.
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3. Close Valve B and open Valve A.

4. Lift launching pin and let the sphere roll down the

barrel into the pipeline past Valve A.

5. Open bypass Valve M to pressurize the barrel and to

apply positive pressure on the sphere to move it past
the tee connection at Va lve B.

6 .  Close bypass Valve M and Main Valve A.

7. Open Valve B to allow flow from the tanker to push
the sphere through the main pipeline .

Receiving

1. Valve D should be closed and Valve C open to allow

the liquid ahead of the sphere to be routed into the

pipeline.

2. When the first sphere detector signals the arrival of

the sphere, Valve D is opened and Valve C closed to

allow sphere to move into the barrel. The drain con-

nection in the receiving barrel is also opened to drain

liquid from the barrel.

3. When the second sphere detector located downstream of

Valve D signals the passing of the sphere, Valve D is

closed and Valve E opened to allow liquid behind the

sphere to flow into the other line .

4. Af ter Valve D is fu l ly closed , the drain connection in
the receiving barrel is lef t  open and liquid allowed
to drain out until the barrel is empty . Liquid drainage
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should be into an open funnel  so that  a visual  check
on the draining operation can be maintained and to as-

certain when the barrel is completely drained .

5. Remove the sphere from barrel for cleaning, storage

and reuse.

12300 Shutdown Offshore System (Fig. 2—22)

12310 Booster Pumping Shutdown

The sequential shutting down of a booster pumping station
( can begin when the ships ’ cargo pumps are replaced by the

- t small stripping pumps. At this stage, due to the smaller

quantities involved , only one booster pump would be in oper-

ation.

12311 Pressure Monitor

12311/01 Pressure Indicator

Refer to 11211/01

12311/02 Pressure Transmitter

Refer to 11211/02

12311/03 Pressure Recorder

Refer to 11211/03

02311/04 Pressure Switch

Refer to 11211/04
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12311/05 Alarm

Refer to 11211/05

12312 Temperature Monitor

• 12312/01 Temperature Indicator

Refer to 12212/01

12313 Flow Monitor

12313/01 Flow Element

Refer to 12213/01

12314 Flow Rate Controller

12314/01 Flow Transmitter

Refer to 12214/03

12314/02 Flow Controller

Refer to 12214/02

12314/03 Pressure Controller

Refer to 12234/03

12314/04 Signal Selector

Refer to 12234/04

12314/05 Flow Regula tor

Refer to 12214/04.
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12315 Pump Protection Devices

12315/01 Level Switch

Refer to 12235/01

12315/02 Vibration Switch

Refer to 12235/02

12315/03 Differential Pressure Switch

Refer to 12235/03

12315/04 Air Eliminator

Refer to 12235/04.

— 12315/05 Alarm

Refer to 12211/04.

12320 Pack System

12321 Valve Line-Up Indicator

12321/01 Remote Indicator

Refer to 12122/01

12321/02 Visual Check

Refer  to 12122/02

12322 Valve Line-Up Controller
- 

- 12322/01 Push Button Remote

Refer  to 12121/01.
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12322/02 Push Button Local

Refer to 12121/02

12322/03 Manual Local

IRefer to 12121/03

12322/04 Valve Actuator

Refer to 12121/04

12323 Pressure Monitor

12323/01 Pressure Indicator

Refer to 12211/01

12323/02 Pressure Transmitter

Refer to 11211/02.

12323/03 Pressure Recorder

Refer to 11211/03

12323/04 Alarm

Refer to 11211/04

12330 Drain and Slqp s Handling (Fig.  2-23)

The drain and slop system is not directly related to the oil
transfer system but since its malfunction could result in
a spill of crude oil , it has been included in this study .
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The purpose of this system is two-fold , primarily it deals

with the crude oil drained from the loading arms during

normal operations, secondly , it collects surface water which

could be contaminated with crude oil. An automatic puiupout

system empties the tank(s) into the main crude system. In

order to avoid overpressuring the transfer system with the
automatic pumpout, the system must remain open to a stor—

age tank onshore. If this is not possible , the automatic

feature must be disposed of and the emptying of the slop

tank becomes a manual operation .

12311 Drain Tank Level Monitor

12331/01 Level Switch

Refer to 12242/01

12331/02 Alarm

Refer to 12211/04

12340 Emergency Shutdown System (Fig. 2—24)

The emergency fac i l i ty, although rarely used , must be avail-
able and able to perform its function at any time. Not only

during dynamic conditions, but also during periods of no
flow. The actuating medium , like the surge system , is a

high pressure pneumatic supply, continuously monitored for

availability. The actual closure of the valve must be
timed such as to avoid the creation of a surge pressure

wave. Refer to Section 12240 - Relief of Pressure Surges.

The valve would be a ball type requiring only a 90° revol-
ution to travel from fully open to fully closed . The actuator
would be hydraulically driven and the primary energy would be
provided by compressed air or nitrogen .
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12341 Valve Position Monitor
12341/01 Remote Indicator

Description and Purpose - This remote indicator of valve

position is identical to that described under Section 12122/01.

However, the switches on the actuator are mechanically ini-
tiated by the movement of the valve.

12342 Valve Line-qp Controller

12342/01 Valve Actuator

Refer to 12241/01

12343 Valve Actuating Medium Monitor
12343/01 Pressure Switch

Refer to 12231/04

12343/02 Alarm

Refer to 12211/04

12400 Communication System (Figs. 2-25 , 2-26 , and 2—27)

The communication link between the offshore and onshore

facilities has to handle both voice and data information .

Two distinct types of communication are used : submarine

cable and radio. The distance involved has a bearing on

the choice. For those DWP ’s where offshore facilities

are a few miles from shore , submarina cables become uneco—
nomical , and all communications would be accomplished over

a radio system . Shorter distances generally involve both

radio for pure voice communciation and submarine cable for
voice (telephone) and data transmission . ~-7here large
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quantities of complex data are involved , the use of a multi-
plex coded system reduces the number of submarine cable con—

ductors required .

The direct wire type of submarine cable where each function
requires its own individual circuit is simple and uncompli-

cated . However , the number of circuits is limited by the

physical size of the cable .

An alternative method used with submarine cables is to code

the signals in such a way that a number of functions can be
transmitted over a single c~. .ictor . This system requires
an encoder and decoder at each end of the submarine cable.

Where distances are so great that a radio link has to be

used for all communication , a similar system of signal

coding or decoding will be required .

12410 Voice

12411 Wire

12411/01 Telephone

Description and Purpose - A standard “Private Automatic

Branch Exchange” (P.A.B.X.) comprising of a central exchange

with a system of stations distributed throughout the Deep-

water Port , both on and offshore. Those stations in hazar-

dous areas should be explosion proof. The purpose is to

provide a verbal communication system.

Reliability Spill Risk - Reliabi l i ty  of a good qual i ty sys-
tern is very high . No direct risk of an oil spill or fail-

ure.
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Potential Failure Modes - Component and circuitry failure

are most common.

Ef fec t s  of Failure - Loss of local verbal communications

Alternate Procedure — Use back-up radio communications.

12411/02 Submarine Cable

Description and Purpose - The link between the onshore and

offshore facilities which carries the various types of voice

and data communication signals. In order to protect the

cable from mechanical damage, from dragging anchors , etc.,

it should be either buried in a trench or jetted into the

seabed after installation . The specification for the multi—

core cable should include a continuous P.V.C. outer sheath

covering twisted steel wire armouring for strength and each

individual conductor must be P.V.C. insulated .

Reliability Spill Risk - A submarine cable probably suffers

the highest r isk of damage during installaiton. Following

a successful installation and testing procedure , the reli-

ability is high . Failure could result in loss of communi-

cations and the risk of an oil spill is oresent.

Potential Failure Modes - Mechanical damage by dragging

anchors is the most common cause of failure .

Effects of Failure - Loss of communications.

Alternative Procedure - Resort to radio communications.

12412/01 Two-Way FM Portable Radios

Refer to 11410/02.
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12420 Data

12421 Wire
12421/01 Encoder

Description and Purpose - Where numerous functions have to

be communicated , a multiplex system requiring the coding
of data is required . The encoder is the piece of equipment
in the system which accomplishes the coding of each separate
function for transmission along the submarine cable or radio .

Reliability Spill Risk — If well designed by an experienced

company and properly installed and tested , the r e l i ab i l i ty
will be high. There is a risk of an oil spill on failure.

Potential Failure Modes - Component and circuitry failure

are the most common modes of failure .

Effects of Failure - Incorrect data communicated which could
result in malfunct ion  of valves and other equipment , as well
as faulty display information.

Alternate Procedure - Operations should be terminated or

reduced and communciations by telephone or radio resorted

p 

to.

12401/02 Decoder

Description and Purpose - This piece of equipment in the

system decodes the signals coded by the encoder and is

usually built into the same enclosure. All other aspects

are the same as the encoder , refer  to 12421/0 1.
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12421/03 Submarine Cable

Description and Purpose - The specification for this cable

is identical to that described under 12411/02. The only

difference is that this cable is carrying coded signals.

12422 Radio

12422/01 Encoder

Refer to 12421/01

12422/02 Decoder

Refer to 12421/02

12422/03 R.F .  Transceiver

Description and Purpose - This is the microwave radio link

which replaces a submarine cable where distances are great.

However , it is limited to ‘line of sight” operation , so if
distances dictate it, repeater stations would be necessary .

The coded signals from the encoder are received and trans-
— mitted to the offshore facilities where they are fed into

the decoder , at the same time coded signals can be sent in
the other direction.

Reliability Spill Risk - First class equipment which can
tolerate a high degree of noise interference is very re-
liable. The risk of a spill is present on failure.

Potential Failure Modes - Component and circuitry failure

are the most common failure modes .
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Effects of Failure - Loss of communication and incorrect

data could result in an oil spill.

Alternate Procedure - Reduce or shut down operations and

resort to back-up verbal communications by V.FI.F. radio .

I
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13000 MOVE OIL THROUGH ONSHORE PIPING (Fig. 2—28)

13100 Line-Up Onshore System (Fig. 2-29)
13110 Line-Up Mani fold Valves (Fig. 2—30)

The large quantities and variations of crude oil imported

at Deepwater Ports from VLCC ’ s necessitates a number of
onshore storage tanks. Each tank will have its own pipe-

line which routes the oil from the shore end of the sub—

marine pipelines. A manifold of valves is required to

achieve the interconnection between the submarine pipelines

and the tank pipelines.

Each valve is actuated by an electric motor ‘actuator”

which drives tne valve through gearing between its limits

of open and closed . Each actuator has a system of limit

switches.

The primary function of the limit switches is to stop the

valve travel in both the fully open and fully closed posi-

tions. They also provide the switching which feeds back
information to the remote control centers and inhibits the

opening and closing of other valves. Each limit switch

can be set to open or close at any time during the valve
travel.

Interlocks become necessary where types of crude oil must

be kept separate and to avoid the accidental opening of
valves which would result in contamination.

Interlocks are an electrical circuit  which prevents a valve

being opened u r le s s  one or more other valves are closed .

The limit switches provide the switching that makes elec-

trical interlocking possible.
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13111 Valve Line-Up Monitor

13111/01 Remote Indicator

Refer to 12122/01

13111/02 Visual Check

Refer to 12122/02.

13112 Valve Line—Up Controller

13112/01 Push Button Remote

Refer to 12121/01.

13112/02 Push Button Local

Refer to 12121/02.

13112/03 Manual Local

Refer to 12121/03.

13112/04 Valve Actuator

Refer to 12121/04.

13112/05 Limit Switches

Refer to 12121/05.

13120 Tank Selection

13121 Tank Level Monitor (Fig. ~-3l)
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It is assumed that storage tanks at the shore end of a

Deepwater Port facility would be large (in order of 750,000

bbl . capacity) and, therefore , would have floating roofs.
Continuous reading level monitoring has reached a degree

of sophistication whereby accuracies are claimed in the

order to ± 1/8”. With the increase in tank diameters,

this amounts to a considerable quantity of oil, thus
making custody transfer measurements by this means un-

attractive. It is, therefore , normal for level instruments

to be used only for filling and emptying operations and to

alert operators to the dangers of overfilling or emptying .

13121/01 Level Transmitter

Description and Purpose - Basically , a level transmitter

consists of a spring loaded drum around which a tape is

wound , a float traveling inside a perforated pipe (still

well) is attached to the free end of the tape. As the

level rises , the slack in the tape is taken up on the

drum , the revolutions of the drum are determined electric-

ally and a signal is produced which is transmitted to

remote read out indicators. The purpose of the still well

is to prevent turbulence affecting the floats and tape,

thus producing spurious signals. In order to alert oper-

ators to the possibility of overfilling tanks , alarm

switches are fitted in the transmitter which initiate

alarms when predetermined levels are reached .

Transmitters should be housed in explosion proof housings.

Reliability Spill Risk - The effects of a corrosive at—

mosphere on electronic cards and components will cause

failure . Back-up level instruments minimize the risk of

oil spill.
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Potential Failure Modes - Failure of electronic components

and circuits together with float sticking due to fouling

on still well or build up of sludge are the most common
causes of failure.

Effects of Failure - Incorrect information of level trans-
mitted to remote indicators. Delays may occur while
fault is investigated and rectified.

Alternate Procedure - Due to the time which repair or
replacement of faulty transmitter will take manual reading

of levels at the tank transmitted by walkie/talkie to
control center is the only alternative .

13121/02 Local Indicator

Description and Purpose - The local indicator is driven

by the transmitter and is usually located at the bottom

of the tank. Depending upon the type chosen , the display

is usually digital in terms of feet and inches.

Enclosures should be explosion proof.

Reliability Spill Risk - This instrument is as reliable as
the transmitter. Circuitry or component faults caused by

corrosion will result in failure. There is no spill

risk involved.

Potential Failure Modes - Electronic component failure .

Effects of Failure - Incorrect locally displayed level

information would not result in any chain reaction
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Alternate Procedure - Repair or replacement of faulty

indicator .

13121/03 Remote Indicator

Description and Purpose — Remotely mounted in the central

control room , this indicator would usually be the digital

type . Where a number of tanks are involved , a selective
system would allow the interrogation of one tank level at

a time. These displays may not be driven directly by the

transmitter output but must be passed through a conversion
system making it simpler for the signal to be transmitted
and displayed .

Reliabil i ty Spill Risk - Well chosen and proven systems
and components would be reliable , however , in locations

prone to severe electrical storms, even these systems

prove unreliable. Incorrect display of level informat ion
could lead to an oil spill.

Potential Failure Modes - Electronic component or cir-

cuitry failures are most common.

Effects of Failure - Delays in pumping operations may occur
while investigations of the fa i lure  are made .

Alternate Procedure - If  fitted , a test button would con-

firm circuitry failure . Local reading of tank levels is

an alternate which will minimize delays.

13121/04 Level Switches

Description and Purpose - This level switch operates on

the principle of a float actuating a mercury switch in
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an explosion proof housing . The chamber in which the float
operates is external to the tank and can be isolated for

maintenance .

Reliability Spill Risk - Generally , very reliable , however ,
failure of the float will cause failure. An oil spill is
possible on failure of a high level switch.

Potential Failure Modes - Corrosion and leaking of the

float.

Effects of Failure - The alarm, either high or low, would
fail to alert the operator to potential trouble. Also ,

any automatic action such as the closing of valves or
stopping of pumps would not be initiated.

Alternate Procedure — Attention to the tank level displayed

in the control center and the taking of action to switch
tanks or stop filling would be the alternate procedure to

follow.

13121/05 Alarms

Refer to 12211/04.

13122 Tank Valve Controller

13122/01 Push Button Remote

Refer to 12121/01.

13122/02 Push Button Local

Refer to 12121/02.
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13122/03 Manual Local

Refer to 12121/03.

13122/04 Valve Actuator

Refer to 12121/04.

13122/05 Limit Switches

Refer to 12121/05.

13123 Tank Valve Monitor

13123/01 Remote Indicator

Refer to 12122/01.

12123/02 Visual Check

Refer to 12122/02.

13200 Move Oil To Onshore Storage (Figs. 2-32 & 2-33)

13210 Booster Pumping

13211 Pressure Monitor

13211/01 Pressure Indicator

Refer to 11211/01.

13211/02 Pressure Transmitter

Refer to 11211/02.
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13211/03 Pressure Recorder

Refer to 11211/03.

13211/04 Pressure Switch

Refer to 11211/04.

13211/05 Alarm

Refer to 11211/05.

13212 Temperature Monitor

13212/01 Temperature Indicator

Refer to 12212/01.

13213 Flow Monitor

13213/01 Flow Element

Refer to 12213/01.

13214 Flow Rate Controller

13214/01 Flow Transmitter

Refer to 12214/03.

13214/02 Flow Controller

Refer to 12214/02.

13214/0 3 Pressure Controller

Refer to 12234/03.
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13214/04 Signal Selector

Refer to 12234/04.

13214/05 Flow Regulator

Refer to 12214/04.

13215 Pump Protection Devices

13215/01 Level Switch

Refer to 12235/01

13215/02 Vibration Switch

Refer to 12235/02.

13215/03 Differential Pressure Switch

Refer to 12235/03.

13215/04 Air Eliminator

Refer to 12235/04.

13215/05 Alarm

Refer to 12211/04.

13220 Tank Switching

13221 Tank Valve Line-Up Monitor

13221/01 Remote Indicator

Refer to 12122/01.
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13221/02 Visual Check

Refer to 12122/02.

13222 Tank Level Monitor

13222/01 Level Transmitter

Refer to 13121/01.

13222/02 Remote Indicator

Refer to 13121/03.

13222/03 Local Indicator

Refer to 13121/02.

13222/04 Level Switches

Refer to 13121/04.

13222/05 Level Alarms

• Refer to 13121/05.

- 1 13223 Manifold Tanker Valve Line-Up Controller

13223/01 Push Button Remote

Refer to 12121/01.

13223/02 Push Button Local

Refer to 12121/02.

E-3.8l

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



-~~~~- - -.----- -~~~~~~~~~~~~~-~~~~---- ~~.- - - -~~~~

0

13223/03 Manual Local

Refer to 12121/03.

13223/04 Valve Actuator

Refer to 12121/04.

13223/05 Limit Switches

Refer to 12121/05.

13230 Metering (Fig. 2—34)

Refer to discussion 12250.

13240 Relief of Pressure Surges (Fig. 2—35)

Refer to discussion 12240.

13241 Surge Relief Availability Control

13241/01 Valve Actuator
t

Refer to 12241/01.

13242 Surge Relief Availability Monitor

13242/01 Level Switch

Refer to 12242/01.

13242/01 Alarm

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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13243 Relief Valve Pressurization Medium Monitor
13243/01 Pressure Indicator

Refer to 11211/01.

13243/02 Pressure Switch

Refer to 12211/04.

13243/03 Alarm

Refer to 11211/05.

13244 Relief Valve Pressurization Medium Controller

13244/01 Pressure Control Valves

Refer to 12244/01.

13300 Shutdown Onshore System (Fig. 2-36)

13310 Booster Pumping Shutdown

13311 Valve Line-Up Monitor

13311/01 Pressure Indicator

Refer to 11211/01.

133 11/02 Pressure Transmitter

L Refer to 11211/02.

13311/03 Pressure Recorder

Refer to 11211/03. 
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13311/04 Pressure Switch

Refer to 11211/04.

13311/05 Alarm

Refer to 11211/05.

13312 Temperature Monitor

13312/01 Temperature Indicator

Refer to 12212/01.

- 
- 13313 Flow Monitor

13313/01 Flow Element

Refer to 12213/01.

13314 Flow Rate Controller
- F 13314/01 Flow Transmitter

Refer to 12214/03.

13314/02 Flow Controller

Refer to 12214/02.

13314/03 Pressure Controller

Refer to 12234/03.

13314/04 Signal Selector

Refer to 12234/04.

E—3.84

- ~~~~~~~~~~~~~~~~~~~~~~~ ~~~- --~~~~~-~~~- -—- -— — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

~~~~~~~

- - 

——~~~~~~~~~~~~~~~~
—- -— - - -

~~~~~~~~~~
--—

~~



- — - - - .- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~— - — ---.—---- -

,~ di’.. . _ _,_ _.__,

13314/05 Flow Regulator

Refer to 12214/04.

13315 Pump Protection Devices

13315/01 Level Switch

Refer to 12235/01.

13315/02 Vibration Switch

Refer to 12235/02.

13315/03 Differential Pressure Switch

Refer to 12235/03.

13315/04 Air Eliminator

Refer to 12235/04.

13315/05 Alarm

Refer to 12211/04.

13320 Pack System

13321 Valve Line-Up Monitor

13321/01 Remote Indicator

Refer to 12122/01.

13321/02 Visual Check

Refer to 12122/02.
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13322 Valve Line-Up Controller
13322/01 Push Button Remote

Refer to 12121/01.

13322/02 Push Button Local

Refer to 12121/02.

13322/03 Manual Local

Refer to 12121/03.

13322/04 Valve Actuator

Refer to 12121/04.

13322/05 Limit Switches

Refer to 12121/05.

13323 Pressure Monitor
13323/01 Pressure Indicator

Refer to 11211/01.

13323/02 Pressure Transmitter

Refer to 11211/02.

13323/03 Pressure Recorder

Refer to 11211/03.
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13323/04 Alarm

Refer to 11211/05.

13330 Drain and Slops Handling

This system is primarily installed to deal -with the roof
drains of the tanks. If it is a practice at the terminal

being considered , then it has also to deal with water draw-

off from each tank. The slops would be a mixture of oil

and water and must be routed to a treatment and disposal 
—

system which is not a part of this study .

13331 Drain Tank Level Monitor

13331/01 Level Switch

Refer to 12242/01.

13331/02 Alarm

Refer to 12211/04.

13340 Emergency Shutdown System

Refer to discussion 12340.

13341 Valve Position Monitor

13341/01 Remote Indicator

Refer to 12341/01.

13342 Valve Line—Up Controller

13342/01 Valve Actuator

Refer to 12241/01.
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13343 Valve Actuating Medium Monitor

13343/01 Pressure Switch

Refer to 12231/04.

13343/02 Alarm

Refer to 12211/04.
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APPENDIX F - SCENARIOS

F-i. INTRODUCTION

The following scenarios have been chosen to illustrate the 
-

results of control system failure during dynamic conditions.

They have also been selected because they are three of the
few locations on an oil transfer system where an “open end”
exists and the failure of a control system would directly

result in an oil spill.

F-2 . ONSHORE STORAGE

FAILURE OF LEVEL ALARMS ON STORAGE TANK

Assuming maximum filling rate for 750,000 barrel tank =

75,000 B.P.H.

Assume size of inlet/outlet valve to be 36” with an actuator

giving a closure rate of 12” per minute.

Assume this valve is a gate valve with characteristics as

shown on attached graph (Fig. F-i)

Assume volume of tank roof to be 6,000 barrels.

Assume tank is 66 feet high (to upper rim) and contains
approximately 11,360 barrels per foot. Roof travels at

6½ feet per hour.

Primary - High Level alarm in Level Transmitter (13222/01)

fails, Operator not made aware of high level in tank.
(61.5 feet).

F-2 
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Secondary - High High Level switch (13222/04) fails to

actuate automatic shutdown of inlet/outlet valve. (Level

switch at 62 f ee t .)

Level will continue to rise unti l  roof is prevented from
rising by structures (approximately 1 foot below rim.) Oil

will initially come through the roof vents and support

guides and f ind its way to the roof drains and so to the treat-
ment and disposal system. The roof drain system is unable
to accomodate 75,000 B.P.H. so the oil level will continue

to rise until  it overflows the rim of the tank. At what

stage this is visually obvious is indeterminate but for
the purposes of this exercise , assume a period of 0 to 15

minutes before action is taken to close the tank valve .

The tank valve will take 3 minutes to close. If detection

of overflow is immediate , then quant i ty  of oil would be
approximately 3,000 Bbls. It can be seen that some 40

minutes must elapse after the primary failure before the

start of a spill. This is ~n extremely long time for the

failure to remain undetected bearing in mind that the

operator should be paying attention to the remote in-

dication of tank levels and should have some program of

tank filling and switching times. The chances of this

type of spill would be remote . Figure F-2 shows the magni-

tude of a spill vs. time for this scenario.

Any spill which did occur would be contained within the

diked tank area.

F— 3 OFFSHORE
12330

DRAIN & SLOPS SYSTEM

Assume drain and slops tank is full.
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Assume level switch failed at high level to start pump

and to initiate high level alarm.

Assume unloading of tanker just completed .

The final step before disconnecting the loading arms is to

drain the inboard section into the drain and slops tank .

The assumption that the level switch failed to start the

pump at high level would mean that the tank is full. When

the drain ialves to the loading arms are opened , the oil

will overfill the tank and cause a spill from the tank vent

pipe.

The magnitude of this spill could be in the order of 1,500

gallons for every 16” arm drained. Usually 4 loading arms

would be used making the maximum amount spilt 6,000 gallons.

F-4. OFFSHORE

SURGE RELIEF SYSTEM 12240

Assume oil importation in progress.

A series of events and failures have to take place in order

to result in a spill.

Assume firstly, that the surge system is full and that this

state has not been brought to the attention of the operators.

Secondly , that a condition of surge pressure must occur in

the oil transfer system.

The first assumption can only happen if:

F-4



a) The relief valves are passing oil due to the failure of
a PCV (Pressure Control Valve 12244/01) to maintain

the correct pneumatic pressure.

b) Normally this would alarm in the control room so it
has to be accompanied by the failure of a pressure

switch (12243/02).

c) As the oil filled the surge tank, the level switch
(12242/01) would initiate alarms, therefore, we must
assume that this instrument has also failed.

Usually the vents from surge tanks are large and taken to
the maximum possible height in order to dissipate vapors.

The normal operating pressures in the system would eventually
fill the vent and the situation would be apparent from the
resulting minor spill. However , if a surge pressure was
created in the system by the rapid closure of a valve or
the quick start or stop of booster pumps, the spill would
be considerably larger. The surge would not have to be of

the design magnitude since the leaking relief valve with its

reduced pneumatic pressure would relieve a surge below the

design set point. The magnitude of this spill is indeterminate

since it requires detection and action by an operator. The
worst situation would be at night when visual detection
would be greatly reduced.

However, the series of events which have to take place

before a spill can occur make it very unlikely.
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