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I. SCOPE

II.

III:

Instruments and controls are to be furnished in accordance with this
standard, and as indicated on the Engineering Flow Diagrams. In case of
conflict, this. standard supersedes proposal Engineering Flow Diagrams;
however, contract Engineering Flow Diagrams supersede this standard.
GENERAL

A. Instrument Terminology -

Terminology shall conform to ANSI C85.1 and C85.la, Terminology for
Automatic Control.

B. Flow Diagram Symbols and Instrument Identifications (Tag Numbers)
Flow diagram symbols and identification (tag numbers) for instruments
and controls shall be in accordance witnh ENG STD 60A3, (basically ISA
Std. S5.1). Additional symbols required for a specific project shall
be explained by additions to ENG STD 60A3 as issued for that project.

C. Instrument Index

An Instrument Index listing all instruments for the project and
produced by computer shall be furnished.

D. Package Units

1. The instrumentation requirements, when packaged or licensed units

are specified, shall conform to this specification wherever
possible. '

2. Local control panels for package boilers, ccmpressors, process
heaters, or other units requiring such panels, shall preferably be
furnishod by the cquipment vendor., The panels with the

instrumentation therein and the equipment it is to control shall
be tested as a unit wherever possible.

DESIGN REQUIREMENTS
A. General
1. Tagging
An identification tag shall be attached to each piece of
instrumentation equipment. The tags shall be of sturdy, stainless

steel or other equally weather resistant mwmaterial, permanently
fastened to the material with stainless steel screws or pins.

v8E- GEt "ON W40
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2. Painting

Manufacturer's standard colors shall be wused for all project
instrumentation, including visible portions of instruments mounted
on the control panel, unless otherwise specified.

3. Electrical Equipment and Enclosures

All electrical instrument equipment and enclosures for all field
mounted or local panel mounted electrical or electronic-
instruments (or instruments having electrical connections or
power) shall conform to the electrical classification assigned to
the area in which they are installed, and shall be suitable for
outdoor installation if required.

4§, Transmitters

a. In general, transmitters shall be of the force balance type or
other negligible displacement type, except where such devices
are not available or another type of device of proven superior
performance 1is available for a specific measurement. All
pneumatic transmitters shall be equipped with an air input
gauge as a part of the air supply filter regulators.

b. Process variable indication shall be provided for each
transmitter and 1local controller. This indication shall be
either direct reading, or the transmitter output in terms of
the process variable.

5. Transmission System
No process fluids of any type shall be piped into the control

room. Transmission of the process variable shall be by means of
electronic, electric, pneumatic, or thermocouple type instruments.
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Temﬁerature Instruments

1.

Strip chart multipoint temperature recorders shall be thermocouple

actuated. Recorder points shall not normally be checked by the
multipoint plant temperature indicator. The multipoint plant
temperature indicator shall be digital type, thermocouple
.actuated. Range span shall be suitable for use during plant
start-up. A multiplex system with remote multiplexers shall be
considered.

Board mounted temperature controllers shall use temperature
transmitters which are thermocouple actuated. Where required by
application, a resistance temperature element may be used.

Local temperature controllers having a temperature range span of
400 F (200 C) or less may use filled system transmitters, limited
to a maximum operating temperature of 1200 F (650 C), provided the
direction the instrument 1is driven in the event of capillary
failure does not create a hazardous situation.

Thermocouple instruments shall drive to a safe configuration on
thermocouple failure.

A separate thermowell with thermocouple connected to the
multipoint temperature indicator shall be furnished for checking

all resistance bulb type temperature transmitters for main panel’

mounted control applications.

A single thermowell with dual thermocouples shall be furnished for
indicator checking of thermocouple actuated pzanel mounted

controllers, transmitters for main panel mounted control
applications, or thermocouple actuated switches for main panel
mounted alarms and/or interlock circuits. In intrinsic safe

applications, a suitable thermocouple head with mechanical barrier
or a separate thermowell shall be furnished for checking purposes.

The construction and installation of '~ standard thermocouple,
thermometer, and test wells shall be in accordance with ENG STD
65B11. The standard thermowell, except pipe type wells, shall be
fabricated of Type 304 or Type 316 stainless steel (contractor
option), Where the nature of the fluid is such as to require other
material, the thermowell material shall be suitable for the
service.

Threaded thermowells shall have 2" (50 mm) lagging extention when
used with insulation for high temperature. Consideration shall be
given for thicker insulation in cold services.

V8E- 6€1 "ON W04
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10.

11.

12.

13.

14,

15.

16.

Thermowell lengths shall be as shown on ENG STD 65B11.1 through
65B11.10. Lengths have not been established for filled system
thermowells because of variations in the bulb dimensions.

Thermowells for dial thermometers and filled system instruments
shall be purchased with the instruments to assure proper fit.

Thermowell connections into piping or equipment shall be in
accordance with Section Q of this standard.

Flanged thermowells shall have flanges and weld filler of the same
material as specified for the thermowell only when the well and
flange form an integral assembly. Where piping specifications
permit a carbon steel flange, the well shall be threaded into a
blind flange and shall be backwelded if required.

With the exception of wells for bulb type elements, protection
wells and test wells shall be 0.26" (6.6 mm) bore to receive bi-
metallic or sheathed thermocouple type primary elements. Al
thermowells shall be drilled barstock (no built-up type wells)
except pipe type wells. .

Pipe type thermocouple wells with welded ends shall be furnished
for gas temperature measurement at fired heaters, boilers,
furnaces, flues, stacks, and large vessels.  This also includes
those wells used for multiple element thermocouple assemblies in
reactors, etec. Well material shall be suitable for the process
conditions.

Velocity and pressure rating calculations of a thermowell will be
performed and compared to the service conditions in those services
judged to be critical by the Foster Wheeler.

Thermocouples shall be furnished with terminal blocks enclosed in
a corrosion resistant metallic weatherproof head having a female
threaded, gasketed cover, Thermocouple elements shall be in
accordance with the ANSI Standard C96.1, "Temperature Measurement
Thermocouples." Mineral insulated metal sheathed (normally Type
304 stainless steel) thermocouples shall be used and shall be 1/4"
(6.4 mm) 0.D. For general service, the nominal thermcouple wire
size shall be 18 AWG but within the temperature 1limits as
recommended by the manufacturer,

Bi-metallic, fixed stem, dial type gauges furnished with well,
shall be used for local temperature indication. Where stem
lengths exceeding 24" (610 mm) are required, or where service
conditions dictate, thermometers of the filled capillary type may
be used. .



ENG STD 60A1

PAGE 6
REVISION 0
DATE May 1,

C.

1978

INSTRUMENTATION FOSTER \g\i’ WHEELER

PROCESS PLANTS DIVISION

Flow Instruments

1.

Primary Elements

a.

Concentric orifice plates shall generally be used as primary
elements for flow instruments. In general, Type 304 or 316
stainless steel (contractor option) orifice plates shall be
provided. Where the nature of the fluid is such as to require
other material, it shall be suitable for the service.

Orifice plates shall be in accordance with AGA Gas Measurement
Committee Report No. 3, "Orifice Metering of Natural Gas",
except they shall be 1/8" thick in sizes 14" and smaller, and
shall be 1/4" thick in sizes 16" and larger. - The minimum
orifice flange size shall be 2".

All primary element calculations shall be in accordance with,
"Principles and Practice of Flow Meter Engineering" by Spink,
AGA Report No. 3 or manufacturer's special formulas for
special elements. :

Orifices shall be sized so that normal flow rate falls at
approximately seven, and minimum flow not less than three, on
a 0-10 square root chart. Crifice meter differential range
shall be selected for a d/D ratio of 0.75 maximum, and 0.25
minimum. With 2" pipe and 20" (500 wmm) or 25" (650 mm) of
water column differential range, d/D ratios smaller than 0.25
may be used. In any case, actual orifice diameter shall not
be less than 0.25" (6.4 mm). A differential range of 100"
(2500 mm) of water, dry calibration, shall normally be used
for all liquid flow meters. For compressible fluids
differential range in inches of water shall not exceed the
normal upstream static pressure in psia, except that for
exhaust steam, approximately 15 psig (1.05 kg/square cm.), 50"
(1250 mm) range may ha used.

Special conditions may dictate the use of devices such as the
following:

(1) Eccentric or segmental orifice plates shall be used to
measure the flow of liquids which contain solids.

(2) Venturi tubes or similar types of flow elements may be

used to measure the flow of low pressure gases or liquids
where loss of pressure is an important consideration.

(3) Pitot tubes or averaging Pitot tubes such as Annubar may
be used to measure flow in certain applications and shall
be 8o indicated on the Engineering Flow Diagrams.

v8e-GE1 "ON WUO4
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2.

(4) Quadrant edge plates or segmental wedges where viscosity
conditions dictate.

Meter Runs

a. Line Sizes Up to and Including 10"
Weld neck orifice flange unions having flange taps and a
minimum rating ' of 300 1b RF shall be used. Orifice flange
taps shall be 1/2" NPT. Flanges shall be in accordance with
AGA Report No. 3, except as noted in paragraph III.C.1.b.
above. ’

b. Line Sizes 12" and Larger
Line flanges with radius taps shall be used in place of
orifice flanges. Radius taps shall be 1 pipe diameter
upstream and 1/2 pipe diameter downstream of inlet face. The
installation shall be in accordance with ASME Power Test Code
19.5, Part 5, Chapter U4, Flow Measurement and "Principles and
Practice of Flow Meter Engineering" by L.K. Spink.
Connections to piping shall be 3/4", with a 1/2" diameter
pressure tap hole.

¢. Metering orifices shall not normally be installed in 1lines
less than 2". If the line is less than 2", one of the
following devices shall be used:
(1) Swaged (2") meter run
(2) Certified meter run with corner taps
(3) Rotameter
(4) Integral orifice

Meter Run Installations

a.

Metering orifices shall be in a horizontal line if possible.
If not possible, the installation in a vertical 1line shall
always be upward for 1liquids and preferably downward for
gases.

Installation shall be 3in accordance with ENG STD 65B13.1,
through 65B13.3, TInstrument Piping ‘Standard.

Wnere limited spacing dictates, taps located 45 degrees from
the horizontal may be used.
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The minimum length of straight pipe preceding an orifice plate
shall be in accordance with AGA Report No. 3, except for those
installations not explicitly covered in the installation
sketches, in which case minimum runs shall be in accordance
with ASME Power Test Code 19.5, ©Part 5, Chapter 4, or API
Recommended Practice RP 550

All piping wupstream and downstream of orifices shall be in
accordance with the piping specifications. Specially selected
or machined pipe designed to meet AGA Report No. 3, paragraph
II11.B shall not be furnished,

Instruments

Locally mounted flow recorders with pressure pens shall be

provided for steam and fuel gas flows to main process units

only where shown on Engineering Flow Diagrams. Pressure taps
for pressure pens shall be taken from the downstreanm
connection. '

The flow of main charge and product streams to and from each
process unit shall be recorded as shown on Engineering Flow
Diagrams. Locally mounted meters shall be provided for
streams which are not flow controlled.

Force-balance or other negligible displacement type flow
measuring instruments shall, where possible, be selected for
all pneumatic or electronic transmitter services.

Bellows type manometers shall be used for 1local differential
pressure type indicating and recording instruments if an air
supply 1is not readily available in the area. Normally
differential pressure force balance transmitters with local
receiver instruments shall be used.

Differential pressure instruments shall withstand differential

pressures equal to full line pressure without zero or

calibration changes. Body materials shall be consistent with

the instrument piping material specification.
Rotameter type flow instruments may be used for the following:
(1) 1In pipe sizes 1 1/2" and smaller.

(2) For special applications in larger lines where solids are
present in the process fluid.

V8t-SE1 "ON WHOA
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(3) Where an operating flow range exceeds the ratio of 3 to 1
(maximum to minimum) . Normal rotameter rangeability is
10 to 1 and the meter shall be selected so that the
normal flow falls at at 50 to 60% of maximum range.

Special conditions may dictate the use of devices such as the
following:

(1) Turbine meter

(2) Magnetic flow meters

(3) Target meters

(4) Positive displacement meters:

5. Instrument Installations

a.

All differential pressure type flow meters are to be installed
in accordance with ENG STD 65B12.1 through 65B12.65. Normal
installation shall utilize a manifold (similar to Anderson
Greenwood MAT for close coupling and M1 for remote mounting)
and stainless steel tubing.

Force balance or other negligibie displacement type flow

transmitters shall be mounted at the process line, unless such
location makes the transmitters inaccessible.

Rotameters and rotameter transmitters shall be installed in a
manner which permits easy meter or float removal for cleaning
or repair purposes. Type and rating of end connections shall
be in accordance with the piping specifications.

Rotameters (except for purge meters, applications where

‘process conditions dictate otherwise, and in streams that can

be temporarily interrupted for service) shall have meter size’
gate block valves upstream and downstream, and a meter size
by-paso with gate valve.

For sealed installations, 4" (100 mm) seal pots shall be used
for bellows type instruments. No seal pots shall be used with
diaphragm type instruments.
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Liquid Level Instruments

1.

External displacement type level transmitters and controllers
shall normally be furnished for all pressure vessels in level
ranges equal to or less than U4 feet (1220 mm). Instrument cases
shall be rotatable with respect to vessel connections.
Connections on the instruments shall generally be 1 1/2" screwed
or 1 1/2% flanged, in accordance with the piping specifications.

Internal type displacement or ball float type 1level instruments
shall normally be furnished for open sumps and tanks. They may
also be used on pressure vessels uwnder special conditions of
extreme temperatures, high viscosity, 1liquids which could boil in
an external cage, corrosion, or where other similar process
conditions dictate their use. The design selected shall permit
removal of the instrument without the need for entering the vessel
for prior dismantling. The minimum mounting flange diameter shall
be 4», Stilling .wells shall be used where the liquid being
measured -1s subject to turbulence.

External differential pressure type level instruments shall be
furnished for pressure vessels in level ranges which exceed 4§ feet
(1220 mm), unless process conditions make such types undesirable,
and may be furnished for shorter ranges where accessibility makes
them preferable. Flange mounted differential type without bdlock
valve, or alternately internal displacer type, may be used where
process conditions or accessibility make these preferable
regardless of range. Flange mounted differential type shall have
manufacturer's standard size flanges; flange ratings shall be in
accordance with the vessel specifications.

¥here process conditions dictate and where shown on thne
Engineering Flow Diagrams, capacitance, radicactive, ultrasonic,
magnetic float, etc., type of instruments may be used.

Float and tape negator spring operated indicators may be used
where suitable and where high accuracy is required. Gauge boards
may be used on storage tanks where accuracy is not critical.

External ball float type level switches shall be flanged body type

to permit access to the float without removal of the cage from the
piping. Connections shall normally be manufacturer's standard
size screwed.

Displacer, float, and differential pressure type level instruments
shall have cages or bodies and trim material suitable for the
process fluid, the temperature and pressure conditions. Minimum
trim material shall be stainless steel or other alloy.

VBE-S€1L "ON WHO4
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8.

9.

10,

11,

12,

13.

14,

Gauge glasses shall be used for 1local level measurement and shall
be sized to cover operating level ranges, not abnormal extremes in
level, Where the level range exceeds 11 feet (3350 mm), the top
and bottom 40" (1020 mm) shall be covered. Where level is to be
controlled between the top and bottom 40" (1020 mm), a gauge glass
of suitable 1length shall also be furnished to cover the
controllable range.

Gauge glasses shall be armored reflex type for all services except
the following, where armored transparent type (without
illuminators) shall be used:

a. Interface between liquids.

b. Distillates below 25 degree API Gravity and all crude
residuals.

¢, Liquids contéining gum, sediment, or other solid material
which may coat the flutes of a reflex glass.

d, Liquids requiring protecting shields, such as steam above 300
psig (21.1 kg/square cm) or above 15% caustic solution.

Frost shields shall be used if the operating température is below
32 F (0 C).

Transparent and reflex gauge glass units shall normally be.
fabricated from standard length sections having 11 7/8" (300 mm)
visible length. The maximum unit length shall consist of five
glasses. When greater total wvisibility is required, multiple
gauge glass units may be installed either on the vessel or on a
pipe column., Chamber connections shall normally be 3/4" screwed.

Gauge glasses for low pressure vessels containing low temperature
non-flammable fluids, such as water or phosphate solutions, may be
tubular glass type in lengths not exceeding 30" (760 mm).

Level instruments shall be installed in accordance with ENG STD
65B14,1 through 65B14,40,

Connections on vessels shall be in accordance with Section III.Q.
of this standard below.
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Pressure Instruments (Including Non-Flow Differential Pressure)

1.

Main control room board mounted receiver pressure indicators shall
normally be furnished for main headers on live and exhaust steam,
fuel o0il, fuel gas, cooling water, plant air, and iastrument air
as shown on the Engineering Flow Diagrams.

Local pressure gauges shall be Bourdon tube type. ¥here range
requirements cannot be satisfied by Bourdon tube gauges, other
standard applicable elements shall be used.

Pressure measuring elements shall, in general, be Type 316
stainless steel except:

a.  Where the nature of the fluid 4is such as to require other
metal, the primary element material shall be suitable for the
service.

b. On receiver gauges and diaphragm sealed gauges, where bronze
elements may be substituted.

¢. On very 1low pressure ranges, such as for draft gauges or
barometrically compensated elements for absolute pressure
where alloy steel elements are not available.

Sockets shall be of the same material as the primary element and
shall be welded to the element using the same filler material,
Brass or bronze elements or sockets may be silver soldered. )

In general, standard pressure instruments and gauges shall be
furnished with full scale pressure ranges having the lower limit
of the range equal to zero gauge pressure. Suppressed range
pressure instruments may be furnished where required for
measurement sensitivity.

Locally mounted pressure gauges (except receiver gauges) shall be
4 172" (115 mm) size. Locally mounted pneumatic receiver gauges
shall be 3 1/2" (90 mm). Local electronic receiver gauge scales
shall be 2 1/2" (65 mm) minimum. Panel mounted pneumatic receiver
gauges shall be 4 1/2" (115 mm), except those mounted within the
graphic section which may be smaller.

Direct connected pressure gauges shall be provided with blowout
backs or discs. Solid front gauges shall be used on all services.

Wnhere seal elements are used, they shall be of the continuous duty
type, shall be directly connected to the pressure element, and
furnished as an integral part. The process connection on the seal
shall normally be 3/4" NPT.

vO€E-GEL "ON IO
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10.

1.

12.

13.
14.

15.

Standard gauge.stem size shall be 1/2" NPT, except receiver gauges
shall be 1/4" NPT,

A 1/2" pipe siphon shall be installed adjacent to pressure
instruments on steam and other high temperature services when the
instrument is close coupled and/or mounted above the tapping
point.

Pulsation dampers shall be furnished for all pressure instruments
and gauges on the discharge 6f reciprocating pumps, and on the
suction and discharge of reciprocating compressors and other
pulsating services.

Consideration shall bé given to the use of Sprague (or equal)
gauge savers on pressure instruments when the operating pressure
of the service to which the instrument is attached can rise above
the maximum working pressure of the instrument.

Pressure instruments shall be located so that the head of liquid
between the instruments and the point of measurement does not
exceed the manufacturer's limit of impressed static head.

Connections in piping or equipment for pressure and differential
pressure instruments shall be in accordance with Section III. Q of
this standard.

Pressure instruments shall be installed in accordance with ENG STD
65B15.1 through 65B15.51.



ENG STD 60A1
PAGE 14
REVISION 0.

DATE May 1, 1978

F.

1.

INSTRUMENTATION FOSTER @ WHEELRR

PROCESS PLANTS DIVISION

. Automatic Controllers

Control modes for other than self-acting regulator type local
controllers shall normally be on the following basis:

a. Single Mode (Proportional Band)

(1) Local level controllers
(2) Local pressure controllers

b. Two Mode (Proportional Band Plus Reset)
(1) All panel mounted controllers except temperature
(2) Local flow controllers
(3) Local temperature controllers
¢. Three Mode (Proportional Band Plus Reset Plus Derivative)
(1) All panel mounted temperature controllers
Controllers used for intermittent services such as anti-surge or
minimum flow by-passes shall be furnished with anti-reset windup

where necessary.

Where 4 pipe systems are supplied, the control modes shall be the
same as for a panel mounted controller for the same variable.

Bumpless transfer switching shall be provided between automatic

and manual on all controllers. Controllers shall have provision
for adjusting the manual output.

Controllers that receive a setpoint signal from an external source
shall come equipped with a local/remote setpoint switch, and
permit bumpless transfer between setpoint sources.

Control function settings, such as setpoint and manual output,
manual-automatic transfer switch, etec., shall be located on the
front of all panel mounted controllers.

Setpoint, process variable, deviation, and continuous controller
output indications shall be from the front panel of all panel
mounted controllers.

. Receiver controllers shall be either the indicating process type

with a separate or integral recorder, where a recorder controller
is specified, or shall be the indicating deviation type.

Panel mounted controllers shall preferably be of the self-
contained type with removable chassis.
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10.

Panel mounted instruments shall be provided with tag number
identification on both front and rear.

G. Recorders, Chart Drivers, Scales and Charts

1.

2.

Local recorders shall, in general, be of the large case type.

Chart drives for main board mounted instruments shall be electric
motors, Chart drives for locally mounted instruments and local
panel mounted instruments shall be electric motors conforming to
the electrical area classification assigned to the area in which
they are installed; or where electricity is not adequate to permit
use of synchronous motors, 7-day spring wound type may be used.

A 30~day supply of charté shall be furnished with each recording
instrument.

Scales and Charts

See following page.
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All charts and scales for direct reading instruments shall use the units shown
below. Charts and scales for other instruments shall have factors to convert to

the units shown below:

VARIABLE
Temperature

Pressure
Near Atmos.
Above Atmos.
Below Atmos.
Absolute

Level

Flow
Steam and Boiler

Feed Water
Liquids

Water

Gas or Vapor

Air and Nitrogen
Rotameters

Analyzers

NOTE:

ENGLISH UNITS

Degrees F

In. of water
psia

In. of Hg

psia or in. Hg
absolute

% of range for
Process; feet
and inches of
actual height
for storage
tanks where
precise
inventory is
required.

lbs/hr

U.S. GPM
U.S. GPM
SCFH*

SCFH#

Unit as above

pH, % oxygen,
ete.

METRIC UNITS

Degrees C

mm of water

kg/sq. em. G
mn Hg
" kg/sq. cm. Avor

mm Hg absolute

% of range for
Process; milli-
meters of actual
height for
storage tanks
where precise
inventory is
required

kg/hr

liter/min.
liter/min.
N cu.m./hr#®

N cu.m./hr#

Unit as above

pH, % oxygen,
ete.

SCALES

DR

DR

DR

DR

DR

0-100 un.

or ft. and

in. (mm)
0-10 s.r, #*#
0-10 s.r. %33
0-10 s.r. #zs
0-10 s.r. #%2
0-10 s.r. *a%
0-100 un. #*%
DR

® Defined as at 60 F and 14.7 psia or 0 C and 760 mm Hg.
#% pBirect Reading on transmitter.

#2# (0.100 uniform if transmission system includes a square root extractor.

DR - Direct Reading
s.r. - Square root

un. - uniform

CHARTS

0-10Q un.

0~-100 un.
0-100 un.
0-100 un.

0-100 un.

0~-100 un.

0-10
0-10
0-10
0-10

w WL L
o Sie B e |

0-100 un.

0-100 un.

Rl

43
ER-£
aan
L X2
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Transmission Systems

j.

General

a.

Local field mounted control loops shall be pneumatic.
Transmitters used with local field mounted control loops shall
be pneumatic.

With electronic control room instrumentation, pneumatic-~to-
current transducers shall be used where signals from local
pneumatic loops are transmitted to the control room.

Each field mounted transmitter, controller, control valve
positioner, and other air consuming device, shall be provided
with its own filter regulator air set.

Pneumatic Transmission

a.

'Output signal from all transmitters shall normally be 3 to 15

psig (or 0.20 to 1.00 kg/square cm), unless manufacturer's

"standard or other considerations require otherwise.

Instrument air connections shall be 1/4n,

M1 pneumatic receiver instruments and gauges shall normally
have receiver elements designed for 3 to 15 psig (or 0.20 to
1.00 kg/square cm) input air signal, unless manufacturer’'s
standard or other considerations require otherwise.

For flow or 1liquid pressure control where tubing length
between control room and field transmitter and/or valve
exceeds 350 feet (106,680 mm), and only if specified by Foster
Wheeler, the control mechanism my be located at the
transmitter or control valve.

Individual pneumatic transmission tubing shall be 1/4" 0.D. x
0.030" wall (4 x 6 mm) copper in accordance with the piping
specifications. PVC coated copper shall normally be used .if
the atmosphere is corrosive to copper. Aluminum or
polyethylene may be used as an alternative.

Individual tubes may be brought to field junction boxes and
bundled fire resistant polyethylene tube assemblies, Dekoron
Type B or equal, (with 10% spares) used between the junction
boxes and the control panel bulkhead fittings.
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Instrument tubing supports shall be fabricated in accordance
with ENG STD 68B11.1 through 68B11.14. Supports shall be
fabricated from standard structural members. Special shapes,
such as "Unistrut", shall be used only for clamp supports.

This standard dces not provide for special tubing troughs such

as "Instrof"“,. Messenger cable may be used for support of
bundled tubing where pipe racks are not readily available.

Small groups of tubes shall be supported either from the air
supply piping with messenger clips, plastic or metal strips,
or 1in tube race channels suitably braced to structural
supports.

Electronic Transmission

Regulatory Codes

(1) Unless otherwise specified, - all electrical , instrument
facilities shall comply with the applicable reguirements
of the latest edition of the National Electrical Code and
applicable local codes.

(2) Vhere applicable, the design and installation of the
: materials shall be guided by recommended practices of the
ISA and API RP 550, Part .I.

General

(1) Electronic panel instruments snall generally be
compatible with each other, with field 1instruments and
other devices used on the project, without the use of
signal converters. It is desirable that electronic panel
instruments, signal converters, function mecdules, etc.
be supplied by the same vendor.

(2) Signal ranges for electronic process control instruments
shall be 4-20 ma DC with common negative.

(3) Where possible, all field mounted electronic instruments
shall employ a true two-wire transmission system.

(4) Instruments -that are mounted in NEC, Class I, Division 1
locations shall be explosion-proof or intrinsically safe.
However, instruments that are nct readily available in
explosion-proof construction, such as some analyzers,
will be considered acceptable for Division "1 locations
when totally enclosed and purged with instrument air.
With loss of purge, the instrument will be de-energized

and an alarm circuit actuated per ISA S12.4 Type X.

v8E- SEL "ON WHOA
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(5) Instruments for Division 2 areas shall be treated in a-

(6)

(7)

(8)

(9)

(10)

(11)

similar way except that loss of purge shall only actuate
an alarm per ISA S12.4 Type Z.

Purging system design shall meet the requirements of ISA
STD 12.4 and NFPA 496.

Where specified as an intrinsically safe installation,
all -control room instrumentation and associated field
transmitters shall be solid state, intrinsically safe,
electronic type. All equipment, material, and
installation procedures shall be certified as complying
with the requirements of NFPA 493, and of the particular
vendor's approved design. Approval and/or certification
of intrinsically safe process control equipment must come
from a nationally recognized laboratory, such as UL, FM,
American Gas Association Laboratories, UL of Canada, CSA
Testing -Laboratories, etc. The primary instrument vendor
shall review and provide written certification that loop
schematics and wiring diagrams meet the vendor's system
design requirements. All instrument installations shall
satisfy any existing local codes. Intrinsic safety
through the use of barrier devices is desirable.

Electropneumatic transducers or positioners shall be

furnished for control valves which are operated by
electronic signals.

Instruments shall be suitable for operation from a
central power supply, either AC or DC as required.

Thermocouple and voltage signal receivers shall have an-

_input impedance of more than 100 times the impedance in

the rest of the circuit, This includes the wiring and
the output impedance of the signal source. :

Controllers, recorders, indicators, caomputer inputs,
alarm relays, etc., shall operate on voltage signal
measured across vendor-specified calibrated resistors or
other electronic devices.
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Power Supply for Panel Mounted Instruments

(1

(2)

(3)

(1)

(5)

Panel mounted electronic instruments may be provided with
or without integral power supply. Power supply for panel
mounted instruments and field wmounted transmitters shall
be located in the control house.

Instrument power transforming and stabilization system
shall be provided, as required.

Power supply back-up. system will not be provided except
where specifically defined in the Proposal or Job
Specifications.

Instrument power supply systems shall be designed in
accordance with the instrument vendor's recommendations.

In general, IC power 1is derived from AC power by
rectifying and filtering. The output of this power
supply shall be regulated for AC line variations in
accordance with instrument vendor's specifications.

Electronic Transmission Wiring

(1)

Installation of thermocouple lead and electronic

transmission wiring shall be in accordance with ENG STD
604A2. :
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J. Alarms and Signals

1.

Alarm and signal systems shall be considered those audible and
visual requirements for alerting operating perscnnel of the need
to take corrective process action or to be advised of an operatlng
condltlon which is deviating from preset limits.

Alarm and signal elements shall be actuated from pneumatic or
electronic receiver switches located in the control room where
there is a receiver instrument on the instrument panel. Where the
loop is local only with remote alarm, the switch shall be located
in the field. Where there is no transmitted signal, alarm and
signal elements shall be actuated from a separate primary
instrument.

The alarm and signal system shall be solid state and shall include
back-lighted window annunciators, horn or buzzer, signal
acknowledgement, test and reset (where 'required) buttons for
indication of an abnormal operation condition on the main panel,
and back-lighted window annunciators or bull's-eyes on local
panels. 20% spare unequipped alarm windows shall be provided.

All trouble contacts actuating alarms shall be initiated by the
opening of contacts which are closed during normal operation.

Enclosures for field mounted electrical instruments shall be rated
in accordance with the electrical classification assigned to the
area in which they will be installed and shall be suitable for
outdoor installation, 1f required.

Alarms shall operate under the same condition as the equipment
they protect, such as through power failure; i.e., 1if equipment
continues to operate through power failure, its associated alarms
must also operate through power failure.

Where one abnormal condition may cause a sequence of events
resulting in - several alarm signals at almost the same time, a
"first-out" system shall be furnished. As an example, the
initiating abnormal conditions are indicated by a flashing light

. and subsequent abnormal conditions are indicated by flashing at a

different rate until the upset is acknowledged. When the alarm is
acknowledged, the audible device will be silenced, but the alarm
light shall still be distinguished from the subsequent alarm
lights, acknowledged or not acknowledged.

All devices which shut down major items of equipment shall alarm

at the time of shutdown, on a first-out sequence annunciator =~

system as described in Paragraph III.J.7 above. This must be in
addition to any pre-shutdown alarm.
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Installation cf intrinsically safe alarm and signal wiring shall
be in accordance with ENG  STD 60A2. Installation of
nonintrinsically safe alarm and signal wiring shall be in
accordance with ENG STD 70A1.

gency Systems

Emergency systems shall be considered those requirements for
initiating automatically an action to oprevent a hazardous
condition or situation from developing, or to prevent or reduce
further operating upset.

The emergency system shall be of the normally energized type,
i.e., actuation of emergency action shall be initiated by the
opening of contacts which are closed during normal operation.

Emergency system (trip) elements shall be actuated from Separate
primary instruments, except in flow measurement, differential
pressure measurement, and analyzer applications, in which case
associated primary instruments may be used. Emergency system
(trip) elements shall be furnished with SPDT switches. Where an
alarm and a trip function are actuated from a common primary
instrument, the common element shall actuate a2 DPDT isolating
relay. Trip element contact ratings shall be suitable for the
devices they are actuating, e.g., electrical switch gear.

Enclosures for field mounted elecirical instruments shall be rated
in accordance with the electrical classification assigned to the
area in which they will be installed and shall be suitable for
outdoor installation, if required.

Protective devices shall be independent of all other
instrumentation. Shutdown interlock (protective) systems shall
have a separate, isolated power source.
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L.

Control Valves

1.

Wherever practical, all control valves shall be of the spring and
diaphragm pneumatically actuated type. Consideration of piston
type actuators, with or without helper springs and/or fail-safe
capacity tanks, shall be given for special applications if their
failure cannot jeopardize plant safety. Control valve trim and
body style shall be determined by the application.

Control valves shall usually be sized for a normal flow at no more
than 703 of the capacity of the valve, with no less than one
quarter of the total system friction pressure drop or 108 of
operating pressures to 1000 psig (70.3 kg/square cm), whichever is
greater, alloted to the valve. Above 1000 psig (70.3 kg/square
em) a lower percentage of the operating pressure may be used for
valve differential pressure depending on process and control
considerations. Butterfly wvalves shall be sized for a maximum
flow at 60 degree angular opening, except for a characterized vane
valve (such as the "fishtail”) which may be sized at 90 degree
angular opening. Three-way valves shall be sized to pass maximum
flow through either port with minimum available pressure drop

through the same port. ‘

A noise prediction calculation shall be performed for all control
valves. A mechanical or piping modificaton, or both, shall be
made to conform to 0.S.H.A. regulations in Socund Pressure Level
(SPL) so as not to exceed 90dBA at 3 feet, the plant noise level
or more restrictive regulatory rules which apply. Where the noise
level exceeds this limit, noise abatement procedures or mechanical
valve modification, or both, or special valves, shall be used.

Diaphragm motors normally shall be the fully enclosed spring type.
Springs shall have linear characteristics permitting full stem
travel under operating conditions for signal air pressure range of
3 to 15 psig (0.2 to 1.0 kg/square cm) or 6 to 30 psig (0.4 to 2.0
kg/square cm). Springs shall be corrosion resistant and shall
have a readily accessible adjusting nut. Stem position indicators
shall be provided.
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The valve actuator shall be sized to fully stroke the valve
against the unbalanced forces acting on the valve plug and stem
when the differential pressure across the valve is equal to 1109%
of the normal operating upstream pressure or the maximum
differential pressure that can be experienced in the field (e.g.,
maximum torque requirement of a butterfly valve; shutoff pressure
of a pump during start-up with the receiver at atmospheric

pressure or vacuum), whichever is greater. In addition to these
forces, allowance shall be made for hysteresis in the movement of
the valve components and weight of the moving parts. Loading
relays shall not be used to increase stem force in lieu of larger
size topwork. Any combination of loading relay and topwork
requires Foster Wheeler appraoval. The valve vendor's standard
method of actuator sizing may be used. The cold bench set of the

valve spring shall not vary by more than 10% from the spring range
requirements for operating pressure.

The minimum size for control valves shall ﬁormally be 1" in line

sizes 1™ and larger. In lines smaller than 1", 2a -line size
control valve shall normally be furnished. Valves 1t 1/4m, 2 t/2n,

~and 5" shall not be used. Reduced trim shall be specified when

10.

the required valve capacity is below these sizes.

Normally, all control valves shall be flanged, except valves such
as butterfly, rotary, or ball may be wafer type designed to fit
between companion flanges. All flanged control valves shall have
face-to-face dimensions in accordance with ISA RP 4.1 wherever
practicable,.

Control valves in process services shall have steel bodies unless
the piping specifications require alloy. In water, air or low
pressure steam lines where the piping specifications permit,
control valve bodies may be cast iron.

The minimum flange rating for valves 4" size and smaller shall be
300 1b RF in accordance with ANSI B16.5 for steel or alloy valves,
and 250 1lb RF in accordance with ANSI Bi16.1 for iron body valves.
For larger sizes the pressure rating shall conform to the piping
specifications. The rating for butterfly valves shall conform to
the piping specifications, regardless of size.

Control wvalve trim shall be stainless steel as a minimun.
Hardened stainless steel or stellite facing shall be furnished for
valve plugs, seat rings, guide posts and bushings for pressure
drop which exceed 150 psi (10.5 kg/square cm), flashing liquid
services, and for fluids which contain solid particles. c
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11,

12,

13.

1,

Control valves shall be furnished with packing glands and teflon
or teflon-asbestos packing for operating temperatures below 450 F
(232 C). For 450 F (232 C) and above, asbestos packing with
grease seal lubricator, and isolating valve shall be furnished.
Selected vendor's recommended packing for this service may
supersede this Paragraph.

Radiation extension bonnets shall be provided for operating
temperatures of U450 F (232 C) or higher and for operating
temperatures of 32 F (0 C) or lower. Selected vendor's
recommendations may supersede this Paragraph.

Double-seated globe type control valves shall be top and bottom
guided. Single-seated globe type control valves shall be top, top
and bottom, or cage guided.

Pneumatic valve positioners shall have 3 pressure gauges (2 for

electropneumatic). Bypass valves shall be provided except on
split range positioners or where the operator is other than 3-15
psig (0.2 to 1.0 kg/square cm). Valve positioners shall be

furnished for throttling automatic control valves only under the
following conditions:

a. Slow response service, such as temperature or averaging liquid
level control.

b. Venturi throat, three-way, and butterfly valves.

¢, Unbalanced single-seated valves larger than 1%.

d, Valves in split range services.

e, Coking, crystallizing, gumming, or slurry service.

NOTE: For fast response services where valve positioners cannot
be used, but where the operator is other than 3-15 psig (0.2 to
1.0 kg/square cm) and/or where an increased volume of air to the
operator is required to increase valve stroking speed, an
instrument air relay or a volume booster may be required.

All control valve bodies 1 1/2" size and smaller shall be

furnished with block and bypass valves in accordance with
Paragraph III.L.17 below,
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17.

LINE SIZE:

CONTROL
VALVE SIZE

172
3/4

]
1172
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Control valves in corrosive, erosive, or other services shall be
furnished with block and bypass valves only where shown on

Engineering Flow Diagrams. A corrosive service shall be defined
as one in which the process fluid is more corrosive to the wetted
parts of the valve than to the piping. Erosive service shall be

defined as one where the line fluid contains solids or where the
normal operating pressure drop across the control valve exceeds
150 psi (10.5 kg/square cm). '

Normally, when the control valve is 2" or larger and except when
the above Paragraph III.L.15 applies, block and bypass valves
shall be omitted. The control valve shall be furnished with a
continuously connected handwheel operator except for rotary-motion
type valves and electrical motor-operated valves which may use
declutchable handwheels if necessary.

Size of block and bypass valves shall be determined by the size of
the control valve body and line size per the following table:
RECOMMENDED MINIMUM BLOCK AND BYPASS VALVE SIZING

FLEXIBLE DESIGN

172 3/4 1
VALVE VALVE VALVE
BLOCK BYPASS BLOCK BYPASS BLOCK BYPASS
172 172 3/4 3/4 1 1
- - 3/4 3/4 1 1
- - - - 1 1
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LINE SIZE: 1 1/2 2 3 y
VALVE VALVE VALVE VALVE
CONTROL BLOCK BYPASS BLOCK BYPASS BLOCK BYPASS BLOCK BYPASS
VALVE SIZE
1/2 1 1/2 1 1/2 - - - - - -
374 1172 1 1/2 2 2 - - - -
1 1 1/2 1 1/2 2 2 2 2 - -
1 1/2 1 1/2 11/2 2 2 2 2 3 3
2 - .- 2 2 3 2 3 3
3 - - - - 3 3 4 3
y - - - - - - L 4
6 - - - - - - - -
LINE SIZE: 6 8 10 12
VALVE VALVE VALVE VALVE
CONTROL BLOCK BYPASS BLOCK BYPASS BLOCK BYPASS BLOCK BYPASS
VALVE SIZE
1 1/2 - - - - - - - -
2 L 4 - - - - - -
3 y y 6 6 - - - -
4 6 y 6 6 8 8 - -
6 6 6 8 6 8 8 10 10
8 - - 8 8 10 8 10 10
4] - - - - 10 10 12 10
12 - - - |- - - 12 12
NOTE: All sizes in inches

a.

Bypass valves shall be globe type in sizes up to and including 4"
bypass valve size, and gate type in sizes larger than 4v.

Block and bypass valves and manifolds shall not be larger than main
line size.

Increase bypass valve body size one size where control valve body
is butterfly design (only when globe valves are used as bypass).

On flashing service or wheke the control valve outlet main line
size is greater than the control valve inlet main 1line size, the
outlet piping from both the control valve and bypass valve, and the
downstream block valve itself, shall be no smaller than one size
less than outlet main line size.
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Screwed or socket weld control valves, if used, shall have flanges
or unions immediately adjacent to the valve for removal purposes.

A 3/47" drain consisting of pipe nipple and gate valve shall be
provided immediately upstream for each control valve,

Hand control valves shall have the same characteristies as motor-~
actuated valves except for the handwheel and fine-threaded stem.
Valve position indicators mounted on the actuator yoke shall be
furnished.

Self-actuated regulators may be used for services where a
variation of 10% above or below the set point is not
objectionable. Special sizing is required to maintain these
allowances. 4

Use of self-actuated regulators may require exceptioné to
Paragraphs III.,L.8 and III.L.9 above.

All control valve arrangements and details shall be in accordance
with ENG STD S0B16.1, 50B16.2, SOR16.3 and in accordance witnh the
Engineering Flow Diagrams.
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M.

Pressure Relieving Devices

1. The selection, sizing, design, and instailation of relief valves,
rupture discs, and relieving systems shall be generally in
accordance with API RP 520; Sections I and ViII of the ASME Boiler
and Pressure Vessel Code, or any other applicable piping or vessel
code, In general, valves shall have metal-to-metal seating
surfaces. Soft seats, linings, etc. may be required for special
services such as slurries. :

2. All relief valves except those on water, steam, and air shall, as
a minimum, be steel with stainless steel disc and guides.

3. Relief valves on water, steam, and air may be furnished with iron,
" brass, or bronze bodies as allowed by the piping specification for
the service conditions.

4. Thermal expansion valves will be provided only when shown on the
Engineering Flow Diagrams.

5. Refer to ENG STD 5041 for relief valves on turbine sxhaust piping.

6.' Tank venting shall be provided in accordance with the API Std.'
2000, "Venting Atmospheric and Low-Pressure Storage Tanks." ’

7. All vrelief valves shall be manufacturer's standard types as

recommended for the specified services. These valves 3hall
conform to the following:

a. API Std. 526 -~ "Flanged Steel Safety Relief Valves" for materials

and sizes on flanged valves

b. API Std. 527 - "Commercial Seat Tightness of Safety Relief Valves

with Metal-to-Metal Seats" for permissible leakage

Relief valves which discharge to the atmosphere through discharge
piping shall have the pipe extend at least 10 feet (3050 mm) above any
platform or working area within a 25 feet (7600 mm) radius of the
point of discharge. Relief wvalves shall have a minimum of piping
between the protected line or equipment and the valve inlet. The low
point of the outlet piping shall be provided with a 3/8" (10 mm)
minimum weephole when discharging to atmosphere. The end of
atmospheric vents shall be square across the end. The inlet to each
relief valve and all vents connected to closed systems shall drain

- away from the valve.
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N. Control Panels

1.

2.

10.

11.

12.

The control room shall house the main control panel.

The control room shall have a "General Purpose” classification.
The general arrangement and dimensions of the main instrument
panel shall be in accordance with Type "A"™ as illustrated

hereafter in this standard.

Ml other auxiliary instrument panel boards, such as those

‘furnished for local location near equipment items, shall be Type

"Aﬂ or "B" .

Fabrication and finishing of all instrument panels shall be equal
to that specified in ENG STD 64A1. = Except on panel Types "C" and
"D", the instrument bezels shall be finished with manufacturer's
standard color.

Instruments shall be 1located on all panels for convenient
observation and operation. As far as possible, the horizontal
instrument arrangement shall follow the process flow path from
left to rignt, :

Instrument density on panels allows for at least 5% spare panel
instrument space for future instruments.

Process lines and symbols for panel Types "C" and "D" shall be
removable adhesive-backed plastic. Alternatively, other raised
lines and symbols made from aluminum or formica may be used.

Engraved identification plates shall be provided for ali
instruments except where provided as part of the instrument.

Instruments shall be provided with tag number identification on
both front and rear.

One twelve-hour electric motor clock shall be furnished for each
control room.

Refer to ENG STD 47A2 and 4743 for front and rear panel clearance
dimensions. .
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P. Analyzers

1.

10.

Analyzers shall be furnished in accordance with the Engineering
Flow Diagrams.

Analyzers with their sampling systems shall be normally purchased
as installed systems, with provision for start-up and operating
responsibility by the analyzer vendor or subcontractor. Necessary
calibrating gases and/or 1liquids shall be part of this purchased
package.

Analyzer installations shall generally be in accordance with API
RP 550, Part II.

Where required, analyzers shall have a dedicated recorder suitable
for calibration and display.

The sampling system shall generally conform with API RP 550, Part
II. The system shall preferably be obtained from the analyzer
vendor. If this is impractical, the system design shall be
supplied or approved by the analyzer vendor. Each proposed sample
system shall be described in detail, in writing, for final Foster
Wheeler approval prior to purchase.

Provision shall be made for manual injection of a standard sample
for calibration and check purposes.

Refer to API RP 550, Part II, for a description of sample probes.
An ASTM type nozzle shall be used for liquids and the typical gas
sample probe for gases. If threaded joints are not applicable,

use 1 1/2" flanged connections.
The analyzer operation shall not be affected by:

2. Ambient or sample temperaturc fluctuationa.
b. Barometric or sample pressure changes.

A1l materials shall be suitable for the sample stream and the
surrounding atmosphere.

Where specified, analytical detector systems shall be installed in
noncombustible, weatherproof, heated, well ventilated and/or air
conditioned walk-in type houses provided with all necessary
utilities and with sufficient space for adequate access to all

parts of the analyzer. Analyzer installation shall be located to
minimize obstruction to other equipment.
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The minimum specifications for the above analyzer buildings shall
be as follows:

a. Steel frame, galvanized (16 gauge) siding and roof, sheet

steel door. Heat (25 psig or 1.76 kg/square cm steam) 1is
required to maintain 60 F (16 C) when the ambient temperature
is 33 F (0 C). Provide gravity ventilation for air
circulation. Provide adequate lighting. Provide a floor
drain.

A power isolating switch shall be included at the local analyzer
installation in the field and also in the control roon.

Where applicable, analyzer buildings may be furnished by the
analyzer vendor as subcontractor,
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Connections for Instruments on Vessels and Piping

Temperature Wells (see Note 9)

Piping and Vessels

600 1b and 800 F or lowef carbon steel

Alloy for hydrogen service
Above 600 1b and 800 F
All lined piping or vessels '

Stainless steel piping or vessels

Duct or stack
Orifice Piping
Flange Taps (below 900 1b}

Flange Taps (900 1b and above)
Pipe Taps

Pressure Taps (inclqding diff. press.)

Piping
Vessels
Duct, Stack, or Heater Wall

Level Instruments

External Displacer
Internal Displacer
Diff. Pressure Taps
Diff. Pressure with Dip Tube
Diff. Pressure, Flange Mounted
Flush Diaphragm
Diff, Pressure, Flange Mounted
Extended Diaphragm
Internal Ball Float
3 1/2" Q.D. Ball
5" 0.D. Ball
Level Switches, Internal Float
Level Switches, External Float

Dielectric Probe and Conductivity

1" serd. (1) (6)

1 1/2" flgd.

1 1/2" flgd. .

1 1/2" flgd. (except where
minimum size is 2") '
1 1/2" flgd.

1 1/2" serd.

1/2" serd. (3)
374" serd. (3).
3/4" serd. or S.W. (3) (&)

3/4" serd. or S.W. (4)

3/4" serd. or S.W. (10)

1 1/2" serd. (with sleeve
thru refractory if required)

1 1/2" serd. or S.¥. (1)

4n flegd.

3/4" scrd. or S.W. (10)
v flegd.

Mfr. Std.

Mfr. Std.

4n flgd.

6" flgd.

yr flgd.

1" Serd. or S.W. (10)
Mfr. Std.
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Gauge Glasses

Gauge Glass only 3/4" serd. or S.W. (10)
Single Gauge Glass, where piping -

projection exceeds 15" 1 1/2" scrd. or S.W. (10)
Gauge Glass and Displacer 2" flgd.
Gauge Glass Standpipe 2" flzd.
NOTES:

1.

10.

If screwed or socket weld connections are not permitted, 1 1/2"
flanged connections shall be furnished.

If screwed or socket weld connections are not permitted, 2"
flanged connections shall be furnished.

For horizontal meter runs, orifice taps shall preferably be
located on the horizontal centerline for liquid steam services,
and on the top vertical centerline for gas services. Where piping
clearances are a factor, taps may be located 45 degrees from the
horizontal centerline, above or below as indicated by the location
of the differential pressure measuring device.

The type of connections for pressure taps shall coanform to the
appropriate piping specifications. -

Materials  of construction shall be as per the piping
specification. )

No back-welding of threaded connections shall be permitted.

Ratings of all flanged connections shall conform to the
appropriate piping or vessel specification.

1/2" hole drilled in pipe wall.

Connections for multipoint thermowells, retractable, purged and
skin temperature thermowells shall be selected to suit
manufacturer's standard equipment.

If screwed or socket weld connections are not permitted, in
flanged connections shall be used.

Vv8E-S€L "GN WHOA
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R.

Instrument Air Supply

1.

The main instrument air supply shall be furnished without

interruption from other general air user requirements. The
instrument air supply shall be distributed at nominally 100 psig
(7.03 kg/ square cm). An instrument air supply drier system

designed to deliver 110% of maximum system requirements shall be
supplied.

Instrument air shall be dehydrated to a dew point of approximately
4O F (4.44 C) below area average cold season temperature.

For ten or more pilot users the dry air supply to a control panel
shall be from a single pressure reducing station, with filter,
upstream and downstream block valves. A spare reducing valve,
filter and block valves shall be piped in parallel. All piping
downstream of these filters shall be brass. The headers back of
each board shall be brass pipe with 1/4" fitting brazed to the
pipe for individual instrument air supply.

Air supply piping to locally mounted instruments, small auxiliary
panels, and panels with less than ten air pilot users shall
conform to the piping specification, and each shall be fitted with
an individual combination air supply regulator and filter.

-
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S. Accessibility

1.

Connections shall be located for maximum convenience in operating
and servicing the instruments. The following general rules shall
be adhered to, unless limited by other reguirements in the design
of the unit:

a.

Connections shall be oriented so ‘that instruments or piping
will not obstruct aisles or platforms.

Control valves shall be accessible from the ground, platforms,
or permanent ladders. Clearance shall be allowed between the
top of the diaphragm and the underside of the nearest
obstruction above it for the removal of the diaphragm.
Special clearance shall not be provided for removal of valve
trim. Clearances for handwheel operators and valve
positioners shall be considered in accordance with the valve
vendor's drawing (see ENG STD 5041).

Primary measuring elements for instruments operating in
conjunction with control valves shall be lccated so that the
instrument can be mounted close to the control valve without
excessive length of meter leads. Local instruments operating
in conjunction with control valves shall be located, when
feasible, so that they are visible from the control valves.
Wnen not feasible, a receiver gauge shall be mounted visible
from the control valve.

Connections for local pressure gauges, dizl thermometers, and
test wells shall be 1located so that gauges will be at a

- visible level and test points will be readily accessibie.

Orifice for pedestal mounted flow meters (except in air or gas
service or underground lines) shall be located at a minimum
elevation of 7 feet (2135 mm) above grade or platform to allow
the meter leads to slope to the instruments.

Orifices and line mounted flow transmitters, as well as
thermocouples, which are located less than 22 feet (6705 mm)
above grade shall be accessible from portable ladders. Above
22 feet (6705 mm) they shall be accessible from walkways,
ladders, platforms, and/or portable platforms.

Clearance shall be provided at orifices for valves, pots, or
instruments which may be located at the line.

Connections on vessels for gauge glasses and level instruments
shall be oriented to minimize the effect of inlet and outlet
streams on the instruments.

v8eC- G€L "ON WHOH
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J. Gauge glasses and level instruments shall be adjacently
located and, if possible, the gauge glass shall be visible
from any valve which controls the level in the vessel.

k. All instruments requiring adjustment shall be accessible for
servicing from grade, walkways, ladders, or platforms.
Accessibility from the ground shall be from a portable ladder.
In addition, transmitters may also be accessible from portable
platforms.
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T.

U.

V.

(1)

Ws

Winterization
See ENG STD 8541, 85A2.

Inspection

FOSTER \Eﬁ!} WHEELER -

PROCESS PLANTS DIVISION

For shop inspection requirements, refer to the Purchase Order.

Field Testing and Calibration

See ENG STD 60D1-Field Evaluation,
Instruments.

Panel Types

See foliowing pages.

Testing

and Calibration

of
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Latest editions or revisions of the following documents are referred to in
this standard:

A, Foster Wheeler Standards

1.

2.

3
b,

9.

10,

1.

12,

13.

4,

16.

ENG

ENG

ENG

ENG

ENG

ENG

ENG

ENG

ENG

ENG

ENG

ENG

ENG

ENG

STD 4742, Standard Building Specification, Control House,

STD

STD

STD

STD

STD

STD

STD

STD

STD

STD

STD

STD

STD

STD

STD

50B16.1 through 50B16.3 Piping Reference

Concrete Rlock Wall, Flat Roof

47A3, Standard Building Specification, Control House,

Concrete Block Walls, Peaked or Sloped Roof

50A1, Piping

Standards,
Control Valve Arrangement

6042, Instrumentation, Electronic Wiring Standard
6043, Instrumentation, Symbols and Identification

60D1, Field Inspection, Testing and Calibration of

Instruments.,

64A1, Standard Specification for Shop Fabricated Piped and

Wired Instrument Panel Board

65B11.1 through 65B11.10, Instrument Piping  Standards,

Thermoccouple Wells

65B12.1 through 65832.65. Instrument  Piping Standards,

Flow Meter Installations

65B13.1 through 65B13.6, Instrument Piping Standards,

Orifice Installation

65B14.1 through 65814.40, Instrument Piping Standards,

Piping at Level Instruments

65B15.1 through 65B15.51, Instrument Piping Standards,

Pressure Instrument Connecticns

68B11.1 through 68B11.14, Support and Rack Standards
70A1, Eleetrical Standard

8541, Winterizing Ambient Temperature above 32 F
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B.

C.

D.

F.

17. ENG STD 85A2, Winterizing, Ambient Design Temperature from 15 F to
32 F

18. ENG STD 85F1, Winter Design Temperature

American National Standards Institute

1. ANSI C85.1 and C85.1a, Terminology for Automatic Control

2, ANSI C96.1 Temperature Measurement Thermocouples

3. ANSI B16.1 Cast Iron Pipe Flanges and Flanged Fittings

4, ANSI B16.5 Steel Pipe Flanges, Flanged Valves and Fittings

American Petroleum Institute

t» API RP 520, Part I and Part II, Recommended Practice for the
Design and Installation of Pressure-Relieving Systems
in Refineries

2., API STD 526, Flanged Steel Safety Relief Valves

3. API STD 527, Commercial Seat Tightness of Safety Relief Valves
with Metal-to-Metal Seats

4, API STD 2000, Venting Atmospheric and Low-Pressure Storage Tanks
American Gas Association

1. Gas Measurement Committee Report No. 3, Orifice Metering of
Natural Gas

ASME Boiler and Pressure Vessel Code
1. ASME Power and Rniler Codc

a, Section I, Power Boilers
b, Section VIII, Division 1, Pressure Vessels

2, ASME Power Test Code 19.5
Instrument Society of America

1, ISA RP 4,1, Uniform Face to Face Dimensions for Flanged Control
Valve Bodies

2, ISA STD S5.1, Instrumentation Symbols and Identification
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3. ISA STD S12.4, Instrument Purging for Reduction of Hazardous Area
Classification

National Electrical Code

L. K. Spink: Principles and Practice of Flow Metering Engineering

NFPA National Fire Codes

1. No. 493 Intrinsically Safe Control Equipment

2. No. 496 Purged Enclosures for Electrical Equipment
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I. GENERAL
A, TInstruments shall be identified by a system of letters and numbers

II.

C.

generally in accordance with the Instrument Society of America
Standard S5.1, extracts from which follow. Minor modifications
have been made, e.g., Pp. 3, 7, 16 and computer symbols.

Bach instrument will be identified first by a system of letters
used to classify it functionally. (See Tables 1 and 2 for the
system of letters). To establish a loop identity for the in-
strument, a number will be appended to the letters. This number
will, . in general, be common to other ingstruments of the loop of
which this ingtrument is a part. A suffix is sometimes added

to complete the loop identification.

Where ISA Standard S5.1 offers alternate methods of presentation,
FWEC practice is to use the method requiring the fewest symbols.
Symbols will not be shown for the following:

1, Valve positioners,

2. Tield mounted I/P transducers, when no solenoid valve or othér
device is in line between I/P and valve.

3. Balloons identifying control valves (except in the case of split
range control valves or where the valve is separated from the
rest of the control loop enough to cause confusion).

L. Balloons identifying flow and temperature primary elements.

5. Multiplexing, when used for panel mounted temperature indication
only.

6. Local process variable indicators on transmittef'outputs, unless
it is intended to designate a special location for the indicator,
as shown by a note next to the tagging balloon,

FUNCTIONAL IDENTIFICATION

A,

The functional identification of an instrument will consist of letters
from Table 1, and will include on firgt-letter, covering the measured
or initiating variable, and one or more succeeding letters covering the
functions of the individual instrument. Exceptions to this rule are
the use of the single letter L to denote a pilot light that is not part
of an instrument loop and computer functions which will use modifying-
letters only.

The succeeding-letters of the functional identification designate one
or more readout or passive functions, or output functions, or both.

A modifying-letter may be used, if required, in addition to one or more
other succeeding-letters. Modifying letters may modify either a first-
letter or other succeeding-letters, as applicable. All letters of the
functional identification shall be upper case. For examples of com-
binations of functional identification letters, see Table 2.
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11. FUNCTIONAL IDENTIFICATION (cont'd)
TABLE 1
- ERR
FIRST LETTER SUCCEEDING LETTERS !
MEASURING OR READQUT OR OUTPUT
INITIATING MODIFIER PASSIVE PMODIFIER
VARIABLE FUNCTION FUNCTION
" ANALYSIS (3] ALARM
8 | BURNER FLAME USER'S CHOICE (1) USER'S CHOICE (1) USER'S CHOICE (1}
.1 CCNDUCTIVITY CONTROL 6
~ | {ELECTARICAL), COMPUTER/AUTO/MA
o | DENSITY (MASS) DIFFERENTIAL :
OR SPECIFIC GRAVITY
£ | VOLTAGE (EMF) PRIMARY ELEMENT
F | FLOW RATE RATIO (FRACTION}
G | GAGING (DIMENSION) GLASS
W | HAND (MANUALLY) ' HIGH
INITIATED)
i | CURRENT (ELEC.) INDICATE
5 | POWER SCAN MULTIPLEX OR TREND
X { TIME OR TIME SCHED. CONTROL STATION
{COMPUTER/MAN (6)
~ | LEVEL LIGHT PILOT (4} LOW i
i | MOISTURE OR MIDDLE OR o
M1 HUMIDITY INTERMEDIATE :
%} USER'S CHOICE (1) USER'S CHOICE USER'S CHOICE (1} USER'S CHOICE (1}
O | USER'SCHOICE (1) ORIFICE {RESTRICT")
. POINT (TEST)
? | PRESSURE OR VACUUM CONNECTION)
f . INTEGRATE OR
G| CUANTITY OREVENT | Lo ,
2| papicacTIVITY RECORD OR PRINT
S | SPEED OR FREQUENCY| SAFETY SWITCH
T | TEMPERATURE TRANSMIT
U | MULTIVARIABLE " MULTIFUNCTION MULTIFUNCTION MULTIFUNCTION
’ VALVE,DAMPER,
v | viscosiTy OR LOUVER
W | WEIGHT OR FORCE WELL
UNCLASSIFIED (2) UNCLASSIFIED (2) UNCLASSIFIED (2} UNCLASSIFIED (2)
USER'S CHOICE (1} RELAY OR COMPUTE
; ORIVE,ACTUATE OR
Z | POSITION UNCLASSIFED FINAL
CONTROL ELEMENT
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FUNCTIONAL IDENTIFICATION (contd)

IT.

c.

1.

2.

3-

Notes For Table 1-— Meanings of Identification letters

A uger's choice letter is intended to cover unlisted meanings that
will be used repetitively in a particular project. If used, the
letter may have one meaning as a first-letter and another meaning
as a succeeding-letter. The meanings need be defined only once

in a legend, or otherwise, for that project. For example, the
letter N may be defined as modulus of elasticity as a first-letier
and oscilloscope as a succeeding-letter.

The unclassgified letter X is intended .to cover unlisted meanings
that will be used only once or to a limited extent., If used, the
letter may have any number of meanings as a first-letter and may

" have any number of meanings as a succeeding~letter. Except for

its use with distinctive symbols, it is expected that the meanings
will be defined outside a tagging balloon on a flow diagram. For
example, XR-2 may be a stress recorder, XR-3 may be a vibration
recorder, and XX-lL may be a stress oscilloscope.

First-letter A for analysis covers all analyses that are not
listed in Table 1 and are not covered by a user's choice letter.
It is expected that the type of analysis in each instance will
be defined outside a taggirg balloon on a flow diagram.

A pilot light that is part of an instrument loop shall be desig-
nated by a first-letter followed by succeeding-letter L. For
example, a pilot light that indicates an expired time period may

by tagged KL. However, if it is desired to tag a pilot light that

is not part of a formal ingtrument loop, the pilot light may be
designated in the same way or alternatively by a single letter L.

For example, a running light for an electric motor may be tagged
either EL, assuming that voltage is the appropriate measured variable,
or XL, assuming that the light is actuated by auxiliary electric
contacts of the motor starter, or simply L.

If g given loop has more than one instrument with the same functional
identification, then a suffix shall be appended to the loop number,
e.g. FV-2A, FV-2B, etc., or TE-25-1, TE-25-2, etc. However, if a
computer or Data Logger is involved, the use of suffixes may not be
compatible and unique consecutive numbers shall be used. The main
instrument should take the number of the Primary Case, e.g. with

High and Low Flow arrangement, the transmitters shall be numbered,

say FT-2 and FT-3, whereas the main instrument would be numbered FRC-2.

When a digital control gystem is being used, the type of analog backup
used can be distinguished by using output functions C or K.
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11.  FUNCTIONAL IDENTIFICATION {con’t)
TABLE 2
; 3 : Coww
s a = gy
| VARIABLE v w lwE | 12128
@ > « T I T .
> = — A 2% o | & 4§
INSTRUMENT b 2 g w @ ae @ g gw
FUNCTION > ! 3 - 2 w Wy o 2 2w
< i Q uw - a a ! @« o Q0
o . ‘ L ! ,
ELEMENT AE DE FE | LE PE ! PDE SE | TE |TDE
INDICATOR Al o] £l Ll PI | PDI st . T iTDI
. TRANSMITTER AT oT FT LT PT | PDT ST t TT (7OT
. RECORDER AR OR FR LR PR | POR SR | TR |TDR
{  CONTROLLER AC DC FC LC PC | PDC sc | TC :TDC
. INDICATING CONTROLLER AIC | DIC | FIC | LIC | PIC |PDIC | SIC : TIC |{TDIC
| RECORDING CONTROLLER ARC!| DRC! FRC| LRC| PRC | PDRC SRCi TRC | TDRC
| CONTROL VALVE AV DV FV LV PV | POV sv. | v 7DV
°  CONTROL VALVE-SELF ACTING LCV | PCV | PDCV | — | TCV | ..
. SWITCH-LOW-ALARM ASL | DSL ! FSL | LSL | PSL {PDSL | SSL | TSL 'TDSL
. SWITCH-HIGH ALARM ASH | DSH| FSH| LSH | PSH | PDSH | SSH | TSH |TDSH
© ALARM-LOW AAL| DAL| FAL| LAL| PAL | PDAL| SAL | TAL|TDAL
" ALARM-HIGH AAH| DAH| FAH| LAH! PAH|PDAH| SAH . TAH :TDAH
SOLENOID VALVE AY DY FY LY PY | POY sY i Ty iTDY
I
E BE BURNER FLAME DETECTOR
i8s FLAME DETECTION SWITCH
. I CE ELECTRICAL CONDUCTIVITY PROBE
; | El VOLTAGE INDICATOR
: | EL INDICATION LIGHT
: {FG FLOW SIGHT GLASS (FLAPPER, ETC.)
FO FLOW RESTRICTION ORIFICE
FQl INDICATION OF INTEGRATED FLOW
FaiIs INDICATION OF INTEGRATED FLOW AND SWITCH ACTUATED BY INTEGRATED FLOW
FY FLOW RELAY (EG. RATIO, LINEARIZING)
HCV HAND CONTROL VALVE
HIC MANUAL LOADING STATION WITH OUTPUT GAUGE
HS HAND SWITCH
HLS HAND SWITCH WITH INDICATING LIGHT
HIX MANUAL LOADING STATION WITH OUTPUT GAUGE AND PROCESS INDICATION
LG LEVEL GAUGE )
PSE RUPTURE DISC
. PSV  :  RELIEF VALVE
! st [ PCSITION SWITCH (LCW OR CLOSED)
i . ZSH :  POSITION SWITCH (HIGH OR CPEN)
i2L1 | LIGHT IND. LOW OR CLOSED POSITION
i CZ2LH ‘ LIGHT IND. HIGH OR CPEN PCSITION
i UR TREND RECCRDER
| wJ | MULTIPLEXING UNIT, WHEN USED FOR GENERAL DATA ACCUISITION

i
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TABLE 3

DESIGNATIONS FOR RELAYS
AND COMPUTER FUNCTIONS

THE FUNCTION DESIGNATIONS ASSOCIATED WITH RELAYS AND COMPUTERS MAY BE USED AS
FOLLOWS', INDIVIDUALLY OR IN COMBINATION. THE USE OF A BOX ENCLOSING A SYMBOL 1S
REQUIRED; THE BOX IS INTENDED TO AVOID CONFUSION BY SETTING OFF THE SYMBOL FROM

OTHER MARKINGS ON A DIAGRAM.

SYMBOL

FUNCTION

15

16.

1-0 OR ON-OFF

¥ ORADD
A ORDIFF.
T
+

AVG '
% OR 1:3 OR 2:1 (TYPICAL)
X

V—OR SQ.RT.
x" or x'/n
F (X)
1:1
> OR HIGHEST MEASURED VARIABLE

< OR LOWEST (MEASURED VARIABLE)
REV

A.E/P OR P/1 {TYPICAL)

8. A/DOR D/A

2. f

18. D OR d/dt
19. 1/D
20. AS REQUIRED

AUTOMATICALLY CONNECT,DISCONNECT, OR TRANSFER ONE OR
MORE CIRCUITS PROVIDED THAT THIS IS NOT THE FIRST SUCH
DEVICE IN A LOOP.

ADD OR TOTALIZE (ADD AND SUBTRACT)
SUBTRACT

BIAS

AVERAGE

GAIN OR ATTENUATE (INPUT:QUTPUT)®
MULTIPLY

DIVIDE /
EXTRACT SQUARE ROOT

RAISE TO POWER
CHARACTERIZE

B8OOST

HIGH-SELECT. SELECT HIGHEST (HIGHER) MEASURED VARIABLE
(NOT SIGNAL, UNLESS SO NOTED).

LOW-SELECT. SELECT LOWEST (LOWER) MEASURED VARIABLE
(NOT SIGNAL, UNLESS SO NOTED).

REVERSE
CONVERT
FOR INPUT/OUTPUT SEQUENCES OF THE FOLLOWING:
DESIGNATION SIGNAL
£ VOLTAGE
H HYDRAULIC
! CURRENT (ELECTRICAL)
o) ELECTROMAGNETIC OR SONIC
P PNEUMATIC
R RESISTANCE (ELECTRICAL)
FOR INPUT/QUTPUT SEQUENCES OF THE FOLLOWING
A ANALOG
D DIGITAL

INTEGRATE (TIME INTEGRAL)
DERIVATIVE OR RATE
INVERSE DERIVATIVE
UNCLAS?IFIED
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IiT,

LOOP TDENTIFICATION

A, The loop identification of an instrument will generally use a
number assigned to the loop of which the instrument is a part.
Bach ingtrument loop shall have a unique number. An instrument

common to two or more loops may have a separate loop number, if
desired.

B. A single sequence of loop numbers shall be used for all instrument
loops of a contract regardless of the first letter of the functionzal
identification of the loops. The loop numbering sequence will begin
with the number 1 and Tun consecutively until 211 loops in a given
contract are identified.

C. It is Foster Wheeler practice to assign a new contract number to
each section of a multi-section job. Therefore, to discriminate
between such sections, the functional identification letters may be
preceeded by the last one or two digits of the contract number. Or,
if process area numbers are assigned, they may be used as a prefix
to discriminate between loop numbering in different process areas.

SNEBOLS

A. It is not the intention of this standard to list all symbols or
combinations. ISA Standaxd S5.1 ligts many more.

B, Control valve positioners and control valve electric-to-air converters
will not be shown. Therefore, with an elecirical system, the con-
troller output (electrical) signal will be schematically shown connected
to the valve diaphragm, the actual ingtallation will have a converter.

C. In addition, various expedients may be used on individual contracts.
For example, the letter "V" just ocutside the circle can indicate an
item supplied by a package vendor, or the letters "LP" can indicate
a local panel mounting.

D. The actuator action in the event of actuating medium failure shall
be shown on control valves (see control valve symbols on page 9).

BE. Also, when duzl pen instruments are shown on different flow diagrams,
a note can show "To second pen on TR-101" or the tangential circle
can be shown in phantom as follows:

vee-SEL "ON WdOd
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REVISION ¢
PROCESS PLANTS DIVISION - SYMBOLS AND IDENTIFICATION DATE SEPTEMBER 1 1878

V. SYMBOLS (con't)

E (contd) 2 o

mnJ

P/t DIAGRAM NO 1 P/l DIAGRAM NG.2

F COMPUTER FUNCTIONS WILL BE SHOWN AS A HEXAGON. USE MODIFYING LETTERS ONLY SINCE THE MEASURED
VARIABLE “UJ” IS IMPLIED BY THE HEXAGON.

G THE SYMBOLS USED TO DEPICT INSTRUMENTATION ON FLOW DIAGRAMS AND OTHER DRAWINGS ARE SHOWN BELOW,

CONNECTION TO PROCESS

ot PNEUMATIC SIGNAL

SO ELECTROMAGNETIC (NUCLEAR) OR SONIC SIGNAL
________ ELECTRICAL SIGNAL

S HYDRAULIC SIGNAL

RV CAPILLARY TUBING (FILLED SYSTEM)

MOUNTED ON BOARD

716 DiA.
O LOCALLY MOUNTED
o

MOUNTED BEHIND THE BOARD OR OTHER CONTROL ROOM LOCATION

LOCAL PANEL BOARD MOUNTED

COMPUTER FUNCTION (IN CONTROL ROOM BUT NOT
NECESSARILY BOARD MOUNTED)

% INSTRUMENT FOR TWO MEASUREDN VARIARLF
{BOARD MOUNTED) )
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IV.  SYMBOLS {con't)

. O
§_|\L]__< DIAPHRAGM OPERATED BUTTERFLY DAMPER OR LOUVER
g—i——g CYLINDER OPERATED VALVE

SOLENOID OPERATED VALVE

ol
o
——

3-WAY VALVE BODY

§_(>T<}_§ HAND CONTROL VALVE

BALL OR ROTARY PLUG VALVE

AUTOMATIC RECIRCULATION CONTROL VALVE

PRESSURE REDUCING VALVE.SELF-CCNTAINED (REGULATOR)

; ééi ] ' BACKPRESSURE VALVE-SELF CONTAINED (REGULATOR)
( E i ; ‘ PRESSURE REDUCING VALVE WITH EXTERNAL PRESSURE TAP

BACKPRESSURE VALVE WITH EXTERNAL PRESSURE TAP

SAFETY VALVE (RELIEF)

RUPTURE DisC.

N
VAC NI PRESS. PRESSURE & VACUUM RELIEF VALVE

@ TRAPS
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REVISION ¢
PROCESS PLANTS DIVISION SYMBOLS AND IDENTIFICATION OATE eremaEn 1 o7

IV. SYMBOLS (con't)

5 E 5 S 2-WAY VALVE-FAIL OPEN

FO

K—&—% 2-WAY VALVE-FAIL CLOSED
£c

S——&_g _ 2:WAY VALVE-FAIL LOCKED
FCL (OR FOL

3-WAY VALVE: SHOWN SPLITTING FLOW AND FAIL POSITION

% DIAPHRAGM OPERATED VALVE WITH SIDE MOUNTED
HANDWHEEL (OR TOP MOUNTED)

PURGE

RESET FOR LATCH TYPE ACTUATOR

ORIFICE PRIMARY ELEMENT
PILOT-TUBE OR ANNUBAR

VENTURI TUBE OR FLOW NOZZLE

gt
7 oo
<&
&
1
-
—

INLINE TYPE FLOW METER OTHER THAN ROTAMETER

(———©>—M ROTAMETER TYPE FLOW METER
e’

e VORTEX FLOW METER

§ l 8 ( TURBINE METER
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INSTRUMENTATION

FOSTER \%V’/ WHEELER

PROCESS PLANTS DIVISION

TEMPERATURE TEST CONNECTION
WiTH WELL

LOCAL TEMPERATURE INDICATOR

BOARD MOUNTED TEMPERATURE IN-
DICATOR (CAN ALSO BE USEDR WHEN
TEMPERATURES AREMULTIPLEXED
TO BOARD KMOUNTED DISPLAY)

TO REAR BOARD MTD. TRANSMITT.
ER AND CHECKING INDICATOR

DUPLEX THERMOCOUPLE CONNECTED .

[N

TIC

.r/l \\
T

D

FILLED SYSTEM TYPE
TRANSMITTER AND
INDICATING CONTROLLER

—
, TlC)
}.
1
)
——A

FILLED SYSTEM TYPE
LOCALLY MOUNTED
INDICATING CONTROLLER

— g

SELF ACTUATED TEMPERATURE
CONTROL VALVE

THERMOCOUPLE OR RESISTANCE
BULB CONNECTED TO MULTIPOINT
RECOROER
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— —tl— i

FLOW ELEMENT
N0 MEASURING INSTRUMENT
PROVIDED

_ORIFICE TYPE LOCAL FLOW

NDICATOR

RESTRICTION ORIFICE
(NO METER RUN REQUIRED)

~()

FLOWSIGHT GLASS

ROTAMET

ERTYPE FLOW

INDICATOR

f__@\ (
b J; )

POSITIVE DISPLACEMENT
TYPICAL FLOW TOTALIZING iNDICATOR

-

INLINE TYPE FLOW METER
OTHER THAN ROTAMETER.
IDENTIFY OUTSIDE BALLOON

(EG. INTEGRAL ORIFICE)

o 114 ¢
J i J
FRYPRY

COMBINED FLOW/PRESSURE
RECORDERWITH LOCAL
TRANSMITTER FOR EACH PEN

FLOW CONTROL STATION WITH
LOCAL CONTROLLER
(4. TUBE SYSTEM)

i — |t
) EFR >\/-fFRc‘\
FFY ) W
Y

RATIO CONTROL SYSTEM IN WHICH THE
SET POINT OF A FLOW CONTROLLER IS
ADJUSTED (VIA A RATIO RELAY) BY THE
REFERENCE FLOW. BOTH FLOWS BEING
RECORDED.
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DATE  SEPTEMBER 1,1978

| o

! /L——

1 i - ]

b ' Tl

: A m‘ A LT

; 75 N \ J ST N !.\ ——

- O .

o . KT

A

|

|

i

' GAUGE GLASS, EXTERNAL FLOAT OR DISPLACER
EXTERNALLY CONNECTED TYPE LEVEL TRANSMITTER

: !

? ——

; T T L P

L oA o tolsy A0

; K K ~7 ~--

L —— g recever T

i B

i

OUPLEX LEVEL TRANSMITTER
CONTROLLER EXTERNAL

EXTERNAL FLOAT TYPE LOW
LEVEL ALARM SWITCH CONNECTED
TO BOARD MOUNTED

INTERMAL FLOAT QR DISPLACER
TYPE LEVEL TRANSMITTER

INTERNAL FLOAT TYPE HIGH
LEVEL ALARM SWITCH CONNECTED
T0O BOARD MOUMTED ANNUNICATOR

\* FLOAT OR DISPLACER TYPE ANNUCIATOR
/——|_ /LAl /TAR
T | ! T . \r//
LA i RECEIVER A T
| ! . I !
N | i <7 N
Ko K - <
s LsC (s @

OIFFERENTIAL PRESSURE

|

|

!

| FLANGE MOUNTED

i

| TYPELZVEL TRANSMITTER

L ?
7

REMOTE MOUNTED DIFFERENTIAL PRESSURE TYPE LEVEL TRANSMITTER

CONNECTED TO BOARD MTD. INDICATOR & REAR MTD. ALARM SWITCHES !

ACTUATING BOARD MOUNTED ANNUNCIATOR,

r>

y
J
f

70
\_/

FLOAT CONNECTED TO GAUGE
80ARD OR TAPE IND.

I

—\,

i ]
P

CONTINUOUS DRAINER BALL FLOAT
TYPE TRAPWITH EQUALIZING
CONNECTION
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5
e
{ ;
.“\//

PRESSURE CONNECTION WITH
PROCESS CONNECTION BLOCK
VALVE AND INSTRUMENT
BLEED ONLY (TEST POINT)

LOCAL PRESSURE INDICATOR
{(NCLUDES PRESSURE VACUUM
AND DRAFT)

LOCAL PRESSURE INDICATOR
WITH CHEMICAL SEAL

-

LOCALLY MOUNTED LOW
PRESSURE ALARM SWITCH
CONNECTED TO BAORD MTD.
ANNUNCIATOR

}—;’(;—»——4

PRESSURE TRANSMITTER (INCLUDES
PRESSURE, VACUUM & DRAFT) IF
ABSOLUTE IDENTIFY QUTSIDE
BALLOON

*‘T b

\

.U
9

DIFFERENTIAL PRESSURE INDICATGOR

PC

LOCAL PRESSURE CONTROLLER
BLIND TYPE,PILOT OPERATED

[
( ) PIC

N

PRESSURE TRANSMITTER
CONNECTED T0O BOARO MTD.
INDICATING CONTROLLER

S——'—S

~L
STARTS STANDBY

LOW PRESSURE SWITCH WITH TWO
OUTPUTS OPERATING AT SAME
TIME FOR ALARM AND CONTROL.
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SYMBOLS AND IDENTIFICATION

Foster (B /] wiesLsr
g.

PROCESS PLANTS DIVISION

HAND CONTROL VALVE
IN PROCESS LINE

HANO-ACTUATEL SWITCHING
VALVE IN PNEUMATIC SIGNAL
LINE

———— DEVICE

P

HAND ACTUATED ELECTRIC SWiTCH

AN /
S 2 DEvics

/s TN .

HAND ACTUATED ELECTRIC SWITCH

WITH PILOT LIGHT

SN
{ HIC

SE

MANUAL LOADING STATION
WITH QUTPUT GAUGE

ZSH

|
POSITION SWITCHES CONNECTED
TOPILOT LIGHTS INDICATING

LOW (OR CLOSED) AND HIGH (OR
OPEN) POSITION

¢

ZLL

‘ s

L Receiver

POSITION TRANSMITTER

~ AP

ANALYSIS TEST SAMPLE POINT

VIEW
N
K

SIGHT GLASS FOR INTERNAL
VIEWING

ALL TRAPS OTHER THAN BALL-
FLOAT-TYPE CONTINUOUS DRAINERS
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(SN

COMPUTER/AUTO/MANUAL STATION
ON COMPUTER CONTROL WITHOUT
CRY DISPLAY

p10J n P25 ] _ A~
’ 100 BIeC
a4

PRESSURE MULTIPLEXED TO
COMPUTER FOR CRT DISPLAY
AND LOGGING

AM STATION ON COMPUTER
SUPERVISORY MODE CONTROL
WITH CRT DISPLAY

| @ N
- o

MANUAL CONTROL STATION

IN COMPUTER BASE SYSTEM i .
‘ DOC LEVEL LOOPSETTING FLOW LOGP, WITH FULL ANALQG BACKUP J-

| “ ™
=
@_L_ AN m_a\

FLOW LOOP CONNECTED TO DATA
DISPLAY AND TREND RECORDER ON |,
PANEL BOARD (POINT NO.6 OF 12
POINT TREND RECORDER).

PRESSURE SIGNAL TO BOARDMOUNTED
PATCHBOARD OR MATRIX BOARD
CONNECTION (NO.9), CAPABLE OF
QUTPUT TO MULTIPLE LOCATIONS
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N
o
<
P
1

_ ¥
(TWYTEY,
N_//N_A
N\
6T \K ‘
\&Z RGN
R
‘ hh ol 2

e

&)
@

3P EERVER |
BV
2 _——
GEQY - (52T \es) ]
@ I |
| i |
1 (/FY\, |
@ N __/ J &N ¥
250 T < l L
! | 2578
A A
s e
T
N_/ N_/
— RN
\__/ 258

J..

" TYPICAL SYMBOLS NOT SHOWN AS PART OF FWEC NORMAL PRACTICE, SEE PARAGRAPHI.C.
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I. SCOPE

This specification specifies the general requirements for the design,
equipment, materials and installation of the electrical facilities
for a solar boiler house and solar field, located at Dalton, GA.

The facilities are limited to the electrical services associated
with the building and.solar field and will include the following
systems:

All lighting - normal, emergency and exit signs
Receptacles - convenience and power

Electric Instrument Wiring

Telephone Conduits

Grounding

A. Work Covered by This Specification

The work covered by this specification shall include furnishing
all labor, material, equipment and services to install the
complete electrical system as specified herein.

Unless otherwise specified, this includes all electrical design
necessary for the following work:

1. 1Installation of complete internal distribution system for
power, including panelboards, disconnects, cable, conduit,
and fittings.

2. 1Installation of complete distribution system for lighting
including the necessary transformers, feeders, distribution
panelboards, branch circuits, lighting fixtures, control
switches, receptacles, cable, conduit and fittings.

3. Installation of empty raceways and cabinets for the telephone
system.

4. Connection of permanently installed equipment for heating,
ventilation and air conditioning system (supplied by others) -
or package air conditioning units.

’

5. 1Installation of complete ground system including fittings,

clamps, conduit and wire,

6. Installation of complete electric instrument wiring system,
including connections to field instruments and control ‘panel
and necessary cable, conduit, fittings and electrical boxes.

7. 1Installation of emergency lighting system, including exit
signs, when specified.
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SCOPE (Continued)

B. Work Not Covered by This Specification

The following equipment items and work shall be the responsibility
of others:

Telephone system wires, cables, equipment and instruments -
to be furnished and installed by telephone company

GENERAL

A. Codes .and Regulations

Except where indicated otherwise in this specification, the
design, equipment, materials and their installation shall
conform to the minimum requirements of the latest edition of
the following applicable standards and codes:

1. US Dept. of Labor: Occupational Safety and Health Act (OSHA)
2, American National Standards Institute (ANSI)

3. National Fire Protection Association (NFPA)

4. National Electrical Safety Code (NBS Handbook H30)

5. National Electrical Code (NFPA #70)

6. National Electrical Manufacturers Association (NEMA)

7. Insulated Power Cable Engineers Association (IPCEA)

8. Underwriters' Laboratories, Inc. (UL)

9. Local Laws and Regulations

B. Equipment and Materials

1. Equipment and materials furnished shall be as specified in
this specification and shall satisfy all requirements
dictated by the exposure of the area in which the equipment
or materials are installed.
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II. GENERAL (Continued)
B. Equipment and Materials (Continued)

2. The equipment and materials furnished shall be labeled,
listed, certified, accepted, or otherwise determined to be
safe for the use by a nationally recognized testing
laboratory such as one of the following:

a. Underwriters' Laboratories, Inc. (UL)
b. Factory Mutual Engineering Corporation (FM)
C. Classification of Areas

1. Natural Nonhazardous
Inless otherwise specified, the buildings and their facilities
shall be classified as nonhazardous.

I1I. ELECTRIC SERVICE
Unless otherwise specified, the electric service. characteristics
shall be as follows:
Power 480 volt, 3 ﬁhase, 3 wire, 60 hertz,
solidly grounded neutral.
Lighting receptacles, 120/208 volt, 3 phase, 4 wire, 60 hertz,
instrument power and solidly grounded neutral
miscellaneous
In general, the building design shall be based upon receiving a
power feeder at 480 VAC, as required for all electrical services.
Stepdown transformers shall be used to obtain all other voltages
as required, such as 120 VAC for lighting.
1v.

CONDUIT, CONDUIT FITTINGS AND THEIR INSTALLATION

A. General

1. Except as noted herein, all wiring shall be run in approved
conduit of ovine ol Lthe follouwing types:

a. Rigid steel, hot dipped galvanized
b. Intermediate metal conduit (IMC), zinc coated

d. Electrical metallic tubing (EMT)
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IV. CONDUIT, CONDUIT FITTINGS AND THEIR INSTALLATION (Continued)’

A. General (Continued)

2. Wiring for fixtures in hung ceiling area may be run in
flexible metallic conduit or armored type cable where
permitted by local code.

3. Flexible steel conduit (maximum 6 feet long, 3/4" trade
size) or armored type (BX) cable shall be permitted only in
hung ceilings from recessed lighting units to associated
outlet boxes.

4, Flexible liquid tight conduit shall be provided for con-
nections to vibrating or rotating equipment (minimum 18"
long), and as otherwise indicated on the drawings. Conduit
shall be Anaconda American Brass "Sealtite', type NA flexible
conduit, with T & B Series 5331 fittings as required, or
approved equals.

B. Conduits shall be manufactured in conformance with the latest
published standards of ASTM and UL and shall be as follows:

1. Conduit fittings for IMC shall be steel, threaded, of
standard pipe dimensions, galvanized inside and out.

2. Electrical metallic tubing may be used for conduit instal-
lations below 2 inches diameter.

3. Electrical metallic tubing connectors and couplings shall
be steel, smooth, galvanized, inside and out, with screw
type compression fittings, and with nylon insulated bushing
such as manufactured by 0.Z. or Crouse-Hinds type MW series
or approved equal. Tubing shall be seamless or continuously
threaded joints.

4, Threading of conduit shall be done using sharp dies and
cutting o0il to avoid tearing of the threads. Conventional
thread lubricants may be used for making threaded joints.

5. All IMC and EMT shall be 3/4" minimum, except as otherwise
noted, being true and smooth inside and out, and free of
injurious defeces.

Rigid Steel conduits shall be 3/4" minimum for power and

lighting and 1/2" minimum for control and instrumentation, unless
otherwise noted. They shall be true and smooth inside and out
and free of injurious defects.
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IV. CONDUIT, CONDUIT FITTINGS AND THEIR INSTALLATION (Continued)

[

B. (Continued)

6.

1.

Flexible steel conduit and armored type BX cable shall be
used only with terminal fittings approved for the purpose,
as manufactured by 0.Z2. or approved equal.

Conduit fittings, Crouse-Hinds form 8 or approved equal,
shall be provided where specified or equired. A bushing

and double locknuts shall be provided at the end of each
conduit where it enters an outlet box, cabinet, panel or pull
box. Bushings for conduit 2" and above shall be insulated
grounded type (0.Z. type BLG). For 3/4" to 1%" conduits use
insulated bushings (0.Z. type B). All joints in conduits
shall be made with standard couplings unless neither conduit
can be turned. In that case, the joint shall be made with
0.Z. type "SSP" split coupling or Erickson couplings.
Running threads are not permitted.

Installation

Conduits installed underground shall be 1" minimum, secured
to prevent shifting during concrete pour, and shall be a
minimum of 18" below grade, 1" below the finished floor
slab, and where run below terrazzo or similar finish shall
not protrude into the floor finish construction.

Exposed conduits shall be installed only after proposed runs
have been checked on plans and after site inspection for
interference with work of other trades. Exposed conduits
shall be installed in parallel rows neatly racked at right
angles and parallel to all walls, floors and ceilings and
at structural members.

Conduits shall be supported from ceilings by means of
trapeze hangers and from walls by means of brackets utilizing
the Unistrut (or approved equal) channel support system.

All hangers, inserts, brackets and fittings shall be
galvanized.  Beam clamps shall be suitable for structural
members and conditions. Hanger rods shall be galvanized
steel or cadmium plated, 3/8 in diameter minimum. Each
conduit shall be fastened to the channel support (Unistrut
No. P-1000 or P-1001 Series) with a suitable clamp (Unistrut
P~1111 B through P-1124 for IMC or rigid conduit, or
Unistrut No. 1426 B through 1431 B for EMT). All steel
bolts, nuts, washers and screws shall be galvanized or
cadmium plated.
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'IV. CONDUIT, CONDUIT FITTINGS AND THEIR INSTALLATION (Continued)

C. Installation (Continued)

4. Conduits shall be supported every 10 feet (maximum),
flexible conduits at least every 4% feet.

5. Joints between aluminum steel components, if unavoidable,
shall be made by coating the threads with zinc petroleum
jelly compound or zinc chromate.

6. Where conduit is installed concealed with finished block,
blazed block or tiled walls it shall be located so as not
to cause a visible change in the finished appearance of
such walls. Where required, deep boxes and/or equipment
shall be used to comply with the above.

7. Conduits shall be protected or shall be plugged with
suitable caps to prevent entrance of moisture or foreign
material during construction.

8. All field bends shall be made with tools and equipment
manufactured especially for this purpose.

9. Fish tape shall be drawn through all conduits installed
for future wire to indicate that the conduit is clear of
obstructions and ready for installation of wire.

10. In no case will the Seller be permitted to cut a structural
member, beam or column to facilitate the installation of
conduit, etc., without the approval of Purchaser.

11. Exposed conduits at mechanical equipment shall be rigidly
braced to the floors.

'12. Where conduits cross expansion joints allowing for building

) movement, cross joints with approximately 24" flexible
conduit with a suitable copper strap bonded to the "rigid"
conduit ends.

13. Openings in the outside walls and roof for conduit, duct,
tray, bolts, etc., shall be made watertight after instal-
lation is completed. For conduit, this shall be done by
providing pipe sleeves in concrete with a minimum clearance
%" around the conduit, and packing this sleeve with acrylic
caulk or other approved sealing material.

1l4. Parallel conduit runs for instrumentation must be kept at least
12" away from hot surfaces. A minimum clearance of 6" shall be
kept where a conduit crosses a hot pipe.
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Iv. CONDUIT, CONDUIT FITTINGS AND THEIR INSTALLATION (Continued)

D.

Pull boxes and junction boxes NEMA Type 12 of proper size and
design shall be provided as required to facilitate installation
of wire and cable. All boxes shall be sized in accordance

with NEC. Covers shall be held in place with corrosion resistant
machine screws. Boxes shall be securely mounted to the -building
structure independent of the conduits entering or leaving the
box.

Outlet Boxes

1. A NEMA Type 12 enclosure shall be furnished and installed
for every outlet and switch. All enclosures shall meet the
requirements for galvanized finish specified for steel
conduits.

2. Enclosures shall be of dimensions suited apd adapted to
its specific location and kind of fixture or receptacle
to be used and the number and arrangement of wires in
conduits. Each enclosure shall be securely fastened to the
building structure.

Before proceeding with the installation of conduits and
enclosures the Seller shall check the location of all outlets
and shall make any adjustments required by local conditiom.
Where outlets or fixtures are fixed by specific dimensions on
electrical drawings, or are shown on shop or field drawings, the
Seller shall adhere to these locations. Switch outlets shall be
located on the lock side of doors. Unless otherwise specified
outlets shall be installed at the following elevations above

the finished floor:

Convenience Outlets (Mechanical Spaces) 3'-6" Centerline

Convenience Nutlets (Finished Areas) 1'-6" Centerline
Telephone OQutlets 1'-6" Centerline
Switch Outlets ‘ 4'-2" Centerline
Thermostats 5'-2" Centerline
Motor Controller 5'-0" Centerline
Wall Bracket Outlets 7'-10" Centerline

Toilet Room Outlets 5'-0" Centerline
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. WIRE AND CABLE

A.

B.

Basis For Cable Sizing

1. The allowable current carrying capacity of cables shall
be as specified in the National Electrical Code and IPCEA.

2. TFeeders to distribution centers and transformers shall be
sized based upon the maximum demand of initial loads. In
general, feeders shall have a current carrying capacity
equal to 125% of the maximum demand or nameplate rating,
whichever is greater.

3. Sub-feeders from distribution centers to load shall be sized
based upon the nameplate rating of the load.

4, Cables shall be sized to limit voltage drops as follows:

a. Feeders and Sub-feeders 1% based upon maximum demand
or nameplate

b. Motor Branch Circuits 3% from the power center to
the motor (using motor name-
plate), but no smaller than the
minimum size permitted by NEC

c¢c. Lighting Branch Circuits 2% from the panel to the
farthest outlet

5. For lighting and power circuits 600 volts, and below, the
smallest wire size shall be #12 AWG, except that #14 AWG
shall be used for controls.

6. For instrument cable see Para. XV,

Cable Construction

1. Conductors #12 AWG and larger shall be stranded; conductors
#14 AWG and smaller shall be solid.

2. 1In general, for cables installed in conduit, cable insulation
types shall be as follows:



J -
FOSTER WHEELER ELECTRICAL SPECIFICATION PiBG:PEC 60863970A1

REVISION 0
PROCESS PLANTS DIVISION DATE June 1, 1979

V. WIRE AND CABLE (Continued)

R. Cable Construction (Continued)

2. (Continued)
a. For services 600 volts and beiow, cables shall be 600
volt, heat and moisture resistant thermoplastic insulated,

with nylon jacket, type THWN/THHN.

b. For fixture stems, #14 AWG, 600 volt, Type SF-2 stranded
fixture wire shall be used.

¢. For instrument services PYC insulated wire and cable
shall be used (See Para. XV).

3. Multiple conductor cable shall not be used for lighting and
power work, except for:

a. Appliance cords

b. BX type armored cable as outlined in Paragraphs IV.A.2,
IV.A.3 and IV.B.6 of this specification.

4. All feeders and risers shall be tagged at both ends and in
pull boxes or panel box gutters through which they pass.

5. All cable shall comply with applicable portions of IPCEA
©  Standard S-61-402.

C. Motor Feeders and Control

Cable for power and control leads to motors 600 volts and below
shall be installed in the same conduit when the power cable is
#2 AWG or smaller. For power cables larger than #2 AWG, power
and control cable shall be installed in separate conduits.

D. Color Coding

1. The color coding for single conductor cables shall be as
follows:

a. Power phase leads shall be black.

b. Multiwire lighting circuits and 2-wire branch circuits
connected to the same system shall conform to the following:

Single Phase, 3 wire - Black (Ll1), Red (L2), White (N)
Three Phase, 4 wire — Black (L1), Red (L2), Blue (L3), White (W)

Three Phase, 3 wire ~ Black (L1), Red (L2), Blue (L3)
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V. WIRE AND CABLE (Continued)

D. Color Coding (Continued)

1. (Continued)

c. All control leads, including those for pushbutton
stations, interlock circuits, instrument control circuits;
current and potential transformer circuits, etc., shall
be red.

d. Power supplies to/from instruments shall be yellow
(live line) and white for the neutral.

e. All grounding conductors shall be either bare or héve a
green covering.

VI. LIGHTING DISTRIBUTION SYSTEM

A. Lighting Design

1. The lighting system shall be designed utilizing the minimum
number of fixtures consistent with the illumination levels
specified below in Paragraph VI.B.

2. Llighting fixtures shall not be located directly over equip-
ment with exposed moving parts.

3. Lighting systems shall be designed to minimize glare.

4. 1In general, lighting circuits shall be switched from local
switches.

5. Branch circuits using a common neutral conductor shall
be arranged for minimum current in the neutral conductor,
Loads on all phases shall be equally balanced as closely
as possible.

6. Exit lights and exterior door lights are to be provided.

B. Lighting Intensities

The lighting system shall be designed for the levels of
illumination tabulated below, when calculated on the basis

of initial lamp lumens modified by a factor of 70%Z to allow for
deterioration in lamp output in service. (Derived from the
following publications: API Recommended Practice for Petroleum
Refineries, API RP540, American National Standard Practice for
Industrial Lighting, ANSI Std A 11.1, and American National
Standard Practice for Office Lighting, ANSI Std A 132.1),.
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The illumination level is defined as the mean of the maximum
and minimum values of illumination calculated at various points

throughout the illuminated area.

i ILLUMINATION LEVEL WORKING
LOCATION FOOT CANDLES PLANE
Laboratory 100 36"
Control Rooms:
General 50 Floor
Vertical Face of Control Board 50 Horizontal
Centerline
of Panel
Consoles, Desks (Horizontal Level) 50 30" *
Rear of Panel 15 48" *
Telephone Equipment Room 20 Floor
Locker Rooms 20 Floor
Machine Shops:
Rough Bench & Machine Work 50 36" *
Medium Bench & Machine Work
Rough Grinding 100 36" *
"Stairways, corridors 20 Floor
Toilets and Washrooms .30 Floor
Air Conditioning Equipment 10 Floor
Boilers, Boiler Pumps, Compressors 20 Floor
Solar Field Area 5 Ground
General Yard Areas 0.5 Ground
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VI. LIGHTING DISTRIBUTION SYSTEM (Continued)

B.

Lighting Intensities (Continued)

ILLUMINATION LEVEL  WORKING

LOCATION FOOT CANDLES PLANE
Offices
General 150 30" *
Private : 150 30" *
' Washrooms 30 Floor
Stairways, corridors 20 Floor
Computer Operating Consoles 150 30" *

* Elevations from the floor

Emergency Lighting

1.

When specified sufficient emergency lighting shall be
provided in all locations where illumination is Lequ1red
during an emergency..

The emergency lighting system shall be completely independent
of the normal power supply. Emergency circuit wiring shall
not enter the same raceway, cable, box, or cabinet with other
wiring.

Under normal conditions, emergency lighting fixtures shall

be operable and energized from the normal power source.
Transfer to the emergency source shall take place automatically
in the event of a normal source failure.

Emergency Battery Units

a. Wall mounted emergency light units are to operate when
AC power fails. Units shall be dual light, 12 V DC,
complete with battery, fully automatic high and low
rate charger, indicating pilot light, test switch, and
provisions for connection to 115 V AC, 60 Hz, single phase
wiring. Each unit shall have enough capacity to provide
light for a minimum of 90 minutes, while maintaining
87%% of nominal battery voltage. (Dual Lite No. 12-ED
series, or approved equal).
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VII.

LIGHTING FIXTURES

A,

Fixture Types

Type a. In general, fluorescent lamp fixtures shall be used for indoor

Type b.

Type c.

Type d.

B.

areas requiring high illumination levels. Ballasts shall be
rapid start Class P thermal protected, high power factor

(90 min.), filled with a thermosetting compound (leak-proof),
have a rated noise level of 30 dB or less and be listed by UL,
and approved by CBM, and ETL. (Westinghouse Ventilated

reflector type, # H260 HV or approved equal). .
Incandescent fixtures may be used where high illumination levels
are not required. '

Emergency lights shall be of the self-contained type

with battery, solid state charger, automatic transfer in case
of power failure. (Dual Lite # 12~EDN-150-2-KB-A-V-LL-SST
or approved equal). '

Outside lights shall be mercury vapor (or high pressure sodium)
with integral constant wattage ballast, (Holophane '"Wallpack"
Cat. 488-000 or approved equal).

Vertical surface illumination of instrument panels shall be
obtained by the use of fixtures specially designed for the
purpose, with adjustable lamp setting for beam control and
prismatic lens (Holophane No. 6044 series or approved equal).

Lamps

1. Fluorescent lamps shall be "cool-white' as manufactured by
G.E., Westinghouse, or Sylvania. 2 lamp type F 48T12 HO.

2. Mercury-Vapor lamps shall be ''deluxe-white" as manufactured
by G.E., Westinghouse or Sylvania.

3. Lamps for exit lights and emergency battery units shall be
ay recommended by manufacturer.

4, Incandescent lamps shall be inside frosted.

5. High pressure sodium (HPS) lamps shall be diffuse type
"Lucalox" as manufactured by G.E. or approved equal.
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VII. LIGHTING FIXTURES (Continued)

F.

H.

Locations

1. Fixture rows shall be mounted in straight lines, except
where location is dictated by equipment location.

2. Space conditions must be coordinated with other trades to
avoid interferences.

3. Each door to outside shall have an interior exit light and
exterior door light.

4. In the case of large, office type buildings, exit signs
with directional arrows shall be located in corridors,
etc., indicating paths of egress. '

Mounting

Refer to architectural drawings for ceiling finish schedules
and to manufacturer's installation details for the required
fixture mounting accessories.

In general, fluorescent fixtures in finished areas shall be of

the recessed, static type. In unfinished areas, surface or
pendant mounted fixtures may be used.

Wiring
1. Refer to Paragraph V for fixture wire specifications.

2. Splices within fixture housings or outlet boxes are to be
made with wire nuts of the proper size.

VIII. LIGHTING AND RECEPTACLETPANELBOARDS

A,

General

Panelboards shall be 3 phase, &4 wire, 120/208 volt with main

circuit breaker, bus bars and branch circuit breakers mounted

in an enclosed cabinet (NEMA 12 ) with trim and door. Cabinet
trim, door and finish shall be the manufacturer's standard. Main
lug size, main breaker size and the number of branch circuit
breakers shall be as indicated on contract drawings or material
lists. Panel short circuit rating shall be 10,000 amps minimum.
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VIII. LIGHTING AND RECEPTACLE PANELBOARDS
B. Branch and main circuit breakers shall be as specified in
Paragraph XI of this specification.
C. Bus bars and main circuit breakers shall be rated 100 A minimum.
D. All single pole breakers shall be arranged and connected to the
main bus so that on 3 phase, 4 wire panels, any three adjacent
breaker poles are connected to phase A, B and C respectively
and that the same relationship of phase sequence is maintained.
E. One spare circuit shall be provided for each 5 active circuits
in the initial design. Circuit loading shall not exceed
16 A for a 20 A breaker. ) :
F. A durable, corrosion resistant lighting directory shall be
installed at each panelboard.
G, Installation
1. 1In general, cabinets shall be set at such a height so that
the topmost branch breaker shall not be more than 6 feet
from the floor.
' 2. Top trim shall line up on all panels mounted adjacent to
each other.
IX. LIGHTING TRANSFORMERS (DRY-TYPE)

In general, transformers under this category may be used for the
following services:

Lighting
Receptacles

- Instruments
Heat Tracing
Space Heaters

1979
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LIGHTING TRANSFORMERS (DRY-TYPE) (Continued)

A. Basic Arrangement

1.

Unless otherwise specified, lighting transformers shall be
of a dry type, rated 480V-208Y/120V, and have the following
features:

a Sealed Insulation

b. 115 C maximum temperature rise

c¢. Noise levels shall not exceed those listed in ANSI
Standard C89.1, for the size transformer used

d. A minimum of 2-2%% FCAN and 2-2%% FCBN taps

Transformers shall be installed at lighting panel locations
on the basis of one for each lighting panel.

A1l lighting transformers shall be protected by an individual
overcurrent device in the secondary side set at no more than
125% of rated secondaxry current and a primary feeder over-
current device set at no more than 250% of the rated

primary current,.

B. Accessories

1.

Transformers shall be provided with standard accessories
for the KVA and voltage ratings.

Transformers shall be provided with suitable vibration
dampers, as manufactured by Fabreeka Products Co., type
Fabcel Vibration Isolation Mounts or approved equal.
Dampers shall be designed to suppréss transmission of
vibrations of 120 Hz and multiple harmonics.

C. Installation

1.

Transformers 30 KVA and below shall be wall mounted.
Those above 30 KVA shall be floor mounted.

All transformer cases and neutrals shall be grounded. Refer
to Paragraph XIII.
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X.

SWITCHES, WIRING DEVICES, WALL PLATES

A,

D.

Each switch and wiring device shall have a suitable back-box
sized in accordance with the National Electrical Code require-
ments. Refer to Paragraph IV.E of this specification.

Convenience receptacles shall be arranged in groups of not more
than 6 for each lighting panel branch circuit.

In offices and control rooms, receptacle outlets shall be
provided along the walls, spaced no more than 12 feet apart,
with a minimum of 2 receptacles per room.

Receptacles

1. 15A, 125V convenience receptacles for office and control
room areas shall be 2 pole, 2 wire grounding type, duplex,
Hubbell Cat. No. 5262 or approved equal.

2. 15A, 125V clock hanger outlet, if required - 2 pole, 3 wire
grounding type Hubbell Cat. No. 5235 or approved equal,
with stainless steel plate.

3. 20A, 125V, receptacles for appliance circuits shall be 2 pole,

1979

3 wire grounding type, Hubbell Cat. no. 5362 or approved equal.

Switches

1. 20A, 120-277V single pole switch, Hubbell Cat. No. 1221 or
equal.

2. 20A, 120-277V three way switch, Hubbell Cat. No. 1223 or
equal.

Device Plates

1. All switches and receptacle outlets shall be provided with
stainless steel plates (Hubbell or equal) suitable for the
above receptacles and switches.

2. Where plates are to fit exposed conduit fittings, they shall
be consistent with the type of fittings installed.
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XI. CIRCUIT PROTECTIVE DEVICES

A,

All receptacles located in areas susceptible to moisture
indoor or outdoor, shall be protected with ground fault
interrupter.

All circuit breakers for 120/208 volt panels shall be rated as
follows:

1. Branch circuit breakers shall be 20A at 120/240 volts AC,
single pole with noninterchangeable trip elements. UL
listed interrupting capacity shall be 10,000 A symmetrical
at 120/240 volts AC.

2, Main circuit breakers shall be 100 A minimum at 240 volts
AC, 3 pole with noninterchangeable trip elements and of
panelboard manufacturers suggested type for distribution
system capacity. UL listed interrupting capacity shall be
10,000-A symmetrical at 240 volts AC.

Each circuit breaker shall be distinctly numbered when installed
in a group with other breakers. Trip element calibration shall
be indicated on each breaker.

Indi?idually mounted circuit breakers shall be enclosed in a
NEMA-12 type enclosure. :

XII. DISCONNECT SWITCHES, MOTOR STARTERS

A,

Fractional HP Motor Disconnect Switch

1. A 120 volt, single phase thermal protective switch (manual
starter), Allen Bradley 600 series, Westinghouse type MS
or approved equal, shall be used for disconnect means,
unless otherwise noted.

2. Disconnect switch may be single pole, 20 A AC only toggle
switch (Hubbell No. 1221 or approved equal) where: -

a. A switch is required in addition to a thermal overlaod
switch.

b. The motor runs continuously, i.e., not automatically
controlled.

Switches shall be installed in a suitable type FD box.
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XII. DISCONNECT SWITCHES, MOTOR STARTERS (Continued)

B. Motor controllers for 3 phase, 480 volt motors shall be combina-

tion starters, full voltage, single speed, nonreversing, circuit
breaker type (22,000 A interrupting capacity) for system short circuit

levels up to 22,000 A. For system short circuit levels in excess

of 22,000 A, high interrupting capacity fusible disconnect
_switch type may be used. Starters shall be furnished in suitable
NEMA 12 enclosures,
XIII. GROUNDING

A. The scope of work under this section of the specification shall
include the following:

1. Design, furnish and install a ground network including rods,
cable and fittings around building as outlined in Paragraph
B below.

2. The Seller shall furnish and install all fittings, clamps,
conduit and wire, to establish ground connections between all
building services apparatus and conduits, and the ground network
around building.

3. Connection of the building ground network to the existing plant
ground system.

B. Suitable grounding shall be installed for:
1. Grounding for Safety of Personnel

Metallic noncurrent carrying parts of equipment connected

to electrical circuits and of all major electrical equip-
ment, such as motors, transformers, distribution panelboards,
motor starters, etc., shall be grounded by the conduit or
raceway connection to the power supply ground network or, if
such equipment is isolated, to one or more ground rods, or
other suitable grounding electrodes in accordance with NEC.
Supplementary grounding shall be provided by a grounding
cable connection from the equipment to the local ground
network, at points indicated on contract drawings, or other
suitable ground point as required by the NEC.
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XIII. GROUNDING (Continued)

. B, Suitable groundiﬁg shall be installed for: (Continued)
2. Grounding for Protection Against Lightning

Building protection, when specified, shall be in accordance
with NFPA and local building codes.

3. Grounding for Electrical System Protection

Grounding and bonding for protection of the electrical system
circuits and equipment shall be installed to minimize damage
in case of ground faults by providing low fault impedance,
thereby limiting the voltage to ground and facilitating the
operation of overcurrent devices.

4. Instrument Signal Ground

A separate system shall be installed.for grounding of all
computer/instrument equipment. It shall be completely
isolated from the power equipment ground network. The

system shall consist of a loop of #2/0 ground cable connected
to the required number of ground rods as specified in
Paragraph XIII.C, installed beneath the computer floor.

C. Grounding Network (Grounding Electrode System)

1. 1In general, a ground network shall be installed around
building and other elcctrical installations. The ground
network shall consist of a main cable loop, aboveground connection
points, and inspection points on all ground rods. Cable for
main loop shall be #2/0 AWG and for branch ground runs shall be
#4 AWG stranded bare copper.

2. Insofar as possible copper ground loop conductors shall be
laid directly in the ground slack, without breaks or joints,
and shall have 12" minimum cover. When unavoidable, under-
ground joints shall be brazed, suitably covered and protected.

3. A ground rod shall be attached to the main cable loop at
intervals as required to obtain resistance to earth not exceeding
5 ohms, except that the interval between ground rods shall
not exceed 75 feet. Ground resistance shall be measured with
a portable hand-cranked 40 ohm 'megger' ground testing
instrument. When the ground resistance exceeds 5 ohms,
additional ground rods or ground mats shall be installed to
meet this specification. In lieu of additional rods, extensions
to the rods may be added to drive the ground rods deeper into
the earth.
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XIII. GROUNDING (Continued)

C. Grounding Network (Continued)

4.

A protective sleeve of heavy wall PVC-schedule 40 pipe shall be
used wherever grounding cable emerges to aboveground connections.

Ground rods shall be 3/4" diameter, length 10 feet or more as
required by water table.

For thé purpose of equipment grounding and electrical system
protective grounding the grounding conductor shall be continuous
from the equipment to the ground network of corresponding

supply substation (by others). ‘

D. Material

1.

Ground wires shall be as specified under Section V of this
specification, sized in accordance with the NEC. Main loop
cable size shall be as in Section XIII.B.

All motors, starters, disconnect switches, and transformers
covered under this specification shall have ground lugs sized
to accept same size wire as its feeder.

Grounding connectors, for aboveground work, shall be solderless,
pressure type (bolt on) as manufactured by Burndy, or approved
equal.

XIv. TELEPHONE CONDUIT SYSTEM

A. General

1.

The Seller shall furnish all labor, materials and equipment
required to completely install an empty telephone conduit
system as shown on drawings.

Telephone wiring and equipment installation will be by the
telephone company.

The quality of all material and workmanship involved in the
telephone conduit system shall conform to the requirements
for the corresponding equipment and accessories as specified
for the Lighting and Power Systems.
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TELEPHONE CONDUIT SYSTEM (Continued)

B.

C.

Telephone Qutlet Box Plates

Telephone outlet boxes in masonry wall shall consist of 4"
square outlet box, see Paragraph IV.E, under plaster reducer,
stainless steel plate, with 7/16" cord hole in the center for
single gang.

Drag Wires

The Seller shall install a 100 1b. test pull cord in every
telephone conduit, including the feeder conduits for the use of
the telephone company in pulling their wires.

INSTRUMENT WIRING

A.

In general, power for instruments shall be provided at 120

volts from the emergency lighting panels, or from the normal
lighting panels when an emergency supply is not available. No
lighting fixtures, convenience outlets or other type of utility
outlets shall be connected to the instrument circuits. Where
instruments are of a critical nature, such that loss of power would
cause a shutdown or process upset, power shall be supplied from

an uninterruptible power supply circuit.

Switches for field assembled instrument panels shall be as follows:

1. An instrument disconnect switch shall be provided in each
branch circuit supplying a maximum of 6 non-potentiometer
type instruments or recorders. Each potentiometer type
instrument, electronic controller or amalyzer shall have an
individual disconnect switch,

2, 'Switches for temperature recorders and indicators shall be
located on the back of the panelboards.

3. When instruments are not fused, all instrument switches shall
be of the thermal overload type, 2-pole, connected to interrupt
line and neutral wires.
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Xv.

INSTRUMENT WIRING (Continued)

C. Wire and Cable

1. All wire pairs shall be twisted. The lay of the twist shall
be approximately 30 times the outside diameter of the
individually insulated conductor (13" to 2%").

The minimum conductor size shall be #16 AWG for one pair of
cables and #20 AWG for multipair cables, or as recommended
by the equipment manufacturer.

Color Coding

a.

b.

The thermocouple wire and cable color coding shall be in
accordance with ANSI C 96.1-1964.

The instrument signal wiring shall be:

Twisted pairs: White - positive
Black - negative

Cable outer jacket: Black
Intrinsically safe circuits only and no others, shall use:

Twisted pairs: Bright Blue ~ positive
Light blue or white with blue stripes, negative

Cable outer jacket: Bright Blue.

Cable Type and Specification

a.

Thermocouple extension wire shall be solid alloy wire

pair of required calibration (per ANSI (C96.1) to match
thermocouple well and instrument to which it is connected.
#16 AWG for single pair cables. Thermocouple pairs are
shielded with aluminum backed mylar tape, helically
applied with 25% overlap. Aluminum shall be in continuous
contact with a tinned, solid copper drain wire. Conductor
insulation shall be 105°C PVC 15 mils thick. Jacket

for single pair cables shall be 20 mils of 80°PVC.
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XV. INSTRUMENT WIRING (Continued)

C. Wire and Cable (Continued)

4, Cable Type and Specification (Continued)

b. Electronic signal cables shall be #16 AWG stranded copper
twisted pair cable with 15 mils 150°¢C pvC 1nsulat10n,
shielded with aluminum backed mylar tape (as in a above)
and with an overall jacket of 80°C PVC 20 mils thick.

¢. Cables for alarms shall be same as b except not shielded.

D. Grounding Practices for Equipment and Circuits

1. Instrument circuits shall be grounded to reduce the effect
of electrical interference upon the signal being transmitted.
Instrument manufacturer's recommendations shall be carefully
followed when locating this ground.

2. 1In general, the following rules shall'apply:

a. The circuit of a DC loop shall be grounded at only one
point,

b. Normally, the ground shall be located on the negatlve
side of the DC loop power supply.

c.. The AC power supply shall be grounded

d. “In loops involving a computet, the actual phy51ca1 loca~
tion of the ground shall be as recommended by the multi-
plexer supplier.

e. When the connecting wiring for an instrument is of the
shielded type, the shield shall be grounded at the control
house end.

3. Grounding of Cable Shields

a. All shields of shielded pairs, with the exception of
thermocouples, shall be grounded at one end only, the
termination point to be in the control room. Continuity
of the shield shall be maintained throughout the cable
run and isolated from ground at instruments, junction
boxes, etc. This shall also apply to multipair cable
with overall shielding.
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D.

E.

Grounding Practices for Equipment and Circuits (Continued)

3.

Grounding of Cable Shields (Continued)

b. Where shielded thermocouple wire is used, the shield shall
be grounded near the point of the circuit ground. For
grounded junction thermocouples, this means at the thermo-
couple head. For underground junction thermocouples, this
means at the control room.

c. Cables of thermocouple pairs having an overall shield
shall have the overall. shield grounded at the panelboard
for grounded and ungrounded junction thermocouples.

Thermocouple Circuit Grounding

a. The selection of grounded junction or nongrounded junction
thermocouples is usually determined by the requirements
of the device to which the thermocouple is connected,
i.e., grounded junction thermocouples cannot be used with
transmitters, mV alarms, or recorders that do not have .
isolated inputs.

b. Where nongrounded thermocouples are used, circuits shall
be grounded at the receiving instrument.

Routing of Instrument Signal.Wiring

1.

Signal wiring shall be adequately separated from power wiring
and electrical equipment to minimize noise. The following

are minimum required separation distances between the signal
wiring and the power conductors for parellel runs. Crossovers
shall be made at right angles.

MINIMUM SEPARATION
SIGNAL WIRING OR

POWER WIRING  THERMOCOUPLE WIRING IN ~ THERMOCOUPLE
CAPACITY RIGID STEEL CONDUIT WIRING IN STEEL TRAY
125 v 10 A 12" 24"

250 v 50 A 18" "
440 V 220 A 24" 36"

5000 Vv 800 A 48" 60"
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E. Routing of Ipstrument Signal Wiring (Continued)

2, Intrinsically safe wiring shall be separated from all other
control, signal, and/or power wiring, as set forth in Para. K.

3. Where a strong magnetic field is known to exist, signal wiring
shall be routed with respect to this field to minimize inter-

ference (parallel to the magnetic flux lines).

4. Signal wiring shall not normally be routed through areas where
ambient temperatures exceed 176 F (80 C).

5.  No joints or splices shall be permitted in signal conductors
except at terminal junctions in junction boxes.

F. Instrument Wiring - General

i. For intrinsically safe wiring, unfused paralleling of trans-
mitters on one DC power supply shall be avoided; a separate
pair of wires shall be used. This 1s also advisable for non-
intrinsically safe wiring.

2, Controllers, recorders, indicators, computer inputs, alarm
relays, etc, shall operate on the voltage signal measured
across vendor specified calibrated resistors. Resistors shall
remain in the loop when any of these devices are disconmnected
for servicing. Milliammeters in a loop shall have a shunt.

3. Manufacturer's recommendation shall be followed when wiring
special equipment such as turbine meters, magnetic flow
transmitters, analyzers, etc.

4. Each pair of wires shall be adequately identified at any
junction where othetr wires are preseul. All terminalsc chall
be clearly identified. Terminals on the back of the main
control panel shall be labeled with identification containing
the instrument loop number.

G. Wiring of Controls

1. The instruwmeut manufacturer's published limits on the
resistive load which can be put on each signal generator shall
not be exceeded. Allowance shall he made for low power supply
voltage level,

2. Voltage signal receivers shall have an input impedance of
more than 100 times the impedance in the rest of the circuit,
This includes the wiring and the output impedance of the signal
source
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XV. INSTRUMENT WIRING (Continued)

H.

In transmission circuits containing both control and computer
signals, the wiring practices shall be governed by the needs
of the computer, as long as these practices do not conflict

The interface between computer and controls using a milliampere
signal is a vendor specified precision resistor. The location
of this resistor shall be the grounded side of the transmission
loop or as recommended by the equipment manufacturer.

No loads other than computer loads shall be connected to
the secondary of the computer isolation transformer.

All connections from the computer to the process controller
shall be through circuits so designed that an open or short
circuit on any computer input will minimize upset of the

Wiring of Controls and Computers
1.
with intrinsic safety requirements.
2.
3.
4.
conventional control loop.
Wiring of Thermocouples

1.

The impedance of receiving instruments shall be at least
100 times the sum of the impedance of the sensor and the
connecting wire.

A thermocouple may be wired to two receiving instruments.in
parallel, such as a signal multiplexer and a temperature
alarm, if both devices have an input impedance of one megohm
or greater.

Grounding of thermocouples shall be as specified in Para. D.4.

Thermocouple terminal box connections shall be with tubular

screw-type terminals and connections to make drain wire con-
tinuous from thermocouple to instrument, with isolation from
ground in the terminal box.
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K. Wiring of Intrinsically Safe Equipment

1, 1Intrinsically safe equipment shall not be connected with systems.
a. Operating at different voltage levels
b. Having different signal ground reference points

c. Approved for different hazardous location groups, unless
approved electronic safety barrier devices are used.

2. Intrinsically safe equipment of different manufacturers shall
not be mixed without investigating of compatibility of
certification.

3. The installation of safety electronic barriers shall comply
with the following: :

a. Segregation of intrinsically safe leads and terminals

b. Protection of the barrier from dust, moisture, and exposure
to an ambient temperature exceeding 120 F and severe
vibrations. Exposure to direct sunlight or sources of
radiant heat shall be prevented.

c¢. Proper mounting and grounding of the barrier.

d. Cable shielding, when used, shall not bridge over the
barrier.

4, To ensure an intrinsically safe system when using barriers:

a. There shall be no intrusion of outside power suvurces
exceeding the barrier rating on the nonhazardous locaticn
side of the barrier.

b. There shall be no intrusion of outside power sources,
including other intrinsically safe circuits, on the
hazardous location side of the barrier.

¢. There shall be no energy storage system (capacitive or
inductive), in excess of the maximum permitted by the
barrier design, on the hazardous location side of the
barrier.

'ON WHO4

V606—-SEL



FORM NO. 135-810 A

' JOB SPEC -
FOSTER WHEELER ELECTRICAL SPECIFICATION 08§ 608632;0Al

REVISION 0
PROCESS PLANTS DIVISION DATE June 1, 1979
XV. INSTRUMENT WIRING (Continued)
K. Wiring of Intrinsically Safe Equipment (Continued)
5. Generally, the safety barrier resistance represents a high
percentage of the load capability of a transmitter of a
controller. Therefore, a check shall be made to.ensure that
the resistance required for cabling plus other series connected
devices, does not exceed the maximum load impedance of the
instrument.
XVI. ELECTRICAL FIELD TESTS
Refer to ENG STD 70A2 for complete testing requirements
XVII. INSPECTION
For shop information requirements, refer to the purchase order.
XVIII. FOREIGN PROJECTS -

The specifications, codes, equipment ratings, material sizes, etc.,
referred to herein, are standard for the United States. In the case

of projects located in foreign countries, it is understood the specifi-
cations, codes, equipment ratings, material sizes, etc., which apply

in said country and are equivalent to those specified herein, shall
complement those referred to in this country.
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II.

.  SCOPE

This standard specifies . Foster Wheeler's general responzibilities and
procedures for the testing of electrical installations at 2 process plant
jobsite, prior to completely energizing an integrated electrical system.
Electrical testing at the jobsite will consist of 2 associated phases;
the investigation (test analysis) and the inspection (perceptual

" analysis). Tests which are necessary to retain the manufacturer's

guarantee will be conducted in accordance with instructions from the
electrical equipment (material) manufacturer. In the absence of specific
manufacturer's instructions, electrical field tests will be limited to
those hereinafter specified for the various materials and eguipment. The
inspection will consist of the combined physical examinations for unusual

conditions of overheating, vibration, etc., mechanical and material -
defects prior to, during and after the energizing of an electrical
installation.

GENERAL INSTRUMENTS AND PROCEDURES

In addition to normal testing equipment (voltmeters, ammeters, etc.) thé
following instruments and procedures are required for the tests
hereinafter specified:

A. Short time insulation resistance measurements, ‘hereinafter described
shall be mnmade with megohmmeter testers, (Megger) . Resistance
measurements shall be recorded after 60 seconds cf applied voltage
preferably during dry temperate weather. Test voltages shall conform
to the following requirements:

1. Equipment rated 1000 V or less shall be tested using a 500-volt
"Megger ."

2. Equipment rated 2300 V and above shall be tested wusing a
2500-volt "Megger" with range up to 200 megohms.

3. Equipment rated above 5000 V preferably should be tested at a
voltage equal to 50% of the equipment rating but in no case
should it be tested at less than 5000 V.

B. Grounding connection resistance will be measured with a portable low

resistance "Megger" ground testing instrument: Associated Research
Inc. Vibraground Tester, Biddle Co. Earth Resistance Tester, or
equal.

C. Temperature measurements shall be taken by a mercury thermometer or
by a thermal-sensitive resistor circuit.
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ELECTRICAL TESTING

When available, service personnel under contract to Foster Wheeler
from local agencies shall perform the following tests:

1. Dielectric strength testing of insulating liquids.

2. Current leakage tests on cable for services above 5000 V.

Where local agencies are not available, the necessary tests shall be
performed by Foster Wheeler personnel in accordance with this

standard.

Prior to wusing testing and instrument devices, personnel shall be
completely familiar with applicable manufacturer's instructions.

Setting and calibrating of protective relays shall be performed by
service personnel under contract to Foster ‘VWheeler from a 1local
agency capable of performing this function.

GENERATORS AND MOTORS

A.

Insulation Resistance

1. All alternating current synchronous and inductive type machiner
rated 10,000 HP and below shall be subjected to an insulation
test prior to connecting the machine terminals to the motor
feeder. A one minute "Megger" reading not less than the
following minimum values at a machine temperature of U0 C shall
be observed bvefore energizing:

MINIMUM MEGOHM VALUES FOR MACHINES
10,000 HORSEPOWER & BELOW - CLASS A & B INSULATION
Volts: 110 449 550 2300 3000 4000
Megonms : 1.1 1.5 1.6 3:3 4.0 5.0

For all other voltage ratings, the minimum insulation resistance
value shall be determined from the following formula:

Rm = kV + 1
Wnere Rm = recommended nminimum insulation resistance in
megonms at 40 C of the entire macnine winding
kV = rated machine potential in kilcvolts

v8e- 6T "OM WHO
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If the winding is not at a temperature of 40 C, the observed one
ninute resistance must be reduced by multiplying the observed
value by the temperature coefficient of insulation resistance
(Kt40C) found in the following table:

Winding 0 5 10 15 20 25 30 35 4o
Temp. C
Kt 40C 0.065 0.09 0.13 0.19 0.25 0.36 0.50 0.70 1.0

The value of insulation resistance for lcow-voltage motors’mayAbe
determined by a single measurement.

The representative value of insulation resistance for medium-
voltage motors shall be determined by the dielectric absorbtion
ratio calculated from 2 megohmmeter readings taken during the
same test in accordance with the following regquirements:

a. For motors rated 750 kW (1000 HP) or less, the representative
value of insulation resistance shall be the ratio of the 60
second reading to the 30 second reading.

b. For motors rated over 750 kW (1000 HP) the representative
value of insulation resistance shall be the ratio of the 10
minute reading to the 1 minute reading {Polarization Index).

The minimum acceptable values are 1.25 for the 60 to 30 second
ratio and 2.0 for the 10 to 1 minute ratio, provided the 30
second and 1 minute readings of the respective ratios equals or
exceeds the requirement of Paragraph III1.4.1.

Three-phase machines with only 3 leads brought out shall have the
insulation resistance measured with ali 3 Jleads connected
together.

Three-phase machines with all 6 léads brought out shall have the
insulation resistance of each phase measured separately with the

other 2 phases grounded. The observed resistance of each phase
shall be divided by 2 to obtain a value, which after correction
for temperature, can be compared with the recommended minimum

value of insulation resistance.

If the corrected insulation resistance is below the minimum
value, the machine must be dried out, as specified below.

It should be noted that for machines in good condition,
insulation resistance readings of 10 to 100 times the recommended
minimum values are not uncommon.



ENG STD 70A2

PAGE )
REVISION O
DATE May 1,

B.

1978

ELECTRICAL TESTING FOSTER \%@) WHEELER

PROCESS PLANTS DIVISION

Drying Out Process

1.

Machine windings shall be dried out by supplying heat from
electric strip heaters, from heat lamps or by passing current
through machine windings wuntil a sufficiently high, rising
insulation resistance is obtained. When current is applied
through the windings, it shall not exceed the nameplate rating.
The temperature maintained. during the drying out process should
not exceed the following:

a. {Class A Insulation

By a thermometer 80 C
By resistance bridge or a thermal-sensitive
resistor circuit (RTD) : go C

b. (Class B Insulation

By a thermometer 90 C
By a resistance bridge or a thermal-sensitive
resistor circuit (RTD) 110 C

Wound rotor induction machines rated 2300 V and above will be
dried out by mechanically loccking the rotor then applying a
Lyo Vv, 3-phase, AC supply to the stator. Regulation shall be
obtained from a resistance inserted in the rotor circuit.

The applied voltage to produce drying current for other
synchronous and induction machines rated 2300 V and above should
not exceed 10% of tne nameplate voltagze and should not cause more
than 60% of nameplate full load current to pass througn the
windings. The voltage may be increased to 15% of nameplate,
after a low insulation resistance increases to 1/2 of the minimum
value. )

The insulation resistance shall be periodically recorded during
the drying out process. In large high voltage machines the
initial cold coil resistance value will be high (20 megohms 20
C).%¥ As the drying process continues and water vapor is boiled
out from the internals of the machines, the insulaton resistance
will rapidly fall to a minimum (& megohms 90 C).® As the drying
process nears completion the insulation resistance will reverse
its downward trend and settle at a steady higher value (12
megohms 90 C).# 4s the coils cool, after the drying process has
been completed, the insulation resistance will rapidly rise (150
megonms 20 C).#

% yalues for ccaparative purposes only.

v8€-GE1L "ON WHOd
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c.

5. A period of 24 hours will wusually be found sufficient for drying
machines rated 600 to 2000 horsepower. Less time will be
required for drying smaller machines. Windings which have been
exposed to moisture will take longer to dry out than machines
which have been properly stored.

Inspection

1. Prior to energizing the machine, all foreign objects between the
rotor and the stator field coils should be removed. Brushes must
move freely in their holders making a firm and even contact with
‘collector rings. Voltage and frequency on the nameplate of the

" machine must correspond with the terminal 1line voltage and

frequency. Belts for directly connected exciters (auxiliaries)
shall be in proper running condition. All Dbearings must be
properly filled with oil or grease. Machine shafts (rotors)

shall be checked for alignment, shaft end play and rotation
before being coupled to other machinery.

2. Drain plugs furnished on totally enclosed motors shall be removed
and replaced with approved electrical drain fittings.

3. During the machine test-run, inspect for smoke, unusual noises,
vibration and overheating. Operating conditions must be
investigated and corrective action taken when the total
temperature (ambient plus rise) exceeds the following values:

a. For Class A insulation - 90 C

b. For Class B insulation - 110 C

¢. For Class H insulation - 150 C

IV. TRANSFORMERS

A.

Transformer windings shall have their insulation resistance tested:
a. Primary to ground

b. Secondary to ground

¢. Primary to secondary

Sealed tank type transformers shipped assembled and filled with oil
shall have an o0il sample tested. For transformers shipped without
oil, samples of oil shall be tested before filling the transformer.
Transformer insulation shall be tested by a megohmmeter prior to
filling and if required, insulation shall be driedr using an approved
method.
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Test samples of 1liquids insulating immersed transformer windings
rated for 150 kVA =service and above must undergo a dielectric
strength test. The test sample must withstand the following minimum
voltage stress without an insulation breakdown when tested with a
standard testing device:

ASTM D 877 Method ASTM D 1816 Method
0il 30 kv 22 kV
Silicon 30 kV 22 kv
RTE mp Fluid : 30 kV 26 kv

If the voltage causing a breakdown 1s less than the wminimum value,

the liquid must be (dried) passed through a suitable filter press:

until the minimum voltage stress can be sustained.

ASTM D 977 method is generally suitable for testing service-aged
liquid dielectrics. Dielectric strength is tested with a standard
testing device consisting of a test cup, instruments, control and
high voltage power supply. The test cup internals shall support 2
butted electrodes, separated by a 0.1" gap. Each electrode shall
have . a polished 1" diameter circular disc parallel to the other
electrode at the gap interface. Sixteen ounces of liquid will be
required for the test, After the electrode spacing has been checked
with a standard round gage, having a dizmeter of 0.100", the
electrodes will be locked in position. After a suitable rinsing

.procedure, the test cup will be immediately filled with the liquid

sample to be tested. The liquid should be at a temperature of 40 C.
During the test the uniform rate of voltage increase should be abocut
2,000 volts per second. One breakdown should be made on each of 5
fillings of the test cup. Any individual test which deviates from
the average by more than 25% will be test recorded and replaced by an
additional test, An average of the first 5 tests within the
allowable deviation will be taken as the dielectric strength of the
liquid.

ASTM D 1816 method 18 similar to the method described above with the
exception that it prescribes the use of spherically capped
electrodes, separated by a 0.04" gap. It is primarily suitable for
testing new oils.

Completely assembled, factory-sealed-tank transformers shipped with
an insulating liquid successfully passing the preliminary dielectric
strength test without filtering, may be put into the service after
inspection if the cold coil insulation resistance between windings
and between windings and ground tests above 6 megohms. In the event
that the insulation resistance value falls below 6 megohms the
transformer coils must be dried.

VBE-GEL "ON WHOA



37A

FORM NO. 135-

p— 1 ENG STD  TOA2
FOSTER W WHEELER ELECTRICAL TESTING PAGE 7

REVISION 0

PROCESS PLANTS DIVISION DATE May 1, 1978

Coils for factory sealed-tank-transformers shipped with an insulating
liquid failing the dielectric strength test (before filtering) and
coils for tank type transformers shipped separately without
insulating liquid must undergo an out-of-liquid short-time "Megger"
test for insulation resistance to ground and to other windings at a
temperature between 60-70 C. The out-of-liquid insulation resistance
must measure above one megohm per thousand volts of rated ine
voltage. Coils with 1insulation resistance values failing this
requirement must be dried.

In the event that drying is necessary, the transformer coils will be
heated to a temperature of 60-70 C for a period of 24 hours by
circulating current through the windings. This may be accomplished
by short circuiting either winding (HV or LV) and impressing 1/2% to
1% of nameplate voltage (at normal frequency) across the other.
Current should be 1limited to 1/5 of the rated normal full load
current by a reostat in series with the exciting winding. As the
maximum coil temperature is approached, the circulating current
should be gradually reduced until a steady state temperature
condition is reached within the 60-70 C range.

The transformer tank and all fittings shall be inspected and tested
for adequate sealing to prevent leakage of insulating 1liquid,
entrance of moisture and loss of inert gas protection before the
transformer is energized. During a leakage test the transformer tank
shall not be subjected to a pressure greater than the amount
specified on the nameplate. If there 1is no nameplate pressure
specified a test pressure of 5 psi will be used. The 1liquid
dielectric will be slowly pumped into the sealed transformer until
the pressure reads 5 psi. Joints, connections and gaskets will be
checked with chalk dust to detect leaks. Any appreciable leakage
will cause a pressure drop within a few hours. )

The following precautions should be taken before placing the
transformer in service,

1. Check liquid level, bushings and other externally connected or
gasketed devices, such as oil temperature and level gauges.

2. Check no-load tap changer to be sure it is in operating condition
and at proper tap setting.

3. If provided, check operation of temperature alarm and level
alarm.

4, 1If provided, check operation of cooling fan relay and circuit,
and fault pressure relay.

5. Check grounding of transformer.
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V. SWITCHGEAR AND MOTCR CONTROL EQUIPMENT

A.

Before connecting cable leads to switehgear and wmoter control
equipment terminals, internal bus bars and connections shall undergo
a short time "Megger" test. "Megger" tests should be mad2 preferably
during dry, temperate weather.

The switchgear and motor control equipment must be dried hefore going
into service if the insulation resistance,to ground ~falls below the
following minimum values.

Tests will consist of megohmmeter measurements between each phase and
grounded between phases.,

600 volts 601 volts above

and below to 15,000 volts
15,000 volts

3 megohms 50 megohﬁs 200 megohms
{(breakers in) (breakers out) (breakers out)

Precautions required to obtain reljiable insulation measurements will

include disconnecting lightning arrestors, capacitors, potential
transformers and secondary ground connections on current
transformers.

On completion of the wire and cable terminations, a final insulation
measurement using a megohmmeter shall be obtained Ffor the entire
system. Preferably, the measurement should be obtained just srior to
the eduipment being energized or, where applicable, prior to being
turned over to the Client as being mechanically complete.

0il immersed contactors or circuit breakers must undergo the
dielectric strength test, (See Section 1IV)

Prior to energizing the switchgear bus, the following items shall be
inspected z2nd tested for proper operation:

1. Control, protective and metering circuits.
2. Contact alignment on all contactors and circuit breakers.

3. Setting and calibrating all overcurrent relays as hereinafter
described where this is a part of Foster Wheeler responsibility.

V8E-5€1 "GN WHO-
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4. Tanks for oil circuit breakers must be filled before tests begin.
Place the circuit breaker in its "Test Position", (use a plug
jumper where necessary) and make the following tests:
a. Close and trip the breaker with its .control switch.
b. Manually trip the breaker.
¢. Close and trip the breaker from any remote control positions.
5. Where the switchgear is arranged for a secondary selective system
with automatic transfer scneme, the transfer circuits shall be
tested by simulated fault and undervoltage conditions.
6. Operate other auxiliary devices.
7. Bolted bus joints, terminals and other connections for each

separate equipment installation shall be checked for tightness.

VI. RELAY AND PROTECTIVE DEVICES .

A.

Relay settings and coordination curves shall be furnished to field
personnel. The following instructions apply where Foster Wheeler is
responsible for setting and calibrating relays:

1.

2.

"All relays will be set in accordance with the relay tabulations

furnished.

Relays with time characteristics shall be tested at 2 points on
the time coordination curves to verify conformance with the
manufacturer's data.

Protective relay settings and adjustments shall be made in
accordance with manufacturer's applicable instruction booklets.

Circuit prgtecti#e devices that have adjustable settings, such as
molded case circuit bresakers, shall be set in accordance with the
system coordination requirements.

Heater elements of thermal overload relays used for motor
protection shall be individually checked to ensure the proper
element has been selected, installed and set for the motor
nameplate full-load current. Where fuses are used, their ampere
rating and NEMA class shall be checked for conformance with
design requirements,

Other devices having variable timing characteristics, such as
time-delay relays used in the automatic restart of motor drivers,
shall be set and tested in accordance with the intended control
function.
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BATTERY AND BATTERY CHARGER

The following precautions should be taken before placing the battery
in service: (CAUTION: Type of battery should be checksd in advance:
Lead-Acid or NI-CAD).

1. Check the battery cells for proper 1level of electrolyte, for
specific gravity of electrolyte by using a2 hydrometer, and for
cracked jars. (Do not use hydrometer if it is a NI-CAD Battery).

2. Check the cell connections and wiring for continuity and
polarity. T4

3. Check all protective devices for proper rating.
k. Check the battery output voltage.

Before energizing the 'battery charger, the battery should be
connected across the output terminal in such a manner that the
positive battery terminal is connected to the positive terminal of
the charger. If the polarity of the battery terminals has been lost
in a cable run, a polarity check can be made by opening the A.C.
supply switch to the charger and connecting the battery leads to the

output terminals of the charger. Observe the deflection of the
voltmeter on the battery charger. If it reads on scale, the battery
is connected <correctly to the output terminals. If the voltmeter

reads off scale, reverse the battery leads at the <charger output
terminals, '

EMERGENCY POWER

Emergency generation facilities shall be checked for automatic starting,
generation and power transfer during 2 simulated loss of voltage.

PAGE 10

Revision O

DATE May 1,
VII.

a.

B.
VIIIX.
iX.

WIRE AND CABLE

A.

Before being connected to equipment, 1installed wire and cable having
all splices, potheads, stress cones, and metallic insulation
shielding completed, shall be checked in accordance with the
following requirements:

1. Test for continuity of all conductors and, where applicable,
continulty of metallic insulation shielding to ground.

2. Test of insulation resistance of low-voltage and unshielded
medium-voltage wire and cable using a megohmmeter according to
the table in Paragraph IX.D. Measurements shall be made between
phases and between each phase conducter and ground.

v8e-SEL O WHOA



FORM NO. 135-3TA

ENG STO  T0A2
FOSTER W’ WHEELER ELECTRICAL TESTING ' PAGE 11

_ REVISION 0
PROCESS PLANTS DIVISION DATE May 1, 1978

3. Test of insulation resistance of metal-clad, metal-sheathed and
shielded medium-~-voltage wire and cable using high-voltage direct
current in accordance with the requirements of Paragraph IX.B.
Tests on metal-clad and metal-sheathed cable having no metallic
insulation shielding shall be made between each phase and
metallic covering and between phases. Tests on wire and cable
having metallic insulation shielding shall be made between each
phase conductor and the metallic insulation shielding for that

conductor.
B. In addition, cables rated above 5000V, shall be tested for current
leakage wusing a suitable DC high potential testing set. The

initially applied direct current voltage shall be not greater than 3
times the rated AC voltage of the cables; preferrably, it shall be
2.4 times the rated voltage.

Test results shall be recorded on the "DC High Potential Test Report"”
(see Appendix). The cable shall be gradually stressed to minimize
harmful surge currents. High voltage ozone resistance, rubber type
cable must be capable of withstanding the following voltage stresses:

DC MAXIMUM TEST VOLTAGE #%

RATED AC RMS CONDUCTOR 100% INSULATION 133% INSULATION
VOLTAGE OF CABLE SIZE, AWG LEVEL (GROUNDED LEVEL (UNGROUNDED
NEUTRAL) ’ NEUTRAL)
& 5000 V 8 & over 25 kV 25 kV
8000 V 6 & over 35 kV 35 kV
15000 V 2 & over 35 kV 65 kV
25000 V 1 & over 80 kV 100 kV
28000 V 1 & over 85 kV ’ -
35000 V 1/0 & over 100 kV -

®0nly when reguired for the specific project.
##These values are 80% of factory test values.

The above shall apply to the following insulations: Rubber type
(EPR), Thermoplastic (XLPE); all with insulation shield.

The following procedures apply for this testing:
1. Leakage currents should be observed during voltage build-up.

Faulty installations will cause leakage values to steadily rise
after 30 seconds.
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After application of the initial voltage, the voltage shall be
raised uniformly to the test voltage 1in not less than 10 seconds
nor more than 60 seconds. (The test apparatus may, however,
require a slightly longer time to raise the voltage in some
cases). Potheads and terminators isolated by switches, etc. from
other equipment may be stressed at the test vcltage along with
the cable.

Immediately upon reaching the test voltage, the time aad current
reading shall be noted and recorded on the "DC High Potential
Test Report" (see Appendix). The test shall be for a 15 minute
duration during which current readingzs shall be made for the time
intervals shown on the Test Report.

After the test voltage has been reached, the current readings
should show a decreasing amount of current with {ime until a
fairly steady current flows toward the end of the test time,. ir
the current begins to increase during this time, the cable will
be considered inadequate and must be corrected or replaced.

If the test must be interrupted for any reason before the
required test interval is complete, the cable shall be grounded
for an interval at least equal to that time voltage was applied
to the cable, before a new test can be started.

After completing the test, the cable shall be grounded for a time
interval at least equal to the amount of time voltaze was applied
before the cable can be considered safe.

Short runs of cable (below 200 feet) rated for service azbove 5000
volts will be considered as satisfactorily installed if the meggered
insulation resistance reads above the following minimum values:

CABLE SIZE GROUNDED NEUTRAL UNGROUNDED NEUTRAL
#6 - &4 AWC 5 megnhmé " 6 megohms
#2 - $#1/0 AWG 4 megohms 5 megohms
#4/0 - $#250 MCM“ 3 megchms 3 megohms
#5000 - 750 MCM 2 megohms 3 megohms
#1000 MCM 1.5 megohms 2 megohms

Cable for service, 1}000 volts and below, shall be tested with a
500-volt, megohm instrument. Insulation resistance for satisfactory
power installations shall not be lower than the following minimum
values.

v8E- GE1 "ON WHO-
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MINIMUM PERMISSIBLE INSULATION RESISTANCE
IN MEGOHMS FOR 1000 FEET RUNS AND BELOW

CABLE VOLTAGE RATING

' SIZE 600 V MAX.* 3 KV MAX. 5 KV MAX.
#12 AWG 1.5 5.0 --
#10 AWG 1.5 4.0 -
#8 AWG 1.5 4.0 5.0
#6 AWG 1.0 . 3.0 4.0
C #4 AWG 0.4 ' 3.0 3.0
#2 AHG 0.4 2.0 | 3.0
#1 AWG 0.4 ' 2.0 | 2.0
#1/0 AWG 0.4 2.0 2.0
#5/0 AWG 0.3 i.5 2.0
#250 MCM 0.3 1.5 2.0
#500 MCM _ 0.2 | 1.0 1.5
#1000 MCM 0.2 1.0 1.0

Example: 600 Volt maximum, 350 MCM, 1length below 1000 - feet - 0.3
megohm minimum insulation resistance.

E. For minimum - permissible insulation resistance for cable runs more
than 1000 feet, multiply the table values by the ratio 1000 feet
divided by actual feet of rin.

* Minimum permissible  values of insulation resistance for lighting.
branch circuits (600 V) shall be 1/2 of the indicated values when
fixtures (before lamping) and receptacles are included in the test.

X. GROUNDING
The ground system shall be checked wusing a suitable "Megger” to insure

that ground resistance values comply with requirements of the electrical
specification (ENG STD 7041).
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STANDARD REVISION O
PROCESS PLANTS DIVISION DC HIGH POTENTIAL REPORT DATE May 1, 1978
Customer:
Location: Current at Test Voltage
Plant:_ ‘ Milliamps or Microamps
Foster Wheeler Contract: ' - .
Time ga | g8 ge
CABLE 0

Cable No: 15 Sec.
From: . 0 Sec.
To: ‘ L5 Sec.
Length: - 't. 1 Min.
Cable Description: . 1.5 Min.

Manufacturer: ‘ ' 2 Min.

Insulation Type: : _ 3 Min.

Shielded? L, Min.

Conductor Size: S5 Min.

3 -1/c, or 6 Min.

1 - 3/C: . 7 Min.

Rated Voltage: kv 1 8 Min.

. Operating Voltage: kV 9 Min,

Rated Temp.: e 10 Min.

TEST 11 Min. .
Initial DC Voltage: kV 12 Min,
Test DC Voltage: ‘ KV 13 Min.
Temperature at Test: o¢ 1, Min.
15 Min.

Comments:
. DATE:
Tested By: Witnessed By:

Cbmpany: ' Company:
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U.S. Department of Energy FOSTER WHEELER ENERGY CORP.
Solar Steam Generation HA! FWEC Contract 11-60863
JOB SPECIFICATION NO. 60863-82A1

INSULATION

The subject specification is issued herewith per index of pages noted below.
If this is a later revision than now in your possession, please destroy superseded
pages and insert the revised pages.

Initial issue_X
Entire specification reissued
Revised pages only attached

REVISION INDEX

Rev, . Date
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% Pages revised for this issue are noted by asterisk.

Iszguc No. __1 Date __4/25/79 Basis: Dow Chemical Co.
Specification



THSULATIOH

1.0 GENERAL

1.1

1.2

1.3

1.4
1.5

1.6

1.7

1.8
1.9
1.10
1.11

1.12
1.13
1.14

Furnish and install insulation and finishes as shown on the pipeline
schedule and as specified herein.

The preparatory work of others shall be examined and objections thercto
reported to the owner's representative before proceeding with the work.
The contractor shall ascertain if any surfaces are to be painted before
insulating, and shall not proceed with the insulating work until
painting is completed.

Lines are to be tested and made tight before insulation is app]1od
Under no circumstances shall lines or fittings be covered while wet or
in frosted condition. No threaded fittings or connections shall be
covered until inspected and approved by the Dow representative as being
in accordance with the drawings and specifications and made up tight-
with the proper thread sealant.

Unpa1ntéd surfaces sha]l be brushed clean before applyint insulation,
using wire brush where necessary, and all loose material, dirt, and
grease shall be removed from surface before covering is app]1ed
Insulation shall fit the surface of the pipe and equipment snugly and
shall be fabricated or molded so as to leave not more than 1/8" void
between the surface to be insulated and the insulation itself.

A11 metal protrusions through insulation shall be flashed to prevent.
entrance of water.

Joints shai] be close fitting and water-tight.

A1l materials and accessories shall, be installed per manufacturer's
recommendations.

A1l insulation shall be kept dry and protected from the weather at all

“times. Any insulation found to be wet or damaged shall be replaced by

the contractor at no cost to Dow.
Do not cover lines that 5re in a wet or frosted condition.

Wherever posSib]e, pre-molded insulation blocks shall be used to
cover valves, pipe fittings, etc.

Insulation shall not interfere with any moving”parts of valves, etc.
Thermowells and resistance devices shall not be completely covered.
On single layer insulation t1e ins to existing insulations, the new

weather coating or outer jacket shall overlap the existing covering by
at least 6 inches.

INSULATION



IMSULATION

1.0 GENERAL (CONTIMUED)

2.0

1.15

The type and thickness of insulation requircd to meet the temperature
and service conditions which are to. prevail on the various surfaces
to be covered shall be according to the class table in the respective
insulation specification. The materials and thickness specified in
these classes indicate the minimumn of insulation value acceptable,
and the contractor shall furnish the materials specified with
commercial dimensions in closest accord with, but not less than, the
specified thickness. Substitute materials may not be used without
prior written approval of the Owner's representative.

The materials used, methods of application, and quality of work dore
shall at all times be subject to the inspection and approval of the
Owner's representative.

The Contractor shall make available scaffolding and/or rigging and
assist the Owner's representative in making any tests or 1nspectwons
when, in the opinion of the representative, such assistance is
necessary or required.

Safety Rules, All insulating operations shall be conducted in
conformance with the Owner's approved safety regulations.

Operating areas shall be kept free of accumulated waste materials
or rubbish caused by this work. :

A11 wires and bands used to secure insulation in place shall be
applied in accordance with the quoted insulation spec1fication
Ends of bands and tie wires shall be tucked under to minimize
hazards to personnel.

A11 weather barrier materials and vapor barrier materials shall be
either black or gray as specified in the specific insulation
specification.

APPLICATION

2.1

2.2

Pipe insulation shall be in sectional or segmented form. Insulation
for fittings and irregular surfaces shall be segmented, pre-formed,
block, or insulating cement. All joints shall be tight fitting and
all voids filled with broken block insulation or with insulating

cement and thoroughly sealed.

Pipe

2.2.1 1Insulalion shall be applied in single layer construction to the
thicknesses specified. .

2.2.2 A1l joints shall be butted tightly togohtef and securely wired
or banded on 9" centers.

2.3 [nds of wire loops shall be twisted together, bent over, and
driven into the insulation so as to leave no projections.

INSULATION



INSULATION (CONTINUED)

2.0 APPLICATION (CONTINUED)

2.3

2.2.4 Insulation shall be applied by the broken joint method. For
multiple layer construction, the second layer shall be applied so that
both circumferential and longitudinal joints are staggered.

2.2.5 On multiple layer construction, each layer shall be wired or
banded separately.

Fitfings, Valves, and Flanges

2.3.1 Fittings on piping 24" and larger and the bodies of the flanged

-valves shall be-insulated with block insulation to a thickness. equal to

that on adjacent piping.

2.3.2 Flanges shall be covered with sectional pipe or block insulation
to a thickness equal to that of the insulation on the adjacent piping.

2.3.3 The block insulation on the bodies of 24" and larger fittings and
valves and on all flanges shall be securely wired or banded in place.

~ On flanges, the insulation shall be of such length as to extend not less

than 2" or a distance equal to the insulation thickness, whichever is
greater, over the adjacent pipe insulation on each side of the flange.

A1l voids shall be filled with insulation material and shall be thoroughly
sealed. The total thickness of the insulation shall be equal to that on
the adjacent piping. : : : ‘

2.3.4 The insulation for fittings and the bodies of valves on pipe

2" and smaller shall consist of a built-up layer of insulating cement.
Total thickness of insulation shallebe equal to that on adjoining pipe.
Valve and fitting insulation shall be extended over the piping insulation

~a distance equal to the insulation thickness.

2.4

Bends..

2.4.1 Bends shall be covered by mitered sectional insulation or pre-
formed bends. Each section shall be securely wired or banded in place.
A1l joints shall be thorough]y sealed. ' :

3.0 FINISH-WEATHERPROOF

3.1

Pipe

3.1.1 Pipe insulation shall be covered or finished with Hu-Al style
TGH-1000-VB Weatherproof jacketing. Alpha Associates, Woodbridge,
New Jersey.

3.1.2 The jacketing shall be securely lapped and stapled on 2" centers
to the insulation. The lap shall be turned down to shed water. The
minimum Tongitudinal and circumferential lap shall be 2". '

3.1.3 Circunferential joints shall be securely taped to prevent entry
of any moisture.

INSIHATION



3.0

4.0

INSULATION (CONTINUED)

FINISH-WEATHERPROOF (CONTINUED)

3.2 Fittings, valves, flanges, and beads shall be finished with a weather-
proof mastic. Edges shall be lapped at least 2" and the insulation
finish shall be smooth, neat, and pinhole frce.

WIRES AND BANDS

4.1 VWire and Band Materials

4.1.1 For securing all s1ngle and outer layer insulation and for all
weatherproof finishes using a roofing jacket, wires and bands
shall be Type 302 or 304 stainless steel.

4.1.2 Bands and wires for securing inner layer insulation shall be.
galvanized steel. :

4.1.3 Wires and bands shall be spaced on 9" centers.

INSULATION



INSULATION

5.1

45.2

PIPE I

PHILIP
OWENS

WEATHERPROOF JACKETING

MATERIALS

NSULATION

CAREY CORP.
CORNING

ALPHA ASSOSIATES,

- WOODBRIDGE, NEW JE

CAREYTEMP 1500
KAYLO 10

INC.
RSLEY

(WITH VAPOR BARRIER)

HU-AL STYLE TGH-1000-VB (WH1TE)

PRE-MOLDED ONE PIECE PVC INSULATING FITTINGS

ZESTON

CERTAINTEED/ST.

FITTINGS -

INSULATING CEMENTS

ZESTON,

CELOTEX '~ MW-50 CEMENT
CORP. ~ SUPERPOWERHOUSE CEMENT
QUIK-COTE

KEENE
P. K.

-

INSUL. MFG.

co. -

INC.

ELASTOMERIC MASTICS (VAPOR BARRIER)

FOSTER DIV.

SEALAN

'PORTER PAINT CO.

TS

_FASTENING MATERIALS

1517.1"

OF AMCHEM PRODUCTS

GOBAIN FITTINGS - CERTAINTEED/ST.

FLASHING INSULMASTIC 4010

%" 'LEG LENGTH MONEL OUTWARD CLINCH TYPE .05

STAPLES'
019" THICK
WIRE

MONEL, SOFT ANNEALED, 16 Ga.

‘BANDING

304 STAINLESS STEEL,

~A. J. GERRA
TAPE (SHELL
DU-ALL TAPE
CERTAINTEED

INSULATION

RD CO.

TAPE

5/8"WIDE X

WHITE)
ZESTON, INC.
CERTAINTEED/SY.

.015" THICK

GOBAIN

GOBAIN

Oll

- MONOLAR 60-36 (WﬂITE)

WIDE X
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APPLICATION OF RIGID INSULATION ON PIPE
(High Temperature) '

—Jacketing

Insulation

SINGLE LAYER

O0ffset End Joints

) —Stagger Longitudinal
— . N Seams

-

Insulation
\ \\\\Z o / nsu |
N\ Jacketing

DOUBLE LAYER

APPLICATION NOTES - .

1. For materials see Project Specifications.

2. Insulation shall be applied over a clean, dry surface. Joints
shall be closely butted and all voids filled with insulating
cement. - )

3. Sinj]e Layer
3.1 Up to 12" dia. pipe Fasten Sections with wire.

3.2 Over 12" dia. pipe Fasten sections or segments with bands.

4, Double Layer

4,1 Up to 8" dia. pipe Fasten inner & outer 1ayers'with vire.

4=18=77
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ENGINEERING PRACTICES

. ' M8A-401
INSULATION . Page 2 of 2

S

4.2 Over 8" dia. pipe Fasten inner layer with wire and

sections - or segments of outer ]ayer

with bands.
5. All wiring or banding shall be on approximately ¢" centers, using a
minimum of 4 loops per 3 ft. length of insulation.
+ 6. Mechanical Contractor.will~install hard block insulation.
complete with jacketing at all hangers, same thickness as
specified in pipe line schedule.
(
Design Notes (Not part of project specifications)
1.0

This practice should be used pr1wan11y for the app]1cat1on
of Calcium Silicate, Rigid Insulation.

2-22-78



THE DOW CHEMICAL COHPAHY;
"ENGINEERING PRACTICCS
INSULATIOH "

Wl H8A 450 (~n91> )
MﬂPage I of 2 -

Jacket1ng : 2 ‘“‘-Lap Jo1nt ' Kéep in ff&%éﬁt
pul] up tight aga1ns; s Al AR b e n poss b] consea]
1nsu?at10n o SR IR v g I z =S

ipe insu]ation~{3;j;

'APPLICATION

NO ES

Fach sectlon of Jacketlnq sha]] be app11ed snuqu to the 'fﬂ:if:ﬁi
1nsu1at1on., Lap both longitudinal and c1rCUﬂ.erent1al g S P L N
o1nts a m1n1mum "o faa sl - - '.--A'}g'ﬂf A




.,,THE 501 CHEMICAL conPANY’ o i AR ‘
CENGINEERING PRACTICES -] AN L R R . M8A- 450 (PwOC) J
THSULATION . ' G Page_2 RE 2 r

N

7 N R 7 ¥
Lon a ;'frcumferentlal 301n;s shal] be taped
weatherproof1ng tape that matches

, DESiéN'NOTEs

See” spec1f1c weatherproo' na;er1a1 practwces"or a : i
“,part1cu]ar products genera] use’ and 11n1ta 1ons.__' Wk



THE DOW CHEMICAL COMPANY
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INSULATION

' S
M8A-402
Page 1 of 4

APPLICATION OF INSULATION ON VALVES

Finish

Insulating.cement

‘Pipe insulation-—

Ve

-

SINGLE LAYER

Insulating cement

1/2" Min.

Finish —;7.

4 uq[ln 290\

. ‘<,
'l

{
/

{

-

(4
©

A
s

A

G

Pipe
insulation—

Butt

tight against valve

insulation : /.

SINGLE LAYER

WELD END

VALVES

4-18-77

Butt insulation tight
against valve

—dJdacketing:

NN

DOUBLE LAYER

Wire 6r band

Flash with mastic when
using weatherproof
Jacketing

Finish

DOUBLE LAYER



ENGINEERING PRACTICES - C NBA-402
Page 2 of 4

INSULATION

Slope - 1/2" Min.

Insulating cement —

Same thickness as
pipe insulation.
Wire or bands

Flash with mastic if

Pipe Insulation .
~ using weatherproof jacketing

AR A 1 R L
T RN :
T ~__
B N Finish
Insulation or ' ' ‘ J . .
- ' Leave void unfilled

H.S. finishing
cement,

Insulating cement ' Slope - 1/2" Min.

Finish N\ . e N Wire or bands
Same thick- ; ‘- Flash with mastic wheﬁ

ness as pipe using weatherproof
jacketing.

insu]ation,_\\ ' .
X _ ' . Inner layer
: liess :

Quter layer

AR /’;’ET\ ~_ |

Insulation : S . ‘
f . .
22m2n§. ‘1n1sh1ng //> DOUBLE LAYER ‘\\\\\v—Leave void unfilled

FLANGED VALVES

4-18-77
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INSULATION : Page 3 of 4

Finish

Insu]ating cement
Pipe insulation

Butt insulation
tight against
valve

SCREWED VALVES

APPLICATION NOTES

1.

2.

'For materials see prOJect Specifications.

M1tered or sectional blocks of insulation shall be of the same
material as adjacent p1pe insulation and installed as shown.
on sketch. :

Spot insulating cement to valve as shown, app]y1ng approx1mate]y
same thickness as adJo1n1ng pipe insulation.

Fasten mitered or sectiona] blocks across va]ve body securely
as follows:

4,1 Single Layer, thru 10“ valves: Fasten with wire.
4.2' S1ng]e Layer, 12" valves and'over: Fasten with Bands.

4.3 Doub]e Layer, thru 10" valves: Fasten inner and outer layers
with wire.

4,4 Double Layer, 12" valves and over} Fasten inner layer with
: wire and outer layer with
bands.

Bonnets
5.1 On sizes less than 2%", either single or double layer use only
insulating cement. For sizes z%'and larger use mitered

or sectional blocks. The thickness of either shall be equal
to the adjoining pipe insulation.

4-18-77
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ENGINEERING PRACTICES M8A-402
INSULATION : ' ‘ : Page 4 of 4
5.2 Single Layef - Insulate all bonnets operating above 350°F.
5.3 Double Layer - Insulate all bonnets,.
6. Alternate insulation - All sizes:
6.1 Install pre-=fabricated insulation fittings of samé insulation

material & thickness as on adjacent pipe. Fasten same as above,
and point all voids with-insulating cement.

DESIGN NOTES (Not part of project Specifications)

{ o _ :
1. These application methods are intended to be used with Bigh
temperature, rigid type, insulation systems, (above 450 F)
or as alternates to the pre-cut factory‘made fittings, such as,

Zeston Fittings. '

2. This practice should not be used for va]ves'dperating below 35°F.

4-18-77
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Y
ENGINEERING PRACTICES ' I MB8A-403

INSULATION _ . Page 1 of 4

APPLICATION OF INSULATION ON FITTINGS

—— . ———Pipe Insulation

i

| | ~ " SINGLE LAYER
DOUBLE LAYER | .

Pipe insulation

~Finish

"Insulating cement-

Pipe insulation
SINGLE LAYER

DOUBLE LAYER MITERED ELBOW

WELDED FITTINGS

4-18-77



Lol cerni g PIALILLED

INSULATION

JiOrnvrdo

Page 2 of 4

Inéu]ation or
H.S. finishing
Cement

Same thickness as pipe
insulation

Pipe B |
: insulation— |
% Mitered
: Insulat-
’ ion or
< {nsu]atf
. ' - = 2 A éggent
] { - .Same thickness as Gz = : .
L_*LJ/////nipe insulationg : Finish
SINGLE LAYER ' DOUBLE LAYER ' SINGLE LAYER . DOUBLE LAYER}

FLANGED UNION "FLANGED ELL

»

. . ) (
f FLANGED FITTINGS o

4-18-77



ENGINEERING PRACTICES - , . NBA-403
INSULATION . ' Page 3 of 4

Pipe insulation single
or double layer.as
specified.

Butt insulation tight
against fitting

Finish

Insulating cemént

SCREWED ELBOYS

(Screwed tees are-similar)’

Note: Do not insulate screwed unions unless specified otherwise.

" SCREWED FITTINGS

APPLICATION NOTES - -

1. For materials see Project Specifications.

2. Mitered or secfiona] blocks of insulation shall be of
the same material as adjacent pipe insulation and installed
as shown on sketch.

'3. Spot insulating cement to fitting as shown, applying
approximately same thickness. as adjoining pipe insulation.

4., Fasten mitered or sectional blocks on fitfings securely
as folliows: ) :
4.1 Single layer, thru 10": Fasten with wire.
4,2 Single layer, 12" and over: Fasten with bands.

4.3 Double layer, thru 10": Fqsten inner and outer layer with
wire.

4.4 Double layer, 12" and over: Fasten inner layer with
wire and outer layer with
bands. '

4-18-~77
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6. Alternate insulation - all sizes:

6.1 Install pre-fabricated insulation fittings of same
insulation material & thickness as on adjacent pipe.
Fasten same as above, and point all voids w1th

insulating cement.

na

DESIGN NOTES (Not part of Project Specifications)

1. These application methods are intended to be used wath high

temperature, rigid type, insulation systems, (above 450

or as alternates to the pre- cut factory made fittings, such as,

Zeston Fittings.

2. Thisopractice should not be used for “fittings operating
below 35°F.

4-18-77
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DOW ENGINEERING SPECIFICATION
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HOT INSULATION
BASE ELBOYW SUPPORT

. 3
FINISH
INSULAT IO
. SEALER !
- !
2
i
NOTE:

1. FOR MATERIALS SEE JOB SPECIF!CATIONS.

HOT INSULATION
BASE ELSOW SUPPORT
DETAIL E56-020
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HOT INSULATION
DUMMY LEG PIPE SUPPORT
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SUPPORT

NOTE:
1. FOR MATERIALS SEE JOB SPECIFICATIONS.

HOT INSULATICN
DUMMY LEG PIPE SUPPORT
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= DOW CHEHICAL COMPANY HOT INSULATION.
NGL\:.EM\G SPECIFICATION DETA!' AT SHALL SCREWED OR WELDED FITTINGS

_Pipe insulction

Insulating cement
- (see note 2)

Fitting finish |1 '
overlap insulation ———

Fitting finish

- . -

NOTES:.

1. For matetials see job specifications.

[ 48

2. Premolded fittings may be used in licu of insulating cement.

HOT IMSULATION
DETAIL AT SHALL SCREWED OR WELDED FITTINGS
o DETAIL 55-004
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18.0 PAINTING
18.1 Scope

18.1.1 The Contractor shall furnish all supervision, labor, ma-
terials (including paints, thinners, cleaners, and sandblast
sand), tools, compressed air, scaffolding, and equipment
necessary to satisfactorily complete the work as defined in
these specifications and by the drawings and equipment 1list.

'18.2 Structural and Miscellaneous Steel

18.2.1 The term, "structural and miscellaneous steel", as used
: herein, includes steel structures (ladders and platforms)
and all manner of supports for piping, instrumentation, and
electrical work. Miscellaneous pipe and instrument sup-
- ports are not all shown on drawings.

18.2.2 Owner furnished structural steel {ladders aﬁd platforms)
and miscellaneous Contractor furnished steel will be primer
coated in accordance with Dow Engineering Specification
57-z47. A

18.2.3 Grating shall be galvanized per Dow Standard 57-270.
18.2.4 Galvanized coatings, if damaged prior to or during erec-

’ tion, shall be repaired in accordance with Dow Engineering
~ Specification 57-271. S

£

&

e
i

. .18.3 Piping

18.3.1 Carbon steel piping, not to be insulated, with an operating
" temperature of 250°F or less, and steel piping that will be
insulated for personnel protection only (indicated by sym-
bol "*" on line schedule), shall be painted as follows.

18.3.1.1 Sandblast to near white metal, NACE No. 2 surface
~finish, and prime with inorganic zinc in accor-
dance with Dow Engineering Specification E57-247.

18.3.1.2 Valves shall be hand or power tool cleaned to re-
move all dirt, dust, grease, rust, loose paint,
and/or other foreign material, and primed with in-
organic zinc primer in accordance with Dow Engi-
neering Specification E57-247.

18.3.1.3 Primed piping shall be spot primed after erec-
tion, and painted in accordance with Dow Engineer-
ing Specification E57-223.

PAINTING SECTION 18 S104-E270003

JUHC
8/26/76 - 1 of 6



18.0 PAINTING (CONTINUED)

L 18.3 Piping (Continued)
-

“ 18.3.5 Carbon steel piping to be insulated, having an operating
. temperature above 250°F, will not require sandblasting and
painting.

18.3.6 Surfaces of heat traced piping that will be coverad with
insulation shall be sandblasted and primed per details of
Paragraph 12.3.1.1. The primed piping, including valves,
shall be spot primed with inorganic zinc after erection. -
No further painting will be required.

18.4 Safety Shower and Eyewash Installations

18.4.1 Galvanized surfaces shall be c]eaned and phosphathed as
follows:

‘Ga]van1zed surfaces shall be cleaned with chlorothene to
remove any residual oil or grease and phosphatized with a
ten per cent solution of phosphoric acid in water applied
to the galvanized surfaces. The surfaces shall be kept
wet or damp with the acid solution until a matte (dull)
finish is formed, and then shall be rinsed with clean water

~to remove all zinc salts. Surfaces shall be allowed to dry
thoroughly before being painted.

X

18.4.2 Safety shower and eyewash installations shall be painted
with alkyd paint in accordance with Dow Specification
E57-223. The color scheme to be as spec1f1ed by Owner's
representative.

~
4+

18.5 Carbon Steel Surfaces of Owner Furnished Vessels

18.5.1 Unless otherwise specified on equipment drawings, these
items will be furnished pr1med w1th 1norgan1c zinc
( 57- 247) :

18.5.2 Dirt, dust, grease, 611, rust, or other foreign matter shall
be removed before painting.

18.5.3 The exposed primed surfaces of vessels that are not to be
insulated, including the inside surface.of vessel skirts,
shall be spot primed with inorganic zinc and painted with
alkyd paint in accordance with Dow Engineering Specifica-
tion E57-223.

18.5.4 Surfaces shall be spot primed with inorganic zinc after’
erection of vessels which will be insulated.

e JHC PAINTING SECTION 18 S104-E270003

l. 8/26/76 . 2 of 6
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18.0 PAINTING (CONTINUED)

18.6

18.7

JWC
8/26/76

18.8

. 18.
18.

Exposed metal surfaces of field instruments and electrical devices.
Caution -- protect vents, glass, valve stems, threads, etc. Do not
plug vent holes. Do not paint valve stems.

18.6.1  Iron and steel surfaces shall be cleaned and painted in
accordance with Dcw Engineering Specification E57-223.

Touch-up of existing painted surfaces marred by work on this con-
tract.

18.7.1 A1l foreign matter shall be removed and the marred sur-

faces shall be painted to match the existing paint system.
The*fo1lowing surfaces will not require field painting:
18.8.1  Concrete.
18.8.2 Galvanized steel grating.

18.8.3 Galvanized steel piping, except for safety shower and eye-
wash installations.

18.8.4 Stainless steel surfaces, except surfaces. to be insulated.

18.8.5  Surfaces of steam lines (]ine number prefixed by S) that
will be covered with insulation, including steam traps and
steam trap drain piping.

18.8.6 Insulation.

- 18.8.7 Vendor furnished equipment with shop finished paint systems

such as pumps, motors, etc., except where touch-up of
marred surfaces is required.

8.8 Cable tray.

8.9 Switchgear and instrumentsAinside buildings.

18.8.10 Transformers, electrical switches, and swvitchgear.
8

18.8.11 Instruments, 1nstrur=nt cases, and vendor finished panel

boards.
18.8.12 Electrical switch boxes.

18.8.13 Plastic surfaces.

PAINTING SECTION 18 S104-E270003
‘ 3 of 6
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18.0 PAINTING (CONTINUED)

18.9
18.10

JUC

8/26/76

Paint Materials

18.

18.

9.1

9.2

Paint materials shall be delivered to the job site in
original unopened containers with labels attached.

Paint materials shall be adequately stored and protected
against freezing or deterioration.

Application

18.

18.

18.°

18.

18.

18.

18.

18.

10.1

10.2

10.4

10.5

10.7

10.8

Surface preparation and priming should normally be per-
formed prior to installation or erection, with compietion
of the painting after erection. However, where it is ad-
vantageous to do so, some or .all of the finish painting
may also be performed prior to installation or erection.

In such cases, damaged areas of primer and paint shall be

spot primed and/or spot painted after installation or
erection so that, when completed, painted surfaces shall
have the number of coats and total film thickness speci-
fied. '

Paint shall be applied only to cléan, dry, non-contaminated
surfaces. .

Damaged areas of primer shall be cleaned and spot primed in
accordance with the paint system specified before the items
are insulated or painted out.

Burned or otherwise damaged galvanizing shall be repaired |
in accordance with Dow Engineering-Specification 57-271.

Sufficient signs to convey adequate information, such as
spray painting, men work1ng overhead, no smoking, sand-
blasting, or similar signs where applicable shall be fur-
nished and posted at work areas. ,

Reasondb]e care shall be exercised in épraying paints that

- contain volatile and/or flammable solvents. No welding,

sparks, or open flame shall be in the immediate area.

Materials, scaffolds, and equipment shall not be left in
the way of plant operation activities. Ladders, pencil
boards, scaffolds, and similar items, if left in place,
shall be securely tied.

.Sand and debris shall be kept out of sumps, drains, sewer

lines, drainage ditches, trenches, and similar places.

PAINTING - SECTION 18 - S104-E270003
4 of 6
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18.0 PAINTING (CONTINUED)

18.10 Application (Continued)

JWC
8/26/76

18.10.9

18.

18.

18.

18.
8.
18.

18.

18.

10.

10.

10.

10.

10.

10.

10.

10.

10

11

12

13

14

15

16

17

Paint skimmings and cleaning solvents shall be collected
and removed to disposal grounds. Dumping these materials
on the ground, in ditches, or in sewers will not be per-
mitted. '

_Paint misplaced on items that are not to be painted, or

on items which are to be finished a different color,

~ shall be promptly removed by the Contractor, leaving the

surface clean, unstained, and undamaged. On painted
items, the Contractor will have an option of removing the
misplaced paint or painting over same, furnishing labor.
and materials, leaving a neat appearance satisfactory to
the Owner's representative.

Protect bearings, mechanical equ1pmeht, instruments,
switchgear, etc. from damage by sand and sandblasting
operations. 4

Valve stems, packing gland bolt threads, pump and motor
shafts, sprinkler heads and actuating devices, instru- =
ments, glass surfaces, and other similar items shall not
be painted. Such items shall be protected or the paint
removed by the Contractor, leaving the surface undamaged.
Hot surfaces such as light fixtures and similar items
shall be protected from paint with non-combustible ‘ma-
terials. :

Painting shall be done only when weather conditions ber-'
mit the surface to be free from moisture and above the

manufacturer s minimum tenperature requ1rements

Reasonable caution shall be exerc1sed to avoid painting ‘
immediately prior to rain.

Each coat of paint, except where spec1f1ed otherw1se,
shall be a full coat.

Spot coats of first coat primer shall cover exposed bare
(unpainted) metal surfaces.

Subsequent spot coats of paint shall completely cover
previous spot coats.

S104-E270003
5 of 6
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18.0 PAINTING (CONTINUED)
18.10 Application (Continued)

< 18.10.18 Minimum film thicknesses specified are the minimum
acceptable dry film thicknesses of each paint, or paint
system, as determined by measurement on a flat surface.
with a mikrotest film thickness gage, as manufactured

by the Nordson Corporation or Owner approved equal.

Areas in any coat of paint which are determined by mea- .
surement to be less than the minimum dry thickness
specified shall have sufficient paint added to attain
the specified dry thickness.

18.10.19 Spray painting shall not be done where overspray and/or
drips cannot be controlled.

18.10.20 Mixing, thinning, and application shall be done in ac-
cordance with the paint manufacturer's wr1tten instruc-
tions and these specifications.

18.10.21 Overspray, skips, sags; runs, drips, and holidays shall
' kept to a minimum. Additional coats shall be applied
to holidays and thin areas to bring them up to specifi-
cations at no extra cost to the Owner.

18.10.22 Colors shall be cut in a neat, straight 11ne uhere two
' “colors meet. v

18.11 The finish colors shall conform tc the existing plant color
scheme. The Owner's representative will designate color coding
scheme.

JUC PAINTING SECTION 18 S104-£270003
8/26/76 6 of 6
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- THE DOW CHEMICAL COMPANY
DOV ENGINEERING SPECIFICATION

57-223
7-14-72

PROTECTIVE COATINGS
SILICONE-ALXYD

Maximum Temperature: Dry 300°F

Page 1 of 4

SURFACE
PREPARATION
(For mainte-
nance painting
surface prepa-
ration, see

All carbon steel or cast iron surfaces to be coated with this material,

except items that have been shop sandblasted and primed, shall be
sandblasted to near white metal (NACE No. 2 finish) or pickled and
phosphatlzed before belng coated.

Shop primed carbon steel or cast iron items, before being field

Remarks painted, shall have all dirt, dust, weld flux, grease, oil,
Section) stratified rust (rust scale), loose rust, and/or other foreign
‘ material removed. .
See Note 5 in Paint Materials Sectlon when surfaces other than carbon
steel or cast iron are specified to be painted.
PAINT The paint materials shall be selected from one of ‘the paint systems
MATERIAL in the following table: :

THE MINIMUM NUMBER OF COATS
SHALL BE AS LISTED AND . : .
NOTED BELOW. ‘ - ’ . ./_ 3 PPG NAPYO
' One coat of primer (see Notes 1 and 2) UC44OQSQ | 1340
One coat of intermediate guide coat T
gray (see Note 4) - UC-40061 5763
One coat of one of the following
colors: :
Black UC-42220 . e
Blue-Green UC-42450
_ Light Gray UCc-40115 . :
"Very Light Gray (Tex. Div.) UCc-43057 5762
-Vermilion UC~40046 - -
White UCc-40114 5750
Where so specified, the following
0.S.H.A. Safety Colors shall be
applied in lieu of the foregoing
finish colors:
Red - UC-46280 5759
Orange : UC-46281 5772
Yellow A L UC-46282 5770
Blue . . UC-46283 5771
Purple _ S UC-46284 - - -
Green UC-46285 5773
Thinner: Brush - Mineral Spirits
Spray - VH&Y Haphtha \
:
Cleaner: Naphtha or Toluene

ALL INFORMATION HEREON IS THE CONFIOENTIAL PHOPINTY OF THE DOW CHEMICAL COMPANY, SUDJrCT YO
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803.907

THE DOW CHEMICAL COMPANY

 57-223
7-14-72
Page 2 of 4

DOY ENGINEERING SPECIFICATION

PAINT
MATERIALS
(Continued)

Notes:

1.

Primed Steel: 1In field one spot coat of silicone-alkyd
primer shall be applied in lieu of a full coat, except
items primed with inorganic zinc, or galvanized and
phosphatized, shall have a spot coat of lnorganic zinc
applied before applying a gulde coat of PPG Aquapon and
flnlsh coat of silicone-alkyd.

Over vendor flnlsh paint one coat of PPG multiprime or
Napko 1340 shall be applied in lieu of the silicone-alkyd
primer before applying the guide and finish coats of
silicone-alkyd.

'The color coat shall be omitted from all surfaces that

are to be insulated with Class G, H, J or K insulation. :
All painting shall be omitted from surfaces to be in-
sulated with Class F insulatioa and hotter and Class L
insulation and colder. :

. . For white color coat, é white guide coat, tinted with
- one-half pint of gray per gallon of white shall be used.

The following surfaces shall be coated only when so

specified in the material specifications, the job
- | specifications, or in the purchase order. When these
surfaces are specified to be coated, they shall be
cleaned and. primed as indicated below before the guide
and finish coats are applied.
" TYPE SURFACE SURFACE PREPARATION © PRIMER
Aluminum : Surfaces shall be treated PPG
' ’ "with Amchem Alodine 1200 UC-40054
" or owner-approved equal (Multi-
chromate conversion prime)
coating. A dull matte
finish is required.
Rinse.
Copper and Copper Surfaces shall be treated " PPG
Alloys with 38% concentrated HC1, 6-204
one gallon to one gallon, Zinc
40% by weight ferric chromate
chloride. iniwvater. A
dull matte finish is
required. Rinse.

/.

AL INFORMATION HMEREON 1S THIE CONFIDENTIAL PROPENTY OF THE DOV CHEMICAL COMPANY SUl \JLCT TO
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S, 57-223
4 R 7-14-72
THE .DOYW CHEMICAL CORAPANY Page 3 of 4
' DOW ENGINEERING SPECIFICATION
€fﬁ
|  PAINT
MATERIALS ) :
(Continued) TYPE SURFACE SURFACE PREPARATION PRIMER
Dowmetal (Mag After fabrication, sur- PPG 6-204
s Alloys) faces shall be treated Zinc. Chro-
: S with Dow Magnesium ' mate; ‘or
: Chemical Treatment 1, Nabko 5616
7, 17, or 19. )
' Galvanized Steel Surfaces shall be de- PPC UC-34851
: greased with solvent Galvanize
and treated with-a primer; or
10% solution of Napko 5616
phosphoric acid in
- water. Surfaces
" shall be kept wet or
“ damp, with the acid
: _ solution until a L
. . matte (dull) finish
S o is obtained. All o
~<7 ( ~ zinc salts and acid
\éf " residue shall be re-
g moved by rinsing with
clean water. ’
Stainless Steel Surfaces shall be sand- " Same
" blasted to remove all T as
foreign material and to  Steel
obtain a dull matte .
finish. :

Wood A%l dirt, dust, greas?,  lppe vc-33718
0il and/or other foreign -
material shall be re- Wood Primer;

or Napko 1340
moved.
APPLICATION The coatings shall be mixed and applied in accordance with the
coating manufacturer's printed application lLustructions and
as specified hergigi . |
The first coat of primer shall be brush applied.
o All other coats may be applied by brush, roller, conventional
= spray ur airlees spray. :
A\

At I EABUATIAL UEREAN IS THE CONFIDENTIAL PROPENRTY OF THE DOW CHEMICAL COMPANY, SUBDJELCT TO
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THE DOY CHEMICAL COMPANY ) Page 4 of 4
DO ENGINEERING SPECIFICATION
W
. : : APPROXIMATE
i 7% SOLIDS
. FILM THICKNESS BY VOLUME
PPG NAPKO | PPG NAPKO
. FILM
THICKNESS L : . _
. AND 7 | Primer: Wet 5 mils 5.5 mils 30% 27%
4 SOLIDS BY : Dry 1.5 mils 1.5 mils
VOLUME A | .
’ Guide and Finish Wet 4.7 mils S mils . | 40-447, L0
Coats: Dry 2 mils 2 mils .
Minimum Total: Vet 14.4 mils | 15.5 mils
©  Dry 5.5 mils 5.5 mils
REMARKS Solvents in these materials are volatile and flammable. Keep
containers closed-and away from heat, open flame, or sparks.
- Do not apply these materials when the Eemperature is below
50 F. ' ”
dr 1 a .| Maintenance Painting: . .
L ‘ . - |. The job specifications will specify the type of surface.
‘ preparation required. BT

ALL INFORMATION HERGON 13 THE CONFIDENTIAL PROPIRTY OF THE DOW CHEMICAL COMPANY, BUBJECY TO
my TR ON DEMAND AND MUST HOT BE MADE PUBLIC OR REPHODUCED WITHOUT WRITTEN APPROVAL.
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ENGINERRIIG SPECIFICATION 3 . 6-15-73

S
i

PROTZCTIVE CCATING FOR FIELD CUTS AMND WZlDS

ON GALVANIZED ITEMS

Paint , 1 heavy coat of ZRC (The Sealube Company, Wakefleld
‘Ma:eriais : _ Massachusetts) or Galvanox, Type I (Subox, Inc.) ‘

Ihinner For ZRC, mineral spirits; for Galvanox, Xylol
Cleaner For ZRC, kerosene or varsol; for .Galvanox, Xylol

'Applicéfion . " | Remove sll slag, weld spatter, burned zinc coating, rust, and
' : - all other foreign matter by hand or power tools and apply |

‘one heavy brush coat of thoroughly mixed zinc coating the
‘same day cuts and welds are made. Max temp. of metal shall be 16

‘The coating shall overlap uhe undamaged galvanized areas
a niniwum of 2V,

Film =~ = . 1 Wet . © . - 4 mils total, miﬁimum
Thicknass R ’

' : ' 1 Approximate coverage 300 square feet per gallon, or 12.
' ' : - square feet per pound

Rémarks _-f .'“}': .:Solvents in t&ese materials ara volatile and fla:mable."
. ce ' 1. Keep containers closed and away. from heat, open flame, or -~

‘sparks.
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] . DOV ENGINEERING SPECIFICATION
% : PROTECTIVE COATINGS
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THE DOW CHEMICAL CONPANY : - FPagel of 2

INORGANIC ZINC COATING
Maximum Continuous femperature: Bare - 600°F
_ With High Heat Topcoat - 750°F

SURFACE A1l surfaces to be coated with this matarial shall bz sandblasted to near-
PREPARATION white metal (NACE No. 2 Finish, NACE Standard THM-01-70).

The surface proflle depuh shall not be less than 3/4 mx]s nor rore
than 2 mils.

'C]ean1ng procedures other than sandblasting w111 requwre prior .
written approval of the Guwner.

For field use, surfaces shop-coated with inorganic zinc shall have
all dirt, dust, weld flux, grease, oil, rust and/or other foreign
matter removed before be1ng spot coated with inorganic zinc.

PAINT The same day cleanxng is done, wnile surfacas are still dry and
MATERIALS uncorroded. one.coat of one of the following 1norgan1c z1nc coatings
; shall be app11ed
Manufacturer Product

Ameron Corp. : ’ ~° Dimetcote No. 6

Carboline Co.. . Carbo-Zinc 11, Green

Cook Paint & Varnish Co. . 411-A-100 :

DuPont ‘ . _ ‘ Banicin

Engard ' No. 521

Exxon . Rust Ban 188

Glidden Co, . Glid-Zinc

Mobil Finishes Co. Mobil Zinc 7

Napko ' . 51

Plas-Chem Zinc-ite G

Porter : Porter Zinc 311

PPG Industries . UC40103

Wisconsin Protective Coatings Plasite Plasti-Zinc Mo. 1000

APPLICATION The inorganic zinc coat1ng shall be spray applied in accordance thh the
. : coat1ng manuracturer s printed application 1nstrucL1ons

Note It is suggested that shops unfemiliar with the application of
inorganic zinc coatings contact the coating manufacturer for =
assistance in the proper application of same.

CAUTION: The dry film thickness of the inorganic zinc coating must
not exceed 5 mils. Thicker coatings must be removed and replaced
with coatings having a dry film thickness of not more- than 5 mils.
The thicker coatings tevd to mud crack

A dry film thickness of 3 mils is pre|err°d

.
ks

ALL INFORMATION HEREON 13 THE CONFIDRNTYIAL PROPIRTY OF THE DOW CHEMICAL COMPANY, SUNJECT TO
LRETURN ON DEMANO ANO MJST NOT 31‘ MAOF ”UDLIC O“ H"P\ODUCED VIITNOUT WWITT:N APPROVAL,
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' . ‘ ENGSTD 88C1
FOSTER w WHEELER WELDING REQUIREMENTS PAGE 1
vk FOR EQUIPMENT AND PIPING 0

REVISION

PROCESS PLANTS DIVISION DATE Sep 1, 1978

I.

II.

SCOPE

A.

This standard outlines requirements for welding, including preheat and
postweld heat treatment of vessels, heat exchangers, piping, piping
components, heater tubing and other equipment. Requirements for weld
overlay cladding, fabrication of integral clad plate and tube to
tubesheet welding are also included.

Except as supplemented in this standard, welding shall conform to the
requirements of the latest .revision and addenda of the following
codes:

1. ANSI B31.3 - Chemical Plant and Petroleum Refinery Piping Code
2. ANSI B31.1 ~ Power Piping Code

3. ASME Boiler and Pressure Vessel Code, Sections I, VIII and IX
4, State and local codes

In no case 1is this standard to be used to supercede, delete and/or
lower applicable code requirements.

Any conflict between this standard and other Foster Wheeler drawings,
specifications, standards, codes, etc. shall be brought to the
attention of Foster Wheeler in writing, for clarification prior to any
action by the vendor. The more stringent requirements shall govern
until written resolution is provided by Foster Wheeler.

WELDING ~ REQUIREMENTS AND RESTRICTIONS

A.

General

1. Acceptable welding processes are given below., Requests to use any
other welding processes shall be submitted to Foster Wheeler for
review, '

a, SMAW - Shielded Metal Arc Welding
b. GTAW Gas Tungsten Arc Welding
¢. GMAW - Gas Metal Arc Welding
d. FCAW - Flux-Cored Arc Welding
" e. SAW - Submerged Arc Welding
f. FGW - Fuel Gas Welding
g. PAW - Plasma Arc Welding
h. ESW - Electroslag Welding

2. The strength of deposited weld metal shall be at least equal to
the specified minimum tensile strengths of the material being
welded.
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7.

WELDING REQUIREMENTS
FOR EQUIPMENT AND PIPING

1978 PROCESS PLANTS DIVISION

Where hardness limits are prescribed in the job specification fcr
welded equipment, weld metal and heat affected zone hardnesses
shall not exceed those values. Hardness limits feor piping shall
not exceed the following values:

MAXIMUM
BASE METAL HARDNESS,
P - NUMBER BRINELL

200

225%
225¢%
2412
241%

OV =W —

% Required by ANSI B31.3

When welding dissimilar metals, the maximum hardness allowed shall
be the hardness prescribed for the higher alloy.

Unless otherwise approved in writing by Foster Wheeler only low
hydrogen electrodes shall be used for shielded metal arc welding
all carbon and low alloy steels, except for rooct pass welding of
single welded joints (See Paragraph 5 below).

Where access precludes the use of double welded butt joints,
single welded joints shall be made wusing a root pass deposited by
the GTAW (TIG) or GMAW (short arc) processes, except that for
carbon steel piping, the use of EB010 electrodes for root pass
welding by SMAW is also acceptable. The use of consumable insert
rings for gas tungston are welding is an exception.

Unless specifically approved in writing by by Foster Wheeler, non-
removable backing rings or strips shall not be used for butt
Jjoints,

All full-penetration butt joints which are accessible from both
sides shall be back gouged or ground to sound metal after welding
the first side and then back welded on the reverse side, unless
the welding procedure otherwise assures that full penetration will
be achieved.

All welds of nozzles and manways to equipment shells and heads
shall be full penetration welds.

Internal purging with inert gas is required for gas tungsten arc
welding of single-welded butt joints in non-ferrous metals, and
ferrous metals with over 3% total alloy content. When consumable
inserts are used, internal purging is required for all materials.
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10.
11.
12.

13.
14,

15.
16.

17.

18.

Self-shielded flux-cored arc welding, without external shielding
gas, of carbon or low alloy steels is not acceptable for pressure
joints or for welds subject to vibration.

The use of neutral flux (non-voltage sensitive) is required for
submerged arc welding of all materials other than carbon steels,
and carbon steels over one inch thick.

For submerged arc welding, the use of alloy wire and neutral flux,
rather than alloying through the flux, is required where an alloy
vweld deposit is desired.

For submerged arc welding, the flux and wire combination actually
used shall be the same as used in the procedure qualification.

Use of manual submerged arc welding is not permitted for pressure
joints.

Submerged arc flux shall be specified by manufacturer.

For gas metal arc welding, the CO, spray transfer technigue
shall not be used for the root pass of welds which are not back
gouged.

The oxy-fuel gas process is restricted to butt or socket welding
of heat exchanger carbon steel tubing not over two inches nominal
diameter. i

Welding of proprietory items such as alonized pipe, etc. is no%
permitted without prior Foster Wheeler approval.

B. Short Arc Welding Restrictions

1.

Pressure Vessels

Manual short-arc or pulsed arc welding is:

a. Allowed for root pass welding of butt joints in any material
regardless of thickness. )

b. Allowed for full thickness butt welds and fillet welds in
pressure parts, structural supports, and equipment internals
if the thickness of either material at the joint does not’
exceed 3/8".

c. Not allowed where large material mass heat sinks can affect
the integrity of welds, such as nozzle welds, reinforcing
pads, and flange welds where the thickness of either material
at the joint exceeds 3/8".
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2. Piping
a. Manual short arc or pulsed arc welding is allowed for full

thickness butt welds in

limitations:

piping, with the following

(1) It may be used for root pass welding of butt joints in
any material regardless of thickness.

(2) It may be used provided the wall

’ exceed 3/8" nominal.

(3) It cannot be used for pipe with diameters less than 3",

(4) It may be used oprovided ' the direction of travel is
indicated in the procedure.

(5) 5% of welds ~performed shall be radicgraphed in addition
to any applicable code requirements. Inspection shall be
performed as stated in Section V of this standard.

Autcomatic short arc or pulsed arc welding is allowed for full
thickness butt welds in piping within the following
limitations:

(1) No limit on thickness.
(2) No restriction on diameter.

(3) 1G (Rolled) positicn only.
(4) For thicknesses over 3/8", a minimum current of 170
amperes is required for all passes after the roct pass.

(5) Use of an automatic arc oscillator is recommended for
Jolnt thicknesses over 3/8".

(6) 5% of welds in thicknesses up to 3/8" and 10% of welds in
thicknesses over 3/8" must be radiographed in addition to
any . applicable code requirements. Technigue and
acceptance standards shall be as stated in Section V of
this standard.

(7)Y Not allowed where mass heat sinks can

affect the integrity of welds, such as couplings,

weldoletts, branch welds, fillet welds on slip-on
flanges, socket-welded flanges and fittings, ete. where
the thickness of either material zt the joint exceeds

3/8",

large material

thickness does not

v8t-GEL "ON WHOd
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C.

D.

Base Metal Preparation

1.

Joint preparations for welding may be performed by machining,
grinding, thermal cutting or combinations thereof. Excessively
deep or sharp irregularities in joint edges shall be removed by
machining or by grinding. Joint edges shall be c¢rack and
lamination free prior to welding.

Prior to welding, all oil, grease, dirt, rust or loose scale shall
be removed from the surfaces of the joint and the adjacent base

- metal within one inch from the edge of the joint.

Welding Clad & Overlay Materials

1.

Weld overlay procedures shall be qualified in accordance with the
requirements of ASME Code, Section IX, Paragraph QW-214 and
QwW-381. Qualification weld test specimens shall be subjected to
PWHT, if required, equivalent to that anticipated for fabrication,
ineluding aggregate time at temperature, with appropriate
allowance for repair cycles.

The minimum 'clad or overlay thickness shall be as specified on
drawings and requisitions.

Weld overlays shall meet the chemical requirements for the
specified type or grade.

Where specifications require chemical analysis of stainless steel
overlays in production, and where such overlays will experience
post weld heat treatment in the temperature range from 1200 F to
1350 F, the ferrite number for Type 309L/308L, and the ferrite
number and Cb/C ratio for Type 347 shall not exceed the following
values depending upon the chromium content.

CHROMIUM CONTENT FERRITE Cb/C
OF OVERLAY - NUMDER RATIO

Up to 20%, incl. 4-12 35 Max.

. 20% to 22% incl. 4.9 25 Max.
Greater than 22% b.g 15 Max.

Ferrite number may be determined by chemical analysis and
reference to a DelLong or Schaeffler diagram or by measurement with
calibrated magnetic instruments.
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E. Heat Exchanger Tube to Tubesheet Welds

1. Tube to tubesheet seal welds are required for any of the following
conditions:

a. When specified in the job specification. .
b. When design pressure is 1500 psig and greater but differential
pressure is less than 1000 psig.

2. Tube to tubesheet strength welds are required for zny of the
following conditions:

a. When specified in the job specification.

b. For waste heat boilers. :

¢. When design pressure is 1500 psig and greater with
differential pressure of 1000 psig and greater.

d. When design temperatures are greater than 750 F.

3. When tube to tubesheet seal welds are specified in the job
specification, they shall be in accordance with Figure PFT-12.1
(e), Section I of the ASME Boiler and Pressure Vessel Code. When
strength welds are specified they shall be in accordance wWith
Figure PFT-12.1 (g). For exchanger designs where the tubes are
considered as stays, only strength (not sezl) welds shall be used.

4, For exchangers in aqueous hydrogen sulfide service, carbon steel
tubesheets shall have 0.21% C maximum (SA-5186 Gr 55 or 60) and
carbon steel tubes 0.18% C maximum. Hardness of welds and heat
affected zone (HAZ) shall not exceed 225 HB.

5. Tube to tubesheet mock-up samples shall be submitted to Foster
Wheeler for any of the following conditions:

a. When specified on the Material Requisition.

b. Ay material combination involving P-numbers of 21 or greater.
(P number from ASME code, Section IX, Table QW-422).

¢. When strength welds are specified.

6. Tube to tubesheet mock-up samples shall be constructed using
actual production welders, materials and procedures for the piece
of equipment involved.

7. Tube to tubesheet mock-up samples shall have a minimum of 6 tubes
3 inches in length from the backside of the tubesheet, using the
same pitch arrangement as the piece of equipment involved.

Vv8E-SEL "ON WHOA
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F.

Selection of Welding Filler Metals

1‘

3.

Ferritic Steels

Recommended filler metals for similar and dissimilar welds in
ferritic steels are given in Table 2 and Table 3,

Austenitic Stainless Steels and High Nickel Alloys

Recommended filler metals for joining similar and dissimilar
stainless steels and high nickel alloys are given in Table 4.

Aluminum and Aluminum Alloys

Recommended filler metals for joining similar and dissimilar
aluminum and aluminum alloys are given in Table 5.

Integral Clad materials

Recommended filler metals for welding integrally clad materials
are given in Table 6. :

Ferritic Steels to Austenitic Stainless Steels and to High-Nickel
Alloys :

a. For carbon and 1low allow steels welded to 300 series
austenitic stainless steels use Type 309 or 309L stainless
steels, or nickel-chromium-iron alloy filler metals such as
ENiCr Fe-3 (Inconel 182), ENiCrFe-2 (Inco-Weld 4), or ERNiCr-3
(Inconel 82).

Where thermal c¢ycling conditions and operating tempefatures
over 800 F exist, the Inconel filler metals are preferred,
except where the environment contains sulfur.

b. For carbon and 1low alloy steels welded to Inconel or Incoloy
alloys, use Inconel welding filler metals ENiCrFe-3 (Inconel
- 182), ENiCrFe-2 (Inco-Weld A), or ERNiCr-3 (Inconel 82).

¢. For carbon and low alloy steels welded to Monel (nickel-copper
alloy) use Monel filler metals ENiCu-7 (Monel 190) or ERNiCu-7
(Monel 60).

Deviation from the listed tables shall be indicated in the welding
procedures.



ENG STD
PAGE
REVISION
DATE

III.

Iv,

88C1
8 WELDING REQUIREMENTS FOSTER %&j WHEELER
e

0 FOR EQUIPMENT AND PIPING
Sep 1. 1978 PROCESS PLANTS DIVISICH

PREHEAT
A. Ferritic Steels

1. Vessels and Exchangers: Preheat shall be in accordance with ASME
Boiler and Pressure Vessel Code, Section VIII, Appendix R
recommendations as a wminimum, or the applicable requirements of
the Code.

2. Piping: Preheat shall.be in accordance with the requirements or
recommendations, as applicable, of ANSI B31.3. Chemical Plant and
Petroleum Refinerv Pioing Code. or ANSI B31.1 Power Piping Code.

B. Austenitic Stainless Steels and High Nickel Alloys

For all thicknesses of austenitic stainless steels, HK, HT, Incoloy
and high nickel alloys preheat shall be 50 F minimum. The maximum
interpass temperature shall be 350 F.

POSTWELD HEAT TREATMENT

A. For all equipment and viping. ©postweld heat treatment shall be in
accordance with the aovorooriate ASME code and Foster Wheeler Heat
Treatment Engineering Standards.

B. Vessels: Postweld heat treatment shall be in aécordance with the
requirements of ASME Boiler and Pressure Vessel Code. Section VIII. or
Section I as applicable.

C. Exchangers: Postweld heat treatment shall be in accordance with the
_requirements of ASME Boiler and Pressure Vessel Code, Section VIII,
and the TEMA Class specified on the Material Requisition.

D. Piping: Postweld heat treatment shall be in accordance with the
requirements of ANSI B31.3. or ANSI B31.1 as aoolicable.

E. When postweld heat treatment is spvecified for chemical or refinerv
orocess reasons no welding nor arc strikes are permitted after final
postweld heat treatment. regardless of Code noprovisions to the
contrary. :

QUALITY CONTROL REQUIREMENTS

A. All welds shall have a workmanlike finish to satisfy the requirements
of the abplicable Code and/or the intended apolication.

B. Reinforcement of butt welds shall be in accordance with the
requirements of the applicable Code.

v8t- €L "ON WHO4
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C. Weld repairs shall 'comply with the requirements of the applicable
code, including preheat requirements or recommendations, postweld heat
treatment requirements, and nondestructive examination.

D. For pressure containing items, all required repairs of base metal
shall be reported to Foster Wheeler for review and approval, prior to
making the repair. :

E. Inspection shall be performed on all * full thickness butt welds as

stated below:
1. Piping

a. Radiographic technique and acceptance standards shall conform
to ANSI B31.3, or ANSI B31.1 as applicable.

b. Thrée-fifths of the welds examined shall consist of welds
joining a welding neck flange to another component if the
fabrication involves such joints.

c. The work of all welers and welding operators for each P-number
shall be included in radiography.

2. Vessels and Exchangers

a. Radiographic technique and acceptance standards shall conform
to ASME Boiler and Pressure Vessel Code, Section VIII,
Paragraph UW-51 or UW-52 as applicable; or ASME Boiler and
Pressure Vessel Code, Section I, Paragraph PW-11, PW-41, and
PW-51.

b. The work of all welders employed on the job shall be included
in this radiography.

c. When submerged arc welding has been used for main seams, all
intersections of seams, and all stopping and starting points
of weld beads shall be radiographed.
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F.

Right of Access

Representatives of Foster Wheeler, the Authorized Inspection Agency,
and the client or his agent, shall have access to the vendor's
facilities and equipment for the purpose of inspection and audit cf
work and materials. The Foster Wheeler representative shall have frae
entry, at all times while work on this Contract is being perfcrmed, %o
all parts of the vender's works that concern the fabrication, assemdly
and/or installaion. The vendor shall afford the inspector 2l1
reasonable facilities to satisfy him that the work is being furnished
in accordance with the Contract. All inspection shall be conducted so
a3 not to interfere unnecessarily with the operation of the works.

VI. PROCEDURE SUBMITTAL REQUIREMENTS

A.

Welding procedures shall be submitted to Foster Wheeler for approval
for any one of the following conditions:

1. Any items which receive postweld heat treatment for either process
reasons or per the ASME Boiler and Pressure Vessel Code.

2. All materials or material combinations with P Numbers of 3 or
greater. (P-number from ASME Boiler and Pressure Vessel Code,
Section IX, Table QW-422).

3. Any 1item contalning pressure greater than 1000 psig, and

-

.temperatures which are greater than 800 F, or less than -20 F.

Vendor shall prepare and qualify welding procedures in accordance with
the requirements of Section IX of the ASME Boiler and Pressure Vessel
Code. The vendor shall submit an index of all weld .prodedures
required for the job accompanied by four copies of each procedure
(including the Procedure Qualification Record). In addition, weld
maps shall be submitted for vessels and exchangers.

All procedures shall be 1n accordance with the edition of Section IX
of the Boiler and Pressure Vessel Code in effect on the date the
Foster Wheeler Purchase Order is placed.

Postweld heat treatment procedures for field PWET and/or local PWHT
for lined, ¢clad or weld overlayed equipment shall be submitted to
Foster Wheeler for review and approval.

All procedures shall be submitted at least one month prior to required
fabrication date. Submittals shall be made in accordance with the Job
General Notes Requisition.

All procedures shall contain the specific information required in
Table 1.

v8E-9¢L "ON WHOd
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TABLE 1 - SPECIFIC ITEMS TO BE INCLUDED IN WELDING PROCEDURES
DESCRIPTION

a Welding current type, polarity, amperages and voltages including appropriate

ranges

b Filler metal size, type, classification, A-number and F-number where
classified. If no classification 1is available, give manufacturer's
designation

c Nonconsumable electrode type

d Arc starting aids or devices

e Shielding gas composition and flow rate (as applicable)

f Composition and flow rate of internal gas purging (as applicable)

g AWS classification, if any, and manufacturer's trade name of designation for
welding flux '

h Travel speed for mechanized welding

i Special requirements such as constant potential power sources, pulse
setting, wire feed or oscillation rates, electrode stick-out, etc. (as
applicable)

3 Single or multiple arcs

k Specific-precautions that will be taken for field welding, if applicable, to
prevent wind or drafts from interfering with the shielding gas protection
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TABLE 2
RECOMMENDED FILLER METALS FOR WELDING
FERRITIC STEELS
(Code Letter Definitions are given in Table 3)
MAT'LS
TO BE CARBON . 1 1/4 Cr-
WELDED STEEL C-1/2 Mo Mn-Mo 1/2 Mo

Carbon A/B B/C B/D B/E
Steel :

C-1/2 Mo c c/o C/E
Mn-Mo D D/E
1 1/4 Cr- ) E
1/2 Mo :

MAT'LS
TO BE 2 1/4 Cr- 5 Cr- 7 Cr- 9 Cr- 4103
WELDED 1 Mo « 1/2 Mo 1/72 Mo 1 Mo

Carbon B/F B/GC B/H B/H I
Steel

C-1/2 Mo C/F C/G C/H C/H I
Mn-Mo D/F D/G D/H D/H I

1 1/4 Cr- E/F E/G E/H E/H I
1/2 Mo

2 174 Cr- -F F/G F/H . F/H I
1 Mo '

5 Cr- G G/H G/H G/1
1/2 Mo

7 Cr- H H ‘H/I
1/2 Mo

9 Cr- H R/I
1 Mo

4108 ' I
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FILLER
CODE
FROM

TABLE 2

A

MANUAL
SHIELDED
METAL
ARC

E6010(1)
E6011(1)

E7018
E7015
E7016

E7018-A1
E7015-A1
E7016-A1

E9018-D1(2)
E9015-G(3)

E8015-B2
E8015-B2L(4)
E8016-B2
E8018-B2

E9015-B3
E9015-B3L(4)
E9016-B3
E9018-B3

E502-15(5Cr)
E7Cr~15(7Cr)
(E505-15

(7Cr of 9Cr)

E309-15
E309-16

NOTES FOR TABLE 3:

1.

2.

Use only as root pass.

WELDING REQUIREMENTS
FOR EQUIPMENT AND PIPING

SUBMERGED
ARC
WIRE
(6)

Carbon
Steel
(1) (8)

Carbon
Steel
(7) (8)

EA2,
EA3

EA3
EB2

EB3

ER 502

ER 309L

GAS
CORED
ARC

E70T-1
E70T-5

E70T-1
E70T-5

C-1/2 Mo

1 1/4 Cr-1/2 Mo

2 1/4 Cr-1 Mo

5 Cr-1/2 Mo

ENG STD  88C1

PAGE 13
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TABLE 3 - RECOMMENDED FILLER METALS FOR JOINING FERRITIC STEELS

GAS GAS
TUNGSTEN METAL

ARC ARC
E70S-3 E70S-3
E70S-2 E70S8-3
E70S-3 E708-3
ET0S-2 ET08-2
E70S-1B E70S~1B
(Mn-Mo) (Mn-Mo)
E70S-1B E70S-1B
(Mn-Mo) (Mn-Mo)
Tyoe 515 Type 515
Type 521 Type 521
ER 5C2 ER 502
ER 505 ER 505
ER 505 ER 505
ER 309L ER 309L

For hydrogen service, special order resulting in welds with G.40 to 0.60% Mo
content must be used.
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3. This refers to special E9015-G electrode developed by Champion to weld Mn-Mo
steel.

4, For equipment operating in c¢reep range do not use low carbon grade of filler
metal.

5. Where austenitic stainless steel filler metal is used for dissimilar metal
Joints, thermal stresses resulting from difference in coefficients of
thermal expansion shall be considered.

6. Alloy welding electrodes shall have the alloying agents in the wire and not
in the flux.

7. Manganese - Molybdenum steel electrode wires may be used provided the weld
metal hardness does not exceed a hardness of 200 BHN.

8. Electrodes specified in ASME SA5.7, and electrode classificztions EL12 or

EM12K, specified in ASME SFA5.23, shall not be used fer submerged arc
welding carbon steels having a minimum specified tensile strength of 70,000
psi or higher, where postweld heat treatment is specified.

TABLE 4 - RECOMMENDED FILLER METALS FOR JOINING AUSTENITIC STAINLESS STEELS AND

HIGH-NICKEL ALLOYS (1), (2), (3), (&)

MAT'LS 301 304L 309 310 316 316L
TO BE ' 302 ' 3093 ' 2108
WELDED 304
301 308 308 308 308 308 308
302 309
304
304L 308L 308 308 308 308L
309
309 309 309 . 309 316
309s ' 316 309
310 310 309 309
3108 316 316
316 316 316
316L 316L

vee-9€L "ON WO
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TABLE 4 (Continued)

MAT'LS 317
" TO BE

WELDED
301 v 308
302
304
304L 308
309 317
309S 309
310 309
3108
316 316
316L 316
317 317
321
347
348

Incoloy
800

Monel

321

308

308L
321
309
309

316
316L

321

317
321

321
357

WELDING REQUIREMENTS

FOR EQUIPMENT AND PIPING

347 348
308 308
308L 308L
347 348
309 309
309 309
-316 316
316L 316L
347 348
317 317
347 348
321 321
347 348
347 347
348
348

INCOLOY
800

NiCrFe-3
ERNiCr-3

ENiCrFe-3
ERNiCr-3

ENiCrFe-3
ERNiCr-3

ENiCrFe-3

ERNiCr-3

ENiCrFe-3
ERNiCr-3

ENiCrFe-3
ERNiCr-3

ENiCrFe-3
ERNiCr-3

ENiCrFe-3
ERNiCr-3

ENiCrFe-3
ERNiCr-3

ENiCrFe-3
ERNiCr-3

ENiCrFe-3
ERNiCr-3

ENG sTD  88C1
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MONEL

ENiCu-7
ERNiCu-7
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NOTES FOR TABLE 4:

1.

2.

Deposited Type 300 stainless steel weld metal shall have a delta ferrite
number as indicated in Paragraph II.D.4.

Filler metals used in welding 316, 3186L or 317 parts in fatty acid service
shall contain a minimum Mo content of 2.5% and a2 wmaximum carbon content of
0.03%.

Where Type 321 filler metal is specified, this applies to bare-welding
filler metal. For coated electrodes, use Type 347.

Filler metals used in welding Monel parts in hydrofluoric acid service shall
contain no columbiuvm.

TABLE 5 - RECOMMENDED FILLER METALS FOR JOINING ALUMINUM AND ALUMINUM ALLOYS (1)

MAT'LS 1060 1100 3003 3004 5050 5052
TO BE . 5652
WELDED
1060 ER1260 ER1100 ER1100 ER4O43 ER1100 ER4OU3
ER4043 ER4043 ER4OL3 ER4043

1100 ER1100 ER1100 ER4OU3 ERUON3  ERHOU3

) ER4OU3 ERLOUY3 ER5356 ER5356 ER5356

3003 ER1100 ERUOU3 ER40L3 ERLOY3

ER4043 ER5356 ER5356 ER5356

3004 : ER4OL3 ER4043 ERUOY3

ER5356 ER5356 ER5356

5050 ' ER40OY43 ER4OL3

ER5356 ER5356

5052 ' ‘ ER5654
5652 : ' ER5356 #

v8¢-S€1 "ON WHOd
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TABLE 5 (Continued)

MAT'LS
TO BE
WELDED
1060
1100
3003
3004
5050
5052
5652
5083
5086
5154
5254

5456

6061
6063

5083
ER5356
ER4043

ER5356
ER4043

ER5356

ER40U3

ER5356
ER5556

ER5356
ER5556

ER5356
ER5556

ER5183
ER5356

NOTES FOR TABLE 5:

WELDING REQUIREMENTS
FOR EQUIPMENT AND PIPING

5086
ER5356
ERU4043

ER5356
ERY4043

ER5356
ER4043

ER5356
ER5556

ER5356
ER5556

ER5356
ER5556

- ER5356
'ER5556

ER5356
ER5556

5154
5254

ERY4043
ER5183

ER4043
ER5183

ERYO43
ER5183

ER5654
ER5356

ER5654
ER5356

ER56%4

ER5356

ER5356
ER5556

ER5356
ER5556

ER565U
ER5356

5456
ER5356
ER4OY3

ER5356
ER4043

ER5356
ER4043

ER5356
ER5556

ER5356
ER5556

ER5356
ER5556 #

ER5183

ER5556

ER5356
ER5556

ER5356
ER5556 *

ER5556
ERS356

ENG STD  88C1
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6061
6063

ERMQUB
ERU4O43
ER4OU3
ER4O43

ERS356 *

ER4O43
ER5356 #

ER5356
ER5556 #

ER5356
ER5556

ER5356
ER5556

ER5356
ER5556 #

ER5356

ERS556

ERUO43
ER5356 *#

1978

1. The filler metal listed on the top line of each combination is the preferred
The filler metal listed on the hottom line of each combination is an

wire.

acceptable alternate.
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* The choice of filler metal mav be limited bv service conditicns such as
immersion in fresh or salt water. -exposure to specific chemicals, cr to a
sustained temperature between 150 F and 450 F. Contact Foster ‘Wheeler
Technical Services and Qualitv Control Department if such conditions exist
feor svecific recommendations.

TABELE 6 - RECOMMENDED FILLER METALS FOR WELDING INTEGRALLY CLAD MATERIALS

CLADDING SPECIFIC FILLER METALS FOR
MATERIAL REQUIREMENTS : OVERLAYING WELDED
JOINT (U4)
70 Ni-30 Cu ASME SFA-5.11
(Annealed Monel)’ Class ENiCu-7 (1)
12Cr Tvoe 410 Do Not Overlav
Tvoe 410S - ASME SFA-~5.11

Class ENiCrFe-3 (2)

ASME SFA-5.4
Class E309L (3)

FIRST PASS SUBSEQUENT PASSES

Austenitic Tvoe 304 309L 308L
Stainless - Tvoe 304L 309L 308L

Steel Tvpe 316 309L 316
Tvpe 316L 309L 316L

Tvoe 321 309L 347

or
- Tvoe 347

NOTES FOR TABLE 6:
1. ENiCu-7 (Monel welding electrode 190. or egual)

2. ENiCrFe-3 (Inconel welding electrode 182. or egual) preferred for
temperatures above 800 F or where thermal cveling conditions are
anticipated. Consult Foster Wheeler Technical Services and CQualitv Control
Devartment if environment contains sulfur above 800 F.

3. For operating temoeratures below aooroximatelvy 800 F and/or where thermal
eveling conditions are not severe.

L, Overlavys usually require a minimum of two lavers: however single-laver
overlavs are acceptable provided dimensional reguirements are met and
chemical composition and soundness are satisfactorv. The number of lavers
in oroduction shall not be less than the number of lavers in the orocedure
qualification test.

VBE-Get "ON NUC4
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o PIPING TESTING PROCELURE
¢
P 1. Scope
1.1 To provide definite requirements for testing piping systems to be
) installed for or by The Dow Chemical Company. Verious clessess of
i testing are included in order to obtain a stringert test of im--
portant lines, or a less rlgorous test of secondary llnes, as re-
) © .. quired by the service.

' 1.2 The term-"piping system” as used herein is intended to include pipe,
. valves, and fittings. Vessels, instruments, and relief devices are
! R nof included. : '

_l:é' The acceptance of piping systems under this specification lncludes
~ approval for pressure tightness only.

1.4 Vessels and flanged itews not included in the tests shell be isolated
" by line blinds. Line blinds shall be installed between existing piping
. and new piping under test to prevent application of pressure to exist- .
- ing lines. The Dow representetive shall be notified in advence by the
“¢contractor of test schedules and test conditions.

2. . Materieié and.Serviees

ﬁg - 2.1 Dow will furnish water for test purposes at existing pressures within
NG . the block or plant limits when aveileble. Dow will furnish all reguiread
' . Freon R-12." If a recording instrument is required for the test, Dow
will furnish the instrument end the contractor shall install end re-
move same. The contractor shall furnish all miscellaneous pipe, gauges,
fittings, test pumps, or compressors, line blinds, velves, etc.,
necessary to provide the proper testing equipment. All such materials
shall be removed upon completion of testing unless shown on the drswings
as part of the finished work. The contractor shall furnish ell piping
or hose from the source of water to the pcint of test connection anrd
shall he responsible, when bidding, for determining the nearest source
of water and what equipment will be needed. Air compressurs shall be:
equipped with discharge filters for removal of water, oil, and foreign
matter. Maximum dlscharge temperature of oil lubricated air COmpressors
shell be 300°F. :

2.2 The contractor shall furnish experienced test crews of adequate size,

- equipped with sufficient and proper hand tools, to handle properly the

f testing operations. The Dow representative shall determine the adequacy
of all equipment used by the test crevs.

I 2.3 The contrector shall be responsible for the removal of water used in

testing from all piping systems. Wheare d;xchev or tenporary lines to
ditches are necessary, the contractor shall provide them; after their
use, such ditches or lines shall be removed leaving the ares in its
original, or equal, condition.
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- 2.4 'If special drying or specilel cleaning is required after testing is ~—
%g.' completed, it will be done by Dow unless othervise specified in the

Job specifications.

2.5 Blowdown of all steam lines preparator& to test or putting into service
shall be done by the Dow Power Department outside block limits or by
the Dow plant superintendent inside block limits. All valves connecting
‘to existing water mains, process lines, etc., shall be opened only by
Dow's proper representative.

2.6 Vhere large vapor or gas lines are to be hydrostatically tested, the
contractor shall not start the test until he has assurance from the

. 'Dow representatlve that the line will support the welght of the test

: llquld. . .

3. .Specification of Class Required
Classes of test will be specified as follows:
3.1 .The line schedule issued giving general specifications for each line -
- such as material, size,insulation, etc., will also contain a2 desigua-
tion of the class of test required and the test pressure.
3.2 'In the absence of a line schedule, the class of test and pressure re-

qu1red may be covered in the job specification, constructlon order, or. -
for maintenance Jobs by an AVO. - ' . A S o (

b, Dstails of Test
4.1 General

4,1.1 Air and instrument air supply piping'shall not be cleaned or
tested with water. Before the final connection is made to
“instrument, accessory or equipment, the lines shall be blown
free of all dirt, scale, filings, or other extraneous matter.
Instrument air supply piping is defined as piping that connects
instruments to the air supply system (Note: This does not include
instrument pneumetic transmission tubing or pipe, which is to be

- cleaned and tested per 61-110 and 61-150).

All other piping shall be thoroughly cleaned and flushed with
water before testing. This shall include instrument process
piping, which is defined as piping that connects instruments

to process lines or vessels and is to contain process fluids.
Instrument process piping shall not be connected to the in-
strument or accessory during cleaning. After washing and prior
to connection to instruments, etc., the instrument process piping
shall be blown free of all water and.extraneous matter.
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: l"olue

1.5
4.1.6
h.1.7

4.1.8

L.1.9

'removal of trapped air.

Control valves, safety velves, rupture discs, reducing valves,
level controllers, level switches, orifice plates, eand othsr
instruments or fittings designated by the Dow represantative
shall te removed from the lines before clezning and replaced
before testihg. All such items, excepi sarfety valves, after
removal shall be cleened separately by the contractor. The
line bore orifice spacers and geskets or spare rings Turnish-
ed with meter runs shall be installed prior to clezrping and
rermain in plece until efter testing. Safety valves and
rupture discs shall be installed for fit-up, removed during
the test and reinstalled. New gaskets shzll be usad when
reinstalling all flerged items. Where control valves are to
operate normelly shut, the test crew shall not test the line

-until the valve haes besen opened by the Dov representative.

The contractor shall be resporsible for venting piping and
vessels while cleening and testing and, after testirng, wiile
draining to insure against their collapse by vacuum.

The contractor shall be responsible for any and a1l damage re-
sulting from test pressures more than 10% higher than specified
by Dow. A safety valve or relief valve may be used at the
pressure source to protect systems under test.  The test crew
shall be responsible for venting all sections of piping system
and vessels not under direct test to prevent cverpressuring
any part of system through valve leskage or excess flows.
Overtightening of a valve in an effort to make it hold may

be cause for rejection of the valve by the Dow representative.

For hydrostatlc tests, every precautloq sball be taken for the

Pressure gauges shall be of a suitable scale capacity for the
pressure, having a dial at least 43" in diameter. The maximum
pressure cepacity shall not exceed three times the particuler

- test pressure. The geuges shall be checked against a gtavdard

gauge by the Dow Instrument Dspartment.

Variations of pressure ard volume due to temper
shall be taken into account by the Dow rbpre sen
determining whether pressure during test is sati
Visual checks of short durestion may be rmade at
pressures at the option of the Dov representa:

A1l hydrostatic tests are assumed to te made, using water,
unless otherwvise stated. w Ok ’
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h‘l.ll

5.1k

.1.12

§.1.13

L.1.15

4.1.16

L.1.17
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Presence of the Dow representative is not necessary while
initial going-over of lines for leaks is pro"ressing.

Vo insulation shall be alloved on systems under test excent
on those parts which have had a certified shop test.

The test fluid shall not be ellcwed to freeze. When testing
steel piping belcw.hO°F, a written Safe Work Procedure will
be required to protect ageinst brittle fracture hazards.

Pressure tests shall include as much instrument process piping
as possible. Where an instrument process line contains more
than one block valve, a&ll valves should be open excent that

nearest the instrument.

A1l instruments and similar special equipment are to be pro-
tected against overpressure during cleaning and testing by

.disconnecting the piping between the closed block valves and

the instruments. Direct operated or self-containeéd regulators
are to be removed or blocked ard vented. Special care is to
be exercised in the protection of float actuated devices, such

that float is not subjected to collapsing pressure.

Expansion joints having tie-rods mey be tested as part of the
piping system unless otherwise specified. The tie-rods rust
be hand tight, with no slack under the outside nuts. Expansion

"joints not having tie-rods shall be removed or isolated from : -

the test. The contractor shall check the drawings and speci-

. fications for any specific installetion or op°rat1ng 1nstructlons

pertalnlng to the expanszon joint.

A written Safe Work Procedure shall be submitted by the contractor

for approval of the Dow representative and menufacturing represent- -
g P

ative prior to beginning of Class D Pneumatic or Class K Ultrasonic
tests if the test pressure is to exceed 15 psig. Thé procedure
shall cover a minimum of the fullowing items; Pretest visual
inspection, areas to be roped off, time schedule, and indoctrina-

tion of personnel on hazards involved.

At the completion of the test, all blinds, plugs, caps, etc. used
to isolate vessels, instruments, etc. shall be removed, flange
faces and threads inspected for demage and piping re-connected.
Caskets removed after tests shall not be re-used. Special care is
required when reconnecting these points to avoid leaks.

(~
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5. Claéses of Tests

5.1 Class B - Hydrostatic:

faction of the
20 wminutes.

e tested at

5.1.1 Each valve sh2ll be pressure tested to the satis
. Dow representative. Velve test shall not exceed
" Where valves occur in headers, both sides shall b
the option of the Dcw representative. -

5.1.2 Arfter ell valves have been Lested the entire system shall hold
the designated pressu_e for a pervod of four hours.

5.2 Class C - Hydrostatic:

5.2.1 Complete line or section of line containing several valves and
» branches may be tested at one time. The duration of test shall
not exceed four hours. Generally, the Dow representative shall
fix the duration of test as only sufficient to examine the lins
and satlafy himself that there is no leah?c,.

5.3 Class D - Pneumaolc:

CAUTIOV' Pneumatic testing should be used ohly as a last alternative.

'c..
:ﬁﬁig . . Carefully planned and supervised procedures shall be used
'2!\3 . " to guerd against the hazards of latent energy of compressed
o ~ :

gases. (See 4.1.15)

This cless covers tests made with air, nitrogen, or other gases for
pipirg designed in accordance with ANSI B31l.3, Code for Petroleum
Refinery Piping. Where applicable, the test shall meet the require-
ments of OSHA 1910.106, Flammable and Combustible Liquids, and |

. 1910.110, Storage and Hand;lnﬂ of Liquified Petroleum Gases. Pi Eﬂng

. designed by other Codes shall be tested in accordanc° with those Codes.

5;321 Low Pressure Test - Maximum 15 psig.

5. 3._.1 Prlor to testing,a thorough visual ’nSDerWOn shall
be made for defects such as improper materials, poor
gasket installation, loose joints, etc. All bolts
must be made up tight. :

5.3.1.2 Al‘ flanged joints shall be taped shut using a2 suit-

" able adhesive coated paper tape with a sm21l vent hole
punched in the tape. The tape shall be applied very
carefully to insure an airtignt seal all around both
flanges. L4
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5.3.1.3 Soapsuds made from mild soap or a commercial bubble test

fluid shall be applied to each vent hole for flanged joints
and all around each screwed or welded joint. Any leak
detected shall be marked for the subsequent inspection of
the Dow representative if he is not immediately present.

5.3.1.4 The first leakage check shall be made at 5 psig max.

Any ‘detectable leaks shall be eliminated before proceeding.
The leakage test may be repeated at higher pressures not to
exceed 15 psig or the specified test pressure, whlchever is
lower, as directed by the Dow representative. : :

High Pressure Test - Above 15 psig

- CAUTION: Special ﬁfecautions required. (See 4.1.16)

Joints are not to be taped for this test. All personnel shall be
kept clear of the immediate area while the test pressure is being
raised. The pressure shall be raised slowly in stepwise fashion

-in increments of not more than 207 of the maximum test pressure
"(10 psig steps are acceptable up to 50 psig test pressure).

‘Pause 5 minutes minimum at each step to allow for inspection and

- equalization of strains. Leak detector used shall be ultrasonic

type per 5.8.3. If there is evidence of leakage, the pressure
will be reduced by a minimum of 20% or as required té locate and
correct any leakage detected. The testing shall continue stepwise
until the final test pressure is reached and held for 10 minutes
ninimum without evidence of leakage.

5.4  Class F - Fire MalﬂS Sgpinkler and Spraz¥§ystems

5.4.1

. Wet Pipe Sprinkler System3~(See Eng Spec. 47- 101 and NFPA 13
.'1973, Chapt. 1, Sect. 1-11) . .

Prior to connection to the sprinkler riser entering the building,
the fire water mains shall be flushed at an approxlmate rate as
follows, until clear:

6" : _ 750 gpm

8" 1000 gpm
10" 1500 gpm
12" 2000 gpm

After flushing, connect the main to the riser and flush &1l
piping with heads in place or plugged and bulk-main flush conn-
ections open, using full line pressure. VWhere necessary, flush
by sections for adequate flow through™2ll openings. Hydrostat-
ically pressurec test entire system for 2 hours with heads in
place at 200 psig minimum or 50 psig in excess of max. static.
line pressure where max., line pressure exceeds 150 psig.

%
Y

C
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5.4.2 Water Spray Fixed Systems (deluge)
(See Eng. Spec. 47-102 and NFPA 15, 1973, Chapt. 5)

Pricr to connection to the deluge valve, the fire water mains
shall be flushed at an approximate rate as follows, until clear.

4" "~ ., 390 gpm (10 ft./Sec.)
6" 880 gmp (10 £t./Sec.)
8" 1560 gpm (10 ft./Sect.)
lo* . 2440 gpm (10 £ft./Sect.)

12" 3520 gpm (10 ft./Sect.)

After flushing, connect the main to the deluge system and flush
all spray piping down stream at full line pressure with spray
nozzles removed, until clear. Wnere necessary, flush by
seCtions for adequate flow through all openings.

M

Pilot air system piping shall be cleaned and tested as follows:

With the air filter, pressure regulator and pilot valve.
omitted from the test, hydrostatically pressure test
the piping at 70 psig for 1 hour with all pilot heads
in. place. After completion of test, drain watexr and
blow out cone branch at a time by introducing 50-75 psig
air and releasing the air at the most remote pilot head
opening of the branch, with all other openings closed.

A final acceptance tést‘in operation shall be made, to be _
witnessed by a representative from Loss Prevention Engineering .~

5.5 Class G - Hyd:détatic {Gravity) :

5.5.1  This test for vents, standpipes, étc., requires the filling of the
. piping system with water and visual inspection for leaks. No

pressure shall be applied by pump, by supply line, or other extern:
source. The test crew shall be responsible for filling such a
system at a rate low enough to prevent pressuring due to restrict-
ing outflow of air.

.
T
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H - Boiler Coae:

801ler piping shall be tested in accordance with the ASME
Sower Boiler Code. Boiler piping includes &ll piping attached .
+to the voiler, up to and including the second valve from the
boiler, for multiple-boiler installations. For single boilers,
the pipirg may include all piping up to the first valve only.

J - Halogen:

K.- Ultrasonic:

Halogen leak detector shall be used to detect leaks at all
welds, seams, Joints, and other areas of possible leakage.

This test shall be made by pressuring up the piping system to
be tested to 13 psig by use of a compressed air source; then
increasing the pressure to 15 psig with Freon R-12. The
pressure shall be held at 15 psig until testing is comnleted.

All flanged joints shall be taped shut using a suitable adhesive
coated paper tape with a small vent hole punched at one noint,
preferably on top. All bolts or studs rmust be made up tight.
Tape shall be carefully applied to insure an airtight seal all
around both flanges.

The Hélogen tesfing equipment shall be General Electric Halogen
Leak Detector, Type H-2, or approved egual, and used in accor-
dance with the manufacturer's recommendations.

Ultrasonic leak detector shall be used to detect leaks at all

welds, seams, Joints, and other areas of possible leakage.

This test shall be made by pressuring up the system to be tested
to 15 psig by use of a compressed air source. The pressure shall
be held at 15 psig until testing is completed. -
conducted at pressures above 15 psig if proper safety procedures
are observed per 4.1.16 and 5.3.2. ‘

The Ultrasonic testing equipment‘shall be Delcon Model L9184,
BEuphonics Model 500, or approved equal, and used in accor-

dence with the manufacturer's recommendations.

L - Operating Pressurc:

5.6 Class
5.6.1
5.7 Class
5.7.1
5-7-?
5.7.3
5.7.h
5.8 Class
. 5.8.1
5.8.2
5.8.3
5.9 Cless
K i <
T
';c? -
oy W
5.9.2

CAUTION: Tnis test, in general, is limited to sea water, river
vufcr, and pobtable water systoms. . A,

Complete lines, section of lines, or complete systens may be
tested at one time.

This test may be -

\
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s 5.9.3 This test shall be made by putting the lines to be tested into
h operation.

5.9.4 T .strument pneumatic transmission tubing or pipe shall be testnd
2T BEngr. Spec. 61-110 and 61 150.

Nl
[0)Y

Retests

6.1 In the event that a piping system or any part fails to pass the test
prescribed, a new test shall be applied after repairs and corrections
have been made. This retest shall include all parts of a connected
systen which may have passed a test previously, but which in the opinion
of the Dow representative have been affected by the correctlons made or
by a delay attending to the co*rectlons.

ReRnw

; 7. Acceptance

7.1 The Dow representative shall signify his acceptance by.initialing the
" approved portions of the piping system on the contractor's set of prints
~or by any other definite means mutually agreed upon. :

-

(1
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J.
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T.
U.

Vendor and Service Assistance

Leak and Pressure Tests

Inspection

Permits

Removal of Rust Preventives

Operating Supplies and Chemicals
Lubricants

Rotation and Aligmment

Packing and Seals

Safety Devices

Flushing and Chemical Cleaning
Temporary Strainers, Screens and Blinds
Drying Out

Purging
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Vessels
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Air Cooled Exchangers

Fired Heaters
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Miscellaneous Equipment

Boilers

Water Treating Plants

Water Systems
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Buildings and Accessories
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REVISION l

PROCESS PLANTS DIVISION DATE Feb, 1, 1979

I.

IT.

SCOPE

This standard is intended to define when the responsibility for cars,
custody and control of various units, systems or facilities of a plant

is transferred from Foster Wheeler to the Client. The gensral principles
differentiating the limits and responsibilities for the work for both
parties are defined and a tabulation of the specific work psrformance
responsibilities required to place common process equipment or systems
into operation is presented.

DEFINITIONS

This section presents definitions which, along with the General and
Specific Procedures given in Paragraphs III and IV, serve to clarify the
basic principles associated with the transfer of responsibility from the
contractor to the Client at commissioning tims,

A. Pre-commissioning. Pre-commissioning activities are the nonoperating
adjustments and cold aligmment checks made by the contractor as detailed
in Paragraphs III and IV.

B. Ready for Commissioning. The date when the plant or part thereof 1s
"ready for commissioning" occurs when the plant, unit or facility or
part thereof has been erected in accordance with drawings, specifica-
tions, and applicable codes, to the extent necessary to permit
commissioning, and pre-commissioning activities have been completed
by contractor as detailed in Paragraphs III and IV.

C. Commissioning. Basically, commissioning activities are associated
with the running or operating of the plant and are the €lient's
responsibilities unless specifically directed otherwise by the contract.

The comnissioning period by the Client follows the completion of the
pre-commissioning activities performed by Foster Wheeler. During
commissioning, the €lient makes operating adjustments required before
the plant may be satisfactorily operated, and commences operation of
the plant or part thereof, performing any further adjustments, settings,
etc., that may be required.

D. Completion of Construction. Completion of construction means that the
contractor has:

1. Provided erection in accordance with drawings and specifications.
2. Completed pre-commissioning work.
3. Completed final cleanup, painting,and thermal insulation work.
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III. GENERAL PROCEDURES

General work procedures tabulated in Table I outline the work to be
performed by Foster Wheeler and by the Client. Prccedures applicable

to specific systems or items of squipment are separately covered in
Paragraph IV.
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III. GENERAL PROCEDURES
TABLE I
Item By Foster Wheeler By Client
A Obtain manufacturer's (vendor)
‘ assistance if desired, for
Obtain manufacturer's ( vendor) operating, or run-in by the
Vendor and assistance when deemed necessary Client's operating and
Service to render a satisfactory install- maintenance personnel; and
Assistance ation; as mutually agreed between for training, or other
: Foster Wheeler and the Client. informational and operating
purposes.
Make non-operating field lealk
or pressure tests on piping and Provide any special media
field fabricated equipment. All for test purposss and facil~
B testing will be conducted in accord+4 ities for disposal.
ance with ENG STD 89Al.
Leak and Witness tests when notified
Pressurse by Foster Wheeler.
Tests Dispose of any special test media
in accordance with Client instruc- | Conduct all operational
tions. : tightness testing.
Notify Client of test schedule.
Provide inspection of the plant .
to check conformity of erected Provide for special inspec-
facilities to flow diagrams, tions such as required by
construction drawings, vendor insurance or govermmental
c prints, and specifications. agencies and obtain required
approvals.
Inspection Shop inspected equipment will not '

be reopened for inspection in the

field except as specifically noted
in Paragraph IV.D.

Perform shop inspection as
desired.

Verify and approve plant
check with any exceptions
noted on a separate work
order list (punch list).
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III. GENERAL PROCEDUPES
TABLE I (contd)
Item By Foster Wheeler PBr Client
Secure permits and certifications Make applications for and pro-
required by or for his design work | cure a2ll permits issued in his
or for his erection work. name and reguired for plant
D installation, use, occupancy,
Assist client in the procurement and operation.
Permits of all permits and certifications
required to be secured by the
client for initial use of the
plant.
Remove all rust preventives and
E 0ils used to protect the equipment
. during the ccnsiruction periocd
Remcval of when such material will be detri-
Zust mental to operaticn.
Prevsntives
taintain record of removal.
: Inspect v=ssel interior befors Procure and instell =il in-
lesding of inari packing materizlis | ari packing materizls and
or chemicals to insure vessel is teds and/or &ll meterizls in
" ready for proper installatioen. apparatus containing chami-~
s cals, resins, dessicanis,
e catalysts, and other such
i Epera?lng operating msterials except =s
| Supplies specifieally roted in Para-
‘ang crapn IV,
Chemicals

11
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III. GENERAL PROCEDURES
TABLE I (contd)
Item By Foster Whesler By Client
Include vendor's lubricant recom- .
mendations in the mechanical cata- Develop lubrication list with
G log. lubricant supplier and ecuip-
‘ . ‘ ment vendor,
Lubricants Install initial chargé only of all | Maintain lubrication after
lubricants as provided by the initial charge.
Client. '
Check rotating machinery for cor- Operate equipment and make
rect direction of rotation and vibration checks, trip checks,
freedom of moving parts before governor checks, and safety
connecting driver. device check, and other oper-
H ating tests and adjustments
Make only cold alignment to manu- required.
Rotation facturer's tolerances. .
and Make hot alignment and any
Alignment Foster Wheeler will not operate doweling required.
or run any piece of equipment.
J -Install mechanical seals, permanent | Make necessary adjustments
packing and accessories when re- and replacements to mechan-
Packing quired. ical seals, packing, and
and accessories during commis-
Seals sioning period.
K Install all safety devices e.g., Test and adjust all safety
pressure relief valves, after test-| devices and seal where
Safety ing and adjustment by the Client. necessary or desirable.
Devices ' :

Provide Client with proper settings
of safety devices.

Maintain the necessary rec-
ords.
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TABIE I (contd)

Item By Foster Wheeler By Client
L Turn systems over to the client free| Conduct all flushing, blowing
of trash and construction debris and chemical cleaning opera-
Flushing (not necessarily free of welding "tions and provide circulating
and slag.) media and chemicals required
Chemical except as noted in paragraphs
Cleaning Iv.B, IV.G, and IV.H. Dispose
of any resulatant wastes and
cleaning media.
M Clean strainers as required
during circulation and re-
Temporary move when warranted.
Strainers, Provide and install all required
Screens temporary strainers. Provide, install, and remove
and - all blinds required for
Blinds flushing or operation.
Maintain required records.
Dry out when required to complete Dry out systems, refractories
N further construction or where and linings when such drying
facilities supplemental to those can ve accomplished with per-
Drying Out required for normal operation are manently installed equipment
needed. or as part of the commission-
activities.
? Provide purge materials and
Install purge connections. conduct necessary purge
Purging operations.
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ITI. GENERAL PROCEDURES
TABLE I (cont'd)
Item By Foster Wheeler By Client
Q Protect equipment frcm normal Provide adequate maintenance
. weather conditions, corrosion, or for equipment, including such
Maintenance damage prior to commissioning, - items as the cleaning of
and i strainers and the repairing
Spare Include vendors recommended spare of steam traps, after pre-
Parts parts lists in Mechanical'Catalogs. commissioning is complete.
Maintain adequate spare parts
and supplies. ‘
Provide construction cleanup in- Maintain adequate housekeeping
R cluding removal of excess materials] practices after pre-commissiond
‘temporary facilities and scaffold- | ing is complete as required
Housekeeping | ing, rough sweeping or raking the for safe operation.
area, and trash pickup. Washing
or further cleanup is not included.
S Obtain Client's approval and make Prepare all systems for safe
the necessary tie-ins at the unit tie-ins and observe same.
Tie-ins at limits as required by the specifi-
Unit Limits cations.,
Transmit to client any vendor's or | Maintain adequate vendor
T manufacturer's instructions and instruction file so that the
drawings, as applicable. information mgy readily be
Instructions retrieved as may be required.
Provide client with any special
instructions such as requirements
for drying liners. '

R R S N
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III. GENERAL PROCEDURES
TABLE I (contd)

Item By Foster Wheeler By Client
4] Remove all temporary supports 5
bracing, or other foreign objacts
Removal of which have been installed in equip-
Temporary ment to prevent damage during
Bracing, shipping, storage, and erectiom.
Supports, e.g., vessels, transformers, rotat-
etc, ing machinery, etc., including other
items specified elsewhers for the
appropriate equipment type.
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IV. SPECIFIC PROCEDURES

In addition to the work to be performed in acccrdance with Parsgraph III,
General Procedures, the detailed procedures outlined in Table II below
further define the work responsibilities of Foster Wheeler and Cl*ent
for specific systems and items of equipment. .

TABLE IT

Ttem

By Foster Wheeler

By Client

A

Electrical
Power and
Lighting
Systems

Notify client of test scheduls.

Test electrical installationg in
accordance with ENG STD 70Az,

Witness tests when notified
and record test data if de-
sired.

B

Instrument
Systems

Foster Wneeler will not field cali-
brate any instrument component un-
less required by the job specifica-
tions. He will, however, maXe such
non-operating checks which will es-
sure instrument operability i.s..
remove all shipping stops, check
pointer travels, and verify instru-
ment capability to measure, operate,
and stroke in the direction and
manner required by the process ap-
plicaticn.

Install and connect all system com-
ponents and verify their conform-
arice with specifications and design
criteria for function and range
using dummy transmitted signals as
needed.,

Clean all transmission and control
tubing by blowing with cooled and
filtered clean air prior to con-
necting to instrument components.

Clean 211 air supply headers by
blowing with clean air and check
for tightness.

Leak test pneumatic control cir=-
cuits in accordance with ISA Recom-
mended Practice RP 7.1l.

Check process lead piping for
tightness.

AS dictated by his practice,
calibrate instruments with
standard test equipment and
make all required adjustments
and control point setting,

Fully pressurize and energizs
the itransmitting ard control
signal system, opening proc=-
ess comnections at primary
sensors and final regulators
and making control mcde set-
tings for automatic operation
of equipment as the process
unit is charged and brought on
stream.
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Iten By Fcosisr Whealoayp v Niient
() B Check all zlectrical signal and
alarn wiring for comtinunity, cor-
Ingtrument rect source of power, and polarity.
Systems
Check uueTﬂOuOLal s Ifor proper
joining of wires, position of ele-
ments in wells, proper polarity and
continuity of receivirg instrumentsd
Identify orifice pla, by. tagging | Check borss of orifice platas
and deliver to Cliexnt. and install such plates aftsr
completion c¢f testing and
Isolate, or remove ii necessary in~| flushing operations.
line ccmponents such zs zsontrel
valves, pcsitive dizplzcement Isclate or remo® in-lins com-
metars, turbine meters, etc. Ifor ponznts for Client's flusning
pressure tesiing and reinstall such | oparaticns and reinstail them
items, on the comnlnnlon of such op-
ationz.
l Hotify client of test schedulsa.
tlitnees field pressurs tests
Hydrostatically or preumatically vhen notified bty Foster
test all piving as reguirsd oy tLe Wazeler.
drawings or §peqi?icauions in ac- Perform all operational
cordance wita ZNG'STD S9AL. tightness testing.
) C Check pipehsngers, supoorts, guides | Check pipehangers, supports,
and vipe specialties for the re- guides. and pipe specialties
Piping moval ¢f” all snipping and rection | for hot settings and maks
Systems ‘ stovs; end for tne correctness of minor adjustments as necss~
cold sattings for tae a~olgn ser- sary.
vice. In additicn orovide the
client with iastructions for not
setiings.
nstall car seals on valves where Che~“ cacoed position, and
lecessary. identify &ll car sezled valves
Correct support, wvinratlon, and
thermal expansion problems ietected
during commissioning.
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TABLE II (contd)
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Item

By Foster Whesler

By Client

D

Vessels

Unhead after erection to place
internals requiring field installa-
tion except as noted in Paragraph
III. F. These internals will be
inspected at time of installation.
External manways on vessels will bej
opened for inspection,witnessed by
client,even if they have been shop
inspected. For these shop inspected
vessels, internal manways will not
be opened unless required by the
job specifications.

Head up upon proper execution of
closure permits.

When vessels have been subjected
to a shop test they will not be.
further tested in the field but
may be included as part of a
piping system test.

Witness inspectiions to the
extent desired.

Unnhead after dryout and
charge materials as desig-
nated in Paragraph III, F.
and head up.

E

Shell and
Tube
Exchangers

Shop inspected exchangers will not
be reopened in the field.

When exchangers hawe been subjected
to a shop test they will not be
further tested in the field but mgy
be included as part of a piping
system test.

F

Air Cooled
Exchangers

Ingpect to assure that temporary
shipping supports and erection
m a terial have been removed.

When exchangers have been subjected
to a shop test they will not be
further tested in the field but may
be included as part of a piping
system test.
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TASLE II {contd)
Item By Foster Wheeler By Client
Pressure test in accordance with the| Dry refractories during
applicable code, if required. initial firirg oy following
the manufaciturer's temperature
Provide 2ll nonoperiating prefiring ! cycles. .
G checks in accordance with mamufac-
. turer's instructions. Conduct boil-out, and chemical
Fired cleaning and flushing overa-
] _ g g of
Heaters Blow fuel oil: lines, check for tions as required.
cleanliness, and connect burnar
piping. Obtain and charge 1iguid heat
transfer medis, if raguired.
Check operation of registers and
dampers, and verify position of Corduct light-off, drving
indicators. and ourging operations.
Obtain service sngineer for
start-up, if desirsd.
Level baseplates and sole plates and Tirculate for Zlushing and
grout 211 tearing surfac=s. cleaning purpcses ths -approp-
5 riate medium for the seal, lube
Check for and remove any excess pip-| 377 ¢ocling systems.
Pumps, ing stresses wnich may be imposed ) , A
Comoressors, on the.equipment. Obtain service °“gl_e9f =0t
and . start-up, 1if desired.
Drivers Chemically clean the completed in-
stallation of any seal and lube oil
system, when specified.
Charge the lube and seal oil systems
with cil.
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' TABLE II (contd)

Item By Foster Wheeler By Client

J Fully assemble rotary filters except| Install all final filter

for final filter media (cloth or media (cloth, precoat, etc.)

Miscellaneous| screen).
(Agitators, |Level and calibrate weigh scales ‘Make all final adjustments

Mixers with assistance of the manufactur- during run-in and any per-

Rotary Filters
Weigh Scales:
Materials
Handling
Equipnment,
Etc.) -

er's representative and set tare
weights where possible.

Manually check materials handling
equipment for freedom and direction
of movement.

formance tests required.

Obtain service engineer for
start-up, if desired.

K

Boilers

Make nonoperating pressure test in
accordance with applicable codes,
if required.

Inspect installation for complete-
ness and correctness of installation
and make other nonoperating pre-
firing checks.

Check proper damper positioning and
travel.

Dry refractories during init-
ial firing by following the
manufacturers temperature
cycles.

Purge, flush, and drain steam
mains as necessary.

Obtain and charge treated
water for boil-out and init-
ial operation as required.

Commission auxiliaries as de~
tailed elsewhore under the
appropriate equipment type.

Conduct boil-out and chemical

cleaning and flushing opera-

tions, as required.

Conduct initial light-off -
with associated checks and
adjustments.

Obtain a service engineer for
start-up, if desired.

Conduct all operating tests
and obtain required certifi-
cation,
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TABLZ II (contd)

ten

B7 Foster Wheeler

-
Br Gliank

L

Water
Treating
Plarnts

Inspect for ompleteness and correctA
ness of installations znd = ke any
nonoperating checks which may te
required.

Provide and install initial charge
of ion~exchange resins and inert
bed material,

Make the neceseary operating
tests and adjustments to
waler treatment systems.

Provide all water tireatment
chemicals exceot initial
charge of icn-sxchange res

h
.

Obtain serviczes ¢f water con-
sultant to advise and monitor
the waier treaitment operation
as desired.

ul
Water Systems
(servica
wells, cool-
ing towers,
sea water,
fire water,
etc.)

fied on the Jdrawings.

-

Inszect for completensss znd correct-
ness of installations and rake any
nonoperating checks which may be
required,

Initially clean cooling tower tasin
and install screens in suction pit,
before water circulation, when specid

Provicde test pump for wells and test
well deliverv and flush wells when

w2lls are provided by Foster theelerd spection of fire sysuem as

Flush, drain, and clsan cool-
ing tower tasins.

Clean intaks screens.

Fill reserveirs, head towers,
etc.

Provide insursnce companmy in-

~

required.

Obtain and install all fire
fightirg chemlcaLa, as re-
quired and portable squipment
such as noses, fire extine
guishers and related equicment)

Establlish water treating
pregram.

Obtain services of water con~
sultant to advise and monitor
the water treaiment operaticn
as desired.
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TABLE II (contd)
Item By Foster Wheeler By Client
N Inspect facilities for completeness| Operate all e quipment and
and correctness of installation and| supply all chemicals, agents,
Waste make any nonoperating checks to etc. related to waste treat-
Disposal, ensure conformance with specifica- | ment.
Flares, and | tions.
Stacks
Check installation of any buildings
and accessories including all heat-
P ing, ventilating, and air condi-
tioning equipment to assure com- Operate heating, ventilating,
Buildings pleteness and conformance with and air conditioning units
and specifications. and make all performance
Accessories tests.
Cbtain certification that all
plumbing and elevator installa- Obtain certificate for
tions are in compliance with local | occupancy and use, if
governmental regulations. required.
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I. SCOPE

A. This specification covers the essential instructions for proper
preparation and packaging of equipment, materials and supplies to
insure delivery in satisfactory condition regardless of destination.
All shipments, whether scheduled for immediate use or for delivery
to storage, shall comply with these requirements and instructions.

B. Any deviation from this specification must have the prior approval
of Foster Wheeler. This specification is applicable to prime
vendors and all sub-vendors.

C. Information and specifications stated in the inquiry, material
requisition, or purchase order shall TAKE PRECEDENCE over the
requirements set forth herein.

II. PURPOSE
The réquirements are specified so that material as shipped will endure
the rigors of:

A. Handling, stacking and transport to plant construction site.

B. Outdoor storage for a period of twelve months on Domestic
(U.S.A. and Canada) jobsites and eighteen months on
Export jobsites (including Alaska and Hawaii).

C. Outdoor weather exposure from the time equipment is uncrated and
set on its foundation until plant start-up which may be as much
as one year later. This general requirement may not apply
to all equipment; e.g. pumps and compressors (particularly non-
lubricated) for which vendor's bid shall propose for Purchaser's
consideration and approval recommended methods and materials of
preservation, allowable exposure time and other necessary require-
ments.

III. TYPE OF PACKAGING

A. The type of packdging to be used is best determined by the vendor
and may consist of boxing or crating,bundles, bags, fibreboard
boxes, barrels, metal drums, or merely skids. The selection
should be based upon suitability to the type of material to be packed
and cost.,

B. Table A is a guide which tabulates methods of packing acceptable for
categories of material as well as destination. Final selection
for each project shall be given in the inquiry, material requisition
or purchase order.
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PREPARATION OF MATERIAL

A. All equipment and material shall be cleaned internally and externally
to remove all weld spatter, scale, rust, cutiings, filings, etc., as
well as any and all foreign matérial.

B. Critical wearing surfaces, highly stressed parts, and highly finished
surfaces shall be further cleaned by dipping or brushing with a suit-
able solvent, such as petroleum naphtia or alkaline cleaning compound.
Criticel functioning or close tolerance surfaces shall be additionally
cleaned to insure removal of perspiration and fingerprint stains, us-
ing any commercially available oil fingerprint remover.

C. After hydrotesting, operation, and/or performance test, all fluids, .
i.e., lubricating oil, fuels, water, etc. shall be completely drained
from all taenks, vessels, jacketing, piping, etc. and wiped or blown
dry. Lint free rags shall be used for wiping.

PRESFRVATION
A, Painting

1. Primer and finish coat shall be zpplied only when specified Uy
painting JOB STANDARD.

2. Cast machinery shall be given at least one coat of primer and
one coat of paint. Paints which combine a primer with the finish
coat are acceptable and one coat of such paint is sufficisnt.
In any case, both primers and paints shall be suitable for z min-
imum of SO°F more than the design temperature as specified on the
requisition.

3. Smooth surfaces such as fabricated sheet metal, blower casings, etc.
muslL have separate coats of primer and paint (minimum of one coat
of each). However, corrosion resistant materials such as stain-
less steel shall not be primed nor painted.

L. Do not apply filler to cast surfaces or weldments.

5. Masking tape epplied to such items as gage glasses, nameplates,
etc., shall be left in place after painting.

6. External machined or highly finished surfaces, external rotating
or reciprocating shafting, packed valve stems and linkages must
be kept free from pzint.
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V. PRESERVATION (continued)

. B.

Rust Prevention

All unpainted machined metal surfaces, both external and internal
shall be cleaned and dried as specified above, and amply coated with
a rust preventative which will maintain a protective coating for a
minimum of twenty-four months provided the coating is not
burned, dissolved or mechanically rubbed off.

1. For surfaces which are external, the rust preventative should
be a heavy application of grease or liquid film which dries
to a tough coating and which conforms with the performance
requirements of U.S., Defense Department Specifications for
Preservatives as listed below:

Spec. Designation - Mil-C-11796 Class 1

Application Method - Hot application, brush or dip,
maximum temperature of appli-~
cation 200°F.

Description and Use - Thick, hard drying, greasy
film. For protection of highly
finished parts of simple design
for long periods.

Acceptable preservatives are available from the major oil
companies and their dealers, for example:

Gulf Gulf No-Rust #1

Esso (Enjay Chem.) Rust-ban 385

Shell ' Ensis 26L

Mobil Mobilcoat 601 .
Texaco Texaco Rust-Proof Compound L
Valvoline Tectyl 506

Other brands are available and are acceptable providing
they conform with the performance requirements above.

2. For internmal machined surfaces of an assembled unit,

the rust preventative should be of a type which does not re-
quire removal vefore operation of the equipment and which con-
forms with the performance requirements of U. S. Defense
Department Specifications for Preservatives as listed below:
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v. PRESERVATION (Continued)

B. Rust Prevention (Continued)

Spec. Designation - Navy Mil-L-21260, Grade 1, 2, or 3

Application Method Brush, dip, or spray, 60 to 120°F

Description - Engine lube o0il with corrosion inhibitors,
including hydrobromic acid neutralizers.

Acceptable preservatives are available from the major oil companies
and their dealers, for example:

Gulf Gulf No-Rust Engine 0il

Grade 2 or Nox Rust 310AC
Shell Ensis Engine Qil Grade 20
Mobil . Mobiléoat. - 501 or 503
Texaco Preservative 0il 10W

Esso (Enjay Chem.) Rustban # 623

Other brands are available and are acceptable, providing they con-
form with the performance requirements above.

Acceptable methods of applying rust preventative are spraying, brush-
ing, filling, flushing, etc. through all available openings, or by
disassembly if necessary, to completely coat and protect a2ll un-
painted internal surfaces. Particular attention should be paid to
journal surfaces of sleeve bearings and complete anti-friction
bearings, so they are completely ccated.

3. The manufacturer shall wire a large red tag to the machine which
states: '"Caution - This equipment has been treated with a rust
preventative and no parts should be disturbed until ready to place
in service. If protective coating film is oroken, it should be re-
stored for continued storage".

L. Any piping disassembled from equipment for ease of shipment shall

: have internal surfaces cleaned free of scale and all other foreign
matter and coated with a rust preventative which conforms with
Navy Mil-L-21260, Grade 1, 2, or 3 per Paragraph 7.B.2. above.
Pickling and cleaning per Engineering Standard S0AE is also
acceptable. In either case, all pipe ends shall be securely

’ sealed with moistureproof paper and wocden flange covers or

metal caps.
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V. PRESERVATION (Continued)

B.

Ce

Rust Prevention (Continued)

5.

After application of rust preventative, exposed machined surfaces
shall be wrapped with a heavy "VPI" treated paper, or other heavy
waterproof paper (or plastic) enclosing "VCI" (Vapor Corrosion
Inhibitor) crystals. In all cases, pH of wrapping shall be neutral.
The wrapping shall be secured tightly with tape or twine. Sharp
edges shall be cushioned to prevent puncture of wrapping.

Spare parts and replacement parts shall be covered with a second
wrapping of heavy waterproof paper.

Because of possible damaging effect, care should be exercised in
applying rust preventatives lest items fabricated of leather, rubber,
mica, and similar items be coated with the preservative compound.

Protection of Openings

1

Flanged openings shall be protected with bolted-on wooden outdoor
plywood (min. 3" thickness§ or metal covers, using at least three
bolts. (Wiring-on covers is not acceptables. A sealer, Pematex
No. 2 or equal, shall be used between the flange and the cover.
After openings have been covered, the joint shall be wrapped with
waterproof tape.

Porous bags filled with dessicant shall be hung on the inside of the
wooden or metal bolt-on covers on all major connections of rotating
equipment unless physical size is restrictive,

Unconnected pipe threads used in normal operation shall be closed
with threaded metal plugs or caps. These shall be identified with

metal tags explaining purpose and/or providing connection number
used on Foster Wheeler and vendor's drawings.
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v, PRESERVATION (Continued)

C. Protection of Ovenings (Continued)

L. All closures that are part of original equipment shall be
tight Lfitting.

5. Plastic closures and thread protectors are specifically
prohibited unless their use receives prior approval from
Foster Wheeler, :

D. Flexible Connections

All flexible connections subject to possible damage during ship-
ment shall be disconnected and loose ends adeguabtely sup-
ported or protected to prevent damage.

E. Shaft Counlings

Flexible couplings shail be broken and adequately supported znd orotected
to prevent damags. Rigid couplings shall be in accordance writh the manu-
facturer's rescommendation, as required to provide full protection and
safety in transit and storage.

Dehydration

1. The use of desiccant crystals within an enclosed piece of
equipment is of particular importance in high humidity areas
subject to wide wvariztion in temperature over a twenty-four
(2L) nour period. Location of desiccant should be at suit-
able internals to provide uniform distribution.

e

2. The quantity of dehydrating agent to be used shall te determined
on the basis of the surface area of the moisture barrier, the
moisture vapor transmission rate, and the volume of the enclosed
gpace. Additional desicrcant should he used if other moisture-
absorbing dunnege or supporting structures are included within
the enclosed volume.

3. All equipment shipped utilizing denydrating materials shall
te labeled or tagged with an ezsily observed red sign, reading:
"Caution - Desiccant materials are enclosed within this equip-
ment. Do not operate before removing. Should the integrity of
the enclosure bte broken bpefore cperation, the desiccant must be
replaced znd the anclosure ressaled for continued storage".
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VI. SHIPPING ENCLOSURE

A. Domestic Shipment

1. Very large and complicated machinery such as compressors,
generators, large motors, engines, pressure vessels, etc.
not supplied with self-supporting baseplates, shall be
bolted to a skid formed of heavy timbers suitable for sling
1ift or fork 1ift truck handling, as applicable. This
equipment shall be wrapped with heavy waterproof paper,
heavy plastic, or tarpaulin so as to be enclosed on top
and sides and ventilated underneath to permit air circulation.
This covering shall be secured to the skid or baseplate in
such a manner that it will not extend beyond the outside edge
and thus be torn when a sling or fork 1lift handles the equip-
ment.

Equipment supplied with lifting lugs or specific directions
‘for 1lifting shall have such identification or instructions
stenciled or securely affixed at prominent locations.

2. Very large and/or complicated equipment mounted on self-
supporting baseplates will not require skids. Coverings
shall be as listed in the preceding paragraph.

3. Medium or small size equipment whether on self-supporting
baseplates or not, shall be bolted to skids formed of timbers
suitable for sling 1lift or fork 1lift truck handling. All
equipment shall be wrapped with heavy waterproof paper or plas-
tic, so as to be enclosed on top and sides but ventilated under-
neath to permit breathing. This covering shall be securely
attached to thc cquipment with tape, twine, or staples.

This equipment, if required, shall then be enclosed within a
wooden crate or box of ample size and strength to protect
the equipment (including affixed piping and accessories)
against damage during transportation and handling at the job-
site.

li. Bulk materials may be bundled, enclosed in burlap sacks,
waterproof bags, waterproof fibre box, fibre drums, or metal
drums. The type of material will govern the best method for
shipment. Shipment shall then be palletized in convenient
quantities. '
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VIi. SHIPPINC ENCLOSURES

A,

Domestic Shipment (Continued)

Piping may be shipped as loose pieces except that all piping
2" and smaller shall be bundled and strapped in order to make

Piping shall be consolidated as required by Foster Wheeler
for shipment. Any piping specially cleaned internally prior
to shipment shall have ends capped or taped to make them
watertight, and shall be desiccant protected.

When equipment is shipped in a "blocked-up" condition the
requirements of Paragraph VI-B2-C below shall also apply.

In general, 21l equipment shall be enclosed in nailed,
wooden boxes supplemented with steel strapping. Crating
shall be of adequate strength to permit stacking. The
crate shall be reinforced with steel strapping.

a. Waterproof paper shall be used to line top, ends, and

b. Each box shall be equipped with screened vent openings
of a size commensurate with size of bhox located on the
sides with internal splash boards, so as to prevent en-
trance of rain as well as to prevent sweating from

¢. Any finish machined part that is blocked for shipment
using wood chocks or wood framing shall be isolated from
the wood using copper sheathing c¢r some other moisture
impervious material to prevent moisture penetration from
the wood through to the metal surface.

more rigid structures for shipment.

6.

For Overseas Export Shipment

1.

2. Box Construction
sides of all boxes.
fluctuations in temperature.

3.

Large volume eguipment such as pressure vessels, large mach-
inery pieces, structural steel, large size pipe, etc., which
are inherently weather resistant and capable of withstanding
the rigors of transportation may be shipped without being
boxed.
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VI. SHIPPING ENCLOSURES (Continued)

B. For Overseas Fxport Shipment (Continued)

L. Any equipment containing stainless steel parts must be
boxed and marked: "This material to be stored below
deck and not as deck cargo’.

S. Any special shipping fixtures, tarpaulins, etc. are con-

sidered to be expendable items and will not be returned
to supplier. :

VII. SMALL LOOSE PARTS

Small loose parts shall be packed in a separate, sturdy wood box

with steel strapping & each part marked with waterproof ink for proper
identification. Any such box may be shipped with the main equipment,
provided that it is securely attached to the main skid or within the
main box. Secure attachment consists of strapping or bolting. Tieing
or wiring are prohibited.

VIITI. SPECIAL TOOLS

Tools shall be packed in an individual, steel strapped, rugged,

wood box and marked as "special tools". However, large pieces,
such as disassembly cradles, may be packed the same as the main
equipment.

IX. SPARE AND REPLACEMENT PARTS

A. Small spare and replacement parts shall be packed in an individual,
steel -strapped, rugged wood box for rail or truck shipment. A
steel -strapped,sturdy, well packed carton is permissible for par-
cel post and air freight shipment.

B. Large spare and replacement parts, such as rotor aééemblies, are
to be prepared and enclosed the same as the main machinery unless
otherwise directed by the purchase order or requisition.

X. CEMENT AND REFRACTORY MATERTALS

These materials shall not be shipped to the construction site more

than 6 months prior tu use. High alumina refractories rapidly deteriorate
particularly in a hot climate and special shipping scheduling shall be
made for this material.
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Xx. LONG TERM STORAGE
Material to be prepared for long term storage is beyond the scope
of this specification. Such requirements will be handled on an
individual basis.
I INSTALLATION INSTRUCTIONS AND DRAWINGS
One set of installation instructions and drawings shall be included
with the shipment in a sealed waterproof envelop firmly attached
directly to the equipment within the packing contairer.
XIII. MARKIMGS, COMMERCIAL DOCUMENTS

A. The shipper shall stencil on the outside of the shipping case
appropriate instructions for the handling, transport, and
storage of equipment.

B. Other marking of shipment, supply of packing lists, invoices,
(=] H J & Py 2
et. shall be as specified on the purchase order.
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GUIDE TO CHOICE OF SHIPPING ENCLOSURE

FNG erp o 9QTAY
Page 11
Revision 1

Date February 1, 197

NAILED FIBRE FIBRE METAL  SKIDDED

PLYWCOD  TEXTILE MULTI-WALL BUNDLE . 1COS

CLASS OF MATERIAL WOODEN  BOX DRUM DRUM DRUM BAGS SHIPPING or COIL
: BOX SACKS
1. Structural Parts
metal or wcod D I R T T R D,E~ - - D,
2. Mzjor Items
a. Large Machinery DyE = o m m e e e e e e e e e DyE= = = = = = = e s e e e e e e e e e m - - - .-
b. Medium-Small Machinery DyEw = = = - e e e e - - - ) I e
3. Tools & Machine Farts DyEe = = D- v = m = e s e e o - - - - e s - e - - ks e - - - - T
L. Pipe
a. 3" and above = === m= - s s s e e e s e sk s e h ks fhf e e ekt e sk e s e s e e - D,E
b. 2" and below e T i D,E- - - -
5. Metal rods & sheets I T T T T I T
6. Bulk Materials - Solids ~- = ==B-=-=D==-DE~-= o= == Do = = - - D- = = - - DyE- = = = o - - -~
7. Leoos2 articles nct subject
to damage in transit T T T T D---D-
8. Hardware & Fittings “Be = = “D= = = <D - - - - - e - e - - - Do = m e e e e e e e e e e m e . .-
9. Wire & Cable T T T D- - - - -
10. Furniture-Office & Field e T T I T T T T e D-
. 11. Instruments R ) i T i TS
.12. ILiguids - in bulk - - = e e - - - - - - L1 R T T P
13. Licuids - in containers DyE- = = D = = m m e s m e e m e e e ek s e e e e e e e e e e e e e e e e - =
1. Chemicals - in bcitles N e T T U
15. Chemicals - Inert,
: Granwlar - in bulk 00« - - 4 4 - < - - De = = DyBe = = = = = = = - - -~ - - D- - - - - Do = = = = o - = - -
16. Cremicals, Inert,
Grznular - in container DyEr = = D- = = 2D = = - - s m e e et e e e e e e e e e e e e e e e e e e = e o=
17. Tr-ssure Vessels
- & 37 Diameter and above =00 = = = = e e o s o e e e o f e e e m s e e e m e e e e e e e o m e m e e m - D,E
b. 3' Diameter and below = - = = = = = = = = = = = = = = = = DyE- = m e m e e e e e e ff - - e - - -
18. Heat Exchangers : “Be - e e e e e e e e - .o DyEm = = = e e e e e e e e e e s e e o
19. Spar=z Parts L i e T P A
NOTES:

1. "D" designates acceptable for domestic shipment.
2. "E" designates suitable for expcrt shipment.
3. See I.C.C. regulations for chemicals and other

dangerous substances.
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II.

SCOPE

A. This standard shall govern the extent of inspection of all purchased
equipment and materials to be performed by Foster Wheeler at vendors'
plants. ‘

B. The following inspection percentages are related to the quantity of
the items of equipment and materials on a given project and are not
intended to indicate the degree of inspection to be performed.

1.

2.

Where 100% inspection is specified, each item will be inspected.

Where 10% inspection is specified, only 10% of the total quantity
purchased on each order will be inspected.

C. In the event of a conflict between quality standards and delivery
schedules, the Chief Inspector's decision shall govern.

D. Customer notification for inspection shall be for final inspection
only and limited to only those items that are specifically intended
to be inspected by the customer, the list of which is to be included
in the contract coordination procedure.

E. Typewritten Foster Wheeler equipment/material inspection reports will
be transmitted to the customer on a regular basis as inspection visits
are made.

EXTENT OF INSPECTION OF VESSELS-SECTION 1100

A. Towers, Reactors, Regenerators, Tanks, Drums and Deaerators

100% inspection which will consist of the following:

1.

Identify all materials agéinst material test certificates, including
verification of plate thicknesses to assure all conform to purchase
order requirements.

. Review all radiographs.

Witness crack detection, hardness checks, ultrasonic tests, etc. which
may be specified. If unable to witness these tests, a shop certifica~
tion of satisfactory completion shall be obtained for inspection records.
If any doubt exists as to the validity of the certification, spot

checks will be requested.

Witness hydrostatic tests jointly with the code inspector.
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DATE  Feb. 1, 1979 PROCESS PLANTS s1

II. EXTENT OF INSPECTION OF VESSELS-SECTION 1100 (Cont'd)

A. Towers, Reactors, Regenerators, Tanks, Drums a2nd Deaerators (Cont'd)

S. Dimensionally check for accuracy and visually inspect for cleanli-
ness and quality of workmanship.

6. Check for completeness of installation of internal and external
attachments, except for the installation of trays which will be
inspected at the jobsite during or after installation into their
respective towers,

B. Tower Internals

1. Except for prototypes or new vendors, no inspection of internals

will be required at vendor's plant. Internals, except trays, shall be

inspected during or after installation into their respective towers.
Installation of trays will be inspected at the job site.

2, For prototypes or new vendors, inspection of trays will be required
which will consist of the following:

a. Identify all materials against material test certificates includ-
ing verification of plate thicknesses to assure all conform to
purchase order requirements,

b. Witness leakage tests.

c. Dimensionally check for accuracy and visually inspect for guality
of workmahship of 25% of each type and size.

d. Spot check (203 maximum) for interchangeability of parts.

c. USAEield'Erected Spheres and API Storage Tanks (Erected bv Vendor)

Mo inspection will be required.

D. Overseas Field Erected Spheres and API Storage Tanks (Erected by Others)

1008 inspection which will consist of the following:

1. Identifv all materials against material test certificates, including
verification of plate thicknesses to assure all conform to purchase
order reguirements.

2. Dimensionally check all shell plate after forming.

3. Visually inspect all welding.

vege-Sel "ON WHOJ
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II.. EXTENT OF INSPECTION OF VESSELS~SECTION 1100 (Cont'd)

D'

Overseas Field Erected Spheres and API Storage Tanks (Erected by

4.

5.

Others {(Cont'd)

If radiographs are required for sub-assemblies, they shall be reviewed.

Obtain chart or diagram showing field fabrication sequence or arrange-
ment, complete with all plate numbers. This will be forwarded to the
foreign office originating the purchase.

Miscellaneous Vessels

Inspection will be as 'specified in the item requisition.

ITII. EXTENT OF INSPECTION OF HEAT TRANSFER EQUIPT.-SECTION 1200

A,

Shell and.Tube Exchangers

100% inspéction which will consist of the following:

10

2,

Same as II A above, including complete inspection of the tube side.

For stacked exchangers, a final dimensional inspection w1ll be per-

formed in the shop on the complete assembly.

Air Cooled Exchangets

100% inspection which will consist of the following:

1.

2.

Same as II A above for the fabrication of headers and tube bundles.,

A shop certification of satisfactory fan blade balance will be
obtained for inspection records.

Check motor driver unit against its requisition.

Spot check all structural steel for dimensional accuracy and visually
inspect for quality of workmanship.

Fired Process Heaters

l.

100% inspection which will consist of the following:

Identify all materials against mill test certificates to assure all
conform to Purchase Order regquirements.,

Mill inspection shall be made for all alloy tubes of 5% or greater
chrome content.
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DATE

III.

Feb. 1, 1979 PERFORMED AT VENDORS' PLANTS PROCESS PLANTS DIVISION

EXTENT OF INSPECTION OF HEAT TRANSFER EQUIPT.-SECTION 1200 (Cont'd)

C. Fired Process Heaters (Cont'd)

3. Review &ll radiograpns.

4. Witness crack detection, hardness checks, ultrasonic tests, etc. which
may be specified. If unable to witness these tests, a shop certifica-
tion of satisfactory completion will be obtained for inspection records.
If any doubt exists as to the validity of the certification, spot
checks will be requested.

5. Witness hydrostatic tests jointly with the code inspector. For packaged
unit, hydrostatic tests and final inspection will be made in the shop

on the complete assembly.

6. Dimensionally check for accuracy and visuelly inspect for cleanliness
and quality of workmanship. '

7. Inspect installation of anchors and refractory lining.

8. Spot check all structural steel, ducting and stacks for dimensional
accuracy and visually inspect for quality workmanship.

D. Vacuum Ecquipment, Including Condensers

100% inspection which will consist of the follewing:

1. As far as applicable, inspection of condensers will be the same as for
shell and tube exchangers. See III. A. .

2. Inspection of ejectors will consist of witnessing performance or other
shop tests together with a dimensional and visual inspection.

E. Other Heat Exchande Equipbment

Inspection will be as specified in the item requisition.

EXTENT OF INSPECTION OF MECHANICAL EQUIPMENT-SECTICON 1300

A, Pumps

Ingspection of pumps will normally be conducted only for pumps in excess
of 300 HP, spvecial applications, prototype units and new vendors.

v8e-5Ci "ON WHOA
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B.

" EXTENT OF INSPECTION OF MECHANICAL EQUIPMENT - SECTION 1300 (Cont'd)

Compressors

Except for standard plant and instrument air compressors and small
standard blowers, all compressors will be inspected, including their
lubrication, sealing and cooling systems.

Pump and Compressor Drivers

1. Motors in excess of 500 HP will be inspected.

2, Steam turbines in excess of 500 HP, multistage turbines and tur-
bines in excess of 5000 RPM will be inspected.

Mixers and Agitators

Inspection of agitators and mixers will be conducted only for special
applications, prototype units and new vendors.

Materials Handling, Finishing and Packaging Equipment

Except for standard equipment manufactured on a stock basis, all units
will be inspected.

Rotary Filters

All rotary and vacuum filters will be ingpected.

Pulsation Dampers

100% inspection which will consist of the following:

Same as for IL A above, with special consideration given to internal
cleanliness.

Double Pipe Exchangers (Scraped Surfaces)

100% inspection which will consist of the following:
1. Same as II.A above, including all piping and internals.
2. Check motor driver against its requisition.

3. Witness shop running test and perform a final dimensional inspection
on the complete assembly.
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EXTENT OF INSPECTION OF MECHANICAL EQUIPMENT-SECTION 1300 (Cont'd)

J. Refrigeration Systems-Package (except Air Conditioners)

1. Inspection will be as specified in the item requisition.
2. No inspection will be required for package type air conditicners.

Notes on Inspection

1. The requisition data sheet and/or referenced specification will indicate
the extent of shop testing to be performed by the ménufacturer and which
tests will be witnessad. '

1. Inspection will be conducted during assembly and/or prior to preparation
for shipment and will consist of:

a) Check for compliance to the requirements of the Purchase Order.

b) Check for completeness of vendor's work and/or availability of
all component parts and accessory items.

¢) Visually inspect for cleanliness and quality of workmanship.

d) Complete dimensional check to assure its conformity to vendor's
certified outline drawings. ‘

e) Witness those tests specified to be witnessed as indicated on the
requisition data sheet and/or referenced specification.

V. EXTENT OF INSPECTION OF CIVIL ENGINEERING-SECTION 1400

In general, no inspection will be required.

VI. EXTENT OF INSPECTION OF PIPING MATERIALS-SECTION 1500

A. Valves

1. 100% inspection will be required for motor operated valves, slide valves,
switch valves, butterfly valves 14" and larger and any other valve as may
be specified in the item requisition. Inspection will consist of the
following:

a. Identify material against material test certificates to assure all
conform to purchase order requirements.

b. Witness crack detection, hardness checks, Charpy tests, etc., which ma
be specified., 1If unable to witness these tests, a shop certification
of satisfactorv completion will be obtained for inspection records.
any doubt exists as to the validity of the certification, spot checks
will be requested.

c. Witness hycdrostatic tests of body and seat,

Y

If
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VI. . EXTENT OF INSPECTION OF PIPING MATERIALS-SECTION 1500  (Cont'd)

A,

Valves (Cont'd)

l.

(Cont'd)

d. Dimensionally and visually inspeét to ensure conformity to stan-
dards and specifications.

e. Ensure valve is properly metal-tagged with 1tem number as indicated
in requisition,

f. For motor operated valves, visually inspect motor for conformity
to requisition.

All other valves will not require inspection.

No inspection will be requ1red for valve accessorles such as chain
wheels,. quides, extension stems, floor stands, etc.

Shop Fabricated Piping

Unless otherwise 1nd1cated on p1p1ng drawings or specified in the item

requisition:

1. The type and extent of required examination will be in accordance with
ENG STD 50A1 Paragraph VIII., including a review of all radiographs.

2. No additional inspection will be required for carbon steel piping 12"
size and 'smaller, For all carbon steel piping 14" size and larger and
for all sizes of 'alloy steel and non-ferrous piping, a spot check
(average 10%) inspection will be required consisting of the fcllowing:
a. Identify all material against mill test certificates to assure

all conform to purchagse order requirements.

b. Check to ensure that welding pr6cedures used agree with those
approved by Foster Wheeler Energy Corporation Engineering Depart-
ment, ’

c. Witness hydrostatic test, if required.

d. Review stress relieving procedures and check Brinell hardness.

e. Dimensionally inspect for accuracy and visually inspect for
quality of workmanship. Closely inspect the interior for clean-
liness, especially the welds.

3. All sizes of compressor suction and interstage pipinj will be closely

inspected for interior cleanliness. If special cleaning is required
it will be defined in the reguisition.
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VI. EXTENT OF INSPECTION OF PIPING MATERIALS-SECTION 1500 (Cont'd)

VII.

cC.

)

Random Pipe

No inspection will be required.

Fittings

Inspection will be required for special (non-standard) cast alloy steel
and carbon steel fittings only and will be specified in the item requi-

sition. When inspection is required, it will consist of the following:

1, Identify material against material test certificates to assure all
conform to purchase order requirements.

2. Witness hydrostatic test of cast fittings only.

3. Witness crack detection, hardness checks, etc. which may be speci-
fied.

4. Dimensionally and visually inspect to ensure fittings conform to
drawings and specifications.

Flanges
No inspection will be required.

Bolts, Studs & Gaskets

No inspection will be reguired.
Underground
No inspection will be reguired.

Piping Specialties

No inspection will be required.

EXTENT OF INSPECTION OF INSTRUMENT-SECTION 1600

A,

Instruments, Control Valves and Safetv Valves

Generally, these ifems dn not require inspection, In special cases,
inspection mav be required. Consideration will be based cn such factors
as: prototype units, new vendors, units for export, critical nature of
use,

Vvee-S€1 "ON WO
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VII. EXTENT OF INSPECTION OF INSTRUMENTS-SECTION 1600 (Cont'd)

VIII.

B. Analyzers

Inspection of analyzers will normally apply to prototype units, new
vendors, units for export and special applications.

C. Control Panel

Normally, control panels will be inspected. The extent and nature of
inspection will be defined by the Instrument Engineering Sectiocon.

D. Instrument Piping

No inspection will be reqguired.

E. Instrument Electrical

No inspection will be required.

F. Weather Protection

No inspection will be required.

G. Supports and Racks

No inspection will be required.

EXTENT OF INSPECTION FOR ELECTRICAL-SECTION 1700

A. Underground Electrical
No inspection will be required.

R. Power Equipment

Generally, power equipment will not require inspection unless specified
in the item requisition. When inspection is required, the extent and
nature of inspection will be defined by the Electrical Engineering
Section. '

C. Power Distribution

No inspection will be requirrd.

D. Lighting

No inspection will be reguired.
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EXTENT OF INSPECTION FOR ELECTRICAL-SECTION 1700 (Cont'd)

E.

Communications

No inspection will be required.

Supports and Racks

No inspection will be required.

EXTENT OF INSPECTION FOR MATERIALS PROTECTION-SECTION 1800

No inspection will be required.

EXTENT OF INSPECTION FOR PROJECT & MISCELLANEQUS ITEMS-SECTION 1900

A.

Process Driers

100% inspection which will consist of the following:

1.

2.

Same as II. A above.

Witness vendor's standard shop tests and those as may be specified
in the item requisition.

team Generators and Boilers

100% inspection which will coasist of the following:

1.

Inspection of all drums and headers will be as specified in II. A
above.

Identify all carbon steel and low alloy tube material against mill
test certificates to assure all conform to purchase order require-
ments.

Mill inspection shall be made for all alloy tubes of 5% or greater
chrome content.

Witness crack detection, hardness checks, ultrasonic test, etc.,
which may be specified. If unable to witness these tests, a shop
certification of satisfactory completion will be obtained for
inspection records. If any doubt exists as to the validity of the
certification, spot checks will be requested.

Dimensionally check for accuracy and visually inspect for cleanli-
ness and quality of workmanship.

vee- G€L "ON WHOA
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X. EXTENT OF INSPECTION FOR PROJECT & MISCELLANEQUS ITEMS-SECTION 1900 (Cont'd)

B.

Steam Generators and Boilers (Cont'd)

6. Spot check all structural steel, ducting and stacks for dimensional
accuracy and visually inspect for quality of workmanship.

7. Witness hydrostatic tests jointly with the Code Inspector. For
packaged units, hydrostatic tests and final inspection will be made
in the shop on the complete assembly.

8. Inspect installation of anchors and refractory lining.

Cooling Towers

100% inspection of fan hnit only which will consist of the following:

1. A shop certification of satisfactory fan blade balance will be
obtained for inspection records.

2. Witness standard shop test or running test as specified in the
requisition for the item.

3. Check motor driver unit against its requisition.

Other Miscellaneous Items

Inspection will be as specified in the item requisition.
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CHKD. BY ooeerrerrereenn, DATE oo ..E.Q.&...tt.ﬁ.&gﬁ..l.-./...suri]‘..E:Tc...gg.l.-.l-.&.c.roﬁ JOB NO.

FOUNDATION DESIGN

FROM ANS|
GEORGIA

58.1, DESIGN WIND LOAD FOR ATLANTA,
SHOULD UsSE A wWIND =2PEED

oF 30 MPH. ASUME THE
SAME MWIRD sPEED FoR DALTON , GEORGIA.

WiND  LOADS

ACTING SN THE FOUNDATIONS FfOR VvAR\eUS
COLLECTOR  BRIENTATIONS ARE sHOWH IN FIGURE 4-.1. REFERENCE
(15) WAs UseEDd FOR THIs FOUNDATIEN DEsSIGN.
CONCRETE

CYLINDRICAL
PILEGS WERE SELECTE)Y SRBECAUSE 8% THEIR LW
INSTALLATION CcosTs. ‘

FOR THE WIND |L0ADs
ORIENTATISNS

FER  IN-OPERATIBN  COLLECTOR_
, FACTOR ©F SAFETY USED
MAXIMUM

1S ONE. THE
\ WIND  LBADS DURING OPERATION MAY 6OCCUR AT
© =0 THESE LOADS ARE '

VERTICALLY UPWARD

= 2950 LB.
VERTICALLY DOWNWARD = 2956 LB,
LATERAL = 660 LB,
DEAD LBAD, DOWNNWARD = 3%2 LB,
FGR THE WIND LOADS v stoweD POSITION, FACTOR
OF SAFETY USED Is THREE . THe WIND LOADs
CONDITION ARE SHOWN  IN

ONDER  THis
FIGURE 4-1 6 Fer &= —90° AS

VERTICALLY UPWARD = — {64 LB,
LATERAL

k-3

520 L&
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FOSTER WHEELER DEVELOPMENT CORPORATION 1D PEACH AHEE L iCH CENTER

LIVINGSTON, NEW JERSEY 07039

I DesiaN CONFIGURATION AQy

THE SELECTED CYLINDRICAL Qu__,_
PILE 15 16 INCHES IN e|=9IN.
DAMETER AND A FEET 9 INCHES

DEEP. 4 FEEYT ©F THE PiLE
15 UNDERGROUND, THE FOUNDATION
DESIGN IN THIS CAsSE (s
GOVERNED BY THE VERTICALLY
VPWARD AND (ATERAL LOADS,

777777777 777]

‘L:#FT.

y = VERTICALLY UPWARD LDAD

= LATERAL LBAD
&n P=46 1IN

FROM ReFerReENcE (1{5), THE
CoNcRETE PILE sHeuLD sATISFY
THE FoLLOWING EQUATION —

Qv QH
+
&uv <

2
em v (D ()

< 1

QUM -

WHERE
Quv = GROSS ULTIMATE RESISTANCE FOR VERTICAL LOAD ALSNE
QUM = GRO5S ULTIMATE RES|sTANCE FOR LATERAL LoAD ALINE

FORM D-22
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............................................................................. JOBNO. ... Q~44= 4010 ..

I cALCULATION  OF Qv

FReM REFERENCE ((1B) |,

8 vy = 72.-A5 -’r W
WHERE

= AVERAGE UNIT RESISTANCE TO UPLIFTY

As = EMBEDDED SURFACE . AREA

' 2
= KDL = Axl6 x4 = 416-%¥5 FT
(2
W = WT. ®F THE CBNCRETE PILE INCLUDING DEAD

WEIGHT ACTING O©W 1T,
= XD* DEAD LOAD
& (L+re) P+ |

i

I’.(L&sz\.ﬁ X150 -+ 3¥2
A M

= 995 +3F2 = 1267 LB,
Pc = DENS\TY &F <BONCRETE
= \50 LB/ FT>
;é.= KCC‘U —"'._‘E.KuYLtQ'Y\S
WHERE
Ke,Ku = UPLIFT CeEFFCIENTS
Cy = CoHESIVE  STRENGTH
= ’\/l UN CONFINED C(OMPRESS\WWVE STRENGTH
Y = EFFECT\VE UNIT  WT. oF selL
s = SKIN FRICTIBN: PARAMETER_

= ©- 6 43
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CHKD. BY oo, Y £ SO JOBNO....2—4l-40lo .
¢ = ANGLE OF INTERNAL FRICTI®N
FroM  REF. ( 4B) ,
Ke = ©.5
ku = 2-0
ASSUMING P = 20 DeG,
& = 12 PG
o & = o©-243
ASSUME ¥ = 160 L®fe7?
rReM REF. ( 16) ,
Cy = 1560 L8/er?
THEREFORE ,
2 = 6-5 X 1500 —+ 12._x2 x 106 x & x 6.242
= ¥5D + 85.2
= 835.2 La/ T
&y = B35.2 X 4¢.F5 -+ 13¢F
= {5635%Z 1§
1.e. FoR THE VERICALLY  UPWARD LOAD ALONE , ThHE
FeUNDATION  caAN  TAKE {5357 LBs,
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FOSTER WHEELER DEVELOPMENT CORPORATION 12 PEAGH TREE HILL HoaD 1o

LIVINGSTON, NEW JERSEY 07039
BY ... G DG......DATE A 25/79.. suBsecT FOUNDATION.  DESIGN SHEET NO. ... 8! OF.&........

TL cALcurATION ®F & um

FROM REF. ((15)

-

I

0.5 v D L ke
Kum
eyl

WHERE Kp = COEFFICIENT 6F PAssiVE EARTH PRESSURE

i+ Sin &
I~ Sim b
{ +0-342
4 —0.242

i

i

1

2- 64

Qum = 65 xloox 1_‘6, x@)3x<,?;:_9_4n.a
2

4.%5
= {832 L§
L-e. For. THE LATERAL LOAD ALONE , THE FOUNDATIBN
CAN TAKE 32 LBS,

TV AccURACY 6F DESIGN

a. IN-DPERATION LDAD

Qv = 2050 LB

Hn = 1560 |8,
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CHKD. BY wooveeeooor, 2N £ JOBNO. .9~ 44— 4610..

PR
.2950 + (\560> ~ o312 -+ 0.%25

= o. 92,

HENCE THE FOUNDATION SATISFIES THE IN=- OPERATION
LoAD RE QUIREMENTS

b. STOWED L OADS

Qy = 492 LB,

Ay = (Bé&o LB,

Sooo A2 L ske \T L o 020 +0.¥25
15357 1822

= 0 %57

HENCE THE FBUNDATION HAs A FACTOR OF SAFETY oF >
FER wiND LBAD 1N stowed  PoOsSITION

FORM D-22
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Appendix D
FAILURE MODE AND EFFECTS ANALYSIS

The failure modes and effects analysis of the solar steam generating
plant is presented in this appendix. Tnis analysis takes each subsystem and
examines it by function, looking at each component or comporent set. .The pos-
sible modes of failure are examined to determine all their possible causes, how
they might be detected, and the effect of that failure--locally within the sub-
system and ultimately on the operation of the plant. It delineates any existing
features that compensate for that failure and makes-a qualitative assessmenti of
both the severity of the specific failure mode and its probability of cccurrence.
Each failure mode is accompanied, when necessary, by remarks and/or reccmmenda-
tions which set forth the assumptions made or further elucidate that mode analy-
sis.

The criticality of a failure mode is based on the interaction of severity
of effect and the probability of occurrence.* CQObviously, a failure mode which
may have a severe effect and which has a high probadbility of occurrence should
be examined closely. Steps can then be taken to assure that there are adequate
provisions to compensate for that failure mode, that it can be detected quickly,
and that the possible causes can be eliminated wherever possible or reduced as
much as practical. A failure mode wnich has a high probability of occurrence
but negligible effects, or one that is severe but has almost no chance of occur-
rence, can be given a lower degree of concern than one which is both moderately
severe and has a moderate probability of occurrence.

The criteria used for assigning probability levels and levels of severity
are shown below:

PROBABILITY
o Levei 1 - Failure mode probability very low. A negligible chance of
occurrence during the item's lifetime.

¢ Level 2 - Failure mode probability low. Unlikely to occur during the
item's lifetime.

*No criticality ranking is provided. The definition of criticality as the
product of the severity and probability of a failure mode is misleading
(P. E. Vanden Dries, "Rational Risk Assessment for Defence System Safety,"
Proceedings, Annual Reliability and Maintainability Symposium, January 1979,
IEEE, New York.
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Level 3 - Failure mode probability medium. A random 50-50 chance of

occurrence during the system's lifetime.
Level 4 - Failure mode probability high. Frequent occurrence likely

during the item's lifetime.

SEVERITY CLASSIFICATION

0

Level 1 - No effect on gasifier output. Negligible effect or degra-

dation which can be repaired by performing "adjustment type" mainte-

nance.
Level 2 - Causes automatic shutdown with no consequent damage.

Level 3 - Minor equipment failure or damage repairab1e by operators.
Level 4 - Major equipment failure or damage not repairable by opera-
tors. .

Level 5 - Potential on-site fire or hazard to operators.

Level 6 - Potential off-site fire or damage.



Level No.o L

Heat TeansFer Ploid

Fallore Modes and ElfTeets Analysis

Level No. 2 Tustrumentation Program:  Solar Production of ladusirial Process Steam
braving: 60863-50-1
Lesel Ho. 3
Level No. 4
Failure Mode . . X Effece of Fallure LExiscing o e
Functlonal ! |’“‘55“‘-|0 ﬁyll'l_’L;’f“T ] Compensating :;T])l:: lﬁ::t:'ltf Rewmarks
beseriptlon SN Bescriptron Canses DecectabiLity Local Effect End Effect Provision Y - y
Ciccnlacing 110 | Stops Power fallure, Clrcutation of | Bell vut Ly Solar collectors
Puap (P-101) {77 U motor failure, Fluld stops solur col- | stowed on detection 3 2/3
deadheading lectors of Low Flow/pawer
fatlure
Flow Meter 1.20 | Falls indicatlag [Maltunction No low flow Indi- Activatlon low | Spurious 2 2
false low flow cated on WO-101L co flow alarm and shutdown
WO-115 shutdown
L.21 { ¥allls 1ndicating Malfunction Erroncous Flows | No low 1o Stowape of collec- 2 3
‘ false high flow recorded shutdown tors on electrical
fallure or overhcat-
ing of collectors
Low Flow 1.22 | Fails off Malfunctlon Redundancy in WSLL=-100/WALL--1.00 2 2
Switch/Alarm Low Flow alarms and WR-100
HSL-100/WAL- lost
100
1.23 | ¥ails on Short/mal func-|Alarm but Tow flow Passible manual 2 1
tion not Indicated shatdown
Low-Low Flow {1.24 | Fafls off falfunction No antomatic Manunal shutdown on 2 3
Switeh WsLL- shutdown on low alacm vian Wal-100.
160 flow Stowage of collec-
cars on power Fail-
ure/overheating
Low-Low ¥Flow 11,25 | Fails on Shore/mal Func~ Spurious 2 2
Switch WSLL-~ tion Jow flow
100 shutdown
low-low Level {1.26 | Falls off ] functlon No alarm on low-
Alarm low flow WAL-100 and WR-100 2 1.
WALL-100 .27 | Falls on Shore /wal fune- |No shincdown accors Low flow atavm 2 ]
I fon
RTE1T-100 L.30 { Pails fndicating Via colewlavions of [Fadue high col- | Palse Jow Recommendi:d
false high tem- col lector perfor- lector inlec indicut ten that frequeont
perature annce and comparison]Lemperatore of collec- compardson be
vith TR-401 recorded tor effi- made wich tem-
clency perature re-
corded on TR-
401 so0 as co
aveid ervone-
ons conclusions
as Lo collector
efffciency

NOILVHO4HOO LN3NdO0T3AIA Y3TIIHM H31S04

aiva

661 dung -

6612-£€0-2-84-13

434



Level No.o |
fevel No. 2
Level No. 3

4

Level No.

Fallure Modes and Effects Analysis

Heat-Triaasfer Fluid Clreunlation

Instrumentation, Lines, Collector

Program: Solar Production of Tadascrilal Process Steam

Drawing: 60863-50

-1

’
; failuce Mode \ X Effect of Fallure Existing _ e
Functional v ¢ Possible Symptoms Compensating ::lnl)ll‘i 'l;f.vel_ lt‘f Remarks
- ) o ‘ectabili A N i X3 Sceverlt
bescvipeiont o Descelption Causes Petectabllity local Lffect | End Effect Provision y y
RTH 1T-401 L.44 | Falls 1ndicating By comparison with Falge high indi+ As 1.40 2 1
false high tem- temperature recovded| cation of bolley
peraturge on TR-100 outlet tempera-
ture
1,45 | Falls indicating As 1.44 fa'llse low indl- ] As 1.40 2 3
folse lowLemperad catlon of bollew
ture ontlet tempera-
ture
Tewperature |.46 | Fails recording As 1.44 As 1.44 2 )]
Recorder false high tem-
perature
1.47 | ¥alls recordlng As 1.44 As 1.45 2 L
false louw ten-
perature .
Valve down- [1..50 | valve closed Error Deadheading of Ho flow No flow shutdown 1 3
stream of pump .
frump P-101

Vallve up- 1L.51 | Vallve clesed Lrror Cavitatfon (n Wo flow No flow shutdown 1. 3

strean of pump

pump 1'~101

Line 1.60 | f.lne leaks falturce/leak aff Possible flow reduc-| Spill heat trans§ Fall fn Low level alarm 2 2-5 fnsulacton will

connections, tion, fall in level | fer fluid level of LAL-800 be of the
fmpacy of tank TK-101, fluld in closed cell
splll observed system. Lype S0 as Lo
Fire Yoam and other Fire minimize the
ire oam and othaer re Fisk OF awio-
protectiou w2asuces .

. jpgnition.
Collector 2,101 Rupture Impact Damage o collec] Escape of Tndividual collec— 2 5 Valves will be
SC-10L/115 ror fluid tors san be {solaced] placed on the

Werpressure Collector aréa is bottow of pipes
diked. s0 that lLeaks
2,01 I:ﬁii:s I'\fe.lce“.lj- Low/no Flow sible over- Collectors szowed 1F 2 5 wll nlot drz.nln
;—‘ )urc_ 8 col= Ihrough col- pressure in tube temperature too high, lnu.»the Lnsu-
eueor Iector cak ing/degrada- PSY installed to re- Llation.
tlon of Fluid Lieve overprossuce
Co'lluceor 2. 02 Leaks lefects in mandyiyg -
) = 3 sual LOSs O ros . P .
SC-101/115 facture and oss of Fluld Posiible 3 3
. . filre
installaclon

NOI11VHOd4dH 0O 1IN3INdOT3IA3A 43T133HM H31S0d
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level No. 1
Level No. 2
Level No. 3

4

l.evel No.

Heat~Transfer Fluid

fostruncentatfon

Fallure Modes and Effccts Analysis

Program:

Drawlug: 60863-50

-1

Solar Production of Industrial Process Steam

temperature

Fa \ Effect of Fallure Existing . ;
Functional Fatlure Mode Possible Symptoms : Compensating :,'l-"])l;"_ lt;evt.l,.:[ Remarks
) Deleets - 11ic everl
bescripelon SN Description Causes Deceeeabilicy Local Effect End Effect Provislon > y y
1.31 { Fatls indicazing As 1.30 False low col- (False high 2 1
false low tenpera lector Inlet indication
- rure Lemperatove re-"wf collector
corded efliciency
Recocder
‘'R~ 100 .32 | Falls recording As 1.30 As 1.30 Temperature recorde 2 1
false high tem- on TE-401
peracure
.33 | Falls recording As 1,30 As 1.31 As 1.32 2 1
false low tem-
perature .
WY Te-101 .34 | Fails indicating By comparjson wich False high col- [False high 2 1
false high vemperature recorded| lector ountler Lndication
remperature a TR-403 and fndi- [temperature re- pFf collector
rﬁlgctl on T1L-101 co corded =i flefency
.35 { Fails indlcating fs L34 False low col- {False low lif 2 L
false low tem— Jector outlec tication of
perature temperature re~ pollector
corded sfflciency
Tempurature .36 | Fails recording £s 1,34 As 1,34 2 X
kecorder TR- false high tem-
L0L peratuce
.37 [ Fulls recording £s 1,34 As 1.35 2 |
false low cem—
perature
RLD 1Tr-403 L 40 | Fadls Indicating Ey compacison wlth False high todi-| False indi- 2 ]
false high tom- temperature recordedfeation of botler| cation of
e TR-101 and indi- | inter temperaturd hieat trans-
cated on TE-t01 to fer in
115 boller
L 4L fFalls dndicating as 1,40 talse Low Tndi- |As 1.40 2 1
false low tem cation of hoiler
inlet temperature
Temperature 1,42 | Records false hiigl au .40 As 1,40 2 1
Recorder cemperacure ]
1.43 | Records false low as L. 40 As L.41 2 I

NOILVYHOdHY 0D LNIW4OT3IAIA H3T33IHM HILSOS
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level No, 1t
Level No. 2
Level No. 3

4

Lavel No.

Fa~lure Modes and Effects Analysis

Heat-Transfer Fluid Circalation

Collector

I'rogvam:
Drawing:

Satar Production of
60863-50~1

Industrial Process Steam

Functional

Failure Mode

Lffect of Failure

kExiscing

v g o 3 3 » - cvel Y
10.’“'“)]“ Sympto:n:l . Compensating Li‘l)tl)tly ;‘2:::_]‘:;’ Remarks
beserlpeion SN Description Causes Petcceabilicy Local Effect End Lffect Provision
2.13 | Entry of cool Mishap, lace Thermal shock Leaky de-~ 2 3 Uperating in-
Liquld Into hot |opening of velop structions must
tube isolation guard againse
valves "hot FiEIY
2.14 § Percolution of Valves leak Thermal stresses 2 S
fLuld futo ewpry exposure nf workf
tube ers to fluid
Coltector 2.15 | Boiling of restd-{Fatlure to Thermal stresse: 2 3
wal liguld in stow collector
collector lnsufflcicar
fluld in sys-
tem
2.16 | Stress High wind Visual, wind speced Foundation Collectors stow in 3 3
indlcator dawsge high wind
2.17 | Damag: to collecHall Visual bamage tu col- Collectors stow when 2 3
tor surfaces lector surfaces insolation low
Valves chat 2.20 | Closure of one Accldental Excesslve tem- bDegradatioStowage of collector 2 2
fsolate col- valve closing of perature in of fluid
lLector jwrong valve collector
2.21 | Closure of both JAs 2.20 As 2.20 Overpres-  [Stowage of collector, 2 5
Isolazion valves sure in ISV
about collector collector
2.22 | Opening of sup- JAccldent on re Possible expo- Lines will be blanked™ 2 5
poscdly closed noval of col- sure of person- W E
valve! Leaks lector from nizl to hot heat
secvlce/put- transfer flukd
ting collector
tnto service
Cotlec:or 2.23 | Accddentally Seror . Visual, low level Splil of llquid | Possible 2 5
Prain Yalve apencil/falls open zlavm LAL-800 fire
PSY-101/105 2.24 | Sticks Tube ruprove on ‘ollector stowed 1If 2 5
overpressure temperature in col-
lector high
2.25 | Discharge wire Debris/ice As 2,24 s 2,24 2 5
blocked
2.26 | Premacure opera- Visual As 2.23 As 2.23 2 5

Lion

NOLLVYHOdHOO LNINdOT3IA3A Y3T3I3IHM HI1S04
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Level No. |
Level No, 2
Level Nou. 3

4

Level No.

Faflure Modes and Effects Analysis

flcat-Yransfer Fluid Circulation, Bolter

Collector

Program:
Drawing: 60863-5

0-1

Sulac Production of Industrial Process Sceam

tailur Effcct of Fatlure Exiscing R el of
Fanctional Fallure Mode Passible Symprows Compensat ing ll:;‘l)liu:y ls:ztxty Kemarks
Desscriprion SN Descriptlion Causes betectabilicy Local. Effect | End Effect Provision )
Taselation 2.30] Pails on Malfunction |visual Fallure to stow 2 1
Senszor [T-001 collectors when
Insolacton low
2.31.] Fails off Visual Sensor stowed . 2 2
RTD on Col- 2,35] Falls indicating Collector stows 2 1
lecrors false high tem-
perature .
2,36 | Fails finddcating Collector failsOverheating|PSV guard agalnst 2 5
false low tem~ to stow when or overpresjoverpressurizatlon
perature temperature ex—-isurization
cessive " {of collecto
Moezrs tascow|2.40 [ Motor/deive fall:s Visual--collector outf lnability to Overheating 3 5
colleceors of position track un or of collecto
stow collectors [Lf no/low
fluid €low
2.41 | Electrical power f.ow flow alarm, etc. |Stowage of col- Overheating 3 5
farlure lecrors usiag of collecrod
battery power Lf not
5 Cowed
2.42 | Bacterles dralned As 2,40 As 2,40 2 5
Tulsiss 3.10 | Leak Stress, defec- Entry of water Possible cortNitrogen purge in 3 3
tion manufac~ into leak trans-prosion, vapof TK~101
ture, corrosiyn fer fluid tocks 1n
Bystem, high
wressure in ’
system
3.11 | Scale lmpurities in Reduced heat [ncreased 2 1 A chrontc po-
hoiler feed transfer semperature tentlal peoblen
water b f heat
Y ransfer
Bollcy $6-101 |3.20 | Excessive tem~ Fatiure to re- Via TR-403 ‘neveased de 3 ) A potenclal

peratuee

move sbeam,
low water lewe.

sradatfon of
wat trans-
fer fluld

nonacute
problem

661 {unp *
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Level No. )
Level No. 2
Level Noo 3

4

Level No.

Heat-"transfer Fluid Circulation, Boiler

Fzllure Modes and Effects Analysis

Program:
Drawing:

Solar Production of Endustrial Process Steam
60863-50-1

o s & iffect of Fal s Existing
Funetional Fallure Mode Possible Symptons Effcer o allure Conn;ensa't?lmg Proba- Level of Rewma cks
. .3 . stact N bilte Severit
Peseription SN Deseripticn Causes DetectabLiity Local Effect End Effect Provision b1 y cve y
level Trans- [3.30(Falls Indicating Indicated on LG-400 [igh warer feed {Bofler Tndicution on 1LG-400 2 2
mitter LT-400 false low level rate sct flooded
(slightly below
set paint)
3.31|Fails indlcating Indicated on LG-400 las 3.30 As 3,30 As 3.30 2 2
false very low abnormal level re-
Level corded on LRC-400
Level Trans- 3.32|Falls tondicating Reduced water Bofler dries|LSLL-400 trips pump 2 4
witter false high Zevel teced rate to thermal
(slightly above boiler stress
set point)
3.33{Falls dndlcating On LG-400 and ab-  |as 3.33 As 3.30 As 3.30 2 4
Ealse very high normal Indication
level glven by LRC-400
Low Level .34 Fakls on Low lavel alarm LRC-400 and LG-400 2 L
Switel : .
]Z:E:(;:/Jll:;‘f 3.35|Vails off lllu«lulj'ndfnllf:yi? l«fw As 3.34 2 ]
400 level alarms cost
High Level 3.36(Falls on Hgh level alarm As 3.34 2 1
switeh LSH-400] ., . .
sulteh LSH-400) 4 3ol patrs off o high level As 3,34 2 2
LAE-40D
:lJJll'nl_
Level Recorder| 3. 38| kecords false Comparison wich LG- i»:uch::-dznmy to 2 1
(LRC-420) high Level 200 LG-400 cose
3.39[Records false tow fs 3.38
level
J.40)Cakls for low hoilec level Boller emp- {LAL/LALL-400,1.G-400 2 ]
level falls ties
{ .40 Calls for high foller vater Hoiler LAHN-400, LG-400 2 2
level level rises flouds
LSLL=6D0/LYLL=[ 3.42 | Fails on Relay shorc Low Jevel 2 2
400 alarm and
shutdown
3.43| Fatds off Malfunccion L8L-400, LRC-40U, 2 1

;?3“15111!2»:65

Cu, no

L-400

enLomacic

Surdoon 1t
level low

NOILVHOdHOO LNIINdOT3IAZA U3T33HM H31S04
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Failure Modes and Effects Analysis

Level No. 1 Boiler
Level No. 2 Program: Solar Productlon of Ilnduscrial Process Steam
Drawing: h3-50-1
Level No. 3 rawing: 60863-50-1
Level No. 4
2 s Ef fec *ailure Exis
Fuact Lonal Fallure Mode Possible SympCons Effect of Failure . hxlsc‘ini; Proba- | Level of femark
I iption Cauvses Detectability ompensating bility | Severity cuaris
Descriptd SN Description ’ local Effect | End Effect Provision
LALL-400 3.44|Fails on low level alacm 2 1
3.45)Fails off Second alarm on LAL-400, LRC-400, 2 1
low level not .G-400
glven
Botler Feed- [3.50{Fails calling for As 3.40 As 3.40 As 3.40 2 3
water Flow low Elow
Controller
WIC-4600
3.51jFalls calling for As 3.41 As 3.41 As 3.41 2 2
high flow ,
3.531 Recnrds false low Measurements QL. 40 2 1
flov lost
3.54| Records false As 3.53 As 3.53 2 1
high flow
Flov Trans- {3.55|Fai’s indlcating Abnormal flow rate Flow reduced un- flow control set 2 2
mlecer WE-400, false high flow indicated til level too poiat determined by
WY-400 low boller level
3.56] Fai’s Indicating As 3.55 Flow fnecreased 2 L
fFalse low flow - atll level ex-
cessive
Pressure 3.57{ Falis fndlcating Pressare not in ac- 4 2 1
Transmitcer false high pres- cord with recorded
Pr-500/1R-400 sure tempervature
3.58| Falls 1odlecatlug !As 3.57 Indicatlon of PSV-400) 2 1
falae low pres- | pressure lost
sure
WwV-500 3.60] Falls closed/ Malfunction Tnsufliclent flowllevel (o Bypass 2 3
fails to open boiler feedwater |bofler feeds
3.61 Fatls open/sticks| Loss instru- Excesslive flow fevel in 2 2
closed menk air boiler feedwater (boller vises
Bypass to 3.62| Opened Error Control over Level in 2 2
wv-500 boiler feedwater|boller rises|
Safzry Valve {3.70| Falls to open Failure to re- Rupture 2 5
PSV-400 move overpres-  fholler

Sure
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Level No. 1

Yailure Mades and

Boiler, Heat='transfer Fluld Circulazion

Eftfects Analysils

Level No. 2 Pump Tank Program: Solar Production of Tndustrial Process Stcam
Level No. 3 Drawing: 60863-50-1
Llavel No. 4 .
Fallure Mode ; o ¥ : s Exis )
Fanct lonal 1Llure Mode Possible Symptows Bffect of Fallure ¢ Exlati:f; Proba- | Level of K
Nescripeio Cause ) . ompensating ir v d Remarks
sy " s Description auses betectablllty Local) Effact End Effect Provision bility Severtty
3.71 |Upens prematurely Loss of steam 2 2
pressure
Valves on 3.80] Closed irror Boiler watur le-{lressure PSY-400 2 4
steam Line vel and tempera- frises
ture rises
Pressure Regud 3.81] Falls giving fisget/mal- Nia TL1-800 Tenperature 2 1
lacing Valve high pressure Funccion in dump tank
PCv-400 highee than
anticipated
3.82{ Fails giving low Misset/mal- [Via T1-800 Temperature
pressure functioun in dump tank]
lower than
anticipated
Beiler Feed- | 3.83) Low pressure Fafilure pump, Low flow to lLevel in 2 "3
water leaks boller botler falls
3.84) lufinicles Promote scaling 2 1
{ramp Tank 4.10] Raptured Lmpact, Fafl-{Visual Spill of fluid Possible Avea diked 2 5
ure, Corro- fire
slon
4. L1 Drain lefr open {Ecror Loss of Fluid to! Possible Low level alarm for 2 S
POrcess sewer fire In tank
sewer, low
level of
tluld in
gystem, low
flow of
fluld
NVapor Space Contains alc looking up ra Possible 2 5
wrong line fire or ex~
\ vl . ploston if
IVC—BQL close Flammable at- Tynition
mosphere created| accurs
wvel Gauge . Fard | : ng > ; :
level Gauge | 4.20 Falls :?f:“yt'zi Possible empry- |Low Eluld  |LAL~800 2 3 sure level
alse high lev lug/insufficient] fu level In bauge is ade-
f1iTing of tank {syscem juately pro-
yected agalnst
2 3 breakage

NOILYHOdHOO LNINJOTIAIA YITIIHM HI LSO
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level No.

lleat=Traasfer Fluld

Failure Modes and Effccees Analysis

1
lLevel No. 2 Dump Tank, Nitrogen Purge . Program:  Solar Production of Induscrial Process Stecam
Drawing:  60863-50-1
Level No, 3
Level No. 4
, Failure Mode . | Effect of Faillure Existing N = e
Functional a ] Possible S_le)luf“# Compensating L;‘{‘:i ‘S:::Eil‘:; kemarks
bescelpcion SN Descriptlon Causes Detectablitty local Effcce End Effect Provision y
4.21 | Falls {ndicating Possible over- [l'luld entors 2 3 Ensure | evel
false low level filling of vank N2 system gange 1s ade-
quately pro-
4,22 | Broken fmpact Release of fluid Valve off lines to 2 5 tected againse
into control room level gauge breakage.
1.SL/LAL-8) 4.25 { Fallsg on Shut down for LG-400 2 2
low level
4,26 | Falls off Protection LG-400
hgalnst low
levels lost
Rellef Valve 4.30 | Fafls to open 'votection Dump tank 2 5
PSV-E00 hgalnst overpres{ruptures
Bure lost
4.31 | Prematurely opens Nitrogen vented 2 1
to atmosphere
Nitcogen Purge |4.40 | Falls open ligh purge rate 2 L
Pressure Regu-
lating Valve
FCV-500
4.4) | Fa.ls clcsed Mal funcrion/ Nitcogen purge [Accumula- |PL-802 2 3 Recommend per i
tischarge fced lceases cion of wa- ic checks to
up ter fon sys- Easure venting
tem--corro- beeurs
slon and
‘ pressure
rise
itrogen U'res- 14,42 | Falls open ossible over~ |Spilil of PSV-800, PI-802 2 5
3Hre R"':!i“'l““-“H seessuring of flutld
Jalve PCV-801 lump  tank
4.43 | Fails closed ‘urge ceases, As 4.4, 2 3
hir enters Also poten-
tlal for

creation of
£1ammable
atnosphere
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Fatlure Modes and Effects Analysis

Ings

mation gachered

Level No, 1 Meat-Tranefer Fluid Clrculation
Level No. 2 Nicrogen Purge, Heat-Transfer Fluid, Inscrumencs Program: Solar Production of Tndustrial Proceuss Steam
. Brawing: 60863-50-1
Level No. 3 Jraving
Level No. 4
Funcrional Fallure ode Possible Syup toms Effect of Fallure Existing Proba- level of )
Descrlpe io Cause Detectabilic Cowpengating bility | Severir Remarks
escelpelon) oy | nescription 8 S Local Effect JEnd Effect Provision y g
Nitrogen 4.50 JLow pressure Source pres-— Nicrogen purge As 4.4) 2 3
Tsupply sure low, leak |ceases
moisture
freezes 1n
line
4.51 |itigh pressure Source pres- Possible over- Spill of |} PSV-400 2 5
sure high pressuring of heat traus-
dump tank fer fluid
Pump P-102 4.60(|Falls Motor falls, |Filllng stops Filling stops 2 1
power fallure
tiquid used 4.70|Weong Jlquid used Increased like- 2 5 Recoasoend that
(lower ATlT/flash 1ihood of flre stringent pre-
polnts) cautlons be
. ' ade to ens
4,71 Wrong llguid used High pressure LnfPotentlal 2 5 ma ? nswre
correct heat
(more volatile) system PSVs fire and -
- transfer fluid
openf/overpres- |overpres- . _
is used
sure sure dumage
ILnstruments 5.00{ Erroneous read- Erroneous lufor- Recommend that

appropriate
checks be made
on information
gathercd
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