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REPORT III 
VOLUME I 

INTRODUCTION 

Report III, Volume l contains those specifications numbered A through J, 

as follows: 

• General Specifications (A) 

• Specifications for Pressure Vessels (C) 

• Specifications for Tanks (D) 

• Specifications for Exchangers (E) 

• Specifications for Fired Heaters {F) 

• Specifications for Pumps and Drivers {G) 

t Specifications for Instrumentation (J) 

The standard specifications of Bechtel Petroleum Incorporated have been 
amended as necessary to reflect the specific requirements of the 
Breckinridge Project, and the more stringent specifications of Ashland 
Synthetic Fuels, Inc. These standard specifications are available to the 
Initial Effort· {Phase Zero) work performed by all contractors and 
subcontractors. 

Report III, Volume l also contains the unique specifications prepared for 
Plants 8, 15, and 27. These specifications will be substantially 
reviewed during Phase I of the project, and modified as necessary for use 
during the engineering, procurement, and construction of this project. 
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INITIAL EFFORT REPORTS REFERENCE 

Report I - Executive Summary 

Report II - Breckinridge Project Design Basis 

Report III - Specifications 

Report IV -

Report v -

Volume l - Specifications A through J 

Volume 2 - Specifications K through W 

Process Units 
Volume 1 Plants 26, 27 and 1 
Volume 2 - Plants 2, 3 and 4 
Volume 3 - Plants 5, 6 and 17 

Volume 4 - Plant 7 
Volume 5 - Plants 8, 9 and lU 
Volume 6 - Plant 12 
Volume 7 - Plants 15 and 18 

Utilities and Offsites Units 
Volume 1 - Plants 19, 20, 21, 22, 23 
Volume 2 - Plants 31, 32, 33 and 34 
Volume 3 - Pl ant 35 

and 30 

Vo 1 ume 4 - Plants 36, 37. 38, 39, 40, 41, 42 and 44 

Report VI - Project Management Plan 

Report VII - Environmental, Socioeconomic, Safety and Health 
Volume - Introduction and Background 
Volume 2 - Environmental Baseline 
Volume 3 - Cultural and Socioeconomic 
Volume 4 - Health and Safety 
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Report VII I - Capital Cost Estimate 

Report IX - Operating Cost Estimate 

Report x - Economic Analysis and Financial Plan 

Report XI - Technical Audit 
Volume 1 - Engineering Comparisons 
Volume 2 - Engineering Comparisons 
Volume 3 - Critical Design Areas 
Volume 4 - Critical Review of the Design Basis 
Volume 5 - Critical Review of the Design Basis 

iii 
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1.0 GENERAL INFORMATION 

1.10~ 

Lt . 
This instruction defines the basic criteria· for P&ID development 
anci eng i r:ieeri ng. for the Breckinridge Pro.iect to be 1ocate4 in 
Western Kentucky. This document shall be used as a guide for the 
eng.ineering work on this project if called for in the subcontractors . . . 
~ontract. It is to be _applied generally, except· when process con
straints or conditions require or permit deviations. Paraeraphs 
marked with$ are not mandatory in "Phase Zero" desi~ effort. 

1.20 Design Calculations 

Calculations performed on the job, whether they are performed on 
regular r:alcu.lat;ion sheets or special forms, shall be individuaTly 

. numbered and indexed. 

The Index Sheet shall be prepared and kept current for each plant 
by the design group supervisors. Refer to specification 14222-A-21 
cedure for calculation sheet numbering system. Assignment and 
·control of calculation numbers will be by the Project Engineering 
S~pervisors and Discipline Supervisors as appli~able. 

2.0 P&ID PRESENTATION 

2.10 Size 

Use.34-inch high mylar transparent film up to a maximum length of 
10 feet for each P&IO. Reproductions of the P&IO's reduced to 11 
inches will be required. P&ID's may be produced by either Computer
Aided Drafting (~AD). or normal methods and shall be of a quality 
which is legible on the reduced prints. 

2. 20 Format 

Z.21 Layout. 

2.21. 1 

2. 21. 2 

2. 21. 3 

Equipment and p1p1ng symbols shall conform to the following 
Standard Drawings: 

(a) A-507 - Mechanical Flow Diagrams 
( b) A-51 0 - ? & I 0 I s 
(c) B-507 - Process Flow Diagrams 

lnstr•Jment symbo1s and· identification shall conform to 
Standard Drawings J-G-0101, J-G-0103 and J-G-0104. · 

All flow lines shall be scaced 3/8-inch or mulciples 
of 3/8-inch apart, at least on :he first issue. Where 
horizontal and ver;:i::al lines cross, -che :-iorizotital line 
shall be broken. areak instrument 1 ines crossing aii 
flow i ines. Spacing may be 0.40 inches on CAD drawn 
P&iD's. 
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2.21. 4 

2. 21. 5 

& 
2. 21. 6 

A 11 lettering sha 11 be vert i ca I upper case. Lee ters 
and numbers should be a minimum of 1/3-inch high to 
assure legibility when drawings are reduced. 

A legend giving the description of symbols, specifi
cations, I ine and instrument identification, commodity 
designations, etc., shal I be shown on the right-hand 
side of all diagrams, with the exception of process 
flow diagrams. Preprinted decals wi I I be available 
for this purpose. 
Legend drawings may be referenced as an alternate. 

A vertical and horizontal grid reference system shall 
be used on all P&ID's using numerals in the horizontal 
and letters in the vertical. See Standard Drawing A-515.· 

2.22 Process Flow Diagrams 

The process flow diagram is a simplified diagram showing only 
features significant to the overal I process system; i.e., 
pressure, temperature, flow quantities, characteristics, heat 

·balances, equipment sizes and duties, and primary controls. 
See example, Drawing B-506. 

2. 22. 1 

2.22.2 

2.22.3 

Use simplified equipment symbols in accordance with 
Standard Drawing B-507, indicating only general types .. 

Identify flow st~eams, uti licies and services with 
numbers keyed to commodity and flow data which shall 
be tabulated along the lower·porcion of the drawing 
or on a separate sheet. 

General flow pattern shall be from left to right. 

2.23 Process Piping & Instrument Diagrams 

The ?&rD is developed from the Process Flow Diagram and shows 
considerably more detail. For conventional fluid-flow process, 
arrange process piping.~nd instrument diagrams as follows: 
See St3ndard Drawing A-514. 

2.23. 1 

2.23.2 

Arrange equipment, vessels, drums, exchangers, heaters, 
etc., along top of diagram in sequence consistent with 
principal functions and f1ows, so overal I flow pattern 
progresses from left to right. Leave room at top for 
equipment titles, number ar.d other dat3. 

Draw equipment somewhat in prooortion to indicate 
rela ive sizes, except '.·1here s:a~dard sizes are 
es ta 1 ished. See Standard ]rawi~;s A-;07 ar.d A-514. 
Simo ify equiomenc sr.apes. 
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-~ 

2.23.3 

2.23.4 

Arrange pumps, compressors and similar machinery along 
bottom part of diagram; if possible, directly below 
associated equipment. Leave roe~ at bottom for equipment 
titles, numbers and other data. 

Use space between equipment and pump rows for lines 
connecting between equipment and pumps. 

2.23.5 Process lines shall have a general flow pattern from 
left to right. Lines entering or ieaving the diagram 
sha 11 show a continuation l i .ne and drawing number. 
Off-plot lines shall be ident_ifi!;d by a 11Sul.l 1 s E,ye 11

• 
Process lines continuing to P&ID s o; the §ame J?.i.ant 11 shall terminate to the side. oermittinsz a · ~tin2 Uo 
to the next P&ID. 

2.23.6 Avoid.repeating unnecessary details for a group of fun
tionally identical units; show details for one, marked 
typical for total number required. 

2.23.7 All flow lfnes shall show the direction of flow and 

2.2'3.8 

2.23.9 

2.23.10 

2.23. l l 

E9 be identified by plant number (for multi-unit projects), 
commodity symbol, line number, size and service speci
fication. Cancelled 1 ine numbers shall not be reused. 

At junctions of lrnes carrying different pi°ping speci
fications, indicate.clearly the point at which the 
higher specification commences. 

A piping specification shall be shown on all vessels 
for miscellane~us piping connections. On vertical 
vessels, where more than one pipe specification applies, 
the location of the specification change should be 
ind i ca~ed. 

Lines requiring insulation,·steam or electric tracing 
shall carry the appropriate symbol per Standard Draw
ing A-510. Type and thickness of i·nsulation shall not 
be shown. 

All specjal valves shall be identified by an item code 
number. Size shall be shown only if valve is not 1 ine 
s lze. · 

2.23. 12 A minimum dimension from grade to tangent line of al 1 
vertical vessels shall be shown. 

2. 23. 13 

2. 23. 14 

Minimum dimensions from grade or related equipment :o 
bottom of al 1 horizontal drums shall oe shown. 

Main flow streams shal 1 be shown in a heavy line. 
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& EB Z.Z4 Util"ity Distribution Piping & Instrument Diagrams 

Ut i 1 i ty di stri but ion p 1p1 ng and instrument ·di a grams are .to show 
service systems such as steam, condensate, water, air, fuel, 
pumpout and blowdown, etc. See Standard Drawing A-514. 

2.24. 1 

2.24.2· 

2.24.3 

Utility distribution diagrams are normally developed 
after the plot plan has been established in order to 
geographically locate headers and branches in their 
true relationship to the equipment. 

Utility distribution diagrams shal 1 not show equipment 
outlines, unless the equipment is a functional part of 
a utility system. Water treating units, boiler plants, 
effluent plants, etc., should be handled similarly to 
process P&IO's. 

Valving and control for utilities to individual process 
.equipment shall be shown on· the process P&ID. Do not 
duplicate thii information on the distribution P&ID. 

2.25 Equipment Numbers 

Each piece of equipment snown.on Process Flow Diagrams and P&ID.'s 
is to be identified by number and description. 

2.25.1 

2.25.2 

Z.25.3 

2.25.4 

Numbers shall be recorded on appropriace Status of 
Equipment forms. 

All equipment shall be classified under the applicable 
alphabetical group letter, as shown on Standard Drawing 
A-501. Equipment numbers are assigned separately for 
each plant number prefix for further identification. 

Refer to Specification 14222-A-20 
numbering system. 

for eq u i pmen t 

If a ptece of equipment has been deleted from the project 
or from a plant, the equipment number shal I not be reused. 

2.26 Equipment Headinos 

Write equipment titles as shown on process flow diagrams. Add the 
.following information under titles: 

2. 26. 1 Columns, Pressure Vessels & Reactors 

(a)· I tem Number 
(b) Service 
(c) lnter~al diameter and tangent l.ine to tangent line 

height 
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(d) 
(e) 
(f) 

Design pressures and temperatures 
Insulation thic:kness 
If stress relieved, it should be so indic:ated 

2.26.2. Atmosphe~ic: Tanks 

2.26.3 

(a) I tern Number 
(b) Servic:e 
(c:) Tank Capacity 
(d) Insulation Thic:kness 

Shell & Tube Hsat Exchangers 

(a) 
(b) 
{ c:) 
(d) 

Item Number 
~crvi.:e 
Design Duty 

~ e (e) 
*(f) e (g). 

Design Pressure and Temperature 'for each of the 
tube side and shell side 
Insulation Thickness for both sides 
Total Hsat Exchange Area 
If shell and/or c:hannel heads. are stress rel i.eved, 
it should be so indicated. 

2.26~4 Air-Cooled Exc:hangers 

(a) 
(b) 
( c:) 
(d) 

EI7 (e) 
(f) 

*(g) 
$ (h) 
$ (i) 

* (j) 

Item Number 
Service 
Design Thermal Duty 
Design Pressure and Temperature 
Induced Draft or Forced Draft Fans 
If variable Pitch Fans; it should be so indicated· 
Fan Ori ver Brake Horsep.ower 
Winterization Requirement, if any 
If header boxes are stress relieved, it should be 
so indicated 
Total heat exchange area 

2.26.S Compressor, Blowers, Fans & Drivers 

2.26 .. 6 

(a) I tern Numb~r 
{b) Servi c:e 
(c:) Rated Capacity (ACFH) 
(d) Rated Differential Pressure (at operating conditions) 

*(e) Specific: Gravity & Temperature of operating conditions 
(f) Driver BHP 

Pumos & Drivers 

(a) Item Number 
(b) Service 
(c:) Rated Capacity 
(d) Rated Differential Pressure (of operating ccndicions) 
(e} Specific: Gravity & iemperature of operating conditions 
(f) Driver BHP 

*For "Phase Zero" use estimated values if ~esign values are not avaifable. 
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2.26.7 

2.26.8 

Furnaces 

(a) I tern Number 
(b) Service 
(c) Process Absorbed Duty 
(d) Steam Generation Duty 

*(e) Total Heat Release 

Ejectors, Filters & Special Equipment 

(a) I tern Number 
(b) Service 
(c) Design Capa_city or other appropriate data 

*For "Phase Zero" use estimated values if design values are not available. 

2.27 P&ID Development Guidelines 

2.21.1 

2.21.2 

2.27.3 

Equipment (General) 

Show all· flanges on equipment flanged nozzles. Indicate 
size and rating if blinded or different from connecting 
1 ine. 

Vessels 

1. Draw vessels outlines somewhat in proportion to 
indicate relative sfzes. 

2. 

3. 

Show schematically (in dotted 1 ine) vessels 
internals, such as: 

(a) Trays, types & numbers 
(b} Demister pads 
(c) Steam coils or spiders 
(d) Vortex breakers 
(e} Reactor beds 
Etc. 

Show 1 iquid levels (normal, high, low, .alarm 
and shutdown l~vels). 

Fi red Heaters 

1. Draw heater outline on the basis of general concept 
illustrated on Process Flow Diagram. 

2. Show schematic arrangement of convection and radiant 
sections coils as described in the heater specifi
cation (if the heater has been selected, you may be 
guided by the Supplier's outi ine drawing enclosed 
with the bid). It is ~ecessary to show all the 
parallel passes in the heater (at lea-st at the 
terminals) because they connect to the piping and 

* F "Ph z 11 .~aniJolds. or ase ero use estimate va1ues if design values are not available. 
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i.27.4 

& E!:1 2.21.s 

"$ 2.27.6 

3. Craw ·schematically all equipment and components 
related to the heater (e.g., air. prehater, draft 
fans, flew dampers, etc:.). If .not defined, allow 
empty space for fut·ure addition. 

4. Show.complete detail of one burner and write number 
of burners (if available). 

S. Some heaters, particularly those equipped with draft · 
fans, are heavily instrumented, so allow for generous 
space around the heater to accommodate the required 
instrumentation. 

Air-Cooled Exchangers 

Draw all sections of arr coolers and show inlet and 
outlet manifolds. If not defined during initial drafting, 
consult with Mechanical Group about the expected number for 
specified duty. 

Spee i a I Systems 

Show necessary information on the P&IO to alert the 
design groups of certain specific requirements which 
must be considered during the early design stages. 
For- example, show: 

(a) Elevation of thennosyplion reboileM. 

(b) Requirement for- symmetr-ic:al piping" connecting to 
parallel heat exehanger-s, air c:ooler-s, etc. 

(c) Elevation of equipment connecting to very low 
Delta P the feasibility cf the hydraulic balance 
in this particular system. 

(d) Requir-ement of restr-ic~ion on lengths and layout 
for some two-phase flow 1 ines. 

1. 

2. 

3. 

4. 

s. 

Instrument supply air lines connecting to various 
instruments shall not be shown on P&I0 1 s. 

Operating vents and dr-ains shall be shewn. 

High point vents and low point drains (normally 
detennined by design) shal I not be shown. · 

Show and indicate sizes of reducers. 

Identify sloped lines, showing rate and direction. 
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2.27 .. 7 Valves 

1. Ail valves, regardless of size, shall be shown 
on the P&IO, except those listed in Paragraph 2, 
below. These valves shall include: 

EB (a) Valves on operating vents and drains and on 
drains on control valve manifolds. ~lote that 
vents and drains on equipment are considered 
operating connections. 

EB (b) 

EB Cc> 

Header root valves. 

All valves on level instruments including 
vents and drains. For in-line valves, indi
cate size only if other than 1 ine size. 

2. The following valves shall not be shown on the P&ID: 

(a) Valves connecting to: 

(1) Pressure Instruments and pressure points 
(2) Orifice flanges 
(3) Analyzers and sample installations 
(4) Steam traps 
(5) High point vents and low point drains 

(b·) Valves on assemblies to be covered by standard 
drawings (e.g., steam trap assemblies, samp! ing 
stations and analyzers, utility stations, steam 
tracing,. etc.), except those listed in Para
graph 1. 

(c) Valves on pump trim drawings. 

ft is essential to follow the foregoing instructions 
in order to provide firm basis for valve takeoff. 

Valve coding on P&IO's shall be as follows: 

(a) When using Standard Piping Specifications,. 
which. provide only one type of valve for each 

. piping class, it is not necessary to code the 
valves. 

(b) Special valves or other items which are not in 
accordance with the piping class must be coded. 

(c) When using specifications which permit rnore 
than one type of valve for each piping class, 
then all valves must be coded. 
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E9 2.27.8 Misc:ellaneous 

1. Show all steam traps recnired for equipment 
operation. 

2·. Steam traps c:onnected to. low point drains on 
steam headers and branc:hes sha l 1 not be shown. 

3. Show all sample point c:onnections. 

~ 6:7 2.30 Line Designation Tables (LDi's) 

LDT's shall be prepared using Bec:htel Fenn 18. Qne set of line 
tables shall be prepared for eac:h c:ommodity in each plant. Within 
eac:h plant, number the lines c:onsec:utively for eac:h c:ommodity. 

2. 30. 1 Line Numbering 

Refer to Projec:t Scope and Procedures for line numbering 
system. ·ao not reuse line numbers onc:e they al"e deleted. 

2.30.2 Line Tab1e Numbering . 

LDT's shall normally c:onsist of two data sheets for 
eac:h pl"oc:ess p.1 ant;· one fol" proc:ess LOT. and the other 
for utility LDT. Eac:h set of line tables (proc:ess or· 
utility) shall c:onsist of an 8!"x11" index sheet (Fo·nn 1) 
sheet 1 and ·subsequent 11"xl7" sheets (Form 18) numbered 
c:cnsec:ut·ively starting with sheet 2. For numbering 
system, refer to the Project Scope and Procedures. 

2.40 Commodity Symbols 

Use c:ommodity symbols listed below for piping designation ~nd 
flow diagrams development: 

PROCESS 

B 
c 
H 

.K 

N 
0 
p 

ao 
cs 
PA 

- Catalyst 
- Coal 
- ·Hydrogen 
- Chem i c:a 1 s 
- Nitrogen 
- Oxygen 
- P,l"oc:ess Lines (Hydrocarbons, 

AA!mon i a, etc:.) 
- Relief & Slowdown - Process 
- Coal Slurry 

Liquific:ation Produc:t & Ash 

Specification No. 14222-A-l Rev.. 3 -----

WATER -
BFW - Bo·i I er Feed Water 
CW - Cooling Water 
OW - Ori nki-ng Water 
FW - Fi re \·later 
PW - Process Water 
RW - Raw Water 
T\.I - Tl"eated Watel" (othel" 

than BF\J) 
UW - Ut i I i ty Wat el" 
See specification 14222-A-ll 

.&, ''Abbreviations'' for expansion 
of this list. 
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STEAM -
LS - Low Pressure Steam 
MS - Medium Pressure S~eam 
HS - High Pressure Steam 
BOS - Relief & Slowdown - Steam 

CONDENSATE 

LC - Low Pressure Condensate 
MC - Medium Pressure Condensate 
HC - High Pressure Condensate 

AIR 

Al - Instrument Air 
·AP - Process Air 

AU - Utility Air 

FUEL 

FG· - Fue I Gas 
FO - Fuel Ci 1 
NG - Natural Gas 
~G - Purge Gas (Purge, 

Inert, etc:.) 

MISCELLANEOUS 

LO - Lube Ci 1 
SO - Seal or Gland' Oil 
M - Miscellaneous 

SE\.IERS & DRAINS 

OWS - Ci ly l.Jater Sewer 
CWS - Clean I-later Sewer 
SWS - Sa·n i ta ry Sewer 

NOTE: OTHER SYMBOLS WILL BE DEVELOPED AS NECESSARY 

2.50 Process Stream Glossary 

Use the stream designations listed below in naming equipment, 
and listing process streams entering or leaving proc:ess flow 
diagrams. 

STREAM DES I GNAT! ON 

Run of Mine Coa 1 

Clean Coal 

Middlings Coal 

Tailings 

Clean Dry Coal 

Hydrogen 

Sour \·/a ter 

Feed S 1 urry 

Process \-later 

Specification No. 14222-A-1 Rev. __ 3 __ _ 

MATERIAL 

As· received coa 1 

-1 .40 Sp. Gravity Fraction (nominal) 

+1.40-1 .70 Sp. Gravity Fraction 
(nomi na I) 

+1.70 Sp. Graviey Fraction· Plus 
Froth Flotation Sinks 

2% Moisture x -28 Mesh H-Coal Feed 

Al I kinds 

All Kinds 

H-Coal Reactor FL~d Slu~ry 

For NH 4Hs Knockdown 
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STREAM DESIGNATION 

Heavy Flash-Distillate 

Stripping Steam 

Flash Gas 

Lean Oil 

Re~ycle Slurry 

Va~~um Distillate 

Vacuum Bott-oms 

HATER I AL 

Heavy Fl ash Di st i 11 ate. 
from Primary Separation 

Al 1 Kinds 

Various Pressures 

Lean 0 i r to H.P. Absorber 

Atmospheric Stripper Distillate 

Atmospheric Stripper Side Draw 

Rich Oil Stripper Distillate 

Middle Distillate 

Heavy Distillate 

Stabi 1 ized Naphtha 

Light Hydrocarbon Liquids 

Hain Fractionator Gas 

Light Flash Distillate 

Acid Gas 

Sour Gas 

Pipeline Gas 

Propane 

Butane 

Light Straight Run 

Rich Oil 

,~ix Tank Vapor 

Spec~fication No. ·14222-A-l Rev ._...3..._ __ _ 

Light Flash Distillate from 
Pl"imal"Y ~eparation 

All Kinds 

Al 1 Kinds 

Nominal Propane Product 

Nominal Butane Product 

Nominal c5 1ao°F Material 

Rich Oil from High Pressure Absorber 

Hix Gas from·Slurl"Y Hix Tank 
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STREAM DESIGNATION 

Hydrotreated Naphtha 

Refonnate 

Oxygen 

Nitrogen 

Sulfur Cioxide 

Sa ft Cake 

Sul fur 

Claus Tail Gas 

Medi um BTU Gas 

Ammonia 

Phenol 

MATERIAL 

Nominal S/N Free Nap,htha 

Stabilized Reformate 

Oxygen Plant Product 

FGD Unit Product SOz 

Na 2so4 Product from FGD Unit 

Claus Product 

Recycle to Incinerator & FGD Unit 

Sweetened, nominal 300 BTU/CF 
Fuel gas from hydrogen plant 

Nominal cresyl ic product 

The streams above are 1 ikely intercontractor flows and are 
designated to avoid multiple designations for common streams. 
Other designations wil 1 be developed, as necessary, in the 
course of preparation of process flow diagrams. 

3.0 P&ID ENGINEERING 

EB 3.10 System Hydraulics 

3. 10. 1 Genera~ Design Criteria 

The following tables may be used as a general guide of 
friction losse~. l~near velocities, and other criceria. 
These criteria apply only if fixed pressures or other 
special process conditions do not control. 
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1. Process Liquid Lines 

a) Pressure & Pump Oischaroe Lines 

TABLE 1 • PRESSURE LINES 

Nomi.na 1 
Pipe Size 

(Inches) 

Recommended 
Max~ P 

PSl/1000 Ft 
Velocity, fps 

Carbon Stee 1-

li-3 
l+-6 
8 & larger 

30 
30 
22 

3.5-8 
6-12 

·a-15 

!:!2l!,: F~r· Carbon Steel lines, the upper end of the velocity 
ranges should be used with caution. Alloy lines, because of 
their high cost, have economic velocities in the upper end 
of these ranges. 

b) Pump Suction Lines 

In pump suction lines, the static head must 
always.exceed the fluid vapor pressure plus 
the pump HPSH requirement. Pump suction 
lines for liquids near the boiling point 
are sized sq that the pressure drop through 
the I ine and fittings is 0.5 psi total or 
less. (On a sho~t-·suction 1 ine, thi_s means 
that a pressure drop in the range of 0.5 to 
2.5 psi per 1000 feet and a maximum velocity 
of about 5 feet per second) . 

. For liquids below-the boiling point or very 
viscous liquids, the pressure drop allowed 
may be higher. Pump suction line loss will 
generally be in the ra~ge of 1 to I+ psi per 
1000 ft. Pump NPSH requirements must be 
checked. The design NPSH required by the 
pump should generally be at least 2 feet 
less than -that available. Be careful in 
selecting the elevation datum for NPSH. 
Minimum NPSH to be 7 feet. 
Limiting velocities for pump suction lines are 
given in Table 2 below: 

TABLE 2 - PUMP SUCTION LINES 

Line Size 
(Inches) 

Limiting Velocity 
(FPS) . 

Spe~ification No. 14222~A-l 

I -I+ 
6-8 

10 & Up 

Rev. 3 ......... ---....---

1-3 
l+.S-5 
6-7 
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2. Process Vapor Lines 

TABLE 3 - VAPOR LINES 

Operating Pressure 
above SO psig 
1 atm to SO psig 
Above SOmm Hg abs. 

Compr~ssor Discharge 
(above 100 psig) 

Compressor Discharge 
(below 100 psig) 

High Pressure Suction 
&. Re~ycle Suction 
(above 10.0 psi g) 

Low Pressure Suction 
(1 atm to SO psig) 

Transfer Lines from 
High Pressure to Low 
Pressure Equipment 

Maximum Recommended· 
Pressure Drop 

5 psi Tota I* 
7% of Tower Top Pres.'~ 
10-20% Tower Top Pres.* 

10-15 psi/1000 ft. 

10% Discha~ge Pres.* 

10-15 psi/1000 ft. 

1-3 psi/1000 ft. 

Size usually not 
I i mi t ed by A P 

*This is total allowable line loss 

3. Steam Lines 

Recommend 
Velocity Ft/Sec 

40-60 
70-80 

. 12s-200 

70-100 

-70-100 

70-100 

70-100 

Below. 100 

Steam lines are sized on the basis of pressure drop 
considerations, but for larg_er sizes (12" and over), 
velocity is usually the control l _ing factor. 

Recommended design velocities are shown .on Table 4. 

Spe~ification No. 14222-A-l Rev. 3 ------- Sheet_....;;;l""'"S __ of 46 



TA.BLE 4 - RECOHHENDED MAXIMUM VELOCITIES FOR STEAM LINES (FT/SEC) · 

S"ize Schedule (A) ill ill -
1 ti 80 25 40 so 
H" 80 30 S8 10 

2" 40 44 71 88 

311 40 58 98 120 

411 40 70 120 140 

6" 40 90 160 190 

8" 4() 110 200 230 

1 O" 40 130 200 250 

1211 Std. tSO 200 250 

1411 Std. 150 200 250 

16 11 Std. 150 200 250. 

1811 Std. 150 200 250 

2011 Std. 150 200 250 

24" XS 150 200 250 

(A) Saturated Steam (All Pressures) - Headers & Long Lines 

(B) Saturated Steam (5 to 200 psig) - Short Lines & Branches 

(C) Superheated Steam ~ines (All Pressures) & Saturated Steam 
(250-600 psig) - Short Lines & Branches 

" 
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EB 3. 10.2 

& EB 3.10.3 

I+. Vapor Liquid Mixtures (Two-Phas·e Flow) 

Lines containing 2-phase mixtures shall be 
designed to prevent surging and slug flo~~ 

5. Underground Lines 

Lines running underground shall have minimum 
sizes as follows: 

Process Lines 
Sewer Lines 
Drain Lines 

lt inches 
I+ inches 
2 inches· 

Line ~ressure & Drop Calculations 

When determining firm line sizes for the design issue 
of the P&ID flow diagrams, make a complete hydraulic 
system analysis to calculate line pressure drop. Be 
sure to properly identify and record all pressure drop 
calculations. Make calculations for a complete hydraulic· 
system, say, from the outlet of an accumulator through a 
pump, exchanger, control valve and into a fractionator 
tower. Obtain an estimate of equipment locations from 
Plant Design and roughly sketch the piping system in . 
three dimensions. Show item numbers for each piece of 
equipment. Be sure to include all twists and turns the 
piping takes into and out of the pipeway and to and from 
equipment. 

Code the various sections of 1 ine between each piece of 
equipment. Use these codes to identify the pressure drop 
calculations for each section. List the approximate total 
length of pipe between each piece of equipment, and the 
approximate elevation of the ~ipe at the iniet and outlet 
of each piece of equipment. Line pressure drops should be 
calculated at 100% design process flow. After completing 
the calculations, summarize the overal 1 system hydraulics 
by listing the calculated operating pressure at the inlet 
and cutlet of each p,iece of equipment or control valve on 
the sketch. Be sure to include the effect of elevation 
(static head) on the operating pressure. 

Equipment Pressure Oroo Calculation 

See the ~ppropriate specialty group leader to obtain 
design pressure drop for equipment. Se sure a realistic 
pressure drop is assigned for each exchanger service. 
Use the value recommended by the exchanger rating ·after 
they rough-rate the exchanger. They include inlet and 
outlet pressure drop in the exchanger rating. For columns, 
we must include the inlet and outlet nozzle losses as these 
are not included as part of the column pressure drop. 
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& E9 J.10.4 

.&. a1 3.10.s 

Control Valve Pressure Drop Calculations 

A good·working ~ule is that, at maximum flow, at least 
one-third of the total friction drop of the system 
should be absorbed by the contro"l valve. This rule 
ma_y be relaxed for extremely long or high-pressure-drop 
systems. Reasonably good control can then be attained 
in these systems with not less than 15% of the total 
system drop taken across the valve. This relatively -
low percentage drop is permissible only when the 
variation in flow is small . 

Pump Head Calculations 

Use Pump Head Form 62, or equivalent, to summarize the 
ca rcu,l ated pressure drops for the system components. 

1. Rated GPM 

E9 2. 

Use the following table, as a guide, for determining 
rated gu~rantee-point gpm: 

Service 

Feed-Pumps 
Reflux Pumps 
Reboiler Circ. Pumps 
Tankage Transfer Pumps 

% Normal Process Flow 
@Operating Temperature 

105"'.110* 
110-120* 
110-120* 
105-110* 

*For economic reasons, lower capacity ranges 
shall be used for high capacity, high differ
ential pressure pumps (400 gpm & 200 psi ~P). 

Pump Valving 

·Usually, the sizes of the noz~les on centrifugal 
pumps are less than those of the suction and dis
charge piping. In many cases, the block valve on 
the pump suction piping and the block and check 
valves on the discharge piping can be smaller than 
i i ne ~ i te. 

After vendor information on pumps is available, 
adjust sizes of pump valving according to the 
following general rules: 

(a) If pump connection is one size smaller than 
line size, suction valves should be line size 
and discharge valves should be pump fl~nge size. 

(b) If pump connection is two sizes smaller than 
line ~ize, suction valves should be one si~e 
less than line size and discharge valves should 
be pump flange size. 
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& $ 3.11 

3. Pump Differential Head 

The rated differential head· for the pump as 
calculated on Form 62 equals the difference 
between the required pump discharge pressure 
and the pump suction pressure. Rated differ
ential head should be calculated at 100% of 
normal process flow. 

4. Available NPSH 

The NPSH available is equal to the static head 
of liquid, plus equivalent feet of head due to 
the difference between the operating pressure 
and vapor pressure in the suction drum, minus 
"the suet ion 1 i ne friction 1 oss converted t.o feet. 
For computing the available NPSH, the vessel from 
which the pump takes suction shall be considered 
empty. Therefore, for horizontal drums, the level 
is considarad to ba flush ~ith the bottom of the 
tank and for vertical vessels, with the bottom 
tangent 1 ine. 

S. Also make sure static head is sufficient to 
prevent vaporization (when actual vessel pressure 
is vapor pressure) in horizontal piping run to 
suction of pump, or for orifice meters, even 
though static head is sufficient for the system. 

Vents, Drains & Utility Connections 

A flanged utility connection is located a m1n1mum ~istance above 
the bottom head seam in vertical vessels and the head knuckle in 
horizontal vessels. Hitrogen or another inert gas wiJl be used 
if steam or water is detrimental to the equipment or internal 
process material. Utility connections shall not be permanently 
piped. All utility connections shall be valved and blinded. 

Each vessel shal 1 be equipped with a drain normally located in 
the bottom liquid effluent nozzle. The drain is piped to an 
oily water sewer hub with. spectacle bl ind located between the 
valve and piping run to the sewer. If the bottoms 1 ine has an 
internal extension, the drain is located on the vessel and piped 
to the bottoms 1 iquid effluent line, as well as the oily water 
sewer. 

Each vessel shall be aquipped with a valved and blinded vent 
connection. ·vents are located in the top head to towers and 
vertical vessels. They are located on top of horizontal vessels 
at the same end as the drain and the opposite end from the utility 
connection. 
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& ffi3.12 

Ven~ .• drain and ut i 1 i ty connect i.ons for co 1 umns and vesse 1 s 
·shall be sized as follows: 

EQUIPMENT VOLUME FT3 VENT DRAIN UTILITY 

to 1 ,000 a11 2" 1 +II 
1,000· to 5,000 2" 311 2" 
5,000 to 10,000 2" 311 2" 

10,000 to 25,000 311 4ir 211 
Above 25,000 311 411 -6 11 3" 

Flushin5 & Pumpout Connections 

To clear equi.pment for maintenance, the 1 iquid is transferred to 
product storage using process pressure or pumps. Liquids that 
cannot be transferred to product storage tanks are transferred 
to slop or un.treated feed tanks through pumpout headers. Jumper 
1 i nes wi. th doub 1 e b 1 ock and b 1 eed va 1 ves conl'.'lect precess or product 
lines to the pumpout headers. 

With .the major portion of the liquid removed, the system is depres
.surized to the flar·e system. Atmospheric vents and drain lines to 
the oily water sewer are then opened and the equipment is purged 
with steam until the system is free of hydrocarbon • 

. & EI1 3. 1 3 .B 1 1 nds 

He use three types of blinds; (1) Slip blinds, (2) Line blinds, 
and (3) Spectacle blinds. Slip blinds are thin plates that can 
be inserted between standard piping flanges by springing the pipe. 
These are used during shutdowns to isolate equipment or groups of 
equipment that require maintenance or inspection. They are also 
used to isolate a unit from other operating units and from hazardous 
utility sources during shutdown. 

Line blinds are used for the same purpose as slip blinds, but are 
designed for the full pressure rating of the flanges that hold them. 
They are used where high pressure may be in contact with one side 
of the blind. Spacer rings, the same thickness as the blind, may 
be provided where it is impractical to spring the pipe· enough to 
acconmodate the line blind. · 

Spectacle blinds provide a 1 ine blind and a spacer ring fabricated 
into a Figure 8 assembly. They are used as operating blinds to 
protect process fluids and utilities from contamination during 
startup, shutdown, and normal operations, and during regeneration 
cycles. 
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EB 3.14 Stra·iners 

Strainers shall be provided as follows: 

STEAM ON P&IO 

Steam Inlet to Turbines No 

Steam Inlet to Ejectors Yes 

Condensate to Line Traps No 

Condensate to Process Yes 

Traps 

Air Inlet to Pneumatic 

Operated Equipment 

Air Inlet to lnstrmts. 

Atm. Inlet Filter to 

Air Blower 

Inlet to Positive Dis
placement Meter, Mass 
Flow Meter & Turbine 
Meters 

Suction Line to Com
pressors, Temporary• 

Suction Line to Pumps, 
Temporary 

Yes 

l~o 

Yes 

Yes 

Yes 

No 

3.15 Battery Limit & Header Block Valves 

SOURCE 

Manuf. Stand w/Turbine 

Line Size Y-Type By Piping 
(0.020 Screen) 

Line Size Y-Type By Piping 
(100 Mesh Sc.reen) 

Line Size Y-Type By Piping 

( 100 Mesh Screen) 

Line Size Y-Type By Piping 

( 100 Mesh Screen) 

Fisher 67 FR Instr. Engr. 
(or equa 1) 

Special or Mfg. Process 

Standard: Furnished with Blower 

Mfg. Stand w/Meter 

cone or truncated By Piping 
cone pointed up-
stream. 

Sasket (Cone By Piping 
Pointed Downstream) 

Each unit leader is responsible for coordinating all lines leaving 
or entering his ·unit with the Plant Design Group to determine where 
sub-headers are advantageous. He determines where battery 1 imit 
block valves and header block valves are required to ?.revent stream 
contamination, provide isolation for installing blinds, or ensu·~ 
safety. 
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All ·lines entering or lea_ving a process unit r_equire a battery 
limit block valve with valved vent and drain connections located 
inside the battery limit, unless special considerations dictate 
otherwise. Use slide gates for flare system battery limit block 
valves. A11 lines carrying steam or combustible materials must 
have flanges at the battery limit for installing isolation blinds .. 

Use the following general rules· to determine the location of 
header block valves: 

$ 1. 

e 2. 

All takeoffs from headers or subheaders lt-inch or smaller 
must have header block valves. 

All intermittent utility connections where service is 
permanent"ly connected must have header block valves. 

Continuous utility connections from headers to equipment 
do not require header block valves. 

·ffi 3. t 6· C_hem i ca 1 Cleaning of Exchangers 

Provide a 2-inch chemical cleaning connection on exchanger's 
cooling water return piping to enable connection of chemical 
cleaning facilities. 

3.17 Pressure Relief Facilities 

The basis for the pressure relief system design ar~ ASME Code 
Sect ion v 111 ,. AP I -RP-520 ~nd AP I -RP~521. Safety fa.ci 1 i ti es Sha 11 
comply with all local, state and federal regulations. 

3. 17. 1 Relief Valve Discharge 

ATl relief va·lves on process equ.ipment shall discharge 
into a closed blowdown system, unless the material 
handled can be. safely and legally discharged to atmos
phere. 

Relief valves venting to at111osphere must discharge 
through ci 11e1·t i ca I ~s i 1 p"i pe. The. out 1 et of ~he ta i I 
pipe must not be less than 10 feet above the highest 
operating platform wi·thin a horizontal radius c:f 25 
feet. Check all relief valves discharging hydrocarbon 
vapor to atmosphere to insure that flammable mixtures 
do not occur at grade level or on elevated structures 
and be sure that condensation of hydrocarbon discharge 
vapor does not occur at minimum atmospheric ~emperature. 
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3.17.2 

. EQUIPMENT 

Relief ~a Ives which cannot be vented to the atmosphere 
shall di.scharge into a closed flare.system or into a 
lower pressure portion of the process system whenever 
poss i b 1 e. No re Ii ef va Ives sha J·l be set at 1 ess than 
10% above normal operating pressure without ASFI approval. 

Relief valves discharging water and non-flammable non
toxic chemical liquid shal I relieve visibly to sewer. 

Special Relief Requirements 

The follow(ng considerations shall be followed when 
designing the relief system: 

CONSIDERATION 

Vessels, Exchangers, 
Furnace Co i Is 

No relief valve required if equipment is 
interconnected by piping to other equipment 
protected with relief valves. Maintenance 
block valves in interconnecting piping must 
be locked open during operation. If inter
connecting piping contains operating valves, 
both items of equipment must be protected 
with relief valves. 

Exchangers Provide thermal relief on cold side of heat 
exchangers equipped with maintenance biock 
valves. 

Positive Displacement 
Pumps &. CQmpressors 

Provide relief valves to protect against 
operation with a blocked di schar'ge. 

Noncondensing Steam 
Turbines 

Relief valves shall be installed with the 
exhaust piping of turbines to provide full 
flow relief if the inlet steam pressure is 
over 150 psig, or if the turbine is an 
automatic or remote start turbine. 

Condensing Steam 
Turbine 

Provide relief valve on turbine outlet 
piping or condenser. 

Piping 

3. 17. 3 

Provide thermal relief on I iquid hydro
carbon piping systems which can be blocked 
in and are heat traced. 

Relief System Analysis 

The capacity requirement for the relief system shall 
be· I imited to the largest emergency caused by a single 
operational difficulty or fire exposure relaced to an 
individual fire area (the unit area will be divided 
into probable fire areas, normally not to exceed 2,500 
square feet ground space). The principle cperacional 
difficulties to be considered are listed below: 
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Ee 3.17.4 

• Localized failure (blocked outlets on vessel, 
machinery breakdown, instrument failures) 

• Steam fa i 1 ure 

• Power failure 

• Compressor failure 

• Instrument Air Failure 

• Cooling water failure 

• Exchanger tube rupture, if low pressure side 
design pressure is less than 2/3 of the high 
pressure side operating pressure 

\Jhen determining heat input, consider all equipment 
in an individual fire area, all wetted surface below 
25-foot elevation and take full credit for environmental 
factors listed in Table 3., APl-RP-520. Storage vessels 
or other vessels.where liquid level is independent of 
operation shall be considered as liquid full for purposes 
of determining wetted surface. 

Relief System Details 

All branch connections from relief valves should enter 
relief headers from the top. If possible,"all relief 
valves should be located above the header .into which 
they discharge. If not pract i ca 1 to i nsta 11 re 1 i ef 
valves at an elevation where the lateral will drain to 
the flare header, a low point drain should be provided 
and the low point shall be heat traced. All relief 
valves shall be accessible from platform or ladders. 
Preferred 1 oca ti on for re 1 i ef va 1 ve is c! i rect I y on the 
equipment protected. Other design details and consid
erations are given below. 

• Provi~ s1!eam pu.rge with RO sized to inject 
steam at rate sufficient to maintain 5 ft/sec 
blowback through PSV inlet nozzle in plugging 
service if steam is not detrimental to the 
process. 

• No provision shall be made for removing 
relief valves from the piping during 
operation. 

• Manual bypasses around relief valves shat·! 
be provided only for the purpose of depres 0 

suring the system on shutdown. 
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• Minimum discharge line size is PSV outlet 
size. Tie into header at 45° angle in 
direction of header fl ow. Out I et I i ne bac·k 
pressure ~hould not exceed 10% of set pres
sure for conventional PSV or 50% of set 
pressure for bellows PSV. Tnis applies to 
both the superimposed ba.ck pressure from 
other relieving v·alves before the PSV opens, 
and the combination of superimposed plus 
created back pressure after the PSV opens. 

• Minimum inlet line size is PSV inlet size. 
If more than one PSV is mounted and a mani
fold, the minimum area of the manifold is 
the sum of the inlet areas of the PSV's. 
However, the total in\et I ine friction 
pressure drop to the PSV at ful 1 open flow 
should not ce more than 3% of the set pres
sure. 

• Relief valves which discharge to atmosphere 
·require snuffing steam, unless vapor vented 
is non-combustible. Provide weep hole in 
discharge line .if no snuffing steam is 
required.· 

• Use a rupture disc to protect the PSV from 
coking fluids, solids· ladened vapor or c~n
densing.tar-like components that might plug 
or seal the plug of the PSV to the seat where 
a steam purge would be detrimental to the 
process. The unit must be shut dovm, the 
PSV and piping cleaned, and the rupture disc 
replaced if it ever ruptures or springs a 
leak.· Provide corrosion resistant vent, 
pressure gauge, excess flow valve and try
~ock assembly between rupture disc and 
relief valve. 

·3.18 Exch~nger Block Valves 

Provide block valves in inlet and outlet water piping to water 
coolers. 

3.20 Equipment Soaring 

Provide spare equipment to insure aga.inst mechanical failure. 
Provide spare. equipment to insure against interruption of 
production only when justified and appro~ed. For exampl•, 
large compressors are not normally spared. ~ost small pumps 
are spared. ~here spare equipment is required, optimize the 
use of common spares. 
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3.21 Turbine Drivers 

& $ 3.30 

Electrical service is assumed to be highly reiiable. For this 
reason, turbine drivers on s·pa re equipment a re not requ i red to 
insure against interruption of production during power "fail!lre. 

Provide other turbine drivers as necessary only to satisfy the 
plant steam balance. Review selection of all turbine drivers 
with ASFI. -

\-Ji nter i zing 

Proce~s and utility lines may require winterizing under the 
following conditions: 

• The fluid pour point or freezing point is above 
the design minimum for ambient temperature. 

• The viscosity is increased to the point where flow 
is reduced below an acceptable limits. 

• Ice formation' occurs in I ines carrying water vapor. 

• Corrosive compou~ds or hydrates wilt form if 
condensation occurs. 

Heat ·tracing of vessels and 1 ines shal 1 be kept to a minimum.Vhere 
flows are intermittent, or a problem exists only. during shutdowns, 
the system shall be drained .or flushed. Places where water could 
collect, such as dead legs or low points in vapor lines, are 
avoided where possible by careful planning of the piping layout. 
Uhere electric tracing is used, set points shalt be standardized 
at ·sa°F, 75°F, 100°F, 125°F, 150°F, 175°F and 200°F. The selected 
set point temperature shalt be at least 10°F above the liquid pour 
point or freezing point, but b~low the bubble point. 

Where winterizing is required for standby pumps, a. bypass 1 ine 
and globe valve for 2%-5% pump capacity may be provided around 
the discharge shut-off vafve or check valve to allow a continuous 
backflow through either pump while the other is pumping. 

Cooling water supply and return lines shall have a bypass from 
supply header to return header ·immediately adjacent to isolation 
valves. The isolated sections of coot ing water 1 ines shat I be 
drained during shutdowns in cold weather. 

Steam ·condensate .. I ines that are in continuous servi'ce shat I be 
insulated. Steam condensate I ines that are in intermittent 
service shall be insulated and traced. 

Field-mounted instruments shalt be located and piped so as to 
minimize winterizing requirements. Large case inst~uments are 
housed in heated enclosures. The tubing or pipe that connects 
the instrument to the process. is heat traced as required. 
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3. 40 I nst.ruments & Contro 1 Va 1 ves 

Float•type level switches are mounted directly on the v~ssel. 
Displacement l.evel transmitters-or controllers and gage glasses 
are mounted either directly on the vessel or on a bridle, depend
ing on the number of connections involved and whether the vessel 
is horizontal or vertical. For horizontal vessels, a bridle is 
used if the total number of connections is four or more. For 
vertical vessels, a bridle is used if the total number-of con
nections is more than six. Isolation valves shall be used at 
the vessel connections to a bridle. All level connections 
shall be on the side of the vessel. Do not use· vessel bottom 
~r- 1 i ne c:onnec:t ions, . un 1 ess approved by ASF I • 

The minimum pipe size for orifice meter runs shall be 2 inches.· 
The prefer.red differential pressure range for orifice plates is 
100 inches of water. The use of other ranges must be approved 
by ASFI. 

!n general, all control valves are to have double blocks and 
bypasses, except control valves in intermittent service or those 
which for other reasons can be removed for maintenance while the 
unit remains on stream. Control valve blocks and bypass valves 
~ball be sized in accordance tori.th ISA ~P4.2 aurl API ~PSSO, Table 
6.1. 

3.60 Surge Capacities 

Liquid surge time is the controllable residence time between 
the high and 1 ow 1 i quid 1eve1 s. 

For water separation from liquid HC, the required residence 
time is that needed for· water settling. \Jhen there is r.o water 
in the drum feed, the following liquid residence tima.shall 
apply, except where process restraints or conditions require 
or permit deviations: 

1. Feed Drums Surge, Minutes 

Feed received from within the unit 15 

2. Separators. Drums, Bottoms of Columns 

Feed to Co 1 umn 

Product to off-plot tankage 
\Jith pump 
Hi thout pump 

Product to off-plot tankage 
via feed bottoms exnange 

Feed to fired heater 

High pressure separator fol lowed 
by low pressure separator 
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3. Overhead Accumulators 

For reflux only, prov(de 5 minutes surge time (vapqr 
distillate). For accumulators which also serve as 
product receivers, provide 3 minutes surge for reflux 
portion. and product surge time as specified in Item 2 
above; the volumes are additive and should not be less 
than 5 minutes based on reflux plus product rates. 

4. Fi red Reboi lers 

For fired reboilers, provide S minutas surge based on the 
liquid vaporized in the reboiler plus product surge speci
fied in Item 2 above. 

3.61 Shop Fabrication Limitation 

If possible, limit vessel diameters to less than 13 feet. 
Diameters 13•14 feet require special considerat:-ion for shipping 
p~rposes. Diameters greater than 14 feet may require field 
fabrication or barge shipment. 

EB 3.90 Equipment Connections 

Connections on fabricated vessels, tanks and exchangers shall 
comply with the following rules: 

1. Size and Use Limitations - The m1n1mum size connection shall 
be 3/4-inch. Clad or overlay nozzles shall not be less than 
4 i.nches. 

2. ·Couplings - In general, all connections on fabricated equip
ment will be flanges. Exceptions are certain instrument 
connections as specified below, and small conneeJ:ions on 
the manufact~rer's standard equipment not available with 
flanged connections. 

3. Sizing - Exchanger shellside nozzles shall be sized for v2J' 
• 4500, maximum for liquids and 2500 maximum for vapors. 
Size rebeller return.nozzles on columns to limit v2J' = ·1500. 

4. Att vessel nozzles 3" and under shalt be 300 pound rating. 

5. Minimum flanged nozzle size shall be 1". 
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6. Instrument Connections 

Pressure 

Pressure gage or transmitter 

Diaphragm sealed gage or trans
mitter 

Bridle 
Gage Glass 
Level Transmitter, Dis.placement 
Level Transmitter, dP Type 
Level Switch for Level Alarm 

Internal Sall Float 
Diaphragm Type Level Transmitter 

Temperature 

Thermowel I 

Type 

Number/Size/Type 

1" flanged 

To match diaphragm
flanged 

Two-z°" flanged 
rwo:..1 11 flanged 
Two-2" flanged 
Two-1" flanged 
Two-1" flanged 

To match float·-flanged 
To match diapnragm
flanged 

H" flanged 

7. Handholes & Manholes 

VESSEL ID 

Under 12" 

Over 12 11 -16 11 

Over 16"-36" 

Over 36" 

TOW'ER ID 

Under 36" 

36" & Larger 

Specification No. 14222-A-l 

MINIMUM INSPECTION OPENINGS 

T...o - 1" (Hay be process connection with 
removable spool) 

T...o - lt" (May be process connection with 
removable spool) 

Two - 2" with b I ind flange 

One - 20" nominal pipe size with bl ind flange 

MINIMUM INSPECTION OPENINGS 

Normally set by extent of removable internals, 
packing or catalyst, but not less than for 
vessels. 

20" nominal pipe size or larger - set by 
economic~. Located in bottom surge secti6n, 
above top tray, above main feed tray and above 
special trays. In addition, approxirnat·ely 25 
trays apart for clean service and 10 trays apart 
for dirty. 
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4.0 EQUIPMENT DESIGN 

General Specific:ations & Codes 

Unless otherwise specified, all equipment shall be desig11ed, fabricated, 
inspected and tested in accordance with the applic:able specifications · 
and referenced c:odes. Refer to the attached Bechtel Standard Specifi-
cation Index. · 

All fired boilers shall be c:ode stamped. All equipment must ~lso 
conform with governing local rules and regulations. 

Process design requiremen~s shall be listed on the equipment specifi
cations and/or data sheets. Mechanical design requirements are defi.ned 
by ·the equipment speciifications in.conjunction with general project 
specifications, Bechtel specifications, or both .. In case of conflict, 
the equipment specification governs. 

4.10 Pressure Vessels 

The design pressure for vessels that are protected by relief valves 
located so that there is no other equipment between the vessel and 

.,& the relief va Ive sha 11 be 10% (but not less than 25 psi) above the maxi

. mum pressure attained in nonnal operation. Vessels in high-pressure 
service may be designed for pressures 1 ess than 1.0% above maxi mum 
operating pressure, but not less than 6%, if the operating condi
tions ar~ stable and savings in fabrication costs are significant. 

Design pressures set at less than 10% above nonnal operatio.n p.i-essure 
require ASF.I a ppr-ova 1. 

All vessels subject to steam out will be designed for at least 
50. psig or fu"ll vacuum, whichever is more severe. 
The design pressure for vessels that can be blocked against fu.11 
centrifugal pump discharge pressure shall be the larger of thP 
nonnal suction pressure plus 120% of the nonnal differential 
pressure, or the maximum suction pressure plus the nonnal differ
ential pressure. After vendor infonnation on pumps is available, 
check all PIJll!PS to be sure that maximum discharge conditions · 
do not exceed downstream vessel.design pressures. 
The design pressure for vessels that are remote.from the relief 
valve for the system shall be the larger of either 10% (but not 
less than 25 psi) above the maximum pressure attained in nonnal 
operation, including startup, shutdown, and turndown conditions, 
or the hjghest actual pressure obtained during an upset condition 
such as maloperation, power failure, instrument air failure or 
cooling water failure. 
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For vessels operati~g above 30°F, the design temperature shall 
be 50°F above the maximum temperature attained. in normal opera
tion. However, vessels made. from carbon and low alloy steels 
with.operating temoeratures below 6oo°F shall have a des.ig,, 
temperature of 6S0°F, unless 1 imited to a lower temperature by 
the flange pressure temperature ratings or by service conditions 
such as hydrogen, hydrogen sulfide, caustic, sulfur content or 
other aggressive environments. For vessels operating above 6oo°F, 
the design temperature may be reduced to the maximum normal opera
ting temperature, if necessary, to avoid undue fabrication costs 
with ASFl approval. For vessels operating below 30°F, the design 
temperature shal 1 be the lowest expected operating temperature. 

4.20 Shell & Tube Exchangers 

The design pres.sure for the process side of exchangers shall 
follow the same criteria as for pressure vessels. 

The design pressure for carbon steel exchangers shall not be 
less than 75 psig. 

The design temperatures for the shell and the tube sides of 
exchangers shall be based on the inlet temperature for the hot 
side and the outlet temperature for the cold side. From this 
basis, the same rules apply as for pressure vessels. 

Obtain ASFI review and approval on the fouling factor used for 
each service. In general, fouling factors less than .001 shall 
be considered as a clean service. Cooling tower water is assumed 
to have a fouling factor of .002 on the basis of maintaining a 
minimum velocity of 4 feet per second through the exchanger. The 
tubeside shall be used for cooling water, unless. process conditions 
dictate otherwise. Coolers shal I be designed to limit the temper
ature of coo 1 i ng tower water return to 11 o°F. In genera 1 , use 
standard tube lengths of 20 feet, maximum length of 30 feet. Use 
of bundles larger than 48-inch diameter require ASFI approval. 

4.30 Fired Heaters 

I:\ The design absorbed duty shall be the maximum duty expected during 
Lilnormal operation. No overage is added to heater duties, unless 

approved specifically by ASFI. 

In general, two design pressure conditions are involved in heater 
tube design. 

1. Normal Operating Condition. The normal operating design 
pressure is the maximum pressure expected at. the inlet to 
the tubes during normal operation. 

2. Excess Pressure Condition. Excess pressure ~ondition desigr. 
pressure is the maximum pressure that can occur during an 
upset condition either upstream or downstream of the heater. 
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A required wa 11 th.i ckness is ca 1cu1 ated for both the nol"!!la I 
operating and the excess pressure condition by different 
formulas. The larger required wall thickn~ss governs. Refer 
to API RP 350 Latest Edition for details. 

The design tube wall temperature shall be the calculated 
maximum tube·wall temperature plus 50°F. 

Burners shall be capable of operating at 125% of design heat 
release with 30% excess air. 

The stack design shall be based on 125% of design duty at 30% 
excess air. Exit velocity shall be graater than· 25 feet/sec: 

·at normal firing. The heater shall be provided ·with smothering 
steam c:onnec:ti~ns suitably located to purge entire firebox. 

·4. 40 Air-Coo 1 ed Exchangers 

·r 

The rules for establishing design pressures are the same as 
those that apply to shell and tube exchangers. The design 
temperature of the exchanger shall be the maximum normal opera
ting temperature at the inlet to the exchan9er, plus S0°F. This 
margin may be reduced if undue fabrication costs can be avoided .. 
Tube lengths shall be limited to 36 feet maximum, unless careful 
consideration has been given .to plot layout and maintenance 
faci 1 ities. 

Inlet and outlet pq)1ng on a·ir coolers shall be arranged symetrlcally 
and designed to avoid differential expansion within a CCll'lllOl'I bay ··as ·
a result of unequal flows. 

The control of outlet temperature shall be by auto-variable-pitch 
fal'ls. Where close control is not necessary, 50% of the fans may 
have fixed blades and 50% may have variable pitch blades. The 
maximum capacity of the variable pitch fans should be 5%. to 10% 
greater than the capacity of the fixed blade· fans to avoid hunting 
if. all fixed blade fal'ls are automatically shut down when the vari
able pitch fans reach minimum capacity. 

A single variable pitch fan may be used on multi-bay units, if 
unequal cooling through the different bays c:an be tolerated and 
if close temperature control is not required. \~hen equal cooling 
through different bays is required and temperature control is not 
critical, 2-speed motors may be considered. 

Louvers shall be provided when required to compensate for 
seasonal changes in air temperature and sudden rainstorms, or 
to protect the fin-tubes against snow or hail. 

The controls used shall be reviewed and approved by ASFI on an 
individual basis. 
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Induced draft fans are preferred to forced draft fans (if 
pourpoint is lower than minimum ambient te~?er~tur~) for the 
fol lowi-ng services: 

•• 
• • 

Where close temperature control is required . 
Where noise is a problem . 
Where approach temperature is critical (from 10°F to 25°F) . 

4.50 Centrirugal Pumps 

Rated capacity shall be as specified in Section 3.10.5 of th.is 
instru~tion. The specified differential head for pumps shall 

~l be the calculated head required based on process-design (normal) 
~ flow rate. There is no overa.ge on the pump head. 

For motor driven pumps, impellers shall not exceed 95% of the 
maximum impeller size. 

Steam turbine drivers shall in general be in accordance with 
AP1~61l. Occasionally, when the pump is in extremely critical 
service unspared, or when turbine inlet conditions exceed 600 
psig or 7500F, the steam turbine driver shall be in accordance 
w i t-h AP I -61 2 • 

4.60 Centrifugal Compressors 

Except as modified by job specifications, centrifugal co~pressors .. 
shall be in accordance with API-617 criteria, The normal 
operating point shal 1 conform to process condi"ticin"s expected 
during normal operation. This wil 1 correspond to middle of run 
conditions where fouling· of exchangers and fired heaters or dete
rioration of catalyst activity occurs. The compressor must also 
be capable of operating (non-surge) throughout the ran~e of operating 
cases ident1ried in the equipment specification and/o.r.data sneets. 

Driver horsepower requirements shall be rated in accordance with 
APl-617 criteria. 

Steam turbine drivers for compressors shall be in accordance with 
APl-612. Steam turbine d~ivers for lube and seal oi 1 pumps shall 

. be per AP 1-611. 

Special purpose gear units shall be in accordance with APl-613 
criteria. 
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5.0 

4.70 Reciprocating Compressors 

~xcept as modified by the job specification, reciprocating 
compressors shall be in accordance with AP1-618 criteria. The 
design capacit'y of reciprocating'compressors shall correspond 

·with the des lg" conditions.· The comprassor must also be capable 
of operating throughout the range of operating cases identified in 
the equipment specification and on data sheets. 

5.0 ATTACHMENTS ~ 

S.10 Bechtel Standard Drawings 

5.20 

5.30 

Dwg Number Title 

A•501 
A-507 
A-510 
A-514 
B-506 
8-507 
J-G-0101 
J-G-0103 
J-G-0104 

Bechtel 

Form # 

1 
18 
62 

Bechtel 

~roup 1.etter.s for Drawing Indices & H/R' s 
Equipment Symbols for Mechanical Flow Diagrams 
Symbols for Piping & lnst'rument Flow Diagrams 
Drafting Standards for P&ID 1 s 
Typical Process Flow Diagrams 
Flow Diagrams Equipment Symbols 
Instrument Identification 
Instrumentation P&ID Symbols 
lnstrumentatlon P&ID Symbols 

Standard Forms 

Title 

Index l.ine Designation Tables 
l.ine Designation Tables 
Pump Calculation Sheet 

Standard Specification Index 

'l/ 
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CE HERAL 

PROCESS 

COLUllHS AHO 
PRESSURE VESSELS 

TANKS 

EXCHANGERS 

f IRED HEAlERS 

PUMPS AHO DRIVERS 

VACUUM EQU l PMENT 

DOCR!PJ!Oli 
Plot Plans, PL! Diagrams, Maps. Basic Englneerln9 
Design Data Sheets , Indexes. 

Process Design, flow Diagrams, Dau Sheets, etc. 

All pressure vessels of any pressur• d•slyned In 
accordance wl 1h the ASME code . This include> t°"•er> 
columns, reactors, regenerators, spheres, drums, etc . , 
Including trays, liners. lining, packing. Internals 
and appurtenances. 

All storage vessel• other than AShE code vessels. 
lnclwJes API atmospheric or low pressure stor•ge U1nk1, 
bins,. spheroids, hoppers, sl los, etc._ 

· 1ncludln9 Internals and appurtenances. 

Heat lr•nsfcsr equipment such •s tubular exchanyers, 
condensers, evaporators, robollers, coolers, fln·fan 
coolers anJ cooling towers; excludes fl red heaters. 

fired heaters, furnaces, av~'''• ballers, flroJ kilns 
and driers, Including superheaters, air preheaters, 
tubes, hciadesr,, settings, bur11er1 1 stacks , flues, 
draft fans anJ driver• a>soclated with heaters , 
Includes flare stacks ind fr•mcworlc., Incinerators. 

include> all pUll~S ond their drivers. 

V•cuum puu~s. ejectors and othor vacuum producing ~. i•
ntus. lncluJes drlv•rl and Integral •uaxlllary equipment . 

r.ROllP 
bETTER 

p 

Q 

s. 

T 

u 

v 

INSTRUMENTS Al I Instrument> and control equipment (except eloctrlc Y 
power switchboards. control• and mtters), lncluJlng 
safety (relief) valves , measurlny devices, controllers , 
control valves, l11dlcators, sight glasses , •l•rms, 
Instrument panels, flttl11g>, control signal pneumatic Z 
tubing, air piping and filters, and wlnterlzatlon of 
Instrumentation . 

COMPRESSORS ' ORIVERS Compressors, blowers , fans and their drivers. 

PIPING All process and utility plplng(exctpt the following covered 
elsewhere : sewer and drainage plplny(S Group); bul I ding 
plumbing, ht4llng, vent I IHlny and air condltlonlng(R Group); 
Instrument plpl11g and tubing (J Group); col .. nn and veo<~I 
lnternals(C or 0 Croup); and Integral plplny on pumps 

STRUCTURIS 

or compressor>, etc., (C or K Group) 

Al I stuel, concrete, masonry , wood or uther 1tructunss e.Kcept 
bul ldln~o. lncludu bridge>, pipe stanchions, platform., 
stairs, la<lJers, cundult racks. 

CROUP 
HE CTR ltAL 
(continued) 

FOUHOAT I OHS 

BUILOIHCS 

SITE JMPROVEl\EHTS 

hATERIAL HANDLING 
EQUIPMENT 

EXPENDABLES 

PACKAGE UNITS 

WELDING ' METAL 
PROCESS INC 

PA INT!HG 

PROCESS ING 

WATER ' ~ASTE 
TREATMENT 

converters, rectifiers, tr•nsmlsslon and distribution, 
conmunlcatlon systems, llghtln~,groundlng, all neccsury 
wire ond conduit, cathodic protection. for equipment 
numbering refer to Std. Owg. P-AIOI. 

All foundations for buildings, structures or equipment. 
lncluJcs piling, ground floor slabs, trenches, pits, baslnt 
•nd associated e•rthwork, sol ls survey>. 

All por.,.nent buildings above their foundations •nd floorslab. 
Includes all Integral pennanently ln•t•lled equlp~ent, 
elevators, plumbing, piping, heating, vent I lat Ing and air 
conditioning and painting. 

Includes clearing, grubbing, grading, fencing, signs, roll
roads, roads, w•lks, p•vlng, perking •r•••• l•nd1c•pln9, 
sewers ond dra I noge systems, topograph I c surveys. 

Buck.et elevator, conveyors, cranes, holsta, chutes, feed1r1 1 

weighing devices ond hopper•, scales, packaging devices. 

lncluJes lntogr•I 1'p•ck•9e" units, such •s alr-Jrlers. 
refrigeration systems, etc., where appllcoble. 

~eldlng, casting and other ~etal processing speclf lcatlons. 

All paint and thinner for plant with exception of buildings. 

Crushers, pulverizers, blenders, screens, separ•tors, 
cyclones, filters. centrifuges, •lxors, grinders. dryers, 
extruder• and similar machinery Including drivers. 

All equ1.,..ent intended specifically for tre•tnent of 
water for general 5upply, cooling water, boiler feed water, 
etc., or for tr~tment of w•ste water for pollution control. 
Includes clerlflers, reactors, Ion exchange equlp...,nt, ~h-lco 
feeders, alxers, •gltators, stor•ge hopper•, liquid filters, 
settlers, cycle timer and specialty control>. 

Note : For a anore detal led 
description, refer to 
the Refinery ond Che~!cal 
Standard Code of Account• . 

Reference : Standard Drawing A-506 
H~nberlng Drawings and 
Docu.1ent1 . 

BECHTEL 
SAN FRANCISCO 

I HSU LAT ION 

HECTl\ICAL 

Thermal ln>ulatlon of piping, v .. sels, tank• and equipment, 
also flroprooflng of vessol skirt•, legs, supports and 
structures. 

Al I electrical equlpn1ent and mat•rlal (except process ln5tru
men'tatlon c.ovcrt!d under J Group). Includes generators 

"See 14222-A-10 for title 
~block to be used for the 

Breckinridge Project" 
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1.0 INTRODUCTION· 

The document conveying the greatest amount of information for pro
ject engineering design is the piping and instrument diagram (P&ID). 
The way in which it develops on a project is extremely important. 
A Task Sequence Table is included as part of this instruction 
(Attachment A) to indicate the interrelationship of the P&ID with 
the efforts of various engineering disciplines and their schedule 
of work (See Section 5). It is imperative to pay close attention 
to the sequence and to completeness of information on each issue. 

2.0 SCOPE 

2.1 This instruction outlines the procedure to be followed in the 
oreparation and issuance of piping and instrument dia~rams. 
Drafting procedures are not covered. 

2.2 Process Flow Diagram preparation is covered separately in: 
14222-A-l. 

3.0 RESPONSIBILITY 

3.1 Project Engineer 

The Supervising Project Engineer has complete responsibility· 
for al 1 engineering work, including preparation, approval,, 
and issue of P&ID's. He must ensure that all engineers 
working on P&ID' s are dware of these instructions which shall 
be consistently followed. The P&ID related work is usually 
aelegated as follows: 

3.2 Unit Engineer 

Responsible for: 

a) 
b) 

c) 

d) 
e) 

f) 

g) 

·The preparation o·f all piping and instrument diagra!T!s. 
Checking for mechanical and spe~ification accuracy of 
the diagram. · 
Coordinatinn information between P&ID's of related areas 
of plants. -
Verifying that supplier information is correctly shown. 
Ensuring that systems can functionally handle all ab
normal situations such as startup, shut down and potential 
violent temperature, pressure and flow excursions. 
Ensuring that cognizance has been taken of all applicable 
codes and environmental and safety practices. 
Ensuring that the P&ID's recog~ize and meet maintenance 
needs. 

IMGT __ ?.._ ___ C' 1 6 
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h) ~in~aining an up-to-date reproducible master mark-up of 
eacn P&IO, which can be used at any time either for 
dissemination of information or for establishing a cut
off point for revising and updating the master tracing. 

i) Monitoring model progress against the P&ID's for layout 
operability and accuracy. 

j) Conducting model progress and review:reetingswith other 
engineers, disciplines and client personnel, as 
necessary, to maintain orderly P&ID progress. 

k) Makinq all P&ID issues. 
1) Checking the piping drawings (isometrics & orthographies) 

to verify their agreement with final P&ID's. 

3.3 Control System Engineer 

Responsible for: 

a) Working with Unit Engineer in the representation of con
trol systems on P&ID's. 

b) Reviewing control philosophy and ensuring conformance to 
project requ.irements and to recognized industry good 
practice. 

c) Issuing uniform criteria for application of control systems/ 
instrumentation. 

d) Ensuring proper instrumentation symbolism on P&ID's and 
numbering all instruments. 

e) Consulting (jointly with Unit Engineer) with Control 
Systems Specialist in Simulation and Advanced Control 
(SACS) for process controllability and for establishing 
the need for any dynamic simulation studies in order to 
design and/or verify certain control systems. 

f) Preoaring reauired functional control diaarams. 
g) Control Systems will maintain an µp-to-date mark-up_ of ·each 

P&ID specifically for control systems 1"ork only, which 
can be used at any given point in time for information 
dissemination and/or the ~ut-off point for incorporation 
in the master mark-up (See 3.2 h) ·and updating the next 
issue of the ~aster tracing. 

3.4 Plant Design Supervisor 

Responsible for: 

a) 
b) 

Issuing piping material classification specification. 
If requested by Project Engineer, allocating line numbers 
and initiating the Line Designation Tables by filling in 
the line numbers and their locations. Subsequent additions 

·or deletions of line numbers will be the responsibility of 
the Unit Engineer. 

Ith 3 
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c) Providing Unit Engineer with infonnation regarding changes 
in the configuration of the utility distribution P&IO 
when these changes become apparent. 

d) Providing Unit Engineer with a reproducible mark-up of 
each P&IO to sh6w revisions that match the model and/or 
isometrics, for incorporation in the master mark-up 
(See 3 .2 h). 

4.0 JOB P&IO'S - PREPARATION PROCEDURE 

5.0 

Job P&IO's are prepared on the basis of a finn process flow 
diagram in the following manner: 

4. 1 The P&IO wi 11 be deve 1 oped by p 1 ants, sections, systems or 
subsystems of a facility. In a. refonner, for example; a 
separate P&IO shall be prepared for each section; i.e., 
reactor section, compressor section and stabilizing section. 

4.2 Several issui>s of everv P&IO. each marking a cert;iin ohase 
of design development. will be reauired before the P&IO reaches 
its final form. The sequence and· development procedure of the 
various issues are detailed in paragraphs 5.0 and 6.0 

4.3 It may be necessary to issue the P&IO (nonnally during.the 
early stages of design) with some items or are·as of work not 
finn. These should be marked "hold" and circled. This 
practice should be held to a minimum. An explanatory note 
specifying the reason for the "hold" must be included. 

4.4 While developing the P&IO's prior to any fonnal issue, the 
Unit Engineer should refrain from distributina preliminary 
copies of the semi-completed P&IO's without approval of the Pro
jPct Engineering Manager. This is important in order to 
alleviate confusion which may result from publishing an 
incomplete design. 

TASK SEQUENCE TABLE 

To demonstrate the evolution of the Process or Utility Piping and 
Instrument Diagram, a Task Sequence Table (Attachment A) lists 
information requirements for each issue. The fonnat of the 
table--showing information needed to begin, information required 
on the issue, and work initiated by the issue--permits job and 
manpower scheduling as a function of P&ID issues-. The table also 
serves as a check list for P&ID 1"1ork, both as to information 
expected from various design croups and information to be trans-
mitted by the P&ID. ~ · 
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6.0 P&ID DEVELOPMENT 

6.1 Guidelines for development of P&tD's by the Unit Engineer are 
Shown in Specification 14222-A-2." 

6.2 Process and Utility P&ID's · 

The first three issues, covering the P&ID development phases 
from receipt of process desian information to the siqned 
construction issue are disc~ssed below and shown on: task 
sequence table (Attach. A). 

6.2.l Issue #1 Preliminary for design development (internal 
use only and issue for in-house review). 

Hand drawn by Unit Engineer. 
Control Systems En~ineer will add all 
major instruments after reviewing them 'Nith 
Unit Engineer. Philosophy of major control 
shall be discussed at this stage with process, 
start-up and mechanical gFoups and reviewed 
by '~S" Engineer (Ref. para. 3.3 ). 

This issue will include: 

a. All major equipment numbered and titled. 
b. All main process and utility lines. 
c. All valves and break spools on lines 

and equipment. 
d. Outlines of supplier furnished 9ackage 

units. 
e. Major controi instruments. 

After the preliminary issuP., the Unit Engin
eer will conduct a meeting to raview each 
P&ID with process design, control systems, 

~E9start-up and plant design representat~ves 
without involving the Client's personnel. 

The Unit Engineer will then (jointly with 
Control Systems Engineer) modify the draft 
preliminary P&ID to incorporate conments 
agreed upon during review meeting. One 
copy of the modified P&ID will be sent to 
the P&ID group for drafting or to CAD • 

•n._.3 ____ _ 
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S~~IC:ATIO• NO. 1422'.!-A-'.! 

Rev. 0 for Client 
~n-house review). 
are not mandatory 
sign effort. 

approval (results of 
Items marked with ~ 

in ttPhase Zerott de-

While the modified preliminary P&ID is 
being drafted, the following activities 
will take place (some may have already 
started). 

a) Unit Engineer 

EB 3 l 

EB s) 
E& 6) 

7) 

Allocate line number and initiate 
Line Designation Tables (alter
nately Plant Design group can do 
this part at the discretion of 
the Project Engineer). 
Decide on line design conditions. 
If this cannot be determined for 
certain lines due to lack of re
quired data at this stage (e.g. 
unknown supplier furnished infor
mation) estimate the expected de-
sign conditions of these·lines. 
a. Select the appropriate piping 

classification. 
b. Size the lines. 
Decide on 1nsulation and steam or 
electric tracing requirements. 
(As required for PH.O estimate). 
Fill in the line tables. 
Comp.lete preliminary pump cal
ulation sheets. 
De.ci de on reau·i red lea end to be shown 
on all P&ID's (jointly with Control 
Systems and Plant Design groups). 

b) Control Systems Engineer 

1) 
2) 

613) 

Add miscellaneous instruments. 
Complete instrument details, i.e. 
board/local, pneumatic/electrical, 
etc. 
Check elevations of level controllers 
(HLL/NLL/LLL) on vessels, etc. 

ltl'(_3 __ _ ..aT_..~--..... r# i§ 
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6.2.2 Issue =2 (Cont.) 

c) Plant Design 

Issue Piping Material Classification Specs. 
(Classification index should have been 
previously issued). 

The Unit Engineer will add clearly in red on an identical 
copy of the P&ID used for drafting, all the information 
emanating from the above plus any new information which 
may become available after the preliminary issue. The 
marked-up copy will be then given to the P&ID group or 
CAD for drafting. 

Proper timing at this stage is extremely important; the 
marked-up copy must be given to the P&ID drafting section 
with sufficient time to complete .drafting within schedule. 

Upon completion of drafting, the P&ID will be checked and 
signed by the Unit Engineer, the Control Systems Engineer 
and the Process Design Engineer (who signs process P&ID's 
only) before finally· issuing it for the Client's approval. 

&E9The first issue of the Line Designation Tables (LDT} will 
be issued with Rev. 0 of the P&ID and shall show the 
following information (Refer to Form 18): 
Also see 14222-A-5 Line Designation Tables. 

&~6.2.3 Issue #3 

. 1111!.ClrlC .. TIO .... 0. 14222-A-2 

1) Line numbers, service information and 
ref. drawings. 

2) Normal operation conditions. 
3) Code design conditions. Lines with 

estimated design conditions shall be 
clearly identified so that the design 
figures can be revised in a later 
issue of the LDT when missino data 
bP.comes available. -

~) Pipe sizes . 
... ) Pipe specs. 
This issue or the P&ID will be used for es
timating the reouired manhours for all design 
disciplines. 

Rev. 1 for Construction (the result of 
Bechtel/Client review - s·igned by Client 
and with all Bechtel signatures). 

Incorporate~ revisions initiated by the 
Bechtel/Client review and additional 

•n ...... 3..._ __ _....._ __ °' 16 



6.2.3 Issue #3 (Cont.) 

infonnation generated by .the Unit. 
Engineer and other design disciplines 
since the issue for approval. 

Because this issue is used by the Design 
Groups to proceed with final design and 
purchase of material, it represents a 
distinct milestone in the life of 
the project. At this stage, all major 
equipment and most of the control and 
piping systems are well defined. Unde
fined piping shall be reported by the 
Unit Engineer to Plant De~ign Group on . 
Form 183to.be .issued later for Phase 1 design. 

Line tables accompanying this issue, shall 
show, in addition to actual revisions, 
the insulation and steam or electric 
tracing requirements,.the expansion 
temperatures and the test pressures of all 
the lines. Informal revision lists cover
ing major changes only will accompany this 
issue. 

Ideally, the construction issue (Rev. 1) should provide 
all required information to complete the engineering 
work. In actual practice, this issue has to be re
vised several times for various reasons e.g. to show 
late vendor's information and to incorporate revisions 
requested by the Client or dictated by detail design 
work. Issues subsequent to the construction issue will 
be accompanied by formal revisions lists and the re
vised LOTJs and indices. 

&~6.3 Other Types of P&ID's 

These are prepared on the basis of the process and utility 
P&ID's. Since these are subsidiary P&ID's, they may not 
follow the same development phases·as outlined above. How
ever·, all instructions regarding timely issues, l 1ne tables, 
revision lists, equipment numbering, etc. shall apply. 

The auxiliary P&ID will be initiated by the Unit Engineer, 
marked up for instrumentation by the Control Systems Engineer 
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and reviewed by the Mechanical Group. Should an auxiliary 
P&ID be deemed necessary to clarify interconnections for 
one particular discipline (e.g. Control Systems) then the 
group supervisor of this discipline may initiate (subject 
to approval of the Project Engineer)· the development of this 
P&ID within his own group and transmit it to Unit Engineer 
for issue. 

Special control diagrams will be initiated by the Control 
Systems Engineer (jointly with Electrical Engineer if ne
cessary) and reviewed by the Unit Engineer. 

In all cases the responsibility for these P&ID's remains with 
the Unit Engineer. 

7 .0 REVISIONS 

The coordination of all changes to P&ID's shall be the responsibility 
of the Unit Engineer. He is responsible for maintaining a master 
mark-up of each P&ID on which he will record chanqes to the draw-
ing during the interim between revisions to the P&ID tracings. It 
is also his responsiblity to transmit this information to the Design 
Groups, Process Group and others so that they are kept abreast of 
any and all changes. Formal revision lists will not be made 
until after the "Issue for Construction" because until this point 
is reached design is in a state of development. However, this 
issue sets design and releases material for Procurement. There
after, changes must be officially documented so that they become 
a matter of record and are implemented by the groups involved. 

The following procedure shall be followed to report changes to all 
concerned and to revise the P&ID's. 

&7.1 Reporting of Changes - Phase I 

After "Issue for Construction" and prior to the final issue 
of the P&ID, the Unit Engineer will prepare a hand written 
report each Friday. The report will follow the same format 
and numbering used on the formal revision lists and will 
list all changes entered on the master mark-up during the 
week. He may elect to include some free hand sketches to 
clarify certain items. In case of no change, the weekly 
report will also be issued indicating this fact. 

Reports shall be given serial numbers, dated and continued 
until the following revision of the P&ID. Control of interim 
revision notices shall be m~intained by the Uni·t Engineer. 
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Copies of each report shall be distributed to the Supervising 
Project Engineer, the Materials Coordinator and all the de
sign disciplines. 

& 7.2 Revision of Original Tracings - Phase I 

After the contruction issue, P&ID revisions shall be made at 
the discretion of the Unit Engineerwhenever the full dis-

_ tribution of the P&ID is required. 

Revised P&ID's shall be accompanied with formal revision lists, 
including items previously reported in the weekly reports, and 
the revised sheets and index of the line designation tables. 
All these documents will be entered in the Drawing Control . 

.&. 7 .3 Formal Revision Lists - Phase I 

Generally changes on the P&ID are too. extensive to be listed 
in the "revision notes" space of the drawing title block. ~lhen 
this occurs, the changes shall be described on a separate "A" 
size sheet. This sheet shall ;carry a distinct project drawing 
number, be titled. "Revision List for P&ID (Dwg~ No.)'' and be 
included with each transmittal of the revised P&ID. · If more 
than. one "A" sheet is r.equ ired the additional ·sheets wi 11 
carry the same number and a sheet number assigned to each. 
For ex amp 1 e: · 

·A-A-103, Rev. 3 - ·Sheet 1 .of 4 
A-A 103, Rev. 3 -. Sheet Z of 4 

7.3.l Subsequent· revisions des·cribed on "A" sheets for a 
particular P&ID shall reuse the same "A" size drawing 
number for each issue. 

7.3.2 List the revisions on "A" siz-e sheets in the following 
format.· See sample (Attachment B). 

Valves 

a) Added (List) 
b) Deleted (List) 
c) Changes 

1. Size (List) 
2. Type (List) 
3. Code (List) 

Notes: 

Accuracy is important. Valve adjustments on material 
requistions will be made based on this listing . 

.ar _1_n __ t# , i; 
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7.3.2 (Cont.) 

7.3.3 

7.3.4 

7.3.5 

Lines 

a) Added. (List) 
b) Deleted (List) 
c) Changes 

1. Size (List) 
2. Specs. (List) 
3. Other (as insulation, steam tracing, special 

details, etc.) (List) 

Instruments 

a) Added. 
b) Deleted. 
c) Changes. 

Equipment 

a) Added. 
b) Deleted. 
c) changes 

Miscellaneous 

(List) 
(Li st) 
(List) 

(List) 
(List) 
(List) 

Add location of instruments re
lative to lines or equipment. 

a) Adding and removing holds. (List) 

Show P&ID grid number opoosite each item revised. 
Aiso identify whether each item is an engineering 
design allowance (EDA) or a change order(CO). 

On all changes first state what it~ and second, what 
i.1 changed lQ_. 

P&ID' s utilizing the "A" sheets to describe changes 
shall have the following notation in the revision note 
space: 

"Revised per Drawing A-A-(Dwg. No.) Rev. (No.)" 

Ln. 8.0 APPROVALS - Phase I 

«• 
The construction issue of all P&ID's must be approved by: 

a) Supervising Process- Engineer (Process P&ID's only and 
excepting outside proprietary processes). 
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b) Control Systems Engineer. 
c) Unit Engineer. 
d) Mechanical Engineering Staff (if applicable). 
e) Project Engineer. 
f) Client's representative, unless specifically waived. 

9.0 CONCLUSION 

Every effort shall be exerted to maintain this standardized pro
cedure for piping and instrument diagrams. Modifications are 
justified only in response to client requirements and approval 
of the Supervising Project Engineer for a specific job and will be 
the. subject of separate job instructions. 

_& 10. 0 ATTA~!EmS 

Task Sequence Table: Issue No. 1 - Preliminary 
Task Sequence Table: Issue No. 2 - Results of In House Review 
Task Sequence Table: Issue No. 3 - Results of Client Review 
Standard Drawin~ A-A-103 Sample: Revision List for P&ID' s 
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JASK SEQUENCE JABL[ 
ISSUE NO. I - PREllHIHARY 

ISSUE FOR DESIGN DCVELOPHENT I. IN-HOUSE REVIEW 
I r..ms marked (11 to be adJcd h: l'hase I 

INPUI INfOHHAllON REQUIRED 
ui1lcss othcrwJse dcsl~natcJ in Sulu:nntractors Contract 

INFORHATION REQUIRED ON P&ID 

FROH PROClSS 
1p,-;;;-;·~ow Oid')fJm f9 Ell 
0 V1:~\el':. dc'Ji~11 sketches showing liquid levels and internals 
e Fired hcal~r~ µroce~~ dala ~heet! 
• Cump1e'J"iOf\ d.ita ~f1t•e1s (process informalion only) 
0 tfic.il C11:t.h,ui1Jt' equipment proc~ss c'ata ~heels 
0 Cuol in9 nicll".uds C. re4uirements 

f Rl.t1_r_!:!OJE C ! 
0 Hcd1J11ic.il sµccifications which include: 

l•l·~itj11 phi lo":.oµhy t appl itdble cude~ 
E91urnaround block vJlves L blinds 
E'.9l!n~lal led equipment spares pol Icy 

Drivers; power 1r1edium 

TWinter i rat ion philosophy 
Hoise & pol lul ion requiremen1 

$Haus Ing of control centers 

l 
Appl le able standard drawings 
Future provi~ions 
Clralna~e systems 

O Boslc L~gin6erlng desl9n data 
I J<,b lnstrucl Ions for specific ch~ngu from 

FROH UNIJ CNGIN[ER 
fJJ. 0 Pump calcul.1t ion she~ts 

ED 0 Lines design conditions 

FRO/I CONTROL SYSTCHS 
OLJ,;if;;r;;.C,-i1.eri0ur appl I cat Ion of control 

5)' s I em-:./ instrument Jl ion 

FROH PLANJ DESIGN 
0 Pipin9 Material Classification Index 

~QH HETALLURGY (jointly with Project) 
CD 0 t'.<.Jlerial Sel1 ecl iQn Guide Diagram 

UGEN!I 

O Pre I lmlnary Data 
I Firm Data 
$Not 

EQU I PHENJ 
... Al I major equipment including number~ 1 

<illes and available heading informa1lon 

1-luttOfll tangent lint: elevation for vertical vessels 
-Out~lde bottom elevacion for horizontal vessels 

· -Liquid levels in ves,els 
{D-Vesseh Internals 

PIPING 
-All main flow line~ inc•.di .. g valves 

(9-Defined aUldliary syUt::ms ~.g. sta,rt-up, 
'Shut-down. pump-out. steam-air decoklng 
and regeneration, snuffing st~am ... --etc. 

-Preliminar._ line sizes£.~ 

I NSJRUHENTS 
-?rlncipal instrumentation control 
-?SV local ions 

WORK llllJIAJEQ BY P&ID ISSUE 

GENERAL 
~ P&ID by Proce.s, Start-up, Project, Conirol 
Systems and Plant Design groups 

UNIJ ENGINHR 
$-Initiate Linc D0>ignat ion Jab I es (alternatively by Plant Design) 

-Prepare prelimirary utility balance 
-Size lines and select appropriate piping~ 

CONTROL SYSJEHS 
-Add raiscellaneo"'! instruments 
-Complete lnstrumenl details e.g. board/local and 

pneumat le/electric 
ED-Establish need for dynamic simulatbn for certain 

control systems 

PL.ANT DESIGN 
$-Proceed with equipment arrangement on pre I Im I nary· 

model 
e-start line routing diagrams 
fe-Study lnstrumenlS & eleclrlc rack local Ions 

ELECJRICAL 
e-starl single I ine diagrams 
'1)-Evaluate A/G vs U/.G transmission 

CIVIL/STRUCTURAL 
-Study grades & drainage 

@ -Plan pre I lmlnar¥ U/G system 

E9 .illft!.:.!!f 
-Ccmnent on Slarl-up, shut-down & pump-out syslem" 
-Propose shu1-off requirements & location of certain valves. 

CONSJRUCJIDN 
-StuJy construction logistics, supporl facilities, erection 

and location requirements. Plan preliminary construction 
schedule. 

ATTACH "A" 
E.I. A-I, Rev. 6 
~age I of } 
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GfUl.Hf,L 
(c.;;;1;;;t~ from di I groups o,, pr~I iminary issue 

f Riii~ f'H(Jf f. SS e·s (.-~_::;.:-- p,,;µt: r I i ~ ~ 

TASK SEQUENCE TABLo 
&. ~ ISSU[ NO. 2 - RESULTS Of IH-H.JUSE REV IE\/ 

RCV. 0 - ISSUE FOR CLIENT ~PPROVAL 

(Ent lre ·Sheet Phase .1) 

INFORMATION REQUIRED lN PtlD 

EQUIPllENT 
-Cor.1plete heading in format ion 
-Haterial cla'Ssifica1ion on columns t ve~~el~ 

-Relief valves - set ?ressures & preliminary !lzes 
I \le·.·.,· I., :h· .. i•1•1 ,l,_·1c:h ... ·:o· ·:.>::i ... ~ I h1uid levels£ internals 
I llc.11 t'•t:het11~1•! c~u i pr1cn I oa ~a snc.= ls. 
I lr&Jy .1.11.1 '>h-t~:.!I~ 

I Cool i114J 1·.cthoJ~ e. 1t:~uir~ .. ents 
I l I fl m:n l \y •:d errc; 

0 R .... :I icl ..,~1\., . ., 1.l:H.1 ~r·c~<:. 

FRC\M PROJH I 
·~~·;·~;;ic..ll SJJt:C i I i'dl ior» 
I 8J~ic en9inet:rin9 dt:sign data 

PHtl~ Oil 11 I UG IUH H 
i ~~;.;p·~-t.:-~i~j:;(·~n ~heets 
I Li1u .. ·:, dc~i~J"' Ctlf1-di1 ion'ii 
I L111c nuri·bt:r~. :i.t."lccted ~;zt'i t s.pccs 
I O~:I i11i 1111•1 ~I .1;1.• i I idry 'i'l;tein'> which •,.ere not 

~l-.01-nl on pref ir·indl'Y is'f1..:e 

I f.Quip1111:nl 1-i'>-:.ing de:tai I!: e.9. nun1lier of parallel 
l.,.,J .• 1111Jcr ~!.,·H·. dnc: air t:nle!I exchanq;er sections, 
~ .1r i.,u, t:llt:ham.1cr no1z I es. it;rnacc pa'SS.e'S---etc. 
•t::,11rtJi1 •• 11t:J .-.i111 thCl'.hiJnii:al group) 

0 Ctiui1-1nt~11t pcrtori-:,111c~/d-,·n:l'9'lic rt:!:iipanse data 
1oht.1i1wd lru· ·cc11ta11icil ~roup) 

r1-to" Vl5SEL r.r..auP 
o-Vt:.-!:IS;T-;-coord inat icn drawi ng'S 

l'.Atl11 (l)t1l~fJL SYS T[t'I;) 

e·U~i·i-;;~,;-~~il~-;T;for application ot control 
,.,., '>l t.:111/ i 11~1 ru .... :n ~di: ion 

I fJct:i!:lion rc•1·JfJin9 bu<1rd/local & pneu./elect. 
I (1u11rol v01lvt.• nJnif·old .:;c-eraf rc1.1uin:ments 
I level yduyc L lc~el control details 

FROM PLAHT OfSICH 
I Pip·~··t1.:11cri:;T Cld~~irica•.ion lnde,x 
0 Pi1>in9 t1.11criJr Spucifica:ions 
[ROM M[ IAl.lltRCY 
I 11att:rial Se Itel ion Gulde Oia9ram 

.!Jfil.!m. 

PIPlhC 
:rr;;;-nur.bers, sizes, ~pees and lnsula1i·on/ 

stear tracing requir~ments 
-Piping class. spec .. ~reak 
-B~iler cede and li~ir~ 
-Sanple pcinls 'types of sampling devic~s 
-Stea~ traps and types 
-Ca::plete missing au•iliary sy~tems t piping 
-Al I valving 
-Tight shut off valve; & operating blinds 

INSTRUMENTS 
-Oetai led control scheme 
-co~trol •alve manifolding 

0 Pre I lmlnary Dau 
I Firm Data 

l/JRK INITIAIEO BY PttO ISSUE 

PLANT DES ICN 
-Plut plan studios 
-Pipc· .. 1c1·1 la1out· ;tudies 
-Ves'Sel nozzle orienlalion & piping layout 
-Exchanyer~ nozzle orienlatlon &.piping layout 

· -ile!:.~C I ... in:.: rumenta: iun 
-Vessel platforr; & ladders 
-Bulk material (pipe;. fittings f. 'Small valves) 

take-off and prelininary order 
-Valves ta~c-off aod solicit bids 
-long d~livcry ilerns (mainly alloy piping, iittings 
& valve~ - also 'Special valves) take-off, 
solicit bids anj order. 

CONTROL SYS HMS 
-Start 'Sizing control valves, relief valves, 
orifice plates 3nd orifice runs as data is 
generated by Unit Engineer 

-S1art lnstrunient data 'Sheets 
-Start approved 3ynamic simulation Studies 

(if not already underway to aid in plant design). 
ELECTRICAL 
-Plan required electrical drawings 
-Continue 'l·;nc;le line diagrams 

· -lnvestiga1~ aret classifications 
-Stud)• el~c\rical control~ 

VESSELS 
~ue vessel design details & procurement 

CI VI LIS TRUC WRf.L 
-Continue U/G studies 
·U/G bulk raterlal take-off 
-Start foun1ldtio1s design 

Spec. No. 14222-A-2 
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INPUT l~FORHATION REQUIRED 

G [II( R.'<l 
-Cl ie;t°•~ ccmnents 
-Convucnts from dll Bechlel groups on Rev. 0 

FROH PROCESS 
I Relief valves d~la sheets 
I R~I it:f load~ L occL:rrt:·1ces 
I Complete missing process data 

FF:O" 11111 T !'NG I NEfR 
I Sizing of on-plot relief system 

fHOH CONfROL SYSl(HS 
I lnstru1ncnts numbers 
I Datu sheets on 

Control valves 
Relief valves 
Level 9c1u9es 
level controller~ 
ln-1 ine in!tl runent s 

~eQ~iremcnts for special control valve 
manifolds 

=ROii PlANr DESIGN 
1·PTpin9 Haler ial Specif ical ions 

liill!!! 
I Finn Data 

T~SK SEQUENCE TABLE 
~ISSUE NO. l q[SULTS or CLIENT REVIEW 
/Ji. REV, I • ISSUE FOR CONSTR'JCTIOH 

(Signed by Cl lent) · 
(Entire Sheet Phase I) 

1NFOR/1ATION REQUIRED ON P&ID 

EQUIPHE~T 

·final vessel liquid levels 
-Final nurber of exchanger shells and air cooled 
exchanger sections. 

-Heater arrangement t passes and all ancillary 
equlprienl e.g. fans, dampers, air preheater--etc. 

-Final selection of driv~rs 
·Upda1e eq,lpment t piping furnished by suppl ler. 
Harks. list 11holds" on items"°' firm. 

PIPING . 
:sT;;S of all relief lines 
-Complete operating vents g drains 
-Final line sizes, specs, Insulation and 
steam/electric tracing requirements 

·Code nu~bers for special Items 
-Ut 111 ty t le·lns 
-~omplete steam-out £snuffing steam lines 
-Complete gas purge I Ines ' 
-Complete closed drain system 
-Comolete ~lnlmum flow by passes If reouired 
-Lines for special pump seal fluids 
-Hajor expansion joints 
-Complete type of sample connections and Of steam 
traps 

INSTRUHEHTS 
... 1nstrUf'lent numbers 
-Control valve sizes· 
-Relief ~alve sizes 
·Fl°" meter run size If different from line size 
-lnstru~ent purging & winterizing 
-Note for special control valve manifold 

WORI: INITIATED BY P&ID ISSUE 

UN IT ENG INHR 
·Complete line designation tables 
-Issue a pressure profile for compressor 
clrc~lating system at different op~rating 
conditions e.g. S.O.R., E.O.R. (start of run' end of run) 

VESSELS 
·Complete vessel drawings 
·finalize nozzle sizes£ locations 
-Continue design on miscellaneous vessels 
-Re-check '"'ith Unit Engineer all vessel 
skirt heights 

CIVIL/STRUCTURAL 
·Start final grade drawings 
-Start final civil design drawings 

PLANT DESIGN 
·Issue plot plan for client approval 
·Start equipment model Ing 
·Commit all piping material (except 

those on hold) 
-Valve tabulatior 
-Continue piping studies 
·Continue misc. adder/p~atform dwgs. 

CONTROL SYS rEHS 
-Continue design£ complete data sheets 
-Order Ins l rument s 
-Continue appoved dynamic simulation stUdies ~ Issue report 
ELECTRICAL 
-ls~ue area clas~lfication drawing 
-Continue all electrical drawings 
·Order electrical equipment 

ATTACH "A" 
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ITEH 

VALVES 

3BD319-2" 

3BD308-3" 

.!:.!!!ll 

380327-1" 

3BD320-I·' 

3BD312-I" 

I NSTRUHENTS 

GRID 
NO. 

B-3 

A-4 

A-4 

B-3 

c-4 

B-3 

·Pl 590 on 3P-112 D-3 

POCV 214 on ·3P-90 0-3 

LAH-3 & LAL~3 on 3C-1 F-1 

EQUIPMENT 

G- 3 228 - Pump E-1 

F-310A ,. Fi I ter F-5 

K-317 - Compressor D-5 

61 I 
,/', : I 

,.O'·. I I Revision for P&ID 
D&f( ' ... ; ; 

SCAU ! DUIGIO(D 

0•1co111 

I lid! I 
I 

! ' 
Specification No. 14222-A-2 

WAS 

3BD319-2" 

3BD308-3" 

3BD320-1" 

3BD312-lt" 

POCV 214 

LAH-3 & LAL-3 

F - 3 I CA F i I te r · 

800 BHP & 1028 
ACFH 

3R·A·5 Rev. 2 
t(YISIOllS 

I DH•" 

XYZ OIL COMPANY 
HYDROTREATER 

REVISION LIST FOR 
P&ID 3R-A-5 

Rev. 3 

! 

CHANGED TO 

Added valve 

Deleted valves at PV201A 

Changed plug valves at 
PV201B to gates 

Added Line 

Deleted 

Changed size 

Added 

Deleted 

Relocated to main 
panel 

Added pump 

Deleted 

600 BHP & 800 ACFH 

ATTACHMENT 11·8" 

Samele Revision List 

I I I 
I I I ---·· 

I I ! 
1¥ I CM& I ; · ~~,~~,. ! l"'". 

I c;;;)lll(, 
I ["Ga I 
I JOI .... 

'}l.. 
~~J 

I l"Ga 

I O•&WtMG •o. 

I A-A-103 

Sheet .. 16 of 16 

; 

I -' 'b'\,.:J 
i -..... ,,,_.. 

i •lY. i 

i 
I 0 



~ 

..:. 
"' "'" -· 
= 
:.t: 

~"' "' 0 
:... ,!',. 

,\'\ 

.A 

1. GENERAL INFORMATION 

2. UTILITY INFORMATION 
Steam 
Condensate 
Electrical Power 

INDEX 

Water: .Feedwater, Cooling l~ater, etc. 
Fuel (Oil and Gas) 
Air and Inert Gas 

3. EQUIPMENT DESIGN INFORMATION 
Pumps and Com~ressors 
Heat Exchangers 
Heaters 
Instruments 
Slowdown Flare 
·column Internals 

4. SITE INFORMATION 
Climatic Data 
Unit Elevation 
Soil Conditions . 
Water Run-off Paving 

5. MISCELLANEOUS GENERAL INFORMATION 
Buildings 
Fireproofing 
Insulation 

6. ECONOMICS FOR TRADE-OFF STUDIES 

TABLES 

TABLE 1: Noise Guidelines 

PAGE 

2 

3 
3 
4 
5 
6 
7 

,, 
u 
3 
9 

10 
12 ,11 

l3 
14 

l5 
16 
17 
18 

19 
19 
19 

20 

TABLE 2: 
TABLE 3: 

National 0 :-imary and Secondary ~mbient Air Quality Standards 
Prevention of Significan~ Deterioration (PSD) · 

TABLE 4: Occuoattonal Exposure Guidelines 
TABLE 5: Waste Water Effluent Guidelines 
TABLE 6: Ohio River Water Qu~lity iY77 Data, Evansville, Indiana Area 

10/.:.l-:o ~!:~'':SEJ SH. 3. !. & !fl. ~'":!'L\CC.D V.BLE 6 
1 / •'1 i =-

!!;! 'I ' REVISED SHEETS lJ ~ 16 Uf -·~· 
;..sn 
L'. 5. Dt.'.: 

THE u:Ec:·:ri:R!OGC: PROJECT AECI JOI *>. !.!.2~2 
COO?SRAT11!E AGREE~'."£:H ~O. DE-f:'C05-800R20717 Srt.1. IF IC.Al ION 

0 ROJ~c·~ 3PEC~FirJTrn~1~ 
JP.SIC E:·!GI::E::RI~!G J;l.T.~. l!.22~A-3 

'(' 

SMUT ___ : __ OF -·--'..-'--



U.S. 
THE BRECKINRIDGE PROJECT J 

DOE COOPERATIVE AGREEMENT NO. DE-FCOS- 800R2071. 
Project Specification 

Basic Engineering Design Data 

GENERAL INFORMATION 
aJSTOMER'S NAME Ashland Synthetic Fuels, Inc; Airco Energy Co. Inc. 
B.EFINEB.Y LOCATION BRECKINRIDGE COUNTY. KfNI!!CKV 
UNITS COAL LIQUEFACTION 

SYSTEM OF MEASUREMENTS IS 0 TO BE ENGLISH. If otherwise, details-.::.EN:.:.;G::.:L:.::I~S.-H ______ _ 

CONTRACTOR'S SPECIFICATIONS ARE TO BE USED. BY ALL SUBCONTRACTORS 

YES - As APPROVED FOR PROJECI. 

In the event of conflicting requirements, those stated in tbe Project Spe~ification 
shall govern. 

All construction shall conform with the latest edition of the applicable 
sections of ASME, ASTM, AIEE, NEC, TEMA, AISI, NEMA, AISC, ACI and other 

A governing codes of standard practice. The following regulatory agency state 
~or local codes or laws shal1 supplement the above. 
~ Pressure Ves~els ASME SECTION VIII QJV. l OR 2; ASHE SECIION IX; WEIJ>Il{G QUALI:i:LCATIONS 

Boilers ASMF SECTION I 

Buildings & Structural USC 1979; AISC; AC! 318-71. LOCAL CODES 

Electrical ANSI CI-1975, C2-1973; APIRP 500 A/8/C; APIRP 540; NEMA-Ul; 
IEEE 141-1976, 242-1975, 446-1974 

·LOCAL, EPA, NATIONAL PLUMBING CODE-IBC sanitary 

Aircraft Warning ___ FAA-----------------------------

safety OSHA, MESA 

Water Pollution __ Lo_c_A_L.;., _E_P_A.;., _c_o_MM_O_N_w_E_AL_T_H_O_F_K_E_N_Tu_c_K_Y_S_T_A_!·m_A_R_D_s ________ _ 

Air Pollution · EPA, NATIONAL PRIMARY STANDARD, COMMONWEALTH OF KENTUCKY AP-1 (SEC. J) 

Moise 

Piping 

OSHA, AO! STANDARD (WALSH-HEALY) MEASURED AT 3 FT. FROM SOURCE 

ANSI 831.1, 831.3 I 816.5 

Exchangers: TEMA; ASME Sect1on VIII on all steam Generators (Waste Heat Exchangers). 
Storage Tanks: API 650 
Exceptions to Codes: None 

Specification No.14222-A-3 Rev. 4 Sheet __ 2 __ of_.....;;;.;35 ___ _ 



THE BRECKINRIDGE PROJECT 
ASn-AEc::: {j .s. DOE CONTRACT NO. DE-FC05-800R20717 

Project Specification 
Basic Engineering Design Data 

.& ll!ILITY I?\70?.!"-:..nos 

ST::AM 

l. ID Process Area 

P~ ... c:;mi ..... Dsil! T~~A.Tini1" oF. VALtiE 
SERVICE J:nr M,e.y )I(" .,.. ..... Jo('"" ..,;n ... 11non,., 

Hi11h Pressure onn 
. 

R7C: onn RC:n 7C:n pc: 7 c:n 
Hed. Pressure 600 600 660 575 700 720 L.RR 

Low Pressure 1 'iO C:::AT 1 'iO 1 QO 1L.O ii:.i:. 1R1 ,,,., 
!"lean '"'xhausc c:n C! ... ,. c:n 7C: .t.n ?QR ':I ?n ?Q7 

Oily Exhaust 

2. At Boiler Plant 

PP.::ssmu:. DSi2 1".t.X. AVAIL. VALUE 
SERVICE 

Nor Max Min '!oF f/Hr c/lOOOf: 
Hi11h Pressure onn Q?'i R7'i 1c:n 

""" P.-., .. c .,.., C:4'1' .1'.?C: i;R'i i:.nn 'iO'.l 
T "'u ,,.,~cc ,.,_ 17'i 21 'i Ii; 'i 450 
..,.,._ii au st I 

Deaerator . . 
COND!:NSATE 

l. Condensate froig 900 ~sig steam syste:ii shall dis=.,.,.a..-ge @ TBD psig IBD 

2. Condensate frolll fi!JC psig stea:i ·systlll:I nu dischqe @ I:Bll D5ig IBD 
150:esi~ and 50~sig Tet2 -

3. Condensaee available at l- . y li:Csll! 40 ~sig at SAT •F and at GP~. 

3. Deaerated Boiler Feed Water to Process .. Areas & 
Service I Pre::;sure, Psig Temperature vF i 

Boiler Pressure I Nor. ~x. ·1 Min .. Nor. Max. Min. 

900 I 1050 1100 1000 292 292 270 

I 
, 

600 725 750 700 292 292 270 

I i I 
150 & 50 250 : 300 I 200 292 292 270 I 

I I 

Specification No. 14222-A-3 Rev. 4 Sheet 3 of 35 
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rn:: :::rc::r:-::~:.:i.:;r PRo.;::c: 
U.S. DOE COOPERATIVE AGr..E~·:.:::;: :;(;, DE-i"COS-i<M-=l?niJ i 

Project Specifica:ion 
Basic Engineering Design Data 

UTILITY INFOR.."'IA!ION 

ELECTRICAL POWER 

HORC:i".POw~o RASr.F 
SERVICE From To JI\ VOL!AGE PHASE 

6 314 115 ,, \ 1 
Motors 1 200 I'\ 460 3 

ZU.1 c;onr1 
"'" 

1.nnn 3 
Tnc,..,..,,,.. .. _,.~ ) I\ 115 i 

Li2htin2 Distribution ' I\ 120/208 1 
Transf orcier capacity Later 
available for this project 
fco.---~arv r---H-;,.._.,, 
Su1:ii>lv to l>oi';nPrv t... ~'P ~""'~ C:f'\1"11 A\ 11'1 noo ~ 

suo~1~-overheac cjcc11it-c: A ? 

FREQ-CPS 
(HERTZ-Hz) KVA 

i;n 
i;n 
i:n 
i::n 

60 

i:n I I 

J 
~ · ~n plant generation: .&, 1 unit. , 4000'volts 50 MW 

!. All electric lights shall be 115 V,grounded on one side. & ------
2. Incremental value of electrical power is &, 9. 5 e per IG.'H. (1987) 

3. Is special insulation for climatic conditions reouired· Nona 

4. Special conditions_!a~rge~·-------------------------~ 

s. How reliable_ is Power System? See BREC Letter March 27/80 ~ 

6. Average number of power failures per year? See "5".above. 

Re::.ark·s: 

1. Continuous "On-Off" type motors {<lHP) should be 460V, 3 phase, 60 Hz. 
2. ~rea classification: By Bechtel. 
3. :'.:low grade distribution for power; Above grade for lighting and instrumentation 
4. ~ector Rotation -~ccw and 1-2-3 seouence 

Phase relationship-NEl·:A/ANSI stancards. 
::'.eiaying requirements- r:Er·:C../.C..~isr standards 

5. Uninterruptible power supply (UPS): Required for 30 minutes operation of all 
instruments except computers. 

&6. For mocors above 5000 HP, 13.2 kV and 34.5 kV s~·stems ;;ill be avail.able. 
Selections will be made on the basis of economics. 

~~~cification No. 1'2~2-~-3 =.: .... 4 ---- Sheet __ ,_: __ o7_J5 __ _ 



THE BRECKINRIDGE PROJECT 
U.S. DOE COOPERATIVE AGREElIENT NO. DE-FC05-800R20717 

Project Specificat.ion 
Basic Engineering Des.ign .Data 

UTILITY INFORMATION 

....... u . 
Circulat- Cooling Raw 

DESCRIPTION ing Tower Boiler 
Cooling ~ater Feed 
"-~-- Ma e-uo Mi>ke-"" 

Source C:WT mno RTVFI< ni-ITO RTVFRli 
Return CWT 
Suuulv Pressure at Grade osia 50 
Return Pressure at Grade n~in 35 
Supply 'l'°F for Exchanger Design 85 --* Maximum Return TUF 115 
Availability over use GPM ~s rea'd 
Value, c/1000 Gals. 
nH 6. 7 to 8 ~ 
PPM Total Hardness as ·caco1 88 to 190 
'P~ l"al~ium as CaCO't 
'P'PM M"~- .. .,.; .. - as Cat"'n-. 

PP~ Total Alkalinity as CaCO'l. -
'P'PM "'P" .&11':oHni,..., '"' ,._,.,..~ 

P~ Sulfate as SOL 4? 'tn 1Fi? 
PPM Chloride as Cl 14 ?" c:c: 
PPM Silica as Sio, 5 to 35 
PPM Susnended Solids 7 to 614 
PPM Dissolved Solids 334 

?rested 
Boiler 
Feed. 

-ko-·•-
fl\ 

* At any Exchanger Piping Design 150psig 
at 200 F 

See Table 6, Sheet 25, 
for :nore canplete data. 

1. ~°F wet bulb for cooling tower design. 

& 2. Boilei feed water treatnu:~nt:t:andensare From '-1adi,.= Pressure Ba1 1 ers 
Low Pressure Bo11ers: Cold-Lime Zeolice 

-

.. 

-

3. Cooling water treatment ·.:::,Chl.l.rwo~m.l.llaw.to5ie-------------------

& 4. Potable Water: 50psig, Ambient . Pi-eing D~sign ~50-ei?is:, isooF. 

5. Utility Water: 75psig, Ambient, Piping Design l50psig, 150°F. 

6. Cooling water supply is to be underground to each service. 

7. Firewater is to have 4 hours storage, based on flow to be determined by 
Bechtel. Pressure to be 125psig, Ambient temperature, at the most re
mote user during maximum anticipated usage. 

8. Cooling water thermal relief valves to be set at 75psig. 

Specification No. 14222-A-). __ _ Rev._4 ___ _ Sheet ___ 5 __ of_35 



THE BRECKINRIDGE PROJECT 
U.S. DOE COOPERATIVE AGREEMENT NO. DE·FC05-~00R20717 

Project Specification 
Basic Engineering Design Data 

UTILiTY INFORMATION. 
FUEL 

'l'V t>F 

nTT ,. . .,. 
DESCRIPTION Fuel Startup REFINERY I MEDIUM Startup 

Oil Oil ·FUEL BTU Gas -0 API 28 28 GAS GA.C: 
Viscositv. ssu ta Oi:- & & 
Temoerature at Burner 01:' 100 100 
r.. .. o~~ Heaf';-~ 1Ta1--- n ... ;,,.-;,, 140, fllll I 111n nnn 

Availabilitv ove .. ··~e ,.'DM 

ua1 .... ~/'R'RT 

Wt. oom Vanad; ••m NIL 71\:IIL 
Wt. '!. Sulfur 0 05 n nr:: 
u .. an4- ..,_4.,., ·---

., __ 
'D"Tr 150 SO@lQnOF 

ft-.---- ft--.ro ·--
.. __ 

'D"Tr lUD 5 
'Fuel c.as Header u~- 'DC:Tf" 7c; 
Sp. t:r. I n 0 F.7 " ~ Mn .. 'lolo""i"o U:a1 ·- 'll,.,,,,,_,.1:' 1C:.,C: .,.,,, ~ TBD 
Availabilitv -··-- ··-- ,.1:' /'lol 

.,_, ·- ,./1nnn ,_. ,, \ (1 \ 

Vol. '!. H.,c; - -
r..rai nc-/r.'F" ··-C:ul f .... - n n11L. 

Remarks: 

·-

&cl) $6.00/MILLION BTU 

Specification No. 14222-A-3 Rev. 4 Sheet 6 of 35 

. , 



THE BRECKINRIDGE PROJECT 
U.S. DOE COOPERATIVE AGREE.i.'1ENT NO. DE-FC0)-800R20717 

Project Specification 
Basic Engineering Design Data 

UTILITY INFORMATION 

AIR, NITROGEN 

Instrument Plant ,&. 
& Air Air 

.. 
Source ' Boiler Plant Boiler Plant 
A··-•1 i,,-•. "'-··--- I 1 \ 
l'ressure.PSIG 12\ 11 c; 11 i; 

Temoerature Ambient Ambient 
Dew Point -4QOF -4QOF 
u1 1 i-ree Yes Yes 

Remarks: 

SER VT CE 
Low High 

Pressure Pressure 
Ni +- '"'"""' tHt--n--

nvvoPn Plant nvvnon Pl~"+-

c;n '!"11.TI 

Ambient Ambient 
-40UF -400F 

Yes Yes 

~(1) Independent facilities for generation of air and nitrogen will be required. 
1 Size to be determined later. 

Specification No. 14222 -A-3 Rev. 4 __ _ Sheet __ ? __ of_ 35 
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THE BRECKINRIDGE PROJECT 
U.S. DOE COOP.F,RATIV'F. AGREEMENT NO. DE-FC05-800R20717 

Project Specification 
Basic -Engineering Design Data 

~UIPMENT DESIGN INFORMATION 

PUMPS AND COMPRESSORS 

F..nUIPMENT 
'D.~ ,_., - !II!!! ___ 

"---.,~i-· "-ft-.. 
· n .. i ver Tvne 
Compressor TTI>e 
n ... -1.., .... """ Sl"eam P.ata"'"" 
Fn11 Sria"r"es 
'l'h----i> ..... n ~""""k""" Al 1 ...... o..l T C.::l 

Mi-•-.,.., S1>a"t"ea TBD 
t.t ... c----- TBO · 

Air 
l!Ul">wer~ 

TBD 

l. Are direct aeting steam reciprocating pumps acceptable fo,..,r_...1...,jm..,;.,.r..,e,..d_..u.,.se..,? ___ _ 
Not nonnally · 

I 

i 

2. Steam reciprocating pumps shall· exhQa1w.•s~r.....,,r.oi.o·-A_tm.;......;o..;.s.:..p_h.;.er_e ___________ _ 

3. Shall electric power failure be considered in sparins po1icy· See note D 

4. For air blower desiEJl,use ~telative humi.d:U:y and~·F dry bulb temperature. 
& 

Remarks: 
Note A: All pump and compressor motor drivers sh~ll be sized acco~ing to the in

dividu1l ~ump curve or compressor design such that they will be non
overloading with the· design fluid (and with the installed impeller}. 

Note B: All. reciprocating machines shall have suction valve unioaders for 0, 
25, 50, 75, and 100%. 

Note C: Types of compressors and drivers, where large machines are required, 
will be detennined by ASFI and Be,chtel. 

Note 0: Plant will be protected against power fa11ure by auxiliary power gen
eration and/or steam drives. 

Speci fi ca ti on No. 14222-A-3 Rev._:+. Sheet_---"-s __ of __ J_s __ 



THE BRECKINRIDGE PROJECT 
U.S. DOE COOPERATIVE AGRED-!ENT NO. DE-FC05-800R20717 

Project Specification 
Basic Engineering Design Data 

~UIPME?n' DESIGN INFORMATION 

BEAT EXCHANGERS 

(A) AIR CX>OLERS 

l. To what extent shall air cooled exchangers be used: ..;M..;:a;.;;x~imu=m-.·;..... ___ _ 
Use 130°F break point between air and water cooling 

2. Preferred tube length (Std·, lengths in U.S.A. are: 30 Ft . .i::. · 

3. 96 Lti. °F dry bulb for air cooler sizing. 
4. Steel tubes: l" OD, 12 BWG (min.) 

(B) SHELL & TUBE UNITS 

l. Prefer~ed straight tube lengths are: __.2;,;0:;...;.F..;:t;,;,. _________ C*). 

2. Preferred carbon steel and low alloy (up to and including 5 Cr l/2 Mo) 
tube size is 3/4 inch, 14 BWG. 

3. Preferred brass or admiralty tube size is ---3/_4 __ 1nch, _1_6 __ BWG. 

4. Preferred high allo~ (above S Cr l/2 Mo and up through austenitic) 
tube size is 3/4 inch, 16 BWG. 

S. · What is the limitation of bundle diameter? __ 4_a ___ inches. 

6. What is the limitation of bundle weight? 15 tons lbs. or tons. 
7. Fouling factors: Water side 0.002 
8. Design for 10 PSI~ on cooling water side. 

Remarks: {*) For U·tube units the maximum nominal length (from tube ends to bend 
tangent) will be limited to the straight tube length. 

9. Minimum water velocity: 5 rt/sec. 
10. Maximum water velocity 

Red Brass, AL-brass, Inh Ad~iralty 
~Carbon steel, 70-30 Cupronickel & Monel: 

90-10 Cupronickle: 
304 & 316 Stainless steel: 

IL All exchangers must be self draining. 

8 Ft./sec. 
10 Ft./sec. 
12 Ft./sec. 
15 Ft./sec. 

12. Preferred FIN type should be tension wound or extruded. 
13. All water cooled exchanners to have block valves on both inlet & 

outlet plus a thermal relief. Valved flushings connections are to 
be located inside the block valves on both water inlet and outlet. 

Specification 14222 -A-3 Rev._4 ___ _ Sheet 9 of. 35 ·--=--...--



TH~ SR~C~lNRIDGE PROJECT 
t:.S. DO!: COC·PEi\ATI\':'. AGiU:::'..:!E..\T ~O. DE-FC05-800R~0717 

Project Specification 
Basic Engineering Design Da~a 

EQUIPMENT DESIGN INFORMAl'!ON 

HEATERS 

1. Heater shall be equipped with -

(a) 

(b) 

(c) 

(d) 

(e) 

Gas burners only and without prov1s1ons for the future installation 
of oil burners YES • See note 5 

Gas burners initially but with provisions for the 'fu=ze inst·a·Uation 
of oil burners ------
Gas burners for onstream operation but with oil burneu for scare-up 
and stand-by purposes ----------

Oil burners only ----------

Combination oil and gas burners arranged to fire either· or both fuels 
alternately or si1111.1ltaneously at full load con~itions _________ _ 

2. A pilot burner shall be provided for each oil burner or coSiination· burner 
unless ~thervise indicated ----------

3. Stack height shall be 400 A feet, minimum above grade line. Minimum 
temoerature shall be ·25QOF. · Tota.l length to be lined. 23:..· 

4. Licensee's specifications, if any, regarding: ~FAA.Lites. 

5 • 

.&. 

(a) Tube and fitting specifications --------------------------------

(b) Noise level Walsh Healy Act and OSHA 

Remarks Heaters will nonnally be fired either with refinery gas (1000 co 
• l'.M BTll/CFl or a mixture of refinerv oas and medium clU oas (250 to 350 
BTU/Cf) ~parate firing farilj ties ?ad pjpipg gill be tes;:1ti-retj 

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

6. Pilot Burners shall be provi fod with 103 of fired duty or 6.0 MM BTU/HR MAX. 
7. Efficiency must be 90~ or above (bas~d on lower heating val~e). 
8. ~·.hen generating superheated steam, superheat temperature must be controlled. 

Specification No. 14222-A-3 Rev. 4 Sheet 10 of 35 ----



THE BRECKHIRIOGE PROJECT 
U.S. DOZ COOPERATIVE AGRE~NT NO. DE-FC05-800R20717 

Project Specification 
Basic Engineering Design Data 

~U IPMENT DESIGN INFORMATION 

INSTRUMENTS 

1. Shall the control board_ be graphic? __ N~o--------------------------------------

2. Shall the con·trol board be semi-graphic? ___ N_o _____________________________ _ 

3. Shall the control board be non-graphic? Yes, Cathode-Ray tubes used 

4. Shall instruments be miniature? Yes - where used. -------------------------------
S. Shall the multi-point temperature indicator be mounted on a console deslr.? 

Remote multiplexjng tp hp 11sed 

6. Shall instruments be electronic? --.....!~--------------------------------------

7. Shall control valves be operated pneumatically? __ .1.1:.._ ______________________ _ 

8. Shall exte~t of instrumentation be minimum required for operation? ___ N_o ______ _ 

9. If extent of instrumentation is not to be minimum: ------------------------~ 

9.1 Shall all process charge and product stret1111& be measured with flow 
recorders? or Data Logger : yes 

9.2 Shall charge and product stream flow recorders be integrating meters? ____ 
No 

9.3 To what extent shall process streams be measured with flow recorders? 
As required for operations 

9.4 To what extent shall heat exchangers be equipped with temperature points 
&to measure their performance? As required bv Process. 

9.S If heat exchangers are to be equipped with performance measuring tempera
/\ ture points, describe the temperature measuring device. 

L.!..::i. Test wells only. 

9.6 Shall all utility flow rates be metered and recorded as process unit 
totals? By Data Logger - excluding coo11ng water 

Specification No. 14222-A-3 Rev. 4 ---- Sheet 11 of 35 ----
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THE BRECKINRIDGE PROJECT 
U.S .. DOE COOPERATIVE AGREEMEi.'IT NO. DE-FC05-800R20717 

Project Specification 
Basic Engineering Design Data 

9. 7 Shall utility stream flow recorders be in-tegratiaa.mura? As. required 
~ by Operations. 

9 .8 Shall provisions be made for any type of individwil atility flow rate 
metering, such as fuel to heaters or water to e:iu:llWgeES! ---------

Fuel to heaters: As reg~~~i!;,.Jr~e~d~bzy_P~r~o~c~e~s~s!.o·----------------------:
~ Water to exchangers · As req'l.!u:!,;i!;,.lr~e~d!....!2bzv_Pt,r~o~c~e~s!.lls!.o·--------------

9.9 Shall all process levels be shown on the control a.aril? If not on C,B, 
show on CRT. 

Yes 9.10 Shall high and low level alat'IDS· be used? __ ;._ _____________ _ 

9.11 Shall continuous streSJ!I analysers be used? As requited.for operations 

Ot.ber remarks ,,..,......,..,....,,.,,,,_...,.._.,.,..._~---------:-~":"""--------
Electronics are to be distributed; corrnp1micatjaas are 1R· be by 
Qata Hjghwa,y 

11. Winterizing shall be by steam tracing or diaphragm seals. 

~Electric tracing shall only.be used if controlled temp~ is required 
or there is no steam available in the area. Do not use electric tra~ing 
if operating temperature of the process fluid is too higla for the. 
insulation of the heating element ( SOOoF). 

Specification No, 14222-A-3 Rev. 4 --- Sheet 12 of 35 
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THE. BRECKINRIDGE PROJECT 
U.S. DOE COOPERA'.1'.IVi:: !1.G~.i:'l"."~ !\IQ. DE-FC05-800R20717 

Project Specification 
Basic Engineering Design Data 

DESIGN INFORMATION 

BLO'.JDOWN AND FLARE 

~ 1. Shall relief·valves handling hydrocarbon vapor be vented directly to the 
atmosphere? No. To knock-out pots and flares, except hydrogen, which is 
vented to the atmosphere. 

~2. Shall liquid relief system be combined with vapor relief system? Yes. To 
plant knock-out pots. 

J. Flare shall be smokeless to 10% of maximum load. 
4. Simultaneous power and cooling water failure shall not be considered. 

Remarks: 
5. Maximum flare header back pressure at process unit battery limits shall 

be IO PSIC. There shall be a liquid knock-out pcit at this point as well 
as the low point of the header (s). 

6. All relief valves with a set pressure of 100 PSIG or less shall be balanced 
bellows type. Relief valves with a set pressure above 100 PSIG shall be 
of the conventional type. 

Specification No. 14222-A-3 Rev.~--- Sheet 13 of 35 ----



THE BRECKINRIDGE PROJECT 
U.S. DOE COOPERATIVE AGREEMENT NO. DE-FC05-800R20717 

Project Specification 
Basic Engineering Design Data 

UIPHENT DESIGN INFORMATION 

COLUMN INrERNALS 

1. For general fractionation, are valve type trays or bubble cap trays desired? 
.No. Sieve trays are preferred if turndown is not a factor. 

2. For certain applications, process conditions will require a particular type 
I). of tray. In these instances, the type of tray shall be specified and 

. .£rAdesigoed by: ASFI or Bechtel. or Process Licensor. 

3. Steel trays will be furnished for mild service. Suitable alloy will be used 
where corrosive conditions warrant.DO not use steel trays unless agreed by ASFI. 
Use type 410 trays,valves and holddowns unless corrosive cona1t1ons warrant 
a more su1tabie alloy. 

Remarks: 
. 1. FRI 

a.) 
b.) 

c.) 
d.) 

sieve trays to have following design criteria: 
Minimum 8% hole area 
Use sloped downcomers with the tops of downcomer having at least 8% of the 
tower cross-sectional area 
3 pr 5 pass trays are not to be used. 
Deviations must have ASFI approval. 

2. If valve type trays are required, Koch type Tor Glitsch type A-2 trays 
desired, with ASFI approval. 
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THE. BRECKINRIDGE PROJECT 
U.S. DOE COOPERATIVE AGREEMENT NO. DE-FC05-800R20717 

Project Specification 
Basic Engineering Design Data 

SITE INFORMATION 

CLIMATIC DATA 

l. -10 •y. shall be used for vinterizing. 

Record data: Min. -}6°F, Max. l08°F 
2. Direction of prevai ing wind is "from _;:.SW~-----------------

3. If location is within continental U.S.A. can wind pressure be in accordance 
with Unifonn Building Code: 25psf Tab1e 23-F 

4. If A58.l is not used, structural design wind pressure for various height 
zones shall be as specified in code UBC or as follows: 

English System 

a) __ psf below ~ft. 

b) __PSf above ____ ft. but 
below ft. 

c) psf above ft. but 
~w -~-

d) __Psf above ___ ft. 

e) Wind velocity used in structural design ______ mph. 

f) Shape factors: Flat surfaces __ . _Cylindrical surfaces ______ Open 

framed structures ------------------~-----------

g) If shape factors are in accordance with a specific code, what is code 
·unifonn Buildino Code 1979 

S. Maximum recorded rainfall in 24 hours 4.5 inches. -----
6. Maximum recorded rainfall in 15 mins 1.1 inches. 

7. Design snow loading shall be 20 psf. ANSI 58.1-1972 Fig.3. 

8. Provisions for earthquake shall be Unifonn Building Code· Zone 2 fr:. 

9. Atmospheric pressure: 14.4 PSIA 

10 Design Ambient 
Winter 

Remarks: : Summer 

Temperatures0 -10 F Dry Bulb 
%~F Dry Bulb&_ 
78 F Wet Bulb 
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THE BRECKINRIOG£ PkuJECT 
U.S. DOE r.ooPF.RAT!VF. AGREEMF.NT ~o. n~-FCOS-800R20717 

Project Specification 
Basic Engineering Design ~ata 

UNIT ELEVATION 

UNIT ELEVA:rION Data to be provided on establishment of Site Plan. 

1. Refinery site is ~------feet above sea level. 

2. Bench mark for this unit is _______ which is at elevation------

3 •. The following elevations, referred to the bench mark are: 

Low point existing grade ----------------------
High point existing grade ---~-------------------~ 
High point finished grade -...,....-~..,....~,..._-----------------~ & High point finished paving 4l5 ft (MSL) 

· · Base Line 100 ft --=--"--";.;;;..=-.------------------

4. Minimum height for finished top of foundations and high point of finished 
floors in buildings will be at base line unless otherwise noted. Other 

elevations to be used are: ------------------------~ 

Remat'ks: 

II 
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THE BRECKINRIDGE PROJECT 
U.S. DOE COOP~RATI~TE AG~~FMF.NT NO. nF,--~C05-800R20717 

Project Specification 
Basic Engineering Design Data 

SITE INFORMATION 

SOIL CONDITlO!'{S 
Data·to be provided on completion of Soils Program. 

1. Have soil explorations been made in the area? ____ If so, please supply a 
copy of report. 

2. If soil explorations have not been made, please supply the following with 
reference to any existing foundation design: 

2.1 
2.2 
2.3 
·2.4 
2.5 

Ground Water Level 
Bearing Value_.":"'. ___ PSF Avg. 
Foundation Depth feet 
Piling? Bedrock Below 100 Ft. 
Frost Line Depth 1.5 feet 

A\ 
to be confinned. 

3. Are there existing foundations or obstructions above or below grade in the 

process area? ----------------------------------------------------------

Remarks: 
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THE BRECKINRIDGE PROJECT 
U.S. DOE COOPERATIVE AGREEMENT NO. DE-FC05-800R20717 

Project Specification 
Basic Engineering Design Data 

SITE INFORMATION 

WATER RUN-OFF 

1. Give details of paving required in process area 6" rejnfnrcpd concrete 
welded wire fabric. 

_ ..... ,,~~ ................ ~ ....... -. ---------
2. Are oil drains com!>ined with rainwater sewer system? _N_o_. ---------

3. Roads and approach areas to be asphalt. 

Remarks: 
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THE BRECKINRIDGE PROJECT 
U.S. DOZ COOPERATIVE AGREEMENT NO. DE-FC05-800R20717 

ProJect Specification 
Basic Engineering Design Data 

GENERAL INFORMATION 

l. Type and construction of buildings shall be: 
Concrete block, insulated fanned steel deck on steel 

Control houses beams for flat roof. Explosion resistant to 3PSIG 
outside pressure. 

Compressor shelters Rigid steel frame, transite siding, pitcne~ roof. 

switchgear shelters Air blowers for circulation. Not pressurized. 

Pump shelters By Bechtel, if any. 

Other buildings: Insulated metal. 

2. Extent and type of fireproofing shall be: 

Skirts 2" Insulating concrete inside & outside or 3" regular . . 
Pipe rack In process Units: 2" insulating on columns and any load • ·· 

bearing member to FIN-FAN levels 
Structural supports _..,;11.:a~m:l.5...-------------------

3. Preference of insulation and weather covering. 

INSULAnON WEATHER COVEltING 
EQUlPMENT Block Blanket Hastie Alumirmm. Felt 

Ves.,elc x x 
EKchanaet's: A. x 
Pinf na x --

/( 

Remarks: 

A. Air conditioning is required for the control house. Filtering may also be 
required. 
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THE B~EC~l~~!DG~ P~OJ~CT 
U.S. DOE COOPERATIVE AGREEMENT NO. DE-FCOS-800R20717 

Project Specification 
Basic Engineering Design Data 

ECONOMICS FOR TRADE-OFF STUDIES 

This section provides a method for evaluating incremental or optional 
investments where these result directly in a saving 1:n operating costs. 
It should be 1 imited to those cases where there are no intangible factors 
such as safety, reliability or ecological effects. 

Engineering trade-off studies are to be made using the following costs which 
have been projected to 1987: 

STEAM COST UNITS 

900pi?ig &$16.30 1000 pounds 
600 14.26 1000.pounds 
150 .&: 14.16 1000 pounds 

50 13.95 1000 pounds 

WATER (COST)& 

Condensate - ... 0.94 &1000 gallons 
Demineralized Water &. 4.00 @ lOOOF 1000 gallons 
Boiler Feed Water 9.74 @ 250°F 1000 gallons 
Cooling Water 0.078 1000 ganons 

FUEL 

Fuel Gas 6.00 1 mi 11 ion BTU 
Coal 2.42 1 mi 11 ion BTU 

ELECTRI~ PQWER &o.ogs Kilowatt Hour 
CAiALYST & CHEMICALS Quotes from Suppliers 

Maintenance 5.% of installed cost per-. year. 
Property Tax & Insurance 2.5% of installed cost per year. 
Capital Recovery &. 2s.% of installed cost per year. 

Includes depreciation, interest, income taxes and profits. 
The incremental invastment to save operating cost should be paid 
back in 24,260 hours of operation. 

The above is to be used for incrementally changing equipment. However, when 
adding equipment which is not already included in the design, the installed 
cost increment should be obtained from Cqst Engi~eering. 
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Daily Exposure 
Hours 

8 
6-
4 
3 
2 
1.s 
1 

3/4 
1/2 
1/4 

TABLE 1 

* NOISE GUIDELINES 

-Allo.-1able 1ntensity 
dBA 

90 
92 
95 
97 

100 
102 
105 
107 
110 
1t5 

* In-plant. exposure, cumulative. 

~(Without protective ear covers for instance). 
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POLLUTANT 

Sulfur Oxides (SO ) 
x 

(measured c;s so
2

) 

Particul<itcs 

Ct:irbon Monoxide (CO) 

Photochemical Oxidants 

Hydrocarbons (HC) 

Nitrogen Dioxide (N02) 

TAClL[ 2 

NATIONAL PRIMARY AND SECONDARY AMBIENT AIR QUALITY STANDA~DS 

(expressed as micrograms per cubic meter at 25°c, 760 mm pressure) 

PRIMARY STAND/\RO SffONDARY STANDARD 

Annual H~ximwn Concentration Annual Huxlmum Concentration 
Hean (Al lm·ied Once Year Iv) Mean (Ai I owe·d Once YcM I ·1J_ 

80 365 1,300 

(over 24 hours) (over 3 hours) 

75 260 60 150 
(over 24 hours) (over.24 hours) 

-- 10 ml I I 1 grams/m3 

(over 8 hoursj 
Same as !Primacy .Standard 40 ml 111 grams/m 

(over I hour) 

160 Same Standard -- .as (rlmacy 
(over 1 hour) 

-- 160 Same as Primary Standard 
(over l hours--

6-9 a.m.) 

1.00 -- Same as rrlmary Standard 



TABLE 3 

PREVENTION OF SIGNIFICANT DET~R~ORATION (PSD) 

Particulate matter 

Annual geometric mean 
24-Hour maximum 

Sulfur Dioxide 

Annual arithmetic mean 
24-Hour maximum 

3-Hour maximum 

Hicrograms/cu.m. 

19 
37 

20 
91 

512 

Basis: Maximum allowable increase for Class II area. 

TABLE 4 

OCCUPATIONAL EXPOSURE GU I DELI NES 

!J.!i!.! ( 1 ) 

ppm(w) 

Nitrogen Dioxide 5 
Carbon Monoxide 50 
Sulfur Dioxide 5 
Inert or Nuisance Oust 

Respirable 
Total· Dust 

Chlorine 1 
Benzene 10 
Tolue~e 200 
Ethylene Oxide 50 
Ethyl Benzene 100 
Hydrogen Sulfide 20 

9 
55 
13 

5 
.15 

3 
30 

750 
~o 

435 
30 

(1) An employee's expcsure to any material shall not exceed the 8-hour time 
weighted average given for that materiai in this table. 
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Ar.'imoni a, ... 
Oil & Grease, 
Chromium, 
Lead, 
Zinc, 
Cyanide, 
Sulfides, 
pH 

'!: Floating 

ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 

TABLE 5 

WAS.TE WATER EFFLUENT GU I DEL INES. 

Maximum 

1.00 
10.00 
o.os 
0.05 
1.00 
0.01 
o. 10 
6 - 9 
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~ Table 6 (11 sheets) 
U33C3:so. OilO RI\'ER AT CA .... '\"E!.m'i DA.\f, "" 

LX.A~:o-.. ··..at !HS3' SR", lo:i& so•4:• ZC". Ma:1~ack Co:=:ty, ~-Crolo~ic l~:it c;14oio1, at C&."\."lel ten Dim, O. 7 r:1 (l.l k::) ..:;:strum fr::n 
lnd~a.~ Cr~-ek, 3.3 m1 (S.S ~) u:i>tre~~ fr::r.: Lead Cr~k, a."\C at r.~le i2C.8 (l,159.8 bn). 

ORUM..': Ai'.U..··97 ,UOC 111i l (151,UOO l.."::l). ap:in:.xi.Jr.atel)'. 

PE.'1.100 OF IWDRU. ··October 1975 to current year. 

CAGE.··Catc opening and water·sta~e recorders. Datun of hea~ater gage 0.4 mi (0.6 km) u;:istremu is 374.0 ft (114.00 m) CJ\io River 
dat11111. Datum of tail~'ter aage 0.4 mi (0.6 lli:i) d°"nstre11111 is 26.0 ft (7.92 ml lower. 

RB-WUCS.··!lecanis good. Daily discharge car:riuted f1"0lll head, 11;ate openings, and locluiges. Flow rell'Jlated by Chlo River syste111 of 
lacu, daas, and reservoirs u;:istre.:m fra:i statian. 

EXTilll-IES FOR PERIOD OF R!CDRD.··~l:l.x1"'ml daily disc:.~3rge, 561,000 ft>/s (lS,900 m'/s) Mar. 18, 1978, ~ headl.,ter gage heiitht, 
21.16 ft I0.450 m) ~~r. 18, 1978; r..axL-mr.i tail~'ter 11;age heighf, 46.44. ft (14.lSS m) Mar. 18, 1978; minil:llll daily discharge, 
10,100 ftJ/s (286 m>/s) Allg. 25, 1976. 

EX?ilEllES FOR ~i·YEAR.··~lax~ daily discharge, 561,000 ft>/s (15,900 m'/s) Mar. 18, max:im:.mi headwater gage hei§ht, 21.16 ft 
(6.450 m) ~lar. 18, maxi..~ tail•ater 11;age heiaht, 46.44 ft (14.155 m) Mar. 18; r.iini.num daily clisc:har&e,.11,400 ft /s (323 m>/s) 
Sept. 2o. 

Ol~C~A"bE• l~ CU~IC YEET ~E~ SEC~~o. •AfE~ TE&~ nCTU~EA 1917 To S£PTE~~E~ 1978 
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OM10 R1VtR MA.IM STtH 

03303:10 OHIO RI\'ER AT CA~liEl.TOS OA.'1, n 
(Nat1onal atr•am•Qual1:y account1n1 and pe1t~cid1 netvotk 1t1t1on) 

WATER·OUALITY RECORDS 

i.::~7!:~.·-~·~~l•• collected 2.0 mi (3.2 k~) upstream from dischar1e station,· 
F!~;:~ OF R!::i;.:.--~ater years 1975 to current year. 
F!F::: OF DAI~! REC:JRO.•• 

Si'!CHIC c:~;:iu:rA~iCE: October 1974 to current year. 
~Ai!R T!HP!R.ATURES: October 1974 to current year. 

RE~;..i;.ts. ••Flov re1ulated by Ohio River system of locks, dam, and reservoirs. 
COCrE.RATION.··Records of conductance and temperature collected on riaht bank at Cannelton Dam and funiished 

by Ohio River Valley Water Sanitation Commission and by Corps of Engineers. Saaples for pesticide analyses 
vere collected by the U.S. Ceolo1ical Survey a=d analyses made by the Environmental Protection Aaency. 

EXTREMES FOR PERIOD OF DAILY RECORD.·· 
SPECIFIC CONDUCTANCE: Maxim\111 daily, 6ll·micromho1 Au1. 10, 1977; minimum daily, 190 micromhos Apr. 12. 1977, 
WATER TEMPERATURES: Maximwa daily. 10.o•c. July 23 0 Z4, 1977; minimum daily, 0.0°C on several days durinR 
January 1977. 

EXTREMES FOR CURRENT YEAR.·• 
SPECIFIC CONDUCTANCE: Maxim1111 daily, 507 micromhos July 10; minimum daily. ZZZ micronhos, Feb. z. 
WATER TEMPERATURE: Maximum daily, 3o.o•c on several days durin1 summer period• minimum daily, o.o•c on 
several days durina January. 
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C&\.Cl"" 
Clh• 
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, .. 1111. 
&S CAI 
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!i>"t• 
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Cll'0° 
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toCIC-40• 
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32S 
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UIS• 
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A'.i PIGI 
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II 

IUllll TSJ 
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1.1 

, .. 
1.111 

1.s 

itOO I u14• 
. DIS• 

Sl.IL.11£"1) 
,.,~, ... 
•S ..... 

111 
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12 
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13 

Ii! 
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17 
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21.11 

PUfaS• 
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5"1LYED 
lollilL 
4li KI 

3o3 

loll 

2 ... 
3o9 

2.0 
2.0 

2.• 
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TUii• 
1110-
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c.11u1 
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L 1.1111 ff 

114Gll. 
as 

CaCOll 
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J fy 

INTUJ 
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10 

SoO 

i.o 

su1.Ft.rE 
015-
SOL.VEU , ..... ,\. 

as so•• 

on 

Ol 
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1M 
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79 

COLI., 
Fi.I.a 4e 
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0.1 
UNmMF 
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I no .... , 

l&flO 

430 
1300 

•6000 

'll90 
]60 
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C11LO• 
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1115• 
SOLVF.0 
(11~1.;11. 

IS CLJ 
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17 
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li 

ZS 

30 

2l 
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1co1.s. 

PE .. 
lUO NL.I 
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3!10 
uoo 

CSIO 
Uft 

FLuo
,. HlE • 

UIS• 
SUL YEO 
1-'IGIL 
t.'.i Fl 

oil 

.1 

.1 

.1 

.1 

ol 
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.1 

ol 

.> 

.z 

~-·Results ~ased on colony coun: outside the acce~ta~le range (r.on·i~eal colony count). 
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OHIO RIVER MAIH STEM 

03303210 OHIO RIVER AT CAHHELTOH DAM, ltY••ConUnued 

'"TTO~LANKTON ANALTSESo OCTOBER l'lllt TU MAT l9TI 

DATE HUY ... ,. lll>V llh111 DEC ltto16 MU 12•71 .1•1111 10.11 
TIML 12•0 1405 lllO 1300 lllS 

TOTAL CEU.5/ML 12000 510 2HO 11100 llOO 

OIV£MSITTI DIVISION o •• o •• i.o le• leT 
.CLASS o.6 o.t i.o le• leT 
.. UNDER o.11 lel 1.6 let 2.0 
eeefAMILf o •• le6 2.1 Zo4 , .. 
••••Gt:NUS Oe6· 2.2 3.0 >·• )el 

ctLLS Pt;rt- CELLS PER• CELLS PEN• CELU PEN• CELLS P!R• 
ORGA•OSM l"L. CENT •!U. CENf '"'- CE Hf /ML CENf /'4L CElltT 

Ctt\.ONOf'MTf A C&otEEN Al.GAE) 
eCHLUAUP"TCl::AE 
•• c ... owucoccALES 
•••CNAlfACIAClAE. 
•••• !ic.-oEuEMIA 3 .. 
eeeCOELASfNACEAE 
•••• COELA..aTMU" 220 3 no > 
•••"TOAOUIC1JACE.AE 
••••PEDIASTMUM z.o I 
•••MICAACTINIACEAE 
••••GOLENKINIA ·-·••••MICMACT INIUlt ZT s Tl 3 
... UOCYSTACEAE 
••••ANICISTNOOESMUS 190 1 110 z Zl l 
••••C,.ODATELLA no z • 0 
••••CLOSTEMIOPSJS .. 
••••UICTT~SPttAEMIUM IZO s 6509 Zl 
•••• fRANCEIA ~ .. •· 0 
••••«IMCftNEMlELL~ • 0 • 0 
•••• uoCYSTl!i 5• z 
••••&IUAOMIGULA - -••••SELENASTAUM -•••eT£1NAEDt10N 
•••eTAEUllAtflA 
•••~CENEDESMACEAE 
•••eACTINASTAUM 
••••CNUClGENIA SS lO 57 ' ••••SCENEDfSflUS SS lO Tl 3 460 ,. ZlO A 
•••eTETAAST~UM 320 ~ 21 l 
•• TETAASPOAAl.ES 
..... ALMELLACEAt 
••••~LOEUCYSTIS , - •• z 
••••~"AEt1UCTSTJ5 
eeVOLVOCALES 
eeet"l.AMT00fl0NAOACEA£ 
•••eCttl.AMYOUMONAS -. •Z 
•• ZT&NEMATALES 
•••D£SMIUIACEAE 
•••eCOSMAtllUM 
•••eEUASTMUM 
eeeeSTAUMASTfcUM 
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C!-!10 ~ l\"U ~\Alli STEM 

Oll0l280 OHIO RIVER AT CASNELTON DAM, rY••ConUnued 

l'"TlU .. LANIClUN &NAl.YiESo oc roaEA 197• T\J ""' l vra 

O•H NUii •·1• '1011 llh7' DEC 1607' .. .u u.n ,,.,.. u.n 
''"l U•O HOS l~lO llDO lllS 

CELl..S PEN• CELLS PEA• CELLS PEN• CELLS Pt A• CELLS PEit-
OICu&NIS" '"'- CENT 1,.1.. CEltT /ML CENT /"IL CEHT '"I. CEllf 

CofMTSIJP".'YT A 
eHACILLA~IU .. "TClAE 
.. tt.,..Tlf&LES 
••• custlNODISCACE.AE 

.••••CYCLU rEL.Ll •• a 670• 26 llOH 17 28 l 

••• e'4£LOSIMA llOO 11 l2D• SS 790• ll 20009 l• l•O 5 
, 0 ,,iTEPHANUOJSCUS •2 I 
eol'ENNALt:S 
,,,&C,...ANT"&CE&E 
,,,.&CrtN&otTrtES • 0 
•••• cott\lNEIS • 0 21 l 
oooolffflllC\lSl'rtENIA • 0 
••• CYMliELL&CEAE 
••••""P"l)AA 
.... CYl18t:LLA 15 l • • 0 
, • oD IA To"JM&CE&E 
•••• i>t • ro"" ~ l 
oeoFWAGILAMIAC~AE' 

1so· •••• asTEMIONELLA 6 uo 2 
,,,,FlfACilLAoflA 58 2 •OO 6 21 l 
••••l>YN[UWA • 0 • 0 
,,,GO .. l'rtllotE,.ATACEAE 
••• ,,;Q'41'rt1JNEMA 15 l 
..... AYICULACEAE.· 
, ,,,liToc051'i'4A 
,,,, .. &YICUl.A 110 21 • 58 z 160 a • 0 
••• ~ITZiCrtlaCEAE 
••••"'ITZiC"l& l4 • 1711 7 zzo 3 • • oool>UMl~l!LLaCE&E 
,,,,SUNllefLLA 
.c .. ocTSll .. "'CC:AE 
.,CrtWTS0'40NaOALES 
oooOCrtNUMIJN&OAClAE 
•• ,,&)JHUdMTUN, - _.,,,----. 

CT&N\lPrtYTa lllL.UE•GN~EN ALlilEI 
,CTA.,.Ol'"YCEAE 
•• Crt'40CC\lCC&LES 
,,,C,.MUCCQCCAE&E 
•,, • ACiME.rilELLUM 
,,.,&"IACTSTIS 120 5 1000• J3 
•, "\llf .. IJGIJNALES 
..... osTOC&Ct.AE 
•••••"IAltAENA • • 
,,,,aPrtlHIZU"EltON 
,,,OSCILLATUMIACEA~ 
,,,,IJSCILLATOMIA uooo. Ill - l200• 19 

EUGLE"IUPrtYTA IC:UbLt:NCllDSI 
.c1n .. TIJl'"TCLAE 
ooCHTl'TO"ONIDALES 
,,,ClfTPTOCrtMYSIDACE&E 
ooooCMNOO-.\l1tAS 9,1! J 
,,,Co4TPTO"U"ODACE&E 
.,,,CAT .. TUMUHAS 81 l 180 6 
oEUliLENlll'"TC!.AE 
.. EUCiLENALtlli 
.. • t UGLtN&Ct:AE 
,,,.E;UGLfNA -......... acus 
,,,,TMAC"l!LUMONAS llO 111 2 28 l 

l'Ylfw,.l)PrtYfA tf'll<E. Al.GAEi 
oOli.Ul'rtTC[At. 
.. l'E"IUllll&LE.S 
eooYl.[NUUINl&CE.AE 
•• •• lil.C:hUl>INIU,. - • 0 
••• -E~lU[~l•CE&E 
... ~-EWlUJl•lUM. 

hOTI::: . - OUIOlNANT UKGANJ:iMI £~UAL Tu OK ~'4EAT[N T"&N I~• . - UdS[><lllD UOCGA"llSMe MAY NUT rtAV[ ~Et.N COUNTE~I 1.£55 TrtAN 1'2• 
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OHIO Rl\'ER l'.AII\ STE~I 

OllDlZBO OHIO RIVER AT CANNELTON DAM, rY••Cantinued 

P"YTD .. LANICTUN ANALYSES• OCTU~EM l97o TD ~&Y 19711 

DATE .JUN l0t17 .JUL Zllo 77 AUu 111077 !iiEI' i!t.77 
Tl14£ lZJS 1250 lllO 1400 

TUTAl. Ct:LLSIMI. 5200 uoo 27000 'iZOU 

UlVEti!olTYI UlVJ'ilD'f loS lo& 0.11 loll 
.CLASS le6 lo& 0.6 l .11 
eellAO[M ••• t.9 o ... loll 
••• f'&"ILY z.o z.s 1.0 i •• 
•••• GENUS z.s leO . 1.0 2.11 

CELLS .l'EA• CELLS PU1• CELLS "lA• CELLS PEA• 
UMliaNIS" '"L CENT /ML CENT /!IL CENT /ML CE,.T 

C"LUMUP"Yt l Cl'allEEI~ ALGAE) 
.C"LUi.OP"YCEAE 
••C"LDMDCDCCALES 
•••C"AAlCJACt:AE 
•••• sc"MCIE.llt:Mll • 0 
oeeCUELASlN&CElt 

ze • 0 

••••CDEL&ST.;ut4 -- 140 J 
•••"'UkUDICTY&CEAE 
••••PEDIA!ITMU'4 00 a ''° lO llO 
••eMICAACTlNllCEA( 
••eoliOL[NltlNIA • 0 
••••"ICA&CTINIUM 56 1 
••• ouCYSlACE•E 
•••• ANic1s1wuuts11us JO 
••••C"CIDATELLA • 0 
••~·CLOSlEAIUl'!olS 
•••• OJCTYUSPM&EAIUM IO z ~· ••••f'MANCEJA 
•••• icti.C"NEtilELLA • 0 Tl 
•••• uOCYSTIS • 0 56 l 
•••• wu&DAIGULA JO l 
••••SELEN&ST,.uM 40 l -••••TETllAEOltON " -----· 0 
••••Ti.EUllAMlA 15 2 • ••• SCENEDlSMACEAt 
••••ACTlNASTAu" • 0 
•••• cttuCIC.ENlA 140 J 71 l 
••••SCENEUESMUS 4311 • l•O J JOO l.O l 
••••TETMaSlMUM lZO z • " •.TE TN&Sf'Otl&Lt.S 
•eePALM[LLACC:AE 
••••liLD[CICyST lS1 
••••~PMA[AOCfSTlS --•• vOLVDCALES 
•••CML&MY00MUNAOACEA£ 
••••C"LAllYDO"ONAS • 0 
• • ZYliNEMA TAL.t.:i 
••• OES•'llOIACElE 
•••• ..:O!iiM&AIU" 70 z • 0 
••••~UASTAUM • 0 
••••ST&U!;AST .. UM • 0 
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OHJO RJVER MAIN STEM 

03303280 OHIO RJVER AT CANNELTON DAM, rY••Continued 

CMlfYlaUll"''• 
od&ClLLAAIUP"YCEAE 
ooCE,..lif&LES 
••• coSClNODliaCACEAE 
e .. oCYCLOTELLA 

ooooMELDSINA 
ooooSTEl'HAHUUISCUS 
ooPENNALES 
oooACHNA"'TMACl!AE 
ooooACltNANTftt.!t 
ooeoCOCCCINEl::t 
ooo•M"UlC:USl't4ENIA 
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1.0 SCOPE 

Bechtel and all Subcontractors shall use Drawing Control and Drawina 
Supplements for tracking and reporting progress to ASFI and Bechtel.-

Subcontractor's forms may be used if the same information is reported 
and there is co~~atibility with CEBUS computer program. 

2.0 DRAWING CONTROL 

2 .1 ·Puroose 

The Drawing control is a complete list of the drawings for a job, 
with their scheduled and actual start and issue dates. It tells 
the engineering groups, the Construction Department, and the Pur
chasing Department when drawings will be issued so they can plan 
their work accordingly. Reforecasts of drawing issue dates on 
the bi-weekly issues show where corrective action may be necessary 
to insure on-time job completion. 

2.2 Responsibility 

The Drawing control is the responsibility of the Project Engineer
ing Supervisor. 

2.3 Description and Nomenclature 

The Drawing control lists all major drawings prepared for a. job,' 
including flow diagrams and P&ID's. Minor drawings and other 
engineering documents appear on the Drawing Control Supplement 
which is discussed in Section 3.0. Documents shown on the supple
ment include pipe support details, instrument details, data sheets, 
sketches, line designation tables and instrument installation 
schedulP.s. Pioing isometrics, specifications and lists of mater
ial are i1andled on other separate controls. 

The Drawing control is on 8~" x 11" sheets of 20 1 i nes; one draw
ing is listed on each line. The drawings are grouped on the sheets 
by plants and within each plant by Bechtel letter group. (See 
Standard Drawing A-501). Each letter group is shown on a sep
arate page. ·A sample Drawing control sheet (form 213-A) is 
attached, which describes the method used in completing the form. 

. ..;::.r 1 THE 3RECKDiRI:::GE ?ROJECT . .lECI JOI NO. ·1:+2.22 
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2. 4 Procedure 

As soon as possible the Project Engineer, (or Unit Engineers 
if the job is a large one) lhts the drawings which will be 
required and assigns numbers~ The drawing numbers and titles 
are typed or printed neatly on Drawing control forms 213-A. 
~~hen titles are not kno\otf\, groups of numbers are set aside 
for drawings until the exact titles are decided upon. Actual 
start and issue dates are recorded as they occur. 

When the Project Schedule is established, schedule dates for 
each drawing are put onto the Drawing control. This is done 
by the Project (or Unit) Engineer working with the desion 
disciplines concerned. These dates must be determined care
fully so that they are in complete agreement with the Project 
Schedule. 

The Drawing Control may be issued and maintained either.man
ually or by computer, as determined by the Project Engineering 
Supervisor. 

The manual procedure will be used for Phase·O Premliminary 
Engineering. The CEBUS computer system will be used for 
Phase l Detailed Engineering. 

When using the manual procedure, the Drawing Control should 
be issued bi-weekly on the dates specified by the Project 
Scheduler. The Project administrative Assistant is respons
ibel for logging the actual issue dates of the drawings and 
the purpose of their issue, and for keeping the original 
sheets between issues. Approximately 3 days before the 
scheduled issue date, the Administrative Assistant distributes 
the applicable Drawing Control sheets to the responsbile Pro-

. ject, or Unit, Engineers and the design group's supervisor, who 
check the ·sheets for accuracy, add or delete drawings as 
necessary, reforecast construction issued dates if necessary, 
and update the bar chart to show the percent complete. The 
forecast column is used if the "scheduled" construction issue 
date will not be met. Further reforecast dates, if reouired, 
are shown in the same box, or under "remarks". Do not erase 
previous forecast dates. The Drawing Control sheets are re
turned to the Administrative Assistant who issues them after 
review by the Project Engineering Supervisor. 

When the computerized drawing control system is used in Phase 1, 
it will be included in the CEBUS program (Control of Engineerirg 
Budget and Schedule). ·The manual Drawing Control forms are 
filled in as above, and the information is transferred to the 
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computer by typing the input on a "Data Point" 2200 or equal, 
desk top recorder. After the computer has received the in
itial input, the Drawing Control log can be printed out from 
the computer data. (See sample attached). In addition, a 
work list can be produced which shows exceptions (drawings 
behind schedule), and drawings scheduled to be issued within 
the next period. The Project or Unit Engineers and the 
Group Supervisors maintain current drawings status by mark
up of their print-outs. Typically, the markups are gathered 
and issued bi-monthly, once on the accounting month end date 
(Friday before last Thursday) and once two weeks, after that 
date, and the marked up information is put to the computer. 

2.5 Comoarison of Accomplishments with the Plan 

The Drawing control must be checked regularly by the Project 
Engineer, Unit Engineers and Supervisors to determine.which 
drawings are behind .schedule so that every effort can be 
made to meet the schedule dates. 

2.6 The Drawing Surmnary Schedule (Form 275A) 

The Drawing Summary Schedule is prepared by the Project Planning 
and Scheduling Group so the Project Engineers and the Design 
Supervisors may readily see the progress of drawing completions 
compared with schedule requirements. 

The Drawing Summary Schedule is on 11" x 17" pages of 27 double 
lines. Plant numbers and description are placed on the left 
side of the page. Vertical lines divide the balance of the 
sheet into rectangles representing two-week intervals. The 
scheduled cumulative number of drawings issued for construction 
is entered on the upper lines in the column corresponding to 
the date scheduled. Actual number of drawings issued by a 
certain date are entered on the lower line in the column· cor
responding to that date. 

Isometrics, pipe support details, instrument details and instru
ment installation schedules are not included in the Drawing 
Surmnary Schedule. The individual design groups are respons
ible for maintaining their own schedules for such drawings . 

Superimposed over the tabulations is a cumulative graph showing 
the current schedule and the actual number of drawings issued. 
It does not show reforecasts. A sample Drawing Summary Schedule 
is attached. 
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3.0 DRAWING CONTROL SUPPLEMENT 

3.1 Purpose 

The Drawing Control Supplement is a list of the minor drawings 
not in the drawing control. It also includes such items as 
data sheets and indices. See attached form for types of doc
uments to be listed. Scheduled and actual dates for drawings 
start and issue are shown. This provides engineering groups 
with data from which to plan their work. Forecast dates 
show where corrective action may be necessary. 

3.2 Responsibility 

The Drawing Control Supplement is the responsibility of Unit 
Engineers with input from the Design Group Supervisors. 

3.3 Form 

The form used for the Drawing Control Supplement is No. 213-8. 
Items are grouped on the sheets by plant and within each plant 
by Bechtel letter group. The prefixes to be used and an ex
ample. of numbering are shown on Attachment "A". Prefixes (types 
of drawings listed) can be mixed in numbering sequences, as 
long as the title identifies the equipment. 

3.4 Procedure 

As soon as possible after project start, list the titles and 
ass1gn drawing numbers. When titles are not known, set aside 
groups of numbers until exact titles are decided. 

When the project schedule is established, put schedule dates 
onto the control. As soon as it becomes evident that a schedule 
date will not be met, the Unit Engineer or Supervisor concerned 
must enter a new date in the forecast column. "Schedule" dates 
are never chanqed. Do not erase forecast dates when refore
casting, simply line through the old date. 

The Drawing Control Supplement is issued as required by the Project 
9rocedure. It must be reviewed regularly so corrective 
action may be taken on items behind schedule. 

,& 4.0 Attachments 

Standard Drawing A-501 Rev. O, Group Letters for Drawing Indexes 
and Material Requisitions . 

Drawing Control Form 213A, Rev. 3-56. 

Civil/S_tructural/ Architectural Drawing Control Log Sample. 

Datapoint 2000 Pictorial Representation. 

Drawing Summary Schedule Sample; Form Z75A, Z-63. 

Drawing Control Supplement Sa~ple: Form 2138, Rev. 3-56. 

SllJl!Cl,.ICATIO .. .. o .. __ i _.:. :::_2_2_-_A_-_4 __ 1tn. __ 1 __ _ SMIT _.....,il __ ~ 1 0 



Vl 
"O 
111 
n .... .... .... 
n 
I» 

" .... 
0 
::3 

:z 
0 

:;o 
n> 
< 

Ul 

0 ..... 

..... 
0 

1;1n11r 

\I IJI~ 
A 

0 

G 

II 

" 
N 

m11t 
'IHIAAl 

r.ouu 

CUllllllli AUD 
PAI UUAl VI Ul U 

IAllAi 

llCllAHGIA' 

flAIO lllAllA' 

!Ul!ltJIVll 
Plot th111, ru Di1gr••I, "''''• l•tlc lnyln11rtn, ., 
D11lyn 01t1 Sl111h, lnd1•11, 

Pruc111 011ltJn, f l&>w Ohyr••I, Oat• lh11u, ~"· 

All prc11ur1 w111111h ol any pr111ur1 d1tl1jnt&I In 
ac1urd111c1 .. t1h 1111 ASt\I. coJ1. llil1 lnclucl11 1u.·1r1 
culYMtu, 111t.:1u1·1', r1ycnH1tur1, 111t .. re1, dn••, 1lc., 
luclud,nt tr•r1, lf11er1, llnlng, p1c ... 119, lot1r111h 
•nJ •1•11ur1 u11nc11. 

A II 11nr•1J• went h uther 1h1n AS"( c&.1J1 ve111h. 
lncluJ11 A'I UU11ph•rlc or '"" pr11tute 1101191 links, 
bln1, 1ph11·01J1 1 l•llt'v•rt, ti lt.11, 11c., 
In&: ludlny l11tern1 h ind •11pu1 l1n1nc11. 

llt•l lf1n1hr 1qulp•11nt such 11 lubuhr 1•cl11ny1r1, 
cu11J1n1111, 1w1p.tr1tu1 I, rebol hn, cLM>l1r1 1 I ln·l1n 
cuoh11 and cooll119 l•IWHli t•clud11 flied 11111.,1. 

flr1J h1:11111, furnac11 1 u~1n1, bolhrs, llreJ .. lln1 
and drh11, lnchullntJ 1u.-uha1t111, •Ir p1el1c1ter1 1 

tubes, h11der1, 11lll1191, burners, 1t1c .. 11 flues, 
d111l l1n1 1ud drlw111 111ud1lld whh l1eU111, 
l11cluJc1 fhr1 1uc .. 1 111d fr11Ucwurk, lndn1r1tor1. 

PUHPS AHO UAIVIA' lncludo •II P'"'"' 1nd their drlnra. 

VACUU" lQlllrt'IHf V1cuUl9 Pun't•I, •J•CltUI •nd ol11or w1tu1 .. pfudt.1clng \,J1-
r1tu1. Int: luJ•1 dr lwer1 ind lnl•Y• al 1m,l I l•rr aqulp••nl •. 

IN\tautu:ti. ~ A 11 ln1 lr~1enl I 1nJ c11nuol equla•••n• C11•cept •lac Irle 
1•~1r 1wtlLl1bo1rd1 1 cunth1h •nd 11uer1). luch•Jlny 
ultlW (r11h0 v1lw11, me11urln'J devices, cnntrull1r1, 
cuntral v1lve1, lnJlc•tur1, tlyhl yl111e1, •l•r•1, 
lnur..-enl p•n1h, llUlng1, c-ontrul 1l .. n1I 1m11•11Mllc 
tublnl,J, •Ir &•la-lny 1,,J llll1r1~ ind 11t1lnt1rh1tlun uf 
l'?Urt••1nt11 lun, · 

lo"ru1suas & bll\fl"' Cu11pr111ura, bluw11r1, tan1 •nJ th1lr Jrlv111. 

PIPING 

•uuc1uan 

111,UlAI IOH 

All 1uoc.111 111d utlltty 1lfplnyh•tept the futl1iwln1J cov1rad 
11l,cwher1: 1cwer aud Jraln•yc ,plplnyO Ciruua•t; bull•llny 
1•••••••"19, he•lln9, vcn1ll•tln'J •nJ •It u111Jltlonl11tj(A Cruupta 
lnt1r1t1U1mt pl1•lntJ •nd 1uhlniJ(J Ciroui•J; colt••• •11d vco"I 
lnh101h(C ur 0 Ciruup,i •nil lnl1yril1 1•l1•l119 un pt•1••• 
ur cu11'Jrc11011, 11c., (G ur I 'Gt1.ia11•) 

All •••al, c11m.r11te, ••1onry, ,,,uuJ ·- ulhe•· 1h11(tut11 1u11pl 
boll1llo'fs, lntludc1 brlJljat, pipe 1t.1mhl1m1, 1d•tfur•1, 
U•l11, l•iltler1, .:unJufl r•cll1 1 

11 •• ,..,.1 lntul•tlun of plplny, w1s1eh, 1a11la1 i111d e1,ul111nent, 
•ho lluipruullng ul v11ul 1•11·1t, letj•, '"~'I'"'" a111I 
1lruclur11. · 

All 11hctrlu1I 4qul11•ent •nJ •.a1crlo1lle .. c1111I 11ru1u11 ln1uu• 

.. 1nlt1llun CUW'1f11t unJ1:1· J f.rm~). ln.:lml11 !1c111tu1111 

and dt Iver•, •iulur 111111~011, ,.,111h•,c.u, t1•111h.1r111a11 1 

fiRDllr 

LU.lla 'auur 
muiiiat" , 

Q 

a 

u 

v 

" 

,. 

(cunt louedl 

f OllllUA 11011, 

conv•rl•rt, racUfltrt, 1r1nt•l11l&.1n 1nJ Jhlrlbut h 10, 
ConH1unlc11lnn 1r1t••1, llyhtln!',tfuundln9, alt nu111u, 
Wlrl aml conduit, Ctlhudlc rrot1cthm, for 1qulf.1•1nt 
n .. • .. erln9 reler tu Ud. Dwg. r·AIOI. 

A 11 luunJ11 lon1 fur bul ldln91, 1tructur11 or 1qulp•ent. 
Includes plllng, 9ruund tluor 1hb1, tr•nch11, pl11, bulnt 
•nd 111och11d 11111...,.,,, .. , 101 h 1urwer1. 

lllllOIHGI All p11Wntnl bulhllnys 1bov1 th1lr founJ1tlon1 •n" lluuuhb. 
lnclude1 111 lnhfrll per•1n111llr ln1t1lled equlpaie111, 

llll IHPAOVlHIHU 

........ u,,, plumhln ... piping, heatlog, ventlhtl111j ..... •Ir 
condltlunlng tnd p1lnlh1'f• 

lu,luJe1 ch1rln9, 91ubbln9, 9raJln9, f1ncln9, iltnt, nll· 
ro1J1, ru1d1, .. 1lll1, p•wlnt, p•r .. lng 1ra11, hn.tu1rl119. 

1ewer1 Ind dr1ln1y• 1ru .. 1, tuputjrlphh '"'"'''" 

nAllA IAl l~NDl ING 
IQUIPHlHI 

luc•1t 1lewetor, conw1ror1, cr1n~1. ho1t11, cl1u111, 11111111. 
.. 1lgt.lng il1vlc11 and h"1•11•r1, •~••••• p1cll1glny dewh11, 

llPlHOAllU 

PAC'-'GI UHIU 

\lllOIHG l HllAL 
PAOCISHHG 

lncluJ11 lnlegr•I •'p1e•191° unlll, such 11 1h-Jrhr1, 
r1h I y1111Jon 1y1t1•1, 1lc., .. t.11 • •pp II c•b h. 

"•ldlng, c11tlng end other •1UI proca11ln9 1p1clflc1tlon1. 

PA IHllHG All p1lnt and thinner tor phnl t111hh ••C•ptlon ol bulldln91. 

raocUSIHG tru1h1r1, puherh•n, tthndu1, ure1n1, 1ep1r1tur1, 
cyclune1, fllt1r1, c1ntrlluye1, •hut, trlndu1, d1r1r1, 
••Uud1r1 auJ tl•ll•r Nchlntrr lnclu•lnt Jrlvert. 

llAIU l llAUI 
IAIAIHIHI 

ttu11: fot 1 ..cJrt Jaul hd 
d11erlptlun 1 11hr 10 
tht ltllnur and (he•lc•I 
SuniJ••·d (ttdt ul A.:cuunu. 

A1hr1n..:1: lllndud Ot1wluy A·SO' 
fh....berlny Or1wlny1 and 
Dui;t11U1nl I. 

See 14222-A-iO for title 
block to be used for the 
Breckinridge Project, 

BECHTEL 
SAN fRAHCISCO 

IHGllllU lllG UAUDARD 

Alfll•At l ClllHUAl DIVIUUll 

'AOllP ll lllA' roa Ua.<UltlG IUUUI\ 
AUD w.1u11.1 u11uu111uu1 

1------1--~~! ~~-
.. ·\Ill •0 



'There are 20 •pace• on ean. 
paae. The fir•I number •hould 
normally be 1,21,41,61,elc. 

, sci,eduled dale• mu•I aaree 
/~ wllh 1hc Project Schedule. 

PORM 213A, A[V ]·'6 · / ~~ 
DRAWING CON'f ROL s.unularL ~::::::)Jou' 

OAT[ OF ISSUE.£·,~-?_?__ 
PROJECT QUALITY IMl'!!OVWENT PR()jll~ll 

JOI NO. 19S7 ,._.,.,_1_011ou, ·-'-

\ 

Cllf "t----• .i.------=-->---,•'-----
l:: DRAWING '''RTDWG. ISSUIO '1011 llfVISIOlll· DATE lllUID 
0 NUMBER T I TL E SCH[· AGT· APllV. E9}~TR~Oll /:>. ,.... ~ .6.. {' A R EM ARK s 

~t;:::::o::;t-----r--------------FO~U~Ll:.fU~A~L:..t:5='CH=f=D\:-~fSC:=,•:l::Df~::::~~~::::.+=l!.l;::::+.:~::::+.:!ll==+.:~_;.:+.:lil;___;_ .............. ~ 
\I 1-!'.A- l !'low r.iai;ru •J J · X 'I A c.. ' :!.. --------------1-':../L~,41_1-_1__.__Y.T18::...&;::..-~_,'/. f•8 l•IJ 'l·IO S"·l Bar 1raph rn&y be uHd 
\l 1-RA- 2 Process P&:ID - Green OU Sect.. IZ·8 I "; f- _ "' ' y· to ehow ~completed. 
~:;t-~~~-t-~~~~~~~~~~~--l-jl---l~-l-~~~c.._A.~J-t----l~ZT·t~lt11·r~-t-~t----t~-t-~-t-----------....c:/°"' 
'\J 1-M- ) Process PUD - Red Oil Sect. ~ 11-18 ~.i i)<' 4h - L 1 ~ F - '-../ ~- A 1± Addlllonel revl•lon• and lrd t 
I\ 1-!IA- la UtllilJ P&ID - l/r., 'l·'I 'l/5 IA. 1';;. 4_,. 'l·IS 1c+o ... <•Jt~ .. ~! k' forcca•t may be catered bcre. 

'\/ 1-RA- S Plot Plan 1%~ 10-15 l/11 X l,4; '1-t 3-~o ~.~~1 
\7 1-RA- 6 Topographic Surver ~p - ,. Z XIX 1111 - 10~.s '-Tran•mlltal lellee numbeu ma) 

n 1-"'-
7 

_ - [XX "/X .,_
10 

,--1. be ehown here torr ea1y rete~enu. 
~"'~i--""-....:..-fL~l~s~t_o:..r:.....:.c~ha~ng~e:..:s:.....:.t.o::....::l~•;;;!IA~-~l=---~---1--~~I?-~~,/~' 
.:!'.'. 1-!IA- 8 Lht or chani;es t.o l-RA-2 - - XX')( X 1·> 

Forec••l• mu•t be kept current -
do not eraee any date•. 

_

1 

;- './ :"..../ )·.:;f.~l"v'C-_-:;f-'L-J---11--lf--f!--f--l:=:c:::===::==.~=t-t----·Show M/R I when applicable 

k--*-;t-...;l_-RA;.:..;.-...;l:..:O;___+L::;i:..:a:..:t:....:.o.:..r...:c:.:h::a;;;n.:,:e::..ea:....t.o=-.:l~-::RA::..-_;b:_ __ -k--t.,Lt1'---:l:</'~~·A.~~;:-, I/"'- •o rcvl•lon• are properly · IX t- P.A. 11 ca1lriil-e~ l)l X ·x ')( [)~ 
1
)< , dl•trlbutcd. 

IG 1-"·- 9 '" , . ....,,, "/ "')/, x l. 11 "" List or changes t.o 1-RA-) - -""". A . 

S

Phlaenetl N

81

·o:r..e. . 

11 
1

, ~r--f-~~~~-~--~---¥-JfL-~~\~~L.t~~-~c.._~~f--f--+-~f---t--l:::C::z::C:c:x:::c::c:::: 
Da•he• indicate action hao beeril \ I) .._...Indicate• action under lhe 

Leiter group.- - taken bul lhe date l• no longer )-<---J---J---J- -:-olumn headlnl I• not required. --l::::c::::=====~ 
Serial number.-·-"'----' •lgniricanl. ) 

t-t~~~t-~~~~~~~~-t--+---11---1---+-~r---+---+-4~+--+--t~·i:;==:i::=:c=:z:~=~ 

v1ssu10 fOI C:DNSTll, .J &·APPROVAL Q-OUOTATION JOB NO I !IS", 
Fl..- R.ev•eu.J ") C-CONSTAUCTIO.. P-PURCHASE k· RECORD "' - -=~,.,...,.~,. ... "'"" 

DllAWING STAllTfD 
~ "\"" IS5U[D 1011 A,PllDYAL 

C 
)(VOID OR CANCELLED ~~·CUTTING LIST CM·COt.IMITMENT 

- • Nol counted for progre•• curve•. r Use 1he•e· let1er• lo lndlcale whal }--
- CODE ) the drawing 1Q• i••ued for. Use 

Pr1"rnarlly for quick reference l remark• colun\n for other i1sue1 .. 
Spec. No. 14222-A-4 Rev._1_ Sheet~of_JQ_ 



... " ... 0 c .. C
l 

m
N

 
_.,. 
z
,. 

C
l 0 

..,_ 
" . 
!
I
 

:a C
D

 
m

o
 

C
l .. 

.. 0 .. • .. c 

.. , 
~
 
~
;
~
 

.. 
~
 .. -

c .
.
.
.
 

0 
. 

• ~
!
.
z
 

... ,.0
 

...... _ 
.. m

 .. 

-· •:;c! 
--•m • 
a ..... 

.. :I 
... 

.. cs z 
... C

l C
l 

-... ... 
-

... C
l 

Z
>

•
 

._
.C

S
>

 
_..,.., 
........ 
Y

c
m

 
.... 
.. 

... 
• 

:I 
-

:::~g 
-

... C
l 

C
l 

-
... 

"' 
Z

>
 

•:a
 

... 
___ .. 
tlllO

•G
. 

-
-
u

c
 

• '1' 
-

cs .. 
c" 
•
Z

 
..... 

.. ... .. c C
l 

- c -... c
•
 

:
I
•
 

•
:Z

 
..... 
:1 
:zw

 
•
c
 

"" ---a::.! ..... 
........ 
Ill c 

:I 
o

u
m

 
...... 
:: .... 
Y

C
IZ

 

·· 'I 
I 

I 
I 

I 
... , 
tllZ

W
 

z
-:z

 
_ _._ 
...... 

C
l 

:aa 
m

u


-•:: 
...... ! - .. - cs .. .. ... Q

 .. 2 - ... ... ... • • 

a .. .... ..... _.,,. 
....... 
•
C

l 
C

l z ... 
>

>
U

 
..... 
... o 
• .. a i " :a c cs 
C

l 

0
0

 
o ... 
0 0 0 • ... .. .. 0 

.. ~ .. .. c
c
 

z
z
 

C
c
 

z
z
 

c
c
 

:z :z 

.. C
l 

:z 
.. 0 

c 
..... 
.... C

l C
l 

...... 
--c 

"'"' 
u

u
 

C
l C

l 
.. .. • ... c .. .... Q

 

" z ; c .. .. - .. • ! .. 

I I I I 

-· ... 0
1

 
I 

I 
W

I 
I 

I 
I 

•• 
0

1
 

0
0

 
.... -.. 0 0 0 ~
 

.. .. 0 

c 
..... 
.. .. 2

2
 

..... 
--c 
.... ...... 
c
c
 

.... --c 
..... 
.... 2

2
 

:: 

1
: 

-· cs c i • 
.. :z 

~= 
.... .. .. .... . 
"
'C

 
a :a 
... ... -· ... .. .. .. .. a ..,_ 
-
o

 

.. 0 I 
a I 
0 • 

0
0

 
_.., 
_., 
0 0 0 • ... ... .. 0 

c 
•• 
...... 
.... •• 
0

0
 

c 
.... ... 

Q
, 

c
c
 

0
"
' 

_,. c 

"'"' 
...... 
c
c
 

0
0

 

-·-'i
 

- .... .. .... .. ... cs 
... C

l 
I 

:Z: 
!"

' 
I 

.
.
 

..... 
~
a
.
 

C
l .. 

..... 
.,._ 
.... a

u
 

~ . ~
 

... •-o
 

0
0

0
 

0 .. 0 I.
 

C
l 

I 
0 • 

0
0

 
_., 
_., 
0 0 0 • ... .. .. 0 

c 
.... ...... 
..... 
.. . 00 c 
.. .. ...... 
c
c
 

o ... 
_,. c 
..... 
...... 
c
c
 

..... 
0

0
 

· .... :i ·- .. ..... ..... ... ..... 
z
i 

-· I - ...... u
z
 

C
l 

I 
O

u
 

.. ... . - . .. a
u

 

• ... ... :os 

- .. 0 I 
0 I 
0 • 

S
pecification No. ___ 1"'""4_2_2_2--A.--_.4 _

_
 

0
0

 
..... 
0 
0 0 

• ... ., .. 0 • 
"'"' 
C

l C
l 

z
z
 

-
CD 

.... c
c
 

z
z
 

c
c
 

z
z
 

c
c
 

z z c 
.. .. .... C

l C
l 

:: c 
.. .. ...... 
..... 
... ..... c 
...... 
...... 
...... 
.... .... .. ... c .. C

l 
z c ::: 

• ... .. -=- .. . • . ' I I I 
. , M

I
 

.. , I 
I 

:
I
t
 

I 
I 

... • • 

0
0

 
...... 
0 0 0 • ... 

' ;: 0 

.. .. C
l 

.. c
c
 

:z :z 

c
·c

 
:z :z 

c
c
 

:z :z 

.. C
l 

z .. 0 .. g • .. c 
... ... 
.. .. C

l C
l 

..... 

... " c a: 
2 ... " :z ; c m

o
 

•
Z

 I 
.... ; 
...... 
- •:

I
 

... .. I I I 
... .
.
 I 

.. . I 
I 

:I• 
I 

I 
... , 
... 

0
0

 
..... 
0 0 0 

• ... .. .. 0 ... 
"'"' 
"" 
:z z 
-

CD 
.. .. c

c
 

z
z
 

c
c
 

:z z 

c
c
 

z
z
 

c 
. ... .... C

l C
l 

:: c 
.. .. .. .... .. ... .. .. .... c 
..... 
.. ... ..... .... .... .. ... - c .. C

l 
z c ::: 
• .. m

 
c - .. .. i . • ' I I I 
.
.
 I 

.
.
 

I 
... I 

I 
:II 
I 

I 
... ., 

o
o

 
.. .. 0

-
0 0 

• ... ... .. 0 ... 
.. .. C

l ... 
z 

C
l 

_,. 
,._ 

c
c
 

z
z
 

c
c
 

:z
z
 

c
c
 

z :z ... 
.... u

o
 

o
z
 

-· .... ... 
.... g~ ... f
tO

 

c 
.... g

g
 

•• 
_,. " :z ; c 
... 8

"'' 
..... .. ...... 
z:: 

• .. I I I 
.. . 
.. . .., I 

I 
:
I
I
 

I 
I 

.. , .. . 
R

ev • _____ 1 __
 _ 

0
0

 
..... 
0 0 0 • ... ... .. 0 

.. ... C
l 

• -g c .. .. .. • ... .. ... ... i ... a .. z c ... 
. .... ... u 

"' -z 0 .. - I •· ... ... • I 
.. .. 

0
9

1
 

..... 
0 0 0 

• ... ;: 
/ 

0 

.. ... C
l 

... -"' .. • -• .. . .. .. .. 
... 

" 
:I 

:z 
c 

... 
.... 
. .. -.. a ... :z 
c ... ... .. u 
.. ; ... c a: 
: ~ .. 0

' 
""' 
_, 
I 

I 

• • 
.
.
 

I 
.... I 

I 
ll I 
I 

I 
.... .. . 

0
0

 
-

CD 
0

-
0 0 

• ... .. .. 0 • 
.. .. C

l ... 
z 

C
l 

.... --c
c
 

Z
:&

 

C
c
 

z
z
 

c
c
 

z
:z

 

... 
..... 
.. C

l 
o

z
 

_., 
.... ... 
... ... 
.... C

l z 
.... c 
.... ::ig 
O

•
 

_,. 

.. Ill 

!:! 
.. Z

· 
c ... .. i ... :a 
... a 

I I I I 

-· Ot -· I 
I 

0
1

 
I 

I 
.... •• 

0
0

 

-· 0 0 0 ~
 

... .. 0 ... 
... ... 
.. ... z 

C
l 

.. .. c
c
 

:&
 :&

 

c
c
 

:z
z
 

c
c
 

z :z 

... 
.. ... .... C

l z 

-· .... ... 
.. ... g~ ... .. c 
.... ~ .. .... o• _,. - .. .. .. .. : .. z c .. .. i ... :a 
• a ... 

I I I I 
.. , 0

1
 

_, 
I 

I 
O

t 
I 

I 
... • • .. • .. • • .. .. .. ... i ! .. c u 

5 .. :z 
... 2 : I 

.. • .. .. .. ... 

Sheet 
7 

of 10 
-----



en 
"C 
fl> 
n ..... 
-t, ..... 
n 

"' rt ..... 
0 
::::s 

:z 
0 

...... ..,.. 
N 
N 
N 

+ ..,.. 

:;o 
fl> 
< 

...... 

Vl 
::r 
fl> 
fl> 
rt 

00 

0 
-t, 

..... 
0 

960 Characlnr d1~plar - lelli rou Hit what 
rou 10 du1n9. 1F111 <1a1a enur. d•SJJlar rout 
lo11na1 and loll m the btilnU 
11 rou make a 
m111ak11 tho 
compute• 1e~1 
rou nu1e.1 

full '4'P•• and lowu1 
ca.11 r•erbuard loll rou 
talk to the OA l Al'OINT 

~ 

l 
' " , .. 

DATAPOINT 2200 
Ca:n&:ue :. 2 1eco1ds all lhe 1nlo1nn111on. 
Oa1a can 90 ltom 11ert1<111ecllr10 an IBM 
compu1u1 ma911e11c tape. Drpa.u1ng 
puncl>cards allo9t1lhe1. 

Cauene = 1 pru91aras the OAT APOINT"• coonp111u1 
and wo1ks back and loon ,.,,h c:us~lle = 2. 

Commun1ca11on1 adap101 



,(TTl. 
OHO.I' 

A 

B 

c,.n 

J 

L 

M 

p 

. 
a 

A 

s 

T/v 

Sf:.. tvl F LE 
DRAWING SUM MARY SCHEDULE 

llG (ND- '°'LINC : IQtlDUll.O l'SSUl flt)lt COHSTM.C110H- - ... s AMPLE 0 I L RE Fl N E Ry -- •on:".··:~' :c~: ~·u ~·:t~ :~ ~ONmtUCTIOM - ------'=--'=-__;:=:.....:-=-.....:.....~:...:.......:....:...!...!::-::...!..!....! ___ _ 
DAT(I INOWM AIU r•1D&YI Dl&WIMI COllTIDl lllUI O&lll 

OE.SCRIPTION 

GENERAL 
!) •C 11 I ~ IT 1.::> 1,.1 •'· ll1'22 
5 q 11 I • 1 ,:>, 18 I~.::'.) ~ . 

PROCESS FLOW DIAGRAMS 
I 

I 

COLUMNS, VESSELS a TANKS 
~ 7 IC 1'!.. lfl ro 7C ::> .,,.... "'I :) 

I 7 ": ~ 101~ ~.r I C... '"' 
INSTRUMENTS 

PI Pl NG 

STRUCTURAL -

ELECTRICAL 

FOUNDATIONS 

BUILDINGS 

SERVICES ,_.... - - --
, v 

SPECIAL EQUIPMENT 
Ii ./ 

, / 

I 

JOB NO. 00001 
PL ANT __ GROUP -6Ll::_ 
PAGE OF PAGES 
DATE ----011<=;1 77 

7 / 

~r----ii------------:---i--t--t--J~,~,....:jF--f--+--lf--+--+--11-4--+---lf---+--+--lf---+--l---lf--+--+--lf---+--+-1--·.f--+-i-=..i:=t::::.i==r=i==l 
Nr-:---Jr-------~~-~---t-~+--t-~,1·,L._/+--t--+-J--l---l--l---l--1---l---l-......t.-l---l-......t.--ll---l-......t.~.l--l---!.-.l--l--~--<~..j--4--~-f--l-~-I "' 

- -ci---Jr-------~--~---t-~t--W:l..-f-/-t--f--+-J--1---l-~1---J---l--11---l-......t.__:l--...J--......t.--11--...J--......t.-.l--l---!.-.l--l--t~.1--l----J-..l--l---11-..l--I 
.... ~.t---t--~~~~~~~~--11-~1-+--t--+-f--f--jf-~-l--+--l---t-~~+-+---l---l--t.-l~+-+--f--l--4-l--.!--!--l--!--l~.l--l---l--l--I 

- -

.f.S 

40 

3 e. 
30 

Z5 

2 0 

I 5 

I 0 

5 

0 

Spec. N0._!4 2 2 2 - A~~ Rc v. __i___ Sheet_9_ of..l.Q__ 



l/l 
u 
ID 
n 
.~. 

~ 
n 
"' rt 
-'· 
0 
::J 

:z 
0 

;o 
ID 
< 

l/l 
:r 
ID 
ID 
rt 

0 
-ti 

.... 
0 

rDRM 2138, REV. 3·'6 'l\f\ ~A ~~ 
'.lN.n PLl. ~ · ~ 

DRAWING CONTROL SUPPk~~ENT Sl\t"\fLt oil t(f INU~_ 

t\ I I 1\\..- \\ • t\ 
DATE OF ISSUE ----

PROJEG·T--------~ 
JOI NO.---PLANT-Lo11oupii_:_ 

.... DRAWING ~!!'!.(~G . lllUED fOll llfVISION I - DATE ISSUED 
0 TIT.LE SCHE· ACT· APRV. c005'iniinoo ~- £ && -&& REMARKS a NUMBER SCHEO~~ u DUL( UAL SCllED .. _ 

\7 !/3 !/,o '" 
.f,/'tr· (i I DS ·lG· L .D&I&_filllLI_ fl!tjP-Jkl_O.I ,p5 ~.lo !flt .. 

v c.s - 2.~ ,1 Cl\LC _ Sllta_f JU1f_l_4_~JQ1 !hi ,(11 ~{_ 1~ 1-- -

-~ru -:::::. ~ 

,_ SL~Uf !JCl N6, ·- ·- - ---i--- = 
I- 4r.ovf u..nu~. (SlL SID P\rJ " r., 

-501 . 
I 

I 
_ fL~JIT_U~-----·-- ·- · - ., - - -------

~- ------ _t~~J_a___~ - -- -· -::: 

_2S_:_J!\1~_SttLLI.S...U lt.J Oil~ U~1 ""' 
-~ ,t ~.L ·-- I l.t - - -- _,. . ,. .. 

DO -PLT~ILS "'-JJ~~~N- _C\ 
- -..- -~-r · · ---

I .S - I ~~Tf\lll\. TlofJ S<-J LIL Lll 
-

Vs- f 1fl ~Uf fnlT ~(SI ~d ; ·tuJ ln I 
-·-

lS -c/\LCULA}_Lo_~ ~Af J _I'\ --
LM · Mf\lU.lt\l SUMMf\l " ~I ll1~ - --

S I<. - ~ XJ. TCA\[S 
·-

\ 

- -

---
i 

t-- - - -~ - = 
- - -·- - --- -- ·-

- DRAWIN•G STAR T[D '\J ISSUED fOll COH$Tll . A· APPROVAL Q - QUOTATION 
- ·- · - -- · ~_ ISSUED FOR APPROVAL C • CONSTRUCTION P - PURCHASE 

PAGE _ _ . iJf _ ·---



1.0 

2.0 

This specification applies co work performed by Bechtel and its Subcontractors 
as defined in che applicable agreement documents if required in.preparation 
of the capital cost estimate during ?hase Zero. Bechtel and its Subcontractors 
are to maintain Line Designation Tables· (LDTs) throughout all phases of 
the project subsequent to Phase Zero. 

PURPOSE 

The Line Designation Tables provide a listin;; of pertinent design infor
mation for che process and utility pipe line in each plant. The Line 
Designation Tables are used by che engineering office design groups and the 
jobsite personnel for installation, stress analysis, supports, insulation, 
steam-electric tracing, field hydrostatic testing, for monitoring quanti
ties of installed piping, and as a basis for calculating.wall thicknesses 
of large diameter pipe. 

3.0 RESPONSIBILI':'Y 

The Unit Engineer is responsible for preparation and maintenance of the 
Line Designation Tables. He is responsible for assigning line numbers, 
sizing pipe lines, keeping Che i:iaster copy current to show additions·, 
cancellations, revisions, and for periodically issuing the Line Designation 
Tables to all concerned. · 

4.0 G:::NERAL 

4.1 ~ine Desi~ation Tables/P~ID Relationship 

Project Instruction 14222-A-l, Basic Instruction for P&ID Develo-pmen·t, 
and 14222-A-2, P&ID Respon~ibilities, ex-plain the relationship of Line 
Designation Tables and P&IDs and should be read in conjunction with 
ti1is instruction. 

4.2 :ine Designation Table (Form 13) 

The Line Designation Table is prepared on Form 18, attached. Prepa·re 
LDT sheets for ~ comr:ioditv in ~ plant using the commodity 
symbols in Specification 14222-A-l, Section 2.40 The list may be. 
modified to suit the requirements of che job. For e.~ample, the form 
may be extended co provide additional colums for both steam and 
electric tracing data and additional no.tes. 

4.3 Drawing Numbers 

The Line Designation Tables for each plant are prepared in two sets; 
one sec includes all nrocess lines and the other set includes all 
11r-i l ii-v 1 in"" ,. 

~ ~ 
:.. """' 'c: ······ ':"' 

8.. i/15/BO 
REVt"St!l AS ~:on:o 
rssi:::::i ?OR ?~!ASE ZERO 

ktl ·~-
NS r-.£17 :&:>. !%" ~ 

,"°) s /60 ISSlr.D ?OR AP!'RO\'.\L 

ASFI ::~E ~REc:a:::nDGE ?RO.IECT 
U.S. DOE COOPE!tl..·i·~·:r: .~l;~{EE:'DIT :m. DE FCOS-800R20717 

?!l.<'. · '.:C7 :i ?El.I:'°! C.-\ TI0~lS 
i. ;:xc: OE:) ;:cNn.r;:aN TABLES 

JOI MO. L4:22 

2 

SMHT _____ 0, --h"•---



>Ill 
>Q -,.. .... 
Q\ 
N 

I 

Each set is prefaced with an Index Sheet, Form l (Attach
ment B), with data sheet numbers as follows (X =Plant 
Number: 

DS-X-A-1 
DS-X-A-2 

for process line tables 
for utility line tables 

Title the Index Sheet: 

1st Line: Process (or Utility) Line Designation Tables 
2nd Line: Plant No., Name 

Title the LDT sheets: 

1st Line: 
2nd Line: 
3rd Line: 

Line Designation Table 
Plant No., Name 
Commodity, Commodity Symbol 

Assign Sheet 1 number to the Index Sheet and number the 
LDT sheets consecutively, starting with Sheet 2. 

List the commodities alphabetically on the Index Sheet. 

4.4 LDT for Undefined Piping 

4.5 

Separate Line Table sheets are prepared for process and 
utility systems for each plant to identify systems which 
cannot be defined or identified on the P&ID at the time 
of the first material forecast. 

List the Undefined System LDT sheets on the Index Sheets 
and include them in the LDT sets when issuing the LDT's. 

Cancel the Undefined System LDT sheets when the system 
has been identified and registered on the regular LDi's. 
Retain the cancelled sheets for the record. 

LDT Issue 

LDT's shall be issued with the. Revision 0 issue of the 
P&ID's and shall show at least the following: Phase 0 
of the Breckinridge Project will exclude those items 
marked by 19 . · 

Line No . 
Fluid 
Normal Operating Conditions 

~ Code Design Conditions 
Routing (From - to) 
Reference Drawings 
Pipe Specifications e Pipe S1ze 

Slll!Dl'IGATIO• NO. l~::::~--~.-5 "". 2 
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4.6 LDT.Revisions and Reissues 

Reissue the LDT's with Revision l of the P&ID's. The 
LDT's ·shall be updated to include all revisions, the 
insulation and steam or electric tracing requirements, 
expansion temperature, and test pressures of all the 
lines. . 

In addition to the above, reissue the LDT's whenever 
there are significant or numberous P&ID/LDT changes~ 
so that all parties concerned are informed. Too 
frequently the Line Tables containing major piping 
design data changes are issued after the Piping Group 
has committed pipe material on the previous data. 

Indicate changes to the line data by placing a revision 
mark (triangle) at right side of the LDT sheet,and in 
the column effected. 

5. 0 COMPLETION OF LDT Is 

The following defines the information to be shown on the LOT 
sheet and provides references to Bechtel instructions and 
design guides and to Code design requirements which shall be 
considered in conjunction with this instruction. Note that 
the following paragraphs explain the LDT data columns (refer 
to Attachment A) in the sequence of completion. 

5.01 Line Numbering 

The pipelines in each plant shall be numbered conse
cutively starting with 1 (one), or as specified in 
Job Instructions, for each commodity as follows: 

Line No: 3CW-12 
Where: 3 = Plant No. 

CW = Commodity (See Std. Dwg. A-513) 
12 =Line Number 

After the first issue of the P&ID's (for Bid, Estimate 
or Client approval) do not reuse previously deleted 
line numbers or change line numbers after numbers have 
been assigned to specific ljnes. 

Generally, a new line number should be assigned whenever 
the following situations occur: 

a) Line originates from a piece of equipment. 
bl At points of line size change, i.e. in major headers .. 

•n......,.2,_ __ 3 15 IMGT _....., __ Ol1 ----
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c) Pipe specification breaks regardless of whether or 
not size changes. 

d) Line branches to 2 or more destinations or bypasses 
a major piece of equipment. 

Do not assign a new line number when only the following 
changes occur: 

a) 

b) 

c) 

d) 

Revision of flow when not accompanied by a correction 
in line size. 
Revision of pressure and/or temperature when not 
accompanied by a change in pipe specification. 
Line flows through control valve, in-line strainer, 
etc:.,un1ess·downstn~am µiµe siz! also change:s. Pipe 
size change to permit mating with control valves or 
equipment connections are not considered line size 
changes·. 
Passing of a line from one plant, or unit, to another. 
The line carries the originating plant's line number, 
up to the first piece of equipment, brach line, line 
or specification change in the destination plant. 

5.02 From - To (Routing of Pipe) 

List the equipment numbers at which the pipeline origin
ates and terminates. If the line originates or termin
ates at another line, list this line number and also the 
P&ID coordinates of the intersection. lf the line term
inates in air, state atmosphere, grade. ows'(oily water 
sewer), etc. 

5.03 Fluid 

& 
5.04 

5.05 

Be as descriptive as possible; state instrument air· 
instead of only air, cooling water instead of water, 
naphtha feed instead of hydrocarbon~ Use abbrevi~ 
ations; for example, H2 - hydrogen, CW - cooling water, 
IA - instrument air, etc. If available use the terms 
stated in 14222-A-l Para. 2.40. 

Reference Drawings 

List the P&ID(s) on which the line appears and the CS 
(Line sizing calculation sheet) number, if any . 

Normal Operating Conditions 

The data for process line is available from the Process 
Flow Diagrams, or Heat and Material Balance Stream 

•n. __ 2 __ _ llGT _4 ___ Cl . 15 
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Properties charts issued by the Process Design Group. 
Data for utility lines comes from many sources includ
ing Project Basic Design Data Sheets (give pressure and 
temperatures for the supply and return of cooling water, 
steam condensate, air, fuel oil, etc.) and vendor data, 
and project utility ~alance. 

a) Mass Fl ow 

List the flow rate that governs design. This is 
either the maximum continuous operating flow rate 
or an intermittent flow rate if it is greater than 
approximately 120~ of the continuous rate. 

b) Pressure · 

Consider hydrostatic head and friction losses in 
establishing the _operating pressure. F.or 1 iquids 
it is the higher of either the upstream pressure 
or the pressure at the lowest·elevation of the 
system. For gases it is the upstream pressure; 
note that the gas velocity should be determined· 
at this pressue and that the increased velocity 
at downstream end shall be considered in sizing 
the line. 

c) Miscellaneous 

Vo 1 ume flow rate, tempera tu re, viscosity, and 
density are all given at flowing conditions. 

5.06 Pipe Size 

List the nominal diameter of pipe selected for the 
service. 

Project Instruction 14222-A-l Section 3,10 gives 
velocity ranges and unit pressu~ drops as a basis 
for sizing lines. 

Often the size of small pipe is determined by other 
than flow criteria; for example, 1!2" or 2" usually 
is the minimum size permitted jn pipeways to avoid 
excessive line sag. 

1.5 IMllT ____ C' ----
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5.07 Pipe Specification 

Piping Material Specification (to be issued in Phase 1) 
w~ll give the ~aximum allowable code design pressue/ 
temperature limits, material flange ·rating and corro
sion allowance for each service class of piping. 

Job Specification 14222-L-l details 
pipe wall schedules (wall thicknesses) etc., for pipe 
diameters up to about 20". When the wall thickness is 
not given in the specification the Unit Engineer/Job 
Piping Engineer calcul~tes the required thickness 
based on the code of design pressure and temperature. 
The service code letter is entered on the LDT. 

The Piping Design Group issues a Supplementary Table of 
Wall Thicknesses for the above calculated lines. 

5.08 Line Information 

Fluid velocity and unit pressure loss data may be obtain
ed by any of the following methods: 

Charts in Bechtel Fluid·Flow Book - Volume V 
Calculations based on formula in Bechtel Fluid 

Flow Book - Volume V 
Time Share Program 
Computer Program ME-142 

If using ME-142, preface the computer printout sheets of 
the lin~ sizing program with an appropriately sized index 
sheet, listing CS (calculation sheet) drawing numbers and 
titles: 

CS-X-A-1 
CS-X-A-2 

Process Line Calculation Sheets 
Utility Line Calculation Sheets 

(X - symbolizes plant number) 

Mark the printout sheets to indicate the selected line 
size. 

The Unit Engineer shall prepare a line calculation sheet, 
Fann 62 attached, for each critical flow including two
phase, compressor circuits, thermosiphon, pump suction/ 
discharge, large diameter or long pipe line flows. This 
shall show the basic process data, equations and calcu
lations for densitv. velcic:it_v, pressure loss and Reynolds 
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Number; a sketch of the line; the effective length; and 
the assumptions made in sizing the 1ine. 

The line calculation sheets, Form·62, shall be numbered 
consecutively, starting with 3 and titied as follows: 

Line XP-5, XP-10 CS-X-A-3 
CS-X-A-4 
CS-X-A-5 

Line XP-2, Pump, 5, Pump XG-501 
Etc. 

( X - symbo 1 i zes p 1 ant. number) 

5.09 Upset 

Upset Pressure and Temperature are based on abnormal 
operating conditions, if any, including loss of cool
ing water, catalyst regeneration, instrument failure, 
inadvertently closed valve, etc. The Unit Engineer 
shall establish the coincident pressure and temperature 
for each abnormal operating condition and shall list 
the conditions that govern the piping design. 

Care is required in establishing the upset temperature 
for steam/electric traced lines as the tracing matesial 
selection is based on temperature; for example, 400 F is 
the dividing point between copper and steel tracing 
tubing. 

Where piping is part of a system protected by a pressure 
safety-relief valve on vessels or equipment the Upset 
Pressure is the sum of a+b+c, where: 

a Relief valve set pressure 
b Pressure drop in piping to the relief valve 

at maximum relieving flow (Max.3%) 
c Static head of fluid between relief valve. 

and piping. 

For pump discharge piping subject to pump shut-off pressure 
the Upset Pressure is the sum of a+b+c, where: 

a Pump suction source relief valve set pressure 
b Static head of fluid on pump suction at 

source vessel "high liquid level" 
c Pump shut-off differential head 

For preliminary work assume pump shut-off is 120% of pump 
rated differential pressure; when supplier's pump data is 
available, recheck the calculations and correct as required. 
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5.10 Code - General Reauirements 

The Code (design) pressure and temperature are functions 
af Upset conditions and are the minimum values to which 
the pipe must be ·designed. Specification 14222-L-3 
Piping Design Basis, lists the governing design regu-
1 ati ans, reviews the requirements for steam generation 
vessels and defines the piping subject to ASME Boiler 
and Pressure Vessel Code, Section 1. 

5.11 Code Design Requirements - Petroleum Refineries 

a) OSHA (Occupational Safety ·and Health Act) requires 
that petroleum r~finerv oioing design considerations 
shown on the LDT's shall be in accordance with the 
rules in ANSI B31.3 (American National Standards· 
Institute Code for Pressure Piping). This code 
covers all piping within.a petroleum refinery in
cluding fluidized solids; oil, gas, steam, water, 
air, chemical and refrigerant lines except as ex
cluded in Par. 300.1.3 and 300.1.4 {primarily boiler 
code and low pressure piping). 

b) Paragraph 301.2 of ANSI B31.3 states that the design 
pressure shall be not less than most severe con
ditions of coincident pressure and temperature. The 
most severe condition is defined as the combination 
which requires the greatest pipe wall thickness and 
the highest flange rating. 

c) The following are some of the conditions to be eval
uated in determining the minimum code design temperature. 

1. Maximum process operating temperature. 

2. Vapor-liquid equilibrium temperature correspond
ing to the design pressure. 

3. For Piping downstream of heat exchangers, the 
maximum temperature which can occur when by
passing the exchanger for cleaning. If there 
is no bypass, the maximum downstream tempera
ture occurs when there is a loss of coolant 
flow, e.g. fan failure in the case of an air 
fin cooler 

8 - 15 ------- --------
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4. For compressor discharge piping, ·che maximum 
temperature which can occur when the compressor 

·is on recycle. 

5. · Catalyst regeneration temperature. 

d) Refer to ANSI 831.3, Par. 301.3.l, for permissible 
pipe metal temperature adjustments when the pipe 
is uninsulated. Normally, the fluid temperature is 
listed as the code (metal) temperature because most 
hot lines are insulated and both temperatures are 
nearly identical. 

e) ANSI.831.3, Par. 302.2.4, defines allowances by which. 
the pressure rating or allowable stresses may be ·ex
ceeded during upset conditions. In actual practice 
we apply these·allowances to the upset pressure to 
determine the required .code design pressure. These 
allowances are expressed in "duration factors" of 
1.33, 1.2 and 1.0 and are applied as follows: 

A 1.33 duration factor is used if the upset con
diti-0n .does not last more than 10 hours at any 
one time or more than 100 hours a year. 

A 1.2 duration factor is used if the upset con
dition does not last more than 50 hours at any 
one time or more than 500 hours a year. 

A 1.0 duration factor is used when: 

1. Duration of upset condition exceeds that 
permitted by the 1.2 duration factor, or 

2. Piping is cast-iron or similar non-ductile 
material, or 

3. Piping is austenitic stainless steel or 
certain .nickel· alloys. Refer to ANSI 831.3 
Appendix A for exceptions. 

5.12 Code Procedure - Petroleum Refineries 

a) Use the following procedures to establish the min
imum required code design conditions and to select/ 
confirm a piping service class. 

The maximum allowable code design values are stated as 
PRESS-TEMP. LIMITED in the Job Piping Material Specification. 
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A piping service class is acceptable if the required 
minimum code design point falls on or below the plotted 
PRESS-TEMP. LIMITS line or if the calculated required 
wall thickness plus corrosion allowance is less than 
the thickness shown in the piping service class. 

b) Detennine the required code design conditions and 
select/confinn piping service class as follows: 

l) If onJy the pressure is effected by ·the upset 
condition, the hioher ·of efther the normal 
operating pressure or the upset pressure divided 
by the duration factor (1.33, 1.2 or 1.0) becomes 
the required minimum code design pressure. Tn 
this case the nonnal operating temperature be
comes the code design temperature. 

Use these minimum code design values to select/ 
confinn a piping service. 

2) In most cases the PRESSURE-TEMP. LIMITS range 

3) 

is adequate, enabling the user to evaluate the 
piping service class but if the upset temperature 
is outside this range it may be necessary to cal
culated the wall thickness ratio. If R = 1 the 
upset condition governs, indicating that the 
piping service class is not acceptable: 

R. = tu = 
'f; F 

Where: 

R = ratio of calculated wall thicknesses w/o 
corrosion allowance 

t =minimum wall thickness w/o corrosion allowance 
n = normal conditon 
S =allowable stress at applicable temperature 
P = pressure, psig 
Y =material factor per ANSI 831.3, Table 304.1.l 
F =duration factor (1.0, 1.2, 1.33 

If only the temperature increases and stays below 
900°F, the required code design values are the 
nonnal pressure and the upset temperature. For 
this case Pn = Pu and Yn = Yu. 

15 
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4) 

5) 

If only the temperature is affected by the upset 
condition, but exceeds 900°F, use method 2 above, 
except in this case Pn = Pu and Yn 1 Yu. 

If both pressure and temperature are affected by 
the upset conditions, but temperature stays below 
900°F, the code design condition shall be deter
mined by using method 2 above, exceot Pn 1 Pu 
and Un = Yu. 

If both pressure and temperature are affected by 
the upset condition, and the temperature exceeds 
900°F, the code design condition shall be deter
mined by using method 2 above, except Pn ~ Pu 
and Yn 1 Yu·. 

5.13 Test 

&. 

5.14 

This is the minimum test pressure to which the jobsite 
personnel pressurize the pipe line to prove its inte
grity. Normally, this is a hydrostatic test with pres
sure at 1.5 times the code design pressure, adjusted 
for hydrostatic head and for code design temperatures 
exceeding 6S0°F. Piping stresi values from ANSI 831.2 
shall be used in refinery work. 

Specification 14222-L-6, Piping Installation and Testing, 
describes Operational, Vacuum, Piping, Air, and Visual 
Examination Tests as possible altern~tes to the above 
hydrostatic test. Establish the extent of alternate 
testing early in the job because considerable Field 
planning is requi-t.ed. Add appropriate notes to the 
Line Table to explain the requirements. 

The test pressure to be shown on the Line Table is the 
minimum test pressure required; a maximum allowable 
test pressure is stated in the piping service class. 

Expansion 

This column lists the maximum pipe temperature resulting 
from upset, steam-tracing, steam-out, regeneration or 
abnormal operating conditions and is used only for 
stress analysis . 

Failure to correctly establish this temperature early in 
the piping layout part of the job can result in expensive 

...,. 11 ~. t5 ----



"° "° .... .... 
..., 
°' .... 
:l: 
.,.. 
.:2 
0 

'"' 

5 .15 

5. 16 

pipe and support modifications. The Unit Engineer should 
consult Process and Startup personnel to evaluate any 
questionable system. 

Insulation 

The requirement for heat/cold conservation or personnel 
protection insulation 'is normally indicated by noting 
the insulation thickness or PP (personel protection). 
Design Guides N-1 and N-2 and Standard Specifications 
N-501 and N-502, Heat and Cold Conservation Insulation, 
give basic design information which will be issued later 
for Phase l design. A job will be issued to give specific 
design data and procedure. 

Pipeline Tracing 

Insert "ST" or "ET" in this column to indicate the 
requirement for either ST, steam tracing, or ET. 
electric tracing, of pipe lines for winterproofing 
or heating. · 

Job Specifications will be issued in Phase 1 to 
define the types of tracing to be provided for the job. 

Engineering Instruction L-17, Model and Drafting 
Procedures for Steam Tracing and Design Guide A-1, 
Steam Tracing of Piping, give general information and 
design data for steam tracing. Form.381, Index for 
Steam Traced Lines. is completed later to specify the 
detailed design of the tracer. 

E1ectric Tracing is covered by Engineering Instruction 
P-4. Design Guide P-3 and Form 163. These instructions 
and forms will be issued later for Phase l design. 

5.17 Installed Piping 

6.0 

E.I. A-36, Development and Control of Installed Piping 
Quantities, gives general instructions which will be 
supplemented by specific ·Job Instructions. The pipe 
takeoff quantities are entered by the Unit Engineer. 

ATIACHMENTS 

Line Designation Table Form 18 

Pump Ca lcul at ion Sheet Form 62 

Line Designation Table Index 
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SCOPE 

Bechtel and Sut>contractors shaJ 1 deveJ.op prelimi.nary piuc iil,rns in 
accordance wi.th these inscrucc:.'ons. The pre.!.i.:ni:i.ar:: pl0c plan~ 
shall '1.: d::a<~n co scale and provided with oucL.ai: di:nensii.:ns in 
Phase Z.:ro. 
SPEC I ::I.C.\.7IO:~S 

~linimum requirements are defined in the following specifications: 

14222-L-4 
14222-L-9 

Piping Design and Layout 
Equipment Layouts 

These sp~cifications are to be issued separately. 

3.0 STANDARD DRAWINGS 

1-linil!lum requirements are also defined in the following S ta:1dard 
Drawings which are attached: 

A-521 - Minimum Spacing Requirements of Equipment 
in Process and Off-Plot Tankage Areas. 

A-522 - Cross Section Typical Process Unit 

4. 0 REFERE:!CE DOCID!ENTS 

Reference documents listed in the above· Specifications and 
Standard Drawings will be .issued in Phase 1 of the Sreckinridge 
Project. 
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GENER AL NOTES 

1. ALL DIMENSIONS SHOWN THUS 0 INDICATE MINIMUM PRESCRIBED 
BY (OSHA) OCCUPATIONAL SAFETY AND HEALTH ADMINl&TRATION 
5/70 SECTION 1910.1118 FLAMMABLE AND COMBUSTIBLE LIQUlp$. 

2. ALL OTHER DIMENSIONS REPRESENT BECHTEL RECOMMENDED •A
CING ANO DIMENSIONS EXTIIAC'TED FROM THE (OIA) OIL INSURANCE 
ASSOCIATION CHARTS. 

Y • DISTANCE PER HEAT RELEASE CALCULATIONS 

T • HEIGHT OF FLARE STACK ORY DISTANCE. WHICHEVER 
IS GREATER 

1 TANK SPACING TO PROPERTY LINES, PUBLIC WAYS AND BUIU>INOS 
SHOWN MEAN ONE-HALF THE DIAMETER C>.OOA { TANK DIA. 
OR 90', WHICHEVER IS LESS. -.- DIVIDED 

BY2 

4. SPACING BETWEEN.ADJACENT TANKS CANNOT BE LESS THAN ONE· 
HALF THE DIAMETER OF SMALLER TANK IF SMALL ONE IS LESS 
THAN HALF THE DIAMETER OF LARGER. 

6. THE VOLUMETRIC CAPACITY OF A DIKED AREA SHALL NOT BE LESS 
THAN THE GREATEST AMOUNT OF LIQUID THAT CAN BE RELEASED 
FROM THE LARGEST TANK WIJHIN AN AREA PLUS DISPLACEMENT 
OF ALL OTHER TANKS WITHIN THE SAME COMPOUND. 

6. THE WALLS OF A DIKED AREA SHALL BE LIMITED TO AN AVERAGE 
HEIGHT OF 8 FT. ABOVE INTERIOR GRADE. A-VARIANCE TO ABOVE 
RULE CAN BE APPLIED FOR THAU "OSHA" PROGRAM DIRECTIVE NO. 
1~11. 

7. Al COMBUSTIBLE STORAGE TANKS WITH Qllfll 10.-BBL'L CAPAC
ITY - LOCATE 2liO FEET FROM NEAREST EQUIPMENT. 

Bl COMBUSTIBLE STORAGE TANKS WITH Lm.ll1Mll 10.- BBL'L 
CAPACITY·- L~TE 150 FEET FROM NEAREST EQUIPMENT. 

6. THE MINIMUM DISTANCE BETWEEN TANKS AND TOE OF INTERIOR 
DIKE WALLS M REQUIRED BY (NFPAI NATIONAL FIRE PROTECTION 
ASSOCIATION IS 6 FEET; HOWEVER. BECHTEL PRACTICE IS TO USE 10 
FEET, WHICH ALLOWS BETTER ACCESS FOR TANK CONSTRUCTION. 

9. BOIL-OVER MEANS THE EXPULSION DF CRUDE OIL (OR CERTAIN LI~ 
UIDSI FROM A BURNING TANK. 

.Ill. Sl'MERES MAY BE LOCATED WITHIN THE SAME DIKE ENCLOSURE 
PROVIDING THEY CONTAIN SAME COMMODITY. CAPACITY SHALL 
BE~ OF VESSEL CONTENTS FOR HYDROCA~S WITH RVP 
CREIDVAPOR PRESSUREI OF 100 PSI OR LEDAllD25"0F VESSEL 
CONTENTS FOR HYDROCARBONS WITH R\IP MORE T..- 111D PSI. 

11. THE MINIMUM CLEAR AND OPEN SPACE REQUIRED BY THE OIA 
BETWEEN BATTERY LIMITS OF ADJOINING PROCESS UNITS ARE 
/>Ji FOLLOWS: 
ol REFINERIES - 60 TO 100 FT. 
bl PETROCHEMICAL PLANTS -

11 HIGH HAZARD TO HIGH HAZARD• 200 FT • 
21 HIGH HAZARD T9 LOW HAZARD• 100 FT. 
31 LOW HAZARD TO LOW HAZARD• 60 FT. 

cl HYDRDREFINING UNITS• 100 FT . 

12. USE 76FT. MIN. DISTANCE BETWEEN FIRED HEATERS (IN HYDROGEN 
SERVICEI 11 SNUFFING STEAM MANIFOLDS. 

11 FIRED HEATERS-' IN ADDITION TO ADEQUATE SPACING FROM 
OTHER EQUIPMENT. HEATERS SHOULD BE LOCATED UPWIND 
(WITH RESPECT TO PREVAILING WINDS! DF PROCESS EQUIPMENT 
TO MINIMIZE THE POSSIBILITY OF POTENTIAL VAPOR CLOUDS 
BEIN!! IGNITED BY THE HEATER. 

FOR ADDITIONAL INFORMATION AND REFERENCES REGARDING PIPING 
AND EQUIPMENT LAYOUT, SEE ENGINEERING STD. SPECIFICATIONS L-607,, 
L-611 AND STANDARD DRAWING A-SZZ. 
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ENGINEERING CHA.'IGE ORDER PROCEDURE 

1.0 SCOPE 

This document establishes the procedure for processin~ an Engineering Change 
Order (ECO) for the Breckinridge Project. 

An ECO is a document signed by the Client approving a change in the scope of 
work as defined in the Contract· or Scope Definition documents. 

Changes are not to be made until approved inaccordance with the 
terms of the. agreement, Contract clo.BC-01, by the ASFI Contracts 
Manager and the Bechtel Project Manager. 

2. Q SU}!MARY OF PROCEDURE 

The procedure consists of six steps. These steps are clarified in the 
following sections of this procedure. 

• Initiate Request. 

• Define Scope. 

• Approval by Client to proceed with Estimate. 

• Estimate Cost Change and effect on Schedule. 

• Approvals. 

• Distribution of Documents. 

3.0 STEP l: INITIATE REQUF.ST 

3.1 Arly form or letter may be used as long as it is properly signed by the 
Contracts Manager or Project Manager of the origicaticg eccicy. 

3.2 Requests for changes originating with any of the Client's organization 
will be transmitted through the Client's Project Manager in Houston. 

3.3 Requests for changes originating with anv other organization shall be 
transmitted through the Sechtel Project :-tanager in Houston. This 
shall include all subcontractors. 

3.4 The impact of the proposed change shall be stated in the originating 
document to the degree that it is known. 

11'11 
-".·l-'~t.-2.d_~ 
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4.0 STEP 2: DEFINE SCOPE 

4.1 Originating documents will be assembled by the Bechtel (Houston) 
Pr~ject Engineering Manager who will be responsible for the 
subsequent development of the ECO .• 

4.2 An ECO number will be assigned and entered in the Change Order 
Control for H-263 which is attached to this specification 
(14222-A-8 Sheet 4 of 14). 

4.3 The Change Order Control Log will be maintained. by the Project 
Engineering Manager. Each step of the procedure will be logged as 
shown on the form. 

4.4 The log will be issued monthly. 

4.3 The first two sections of the Breckinridge Project - Engineering 
Change Order Form which is attached to this specification 
(14222-A-8 Sheet 5 of 14), will be completed and signed by the 
Project Engineering Manager. 

The first section is labelled, "A. Proposed Change." 

The second section is labe.lled, "B. Effect On." Order of magnitude 
approximation shall be given here prior to thorough evaluation. This 
will minimize lost time if the the ASFI Contracts Manager decides not 
to proceed further. 

5.0 STfP 3: APPROVAL BY THE CLIENT TO ESTIMATE 

~ ? 
J·-

The ASFI Contracts Manager will then sign the same Engineering Chang.e 
Order form as shown under the heading, "C. Authorization." Approval 
of any or all further estimating will be made at this time. 

If approval is given, the Project Engineering ~anager will then 
release the Estimating Department, the disciplines, and others, 
to make more precise evaluations of costs and scheduling impacts. 

Further inpu't may also be required from the subcontractors if the 
impact on them is not completely stated in the initiating documents. 

6.0 STEP 4: ESTIMATE COST AND EFFECT ON SCHEDULE 

6' .1 Two estimates of home office manhours will be made: 

• Manhours required to do the estimate . 

• ~anhours required to change the design. Form H-439 titled, 
"Technical ~anhour Estimate'·' (14222-A-8 Sheet 6 of 14). 
will be used. 

1n_ .. 2 ___ _ ---'.'-- Cl __ 1 .. 4 __ 
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6.2 Oth~r corms to be used by Engineering arP.: 

• Form H-438 "Scope Check List" ( 14222-A-8 Sheet 7 of 14). 

• ·Form H-4t.n "Current Technical Manhour Budget Adjusted for 
ECOs" ( 14222-A-8 Sheet 8 of 14). To be complec:ed after 
approval by Client. 

• ECO Document Index ( 14222-A-8 Sheet 9 of 14 ) . 

6.3 Estimating will receive the documents listed in Paragraph 6.1 and 
6.2 ·from Engineering and prepare the Estimate using the forms listed 
below. 

• General Estimating Wurk Sheet ( 14222-A-8 Sheet 10 of 14). 

• ECO Backup Sheet ( 14222-A-8 Sheet 11 of 14). 

• Cost Summary ( 14221-A-8 Sheet 12 of 14. 

• Form HouEst E-1. Interoffice Memorandum (14222-A-8 Sheet 
13ofl4). 

7.0 STEPS: APPROVALS 

7.1 The Engineering Change Order Form (see paragraph 4.5) Section 
"D. Contract Price, Completion Schedule" will be completed from the 
data transmitted by Estimating to the Project Engineering Manager. 

7.2 The ECO Form shall be reviewed and signed by the Bechtel Project 
~anager. The ASFI Contracts ~anager will then sign the ECO Form. 

7 .3 Instructions in writ.ing will then be made authorizing the changes to 
be made. 

8.0 DISTRIBUTION 

8.1 Distribution of instructions to proceed will be made in accordance 
with the Distribution of Documents matrix under the headings, "Project 
Controls - Change Orders." 

8.2 The Bechtel Legal Department will be informed by Contract Change Order 
form ( 14222-A-8 Sheet 14 of 14). The Project Engineering Hanager 
shall assure that the transmittal is made. If the ECO Form is signed 
by the.Client and Bechtel in accordance with Paragraph 7.2, the 
transmittal to the Bechtel Legal Department need not be signed. 

l~,.ICATICtl 1110. __ i_.:._::_~_' .::_-_.l._-_0 __ _ 
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PROJECT 
CHAN GE ORDER CONTROL DATE ISSUED 

PAGE-- OF--
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THE BRECKINRIDGE PROJECT 
ENGINEERING CHANGE ORDER 

BECHTEL PI::TROLEUN, me. 

A. PROPOSED CHANGE 

JOB NO. PLANT NO. ECO NO. . REV. NO. ---- ---- ----
TITLE 

--------------~ 
REFERENCE OR AUTHORJ;TI ---------

DESCRIPTION: 

B. EFFECT ON: 

Scheduled Job Completion ----

Engineering Costs 

Field Costs 

C. AUTHORIZATION: 

Proceed with Engineering 
~stimate and Data for 
Estimating 

Proceed with Engineering 
and Procurement 

Proceed with Construction 

D. CONTRACT PRICE: 

Yes 

Increase (Decrease) $ -----

BECHTEL TO TAKE ACTION INDICATED: 

Prepare Engineering Estimate Data for Estimating 
by • 19 __ 

Prepare Cost Estimate by -------- 19 

Bechtel Project Engineer 

No CLIENT 

Signed -----------------------

Signed ------------------

Signed ----------------------

COMPLETION SCHEDULE: 

Previous Date ---------------~ 
New Date 

Increase (Decrease) in Time ________ days 

E. The completion date and Contract Price of the above-referenced Contract are hereby 
adjusted as shown above and shall not be further adjusted by reason of the above 
described change. All of the terms, covenants, and conditions of the above
referenced Contract, except as duly modified by this and previous Change Orders, if 
any, remain in full force and effect. 

Accepted by ASFI: J. B. Grant BECHTEL PETROLEU1!, rnc.: J. R. Bruner 

By By 

Title Title 

Date Date 

Specification No: 14222-A-8 Rev. 2 Sheet 5 of 14 



JOB NO. PLANT NO. ---
HOUSTON ENGINEERING DEPARTMENT 

TECHNICAL HANHOUR ESTIMATE 

ECO NO. ---
HANHOURS REQUIRED ACTIVITY 

CODE DESCRIPTION EST. PREP. TO DO DESIGN 

310 

322 

331 

332. 

333 

341 

342/3431344 

351 

352 

353 

354 

355 

356 

360 

370 

380 

392 

Engineering Management 

Process Engineering 

Project Engineering 

P1an. & Sched. 

Mech. Engr. Specialists 

P&ID 

Piping Design 9 Model & Hat'ls 

Clvi 1 

Structural & Fdn. 

Architectural 

Stress Ana 1 ys is 

Columns & Vessels 

Pipe Supports 

Instruments 

Electrical 

Unassigned 

Hat'l Requisition & Control 

TOTALS 

Approved: 

Project Engineer 

Project Sponsor 

Fo·rm H-439 1/9/67 
Specification No: 14222-A-8 Rev. 2 

Date: -
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JOB NO.~PLANT NO. 

HOUSTON ENGINEERING DEPARTMENT 

SCOPE CHECK LIST 

ECO NO. 

MAJOR EQUIPMENT "C" "D" ••E" ••F" "G' I ••H•' ••K•• ''T'' "V" 

Added Equipment 0 0 tJ 0 tJ 0 0 0 0 
Deleted Equipment 0 0 0 0 0 0 0 0 0 
Size 0 0 0. D o· 0 0 0 D 
Materials 0 0 0 Cl D D 0 0 D 
Wall Thickness 0 D 0 0 0 D 
Stress Relief 0 D D 0 D D 
X·Ray· D 0 0 D 0 0 
Nozzles D D D 0 0 D D 0 0 
Internals D D 0 0 D 0 0 0 
Equipment Supports Cl »o 0 
Driver Size Cl D D. D D 
Driver Type Cl 0 Cl Cl D 
Auxi 1 iaries 0 0 0 D 0 D 0 0 
Shipping Method 0 0 0 0 D D 0 0 0 
Mode of Field Erection 0 0 0 0 D D D 0 0 

OTHER DIRECT MATERIAL & SUBCONTRACTS GENERAL 

J Instruments 0 Plot Plan Revise D 
L Piping 0 Schedule Increase 0 Decrease D 
H Structures D 
N Insulation 0 
N F·i rep roofing 0 REMARKS 
p Electrical 0 
0. Fdn./Piling 0 
R Buildings ·o 
s Site Improvements 0 
u Catalyst & Chemicals 0 
x Painting 0 

Approved: Date 

n Project En~ineer 

Form #H-438 
Specification No: 14222-A-8 Rev. 2 Sheet 7 of 14 



St•t!cll' lcutlou No: l4l2'..!-A-8 llt!V. 'J. Shct!t 8 of 14 
form N H-ltlto 

Approved by 
{t:1i1rnt 

[zo~~1 
-. Hdnhours 

JOO 110. PLANT NO. 
HOUSTON CHGINEERING DEPARTMENT 

CURRENT TECltlll CAL t\AtlliOUR BUDGET ADJUSTED FOR ECO 1 s 

* Currt!11t BuJyoH = Ori!Jlnal Budget + Approved 

Act. Coc:lt! 310 32'..! 331 332 333 31tl Jlt2/3 351 352 353 3Slt 355 J56 

I-
WO.. ...... 
- :::> 
... v> 

L 

lJ 
L 

L. 

Issue tlo. 

Oale ------
Sht:t!l of 

)60 370 380 392 TOTI 

,;_ 
I- u 
v> ... 
z _. 

·~J 

L l. 

L 1 · 

l. L 
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ECO DOCUMENT l~DEX 

Job No. Plant No. 

ECO No. __ F'rom -----------

Reference or Authority ---------
Bechtel Group Letter ----

Item DESCRIPTION 

Change Line No. from 4 to 611 

Attac!iment 
Identification 

Dwg ii 
Spec ii 
Equip ii 
MR # 

0RJG/A/At..t_'/ FRO/V1 C/,,....;17 A2'oJ. CA/GRS . 

.,4,.....;.o D~ s1c:;,A../ GROUP s To AzoJ. £./($R. 

:,DR 0./. C,,../<$/C 7/<4JS,CER.s- /NOEY M7H 

A774CH;V'JeA.//S: To PACK.-46,:= s=,....17 7o 

Specification No. 14222-A-8 Rev. 2 Sheet 9 of 14 ---- ---
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JOB NO. & TITLE 

~ RCE-10A CLIENT 
2112 

JOB LOCATION 

GENERAL ESTIMATING WORKSHEET 

llEM I DESCRIPTION QTY. 

--

.. 
I 

SllEETNO. 

u UNIT COST 
N 

UAHHOURS 
I 
T Miff( SIC UNIT TOTAL SIMH MATERIAL 

I 

I , 

- --

>--

ACCOUNT~~~~~~-

TAKEOFF APPROVED 

PRICED DATE 

CHECKED SHEET __ Qf _______ 

. TOTAL COST 

LABOR 6UBCONTRACJ TOIAL 

1--

-
,_ - -

,_ - -
I ,_ - ..... , 

i 
I 

I 
I 
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. Ul:t:ll'l'EL l't:TRlll.t:Utl, INC. SfHrt __ oF_ 

JC.II NO _______ _ 
DY: 

CllECY.EO ,------
APPROV£0: 

[CO.# ___ _ 

u·•·----------
n•\•t. DATE------: - ·~ .. -· - -

FIELD FIELD llDHE s U H H A y 

hi AHT< hl<TAIO orr1rr t"H HAT'L LABOR S/C TOTAL .... " r· Pl.ANT ..fJ1. Rolmb. -
SALES TA _§_of D.H. TARG[T PRICE 

S llTOTAl T"" . FAT. I 
TOML DI CCTS 'ti/TA t FRT. 

"I\'' MTOll\l tOI :r! 
~~·L O.H. I ~of Hal I) FIELD DI TRIBUTABL s 

sue<:otnnLr cnsT~ ~1011 TOTAL Fl LO COSTS 
I 

LA SUUCiltlTRtCT 0. H. _ 
11(11 ;-~\lllt~L r 1 rt n • ·~n1 

DIR. ~ABrll H.H. J( •• ~ 1 ·HOHE OFF CE COSTS 
-

DIST. LllrOR ti.II. 

I S BTOTAL 

HllllUlll I.MOR 

PtR 11nos ~of 1.L. ' FEE @ J..:. ~ 

IOTllL 111111u,u n:o. LABOR LESS REI BUR SABLE OSTS 
><<OO~o 0111£ R DIST. • °'5i 11C11 NC• E ti ---:-.. ,<40% I> FEE LJ NET CHAN E IN T/P 

"n"· rntl<TAUf ·1m1 <nu11 

LESS FEE 

TOTAL COllST_. CC UIP. 

"(" ENG. L E T. ' NFT ..... , l< IN TIP 
Prep 
Est. Exe. lOTAL l1Aen• '"~1 'I 

[llG. Htl NOTE II INCLUDE! SHALL TO LS-SUPPLlfS SUPERV SION - Fl LO OFFICI STAFF. 

£~T. Hll ANO USE bf TEHPOR RY FAC ILIJIES 60t I AGES - ~p . 11:\T 'L 

SUBTOTAL I BURDEii • 7S'r. x LABbA 

[UG'R t rT. HAT'L . 
10111L rn 'G t EST. 

"P' SUPERVIS RY TRAVEL & SURSIS EllCE i I ~~ I 

lOTALS 

' 

Spec.No. 14222-A-8 Rev._? Sheet ...!..!..of _!i_ 



BECHTEL PETROLEUM, INC. 

CONTRACT CHANGE ORDER NO." 

PROJECT: BECHTEL JOB NO. 

Plant No. Sheet of 

COST SUMMARY 

Reimbursable Contract Total 
Cost ·items Costs Taraet Price Costs 

DIRECT FIELD COSTS 

A; Material Costs $ $ $ 

3% of A Total 

8. Subcontract Costs I 
5% of B Total 

c. Manual Field Labor 
(includes P/R additives) 

30% of C Total 

D. Construct ion Equipment 

HOME OFFICE 

E. Home Office Engineering ~osts 

F. Travel and Subsistance Costs I 

TOTAL.S excluding Fee $ 

FEE -
G. Fixed Fee at 3.82% 

TOTAL PROJECT COSTS: $ 

The c:ost of Engineering for preparing this Change Order, which is included above 
in· "E" is. $ ______ _ 

COST DISTRIBUTION BY PLANTS 

Plant 1 Plant 2 Plant 3 

Reimbursa.ble Ccsts s s s 

Contract Target Price 

Fee 

TOTAL s s s 

Specification No. 14222-A-8 Rev. 2 Sheet 12 of 14 



Bechtel Petroleum, Inc. 
Interoffice Memorandum 

To Date 

Subject Job From 

Copies to 

Of Estimating 

At Houston Exl 

Change Order No. 

Description of Change Order: 

A copy of the cost summary of subject change order is transmitted 
herewith. In addition, we are attaching a copy of the ECO backup 
sheet and a copy of the detailed estimate. 

FORM HOU EST E-1 

Specification No. 14222-A-8 Rev. 2 --- Sheet 13 of 14 



BECHTEL PETROLEUM, INC. 

CONTRACT CHANGE ORDER NO. 

Project: Contract No.: -------
Subject of Change: 

----------------------------------------------------
Job No. _________ Spec. No. Sheet of _______ _ 

The above-referenced Contract is hereby amended to incorporate the following 
change: 

Description of change: 

Basis of Compensation: 

{Increase) 
(Decrease) in Contract Price $ ----------------------(Increase) 
(Decrease) in time for completion: days 

Previous completion date: . New completi'on date: 

The co~plation date and Contract Frlce ·of the above-referenced Contract 
are hereby adjusted as shown above and shall not be further adjusted by· 
reason of the above-described change. All of the terms, convenants and 
·conditions of the above-referenced Contract, except as duly modified by 
this and previous Change Orders, if any, remain in full force and effect. 

Accepted by: 

BECHTEL PETROLEUM, INC. 

-By'~------~~-:--------~ Bv ___________ ~~------------~--

Title: ________ ~----------------------
'Title1 ___________________ ~----

Date Date ------------------------ -----------------------~ 

Specification No. 14222-~-a Rev. 2 Sheet 14 of 14 



..... 
~ ..... . 
::: 

PHASE ZERO - PROJECT FILE INDE."{ 

l .O CO~\CTUAL 

1.1 ?ri=e Contract 
1.2 P"ri=e Contract Correspondence 
1.3 Engineering Subcontrac cs iit License Ag::-e~men cs 
1.4 Engineeri:tg Sui>cont rac cs & License Agree!llen cs 

Correspondence 
1.5 Secrecy A;;r.'?ements 
1.6 Entity .;gr~ements .ind :~:;!:-ii·1ision .\gr~er.iencs 
1. 7 Consul cane Agreements 
1.8 Accounting :teleases 
1.9 Unit Completion ~oti.ces 

2.0 n!STRUCTIONS & PROC!JURES 

2.1 
::.2 
2.3 
2.4 
2.5 

Project Procedures 
Job Instructions 
Basic Design Data 
Design Information & Criteria 
Approval Authority 

3.0 FISCAL MA.Tl'ERS 

3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
J.8 
J.9 
3. :o 

Code of Accounts 
Budgets 
Financial Forecasts (Folder for each For~casc; 
P:e liminary Estimates (Trend Base) 
Cost Trend Re:>orts 
Trend Not ices 
Definitive Estimate 
Cost Stud? Index (Folder for each Stuciv) 
::ngineering Design Adjustments· (E:DA's) 
Engince::-ing c:1ange Order Concrol (ECO's) 

! ,.fl!. 1~/0/Pn rc;c::~n 'C'('\:! r..,,..,.,."lH 'CH"HTC:TI'\'.. 

C.. .4'-. lij/- ,c;I ':"C::C:7~~ ~til? r.~,·~~.ll :'l':""'TrTC:Tn~.! 

J' a /~%./Bo !SSt:::D :"OR ?EASE: z::~o 

ASFI THE 3RECKl:lRIDGt. 1'ROJECT AECI 

~ "Y'JLi:.:;--.//?.rC:J 
/.J<s ~ ·- ,.-,.,,,... 

,_,.; ~ :..?_h 

u. s. DOE COOPERATIVE AGREE~E~:T ~o. DE-FCOS-800R2071 it...:.)' ~:..-;.:~i;:;.':.;'~·~C;;;.1ff;.;..;.I.;.;,; ctl-r' "'~~::.'"-. 
PROJECT SPECIFICATIONS ~ 

PHASE ZERO - PROJECT FILE !~!DEX 142'.:2-A-9 3 
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3.11 

3.12 
3.13.A 
3.13.B 
3.13.C 
3.13.D 
3.13.E 
3.13.F 
3.13.G 
3.13. H 
3.13.I 
3.13.J 
3.14 
3.15 

4.0 ~OWER 

Engineering Change Orders (Folder for each ECO with 
backup) 
Field Change Orders 
Computer Billings Support (Bechtel - 13141-001) 
Computer Billings Support (Bechtel - 13141-002) 
Computer Billings Support (Bechtel - 14222-000) 
Computer Billi~gs Support (Bechtel - 14222-100) 
Computer Billings Support (UOP) 
Computer Billings Support (A!~CO) 
Computer Billings Support (Te:<:ico) 
Computer Billings Support (Davv-~1c~ee) 
Computer Billings Support (Rob~~:s & Schaefer) 
Computer Billings Support (Ot:1ers) 
MQterial & .S/C Cost & Commicnenc Report 
Overtime Authorizations 

4.1 Organization Charts 
4.2 ~eekly Labor Distribution 
4.3 Project Manhour Summary 
4.4 Engineering Manhour Forecast 
4.5 Engineering Manhour Budget by Plant & Group 
4.6 Personnel Assignment Dates 
4.7 Travel authorization & Itineraries. 
4.8 Vacation & Leave Schedules 
4, 9 aeimbursable Manhour 
4. 10 Res um es 
4.11 Office Space 

. Rl'l. __ 3 __ _ 11 
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5.0 SCHEDULtS & CONTROLS 

5.1 
5.2 
5.3 
5. 4 
5.5 
5.6 
5.7 
5.8 
5.9 
5.10 
5.11 
5.12 
5.13 
5.14 
5.15 

6.0 REPORTS 

6.1 
6.1.1 
6.2 
6.2.1 
6.3 
6.4 
6.5 
6.6 
6.7 
6.8 
6.9 
6.10 
6.11 
6.12 
6.13 
6.14 
6.15 
6.16 
6.17 
6.18 
6.19 
6.20 

Objective Schedule 
Master Project Schedule (Hilestone) 
Engineering Summary Schedules 
90-Day Schedules 
Construction Swiunary Schedule 
Major Zquipment Summary Schedule 
Drawing Control 
Drawing Control Supplement 
:-iaterial Requisition Index 
Field ~i/R Index 
Specification Index 
Vendor Print Index 
Studies Issued Index 
Technical Services Agreements Register 
Equipment List 

We.ekly Progress Reports - H.O. 
Weekly Progress Meetings - H.O. 
Monthly Progress ·Reports - !1.0. 
Reliability Report 
Construction Progress Report 
Status of Major Equipment (Buck Sheet) 
Procurement Status Report (Hecltle Sheec) 
Subcontract.Status ~eport (Heckle Sheet) 
Department~l Reports 
Exception Reports 
~Iodel Reports 
Staff Meeting Reports 
Site Visits and Trip Reports 
Soil Survey Reports 
Consultant Reports 
Bidders List 
Current Lead Time Reports 
Surplus Material Reports 
~leed Lists 
Want Liscs 
Heekly Review 
Heekly Schedule Report 

SPtCIFICATION NO. --•1.a.'·.;.".;.",;,,;'.'--.2.o' :;,;:i..__ REY.----- SHEET--""--
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t 
6.20.l Draft ~larratives Report 
6.20.2 II II " 
6.20.3 ·II II II 

& 6.20.4 II II II 

6.20.5 II II II 

t 6.20.6 " " II 

6.20.7 " ". " 
6.20.8 " II II 

6.20.9 " " II 

6. 20 .10 II II " 
6.20.ll II " II 

6.20.12 II " II 

7.0 CONFERENCE NOTES 

Bechtel-ASFI (Cf-BA) 
ASFI with DOE (ASFI-DOE) 
With !iRI 
Wi::h UOP 
With Airco 
With Texaco 
;Jith Davy McKe"? 
With Roberts & Schaefer 

fJl 
il2 
!J3 
;"F4 
f.f5 
f.!6 
t/7 
f/8 
f.!9 
iflO 
f.!11 
i.!12 

7.1 
7.2 
7.3 
7.4 
7.5 
7.6 
7.7 
7.8 
7.9 
7.9.l 
7.9.2 
7.9.3 
7.9.4 
7.9.5 
7.9.6 
7. 9. 7 
7.9.S 
7.9.9 
7.9.10 
7. 9.11 
7.9.12 
7. 9 .13 
7.9.14 
7.9.15 
7.9.16 
7.9.17 
7.9.18 
7. 9 .19 

Other Licensors & Subcontractors 
Division Management 
Project Management 
Business Development 
H.O. Construction 
Purchasing & Expediting 
Engineering 
Inspection 
Traffic 
Legal . 
Financing & Accounting 
Cost Engineering 
Planning & Scheduling 
Process 
~&Q's 
Pipeline 
M&M 
H. 0. Start up 
Environmental 
Miscellaneous 
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8.0 CORRESPOHDENCE 

8.1 Letters to Client (BA) 
8.2.A letters from Client (AB) Ashland 
8.2.B Letters from Client (AB) San Francisco 

Closed) 
8.2.C Letters from Client (AB) Houston 
8.3 Telegrams to Client (XBA) 
8.4 Telegrams from Client (XAB) 

i 
8.5 Transmittals to ASFI (TBA) 
8.6 Transmittals from ASFI (TAB) 
8.7 Letters ASFI to DOE 
8.8 Letters DOE to ASFI 
8.9 Letters Bechtel to DOE 

9.0 CORRESPONDENCE WITH nRI 

9.1 
9.2 
9.3 
9.4 
9.5 
9.6 
9.7 
9.8 
9.9 

Letters to HRI (BH). 
Letters from HRI (HB) 
Telegrams to HRI (:<BH) 
Telegrams from HRI (:mB) 
Transmittals to HRI (TBH) 
Transmittals from HRI (THB) 
ASFI/HRI Correspondence 
ASFI/HRI Conference Notes 
Delete 

10.0 CORRESPONDENCE WITH UOP 

10.1 
10.2 
10.3 
10.4 
10.5 
10.6 
10.7 
10.8 
10.9 

Letters to UOP (BU) 
Letters from UOP (UB) 
Telegrams to UOP XBU) 
Telegrams from UOP (XUB) 

Transmittals to UOP (TBU) 
Transmittals from UOP (TUB) 
ASFI/UOP Correspondence 
ASFI/UOP fif erence Notes 
Delete 

(Essentially 
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11. l 
11. 2 
11. 3 
11.4 
11. 5 
11. 6 
11. 7 

&. 
11. 8 
11. 9 

Letters to Airco (BR) 
Letters from Airco (RB) 
Telegrams to Airco (XBR) 
Telegrams from Air:::o (XRB) 
T~ansmittals to Airco (!BR) 
Transmittal3 from Airco (TRB) 
ASF!/Airco Correspondence 
ASF!/ Airco Conference Notes 
Delete 

~z. 0 CORR:SPONDE~lCZ ~HTil :EXACO 

L2.l Letters to Texaco (BT) 
t:.: 
12.3 
!2.4 
12.5 
12.6 
12.7 
12.8 
12.9 

tec:er5 from Texaco (TB) 
!alegrams to Texaco (:CBTY 
Telegrams from Texaco (XTB.) 
Transmittals to Texaco (TBT) 
Transmittals from Texaco (TTB) 
ASF!/Texaco Correspondence 
ASF!/Texaco Conference Notes 
Pelete 

13.u CORR:::S?ONDENC::: :.i!Til DAVY-McKEE 

l 3 .1 
lJ.: 
:.3 .3 
13. !+ 
13. 5 
13 . .; 
13. 7 
D.a 
i3.9 

SP£CIFICATION NO. 1~·.:22:-:=-.-9 

Letters to Javy-~1cKee (BO) 
Letters f:-om Davy-McKee f'JB) 
T~legr::ims to Davy-McKee (XBD) 
!el-e:;rams from Davy-McKee .(XDB) · 
Transmit:als to Davy-McKee (TBD) 
Transmittals from Davy-~cKee (!DB) 
ASF!/Davy-McKee Corr~spondence 
ASF1/Davy-McKee Conference ~otes 
Delete 
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14.0 CORRESPONDENCE W!nt ROBERTS .S. SCHAEFER 

14 .1 . 
14.2 
14.3 
14 .4 
14.5 
14. 6 
14.7 

& 
14.8 
14.9 

Le.tters to Roberts .S. Schae far (BS) 
Let:ers from Roberts & Schaefer(SB) 
!elegrams to Rob~rts & Schaefer (XBS) 
'::1-::gr:ims from Rub.!:":.3 .:i 3c'.:'1J.e::?-r (XSB) 
•ransmittals to Rober:3 ~ Schaefer (TBS) 
Transmittals from 1ooe:-:s .:, Schaef~r· (:'SB) 
.~Sr!/Roberts .S. Schaefer Correspondence 
ASr!/Roberts Sr Schaefe::- :::onference Notes 
Delete 

rs. 0 CORRESP'J:rnE~ic::: WITH BECHTEL UTT::R1!·AL (!OM Is) SF Si ~OUSTON 

15 .1 
15 .2 
15.3 
15.4 
15.S 
15 .6 
15. 7 
15 .8 
15.9 
15 .10 
15 .11 
15.12 
15 .13 
15. 14 
15.15 
15.16 
15.17 
15 .18 
15 .19 
15 .20 
15.21 
15.22 
15.23 

i
l5.24 
15.25 
15.26 
15.27 

Ji~i3ion Management 
?roject Management 
Business Development 
H.O. Construction 
Purchasing 
Expediting 
Inspection 
Traffic 
Legal 
Finance & Accounting 
Cost Engineering 
Planning & Scheduling 
Process 
n&Q's 
Pipeline 
M&M 
H.O. Startup 
Environmental 
Engineering 
Mis ce 11 aneous 
Draft Requisitions for Office Supplies and Materials 
Draft Requisitions for Office Furniture 
Budget 
Assignment Sheets for Personnel (Offices) 
LAPD 
E:PC Planning 
Coal Technology 
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16 .O CORRESPONDENCE - aISCELLAi.~EOUS 

16.1 
16.2 
16 .2.1 
16.3 
16.4 
16 .s 

Other· Bechtel Offices 
Letters .to Baldor Topsoe 
Letters from Haldor Topsoe 
Pilot Plant 
Coal Supply 
·Prospective Suppliers 

17.0 REGULATORY ITEMS. 

17.l 
17.2 
17.3 
17.4 
17.5 
17.6 
17.7 
17.8 
17.9 
17 .10 
17 .11 
17 .12 

Environmental Report 
Air Pollution .. Control 
Water Pollution··control 
Licensing 
Building Permits 
Noise Control 
OSHA 
Codes & Standards 
Government Regulations 
Union Label Requirements 
Aircraft Warning 
Engineering Registration 

18.0 TECHNICAL SUBJECT FILES --GENERAL 

(If C~rrespondence is specific to a unit, it must be filed ~ith 
Unit Correspondence 19.0 - Unit Subject Files) 

18.A.01 
18 .A.02 

General 
Definitions 
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18 .A.03 
18 .A. 04 
18 .A.OS 
18 .A.06 
18 .A.07 
18 .A.08 
18 .A.09 
18 .A.10 
18 .A.11 
18 .A.12 
18.A.13 
18.A.14 
18.A.15 
18 .A.16 
18.A.17 
18 .A.18 
18.A.19 
18 .A. 20 
18 .A.21 
18 .A.22 
18 .A.23 
18 .A.24 
18 .A.25 

18.A.26. 
18 .A.27 
18 .A.28 
18 .A.29 
18 .A.30 
18.B.01* 
18.C.Ol* 
18.D.01* 
18.E.01* 
18.F.Ol* 
18.G.01* 
18.H.01* 
18.I.Ol* 
18.J.Ol* 
la.K.01* 
18.L.01* 
18 .~'1. 01 * 
18.N.Ol* 
18.0.01* 
18.P.01* 
18.Q.Ol* 
18.R.01* 
lG .: .01* 
13.:.0l* 

Corrosion 
Fire Protection 
Sanitary Systems 
Steam & Condensate 
Cooling Water System 
Other Utilities 
Utility Guarantees 
Material Selection 
Meteorology 
Design Calculations Index & File 
Surplus Material 
Spare Parts 
Tie-Ins & Battery Limits Data 
Startup & Testing 
News Items & Public Relations 
Field Revisions & As-Built Dr~wings 
Record Book Data 
Operating Manuals 
Metallurgy & Weldtng 
P&ID·Model Review Data 
Construction Photographs 
Soils Investigations & Tests, Site Flooding 
Plant Turnover, Acceptance & Completion Records (Field to 
ASFI) 
Patent & Disclosures 
Heating, Ventilating & Air-Conditioning 
Computer-Aided Drafting 
Coal Data 
Site Plan 
Process 
Columns & Pressure Vessels 
Tanks 
Exchangers 
Fired Heaters 
Pumps & Drivers 
Vacuum Equipment 

Instruments 
Compressors & Dri•1ers 
Piping 
Structures 
Insulation 

Electrical 
Foundations 
Buildings 
Site :~provernencs 
:-uteri.:il Handling !:·;:ui::oen: 
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18. U.01* 
18.V.Ol* 
18.W.Ol* 
18.X.Ol* 
18.Y.Ol* 
18.Z.Ol* 

& *and up 

Expendables 
Package Units 
Welding & Metal Processing 
Painting 
Processing Equipment 
Water & Waste Treatment 

19.0 PLANT SUBJECT FILES 

19.l 
19 :2 
19.3 
19.4 
19.5 
19.6 
19.7 
19.7.l 
19.7.2 
19.7.3 
19;7.4 
19.7.5 
19.7.6 
19.7.7 
19.7.8 
19.7.9 
19.7.10 
19.8 
19.9 
19.9.l 
19.9.2 
19.9.3 
19.10 
19.11 
19.12 
19.12.1 
19.12.2 
19.12.3 
19.12.4 
19.13 
19.14 
19.15 
19.16 
19.17 
19.18 
19.19 
19.20.l 
19.20.2 
19.20.3 

Coal Drying & Pulverizing 
Coal Slurry Preparation 
H-Coal Preheating & Reaction 
H-Coal Primary Separation 
H-Coal Recycle Slurry Preparation 
H-Coal Recycle Hydrogen Concentration & Compression 
Delete 
Gas Compression & Rich Oil Stripping 
Acid Gas Scrubbing 
Product Sweeting 
Saturate Gas Plant 
Feed Gas Compression 
DEA 
Feed Dehydration 
Liquid Recovery & Product Fractionation 
P•oduct T.reating 
Program Refrigeration 
Cryogenic Hydrogen Purification 
Delete 
Sour Water Processing 
Ammonia Recovery 
Phenol Removal 
Sulfur Plant 
Open 
Delete 
Vacum Bottom Gassification (Texaco) 
Shift Conversion 
H, Selexol Purification 
Fuel Gas Selexol Purification ~2 Compression 
Open 
Open 
Oxygen Plant 
Open 
Distillate Separation 
~aphtha Treating & Reforming 
Flare System 
Intermediate Storage 
Product Storage 
Delete 
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0

A11011 110. _______ _ REY. ___ J __ SHE £T __ l_O __ OF __ ll __ 



... ... ... 
s 
'"" 0 ... 

19.21 
19.22 
19.23 
19.24 
19 .25 . 
19.26 
19.27 
19.28 
19.29 
19.30 
19.31 
19.31.l 
19.31.2 
19.32 
19.32.l 
19.32.2 
19.32.3 
19.33 
19.34.l 
19.34.2 
19.34.3 
19.35 
19.36 
19.37 
19.38 
19.39 
19.40 
19.41 
19.41.l 
19 .41.2 
19.41.3 
19 .41.4 
19.4L5 
19.42 
19.43 
19.44 

Interconnecting Piping 
River Facilities 
Rail, Truck, Pipeline 
Open 
Open 
Run of Mine Coal Receiving & Bulk 
Coal Washing & Secondary Crushing 
Open 
Open 
Electrical Distribution 
Delete 
Steam Generation (Boiler Plant) 
BFW Treating 
Delete 
Water Systems, Raw 
Water Systems, Potable 
Water Systems, Cooling Water 
Fire Systems 
Sewers & Drains 
Waste Water Treatment 
Sanitary Systems 
Stack Gas Scrubbing 
Instrument Air Svstems 
Communication Systems 
Inert Gas Systems 
Purge & Flush Oil Systems 
Open 
Buildings 
Delete 
Delete 
Delete 
Delete 
Delete 
Solid Waste Treatment 
Settling Ponds 
Landfill 

Storage 
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DRAWING PREPARATION AND ~ICROFIL.~ING 

1.0 SCOPE 

Bechtel .and subcontractors shall FnJ.low t!-i"!se instructions in the 
preparation of drawings. as called for in .their .contracts. Inform .. 
Bechtel Project '.!anagement of .:iny cost -ind schedule impact. 
All drawings on this project will be microfilmed. This specification 
outlines the drafting materials and techniques which will produce 
drawings of sufficient quality for microfilming. 

2. 0 D&ft.WU:G PRESENTATION 

3i.10 

2.1 Dr.:iwing For~.at 

Title ·block formats and drawing sizes shall be in accordance with. 
the attached samples. 

2.2 Lettering 

2.2.l All lettering on drawings shall be upper c.:ise. 

2.2.2 All lettering shall preferably be •1ertical to maintain 
maximum consistency of style anci legibility. In any 
case, straight and slant lettering shall not be mixed on 
the same drawing. . 

2.2.J The following are the minimum heights for upper case 
lettering to be used on drawings: 

& • 5/16" for t:j.tles which appear within the body 
o.li.3Wing. These titles are to be under lined. 

& • 1/4'' for title blocks. 

of 

& it J/16" for all other lettering. (Other than typed 
. ..aterial and cad). 

2.2.4 Spacing between lines of characters shall be from l/2 
(one-half) to 1 (one) full character height. 

a 

2.2.5 Spacing between words sha~l usually be equal to the height 
of each char.:icter. 

2.J Line Widths 

Lines shall be of :mi:or::i ~·1eight and density. t,'here thicker 
lines are required, as ,,n ;:irocess Clow diagrams to designate main 
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process flows, the contrast should not be extreme. All lines shall 
be dark enough to print on a reproduction machine, but not soft 
enough to smear . 

.&. 2.4 Graphic Indications for ~lateri.J.l's 

Shading shall not be used. Haterial indications and hash markings 
shall be limited and have an open pattern. 

2.5 Tvping on Drawings: ~Unim11m size lettP.rin~ to be equivalent to 
IBM Selectric Orator. 
Maximum use shall be made of typing \Jn dr.:iwings. In addition to 
direct typing, an adhesive back, ~olyester (mylar) sheet material 
may be used for extensive notes, bills of materials, data sheets, 
tables, etc. Repetitive material, after being typed or drawn on 
any translucent drafting medium, may also be processed on a mylar 
film and readily adhered to the surface of a drawing. 

2.6 Revision Location 

The areas of a drawing affected by the latest revision issue shall 
be circled carefully on the back using a sharp china.mar~ing 
crayon. This does not apply to P&IDs where a revision list shall 
be issued instead. for revisions occuring after the drawing has 
been issued for construction. 

3.0 DRAFTING MATERIALS 

3 .1 Mylar shall be used as the drafting medium ... for all permanent 
drawings on the project unless there is a particularly good 
reason otherwise. 

3.2 Plastic leads are the preferred drafting material since, photo
graphically, they give the same effect as ink. 

3.3 Graphite J.eads shall not be used on mylar.· Graphite leads may '->e 
used only for sketches drawn on vellum or linen which will not be 
microf il:ned. · 

3.4 Ink and light pencil shall not be used on the same drawing, since 
the density difference does not permit a usable microfilm to be 
made. Every effort shal,l be made to match densities on a 
drawing. 

3.5 Typing ribbons shall be black arid new and shall not be 4sed more 
than once . 

3.6 Small project forms (8-1/2" x 11") may be either vellum or mylar . 

~ 4.0 ERASING TECHNIQUES 
loo 

4.1 Erasers and techniques that erase gentlv shall be used. ·Abrasive 
erasers or strenuous rubbing shall be avoided. 

4. 2 Although erasability is one of the outs-tanding features of poly
ester drafting film, the matte surface can easily be damaged through 
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improper handling. The recommended erasing technique is either wet 
or dry soft white eraser and/or water and a ~otton swab with oost 
plastic film leads. Abrasive erasers such as "pink pearl" shall 
not be used on mylar film. 

4.J Trichloroethane or similar solvents shall not be used on the matte 
side of mylar film. 

4.4 Electric erasing machines shall not be used on any drawings; they 
can wear through a drawing very quickly H handled improperly. 

5.0 COMPCTER-AIDED DRAFTING 
I.. 

5.1 Computer-aided drafting shall be used wherever practical and 
~conomical since the drawings normally produced by this method are 
ideal for microfilming. 

5.2 Since computers produce a new original for each revision, the use 
of mylar is not necessary except where a very wide distribution is 
necessary or for the final issue for microfilming. 

6.0 SCALES 

6.1 The following scales are acceptable for engineering drawings: 

l:l,10;100;1000;10000 
1:2;20;200;2000;20000 
1:5;50;500;5000. 

6.2 Drawings that are highly congested shall be drawn to a scale not 
less than 1:50. 

·t· 
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ABBREVIATIONS 

The following abbreviations shall b~ used on any document on chis project. Full 
spelling is also acceptable. 

Additional abbreviations are also shown in 14222-A-l, Section 2.40. Electrical 
abbreviations will follow at a later·date. 

Data Sheets 
and Drawings 

AMB 

ATM 

B, BBL 

BD 

BFW 

BHP 

BPSD 

BTU 

CF 

CI 

CIRC 

COMP 

COMPR 

CONC 

COND 

cs 
CW 

DEA 

{::£ 

Text 

bbl 

bhp 

BPSD 

Btu 

ft 3 

Ambient 

Atmosphere, Atmospheric 

Barrel (42 gallons) 

Slowdown 

Boiler Feed Water 

Brake Horsepower 

Barrels per Stream Day· 

British Thermal Units 

Cubic Feet 

Cast Iron 

Circulate, Circulation 

Component or Composition 

Compressor 

Concentrate, Concentration 

Condensate 

Carbon Steel 

Cooling Water 

Diethanol Amine 

Differential Pressure 

EFF Effluent, Efficiency 

EQPT Equipm.,-nt 

EXCH Exchanger 

FW Firewater 

GPM GPM Gallons per Minute 

HC Hydrocarbons 

HHV Higher Heating Value 

~ HP High Pressure ,... 
' IP lncermediate Pressure = 1--~,.-~~ ...... ~~~~~~~~~~~~~~~~~~~~~~~ ..... ~~~~~..,.~~-1 ! A 

... L' ..... 
A" :./80 
A~ ; !/ 3/SO 

!Ssr~o ~OR ?HASE ZE~n 
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KO 

KW 

KWH 

LHV 

LP 

LPG 

LT/D 

M 

MMSCFD 

MPH 

MW 

NC 

NO 

NNF 

OPR 

OVHD 

PFD 

P&ID 

POX 

PPM 

PPMV 

·ppMW 

PRESS 

PSI 

PSIA 

PSIG 

QUANT 

REFlt 

SCF 

SCFM 

SOL~ 

SS 

ST/D 

STM 

TDS 

TEHP 

TR 

TWR 

'{: 

·kW 

kWh 

LPG 

LT/D 

103 

106 

MMscfd 

mph 

mol wt 

P&ID 

ppm 

ppmV 

ppmW 

psi 

psia 

psig 

scf 

scfm 

ST/D 

TDS 

ltR l 

Knock Out 

Kilowatcs 

Kilowac c-Hours 

Lower Hea.cini; Value 

L1JW Pressure 

Liquefied Petroleum Gas 

Long Tons per Day 

Thousand 

Million 

Million Standard Cubic Feet per Day 

Mole::> per Hour 

Molecular Weight: 

~formally Closed 

Normally Open 

NoC'tnally ~o Flow 

Operate. Operacor 

Overhead 

Process Flow Diagram 

Piping and rnscrument Diagram 

Partial Oxidation 

Parts per Million 

Parts per Million by Volume 

Parts per Million by Weight 

Pressure 

Pounds per Square Inch 

Pounds per Square Inch Absolute 

Pounds per Square Inch Gauge 

Quantity 

Refrigerad.on 

Standard Cubic Feet 

Standard Cubic Feet per Minute 

Solution 

Stainless Steel 

Shore Tons per Day 

Steam 

Total Dissolved Solids 

Temperature 

Trace 

Tower 

..,. __ 2 ___ Cl __ ,,._, --
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AR 

Ca 

co3 
Cl, Cl 2 
co 
cos 
Cr 

Fe 

"2 
H2o 
H2s · 
K 

Mg 

Mo 

N, N2 
Na 

NH 3 
Ni 

N0 3 
o. 02 
P04 
s 
Si 

Sio2 
. so4 

1~r1c&TION NO. 1 .:. ? '.' '- .\- l l 

CHEMICAL SYMBOLS 

Argon 

Calcium 

Carbonate 

Chlorid~. Chlorine 

Carbon Monoxide 

Carbonyl Sulfide 

Chromium 

Iron 

Hydrogen 

Water 

Hydrogen Sulfide 

Potassium 

Magnes.iWD 

Molybdenum 

Nitrogen 

Sodium 

Ammonia 

Nickel 

Nitrate 

Oxygen 

Phosphate 

Sulfur 

Silicon 

Silica 

Sulfate 
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UTILITY ABBREVIATIONS 

·commodity 
Symbols P&ID 

DBFW DBFW Demineralized Boiler Feed Water (90011) 

BFW BFW Other Boiler Feed Water 

ccw ccw Clean Cooling Water (Airco and boiler) 

cw cw Other Cooling Water 

ow ow Drinking Water 

FW FW Fire Water 

RW RW Raw Water 

uw uw Utility Water 

SW SW Sour Wai:er 

LS LP Stm Low Pressure Steam, SO ii 

MS MP Stm Medium Pressure Steatn, 150# 

IS IP Stm Intermediate Pressure Steam, 600/I 

HS HP Stm High ·Pressure Steam, 900(! 

c COND Condensate 

9C 9 COND Condensate for 90011 BFW 

FG F GAS Fuel Gas (ethane) 

MBG MB GAS Medium Btu Gas 

FO F OIL Fuel Oil 

N2 N2 Nitrogen 

LN2 LN2 Low PressurEj! Nitrogen 

MN2 MN2 Medium Pressure Nitrogen 

HN2 HN2 High Pressure Nitrogen 

REFR REFR Refrigeration 

fS fT..c\Rt. Flare. «relief) 
FL FLUSH Flush Liquid 

..0 
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1.0 SCOPE 

1.1 This specification covers all purchased or manufacturerl industrial 
equipment which may be ~ source of noise. 

1.2 This specification defines that the permissible noise levels for the 
equipment be in accordance with the requirements of the project as 
shown in the individual equipment data sheets attached to the material 
requisition, and outlines the procedures for testing, reporting, and 
guaranteeing the noise levels for the equipment supplied. 

2. 0 REFERENCES· 

~ The following publications and documents are to govern: 

2.1 ANSI (American National Standards Institute) publications: 

Sl.2 - Method for Physical Measurements of Sound, 1962 (Rl976). 

Sl.4 - Specifications for Sound Level Meters, 1971 (Rl976). 

Sl.11 - Sp~cification for Octave, Half-Octave, and Third-Octave Band 
Filter Sets, 1966 (Rl975). 

Sl.13 - Methods for Measurement of Sound Pressure Levels, 1971 (Rl976). 

Sl.21 - Methods for the Determination of Sound Power Level of Small 
Sources in Reverberation Rooms, 1972. 

S5.l - Test Code for the Measurement of Sound from Pneumatic Equip
ment, 1971. 

2.2 NEMA (National Electrical Manufacturer's Association) Standard: 

TR 1-1974 - Transformers, Regulators, and Reactors (Revisions 1-3, 
1975-1977). 

2.3 API (American Petroleum Institute) publications: 

RP-631 - Recommended Practice for Measurement of Sound from Air
Cooled Heat Exchangers. 

RP-531 - Recommended Practice for the Measurement of Noise from 
Process Fired Heaters . 

5/80 ISSUED FOR PHASE ZERO 
3/80 ISSUED FOR APPROVAL (~ 
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· 3. 0 PERMIS'SIBLE ~OISE LEVELS 

3. l The equi_pment noise control limits of this specification are intended 
to: 

a. Provide maximum combined equipment noise levels of a plant 
that ~ill satisfy both in-plant and community requirements. 

b. Reduce the requirements for special annual noise surveys, 
hearing tests, and additional record-keeping as may be 
required under certain governmental regulations. 

c. Facilitate compliance with foreseeable lower noise level 
regulations at reasonable cost and with minimal disruption 
of plant operations. 

3.2 The maximum permissible noise levels for each item or equipment are 
shown on the individual noise data sheets. The actual noise pro
duced by the equipment shall not exceed these values. 

3.3 If the actual noise level in any one octave band exceeds those in 
the two adjacent bands by more than 5 dB, the permissible noise 
level for that band shall be 5 dB less than the indicated 
permissible level. 

3.4 The permissible noise levels apply to actual installed conditions 
for the equipment operating at design load. If acoustical treat
ments or special methods of installation are proposed to reduce the 
noise to acceptable values, then the _permissible levels may refer 
to such special conditions provided the treatments are fully 
described and properly incorporated in .the actual installation. 

4. 0 REPORTING 

4.1 The equipment supplier shall state in his quotation the sound 
pressure leve~s of each item, by octave bands, in the space pro
vided on the individual-equipment noise data sheet attached to the 
material requisition. This noise performance will be considered 
in the evaluation of bids in the awarding of an order. 

4.2 The reported sound pressure levels shall be based on one of the 
f_ollowing: 

4.21 Actual measurement in supplier's shop in accordance with 
referenced standards of 2.0 above . 

"l' 

4.22 Noise test data obtained on a duplicate unit running under 
similar conditions in an existing plant. 

4.23 Noise test data obtained on a duplicate unit at the supplier's 
plant, in accordance with referenced standards of 2.0 above. 

4.24 A categorical and unconditional guarantee that the equipment 
when operating under design conditions will. not pr"ociuce noise 
exeeding the permissible levels specified. 

l ""-----
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4. 3 All data shall be cer~ified by persons knowledgeable and experienced 
in acoustical measurements, or the noise test shall be witnessed by 
an authoriz·ed inspector. 

4.4 If available, the sound power level and the directivity of the 
equipment should be reported in addition to the sound pressure 
levels. 

5 . 0 DEVIATIONS 

5.1 If, in the opinion of the equipment supplier, the specified noise 
levels cannot be met without extensive reworl<i:1g of standard equip
ment thus necessitating a large amount of contingency, he may take 
the option of so stating and quoting the equi?ment without including 
the necessary noise reduction work, but reporting the noise levels 
he is prepared to guarantee for the equipment he will supply. 

5.2 All deviations from this specification shall be clearly described in 
the bid. The absence of such a list shall be construed as indicat
ing compl·et·e compliance with the specification and the referenced 
standards. 

6 • 0 GUARA.'ITEE 

Except when deviations are specifically noted in his quotation, the 
seller shall guarantee to meet the noise level requirements of this 
specification and the attached data sheet. Any remedial work performed 
either by the buyer or the seller as a result of the latter's failure 
to meet the guaranteed noise levels shall be at the expense of the seller . 

SPECIFICATION NO. l 4zz 2-A-l 2 l 
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Pk (lJ£Cl SPECIFICAllONS : 

MAX f'LRMISSIULE SOUND PRCSSUHE LEVEL 
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OClAVl 1:14NDCLN1lf4 fHLOlJlNCY . HZ 

EDUll'MENT NOISE SHALL BE MEASURED UNDER OPERATING CONDITIONS AT 

FULL LOAD. 

MI CROPHONE LOCATION DURING MEASUREMENT SHALL BE : 

( ::J fl . FROM MAJOR BOUNDING SURFACES. 

f"J ~1 FROM 
AND llALF OF lOUl~MENT HEIGH! (l FT. MIN.I FROM GRADE 

l:J AS SHOWN IN SKllCH BELOW. 

MET HOO Of MEASUH[l.IENT. MEASURING INSTRUt.4ENTS. ETC. SHALL BE IN ACCORD

ANCE WITH ANSI SlANDAHDS RHERENCED IN NOISE SPEC. 14222-,A-12 

f.XCEl 'T AS llTllERWIH NOl'W llERE . 

ADDl110NAL HEfEHENCES: _ 

OTllER REQUI REMENTS: 

.-
1, I\ I · I 
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SUPP_IER 'S OATA ANO GUARANTEE : 

EQUIPMENT INFORMATION: 

DESCRIPTION _ .. -----_ ___ _ -- --------- --- - ·--- -···· - --
MODEL No .. - -------· - - - - -· --- SIZE . . • • · - - -- - --- _ _ --- ·--

DESIGN CAPACITY _ _ ···- · -- _ - ----- ___ _ _ ·- ·- -- - - --- ·--- __ 

H. P.--- - ------- · SPEED- ·--- --- --------------

-------· ----- ---------------------------
SOUND PRESSURE LEVEL, dP re 0 .0002 MICROBAR 

M(ASUAING 
POINT 

OCT AVE BAND CENTER fRlOUf.NCY, HZ . J.i -r 11 -·r ~-,s ·1 250 f!Oij -- r-.-ooo ~ --,ooo -!- .woo1 IOOO 

WE GUARANTE'E THAT THE NOISE DUE TO THIS EOUIPMHH 

0 WILL NOT lXCEEO THi SrtCl f l(O MJrt.)( . PlRMl!.SIBlE LEVEL. 

0 Will NOT fJCCEEO THE LEVELS LISTED IN TABLE ABOVE 

OBTAINED IV 0 ACTUA L TESl ON THl EQUIPMENT. 

0 TEST OU SIMILAR UNIT IN OPERATION. 

0 TEST ON SIMILAR UNIT IN OUR PLANT. 

WE TAKE INOJ ')FOLLOWING) EXCEPTIONS: 

DESCRIPTION OF SPECIAL ACOUSTICAL TREATMENT OR DEVICE INCLUDED IN THE 
EQUIPMENT: 

SOUND POWE A LEVEL h• 10' - ·wATTI • _ _____ --·- . • ___ --- -···- -----

DIRECTIVITY:--·---- - - - --- - - - -- ---·- ---- - - ·- - --

OlHER REMARKS: _____ _ ___ ----·----_ .. _ _ __ _ _ 

SUPPLIER ._ - ------·--·- ·-···--- - -----·-- - ----- ----- --

REPRESENlED eY_ . ______ __ ____ ___ ___ ___ TITLE ---·-----·-- · .. - -

SIGNATURE_ ___ ___ ___ _ ,-- ------ DATE _ ___ __ ________ _ 

GE"lERAL NOTES: 

I . ONE OATA SHEET IS REQUIRED FOR EACH PIECE 

CJF EQUIPMENT. 

2. IOR GENERAL INFORMATION. SEE A ·511 , EQUIP· 

llENT NOISE SPECIFIC4TION. 

3. SUPPLIER SHALL Fill IN MIDDLE SECTION OF THIS 

l•ATA SHEET AND ATTACH IT TO HIS OUOTATIOll. 

4.See 14222-A-10 for title block to be used 
for the Breckinridge Project . 

BECHTEL 
l•N f HANCl&CO 

EQUIPMENT NPISE DATA SHEET 

I ~· ·-

I 
~ J JOI No J DAI.WING No. 

d~~v I,___ __ lo-----
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1.0 SCOPE 

1.1 This specification defines the minimum acceptable requirements for 
the Breckinridge Project for Seller's preparation of equipment and 
materials for shipment to ensure that they will atTive, and can be 
temporarily stored, at the destination without damage or corrosion. 

1.2 Details concerning the construction of packing crates and pallets 
are not covered by this specification. 

1.3 This specification does not apply to the shipment of chemical 
agents or hazardous materials. 

1.4 This specification does not apply to equipment ·or materials 
scheduled for shipment by airfreight. 

:? • 0 REFERENCES 

The following document is referenced herein. 

Project Specifications 

14222-X-l Field Painting-Non-Architectural 

14222-X-3 Shop Coatings 
3.0 GENERAL 

3.l Seller's equipment and/or material will be shipped either directly 
to the Breckinridge Project jobsite or to a fabricator for incor~. 
poration into a larger assembly, which in turn will be·transported 
to the jobsite. Buyer intends to employ Seller's original 
shipping containers and packing for temporary storage at jobsite. 
or fabric.a tor. 

3.2 Seller's preparation for shipment shall provide protection for a 
combined transportation.and storage time of one full year. A 
longer period, if required, will be specified by the Buyer in the 
purchase o.rder documents. 

3.3 Additional.protection may be required by the technical specifi
cations or the purchase documents. In case of conflict, or !f 
clarif icacion is required, the Seller shall request a written 
explanation from the Buyer. 

3.4 It will be the Seller's responsibility to specify or determine 
from the equipment manufacturer, if other than the Seller, any 
additional preparation and packing requirements necessary to 
provide proper protection from mechanical, physical, and 
corrosion damage during shipment and storage at the jobsite or 
module fabrication ya.rd. 

3.5 In certain cases, the specific requirements as given in Section 
S may be overly restrictive if applied to equipment or materials 
having a high corrosion resistance. The Selle~ may provide alter
nate packing and preservation methods for the Buyer's review. Use 
of alternate methods require the written approval of the Buyer 
on a case-by-case basis. 

INCl,.IC:ATION "O. 14222-A-13 •n. ___ 1 __ ___ 2 __ C1' _ .. 1 ... :: ... --
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3.6 Generally, Seller shall pack all items with the presumption that 
materials and equipment will be stored 0utdoors in an unsheltered 
area prior to use. Exceptions to this requirement are instruments, 
controls, office equipment, control panels, and electrical equip
ment intended for NEMA l or 2 locations, or any other items that 
are particularly specified by.Seller to require special handling 
or storage. These items shall be stored in an enclosed sheltered 
area which will be provided with a controlled environment if 
necessary. 

3.7 If Seller must fabricate special handling tools or lifting strong
backs for the movement of finished equipment, these same icams 
shall accompany equipment during sh~pment in order to ensure the 
safe handling of equipment. 

4.0 PREPARATION FOR SHIPMENT - GENERAL REQUIREMENTS 

Protection shall be provided against the entry of dirt, moisture or 
atmospheric corrosion, and against mechanical damage during Land/sea 
transit, if any, and storage at the jobsite or fabrication yard. This 
section lists the general sequence of activities required for equipment 
and material preparation for shipment. 

4.1 Initial Equipment Preparation 

A~ter inspection and testing, equipment shall be completely free 
of water, test fluids, fuels and oils, dried.and painted in 
accordance with Specification 14222-X-l. Unpainted metal surfaces 
must be clean, rust free, and dry. Aliphatic petroleum naphtha or 
pure gum turpentine shall be used to clean surfaces. Kerosene or· 
gasoline shall not be used. 

4.2 Corrosion Preventive 

4 .. 2 .1 The application of corrosion preventives shall be as follows: 

• Type A (oil film) 

Internal surf aces and components of mechanical equip
ment including bearings, cylinders, cases.and gears 
shall be coated with Type A preventive.· The Type A 
corrosion preventive selected must be compatible with 
the operating lubricating oil recommended by the 
Seller. · 

Tectyl 502-C Series corrosion preventive satisfies Tvpe 
A reCJuirements. 

• Type B (firm film) 

External machined surfaces such as flanges, where a 
h~rd durable finish is desired, shall be coated with 
Type B corrosion preventive. 

Tectyl 890 corrosion preventive satisfies Tvne R r~
quirements. 

1"2:1P'ICATIO• 1110. __ 1_4_2_2_2_-_A_-_-_1 _J_ H-t __ .. 1 __ 3 1 ~ IMGT' ----- r# _____ J __ 
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• Type C (soft film) 

External surfaces such as valve rods, shaft 
extensions, couplings, and where removal of a Type B· 
preventive would be difficult, shall be protected 
with a Type C corrosion preventive. 

Tectyl 400C corrosion preventive satisfies Type C re
quirements •.. 

• Type D (grease film) 

External surfaces such as shafts, push rods, and any 
machined surf aces where a lubricating feature is 
desired shall be protected with a Type D corrosion 
preventive. 

·tectyl 858C or Tectyl 437 corrosion preventive satisfies 
.Type D requirements. 

• Type E (vapor phase inhibited oil) 

Internal cavities'such as crankcases which are 
enclosed and are not readily acces•ible for the 
application of corrosion preventives shall be pro
tected by a vapor phase inhibited oil. Application 
of vapor phase inhibited oil is subject to the 
approval of the Seller and/or the equipment manu
facturer to ensure its use does not harm equipment 
or void equipment guarantees. 

Tectyl 859A satist1es 1ype ! requiremen~s. 

4.2.2 Application of all corrosion preventives shall be in accord
ance with the corrosion preventive manufacturer's recommend
ations. 

4.2.3 Application ~f corrosion preventives to non-corrodible 
m~terials is not required and is to be avoided. Appli
cation of oi~ or grease-based corrosion.preventiv~• 
directly to elastomer components may cause deterioration. 

4.2.4 Equipment which normally does not require painting, but must 
be painted solely for shipping and storage protection, will 
be specified by the Buyer. 

4.2.5 Before shipment, the Seller shall securely attach to the 
external carton of the equipment a list of the specific 
rust preventives used, and shalI give the manufacturer 
type number and the locations where each has been applied. 
This tagging is in addition to the equipment or material 
identification tagging required in the purchase order. 

The Seller shall also include with the above list any 
special instructions necessary f9r the removal or replace
ment of any rust preventive together with any special pre
cautions to be taken in the care of this equipment during 
the period of storage. 

1"11:1,.CATIOtl •o .. _,.;;l..;4,;;;2,;;,2;;;.2-_A_-_1_3 __ H~_...-1. __ - 4 - 13 ---·----- ---------
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4.2.6 Should the Seller recormnend, as a protection measure, that 
equipment be shipped containing fluids, the fill location 
shall be clearly tagged to completely identify the fluid 
and· to list precautions to be observed during shipment. 

4.3 Equipment Closures 

It is pref erred that all equipment items be hermetically sealed per 
Paragraph 4.4; however, this is not practical for certain large 
equipment items. When the equipment body is to serve as a barrier 
to prevent the entry of dirt, insects, or corrosive atmosphere, the 
equlpm~nc openings shall be tightly sealed as follows: 

• Open flanges - open flanges shall be fitted with a steel 
cover and an oil resistant rubber or neoprene gasket and 
bolted with sufficient bolts to provide a weathertight 
closure. Steel covers shall never be thinner than 3 mm or 
2 percent of the cover diameter (whichever is greater). 

• Threaded openings - all threaded openings shall be plugged 
or capped after threads have been coated with a grease base 
corrosion preventive. Plugs shall be long shank ~nd ,1f the 
same material as the tapped body. 

• Stub openings - all stub openings such as bevel~d pipe 
projections shall be sealed by a polyethylene wrap (0.20mm 

.minimum thickness) secured to the stub by a tight wrapping 
of "metal duct tape." 

• Other openings other equipment openings such as vents, 
weep holes, etc, shall be sealed with "metal duct tape" or 
a combination of polyethylene film secured with "metal 

.duct tape." 

4.4 ~oisture Barriers 

4.4.l All equipment and materials subject to moisture damage 
including rotating equipment, electrical equ1pment, and 
instrumentation shall be packaged with a· moisture barrier 
co prevent .the ingress of moisture during shipment and 
storage at the jobsite or fabrication yard. The preferred 
method of meeting this requirement is by wrapping and 
hermetically sealing the equipment or materials in a fungi
static transparent polyethylene film, 0.20 mm or more in 
uniform thickness. Alternatives to hermetic sealing must 
be proposed at the time ·of quoting . 

4.4.2 A sufficient quantity of color indicator type desiccant 
shall be attached to che inside of the moisture barrier 
to indicate moisture penetration by visual inspection. 
Equipment identification tags, nameplates, informational 
instructions, and other documents that may accompany 
equipment must be packed to allow access or viewing without 
destroying the hei:metically sealed moisture barrier. 

4.4.3 All equipment contained in a hermetically sealed wrap shall 
be completed encased by crating or boxing to prevent 
destruction of the wrapping film. 

, •n __ -'-__ _ 5 llCIT ___ _ 13 Cl_..;.., __ 
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4.5 Packaging Requirements 

Packaging needs of equipment and material for shipment will vary 
depending upon the mode of transportation, the type of equipment 
and the destination. Detailed requirements concerning the 
~a~king, boxing, crating, palletizing, and. the marking of con
tainers are contained in other documents included in the purchase 
order. 

5.1 Mechanical Rotating Equipment 

5.1.l Pumps, blowers, gears, etc. 

• All internal parts and surfaces, including case 
bearings, packing and mechanical seal housings, etc, 
shall be coated by spraying or circulating Type A 
fluid through the enclosures and rotating the equipment 
to ensure coating of all parts before draining. A Type 
E corrosion inhibitor may be used in lieu of Type A if 
approved by the equipment manufacturer. 

• All threaded connections shall be closed with metal 
plugs or caps after applying Type D corrosion 
preventitive to the threads. 

• The machined surfaces of all flanges shall be coated 
.~ith Type B or D corrosion preventitive and each fitted 
with a full-faced metal cover, using an oil resistant 
rubber or neoprene gasket, and secured with bolts to 
provide a weathertight closure. 

• Equipment shall be overwrapped in accordance with Para
graph 4.4. 

5.1.2 Steam turbines and compressors 

• The proce.ss end of compressors shall be protected in 
accordance with the manufacturer's recommendations. 

• For steam turbines and rotary compressors, the upper 
casing half shall be removed and all internal surfaces 
coated with a Type C corrosion preventive. Diaphragm 
packing, shaft packing, and other auxiliary items shall 
be removed as necessary and protected by packing in 
separate containers, labeled, and secured to main frame. 
The upper half df the casing shall be re-installed . 

• All internals of bearing housings and the process end of 
lubricated reciprocating compressors shall be coated 
with a Type A corrosion preventive . 

• The shaft shall be blocked in a fixed position for 
shipment. 

• All threaded openings shall be closed with long, shank 
metal plugs or caps. 

l.'..222-A-l'.; 
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• Equipment shall be overwrapped in accord<lnce with 
Paragraph 4.4. 

• E.:ich flange shall be protected with ... ;:irotective cover 
per Paragraph 4.3. 

• When spare rotors are ordered, they shall be suitably 
prepared for unheated indoor storage for a period of 
at least three years. The rotor shall be treated 
with a rust preventive and shall be housed in a vapor 
barrier envelope with vapor phase inhibitor. The 
rotor shall be suitably crated for domestic shipment, 
as specified. Suitable lead sheeting shall be used 
between the rotor and the cradle at the support areas. 

S.1.3 Internal combustion engines 

• Final shop running of engine shall be with a Type E 
oil in the crankcase and corrosion inhibitor in the 
cooling circuit; oil, water, and fuel shall be 
drained fiom the ~ngine prior to shipment. 

• Accessories, such .is alternators, starters, m.ignec:os, 
and injection nozzles, which are subject to moisture 
damage, shall 9e removed from the engine and 
hermetically packaged per Paragraph 4.4. 

• A small amount of Type A fluid shali be injected into 
each cylinder and the openings sealed with Type A 
coated threaded metal plugs or spark plugs. 

• Engine intake and exhaust openings shall be sealed 
with plastic film and "metal duct tape." 

5.1.4 ~iscellaneuus equipment such as hoists, cranes, and 
elevators shall be protected as follows: 

• Rubbing surf aces - Coat with a Type C or D corrosion 
,preventive. 

• Roller chains - Clean and soak in Type A corrosion 
preventive and seal in waterproof container. 

• Sheaves and sprockets - Coat with'Type C corrosion 
preventive on grooves an~ teeth. 

• Wire· rope - Coat as recommended by Supplier and seal 
in a container . 

• Chain hoists - Coat with a Type A corrosion preventive 
and seal in a waterproof container. 

• Belts - Seal in a waterproof container. 
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5.1.S Air Coolers 

• Requirements for motor bearings, shafts, hubs, gears, 
electrical and flanged or threaded openings are 
covered elsewhere in this specification. 

• Tube bundles shall be crated with spec~al care taken 
to protect fins from damage. 

• Fan blades shall be ~r~ted with suitable blu~king and 
bracing .:ind with a Type C corrosion preventi 1!e ,·oating 
on finished parts. 

• Fan drive belts shall be sealed in a wat~rproof 
container. 

• Hardware (nuts, bolts, lockwashers) shall;,.., ::;hipped 
in waterproof containers. 

5.1.6 Processing machin,ery 

For complex pro1.:essing macni.nery such as ,·m:1p,11in•.:ing 
machines, mixers, and grin(i<~rs, Seller shall submit his 
proposed shop preparation procedures for Buy~r's r~view 

and acceptance prior to shipment of the equipment. Extent 
of preassembly will be a factor in determining the 
correct requirements. 

5.Z Pressure Vessels, Heat Exchangers, and Tanks 

5.2.1 Heat exchangers, vessels, and tanks shall-be cleaned and 
p~epared as follows: 

• After testing, the equipment sha 11 b·e thoroughly 
cleaned of foreign matter and all inside surfaces 
completely air-dried. \~bere exterior sandblasting 
and painting is required, the vessel shall first be 
sandblasted and painted and then cleaned. 

• All gasket and machined surfa.ces shall be cleaned with 
solvent and coated with Type B or Type 0 corrosion 
preventive. 

• Manholes and nozzles fitted with regular blind flanges 
shall have the blind flanges installed using the test 
gaskets. 

• All other openings shall be closed per Paragraph 4.3 . 

• A suitable vent hole· shall be provided in one ,·nvcr for 
equipment which will not sustain a differential 
pressure of 2 psia applied externally or internally. 
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S.2.2 Columns and Trays 

All columns shall be cleaned, dried, and prepared for shipment 
in accordance with Paragraph S.2.1. In°addition, the 
following surfaces shall be coated with a Type A. corrosion 
preventive. 

• Interior carbon steel surfaces of columns. 

• Installed carbon steel trays and tray parts. (Surfaces 
to be "touched up" after installation of trays). 

• Carbon steel trays and tray parts shipped separately. 
(Coating to be performed by tray manufacturer). 

Trays and tray parts shipped separately shall be set on 
and hermetically enclosed in heavy gauge, polyethylene 
overwrap film (0.2 mm minimum) and secured in a completely 
enclosed wooden box. A 75 mm diameter covered opening 
shall be provided on one side of the box to permit visual 
inspection of metal surface condition. 

5.3 Instruments and Control Equipment 

5.3.l Instruments 

• Each instrument item shall be kept ·in a clean, dry storage 
room of uniform temperature while being prepared for 
shipment. 

• Loose or moveable parts of the instrument shall be braced 
against excess movement or vibration. 

• Threaded instrument connections shall be protected by 
either a plastic plug or cap.· 

• · Instruments shall be hermetically sealed in a plastic bag 
or film before packing or crating per Paragraph 4.4. 

5.3.2 Panels 

• Panels shall be well braced to prevent any movement. 

• All plug-in components of the panel shall be packed 
separately with proper identification. 

• Mounted instruments and their internals shall be braced 
against excess movement and vibration. 

• Printed circuit cards shall be individually packed. These 
cards are fragile and extra special preservation pre
cautions are required. 

• Threaded instrument connections shall be protected either 
by a plastic plug or cap. 

• Moisture-proofing shall be per Paragraph 4.4. 
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• The panel shall be crated in accordance with the best 
standard practices to facilitate handling and to 
protect items from damage. 

• Crates shall be marked to show approximate center-of
gravicy location to facilitate handling and to desig
nate which end should be up during shipment. 

5.J.J Control Valves and Relief Valves 

• · Positioners ~nd any ocher mounted accessories including 
tubing shall be protected against damage. When valves 
are shipped with electronic-pneumatic posici~ners 
attached, a non-dusting bag of desiccant shall be 
placed inside the posicioner housing and the posicioner 
covered with plastic co prevent entry of moisture. 

• Valves shall then be crated in accordance with the best 
standard practice. 

• Particular attencio~ should be given co the protection 
of valve seems and other exposed moving parts. Seller 
shall follow the instructions outlined in Paragraph 
4.2 for the application.of corrosive preventive. 

5.4 Piping, Valves, and Fittings 

5.4.1 Valves and Fittings 

• Bracing, blocking, separators and wood, or plastic caps 
shall be provided co protect external pipe threads, 
flange faces, ends prepared for welding, and other 
external machine-finished surfaces. 

• Items 2-inch nominal diameter and smaller shal·l be 
shipped in hermetically sealed containers~ Threaded 
conne~tions shall be treated with an oil-based 
corrosion preventive. 

• Items 3-inch and larger may be stored outdoors. Flange 
facings shall be cuated wich Type B corrosion preventive 
and closed with a full face exterior grade plywood or 
metal protector, using a J mm oil resistant rubber or 
neoprene gasket and secured with bolts or clamps. 

• Valves with operators, bypass piping, limit switches, 
etc, shall be carefully packed and braced to eliminate 
damage during shipment. 

• Valves shall be shipped with wedge or discs lightly 
seated to prevent entry of dirt to ~he bonnet and to 
reduce exposed length of stem. 

• All iron and st~cl pipe fittings shall be Type C coated 
and boxed or tripl~ ~acked. 
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5.4.2 Piping 

• Straighc-run pipe shall be bundled on and secured to 150mm 
minimum height wooden or mecal supports sp3ced co suit the 
cype and size of pipe involved, but not to exceed 5 meter 
intervals. The ends of the bundle shall be boxed to pro
vide bundle bracing and to protect pipe ends. 

• Shop-primed, galvanized, or ocher coated straight-run 
pipe bundles shall be wood stripped to provide about 1/4" 
clearance between pipes to prevent abrasion of the pipe 
coating. 

• All openings in pipe spools shall be securely closed and 
flange faces and threaded connections protected with 
suitable plugs, flange covers, and thread protectors. 

• Small branches and flimsy parts shall be adequately braced 
or otherwise protected to prevent damage in handling, 
shipment, and storage. 

• Ring joint flanges shall have the gasket groove cleaned of 
all scale, rust, ecc, prior to attaching the ·flange cover. 

• Finished pipe .ends such as beveled-for-welding or grooved
for-coup"lings shall be protected with wood, plastic, or 
soft-metal covers, if method of bundling or craftL°ng does 
not provide natural protection. 

5.4.3 Stainless Steel Pipe, Valves and Fittings 

l. Exterior surfaces of austenitic stainless steel piping 
shall be protected against corrosion from chloride attack 
during shipment and storage as follows: 

• All pipe ends shall be sealed to prevent ingress of 
water or other foreign matter. Pipes 12-inch 
diameter and smaller shall be fitted with plastic end 
caps. Pipes 14-inch diameter and larger shall have 
tapered wooden or plastic plugs specially sized to 
fit the particular diameter, and designed co stay in 
position during shipment and handling. The diameter 
of che plugs at their widest point shall be greater 
than the pipe ins~de diameter. 

• Afcer the ends are sealed, each length of pipe shall 
be wrapped with a heavy gauge plastic (0.2 mm mini
mum) which shall be s~aled with cape or heat-sealed 
to prevent ingress of moisture. 

• Pipes of 12-inch diameter and smaller shall be crated 
in scurdy wooden craces in a manner which shall not 
permit the pipes co s~ifc and cause damage co the end 
caps or plastic wrappings. Larger sizes shall be 
procecced bv means of wooden slacs accached to che 
wooden end-plugs. The slaccing shall be banded ac 
intervals ·co prevent damage co Che plastic wrapp{ng. 
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2. ~ustenitic stainless steel valves and fittings shall be 
protected by wrapping per Paragraph 4.4. Items for which 
this is impractical, due to size or other limitations, 
~hall be treated on an individual basis. 

J. All aust.enitic stainless steel materials shall be shipped 
as below deck cargo when transported by ocean freight. 

5.4.4 Aluminum Pipe and Fittings 

The Seller of aluminum pipe and fittings shall submit.their 
re·commended shipping procedures for Buyer's review and 
approval. The degree of protection shall be equal or 
superior to that required of stainless steel pipe and 
fittings (refer to Paragraph 5.4.J). 

5. 5 Electrical 

5.5.l Motors 

• Shafts and couplings ,shall be protected per Paragraph 4.2. 

• Ventilation openings of waterproof and drip-proof motor 
·enclosures shall be cove~ed with plastic film and sealed 
with waterproof tape. 

• Protection requirements for·motors with brushes, 
commutator, collection rings, etc, shall be in accordance 
with the manufacturer's recommendations. Motors shall be 
overwrapped in accordance with Paragraph 4.4. 

5.5.2 Transformers 

Units designed for indoor installation shall be hermetically 
enclosed by overwrapping in accordance with Paragraph ~.4. 
Crating or boxing shall be required to protect the equipment 
and the overwrap. 

5.5.3 Switchgear, Starters, and Control Equipment 

Units designed for indoor installation shall be hermetically 
closed per Paragraph 4.4. Plug-in units (circuit breakers 
and starters) shall be separately sealed in plastic film with 
desiccant charge and boxed individually. 

5.5.4 Cable and Building Wire 

• Building wire reels shall be shipped on pallets or skids 
to permit forklift truck handling. Non-returnable type 
reeis are preferred for building wire. 

• Cable reels shall be provided with wood lagging to permit 
forklift truck handling. The 35 kV.A cable ends shall be 
sealed according to manufacturer's standards. All other 
cable ends shall be sealed with waterproof tape. 
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S.S.S Batteries 

These shall be dry-charged type with electrolyte, shipped 
in separate unbreakable containers. 

5.6 Stainless Steel Equipment 

Austenitic stainless steel equipment shall be prepared and shipped 
in accordance.with Paragraph S.4.3, Items 2 and 3. 
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l. 0 SCOPE 

The purpose cf this specification is to stipulate the general project & requirements applicable to Bidder/Sellers of materials. equipment, and 
services for long lead items as identified in Phase Zero of the Beckinridge 
~roject located in Breckinridge County, Kentucky. 

2. 0 DESIG~~ CRITERIA 

2.l 

2.2 

2.J 

2.4 

2.S 

The design shall be based 11pon commercially proven processes and 
equip!11ent of proven size :ind performance record. The plant will 
be designed and constructed to high standards of safety, reliability, 
and operability. 

New ana innovative designs, new technology, including materials nf 
construction, or equipm~nt, having a size or capacity substantially 
exceeding that previously built or operating, in general, will not be 
considered by the Buyer. If the Bidder/Seller wishes the Buyer to 
consider new or scaled-up design, th~ Bidder/Seller shall obtain 
priur wriccen approval to offer such designs, and this should be 
offered as an al~ernative en a base offer based on approved specifi
cations tu allow proper evaluation of all offers. Generally, the 
Buyer will give this approval only if substantial financial or 
safety benefits can be demonstrated. 

The design life of this facility shall be 20 years. 

Equipment shall be designed to operate continuously for two years 
minimum unless scheduled shutdown of shorter intervals are indicated 
in the specifications. 

Equipment shall be designed for continuous operation outdoors unless 
otherwise specified. 

& 2.6 Bidder/Seller's design shall be based upon the design requirements 
spi:cifil:!d in the bid/purchuse documents without any consideration 
or ullowunce for possible future capacity increase. 

J.l It is imperative that the maximum economic standardization and inter
changeability of equipment, and thus spare parts, and materials be 
achieved for this project. 

3 ') & ·- The Buyer expects the Bidder/Seller to advise of standardization and 
interchangeability possibilities based on the Bidder/Seller's 
expertise and experience. The Bidder/Seller shall advise Buyer of 
,·ost .:ind schedule impact if the standardization recommendations ure 
implemented. The Buyer will make the final evaluation. 

t...0 ECO~OMIC CO:\SIDERATIONS 

Economi~ fartors, if required, will be supplied co the Bidder/Seller, 
se;:iar:icaly from this speciric.icion. 
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5.0 BASIC DESIG~~ DATA 

5.1 Atmospht!ric Temperatures 

5.1.l Recorded data: Maximum 108°F 
Minimum -16°F 

5.1. 2 Design dry bulb temperature for mechanical design of systems 
not exposed to long periods of sun shall be 96°F. 

5.1.J For components exposed to the sun, the design must consider 
temperatures up to 140°F. 

5.L.4 Design atmospht!ric pressure is 14.4 psia. 

5. :! Rainfall 

"it!arly averagt! 
24-Hour M<lximum 
Design 15-minute intensity 

- 42. 5 inches 
4.5 inches 

- 1.1 inches 

5.J Desi~n must consider occasional lightning. 

5.4 Earthquake design shall be per Uniform Building Code; 1973 Edition, 
Zone 2. 

5.5 Other required design data such as design dry and wet bulb tem~er
atures for air cooler rating, cooling water, and steam conditions, 
_etc, will be shown on data sheets or in technical specifications. 

6.0 CODES AND STANDARDS 

6.1 All equipment, materials, and services provided for this project 
must comply with all applicable local and U.S. codes, standards, 
regulations, and the like. The Seller shall deterllline what codes, 
standards, etc, apply to items within the Seller's scope. 

6.2 Specific applicable industry codes and standards including the 
revision or date of issue to be used, will be·shown on data sheets 
or project specifications. 

6. 3 Code stamps for items designed and fabricated per ASME Section VIII 
are required. 

6.4 Codi:! stamps for items designed per ASME Section ·r are required. 

6.5 Underwriters labels are not mandatory . 

6.6 For the tire protection system, certification must be ,prov_ided for 
itt!ms requiring "Underwriters approval". 

7.0 DOCl.:MENT ORDER OF PRECEDENCE 

In the event or conflict between purchase documents, the order of 
precedence is as follows: 

3 8 
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l. Purchase Order 

2. Data Sheets 

3. Projer.t Specifications 

4. Pertinent Codes or Standards 

5. Secondary Standards or Codes referenced in above. 

Notwithstanding the foregoing, if the Seller discovers any discrepancy in 
the purchase order, the Seller shall request written clarification from 
the Buyer. Any work performed before Buyer's written response will be at 
the Seller's risk. 

8.0 UNITS OF MEASUREMENT 

8.1 English units of measurement (as used in the United States) are to 
be used on this project. 

8.2 English system units in accordance with ANSI Standards shall be 
used for the following items: pipe. sizes, wall thic_kness and corrosion 
allowance; flange ratings; pipe threads; anchor boles; rebar 
sizes; electrical conduit sizes; wire sizes; bolting and structural 
steel sizes and weights depending upon source of supply. 

9.0 MICROFILMING 

9.1 All drawings and data on this project will be microfilmed. It is 
imperative that the Seller's presentations are of sufficient quality 
to obtain clear reproducibles from the microfilm. Any added coses 
incurred by Buyer as a result of poor drawings will be backcharged 
to the Seller. 

9.2 Special requirements: 

.&, 1. Drawings l'lltger than 24" x 36" are not acceptable without 
Buyer's specific written approval. 

2. Second, third, etc, generation reproducibles are not 
acceptable. 

3. Shading shall not be used. 

4. Minimum lettering height is 1/8" except for.typed material. 

5. For scaled drawings a graphic scale muse be shown. 

6. For drawings that must. not be scaled a distinctive "Do not 
Scale" notation shall be shown. 

9.3 Guidelines 

1. Use upper case vertical lettering. 

2. All lines and lettering to be close to even weight and density. 

3. ~aximize tvpin~ and use for comouter-aided draitin~. 
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10.0 Drawings and Data 

10.l All dr~wing and data requirements will be specified on Form 
and shall·be fulfilled before rendering final invoices. ~~~~-

10.2 All final drawings and data submitted must be certified. 

10.3 In order to minimize the number of drawings ·and documents, Seller 
shall use the same drawings for like items to the maximum extent 
possible. 

10.4 All drawings larger than 8-1/2" x 11-3/4" must be reproducibles. 
Prints are not acceptable without Buyer's written approval. 

10.5 Any fabrication, installation, or construction work done prior to 
Buyer's review of drawings and permission to proceed shall be at 
Seller's risk. However, Buyer's review of Seller's drawings 
shall not be held to relieve the Seller of any obligations under 
the purchase order. 

10.6 All documents must show Bechtel's job, equipment, and purchase 
order numbers, Seiler's title, drawing, and revision numbers, 
all preferably in the lower right-hand corner. 

10.7 Drawings or data returned to the Seller for revision must be re
submitted within ten working days after receipt. 

10.8 The Buyer will return Seller's drawings within 20 working days 
from receipt. 

10.9 Once a drawing has been submitted to the Buyer the Seller's 
drawing number shall not be changed. If it is absolutely 
necessary to change the drawing number, the drawing transmittal 
must clearly show that the drawing number has been changed. The 
transmittal and the drawing must show both the old and the new 
number. 

10.10 If a drawing has been revised, the revision block and the drawing 
must clearly indicate the changes made. No changes shall be made 
on a drawing without assigning a new revision number. 

10.11 Transmittals accompanying revised drawings and data must show 
Buyer's vendor print (V.P.) number. 

10.12 Transmittals forwarding drawings and data shall be used for that 
purpose only, and shall not contain extra charge information, 
schedule data, technical questions or clarifications, etc. These 
items are to be covered in separate correspondence. 

10.13 Seller shall maintain and submit a drawing index for all purchase 
orders which require more than ten drawings. 

10.14 The Seller must complete the Buyer's data sheets. 

10.15 Erection drawings and bills of material must be supplied for items 
to be erected or assembled in the module yard or on the jobsite. 
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10.16 Instruction ~nuals 

Installation, operating, and maintenance manuals must be complete 
and in great detail, and must cover all items within the Seller's 
scope o~ _supply (includi·ng all items obtained from sub-suppliers). 

If the Seller is furnishing similar equipment on several orders 
for the project, a composite instruction manual may be provided. 

Drawings included in the manuals which require folding in more 
than one direction shall be reduced. "Pocket" drawings are not 
acceptable. Bound manuals shall be .:i.ssemb i..;d in such a manner 
that sections or pages can be removed .:!asity. Three-ring or post 
binders are preferred. 

Three copies of the manual shall be sent to t:he Buyer for review. 
Only after this review and after the Seller has incorporated the 
Buyer's comments, if any, shall the Seller forward the required 
number of copies. 

10.17 See Paragraph 11.3 .for Spare .Parts List requirements. 

11.0 Spare Parts 

11.l Definitions: 

l. Construction and precommissioning spares: Equipment that 
could be damaged or need replacement: prior to turnover of 
plant to ASI-AECI; i.e, gaskets, etc. 

2. Major Capital Spares 

Spares for specialized equipment, i.e, .major compressor 
rotors, etc. Purchased with·original equipment. 

3. General Capital Spares 

St:art~up spares and spares required for normal service of 
two years. Purchased separately and packaged separately 
from original.equipment. 

11.2 3~ll~r shall ·submit ~ith ene quotation, a supplementary quotation 
for each category of spare. 

11.3 Spare Parts List 

The Seller may use any format that: is adaptable to his particular 
·c. 

needs; but must include the following and a minimum: 

1. Sufficient detail to order: size, material, model number, 
etc. 

2. Quantity of like project: in equipment, all equipment on 
project. 

3. Unit and total costs, ·deliveries, stock locations. 
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4. Purchase order number: or numbers for like equipment. 

5. Expiration date of price quotation. 

6. Special requirement in each inquiry or purchase order. 

12.0 SERVICE REPRESENTATIVES 

Seller's erection supervisors, technical specialists, and start-up 
personnel may be required at the jobsite. Procurement documents will 
define scope, schedule, and other pertinent data. 

13.0 SPECIAL TOOLS 

Special tool requirements will be described in the procurement documents. 
Special tools are defined .as "any tool which is manufactured specifi
cally for use on Seller's equipment or materials and is required for 
installation, operation, or maintenance of any items furnished by the 
Seller". Instrument calibration equipment is not normally included in 
the above. 

14.0 NAMEPLATES AND TAGGING 

14.l A readily visible nameplate shall be attached to each item of 
equipment showing item number, service, purchase order number, 
manufacturer's name, design conditions, and other items as 
required by applicable codes or standards. 

14.2 Nameplates shall be made of corrosion-resistant material such as 
18-8 CrNi SS or Monel, and shall be attached so as to avoid the 
possibility of atmospheric corrosion of the equipment beneath the 
plate. Plates with arrows indicating direction shall also meet 
these re.quirements. 

14.3 All instruments, valves, fittings, specialty piping items, and 
all other items for which the Buyer has assigned tag or code 
numbers shall be identified by nameplates or other permanent 
tagging methods approved by the Buyer. 

14.4 Other detailed tagging requirements, such as wire and terminal 
marking, color coding of pipe and structural steel (if required), 
will be described in the applicable specifications • 

15.0 TESTING - GENER.AL 

15.l Prior to pressure testing, equipment and piping shall be thoroughly 
cleaned internally and external suriaces·shall be free of weld 
spatter, scale, and other foreign material. Gasket compounds 
other than graphite and oil, or grease, shall not be used. 

15. 2 For hydrostatic tests or surface inspections of equipment., all 
exterior surfaces and welds subject to pressure shall be unpainted, 
clean and dry. 
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15.3 New gaskets shall be installed in equipment joints that are 
opened for any reason after assembly or pressure test. except 
that ring-type joint gaskets may be reused if undamaged. 

15.4 Test and witnessed test requirements will.be shown on data sheets, 
·sp~clfica~ions. or tn ~he purchase order. 

16.0 SHIPPING PREPARATION AND PACKAGING 

16.1 Specification 14222-A-13, "Shop Prep. of Materials for Shipment 
and Storage", describes the minimum requirements. Special 
requirements, if any. '.vill be shown on individual purchase orders 
or on equipment data sheets. 

16.2 Packaging and marking for shipment requirements are described in 
the procurement documents. Special requirements, if any, will be 
shown on individual equipment data sheets or specifications. 

17 . 0 REFERENCES 

Specif icac.ions 

14222-A-13 Shop Prep. of :-tac.erials for Shipment and Stora~e. 

·v 
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· l. 0 SCOPE. 

This instruction outlines the model requirements for the Breckinridge 
Project. 

2.0 INTENT 

Design and review of models shall assure plant maximum quality in the 
following areas: 

• Accessibility 
~ Operability 
• Constructibility 
• Economy 
• Clearances 
• Safety 
• Maintenance 
• Foundations and Underground 
• Code Compliance 
• Community Relations 
• Aesthetics 
• Specific Client Requirements. 

3.0 MODEL REQUIREMENTS 

Three levels of models are required: 

• Site Plan Model ( 111 
OS 100 feet r Phase 0 

• Preliminary Model (l/8 11 = l foot) -· EPC Phase. 
• Final Model (3/8" • 1 foot) - EPC Phase. 

~.O SITE PLAN MODEL 

4.1 ·"Model shall be prepared by ~echtel for entire project - in Phase 0. 

4.2 Objective shall be to locate entire plants and major systems. 

4,J Each plant ~hall be represented by a Styrofoam block or other similar 
easily-formed material. 

4.4 Plant sizes will be estimated initially. 

4.5 Site development plan for Phase 0 shall be based on this initial layout 
after approval by Clienc. ·c: 

4.6 Subcontractor shall inform Bechtel of final plant sizes as soon as 
preliminarv models (see Section 5.0) and plant plot plans are suf-

· ficientlv defined . 
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5 . 0 PRELI:1INARY :10DEL : EQUIPMENT AR.RA..~GEMENT 

5.1 Shall be prepared by Bechtel at a single location and as unified 
facility with uniformity of detail and appearance throughout. 

5.2 This model will be used for plant layout studies. Alternate 
arrangements, recorded photographically, will minimize drafting. 

5.3 Preliminary models should start on receipt of the following 
information: 

• Process Flow Diagram (preliminary issue). 

• A list of vessels. towers, exchangers, heaters, compressors, 
etc; giving their approximate sizes. 

• Approval of site plan model .(Section 4.0). 

5.4 A scale of 1/8"=1'-0" shall be used. 

5.5 Several alternate arrangements may be made until an acceptable plot 
plan arrangement is developed. Photographs shall be made of each 
alternate arrangement. 

5.6 Plant layout optimization shall be developed to substantiate selected 
layout. 

6.0 FINAL MODEL 

.6.1 Final model shall include all equipment, structures, piping, valves 
and fittings, instrumentation, lighting, and other features deemed 
desirable for clarifying the design. Movable cranes shall be modeled 
to evaluate construction access. 

6°2 ~jor model features and input sketches are listed below. Ot~er 
model contents shall be provided as necessary to meet the Intent 
(Section 2.0). 

a. Site Coordinates N.5000'-0" E. 5000'-0" are 
established at the mouth of Town Creek at the 
intersection of the Water Line of the Ohio River. 
1.1 Reference: Commonwealth land title insurance 

company, Philadelphia; Pennsylvania file ~ 
K-055292. 

& b. Site hi.gh point of paving elevation shall be 415 feet (MSL). 

ltR _ _,2..__ __ IMllT_ ...... J __ 7 01 ___ _ 
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c. Piping studies shall be at 3/8"=1 foot scale. These studies 
are the basis for final design and line installation and 
generally yield the exact final dimensional relationships 
between equipment. 

d. The line routing diagram shall be made on an.overlay of the plot 
plan. This drawing is purely diagrammatic and serves to determine 
pipeway width. 

e. Tower and vessel orientation design sketches shall be pre_pared 
to 3/8"=1 foot scale and shall include nozzles and manways; 
tower and vessel piping; platform ·and ladder size, orientation 
and location; lev~l instrument orientation and location; height 
of tower and vessel skirts. 

f. Tqp of grout elevation for all equipment foundations and pads 
shall be 101'-0" for pumps and 100'-6" for towers and skirts. 

g. Pipeway widths, bent spacing, and top of support elevation of 
main pipe racks shall all be shown. 

h. Allocation of space for electrical, instrument racks, analyzer 
houses, switch gear, utility hose stations, and all other 
physical access obstructions shall be indicated. 

i. Location of·all main structural columns shall be shown. 

j. Elevations of structural levels and extent of platforms required 
shall be indica~ed. 

k. Major field welds and test blind locations shall be indicated. 
These should be reviewed with the Construction Department. 

l. The centerline of all top discharge pump nozzles must be aligned. 

m. The ends of all pump foundations should be lined up where possible 
without eXtensive foundation being required. 

n. Orientation of other major equipment nozzles, i.e, exchangers, 
compressors, furnaces, etc. shall be indicated. 

o. Location of conveyors, drivers, and transitions shall be shown. 

6.3 In summary, the final model shall be a true representation of the 
plant as intended at mechanical acceptance. Above all, it shall 
enable the preparation of accurate piping isometric drawings for 
all lines l" and above, suitable for fabrication and installat'lon 
without reference to other data. 

FI~AL ~IODEL CONSTRUCTION & REPRESENTATIONS 

7.1 SCALE 

The model scale shall be 3/8"=1'-0". 

lh. __ 2 ___ _ 
IMUT----'· -- 7 



'° '° -,.. .... 
Cl\ 
N 

I 
::: 
::c 
.:.: 
0 

'"' 

Accuracy shall be within 2 scale inches on piping and 4 scale inches 
overall on equipment at 3/8"=1.' O". 

7.2 COLOR CODING 

Piping 

Carbon steel piping shall be colored yellow. 
Alloy or other special pipe shall be colored red. 
Heavy wall carbon steel pipe shall be colored blue. 

Instrument ·- Pink 

Includes tubing racK, level controllers and alarms, gauge glasses, 
pressure points, orifice flanges,- temperature points (other than 
thermocouples), instrument housing, control panels, pneumatic 
junction boxes, rotameters, and other inline metering devices. 

Adhesive sticKers ·shall be osed to show the function and instrumeac 
number where a locally~mounted instrument is of such a size ~hat a· 
three-dimensional model facsimile is not warranted. Orientation of 
a sticker on the model shall be the same as the side of the instru
ment where. readings will be· made. 

Electrical. - Gi·een 

Includes·switchgear, conduit racks, thermocouple points, J.ignts, 
substations, and transformers. 

ROUND pressure sensitive stickers with·:an iden!=ifying code shall be 
used ::o represent telephones, welding -receptacles, .small junction .. 
boxes •. etc, where . these items are .of such size that a three-dimen
sional model facsimile is not warranted. 

Grade and/or Underground ·-Tapes 

Roads shall be represented by Blac.k & White Tapes. 
Plot Limit shall be represented by solid brown ~apes. 
Building walls shall b~ represented by cross hatched Black & White 
Tapes. 
Trenches, sewers, catch basins, etc. shall be 'represented by solid 
black tapes. 

All underground piping and electrical conduit shall be in the same 
colors as used above grade, but shall be dashed to indicate it is 
below the surface. 
Structures 

Reinforced concrete or fireproof steel shal~ b~ white. 
Structural steel shall be Gray. 
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7.3 EQUIP:rENT A.'ID STRUCTURAL DETAIL 

Accurate scale sizes shall be used for Towers.horizontal vessels, 
tanks, exchangers, equipment support pads, structures, and buildings. 

Accurate scale sizes but simplified equipment shapes shall be used 
for pumps, drivers, and compressors. 

Equipment nozzle locations shall be to scale. 

7.4 PIPING 

Pipe, valves, and fittings shall be replica scale sizes. 

Handwheels for valves 2" diameter and over shall be shown. 

All welded line two inches and larger shall be represented complete 
with valves, fittings, etc. 

Piping insulation shall be designated by a white snap-on· patch. 

Light blue snap-on patches shall be used to indicate lines which are 
steam traced. 

Light green snap-on patches shall be used to indicate lines which 
are electrically traced. 

7.5 PLATFORMS, LADDERS, AND SUPPORTS 

Platforms support brackets, handrails, toe plates, and ladder cages 
shall not be shown. 

Pipe supports other than.main overhead pipeways will .be used as 
model supports only and actual supports shall not be shown. 

Overhead pipeway supports made with clear plastic will be used as 
model supports only and will not indicate ·actual supports. 

7.6 ELEVATION TAGS 

7.7 

Elevation tags shall relate to high point of grade, 100'-0" and be 
shown on all vessel nozzles and wherever else necessary, such as 
top of steel, platforms, manways, nozzles, etc. 

Take-off points and destination points with line numbers shall be 
shown for piping systems which do no require complete represen
tation on the model, such as the following: 

• Utility station~ at grade. 
• Auxiliary piping for pumps and turbines. 
• Compressor auxiliary piping, two inches and smaller. 
• Tracing (steam and electric). 
• Instrument piping one inch and smaller - except level 

instruments. 

S~"CATIOll 110. 1::.J""-j-l:; Rh_.....,z __ _ IMGT __ 6...__ 7 
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. 8. 0 MODEL REVIEWS 

8.1 Model reviews for the purpose of approval by the Client and 
project management shall be conducted in a controlled manner: 

• Referenced drawing record copies shall be maintained -
"yellowed"-up and with comments. 

Every line, symbol, and description must be marked. 

• A recorder of the model review will be appointed by project 
engineering. A detailed log of corrections and ~nvesti
gations to be made shall be maintained showing the name of 
the specific individual who must take suitable action. 

• Model shall be flagged with problem number. 

Disposition of problems or corrections must also be re
corded and distributed to all participants within ten 
working days. 

• Subcontractors with detailed engineering responsibilities 
in Phase I must have a Bechtel representative present at 
formal model reviews to assure uniformity of design and 
constructibility. 

9.0 REFERENCES 

Project Specification 14222-A-7: Plot Plans. 
General Design Specification 14222-A-4: Piping Design and Layout. 
General Design Specification 14222-A-9: Equipment Layout. 
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CONFIDENTIAL AND SECRET DOCl'NENl'S 

1.0 SCOPE 

1.1 This procedure shall be followed for the control of Confidential 
and Secret Documents generated by subcontractors and licensors 

1.2 

1.3 

on the Breckinridge Project. The primary purpose is to prevent 
the release of classified material to anyone or any agency not 
bound by secrecy agreement with the subscontraccors and licensors 
concerned and preserve the material for eventual recurn or other 
di·sposicion. It i$ intended chat 'the classifed material will be 
available co all Task Force Personnel with minimal constraints 
consistent with that primary purpose. 

Transmittals co Bechtel must be identified bv ASF!, subcontractors, 
and licensors with the notoition of "CONF!DOO!AL" or "SECRET" 
if so classified. 

Subcontractors or licensors I.tho provide documents which contain 
little conf idencial or secret inf ormaciom compared co the content 
of the whole document, shall be requested to remove chat infor::iation 
co a separate docum.enc. Reference co the confidential document 
shall be made on the unclassified document. 

2.0 CONFIDENTIALITY COORDINATOR 

8/80 
3/81) 

2.1 One member of the Bechtel cask force will be assigned the res
ponsibility to receive and control confidential and secret 
documents. That person shall be designated·che Confidentiality 
Coordinator (CC). 

2.2 The CC will stamp the document "Confidential" upon receipt and 
will log it into a Confidential Document Record Book:. as follows: 

2.3 

l. Serial Number - affixed co each document. 
2. Name of Originating Company. 
3. Description or Title of Document. 
4. Dace of Document. 
5. Number of Copies Received. 
6. Number of Copies Reproduced. 
7. Name of each person co whom document is distributed. 

Each recipient of confidential information will be required to 
review these procedures and will be personally responsible for 
compliance • 

' 
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Documents will be handled as described below: 

• Secure in a locked des~ or cabinet at the end of each day. 

• Return each piece of data to the CC when no longer needed. 

• Reproduction will only be made by the CC and then only if 
permitted by the .Secrecy Agreement. 

• CC to store secret data in a locked file. 

• CC is to periodically review the files and destroy or return 
documents no longer needed. 

• Originals will be retained by the CC for disposition at the 
end of the contract. 

• Whenever a confidential document is destroyed or returned, 
chat information will be recorded in the Confidential Record 
Book. 

3 . 0 REOL'ESTS FOR CONFIDENTIAL I~FOR.'1ATION 

3 .l Requests. for confidential information will require the CC to do 
the following: 

• Determine that the need to know is genuine. 

• Determine the exact data need. 

• Exe.cute a Secrecy Agreement through the Bechtel Proj~ct 
Manager. 

3.2 Requests for comfidential information from other Bechtel personnel 
will be reviewed by the Bechtel Project ~!anager. 

Any information given will be entered into the Confidential 
Record Book. 

3.3 ASFI shall be the only encicy on the Breckinridge Project to 
provide any government or 3rd party organization with any 
confidential or secret information. 

'\,' 
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1.0 ~ 

1.1 A primary objective during Phase Zero is to p=epare a preli!:linary 
estimate of the constructed cost of the facilities of the Breckinridge 
Project. Specific information on '.!ajor :quipment Data Sheets is 
required to estimate the cost of the major equipment. 

1.2 This spe~ification establishes the.Major Equipment Data Sheets that 
must be prepared during Phase Zero and the specific infor:nation 
that m4st be compiled on each data sheet. 

2. 0 MAJOR :::OUIP~C:IT DATA sm:::-rs ~OUIRD 

Z.l The '.·Iajor Zquipment Data Sheets which must be r:repared are listed 
as follows: 

Description 

Vessel Design Data Sheet 
Vessel )esign ·oata Sheet 
Tank Data & List of Appurtenances 
Iiez *Exchanger Specification· Sheet 
Air Cooled Heat Exchanger Specification Sheet 
Cooling Tower Data Sheet 
Surf ace Condenser Data Sheet 
Flare Stack Data Sheet 
Fired Heater Data Sheet 
Centrifugal Pump Data Sheet 
Deleted 
Proportioning Pump Data Sheet 
Rotary Pump Data Sheet 
Special Purpose Steam Turbine Data Sheet 
Steam Jet Liquid :ducator ~ata Sheet. 
C~ntrifugal Compressor Data Sheet 
Je leted 
?.eciprocating Compressor Data Sheet 
Fan/Blower ~ata Sheet 

~ 

c 
~ 

"' ::: 
-
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F 
F 
G 

G 
G 
G 
H 
~ 

" K·' 

Foti:'l 

256 
875 
173 
158 
318 
160 
908 
909 
376A 
130 

222 
221 
8 
120 
187 

268 
250 

Tank '.!ixers y 191 
Deleted 
Deleted 
Deleted 

2.1 Zach Data Sheet refers to a soecific item of equipment which is 
identified by a group letter ~nd an assigned number. For example, 
a vessel might be numbered, C-101. A definition of these group 
letters is found in Standard Specification ::UI:lber 14222-A-20 

/\ :. :so 

?age 4 of 4, "Group Letters for Jrawing Indexes and '.laterial 
~equisitions." 
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· 3.0 DATA SfiEET INFORr.-~AT!ON REQUIREMENTS 

3.1 The attached copies of the above listed data sheets have been 
marked with a heavy black dot to indicate the minimum data 
required for each item of. major equipment. Additional data 
that i~ readily available should also be recorded. 

3.2 The data sheets should be numbered in accordance with Speci
fication Number 14222-A-20. 

"(• 

SPECIFICATION No.1"222-A-17 R £Y. _...2..._ __ SHEET--"--
!J~ ;,4~8 __ _ 



·~ ...... ~. -
I COOE * SPEC. '* 

OPER. ?RESS. * CONO. TEMP. * DES. PRESS. * CONO. TEMP. * SHELL & HOS * 
en SKIRT * ~ 

FORGING * c = PIPING ... 
""" STRUCTURAL c 
~ BOLTS 

C.A. OR CLAO * 
PWHT 

X-RAY:* I JOINT EFF. * :::E UT I MT PT CV@ OF. c 
>C HARDNESS MAX. BHN 
~ en WELD SAMPLING 
""" en 

CODE I POSITIO~ * ... 
""" HYDRO I PRESS@TOP * PSIG 

MK NO. SIZE RATING! SERVICE 

I 
en 
>-c 
3: z 
c 
~ 
all 
en ... 
~ 
N 
N 
= z -- -.. --

LAOOER & PTFM CLIPS REQD. NO 
PIPE SUPPORT CLIPS REQD. NO 
INSUL SUPPORT CLIPS REQD. NO 
INSUL THICKNESS IN. 
PAINTING 
VESSEL CAPAGITY CU. FT. 

VESSEL I EMPTY :* KIPS 
WEIGHT I TEST "KIPS 

- -· 

REF. 
I DWGS. 

& : 

* ~€.GU11lE1) ~()lt ·r1-1 A.S. E ·Cl EST!MATEi. I 

NO. DATE REVISION DESIGN OWN. CHK. APPR. I APPR. 

liJ 
JOB NO. 

DRAWING NO. REV. 
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HEAT EXCHANGER SPECIFICATION SHEET 

CUSTOMER ANO EXCHANGER 
PROJECT LOCATION * 

MANUFACTURER 

Pl.ANT * EXCH. NO. * REQ. NO. 

SERVICE OF UNIT * ITEM NO. 

SIZE * TYPE * IHORIZ/VERTI CONNECTED IN * SERIES* PARALLEL 

SURF .!UNIT lEFF/GROSSl SHl!LLSIUNIT * SURF/SHELL lEFFIGROSSl * 
PERFORMANCE OF ONE UNIT 

FLUID ALLOCATION SHELL.SI OE TU BESIDE 

FLUID CIRCU1..ATED * TOTAL FLUID ENTERING * LB/HR 

IN OUT IN OUT 

LIOUIO * I 
VAPOR * LB/HR. MW I I 1 I 
NONCONC * LB/HR.MW I I I I 
STEAM * WATER * FLUIO VAPOR1ZEO/CONOENSEO * GRAVITY. LIO. * VISCOSITY. LIO. IVAP.I * THERM. CONO .. LIO. IVAP.1 * SPECIFIC HEAT. LIQ. IVAP.J * 
TEMPERATURE * 

"F 

OPERATING PRESS. * IPSIAI lPSIGl 

NO. PASSES/SHELL 

VELOCITY - FT/SEC 

PRESS. DROP, ALLOW/CALC. * · PSI I 7 / 

FOULING RESISTANCE * HEAT EXCHANGED * BTU/HR; MTO !CORRI IWTOI * 
.,. 

TRANSFER RATE. SERVICE * CLEAN BTU/HR. SQ. FT. "F 

CONSTRUCTION 

SHE I.LSI OE TUBESIDE 

DESIGN/TEST PRESS. * PSIG I I 

DESIGN TEMPERATURE * 
.,. 

CORROSION ALLOWANCE * IN 

CONNECTIONS INLET 

SIZE OUTLET 

RATING 

TUBES NO. 00 THI( IMIN/AllGI LENGTH PITCH "LOW- <I .C. 0 0 
TUBE MATERIAL * TUBE·TUBESHEET JOINT 

SHELL * 10 OD SHELL COVER llNTl:G.I IREMOVI 

CHANNEUBONNET CHANNEL COVER 

TUllESHEET-STATIONAR'r fUBl!SHl!l!T .. l.OATING 

Fl,.OATING HEAD COVER IMPINGEMENT Pl.ATE IYESI INOI 

BAFFLES-CROSS TYPE "CUT IOIAIAREAI SPACING 

BAFFLES·LONG SEAL TYPE TUBE SUPPORTS 

INSUL. THI(.: SHELL CHAN. EXPANSION JOINT 

GASKETS -
CODE REQUIREMENTS STAMP IYESI INOI TEMA CLASS s,.Ecs 

WEIGHT: EACH SHELL BUN OLE FULL OF WATER 

REMARl(S. MARI( !SRI ANO PERCENT IRTI AS REQUIRED 
-

* k':: ...., ; 'I n. i::"1' i-e~ ~1-<b.<::. o:. n i:;. <.T, ~ ... -~ 
I 

t1J 
/"- DATE JOB NO. ORWG. NO. REV. 

> L:::. ... OS·E 2 a: 
L:::. 
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2 

8 

9 

10 

11 

13 

14 

15 

16 

17 

18 

j:~ 
22 
23 

24 

2!1 

26 

&27 
28 

i
29 

30 

31 

:r.z 
33 

34 

3!1 

36 
37 

AIR-COOLED HEAT EXCHANGER SPECIFICATION SHEET 

Customer ano P•ant Location * M•nufacturer: 

Pl•nt * EACi'l. No. * A•Q. No. 

Ser vie• * Item No. 

Size &i Type * !lnc:tuc..,11 Fore.., I Or•ft I No. of Bo• 

Surf•C• per Un1t-F inn.a Tutt• * ft2 Bar• Tut>e * ft2 

HMt Exchan9ed * Btu/h MTO, EH. * 
OF 

Transfer Ran-Finned Tub• * ;Sare Tube, Service * CIMn Btu/h·ft~F 

PERFORMANCE DATA-TUBE SIDE 
' 

Fluid Ne"'a * l.Hh81 Servic•( Y Hll Nol * IN OUT 

Tot•I llluk:I !nterln9 * 111/h O•"••tv, l.iauta * lb/ftJ 

IN OUT Soec:ific Heat ~oac1tv .;f. Btu/It> OF! 

Temo•atura * 
OF Conc:t.IL.ic:t.llVao.I * Btuih-ft o~ 1 I 

LiQuid * lb/h (Pour)(FrMzetPoint * OF ~/>l/E..v A l~o8t.E.M 
Vaoar * lb/h, rnol. wt. I I Bubble Point OF 

Noncond. * lb/h, mot. ""'· I I Latent Heat Btu/lb 

Steam * lb/h Inlet Pr ... ura *(01igl101ial 

Watw ·* lb/h Preaure Draa. Allow./Calc. * osd 
Visco•~( L.iQ.11 Voe.I * cP Fouling Rffin., I nslda h·ft2 OF/Bt1.o 

PERFORMANCE DATA-AIR SIDE 

Air Quantity, Total * I lb/hHlt'd. ft.3/min)j Altitude aDoYe S•• l..evel * ft. 

Air Quantity/Fan * act. ft3/minl T•mperature lnC0"19n Orv BulbJ * OF 

Actual St•tic Pr .. sur• * in. waterj Tems:aerHure Out * OF 

Fau Veloci~ * std. ft/mini Man Velocity( Net Frff Ar .. J lb/h.ft2 ! Minimum Oes19n Ambient OF 

DESIGN-MATERIALS-CONSTRUCTION 

Oftian Preuure * 
p1i9 Test Preuur• paig Oesivn Temoer11tur• * OF 

TUBE BUNOL.E MEAOER. Tvo• TUBE, Material * 
Size Material 

* 
IS•m-llWeldedl 

No./B•v No. TUC• Aow• No.P ..... • Slooe in./ft 00 in.I Min. Thick. in. 

Arrangement Plu9 Material No./Buncue I t.. ... gtft ft. 

Bunc:tlft * In Parallel In Serin Gaskft Manrial Pitch in~ 

Bava * 
In Parallel In Serin Corro1ion Allowance * in. FIN, Tvo• * 

BuncU• Frame No •• Size Inlet Nozzte in. Material * MISCEL.L.ANEOUS No .. Size Outlet Nozzle in. 00 1n.1 Stock Thidt. in. 

Struct. Mount.(Graoel(Piperack) c/c Soecial Nozztft in. No.Jin. ; Fin Onign Tamp. OF 

Surface Preoaration RHing & Facing CoCl•.>.SME VIII. Oiv. 1 IStwno(Yftll Nol 

Louvers Auto Manual Tl Pl SPECS. 

Vibration Switcft• Chem. Cleaning 

No.IB•v * 
rev/m1n 

Oia. * ft No. Blad•• 

Pitch* Aa1. Auto Angle 

Material, Blaoa Mui> 

ho/Fan. Oes. Minimum Amb. 

45 Control Ac:ion on Air Failur•Fan Pitch (Minimuml(Maximuml(L.ockup•; l..ouvers (OP•n•(CIOMJ(Lodtuo) 
45t--0-119-,---~--o-n-t-ro_1_o_fO~ut-1n~P-ro_c_•_1_T_•_m_o_•,-•-tu-,.~IM_a_•_im-u~m~C-o-ol~in~9~)(~~.;.;;.;;.;..;...~~-o-F-)~~~~~~~~~~~~~~~~~--f 

47 Recirculation (Non•• (lnterneO CExternet Over SideJ fExtarnal Owr End) I St••m Coil (YesHNoJ 

48 NOTES: •QiVe tuo• count of .. en pe11 wnen irregular. 

49 
sot--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--1 

51 

s2r-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-.:.~~~~~~~~~~~~~--1 
SJ r--~-:-:-~-i"'~~~~~~~~~~~~~-·,._~~~~~-=-~~..._~~~~~~~~~...,...~~~~~~~~~~~~~~~~~ 
54 * 1-(,,....,..,. ' ' •'-'•'.'!'\ ::.,, ;'.., ..... ~ ._,. ("') ,_ ~-, ...... ~ 55 r-~~~--..... ~~ ............................ ...-,"'""'-'-"'"-~~~'""'-........... "--'""'-~ ..... =-..:o. ...... .;....'--;...:....:..:....;;;;--~~~~~~~~~~~~~~~~~~~~~ 

56 Plot Are• 

:> ... 
IC 

C::,. I OATE 

Al 
t:::,. I 

FORM 318 16/ 781 
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COOLING TOWER DATA SHEET 

2 

l 

4 

Customer _______________________ ~ 

Location~-----------------------
Uni•---'*'"'------------------------

Numaer ReQuired--'*'--------------------

5 GENERAL 

6 Selection. 

7 Tower Model 

8 

4;~ 
&12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

2!1 

26 

27 

'*' Type ..... 

DESIGN & OPERATING CDNDITIONS. 

'*' • •circulating Woter Flow,. * •Hot (inlet) Water Temp. 

'*' •cold loutltttl Water Temp 

•w•t Bulb T•mo., 1n1H •. 

Ambient. ·'*' .. ·~: 

:&: Tower Pump Head •......... 

Total Fan 8.H.P .• (Oriver OutPutl ~. 
Drift Lou, % of circulating flow 

Evaooration Lou (at design). 

•oesign Wind Load, . •.'. 

•oeslgn Seismic Load, ..... . 

•Tower Site lgrovnd level, roof. ate, . 

• E lev11ion Above Sea Level,. 

•Tower E xoosure ...... . 

28 STRUCTURAL DETAILS 

!~~. 
Number of Cells. 

Fans per Cell. .. 

Total Number of ~an1 

. lbs/sq ft 

... ML/hr 

. %Cl 

ft 

Manufacturer-----------------------

E~uip. No._'*''"------------------------SC No. _______________________________________________ __ 

Item Na.~--~----------------------

31 

32 

33 

'*' 

'*' 

'*' 

'*' 

'*' 

'*' 

Nominal Cell Oimen. LxW, 

Overall Tower Dimension, LxW. 

Height·Bacin Curb to Fan Deck,. 

Fan Stack Height •... 

'•.---------------------~--------
34 

&as 
36 

37 

38 

jg 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

'*' 

'*' 

Overall ToWer Height, 

lniide Basin Dimensions,. 

•Column Extensions, Perimeter. below 

basin curb, . , . , . . 

Internal. below curb, 

Anchorage 

Hot Water lnlet·Nurnbll!lr .. 

Nom. Diameter .. 

Description ... 

I 

ft 

ft 

ft 

ft 

ft 

It 

JOB NO. 

~· > I CATA SHEET REV. 
w 
a: 

FORM 160 (11/'9) 

I 
Specification 14222-A-17 

2 -t: 
SHEET 8 Of 48 



50 Height Inlet Above Basin Curb, . ft 

51 •Ace en to Top of Tower 

& 52 Shiooing Weight. In 

53 Operating Weight,. lb 

54 

55 

56 

57 

&58 MATERIALS OF CONSTRUCTION 

59 * Framewo~k Members. 

60 Casing 

61 Filling 

62 Supgort. 

63 Drift Eliminators 

64 Spacer 

65 Fan Stacks. 

&66 * Louvers, Materiol 

67 Partitions. 

68 Fan Deck . 

• ,,,,_,69 Water Distribution-Type. 

&·:~ 
Material 

* Lumber Pre· Treatment. 

72 Type of Treatment 

73 I tams Treated 

74 S~lashers or Spray Nozzles. 

75 Stairway and Handrail : 
76 Structural Connectors 

77 Ring Joint Connectors . 

78 Bolts. Nuts, Washers 

79 Anchor Connectors. 

BO Naill 

81 Mechani-;al EQuipment Support. ....... ~ ..... 
0:02 •Anchor Bolts-Material. 

83 Furnished By 

84 •Co Id Water Basin-Materi<ll 

85 Furnished Bv 

86 •sa~in Accessories. by Mfg 

87 

88 

89 

90 MECHANICAL EQUIPMENT 

91 Fans 

92 Number 

93 Tvoe o; Model. 

94 Manufacturer 

95 Diameter. ft 

& 
96 Number of Blades. 

97 Fan Saeed .. •Pm 

98 TiP Saeed .. fpm 

99 BHP per fan. driver output. 

100 Blade Material. 

101 Huh Mrtreri.:JI. 

&102 Total Staric Pressure .. . in H
2

0 

&103 Velocity Pressure,. .in H
2

0 

104 Air Oetivery oer Fan .. . acfm 

Spe~ification 14222-A-17 Rev. 2 SHEET. 9 Of 48 



105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 
130 

& 131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

146 

146 
, .. , 
148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

Fan Static Efficiency .. 

Speed Reducer 

Number 

Type . 

Model. 

Manufacturer 

Reduction Ratio 

AGMA Mechanical H.P. Rating . 

Servi:e Factor at Rated H.P. of Driver. 

No. of Reductions ......... , .. 

Drive Shaft 

Number 

Type 

Mods I. 

Manufacturer 

Rated H.P .. 

Drive Shaft Material 

Couoling Mat•riwl. , 

Driver 

* Numb~r 
•Kind. 

* •Type . 

Manufacturer 

* P'ull L.oad Speed, 

• Elec. Char .. phne/cvctn/volts 

* Rated H.P. 

VIBRATION SWITCH 

MANUFACTURER 

MODEL. 

ADDITIONAL. DATA: 

Svmbol • =. 1ntormauon to be filleo 1n by Becnte1. 

Data Sheet reor•nted from C.:>olil"lg Tower Institute Stanaard. 

Specification 14222-A-17 .Rev, 2 

rpm 
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Plan~ 

6 Su•! !Ett'G•c.:>. 
7 

11 

9 

* 
* 
* 

SURFACE CONDENSER DATA SHEET 

ltt""'I"· '\ic 

"' ... .:. ;::eou•·P~ * '*' PERFOR!.lANCE 

Tune~1de 

"'1et Steam 

lb:n 10 

11 
12 ·•:a1e~ 

13 S:eam 

* lb/h 
*~~'b_._n_._M_w-+-!~~~~~~..___,,__~~~~~-"-J~,.._~~~~~~-'-~~~~~~-; 
* ~-----'-b-/h,...;.'-~---~~---+--~--~---~-+------~--'----~-----~ 14 S 1 eam Conotonsea 

~--~~~~'.,~'-11~3~'~~~~~~~~~+-~~~~~~~~~r---~~~~~~--1~~~~~~~--1 * cP I 
15 Dens1tv. Lia. 

16 V•scos1tv. Lio. IVao.) 

Ther:-n. Cona .. L•O. IVao.i * Stu/h·ft2 °F 

1-S-c_e_c_1f_1_c _H-.-.-,-. -L-.-,-. -, v-.-p-. ,----* R tu/lb ° F I 
Latent HeP!t. Vao. Btu/lb 

0 oer at 1n9 P ~ess. 

One 01ie 

2J Ve1oc1tv Alie""" •Ca•c. ft/sec &24 f-F-.-.-,,-.-D-,-o-o-.-~-,:-o-~-------*------p-s-,-+--~-~-~-----!------~----+----~----r---------1 
25 

~26 f-H-.e-a_t_E_x_ch_a_n_o __ e-d-~------*--------'--~--------8-t-u-/h-.-M-T-O--*~-~~------------------O-F-1 
~27 f-T-.-.-n-~-c-,-R-.-,.-.-s-.-,-v-ic_e ______ *-~------------~---=C~l~ea~n-'---=-~'-'--~-~------~-------8-,u-/-h-.-ft-2_0_F--I 

28 CONSTRUCTION 

29 T:...ries Hotwell: I~ 

Tvce: Cacacitv: 

in. Ttik: BWG : .. :'lateri.;:,tl: 

~ 32 t--L_•_n_gt_h_._•_f~_•_c_1_iv_•_·~------~'-'-·_O_v_•_•_a_11_. ___ *------f-t-+--T-h_•_<_•_n_e_s• ________________________ --t 

~33 1---'~-'-•-••_•_••-'-'---------~*.:..... ___ T_u_b_•_P_;,_c_n_: ________ +-_T_u_c_e_s_n_ee_•_•----~---------------------+ 
34 f--G_a_s_R_e_m_c_v_a_•_S_•_<_•_•~-"-'-'-----~---------------+---N-'u_m_.o_•_•_a_n_o_s,_z_e_: ________ ~-------------i 
3 5 f--~-o_._. _______ o_o_: ____ ~ __ T_h_•_._, __ ~ ______ s_w_G_. __ ,_.<_••_•_•_••-'-'-~--------T_n_i:_,_n_•_••-·------~----·~_.-i 
36 Le"'~th. ef!ective: ft Overall ft 
!------------------------------------------------------~-------; 

37 Moteri.JI: Tuoe P:tcn: Tuoe :t::::ioort c;.!ates 
f------------~-~--------~--------+--~------~---~-~--~---~----------l 

38 trr:cingemcnt Secl!!lno:: 

* 42 T-..:::ie - T1..:-~s!"leet Jo.nt. 

4J V\'an:r 00;11 e:; g, Cover:: 

44 * 45 

'" 

N'Jmoer: 

~ .... ~ater1;,,1 

Tr.1:io.~ess: 

Thi~kness: 

~e·gnt - 100 01 .·.arer oo• ~:ange ~o t ... :oine ::,.,r.aust 1nc11o1cing: 

'"· 

r---~-------~-------~---------~--+------------------~--------------l 
46 

47 * 
49 Snell 

50 

ffi 51 

52 

53 

54 

* TM.; .. ne:::: 

1'-....;---:..e· '.:!'":' !. :e- c· .-:-"': ·· 

* 

* o .... ;:et: 

•n '\.~"Tut:r o~ ':...i':: oris 

Specification 14222-A-17 Rev. 2 

i"';::.ng su;:,::iortsl•e•::ans1on 1ointJ: 

.o..· a1;~1~J. 

i-~·;nt. 

°F .4no Full Vacuum 

JCS NO. : o~~n--!G. NO ~EV. 

!os- E : 2 
I 
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SURFACE CONDENSER DATA SHEET (CONTINUED) 

55 Steam Jet Air Eiector(s) 

56 Tota1 numt.>cr of Eiector Units: 

571 Size and type: No. of c.lements: No. of ~ages: I 
58 Surface Inter-and After-Condensers 
1-~~~~~~~~~~~~~~~~~~~~ 

59 Ooerati~g Conditions and Perlormanc~.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
60 Design capacity - 100 cer cent -

61 Suction oreuure: in. Hg. abs Suction temperature: °F 

62 Orv <>ir leakage: SCFM corresoonding to: lb per h 

63 Non-condensible ga1e1 other than air leakage: lb per h 

64 Auooi•Jted saturated water vapor: lb aer h Total gaa·vaaor mixture: lb per h 

65 Oatign caoacity each eloment: per cent 

66 Number of elements ooerating for 100% cacacitv: 

67 Curve(sl of agoro•1mate caoacitv vs. suction pressure: 

68 Steam conaition1 -

b~ Maximum initi•I pressure: g~ig Total tefnP: OF 

70 Minimum operating pressure lat nozzles): osig Total temo: OF 

71 Steam Consumotion 1100 oar cant design caoacity): lb per h 

721 Inter/After Condenser Cata 

73 SurfaceSQ ft: lnter·Condenser After-Condenser 

74 Heat Excho"god Btu/h lnter-Conden1ar After-Condent"r 

75 Tut:>es. No: 00 in Thk E!WG: Length (Elfective·overall) ft 

761 Tube-Tut>esheet Joint: 

77 Cooli~g Water (condensate) (raw water): 

78 M1n1mum ttow required at: per een.t design caoacity: lb/h 

79 Maximum de?:ign ~low: lb/h 

80 Pressure drop till.lwable/calcul.1ted psig 

81 Shell/Water boxes - Design oressure * I osig Oesign Temoerature · * I °F 

82 J Materials: 

83 Suc:ion chambers: Condenwr shells: * 
84 Diffusers: Water chambers; 

85 Steam nozzles: Tube sheets: 

86 Steam che!:ts fnozzle heads): Tubes: * 
87 Fittings and Accessories inc.luded 

88 Air leakage meter. 

89 Other: 

90 Hogsi ng Ejectors 

~ 91 fStaaml (Air) IWatcrl Operated. Number Qet conaensar * Size 

921 Ooeratinq Conditions and Performance 

93 Caoacitv: * lb oer h dry air at i~. Hg abs Suction Pres:ure 

94 Sream con~umotion: lb o~r h at osig "F 

· 95 Maximum aes1gn steam condi!ions: osig 0 F= 

96 Consumot1on: Air SCFM at psig Water to/hr at orig 

97 
!-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

98 Finings and •ccassories inc.lutied: 

99 Pri~T"'"'9 E jectod s) 

& 100 !Steam) IA;r) !Water) Ocerated. * Size * 
101 Qgerating Conditions and Perfcrmance 

102 Caoacitv: * lb per h arv c:ir at in. Mg abs Suction Pres:ure 

10J Steam consumi:>tion: lb per n at P5ig OF 

104 Maximum design steam conditions: psig OF 

105 Consu'Tl;Jt1on. A.r SCFM at ps1g Water lb/h at PSig 

106 

1071 Acoroximate weignt: 

108 Conc1enser Orv lb. E1ectors: Priming lb. 

109 F1oo~ed lb. Hogging It> 

110 ·Air "'· 
111 
'--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .... 
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& 

& 

t ... . 

-r ....... 

FLARE STACK DATA SHEET 

Customer Manufacturer 

2 Location * Equip. No. * 
'3 Unit * Reg. No. 

4 Number Requirad * Item No. 

5 PROCESS DESIGN CONDITIONS 

6 

7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

Flow Rate ..•.. * . . . . . . . . . . . . . . . . . . lb/h 

Specific Gravity ...............•...... 

Molecular Weight . ~- ...•........•. · ...•.... 

Net Heating Valve. • . . . . . . . . • • • . . Btu/lb, Btu/tt3 

Ratio of Specific Heat .........•........ CP/C v 
Supply Pressure •..••..•......••....•.. Psig 

Gas Composition .•...•..• , ........... MOL% 

Cl ...•........•.•....•........... 

C2 •................................. 

CJ ....•...........•.....•....•.... 

iC4 ....••.••••.•.••••.••..•••.•.•••• 

nC4 •.••.••.•.•.•••.••••••••••••••••• 

iCS •.........•.......•....•...... 

nCS •••....•.••••.....•••••..•••..•.• 

~C6 •....•••••••...••.••••• · • .• • • • • • • 

N2 ................•................ 

C02 ................................ . 

HzS ................................ . 
so2 ........................ · ..•...... 

Flare Gas Temperature ................... °F 

Stack: 

MAXIMUM 

CONSTRUCTION 

30 Height Above Grade 

31 Outside Diameter 
* 
* 

ft. 

in. 

Guyed/Self Suppor!lng 

Number of Guys 

32 Stack Plate Thickness * 
33 

34 

35 Flare Tip: 

36 Overall Length * 
37 Outside Diameter * 
38 Connection To Stack 

39 Ignition System Description: * 
40 Platform And Ladder Description: 
41 
42 Piping Description: 

43 Pilot And Ignition Gas 

44 Steam 

45 Seal Description: * 
46 

47 Seal Purge Gas Requirement: 

48 

Specification 14222-A-17 

n 

in. 

in. 

in. 

ft 

in. 

* ~au1reo 
r-

Guy Wire Diameter 

C uy Wire Material 

Stack Plate Material 
'hacic Plate 
)esign Temperature 

(.lare Tip Material 

Flare Tip Refractory 

Refractory Anchor 

fl 
roit. ~ H-A-s e.. 

·Rev. 2 

0 

MINIMUM 

* 

* 
* 
* 
* 

JOB NO. 

DATA SHEET REV. 

OS F 2 
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1 
2 
3 
4 
5 

6 

7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 
23 
24 
25 
26 
27 
28 
29 

l 30 
31 
32 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

44 
45 
46 
47 
48 
49 

50. 

FIRED HEATER DATA SHEET 

Customer 
Location 
Unit 

-------.....,.*,.----------- Manufacturer * Equip.No ~*"'-----------------
--------*----------- Req. No. 

Number Required _.._ __ __;.;*--------- Item No. 
Total Heat Absorbed mm Btu/h ..... ~--------- Type of Heater ""*"-----------------

HEATER PERFORMANCE 

Heater Section . • . • . . . • . . . . • . • • • . . •..•..•••.••••••••••..•• 
S.rviee ........................... · • • · • · · · • • · • • • • • • 

*Fluid Name .••.•••••.••••••••••.••••.•••••••••••••• * Heat Absorption ••.•••••••••••.••••••••••••••• mm Btu/h * FIOllW Rate •••.••..•.••.•••••••••.••••••••••••••• lb/h * PressuA Drop (Allowable· Clean/Fouled) .. , , .. , , , , ..••. ,psi 
Pressure Drop (Calculated· Clean/Fouled) •••••••••••••••••• psi 
Coki,,g Allowance •..................•..•••.....•.•• in 
Average Radiant Flux Density. (Allowable) •••••..•••.• Btu/h11:1 ft 
Average Radiant Flux Density (Calculated) •.••.•••••. Btu/h11:1 ft * Maximum Radiant Flux Density ....••....•...•••••. Btu/h11:1 ft 
Average Convection Flux Density .....•••...•..•.•• Btulh11:1 ft 
Velocity Limitation .•..••.•..••.••.•.••••••••••••• ft/~ 
Maxi!'1um "':llowable l~side Film Temi>eratuA ••.••••.•• •t 

0 
.. °F 

Fouling Resistance Inside . . • . • . • .•••••..••••.• h·ft • F/Btu 

lnlll't Cor.ditions: * TempeJatUre •...•.•.•..•. · ..•••.••.•.•......•••.•.•• °F * Pressu~ •...•...•........••..••..•..••.•.•• (psig)(psia) 
Liquid Flow .•...•.•.•... , •...•••.•.••.•••••.•••. lb/h * Vapor Flow ......•........••••••••..••...•.•. , .. lb/h 
Density, Liquid (Vapor) At P&T .•..•.•...•... ; ..•••• lb/cu ft 
Ciravitv, Liquid. . . . . • . . • . . . . . . • • . • • • . . . . . ~ Gr at 60 o,: * 'J apor . . . . • . . . . • • . . • • • • • . . . • . • . . . . , . . • . . •..•. mol wt 
Viscosity, Liquid (V aporl ..•...•...••.••..•.•••.••.•• ', C? 
Specific: Heat, Liquid (Vapor) ...........•..•..••. Btu/lb- °F 
Conductivity, Liquid (Vapor) •..•. , ...... , ...• Btu-ft/h·tt2 OF 

Outlet Conditions: * Temperature ..........••..•...••...••. , ..••..•. , •. °F * ?ressure ...................•...•..•...•.... (psig)(psia) 
Li".iuid Flow ........... , ............•............ lb/h * 1/apor Flow .........•. ; ............•.•••••....•. lb/h * Density, Liquid (Vapor) At P&T ...•• , , • , . , • , • , , , •• , .lb/cu ft 
G:avity, Liquid .......... , , , , , , , , , , , , , . , , . (Sp Gr at 60°F) * 'I Jpor . • . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • . . . . . . . mol wt 
Viscosity. Liquid (V aporl . . . . . . . . . . . . . . . ...••......... CP 
Specific Heat, Liquid (Vapor) .•.........•...•..... 8tu!tb-°F 
r:onouctivity, Liquid (Vapor) . . . . . . . . . . . . . . . . Btu·ft/h·ft2 OF 

Remarks and Special Requirements: 
Data s.'leet reference !or vaporization curve.-------------------------

* feq<»rsen Q 

t1J 
6. JOB NO. 

> !:::. DATA SHEET REV. 
!J.I !:::. 0:: OS r- 2 

!:::. r 
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51. 
52. 
53. 
54. 
55. 
56. 
57. 
58, 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69 . 

70. 

71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 

79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
9!:i. 
96. 
97. 

98. 

99. 

100. 

101. 

102. 

103. 

COMBUSTION AND FUEL DATA 

* Type of Fuel ...................•.....••..•.•............. 
Excess Air ........ · .........•.••.. ; ..•................. ,. % 
Calculated Heat Release ........ , .• , ... , ...•.••.•. mm Btu/h(LHV) 
Calculated Efficiency, Percent (LHV) ........•...........•........ 
Guaranteed Efficiency, Percent (LHV) See Note ...................... . 
Radiation Loss, Percent of Heat Release !LHV) ..•.................... 
Flue Gas Temp. Leaving Radiant Section .....•.... , .............. °F 
Flue Gas Temp. Leaving Convection Section .•.....•....•....•..... °F 
Flue Gas Temp. (Uncorr) Leaving Air Heater .......•..•..•......... °F 
Flue Gas Mass Velocity.Conv. Section .•................. , .. lb/sq ft·sec 
Volumetric Heat Release ......................•...... ·. Btu/h-cu ft 
Altitude Above Sea Level . . . . . . . . . . . . . . . • . . . . • . . . . . . . . . . . . . . ft · 
Air Temperature, Combustion ..•................••...•..•.... °F 
Air Temperature, Draft .........•..•.•....••.•.••••••.•••..• °F 
Minimum Furnace Draft/Location .............•..•..••.•... in H20 
Draft at Sumers ................••..•...•.•..•........ in H20 
Note: A Fuel Savings of mm Btu/h Fuel Value $ ______ _ 

Will Offset a S1000 increase in mm Btu 
Furnace Cost (Erected) 

Fuel Characteristics 

*Heating Value .......................•......•...... , , , • HHV 
Heating Value .. :...... . . . . . . ......................... LLV 
Specific Gravity .........•...........•.................. , .. 

· Molecular Weight .......................................... . 
Viscosity, At ___ °F ....................•.............. SSU 
Viscosity, At ___ °F ....................•............... SSU 
Fuel Pressure Available at Burner ............................. psig 
Atomizing Steam Pressure ..............••.•.....•..•... , ; .. psig 

Composition: 
Vanadium ........................................... ,ppm 
Sodium ..........................•...•.............. ,ppm 
Salt Content ...........•.............................. ,ppm 
Ash .................................. · .............. %wt * Sulfur ........................ , ..................... % wt 
Hydrogen ............................................ % wt 

Carbon ............................ , ................ % wt 
Nitrogen .............. · ........................... % wt/% vol 
Oxygen ............................................. % wt 

CH4 · · · · · · · · · · · · · · · · · ·. · .......................... %vol 
C2H4 · · · · · · · ·.· · · · · · · · · · ·. · ......................... %vol 
C2Hs · · · · · · · · · · · · · · · · · · · · · ..............•..•.. · ..... %vol 
C3H8 · · · · · · · · · · · · · · · · · · · · ·. · ....................... %vol 
H2S · · · · · · · · · · · · · · · · · . · ............................ % vol 
H20 .............................................. % vol 

104. Specification No. 14222-.-\-17 Rev. 2 
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105. 
106. 
107. 
1011. 
109. 
·110. 
111. 
112. 
113. 
114. 
115. 
116. 
117. 
118. 
119. 
120. 
121. 
122. 
123. 

124. 
125. 
126. 
1::?7. 
128. 
129. 
130. 
131. 

"'132. 
133. 
134. 
135. 
136. 
137. 
138. 
139. 
140. 
141. 
142. 
143. 
144. 
145. 
l4~. 

147. 

148. 
149. 
150. 
151. 

152. 

153 .. 

154. 

155. 

156. 

157. 

158. 

MECHANICAL DESIGN 
COIL DATA 

General: 

Plot Limitations----------------
Tube Length Limitations ------------

Coil: 
Coil Design: 

Minimum Stack Height 

Heater Section . . . . . . • • . • • • • • . • . • • . • • • • . . • • • • • . • • • • • • . • • .•• 
Design Basis for Wall Thickness .•..•.••.••••.••.•••••• , ••....•• 
Design Life ..•...••.•••..••.•••••••.•....••.••••••••.••.• * Design Pressure • . . . . . • . . • . . . . . . • • . . • . • • • • • . • • • • • • • • • . . . pslg * Corrosion Allowance, Tubes ..••.•.••••••..• : ••••••••.•..•.. in 
Weld Stress Relieve ...•....•••..••.•.••.•••• ." ••••••••.•.••. 
Weld Inspection Requirements X·ray or Others •••••••.••••••••.••••. 
Maximum Wall Temperature (Calculated~leanl ••••. , •••••••••.••. OF 
Maximum Wall Temperature (Design-Fouled) ..••.•...••• , ••••• , •• OF 
Inside Film C~tticient •.............••..••.••.•.. Btu/h-OF sq ft 
Overall Heat Transfer Coefficient ••...••..•.•.•.••••. Btu/h-OF sq ft 
Corrected Mean Temperature Difference ..•••••.••.•••••••. , •••• dF 
Bare Tubes, Total Exposed Surface .•..••••..••••••••••••••.• .sq ft 
Extended Surface Tubes. Total Exposed Surface .•.•••••.••••••.• .sq ft 

Coil Configumion: . 
Tubes, Vertical or Horizontal. .•..•.....•.•••••••••••••••••.. , . 
Number of Flow Passes/rubes Per Pass ..•..•.•••.••.•••••.••••••• 
Effective Tube Length ...........•.••.••••••••••••.••••••. ft 
Bare Tubes, Number .•..•........•••.••.••••••••.•.•..••••• 
Extended Surface Tubes, Number .........••..••••....•.....••.. 
Tube Spacing, Center to Center (Staggered) (In Linel •••.•••••.••.••. in 
Tube Center to Furnace Wall ••.••.••••••••.•.•••••••.••..••• in 

Tubes: *. Material (ASTM Specification and Grndel •.•••• ; •••.•..•..••.•••.• 
Outside Diameter .....••..••.•••.•.••••••••••••••••••••• in 
Wall Thidcness (Minimuml (Average) ..•...•.•••...•••..•..•..• in 
Overall Tube Length ...•..•..•......••.••. : • . • • • • • • • . . ft· in 
Description of Extended Surface: 
Type .......•.........•. : ....•.•••••.•.•••.••.•..•••.•. 
Fin or Stud Material ...•............•.••••••••••••.••..... ~ • 
Fin or Stud Material •••...•..•..•....•.•.••••••.•.•••.••..•. 
Fin or Stud Dimensions· .........••.•.••..••.....•••.••.... in 
Fin or Stud Dimensions ....••••••..••.......•.•••••......• in 
Fin or Stud Spacing ........•.....•.. , ••.•••....•.•...... per in · 
Fin or Stud Spacing .............•...•.•..••.. , •••..••.• per in 
Maximum Fln or Stud Temperature ...........•..••. , ....... , . OF 
Maximum Pin or Stua 1 ei'riperature ...•..••.•••••...•....•.••. OF 

Plug-Type Headers: 
Location ....•....•...............•.•.. , ••..•...•.•..••. 
Manufacn.irer and Type ..................•.•.••.•.........•. · 
Nominal Rating ..............................•.•.......... 
Welded or Rolled Joint ................•...•.....•........... 
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161. 
162. 
163. 
164. 
165. 
166. 
167. 
168. 
169. 
T70. 

171. 
172, 
173. 
174. 
175. 
176. 

177. 
178. 
179. 
180. 
181. 
182. 
183. 
184. 
185. 
186. 

187. 
188. 
189. 

190. 
191. 
192. 
193. 
194. 
195. 
196. 
197. 

198. 

199. 

200. 

201. 

202. 

203. 

204. 

205. 

206. 

207. 

208. 

209. 

I 
210. 

Return Bends: 

MECHANICAL DESIGN 
(COIL DATA) 

Location . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ". . . . 
Material (ASTM Specification and Gradel ..................•........ 

Watt Thickness or Schedule ..................•.......... , ..... 

Crossovers: 
Location (Internal) (External) .....................•.••.... : .. 
Pipe Materlai (ASTM Specitication and Gradel .................•... 
Wall Thickness (Minimum) (Average) .......................•. in 
Flange Material (ASTM Specification and Grade) ..............•..•.. 
Flange Size and Rating .....•...........................•••. 

Terminals or Manifolds: 
Location . . . . . . . . . . . . . . . . . . . . . . . . . . . . • •. , . . . . . . • . . .•... 

(Welded) (Flanged) ..........••......••..........•... 
Wall Thickness (Minimum) (Average) ........•.•.....•.•..•••• in 
Flange Material (ASTM Specification and Grade) ................•. , . 
Flange Size and Rating .................. ; ..............•..• 

Tube Supports: 
Location (End) rrop) (Bottom) .......................•...••... 
Material (ASTM Specification and Grade) .......•....... , ....•... 
Web Thickness ......................................•• in 
Insulation, Type and Thickness ....................... ._ ....•... 
Anchor Type and Material •........•................... ; ..... 

Immediate Tube Supports: 
Material (ASTM Specification and Grade) ....................•... 
Spacing .......................................•..... ~ 
Coating, Type and Thickness .............................•... 

Tube Guides: 
Location (Top) (Bor:om) (Intermediate) ........................ . 

;·Material (ASTM Specification and Grade) ....................... . 

Coil Terminal Movements and Forces: . 
Nozzle Movement ....................................• in 
Direction .........................................•... 
Externai Nozzle Load .................................... lb 
Direction. . . . . . . ..................................... . 
Pipe Load Supponed by Heater .......................... . 
Special Suppon Brackets Required ...................... , .. 

Notes~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

Specification ~lo. 14222-A-17 Rev. 2 Sheet 17 of 48 



211. Settings: 
212. Floor: 
213. Refract·ory: Thickness 
214. Construction 
215. 
216. Casing: Thickness 

217. Exposed Vertical Walls: 
218. Refractory: Thickness 
219. Construction 
220 . 

. 221. Anchor Type and Material 
222. Method of Attaching Anchor to Casing 
223. Casing: Thickness 

224. Shielded Vertical Walls: 
225. Refrac:t0ry: Thickness 
226. Construction 
227. 
228. Anchor Type and Material 
229. Method of Attaching Anchor to Casing 
230. Casing: Thickness 

231. Arch: 
232 Refractory: Thickness 
233 Construction 
234 
235. Anchor Type and Material 
236 Method of Attaching Anchor to Casing 
237. Casing: Thickness 
238. Convection Sidewalls: 
~39. R efrac:tory: Thickness 
240. Construction 
241. 
242 Anchor Type and Material 
243. Method of Attaching Anchor to Casing 
244. Casing: Thickness 

245. Breeching: 
246. Refractory: Thickness 
247. Construction 
248. 
249. Anchor Type and Material 
250. Method of Attaching Anchor to Casing 
251. Casing: Thickness 

252. Bridgewall: 
253 Thickness Height 

254. Notes: 

255. 

256. 

257. 

258. 

259. 

260. Specification No. 14222-A-17 

MECHANICAL DESIGN 
CONSTRUCTION DATA 

Hot Face Temp: Calculated 

Material 

Hot Face Temp: Calculated 

Material 

Hot Face Temp: Calculated 

Material 

Hot Face Tem~: Calculated 

Material 

Hot Face Temp: Calculated 

Material 

Hot ·Face Temp: CalaulatlG 

Material 

Material 

Re•!. 2 

°F Design OF 

Temperature OF 

OF Design OF 

Temperature OF 

OF Design OF 

Temperature OF 

°F Design OF 

Temperature OF 

OF Design OF 

Temperature OF 

OF Desi!n OF 

Temperature OF 
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261. 
262. 
263. 
264. 
265. 

266. 
267 .• 
268. 
269. 
270. 

271. 
272. 
273. 
274. 
275. 

276. 
277. 
278. 
279. 
280. 
281. 

282. 
283. 
284. 
285. 
286. 
287. 
288. 
289. 

Flue Gas Duct: 

MECHANICAL DESIGN 
CONSTRUCTION DATA. 

Refractory: Thickness Material ________ Hot Face Temp. Design ________ 0 ._ 

Anchor Type and Materia1---------------....,....-----------------
Method of Attaching Anchor to Casing-----------------------------
Casing: Thickness Material ______________ Temperature ______ 0 ._E 

Combustion Air Duct: 
Lining:. Thickness Material ________________________ _ 

Anchor Type and Material_--------------------------------
Method of Attaching Anchor to Casing-----------------------------
Casing: Thickness Material ______________ Temperature ______ 0 ._E 

Header Boxes: 
Location ____________ Doon. Bolted·Hinged --------------------
Refractory: Thickness Material ________________________ _ 

Anchor Type and Material----------------------------------
Casing and Door: Thickness _____ Material ________________________ _ 

Plenum Chamber: 

Location------------------------~~--------~~~---Lining: Thickness ________ Material ________________________ _ 

Anchor Type and Material----------------------------------
Method of Attaching Anchor to Casing ____________________________ _ 

Casing: Thickness ________ Material-------------------------

Stack: 
Location ____________ Number-------------------------
Lining: Thickness Material-------------------------
Extent of Lining_------------------------------------
Anchor Type and Material----------------------------------
Method of Attaching Anchor to Casing ____________________________ _ 

Plate: Thickness ________ Material ______________ Corrosion Allow.----

Outside Metal Diameter Stack Length ft Height Above Grade----------'.>. 

290. Dampers: 

291. Location------------------------------------....,.----
292. Material: Blade Shaft --------------------------
293. Multiple or Single Leaf-----------------------------------
294. Description of Provision for Operation From Grade--------------------------
295. 

296. _N_o_t_es-------------------------------------------

297. 

298. 

299. 

300. 

301. 

302. 

303. 

304. 

305. 

306. 

307. 
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309. Miscellaneous: 

310. Platforms: 

MECHANICAL DESIGN 
CONSTRUCTION DAT A 

311. Type of Flooring ------------------------------------
312. Radiant Section, Width and Location-----------..,...------------------
313. 
314. Convection Section, Width and Location -----------------------------
315. 
316. 
317. Stairs, Width and Location----------------------------------
318. Ladders, Location------------------------------------
319. 
320. Doors: 
321. Radiant, Acceu, Size and Location-------------------------------
322. Convection/Stack, Access, Size and Location..,...---------------------------
323. Observation, Size and Location 

324. Tube Removal, Size and Location --------------------------------
325 Explosion, Size and Location ----------------------------------

326. 
327. 
328. 
329. 
330. 
331. 

Instrument Connections: 
Draft 
Temperature 
Flue Gas Sample 
Smothering Steam 
Drains 

Number Size 

332. 
333. 
334. 
335. 
336. 
337. 
338. 
339. 
340. 
341. 
342. 
343. 
344. 
345. 

Painting and Galvanizing Requirements -------------------------------

Auxiliary EQuipment: 
Burners: 

Manufacturer and Type -------------------- Quantity -----------
Design and Size .Location and Orientation -------------------
Heat Release mm Btu/h Per Burner at Design Excess Air and Draft: 
Minimum Normal Maximum---------------------

Design Draft Loss Across Sumers, in H20 ------------------------------
Sumer Pilot: 
Heat Release (Capacity), mStu1h Fuel -----------------------
Type of Ignition --------------------------------------
Special Requirements (Flame Detection De11iees) Etc. ------------------------

346. 

347. Sootblowers 
348. Number .................... . 
349. Type ...................... . 
350. Spacing and Arrangement 
351. (Drawing Referencel .......... . 
352. Orientation ................. . 
353. Blowing Medium .............. . 
354. Blowing Medium Conditions ...... . 
355. Materials of Construction ..... ". .. . 
356. Type Driver ...... : .......... . 
357. Control System Type ........... . 

358. 

359. 

360. 

361. 

362. 
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' 

MECHANICAL DESIGN 
CONSTRUCTION DAT A 

364. Painters Trolley and Rail Included 

365. Extent of Tube Handling Facilities --------------------------------
366. Thermocouples. Number and Location-------------------------------
367. 
368. Thermowells. Number and Location--------------------------------
369. 

370. 

371. 
372. 
373. 
374. 
375. 
376. 
377. 
378. 
379. 
380. 

381. 
382. 

383. 
384. 
385. 
386. 
337. 

388. 
389. 
390. 
391. 
392. 
393. 
394. 
395. 

396. 
397. 
398. 
399. 
400. 

401. 
402. 
403. 
404. 
405. 
406. 
407. 

408. 
409. 

Air Heater 

Duty .•..•..•...•.••..•.•.•••.••• mmBtu/h 
Quantity . • . • • . . • • . . . . • . • ••.•..•••.• lb/h 

Entering •.....•..••.•.•..•..•..•••.•.• 
Leaving. . . . • . • • . . • . . ......••••••.•... 

Temperature •..•..••.•.•...•••••••••..•... 
Entering ..•....••...•••...•.•••..... OF 
Leaving •....•.. , ..•.•••..•..•••..•.. OF 

Pressure Drop. . . • . ....•..•.....•......... 
Allowable ..•. , •......••....•..... In H20 
Calculated ..•.....•...•..•...•.... In H20 

Sootblower 

Air Side 
Conditions 

Flue Gas
Heating Fluid Side 

Conditions 

Water Wash Facilities--------------------------------------

Materials of Construction ------------------------------------

Cold Air Bypau Description __________________________________ _ 

Fans: 

Quantity . . . . . . . . . . . . . . . • . . . • . . . . . . lb/h 
Temperature .......•....•....•........ °F 
Static Pressure, ........................ in 
RPM ...............................•. 
BHP .............•................... 
Type .......................•.......•. 
Arrangement .......................... . 
Damper Control ........................ . 

Drives: 
Electric Motor 

Installed HP .........................• 
Voltage ......................... " .. . 
RPM .............................. . 

Turbine 
Installed HP ........................... . 
Normal HP ............................ . 
Water Rate ....................... lb/BHP 
Steam Condition ......................... . 

Inlet .............................. . 
Outlet ............................. . 

F. D. I. D. · 

DamperAc~uators ---------------------------------------Type-Size ________________________________________ _ 
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JOI NO.* ITtMNO. * 
CENTRIFUGAL PUMP DATA SHEET 

APPUWl.E TO: PROPOSALS 0 PURCHASE 0 AS BUILT 0 

P\JRCllASE ORDER NO. 

REQUISITION NO. 

llOTt: 0 INDICATES INFORMATION TO BE COMPl£T£0 BY P\JRCHASER: 

0 SY MANUFACTURER 

~R----*"7------------------------~~----~ 
U•T~~*-~------,..,...--------
Nll. l'UIUS R!Q'D.:!t__ini. MDTDAS AEQ"D..2t._1TEM No. ______ _ 

NO. TUR81NU R(Q'D * ITEM NO. _____ _ 
l'UMI' lfN _____________ SIZE AND TYPE 

OPERATING CONOITIONS EACH PUMP 

UQUID * U.S. GPM tt PT. NOR * RATEll 

DISCH. l'llESS. PSIG * 

Sill "* 
SEJIVICI *° 
Pl!OVIOEll BY 

l'llOVIDm IY 

* 
l'T.F.11011. * MAX. ___ SUCT. PRESS. l'SIG MAJ * RATED * 
SP. Gil 11 PT * OIFf. PRESS- PSI * 
VU. PRESS. • l'T. P$14 * DIFf. HEAD. FT * 
VIS. 11 PT. s.1!:__ -C1'--NPSHA •. FT * 
CUM/EROS. CAUSED SY * HYO. HP * 

CONSTRUCTION 

INQUIRY NO. 
DAT( 

STAGES 

11onus SIZE RA.TING FACING LOCATION 

SUCTION 

DISCHARGE 

CASE·MOUNT: 0 CENTERLINE 0 FOOT 0 BRACKET 0 VEllT. !TYPE) 

SPUT: 0 AXIAL 0RAD: TYPE VOLUTE OSGL 0 DBl . 0 DIFFUSER 
l'tlUS: OM.U. ALLOW. PSIG "F: 0 HYDRO TEST PSIG 

CIWIECT: OVEHT 0 DRAIN 0 GAGE 

IMPS.WI 1114.: 011.ATED OIW. l".lTYPf· ·-u·--
MOUJiT: C BETWEEN 8RGS CllVEJIHUNG 0 WEAR RG. 014M./CLRNC. 

IEUl116S. TYPt: 01lAOl4L 0THRUST 

WIE: OlllNG OIL OFLDOD ODIL MIST OFllNGER 0PAESSUllE 0 

CllUPUllG: 0MF• 0MODEl 

DlllVEll HALI MTD IY:. Q l'UMP MFA 0 DRIVEi! MFA 0PURCH4S£R 

PACXING: 0 Mfll l T'IPl 0 SIZE/NO. OF AINliS 
MlCll. SEAL: OMFlllMODQ AP1 CL.ASS. COOi 

OMFRCOOE 

AUXILIARY PIPING 

Q C. W. PIPE Pl.AN Q CU: 0 S.S.; 0 TUBING: QPIPE 

0 TOT 4L COOLING WATER REO'D. GPM Q SIGHT F.1. llEQ'D 

(;IACllNG COOLING IN.IECTION AEQ'D: 0TDTAL Gl'M OPSIG 

QsW. FLUSH PIPE Pl.AN Oc.s. Os.s. OTUBING QPIPE 

QEXTEllNAL SEAL FLUSH FlUIO OGl'M 0PSIG __ 

QAUXILl411Y SEAL i'Ull 0 C.S. ".) S.S. 0 TUBING OPIPE 

Q AUX. SEAL QUENCH FlUIO 

MOTOR DRIVER 

HP* Al'M * Fii.AME VOLTS/PHASE/CYCLES."*° 

MFR BEARINGS LUSE 

rm INSUL FUU LOAD AMPS 

ENC TtMP RISE. C LOCKED AQTOll AMPS 

QVHS ovss VERT. THRUST CAP .. LB. SERVICE FACTDll 

REVISION 

MTD BY 

MTD BY 

SERIAL NO. 

PERFORMANCE 

PROPOSAL CURVE ND. 

Rl'M HrSMll l WATER I 

m * BHPUTtD * 
MAX BHP RATED IMP 

M.U. HEAD RATED IMP 

MIN. CONTINUOUS GPM 

ROTATION JVIEWED FAOll Cl'\G ENDl 

SHOP TESTS 

QNDN·WIT. PERF. QWIT. l'Uf. 

VNON·WIT. HYllllO QWIT. MYllllO 

ONPSH AElfD. own. llPSll 

QSHOP INSP£CTIOll 

0DISMANT. l INSP. 4fTtll TEST 

OOTHEll 

MATERIALS 

Al'! CASE/TRIM CU~ 

IASEP'U TE: 0 

Vl!ATICAL P\IMPS 

PIT OR SUMP OEl'THQ __ °* 
MIN. SUBMERGENCE Raro.o± 

COLUMN P1Pl 0 FWIGEll on.uom 
LINE SHAFT: 0 OPEN 0 EHCLOSEll 

BAGS: OBDWl-- 0LINESHAFT_ 

BAG. LUBE 0WATEll ODIL OGRWE 

FLOAT r. dOD oc.s. Os.s. ow QNOllE 

FLOAT SWITCH 0 
,UMP THRUST. LB QUP __ oooww __ 

* TURBINE ORIVEA 

A"'RDX. WT. P\JMP l 84SE 

MOTOR TURBINE ____ 

At.Pl ST4NDAllD 810 GOVERNS UNLESS OTHERWISE NDTEQ. ____________________________ _ 

J06 NO. ORAWING NO. REV. 

r@! G 2 

SHEET OF. NO. CATE 
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. . • . . • 

IP\JMr NO. * 
A. !HVICf 

a. LIQUID CHAIACTUJSTICS 

I. UQl.-i l'\.IWll> ------ .*. -·------+----~----+---......._,1----'----1-·----l 
2. Cl'M AT now TlMI'. _ _. _.. * 
1 SrtC. GIAV. AT ROW TU.II'. * 4. ft.OW JfMr. •1 *· 
S. ~05.HY AT flOW TlMI'. (:IU~ * 
6. VAIOI. l'alSS Al HOW IEMI'. (US./$Q. IN . .US.) __ ....... _,_ 

C. PRESSURES, (l&S./SQ IN ll-. 
I. SUCTION Al l'\JMI (INCL C-51 A&SOlUTf _____ ------· 
l. OUttlf.NllAl 

J O<!.CHAIGE -· * A&SOlUTl. 
4. HYOIOSTATIC TISI Otl CASI I·" a 0.5 GAUGE 
S. Nll POSlllVE SUCTION HEAD (US./$Q. IN.) _ * 

D. OPERATION 
I. UUCllNC.Y Al Ufll4G 
l. ·M• AJ IAllHG _ ·M-
.1. trM Of P'UMI OlllVI ~UAI f * 
4. DWCllON Of ROIATION, cw . ___ ccw -·. 

(f ACING l'\JMI COUPUNGI 

1 MAX. LUINC WOUING 1'11ES! (llS./SQ. IN. GA.)_ .. 
(SUrnltl 10 fll! OUI C-4) 

----t---~·---. 

·--------1----l 
E. CONSTRUCTION AND MATERIAL ~----- ··----- ---· -· ·-------- ------ ---·-

.I •. s~: .E:R.~C-~~·--~~NY_. f~-~-c_H_rr_EM--1----·l----1----1----+----l-----
l. Slt>Jl 

J. IOIOIS * ·-----.. - ·---
4. l'ACllNG, HO. Of llNGS 

S. LANIUH llNG 
------+----1------i----- ____ ._ ___ ····-·--. 

6. ntROA T IJ.JSHING 

7 CASlt<G GASKET 
I. CASING SIUDS 

9. CIANO WllS 

JO. •ttXIDlt COUPllNG 
11. BASE Pl A 1f 
ll. GiANOS 

I l. COUPLING GUARD 

"· SllJfllNG aox~s (JACKEIED OR PLAIN) 
IS.' SIUlllNG WXES . IENGIH ___ ,.INCHES ..... 

16. SIUfflNG WXES . INSIDE DIAM. _ INCHES . _ . 

17. DIAM. SttAn SIEEV£ .INCttES --· 

II. WIOIH Of IANIERN RING ·--- INCHES ----
29. C. l. lANlfRN RING 10 OPEN £ND Of STUff. WX, IN ···----- -·----------------·· ------- ---- -----· 
:IO. SIZE Of PACKING __ .IN .. ______ -------·_ ---··- -------· ------ -------
11. lllllll·IN ifllff VAlVE (YES OR NOl--------
21. Hll(f VAlVf 5.f:HING. PSI. 

------1----- ... ----·· -------- --- -- -----. -

F. MANUFACTURH 
MANUFACTURER Sill & TYPE PUMP 

I. MOOftNUMMl-------------j-----+----t-----+-----t----t-----1 

2. lYrt (GUI, VANE. LOii,, IClfWl-------l---~f----l----4-- ---ir-----t------i 

G. aEARINGS ANO lUllUCATlON 
STATE EXTRA COST, If ANY, FOi EACH ITEM 

T~pe & Make 
I. THRUST, ()TA Tf :11.E NO. ON flNAl DAT A SHEfT) _. 
2. IAOIAL, 1SIAlE SAE NO. ON flNAl DATA SHEil). -· 

=~:~ l~RE~s;~~Cl~, fL~r~~~J_·l_NG_-~~~- .:-~~~=-. -~~--~~- ~:~---.~--~=--=· ---·~-::~-=--~= ---=~: ~~=-----~ 
4. TYl'E Of CLOSURES .... ·---------··-
S. METHOD Of SEALING-------·----

6. VISllLE iUUICAIOllS, TYPE------'--·-
7. VISIBlf lUlllCAIOR~, CAPACITY ______ _ 

H. CONNECTIONS 
I. SUCTION, 

2. SUCTION, 
J. SUCTION, 

4. DISCHARGE, 

SIZE ·- ··--·- ...• --------
IAllNG 

fACING ---- __ .. -·-- ·-·-·--·- ·-

SIZE ··-· _ ----.. -----·-- _. -·· 

---- --- -----f---- ----· 
----- ----· -------- ---·-···· 

IA.TING. ______ ... ---·-- .... ______ .. r------. -----· .. ·-·-·--.. -· 
6. DISCHARGE. fACIHG .• _ . .. ··-·-·--- ·- .. . 

S. DISCHARGE. 

7. VENTS AND DIA.ING I ('l" WMIMUM ------
1. TESTING 
STATE EURA cosr. If ANY· FOi EACH ITEM 

I. DYNAMIC &4LANC.NG Of IOTORS ------·-· 
2. WllNESSED PflfORMANCE TESI .. --· ·-- ---·

J. HYDROSTATIC IEST . _ • ·--· ••. ·-- __ ---·- •.•. 

4. INSPECTION . .. --- -- .. -- •. 
S. RUNNING HSI WllH ACTUAL DRIVER ---· •. 

J. MISCELLANEOUS . 
I. PRICE (ACH fOI fAS 

2. WllGHI (LIS.) *. 
!: ~~:~:~:IAOM RCl'l. Of ORDER. WE~~~-- ·*.-.:. 
S. TYPE Of DRIVER, MOIOR OR TURBIN( ·-- __ *. 
6. DRIVER, INIEGRAl. COUPLED 
7. IYPE Of DRIVE (DlllfCI CONNECTED, GEAR HEAD--··· 

MOTOR, GEO REDUCER, vu ann . . --·- ··----· 
8. PEAfORMANCf CURVE __ ... 

9. OUTLINE DRAWING ........ ·--- __ .. -------·-

10. CROSS SfCllON DWG . --·---· ··-···. 
11. SIAIE MFRS. SERIAL NUMllR (ON flNAL DATA SHffT) 

- ·---· .. _. ·1 ·-- ...... , .. ··-··-· -------·- ·-··· ·--- .. --. 

. - --·- ----·-··t---

--------- ·------ t---·-·--· 

-----!.--- --·--· ...... --. 

1-----1-----· -- --- ..... ········-J---t-----

NOJE, If oach column i1 not filled out lor ooch pump, bid will be 
considered incomplete. 

{!; -- - . --·--- BECHTEL INCORPORATED 
HOUSTON t-------- -

~ -~= =-:-=-:~-=- =-- ~-==:-:.~~=~-=-~==~=: ·= -= == =--= ROTARY PUMP DATA SHfET 

1 = *- ~~§!l"'.).i~~!i_'fi.·=t-~~~~~j~-~~-~:-Q~ = ~= -=:.-.:::·_--_-lf..-----~----------.-.,-,.,,--i 
i Thia sheet i1 port ol Specificalion/ M/R No. 8.M. No. 

i--·------- ------·-----·--- --· . ·- ·-·-· ----1---'-JOl=-'-N;.;:Oc... --+-

1

1 __ ..;;D_IAG_w_1,.,_G'-H0-· ___ +-
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* 
* 

* 

* 

. . . 
• . 
~ 

CHEMICAL FEED OR PROPORTIONING PUMP DATA SHEET 

... 
PUMP NUMBER 
PLANT EQUIPMENT NUMBER 

SERVICE MANUFACTURER 
M f R 's. TYPE II SIZE DESIGNATION 

l-C..QflRQSIVE I TOXIC 
-- -;--- -·· .. ,--

~~ ___ / _ __ / ____ 
-·--P.1~.~~!~ .. !!~ PISTON OR PLUNGER /II AX STROKE 

!-.!.9 U ID PUMPED HORIZONTAL OR VERTICAL 

* Fl 0 W TEMPERATURE NU119ER Of crLINDEAS 

* ~PEClflC GRAVITY (O> flOW TCMPERATURE ~ SINGLE OR OOUILE AC Tl N G .... ·-
* '°SCOSITY AT flOW TEMPERATURE ICPllCSllSsul II A XI II U M ALLOWABLE S PE [ D RPM 
.... - -·------------·-· 

VA P 0 R ·PR[ SS. AT f LOW T [MP. PSIA MAX. ALLOWABLE PRESS. WITH PROPOSED DRIVER PSI -
llA •. PRESSURE WITH MAX. DRIVER PSI -- . IN z SUCTION VAL V [ A R E A 

C~~~ylTY- GAL/HR ,e HOW TEMPERATURE ,______!_!. [ S S U R [ TO LI f T VALV[S PS I 

CAPA~ITY RA N GE MAX I Ml N I I I I I v Al v [ 5 [ATS R E N [WA I L-[ 

'* JUCllON PR[SSUR[ AT PUMP P 5 IA Ty PC Of ORIV[R COUPLING ---
* DlfflRENTIAL PRESS PS I I EARINGS T y P [ ---------- ---
* OISCHARGE PRESS p SI A L u e R I C A T I 0 N -- ·-·------------·-- - - - .-,--- --7- I I I N P SH AVAILABLE /R[QUIR[O fT I [ A RI NG CLOSURES 

>---

* 5 PC E 0 AT 'RATING R p M G E A R LUSRIC A Tl 0 N 

CAPACITY ADJUSU BL [ WHILE RUNNING 

I y PE CAPACITY ADJUSTMENT CONNECTION -s1ZE SUCTION /DISCHARGE IN 
. ··---

RATING/ --'-- I I I I SUCTION /DISCHARGE * BR AK [ H. p .• M A. TYPE OR FACING ·---------
PISTON SP CE D AT RATING fl/MIN PR[SSUR[ R All NG SUCTION /DISCHARGE -

SI Z [ Of v E NTS ID RAIN s 

-
.D~IVER - FURNISHED By : PACKING - SIZE /NO. RINGS PER IOX 

* I Y • [ I MOTOR I ITUR BIN El IE TC.} STUFFING B.O. LENGTH/ ID IN 

* B H p NUMBER 0 f I 0 x E 5 PER PUMP 

•· 5 p E E D RPM RECOllllCNDED PACKING 
··--· 

DRIVER DAT A S H E E T I S I Z E II LOCATION fLUS HING CONNECTION 

G E A R S INTEGRAL OR SEPARATE UNIT -
CONSTRUCTION- CY L . MATERIAL HYDROSTATIC TEST PS I 

PLUNGER MATERIAL RUN HING T E ST R [ Q 'D. 

GLANDS 

PACKING TY P E 

VALVES HO suer ION/ NO 0 ISCH. I I I I I 
v A L v E T y PE SHIPPING WEIGHT. EACH /, LI. ··--------
VA L y E MAT[RIAL 

v A L V E s E ' r M Ar E A I A L 

VA L Y E S P R I N G s 
LAHTERH ft I NG 

B A s [ p L A r E 

COUPLIHG II M ECHANISll GUARDS 
----· 

COUPLING MAKE,TYPE 11 llUERIAL A - .1 

DIAPHRAGM MATERIAL • r.;: ~L( 111.f:\) t-o ll llMS t. D 

>----· 
_E.l..E.!!rn~Y PPbJ_ v ~-=·~ 

... £ ~: 

~ 
.. a 

& 
PUMP FOR 

Cl 

"' £ 
,___ - ~ ... 51' Ett i=tl.o\110.J ~'u. 1<1-1.U.-A-ll Kfi/.,. " 

I 

I 
I 
I 
I 

I 
I 

SP EC. N 0 ---'r-.-+----
RE00N. NO.---------

I I I I 

I I I I 
I I I I 
I I I I 
I I I I 

I I I I 
I I I I 

PLANT JOB NO . REV. 

PROJECT c, 2 

-- ... -.... ··--···-- . .___ 
"'""'' ,'ll~ •• f /, Q 



SERVICE: STEAM JET LIQUID EDUC TOR HO. 

MATERIAL HANDLED: REl'\Ap.KS 

Vo 1 ume F 1 ow (MI N) (AVG) G PM i--.....;*~------"1-----------1 
Mass Flow LB/HR * 
Suction Temp. °F i---*-------------+-----------------~ 
Sp. Grav. @l Flow "!'emp. Norin/Des. 
Vapor Press. @l T = °F PSIA 

@l T ~ °F PSIA 
V' 

<,:, :z Spec. Heat BTU/LB °F * ..... ---------------+-----------------~ Viscosity @l T = °F CP z: 0 -- ) I- I-
<( -

Nonn Boil. Pt •. @l PSIA oF 
ci:: 0 

""' :z ~o 
0 <..l Manufacturer * 

Model No /Throat Diam 
Discharge Temp. OF>': * 
Actual Capacity Start/Finish 
Steam or Water Rate ~ Spec. Press 
Motive Fluid/PSIG (operatinq) 

GPH* 'i---*-------1------------~ 
LB/HR~ 

Suction Line Loss (Line Size ") 
Suction Lift Start/Finish (BIA) 
Total Lift Start/Finish 
NPSH Available Start/Finish 

FT 
FT 
FT 
FT 

.:; . 
u • .,, 
"' "' c: 

- Cl) 0 
0 0 <..l 

Discharge Line Loss (Line Size ") FT 
Discharge Lift FT 
Total Discharge Head( inc.static press)FT 

"' I I C: 
c: v 0 

Suction Size7R!ting 
Discharge Size/Rating 

0 cu- ... 
<...> c:.. Motive Fluid Sizei'Ratinq 

0 -N Cl) 
V' 

Materials of Construction Body/Jet 

Corrosion Allowance 
Installation Diagram Tvpe 

Type Al 
Submerged 

~"-~-

Diffuser 
Int/Ext 

--:L----....-
, 7 di 

"'r-, k '° .--=r ?.- .... ~ 

NO. DAT! llDISIOlll 

SCAU DUIGlllD 

DlllGlll 

~ STEAM JET LIQUID 

Specification 14222-A-17 

I DUWll 

EDUCTOR 

Rev. 2 

* 

Tpe B\Suct1on L1ft .... -T_y_p_,e,...-B~ 

I 

IT CMll 0 

DATA SHEET 

DUIGll 
SUI'¥ 

JOI lie. 

lllG R 

DUWlllG lie. 

H 
Sheet ,~ 

_;i of 48 
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'""'"''-IC•• 1. f T 0: 0 -o-oca&i. Q1t-c- Q Al•YLT DATI ltt:YDIO• 

•Oii * llOllT .. 
llT I! • * ""'"'" •o. 
H•voc:r * OIO. 1t1t011111t:o * 
1116 .. u• •C,.u•£11t llOOll. 0"1Yllt * 

.. 

-OT[ Q l.,OICATES INrC'lt•ATION TO Ill C:0-1.l:TEO IT "'UllC:M&IEll: 0 .,. MANUt' AC:TUlltEJll 

~l!IATING COOIDITIONS 

(ALL DATA o .. .. ,. UMIT •• um & * OT MEii C:QNtJIT"IO"S 

•O.•AI. llATt:D .. • e D 

& 0 GAS •A .. Cl..!0 IAl..SO St:t "'AGI: -.--1 . * 0 WOOSC:,.O/SC,.W 11'.7 "'II• 6 IO",. O•TI i * 0 Wl:IGMT O'l..OW, I/MIN IWl:TI ID .. VI * IML!T CONDITIONS, 

0 lll"ESSU•C 1•a1•1 2 * Q TIE-llll&Tlllll: !°YI * 0 11111.ATIYt: NllOllOITY I'S.I 
2 * 0 OIOl.l:C:lll.A" WtDM'!' IUJ 
2' 

* 0 C: .,/C: vllC 11 O• IK •vol * Oc:o•"'•llSS1911..ITY n: ,1 o .. I~ •vol * 0 1•1..ET YOl..Yotr;, IC:,. ... •ETI 
2 * DISCH&IG! CO .. DIT10NS, 

t 0 lll"USU•E t•a1&1 * QT!:Ol"'l?llATU•t: 1"r1 * 0 c .IC••• 2• a• fK •wot * 
0 C:O-•EU1911..l"'Y rz,1 O• I~ ••o> * 

i 0 IN"' "IOUl"EO IAl..1.. 1..0SSt:S IMC:l..l * Q l"'t:EO '""'"' * 0 l:STl•AT1tD SllltGll, icru CAT ll"ltl:O &IOYt:l 

0"'01..YT .. Oll'IC Mt:.&D t,.TI 

0"'01.n'll.O•IC: r;,.rOC:ll:NC:V 11.1 I 
0 GU.& .. ANTIEI: ll'OINT 

0 "'lt•rO•,..&NClt c:u•vt: No. 

& ll'IOCUS CO .. TltOL: 

Wt:T•OO: 0 •Y•&Ss "'"0!' TO 

0 ANT .. IU .. Glt • ..,,.JllSI: O••"",.. 0 AUTO 

Q IUC:TIOM T-OTTl..1- ,.,._ TO 

0 l"t:IO YA•l.&Tll:IOI r•O• TO 

Q OTMllll 

SIGNAL.: 0 IOU .. Clt 

QTYl"lt' 

0 "A-IE: O'O• l"MIEUMATIC C:OMTltOI. """". ll'llG. ---- ....... "'SIG 

OTMIEll 

~ o~ o~ OIT_ ... 
. 

l!OIAlll:S, --

* 'e:EG:iJ. 1 f e. \) rot£ Ti.;l:s e. 0 

~ 

6 
L"-... ... DATI ..._. ft Cll& • PlllGll l•Ci. ""°J ....... 

IUrt 1110• 

IC.Al.I ~u IHA•• ,.,.,.,u 
(NQI 

OlnGllt ",. •.. 
~ 

....... o ••. I •n. 
CEHTRIFUC.\L ~MPRESSOR OJ. T ,\ SHEET 

k I DS- 2 
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® CENTRIFUGAL COMP.RESSOR O>. TA SHEET 

& 
GAS A"AI. YSIS * * OTMl:ll C:O .. OITIO>U 

0"01.':. 0 - ., ....... , 
... OlllMAI. "AT~O A • c 0 ..... 

Al• JLH6 i 
OXYGE" lJ.000 

"ITllOGEN _28 Ott 

WATER VAPOJt 11.0 16 

CAllBOH "0NOX10E a.~10 

CAllBON 010X10E u.010 i I 
I 

""'OROGEN su:.~•OE )4,076 I ,_____ 
I MYOAOGEN 2.016 

•(TM A NE 16.00Z 

ETMYl.ENE za.osz I I I 

ETti4ANE 10.068 

PROPYLENE •2.079 I 
P"OPAN[ j'4.0U, I ! 
I. BUTANE sa.uoi I ! 
n• BUTANE ~ sa.izc i 
I. ~[NTAN( 172,1'6; I 
ft• PlMTANl I r..1&6 i I I I 
""'SAN£ Pt.US I I I ! 

I ! I 
I I 

I 
I I -I I 

I 
I 

TOT AL - ! ! I 
I I i AVG. WOL.. WT. 

L.OCATIOH * MOISE SPECll'ICA TIOMS: & 
0 INOOOR Q MEATED 0 UNDEll 1100~ 0 APPL,.ICA8L.[ TO NACtiUN[: St-l. 't ! ·:,OUTDOOR c UN"EATEO 0 ~AATIAL. SIDES' SEE SPECl~IC:ATION _1'4-2.Zl-A;_ J 
Q GRADE 0 M£ZZAHIN£ c 0 Al'l'l.ICABl.E TO NEIG,.BORMOOO 

C; El.EC:TRICAI. .. R£A Cl.ASS 
GR, __ OIV. SEE SPEC:o~ICATION 

0 WINT£AIZATION A[Q,J. ::: TROPICAl.IZATION llEOO. ACCOUSTIC MOUSING: Q YES 0 NO 

SITE DATA:& SE€. \41.tZ-A- ; -:· 

0 El.E\IATIO" . .!_ ~T. BAROMETER * ~SIA 

0 RANGE OF' A .. 81[NT TE.WPS.: Al'PL.ICABL.E SPECIFICATIONS, 

ORY BULB WET llUl.B A.Pl &17 C[NTAIF'UGAL COMPA. i::'OA G[h. REFINERY SERVICES. 

SITE RATED •F 

NORMAL..,. 

MAXIMUM •r:' * .. 'INIMUM •r * l•HU!UAL. COHDITICMS: Q OUST C• J'UMES PAINTIN(;: & 
Q OTMER 0 MANU,.ACTUA£R•s $TO. 

G OT .. ERS 

SHIPWEHT: 

0 DOMESTIC 0 EXPORT 0 EXPORT BOXING R£QC. 

0 OUTDOOR STORAGE 0\IER6 "0NT"S 

REWARKS: 
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CENTRIFUGAL COMPRESSOR DA TA SHEET 

CONSTRUCT10N FEATURES 

Cl~ TV1"I! i~. EM:WS£U. iili.:.J 

IAAX. CONT RPM TJllP - T'n"E FASRICA T10H 

IAAX. TIP SPEEDS: FPS @ RA T'EO SPEED MATellAI. 

FPS @ IAAX. CONT. SPEED MAX. YIELD STJIEHGTM IPSll 

C LATERAL C<lmCAL SPEEDS: BA-a -CHESS. IAAX. MIN. 

FIRST CRITICAL RPM 5MAU.EST TIP INTERNAL WIDTH llN.) 

CIAWPED UNDAMPED MAX. MAO< NO. @ IMPEU.al EYl: 

MOOE SHAPli MAX. IMPEi.UR HEAil @ RA T'EO SPEED !FT.) 

SECOND CRmCAL RPM 

CAMPED UHOAMPED Cl~: 

MOOE SHAPE 
MATellAI. 

THIRD CRITICAL - DIA. @ IMPeJ..l.£RS llN. I DIA. @COUl'UNG (IN.J 

OilMPEO UNDAMPED 
SHAFT ENO: CJ TAPERED Cl C't\JNOAICA&. 

MOOE SHAPE 
MAX. YIELD STJIEHGTM !PSI) 

FOuRTM CRITICAL RPM 

DAMPED UNOilMPEO 
C BALANCE PISTON: 

MATERIAL 
MOOE SHAPE 

AREA 11H.') 

L.ATERAI. CRITICAL SPEED - BASIS. 
FIXA T'IOH METMOO 

C OilMPED UN~E RESPONSE ANALYSIS 

C: SHOP TEST 
SHAFT SLEEVES: 

0 AT IN'Tl:RSTG. e40SE CUM. F'TS. Cl lolAl\. :J OTMER TYPE ANAi. YSIS 

0 TORSIONAL CJUTIC:AL SP!!EOS: 
0 AT SHAFT SEALS 0 MAl\. 

"1RST CRITICAL R""4 

SECOND CRITICAL RPM 

TMIRO CRITICAL RPM 
(j LABYRINTHS: 

FOuRTM CRmCAL RPM 
INTERSTAGE 

CJ VTllRA TION: 
TVJ'E lolAn:RIAL 

ALLOWA&.E TEST LEllEL 1111..S 
1PEAI< TO PEAICI 

~EP!STOfoj 

TYPE MAn:RIAI. 

C ROTATION, VIEWED R!OM ORIVEN ENO: 
SHAFT SEALS: 

CJ CASING: 
TYPE L...i 

MODEL 
0 SEAL SYSTEM TYPE 

CASING SP\.IT 
0 SETT\JNG OVT PRESSURE 

WATERIAL - -ER Oil LfAl(AGE GUAA l~CIAY'SE.Ol.J 
TMICKNESS flN 1 c:oi:-111. ALLOW lll"-1--- -

:> TYPE BUFFER GAS 
WAJI WORK PRESS --"SIG WAJI DESIGN "RESS --PSIG 

::J BUFl'CR GAS FLOW l"ER SEALI 
TEST PRESS '"SIG, MEUUM HYO RO 

NORMAL •1MIN@ 
PSl~P ___ 

WAJI OPER TEMP F MIN OPER TEMP F ...... ••MIN@ "51.:."---
WAJI NO OF •M"ElLERS "0R CASING 

~ BUF"ER GAS REQUIRED FOR· ...I 
WAJI CASlr.G CA"ACITY 11CFM1 = START·UP 
RAOIOGRAP" OUALITY ~ YES ()NO 

~ ::::; AIR R~IN 
CASING SP\.IT SEALING 

=O'n<ER -- c BUFFER GAS~~ 
CJ DIAPHRAGMS: 

SYSTEM SuPP\.1ED BY 
a.&ATERIA.I.. 

QIMPELLERS: C llEARING HOUSING CONSTRUCTION: 

"°-- D"""ETERS 

I 
T'n"E 1SEPARA TE INTEGRAl.1 SPLIT 

NO YANES EA IM<'Eu.ER ---•uu.RIC•· 
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rtlJ SPECIAL-PURPOSE STEAM TURBINE DATA SHEET (Cont'd) 

CONS11'UC'T10tf FUTlJAES. CONTO 

0 RADIAL BEARINGS: 0 ALLOWABLE PIPING FORCES AHO MOMEJITS: 

TYPE SPAN tllllf I 11<1.ET DISCHARGE I 
ARE.A UN'1 LOADING iPSIJ A.~ --- ALLOW FOACE I MOMT FORCE MOMT I FORCE MOMT 

L.8 F'T. L.8. L.8 F'T L.8 . L.8 F'T L.8 
CENTER PIVOT 

I 
I I AXIAi. 

I 
OFFSET PIVOT i 

I I I I VERTlc.\L I ! 

" HORIZ. 90' I I I ' I I 
PAO W.TERIAI. 

I 
T'VCI£ 8A881M FORCE I~ FORCE ~I FORCE MOMT I LB L..9 L.8 F'T Ul 
8A88JT'T T"ICK .. ESS 

AlCLAI. 
,. 

! 
I I I VERTlc.\L I 0 THRUST BE.ARING: 

HOAIZ.1117 I I LOCAT T'VPE .. ~ ARE.A llN '1 
LOADING iPS11 ACTUAL ALLOWABLE INSTRUMENTATION -
("wL<; LOAOfNG ILBI CP\.G SI.IP LOAD ILS• PANEL SUPPLIED BY 
CP\.Ci COEFF FR1CT CP\.G GUR PITCH OJA 11" 1 INOI· SHUT· 

CA TOR A!,ARM DOWN 
8'1\1, P!STC)ol COMPENSATING LOAD L.8 HIGH GAS DISCHARGE TEMPER· 
CENTER PIVOT ATURE (EACH SECTION) 0 0 0 

REFERENCE GAS PRESSURE 0 0 0 OFFSET PtvOT 
BALANCE DRUM DIFFEAEN· 0 0 0 ... TIAL. PRESSURE 

PAO Mo\ T'ERIAI. BUFFER GAS DIFFERENTIAL 
PRESSURE 

0 0 0 
TYPE SASSIT'T IMBEDDED TEMPERATURE 
llAS81T'T T">CK .. ESS SENSORS ·o 0 0 RADIAL BEARINGS 

TYPE 
NO. PER BAG 0 MAIN CONNECTIONS: LOCATIO• 

THRUST BEARINGS 0 0 0 - I SIZE i ANSI _l FACING POSITION FLANGE TYPE 
i RAT1"(l VEL FPS NO. PER BAG 
I ! I LOCATIO"' 

t ... ET PHASE ANGLE TRANSDUCER 
OISCMARGE I NUMBER LOCATION 

: ' I 

' : i 
'WmRATlON DETECTORS: 

i I 0 TYPE c MOOEL 

0 MFR 

0 NO AT E,\CH S><AFT BE.\RING TOTAL NO 

0 OTHER CONNECTIONS: 0 OSCILLA TOR·OET'E~ORS SUPP\.IEO SY 

~· NO SIZE TVPE o~ 
...., 

MOOEL .... 
LUBE·Oll lfll(LE'T ! 0 MONITOR SUPP\.IEO BY 

LUBE·Oll ~uTLET 0 LOCATION ENCLOSURE .. 
SEA&. ·OIL '"LET 0 .. ~ 0 MOOEL 
SEAl.-OIL OUTLET 0 ~RANGE-- Q AL.ARM OSET@ MILS 

CAS1HG DRAINS 0 SHlJTtlOWN '.J SET @ - MILS Q TIME DELAY -- SEC 

STAGE DRAINS 
AXIAL POSITlON DETECTOR: 

VENTS 
0 TYPE 0 MOOEL 

COOi.iNG WATER 
0 M~ 0 NO REOUIREO ---

""ESSURE 0 OSCILLATOR·06MOOUV.TOA SUPP\.IED BY 
TEMPERATURE 0 M~. 0 MOOEL 
~GE •OA 

0 MONITOR SuPP\.IED SY 
BRG HOUSING 

0 LOCATION ENCLOSURE 
llET'NE EN BRG & SUI. 

0 M~ 0 MODEL 
llfTWEEN ~ & GAS ... 

0 SCM..ERAHGE-- o-· O&ET@ u11.s 
IQ.VENT IOUECTIQloj 

0 ~ 0 llET@-....S 0 TME DELAY __ sec 
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'13 CENTRIFUGAL COMPRESSOR DATA SHEET (Cont'd) 

CONSTRUCTION FEA T\JRES. CONrO 

COU~NGS: llASEPU.TE' SOLEPLATES: 

DllUVER-COMP OR sa.£Pl..A TliS FOR. 
OAIVER-Oo.R GE.-.R-COMP 

0 COMPRESSOR 0 GEAA 0 CIAIVER 

0 ...... ~ BASEPl..A TE. 

0 COMMOfo IUNOER COMP . GE-"R & DRIVER! 
0 MODEi. 

0 UNOER COMP ONl Y OOn<ER 
0 lUBRICA TION 

0 DECKED Win< HOK-SKID DECK Pl.<ITE Q OPEN CONSTR 
0 MOUNT CP\.G. !'1ALVES 

0 DRIP RIM 0 Win< OPEN CRAIN 

0 SPAC!R REOO 0 MORIZ. ADJUSTING SCREWS FOR EOUIPMENT 

0 UMITiiO ENO FlOA T REOO 

I 

0 SUITA8lE FOR POINT SUPPORT 

0 ICUHG ADAPTOR REOQ. :.=; surr AillE FOR P!;RIMETER SUPPORT 

0 CP\.G. RA TING fHP!IOO RPM! 0 STAINlESS SHIMS llottCKNESS 

0 KEYED (1) OR (2J; OR HYOR. FTT ...., (iROVTING TYPE .... 

SHOP INSPECTION AND TESTS: 0 WEIGHTS (LS): 

RECD WITNESS OBSERVED COMPR --- GE.-.R ---- OlllVER --- BASE ---

SHOP INSPECTION 0 0 0 ROTORS. COMPR. OlllVER --- GE.-.R ---

HYOROSTATIC 0 0 0 COMPR UPPER CASE 

"ELIUM !..£.AK 0 0 0 L.0 CONSOl.E S.0 COHSOl.E 

MECHANICAi.. RUN c 0 0 IMlC FOR W.INTEN~E llDENTlFY) 

MEO. RUN SP&llE ROTOR c 0 c TOTAl SHIPPING ~IGHT 

Fn IN SPARE ROTOR c 0 0 - SPAC; REQUIREMENTS (FT & IN.): PERFORMANCE TEST !GAS> 1AIRI 0 0 0 -
COMP Win< DRIVER 0 0 0 COMP\.ETE UNIT l w .. ___ 

0 0 0 L.0 CONSOl..E l w 
.. ___ 

COMP LESS DRIVER I 
,..., 

0 5.0 CONSOl.E. l w 
.. ___ 

USE SHOP lUBE & ~ SYS ._, -:: 
USE JOB lu&f & S~ SYS .j 0 0 
USE SHOP VIBRATION ""OBES. ETC 0 0 MISCEu.ANEOUS: ._, 
use JOB YIB & AJllAl OISP Pl'IOBES 0 RECOMMENDED STRAIGHT RUN OF PIPE OWwl~TERS 

OSClu.l TOR-DETECTORS 6 MONITOR :) ·'J 
,..., 

BEFORE SUCTION v 

""ESSURE COMP TO FUU. OPER ""ESS -·~ - 0 0 YENOOA'S REVIEW & COMMENTS ON PURO<ASER'S 

OISASSEMEll.E-REASSEMBlE COMP PIPING & FOUNOA TlON 
AFTER TEST 0 0 0 0 OFTlCAI.. AUGNME'<T Fl.r. TS REOUIRED ON COMPRESSOR 

O<ECK BRGS & 5£M.S AFTER TEST 0 0 0 GEAR & DRIVER 
NOISE L.EVel TiiST 0 0 0 c ""01/ISION ~OR WATER WASHING BEFORE OPENING 
RESIDUAL EL.fCTRICAL. MECH. RUNOUT 0 0 0 

CASING 8• ---
0 0 0 " TOASIONAl. ANAi. YSIS REPORT REQUIRED v 

RE.MARKS: 
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CENTRIFUGAL CO~PRESSOR OAT A SHEET 

llT1LJ11ES 

llT1UTY CONDmONS: 

SnAM OR•lll:RS . HEATING 

INLET loll"----- PS1G --- F --- P51G --F 

NORM PSIG --- F --- PSIG __ F 

MAX PSIG --- F --- PSIG __ F 

Ell""UST . ...,. PSIG --- F --- PSIG --F 

NOAM PSIG --- F --- PSIG __ F 

MAX PSIG --- F --- PSIG --' 

ELf.C'T"ICIT'I: & 
ORI VE AS 

\IOI.TAG£ * HERTZ ___:!!: -
-.SE * 
COOUNG WAT'Ell: & 
TEMP IHLET ----*---F 

l'flESS NORM * PSIG 

l<E.t.TING ~ SHVTtlO'M< 

-- ---
-- ---
-- ---

MAX REl\JRI< -*;.;_.. ____ F 

OESIGH --*"'----PSIG 

MAX Al.I.OW!:. P ---- PSI 
MIN RE'T\JRN __ _L PSIG 

WAlCRSOURCE--~*"---------------
.. S'nlUMfNT AIR: 

MAX PflESS -----PSIG - l'flESS -----PSIG 

SPECIHCATiml )10. 14222-A-17 P.ZV. 2 

0 TOT AL IJT1UTY CONSUMPT10N: 

coa.JNG WATER --------------Of"" $TEAM.NCJAMAI. ______________ .,.._ 

$TEAM. MAX #/Ml 

NS'TRUMEHT AIR IO'W 

HP (ORIVERI HP 

HP 1AUXIUAAJ£$) HP 

fr, ltUiAMa: 

1) ~1ve.e. \-\P * 

0 
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SPECIAL-PURPOSE STEAM TURBINE DATA SHEET 

0 PROPOSAL. 0 ?URCHASE 0 AS 3UJL.T 

UNIT * 

MOCEL.NO. __________ ~~-----------,--

TYPE ------,..,-----,...L:;.. ... ~-".""""----------------~ 
NO. REQUJREO * ill SERIAL. NO. 

NOTE: 0 lndicat•• information to b• comote'flld civ PURCHASE~ 0 bv MANUFACTURER 

OPERATING CONOITIONS 

INCICATE GUARANTee POINT BY • 

0 Rotecl 

0 Norm•I 

0 

POWER, Ho SPEEC, RPM 

0 St•- Rot .. B•- o" Oumut Shaft of: 

STeAM RATe 
L.B/Ho - l-IR 

0 GHr 

Exl'teua: Entfta•ov ~ Rat'IG Poin1 __________ _ BTU/LB 

SPEE CS: 

CtiticaJs; ht ___ RPM 2nd ___ RPM Trio ___ RPM 

Max. Continuous 

STEAM CONCJTIONS: 

0 INL.ET STEAM * 

RPM 

~ 
R•tOd CNorm•ll PSJCi °FTT 
Maximum ·--------PSIG----------,,FTT 

Minimum "SIG °FTT 

0 EXHAUST STEAM: 

Aatecl CNormoll_.*"--&.=2"'"'---P_SIG/I"· l-f9A ______ • ._-°FTT 
·Maximum 0SIG/ln. M9A aFTT 
Minim"m SIG/In. I-IV °FTT 

0 EXTRACTION STEAM - Controlled - U"c:ontr0lled 
R•t9CI (NormaJ Ps10 __________ °FTT 

Maximum 0 s1G °FTT 
Minimum _________ _.0 s1G, __________ °FTT 

Flow Clb/nrl _____ Normal----- Mu ____ Min 

0 ACMJSSION STEAM _co"""ll- _uncontrolled 
Ratec1 CNormall1 ________ _,. ~s1G __________ 'FTT 

Maximum PSJG °FTT 
Minimum PSIG aFTT 

Flow Clb/hr) _Normal ____ M'"' ___ Min 

:1 Max Throttle Flow _________________ lb/hr 

0 Max. ~low to Con.:sa•'8•r --- lb/hr~ In. HgA 

Q Maa. E an•ust Temo in Oo.,•tion ~p 

C Ma• BHP Ft.a~ir~ ~ Min(!~f-t\ MIA a~h .. .- R,,n 

LOCATION:* 

0 lnaoor 

0 Outaoor 

0 Gtad• 

~ Winftrization ReQ'd 

.6.1 
~I 
.61 

Mo. I OATt 

sc .. u 

QIUGIJI 

0 lntcrminent 

0 M••t9d 

0 Un,,eated 

0 Mff'.Slln ine 

0 Auto Srart 

0 U"der Roof 

0 .?1niaJ Sics" 

C Trooicalization ~eo'd 

n - n 

"IVISIOlll• 

OtSIG .. tO 

s1Te CATA & 
0 El-•tior.Jt. _ _____.Ft. 0 a.1 _ _.* ....... ~----PSIA/l".H9A · 
0 Temoeratur•. * 11

F- Summer* :iF Wintef' 
0 Aeleti'<lle M..,1"rh~1rt' " Oa-M9n Wet OutQ * ;F 

0 Oun 
0 Omer 

0 Fum•• -------------------

CONSTRUCTION FEATURES 

TURBINE TYPE: 

0 Horlzonul 0 Venial C Sin9l•\l•lve C Mu!ti·Valve 

C No. Sr-oe•: lmoulM R••ction 
U Overm..a Trio Oevic• ---Mech - .elect ----Hvd 

0 C.aMn; Solit: - HorlZOftt•I ---- v ... tic.al 
CJ Rotor: ----Solid ---Suilt·UO ~omoinetion 

0 Rotatio" CFac:i"9 Gov. E"d.l: --- CW - CCW 

1:1 Eah•un Flow ---- SinQI• ---- Oouble 

GOVERNOR TYPE: 

0 Electronic 0 Hvor•ulic 0 011 Relay 0 Oirec-t Actin9 

0 NEMA Clan -----------------------
0 Gov.,nar MFR C:::: Model------------
c 
0 

Svnc:n. Motor ___ HP 0 Oil Cooler Cl Oil H ..... , 

Po.., Cvllnd•r 0 Go....,,or Purge A91Quil"Wd 
O. Stn. Stf. Pin• & Su&nin91 in Gov-t.inllr.89• 

0 1 sochranou1 Control 0 Soeed Orooo Control 
C SoM!ld C:henQ•r __ Menuat __ Pneumatic: __ Electronic 

Cl so- Range RPM <II PSJG/mA to 
RPM <II PSIG/mA 

VALVES: 

0 No. Auto Gov Val_,~ 
Cl No. Auto Extr V•IYft 

C:..m Lift Bar L.ift Grid Valve 

0 No. Auto Aom Val'Wft 

0 S•o•r•t• Trio & Thronte Valv• 

_Remote Trio 

_Sgring Suoao" Rea'd 

0 Ea traction Non-Aetur" V •Ive 
__ nll"l"IGH T-.-i. 

·:> Admiaian St00 Veive 

_R•mouTrig 

Manual Ac'tUation 

M•nual E.xceniMr 

Mecn 

__ Hyd _Mecn 

_Mecn 

0 Auta Vatv" 1tt1nqed to cJo• on Trio _ Yes _ No 

BL.ACES CBUCKETSJ: 

a M4a Tio Soaea ------- FPS 
0 Final Sta9• Bl.a• l.•nQtn _____ in Mea 1.1n9'tf'l ____ i" 

:i No,:le ;:un9 ---""' Aamiuio" __ W••aec:2 _. __ Removacue 

0 Slaae Root -- Ooveuil -- ••T•• -- Fir Tree 
:J St'lroudr. __ W•ld-0 __ RivaTMt __ Wire Oamo 

I 
I 

0 
.,. I Ot•O 

Of:SIGN 
SUPV 

C:HIE' 
E:'fGA 

JOeflle. 

...... 

SPECIAL-PURPOSE STEAM TURBINE 
DATA SHEET DS- KT 

OliV. 

2 
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~ S?ECIAL-?URPOSE STEAM TURBINE DATA SHEET (Cont'd) 

CONSTRUCTION FE.A TURES MAIN CONNcCTIONS; 

BEARING HOUSING CONSTRUCTION: 

I ANSI I 
FACING I I CJ Tyo• CS-•te. l"te91'•11 So lit 

SIZE RATINCl POSITION 

CJ Metef'iaJ a Inlet I I I I 
CJ E:r.1'aust: I I I I 

RACIAi.. BEARINClS: 
I I I I Q §~~~tion 

CJ Tyo• Brv. So•" Cl n .)· CJ Admiuion I I I I 
CJ "'" (ln2) 1..oedl"Q Cl'Sllt 

At:t. ___ Allow. --- Al..1..0WABl..E PIPING FORCES ANO MOMENTS; 
THRUST SEARING; 

CJ L.oc.atiOr'I Tvo• !NI.ET I EXHAUST I EXTR./AOM. I 
FORCE MOM'T FORCE MOM'"!' FORCE \AOM'"rl 

CJ MFR ArH (l":Z) 
1..8 FT 1..8 I 1..8 I FT 1..8 I 1..8 I FT 1..8 

CJ 1..oedl"9 PSI A~. Allow. 

I I I I I I = Parallel to 
PACKING TYPE: Sl>ett 

CJ Venic.111 i I I ; 
CJ lnftf'fta9• Gland S•al1 I I ! I I 
CJ Ena·Gland Seals No. Per Bo:r. CJ 1-torlz 90' 

CJ AP P .. s .. 1 PSI CJ Meterial OTHER CONNcCTIONS; 

0 lft1ule1ion Jeckei Matetial 

CJ Total Exo- l..•k-V• l..b/l-lr. ANSI ---- SERVICE NO. SIZE RATING FACING 
CJ Uovri"'" Tvoe Stationary Rot.Hi no I a Lube Oil Inlet 
GI.ANO SEAi.iNG SYSTEM 0 SH Seoarata Oat• Sh~ Attacnitd 

CJ l..uO• 011 Outlft 

0 . Gl....i Co""•"- w/Mou"tl"Q FMt ReQ'c:I. a Giana ConaenMr I 
0 Scum Ejector ReQ'O. ____ PSIG °FTT Co"" 

0 Vacuum Oevica Reca'd. 0 Comoound P~•a. G•uo• R~·a. CJ St8CJing Orain1 

0 Auta. Praaur• Con"tral Valve (Mo'tiv• Steam) rs .. 1in9 Steam) CJ Steam Rino 

Gld. Cana. Crain: __ • 
Crain 

I I 0 1..ooo S•et __ Vfftical t-99 
CJ T&T Volve 1-1.P. 

-- Otfter Stam L.••kotf 

I CJ Minimum Concl. Orein Heignt '"· CJ T&T V•lve 1...P. 
Stem L••«off 0 Relief Ve1ve on s .. tin9 Ste.m Heeaer I CJ T&T Valve Atlov• 

CAPASll..ITIES: S••1 Crain 

I CJ Ma•. Snem Thru Inlet Valve lb/t'lr• CJ T&T Valve Below 
S••t Drain 

" 
-.CJ Maa. STnm Thru Ea"•ust Vaive lb/hr• CJ Coolin9 Wanr I 

CJ S1aem Inlet PaM"S: Conn. 

I I Mea. Allow Prwu. ____ PSIC Tema •p CJ Purve tor srv 

0 Eaftaun Ena C.Hin9: 
Mou1in9 

Maa. AHow. p,.....,,. PSIC/1". l-IQA · 
CJ Eaf'laun C.aM . 

Max. Allow. Temo•rature F 

Maa. Expecnd Terna. Ourin9 No-L.oaa Run-In 
. 

F BASEPl..ATES & 501..EPl..ATES: 

CJ Sentinel Warnin9 \I atv. S•t@ SIC 0 Ba...alat• Bv 
a Hydronnic Tnt Pr9UUN: 0 Decked wiM Non-Skid Oeck Plate 0 Coen ConnruCTion 

Steam Inlet Pam ____ PSIC 0 Orio Rim With Oo•n Or•in - E.xnauft~ncs PSICll". 1-t9A 0 Und•r Turbine On1y ___ Otn~r 

:i Future Po'te'ntial Ma•imum Horseaower Bl-IP" 0 Soteolate Bv 

• Wltn Minor Modifications 0 Horiz. Adjusting Scrww1 for Eauiomffl· 

TURBINE MA1"ci'!IAl..S; 0 Furnidt SS Shimt 

0 Founaation Botn I= urn. av: __ . __ vanaor Purcnaser 
::; M iqn Preu. C•1ing 

= l-•ve•in9 (ChoctcJ 9IOCIU Rea'd. 
:l 5..xnaust C...1n9 :J Mid C•ain9 
,.., 

NoUJft 0 Slaae1 REFERENCE SPECIFICATION: 

::; w,, .. , a Sll•ft 

Staem Chein 
API 612 SPECIAi.. PURPOSE STEAM TURBINE 

'-' 

~ Oiaonrams 

:J Nozzle R in91 

- Shrouas -- Oov. \/ a1va Trim - .. 
:J 1-.aovrintn Se111 

I ,..., 
Shaft Mataria11 under s .. 11 -

;:::; - Aooliea Bv __ Sar1ving __ P1acin9 __ SIMvft 
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SPECIAL-PURPOSE STEAM TURBINE DATA SHEET (Cont'd) 

COOL.ING WAT6R• .& 

0 Suooly Pr-,., PSIG 

O Suooiv Tomo .• ° F 

O Pr-ur• Oroo. PSI 
* * 

AUXIL.JARY STEAM SUPP\.Y: ~ & 
0 Suoo•v Preuur•. PSIG 

Normal. __ Max __ Min __ 

__ °FNor __ 

INSTRUMENT AIR SUPP\.Y: * & 

UTILITIES 

MAX 0 

Cl 

Cl 

Min --

M••· Tem~•ture Aise AllOW9d 

Quantity Reauirea 

GPM For --
GPM For --

Qyandty Reiouirea 

-- L.OalMr For 

-- L.OalMr For 

AUXIL.JARY MOTORS: * 

* OF 

& 
0 Pressure ?SIG Mu. __ Min. 0 ----Volts 

___ Ph- ___ Hertz 

INSTRUMENTATION 

O•u9• ~•aaout In 0 E ngiisn C: SI Cl Oual COth•r--~-------~-------~---~~-----
NOTE: C: SUPPi,;liO BY VENOOR 

PRESSURE GAGE REQUIREMENTS; 

0 SUPP\.JEO BY PUJllCMAS!R C. (.OCATEO ON A MACMJ.~E MOUNTEO INSTRUMENT BOA RO 

FUNCTION 

L.uD• Oil Pumo Oi1el"lar9e _____ _ 

l..ub• Oil Filter O.P --------

L.uoe 011 Suooly --------

Cov. Control Oil---------

Gov. Contra! OJI .lP -------

Coue>ting Oil L\P 

Main StNm Inlet 

L.OCAL.L.Y 
MOUNTEO 

OOt. 
Cl 0 t. 
c 0 t. 
c 0 t. 
c 0 t. 
cot. 
cot. 

TEMPERATURE,.GAGE REOUIRE!lllENTS: 

FUNCTION 

L.ub• Oil Oiscnerve From Each 

Turbine Jo\.lrne• Seeri"IJ 

Turotne Thrun Seering----

Cie•r Journel Seering 

Al.A"IM & SHUTDOWN FlJNC::TION!i 

I' UNCTION 

=o 
=:i 

L.ow 1..uoe Oil Preuu,. Ea. 1..1vel 

Mi Oil Filter ~p 

Au .. l.uo• Oil Puma Stan 

Mi Oil Cooler Outlet T1mo. 

L.ow Control Oil Pressu,. 

MISC!:L.L.ANEOUS INSTRUMENTATION: 

_ ...i Turo1n1 Sa.ea Pick ·UO Devices 

= :: Turoine Soeea 1noicators 

t..OCAL.L.Y 
MOUNTEO 

cot. 
Cl 0 t. 
OOA 

OOt. 

PRE 
AL.ARM 

C ElecTronic 

L.OCAL. 
PANEL. 

Cl 0 
co 
Cl 0 
Cl 0 

Cl 0 

Cl 0 
Cl 0 

L.OCAL. 
PANEL. 

CJ 0 
Cl 0 
CJ 0 

00 

TRIP -------
---
---
---
---
---
---

L.OCAL.L.Y 
FUNCTION MOUNTED 

1 wt St-a• Stwam 006 

Steam Chen Cl 0 t. 

Eahauft St••m cot. 
E.atraction Stum 0 0 t. 
sc .. m EiK'tor 00 t. 

Stum-Seat cot. 
cot. 

L.OCAL.L.Y 
FUNCTION MOUN TEO 

Cooter Oil Inlet a. Outlet co c. 
Steam Inlet Cl 0 t. 
Sraam Exhaust CJ :; c. 

Cl 0 c. 

PRE 
FUNCTION AL.ARM 

CJ ·~ Turbine Vit>ration 

00 Turtline A.11:ial Potition 

c; 0 Trio & Thronte v ••"• ?osition 

co Hi Tura. Stum Seal \.. .. llaQa 

Cl 0 Mi Turb. e .. n. Pr...ure 

00 Mi Turo. Ext. Preuure 

00 Turo. Oversoeea Trio Oo•r•tion 

0 Ot,,•r 

Turoine Sa.ea t noicaton 1..oe.at•CI On -- - :; Main Seara :- Oioital ·= Ciel G•uge Tvoe 
~ :) Remote HenCI Soeea Craen~r - Moun't9CI on L.~cal Panet 

= ~ Al•rm Horn & Acknow1eogament Switch on Panel (L.oc•ll CMainJ 
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L.OCAL. 
PANEL. 

co 
co 
co 
co 
ClO 
Cl 0 
ClO 

L.OCAL. 
P ... NEL. 

CJ 0 

Cl 0 
ao 
co 

TRIP ---
---
---
---
---
---
---
---



~ I 
SPECIAL-PURPOSE STEAM TURBINE DATA SHEET (Cont'd) 

COUPl..ING: - VIBRATION OETECTORS: 

0 Mount 117. Couolin9 0 Type 0 Type a Model 

:! MFR 0 Mfr, 

CJ Soecer Reci·a 0 No. at Eacft Sh•ft BMrin; Total No. ____ 

0 Couotin; F urniaft.O ov 0 Otcill•ror O•muelul•ton SuoolieG by 

a Keyed (1) or (:ZI. or My<1r. Fit 0 Mfr. a Moael 

a Co111. Caeff. Frlct __ c .. 111. Gear Pltcfl Oi•. i,,. 0 Monitor Suoolied ov No. Ch.nnel1 

Tul'Oine Shatt. ___ Tu:aer 
--- Cylindric•• 0 i.ocaitlon enctoture 

Generator Shatt: ___ Tao•r --- Cylindrical 0 Mfr. Cl Moaa1 

Couolin9 Ch.i•ra: -'\Afr. Std. ___ omar a Sc•I• Range 0 Al•rm Cl Set<Jl ____ Miis 

a l.\ilDriiation ReQ'd. --- YH 
__ No 

0 Shutdown 0 Set<J' __ Milt 0 Tlnle O.,ey ____ Sec. 

COMPOSITE TORSIONAi.. ANAl..YSIS: AXIAi.. MOVEMENT OETECTORS: 

0 AeQuirerd 0 By 0 Tvo• a Moaet 

0 Mfr. No. Recauir"9d 
1..ATERAI.. CRITICAi.. SPE50 ANAl..YSIS: 

0 O.:illator O•mocu.itaton Suoo1i«1 ov 

0 AeaUired 0 By 0 Mfr. a Moael 
---

c 0 Monitor Suootieo ov No. Chenne11 

SHOP INSPECTION ANO TESTS: 0 l..ocation Enc:Jo•ure 

0 Mfr. a Mod•I 
REa·o WITNESS a Seal• Range 0 Al.11rm a Set<JI Milt ---

0 Shoo t n~oection 0 0 0 Shutaown c Set <§I ___ Mila O Time O•••v ____ Sec. 

0 Hvoran•tic (P\oin9. C•aing,, ConaenMf') 0 0 
0 81.0• Sh•k•r (SUYiC) - Rowt 0 0 ICAYPHAZOR SENSOR: 

0 Aotor S•l•nce: - V•cu ... m Pit - StCI. 0 0 
c Rotor ThermaJ Stmoilitv 0 0 

0 Type !:I Model 

c Mech•nical Aun: _wlJac Cglg. 1/2 0 0 0 Mfr. .... No. ReQuir9d 

0 Run So•re Rotor: _wlJoc Cglg. 112 0 0 0 L.OC•tiOn 

0 Perlorm•ne1 Ten: _Pan L.oed - Full 1..oeel 0 0 0 O.:illator Oemoaulators Suoo1i.a bv 

0 Fynctioftal Test: _T & T Valve 0 0 0 Mfr. a MOdel 

_TumiftQ·G•ar 0 0 0 MOftitor 5..,pglieG OV No. Chennett 

_Gland Conaenwr 0 0 0 \..OC•tii,n Eftclo1Uf'9 
_seaHn9 Svsmm 0 0 0 Mfr. a Model 
_1..uceOil Sy....,, 0 0 

c Governor StaDilitV 0 0 

0 Turc. Run It Ov."oeea and Trip 0 0 

0 uw Shoo L.uo• Svn•m 0 0 BEARING TEMPERATURE OE VICES: 

0 Ute Job t...uc• SvST9m 0 0 

0 
0 Therminon 

use Joo Vib & A•i•I Cite. Prooe1. 0 0 
. ~ 0 Oteillator-Oemodul•tor1 & Monitor 0 0 

0 Tvo• - PoL T•ma. Coeff. - Nee;. Temo. C~ff . 

:> U• Shoo Vibration Proo•t, •tc. 0 0 0 Tema. Switcft & I noic.mtor Sv - Purcl'I. - Mfr. 

.... X-Y-Y' Plot 0 0 0 Thermocouo1e1 v 

0 Check arg. & S••lt af'Ter Ten 0 0 0 Selec:Yor Switcn & Indicator Bv - Purcn. - Mfr. 

:> Noise t...eve1 Tftt 0 O· 0 .A•1ist•nca Tema. Oerectors 

:> P,...oantion for Shioment 0 0 0 Rftinanca M•t'I :J OHMS 

0 FM Tao• Recoroing (Vibration) .... 0 0 se1ec:mr Switcn & I ndicatar Bv: _Purcn. Mfr. v -
·:> Cl••nllneu lnsoec'tion {Para. 4.2.6) 0 0 0 1..0CATION - JOURNAi.. BRO 
':> Hardnea Tnu (P8ra. 4.2.'?l 0 0 No.: Ea. Peel _ Evef'Y Ot,,.,. Paa _Per Srg. -

_otner 

011.. REQUIREMENTS: CONTROi.. 011.. 1..UBE 011.. 0 1..0CATION - THRUST BRO: 
.- M••· Quantity, CiP'-4 No. IAc:I: Ea. ?1<1 Every Otner Ped Per Sr;, - - - -..., 

?P'euure. PSIO _Ott1ar -- T•moerature, , F No. (lnaC"t.): ~ - Ea. Pad_ Ev•"V Otner Pad _Per 9r;. .., 
Tou1 M••t qe1ect 9TU/Hr _Omer -

:; Oil ReQuirec for -- T&T V•ive -- Hyo Non·Aatyrn V el"'• ~ Mex. aa.rin; TemoL: -
~ Oil VitcOS•tv ssu@ 1oo'F ,F for Alarm , F for Shutaown 

" 
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jJJ . SPECIAL-PURPOSE STEAM TURBINE DATA SHEET (Cont'd) 

INSTRUMENTATION 

EXHAUST REL.IEF VAL.VE REQUIREMENTS; AREA CL.ASSIFICATION 

0 Max. S•t Prea..,re PSIG Exl'laun CIH• Groua Division 
0 Steam f::low L.1:1/Hr 

0 Su1>1>lied Bv Purcha•r \/enaor MOTOR CONTROL. & INSTRUMENT VOL. TAGE 

EXTRACTION REL.IEF VAL.VE REQUIREMENTS; Votu Pi. ... ___ cvd" 

0 Maa. Sft Pres.sure PSIG ExU'action AL.ARM & SHUTOOWN VOL. TAGE 

0 Steam Flow L.1:1/l'lr Voltt PhaM ___ eve••• or cc 
0 SuDOlied Bv Purcl'laMr Vendor Solenoid Votta9a 

L.OCAL. CONTROi.. PANEL.; 

Furnished Bv: a Vendor a Purcna .... CJ Otto en 
a Fr" Standin; a Weatftervroof a Toully Encao..a a E.xtr1 c~.naun 

c Vibration 1so1atort c Strio M••tw1 a Purge ConnectiO!"I a Wit"' Coors 

u Annunciator - FurniSftea Bv: a Vettaor a Purcna.., 0 0,,,.,., 
c A"nunciator located on a L.ocal Pan•• a Main Cornrol Board 

c Customer connections orou;ht out to terminal bO•n by vienaor 

Remarks: . 

INSTRUMENT SUPPL.ti RS; 

p,~ ... ,. 0e9et: MFR. Size & Tvi>• 

Temaaratur• Cia99': MFR. Size & Tyge 

L.evel Ge9•s: MFR. Size & Tvoe 
" Olff. Pressure Cia99'1: MFR. Size & Tvo• 

Preuur• Switcnes: llllFFI. Size & TvlM 

Olff. P'rftsure Switchet: MFR. Size & Tvoe 

Temaerature Switcl'let: MFR. Size & Tvo• 

L.•v•I Switcn•t: MFR. Size & Tvoe 

Control V •Ives: MFR. Si .. & Tyge 

Preaur• Relief V•iv••: MFR. Si .. & Tyge 

T"•rmel Reffef Vah,"; MFR. Size a. Tyoe 

Signt Flow lndicatort: MFR. Size & Tyoe 

Pneu. Preuure Tranttnit't'Wrs: MFR. s1 .. & Tvi>• 
Ci) 

Vibr•tion Eauioment: MFR. SI .. & Tyge 

Tac"omeTer: MFFI. Size & Type 

Solenoid V•lvet: MFR. Size & Tvoe 

Ann~,.ciator: Ml'R. Model a. No. Points 

Therm ocouoiet: MFR. Size & Tyge 

A••i•une• T.-ig, 0Hener11 """"· Size & 'f'vge 

Tl"lermowells: MFR. Size & Tvo• 

MFR. Size & Tyge 

MFR. Size & Tvo• 

MFR. Size & Tvo• 

SWITCHES; 

E.ncloturet 0 Exolosion Proof 0 Weemeraroof 0 Otn .. 

Alarm Contacts ur.•H: ;:: Oi>en a CloM to Souna Alarm •nd be NormaJlv a En•r;izea ::; Oe-Ener;izec2 

Shutdown Cont•cn ur.all: c Oa•n 
. ;:: Clo• to Trio ana b• Normally Cl En•"JiZed c O•·Energizea 

Not•: Normal Condition it wn•n Turtaine i1 in OoerHion 

MISCEL.L..ANEOUS; 

Pre .. ~larm and Shutdown SwitCl'IH stull oe MOatH•. 

?yrcneten C lectrical ana 1 nnrument Connections wimin me con1inet of tne BaMolate and Cont01e snaJI b•: 

- 9rou9nt out :o Terminal aoxn ~ MeG• direct~y ov tn• Purch•Mr 

Commenu Meqaraing lnttrumentation: 
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liJ S?ECIAL·PURPOSE STEAM TURBINE DATA SHEET (Cont'd) 

GEAR O S.aaret• Cata sn-t Anacn.a WEIGHTS: ---
0 Soeci•I PurpoM Gear Recit.tired a Turoin• lb. 

0 Ge•r Furnis1'ed Bv a Rotor lb. 

a Tyrb. UOIMI' 112 C•tln; lb. 
OIL SYSTEM a Maximum 1or Maintenance lld..,tffy) 

F"'rnisnea Bv O Turoine Mfr. 0 Ott>•ro lb. 

0 Seo•nt• for Turcin• Only a Toal Sl'liaoin9 Weigrn lb. 

c Common witn Driven EQuiomettt 

Tuft)ine Mfr. to Suooiv: 
SPACE REQUIREMENTS: 

0 Stain1ea StHI Oil Suootv Header Pioino a Comalete Unit: L In. W in. H ir'I. 

0 Oil Crain Heeaer ?ioin; a Conuot Pinet: L in. W in.H in. 

0 Stalntea St••• 0 c.,,.on s ... 1 

MISCELLANEOUS: 

EMERGENCY TURNING GEAR 
0 P"o"i1iont for Field Balancing 

0 Turning Gear ReQuirea O Quick Stan Reauired 0 Venoor·s Review •nd Comment ori Purcn..,...s Plain; •nd Found•· 
a Mfr. OMoo .. tion Orawin91 are Reauirecs 
a Ratio 0 Sl"tatt Grounding Oevicn a Motor: --- Electric __ HP - vain ·0 AC 0 oc 

0 
Pneumatic _ PSIG __ 'F uyu Tvoe Strainer --- -- SCFM 

Auto 5n9eqe M•nual E no•oe 
0 Water W•lhi,,O Conftections .... --- --- 0 Ootic•I Ali;nment Flats 

~·PAINTING 0 ln.,.l•!IOn (Laoglng) 1'11<1uirwct 

0 M•nutectunr'1 Standard 0 .IN•n R.,.wil"ff 

0 Otner 0 Axial Allonm•"t Key 

0 Slade OieQr~I __ Camobell __ Gooamen 
SHIPM&NT 

__ Soderoerg __ Ott>er 

0 Domestic 0 Exoo,.., 0 M..,ic/En;liUI Orawin91 __ Exam•I Flan.;es --0 Exoon Boxin9 .ReQuir9d 0 Outdoor Star~• over 6 montftt __ Intern•• Soltino and Th"9dt 
0 Wanr Proof Boxif'g ReQuired 

0 Soare Rotor A11ernoly Pack.19ed for 

0 Mori1ontal Storaqa 0 Vertie•• Scor99a 

SKETCH: 

·; 

. 
.. 

REM~RKS: 

v 
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@) SPECIAL-PURPOSE STEAM TURBINE DATA SHEET (Cont'd) . 

OPERATING CONOITtoN·s 

SMEl..I.. SIOE TUBE s1o·E 

0 Fluh:1 .. . . 
c Tout Flow 1..BS/l-IR I 
:i Soecific Gr•vitV . '"' OF 

'"' OF 

0 Thermol Cono. BTU/HR x SO FT x ° F '"' • F I .. OF 

c Soec:ific Hut - BTU/L..S x ° F. <ID OF "9 'F 

c V ioco•itv - SSU. . . . . . .. <!D OF <ID °FI 

0 Ooet"at1ng TemP••tures, ~ F . IN OUT IN OUT 

Inlet Pf'ftsu,.., PSIG. 

Inlet Velocirv. FT/SEC. I I 

0 Preuur• Oroo. PSI Al..1..0W. CAl..C. Al..1..0W. CAl..C. 

0 0ftiQ" T 9mOerature, ° F .. I 
Pressure. PS 1 G . llAIN. TEST MIN. TEST 

Foul Reti1tance, SO FT x HA x ° F/STU. '. 

0 Min Corrosion Allowance, In I 
0 Numt1er of Paaea Per ,,.,.II. 

CONSTRUCTION OETAILS 

0 Toul Area ( 1 L Sa. Ft. 0 SP\ell, Na. x 10. x IN 

u 1..MTO 0 Tucn, No. Pe, 5"'•11 

w Corrected MTO a 0.0. x l..•nvtn IN. . IN. 

:J Trantfer R•t•, Clean 0 Ga.,ve. BWG Av;., Min. Wall 

c Tr1n1f•r ~He. Service 0 Tue.i Pltc,, IN, 6 c 0 

C! Crou Safflft, Tvo• a Retnovebl• Tub• Bundle a YES c NO 

0 Coo• Req.,irements (21 ---ASME; TEMA 0 COO•StamP a YES '-' NO 

0 W•ignu E•. Sundl•---1.0L, B .. no1e .s. s"•" ---- l..!:u .. Full of Wet•r--- L..bt. 

0 NOZZLE SIZES 

SHEl..1.. SIOE I TUBE SIOE 

NO. I SIZE RATING .s. FACING I NO. SIZE RATING .s. FACING 

IN1,.ET I I 
OUTl..ET I I 
CRAIN I I I 
VENT I I 

0 MATERIALS 

Tuoet Battles 

Tube SP"IMtl Channel . 
---.~ 

Sllell C,,annel ;:1an;n 

Sllejl Flonge• Chennel Nozzte ~l•nget 

REMARKS: 

ti 

111 OUTSIOE 1"UBE AREA EXCt..UOING AREA IN TUBE SHEETS 

(21 UNITS EXEMPT FROM COOE STAMP Sl-IAl..1.. HAVE l..ONGETUOINAI.. WEl..0 SEAMS SPOT E::XAMINEO PER PARA UW-52 OF ASME:: 
cooe::. 
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"" "' N 

u 
oil 
== 

APPL.ICA!!L.! TO! Q PAO"'OSAL..S Q "'U.-CHASE Q AS SULT "'U"CHASE Ol'IOEl'I NO.; CATE: 

FOP * UNIT * 
SIT! ___ ~ 

SEFIVIC! * NO. !'1£00. * 
NOTE: "· INDICATES INFORMATION TO ae COWPL.!TEO !!Y PUFICHASEFI r. BY MANUFACTURER 

0 GENERAL. 

MANUfl' AC'TUREFI SERIAL. NO. 

TYP! FIPM: WAX. RATED '"'"· 
COIOPRESSOR TMROW5' NO. FURNISMEO_jt_ MAX. MO. POSSIBL.E _:!___MAX. FRAME HP' --- i IOAX. RPW --- II RATED RPM 

DRIVER TYP'! * DRIVER RATED HP * RPM * OR IV ER FURN, BY(""'\ C:OMPR. M .. R., !°; 

I : R.ATEO OPEi'l.ATING CONDITIONS (E.ACH IO.ACHINE) APPL.ICA8L. E SP.ECJFJCA TIO"' S 

SERVICE/ITEM NO. * ---- ---- ---- 0 API R ECIP. COMPR. SP EC. 618 * 
ST4GE * 0 
GAS COMPRESSED * ---- - 0 
CORROSIVE DUE TO * - ---- 0 
FIEL..ATIVE HUMIDITY ---- ----
MOL.. w<;T •• AT INTAKE * 

J.CCESSORIES 

Cp/t:,, VAl.UE AT SUCTION * ---- ---- ---- COMP, MFR, SHAl.1. FllRNISM 

CiC• VAl.UE AT DISCMAPGE Q PUUATION IOAMP!RSI IVOl.UME 

IHI.ET TEMP, 0
,:, * ---- ---- BOTTL.ESI fl'OR 

!ML.ET PRESSURE, PSIA * ---- Q INTERSTAGE PIPING & REl.IEF VAl.VES 

MIH~P a ETWl!:!H STGS. PS I* ---- ---- Q INTER COOl.ERS 

ACTUAL. OISCH. TEM?, °F. * ---- ---- ---- Q SEPARATE MOISTURE SEPARATORS w/TRAPS 

DISCHARGE PRESS. PSIA * ---- 0 AFTER COOL.!RS 

% i SUCTION * ---- - 0 COOL.IN<; w•TER PIPING, SIP~GL.E 

% Ii DISCHARGE IHl.ET•OUTL.ET MANIFOL.0 0 W/VAL.VES 

EXPECTED !CAPACITY TOL.O::RAHCE :l'I.; BMP TOL.ERANCE :l':.I 0 INSTRUMENT PANEL. 

I.BS/ MR. WET * --- ---- Q VENDOR ANAL.CG STUDY REOUIREO 

IHI. ET CFM (COAAEC~E~) * ---- ----
MMSCFO/ SCFM 11'• 7 6 601 ---- ----
BRAK! MORSEPOWER/STAuE * ----
TOTAL. 9MP * * C WEIGHTS AHO Ol.114ENSJONS 

.. RATED PER AP) !CAPACITY TOL.!RAHCE -0':1.; BHP TOl.ERAHC! +<l'l.l MAX. ERECTION WEIGNT, L.SS. 

I.BS/ HR. WET ---- MAX. MAINTENANCE WEIGHT, I.SS. 

IHI. ET, C FM (CORRECTED) ---- TOTAL. WT., L.ESS D.RIVER &GEAR, L.SS. ---

MMSCFD/SCFM ( 14.7 6 601 ---- APPROX.FL.OORSPACE 

BRAKE HORSEPOWER/STAG£ ---- L. • M 

TOTAL. BMP IW/V•8El.T L.OSSl ---- ROD REMOVAi. DISTANCE 

TOTAi. MP REQUIRED BY DRIVER IW/GEAl'I 1.oss IHCl..UO!OI 

REM.AIUCS. I 

~. - ~ 

* ~t=-fil Ll.1\l.ED 't"02. t'~1'l.,.S:::... u 

"S: SUC'TIOH VAL.VE UNL.OAOERS M : MEAD ENO C: CRANK ENO fl': fl'IXEO POCXET OP!H V: VARIA81..E POCKET OP!N 

•• SEE A.P.1. PAA. sa (NO "'*'Tl Vt TOl.UANCE. nc.J 

/"'.. I 
.6. I 
6. I .... DATr llCYIMOlll IT I CM« t I :IUllllt I UCO I 

"1tOJ I .,.,.." su,..v ,,., .. 
SCALI HSIJG,•lD f CMIAW• I CHIH 

t>tCI 

0-111 Joa"•· 

~ REOPRCOTl~G COMPRESSOR DATA SHEET NO. I I(~. I 

~ DATA SHEET OS- K I 
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rtiJ ~ 
' . 

RECIPROCATING COMPRESSOR DATA SHEET 

i .C.i.P ACITY COHT~OI.. 

TO PERMIT OPERATION --- ---- CAPACITY CONTROi. SHAl.1. a'E e .. : 

AT AH IHI.ET CFM 01" - ---- Q VARIASl.E SPEEO TO ":. RATEO 

POCKETSIVAl.V!S OPEN" - - 0 PURCHASERS 9Y•PASS 

IHI.ET PRESSURE PSIA ---- ·:::; MFA,STAHOARO AUTOIOATIC CONTROi. 

OISCHARGE PRES. PSIA - - ---- 0 ST ART/STOP CJ 121131C5l STEP 

ACT UAI. OISCH. TEMP, °F --- ---- Q Pfl.OT!O SY REC. PRESS, 

BRAKE HORSEPOWER/STAG£ - ---- ---- Q Pfl.OT EC BY PURCH. INSTR, 

TOT.l.L B"'AKE HOASEPOWtiR W/ P51G AIR SIGNAi. 

TO PERMIT O;>ERAT ION ---- 0 Cl.EARANCE POCKETS, ::vi... 
AT A_N IHI.ET CFM 0 F --- 0 l'IXEO 0 VARIAal.E 

;>OCKETS/VAl.VES OPEN" ---- ---- 0 MANUAi. 0 .-A.HUA!. ?""£U. 0 AUTO, 

IHI.ET PRESSURE l'SIA - ---- ---- 0 SUCT,VAl.VE UHl.OAOERS, CYI., 

OISCHARGE l'AES. l'SIA ---- TYP£: 0 Pl.UG •_::)FINGER C 
ACTUAi. OISCH, TEWP, 0 1' ---- 0 MANUAi. 0 MANUAi. l'HEU. 0 AUTO. 
BRAKE HORSEPOWER/STAG£ --- ---- OH AIR/POWER FAll.U"'E COMPRESSOR 

TOT Al. BRAKE HO"'S!POWER ' SMAl.L (") UNI.CAO (""; ~CAO 

GAS ANAl.YSIS * I RAT EC OPERATING CONOITIONS 

I QWOI.'\ 0 I I I I I R£MARKS 

. ' ...... I I I I I I 

* AIR za.n• I . I I I 

* OXYGEN lz.ooo I I I J I 

* NIT AOC EH za.o 16 / ' I ; 

* .•ATER VAPOR 1a.o 16 ! I I 

* CARSON WONOXICE u.010 I ! I 

* CARBON OIOX ICE .w.010 I I I I i I 

* HYO AOC EH SUI.I' IOE l•.016 I ' I I I I 

* HYOROGEN z.o 16 I I I 

* METHANE 16.au I I I I I I 

* ETHYi.ENE za.os2 I I I I 

* eT HANE Xl,0611 l I I I I - I 

* PROPYLENE i &Z.078 ! I I I I 

* PROl'AN! «.o94 I I I I I I 

* i•BUTAN! sa.120 I I I 

* ft•_SUTANE sa.120 I I ! 

* ;. l'EHTAH! l,.2.1"1 I I I I r T -i 

* n•P£HTAHE 72.1'6. ! I I I I 

* HEXANE Pl.US I ! I I I 
I I I 
i I r 

I I I 
' I I i I 

I I I I I 

i i 
! I ! r * 'TOTAi. I ! I I I I I * AVC, WCI.. WT. I I I I I I I 

SitETCM: 
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RECIPROCATING CO.li4PRESSOR OATA SHEET 

OESIGH we:T BUL.9 TE,,.P.°F ~*"'------------------! 
:J WINTERIZAT ION i::tEco.* ·::J 'TROPICAL.l?ATION RECO. 

UNUSUAL. CONOITIONS: 0 OUST 0 FUMES 

0 OT HER -----------'-------------! 
e:'ou1PME><T S>'•L.L. a e: SUl'l"A9L.E .OOR: 

:) IHOOORS * 0 HEATEO * Q UHHE:ATEO * 
:l OUTOOORS ·::J UHOER ROOF Q WITHOUT ROO< 

EL.ECTRICAL. E·:lUIP .. EN'T" .... ZARO CL.ASS __ GR. __ oav. ---
COOl.ING '#A.T!q POq CO,..t:', CYLINOE~S: 

TVPE •UT e:;; ~----------,. -------------
PR ESS.,?SIG -*'-'----- suP.P•_v_*_· ____ _ l=IETURN WIN. 

* SUP PL. Y -*------ RETURN MAX. 

COOl..ING -.A-r::::.c; FOR IOIL.. CC':•-E:::ll{INT'E~COOLERSHROO PKCl: 

TYPE WAT E'I .1!:_ ---------------------__, 
PRESS •• PSIG * SuPPL.Y-'*~-----RETURN MIH. 

TEMs=t., 'F .* ---- SUPOl,.Y * RETURN MAX. 

EL.EC'7RIC P':'w:~ .=-:;,~ ME:ATE~S: 

______ VOL.>S -------· PMAS<. ------MERTZ 

STEAM FOR 1-tEATEPS. 

HOR MAL: PSIG "FTT 

MAX.: _____ PSIG ____ °FTi 

INSTRUWENT A.JR SUPCLY: 

PRS::SS •• PSIC _____ MAX.----- NORMAL---- MIN. 

IHSP!OCTIOH Al<O SHOP TESTS 

SHOP INISPECilON 

MFR. SIANOARO SHOP TESTS 

VAL.VE L.EAI( TES'!" 

CYL.. HYORO. TEST 

HYORO. CYL.. WATER JK'T"S. PSIG 

CYL.. ><EL.IU"' L.EAK TEST MWP 

BAR OVE!'l TO C><EC>< RUNOUT
0 

ETC. 

MECH. RUH TEST w/S,,OP DRIVER 

MECH. RUN iESi W/JOB ORIVEM 

AUX. EQUIP. OPEM. TEST 

0LSMAHTL..E•qEASSE"'181...£ INSr=-ECTION 

REQUIRED 

~ 
c 
0 
0 
0 
0 
~ 

i....J 

0 
!'· 
,_} 

G 
c 
c ,.... 
v 

WITNESSED 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
c 
0 
0 

EL.ECTRIC 

WAIN ORIVER 

MAIN L.US E 011 .. ?uwP 

AUX. L.UBE OIL. PUMP 

M.P. ROTOR AWPS 

PKG. COOL.ANT OIL. PUMP ______ ------

MECH. L.U9RICATOR 

FUL.L. L.OAC 

AMPS 

Fl"AME OIL. MEATER ___ wATTS ____ VOL.Ts ____ HZ 

L.UBRIC ATOR ><EATER ___ WATTS---- VOL. TS---- ><Z 

SPACE HEATER --- WATTS --- VOL. TS ---- HZ 
___ wATTS ____ VOL.TS ____ HZ 

STEAM 

MAIN ORIVER __ •/HR. ___ Ps1c ___ °FTT To ___ PSIG 

L.UBR. ><EA'T"ER ___ r/HR. ___ PSIG ___ °FTT '!"O __ PSIG 

FRAME HEATER __ r/HR. ___ PSIG ___ °FTT TO ___ PSIG 

__ •/HR. ___ PSIG __ °FTT '!"O ___ ·PSIG 

COOLING WA."':"ER 

OUAN'T"rrY. GPM 

!NL.ET TEMP,, °F 

OUTL.ET TEMP.,°F 

INLET ?qEss~.PSIG 

COMP. 

CVL.. ROO :....o. 

OUTL.ET PRe:ss •• PSIG __ 

MA x. PRESS.,PSIG 

TOT AL C.w., GPM 

Al.ARMS AHO SHUTOQ'ONS 

-
-
-

COMP. MF"· SHAL.:.., FURNISH EL.EC. SEPARATE CONTRACTS FOR: 

PRE•AL..ARM 1-"'-':!.!..2..~ 
L.Ow L.U9E OIL. PRESSURE " 0 u 
L..OW MECH. L..USR, Oil. l..EVEL c .0 
HIGH COMP, J,W, TEMP, 0 0 
MIGH L.EVEL. IN EACH MOIS'T".SE". " 0 u 
><IG>< GAS DISCH. Te;MP, c " ',_} 

L..OW GAS SUCT. ?RESS. c c 
H ICi H VIS RAT 10 N 0 0 
COMP, MAIN SEARINGS HIGH TEMP, G 0 

RE,..OTE Sl-iUTOOWN: Q ::L..E'=• Q P~EUMATIC 0 :-tYCR. 

PRE•Al...ARM CONTACTS SHAL..L..:'~ OPEN C Ct..S. TO SOU NO AL.AR~ 

SHUTOO'WH CONT.>.CTS Slo'1AL.L..: c CPEN c Cl.CSE TO snuTOOWH 

--------------P_AJ_H_T_l_H_G ____________ _,·1=• CONTROi... CUP.RENT: ___ VOLTS --- P'"4 ASE --- !-tEMT: 

0 MANUF .AC'!URER"S STANOAAO 

0 OT"ER 

c OOMESTIC G EX?OP.i 0 EXPORT BOXING RE~O. 

0 OUTOOOR STORACE OVERS MONTHS 

SWITCH e:NCL.OSURE: Qe:xP. PROOF 0 WEATHERPROOF 

0 HEM .. TVP<;; -------------·! 

llE~AllK~-----~-~------~-'----~---------~-----~-~------..,,.-~-~--~~ 
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cfjJ RECIPROCATING :oMPRESSOR DATA SHEET 

QC:Yl.IHDER DATA * (AS ~E.t.JIA IR.C.V\ 
ITEM NO./Sl!:RVIC! --- ---- ---- ---- ----
STAGE ---- ------ ---- ----- ------
NO. OF CYI.. PER S.T AGE ---- --- ---- ------ ------
TYPE CYI.. COOL.ING REQO. ---- ----- ----- ------ ------
TYPI!: C:YI.. IS'T EPICT ANOE Ml ----- ---- ------ ----- -----
SINGL.EIOOUBL.E ACTING ---- ---- ---- ------ ------
CYl.INO!R L.INER YES/NO ---- ----- --- ----- ----
CYLINDER L.INER WET/ORY ---- --- ----- ---- -----
OUTSIOI!: OIAM. L.INER, INCHES ----- ---- ----- ------ ------
BORE. INCHES ---- ---- ---- ------ ------
STROKE. INCHES ---- ---- ---- ------ ----. . 
PISTON DISPLACEMENT, CF'llll ----- ---- ------ ------------
CL.EARANCE, '!. ---- ---- ---- ------ ------
VOl.UllllETRIC EFFICIENCY,'!. ---- ---- ---- ------ ------
API VAL.VE GAS VEL.OCITY,FT/IOIN. ---- ---- ---- ------ ------

NO, INl.ET/OISCH, VAL.VESl'CYL., ---- ---- ---- ------ ------
TYPE QF VAL.VES ---- ---- ---- ------ ------
IN.L.ET/OIS.:::Ho VAL.VE 1.IFT,111111.S ---- --- ---- ----- -----
MAX. AL.I.OW PISTON SPEED, FPM ---- ---- ---- ------ ------
NORMAi. PISTON SPEED, l"PM ---- ---- ---- ------ ------
ROO DIAMETER, INCHES ----- ------ ---- ---- -----
MAX. Al.I.OW. AOC LOADING T ---- ---- ---- ------ ------
MAX. ALI.OW. AOC LOADING C ---- ----- ---- ------ ------
ACTUAL. ROO 1..0AO, T (GAS 1.0AD) --- ---- ---- ------ ----
ACTUAL. ROO LOAO, C (GAS 1.0AO) ----- ---- ---- ------ ------
ACTUAL. ROD LOAD, T (GAS.!t INtATIA) ___ ---- ---- ----- ------
ACTUAL ROD L.OAo;c (GAS! INERTIA) ___ ---- ---- ------ ------

O!GREES ROO REVERSAL. ---- ---- ---- ----- ----
MAX.AL.I.OW, CYL, WKG, PRESS.,PSIG ----- ------ ---- ------ ------

MAX. Al.LOW, CYL.. TEMP, 0 P' ---- ---- ---- ------ ------
RECOW. REL.IEF VAL.VE, PSIG ---- ---- ------ ------ ------
HYDROSTATIC TEST, PSIG ---- ------ --- ----- -----
SUCTION SIZE/RATING ---- --- ---- ----- -----

l'ACIHG ---- ---- ---- ------ ------
DISCH, SIZE/RATING ---- ----- ---- ------ ------

FACING ----- ---- ---- ------ ------
POSITION ,.ROM ORIVER ENO" '\ 

r I COMPRES.SOR MATERIAl..S * ..... ::.. ·,.sa:_.1.;1~e.01 

CYL.IHOERS 
; --- --- ----- ----- ---· --

CYLIHDl!:R L.IHERS ---- ---- ------ ------ ------
PISTONS --- ---- ---- ------ -----
PISTON RINGS ---- ---- ---- ------ ------
RIDER RINGS ---- - ------ ----- ----
PISTON ROOS ---- ---- --- ----- ----
PISTON ROO HARO, (•OCXWELL "C'") ---- --- --- ------ ------
VAL.VI!: SEATS ---- ---- ---- ---- ------
VAL.VE STOPS . ----- ---- --- ------ ------
VAL.VE PL.ATES ---- ---- ---- ---- -----
VALVE SPRINGS ---- ---- ---- ------ ----
ROO PACKING 

RE.llARKS: 

•OR: ''- YWME~L. RH: RIG HT HANO 1.N 2 L.£1"T HANO o•: OUTllO~O 

?.i-=.:V. 2 S?ECIHCATION :10. 14222-A-l 7 

C:OlllPRE.SSOR PAC:lCIHC 

0 "UL.L "l.OATING V!NT!O ll'ACKINCi 

W/STAINL.ESS STEEL SPRINGS 

Q FORCED P'EEO L.UBRICATEO 

Q NO,.L.UBRICATEO Q TEFLON Q CARSON___: 

0 WATER COOL.EC 

Q PROVISIONS P'OR FUTURE (WATER) (011.) 

COOL.ING 

Q VENTED TO 
D! ST ...,.C:E PI EC:E 

Q STANDARD 

0 !XTRA I.ONG SINGL.£ COllllPA'"llllENT 

0 Two COMPARTMENT 

Q SOL.IC COVER 0 
Q VEHTEO TO Q DESIGN PRESS., PSIG 

1.UBPIC:,.i.TIOH 

~ 
0 SPL.ASH SYSTEllll 

0 PRESSURI!: SYSTEM !INCl.UOE TME 1"01..1..0WING) 

0 MAIN 011. PUMP DRIVEN BY!~~: :.::~~~la 
0 AUX, Oil. PUMP DRIVEN BY ELECTRIC MOTOR 

0 HANO OPERATED PUMP FOR STARTING 

0 SYSTEM OIL. CAPACITY GAU, 

0TYPI!: OIL GRAOE 

Q l!:L!C. HTR, W/THERMOST AT Q STEAM COIL 

T°"E lll!:ARING~ 0 SL.El!:VE 0 BALL 0 
BRG,lllATI., 0 ALU"- 0 BAllBIT n 
QOUTBOARO BEARING IHCl.UOEO 0TYPE 

CYLINDERS 

l.UBRICATOR TO B! DRIVEN BY: 

0 COMPRESSOR SHAFT Q El.!CTRIC MOTOR QBOTH 

l.UBRICATOR CAPACITY Q 2A HR, Q 
QTYPE OIL GRADE 

0 1..UBRICATOR MAKE MODEL. 

Q STEAM COIL. 0 HO, OF COMP. 

Q ELECTRIC H!ATER W/THERMOSTAT 

BARRING DEVICE ·a MANUAi. Q !'HEU. 

0 COUPL.ING - I.OW SP!!:EO 

MFR, MODEL 

TYPE 

0 COUPL.ING - HIGH SPEED 

MFR, MODEL. 

TYPE 

CJ COUPl.ING -IMAINl!AUX) 011. PUMP 

w~R. MODEi. 

TYPE 

TYPE GU AR OS Q CODE 0 ST ANO ARO Q IOO,.SP AR IC 

Q STATIC CONO.V-BEL.'TS Q TOT,EMCI.. V-BEl.T GRO, 

AIR IHTAKE FIL.TER BY: Qc:>MP~FR,QPURCH. 

QMFR. llOOEI. 

'lTYP'!: .Q FL.AMGEO OUTL.!!:T C0N .. ECT10N 

I•: IMllOARO 
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ELECTRIC MOTOR DAT A. SHEET ' . 

APPl..JCAlll.E TO: Q P"Ol"OSAI. Q l"U!llC:H":'E Q ASllUll.1' 

1'0!11 * UNIT 

SITE * D"IVEH EQUIP, . * 
SE!llVIC:E * HO. "EQUIA ED * 
WAHUI' ACTUAE:A WOO!:\. Sl!:,.IAL. HO. 
NOT!:: 0 JNOJC:Al'l!:S JIO'OAMATION TO Ill! CO"Pl.ETEO llY PUAC:HASEA; 0 BY "ANUl'ACTUAl!:A 

lllOTOll OESICN DATA ACCESSOllT EQUIPWEKT 

AP,.1.IC A8L E SP E Cll'lCA TIONS. Q BASEPl.ATE 0 SOl.l!:Pl.ATI!: 0 STATO" SHIFT 

Q NEWA Q """· STO. I' ANS 0 HO ... SPA,.IOHG l'ANS 

0 Q C>.C. l!XCIT.lTlON: 

0 OJC•!lll!OO VOi.TS 

SITE DAT.i. * llY: 0 PUIOCHAsl!:Jll 0 WANUl'ACTU,.l!:A 

AAl!:A: Q c.1.. -- G"'· -- QIV, --0 NO ... HAZA!llOOUS oe:sc,.rPTION 

0 Al.TITUOl!:_l'To Q AMBIENT T'!W~': MAX._.,.• llllM. -·~ Q EHCl.OSEO COl.l.!CTOll RIKC:S. 

U HUSU AL. C ONOIT JONS: Q OUST Q l'UWl!S 0 PUAGEO: we:oruw P"ESS. P'51C. 

Q OTHER Q l!:XPl..OSION• Al!:SIST ANT NONPUAGEO 

DRIVE ST5TElll: Q OJAl!:C:T CONHl!CTEO 0 1'0,.C:EO VENTll.ATION 

* QGEA" 0Cl'W l"!IESS. OAOI" IN.Hz 0 

Q OTHE" Q ISl!ARIKC TE.WP. OEYICl!S. 

TT,.I! lllOTOR: * 01.0CATION 

0 sou1 .... e:1. CACOE INOUCTION 0 NEWA Ol!:Slc:N 0 OOC:!llPTION 

0 SYNC:H .. ONOUS 0SET I °C 1'011 Al.A!llM ----•c: l'O .. SHUTDOWN 

0 POWE" l'ACTO .... e:oo. Q Sl'ACE Hl!ATEllS: 

EXCITATION: Q !l"'USHl.US Q SI.II" "'ING 0--JCW 0 --VOi. TS --- PHASI!: HEAT? 

0 l'JEl.0 OISCHA!llGI!: RESISTO"' llY "OTOA Ml'"• Q MAX. SHEAfH T!WP. •c: 
·o WQUHO ROTOR INDUCTION WIKOINC TE.WPERAT\JRE DETECTORS. 

0 0 THERMISTORS: NO.,f PHASE 

EHC:l.OSURE: TYl"I!:: Q PCS. TE""'· COl!:l'I', 0 NEG. TEWP, .COEJ'F, 

Q Cl.ASS • G,_OUP ----, !XP. ~,_00,. * TEWPEAATU"'E SWITCH: Q YES QNO 

Q TEl'C 0 .. ESISTANCE TENPEAATU"I!: DETECTORS: NO.,f PHASI! 

0 TEW·AC 0 TEIC#I', USING ·GAS 0 .. e:SIST ANC:E WATI.. 0 OH"S 

0 OOUlll..E WAI.I. CA!llllON STEEi. TUlll!:S Sl':l..ECTO"' SWITCH • JNOIC:ATO!ll BT: 0 PU!llC:H!ll, Qwl'R. 

: 0 WATER SU,.Pl..T: PRESS. __ "SIG TEMP. ___ .,, 0 WAX. ST ATOR WINCING TE .. PS: 

0 WAT!:"' Al.I.OW. 61>_ PSI 6 Tl!:~. RISE .,. --- •c ,.Otll AL.A•W 'C I' Ol'l SHUT OOWN 

0 WATER SIDE WJH, CO""· Al.I.OW. --- IH. 'l'IKOINC TEMP. DETECTOR & Sl'ACE HEATER 1.EAOS. 

AHO l'OUI.. I' AC:TO!ll Q IH SAYE: COHOUJT llOX 

0 IAJ!lll IGASI SUPPi. Y "'"ESS. "SIG Q IH Sl!:PA!llATE CONDUIT BOXES 

0 Q »OTOll ARR,.,.C:EO FOR Oll'FEREHTlAL. PllOTECTlOK: 

0 Wl!:ATNE"' P"'OTECTEO·, TTJ'I!: * 0 SEl.. .. •BAl.ANCI!: P"UIAAY•CU,.Al!:NT METHOD 

0 l'O!llCED VENTll..ATl!:O 0 C.T. 01!:.SCAIPTJON 

0 0"!.-0!lltPP,.001' Q EXTENDED I.EADS 01..ENGTH FT, 

QO,.EH Q SURCE CJ.I' ACITORS 

0 Q l.ICHTKINC AllR!STERS 

0 Q C:. T. 1'011 AMMETER 

IASIC 0A1'A: O oe:sc1-.,.T10N 

C - *- VOi. n * - '"wASE *- ME .. T? lllAIH C:OHOUIT IOX SlZEO pro!!: 

0 NAMEPl..ATE HP * SERVICE I' ACTO!ll * Q MAIN llOTO"' I.EADS Q TYPE: 

Q STNCH!llONOUS "'"" * 0 JNSUl..ATEO 0 NO ... INSUl.ATEO 

0 INSUl.ATION: Cl.ASS __ TYPE Q C:.T,'S l'O" 011'1', PROTECTION llJIOUNTED !IT I 

Q TE""'· "'&SE: -- •c ABOVE __ •c BY 0 SURGE CAPACITORS JWOUNTEO llT I 

ST AllTINGo 0 l..lc:HTNING AA,.ESTEl'IS IWOUNTED llY ) 

Q l'Ul..1. VOi.TAG!: Q "'EDUCED vOl..TAGE --- '4 0 c .• T. 1'0"' AM .. ETEl'I IWOUNTEO llY i 
0 1..0AQEO Q UHl.OAOEO Q SPACE l'OA STRESS CONES 

0 VOl..TAGE OIP __ .. Q AIR pr11. TEIU: 

Vl8RATIO*. 0""" QTY,.!!: 

Q NEMA STANOAAO 0 ll!MAIUl:S. 

MOISE: 

G Nl!MA S4TANDARO 0 
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~ ~ ELECTRIC MOTOR DAT A SHEET 

Cl lllANUPAC:TUR!ll'S DAT A 5'40P INSPECTION ~D nns 
IUNUl'ACTURER ll!OUlll!D IJITNESS ----
lfRAM~ NO~ FUl.1. l,QAO RP .. !INC.I SMOP INSP&C:TION 0 0 
Ef'~ICIF. "CY: '1 .. L.--. :1141. ---- VII. 'fESTINC P!!R M!WA 0 0 
PWR, ,. ACTOR !INC.I: F.1.. -- J/41. ---- II 21.. , ...... STD. SHOP TESTS 0 0 
C:URRENT IRATEO VOL.To); •Ul.1. 1.0AO -- L.OCKl!:D ROTOR --- l'"WERSION TEST 0 0 
l.OCKl!:D lllOTOR POWER FACTOR SPECIAi. TESTS 11.IST BEL.OWi: 

1.0CKED lllOTOR WITHSTAND TIMI! ICDl.0 START) 0 0 
TOROU!!S IFT· l.BSJ: FUl.L. I.CAO 0 0 

1.0CK!!D ROTOR STARTING !SYN.I 0 0 
P"!l..1.•UP !IND.I PUl.1.•IN !SYN.I 0 0 
llA!!AKOOWN !IND.I PUl.L.•OUT !SYN.I 

COUPl.ING: 

OPEN CIRCUIT TIWE CONST ANT 1se:c.1 Q SUPPl.11!0 BY * SYttMETAIC:AI. CONTRIBUTION TO le T!!AMINAI. ,.AUl.T: 0 111,.R. QIOOOEI. 

AT V2 CYC:L.ES ATS CYC:l.ES Q MOTOR M .. A. Q C:OWPR. IOl'R. Q PURCH. TO IOOUNT WTR. HAL.F 

R!!AC:T ANC!!S: SU&-TRANSl!!NT IX"dl 

TRANSIENT IX'dl ____ SYNCHRONOUS IXdl PAINTING:· 

A.C. ST ATOR RESISTANCE---- OHIO$ f ____ •c 0 IOANU,.ACTUREA'S STANDARD 

RATf:D If.VA, 0 
KVA IHAUSH fl l'Ul.L. VOl.T, Ill 1.0C:K!!O ROTOR !SYN.) ' 
If.VA fl l'Ul.1. VOi.TAG£ l H .. SP!!!!D ' Sl'IPMENT 

MAXo 1.IHE CUAR. IN STATOR ON !ST SI.IP eve •• P\;1.1,..0UT 0 DOMESTIC 0 EXPORT 0 EXPORT BOXING lllEOUIRED 

ISYHI Q OUTDOOR STORAGE OV!!R l MONTHS 

ACC:!!L.l!:RATIOH TIWE lttOTOR ONl.Y f RAT!!D VOl.T ___ SEC:. 0 
ACC!!I,.. TIMI! !MOTOR Ill I.DAO' as .. •UT!!D VOL. T.l se:c. 

AOTOR/l'IEl.0 wlf.' i MOTOR SHA .. T 11.S•l'T'I RElllARICS, 
-

ROTATION FACING COUPL.JHG ENO 

NO. 01' STAATS P!!A HOUR 

l'IEl.D DISCHARGE RESISTOR OHMS 

IUTED !!XC:ITATION Fl!!l.O VOl.TAGE o.c. 
AESISTAHCI 01' !!XCITATIOH ,.IEl.0 f Z3"C OHMS 

!!XCITATIOH 1'1£1.0 AMPS f l'Ul.L. I.CAO Ill lllAT!!O P,I', 

!!XCITATIOH 1'11!1.D AMPS: WAX. MIN. 

EXCITATION FIE L.D 0 RM!!OSTAT 0 ,.IX!!O '!_OISTOR REQC. 

SUPPl.11!0 llY 

BEARING: TYPE l..UBR. 

l..Ulll!: 011. R!!OUIR!!C: GPM fl PSIG 

TOTAL. SHAl'T !!NO 1'1.0AT -- ·-
~l•UT CMO Pi.~ ... r Tv 

WOTOP ROTOR: 0 SOI.IC Ci SPl.IT 

IOOTOR HUB: 0 SOI.JD Ci SPl.IT 

l'OA T!!WAC Ill TEIGI' MOT'ORS: 

COOi.iNG WATER AEOO. GPW 

c.w. T!!WP, AISE ---... PlllESS. CROP PSI 

IAIAI IGASI AECO. __ SCFW Plll!!SS. WAINT, IN .... O 

CURVES R!!QO. BASEO OH MOTOR SATURATION f RATED VOi.TAG£: 

0 SPEED YI TORQU!! (Al.SO•-- 'l RAT!!D VOl.TAGEI 

0 SPE!!C •~ POW!!R l"ACTOA 

() Sl"l!:EC vs CURRENT 

WEICHTS (LBS): 

NET WEIGHT SHIPPING Wl!:IGHT 

ROTOR WEIGHT IOAX. !!RECTIOH WT. 

MAX. WAINT. WT. llO~HTIFY1 

01MEH510HS (F E!T &. lllC!iES~ 

I. • 14 
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GAS ENGi HE CAT A SHEET 

G.U EHGIH! CIAT A ACC:!SSOlllES 

PIA.TED HP _________ RATl!:D RPW ----------1 AIPI IHI.ET "11..TER: 0 ORY 0 OIL. BATH 

MODEL. 8 WEP __________ PSI WF'l'I. ---------- WOOEL. ------------; 

0 INTEGRAL. 0 SEP AR AT I!: EXHAUST SIL.EHCER: 

SOR!!: ---------IN. STROKE ______ IN. •FA. __________ MOOEL.------------; 

HO. POWER CYL.IHOERS _____ EHGINI!: CYCL.E.S -------1 0 HORIZOHT ~ 0 VERTICAL. 0 BOTTOW Qs10E 

FUl!:L RATE. L.HV BTU/BHP/HR 11 RATED L.OAO 0 HIGH 0 I.OW 

RPW: MAX·---------- lllM•-----------1 EXHAUST WAMIFOL.0: 0 WATERCOOL.EO 0 IHSUL..ATED 

POWER CYl.INOl!:R5' 0 WE'T 0 DRY TACMOWETER: 

01..1NED QuNL.INED 01t1.£c ___ ENCL 0MECH Qv1BR_REED 

QTu11aOCHARC£D OsuPEJICHARcED TACHOwP:TER RANGE------------------! 

0 I.OW.,. ~£•HA %ARD tCHIT ION 0 ST ANO ARO IGNITION FL Y'llHl!:EL. TURNUIU:; 8.AR ANO ST AMO: 

COVERt'Oll 
0 MAMUAI.. 0 AIR JACK AIR PSIG 

1------------------------------l D FULL•Fl..OW I.UBE OIL FILTER 
QcoNSTAHT sPe:ED Qv.t.RIABLE SPEED 

Rl!:SE'T BY: 0 PHEUWATIC SIGNAL 

0 l!:L.ECTRONIC SIGNAL. 

QllANUAL 

SPEED RANGE, RPM~~---- ,.AX,------- MIN, 

'UEL GAS SURGE ORUM BY: 

0 PURCHASER 0 ENGINE MFR, 

SIGNAL. RANGE, RPM MAX, ------

OH ·SIGNAL. 'AILUREVALVETO: QoPEN Oc1..osE 

MIN. RECOMMENCED VOL.UM£------------ CU. ,...,. , 

STARTING AIR COMPRESSOR BY: 

GOVERNOR MFR,------- TYPE ----------ID PURCHASER 0 ENGINE MFR. 

AECUL..ATION: 10EMAe1..A.Ss DRIVER: QwoTOR OGAS Oc.o.so1..1HE 
HO. REOUIR!!:D ______ CAPACITY _______ CFM 

WEICHTS AHO CllMEHSIOKS M~R·----------- MODEL.-----------~ 

1-----------------------------0 AUTOMATIC ST ART·STOP CONTROL. 

HE'T WGT•------------------------ STARTING AIR RECEIVER BY: 

WAX, ERECTION WGT, ----MAX. WA.INT. WGT, 0 PURCHASER 0 ~NGIN£ MFR, 

APPROX. "LOOR SPACI!:: LENGTH---------------1 HO. RECEIVERS-·---- 0 HORIZONTAL. 0 VERTICAL 

WIDTH --------------

HEIGHT----------------

RECEN!!:R CAPACITY ___ CU. l'T, PRESS. _____ PSIG 

MO. CONSECUTIVE STARTS ____ _ STARTS/HR.-----

AOOITIOHAL. DISTANCE TO REWOVE POWER ROOS CU. FT. P!!:R START 

AU Xll. l.AllY SY ST alS 

LI EHGIHE MFR. SHALL. FURNISH POillER CYL.IHOER COOLING W
0

ATER PIPING FROM A SINGLE INLET FL.ANGE TO A SINGLE OISCJo<ARGE 

FLANGE. 

SURGE T AHi(, e: NGIN£ JACKET c;:ooLER, CIRCULATING PUMP 9Y: 0 PURCHASER 

0 CIRCULATING WATC:R PUMP OR IV EH BY ENGINE SHAF'T 

C SEPARATELY WOUNTEC PUMP ANO OR IV ER SY: 0 PURCHASER 0 ENGINE WFR, 

0 ENGINE MFR, 

I.UBE OIL IHTERCONNECTING PIPING ANO FITTINGS SY: 0 PURCHASER LJ_EHGINE MFR, 

RalAll~~ ---------------------------------------------------1 
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r@ 
STEAM ENGINE OATA St-'.EET 

' 

ST!""' !MGIHE :>.i.T .i. ACC:l!UGll'!El 

RATED HP RATED RPM 0 SEPARATE TRIP.T"HROTTl..E V.tlt..VE 

MODEi.. NO. POWER CYLINDERS 0 REVOl..UTION COUNTER -
BORE IN, STROKE IN. .0 11'1..YWHEEI.. GUARD 

STEAM RATE I/BHP/HR. f FUl...L LOAD 0 11'1.. YWHEEI.. TURNING BAR-ST AHO: 

TYPE: 0 SIMPL.EX 0 DUPl..EX D MANUAi. 0 AIR JACK, AIR PSIC 

0 CROSS.COMPOUND 0 Al.I.. NECESSARY STEAM MANIFOl..D PIPIHC B ECIHHIHG AT 

RPM: MAX, MIN. THE HANO-OPERATED STEAM THROnL.E VAL.VE AHO COO. 

MATERIAi..: 0 CAST IROH 0 STEEi.. TIHUING THROUGH AL.I.. OT>1£R REOUIREC VALVES TO 

MAX. oll..l..OW, WORKINC r>REU. PSIG EAC:H STEAM CYl..IHOER 

MAX, Al..1..:lW, WORKING TEMP, F 0 GAGE BOARD WITH: 

COVERHOR 
0 LUSE OIL. PRESS. GAGE 

0 I.USE 011.. TEMP, GAGE 

QCOHSTANT,SPEEO 0 VARIABLE SPEED 0 STEAM IHI.ET PRESS. 

RESET BY: 0PNEUMATIC SICNAI.. 0 STEAM IHI.ET TEMP, 

Q El,.E;CTRONIC SIG HAL 

QWANUAI.. 

QSTEAM EXHAUST PR&:S&. 

Sr>E&:D RANCE, RPM MAX, NIN, 

SIGNAi. RANGE MAX, MIN, 

ON SIGN AL F All.URE VAL.VE TO: 0 OPEN 0 CLOSE 

GOVERNOR MFR, TYPE 

REGUl..olTION: N£ .. •CLASS 

WEIGHTS AHO OIMEHSIONS 

NET WGT, 

MAX, !:RECTION WCT, MAX. MAIHT. WGT. 

APPROX, FL.OOR SPACE: L.EHCTH 

WIDTH 

HEICHT 

ADDITIONAi.. DISTANCE TO 'IEMOVE POWE'> ROOS 

REJllARKS. 

·IM•wiGll:"fVNr ht fill in •I •.i•ai ... cl••) 
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POWfR VOLTS ---
CYCLES_____ PIUS[S -----· 
STEAM PS.I G. AT THROTTLE---
EXHAUST 

FAN OR BLOWER 

flOWSH([l HO 1----+--·- ----· ----- ____ __,,__ __ _, 
A. GAS * PL&Nf lQU" NO. 

CHARACTtRISTICS SERVICE 

I GAS * 

DATA SHEET 

E. BEARINGS 8 
WBRICATION 

fLOWIHU r NO. 

PU.NT [QUI,, NO. 

SERVICE 

SPECIFICATION HQ.------

8. M. NO 

--- ---- ·-··· --- ----- ------

--
.L~ ~ - ~!l __ !:A1!1. : ... 1 

()) __ ---- --·-·· --- ----1----1-----·- __ !~Ru~u~,AE-~~!~~~!,.DATU~~E!! ---- -·-- ---- ----· ----
] POUNDS PER HOUR *" 2 RADIAL. (SA.£. NO. ON FINAL DATA SHEET} · 
~f .. jr~ ___ '!..~.:.~~-@~-60°j,-; 14 1 Ps1A ___ ,__ __ -----.. ----+----1- T~usT~l""i•s: •tiio~[LoooB-oll.Nc:.I "'NGco•L•G. ---:~---- ---::--· ::__ 

~,__!.hQ! _ _!~~!' ___ •_f _________ *.;.....-f----f--·-1·----1--- --t---~---1 RADIAL ----- ---· ·- ·-----t----1-----1·--- t----i 
~:.£~!-!-~y:>w ___ TE~M __ P _______ *-'-+----1-----•--- -·--- _____ --·· A -··· .. B I c ... 

t;; ·f.r· ·f>ArsSi.mE'.s·---------• ---1-----1----·- ·--- --- -----
i 1 SUCllO"! ________________ * 
8 2 lnHFRfNTl~L ... .L_ 

---------· ---- ·-· --- ------
.~ . ·:.1S~HAAG~ _!__ __ _ 

~ C. C'PERATION 
.! ... ~Ho(' 1 [NC' AT __ .!JA.!l!i_G ______ !__ ·--- ---······ 

\;: ~- 8 H P ... ~T RATI'!~------·_!· ----·· -·-·-··-·· 
~ l. !'!0 I MPELl.[fl OIAM 

: ~' "''~- ~-HL r9~ !!'.o .. i_°M_P_D_IA ____ _, _____ ·· ~-~~ ~~~~--- .... 

··---1----

··---f--·---
-----1----·· --

-- ----t-·---·- --
--·-

.... -~- it p M. or FAN OR BLOWER 
"' !!. Af;M ··or-riillv_E_R __ · ______ ·T- --- --- ·---- ---·---if-----1--

0 TIP Sl'fED 

~ ~- ~1:~-~-Jr~;.J~~~~~-~-=_A-=_T-1_0-=_N-=_-=_c-~c-=_w-=_-=_-=_-=_-=_-=_-=_-=_-=_,·· .... -::::.=.· -=----_-- .=.-=.-=_-=_-=_=._-1>-i-_ _:::::::::::~~----_-_-_-_,-:_"" _-_-_ -_ ---1-1 

~ __ -~A~~~~ COUPU_~-'G-'E'-H-'D-'C'-W-----+----1-----l----+-----lf-----1---~ 
~ _!Q_llll~B[R or _S_T_A_G_E_s _______ *-+--·--t----t-----+-----1>-----+----1 

j D .. cONST RUCTION 8 MATERIAL 
ii: I. CASE MATERIAL * 

---···------ -- . - ----1----+----1----+----f----l 
-·-CON~~IJCT ION. UORIZ OR VERT SPLIT 

: 2. IMPELLER ··-· 
w 3-StiAFT. MATERiAL 

~ °!,-:- ~~iT: Q!~.~~r~c..fl::::::::::::::::::::::::::::::::::::::::::::::::_-f,_-_ ---------_-_;-1------_:-_ ----1-t--_ -_ -_ -_ -----t~~--_ -_ -_ -_ -~1--~-=--=--=--=--=.,..._-=.-=_-=.-=.-=.-=: 
~- HE XIBLE COUl'UHG 

o -~ourLiNG-GUAAD=--'~--------1-----1----11----l----+-----1e----1 
.... 1---·-··----

ul .!. .!I~~~- f'L~TE------------f----ll----+----+-----t----1----1 
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M•• Lh'•t.••pl••l•I 1S.1tul•1•11, 8le1•d. E1nuh•onl 

f\.t1o•flojfP.n~•.1luo_, 

Sp li• "' ""'""'IJ 1tm•~'"'"'e 
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PROJECT CO~!T.~IICATIO~!S 

1.0 SCOPE 

Project communications are defined as letters,cransmittals and teletype 
messages between the contraccural entities. The Breckinridge Project 
communication will be controlled as described ·in this specification. 

2. 0 cm1NUNICATIO'.>!S LOG 

2.1 All project communications co and from Bechtel must pass through the 
Document Control person or group assigned co the project cask force. 

2.2 Document Control will then ;nark the communications logs co show 
receipt or release, and obtain a preliminary file copy if approval 
is pending. 

2.3 Subcontractors shall maintain a similar log. 

3.0 IDE~'TIFICATION OF co~~!UNICATIONS 

3.1 Identification codes for communications consists of three parts: 

• Bechtel Job Numbers: 14222. 

• Alpha code for the sending and receiving companies as sec forth 
on sheet 2 of this specification. 

• A sequential number: Obtained from Project Document Control for 
Bechtel originated documents. 

3.2 E:rnmples of communication code numbers are as follow: 

• A letter from Bechtel co ASFI-14222-BA-l. 

• A teletype from ASFI to Bechtel-14222-XAB-l. 

• A transmittal from Bechtel co UOP-14Z22-TBUB-l. 

4. 0 DOCL':!ENT TRA..~SMITTAL FOR.'! 

A sample of the ?roject 
co chis specification. 
:ications, data sheets, 
Bechtel Subcontractors. 

.q1qn 

'-:'11) 

Engineering Document Transmittal tor.:i is attached 
This form shall be used to ·Eormallv transmit speci
drawings, studies, reports, etc, to ASFI and 
Subcontractors may use similar forms . 

/ 

AfSI TI!E 3ili:CKI:·:~IDGI: ::>ROJECT J02 :fl(). i "222 
U.S. DOE COOPE~TI VE .-'\GRE:E:-1:::;1 :\0. DE-FC05-BOOR207 l ·1-.;;~.;,t'"!.;;-..;:..-i_r_1..; r-._ ... _,_1_0_11_.,r ... ;l·_,_'1-f 

" PROJECT SPECIFICATION 14222_A-i~ PROJECT co:·!:!lc:ICA7IONS 
S14Ui' ___ , __ 
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ALPRA CODE FOR COM~ru:nCATION 

TELEGRA.l-!S AND 
FROM TO LETTERS TELETYPES 

BECHTEL ASFI BA-1 XBA-1 

ASFI BECHTEL AB-2 XAB-1 

BECHTEL UOP BU-1 XBU-1 

UOP BECHTEL UB-1 XUB-1 

BECHTEL AIR CO BR-1 XBR-1 

AIRCO BECHTEL RB-1 XRB-1 

BECHTEL TEXACO BT-1 XBT-1 

TEXACO BECHTEL· TB-1 XTD-1 

BECHTEL DAVY-~kKEE BD-1 . XBD-1 

DA VY. -ck KEE BECHTEL DB-1 XDB-1 

BECHEL BECHTEL BSB-1 XBSB-1 
( S. F.) (HOUSTON) 

S~P'iCATION 1110. 14~22-A.-LS 'ltt'IL ___ _ 

o: 

TRANSMITTALS 

TBA-1 

TAB-1 

TBU-1 

TUB-1 

TBR-1 

TRB-1 

TBT-1 

TTB-1 

TBD-1 

TDB-1 

TBSB-1 



PROJECT NOTES/CONFERENCE NOTES 

1.0 SCOPE 

1.1 This specification defines the procedures for recording discussions a~d 
decisions made in meetings or conferences. 

1.2 In addition to documenting actions and decisions, project notes/ 
conference notes will be used'to keep ASFI and Bechtel advised of 
project activities. 

1.3 Any decision which impacts budgets or schedules are not to be 
implemente<l as a result of agreement on the conference notes. Engi-. 
neering.Change Order Procedure as defined in Specification 14222-A-8 
is to be followed in this situation. 

2.0 RESPONSIBILITY 

2.1 Bechtel is responsible for development and issue ... of_ the Conference notes 
pertaining to all conferences in Bechtel offices. 

2.2 In offices of companies other than Bechtel, the host of that company 
will he responsible for the development and issue of the conference 
note. 

3.0 .PROCEDURE 

3.1 The sample form (H0-51092) attached shall be used by Bechtel for con
ference notes. Subcontractors may use their similar forms. 

3.2 The headings on the conference note form are self-explanatory. The 
action by column is extremely important. The name of the individual 
responsible for action must be entered in this column as well as the 
name of the company. 

3.3 The conference note number must oe entered on all sheets. The con
ference note is identified in three parts: 

o CN: Conference Note 

o The alpha designation used for communications (see Specification 
No. 14222-A-18). 

ASFI THE BRECKINRIDGE PROJECT AECI 
U.S. DOE COOPERATIVE ACREEi!ENT NO. DE-FC05-800R207i7 

PROJECT SPECIFICATION 
PRO H'r.T i·JOTF.S I rm,1Fr.:RENl.F NOTES 

JOO ldO. vl4222 
5 f"t C I F I CAT I ON 

14???-~-1 q I 
··SHUT _ __. __ OF _ __.3 __ _ 
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~ Sequential number. 
. 

Example: The·first conference note issued by Bechtel: CNB-1. 

The writer of the conference not:es shall obtain the·number from 
Project Document Control. 

3.4 The last page of the text shall bear.the writer's and typist initials 
in the lower left corner wi~h the date immediately below, signifying 
the end of the conference note. 

4.0 REVISIONS 

4.1 If revisions to any conference note is desired by ASFI, the original 
note shall be returned to Bechtel with the revisions written theron 1 
or appended to the note. 

4.2 Bechtel will revise the note and return to ASFI. 

4.3 The Conference Note· Log will reflect the receipt of comments, re
.submittal, and final issue. The log will be maintained by Proj.ect 
Document Control. 

5.0 DISTRIBUTION 

5.1 Distribution will be made by Project Document Control. 

llPICmCATIOfil;i.o. 14222-A-19 
·'-" 

ilft_ ..... __ _ ~--2 __ - .3 -----
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Conference Notes No. 

SC File No. . 
Correspondence Log No. 

Confirmation No. 

Meeting on 

Telephone Conversation 

Date of above 

Place 

Recorded by 

MINUTE 
NO. 

·~ ~. 

Purpose of Meeting: 

Attendees: 

Summary and Condusions: 

Action Items: 

·Distribution: ' 

-

' 

. 

BECHTEL 
CONFERENCE NOTES. 

Job No. 

Subject 

I I 
! I 

Date 

DESCRIPTION 

. 

-

H0·51092 19175) Specification No. 14222-A-19 Rev. 

Page 1 of __ 

ACTION BY 

' 

Sheet 3 of 3 



N 

"" N 

' 

1.0 
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DOCUMENT AND EQUIP~Yr NlP.!BERING 

SCOPE 

All project documents other than correspondence are to be numbered accor
ding to the system set forth below. (Correspondence numbering is defined 
in Specification 14222-A-18, Project Communications). Numbered project 
documents will include reports, schedules, and other official documents 
as shown in chis Procedure. 

Bechtel shall be contacted by subcontractor if there is any impact on 
budgets or .. schedules caused by these procedures. 

1..1 These official documents will be numbered: 

Document Tvpe 

Drawings 
Sketches 
Data Sheets 
Calculations 
Reports 
Studies 

* Specifications 
~terial Inquiries 
Schedules 

*·Specific Equipment and 

Document Identification 
Code 

(Dwg. Sheet Size) 
SK 
DS 
CA 
RE 
ST 
SP 
MI 
SC 

systems 

DOCUMENT NUMBERING SYSTEM 

2 .1 A typical document number 1vill contain four parts: 

2.2 

.a. Job Number 

b. Plant Number 

c. Drawing size/group letter designator (for drawings), or 
document identification ·code/group letter designatqr (for 
other than drawings). 

d. Sequence Number 

Overall project specifications (such as 14222-A-20) and general. 
Design specification (such as ·14222-C-1) will consist of Job 
Number, group letter designator and sequence number· 

~ ~~t"'-...,....~~....,..~~~~~~~~~~~~~~~~~~~~""T"~~T,~~""T'"~---t 

~ A L: '21 /<H ISSU''.l Tl) ·Jf=-''''" <::~;-rn·.1 ?'. .·C i'-f.r_.~· lz"'~_ .. .;;· 
t'\. .~::oo ISSL':O::J oOR ?"! .. '.SC: :: 00 ~0 1 ·~- ..::- .. o-.:i.. 

iAS?I 'i'I!E B~EG:I:::UDGE PROJECT AECI JOI "'°. ~"222 
,.;,s. DOE COOPE?-!..!I'.'E . .\G'.<.E:E:'.E:·:T :.;o. DE-FC05-800R207li ~r.i::~:C.l7IOIC 

pgQJEC'i' SPECIFICATION 

~lolfr'l" ___ , __ OF _..._-__ _ 
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2.2 
a. 

b. 

c. 

d. 

2.3 

Guides to ,project document numbering follow: 
The Breckinridge J~b number is 14222. This number is to be used 
on all documents as the first part of the document number. 

Whenever possible the plant ·number will be identified in the second 
part of the document nucber. See Specification 14222-A-6 for list 
of plant numbers. When particular documents cannot be identified 
with specific work area and/or work category·, zeros will be inserted 
in the second part of the document number. 

Drawing size or document identification code letters followed by 
group letter designator of the subject of the di)cument for the 
third part of the document number. Sheet 4 of this specification 
(Bechtel Standard Drawing A-501) sets forth the group letter 
designators. 

A sequentially assigned number for the group letter subject in the 
major work area and category. subject of the document forms the 
fourth and final part of the document numbers. 

The. following are illustrations of typical document numbers. 

DRA!·:er.s 14222 12 D L 7 ------
Job Number 

.. •• 
: I 
/I Plant Number 

(Use 00) for General Items 

.. .. t_ 
I I 

I I 

L I 

s·equence No. for Group Letter 
Designation 

Group Letter Designator per 
Sheet 4 (Bechtel Stand~rd 
Drawing A-501) 

Drawing Size per ·Specification 
14222..,A..,l.0 ,·.-Drawing ._Prep. and 
Microfilming 

This sample identifies Gasification and Purification Plant "D" Size 
Pipe Drawing Number 7. 

ALL OTHER DOCL1'1ENTS 

14222 12 s 
... •• 
I I I 

Ii Job Number ---~ 
l i 
I; 

!?lant •famber ! i 

(Use 00 for General Items) 

K 
... D 3 .. .. 

I L Sequence No. 'of Specialty 

i __ _ 
Group Lett~r ~esignator per 
Sheet 1 

'------- Document Identification Code 

This sample identifies Gasification and Purification Plant Vessel 
Sketch :-lumber 3. 

NOTE~ Only ~rawings have two letters in the third part (i.e, DL) of 
the document number. ~on-drawings can be identified bv three 
letters in the third part (i.e, SKD for vessel sketch): 

11n __ ,., __ _ 
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2. 4 EOlJIP!·!E:-.IT Nl':!B ERS 

2.5 

Equipment numbers for major equipment, used on drawings and in orders 
will conform to the Bechtel numbering s:,.si:en. Subcontractor's 
standard numbering should also ap!'ear on the documents. 

07 c 

• • • 

'-----------Equipnent Group Letter 
(see Drawing A-SOl, Sheet 4) 

.._~--~----------Plant Number (2 digits) 

Single train plant equipment numbers should begin with 100 series 
(i.e. for plant 07, 07C-101, 07C-102,etc.). 

Hulti train equipment numbers should begin with 100 series for the 
first train, 200 series for the second train, etc. (12C-101: 12C-201, 
are the same equipment in dit°ferent trains). 

Any equipment which is "common" to tr.iins is to have numbers 
beginning with 001 series.(12C-001, 12C-002 etc). 

Similar equipment in identical service, operating as a unit in 
series or parallel, or as a spare, shall have identical equipment 
numbers followed by an alphabetical suffix unique to each piece of 
equipment. (3 exchangers in Plant 02 operating in series should 
be identified as 02E-112A, 02E-112B, 02E-112C) . 

After drawings are started and equipment numbers assigned, the 
previously assigned equipment numbers will not be changed to ac
co=odate added. equipment. Use the next open number in the series 
under the appropria"te group letter for the plant concerned. 

If a piece of equipment has been deleter\ from the project or from 
a plant, the equipment number shall not be reused. 

In the event that a piece of equipment is moved from one plant to 
another, delete the equipment from the original plant listing and 
add it as a new piece of ~quiprnent under the other plant listing, 
with appropriate cross-references. Do not change an equipment 
number within a plant after original assignment of equipment numbers. 

nSTRffi·IT::·TT ~lt:·!BERS 

Instrument identification nui:!oers and s:."l!lbols used on drawin:;s 
and orders will conform to Bechtel standard practice as shown on 
Drawings J-G-0101, -0103, and -0104. See Project Specification 
14222-A-l, Basic Insi:ruction for P&ID Development. 

sPEc1F1cA1ro" No. l~'.'.zz-.~.-zo REV.------ SHEET-....;;:.3--._ 
OF ___ .., __ _ 
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GRllUI' 
GEllERAL 

PROCESS 

COLIJHllS ANO 
PRlSSURE VESSELS 

TANKS 

EXCllAllGERS 

F IREU llEATERS 

PUHPS ANO DRIVERS 

VAC UUH E QIJ ll'HEHT 

OESCR I Pf ION 
Plol Plans, Pl.I Uia.1n1111s, Haps, Basic Enylneerlny 
Oesiyn Dilta Sheets, Indexes. 

Process Oeslyn, flow Olaurams, Data Sheets, etc. 

All press11re vessels of any pressure desl91led In 
acc1JnJance with lhe ASHE code, This Includes to"•ers 
columns, red..:.tors, rt:yencrators, spheres, drums, etc., 
Including trays, liners, llnlng, pact..lng, Internals 
and appurtenances. 

Al I storaye vessels other than ASHE code ·1essels. 
lncl11dt:s API atniospherl~ or luw pressure stor~ge tanks 1 

bins, spheroids, huppers, sl los, etc., 
lncludi11y Internals and appurtenances. 

UcaL transfer equipment such as tubular eJ11chanyers, 
cunt.lt:nscrs, evapuraLors, rcbul lers, coolers, fin-fan 
coolers and cuollny tuwt:rs; excludes fired heaters. 

FlreJ heaters, furnaces, ovens 1 boilers, fired kl Ins 
and driers, incl·t1dl11'.J superl1t:alcrs, fllr preheaters, 
tubes, headers, scltinys, burners, stacks, flues, 
draft fans and drivers associated with heaters, 
Includes flare stacks and framework, Incinerators. 

Includes all pumps and their drivers. 

Vacuum pumps, ejectors and other vacuum producing appa
ratus. Includes drivers and Integral auxl 1 iary equ.lpmcnt, 

INSTl\UHENTS Al I Instruments and cuntrol equipment (except electric 
power swltchlwan.ls, CC•ntrols and mcter5) 1 Including 
safety (rel lcf) v..:a lvcs, mcflsurln9 devices, control lerS, 
control valves, Indicators, slyht glasses, alarms, 
Instrument panels, flttinys, control sl9nal pneumatic 
t11bl11~ 1 air plpln;., and filters, and wlnterlzatlon of 
ins trumcntat ion. 

COMPRESSORS & OR IVERS C<•nprcssors, blowers, fans and the Ir dr Ivers. 

PIPING 

STRUCTURES 

lllSULAT ION 

ElECTR ICAL 

Al I process and utl 11 ty plpiny(e.cept the fol lowin9 covered 
else>ihere: sewer and dralna9e plpln9(S Group); bul IJlng 
plrnubiny, heatln~1. vcnlilatln9 and air condltluning(R Gruui:); 
Instrument plplnq anti lubln~(J Group); column and vcs<."I 
lnternals(C or 0 Group); and lnte9ral plpln9 on pumps 
or compressors, etc., (G ur_IK Group) 

All steel, concrete, maso11rv, wood ur other structures uxcept 
bul lt.lln~1s. Includes bdd~JCS, pipe stanchions, platf<Jrms, 
stairs. ladders, condul t racks. 

Tl1ermul Insulation of plpln~. vessels, tanks and equipment, 
also flrcprooflncJ of vessel skirts., legs, supports anc..I 
structures. 

All electrical equipment and matcrl~I (except process lnotru

mentatlon covered under J Gruup). Includes generators 

and drivers, motor controls. swltdi!:Jcar, transformers, 

•:,.,.,. 11 i 0·:11 '••II Mu. ''· "'"'"-'-1\.-:>o 
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GROUP 
ELECTRICAL 
(cont I nued) 

FOUNOAT IONS 

BUILDINGS 

SITE IHPROVEHENTS 

HATER IAL llANOLING 
EQUIPMENT 

EXPENDABLES 

PACKAGE UN I TS 

\IELO I NG & METAL 
PROCtsS I NG 

PAINTING 

PROCESSING 

llATER & llASTE 
TREATMENT 

converters, rectifiers, -trans1nlsslon and distribution, 
cournunlcatlon ~ystems, ll9htln~ 1 9roundiny 1 al I necessary 
wire and conduit, cathodic protection. for equipment 
num~erlng refer to Std, Owg. P-AIOI. 

All foundations For bulldlngs, structures or equipment. 
Includes pllln~. ground floor slabs, trc11ches 1 pits, basins 
and associated earthwork, sol ls surveys. 

All permanent buildings above their foundations and fioorslab. 
Includes all Integral permanently Installed equipment, 
elevators, {>lurnblny, piping, heating, vent I la ting and air 
conditioning and .painting. 

Includes clearin9 1 grubbing, grading, fencl119, signs, ral 1-
roads, roads, walks, paving, parking areas, landscaping, 
sewers and dralna9e systems, topographic surveys. 

Bucket elevator, corlveyors, cranes. hoists, chutes, feeders, 
weighing devices and hoppers, scales, packaylng devices. 

Chemicals, catalysts, refrigerants, etc. 

Includes Integral "package" units, such as air-driers, 
refrigeration systems, etc., where applicable. 

lleldlng, casting and other metal processlny specifications. 

All paint and thinner for plant wlLh exception of bull<.li119s. 

Crushers, pulvcrlzers, blenders, screens, separators, 
cyclones, fl hers, centrifuges, mixers, yrluders, dryers, 
extruders and fimll.ir machinery Including Jrivcrs. 

All equipment intended specifically fur treatment of 
water for general supp·ly, coolln9 water, boiler feed water, 
etc., or for treatment ·of waste water fur pollution control. 
Includes clarlflcrs., reactors, Ion exchan~1c equipment, chemlca 
feeders, mixers, agitators, storage hoppers, liquid filters, 
settlers, cycle tinier and specialty controls. 

k-jote: for a more de ta I led 
description, refer tu 
the Refi11ery and Chemical 
Standard Code of Account\ •. 

Reference~ Standard Drawing A-506 
Numberlny Drawings and 
Documents. · 

See Spct·lfd1·atlun 14222-A-10, 1Jn1wln:'. 

l'rcp. mu.I ~ll1·rofllml11~ for lllle 
hltwk for ~he Uret:klnrltl~t: ProJct·t. _.,. 

BECHTEL 
SAN FRANCISCO 

EllGINHRll.& Slll1'0ARO 

REFINERY & Cl EHICllL DIVISION 

GROUP LETTERS FOR IJl\AllH;;; llllJEXES 
ANO HA HR IAL REQUISITIONS 

Joa"•· D•AWIMI M•. 

STAIWARO A-SOI 
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DESIGN CALCULATIONS PROCEDURE 

1.0 SCOPE 

1.1 This procedure defines the methods used for preparing, checking, 
reviewing, controlling, and retaining engineering calculations. This 
procedure shall be used by all disciplines in Engineering for calcu
lations prepared for project use. Subcontractors must keep similar 
control but may use own forms. 

1.2 Confidential and secret documents are to be prepared as shown in this 
procedure. However, distribution will conform with the subcontract 
and project specifica.tion 14222-A-16, Procedure for Confidential and 
Secret Documents. 

2.0 PREPARING CALCL'LATIONS 

"' I 
:'°" I 

2.1 Generally, each calculation shall list the basic criteria; these 
include design assumptions, applicable codes, standards, and references. 
Major equation sources shall also be listed. The source or derivation 
of all uncoannon equations shall be shown when they are incroduced into· 
the calculations. 

2.2 Design assumptions shall be cle~rly stated so that they may be under
stood by the checker and in the event it becomes necessary to revise 
calculations or to make them available to outside parties. 

2.3 Established design criteria and previously developed and approved 
designs, methods, and solutions should be used as guidelines, and 
identified as to source. The applicability of exiscing soiucions to 
new problems will be determined before such design mechods or solutions 
are adopted. 

2.4 Calculations shall be orderly and comple~e. with enough sketches and 
notes so that the work can be understood. Diagrams indicating data 
(such as loads, flows, voltages, and dimensions) shall be included 
along with adequate freehand sketches of all imporcant details not 
considered standard. 

2.5 A calcuiacion cover sheet shall be ~repared by the orig~nating 
engineer before calculations arc submitted for checking and review. 
Sheet 5 hereof is the :orm to be used as the cover sheet for major 
calculations. The cover· sheet shall show the project title.job nu~ber, 
file number,discipline,calcul.:itinn number,calculation title.,,;ubject, 
brief statement of the problem,sourc~s of data,sources of for:nulas 
and references, intended use of calculation (final design,preli..':!inary 

/'\I ::.;so ~SSt:E:::: ?OR . .i.? 0 3.0'.'AL 

. .i.sn TRE 3?,EG:r:·:RIDGE PRO.JECT AECI .. J ... o_._*'.,..· ..... 1-... '· ,.2-... - ... 2.,....._or-!!1""1 
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design, etc.), revision number and date, originator's name, checker's 
name and date, and approval signature and date. The names of all 
engineers and checkers who have made and checked any part of the 
calculations shall also be listed. 

2.6 Calculations, excepting computer calculations, shall be made on 
Bechtel standed calculation sheets of which sheet 6 here of is a 
samp~e. The heading of each sheet in the set of calculation shall 
be completely filled in with the date, designer.'s name, checker's 
name, calculation and sheet number, file number, project title, 
job number, and subjec.t of calculation. 

2. 7 When c·alculations are based upon preliminary data for early 
implementation of the work, such calculations shall be subjected to 
the complete review procedure, and the responsible lead engineer 
shall assure a final calculation check is made as soon as final input 
data are available. 

2.8 All calculations involving computer printouts shall have an 
accompanying calcui'ation. package containing the appropriate infor
mation as outlined above·. In case of. unmanageable volume, computer 
calculations shall be prepared as a separate document available for 
checking and review, as required. 

2.9 Project originated computer programs shall have a flow diagram, 
sample calculation, and complete descrip~~~n of the program. In 
those cases where a sample calculation is not practical, other 
acceptable verification shall be-used. 

2 .10 The calculation package for a standard comput.er ·program, or .. one from 
outside the project, shall consist of a completed cover sheet, and a 
complete outline of the problem, including sketches, if applicable. 
The user's manual is the prime source of information. 

3.0 CHECKING 

All engineering design calculations shall be checked by an engineer who has a 
level of design qualifications senior to that required to.originate the 
calculation. The checker shall not be the originator of the calculations. 

After verifying the basis of a calculation, the checker has the option of 
performing a mathematical check or verifying the calculation by an 
alternate means. Approximation methods may be adequate for checking. 

3.1 Checker Resoonsibilities 

The checker shall be responsible for the following activities: 

3.1. l Checking calculations against the design drawings to verify 
whether they conform with specified configurations, dimensions, 
and materials. · 

SPC:l,IC4TICCI lfO. __ :_· --·· --'-2_2_-_~---_1_,l...__ 
mn ____ _ 
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].l.2 Checking calculations for assumptions, analytical methods, 
math~matical accuracy, completeness, compliance with design 
criteria, and the adequacy of design. 

3.1.J Initialing and dating each page of the original calculations 
aftei they are completely checked and all necessary corrections 
and additions have been made, or attach in~tialled alternate 
calculations, if used. 

3.1.4 Sign-off cover sheet. 

3. 2 Comnuter Calculations Checking Resnons'ibilities 

The checker shall assure that the following actions are taken for 
checking computer calculations: 

3.Z;l Check the calculation package accompanying the computer printout 
checked in accordance with these procedures. 

3.2.2 For project originated computer programs, check the computer 
listing for assumptions, program theory, compliance with the 
flow diagram, and overall correctness. 

3. 2. J For standard computer p·rograms, check to assure applicability 
of the program and assumptions made. 

J.2.4 Regardless of the computer programs used, check all input data 
for correctness, as well as the application of output data. 

3.2.5 Provide checker sign-off on cover sheet. 

4.0 REVIEW AND APPROVAL 

Calculations that are the basis for establishing design criteria, 
dimensions, or other major parameters shall be checked and submitted to the 
Lead Discipline Engineei for review and approval in accordance with this 

procedure. Sheet 7 here of depicts the ~alculation flow chart. 

The Lead Discipline Engineer shall review all design calculations prepared 
by his group for technical adequacy and conformance with design require
ments. The Chief Engineer or his delegated staff personnel shall review 
calculations as requested by prpject, or when the Chief Engineer elects to 
review specific calculations. Such calculations shall be subject to 
approval by the Chief Engineer. Preliminary calculations shall be reviewed 
and initialed by the Lead Discipline Engineer and shall clearly be marked 
"PRELIMINARY". . 

7 5. 0 REVISIONS 

For revisions to calculations, including superseding calculations, the same 
checking procedure shall be used for the revised calculations as for the 
original calculations. All parts of the complete calculation which are 
dependent upon the revision, shall be checked and the complete original 
calculation shall be reviewed to determine which parts are de9endent. It 
is not necessary to recheck parts which are independent of the revision. 
Results of calculations revisions shall be made known to others who may 
be affected. 

1~222- . .:..-21 
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6 . 0 RETENTION 

An index shall be initiated and maintained by the Engineering Supervisor 
for each discipline. A sample is attached as Sheet 8. 

The originals of the design calculations for each discipline shall be 
kept in calculation binders in ~ach discipline's files .which serve as the 
master project calculation file for reference and for audit. Calcu
lations shall be separated into groups: Preliminary, Final, and Super-

. seci~ci. 

A copy oi appropriate calculations shall be filed in the project area 
files. 

Pertinent consultant and supplier calculations, designs, data, and all · 
checks performed, sha~l be kept in the appropriate area technica! file. 

Computer printouts should be .cross-referenced to their corresponding 
calculation package, and printouts shall be labeled and filed ·in the 
same manner as the hand calculations .. 

Calculations and computer printouts shall not be .removed from their binder 
except whe~ they are revised or reproduced. When calculation binders are 
removed from files, an "OUT" card shall be inserted in their place 
indicating what calculations were removed, when, and by whom. 

an._ ...... __ _ 
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CALCULATION COVER SHEET 

fiJJ . CALC. NO . 

BECHTEL INCORPORATED NO. OF SHEETS DISCIPLINE 

TITLE: 

SUBJECT: 

STATEMENT OF PROBLEMS: 
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PRELIMINARY CALC. 0 FINAL CALC. 0 SUPERSEDES CALC. NO. 
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REV. 
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REVISION NO. 

DATE 
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DATE APPROVED av DATE 
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1.0 SCOPE 

CLIENT REVIHJ & APPROVAL OF 

PHASE ZERO DELIVERABLES 

1.1 This specification establishes the procedure for processing 
Phase Zero Deliverables which are listed in Aoreement rlo. BC--01. 
between ASFI and Bechtel as well as those items indicated on 
the Distribution of Documents Matrix which require ASFI 
approval. 

2.D PROCEDURE 

2.1 Two types of submissions shall be made for drawings and 
specifications: 

• Issue for Review and Approval 

• Issue for Phase Zero 

2.1.1 The drawing or specification shall be delivered tD Bechtel 
Document Control (DC). DC shall enter it into the loo 
and deliver prints to the Client Project Director (CPD). 
Prints shall be marked "ISSUE FOR REVIE\4 & APPROVAL". 

2.1.2 CPD returns one signed. approved print marked with 
corrments ._ if. any, to the Bechte 1 Project Manager ( BPM) 
within ten (10) working days. BPM forwards print to 
DC who enters it into the log. 

2.1.3 DC shall refer the conrnents to the designated Project 
Engineer who shall resolve them. 

2.1.4 After -resolution of corrments and drawing or specification 
updating, it shall be delivered to· DC. ·Dc shall obtain the 
initials of the following~ apolicabl~ on the original. 

• Bechtel Discipline or Project Engineer 
• Bechtel Project Engineering Manager 
• Bechtel Project Manager 
and one of the following: 

• Client Project Director 
• Client Project Manager 
• Client Project Engineering Manager 
• Client Process Engineering Manager 

..\5?1 :EE 52..S~;::xa:JGl:: ?~U.J~>:.:: A~CI 
c. s. DOC: C01)':'EK .. .\.iT."E .. '.<~&:;:~::..::-:T :':c. ::C- rCOS-300R20i l; 

?ROJECT SPECirICATIO~ 
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Full distribution shall then be made in accordance with the 
Distribution of Documents Matrix and the prints shall be 
marked "ISSUE FOR PHASE ZERO". 

2.2 One submission shall be made for documents other than drawings 
and specifications: 

• Issue for Phase Zero 

2.2.l The document shall be delivered to DC who shall enter 
it into the log and deliver prints to CPD. Prints 
shall be marked "ISSUE FOR PHASE ZERO" and full internal 

·distribution shall be made in accordance with the 
Distribution of Documents Matrix. 

2.2.2 Should CPD have any corranents, one signed print marked 
with such comments will be returned to BPM within ten 
( 10) working days. Otherwise, the documents .wil i stand 
as issued.· BPM forwards received prints to DC who enters 
them into the log. 

2.2.3 DC shall refer any prints received with cormients to the 
designated Project Engineer who shall resolve them. 

2.2.4 Afte~ the elap~e of ten (1.0) wo~king days following 
document issue and/or after resolution of comments. and 
document updating and return to DC: DC shall obtain the 
the initials of the following~ applicable on the original. 

• Bechtel Discipline or Project Engineer 

ct Bechte 1 Project Engineering Manager 

• Bechtel Project Manager 

and one of the following: 

• Client Project Director 

• Client Project Manager 

• Client Project Engineering Manager 

• Client Process Engineering Manager 

No further distribution shall be made internally pending 
assembly of the Deliverable Report Drafts. Full distribution 
shall be made for ASFI in accordance with the Distribution 
of Documents Matrix. 
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I. GENER.AL 

I.I This spe<:ific:ation c:overs the m1n1.mum requirements for the design, 
fabric:ation, inspec:tion and ·c:ertific:ation of c:arbon and low-alloy 
stee.1 pressure vessels with she I I thic:knesses less than 2''. 

& 1.2 For field-fabricated and/or high-alloy clad pressure vessels, the 
requirements of Specificiations 14222-C-5 and 14222-C-6, respec
tively, shall supplement the requirements of this specification. 

2. COOES, REGULATIONS ANO STANOARDS 

2.1 All design and c:onstl"'\Jc:tion shall be in acc:ordanc:e with the ASME 
Code Section VI I I, Division I, and with al I local regulatory 
requirements. 

2.2 .The appl ic:able ·ASME Code Section VI 11, Division I, shal I be that 
c:urrent at the date of purc:hase and shal I inc:lude al I Addenda 
c:urrent at that date. In this specific:ation, Division I means ASHE 

·Code Sec: ti on VI I I , Division I • 

2.3 Unless otherwise specified or·approved by the Buyer, ASME Code s·tamped 
vessels are required. 

2.4 The standard drawings as listed and attac:hed to Standard Drawing 
Index C-500 shall be c:omplied with as applicable and as speeified on 
the Buyer's vessel drawings. 

3. SELLER'S RESPONSIBILITY 

J.1 Seller shall assume complete responsibility for the design and 
c:onstruction of the vesse·ls and their integral components, and 
shall c:onsider thic:knesses shown on the Buyer's vessel drawings as 
minimum.design requirements. 

3.2 

3.3 

3.4 

Seller shall apply For and obtain all nec:ess.:iry.approval of his 
design and c:onstruction From the local Regulatory Authorities, 
as appropriate. 

Should .c:onf.lict oc.c:ur between Buyer's specifications and drawings 
or attachments, it shall be the responsibility of the Seller to call 
Buyer's attention to the conflict and request a Tut ing or iriter
pretatlon from the Buyer. The Seller is not at I iberty to assume 
which instruction would govern. 

Buyer's. review of Seller's drawings, or l"'elease of vessel fol"' 
shipment by the Buyer's inspector, shall in no w.ay relieve the 
Seller of the responsibility for c:omplying with al I the requil"'e
ments of the purchase· document. 

IJ'J. __ z __ 2 a 
SIUT---- O' -----



4. BUYER'S RESPONSIBILITY 

4.( Buyer will provide basic: configuration, service data and design 
requirements for each vessel. 

4.2 The revision block on the drawings prepared by the Buyer w·il I show 
the extent of release for Seller's work, e.g. quotations, materials 
ccnmitment, construction, etc:. 

5. DESIGN 

5.1 All vessels shall be designed for th.e pressure and temperature 
specified, and for dead loads, lateral loads and all other appl i
cab 1 e I oads • 

5.2 For vertical vessels and vessel supports, the Seller shal I make a 
design check for the condition of vessels shut-down and empty com
bined with the specified wind load. 

5.3 Al I vessels and vessel supports shal I be designed for the con
dition of vessels full of water cc:mbined with 2,k wind load. 

S.4 For large, thin-wall vessels, the Seller shal I make a design 
c:hec:k. and, if necessary, prov i·de add it i ona I st i f'fen i ng to pre vent 
sh~ll distortion during fabrication, heat treatment, hydrotesting 
or shipment. 

& 5.5 All vessels subject to steam out will be designed for~at.least 
50 psig or full vacuum, whichever is more severe. 

6. SELLER'S ORAYINGS ANO DATA 

6.1 Seller shall comply with the requirements of Specification C-R. 
and furnish al 1 applicable drawings, welding procedure specifica
tions wrth procedure qualification re.cords, all other documents called 
for, and by such date as to enable the Buyer to review and c:omrttent on 
the Seller's proposals, and resolve conflicts, without delaying the 
Seller's schedule. · 

6.2 Mill and shop material test reports (shOlfling C:0"1pliance with the 
requi·rements of paras. 7.4, 7.6, and 7.72 a!> appropriate). shall 
be presented to the Buyer's. inspector for review. 

7. MATERIALS OF CONSTRUCT ION 

7.1 ~ritten approval for use of any materials other than specified on the 
Buyer's vessel drawings must be obtained. fran t.he Buyer- prior to any 
detailing or .fabrication, and preferably at the time of Seller's pr.o
posal. 

7.2 The requirements of paragraph UG-B5 of Division I sha.11 be adhered co 
in all Division I constructions. Except for the exemptions al lowed by 
para. UCS-BS of Div. I, all test spec'mens shall be taken from sample 
coupons which shall be given Buyer approved simulated heat treatment 
equivalent to the maximum heat treatments which the vessel or its 
components can receive, including such neat treat~ents applied at the 
material manuf~cturer's mi 1 I and any applied by the ve5sel manufacturer 
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during fabrication. Heat treacment in this context shal I be con
sidered as any heating operation which results in the material being 
tempered or in residual st.resses being relieved, i.e., the IT'aterial 
properties are changed. 

7.3 All material substitutions shall meet the standards of quality required 
by this specification and Division I, and shall have properties adequate 
for the design conditions of the vessels. 

7.3.l. Substitute materials with other than ASME designations shall 
· requi~ ccmplete chemical and mechanical properties of the 
material to be furnished at the time of proposal. 

7.4 lmoact Tests (Cv) On Base Materials 

Unless othel"Wise specified by the Buyer 1 s drawings or documents, im
pac::t test ~quirements for all carbon and low-alloy steel materials 
shall be in acc=rdancc with the requirements of Division I, and the 
fol lowing: 

7 .4.-2 

7.4...3 

Impact tests shall be done at a te'"J)erature no higher than the 
minimum design tempera.cure for the vessel. 

Lateral expansion values shal I not be less than 15 mi Is for all 
materials. 

All impact test results shall ·be reported in the material 
suppliers' certified test reports. Percent shear shall be 
reported for information only. 

7.5 Welds shal I have an acfoal ultimate tensile strength at room tem
perature and in the final condition, ·including any specified heat 
treatment, within the specification range of the we·aker of tne base' 
m~terials joined. 

7.6 The actual maximl.llTI room temperature strength of all high-strength 
materials (i.e., when specification tensile strength may exceed 
100,000 psi) and welds in their final condition shal I not exceed 
the fol lowing: 

Vie Id Strength 
Ultimate tensile strength 

• 5l0,000 psi 
• 125, 000 psi 

7.7 Materials of ConstMJction for Vessels in Severe Serviee (Hydrogen 
(H2), Hydrogen Sulfide (H2S),.Cyanide (CN), Hydrofluoric Acid (HF) 
or as otherwise specified on the Buyer's vessel drawings). . . 

7.7.l All welding procedure details shall be selected to minimize 
areas and points of hardness in deposited welds and neat
affected zones in their final condition. 

7 •• 7 .• i- The aetual maximum room temperature strength of all specified 
or proposed base materials and welds, in their final condition; 
shall not ex~ed. 

Yield Strength • 
Ultimate tensile strength• 

70,000 psi 
95,000 psi 

7.S Casting materials shall not be used without Buyer's approval • 

l"Cme&TIH as. i4222-C-l 
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7.9 ·For external attac:hments (non-pressure-retaining parts), any Division 
approved carbon steel may be used for· any lo...,.;alloy steel vessels 
provided that the weld metal joining the parts to suc:h vessels is of 
the same c:hemic:al c:cmposition as the vessel base material. 

7.10 Unless otherwise spec:ified, material for external bolts shall be SA-193 
Grade 87 for design temperatures from• S0°F to 8S0°F, and Grade Blo 
above 8S0°F. Material for nuts shall be SA-194 Grade 2H. 

8. FABRICATION REQUIREMENTS 

8.T Wielding 

8 •. 1. 2 

8.l.3 

All welding shall be in accordance with Division l, Specifica
tion 14222-W-l, and these requirements; for post-weld heat
treated vessels, welding shall be completed before applying 
the final .heat treatment. 

All welding .Procedure details .. sha1l._be s.elected to minimize 
areas and points of hardness in deposited welds and heat
affected zones in their final condition. Brinell hardness of 
completed welds shall satisfy requirements of Spec. 14222-W-l. 

Seller's welding procedure specifications, including quali-
fication·records, shall be submitted for approval per Spec-
ification 14222-C-8. 

8,l.4 Whenever possible, all weld seams sha1·1 be located seas to permit 
adequate and proper inspection and repair. Weld seams that wi 11 
be partially or wholly covered shall be 100% radiograpned for the 
length of the weld to be covered, plus 3" at ecic:h end, prior to 
c:overing the weld. This radiograph requirement dces not apply 
to pltite brackets, etc:., 111 and less in thic:kness installed on 
edge transverse to a weld seam. 

8.2 Weld Procedure Qualification (WPQ) 

8.2.l· lmoac:t Testina of Welds and Heat - Ai'fec:ted Zones (HAZ's) 

8.r.r .. 1 W~n impac:t. testing of base materials is spec:ified, 
a.11 WPQ. and produc:tion test plates shall have weld 
metal and HAZ' s impac:t tested. lmpac:t t~sts of the 
base materials used in the WPQ.'s are not required. 
However, base materials used in WPQ's shall c:omply 
with the same·material spec:ifications as required for 
the actual c:onstruc:tion, including supplementary 
requirements of the spec:ific:ations and drawings, but 
they need not be taken from the material heats to be 
used in the c:onstruc:tion. 

8.2.1.2 Basic: test requirements, including any required heat 
treatment of impac:t spec:imen coupons, impac:t temper• 
ature, required minimum impac:t data to be reported, 
shall be as spec:ified for base materials (See pa~a. 
7 .4) • 
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8.2.t All-Weld-Metal Tensile Tests 

For. vessels in severe service or utilizing high-strength materials 
(see para. 7.6 and 7.7), WPQ 1 s shall include room temperature 
all-weld-metal tensile tests. 

8. 2 .-.3 WPQ. Reeor·ds 

WPQ. Records shall show c:cmpl ianc:e with the mechanical, and impact 
properties called for in paras. 7.7, 8.21, and 8.22 as appropriate, 
for ...eld metal and HAZ's. Reeords shall also shew all heat
treating times and temperatures, full detai_ls of welding, including 
voltage, amperage, and travel speed. 

8.3 Heat Treatment 

8.3.l Unless a higher temperature is specified, postweld heat treat
ment (PWHT) sha11 be in accordance with Divis1cni-T and Speci
fication 14222-W-l. 

g·~ 3/2 When PWHT is requl red by Code, or is spec: i fi ed on the Buyer• s 
vessel drawings, it is the Buyer1 s intention that the complete 
vessel shall be postweld heat treated in one piece in a fur-nac:e. 
Any exceptions shall be clearly stated in the Sel ler 1 s bid and 
be subject to Buyer•.s prior review and approval. 

e.3-3 Cold fonned one-pieee heads and toric:onic:al transition ~~c:tions 
shall be heat-treated in accordance with para. uw-4o of Division 1 
when the plate used to form such s~ction exceeds t inch thickness. 

!3.3 • .4 All finished machined and threaded surfaces shall be protected 
ag~inst oxidation during heat treatment. 

8.4 Reoai rs 

Any repairs required after final P'WHT or after the hydrostatic: test 
shall be described in detail and submitted, together with the Seller's 

.proposal for subsequent examination, ?\./HT and testing. for Buyer's· 
acproval before orodeedin9 with such reoairs. All r"eoair'S shall co~oly 
with Division 1· requirements and shal 1 be examined in ac:c:ordanc:e wi·ch 
the requirements of this specification. 

8.5 Tolerances 

8.6 

Fabrication tolerances shal I be such as to permit proper installation 
and function of the internals. Minimum tolerance requirements snail be 
in accordance with Division 1, the Buyer's vessel drawings, Standard 
Drawing c·-515, and Buyer's specifications. 

Nameolates 

In addition to the data required by Division I, all nameplates shall in
clude Buyer's vessel ·identification number. Nameplates shall be 18-8 
stainless steel and permanently a·ctac:hed to a suitable bracket with 
adequate projection to prevent nameplate being covered by insulation . 

llPitlllPll&TJH mo. 14222-C-l 2 an. ___ _ .sun __ 6 ___ o, ____ a __ 



... 
• .. 
• • • .. 

9. INSPECTION, EXAMINATION, ANO TESTING 

9.1 General lnscection 

9.i.~ In addition to Division I inspection, Sel 1er 1 s work and al I 
sub-vendors' work shall be subject to inspection by the Buyer 
and the user. Personnel representing either of these parties 
shall be granted ac:r:=ss to all areas of the Seller's and his 
sub-venc!crs' plant(s) concerned with the production, inspection 
examination, and testing of the vessels and related components. 
Seller shall be responsible for imposing all pertinent require
ments of the purchase document on all of his sub-vendors in
cluding written notice on his purchase order to sub-vendors 
indicating .that their work is subject to Buyer and user in
spection. 

9;l;i: When specified, Buyer's inspector will request the Seller 
to make hardness readings in·accordance with Specification 
14222-W-1 at various locations on applicabl~ .. cqnstructions 
to verify compliance with the requfrements: 'These ·readings 
must be witnessed and approved'by·the·suyer 1 s·tnspector 
for acceptance of the vessel. 

9.1.3 An ASME Manufac:turer•s Data Report will be required for each 
vessel unless spec:ifical ly waived in the purchase document. 

9.2. Radioqrachic Examination (RT) 

Radiography shall be in accordance with Specification 14222-W-1, 
and for acceptance shall be made at a·:late stage of· fabrication 
but prior to any final PWHT, 

9.3 Maqnetlc Particle Examination (MT) 

When specified,·magnetic·particle examination shall be in accor
~ance with Specification 14222-W-1. 

9.4 Liauid ~netrant Examination (PT) 

Liquid penetrant examination of high-alloy overlay welding shall 
be in accordance with the requirements of Specification 14222•C-6. 

9.5 Weld Samolina 

When the ·vessel base material .is other than a P-1 material or when 
high-ailoy clad base material is specified,. samples of deposited weld 
metal shall be taken in accordance with Specification 14222~C-2. 

9.6 Hydrostatic Test 

9'_._6 •. 1 Testing shall confonn to para. UG-99 (c) Division 1. Test 
pressure shall be as specified and the pressure on any section 
shall not exceed 1.75 times the maximum allowable pressure new, 
at test temperature, except for field-fabricated vessels, see 
Specification 14222-C-5 • 
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. 9.6.2 The minlmun metal temperature throughout the hydrotest shall be 
established by the Se! !er to ensure the safety of the vessel, 
but shall not be less than the higher of: 

. i) rii. miniml,!D'I design temperature $pecified on the 
vessel drawing. 

b) The Impact test temperature, where the base material 
and welds of the vessel are required to be impact 
tested. 

d) Code requirement. 

9.6.3 .Hydrostatic test water shall ·be potable, except that vess~ls 
containing ~igh-alloy cladding or internal attachments ~hall 
be tested with water complying with the requirements of 
Specification 14222-C-6. 

10. CLEAHING ANO PAINTING 

10. 1 All vessel surfaces shall be cleaned to remove loose scale, rust, 
grease, dirt, weld spatter, hydrotest water and other foreign mattef. 

10.2 Surface preparation and painting shall be in accordance with Speci
fication 14222-X-l, unless otherw.ise specified. Vessels undergoing 
ocean shipment shall be provided wit~ VP! corrosion iqhibitors, 
rubber gaskets under all nozzle shipping covers and, when external 
painting is not otherwise required, one coat of red lead paint on 
external surfaces. 

10.3 All exposed machined and threaded surfaces shall be thoroughly coated. 
with a suitable rust preventative compound and suitably protected for 
shipment. The Seller shall show details on his drawings. 

10.4 All loose parts shall be adequately crated and given clear mark.lngs 
relating the parts to the vessel Identification f'lumber. 

tO.S After application of the paint required by paragraph· 10.2, each vessel 
receiving P'#HT shall have the follewing st.enciled along both sides 
of tM veuel in large white letters, in English., and if applic:able, 
in the native language of the c:cuntry producing and rec.eiving the 
vessel. 

"Do not _weld or strike arc:s-stress relieved vessel", 

Reference Orawinas and Soec:ifications 

Specification 14222-C-2 
14222-C-8 
14222-C-5 
14222-C-6 
14222-W-1 
14222-X-1 

Standard Drawing Index C•SOO } T b tt h d 
Standard Drawl ng C-515 ° e a ac e during Phase 1. 
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1. GENERAL 

1. I This specification covers weld deposit sampling for analysis 
to determine the significant constituent elements i~ the low
al loy and 300 series high-alloy weld deposit chemistry, and the 
ferrite content determination of 3uU series high-alloy weld . 
metal. 

1.2 Samples shall consist of dri 11 ings or chips removed in such a 
manner as to avoid contamination of the samples. A minimum of 
10 grams (1/3 oz) of material is required for each sample. 

1.3 Samples shall be placed in individual packages and each package 
clearly marked with the vessel identification number and location 
from which the sample was taken. 

1.4 A stub end of each coil of filler wire
0

used in automatic and 
electro-slag welding shal 1 be taken as a sample and tagged to 
identify it with the work in which it was used. The samples 
shal 1 be retained for future analysis if required. 

2. SELLER'S RESPONSIBILITY 

2.1 For vessels requiring weld deposit sampling, Seller shall take 
actual samples in accordan.ce with ·the requirements of this speci
fication, and as soon as the designated welds are completed. 

2.2 Seller shall select a qualified laboratory, subject to Buyer's 
approval, to perform the chemical analyses of the samples, and 
submit the repprt of the laboratory to the Buyer for his review 
and acceptance. 

2.3 Seller shal 1 pay for the sample taking, the associated· rewelding 
and the services· of the laboratory. 

2.4 In the event the analysis of an initial sample shows the chemistry 
to be outside the specified limits, Seller may take two additional 
samples from the same weld as the sample showing non-conformance 
to the speciiications, and have an analysis done by the sam~ 
laboratory or a Buyer approved substitute. Cost of additional 
sampling and analysis !hal I be borne by the Selle~~-

2.5 If one of the additional .samples fails to meet requirements, the 
entire weld shall be removed and replaced in accordance with Buyer 
approved procedures. 

2.6· All repaired we19s shall be resampled as outlined above. 

3. BUYER'S RESPONSIBILITY 

3. l Buyer's inspector wi 1 l designate che locations from which al I weld 
deposit samples shall be taken. 
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3.2 auyer's inspector will approve Seller's selection of testing 
laboratory, and wi 11 review the results of all sample analyses. 

4. LOW ALLOY WELDING 

4. 1 Where hydrogen-resistant construction is required according to 
API publication No •. 941, or when specified for other services, 
samples of deposited weld metal shall be taken, as a minimum, 
from each longitudinal weld, each circumferential weld, each 
manway weld, one nozzle weld and each repair weld for each piece 
of equipment. At each location, the sample shall be taken on or 
below the inside surface. 

4.2 The chromium and molybdenum contents of the weld samples shall be 
within the range specified for the base material. 

5. WELD OVERLAY 

Except when 300 series high-alloy weld overlay is part of a weld deposit 
in 400 series construction, the followi·ng requirements shall apply: 

5.1 The specified 300 series high-alloy weld overlay· chemistry shall 
be guaranteed. Samples of· as deposited weld metal shall be taken 
to check the conformance of deposit chemistry with specifications 
for each component. The sample shall be taken from the surface at 
the nominal depth of the specified corrosion allowance+ 1/16 inch 
and from the following locations: 

5.1.l One sample shall be required for each approved welding process 
(submerged arc, shielded metal arc, etc.) used. 

5.1.? One sample from each flange overlay weld. 

5.1.3 One sample from each repair weld made from the clad side in 
clad components where the repaired area extends into the 
base metal. 

5.1.4 One sample from each longitudinal and circumferential weld 
joint in equipment constructed from clad plate where the 
cladding was stripped back and subsequently overlayed. 

5.1~5 Two samples taken 180 degrees apart and 6 inches from the 
edge of each course ·in equipment that is weld overlayed. In 
addition, weld overlayed equipment shall have two samples 
taken from each head, one 6 inches from the edge and the 
other from an area designated by the Buyer's inspector. 

5.2 Where type 347 austenitic stainless steel weld overlay is specifiec 
the composition of the weld overlay samples shall be as follows: 

Max. C Hin Cr. Min. Ni Cb 

0.08 17 .s 8.0 8 x C (Min.), 1% (Max,) 
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5.3 The ferrite number of as-deposited 300 series high-alloy weld 
metal shal I meet the requirements of paragraph 5.7 of Specification 
14222-W-l. 

Reference Specification 

Specification 14222-W-l . 
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1. GENERAL 

1.1 This specification covers the minimam reauirem~ts for the design, per
formance, materials of construction and details of trays and related 
components installed in process columns. 

I .2 rrays are classified by rc~nsibil ity for their process design, as 
fol lows: 

2. DESIGN 

Class I 
Class I I 

Responsibility for oroce~s desian 

Seller 
Buyer 

2. 1 Design shall be adequate for all conditions of operation aAd shall permit 
normal installation, .erection and maintenance procedures. 

2.2 The following shall be considered minimtJm basic criteria: 

2.2.1 ~ 

Live Loads 

Deeks 
Seal Areas 

Class I 

1 
Sal ler's standard 
Seller's standard 

Class 11 

12 psf* 
64 psf':': · 

* or weight of water or p~ocess fluid at weir height and seal 
level, whicliever is greater. 

M~1ntenance Load - 300 lb. concentrated at any point 

Up I ift 

When noted on the Buyer 1 s tray data sheets, trays sha 11 be des i·gned 
to resist the spe'clfled uplift pressure. When none is specified, 
the standard uplift pressure shall be I psi. 

2. 2. 2 Deflect i oM. 

Unless otherwise specified, the maximum deflection of any loaded 
tray component, at operating temperature and in the corroded 
condition, shal I conform to the following: 

Class I Class 11 

Seller's standard 1/811 

SPICmeATIU 111. 14222..:.c-3 

(For process columns less than 8 feet 
diameter) 

Column dia. (inches) : 750 

(For process columns 8 feet or greater diameter) 
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When critical, the maximum acceptable deflection for tray decks 
under operating conditions will be specified on the.Buyer's tray 
data sheet. It shall be the Seller's responsibility to provide 
adequate design so that the deflection wi 11 not exceed the spe~ified 
maximum based on tray components being in the fully corroded 
condition. 

Thicknesses 

Unless othen.iise specified, the m1n1mum thickness (including 
ecrrosion allowance) and minimum total ecrrosion allowance shall 
conform to the following: 

Type of Section & Minimum Thickness Minimum Total Corrosion 
Description (Gauae )* Allowance (on two sides) 

Carbon Stee 1 I Al lov Carbon Steel Alloy 
' 

Removable Sections 

Deeks & Oowncomers 10 12& 0.03". None 
Integral Beams & 

i2& Seo a rate Mi nor Beams 10 0.0111 None 

Major Beams & Trusses 7 10 I. 0 x None Vessel C.A. 
Contacting Devices I (Caos & Valves) 14** 16''·"* None. None 
We I ded- in Sect i ons-:'rl:-'.: 0.,06' 0 or 
Support Rings, 801 ting ~& 1.5 x Vessel CA 3/8& 
Bars. Beam Seats etc. Vessel C.A. (if A I lov) 

*Carbon Steel: United States Standard 
Alloy: U_nited States Standard - Stainless Steel 

** Seller's standard may be proposed for Buyer's approval. 
*** Unless approved otherwise by the Buyer all trays including the 

attachment to their supports shall be of bolted or clamped con
struction. 

& 2.2.4 Fractionation trays, caps, downcomers, baffles and other in
ternals for fractionating towers shall be made from type 410 
stainless steel sheet unless otherwise specified. 

2.2.5 Tightness 
trays shall be designed and fabricated to comply with the 
tightness requirements of Specification 14222-C-7. 

3. CESIGN RESPONSIBILITY 

3. I For Class 1 trays, Seller shall assume complete responsibility for t~e 
design of the trays including all details necessary to meet his per
formance guarantee and the requirements of this specification. 

3.2 For C·lass 11 trays.Seller ~hall provide mechanical design conforming to 
the requirements of the Buyer's tray data sh.~ts, vessel drawings and this 
specification. 

N 4. ~RFORMANCE GUARANTEES 
s 
! 4.1 For Class 1 trays, Seller shall inecrporate a written guarantee into his 
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quotation stating that: 

a) His tray design will pass the specified liquid and vapor traffic 
without flooding or ·excessive entrainment. 

b) His trays will not exceed any specified pressure drop. 

4.2 For Class I I trays, Seller is not required to guarantee process perfonnance 

4.3 For both Class l & 11 trays, Seller shall guarantee that the leakage 
rates specified in Specification 14222-C-7, or as otherwise called for, 
will not be exceeded with trays properly-·installed i~. the column. Seller 
shall· furnish adequate ·and ·suitable tray· installation instructions for 
the tray. i nsta 11 er' s use. 

5. MATERIALS OF CONSTRUCTION 

5.1 Materials of c:onstruction shall be as specified on the Buyer's tray data 
sheets and vessel drawings, and as follows: 

5.11 Carbon steel material shal I be weldable commer.cial qua I ity. 

5.12 Alloy material shall be weldable commercial or economy quality, 
number I finish. 

5. 13 Unless prohibited by the service c:onditions, bolting shall be SA-30i 
for carbon steel decks, beams, etc., and 12 Cr.for tr·ay manways and 
a I Joy parts. · 

S. 14 For austenitic stainless steel tray parts, bolts shal I be Type 304 
stainless steel with Type 304 nuts. 

5.2 Alloy valves may be used in carbon steel decks except when service con
ditions prohibit the particular alloy (e.g. 12 ·er shal I not~e used in 
HF s0rvice). 

5.3 Gaskets 

Unless otherwise specified on the Buyer's tray data sheets or vessel 
drawings, gaskets for tray components where used shal I be 1/16-inch 
asbestos of the fo I I owing 9 rade or qua I i ty: 

400°11'. and below._._._ ....•..•. ~ ... COIT'ITlercial qua! ity (l5% to 80% 
· · asbestos) · 

Between 4.00°F & 750°F •••••••••••• AAA Grade (95% to 98% asbestos) 

Between 750oF & 900oF •••••••.•... AAAA Grade (95'}~ to 1U0%.asbestos) 

0 Above 900 F .•••••••••••••••••.••. Fure asbestos fiber reinforced 
with stainless steel wire 

Acid or caustic services 
below 600°F •..••••••••••...••••.• Tef J,)n impregnated asbestos 
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6. CONSTRUCTION DETAILS 

6.1 

6.2 

6.3 

Any components to be welded directly to the vessel she! I shall 
normally be furnished and installed by the vessel manufacturer in 
accordance with design and details to be supplied by the tray Se! !er. 

All removable sections shall be sized to pass through the nearest 
column manway as indicated on the Buyer 1 s vessel drawing. 

Internal access to all sections of the contacting deck area shall be 
provided. 

6.3.1 A minimum l~"xl6 11 clear opening shal 1 be provided for ail tray 
manway s and 1411 c 1 ea ranee be tween members s ha I I be prov i ded fo r 
access. 

6.3.2 Tray manways shall be vertically aligned when possible. 

6.3.3 Unless otherwise specified, tray manways shall be removable from 
both top and bottom sides. 

6.4 Valve Travs 

6.5 

Valve tray designs shall incorporate the following features: 

6.4.1 All valve caps, other than those requiring flush seating, shall 
be provided with small protuberances at the periphery to prevent 
sticking of the valve to the tray deck or valve seat. 

6.4.2 Flush seating valve c:aps shall be provided for total draw trays 
and for trays serving once-through reboilers. 

6.4.3 Flush seating valve c:aps shall be 12 Cr material unless other
wise specified. 

6.4.4 Trays with flush seating valve caps shall have adequate pro
vision for automatic 'drainage as required to avoid overloading 
the trays when hydrostatic test water is drained from the 
vesse 1. 

6.4.5 Valve caps shall be of non-spinning design. 
6.4.6 Valve units shall be of the two piece design in which the 

valvue cap is separated from its fixed retainer. 
Fabrication Tolerances 

6.5.1 Vessel shell and attachments shall be fabricated in conformance-· 
with the tolerances shown on Standard Drawing C-515. 

i.5.2 The Sellar of Class 1 trays shall establish such tolerances· and 
shall build the trays' to these tolerances so that the per
formance· guarantees are met allowing for the ~essel tolerances 
called for on Standard Dra~ing C-515. 

6.5.3 Class 11 trays shall be fabricated to allow ass~bly within 
1/811 of the specified dimensions. 

SHClflCATIH H. _...l,_4.-2_2_2_-_c_-_3 __ itn. __ 1 __ 5 . 7 
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6.6 
6. 6 .1 

Miscellaneous.; 
Leakage rates shall generally be controlled by the tray design and the 
use of gaskets. Seal welding of joints·by the tray installer shal 1 
not be cal led for or al lowed unless specifically approved by the Buyer 
at the time of tray quotation evaluation. 

6.-6.2 Welded-in tray supports or sections shall conform to the minimum 
welding requirements of Standard Drawing C-526. 

6.6.3 Bolting shall be .3/811 minimum diameter. UNC threads with a number 2 
flt are required unless other.1ise noted on the vessel drawings. Al 1 
bolts and tapped holes shall be free and clean of al 1 burrs and 
threading c:onpounds. 

6.6.4 Weir adjustment features, etc:., are not required unless specifically 
noted on the vessel drawings by the Seller for his performance 
guarantee. 

6.6.5 Unless otherwise specified, weep holes shall be provided in all sections 
that may trap liquid during shutdown. In inlet areas with weirs, they 
shall be located at the base ·of the inlet weir to drain onto the tray. 

7. Q.UOTAT IONS 

].1 Seller's quotation shall include the following: 

7.1.1 For Class 1. travs 

7. 12 

7.1.1.1 Buyer's tray data sheet, with all required information 
provided, or adequate equivalent data for Buyer's 
evaluation of the quotation. 

7.1.1.2 Approximate location and c:onfi.gur.ation of .downc:omers. 
(For Buyer's use in vessel model building and vessel 
nozzle orientation). 

7.1.1.3 Method of attaching downc:omers to support members. 
(Through-bolted or clamped). 

?.1.1.4 Width of support rings and bars if greater than shown 
on Standard Drawing C-526. 

7.1.1.5 Approximate dimension for any required vertical off-set 
in deck support rings at inlet sumps; c:aseades, etc. 

7 .1.1. 6 Recommended deta i 1 s, 1 oc:a tr on, configuration, etc. , of 
distributors. Seller may quote a separate price for 
supplying these items. 

7 .1.1. 7 A statement verifying comp 1 i anc:e '-" i :h the performance 
guarantees of paras. 4.1 and 4.3. 

For 'class 11 Travs 

A statement verifying compliance with the re~uirements of paras. 
3.2 and 4.3 • 

sncmuTJH 80. 14222-C-3 an._.-1 __ 6 7 
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7.2 Seller is encouraged to submit supplementary alternative proposals 
when any of the following conditions apply: 

7.2.1 When the process information supplied by The Buyer for Class 
I I tl"ays is detailed enough for the Seller to propose com
petitive Class 1 trays. 

7.2.2 When alternative materials of construction are significantly 
more econcmic:al and will provide adequate service life for 
the operating conditions specified. 

7.2.3 When the sizes of manway inside diameters specified by the 
Buyer limit the Seller's standard construction and the al• 
ternative sizes are larger than those specified. 

8. SELL£R 1S DRAWINGS ANO DATA 

Upon receipt of the purchase document, the Seller shall comply with the 
requirements of Buyer's Form 15A, and furnish all applicable drawings 
and documents called for, and by as early a date as possible to enable 
the Buyer to review and co1J111ent on the Seller's proposals, and resolve any 
conflicts, with minimum delay· so that vessel details can be completed 
without changing or delaying the vessel manufacturer's work. 

9~ INSPECTION. TESTING &. CLEANING 

9. I Trays and related components will be subject to Buyer's inspection and 
testing in accordance with the requirements of Specification 14222-C-7 

9.2 All surfaces of trays and related components shalt be cleaned to re• 
move alt loose sc:ate, rust, grease, weld spatter and other foreig~ 
matter. (Oil coating inherent in the fabrication process need not 
be removed. } 

Reference Specifications and Standard Drawings 

Standard Drawing C-515 

. standard Drawing C-526 

Specification 14222-C-7 

Form 15A 

sncm1.11111 IO. 14222-C-3 

} To be provided during Phase 1 • 

_l '"·---- 7 7 
SHIT---- °'-----



I: 

.... 

.... 
"' ... 
= 
.c /"'-. ! 
:.. ,!'\.,. 

.6 
/-', 

TABLE OF CONTENTS 

l. GENERAL 

2. CODES, ·REGULATIONS, .~'ID STANDARDS 

3. SELLER'S RESPONSIBLITY 

4. BUYER'S RESPONSIBILITY 

5. DESIGN 

6. SELLER'S. DRAWll'IGS A.'ID DATA 

7. MATERIALS OF CONSTRUCTION 

7.1 
7.2 
7.3 
7.4 
7.5 
7.6 
7.7 
7.8 
7.9 

7.10 
7 .11 
7.12 
7.13 

MATERIALS SUBJECT TO APPROVAL BY BUYER 
MATERIAL TEST CERTIFICATES 
MATERIAL PROPERTIES PROVE~! !!Y TESTS 
UL!RASO!-IIC E.'<Af!INATION OF PLATES AN.D FORGINGS (CT) 
I:-!PACT TESTS (Cv) ON BASE MATERIALS 
MT OF SURFACES OF FORGINGS 0\'ER 4" THICKXESS 
STRENGTH OF WELDS 
HIGH STRENGTH ~!ATERIAL 
MATERIALS OF CONSTRl!CTION FOR VESSELS rn SEVERE SERVICE 
CASTING MATERIALS SUBJECT TO APPROVAL 
EXTERNAL ATTACHMENTS • 
EXTERNAL BOLTING 
MAXIMUM CARBON AND COPPER CONTENTS 

8. FABRICATION REQUIREMENTS 

8.1 WELDING 
8.2 WELDL.'IG PROCEDURE QUALIFICATIONS (WPQ) 
3.3 NOZZLES 
8.4 HEAT TREATMENT 
8.5 REPAIRS 
8.6 TOLER.A.'ICES 
8.7 NA..'1EPLATES 

9. INSPECTION, EXAHINATION, AND TESTING 

9.1 GENERAL I!-ISPECTION 
9. 2 RADIOGRAPHIC E::-;:A.'1INATION (RT) 
9. 3 :IAGNETIC PARTICLE EXAMINATION (MT) 
9.4 ULTRASONIC EXAMINATION (t:T) 
9.5 LIQUID PENETRANT EXAMINATION (PT) 
9. 6 WELD SAMPLING 
9.i HYDROSTATIC TEST 

10. CLEANIN9 AND PAINTING PAGE l OF 14 

1f-z.-.J So 
3dl) 

ASrI :ii=: '\P.EG::::::R:::or.::- :>:;::.r::cT .-'..<:C JOI ..a. l~::::: 

t.S. DO!: COOPE~ATI\'E AGRE2·rr:::-:T ::o. DE-?C05- 800RZ0ili l~i.HIC.ATIOll litli't 
r.;::::E~.L DESIG:> S?CCIFICAT!ON 

c. s1r:::::L ,,_,:n :.o:-: .\LLuY •::s~EL;:;, o~·::R ~·· T'irc;.: i.:.222-c-.:. I ! 

SMIET ____ OF _ __,· -.· --



... 
• .. 
• • • ... 

1. · GENERAL 

1.1 This specification covers the m1n1mum requirements for the design, 
fabrication, inspection and certification of carbon and low-alloy 
steel pressure vessels with shells of 2" or greater th,ckness:. 

1.2 For field fabricated, and/or high-alloy clad pressure vessels, the 
requirements of Specifications 14222-C-5 and C-6, respectively, 
shall supplement the requirements of this specification. 

2. CODES, REGULATIONS, ANO STANDARDS 

2.1 All design and construction shall be in accordance with the ASME 
Code Section VI II, Division I or 2, and when approved by the Buyer 
may be of the Seller's proprietary construction provided all appli
cable specifications and local regulatory requirements are complied 
with. 

2.2 The applicable ASHE Code, Sect ion VI 11, shal 1 be that current at 
the date of purchase and shall include all Addenda current at that 
date. In this specification, Division 1 and Division 2 mean·ASME 
Code Section VI 11, Division 1 and Division 2, respectively. 

2.3 Unless otherwise specified or approved by the Buyer, ASHE Code. 
stamped vessels are required. 

2.4 The Standard ~rawings as listed and attached to Buyer's Drawing 
Index C-500 shall be complied with as applicable and as specified 
on the Buyer's vessel draw~ngs. 

3. SELLER'S RESPONSIBILITY 

3. 1 Seller shall assume complete responsibility for the design and 
construction of the vessels and their integral components, and 
shall consider thicknesses shown on the Buyer's vessel drawings 
as minimum design requirements. 

3.2. Seller shall apply for and obtain all necessary approvals of his 
design and construction from the local Regulatory Authorities, as 
appropriate; 

3.3 Should conflict occur between Buyer's specifications and drawings 
or attachments, it shall be the responsibility of the Seller to 
call Buyer's attention to the conflict and request a ruling or 
interpretation from the Buyer. The Seller is not at liberty to 
assume which instruction would govern . 

SPICIFICITIOI ID. 14222-C-4 I EY. ---=l=---
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3.4 Buyer's review of Sel Jer•s drawings, or release of vessel for 
shipment by the Buyer's inspector shall in no way relieve the 
Seller of ·the responsibility for complying with all the require
ments of the purchase document. 

4. BUYER'S RESPONSIBILITY 

4. 1 Buyer wi II provide basic configuration, service data and design 
requirements for each vessel. 

4.2 The revision block on the drawing prepared by the Buyer will show 
the extent of release for Seller's work, e.g., quotations, materials 
commitment, construction, etc. 

5. DESIGN 

5. 1 All vessels shall be designed for the pressure and temperature 
specified, and for dead loads, lateral loads, and all other appli
cable loads. 

5.2 For vertical vessels and vessel supports, the Seller shall make a 
design check for the condition of vessels shut down and empty com
bined with the specified wind load. 

5.3 All vessels and vessel supports shal 1 be designed for the condition 
of vessels full of water combined with 25% wind load. 

5.4 The design shall be such that the hydrostatic test does not cause 
a primary stress in excess of 90 percent of the yield strength of 
the material at the test temperature. 

5.5 For proprietary·materials, or non-Code stress designs, allowable 
design stresses shall be determined from complete mechanical tests 
made at both room temperature and at design temperature. The 
al lolf1able design stresses shal I not exceed the lowest of i (a) to 
i i ( f ) , be I ow : 

i. . For 

ii. For 

designs when creep and stress to rupture 

(a) UTS r. t. Stress Factor 
(b) UTS d. t. Stress Factor 
(c) yp r.t. 1.5 
(d) yp d.t. . 1.5 

designs when creep :and stress to rupture 

(e) Stress for 0.1% creep in 10,000 hrs. 
at the design temp. 

(f) Stress to r.upture in 100,000 hrs. 
at the design temp. 

do not 9ove rn: 

govern: 

UTS r.t. = 
l!TS d.t. = 
YP r.t. = 

Ultimate tensile strength at room temperature 
Ultimate tensile strength at design temperatw:e 
Yield point or yield strength (0.2~-~ offset) at 

yp d.t. = 

14222-C-4 
SPICIFICATlll IO.--------

room temp . 
Yield point or yield strength (0.2% offset) at 

design temp . 
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Creep 'and stress to rupture I imi ts sha 11 be based upon tests 
made in accordance with ASTM E-139 for determination of these 
properties. 

Unless specifically approved by the Buyer, stress factor shall not be 
less than 3.0. 

5.6 The fol lowing minimum stress analyses shal I be provided as applicable 
(and in addition to basic Code calculation. requirements): 

a) Complete detailed calculations shall be provided for 
lug or ring-type vessel supports, when used, These 
shall include the effects on the vessel shell local 
to the •ttachment. 

b) For Division 2 vessels supported by skirts, an analysis 
shall be provided of the skirt to head junction area 

_where significant temperature .gradients will exist. 

c) Complete design calculations shall be provided for special, 
large diameter closures and seals, when used. 

d) An analysis, including discontinuity stresses, shall be 
provided for all portions of non-Code vessels, designed 
with a stress factor of less than 3,5, Combinations of 
stress components and allowable~ imits of stress intensi
ties shall be in accordance with Division 2 requirements. 

5,7 In the case of proprietary type construction, the Seller shall submit 
for approval, with his design calculations, the formulas and their 
method of application, as well as definition of terms involved, 
assumptions, actual stresses and efficiencies used, etc. 

5.8 Seller shall submit all design calculations, details, etc., for 
Buyer 1 s review and approval. Commtnts by the Buyer on the Sel ler 1 s 
design must be completely investigated and justified to the satis
faction of ~he Buyer or modifications to the design made that wi 11 
be mutually acceptable. 

6. SELLER 1 S DRAWINGS AND DATA 

6.1 Seller ·sha11 comply with the requirements of Buyer 1 s Specification 
14222-C-8, and furnish a11 applicable drawings, welding procedure 
specifications with procedure qualification records, a11 other 
documents called for, and by such date as to enable the Buyer to 
review and comment on the Se11er 1 s proposals, and resolve con
flicts without delaying the SeJ1er 1 s schedule. 

6.2 Mi Ii and shop material test reports (showing compliance with the 
requirements of paras. 7.02, 7.03, 7.05, 7.08, and 7.094, as 
appropriate), shall be furnished for 8uyer 1 s review and record • 
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]. MATERIALS OF CONSTRUCTION 

7.1 All proposed materials shall be subject to approval by the Buyer. 

7.2 Seller shall furnish mill test certificates with complete chemical 
analysis and room temperature mechanical properties for all Code 
design materials used. 

The requirements of Code para. 'uG-85 or Article T-1 as appl leaole 
shall be adhered to in all constructions. Except for the ex
emptions allowed by Code Para. UCS-85 or AT-114 as applicable, all 
test specimens shall be taken from sample coupons which shall be 
given Buyer approved simulated heat treatment equivalent to the 
maximum heat treatments which the vessel or its components can 
receive including such heat treatments applied at the material 
manufacturer's mill and any applied by the vessel manufacturer 
during fabrication. Heat treatment in this context shall be 
considered as any heating operation which results in the material 
being tempered or in the residual stresses being relieved, i.e., 
the material properties are changed. 

7.3 For proprietary and non ASME or ASTM listed materials, in addition 
to showing compliance with chemical analysis requirements, ma
terial properties shall b·e proven by tests at both room and design 
temperatures, for acceptance, for all materials. All test coupons 
shall be taken from locations complying with code requirements and 
shall be given Buyer approved maximum and minimum simulated heat 
treatments, equivalent to the heat treatments which the vessel or 
its components can receive. 

7 _4· Ultrasonic Examination of Plates and Forgings (UT) 

.......... ·-··- --

7.4.1 All plate materials 4 11 and over in thickness shall be 
ultrasonically examined and meet all requirements of SA-435'. 

7.4.2 All finished forgings materials 4 11 and over in ·thickness, 
shall ~e ultrasonically examined in accordance with 
Division 2 requirements. Flat forgings shall be examined 
by the longitudinal wave technique. Rings and ot~er hollow 
forgings .shall be examined by the shear wave technique. 

7.4.J For the longitudinal wave technique the reference specimens 
·shall be of the same nominal thickness and composition as 
the items to be tested. The calibration standard hole 
shall be a 1/2'' diameter flat:-bottomed hole, 1/4-inch dee;::. 

7.4.4 For the shear wave technique the calibration notch shall be 
a 60° V-notch, 1-inch long with a depth equal to 3'.-'. of the 
nominal forging thickness. 

7.4.S Defects which produce a loss of back reflection in excess 
of that produced by the standard hole or exceed the height 
of the standard notch render the forging unacceptable. Also, 
those. indications requiring recording per SA-388 shall be 
considered unacceptable. Defects may be ·removed, the ma
terial repaired and the repair area re-examined . 
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7.5 Impact Test (Cv) on Base Materials 

Unless otherwise specified by the Buyer's drawings or documents, 
impact test requirements for all carbon and low-alloy steel materials 
In Division 1 or Division 2 construction shall be in accordance with 
the requirements of the Code, (and para. AM-218 of Division 2, in the 
case of Division 1 construction), and the following: 

7.5.l Impact tests shall be done at a temperature not higher than 
the minimum design temperature for the vessel. 

7.5.2 Lateral expansion values shall not be less than 15 mils for 
all materials. 

7.5.3 For multiple-layer construction, all materials in excess of 
5/16 11 thickness shall be impact tested. 

7.5_ •. 4 All impact test results shall be reported in the material 
suppliers' certified test reports. Percent shear shall be 
reported for information only. 

7.6 All finished surfaces of forgings over 4 11 thick shall be magnetic 
particle examined in accordance with para. 9.3. 

7.7 Welds shall have an actual ultimate ·tensile strength at room te~
perature and in the final condition, including any specified heat 
t~eatment, within the specification range (modified per para. 7.08, 
if applicable) of the weaker of the base materials joined. 

7.8 The actual maximum room temperature strength of all high-streng-th 
materia.ls (i.e., when specification tensile strength may exceed 
100,000 psi) and welds in their final condition shall not exceed 
the fo 11 owing : 

Yield strength • 
Ultimate tensile strength • 

90,000 psi 
125,000 psi 

7.9 Materials of Construction for Vessels in Severe Service (Hydrogen 
(Hz), Hydrogen Sulfide (HzS), Cyanide (CN), Hydrofluoric Acid (HF), 
or as otherwise specified on the Buyer's vessel drawings.) 

7.9.l All welding procedure details shall be selected to minimi4e 
~reas and points of hardness in deposited welds and heat
affected zones in their final condition. 

The actual maximum room temperature strength of all specified 
or proposed base materials and welds, in their final condition, 
shall not exceed: 

Yield strength = 
Ulti~ate tensile strength = 

70,000 psi 
95,000 psi 

7.10 Casting materials shall not be used without Buyer's approval. 

7.11 For external attach~ents (non-pres.sure-retaining parts), any Code 
approved carbon steel may be used for any low-alloy steel vessels 
provided that the weld metal joining the parts to such vessels is 
of the same chemical composition as the vessel base material . 

14222-C-4 ~4tV. 1 6 
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7. 12 

7. 13 

Unless othel"Wise specified, material for external bolts shall be 
SA-193 Grade B7 for design temperatures from - S0°F to 850°F, and 
Grade B16 above 8S0°F. Material for nuts shall be SA-194 Grade 2H. 
Bolts to SA-193 Grade B7 or B16 may be used above a design temp
erature of 700 F for Division 2 construction providing the requirements 
of Code Case 1490 are met. 

All plates, forgings and weld metal shall have a maximum carbon 
content not exceeding 0.30"/o. Both ladle and check analyses shall 
meet this requirement. 

Copper content of base materials and weld metal shall not exceed 0.20:.~ 
and shall be confirmed by chemical analysis. 

8. rABRICATION REQUIREMENTS 

8.1 Welding 

8.1.l All welding shall be in accordance with the Code, Specificat-ion 
14222-W-l and these requirements. 

8.1:2 All welding procedure details shall be selected to minimize 
areas and points ·Of hardness in deposited welds and heat-

· affected zones in their final condition. Brinell hardness of 
completed welds shall satisfy the requirements of Specification 
14222-W-1. 

8.l.3 Seller's welding procedure spec~fications, including qualifica
tion records, shall be submitted for approval per Specification 
14222-W-1. 

8.1.4 Welding shall not be performed on any part of the vessel after 
final postv1eld heat treatment except to buffer-welds or pads 
designed and approved by the Buyer for such later welding. 

8.1.5 The preparation of edges for welding shall be done by machining 
or by flame cutting. When flame cutting is used, the piece 
shall be preheated as required for welding and shall be followed 
by finish grinding to remove ridges and valleys. 

8.1.6 All butt-welded joints, including longitudinal and circu~
ferential seams of skirts, shall be d.ouble welded with full 
penetration and fusion. 

For Division 2 vessels supported by skirts where significant 
te~perature gradients will exist in the skirt to head junction· 
area, the skirt to head joint shall utilize a weld build-up on 
the head or a forging, similar to that shown in Fig. AD-912. 1 
(k) of Division 2, such that the joint is fully radiographable. 
(See para. 9.21). 

8.1.7 All permanent attachment welds shall be full penetration and 
reinforcing fillet welds shall be concave and merged smoothly 
with adjoining surfaces. 

8.1.8 The preheat and interpass temperature requirements of Speci
fication 14222-W-l shall be.maintained throughout all welding 
operations . 
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8.l.8.l For all pressure retaining welds extending through the full 
shell or head thickness in other than P-1 materials, the 
requirements shall be maintained after wel?ing is completed 
and until the welded joint has received its intermediate or 
final postweld heat treatment. 

8,l.6.2 If the Seller considers his shop techniques and practices are 
of such a na~ure that the preheat maintenance after welding 
followed by postweld heat treatment requirements of para. 
8. 181 are not required for his work: 

a) Longitudinal and circumferential shell, including shell 
to head, seam welds may be allowed to cool to ambient 
temperature without a subsequent postweld heat treatment, 
provided that such sea~ welds are ultrasonically examined 
in accordance wtih the Code as soon as practical after 
completion of the weld and before final postweld heat 
treatment. 

b) All other pressure retaining welds extending through the 
full shell or head thickness (head seam welds and pene
tration seam welds, e. g. nozzles, through the shell or 
head thickness) shall be subject to the requirements of 
para. 8.181. No exceptions will be allowed. If Seller 
intends to implement the tecnnique outlined in para. 
8.182(a) above, this intent shal 1 be clearly stated in 
the Seller's bid proposal. 

8.:i.9 In the actual construction, the welding heat input (joules per inch) 
shall not exceed that used in the WPQ .. tests. Other details used in 
the tests shal 1 also be strictly fol lowed. 

8.2 Weld Procedure Qualification(WPQ) 

8~2.l Impact Testing of Welds and Heat-Affected Zones (HAZ's) 

8.2.l;l When impact testing of base materials is specified, all WPQ 
and production test plates shall have weld metal and HAZ's 
impact tested. Impact tests of the base materials osed in 
the WPQ's are not required. However, base materials used in 
the WPQ's shall comply with the same material specifications 
as required for the actual construction, including supplemen~ 
t,::iry requirements of the specifications and drawings, but 
they need not be-taken from the material neats to be used in 
the construction. ·Care shal 1 be taken to ensure that the 
impact test specimens for HAZ's are properly oriented so 
that the reduced section under the notch contains the HAZ's. 
Etching may be required to locate the HAZ. A separate test 
p\ate for HAZ impact specimens may be necessary or the 
bevel angle modified on the oringinal WPQ in order to meet 
this requirement. 

8.2.1.2 Basic test requirements. includinq heat treatment of impact 
specimen coupons, impact temperat~re, required minimum im
pact data to be reported, shall be as specified for base 
materials (see para. 7.05). 
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8.2.2 All Weld-Metal Tensile Tests 

For vessels in severe service, or uti 1 izing high strength 
materials (see paras. 7.08 and 7.09), WPQ's shall include 
room temperature all-weld-metal tensile tests. 

8,2.3 WPQ Records 

WPQ records shall show compliance with the mechanical, and 
impact properties called for in paras. 7.09, 8.21, and 8.22, 
as appropriate, for weld metal and HAZ's. Records shall also 
show complete details of all heat treatment sequences, full 
details of welding, including voltage, amperage, speed of 
travel, -and heat input (joules.per inch), etc. 

8.3 Nozzles 

8.3.l 

8.3.2 

8.3.3 

8. 3. 4" 

For Division 1 construction with shells of 3" or greater 
thickness and for all Division 2 construction, all nozzles 
larger than 2 inches and all manway necks shall be integrally 
self-reinforced and attached by welding completely through the total 
thickness of the shell or head. Such welds shall be fully radio
graphed per para. 9.2. Configuration of these connections shall 
be of styles simi Jar to detai ls'a, b, c, c~l or d of Fig. AD-613-1 
in Division 2. 

Studded connections shall conform to Code and be approved by 
the Buyer. 

Nozzles 2 inches and smal !er shal I comply with Code requirements. 
They may be "set-on" type, provided the attachment is a ful 1 
penetration weld with the root dri lied out, and prior to welding 
the adjacent shell is ultrasonically examined, and found free of 
cracks and lami~ations. 

Nozzles and attachment welds shal 1 be ground smooth and flush 
with the inside cf the vessel shell. The internal periphery of 
thes~ openings shall be rounded to form a smooth curvature comp
lying with Code requirements but with a radius of not less than 
1/2 inch. · 

8.4 Heat Treatment 

8.4.l Unless a higher temperature is specified, postweld heat treatment 
(PWHT) shal 1 be in accordance with the Code, and Specifjcation 

14222-W-l. 

8.4.2 The highest PWHT temperature for quenched and tempered materials 
shall be at least I00°F below the tempering temperature, unless 
the tempering is done as the final PWHT, 

8.4.3 Unless otherwise specified, it is the Buyer's intention that the 
cor..plete vessel shal 1 receive a PWHT in one piece in a· furnace. 
Any exceptions shall be clearly stated in the Seller's bid pro
posal and be subject to Buyer's prior review and approval . 
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8,4.4 Oetai ls of all furnace controls, thermocouple layout and 
attachment and calibration certificates as well as proposed 
PWHT temperature ranges and anticipated holding times shall be 
submitted to the Buyer for·approval. Buyer requires positively 
attached thermocouples on all components for all tempering and 
PWHT. For bidding purposes a m1n1mum of eight thermocouples 
shall be allowed, six outside and two inside. Furnace cali
bration is not acceptable. 

8.4.5 All finished machined and threaded surfaces shall be protected 
against oxidation during heat treatment. 

8.5 Repairs 

Any repairs required after final PWHT, or after the hydrostatic test 
shell be described in detai I and submitted, together with the Seller's 
proposal for subsequent examination, PWHT and testing, for Buyer's 
approval before proceeding with such repairs. All repairs shall comply 
with Code requirements and shall be examined in accordance with the 
requirements of this specification. 

8.6 Tolerances 

' Fabrication tolerances shall be such as to permit proper installation 
and function of the internals. Minimum tolerance requirements shall 
be in accordance with the Code, the Buyeri s vessel drawings, Standard 
Drawing C-515, and Buyer's specifications. 

8.7 Nameplates 

In addition to the data required by the Code, all nameplates shall 
include Buyer's vessel identification number., Nameplates shall be 
18-8 stainless steel and permanently attached to a suitable bracket 
with adequate projection to prevent nameplate ·being covered by in
sulation. 

9. INSPECTION, EX~MINATION ANO TESTING 

9.1 Gerieral Inspection 

9.1.l I~ addition to Code inspection, Sel ler 1 s work and all sub-vendors• 
work shall be subject to inspection by the auyer and the user. 
Personne I representing either of these parties sha 11 be· granted 
access to all areas of the Sel ler•s and his sub-vendor's plant(s) 
concerned with the production, inspection, examination, and 
testing of the vessels and related components. Seller shall be 
responsible for imposing a~J pertinent requirements of the 
purchase document on all of his sub-vendors incl~ding written 
notice on his purchase order to sub-vendors indicating that 
their work is subject to Buyer and user inspection. 

9.1.2 Buyer and user may provide full time inspection, including at the 
p1ate mi II and forging shops. Buyer's inspector will review, for 
approval and acceptance, plate and forging manufacture, including 
heat treatment and all proposed repairs . 
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9.1.3 When specified, Buyer's inspector will request the Seller to 
make hardness readings in accordance with Specification W-1, 
at various locations on all applicable constructions to verify 
compliance with the requirements. These readings must be 
witnessed and approved ·by the Buyer's inspector for acceptance 
of the vesse 1 • 

9.l.4 An ASHE Manufacturer's Data Report will be required for each 
vessel unless specifically waived in the purchase document. 

9.2 Radiographic Examination (RT) 

9.2.1 Radiography shall be in accordance with Specification w-1 and 
for acceptance shall be made at a late stage of fabrication, but 
prior to any final PWHT. 

9.2.2 

The following welds shall be lOO"'A radiographed: 

a) Shell and head Seams 

b) Attachment welds of manways and nozzles greater than 
2" nominal size In Division 1 construction with shells 
3"·or greater in thickness and in all Division 2 or 
proprietary construction (see para. 8.3).· 

c) Buiit-up weld deposits In Division 2 or proprietary 
construct ion_. 

d) The attachment weld between the. vessel and its support 
skirt in Division 2 construction when significant 
temperature gradients will exist in the skirt to head 
junction area (see para. 8.16). 

e) For Division 2 construction, all seams in support skirts 
(or portions of skirts) made of other than P-1 materials, 
including the seam joining a non P-1 material skirt 
section to a P-1 material section. 

f) For Division I and proprietary construction and those 
portions of Division 2 construction not covered by (e) 
above, skirt welds shall be spot radiographed for 10"/o 
of theii length, except.standards for acceptance shall 
be in accordance with 100-;{ radiography. 

g) Repair welds made to any of the above welds. 

For multiple-layer construction, films of all radiographed seams, 
in and to the multiple-layer section, shall be submitted for 
Buyer's review and approval. Any differences in interpretation 
shall be resolved to mutual satisfaction. Radiographs will be 
returned to the Seller for record purposes after review. All 
transmittals of radiographs shall be made by insured mail at a 
replacement valuation determined by the Seller. Buyer's re
view of these radiographs shall in no way relieve the Seller 
of his responsibility for the work . 
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9.3 Magnetic: Particle Examination (MT) 

9.3.l All magnetic particle examination shall be in accordance with 
Specification 14222-W-l. 

9.'3.2 Magnetic: particle examination shall be ntilda at the follow_ing 
locations. 

a) Plate edges of 211 and greater thic:kness, prior to 
welding, for laminations or c:rac:ks. 

b) All bac:k chipped or gouged surfac:es prepared for 
second side welding. 

c:) For Division 1 c:onstruc:tion, the surfac:es of all welds 
joining heavily loaded attachments to the vessel in
ternal or external surface, e.g., vessel support rings, 
lugs or saddles; brac:kets and rings supporting internal 
c:atalyst bed gratings. All other internal or external 
attac:hment welds shall have a minimum of 10% of their 
surfaces examined at locations selected by the Buyer's 
inspector. 

d) For Division 2 or proprietary c:onstruc:tion, the surfaces 
of all permanent attac:hment welds, such as oc:c:ur at 
internally or externally attached lugs, rings, brackets, 

. supports or Glips. 

e) The inside and outside surfaces of all seams and nozzle 
attachment welds. 

f) All mac:hined fac:es and openings in forgings shall be 
examined in the Seller's shops. 

g) Built-up weld deposits in Division 2 or proprietary 
construction shall have the first weld layer and the 
c:ompleted weld build-up surface, together with all 
adjacent base metal surfac:es within six inches of the 
bu i Id -up examined. 

h) The inside and out;s ic;le ~urfiilc;;e of the attac:hment we.ld 
between the vessel and its support skirt in Division 2 
c:onstruc:tion where signif ic:ant temperature gradients 
will exist in the skirt to head junction area (see 
para. 8.16). 

i) The outside surface of the attac:hment,~eld between the 
vessel and its support skirt in Di~ision I, proprietary 
or Division 2 c:onstruc:tion not covered by 9.32 (h) 
above. 

j) 

k) 

The inside, where ac:cessible, and outside surfaces of 
all seams in support skirts (or portions of skirts) 
made of other than P-1 materials, including the seam 
joining a non P-1 material skirt section to a F-1 
material section . 

The su rfac:·e of repair we Ids ea used by any of the above 
examinations. 
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9.3.3 The examinations required by para. 9.32 (c), (d), (e), (g) 
except the first weld layer, (h), (i). (j) and (k), as applicable, 
shall be made after final PWHT, for acceptance. In high-alloy 
clad construction the inside surface of base material welds shall 
be examined prior to c 1 ad res to ration. Other we 1 ds that .w i 11 not 
be accessible after final PWHT shall have an earlier examination 
agreed upon with the Buyer. 

9.3.4. When 5% or 9% nickel steels are specified, all· of the above ex
aminatibns shall be made by the liquid penetrant examination 
technique in accordance with Specification 14222-W-l. 

9.3.5: Plate edge laminations ·shalt not exceed t" in length. No cracks 
will be permitted. 

'9.3.6 All repairs shall be made by a Buyer approved procedure. 

9.4 Ultrasonic Examination (UT) 

9.4.l. All materials 4 11 and over in thickness shall be ultrasonically 
examined in accordance with the requirements of para. 7.04 • 

. 9.4.2· All welds 411 and over in thickness including shell to head 
welds where the shell is 4 11 or over In thickness before '3ny 
tapering but the head is not, shall be ultrasonically examined 
in accordance with Specification 14222-W-l. For acceptance, such 
examination shall be made after final PWHT. This requirement 
shall not apply to welds in multiple-layer construction. 

9.5 Liquid Penetrant Examination (PT) 

Liquid penetrant examination of high-alloy overlay welding shall be 
in accordance with the.requirements of Specification 14222-C-2. 

9.6 Weld Sampling 

When the vessel base material is other than a P-1 material or when 
high-alloy clad base material is specified, samples of deposited weld 
metal shall be taken in accordance with Specification 14222-C-2. 

9.7 Hydros~atic Test· 

9.7.l Testing shall conform to Code para. UG-99 (c) or Article T-3 
as applicable except that the minimum metal temperature throughout 
the hydrotest shall be established by the Seller to ensure the 
safety of the vessel, but shall not be less than the hioher of: 

a) The m1n1mum design temperature specified on the 
vessel drawing 

b) The impact test temperature, where the base material 
and welds of the vessel are required to be impact 
tested 

c) 60°F 

d) Code requirement 

9.7.2 All hydrostatic tests shall be made in the presence of the 
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Buyer's ·inspector. ·No preliminary tests, regardless of pressure, 
shall be made prior to any required PWHT. 

9.7.3 Hydrostatic test water shall be potable, except that vessels con
taining high-alloy cladding or internal attachments shall be tested 
with water complying with the requirements of Specification 14222-C-6. 

9.7.4 There shall be no leakage of test water from nozzle blinds or seals 
during any hydrotest. Bolt-up shall be calculated for the test con
dition and achieved by torque wrench or other suitable device. 

10. CLEANING AND PAINTING 

10.1 All vessel surfaces shall be cleaned to remove loose scale, rust, 
grease, dirt, weld spatter, hydrotest water and other foreign ·matter. 

10.2 Surface preparation and painting shall be in accordance with Specifica
tion 14222-X-l, unless otherwise specified. Vessels undergoing ocean 
shipment shall be provided with VPI corrosion inhibitors, rubber 
gaskets under all nozzle shipping covers and, when external painting 
is not otherwise.required, one coat of red lead paint on external 
surfaces. 

10.3 All exposed machined and threaded surfaces shall be thoroughly coated 
with a suitable rust preventative compound and suitably protected for 
shipment. Seller shall show details on his drawings. 

I0.4 All loose parts shall be adequately crated and given clear markings re
Lating the parts to the vesset identification number. 

10.S After application of the paint required by paragraph 10.2, each vessel 
receiving PWHT shall have the following stenciled along both sides of 
the vessel in large white letters in the English, and if applicable, in 
the native language of the count·ry producing and receiving the vessel. 

1100 not weld or strike arcs--stress relieved vessel." 

Reference Drawings and Specifications 

Specification 14222-C-2 
14222-C-7 
14222-C-8 
14222-C-5 
14222-C-6 
14222-W-l 
14222-X-l 

Standard Drawing Index C-500 } 
Standard Drawing C-515 
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1. GENERAL 

.1.1 This specification covers the requirements for field fabricatfon of 
pressure vessels, and supplements the requirements of Specificati·ons 
14222-C-l or C-4, as applicable. 

2. SELLER'S RESPONSIBILITY 

2.1 Furnish all necessart material, labor.and equipment to complete the 
work. 

2.2 Transfer all dimensions, levels and orientations from those provided 
by ·the Buyer at the foundation. 

2.3 Submit plot layout of hoisting equipment, when used, including de
tails of any guys and deadmen for the Buyer's review and approval. 

2.4 Furnish and install all temporary insulation and furnish all fuel 
and equipment necessary for postwe 1 d heat treatment of the vessels 
when requ i red~ 

2.S Hydrostatic:ally test the vessel per para. S.3. 

3. BUYER'S RESPONSIBILITY 

3.1 Buyer will furnish: 

3.11 vessel .foundation complete with centerlines and base elevation. 

3. 12 Utilities, storage area, etc:. per Exhibit B of subcontracts 
document. 

3.2 All c:onstruc:tion .activities shall be coordinated with the Buyer's 
field superintendent. 

4. FABRICATION ANO REQUIREMENTS 

4.1 Postweld Heat Treatment (PWHT) 

Seller shall submit full details of any proposed field PWHT of pressure 
veuals for au·ye.-':r. 1evlew and approval. Sel'ler shalt include overall 
arrangement details of all heater controls, thermo-couple layout and 
attachment and calibration certificates, etc:. 

S." INSPECTION, EXAMINATION ANO TESTING 

5.1 RadioQraphic: Examination (RT) 

When specified, spot radiography shall be a minimum of 1211 in length 
and shall be performed as follows: 
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5. 11 All junctions of longitudinal vessel seams and circumferential 
seams shall be radiographed with the greater length of the 
film on the longitudinal seam. 

5. 12 Additional radiographs are required. when any seams exceed 20 
·feet in length between junctions described in para. 5.11. The 
examinations shall be performed at approximately the mid-points 
between junctions. 

5.2 Magnetic Particle Exam·ination (MT) 

This paragraph applies to pressure vessels governed by Specification 
C-1 and details additional requirements for M'I. 

s.2.1 Examination shall be made at the following locations: 

5;2 ... 1:.LFor P-1 materials: 

a. All back-chipped or gouged surfaces of field welds, 
prepared for second side welding. This requirement 
shall not apply to field welds receiving full radio
graphy. 

b. Plate edges over lt'' thick shall be examined for 
laminations or cracks in the Seller's shop. Plates 
lf' or less in· thickness shall have all edges visually 
examined. 

c. The inside and outside surfaces of all seams and· nozzle 
attachment welds made .in the field. 

d. The surfaces of all welds made in the field joining 
heavily loaded attachments to the vessel internal 
or external surface, e.g •. vessel support skirts, 
rings, lugs or saddles; brackets and rings suppor• 
ting internal catalyst bed gratings. All other 
internal or external attachment welds made in the 
field shal 1 have .~minimum of 10% of their surfaces 
examined at locations selected by the Buyer's 
inspector. 

e. The surface of repair welds required by any of the 
above examinations. 

5.2.1.2For other than P-1 materials: 

a) All back-chipped or gouged surfaces of field welds 
prepared for second side welding. 

b) .The edges of components which wi 11 be field-welded 
shall be examined for laminations or cracks in the 
Se! ler' s shop. 

c) The inside and outside surfaces of all seams and nozzle 
attachment welds made in the field . 
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d) The surfaces of all welds made in the field joining 
heavily loaded attachments to the .vessel intemaJ. 
or external surface, e.g. vessel support skirts, 
rings, lugs or saddles; brackets and rings supporting 
internal catalyst gratings. All other internal o·r 
external welds made in the field shall have a minimum 
of 1<1'~ of their surfaces examined at locations 
selected by the Buyer's inspector. 

e) The Inside, where accessible, and outside surfaces of 
all seams in support skirts (or portions of skirts) 
made of other than ·P-1 materials, Including the seam 
joining a non P-1 material skirt section to a Pel. 
material section. 

f) The surface of repair welds required by any of the 
above examinations. 

5.2.2 The examinations required by para. 5.2.ll(c), (d), (e) and 5.212 
(c), (d), (e) and (f), as applicable, shall be made after any 
final PWHT for acceptance. In high alloy clad construction, the 
inside surface of base.material welds shall be examined priol"·to 
clad restor-atlon. Other welds that wi 11 not be accessible aftel" 
any final f'WHT shall have an earlier examination agreed upon 
with the Buyer. 

5.2.3 Plate edge laminations shall not exceed t11 in length. No 
cracks wi 11 be permitted. 

5.2.4 All repal rs shall be made by a Buyer appl"oved pl"ocedure. 

5.3 Field Hydl"ostatic Test 

5.3.l Fol" vessels designed in aCCOl"dance with Division 1 .. Seller shall 
conduct a test in .accol"dance with the requil"ements of paragraph 
UG-99(c), (test pl"essure shall not exceed 1.5 x the.maximum 
allowable pl"essure new, at test tempel"ature for- any section of 
a field fabl"i~ated pl"essure vessel). The Seller shall provide 
the following items: 

5.3.1.1 A test pl"ocedul"e for Buye1" 1 S r-eview, appl"oval and record. 

5.3.1.2 The necessary test instl"uments and vacuum breaking equip
ment. 

5.3.1.3 Pl"essure pump. 

5.3.1.4 Watel" supply pump, piping, fittings, valves and hoses, as 
required. 

5.3.1.5 Labor to fill and drain vessel. 

5.3.1.6 Water heating e,quipment when necessary • 
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5.3.2 The required metal temperature throughout the hydrotest shall 
be established by the Seller to COIT\PIY with the Code and to 
ensure the safety of the vessel, but shall not be Jess than 
the~ of: 

(a) The minimum design temperature specified on the vessel 
drawing plus 300F. 

{b) The impact test temperature plus 30°F, where the base 
material and welds of the vessel are required to be 
Impact tested. 

(c) 80°F. 

6. QUOTAT I OHS 

6.1 It is the Buyer•s intent to obtain the most economical vessel in
stallation, c:onsidering shop fabrication in large section with field 
assembly and erection, and c:omplete field fabrication in place, con
sistent with the overall project construction activities and schedule. 
Alternative detailed proposals to accomplish this objective are 
sol I cited. 

6.2 Proposals shall be complete in definition and include: 

6.2.l Predicted field work.schedules. 

6.2.2 Estimated power requi rement"s. 

6.2,3 Brief description and size of hoisting equipment to be used in
cl_uding number and approximate spread of guys, if proposed. 

6.2.4 Proposed metal temperature of vessel during hydrotest (see para. 
5.3.2). 

6.3 Bidders must be faniliar with conditions at the jobsite and pre-bid 
visits to the site are encouraged. 

6~4 Bidders shall itemize costs, as additives to the base bid of each 
vessel. for the following as applica.ble: 

6.4.l Installation of equipment or materials supplied by the Buyer. 

·6.4.2 Field intermediate and/or final postweld heat treatment. 

6.4.3 

·u 

Cost to heat test water to meet para. 5.32 
c:ost shall be given for JQOF increments of 
the actual temperature of water provided. 
determined at time of test. 

Reference Specifications 

Specification 14222-C-l 
14222-C-4 
14222-C-6 
14222-W-l 

requirements. This 
temperature above 
Final c:ost to be 
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GENERAL 

1.1 This· specification covers ~he "'lini'"":u;':'I fabrication reauirements 
for carbon or low-alloy steel pressure vessels with corrosion-re
sistant high-alloy cladding a~d lined co~ponents. 

1 .2 This specification supplements the _requirements of Specification 
14222-C-l or C-4 as applicable, and the Buyer's standard drawings. 

1.3 · Spec~f ic reouire~ents shal 1 be in accordance with the Buyer's vessel 
dra\"iings. 

2. DEFINITIONS 

2.1 Base Material is the carbon or low-alloy stee.1 selected as the pressure 
retaining material for the shell, heads and nozzles. 

2.2 Cladding is ·the high-alloy ~aterial fully bonded to the inside sur~ace 
of the base ~aterial by roll cladding, explosion bonded cladding or 
overlay welding. 

2.3 Lining is the high-alloy nozzle sleeve :-iater'ial which is not fully 
bonded to the inside surface of the base :':'laterial. 

2.4 Corrosion Allowance is equal to the nominal cladding or lining 
thickness. No other allowance for corrosion is required For the base 
material, unless specifically stated otherwise. 

3. CLADDING 

3.1 Roll c;lad, and explosion bonded clad plate shal I .meet the reauirements 
of the applicable ASME Specifications SA-263, SA-264; or SA 0 26S. and 
this specification. The shear test is required and one test shall 
be·made for each plate or component. 

3.2 Joints in or to roll clad and explosion bonded clad plate sections 
shall have edge preparation and welding details complying with the 
requirements of Appendix 8. 

3.3 High-alloy weldi.ng electrodes shall comi:;ly with Appendix r~. 

3.4 Surfaces to be overlayed shall.be prepared by grinding or sand or 
grit bl·asting to uniform grey metal without mi 1 lsc:ale or rust. 

3.5 Weld overlay on carbon steel seams using GMAW or SAW processes shal 1 
be done with stringer beads using sufficient overlap to prevent 
excessive penetration and dilution. 

4. NOZZLE LINING 

s. 

4.1 Lining ~ay only be used for sleeve lining nozzles less than 611 

diameter, and shall rneet the requirements of the applicable ASME 
.,.ater i a I Spec: if i cation a_nd this spec: if i cation. 

4_.2 Linings in nozzles attached to postweld heat treated vessels shal 1 be 
vented d~ring any heat treatment . 

NOZZLE AND ~NWAY CONSTRUCTION 

S.1 Permissible methods of cladding or I ining nozzle necks are shown in 
Appendix B. 
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5.2 Construction details shall conform to Standard Drawing C-525, as 

~pl i~ble, e~cept aa modified by this specification. 

5.3 Minimum base material neck thickness, excluding corrosion allowance, 
s.hall not be less than that required by the Code .• 

5.4 Thickness of nozzle neck ~laddinq and I ining shal 1 be as fol lows: 

5.41 All neck cladding shall have a thickness at least equal to 
that specified for the vessel cladding. 

5.42 Sleeve lining thickness shall be the greater of: 

a). That specified for the vessel cladding. 

b) • I'). 125" 

c). That required to withstand all possible loads on the 
sleeves. 

5.5 Flanges and blind flanges shall be weld overlayed and shall comply 
with the requirements of Appendices A & B. Facings shall be mac~ 
hined to ~SS SP-6 standards, with cladding thickness at the bottom 
of any groove facing, .at least equal to that specified for the 
vesse I. 

6. INTERNALS 

Ill Unless otherwise specified on the .Buyer's vessel drawings, internal 
suoport lugs, rings, and clips,.etc., welded directly :o the vessel 
base material or cladding shal 1 .be of the same material as tl-:e 
cladding. · 

6.2 Unless otherwise specified on the Buyer's vessel drawings, welds 
attaching internals to the vessel shall be'high-alloy welds and 
comply with Appendix A. 

7. PROHIBITED CONSTRUCTIONS 

7.1 The following constructions ~re not acceptable: 

a) Strip lining. 

b) Solid alloy pressure retaining parts. 

7.2 See Standard Drawing C-525 for conditions where forged slip-on and 
fabricated plate flanges are prohibite.:L 

8. EXAMINATIONS 

8.1 Liquid Penetrant Examinati~n (P~) 

Unless otherwise specified, liquid penetrant examination is required 
for the finished surface of all overlay including overlay welds at 
clad plate joints, flange facings and in nozzle bores. The 
examination shall be in accordance with Specification 14222-W-l • 
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8.2 Ultrasonic: Examination (liT) 

For pressure vP.ssels \'/ith c:lad s!"lells of I 1/2." or qreater ::ocal 
thickness, roll clad and exo·Josicn bonded clad plat~ -shall be 
ultrasonically examined in accordance with the procedures of 
ASTM A578 including suoplenentary oaraQraph S~ except that areas 
within~ inches.of heavily loaded internal attachments, prior co 
attachment welding, shall be 100 oerc:ent ultrasonically examined 
co establish the integrity t>f the bond betwf!en the cladding and 
the base material. llnbonded c:laddinq may be repaired in accordance 
with Buyer aoproved welding procedures only if the unbonded area 
does not exceed three per cent of the surface covered. llnbonded 
areas larger than this shall be cause for component rejection. 

8.3 Weld SamplinQ 

Unless otherwise specified, samples of 300 series high-alloy 
corrosion-resistant overlay weld metal shall be taken in accordance 
with Specification 14222-C-2. 

8.4 Macro Hardness Tests 

When weld overlay on carbor. steel seams is done by GMAW or SAW 
processes using type 309 or 309L weld metal, macro hardness tests 
shall be taken ·on the surface for every 10 feet of overlay. 
Location of the tests shal I be determined by the Buyer's inspector. 
Hardnesses shall not exceed 200 BHN. 

If a test reveals hardness exceeding the specified I imit by. not 
more than 5%, two more tests at locations 611 on either side of the 
original test may be taken. If both of these two tests indicate 
that hardness is below the specified value, then the weld is 
considered acceptable. If welds are required to be poscweld heat 
treated, then hardness tests shall be conducted after the postweld 
heat treatment. Hardnesses exceeding the specified value by s;~ 
or more, ·or subsequent adjacent tests showing· higher than specified 
hardness a"re not acceptable and the welds showing t!"le excessive 
hardness shall be repaired in accordance with a procedure approved 
by the Buyer. 

9. TESTING 

9.1 Vessel hydrotes·.t closures for stub nozzles shall be designed by 
the Seller and shall comply with A~pendix B. 

9.2 ·Testing of sleeve I inings shall be as follows: 

a) A i;i• maximum NPT tapped hole shall be provided through the 
base material for air pressure testing. 

b) A 25 psig compressed air and soap test shal I ~e applied to 
.all sleeve wel.ds. ,·; 

c) Holes shall not be plugged after testing • 
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9.3 Vessels containing high-alloy cladding or i.nternal attachments 
shall be hydrost~tically tested with water having a chloride ion 
concentration not exceeding 100 ppm. Al I test water s~al I be 
completely drained o~t. 

Reference Drawings and Specifications 

Specif1cati_on 14222-C-l 
14222-C-2 
14222-C-4 
14222-C-5 
14222-W-1 

Standard ~rawing C-525 (To be provid~d during Phase-1) 

"(/ 
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HIGH-ALLOY WELDING REQUIREMENTS 
BASED ON SPECIFIED CLADDING MATERIAL 

ALL MATERIALS SHALL CONFO~ 
TO LATEST ASME SPECIFICATIONS 

CLA9DING MATERIAL ELECTRODE FOR ALLOY WELDING 

SUBSEQUENT 

TYPE FIRST LAYER 
-- , LAYERS 

405 309 309 
CD 

OR OR 
4105 

CD INCONEL INCONEL 
Q) 

304 308 

316 E309 316 

321 347 

347 - 347 

304l. 308L· 

316L E309L 316L 

'"':!.~-_!!-----~ 

SB-127 HONEL MONEL 190 MONEL 190 

Type 405 and 410S material .is subject to embrittlement at 
temperatures exceeding 7S0°F, and shall only be used when 
approved by the Buyer. 

In lieu of multiple layers using different electrodes, single 
layer series-arc or similar processes may be used, subject to 
prior Buyer's approval. o 

Use Ince A, 82, 92 or 182 electrodes only, In temperature 
cycling service (e.g. Coke Drums) • 

APPEND IX "A" 

@ 

Q) 
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C. S. EXTENSION _,, -::i-
& CAP BY '!F'R ·- ,,, / 

y/ 
// 

/I /- PR~PME ENO 
, ... I / FOR 'WELD I NG 
(~ / PER SPECS. 
I I I 
I I ! 

; 0t. 
STUB .NOZiLE , H-HIGH-ALLOY 

TELL TALNEE~.- J ~ CLADDING 

HOLE.Ji. :::· ·; I ~ 
I :_ ~ HIGH-ALLOY -? s . r WELD DEPOSIT 

I 

\..,_HIGH-ALLOY 
CLA1lDI NG 

STU.B ~IOZZLE 

& TEST CLOSURE 

HIGH-ALLOY 
'WELD DEPOSIT 

-.. 

.............. -~. 

~ (_ 
~ qzz2i 

I .t/1--1 L.JtCLADDING 
30°MIN-' 1/4 1/4" 30° MIN 

l"IN. t11N. 

TYPICAL JOINT 
PBF:PABAT!Ot:!_ .. 

- C R + I /4'' TYP. r"'"'l"' .... • r-i'.i:::iii!:::IZll 
I ! . 

TEST HOLE FOR HIGH-ALLOY 
LINING --. CLADDING 

OR LINING 

~·:I GH-A L LOY. 
WELD DEPOSIT· 

tr REFER TO PARAGRAPH 9. 2° 

TYPICAL NOZZLE DETAILS 

APPENDIX 11 8' 1 
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l. 0 G~:·iERAL 

1.1 This specification covers the minimum requirements for pressure 
vessel design criteria to be shown on the individual data sheets. 

1.2 This specification supplements specifications: 

14222-C-l C. Steel and Low-Alloy Vessels, under 2" thick. 
14222-C-4 C. Steel and Low-Alloy Vessels, over 2" thick. 

2.0 DES:G;;; DATA 

2.1 Vessels will be designed and stamped for maximum temperature allowable 
without increasing the required flange rating. 

2.2 A minimum corrosion allowance of 1/8" shall be used in the desi~n 
of all carbon steel vesse+s. <Uloy vessels will be desi~neJ ::ich 
a corrosion allowance as indicated in the process design. · 

2.3 ~:o pressure vessel shall be designed for less than SOf.!/Sq. in. ::;age 
unless specifically arproved h;~ Purchaser. A ciesign pressure of 
25 pounds more than the maxil:lum anticiraced o~erating pressure shall 
be used for all vessels up to an antici?ate<l. o~eratin~ ~ressure of 
250 pounds gage, and all vessels over this ran~e shall have 10% 
added to the maximum anticipated operating ~ressure. 

2.4 Design pressure is always at the top and the normal liquid level 
must be added r:o calculate the bottom head and shell thickness. 
The liquid will be assumed to have a specific gravity of 1.0 
unless otherwise specified. 

2.5 Unless otherwise specified,ver:ical vessels should be designed for 
full hydrostatic test in a vertical position. Foundationo must 
also be designed for vessels liquid full. On ver;r L:ir:;e low ~ressure 
designs, consideration will be given co a combination air-water test 
to avoid needless exce~sive shell thickness.at the bottom. 

3 • 0 DES IG::Y DETAILS 

3 .l !-lhere diameter permits, all vessels will be provided with at least 
one manway. New fractionating towers will have manways at top, 
bottom, and feed deck. ·:-ianways shall be not less than 18" I.n. 
size, 20" nominal size is preferred, and all covers eaui?ped with 
davits. Manway flan~es and covers shall conform to ;'.SA flange 
dimensions. The centerline of the manwa~1 shall be 3 '-0" above the 
platform decks. 

3.2 'Steam drums, coils, and shells o~ fired steam generators shall me.et 
Section I of AS(tr: code. Unfired steam generators and air receivers 
shall be designed in accordance with Section VIII,clivision : of 
ASH:: code. 

3.3 The preferable mounting for all major towers is the open table top 
construction w{th support from a short skirt or lugs on the tower. 
\;1,ere long skirts are used, t~·ro openings of not less than 18" clear 
with adequate reinforcing shall be used for access beneath the vessel. 

SPECIFICATION NO. 14222-C-] REY. _._..l __ s Hur __ ,..2 __ Of _ _..!.:;..·---



... ... ... 
s 
Cl: 
0 ... 

3.4 Only seam.less pipe or long welding neck forgings shall be used for 
nozzles. The pipe shall be Al06 Grade 3 for carbon steel vessels 
and of a suitable alloy for alloy vessels. Pipe nozzles shaJ.l not 
be lighter than Sch. 80 for 2" or below and standard weight pipe 
plus corrosion allowance for 3" or above except manway nozzles. 

3.5 Vessel shells and heads from carbon steel shall normally be of AS'n1 
A516 Gr. 70 •. 

3.6 The use of cast iron, wrought iron, malleable iron, or semi-steel is 
prohibited for any pressure part. 

3.7 All nozzles and manways shall conform to standards for USAS B 16.5-
1968, where applicable, and pipe specifications herein. Vendor is 
expected to furnish blinds, ~etal gaskets, and studs ior manways, 
and inspection openings and adequate protection for other nozzles 
during shipment. An anti-seizind compound shall be used on all 
bolts where service is about 500 F. 

3.8 Vessels designed for 400°F or higher shall have all nozzles designed 
with flanged connections unless otherwise specified. Couplings where 
allowed shall be 6000f.1 ·r.. S. :~o ·pressure •1essel shall have nozzle 
connections smaller than l". Flange connections of size 3" and 
smaller shall not have ratinzs lower than ASA 300f!. 

3.9 Tolerance for out of roundness in tower 
nominal diameter, with a maximum of~·. 

will be :~ of the 

3.10 The contractor assumes final responsibility to provide sufficient 
skirt height to insure reboiler circulation. In the case of Ther
mosyphon reboiler, the following design criteria are applicable: 

3.10.1 Pressure drop between lower draw nozzle and reboiler inlet 
flange not to exceed 0.5 psi (d~aw nozzle loss included). 

3.10.2 Pressure drop across rebciler (from inlet to outlet flange) 
not to exceed 0.5. psi. 

3.10.3 Pressure drop between reboiler outlet flange and tower return 
nozzle not to exceed 0.5 psi (return nozzle loss included). 

3.10.4 Assume 200 equivalent feet from tower to reboiler and 200 
equivalent feet from reboiler back to tower. 

3.10.5 Check reboiler return line for slug flow. Slug flow must be 
avoided even if rule 3.9.3 is violated. 

3.10.6 Distanc~ between noI"t:lal li~uid level and bottom of reboiler 
return nozzle to be a minimum of three feet. 

3 .10. 7 Driving force available must be equivalent to a system pres
sure drop of 1.5 psi minimum. Assume liquid level at tangent 
.line of the tower . 

In the case of kettle rebo1ler, the following design criteria 
shall be used: 

SPECIFICATION NO. 14222-C-7 REY.----- SHUT----
OF __ .... __ 



... 
°' N 

:I ... 
0 ... 

3 .10. 8 Pressure drop between lower draw nozzle and reboiler. inlet 
flange not to exceed 0.5 psi (draw nozzle loss included). 

3.10.9 Pressure drop across reboiler (from inlet to oulet flange) 
not to exceed 0.5. psi. 

3.10.10 Pressure drop between reboiler outlet flange and tower return 
nozzle not to exceed 0.5 psi (return nozzle loss included). 

3.10.ll Assume 200 equivalent :eet from tower to reboiler and 200 
equivalent feet from reboiler back to .tower. 

3.11 The Contractor must provide sufficient residence time and disengaging 
space in the bottom of the tower. Unless otherwise soecified, there 
will be 5 minutes residence time (based on net product) from bottom 
tangent line to normal liquid level. The height between the normal 
liquid level and the bottom of the reboiler return line will be 3 
feet. The height between the top of the reboiler return line and 
the seal pan from the bottom tray will be 6 inches. Length of the 
downc:omer ·from the bottom tray ~.,ill be 6 inches ~reater than the 
nominal tray spacin~ to·allow for reboiler surge. 

4.0 SPECIAL APPLICATIONS 

4.1 tfuere free hydrogen is present at elevated temperatur~s and pressures; 
special provisions shall be made.to prevent leakage and decarburization. 

Carbon steel as previously specified may be used up to temperatures 
of . 400°F and pressures up to 1, 00011 /Sq. in. hydrogen partial pressure. 

For conditions exceeding 400°F and l,000#/Sq. in., alloys will be 
selected consistent with the ~Yelson curves. 

5.0 REFERENCES 

Specifications: 14222-C-l 
14222-C-4 
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1.0 SCOPE 

This specification covers the design, fabrication, erection, and testing 
of Field Erected Welded Steel Storage -anks operating at internal 
pressures approximating atmospheric p•essur.e. For Low-Pressure Storage 
Tanks and operating at pressure above.! .it:-:ospi1eric and up to 15 psig, 
refer to Standard Specification 14:22-D-3. · 

2.0 DEFINITIONS 

2.1 Buyer means Bechtel. 

2.2 Seiler means the Tank Subcontractor. 

2.3 API means the All\erican Petroleum Institute. 

2.4 ASTM means the American Society for Testing and ~aterials. 

3.0 DESIGN AND CONSTRUCTION 

.. 
b/ ~\) 

3/80 

3.1 General 

3 .1.1 Seller sha°ll design the tanks. He shall furnish all 

3.1.2 

3.1. 3 

3.1.4 

3.1.5 

3 .1. 6 

3. 1. 7 

. materials, labor, transportation, stagin~, tools, and 
equipment for the fabrication, erection, and testing of 
the tanks. 

Storage tanks shall be designed, fabricated, erected, and· 
tested in accordance 1Jith API Standard 650 (latest edition), 
We~ded Steel Tanks for Oil Storage. 

All material shall be new and of first quality. 

All tanks 12' and smaller in diameter shall have 
foundation designed with overturning investigated. 

Tanks requiring ringwall foundations will be designed 
on· the basis of hoop stress as well as vertical and lateral 
load. Foundations designed by API 650 appendix B 
will not be acceptable. 

Tanks shall be designed for a product specific gravity of 
1.0 unless a higher specific gravity is given in :he 
invitation to bid. 

All tanks having a shell thickness over ~" shall be 
designed in accordance with appendix D or appendix G. 

I 

REVISED PAR. 3.2.5 REF • TO 3. 1. 8 
.sscED FOR ?HASE ZE~O 

ISSrED ~OR APP~OVAt 

ASFI THE BRECKIXRIDGE PROJECT AECI 
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~ 3.1.3 All tanks shall·have cone roofs except tanks with a 
capacity of over 40.000 gal in the following services: 
gasoline, crude oil, benzene, and any other produc~s 
having.a vapor pressure over 1.5 psia. Tanks in these 
services 'holding over 40,000 gal shall have either an 

· Appendix H covered floating roof or a Hammond Flote II 
internal floating cover as manufactured by the Pittsburgh
Des Moines Steel Company or the Ultraflote internal cover' 
as manufactured by the Ultrafloat Corp. 

3.2 Appurtenances 

3.2.l 

3.2.2 

3.2.3 

3.2.4 

& 3.2.5 

3.2.6 

3.2.7 

3.2.8 

3.2.9 

SPECIFICATION NO. 14222-D-l 

Buyer will furnish~ tank appurtenance· list for each.tank. 
This list shall clearly indicate Buyer and Seller 
individual responsibilities. 

Buyer will furnish a sketch or drawing for each tank 
showing the required orientation of appurtenances. 

Tanks over 30 feet high shall be provided with a 
circumferential stairway, tanks to be insulated shall 
have a double stringer stairway with a minimum of 6" 
clearence between the tank and the stairway. Tanks under 
30 feet high shall be provided with a vertical ladder 
with a cage. Where ladders are·called for inside a tank 
over 30' high a safety track as manufactured by air space 
devices shall be provided. 

Where vents are specified, design, fabrication, and testing 
shall be in accordance with applicable portions of API 
Standard 2000, Venting Atmospheric and Low-Pressur.e 
Storage Tanks. · 

Flame arresting venting nozzles shall be used on cone 
roof tanks in flammable product. service with products 
having a vapor pressure higher than 1.5 psia. 

Double walled steam jacketed vents shall be used in 
naphthalene and sulfur serv1.ce. 

Explosion hatches shall be installP.d. on any tank 
maintained at a temperature of 220°F or higher. 

Water draw sumps shall be provided. 

Tank to ground connections at:e not required in all tanks 
containing interanl floaters. A static ground shall be 
provided by two or more retractable cable reels as 
manufactured by Tank Services Inc. Wcap around shunts 
are not permited. 

"() 
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3. 3 Welding 

3.3.1 All welding shall be in accordance with API Standard 650. 

3.3.2 Welding shall meet the requirements for workmanship and 
quality set forth in Specification 14222-W-l, General Welding 
Requirements. 

4.0 INSPECTION AND TESTS 

4.1 Inspection and tests shall be in accordance with API Standard 650. 

4.2 Weld inspection shall be by the radiograph method in accordance with 
API Standard 650. 

4.3 Shop inspection of fabrications or materials shall not constitute 
final acceptance . 

. 4.4 Final acceptance will be made only upon satisfactory completion of 
field inspection and testing. 

4.5 Testing of floating roof seals shall be.Seller's standard 
subject to written ~pproval by the Buyer. 

4.6 Hydrostatic test schedule shall suit the limitations of the foundation 
subsoil and shall be arrived at by mutual agreement of Buyer and 
Seller. 

5.0 TANK MEASUREMENT AND CALIBRATION (STRAPPING) 

If so stipulated in the subcontract, the Seller shall measure and calibrate 
each tank in accordance with API Standard 2550 (ASTM Designation 0-1220) 
latest edition: Measurement and Calibration of Upright Cylindrical Tanks. 
S~ller shall furnish six (6) copies of the tank calibration tables for 
each tank. 

6.0 PAINTING AND INSULATION 

Painting and insulation are not included within the scope of this 
specification. 

7.0 CORROSION ALLOWANCE 

Unless otherwise specified, l/" corrosion allowance shall be added to shell 
thickness, as calculated in Section 3.3.3 of the API Code 650, for all tanks 
in which will be stored gasoline or any light end with a vapor pressure 
higher than 1.5 psia at normal temperatures. All other services will have a 
corrosion allowance of 1/16". No corrosion allowance.is required for floor 
and roof plates. 

REFERENCES 

Form 79, Manufacturer's Welding Procedure, Specification and Qualification Record 
(to be attach~d during Phase 1). J 

Specification No. 14222-W-l, General Welding Requirements. 
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1.0 SCOPE 

This specification covers the.design, fabrication, complete assembly, 
inspection and testing of shop-assembled, welded steel storage tanks. 

2.0 DEFINITIONS 

2.1 Buyer means Sechtel. 

2.2 Seller means the Tank Subcontractor. 

2.J AP! means the American Petroleum Institute. 

2.4 ASTM means the American Society for Testing and }laterials. 

3.0 GENERAL 

3.1 Design, fabrication, complete assembly, inspection and testing of the 
tanks shall be in accordance with Appendix J of American ·Petroleum 
Institute (AP!) Standard 650, latest edition: Shop Assembled Storage 
Tanks. 

J.2 All material shall be new and of first quality: 

3.3 The Seller shall not prime or paint the tanks. The Buyer will pr~m.e 
and paint the tanks at the jobsite. 

3. 4 Tank roofs shall be self-supporting cone type unless otherwise s·peci
f ied in the purchase order. 

3.5 Seller shall not measure and calibrate the tanks unless called for in 
the purchase order. 

4.0 APPURTENANCES 

4.1 Buyer will furnish an appurtenance list for each tank clearly 
indicating the individual responsibilities of the Buyer and Seller. 

~.2 Buyer will furnish a sketch or drawing .of each tank showing the 
orientation of appurtenances. 

4.3 Vents, when specified on the appurtenance list, shall be in accordance 
with AP! Standard 2000, (latest edition), Venting Atmospheric and 
Low-Pressure Storage Tanks. 

i/30 ISS~ED rOR PHASE :ERO ~ J.J;-f L'ol!"':~ 

3/80 ISSCED FOR AP?!WVAL /../ii 
ASFI THE B~ECKI:;RIDGE PROJECT AECI JOI NO. i.i.221 
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S. 0 INSPECTION 

5.1 Inspection of welds shall be by the radiograph method in accordance 
with API Standard 650. 

5.2 Shop inspection shall not constitute final acceptance. Final 
acceptance will be made upon satisfactory completion ot field 
inspection and testing at the jobsite. 

REFERENCES 

Form 79, Manufacturer's Welding Procedure, Specification and Qualification Reccrd 
(to be attached during Phase 1). 

Specification No. 14222-W-l, General Welding Requirements. 
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1.0 ~ 

This specification covers the design, fabrication, erection, and testing 
of field erected, welded, low-pressure storage tanks operating at 
internal pressure above atmospheric pressure and up to 15 psig. 

2.0 DEFINITIONS 

2.1 Buyer means Bechtel. 

2.2 Seller means the Tank Subcontractor. 

2.3 AP! means the American Petroleum Institute. 

2.4 ASTM means the American Society for Testing and Materials .. 

3.0 DESIGN Al'lD CONSTRUCTION 

-., .. 
6/SO 

3/80 

3.1 General 

3.1.1 

3 .1.2 

3. l. 3 

3.1.4 

Seller shall furnish all caterials, labor, transporation, 
staging, tools, and equipment for the complete design, fabri 
cation, erection, and testing of the tanks. 

Storage tanks· shall be designed, fabricated, erected·,. and 
tested in accordance with AP! Standed 620 ·(latest edition): 
Design and Construction of Large, Welded, Lav-Pressure 
Storage Tanks, except as follows: 

a. Tanks for the storage of liquefied natural gas (LNG) 
to minus (-) 270°F shall be designed in accordance 
with Appendix Q of AP! Standard 620 and "List of 
Appurtenances and Tank Data." 

b. Tanks for the storage of refriger~ted products to 
minus (-) 60°F shall be designed in accordance with 
Appendix R of AP! Standard 620 anci "Lise of Appurte
nances and Tank Data." 

All tanks 12' and smaller in diameter shall hav~ foundation 
designed with overturning investigated. 

Tanks requiring ringwall foundations will be designed on 
the basis of hoop stress as well as vertical and lateral 
load. Foundations designed by AP! 650 Appendix B will 
not be acceptable . 

I 

REVISt:D PAR. 3.2.S REF. 3.1.7 
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3.1. 5 

3.1.6 

& 3.1.7 

Tanks shall be designed for·a product specific 
gravity of 1.0 unless a higher specific gavity is given 
in the invitation to bid. 

All tanks having a-shell thickness over !z" shall be 
designed in accordance with Appendix D or App~ndix G. 

All tanks shall have cone roofs except tanks with a 
capacity of over 40,000 gal in the following services: 
gasoline, crude oil, benze_ne, and any other products 
having a vapor pressure higher than 1.5 psia. Tanks in 
these services holding over 40,000 gal shall have 
either an Appendix H covered floating roof or a Hammond 
Flote II internal floating cover as manufactured by the 
Pittsburgh-Des Moi~es Steel Company or the Ultrai:ote 
internal cover as manufactured by the Ultraflote Corp. 

3.2 Appurtenances 

3.2.l 

3.2.2 

3.2.3 

3.2.4 

& 3.2.5 

3.2.6 

3.2.7 

3.2.8 

3.2.9 

SP£CIFICAT ION NO. ·14222-D.- 3 

Buyer will furnish a tank appurtenance list for each 
tank. This list will clearly indicate Buyer's and 
Seller's individual responsibilities. 

Buye·r will· furnish ·a sketch or drawing of each tank 
showing the required orientation or appurtenances. 

Tanks over 30 feet high s~9ll be provided with a 
circumferential stairway: Tanks to be insulated shall 
have a double stringer stairway. with a minumum of 6" 
clearence between the tank and the stairway. Tanks 
under 30 feet 'high shall be provided with a vertical 
ladder with a cage. Where ladders are called for 
inside a tank over 30' high a safety track as manufactured 
by air space devices shall be.provided. 

Where vents are specified, design, fabrication, and 
testing shall be in accordance with API Standard 2000, 
Venting Atmospheric and Low-Pressure Storage tanks. 

Flame arresting venting nozzles shall be 4sed. on conr. 
roof tanks in flammable product service with products 
having a vapor pressure higher than 1.5 psia. 

Double wlled steam jacketed vents shall 'be used in 
naphthalene and sulfur service. 

Explosion hatches shall be installed on any tank 
maintained at a temperature of 220uF or higher. 

Water draw sumps shall be provided. 

Tank to ground connections are not reqired in all tanks 
containing internal floaters static ground shall be 
provided by two or more retractabl?. cable reels as 
manufactured 'by Tank Services Inc. Wrap around shunts 
are not permitted . 
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3.3 Welding 

Welding shall me·et the requirements for workmanship and quality 
set forth in Standard Specification 14222-W-l, General Welding 
rl.equirements. 

4.0 INSPECTION AND TESTS 

4.1 Weld inspection shall be by the radiograph method. 

4.2 Shop inspection of fabrication or materials shall not constitute 
final acceptance. 

4.3 Final acce9tance will be made only upon satisfactory completion 
0f iield inspection and testing. 

4.4 Hydrostatic test schedule shall suit the limitations of the 
foundation subsoil and shall be arrived at by mutual agreement 

·of the Buyer and the Seller. 

5.0 TANK MEASURE~!ENT A.'ID CALIBRATION 

If so stip•Jlated in the subcontract, the Seller shall measure and 
calibrate each tank in accordance with one of the 'followi~g API 
Standards, as appropriate: 

a. 2530 (AS'Di D-1220), Measurement and Calibration of Upright 
Cylindrical Tanks. 

b. 2552 (ASTM D-1408), Measurement and Calibration of Spheres and 
Spheroids. 

c. 2555 (ASTM D-1406), Liquid Calibration of Tanks. 

The Seller shall funish (6) copies of the tank calibration tables for 
each tank. 

6.0 PAINTING AND I~SULATION 

Painting and insulation are not included within the scope of this 
specification. 

i.O. CORROSION ALLOWANCE 

Unless otherwise specified, a 1/8" corrosion allowance shall be added 
to shell thickness, as calculated in Section 3.3.3 of the AP! Code 
650, for all tanks in which gasoline, or any light ends with a vapor 
pressure higher than 1.5 psia at ·nor.nal temperatures, will be stored. 
All other services will have a corrosion allowance of 1/16". No 
corrosion allowance is required for floor and roof plates. 

REFERENCES 

Form 79, Manufacturer's Welding Procedure, Specification and Qualification 
Rec·.:>rd ( to be attached during Phase 1 ) . 

Specification 14222-W-l, General Welding Requirements . 
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I. I General 

1.1. I The purpose of this specification is to supplement API 
Standard 661 for the design, fabrication, testing and 
preparation for shipment of air-cooled heat exchangers. 

1.1.2 Exchanger data sheets, which will include material 
specifications, fluid characteristics and design 
conditions, will be supplied by the·Buyer for each 
unit. 

, I. I. 3 In ·case of confl i Ct· between the documents inc I uded In 
a material requisition, the order of precedence is: 

a) Individual data sheets 

b) Notes in material requisition 

c) Addendum to specifications 

d) This specification 

1.2 Quotations 

1.2.1 In order to rece.ive due consideration, the Seller 
shall quote in strict accordance with this and other 
applicable specifications, and shall so state In his 
proposa I. A 1 ternates on d i-fferent methods of fabr i ca
t I on may be submitted at the option of the Seller, 
providing such alternates are clearly indicated and 
quoted as additions or deductions to the basic bid. 

1.2.2 Quoted price shall i~clude the cost of ASHE Code 
inspection and stamping~ 

1.2.3 Seller shall calculate the heat transfer rate for each 
unit and base his quotation on the minimum surface, air 
flaw and fan brake horsepower necessary for the duty· 
and fouling factol'S spec.ified. Actual fouling factor 
available should be indicated on the heat exchanger 
quotation sheet. 

J.2.4 Seller shall submit with his quotation the cost for 
the following spare parts for each exchanger: 

a) Plug Type Header - 5% of one complete set of 
gaskets 

b) Bolted Cover Header ~ O~e complete se~ of gaskets 
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c:) Plugs - 2% of one c:omplete set 

1.2.S Seller shall advise the cost for header walkways as 
described in Paragraph 4.5.3. 

2. CODES AND STANDARDS REQUIREMENTS 

2. 1 Design, c:onstruc:tion, testing and inspection of alr-c:ooled 
exc:hanger pressure parts shall be in acc:ordance with the 
la~est Edition (with latest Addenda) of the ASHE Code for 
Unfired Pressure Vessels, Section VII I, Division 1, and all 
referenc:ed loc:al requirements and.c:odes. 

2.2 Alr-c:ooled heat exc:hangers and related auxiliary equipment 
shall conform to API Standard 661, except.as modified herein. 

3. DESIGN 

3.1. Weighted mean temperature differenc:e (HTD) shall be used when 
heat release c:urves.are provided. 

3.2 Tube inserts shall not be used for turbulence promotion in 
process units. Turbulence promoters may be used with lube 
oil c:oolers with Buyer approval. 

3.3 Exchangers with laminar flow, the c:alculated tube wall 
temperature shall be a minimum of 2S°F (J4°c) above the fluid 
pour point temperature indicated on the data sheet. This shall 
apply to all design c:ases inc:luding reduc:ed flow rates; see 
Paragraph 3.4 coincident with minimum ambient air temperature. 

3.4 Air-cooled heat exc:hanger design shall .permit continuous 
stable operation at reduced flow. When the reduced flow 
rate Is not specified on the data sheet, it shall be taken 
as SO perc:ent of the design fiow rate. 

3.5 
~ 

Services requiring multiple bays shall be designed with an· 
even number of bundles to facilitate even flow distribution 
from the inlet header to eac:h bundle. Units with inc:oming 
two-phase fluids shall have a sy11111etric:al piping arrangement 
consisting of multiple ~asc:ading headers to equalize the flow 
to each bundle. 

3.6 Induced draft design shall be used when a process outlet 
0 0 temperature control of + 5 F (+ 3 C) or less is required; or when 

the swing of the process outlet temperature during operation 
0 0 is to be limited to 20 F (11 C) or less. For all other cases forced 

draft design is acceptable. Forced draft shall be used when the 
maximum process inlet "temperature exceeds 400°F·(20S°C). 
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3.7 Total condensing services having operating pressures below 15 psi 
(103 kpa) (gage) shall be designed either as a singlepass unit or 
a two pass unit with the bottom row of tubes as the second pass. 
First pass shall be sloped. 

3.8 Fluid outlet temperature shall be designed for not less than a 30°F 
approach to the ary bulb air temperature. 

4. MODIFICATIONS TO API STANDARD.661 

The remainder of this specification consists of amendments to API 
Standard 661 (1978). The section and paragraph numbers'refer to 
those in the API Standard 661. 

4.1 Section 1 - General 

4.1.1 Paragraph 1.2 - General 

(a) Paragraph 1.2.4 (New Paragraph) 

Preferably, units shall be·completely shop 
assembled. When complete shop assembly is 
impractical, units shall be partially shop 
assembled into the· largest practical subunits to 
min.imize field assembly work. 

Structural members and assemblies shall be marked 
to correspond with erection drawings. 

When the air-cooled .exchanger is divided into 
several bays, each bay and Its tube bundle shall 
be identical for each structure. 

4.2 Section 2 - Proposals 

4.2. 1 Paragraph 2.2 - Vendor's Responsibilities 

(a) Paravraph 2. 2., 8 (111\QQI f I cat; I on) 

For each unit·, Seller• s proposal shal 1 Include a 
completed noise data sheet. · 

. (b) Paragraph 2.2. 12 (Addition) 

Seller's proposal shall include fan performance 
curves, and any applicable instructions for· 
proper use of the curves. 
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4.3 Section 3 - Documentation 

4.3. 1 Paragraph 3. 1 - Approval Information 

(a) Paragraph 3. 1.3 (Addition) 

Shop detail drawings of all tube bundles, includ
ing all standard drawings pertaining thereto, 
sha 11· be submitted to Buyer for review prior to 
the start of fabrication. Drawings must show full 
fabrication details of all headers. 

(b) Paragraph 3. 1.4 (Modification - Purchaser's Choice) 

Proposed welding procedures and qualifications 
shall be submitted for review prior to start of 
fabrlc:ation. 

4.3.2 Paragraph 3.2 - Final Records 

SPECIFICATION NO: 

(a) Paragraph 3.2. 1 (Addi ti on) 

Number of copies shall be specified in the 
material requisition. 

(b) Paragraph 3.2.1.S (Modification - Purchaser's 
Choice) 

Schematic control diagram for automatically 
controlled fan pitch or louver adjustment shall be 
provided if controller is fufnished by Seller. 

(c) Paragraph 3.2.1.6 (Addition) 

Air-coolect exchangers with gear drives - Seller 
shall provide information concerning the expected 
gear lubrication oil temperature, grade of oil 
Initially provided, and other lubrication 
recoirmendations. · 

(d) Paragraph 3.2.1.8 (Addition - Purchaser's Choice) 

(e) 

Noise data sheet shall be furnished. 

Paragraph 3.2.1.9 - Fan Performance Curve 
(Addition- Purchaser's ·Choice) 

A fan. performance curve shall be furnished. The 
curves, or appllcab·~ correction factors, shall 
relate al~ performance to the actual physical 
arrangement and design of the plen1111 and fan ring. 
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4.4 Section 4 ~ Guarantee 

4.4.l Paragraph 4.1 General (Complete Substitution) 

(a) Paragraph 4. I.I 

Seller shall guarantee the exchanger against 
defective workmanship or materials, improper 
design and failure to perform as specified at 
desi·gn conditions. The guarantee period shall be 
as stated in the material requisition. In the_event 
exchanger does not perform satisfactorfly or 
material or workmanship defects occur during tbis 
period,

0

the Seller shall make necessary-repairs, -
alterations, or. replacements at no cost to Buyer. 

(b) Paragraph 4.t.2 

Seller shall guarantee that the exchanger will 
withstand, without damage, exposure to design or 
reduced· flow rates at design temperature with or 
without fans in opera.tion at specified process inlet 
and maximum ambient air conditions. 

4.5 Section 5 - Design 

4.S. l Paragraph 5.1 - Tube Bundle Design 

(a) Paragraph 5.1.1 General Requirements 

(b) Paragraph 5. l.l.2 (Complete Substitution) 

Steam col ls provided for freeze-up protection 
shall be a separate bundle with side frames. 
The steam coil· shall be· single· pass, with tubes 

·on a maximum pitch of twice the pitch of the 
process tube bundle. 

(c) Pa rag rap~ 5. l. 2 - Tube Bundle Design Temper.a tu re 

(d.) Paragraph 5. r:2 •. 3 (Addition - Purchaser's Choice) 

For fin-type selection, when the maximum operating 
temperature is not specified, it shall be taken as 
the specified process f.Ju!d inlet, temperature plus 
250F (l4°C).. For definition of fin types, see 
Paragraph 5.1.12.7. 

F·in Type 

1. Embedded - Limit this type finned tube to 
7500F (400°C) maximum operating temperature. 
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2. Integral (Extruded) - Limit this type finned 
tube to 5000F (260°C) maximum operating 
temperature. 

3. Overlapping Footed - Limit this type finned 
tube·to 300°F (149°C) maximum operating 
temperature. 

4. Footed - This type finned tube may be used . 
for tempered water systems only. 

5. Ga 1 varJ i :ted, Brazed or We 1 ded - These fa.or i ca
tion procedures shall be approved by Buyer 
before submission of Seller's proposal, or 
they may be quoted as an alternate. 

(e) Paragraph 5. 1.4 - Corrosion Allowance 

(f) Paragraph. 5.1.4. l (Modification) 

Corrosion allowance shall be as specified on the 
data sheet for all surfaces exposed to the process 
fluid. Gasket contact surfaces for coverplate 
header design shall be given allow protection when 
the corrosion allowance exceeds 0.12511 (3.2 mm). 

(g) Paragraph 5.1.5 - General Requirements for Headers 

(h) Paragraph 5.1.5.4 (Addition) 

Two-phase velocities shall be based on ~ighted 
volume fractions of the liq~id and vapor components. 

(I) Paragraph 5.1.5'.5 (Modification) 

The minim&im tubesheet thickness minus corrosion 
a I lowance sha 11 be,. 111 (25 mm). 

°{j) Paragraph 5.1..5.6 (Addition) 

(k) 

Pass partitions used as stiffeners for the tube 
sheet and plugsheet shall be made of one integral 
plate. In calculating the thickness of the 
stiffener plate, a welding efficiency of 0.6 shall 
be used for full penetration single butt-weld 
attachment. 

Paragraph 5.1.5.7 (New Paragraph) 
" 

Header design shall meet the following additional 
.requirements. 
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1. Headers shall be of the removable-cover-plate 
design when the sp2cified fouling resis~ance 
exceeds O.OOSOF-Ft -Hr/Btu (0.00088°c H /W). 

2. For design pressure higher than 2000 psi 
( l3 790 kPa) ·(gage), cylindrical manifold 
headers with welded U-tube construction shall 
be quoted. 

3. Horizontal partition plates .shall be provided 
with a ~" (6.4 mn) hole for drainage and 
venting • 

. 4. The lateral flow area at any point in the 
header shall be at least equal. to the tube cross
sectional flow area downstream of that point. 

(1) Paragraph 5.1.6 - Headers - Removable-Cover-Plate 
Type. 

·(m) Paragraph 5.1.6.7 (Addition - Purchaser's Choice) 
Through bolting ·is required. 

(n) Paragraph S. 1.9 - Gaskets 

(o) Paragraph 5.1.9.1 (Addition) 

Plug gaskets shall be flat and burr-free. Plug 
gaskets shall be solid metal of sufficient 
thickness to cover one thread pitch. 

(p) Paragraph 5.1.10 - Nozzles and Other Connections. 

(q) Paragraph 5.1.10.4 (Addition) 

Flanged connections 2" {51 mn) NPS .and smaller 
shall be integrally forged flanged-type (long 
welding neck). Built-up nozzles with a minimum 
wall thickness of Schedule 160 for nozzle neck 
pipes may be used in special cases subject to 
Buyer's approval. 

(r) Paragraph S.1.10.8 (Addition - Purchas'?r's Choice) 

One thermowell connection shall be furnish~d on one 
inlet nozzle and· one outlet nozzle of each bundle. 
Thermowell connections shall be horizontal and 
shall be made with 111 (25.4 mn) 6000 lb (41 370 kPa) 
forged steel coupling. 
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(s) Paragraph 5. 1 • 10. 9 (Add It ion - .Purchaser 1 s Choice) 

One pressure gage connection shall be furnished 
on one inlet nozzle and one outlet nozzle of each 
b~ndle. Pressure gage connections shall be 
hor i zonta 1 and sha 11 be made with 3/411 

( 19 nm)· 
6000 lb (41 370 kPa) forged steel coupling. 

(t) Paragraph 5.1.10.15 (Modification) 

Vent and drain connections shall be furnished on 
each header. Vent and drain connections shall be 
6000 lb (41 370 kPa) forged steel couplings. 
Provisions shall be made to insure that all header 
box compa.rtments can be completely ventedand 
drained. 

(u) Paragraph 5. 1.12 - Tubes 

(v) Paragraph 5.1.12.4 (Addition) 

Nomi na 1 wa 11 -th I ckness is acceptable in p 1 ace of 
minimum wall thickness for ·copper-base tube 
materials only.· 

(w) Unless otherwise stated, fins shall start at least 
· 211 

( 51 rrm) from the header box. 

The unflnned tube ends shall be coated with 
Pittsburgh Plate Glass Coal Tar Epoxy, Type 
UC-40075 or equal approved by Buyer. 

(x) Paragraph 5. 1.12.9 (New Paragraph) 

The n'Jmber of fl ns sha 11 not exceed 1l per i nc:h. 
i433 per meter) • 

4.5.2 · Paragraph 5.2 - Air-side Design 

(a) Paragraph 5.2.-1 General Requirements 

(b) Paragraph 5.2.1.5 (Addition - Purchaser's Choice) 

SPECIFICATION NO: 

Design temperature for mechanical (nonpressure) 
parts located below the bundle, shall be the 
design amb·i ent tempera tu re. 

0 
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(c) Paragraph 5.2. l. 6 (New Paragraph) 

All fans,· drive trains and:, drivers shall be 
Interchangeable within each exchanger unit. 

(d) Paragraph 5.l.1.7 (New Paragraph) 

When an outlet process temperature control·of 
+5°F (+3°C) or less is indicated on the data sheet, 
fan· rings.of induced draft design exchangers 
shall be provided with a drain device to: prevent 
rainwater fromenterlng.the bundle. 

(e) Paragraph 5.2.2 - Noise Control 

(f) Paragraph 5-2.2.1 (Addition - Purchaser's Choice) 

Noise requirements shall be In accordance with the 
Nol se Data She.et: 

(g) Paragraph 5.2.3 - Fans and Fan Hubs 

(h) Paragraph 5.2.3.2 .(Addition) 

The fans· sha 11 be of high efficiency, mu 1 ti-blade 
propeller type. Blades are to be adjustable· for 
pitch angle and individually fastened to ·a common 
hub. There shall be a minimum of four blades per 
fan. 

(I) Paragraph 5.2 •. 3.5 (Modification) 

For belt- and gear-driven fans the tip speed shall 
not exceed 12,000 feet per minute (60.96 m/sec). 

(j ). Paragraph 5. 2. 3. 7 (Substitution) 

Fan blades shall be.of air foil design. All 
fans shal I be balanced as assemblies. 

(k) Paragraph 5.2.3.11 (Addition - Purchaser's Choice) · 

Upon loss of control air pressure, fan blades shall 
automatically adj.ust to maximum pitch. 

(1) .Paragraph 5.2.4 - Fan Shafts and Bearings 

(m) Paragraph 5.2.4.6 (New Paragraph) 

fnduced draft fans shall have mounting and bearing 
arrangement designed to allow fan and hub removal 
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and reins·tal lation without. disturbing bundle. 

(n) Paragraph 5.2.4.7 (New Paragraph) 

Fan shatts shall be solid with a minimum size 
of 2-15/1611 (75 mm) O.D. for drivers up to and 
including 30 hp (22.4 KW), and with a maximum of 
10 feet center-to-center of bearings. For forced 
draft design, Seller may quote his standard shaft 
design as an alternate. Fan shafts shall have 
rounded key corners. 

Fan. guard mesh sha 11 be ga 1 van i zed expanded meta 1. 
not less than 0.1 11 (2.5 mm) thick, with square 
or diamond shaped openings arranged on a maximum 
pitch of 211 (51 mm). Minimum distance between. 
guard and fan blade at operating pitch maximum 
angle shal 1 be 6 in. (153 mm). 

(o) Paragraph 5.2.7.1 (Substitution) 

Seller shal 1 .furnish all drive equipment. 

Drivers shall be rated to operate ·at minimum air 
temperature conditions with the blade angle set 
for operation at the ambient air design temperature 
specified. 

F.ans and driving equipment shall be arranged and 
mounted so as to provide ready and complete 
accessibility for service. 

Drive equipment shall not be located on top of 
the bundle. 

(p) Paragraph 5.2.8 - Electrical Motor Drivers. 

(q) Paragraph 5.2.8.2 (Addition) 

Motors shall conform to the requirements of the 
Induction Motor Specification. 

(r) Paragraph 5.2. 10 - Couplings and Power 
Transmissions. · 

(s) Paragraph 5.2. 10.3 (Complete substitution) 

Fan shaft and gear shaft coupling shall be of the 
. nonlub:·1cated fiexible type, Thomas Type SN, SF 
or equivalent. 
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(t) Paragraph 5.2.11 - Belt Drives· 

(u) Paragraph 5.2.11.l (Addition) 

V-belts shall be of the.banded type. 

(v) Paragraph 5.2.11.9 (Hadlficatlon) 

V-belts shall have a minimum service factor of 
1.75. based an driver rated horsepower (kilowatts). 

(w) Paragraph 5.2.12 - Gear Drives. 

(x) Paragraph 5.2.12.5 {Addition). 

Design shall permit ad~ltion of oil while unit is 
running. 

(y) Paragraph 5.2. 14 - Vibration Cutout S'°"ltches 

(z) Paragraph 5.2 •. 14.J (Addition - Purc:haser 1 s Choice) 

Vibration switches are required. Switches shall 
be enclosed in explosion-proof housing, suitable 
for Class I, Group D, Division 2 location, 
Robertshaw or Buyer approved equal. 

(aa) Paragraph 5.2.15 - Louvers. 

(bb) Paragraph 5.2.15.15 (Addition - Purchaser•s Choic:e) 

Upon loss of control air pressure automatically 
controlled louvers shall fall in full open.position. 

(cc:) Paragraph S.2.15.16 (Addition) 

Remote operation of louvers shal 1 be by manually 
activated pneumatic control. 

(dd) Paragraph 5.2.15.19 (New Paragraph) 

Louvers shall.be the opposed-acting type. 

(ee) Paragraph 5.12.15.20 (New Paragraph) 

Louvers shall be located aver the process bundles. 
Louvers positioned under the bundles are not 
permitted. Lauveis an top of the induced draft 
fan ring are not permitted. 

SPECIFICATION NO: 14222~E-1 Rf!V. 1 PAGE 12 OF 22 



~-

4.5.3 Paragraph 5.3 - Structural Design 

(a) Paragraph 5.3.1 - General Requirements. 

(b) Paragraph 5.3.1.5 (Addition - Purchaser's Choice). 

For completely shop assembled items, the Seller 
shall verify during the shop run-in test that 
vibration of a bay of the assembly is within 
the specified limits at normal op~rating speed. 

(c) Paragraph 5.3.1.6 (Addition) 

Individual bays shall be designed, shop fabrica
ted and shipped with the minimum number of loose 
structural pieces for bolted field assembly. 
Bolted assemblies of the complete unit shall be 
protected against loosening by vibration through 
the use of lock washers or elastic stop nuts · 
for all bolts. Transit and erection clips or 
fastenings shall be clearly Identified. 

(d) Paragraph 5,3,1,7 (Addition - Purchaser's Choice) 

Tube bundles shall be removable without removing 
header and drive maintenance platforms. 

(e) Paragraph 5.3.2.6 (Modification - Purchaser's 
Choice) ' 

Windload design shall be in accordance with the 
basic design data sheet. 

(f) Paragraph 5,3,3 - Plenums. 

(g) Paragraph 5,3,4 ~Access Facilities 

(h) Paragraph 5;3.4. l (Addition - Purchaser's Choice) 

Seller shall provide full width header platforms 
with interconnec~ing cross-walk along one 
side of the exchanger, or every 100 feet 
(30.48 m) for piperack mounted 
exchangers. Seller shall provide service 
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platforms for access and mai.ntenance of al 1 
drivers, speed reducers and fans, and for access 
to plenum doors. when supplied. For induced draft 
designs with a transition plenum or flat upper fan 
deck, a top-mounted cente·r p 1 at form 2 '-611 

(762 mm) shall be provided. However, the flat 
upper deck space between fan rings may serve as 
the·center platform if structurally adequate. · 
Railings shall be provided for all platforms and 
for top decks which may be used as platforms. On 
induced draft units a grid shall be provided under 
each fan capable of supporting personnel for 
maintenance of the fan and speed reduc:u. 

Unless otherwise indicated in the data sheet. 
Selle~ shall furnish the. necessary support columns 
to provide: 

1 • A min I mum vert i ca 1 d l stance of 61 ·6" 
(1981 nm) between the bottom of induced draft 
bundles or the fan guard of forced draft 

.bundles to grade or access and service plat-· 
forms. · 

2.. A minimum vertical clearance of 2.' -611 

(762 11111) be-low the underside of the maintenance 
platform structural supports. · 

A 11 p 1 atfonns sha 11 be supported from the 
exchanger structure but not the tube bundle 
side frames. 

(h) Paragraph 5.3..4.2 (Modification) 

Maintenance platforms under each drive shall be 
designed to permit personnel to perform motor 
maintenance and belt adjustment safely. 

(i) . Paragraph 5•3-.4.4 (Addition - Purchaser's Choice) 

SPECIFICATION NO: 

Provide a ladder between header platforms and 
crosswalk. · Provrde one ladder at one end of 
header platforms under 25i-~· (7620 mm) long and 
one at each end of header platforms over 25•~011 

(7620 mm) long. 
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(j.) Pal"agl"aph 5.3.5 - Lifting Devices 

(k) Paragraph 5.3.5.4 (Addition) 

Two lifting eyes shall be provided on the drive 
assembly beams to facilitate motor removal. 

(1.) Paragraph 5.3.5.5 (Addition) 

Lifting lug·s shal 1 be sol id forgings or plate type 
with an opening of at least 1-1/2" (38 nlu) 
diameter'. 

4.6 Section 6 - Materials 

4.6.1 Paragraph 6.1 - General Requirements 

(a) Paragraph 6. 1.3 (Coniplete Substitution) 

Plates for pressure parts shall be pressure vessel 
quality. Welded nonpressure parts may be ASTH 
A-283 (Grades A, B, or C), A-36, or any steel 
permi-tted for pressure parts. 

ASHE SA-515 (Grades 65 and 70) may be used for 
welded components when exempted from impact 
testing as established by Figure AH-218.1 of 
ASHE Section VI 11, Divi·sion 2, .for the minimum 
anticipated operating temperature. When stainless 
steel header boxes are specified low carbon grade 
sha 11 be used. 

(b) Paragraph 6. 1.7 (Complete Substitutio~) 

Welded header partitions and sti.ffeners shall be 
of the same material as the header plate. 

(c) Paragraph 6. 1.8 (Compl~te Substitution) 

Fan blades shal 1 be of reinforced plastic 
{phenolic or epoxy resin) or aluminum alloy. 
Plastic blades shall not be used when the design 
temperature for mechanical parts established by 
Paragraph 5.2. 1.5 exceeds 40Q°F (205°C) with fans 
off,or when the outlet air temperature of induced 
draft units exceeds 225°F (107°C) with fans 
running. 
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(d) Paragraph 6.1.11 (Addition) 

Linkages and torque tubes shall be galvanized 
stee 1. 

(e) Paragraph 6. 1.16 (Addition) 

Tie bar and linkage pivot pins shall be Type 430 
or Type 300 Series stainless steel. 

(f) Paragraph 6. 1.23 (Addition) 

Plugs shall be ASHE Code approved forged material. 

4.7 Section 7 - Fabrication 

4.7.1 Paragraph 7.1 - Welding 

(a) Paragraph 7. 1. 1 - Genera 1 

(b) Paragraph 7. 1. 1. 1 (Addition) 

All welding and heat treatment shall be in 
ac~ordance with General Specification for W.elding. 

(c) Paragraph 7. 1.1.3 (Addi ti on) 

With Buyer approval, backing strips may be used 
for design pressures up to 2000 psi (13 790 kPa) 

(gage). Filler passes shall be applied using a 
rm.1'1 ti layer techn I que. 

(d) Paragraph 7.1.1.5 (New Paragraph) 

SPECIFICATION NO: 

1. Start and run-off pads shall be used. 

2. For design pressures of 2000 psi (13 790 kPa) 
4'Jage) or greater the fol lowi n9 requirements 
shal 1 app_~y: 

a. Bl ind corner root welds are not permitted. 
Header corner design shall prQvide for 
complete interpretation of root weld by 
radiography. Seller shal 1 •include with 
his proposal a drawing showing full details 
of the proposed corner design. · 

b. Tubes sha 11 be sea 1 we 1 ded to tubesheets · 
in addition to being roller expanded. 
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... 

(e) Paragraph 7.1.3 - Removable Cover Plate and Remov
able Bonnet.:rype Headers 

(f) Paragraph 7.1.3.1 (Addition) 

Partial penetration welds shall not be used. 

4.7.2 Paragraph 7.3 - Tube-to-Tubesheet Joints 

(a) Paragraph 7.3. 1 - Tube Hole Diameters and Tolerances. 

(b) . Paragraph 7.3. 1.2 (Addition - Purchaser's Choice) 

When stainless steel.tubes are specified, the tube 
holes In the tubesheet shall be machined in 
accordance with special close flt tolerances as 
set out in Table 2 - Column (b). 

(c) Paragraph 7.3.2.1 (Substitution) 

All tube holes shall be double grooved, each groove 
being 1/811(3.2 nm)wide and 1/6411 (0.4 mm) 
deep. 

(d) Paragraph 7.3.4 - Welded Tube~to-Tubesheet Joints. 

(e) Paragraph. 7 .3.4.3 (Comp.lete Substitution) 

When welded tube joints are specified they shall be 
in accordance with the tube·to-tubesheet welding 
specification. 

4.7.3 Paragraph 7.4 - Gasket Contact Surfaces 

(a) Paragraph 7.4.2 - (Addition - Purchaser's Choice) 

All .cover plate gasket faces shall have a flatness 
tolerance of.! 0.0315" (:!:, 0.8 mm) over the entire 
length. 

(b) Paragraph 7.5. 1 (Complete Substitution) 

SPECIFICATION NO:. 

All plug and bolt. threads shall be coated with a 
high temperature copper powder base anti-seizing 
lubricant, Fel·Pro CSA or equivalent. In services 
where copper is prohibited, p I ug t·hreads sha 11 be 
coated with a molybenum disulfide. base lubricant. 
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4.7.4 Paragraph 7.6 - Alignment and Tolerances 

(a) Paragraph 7.6.4 (New Paragraph) 

For coTpletely field or module yard assembled units, 
Seller shall demonstrate proper fit-up and match 
tolerance of the complete structure, including all 
components such as columns, fan ring and plenum, 
for each size and design encompassed by an order 
or multiple orders for the same project. The 
prototype unit shall be assembled using the same 
drilling template or punch guides used for all 
other units of the same size and design. If the 
unit is shipped partially assembled, proper fit-up 
of all components that require field assembly shall 
be demonstrated by shop assembly of prototype 
prefabricated components. 

4.8 .Section 8 - Inspection, Examination and Test 

4.8.1 Paragraph 8.2 - Quality Control 

(a) Paragraph 8.2.3 (Addition - Purchaser's Choice) 

All butt welds in carbon-moly and chrome-moly 
materials shall be completely radiographed, after 
postweld heat treatment. 

(b) Paragraph 8.2.7 (Addition) 

The same procedure shall be followed for Pl 
number when 100% radiography is required. 

(c) Paragraph 8.2.13.4 (Complete Substitution) 

Hardness of welds and related heat-affected zones 
shall not exceed the requirement of the welding 
specification. · 

(d) Paragraph 8.2:13.5 (Addition) 

Where double butt welding has been used, weld 
hardness shall be checked inside and outside. 

(e) Paragraph 8.2.15 (Complete Substitution) 

SPECIFICATION NO: 

Intermediate circumferential tube welds are.not 
acceptable. 
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(f) 

(g) 

... 

... ·· 

SPECIFICATION NO; 

Tube seal welds, applied weld metal lining and 
cladding restoration on main seams and nozzles 
shall be inspected for surface cracks.by a dye 

. penetrant fluid or.magnetic. particle test examina
tion. Where weld overlays are machined, such 
inspection shall be performed after machining. Tube 
seal· welds shall be examined after final rolling. 

Paragraph S.2. 18 (New Paragraph) 

The following additional inspection requirements 
shall apply, unless indicated otherwise in the 
mater I a I requ is i ti"on: 

1. Ultrasonic examination of material is required 
for plates or platelike forgings over 2 1/2" 
(63.5 mm) thick or other forgings over 4" 
(101.6 mm) thick. 

2. Ultrasonic examination of welds is required 
for plate.or forgings over 2-1/2 in. (63.5 mm) 
thick, and for al I nozzle attachment welds 
made in this thickness material. 

3. · For design pressures 2000 psi (13 790 kPa) 
(gage) and greater: 

a. All header corner joints, header longi
tudinal welds and nozzle attachment welds 
shall· be 100 percent radiographed,and the 
root and final weld pass shall be magnetic 
particle inspected. For nozzles not 
readily radiographable, the magnetic 
particle examination is sufficient. 

b. Prior to welding, a magnetic particle 
examination shall be made of all edges and 
plate openings prepared for welding. 
Defec~s found shall be cleaned to sound 
metal and then backwelded. 

c. A magnetic particle exami riat ion sha 11 be 
made of all attachment welds, including 
supports. 

d. A magnetic.particle exam1nation shall be 
made of areas where temporary lugs have 
been removed... These ar~as shal I be 
prepared for examination by grinding. 
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4.8.2 Paragraph 8.3 - Pressure Test 

(a) Paragraph 8.3.1 (Complete Substitution) 

Air c:ooled.exc:hanger bundles shall be given a 
hydrostatic: test with water in ac:c:ordanc:e with 
Paragraph UA-60 (e) of ASHE Code Section VIII, 
Division 1. Hydrostatic: testing with oils is 
not acceptable. 

The hydrostatic: test pressure shall be maintained 
for a minimum of o.ne hour to permit a thorough 
inspection and to detec:t s'mal I seepage-type leaks. 
When hydrostatic: tests are performed, two 
Indicating gages or one indicating and one record
ing gage shall be attached to the exchanger. Unit 
shall not be subject to external condensation or 
"seating" wh i 1 e under test. 

(b) Paragraph 8,3,3 (Addition) 

The minimum permissi.ble metal temperature for 
welded components during hydrostatic: testing shall 
be in ac:c:ordanc:e with Paragraph AD-155 and 
Figure AH-218.1 of Section VIII, Div. 2 of the 
ASHE Code. 

(c) Paragraph 8,3,4 (Complete Substitution) 

(d) 

The hydrostatic test water for sol id or c:lad 
austenltic: stainless steel components shall not 
exc:eed a chloride content of 100 ppm. 

Paragraph 8.3.6.(Additlon - Purc:haser•s Choic:e) 

In addition to the hydrostatic test, a shop air 
test at 50 psi (31+5: kPa) (gage) shal 1 be applied to 
all units in hydrogen-rich service when hydrogen 
partial pressure is 100 psi (689kPa)(gage), or 
when suc:h service is indicated on the data sheet. 
All bolted joints, tube joints and screwed plugs 
sha 11 be checked for 1 eaks w·i th a soap so I ut ion • 

For exchangers with design pressures 2000 psi · 
(13,790 kPa) (gage) and greater, the entire tube 
bundle shall be given a Halogen test, Freon is not 
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acceptable, in addition to the hydrostatic test. 
All joints shall be checked for leaks. 

Tube seal welds shall be Halogen tes~ed prior to 
f i na I ro 11 i ng. 

(e) Paragraph 8.3.7 (New Paragraph) 

Reinforcing pad welds shall be tested with air 
before stress relieving. Air test shall be at 
5·0 psi (345 kPa) (gage) minimum. Test holes in 

. pads sha 11 be left open • .. 
(f) Paragraph 8.3.8 (New Paragraph) 

Joints which are broken after hydrostatic test 
shall be reassembled with new gaskets and retested. 

(g) Paragraph 8. 3. 9 (New Paragraph) 

Gasket coatings other than graphite in combination 
with oil or grease are prohibited and shall not be. 
used under any circumstances.· 

4.8.3 Paragraph 8.4 - Shop Run-In 

(a) Paragraph 8.4 (Addition - Purchaser's Choice) 

Units which are shipped completely shop-assembled 
shall be given a shop run-in test for the driver, 
drive assembly and fan. 

4.8.4 Section 9 - Preparation for Shipment 

(a) Paragraph 9, 1.2 (Complete Substitution) 

Painting shalt be in accordance with the Gen~ral 
Painting Specification. 

(b) Paragraph 9.1.3 (Complete Substitution) 

Protective coating shall be in accordance with 
the Shop Preparation.of Equipment Specification. 

4.8.5 Section 10 - Supplemental Requirements 

Paragraph 10.1 - General 

Unless specified on data sheet the supplemental requir~
ments shall be incorporated when the tubesheet thickness 
exceeds 2" (50.8 mm), and when the design pressure ex
ceeds 2000 psi (13,790 kPa)(gauge). 
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5. SPECIFICATION CHECKLIST 

Listed below are possible related specifications to be included 
with the material requisition: 

Shop Preparation of Equipment 
Stru~tural Steel 
Induction Motor 
Steam Turbine 
Painting 
Welding 
Noise 
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1. SCOPE 

1.1 General 

1.1.1 The purpose of this specification is to cover in 
general the requirements for the design, fabrication 
and testing of ·steam surface condensers. 

1.1.2 Condenser data sheets which will deflne capacity, 
operating and design c:ond it ions, wi 11 be supplied by 
the Buyer. 

1.1.3 In case of conflict between the documents included 
in a material requisition, the order of precedence 
is: 

a) 

b) 

Data sheet 

Notes and referenced specifications in material 
requisition 

c:) Addendum to spec: i f i c:a ti on 

d) This spec:i fi c:at ion 

1. 1. Z. The Buyer wi 11 fi.lrn i sh the fol lo~.i_ng items: 

a) Foundations 

b) Condensate pumps 

c) Instrumentation 

d') Cooling water piping and valves to and .from 
main condenser 

d) Steam piping to ejectors 

1.1.5 The Seller shal 1 furn.ish the foflowing items: 

a) Main condenser 

b) Air injectors 

c:) Inter-condenser 

d) ;After-condenser 

e) Atmo"spheric: relief valve 

f) Inter/After-condenser relief valves 
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g) Inter/After-condenser drain traps 

h)· Ejector isolating valves 

i) Strainers. 

j) Interconnecting piping to include air piping 
from condensers to ejectors, and condensate 
piping from inter- and after-condenser to hotwell 

k) Distance piece from turbine nozzle to surface 
condenser to include stainless steel expansion 
joint. Additional information will be furnished 
in material requisition, see Paragrai:'h 3,5 

1) Silencers 

m) Instrument connections 

n) Hogging ejector shall be quoted as an extra for 
rapid evacuation of the condenser for start-up. 
Advise the time required to lower condenser 
pressure to 411 (102 mm) of mercury absolute 
with and without hogging ejector. 

1.2 Quotation 

1.2. I In order to receive due consi~eration, the Seller 
shall quote in strict accordance with this and other 
applicable specifications, and shall so state in his 
proposal. 

1.2.2 The Seller shall furnish the following information 
with his proposa_l: 

SPECIFICATION NO: 

a) Completed condenser data sheets 

b) Ejector operating data an·d motive steam 
requirements 

c) Method of shell to tube expansion relief 

d) 'Dimensional drawing of complete unit. 

d) Itemized description of complete unit and 
auxiliaries including material of construction 

f) Location and description of silencers 
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2. CODES ANO STANDARDS 

Design, construction and testing of surface condenser shall be in 
accordance with the latest .Edition (with latest Addenda) of the 
ASHE Code for Boilers and Pressure Vessels Section VI I I, 
Division I, and the Heat Exchanger Institute Standards for Steam 
Surface Condensers. Piping, valve and fi~ting design and 
construction shall be in accordance with the latest Edition (with 
latest Addenda} of the ANSI Code for Power Piping 831. I. 

3. DESIGN - PROCESS 

3.1 Cleariliness factor to be.used in the design of the condensers 
sha 11 be: 

Titanium Tube 
Inhibited Admiralty 

90 Percent 
85 Percent 

· 3. 2 The minimum water ve Joe i ty in the tubes sha 11 be: 

Tl tanium 
. Inhibited Admiralty 

Minimum 

8 ft/s (2.44 m/s) 
4 ft/s (1.22 m/s) 

Maximum 

30 ft/~ (9.144 m/s) 
7 ft/s (2.134 m/s) 

3.3 The hotwell shall be designed to provide 3 minutes storage 
from nonnal water operating level when the condenser is 
operating at maximum steam load. 

3.4 The primary air ejector shall be two-stage twin element 
with each ejector capable of handling 50 percent load. The 
ejectors shall be complete with air isolation valves so that 

•either ejector may be removed from service while the other 
ejector is in operation. 

3.5 The distance piece flange shall match the turbine exhaust 
flange. Dimension, orientation and nozzle loadings of 
turbine exhaust shall be provided by the Buyer. If the 
dimensions are not available at the time of quotation, the 
Seller shall size the distance peice.on the basis of a steam 
velocity of 350 ft/s (107. m/s). The approximate length 
will be. specified by the Buyer. Seller shall quote a cost 
.per foot (meter) for increasing or decreasing the length. 

SPECIFICATION NO: 14222-E-3 Rev. 1 PAGE 4 OF 6 



4. DESIGN - MECHANICAL 

4.1 The main condenser, inter/after-condensers, and auxiliary 
equipment shall be designed for an outdoor installation. 

4.2 Corrosion allowance for carbon steel pressure parts shall 
be 1/8" (3.2 nm). 

4.3 All piping and instrument connections shall be flanged. The 
minimum size connection sRall be 111 (25.4 nm) •. 

4.4 Vents and drains shall be provided at high and low points, 
respectively, in both the shell and tube side systems. 

4.5 Materials 

4. 5. 1 

ITEM . SERVICE 

SEAWATER-BRACKISH FRESH COOLING TOWER 
WATER WATER 

------------------------
Mainshel I 

Water Box 

Tubes 

Tube Sheets 

Carbon Steel 

ASTM B-127 Mone! 
400 or Carbon S tee I C.l ad 

·with Hone! 400 
Minimum clad thick
ness to be a.1· 11 

(2. 54 mm) 

Titanium ASTM B-338 
Gr 2 welded, 20 gauge 
mi n i mum wa 11 · 

Carbon Steel Clad.with 
Titanium, A-516 with 
B265 Gr2. Minimum 
cl ad t:. i ckness to be 
0.187" (4.8 mm) . 

Carbon Steel 

90-10 CuNi or Monel 
400 or Carbon.Steel 
~lad with Monel 400 
or 90-10 CuNi. Mini
mum clad thickness to 
be 0. 1" (2.54 mm) 

Admiralty ASTH Bill 
alloy C443, C444 or 
C445 16 gauge minimum 
wal I. 

Carbon Steel Overlay/ 
clad with Admiralty 
or Bronze 

4.5.2 When construction features require weld overlay, the 
minimum weld overlay thickness shall be 0.125" 
(3.2 nm). 

4.5.3 Ejectors 

SPECIFICATION NO: 

a) Nozzles - 18-8 stainless ~teel 

b) . Diffusers - Steel 

c) Air Chambers - Steel 
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d) Steam Chest - Steel 

4. 3 A 11 pi p.i ng and instruments connect.ions· sha 11 b~ flanged. 
The minimum size connecti.on shall be 111 (25.4 nm). 

4.4 Vents and drains shall be provided at high and low points, 
respective I y, in both the she 11 and tube side sys terns •. 

5. VIBRATION 

·The Seller shall submit for the Buyer's review calcula.tions 
per HEI Paragraph 6.2.4.5 confinning that the condenser tube 
bundles have been investigated for flow-induced tube vibrations. 

6. INSPECTION AND TESTING 

6.1 The condenser· shall be tes-ted i.n accordance with the 
requirements of the Pressure Vessel Code and Heat Exchanger 
Institute Standards as ~pplic~~le. · 

7. SPECIFICATION CHECKLIST 

Listed below are possible re:lated specifications to be included 
with the materi a I requisition: 

SPECIFICATION NO: 

Shop Preparation of Equipment 
Pa·int.i ng 
Welding 
Noise 
Data. Sheet Form 908 
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I. SCOPE 

1.1 General 

I. I. I The purpose of this specification is to cover in general the 

design, fabrication, testing and preparation for shipment of 

shell and tube type heat exchangers. 

1.1.2 Exchanger data sheets, which will include material specifications, 

fluid characteristics, design conditions, tube size, length and 

pitch, etc.·, wi11 be supplied by the buyer for each unit. 

I • 2 Quotations 

I. 2. I In order to receive due consideration, the Seller shall quote in 

strict accordance with this and other applicable specifications, and 

sha 11 so s.tate in his proposa 1 ~ 

1.2.2 The Se11er shal 1 guarantee the thermal and mechanical design of 

the exchanger. When a thermal design is furnished by the Buyer, 

the Se11er shall vel"ify the thermal design, and state In his proposal 

that he will supply a thermal and mechanical gu~rantee. 

1.2.3 One complete set of spare gaskets shall be included .in the quoted 

price. 

1.2.4 Floating head test rings and/or channel test l"ings shall be quoted 

as an extra. 

2. CODE AND STANDARDS REQUIREMENTS 

Design, construction, testing and inspection of all shell and tube heat 

exchanger equipment shall be in accordance with the latest Edition (with 

latest Addenda) of the ASHE Code for Unfired Pressure Vessels, Section VII I, 

Division 1, or in the case of steam generators ASHE Code for Power Boilers, 
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Section 1, and with ·the TEHA Standards Class "R". 

A test pressure shall be calculated for each component of the exchanger. The 

highest va 1 ue _sha 11 be used. for the actua 1 test pressure. Each component 

thickness shall be such that the component is stressed at least 1.5 times •. 

but not. greater than 1.75 times the maximum allowable stress at the test 

temperature when subjected to the actual test pressure. 

3. DESIGN 

·,_ .. 

3. 1. General 

3.1.1 .Shell and tube TEHA type .shall be as specified on the exchanger 

data sheet. 

3.1.2 Minimum design pressures will be specified on the data sheet. The 

Seller shall compute the maximum allowable working pressure (HAWP). 

When nozzle flange ratings limit HAWP, any excess material shall 

be converted to corrosion allowance. The HAWP shall be stamped 

on the nameplate. The nozzle-to-shell ,att_achment, tubesheet, or 

other secondary attachment shall. not limit the HAWP. 

a) Differential pressure design shall be considered only when 

specified on the data sheet. 

b) The allowable external pr-essure (excluding tubesheets) shall 

be calculated and shown on the outline drawing. 

3.1.3 Nominal design temperatures will be specified on the data sheets. 

Exterr:-"ll bolting stress values shall be based on the design 

temperature.· Designing with temperature gradients is not accept

able. Temperature gradient design procedures require Buyer approval. 
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a) The Seller shall establish maximum and minimum design 

temperatures and stamp. these temperatures on the nameplate as 

allowed by the Code or this specification without: 

. (1) Incurring reduced al l<Mable stress. 

(2) Being forced into a higher flange rating. 

(3) Changing testing requirements .• 

3.1.4 When alloy constru1:tion is involved, either solid or c:lad, full 

information shall be furnished by the Seller with regard to 

finished thickness and the proposed method of fabrication including 

welding, heat treating, and nondestructive testing for approval by 

the Buyer. Approval must be obtai.ned prior to the start of 

fabrication. 

J.1.5 The Seller shall submit all mechanical calculations-for·Buyer 

review. 

3.1.6 When stacked exchangers are used in a service having a large 

temperature range, the. Seller should investigate potential thermal 

expansion problems of the: Intermediate connecting nozzles- and 

supports. 

3.1.7 Unless specified on the data sheet, stacking of exchangers shall be 

limited to three (3) high or a maximum height of 12 feet from 

underside of bottom exchanger height saddle to the centerline of 

the top she 11 • 

3.1.8 Lifting lugs shall be provided for handling the channel, channel 

cover, and shell i.;over. Minimum lug thicknes.s is 3/4 in~ 

3.1.9 All pres.sure ·parts shall be full penetration welded. 

3.1.10 No corrosion allowance is required on nonpressure internal parts, 
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3.1.11 Double shell pass exchangers may be quoted with the following 

I imitations: 

(a) 7 psi maximum pressure drop. 

(b) 4000F maximum temperature differential. 

(c) Sealing shall be accomplished by multiple leaf, lamiflex 

type. 

3.1.12 Fi.nned tube type of heat exchanger equipment may be quoted as 

an alternate when economical,when shell side service is non-

fouling. 

3. 1.13 Velocity of fluids th.rough exchangers shall conform to the 

following unless otherwise specified: 

Minimum of 5 fps for water through tubes. 

Minimum of 5 fps for hot oil through U-tubes. 

Minimum of 3 fps for other fluids through tubes. 

Minimum of fps for fluids through shell. 

Minimum of 4.5 and maximum of 8 fps for slurry oil through 

tubes. 

If the above minimum velocities are not compatible with the 

allowable pressure drops, the pressure drops shall be governing. 

Calculated velocities through shell and tube shall be indicated 

on the manufacturer's data sheet. 

3.1.14 Allowable pressure drops specified shall include entrance and 

exit losses through nozzles and loss due to fluid acceleration. 

The allowable pressure drop shal 1 be taken to mean 20% .in excess 

of the calculated clean pressure drop. The pressure drop (20% in 

excess of clean) shall be indicated on the manufacturer's data 

sheet. 
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3.1.15 Adequate impingement protection shall be provided at shell inlet 

nozzles when vapor or mixed phase fluids are entering. The tube 

protection can be· afforded by use of dummy tubes, or double 

perforated-staggered plates on the bundle, or, preferably 

locating the inlet behind the U of a u~tube exchanger. ·Adequate 

space must be provided between the.tube bundle and the shell to 
-

accommodate these impingement devices. 

3.1.16 Kettle type reboilers shall have the tube bundle located in the 

lower portion of the shell. A weir shall be located-beyond the 

tube bundle to maintain level above the tubes. Weir height shall 

be established 2" or more above the top of the tubes and at least 

1/3 shell diameter below the top of the shell. One or more weep 

holes, as reconunended by the manufacturer, shall be provided at 

the bottom of the weir for drainage. Liquid outlet shall be 

·located beyond the weir. Minimum shell length beyond the weir 

shall be 3/4 shell diameter. Two 1-1/2" side connections for a 

gauge g 1 ass and two l-1 /2" s I de connect Ions for a 11 qu Id 1eve1 

controller shall be provided. The ratio of the tube bundle 

length to the tube bundle diameter shall not be more than 6:1. 

3.1.17 Unless otherwise specified, minimum fouling factors shall not be 

·less than those reconvnended rn TEHA Standards. 

3.1.18 A triangular tube pitch shall be used only when the shell side fluid 

is low-fouling, i.e., .002 or less. 
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3.1.19 

3.1.20 

3.1.21 

Exchangers shall be designed for a minimum of 75 psig. 

For operating pressures above 125 psi to 270 psi; minimum 

desigti pressure shall be 300 psi. For operating pressure 

above 270 psi, exchangers should have a minimum design pressure 

10% above the maximum operating pressure. 

Corrosion allowance shall be adqed as specified and as 

recommended in the TEMA Standards, except that it shall also 

be added to low allo~ steel parts and to nozzle and manway 

necks. Corrosion allowance shall not be added to stainless 

steel parts unless otherwise specified. 

For heat exchangers in slurry service, wear sleeves or ferrules 

shall be provided at the inlet to each tube. They shall be 

about 8 iDches long and 18 BWG thick. The inner end shall be 

feathered, and if there is clearance between tube and ferrule; 

shall be flared to fit the ID of the tube and provided ·'for a. 

smooth flow of oil. The other end shall be rolled flush with 

the tubesheet. Material shall have the same coefficient of 

expansion as the tubes~ 
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3.1.22 _- When fixed tubesheet of floating head single pass tubeside 

is specified, calculations for metal temperatures fo each 

component .for all com.biDations of fouled and unfouled heat 

transfer surface with no flow and flow of each fluid shall 

be submitted for Buyer's review. 

3.1.23 Baffle spacing shall be a maximum of 36" and a minimum of 

2° or 20%.of shell diaineter, which ever is larger, unless 

otherwise specified. Number and spacing of baffles shall 

be specified on data sheet • 

. 3.2 ~ 

3.2.1 Unless otherwise specified C.S. tubes shall be 14 BWG and 

alloy tubes 16 BWG. The wall thickness will mean minimum 

& wall .thickness. Tuhes shall be 3/4" O.D •• tubes of l~" o.n. 

may be considered for highfouling stocks. _tf. U-tube cons

truction is indicated, the Seller shall follow the requi

rements in Paragraph R-2.3 of TEMA. 
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& 3.2.2 

3.2.3 

Preferred straight tube length shall be 20' -0". 

Seller shall guarantee that the yield strength of the tube 

material does not critically exceed the yield strength of the 

tubesheet material in order to insure a quality rolling, expanding 

and sealing of tubes to tubesheet is attainable~ 

3.2.4 All austenitic stainless steel U-bends shall be stress relieved 

3.2.s 

beyond the tangent line. Seller shall submit the stress relieving 

procedure for approval. In addition, tube shall meet the follow-

ing requirements: 
. 

(a) A11 tubes shall be in th.e fully annealed eondltlon as 

received from the mi.11. 

(b) Tubes shall be bent cold~ 

(c) Permissible ovality (out-of-roundness) of the tube cross 

section at the U-bend, shall be+ 6% of the tube O.D. 

(d) Minimum radius of bend shall be two times the nominal O.D. 

of the tube. 

All tubes shall be domestic unless otherwise approved by the Buyer. 

3.3 Tubesheet 

3..3. 1 Four tapped holes shall be provided in the face of all nonbolt 

through, removable bundle tubesheets. These holes are for pulling 

studs necessary in removing the bundle. Plugs of the same 

material as the· tubesheet shall be provided for plugging the 

holes. Gasketed shoulder plugs of the same material as ~he 

cladding shall be provided for plugging holes in clad tubesheets. 
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Jackscrews and tapped hole shall be provided on all removable 

bundles larger than 12 in. o.o; The threaded length of the tap 

shall not exceed the diameter of the jackscrew. Lugs welded to 

the tubesheet o.o. to aeconmodate the jackscrews may be used on 

nonbolt~through tubesheets. 

3,3,3 Where nonferrous tubesheets are called for, the clad type may be 

considered unless otherwise specified. When the clad type is 

used, It sh~ll meet the following specifications: 

(a) The cladding shall not be counted for the strength which it 

adds to the tubesheet. The base metal thickness shall be 

calculated as though there were no cladding. The base metal 

shall be a silicon killed steel, ASTH A-516 Gr. 70. 

(b) When clad tubesheets are considered, the cladding shall be 

one of the continuous bond type~ such as: (1) Lukens Clad, 

(2) silver solder type, or (3) deposited weld machined type. 

However, the silver solder type shall n9t be used when it is 

specified that tubes will be seal welded to the tubesheet, 

since the continuous bond would be impaired by the welding. 

The fol lowing clad types ~re.:!:'ot acceptable: (1) the spot 

welded type, (2) the ~lug welded type, or (3) the bolted-on 

type. 

(c) When the silver solder type of cladding is used, it sha 11 be 

at least 3/1611 thick after machining, including thickness 

in pass partition grooves. Lukens type must be t!-!ick enough 

to give approximately 3/1611 at al 1 points, ·including thickness 

in pass partition grooves. 
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(d) If cladding is proposed for the shell side of a tubesheet, 

it shall be at least ~" thick with one tube groove in the 

cladding. 

3.4 Tube Bundle 

3.4.1 

3.4.2 

3.4.3 

3 .4 .4. 

3.4.5 

The maximum removable bundle OTL (outer tube linit) shall be 

48 inches. ·Larger bundle size requires Buyer approval. 

U-bends shall be investigated for vibration and shall be 

suitably supported. 

When tube to tubesheet welds are required, they shall conform 

to the referenced specification. 

Transverse ba::fles shall' be ·v.eJ:tical~y cut;,. :a~g.l:e, J.do.Ulle, ··ar 

triple segmental cross~flow·eype. 

a) Baffle cuts, when the tube pattern is triangular, 

shall be specially· .cut ·t0 ~p-rev.ent. :excess ·:metal f.irom :cutting. ·cubes. 

b) Provide ~" high vee notch on bottom centerline of all 

vertical cut baffles. 

Seal strips are required when the radial ·.clearance: •between 

the OTL (outer tube liniit) ·and shell is greater than one tube 

diameter, or when a large mumber of tubes are dropped for 

impingememt plates. The seal strips shall be placed 1 in. 

to 3 in. from the baffle cut, and approximately every eight 

rows of tubes; and shall extend to within the ligament distance 

of the tubes. Dummy tubes or solid bars shall be placed in the 

void areas caused by pass ribs. Only those areas parallel to 

cross-flow need be considered. 
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3.4.6 Skid bars are required on removable bundles 30 in. in diameter and 

larger to facilitate bundle removal. Slide rails shall be provided 

in kettle-type shells. Design of such skid bars and slide rails 

is subject to Buyer approval. 

- ---
3.4.7 Bundles shal 1 be withdrawn afte'r insertion. a distance equal to 

the lesser of two central baffle spaces or 4 ft. In the case of 

stacked heat exchangers only the bottom bundle need .be withdrawn 

in the stacked position. Grinding of baffles to permit insertion 

is not acceptable. 

3.5 Floating Heads 

3.5. 1 Split ring ~acking device design shall be in accordance with 
; 

ASHE Code Sect ion VI 11, Paragraph UA~53. In 1 ieu of above, ··the 

Sel.ler may submit with his quotation an alternate design procedure 

for Buyer approval. 

3.5.2 Maximum tubeside desig~ pressure for split rlng'"'type exchangers 

3.5.3 

3.5.4 

shall be 600 psi. 

Floating head covers shall be provided with lift lugs welded on 

each side at 45 degrees from top. . . 

Floating head covers are to·provide a minimum of 1-1/2 in 

between the end of any tube and the inside of the cover. 
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3.6 Channels and Shell Covers 

3.6.1 

3.6.2 

3.6.3 

When a bonnet-type head is used at the stationary end of a 

floating head or U-tube exchanger, the diameter of the fixed 

tubesheet shall be equal to the O.D. of the shell flange. Tapped 

tubesheet bolt holes are prohibited. The tubesheet shall be 

counterbored to accept collar studs. Approximately 25%, with a 

minimum of four, of the flange studs shall be collar studs. They 

are to be provided with lock nuts on the_shell side of the flange. 

Reduced diameter tubesheets are acceptable on removable bundles 

only when removable channel covers are specified. 

Removable channel covers shall be provided with a lifting lug. 

3.7 Shells and Shell Supports 

3.7.1 Shells, where possible, shall be constructed of seamless steel 

pipe or one plate with a single longitudinal seam. 

3.7.2 Minimum shell thickness shall be 1/4 in. Shells shall be checked 

3.7.3 

for roundness with a tem~late to insure bundle installation without 

binding. 

Wixed tubesheet units shall be provided with expansion joints in 

the shell where required by TEHA Paragraph R-3.3. 

It is the responsibility of the Seller to determine the need for 

shell expansion joints. When expansion joints are required they 

:~hal 1 be heavy duty u.:.Span or approved equal joint. Manufacturer 

shall furnish complete details of the proposed joint for Purchaser's 

approval. Joints shall be protected against dimpling or damage 

by a protective cover. 
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3.7.4. On floating head-type units when one-p~ss tubeside construction 

is spedfied, the following limitations shall be followed: 

3.7.5 

a) A "packed g 1 and" type i s accept ab. i e i f on 1 y water or 1 ow 

pressure steam is present in the shell. 

b) If any flammable or high pressure fluid is.in the shell, 

th~n-an internal bellows joint must be used. A11 internal - _ .... 
bellows joints must be fabricated from Honel unless otherwise 

specified. A typical sketch of the internal joint_ assembly 

must be submitted with th~ quotation. Detailed mechanical 

calculations of the joint assembly must be submitted to the 

Buyer when requested. 

Shell supports shall be provided in accordance wit~ the manu~ 

facturer's reconmended design apd the following design conditions: 

a) Shell supports shall be designed to withstand a vertical 

· load including the heat exchanger weight, weight of heat 

exchangers stacked above, weight of water contained in the 

stacked heat exchangers, other specified loads, plus fifteen 

percent of the above loads .. without distortion to· the shells. 

b) The horizontal support loading sha11 be as fol lows: 

(1) The horizontal load induced by pulling a tube bundle 

from a he.at exchanger unit without jacking screws shal 1 

be taken as 150 percent of the tube bundle weight or 

2000 lbs, whichever is greater. 

(2) The horizontal load induced on the support without 

slotted holes by pulling a tube bundle from a heat 

exchanger equipped with a jacking screws for breaking 
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the bundle loose shall be 33-1/2 percent of the tube 

bundle weight. 

(c) Web height at vertical centerline shell shall be such 

that the support projects at least 1 in. below nozzles 

or othe.r projecting components. 

(d) Bearing plates attached to the s~ell shall be continuous 

seal welded as a minimum and be provided with a 1/2 in. 

vent hole or a 1/2 in. skip in weld on one side. 

3.8 Flanges and Gaskets 

3.8.1 Al 1 end flanges shal 1 be. checked for axial alignment and gasket 

face flatness after welding to.the shell and stress relieving. 

3.8.2 Hub-type body. flanges are requir~d. 

3. 8. 3 The design method for the high pressure- low pressure body flange 

combination at the fixed. tubesheet end must be approved by the 

Buyer.· 

3.8.4 The effect of pass rib gasket compression shall be considered in 

the design. 

3.8.5 Jack screws shall be provided to assist in parting of gasketed 

joints over 12 in. in diameter, in accordance with Paragraph 3.3.2. 

3.8.6 Gasket materials shall be limited by the following temperatures: 

4oo°F Asbestos only 

4oo°F Admiralty and Ccpper 

700°F 

7S0°F 

800°F 
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Gasket material shall be in the annealed condition. Gaskets 

for all services except air, water and steam, shall be metal 

double-jacketed asbestos or solid metal suitable for conditions, 

unless otherwise specified. Nubbin facings are not acceptable for 

use with double-jacketed gaskets. 

Gaskets for floating head joints sha11 be sol id metal suitable - __ .. 
for conditions. 

Metal clad asbestos gaskets shall be double jacketed Armco iron 

asbestos filled, Metallo or Goetze type, Flexitallic or equal. 

Alloy clad asbestos gaskets, where specified, shall be of 12-14% 

chro111ium alloy. 

Abbreviations for gasket types are as follows: 

A Asbestos 

OJA - Metal double-jacketed with asbestos filler 

SH - Solid metal 

SWA - Spiral wound, asbestos filled 

SWT - Spiral·wound, Teflon filled 

3.8.7 Bolting 

Bolting materials shall be selected in accordance with Table 2. 

Material selection shall be such as to prevent galling. 

a) Bolting,when exposed to hydrogen sulfide, shall not 

exceed a hardness of 225 BHN. Appropriate allowable stress 

for specially tempered bolting shall be used in design. 

SpeCi a 11 y tempered bo 1 ts sha I I be stamped 87-H for i dent i fi cation •. 
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Table 2. 

Bolting Design Conditions Bolting Material Nut Hater i a I 

Flange Spec:i fi- Spec: i fi-
Temperatures Rating(lb) Type cation Grade cation Grade 

(2) 
-1S0°F to -21°F any Studbolts SA-320 B 7 SA-194 4(1) 

-20°F to 900°F any Studbolts SA-193 B 7 SA-194 2 H 

901°F to 1100°F any Studbolts SA-193 B 16 SA-194 2 H 

Note: 

(1) Nuts require impact t~sting per ASTM A-320 to -1S0°F test temperature. 

(2) If the exchanger flange is lS-8 S.S., use A-320 Gr. B-8 studbolts 

and SA-194 Gr SF nuts. 

a) External bolting threads and nuts shall be coated with a lubricant 

prior to final assembly. Internal bolt.ing (floating head assembly 

bolting, etc:.) shall not be coated. Any one of the following 

lubricants can be used with.in service requirements outlined below: 

( 1 ) 

(2) 

(3) 

(4) 

(I 

. . 0 
Graphite and Oil - 650 F maximum. Graphite and oil in 

contact with stainless steel, whether bolting or flanges, 

is not acceptable. 

Molybdenum Sulphide - 7S0°F maximum.• 
0 . 

Colloidal Copper - 1000 F maximum. 

Collodial Nickel or Sliver - (for austenitic: stainless 

steel materials) all temperatures. 
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b) Additional bolting requirements: 

3.9 Nozzles 

(1) Hardened washers are requ.ired when the bolt diameter is 

2 in. or larger. 

(2) Bolting 2 in. and larger shall be provided with additional 

length fort.he use of a bolt tensioner. Washers shall be 

lubricant coated as specified in Paragraph 3.8.7 (a). Seller 

shall account for clearances required for l?!'~~r bolt. tensioner 

use, e.g., nozzle location. 

(3) Castle-type nuts are not acceptable. 
. . 

(4) Studded-in bolting. is not acceptable unless specified or 

approved by the Buyer. When studded~in bolting is acceptable, 

the thread class, hole design, and nongalling properties shall 

be fully described for Buyer approval. 

(5) AH bolts shall be stud bolts with a. mini.mum diameter of 3/4 in. 

and threaded full length. Threads ·shall be .in accordance with 

ANSI B 1.1 for high strength bolting and shall be Coarse 

Thread Series for sizes l in. and smaller, and 8-Pitch Thread 

Series for larger sizes. 

3.9.1 In general, nozzles shall be forged steel welding necks, with or 

without integrally forged reinforcement. Built-up nozzles of 

seamless steel pipe and forged steel welding neck flanges may be 

used, if these are more economical. For built-up nozzles JO in, 

and over the nozzle neck may be steel plate rolled and double butt 

welded. All ·welds in built-up nozzles shall be ground to the l.D. 

of the nozzle. St ip-on flanges require Buyer approval. 
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3.9.2 Connections for washout, acid wash or chemical cleaning shall be 

installed in the exchanger nozzle(s). Sizes shall be a minimum, of 

l~" - 3000 lbs threadolet on nozzles 3" larger, and l" - 3000 lbs 

threadolet on 3" and smaller nozzles. 

Each "raised face" or "flat face" nozzle shall have a l" thermowell 

connection. Thermowell connections may be omitted on nozzles less 

than 3" in diameter. 

All "raised face"or "flat face" nozzles shall have a l" pressure 

gauge connection. Vent connections at high points and drain 

connections at low points shall be provided (minimum size l"). 

For "raised face"or "flat face" nozzles, screwed type connections 

shall be used in the side of the nozzles. Couplings shall be 6000# 

full lenth and welding shall be "full penetration" welding. If 

the manufacturer wishes to drill and tap, he shall provide a suitable 

boss in order to give full length thread plus 1/8"." In addition, 

a drilled and tapped connection shall meet the strength requirements 

of all applicable Codes. 

All screwed connections s_hall be plugged with steel bar plugs 3" 

long except for alloy constru~tion, in which case alloy plugs shall 

be used. 

3.9.3 Nozzle.projections shall be sufficient to remove the flange studs 
-

from the exchanger side, considering the insulation thickness. 

3.9.4 Intermediate flanged radial nozzles which are directly connected 

should have raised face facings and not RTJ facings. 
0 
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3.9.S The use of nozzle liners is prohibited. 

3.9.6 Unless otherwise specified, nozzles in both shells and channels shall 

be cut off flush with the l.D.,and sharp edges rounded off to at 

least l/811 radius., 

3.9.7 Steam heated equipment shall be provided with a 1-1/211 connection 

on the steam side for venting noncondensible gases. If the steam 

is flowing t·hrough the tubes, the vent shal 1 be located at the high :.. .. 

point of the second pass channel compartment. If the steam is on 

the shell side, the vent shall be located on the vertical centerline 

at the she 11 end opposite the i·n 1 et nozz 1 e. 

4. MATERIAL SPECIFICATIONS & WELDING 

4. I Genera I 

4.1..1 All material shall be as indicated on the individual data sheets. 

Unless specific material designations are made on the data sheets, 

material shall conform to the ASHE specifications indicated in 

Section 8 of TEHA. 

· 4.1.2 Admiralty tubes shall be ASTM B-111, Type B, C, or D. 

4.1.3 In alloy exchangers the nonpressure parts such as baffles, tie rods, 

. etc., may be the least expensive of the alloys considered suitable 

where more than one material is required in the fabrication of 

the exchanger. 

4.2 Welding 

4.2.1 Welding procedures and welders or welding operators must be quali

fied in accor-dance with Sections I, VIII, and IX of the ASHE Code. 
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4.2.2 All welds sh-all be made by the SHAW, GTAW or GHAW process using 

electrodes of composition quality. Gas, bare wire, carbon-arc or 

forged welding will not be permitted. Welding by automatic or 

semi-automatic equipment will be permi"tted. _All nozzles, small 

connections and their reinforcement shall be attached to the vessel 

with full penetration welds. 

4.2.3 When equipment is fabricated of welded Type 347 stainless steel, 

the following shall apply: 

(a) 

(b) 

All Type 347 welding electrodes shall deposite metal containing 

on 1 y 3 'to 5% de 1 ta ferrite. 

0 0 Al 1 shop welded compone~ts are to be annealed at. 1925 F-1950 F. 

following welding. The work piece shall be heated uniformly 

to annealing temperature •. When piece to be annealed is of 

uniform thickness throughout, it may be charged to. the 

furnace at the annealing temperature. On pieces of nonuniform 

thickness, a slower heating rate shal 1 be used to miniinize 

thermal distortion. It shal 1 be held at t_emperature for a time 

based on one hour per Inch of thickness, with a minimum holding 

time of.one-half hour. The piece may.be cooled in the furnace 

or uniformly in still warm air. Where weld is of uniform 

thickness or not under restraint, piece may be cooled in water 

spray. The faster piece is cooled, the lower the percentage of 

ferrite. 
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5. INSPECT I ON AND TEST ING 

S. 1 General 

5.1.1 The Buyer reserves. the. l"ight to inspect at any time during 

fabdcation. Inspection shall be by the Buyer or his authorized 

representat.i ve. 

5.1.2 All .welding and nondestructive testing. shall be in accordance with 

Welding Specification. 

5. 1. 3 The approva·l or re 1 ease for shipment by any inspector or representa~ 

tive of the Buyer does not relieve the Seller of any responsibility 

or any guarantee. 

· 5. 1 • 4 The Code Inspector sha 11 certify "Manufacturer's Data Reports" and . 

witness Code stamping where required. 

5.2 Testing 

5.2.1 Each exchanger shall be hydrostaticaJly tested in accordance with 

procedure outlined in Paragraph R-1.31 of TEHA. Units designed 

with stacked shells shall be tested in shells stacked position. 

5.2.2 All tests are to be made in the presence of the Buyer's inspector 

or authorized representative. An except.ion,. however, is the 
' '< ' ' 'f . - ' ' 

individual testing of reinforcing pads before stress relieving. 

Seller shall· insure that water is completely drained from 

exchangers following hydrostatic testing. 

5.2.3 Seller shall furnish the Buyer for approval the hydrostatic test 

proce.durG for "testing items that have the internals designed for 

a differential pressure. It is required that the individual shell 
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side and tube side pressure be recorded separately, particularly 

during the dropping of pressure at the end of the test. 

5.2.4 The use of gasket 11dope11 other than graphite and .oi I or grease 

is prohibited, and shall not be.used under any circumstances. 

NOTE: Oil, graphite or other flammable materials shall not 

be used for oxygen service. 

5.2.5 Upon successful completion of inspection and tesdng, a stamped 

nameplate of corrosion resistant material shall be prepared and 

attached to the exchanger. Any nameplate bracket attached to the 

unit shall be seal welded all around. 

Nameplate data shall specify the maximum allowable working pressure 

of the heat exchanger as defined in Paragraph 3.1.2. 

5.2.6 For items in which the internal components are designed for a 

differential pressure, the Seller shall provide a warning plate 

attached to the. shell which identifies the internal components and 

the design differential pressure. 

6. PREPARATION FOR SHIPMENT 

6. I General 

6. I. I All surfaces shall be thoroughly cleaned of weld spatter. All 

scale and debris shall be removed from the internal surfaces of 

the exchanger and the external surface of all welded joints. 

6. 1.2 Surface preparation and painting sh~ll be in accordance with the 

referenced painting specification. 
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6.1.3 Shipping notices shall be forwarded to the Purchaser as 

directed in the purchase order; 

7. GUARANTEES 

7.1 The Seller, unless he expressly.states any exceptions in his proposal, 

shall, without.qualification; guarantee the units furnished by him to 

meet the Buyer's requirement,.s~th regard to mechanical design, transfer 

rate, pressure drop, capacity and suitability for satisfacto,.Y operation 

under the specified· operating conditions. Upon satisfactory proof that 

the units furnished do not meet any of these conditions, the Seller. shall 

furnish FOB the point of use any necessary additional equipment to meet 

the specified conditions, or make chan9es to the original equipment furnished 

as.required. 

8. SPECIFICATION CHECKLIST 

Listed below are related specifications and drawings which may be included 

with the material requisition: 

Sp.ec if i cations 

- General Specification· for Equipment Seller 

General Welding Specification 

- We 1 ding Tube.s to Tubesheet Speci f i cation 

- General Painting Specification 

- Shop Preparatiun of Equipment 

Drawings 

H-505 - Head Handling Davits for Heat Exchangers (to be provided 
during Phase 1). 
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1.1. General 

1.1.1 The purpose of this specification is to cover, In 
gene.-al, the· design, fabrication, testing and 
preparation for shipment of Fired Process Heaters. 

1.1.2 Heater data sheet, which wi,11 Include material 
specifications, fluid characteristics, design 
conditions, etc. , w 11. l be ·suppl i ed- by the Buyer for 
each heater. · 

1.1.3 In case of conflict between the documents Included In 
a material requisition, the order of precedence is: 

a. Individual data sheets 

b. Notes and referenced specifications rn .the 
material requ Is I ti.on 

c. Addendwn to this spe~lflcatlon 

d. This specification 

1.2 Quotations 

1.2.I In order to receiv& due consideration, the Seller 
shall quote in strict accordance with this and other 
applicable specifications. Alternates may be 
submitted at the option of the Seller, providing such 
alternates are clearly Indicated and quoted as 
additions or deductions to the basic bid. 

1.2.2 The Seller shall calculate the heat transfer rate for 
each service and base his quotation on the minimum 
surface necessary for him to guarantee that the 
surface offered Is satisfactory for the duty and any 
fouling factors. specified. 

2. CODE AND STANDARDS REQUIREMENT 

2.1 Design, materials, fabrication and inspection of Fired 
Heaters shall be in accordance with the applicable portions 
of the following code~, standards and specifications, latest 
editions: 
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~ 2.1. 1 API (American Petroleum Institute) Standards: 

INDl"CATIOll 110. 14222-F-1 

RP 530 Reconmended Practice for Calculation of 
Heater-Tube Thickness in Petroleum Refineries 

RP 550 Installation of Refinery Instruments and Control 
Systems, Part III, Fired Heaters and Inert Gas 
Generators. 

RP 630 Tube and Header Dimensions for Fired Heaters in 
Refinery Service. 

2.1.2 ANSI (American National Standard Ins.ti tute) Standards: 

B-16.1 Forged Steel Fittings, Socket-welding and 
Threaded 

B-16.S Steel Pipe Flanges, Flanges Valves and Fittings 

B-16.9 Factory Made Wrought Steel Butt Welding 
Fittings 

B31.3 Chemical Plant and Petroleum Refinery Piping 

B36.IO Welded and Seamless Wrought Steel Pipe 

2.1.3 AISC (American Institute of Steel Construction) 

.Design• Fabrication and Erection of Structural· Steel 
for Bui Id Ing~ 

2.1.4 ASTM Standards 

A-193 Alloy Steel and Stainless Steel Bo.lting 
Materials fqr High Temperature Ser1ice· 

A-194 Carbon and Alloy Steel Nuts for Bolts for High 
Pressure and High Temperature Service. 

A-234 Pipe Fittings.of Wrought Carbon Steel and· Alloy 
Steel for Moderate and Elevated Temperatures 

A-297 Corrosion Resistant Iron-Chromium, lron
Chromlwa Nickel, and Nickel .Base Castings 

A-319 Grey Cast Iron for Elevated Temperatures 

A-3%0 Alloy Steel Bolting Materials for Lew Tempera
ture Service-

A~403 Wrought Austenltic Stainless Steel Piping 
Fittings 

A-42% ·Butt Welds In Still Tubes for Refinery Service 

A-447 Chromlum-Nlckel-lron·Alloy Castings for High 
Temperature Se~ice 
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A-608 Centrifugally Cast lronGChromium-Nl.c:kel High 
Alloy Tubing for Pressure Application at High 
Temperatures 

C·64 Refractories for Incinerators: and Boilers 

C•l55 Insulating Fire Brick 

C•401 Castable Refractories 

C-612 Mineral Fiber Block and Board Thermal Insulation 

AWS (American welding Society) 

DI.I Structural Welding Code 

ICBO (International Conference of Building Officials) 
Unlform·Buildlng. Code 

2..2 Design, materials, fabrication and inspection for steam 
generating, steam superheat Ing, and bOi lei" feedwater· heating 
co I ls sha 1 l be. in accor.dance with the app 11 cab le port Ions of 
the following codes: 

2..2.1 ASHE (American Society of Mechari'ic:al Engineers) 

Sectlon·I, Power Boilers 

Section 11, ·Material Specifications 

Section V, Nondestructive-Testing 

Section IX, Welding Qualification 

3. DESIGN • PROCESS 

3.1 The Bechtel Fired Heater Data Sheet shall be completed by 
heater vendor and returned wi.th .his proposal. All materials 
•hat I bfl idenclfietl -~y AETM designetio11. Ha"'lriiUm f'h.lld. t'l Im 
temperatures, maximum tube ·metal temperatures, and maximum 
fin tip temperatures shall be specified. 

3.2 Cyl indrlcal updraft heaters shat 1 be so arranged that the 
I ength of the rad I ant ~!Jbes sha 11 not exceed 2. 6 ti mes the 
diameter of the tube circle. - · & 
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3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

The maximum length of vertical radiant section tubes In any 
floor fired heater shall not exceed 60 1 -011 (18.3 m). The 
maximum length of horizontal radiant section tubes for box 
heaters sha 11 not exceed 80 1 -011 (24. 40() m). 

Radiant tubes shall be arranged In a single row and spaced 
on a center-to-center distance of not less than two (2) 
nominal pipe size diameters. Tubes shall be installed with 
a minimum clearance from refractory.to tube outside diameter 
of one tube diameter. 

For horizontal tube convection section there shall be at least 
two rows of bare tubes acting as shield rows. 

Parallel flow passes and manifolds shall be designed to give 
equal flow paths. Mixed phase streams shall not be split 
within the heater proper. When mixed.phase flow enters the 
heater a single flow pass heater shall be furnished. 

Heater design shall i.nsure ago!tinst flame impingement on heater 
tubes,. tube support cast I ngs and ref rac:tory, as we 11 as 
provide unlfonn heat distribution. 

The heater shall be airtight with the only air entering being 
that needed for combustion. 

The guaranteed efficiency shall include minimum heat loss of. 
1-1/2% for all heaters except those with air preheater system: 
For heaters with air preheat systems the minimum heat loss 
shall be 2-1/2%. 

3. 10 The efficiency shall be based on the lower heating value of 
the fuel. 

3. 11 

3. 12 

3. 13 

The burners and furnace draft shall be adequate to.allow 120% 
of design heat absorption with design excess air and maintain 
a negative pressure of o.os·11 (1.27 mm) at the top of the 
radiant section at the design ambient temperature. 

Heaters shall be designed to permit continuous, stable and 
controllable operation at reduced flow. When 
reduced flow rate Is not specified on the data sheet It 
shal 1· be taken as soi of the normal neater flow rate. 

The calculated casing surface temperature shall not exceed 
18o°F (82°c) with an ambient temperature of 8o°F (26.70C) 
and still air. 

0 
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3.14 

..&. 3.15 

The radiant section volumetriS heat release shall not exceed 
15,000.Btu/Hr-CuFt (0.155MW/m ~when firing fuel oil, 

· 15,000 Btu/Hr-CuFt (0.155 MW/m ) when firing combination 9f 
fuel gas and fuel oil, and 18,000 Btu/Hr/CuFt (0.186 MW/m ) 
when firing fuel gas only. · 

Max. heat absorption shall not exceed 10,000 BTU/Sq. Ft./Hr. 
for single fired radiant tubes and 15,000 BTU/Sq.-Ft./Hr. for 
double fired radiant tubes. Convection rate shall not exceed 
3500 BTU/Sq. Ft/Hr. 

4. DESIGN • MECHANICAL 

4.1 Structural 

4.1.1 Structural design (including wind, earthquake, or other 
loads), fabrication and construction shal.1 conform to. 
the applicable requirements of referenced Codes and 
Standards, except as otherwise called for_ herein. 
Radiant and c:onvection steel casings shall be a 
minimum of 3/1611 CS mm) thick plate. Radiant floor 
and arch plate shall be 1/411 (6 11111) thick plate. 
Steel casing shall be airtight and seal welded to the 
structural members to eliminate possible entry of 
moisture Into crevices. 

4.1.2 The radiant shells of vertical cylindrical heaters 
shall be designed as a minimum In accordance with 
the Chicago Bridge· and Iron Company formula for the 
design of large fabricated tubular columns, Roark 
Formulas for Stress and Strain Part Ill. The minimum 
she 11 thickness 11t 11 sha 11 be 1/411

• (.6 nm). 

4. 1. 3 The structura 1 des t°gn of the heater sha 11 be adequate 
for loads imposed by the stack(s) '\"°"nted on the 
heater. 

4.1.4 One stack or one.flue gas take-off shall be provided 
for each 40 ft (12.19 m) of effective convection 
section tube length. 

4.1.5 The design of heater support columns from underside of heater 
floor to top Of baseplate and all main floor support beams 
shall allow for. 2" (51 mm) thickness of concrete fireproofing. 

Linings 

4.2.1 Heater refractory may be premixed insulating castable 
refractory per ASTM C-401, insulating firebrick per 
ASTM C-155, or ceramic fiber. All materials used 
shall have a service temperature of at least 200°F 
(9JOC) above the calculated or hot face ~emperature. 

4.2.2 Castable refractories shall be gunned-on wherever 
possible; dry gunning Is preferred. Pouring shall 
be employed only where areas are in~ccessible. 
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Pouring must be followed up by packing and vibrating 
to prevent voids. All refractories shall be mixed, 
applied, dried out and cured in acc:ordance with the 
manufacturer's reccnnendations·and the following 
requirements: 

~a) ·Surfaces for castable refractory shall be free of 
all dirt, grease, rebound materials, weld spatter, 
paint, loose scale, or other foreign material. · 

b) 

c) 

e) 

f) 

g) 

Only potable water shall be used to mix with 
refractory .materials. Wate~ temperature limits 
45°F (']OC) minimum and 700F (210C) maximum. 

Refractories must be kept from freezing after 
mixing until cured and air dried, or 72 hours 
afte~ application, whichever Is later. Curing 
may be performed by using ·a light spi"ay of clean, 
cool water, or by the application of a resin 
based curing c:ompound. When spray water is used 
the curing will c:ontlnue without interruption 
until the concrete is at least 24 hours old. 

The heater casing must be kept above 40°F {4.soc)·and 
below lQQOF (380C) during application and curing of 
refractory. 

When placement of castable is interrupted for 
thirty minutes .or more the material in place shall 
be cut off at a place of full thickness. The 
angle between the cut surface and the applied 
surface shall be 900.. 

A resin based membrane curing compound shal-l be 
applied to all refractory surfaces at the comple
tion of each gunning shift. 

The completed lining shall be tapped with a 1 lb 
(0.5 Kg) ballpoint machinist's hanlner over the 
entire refractory surface, using a one meter grid 
pattern. 

Note: During the ha11111er testing, when defective 
- areas are encountered (voids or dry fi 1 led 

spaces) a dull sound will be heard. 

h) Refractory application procedure must be submitted 
to the Buyer for approval. 

i) Individual insulation anchors shall be used on al 1 
walls and arch construction. Anchors shall be a 
minimum of 3/16" (5 111n) diameter and shall extend 
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to within 3/4" (19 mm) of the refractory. hot fa,ce. 
V-type anchor with at least two bends in each leg 

·shall be used. The anchor spacing shall be equal 
to twice the lining thickness. with a maximum 
spacing of 12" (305 mm} on a square pattern for 
wa 11 s, arid 9" ( 229 nm) on a square pattern for 
overhead surfaces. · 

j) For linings not more than 2" (51 mm) thick, 
.anchors· shall be 1/8" 3.2 mm)· diameter Wavi-Tak 
refractory pins, or chain link fence. Chain link 
fence shall be attached to the metal surface with 

. 3/4" (19 rim) long welds at not more than 9" 
(229 nm) center to center. Tack welds are not 
acceptable. 

k) For dual layer c:astable linings an anchoring 
system ·shal 1 be provided .for each .layer. 

1) Anchor materials: 

Refractory Hot Face ·Temperature. Anchor Material 

To 1000°F ( 538°C) · 
1001°F. ( 5380C) to l 7000F 
(927°C) 

Above 1700°F (927°C} 

Carbon Steel 
Stainless. Steel 
Type 410 SS · & 

Sta In less. Stee 1 
Type 410 SS · & 

When ceramic fiber· rs used· installation-win. be in 
accordance with fiber manufacturer's recommendations 
and the .fol lowing ~inimum requl rements: 

a) Rad.Tant Sidewall: 

Insulation thickness shall be a minimum of 3' 0 

(76 11111) ceramic fiber. All joints wi 11 be 
staggered, and final Joint wl 11 be overlapped 
a mi n i :mnn of 4" ( 1 02 mm i 
Maximum anchor spacing 9" (229 rim) x 12" (305 mm) 

b) Radiant Arch: 

SpecificaUon No. 14222:-F-1 

Insulation thickness shall be a minimum of 3" 
(76 11111) .ceramic fiber. Al I joints wi 11 be 
staggered, and' inal joint will ~e overlapped a 
minimum of 4" (102 mm~ 
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c) 

The radiant sidewall outer layer will lap over 
the arch a minimum of 12" (305 mm). 

Maximum anchor spacing 9" (229 mm) x 10-172" 
· (266 mm) 

Convection Walls: 

Ceramic fiber may be quoted as an alternative only 
to insulating castable. · Ceramic fiber thickness 
sh~ll be a minimum of 3" (76 mm) ceramic fiber. 
Rot face material shall be rigidized wet blanket. 
All joints will be staggered. 

Maximum anchor spacing 9" (229 mm) x 12" (305 mm). 

d) Corrosion Protection: 

When fuel oil is specified as a heater fuel the 
Seller~s proposal shall describe materials of 
construction and installation details to prevent 
casing plate, anchor base and washer corrosion 
from heavy metals and sulfur contained in the 
fl.iel oil. 

,& e) Anchor Material: 410 SS 

f) · Vacuum foamed shapes shall be used at all tube 
openings. 

4.2.6 When block insulation is used as an internal lining 
for· combustion air ducts and burner plenum chambers, 
it shall be suitably anchored by studs.and have the 
exposed face protected form shredding by the use of 
expanded ~eta!, perforated plate, or wire mesh. 

4.2.7 Burner tiles shall be pre-fired and have a minimum 
0 0 service temperature of ~000 F (1650 C). 
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4.3 Tube Supports and Guides 

4.3. l Insulated radiant and convection section end tube 
supports shall be manufactured from 1/2" (12.7 nm) 
carbon st.eel conforming to ASTM Specification A-36. 
When the calculated metal temperature exceeds 8QQOF 
(4270C), alloy material shall be used. RA-333 i.s 
preferred. RA-333-70 titania-coated welding electrode 
shall be used with RA-333.· l/811 (3.2 mm) thick ferrules &. 
shall be provided to retain the insulation around· the 
tube holes. 1/2" (12.7 nm) clearance shall be provided 
between the tube OD and ·the ID of the ferrule • 

. 4.3.2 Radiant tube supports shall be designed to allow 
replacement with the tubes in place. The minimum 
supports design temperature shall be the brldg~all 
.temperature plus 2000F (93oc). 

It. 3. 3 Convect·i on intermediate tube support mater i a 1 se I ec:t ion 
and design. tempel"ature sha 11 be the tempel"ature of the 
flue gas entering the tub~ section being supported 
plus l00°F (Jaoc). · 

lt.3.lt The tube support maximum allowab.le stresses at design 
temperatul"e sha 1.1 be: 

a) Dead load stress shall not exceed the fol lowing: 

(1) One-thll"d of the ultimate tenslle.stl"ength 

(2) .Two-th I l"ds of the yield Stl"ength (0.2% offset). 

(3) 50% of the stl"ess l"equlred to produce 1~ creep 
In 10,000 hours. 

(4) 50% of the stress l"equl red to produce l"uptur:e 
in 10,000 ho~rs. 

b) Dead laad plus frictional stl"ess shall not exceed 
the fol lowing: 

- · (I) One•thll"d of the ultimate tensile strength. 

· Specification No. 14222-F-1 

(2) Two·thil"ds of the yield strength (0.2% offset). 

(3) The stl"ess l"equil"ed to pl"oduce 1% c:l"eep in 
10,000 hours. 

(It) The stl"ess ;equll"ed to produce l"uptul"e in 
10,000 hours. 
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4.3.S For castings a casting factor of 0.8 shall be applied 
to allowable stress value. 

4.3.6 Loads shal 1 be determined In accordan·ce with AISC 
procedures for supporting continuous beams on multiple 
supports. 

4.3.7 Friction loads shall be based on a friction coefficient 
of 0.30 minimum. 

4.3.8 Friction loads shall be based on all tubes expanding 
and contract Ing in the same di rect I on. Loads sha l1 
not be considered to be canceled or reduced due to 
tubes moving in opposite directions. 

4.3.9 Casting Materials: 

a) To 12000F (6490C) - Heat Resisting Cast Iron 
A-319 Class llD 

b) 1201°F - 19000F -
(650 - 10380C) 

• A-297 Gr HK 
When the fuel oil contains 
more than 7S. ppm vanadium 
SO Cr - SO NI, or 60 Cr -
40 Ni stabilized grade 
shal I be used. 

4.3.10 Tube bearing surfaces shall not have sharp points 
or ridges which could damage heater tubes. · Supports· 
which directly support extended surfaca tubes shall 
have a minlrmim bearing width of 2" (51 nm). 

4.3.11 The maximum unguided length of vertical tubes fired 
on one side only shall be 35 times tube outside 
diameter. 

4.3.12 The maximum unsupported length of horizontal tubes 
shall be the smaller ·of 3S times the tube outside 
diameter or 20' (6100 mm). 

4.3.13 Tube support and ·cube guide casting bolts not exposed 
to 'flue gas shall be ASTM A-193 Gr SC carbide 
solution treated; nuts will be ASTM A-194 Gr C. 

4.4 ~ 

4.4.1 All coils In hydrocarbon services shall be seamless 
tube or pipe. The outside diameter shall conform to 
the 11prilllary11 si.zes per API Standard 630. 

Specification No. 14222-F-1 Rev. 2 Sheet 11 of 22 



'° '° -.... .., 
O' 
N 

I = 

~ 

4.4.2 Tube materials shall be specified on the data sheets. 

4.4.3 

Convection section shield tubes shall be of the same 
materials as the radiant tubes. 

The minimum thickness or the tubes in hydrocarbon 
service shall be based:~on the ASME power boiler code. 
using a design stress not to exceed that which will produce 
a 1% creep in 100,000 hours at the design temperature; and 
pressure design tube metal temperature shall be 150°F higher 
than the design transfer temperature. 

The minimum required (Tubewall) thickness shall be not less 
than 0.125" (3.2 mm) + C. 

C + Corrosion allowance specified on data sheet, 

inches (mm) 

4.4.4 Tube design temperature shall be taken as the calcula
ted maximum tube metal temperature plus l50°F. For .&, 
.hydrocarbon service the calcuJ.ated ·.maximum tube 
metal temperature shall be based on heater design 
charge rate, and shall take into consideration an 
assumed coke laydown on 1/8" (3.2 mm) thick, which may 
be expected during an operating run. 

4.4.5 Extended. surface tubes shall not be used in the· 
shield rows of the convection section. 

4.4.6 . Extended surface tubes may be furnished for the 
remainder of convection section. When finned tubes 
are furnished the following limitations shall apply: 

.,_FICATIOll 110. 14222-F-l 

a) Material: 

Fin Material 

Carbon Steel 
11-13% Chrome 

18-8 Stainless Steel 
25-12 Stainless Steel 

b) -Spacing: 

Maximum Fin Tip 
'Iemperature 

. 900°F 
1200°F 

1500°F 
1900°F 

c4s2°c) 
(649°C) 

(816°C) 
(10380C) 

The minimum fin thickness shal"l be 0.10" (2.54 mm); the 
maximum fin height, l" (2S.4 mm). The ratio of extended 
surface to bare sur.face for extended surface tubes shall 
not exceed 3/1. 
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c:) Attachment: 

The fin attachment shall be a minimum of 90%. 
Fins s~all be attached to the tubes by a 
continuous weld. 

d) Seller shall submit the name of the proposed 
extended surface vendor, and o~ request of Buyer 
shall supply representative samples of tubes with 
extended surface attached. Buyer shall have the 
right of refusal or ac:c:eptanc:e. 

4.4.7 Austenitlc: and high nickel alloys subjected to high 
temperatures shall be protected from c:ontac:t with 
lead, zinc:, aluminum, vanadium, titanium, sulphur, 
phosphorus, or other elements that c:an attack these 
alloys at elevated temperatures. This Includes 
materials ~ontainlng these elements suc:h as marking 
Inks, crayons, paints, lubricants, etc:. 

4.S Flttlngs 

4.S.1 Headers, return bends and fittings shall be of the 
same material as the heater tubes, and shall be ·in 
acc:ordance with the applicable ASTl1 Standard. 

4.S.1 Tubes and fittings shall be arranged so there is 
sufficient space for field maintenance operations 
such as welding and stress relieving. A minimum of 
4" (102 nm) shall be allowed between the tube to 
return bend weld and the end tubesheet. ·. 
When practical~ the heater arrangement shall allow for 
replacement of individual tubes without disturbing 

. adjacent tubes or fitting. 

4.S.3 Wrought fittings are preferred·; when castings are 
used for return bends·, header or terminal fittings, 
they shall meet the requirements of the ASTH 
spec:lflc:atlons, ·and In addition they must meet the 
supplemental requlrements of referenced spec:ific:a
tlon. 

4.6 Burners 

4.6. 1 

& 
Burners shall be suitable for the fuels specified on 
the fuel data sheet. The design firing duty of the 
burner shall be 120% of heater desisro. . fired dutv 
unless otherwise specified. Burner blocks shall be 
of prefired refractory shapes. 
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4.6.2 

& 4.6.3 

4.6.4 

.&. 4.6.5 

Bumers shall be designed and installed so individual 
burner guns can be readily and safely removed for 
inspection and cleaning without shutting down the 
heater and without disturbing the setting, plenum 
chamber, or structure. ·Burner assembly shall be 
equipped with dual oil burner guns each rated at full 
firing duty of the burner register. 

Gas pilot burner must be designed for continuous 
firing duty and be stable when fired by. itself 
under all air flow conditions. Pilot burner shall 
be generally rated at the lesser of 6,000 BTU/Hour 
or ten percent of the fired burner duty when operating 
at aproximately 5 psig gas pressure at the pilot. 
The pilot must be electric spark ignited. The max. 
pressure at the pilot shall be ·15 psig. 

Convenient "light-off" ports shall be provided so 
that all burners can be easily and safely ignited • 

Shutdown System: (VV Scanner) 

A fail safe shutdown system is to .be provided to shut 
off all fuel sources on flame failure. fan failure, 
or on loss of flow in any process coil. The following 
valves shall. be used for safety shutdown system: 

Service 
Below 400°F 

Service 
Above 400°F 

~ First choice: 
Fisher Type 667-EC Quick Opening, 

0 to 350 Air, Steel Body, 
316 SST Plug and Seat Ring 

.&. Second Choice: 
Fisher 667-ES Quick Opening, 
0 to 350 Air, Steel Body, 
316 SST Plug 

Packing - "TFE" for service.below 450°F 

CI Cage 

CI Cage 

& "GRAF-OIL" for service above 4S0°F 

Solenoid Valves' - Fisher Type 169 Switching Valve 
010A0897 with 750 ohm register • 

17-4 pH Cage 

17-4 pH Cage 

One flame scanner shall be located on the side, and one 
scanner on the bot. t·om of vertical fired heaters. For 
oil firing the scanner on the side shall be infra-red 
and the scanner on the bottom shall be ultra-violet. 
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4.6.6 Minimum distance between center line of radiant 
tubes and center line of burners shall be as follows: 

Maximum Low Heat Release Distance in 
Per Burner Inches ~llDD2 
Lo~ Heating Value 
10 Btu/Hr (MW) To Center Line To Hot Face of 

of Radiant Tubes Unshielded Re-
Fuel Gas Fuel Oil Fracto!I Walls 

2.25 (0.66) or less 33 (840) 39 (990) 39 (990) 

Above 2:25 (0.66) but 39 (990) 45 (1145) 45 (1145) 
less than 6 (1. 75) 

6 (0.66) to 10 (2.93) 45 (1145) 51 (1295) 51 (1295) 
inclusive 

4.6.7 Ve~ically fired heaters shall have a minimum 
clearance of 7~" (2134 llDD) below burner piping: 

4.6.8 Provision shall be made in the burner mounting design 
to permit proper positioning of the burner during 
construction when the burners are mounted in a noise 
abatement plenum or forced draft Windbox. 

4.7 Dampers 

4.7.1 Dampers shall be provided for draft control. The 
dampers may be located in the stack or flue gas duct. 
Damper and damper shaft material shall be a minimum 
of stainless steel Type 18-8. 

Louver dampers are preferable. They shall be designed 
to prevent· seizing or binding in operation. Special 
care must be taken to prevent failure of insulation or 
refractory from causing the damper to become inoperative. 

4.7.2 Damper shafts shall be supported on weather sealed 
self-lubricating grease packed ant.ifriction 
bearings to permit ease of operation. Bearings shall 
be supported by an independent structural support. 
Operation shall be positive in both directions • 

4.8 Doors and Header Boxes 

4.8.l Floor peep doors shall.be provided to view the full 
length of representative radiant tubes. 

· 4". 8. 2 A 9" x 4" ( 229 llDD x 102 llDD) minimum-opening sight 
door shall be provided for each floor-fired burner; 
doors are to be located in sidewall of the heater. 
When combustion air preheat is furnished, sight 
doors shall be designed for minimum air infiltration. 
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4.8.3 Access shall be provided to each heater section, 
preheater ducting, breeching and stack for maintenance 
purposes. Minim'Ulll door size sha:ll be 16" x 20" 
(406 mm x 508 mm). Doors shall be gasketed. 

4.8.4 Header boxes shall be fabricated from a minimum of 
3/16" (5 mm) plate. Header boxes shall be insulated, 
gasketed, and made gas-tight to prevent air infiltra
tion. The arrangement of the header box shall readily 
provide for· header installation, ~ase of cleaning, 
and other iaaintenance and testing work. 

4.8.5 The depth of header boxes shall be determined by 
allot.dug a mnimum of 2" (51 mm) clearance between 
the outer extremity of the fitting and door insulation. 
in the hot position. 

4.8.6 Each combustion chamber shall have a minimum of two 
18" x 18" (457 mm x 457 111111) explosion doors. hinged 
at the top and closed by gravity. 

4.9 Sootblower 

4.9.1 When fuel oil is specified as a heater fuel, 
sootblowers shall be. furnished in the 
convection section. Sootblowers shall meet the 
following requirements: 

~ 4.9.2 Soot blowers should normally be the retractable type 
as manufactured by Diamond or Copes. Vulcan. Motive 
steam should be 450 psig. Automatic sequencing should 
be done electrically. 

4.9.3 Sootblower coverage and distance from the lance 
to tube face shall be reviewed and approved by the 
·sootblower manufacturer. 

4.9.4 Each blower shall haYe a blower mounted NEMA 4 
pushbutton. 

4.9.5 Sootblower entrance port shall be stainless steel 
Type 304 • 

4.9.6 A NEMA 4 cabinet with Size 1 magnetic reversing 
starters, circuit bre~ker, central circuit trans
former, and space heater, all factory 'ffired and 
mounted •. 

4.9.6 Automatic sequential control pane~ shall be furri.hed. 
Panel shall be weather protected and complete with: 
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Operating switches and unit indicating lights 
for each blower 

Control power circuit breaker 

Alarm for blowing medium ·f ailrue 

AUtomatic blowing medium turn-on 

Timing device to allow warm-up period for 
steam piping 

Unit space timer 

Sequence finish light 

Elapse time indication and alarm contact 

4.10 Platforms, Stairs and Ladders 

4.10.l Access and working platforms shall be provided for 
all areas more than 6 1-0" (1829 mm) above grade where 
observation of heater operation or performance of 
routine maintenance is required. This includes ·access 

-to.all operating.controls. sight door, header box 
compartments. terminal flanges. and dampers. Minimum 
clear width of platforms shall be 4'-6" (1372 mm) for 
those requiring tube pulling access. 3'-0" (915 mm) · 
at sight doors. and 2'-6" (762 mm) for all others. 

4.10.2 A walkway shall be provided to connect the end 
platforms of horizqntal tube heaters and convection 
sections. Stack damper platform shall provide access 
to both damper bearings. 

4.10.3 Access to all operating platforms shall be by a 
stairway from grade. Stairway landing shall have a 
clear length of not. less than 3'-0" (915 mm) in the 
direction of the stairway. 

4.10.4 Access to the upper platforms shall be by ladders 
fitted with safety cages. Ladders shall provide for 
side step access to platforms • 

4.10.5 Two means of exit shall be provided from all 
operating platforms. 

4.11 Air Preheat System 

4.11.l .The air preheat system will be complete with but not 
.limited to: 
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4.11.2 Regenerative or recuperative type air preheater. Air 
preheater materials shall be based on fuels f ire4 and 
ambient air temperature. Air preheater will be 
complete with cold air bypass, water wash facilities, 
drives, ·etc. Seller's proposal shall describe in 
detail the air preheater. 

4.11.3 Flue gas ducts shall be a minimum of 3/16" (5 111111) 
thick plate and internally lined from the beater to 
air preheater inlet connection. Ducting from air 
preheater outlet connection. Ducting from air 
preheater outlet connection to the stack, including 
I.D. fan, will be externally insulated. Insulation 
and insulation suppo~ts shall be furnished by Seller. 
Flue gas ducting downstream of air preheater shali 
be a minimum of 3/16" (5 mm) thick Carten plate. 

4.11.4 Hot air ducts and burner windbox plenum will be a 
minimum of 3/16" (5 mm) plate and internally insulated. 

4.11.5 Expansion joints are to be installed in flue gas and 
hot air ducts. 

4.11.6 Seller will furnish all dampers with pneumatic damper 
operators and control linkage. 

4.11.7 The forced· draft fan housing shall be split for rotor 
removal fabricated from a minimum of 3/16" (5 mm) 
thick plate. Fan w±ll be furnished with anti.friction 
oil lubricated bearings moWited on independent 
pedestals with pedestal caps. Access.door and drain 
will be furnished. 

.._,.GATIOll •O. 14222-F-l 

,& Backward curved blades with self-limiting horse power 
characteristics shall be supplied. Variable inlet 
vanes are required. 

Air ~t~ to fan will be a minimum of 16'-0" & 
· £ (4877 mm) above grade. When required, a silencer 

will be furnished to meet noise level requirements. _ 
Air intake will be furnished with a rain hood and 3/4" 
x 3/4" (19 mm x 19 mm) galvanized mesh bird screen. 

The minimum test blo.ck rating will be: 

Temperature: Maxinium Ambient + 25°F (l4°C) 
'\} 

Head, Static Pressure: 

Burner Loss+ l.5o·x All Air Losses, (Except 
Burner Loss) 

~apacity: Volumetric Flow x 1.25 
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4.11.8 

4.ll.9 

4.11.10 

4.12 Painting 

The induced draft. fan housing shall be split for rotor 
removal and fabricat:ed from a minimum of 3/16" (5 mm) 
thick Corten plate. Wheel and shaft wi,11 be of a · 
similar alloy construction. Fan will be furnished 
with water cooled bearings mounted on independent 
pedestals with pedestal caps. Access doors and drain 
will be furnished. 

Radial or backward curved blades shall be supplied. 

The minimum test block rating will be: 

Temperature: Flow temperature • 80° + 2s°F (14°C)• lOS°F 

Head, Static Pressure: All Gas Losses x l.3 

Capacity: Volumetric Flow x l.20 

I.D.·fan and F.D. fan rotors are to be dynamically 
and statically balanced prior to shipment. 

Overhung wheels are not acceptable for I.D. or F.D. 
fans. Drive shall be mounted on foundation furnished 
by Buyer. 

Painting and/or galvanizing of exposed steel surfaces shall 
be as specified on the heater data sheet and referenced 
specification. 

4.13 Instrument Connections 

Sufficient instrument connections shall be provided to allow 
complete testing, balancing and operation of the heater. 

4.13.i 

INlll"GATIOll RO. 1422?-F-l 

Draft gauge connections 3/4" NPT (19.1 mm) with plugs 
shall be installed at least ·at the followi~ points: 

a) Burner level 

b) Entrance to convection section 

c) Outlet. of-convection section 

d) Downstream and upstream side of each damper 

e) Between each coil of different services in 
convection section 

f) Each side of air preheater 

.&. -g) Base of Stack 

/ 
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4.13.2 

4.13.3 

& 4.13.4 

&. 4.13 .• 5 

4.14~ 

Flue gas thermowell connections l" NPT (25.4 mm) 
with plugs shall be installed at the following 
points: 

a) Entrance to convection section 

b) Outlet of convection section 

c) Between each coil of different servi.cas in 
convection section 

d) Each side of air preheater 

Provisions shall be made for oxygen analyzer sampling 
connections at the entrance to convection section 
and in the flue gas outlet duct •. 

Sample connections for EPA stack tests shall be 
0 provided comprising two 3" flanged connections 90 

apart to permit running traverses. in two directions. 
Elevation must be a minimum of two (2) diameters above 
any -flow disturbance in the stack (damper, change in 
diameter. etc.) and preferably up· to eight (8) dia
meters above such disturbance. The number of samples 
required per test decrease from forty (40) if samples 
are taken two (2) diameters above disturbance to 
twelve (12) if samples are taken eight (8) diamtera 
above disturbances. 

Lugs or brackets shall be provided on the stack for 
the installation of temporary platforms. 

Stainless steel Type l~-8 Schedule 80 pipe sleeves 
will be furnished with all insrrument connections 
installed in refractory surfaces. 

Heater noise level measurements shall be made at 3'-0" 
(0.9 meter) from burners, burner plenum intake, and 
ID or FD fan inlet box. 

4. 15 Welding 

Structural welding shall be in accordance with the require
ments' of AWS Dl.l. Coil welding shall be in accordance 
with referenced specification. 
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5. INSPECTION AND TESTING 

6. 

7. 

5.1 General 

5.1.1 

5.1.2 

5.1.3 

5.1.4 

5.2 Testing 

5.2.1 

EVALUATION 

The Buyer reserves the right to inspect anytime 
during fabrication. Inspection shall be by the 
Buyer or his authorized representative. 

Full radiography of the alloy steel welds and 100% of 
10% of the total number carbon steel welds in 
pressure service is required. Each weld shall be 
fully radiographed circumferentially with a minimum 
of 3 shot~ per weld. 

A hydrostatic test of all shop assembled coils or 
coil ·sections in accordance with the applicable Code 
is required. Water for testing austenitic stainless 
steels shall have a chloride concentration no 
greater than 100 ppm. Minim.um temperature of water 

. 0 0 
used for hydrotest shall be 60 F (16 C). 

The approval or release for shipment by an inspector 
or representative of the Buyer does not relieve the 
Seller of any responsibility or of any guarantee. 

All tests are.to be made in the presence of the Buyer's 
Inspector or authorized representative. 

Heaters will be evaluated on an erected basis using the fuel and 
power value given the Fired Heater Data Sheets. As Built Data 
Sheets will be supplied to the Buyer. 

APPROVAL 

7.1 Heater design and specifications are subject to the approval 
of the Buyer. 

7.2 Heater proposals shall be accompanied by drawings showing 
the principal sections of the heater, locations of process 
stream inlets and outlets, tube support locations (top or 
bottom) for.vertical heaters, estimated weight, and the 
specifications of critical items of construction. 

7.3 Approval by the Buyer or the adoption of changes in design 
ab rec0mmended by ~he Buyer shall not relieve the Seller of 
any equipment guarantees • 

umrlGATIOll 110o,--l-482a282.-.. F.-oll.1 __ 
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8. TOOLS 

Any special tools required for unheading or plug removal shall be 
provided. They shall be suitable for use with an air'i.mpact 
WTench. 

9 • DRAWINGS AND DATA 

9.1 The Seller shall furnish completed Fired Heater Data Sheets 
with his proposal. 

9.2 Proposal shall include pressure, temperature, vaporization, 
and velocity profiles for each coil •. 

9.3 A flue gas profile will be fut"nished for the convection 
section defining temperature entering and leaving a change 
in the extended surface configuration. 

10. SPECIFICATION CHECKLIST 

Listed beiow are possible related specifications to be included 
with the material requisition: 

Shop Preparation of Equipment 
Steel Stack 
Structural Steel 

- Induction Motor 
Steam Turbine·. 
Painting 
Welding 

PID•IGATIOll •O. 14222-F-l 

Noise 
Carbon Steel Casting 
Stainless Steel Casting 
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1.1 This specification covers the material and design requirements for 
centrifugal pumps in petroleum refinery and chemical plane service, 
but does not apply to sump pumps or vertical submerged lube ~il 
pumps. 

1.2 Centrifugal pump data sheets showing rated service conditions, 
materials of construction, drive characteristics, type of drivers, 
etc, form a part of this specification. Copies of these data sheets 
shall be completed for each service by the Seller and returned co the 
Buyer. 

1.3 Except as modified below, all pumps handling hydrocarbons and certain 
others when indicated on the data sheet, shall be in accordance with 
the API Standard 610, "Centrifugal Pumps for General Refinery 
Services". Small low-head pumps handling chemicals or water shall 
meet the requirements of ANSI Standard 873.1 or Bi3.2. Larger pumps 
handling water or chemicals shall be the Seller's most suitable pump
type for the conditions of service. 

1.4 Where conflicts occur between this specification and the data sheets, 
the data sheets shall govern. 

2. GE}TERAL 

2. l "When the type is not indicated by the data sheet, preference is for 
center line mounted water jacketed, verticaly split, refinery type 
units with a common base plate (channel type preferred). The vertical 
type may be employed, where it is ne·cessary or desirable to avoid 
placing pumps in a pit or where special economic or design· consideration 
may dictate its use. Pumps shall be selected to allow maxUnml inter
changeability of spare parts consistent with proper performance 
characteristics. 

2.2 All pumps shall be designed for continuous full-load duty in outdoor 
service and for operation at standard (60-cycle) ·electric motor 
speeds, unless otherwise agreed to by the Buyer. Pumps driven by 
motors having drooping speed characteristics shall be rated at actual 
or predicted motor speed for the load conditions, not at motor 
synchronous speed. 

3. ~ 

3.1. ~!!!! 

3.1.l Drivers will be furnished and mounted by Buyer unless otherwise 
noted on the data sheet • 

3.1.2 Seller's quocation shall recormnend a motor size in accordance 
~ith AP! Scandard 610, lacest edition. Buyer will make final = 1-~..-~~~ ... ~~~~s~e~l~e£C~t~i£o~n'-llo~,f-.,;:ii;--u•~·~~~~0~,;~·~~·~;:...~~~~~~~~~~~"T~~~T"~~-,~~~1 
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3.2 Casinos --= 
3.2.l For pumps of three or more stages and where it is not possible 

to design the casing for the maximum discharge pressure as 
defined in Paragraph 4 of API Standard 610, the limiting design 
conditions shall be so· stated.· Casing design shall comply with 
ASME Codes as applicable. (See Paragraph 12a of API-610). 

3.2.2 All water-cooled pedestals, bearing housings, and stuffing 
boxes shall have the water connections so located as to faci
litate drainage. Where this is not possible, drain plugs shall 
be provided. 

3.3 Nozzles and Flanges 

3.3.l Suction and discharge connections shall be in accordance with 
ANSI Standards. When the locations of suction and discharge 
connection~ on horizontal centrifugal pumps for hydrocarbon 
services are not indicated by the data sheets, they shall 
preferably be at the top of the case. 

3.3.2 Bolt holes on all flanges' including nozzles, case-to-cover 
joints, etc, shall be back-faced or spot-faced. Bo.le holes 
shall straddle center lines .• 

3.4 Impellers and Wear Rings 

3.5 

3.4.l In general, pumps shall have the characteristics of decreasing 
head. with increasing capacity from shutoff to maximum capacity: 

3. 4.2 

Howe'1er, spec-ific exceptions may be made subject to Buyer's 
approval, and in the case of transfer and loading where . 
frictional line drop accounts for a major portion of the 
discharge head, a peaked curve may be permitted. Impellers 
with pulsating or surging characteristics are·not acceptable 
in any case. Maximum diameter impellers for rated flow con
ditions shall not be _used without specific approval. 

Ic is preferred, where practical; that 
have reolaceable wearing rings (of 12% 
the front and back sid~ of impellers~ 
locked in place to prevent rotation. 

casing and impeller 
hardened chrome) on both 
!hey shall be securely 

Bearings 

3.5.1 Oil lubricated, anti-friction bearings are preferred for small 
pumps for all services. Radial and thrust bearings shall be 
oil lubricated by ring, disc, or flood-oiling systems. An oil 
reservoir of adequate capacity shall be provided, preferably 
integral with the bearing housing. For large multistage pumps, 
the radial and thrust bearings shall be the Seller's standard. 

3.6 Pump Packing and Seals 

3.6.1 Shafe sealing shall be conventional packing or mechanical seals. 

3.6.Z Conventional packing shall be furnished in dirty service, in 
liquid temperatures over 5000F, or in cases where a mechanical 
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seal cannot be guaranteed. The scuffing boxes shall, when 
indicated on· the data sheet, be designt!d to permit tutu re 
installation of mechanical seals. 

3. 6:. 3 Where packing is specified, the pumps shall be shipped with 
temporary flax packing installed and two (2) sets of service 
packing shall be supplied for field installation. 

"3.6.4 All pumps handling clean liquids at temperatures below S00°F 
shall be equipped with mechanical seals provided the seal 
manufacturer will guarantee the seal for the ~ervice. The 
Seller shall be responsible for obtaining the full guarantee 
for the seals provided, and shall hold the seal manufacturer 
to the guarantee. 

3.6 .5 Oute.r seal plate shall be provided with connections for quench 
or vent and drain. 

3.7 Couplings 

Flexible all-steel couplings shall be provided for horizontal API-610 
pumps. Rubber bushing parts are acceptable for horizontal chemical 
pumps meeting ANSI B73.l provided t~at the driver size does not 
exceed 50 HP. Rigid couplings shall be furnished for vertical pumps, 
axially adjustable when necessary. 

3.8 Coupling Guards 

Coupling guards shall meet the requirements of API Standard 610, 
Paragraph 25f and the Occupational Safety and Heal~h Act (OSHA) of 
1970. In addition, they shall be able to support a live load of 
200 lbs. (a man's weight) without.damage. 

3.9 Miscellaneous 

3.9.1 Auxiliary Piping 

On pumps which require any of the following: 

a. Water cooling, 
b. Seal piping, 
c. Gland oil to lantern rings, 
d. Flushing of throat bushings or other clearances, 
e. Lube oil piping, 

the harness manifolds shall be furnished by the Seller. Piping 
harnesses shall include all necessary piping, orifices, flow 
indicators, coolers, strainers, cyclones, gauges, (thermometers 
on gland oil outlet lines), all suitable for the conditions of 
service. 

3.9.2 Where suction pressure is less than 5 psig, or can fall below 
5 psig under any operating condition, a positive pressure in 
excess of 5 psig must be arranged on the stuffing boxes while 

· the pump is running; but the pressure shall be limited to a 
value which will prevent exces~ive- leakage. 

3. 9.3 Rotation of pumps shall preferably be ·~•'unterc.lol·kwise. when 
viewed from the coupling (driver) end . 
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4 • :·!ATERIALS 

4.1 Materials shall be as shown on the data sheet. 

4.2 Repairs to castings by welding, or by other means, may be made only 
on approval of the Buyer's representative. Buyer's approval of 
welding and inspection procedures used for such repairs shall be 
obtained before the work is done. ~1ajor weld rep~irs shall be 
heat treated~ 

4.3 Unless othervise specified, shafts shall be of SAE 4140 and 
shaft sleeves of stainless steel. 

5. INSPECTION A..'ID TESTS 

5.1 The responsibility for inspection rests with the Seller. However, 
the Buyer reserves the right to inspect at any time during fabri

. cation. Inspection shall be by the Buyer or his authorized repre
sentative. Any inspections made at a sub-seller's plant shall be 
made after prior notification ~hrough the Seller. 

5.2 When performance tests are called for on. the purchase order or 
pump data sheet, such tests shall be in accordance with the 
standards of the Hydr~ulic Institute for Centrifugal Pumps, 
The final acceptance of the pump shall be based on field test, 
handling "the. specified. fluid under specified conditions. 

5.3 All pump cases shall be hydrostatically tested in accordance with 
Paragraph ·34 of API Standard 610, except all pumps may be tested 
to 1-1/2 times the maximum discharge pressure adjusted to l00°F 
in accordance with the method described in Paragraph 337.4.l, 
Chapter VI, of the ASA Code for Petroleum Refinery Piping B31.3. 
latest edition. 

5.4 Exception to API-610, Paragraph 35(g) .and 10 (d): 

In the field, all pumps shall meet the vibration limits specified 
in Paragraph 10 (d) but, during shop tests, if the vibration 
exceeds theS$.values,. the seller shall either take corrective 
action and carry out another· test run or show, on a basis of 
experience and judgement, that the predicted field vibration 
will be within the specified limits. 

i~CIFICATIOll '.!;~ . ·1 4 2 2 2 - G _:. _1 -- llh 1 . 4 4 
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1.0 SCOPr:: 

l.l General 

l. l. l. 

l. l.2 

l. l. 3 

l. l.4 

l.1.5 

1.1.6 

This specification covers the design conditions, che 
required mechanical. design f~acures and cest· requirements 
for GeneC'al Purpose Steam Turbine Drivers and related 
auxiliaries listed in this specification. 

In case of conflict between this specification and the 
accompanying documents, the order of precedence is as 
follows: 

Inquiry or purchase order 
Data sheets . 
This specification 
AP!-611 
Other Standarcs 

In the event of conflict between these specifications and 
the equipm.eilc bei::.g quoted, the Seller shall take a 
specific exception in writir:g in his quotation. 

Steam turbine data sheets outlining operating conditions, 
speed control, other conditions, and construction features 
are a part of this specifica·tion and are to be completely 
fille~ in and returned with the ~eller's proposal. 

Terms of measurements·are all to be in English uni~s. 

Seller is to be aware that there may be a pre-commitment 
meeting and possibly.several design audit meetiugs. 

1.2 Code Considerations 

Except as modified by this specification, all stecµn turbine drivers 
shall be in accordance with the First Edition of AP! Standard 
611, "General Purpose Steam Turbines for Refinery Serv;Lces" 
d:ited ~ovember, 19i9. References to AP! paragraphs herein 
appear in parentheses. 

Z , 0 W!NU! ON. ffP n::R.~!.S 

2.1 Throughout chis specification, the term "Buyer" shall mean Bechtel 
and/or their Client, who will be responsible for the overall 
supervision and installation of the equipment. · "Seller" shall 
mean the bidder, vendor packager, or actual manufacturer of the 
equipment to be furnished as a result of this inquiry. When 
refer-::iug to steam turbines, terminology from AP! Standard 

2.2 

611 is used. 

~formal horsepower and soeed (Par. !+.a) of the steam turbine is to 
be the horsepower and spe;d required by the driven equipmenc at che 
"driven equipment: rsted" .::ondit:igns. This is ::he staam rate 
guarantee point . 

SPECIFICATION 110. l~:!:Z:Z-G-2 ·REY.----- SHEET--•"--
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2.3 

2.6 

Raced Horseoower (Par. 4.b) of the turbine is co be 110 percen: 
of che hursep~wer requirea oy the driven equipment ac "driven 
equipment ::aced" conditions .. md ac !'aced turbine speeci h'i1ich 
is co oe the same as normal turbine speed, which is the 100 
percen~ or raced driven equipment s~eed. 

~1m:imun continuous soeed (Par. 4.d) of the turbine shall be 
105 per~ent (minimum) of the rated turbine speed. 

Trio speed (Par.4.f) of the turbine shall be liO percent 
(minimum) of the maxi~um continuous speed. 

Sneed range will be specified on the turbine data sheet. 

3.0 PROCESS SPECI~l~AT!ONS 

The normal !1orsepo\•e= and speed shall be specified by the driven equipmen 
manufaccui:er .for his particular requirementand/or by the "Buyer" on 
the turbine •l;it.J. sheets. 

4.0 BASI~ D£SIC~ 

API Standard 611 paragraphs not referenced herein shall either stand ·as 
written ur are covered in the data sheets. 

4. l Ge?::.eral 

4. l. l 

4.1.2 

4.1. 3 

4.1.4 

SPECIFICATION NO. [;'.,.'.:2'.!-·~-l 

Winterization provisions (In Par.6.b) shall apply. 

The driven equipment ~nufacturer shall have the primary 
responsibility for cooedination to ensure compatibility 
of the steam turbine and d=iven equipment. The steam 
turbine seller shall cooperate fully with the driven 
equipment seller in the supply and/or obtaining of all 
required informatior.. Included among other daca, will be 
torque, inertia, and start-up requirements of the turbine, 
coupling requirements, oil pressure, and quantities 
and location and size of all required connections. 

All equipment shall be designed co operate continuously 
for a period of three years between scheduled shutdowns. 
A maximum of ruggedness and si~plicicy shall be in=orpo
rated co ensure reli~bilicy. 

Area Classification is Class l, Group D, Division 2 as· 
defined in the :fational Elect:-ic Code of tile CSA unless 
otherwise indicated on the data sheet . 

REY.----- SHEET--)--
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4.2 Casing 

4.2.l A sencinal warning valve (Par. 4.d) shall be supplied on the 
turbine casing. 

4.2.2 Casing co have the steam exhaust located on che opposite side 
from the steam inlet. 

4.3 External Forces and Moments (Par. 8) 

Turbines shall be ·designed to withstand che following ~xcernal 
loadings: 

4.3.l Vertical Component - Combined forces and moments due co all 
piping connections or co any one piping connection resulting 
in a vertical reaction (either upwar.d or downward) ac any 
support point of at least one-half che dead weight reaction 
of the turbine at the support poinc .. 

4.3.2 Horizontal Transverse Component - Combined forces and moments 
due co all piping connections or c"o- any individual piping 
connection resulting in a horizontal transverse reaction at 
any support point of at least one-third che cocal d~ad weight 
reaction of the turbine at the support point. 

4.3.3 Axial Component - Combined axial forces of all p1p1ng 
connections or axial force of any one piping connection 
resulting in an axial force on the turbine casing of ac least 
one-sixth the turbine weight. 

4.4 Auxiliary Piping 

4.4.l All lube oil and control oil piping (Par. 12.e) shall be of 
Type 304 stainless steel (including flanges) with che 
exception chac piping st·ubs welded inco sceel turbine casings 
shall b• carbon steel co avoid transition welds. P1n~ weight 
shall be Schedule 80 minimum. for l-l/2 in. (38.l !!DD) and smaller, 
and Schedule 40 minimum for 2 in. (50.8 mm) and larger. The 
use of threaded piping on steel casings is prohibited unless 
absolutely required. The gas tungsten-arc method using an 
internal inert gas purge shall be·employed for the root pass 
weld of all butt-welded stainless sceel lube and control oil 
piping. 

4.4.2 Valves in these stainless steel lines shall have carbon steel 
bodies with ll"-13" chrome trim. 

4.4.3 Instrument cubing shall be 304 stainless steel. 

4.4.4 Tube fittings shall be Imperial Hy-Seal, or other approved 
compression cype fittings. 

11n ____ _ IMllT'---!.-- OI ___ i __ 
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4.4.5 Drains, including casing drains, shall be piped (Par. 11) to 
the edge of baseplates and terminate with a blind flanged valve. 

4.4.6 All· piping removed and shipped separately shall have metal tags 
attached to identify it to the Seller's drawings. 

4.5 Bearings 

4.5.l Aritifriction radial bearings (Par. 14.a) are not acceptable for 
any horsepower rating. 

4.5.2 Thrust bearings (Par. 14.6) shall be in accordance with the 
following: 

4.5 .• 2.1 Single stage turbines above 1000 HP shall have pad
type thrust bearings. 

4.5.2.2 The maximum actual specific loading of the thrust 
bearings, either antifriction or pad-type, shall not 
exceed 50 percent of the bearing manufacturer's 
rating. 

4.6 Gear Units 

4.6.l Separate gears are preferred. Integral gears will be con
sidered for ratings of 100 HP and less if they meet the 
criteria of Par. 23.c. 

4.6.2 Gears shall be rated for operation at the turbines' maximum 
horsepower. 

5.0 MATERIALS 

5.1 Repairs to casting by welding or by other means may·be made only on 
approval of the Buyer's representative. Buyer'~ approval of welding 
and. inspection procedures used for such repairs shall be obta:i,ned 
before the work is done. Major weld repairs shall be heat treated 
(Par. 7 .d). 

5.2 All major castings, forgings, or other pressure containing parts 
shall be suitable for operating conditions specified, arid should 
comply with an appropriate recognized standard (Par. 26.a). 

5.3 Steel casings shall receive a stress relief heat treatment after 
fabrication is complete, before final machining. 

5.4 All welds in carbon steel shall be continuous and closed both top 
and bottom and all sides, leaving no open crevices. 
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6.0 CONTROLS -~~D PROTECTIVE DEVICES 

6.1 Governors 

6.1.l Oil-type governors are preferred. 

6.1.2 Hand speed changer shall be furnished unless a control speed 
adjustment is specified on the turbine data sheet. If a 
control speed adjustment is specified·, it shall b'e in accord
ance with Par. 30.a. 

6.2 Hand-operated control·valves shall be furnished to allow economical 
.operation at all performance conditions shown on the data sheet. 
The seller shail select the highest efficiency at the normal 
condition .. 

6.3 Turbines ·with pressure oil systems shall have thermometers in thermo
·wells in each oil outlet. 

6.4 When bearing RTDs are specitied on the turbine data, sheet,. the ·RTD 
elements shall be. embedded in the bearing metal. RTDs shall be· 
furnished in each journal bearing and on both sides of pad-type 
thrust bearings. Turbine manufacturer is responsible for furnishing 
and installing the RTDs. 

7.0 TESTS AND PREPARATION FOR SHIP!1ENT 

7.1 Quality Surveillance 

All equipment and materials furnished under this specification shall 
be subject to Quality Procedures Specification NI-0003-950-99-901. 

7.2 Hydrostatic Tests 

7.2.l Hydrostatic tests shall be in accordance with API 611 (Par. 
33.a & b). 

7 .2 .. 2 Hydrostatic tests shall be maintained for one hour (minimum). 

7.3 Mechanical Run Test 

7.3.l All turbines shall be given a no-load running test in· 
accordance with API 611 (Par. 34). 

7.3.2 Turbine manufacturer will furnish test data in accordance with. 
API 611 (Par. 36) . 

7.4 Preparation for Shipment 

7.4.1 Equipment shall be adequately protected against entry of dirt 
or water during shipment. Standard industry practices under
taken by the seller for the protection of this equipment will 
generally be acceptable. All flanged openings must be 
sealed with 1/4-inch (or better) thick steel plates held on by 
at least two bolts and disposable gaskets. 
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7.4.2 Rust preventative compounds shall be applied internally and 
externally to all finished surfaces, and elsewhere as deemed 
necessary to protect 'metal parts. 

7.4.3 The seller shall mark on, or securely attach to the equipment, 
or enclose in the shipping container, a list of the specific 
preventatives used to protect his equipment. He.shall also 
include any special instructions he deems necessary to remove 
or replace any rust preventative, together with any special 
requirements o.f his equipment during the period of storage. 

7.4.4 All equipment shall have metal tags attached showing equipment 
purchase order, item.number, service. 

7.4.5 The equipment shall be painted in accordance with the.seller's 
standard painting procedure, unless otherwise specified. 

" 
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1.0 ~ 

1.1 Purpose 

lbe purpose of this specification is to define the 
general requirements for instrumentation and control 
equipmento 

102 Definitions 

1.2.l 

1.2.3 

1.2.4 

·Where reference is made to Owner, it means 
either Owner or designated Managing Contractor, 
whichever applies in the situation. 

Where reference is made to the Contractor, it 
means "the firm responsible for engineering, 
procurement, and construction of the plant. 

Where reference is made to the Seller, it means 
tbe firm selling equipment or materials for use 
on the project. 

Where reference is made to Buyer, it means 
either Owner or Contractor acting as agent for 
Owner1 whichever is appropriate. 

1.3 Deviations 

Where"· deviations occur between- this specification. and 
Contractor's fi~l tu-purchased instruments, installa-

. tion drawings, etc.,. such deviations wiil represent the 
special approved requirements ?or the project. -. Contrac
tor is responsible for obtaining approval from Owner, 
and for providing documentation of approval by con
ference record, letter, etc. 

2 .O REFERENCE CODES, STANDARDS, AND Sl'ECXFICATIONS 

Note; Codes or ·standards not specifically referenced in the 
te~t ~Y be ~~~4 f~~ K~D~~~l infonultion as necessary. 

2.1 American National·Standarcls Institute .(ANSI) 

c 39.l - 1972, 

Bl6 104 - 1976, 

M 96.1-975, 

Specification No. 14222-J-l 

Bequirements for Electrical Analog 
Indicating Instruments 

Control Valve.Seat Leakage 

Temperature Measur~~ent 
Thermocouples 
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2.2 American Petroleum Institute (API) 

RP 520, Recommended.Practice for the Design and Installa
tion of Pressure-Relieving Systems in Refineries, Part 
I-Design, Fourth Edition, 1976 and Part II-Installation, 
Second Edition, 1963 

RP-521-1969, Guide for Pressure Relief and Depressuring 
Systems 

Std 526, Flanged Steel Safety Relief Valves, Second 
Edition, 1969 

STD 527-1967 (ANSI Bl47.l-1972), Commercial Seat·Tight
ness of Safety Relief Valves with Metal to Metal Seats 

RP 550, Manual on Installation of Refinery Instruments 
and Control Systems, Part I-Process Instrumentation and 
Control, Second Edition, 1965 and Part II-Process Stream 
Analyzers Second Edition, 1965 

. Std. 1101, Measu~ement of Petroleum Liquid Hydrocarbons 
by Positive Displacement Meter, 1960. 

Std• 2000, Venting of Atmospheric and Low Pressure 
Storage Tanks, 1973 •. 

Publication 2530, Orifice Metering of Natural Gas, 
Plasticized, 1976. 

Std. 2531, Mechanical Disptacement Meter Provers, 1963. 

Std. 2534, Measurement of Liquid Hydrocarbons by Turbine 
Meter Systems, 1970. 

2.3 American Society of Mechanical Engineers (ASME) 

PTC 19.5, Interim Supplement on Instruments and 
Apparatus: Application, Part II of Fluid Meters, Sixth 
Edition, 1971. · 

ASME Boiler and Pressure'Vessel Code, Sections I and VIII. 

2.4 Instrument Society of America (ISA) 

RP 3.1-196!) 

RP 3.2-1978 

Specification No. 14222-J-1 

Flowmeter Installation Seal and· Conden-
saCe Chambers · 

Flange Mounted Sharp Edged Orifice Pla~~s. 
fQr Flow Measurement 
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RP 4.1-1950 

BP 4.2-1956 

S5.l-1973 

S5.2-1976 

SS.4-1976 

RP 7 .1-1956 

S7 .3-1956 

BP12.l-1960 

Sl2.4-l970 

BP12.6-1976 

aPlS.1-1965 

S20-1975 

BP31 •. l-1972 

Uniform Face to Face Dimensions for 
Flanged Control Valve Bodies 

Standard Control Valve Manifold 
Designs (Carbon Steel Valves Only) 

Instrument Symbols and 
Identification 

Binary Logic Diagram for Process 
Operations 

Ina trument Loop Diagrams 

~eumatic Control Circuit Pressure 
Test 

Quality Standard for Instrument Air 

Electrical Instruments in Hazardous 
Atmospheres 

Instrument Purging for Reduction of 
Hazardous Area Classification 

Installation of Intrinsically Safe 
Instrument Systems in Class I 
Hazardous Locations 

Specifications and Guides for the 
Use of General Purpose Annunciators 

Specification Forms for Process 
Measurement and Control Instruments 

Specification, Installation.and 
Calibration of Turbine Flowmeters. 

2.5 National Electrical Manufacturers Association (NEMA) 

IS 1.1-1975 Enclosures for Industrial Controls 
and Systems, 1973 

2.6 National Fire Protection Association (NFPA) 

No. 70 

Ho. 493 

Ho. 496 

Specification No. 14222-J-1 

National Electrical Code, 1978 

Intrinsically Safe Process.Control 
Equipment for Use in Class I 
Hazardous Locations, 1969. 

Purged Enclosures for Electrical 
Equipment, 1974. 
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2.7 Scientific Apparatus Makers Association (SAMA) 

PMC 22-11-1966 

PMC 23-1-1971 

Functional Diagramming of 
Instrument and Control Systems, 
1966. 

Hydrostatic Testing of Control 
Valves. 

2.8 International Organization for Standardization (ISO) 

R541-1967 

R781-1968 

3.0 GENERAL SPECIFICATIONS 

3.1 Specification Forms 

·MeasureDJent of Fluid Flow by Means 
of Orifice Plates and Nozzles. 

Measurement of Fluid Flow by Means 
of Venturi Tubes. 

Instruments will be specified on Contractor's standard 
forms, or by written description. Instrument data 
sheets shall be similar in content to ISA S20. Func
tional specifications may be used for systems in which 
hardware selection is primarily the re·sponsibility of 
the system supplier (burner management, CRT display 
systems, i~line blending, etc.) 

3.2 Installation Drawing and Schedules 

Contractor will prepare all necessary drawings to show 
instrument location, piping, wiring, mounting, etc.; to 
insure proper installation. The Instrument Installation 
Schedule will be used as a master control document with 
all. necessary reference information. 

3.3 Loop and Logic Diagrams 

Instrument diagrams, showing each component and each 
connection (elec.tronic or pneumatic) will be prepared by 
the Contractor. v Format and content will be similar to 
ISA S5.4. Interlock schemes will be shown in logic 
diagram format. Format in content will be similar to ISA SS. 2. 

3.4 Instrument Symbols and Numbering 
~ 

Instruments shall be shown on Contractor's P&ID's in 
general accordance with ISA SS.l. Special control 
diagrams such as those described in SAMA:PMC 22-11-1966 
may be used with prior approval· by the Owner. See 
Drawings J-G-0101 through J-G-ol40. 
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3.5 Electrical Requirements 

All instruments located in the process area will be fur
nished to meet the electrical classification of that 
area. Air purging may be used to reduce hazardous area 
classifications in accordance with ISA S 12.4, and 
NFPA496. Intrinsically safe systems will be utilized to 
satisfy hazardous area requirements wherever such 
systems are readily available. Installation of 
intrinsically safe instrument systems shall be in. 
accordance with ISA RP12.l and ISA RP12.6. Intrinsic 
safety ce~ification shall be by the appropriate agency 
in the country of manufacture or by the equipment 
manufacturer in accordance to requirement of the 
appropriate agency. 

3.6 Electronic Requirements 

Analog signals from the process units to the central 
·control room will be 4-20 mA current or direct connected 

. thermocouples and RTD elements. Control signals will 
also be 4-20 mA, converted in the fi.eld to 
0.2-1.0 kg/cm2 (3-15 psi) air pressure as required for 
operation of final control elements. Electronic power 
supplies for multiple panel instruments shall be sized 
for at least 125% of the number of ins·truments. Battery 
back-up c~pa~le of supplying power for at least twenty 
minutes shall be provided for all control and shutdown 
systems. -·&lect~onic instruments shall be selected and 
installed such that the electromagnetic interference 
(EMI), including radio-frequency interference (RFI), 
normally found in refinery operations does not interfere 
with their function. All field mounted electronic 
transmitters will );)e provided with junction box 
with test jack. 

3.7 Pneiimatic Requirements 

Pne"111Yltie $i~l ~r~ne!!Jiasion will be 0.2-1.0 ke/cm.2 
(3-15 psi). Higher pressures may be used for actuating 
final control elements •. Instrument air will be provided 
at nominal 1 kg/cm2 (100 p~ig); however, final control 

·element actuators shall be sized for operation at ISA 
S7.3, Qu~lity Standard for Instrument Air. 

3.8 Alarms and Shutdowns 

3.8.1 
(l 

Dedicated alarms (one annunciator point for 
each alarm) will be provided for critical 
process measurements. 'Pre-alarms (variable 
approaching alarm condition) will be provided 
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3.8.2 

3.8.3 

3.8.4 

for those variables which can be prevented from 
going out of limits by operator action. Equip
ment malfunction alarms will be indicated 
individually on local panel annunciators with 
trouble and/or shutdown alarms at the 
operator's console. 

Automatic shutdown functions will be provided 
as necessary to protect equipment from damage. 
Each s.hutdown wi 11 be provided with a 
"first-out" type alarm, a maintenance bypass, 
and if necessary· a start-up bypass. Signal 
lights or alarms will indicate that emergency 
systems have been bypassed. 

Alarm circuit& will be normally closed (open to· 
alarm). (Note: "Normally" refers to process 
conditions, not electrical "shelf" condition.) 
Alarms may be activated from either a ·process 
connected device or from a transmitted signal. 
Systems designed to shut down complex mechani
cal equipment, continued operation of which is 
vital to the process, even during a power 
outage or loss of instrument air, shall be 
arranged to do so on high instrutllent air 
pressure or through an energized electrical 
circuit. Loss of instrument air or control 
power shall not cause a shut down of equipment 
in this special category. 

An alarm hierarchy system will be used to 
distinguish between critical alarms, which 
require operator action, and informational 
alarms, which may only require logging. 

3.9 Process Control Functions 

3.9.1 

3.9.2 

Process control functions shall, in general, be 
performed from the control room. However, 
local pneumatic controllers may be used on con
trol loops where minimal operator attenti9n is 
anticipated. Mechanical equipment systems, 
such as compressors or filters; will have local 
control panels, with malfunction alarms on the 
main panel. 

The general design philosophy for analog con
trol loops will be.to provide capability for 
implementing advanced control concepts, such as 
feedfor·;.rard, adaptive, or optimizing control, 
wherever significant operational benefits can 
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be demonstrated. 'l'hese benefits may be 
improved yield, ease of operation, or reduced 
utility consumption. Basic control functions 
may be provided for initial operation, while 
operating data is developed ·for use in defining 
advanced control applications. 

3.10 Instrument Maintenance Considerations 

. 3.11 

Instrumentation systems will be designed'or selected, 
wherever possible, to utilize "plug-in replacement11 

maintenance techniques, with self-diagnostic features, 
wherever possible. 

Weatherproofing 

All instruments exposed to the weather will be moisture 
and dustproof with no exchange. of atmosphere except in 
Class 11 Group A1 B1 C1 or D1 Division l or 2 areas. 

4.0 CONTROL ROOMS AND OPEBA'l'OR CONSOLES 

4.1 General. 

Control consoles for the process units will be the 
color .CB.T type, with trend recorders and alarui 
loggers. err keyboards· will-provide the. operator with 
setpoint and controller tu,ni.ng adjustments. Process 
displays will include plant overview, group displays, 
and °individual loop displays~ Input-output multi~ 
plexers, power supplies, and other digital electronics 
will be. mounted in racks separate from .. the consoles. 

4.2 Charts and Scales· 

4.2.l Meaaurement units and selection of ranges for 
charts and scales will be in accordance with 
Basic· Engineering Design Data issued for the 
project. 

4.2.2 Use of dedicated single p~n recorders will be 
limited to the critical parameters for process 
operation. Multipoint recorders, with appro
priate switching capability-, may be provided. 

4o1.3 Trend recorders will have 0-100 linear charts. 
All measurement sJmbols will be linearized for 
CB.T displ;iy or trending. 
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4.2.4 Instrument ranges will be selected to have 
whole number multipliers. Wherever feasible, 
there will be only one significant digit other 
than 0 (i.e., 600, rather than 550). Excep
tions may be made for 15, l50, and 1500. 

4.3 Consoles 

4.3.1 

4.3.2 

Process unit operator consoles will be at least · 
a dual CRT station with associated keyboards. 
Use of custom keyboards will be permitted if 
user definable keys, in addition to standard 
keys, do not have sufficient flexibility for 
performing all operator functions defined on 
the Piping and Instrument Diagrams. The 
operator console will also contain an alarm 
annunciator panel for critical alarms and strip 
chart recorders for trending of process vari
ables. Analog controllers provided as ~ackup 
for the digital control system may also be 
located on the operator console. 

Three types of CRT displays will be provided. 
These are overview, group, and detailed. 
O\Terview displays will be bar chart type, 
constructed so that operator attention is 
directed to more detailed displays which will 
provide information needed to diagnose and cor
rect the problem. Flashing, reverse video, or 
color change may be used for this purpose. 
Group displays may contain graphical presenta
tions, alpha numerics, or a combination of 
these. Analog group displays, alarm displays, 
and temperature group displays will be provided 
in this category. Color graphic displays will 
be provided to aid the operator in problem 
diagnosis. Individual loop, or detail dis
plays, will provide the operator with all 
pertinent information for a single loop, 
including process data, tuning parameters, and 
loop configuration data. 

5.0 CONSOLE MOUNTED INSTRUMENTS 

5.1 Analog Backup Controllers (If Required) 

Miniature controllers on control consoles shall be 
shelf mounted pull-out type with lOOmm (4") vertical 
scale process variable and set poiot indication, 
balanceless, bumpless, automatic to manual transfe~, 
and output signal indication. Electrical connection to 
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(rack-mounted) components shall be plug-in cord acces
sible from the back of the case. Selection of full 
range or deviation type indication (from the set point) 
shall be appropriate to the normal operating limits of 
the process variable. Deviation type shall display 
20% minimum of the total range for flow, temperature, or 
pressure. All other variables shall be limited to full 
scale type indication • 

. Controllers shall have a range of proportional band of 2 
to 300% minimum and adjustable reset of 0.1 to 25 
repeats per minute minimum by appropriate model selec
tion. Controllers used for temperature control and long 
time constant application shall include derivative 
action 0 .1 to 10 minutes minimum. All electronic con
trollers shall have a means for switching reset and 
derivative completely off. 

5.2 Trend Recorders 

Trend recorders on control consoles will .be 3-pen, lOOmm 
(4") vertical chart or horizontal chart. Point selec
tion will be from the operators console. Any analog 
measurement in the system shall be available for trend 
recording. A minimum of three J;,en recorders will be 
provided. Additional recording capacity will i>e 
dependent on the total number of variables. 

S .3 Printers 

At least two printers shall be provided. One shall be 
dedicated to alarm logging. The other shall be used for 
report generation and special printouts. 

6 .O LOCAL PANEL INSTRUMENTS 

6.1 Indicators 

ludicators shall be vert1cai fixed scale type or they 
may be 4-1/2.inch diam~ter receiver-gauges. 

6.2 Potentiometer-Type Temperature Instruments 

Pote~tiometer-type temperature recorders and indicators 
will be the null balance ty~~ with high impedance ampli
fier and will have automatic current standardization 
constant voltage supply, and cold junction compensation 
located in instrument case. Printing will be with n~-u
ber and dot, or continuous line. Chart speeds and 
printing speed will be selected to satisfy process 
requirements. Paint selection for indicators will be l) 
toggle type DPDT spring return to neutral switches, or 
2) interlocked push buttons, or 3) digital keyboard. 
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6.3 Alarms 

Alarms located on local panel will be back lighted win
dows in a box with flashing sequence and an audible 
device.· Alarm relays and flasher will be hermetically 
sealed or solid state plug-in circuit board type. Test 
acknowledge, and reset (when required) push buttons will 
be provided. All alarm field contacts are to be 24 V DC 
circuit. 

High and low annunciator alarm may be combined in 
non-critical service when the process variable is 
indicated on the local panel. 

7 .O PRIMARY FLOW DEVICES 

7.1 Meter Runs 

For piping d·esign purpose, meter runs will conform to 
Transactions of the ASHE, July 1945, page 346, based on 
orifice to pipe diameter ratio 0.75. · Longer meter runs 
will be provided for custody transfer meters •. Minimum 
size standard meter run diameter will· be 2 inch. For 
meter runs less tha~ 2 inch, calibrated meter runs shall 
be considered. If necessary, meter run will be· 
.increased in diameter in order not to exceed maximum 
ratio requirement. Weld neck orifice flanges with 
flange taps to be used for line sizes 12" and smaller. 
Line sizes 16", and greater, slip on flanges and Vena 
contracts taps may be used. 

7.2· Meter Ranges 

Meter ranges will, ~herever practical, be 2500mm H2o 
:(lOO"}. Higher or lower ranges may be used, if required. 

7 .3 Metering Rangeability for Orifice Type Meters 

Metering rangeability shall not exceed 3.5 to l. Design 
flow shall be at approximately the mid-point on the 
chart, which 70% of maximum flow on a square root scale. 

7.4 Primary Flow Elements 

7.4.l Concentric Orifice Plate 

Concentric orifice plates with flange taps will 
be used wherever practical. A d/D ratio of .2 
to .7 ·will normally be used. ISO R 541-1967 
will be used for guidance in orifice plate flow 

· metering. 
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7.4.2 

7.4.3 

7.4.5 

Eccentric or Segmental Orifice Plates 

Eccentric or Segmental Orifice plates will be 
used for horizontal orifice runs handling 
slurries .• 

Averaging Pitot Tube ("Annubar") or 
Pitot-Venturi Elements 

Averaging Pitot Tube or Pitot-Venturi elements 
may be used in large diameter lines for clean 
fluids such as water or air and where the per
manent pressure lo.ss through an orifice is 
uneconomical. 

Flow Tubes or· \enturis 

Flow tUbes or venturis of the low pennanent 
pressure loss type will be used on large centri
figual compressor suctions and other services 
where required. ISO R781-1968.will be used for 
~idance in Venturi tube flow metering. 

now Nozzles 

Flow nozzles may be used to .improve accuracy or 
protect.against erosion, and/or as a substitute 
for· flow tube when economics or installation 
considerations require.. · 

Magnetic Flowmeters 

Magnetic flowmeters will be considered ·on co~ 
ductive viscous or slurry streams, and where 
wide rangeability is required. 

7.4.7 · Turbine-Meters 

7.4.8 

Turbine meters will be considered for flows of 
clean low vicosity l_iquids requiring errors . 
less than 0 .. 25%.. API Std. 2534 will be used 
for guidance in turb.ine meter applications. 

Orifice Plates 

Orifice plates will, in general, be per ISA RP 3.2. 
Plate material will be Type 304 stainless steei 
(minimum). rlate shall be made of other material 
if required for corrosion. 
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7.4.9 

7 .4.10 

Orifice calculations may be made by Contractor 
or Seller. Instrument sellers of primary flow 
devices other than orifices will be required to 
furnish calculations. 

Orifice bore shall be rounded to nearest one 
thousandth of an inch. 

8.0 FLOW INSTRUMENTS 

8.1 

8.2 

Differential· Pressure Transmitters 

Differential pressure transmitters may be force balance 
or strain 2auge type. Wetted parts of the 
bodies will be suitable for the service (316 stainless 
steel minimum) an~ will be rated for 70 kg/cm2 gauge 
(1000 psig) minimum. static pressure. Transmitters will 
be provided with 1/2 inch NPT process connections, 
universal pipe mounting bracket and provision for 
adjustment of range. 'nle differential pressure sensor 
will be able to ~ithstand over-range pressure, 
equivalent to the meter body rating. For small flows, 
the integral orifice type transmitter will be 
considered. Pneumatic transmitters wil1 .have a receiver 
gauge, and electronic transmitters will have a milliamp 
indicator, located near the control valve. All 
~ifferential pressure type flow meters will be the dry 
type. 

Liquid-Filled Bellows-Type Meters - Local 

Liquid filled bellows type meters will have 70 kg/cm2 gauge 
(1000 psig) minimum carbon steel body, 316 stainless 
steel bellows, 1/2 inch NPT process connections, un.iver
sal pipe mounting bracket. Meters will be able to 
withst·and over-range pressure equivalent to meter body 
rating. Indicators will have 150mm dials. Recorders 
will· have 12" charts, spring wound chart drive, combina
tion 24-hour or 7-day movement for Division 1 service. 
Where electric supply is available, chart drive will be 
electric if area classi~ication permits. Controllers 
will have 4-position transfer switch. 

8.3 Rotameters 

Rotameters used in hydrocarbons or hazardous chemical 
service will be armored variable area, tapered tube, and 
float type. Float position will be sensed by magnetic 
coupling. Rotameters will be heat traced, if required. 
Transmitters will be indicating type with weatherproof 
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case. Other rotameters will be specified of materials 
suitable for the service. they will be used where 
liquid being handled or required rangeability in flow, 
precludes the use of an orifice plate. Utility stream 
flow under 1-1/2" line size will employ amored type 
rotameters. 

Purge rotameters, equipped with needle valves and dif
ferential pressure regulator (where required for process 
operation), shall be used to measure and regulate purge 
flows. 

8.4 Magnetic Flowmeters 

Magnetic flowmeters used on slurry applications will be 
lined with Teflon, neoprene, or suitable resilient 
material. Flush electrodes will be used to minimize 
erosion. The flowmeter will be mounted in an upflow 
vertical line where possible to minimize sanding. 
Transmitter is to be separately mounted from the meter 
and connected using coaxial cable. 

Transmitter amplifiers will be indicating type with· 
weatherproof case. ACcuracies of + 1% will be suitable 
for process control applications; however, accuracies of 
! 1/2% are.required on applications for mass flow 
computations. . 

Magnetic flowmeters ~ill be considered on conductive 
viscous or slurry streams to decrease erosion of flow 
elements. 

8 .5 Turbine Meters · · 

Turbine meters will have stainless steel body and 
150 psi ANSI flanges (minimum) with maximum flow pres
sure drop not more than 0.5 kg/cm2 (7 psi). Accuracy 
will be + .15% of normal flow over rated flow range of 
at least-10 to 1 for standard meters and 7 to l for 
pipeline meters. Custody mecer will incorporate 
temperature compensatioo. Electrical transmitters shall 
provide at least 30,000 pulses per minute at maximum 
meter flow. Rate of flow indicators, totalizers, and 
printers will be selected as necessary for each applica
tion. Meter provers will be provided as necessary for 
custody transfer meters. 
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8.6 Local Flow Indicators 

Local indication of flow other than 8.2 & 8.3 will 
utilize an orifice or other differential device, a 
pneumatic differential pressure transmitter, and a 
locally mounted receiver gauge with 0-10 square root 
scale. 

9.0 PRESSURE INSTRUMENTS 

9.1 

9.2 

Range and Pressure Element 

All pressure instruments will be specified with a.range 
approximately twice operating pressure, except where 
process conditions dictate otherwise. Pressure element 
materials will be compatible with any corrosive agents 
present in the process media being measured. Suppressed 
range instruments will be required in certain applica
tion to improve accuracy and controllability. Bronze 
elements will not be used in field instruments. 

Viscous and Corrosive Fluids 

All instruments used for handling viscous or corrosive 
materials will be sealed. Sea1s may be the liquid type 
employing seal pots, or the chemical type, e~ploying a 
d.iaphragm and the pressure element of the insfrument. 
Diaphragm seals are preferred for applications within 
their temperature limitations. Capillary tub~ng, if . 
required, will be stainless steel 1/8 inch O.D. and will 
be protected by a stainless steel spiral wound armor. 
Temperature limitations on use of diaphragm seals will 
be specifically considered. 

9.3 Transmitters 

Transmitters may be strain gauge or force balance type. 
Process connection will be l/2 inch NPT and instrument 
will be equipped with pipe mounting yoke. Blind; narrow 
span, force balance transmitters may be used for special 
applications. Pneumatic transmitters will be supplied 
with air supply gauges. Blind transmitters will be 
equipped with output indicators. 

9.4 Local Pneumatic Recording Controllers 

Pneumatic recording controllers will have a minimum of 
0-200% proportional band and will have reset action and 
a 4-position tr~nsfer switch. Recorders will have 
spring wound chart drives, 24-h~ur or 7-day movement, 
for Division 1 service and where electric supply is not 
available. For Division 2 service where electric supply 
is ava~ia&le, chart drive will be electric. 
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9.5 Local Pneumatic Indicating Controllers 

Local pneumatic indicating controllers of the narrow 
proportional band type will have 2-position transfer 
switch and 0-25% proportional band. Controllers 
requiring wide proportional bands will have a 4-position 
transfer switch and a minimum 0-200% proportional band 
with reset action. Mounting will be pipe yoke type. 

9.6 Pressure Gauges and Pneumatic Receiver Gauges 

9.6.l 

9.6~3 

9.6.4 

Pressure gauges will be lOOmm (4") 
diameter. 1/2 inch NPT bottom connection, 
plastic. white laminated phenol dials with 
black graduations cases shall be of polypropylene. 

Process gauges will be solid front with filler 
plug and safety glass; movement rotary geared 
stainless steel. Accuracy to be + 1% of full 
scale. Bourdon tube •. socket. and-tip will be 
made of alloys suitable for the specific 
services. Bronze bourdon tubes shall not be 
used for process gauges. Liquid fill is 
preferred for vibration damping. 

Receiver gauges will be lOOmm (4") 
diameter. with 1/4 inch NPT back connection, 
plastic cas~>and white dial with black· gradua-

. tions. Bourdon tube to be extra wide with 
brass socket and tip. Movement to be rotary 
geared stainless steel. Accuracy to be l/2 of 
1% minimum. 

Diaphragm seals shall be used where applicable. 

Standard ranges for. process gauges shall be 30" 
Hg Vac-0-2. l kg/cm2g (30" Bg Vac-0~30" psig), 
2.l kg/cm2g (0-30 psig), 7 kg/cm2g 
(0--100 psig). 0-21 kg/cm2g (0-300 psig), 
0-42~kg/cm2g (0-600 psig) 1 0-70 kg/cm2g 
(0-1000 psig), ·0-105 kg/cm2g (0-1500 psig), 
and 0-210 kg/cm2g (0-3000 psig). 

9.7 Pressure Switches and Differential Pressure Switches 

Pressure switches will be DPDT or SPDT with adjustable 
set-point and fixed or adjustable differential as 
required, and will be suitable for the electrical clas
sification of the area. Pressure element materit· ls will 
be suitable· for the service. 
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9.8 Differential Pressure Instruments 

Differential pressure transmitters, as defined in 
.Paragraph 8.1, will be employed for all applications 
within the available range of the type of instrument. 
Outside of this range, differential pressure instruments 
will be liquid-filled bellows type with 1000 psi minimum 
carbon steel body and stainless steel bellows. Indica
tors will have 150mm (6") round dial. Transmitters may 
have eccentric scales. 

10.0 TEMPERATURE INSTRUMENTS 

10.1 Indicating Transmitters - Filled Type 

Indicating temperature transmitters will be narrow span, 
gas or mercury filled, force balance type. Spans of 
50,100, or 200 degrees will normally be used for control 
applications. Bulbs will be stainless steel 1/2 inch . 
diameter maximum, and 150mm (6") maximum length. Capil
lary will be stainless steel with stainless steel annor 
cover. Bulbs will have a bendable neck and adjustable 
union ·connectio.n. Instruments will have over-range 
suitable for start-up and shut-down conditions. Bulb 
type instruments may b.e used to maximum temferatur.e 
recommended by manufacturer, in general 420 C to 540°C, 
(790° to 10000F). 

10T2 Blind Transmitters - Millivolt to Current Type (TC) 

10.3 

10.4 

Millivolt-to-current blind temperature transmitters will 
be the electronic thermocouple transducer type which 
converts a millivolt input signal to a proportionate 
milliamp d-c signal as required. Cold junction compen
sation will be incorporated. Narrow span fixed range 
type with upscale thermocouple burnout feature will be 
used for control applications. 

Blind Transmitters - Resistance to Current Type (RTD) 

Resistance to current b.lind temperature transmitters· 
will be the electronic resistance transducer type which 
converts a millivolt input signal to a proportionate 
milliamp d-c signal as required. Narrow span fixed 
range type will be used for control applications. 

Local Pneumatic Recording Controllers 

Pneumatic recording controllers will conform to 
Paragraph 'l.4. Thermal .system may be gas filled or 
liquid filled type with stainless steel bulb, bendable 
neck with adjustable union connection, and stainless 
steel capillary protected with stainless steel armor. 
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10.5 Local Pneumatic Indicating Controllers 

Pneumatic indicating controllers will have 2-position 
transfer switch and a minimum 0-25% proportional band. 
Thermal system may be gas-filled or liquid filled type 
with bulb and capillary as in Paragraph 10.4. Control
lers requiring wide propor~ional bands will have a 
4-position transfer switch and a minimum 0-200% propor
tional band with reset actiono Mounting will be pipe 
yoke type. 

10.6 Temperature Switches and Differential Temperature 
Switches 

-Temperature sw~tches will be DPDT or SPDT and will be 
suitable for area electrical classificationo Thermal 
system may be liquid filled with stainless steel bulb, 
capillary, and armor and.will include union connection 
or bi-metallic switch type or thermocouple relay type. 
Temperature setting and differential adjustment will be 
external to switch housing· whenever suitable electrical 
rating.can be met. • 

l0o7 'lhermowells 

Thermowells will be a minimum of 316 stainless steel. 
Other materials to suit ser-Vice conditions may be used. 
Screwed or. flanged wells will be provided to suit 
process considerations, with a minimum of l" connection 
for screwed and 1-1/2" connection for flanges. Bore 
will be as required to accommodate inse,:-tion of bulb, 
thermocouple, or resistance temperature detector with 
good grounding. Test wells will be equipped with brass 
plug and chain or other material to suit ambient 
conditions. 

10.8 Dial Type Thermometers 

Dial thermomete-rs will be b~etallic, "any-an$le" type 
with 158 mm ( 6'') dials and will be furnished with 
separable sockets conforming to 10.7. 

10.9 'lbermocouples 

Thermocouples will be copper constantan (T) to 260• C, 
(500 •p), iron constantan (J) 260-540• C (Soo•-1ooo•F), 
and chromel alumel (K)" ahove this temperatureo Thermo
couple shall meet special limits of error 
per ANSI-MC96.l - 19750 
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10.10 

Thermocouples in general applications are to be encased 
in ceramic insulating material which is firmly compacted 
within a metallic sheath. The thermocouple is to be 
connected to the terminal block in the head using plas
tic covered interlock armor over the outer jacket of the 
cable. The cable/armor entrance to the head is to be 
sealed with a replaceable grommet. A spring shall be 
located on the thermocouple between the moveable 
bushing, and the adjustable sleeve. 

Resistance Temperature Detectors (RTD) 

Resistance temperature detectors are to be three wire~lOO 
OHMS with platinum resistance elements to 650°C 
(1200.F). RTD in g~neral applications are to be encased 
in ceramic insulating material which is firmly compacted 
within a metallic sheath. The RTD is to be connected to 
the terminal block in the head using plastic covered 
interlock armor over the outer jacket of the cable. The 
cable/arinor entrance to the head is to be sealed with a 
replaceable groDDDet. A spring shall be located on the 
RTD between the movable bushing, and the adjustable 
sleeve. 

10.11 Thermocouples in Temperature Controller Service 

In general, panel-mounted temperature controllers will 
use a dual thermocouple in a single well with one 
element connected to a multipoint indicator or recorder 
in the control room and the other to the temperature 
controller, or its input converter • 

10.12 Thermocouples and RTD's. in Temperature Recorder Service 

All multipoint TR points will terminate at the 
recorder. Multipoint Tl points may be terminated at the 
indicator or at the input multiplexer for digital 
systems. Use·of junction boxes between primary elements 
and readout devices is to be minimized. 

10.13 ·Resistance Tem erature Detectors in Tem erature 
Controller Service (Special Service 

In general, panel-mounted temperature controllers will 
use two resistance temperature detectors (RTD) in 
separate wells. One RTD will be connected to a 
multi-point indicator or recorder in the control room 
and the other to the temperature controller, or its 
input converter. 
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ll.O LEVEL INSTRUMENTS 

ll.l Gauge Glasses 

ll.l.l All gauge glasses will be steel armored trans
parent or reflex type with 3/4" top and bottom 
connection. Gauge glasses in low temperature, . 
low boiling point service will be large chamber 
reflex type with 2-inch flange connections. 
Lucite frost shields will be included and will 
extend through the gauge glass insulation. All 
gauge glasses.must have a rating equal to the 
vessel design pressure and temperature andriot be 
equipped with. gage valves. 

ll.1.2 Reflex gauges will be used on all clean ser
vices, except liquid level interface. Trans
parent gauges will be used on acid, caustic, or 
dirty materials and liquid interface. Suitable 
shields (mica, etc.) on inner face of.gauge 
will be considered for steam, caustic and other 
process fluids which may adversely affect gl~ss. 

11.l.3 All transparent gauges will be equipped with 
plastic wedge type illuminators that meet· area 
elec.trical classification requirements. 

11.l.4 Gauge glass and tank. connections will be 
· 3/4 inch NPT or 1-l/2" flanged except large 

chamber type to be 2-inch flanged. Vent and 
drain connection ·Size will be l/2~nch NPT. 

11.l.S Cauge. glasses will be used in the following 
visible lengths only: 7-7/8, 12-5/8, 17-l/4, 
26-3/4, 40-7 /8 and 55 inches, exc·ept for large 
chamber gauge glas·ses which will be supplied to 
required single length wherever practical. 
Gauge columns may be used for multiple gauge 
installations, and on horizontal drums or 
achangers when required for structural support 
of gauge glass .• 

ll.1.6 Gauge glasses .will be selected on the basis of 
total visible glass length equal to, or greater 
than, level measurement range. 

11.l.7 Pipe columns and column connections, to vessels 
shall be 2" size with 111 balance lines as 
required. For a two-fluid system, one or more 
balance lines may be required if the liquid is · 
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11.1.8 

foaming, stratified, or at a high temperature. 
For a three-fluid system, a balance line shall 
be required and so located that the point where 
it connects to the vessel is covered by the 
middle fluid for all expected fluctuations of 
the middle fluid level. 

Gauge glasses in services where weld-in 
installation is required will have a 150mm (6") 
extension seal welded by the Seller, and cut to 
fit in the field. 

11.2 Float !ype Switches 

Liquid level switches will have external 500 psig at l00°F 
(minimum) steel float cages with one-inch NPT 
connections, stainless steel float and micro or mercury 
type DPDT or SPDT switch. Electrical requirements shall 
meet the particular area classification. Mercury 
switches shall not be used where vibration may occur. 

11.3 Displacement Type Controllers and Transmitters 

11.3.1 External displacement type level controllers 
will have fabricated or· cast steel·float 
Chamber with a minimum of a 2-inch flanged 
connection. Floats will be stainless steel 
with K-Monel torque tube. Other materials may 
be used, if required by service conditions. 
Controllers will-have 0-100% minimum propor
tional band. Controllers and transmitters will 
have rotatable head flange if side connections 
are employed. Top and bottom connected level 
controllers or transmitters do not require 
rotatable head flange. Air fin extensions.will 
be provided for all non-condensing vapor 
services that exceed 2oo•c (400°F) and all 
condensing vapor service.over 12o•c (250°F). 
The float length is to be selected to take 
advantage of as much surge capacity as possi
ble. Displacement type will not be used.beyond 
range of 1200min (48"), unless the use of a 
differential pressure transmitter present 
unusual sealing problems. 

11.3.2 Controllers will not be located on the same 
gauge column with gauges and level switches. 
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11.4 Differential Pressure Level Transmitters 

Differential pressure level transmitters will be in 
accordance toU.th Paragraph 8.1, except that. rang~ shall 
have suppressed zero or elevated zero as required. 

ll.5 Tank Gauging Systems 

Tank gauging systems shall be float type, with 4-20 mA 
signal of level and temperature to remote readouts in 
central control rooms. Accuracy shall be + 0.4cm 
(level) and!: 2•c (2.F) (temperature) of tr~e measurement. 

12 .O ANALYZERS 

On-line analyzers will be used. for mouitoringor control of the process 
stream composition during operations, and to develop process data ·for . 
possible future application of compositional process control. 
Analyzer requirements will be defined on the Process Flow 
Diagrams. 

13.0 RELIEVING DEVICES 

13.l General Reguirements 

13.l.l 

13.1.2 

13.1.3 

Safety Valves, Relief \alves, Safety Relief 
Valves and Rupture 'Disc 

All safety valves, relief valves, safety relief 
valves·, and rupture discs shall be sized, 
selected and manufactured per ASME Section I 
(Steam) or Section·VIII (Pressure Vessels) as 
applicable. 

Venting. of Storage Tanks 

All atomosphere and. low pressure tanks 
(non-refrigerated) venting devices shall be 
sized, selected and· manufactured per API 
Standard 2000. 

Type of' Relieving Devices 

Type of. relieving devices will be det.ermined by 
the Contractor. 

13.2 Relief Valves 

13.2.1 Con~truction 

13.2.l.l 

Specification No. 14222-J-1 

Flanged relief valves will be 
enclosed spring (except for air and 
steam) with bolted bonnet, screwed 
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13.2.1.2 

lJ.2.1.J 

Specification 14222-J-1 

cap, full nozzle type with stainless 
steel nozzle, disc, guide and 
spindle, and cast carbon steel 
bodies. Alloy steel bodies or trim 
other than stainless steel may be 
used, if required, for the particu
lar servi~e. Body pressure ratings 
for all flanged valves shall be the· 
same rating as valve inlet flange. 

·Lightweight bodies will not be 
acceptable. Area of flange 

.discharge opening shall not be less 
than four times area of valve·seat. 
Screwed valv~s may have screwed 
bonnets and may be used where small 
orifice areas are required. Screwed 
valves will not be full-nozzle 
type. Air and steam flanged relief 
valves may have an open spring. 
Carbon steel springs will be 
supplied for all valves in tempera
ture service 232°c (4500F) and 
bel~w. Tungsten steel springs will 
be supplied for valves in service 
above 232°c (450°F) maximum 
relieving temperature. Other spring 
materials may be used, if required, 
for the particular service. 

Lifting Levers and Springs 

Open lifting levers will be supplied 
on all valves, used on piping and 
unfired pressur~ vessels for steam 
and air service. No lifting levers 
are required for process valves. 

Pressure Balanced Valves 

Pressure balanced valves with 
stainless steel bellows shall 
conform to Paragraphs 12.2.1.1 and 
12.2.1.2. 'lbese valves shall be 
used for varying back pressure 
applications where the variable 
superimposed back pressure exceeds 
5 percent of the set pressure or 
built-up back-pressure exceeds 
10 percen~ of the set pressure of 
the relief valve. 
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13.3 Rupture Disc 

A rupture disc unit will normally consist of an insert 
type hold-down and base, disc, vacuum support (when 
required), and pressure gauge with vent valve when used 
in conjunction with a relief valve. All rupture disc 
units will be investigated for proper application and 
special units will be installed where applicableo 

14.0 SOLENOID VALVES 

Solenoid-~perated valves will be of the continuous duty type 
equipped with a mini.Daum of a Class B encapsulated coils and 
will meet the area electrical classificatiouG Solenoid valves 
requiring manual reset 'will use a relay and reset button as the 
preferred arrangement. Mechanical latch type solenoids will be 
used only with Owner approval or to comply with local regula
tions pertinent to the project. 

15.0 CONTROL VALVES 

15.l Size, Type and Rating - Globe Body Valves 

All globe type valves shall be one-inch minimum body 
size except that 3/4-i.ncb vaives may he used for 
3/411 line sizeG 18lves 3/4° and smaller shall have 
connections as specified OD the data sheet which shall 
be in·accordance with· piping specifications, except that 
flanges shall be used where piping specification require 
socket weld. Minimum rating of screwed valves to be 
600 ·,:. • All valves 111 and larger sha.~l be flanged. 
Bating fo7: steel ·valves 111 thru 811 shall be 300 , ... ANSI 
mini.mum... Cast iron valves l" thru 8" shall be 25011 

ANS.l .minimum..rad.ng. Valves 10" and large~ 
: .... ·: .. ········- ....... ·-····: 

shall follow the same rating as block valves of the 
applicable piping specifications. ·Material selected for 
control valve bodies shall be in accordance with that 
spec~fied in the job piping.specifications for flan8ed 
block valves except that all valves in flashing water 
se~ce shall have 1-1[2 CR-1/2 Mo alloy steel bodies. 
Valve bodies on flashing service shall normally be at 
least one size larger than trim size. 

. -, 
'lhree-way valves and soft seat valves may be skirt 
guided type. Angle valves, split body and one-inch body 
and smaller size valves may be top guided only. Single 
seated or unbalanced cage trim valves shall be used 
where positive ~hut off is required. 
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All valves shall have inner valve removable through the 
top of the valve body. All valves that close on air 
failure shall be equipped with reverse acting valve 
actuators.. All valves shall have removable seat rings, 
so~id type plugs, and valve travel indicators. 

15.2 Valve Selection 

15.2.l 

15.2.2 

15.2.3 

15.2.4 

15.2.5 

General Service 

_Double-port-top and bottom-guided or 
balanced-cage trim globe, characterized-ball or 
eccentric-disc plug valves may be used in 
general service. The trim shall-be replaceable 
from the top for globe-type· valves. 

Tight Shut-Off 

Single-port, unbalanced quick-change or 
cage-trim globe,. or characterized-ball valves 
shall be used for tight shut-off. The trim 
shall be replaceable from top for globe-type 

.. valves. 

Positive Shut-Off 

Valves with soft seats may be used within the 
limitations of the seating material for 
positive shut-off. The trim shall be replace
able from the top of the globe type valves. 

High Capacity - Low Operating 6P 

Butterfly valves shall be considered in sizes 
4" or larger for high capacity low operating 

t::,. P. They should be wafer type with 
metal-to-metal or soft lined or soft seated. 
Butte.rfly valve designs for low leakage, 
superior flow characteristic or high tempera
ture shall be considered with due consideration 
to the limitations of high recovery valve 
designs during the selection of the valve. 

High Capacity - Moderate Operation 6P 

Characterized ball valve shall be considered in 
sizes 3" or larger with due consideration to 
the limitations of high recovery valve 
designs. Ball valves should be considered for 
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15.2.6 

wide rangeability applications. The valve 
shall be flangeless body with line flange studs 
to be furnished with the valve body. 

Mixing, Splitting or Diverting 

'lhre.!-way valve body shall be used 
through 611 size for the following 
service: 

(1) Quick opening plug for mixing, 
(blending) 1 or diverting 
(change of direction) flow. 
'Dae body is to be a modified 
single port design for mixing 
and a double port for blending. 

(2) <21aracterized plug for 
splitting flow.. The .S\lllll!l&tion 
of plug port areas must remain 
nearly constant. throughout 
valve travel •. The. body is .to 
be modified double port design. 

15.2.6.2 Assembly. on atee of two· butterfly 

15.2.6.3 

· valves with one actuator may be· 
considered in S"·or larger size. 
'Die two·butterfly valves with 
individual actuators maybe used if 
application dictates, such as:. 

(1) Valves widely separated. 

(2) Use of linkage is inadvisable 
.due to weather or possibility 
of damage·. 

(3) Need for use of different flow 
cb'arac:teriatics ·in each valve .. 

(4) · Bequirement for fairly 
constant total flow. 

'lhree-way plug or ball valves should 
b~ considered for diverting service. 
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15 .2. 7 Potential Cavitating, Flashing, High Noise 
Level, Cryogenic or Errosive Service 

15.2.7.1 'nle valves should be selec~ed. thae 
are particularly designed for these 
services. Valves using frictional 
paths, multiple port cages, vortex 
flow or other methods of velocity 
and noise control, shall be 
considered. 

· 15.2.7 .2 .valves which cannot conform to these 
requirements for economic or 
mechanical reasons shall be 
considered individually based upon. 
the following approaches: 

(1) Reappraisal of operating 
conditions. 

(2). Use of piping configurations
conducive to minimizing noise' 
war7.ant special consideratio·n~ 

(J) Reappraisal of necessity for: 
minimizing noise from the 
st.and-point o.f geographical: 
location, frequency and leng.th. 
of operating cycle effect UP.On 
personnel. 

15 .J Actuators 

15.J.l 

15 .J.2 

General 

Spring opposed pneumatic diaphragm or spring or 
pneumatically opposed piston actuators shall be 
first choice for an actuator. Dually loaded 
pneumatic or hydrau.lic piston, electric or 
other actuators are only to be used when 
service or valye design dictates. 

Application of Diaphragm and Piston Actuators 

15.J.2.l Diaphragm actuators shall be used on 
any valve which may be positioned by 
a spring opposed diaphragm actuator 
with a 1419 sq. cm. (220 sq~ in.) 
diaphragm or less usl.ng a 
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15.3.3 

15.3.4 

15.3.2.2 

1.4 kg/cm2.g (20 psig) (preferable) 
supply or 2.45 kg/cm2g (35 psig) 
if required. 

Piston actuators shall be used on· 
any valve which may be positioned by 
a pneumatically opposed actuator 
with a 1419 sq. cm. (220 sq. in.) 
piston or less using the recommended 
supply pressure up. to 7 kg/cm2g · 
(loo psig). 

Construction of Diaphragm Ac'tuators 

lS.J.3.1 Yoke shall be made of cast or 
ductile iron. 

15.3.3.2 Diaphragm cases shall be bolted 
pressed steel. 

15.3.3.3 Diaphragm shall be nylon reinforced 
neoprene or Buna N. Maximum 
allowable deviation fram rated 
effective area is + 15% through 
entire travel. -

15.3.3.4 Actuator-valve stem connectiou shall 
be a.bol~ed-tbre.aded split·cl·amp. 

15~3.3.5 'lbe fail position of a valve shall 
be "Fail Open'', "Fail Closed", "Fail 
Locked" or "Fail Indeterminate". 
Actuator failure mode must 
accomplish the valve positions •. 
Where "Fail Locked" position is 
selected the valve action in case of 
signal failure shall be specified. 

15.3.3.6 Valve position shall be indicated on 
a scale on the actuator yoke or by 
marking on the end of the stem of a 
rotary type valve. 

Dual Loaded Piston 

15.3.4.l Dual lqaded piston actuators may be 
used when they are an integral part 
of the valve ·design. 

15.3.4.2 Dual loaded piston actuators may be 
uaed,for high force output. 
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15 .3 .4.3 Construction of a Dual Loaded Piston. 

(1) Yoke (where required) sha~l be 
cast or ductile iron. 

(2) Actuator shall be designed for 
low shaft and piston friction 
and low leakage by the piston. 

(3) . Piston actuators are to be 
sized to supply the specified 
force using no more than 
5.6 kg/cm2g (80 psig) air. 
but.must be suitable for pres
sures up to_ 8.75 kg/cm2g 
(125 psig). 

(4) Failure modes shall be the 
same as 15.3.3.5. Capacity 
tanks and valves shall be 
mounted on the actuator and 

.Piped by the manufacturer • 
. · 

15.3.5 Actuators (piston and diaphragm) shall be si"zed 
for positioning the imier valve against l.25 
times the maximum differential pressure that 
may develop under normal or start-up .operation. 

15.3.6 Electrically powered actuators will be selected 
for service and specified on the data sheet. 
'l'he actuator must conform to the electrical 
area classification as shown on the data sheet. . . 

15.3.7 'l'he Seller is to provide ·to the Buyer sizing 
data and methods for sizing all actuator. 

15.4 Valve Trim Selection 

15.4.l Material and Application 

15.4.1.-1 

15.4.1.2 

Specification No. 14222-J-l 

Shut-off P Determination 

The maximum shut-off pressure will 
be considered rather than the maxi
mum operating P for trim.selection 
and actuator sizing. 

Material Determination 

All V«lve trim material shall be 
selected from the published tables 
of the specific valve seller. In 
cases where the table does not 
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15.4. l.l 

15.5 Valve. Fail Position 

provide adequate information, valve 
trim shall be determined with the 
specific valve seller. 

Reduction in Trim Size 

Trim reduction shall not norm~ll~ be 
more than two port sizes except ~n a 
l" valve. If velocity considera
tions require a larger body, a check 
of the ability of the body design to 

·allow further reduction should be 
made. 

'l'he required fail position of a valve shall b~ deter
mined by analysis of the process. 

15.6 Positioners 

15.6.1 Positioners may be force or motion balance type. 

15.6.2 All pneumatic positioners are to be· furnished 
with three gauges and bypass va.lve except the 
bypass valve is to be omitted on.all split 
range or 0.4. to 2.0 kg/cml. (6 to 30 psi) out-
put positioners. . · · 

15·.6 .l Electro-pneumatic positioners are to. be· 
we-atberproo·f and suitable for the· electrical 
area classification. 

15.6.4 Valve positioners shall be furnished on . 
diaphragm or piston actuators for the following 
functions: 

15.6.4.l To qbtain split range from the out
put pressure of a controller or an 
electro-pneuaaatic transdu~er. Three 
waY. split is not recommended with out 
pneumatic relays. ' 

15.6.4.2 To amplify or convert to a required 
actuator pressure if a booster relay 
is not applicable. 

15.6.4.3 To change the effective flow charac
terist~ ~ of a control ~alve. Posi
tioner must be the cam type for this 
service. 

Specification No. 14222-J-l Rev. l Page 30 of 43 



15.6.5 

15.6.6 

15 .6.7 

15 .6.8 

15.6.9 

15.6.4.4 To position a springless piston or 
diaphragm actuator. 

15.6.4.5 To position a valve in which a large 
unbalanced force exists. For pres
sure differential greate~ than 
14 kg/cm2 200 psi). 

15.6.4.6 On temperature control valves, 
except "On-Off'' service. 

15.t;.4·.7 _On level control valves. 

Valve positioners shall be considered on 
diaphragm or piston actuatc)rs under the 
following operating conditions: 

15.6.5.l On pressure control or a low pres
sure, large volume gas system. 

Use of volume boosters and ratio or bias relays 
win· accomplish some of the functions of a 
positioner and should be considered. 

Positioners· are not to be used on most fast 
control loops suCil"as flow or liquid pressure. 

A pneumatic positioner with separate I/P 
transducer_is used in electronic control loops 
in 15.6.4 and 15.6.5 where vibration is a known 
problem and will be specified on the data sheet. 

An electro-pneumatic positioner is used in 
pneumatic control loops as indicated in 15.6.4 
and 15.6.5 unless vibration is a ~ problem. 

15.6.10 Mounting & Tubing 

All positioners shall be side-mounted on ~iaphragm 
actuators and may be top-mounted on a piston 
actuator. 

15.7 Valve_ Accessories 

15.7.l Pneumatic Relays 

Pneumatic relays will be mounted on the valve 
by the Seller. 
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15. 7 .2 

15.7.l 

15.7.4 

Tubing and Tube Fittings 

Instrument air tubing will be po-lyvinyl 
covereq copper, 

Process tubing will be 316 stainless steel. 

Brass fitting will be used with copper tubing, 
and stainless fittings with stainless steel 
t~bing. All copper bearing alloy fittings 
shall be vinyl coated. 

Extension Bonnets 

Extension bonnets shall be used.on all valves 
handling material between 232oc and 53aoc 
(450eF and 1000.F), and o•c (32.F) and below 
service. l'he valve supplier will be consulted 
for valve handling material above looo•F. 

Bellows Seal Bonnets 

Bellows seal bonnets are to be used to prevent 
leakage along the valve stem and out of the 
packing box. l'he valve supplier will be 
consulted for the bellow seal 
pressure-temperature ratings. 

Construction and Packing 

Valve bonnet and blind flange shall be the 
bolted type with retained type gaskets and of 
the same material as the body. Gaskets shall 
be corrugated 316 SS unless otherwise 
speci~fied. Stuffing boxes shall be the boited 
gland tne. Valve packi.ng material shall 
normally be Teflon packing for all valves 
handling fluids at temperatures to 232oc 
(450°F). Packing for temperatures above 232°c 
(4so•r> shall be Durametallic packins equipped 
vitb silicone grease lubricators and isolating 
valves or recommended packing for the service. 
All valve.stems shall be finished to 
2 micro-inches RMS. Stems for valves employing 
Durametallic packing shall be hard chrome 
plated. Valve stem shall be threaded and 
pinned to the valve plug and its connection to 
the diaphragm stem shall.be adjustable, with 
positiv~ locking of the adjustment. 
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15.7.6 Handwheels and Limit Stops 

Handwheels, where specified, shall be top 
mounted (where possible) or shall be of the 
side mounted continously connected type with 
provisions for limiting valve travel at the top 
or bottom portion of the valve stroke. \alere a 
limit stop only is required, the valve shall be 
equipped with a handjack. Handwheels for 
butterfly valve shall be mounted on the valve 
shaft, and shall include a clutching and 
declutching arrangement. 

15.8 Angle Valves 

.$pecifications for angle valves shall conform where 
applicable to Paragraph 15. Construction of the top 
guide of the valve stem shall be of the heavy duty, long 
sleeve type. 

15.9 Hand Control Valves 

Hand operated control valves may be selected for appli
cations where operating conditions and cost do not 
warrant instrument. operati"on. These valves shall have 
high lifts, fine threads, travel indicator and scale, 
and characterized valve plug. If noncrit.ical control of 
flow is required standard piping specification type 
globe valves may be used. 

15.10 Butterfly Valves 

Control valves 2" and larger where tight shutoff is not 
required and with pressure drops that do not exceed the 
butterfly design limitations (check with Seller) may be 
butterfly valves. For handwheels, ~ee Paragraph 
15.7.9. All application for butterfly valves requiring 
tight shut-off will be specially considered. Valve · 
manufacturer will check the butterfly valves on liquid 
service ~nd· state the minimum recommended closing t~e 
to avoid possible wate~ hammer damage. Butterfly valves 
shall be heavy pattern type with outboard bea~ngs. 
Valve operators may be the piston operating type to 
provide higher torque if necessary. 

15.11 Cage Valves 

Job 14222-J-l 

Cage valves shall have sleeve assembly with equal per
centage or linear characteristics. The valve shall have 
a slip-in cage with integral seating surfaces. Gaskets 
will be standard in both the balanced and unbalanced 
seated versions. 
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15.12 Ball Valves 

Ball valves shall be of the "Full-Port-Flow" type with 
downstream seal and shall include a floating ball with 
slotted seem-to-bail connection, non-rising blow-ouc· 
proof stem and reinforced Teflon stem seals with exter
nal spring loading for automatic wear compensation ... 
Secondary metal seats for fire-safe operation may be 
required .. 

15.13 Eccentric Disc Plug ,_lves 

Eccentric disc plug valve shall have an eccentric 
mounted rotating plug with upstream disc plug seal, 
valve shaft with bearings and packing~ 

15.14 Block and By-Pass Manifolds 

15 .. 14.1 'Die use of block and by-pass valves shall be 
determiaed by P&ID re~ev. 

15 .14.2 Block and by-pass valves.!!!!!! be provided for 
the following conditions; 

15.14.2.1 Steam reducing stations (main 
headers). 

15.14.2.2 All valves where inability to 
operate would endanger plant 
equipment and personnel. 

15.14.2.3 Critical service where shutdown 
cannot be tolerated. 

15.14.2.4 Control valves, 2 inc1' port size and · 
smaller. 

15.14.3 Block and by-pass valves shall generally ~ be 
provided for the following conditions: 

.15 .. 14.3.1 Control valves in emergency or 
intermittent service, such as steam 
control valves for standby 
turbine-driven pumps or generators, 
dump valves, (but not steam reducing 
stat~ons). 

15 .. 14 .. 3 .. 2 Systems operating. in parallel, where 
the shutdown of one or more streams 
is tolerable .. 
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15.14.J.j Where shutdown of side stream 
processing facilities may be 
tolerated or where temporary elimi
nation of a process step may be 
tolerated. 

15.14.3.4 Designs where process time constants 
make operation under manual control 
impractical for period required to 
replace or repair control valve, 
such as reboiler heat sources, etc. 

15.14.3.5 Where three-way valves are used. 

15.14.3.6 For high pressure hydrogen content 
service. 

15.15 Manual Operation 

15 •. 15 .1 Application 

Where local manual control appears necessary 
for operating continuity, a manual operator 
shall be specified for all control valves that 
do not have block and by-passes. 

15.15.2 Top or Side Mounted Handwheel 

the handwheel may.also be used for diaphragm 
valves to limit travel. 
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15.16 Determination of Valve Characteris.tic 

lbe guidelines for the use.of equal percentage(=%) or 
linear valve characteristics are given in the following 
table; 

Applications 
(Factor Controlled) % of System Drop Valve 

l. 
i. 
3. 
4. 
5. 
6. 
1. 
8. 
9. 

10. 
11. 

Sisnal Across Valve Characteristics 

Flow sq. rt. <20% •% 
Flow-linear <40% ...z 
Flow sq. rt. ">20% linear 
Flow-linear ··;;40% linear 
Pressure 100% linear 
Pressure <.20% 111% 
Liquid Level <40% •% 
Liquid Level ,.40: linear 
pH .(50% •% 
pH. "">50% linear 
·Temperature >50% •% 

Quick Opening valve characteristic is to be used for OFF-ON service 
where water hammer effect is not significant. 

Determination of. Valve Size 

15.17.l . Control valves·will be sized.from the latest 
data available.from process flow diagrams~ 
hydraulic calculation sheets1 line designa
tion tables and- other sources. The sizing 
and selection of control valves shall be 
checked by the Seller. 

15.17.2 Valve Sizing 

15.17 .2.1 All valves with linear flow 
characteristics will be sized on 
the basis of normal flow not 
~xceeding 75% of valve capacity. 

15.17.2.2 All valves with equal percentage 
flow characteristics will be 
sized on the basis of normal flow 
not exceeding 65% of capacity. 

15.17 .2.3 Where only maximum flow is known, 
90% of capacity will be used for 
sizing valves mentioned in the 
above paragraphs. 
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15 .17 .2 .4 All butterfly valves shall be 
sized so that design flow rate 
does not require a valve disc 
opening greater than 60° for all 
valves in throttling service. 
Ninety degrees (90°) opening is · 
permissible for valves in on/off 
service. 

15.17.2.5 All control valves shall be sized 
using the method recommended by 
the specific valve seller. 

15.17.2.6 All valves will be checked for 
cavitation and flashing using the 
method recoDD11ended by the speci
fic valve Seller. 

15.17 .2.7 All ·valves will be designed to 
meet a maximum noise level or 
85dba at 910mm (3 ft) distance. 
Noise prediction methods shall be 
those reco11DDended by. the specific 
valve Seller • 

. 15.17.3 Generally, piping, pumps and equipment will 
be sized to 0 allow the control valve to absorb 
at. least thirty percent (30%) of the system 
friction loss (not including valve) at the 
normal operating design flow rate. 

15.17.4 Differential pressure for sizing should nor
mally not be less than l kg/cm2 Cl5 psi). 
If the system cannot permit more than 
1 kg/cm2 drop through the valve, a ball, 
butterfly or eccentric disc plug valve should 
be considered. 

15.17.5 - 'nlere are some applications where the basic 
1130% rule" will not apply, namely~ 

(1) Where the drop is predetermined by 
process conditions (i.e., pressure 
letdown service, pressure systems 
discharging to atmosphere, pressure 
reducing systems). 

(2) When the piping in a system is very 
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. long, un·Jsually high frj -:tional losses, 
etc., under which ~ircumstances the drop 
assigned to the valve may be reduced to 
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15.18 Regulators 

approximately 15% to 20% of friction 
losses not including valve, depending on 
the particular system conditions. 

(3) Where the expected static pressure 
variations and system contingencies 
indicate special consideration. 

(4) Boiler feedwater valves normally require 
about 5% of the relief valve set 
pressure as t minimum drop under 
relieving conditions. 

Use of a self-contained or pilot operated regulator 
should be considered under the following oper·ating 
conditions: 

lS.18.l the variable is ~ressure, level or 
·temperature. 

lS .18.2 

lS .18.3 

'rhe variable may be directly sensed by the 
regulator or pilot. 

Operating conditions do not require variable 
proportional band, automatic reset and/or 
derivative action. 

16.0 INS'J:RUMENT MOUNTING AND LOCATION 

16.l All field instruments will be mounted at grade, or 
·platform. Force balance flow transmitters will be 
line-mounted, wherever possible, except in cases where 
the line suffers vibration, in which case the trans
mitter will be mounted off-line. All the field instru
ments will be accessible, from grade or platform, or if 
this is· not possible, from a portable ladder, in which 
case the bottom of cbe orifice run shall not be more 
than 3e7m (12 ft) above grade. Level instruments an 
vessels may be accessible from vessel ladders oniy 
where platform access would require a separate platform. 

16.2 Orifice runs for field-mounted recorders and indicators 
will be minimum of 2.4m (8ft) above grade. 

16.3 All field-mounted indicating.or recording instruments 
will be mounted so that chart or scale i~ l.4m (5') 
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above grade or platform and will be located as close to 
primary connection as possible consistent with instru
ment accessibility. 

16.4 All instruments in steam, liquid, liquid sealed, and 
condensible hydrocarbon service, wili be located below 
their process connection point and connections will 
slope down to instrument 6.35mm per 300mm (1/4-inch per 
foot) minimum, wh.erever practicable. Close coupled 
pressure gauges will be mounted above the process 
connection. 

Instrument in dry gas services may be located either 
above or below their process connection point. 

16 .5 Dial thermometers, pressure gauges, thermowells, ·.etc., 
that are line-mounted, will be plainly visible and 
accessible from grade or platform. Where excessive 
vibration of line or equipment is present, ins~rument 
will be separately mounted. 

17.0 PRIMARY INSTRUMENT CONNECTIONS 

17.1 General 

17 .1.1 

17 .1.2 

All primary instrument connections will be 
shown on area piping drawings. Where piping 
specifications allow screwed or socket weld 
fittings, a 30001 minimum F.S. coupling will 
be used for pressure, differential pressure, 
level switches, and gauge glasses where a 
single gauge is required. Size of coupling 
or flange for these services will be per 
Basic Engineering Design Data. 

All temperature points on proeess lines will 
be 111 NPT screwed or 1-1/2" flanged as shown 
on the individual piping specific.ation 
drawings. · 

Primary Connections Nipple and Block Valve 

Primary connection nipple will be Schedule 80 
seamless steel minimum. 

Block valves will be in accordance with 
individual piping specifications. Where 
piping specifications require socket weld 
block valves a F.S. adapter POE-TOE female 
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0 

17 .l.3 

will be socket welded to downstream side of 
valve. Size of nipple and block valve will 
be: 

a. Pressure and 
differential 
pressure 

b. Pressure test 
point • 

c. Temperature 

d. Level switch 

e. Single gauge 
glass 

f. 2 or more gauge 
glass on 
Strongback 

3/4" x 1/2" Swage nipple 
and l/211 valve 

3/4" x 1/2" Swage nipple 
and 1/2" valve and plug 

Per Piping Specification 

111 nipple and l" valve 

3/4" nipple 

3/411 nipple 

g. Flow instruments 1/211 nipples and valves 

Orifice Tap Orientation 

Orifice taps will be horizontal except for 
·gas or gas with· a alight amount of entrained 

• liquid. Where· vertical orifice runs are . 
Wied, the measured uterial should flow . . 
upward. 

18.0 INSTRUMENT PROCESS PIPING 

18.1 Valves 

All valves, following tbe primary block valve, used for 
instrument piping, will be in accordance with an instru
ment piping· specification to.be prepared by the-Contrac
tor. All conventional primary valves will be according 
to individual piping sp·ecifications., 

18.2 Pipe, Tubing and Fittings 

18.2.l All process instrument piping, where pipe is 
required for meter manifolds will be 
Schedule 80 seamless steel and 3000·f:- F.S. 
fittings minimum .. 
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18.2.2 .All other process instrument piping will con
sist of a minimum of 1/2" O.D. x 0.035" wall 
fully annealed stainless steel tubing. Tubing 
fittings will be of the compression type. 
Suitable alloys will be used where required for 
corrosion. 

18.2.3 

18.2.4 

18.2.5 

18.2.6 

18.2.7 

Piping for d/P line-mounted flow transmitters 
will be with 3 valves including orifice valves 
and equalizing valve. Meter piping for 
remote-mounted flow instruments, in addition to 
the orifice valves, will include a minimum of 
2 block valves and a by-pass. 

Direct connected pressure gauges and switches 
will have 1/2" vent or drain \talves, as 
required by service. Pigtail syphons will be 
used on all steam service. 

Remote-mounted pressure instruments will have 
block valve and vent or drain plug at 
instrument. 

Level instruments will have vent plug and drain 
valves. 

Single gauge glasses will have drain valve and 
plugged vent conection. Multiple gauge glass 
assemblies on strongback will have 1/2-inch 
vent and drain valves on strongback. 

19.0 INSTRUMENT AIR SUPPLY 

19 .1 Ins.trument air supply headers and branches wi 11 be in 
~ccordance with the applicable piping specification. A 
1/2. inch valve will be provided at the end of each air 
supply header and branch. 

19.2 Air supply connections to individual instruments will be 
1/2 inch pipe size with 1/2 inch block valve at air . 
header and 1/4 inch gate valve at supply side of instru
ment filter regulator. Connections from instrument 
filter regulator to instrument will be with pneumatic 
tubing, as specified in Paragraph 20.1. 

20.0 PNEUMATIC TUBING {Field) 

20.1 Individual pneumatic tubing will be 1/4 inch O/D~ x 
.030 inch wall spray coated or polyvinyl covered copper 
tubing routed in 3/4" conduit or U-channel support and 
terminated in a junction box. 
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20.2 Major instrument tubing runs will employ multi-tube 
bundles consisting of 4, 7, 12, or 19 multiple high 
density polyethylene tubes 1/4 inch O.D. x .040 inch 
wall thickness contained in an extrWled vinyl sheath 
(3/16 inch minimum), with asbestos layer and vinyl 
jacket. Each tubing bundle will contain a pair of 
22 gauge telephone wires. All tubing bundles will con
tain approximately 14 percent spare leads for· future 
use~ Fittings for joining polyethylene tubes will be 
special finger tightening type with tube support and 
polyethylene sleeve. 

Appropriate unions will be uaed for joining polyethylene 
tubing to metal tubing. 

20· .3 All tubing bundle transitions from large to smaller size 
.bundles· or to individual leads will be made by using 
weatherproof steel junction boxes. Individual leads 
emanating from junction boxes will employ bulkhead 
tubing fittings installed in the· junction box wall. 

20.4 l'Ubing bundle runs into individual areas may also ter
minate in junction boxes suitably located. Individual 
leads will be handled as above. 

20.5 ·cable trays for multi~tube bundle are to be galvanized 
steel, with ladder rung or expanded.metal bottom. . 

20 .• 6 Fittings for plastic or copper. tubing will be of· the 
brass compression type with inserts (where required). 

20.7 All instrument filter regulators that supply instruments 
that do not have an air supply gauge·will be equipped 
with a 5lmm (2-inch) gauge. Each field~ounted instru
ment that requires air will have. a combination air 
filter regulator. 

20.8 Where conduit is used to route instrument tubing, the 
eonduit shall contain ·tubing.only. Electrical wiring 
shall run in separate conduit. 

20.9 All pneumatic transmitter output tubing will be provided 
with a plugged tee for installation of a calibrating 
pressure gauge. 

21.0 INSTRUMENT AND PIPING SUPPORTS 

21.l All instruments will be adequately supported to insure 
proper operation. Where pipe stanchion supports are 
r~quired,·they will be 2-inch, Schedule 40 pipe. Where 
fittings are required, they will be 1506 M.l. 
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21.2 All instrument leads to vessels, leads, or equipment. 
will be properly supported to relieve strain on connec
t ions at equipment and instrument. Care shall be taken 
to avoid anchoring of these leads to "moving" structures 
or piping such as expanding or hot piping systems. 

21.3 Method: and location of mounting shall particularly avoid 
subjecting instrument to vibration. Flexible tubing and 
conduit connection may be required and will be 
considered on an individual instrument basis. 

22.0 CALIBRATION, TESTING, AND INSPECTION 

Requirements for instrument calibration, testing, and inspection 
are outlined in Drawing J-9-0105 (to be provided during Phase 1). 

23.0 REFERENCE DRAWINGS 

J-G-0101 
J-G-0103 
J-G-0104 

Specification No. 14222~J-1 

Instrument Identification 
Instrumentation P&ID Symbols 
Instrumentation P&ID Symbols Typical 

Rev. 1 

Refer tQ Speci
fication 14222-
A-l, Basic 
Instruction for · 
P&ID Development. 
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l. SCOPE 

1. I This specification establishes the winterization required to 
keep instruments operating dur~ng col~ weather, and to· protect 

·instruments prior to start-up. This s~ccification also 
establishes the weather protection required to keep instru
ments operating during snow, rain, and high winds. 

2. GENERAL RE~UIREMENTS 

Z.I Winterization for Continuous Operation 

The wintcrization method selected shal 1 insure continued reliable 
operation of each instrument at minimum design temperature· 

· 2.2 Weather Protection 

Al 1 outdoor instrumentation shal·l be weather protected to 
ensure no instrument damage and continued reliable operation 

.during rain or snow driv.en at maxir.ium \'lind velocity. 

2.3 Instrument Air 

lnstrumen·t air 1·iill not require winterization. It is to be 
dried to agewpoint below minimum ambient temperature. 

2.4 Design Meteorological Conditions 

See Specification.14222-A-3, Basic Engineering Data. 

3. I ~ISTRUt1Et~T 1./ I ~ITER I ZAT I 0:1 ~EO.U I REHE~~TS 

3. 1 

3.2 

Gene!'al 

In general, so~e outdoor mounted transmitters, r~corders, 
and controllers l'iill require protection by heated instru-
r.ient enclosure. Specific requirements are given in this section. 
The ~interization ~ethod selected, alorg with winterization 
design detai Is, for each individual instrument wint~rized, 
is si~en on rnstru~ent }nstal lac ion scnedules. 

!1door lnstal !ation 

Instruments may be installed in control rooms, heated buildings, 
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heated equipment enclosures, etc., to simplify winterization, 
weather protection, and servicing. 

3.3 Minimum Temperatures 

3. 3. 1 Instruments 

When in operation each instrument is to be maintained 
at or above its minimum operating temperature as 
1 isted on the P&ID's. (see instrument winterizing code 
legend on P& ID) 

3.).2 Water Containing Fluids 

Al 1 instrument bodies and instrument process 1 ines 
that contain.water, or a fluid that could contain 
water, including all hydrocarbons, under normal or 
upset conditions, shal I be maintained at +4o°F or above. 

).).) Al 1 process fluids in instrument bodies or instru
ment process 1 i~es shal 1 be maintained at or above 
the holding temperature 1 isted en the P&ID's.(see instrument 
winterizing code legend on P&ID) 

).3.4 Process. Purge Fluids 

Al 1 process purge fluids shal 1 be maintained 5°F or more 
above their res~ective, freezing points, at operating 
pressure. 

3.3.5 Walk-In Housings 

Walk-·in housings shal 1 be heated to a minimum of +50°F .. 

3.4 Maximum Temperature 

).5 

3. 4. 1 Instruments 

No instrument is to be heated abo'le its maximum 
operating temperature. 

3 . 4. Z Bo i 1 i ng 

No process 1 iquid in any instruLlent ·~recess I ine or 
analyzer sample line shal-1 be iieated a:icve its boiling 
point or bubble point at system pressure. 

3.4.3 Electric Heat Tracing (Only special applications) 

Electric heat tracings, especially those with plastic 
or elastomer insulations, can be overheated. If process 
temperatures are above the maximum electric heat tracer 
operating temperature, provision must be made to avoid 
overheating the electric heat tracer. 

lnstru~ent £nclosures 

lnst:-wr.ents in5tal ied oi.;tdoor5 nornal 1" shal 1 be instal ied in 
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instrument enclosures in al 1 of the following cases: 

3.5. 1 The instrument case is not weatherproof. 

3.5.2 The instrument must be maintained above m1n1mum 
ambient temperature and fridirect heating is. not 
feas1ble or p~rmitted. 

3.6 Walk-in Housings 

Instruments i~stalled outdoors shall be considered for install
ation in walk-.in housings in al 1 the fol lowing cases: 

3.6. 1 Al 1 on-1 ine analyzers. 

3.6.2 . Large, comp·lex instrumentation systems, or complex 
manifolds that a~e too large to fit into instru~ent 
enclosures. 

3.3.3 Where instrument temperature must be maintained ~bove 
ambient to avoid freezing, to insure accurate and 
reliabl~ oper•tion, or to insu~e accuracy during 
calibration and testing. 

3.6.4 Where personnel protection.from the weather is needed 
du~ing maintenance of complex instrumentation systems. 

3.6.S Remote multiplexing stations. 
3.7 Instrument Process Lines 

General preference guidelines for winterizing instrument 
process 1 ines are: 

3. 7. 1 

3.7.2 
3.7.3 

3. 7 .4 

3. 7 .5 

Diaphragm or bellows seals with 1 iquid filled. tubing 
or capillary systems. 
Steam tracing. 
Electric heat tracing. 

Liquid filled open seals. 

Purging (keep applications to a minimu~); 

·3.8 Specific Design Consi~eracions 

3 .8. I Analytical Instruments 

Sample 1 ines shall be winterized as needed to preven~ 
co~densation, freezing.or excessive vi~cosity. The 
method selected will depend on the specific appl icacion. 

3.8.2 Control Valves 

Co~trol valve bodies are to be insulated, and heat 
traced. with the associated process 1 ine heat tracer. 

Oiaohraon or Bellows .Seals 

Oi~phr~~m or bei lows seals are =referentially ~ounted 
as close co the process line or vessel as feasible, 
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and heat traced with the process heat tracer if required. 
Temperature I imitations of the diaphragm or bellows 
seals are to be checked against.maximum process te~peracure 
and maximum tracer temperature. 

3.8.4 Direct Heating 

Direct heating, see sect:ion 4.3, is the preferred method 
for winterizing control valve bodies, level gauges, 
displacement type level inst.ruments, and float type level 
switches. ·Displacement type level instruments and float type 
level switches shal 1· be preferentially electric traced. 
If the process temperature exceeds the temperature I imit 
of the electric heat tracing, steam tracing ~hall· be used. 

3.8.5 O/P Instruments 

Care must be taken in design to ensure that both instru
ment process 1 ines of D/P instruments are heated to the 
same temperature to avoid errors caused by density dif-

. ferences. This is e?pecial ly important for long instru
ment process I ines and narrow ran~es. Diaphragm or bellows 
seals are not to be used on D/P flow transmitters. 

3.8.6 Flow Meters 

Orifice impulse lines to theD/P instr·ument which requires trac
ing are to be traced bundles to assure that both 1 ines are 
heated to the same temperature. 

3.8.7 Li~uid Level Gauges 

Electric ~eating is preferred for heating 1 iquid level 
gauges. 

3.0.8 Pressure Gauges 

Pressure gauges on steam 1 ines outdoors shal 1 be 
winterized and pressure gauges en water service outdoors 
are to be winterized using diaphragm seals. See para
graph 3.8.3. 

3.8.9 Thermowel Is 

Test we! ls and thermowel Is with Che· element removed shal 1 
be sealed with a threaded plug treated with thread compound. 

~INTERIZATION AND WEATHE~ ?ROTECTION METHODS 

4. 1 

4.2 

General 

A variety of different wincerization and weather protection 
methods are needed for instruments, depending upon the parci
cular aool icacion. Design specifications for each method are 
given in this section. 

Unprotected Oo~racion 

Some instru~ents for outdoor ins ta I lat ion are avai I able with 
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weatherproof cases and operate satisfactorily between minimum 
and maximum ambient temperature. Examples would be a dial 
thermometer and some temperature transmitters. These 
instruments do not require winterization or weather protection. 

4.3 Direct Heating 

4.3.1 General 

In some cases, instruments can be directly heated with 
heat tracing, jacketing, etc. In these cases, heated 
instrument enclosures or walk-in housings will not be 
needed. 

4.3.2 Process Tracer Heating 

Instruments and associated piping that are mounted in 
or on process I ines may be heated with the process 
heat tracing. Typical examples are root valves and 
control valve bodies. Vessel. mounted level instruments 
may be traced from the vessel trace supply. Each such 
design shal I be reviewed to ensure that the maximum 
operating tem~erature Timitation of the instrument is not 
exceeded. 

4.3.3 Removable Insulation 

If direct heating is used, insulation shall be molded 
to fit the instrument and clamped over the heat tracing. 
Openings shall be left ·for viewing and adjustment. See 
paragraph 4. 10.7. 

4.4 Instrument Enclosures 

4.4.1 General 

Instrument enclosures are small housings designed 
to shelter a single instrument and its accessores. 
Access is through a door, or doors, ·or a removable cover. 

4.4.Z Heating 

Electric heating is to be used in instrument enclosures. 
Heating may _not be required in all cases. 

4.4.3 Windows 

If the enclosed instrument has recorder charts, indicators, 
or gauges that must be read for operating convenience, 
a weatherproof window is to be ins ta I led in a location 
that permits easy viewing. 

4.4.4 lnstrume~t Accessibility 

Instruments protected oy enclosures shall be accessible 
so that all normal field maintenance and adjust~ents can 
be readily performed, including reolacement of the 
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instrument. Enclosures shall be so designed that all 
tools used for maintenance and adjustment can be easily 
used. Requirements for special tools are to be minimized. 

4.4.5 Penetrations 

Process penetrations into instrument enclosures shall be 
continuous pipe or tubing through bulkhead plates. 
The preferred location of bulkhead plates is on the side of 
instrument enclosures. Drain ~nd instrument electrical 
penetrations do not require bulkhead plates. All penetra
tions are to be weatherproofed. 

4.5 Walk~ln Housings 

4.5. l General 

Walk-in housings are small shelters, equipped with a man 
door, and large enough for maintenance personnel to work 
inside with the door. shut. 

4.5.2 Heating 

Walk-in housings are preferably steam heated. Heatin~ 
is required in all cases. 

4.5.3 Instrument Accessibility 

All housed instruments sh~l l ·be readily accessible from 
the inside for adjustment, "maintenance or replacement. 

4.5.4 Penetrations 

Al 1 oenetrations for sample I ines or instrument ~rocess er 
special penetrations lines are to be through bulkhead (itcings. 

4.5.5 Utilities 

4.6 Seals 

The following utilities· are to be installed in all 
walk-in housings: 

4. 5. 5. l 

4.5.5.2 

4. 5. 5. 3 

4.5.5.4 

4.5.5.5 

Lights that supply So foot candles of I ight 
on the housed instrume11ts. Light S\oiitches 
are to be both inside and outside. (S .. iitches 
and fixtures must be suitable for electrical 
area classification. - See 4.5.5.4). 

l 15 volt, 60 Hz, AC outlet suitable for the 
electrical area classification. (See 4.S.5,4) . 

Instrument air. 

Combustible gas alarm and fresh ai; purge system 
if required by the process flwi::. 
Steam, water, inert gas for specific housings. 

4.6.1 r:'i I led S·1scems 
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Liquid 

Filled systems are a means of preventing the process 
fluid from entering the instrument body. Process pressure 
is transmitted through a diaphragm or bellows and 
capillary by a fill liquid. Filled systems are to be 
winterized by using a fill 1 iquid that remains fluid at 
minimum ambient temperature. 

4.6.2 Open Seali 

Open seals do not use a diaphragm or bellows. The instru
ment process lines are filled with the sealing liquid which 
which contacts the process fluid directly. Seal pots 
may be used. The sealing 1 iquid is retained by density 
difference. It must be immiscible with the process fluid. 

4.6.3 Sealing Liquids 

Sealing 1 iquids must remain fluid at minimum ambient 
temperature and not boil at maximum operating temperature 
under operating pressure. Some sealing liquids are · 
tabulated below. 

Freezing Pt. 
oF 

Boi I ing 
oF· 

Pt. So Gr 

Ethyl Benzene -139 +277 0.867(20/4) 

Cost . 
Factor· 

2 

lsopropyl Benzene 
· {Cumene) · -140 +306 0.862(20/4) 

~eriam 175 Blue Fluid -17~ +150 1.75(55°) 124.. 100 

Silicone Oil, Type B•low Up to 0.92 15 

Glycol & \·later 

-60 500 

-31 500 1.05 
Others may be used in special applications following engineer
ing review. "Al 1 sea.i ing 1 iquids must be reviewed by the pro
ject control system supervisor to assure comoatibi I ity with 
the ~rocess fluid. 

4.7 Electric .Tracino and Heatihg 

4.7.1 ~lectric He3t tracing ~hall be in accordance with Specifica
tion 14222-P-7, Electrical Heat Tracing. 

4.7.2 Excess Caoacity 

Al I electric heat tracing and heaters are to be designed 
with 20~ excess heacin~ capacity at ~aximum heating duty . 

4.7.3 Types of Electric Heat Tracer 

The para I lei circuit, self-I imicinq, electric heat :racer 
shal 1 be u~ed, whenever avai I able ln the required te~peracurc 
range and caoacity. Outside self-lir.iting tracer limits, 
paral lei circuit electric heat tracing is to be used to ~he 
extent feasible. Series circuit, mineral insulated, 
electric heat tracers are to be used only where p•ralJ~· 
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circuit types cannot be used. 11aximum temperature 
1 imits of tracers are not to be exceeded if the tracer is 
heated by the process fluid. 

4.7.4 Hazardous Areas 

Al 1 electric heat tracing in hazardous areas must meet the 
requirements of the Class, Group, and Division for the area 
in which it is to be installed. 

4.7.5 Electric Traced Bundles 

Uhenever feasible, the electric. heat tracing i~ to be used 
in electric traced bundles containing the heat tracer, 
instrument process 1 ines, insulation, and coverings. Per
formance curves, based on test data available, are to be 
used. 

4.7.6 Interfaces 

Where different heating circuits Interface, or where instru
ment heat tracing interfaces with process heat tracing, 
no gaps or cold spots are to be· left. Extra electric 
heat tracing is to be applied around flanges, valves, 
conne·ctions, etc., to compensate for higher heat losses. 

4.7.7 Temperature Control 

All electric heaters in instrument enclosures are to be 
thermostatically control led. Thermostats are to "be used 
on electric heat tracers if the applica.tion cannot tolerate 
the temperature range without thermostats. 

4.7.8 Thermostat Failure 

In the event of thermostat failure leaves heater or tracer 
power on, each heater or tracer circuit is to be designed 
to prevent o~ 1 imit damaga from-overheating at maximun am
bient temperature or less as fol lows: ~ 

4.7.8. 1 Any contained 1 iquid must not be heated to its 
boi 1 ing point or bubble point at system pressure. 

4.7.8.2 The maximum temperature 1 imits of the heater 
element, tracer, insulation, or sheathing must 
not be exceeded . 

4.7.8.3 No instrument is to be heated above its maximum 
storage temperature 1 imit. 

4.7.8.4 The outside surface temperature of insulation is 
to comply with Specification 14222-N-2. 

4.7.8.5 Copper tubing is net to be heated above 4oo°F. 
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4.7.9 Overheating Prevention 

The following design methods shall be used to prevent 
damage from overheating in order of preference.:. 

4.7.9.l Design so that heat loss through insulation equals 
heat input before any of the 1 imits are reached. 

4.7.9.2 In some cases a high ambient temperature cut out 
for a group of heater or tracer circuits can be used 
to expand applications of method in paragraph 4.7.9. 1. 

4.7.9.3 Include a high temperature fuse that will melt before 
overheating occurs. 

4.9 Purging for Winterization 

4. 9. 1 General 

If instrument process lines are winterized by purging, 
a fluid that doesn't condense, freeze or develop excessive 
viscosity at minimum ambient temperature is to be used. 
The purge fluid is metered in the instrument process line and 
flows out into the process. 

4.9.2 Process Purging 

In seine cases a high pour point purge oi I, 1t1ater, or purge 
fluids that will freeze· above minimum ambient temperature 
are used for process reasons. This is not a "winterizing 
method. Such purges will have to be winterized by heating .. 

4.9.3 Purge Gases 

4.9.4 

Purge gases shall be restricted to instrument air and 
nitrogen. No other sources of purge gas wil I be acceptabie. 
All purge gases must be dried to a dew point below minimum 
ambient temperature. The 'use of instrument air results in 
a cross connection between process fluids and the instrument 
air system. Each case must be reviewed and designed so 
that process fluid cannot flow into the instrument air system 
under upset conditioni such as instrument ·air failure, relief 
valves blowing, excessive levels, etc. The ~urge gas selected 
~ust be compatible with process requirements. 

Purge Pressure 

All purge fluids shall be supplied at a sufficiently high 
pressure to insure ~ minimum pressure drop across the purge 
flow control valve of 10 psi. 

4.9.5 Point Of Entry 

The point df entry of che purge into the instrument orocess 
lines should be as near the instrument root valves as is 

. possible to hold the pressure drop in the instrument ~rocess 
lines, as a result of flow, to a minimum. HO\vever, each 
design must be reviewed to ensure that the ccmpiete instrument 
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process 1 ine wi 11 actually be purged at al 1 times of fluids that rr.ay 
condense or solidify. If good design requires purging the complete 
instrument process 1 i;ie, pressure drop due to purge flow rates vari
ations must not cause a significant instrument error. 

4.9.7 Purge Rotameters 

Purge rotameters, equipped with needle valves and differential pres
sure regulator (where required for process operation) shal 1 be used to 
meds~re and regulate purge flows. A Wal lace & Tiernan Catalog 20A123-
Sl-XX,or equal, is to be used for water, instrument air, and ni~rogen. 
A Wal ?ace & Tiernan Catalog 5120M1211,or equal, is to be used for 
purging hydrocarbons. The purge meter will be used with a Moore 63 
SD-L differential regulator, or equal,wi"th a needl'eval\te for the flow rat 
and pressure drop. This is required on all application wh@.re the 
manufacturer's standard purge meter-assembly oressure rating is less 
than the supply pressure. 

4.9.8 Purge Flow Rates 

Some suggesteo purge flow rates, from API RP 550, Part I, Section 8, 
for instrument purges are as follows: 

Meter Type 

·Leve 1, D/P 
Flow 

Service 

General 
General 

Gas Flow 
SCF/HR 

1-1. 5 
1 

Liquid Flow 
US Gal/HR 

3 

In other cases, a velocity of 15"/r.iinute in purged lines can be used. 

4. I 0 Ins u I at ion 

4.1·0.1 General 

Al I heated instrument process I ines, instruments, instrument enclosure , 
and walk-in housings are .to be insulated to conserve heat, maintain 
design temperature, ang to protect personnel from surfaces hotter 
than +140°F. ·Unheated instrument process I ines, enclosure, instrur.ient , 
and housings need not be insulated. 

u. 10.2 Personnel ?rotection 

All insufation of instrument process 1 ines, instruments, instrument 
enclosures, and walk-in housings shall meet the personnel protection 
requirements given is Specification 14222-N-2. 

4. 10.) Instrument Process Lines 

Instrument process line.s may be inslulated in accordance with 
either of the following: 

(a) Per Specification 14222-N-2 or 14222-N-3 
a 

(b) Insulation supplied with bundle. 
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4.10.4 Instrument Enclosures 

Instrument enclosures, if required, may be insulated with 
either of the following materials: 

(a) Rigid polyurethane, meeting the requirements of ASTM 
c~591, may be tised to 1 ine a metal enclosure or may be 
.formed into part of the enclosure. 

(b) Johns-Manville, fiberglass, Spin-Glas, Type 814, 3 lbs/ft3 
density, FSK facing, 111 thick, or equal. 

4. 10.5 Prefabricated Bundles 

Prefabricated bundles are to be insulated with flexible 
polyurethane foam. The polyurethane foam is to remain 
flexible at minimum ambient temperature. Fiber glass fillers 
may be used around do~ble tubes in double tube bundles. 

4. 10.6 ~alk-in Housings 

.Walk-in housings if required shall be insulated w~th Johns
Manville, Fib·erglass,,Spin-Glas Type 814, 3 lbs/ft density, 
FSK facing, ln thick, or equal. 

4.10.7 Direct. Heated Instruments 

The preferred method of i~sulating direc~ h~ated instruments is 
with preformed rigid pol~urethane meeting the requirements 
ASTM C-591. Refer to Section 4.3. 

4. I 1 Prolonged Idleness Protection 

4.11.1 Housings 

If instruments tha.t are to be protected by instrument enl cosure 
or walk-in housings are installed in their comr~et~d instrument 
enclosures or walk-in housings in the· factory prior to ship
~ing to the jobsite, then the housings with instru~ents inside 
are to be installed in. the field as a unit. Instruments are to 
remain in their.housings between installation and start-up. 

4.11.2 During prolonged idleness no heat tracino or heaters will b~ 
available, so design on the basis that instruments wil I be 
cooled to minimum ambient temperature. 

4.11.3 Fillino Liquid 

Filling Liquid shall be left in filled systems protected 
by diaphragm or bellows seals. 

4. 11.4 Freeze Protection 

No fluid that can freeze at m1n1mum ambient temperature is to 
be left in any instrument. Al I instrur.ient ,::recess I ines not· 
protected by diaphragm or bellows seals are to be drained. 
After any leak or hydrot~~ting is completed, the instrument 
process 1 ines are to be disconnected at the root valves, drain
ed, blown out, and plugged: 
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4.11 .5 Desiccant 

To avoid condensation of moisture, a bag of desiccant is to 
be placed in each instrument enclosure or the case of 
unsealed and~nhoused "instruments. The humidity card is to 
be visible through any window present. Desiccant is to be 
Drierite Desiccant Bags, 8oz, with humidity card, manu
factured by W.A. Hammond Drierite Co., Xenia, Ohio, or equal. 

4. 1 l .6 Desiccant Replacement 

Humidity cards shall be checked every t 1110 weeks and exhausted 
desiccant replaced, as indicated by a pink humidity card. 

4. 11 .7 Physical Damage Protection 

Instruments in locations subject to physical damage from 
construction activity shall not be installed until such 
activity is completed. If such delay is not acceptable, the 
instrument is to be removed, with its enclosure, after 
installation. Al 1 connections are to be plugged, taped, 
greased, etc., to protect from damage. The instrument and 
instrument pros;es·s 1 ines are to be drained of al 1 liquids that 
freeze at minimum ambient temperature or above. The instru
ment, in its housing, is to be stored in a dry warehouse 
until reinstalled. · 

4. 12 Heated Storage 

Instruments that contain components that 1~il 1 be damaged by cooling 
to minimum ambient temperature shal 1 have a mrnimum storage temperatur 
above minimum ambient tempetature. These instruments are to be kept 
in a heated warehouse above their minimum storage temperature and 
are not to be installed in the field until shortly before start-up 
and after the heating system for them is operational. They are not 
be shipped to jobsite during times when temepratures below their 
minimum storage temperature are expected unless provision is made to 
keep them heated during shipment. 

5. REFEREIJCES 

Soecifications 

14222-N-2 
14222-N-3 

Standards 

AP I RP 550 

Insulation· of Hot Piping and Equipment 
Insulation for Cold Piping and Equipment 

3rd Edition, Installation of Ref:nery Instruments and 
•:o!itrol Systems, P-art I ·- Process Instrumentation and 
Control, Se.::tion 8, Seals, Purges, and liinterizing. 
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TITLE HYDROGEN PLANT -- UNIT #8 

PLANT ERECTION PROCEDURE 

Plant 8 

General 

A concentrated effort will be placed on designing the 
hydrogen plant components as shop assembled units that are 
piped, instrumented, wired and tested for both pressure 
integrity and operating performance. Where a skid type· 
assembly is not practical, a complete system·will be shop 
assembled, tested and disassembled-as large elements to 
make field erection an easy task. The items that will be 
received in the field are as follows: 

1. Mechanical Equipment: Four compressors (K-70, 
30, · 20, .10), one compressor/expander (P-58), and 
one re~rigeration unit (V-59). A ~otal of six 
items. 

2. Cryogenic Hydrogen Purification: Prefabricated 
boxes, one containing the brazed aluminum 
exchangers and the other containing the 
liquid/vapor separators. A total of two items. 

3 •. Warm Hydrogen Purification: • The adsorber ves
sels, a set of prefabricated piping and a skid 
mounted reactivation system that contains the 
.reactivation blower, heater .and cooler (K-1, 
E-3, 4). A total of three items. 

4. Miscellaneous Ite~: Small components consisting 
of flash tank (Y-103), pumps (P-104 A, B), 
inlet separator (Y-19)., and final filters 
(Y-16 A, B). The inlet separator and final 
filter will be prepiped with block valves, 
bypasser and instrur.entation as required. Start 
up supplier consisting of 155,000 pounds of 
molecular sieve (a total of SiO fifty-five 
gallon drwr.s) and drum lots of lubricating oil 
for the plant compressors. 

Mechanical Eauiprnent 

The weight, size, horsepower etc. of the mechanical equip
ment is given in the following table: 

Plant Erection Procedure Sheet 2 of 4 
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TIT1-E . HYDROGEN PLANT -- UNIT #8 

ITEM 
NO. 

K-70 

K-30 

K-20 

K-10 

V-59 

P-58 

Lube 

·o 

Plant 8 

PLANT ERECTION PROCEDURE 

Mechanical EauiEment (continued) 

DESCRIPTION H.ORSE- L X W X H v:EIGHT HOW 
POWER (Feet) :i:oo~S) SHIPPED 

I 

Nitrogen Comp. 4500 26 x 12 x 10 50 Rail 

Pipeline Fuel Comp. 12500 40 x 12 x 12 80 n 

Heavy Hydrocarbon Comp. 4000 24 x 10 x 10 40 .. 
Inert Gas Comp. 500 15' x 6 x 10 5 Truck· 

Refrigeration Unit 125 15 x 5 x 9 4 " 

Compressor/Expander --- n 

Oil Skids K-20,30&70 15 x 10 x 6 14 Rail 

All units will be completely shop assembled and performance 
tested before preparation for shipment. The two largest -
compressors will be partially disassembled after the shop 
performance test. K-70 will be shipped with an intercooler 
and the af~ercooler dismounted. K-30 will be shipped with 
two intercoolers and the aftercooler dismounted. The 
intercoolers and aftercoolers of these two compressors will 
have to be reinstalled in the field. Field instillation 
for each unit will involve lifting, setting on a foundation, 
aligning, piping up the process and cooling water connec
·tions, providing power to the motor junction box and run
ning the unit to verify that it operates properl.y. 

Crvocenic Hvdrogen Purification 

The cryogenic hydrogen purification unit will consist of 
two preassernbled steel boxes. The first box will contain 
the brazed aluminum heat exchangers E-5 through E-9, 
interconnecting piping, valving, and instrur.entation. This 
box will be 12' X 20' X 80' and weigh 110 tons. The second 
box will contain separators Y-96 through Y-99, inter
connecting piping, valving and instrumentation. Box 
dimensions are 12' X 16' X 60' and it ·will weigh 90 tons. 
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Cryoaenic Hydrogen Purification (continued) 

Field assembly will consi.st of lifting, setting on a 
foundation, interconnecting the process piping that runs 
between the two boxes, pressure t~sting and then packing 
the boxes with rockwool insulation. 

Warm Hydroaen Purification 

The most important components of the adsorption system 
are the timer that activates the operating sequence and 
the automatic valves that are controlled by this timer. 
The complete system, consisting o! the.three vessels, 
reactivation components, valves, and timer control will 
be shop assembled and operated through several reac
tivation cycles. Any corrections, repairs or modifica
tions that are deemed necessary, will be made at this 
time. The adsorbers will then be disassembled and shipped 
to the field for permanent instillation. Following field 
assembly, the system must be pressure t.ested, charged 
.with molecular siev.e, insulated and again carried through 
several operating cycles. to confirm that the valving is 
switching in the correct sequence and at the allocated 
time intervals. Field assembly will consist of lifting.· 
and setting the three adsorber vessels, reactivation 
skid and the refrigeration unit. The vessels weigh SO 
tons each and the dir.lensions are available in the item 
data sheet. The reactivation skid will be 40' X 20' X 8' 
and weigh 15 tons. The refrigeration uni~ is a relatively 
small item as are the inlet separator and final filters 
and are extremely simple to set and pipe up. 
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Timer Control for the Molecular Sieve Adsorbers 

General 

The p1.rpose of this document is to describe the pneumatic valves, 
restrictive orifices and the valving sequence that will occur during 
an adsorption cycle. The pneunatic valves and the timer that controls 
their operation are the most important elements in the system. · 

Restrictive Orifices 

These orifices are sized to limit the rate at which the adsorbers are· 
pressurized and depressurized. The controlled rate, which was chosen. 
as 50 pounds per minute, will minimize· the external pressure loading 
that will act to crush the adsorbent and the internal pressure pulse 
that will occur as compounds are' rapidly adsorbed and desorbed within 
the molecular sieve particle. The orifices required are the foU.Owing: 

. Li D. Oriflce {" ) K~Bfifig Quantity Size ffit.) iame er m. Description. 

6 2 3/4 300 lbs. For pressurizing. and 
initial depressuri zing 

3 3 1-1/2 300 lbs. For final depressuring 

Pneumatic Valves 

The. mechanical requirements of the· pneumatic valves are depeuient on 
their location in the process system. The reactivation valves located· 
at the adsorbers experience the severest service conditions. They must 
seal bubble tight at a 700 pound differential and will be exposed to a 
temperature operation. . The valves mentioned above are shown on flow 
sheet 0-252-4Y-14. The pneumatic operators for these valves are small 
because the valves will be opened and closed at a minimal pres,gire 
differential. However, the operators for the two inch and three inch 
pressurizing and depressurizing valves must be large enough to open and 
close these valves against a 700 pound differential. 

The valves associated with the regeneration system (Dwg. No. 0-252-4Y-13) 
will operate at low pressure and will be exposed to the reactivation 

Timer Control for the Molecular Sieve Adsorbers Sheet 2 of 5 
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Timer Control for the Molecular Sieve Adsorbers 

Pneumatic Valves 

temperature swing from 30°F to 600 °F. 

Valve Type or Flange Body 
Quantity ~ize (in) Make 

; 
Seat Rating (#) Material 

6 14 Wafer sphere/ soft 300 Carbon Steel 
McCanne Lock 

6 12 Wafer sphere/ Metal to 300 Carbon Steel 
McCanne. Lock Metal 

6 2 Ball soft 300 Carbon Steel 

6 3 Ball soft 300 Carbon Steel 

4 12 Wafer Sphere/ Metal to 125 Ductile Iron 
McCanne Lock Metal 

Each valve will be supplied with mechanically activated limit switches 
that operate at the full open and full closed positions. They will also be 
provided with locally mounted· operators so that the valve may be 
manually opened and closed. The timer should be overriden when ever 
a valve is being manually operated. 

Reactivation Timer 

The reactivation timer will operate through a complete cycle every eight 
hours. The reactivation cycle described here starts with all three 
adsorbers on line, carries a single adsou-ber through shut-off, depressurization, 
reactivation, repressurization, and ends when this adsorber is _placed on 
line with the two operating units. 
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HYDROGEN PLANT - UNIT #8 

Timer Control for the Molecular Sieve Adsorbers 

Reactivation Timer (continued) 

The steps in the reactivation sequence are as follows: 

Time in Hours 
Step Start-Finish Condition or Operation 

0 0-0 All three adsorbers are on line 

1 0-0 Close the outlet and then. the inlet· valve of the 
adsorber. Valve Limit Switches must indicate 
the closed condition before proceeding. 

2 

3 

4 

5 

6 

7 
0 

0-3 

.3-.5 

.5-.5 

.5-2.5 

2.5-4.5 

4.5-6.5 

Open the two-inch depressurizing valve and hold 
open until the pressure in the adsorber is ·125#. 
A pressure switch will signal the pressure leveL 
shut this valve and check its position by using 
the Limit S 

Open the three-inch depressurizing valve and 
hold it open for 10 minutes. Then close and 
check Limit Switch on the valve. 

Open the inlet and outlet reactivation valves. 
Check Limit Switch. 

Open the inlet valve, to the reactivation heater. 
When the adsorber reaches 500°F ., as indicated 
by a temperature switch, close this valve and " 
check the Limit Switch. 

Open the inlet and outlet valve to the reactivation 
cooler. Close the outlet valve when the adsorber 
temperature switch reacl(,es 130°F. The temperature 
switch used to sense 130 F must dete this 
limitjng temperature from a falling condition 
(500 F down to 130°F). At. StEQe 5 this switch will 
be at 30°F ana rise up to 500 F passing through 
130~ as it rises. On step the starting point is 
500 F and the switch is cooled through 130°F. 

Open the inlet valve to the freon unit. Check its 
position through the limit switch. After the two 
hour time period shut the outlet reactivation valve 
at the adsorber, the outlet valve of the freon unit 
and the inlet valve to the reactivation cooler. 
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Timer Control for the Molecular Sieve Adsorbers 

Reactivation Timer (continued) 

Time in Hours 
Step Start--Finish 

8 6.5-7~8 

9 7.8-8 

Condition or Operation 

This is a designated inactive period that is allocated 
for routine maintenance of the system. An operating 
light .•mould denote this condition. 

Open the two inch repressurizing valve. When the 
differential pressure switch across this valve shows 
a 20# differential reading, open the inlet valve to 
the .adsorber. When fully open, shut the pressuriz.er 
valve and then open the· dischai:ge valve. 

The timer should remain in a particular operating step should a 
valve failure occur, and it must provide an alarm on a malfunction. 
Also, all valves on the three adsorbers and the reactivation. system 
should shut off if an excessive flow rate is sensed· by a flow switch 
in the plant feed line. 
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This narritative covers the field erection of the air 
separation plant, nitrogen liquefier, oxyqen. compressors, 
storaqe for the cryogenic liquid products and the arqon 
purification ,system. A pictori~l representation of these 
items is qiven by the process flow diaqrams 0-25l-4Y-2 through 
0-25l-4Y-6. The followinq descriptive material should be 
read in conjunction with these drawinqs. 

The followinq tables list the overall dimensions and 
weiqhts of the individual pieces that will be received in the 
field. 

COMPEESSION EQUIPMENT 

Item Flow Sheet I.xWxB/ xL 'Weight Equipment 
No. No. - Ft. Tons. Description 

lS-K-lA 0:-251:-4Y-2 l7xl0xl7 55 Steam-Turbine 
i5-E-ll3A 0-251-4Y-2 9 x30 143' Surf ace· COndensor 
lS~K-llA 0-25l-4Y-2 54x23x22 38 AJ.r Compressor 

lS.-K-5A 0-25l~_4Y-S l2x9x7 2.3 Steam Turbine 
l5-E-509A 0-2Sl-4Y•S 6 x28 24 Surface Corid. 
lS-K-50A 0-25l-4Y-S 14xl3xll 18 Oxyqen Compressor 

lS-K-55 0-25l-4Y-4 40xl4xl4 72 Cycle N2 Compressor 

~S-K-63 0-25l-4Y-4 20x8xl5 17 Hiqh Level Compressor 

lS-K-65 0-2Sl-4Y-4 20x8Xl2 12 Low Level Compressor 

15-K-76/77 0-25l-4Y-4 22x8x8 · 13 ·Expander Compressor 

15-P-35-
lA & 2A 0-25l-4Y-3 9xl2xl5 6 Expander.t:enerator 

15-K-41 0-25l-4Y-6 9x9xl2 5 Arqon Compressor 
-

The first three compressors (air, oxygen, cycle Ni> will 
be shipped with the intercoolers off mounted. .Remounting the 
coolers for the air and oxygen machines will be done using 
prefabricated spool pieces. The coolers for the Cycle N2 
machine will require rebolting to the compressor body. 

The lube cil consols for the air and oxygen compressors 
will also be shipped as separate skids and are approximately 
7 'x6 'x5''. 

The remaining five systems will be shipped as self contained 
skids. The high level and low level compressors will be 
densly prepackaged units because these two skids will contain 

' 
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the freon condenser, receiveraand evaporators that make up the 
freon_ loop. 

The field work.involved in assemblinq the air compressor 
consists of settinq the steam turbine, air compressor and 
surface condenser on their respective foundations. These 
items are then interconnected with particular attention given to 
aligninq turbine and compressor shafts. This will be done under' the 
direction of the manufactue?:"'s field enqineer. Next the lube 
oil skid will be set, piped in, flushed with oil to remo~e all 
foreiqn matter and fina.2ly filled with clean lubricant. 
Connectinq steam, coolinq water, and instrumentation will 
prepare the machine for initial run in at minimum load. 

The above procedure ia typical to all the compression 
equipment with the deqree of complexity decreasinq accordinq to the 
order in which they are listed. 

AIR SEPARATION COLD BOXES 

All elements.of the air separation plant with the exception 
of the reversinq exchanqers will be shipped as prepiped units 
housed in structural steel frames that are covered with carbon 
steel sheeting. The prepackaqed boxes listed below are shown on 
flow sheets 0-2Sl-4Y-3 and 0-2Sl-4Y-6. · 

ITEM BOX LxWxH WEIGHT EQUIPMENT 
No. No. Ft. Tons. DESCRIPTION - -

l5~C-25A l 2lx2lx50 70 Hiqh Pressure Column 
:• -· 

l5-C-30A 2 2lx2lx95 120 Low Pressure Column 

15-E- 3 2lxl4x50 SS Heat Exchanqers on 0-2Sl-4Y-3 

4 2lx7x9S so Interconnectinq Pipinq 

lS-Y- s 2lx2lx2S 30 Oxyqen and Rich Liquid Absorbers 

lS-E-3lA-A 6 2lx2lx30 35 Supplemental Condenser 

lS-E-3lA-A 6A 2lx2lx30 3S Additional Supplemental Condenser 

lS-C-29A 7 2lxlSx9S 60 Crude Arqon Column 

8 9xl2xl5 6 Interconnectinq Piping 

lS-C-49 9 l6xl6xSO 2S Pure Arqon Column (0-2Sl-4Y-6) 
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The individual,cold boxes will be set in the fabrication shop 
to assure that.all pieces are correctly alligned. Filed 
erection will consist ot positioning the boxes, levelinq, 
intereonnecting the process piping that runs between the· boxes, seal 
welding and then filling the boxes with insulation. 
Insulation IDf the cold boxes will be done after a thc:z:ough 
flow sheet check has been made and a twenty four hour leak test 
has been successfully passed. 

The most difficult assembly operation involves welding the 
high pressure and low pressure columns together to form a single 
tower. This technique has been thoroughly developed through · 
coordination of shop and field erection methods and will be a 
simple task. 

REVERSING AND N2 LIQUEFIER HEAT EXCHANGERS 

The heat excllangers for the nitrogen liquefier will be 
handled the same way that the air separation plant components are. 
The exchanger will·be shop mounted within a steel structure, 

. piped, p.ressure tested and shipped to the field. The single 
box wil~ be l0xl2x70.and weigh 45 tons. 

The reversing heat exchanger will consist of three sub 
assembiies that will operate independently of each other. The 
exchanqeJ:S will be positioned in parallel, the process fl.ow will 
travel through them in parallel, however, the process streams 
passing through the exchanqers will be reversed at different · 
.time periods. Because of this out of phase reversal, the ex
changers must be field erected. Three prepiped sub assemblies 
will be required for each air separation plant. A sub 
assembly will be l2xl3x34 and weigh 50 tens. Each sub assembly 
will be mounted on a concrete foundation and a steel cold box 
fabricated to enclose them. This box will be 46xl8x42 and 
will weigh 200 tons uninsulated. 

The reversing check valves and associated piping must be 
installed between the reversing exchangers and the high pressure 
column box of the air separation plant. The cold box con
taining the check valves could be fabricated at a satelite site. 

CRYOGENIC STORAGE TANKS FOR LIQUID OXYGEN AND NITROGEN 

The design, off site component fabrication and field erection 
of tanks T-80 and T-Sl will be sub contracted. CB & I and 
Graver rcu~k are two vendors that have cryogenic design 
expertiese. 
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' 

01'HER SIGNIFIO\Nl' roJIPMEN'l' ITEMS 

'lhe d:iJrensj.ons and \<Eight of three items that w:::mld classify as 
being large are listed in the table below. 

'lhe rerraininq carp:inents of the air separation plant are pumps, 
silencers, and assundiy tube and shell heat exchangers. These 

' items are all small: it will be a s~le tas!c to install them, and 
the infcmnation pmsent on.the flow sheets is sufficient to give 
a feel for the size of the items involved. 

I'm-! ::E'Ia-1 .SBEE'l' LXWXH/ XH WEIGBT OESCRIPTICN 
NO. NO. FEET TCNS 

~Y-IOA 0-2514Y-2 26. x i4 x 21 23 Inlet Filter 

l5-E-l3A 0-251-4Y.;.2 14 x 44 60 Direct Cooler 

lS-Y-47 0-251-4Y-6 12 x 20 x 12 20 .Skid assembly containing 
all the wam argon process 
equit:nent 
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SCOP!: 

l.l Ger.era.l 

This Scecification defines t.."le =~i:ements 
for the design, fa~rication a~d delive-1;' of 
an air filter package for filterinq air at 
the inlet of an~ial 'flow cozm:iressor. 
All equi::ment fu..-:iished. · sha.l.l- ce for unpro
tected out::cor i..,sta.llation ~ a heavy ir.dus-
t=ia.l atmosphere including coal handling facilities. 
Three COint)lete units are recuired. 

l.2 Cestinati;n • 

Breckinridge, Ky. 

l.3 Chanqes L, Sco':le of Su-o~l·' 

The Vendc::- shall ·clearv define, in writi..,q, 
all areas where· his scope of $l4pply"deviates 
!rem tl:e scope of s~pply o: t!lis Speci.:ication. 

-
The f ollowillq documents form a ?art of this Spec:.£ica-
tion to extent i:ldicated hereL'l. 

2.l Codes 

National Elect:ic Code. 

O.S.B.A. 

2.2 Referer.ces 

National aureau of StandarC.s · (N.B.S.) 

A.S.H.R.A.E. 

3.l General Rec-~i=~ents 

Eac.h filte: unit shall ccnsist of one (l} o:- mo:e 
st~qes·o: cloth fab:ic fil~e: eler.:ents asse:n~lee 

Inlet Air Filters Sheet 3 of 13 
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3. l General Reauiremer.ts (c:onti.."lued) 

in an e.~clo~.i.re suitable fo: outdoor ir.sta.l.J.a
t.ion. The unit shal.l be ~esiqned to max~ze 
filtration efficiencv while maintaining a reason
able se-~ice i.."lte..~ai ar.d economy of operation. 

All. eaui::ment must be suitable for "the se-"'Vi::e 
intended: All flow conditions to 
compressor L"lcludi.."lq possible compressor sa:;e 
me.st be considered. 

Sel.f cleaning type filters will be considered 
i.f.. fe-asi~,ie. _fo~- the·. service speeified.. cOmDlete 
.deta.ila. ue :;-equi~~4- for .. evaluation. -

3.2 Process Recui:ements 

3.2.l 

3.2.2 

3.2.3 

Site Condi~io~s 

AJ.tituo:e 
Ambient Temp. Ranqe 
Relative Htmidiey Ranqe 
~esiqn Wind Loading 

O~erati~a Conditions 

Nor.nal Opera ti..,9' 
Air "Flow Range. 

Cesiqn Ai: E'low 
Outy 

Pe:-for.:iar:ce 

420 ft. alxlve sea lev 
-lo to +lOS

0

°F. 
0-100~ 
2S .psf 

167,000 CRH 

176,000 CFM 
Continuous, 24 hr./day• 

360 days/year 

Fil.t:ation ~fficiency 93\, 2 ~ic:ons & lar~e: 
• I 

Max. Pressure Crop 

Inlet Air Filters 

=-- - -·· o.ur Io/ab ...... ovi:o 

a si· ave::a~e N. 3. s. I 
Test Rati..-lc; 

0.2 PSI Cirty 
l" B2) Clean 
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3.3.l E.."lclosu:e 

Al.l hardware shall bQ ccmple~e.ly as
sembled in its own enclosu:e. T!le 
enclosure shall provide pr:tacticn 
f:rcm the weather, a.::.ci allow O'Cera
ticn i.: d::ivillq ·rain anci snow· stcr:ns. 

The unit sha..ll have a c:ca:se s=ee.n 
at t.!le i:l.let to provide ~o~ection 
aqa..:i:ist inqestl.on o: la.r-;e objec-:s. 

A c:ca=se exit sc=een or gra•~ m; sha.1.l 
be provided tc insure aqai=st a filter 
element or ot..:.ier. la:qe o.bje1:t be~q 
inqested by the CCm?ressor. 

The filter hcusi:q shall be fal::icated 
f:r<:m heavy qauqe sheet steei. All 
seams a:ld access doors shall be ai: 
tj,qht. Louver·s and screens sr.all l:e 
galvanized.. 

Frames, supports, mounti!lq brackets, 
etc., shall be ai-=ang~ to support all 
filter elements and ?revent element 
eel.lapse. 

U filter elements requi:e frequent 
c:hanqinq, ?rovisions m~st :e inc:cr;:cr
a-ted to all.ow element :-eplac:e.'ne::t d....:.r
inq compressor operation. If filter 
aid po'-lde:s a=e used, a by-~ass or a 
c:cm~a:t=e:t isolation must be incor
porated. to allow s~a~e down dt:rinq 
compressor operation. Hc~si~q tc be 
~ipped (on t.":.e cow:~st=e~ side) wit."1 
hi.~qec, weiqhted vac:-~um :'elief doo: sized 
to ope!l if the pressure on t."-:e discha:;e 
side of the filter falls to ll" B20 :e
low barc~et=ic =:-essu:e. Location s~all 
be such tha·e tJ~~e is :io C:ar.;er of f=ee:
ing shut. 

Inlet Air Filters Sheet 5 of 13 



0 

A\! RCO C~YOPt...\NiS 0 STANOA~CS 
0 INS7i=<UCTICNS 

~ s;:::: Cl l='I c~ i'I CN s 
0 CATA 

I 

I ~ o. · :o-.:ys-1-1z..:.2 

TITt .. E 

3.0 

Plant 15 
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3.3 Cesia~ ~e-:ui:a~er.ts 

3.3.2 

3. 3 • .3 

3.3.4 

3.3.S 

:E' il te: !:le??tents 

Air m:st be oil-free. No oil or ~ease 
type c:oatinc;s may be used on the el.ements. 

No el..ements that a.re subjec~ to me~."ia 
Itiqration shall be used. 

L-ist:r.::ie.nts and Sa.!et",. Oevic:es 

Vendor s.hal.l fu.-ni..s.h a:= i:.sta.ll d~:er
entia.l ·!=%'essure qauqes ac:oss each ele
ment type filter s'taqe.. Sui Ol:lle .guards 
s.ha.l.l l:e included for all C:ive systems. 

Eleceic:al 

All e.le~-=ic:a.l equipment shall. c:oii:o.cn 
t= the provisions of t!le Nati.onal Zlect:ic 

.cede. -

'Eiect::ic power for c:ont..-ols ~d motors up 
to one-:h.i.rd horseoowe.r shal.l be llS volts, 
60 C?Cles, sinqle phase. 

llec<:ric power :or :ioto=s la:ge: than one
thi.rd horseeowe.r shall be 4&0 ~"'Ol~, 60 
cycles, three phase. 

All ~otors shall be t.::!C. 

S:ecial Tools ar.d Sca:e ~ar~s 

Special w:-enches or tools recai.:ed. for e.re~
tion or :naintenar.ce of t~e ~ir;ment .·shall 
be ftl%'':'1ishee =Y tl':e Ver:C.or. apon r.eceit=t of 
the ?~:chase order, t.~e Ver.dor shall i..'i.-:tedi
ately prepare a list and c;i:ctation for re
c:ommer.ded spa;e pa:ts, ar.C: su=:nit to t.i,.e 
Purchase:. 
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3.3 

3.4 

Cesian ?.eauirements (continued) 

3.3.6 

3.3.7 

Minimum Cleanina ReC"l.li:ements 

The uni.ts sha.J.J. be delivered tc the job
site clean and free of any loose forei~ 
material suc:h as scale, rust, flwc, dust, 
sand, weld splatter, cutting- c:!lips a~d 
g:ease as deter.ni.ned by ?isual ~spection. 

A.U. s=:ac:es are to be painted tc ::ovide 
prep~ protec:~on i.n an ou::cor u.nprote-:ted 
environment. Ve.."ldor to de£i."le t":f:'e o: 
painting :in .s:roposal. 

Admi..~is~ative R:e=ui:ements 

3.4.l 

3.4.2 

Ir.£or.nation to be s~~~lied with ?~o:osal 

l. Ccmpleted. for.ns from AppendiX A -
.cesi~ Details. 

2. Price ai:d delivery definition. 

3. List of aiJ. places where proposed 
uni.t deviates f=om =eaui:SI:1ents of 
th.is Speci!ic:ation. -

4. Perfo~a.nc:e q-.Ja:a.ntee and mecha.ni
c:al wa=ranty. 

Crawinas and Manufac:tu=i~S' Schedule 

Within t~elve (12) weeks f=om date of 
purchase order, the Ver.dor s:..all sul:r.lit 
one Cl) repreduc:i~le copy of t.~e follow
ir.q d:awir.;s for ?u=chase:'s review ar.: 
ao~roval. These shall include, but not be -limi tee. tc = 
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Im.ET All FII.~ F-lCA., B, AND C 

RE'OOIR~:E:NTS 

3.4 AC::tinist=ative Recuira~er.ts 

3 .4o2 Cwqs. & Manufact-urina Sc!'ledule (conti..~ed) 

l. Assemblv craw:...~as - Giv~q details 
on enve~oces, ~nst..-ument locaticns, 
connection locations, real:i:ed ac:es
siD.i.lity di=lension, ar.C. insta.l.lation 
requi:ements. 

2. External d:awinqs of all awcil.ia-""? 
itsms that r~i.re some so.rt of c:~n
nection or i.::lstalla.t::.cn ey A.irco. · 

The Vendor shall supply one (1) reprcduc-
1=le ana six ( 6 i co"Oies of. c:sr-:i.f ied 
d:a.willqs of t!le ~ove with:ill si;c (6) 
wee.ks after return o_f a.p~ove<i d:a.wi.nqs 
Cy Purchaser. 

one (l) c:~lete: set of final. e:a.wi.nqs is 
to be included in each Operatinq am Main
tenance Manual._ 

Within tr.ree (3) weeks frcm date of pu:
c:hase order, Vendor shall creea.re ar.d sub
r.iit a ma.::ufacturinc; scheduie shcwir.q· sc:hed
~~ ci~~@~ fo;- ~c:im-;:l~~~ en of enqineeri~~, 
pu:chasi.nq, fabrication and assembly of ·. 
major cc:1:1ponents. .T~.is schedule s~all be 
revised with actual dates o! completion of 
t.~e above ac:tivitias ar.d =eissued on a 
mor.thly basis until the unit is shipped. 

Cra.winqs ar.d ~"lufac:tu.rinq schedules shall 
be sent to: 

~i:co C--yoplants 
460 Mountain ~venue 
Murray Hill, NJ 07974 

Attention: Central Files 
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3 .4 Admi."!ist=ative ~e'!:".li:ements (continued) 

3.4.3 Oceratina and Maintenance !nst--uctions 

Six (S) ccpies of O'S)eratinq a::ci Ma.inten
ance Illst..-uc.":;ions Manual with parts list 
shall b~ ~.l.-:i.ished by t:.!:1e Vendor. 

This manual s.hal..l qive fu!l details of 
a.ll pa_-ts ir.cluded in ':.he order. The 
maJmal.shal.l, for a.ll eaait=ent, cover 

ca.l.l conditions of O'S)U"atio~ i:lcludi:lq 
initial. =un~in ~ start-up, and r~J.a: 
il:s'Ce<:tion and ma~te.'lanc:e orcc edu:es. 
The - above must be f~nished - a min.i...~ 
of two (2) weeks ~efcre shi?ent of t.h-e 
unit. . 

4.0 Tl:STnlG 

s.o 

4.l InS'Ceetion 

All material is subject tc i.nspec~on in Vendor's 
shop and Vender's suppliers' shops. Vencior shall 
qive Purcr..aser th~ op?Qrtunity to visua..l.ly inspect 
asseml:lled U."'lit prior tc shi?te.nt. 

4.2 Guarantees 

Vendor's proposa.l shall include qua:a.ntee of ?er
fo:ma~ce i.n accordance wit.'l t.'lis S?e<:ificati.cn. 

The Ver.C:cr shall ·quarantee against incor=ect design, 
defec":;ive materials, coor worknanshic a~.d failu:e 
f:om no::::ial usaqe. OUrinq t.'le qua:a::tee pe:iod, he 
shall repair or replace the def eetive e<;:Ui~ent a~ 
his ex-::~nse. Ee s!lall also sta ~e t.'le te-~s ar..d 
conditions o: his ~a:antee. 

S.l Sche~ul.e 

Oeliver'"J sc~edule shall be specif iiid sta:~i~g frc:: 
t.~e date of receipt of order. 

I 
I 
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Pl ant 15 

l 
nlL.ET A!.R F!I.~s F..;.lo A, B, ' c 

CEI.IVnY (ccnti.nued) 

5. 2 Shict:ii.na 

5.3 

The Vendor shall ad~quately supper~ or crate t.:le 
unit tc withstand all ·shippinq loads wit:hcut damage. 
The Vendor sball adec:uatelv tie the unit down on 
the shippinq vehicle-to ?ravent damaqe en rcute. 

It: shall be t:he Ve.nC:cr' s :-es~nsillili ty t:c ~sure 
t..':at the packages are sized. to allow delive...-y to 
the job site. • 

It shall be the VenC:or' s res-;:cnsillil.i.t:y C) repair 
or replace ~ese items damaged duri;:q shi:=nen-:~ 
All insu:ance claims si:a.ll be ?recessed by t!ie 
Vendor. 

Vendor shall notify A.i:cc of all shippi.nq: dates 
which sh.all i."lclude all ?e.r"!:i.."lent. s!li?pi.nq uuor.na
tion, includinq but not limited tti: Name ·of ca..-:ie.r, 
Way-ai.ll Nwr.ber, est.!:nated. ti:e of a--:-ival at the 
job site. 

Ac:cet:itance 

Final acceptance of t.'lis unit shall be rese.."'Ved. 
•mtil installed, o"Cera ted ·and conti."lucus oer:or.:i
ance fer a min.i::tum· of 24 hol:s shows t.~at· ces.iqn 
reqo.lirements are met. Operaticn anl! cont.i."lucus 
perfcr.:iance shall :e wit.~essed ~Y the accept.in; 
A~co representative. 
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APPElw:O: "A" 

DESIGN DETAIL QU'E:STim~A!RE 

Fill in inf or.nation reauestee. Attach re~ucstee schematics, 

lists, etc:. 

Vendor Model Date 

Siq:la'!:u:e of Person Comple-:ing- !or.n 

I~ I P:ROPOSC:O !JNIT 

l. Vencior' s m.aXe anci mcdel. 

2. Fi: st Stag-e Filter: 

a. Make and :nod el 

b. Type 
' 

c. ~edia Ma-:erial 

d. Estimated perf or.r.aZlc: a, attac:~ 

ci:rve. 

e. Flow Capacity 

JI: ?=ess-..i: e er op - clean/di:ty. .... 
9'. Collapse P:=ess-..::e 

h. P=essu:e CrO? and c;rain load 
at which element s~ould J:e 
=eplaced. 

i. ~hm:!:ier o: ::lements 

; . Cost of :eclace.ment element. 
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(continued) 

I ~o. 0-251·-.lZ-. 

i 

I 

PROPOSED UNIT 

2. First Stag-e Filter: CQntinued 

k. Replacea=le whiJ.e in service? 

l. Estimated i;~ 0 .before =eplace
ment. 

m. Num.be:- cf 'times eleme."lt can 
·.be cleaned. 

3. Seccnd Staqe Filte:: 

a. Make al:d mccel • 

.b. Type. 

c. MeC.ia Material 

d. Estimated perfor:nance - attach 
curve. 

e. Flew Capacity. 

f. P=essure drop - cle.a.n/<!irty. 

S· Collapse.?ressure. 

h. Pressure drop and ~ain lead 
at which element should .be 
replaced. 

i. Ni::n~e: of elements. 

j. Cost cf replacement element. 

k. Replaceable while ir. service? 

l. Esti:lated li!e before replace
ment. 

m. Nu::i.ber of tixnes eler.ient can 
be cleaned. 

••tT'TCN .,,._. 
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I . 

I PROPOSED UNIT 

4.. I.:llet Sc::ee..'l/Oisc!larqe Screen 

a. Materiai 

b. Mesh Size 

S. APF=OXi:na.te total weiqht. 

6. Apprcx~~a~e d~ensicns. 

7. List of s~ilar applic;ations 
now ill service. 

8. ~closure Ma~eriais. 

9. Methed of Weather P:otecticn. 

10. Pa.illtinq Ce£inition. 

ll. Flanqe Size and Location. 

12. Motcrs: (If Required) 

a. Ma:iufac:turer 

b. T:"Pe 

c:. Frame 

d. N'EMA Enc:losu:e 

e. aorsepower 

4 Speed -. 
q. Voltaqe 

13. Vac:t!w:t ~elie.f Settinq 
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Plant 15 

MAIN AIR COMPRESSOR CP-11 

SCOPE 

1.1 General 

This S{'ecification defines the requirements for a large. 
capacity air compM!SSor to furnish oil free air to an 
Air Separation Plant. The compressor shall be a multi-
stage design consisting of a.'Cial or axial and centrifugal stages 
with suitable intercooling to form an energy efficient 
unit • If mutiple units are specified in Section 3, this 
S{'eci!ication will apply to each unit. 

All equipment furnished shall be suitable for service and 
installation as define<j in this specification and shall be 
suitable for the site · conditions define<j in Section 3. 

1.2 Destination 

Breckinridge, Kentucky 

1.3 Changes in Scooe of. Suoolv 

The vendor shall clearly define, in writing, all areas 
where his scope of supply deviates from the scope of 
supply in this specification. 

1... r-. 1..ars.:11 ~I ~l 
QA~£ APP•OV!~ 
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APPUCABU: DOCUMENTS 

'nle followllt! documents form a part of this specification to the 
extent indicated under Section 3. 

2.1 Codes 

ASME Code for Unfired Pressure Vessels, Section VIII. 
Division 1, latest editions, revision or supplements to. 

Code !or Pressure Piping ANSI 831.J, latest edition, 
revision, · or supplement to. 

National Electric Code. 

Federal, State and Local Codes, and ordinances includiJti 
· OSHA, where applicable. 

2.2 Standards 

NEMA 
ANSI - Standards for Motors 
IEEE - Standards for Motors 
AGMA 

TEMA 
APt 612 - Special Purpose Steam Turbines 
AGMA 421 

Main Air Compressor Sheet 4 of 35 
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Plant 15 

MA.IN AIR COMPRESSOR CP-11 

Requirements 

3.l General Requirements 

3.1.1 Design 

The compressor is required to furnish oil-fre~ 
process air to a reversing type air separation 
plant. All equipment shall be suitable .for the 
entire range of operating Ctlnditions defined in 
this specification without danger to personnel or 
equipment. Vendor shall clearly define an v 
operating limitations of his equipment. · 

· All equipment offered shall be rated heavy duty 
for continuous service. Equipment shall be de
signed for economy of operation, ease of install
ation, and rapid and economical maintainance. 

Vendor Shall define and furnish any additional 
device not covered by this specification but 
required for proper operation of the equipment, 
or protection of the equipment or personnel. 

3.l.2 Altemate Design 

L. P. Larse!l 

Vendors Proposal shall clearly define all areas 
where his design deviates from this specification. 

Proposals for equipment of a different type than 
intended by this specification will be considered 
only if a clear and definite advantage to the 
purchaser is indicated. 

Purchaser reserves the right to reject any proposal 
not in ~ompliance with this specification. 

j.l .,.~ 2/ ':i l 
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Plant 15 

MAIN AIR COMPRESSOR CP-11 

3.2 Process Requirements 

3.2.1 ~eral 

Number Required: 3 Eac;h as Specified herein 
- .. .1.--El.ectric Motor Driver Type : 

2 Steam Turbine ---
3.2.2 Desi!n Alnbient Conditions 

. 

.L.. r-. · i..arsen 

Altitude 
Barometric P1'9SSUl'e 
Rated Dey .Bulb 

TempeNture 
Rated Wet Bulb 

· Temperature 
Summer Maximum 

Temperature 
Winter Minimum 

Temperature 

Equipment Installation: 

Outdoors Unprotected 

420 
14~5 
96 

. 78 

110 

-10 

Site Environmental Conditions: 

Coal Processing Facility 

tt. above sea 
psi a 

OF 

OF 

OF 

OF 

The ambient conditions specified are designed point 
conditions. The· compressor mtist be capable ot 
operation at ambient and cooling water extremes 
.without adverse eftects on the compressors' or 
drivers' mechanical integrity. · 
Vendors proposal shall include performance curves 
defining e~ected operation at ambient and 
cooling water extr~mes defined herein in addition 
to specified design conditions • 

level 

! 
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MAIN AIR COMPRESSOR CP-11 

Requirements 

3.2.3 Design Ooera ting Conditions 

C4pacity -SC'FM 

Discharge Pres5ure at 
Discharge Flange -
psia 

Inlet Pressure, i;isia 

Inlet Temperature, OF 

Discharge Temperature, 

Case A (Normal) 

151,830 

102.6 

14.3 

96 

OF (at ctlmpressor discharge 

Case B (Rated) 

160,000 

102.6 

96 

C.ange) · Vendor to define in i;iroposal 

Cooling water supply 
Temperature, °F· 85 

Cooling water SUP.ply 
pressure, i;>sig 5 O 

Cooling Water 
Temperature, rise °F 20 

Max. Cooling Water 
.6. p, psi 10 

The compressor must be capable of meeting the specified con
ditions for Case A (normal) with a guaranteed horsepower at the 
motor shaft. · The compressor must be capable of meeting the 
conditions specified as Case B (Rated) with a. guarantee of no 
negative tolerance on capacity and i;iressure. 

The capacity specified is for the net dry basis air delivered 
at the compressor outlet nange. Compressor seal loses, drain 
trap blowdown and contained moisture must be allowed for 
in the inlet capacity bS' the compressor vendor. 

The base for measurement of scf is dry gas at l·h 7 i;isia and 70°F. 
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MAIN A.!Et COMPRESSOR 'CP-11 · 

3.2 Proc9ss Re<Mrements 

· 3.2.3 · Desisn Ooeration Conditions continued 

0 

L. P. Larsen 

The inlet pre5$Ure specified is based upon an 
allowance of 0.2 psi pressure drop through the 
inlet air filter. Vendor shall make allowance for 
any _other expected pressure drop such as necess
ary inlet pipe runs or control devices. 

Vendor shall advise what horsepower advantage 
can be realized i! the compressor design is based 
upon an inlet filter drop oC 0.1 psi in lieu of 0.2 
psi as speciiied. 

The unit shall be cacable of a tumdown to '70 96 
-of Case A now at 95 psia without. blow-off or 
by-pass. The unit shall be_ capable of operation 
at Case A conditions during winter ambients 
witnout by-pass or blow-off. Specified ambient 
inlet conditions and cooling water data are design 
point data only. The compressor must be capable 
of operation at ambient extremes and with cooling 
water temperatures variations cau5ed by seasonal. 
and weather changes at the site. The compressor 
and. all components must be capable of operation 
anywhere within an envelope bounded on the left 
by a line 596 away Crom surge and bounded on 
the right by mot"r winding temperature limit
ation. Any other operating limitations must be 
defined in the proposal by the vendor. 

Operation of the plant is such· that approximately 
every 10 minutes a: reversal takes place. This 
reversal consist or series or valve blocking the 
air stream downstream of a surge drum Cor 
approximately one second and then opening it to 
an air stream at about 30 psig This action 
results in the cgmpressor discharge pressure 
increasing 3 to 5 psi during the blockage and 
then dropping 20 to 30 psi in one or two seconds 
following the reopening. The control systems 
will be designed and adjusted to prevent surge 
during these reversals. The compressor must not 
be adversly effected by these reversals. 

:IAT!: 2/81 
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3.3 Design Requirements 

3.3.l Compressor ( 3 Reouired) 

The compressor shall be a multistage axial or 
combined axial and centrifugal type with inter
cooling to obtain maximum horsepower efficiency. 
Design using a single horizontally split case are 
prefel'T'ed. Designs requiring more than one case 
will be considered if a power advantage can be 
realized and the instaUa.tion cost is not prohibitive. 

Adjustable stator vanes shall be furnished to 
obtain maximum turndown capability without 
blow-of!. If a turbine driver is specified, vendor 
shall recommed method of capacity control in"'. 
tjuding adjustable stator vanes and /or speed 
control. All apparatus required for stator vane 
adjustment including linkage and actuator with 
positioner shall be furnished by the vendor. 

Sha!t seals shall be provided to prevent leakage 
out of, or into, the compressor over the range of 
speeifi~d operating conditions. Seal operation 
shall be suitable for variations in suction condi
tions that may prevail during startup and shut
down of the compressor. Seals shall not require 
any external seal gas and shall have a vented 
atmospheric space beteen the oil and process 
sides. Vendor shall completely describe his seal 
system operation • 

.... ~~!!'< 9 .,. LP. Larsen ::l.A ·~ 2/81 
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REQUIREMENTS . 

3.3 Design Requirements continued 

3.3.2 CoolinJ Water System 

Cooling water to the unit will be supplied from a 
clcsed system furnished by purchaser. Cooling 
water design data is supplied under Section 3.2.3. 
Vendor shall define water fiows, pressure drop, 
and temperature l'ise for all coolers. · 

3.3.3 Coolers and pieing 

Vendor stiall ·furnish all interct:1olers and ·interstage 
·air piping, Coolers shall have removable tube 

bundles and accessibility !or bundle remove+. 
Tubes shall be admiralty. 

On non-intergral coolers, where attainable air · 
pressl.lr'e· e~c:eeds water design pressure •. rupture 
discs shall be furnished and installed bV Vendor 
to relieve overpressure in the event of water 

c passage failur.e. Rupture discs· shall come with 
vacuum supports. 

-·----~· / (o.:;---

... , ~T !N a" L. P. La.rs en 

Plant 15 

Design· pressures ot interstage piping . and accessories 
shall be no less than the gas side design pressure 
of the coolers. 

All coolers shall be matched. for water .pressure 
drop, for eicample the oil cooler design water 
pressure drop shall t:>e the same as the intercoolers. 

The meehanical design of all coolers shall conform · 
to TEMA "C" as minimum. Air is the shell 
coolers shall have copper !ins offered as an 
option. Air side velocity shall not cause damage 
to the exchanger. Baffles shall _be used where 
neeessary. 

All water in shell coolers shall have copper alloy 
or non-metalic baffies. 

OAT! 2/81 
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REQUIREMENTS 

3.3 Desisn Reouirements continued 

3.3.3 Coolers and Pieing 

o I arc::en 

All water passag-es to be self draining to prevent 
freezing damage to coolers and piping in the 
event of an emergency shutdown in winter. 

Each exchanger shall be complete with .a gas side 
drain valve and water side vent and drain valves. 

All exchangers shall be designed for a water side 
fouling factor of 0.002 hr.~.ft • ..OF /B1'U. 

All eoolers shall be designed to cool the air 
stream to not more than iooF above tile incoming 
water supply temperature. Options for coolers 
with closer approach will be considered provided 
pawer saving is clearly defined. 

No cooler, including oil and motor coolers shall 
have tu~ diameters less than 5/8 inch. 

Vendor shall also fumish a water separator and 
automatic condensate trap for each cooler. Water 
separators shall be designed for efficient removal 
of water entrained in the air stream. Each trap 
shall include block and bypass valves. For each 
intercooler, a level switch shall be included, 
which will be used to sound an alarm in the· 
event of trap malfunction causing a build- up of 
water level. Level switch to be offered as an 
option. 

All piping shall be in accordance with the latest 
issue of the Code for Pressure Piping ANSI 831.3. 

All pressure vessels such a coolers, separators, 
etc., shall be fabricated in accordance with the 
requirements of the latest edition of the AS:\<IE 
Code for Unfired Pressure Vessels, Section VTII, 
Division I, (Code U Symbol). Stamping is required 
by the commissioned inspector of the National 
Board. Inspector must be licensed by the State 
in which the pressure vessel is to be used. This 
information to be noted on U-1 forms. 

Five (5) copies of manufacturer's data reports 
and nameplate rubbings shall be furnished. Data 
reports to be signed by a commissioned inspector 
nf •hp \lptinr.Pl !=l'"'a~r. 
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3.3 Desisn Requirements continued 

3.3.4 Lubrication System 

L. P. Larsen 

A complete system for bearing and gear lubrica
tion shall be supplied by vendor. The system 
shall include a full now oil cooler, dual full 
flow !'llters with a transfer valve, pres5ure relief 
valve, control valves, interconnecting piping, 
pressure gauges, temperature indicators, shaft 
driven main oil pump and electric driven auxili
ary oil pump. The system shall be capaole of 
furnishing oil to all bearings and gears during • 
eoastdown periods subsequent· t.o complete electri
cal power failUM!. The shaft driven system shall 
be designed to provide sufficient oil to all users 
in the event of reverse rotation of the compressor 
because of discharge check valve. failure. The 
eompr~r shall be designed so as not to be 
damaged in the event of reverse rotation. 

An Arnot type valve shall be included, which will 
automatically control oil· temperature by bypassing 
oil around the oil cooler. 

Filters and remove all particles of 10 micron and 
larger. 

Oil cooler tubes shall be 5/8" minimum diameter. 

Vendor shall. also fum~h an electric oil heater 
with thermostat control, sized to heat the oil 
prior to start-up duriJ:lg cold weather conditions. 
The auxiliary oil pump and oil heater shall each 
be rated for 460 volts, 3 phase, 60 Hz service. 

The pump motor shall be non-overloading with 
respect to pump c:haracter>istics. 

Vendor shall furnish all lube ·oil piping within 
the confines of his equipment such that purchaser· 
need only coMect supply and return lines between 
the equipment and the lube c:onsol. 
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3.3 Design Reauirements c:ontinued 

3.3.4 Lubrication Svstem continued 

It is intended that the system will furnish lubrication 
to all users including the main drive m.otor or 
turbine, gears, and c:ouplings (if continuously 
lubricated). In addition, the system may be used 
to furnish hydraulic power to speed governors or 
stator vane acttJator devices. High pressure 
pumps, control valves, etc. required for hydraulic 
power shall be included if required. 

3.3.S Gears and Couolimp 

Speed increasers and reducers shall be in accord
ance with AGMA Standard 421 and shall be sized 
for the· maximum horseoow·er and soeed or the 
driver, including all serVice factors:• 

All couplings used shall be selected to satisfy the 
torsional characteristics or the drive train. Couplings 
and spacers shall be dynamically balanced and 
couplings halves mounted by the vendor or supplier 
or the driver. 

Vendors quotation shall completely define proposed 
C<>uplings. Bendix type c:ouplings are preferred 
for high speed couplings. 

Removable coupling guards shall be suitable for 
all operating conditions and comply with all 
applic:able safety c:odes including OSHA. 

Vendor shall ·supply complete design c:haracteristic:s 
of all gear units including torsional data and 
critical speeds. AGMA service factors shall be 
based on the maximum output power of the 
driver including any driver service factor. 

* Vendor to state normally applied service factor in 
0 accordance with AGMA. Airc:o has a stated preference 

for an actual service factor which exceeds normal bv 
0.25, or more. · 
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3.3 Design Reouirements continued 

3.3.8 Electric Motor Drive ( One Required) 

The compressor drive motor shall be des~ed for 
operation with three phase, 60 hertz 13,BUO Volt 
supplied .to the motor terminals. The inotor shall 
have the following characteristics: 

Type: 
Enclosure 
Insulation 

. H61'sepower 
Service Factor 
Power factor 
Type Connection 
Excitation 
Speed 
Motor Starter 

Synchronous 
T. F.. N: AC 
Class 
3ZOQO 
1;0-. 
1.0 
Wye 
Brushless 
UJJD rpm m~ 
Across the line 
Uurnished by purchaser) 

Nameplate rating of the motor-, including all service 
factors, shall equal or exceed the maximum potential 
power requirement of the driven equipment. In 
addition, the motor shall be suitable for voltage 
vana tions of ! 10% under all load conditions. 

The motor nameplate shall show design voltage, 
phase~cycle, full load amperes, service factor, 

etc. 

Motor Starting Will Be As Follows: 

Across the line. Purchaser will furnish a 15 KV 
Class Circuit Breaker. 

L. ?. Larsen 2/81 
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REQUlREMENTS 

3.3 Design R~uirements continued 

3.3.S Electric Motor Drive continued 

I. P r 2~<=ec 

The motor shall be furnished with minimum of 
six (6) embedded resistance temperature detectors 
(10 OHM copper),2 per phase, in the windings, 
with leads brought out to a separate terminal 
box. 

In addition, vendor shall furnish a complete 
monitor package capable of determining the 
temperature rise of the motor cage bars, cage 
end rings and rotor field winding. A complete 
system including readout meter such as G.E. 

· Rotector or equal shall be furnished. 

The motor shall be furnished with soacf! heaters 
with leads brought out to a separate terminal 
box •. 

The motor is to have brushless excitation. 125 
VDC Pilot exitation voltage will be furnished by 
purchaser. 

Motor shall be supplied with a free standing 
terminal box. 

The terminal box shilll be : 

4 ft. wide x 4 ft. dei!p x 6 ft. high and made of 
!HO gauge shef!t stef!l with both sides and front 
-removable. The stator and neutral leads in the 
box shall be in the form of a bus braced to 
withstand 750 mva short circujt and taped to 
insulation level of 15 kv ungrounded. 

Motor vendor shall furnish and install lightning 
arrestors and surge capacitors. Connection be
twef!n the bus and lightning arresters and surge 
capacitor shall be made with nonshielded cable 
rated 15 kv ungrounded. 

:VIotor vendou• shall supply and install three (3) 
self-balancing window type differential current 
transformers. Current transformer ration shall be 
50/5 with wiring terminated at a four (4) ~oint 
terminal block. These items are to be housed in 
the motor terminal box. 

.t.POQQV!C 
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3.3 Design Re<lurements continued 

3.3.6 :Electric. Motor Drive continued 

A rectangular bus duct shall be furnished between 
the motor stator and the back of the terminal 
box. 

The duct shall contain si"C (6) copper bars, three 
(3) for the stator and three (3) for neutral leads, 
and all shall be braced to withstand 750 mva 
short circuit. . Bolted connections shall be: used 
between the bus bars and stator leads. 

Continuous current rating of all bus bars shall be 
· 12596 of stator current, both in the duct and in 

the terminal box. 

A Dynalco pro~mity pick-up device with two 
contacts shall be furnished. The low . speed 
contact shall be normally closed· and used as 
part of the locked rotor protective arrangement. 
The normal open high speed contact will be 
used (at Airco option) as part of the· exciter 
field application control circuit. 

It a WP II enclosure is specified, inlet air filters 
shall be furnished and mounted by the motor 
manufacturer. 

If a T.E.W.A.C. is specified, the water to air 
cooler(s) sh~ be side or bottom mounted. Cooling 
water supply· is outlines in Section 3.2.3. A loss 
of cooling water flow switch shall be included 
for each cooler ·furnished. 

Two (2) grounding brushes to bE! provided by 
·vendor to take stray currents off motor shaft, 
and ground to bearing pedestral fHt. 

A reference mark shall be permanently scribe<j 
on the motor shaft so that actual F .L. Magnetic 
center with respect ·to the motor housing can be 
easily located for initial field arrangement. 

•••"~!" ev L. P. Larsen ::lA1'! 2/81 
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3.3 Design Requirements continued 

3.3.S Electric Motor Drive continued 

The motor half of the drive coupling shall be 
mounted on the motor shaft by the mo_tor manu
f'acturer. 

I! available. an option shall be offered for ·a low 
noise level design motor. Complete details for 
evaluation shall be included. The motor starter 
will be furnished by purchaser. 

The motor rotor shall be balanced such that 
vibrations will be limfted to 1.: O mils peak to 
peak maximum, as measured on bearing cap. 

It shall be the compressor vendor's responsibility 
to perform e. complete torsional analysis .of the 
drive system to insure proper operation of' all 
equipment. A torsional analysis report is re
quired. 

The motor supplier shall furnish complete engineer-
. ing details of field pole and .stator coil winding 
and assembly, including dimensioned drawings. 
Only motor vendors willing to furnish complete 
design information requested will be considered 
acceptable bidders. 

Airco reserves the right to select the motor 
which will become part of the purchase order. 
Vendors quotation must clearly define cost dif
fel_"ences, if any, for purchasers evaluation. 

0 

n 

Main Air Compressor Sheet 1 7 ,..,f ifi 



/NRCO lndustlial Gasas 0 STANOAROS 

0 INSTRUCTIONS 

0 SPECIFICATIONS 

OOATA 

Ho. 0-251-17.-3 

TITl..E 

3.0 

Plant 15 

MAIN AIR COMPRESSOR CP-11 

REQUIREMENTS 

3.3 Design Re<:Juirements continued 

3.3.7 Steam Turbine Drive ( Two Required) 

...... • __ .;I ... 

Steam turbine drivers, when specified, shall be in 
accordance with API Standard 612. The turbine 
shall be rated to deliver the ~quired horsepower 
!or the Case B Rated conditions. The steam rate 
guarantee shall apply to Case A normal conditions.. 

The turbine shall be rated !or the following 
steam conditions: 

• Steam inlet pressure, psig goo 
• Steam inlet temperature, O'f. 750 
•. · Steam exhaust pressure, psig -13 
• steam exhaust· temperature, °F. 116 

The main steam· condenser, it required, will be 
furnished by purchaser. Air ejector and overpressure 
relief shall be includ.ed in the scope of supply. 

The turbine vendor shall furnish gland. condensers 
as ~ired to minimize steam l~. Gland cond
ense~ shall be TEMA "C". 

Labyrinth seals are preferred. 

BeSl'ing lubrication shall be supplied from the 
common lube system specified in paragraph 3.3.4. 

A sentinel warning valve shall be furnished. 

A separate trip and throttle valve shall be supplied. 

The turbine speed gov~mor shall be NEMA Class 
D or better. The govenor shall be furnished with 
an actuator arranged to receive an e~ernal 
signal to set the control point of the governor . 
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3.3 Desisn Requirements continued 

3.3.7 Steam Turbine Drive continued 

Purchasers control signal will be 4 to 20 milliamps, 
24 V.D.C. 

Vibration probes of the displacement type shall 
be furnished for X-Y and axial displacement 
protection. Vendor shall furnish probes, cables 
and oscillator - demodulators suitable for use 
with Bently-Nevada series 9000 or 7200 or equal 
monitor. All vibration equipment shall be wired 
to a common terminal box. A key phasor (optional) 
to be provided to permit a complete and accurate 
analysis at _-any time. · 

A local panel shall be f:irnished by the turbine 
vendor and shall include pressure gauges for 
steam inlet and exhaust, seal pressure, lube oil 
pressure, and control oil pressure (if applicable); 
speed indicator, and necessary local control components 
required tor local starting of turbine. 

In addition, primary control components for the 
turbine operation and startup, including a tachmoter, 
shall be furnished for mounting in purchaser's 
main control room panel. 

The turbine vendor shall recommend any additional 
controls or equipment necessary for proper operation 
of the turbine. 

•At.,..,. !l'< 9Y __ ..;;;L;.... _P_. __ L"'"a"'"r<:"-_e.;;..;n ____ ;)A '1'1!:2/ 81 
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3.3 Design Requirements continued 

3.3.8 Inlet Air Filtration 

' Purchaser will supply the inlet air tilter. A dey 
type mter with a nominal efficiency of 95% at 2 
microns is anticipated with a average pressure· 
drop of 0.2 psi. A system with a lower average 
p~ drop such as 0.1 psi may be considered 
i! a significant power savings· can be realized. 

w•tT,.. IH 9"1' L.P. Larsen 

Pl ant· 15 

· The comprel5Sor desigri -shall. be such that its 
performance is not impaired by the residual dirt 
not caUght in the filter• 

The ·eompressor shall not require cleaning of the 
internals more th8n . once ev~ry three· years. 

Vendar shall advise· tiltration requirements for 
, maximum efficiency and maintainance intef'V&l of 

the compression equipment. ... 

OAT!: 2/81 
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REQUIREMENTS 

3.3 Design Requirements continued 

3.3.9 Capacity Control 

Variable stator vanes iricluding linkage an.d actu
ator with positioner shall be furnished for capacity 
control. I! turbine drive is specified, .vendor 
may propose variable speed control and/or variable 
stator vane control in order to obtain maximum 
turndown capability. Purchaser will furnish an 
electrical actuation signal of 4 to 20 milliamps 
at 24 VDC. If a pneumatic signal is required, it 
will be 3 psig to 15 psig. 

Airco will furnish the anti-surge valve. 

Blow-off valve shall be sized so that with full 
compressor flow through. the valve; no more that 
6096 of full discharge pressure c:an be obtained. 

A NEMA 4 limit switch shall be furnished with 
the stator vane actuator to be wired by purchaser 
into a permissive start circuit. Limit switches 
to be SPDT. 

The purchaser will supply a control panel with 
the capacity control and anti-surge system. Control 
system details will be furnished to vendor for his 
review and certification that the systems are 
acceptable· and their use in no way compromises 
the compressor warranty. 

_, d.J. 
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3.3.10 Instrument and Protective Devices 
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Plant 15 

The vendor shall provide tapped and capped 1/2" 
connections !or the purchaser to coMect . to !or 
remote indication of the following: · 

l. Discharge and inlet pressul"! of each 
compression stage or section. 

2. Oil pressure · to the bearings 

The vendor shall supply and locally mount on the 
compressor or· compressor {:liping the following 
instrumentation: 

l. 
. . 

:Cual element, type T CQPper-constantan 
thermocouples in a 3/4" stainless steel 
thermowell complete with wiring" to .a 
terminal strip in a NEMA rv head with 
SC?'f!Wed conduit connection. 

a. Inlet and discharge each compression 
stage or section 

b. Lube oil supply header 

2. Bearing temperature thermocouples, type T, 
copper - constantan wired to terminal strips 
in common NEMA rv conduit boxes for the 
compE"eSSor, spe1!d increaser gear, and driver. 

3. 3/4" plugged coMection inlet each stage for 
purchaser supplied thermowells and temperature 
switches. 

4. Temperature switch with thermowell for lube 
oil supply temperature alarm and shutdown. 

:IA 'I"! AP•llCV!C 
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3.3 Desisn Requirements continued 

3.3.10 Instruments and Protective Devices continued 

1...r-. ursen 

S. Dial Thermometers With Thermowells (5" 
dial) 
a. Lube oil sump 
b. Lube Oil supply header 
c. Vendor standard supply 

6. Pressure Gauges (4-1/2" dial si:ze) 

a. After lube oil pump 
b. After lube oil· filters 

7. Sight Flow Indicators 
a. Each lube oil return line 

8. PressUl."e Switches 
a. Lube oil system (alal."m at decreasing 

oil pressure) 
b. Lube oil system (start auxiliary 

lube oil pump) 
c. Lube oil system (shutdown machine 

if oil pressUl."e continued· to fall) 
d. Lube oil system (close interlock 

to allow starting main drive.) 

9. Flow Switch - loss of water now to motor 
cooler· (if applicable) 

10. Level switches 
a. Oil level - alal."m on low oil level 
b. Condensate level each intercooler 

- alarm on high condensate level. 
(optional quota ti on) 
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3.3 Design RequiM!ments continued 

3.3.10 Instrument and Protective Devices continued 

11. Vibration Probes 

Vibration probes of the displacement type 
shall be furnished for X-Y protection of 
all shafts including compressors, gears, and 
drivers, and for axial di.splaceme~t of all 
high speed shafts. All probes shall include 
cacle and proximeters (oscillator- .demodulators) 
mounted in local ·NEMA 'N CQnduit boxes. · 
Purchaser ·will CQnnect all vibration equip-
ment to a Bently-Nevada Series 9000 or 
equal monitor. Vendor shall quote option 
!Of' keyphasor probe. 

12. Limit Switches (NEMA 4) 

l. Stator vane positioner - prevents' starting 
· unless inlet is closed. 

All pressure gauges shall be supplied with isolating 
valves to allow removal . for service during operation. 

All alarm, shutdown, and permissive devices shall 
contain two (2) DPDT switches. Alarm and 
shutdown devices shall have contacts rated for 
120 volts A.C., 10 ampere minimum. permissive 
devieca choll hovo eontacta raated for 136. volta 
D.C. with a minimum 10 ampere contact rating. 
All switches shall be wired by the vendor to 
terminal strip inside a machine mounted terminal 

· ·box and clearly marked. 

All pneumatic fittings shall be Swagelock. 

Dial thermometers to be 5 inch dial, hermetically 
.sealed, external calibration and every angle designed. 
Airco will furnish and install a local CQntrol 
panel including vibration monitors, annunciators, 
etc. 

•••T~,,. "" L. P. Lar:o;en ? I~ 1 
Oat._ 
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MAIN AIR COMPRESSOR CP-11 

REQUIREMENTS 

3.3 Design Re<Juirements continued 

3.3.11 Vibration Limits (Compres:sors &: Turbines) 

Vibration levels including shaft runout during shop 
test or during operations in the field shall not 
exCffd the following value or 2.0 mils, ·which
ever is less. 

Double amplitude in mils = J' 12,000 
sna.tt rpm 

Electrical runout or "glich" shall not exceed 0.25 
mils. If the vendor can demonstrate that this is 
present but does not exceed 0.25 mils, he may 
add this to the above limits. 

3.3.12 Noise 

All equipment shall be designed for quite opera
tion. Vendor's quotation shall include expected 
sound level· data for his equipment· and optional 
extras available to reduce noise levels of his 
standard equipment. 

Sucessful vendor will be required to supply noise 
level data for his equipment for purchaser's use 
in evaluating equipment layout and plant noise 
control. 

Sound pressure level data shall be expressed as 
db ref 0.0002 microbars or daA. Sound power 
level data shall be expressed as db ref 10-12 · 
watts. Data shall be shown for octave band 
center frequencies of 63, 125, 250, 500 1000, 
2000, 4000, and 8000 Hz, and overall levels. 

Vendor shall quote optional extra for noise hoods 
lagging etc. to reduce noise to 90 dbA at 3 ft. 
from any surface . 

.. : d 1. 
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3.0 REQU!REMEN'l'S 

3.3 Design Requirements continued 

3.3.13 Special Tools 

Special wrenches or tools required for erection or 
maintenance or the equipment shall be furnished 
by the vendor. 

3.3.14 Scare Parts 

Vendors proposal shall include a priced list of 
sPare parts . as follows: 

· 1. Compressor rotor 
2. Gear· set 

- 3.. High spee<1 ceupling 
:4· ·Turbine rotor Ci! aP,plicable) 
5. Motor· stator coils 
6. Motor Field Pole 
1. cc)mpressor bearing (set) 
8. Motor or turbine bearings (set) 
9. Speed increaser bearings (set) 
10. compressor (and turbine if applicable) seals 
11. Gaskets, shims, 0-rings; etc. ·required _ 

fer startup and first year operation 

... , T~ !l'f av L. P. Larsen ::1"1'! 2; 81 
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3.0 REQUIREMENTS 

3.3 Design Requirements continued 

· 3.3.lS Tas:gins and Marking 

Eac.h and every component and accessory shall be 
identified by name and number if assigned. Metal 
or plastic tags wired to the item are accep~able. 
A suitable substitute can be pressure sensitive 
backed plastic tape with embossed numbers and 
letters provided that clean, nat and smooth 
surfaces are available for application. 

All wiring terminals in junction boxes and control 
panels shall be identified with letters and/or 
nu.mbers col"t'esponding with the wiring 
schematics. · · 

3.3.16 OSHA Reg'Ulations 

All equipment furnished shall conform to all 
applicable regulations of the Occupational Safety 
and Health Adminsitration when properly installed 
and maintained. 

3.317 Maintenance 

The unit shall be designed to minimize required 
maintenance shutdowns. The ability to run 
continous for 365 days without a required main
tenance shutdown is required. Any maintenance 
task that requires a shutdown at intervals less 
than 365 days snail be specified in the proposal. 

Plastic tube type markers shall be used to identify . 
all electrical wiring. 

•••1"'":"!,,. gy L. P. Larsen 4POctCV!0 
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3.0 REQUIREMENTS 

3.3 Design Requirements continued 

3~.18 Pain tin( 

All equipment shall be painted in accordance 
with manufacturers standard for the service 

·intended. Vendor's proposal shall completely 
describe proposed paint schemes. 

I 

-

-. 

' 
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3.0 REQUIREMENTS 

3.4 Adminsitrative Reauiremen ts 

Plant 15 

3.4.l Information to be Suoolied with Prooosal 

The vendor shall supply the following in the 
Proposal: 

1. Completed forms "' 6echtel Data ·Sheets· 

2. Price and Delivery Definition. 

3. List of all exceptions to this specification. 

4. Performance guarantee and mechanical 
warranty. · · 

5. Rei:?Ommended spare parts list including 
prices. 

6. Description of all tests to be performed 
including descriptions of test procedures 
and data to be supplied purchaser to con
firm reported test results. 

7. Performance Curve 

8. Schedule of promised drawing submittal 

3.4.2 Drawings and Manufacturing- Schedule 

Within twelve (12) weeks from date of purchase 
order, the Vendor shall submit one ·(1) reproducible 
copy of the following drawings for purchaser's 
review and approval. These shall include, but 
not be limited to: 

l. Gas flow schematics 

2. Lube system schematic 

3. Electrical schematic - as applicable; defining 
HP or KW of all pumps, heaters, etc. 

~. Bill of materials for all supplied hardware 

'o. La~~en '.U81 
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MAIN AIR COMPRESSOR CP-11 

3.0 REQUIREMENTS 

3.4 Administrative Reouirements continued 

3.4.2 Drawings and Manufacturing Schedule continued 

L.P. Larsen 

Pl ant l!). · 

5. External Drawing - CHving details on envelopes, 
instrument locations, coMection locations, 
~ accessibility dimensions, and. installation 
requirements. 

6. External drawings of all items that require 
.some sort of connection or installation by 
Airco 

1. Water schematic 

8. Thermal rating ·sheets for coolers 

9. B'echtel Data· ·Sheets 

10. Motor Winding Information· Data Sheet 

The Vendor shall supply one (1) reproducible and 
six (6) .copies of. certified drawings of the above . 
within six (6) weeks after return of &{)proved 
drawings by Purchaser. 

One (1) complete set of final drawings is to be 
included in each Operation and :vtaintenance 
Manual. 

Within three (3) weeks from date of purchase 
order1 Vendor shall prepare. and submit a manufacturing 
schedule showing scheduled dates. for completion 
of engineering, drawings, purchasing, casting, 
machining and assembly of major components. 
This schedule shall be revised with actual dates 
of completion of the above activities and reissued 
on a monthly basis ~until the unit is shipped. 

Drawings and manufacturing schedules shall be 
sent to the following: 

Air.co Cryoplants 
460 Mountain A venue 
Murray Hill. N.J. 07974 

Attn: Central Files 
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3.0 REQUIREMENTS 

3.4 Administrative ·Reouirements continued 

•• , T"':" E~ 9Y 

Plant 15 

Six (6) copies of Operating & Maintenance Instructions 
·Manual with parts list shall be furnished by the Vendor. 

This manual shall give full mechanical details of all parts 
included in the order. The manual shall. for all equip
ment, cover all CtJnditions of operations including initial 
run-in and start-ups from CtJld to warm condition and 
regular inspection & maintenance procedures. 

The manual must be specifically written for the purchased 
machine and its support systems and accessories. It must 
not be a general booklet containing information not 
applicabie to the purchased machine. Any statements In· 
the supplied material and subvendor material not applic
able to the purchase machine shall be cressed out. 

All subvendor material shall be marked by an identifyiing 
name or number which clearly defines what piece of 
equipment it is and where it is used. 

The manual shall define all required lubricants. It shall 
specify the type (e.g. oil grease,· etc.) the basic characteristics 
(e.g. lithium base, viscosity, etc.) and various brand 
definitions (e.g. Shell #3, etc.) including quantity requirements 
and service intervals. 

The above must be furnished a minimum of two weeks 
before shipment of the unit. 

In addition, vendor shall furnish five (5) copies of all 
test reports and torsional and lateral analysis reports 
as soon as available. Performance test reports shall 
include all data, sample calculations. test loop diagra_ms, 
and certified test performance. 
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4.0 TESTING AND GUARANTEES 

4.1 Inscection 

All material is subject to inspection in Vendor's shop and 
Vendor's suppliers shops. Vendor shall give purchaser at 
least one (1) week notiCf! prior to hydrostatic test, mech-> 
anical test, and performance test so that .a representative . 
of purchaser may be present. 

4.2 Testing 

Plant 15 

4.2.l Shoo Tests 

Compressor shall be given a mechanical running
test and iull performance test at the Vendor's. 
shop. . Vendor shall iurnish a complete per
!ormanc:e. test report containing the compressor 
performance curve showing the pressure, thru-out 
and p(>wer relationship plotted irom at least rive 
test. poinu, vibration log· data, bearing oil temP'"' 
eratures, 'interstage pressures and temperatures, 
etc. Sample. C$lculations !or now, pressure, and 
HP shall be provided. 

Compressor casings ar1! to be hydrotested at 
1SOCJ6 of design pressure. 

Vendors proposal shall include a complete descrip
tion of his test procedures for .purchasers review 
and acceptance. Separate prices shall be included 
ior all which are not standard. 

The lollowing standard tests shall be . performed 
on the main electric motor drive~ 

J...r • ._;.,;:oc11 

a. Resistance measurement of armature 
and field windin~ 

b. Polarity of fields. 
c. Di~lectric test of windings. 
d. check air gap (by gauge.) 
e. No load field current check at normal 

voltage and frequency. 
f. No load saturation curve determination 

( at vendor's option.) 
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4.0 TESTING A..1.'fD GUARANTEES 

4.2 Testing continued 

Plant 15 

4.2.l Shop Tests 

4.2.2 

·o 

In addition to standard motor tests, vendor shall 
offer an option for tests required to guarantee 
motor efficiency. 

I! a stream turbine driver is soeci!ied, vendor 
shall perform tests required by API 612. In 
additions, vendor shall include an option for a 
turbine performance test. Complete details of 
the proposed tests must be included. 

Field Tests 

I! desired by Purchaser, a field test will be 
performed at the job site by Purchaser. Vendor 
shall be given advance notice so that representa
tives may witness the test. The test shall 
demonstrate the ability of all equipment to 
operate at the· specified conditions and within the 
guaranteed .power limitions. 

The instrumentation installed with the unit will 
be used for this test. No other special instrument
ation will be used or required. Purchaser's standard 
flow measurement instruments shall be used to 
determine the air now through the compressor 
system. 

In addition to abtaining design point data, the 
test run ·wm be utilized to determine the 
follow in~ 

a. 

b. 

c. 

d. 

Calculate each stage adiabatic efficiency 
by temperature rise method. 
Check intercooler pressure drops with 
respect to design values. 
Determine motor input power from measure
ment of volts, ampere, and power factor. 
Determine turndown capability and surge 
line data for proper calibration of the 
anti-surge controls. 

L. P. Larsen :JAT!: 2/81 •P••ov!.O 
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Vendor's proposal shall include guarantee and tolerances 
for the following: 

a:. Capacity as defined in Section 3.2.3 
b. Compressor sha!t BHP 
c.. Kilowatt input to mo~or 

Vendor's proposal shall include a statement that the proposal 
is in complete acccrdance with these specifications. 

Compressor manufacturer shall have overall responsibility 
for the mechanical and electrical performance of the unit 
meeting guaranteed values and for the complete compressor
drive system being free of any adverse mechanical er 
electrical torsional characteristics at operating conditions. 

The vendor shall guarantee· against incorrect design, de
fective materials, poor workmanship and failure .from 
normal usage. During the guarant!M! period, he. shall repair 
or replace the defective equipment ·at his expense. He 
shall also state the terms and conditons of his guarant!M!. 
This guarantee shall be for a minimum of one year from 
the date of start-up or 18 months from date received at 
site, whichever is first. 

The vendor shall guarantee all equipment to be suitable 
for all possible operating conditions including pessible 
upset conditions up to safety device set points. Vendor 
shall define any safety valve setting and any other safety 
trip parameter required to protect. the equipment. 

L. P. La!'sen 2181 
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Delivery schedule shall be specifled starting from the 
date of receipt of order. · 

Vendor shall state time ~ired to submit drawings .for 
approval and time alloted for drawing approval in order 
that he meet his speeified delivery. 

5.2 PM!oaration for Shioment 

All gas, water, and oil piping shall be cleaned and pickled 
before shipment. Any piping components that are dis
assem_bled before shi"ment are to be sealed from any . 
contaminating elements after cleaning. · 

All open connections in the "as shipped" condition shall be 
blanked with metaj or wooden covers bolted to the flanges. 
Threaded openings shall be closed with threaded plugs. 

Plant 15 

All water shall be drained from the unit and accessories 
before shipment. 

If' waxes or other protective coatings are used, they shall 
be of a type not requiring removal or easily removable 
without dismantling the unit. 

Vendor to label all disassembled parts, valves, instruments, 
piping, etc., for ease of assembly at site and to furnish a 
list of such parts. It shall be the vendor's responsibility 
to insure that the packages are sized to. allow delivery to 
the job site. 

The vendor shall adequately support or crate the unit to 
witt-.stand all shippping loads without damage. The vendor 
shall adequately' tie down to the shipping vehicle the unit 
to prevent damage en r.Pute. 

It shall be the vendors's responsibility to repair or replace 
any items damaged during shipment. All insurance claims 
shall be processed by the vendor. 

Vendor shall notify Airco Cryoplants of all shipping dates 
which shall include all pertinent shipping information, 
including but not limited to: name of carrier, way -bill 
number, estimated time· of arrival at the job site. 

L. P. Larsen 
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S.O Delivery 

5.3 Shipment 

Vendot" shall clearly state in his pl"Oposal the tel"ms and 
c:cnditions of shipment. Charges, i! any, are to be 
established in the pl"Oposal. 

5.4· Accectance 

Plant 15 

Final acceptance of this unit shall be reserved until 
installed. operated and continuous perfot"mance fol" a 
minimum of 2.4 hoUt"S shows that design requirements an= 
met. Operation and continuous performance shall be 
witnessed by .the accepting Airco Cryoplants' repr-e
sentative. 

1.. • .1:'. 1..arsan 
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TITLE 
COLD BOX SPECIFICATION 

SCOPE 

1.1 General 

The Edmonton Works will supply prefabricated cold box 
structures containing all required equipment and piping 
for the column section and pure argon section of an air 
separation unit to be installed in the Breckinridge, 
Kentucky area. 

This specification lists requirements for design, fabrica
tion, testing, and preparation for shipment, that pe_rtain 
to Edmonton supplied equipment. 

1.2 Scope of Edmonton Supply 

Edmonton will furnish three (3) shop fabricated cold boxes to house 
the following major prepiped components: 

Quantity 

3 
3 
3 
3 
3· 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 

Item No. 

· SP-32 
C-30 
RB-31 
RB-31A 
C-25 
HE-36 A&:B 
HE-:-26 A&:B 
HE-23 
HE-2.4 A&:B 
D-27 A,B&:C 
D-37 A&:B 
RB-28 
C-29 
HE-33 
HE-40 
SP-48 
C-49 
SP-492 
RB-493 
HE-494 

Description 

Flash Separator 
Low Pressure Column 
ASU Reboiler 
ASU Auxiliary Reboiler 
High Pressure Column 
Reflux Nitrogen Subcooler 
Rich Liquid Subcooler 
Oxygen Product Heater 
Waste Nitrogen Heater 
Rich Liquid Adsorbers and Filters 
Guard Adsorbers and F llter 
Crude Argon Condenser 
Crude Argon Column 
Product Oxygen Subcooler 
Argon Heat Exchanger 
Hydrogen Separator 
Pure Argon Column 
Crude Argon Surge Tank 
Pure Argon Column Reboiler 
Pure Argon Column Condenser 
Process Piping 

·o 

Drawings 0-251-4Y-14, 0-251-4Y-15, and 0-251-4Y-23 fully define Edmonton's 
scope of supply. Cryogenic equipment associated with pure argon system 
to be located in one coldbox. This equipment includes HE-40, SP-48, C~9. 
SP-492, RB-493, and HE-494. 
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COLD BOX SPECIFICATION 

SCOPE (continued) 

1.3 Definition of Terms 

Throughout this specification, "MurrayA'Hill refers to Airco 
Cryoplants, Murray Hill, New Jersey, and "Edmonton" refers to 
Cryoplants Limited, Angel R<;>ad, Edmonton. "AIG" ·refers to Airco 
Industrial Gases Di .. vision. 

2. . APPLICABLE DOCUMENTS 

The following publications form a part of this specification to the extent 
indicated under _Section 3. 

Drawings 
0-251-4Q-38 · Air Separation ·Section Process. Flowsheet 
0-251-4Q-34 · Argon Purification Process Flowsheet 
0-251-4Y-14 Guard ancl R.L. Adsorber P & I Diagram 
0-251-4Y-15 Air Separation Unit P & I Diagram 
0-251-4Y-23 Argon Purification Coidend P & I Diagram 

Codes 
ASME Section Vlil (Division 1) 
ANSI B31.3 

3. CONTRACT REQUIREMENTS 

This specificatiqn establishes design parameters for Edmol!_tori. Murray 
Hill will proceed with overall plant d~sign on the assumption that 
deviations from these provisions will be cleared with Murray Hill • 

. The specification under 3.1 and 3.5 are Edmonton's guarantee numbers. 
They represent the basic design case for which the plant shall operate at 
best efficiency. 
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Oxyqen, nitroqen, crude argon, and pure argon products 
will conform to the following: 

3.1.l Product Specifications 

Liquid and Gaseous Oxygen 

Desiqn Oxygen Content 

Liquid and Gaseous Nitrogen 

Desiqn Nitroqen Content 
(including inerts) 
Desiqn Oxygen Content 

Crude Liquid Argon 

Design Argon Content 
Desiqn Oxygen Content 
Desiqn Nitrogen Content 

Pure Liquid Argon 

Design Argon Content 
Design Oxygen Content 

99. 5% (v/v) 

99.9998% (v/v) 
2 ppm (v/v) 

96.5% (v/v) 
2.0% (v/v) 
l.5% (v/v) 

99.999% (v/v) 
2 ppm (v/v) 

3.1.2 ~ Seoaration ~ - Performance 

Production capacity of each air separation 
unit will be as follows: 

Stream 

Liquid Oxygen 
Gaseous Oxygen 
Net Crude Liquid Argon 
Liquid Nitrogen 
Gaseous Nitrogen 

Flow Rate (SCFM)* 

1678 
26,473 

808 
189 

17,774 

Purity % V/V 

99.6% 
99.6% 
96.5% 
<.2 ppm o2 <2 ppm o2 

The Edmonton equipment shall meet these production rates 
when the interface flow conditions are as specified in 
Sect. 3.5.l. Interface Flow Conditions - ASU, of this 
specification. Edmonton will be allowed a 3% tolerance on 
air flow. 

*SCFM measured at 70°F and l ATM ABS 

Plant 15 ASU Cold Box Specification Sheet 5 of 27 



/r\JRCO CRYOPlANTS CORPORA Tl ON 0 S'T' AN OARCS 

0 INSTin.JCTIONS 

Q s;::i~CIFICATIONS 
OoATA 

H 0. 0-251-lZ-8 

TITLE COLD BOX SPECIFICATION 

3. CONTRACT REQUIREMENTS 

3.1 Product Requirements (continued) 

3.13 Pure Argon Section - Performance 

Production capacity of thli! pure argon section will be as 
follows: 

Pure Liguid Argon 

Tu~ndown Cap~city 
Design Capacity 

SCFM* 

774 
2554 

The turndown capacity applies when processing crude argon 
from only one ASU. 

The design capacity applies when processing crude argon 
from all three ASU's, plus ~096 added for contingency. 

Edmonton shall guarantee a flow of 2322 SCFM of pure 
liquid argon to Murray Hill storage based on the -interface 
flow conditions of section 3.5.2 of this specification. 
Except for turndown cases, no addition& tolerance than thf' 
396 air flowrate to the main ASU will be allowed. 

·~CF!':ti measured at 10·°F and 1 ATM absolute 

3.2 General Design Requirements 

Plant 15 

Drawing no. 

0-251-4Y-14 
0-251-4Y-15 
0-251-4Y-23 

Title of P &: I Drawings 

Guard and R,L, Adsorber P &: I 
. Air Separation Unit P &: I 
Argon Purification - Cold End P &: I 

Changes in cold box supply, piping, or equipment fittings must be 
effected by changes to these flowsheets (when such items are 
normally cjefined on the P &: I drawings). 
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3. CONTRACT REQUIREMENTS (continued) 

3.3 General Design Data 

Flow Measurement 

The base for measurement of scf is 14. 7 psia and 100F. 

Climatic Conditions 

Dry bulb temperature 
Wet bulb temperature 
Barometric pressure 

Design pressure ratings 

High pressure system · 
Low pressure system 

Earthgua:ke 

Zone No; .2 (UBC 1976) 

Roof loads 

Live load - 20 lbs/sq ft 

.... Wind loading 

96°F 
78°F 
14.5 psia 

125 psig 
25 psig 

To meet Kentucky area· requirements, use: 

0-30 ft 
30-50 ft 
50-100 ft 

Over 100 rt 

Cold box datum 

20 lbs/sq ft 
25 lbs/sq ft 
30 lbs/sq ft 
40 · lbs/sq ft 

The top of the cold box foundation is assumed to be at 
the base elevation of 100 f.t. 

3.4 Operating Requirements 

The following provisions are consistent with Airco Cryoplants 
commitments. · 
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3.it Operating Requirements (continued) 

3.4.1 Derime 

Process air saturated with water at 85 psig and so°F, will 
be warmed to 150°F, reduced in pressure to 20 psig and used 
for plant derime. 

Rich liquid and guard adsorbers will be bypassed during plant 
derime; then reactivated after startup with medium pressure 
nitrogen taken from the warm end of the reversing heat 
exchanger. 

3.4.? CQol Down 

Saturated air from the direct cooler will be used for cool 
. down from ambient to normal operating temperatures. 
Ads.orbers will be bypassed. 

Cool down may be speeded by pumping LQN into the top of the 
low pressure column. 

3.4.3 Tum Down 

The ASU columns shall operate at 70% design air now without 
loss of either oxygen, nitrogen or .crude argon purity. 

The pure· argon column shall operate at 30.0% of the design 
crude argon feed rate without loss of pure argon purity. 

3.4.4 Adsorber Reactivation 

Adsorber reactivation and cool down must be completed within two 
eight hour shifts. Reactivation will be done with medium pressure 
nitrogen from the warm end of the reversing exchanger. 

Adsorbers will operate a minimum of two weeks b·etween 
reactivation. 

3.5 Process Design Requirements 

Process Flow Diagrams. 0-251-4Y-a3 and 0-251-4Y-i34 will be used 
for process definition of Edmonton equipment. 
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3.5 Process Design Requirements (continued) • 

Plant 15 

Changes to these issues will require acceptance by .both Edmonton 
ani:i Murray Hill. Purchase specifications for all equipment must 
be submitted to Murray Hill for review. 

3.5.1 Interface Flow Conditions - ASU 

The three air separation units will be designed to operate 
under the interface conditions shown below·. Edmonton will 
be allowed 396 tolerance on air flow. 

Air Feed to Column 

High Pressure Liquid Nitrogen 
to Column (Subcooled Liquid) 

W~~e Nitrogen to RHE 

Medium Pressure Nitrogen into RHE 

Liquid Oxygen Product 

Liquid Nitrogen Product 

Crude Argon Gas from Pure 
Argon System 

Oxygen Gas into RHE 

Air to Pure Argon Column 
Reboiler 

L.iquid Air from Pure Argon 
Column Reboiler 

Crude Argon to Pure Argon System 

143,826 SCFM 
psia 
OF 

2,693 SCFM 
psi a 

. OF 

96,799 SCFM 
psi a 
OF 

20,600 SCFM 

1,678 
49 

-300 

189 
20.3 

-316 

281 
20.1 

-297 

26,47~ 

370 
96 

-275.4 

370 
95 

-279.7 

l,089 
20.3 

-297 

psia 
. OF 

SCFM 
psi a 
OF 

SCFM 
psia 

OF 

SCFM 
psi a 
OF . 

SCFM 
psi a 
OF 

SCFM 
psia 

OF 

SCFM 
psi a 

OF 

SCFM 
psi a 
OF 
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3.5.l Interface Flow Conditions - ASU 

Low Pressure Nltrogen to 
Reversing Exchanger 

Liquid Oxygen into and out of 
Guard Adsorber 

(continued} 

17,774 SCFM 

30,140 

psia 
OF 

SCFM 
psi a 
op 

3.5.2 Interface ·Flow Conditions - Pure Argon Section 

The pure argon section will ·be designed to operate under 
the interface eonditiOAS shown ·belo~ 

Liquid A.fr to· L.P. Column 

Waste Argon from Pure Argon. Column 

Warm Argon from Argon Heat 
Exchanger HE-40 

Warm Argon into Argon Heat 
Exchanger HE-40 

Pure Liquid Argon to Storage 

Pure Argon Vent Gas from Storage 
T;artk and Trailer Flash · 

Crude Argon Gas to ASU 

Air from HP Column 

ASU Cold Box Specification 

1110 
95 

-279~7":' 

51.6 

2778.S 

2728.9 

2524.6 
44~0 

-281.8 

201.8 
20.3 

-297 

- 843 
20.l 

-297 

1110 
96 

-275.4 

SCFM 
psi a 

OF 

SCFM 
psi a 
OF 

SCFM 
psi a 
OF 

SCFM 
psia 

OF 

SCFM 
psia · 

OF 

SCFM 
psi a 
OF 

SCFM 
psi a 
OF 
SCFM 
psi a 
Of 
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3. CONTRACT REQUIREMENTS 

3.5.2 Interface Flow Conditions - Pure Argon Section (continued) 

Crude Liquid Argon from ASU 3267 SCFM 
20.1 psia 

-297 Of 

3.5.3 Column· Design ; 

Anticipated tray stacking for the ASU columns is shown in Figure 2. 
Edmonton will confirm Airco's tray stacking or· recommend changes. 

· 3.5.4 Rich Liquid Subcooler (HE-26) 

Oversize by 50% as an allowance for fouling. 

3.5.5 Waste Nitrogen and Pure· -Nitrogen Subcooler-. 

To insure that adequate wast·e flow can be achieved on off 
design conditions, the waste nitrogen piping and subcoolers 
should be designed to meet design pressure drop at 105.% of 
the design flow indicated on flowsheet. 

3.5.6 Insulation 

Plant 15 

Mineral wool (provided by Murray Hill) will be used for cold 
equipment insulation. Insulation will be· done in field by 
Murray Hill. · 

Thermal conductivity will be 0.25 ·BTU/hr .sq tt Of (at · -2000f). 

A layer of "cellular glass" insulation will be installed on the low 
pressure colulmn - from the rich liquid feed to the top - and on 
lines operating at temperatures lower than the dewpoint of air. 
Edmonton will supply an external column. ring for insulation 
support. 
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3. CONTRACT REQUIREMENTS 

3~5 Process Design Requirements 

3.5.6 Insulation (continued) 

An insulation depth of 24" will be provided between the bottom 
of the high pressure column (on the rich liquid line) and the 
cold box floor. 

Eighteen inches is required between vessels . and. the nea~est 
outside steel member, and between the waste nitrogen line and 
nearest steel. Twelve inch clearance may be ·used for other 
lines if· necessary. Deviations are subject to approval. 

3.6 Mechanical Design Requirements 

Plant 15 

Design should allow. for maximum utilization of Edmonton's shop 
. fa~ility to minimize field costs. 

Loose shipment of cold process piping should be avoided, except 
for interconnecting piping between cold boxes. 

3.6.1 Code Requirements 

a. ASME Section VIIl (Division .1) latest addition and addenda. 

b. ANSI (USAS) 831.3 

3.6.2 Materials of Construction 

Normal Edmonton practice will be followed unless modified 
by the following items. . 

Adsorbers 

S~~!nless Steel~ 

All new materials are to be used unless clearej with 
Murray Hill. 
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3. CONTRACT REQUIREMENTS 

3.6 .Mechanical Design Requirements (continued) 

3.6.3 Cold Box Requirements 

3.6.3.1 Structural Requirements 

The cold boxes will be panel type, rectal\,aular all 
welded carbon steel casings designed for outdoor 
installation. Panel_ brakes are not required. The 
boxes should be shipped as completed packages. 

3.6.3.2 Cold Box Access 

Bolted, gasketed manways are required in elevation 
, increments of approximately 24 ft to facilitate in

sulation. NU.ts are to be tack welded inside the 

·Plant 15 

cold box, and final arrangement is subject to approval 
from Murray Hill. 

3.6.3 .• 3 Platforms and Ladders 

Platform and ladder locations are set by Edmonton, 
allowing access to all valves and controls on the cold 
box. Murray Hill will do final platform design. 
Ed~onton piping layouts should be directed toward 
minimizing the number of platforms required. Railings 
are required on all platforms and additional ladders 
are required tt> top of cold box roof. All platform, 
ladder, and railing material will be supplied by 
Murray Hill. 

3.6.3.4 Data Plates 

Duplicate pressure vessel data plates shall be positioned 
on the outer wall. of the cold box. 

~.6.3.5 Supports 

Temporary pipe and vessel supports, painted yellow 
will be bolted in place for ease of removal. 

Permanent supports are to be shop installed. 

Permanent supports will be bare or painted with an 
inorganic zinc primer not of yellow color depending 
upon the need for protection against corrosion. 
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CONTRACT REQUIREMENTS 

3.6 Mechanical Design Requirements 

3.6.3 Cold Box Requirements 

3.6.3.6 Cold Box Purge 

Provisions are to be made for purging dry nitrogen 
through perforated headers within the cold box. These 
headers are to be arranged to ensure even ·distribution 
through the cold box; a single .distributor at the base 

· of the cold box w~ not be acceptable. 

If box columns are used for comer supports these can 
be drilled and used for distribution. 

3.6.3. 7 Cold Box Relief 

Pressure relief devices are required for each cold box. 
No special requirements have been established but 
final selection and location. of devices is subject 
to ('.eview. 

3.6.3.8 Cold Box Dimensions 

The maximum allowable dimensions of the main 
column box for transport in the U.S.A. are to be 
furnished by Murray Hill. 

3.6.4 Vessel Requirements 

All pressure vessels including columns must be designed, fabricated 
and inspected in accordance with the latest edition end addenda 
of ASME Section VllI, Div. 1. The vessels will be code .stamped -
by a National Board Commissioned Inspector. 

All drawings and calculations must include the information 
stated in SA('!tinn :u1.1. ?,. 

The manufacturer shall furnish in addition to any code 
requirements, six (6) copies of the Manufacturer's Data 
Report, ASME fot'm U-1, within one week of the code 
approval date of the vessel. 

All drawings, etc. shall be sent to Airco Cryoplants ATTN: 
Central Files, 460 Mountain Avenue, Murray Hill, New Jersey, 
07974, unless otherwise specified. 

3.6.4.1 Access 

Vessels with internals that can be r~ason,~bly expected 
to require maintenance (such as adsorbers) shall have 
manways or handholes suitable for inspection and 
replacement of parts. 
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3.6.5 Exchanger Reguirements 

All· exchangers must be designed, fabricated, and inspected in 
accordance with the latest edition and agenda of the ASME 
Section VIII, Div. 1. The ·exchangers will be code stamped by 
a National Bo¥d- Commissioned Inspector. 

3.6 .. S.l Relevant Information 

The manufacturer must include in his supply t Wl 
reproducible print velographs of all drawings and 
calculations used in the design. Bursting test data 
to support the calculations must also be supplied. 

All drawings and calculations must include the information 
stated in Section 3.9.1.2 and be submitted to Murray 
Hill for approval before the final reproducibles are 
made. 

These details must be available to Murray Hill within 
six weeks of placing the order on the· subcontractor. 

3.6.6 Adsorber Requirements 

Each -adsorber shall ·have provision. for draining and refilling 
the adsorbant with a minimum of insulation removal. 

The adsorbers will be filled with · silica gel in the field by 
Murray Hill. 

The specification for the adsorbant - including the size and 
depth of ,..ed required - will be specified by Edmonton, and 
reviewed by Murray Hill (before final release for fabrication). 

Adsorbers will be designed to incorporate after filters within 
the adsorber vessel. 

3.6. 7 Piping 

All Piping requirements within each of the cold boxes will be 
met by Edmonton. 

All cold piping systems will be fabricated of aluminum or stainless 
steei and in accordance with ANSI (USAS) Code for Pressure 
Piping B31.3 latest edition and addenda. 

All piping ~xternal to the cold boxes will be supplied by Murray 
Hill. All warm piping external to the cold boxes will be carbon 
steel and in accordance with ANSI (USAS) Code for Pressure 
Piping 831.3. 

Thaw, drain, and sample connections are to be run inside the "box 
to n_ear ground level. 
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3.6. 7 Piping (continued) 

Internal Piping 

Welded connections will be •<t!Sed throughout except for certain 
. valves which will be flanged (see paragraph 3.6.8 ). Low poir(, 
piping drains must be provided particularly around cold adsorbers. 

External Piping 

Thawing. and drain manifolds external to the cold box will be 
supplied by Edmonton for single point connection to Airco 
piping. 

Boundary Terminations 

Pipe terminations at cold boxes will be to ASA 836.10 sizes and 
wall . thicknesses. 

Lines connecting to the Murray Hill heat exchanger duct shall 
terminate within the cold box six inches from the cold box· wall. 
Adequate clearance for field welding is to be provided.· The 
lines connecting to the heat exchanger duct should exit the 
.cold box at the proper elevation for stacked .exchangers. 

The connections for the high pressure nitrogen feed from the· 
liquefier and the exit connections for the liquid products shall 
be near the bottom of the cold box and through a thermal 
break panel. 

The final location for all cold box connections must be approved 
by Murray Hill. 

3.6.8 Valves 

All internal automatic and manual valves that are to be installed 
in cold lines shall have external bonnets projecting to the outside 
through flexible sealing diaphragms •. 

Cryogenic valves in liquid service shall be inclined upward a 
minimum of 15° from the horizontal. 

Piping transition pieces are to be avoided where possible. 
Valves joining stainless to aluminum piping will be flanged 
connection. 

All valves internal to the cold box will be purchased by Murray 
Hill and shipped from the United States for installation in the 
Edmonton shop, carriage paid. Three copies of invoice stating 
"Free issue material" to be sent to Edmonton prior to dispatch. o 

All valves shipped from U.S. to be certified as clean for oxygen 
service. All valves shipped from U .s. to be certified as pressure 
tested. 
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3.6.8 Valves (continued) 

Control Valves 

Control valves will be purchased by Murray Hill to Edmonton 
. specifications. Edmonton specifications must include the 

following: 

Bodv size 
Type of valve (Globe, Butterfly, etc.) 
Valve CV 
Trim characteristic 
Shaft extension 

Control valves will have flanged connections. Control valves 
shall· be. supported so as not to induce excessive pipe stress. 

Hand Valves 

Manual valves in aluminum piping will be aluminum body for 
weld connections where possible. If not obtainable, valves will 
either be stainless or brass with flanged connections. · 

If damage to manual• valves during shipment of the assembled . 
cold box cannot reasonably be precluded, then the applicable 
valves will be shipped to the site and a spool piece provided 
by Edmonton in place of the valves. 

When manual gate valve stems are removed for shipping 
clearance, the valve stem shall be tagged for identification and 
direction flow. 

Safetv Valves 

Safety valves are to be specified by Edmonton. Supply to be 
Murray Hill responsibility. Safety valves will not be shipped to 
Edmonton. 
Valves Exterior to Cold Box 

All exterior valves will be added at job site by Murray Hill. 
Edmonton to clearly define connecting line, position, and ·size 
on cold box penetration drawings. _ 

All exterior valves may have threaded connections where size 
permits. 
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3.7 Instrumentation Requirements 

Edmonton will supply now elements, temperature elements, and sample 
connections within the cold box limits. Murray Hill shall supply 
transmitters, pressure gauges or any other instrumentation· installed 
outside the cold box· limits. 

3. 7 .1 Instrument Connections 

All -p~ocess sample lines and measuring connections originating 
within the cold box must be protected against damage and 
terminated at permanent weatherproof connections in a junction 
box or on a common panel on the cold box shell. Each box 
must have its own panel. ·Tubes- shall not be welded between 
boxes. All. sample. taps. shall be located on the side of equipment 
facing the platforms_ and ladders for easier access. 

Level Connections 

Backup taps are required for critical level indicators. As a 
minimum, a second set of low- pressure coMections are required 
for the two column levels.IT no usable backup· connection is 
available for the high pressure taps (such as a drain) then duplicate 
vessel· taps are to be provided. 

Proper routing of level lines. within the cold box must be shown 
by drawing and not left for shop determination. 

All· level taps shall be located. on the side of equipment facing 
the platforms and ladders for easier access. 

Line Size 

Mimumun size of lines to be used - 3/8" 0,0, x 0.49" wall tubing. 

3. 7 .2 Temperature Elements 

Thermocouple wiring is to be attached to process piping in the manner 
indlc:ated in Figure 1 of this specification. 

All wires are to be properly tagged in a way that makes 
identification simple. 

Thermocouple pairs are to be mechanically bound to each other at 
the cold junction. Wiring to be supported by piping, conduit or 
structural members and terminate at one junction box located at 
ground elevation on each shipping unit. 

Edmonton supplied thermocouple wire is to copperconstantan 20 gauge, 
solid wire, TFE tape, teflon impregnated glass braid over each 
conductor, teflon impregnated glass braid overall; Claude S. Gordon 
catalogue No. T-20-1-207 or approved equal. 
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3.8 Erection Requirements· 

Erection of Edmonton supplied items is the responsibilit¥ of Murray Hill. 

3.8.l Column Leveling 

Edmonton should provide the same type of column scribe mark 
used at Fairfield- fo~ leveling. 

In addition, three pads are to be provided at the top of the 
column for level checks. 

3.8.2 Rigging 

Spreader beams and chokers for unloading and site use will be 
supplied by Murray Hill. Edmonton to provide drawing showing 
method to be used in lifting off transport vehicle and to the 
vertically installed position. · 

3.8.3 Baseplates 

Baseplates will ·be provided by Murray Hill, but will be designed 
by Edmonton. Edmonton will specify the required size and 
number of anchor bolts. 

3.9 Adminisfioative Reguirements 

3.9.l Data and Drawings 

3.9.1.l General 

The following documents and drawings are required 
for Murray Hill approval. One reproducible will be 
required for each drawing. 

a) Anchor bolt locations 
b) Foundation loading 
c) Vessel and exchanger layout 
d) External cold box drawings 
e) Pipipg arrangement and tie-in drawings 
f) Vessel and heat exchanger drawings and calculations 
g) Shipping weights 
h) Cold box panel diagram showing penetrations 
i) Structural steel erection diagrams 
j) Monthly progress reports 
k) Contract schedule 
1) Spool piece and line material summary 
m) Drawing list 

A record set of an calculations and drawings is required. 
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3~9.l Data and Drawings 
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3.9.l.2 Vessel Drawings 

Vessel drawings" are to include plan and elevation 
drawings of adsorbers.. columns, ·and separators showing 
all nozzle ·and internal details. Column drawings to 
specifically show tray distribution and tray details. 

Vessel drawings will· contain the following information. 
One reproducible will be sent in each case. 

a) Code to which· vessel is constructed 
b) Requirements for stamping_ and inspection. Include 

in the ASME nameplate the following information: 

a) Shell and head thickriess · 
b) Dished radius· of heads 

c) Materials (to American specs. for pressure parts, 
non-pressure parts to B.S. specifications with nearest 
American equivalent alongside) 

d) Radiographed (require or not required) 
e) Stress relieved (required or not required) 
0 Corrosion allowance (if any) 
g). Joint efficiency 
h) Operating pressure 
i) Operating temperature 
j) Maximum working pressure 
k) Hydrostatic test pressure or air test pressure or both 
1) Water capacity 
m) Weight empty (approx.) 
n) Weie-ht filled with water (approx.) 
o) Orientation of nozzles and elevation 
p) Diagrammatic view of interior of vessels 
q) Dimensions 

3.9.l.3 Numbering of Equipment Items 

All numbering of equipment, instrumentation, and 
process piping to be in complete accordance with the 
Murray Hill process and engineering flowsheets included 
as. part of this specification (Section 2). 
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3. CONTRACT REQUIREMENTS 

3.9 Administrative Requirements 

3.9.2 Reports 

A Critical Path Diagram showing the design. planning, procurement, 
and fabrication activities will be employed. This diagram is to be 
reviewed and corrected every two months or earlier at the 
Contract Manager1s discretion until the equipment is dispatched. 
from Edmonton. 

One copy of each revised schedule will be· sent to the Project 
Manager at Murray Hill through the Contract Manager. 

3.9.3 Miscellaneous Manuals and Data 

A minimum of six (6) sets of manuals and date fer all 
equipment purchased is required. This includes, but is not 
limited to, the following: 

· . a). Data reports and code stamp rubbings 
b) Control valve specifications and f?l~Uals including drawings 
·c) Inspection documentation 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Quality Assurance ·- ASME Pressure Vessels and Piping 

Plant 15 

. The fabricator shall document and maintain a quality control program 
that complies with the requirements of ASME Pressure Vessel Code 
Section VIIl, Dr v. 1. 

All welding proced1u·~ welder and welding operator qualifications 
shall meet the requirements of ASME Section IX and one reproducible 
copy shall be submitted to Airco Central Files. 

The fabricator shall submit to Airco Central Files one reproducible 
copy of each mill test data report and material certification as 
required by the ASME code. · 

The fabricator shall submit to Airco Central Files one reproducible 
copy of all certified inspection and test results. 

All ASME and National Board stamped pressure vessels shall ·be 
hydrostatically tested, except for distillation columns which shall be 
pneumatically tested. All piping systems shall be pneumatically tested 
as specified in the ANSI B31.3 piping code. 
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QUALITY ASSURANCE PROVISIONS 

4.1 Qualitv Assurance - ASME Pressure Vessels and Piping (continued) 

A.11 pressure vessels and piping shall be cleaned internally free of all 
.scale, slag, rust, foreign material, and hydrocarbons if in oxygen service. 
The· exterior shall be clean of all scale, slag, rust,. and foreign material. 

4.2 Quality Assurance - Equipment Performance Tests 

A performance test will be carried out on site by AIG under Murray 
Hill supervision to ensure that the requirements of Section 4.5.1 are met. 

4.3 Acceptance 

Final acceptance will be reserved until ·all· components have been proven. 

4.3.1 Mechanical Acceptance 

Airco may conditionally accept the cold boxes upon delivery to 
site, and before the acceptance test5. The units will be accepted -
in the sense that fabrication is complete. This will not imply 
that Airco Cryoplants - and therefore Edmonton - is ~.elieved of 
responsibilities listed under warranties. 

4.4 Warranty Restriction and Guarantee 

Edmonton is reponsible for the re.placement or repair of items supplied 
by. them that are either defective or do not meet guarantee conditions. 

4.4.1 Performance Warranty 

One operating case has been chosen to serve as a basis for the 
performance wal'!"anty. The proposed facility is guaranteed to 
meet these capabilities listed under the temperature, pressure 
and purity specifications of Section 3. 

Tho otandllPd bo..co for now U; 11. 7 poia and 700F. 

Production rates are measured at the cold box battery limits. 
No measuring tolerances are allowed. 
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AJRGU CRYOPlANTS cURPQRATl ON 0 STANOAROS 

0 INS~UCTI ONS 

iJ SPECIFICAilONS 

00ATA 

H 0 · O-:Q1-1z-8 

TtTt.E COLD BOX SPECIFICATION 

5~ DELIVERY 

5.1 Shipping CMrges 

Edmonton is responsible for liaison with Murray Hill and as necessary 
with Airco's transport manager for placing the freight order. 
Final choice of shipping company is Murray Hill or their nomination's 
responsibility. These are to be charged at cost to Murray Hill and will be 
only to port of entry. ; 

Edmonton is responsible for all insurance charges to F .O.B. London 
Docks only. Insurances from F .O.B. to site is Murray Hill's 
responisibility and its confirmation prior to shipment by name of 
company, etc., to· be conv~yed. to Edmonton. 

5.2'. Packaging 

Maximum allowable dimensions for package to. be transported in U.S.A. 
are to be furnished by. Murray Hill.. 

Ed1,nonton to supply weight and ~hipping dimensions for packages. 

Adequate precautions to be taken for sealing each cold box against' 
the ingress of sea water. It should ,be assumed that each package 
will be shipped as deck cargo. - ·-· 

5.3 Preparation for Shipment 

Plant 15 

5.3.1 Painting 

All exposed carbon steel surfaces shall be prepared in shop with 
a "Commercial B~ast" and painted with a 1 1/2 mil coat .of 
Amercoat Di.metcote 2 steel primer or approved equal. See 
attached paint specification sheets, pages 25 and 26 Stainless 
steel or aluminum pipes and . vessels shall not be painted. 

5.3.2 Corrosion Protection 

· Equipment subject to corros~on shall be suitably protected during 
shipping and storage. 

5.3.3 Connections 

All piping, pressure taps, etc., to be shipped with suitable blanksJ 
caps, or other closures to prevent entrance of dirt and other 
foreign matter. 

5.3.4 Markings 

All separately packaged equipment or parts shall be marked as 
agreed with. the Contract Manager. 
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/6J.RCO Industrial Gases 

TITLE COLD BOX SPECIFICATION 

D STANOAROS 

D INSTRUCTION! 

liJ SPECIFICATIONS 

QOATA 

HO. 0-251-lZ-8 

FIGURE 2 - . ANTICIPATED TRAY STACKING 

CRUDE 
ARGON 

COLUMN 

L.P. 
COLUMN 

H.P. 
COLUMN 

CRUDE LIQUID ARGON 

---- LIQUID RETURN TO L.P. COLUMN 
---- VAPOR• FROM L.P. COLUMN 

---~.WASTE NITROGEN 

REFLUX NITROGEN 

---- RICH LIQUID FROM H.P. COLUMN 

---.....,VAPOR TO ARGON COLUMN 
.,._ ___ LIQUID FRO~ ARGON COLUMN 

GASEOUS OXYGEN PRODUCT 
LIQUID OXYGEN PRODUCT 

----NITROGEN GAS TO RHE's 
LIQUID NITROGEN PRODUCT. 
LIQUID NITROGEN FROM LIQUE-
FIBR . 

---~ REFLUX NITROGEN 

---..- TO AIR LIQUEFIBR HE-23 AND PU E 
ARGON SYSTEM 
FROM AIR .LIQUEFIER HE-23 
AIRFEED 
RICH LIQUID TO L.P. COLUMN 

REBOILERS AND CONDENSERS ARE NOT COUNTED AS TRAYS 
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0 INORGANIC ZINC PROTECTION AT SHOP 
PRIMER COST 

0 SPECIALLY FORMULATED FOR PRIMING STEEL 

0 USE· AS WELDABLE PRECONSTRUCTION 
PRIMER OR FIELD OR SHOP-APPLIED PRIMER 

0 PREVENTS CORROSION OVER 1 YEAR AT ~ 
MIL; "PERMANENT'' PRIMING AT 11/2 MILS 
WITH SUITABLE TOPCOAT 

0 DRIES HARD; PERMITS ALMOST IMMEDIATE 
HANDLING, WELDING, CUTTING AND 
FABRICATING 

0 NO BURNBACK-BURNS ONLY WHERE TORCH 
OR ARC TOUCHES; WILL NOT UNDERCUT, 
REDUCES REPREPARATION 

0 WATER BASED-NO SPECIAL SAFETY 
REQUIREMENTS 

As A Weldable Precanstructian Primer -
• Far More Abrasion-Resistant Than Organic Prim· 

ers; Minimizes Damage During Handling and 
Fabricating 

• Bonds With Steel for High Degree of Adhesion 
.••• Many Bending and Shaping Operatio11s Can 

Be Performed Without Rupturing Primer 
• Fabricators Can Enjoy Savings Gained With Auto

matic Welding Equipment and Other Production· 
Line Techniques 

As A Field ar Shop-Applied Primer -
• Far Greater Protection Than By Conventional In· 

hibitive Primers Based on Red Lead or Chromate 
Pigments 

• Even .More Protection Than Full Coat of Conven· 
tional Zinc-Rich Coatings 

• Compatible With Almost All Types of Organic and 
Inorganic Topcoats 

PRINCIPAL USES: 
As a weldable precanstructian primer, protects 
against weath.ering and abrasion on: 
• Flat Steel Plates • Structural Steel Shapes 
Apply a single coat at ~-mil dry film thickness. 
After fabricating, overcoat with suitable inorganic 
zinc for"permanent"priming, then with recommended 
organic topcoat 
As a field or shop-applied primer, protects against 
weathering,water, abrasion or chemical atmos· 
pheres on: 

• Ships • Barges • Tank Interiors and 
Exteriors • Marine and Industrial Structures 

Apply a single coat at 1¥2 mils dry film thickness, 
and overcoat with· suitable organic topcoat. 

NOTE: When topcoating Oimetcote Steel Primer 2 with vinyls, 
a tie coat may be reQuired. Obtain a specific recommenda
tion from the Amercoat Representative before topcoating. 

$ SC Ne 0-251-1Z-8 ______________ ........ _ 

® D.IMETCOTE ... ,. STEEL PRIMER 
PROTECTIVE COATING ...... 

TI?E: Self-Curing 
Inorganic Zinc Primer 

USE: Preconstruction 
·Pri~er; Shop or Field· 
A-pplied Primer 

SUITABLE 
FOR: Steel 

FINISH ••••••••••••••••• ~... Matte 
COLOR •••••••••••••••••••••• Zinc Gray 
RECOMMEND"ED DRY FILM 
THICKNESS PER COAT ••••• ~Mil 

(Preconstruction) 
1¥.r Mils (Shop or 

Field) . 
NO. OF COATS RE'tl.. •• • • • • . 1 
TOTAL DRY FILM THICK· 
NESS, STEEL PRIMER...... :y, Mil 

(Preconstruction) 
1¥.r Mils (Shop or 

Field) 
TOTAL VOLUME SOLIDSt .•• 35.0% 
THEORETICAL COVERAG~ 
@ 1 MIL.................... 560 Sq. Ft. per GaL 
THEORETICAL COVERAGE• 
PER COAT @............... ~Mil: 750 Sq. Ft. 

per GaL 
1¥.r Mils: 375 Sq. Ft. 

per GaL 
._ CH•Pllltf -•n1 cnenpa. all•• ta •'Jllatln ln1a, 
..nu 1rn1a11ttt1a, 111c11er pan.,. •010ta, oc. 

NO. OF COMPONENTS...... 2 
MIXING RATIO.............. 14 Lbs. Powder to 

POT LIFE .................. . 
APPLY OVER ............... . 
APPLY BY .................. . 
DRYING TIMt. ............. . 

TOPCOAT REQUIRED •••••••. 

THINNER ••••••••••••••••••• 
CLEANER .................. . 

TEMPERATURE 

:Y• Gal. Liquid 
a hrs.@ 1o•F 
Blasted Steel 
Conventional Spray 
Water lnsolub le: 
At least 15·30 min. @ 
50-9S!F, 50·95'%. 
humidity 
To Handle: 15 min· 
utes or less on wum 
(above so• F} steel 
lnorianic Zinc, Vinyl 
or Epoxy 
None 
Fresh Water 

RESISTANCE ................ Up to aoo•F (dry) 
FLASH POINT ............... Nonflammable 
COMBUSTIBILITY........... Nonflammable 
WT. PER MIL/SC. FT. 
OF DRY FILM ............... ApproL D.50 oz. 
ELECTRICAL CONDUCTIVITY Weak Conductor 

PACKAGING................. 1 Gal. Li Quid 
1 Cal Powder 

SHIPPING WEIGHT......... 6.1 lbs. Wquid, 
15.1 lbs. Powder 

GUARANTEED SHELF LIFE 
FROM SHIPMENT DATE ..••. 1 Year 

tVolatilel Measurement Method 
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DIMETCOTE STEEL PRIMER 2 
SURFACE PREPARATION 

Cl Immersion Services-

• As a weldable precanstructian primer ai' as a shap 
ar field-applied primer, dry-abrasive blast, including 
all pits and depressions. remove .all mill scale. rust, 
rust scale, grease, paint or foreign matter. Surface 
profiles from abrasive blasting shouid be similar to 
those ol)tained with fresh steel grit (G40 size), 
steel shot (S-230 size), graded flint or silica sand 
(30.60 mesh). Use nozzle pressure of 100 psi with 
air volume at 200 CFM minimum: If reusing blast· 
ing abrasives. clean them of contamination before 
reusing; do not reuse sand or flint abrasives. 
Where an automatic blasting unit is used. its manu
facturer should be consulted for "working" abrasive 
mixtures and line speeds. 

Cl Nonimmersion Services -

• As a weldable precanstructian primer ar shap ar 
field·applied primer, dry-abrasive blast new steel in 
accordance with Steel Structures Painting Council 
Specification SP-6-63 for "Commercial Blast." 

• As a field-applied primer far aid steel, dry-abrasive 
blast in accordance with Steel Structures Painting 
Council Specification SP·lo-63T for •Near White 
Metal." 

EQUIPMENT REQUIRED 

• Pressure material pot with mechanical 
agitator. 

• Separate atomizing air and fluid pressure 
regulators. 

• Air supply: continuous volume of 20 CFM at 
35-50 psi minimum to each gun nozzle (with 
DeVilbiss equipment). 

• Air hose for gun, 5/16" ID. 

• Material hose, ¥2'' ID. 

• Industrial spray ~un, such as DeVilbiss MBC 
704FF or 24FF with leather or Teflon needle 
packing and heavy mastic spring. 

• 30-60 mesh metal screen. 

SAFETY EQUIPMENT REQUIRED 
(In Ta111U or Confined Areas Only) 

• Air mask, such as DeVilbiss P-MPH 527 and 
MPH 529, connected by 1/4" ID hose directly 
to air source. 

APPLICATION INSTRUCTJONS !::.pE.c. No -o-2sr-1z-E 

APPLICATION PROCEDURE 

1. Clean all equipment with fresh water. 
2. Discard desiccant ba~ from powder can. 
3. Tharaugnty mix total contents of eac:h. powder can 
slawly into total contents of eac:h liquid c:an until well 
dispersed. Use pawer mi1er. Do nat reverse order. Do 
nat vary proportions. 
4. DD nat thin for any reason. 
5. Strain mixture through 30·60 mesh screen.ta ·remove 
large particles. 
6. Remave all dust from surfaces. to· be coated. 
7. Regulate air pressure: 30.50 psi°. to gun (with DeYil
bissl and 10-15 psi to pot. Note: pressure. requirements 
may vary with temperature and hose length. 
S. Keep pressure pot at approximately saine elevation 
as spray gun. 

. 9. Hold spray gun at right angle to work, and make 
even, parallel passes; Overlap eac:h pass 50%; da not 
leave bare spots, pinholes ,or holidays. 
10. Apply a heavy, wet caat. Double-lap spray all welds, 
corners, edges, etc. 
11. Clean all equipment immed.iately after use with 
fresh water. 
12. Allaw Dimetcate Steel Primer 2 ta dry at least 15-
30 minutes @ 50-95°F, 50-95% humidity to resist in
termittent contact with water, rain. or condensation. 
13. Befare handling Dimetcate Steel Primer 2, allow 
to dry 15 minutes or less on warm (above 50°F} steeL 
14. If additional thickness is desired, recoat when 1st 
coat is dry to touch. 
15. Befare tapcaatine, allow to ·dry 24 hour'.s at 75°F. 

TO TOPCOAT DIMETCOTE STE~l. PRIMER 2 

1. When used as a field- primer, topcoat with vinyl or 
epoxy. For epoxy, apply full coat at recommended cov
erage for epoxy topcoat. For vinyls, see note below. 
2. When used as an after·blast primer to be topcoated 
with an inorganic zinc: (a) rauenen and clean surface 
with dry brush-off blast. Tightly-adhering Oimetcote 
Steel Primer may remain. (bl apply inorganic zinc top. 
coat according to that product's application instructions. 
3. When used as an after-blast primer to be topcoated 
with epoxy or vinyl: (a) dry surface and remove oil, 

· arease. or other contaminants with Amercoat No. 57 
Oil Cleaner. (bl apply epatj full coat at recommended 
coverage. For vinyls, see note t-elow. 

NOTE: If topcoating with vinyls, apcly tie-coat where 
required, then topcoat. For best results with nigh-build 
toccoats, apcty light ~mist" of topcoat material to 
avoid solvent bubbling. When mist coat is tack·free 
(a few minutes), apply full topcoat. 

WAANINC:: Oimetcole SIHI Primer 2 Powder is I llurnful 
OYSI. Avoid ore1111in1 oust. Was11 111orou1111y o'!tore ea\illl or 
smokina. KHll away from feeCI or tooa prOCIYC:U. 

WAANINC:: DimelCOle Sle•I Primer 2 Liqyid may CIYSO OYms 
to skin and eyes. Avoid con1act witft skin, eyes. a"d c1atl'lina. 
Do not tatce internally. wnen nandlina, wear 10111es 01 face 
sl'llie1d. In c.ase ot c:ontact. immeo1atety flusn skin witft olenry 
of water. tar eyes. flush witft oienty of w•ter for at least 15 
mi1u.1tas 1nct &et medicai •tt•ntion. 

If welding is to tM performed .in confined so~ces on stHI 
coated with Oimetcote Sleet Primer 2. do so 1n accons1n~e 
witft ins1ruc:t1on~ in U.S.A. Slancsarcs Z 49.1-1967. ··s.atety in 
wetdina anG Cunina ... 

.:\\n1er-an 
A Jno 
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OXYGEN COMPRESSOR CP-50 

INDEX 

l.O SCOPE 

l.l General 
l.2 Destination 

0 ST .AN CARCS 
0 INSTRUCTICNS 

l]J SPeO Fl CA TI ONS 

QCATA 

l.3 Changes in Scope of Supply 

2.0 APPLICABLE DOCUMENTS 

2.l Codes 
2.2 Standards 

3.0 REQUIREMENTS 

3.l General Requirements 
3.2 Process Requirements 
3. 3 Design Requirements . 
3.4 Administrative Requirements 

•4.0 TESTING 

4.l Inspection 
4.2 Testing 
4.3 Guarantee 

5.0 DELIVERY 

S.l Schedule 
5.2 Preparation for Shipment 
5.3 Shipment 
S . 4 Acceptance 

Bechtel Data Sheets 

·I., ·-o; La:i:sen · OAT1: 2/81 ,,._.,.ov~c 

- Oxyg~n Compressors 

HO. 0-251-lZ-lO 

~.I I I 

Sheet 2 of 37 



T1Tl.f 

l.O 

Plant lS 

0 ST /4N CARCS 

0 INSTRUC"T'l CNS 

3J SPSCJF1CAT10NS 
QOATA 

HQ. 

.. 11'1. I 
0-251-lZ-10 

I I 

OXYGEN COMPRESSOR CP-50 

SCOPE 

l.l General 

This specification defines the requirements for a 
centrifugal oxygen compressor to compress ruogh purity 
pro_duet oxyc;ren to pipeline pressure. The compressor 
sha.ll be a multi stage intercooled centrifugal type. 
Intercoolers are required to achieve operating efficiency 
and to maintain low operating temperatures. When multiple 
units are specified in Section 3, this specification wil.l 
apply to each unit. 

All equipment furnished shall be suitable insta.llatiori 
and operation as defined in this specification and shall· 
be design~d for the ·site conditions outlined in see-cion 3. 

l.2 Destination 

Breckinridge, Kentucky 

1.3 Changes in Sco~e of Sup~ly 

The vendor shall clearly define, in writing, all areas 
where his scope of supply deviates from the scope of 
supply of this specification. 

L. P. Larsen 
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TlTt.E OXYGEN COMPRESSOR CP-50 

2.0 APPLICABLE DOCUMENTS 

The followinq.documents form a part of this specificat'ion 
to the extent indicated under Section 3. 

2.l Cedes 

Plant 15 

ASME Cede for Unfired Pressure Vessels, Section VIII, 
Division l·, latest edition, revision er supplements to. 

Code for Pressure Pipinq ANSI B3l.3, latest edition, 
revision, or supplement to. 

Federal, State and local codes, and ordinances includinq 
OSHA, where applicable. 

National Electric Cede 

2.2 Standards 

~'!A 
ANSI - Standards For Motors 
IEEE - Standards For Motors 

'l"l:'-MA 
API-612 

AG."1A~4 21 
Cempressed Gas Association Pamphlet G-4.4 

..... l:' • .i..arsen 
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0 STANCARCS 

0 INSTRUCr'ICNS 

~ SPECIF1CAT'!ONS 

0 CATA 

HO. 0-251-lZ-10 

1 I 

TlTI..f OXYGEN COMPRESSOR CP-50 

3.0 REQUIREMENTS 

Plant 15 

3.l General Reauirements 

3.l.l Design 

The compressor is required to compress product · 
oxygen from an· air separation plant. All equip
·ment shall be suitable for the entire range of 
operating conditions defined in-this specification 
without danger to personnel or equipment. Vendor 
shall clearly define any operating limitations of 
his equipment. All eqilipment offered shall be 
rated heavy duty fer continuous service. Equipment 
shall be designed for economy of operation, ease of 
installation, and rapid and economical maintenance. 

Vendor shall define and furnish any additional device 
not covere4 by this specification but required for 
proper operation of the equipment, or protection of 
the equipment or personnel. 

3.l.2 Alternate Design 

Vendors proposal shall clearly define all areas 
where his design deviates from this specification. 

Proposals for equipment of a different type than 
intended by this specification will be considered 
only if a clear and definite advantage to the 
purchaser is indicated. 

Piirchaser reserves the right to reject any proposal 
net in compliance with this specification. 

Oxvgen Co~pressors Sheet 5 of 37 



T1Tl.! OXYGEN COMPRESSOR CP-50 

0 ST PtN OARCS 

0 INST'FttJCi"1CNS 

~ SPEC:IF1CA1'10NS 

OoATA 

HQ. o-2si-1z-10 

"rl· ' I I 

3.0 REQUIREMENTS (continued) 

WllttTTtJt ST 

Plant ·1s 

3.2 Process Reauirements 

3.2.l General 

Number Requirad:. ~~_;:3-· __ each as specified here
in 

Driver Type: l electric motor -----
2 steam turbine -----

3.2.2 Design Ambient Conditions 

Altitude 420 ft. above sea level 
Barometric Pressure 14. S psia 
Rated Dry Bulb Temperature 96 °F 
Rated Wet Bulb Temperature 78 °F 
Summer Maximum ·Temperature llO · °F 
Winter Minim~ Temperature -10 °F 

Equipment Installation: 

Outdoors Unprotected 

Sita Environmental Co~~itions: 

coal Processing Facility 

The ambient conditions specified are design 
point conditions.· The compressor must be cap
able of operation at ambient and cooling water 
extremes without adverse effects on the com
pressors' or drivers' mechanical integrity. 

Vendors proposal shall include performance 
curves defining.operation at suction pressure, 
ambient, and cooling water extremes defined 
herein, in addition to specified design conditions. 

r... P. Larsen 
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TtTI.! OXYGEN COMPRESSOR CP-50 

3.0 REQUIREMENTS 

3.2 Process Reqtiirements 

OST~CARCS 
0 l~C"l"lCNS 
~ SPECJF1CATIONS 

QOAT"'· 

(continued) 

3.2.3 Design Operating Conditions 

case A(Normal) 

Delivered capacity - SCFM 

D~scharge Pressure at 
discharge flange -
PSll. 

Inlet Pressure, psia 

26,473 

950 

19.8 

84 

HO. o-2s1-1z-10 

I I 

case B(Rated) 

28,000 

950 

19.8 

84 Inlet Temperature, °F 

Discharge Temperature, °F 
(at cempressor discharge 
flange) Vendor·to define in proposal 

Cool.ing water.supply 
temperature, °F 

Cooling water supply 
pressure, psiq 

Max. Cooling water 
temperature, rise °F 

Max. Cooling water 
A p, psi 

85 

50 

20 

10 

The compressor must be capable of meeting the specified 
conditions for Case A (Normal) with a guaranteed-horse
power at the motor shaft. The compressor must be capable 
of meeting the conditions specified as Case B (Rated) with 
a guarantee, of no negative tolerance on capacity_ and pressure. 

The capac.ity specified is for the net dry basis gas delivered 
at the compressor outlet flange. Compressor seal losses must 
be allowed for in the inlet capacity by the compressor ve~dor. 

The base for measurement of scf is dry gas at 14.7 psia and 
70°F. 

T,, P, I..a,:nsen 

Plant 15 Oxygen Compressors Sheet 7 of 37 



TlTt..E 

3.0 

Plant 15 

0 ST11>"40ARCS 

0 INS~Ci'lCNS 
~ SPe:CIFlC.AilONS 
QCATA 

HO. 0-251-lZ-lO 

I I 

OXYGEN COMPRESSOR CP-50 

REQUIRE."1ENTS 

3.2 Process Requirements 

.3.2.3 Design· operating Conditions (continued) 

The inlet pressure specified is a design con
dition. Purchasers control system will be 
arranged to control the inlet pressure between 
lS psia and 21 psia. Al.l equipment shall be 
suitable for operation within this range of 
inlet pressures. · 

The unit shall. be capable of a turndown to * % of 
nonnal flow at design pressure without blow-off 
or by-pass. The unit shall be capable of opera
tion at Case A conditions during winter ambients 
without by-pass or. blow-off. Specified ambient· 
co~ditions and cooling water data are desiqn 
point data only. The compressor must by capable 
of operation at ambient· extremes an~ with cooling 
water temperature variations caused by seasonal 
and weather changes at the site. The· compressor 
and all components must be capable of operating 
anywhere within an envelope bounded on the left 
by a. :line 5% away from surge ·and bounded on the 
right by meter winding temperature limitation. 
Any other e>peratinq-limitations must be defined 
in the proposal by the vendor. 

*Vendor shall advise maximum turndown with in
let butterfly valve before bypass is required. 
In addition, vendor shall-define minimum throttled 
inlet pressure to insure that no air will enter 
through the seals. Specified control pressure 
range is process pressure controlled before the 
inlet throttle valve • 

.i.;·. !:'. ~arsen 
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T1Tl..E OXYGEN COMPRESSOR CP-50 

3.0 REQUIREMENTS (continued) 

3.3 Oesiqn Requirements 

Plant 15 

3.3.l Compressor (~_3 ___ required) 

The compressor shall be a multistage centrifugal. 
type with intercooling to obtain horsepower 
efficiency and low operatinq temperatures. 

Compressor design must insure that no oil can 
enter the compressor casing. An open aiz space 
must be provided between the casinq and bearing 
housing at each end of each compressor unit. 
Provision shall be made to prevent oil o·r oil 
vapor from escapinq from the bearing housinq 
or qear housings contained with.in the oxygen 
compressor area. Vendors quotation shall de
scribe eductor and/~r seal system hardware in
cluded for this p~ose. 

Tilting pad type journal and thrilst bearings 
shall be furnished. Bearinq design shall allow 
for the possibility of backward rotation. Shaft 
seals shall be provided to minimize loss of oxygen 
to the atmosphere and prevent intrusion of air or 
seal gas into the oxygen stream. All necessary 
seal qas pipingand control shall be included. 
Vendor shall completely describe the seal.system 
operation proposed. Purchaser will provide clean, 
dry, oil free nitrogen as seal gas. 

All materials of construction including gaskets, 
sealing and anti gallinq compounds shall be con
pa table w·ith oxygen. 

Rotating parts of steel or steel alloy shall be 
arranged to first contact or rub on bronze or 
copper surf aces in the event of thrust bearing 
failure. 

Bushes for shaft seals and interstage seals shall 
be c9pper, silver lined. 

Shaft grounding brushes shall be provided to insure 
that the rotatin~ and stationary parts are of the 
same electrical potential. 

L. P. Larsen OAn 2/81 
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3.0 REQUIREMENTS 

Plant 15 

3.3 Oesiqn Requirements 

3. 3 • l. Com'Cressor ( 3 required) --- (continued} 

3.3.2 

Compressor case design pressure shall be not 
less than the surqe limit pressure when operating 
at the maximum specified suction pressure. 

All components which require shrink fit shall 
be thoroughly degreased prior to assembly. 

Vendors proposal shall thoroughly describe all 
materials of constiuc~on for t"ll'chasers approval. 

Coolinq Water Svstem 

Cooling water to the unit will be supplied from 
a closed system furnished by Purchaser·. Cooling 
water design data is supplied under Section 3.2.3. 
Vendor shall define ·water flows, pressure· drop, 
and temperature·rise for all coolers. 

3.3.3 Coolers and Pipinq 

There shall be an intercooler between each stage. 
Vendor shall furnish all intercoolers and inter
stage gas piping. Coolers shall have removable 
tube bundles and assessibility for bundle removal. 
In addition, a bypass cooler rated for full com
pressor flow shall be furnished. On all coolers, 
where attainable pressure exceeds water design 
pressure, rupture discs shall be furnished and in
stalled by Vendor to relieve overpressure in the 
event.of water passage failure. Rupture discs 
shall come with vacuum supports. 

All coolers shall be designed to cool the gas 
stream to not more than l0°F above the water 
supply temperature. Design pressures of inter
stage piping and accessories shall be no less 

Oxygen Compressors Sheet 10 of 37 
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3.0 REQOIREMENTS 

Plant 15 

3.3 Oesiqn Requirements 

3.3.3 Coolers and Pieing (continued) 

than the gas side design pressure of the coolers. 

All coolers shall be matched for water pressure 
drop, for example the oil coole~ design water 
pressure drop shall be the same as the inter
coolers. 

All cooler tubes shall be 5/8" diameter ndnimum. 
Carbon steel tu.bes are unacceptable. · 

All water passages to be self draining to prevent 
freezin9' dama9'e to coolers and piping in the event 
of an.emergency shutdown in winter. 

Each exchanger shall be complete with gas side 
drain valve and water side vent and drain valves. 

All exchangers shall be designed for· a water side 
fouling factor-of 0.002 hr.-sq. ft.-°F/BTt1. 

Sealing between oxygen and water shall be provided 
by welded or gasketed joints. Packing is un
acceptable. 

Tube to tube sheet joints shall be made without 
the use of oil or oil compounds. Tube surfaces 
and tube sheet holes must.be degreased prior to 
assembly. 

All welds on the oxygen side shall be smooth 
and regular form. No back-up rings shall be used. 

All oxygen side components shall be degreased and 
cleaned for oxygen service. 

All coolers shall have stainless steel gas side 
channels, heads, and no~zles. Coolers shalll con
form to TEMA nc". 

All coolers. with water in the shell shall include 
non-corrosive baffles. 

r. t>. Larsen CIAT1: 2/81 

uxygen Compressors Sheet 11 of 37 



0 ST,,,,..CARCS 

0 INSTR.JCTICNS 

~ SPECIFlCATIONS 

OcATA 

HO. 0-251-lZ-10 

.. av. I T I 

TtT~E OXYGEN COMPRESSOR CP-50 

3.0 REQUIBE.."!ENTS 

3.3 Cesiqn Recruirements 
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PTant 15 

3.3.3 Coolers and Piping (continued) 

Hot side interstage gas piping shall be stainl.ess 
steel. 

Gas velocity in piping shall conform to CGA Pamphl.et 
G-4.4, latest revision. 

AJ.1 piping shall be in accordance with the latest 
issue of the Code for Pressure Piping ANSI.B3l.3. 

All coolers shall be fabricated in accordance with 
the requirements of the latest edition of th~ ASME 
Code for Unfired Pressure Vessels·, Section ·VIII,· 
Ci.vision I, (Code U Symbol). Stamping is required 
by the commi.ssi.oned inspecto~ of the National Board. 

Five (5) copies of manu£acturer's data reports. and 
nameplate rubbings shali be furnished. Data ·reports 
to be signed by a commmi.ssioned inspector· of the 
National Board. 

Vendors proposal shall include an option for coolers 
with a closer approach (CTO) than specified and de
fine expected powe.r savings. 

Purchaser will furnish a monel inlet screen. · 
Vendor shall advise design recommendations. 
It is intended·to furnish screen over perforated 
metal for initial service. The perforated metal. 
without screen overlay will be used as a per
manent screen. Vendors comments are requested. 

L. ·P. Larsen 
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3.0 REQUIREMENTS 

3.3 Design Recruirements (continued) 

3.3.4 Lubrication System 

A complete system for bearinq ·and gear lubrication 
shall be supplied by Vendor. The system sha.ll in
clude a full flow oil cooler, dual full flow filters 
with transfer valve, pressure ~elief valves, control 
valves, interconnectinq pipinq, pressure qauqes, 
temperature indicators, shaft driven main oil pump 
and electric driven auxiliary oil pump. The system 
shall be capable of filrnishinq oil to all bearinqs 
and qears durinq coastdown periods subsequent to 
complete electrical power·failure. The shaft driven 
oil system s_hall be desiqned to provide sufficient 
oil tc all users in the event of reverse rotation 
of the compressor because of discharqe check valve 
failure. The compressor shall be desiqned. so as not 
to be damaqed in the event of reverse rotation. 

An Amot type valve shall be included, whic:h will 
automatical.ly control oil temperature by bypassinq 
oil around the oil cooler. -

Filters to remove all particles of 10 micron and 
larqer. 

_ ~il cooler tubes shall be 5/8" minimum diaJ:teter. 

Vendor shall also furnish an electric oil heater 
with thermostat control, sized to heat the oil 
prior to start-up durinq cold weather conditions. 

The auxiliary oil pump and oil heater shall each 
be rated for ~60 volt, 3 phase, 60B3 service. 

The pump motor shall be non overloadinq with re
spect to pump charachteristics. 

It is intended that the system will furnish 
lubrication to all users includinq the main 
drive motor or turbine, gears, and couplings 
(if continuously lubricated). In addition, 
the system may be used to furnish hydraulic 
power to speed governors or stator vane actuator 
devices. High press·ure pumps, con.trol valves, 
etc. required for hydraulic power shall be included 
if required. 

9"'TTU 1T L. P. La;-sen 
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Vendor shal.1 ~sh al.l lube oil p1ping within 
the·con£ines of his equipment such that purchaser 
need cnl.y connect supply and return lines between 
the equipment and the lube consol. 

The lube con.sol wil.l be l:ocated outside of the 
ccmpressor hazard area. which will be enclosed 
by fcur.wal.ls. All necessary prctecti~e .sWitches 
and instrumentatiqn shall b.a located at th.e con
sol or arranged for remote indication.if it-is 
required to be located neazo the compressor. 

All vendor lube oil piping-must be thoroughly 
cle~ed and sealed.prio~ to shipment. 

Nitrogen to be used as a buffer seal. gas is· 
avail.able at 65 psig. Vendor to state in ·his 
proposal buffer seal gas pressure and quantity 
required • 

... r • ...,.a,,r.., .. ,. 
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Plant 15 

3.3.S Gears and Couplinss 

'I' 

Speed increasers and reducers shall be in accordance 
with AGMA Standard 421 and shall be 
sized for the· maximum horsepower and speed of the 
driver,· including all.. service factors.* 

All couplings used shall be selected to satisfy 
the torsional characteristics of the drive train. 
Couplings and spacers shall be dynamically balanced 
and coupling hal.ves mounted by the vendor or supplie. 
of the driver. · 

Removable coupling guards shall be supplied for all 
exposed couplinqs. Guards shall be suitable for 
all operating conditions and comply with all 
applicable safety codes including OSHA. 

Vendor shall supply complete desiqn characteristics 
. of all gear units includinq torsional data and · 
critical speeds. AGMA service factors shall be 
based on the inax;imum output power of the driver -· 
including any driver service factor. 

Vendors proposal shall completely define proposed 
couplings. Bendex type couplings are perferred 
for high speed couplings. 

· *Vendor to state normally applied service factors 
in accordance with A.G.M.A. Airco has a stated 
preference for en actual service factor which ex
ceeded normal'by 0.25 or more. 

~T'I ?/81 
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3.0 REOOIREMENTS 

3.3 Design Re<:ruirements . (continued) 

Plant 15 

3.3.6 Electric Motor Drive (one(l) required) 

The compressor drive motor shall be designed for 
operation with three phase, 60 hertz, 13,80.0 .. volt 
power supplied to the motor terminals. The motor 
shall have the following characteristics: 

Type: 
Enclosure 
Insulation 
Horsepower 
Service Factor 
Power Factor 
Type Connection 
Excitation 
Speed 

Synchronous 
TEWAC 
Class B 
12.0dO 
l.O 
l.O 

Motor Starter 

Wye 
Brushless 
1200 RPM Max. 
Fu':l.i Voltaqe 

.. ... (Furnished by Purehaser) 
The nameplate rating ·of the motor, including all 
service factors, shall exceed the maxi.mum 
potential power requirement of the driven equipment. 

· In addition, ~e motor shall be suitable for voltage 
variations of -10% under all load conditions. 

The motor nameplate shall show design voltage, phase 
cycle, full .load amperes, service factor, etc. 

The motor shall be furnished with a mini.mum of 
six (6) embedded resistance temperature detectors 
( l 0 OHM CQpper., 2 per phase, in the windings, 
with leads br~ught out to a separate terminal box) • 

The motor shall"be furnished with space heaters 
with leads brought out to a separate terminal box. 

The motor is to have brushless excitation. 125 voe 
pilot exitation voltage will be furri~shed·by pttrchasE;r 

Motor shall be supplied with a free standing 
terminal box. 

The terminal box shall be: 

4 ft. wide x 4 ft. deep x 6 ft. high and made of 
ilO gauge sheet steel with both sides and front 
removable. The stator and neutral leads in the 

L. :'. J..arsen ~/ 0 J. 
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3.3 Oesic;n Requirements 

3.3.6 · Electric Motor Drive (one(l) required) (continued) 

box shall.be· in-the form of a bus braced to with
stand 750 mva .sho:t:'t ciicW.t- ai:d .taped to an in
su1ation level of lS "kv unqrounded. 

Motor vendor shall furnish and install lightning· 
arrestors and surge capacitors. Conn~ction capacito1 
shall be made with nonshielded cable rated l.Skv 
ungrounded .• 

Motor vendor shall suplly and install three (3) 
self-balancing window type differential current 
transformers. Current transformer ratio shall be 
50/5 with wiring terminated at a four (4) point 
terminal block. These items are to be housed 
in the motor terminal box. 

A rectangular bus duct shall be furnished between 
the motor stator and _the back of the terminal box. 

The duct shall contain six (6) copper bars, three 
(3) for the stator and three (3) for neutral leads, 
and all shall be braced to withstand 500 mva short 
circuit. Bolted connections shall be used between 
the bus bars and stator leads. 

Continuous current rating of all bus bars shall 
be 125% of stator current, botli in the duct and 
in the terminal box. 

It a WPII enclosure is specified, inlet air filters 
shall be furnished and mounted by the motor manu
facturer. 

If a 'l'EWAC is specified, the water to air cooler(s) 
shall be side or bottom mounted. Cooling water 
supply is outlined in Section 3.2.3. A loss of 
coolinq water flow switch shall be included for 
each cooler furnished.· 

TWO (2) grounding brushes to.be provided by vendor 
to take stray currents off motor shaft, and grounded 
to bearing pedestal feet. 

L. P. Larsen 
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3.3 Oesiqn Recruiraments 

3.3.6 E1ectric Motor Drive (one(l) required) (continued) 

The motor shall be desiqned, manu:factured, and 
tested in accordance with the latest edition 
of NEMA, IEEE, and ANSI StandaJ:'dS. 

Motor starting shall be as follows: 

Across the line starting. Purchaser will 
furnish a lS"KV class.circuit breaker. 

Motor vendor $hall supply a Oynalco proximity 
pick up device with two contacts (one. low speed 
and one high speed)·. The low speed contact shall 
be normally closed and will be utilized as part 
of a locked rotor protective arrangement. The 
normally open high speed contact, when directed 
by Airco, will be utilized as part of the exciter 
field application control circuit. Exact pick up 
speeds for both contacts will depend upon mot~r 
parameters such as accelerating time, safe cage 
time, and recommended speed for main motor field 
Q"!?l?l..:i.c;:.~ t;:;j,c;;m~ 

Motor vendor shall furnish a monitor package to 
determine the temperature rise of the ~otor cage 
bars, cage end rings, and rotor field ~indings. 
A complete system including readout meter shall 
be furnished. System shall be G.E. Rotector or 
approved equal. (Quote as option) 

L. P. La~sen 
CIAT~ 
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3. 3. 6 Electric Motor Ori ve ( one required) (continued) 

A reference mark shall be permanently scribed on 
the motor shaft so that actual F.L. inaqnetic center 
with respect to the motor housing can be easily 
located for initial.field arrangement. 

The motor half of the drive coupling shal.l be 
mounted on the motor shaft by the motor manu-

. facturer. · 

If available, an option shall be offered for a 
low noise level design motor. Complete qetails 
for evaluation shall be included. 

The motor starter will be furnished by purchaser. 

The motor rotor shall be balanced such that vil:lra
tion will be limited to l •.. O mils peak to peak 
maximum. 

It shall be the compressor vendor's responsil:lility 
to perform a complete torsional analysis of the 
drive system to insure proper operation of all 
equipment. A torsional analysis report is required. 

The motor supplier shall furl'lish complete engineerinJ 
details of field pole and stator coil winding and 
assembly, including dimensioned drawings. Only 
motor vendors willing to furnish complete design 
information requested will be considered acceptable 
bidders. · 

Airco reserves the right to select. the motor which 
will become part of the purchase order. Vendor 
quotation must clearly define cost differences, if 
any, for purchasers evaluation. 

L. P. Larsen 
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3.3 Design Reguirements 

Plant 1~ 

3.3.7 Steam Turbine Drive ( ___ tw_o __ required) 

Steam turbine .drivers·, when specified, shall be 
in accordance with API Standard 612. The turbine 
sha1l be rated to deliver the required horsepower 
for the ease a·Rated Conditions. The steam rate 
guarantee shall apply to case A Normal conditions. 

The turbine shall be rated for the following steam 
conditions: 

Steam inlet pressure, psiq 
Steam inlet temperature, °F 
Steam exhaust pressure, psiq 
Steam exhaust tempe~ature, °F 

900 
750 

- 13 
116 

The main steam condenser, if required, will be 
furnished by purchaser. 

The turbine vendor shall furriish gland condensers 
as required to minimize steam loss. Glad condensers 
shall be TEMA "C". 

Labyrinth seals are preferred. 

Bearing lubrication shall be supplied from the 
commlZI~ lube systemcSP~«;ified in ;iaraqraph 3.3.4. 

A sentinel warning valve shall be furnished. 

A separate trip and the ~alve shall be supplied. 

The turbine speed governor shall be NEMA Class o 
or better. The governor shall be furnished with 
an actuator arranged ~o receive an.external signal 
to set the control. point of the governor. Purchase1s 
control signal will be 4 to 20 miliamps, 24 VDC. 

Vibration probes of the displacement type shall be 
furnished for x-Y and axial displacement protection 
Vendor shall furnish probes, cables and oscillator
demodulators suitable for use with Bently Nevada 

r. t:i. Larsen 

Oxygen Compressors Sheet 20 of 37 



AJ RCU. CrwPfants QSTANOARCS 

D INSTRuCTlCNS 

~ SR::CI Fl CA 'i1 ONS 

OOATA 

MO. 0-251-lZ-lO 

..av.I I I 

TTTI..f OXYGEN COMPRESSOR CP-50 
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3.3 Design. Requirements 

Plant 15 

3.3.7 Steam Turbine Drive ( two requir~d) (continued) 

series 9000 or 7200 or equal monitor. All vibration 
equipment shall be· wired to a common terminal ·box. 

A local panel shall be furnished by the turbine 
vendor and.shall include pressure qauqes for steam 
inlet and exhaust, seal pressure, lube oil pressure, 
and control oil pressure (if applicable); speed 
indicator, and necessary local control components 
requii"ed for local starting of the turbine. 

In addition, primary control components for the 
turbine operation and start-up, includinq a tacho
meter, shall be furnished for mountinq in Purcha~ers 
Main Control RCom panel. · 

The turbine vendor shall recommend any additional 
controls or equipment necessary for proper operation 
of the turbine. 

A key-phaser probe shall be offered as an optional 
extra to permit a complete and accurate analysis 
at any time. 

L. P. Larsen 
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Plant 15 

3.3.8 Capacity Control 

T' 

A pneumatically operated control system will be 
furnished by Airco :for each.· unit .and will iiiclude 
all equipment necessary to: (l). remotely adjust 
the inlet butterfly valve (2) prevent unit f:rom 
su:rqinq, (3) prevent unit f:rom starting, unless 
su:rqe valve and in.let throttle valve are in an un
loading position and (4) an atmosphere "dump" valve 
to pass full flow to atmosphere durinq ".eme:rqency" 
shutdown. The ant.i-surqe valve should not open in 
the event of.emergency shutdown1 due tc file 
actuated signals.· 

The inlet butterfly valve will be suitable fo:r use 
as an isolation valve,. and provide tiqht shut-<iff. 
Also, the "dump" valve will be capable of beinq 
controlled from local panel throuqh an HIC .• 

The anti-surge flow controller element will be 
pressure and temperature compensat"ed. Anti-surge 
valve is tc be sized to pass full design flow at 
design· pressure. The anti-surqe valve will provide 
tight shut-off, and will be piped back to the 
suction of the compressor. 

Vendor shall furnish the hypass cooler rated fo~ 
full compressor capacity. Cooler connections shall 
be matched to ,purchasers by pass pipe system. The 
cooler shall conform to paragraph 3.3.3 of this 
specification. 

Purchaser will furnish the control panel and all 
control system components. System·details will 
be furnished to vendor for review and'ce~tification 
that the-system is acceptable and in no way con
primises the compressor warranty. 

All control valves will be furnished by Airco. 
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Plant 15 

3.3.9 Instruments and Protective Devices 

The vendor shall provide tapped and capped l/2 9 

connections for the purchaser-to connect.to·for 
remote indication of the fcllowinq: 

l. Discharge and inlet pressure of each 
compression ~tage or section. 

2. Oil pressure to the bearings. 

3.. 3/4ft connection for purchasers themo
well. and temperature switch at inlet 
of each compressor staqe or section. 

The vendor shul supply and locally.· rncunt on 
the compressor or compressor pipinq the followinq 
instrumentation: 

l. Dual element, type T, Copper-Constentan 
thermocouples in a 3/4ft stainless steel 
thermowell~omplete with wirinq to a 
terminal strip in a NEMA rv head with screwed 
conduit connection. 

a. Inlet and discharge each compression 
stage or section. 

b. Lube oil supply header. 

2. Bearing temperature thermocouples, type T, 
copper-constantar. wired to terminal strips 
in common NEMA rv conduit boxes for the 
compressor, speed increaser gear, and driver. 

3. Dial Thermometers with Therrnowells (5ft dial) 

a. Lube oil sump 
b. Lube oil supply header 
c. Vendor standard supply 

L. P. Larsen 
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3.3.9 Instruments and Protective Devices (continued) 

4. Pressure Gauges (4-l/2 inch dial size) 

a. A£ter lube oil P'Wl1P 
~. A£ter lube oil filters 
c! All required s~al gas pressure gages (remote) 

S. Siqht Flow Indicators 

a. Each lu.be oil return line 

6. Pressure Switches 

a. Lube oil system (al.um at decreasing oil 
pressure) 

b. Lt1De oil·system (start auxiliary lube 
oil pump) . 

c. Lu.be oil system (shutdoWn. machine· if. 
oil pressure continues to fall) 

d. ·Lu.be oil system (close interlock to allow 
starting main drive) 

e. All required seal gas pressure switches 
7.· Temperature Switches with Therowells 

a. Lu.be oil temper.a ture 

8. Flow Switch - Loss of water flow to motor 
cooler (if applicacie) 

9. Level Switches 

a. Oil level - alarm on low oil level 

lO. Vibration Probes 

Vibration probes of the displacement type shall 
-be furnished for X-Y protection of all shafts 

including compressors, gears and drivers, and 
for axial displace.~ent of all high speed shafts. 
All probes shall include cable and proximeters 
(oscillator-demodulators) mounted in local NE.'1A 
IV conduct boxes. Purchaser will connect all 
vibration equipment to a Bently-Nevada Series 
9000 or equal monitor. Vendor shall quote option

1 for Keyphasor Probe • 

QAT'I 
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3.3.9 Instruments .and Protective Devices (continued) 

10. Al.l pressure gauges 
shall be supplied with isolating.valves 
to allow removal for service during operation. 

Al.l alarm, shutdown, ·and pe:missive devices 
shall contain two (2) DPOT switches. Al.arm 
and shutdown devices shall have contacts 
rated for 120 volts A.C., 10 ampere minimum. 
Permissive devicss shall have contacts rated 
for 125 volts c.c. with a miliimum 10 ampere 
contact rating. All $Witches shall be wired 
by the vendor to· terminal strips inside a 
machine mounted terminal box and clearly marked:·. 

r.. P. Larsen 

All pneumatic fittings shall be Swagelock. 

Dial thermometers to be 5 inch dial, hermeti
cally sealed, external cal.bration and every. 
angle design. Airco will 

Airco will furnish and install a local control 
panel including vibration.monitors, annunciators 
etc. 

A protective barrier will be provided around 
the compressor. All local instruments such 
as seal gas pressure gauges, etc. shall be 
arranged such that reading or adjustment may 
be made from outside the hazard area. · 
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3.0 REQUIREMENTS 

3.3. Design Requirements (continued) 

Plant 15 

3.3.10 Vibration Limits (Compressors & Turbines) 

Vibration levels includ~ng shaft runout during 
shop test or during operation in the field shall 
not exceed the following value or 2.0 mils, which
ever is less: 

2,000 
Ooul:lle amplitude in mils a 

shaft rpm 

Electrical runout or nqlichn shall not exceed 
0.25 mils. If the vendor can demonstrate that 
this is present but does not exceed 0.25 mils, 
he may add this to the above.limits. 

3.3.ll Noise 

All equipment shall be designed for quiet opera
tion. Vendor's quotation shall include expected 
sound level data for his equipment and optional 
extras available to reduee noise levels of his 
standard equipment. 

Successful vendor will be required to supply noise 
level data for his equipment for purchaser's use 
in evaluating equipment layout and plant noise 
control. 

Sound pressure level data shall be expressed as 
dB ref • 0 . O 0 O 2 microbars or dBA. .sound power 
level data shall be shown for octave band center 
.frequencies of 63, 125, 250, 500, 1000, 2000, · 4000, 
and 8000 Hz, and overall levels. 

Vendor shall quote optional extra for noise hoods, 
logqinq etc. to reduce noise to 90 dBA at 3 feet 
from·any surface. 

L. P. Larsen 
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3.0 REQOIREMENTS 

3.3 Design Requirements (continued) 
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3.3.12 Special Tools 

Special wrenches or tools required for erection 
~r maintenance of the equipment shall be furnished 
by the vendor. 

3.3.13 Spare Parts 

Vendor proposal shall include a priced list· of 
spare parts as follows: 

l. Compressor Rotor 
2. Gear Set 
3. High Speed Coupling 
4. -Turbin Rotor (if applicable) 
S. Motor Stator Coils -
6. Motor Field Pole 
7. Compressor Bearings (Set) 
8. Motor or ~bine Bearings (Set) 
9. Speed Increaser Bearings (Set) 

lO. Compressor (and Turbine if applicable) Seals 
ll. Gaskets, Shims, o-Rings, etc required for 

start-up and first year operatio11 

3.3.14 Tagging and Marking 

-Each and every component and accessory shall be 
identified by name and number if- assigned. Metal 
or plastic tags wired to the item are acceptable. · 
A suitable substitute can be pressure sensitive 
backed plastic· tape with embossed numbers and 
letters provided that clean, flat and smooth 
surfaces are available for application. 

All wiring terminals in junction boxes and control 
panels shall be identified with letters and/or 
numbers corresponding with the wiring schematics·. 
All electrical wiring shall be identified with 
plastic tube type markers . 

.... !:' .... a:sen 
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OXYG~ COMPRESSOR CP-50 

REQUIREMENTS 

3.3 Design Requirements (continued) 

3.3.15 OSHA Regulations 

All equipment furnished. shall conform to a.ll 
applicable regulations of the Occupational Safety 
and Health Administration when properly installed 
and maintained. 

3.3.16 Maintenance 

The unit shall be designed to minimize required 
maintenance shutdowns. The ability to run con~ . 
tinuous for 365 days without a. required mainte."lance 
shutdown is required. A!lY maintenance task.that 
requiras a shutdown at intervals less than 365 . 
days shall be specified in the.proposal. 
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3.0 REQUIREMENTS 

3.3 .Oesiqn Requirements 

Pl ant b 

3. 3. l 7· Painting 

All equipment shall be painted in accordance 
with manufacturers· standard for the serviee 
intended. vendors proposal shall describe 
in detail the extent of painting- included. 

L. P. Larsen CIA n i. I l:S.L 
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3.0 REQUIREMENTS 

3.4 Administrative Reauirements 

Plant 15 

3.4.l Information to be Su~plied with Proposal 

The Vendor shal supply the followinq in tbe 
Proposal: 

l. Completed forms - Bechtel Data Shee~ 

2. Price and Oelive~ Definition. 

3. List of all exceptions of this specification. 

4. Performance quarantee and mechanical war%'.anty. 

5. Recommended spare parts list includinq prices. 

6. Description of all tests to be performed in~ 
.eluding descriptions of test procedures and 
data to be supplied purchaser to confirm 
reported test results. 

7. Performance Curve 

8. Schedule of promised drawinq submittal. 

3.4.2 Drawings and Manufacturing Schedule 

Within twelve (12) weeks .from date of purchase 
order, the Vendor shall submit one (l) reproducible 
copy of the following drawings for purchaser's re-_ 
view and approval. These ~hall include, but not be 
limited to: 

l. Gas flor shcematics~ 

2. Lube system schematic. 

3. Electrical schematic - As applicable: defining 
HP or KW of all pumps, heaters, etc. 

4. Bill of materials for all supplied hardware. 

5. External Ora.wing - Givinq details on envelopes, 
instrument locations, connection locations, 
required accesibility dimension, and installa
tion requirements. 
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3.0 REOOIREMENTS 

3.4 Administrative Reauirements 
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3.4.2 Drawings and.Manufacturing Schedule (continued) 

6. External drawinqs of all items that require 
some sort of ~onnection or installation by Airco. 

7. Water schematic. 

8.. Thermal ratinq sheets for coolers. 

· 9. Bechtel Cata 3ileets· 

10. Motor Windinq Information Cata Sheet. 

The vendor shall supply one (l) reproducible and 
six (6) copies of certified cirawinqs of the above 
within six (6) weeks after return of approved 
drawinqs by Purchaser. 

One (l) complete set of final drawinqs is to be · 
included in each Operatinq and Maintenance Manual. 

Within three (3) weeks from data of purchase order, 
Vendor shall prepare and ·submit a manufacturinq 
schedule showin scheduled dates for completion of 
enqineerinq, drawinqs, purchasinq, castinq, · 
machininq and assembly of major components. This 
schedule shall be revised with actual datas of com-· 
pletion of the above activities and reissued on a 
monthly basis until the unit is shipped. 

Orawinqs and manuf acturinq schedul~s shall be sent 
to the followinq: 

t. P. Larsen 

Airco Cryoplants 
460 Mountain Avenue 
Murray Hill, New Jersey 07974 

Attention: Central Files 

CATT 2/81 
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3.0 REQUIREMENTS 

3e4 Administrative Requirements (continued) 
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3.4.3 Operating and Maintenance Instructions 

Six (6) copies of Operatinq & Maintenance Instruc
tions Manual with parts list shall be furnished by 
the Vendor. 

This manual shall qive full mechanical details of 
·all parts included in the order. The manual sha.l.l, 
for a.ll equ~pment, cover all conditions of opera
tion inc.luding initial run-in and start-up, subse
quent start-ups from cold to wa.=m condition and 
requ.lar inspection and maintenance .procedures. 

The manual must be specifically written for the 
purchased machine and its support systems and 
accessories. It must not be a general booklet 
contaj.;ning information not applicable to the pur
chased machine. A:n.y statements in the supplied 
material and subvendo;r materia·l not applicable 
to the purchased machine shall be crossed out. 

All subvendor material shall be marked by an iden
tifying name or number which clearly defines what 
piece of equipment it is and where it is used. 

The manual shall define all required lubricants. 
It shall specify the type (e.q. oil, grease, etc.) 
the basic characteristics (e.g. lithium base, 
viscosity, etc.) and various brand definitions 
( e. q. Shell # 3, -etc. ) , including quant.i ty require
ments and service intervals. 

The above must be furnished a minimum of two (2) 
weeks before shipment of the unit. 

In addition, vendor shall-. furnish five ( 5) copies 
of all test reports and torsional and lateral 
analysis reports as soon as available. Performance 
test reports shall include all test data, sample 
calculations, t~st loop diagrams, and certified 
test performance curves. 

L. P. Larsen 2/81 CIA'°' .-.~'10¥CO 
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4.0 .TESTING AND GUARANTEES 

4.l Instiection 

All material is subject to inspection in.vendor's shop 
and vendor's supplier's shops. Vendor shall give pur
~haser at least one (l) week notice prior to hydrostatic 
tests, mechanical test, and perfo:r:mance test so that a 
representative of purchaser may be present. 

4.2 Testing 

Plant 15 

4.2.l Shot> Tests 

Compressor shall be given a mechanical running 
test and full performance test at the vendor's . 
shop. Vendor shall furnish a complete performance 
test report containing the compressor performance 
curve showing the pressure, thru-put and power 
relationship plotted from at least five test points, 
vibration log data, bearing oil temperatures, inter
stage pressure and temperatures, etc. Sample 
stage pressures and temperatures, etc. Sample cal
culations for flow, pressure, and HP shall be pro
vided. 

Compressor casings are to be hydrotested at 150% 
of desiqn pressure. 

Vendors proposal shall include a complete descrip
tion of his test procedures for purchasers review 
and acceptance. Separate prices nhall be included 
for all which are not standard. 

The following standard tests shali be performed on 
the main electric motor driver: 

a. Resistance measurement of armature and field 
windings. 

b. Polarity of fields. 
c. Ci-electric tests of windings. 
d. Check air gap (by gauge) • 
e. No load field current check at normal 

voltage and frequency. 
f. No load saturation curve determination 

(at vendor's option) • 

.i.... e. Larsen 
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4.0 TESTING AND GUARANTEES 

4.2 Testinq 

T 

Plant 15 

4.2.l Shop Tests (continued) 

In addition to standard motor tests, Vendor shall 
offer an option for tests required to guarantee 
motor efficiency. 

·If a"'steam turbine driver is specified, Vendor 
shall perform tests required by API 612. In 
addition, vendor. shall include an option for 
a turbine Performance Test. Complete details 
of the proposed tests must be included. 

4.2.2 Field Tests 

If desired by Purchaser, a fie.l.d test will be 
performed at the job site by Purchaser. Vendor 
shall be given advance notice so that representa
tives may witness the test. The test shall de
monstrate the ability of all equipment to operate 
at the specified conditions and within the guaranteed· 
power limitations. 

The instr\mlentation installed with the unit will be 
used for this test. No other special instrumenta
tion will be used or required. Purchaser's standard 
flow measurement instruments shall be used to de
termiue cl1e gas !low ~rough the compressor system. 

In addition to obtaining design point data, the 
test run will be utilized to determine the following: 

a. Calculate. each stage adiabatic efficiency 
by temperature rise method. 

b. Check intercooler pressure drops with respect 
to design values. · 

c. Determine motor input power from measurement 
of volts, amperes, and power factor. 

d. Determine turndown capabil.ity and surge line 
data for .proper calibration of the anti-surge 
controls. 

Cl.AT& 2/81 
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4.0 TESTING AND GUARANTEES 

"TTP.., 

4.2 Testing 

4.2.2 Field Tests (continued) 

The test gas sucplied by Purchaser, shall consist 
of 75 molet of N2 and 25 mole% of C02 to simulate 
a mcle wgt. of 32 (02) • 

·4. 3 Guarantees 

Vendor 's proposal shall include guarantee and toleranci,15 
for the following: 

a. 
b. 

Capacity as defined in Section 3.2.3. 
Compressor shaft BHP. 
Kilowatt input to motor. 

Vendor's proposal shall include a statement that the 
proposal is in complete accordance with these specifi-
cations. 

Compressor. manufacturer shall have overall responsibility 
for the mechanical and electrical performance of the wU.t 
meeting guaranteed values and for the complete compressor
driv~ system_beinq free of any adverse mechanical or 
electrical torsional characteristics at operating con-
ditions. 

The vendor shall guarantee against incorrect design, 
~~fective materials, poor workmanship and failure 
from normal usage. Curing the guarantee period, he 
shall repair or replace the defective equipment at his 
expense. He shall also state the terms and conditions 
of his guarantee. This guarantee shall be for a minimum 
of one year from date of start-up or 18 months from date 
received at site, whichever is first. 

The vendor shall guarantee all equipment to be suitable 
for all possible operating conditions including possible 
upset conditions up to safety device set points. Vendor 

0 shall define any safety valve settings and any other 
safety trip parameter required to protect the equipment • 

.i... : • !.a.rs en 
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5.0 DELIVERY 

5.l Schedale 

Delivery schedule shall be specified startinq from 
the date of receipt of order. 

Vendor shall state time required to submit drawings 
for approval and time allotted for drawing approval 
in ord~r tl:.at he meet his specified delivery. 

5.2 .Preparation for Shipment 

All .gas, water, and oil piping shall be cleaned and 
_pickled before shipment. Any pipinq components that 
are disassembled before shipment are to be sealed 
from any contaminatinq elements after cleaning. 

All .open connections in the nas shipped" condit.io·n 
shall be blanked with metal or wooden covers bol te.d 
to the flanges. Threaded openinqs shall be closed 
with threaded plugs. 

All water shall be drained from the unit and accessories 
before shipment. 

All parts in contact with oxygen gas shall be cleaned 
to remove all hydrocarbons and other impurities. Black 

.. light inspection shall be used to assure complete cleanli
ness. All parts cleaned for oxygen serv·ice shall be 
p;z:ootactad and ~ea.led f:i:om any c:onta.minatinq elements. 

Vendor to label all disassembled parts, valves, in
struments, piping, etc., for ease of assembly at site 
and to furnish a list of such parts. ·It shall be the 
vendor's responsibility to insure that the packages 
are sized to allow delivery to the job site. 

The vendor shall adequately support or crate the 
to withstand all shipping loads without damage. 
Vendor shall adequately tie down to the shipping 
the unit to prevent damage en route. 

unit 
The 
vechicle 
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5.0 DELIVERY 

5.2 Preparation for Shipment (continued) 

It shall be the vendor's responsibility to repair or 
replace any items damaged during shipment. All in
surance claims shall be processed by the vendor. 

Vendor shail. notify Airco Cryoplants of all shipping 
dates which shall include all pertiment shipping in
formation, including but not limited to: name of carrier, 
way-bill number, estimated time of ar:ival at the job · 
site. 

5.3. Shipment 

5.4 

Plant 15 

Vendor shall clearly state in his proposal the terms 
and conditions of shipment. Charges, if any, are to 
established in the proposal. 

Acceptance 

Final acceptance of this unit shall be reserved until 
installed, operated and continuous .performance for a 
minimum 'of 24 hours shows that design requirements are 
met •. Operation and continuous performance shall be 
witnessed by the accepting Airco Cryoplants' representative 

rt> Ta-ce~ 
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3. INSU-:..; .. ::-::o:: DESCRIPTIO~I 

3.1 Perlite - Coqe IA 

Plant 15 

3.1.l Classification 

This specification shall cover bulk or.bagged 
material. It does not cover expan9ed-on-site 
material. 

3.l.2 Service 
" 

Cold Vessels and piping enclosed in cold 
boxes and/or ducts at at::nospheric pressure. 

3 .1. 3 Rating 

a. Minus 3S0°F to so°F 

b •· LiqUid oxygen compatible 

3.1.4 Material 

Expanded perlite produced by the application 
of heat to the natural ore. 

a. Density shall be 4.0 ~ l.O lbs per cu ft. 

b. Grading - The grading of the perlite ·insulaticn 
covered by these specifications shall con- -· 

form-to the following: 

t].S. Standard 
Sieve No. 

16 
100 

Retained by W~iiht 
(Cumulative) 
fO\ Maximum 
80\ Minimum 

c .. Moisture Content - The moisture content 
shall be less than O.S\ by weight. 

d. Combustibility - The perlite insulation 
shall not spark or burn when in contact 
with an embedded glowing platinum wire 
in an oxygen atmosphere. 

0 

e. Solven~ Solubles - The perlite insulatio~ 
must no~ contain more than O.l\ by weight 
of matter that is soluble in trichloretha~e. 
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TITl.E STANDARD INSULATION SPECIFICATIONS 

f. The.rmal conductivity shaJ.l be a max. of .23 BTU/in/h:/ 
sq. ft./OF at mean temp. of minus 115. 

3.l.S INSTALLATION 

Plant 15 

a. Thickness - the perlite shail completely fill the 
enclosed insulation space • 

. . 
b. Application - the perlite insulation shall be applied 

in a manner so as to maintain a compacted density of 
approximately 4 lbs. per cu. ft. 

c. The perlite as installed shall be dry. 
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3.l Perli-:e - Coqe IA 
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3.l.l Classification 

This soecification shall cover culk or bagged 
inaterial.. It does .no~ cover expanded-on-site 
material. 

3.l.2 Service 

Cold Vessels and pi.ping enclosed in cold 
boxes al;id/or ducts at: atmo~pheric pressure. 

3.l.3 Ratinsi: 

a. Minus 3so0 r to so0 r 
b. Liquid oxygen compatible 

3.l.t; Ma-eerial 

Expanded perlite produced by the application 
of heat to the natural ore. 

a. Density shall be t; • 0 !. l. 0 lbs per· ·cu ft. 

b. Grading - The grading of the per~ite insulation 
covered by these specifications shall con-

form to the following: 

U.S. Standard 
Sieve No. 

16 
100 

Retained' by Weight 
(Cumulative) 

10\ Maximum 
80\ Minimum 

c •. Moisture Content - The moisture content 
shall be less than O.S\ by weight. 

d. Combustibility - The perlite insulation 
shall not spark or burn when in contact 
with an embedded glowing platinum wire 
in an oxygen atmosphere. 

e. Solvent Solubles - The perlite insulatio~ 
must not contain ~ore than O.l\ by ~eight 
of matter that is soluble in trichlore~ha~e. 
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3.2 Mineral Wccl - Code Ia 
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3.2.l Classification 

Loose or bagged mineral wool 

3.2.2 Services 

Cold vessels and piping enclosed in cold boxes ani:i 
or ducts at atmospheric pressure. 

3.2.3 Rating 

Temperature Range - minus 450°r to plus f'400oF. 

3.2.4 Material 

The mineral wool shall be Eagle-Picher- H-4 Speciai 
Steam Blown Mineral Wool or equal. 

· Typical Properties 

Bulk Density (75 lbs per sq ft 
packing pressure) 

.Combustible Ingredients 

15.5 lbs per 
cu ft 

Less than 
0 .15, 

Thermal Conductivity (at packing 2 den~ity of 15.S lbs/cu ft and .2ssBTO/hr.ft (°F/i::.) 
mean temp. of -12a 0 r> 
Moisture content shall be less than l\ by wt. 

3.2.5 Installation 

a. Mineral wool shall be used for filling all void 
st>aces in the cold box or ducts be"t'.reen the 
inside equipment and panel structure. It 
may be applied by the use of machinery or 
by hand labor. The Contractor shall submit his 
orocedure for Airco aporoval. 

b. The Vendor shall exerclse extreme ?recau~io~ 
to prevent damaging the process components, 
piping and instr\!.lnentation elemen~s. Any ca.J:l-
age caused directly or indirectly by the 
Vendor's labor, tools or equipment shall be 
repaired and/or replaced at no extra cost to 
Airco C-t'YOt:ilailts Co~oration: . Airco Cryo-
olants will maintain a pressure of lU psig I 
~n all piping. Any leaks created by the 
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3.2 Mineral Wool - Code I9 (Cont.) 

3.2.S Installation (Cont.) 
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worlanen will show up as a loss in the pressure 
of the unit at which time the packinq opera
tion s~l be stopped, the unit shall be depres
surized, and the ~eaks .shall be repaired by the 

. Vendor at no additional expense to Ai.rec.. After 
the leaks have been satisf actcrily repaired and 
pressure tested, the unit shall again be pressur
ized and the packinq operation· shal.1 be resumed. 

Thermocouple. leads at the te::minal junction box 
shall. be checked frequently tiurinq the installa
tion with Si.mpson meter for damaqed wiring, and 
to insure that the hot· junction is still qrounded. 
AJJ.y breakage shall be repaired by the Vendor at 
no additional expense to Airco before packinq op
eration is resumed • 

. c. The .vendor shall clean the interior of the cold 
.box jacket bef9re startinq .to place any mineral 
wool in cold box, and shall exercise precaution 
to prevent entrance of any foreiqh material in
c;:ludinq but not limited to wood, paper, rags, 
oily wasts, metal scra~s, weld slag, etc. 

d. The Contractor shall not proceed with the pacld.ng 
of mineral wool in the cold box jacket until all 
piping and equipment has been presslire tested and 
approval to proceed has been given by Airco inspec
tor. 

e. The Vendor shai1 pack the mineral wool in succes~ 
sive layers and compact to a density of not less 
than fifteen p6unds per cubic foot. 0 Airco will 
periodically check the packing procedures and den-

. sity. ..The Contractor shall correct any deficien
cies pointed out by Airco. No voids will be to:
erated. Any frost, ice spots, or heat leak after 
start-up and as a resultof insulation deficiencies 
shall be corrected by re·packing the areas and at nc 
cost to Airco. The packed height of the layers s~all 
be approximately two feet. Care shall be taken t~a~ 
temporary pipe supports are removed as packing pro
gresses. 
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I /.:::J nr.o C:1YOPU~lTS COllPOnH I ON 

I 

0 STANOAROS 

0 INSTRUCTIONS 

K) SPECIFICATIONS 

QOATA 

H 0. CM 35. 4 3. 0 0 

I 

. I 

TITLE 
STANDARD INSULATION SPECIFICATIONS 

3. 2 Mineral Wool - Code Ia (Cont.) 

3.2.S . Installation (Cont.) 

Plant 15 

f. The Vendor shall keep the mineral wool dry and 
clean at all times. Should this material become 
wet or contaminated, it shall be~removed and re
placed by the Vendor. Once mineral wool. becomes 
wet, it·can not be reused. 

Any additional access openinqs required for in
sulation or for correctinq deficiencies shall be 
provided by Airco Cryoplants and charged to the 
insuiating contractor. 

q. Insuiation shall be installed by competent work
men, experienced in this type of work. 

h. Contractor· ~hall supply all the labor, ~cols, 
handling equipment, insulation material and super-
vision. · 

i. The Contracto~ shall contain any and a1l. paper and 
dcbri~ in the immediate workinq area dui'inq the in
sulation period and prior to removinq same from the 
jobsite. Paper will not be permitted to fly around· 
due tC! the probability of landing on the exposed 
high voltage equipment or damage other equipment. 

j. After completion of the insulation work, the Vendor 
shal.l arrange for the removal and the disposal of 
all excess insulation, paper waste, and debris from 
the plant area • 
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ft~JRCO CRYOPU~HS CORPORATION 0 STANOAROS H 0 •. OM 35. 4 3. 00 
0 INST~UCTlCNS 

TITLE 

3.3 

~ SPECIFlCATIONS 

OoATA 

STANDARD INSULATION SPECIFICATIONS 

Cellular Glass - Code Ic 

3.3.l Classification 

Rigid preformed cellular glass sections 

3.3.2 Service 

a. Pipe 

b. trse- for oxygen service. at·- the ~!' · secdo:ii of low 
pressure dis.till.a.t'ion ""columns anei wa-S~·1uerogen 
piping be"tw~en·column and heat exchanger. 

3. 3. 3 Rating 

Temperature Range - minus ~so0r to aoo 0 r 
3.3.~ Material 

Density - s1/ft:3 
Thermal Conduc'tiv.ity,BTU/hr.· ft2(0f/irl-0.3S @ o°F 
Compressive strength (Ult.)·- 100 ps~ 
Combustibility - will not: burn 

3.3.S Item & Material 
(Manufacturer or Eoual) 

Insulation 
Foamglas 

(Pittsburgh -Corning 
Corp.) 

Descriction·of Aoolication 

Service "a" 

Use sectional foamglas pipe 
covering. Apply to-piping 
with butt joints ~:~~gger.ed. a.r:.d 
all Joints tightly butted. 

Service "b" 

Use s~ngle layer min. l" thic~ 
sectional foa~glas block. A?
ply with butt joints staggere: 
and all joints tightly bu~tec. 
A"t top head, block to be cut 
to conform to contour of knuc~:e 
radius. 
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t\ mco r.nYOPL..UITS CORPORATION 
11'-.--

0 SIANOAROS H 0.: OM 35 • 4 3. 0 0 

TITLE 

0 INSTRUCTIONS 

G s;::iEc1F1CAT1CNS 

Q OATA 

ST . .VI:A~D !NSULAT!ON SPEC!F!CATIONS 

·3. 3. 5 Item & Material - Cont. 
CManufac~urer or Eoual) 

Joint Sealer 
(Benjamin Foster 
Co. 82-10) 

Insulation Ties 
Up to 12" Diam. 
Over 12" Diam. 
up to i.a" 

Descriotion of Aoolication 

On single layer construction, 
seal all edges with sealing 
conmound in such a.manner 
that each segment of insula
tion is sealed ~t all joints. 
On Multilayer construction 
joints are to be s":a.ggered and 
only outer layer seaJ.ed. · · 

Service "a" 

i/2" by .020" stairiless steel 
bands on 9" centers. 3/~" 
by ~azo" st~inless s1:eel bands 
on 9" centers. 

Service "b" 

! 
I 
I 
i 

Over 48" 
Cylindrical walls, l" wide, 
14 gage min. thk. cll.uminum 
bands. tightly ·drawn. At 
least two bands per course 
of block. On dished head, 
cement blocks to surface. 

.I 

Plant 15 

Contraction Joint 

Jacket 
0.016 Aluminum corrug
ated with factory 
applied vapor barrier 
( Chil.ders Alloy 
SOOS-Hl4, 3003-Hl4) 

Service "a" 

Provide joint in accordance 
to SK ·n .A. 

Service "b" 

None 

Service "a" 

The wea~herproof jacket shall 
be applied with a 3 inch end i 
and side lap. Wrap snu~l1 I 
around the pipe insulation se
curing with tie bands. All 
end laps and longit~dinal joir.:s 
and sear.s shall receive a 
coating of vapor barrier ~as~ic 
to assure vapor barrier. 
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/•·. IRCO CRYOPlMITS CORPORA Tl ON 
1---r:;-. 

Q ST AN OAF~OS H 0 • ~ OM 35 • 4 3 • 0 0 

TITLE 

0 INSTRUCTIONS 

@SPECIFICATIONS 

QOATA 

STANDARD !?ISUI.AT!ON S?E:Cii'ICATIONS 

3.3.S Item & Material - Cont. 
C:1anufact'.:rer or :C:cuaJ.) 

Vaoor Barrier ~astic 
(BenJamin Fos~er Co.) 
Fire.Resistive) 
60-30 dark· brown-Trowel 
60-35 Aluminum - " 
60-60 Dark Brown-Spray 
60-65 Aluminum " 

Jacket Ties 
.Less than ~a"inch OD 

Deseriotion of Aoolication 

Serviee "b" 

None 

All end laps and lcngi tudi.~a.: 
joints. 

3/IJ inch by • 020" inch stai..-:-. 
less s.teel bands spaced on 
9 inc:h centers. 

3.3.6 Serviee - Elbows, ·nanges and Valves All Sizes 

Item & Ma't:erial 
(Manufa-e't:urer & E:cual) 

Insulation 
Mol4ed Foamgl·ass or 
fabricated from foam
glass pipe covering 
(Pittsburgh Corning 
Corp.) 

Deseriotion of Aoolication 

Elbows, bends, flanges and 
valves shall be covered . wi -t:. . 

. two pieee faetory. fabricate~ 
covers. I! not available· 

.fabricate from pipe cover-
ing trim for good fit and !'::-:~ 
tightly together. Use same I 
thickness as the pipe insu.!~-

1 
tion. Con~rol valves and 
flanges shall be insulated 
in such a manner to permit ! 
easy rer.ioval and replaceme::~ I 
of insulation. 1 
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/·~ nco CRY OPLA~ TS CORPORATION 0 STANOAROS 

Q INSTFfUCTIONS 

fi SPECIFICATIONS 

OOATA 

TITl.E ST . .WDA.~D INSUT...ATION S?EC!FIC.A.TIONS 

3.3.6 

H 0. ~ OM 35. 4 3. 0 0 

Item & Material - Cont. 
(Manufacturer or !oual) Descriotion of Aoolication 

4 
l 

I 
Joint Sealer Adhesive 

(.aenjamin Fos"ter Co. 
82-10 

All joints shall be joined 11 

and sealed to provide a tig~~ 
construction. 

Insulation.Ties 
172.by 0.020 inch 
type 30~ stainless 
steel bands with 
Wire f 16 gauge 
CAny)stainless steel 

Vaoor Barrier Mastic 
(Benjamin Foster Co. 
Fire Resistive) 
60-30 Dark brown-Trowel 
60-35 Aluminum - " 

.60-60 Dark Brown-Spray 
60-65 Aluminum n 

Reinforcement 
Glass cloth, white, 
10 by 10 mesh open 
weave 
CTwinburg-Miller 
Glasfab.) 

Band all flanges and contro!: 
valve covers used on all 
molded fittings. 

On irregular surfaces, where 
use of insulation straps is 
impractical., insulation sha:.~ 
be secured with wire. 

Cover top layer of insulatic~ 
with minimum l/32 inch con
tinuous coat. 

While vapor seal doat is 
stil~ tacky glass cloth shal.: 
be laid smooth and thoroughl7 
embedded in coating. Lap 
the edges 3 inches. At 
corners, overlap edges 6 
inches. Before surface be
comes dry to touch a seconc 
coating of aluminum colorec 
vapor barrier mastic thick
ness l/8 inch shall be ap
plied. Heavy fillets of 
mastic shall ~e applied at 
all points of flashing. 

• 3.3.7 See Section~ for details .of application . 

I 
i 

i 
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fejrlCO C!HOPL-4~1TS CORPORATION 0 STANOAROS 

0 INST~UCTIONS 
~ S?ECIFICATIONS 

0 CATA 

HO. OM 35.43.00 

TITLE STAN: . .:._~!) INSULATION SPECIFICATIONS 

l.~ Polyurethane - Code I 0 

Plant 15 

3.-". l Classificatio·n 

Rigid preformed polyurethane sections 

3.~.2 Service 

Pipe, vessels; except in liquid oxygen service. 

3.4.3 Ra.ting -423°F to +_350~F 
Temperature Range: 

3.~.4 Material 

Density - l.S to 2.2 i/ft 3 
0 

. · 
Thermal conductivity - K=0.15@ 40 F'mean 

teJnV>era-i:ure BTU/hr. sq. ft. C°F/in). 
Compresive strength - 25 psi @ 10\ deflection 
Combustibility - self extinguishing 

Item & Material 
(Manufacturer or Eoual) 

Insulation 
Rigid Polyurethane 
(National Gypsum C~. 
Gold Bond "Zer-::>-Cel"l 

(Armstrong Cork Co.
"Armalok") 

Adhesive and Joint 
Sealer 
(Benjamin Foster Co. 
a1 ... 33 fire nesistive) 
(Armstrong #520 Ad
hesive for Armalok) 

Descrit1tion of At1olication 

Use sectional polyurethane 
pipe covering. Apply to piping 
with butt joints staggered 
and all joints tightly butted. 

On single layer construction 
seal all edges with sealing 
comoound in such a manner 
tha.1= eai::h s.::gme:nt 'i:Jf in:;;ula.• 
tion is sealed at all joints. 
On multi-layer construction 
joints are to b~ staggered 
and only outer layer sealed. 
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1\mco C:1YOPU!HS CORPORATION 
J- .. -

0 STANDARDS HO.'DM 35.43.00 

Tl Tl. E 

0 INSTRUCTIONS 

9 SF'ECI Fl CATIONS 

QDATA 

ST.4.!!D:~:;w !~SULATION 'SPECIFICATIONS 

3.1'.~ Material Cont. 

Item & Material 
(Manufacturer or Eoual) 

Insula-:ion Ties 
Banding Tape 
(Permade P-691 

Descriotion of Aoolication 

Insulation shall be secured 
by spiral-wrapping the band
ing tape tightly around 
the insulation. 

NOTE: In lieu of banding tape, 
we suggest the use of 
factory or field applied 
jackets; 

Plant 15 

Contraction Joint 
On the single or 
outer insulation dyers 

Jacket 
O.OJ..6 Aluminum· 
.Corrugated with Factory 
Applied Vapor 
Barrier 
(Childers Alloy 
5005-Hl1', 3003-Hl1') 

Vaoor Barrier Mas~ic 
(Benjamin Foster Co. 
Fire Resistive) 

60-30 dark · brown-trowel 
60-35 aluminum 
60-60 dark brown-spray 
60-65 aluminum - " 

Jacket Ties 
Less than 48-inch OD 

Provide joint in accordance 
with SK!ll. 

The weatherproof jacket shal!. 
be applied with a 3 inch end 
and side lap. Wrap snugly 
around the pipe insulation 
securing with tie bands. 

All end laps and longitudina: 
joints and seams shall re
ceive a coating of vapor 
barrier mastic to assure 
vapor barrier. 

31~" by .020" stainless s~e~: 
bands spaced on 9 inch cen~=~= 
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/.:1J RGO C!tY O?LANTS CORPORATION 0 STANOAFmS 

0 INSTRUCTIONS 

a SPEC! Fl CA Tl'ONS 

QOATA 

N 0. CM 35. 4 3. 0 0 

TiTLE 

Plant 15 

STANDARD I~ISULATION SP~CI!ICATION'S 

3.~.S Service: Elbows, F1anges and Valves Al.l Sizes 

Item & Material 
(Manufacturer or Eaual) 

Insulation 
Prerorraed Rigid Poly
urethane or fabricated 
from pipe covering. 
(National Gypsum Co. 
Gold Bond "Zer-0-Cell"-) 
(Armstrong Cork Co. -
Armalok) 
(Dow Chemical Co. 
PZ2020) 

Joint Sealer Adhesive. 
(Benjamin Foster co. 
81-33 Fire Resistive) 

!nsulation Ties 
l/2° J;>y.0.020" type 
304 stainless steel 
bonds with banding 
tape . 
CPermade P-691) 

Vacor Seal Mastic 
(Benjamin Fos'tet' ~o. 
Fire Resistive) 
60-30 Dark brown-Trtiwel 
60-35 Aluminum " 
60-60 dark ~rown spray· 
60-65 aluminum " 

Descric~ion of Aoolicaticn 

Elbows, bends, flanges and 
valves shall be covered with 
two-piece factory fabricated 
from pipe covering. Trim for 
good fit and force tightly 
together. · Use the same thic.~.
ness as the pipe insulation. 
Contr0l valves and flanges shal~ 
be insulated in such a manner 
to permit easy removal and 
.replacement of insu.lation. 

All joints shall be joined an~ 
·sealed to provide a tight 
construction. 

Band all flanges and control 
valve covers. Use on all 
molded fittings. On ir?"eg
ular surfaces, where use of 
insulation shall be secured 
with spirally wrapped band
ing tape. 

NOTE: In lieu of band tace 
Wi'""Suggest the use of either 
factory or field applied 
j acJcets. 

Cover top layer of insulation 
with minimum l/32 inch conti~
uous coat. 
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/6}RC0 C!HO?U~TS CORPORATION 0 STANOAF:ios 

0 INSTRUCTIONS 

uSPECIFICATIONS 

QOATA 

HO.;oM 35.43.00 

TITLE S:' . .!.:::.!...?.~ !ilSUL..4-.TIOf! S?ECI:IC.A.TIONS 

3.1' Polruret~ar.e - Code In (Cont.) 

Plant 15 

3.1'.S (Cont.) 

Item ~ Material 
(Manufacturer or Eaual) 

Reinforcement 
Glass clotn white 
10 by 10 mesh open 
weave. 
CTwinburg-Miller 
Glassfab.) 

DescriDtion of Aoolication 

While vapor seaJ: coa"C is still 
taeky glass cloth shall be laid 
smooth and thoroughly embedded 

· in coating. Lap the edges 6 inches. 
Before surface becomes ~ry to touch 
a second coating of.aluminum colored 
vapor barrier mastic minimum thick
ness l/S inch shall be applied. 
Heavy fillets of mastic shall be 
applied all points of flashing. 

3. i+. 6 See Section i+ for details ot application • 
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TITLE 

- AS 

- ASO 

- BS 

- BSO 

SC. c:---1- -·-1 .... ··• LiQI --:.- r-1-~ I ..,.,.,.;:, 

~o. 35. 45. oo 

Service: Cold Gases & Liquids - General Purpose 
304SS (Do not use for oxygen) 
Ratinc:: 150 f 
Pressure Temp. Range: 275 psig @ +l00°F 

20 psig @ +1000°~ 
Min. Temp. -325°F 

Service: 02 Piping Above 200 °F, 02 Outlet Line from· 
D~scnarge of Base Load 02 Compressor, Cold 02 Gas & Liquid . 
Oxygen. . Oxygen Service - 304SS 
Ratinc;: l50i\ 
Pressure Temp. Ranae: 275 psig @ +100 °F 

170 psig @ +500 °F 
Min. Telllp. -325 ~F 

Service: General Purpose - 304SS (Do not use for oxygen) 
Ratinc;: 300#" 
Pressure Temt:l. Ranae: 720 psig @ 100 °F 

25 psig @ 1500 °F 
Min. Temp. -325 °F 

Service: 
I:rom LOO 
Ra tine:: 
Pressure 

Oxygen Service - 30455 - Discharge Piping 
Vaporizer & H.P. LOO Vaporizer Pumps 
3001 
Temt:l •. Ranae:. 720 psig @ +100 °F 

470 psig @ +400 °P 
Min. Temp. -325 °F 

- AA Service: General Purpose - Aiuminum - For Use Inside 
and Outside of Cold Box (Do not use for oxygen) 
Ratinc;: l50i 
Pressure TemP. Ranae: 150 psig @ +100 °F 

150 psig @ +200 °F 
Min. Temp. -325 °F 

- AAL Service: Low Pressure Service such as Oxygen Comp. Suction 
Lines l.2" and above - Aluminum. 
Rating:: l50i 
Pressure TemP. Ranae: 30 psig @ +100 °F 

25 psig @ +200 °F 
Min. Temp. -20 °F 

- AAO Service: Cold Oxygen Gas & Liquid - Aluminum 
Rating: l50i 
Pressure Temo. Ranae: 15~ psig @ 100 °F 

150 psig @ 200 °F 
Min. Temp. -325 °F 

- AAS Service: Liquid Nitrogen - General Purpose Aluminum 
(Do not use fer oxygen) 
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TITLE 

- BA 

- BAO 

- DCC 

- DSC 

Plant 15 

Ratina: lSOi 
Pressure Temo. Ranae: 

:_ ~7,:,.~,=::...~~s 
~· INS'i~U=TlC~.:~ 

~.· ! s;:::ECIFICATIC~<! 

LJ 0-"TI. 

275 psig @ +100 °F 
100 psig @ +400 °F 
Min. Temp. -325 °F 

Service: Liquid Nitrogen - General Pti.rpose Aluminmn 
coo no~ use for oxygen) 
Ratinc: 300i 
Pressure Temo. Ranae: 720 psig @ +100 °F 

265·psig @ +400 °F 
Min. Temp. -3~ °F 

Service: Oxygen, Moderate 
- Aluminum 

Pressure Range Inside & Outside .. 
J 

Cold Bo.x 
Rating: 
Pressure 

Service: 
Rating: 

300i 
Teino. Ranae: 720 psig @ +100 °F 

265 psig @ +400 °F 
Min. Temp. -325 °F 

Oxygen (Product 02 Pipeline) - Carbon steel 
600# ... 

Service: Liquid Oxygen - 304· SS - Product 02 to 
steam vaporizer 
Rating: 600# 
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Airc:o Cryoplants 
EHGIHEERIHG STA~OARD 

AS :35 .• 45 .• 00 
PRO I. ISSUE DATE PROJ. NO.. 

SERVICE - Cold Gases &: Liquids - General Purpose 304SS (Do not use for oxygen) 

RATING - 150# 
c:: 
U PRESSURE TEMPERATURE RANGE: 275 psig @ +lOOOF 

20• psig @ +lOOOOF 
Min. Temp~ -3250F 

CORROSION ALLOWANCE: 

ITEM 

PIPE 

2" &: smaller 
2" &: smaller 
2-1/2" through 12" 
14" through 24" 

. FITTINGS 

2" &: smaller 
2-l/2" through 24" 

FLANGES 

2" &: smaller 
2-1/2" through 24" 

GASKETS 

All Siz.es 

BOLTING 

All Siz.es 

NOTES: 

TYPE 

Seamless 
Seamless 
Seamless 
EWR 

Socket weld 
Butt weld 

Socketweld 
Weldneck 

1/16" Ring 

Stud Bolts 

None 

RATING 

SCH 805 
SC&10S 

. SCH 105 
• 375" wall 

3000# 
To Match· 

Pipe 

150 RF 
150 R.F. 

150 RF 

1. Use only where threading is required. 

MATERIAL 

SST, ASTM A312 TP 304, P.E. 
SST, ASTM A312 TP 304, P.E. 
SST, ASTM A312 TP 304, P.E • 
SST, ASTM A312 TP 30_4 P.E • 

Fgd. SST, ASTM A182, F 304 
SST, ASTM A403 WP 304 

Fgd. SST, ASTM Al82, F304 
Fgd. SST, ASTM Al82, F304 

bore to suit pipe 

JM-61 Graphite Free 

ASTM A320, BSM, Class l, full 
threaded stainless steel bolt-stud, 
with (2 ea) ASTM Al94, 8 Ameri
can Standard Heavy Series 
Hexagon nuts 

2. ·For Branch Reinforcement see chart AS-Rl 
3. Use 150 nat face nanges with full face gaskets when mating 

to nat faced equipment or components below 750oF. 
4. Above 750oF use 150 ring type joint nanges together with 

JM-951 V-Tite, type 304, octagonal ring gaskets. -
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~i1FJ?cf ryop lan+s 

EHGIHEE91HG STANDARD PROJ. ISSUE DATE 
ASO 

PROJ. HO.. 

SERVICE - 02 Piping Above 200°F, 02. Outlet Line from Discharge of Bas.e Load 
;; 02 Co.mpressor, Cold 02 Compressor, Cold 02 Gas &'. Liquid Oxygen. 
ui Oxygen Service - 304SS ·(See Note 4) 
= 
c:: RATING - 150# 
t.J 

PRESSURE TEMP. RA'EING: 

CORROSIVE ALLOWANCE: 

275 psig @ +lOOOF 
170 psig @ +5oooF 
Min. Temp. -32soF 
None 

Max. 

35 .• 45 .• 00 

ITEM TYPE RATING MATERIAL NJ TES 

PIPE 

2" &'. smaller 
2" &'. smaller 
2-1/2" through 12" 
14" through 24" 

FITTINGS 

2" &'. smaller 
2-1/2" through 24" . 

FLANGES 

2" & smaller 
2-1/2 through 24" 

GASKETS 

All Si?.es 

BOLTING 

All Siz.es 

NOTES: 

Seamless 
Seamless 
Seamless 
ERW 

Socketweld 
Butt weld 

Socket weld 
Weldne~k 

1/16" Ring 

Stud Boits 

SCH SOS 
SCH lOS 
SCH lOS 
375" wall 

3000# . 
To Match 

?ipe 

150# RF· 
150# RF 

150# RF 

SST, ASTM A312 TP 304, P.E. 
SST, ASTM A312 TP 304, P.E. 
SST, ASTM A312 TP 304, P.E. 
SST, ASTM A312' TP 304 P.E. 

Fgd. SST, ASTM Al82, F 304 
SST, ASTM A403 WP 304 

Fgd. SST, ASTM Al~2. F304 
Fgd. SST, ASTM Al82, F304. 
bore to suit pipe 

JM-61 Graphite Free 

ASTM A320, BSM class 1, full 
threaded stainless steel bolt-stud, 
with (2ea.) ASTM Al94,8 Ameri
can Standard Heavy Series Hexagon 
nuts. I 

1. Use only where threading is required. 
2. For Branch Reinforcement see chart ASO-RI. 
3. Use 150# flat face flanges with full face gaskets when mating to 

flat faced equipment or components. 
4. Cleaning Std. DM-35.45.03, Class "A", is required. 
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Airi:c Cryoplants 

ERGIHEERIHG STANDARD PRDJ. ISSUE DATE 
BS 35 .• 45 .• 00 

PRD1; lt'U.. 

~- SERVICE - General Purpose - 304 SS (Do not use for oxygen) 
Q 
\(I 

c::i RATING - 300# 
c:: 
c.J PRESSURE TEMP. RANGE: 720 psig @. lOOoF 

25 psig @. lSOOOF 
Min. Temp. -325oF 

CORROSION ALLOWANCE: None 

ITEM 

PIPE 

2" &: smaller 
2" &: smaller 
2-1/2" through 12" 
~" through 24" 

FlTI'INGS 

2" & smaller 
2-1/2" through 24" 

FLANGES 

2" or smaller 
2-1/2" to 24" 

GASKETS 

All Sizes 

BOLTING 

NOTES: 

TYPE 

Seam~ess 
Seamless 
ERW 
ERW 

Socketweld 
Buttweld 

Socket weld 
Weld Neck 

1{16" Ring 

Stud Bolts 

RATING 

SCH 80S 
SCH 40S 
SCH 405 
Cal.wall 

3000# 
To Match 

Pipe 

300# RF 
300# RF 

300# RF 

MATERIAL 

SST, ASTM A312 TP 304 P.E. 
SST, ASTM A312 TP 304 P.E. 
SST, ASTM A312 TP 304 P.E. 
SST ASTM A312 TP 304 P .E. 

Fgd. SST, ASTM Al82, F 304 
SST, ASTM A403 WP 304 

Fgd. SST, ASTM Al82, F 304 
Fgd. SST, ASTM A 182, F 304 
bore to suit pipe 

JM-61 Graphite F·ee 

ASTM A320,B8M, Class 1, full 
threaded stainless steel bolt-stud, 
with (2ea.) ASTM Al94,8 American 
Standard HeavY Series Hexagon nuts 

1. Use only where threading is required. Backweld all thd. conns. 
2. For Branch Reinforcement see chart BS-Rl. 
3. Use 300# flat face flanges with full face gaskets when mating to flat faced equipment 

or components for temperatures below 75QOF.· 
4. For temperatures above 750°F use: (a-1) New construction w/raised face flanges. 

NOTE 

1 

2 

3 
3 

1 

Preferred. Flexitallic, or equal, style CG, 316 L & Canadian asbestos paper. I 
(a-2) Replacement for API ring joint flanges. Flexitallic, or equal, style CG-RJ, 316 Ii 

·L & Canadian asbestos. paper. (b) New construction to match vendor furnished R...,J 
flange equipment, Johns-Manville style #951, V-type 316, octagonal shape 

5. For operating- temperatures above 10Q0°F carbon conte!'lt is to be ':ert~ f:ir"'P. . I 
.04 nercent minimum. Purchase order to reauire carbon content certi 1cat.1.on 

J..... ___ P_l~a-nt--l~S _______________ P_ip~1-·n~g~M_a_te_r_i_a_1 __ sp~e_c_i_f_i_ca_t_i_o_n _______________ s_he_e_t __ 6 __ of __ 1_s ____ I 



Airco Cryoplants 

ENGIHEERING STANDARD PROJ. ISSUE DATE 
B.50 

PROJ. HO.. 

.... 
Q 
I.ti 

SERVICE - Oxygen Service - 304SS - Discharge Piping from LQO Vaporizer &: H.P . 
LQO Vaporizer Pumps (See Note 4) 

= 
c= RATING - 300# 
CJ 

PRESSURE TEMP. RANGE: 720 psig @. +lOOoF 
470 psig @. +4000F 
Min. Temp. -325oF 

CORROSION ALLOWANCE: None 

35 .• 45 .. 00 

ITEM TYPE RATING MATERIAL NOTE 

PIPE 

2" &: smaller Seamless SCH SOS SST, ASTM A312 TP 304 P.E. 
2" &: smaller Seamless SCH 405 SST, ASTM A312 TP 304 P.E. 
2-112" through 12" ERW SCH 40S SST, ASTM A312 TP 304 P.E. 
14" through 24" ERW Cal. wall SST, ASTM A312 TP 304 P.E. 

FlTTINGS 

2" .&: smaller Socket. weld 3000# Fgd. SST, ASTM Al82, F 304 
2 ... 1/2" through 24" Buttweld To Match SST, ASTM A403 WP 304 

Pipe 
..• ... .. 

FLANGES 

2" or smaller Socket weld 300# RF Fgd. SST, ASTM Al82, F 304 
2-1/2" to 24" Weld Neck 300# RF Fgd. SST, ASTM Al82, F 304 

bore to suit pipe 

GASKETS 

All Siz.es 1/16" Ring 300# RF JM-61 Graphite Free 

BOLTING 

All Sizes Stud Bolts ASTM A320, BSM, Class 1, full 
threaded stainless steel bolt-stud, 
with (2ea.) ASTM Al94, 8 Ameri-
can Standard Heavy Series Hexagon 
nuts 

NOTES: 

1. Use only where threading is required. Backweld all thd. conns. 
2. For Branch· Reinforcement see chart BSO-RL 
3. Use 300# nat face nanges with full face gaskets when mating to nat faced equipment 

or components. 
4. Cleaning std. DM-35.45.03, Class "A", is required. 
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Airco Cryoplants 
EJRilHEERIHG STANDARD PRDJ. ISSUE DATE .PROJ. HQ.. 

SERVICE - General Purpose - Aluminum - For Use Inside & Outside of Cold Box 
~ (Do not use for oxygen) 
Q 
ui 

= RATING ~ 150# 

PRESSURE TEMP. RANGE: 150 psig @ +lOOOF 
150 psig @ +2000F 
Min. Temp. -3250F 

. CORROSION ALLOWANCE: None 

35..45 .• 00 

.J 

; 

ITEM TYPE RATING MATERIAL l'CI'ES I 

PIPE -
2" & smaller 
2" & smaller 
2-1/2" through 12" 
14" through 24" 

FITTINGS 
2" & smaller 
2-1/2" through 24" 

FLANGES 

All Sizes 

UNIONS 
Use Flanges 

GASKETS 

Seamless 
Seamless· 
Seamless 
Welded 

Socketweld 
Buttweld 

Weld Neck 

SCH SO 
SCH 40 
STD WT 
STD WT 
(0.375"wau> 

3000# 
Std. Wt. 

150# RF 

Alum, ASTM. B 241 6061-T6* 
Alum, ASTM B 241 6061-T6* 
Alum, ASTM B 241 6061-T6* 
Alum, ASTM B 209 6061-T6* 

Alum, ASTM 8247 605l~T6 
Alum, ASTM 8361 WP6061-T6* 

Fgd. Alum, ASTM 8247 
6061-TS Bore to Match Pipe 

1 

4. 

2 

5 

All Si7.e5 1/16" ring 150#RF JM-61 Graphite Free 3,5 

BOLTING 

All Sizes ,.. Stud Bolts ASTM A320, B8M, Class l, full 
threaded stainless steel bolt-stud, 
with (2ea) ASTM Al94,8 American 
Standard Heavy Series Hexagon I 
nuts 

*Purchase order must specify that mechanical properties are verified by a tensile test at Mill. 
NOTES: 
l. Use only where threading is reuqired. 
2. For branch reinforcement see "Branch Reinforcement Chart AA-Rl". 
3. Gasket dimensions are to conform to ANSI 816.21, Table 1. 
4. Longitudinal joints in welded pipe shall be single butt welded with joints in accordance 

with Table 302.3.4, (3e) of the pressure piping code ANSI 831.3 latest edition. 
5. Use 150# flat face flanges with full face gaskets when mating to flat 

faced equipment or components. 

Plant 15 Piping Material Specification Sheet 8 of 15 
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Airc:o Cryoplants 
EHGIHEERIHG STANDARD PRDJ. ISSUE DATE 

e.bI. 
35.~45 .• 00 

PROJ. NO.. 

SERVICE - Low Pressure Service Such as Oxygen Compressor Suction Lines 12" and 
above .(Aluminum) 

RATING - 150# 

PRESSURE TEMP. RANGE: 30 psig @. +lOOOF 
25 psig @. +2000F 
Min. Temp. -290F 

CORROSION ALLOWANCE: None 

ITEM TYPE RATING MATERIAL NOTES 

PIPE 
12" through 24" 

FITTINGS 
- . 

All Sizes 

FLANGES 
12" to 24" 

UNIONS 

Use Flanges 

GASKETS 

All Sizes 

BOLTING 

All Sizes 

VALVES 

See Note 8 

Welded 

Miter Ell 
Type "A" 

Lap Joint 

1/16" ring 

Stud Bolts 

.375 Wall 

To Match 
Pipe 

150# RF 

150# RF 

Alum, ASTM. B 209 &o61-T6* 

Alum, ASTM B209 6061-TS* 

Fgd. Steel ASTM Al81. 

JM-61 Graphite Free 

ASTM Al93, B7 full threaded 
bolt-stud, with (2ea.) ASTM 
A194, 2H American Standard Heavy· 
Series Hexagon nuts. I 

*Purchase Order must specify that mechanical properties are verified by a tensile test 
.at Mill. 

NOTES: 

1. For branch reinforcement see "Branch Reinforcement Chart AAL". 
2. Gasket dimensions are to conform to ANSI Bl6.21. 
3. All weld joints shall be butt welded and inspected in accordance with Table 302.3.4 

(3d) of the pressure piping code ANSI B313 latest edition. 
4. See Miter detail chart AAL-EL 
5. All welds on interior surface of pipe shall be wirebrushed prior to solvent cleaning. 
6. Solvent cleaning of all· pipe to be done in accordance with Airco's 

standard DM-35.45.03, Class A. 
7. No back rings are to be used when making pipe welds. 
8. Valv~s to 1-1,,. inrli"iti11<11lu c;,,.1~~t,,.ti ti"\ <::11it "'""1;,..,,tinn 
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Airco Crycplants 

EKGINEEllNG ST1HDARD 
AAO JS..45 .• 00 

PROJ. ISSUE DATE 

SERVICE - Cold ·o~n Gas & Iiiquid -- Aluminum 

R...\TD:Ci - 150# (See Note 6) 

PR!SSURE T!ltP. RANGE: 150 psig ~ 1000: 
150 psig C, 2000F 
Min. Temp. -3250F 

CORROSION ALLOWANCE: None . 

PIP! -
2" & smaller 
2" & smaller . 
2-1/2" thrcurh 1%" 
14" t.irough 24" 

FlTTINCiS 

2" & smaller 
2•1/2" through 24" 

FLANC'ES· 

All Sizes 

t!NlONS 

Use Flanges 

GASKETS 

All Sizes 

BOLTING 

TYPE 

Seamless 
Seamless 
Seamless 
Welded 

Socket weld 
Buttweld 

Weld Neck 

1/16" ring 

RATINCi 

SCH 80 
SCH 40 
STD WT 
~ \\'1' TS"waW 

3000i 
Std. Wt. 

150# RF 

150# RF 

PROJ. HQ. . 

MATERIAL. 

Alum. ASTM B 2.U 6061-T&• 
Alum, ASTM B 241 6061-TS· 
Alum. ASTM B24l 6061 .. T&• 
Alum. ASTM B 209 6061•T611 

.~lum. ASTM 8241 6061-T& . 
Alum. ASTl1 8361 WP..0061-TS-

Fgd.. Alum. ASTM 8247 
6061-T& Bore to Match Ptpe 

JM-61 Graphite Free 

All Sizes Stud Bolts ASTM A320. SSM Class 1 full 
threaded stainle's steel !:lolt-stud 
with C2ea) AST'.\1 Al94.8 American 
Standard Heavy Series Hexagon 
nutsc 

NOTES 

4 

2 

5 

3.5 

•Purchese order mus~ specify that m!!chanic:al proper!ies are veriCiecJ oy a Tensik! test at Mill. 

~OTIS: 

1. t'se onl~· where threading is r~uiret!. 
~. For oranc:n reinforcement see .. Branen Reinioreernent Chart AAO-RL 
3. Ciasket c!i:Tiensicns are to conform to .-\!\Si Bl6.:?l T~ble l • 
.;, l.o~;i !:.zc!ir.!!.l joints in welded ~i~e shall ce sir.;le ~utl welC:cd with join ts in oieeorc::nce 

·::it!'! Ta!:le 302.3 • .;. (3el ~f t!'le :>riern.:re ~!:-·ir.: e~de A~SI a:H.3 l:aest ecition . 
... ~:-e :so= ti~: face iia:~;es witr:' !ul! ;·a.~e ;~-,.;~:s ~·:~en mating :o n.,t fucec e~uiprr.ent 

:r ~=~~o:'!e~~-
6. Clear:in; StC:. O~"l-35.45.03. Class ''A''. i5 re~~::-eC. 
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Airco Cryoplants 

ENGINEERING STANDARD PROJ. ISSUE DATE 

35 .• 45 .• 00 

PROJ. HQ.. 

SERVICE - Liquid Nitrogen - General Purpose. Aluminum (Do not .use for oxygen) 

RATING - 150# 

PRESSURE TEMP. RANGE: 275 psig @. +lOOOf' 
100 psig @. +4000F 
Min. Temp. -3250F 

CORROSION ALLOWANCE: None 

ITEM 

PIPE 
2" & smaller 
2" & smaller 
2-1/2" through 12" 
14" through 16" 

FITTINGS 

TYPE 

Seamless 
Seamless 
Seamless 
Welded 

RATING 

SCH 80 
SCH 40 
Std. Wt. 
X-Stg. 

I 

MATERIAL NOTES 

Aluml, ASTM B 241 6061-T6* 
. Alum, ASTM B 241 6061-T6* 
Alum, ASTM B 241 60~1-T6* 
Alum, ASTM B 209 6061-T6* 

Alum, ASTM B247 6061-T6 

1 

4 

2" & smaller 
2-1/2" through 16~ 

Socketweld 
Butt weld 

3000# 
Wall to 
MatchP~pe 

· Alum, ASTM RPYB361 WP6061-T6* 2 

FLANGES 
All Sizes 

UNIONS 

Use Flanges 

GASKETS 

All Sizes 

BOLTING 
All Sizes 

Weld Neck 

1/16" ring 

Stud Bolts 

150 RF 

150 RF 

Fgd. Alum, ASTM B247 
6061-T6 Bore to Match ·Pipe 

JM-61 Graphite Free 3,5 

ASTM A320, BBM, Class l, full 
threaded stainless steel bolt-stud, with (2 I 
ea) ASTM Al94,8 American Standard 1 

Heavy Series Hexagon nuts. I I 
*Purchase order must specify that mechanical properties are verified by a tensile test at Mill. 
NOTES: 
1. Use only where threading is required. 
2. For branch reinforcement see "Branch Reinforcement Chart AAS-Rl". 
3. Gasket dimensions are to conform to ANSI Bl6.21 Table 1. 
4. Longitudinal joints ·in welded pipe shall ·be single butt welded with joints in accordance 

with Table 302.3.4, (3e) of the pressure piping code ANSI 831, latest edition. 
5. Use 150# flat face flanges with full face gaskets when mating to flat 

faced equipment or components. 
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Airco Cryoplants 
ENGINEERING STANDARD PROJ. ISSUE DATE 

BA 35 .• 45 .. 00 

PRDJ. HQ.. 

SERVICE - Liquid Nitrogen - General Purpose Aluminum (Do not use for oxygen) 

RATING - 300# 

PRESSURE TEMP. RANGE: 720 psig @ +lQOOF 
265 psig @ +4ooop 
Min. Temp. -325oF 

CORROSION ALLOWANCE: None 

·ITEM TYPE RATING 

PIPE 

MATERIAL NJTES 

2" de smaller 
2-1/2" through 4" 
6" through 12" 

Seamless 
Seamless 
Welded 

SCH 80 
SCH 80 
Calculate 
Wall 

Alum, ASTM B 241 6061-T6* 1 
Alum, ASTM B 241 6061-T6* 
Alum, ASTM ·s 209 6061-T6*. 4 

FITTINGS 
2" de smaller 
2-1/2" through 4" 
6" through 12 

FLANGES 
All Sizes 

UNIONS 
Use Flanges 

GASKETS 
All Sizes 

BOLTING 
All Sizes 

Sock~tweld 
Buttweld 
Butt weld 

Weld· Neck 

1/16" ring 

Stud Bolts 

3000# 
SCH 80 
Wall to 
Match Pipe 

300 RF 

300 RF 

Alum, ASTM B 247 6061-TS · 
Alum, ASTM B 361 WP 6061-T6* 
Alum, ASTM B 361 WP 6061-T6*· 

Fgd. .. Alum, ASTM B 247 
6061-T6 Bore to Match Pipe 

JM-61 Graphite Free 

ASTM A320, BSM Class l, full 
threaded stainless steel bolt-stud, 
with (2ea) ASTM Al94,8 American 
Standard Heavy Series Hexagon 

1
nuts. 

2 
2 

3,5 

3,5 

*P.urchase order must specify that mechanical properties. are verified by a Tensile test at Mill. 

NOTES: 

1. Use only where threading is required. 
2. For branch reinforcement see "Branch Reinforcement Chart BA-Rl." 
3. Gasket dimensions are to conform to ANSI Bl6.21 Table 1. 
4. Longitudinal joints in welded pipe shall be single butt welded with joints in accordance 

with Table 302.3.4, (3e) of the pressure piping code ANSI B31.3. 
5. Use 300# Oat face nang'?s with full face gaskets when mating to Oat 

faced equipment or components. 
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Airc:o Cryopfgnts 

EHGIHEERIHG STAHOARQ 

35 .• 45 .. 00 

PROJ. ISSUE DATE PRQJ. HQ.. 

SERVICE - Oxygen, Moderate Pressure Range Inside & Outsisde Cold Box - Aluminum 

RATING -. 300# (See Note 6) 

PRESSURE TEMP. RANGE: 720 psig @ +1000F, Min Temp. -3270F 
265 psig @ +4000f 

CORROSION ALLOWANCE: None 

ITEM 

PIPE 

2" & smaller 
2-1/2" through 4" 

. 6" through 12" 

FITTINGS 

TYPE 

Seamiess 
Seamless 

. Welded 

RATING 

SCH 80 
SCH .80 
Calculate 

Wall 

3000# 

MATERIAL 

Aluth, ASTM. 8241 6061-TS* 
Alur:n. ASTM 8241 6061-TS* 
Alum, ASTM B 209 6061-T6* 

Alum, ASTM :S. 247 6061-T6* 2-1/2" 

NOTES 

1 

4 

2" & smaller 
4--1/2" through 4" 
5n· through 12" 

Socket weld 
Buttweld 
Buttweld 

SCH 80 
Wall to 
Match Pipe 

Alum, ASTM B361 WP5061-T6* 2 

FLANGES 
All sizes 

UNIONS 
Use Flanges 

GASKETS 
· All Sizes 

BOLTING 
All Sizes 

Weld Neck 

1/16" ring 

Stud Bolts 

300 .. RF ... 

300 RF 

Alum, ASTM- B361 WP6061-T6* 2 

Fgd. Alum, ASTM B247 
6061-T6 Bore to Match Pipe 

JM-61 Graphite Free 

ASTM A320, B8M Class· 1, full 
threaded stainless steel bolt-stud, 
with (2 ea) ASTM Al94,8 Ameri
can Standard Heavy Series 

· Hexa1?on nuts. 

3,5 

3,5 

*Purchase order must specify that mechanical properties are verified by a tensile test at Mill. 

NOTES: 
1. Use only where threading is required. Welded in field. 
2. For branch reinforcement see "Branch Reinforcement Chart BAO-Rl". 
3. Gasket dimensions are to conform to ANSI 816.21, Table 1. 
4. Longitudinal joints in welded pipe shall be single butt welded with joints in accordance 

with Table 302.3.4, (3e) of the pressure piping code ANSI 831.3. 
5. Use 300# flat face flanges with full face gaskets when mating to 

flat face equipment or component. 
6. Cleaning Std. DM 35.45.03, Calss "A", is required. 
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Airc:o Cryoplants 

EHGIHEERIHG STAHOARD PROJ. ISSUE DATE 
D.CO 

PRQJ. 110.. 

I 
SERVICE - Oxygen_ (Product 02 Pipeline) - Carbon Steel (See Note"'4). 

RATING - 600# 

PRESSURE TEMP. RANGE: 1480 psig @. lOOOF 
1350 psig @. 2000F Max. 
Min. Temp. -200F 

CORROSION ALLOWANCE: 0.05" 

35 .• 45 .. 00 

ITEM TYPE RATING MATERIAL NOTE~ 

.PIPE 
2" &: smaller 
2" &: smaller 
2-1/2" through 24" 

FITTINGS 
2" & . smaller 
2" & smaller 
2-1/2" & larger. 
2-1/2" '& larger 

FLANGES 

2" &: smaller 
2-1/2" through 24" 

UNIONS 
2" & smaller 

GASKETS 

All Sizes 

BOLTING 

All Siz.es 

NOTES: 

Seamless 
·Seamless 
Seamless 

Socketweld 
Socketweld 
Butt weld 
Buttweld 

Socketweld 
Weld Neck 

Socketweld 

Ring Joint 

Stud- Bolts 

SCH 160 
SCH 80 
SCH 80 

3000# 
3000# 
SCH 80 
SCH 80 

600"# RTJ 
600# RTJ 

3000# 

600# RTJ 

1. Use only where threading is required. 

C. Stl, ASTM Al06 GR B.P.E. 
C. Stl, ASTM Al06 GR B.P .E. 
C. Stl, ASTM A106 GR B.P .E. 

Fgd. Stl, ASTM Al81-II 
Fgd. Mone!, ASTM Bl64 GR A 
C.Stl, ASTM A234, GR WPB BP 
Monel, ASTM 8366,iUI, GR WPNC 

Fgd. St. ASTM A 105 
. Fgd. St. ASTM A 105 

bore to match pipe 

Fgd. Stl, Integral Seat 
ASTM Al81-II 

JM-951 V-Tite, Soft Iron 
nt!tagonal ring gasket 

ASTM A-193, GR B7 full 
threaded bolt-stud with (2 ea) 
ASTM A-194, 2H American 
Standard Heavy Series Hexagon 
N'11tc: 

2. For branch reinforcement see "Branch Reinforcement Chart -DC-Rl". 
3. Use only where specified on Airco piping drawings. 
4. Cleaning Std. DM 35.45.03 Class "A" is required. 
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Afr~= Cryeplc:n-k 

~GlllE!.111iC SilllO.\RO 

DSO )S..4S..00 

PRQJ. ISSUE H iC: 

s::::::t'7te-z .. ~ ·-•..i o~e.: - 304 s~ .. -::-:ic:.··-· 02 
·~-:~am Va;=c:--:e: (S~e ~~;a 'ii-

P~~ ~!:. ~~C%: l440 ?Si; ~ •lOO•? 
l..l00 ?Si;' ~ .;.200 4

:" ~.=ax •. ) 
!!:!.:. -:em=. -Jz.s•: 

?'!OJ. 110 

I m:'!!: 

z· • s=alle: 
z· ' s::a.Ua: 
2 l/2• :.:....~q~ 44• 

i l!. .-.'JG 

2 • • sm.aJ.J.~ 

2 l/2• -=~q: 24• 

2 • ' s::i.a.ll.e= 
2 112• ·•:-=uq: 24• 

30?:.~G 

All. Si%es 

Seam.l~.ss 
Seam.less 
~ 

I I 
1

1SO! SOS 1SS-:,~ .\JU 
SO! 405 jSS':' ,.W-:!'! A.Jl2 
sa aos [sST ,A.ST!i A.Jl2 

Scc:Jcat-..,el~ J 0 0 0 t ~qd. SST, AS~ 
au-:.~""e.ld · ":= Ma--= lss~, .AS"::! 4'.4 o J 

Pir-e 

":?304 ?!: 
n'J04 ?!: 
n'J04 ~ 

Scc:ket-..,eld. 6001 R::1 ~;ti. S$l' ,A.STM A.l.32 ?304 
We.l~ Nee.~ 6001 ?:!J ~¢. SST,~ .\182 :"304 

ac:e cc s1:.i.c pic:e 

·A:.J:lg- Jc~t 600i r: ~-951, 7~T:!.~, 304 SS 
CC:'29'Qn.a.l =~; s-a.s~e: 

scud 3clts ASTM AJ20,3SM, Class l 
full ~ead.ed. SS bcl:
stud vi :::i ( 2 e~) .;s~ 
.Al.94,S A.me:ic:a: s·a-==c 
:!ea.?"'7 S•:i.es Sexa-== I· 

1n.'.J.-:.s· • I 
~: l. r:se c~y ··~e:e ~ea~:.:.;' is =~~=~~. 3a=Sc-~e:: a~ ~c!. 

:::::.:s. 
2. c.:..aa:..i.:; s~:.. :.~ JS.-'.3.·JJ, C!.ass 11 ~· i.s =~..:i:e~. 

l 
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TITLE PIPING STANDA..-=ID - CLEANING 

1.0 S::::>e 

::--: c:~ • " - t. =-s - -·,.. - ·-
L 1~s1:;wc1:c~1s 

r: sr=~Clr:'ICAll::~·s 
0 OATA 

j NO • OM~ 3 5 • 4 5 • 0 3 

This section defines the varl~us cleaning levels and methods used to clean 
vessels, pipe, fi'ttings, valves, and machine components. 

Several categories of cleaning, their application and their implementation 
are specified herein. 

2.0 Cateoories and Aoolication 

~e following paragraphs derine the various levels'or classes of cleaning 
and give typical appl icabi I ity daTa for each. The I ine index and valve 
list shall specify which level of cleaning is required. 

2~ I Cl ass A Clean l ng - This ls the highest I eve I o.f ·cleaning and sha 11 
be pertonneo oy the Contractor tor ~I I vessels, pipe. tl'H"tngs, 
valves, and machine c:cmponents in oxygen or cryogenic sel"Vic:a. 

2.2 Class 8 Cleaning - This l~vel of cleaning ts not so stringent as 
Class A and shall be pertonned by the Contractor tor all other· 
precess piping or equipment •. 

2.:S Class C Cleaning. - Thi.s level of cleaning ls c:cmmerc:ial and shall 
be pertonnea by the Contractor for utility piping such as plant 
air, ·1nstn.ament air, water, steam and c:cndensate. 

2.4 Class 0 Cleaning - This level of cleaning and treating shall be 
pertonnea by Tne Con'trac1"or for I ube oi I pi p·i ng on I y. 

3.0 Cleaninq Reouirements 

The fol lowing paragraphs give the acceptance standards for the various 
classes of cleaning and the methods wh~ch shall be used for obtaining the 
desired result. Detailed procedures for using the cleaners called tor 
are described in 4.0. 

:S.I Class A - Class A cleaning requires the interior and exterior of 
vessels, pipe, fit'tings, fabricated pipespools, valves and machine 
c:mponents to show no visible dirt, scale, rust, weld splat'ter, 
oil, grease and crayon marking of any kind and the interior surfaces, 
when wiped clean with white filter paper, shall show no dirt under 
sunlight and no fluorescence under blackligh't. creaning_methods 
tol lo·.-: · 

Written by: K. ~ii 11 i ams Date: 2/75 
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~ STANOA~=s 
0 INSTRUC":"IC~JS 

C SPE:CI Fl CA ii ON S 

o·OATA 

! NO.DM-35.45.03 
I 

TITLE PIPING STAL'lOAR.D - CLEANnrG 

~ a. Carbon Steel Pioe and Fiti'inas: 
Oakite #77 (4.l) then Oakite #33 (4.3) or 
Oakite i77 (4.l) then Chlorothene NU (4.6) or 
~andblastinq (4. 7) then Oakite ·t33 (•L3) -or 
Sandblasting (4.7) then ·Chlorothene.Nu (4.6} 

b. Stainless steel, coooer, brass oioe and fit1'inas: 

Oakite #33 C4.3) or if pipe is scale and dirt tree 1 
Chlorothene NU C~.6) 

c. Aluminum Pioe and fit"tinas: 

Oakite aluminum cleaner NST (4.4) or 
O\lorothene NU (4.6) 

d •. Valves: 

Valves shall be purchased degreased for oxygen $&f"'Vice and 
wrapped and tagged as such by the valve vendor. Care must be 
take~ in the field to see ~hat these valves ~~e s'tcred and pro• 
tec:1'ed carefully untfl final installation. If the valve wrapper 
should become damaged or if a valve is required tO be degreased 
In the field, the following field cleaning procedure shall be 
followed: Disassemble the valve ccmpletely and matCh mark parts 
~tor reassembly, Place the par-ts In Chlorothene NU and scrub 
each part ind Iv i dua I I y to l"emove a I I traces of grease and o i r. 
Parts shal I show no fluorescence when Inspected under blackiight. 
Valves shall be reassembled by workmen wearing clean white gloves 
taking care to preserv'e the clean I lness. Repack the valve with 
packing specif i ed by Ai rec Cryop l c:tnts, sea I a I I openings, ·and 
wrap in an ail""tight plastic: container. Tag each valve -
"Cag,.H&o~ tor Oxygen Swr-vii:-9". 

e. Machine Cor::oonen1's: 

All machine components in contact with the pl"oc:ess fluid shall 
be cegl"eased by swabbing with Chlorothene nu. 

t. Vessels: 

The interior and exterior of all vessels and any inter-nal circuits 
shal I be degreased by swabbing or flushing with Chlorothene NU. 

Written by: K. Williams Date: 2/75 
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f; SPECIFICATIONS 

OOATA 

TITLE PIPING STANDARDS - CLEANING 

3.2 Class B - Class B cleaning requires that the Interior of vessels, 
pipe, tittfngs and fabricated pipespools shal I be free of loose 
foreign material such as scale, sand, weld spatter particles,· 
cutting chips, etc., as detennined by a visual inspection. Valves 
shall be corrmercially cleaned. Cleaning methods fol low: 

a. Carbon steel oioe and fittinas: 

Oakite "Rustripper" (4.2) or sandblasting (4.7l. 

b. Stainless Steel, ccooer, brass pioe and fittings: 

Oakite 133 (4.3) 

c. Aluminum Pica and Fittinas: 

Oaklte aluminum cleaner 1164 C4.5) 

3.3 Class C - Class C cleaning is only applicab.le to carbon steel 
utility piping and simply requi~es that all fabricated and erected 
piping systems shall be blown out with compressed air until 
essentially free of foreign material. 

3.4 Class 0 - Class O is on·ly appl ic:able to carbon steel lube ol I piping. 
Al I shop and field, fabricated lube oi I piping shal I be pickled and 
then flushed with a turbine oil containing no additives. All pipe 
ends sha I I be capped _or p I ugged with meta I or p I ast i c protectors 
and flanges blinded with plywood discs until ready for final 
tnstal lation. 

4.0 Methods for Cleanina and Treatrna 

Cleaning with the various Oakite compounds requires that the items to be 
cle~ned shall be completely i~.mersed in the solution and that some agitation 
take place. Agitation may be accomplished by Cl> placing small assemblies 
in a basket and pushing back and forth in the solution, (2) rocking pipe 
lengths or larger assemblies up and down in the solution, or (3) by pumping 
the solution through the ~ssembly. Oakite cleaning shall be followed by 
tlioro1.:gh rinsing in clean wa'ter and then drained and al lowed to dry. If 
mo~e than one rinse is required, it is stipulated in the following 
paragraphs. 

After cleaning, all pipe, fittings and fabricated plpespools shall be 
c<Jrcful ly protected un1"i I final instal la1"ion. A·l I pipe ends shal I be 
capped or plugged with metal or plasiic protectors. All flanges shal I 
be blinded wiTh fiberboard or plywood blinds. 

Written by: K. Williams Date: 2/75 
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PIPING STANDARD - CLEANING 

4. l Oakite 677 ·- Oakita· 177 shal I be used fol" c:al"bon steel pl"iol" to 
tinal aegl"easing. For i11111al"sion cleaning use 4 to 10 ounces per 
gallon of watel" and maintain ·the solution at 160° to 200°F. 
Minimum cleaning time shal I be five minutes. If the solution is 
cil"culated; use I pound pel" gallon of watel" and maintain at 170°F. 

4.2 Oakite Rustriooel" - Oakita Rustrippel" shall be used for removal of 
l"USt, .sea I e and di rt from carbon stee I • Use 8 to 16 ounces per 
gallon of water and maintain the solution at IS0°F to 200°F. 
Minimum cleaning time shall be five minutes. 

4.3 Oakite 133 - Oakite 133 is both a cleaning and degl"easing agent. 
It shall be used alone tor stainless steel, ccpper and brass. 

It used alone~ a concentration of 25% by volwne and solution 
tempel"atul"e of 140°F is recorrmended. If.used after Oakite 177 a 
concentration of 10% by volume and solution temper-ature of l40°F. is 
l"'ec:cmnanded. Minimum cle~nlng time shall be ta~ minutes. Two cold 
rinses c:ir-c:ulating and overflowing untf I neutral l·zed shat I be used 
after Oaki ta 133. If any wh.i ta powder{ l"es i due is I ett after 
rinsing and drying, the cleaning sequence shal I be l"epeated. · 

4.4 Oakite Aluminum Cleaner. NST - Oakita NST Is both a cleaner and de
greasing agent. It rs used at a c:cnc:entr-ation of S· to IOS volume. 
So I ut ion temperature sha I I - be maintained at I 20°F to I 30°F. Mini mum 

··· cleaning time shal I be five minutes. 

4.5 Oakita Aluminum Cleaner" 1164 - Oakite 1164 is used in a solution of 
6 to 8 ounces pel" ga1 Ion ot water at a tempel"atul"e of 160° t~ 160°F. 
Minimum cleaning time sha~I be five minutes and adequate agitation 
shall be maintained. Cleaning shall be. followed by two clear water 
l"I nses. 

4.6 Chlorothene NU - Cleaning shall be by·pumping the solvent through 
an assemoly·ol" by irmtel"sion and swabbing ol" by swabbing. For irm1ersion, 
tabl"icate a tr-ough large enough to completely ir.:mel"se item to be cleaned 
Fill.the tr-ough with solvent and allow pipe. fittings or pipespool to 
l"emain in the solution until all gl"ease and oil is dissolved. Aftel" 
this, swab the intel"iol" with a clean, white lintless cloth soaked in 
the solvent. Swab until no signs of gl"ease and oil are e~ident on the 
cloth. Sul"faces shall show no fluol"escence when inspected under 
blacklight. After cleaning, drain completely and blow out with oil-free 
dry nitl"ogen. Cal"e shall be taken to be sure all items to be cleaned 
al"e dry prior to cleaning. Chlorothene NU is not effective on a wet 
surface. For vessels too lal"ge for immersion cleaning the exterior" 
~nd intel"iOI" shall be swabbed clean as noted above. 

Written by: K. Williams Date: 2/7S 
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/AJRGO CRYOPUNTS CORPORATION ~ STANOAROS 

0 INSTRUCTIONS 

0 SPECIFICATIONS 

OOATA 

H 0. OM- 3 5 . 4 5 • 0 3 

TITLE 

4.7 

5.0 

PIPING STANDARD - CLEANING 

Sandblasting and Shotblastin~ - Sandblasting may be used 
for cleaning carbon steel.rior to fabrication each fit
ting and length of pipe shall be sandblasted clean of rust, 
scale, dirt and foreign material. After fabrication, shop 
pipespools shall be shotblasted. All shot and sand from 
the cleaning operations shall be· thoroughly removed £rem 
the pipe spools before in$tallation of the protective ccvers. 

Inspection - All cleaning is subject to inspection and· 
reJection by the .Buyer, either at the point of delivery or 
in.the manufactur.er's shop. -If the cleaning work is rejec-. 
ted dµe to non-compliance with this specification, the re
work shall be at Seller's erpense. 

Written by: K. l~i 11 i ams Date: · 2/75 
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GENERAL 

100.l - WATER & PROCESS PIPING 

This item includes pipe. fittings. valves. hangers. insulation and materials 
to. from. and between the items of equipment being furnished under this 
Speci fi ca ti on. 

The Contractor shall supply and install piping systems required to insure 
the proper operation of the Preparation Plant. 

1. A process piping system. including heavy medium piping. dilute 
medium piping. slurry piping. clarified water and vacuum piping 
as required for the proper operation of all the equipment. This 
will include all pump suction and discharge .lines. pipe launders 
from screen pans to collecting sumps, sump emergency overflows 
and drains, and spray nozzles, rinse boxes and manifolds at screens 
where rinsing water is required. 

2. Compressed air piping, washdown ·piping, fire protection piping, 
oxygen and acetylene piping, reagent piping, flocculation piping 
and any ·other piping required to insure the proper operation of 
all the equipment. 

Materials: 

l. Pipe 

a. Pipe handling heavy medium and/or slurries shall be extra strong 
black steel pipe up to and including 811 diarr.~ter, 10" diameter 
pipe and above will have l/~" minimum wall thickness. 

Plant 27 Unique Specifications Sheet 1 of 36 



I 00.2 - PLATE WORK. 

This item includes all chutes, hoppers, round and rectangular sumps and sluices to and 

from the items of equipment being furnished under this specification. 

Platework, including sumps, .shall be of I /4" thick mild steel and adequately supported 

and reinforced with stiffeners as required. 

Sumps shall have the lower one-half of the bottom lined with I" thick Ouraline. Sluices 

and screen pans shall have I" thick Ouraline bottom liners and 3" high side liners in 

areas of material flow. 

Conveyor skirt plates shall be I /4" thick mild steel with ~irtboard rubber attached on 

the bottC>r!' for sealing at the belt. Covers, where required, shall .be constructed of 10 

gauge m.ild steel, adequately stiffened, w!th spring clip fasteners. 

Steel liners specified for chutes shall be installed 0n the bottom and 6" up the ~ides in 

areas of material flow. 

Th~ vacuum filter discharge chutes shall be constructed of I /8" thick Armadillo rubber 

suitably supported and reinforced with stiffeners. 

Steel liners shall be held in place with countersunk bolts or weld studs. 

Rubber liners shall be "Trellex" with abrasion-resistant qualities exceeding those of 

. normal steel' iiners. 

The liners shall be as follows: 

Plant 27 

AR-235 Steel 

Raw Coal Feeder Chutes· 

Coarse Refuse Chutes 

Boiler Fuel Chut~ 

Clean Coal Chutes 

I /2" thick 

1/2" thick 

3/8" thick 

3/8" thick 
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Plant 27 

Sieve Bend Discharge Chutes 

I" Duroline with Hexmetol. 

Screen Pons 

Sumps 

Cyclone Overflow and Underflow Launders 

Thickener Feed Sluices 

Sieve Bend Underflow Pons 

Stainless Steel 

1/4" thick 

Small and Fine Cool Centrifuge Discharge Hoppers. I /4" thick 

Boiler Fuel Sampling System Chutes 

Cleon Cool Sampling System Chutes 

2" Smooth Rubber 

Plant Feed Conveyor Discharge Chutes 

Row Cool Screen Chutes 

·Prewet Screen Chutes 

Coarse Cleon Coal Screen Chutes 

Coarse Middlings Screen Chutes 

Middlings Crusher Chutes 

Coarse Refuse Screen Chutes 

I" Smooth Rubber 

Desliming Screen Chutes 

Primary Small Refuse Screen Chutes 

Small Cleon Coal Screen Chutes 

Secondary Small Refuse Screen Chutes 

Small Middlings Screen Chut'!s 
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POWER CENTERS 
100.3 - ELECTRICAL 

Primary power supply provided by the Owner.to be 13,800 volts delta, 3 
ph~se, 60 hertz. Secondary of transformer to be 4160/2400 and 480/277 
volts. 

Each power center unit substation will consist of the following: 

1 - Free standing incoming line section, for bolting to trans
former, containing clamp type terminals for.·15,000 volt cable 
and manually operated·l5 KV air interrupting load switch 
with current limiting fuses and 9 KV station type lighting 
arresters . 

. 1 - Transformer 35 KV BIL, 3 phase, 60 hertz, resistance grounded 
secondary ~or continuous lSA duty, open dry type transformer, 
115 degree C. rise, standard impedance for 4l60 volts and 8 
percent impendance for 480 volts and two 2-1/2% (approximately) 
full capacity taps above and below primary voltage. A 25:5 
CT for ground trip, and standard accessories will be included. 
Provisions to be made for future fan cooling of transfonner. 

1 - L~w voltage compartment for cable connecting to the 4160 
volt motor starter line-up or.motor control centers. 

A diversity factor of approximately 95% will be applied to 
all motors up to and including 300 _HP as the basic selection 
of transfonner capacity • 

MOTOR CONTROLS 
4160.Volt Motor Starters 

.The full-voltage across-the-line squirrel cage motor starter to consist of 
the following basic components: 
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High-voltage compartments containing: 

1 - Drawout Contactor and fuse assembly consisting of: 

1 - Set of current limiting fuses and supports. 

1 - Isolating mechanism, externally operated. Mechanism operates 
in sequence to (1) open secondary of control transformer, (2) 
withdraw stabs, (3) close shutters over power connectors. 

1 - 3-pole air-break contactor with 500,000 KVA interrupting rating. 

1 - Set of mechanical interlocks to prevent withdrawal of stabs 
while contactor is closed: 

1 - Control power transformer, 120 volt secondary. 

3 - Current transformers. 

- Terminals for motor cable connection . 

. 1 - Set of mechanical door interlocks to prevent opening of door 
to high-voltage compartment until panel is isolated and to 
prevent energizing panel until door to high-voltage compart
ment is closed. 

- Incoming line terminals. 

Low-voltage compartment co.ntaini ng: 

3 - Temperature-compensate thermal-overload relays, hand-reset. 

- Ground fault protection with indication. 

1 - Instantaneous under voltage release. 

1 - Control-circuit fuse. 
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Location 

Motor Control Centers for the Preparation Plant to be located in the Service 
Wing. 

INTERLOCKING 

All units to be interlocked to provide proper starting order and auto
matic shutdown of a11 the feeding units.due to motor overload or power 
failure. Crushers and centrifuges will not be stqpped but units feeding 
them.will. Ali units that are in interlock to have selector switches, 
mounted on operator's panel to by-p~ss interlock contacts, for mainte
nance purposes. 

OPERATOR'S PANEL 
Operator's Panel for Preparation Plant 

A custom-made, vertical type, operator's panel, gasketed construction, 
con'+'.aini11g push button groups for centrally controlling the Preparation 
Plant, Refuse Handling and Clean Coal Belts, to be furnished. The panel 
to be designed to hold operating personnel .to a minimum consistent with 
modern operat1ng prat:tlce and safety. 

The operator's panel to have the following oil-tight units mounted. on the 
front and wired to terminal blocks: 

Plant 27 

1. Green push button for starting all units that are interlock; 
with integral green light indicating unit is in interlock. 

2. Extended green push button for starting all units that·are 
not interlocked. 
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3. Red push button for stopping with integral red light indicating motor 

running. 

4. Selector switch for each unit in sequence interlocking and removal from 

sequence operation. · 

5. Indicating ammeters, where load current will be an aid to operation, to 

be provided for main process pumps, vacuum. pumps, crushers, 

centrifuges (rotation only), heavy medium vessels elevators, belt 

conveyors, units ore listed by the following item numbers: 

1.2, 2.4, 2.5, 3.1, 3.2, 4.4, 5.1; 5.5, 5.8, 

6.1, 6.3, 6.6, 6.8, 6.12, 7.3, 7.6, 7.8, 7.9, 
8.3, 8.4, I I.I, 12.1, 12.5, 12.7, 12~10, 

. 12.12, 13.1, 13.5, 13.7, 13.10, 13.11 

6. Engraved plastic group nameplates, I" x 2-3/4" block letters on white 

background, as required by above listed push button and lights. 

7. Electric clock. 

8. A solid state Panalorm, or approved equal, annunciator panel with signal 

lights and audible alarm to be· furnished for indicating abnormal 

conditions such as oil pressure failure, thickener overload, bins ful I, belt 

conveyor chute plug, emergency stop-misalignment-underspeed switches 

and sumps high-low level warning. Co"'!mon master lights, only, to be 

provided for all belt conveyor' switches. 

A common audible alarm with silence push button to be included. 

The arrangement of the push buttons and selector switches on the operato_r's panel to be 

located in the orcer of plant starting, vertically aligned for each individual unit. 
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The panel to hove a steel front and steel hinged access doors on the rear. Front and 

rear panel mounted equipment to be arranged so that ~II are readily accessible for 

. inspection, trouble shooting and maintenance. Electrical terminal blocks ·will not 

impede access to other devices and will be compression type. 

The control panel to be complete and ready for field installation~ including instruments, 

accessories and interconnecting wiring. Panel to be shop tested and "checked out'' prior 

to shipment. 

Mimic Flow Diagram 

A pictorial coal flow panel containing gr0phic shapes, flow lines,- pilot lights (mounted in 

the graphic shapes, one light per shape) arranged to illustrate the flow of material (solid 

and liquid) in 1he Preparation Platt atd associated· facilitie5 to be furnished. The 

. grq::>hic shapes and flow lines will be color coded and identified. 

The pictorial p<Jr'el to be mounted on top <?f the operator•s·panel and inclined, slightly, 

downward for comfort viewing by the operator. The overall height of both panels not to . . 
exceed ten (I 0) feet exclusive of the shock absorbing pad. 

The clear piece of acrylic or harder scratch resistant plastic (one piece if possible) to be 

placed ov~rall as a cover. 

Operator's Panel for Coal Storage 

A vertical type operator's pate! containing push ~tton. groups and indicating· lights to 

be furnished for controlling the coal storage and reclaim facilities. A pictorial coal 

flow panel to be included. 

Platt Refuse Truck Operator's Station 

An "open-close" push button station. to be furnished for ~trolling the bin loadout gate. 

The push button station to be mounted on a pendant cord and heated within reach of 

the truck operator. 
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MISCELLANEOUS CONTROLS 

I. One (I) "Jog-Stop" push button in NEMA 4 or 7-9 enclosure, with lockout 

provisii:>n in stop, to be furnished and located in sight of each motor starte!" 

from the operator's panel. 

2. Push buttons,. in NEMA 4 or 7-9 enclosure, with lockout provisions on stop, to 

be provided for all units that require local starting. 

3. Level controls, electrode type to be furnished for the floor sump pumps. 

4. Conveyor belt slippage · switch, belt misalignment switches and pull cord 

operated emergency stop switch, to be provided only for the belt conveyors 

furnished. 

One (I) Ensign Bulletin 1100 Series, .flat wheel type belt slippage switch to be 

furnished and located under the top side of the belt at the head end. 

Four (4) belt misalignment switches, Dension Loxswitch Model L-525 to be 

furnished, two (2) will be located near the head pulley and two (2) will be 

located at the tail pulley, for all belt conveyors over, 100 feet long., center-to

center of pulleys. Belt conveyors over 400 feet in length to have intermediate 

misalignment switches spo_ced at 400 foot intervals. 

One (I) Crouse-Hinds Type AFU safety stop switch operated by a 3/32" 

stranded wire core, plastic coated, pull ·cord, suspended along the inspection 

walkway side only of the belt conveyor and spaced at 200 feet on ·centers 

maximum. 

5. Belt conveyor discharge chute plugged switch, Ensign Electric Catalog 

NO. 1350 Wobble Switch, to be provided. 

&. The Refuse Bin to be provided with a high level warning device w.red to the 

annunciator pcnel and full bin shutoff switch wired into the belt stop circuit. 
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7. Gates, power-operated, to be provided with limit switches to limit 
the gate travel. Gate position lights to be provided on the operator's 
panel from which the gates are controlled. 

8. A raise-lower push button station to be provided on each. floor at 
the machinery well for controlling the machinery well hoist. 

9. Zero speed switches to be provided on the drag conveyors· and screw 
conveyors tail shaft or drive chain. 

10. Limit switches for manually operated by-pass gates for sequential 
inter-locking. 

11. High and low level controls to be furnished with the process sumps. 

The control circuits for the belt misalignment switches, discharge chute 
plugged switches and bin _full swi.tches to include a timer to prevent shut-

. . . 
· down by momentary operation. The time interval to be adjustable from O to 

3 seconds. 

MAGNET POWER CONVERSION UNIT 

A 5 KW Silicon AC-DC power conversion unit to be furnished for the Raw Coal 
Magnet for supplying 250 volts DC power.· A DC Series relay' will be included 
in the magnet -power. supply for sequenti~l interlocking. 

SIGNAL SYSTEM 

Plant starting horns, or equal, 120 volts, to be provided and spaced through
out the Preparation Plant. 
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A push button to be provided, for the operator, for sounding the horns located 
at the facilities that are started from the respective operator's push button 
panel. A time delay to be provided before the equipment can be started after 
the horns have been sounded. 

LIGHTNING PROTECTION 

A lightning protection system. for the structures to be furnished in accordance 
with the requirements of the Underwriter's Laboratories and complying with 
NFDA No. 78. Air terminals to be spaced around the outside perimeter of the 
s~ructures and longitudinally along the roof ridges. The air terminals to be 
connected to a continuous hea~y duty lightning conductor with ground leads 
terminating to ground rod assemblies.· The lightning protection ground rods 
to be interconnected into the main structures grounding system. 

PREPARATION PLANT HEATING 

A steam heating system to be provided for the Preparation Plant, including 
the motor control room and transformer room to maintain a minimum tempera
ture at 4o°F. inside with a minus 10°F. outside temperature. The heating 
furnished to be based on the building siding being sandwich construction 
with fiberglass insulation. Th~ system to be sized for infiltration of 
1-1/2 air changes per hour. 

The Preparation Plant operator's room, and foreman's office will be heated 
to maintain 10°-1s°F. with outside temperature of o°F. 

Additional unit heaters to be furnished for the following locations: 
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Service Wing 
Static Thickener Pump Hose 
Boiler Fuel Sampling Station 
Boiler Fuel Transfer Stations 
Clean Coal Sampling Station 
Clean Coal Transfer Station 

HEATING FOR REFUSE BIN 

Heating to be provided for.the bottom of the Refuse Bin, near the dis
charge gate, to prevent freeze-up of the refuse material to the bi'n sides. 
Heating units furnished to be Aitken Model OH204, 2000· watt, 480 volts, 
single phase, metal sheath heaters mounted in heavy gauge aluminum housings 
of weatherproof .construction. The bin bottom to be heated· by nine (9) 
infared units. 

The Refuse Belt discharge chute to be heated by three (3) 2000 watt metal 
sheath heaters. 

The 480 volt power supply for ihe bin heaters to be supplied by combina
tion circui·t breaker type contactors mounted in motor control centers. 
Heaters to be contro.lled·by its own capillar.y, tube type, thennostat. 

HEATING FOR CHUTES 

The storage belts discharge chutes to be heated to prevent freeze-up ·of 
coal to sides. 
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AIR HANDLING 
Air Handling Motor Control Room 

American Air Filter ventilating air handling units to ventilate and pressu
rize against a .25 external static, to be furnished. The units to include a 
mixing box with return air and fresh air dampers to allow up to 25 percent 
outside air, throw away filters in a standard angle box, fan section and 
vibration isolators. An outside louver with bird screen to be included. 

Caoinet Unit Heaters/Air Handlers 

American Air Filter heating and ventilating electric cabinet heaters to heat, venti
late and.pressurize. against a .15 external static with manual damper set to 
allow up to 25 percent outside air to be furnished. The units to include 
throwaway filters, manual outside air damper, duct collar for the outside 
air, wall 1 louver, and overheat switch to de-energize the heating coil should 
the air be restricted across the heating element, a circuit breaker dis-
connect, single speed ·continuous fan, sheated electric heating elements, 
all necessary controls and including a unit mounted thermostat. The cabinet 
heaters/air handlers to be furnished. 

Air Conditioners Thru-Wall Type 

Thru-wall type Comfort Aire air conditioning units to maintain a 15°F 
temperature differential with outside ambient air to be provided. 

Lighting for Hazardous Areas 

Lighting in Hazardous areas to be by Crouse-Hinds EVMA43151 Hazard-Gard, 
150 watt high pressure sodium fixtures with factory sealed integral ·high 
power factor ballast. 

·WELDING CIRCUITS 

Four (4) 300 ampere dual operator, constant current welders for the Prepara
tion Plant, to be furnished by Owner. The electrode side of.each welder to 
be carried through the Preparation Plant by two separate circiits, over 
2-350 MCM cable installed in conduit, to carry the positive and negative 
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welding current. Two (2) receptacles to be provided for each module for 
each floor or a total of eight (8) receptacles for each main floor. 
Welding machine receptacles furnished to be 300 ampere, two pole, with 
flip cover. 300 ampere, double pole plugs, for the above receptacles, to 
be furnished. 

POWER SUPPLY 

Power supply shall be 13,800 volts Delta, 3 phase, 60 hertz, high 
resistance grounded power supply, with suitable sh,ort circuit protection 
and disconnect devices, fed underground to a service box provided on 
the ground floor of the Servic;e Wing. 

The primary power supplies, from t.he service box to the distribution switch
gear located in the Service Wing Transfonner Room, are furnished-. 

Utilization Power. Requirements 

The estimated utilization power requirements is as follows: 

5,350 HP - 4000 Volt Motors 
15,712 HP - .460 Volt Motors 

90 HP - Preparation Plant Ventilation 
2,462 HP - Heating 

585 KVA - Transformers for Lighting & Convenience Receptacles 
1,000 KVA - Estimated Power for Service Wing 

200 KVA at 460 volts - Welders 

Note: Service Wing power requirements not included at this time. 
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ELECTRICAL 

SERVICE WING 

Heating. Ventilation, and Air-Conditioning Systems General 

Service and office wing to be provided with. heating, ventilation and air 
conditioning. 

Stair wells to be provided with heating and ventilation. 

Features for the equipment in the_ above areas include the following: 

Design 

··i.. Air Handling or ductwork systems. 

2. Packaged air~conditioning unit system. 

3. Electric heating. 

4. Insulated.ductwork. 

5. Centralized automatic control system. Adjusted for both 
summer and winter operation. 

Service and office wing provided with centralized heating. ventilation 
and air conditioning. designed to maintain environmental conditions per 
general specifications. 
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Data To Be Furnished 

· The following data shall be furnished: 

Airflow Diagrams 

Showing schematic layout of ductwork and quantity of airflow pro
vided in each duct system (CFM). 

Showing location of fans, air-conditioning units, dampers, and 
supply and return outlets. 

·Computations 

Heat loss and heat gain calculations for sizing HVAC equipment. 

Pressure ca 1 cu.l ati ons for determining pump and fan pressure 
capabilities. 

Air Testing Air Balancing 

General 

The heating, ventilating, and air-conditioning system balanced 
with + 10 percent of the flow rates shown on the airflow diagram. - . 

100.4 - STRUCTURES 

The structures shall consist of the following items shown on the general 
arrangement drawings. 
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Raw Coal Facilities 

1.2 42" Plant Feed Conveyors A,B,c,&·. D (4) 

Preparation Plant Facilities 

Preparation Plant 
2.8 48 11 3 x 0 Clean Coal Conveyors (4) 
3.6 30" Middlings Conveyors (4) 
4.12 48" 3/8 x lOOMClean Coal Conveyors 

Service Wing Building 
8. l Static Thickeners (41. 
8.6 Pond Return Pump House 

Coarse Refuse Facilities 

11. l 36" Coarse Refuse Convey~rs (2) 
l i:2 Coarse Refuse Bin SOOT. 

Boiler Fuel Facilities 

12. l 30" Boiler Fuel Conveyor lA & lB (2) 
Boiler Fuel Sampling Building 

12.5 30" Boiler Fuel Conveyor 2A &' 2B (2) 
Boiler Fuel Transfer Building 

12. 7 30" Boiler Fuel Stacker Conveyor 
12.10 30" Boiler Fuel Reclaim Conveyor 

(4) 

12.11 30" Boiler Fuel By-Pass Conveyor #1 
Boiler Fuel By-Pass Transfer Building 

12:12 30" Boiler Fuel Sy-Pass Conveyo" #2 
Boiler Fuel Storage Stacking and Reclaim Trackwork 
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Clean Coal ·Facilfties 

13.1 60" Clean Coal Conveyor lA & lB (2) 
Clean Coal Sampling Building 

13.5 60" Clean Coal Conveyor 2A & 2B (2) 

13. 7. 
13.10 
13.11 

.Clean Coal Transfer Building 
60 11 Clean Coal Stacker Conveyor 
54 11 Cl_ean Coal Reclaim Conveyor 
54 11 Emergency Clean Coal Reclaim Conveyor 
Clean Coal Loading Building 
Electrical MCC Buildings (3) 
Clean Coal Storage Stacking and Reclaim Trackwork 

1. Belt Conveyors 

A #14 gauge deck plate on all conveyor deck sections shall be furnished at 
loading points, terminals and over vertical take-ups only. 

A 10 gauge flat stainless steel drip pan shall be furnished for the full 
length of all belts within the Preparation Plant. On the exterior all in
clined belts without turnover sections shall be furnished with #20 gauge 
s·tainless steel V-beam type drip pans. Pans will be interrupted at vertical 
gravity take-ups where material flow shall be directed laterally to by-pass 
piping to down ~lope pan. 

Belts where exposed to weather except for Stacker and Recalaim Conveyors 
shall be covered with curved standard corrugated, 22 gauge galvanized steel 
sheets, with corrugations paralleling the belt and a service opening on one 
side. Sheets shall be finished, exterior only, with PVF2 as describeo in 
Section O. 

(.'I 
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Stacker and reclaimer belts shall have a curved cover as described only in 
areas not affecting equipment operation. For the remainder of their ex
terior length they shall have a vertical wind guard of standard corrugated, 
22 gauge galvanized steel sheets with a PVF2 finish on both surfaces which 
shall extend 611 above the carrying run of belt to 611 below the return run 
of belt on one side only. 

Conveyor walkways shall be of ·1-1/4" x 1/8 serrated bar type grating. All 

conveyor walkways shall be 3'-0 wide. 

Counterweights shall be guarded with a cage of 3/4" x 9 mesh for 7'-0 above 
floors in buildings only. Exterior counterweight .tower shall be surrounded 
with a cyclone fence. 

~- Preparation Plant 

The Preparation Plant shall be constructed as described in sections A 
through E. 

The interior partition for :the Preparation Pl ant side of the common core 
wall with the Service Wing Building shall consist of 811 lightweight con
crete block. 

The interior ·partition for the vacuum pump rooms are to be 811 concrete 
block. The block shall be given two coats of paint on the Preparation 

Plant side. 
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A 611 thick slab on grade shall be furnished sloped to drainage trenches 
and waste sumps. A 12" thick slab shall be furnished in the monorail 
machinery well areas. 

Two enclosed stairweils shall be provided with exterior walls as des
cribed in Section D and interior partition of 11811 concrete block. Con
crete floors.and doors shall be provided at each floor level. Stair 
treads and handrail shall be as described in ~ection C. 

' In the machinery well areas motorized overhead rolling doors shall be 
furnjshed. 

Floor trenches shall be covered with 1-1/4!'·· x 1/8" grating. 

Internal vertical bracing shall be used in the Preparation Plant and so 
located, where possible, to provide maximum walkway and machinery access 
room. However, structural integrity shall be given first consideration. 

Four (4) 30 ton capacity magnetite· bins shall be provided and constnicted 
of 1/4" thick A36 steel plate .sides and conical bottom. No liners shall 
b~ furnished. The bin top shall be 1/4" thick checkered plate. 

The reagent tanks shall be buried. 
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3. Service Wing Building 

The Service Wing Building shall be constructed as described in Sections A through E. 

Except as described below. 

The Service Wing and Preparation Plant shall be separated by a 8'-0 wide totally 

enclosed aisle for the full building height. The purpose of this aisle is to prevent noise 

pollution and vibration from the preparation equipment from encroaching upon the 

Service Wing Building. The partition on the Preparation Plant side shall be as described 

in Section 2. The Service Wing partition shall be an acoust_ical, fire rated wall. 

~oth stairwells, elevator ~afts and duct spaces in the Service Wing Building shall be 

enclosed in an acoustic fire rated wall. Stairs shall be·provided with closed risers and 

treads. 

The vestibules between the two buildings shall be provided with two sets of doors each. 

Doors will be of an acoustical type and fire rated. 

The following floor area has been allocated for the Service Wing Building: 

~ 

Ground Floor 12,600 s.f. 

Second Floor 5,400 s.f •. 

Third-Floor 5,400 s.f. 

Fourth Floor 

5,400 s.f. 

Fifth Floor 3,600 s.f. 

Sixth Floor 5,400 s.f. 

Seventh Floor 5,400 s.f. 

43,200 s.f. 
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Architectural Appurtenances 

Plant 27 

Window Woll: Window wall shall be bronzed anodized aluminum; equal to 

Kowneer Series 550. Doors shall be equal to Kowneer extra duty 350. 

Aluminum Windows: Reversible aluminum windows and accessories shall be 

F entron series 2000 TB or equal. 

Interior Partitions: Shall be rTIQ$0nry, or steel stud with fireroted gypsum 

board. Acoustical treatment furnished at separation between Plant Building 

and Service Wing. 

Doors and Hardware: 

Overhead ~~rs shall be power operated in~ustricol quality, 16 guoge steel, 

insulated. 

Metal swinging · doors except in window walls shall be f !ush, hollow metal, 

acoustical type and fire rated. 

All door frames except in window walls shall be pressed steel, double 

rabbetted, insulated. 

Locksets shall be heavy duty type, equal to Russwin ''Uniloc". 

~ All ex.tf!rior glass shall ~ I" insulating 9lass composed of I /4" clear 

tempered solar bronze glass ·outside. All glass shall meet Federal 
I 

Specification DD-G045 I. 

Ceramic Tile: Ceramic tile to conform to ANSI A 137. I and U.S. 

Department of Commerce Simplified Practice Recommendation R61-6 I with 

sizes as fol lows: 

Floor tile, 2 x 2 x I /4 inch 

Wall tile; 4 x 4 x I /4 inch 
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Resilient floor Tile: Vinyl asbestos shall be grease and acid resistant, 9 x 9 

or 12 x 12 inches square, I /8" thick. Vinyl base I /8" thick, top set. 

Metal Toilet Partitions: Metal toilet partitions to be floor supported with 

doors, Henry Weis, or equal. 

Suspended Ceilings: 

Luminous ceiling panels in operator's room shall be metal egg crate louver 

panels with 45° shielding and supported on T-shape grid system. 

Accoustical tile shall be equal to Armstrong "Fire Guard'' tile, 12 x 

12 x 5/8", supported on concealed grid system. 

Moisture-resistant tile shall be equal to Armstrong 11Cerama9uard" tile, 

12. x. 12 x 5/8", supported on a exposed grid system 

4. 135' Diameter Static Thickeners and Pump Houses 

Four (4) 135'-0 diameter Static· Thickeners constructed of reinforced concrete side walls 

with a 5".conC:rete bottom slab reinforced with wire mesh shall be furnished. Underflow 

tunnels shall be provided. 

Two (2) Clarified Water Sumps of reinforced concrete construction shall be constructed 

one between each pair of thickeners. 

Launders shall be constructed of I /4" thick A36 steel. 

A 36" diameter C.M.P. emergency escape tunnel shall be provided fr.om each of the 

underflow tunnels. 
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Two (2) pump houses shall be provided, one for each pair of thickeners. Three walls of 

the pump house shall be formed by the thickener walls and clarified water sump wall. 

The fourth wall shall be of 8" concrete block. The roofs shall be as described in 

Section D. 

Two foot bridges shall be furnished to the Preparation Plant, one from each pump house 

roof. 

5. Coarse Refuse B In 

The refuse bin structure shall be constructed as described in Sections A through E. Only 

the head house above the bins sh'all be enclosed. The Contractor shall furnish the stairs 

to grade along with the foundations and a slab on ground. 

The 500-ton capacity bin· shall be constructed of 3/8" thick A36 steel side walls and 

hopper bottom. both suitably stiffened with structural shapes. The hopper bottom .of the 

coarse refuse bin is to be lined with a 3/8" thick abrasive resistant liner. 

6. Sampling Stations and Transfer Buildings 

The structures shall be constructed as described in Section A through·E, completely 

enclosed with insulated siding and with concrete floors. The Contractor shall furnish · 

the stairs to grade along with the foundations and a slab on ground. 

7. Pond Return Pump House 

A pump house shall be furnished with CON:!'ete block walls, a flat roof and a 6" thick 

concrete slab on ground. 

A 72" diameter C.M.P. wet well with a 36" diameter C¥P inlet to the pond shall also be 

furnished. 

Plant 27 Unique Specificati'ons Sheet 24 of 36 



8. Electrical Motor Control Center Building 

The Structures shall be constructed as described in Section A through E completely 

enclosed with insulated siding and slab on ground. 

9. Coal Storage Stacking & Reclaim System 

The trackwork shall be supported on precast concrete ties placed on an 18 inch thick 

crushed roll t'rackwork. 

IO. Site Preparation . 

The Owner shall furnish a cleared, levelled and graded site as shown on the generQI 

arrangment drawings. · 

Surface or subsurface drainage and sewage facilities are not included in this 

specification. 

On-site roads, parking and walks are to be provided by the Owner. 

Plant 27 Unique Specifications Sheet 25 of 36 



100.7 - NOISE CONTROL 

A comprehensive noise control program in compliance with all State and F ederol laws, 

regulations and codes shall be a design feature. The following is an outline of the 

specific items included for noise control in the Preparation Facility: 

I. The entire Service Wing shall be structurally divorced from the main 

Preparation Plant structure to reduce the transmission of noise and vibration. 

2. An air space and an acoustically designed buffer wall shall be furnished 

between the main Preparation Plant and Service Wing. In addition, two (2) 

double doors shall be provided at all passage ways from the main plant to the 

Service Wing to provide additional noise barrier. 

3. The plant design a'\d selection of process equipment shall be made· with due 

consider~ion gi~ to the noise requirements. The following is a listing of 

specific items: 

Plant 27' 

a. Rubber lined ch1.1.tes for handling plus 28M materi(ll. 

b. Trelleborg rubber screen surface for the top deck of the vessel refuse, raw 

coal and vessel clean coal scr.eens. 

c:. Rubber lined feed boxes for raw coal screens. 

d. Rubber lined discharge chutes for. raw coal, prewet, vessel refuse and 

vessel clean c:oal $Cf~ 

e. Marshmallow isolators for all horizontal vibrating screens. 

f. Vibration isolation rubber for large chute section handling coarse material. 

g. Rubber feed closu•e for CMI centrifuges. 
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h. Vacuum pumps and filter blowers shall be located in a separate concrete 

block enclosure. In addition, the vacuum pumps shall be furnished with high 

efficiency silencer units and the filter blowers shall be furnished with Inlet 

and outlet mufflers. 

i. The electric motors shall be selected with due consideration given to the noise 

requirements. 

4. Sound absorbing ceiling hung noise baffles will be. furnished in the main plant 

area. Noise baffles will be of a water-resistant design. 

S. The services of a qualified noise and vibration consultant shall be provided to 

aid in the initial design, make oil necessary studies and reports, and 

recommend any required remedi_al. work • 

. · 
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100.9 - FIRE PROTECTION 

The fire prdtection system shall be as foll,ows: 

Preparation Plant 

Two (2) 6" diameter steel pipe fire protections headers having 2-1/2" diameter branch 

lines shall ~ provided on each floor located, so that the entire floor area con be 

reached with a 100'-0. length of hose. 

15 - 1-1/2" diameter rubber lined, synthetic fiber c:Overed.hose w.ith coupling and 

. corftbination steam/fog nozzle complete with open fire hos~ rock. · (Located 

at..heoder branch lines). 

12 - 1-1/2" diameter rubber lined, syntheti~ fiber.covered hose wlth coupling and . . 

combination steam/fog nozzle complete· with open fire hose rock, complete 

with recessed fire hose cabinet: (Located to service office, service, change 

and electrieal rooms.) 

60 - Seco Model 20, 20 lb. capacity dry type chemical fire extinguisher, •. Located 

adjacent to each open fire hose rock and with balance located throughout 

plait. 

14 - Seco Model 20, 20 lb. capacity dry type chemical fire extinguisher, me>.unted 

in recessed cabinet and located at each recessed fire hose cabinet. Balanc~ 

to be located throoghout off ia; service~ chan9~ gnd electri~I r.ooms. 

I - Automatic sprinkler system for- the electrical spreading room. The system 

shall be wet pipe type with tieot sensitive melt plugs located above the cable 

trays. The system shall be in accordance with a NFPA Standards. 

Plant 27 

In oddition, a Mueller Style 595 simplex cast iron strainer shall be included to 

filter the raw \;;ater source to guard against plugging of the sprinkler nozzles. 
,, 
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100.10 - AUTOMATIC LUBRICATION 

Automatic lubrication shall be provided. System as follows: 

One (1)--complete Riggs Auto Lube System per module consisting of approximately 126 

lubrication points to minimize the equipment maintenance by automatically lubricating 

bearings at pre-determined intervals for the following equipment in the Preparation 

Plant. 

Plant Feed Conveyor, head cind snub 

Raw· Cool Screens . 

Primary and Secondary Vessel 

Middlings Crusher 

Vacuum Filter 

Flotation Cells 
" 

Pr~uct Conveyors and Storage Conveyors, toil 

Magnetic Separators 

Magnetite Thickener 

Sumps 

Ttle system shall consist of the following: 

Lincoln electric drive drum pump 

2-woy N/O high pressure soler:ioid valve system vent 

Riggs Model MCP-3 control panel with visual and audio signals 

SL-I series injectors 

Pipe and pipe fittings 

Tube and pipe fittings 

Tube and tube fittings 

Braid hose and hose to pipe connectors 

Clomps and supports 

~ No automatic lubric.Jtion to be provid"d for remote grease points. 
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GENERAL DESCRIPTION. OF BELT CONVEYORS 

The following standards shall be common to the Belt Conveyors listed in this 

Specification: 

I.~ 

·Shafting shall be AISI 1045. In sizes to and including 5-15/16" diameter shafts shall 

be cold finished. Sizes from 6" to 10" shall be hot rolled AISI 4140, machined to 

size. Shafts larger than I 0" diameter shal I be forged and machined to size. 

Shear stress for shafts keyseated - 6,000 PSI. 

Shear stress for shafts not keyseated. - 8,000 PSI. 

Service factor for bending - 1.5 

Services factor for torsion - 1.0 

Deflection shall be ~mured from centerline of bearing to nearest pulley end disc and . 

the slope angle of deflection curve at point under end discs shall be limited to a 

maximum of 0.0859 degrees (TAN 0.0859 ~egrees = .0015). 

Shaft size is determined by either strength or deflection, whichever is larger. 

Shaft tolerances, finishes and keyway sizes shall be in accordance with the 

recommendatiOns of manufacturers of components mounted on the shafts.. Finish bores 

, ·of coupling. halves ~nd backstops shall be~ On actual micrometer memurem~nt of 

each conveyor drive shaft with cold finished .shafts. 
' ' 

In instances where shafting is necked down, the maximum difference in diameter in the 

necked portion shall be no more. then one (I) inch. the fillet radius will be equal to I /2 

the difference of the two diameters with 125 micro inch finish. 

" 
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2. Bearings 

Shaft shall be supported on pillow blocks incorporating spherical roller type, 

self-aligning, adapter mounted, anti-friction bearings. The housings shall be gray 

iron split with labyrinth seals or end caps w~ere feasible. Each shaft shall have one 

fixed, and one exponsi.on type bearing mounted thereto. 

Pillow block hqusing shall have four bolt bases for oil bearings two and seven

sixteenth inches and larger. All lube points shall be equipped with standard button 

head greose fittings. (5/8" dio. head). 

Grease fittings shall have extended lube lines where fittings ore obstructed. All lube 

points shal I be accessible for convenient manual lubrication, no more than four feet 

above a floor, platform or walkway. 

Lubrication points shall be accessible from outside of guards, and lubrication shall be 

possible.without removal of guards or portion of guards. 

3. Pulleys 

All pulleys shall be welded steel constructed with a tapered lock bushing and hub 

attachment to shaft. Hubs shall be welded to end discs. 

Pulley diameters shall comply with belting manufacturer's ·recommendations. 
. . 

Design and construction will comply with MPTA Specification 301-1974 which is also 

ANSI Specification B-105.1 - 1976. 

Drive pulleys shall be keyed on both sides, no keys required on other pulleys. 

Pulley face shall be belt width plu~ 2" for belt widths up to 42" inclusive. 48" and 

wider belts shcn have belt width plus 3" •. 
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Drive pulleys shall have I /2" thick fire resistant resistant herringbone rubber 

vulcanized lagging of 50 to 60 durometer reading. Pulleys in contact with carrying 

side of belt shall have 3/8" plain rubber vulcanized lagging of 40 to 50 durometer 

reading. 

Tail and take-up pulleys shall be crowned. 

Pulley identification shall i,,clude conveyor number, mark number and drawing 

number. 

lde.ntification tag shall be metal, permanently attached to end disc. 

P!Jlley assemblies shall be removable, tail and snub pulleys shall hc:ive a minimum 

distance of twelve inches between floor and pulley. 

4. Belt Cleaners 

Belt Cleaners shall be Martin Engineering Company heavy-duty, CM/Torsion Arm 

Type, track mounted, with tungsten, carbide blades or equal. One (I) belt cleaner 

shall be provided at the head pulley of each conveyor. 

Adequate room shall be provided for wipers between drive and snub pulleys. Dribble 

from wipers shall be handled by the main discharge chute or an individual chute. 

Return belt plows shall be furnished for all belt conveyors. 

S. Conveyor Idlers 

Conveyors handling up to and including 700 TPH ·to have medium duty CEMA 
. . 

classification C5 or C6 (Former Series Ill of IV) standard base idlers. Conveyors 

handling more than 700 TPH to have heavy duty CEMA classificatio!' E6 (Farmer 

Series V) standard base idlers. 
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Idler Types as Follows: 

Carrying - Three (3) equal length 5" or 6" dio. steel rolls with roller bearings and 

grease fittings. 35° through. 

Return - On conveyors using turnover ~ystem - 5" or 6" dio., flat single roll with 

roller bearings and grease fittings. 

All other conveyors to hove 6" dio. (minimum) rubber disc mossed end 

return idlers. 

Self-Aligning Corryil'.lg and Return - On conveyors 150 feet long and longer spoced 

50 feet from each end terminal and 100 feet thereafter. S.A. idler no 

closer than 15 feet from end of skirt board. 

Carrying - Transition - Three (3) equal length 5" or 6" dia. steel rolls with roller 

bearings o~d grease fittings. 20° tr®gh one dt each terminal-with transition 

distance to pulley per belting manufactures recommendation. 

6. Toke-Ups 

Idler spacing to be as indicated under individual conveyor specification 

Item No. The spacing is.selected to allow a maximum of 2% sag between 

carrying idlers. 

Idlers to be equipped with one side, one point greasing, button head 

type fitting (5/8 inch dio. head). Fitting and lube line to terminate at 

outside of idler support bracket. Lube points to be accessible for convenient 

manual lubrication and b.e no more than four feet above a floor or platform. 

a. Automatic vertical or horizontal gravity type toke-ups on all conveyors with 

single or double coble connections f~om toke-up carriage to counterweight. 
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b. Horizontal carriages shall have ''V"-groove type wheels on inverted angle track 
with a hold-down arrangement. 

c. Supports, cables, sheaves and hardware shall be designed for design load plus 25 

percent minimum. 

· d. Lube points shall be extended to a locati~n convenient for lubrication and 

flexible for moving parts. 

e. Counterweights shall · be sectional . and designed for a plus-minus 25 percent 

adustment in field. 

f •. Protection around and under counterweights shall be, provided ~n all four sides 

with.fence.type guards six feet high abave·gr~de and floors with removable front 

section. 

7. Backstops 

Inclined conveyors. where required shall have over-running sprag or roller-ramp type 

-backstops mounted on the drive pulley shafts· or Integral backstops furnished with 

motorducers, and shaft mounted reducers. 

Backstops shall be sized for torque developed from loading material to a 25 degree 

surcharge maximum belt loading on the lift portion of the conveyor and multiplying 

said torque by a fCCTor .of safety of 1.5 ur ~ized on brcakdovm torqi.i• rat1ng of f"!'!1'tnr 

which ever ls greeter. 

Backstop to have shaft collars or other suitable device to prevent backstop from 

traveling along drive shaft. 

Manufacturer - Backstops shall be F ormsprag LLH or Owner approved equal. 
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8. Conveyor Drives 

Under 60 HP - Pulley shaft direct connected to the low speed shaft of a motorducer 

by a flexible shaft coupling. 

Under 25 HP - Where clearance is a problem. Shaft mounted reducer with V-belt 

drive to motor. 

Over 60 HP - Pulley shaft direct connected to the low speed shaft of a parallel shaft 

reducer by a flexible shaft coupling. 

Speed Reducers - Parallel shaft type to be Falk or equal with service factor of 1.5 

based on brake horsepower or 1.25 based on motor horsepower whichever is greater. 

Motoreducers to be Falk all-motor type or equal with Class II gearing. Thermal 

roting to exceed motor roting witf:lout additional cooling. Lubrication shall be 

internal splash lubrication. 

All drives units to be AGMA roted units. 

parallel shafts reducers. 

Shaft Couplings - Falk Steel flex T20 or equal. 

9. Conveyor Belting 

Integral bases shall be furnished 'tor 

All conveyor belting shall be Goodrich Flexseal H, M or XH (USBM) approved. 

Belting shall be multiple ply, sealed cut edge type, to conform to manufacturer's 

recommendation for operation over 20° and 35° idlers.* Construction and cover 

thickness shall 'be as shown in individual conveyor specification and Belt Conveyor 

Schedule. 

-
Belt carcass shcill be as recommended by belt manufacturer to meet maximum 

operating ~ensions (starting under full load), minimum plies for load support, 

maximum plies for troughing and minimum plies for impact. 
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Belting shall be designed for operating in ambient temperatures. from minus 20 . ""'-• 
degrees F to plus 100 degrees F •. Belts shall be suitable for open w~the,sed 
operation. ~<"" 

All splice connections of belting shall be by hot vulcanized method. 

•Covers shall be Longlife Brand Rubber (RMA Grode II). 

Splicing shall be subcontracted to the belt manufacturer's service representative. 

10 •. Waikwoys 

All conveyors inaccessible from floor or grade shall be provided with 21" wide clear 

walkways on one side of belt. 

11. Drip Pans 

Drip pans. shall 9-e install~ as outlined -_and ~ifi~ under item , entitled 

"Structures", Item 100.4, except for turnovers which do not require drip pans. 

12. Safety Pul I Cables 

All conveyors shall be provided with stop pull cables for entire length. 
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