
DOE/ OR/ 20 7 17--3 Vol . 2 

DE83 000184 

The 
ECKINRIDGE 
PROJECT 

Initial Effort 

REPORT Ill 

SPECIFICATIONS 

VOLUME 2 

ASHLAND SYNTHETIC FUELS, INC. 
AIRCO ENERGY COMPANY, INC. 

r------DISCLAIMER ---~ 

This report was.prepared as an account o f work sponsored by an agency o f the United Sta tes Government. 
Neither the Umtecl S1a1es Government nor any agency thereof, nor any of their employees, makes any 
warranty, express or Implied, or assumes ;iny l"!}al liabili ty or r~11~ilii l liv tor !he accuracy, 
completeness, or usefulness of any information, apparatus. product, or process disclosed, or 
represent~ Iha! ils use ~uld not infringe privately owned rights. Reference herein 10 any specific 
oommercial product, process, or service by trade name, iradeJNrk, manufacturer, or otherwise does 
not necessarily oonstitu te or Imply its endorsement, recommendation, or favor ing by 1he United 
States ~vemment or any agency thereof. The views and opinions of authors e>epressed herein do not 
necessarily state or reflect those o f the Uni ted States Government or any agency thereof. 

PREPARED FOR 
UNITED STATES DEPARTMENT OF ENERGY 

UNDER COOPERATIVE AGREEMENT 
NO. DE·FC05·800R2071 7 

~ 
DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



4

The following pages are an exact

representation of what is in the original
document folder.



The information and data contained in this report 
are the result of an economic evaluation and a 
preliminary design effort and because of the 
nature of this work no guarantees or warranties 
of performance, workmanship, or otherwise are 
made, either expressed or by implication. 



... 

V
olum

e In
tro

d
u

ctio
n

 
and T

able o
f C

ontents 



REPORT II I 
VOLUME 2 

INTRODUCTION 

Report Ill, Volume 2 contains those specifications numbered K through Y, 
as follows: 

• Specifications for Compressors (K) 

• Specifications fqr Piping (L) 

• Specifications for Structures (M) 

• Specifications for Insulation (N) 

• Specifications for Electrical (P) 

• Specifications for Concrete (Q) 

• Specifications for Civil (S) 

• Specifications for Welding (W) 

• Specifications for Painting (X) 

• Specifications for Special (Y) 

The standard specifications of Bechtel Petroleum 'I'ncorporated 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 for 
the Initial Effort (Phase.Zero) work performed by all contractors and 
subcontractors. 
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INITIAL EFFORT REPORTS REFERENCE 

Report I - Exec_ut i ve Summary 

Report II - Breckinridge Project Design Basis 

Report III - Specifications 
Volume l - Specifications A through J 

Volume 2 - Specifications K through W 

Report IV - Process Units 

Report V -

Volume - Plants 26, 27 and l 
Volume 2 - Plants 2, 3 and 4 
Volume 3 - Plants 5, 6 and 17 
Volume 4 - Plant 7 
Volume 5 - Plants 8, 9 and 10 
Volume 6 - Plant 12 
Volume 7 - Plants 15 and 18 

Utilities and Offsites Units 
Volume - Plants 19, 20~ 21, 22, 23 and 30 

Volume 2 - Plants 31, 32,· 33 and 34 
Volume 3 - Plant 35 
Volume 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 VIII - Capifa1 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 

1.1 ~ 

1.1.1 Except as modified by this specification, centrifugal"com
pressors shall be.in accordance with the API Standard 617 
(Fourth Edition, November, 1979), "Centrifugal Compressors 
for General Refinery Services." An exception to API-617 
de~tes only the portion of the paragraph specifically noted 
in the parentheses herein. · . 

1.1.2 (Refer to Paragraph 1.1 of API-617 - Addition). 

This specificatio·n covers the minimum requirements for centri
fugal compressors in petroleum refinery and chemical plant 
services. 

1.1.3 Data sheets defining the Buyer's requirements and service 
conditions form a part of this specificat:ion. Copies of 
these data sheets shall be completed by the Seller and 
returned to the Buyer. 

1.2 Conflicting Requirements 

(Refer to Paragraph 1~3 of API-617 ~Exception). 

In case of conflict between this specification and the accompanying 
documents, the order of precedence is as follows:· 

i.2.1 Inquiry or Purchase Order. 

1.2.2 Data Sheets. 

1.2.3 This Specification. 

1.2.4 API-617. 

1.2.5 Other Standards. 

1.3 (Refer to Paragraph 1.4.l of .API-617 - Addition). 

"Pressure Rise to Surge'.' is the absolute discharge pressure at the 
flow corresponding to the surge ;ioint for the rated operating speed 
and inlec conditions minus :he absolute discharge pressure at the 
~ated operating point. 

1.4 (Refer to Paragraph 1.5 of API-617 - Addition). 

1.5 

!he ~ublications referenced in this paragraph are subject to the 
~edifications contained in the Buyer's specifications accompanying 
:his specification. 

(Reier :o ?aragraph L.5.2 oi .\P!-~17 - Excepcion). 

'The Seller 3hall comply :vith ?aragraph· 2.1.13 or .\PI-617. 

1..al'tCATIOll JtO. L4Z2.2-K-l 
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_2.0 BASIC DESIG~ 

2.1 General 

2.1.1 (Refer to Paragraph 2.1.2 of API-617 - Addition). 

2.1.2 

2 .1. 3 

The surge capacity for the overall compression train (at 
constant speed) shall be at least 20 percent below the 
capacity required for the normal opera~ing condition. 

(Refer to Paragraph 2.1.11 of API-617 - Exception). 

All equipment shall meet the noise level requirements of 
Specification 14222-A..:.12, "Noise Levels of Equipment." 

(Refer to Paragraph 2.1.14 of API-617 - Addition). 

The Seller shall accept full (unit) responsibility for the 
engineering coordination of compressor and driver, including 
gear unit, if.needed, and for the avoidance of the critical 
speeds or resonances of component parts which might adversely 
affect the operation of the combined unit. 

2 .1. 4 Prior to issuing the Purchase Order, the Buye_r and the Seller 
shall agree on a plan to satisfy the quality assurance 
requirements of the equipment furnished. 

2.2 Casing Connections 

2.2.1 (Refer to Paragraph 2.4.3 of API-617 - Addition). 

Compressors with all inlet and outlet connections in the lower 
half of the casing shall be provided with.valved vent 
connections. Valved drains shall be provided on each.stage 
of horizontallv spl~~ casings. 

2.2.2 (Refer to. Paragraph 2.4.4 of API-617 - Addition). 

All casing drains shall be v·alved. 

2.3 External Forces and Moments 

(Refer to Paragraph 2.5.1 of API-617 - Exception). 

Compressors shall oe designed to withstand the following external 
loadings: 

Vertical Comoonent - Combined forces and. moments due to all piping 
connections or to any one piping connection resulting in a 
vertical reaction (either upward or downward) at any support point 
of at least one-half the dead weight reaction of the compressor 
AC ~he support ?Oint. 

s..a~tC.&TtOll 110. __ 14_2_2_2_-_K_-_1 __ 1n_ ...... 2 __ r1 __ s...,_ 



Horizontal Transverse Comoonent - Combined forces and moments due 
to all piping connections or to any individual piping connection 
~esulting in a horizontal transverse reaction at any support point 
of at least one-third the total dead weight reaction of the 
compressor at the support point. 

Axial Component - Combined axial forces of all piping connections 
or ~ial force of any one piping connection resulting in an axial 
force on the compressor casing of at least one-sixth the com-
pressor weight. I 

2.4 Rotating Elements 

(Refer to Paragraph 2.6.13 of API•617 - Addition). 

Balance piston return lines shall comply with this paragraph of AP~-
617, but other equalizing lines and passages on the compressor (such 
as che reference gas line) shall be sized to limit velocity to 25 
fps at the !llOSt demanding transient condition. These requirements 
shall apply when the labyrinth-to-rotor clearances are up to 150 
percent of the normal clearances. The gas reference line shall be 
2" diameter minimum. 

2.5 Shaft Seals 

Z .·5 .1 (Refer to Paragraph 2. 7. 3 .1 of API-617 - Addition). 

Labyrinth type shaft seals shall be designed to prevent the 
possibility of any oil leakage into the compressor gas flow 
under any operating condition. 

2.5.2 The suction end labyrinths of any air compressor which draws 
·from atmosphere shall be pressurized with air from the 
discharge. A connection shall be provided to pressurize the 
suction end labyrinths temporarily with air from an external 
source during startup. 

2.6 Critical Speed 

2.6.l (Refer to Paragraph 2.8.l.6 of API-617 - Exception). 

~o actual corsional resonant speed shall be within 10 percent 
of che first or second harmonic of ch~ rotational frequency 
in t:he operating speetl range, including up to crip speed, nor 
shall it be within 10 percent of gear tooch-passing frequencies 
within the operating speed range. 

(Refer to Paragraph 2.8.1.11 of API-617 - Exception). 

Tile Seller shall ?erform a composite torsional-~ibration 
analysis of :he compressor-driver unit (and speed changing 
·~ear, if used) , and :;hall be responsible for t:he unit's satis
Eactory performance. Other manufacturers providing components 
:.n t:he syscam shall ;irovide t:he necessary data :o t:he Seller 
~nd.shall :.dencify sources or torsional ~xcicacion. !he 
5eller shall suomit a t:orsional analysis report to t:he 3uyer 
~or appi::oval. 

SNl:ll'IUTIOll "°' L4Z22-K-l :an._....,.z __ r1 __ , __ 
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2.6.3 The Seller shall, when requested, supply all necessary infor
mation to enable the Buyer to check the lateral and torsional 
critical speeds. 

2.7 Vibration and Balance 

(Refer to Paragraph 2.8.2.1 of API-617 - Addition). 

Shafts shall be dynamically balanced before assembling the impellers 
and other rotating components. 

2.8 Thrust Bearings 

2.8.1 (Refer to Paragraph 2.9.2.1 of API-617 - Addition). 

Thru~t collars shall be replaceable. 

2.8.2 (Refer to Paragraph 2.9.2.8 of API-617 - Clarification). 

When specified, a minimum of two pads on both. the active and 
inactive side of .the thrust bearing shall be fitted with 
embedded thermocouples to sense pad surface temperature. 

2.9 Materials 

2.9.1 General 

2.9.1.1 (Refer to Paragraph 2.11 of API-617 - Addition). 

When specified by the Buyer, alloy steel, stainless 
steel, or carbon steel castings shall be x-ray 
inspected. The requirements for x-ray inspection 
including the extent of radiography, technique, and 
standards for acceptance will be.covered by separate 
specifications. 

2.9.1.2 (Refer to Paragraph 2.11 of API-617 - Addition). 

2.9.2 Welding 

The Buyer shall be informed in writing whenever a 
proposed steel casting is to be the first one cast 
from a new set of patterns. Such castings shall be 
x-ray inspected as defined by separate specifications. 

2.9.2.1 (Refer to Paragraph 2.11.2.2(6) of API-617 - Exception). 

,,..,.C.\TIOll 1eo. __ 1_4_z_z_z_-_K-_1 __ 

All welds on cast, forged, or fabricated parts con
taining process gas under pressure shall be radio
g.raphed. · Radiographs shall be made and judged 
according to Paragraph UW-51 of the ASME Unfired 
Pressure Vessel Code. Defects which exceed these 
=equirements shall oe repaired and the part re
=adiograph~d. 

llft_.......-2 __ 
,...,. _ _,s __ 
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Z.9.2.2 ·(Refer r:.o Paragraph Z.11.5.2 of API-617 - Addition). 

Repairs to castings by welding or by other means may 
be made only on approval of the Buyer's repre
sentative. The Buyer's approval.of welding and 
inspection procedures used for such repairs shall be . 
o.btained. b~ore r:.he work is done. Major weld repairs 
shall be heat treated. 

Z.9.3 After completion of machine work, cast or forged parts subject 
to process gas pressure shall be inspected over their entire 
surface by the magnetic particle method. Tears and cracks 
located by magnetic particle inspection shall be repaired or 
the part replaced. 

2.9.4 Shafts shall be ultrasonically examined in accordance w~th 
Se.ction V!II, Division I, UF-55 of the ASME Code, 

2.9.5 (Refer to Paragraph Z.11.2~4, 2.11.6.l, and 2.11.6.2 of 
API-617 - Addition). 

Refer to Paragraph 4.2.7 of API-617. 

3.0 ACCESSORIES 

3.1 Drivers 

3.1.l (Refer to Paragraph 3.1.l of API-617 - Addition), 

Unless otherwise noted, drivers and drive equipment shall be 
furnished by the Seller. 

3.1.2 (Refer to Paragraph 3.1.4 of API-617 - Addition). 

Compressors driven by motors having drooping speed character
istics shall be rated at the actual motor speed for the load 
condition, not at synchronous speed. 

3.2 Mounting Plates 

(Refer to Paragraph 3 .3 of API-617 - Addition). 

'.·ihen sole plates are specified co be furnished by the Seller," chey 
shall have rounded corners (plan view) with a ~inimum radius of ~NO 
inches. 

3.3 Controls and Instrumentacion 

3.3.1 (Refer co Paragraph 3.4.1.l of API-617 - Addition). 

The Seller shall ?rovide a piping and instrument diagram 
showing all required instruments and r:he connections between 
each :nstrument and the associated equipment. The diagram 
shall_ indicate ~Jhic:t ·devices are provided by :he Buyer and 
~Jhich are ?rovided '.Jy r:he Seller. .Ul f"low ranges, r:.emper
atures and pressures. and all insr:.rument and control specifi
cations shall ~e :ndica.r:.ed on r:.he diagram or an associar:.ed 
bill of ::iar:.erial. 

S..ml,.CATIOlll :ieo. 14222-K-l .1ft_ ... 2 __ _ JIGT' __ 6 __ 8 



3.3.2 (Refer to Paragraph 3.4.3.1 of API-617 - Additon). 
(Refer to Paragraph 3.4.3.4 of API-617 - Exception). 

The instrumentation specified on the compressor data sheets 
shall be provided in addition to that required by API Standard 
617 and Buyer's appropriate specification. 

3.4 Alarms and Shutdowns 

(Refer to Paragraph 3.4.3.4 of API-617 - Addition). 

Alarm ·and shu~down switches for high thrust bearing temperature shall 
be provided by the Seller when these thermocouples are specified. 
The .Preferred signal for this alarm and shutdown function for 
excessive thrust bearing temperature is the diffe·rential temperature 
between the oil to the thrust bearing and the thrust pad. 

3.5 Auxiliary Piping 

3.5.1 (Refer to Paragraph 3.5.2 of API-617 - Addition). 

Casing drain valves shall be conveniently located at the edge 
of the baseplates. 

3.5.2 (Refer to Paragraph 3.5.3 of API-617 - Addition). 

Bearing lube oil from compressors, drivers, and speed changing 
gears shall not be· drained through the coupling guards when 
non-lubricated couplings are used. 

·4.0 INSPECTION AND TESTING 

4 .1 ,Inspectioi:. 

(Refer to Paragraph 4.2 of API-617 - Addition). 

Rotors and stators (immediately adjacent to rotors) shall be checked 
for residual magnetism. De-gaussing 'shall be required if 'reading is 
above 2-1/2 gauss. 

4 ., Testing 

4.2.1 General 

4.2.1.1 (Refer to Paragraph 4.3.1.2 of API-617 - Addition). 

The Seller shall submit for the Buyer's approval, 
written test procedures for all tests at least six 
weeks before the scheduled test date. 

4.2.l.2 Unles·s otherwise approved, the co.ntract couplings shall. 
be used for the mechanical and performance· tests. 

S"8:a"CATIOll "°' 14222-K-l 2· an_....-__ _ 
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4. 2 ·• 2 Hydrostatic Test 

(Refer to Paragraphs 4.3.2 and 4.3.6.l of API-617 - Addition). 

In addition to the hydrostatic test, cast compressor casings 
for hydrogen-rich or hazardous gas service, shall have a 
helium leak test. 

4.2.3 Mechanical Running Test 

The four-hour running test shall commence when the bearing 
temperatures and vibration readings have stabilized. Bearing 
temperatures shall be considered to be stable when the oil 
temperature rise across the bearings dnes not vary by more 
than zoF over ~ 15-minute period. Vibration readings shall be 
considered to be stable whe.n a trend in vibration readings is 
not evident. 

4.2.4 Optional Tests 

(Refer to Paragraph 4.3.6.l of API-617 - Addition). 

4.2.4.1. To determine the slope of the surge line, each per
formance test shall include, in addition to the five 
points specified, at least one surge point at less 
than 100 percent. speed and one surge point at more 
than 100 percent speed. 

4.2.4.2 When a performance test is specified, the rotor and 
casing used for this test shall be shipped together 
as an assembled unit. 

5.0 VENDOR'S DATA 

5.1 Contract Data 

S. l. l Drawings 

(Refer to Paragraph 6.2.2.3 of API-617 - Addition). 

The Seller shall provide a composite diagram of ail components 
of .the compressor train showing the therm:al and mechanical 
movements (vertical and horizontal) anticipated when the train 
is brought from rest to normal operating conditions. This 
diagram is co be approved by the Buyer, and will be used as 
the oasis for setting the cold alignment of the'crain. 

5.1.2 Curves 

(Refer co ?aragraph 6.2.3.l of API-617 - Addition). 

5. l. Z. l '../hen specified. performance curves shall show the 
dischar;e temperatures at the and of each compression 
sec::ion. 

5.:..:. 2 "()uadrant" curves shall be furnished for all com-
? res so rs ~•hich are C"equired :o .:iperate over a range of 
s•.!c::ion and discharge conditions or with gases varying 
in composition and molecular ·,,eight . 
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1.0 GENERAL 

1.1 SCOPE 

1.1.1 Except as modified by this Specification, reciprocating 
compressors shall be in accordance with API Standard 618 

-(Second Edition - July, 1974), "Reciprocating Compressors for 
General Refinery ·Services." An exception to API-618 deletes 
only the portion of the paragraph specifically noted in 
parentheses herein. 

1. L 2 (Refer .to P.aragraph 1.1 of API-618 - Addition). 

Tilis spP-cification covers the minimum requirements for recipro
cating compressors. drivers, anri auxiliaries in petroleum 
refinery and chemical plant services. 

1.1. 3 Oata sheets defining the Buyer's requir~ments and· ·service con
ditions form a part of this specification. Copies of these 
data· sheets shall be completed by the Seller and returned to 
the. Buyer. 

1.2 Conflicting Requirements 

(Refer to Paragraph 1.3, API-618 - Exception). 

In case of conflict between chis specification and the accompanying 
documents, the order of precedence is as follows: 

Inquiry or Purchase Order 
Data Sheets 
Tilis Specification 
API-618 
Other Standards 

1.3 Referenced Publications 

1.4 

Tile publications referenced in this paragraph are subject to the 
modifications contained in the Buyer's specifications acco11rpanying 
this specification. 

Quality Control 

Quality Control Procedures to be used for ·the manufacture of 
aquipment included in chis specification shall be agreed between the 
3uyer and Seller prior to start of manufacture. Any Seller's 
Quality Control Procedures accepted by the Buyer shall be available 
for ::e•riew by the Buyer or his authorized representative upon 
::equesc. 
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2.0 BASIC DESIGN 

2.1 General 

2.1.1 (Refer to Paragraph 2.1.2, API-618 - Addition). 

. I 
The entire compressor train, including driver, couplings and 
gear unit, if needed, shall be designed to sustain full-load 
emergency trip-outs without damage. 

2.1.2 Compressors driven by motors having drooping speed character
istics shall be rated at the actual motor speed for the load 
condition, not at synchronous speed. 

2.1.3 (R~fer to Paragraph 2.1.3, API-618 - Addition). 

2.1.4 

The Seller shall include, as a minimum, protective devices as 
required by the specifications. In addition, the Seller shall 
recommend, and quote separately, any protective devices he 
deems necessary to prevent damage to the equipment covered by 
this specification. 

(Refer to Paragraph 2.1.5, API-618 - Exception). 

Noise level criteria for the equipment installation shall con
form to Specification 14222-A-12, "Noise Levels of Equipment." 

2.2 Allowable Speeds 

(Refer to-Paragraph- 2.2.l, API-618 - Addition). 

Preferably,· the maximum average piston speed shall not exceed 850 
feet per minute for oil lubricated cylinders and 700 feet per minute 
for nonlubricated cylinders. 

2.3 Allowable Discharge Temperature 

2.4 

A high discharge temperature shutdown or 100 percent unloader 
actuating device set at 3500F shall be provided on any hydrocarbon 
lubricated compressor. A synthetic lubricant is required for 
lubricated compressors handling air or other oxygen-bearing gas at 
tlischarge temperatures above 250°F. 

Rod- Loadings 

(Refer to Paragraph 2.4, API-618 - Exception) 

In the absence of accurate r~'iprocating inertial forces in the 
Seller's quotation, rod J.,oaqing snall be evaluated on the bas.is oi only 
-gas pressures at ·t~ operating condition redulting ~n .l:he h'ighes!= 
.loadings_. At thi_s i:p-n4it:ion, J.10 percent of the discharge p_re~:;ur~ 
shall be used to calculate: the rod loading for each stage. Rod loads 
calculated in this manner sha:ll not e.'Cceed 80 pe_rcent: oi the manu.,. 
fac·turer's ;naxi.mum cont·inuous (not peak) load rat.ing. \.Z·it:hin one· 
~onth aiter ourchase commitment, the Seller shall submi..t: actual net 
rod loading ~or- ~ach- load step_ of a.very specified-_ operating con.
ditions (see ?arag_raph 10.2.12· a·f API-&18). These loading_s shall be 
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·'· 
based on the combined effects of the inertial forces and gas ·pressures. 
At 110 percent of the maximum anticipated discharge pressure of each 
stage, the resultant loads shall not e.~ceed 90 percent of the manu
facturer's maximum continuous rating. 

2.5 Vibration and Critical Speeds 

(Refer to Paragraph 2.5, API-618 - ~ddition). 

All torsional studies. sh.ill be submitted to the Buyer for approval. 

2.6 Compressor Cylinders 

2.6.1 (Refer to Paragraph 2.6.2, API-618 - Addition). 

All compressor cylinders shall be horizontal with bottom dis
charge, unless other arrangements are specifically approved 
by the Buyer'·. 

2.6.2 (Refer to Paragraph 2.6.6, API-618 - Addition). 

Liners shall be· provided-,in. all cylinders. Liner design. shall 
allow liner removal..with a portable hydraulic puller. Liners 
for services utilizing Teflon ~ings shall be Teflon burnished. 
All liners for nonlubricated service shall be honed to a 
finish of 6- to 8-micro inches RMS. · 

2.6.3 (Refer to Paragraph 2.6.8.1, API-618 - Addition). 

2.7 Valves 

Forced liquid cooling shall b~ provided for the jackets of 
all cylinders which are nonlubricated. Thermosyphon systems 
may be used subject to Buyer's approval. 

When a forced liquid cooling system is required, it shall be 
console mounted and consist, as a minimum, of the components 
shown on Diagram 1. The air cooler shall be a radiator type 
mounted on the compressor building roof, if possible. 

2.7.1 Damped or cushioned valves shall be provided for ·hydrogen-rich 
ser1ices, and are preferred for other services. (Hydrogen
rich is defined as any gas mixture containing 30 percent, by 
volume, or more of hydrogen) . 

2 .1. 2 ITalve clearances and •1alve gas velocities shall be selected to 
suit the range of gas compositions and operating conditions 
specified. If a compressor is required" to handle gases with a 
significantly higher ~olecular weight than those specified for 
normal operation (such as for regeneration service), Seller 
shall ?rnvide a spare set of valves suitable for loaded or 
unloaded service ~ith the heavier gas. 

2.8 Pistons and Piston Rods 

(Refer to Paragraph Z.8.J, API-618 - Exceptions). 
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The bearing load of wear bands shall not exceed 5 psi, based on the 
weight of the piston plus one-half the weight of the rod divided by 
the wear band area (A), where A= the lenght of a 120-degree chord 
(0.866 x diameter) times the· total width·. of ~the· w.ear. bands. 

2.9 Distance Pieces 

(Refer to Paragraph 2.10.1, API-618 - Substitution). 

The compressor shall be equipped with an e.~tra-long distance piece. 
A single compartment is acceptable for non-hazar~ous or toxic gases; 
two-compartment distance pieces are required for hazardous or toxic 
gases with segmental packing provided between the two compartments 
with lubrication provided as necessary. 

(Refer to Paragraph .2.1.0~'2,. API-618 -·Exception). 

Distance pieces shall b_e equipped with gasketed solid covers. 

2.10 Stuffing Boxes and Packing 

2.10.1 (Refer to Paragraph 2.11.3, API-618 - Addition). 

Vent piping inside the compressors shall be stainless steel. 

2 .10. 2 . (Refer to Paragraph 2 .11. 4, API-618 - Exception) . 

Liquid cooling of packing is required for cylinders operating 
in nonlubricated or hydrogen-rich services, in any service 
above 500 psig, or when flurocarbon-filled packing is used. 

2.10.3 Liquid cooling shall be accomplished by either a thermosyphon 
system, if approved by the Buyer, or a forced circulation 
coolant system provided by the Seller •. 

a) 

• b) 

Any packing c-0oling syst~ shall be separatecL.fram.the· 
cylinder jacket cooling system. 

A forced circulation system shall be console mounted and 
included a reservoir with level gauge and vent connection, 
motor driven pump, cooler, filter, amd all interconnecting 
?iping and valves. Instrumentation shall include, as a 
minimum, the following: 

Packing coolant temoerature indicators 
Flow.. indicarOTs·at· ea~h·pack:ing outlet 
Reservoir level gauge 
Reservoir low level alarm 
Pump discharge pressure gauge 
Cooler discharge temperature gauge - coolant. 

2.11 Comoressor rrame Lubrication 

2.11.1 (Refer to Paragraph 2.12.Z, API-618 - Exception). 

The compressor frame lubrication is not required to be in 
accordance with API-614. 

:s""11:1ricaTI011 ,.o. 142ZZ-K-2 ln_z ____ _ 5 - 14 ------



2.ll.2 (Refer co Paragraph 2.12.3, API-618 - Addition). 

A pressure lubrication system shall consist of a shaft-driven 
ma±ii oil ·Pllll11'; .. a .. mator.-dJ:i:'Zen·. a~iar:y-.·p~, t:'Wo. ·ail cocil.ers and 
!:'Win oil filters with a fou~ay;. c:.antinuous.~flow· ti:a.nsfer:val.ve. 
~eans shall be provided to pre-lube the frame and rod bearings 
by using the auxiliary pump prior to start-up, and a pressure 

_device provide to prevent the_ main driver from being started 
until the pre-lube requirements of the compressor have been 
satisfied. ·The control system shall also start the auxiliary 
lube oil pump on low lube pressure. 

2.11.3 (Refer to Paragraph 2.12.3.l & 2.12.3.2,_ API-618 - Addition). 

Lube oil pumps shall be equipped with mechanical seals where 
shaft seals are required. 

2.11.4 (Refer to Paragraph 2.12.3.1, API-618 - Addition and to 
Paragraph 2.12.3.2, API~618 - Exception). 

The capacity of each lube oil pump shall not be less than 125 
percent of· the.lube system requirements. 

2.11.5 Pumps shall have cast steel cases, except that oil pump~ 
driven directly by the compressor shaft may be of cast iron 
or modular iron construction. 

--·2.11.6 (Refer to Paragraph 2.12.3.3, API-618 - Exception). 

Shell and tube type cooler shall bave removable bundles. 

2.11.7 (Refer to Paragraph 2.12.3.3, API-618 - Addition). 

Coolers shall be suitable for injection of saturated steam at 
30 psig to facilitate a fast warm-up of the oil prior to 
start-up when specified site minimum ambient temperature is 
40°F or lower. " · · 

2.11.8. (Refer to Paragraph 2.12.3.4, API-618 - Addition). 

Seller shall furnish twin full flow filters. Filters shall 
be of the replaceable cartridge type. 

2.11.9 ~ube oil systems shall noc be subcontracted for design and/or 
manufacture withouc the 'ill."itten ap'!'roval of the Buyer. 

2..11.10 Seller shall :urnish a console type lube oil cooling system 
with ~eservoir sized for 8-minute retention time, electric 
motor-driven oil ptmi'!', single filter an single cooler for 
the driver and·gear .when turbine dirvers are specified. 

2.12 C·J'linder and ?ackin3 Lubrication 

2..12.l (Reier co ?ara~ra'!'h 2.13.1, .U'!-618 - -~ddition). 

:·!ocor-driver iu~icators ::;hall ;,e incarlocked so thac the 
com'!'ressor c:i.nnoc be scarced without oil 5U'!'ply co the 
c:rlinders. 
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2 .13 Soleplates ·and Rails 

2;13.1 (Refer to Paragraph 2.15.l,API-618 - Addition). 

Compressor frames having more than three crank spaces shall 
be mounted on soleplates or rails. Cylinders or cross-head 
guide pedestals shall be provided with soleplates. Drivers 
and gears, if required, shall be mounted on a common base
plate. All rails, soleplates, and baseplates shall be 
supplied by the Seller. 

· 2.13.2 (Refer to Paragraph 2.15.2, API-618 .- Addition). 

All components directly connected to .the compressor, such as 
gear reducers and drivers, shall be provided with 1/8-inch 
shims between the support feed and the top of the baseplate 
or soleplate to facilitate field assignment. 

2.13.3 Expoxy grout will be used on all reciprocating compressors. 

2.14 Tools 

(Refer to Paragraph 2~17.2, A.PI-618 - Exception). 

Pneumatically operated turning devices are required for compressors 
rated at iooo bhp and above. 

2.15 The compressor shall be equipped with a flywheel of sufficient mass 
and inertia to minimize rotational speed variations. 

3.0 PIPING AND APPURTENANCES 

3.1 Piping and Connections 

1.1.l General Piping Re._3~irementl!, 

a) (Refer to Paragraph 3.2.1.2, API-618 - Addition). 

j) 

c) 

d) 

If special flanges, not in accordance with ANSI Standards, 
are unavaoidable, ·the Seller shall supply a welding neck 
companion flange, bolting and·gasket, to be installed by 
the Buyer. 

(Refer to Paragrap~ 3.2.1.4, API-618 - Addition). 

All pipe 2-inch or larger shall be of seamless steel not 
lighter than Schedule 40 and shall have flanged connections. 

All pressure vessel connections shall be flanged. 

All control valves shall be flanged and control valve 
illanifolds 3hall be ?rovided with bypass valves and a 3/4-
inch bleed •1alve. Shutoff valves shall be provided on 
each side ·:Jf t:he control valve. 
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e) Seller shall indicate on piping drawings or diagrams all 
lines which are subject to freeze-up. Steam or electric 
tracing and insulation of these lines wiil be provided by 
the Buyer. 

f) Bolt holes on all flanges. including nozzles, shall be 
back-faced or spot-faced. 

3.1.2 Frame Lubricating Oil ~iping Requirements 

a) (Refer to Paragraph 3.2.3.1, API-618 - Addition). 

External reservoirs, pumps, coolers, filters, and control 
valves not "integral With the compressor shall be·~urnished 
in an assembled console. Consoles shall have a steel 
baseplate.with rim and drip lip for draina$e· 

b) .(Refer to Paragraph 3 •. 2.3.2, API-618 - Addition). 

All piping downstrean of the lubricating oil filters. 
(between the filters and compressor) shall be stainless 
steel. This material shall also be used for.any branch 
piping for gauges and instruments. Valves in stainless 
steel lines shall have carbon steel bodies with stainless 
steel trim. The gas tungsten-arc method using an 
internal inert gas purge shall be employed for the root-. 
pass weld of all butt-welded stainless steel lube oil 
pip:irig. 

3.1.3 Coolant piping Requirements 

a) (Refer to Paragraph 3.2.5.l, API-618 - Addition). 

The seller shall supply all cooling water piping and mani
folds for all equipment mounted on the compressor or com
pressor base. 

b) (Refer to Paragraph 3.2.5.2, API-618 - Addition). 

c) 

d) 

The Seller shall provide valves and unions in the coolant 
inlet and outlet lines to each compressor cylinder. 

(Reier to Paragraph 3.2.5.3, API-618 - Addition) .. 

The Seller shall provide coolant piping including all inter
connecting piping for any system components that are 
console mounted. See Diagram 1. 

(Refer to Paragraph 3.2.5.4, API-618 - Addition). 

Drains ~Jith. valves and plugs shall be provided at all low 
points in the piping systems. Plugged vent connections 
~hall Je ?rovided at all high points of piping systems. 
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3.2 ?ulsation Suppression Devices 

3.2.1 (Refe~ to Paragraph_3.2.l, API-618 - Addition). 

The Seller shall supply pulsation suppression devices and shall 
have the overall responsibility for coordinating the selection 
and design of same to adequately eliminate objectionable 
pulsations, excessive piping vibrations; ~nd to avoid harmful 
system resonant conditions. 

3.2.2 (Refer to Paragraph 3.3.2, API-618 - Addition). 

The Seller shall• select·.:t.ile,. pulsatianssuppl!ession,:de1Zices ..... in 
accordance with the applicable design approach outlined in 
Paragraph 3.3.3, API-618, Table-! or Table 2. 

a) (Refer to Paragraph 3.3.2.1, API-618 - Addition). 

(Refer to Paragraph 3.3.2, API-618 - Substitution).· 

Design Approaches: Analog evaluation of any of ,the above 
methods planned for pulsation suppression shall be accom
plished, including study of mechanical and acoustical 
·interaction of compressor components, suppression devices, 
and the piping system for all compressors _rated at 500 
horsepower or larger. 

This paragraph shall apply. 

3.2.3 (Refer to Paragraph 3.3.3, API-618. - Addition). 

This paragraph shall apply. See Paragraph 3.2.2 of this. 
specification. 

1.?.a (Refer to Par~graph 3.3.6 7 API-618 -·Substitution). 

Pulsation suppression devices shall have pressure ratings 
consistent with cylinder design and shall comply with the 
ASME Boiler and Pressure Vessel Gode, Section VIII'. All vessels 
in service where the gas contains H2S shall be fabricated of 
copper-free alloys and shal~ be stress-relieved. 

3.2.5 (Refer to Paragraph 3.3.12, API-618 - Addition). 

Suction pulsation suppressors shall be of the combination 
liquid-separator snubber type. Provision for liquid level 
indication and alarm shall be furnished. 

3.2.6 (Refer to Paragraph 3.3.18, API-618 - Addition). 

A vent-connection shall be provided in each chamber of each 
pulsation suppressor. 

3.3 Intercoolers and Aftercoolers 

The Buyer will furnish all coolers in gas service except for standard 
air compressors. 

SNCIFIC&TlOll ,.0. l:'.t222-K-2 2 ""-----
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4.0 CONTROLS A."nJ I~STRUMENTATION 

4.1 General 

(Refer to Paragraph 4.1, API-618 - Addition). 

Provisions for controls and instrumentation shall be in accordance 
witrr the acompanying specification for packaged equipment instrument
ation. 

4.2 Capacity Control 

(Ref~r to Paragraph 4.2.l, API-618 - E...~ception). 

Capacity control shall be obtained by suction valve·unloading, using 
five-step unloading for 0,25,S0,75, and 100% loading capacity. 

4.3 Instrument Panels 

(Refer to Paragraph 4.3; API-618 - Addition). 

A separately mounted instrument panel will be provided by .the Buyer. 

4.4 Gauges 

4.4.l All instruments connected to lines under pressure shall be 
provided with block and blee.d valves. 

4.4.2 (Refer to Paragraph 4.4.3, API-618 - Addition). 

all thermometers shall be provided with thermowells. 

4.4.3 Level gauge glasses shall not be used for pressures above 1000 
psig. Alternative level indication devices shall be provided. 

4.4.4 A pressure gauge hall be provided on the discharge side of 
each lube oil pump and packing coolant pump (if any). 

4.4.5 Packing temperature gauges shall be provided for cylinders 
operating at 500 psig and above, and for all cylinders with 
cooled packing. 

4.4.6 Temperature indicators shall be provided on each bearing of any 
speed-changing gear between the compressor and driver. 

4.4.7 Compressors shall be provided with a protected crankcase oil 
level gauge marked to show the requ~red oil level. 

4.5 Alarms and Shutdowns 

4.3.l (Reier co Paragraph API-618 - Addition). 

The followin~ extra alarms shall ~e provided: 

~ii~h lube •Jil :amperature ~t outlet 0£.rcooler. 

2. Excessive pressure drop across lube oil Eilters. 

4 • .5. 2 Each shuc:down switch shall be provided 1.rich additional contacts 
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for an indicating device to show which switch caused the com
pressor to shut down. 

4.5.3 Pressure and temperature switches.shall not be combined with 
indicating devices, except for filter differential pressure 
indicators. 

4.4.4 Permissive start switches shall be.separated from.shutdown 
switches. 

4.4.5 (Refer to Paragraph 4.5.8, API-618 - Addition). 

The trip system shall be suitable for actuation by remote 
emergency shutdown system. 

4.5.6 Separate switches are required for pre-alarms and shutdowns. 
All switches shall be double thrown so that they .can be used 
either in normally-open or normally-closed circuits. 

4.5.7 Buyer will provide all annunciator and audible alarm equipment. 

4.6 Tachometers 

(Refer to Paragraph 4.6, API-618 - Exception). .. ~; 

Tachometers of the electrical or mechanical type shall be provided for 
all variable speed compressors. Mechanical tachometers shall be 
equipped with a disengaging clutch. Minimum tachometer range shall be 
from the lowest control point to 115 percent of maximum continuous 
speed. The output of each electrical tachometer generator system 
shall be an analog signal suitable for the simultaneous indication of 
speed at a local panel and in the control room. Vibrating-reed 
tachometers are unacceptable. 

5 . 0 ~TERI.ALS 

5.1 (Refer to Paragraph 5.1.8.1 of API-618 - Addition). 

Repairs to castings by welding or by other means, may be made only on 
approval of the Buyer's representative. Buyer~s approval bf welding 
and inspection procedures used for such repairs shall be obtained 
before the work is done. ~1aj or weld repairs shall be heat treated. 

6.0 DRIVERS 

6.1 Motor Drivers 

(Refer to Paragraph 6.2.2, API-618 - Addition) . 

Motor enclosures· shall ::ie specified Class I, Group D, explosion-proof 
or totally-enclosed forced ventilated, suitable for Division 1 areas · 
per API-tli' SOOA. For totally enclosed forced~ventilated enclosure, 
a ciual-b.lower arrangement ~•ith automatic switch-over and alarm shaH. be 
furnished. :he vendor shall specify the coolant air flow and pressure 
drop. 

(Refer to Paragraph 6.2.4, API-618 - Exception). 
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Synchronous motor drivers, shall. be.· mounted directly on the campT.essor 
drive extension. If required, an outboard bearing to support the end 
of the shaft e.~tension shall be provided by the Seller. Induction 
motor drivers shall be fle.~ibly coupled. 

6.2 Gas Engine·Drivers 

(Refer to Paragraph 6.4.5, API-618 - Addition). 

Gas engine ignition systems shall be of the low-fire hazard type. 

6. 3 Couolings 

(Refer to Paragraph 6.6.l, API-618 - Addition). 

Seller shall supply all couplings and guards between the compressor 
and the driver. The ~nufacturer and type shall be subject to Buyer's 
approval. 

6.4 Reducing Gears 

(Refer to· Paragraph 6.7.l & 6.7.3, API-618 - Exception). 

Gear units, if required, shall be separated from the drivers and shall 
have a service factor of at least 2.5. 

7.0 SHOP INSPECTIO~ 

8.0 

7.1 (Refer to Paragraph 7.1.l & 7.1.2, API-618 - Exception). 

The responsibility for inspectio.n rests with the Seller. The Buy.er 
reserves the right to inspect at any· time during fabrication of the 
equipement and to witness all hydrostatic, mechanical, and performance 
tests. Inspection shall he by the Bu:·"!r or his authorized repre
sentative, who shall hav.e encry. to plants:,;:·incl.udini:vth~. su~Seller's 
plants while work on or testing of the equipment is being perfo-rmed, 
and shall have the right to reject any equipment which does not 
conform with the specifications or the purchase order. 

7.2 (Refer to Paragraph 7.1.2, API-618 - Addition). 

7.3 

7 .4 

ihe Seller shall furnish notice to the Buyer approximately S days in 
advance of any hydrostatic, mechanical, or perfromance test, or when 
equipmet is to be ready for inspection prior to shipment. 

(Refer to Paragraph 7.2.l, API-618 - Addition). 

?reposed cleaning procedures shall be subject to Buyer's review prior 
to ::heir use. 

(Refer to Paragraph 7.2.2, . .\PI-618 - Addition). 

A final cleanliness inspection shall be performed on the compressor, 
piping, and all appurtenances furnished by ::he Seller. 

SHOP TES!S 

8.1 (Refer ::o Paragraph 8.3.1, Al'I-618- Addition). 
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Shop tests shall include assembly and bar over to check fits and 
clearances. 

8.2 (Refer to Paragraph 8.3.6, API-618 - Addition). 

Certified copies of test data shall be submitted to Buyer prior to 
shipment. 

8.3 The Buyer reserves the right to conduct a field performance test under 
the supervision of the Seller's representative~ The Seller shall be 
responsible for the satisfactory operation and performance of the 
equipment. 

9.0 PREPARATION FOR SHIPMENT 

Equipment shall be prepared for shipment and/or storage in accordance with 
Specil.ication. 14222-A..,.13, "Shop Preparation of Materials for 
Shipping & Storage." Any erceptions :to this specification 
shall be stated in the Seller's proposal. 

10.0 DRAWINGS AND OTHER DATA 

10.1 (Refer to Paragraph 10.1.2, API-618 - Addition). 

Any fabrication, installation, or construction work done pr~~r to 
Buyer's approval of drawings shall be at Seller '.s risk. 

10.2 (Refer to Paragraph 10.2.1, API-618 - Addition). 

Installation, operation, and maintenance manuals shall also include 
the following addit1onal information: 

1. A list of as-built clearances for all cylinders. 

2. Alignment diagram showing thermal growths of components 
(for other than direct connected motor driven units). 

10.3 (Refer to Paragraph 10.2.12, API-618 - Addition). 

Crosshead-load.reversal diagrams shall be furnished. 
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GENERAL NOTES 

These notes peruin to all service classes,· unless otherwise coted in the 
individual Service Class Specification. Where in conflict, the Notes in 
the Individual Service Class Specification shall govern. 

l. 0 CODES AND STANDABDS 

This specification applies to the following issue of Codes and Stan
dards to the materials and work covered. 

1.1 ~ 

l.l.l American National Standard Code for Pressure Piping: 

ANSI B3l.3, 1976, "Chemical Plant and Petroleum Refiner~ 
Piping" 

ANSI B3l.l, 1977, ''Power Piping" 

1.1.2 The ASME Boiler and Pressure Vessel Code: 

Section I, 1977, ''Power Boilers" 
Section II, 1977, "Material Specifications" 
Section VIII, Div. 1, 1977, ''Pressure Vessels" 

2.0 DESIGN CONSIDERATIONS 

2.1 Pressures and temperatures referred to are design conditions; 
each service class shall be used only within the pressure
temperature range specified. 

2.Z AP! Publication 941 "Ope:-ating Limits for Steels in Hydrogen 
Service", shall be used for piping material selection in 
hydrogen service above 4500F. (Hydrogen shall be considered 
only where there is 100 psia'- partial pressure hydrogen or · 
greater.) 

2.3 In hydrogen service vents and drains otb.er t:han those shown in 
P&ID's shall not be used. 

2.4 Reference shall be ~e to the following Specifications, as 
a.pplics.~le: 

t.4 .1 ?roj ect Specificat"ion L.:.3, "Piping Design Basis" 
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2.4.2 Project Specification L-4, "Piping Design & Layout" 

2.4.3 Project Specification L-5, "Piping Fabrication" 

2.4.4 Project Specification L-6, "Piping Installation and Testing" 

2.4.5 Project Specification L-7, "Coated and Wrapped Pipe" 

2.4.6 Project Specification L-8, "Chemical Cleaning of Carbon 
Steel Pipe at Jobsite" 

2.4.7 Project Specification L-9, "Equipment Layout" 

2. 5 "~a xi.mum Hydro test" pressure specified in individual service 
classes is the maximum hydrotest pressure allowed for the pipe 
sizes listed in the service class.. Wall thickness for piping 
sizes not shown in the service class shall be calculated to 
meet specific design conditions in accordance with ANSI B3·1.3 
and B31. l and Boiler Code (ASME Section lY when applicable. 

3.0 VALVES 

3.1 Gear operators may be required where frequent and/or rapid 
valve operation is required. The requirement for gear opera
tors other than those specified in the individual service 
classes and piping and instrument diagrams are as follows: 

c;ea~ Operatun ~h111I be p11'gvided .,n ~1 l ball vgi ves size 8" 
and larger, and generally for others as follows: 

Class 150 - 16" and larger 
Class 300 - 12" and larger 
Class -600 - 10" and larger 
Class 900 - 6" and larger 

For infrequently operated valves in water s·ervice, gear opera
:ors are only required for 24" and larger. 

Gear operators shall be provided on all valves 8" and larger 
operated once per shift. 
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3.2 Check valves that must be installed in one position only are 
designated as hori.zontal or vertical, as applicable, in the 
individual service class. Check valves that can normally be 
used either hori.zontally or vertically shall not have 
reference to positiml. 

3.3 Conventional check valves, 2 inch and larger, shall be drilled 
and· tapped at location "G", in accordance with MSS-SP-4.5. 

3.4 ·All check valves, other than conventional check valves covered 
in paragraph 3.3 shall be drilled and tapped downstream of 
pressure block in accordance with manufacturer's standard. 

3.5 All valves specified to be drilled and tapped shall have 
tapped holes fitted with forged plugs, per MSS-SP-50, of same 
basic material as the valve body. 

3. 6 Spl.it disc wafer type check valves shall be installed with the 
shaft in the vertical position. 

3.7 When valves other than those specified in the individual ser
vice classes are·reqU±r.aq,they shall be indicated on the 
P&ID's as specialty valves. 

3.8 Intrinsically_ dampened, non-slam check valves s~ll be used 
in pulsating or compressor discharge applications. 

4.0 PIPE 

4.1 All seamless or fusion welded· carbon steel pipe shall be 
ASTM-Al06 Grade B carbon steel seamless silicon killed 
open heart~ basic oxygen or electric furnace. 

4.2 Where calculated wall thickness are required, the·following 
letters or numbers shall be substituted for asterisks in the 
material code numbers listed in section 4 of Specification L-1, 
14222-L-l, to indicate the pipe schedule or·~ll thickness: 

1 ... SCH 10 c .., SCH 140 K = SCH 805 
2 = SCH 20 D = SCH 160 p = 0.250" Wall 
3 = SCH 30 5 .. STD WT Q = 0.312" Wall 
4 .. SCH 40 7 = XS R.., 0.375" Wall 
6 = SCH 60 9 = :crs s = 0.500" Wall 
8 = SCH 30 H ::a SCR 105 T .. 0.625" Wall 
A= SCH 100 J ... sci' 405 {] = 0.750" Wall 
B .. SCH 120 

Other designations ~ill be added as required. 

4.3 Pipe si.zes 3/8", L~", 211", 3~", ~", 5", 7", and 22" shall not 
be select:ed. 
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5.0 FLANGES AND GASKETS 

5.1 Class 150 flat face steel flanges with full face gaskets shall 
.be used to mate with Class 125 face cast iron flanges. 

5. 2 Class 300 raised face steel flanges with· flat ·ring gaskets 
shall be used to mate with Class 250 raised face cast iron 
flanges, where they occur, such as at equipment. 

5.3 Flanges shall.be in accordance with ANSI Standards. 

5.4 ANSI Bl6.5 flanges.used within the jurisdiction of ASME Code 
Section I shall be de-rated in accordance with the provisions 
stated in paragraph PG-42.6 and Table PG-42. 

5.5· Letters or numbers (in accordance with paragraph 4.4) shall 
be substituted for asterisks in the material code numbers to 
indicate bore of weld neck flanges selected. 

6.0 ORIFICE FLANGES 

6.1 Flanges shall have !>GA Standard Flange tappings: 

~" for Class 300 and Class 600 flanges. 

3/4" for Class 900 and Class 1500 flanges. 

6.2 Flanges shall be ordered in pairs, without bolting or gaskets, 
but with jackscrews. 

6,3 t.atter~ nr nnmhers (~ accordance with paragraph 4.4) shall 
be substituted for asterisks in the material code n'!Jlllb~r~ ~u 

indicate bore of weld neck orifice flanges. 

6.4 Orifice tap orientation shall be in accordance with Project 
Instrument Standards. 

7 • 0 FITTINGS 

. 7 .l 

., ,, I·-

Long radius elbows shall be used. Short radius elbows may be 
used only where space limits the use of long radius elbows. 
Reducing elbows may be used for all carbon steel pump suction 
lines in lieu of long radius elbows and reducers. 

Letters or numbers (in accordance with paragraph 4.4) shall be 
sustituted for asterisks in the material code numbers to indi
cate the fitting scheduled or wall thickness selected • 

SP£CIFIC.UION U. 14222-L-1 
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7.3 Plain end nipples shall be-cut from pipe. 

7.4 Socket weld pipets, threaded pipets, elbow pipets, and welded 
pipets, may be substituted for sockolets, threadolets, 
elholets;. and weldolets respectively. 

8.0 PIPE BENDS 

8.1 All pipe bends, when permitted in the individual service class, 
shall be limited to seamless pipe. 

8.2 Pipe bends may be used in place of steel screwed or socket weld 
elbows. Bending radius shall be a minimum of 5 times the 
nominal pipe diameter, or as specified on piping drawings. 

'8.3 Pipe bends may be used in place of butt welding elbows as 
follows: 

8.3.l" 

8.3.2 

8.3.3 

8.3.4 

Alloy piping including aluminium over 0. 500" nOlltinal .. · 
wall thickness. 

Carbon steel piping over 0.~50 nominal wall thickness. 

Carbon steel fuel gas,ring headers at heaters. 

0 
Field piping misalignments of up to 10_ • 

8.4 Cold bends shall be limited to 6 inch size and smaller. 

8. 5 · Bending radius shall be a minimum of five times t.he nominal 
pipe diameter or as specified on the piping drawings. 

8.6 Stainless steel pipe cold bent with a radius less than 20 
times nominal pipe diameter and all hot bent stainless steel 
pipe shall be solution annealed after bending. 

8.7 Stainless steel pipe scheduled lOS pipe bends shall be limited 
to 15° 

8.8 Impact tested pipe snall not be. bent. 

9.0 MITRED ELBOWS 

If ~itred elbows are economically justified and approved by 
engineering, they may be substituted Eor_bends or ;rrought fittings 
as follows: 

9.1 Two-weld (90-degree) and one-weld (45-degree) mitre elbows may 
be used for at~ospheric air compressor intake lines and.vent 
lines to atmosphere. 

9.2 Three-weld (90-degree) and two-weld (45-degree) mitre elbows 
may be used in low ?ressure ?recess or ~tility lines (not 
higher thaq ANSI Class 150 rating) in sizes larger than 
Z4 inch. The nominal radius of Che mitre ~lbow shall not. 
be less Chan l~ times the diameter of the ?ipe. 

SP£CIFIC.lTION NO. 14?7?-t.-l :nv._....,.a __ SHE ET--"6---
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9. 3 Mitred elbows shall not be used unless,, specified .in:: the 
individual servica class, or otherwise approved by 
construction management contractor. 

10.0 BRANCHES 

10.l Branch connections shall be made in accordance with ANSI B31.3 
or Boiler Code (ASME Section 1) whidrever ·is:..oa-pplicable. See 
individual service classes. 

10.2 Branch connections referenced in the individual service classes 
are for 90° branches only. 

11.0 LINE REDUCTIONS 

11.~ Line reductions in metallic piping shall normally be made as 
follows: 

For large end 2" and smaller --use swage nipples. 

For large end 3" and larger - use reducer. • 

11.2 The wall thickness of reducing fittings shall be that required 
for the connection with the greater wall thickness. 

12.0 PRI~Y CONNECXIONS 

Unless otherwise detailed on piping drawings, pr:iml~ connections 
shall be made in accordance with the following: 

12.l Connections for pressure/temperature probes, pressure test, 
vents/drains, and orifice flange connections as per the 
service ciass sp~c1Il~4ti~n. 

12.2 Sample connections - as per the service class specification, 
or in accordance with the job Sample System P&ID's. 

13.0 LINE BLINDS 

Jackscrews shall be installed in one flange of line blind assemblies 
J inches and larger. 

14.0 BOLTING 

14.1 Machine bolt ·1engcn. shall be measured from the bearing surface 
of the head and includes ~he end point. 

14.2 Stud bolt length shall be the effective thread length, 
c."<:cluding the end points • 

SP'ECIFIC.\TION 1t0. 14222-L-l 
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15.0 THREAD COUMPOUND ON PIPE THREADS 

15.l For services to 450°F teflon tape~" wide, .003/.004" thick 
shall be used. It shall be applied starting about one and 
a half threads from the ends.: The tape shall be wrapped 
around in the direction of the threads. 

15.2 For services above 450°F use Armite No. 250 "Lead Plate" 
Molycote "G" or approved equal. 

15.3 No thread compouqd shall be used on joints to be seal-welded. 

16.0 SEAL WELDING 

. 16.l All threaded joints used in socket or butt weld services 
classes shall be seal-welded, ~cept the following shall 
not be seal-welded: 

16.l.l Screwed.ends·of control valves, relief valves or steam 
traps. 

16.1.2 Screwed ends of gauge glasses, gauge cocks, level 
_alarms and pressure gauges. 

16.l.3 Th.ermowells screwed into line fittings. 

16.l.4 Union nuts. 

16.l.5 Ball valves or plug valves. 

16.1.6 Tubing connections and tubing fittings. 

16.l.7 Open end vent or drain piping (including vent plugs 
and/or caps) downstream of· last block valve. 

16.1.8 Connections to pumps or other mechanical equipment. 

16.l.9 Galvanized piping, malleable iron and bronze valves. 

16.2 ~ressure. test vent plugs or caps in hydrocarbon service shall 
seal-•..relded after testing. 

Flange and valve ~onnet covers shall be used on all lines handling 
caustic, hydr~chloric and sulphuric acids or other hazardous fluids. 

18.0 UNDERGOUND ?.~OT~C':ION 

Buried carbon steel ~ipe shall be externally protected in accordance 
t•ith Specification 14222-L-7, 

SPECIFIC.lTIOll 1'0. 14222-L-l uv._ ..... ""'""_ SHtET--6---
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19.0 ITEM DESCRIPTIONS 

The piping item description in the individual service classes are 
not necessarily complete for purchasing. Complete purchasing 
description are given in Supplement I, "Piping Stock Code Book". 
to be provided during Phase I engineering. 

20.0 Service Class Index. 
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CLASS 

D 14 

BIS 

Bl6 

Bl7 

Bl8 

COMMODITY 

Liquid Chlorine 

Gen. HC with no Sulfur 
Fuel Gas, Boiler Flue Gas 
Purge Gas, Deriming Gas, 
Acid Gas Recycle,Reducer 
Gas, Flash Gas, Process 
Air, Process Cond. 
Merox Blend, Hydrogen, 
Carbon Dioxide, Natural Gas 

General Hydrocarbons 
Liquids with Low Sulfur 
Content Gray Water, Sour Gas 
Process Liquids (Solvent and 
Amine Only 

Steam, Condensate, 
Boiler Feedwater 

DEA/MEA 
Sour Water, Sour Steam 
Acid Gas, Syngas, Selexol 
Pr9cess Condensate, Recyclec 
Carbon 

TEMP. PRESS FLANGE 
LIMITS CLASS 

DEG. F @ PSIG FACING 

-20 @ 720 JOff RF 
100 @ 720 

-20 @ 285 150 RF 
550 @ 155 

20 @ 285 150 RF 
550 @ 155 

-20 @ 285 150 RF 
750 @ 95 

-20 @ 285 150 RF 
250 @ 245 

SERVICE CLASS INDEX 

GASKET NOMINAL 
MATERIAL CORROSION PI PING SMALL VALVE BODY VALVE 

TYPE ALLOWANCE MATERIAL . FTGS. MATERIAL TRIM 

304/ASB 0.063 Carbon Steel 3000 LB Carbon Steel Mone I & 
SP WD Al06:..B SW Hastelloy 

304/ASB 0.0625. Carbon Steel 3000 LB Carbon Steel 11-13 CR 
SP WD Al06-B SW 

.. 

' 
304/ASB 0.125 Carbon Steel 3000 LB Carbon Steel 11-13 CR 
SP WD Al06-B SW 

304/ASB 0.0625 Car·bon Steel· 3 000 LB Carbon Steel 11-13 CR 
SP WD A106-B SW (Seal weld 

seat rings) 

304/ASB 0.125 r.arhon Steel· 3000 LB Carbon Steel 316 S.S. 
SP WD Al06-B SW 

--
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CLASS 

B21 

B22 

B23 

B24 

B25 

B26 

851 

B52· 

H52 

COMMODITY 

Hydrocarbon Slurry Coal and/ 
or Catalyst, Slag Slurry 

Caustic (20%) 

Sulfuric Acid (93% Cone.) 

Caustic ( 50%) 

Liquid Sulfur 

Demineralized Water 

Hydrocarbon Slurry 
Coal and/ or Catalyst, 
Sla2 Slurry 

Oxygen 

Oxygen 

SERVICE CLASS INDEX 

TEMP. PRESS FLANGE GASKET NOMINAL 
LIMITS CLASS MATERIAL CORROSION 

DEG. F @. PSIG FACING TYPE ALLOWANCE 

-20 @ 285 150 RF 304/ASP 0.125 
550 @ 155 SP WD 

160 @ 267 150 RF Asbestos 0.250 

-20 @ 235 150 RF Asbestos 0.125 
130 @ 230 

141 @ 280 150 RF Asbestos 0.250 
200 @ 260 

Product 150 RF Asbestos 0.125 
400 @ 200 
Jacket 
450 @ 100 

100 @ 175 125 FF TF~ Envelope None 

551 @ 154 150 RF 304/ASB • 125 
800 @ 80 SP WD 

100 @ 27 5 150 RF 304/ASB 
SP WD 

~00 @ 925 600 RTJ 316 SS· 
Oct.·RNG • 

PIPING SMALL VALVE BODY VALVE 
MATERIAL FTGS. MATERIAL TRIM 

Carbon Steel 6000 LB Carbon Steel Carbon 
Al06-B SW Plug Valve Steel 

St.,1 H h>.-1 

Carbon Steel 6000 LB Carbon Steel Hanel 
Al06-B THD 

Carbon Steel BW Due tic le Iron Alfoy 20/ 
Al06-B Plug TFE 

Carbon Steel 3000 lb Carbon Steel Hanel 
Al06-B SW 

Carbon Steel --- Ductile Iron 1 TFE/CS 
A106-B - Jacketed 

Carbon Carbon D. I. Rubber D.I. Rubber 
Steel Steel Lined Lined 
Saran Lined Saran Lined 

304L S.S. 6000 LBS.W . 316 S.S. 316 S.S. 
304 S.S. 

304L SS 
Hanel BW 316 SS Mon el 

304L .SS Hanel BW 316 SS Hon el 

.. 
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TEK'. PRESS FLANGE 
CLASS COMMODITY LIMITS CLASS 

DEG. F @ PSIG FACING 

B53 Fla~h Condensate -20 @ 275 150 RF 
Quench Water 300 @ 205 

B54 Liquid Oxygen -320 @ 150 150 RF 
Liquid Nitrogen 

B55 . Stripper Reflux 20 @ 230 150 RF 
R. o. Feed 140 @ 230 

B56 Lube Oil 20 @ 230 150 RF 
Neutral Oil 
Glycol 

-. 
B63 Gen. Hydrocarbon 551 @ 154 150 RF 

with H2S/H2 650 @ 125 

B64 Gen. Hydrocarbon 650 @ 125 150 RF 
with a2s/H2 

800 @ 80 

B65 Acid/Gas (Wet), Sodiwn 20 @' 230 150 RF 
Hexametaphosphate, 400 @ 160 
Oemineralizer Water, Anmonia 
Hydrazing Solution, Phos-
phate Solut·ion, Oemineral-
ized Water 
20% Sodium Sulfite 

B71 R. 0, Stripper 141 II! 230 150 RF 
Sulfuric Acid (dilute) 250 @ 230 

Note: Class 863 & 864 apply to HRI plants only 

SERVICE CLASS INDEX 

GASKET NOMINAL 
MATERIAL CORROSION PIPING SMALL VALVE BODY VALVE 

TYPE ALLOWANCE MATERIAL FTGS. MATERIAL TRIM 

304/ASB None . 304L S.S. 3000 LB 316 S.S. 316 S.S. 
.SP WD SW 

Asbestos None 304L S.S. BW 316 S.S. 316 S.S. 
(S!'ecial) 

~ 
(Cryogenic) (Cryogenic 

304/A~B None 304L S.S. 3000 LB Alloy 20 Alloy 20 
SP WD 

304/ASB None 304L S.S. 3000 LB · 316 S.S. 316 S.S. 
SP WO SW 

304/ASB 0.0625 5 CR-1/2 MO 3000 LB 5 CR-1/2 MO 11-13 CR 
SP WD SW Stellited 

304/ASB 0.125 5 CR-1/2 MO 3000 LB 5 CR-1/2 MO 11-IJ CR 
SP WO SW Ste 1 li ted 

304/ASB None 304L S.S. 3000 LB 316 S.S. 316 S.S. 
SP WD SW 

304/ASB None Alloy 20 150 LB Alloy 20 A.1 loy 20 
SP WD 
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CLASS 

B72 

B90 

B91 

B92 

Dl5 

COMMODITY 

VCE Cone. Bring Cystalizer 
Feed 

Effluent - Sulfuric Acid 
(20% Cone.) 
Polymer Water Treabnent 
Chemicals 

Vent Gas 

Inc ine ra tor Reac te r Gases 

General Hydrocarbons: Gases 

Wi t"t1ou t sulfur or H2S 

TEMP. PRESS FLANGE 
LIMITS CLASS 

DEG. F @ PSIG FACING 

-20 @ 275 l50 LJ 
480 @ 1"80 

-
147 @ 150 [50 FF 
140 @ 110 

160 '@ 40 150 FF 

1700 Of ---

20 @ 740 .500 RF 
850 @ 270 

SERVICE CLASS INDEX 

GASKET NOMINAL 
MATERIAL CORROSION PIPING SMALL VALVE BODY VALVE 

TYPE ALLOWANCE MATERIAL FTGS. MATERIAL TRIM 

304/ASB None Titanium BW D. I: D.I. TFE 
SP WD B-337 GR.7 TFE Lined 

Neoprene None CPVC Socket CPVC TFE 
Type 

304 /ASB None CPVC/FRP CPVC CPVC/PVFD CPVC/PVFD 
SP WD 

--- .None c. s. --- --- ---
Refac tory 
Lined 

304/ ASB 0.0625 Carbon Steel 3000 LB Carbon Steel 11-13 CR 
SP WD Al06-B SW Ste lli ted 
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CLASS 

DI§ 

Dl8 

D21 

D51 

D52 

D53 

D61 

COHHODITY 

General Hydrocarbons: liquids 
With Low Sulfur Content, 
No H2 

Sour Steam, Stripper OVMD 
Vapor & Gas, Sour Water, 
Grey Water, DEA/MEA 
Sour Gas with H~ -
Hydrocarbon Slurry/ 
Coal and/or Catalyst 

Hydrocarbon Slurry/Coal 
and/or Catalyst 

Butane Propane 
Refrigerants 

Phenol 
Polyel ectro lite 

Ammonia 

TEI-I'. PRESS FLANGE 
LIMITS CLASS .. 

DEG. F @ PSIG FACING 

20 @ 740 300 RF 
750 @ 505 

20 @ 740 300 RF 
550 @ 575 

20 @ 740 300 RF 
550 @ 575 

551 @ 370 300 RF 
800@ 325 

-21 @ 285 300 RF 
-50 @ 285 

20 @ 230 150 RF 
400 @ 160 

-50 @ 285 300·RF 
100 @ 285 

SERVICE CLASS INDEX 

- GASKET NOHINAL 
MATERIAL CORROSION PI PING SHALL VALVE BODY VALVE 

TYPE ALLOWANCE MATERIAL FTGS. MA.TERI AL TRIM 

304/ASB .125 Carbon Steel 3000 LB Carbon Steel 11-13 CR 
SPWD Al06-B SW Stellited 

304/ASR 0.125 Carbon Steel 3000 LB Carbon Steel 316 S.S. 
SP WD Al06-B SW 

304/ASB .125 Carbon Steel 6000 LB Carbon Steel CS/ 
SP WD Al06-B SW (Plug) Stellited 

~ 
304/ASB .125 304 L S.S. 6000 LB 316 S.S. JI fi S.S. 
SP WD SW (Plug) Stelitted 

304/ASB 0.0625 Carbon Steel 3000 LB Carbon 316 S.S. 
SP WD A333 GR 6 SW Sti;el 

304/ASB. None 316L S.S. SW 316 S.S. 316 S.S. 
SP. !ffi. 

304/ASB 0.0625 Carbon 3000 LB Carbon For Ammonia 
SP WD Steel SW Steel Service 

A333 GR 6 
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TEMP. PRESS 
CLASS COMMODITY LIMITS 

DEG. F @ PSIG 

D63 Gen. Hydrocarbon 551 @ 576 
with H2S/H2 

850 @ 270 

D64 Gen. Hydrocarbon 551 @ 636 
with H2S/H2 

850 @ 270 

Hl2 Gray Water Process Gas 100 @ 1200 
Syngas (Saturated) 550 @ 745 
Saturation Circulation Water 

Hl5 General Hydrocarbons: 100 {I 1480 
with No Sulfur 750 @ 1010 

Hl6 General Hydrocarbons: 100 @ ·1480 
With Low Sulfur Content 750 @ 1010 
No H2 

Hl7 Steam, Condensate Boiler 20 @ 1480 
Feedwater 750 @ 1010 

Hl8 Steam, Condensate BFW 20 @ 1480 
(ASHE SECTION I) 750 @ 1010 

Note: Class D63 & D64 apply to ~RI Plants only 
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SERVJ(;E CLASS INDEX 

FLANGE GASKET NOMINAL 
CLASS HATE RIAL CORROSION PIPING SHALL VALVE BODY VALVE 

FACING TYPE ALLOWANCE HATE RIAL FTGS. HATE RIAL TRIM 

JOO RF 304/ ASB 0.0625 5 CR-1/2 MO 3000 LB 5 CR-1/2 MO 11-13 CR 
. SP WD SW Stelli ted 

JOO RF 304/ASB· 0.125 5 CR-1/2 MO 3000 LB 5 CR-1/2 MO 11-13 CR 
SP WD SW. Stellited 

600 RF 304/ASB None 304L S.S. 3000 LB, 316 S.S. 316 S.S. 
SP WD SW 

600 RF 304/ ASB 0.0625 Carbon Steel "3000 LB Carbon Steel 11-13 CR 
SP WD Al06-B SW Stellited 

600 RF 304/ASB 0.125 Carbon stee~ 6000 LB Carbon Steel 11-13 CR 
SP WD Al06-B SW Stellited 

600 RF 304/ ASB 0.0625 Carbon Steel 3000 LB Carbon Steel 11-13 CR 
SP WD Al06-B SW (Seal weld Stell i ted 

seat rings) 

600 RF 304/ ASB 0.0625 Carbon Steel 3000 LB Carbon Steel 11-13 CR 
SP WD Al06-B SW (Seal- Weld Stellited 

Seat Rings) 
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TEMP. PRESS FLANGE 
CLASS COMMODITY LIHI TS CLASS 

DEG. F @ PSIG FACING 

1120 Hydrocarbon Slurry 500 @ 765 600 RTJ 
Coal and/or Catalyst 850 (cl 645 

1153 Process Gases - 501 @ 955 600 RTJ 
S.hift· Section 650 @ 855 

863 Gen. Hydrocarbon 650 @ 1175 600 RF 
with H

2
S/H

2 
ll5o @ 975 

H64 Gen. Hydrocarbon 851 @'975 600 RTJ 
with H2S/H2 

. 950 @ 755 

H51 Hydrocarbon Slurry/Coal 501 @ 765 600 RF 
and/or Catalyst 650 @ 700 

Kl8 Steam, Condensate 100 @ 2160 900 RTJ 
(ASHE Section I) 750 @ 1275 

, 

Hl5 Main Steam 950 @ 1500 1500 RTJ 

L63 Gen. Hydrocarbon 550@ 1825 900 RTJ 
with H2S/H2 

650@ 1765 

Note: Class 1163, H64 & 1151 .& L63 apply to HRI plants only 

SERVICE CLASS INDEX 

GASKET NOHINAL 
HATERIAL CORROSION PI PING SMALL VALVE BODY VALVE 

TYPE ALLOWANCE HA TERI AL FTGS. HATERIAL TRIM 

347 SS .125 304 L SS •6000 LB 304 SS 11-13 CR 
OCT. RNG TllD Ste I Ii ted 

304 ASB 0.125 321 S.S. 6000 LB 347 S.S. J.47 S.S. 
SP WD SW 

304 ASB 0.0625 5 CR- 3000 LB 5 CR- 11-13 CR 
SP WD 1/2 MO SW 1/2 HO Ste I lited 

347 S.S. 0.125 5 CR- 6000 LB 5. CR- 11-13 CR 
OCT. RNG 1/2 MO SW 1/2 HO Ste 11 i ted 

304 ASB 0.125 304 L 6000 LB 316 SS 316 SS 
SP WD SW Stellit

0

ed 

Soft Iron 0.0625 · Carbon Steel 6000 LB Carbon steel 11-13 CR 
(90 BHN) Al06-B SW (Seal Welded Ste II ited 

Seat Rings) 

Soft Iron 0.0625 1-1/4 CR, 6000 LB 1-1/4 CR, I 1-13 CR 
(90 BHN) 1/2 HO SW 1/2 MO 

~ 

347 SS 0.0625 5 CR- 6000 LB 5 CR- 11-13 CR 
OCT. RNG 1/2 HO SW 1/2 MO Ste I Ii ted 

. . 
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TEMP. PRESS 
CLASS OJHHODITY LIMITS 

DEG. F @ PSIG 

L64 Gen. Hydrocarbon 650 @ 1765 
with H2S/H2 850@ 1460 

H20 Coal Slurry 100 @ 3750 
H2 Purge Gas 500 @ 3325 

Q21 Hydrocarbon Slurry Coal 20 @ 6250 
and/or Catalyst (ASHE 550 @ 3500 
Sec ti on I) 

Q51 Hydrocarbon Slurry Coal 900 @ 3300 
and/or Catalyst 

UI Utility Water ANSI 816.1 
Coo ling Water Limits 

Max 175 PSIG 

U2 Drinking Water ANSI Bl6.l 
Instrument Air Limits 
Utility Air Max 175 PSIG 
Nitrogen, Combustion Air 

... 

U3 Fire Water (Above Ground) ANSI 816.1 
Limits 
Max 195 PSIG 

- - - - - - - -
U3U Fire Water (Under Ground) 

Ql5 Gen. Hydrocarbon with 374 @ 3300 
Sulfur 

Note: Class L64 Applies to HRI Plants only 

FLANGE 
CLASS 

FACING 

900 RTJ 

1500 RTJ 

2500 Grayloc 

2500 Grayloc 

125 FF 

125 FF 

125 FF 

2500 Grayloc 

SERVICE CLASS INDEX 

GASKET NOMINAL 
MATERIAL OJRROSION PIPING SMALL VALVE BODY VALVE 

TYPE ALLOWANCE MATERIAL FTGS. HATER I AL TRIM 

347 SS 0.125 5 CR- 6000 LB 5 CR- 11-13 CR 
OCT. RNG 1/2 MO SW 1/2 MO Ste I Ii ted 

347 SS 0.250 1-1/4 CR- 6000 LB Carbon Steel 316 SS 
OCT. RNG 1/2 MO SW 

ANSI 660 0.125 Carbon Steel 6000 LB Carbon Steel 11-13 CR 
Al06-B SW Stell ited 

ANSI 660 0.125 Carbon Steel 6000 LB 347 SS 347 SS 
Al06-B SW 

Asbestos 0.0625 Carbon Steel 3000 LB Forged Steel 11-13 Cr/ 
A106-B THD Iron Body Bronze/ 

BUNA-N 

Asbestos 0.0625 ·c.s. Galv/ 3000 LB Bronze/ Bronze 
Carbon Steel THD Iron Body 

(Galv.) 

Asbestos 0.0625 c.s. Galv/ 3000 LB Bronze/ Bronze 
Carbon Stee I THD Iron Body 

(Galv.) 
------ - - - - - - ------ -------
Carbon Steel None Iron Body Bronze 
Coated & (U.C.) 
Wrapped 

ANSI 660 0.0625 
" 

Carbon Steel 6000 LB SW Carbon Steel Carbon 
A-106 B Steel 

Stellitted 
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1.1 ~ 

This specification describes :he basis for ove~·all design of process 
and utility piping '"'ithin battery limits of the ;ilant. It is intended 
to establish designs conforming to codes and acce?tad prac:ices cur· 
rently appl ic:able to piping systems. 

1 .2 Ace I icat ion 

This specification applies to engineering of piping systems. It applies 
particularly to such design-engineering as development a~d inter?retation 
of piping and instr\Jlllent diagrams, I ine designation tables, and material 
specifications. 

2. ~ 

2.1 Loc:al Codes 

\.lhere I oC:a I codes take precec!ence over the ANS I or ASHE ·Codes , s uc:~ c:odes 
sha 11 govern. 

2.2 :!oiler Code P.ipins 

Section 1, Po-..er Boilers, of the ASME Boiler and Pl"eSSul"e Vessel Code, 
latest edition, applies to c:el"tain pol"tions of steam, feedwatel", and 
blow-<iff piping associated with boilers and steam generating equipment, 
as defined by that code. Sue.~ piping shall be designed in accol"danc:a · 
with the rules for .that piping as stipulated in the Code fol" Po.,,.er 
P i ping, ANS I 33 I • I • 

2.3 Refinerr Coc!e Piping 

The ANSI Code for Pl"esSul"e Piping, ?etl"oleum ~efinery Piping, 631.3, 
latest edition, applies generally to al I .other" piping within property 
I imiu of the plant. Se= ?al"agraph· :?00. I .4 of that c:ode, and Other 
Requirements, ;ial"agraph 2.4 below, fol" ~ceptions. 

2.4 Other" Reauirements 

2.5 

Separate spec:ifi.c:ations c:ovel" the special l"equiremena for sewer" and 
drainage systems. Special requir!!ments may apply eo fir~ ;irotec::ion 
systems. Heating, •1e:"1tilatin9, ail" and water systems sero1in9 buildinc;'S 
rathel" :l'lan ~!ant or process areas may ~cnfonn ta ap~lic:able ~1~~ain9, 
neating, and ventilating, or refrigeration c:odes. 

Oesi5nation ~n ?~1 ~iaarams 

The P&I Di a9rams sRow I im its· of :he pip i :iq :ever:ie-:i by :he SQ i \er Code. 
Tney indi~t!! wni~h :cdes or raQuir~ents, ocher Chan ::\efin.ery Piping 
C.:::ide, ai:?ly to ·1arious µal"':S or cne pipin9 systems • 

:P!CllfC.1.TIH u. 142:!~-L-3 zn. s1r1r 2 ~' 8 -----
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3. nESIGN CONDITIONS 

3.1 Ooeratina Conditions 

3.1.l Nonna 1 Condit ions 

Nonna I design conditions of pressure and temoerature will be 
the mast severe conditions expected to coexist under usual 
long-time operating conditions. These usual operations 
include all manipulation and control functions such as 
throttling, blocking and bypass·ing I ikely to be used for 
operation and control. 

3.1.2 Temoorary Conditions 

Usual operating conditions do not include more severe 
temporary conditions, such as those incidental to sta·rt-up, 
shutdown, steamout or abnormal operation. Temporary con
ditions govern as design conditions only when there is clear 
evidence they definitely exceed time and severity I imits in 
Paragraph 302.2.4 of the Refiner-y Piping Code. 

3.2. Desian Temoerature 

3.2.l Definition 

D~ign temperature is the most severe sustained fluid tempera.
ture, subject to conditions of Section 3.1 above. Design 
temperature of internally-insula.ted or noninsulated components 
may be the metal temperature rather than the fluid temperature. 

3.2.2 Steam Traced ~!:iir.a 

Design temperature for steam traced piping ·..,ill be the fluid 
temperature or ZOF below saturation temperature of trac.ing 
steam, whichever is greater. 

3.2.3: Low Temoerature Pipina 

Design temperature for ;iiping 'l'lith. a fluid operating tempera
ture below ;ninus 2CF, will be the normal fluid operating 
tent;)erature. In addition, design ,.., i 11 be su i tab I e for des i sn 
pressure at lOOF. 

3.3 Design· Pressure 

3.3.l Oefinieion 

Except for Boiler Cede Piping (ASH: Section l) the design 
pressure w i 11 be- the :nos: severe condition :if internal or 
external iluid ~ressure, subject to conditions of Section 3.1 
above. The design ~ressure for 3oiler Code Piping will be 
established in strict ac:orC:ance witn cne C.:ide for F'ower 
Pi p i ng ANS I 311. l • 

'Jiil Cl FIC.lT I 0 I • O• ~-1-4_2_2_2_-_L_-_3 __ 2 UY.---- j 8 s uu ____ u -----
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3.~.2 Minimum Desio~ ?ressure 

Minimum positive design pressure will nonnal ly be 2S psi;. 

3.3.3 ?umo Oischarae Svst~ 

3.3.3.l 

3.3.3.2 

Design pressu~e for unrelieved p1p1nq systems subject 
to pump discharge pressure will be either normal opera~ 
ting pump discharge pressure or pump shut-<iff discharge 
pressure, ·..,hic:l"lever is great:r, where: 

a. Nonna! operating ?ump discharge ?ressure is the 
pump differential pressure plus nor::ial suction 
pressure and hydrostatic: head. 

b. PUlllP shut-<iff discharge pressure is ?ump differential 
pressure at shut-<iff or stal 1 ing c:ondi ::ions plus 
suction pressure and hydrostatic: head, adjust~ for 
allowances per ?ar. 302.2.4 of· :..,e ?.ef:nery ?i;:iing 

'Code ANSI 631.3. 

Oesign pressure for relieved piping.systems subjec-:: to 
pump discharge pressure will be either the·normal opera• 
ting punp disc:harge ·pressure or the safety valve set 
pressure, whichever is greater, where: 

a. Normal operating pump discharge pressure is t~e 
p1m1p differential pres.sure· plus normal suction 
pressure and hydrostatic: head. 

b. Relief or safety valve set pressure is this pressure 
plus hydrostatic: head below relief valve adjusted 
for allowances per Par. 302.2.4 of the ~efinery 
Piping Code ANSI SJl .J. 

3.3.4 l/ac:uum Svstems 

Oesign pressure for piping systems operating under vac::.:um 'Nill 
·be fut I vacuum. ~c:eption may be taken where sui tab I e proce~-:: ion 
against vacuum failure is ~rovided • 

3.3.5 . ~el i ef 1/a Ives Set ?!"es sure 

3.4 

~or piping systems protected by relief vaives, :he relief valve 
sec ~ressure will be ecual co Chs'design pressure minus the 
hy<irostatic: head below :he :-el ief valv11. 

Loads Affe-=tin9 Pipinq Stresses 

Al·lOWili:lie stress values apply :o :oeal loads imc:iosed on 01a1r:a 
:nacerials. Design snail ;:irovide foF all loadinq significa~ely 
3ffee:ing pipe material 5t~esses. See Sec: ions ;01 .~ thFougn 
301 .7 ~f Ref!ner1 Piping Code FoF loadings, in 3Cdition :o fluid 
pr~sure wnic:h ~ay 3ffec~ ~iping Stfesses • 

S~! Cl FIC.a.T 1 O I U _ .... \4ac;..i22=2:i.-_.L.,-_'} __ HY. _· __ 2 ___ _ SIUT __ t+._ __ °' -....:B:...--
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4. MATERIALS 

4.1 Plaine Materials Soeclfication 

The Piping Materials Specification includes individual Line Service 
Material Classes. The specification shows in detail pipe, valve, 
flange, fitting, bolting, gasket, branch connection and other 
·specific: ma_terial requirement~ for various classes of fluid, 
temperature and pressure services. 

4.2 Corrosion Allowances 

Corrosion allowances shown in the Piping Materials Specification 
are minimum for the respective services. 

4.3 Wall Thickness and Reinforcement 

4.3.l 

4.3.2 

'.lall thickness and branch connection reinforcement recuire
ments shown in Piping Material Specification are satisfac:ory 
for the most severe pressure-temperature conditions within 
I imits indic:ated. 'Jhere mechanical loads increase: stresses 
above those due to internal or external pressure, appropriate 
re i nforc:ement w i 11 be added·. 

Branch reinforcement is based on "limited" corrosion, where 
all excess metal in pipe wall, ot.~er than required for pressure 
and corrosion allowanc:e, is credited to branch reinforcement. 

5. P 1 !''! S 1 Z !NG 

Piping wil 1 be sized for normal operating conditions. Provision for 
future increased capacity wil 1 be made only ""hen specifically. re~uired. 

6-. VALVING 

6.1 Valves 

6.1.l 

6.1.2 

Operating and block valves ··Iii I be ;:irovided in minimum 
quan t i ty cons is tent w i th good des i gn and operating ;:irac:: ice. 

Unless soecifically re~uire-.i for operation, block valves 
"''ill not be provided at vessel nozzles ·..ihen following 
c:ond it ions ~ ist: 

6.l.2.1 Line :o or from vessel can ·be blocked by valve 
located wit.~in 40-ft horizontal radi·us from 
vessel surface. 

6.l.2.2 ·No >Jndrainable 1 iquid ;:iocl<.et in 1 ine bet:'Neen 
'lessel and valve • 

SHCI f'IU. T 11111 u. _ _.l..,t,. __ 2;;,;2;;,;2;;,,-.,;L°"'-..;3..__ 
1 n. __ z ___ _ slu1_..,s __ _ u ·e 
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6.1.3 No bloc:k valve will normally be :;irovided in 1 ines or at 
vessel nozzles for servic:es as fol lows: 

6. 131 Vapor 1 i nes to i:=nciensers •. 

6.132 Liquid and vapor .1 ines to and from syphon rebgilers. 

6.133 Lines from c:andensers to ac:c:l.llllulators. 

6. 134 Lines between exc:.'ia ngers in series. 

6.1.4 aloc:k valves wi 11. be provi.ded at al I 1-1/2 and smaller 
c:onnections at equipment. 

6.1.5 Valve requirements as fallows, will be shown on P&I Diagrams. 

6.151 All line operating and bloc:k valves. 

6.152 All vent, drain, etc., valves required for operation.· 

This inc:ludes startup, shutdown, testing, pur9ing, 
·rundcwn,and like auxiliary operations. Hydrotest vents and 
drains will not be shown. 

6.1.6 · Valves will be·crovided for i.nstl"'IJlllent c:annections. 
and will be shown on P&I Diagrams. 

6.2 Si?ina 

Where system flow and pressure d'larac:teristic:s permit, and arrange
ment economic:ally justifies, valves.may be smaller than line size. 

6.2~I Control Valve Manifolds 

See Standard Orawing L•338 for c:ontrol valve manifold 
arrangements and block and bypass valve si:es. 

6.2.2 · Eauicment Connections 

Where prac:tic:al, valving at equipment c:onnec:tions smal.ler 
than I i ne size w i 11 !:le :he same size as the c:onnec': ion. 
Where 1 ine and. c:onnect ion· differ by t:Wo or more s i.ze:s, 
valving may be an intermediate· size. 

5.3 Tyce Selec~ion and tdentifieaticn 

Valve type '"'ill be shown in ?iping Materials Specification. 
~~I Oiagrams will show size of all valve$ not line si:e. 

7. PIP~ 'jlZ! Ll1'11TATIO~IS 

Pipin9 smaller than 3/~ inc:h snal 1 no~ ~e used exc:a~c in inst~ent and 
s:eam ::-ac:inq ser1ic:as anc in awdliary servic:es suc::i as ~ump .::oolinq • 

Pipe s·izes l~", 21.z", 3~" .~", 5", 7'0 and 9" shall. not: be useci e."tcept: where 

equipmenL.. conn.ec.tions. are .these. $.iz.es.. In.: Su.ell.. cases., c:i:ansit:ions c.o or.her.. 
commercial pipe sizes ~hall be m~rle as close as oossihle to the eauipment: 
conneci:ion. 

:ncmur1u u. 14Z'.?2-L-J I !'Y. _ _..z __ UUT_..,6 ___ U __ 8 __ _ 
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8. SAFn"r' ANO i\E!.1 E!=' 'JAl.'/ES 

SafetY and relief valves wi)l be pl"Ovided and sized in ccmpl ianca with OSHA 
and the applicable boiler, pressure vessel and piping codes. 

8. 1 Dlsaosition of Dlsc~an:ed Fluids 

Safety and rel lef. valves In steam and air service will discharge to 
atmosphere at a safe distance above grade, adjoining equipment and 
p I a tforms •.. Those In ~ ter serv Ice . ., 111 discharge to paving or su I table 
drain. Sma 11 re I i efs, protect Ing b I o.:ked- in ?t"Ocess p Ip i ng or equip
met,.t against fluid thermal axpansion will dlsc.losarge co a suitable drain 
or· closed blowdcwn system. All ocher safety and relief valves will 
dlsc.losarge to atmQsphere or closed blowdown system In compliance with 
OSHA and/or EPA as shown on the P&I Diagrams.· 

c?> 
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l • GENERAL RECU!Rn!r.ITS 

l.l ~ 

This specification describes general requirements governing piping layout and 
design that will produce a safe, economical and easy to operate installation. 

1.2 Basis for Design 

~ P1:'oject Specification 14222-L-l specifies the piping codes applicable 
to piping systems. Piping & Instrument diagrams will.show clearly the 
extent of piping governed by codes other than The American Standard 
Code for pressure piping, ANSI B31.3 "Petroleum Refinery Piping". 
Project Specification 14222-L-3, Piping Design Basis, specifies the 
design conditions applying to piping systems. Engineering Std. Drawings 
A-521, A-522, and Project Specification 14222-L-9 set minimum require
ments and clearances for piping.and equipment layout. 

~-· U.YOUT 

Piping shall be arranged for ease of operation, accessibility, maintenance, 
economy and appearance. 

2.1 Piping Routing 

Piping shall be arranged in an orderly :nanner and routed as directly as 
practical, preferably in established banks or pipeways, as follows: 

a) Piping.shall run at different elevations designated for north-south and 
east-west banks, and will change elevation when changing direction. 
See Engineering Std. Drawing A-522. 

b) Piping outside of main pipeways shall parallel main· pipeways wherever 
possible. 

c) Relative elevations of pipewaysshall be set to provide sufficient clear 
ance between linas at intersections. 

d) Flat turns to eliminate fittings at changes in direction may be used 
where the layout of piping is sufficiently advanced to insure that the 
flat turn will not cause interferences or block future.line extensions. 

e) Dead ends and pockets in lines shall be avoided . 
. 

f) ?ipe spacing for bare and insulated lines shall follow Eng. S_td. 
Drawing L-535. 

Shoe heights foi hot insulated lines shall normally be 4" per Eng. Std. 
Drawing L-581. Refer to Eng. Std ~-624 for cold insulated lines. 

Future pipeway soace shall be ?rovided as specified in Project 
Specification 14i22-L-9· 

Avoid coopound angles in ?iping configurations, unless absolutely 
-necessa:-y. 

2.2 Piping ~lexibility 

?ipi~g shall be designed with sufficient flexibility to absorb any excessive 
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st:esses. All lines shall be reviewed by stress group to conform with ANSI 
B3l.3, para. 319 and c.~e dynamic effects listed in para. 301,S, 

2.3 Critical ?ioina 

Where dynamic loading, minimal flow conditions or other severe service condi
tions apply, piping shall be carefully designed and checked to insure that 
its size._ configuration, mechanical strength, supports and restraints will 
prevent excessive stress, pressure drop, vibration or noise. 

2.3.1 

2.3.2 

2.3.3 

Ovnamic Loadina 

Dynamic loading may be expected when pulsating flow (such as at reci
procating compressors), high velocity flow, flashing fluid, fluctuating 
temperature or ?ressure or mechanical vi.braeion (including wind) 
conditions exist. 

Limited Pressure Oroo 

Limited pressure.drop C:onditions may be expected in larqe vapor lines, 
heater transfer lines, reboiler circuits, pump suctions,.and gravity 
flow lines. Such pipinq shall be routed as directly as practical. 

Other Severe Serrices 

Ot.~er severe services include erosive, corrosive, hiqh or low tempera
ture o= pressure conditions or any fluids containinq solids. Many such 
services require alloy or special materials. 

2.4 Suooo~s and Anchors 

2. 4.1 All piping shall be supported, guided or anchored so as to prevent 
excessive vibration, deflections or stress on equipment in accordance 
wi~ design guides to be issued in Phase 1. 

3e EQUI?~~T PIPING 

3.1 Piping at columns shall be located radially about the column on the pipeway 
side, manways and plat!or.ns on the access side. ·:or piping location and sup
;ior<;s. see :::nqineerinq Std. Orawinq M-600, 601, 602 & 603·. Overhead vapor 
lines and similar connections 18" and larger may have a welded connection ~o 
~e vessel, except where flanges are reqtiired for maintenance or blinding. 
Additional details for vessel nozzles and internals, refer to Enq. Std. ::>wqs. 

:;: s-501 throuqh B-504, c-525 and c-sso • 
.... 

3.1.1 

l.l.2 

Connections Inside Skirts 

Val..'Tes and f!.anqes shall :i.ot be located inside vessel skirts. 

Drawoff Boots 

Orawoff boots on elevated ~orizontal vessels ~ay be extended a reason
able amount -:o :;>lace t.~e centers ·o.f gaqe qlass and level .:ont:oller ~ot:. 
over 5 feet from grade, :;>la t:for.n or ladder access. See =::ic;. S t:.d. Ow;· 
L-551. 
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3.1.3 

3.1.4 

Vents and Drains 

a) 

b) 

Vents - A valved and blinded atmospheric vent shall be provided at 
~l high points and/or overhead piping with platform access 
provided for valve operation. 

Drains - Drains provided at vessels shall run to underground sys
tems with open connections terminating 2 inches above the drain hub 
so that discharge is plainly visible. When practicable, connection 
may be piped from the bottoms-out line. 

Relief Valves 

a) Relief valves discharging into a closed blowdown system shall be 
elevated to provide self-draining of discharge side into blowdown 
system_. 

b) Relief valves discharging vapor co atmosphere must be provided.with 
a pipe stack ending at least 10 feet above any platform within a 25 
foot radius. Provide a !.t" weep hole in bottom of stack co prevent 
liquid accumulation. 

3.2 Exchanger Pioing 

Piping, except removable local interconnections, shall not be run over channel 
or shell cover areas, or in the way of built-in or mobile handling facilities. 
Wrench clearance shall be provided at the exchanger flanges. Spool pieces 
shall be provided beyond the channel nozzles co permit the removal of-the ex
changer cube bundle. See Engineering Std. Drawing A-522. 

3.3 Pumo and Turbine Piping 

3.3.l 

3.3.2 

3.3.3 

J.3.4 

Pump Suction Piping 

Pump suction piping shall be arranged with particular care to avoid un
necessary pressure drop and vapor pockets. Concentric reducers are 
preferred where size changes are necessary, except in horizontal succio 
lines ac· pumps with front or side suction. In these locations, ir-res
pective of suction piping being routed from above or below the pump, 
eccentric~ iJ:!! reducers shall be used. 

Access to Pumps and Tur~ines 

Piping at pumps and turbines shall be arranged to avoid interference 
"1ith operation or maintenance access. Removable spool piece shall be 
provided as appropriate, such as at end suction pump inlets, to per.nit. 
::ia.intenance •.Jithout :Dajer piping di~assembly. 

~eight and Ther:nal Stress 

Suitable supports or· anchors shall be provided so that excessive weight 
and thermal stresses will not be applied to the casings. Careful desig 
consideration shall ~e given to piping configuration to mi~imize these 

·scresses. 

Suction and Inlet Strainers 

Temporary strainers shall be provided at all pump 3.lCt~ons and t~r~ine 

inlet unless per.:ianent strainers are specified. 
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3.~ Comoressc~ ?ioing 

Piping and auxiliaries at compressors shall be arranged for convenient access 
and maintenance and shall conform to the following documents: General 
Specifications 14212-K-l and 14222-K-2 and Project Specification 14222-
L-4; · Design Guides to be issued 1n Phase 1. 

3.4.1. Vibration 

3.4.2 

3.4.3 

a) Particular consideration shall be given to design of piping subject 
to vibration from dynamic loading associated with reciprocating 
compressors. Volume bottles may be provided as required. 

b) Suction and discharge piping shall be run on sleepers at grade, if 
at all possible. This arrangement permits simple and effective sup 
ports of the lines to reduce vibration, particularly on recipro-
cating compressors. · 

Suction Pit>ing 

Piping drawings shall show the extent of piping requiring special in
ternal cleaning. For compressor· suction· screen requirements, ref er to 
Engineering Design Guide K-5, to be issued in Phase 1. 

Removable ?it>ing for Maintenance 

Removable spool pieces shall be provided a·t compressors where. needed 
to permit maintenance without major piping-disassembly. 

3.3 Burner and Snuffing Steam Piping at Fired Heaters 

3. 5 .1 Burner piping shall be kept clear of all access and observation openings. 

4. V.U.V!S 

Keep space required for tube maintenance free of all·piping. Piping to 
the burners shall be made using unions, flexible·connectors or other. 
specified means to provide for easy and. convenient removal of burners i>r 
maintenance. Piping should.be located to maintain a minimum 6 1 -8" clear 
under the heater. In general,. burner piping shall. conform to the fol
lowing requirements: 

a) Take-off connections shall be made from the top of the steam and ga 
headers and piping arranged for equal flow di~tribution. Condensat 
legs, knockout pots or other approved me~hods for the collection 
and elimination of condensate shall be provided. 

b) Snuffing steam manifold shall be iocated SO' min. from furnace. 

4. l Val·1e Locations 
,... 
~ For valve locations, see Engineering Sc:d'. Drawing L-552. 

4.1.l ~eader 3lock Valves 

3ranch line block valves from ~ioeway headers shall be locatad at edge 
of ?ipeway :or access by portabla ladder. 

4.1.2 Valves and :lan2es in Caustic and Acid Service 

'lalves shall be· located no ·higher :!lan 4' -6" above grade and also ;iro
·rided ".Ji:!'! a ~rocec:i•re shield. so 3.S nee to -,rgseft: a kazg!' 

14222-L-4 
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Flanges in such hazardous service shall also be provided TJith spray· 
shields. 

4.2 Valve Access 

.Tvpe of Access Reau ired 
Rolling 

Fixed Platf. or Fixed Port. 
TYPE OF VALVE Grade Platf. Scaffold Ladder Ladder 

Operating Valves (para. a.) Yes Yes No No No 
Operating Valves, Sm. (para. a&c) Yes Yes No Yes No 

Non Operating Valves (para. b) * * Yes No No 
Non Operating Valves, Sm (para b&c) * * Yes Yes Yes 

Instrument Valves (See Para. 6.4 - Instrument Access) 

a) Operating valves.are valves that are essential for plant operation. 
b) Non operating valves are valves that are not essential for plant operation. 
c) Small valves are defined as valves that can be easily operated with one hand 

and are normally 14" and smaller. 
* To be used if available. 

4.2.l Chain Ooerators 

Operating valves with bottom of handwheel over 6' -6" above actual grad·e ~- ·· ·· 
or platform shall be chain operated. Chain must not hang in a walkway 
or access area and sl)all terminate approx. 3' -0" above grade or platform · 
Chain operators shall not be used for screwed valves or any valv.e l~" 
and smaller. 

4.3 Line Vents and Drains 

Line vents and drains fall into two categories, operating and non-operating. 

4.3.l Ooerating Vents and Drains for equipment and piping 'Jill be valved and· 
plugged and are shown on the piping and instrument diagrams. 

4.3.2 Non-Ooerating Vents and Drains will conform to the following: 

a) In hazardous services, such as Hydrogen, Chlorine Gas, etc., vent 
and drain connections shall be provided only when it is not possible 
to vent or drain through flanges in the system. 

b) Systems for air, inert gas, and steam not, exceeding design pressures 
or temperatures of 125 psig and 35QOF do ~ require high point vent 
connections on piping. 

c) All other services will have plugged vent and drain connec:ions pro
vided at the high and low points of the piping system to facilitate 
maintenance and hydrostatic testing. 

d) Vents and drains, used only for hydrotesting shal~ have the valves, 
if any, removed and the vents and drains plugged or blinded. 

4.4 Samole Connections 

4.4.l Samole connections shall be located for easy access from grade (grade 
preferred) or fi.~ed platfot"I!\. 
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4.4.2 Langth oi s;imple piping shall be kept to a ~inillrum. 

4.4.3 Sample coolers shall be per Engineering Std. Drawing L-514. 

5. UTILITY P!:?!NG 

5.l Steam ?ioing 

a) Design piping for complete condensate removal. Drip legs shall be pro
vided on all steam lines at all low points and dead ends. Refer to 
Engineering Std. Drawing L-519. 

b) Branch connections shall be made from the top of the headers. 

c) Block valves shall be installed in the horizontal run of each branch 
line or group of common users. 

d) Design ?iping to make use of sub-headers to serve an area of process 
equipment or groups of drivers. 

5.2 Steam Traos 

a) P~ovide steam traps at low points and drip legs of steam lines. 

b) Discharge steam traps to a lower pressure steam or condensate system. 

c) Provide valves on each side of trap for trap removal on· closed systems. 

d) Ins:all a strainer up-stream of each trap, if trap does not have a built 
in strainer. 

5.3 Steamout Connections 

a) Steamout connections are required for purging vessels and pipelines 
containing hydrocarbon and hazardous fluid. 

b) Steamout connections shall not be less than 1-inch. 

c) Where temporary type connections are used, the hose length for servicing 
connection shall not exceed 50 feet. 

5.4 Steam Tracing and Winterizing 

~ See Engineering Std. Drawing L-521 and Design Guide A-l(to be, issued in 
?base 1). 

5.5 Utilitv Stations 

5.5.l 

- - ? ~.~.-

uc;.lity stations at grade, consisti.ng of air, staam and. wai:er, shall be 
loc:ated throughout the operating area of each ?rocess unit, so that a 
50-foot length of hose can service any point in the area. For detailed 
assembly of utility station see Eng. Std. Drawing L-531 . 

Additional utility hose connections for servicing equipment at elevated 
scr~ctures and platior:ns are shown on utility ?&ID's. 

5 ;S.3 Ut!licy stations shall be installed in sue!! a :nanner, so chat they 
remain in operac:.on juring a '.lnit shutdown. 

5. 6 Auxiliar•1 l?i:iing for E''.l~os and !'ur:iines 

~ Install pipi..~~ co coniorm to Project S9ecification 14222-L-6. 
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6. INSTRUMENTS 

Instrument requirements in this section apply to plant design and piping layout 
;.::,. only. For detailed requirements ~ffecting instrument locations and connections, 
~see Spec;ification 14222-J_".'.'l, Instruments - General. 

6.1 Control Valve Manifolds 

6.1.1 Preferred Tvpes 

See Engineering Std. Drawing·L-538 for control valves manifold arrange
ments and block and bypass valve sizing. 

6.1.2 Location 

a) Control valves shall be located at grade or on conveniently access
ible platforms. Their locations shall be consistent with their 
function and with convenience of plant operation. !n general, they 
shall be locai::ed in sight of instruments or ind.icators showing 
variables they control. 

b) Control valves in flashing service shall be located near the end of 
the piping. 

6.1.3 High Pressure Droo at Control Valves 

Where high pressure drop conditions exist across control valves, sonic 
harmonics along with extreme noise levels can be expected~ Piping sub
jected to these conditions must be carefully analyzed and designed to 
insure that its size and configuration downstream of the valve ·preve~ts 
excessive vibration and noise. 

6.2 Level Instruments 

A For miscellaneous details regarding level instruments see Specificat:ion 
L£:. 14222-J-1, Instruments-General. 

6. 2.1 Lo ca ti on 

All level instruments shall.be accessible from grade, platform or ladde 
Their location shall be consistent with function<nd with convenience of 
plant operation. 

6.2.2 Strong 3acks 

Where strong backs are provided for external level instruments, their. 
:ninimum pipe si:e '..Jill be 2". Block valves shall be provided at the 
vessel connec~ions. 

6.J Orifice ~uns 

6.3.1 Location 

Horizontal ~eter-nins are preferred. Determine the length of eac~ 
:neter :un in ac:ordance with Instrument ~ngineering Standard Drawings 
J-F-0101 :hru J-F-0108. Provide sufficient clearance at orifice flange 
for installation of instrument piping and seal pots where they are 
required. Refer to Engineering Standard Drawings L-504 & L-550. 
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Operator access requirements for instruments are per the following table. 

T'7'0e of Instrument 

Access For 
Operation 
Reouired 

1. Thermocouples No 

2. Test Thermowells Yes 

3. Dial Thermometers No* 

4. Pressure Gage Yes 

S. Level Cages· Yes 

6. Temperature Transmitter ·& 
Switches (indicating) No* 

7. Temperature TranS111itter & 
Switches (blind/non-
inciicating) No 

8. Other Transmitters & 
Switches (blind/non-
indicating) Yes 

9. Other Transmitters & 
Switches (indicating) Yes 

10. Recorders and Controllers · Yes 

11. Control Valves and 
Other Finite Control 
Elements Yes 

Access from Grade And/Or 
Po~able Fixed Fixed 
Ladder Ladder Platf or.n 

Yes ** ** 

Yes ** ** 
Yes ** ** 

Yes ** 
No Yes 

Yes ** 

·Yes ** ** 

Yes ** ** 

No Yes ** 
No No Yes 

No No Yes 

* 3ut must be able to ·read from platform or fixed ladder. 
** To be used if available. 

!es:sRequired Minimum. 

Maintenance access is required co all instruments but may be by portable 
ladder from grade or by ·?latfor111. 

7. 0 MATERIALS 

Materials in each pi?ing line shall conform co job piping materials service class
ifications unless spec!.fied otherwise • 

i .1. Junc:ion of Different Se::--rices' 

' .. -nere tvo serrices of di.ffe:-ent classifications join, che more se•rere service 
~ill govern through the .first valve or other ::ieans ?rovided co se?arate the 
:-.:o se:-vices. 

8. H'!OROSLATl C T!STI~rG 

~."aydroscac!c test:.:ig shall confor:i :o Project Specification l4222-t-6. 
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9. PIPE SIZES 

Piping 7" Slllaller than 3/4" shall. b~ avoided. Pi_pe sizes. l!ii", 2~", 3~", 
and S" shall not be used. Where equipment connections are those sizes,· 
transition to. other conmerical pipe sizes shall be made as close to 
the equipment as practical. In pipeway runs, the minimum size for 
pipe headers shall be 2 inches or as other..-1ise goverened by the length 
of span. 

10. PIPE SPANS 

Pipe supports shall be so located as to provide the following maximum 
spans: 

Up to ll2" Pipe - 8 Ft 
2" - 10 Ft.-12 Ft. 
3" - 15 Ft. 
4" - 18 Ft. 
6" 25 Ft. 
8" - 30 Ft. 

Size under 2" are not to be supported intermediately from iarger lines. 

14222-L-4 
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Specif ication No. 14222-L-4 Rev. 2 

SIZED 

GENER AL NOTES 

1. Alt-DIMENSIONS SHOWN THUS Q INDICATE MINIMUM PRESCRIBED 
BY (OSHA) OCCUPATIONAL SAFETY AND HEAL TH ADMINISTRATION 
5/70 SECTION 1910.106 FLAMMABLE AND COMBUSTIBLE LIQUIDS. 

2. ALL OTHER DIMENSIONS REPRESENT BECHTEL RECOMMENDED !PA· 
CING AND DIMENSIONS EXTRACTED FROM THE {DIA) OIL INSURANCE 
ASSOCIATION CHARTS. 

Y • DISTANCE PER HEAT RELEASE CALCULATIONS 

T • HEIGHT OF FLARE STACK OR Y DISTANCE, WHICHEVER 
IS GREATER 

3. TANK SPACING TO PROPERTY LINES. PUBLIC WAYS AND BUI LDINGS 

SHOWN MEAN ONE·HALF THE DIAMETER e;·OIA. { TANK DIA. 
OR 90', WHICHEVER IS LESS. - , - DIVIDED 

BY 2 

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. 

!I. 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 WJ.THIN 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 6 FT. ABOVE INTERIOR GRADE. A VARIANCE TO ABOVE 
RULE CAN BE APPLIED FOR THAU "OSHA" PROGRAM DIRECTIVE NO. 
100-11 . 

7. A) COMBUSTIBLE STORAGE TANKS WITH QY'.U! 10,000 BBL's. CAPAC· 
ITV - LOCATE 250 FEET FROM NEAREST EQUIPMENT. 

Bl COMBUSTIBLE STORAGE TANKS WITH LESS THAN 10,000 BBL's. 
CAPACITY - LOCATE 150 FEET FROM NEAREST EQUIPMENT. 

8. THE MINIMUM DISTANCE BETWEEN TANKS ANO TOE OF INTERIOR 
DIKE WALLS AS REQUIRED BY (NFPA) NATIONAL FIRE PROTECTION 
ASSOCIATION IS 5 FEET; HOWEV ER, BECHTEL PRACTICE IS TO USE 10 
FEET, WHICH ALLOWS BETTER ACCESS FOR TANK CONSTRUCTION. 

9. BOIL-OVER MEANS THE EXPULSION OF CRUDE OIL {OR CERTA IN LIQ
UIDS) FROM A BURNING TANK. 

JO. SPHERES MAY BE LOCATED WITHIN THE SAME DIKE ENCLOSURE 
PROVIDING THEY CONTAIN SAME COMMODITY. CAPACITY SHALL 
BE 50% OF VESSEL CONTENTS FOR HYDROCARBONS WITH RVP 
(REID VAPOR PRESSURE) OF 100 PSI OR LESS ANO 25%0F VESSEL 
CONTENTS FOR HYDROCARBONS WITH AVPMORE THAN tOOPSI. 

11 . THE MINIMUM CLEAR AND OPEN SPACE REQUIRED BY THE OIA 
BETWEEN BATTER Y LIMITS OF ADJOINING PROCESS UNITS ARE 
AS FOLLOWS' 
al REFINER IES-SOTO 100FT. 
b ) PETROCHEMICAL PLANTS -

1) HIGH HAZARD TO HIGH HAZARD • 200 FT. 
2) HIGH HAZARD re LOW HAZARD • 100 FT. 
3) LOW HAZARD TO LiJW HAZARD • 50 FT. 

c) HYDROREFINING UNITS • 100 FT. 

12. USE 75FT. MIN. DISTANCE BETWEEN FIRED HEATERS (IN HYDROGEN 
SERVICE) & SNUFFING STEAM MANIFOLDS. 

13. FIRED HEATEAS-" IN ADDITION TO ADEQUATE SPACING FROM 
OTHt:H t:UUlt'MENl , HEATERS SHOULD BE LOCATED UPWIND 
(WITH RESPECT TO P..REVAILING WINDS) OF PROCESS EQUIPMENT 
TO MINIM!ZE THE POSSIBILITY OF POTENTIAL VAPOR CLOUDS 
BEING IGNITED BY 'THE HEATER. 

FOR ADDITIONAL INFORMATION ANO REFERENCES REGARDING PIPING 
ANO EQUIPMENT LAYOUT, SEE ENGINEER ING STD. SPECIFICATIONS L-502. 
l-511 AND5rANDARD DRAWINGA-522. . 

I/\ 
Y"'""" ' o ''"' ~"' " , I~ l> I :>. 

/::::... Added addltlona l min. spacing 
~ ?>/7S requirements for tank truck an4 

1 
~a r load Ing racks. Deleted "lc'' 
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DIM.\'A
11
PIPE 5PACING WITHOUT FLANGE~ 

PIPF DIM 
!SIZE 2" 3" 4" <a" e'' ION 1e" 14'' lfD11 18" z.d' z4' :;d' ,, e/' 

z." <O <D 7 8 9 10 11 IZ 13 14 15 17 zo 5 

a'' <O 7 7 e 10 I I I Z. 12 15 14 15 17 zo 5 

4'' 7 7 8 9 10 II IZ 10 /4 15 l<O 1e 2.1 (0 

("o II e 9 9 10 II IZ 10 14 15 l<D 17 19 Z2. 7 

e~ 9 10 10 I I 12. 1.3 14 15 1<0 17 18 2.0 Z.3 8 

1011 10 11 I I I Z. 1.3 14 15 l<D 17 1e 19 Z. I 24 9 

I Z." 11 If IZ 15 14 15 1<0 17 18 I~ lO ez Z.5 10 

14" 12 IZ. 15 14 15 IG> 17 17 18 19 20 ez e5 10 

I <:o'' 13 1e 14- 15 l<D 17 18 18 19 e.o Z. I Z.3 zc,, I I 

18" 14 14 15 l<D 17 18 19 19 zo 21 2Z 2.4 Z.1 12 

z.o" 15 15 I G:> 17 18 19 20 zo 21 2Z e.:, 25 e.e 13 

Z4" 17 17 18 I~ e.o Z. I 22 zz Z.5 Z.4 es 27 50 15 

3011 z.o z.o ZI z.z Z.3 Z.4 25 Z.5 2.<0 Z7 28 50 53 18 

NOTES: 
~IM. "A" IS BASED ON A CLEARANCE OF 3 TO 4 INCHES BETWEEN 

TWO BARE PIPE O.D'S. 
2. DIM. 11A11 WITH A VARIANCE: 

a) BARE LINE TO INSllLATEf) LINE= 0111. 11A11 PLUS INSULA-
TI ON TH IC KNESS ROUNDED OFF TO THE NEAREST PLlJS I NCH. 

b) INSlJLATEO LINE TO INSULATED LINE= OIM. 11A11 PLUS 
INSUL,THICKNESS OF EACH LINE ROUNDED OFF TO THE 
NEAREST PLUS INCH. 

3. DIM. 11 611 IS BASEO ON THE O.D. OF A BARE LINE HAVING A 3 AND. 4 
INCH CLEARANCE ADJACENT TO A HALL, VESSEL OR STEEL STRUCTURE. 
IF LINE IS INSULATED, ADD INSULATION THICKNESS TO DIM. 11A11 

AND ROUtW OFF TO THE NEAREST PLUS I NCH. 

- .. - .. 
Specification Nn , 14222-L-4 

0 

•• t. . . 

• 
GENERAL NOTES .. b . 

A. • 
' .d ·, 

~B.O.L. \' . 
' • u.· ~- I • PIPE COUPPORT &HOE -

b. . • -........ 
\ I>. _~B¥_ _\'A''~ €>EE NOTE~ . HEIGHTS FOR HOT IN~ULA-'' 
'. r:. : ~ - - - --

TED LINE5 ARE PER COTO. 

DIM.''A''PIPE ~PACING WITH FLANGES DRAWi NG L- 581. 
PIPF DIM z. 
$1ZE 2'' a" 4'' 0" e/ 10" 12

11 
14

11 
1<0" I e'' zo'' 24 sd' ~e'' PIPE 5UPPORT oHOE 

HEIGHTS FOR COLO INSU-
z." <O 7 8 9 10 I I 1.3 /4 15 17 18 e1 2.4 <O LATED LINES ARE Pl!.R 

s" 7 7 e e I I I e. 1-3 15 l<O 11 18 21 25 7 
STD. DRAWING 64. 

4'' 8 8 9 10 I I IZ 14 15 I CO 18 I~ zz. ZS 7 
3. IN SU LJ\TI ON THIC.KNES~ 

d.) HOT Pl Pl NG - SEE STD. SPEC-
a/' 9 9 10 II IZ 14 15 I <O 18 19 z.o Z.3 2<D 9 t FICATI ON N - 50 I. 

e" 10 11 II IZ 1.3 15 10 17 19 zo 21 24 27 10 b) COLD PIPl~G- SE£ STD. SPEC-
\FCAT\ON N-5'02.. 

10* I I IZ. 12 14 15 l<O 17 18 20 er 22 Z5 ze I I 

I Z" 1.3 15 14 10 I <D 17 18 19 ZI z.e e-3 2<0 Z9 10 

/4" 14 15 15 1<0 17 15 19 z.o e1 ee 24 2<0 30 14 

l<D* I~ 10 I <O 18 1e zo Z. I ZI 22 z~ 2.~ Z.7 .BI 15 

18 .. 17 17 18 I~ zo ZI ee ze Zo 2.4 e~ 28 .32 I <O 

zo4 18 18 19 20 21 z.z 23 Z4- 25 e~ e1 Z.9 35 18 

2.411 21 21 Z.2 Z.3 24 2!5 Zro 2..<0 Z7 Z8 ~9 a1 .35 zo 
30" Z4 25 Z5 e~ 27 Z.8 29 .30 .31 32. 35 .36 08 Z.4 

NOTES: 
& 1/1s "'PD~C> G£\..J·"-IO'TE-31 H4 ~ ~· ~' ~ I. DIM. 11A11 IS BASED ON THE LARGER OF TWO LINES WITH A 300# lJN- ~E'MO'/E D . WORO "HOT" FR.. TITL~ . 

INSULATED FLANGE ADJACENT TO A BARE LINE. IT ALLOWS A CLEAR- & u.114 lt~VIStt> 1\~~~WN '1f ''· ~ ~. I~ !>P\.'"r ''"o -rA.Ga:l 6 i. 
ANCE OF I TO 2 INCHES BETWEEN FLANGE O.D. AND BARE LINE. ALSO & 1?/13 REV15ED 1in£ Nof54 ~n lS k°J ·.fl. '1 L ~~~ 

USE DIM. 11A11 FOR:- ,_, .. OOTI --· .. ..... -- -· .... a) SMALL LI NE FLANGED ADJACENT TO LARGE BARE L ltJE. 
..... '1'"" . ... 

ec.uNOM~ 1-··· 1-··-WPP ._, ( A,i" ' 

2. DIM. 11A11 WITH A VARIANCE:- , .... ~---
a) INSULATED LINE ADJACENT TO FLAl~GED LINE= DIM. 11A'' PLUS BECHTEL 

INSULATION THICKNESS ROUNDED OFF TO THE NEAREST . PLUS 
INCH. 

ENGINEERING STANDARD b) FLANGE RATING 400 # AND ABOVE= 0111. 11
/\

11 PLUS DIFFERENCE 
OF FLANGE 0. D. ABOVE 300# ROUNDEO OFF TO THE NEAREST PLUS REFINERY & CHEMICAL DIVIS·ION INCH. 

0111. "811 IS BASED ON A 300# UtJINSULATE!J FLANGE LINE HAVING 
Pl PE. 5PACI NG FOR BARE OR 

3. INCOULATED L\N~4;> 
A 2 TO 3 INCH CLEAR.AtJCE BET''EEN THE FLANGE O.D. M1'1 THE 

WITH OR WITHOUT ~LANGEo ADJACENT WALL VESSEL OR STEEL STRUCTURE. 
4. DIM. 11 811 WITH A VARIANCE:-

"' 
Joe No. DllAWINCI No. llEV. 

APPLV Sr\ i 1L i\U._[ t.i::_ PER NOTE 2-b) ABOVE. 
STD L-555 ~ 
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CLAMPED TO PI PE 

WELDED TO PIPE 
SEE NOTE SEE NOTE 

111 THRU 611 

CLAMPED TO PI PE 

SEE NOTE 

SEE NOTE 
811 THRU 2211 

WELDED TO PIPE 

SEE NOTE -1 

24'' AND LARGER 

1. - SHOE HEIGHTS FOR HOT INSULATED LINES. 

111 THRU 811 

1011 THRU 2211 

a} 411 -SHOE HEIGHTS REQUIRED FOR LINES WITH INSULATION THICKNESS 3-} INCHES 
ANO LESS. 

b) 611 -SHOE HEIGHTS REQUIRED FOR LINES WITH INSULATION THICKNESS 4 THRU St 
INCHES. 

2. - SHOE HEIGHTS SHOWN ARE TO BE USED FOR PIPING LAYOUT, ISOMETRIC AND ARRANGEMENT 
DRAWINGS. 

3. - FOR EXACT DETAILS, SEE PIPE SUPPORT DRAWINGS • 

.&_ 'JZ-74 OEt.;Tl:O 4" Dn.t. <$ADDEO NOT~- 1 

I ~q. ! OAT! I 
SCALI 

ORIGIN 

llR&C EtlG (SFi 
:J I PC I SUPPORT 

1 u.;~a 

I DESIGHED DRAWN 

BECHTEL E~GINEERING STANDARD 
PIPING DESIGN SHOE HEIGHTS 

FOR HOT ltlSULATED LINES 

Speciiication No. 14222-L-4 c:tev. 2 

C>UIO 

JOI""· STANDARD 
DRAWING Ne. REV. 
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t SHCl & SUPPORT 

L._!!: . .!. _, .. ~ 

-Efi=E--~;-=~~ . ?~ ... ~!&-
. i I 

"S2·A·A rHRU G" •STA~O .... ROI PIPES I" r>iRlJ 8'' 

f SHCl & SUPPORJ 

L_ _ _?._-__;__ .. !.:..-i 
! ; ' . 

. (;:+-~-* () 0-
~ • ,,,, :!>.i 

. ~~---L--dk 
''S2·8·A THRU C" lSTM,QAROI PIPES r' THRU 8" 

~ SHCl & SUPPORT 
9• T 51 • I 

i I I 

.1t'f'\ I 1. i'1 1 , '. {17. ! ,..... _,.--,'if-- .,. - . . . - .... .,. . . 
. V--,Sjl ; I . ~ ·: · 

. ,-L.~ ·~ ·-:i :;: ;'.j -;l-l-1-~--1 ~~ 
-='F¥." -+, -~r .. v 

"S2-A·H THRU P'' ISTA~DAROI PIPES 10'' TMRU 22" 

CLAMPED SH<l:S ·17' lONG fOR Tr!E"'·1Al ·'-'OV[.,itsTS l'P 10 3" 
STRESS iULIEl/ED & ~LLOY PIP£S 

~ SH~· & ~UPPO!H 

I 

"S7·A·~" tSTANOAADI PIPES I" THAU fl' 

~ SH<»: & SUPPORT 

"S7·A·B & C" tSTANOAADt PIP£S 8'' THAU Tl' 

W£lOEO SH<l:S 17' LONG fOR TH£RMAl MOVL .. 'lNTS UP TO 1' 

f SUPPORT & GUIDE 

&·++~~ 
"SG·l'" lSTANOAADI PIPES l" THAU f" 

£·SUPPORT 

"SG·IA" ISTANOAROI PIP(S fl' THAU 21' 

"SG·l.B" IST*'OAROJ PIPES)" THRU 24'' SUBJECT TO VIBRATION 

"52-B·H rHRU P'' •STANDARD• PIPES IU' THAU 'll' 

CLAM.PED SHClS • 18" LONG FOR rHEAMAl .\IQV£MENTS UP TO 6" 
STRESS R[LIEVHl do All.OT ?IP[5 

"S7·B·A" ISTANDAADI PIPES I" THAU fi' 

l SHCE & SUPPORT 

~:F.1~- ··~~r· -::i--
. -=i---'--- - . . ~· 

"S7·B·B & C" ISTANOAAOI PIPES 8" THAU 'll' 

WELDED SHClS 18'' lONG fOA THER.'t\Al MOVEMENTS UP TO 6" 

"SG·J' ISTANDARDI THERMAL MOVL"'LNTS UP TO J' 

"SC·JA" !SPEC IAU THERMAL MOV£MENTS OVER J' 

f SH([ & SUPPORT 

'---"'--'-.!.l'L....! 

' "S2·C·A THR!J G" tSTANDAROI iPl?(S I" THRU 8'' 

"S7-C·A" ISTANCAROI PIPES I" THRU ti' 

E SHCl & SUPPO~T 
1r I 12· . 

~J 
"57-C·B & C" 1ST1\NOAROI PIPES!'' THRU 22" 

WELDED ~HClS 2~' LONG FOR TliERMAI. MOVEMENTS UP TO rl' 

·-Ei~-PPoRr & c~10E • 

,,~~~~~r-
. ~ . .11·++~· 

"SC·2'' ISTANDARDI fOR SHOES Of ALL lfNCTHS. UP TO 8'' PIPt' 

"S2·0·A THAU G" tSTM~OAftOI PIPES I .. THAU 8'' 

~ SH()( & SUPPORI 

~--=--·--!L.-:-1 

,:: " •\ .r->.\ -dti- --;j;;--- - ·*'.- - ·-,~ 

.... ,, o CJ' CJ a o ~:i-M 
lb:==="===""~ .. 

"S2·D·H THAU P'' !~TANOARDI PIPES 10'. THAU 'l'l' 

CLAMPED SH<l:S· 36" lO"IG FOR THERMAL .\10VL\\£NTS UP TO lS" 
STRESS REllE'/£0 & ALLOY PIPES 

~ SH()( & SUPPORT 
a· ,a· 

Di D D D l D D o_[rrE} 
"S7·D·A" ISTANOAAD1 PIPES I" THAU fl' 

"GS-J' ISPECIALI GUIDE SHCES FOR PIPES r· THAU fl' 
WITH l" OR )~" llOT INS.ULATION 

' 

! 

··s·•" 1STAAOAROI PIPES I .. THAU 30" 

Ol~EC,flON OF ·;: SHCE 

PIP(.\\QVL'.:£.'iT \'. CLJPPORT 

~~ ~., -:""~'"· 
'1,~-i~· : =-· ,......, _::;~_-rr.,.;;-;,.-'"',~,--' 

I "S·4A" •SP£.:IAU THERM.Al MOVL\1£NTS EXCEEDING J' 

!I SHC!S fOR CCX..D INSULATID PIPES 

~· . . 
"S ·J' tSP~CIAU THERMAL MOVEMENTS UP TO J" 

"S~i-1" 1.5P£C IAI 1 SHC£S FOR LAA~£ UNES AAO HEAVY LOADS 

~: ~-r ·: -~--~-..... : .... 
+!+ ~~ 0 ;w~ n~ -~.~,·~ -·~~==} 

',i! 'Y Md- lfo /J • .~ i.,......!L_.; ·~T-.__j mJ 
t 91tdl -·~ Ir '. ·~.~~-

"SC·ZM" I STANDARD! INSl.lATEO PIPES 2'' THRU 'll' SUBJECT TO VIBRATION "GS·4'' tSPECIAU GUIDE SHOES FOR PIPES r· THRU tt' "Si-5" ISTANDAflll PIPE REINfORC INC PIPES 18'' THAU 31:1' 
WITH l" OR 34" HOT INSlA.ATION . 

t--------G_u_1o_E_S_FO_R_B_AR_E_P-'IP£-'-S~-----+------G'-U_ID-'E~S'-FOR'-'C-"C1"-0-'IN-'S-'Ul.A"--'T[-O-'p-IP£_s _____ +-------"GU"-IO"'E""S'-FOOll•-''"'"S"'Ul.A=T["'O-'P-"IP[=-S------+--------------------+---;-S-H(J(_S_FOR_LtRCEllNESAEOUIRINGREINfORCING 

I ~t:!'N; s:;:~T 1 

p - 6 ~ 
. D E~CLR.:E: 

SH()( & SUPPORT 

'!SA.-1" ISTANOAROI ANCHOR FOR BARE PIPES I" JliRU J' 

"SA·3·A" ISTANOARDI PIP(S l" 1liRU fl' 

· ''SA·lA" iSTANDAROI ANCllOR fOA OARE PIPES I' & ti' 

"SA+t&C" tSTANOARDJ PIP£Sr'THAU'll'' 

14222-L-4. 8 7 6 

"SA""' ISPECIAU 

f SUPPORT 

'"' _,_1._,o,_·_......,rf , .. a· . I 

q q--~·-·-f ]5·~ 
i 11~·,.y,. ~ 

e=. -:._·.:a 
SUPPORT 

"SA-5'' rsP£CJAU FOR BAR[ PIP£S WHICH CAN NOT 8£ FIELD WEI.OED. 

f SUPPORT 
\ 

"SHI' JSPECIALI ANCHOR OCCURRING ON DUY.MY l!GS 

4 3 

M~·~··· 
'' ~· ·! "''"' u;. : ii·' - _,__l_ ' · ~i;,Po..T°"aiA..,-:-

·1·"SA·7' 1sPtc IAU FOR INSIA.AT£D PIPES l" THRU (/' 
I' 

'! rT'~.:!!!'~(=-1 

~;6- '.'"~t~ 8 
, ;!, ~c~·ulE~~ tiJ 
' ! ~~iti.~it-~- .. . . 

• wSA·7A" ISPl~IAll ~O.A ~NSl.t.ATEO PIP(S 8'' ritRU 21 ... 

• MqHOO Of COMi~RTINC EXIS11NG PIPE SHOE TO AN ANCHOR. 

Rd!v. 2 2 

I 
.I 

I 

SIZE E 

1. S7·.\·A S. S7·C·A. 

Z. 57·A·B AND C 

J. S7·B·A 

b. S7·C·B A~O C 

1. 51·0·A 

4. S7·S·B ANO C. l. 'S1·D·9 A.':O C. 

1•1 SEE iABULATION ~ PIPE SUPPORT Si~:;QA~O 
STA:;OARO SHC{S fl)~ nor IMt!lAf!D u:.cs 1·. ,',\Al·'• 
PIPE'ltA'tS SHALL MAVE A ,\\IN!MlJ,',\ l[:;GJM Cf 13'. 1:.C11[~ 

PIPl~G ----f 
SUPPORT B[..W--- >·t--· 

SG·IA ISYMBCl fOR GUIDE 1-. ! 

.. STASOARO HOAIZONT.4l LIN£ GUIDES .. 

~WcM%ffldR1lm~iat:ip~t~~~~~G 
ORA.WINGS. 

riOR IZOfiTAL llNfS ., 
R 

10[ ~;UMBER 1APPEAR5 0~ 
HA.\0 CORr;ER Of PIPE 

.NOAROI 

I. FOR BARE LINES 1!110 SH<l:l. 

t•J 2. HOT IMULATID LINE SH(( REQUIRED. 

). ca.o INSULATIO LINE SH<X REQUIRED. 

PIPING--...! 

LOCATION NUMBER 

·- ' 
2~1·,_ 

; 
SA+B tSYMBCl FOR ANCHORI--' 

"STANDARD ANCHORS'• 

SA+B ,.flll COO£ AS IT APPEARS~ PIPING 
~- ~~~11RJf. OR ORTHOGRAPHIC·?IPl~G 

~STANDARD A:'iCHOR · 

./ /,- s~~~~s1~~\~~~GE IVARIABLEI 
SA·)-r( ~~~~f~tTION ON PIPE SUPPORT 

~
.C NCHOR NUMBER 

A. ON tOV.ER RIGHT HANO 
C PIPE SUPPORT 
5 .ARE: 

~~:\·-ASA-IA & ~~r·~~st~M,1 ~~~~c.~9~RU 6"1 
SA+B AND C HOT INSUlATID llM'.S t8" THAU 'l'l'I 

UMBER IAPP(ARS ON 
ANO CORNER Of PIP( 

IL SHEW 

TRANSPAR£NCIES. OF TH[ SP£C.1Al SUPPORTS 
SHOWN BY FORM .\iLJ.',1BER ARE AVAILABLE IN THE 
flLES. THESE REO!,;IRE THE ADDITION OF OE SIGN 
ANO SOME FABRICATION INFORMATION. 

USE THIS ORAV.l~G AS A SUPPORT SELECTION GUIDl 
ONLY. fOR DESIG;, DETAILS ANO LIMITATIONS SEE 
SUPPORT DETAIL DRAWING ISSUED fOR THE JOB OR TH( 
PIPE SUPPORT STANDARDS. 

·BECHTEL 
SAN. FAANCISCc;J 

INGINEERING STANDARD 
REFINERY AND CHEMICAL DIVISION 

SUPPORT GUIDE 
SiiOU-CUIDES-ANCHORS 
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Specification No. 14222-L-4 

P\.OT PLAN \.OCAT 

E1PIW4'Y 1..0 
tPUNP &OW 

TM1S_li._ 

PlnN~ ~P'OO 

. I •• " I ·1 

I 

~ 
------- 'M'HUI Ll'll.\. S'IHl'fO' UHD 

I _.' ·' ], ).. r---r-r-1 , .. P\.ACI C# ~ .. \. Cotimu:ll. 
~ ~ 1.0CA.TI .u&IMll.Y ON AJlllT 

Ml:I..= . 

PLAN 

NIPlf.ID 

CMl.C.IC. re.-. PlATR:lllM 

•• 

A-A 

.. 
i ' 

.. 

PLOT P'-AN \.OCA.TIO.. 
TMI• IND 

.J)IPEWAY l!NI) 
TPUM~ 

P2f;UutEp IO &• =~:! 
Y':>\ftl f FROM NMP .J: 
AND/og CQMI8.0L. 
'~VI MM!llS'OL.O 

~-"-£1......,f;U<T, 

ALTEIZ.MA.Tf \..G. MOllLe-

~la.~ ~~=0DIM. ·~ UCl£DS l 

~ ¥, 

I Glll\DE 

ELEVATION 

DETAIL-I 
Vll!tSlLI f'l'·O" • 11'·11' LOHQ 

,. I " I •• I .. I .. I • • 

\ 
\ 

I 

• " 

TYPIC-'L L.OC.A.TION OP 
CDWTAOI.. '111'4VC. MANllJOl.Q 

~ UQVIUO&" PROC.RH 

.. 

ELEVATION 

.. L 

. DETAIL-2~--ui 

.. 

ye,SE.L5 re'-o•. LONCiolR WITH 0001 ON y1.1Stl ~-

~. _ ... 

... I n I .. I .. I .. 

ill .. • • 

i 

ii ... I II u 

f Rev. :2 

.. .. • •• • 
GENERAL NOTES 

I. TNI lifTINT OJ fMll OIAWU!la 1• TO 'IO'llDI • l!rm!I FOi ~l.U 
LATOUt Of !Ml MOii COMMON TYfllH O' MOtllONTAL Dl\MI 
AND ll\.A.UD ,,,.N •• "'-L DIMlttMOtil• •NO Alll-'NGIMl.Nfi 
All IUt.la.c..f TO IU,YILW IOI 5HCIFtC. ~· U4UlllM1Nft. 
MOOIJICAtlOMI itW.I.. I&...._ TO IUIT. 

'1. MINIMUM VE~IL ILlVATION TO .. DlTlllMINlD •T tMI. li*IT 
INlalNlll. . 

). ,LATllOIM• AU NOT ltiClUllllD K)I MAHW.t.'rS 'fifW1N MMlwAY 
CINflllLIN• tLlVATION "20M Qo&.t.Ol t&1 

:~Jiit = ~:g:f :::~.Jik~~'· 
4. PLAl'N)lM 1$ NOT lllO.UlllO FOi LI.Vil. C:.ONTllOL.9 WHUi .. 

CINTIQ.UNI °' Vl\Ht. •• 10,.f. OI. UH ••ova GUN. 
l'ROVIOI l.ADOH AU.I.ff ONL'I' • 

&. LOCATl •OOT AT WU.Ot WttlN &OTTOM Oii YKtlL ~ 10'·0" 
OR. LIU UOVl liltAOl N41t NOT llHTIUCT6D IY 'UMP QIC.TI 
HIQH WATLll. INT"""" IN MAIN VHHL Oil OfMH PllOCltl 

.. 

• 

c 

2lQU1RlMlNH. . I D 

'· DIME:N'&ION ••M.D ON 1a· OIAMt:TH •ooT. 

T. 1NVE:5TIGA.TI ON IACH .10•, THI POHlllLITY O~ LDC.Aft NII 
T"! VIHIL !tf1Afill4 OIJf .NOULl ON THI. ~UM9t ~UC.TIO~ 
UNI 0 THI PUMP, THHl·•Y IUMIN.\TINCi A NOllLl ON TMI 
VHHt. 4ND um.111111~ ~000 4CClH1•u.1rY TO tTIAM 
COHNIC.TION l=&.oM GAA.Dl. 

6. S&E CllOH SICTION • TYP'ICAL. l'ROte.H UNIT ITl>. A·H1. 
,Oil ADDITIONAL NOT!&. 

C). use "' 9TllONl1 6A.Cti:. SHAU H'OLTUMINl.D FROM 
INOIVIOUAL JOI lltQUllHMlNH. 

10 •. TOP ilDE A.HO i.OTTOM LlV'-L CONTROi.Liil 15 SHOWN 
,roA. PURP051H ct= ILLUSTRATION OML'I'. PCllFlillRID 
NOULl A.IUlAt.NGIMlNT TO &E OlTHMINU> aY 1 ... DWID 
JO& UCl.UIHME:NTI. 

ti. NOTH •NO R.liFIRlNCUt SHOWN ON DETA.IL.'S I AND 'Z. 
All TMI S.t.MI. UNl.159' OTHUW151 NOTID. 

11 •. L.iVll G•GE:S, SHOULD IH L.OC:ATl.O AS FOLLOW$ 1 

QJ 1.6VEL. GAGE; SHOULO 8i HAOABl.l av OPH.tJO 

e~~~~G M~~~~to~PH.ATION OF CZ&l.ATE:O CONTROL I c; 

b) LEVE.L. 0AGE Sl-IOULD &E CIErADAliLE. SY °'HA.TOI 
WMlN PE!ilOOICAL. .A.OJU'5TMl!NTS OF l.iVlL 
TllAN5MITTEll (Oil C'ONTROLl..Elll AU NfCESSAll' 

REFERENCE DRAWINGS. 
•TVP\C.A.4. PRIXtM I.Net A-!!IU. 

NOl.'U.a& 4MO MA.MWAY& l=Olt Pte .. !iUU ve•~S.\.& C.·!12.'5 

~· ~FOllMORl"l.'leM!1.\&~c.· c.-~'Z.'T 
!'Ct. 9\te 6L.OCATIOM UMITAl'°"'lit !ICC tU.!t'!a. Ye!tUL5 C• 'S~ · 
~NGL&L&Ya\.~e-ca&M.MSN~R!CTVeMeL J-1.:-1001 
L!Nlrt..~•-ei. .... ~IU·C*~~ ..>-L.•llOt 
~V•t.. CirAtit&·~~ecV1c.e--oN'!.TCONt.a.a.c..K J-L.•110& 
L.E.~~THOlt~lOl'tBOT't!llDI~ .J•l.-t..60~ 

~I. TCo\NlllllrtTM OCCDn"l.OU.&11-'TOf"""Df&IOIT. J·L·'410 
CONTR.OL. VAL.\lf!- MAHIF"~ L·5~6 

lt.,.\I I I I I I I I I 

BECHTEL 
SAN FRANCISCO 

EHllEEllH STilDlll 
IEFIHIY I CIHICll llVISIH 

TYPICAL. ORIENTATiON.S- FOR 
HORIZONTAL VESSELS 

I -- I --"';STANDA 
·-·• - l---··~·-··F~~--1---.,--+--"u 
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.TED STEM 
El.E:"' 

5'-o' 
5•.5•. 
5-1,; 
5·sr 
fO'-Cf 
I0'-3' 
r,,·-~ 

C!J.r ,..:-;.. .... 
t:·Cf 4!!" 

'l'·Cf 45" 
i·-ct 45• 
1'·9". so· 
I'•<.' (o(;). 

1'·0 i..s· 
l'•Cf' 75• 

&.fr -+---'*"">--
; :~~ 

FIRST CH01cQ--

SECOND CHOICE:J--

-
THI RO CHOICE ,___ 

THI~ RlllNIO! "'"EPTABLE: 
' FOil M,\IMTE:NANCC """1.ve!I 

CNLV. M.O.VMUfltOFOR 
Ol"E:IUl.TIMCo VAL'll!'i>, IF O'nll!ll 
l.OU>TIOM'i> ~ IM~ICAL 

IJ<J-

~ - I 
q,• -

~-I 

DETAIL-I 
~PE RATIONAL GU IDE FOR 

VERT IAL AND TILTED VALVE STEMS 

(!>f:!:r-IO'Tl':·S~ -

THI!'> RAN<OE:: ACC~TAl!ll-1': FOil 
Ill . SM,\LL \/.11.L~, USUAU.'{ l\'I!'' 
11 • SM ... l.LK.Tll ... TCANBE~O 

1-T C1 
FROM f:>RADr: Olt"A LOW L£lf.£C 

• -..-- l'LA.Tf'ORM W/OME OR BOTl4 
~MOS. 1 · 

-
WHE:N BOTTOM OF HA.MC>- ' I 
'NH~\. I"' tJ•f.1 M ... lt. ABOVE:: 
Pl..ATFORM OR ~TUAI. \ ~b:'\_,.l 
e:.RAoe.,vAwl':1"' CON· \ ..... ~er 1 SECOND CHOICE 
SIOE:&E:O HANO OPEitA.Sl.E .....1...-f--'l"""'---''F---+-- ~·/J - . 
AMO MOCH"°'N IS It~~ ~' , 

. - r---t ~ --==. ~ 

-
I

' ~- ; 
-ro· ----lTHIRD CHOICE 

USC ONLV WH£:M V ... LVE: i STcM 
' -s• AAE:C".UAROE::O'SVEQUIPMF:WT 

I ' OR STRUCTURE:-, SOAS NOTTO 
BE A rl,\ZAltO TO Pelt'!IONNl:L. .__ 

- cr----l SECOND CHOICE 
-r,f 

·~ 
r---.__ ~.,- 3' 

--< ,_.. icO" 

,v-'t-'1 
-r,; 

PETAIL-2 
OPERATIONAL GUIDE FOR 

HORIZONTAL VAL VE STEMS 

;:. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,, I 
I 
I 
I 
I 
I 
I 
I 

lJ == 
nfTN vn 

MIN. W,\LK.W ... V INIOTH• 't·r,,' 

':9 
9-ToP RAIL 

~ 
I 
I 
I 
I 
I 

~~\.. , I 
I 

~ 
I 
I 
I 

"b I 
-· I "' I 

I 
I 

II 
I 
I 

= IL 

i 
·1 

I 
i 

I 
I 

1i 
•I 
I: 
11 

! ', 

tJ 

·i 
I 

'I 
:I 
; 

" I 
' 
i 

I 
11 
I 1 
111 I 
I 1 EXTENSION STEMS 
I ,I <;E-E NOT!:·(; 
I! I: . 
11 

r lL 
1

1ll 
!I I 

TOP OF WM.l\WIW 
OIZ. F'L,\T~02"'1 

: OIM. "'-!'>cc NOT&· 9 ' . 

\ 

')l/ TO E:S.TA6ll5H T\!15 

...--------+------<'11 i N V1 rro ( 

GENERAL NOTES 

L ALI. '\J.11.LllH ~lt1116 ,tft"r!NTION CURINC. PL ... HT OPlllA.TION 
~-'LL 81': OPi-RABl..e !'&OM ~. Pl..ATFORMS OC 
W,\1.K.W,.VS.. 

L \IAL.VIH IN CAUSTIC 'M:IO 5lalll/1Ca• '>MAI.I. ~ UXAT1!0 
SE:-1.0W E:-'f&l.f:Vlh. OltlN ~H1' llAAMMl:lt,U "iOT TO 
Plt~T A HAZMO. 

~. VAl.VcS MAY U l!OTA. TE.D TO ... HOR1%0NT ... L l'OSITION WITH NC 
GIZ.E.A.T CIE.CIZ&AS&; IN MAINTl!.NANC:lr. C:ONllENIEHCI., &UT. 
SMOULD MOT l!oE INSTALLED WITH THE STT.M CIOWNWAllD, 
SINCi Till eiONNET .-.c;Ts """"A. TIZ ... 1" FOIZ A&li ... 'il\/l SlDIMlflT 
AND l'l' ... TElt WMICH MAY Fnli.Ii UND!l ADVUSl Cl.IM ... TIC. 
CONCllTION'i. 

4. US! A.CTU ... I. GIZ,\Cll IN EST ... &LISHINti HEIGHTS OF VA.I.VIS, N01 
HIGH POINT·OF FINISHiCI tilZADI Oil NOMliliA.1. QAACll. 

~WHEN &OTTOM OF VALVI MA.NDWHl!.&L 11.l\/A.TION IS 
. GIZ.EAfllt TMA.N li>'·li>" AaOV! CilZADl OR PL ... TFOR.M, CIWll 

OPEIZ. .... TION "'4.A.Y &E: useo. CHAIN MUST NOT ...... NG. IN 
THE WA.1."W""Y OIZ AC:Ci'i>i AIZEA AND SMALi. T!IZMIN.A.Tli 
.A.PPltOIC. 3'·0' A&Ol/1. GIZ.ADI Oct PL ... TFOll. .... CMAlili 
OPEi .... TION SM,.LL NOT&' USiD 0111 VALV&S I~' t 'SMAUEIZ.. 

ii. Pll.OVICE E.XTENSIOM STE"'1S A.T W"LICWA.Yi AND PLATR>llM5 
AS IZEQUIUD &Y JO& llj'SfiUCTIONS. &llTlMSION STE.Mi 
PEii. aECHTEL FOIZM N 11 107. 

7. V"l.VE SIN AOJA.CEllT 1.IMU, MUST r.E STA.GGe.l!ED OM 
EA.CM SIDI OF WA.LlcWAV. 

8. WALKW<IY. CLEAAANCE OVER LINES SHOULD 8£ KEPT TO A 
MINIMUM .. ONE SHOULC ANTICIPATE THE MAXIMUM LIN~ 

SIZE , THEN USING MINIMUM CLEARANCE FROM THIS 
POINT, ESTABLISH THE WAU<WAY ElEVA TION. 

a SAFETY eEGlUIRE5 THAT VALVES PLACED IN A HIGH 
POSITION (IOFT. OR MORE); SE PLACED OVER A 
Pl.ATFORM 1 RATHER THAN ADJACENT TO THEM. 

·~--+--------~----+---"'Jl'V ·N I )i:o.~-. 
~ , I l'- /\ 

.........-=-] . -- -*- =6==~:==========~=::=::=:-:-
U!{ill ~ J' l 

r g w 
<;£:E NOTe:-; 

-

DETAIL-3 
VAL VE REQUIREMENTS 

AT WALKWAYS 

h\ 12/14 ~?f!fi!fi/ft'J!..S§J~..:::.. ~>f· 'ti~.~ 
& V14 REVISED rmc BLOCK FORMAr '-,;{-!!I~ 'lff. 

BECHTEL 
SAN FRANCISCO 

ENGINEERING STANDARD 
REFINERY & CHEMICAL DIVISION 

VALVE INSTALLATIONS 

:1 • STA~~ARC L-5-52 ~ 
1-'--------------""-----------------+----------~-------~-------~-----'--""-----~~~-----------------~-"t-""----·~~~'-....;;;.. .... -.~~~~--.;;~~--....;;;;...;;......ii... ... I 
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5ECTION B-B 
.Scale 3''•!'-0" 

i£CTJON C-C ; 
.Scale .3"-1~0·· • 

\ 

Specification No. 14222-L-4 

, .. 
_a Cooll'ng Wa terlnlef-

O.D 01' 8" Pipe 
Plus Spring 0-f' 

Co//. 

10" : : 
.. =J .. , 

PLAN 

I 
I 
I 
I 

I 
f 
i 
I 
I 
I 
I 
I 

.Sea le l·f'= l'-O" 

j# PIPE (SEE NOTE 2) 

---
t 

----.~~ 
.; 

...... - ~ l.. 
I 

""-=== ~ 0 

~ --- 0: l 
"'-ii:..~= . ::> ----. C\J Cl) 

I -----= ~ '-.! --- 0 "-. 
' () ......... .-::..= (..; ----

~ ~ I 
-...:::-..;::'..:: 
,-··-r- --·t=.J_ 

--~· 

~. 0) 

··::::. c._ 

5£CTION A-A 
.Sc o I e !f=/!OH 

~ 

Q) ...... 

' 
J 

d:ONSTRUCTION NOTES .: 
~ 

f. HYOR~TEST COIL TO /NJJ!V!Ot/A/. PIPING 
CLAS51;FICA7/0N llYt>ROSTATIC PRE55URE, 
Hole~ MAY BE L)R/Li.fi'/) IN BASE PLATES 
IN r!El/J Ir ~E~l//;f'EI). . 

I 
2- PIPE' COIL ANO MAiE~IAI- TtJ .BE Sf)Ec1nED 

ON t/OB M/r<'S. · 

11 RE~EF<ENCE" [)RAW/N6 . 
PIP/NG OETAILS rtJR SAMPJ.£ SYSTEMS t.·.515 

I 

I ••• •ATI I ..,_, 
-·· R. E. 1=', = I> IA.I c 

BECHTEL 

·j ENGINEERING STANDARD 
R E1F I N E R Y I CHE M IC AL DIV I S I 0 N 

I 

I 
STtNDARD SAMPLE COOLER 

3 Ill sTo. 
--- ""· 
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r----·-------------'--------~=a.-~---····=-·-·---~~~--·=,=·--~----~--------~---.-.....-.-~·_,__..,...... __ -~-------------~~ 
DRIP L~G DETAILS 

!..INE S1ZE 

TO TR"P TO TRAP 

DR.IP LEG 
PIPE DH\."B" 

. I 

~! 
- I - I 

~i 
-1 . ::J Qi 

. ~. __ _J_ 

DE TA IL -1 · ~TEAM HEA=>e~ (SEE wore· 1) 
-*' l=OR TR~P ANO DR~tN 

CO~N. Sl'Z.E SEE JOB SPEC. 
' ~STEAM 51.lPf'l"f 

DETAIL- 2 
SIZ~ OF · l)IM. l'IA. 

H6Al)£~CMA1~ "A" ·~!I" 

3'' IZj M~f.~IZE 

4f.:' 13'' /4J)R. SIZ~ 

r;," 14' .f' 
8'' IS" ~· 

10 11 16
11 G' 

12." 17" B'' 

AT c.V. M~NIFOLD ~ STEl\M 
INl.ET TO TlJ~i!NE 

SIZE' OF 1'rM. DIA. 
H~~~~(MAI~ ''A'' •• A'' 

1+'' ,, .. 8" 
tG' '"'' 8'' . 1811 2.0" 10" 

2011 2411 10"· 

. 24" 2.4'' 12" 
-

!OFT.MIN.· IF 
~E$$ THAN 10 FT. 
'P"OV•Dc A1'.t>1-r1~
A1. FLex1J;ii.1T'( 

0 
t 

0 

.. 

' ~ 

TO STE~M TRAP.__...., 
L.tNE MAY~= LJ-aoLTeD 
TO SUPPO~& 4'S ~e~D. 
JN ve~TtCI\~ ~"'~ 

P\~E ~UPPO~T 

B=AM 

LOCATe "40~1ZO~TAL 

I 5i.JPPO~T5 A$ ~EQ'.I) 
~e€ SE'CT. A-~. DO NOT' 
use u-&OL..TS OR OT,..el( 
'<EST~A I ~T~ ON 

A' -' 

MORI ZONT'AI. ~LJ~t. LINE 
MUST l!IE FRi;E' TO MOVE. 

ONL..Y. PLAN 

J(UN OTHE( LIN€S 
4&0VE o" aeLOW 
l)RAIN LINE" TO $TM. 
Te AP TO AVOtl> ---
INTE~ FE'Rl: NC~ 
owe TO exPAN~tON. 

.. 
D • 

.;. ' - . " ... ' . . . . 
• I • t 

Pl PE: 5UPPOfCT 
BEAM 

'. . . . . 
U..--..oft---Y • • • 0 • • 0 

C.o:~.D·c·~~AT'J 1.1Ne FROM ~IP 
LEG TO T~A?. CUT AWAY 

MAINTAIN 811 MIN. 
Cl.EA~ANCE f'~OM 
OLJTSfl)E OF INS>"ULATION 
TO NEAiE£tT 
OB5T4ZUCTION . I N~Ul.ATIO~ AT' f'IPE SOPPOi.T. 

SECT.lON A-A 

NOT~5 
1:_ ST£A~ HORS. Z' ANO ~MALLER 

DO NOT R£G(lJ1~E. DSUP l..EG$ AND 
AND S~AU .. DRA'N .OtRi:CTL'( TO 

TR.AP. 

... 2. OFF PL o T - FOR M-<D\/EMENIS 

E1<CEE.D rN ~ '1'', 0€' TAll..S W tC..L. 8E 
ADDEO TO 1'$-£ PIPING C>RAWtN6. 

BECHTEL 
SAN FR.ANCISCO 

IEFINERY & CHEMICAL DIVISION 
ENGINEERING STANDARD 

' DRIP LEG DETAILS FOR STEAM LINES 
AND FIELD INSTALLATION GUIDE. 

- Joa No. DltAWING w.: RIV. 

STD. L-519 · .s 
' _____ ,.,, ... ~ .. ····-~···-·· .. ---. ...... , . .,., .. ,.,..,_._, _____ ,,,.,,,, .. ,,.,_, __ ,, __ ,, ..... -.,-·, .•... "-1'-.....-.i __ ....,. ____ ..._ ______ i-._. ,., .• ,.,,.,,,, .. ·· .. c-·,.,_._, ••·--•-•'-•-•••-'"''".,'••-·----·'-'""-""I'"•-•••••••'"•'"" .,,., .•.. ,,..-...• ,,~,-•••••-·••••••'-·"4•»~---'----
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'rf'PI CAL lt"TaAM Tl'AClllG ~~T•M 

'll'TLW 
,,.,.._, Wrnt A NL T 
......... 114NQ 
lftl.OwOIWN '1111.148 
---eD.) 

8 

Olli! PLOT ..... 

~- .. 
~A.Tiii.GS. 

AND VALY!tTOAJJJ:lfl 
r:O& UMOYAL. 

\JWI~ TO De llSTN.LID 
at.rTtlM Udll.A.TION 1M> 
L.Bf~TB(). 

~ 

w-....ca TO• ~w•o 
~ a.o•• .. , • •c1J••o A.llA•Nl!IT "'"'v• 
r.ooy ANO "ON'6•T, 
PAOVIDINClt CL.aA.tltAMC• 
..ca. ~I). IQ.' llttiOIA\,.. 

DE.TA!b 3 
TRAC•Q 'tAti..vt 

VY TU8nr10 llrl L.tlU ~ PIN flO .. 
LllilR AOUTIM> OITWHN TRliPI .WO 
HffiOeA!i. WMeAlt 'NelMO; CAM 
"""Ml AO•-T9l~ PIUITO<TeQ 
.. _ATllO,UffOINl-. 

OE.TAIL 7 
'TT,IS4\ 'TliAC•& 

'TWlltMDOTNAMIC1Ml\A... 
AND TMl''"°"T~ TY,. 
TIAP'I ~D M ~
Let> IN TMe vet:rncM.. 
_... !!UOJfrCT 1'0 
MH'Z.1..0.ceo NOT u.e _.., '",.. _,. , .. 
l'llltftlNO ~Mo\TI!:) 

. I 

O~Ti\!L 12 
AMC.MOR \.O<.AT10N.'tt 

r-oi TMAC•iitlS 

7 

Specification No. 14222-L-4 

\ 
Ol!:'Tl>ll .. 4 

DETAii.. 8 
T11Ariea" 41lA..,..CHtt.\....n" ,aOI, PuM"'I 

IP No~ L"• M.11' ll'T'O YAMC14t'& ._ NOTa t. S 

OE.TAIL 13 

TAACe"· W'ITM POCK•T• 

~·· NO'T• !.4-

6 5 

OE.TAIL~ 

l'f111C4L. •&CTIOM 

a1wca1.• "f••c•• 

DETAIL 9 

CQOIO. -··ooi. 
WtiO .. ltlOf'a....n 
MAY M IN •tTW•R 
011 .. •GTIOM., 

~~~~---=-·;~: . 

"'"'°"' ., -.q'D. 
u~• li·"°1.f~""" -~ 
ll!:•ftlAt"~. IM TM1• Al&A. 

Li•a .... ,l\a,~H To DSJAIL 14 
MOV'•. COL.D CLIMATa TIUCINQIJ 

l'!..•)l§IL.1,.'f ll.•Qu1-.aM•NT 

WC)'T8: ,.o& W10L.ATaT111"PoMJ':YiliJlt'V- ,_,....~ 
4 

DEH!b 2 
'TT•1µL ~M ,.,ACIMO •Y•TAM 

Oii •L.OT A•M 

OOIJ~ ii.ANO M.CM 1'MC&A: 

•~·~•i.Y 1'o TM• wa•o•• 
'TIGoMT th&OUOM TO •••'l&WT 
~Ma.1 MTW ... NaAOa• 

.. o''"""•"'·" 

SIZI I 

:t=:•==~L 
I ~e..020. ,.., .. ,.,. ,,._.,, 

"'"'- ,,..,,, • -.. NOTUl90 I (T'l'P.) 

.. ,, 
PE:Ti.IL 6 

AMCHOA. ... ~ 'TWO ~A.CAR ~,.,,. .... , eu.tn..A• 9'CM .. ,-.& TMc.•• e,.., .... 
,l'fCWOl'r. ~ trl•UO,OIMT C*- MCAIZdNf .. L. 1'~M IU.. ~ Tie ..-1IOUTAI. 
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.SE£NOT£·.3 

DETAIL A 

Yz"' x 3"NIPPLE TYP. 

~ff~ VALVE TYP, 

L!QU/DORST£AM FLOW 

'k 1. .J "NIPPL.E TYi? 

SCENOTE3 

S£FNOT£ 3/4-, 

DETAIL B 
6AS FLOW 

~ 

D£TA/L C 
ORIFICE IN VERTICAL LINE 

Specification No. 14222-L;.4 

MINIMUM CLEARANCES FOR 
ORIFICE /NSTALLA TION 

3 ~o" 

SE·CT, A-A 
L£AV£ SHADcD AREAS CLE'AR f"Olf> MOUNT/NO 

or $£AL POT~ INSTRUM£.NT ETC, 

0£N£'RALLY $£AL POTS Ali'E ./NSiA!..L£.D WHEN 
TH~ INSTRUM£/'IT IS MOVNTE[) 8£LOW THE 
L.INE . .SEAL Pors ARE NOT USUALLY' IN.STALL£[) 
WHEN rH£ INST!i'UMCNT IS MOUNTED ON THE LINE. 

45°0R/F/Cc TAPS MAY BE USED IN L leU tJF 90° 
TAPS (sro. OWG. L-550) OAJLY WHEJJ SPECIFIED 
BY JOB SPECIF/CllTIOl.JS. 

NOTES 
I. VALVES AND NIPPLES ARE ro 

CONFO~M TO THE JOt; PIP/Na 
SP£Clf!CATION FOR RATING AND 
MATERIAL. 

Z. ORIFICE 6/IP: (A)UPTO 12·'/NC.H LINE 
SIZ~ 1/8-INCH PLUS 
TWO 6A.SKErS. 

(8)/2·/NCttAND 
l..ARG£1r LIN£ .SJZ£1 
!/+-INCH PLIJS 7WO 
GASKE!S. 

3. OR/f/CEFLAN(}£S WITll 9001.8 OR 
HIGHER RATINO AR£ PJf'OV/tJ£D WITH 
3/4- -INCH ORIFICE TAP.5~ US£ 3/A-11 

NIPPLES ANO 81.L)(K VALV£.S, 

4. W/.1£N ORIFICE FL.ANGE'S AR£ /#STALLED 
IN VERTICAL LINES, THE FLOW SHALL 

BE UPWAR.D:HOWEVEK)THIS TYPE CF 
INSTAl.1..ATION .SHOVLD 13£' AVOIDED. 

REF ENCE' DRAWIU 
PRIMARY coAiAJECTIOJIS ~~ 

ORlt:ICE t!LIWGES WITH 90 1 TA~. 

lie. DATE KVtllOH 

ICA&.l NONE DlllQNID 

BECHTEL 

. .EN.GINEERING STANDARD 
REFINERY & CHEMICAL DIVISION 
PRIMARY CONNECTIONS FOR . 
ORIFICE FLANGES WITH 45c;-,APS 

llJ s~to L ~504 Q 
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SEE NOTE 3 

SEE NOTE 3 

DETAIL A 
LIQUID OR STEAM FLOW 

rl"MIN. CLEARANCE. 

~
11

VALVE-- ~ .. ~Yz11PIPE. 

DETAIL B 
~AS FLOW 

SEE NOTE 3t4 

ORIFIC RTll.AL L.\NF 
Specification No. 14222-L-4 

MINIMUM CLEARANCES FOR 
OKIFI CE INSTALLATIONS NOTES 

F;;;;===~= ·====+==+==-------==-=--=-===========t=============--=--4 

O.D. OF FL~N~E 

~ 
oc g 
0 l.J_ 

o~ 
- <( 
:::::> w 
0 I
::; (f) 

3'-oH 
I II 

3-0 

PLAN 

SECT.A-A 

LEAVE SHADED AREAS CLEAR FOR MOUNTING OF 
SEAL POTS> INSTRUMENT ETC. 

SEAL POTS ARE SOMETIMES INSTALLED WHEN THE 
INSTRUMENT IS MOUNTED BELOW THE LINE. SEAL POTS 
ARE NOT USUALLY INSTALLED WHEN THE INSTRUMENT 
15 MOUNTEC ON THE LINE. 

I. VALVES AND NIP~LES ARE TC CG~.l FCRM re 
THE JOB PIPING SPECIFICATION FOR 
RATING AND MATERIAL. 

2. ORIFICE CJAP;(al UP TO 12.-INCH LINE SIZE 
l/B·INCH PLUS TWO GASKETS. 

Cb) 12-INCH AND LARGEK LI NE 
SIZE.,}14-INCH PLUS TWO 
GASKETS. 

3. ORIFICE FLANGES WITH 900 LB OR HIGH ER 
RATING ARE PROVI DtD W!TH 3/4-INCH 
ORIFICE TAP5. USE ~4''NIPPLES AND BLOCK 
VALVES. 

4. WHEN ORIFICE FLANGES ARE INSTALLED IN 
VERTICAL UNES,THE FLOW SHALL BE 
UPWARD) HOWEVE Rl TH 15 TYPE 0 F 
INSTALLATION SHOULD BE AVOIDED 
WHEREVER POSSIBLE.. 

REFEREtJC~ ORAWlNG 

Ne. DATI ltlVlllONI A,,11 
SCALI DHIGNlD DllAWN 

BECHTEL 

ENGINEERING STANDARD 
REFINERY & CHEMICAL DIVISION 
PRIMARY CONNECTIONS FOR 

ORIFICE FLANGES WITH go•rAPS 
--

"' 
DllAWING Ne. Joa II•. 

L-550 STD 

ltlV. 
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I. GENERAL 

1. 1 Aool ication 

This specifieation applies to above grade process and utility p1p1ng 
lines, and those lines extending below grade in the same service 
using the same materials. Requirements herein shall govern shop 
and field fabrication unless where obviously not applicable. Additional 
requirements, such as treating and wrapping. may apply to buried piping. 

1.2 Intent 

Z. CODES 

Process and utility piping will be fabricated in strict accordance with 
codes, drawings, purchase order, and ot~er requirements specified herein. 
l.lhere conflicts exists bet:Ween the aforementioned documents, this speci
fication shall govern eJCCept where code requirements legally apply. No 
requirements herein shall have the effect of waiving the applicable code 
unless more stringent than the code. 

2.1 Local Codes or Requlatfons 

Where local regulations, ordinances, statutes ·o,. codes take precedence 
over ASME ol" ANSI codes, such regulations, ordinances. statutes or codes . 
shall govern. 

2.2 Refinery Piping Code 

Except whel"e ~pacified othel"Wfse, the fabrication of p1p1ng shall be 
in accordance with the Code for Petroleum Refinery Piping, ANSI B31.3, 
latest edition. 

2.3 E!oilel" Code Piping 

Piping extel"nal to powel" boilers and steam genel"ating equipment that 
falls under jurisdiction of Section 1, Powel" Boilers, of the ASME Boiler 
and Pressure Vessel Code, shat 1 be fabricated ln accordance with the 
Code for Powel" Piping, ANSI B31.I, latest edition. The extent of such 
piping shall be indicated on the drawings as Boiler Code Piping. 

Z.4 ~ther Reauirements 

Other codes, such as refrigeration or plumbing, may govern some parts 
of the piping. Drawings will Indicate the applicable codes in such 
cases. 

3. INFORMATION SOURCES 

In addition to ~he above-ment ioned codes and their sub-references , the Fo l low
ing sources contain infonnation affecting deta i ling and fabFication of ~ip i n9 • 

14222-L-3 
SP!Clf!C.1.TllH 1.0·- --------
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& 3.1 .Piping Matertal Specification 14222-L-1 

The Piping Material Specification specifies by Servrce Class, the 
material requirements for pipe, fittings, flanges, etc., and design 
details for branch, vent, drain and temperature connections. 

~ J.2 Supplementar Table of Wall Thickness and Branch Reinforcement 
S ec1f1cation -L-

The Supplementary Table of Wall Thickness and Branch Reinforcement is a 
supplement to the Piping Material Specification and wi11 specify by in~ 
dividual pipe line number the requirements of wall thickness and branch 
reinforcement not specified in the Piping Material Specification. This 
supplement will be provided during Phase 1. 

J.3 Pioinq Stock Code Book 

The Piping Stock Code Book, and supplements if any, identify . and describe 
all piping material item code' in the Piping Material Specification, 
piping drawings, or other doc~ts related to piping material. 

J.4 Pioing D~awings 

The piping drawings may be orthographic arrangements and/or line iso
metrics. Appropriate standard detail drawings and other drawings sMcwing 
typical details will be Included. 

3.5 Schedule of Weldin , Heat Treatment and Non-Oestructive Testln of 
?iping Form I 7 ·attached 

The Schedule of Welding, Heat Treatment and Non-Destructive Testing of 
Piping will specify, by individual Service Class, the requirements for 
welding, heat treatment and non-destructive testing. 

Shop· fabricator shalr complete Form 167 by filling in his procedure 
identification and return this form with the required pr~cedures to 
Buyer for approval. 

J.6 Where conflict exists between the aforementioned documents and this 
specification, ·Fabricators shall contact the Buyer for clarification. 
lie requirement of this specification shall have the effect of waiving 
the applicable code unless more stringent than the code. 

4. EXTENT OF SHOP FABRICATlON 

Snop fabricat ion shall include all piping as specified in the Material 
~equisition/Purchase Order . Pipin9 indicated on drawin9s as field run 
shall be excluded. Fabrication shall be in · scrict accordance with Buyer•s 
drawin9s. 

5. ~ATERIALS ANO FABRICATION ~E~UIREMENTS 

;. T Materials 

5. I. 1 General r~quirements for materials used for piping faoricat ion: 

SP! C1FIC.&TIO11 n. __ 1_4_2_2-_? -_L_-_s __ 2 u;v. ___ _ SllUT---- Of __ 1,.s __ 
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5. I .2 

5. I. 3 

5.1.1.1 

5. 1. 1 .2 

Materials shall be in accordance with the ?iping 
Material Specification Service Class specified on the 
piping drawings. 

Materials not in accordance with the ?iping Material 
Specification Service Class for the specific pipe line 
involved will be identified on the piping .. drawings with 
the appropriate material stock code number or descrip
tion. 

Material Col!lllitment 

When. requested. Shop Fabricator shall submit to the Buyer com
plete itemized lists of all materials committed to the shop. 
at times of conmitment. The report must show the mill-test re
ports or certifications required by applicable codes, job speci
fications. or other applicable requirements. 

Material Identification 

5.1.3. I 

5. l .3.2 

All materials shall be marked with the information 
required by the applicable material manufacturin~ 
spec i f i eat ion. . · 

Marking shall be done by any pennanent method that will 
not result in hannful contamination or sharp discon
tinuities, nor shall it infringe upon the minimum wall 
thickness. LoW chloride markers shall be used for 
marking austenitic stainless steel materials. 

5.2 General Fabrication Requirements 

5.2. 1 

5.2.2 

5.2.3 

5.2.4 

Threaded Connections 

All threaded connections shall be gage-checked or chased after 
welding or heat treating. Openings for thel"!T!Cwells and other 
inserts shall be drilled through the connection and be free from 
obstruction. 

Socket Welding 

Care shall be taken to ensure that a clearance of 1/1611 remains 
oet'Neen the male and female ends at the bottom of the socket. 

Galvanized ?iping 

?iping required to be galvanized shall be galvanized after 
fai:lr icat ion. 

3ol t: Hol es 

:Jn I ess othe~ i se noted, flange bo It: ho I es sha IT stradd I e vert i ca 1 
c~nterline of the fla nge • 

Sl'CCIFICATIClll .u. 14222-L-5 
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5.2.5 Orifice Runs 

Orifice runs shall be fabricated in accordance with the require
ments of the American Gas Association (AGA), Report No. 3 and 
AP! RP 550 Part I, Section I. 

Welding neck orifice flanges shall have same bore as the pipe. 
Orifice runs shall not contain welds .except at the flanges. Pipe 
ends and bevels at orifice flanges shall be nwchine cut and shall 
be perpendicular to the axis of the pipe. · Welds at orifice 
flanges shall be ground smooth and flush inside. Pipe tap con
nections on slip-en oriftce flanges and directly on the pipe, 
where .so specified, shall be drilled through the pipe w.11 and 
shalt be .finished smooth and flush inside. 

~aps shall be oriented as shown on the piping drawings. 

5.2.6 Welded Attachments 

Welded. attachments · such as supports and guides shall normally not 
be furnished by Shop Fabricator. Dummy leqs for welded 1 ines 
shall be fabricated with the spool. Where attachments are re
.quired for shop fabricated piping it will be so noted on the pip 
ing drawings. Attachment material and welding requirements shall 
be In accordance with Form 167. Dummy 1egs 0 ·whera requ i red, 
shall be in accordance with Drawing ~-539. 

S.2.7 Branch Connections 

5.2.7.l Branch c:onnectfons on shop fabricated p1p1ng shall 
include appropriate fittings, or gr-oups of fittings 
( t. e~, flanged thermcwe Jt connections) or pipe stubs 
for smaller field-fabricated branch conneetions. Two 
inch pipe stubs shall extend to the first natural weld 
but not more than 12 Inches fr-cm ·the outside surface 
of the header. Three inch and larger pipe stubs and 
branches sha 11 extend to ttnt- first f.t ange or to the 
fiefd weld point as indicated on the piping drawings 
or as required for reasonable spool piece size. 

·s.2.1.2 Reinforcing pads for field stub- ins shall be fabricat~ 
=v shop fabricator and tack welded to branch spool 
for shipment. 

5.2.8 Dimensional tolerances shall be in accordance· with the Pipe 
Fabrication Institute Standard ES-3. 

5.3 Weld Joint P!"eaaration 

P!"eparation for shop and field welds snalr be by mechanical means where 
practical. Flame eut surfaces snal l be ground t:o provide ·fit-up e~u i va
lent to mac.~inin9. End preparation for butt welding .shall be in 
accordance with ANSI 316 . 25. 

~ ~.4 Weldina 

Al l welding snail be in accordance with Pro j ect Specification 14222-W-Z 
167 unless otherwise spec i fied • 

SPt:CIFIC.lt Io• H • .,...._1_!+_2_2_2_-_L_-_5 __ 2 UY.. ___ _ - 5 "' 15 SllUT---- Cir_....., __ _ 
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S. 5 .Heat Tl"'eatmen t 

·S. 5. I 

5.6 ~ 

Al I heat treatment shal I· be in accordance ·.iith Specification 
'.ol-501 and Fonn 167 unless othel"'Wise noted. 

5.6. I Pipe may be bent by hot or cold method in accordance with the 
Piping Code ANSI B31.3 Para. 329.2. Bending shall be followed 
by heat ·treatment in accordance with the Code for Refinery Piping 
ANSI B31.3 and Fonn 167. Hot bending shall not be performed in 
the field without Engineering appr-oval. 

5.6.2 Bending shall not !"'educe the pipe wall thickness below the 
minimum wall thickness specified. 

5.6.3 Unless other...iise noted, the centerline l"'adius of bends shall 
be five (5) nominal pipe diameters. Butt'Nelds in the arcs of 
bends or for the· addition of pulling legs shall not be permitted 
without written approval fr-om the Buyer. 

5.6.4 When bending welded pipe, the longitudinal weld shall be located 
in the neutral axis of the bend. 

5.6.5 All bends sharT be smooth, free From cracks and surface defects, 
without buckles, and they shall be within tolerance limits 
allawed by the applicable code to which piping is fabricated. 

5.7 Surface and Weld Defects 

5.7.1 Unless otner.1ise specified, surface defects will be co"sidered 
injurious if the defe~t extends below the specified minimum wall 
thickness or is more than 1I1611 in depth. 

5.7.2 Injurious surface defects shall be completely remcved by grinding. 
The ground out area shall be repaired by welding if defect l"'emoval 
results . in reduction of pipe wall below minimum thickness. The 
repa i r-ed area sha f I be ground smooth to the pipe contour. Fab
ricator shall" not · r-epair any injurious defect without Buyer's 
written appl"'Oval. 

5.7 . 3 Weld defects shall be r-epair-ed in accor-dance with the Code for 
Pressure Piping ANSI B31 .3, Par-a. 327.7. 

S.8 Cleanina 

5.8.I All shop fabricated ptp1ng assemblies shall be cleaned after all 
fabrication and •..welding. 

5.8.2 If water is used in cleaning austenitic stainless steel p1p1ng 
assemblies, it shall not contain mor-e than JG pi:im chlorides. 

5 . 8 . 3 Any special requirements for- cleaning of shoo fa br icated piping 
will be spec ifi ed in ~he individual Servici: Classes. of tl:le 
Piping Mate~ial Specification • 
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6. EXAMINATIONS AND INSPECTION 

6.1 The Buyer 1 s representative shall at all reasonable times have access 
to the work 1-1herever it is in "preparation or progress. and Seller shal 1 
provide proper facilities for such access and inspection. The Buyer's 
representative shalt have the authority to reject any materials, proce• 
dures er work which, in his opinion, fail to meet the requirements of 
this specification er the ·documents referenced to in this specification. 

6.2 . Fabricators shalt · be responsible far·non~estructive examination cf 
fabricated piping •. 

~ The extent and procedures for nondestructive examination (radiography, 
liquid penetrant, ultrasonic, magnetic particle, etc.) of fabricated 
piping shall be as. specified in Project Spec. 14222-~l-2 and Fann 167. 

b.4 Unless specified otherwise on drawings, shop hydrostatic .testing cf · 
pipe spools is not required. 

After installatjan, . a11 fabricated assemblies will be hydrostatic:ally 
tested. by the Buyer in accordance with the app 1icab1 e Cade. Se 11 er sha 11 
guarantee !tis work to be capable cf withstanding the initial hydrostatic 
test. and he shall consent. to repair or replace, at his expanse. any 
item which fails to pass 'uch test. 

6.S The Buyer's ' approval cf the following Shop Fabrlcator 1 s procedures and 
activities is. required prior to the use cf such procedures and start of 
such activities. 

6.S.I PT"Ccedures and details of welding processes to be used with 
each class of piping. 

6.S.2 Weld repair procedures. 

6. S. 3 Heat treat Ing operations. 

6.S~4 ~Ion-destructive examination procedures. 

6.S .• S All requests for substitutions, modlficatians. or relaxations 
of this specification or of the docwnents referenced to in this 
specification shall be. fully stated in writing for the considera
tion of the Buyer whose decision will be final. 

6.5 . 6 A!)proVal by the Buyer of Shop Fabric:ator's procedures, s·uastitu
tions, major repairs, fabrication details. drawings, etc., shall 
not relieve Shep Fabricator of the responsibility for correctness 
of details, and c~tiance with all codes, legal requirements · 
and :his specification. 

7. SHOP DETAIL DRAWINGS AND SPOOL IOENTTFICATION 

7. I Shop Facricator sna.tt make shop detail drawings for all pioing he 
fabricates. ~hoo deta i 1 drawings sna 11 show :he !pOO I numcer, materi a Is, 
dimensions, ~aorication det:aiis and the aoplicacle code and procedures . 

S"CJFIC.lTIH !JO. 14222-L-5 l[l. 2 ---- $1(£T 7 ---- ilF 15. 
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Buyer's isometric drawings may be used for this purpose. The piping 
drawing suppl ied by the Buyer and from which the shop detail drawing 
is made shall be shown as a reference. 

7.2 A number, consisting of the plant o~ unit number, commodity symbol, line 
number, and spool piece number, shall identify each pipe spool. Piece 
numbers shall be· shewn on the Buyer's piping drawings. Each spool shall 
be deta n ed on a separate sheet bearing the purchase order number and 
pipe spool number. 

7.3 Shop Fabricator shall prepare a ccmplete index of all pipiig spool draw
ings, referencing eac:h piping spool drawing to the Buyer's piping drawing 
from which it was prepared . 

7.4 Location of field weld between shop fabricated spool pieces will be 
shown on the Buyer's piping drawings. 

7.5 In general, the Buyer will neither check nor approve the Shop Fabricator's 
individual piping spool drawings. Fabricators shall be eo"'l)letaly 
responsible that fabricated piping conforms to eode, specification, draw
ing and purchase order requirements. If, during or after erection in 
the field, there are any dimensional errors, incorrect materials or other 
defects in shop fabricated piping beyond those permitted in Pipe 
Fabrication Institute Bulletin ES-3, such errors and/or defects will be 
rectified by the Buyer. All c:osts incidental to the rectification and/or 
repai~ of suc:h Initial errors and/or defects shall be back-charged to 
the Shop Fabricator (methods and procedures for back-charging will be 
specif.led in the Purchase Order.) 

8. RECORDS" ANO REPORTS 

8.1 Shop Fabricator shall maintain shop detail drawings and rec:o•ds on all 
materials, mill-test reports, fabrication, heat treatment, w.tlding re
pairs and non-destructive examination for al 1 shop-fabricatetl piping 
specified herein. All suc:h drawings, certificates, test data and reports 
sha 11 be on f i 1 e wl th the Se 11 er and sha 11 be sent to the Buyer upon 
request. 

8.2 For piping under jurisdiction of Section I, Power Boilers, of the ASME 
Bo i ler and Pressure Vessel Code, Shop Fabricator shall furnish 6 cQ? t es 
each of the c:crnpleted Form P4-A, Manufacturer 1 s Oata Report. 

3. 3 A I t records and re!)orts required by the Buyer sha I T be . furn i s.ied upon, 
or pri or to , the arT"ival of the piping at t:he Buyer'.s jobsite. The 
r-ecord package sha 11 be spec i fi ca I ly identified as to the sh i pm~nt i t 
rel) resents . 

9. SHIPP ING PRE?ARATION 

9, I ll!llleaiately after c lean ing and inspect ion , fabrica t ed piping spoo l s 
shall be suitably protected for shipment as fo ll ows : 

llt!Cme.&T1H H . 14222-L-5 an. 2 ---- SllttT 8 ~f 15 -----
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9.l.l Flange faces,. machined surfaces and threads shall be cleaned 
of all mill scale, rust, etc., and c:oated with a corrosion 
preventative such as .Rust Ban 324 or waterproof grease. 

9. l • 2· Sma I l branches and sma 11 header attachments sha I l be adequate t y 
braced or otherwise protected to prevent damage during handling, 
shipping and storage. 

9.1.3 Threaded couplings and other internally threaded connections 
shall be closed and protected by wrapping with plastic tape. 

9.l.4 Threaded nipples and other externally threaded connections shalt 
be closed and protected by wrapping with. plastic tape. 

9.1.5 Weld end preparat.ions shall be protected with securely fastened 
plastic or \<jQCd c:overs. 

9.l.6 Flange faces shalt be protected with securely fastened plastic 
or wood c:overs • 

9.1.7 Ring type joint flanges shall have groove packed with grease 
prior.to attaching flange protective c:overs. 

9.2 Painting of shop-fabricated piping shall be in accordance with Project 
Specification .14222-X-3 

9.3 All small loose pieces shall be boxed for protection during shipment. 
Each box sha.11 be identified with a securely fastened metal tag'beadng 
the purchase order number along with appropriate spool detail number 
(see Paragraph 7.2) to indicate Its place in the final installed assembly 

9.4 Each section of fabricated pipe, pipe assembly or separate fitting shall 
be clearly marked in a durable manner with appropriate spool detail 
number (see Paragraph 7.2) to indicate its place in the final installed 
assembly • . This marking shall be repeated at opposite sides and ends of 
each fabricated spool to facilitate identification. Low chloride markers 
shall be used for marking. austenitic stainless steel fabricated pipe. 

9.5 Fabricated pipe spools shall be adequately blocked, strapped, or other
wise held in position during shipment and shall be further separated by 
dunnage as may be necessary to prevent damage. 

9.6 All shipments of fabricated pipe spools shall include •.--ith the packing 
list a c°""'lete listing of the spools snipped. 

10. SCHEDULING AND EXPEDITTNG 

10.1 Delivery of fabricated pipe spools and/or material to the Buyer 1 s job
site snail be in accordance with the delivery schedule given in the 
?urchase Order , 'Ji th in the genera I requirements. of the de I ivery sche
du I e. the Seller snail" insofar as is practical. Fabricate the piping 
systems in the sequence requested ~Y the Buyer, in order to meet the 
installation schedule • 
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10.2 The Seller shall submit to the Suyer on the first and fifteenth of each 
manth a report of his progress in aceordance with Form 389 (attached.) 
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DUt..At..11( S.UPPOR.T L.!Gi 
WIL..Dao TO Hiii. oia 
MITe.a, 11 MllJ, A&Ov& 
&OTTOM oia 1..1ue. 

DETAIL 'D# 

~TTot.1 OF Lit.JC At.JD 
C>UMMI( L.ea T'O L.11!. ltJ 
~A.M! Pl.Ai.la 

DE.TAIL. •A' 

Specification No. l4222-L-5 

PLAN 

eoTTOM ~ LllJE ~-~ 
.4.IJD OUMMV l.1:6 C.L.cl/, E-E 
TO Liii Ii.I ""-""& 
?1.A.1-1E. DE 'TAIL '' E" 

ScE 
Ol:TAIL "c/ 

(FL.AT &!!JO) 

2 ')( DlltMCT£1' OF PIP£ OR 
__, _ _,...._12_·; WHICH£VCff. IS L.EaS 

OUM~'( f!UPPOliT LE<:. 
WcL.DE:O Al..I.. AllOUtJO 
TO Hl!!EL. OF 8L..60W. 
DO NOT &UlitJ HOL.E 
rwsa.u ~L.aow ~ q 

(i'fPIC.AI.) DETAIL B 
DUMMY L.EG FOR ALLOY LINES 
THIS APPL IC AT /()N SHOULD 
BC US~D ONLY WH£1'1 
SPECIFIED ON PIPIN<ir DWGi. 

PROVIOE weep 1-101...E II.I eo1 fOM OF PIPE 
1/2.#DIA. HOl.c FOR 3' PIPE At.JD OVER 
1/4 DIA, l10l.E FOR z• PtP& At.IC UIJCER r-...,.__ 
(TYPIC.AL. FOR ALL DETAIL9) &IDli. DUt..AMV . 

Laca •UPPOll'T 

ELEV. 

DET/l.IL "F'" 

F.J 
DETAIL "G" 
SEE NOTE 9 

SCREWED LJN(S 2• ANO 
SMALLER 

DETAIL -c" 

POSITIO~ 

SEE tJOTI! \ 

Rev. 2 

SIZE C 

~OTE.S~ 

Refer to. Standard DilG, L-532, Overhang Ing Pipe 
Limitation<. 

I. If ·the curves on DWG. L-532 i ndl c.:•e Ii ne overhang 
to be excessive there are two alternatives, 

(.i) Reroute the 11 ne, 
(b) Add durrmy support leg as shown at lower 

pos i tion 2 or upper position I whichever ls 
most economical. 

2, Owmiy legs for welded 1 lnes shal I be hbrlcated 
with the spool, particularly alloy lines and 
lines requiring stress relieving. 

3.For l ines with butt weld or .socket weld fittings 
extend support leg per detal 1 "A", 

4, For 11 nes with mitered .e 1 bo,;; extend s4pp:;ir~ . l~g 
per detail .. D," To prevent attachment weld over
lapping mlteP,weld, bottOoq of dummy leg should 
be a minimum of 111 above bottorn of line • 

. 5,Durnmy legs f~r. alloy pipes should be of carb<'n 
stee1 unfess detai 1 118 11 is specified. When 
qeta i 1 "B" is required the alloy sha 11 be of 
same material as the pipe. Size of dummy lea 
shall be shown on the piping drawing. 

6. For alternate configuration make bottom of pipe 
flush with B,0 , L, 

7. A. line extended across suppor t with .end c~pped, 
resu I t s in a dead leg and shou 1 d not be used 
unless a definite future extension of the line Is 
foreseen . In such ~ases a flange and blind should 
St con~ i dete,1 .. 

8 .. Add sa<jcJle pe r oetai i 11 (.j" to supports under durrmy 
legs on ins ulated lines .. 

9 . Except as noted In detai 1 "e;' dummy legs may be 
STD. WT, carbon STL. Pipe econOl)lically sized to 
suit span & load, For normal condi~lons dummy 
legs 'llay be sized as follows : 

(a ) SCRO. LI nes - See de ta I 1 "c,' 
(b) Buttweld lines size 1-1/2" and smaller-dummy 

legs same as lirie size. 
(c) Buttweld I Ines size 2"-durn·,1y leg may be 1-1/2". 
(d) Buttwe ld lines size 3" thru 8"-durnny · leg may be 

one pipe s ize smaller than the line. 
(e ) 13uttweld lines size 10' 0 and larger D.L. DIA. • 

D.70 x MOM. Pipe DIA, Min. Unless noted other
wise on pipe isometric or piping orthographic 
DWG. . 

~EVISION NOTES 

R(VISED l>H'S Of DUMMY LEGS fR. S'!RUCT. STL 
.&_ 10 ~WE- REVISE» TITLE BLOCK F'ORMAT 

TO CONFORM W/STD DWG A-SIS 

BECHTEL 
SAN FRANCISCO 

EIGINE.ERllG STAIDARD 
REFllERY & CHEMICAL DIVISIOI 

DETAIL OF DUMMY SUPPORT LEG 

FOR PIPE LINES WITH EXCESSIVE OVERHANG .... - .. 
STD L-539 6 
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Form P-4A SECTION I - POWER BOILERS 

Form P-4A (BacXl 

3. Description oi Field Fabric;ition. 

9. Field Hydrosiatic Test ___ ..,@ .. 1 ..__ ___ psi.. 

· CamACATE. OF COMPLIANCE 

We certify the-stinament in this. data ntpOrt to be corr~ 

Date @ Signed· ·@ by- @-.• 
. (fmn_. . (AUtllorindo Re,>r-1ativet· 

Our Certificate- <11 Authcinzmion· No. • · @ ~o use the PresiUre Piping Symbai exp;.---------
@ T9:__ . 

CER71FICATE OF ·COMPLIANCE . 

Boiler and Pressure Veuet Code. 
Da~!t @ Signect ______ _,@ _________ ey __ __,,..,.......,..--,_..,@;:;0:,.-_ _,....,,...-,----

t~~ !Au!l!or1zect R99f-ta(Mtl. 

OUr certificate of Authorization No. ___ ....;;@:
1 
____ to u.se the . (AHS> or !PP) · @ · Symbol axoiras 

____ @ __ 19_ 

® . camFtCATE OF- AELO ASSEMBLY '1NSPECTIOl'i 

I, the .undersigmid, holding a-valid commi!!sion 1S8Uec1 bV· the National. Board or. Bo1lsancti-resaure V95Set inspectors andf. 

or the State or Provinca at @ · · . andamployed by· - . 

of ----------------------------------------------
have compared the staremef'lts· iri this Manufacturer's Data Report '.vith·the describea piping and state that tn&parts.referr.G · 

·to as Cata Items:- @ · , not included irt the- Certificate of Shop Inspection. have beert inspected by 

me 3nd that to thee besr.ot'my knowledga and belief. the-manufacturer andlor·asaemblef'· has constructed ami assembled 

mis pipinq· 1 n-accordanC1t"·w~ tntt< applicable- sections·-ot !hit" ASME Boffer ana Pressure· Yessel Cad9'. Thto> dascribed 

piping was in!!poctea and subjected to- a nydrostatic tast·af- @ ___ psi. . 

9y signing mis c9ftificatt1 nettner the- ln594!dor nor his employer makes any warranty, expressed or imoliect. concerning-. 

the piping described. in this Manufacturer's Data Report F.urthermore~neither .the Inspector nor his employer shall be liable 

in any manMr for any peBOna1 in1ury. or propertY damage or a. loSs. of anv kind arising from or connecioo with this 

inspection. 
Date ___________ __ 

--------------------------Commissions··~-,--,..,,..-.,....,~~~---=-------~ 
1n511«t- Natl Boero. St~•. i'ro.,inc.. •nd No.. 

Specificacion No. 14222-L-5 Rev. 2 Sheec 14 of 15 



APPEND DC. 

fOHM· ~ ~RER'S DATA REPORT FOR FABRlCATED PIPING 
As Requinlci 12"!' the Provisions of th• ASME Cade Rul• 

1. Manutadured bv -...,......,,,=--..,....,.--"''!"1<:--..._,.....,.,_,..--..,..--0rder No. 

FonD P-4A 

(~-~-r m_f_,,erl. 

:z.. Manufacmt81t ff::r-_______ ___:~"""----------- Oroer No. --------...:::.'---------'"'-mod aaar.. at pwcna..1 

i 1Cl9ntlfi~· --------...,.,.,,.....--.....,.-,..-..,.__,..,...,-......,,,.,..'~--..... --....... --------------1MU- ballsf-. ~ ar a&nwnMc:ai;ii~wllichl 
· (5\ .. • ·:. (S) 1"- Specified by · · @ 
!~ ;.lt-,.._,.. . IN..,,• ot~ 

Cod• CesigR trf ill 
S. Th• cansauaiols camaliem· widt· ttte .ASME BOIL.Sf AND PRESSURE: VESSEL COOE;; Secrion I..· Materials and woncmanruup . 

conform to ttili .afoip'iCaDleS-=lions:otme ASME'BOllER' AND PRESSURE. VESSEL.CODE.© ·· 

a. Oesc:riccio~ Pipinq:"(lndud-. mat.erial9.idtlntiflcnions · ASM~ sceciftc3Cion OI' othw rocogrilzecf Codtt desi<jnaliorT.) 
, 9 

@csmFJCATE. OF- COMPUANCS 

Wa arttif•ith~ in tntS a.. ~to De eornct: 
Cata ~ Signed::. F . b @ · (M-~or f!aoncatori · y · (Authorized R~I 
Our c.nrof ~Nao. ~ to~ tne Prassure Piping Symbol exW.. 

----"-""'-----,~·--

@)csmACATE.OF SHCP INSPECTION. . 

1. ma undar.riqnl9d.. holdinq a valid commission isaed bv: the NllfiotuM So8l'd at Boilt111 and 1'"'8sure V99SIK fnspeaors andl 

or th• State or Provinca. ~t -· -..i.:.;'';z..,,.,..-------------~----_,_ __________ _ 
and amploved Dlilo----------------~-af.----------------
haV9! ins!)eded tna .. piping.d8Kribed. in.i.misManufai:turerrsO•ta,Reaort an·------------------
19 _and state that to tn•bnt OT my knowleciqe.and bitlieettui·in.nufac:Nrw !WacanstnK:teG tnia piping ii1 accordimC3 

Wtth 1n1t aoalicabia Section•of tnsASME Boil• and.Pr9saunt.Vaael Cod1t.... 

Sy signing tnis certific:ne;.. neitner th• 1n=-cmr·nor. his: emo1oyes mafc9s anv wernmtr~ ~d orimpned.,: carteemiCM)' 
the piping dascribed in m is MllnUfaCIUrar's O.m Reoort:Futttt9rmonr~n . .itnerm• lnsoec:tor nor his emploversnall be liaole-· 

· in any manner for any· pet'90nal injury or ProQer(y· d-.nage or a rosa· at a,,Y lcind arising from or eonnecbld witit 1t11a 

irn;oect1on. 

Cata----------- @) 
--------~,ns-a-,.-=i-,-------~Camm1saiane _____ ~---1~a~oerc1---.·SG-c~t~....,"""--"""-~-,,.,-N-O.---~ 
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2.5 Line Numbers 

Line numbers identify each 1 ine by plant or uni: number, fluid 
designation, serial number, line size and piping ;naterial class. 
Line numbers appear on the ?&IO's, ;nodels, dra\~ings and isome:r ic 
sketches. ?lant or unit number and 1 ine serial number also aopear 
as a part of the individual -pipe spool number. 

2. o ·~acer i a 1 s 

Piping Materials Specification includes individual p1p1ng mater 1a1 
classes • . Specification shows in detail pipe, valve, flange, fitting, 
bolting, gasket and other specifk material requirements for d_ifferent 
Fluid temperature and pressure services. -The Piping Stock Code 3ook 
describes code items shown in specifications and on drawings. 
·'1aterials not ideiitified other...,ise on drawings or is::metrics shall !:e 
stric:Jy as specified in ?ipinq Material Specification for :~at 
material c:lass. 

). FAaRIC~ilON ANO INST~LLATlON 

3.1 The field fabrication and welding shall be in accordance with Project 
Specification 14222-L-5. 

).2 Al I piping shalJ be installed in accordance with the drawings and/or 
mode Is. 

3.3 Cold springi~g or forcing of p1p1ng for the purpose of joint make-up 
is not permitted unless so specified on the drawings. 

J.4 ~here insulating flange kits are to be installed, care shall be taken 
not to damage the bolt sleeves and gasket. The completed joint shall 
be tested with a "Megger", DVOM or similar device to assure electrical 
isolation. If both sides of :he flanges are grounded a reading 
of 1 to JO Ohms . ...,iJJ oc::ur. If one or both sides are~ ;rounded, 
a rejiding of 1000 or :nore Ohr.is should occur. 

Caut ion: Welding grounds shall not be installed across isolation 
f1 anges . 

3.; Pump and compressor p iping shal l . ~e installed up :o a ~reak ~o i nt 
between :iearest ;:ii i:e suopor! and ~he equ i pr::ent . 1 ne re!:'.a 1 nc:er of ::-:e 
piping shall oe ?roper ly fi~ted ~e~~een che e~uipment no=zle :nd 'nis 
preak point. it is essent ia l : nat :his is cone ac::Jrace ly in or~e!" 
to avoid any external loadings on :he equ i ~ment: conne~t i ons. 

3.6 Reinforc~~ f iber; lass ~ice and the I ik~ shall be inst3 1 l ed str i c:c ly 
in accordance wi th c~e ve!'ldors instsllacion instructions. Personnel 
doing this work shall be ~rooerly trained and qual i fied prior to 
doing the installat ion • 

14222-L-6 
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3.7 ?iping shall :e supported as shown on t he p1p1r.9 and suppor t detail 
drawings. -:-e!lll'orar/ suppor-ts are pe!"l:lit:ed :o facil i tate piping i:istalla 
t ion provided :!iey will be ecmpletely removed ucon complee icn. 

Attaching ::emoorary supports to stainless or- alloy s::e~I piping by 
\oleldlng is not permitted. 

l~a ter i a Is For "duamy I eg" suppor-ts and the proceciur-e for a ttac~men c 
welding . .,ill be shown on r:or.n 167 and Seandard Owe; L-539. 

3. 8 Undergl"Qund piping shall ~e installed per Job Spec i f i cation . 

3.9 The hand! ing of coated and wrapped pipe as~' ·...iel 1 as the field coating 
and •..ir-apping shall :e in accor-dance with Specification 14222-L-7. 

3. IO Valves shal 1 be installed with seems ol"ienced a.s . indicated on piping 
drawings and/or models. Split disc wafer type c!iecl< valves shall :e 
installed ·..ii:."! the shaft in vertical pos1e1on. Globe valves shall 
normally be installed ·..-ith !::ottom of disc fac i ng t!ie flow dil"'ec:ion. 

~ 3. 11 Screwed joints shall be properly fitted wi::h the thread lubricant 
only appl i ed :o :he male end in suc!i a manner that will ' prevent com
pound l"'eaching :Me interior of the pipe. 

r:or the type of :!ire.id lubricant l"'efer to Specification 14222-L-l . 

.l.12 Where seal · .. el ding is specified, the joints shal 1 be made up ·...ii:l'lout 
the acplication of :hread lubricant and threads t!ioroughly cleanea 
from grease and o i 1 • Sea I '"'e Ids sha 11 cover ex~osad threads ccmp ! eta I y. 

3. 13 ~ollowing items shall never be seal welded: 

Screwed thermowel ts 
Union Nu::s 
Screwed Ends oF Gauge Glasses, Gage Cocks 

3. 1~ Flanged joints shall be made up in such a manner as ::o avo i d uneven 
loading of the gasket. G•ske: compounds shal l not be u~ed . ihe 
1 ength of mach ine and s cue be I es sha 11 ce in acc:::il"'dance w i ch MIS I S ~ = . 
316 . ; . 

4. INTERFERENCES 

~od i F i cae i ons to p i pe l"'OUt i ng may :e necessary to avo i d in t =rferenc:as . s~c:h 
<n0d i f i cac icns sna il :e :e:erminee :y che =rei: : ::I"' ;nd shal l :e done i n a ~ ea t 
and warkmanl i lce ."Manner and shall be r!flec:ted on ' 'as - bui lt" r-ei:::ir:! ~rawings . 

5. C LEAl'fr NG 

:. 1 Pf ping si:ool s shaf I !::e dry, thorou9nly cluned and fre= · from d i l"'t , 
slaa and other loose ~ore i gn mat!!" i als. eefore assemb l y, ·tl"ley shal I 
l::e :leaned by "Colp-ending" and r"app ing to d i slodge any d i rt anc: dearis. 
ffot benas -shall ·:e t.ul"'bined or ctnerwise cf!.ane-:i ::: c:::mi: l et!ly remc:v! 
aanerenc !::urned·c~ sand. S~ei:ial att!ntlcn ;hall :e 9iven to lube and 
sea l oi r pip i1i9. 

:; l'(Cl"C.&TI0.1 .10. __ 14_z_z_z_-_L_-_6 __ l!Y . __ z._ __ S ilt!T--4.._ __ 
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5.2 Completed systems shall be internally cleaned :o r~'l10ve all remaining 
dirt and foreign mac:er by W4ter Flushing or blowing with air or 
steam. '..lhere spei: i al cond It l ons e.x i st, sped Fi c specifications 'Ni 11 
cover cleaning and preparations. 

5.3 Flushing shall be done 'Nith. clean water using !-:ydrostatic test 'Nater 
where possible. 

5.4 Ccmoressor Suction ?!oina 

5. 4.1 Shortly before start-•Jo the inside of all . compressor suction 
piping shall be tnoroughly cleaned to remove rust and scale. 

Normally, the suction piping of a rei:iprocating compressor 'Ni 11 
be pickled be~~een the suction K.0 . drum and compressor flange. 
Su~tion piping of a centrifugal compressor is usually cleaned 
by a-ir or ~as blowing, sar:dblasti:ig or other ::iechanlcal means. 

5.5 Lube-Oil ?ioing 

5.5.1 Shortly before start-up the inside of all lube-oil piping 
shall be chorougnly cleaned to remove rust and scale . 

·5.G Chemical Cleaning 

5. 6. I '..lhen specifically called for, lube-oil and compressor suction 
piping shall be pickled per spei:ification 14222-L-8. 

6. I l lS?:'.CTI ON FOR COMPLETENESS 

6. 1 Ucon ccmpletion of erei:tion, piping systems shal l :e visually inspected 
for completeness, proper gasketing, proper valve installation, support
ing, proper control valve i:istallation, etc:. 

The P&IO's shall be used For this purpose • 

. 7. TESTING 

7. I General Reauirements 

?roc:ess and util it.y pressure pipirig shal I be testad as i-e~uired :y ~!'le 
acplicable code and described herein. 

7.2 Pressure Pioina Defined 

Pressure oiping includes all piping designed ~o convey or contain 
oroc:ess or util Icy fluids at either a ·pos i tive or a negat ive in:erna l 
~res sure . 

Open-ended ve:it, dra in and like ::iiping at essent i al ly atl!!Qspher ic 
pressure are not considered as ~ressure piping • 

:1!cmc.u10. io. 14222-L-6 2 n. _..2 ___ _ :1ur_.-s __ _ aF 14 
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i . 3 Boiler Cede Pipina 

?iping gover:ied by Section I, ?ower 3oilers, of :Me ~SME 3oi l er and 
Pressure Vessel Code shall be cested hydroscaclcally as descri~e~ in 
?araqracii 137 oF the Code For ?~essure Piping, Power ? iping, ~NSI 
931.I . . 

7.4 Refinery Code Piping 

Pressure piping ;ove~ned by the ?ecroleum ~efinery Piping Code, ~NSI 
931 .], shall be hydroscacically tested as descr i bed in ?aragracn 337 . 
of thac, code. 

Alternate :escs are not permitted unless so specified . 

?ne~t i c cescing snail not be appl i ed ~ichout approval of che ?rojec: 
Engineer or unless so specified on the hydrostatic cest diagram. 

7.5 rest Source Information 

7.5 . l Hvdroscacic iesc Oiaqra~~ 

7.5.2 

The l"lydrostatic :est diagram . ..,il 1 show the block 1 imi cs for 
testing a system as well as the type and test ~ressure :o be 
applied. 

Initial Field iest Schedule For E:uipmenc 

ihis schedule shows :he pennissible cest pressures For use 
in determination of the syst~~ test ~ressure . 

7.5.3 l.ine Oesiqnacion rabies 

ihe l.ine Oesii;nation iable '."ill show t~e :yi::e and mi ni.':'llJlll 
required line test pressure. 

~ 7 . i. 4 Pi ping .~acer i a I Scee! Fi car: ion 

a. nsn 

?iping Material Specification 14222-L-1 shows by service class 
the maximum allowable test pressure for all piping specified 
ta · that service· class except for specific lines listed in the 
Supplementary Table of \-lall Thicknesses. 

3. I Hydroseal:ic res: ~efinery Cocfe) 

~eF i nery Cede p ip ing shalC :e hyd ros :ac i ~a ll y test=d t ~ a minim~~ 
pF=ssure ~f 1- l/Z cimes the des i ~~ pressu r e 3t 3ny pc in: ir. che 
system . 

The t est pre~SUl"e sna il b: idj •..1sted Far Cl!lllperacure i f tne li ,-i e 
operaC in; t~~perature exa!eds 6~0~F. 

v~ cmc.sr 1u .1a. 14222-L-6 HY. $ lH IT-.::.6 __ _ H .....1Ji 
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3.Z Ooel"acional T=sc 

Low pressul"e syscems may be :esced by using the service fluid as :~e 

testing medium ~,.ovided cMac: 

8.2.1 ihe fluid is nonFlamm.ableandnontoxic such as steam, ai,., 
'"'acer-, iner-t gas, etc. 

8.2.2 rne design pl"essur-e does not exceed 150 psig, and :::ie design 
tempel"atul"e does not exceed 360°~. 

The following test pl"oc:edur-e shal 1 aoply: 

A or-eliminary check shall be made at.not mol"e than ZS ~sig. 
the pl"essul"e shall be increased gl"adual ly in seeps pl"oviding 
time co al low ::he piping co equalize strains dur-inq the test 
check fo,. leaks. 

'iiie l"ea f tel" 
sufficient 
and :o 

8.3 Vacuum Pioino 

l.ines in vacuum sel"vic:, unless govel"ned by specific design cona1:1ons, 
shall be tested at a minimum of 15 psig as scecified in Pa,.ag,.apii 
337.4.2 of ANSI 331.3. 

8,4 Ai,. Tests 

Ouc:t WQrk and ac:nosoher-ic pl"essure piping, f.or '"'hic!i liyd,.auiic casein; 
is impractical-., '"'ill be ail" tested. Air tes::s will specifically no:ed 
in I ine designation tables. 

8.5 '/isual Examination 

a.6 

'~o pl"essure ::est is rec:uir .. ed oF open-ended vent, dl"ain and I i~e ;iiping. 
Such piping shall be checked thoroughly by visual examinacion af::er 
il'!st:a I lat ion. . 
~lanced. Screwed and Socket ~~Id Closinc C=nnec:ions 

Flat'!ged connec:: ions at ;oints where blinds are used dul"ing pressure 
ces::s do not require separate tests after- :as:: blinds are removed. 
Sc::-ewed and soc:~<et ·..;e id connec:: ions ;hai 1 be inspected ::Moroughly af:e,. 
r.-.ake-•Jc :o assure :: : gntnes"s. 

8 . 7 Closino ~elds 

'../her-e orac: ical, oressure :ests of piping snail include al l .:: losing 
•...elds :et·..,.eel'! ciif~erent pal"ts of :!ie sys::~. ;•hel"e i~ i s "oc _::rac: i c:3 l 
::i inc l uoe a dos ina ·,.;eld in :~e or-essul"e ::s:, ::Jie ""e !d siia l ! :e 
~esced and !Xami"e~- i n ac:c:,.dance. ~ic~ =aragl"aph 337 . 5. ! ~f ~NS I 
33 I • 3 • 

s l'! c IFlCJ T 1o111 .11 o. __ 1_4_2_2_2_-_L_-_6 __ 1 lt't. ___ _ 7 
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3.3 Connectior.s :o E1uipment 

Piping test pressures snal I not be accl ied to pumps or to other 
machinery except where specifically approved by· Bechtel f ield engineer 
and client: and provided such procedure will not cause unsafe loads 
or other unreasonable hazards. Piping test pressures .may :e ace I ied 
co connecting pressure vessels, exchangers, and like ~uipment 
designed for a similar test, at least eQual to. tne · require-: pipi.ig 
'test pressure. 

8.9 rest ·.~ith E:;iuipment 

Connecting piping may be tested with cressure vessels or other 
~uipment requiring Field test provided resulting test pressure 
acpl ied to piping is noc greater than allowable or less than i:he 
reQuired piping test pressure . 

Care shall be taken when exchangers are included in :he test. Both, 
i:ui:le and she 11 side slia I I be pressurized to avoid overst.res s inc; of 
tube sheets iF these are designed For~ I imited difFerential gressure. 

8.10 Jacketed Piping 

In jacketed lines, the jacket shall be tested as described in 
Paragraph 337 . 4.Z of ANSI 831 .j. 

If the test pressure in the jacket is coo h{gh for the internal I ines 
as an external pressure, the internal I ine shat I be pressurized to 
minimiz~ che differential pressure. 

~. T!SI MED I UM 

9.1 F'or hydrostatic testing the test medium shal l be fresh water having a 
temoeracure be~~een 60 and ioa·~. except that any other suitab l e non
f 1 ammab I e I i ~u id may oe •.Jsed i f : 

~ . 11 There is a poss i bi Ii tY oF damage due to fre=z i r:q . 

9 . IZ i'ne operating connodit·1 wculd :e acive:-sely affec::d b•1 ·,;acu . 

, .1 3 The piping ma:erial wculd be adve!"se!y affecta~ by .,,a : er . 

J.2 ror pneumac ic i:est ing the t:st medium shall be oi l -f!"e= air =r any 
other nonflanmao!e ;as. 

J.3 rhe cest fluid sha l l not contain more chan 30 ppm chlorides. 

JO . TEST' PA.EFAAAT'ION 

IC . I - ~11 Joines i n p1p1~9 shalf be acc:s3 ible during tes~ ana shat I "ct be 
painted, insulae:d, baexfilfec or otherwise cover-ed uncil sat i sfac:cr-y 
completion cf t:stinq in acoczl"danc: wi th th i s SFecificac ion . 

l ll'! c 111 c.u r a" -~a. __ .,1_4.-2.-2.-2_-.-L,_-_,6,___ UY . ....;;2~-- s:c u; _ _.a,__ __ 01 __.la.;4;:.._ __ 
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10.2 Test Loadin9 

10.2.1 Care shall be taken co avoiq overloading any parts of the 
supporting structures. 

10.2.2 Piping which is spring or counterweight supported shat I be 
blocked up temporarily to a degree suffic i ent to susta in 
the weight of the test medium. 

10.2.3 Large piping desi~ned For vapor or gas shall be provided 
with additional temporary _ supports, if necessary, to suppor: 
the weight of the test fluid . 

ll. G~NE~AL iESi!NG REQUIREMENTS 

11. I Equipment which is not · to be subjected to the pressure test shall be 
either disconnected from the piping or blocked off dur ing the tast. 
Valves may be used provided that the •ta l ve (including the c I osure 
mechanism) is suitable for the test pressure. 

11.2 All orifice plates which interfere with filling, •tenting or dr3lning 
shall be removed prior to testing. 

11 .J Short pieces of piping which must be removed co permit installation 
of test bl ind shall be tested separate !~. 

11 .4 If expansion joints are to be included in the test, :hey shal I be 
provided with temporary restraints if required. 

l 1.5 When ccnduc:ing tests at low metal temperatures (belcw 
possibility of brittle failure shall be considered ~nd 
Engineer shall be contacted for special requir~~ents. 

when metal temperature is below 33•:=- . (Caution: Such 
may also be caused by wind chill). 

60°F} the 
the ?re j ect 
Oo not :eH 
low tamcerat':.lres 

ll.6 Piping containing check valves shal l nave the source of test pressure 
located on the upstream side of the check va rve. 

II .7 When test ~ressure is the same on both upstream and downstream s ides 
of a contro l valve, the block and bypass •talves sha! 1 ~e )ef: o-pen , 
with the concrol va lve open. 

11. 6 When test pressure is different on upstream and dcwnsc r eam s ides 
of a control valve, the test on upstream portion shal l be made with 
the bypass valv'! dosed, upstream bloc:k •1alve open , downscream block 
valv'! closed or bloc:ked crf, and che control valve open. I f tes: 
pressure is too nign for valve d i sc and seat, blinds lhall be used 
instead. 

It .j !~seruments suc:h as relief valves , ~upture discs, d l splace~ent a~d 
turbin-e meter~. level gauges , transmitters. concrol lers, se lf-conta ined 
pressure ~egula:ors, rocame:ers, ete •• shal I be excluded From tne hydro
ces:. rhe ~iaohragm c:Qnnect icn on pressure ta l an~e contro l valves must 
be re~cved dur ing :as: • 

1..4222-L-6 l't:ClflC.iTta11 to. _______ _ HY. _1 __ _ . .uu1 _9 ___ H 14 
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12. VALVES 

12. I The test oressure ap?l ied to valves shal 1 not · be· greater ciian 
the ~aximum al loW4ole test pressures specified below: 

rvoe of 1/a Ive 

200 lb bronze. sc~ewed 

125 I b cas c: iron flanged, 2" thru 12" 
1411 Chl"U 24" 

150 lb butterfly (Keystone Fig. 100) 

150 lb ductile iron flanged 

150 lb steel 

JOO I b steel 

600 lb steel, exc~t sc~ewed and 
soc:kec ~Id 

600 1 b st:el, scr"ewed .or socket •.oield 

900 lb steel, exc::?t sc:op-chec:l< 

1500 lb steel. exC:e?t stop-chec:l< 

1500 lb st:el, stop-~hec:k 

150 lb corrosion resistant 
(.'1SS ?3 c:erns) 

JOO lb corros ion resistan t 
(11SS ?a c:-;erns) 

Fabric:aced and Special Valves 

13 . TEST RECOROS 

Allowable rest Pressure 

600 

350 
250 

425 

425 

425 

I, JOO 

2, 17; 

2, 175 

3,250 

3,250 

S, 4oo 

5,400 

300 

~00 

PSIG 

Seac 

600 

225 
175 

I SO 

JOO 

350 

750 

1,500 

2, 100 

2,250 

I ,JSO 

3,600 

2,250 

300 

600 

(Follow manufacturer ' s 
recommenda c ions) 

1 3. I Records slia r1 l:e :::ace of eac:li sys:: em tested wh i d i sha I ! inc: I ude : 

l ] . l ! Dace of test . 

13.1 : !dentif ic3tion of pip in9 tested. 

13. l! Test me-j i um . 

13. 14 Test pressu~e. 

13 . 15' Appr:::val by the inspector. 

14222-L-6 
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13.2 R~ords for p1p1n9 whic~ re~uire t~at pressure be neld for a specified 
period ~f ~ime shat 1 include any corrections of test pressure due co 
temperature variations be~Neen the start and finish of the test. 

13.3 Records for piping in which a specified leakage race is permitted shall 
include the time at 'Nhich water was added and the quantity added. 

13.4 Al 1 test records and authorized Inspector's certifications shall be re
tained in the job records. 

14. REFERENCES 

&. 14.1 Soecification 

14222-L-1 
14222-L-7 
14222-L-8 
14222-L-5 

14. 2 F'or:ns 

L-539 

167 
18 

14222-L-6 
ll'!ClFlC.UllU 10·-------

2.iping Materials 
Coal Tar Coated and Wrapped Pipe 
Chemical Cleaning of Carbon Steel Piping 
Fabrication of Piping 

Detail of Dunmy Support Leg for Pipe Lines with 
Excessive Overhang . 
Welding and Non-destructive Testing 
Line Designation Tables 
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t"MllJ. 
&EE ~OTE 4 

OUt.At.AI( =UPPOA.T L!Gi 
WltL.CaD TO MllL Ofll 
MITE~, 1•1o111.i. A&OVli 
&OTTOM oia L.IUE. 

DETAIL 'o" 

f>OTTOM CF LltJE __,,__~ 
41JD OUMMV LE6 E?.LeV. E-E 
TO Liii I~ fo.t.IJI& 
?LA.tJE. DETAIL "E" 

ScE 
DETAIL. "c:t 

DUMl.AY' ~UpPOQT Le GI 
WcLDf:D AL.L. AllOUtJD 
TO Hl!EL OP li!L&OW. 
DO ~OT &Ullt.l HOL.E 

(FLAT &l!tJO) 

2 >< DIAMCT£1'. OF PIP£ OR 
-.i-_._12_·; WHICH£VClt IS l..liaS 

n1;.u ~L&OW • " 
(T"(PIC.AI.) DETAIL B 

DUMMY L.EG rnR ALLOY LINES 
THIS APPLICATION SHOUL·D 
8£ USED ONl Y WHEN 
SPECIFIED ON PIPING DWG. 

PROVIDE WEl!P HOL.E 11..J eic>1 TOM OF P!Pe 
1/2."DIA. HOLc FOR 3" PIPE At.ID OVER 

&C>TTO~ OF LI~ A.tJD 
C>UMMV L.l!OI T"o Lii! I~ 
~A.M! !Dl.A.~a 

DE.TAIL. •A' 

I/+' DIA, ~E FOR z• PIPE At.ID Ul..JOER _....__ 
(TYPICAL FoEt ALL OETAIL.w) &IDli DUMMY . 

LaGi •UPPOll'T 

£LEV. 

DETAIL '' r" 
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'''" 

Fj 
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r 

~ w1a. x II 
T To'=ou1T 

F._j sect F &/"' 
~ w 

DETAIL G 
SEE NOTE 9 

SCREWED LINES 2" AND 
SMALLER 

DETAl'- •c" 

POSITIO~ 

sn ~ore \ 

· Rev. 2 

SIZE C 

t-JOTE.S: 

Refer to. Standard DWG, L-532,0verh•nglng Pipe 
Limitation•. 

f. If the curves on DWG. L-532 indlc~•e line overh•ng 
to be excessive there •re two alternatives, 

(.') Reroute the 11 ne, 
(b) Add d.mny support leg u shown •t lower 

position 2 or upper position I whichever Is 
most economf cal. 

2, Dummy legs for welded lines sh•ll be f•brfcated 
with the spool, partlcululy •lloy lines and 
lines requiring stress rel.levlng. 

3,For. I Ines wi.th. but~ weld or ,socket weld fittings 
extend support leg per detal I "A", 

4,For lines with mitered efbo"• extend •llPP:;>n . t~g 
per detal f "'O," To prevent attachment weld over
lapping mlteP . weld, bott°"i of dummy leg should 
be a minimum of I" above bottoro of line. 

. 5 .Dummy 1 egs for.· a 11 oy p I pes shou Id be of ca rb<'n 
$tee I unfess ·detai 1 118 11 is specified. When 
cjetai l "B" Is required the alloy shat I be of 
same material as the pipe. Size of dummy lea 
•hall be shown on the piping drawing. 

6, For alternate configuration make bottom of pipe 
flush with B,O.L. 

7. A. line extended acr0ss support with .end C?pped, 
results In a dead leg and should not be used 
unless a definite future extension of the line Is 
foreseen. In such :.ases a flange and blind shout~ 
~·f r.\")OS j deted. 

8. Add sa~dle pt:r aetal i "t~' to supports under dummy 
legs on Insulated lln'es .. 

9 . Except as noted In detal'I "e;' llummy legs may be 
STD. WT, carbon STL. Pipe ecanoipically sized to 
suit span & load. For normal conditions d<mny 
legs may be sized as follows: 

(a) SCRO. LI nes - See detal l "c; 
(b) Buttwe.fd lines size 1-1/2" and smaller-dummy 

legs same as lirie size. 
(c) Buttwe l d 11 nes s I ze 2"-durrr.1y leg may be l -1 /2" , 
(d) Buttweld lines size 3" thru 8"-dW1oy · feg may be 

one. pipe size smaller than the line. 
(e) Eluttwe l d 1 i nes s I ze I 0" and larger 0, L. DI A, • 

D.70 x MOM. Pipe DIA, Min. Unless noted other
wise on pipe isometric or piping orthograp~lc 
DWG . 

REVISION NOTES 

REVIS!'D DEr's Of DUMMY LEGS fR. STRUCT. STL 
.&_ 10 P\P(- REIJIS~ TITLE BLOCK F'ORMAT 

TO CONFORM W/STD DWG A·SIS 

BECHTEL 
SAN FRANCISCO 

ENGllEERllG STAIDARD 
REFllERY & CHEMICAL DIVIS 101 

DETAIL OF DUMMY SUPPORT LEG 

FOR PIPE LINES WITH EXCESSIV~ OVERHANG _ .. - .. 
STD L-539 

-· 
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NORMAL OPERATING CONDITIONS ' LINE INFORMATION DESIGN CONDITIONS INSTALLED PIPING REF.DWGS. SERVICE INFORMATION 

VOLUlll fLOW 
OllS. UPSET lXP. COOl UST ~"/ ORIGINAL CURRUJ lllT. PRESS UllP. VISC. •/f1' ~ TOTAL ~~.!~· Pl Pl PIPl HIO llASSfLOW Vll lff. ~!!L .~!!S!t,! 

" .f 
'-111:· JAKl Off TAKl Off fLUIO fROll -TO LINl NO. 

LIS/HR PSIG er. OR "'uc ODD" UNGJH t:..r PRUS UllP IEllP PRESS IEllP PRUS SPEC. SIZE UNl CALC. 
QUAM. UMIJ VAPOR 

PSIG 1f 'f PSIG 1f 
.. ~ Lf Lf 

SP. GR. PSI PSIG .._<;; 

I/ 
l7 

-17 
I/ 
7 
I/ 
I/ 
I/ 
[7 
[7 
I/ 
i/ 
/ 
/ 
i/ 
i/ 
/ 
I/ 
17 
/ 
I/ 
/ 
/ 
/ 

NOTH: & LINE DESIGNATION TABLE 
1. SHOW MAKiMUM CONOITIDHS Of COINCIDENT PRESSURE •TEMPERATURE IN 1HHE COLUMNS. & e J. DETERMINE ANSI CODE DESIGN CONDITIONS Al FOLLOWS; 

DIVIDE THE UPSET PRlSSUAE BY A FACTOR OF 1.JJ..1.2. OR 1.Q CSEE ANSI BJ1.JPARAGRAPH 302 ~.41 & 
TO OBTAIN THE ADJUSTED HMPCIRARY PRES&URE. lHE CODE DESIGN PRESSlMllE 
AND HMPERATURIE ARIE THEN BASED ON THE MORI SEVERE OF TWO CONDITIONS: & 
IAI THIE NORMAL PRHSURIE AND COINCIDENT UMPIERATURE, OR 
IBI THE ADJUSllEO JEMl'ORARV PRESSURE AND COINCIDENT TEMPERATURE. & JOB NO. DRAWING NO. REV. .. FOR ASME CODIE DESIGN REHA 10 ASME SECTION I. PARAGRAPH PG·JJ, PO·H, PG·69 & SHOW ASlERISK • IN PRESSURE COlUMH If ASME CODE DESIGN. .. SHOW MAX. UMPERATURE POSSIBLE OUE TO UPSET, STEAMOUT, ETC., FOR EXPANSION CHECK . NO. DATE REVISIONS ENGR. 

PROJ. 
ENGH._ 
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I . SCOPE OF '.JORI< 

The work includes the perfonnance of al I operations necessary_ Fer· the coating 
and wrapping of carbon steel pipe tn accordance with chis specit icacion. · 

2. ATTACHMENTS 

In addition co the doc:wnencs referenced in chis specification. the Following 
sources contain info,,,.clon·percfnenc co coating and.wrapping of carbon steel 
pipe and the I.case Issue of same shal 1 be considered a pare of chis specif'ica
cion. 

2.1 Ptorn2 Material SoecifTc:acron 

The piping material specif'Tcaclon specifies, by service etas:; the ree 
tlUiremencs For·~c!ng and wrapping of carbon steel piping s~scems. 

2.2 Purc.~ase Order 

The l)Urcilase order for shop app I i ed coat Ing and wrapping of carbon s tee I 
pipe shal 1 Include lnscruc-cfons supplemenclng requi'remencs of this 
speclttcadon. 

2.3 Where canflicc eJSfsts beaw.en the •forementioned doc:wnencs and this 
specification, the Seller shall cancac'C ctie Buyer For ·clarlfic:acion. No 
ntqUirenent of chis specification shalt have the effect of waiving the 
applicable cede or standard unless mare stringent than the code or 
standard. 

3. c;JOES AND STANDARDS 

3, I &caoc wnere odterwlse speclfted, al 1 ccacing and wr~pplng of carbon 
steel pipe shall be In acccrdance with AWWA Scandard-C203-7' and Section 
Al.5 of che Appendix co AWWA Standard C203-73. 

3.2 Where confllc'C axises beCWeeft th• aforementioned documents and ehis 
speelf'icaclon, the aforemen-cloned doc1J111ents shall apply. No r?quiremencs 
of chis speciftcaclon· shal I have the effect of ~iving che applicable. 
cede or.standard unless mare scrlngen'C than the code or standa·d. 

4, MATERIALS AND 'WRAPftlNG REQ.UIRE11ENTS 

4.1 Hat1111•lals 

4. 1. I 

4.1.2. 

All materials shall be In accardanea wieh AW\IA Stand~rd C203~73 
and Sec~lon Al.S of the Appendix co AWWA Standard C%03c7j. · 

The l"o I l ciw r ng rt111tat'Ia1 s Of' the I r app f"Qved equa I_ shall be used 
Far sl'lcp app I T ed cca t I l'lgs : 

4.1.2.1 ?f"imer: Koppers Cc. "JET SET" Type a 

lJ. J .2.2 ::name I: l<oppers Co. 1170811 

SPHJftc.&TIH H. U.Z22-L-7 an. z SiUT Z " ___ 6._ __ 
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4.1.3 

4. I. 4 

4.1.2.3 Primer and enamel shall be obtained from the sarne 
manufacturer co assure com12atibi 1 i·ty. 

4.1.2.4 Wrapping 11a~erials: 

a) Owens Corning Cormat 20; Johns 11anvi l le "Blue Flag" 
or equal. 

b) ~rey number 15 coal tar·saturated felt (preformed) 
or equa I. · · 

c) Heavy wet strength Kraft paper, 100% sulfate smcoth. 

The following materials (or their equivalent) shall be used for 
field applied coatings: 

Prfmer: Tapec=at Co. "TC Cold Prime" 
Royston ~oskate Mastic A51 
Johns 11anv i 11 e Our-a tape P,. i mer:- T•· I 00 

Wrappln9: Tapecoat Co. "CT Tape Coat" (Double Wrap) or 
Royston Quik-Wrap Cold A12plied Tape or Jonns 
11anv i 1.1 e. Dura tape Type w900-s with or without 
Mylar Film. 

The field wrapping thickness shall be between 90 and 100 mils. 

4.2 Shoo Coating and Wr-aoolng 

4..%. 1 

1-.2.2 

4.2.3 

4.2. 4 

Prior to the appl icatlon of primer al 1 pipe shall be cleaned free 
of all lcose rni 11 scale, nist, corrosion products; di r-t, gr-ease, 
rrcistur-e or other foreign material. Grease or heavy oil shall 
be remaved ~ith a volatile solvent. ~oose nist, mill scale, · 
d I rt, etc., sha 11 be removed by abr-as i ve b I as ting in accor-danc:e 
with SSPC-SP-6, using air- (oil and moistur-e free). l~act ~heels 
or knives and wire bnish shall be used to r-emove tightly adhering 
mill sc:ale. All pipe shall be cleaned with a minimum of one 
operation of the mechanical cleaning macnine. 

Pr-imer shall be applied immediately after cleaning in accordance 
~ith requir-ements. of A~A Standard C203·73, Section 2. 13.2. 

Protection of primed pipe, prior- to coating and wrapping, shall 
be in accor-dance with requirements of AWWA Standar-d C203-73, 
Section 2.13.2.4. 

Followin9 apol ication of primer one 3/32" + 1/32" coating of 
enamel shalt' be applied over the entire surface or the 'ipe :o 
Fo'rm a coating which cannot be peeled from the pipe. Appl ica
cion shall l:le by the mac:hine mecliod co che clean dr-y sul"face of 
:he primed .:ii,:ie at ehe t:em!)el"ature l°l!C:Cll!ll'.lended by the manufacture 
tO ;:lr"CdUC:~ !lest results, and no.C below tl'le minimum l:~peratUl"I! 
at which :he enamel will fuse ..,i::l'I the pl'"imer. Thickness .3nd 
uniformity of :he film sna.11 be dec~l"mined by visual inspection . 

SHCIFICATfH IO. 14222-L-7 1n. _.,2._ __ SllET 3 · tr 5 -----
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4.z.s 

4.2.G 

4.2.7 

4.2.G 

4.2.9 

Immediately fol lowin~ acpl icacion or the enamel and before 
enamel is cold, the specified fibrous glass mac shall be 
imbedded into the coa~ing. 

Immediately followi~q appl icacion of Che glass mac, an addi-. 
tional layer of l/IG" (minimum) shal I be applied. 

The second layer of enamel shall be followed by an outer-..,rap 
of saturated asbestos felt securely bonded to Che c:cating. The 
overlap at th• edges of the wrappers shall not be less than 1/2 
inch. 

The wrappers shall be free of wrinkles and al I end laps shall 
be cemented dawn with lice enamel co·secure a firm ·~rapping. 

All. corn, abraded, or mutilated spots in the pipe ccacin9 shall 
be repaired by cleaning and priming Che damaged area in accord
ance with paragraphs 4.Z.1 and 4.Z.Z and applying coating and 
wrapping. in accordance with paragraph 4.2.3 through 4.2.7. 

Coating and wrapping shall stop 6 inches fl"Om the ends of the 
·pipe. This bare pipe shal I be clean and primed to the end 
of Ch• pipe co prevent rusting and reblasting in che field. 

4.3 Field Coatinq and Wraooinq 

I+. 3. I 

I+. 3 .z 

4.3.3 

4.3 .4 

Prior to the ·application of primer the surfaces to be protected 
shall be cleaned free of all loose mill scale, ruse, corrosion 
produces, drrc, grease, moisture or other foreign material by 
wire brushing. Grease or heavy oil shall be removed with a 
volatile solvent such as xylal. 

Petraleum type cleaners such as gasoline, diesel fuel, etc. 
shall not be used. 

Primer shal-1. be applied to Che shop primed cue back surfaces 
before flood ccatin9 and shal f be al lowed to dry co a tacky 
cons i scancy. 

'.Ira pl) i ng sha 11 be app I i ed sp i ra 11 y. 

Wrapping shalt be feathered at the pipe end to faci Ii tate the 
field joint c:cating so chat no aarubc edges are evident. 

4.4 Field Joints of Shoo Caaced and •.iraoaed l'ioe 

4.4.1 Field. joints shal I be .,.,rapped after the pipeline has successfully 
passed the nydroscacic \:est and the ~thcidic: i:ircu:ection nas been · 
installed. aefor~ ::iriming, the bare ~i~e section snal I bti clean~ 
eel ::ier ~al" 4.3.1 and approx, 3" of '#raopinq at che end or pr~c 
eoaced 'ipe sec:ions snail be remaved • 

SPICl"C.&TIH u. 14222-L-7 UY. _.z.._ __ SlllT 4 U _ __.6.._ __ 
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4.4.2 

4.4.3 

Primer shall be apolied to the shop primed cut back surfaces 
and to thac portion of the shop coating which is to be wrapped. 
Primer shall be alloW.d to dry to a tacky consistency. 

Wrapping shall be applied spirally or· cigarette type to primed 
surfaces, extending a mininn.nn of 3" over. the shop coating. 

4. S F14!tl d Re.,a i rs of Shoo Coat I nqs and Wraao I nqs 

It. s. 1 

4.S.l 

i..s.3 

When ccaclngs require repair, the wrapping shall be removed 
co expose enamel or primed pipe and the exposed pipe shall 
be cleaned In accordance with paragraph '4.3.1. 

Primer shall be applied to the 9"posed pipe, and chat portion 
of shop coating Chae is co be wrapped, in accordance with 
paragraph 4.3.l. 

Wrapping sh•ll be applied spirally or cigarette type to 
primed surfaces extending a mlnimUll'I of 3u f'r0nt damaged area 
over the sound shop coat! ng. 

4.6 Handlinq of Coacln' and Wraaoed Ploe 

It. 6. 1 

4.6.1 

Coated and wrapped pipe shall be handled at all times with 
wide non-abrasive c:.anvas or leather belts, or ocher equipment 
des I gned co prevent da111a9e co caa t Ing. A 11 such equ i pmen c 
shall be kept In repair so as co prevent injury co the coating. 
The use of congs, i,.re pinch•bars, c:hain slings, rope slings, 
belt•sllngs with protn,,dlng rivets, or any ocher handling 
equipment found co be Tnjurlous to Che ~ting, shall not be 
perm I teed. All skids used co support coatsd and wrapped p I pe 
shall be p•dded. Walking on the pipe shall not be pel"!llitted. 

For l'lct cl lrMtes adequate protect ton shal 1 be provided For coated 
and wrapped pipe co avoid sagging of coating during shipping and 
storage. 

S. NON-OES~UCTIVE E:<AHINAT10N 

5.1 All shop-applied coating and wrapping shall· be inspected in accordance 
with AWWA Standard C203-73, Section 2. 13. 12, prior co shii:menc. All coated 
and wraoped pipe shal 1 be inspected for voids,· insufficient laas and 
ocher defects and requ I red r~a in sha 11 be made in accordance .. ~ oh 
paragraph 1+.2.a. 

5.2 Afc~r application of all rteld coating and wrapping, all coacea and 
wrapped pipe (boch shop and field) shall be inspecced for voids using a 
ho 11 day detector and requ I red repairs sha 11 be made in ac:ot"dance w i th 
paragraons J.1 and 4.; • 
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G. ENGINEERING 

6.1 The Seller shal I maintain rec:ards an all materials, and non-destructive 
examination for al I c:oated and wrapped pipe specified herein. All such 
records, .certificates. test data and reports shall be an file with the 
Seller and shall be available far Buyer review and c:opies of same shall 
be sent to Buyer upon request. 

6.2 All requests for su0stitutlons, rnadlfications, ar relaxations of this 
specification ar the dccUlll9nts referenc:ed in chis speciftcation shall 
be fully stated in writing for the cansid•ratlon of the Buyer: 

7. REFtRENCES 

& Speci.ficatian 14222-L-l Piping Materials 
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1. SCOPE 

1.1 This specification covers procedures for removal of lacquers, residual 
oils, greases, mill scale, and rust, from the interior surfaces of carbon 
steel piping systems, and protection of the cleaned surfaces. 

1.2 · Chemical cleaning of a system is u5ually done by a subcontractor .who 
specializes in this type of work, and who has suitable equipment as well 
as e."tperience with .the use of various types of cleaning agents. 

1.3 Section 3 of this specification describes in det~il one acceptable clean
ing procedure using inhibited hydrochloric acid. This detail is included 
to: 

a) Indicate , in general, the quality and thoroughness desired .in any pro 
cedure to assure adequate cleaning and subsequent metal protection, 
and: 

b) Provide a step-by-step procedure which may be used in the field if it 
is decided for any reason not to subcontract ·chis work. 

1.4 Alternate procedures with alternate materials may be. proposed, subject to 
approval and agreement. Such alternates must be .capable to achieving 
acceptable cleanliness and corrosion rates equivalent to those attainable 
by procedure outlined. 

1.5 Certain pre-cleaning p·reparation should be done (normally by the contrac-. 
tor) before starting the cleaning procedure. The extent to this work and 
che specific items which may be included in the subcontractor's work may 
vary for difference projects and ~hould be established before proceeding 
with the work. The contractor will furnish the necessary information, 
drawings, and/or access. to the installation co establish the subcontrac
tor's scope of work for his proposal. 

1.6 Subcontractor's proposal for the work shall include a diagrammatic sketch 
(preferably a rough isometric drawing) showing the piping circuitry.to be 
used in the cleaning operation. The sketch shall show temporary jumper, 
bypasses, and location of vents and drains. It is necessary to clean 
the system in sections, a sketch shall be provided for each section. The 
subcontractor's proposal shall indicate the manner in which any "dead ends' 
in the circuit are to be properly cleaned and flushed. 

L 7 The subcontractor shall be responsible for the safety of personnel and 
equipment in the area where the work is being performed. '!he safety regu
lations of OSHA, the contractor. and the owner shall be observed. The 
subcont:ractor shall institute any .e~rtner precautionary meas1.1r.e$ he d'iems 
~ecessar:r tor che proper protection of personnel and·equipment. 

2. P!tE-CLEANING ?!tEPARATION (BY CONTRACTOR) 

2.1 Inst:all nigh point vent:s, low point drains and blind end bleed-off connec
c:ions • 

S P£CI FICAT Io II NO. _ _.14.....,2;;;,2;;;,2-.. L .. -... 8-- :tEY·----- SHUr-_...2. __ 
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2.2 Hydrostatical ly test the piping system to design hydrostatic test pressures, 
if this has not been done previously. 

2.3 Remove or isolate from the system to be cleaned, all parts constl"'Ucted 
from materials '""hich are subject to corrosion at:ack by the cleaning 
medium. Materials to be removed will depend on the cleanina chemicals 
used. This shall be firmly established in collaboration with the subcon
t;:;C"tor before ·starting this step. 

2.4 Disconnect all machinery piping which is to be chemically cleaned, and plug 
or bl ind all machinery openings. Extreme care shal I. be exercised to preve!"lt 
the.entry of any cleaning chemical_ or vapors into any part of the machinery. 

·2.5 Remove all control" valves, pressure gauges, flow orifices, transmitters, 
or other instl"'Uments that may. be damaged by the cleaning procedure~ 

2.6 Install temporary piping as required to control flow through the system 
and hydrostatical ly test joints for leaks at suff icieht pressure to insure 
tightness during cleaning.· 

2.7 All items removed per 2.3 and 2.5 shall be properly tagged, protected, and 
stored. 

3. CLEANING PROCEDURE (BY SUBCONTRACTOR) 

The following procedure will provide satisfactory cleaning. Alternative proced
ures may be submitted by the subcontractor for approval if he believes equivalent 
results will be obtained with his procedure. 

3.1 lnhibi ted Hvdr-ochloric Acid Cleanina ?l"'ocedure 

3.1.2 

3.1.3 

Remove or isolate fr-om the system to be pickled items such as valve 
:l"'im, pumps., etc., made of twelve percent chromium steel, 18-8 stainless 
steel, and othel"' materials that are attacked by dilute inhibited 
hydrochlol"'ic acid at the temperatures and concentrations stated below. 
Coolers should be bypassed or tube bundles removed.prior to cleaning. 
Filters should be bypassed to prevent damage to the internals. Refer 
to 2.3. 2.4 and 2.5 above. 

Use hiah pressure air; steam or water to mechanically cl~an the 
interior of the pipe to assure removal of loosely held scale and other 
particles. Wherever possible, wire brush accessible areas. 

Circulate a decreasina solution tnrouah the pipe for approximately two 
hours at 160°~~ The d;greasing solution shall be one of the fol lowing 
compositions: 

3.1.3.l Three percent by \veight sodium hydroxide; three percent by weight 
sodium metasilicate; 0.01 percent by weight wetting agent. 

3.1.3.2 Six percent by weignt trisodium phosohate plus 0.01 percent by 
wei9ht wetting agent may be used. 

~ 3.1.4 Flush wit~ water until the degreasing solution.has been completely 
! r~moved, verifying l"'?.ITIOval by a l i emus paper test. Open vents and all 
2 lcw point Jr3iAs. Manually clean dirt deoosits at low.points anc.i lar9e • ! volumes where the velocity '"'as low. 
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3.1.5 Pickle the svstem to bare metal by c:irc:ulating one of the following 
so I ut ions: 

3.1.5.l Fifteen ;:ierc:ent by '"eight inhibited liydroc:hloric: ac:id For four to 
six hours at room temperature. 

3.1.5.2 Ten percent by weiaht inhibited hydrochloric: acid for two to four 
hours at J40°F -

3.1.5.3 Five percent by weight inhibited hydrochloric: acid for four co six 
hours at I 60°F. 

3.1.6 

3.1. 7 

In all cases, the pic:kl ing process should be stopped as soon as bare metal 
has been attained. 

Drain pick I ing solution and rinse with a solution of 0.01 percent by 
weight citric: acid, and drain system. 

Circulate neutralizing and passivating solution through the system for 
a period of thirty minutes at 180°F, and then drain,. This solution 
has the following c:cmposition: 

0.25 perc:ent(by weighdmonosodium phosphate; 
0.25 ;:iercendby weight) di"sodium ;:inospnate; 
a.so percent(by weighQ sodium hydroxide; 
a.so perc:ent(l:ly '"eighQ sodium nitrite. 

One of the followinq alternate ac:c:eptable methods of neutralization and 
passivation may be used: 

3.1.7.l To a so~ution of 0.2S percent by weight citric: acid add enough 
anmonia until the PH is ten. This solution is circulated in the 
system for approximately one hour. 

3 .1. 7 .2. Neutr~I ;ze with 0.50 percent soda ash at 170°F. ?assivate with. a 
solution having the fol lowing composition: 

3.1.8 

· 0.50 percent (by weight·) sodium nitrite. 
0 •. 25 percent (by '"eight) monosodium phosphate. 
0.25 "percent (by '"eight) di sodium .phoschate. 

The 'assivating solution is to be c:irc~lated For 30 minutes. 

After draining the neutralizing and passivatin9 solution, the system 
shall be rinsed wich c:lean Fresh water until tlie pH of the '"ater is 
acproximately 7.0. 

3.: Afcer the cleanliness of the system has been ac~epted by the c:ontrac:tor, 
subc:ontr"ac:tor shall .:lean all areas • ... ne:-e .:!-:'emic:als liave spilled or 
s;;ilatter"ed durina ~he WQrl<. Remove, all tools, apparaeus." rubbish anci 
waste materials to the approval of tlie c:oncrac:tor. 

4. ~LTERNATI VE ClEANI NG PROCEOURES : av sue CONTRACTOR) 

4.1 In case stainless steel or 12. Cr ~annot be isolated 01" r"emoved such as with 
soc:ke~ \,olelded valves. o"e of .several alternates shall be used. These 
proprietary mecnods include inhibited citric acid. pnospnoric: acid, hydroxy 
ac:ecic: acid. for.nix acid. etc. Cleaning S1Jbc:cn::rac:tcrs snail pro'lide with 
1::.liei r proposal~. a ccmple~e deset"ipl:ion of any al ::er-native procedures wnic:h 
they p ropo s·e to use. 
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S. PROCEDURE FOLLOWING CL£ANING (BY CONTRACTOR) 

S. I Immediately fol lowing cleaning, passivating, and rinsing, ·the system shal I 
be blown out with hot air until the metal is dry. 

S.2 Control valves, trim, stainless parts, etc., removed under Paragraphs 2. and 
3. shall be re-installed. 

5.3 After dry-out the following protective measures shall be taken to protect 
the cleaned piping and equipment. 

5.3. I Lube Oil, Seal Oi I, o,. Hvd,.aul ic Oi I Svstems 

Coat inside of piping with mineral oil and seal off all openings with 
plugs or blind flanges with gaskets. Alternatively, connect all p1p1ng 
into final position, fill the console reservoir with ccmpressor oil 
l:ind ci rc:ulate oi 1 through the systems unti 1 al I surfaces are thoroughly 
covered with oil. Seal off the system, including the vent on the oil 
reservoir. Clearly mark the seal on the reservoir vent ·for removal 
prior to startup. 

5.3.2 Comoressor Suction Pioina (Reciprocating compressors only) 

Install blinds on the ccmpressor suction nozzle and at .the compressor 
suction drum. Nitrogen. blanket the ·suction piping •at positive pressure 
until startup. 

6. INSPECTION 

6.1 

6.2 

6.3 

The contractor's Construction Superintendent or Resident Engineer shall be 
notified prior to cleaning so that the cleaning procedure may be observed at 
their option. Regardless of the procedure used, acceptance shall be based 
on adequacy of scale removal demonstrated to the above, by visual inspection 
at all accessible points. 

.A. removable greasy and rusty test specimen of steel shal I be provided at a 
convenient point in the system so it may be removed to observe the progress 
of the cleaning operation. 

A pr~~eighed, stressed, carbon steel corrosion.coupon shall be placed in the 
c:i,.c:ulation system by •111hic:h corrosion during the process may be monitored 
and end result corrosion may be calculated. 

7. DISPOSAL OF CMEMICALS ANO FLUSHING MEDIA 

7.1 Al 1 chemic3l streams, rinses and drains shall be contained, or shal 1 be 
col i'ec:ted in suitable vats or tanks. No streams shal I be al lcwed to drain 
upon the 9round or create a mess in the plant area. 

7.2 Disposal of chemicals, rinse water and Flushing oils shal I be coordinated 
wi ch tlie contractor's fieid personnel. Approval should be obtained ;Jrior ro 
draining any mate~ial cc ;n ~~isting sewer svstem. Proposed method of dis
posal snail include neucrai ization af drain streams to a pH of about 7.0 . 
If d;soosal =c the site is not feasible, subconcraccor snail remove waste 
mac~rial = from cne praini ses. 
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3. I NIE~RUP1'E:O SCHE:JUL: 

l.lhen it is necessary co do the chemical cleaning ~Yan interrupted schedule ·.iith 
a shut-down at niche or over a week end, the shuc-dow~ point shal I oe on com
pletion of a ·.iate~ flusn. The second· point of shut-down shal I ~e fol lowing the 
blowing with clean air. If the circulation ~f flushing oil is delayed more chan 
the ti me nee es sa ry to make the switch in the se~uence of operation, then the 
system should be pressuri:ed with nitrogen, and shut-in under pressure until 
convenient to. circulate ·flushing oil. 

9. GUARANTEE: 

9.1 ·Subc:ontrac:t.or shat I give written guarantee of the effectiveness of removal 
of mill scale and other ox~des. ' 

3.2 Subcontractor shal I give written guarantee stating maximum amount of base 
metal which wi 11 ::ie removed during the cleaning operations. 

9.3 Subcontractor shall give written guarantee stating maximum amount of time 
cleaning operation will take. 
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This specification describes general requirements governing layout and spacing 
of plant equipment and units to provide for safe and easy operation, mainten
ance, fire prevention and control. 

2. Pt.ANT LAYOUT 

The primary consideration -in arrangement .. of units and equipment is to provide 
an economical facility, safe and easy to operate and maintain. The arrangement 
shall favor compactness and integrated disposition of units and equipment. 
Additional space for future needs will be provided only where specifically re-
quested by job specifications. · 

2. I Piping Layout 

See Project Specification 14222-L-4. 

2.2 Eauioment Layout 

Minimum clearance requirements of the Occupational Safety and Health 
Administration (OSHA) and the Oil Insurance Association (OIA) for 
locating equipment, and other clearances Bechte.l considers to be good 
practice,. are shown in. Engineering Standard O.rawings A-521 and A-522 
and giv~n in Specification 14222-L-4 and the following paragraphs. 

To minimize damage to overhead electrical, instrument and pfplng runs in 
the event of fire. Pumps should be located outboard of overhead 2iEe-

-wa."18--

Pumos Locations 

a) When outriggers are used in an overhead pipeway·, locate the pump 
discharge nozzle 3'-0" min. from the outside edge of the out
rigger. 

b) .When no outriggers are used in an overhead pipeway, locate the 
pump dT"schar-ge nozzle S'-0" min. from the center line of the 
pipeway column. 

2.4 Comor-essor-s 

Large compressors may be elevated sufficiently to per-mit p1p1ng and 
auxiliar-les to be located below operating platfor-m. Smal I compressors may 
be grade mounted with piping and auxiliaries arranged for convenient access 
and maintenance. 

2.4.l 

2.4.2 

Provide either a bridge or gantry crane or unobstructed access for a 
mobile crane to permit easy removal of compressor co1111>onents. 

'.olhere climatic conditions dicate, shelters shall be provided for ;:iro 
tect ion of eau i oment and oersonne I. If a mob i 1 e crane i·s to be used 
for removal of eomoressor. components, shelter roof sheeting s~al I ~e 
designed in ~emovacle sections. 
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2.5 Vessels 

2.5.1 

2.5.2 

2.5.3 

Vertical l/essel5 shal 1 be placed on a common center! ine para! lei 
to the main pipeway, unl~ss design conditions dictate otherwise. 

Horizontal Vessels shall be located to minimize piping runs and 
where practical, be lined up with their tangents on a common loca
ting line on the pipeway side of the unit. Under no condition can 
the vessel and iti piping encroach into establ?~hed operating or 
access a is Jes •. 

Provide davits on top of vessels to handle relief valves 2" and 
larger, internals, etc:., that are not available to mobile equipment. 
Orient davits in such a way, as to permit the lowering of this 
equipment to a clear area at grade. F.or vessel davits, see Engineer
ing Standard Drawing ~-507 and c-509. 

2. 6· EJ<c:hangers 

2.6.l 

2~6.2 

Shell and tube exchangers shall be located with a co111110n channel 
nozzle center line away from pipeways to facilitate tube bundle 
removal. The exchanger with the largest overall length wil I set this 
center line. Under no condition can the vessel: and its piping en
croach into established operating or access aisles. 

For exchangers under drums or unit structures, .the channel end should 
be clear of overhead obstructions for handling of channel end by 
mobile equipment. 

2.7 Air Coolers 

Air coolers shall be located so as to provide for safe and practical 
access for operation and maintenance. They may be located in the equip
ment areas or over pipeways. Provide sufficient access to permit removal 
or replacement of tube bundles, fans and drivers. Oo not locate air cool
ers over a potential source of fire such as a light snds pump or hot oil 
pump with stock at or over its auto-ignitor point. Care shal 1 be taken 
to keep bare hot line~ or other hot equipment out from under the air in
take to coolers and also to prevent recirculation of heated air. 

2.8 Fired Heaters and Boilers 

2.8.1 

2.8.2 

Furnaces and boilers shall be located near.plot boundary for easy 
access. Tube pulling shall generally be by mobile crane. Adequat~· 
dropout and swinging space shall be provided. External piping shall 
be minimized at the tube pulling end of equipment. Road access shal I 
also be provided at tube pulling end. 

Where prac:t i c:a 1 and economi c:a I, fired equipment sha 11 be grouped to
gether. Common stack(s) are permitted when they are more· economical; 
however, dampers or suitable barriers must be provided in individual 
ducting to the stack • 
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2.8.3 Prevailing winds should be considered, and vessels, pumps, com
pressors and other equipment handling ·light hydrocarbons should be 
located downwind of fired heaters to minimize the possibility of 
vapors being carried toW11rd open.fires. Heater orientation and 
use ·of wind boxes shal 1 be considered if op·eration would be affected 
by the maximum winds anticipated in the area. .. -

2.9 Pipeways 

2.9.l 

2.9.2 

Pipeways shall be sized for present needs plus 25%. This practice 
assumes a contingency of 10% at· the outset of the job but antiei~ 
pates this will have been used upon completion of engineering, leav
ing 15% for future needs. 

Pipeways shall be generally overhead in units and at grade between 
main plant subdivisions. Overhead pipeways shall generally not be 
more than two decks high. The upper deck shall carry main utility 
headers and process piping. Ploeway elevations within Process Areas 
shall be as indicated on _Engineering Standard Drawing A-522. 

3. CLEARANC£ ANO ACCESSIBILITY 

3.1 Overhead Clearances 

3.1.l Equipment, structures,· platforms, piping, and its supports shall be 
arranged to provide the fol lowing minimum overhead clearances. 

a) Over railroads, top of rail to 
bottom of any obstruction - • - - 22 1/2 Feet 

b) Over plant roads, for major 
mobile equipment - - - · 

c) At pump row accessway, (under pipeway) to 
nearest obstruction - - - - - - - - -

d) Over pumps and turbines, 
from high point of. grade 

e) Overhead walkways, passageways, and 
platforms, to nearest obstruction - - - - - - -
(Exc~Pt at dead ends) 

20 Feet 

l :Z Feet 

· 8 Feet 

7 Feet 

3.4 Hori;ontal Clearances 

3.2.l Equipment, structures, platfo~s, piping and its supports shall be 
arranged to provide the following minimum horizontal clearances • 
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a) Fi red heaters to PU'"l'S and other 
flammable-containing equipment 
(exclusive of CO'"l'ressors) - - - - - - -
Reactors and feed/effluent exchangers 
may be situated closer than 50 feet to 
their assoc.iated heaters. 

b) Fired heaters to equipment handling 
non-na·mmable 1 lquids - - - - - - -

c) Fired heaters to compressors handling 
flammable vapors - - - - - - - - - - - - - - -

d) Minimum spacing between large CC'"l'l"essors 

e) CO'"l'ressors handling flammable vapors 
to non-associated process pumps, 

50 Feet 

25 Feet 

100 Feet 

8 Feet 

vessels, etC. - - - - • - - - - - - - • - - - - 25 Feet 

4 Feet f) ~c:k o.f .contra I pane ls - - - -

g) Operating Aisles - - - -

h) ·At driver end of pumps, where truck 
~ 

access is not required - ·- --- - - - - -
j) At driver end of PU'"l'S, where truck 

access is required - - - --- - ---
k) Under pipeways, between driver end of 

pullll'S, where access for an Austin-Western, 
Hodel 410 or equal· ls required -

I ) At she I I cover end of exchangers at 
grade, for access way - - - - -

m) Maintenance platfonn at channel end of 
elevated exchangers - - ----

n) Maintenance platform at shel 1 cover ends 
of elevated exchanger 

p) In front of rnanw.ys 

q) 

r) 

Mini mum !)assageways at grade. and· ·on 
elevated platforms - - - - - -

Between extremities, including !)1p1n9 
of adjacent !)umps - - - - - - - - - -

s) Between extremities, including insulation, 

- -

--

of paired exchangers or vessels - - - - - - -

t) Between piping and handrails, or between other 
obstr~ctions, where occasional access is re• 
qui red for ;na in tenance only - - - - a - - a -
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3.3 Access for Maintenance 

3.3.1 l/alve and Instrument Access 

3.3.2 

3.3 .• 3 

3.3.4 

3.3.5 

3.3.6 

3.3.7 

Operator access including platform and ladder requirements for 
valves and instruments are shown in paragraphs 4.2 and 6.4 of 
Project Specifica~ion 14222-L-4. 

Crane Access. 

F.quipment, structures, and p1p1ng shal I be arranged to permit 
crane access to compressors, air coolers and major equipment 
parts not provided with built-in maintenance facilities. 

Access to l'umos 

Clear access, ·both vertically and horizontally wi 11 be provided 
under main pipeways for trucks or mobile equipment to service 
pumps. 

Access to Exchanaers 

a) Whenever possible,. tube bundles shall be removed with a mobile 
crane and tube bundle extractor. Permanent monorail structures 
will be provided only where crane access is impractical. Where 
required, the monorail shall extend far' enough beyond exchanger 
channel end to permit ful I use of hoi.sts to pul I and lower tube 
bundle to grade. 

b) Where built-in handling facilities are not provided, clear space 
for tube-bundle removal by mobile crane shall be provided. A 
clearance i 1/2 times the bundle length in front of the exchang
er measured from the tube sheet and.extending 20 ft. on at least 
one side shall be provided. 

Exchanger Shell Covers 

Davits or other suitable means shall be provided to handle exchanger 
shell covers not accessible to mobile equipment. For exchang~r shell 
cover davits, see Engineering Standard Drawing H-SOS. 

Ca ta I vs t Loading 

Adeauate space shall be provided for handling and storage of catalysts 
(both fresh and spent), including mobile equipment access where 
aopropriate. 

·Lower i nq Areas 

Clear areas shall be provided at grade on the access side of elevate~ 
equipment for lowering external and internal fittings. 

?!.AiFORMS, SiAIRS AND LADDERS (ACCESS ANO LAYOUT RE~UIREMENTS) 

Platforms, ladders, and stairways shall be the minimum consistent with access 
and 5afety requirements. For additional details, see Project Specification 
i.+222-;4-l and 'Standard Drawings 14-506, :4-508, M-513. ~-517, M-529, and M-532 . 
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4. I Platfonns with Stair Access 

Platforms with stair access shall be provided at: 

4.1.l 

4.1.2 

Points'which must be serviced once or more per 8 hour shift 
(furnace firing platfonns, boilers, etc). 

Locations s~rving mechanical equipment. 

4.2 Platfonns with Ladder Access 

Platfonns with ladder access·shall be provided at: 

4.2.1 

4.2.2 

4.2.3 

4.2.4 

Exchangers with centerline located 12 ft. or more above grade. 

Points which require operating access less frequently than once per 
8 hour shift, including valves ·and motors, etc. 

Points requ1r1ng access for·maintenance, including column or vessel 
rnanways except as listed in sub para a) below, nozzle flanges, re
lief valves, removable heads or covers, top flange of vertical, re
boilers, etc. 

a) Platfonns are not required for manways, when manway centerline 
elevation from grade is: 

I. 15 feet and under without internals. 

2. 12 feet and under with internals. 

Air (oolers, with interconnecting walkways provided to service 
valving, fan motors and instruments. 

4.3 Dual Access Reauirements 

Two means of access shall be provided at: 

4.3.1 

4.3.2 

4.3.3 

4.3.4 

Elevated platforms 10 feet or more above grade serving three or more 
vessels, when lack of such means might prevent escape of personnel. 

Any platform serving fired process equipment,. 

Any platform serving two or more pieces of equipment which are con
currently maintained or operated. 

Large elevated structures, if any part of platforming has more than 
75 - feet of travel from a single access. 

4.4 Ladder Reauirements 

4.4.1 

4.4.2 

4.~.3 

Side access ladders are preferred to front access ladders. 

ihe.maximum straight run of ladder between landings without offset 
is 30•ft. Q-in • 

Whereve prac:ica~le, ladders shall ~e arranged so the user faces 
:o~e;:d ~quipment or structures rather than facing open space. 
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5. SPACING BE"NF.EN FACILITIES 

5.1 Process Areas 

. 5.2 

Process units shall be located a minimum of SO-feet apart, (batte.-y 1 imit 
to batte.-y 1 imit). Additional minimum spac:ing requirements are per 
Engineering Standard Orawings A-521 and A-522 • 

Tank.age-Areas - Off Plot 

Storage tank c:learanc:es shall conform with the Federal Register, (OSHA) 
Part 1910.106 Sec:tion (b) and tank storage and the Minimum Spac:ing Stand
ards as set forth by the (OIA) 011 lnsura~c:e Assoc:iatlon. Some guidelines 
for minimum requirements and spac:ing are shown on Fngineering Standard 
Drawing A-521 

6. MI SCEt.LANEOIJS REQ.U I RF.MENTS 

6. 1 Tank Dike F.nc:losures 

6.2 

6.3 

Walls"of a diked area shall be of earth, steel, conc:rete or solid ~son.-y 
and be liquid tight to withstand a full hydrostatic: head. 

6. 11 Size, Height and Access 

Roads 

a) Size and height of dikes shal 1 c:onform to Engineering Std". 
__ ·Drawing A-521 in Project Specification 14222-A..;7. 

b)' Tanks shall have at least one side adjacent to an access road. 

-· 
For the design of roads within a plant site, see Pr.oject Specifi
cation 14222-S-2. 

Rai I roads 

For railroad standards details and legal clearanc:es, see Engineering 
Standard Drawing M~5T6. 

6.4 Satel·lite Shelters 

Satellite shelters or windbreaks may be required depending on distance 
from c:entral control building, percentage of time operating personnel 
must remain in area, importance of func:tion and weather . 
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NOTE ~ 

RE.IMF. It 
(SEE MOTE(, ) 

IMSUL.t k• JAC.l<.ET 

DAVIT 'IJ : (*l LBS 
A :(>I'} B: (*l 

~---< D: (*) E : l*l 
H • C*l PIPE 

~(SEE lolOTE :I)° 

TU~NllJ6 
- AANDLE: 

l\_ HR 1----'*-> ---~·-- o-=-M"'1N--:·.,../=:'l:-:'- ~o,,_M,A_x~. 
I 

( 566 NOTE 1 ) 

TOP MOUIITEQ 
:~ 

I f>< IN.) 

o~ 
- • i: "' -

SIDE 1-!0UMTED 
PLATFOgM 

C.HEC.K TO C.LR 
PLAT. e.KTS 

5EE NOTE 10 

r , . 

l>- j ~ ~ ~ . w 0 

i~LJ g 

0 
-' -¢ 

TYPICAL DAVIT ARRANGEMENT 
FOR LA'T'OUT GUIDE ONL'( 

Specification No. 14222-L-9 

DETAIL 

PIPE s1z:eJB] 

CAPACIT'T' ~ 
( LETiE:RS 11-;i.' HIGH 

IN WELDING BEAD) 

i URN I HG HANDLE 
B' <j> X 2 1-0 LG 
f'IACK. 60LT W/ 111.JT 
(ORIEHT '}0° fROM 
PO~ITIOM 5HOl'IN) 
iACK-lllELD NUT 

TYP. 

~ 
..J 

1'cp STD PIPE 
( SLEE.VE) 

TYPICAL DAVIT DETAIL 

[9 

-.--..,. 
Lil Ul 
0.. Q. 

o::~ 

~.._, 

ol al 
0 (I 
u. u. 

.,( x 
<< 
~2 

() 0 
I I 

~Co 
~ 

DETAIL 

34•q> bOLT5 

(BY DAVIT SUPPLIE.R) 

EA. SIDE. 

SIZED 22X34 

GENERAL NOTES 
I . .FOR INFOR\.A.il:TION NOT SHOl.'HI 51!E DE51C:.N ORAf'llf.10 

e (>I<) DE:IJOTE.'5 DATA REQUIRED OIJ DESIGIJ. 
DRAl'llNG , 

3 . THI: DAVIT C:APAC:IT'T' '
1
W" 15 THI: ALLOWABLE: 

LIFTED V'IEIC::.HT. ALL D.AVtT5 Sl-IAL-L bf: 
DESIGNeO FOR A MINIMUM •w• OF 1000 L"S 

f.XCEPT AS NOTED IN1'10T~ "la . 

4. t.o&.D 'p",'2.'2!5 W - THIS ALLOWS FOR A VERTICAL 
LO .... O WU! PULL EQUAL TD LIFTED WEIGHT 
PLUS '2?% IMPACT. 

S . ALL ATTACHMENTS TO VESSELS ARE 5UPPLllOD BY 
THE Vl!!.SSE-L SUPPLIER UNLESS OTl-IER1'415E. 
l'IOT!!'.D. FOR 5TRl!5S F\'ELJeveo VESSELS, 
INSTALLATION MU5'T PREC.!!OE: STRES5 RELIEVING. 

""Vl!'..SSEL R.l!!.JNl"ORCllJG PLAT!! . 
Rl!.GIUIRl!.MENT5 l"OR 5Hl!'..t..L. IMDENTURI! 
Sl-IALL BE LOCA'Tep AND DE. TAtL-1!.0 
ON THE vessel.. ORA/l'l/l'IG. 

7. DAVIT ARM ·~· SHALL ·c.e: ~UC.I-I THAT eNo !Jl'JING5 
OVE:R LOAD TO !IE Ll,..Tl!'.D (5AFerr VALV5, ETC.) 
OR l!:tTl!NO A MINIMUM OF"!" e.E'(OND PL. .. TFORM 
IN THI!: oes1GNATED LET-OOl'IN AReA, WHICHEVER 
IS ·GRl!:ATER . 

8 . Dl"1f'N510NS AND SIZES ARE STANDARD UN\.ESS 
Cl(h20TO FIT OTHERINISI! SPE:c.IFll!O ON D!!.~IGl-J DRAIHl"IG.. 
COl-ITOUR OF SHELL. 
(Sl!:.E NOTE 5~ e> "I. DAVIT Pl Pe Dl!SIG"l(Sl!E. NOT!!-'\): 

O..)t.IAX. (Wl FOR4"SC.H .40PIPE. o< eoo L~ 
b) MAX . (PxE) FOR .i: SC.H 40 PIPE z 5.400 FT- LB"' 

SECTION@ 

C.) MAX.(P. E) FOR .4" 5C.H 80 PIPE : 1100 FT-Lf>5 
d) MAX .(P,E) FOR <O" SC.H 40PIPE~14200FT-LB' 
e)MAX. (P.e) FOR <;."SCH 80P1Pe •:2.D400FT-Le.S 

10. THE Dl~'TAt-JCE FROM VE=>SEL SHl!LL.. iO 
GENTER OF DAVIT 15 t..IMITED TO THE 
DEPTH OF'Tt-11!! C>OTTOM ·DAVIT SUPPORT. 

• t• 1o":t: 2' 
cse:e. Non 10> 

DETAIL 

~ ' ft WITH 
I~~·<!> HOLE. 

~·01A •'+'THI< .. 
!5RAS'!> lllA!:.Hl!R 

1'4'STD CUT 
WASHl!R 

11110.33 
(SEE NOTE: 5 4-e.) 

Rev. 2 
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PLAN 

~'ol ltt. l:.Oll 't'1'1.0 . lYl 

I \:j· .iuu C. mo. j>' L4 . PAOVll>l 
(2) 110 , UllU f )Jb. WJ.~111.R 

\ 
\ 

""'' 

Ji.NGLl ~Ill 
TO )UIT 

.-----

lLE..VATION 

A B c 
1~· 2' 4' 

I---

2· 2~· 5• 

2~· 3• ro' 

GRIND lCGl TO 
~ Miii. llo\DIU~ Oii 
CHl.Mflll 

D 

~ 
\; 
1' 

E 
,, . 
3• 

4' 

Ml."lCIMUM fLl.H'l ~Ill 
l.UO RUING (Sll MOTl i) 
18" 10· 'l.4. "!JO" 

150• 15o' - -
·--- -- ·--- --
r.oo• Joo• 150• -

--I-- 60c!" 300. °!>oo• 

E ~ro. wr. Pll'E c;Ap c< 
IUIL1 · UP fb lb, 11"-•11 SltllLD 

$MOOTH lHUl ~Ullfl.CU WITH 
lUEAY CLOTH 4 IUPlllGNo\ll 
WITH IAOLV·l(Ol£. LUllUCl.MJ 

NOTE. 5: 
I. l.LL Ml.Ti.RIJo.L 5H.LLL ll Cl.Af.01.i ~TU.L 

l • .LLL fLl.MGl\ Jo.Rt. ANSI 'Tl.HOA.RD, UUPl 
~01 s1ze Toe~ AP1- ooS' 

ENGINE E RI c;; ST AN DAR D 
REFINERY CHEMICAL DIVISION 

MA.NWAY DAVITS 
VE.SSE.LS 

cu•t . 
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EA. 

0 
I 

..... 

ENO ~6 

$ 
I 

u 

"D" 
I 
I I 

=~ 
Yct" SQ t 

..... ~ 
t-

ANGLE "H" 

WEEP HOLE 

SEAL 

16 GAGE STEEL 
RAIN SHIELD 

STL SHIH BUSHINGS 
ISEE NOTE 5) 

)!(SOCKET 
PIPE "S" 

"G" 
STD ~~:r: EXCHR SHELL 

/~~ I 

u . 
C3 
w ..... _(_-4!--~~=-\ 

\\ 
- I 

)!(~"ft ~ 1 PC OF BM ,9 0" ~OR EQ.> 
3-~• 4> HOLES ' /. ................ 
ON 2"4> CIRCLE 31' 

716 

"E")K 

NOM. DAVIT 0 
SHELL CAPACITY R 8 [ 
DIA. LBS. o.o. 
16 400 45 22 8 2~ 
20 400 49 25 10 2~ 
24 500 51 27 10 2~ 
28 750 53 30 10 2~ 
32 1000 56 34 12 3~ 
36 1300 59 38 14 4~ 
4U I 

l/UU b4 4c 1lj 4~ 
42 2000 66 43 18 4~ 

HIN. 
WALL 
0.154 
0.218 
0.218 
0.276 
0.250 
0.281 
U.cl::H 

0.438 
NOTE: ALL SIZES ANO DIMENSIONS ARE IN INCHES 

Specification No. 14222-L-9 

E* F 

W8><17 7 
W8><17 8 
W8><17 8~ 
W8x17 9 

W10><21 10 

W12><27 11 

Wlb><:Jb le 

W16X36 12 

0/2 +~II ~·i4> FORGED MILD STEEL 

DETAIL OF LINK 

,,..-----,-
~~ VENDORS STD 

PICKUP LUG 

TYP. TOP & BOT FLG • 
RETURN ~" ON OPPOSITE 
SIDE OF FLANGE 

LOCATION PLAN 

S* 
G K NOH. WALL 

SIZE t 

4 3/16 2~ 0.217 
4 :ris 2~ 0.217 
4 Y.t 2~ 0.217 
4 Y.t 3 0.289 

5~ 5/is 4 0.337 
6 ~ 5 0.500 
b % 5 0.500 

6 ~ 5 0.500 

H 

L><2><2>< 3/is 
L><2x2x3/16 

Lx2x2x3/is 
Lx3x3><~ 

Lx3x3x~ 

Lx3><3><Y.t 
LX4><4X~ 

L><4><4x~ 

GENERAL NOTES 

1. ALL PIPE SHALL CONFORH TO ASTH 
A-53 OR A-501. 

2. DAVIT DIMENSIONS WILL ACCOMMODATE 
BODY COVERS FOR FLOATING TUBE 
SHEET EXCHANGERS OF 300 LB • 
FLANGE RATING. 

3. FOR EXCHANGER SHELL DIAMETERS NOT 
GIVEN IN TABLE, PROVIDE DAVIT FOR 
NEXT LARGER SIZE. 

4. COAT HALE & FEMALE PORTIONS OF 
DAVIT WITH A HEAVY RUST INHIBITING 
GREASE BEFORE SHIPMENT. 

5. PROVIDE STEEL SHIM BUSHINGS TOP 
AND BOTTOM WHERE REQUIRED- TO 
MAINTAIN TOTAL CLEARANCE FROM 
0.040 IN. MIN. TO 0.080 IN. MAX. 
BUSHING MATERIAL SHALL BE WELDED 
TO PIPE TO MAINTAIN POSITION. 
GRIND OFF BURRS AND WELDS FOR 
SMOOTH FIT IN SOCKET. 

6. THESE DAVITS ARE FOR HANDLING 
EXCHANGER HEADS ONL Y, NOT FOR 
CHANNEL ENDS. 

7. ITEMS HARKED WITH AN ASTERISK ( *) I 
SHALL BE FURNISHED AND INSTALLED _.
BY HEAT EXCHANGER SUPPLIER PRIOR _ 
TO STRESS RELIEVING UNLESS OTHER- I 
WISE NOTED. i 

SCALE NONE DESIGNED 1--- -·- -·.,J._ ____ _ I DRAWN / "0 CHIEF ' --~ u 
_.,,_ C.-,... [NG,R _ _ ,,.,_-• ~-- --

BECHTEL 
ENGINEERING STANDARD 

REFINERY ANO CHEMICAL DIVISION 

HEAD HANDLING DAVITS FOR 
150 LB. & 300 LB. HEAT EXCHANGERS 

JOit Nn DRAWING No. 

M-505 
RC\I . 

4 
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J.-IAND~A I L f'LAN AT :STA /A TUAN 

STAIR £i.lVATION 
AH6LE /'llt.NDlfAIL 

WALL RAILING 

B 7 

Specification No·.·14222-L-9 

6 

~lATFO/tJ.11. 

"" :,reut:.ru1tw 

PLAN 

.-

HR POS T 
(T 'f'~ l 

I I 

2· • ! "UAlt AHCMOJ115 ~ ..r.J L 
ill!L-:.ON 5T'UD"(•IO"Tbt) 

WILD .. D COHN . / 
, ..... 90l.T9 °"' 
I •Ill .A.NC.HOAA 

I I fl"l"l'l'I 

~ <.ll~t lt~1•4 

"""IM c~ ANa 

c~_,, 

.!1,1.UU'~ 

i.V- ,.. CUP L2!z,c2fl•'1 

~IJH i.M6i1"1 

- iY 

HANDRAIL CONNECTIONS TO 5Tt::~L 
Pl,_~ HA.NORA.I~ CONNl!Cr!ON!S 511111/LA./lt 

,.., 

HANDRAIL CONNECTION5 TO STAIR 5TRING~R5 !"'I,,. NA.NDl"f.A,./L CONNICTIONJ SIMILA.,. 

:;jt~ 
:~-:s:;;;dhl A ... 2fu-.... 

~ '°'" .,...,, -·- : -

~:__,, - ' '"P•<i·t~.:,_- . - : 
~l..~~c:..c.,·,, _!_~ u J, 
• ..,..(·r~°""• '~f.'- (:!.~I!~~' 

HANDRAIL. CONN~CTION5 TO CONCRETE 
Pl~ Ni&NOl'f.ML CONNFCrl(:JNS SIMILA/It 

.STAIR EL.E.VATION /OY,.. "f.A4IOllAI~ 

DC TAIL 
PI PE 1-4ANa.,lllL 

5 4 

PIP~ HANDflll<W. ·ANGLE HANDRAIL. 

Cl..JPL2~ 112~•~•z'L6 
( TYP.) 

SECTION© 

3 

Rev. 2 
2 

SIZE E 

~E.NE.l"oAL NOTE.S 

/. nJlf 1~"'1Wrl(J,V N OT ~/.IOW ~ 
~.Slt:NV ~NI~. 

2. -;::: • .s-::_':t:;_RD srA/1' ~TAILS .Sl!I! H 

,J. All UANDlfAIL ANO TOE /fl//tAT~ fJll!t..~J 
SM/LL M '/~LO ~~D ANO eio/llOlll'IO 
SMOOTH. 

4. MAND~M ~OSTS 'J'H.ALL - .SJl>a 
l«JUNr .. ANO .01.TaP n:JS'rlfJN .. ltS 
UNL6SS OTlleRl'llll NOT~D ON DeS/GN 
M•N,,,.,,.:S. 

S Ji.LL NM.~ Alf~ ... , (.A-JOT) /HM.TY UNL~SS 
orHIANt5e NOY~O. 

,;;,. A NII/I/MUM 141U!fD C.Ll!AR AA/CL 01" 3 " IS 
,,.QLlllUID IKTNll•N ro,- !CAIL AND AN'f' 
';,A,.'fN.ts~~{·TION(COLUlwfNS~ #AM!>, 

7. /,161. ,l.~t.I J441v1D'fl4/L A.I Pe1'. "6TAlt..-I 
IJNLlrSS OTN'lftwsr NO~D ON DITSl6'N 
~A141.W6- G 

8. ~ CONCJll~T~ STAl~S OR ST•llC Tl.llf6S 
LOCA,.. C.•N,...I( ~ N4NOltAIL !'OSr 
" . Jl"'~(l!W •Ddl· 

IECITEL 

ENGINEERING STANDARD 
REFINERY At-{) CHEMICAL DVISICN 

HANOOAIL OCTAILS 
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PLATFORM NO. c:;. 

I II I I I 

17'.~CL.-1 , __ .. , 
1 PLAT. °"~ I ,,,.., .... ,_,. .... ,.... 
'-~~_J 

PLA.TF-OIZM NQ. S 

PLATF-Ol<!M NO. ~ 

loiTAiL~ MiWf- N ~ --i 
I .... Na\'M CDHO•TllOlrra ocYlATll! 
I - oa - WOT co.&e•o I 
1!!'.~~o ~!!.~~'\___J 

" " 

...!!IZ!!..... 

"" 

1.-: DI.TAIL~ MOT ~N 

~ °"" ...... ,~ 

SECTION ® 
' 

s.c:.. 

I 

~~-Yl 1--•c....,1 
~~~ 

" " '\. 

f 

o• 

PLA.TFOIZ.M }.J0. 4 

I 
1eo• 

PLATFOIZ.M NQ. 'Z. 

o' 

·~ -, -..r_.----~ 
-==~.\- - --~ ~---- -' 

aao• ~ 

11111 
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\ L~~l!.!l."!L - _J 
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J.!_'f~~-~_J 

GE-N!:i:lAL NOT!:~ 
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TYP. TOP PLATFORM PLAN 

------
PCl:OVI OE TOfl'!llAll •. OML.Y 
WHP!N • )t • E'll:CE-e.0~ to•. 
PQ.OVIC>e +-IA.MOllEAll •• ~f<:TION. 
WMIW ... X ~ 15 '2 (.0 Otl ~OCZI. 

....-t-t----~T~ ~~f,-~Cf.5I~~ 

TYP. CIRCULAR PLATFORM PLAN 

7 

14222-L-

av n€Sl Lll€S Wint IUUIJTMS I . 1 
CUJO::wnc ,...,.. NOUll C.CNTlltl..11€ 

6 

fl"'1 I I I I I I I I I I 

T.O.~ f.l ... 1•1 

T.O.~ ~L. .{X) 

T.O. 

\ 
----~ ....... 9E.J. 

SECTION 

w 

('"'· 

SECTION ED 

SECTION ED 

w 
13'-0IUM.. TOl'-0~ 

KE MDT£ 14 

5 

fi-- t '41•\.t 

SECTION ED 

"~~"" t ~ '''" "°''', 

' 
'4· Cl«. t 

I L3'tll~1~ 15°L& 

SECTION CD TYr . Ml toe1. act. 

---v:- I 1'-112 I 
( H~ .-O~T TO POST) 

q ~~'-1] I ITYP.1 

., 
t '4'••"t I g 

! ... 
T .0 . $. !. lo. ISi 

SECTION CD 

R 
llJilCR£RSE TD HE.NtCST EVEH llCHI 

SECTION li 
n r. Ctltt. PUIT • • , 

4 3 

.. 

T'ff' . 

2 

Rev. 2 

SIZI I 

GENERAL NOTES 

1.. ,_ _._..TDI llDT .... ta C.:U. QMlllll& 

l. l'Um1IMI - KllllED F'm ti U'fl URI OI 
11 "" Cit ti 11111 La ~TUI LOMI llT 
PD W mcG:T. 

J. ,. ~ acnm.s tu OMS. .... ,.. 
'lll UIDDU Clll'IULI Ill DIC ...-Sii 
'111 ~n •tt. DITl&I Ill M It-SIL 

.. ~i: =r:=~~,r=s~t:a.~ 
Cllf Qll191 i:.wDC. '1IWI ..U. ..-rtmt lilL.l. OTICI: 
l"IM:TlllJTIDil ...._..... 111 l'U Oll1W.. 7, DIC. lt-Sll. 

S.. UICATIOM M ..... 01 fl'Llll'fu. SL.ICU 9W..L 
K COWUVCD IY LMCll:IT IMITI IUIT-...C F"Clt ....._lMIO. ..... MCI ..... \WIUPG. TO K 
m.TUIUICO IY l'UllTf'WI ~TOL 

L T.O.S.. oc~n:s TIIP ... ITUI.. Cit •HDl'I OI 
'1.DOO PUITL 

7. lilL.l. llTTflttN'.llTS TO YHKLS - Sl.PP"Ltm •r JM[ 
ftl'9l.L. IWt"l.lU Ull,..[SS DTltUWJS( llDTm. J"Clt 
1111ln .UCWUI ftan.t. PBTllLUTIDlll lfJST 
NlUDl .... llUl'f!lll8.. 

H 

L ~=v~:""~ss-:iO:r: :~. DMWllQ. G 
S. n.oot "-'!fl ST1"UU ~ rt: lll[9JJllCO lltCll l'Ullt1'QllM 

IUDTN M U:CUOS .-0. 

1'L l'tlO'flOl llOOlTtalML. FitMlC wt€M ~flO J"l.OOlt 
fi'UITC -· u:cu.os Jl'-S I V-0 Pt UTffU oacn.Dll&. 

11. :;1-fQ).to..l.S -.: ')i.•+ Fm a.•+ 91ll..TS l.M .. US OT'MUVIK 

Lt. l'UllTJ"OMI [UY'llTUIWS t:m TUI" aF CHlt«DllED ~TC 
SNlllJ.. • SU !IT uu~ bit.MCI. 

ll. ~TTI* r .-:u:Att:m SNlllJ.. NDIHDC 11U.. -.. TS 
llCllJDICD rem llTTIDWIG TO W'CSKL 0..1". 

14, f"(m ~TFDMtS PC111E: TIMN l '-0 llfl WU)( 
llCllJUEEfllTS "'C" 1M1 "'D" llUST IE CllllLCULllTED 
TO SUIT. 

15. PlilOVIOe A MIMll.llUM ~ ONe. t;_ . "-I!.~,. ~L.I! 
IN ..CH PAWl!l OR ~ ave .. .,. '2.0 54 . .. T. ~ 
Pt.ATl'O-..M AA•• · 

16. Vl'.'5Sl!l. Ft.e1M ... OAC.ING Pl.A.Te Rl!QUIRl!Ml!NTS. 
f"'OI\ ~ll.L IMQeMTUi:ta $M.lt..l.l ~ L.OGATt:.o 
AMO oe.TAILl!.0 ONTHe. Vl!~R'L. Of'AIHIM~ . 

17. l"Oi. Vl!' "-TIC.A.L W!Y:te:l. Po\..ATl" O fllM D•!tlG."" 
GUll>e. !:iil!I! OWG M-506. 

UCHTIL 

ENGINEERING ST-.> 
REFINERY AND Cl£"1CAL OIYISIDN 

VERTICAL VESSEL PLATFORMS 
WITH PLATE - TYPICAL DETAILS 

M-513 6 
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TYP. TOP PLATFORM PLAN 

------------
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TYP. CIRCULAR PLATFORM PLAN 

~ 7 6 

Specification No. 14222-L-9 

T.0 .$.. f.L. 1&1 

L !. L ! ! 

SECTION 

il .. .,~ 
ED SECTION 
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SECTION 

CD 

llHCRERSE TD PEMt:ST EVEN 1NC>O 

" 

I 
I 
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~ .. -
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I 
j 

""" ....... ------ -----"'-!, I 
FOi: ?t•+IOLTS ~ 

SECTION F 
rrr. CIK. PUIT. •T 
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1.0 ~ 

l.l This specification covers the basic requirements relative to 
the design for all structures of steel and/or reinforced 
concrete. 

1.2 In case of conflict between the requirements of this specifi
cation and .the drawings, the drawings shall govern. 

2.0 CODES, STANDARDS AND SPECIFICATIONS 

Design, materials, fabrication, and erection of the structures as 
a whole, and all structural elements and connections thereof, shall 
conform to the requirements of the following codes, standards and 
specifications, except as modified or otherw~se specified hereinafter. 

2.1 Abbreviations as used in this specitication shall have the 
following definitions: 

ACI - American Concrete Institute 

AISC - American Institute of Steel Construction 

AISI - t\m.erican Iron and Steel Institute 

A..~SI - American National Standards Institute 

ASTM - American Society for Testing and Materials 
·>.£ 

AWS - American Weldi~g S~ciety 

SJI - Steel Joist Institute 

OSHA - The Occupational Safety and Health Act 

2.2 CODES AND STANDARDS 

AISC Manual of Steel Construction, Eight~ Edition, 1980. 

AISC Code of Standard Practice for Steel. Buildings and 
Bridges, 1976. 

AISC ·specification for the Design, Fabrication and Erection 
of Structural Steel for Building, 1.978. 

.USC 

S"-Clf'lCATIOlll ieo. l4ZZ2-M- l 

Specification for Structural Joints Using ASTM AJ25 or 
A490 Bolts, approved by Research Council on Riveted 
and Bolted Structural Joints of Engineering Foundation, 
1978. 

Jft _ _...1 __ 
,..., __ 2 __ _ 
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ASTI1- A6 

ASTM A36 

ASnt A.53 

ASTM Al08 

ASTM A283 

ASTM A.307 

ASTM A:325 

Asnt A441 

ASTM A500 

ASTM A501 

. .\STM A569 

ASnt A.572 

ASnt A615 

Standard Specifications for General Requirements 
for Rolled Steel Plates, Shapes, Sheet Piling and 
Bars for Structural Use, 1979. 

Specification·for Struc=ural Steel, 1977a~ 

Specification for Grade B Welded and Seamless 
Pipe, 1979. 

Specifi~ation for Steel Bars, Carbon, Cold 
Finished Standard.Quality, 1979. 

Specif.ication for Low and Intermediate .Tensile· 
Strength Carbon Steel Plates, Shapes and bars, 1979. 

Specification for Carbon Steel Externaliy Threaaed 
St~ndard Fastener, 1978. 

Specification for High Strength Bolts for Structural 
Steel Joints, including Suitable Nuts and Plain 
Hardened Washers,1979. 

High Strength Low. Alloy Structural :1anganese 
Vanadium Steel, 1979. 

Specification for Cold-Formed Welded and Seamless 
Carbon Steel Structure Tubing in Rounds and Shape, 
1978. 

Specification For Hot-Formed Welded and Seamless 
Carbon Steel Structural Tubing, 1976. 

Specification for Steel Carbon (.15 maximum per
cent) Hot-Rolled Sheet and Strip. Commercial 
Quality, 1972. 

High Strength· Low Alloy Columbium Vanadium Steels 
oi Structural Quality, 1979. 

Deformed and Plain Billee-Steel Bars for Concrete 
leinforcement, 1979. 

SJ! ~ AISC Standard Soecifications for Ooen Web Steel Joists, 
.J-Series and H-Series, 1965. 

SJ! & .USC 

s.-r1c.aT10• 110. t ~z zz-N- t 

Standard Specification cor Longspan Steel Joists 
LJ-and LH-Ser~es and Deep Longspan Steel Joists, 
DLJ-and OLE-Series, 1969 and 1970 respectively. 

lb ____ _ »GT' __ 3 __ 
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AWS Dl.l Structural Welding Code-Steel, 1979. 

UBC Uniform Building Code of the International 
Conference of Building Officials, 1979. 

ANSI A58.l · Building Code Requirements.for Minimum Design Loads 
in Buildings and Other Structures, 1972. 

AC! 318 Standard Building Code Requirements. for Reinforced 
Concrete, 1977. 

OSHA The Occupational Safety and Health Act, 1978. 

2.3 REFERENCE SPECIFICATIONS: 

3.0 GENERAL 

14222-M-2 

14222-M-3 

14222-M-4 

14222-N-6 

14222-Q-l 

14222-Q-2 

14222-L-9 

14222-X-3 

14222-X-l 

Steel Building Frames. 

Fabrication of Structural Steel, Miscellaneous 
Steel and Joists. 

Erection. of Structural Steel, ~iscellaneous Steel 
and Joists. 

Fireproofing of Vessels and Structural Steel. 

Foundations. 

Plain and Reinforced Concrete. 

Equipment Layout. 

Shop Painting. 

Field Painting. 

3.l TYPES OF CONSTRUCTION 

3.1.1 

3. l.2 

3. l. 3 

In general, structures supporting equipment above 
grade '.-lnich are required to be fireproofed, and pipe 
support atanchions which are required to be fireprooied, 
ahall be constructed of st::rucoiral steeL. 

In general, structures nor required to be fireproofed 
shall be constructed of structural steel. 

In either steel or concrete structures, all secondary 
steel ~raming consisting 'of platform support, ~onorails, 
'..ralkways .1nd diagonal bracing :-lhich does not contribute 
co ·1ertical l.oaci support of equipment ,shall be un£ire
?rooied :mci .)f '..re1cied or ooLted construc::ion. !:or specific 
fireproofing =equire~ents refer to Specification 14222-
::-.;, ?ireprooiin~ of 1!essels :ind S::ruc:::ural Steel. 

SP'Dl'IG .. TIGll ,.o,_1_i._z_z_2_-M_-_1 __ _ l lft ____ _ 4 13 ,....,. ____ °' ----
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4.0 DESIG~ 

4.1 DESIGN LOADS 

4.1. l 

4.1.2 

4.1.3 

4.1.4 

4. l.5 

4.1.6 

4.1. 7 

4~1.3 

1,_f'ICATIO• NO. 142Z2-H-l 

"Dead Load" shall be the weight of materials forming 
the structural unit, including insulation and fire
proofing, plus th~-:-.weight of all supported equipment, 
piping and all other permanent attachments. 

4.1.1.1 "Equipment Loads" shall be the weight of 
machinery and/or all process equipment 
together with all dead load attachments. 

"Hydro-static Test Load" is the weight of the equip- · 
ment and piping full of water together with the 
weight of its attachments. 

"Operating Load"is the weight of equipment and pip
ing with operating liquid plus the dead and live load 
on attachments to the equipment. 

"Live Load" refers to superimposed loads on a floor 
or platform area due to operation and.maintenance 
only, and shall have the following minimum values: 

a) Platforms and walkways - 50 psf and 100 psf on 
supporting members. 

b) Stairways - Greater of 75 psf or a moving con
centrated load of 1000 pounds. 

c) Flat roofs - 25 psf. 

d) Flat roofs carrying equipment - 100 psf. 

e) Floor - 100 psf. 

It does not include the weight of equipment, piping 
or storage of materials. Where heavier live loadings 
are likely to occur, they shall be provided for in 
the design. 

"Pipe Loads" shall be the weight of all pipelines, 
valves, fittings, insulation, etc., and shall include 
the weight of contents during test, or normal opera
tion; whichever is greater. 

Earthquake loads, shall be zone 2 as set forth in the 
Uniform Building Gode, (UBC), 1979. 

Loads for ?ulling heat exchanger tube bundles shall 
be !:aken equal to che· weight of· the tube bundle· an~ 
shail be resis.ted by one pier·. 

Wind loads •Jn· struccures shall be determined accord
ing ~o Jnifom. 3uilding Code, 1979', 25 ?Sf 1dnd 
pressure ~ap areas in Table ~o. 23-F. 

1n ____ _ ...,. __ s __ _ 
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4.1.9 Design snow load shall be 25 psf. 

4.1. 10 Crane runway forces shall be taken as set forth in 
Section 1.3 of the AISC Specif~cation for the Design, 
Fabrication and Erection of Structural Steel for 
Buildings, for both power and hand operated equipment. 
For monorails the same conditions shall apply except 
that the lateral force shall be taken as_ zero. 

4.1.11 TiiER..~ EXPANSION LOADS 

4.1.11.1 All equipment support st-rw:.t:ti..res and elements. 
shall be designed to accomodate the loads 
or effects produced by thermal expansion. 

4.1.11.2 In the design of pipeway support structures. 
a horizontal frictional force due to thermal 
e.~pansion of lines, shall be applied at the 
be·am bearing surface. This force shall be 
assumed to act in either direction parallel 
to the piping run; and shall be one of the 
following which, in· combination with gravity 
loads, produces the more severe effect o~ 
beams. columns or foundations. 

a) A thermal expansion force equal to 7.57. 
of the operating weight of all piping. · 

b) A thermal expansion force equal tQ 30% 
of any one or more lines known to act 
simultaneously in the same direction. 

4.1. 11.3 Pipe anchor loads. shall be as calculated to 
resist anchorage loadings in piping systems, 
and shall be additive to the expansion load 
specified in Paragraph 4.1.11.2. 

4.1.11.4 Thermal e.~ansion loads shall be combined 
with the appropriate loading combinations 
set forth in Section 4.3 except that for 
pipeway stanchions they shall ordinarily 
not be combined with loads produced by 
hydrostatic test, 1.rind or earthquake. 

4. 2 MACHI~"'E DYNAMIC LOADINGS 

4.2 .• l Structures and their elements shall provide for safe 
and tolerable response to the cyclic loadings pro
duced by rotating or reciproc_ati·ng equipment • 

JPllDFIC~TIOllll 110. __ 14_22_2_-_M_-_1 __ .1n_~1 __ .»GT _,.6 __ a1·_ .... l3.._._ 
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4.3 Loading Conditions 

All structures and their foundations, and all elements 
thereof, shall be designed for the most severe of any of 
the following combination of loads and forces. 

4.3.1 Shutdown dead load of equipment (empty, but with all 
permanent internals~ piping, platrorms and insulation 
in place) combined with wind or earthquake, whichever 
is greater. 

Note: For vertical towers, the above condition with 
wind will often result in the minimum ratio 
of stability against overturning, th~s· 
governing size of foundation, However~ the 
possibility that a vessel in· erection condition 

· (empty bare shell without any attachments or 
internals) may govern stability requirements, 
shall not be overlooked. 

4.3.2 Normal operating loads with all dead and live loads 
• in place, but no wind or earthquake. 

4.3.3 Norinal operating loads with all dead loads in place, 
combined with wind or earthquake, whichever is greater. 

4.3.4 ·Vessels and piping under hydrostatic test with all 
dead loads in place, but no wind or earthquake. 

4.3.5 Emergency Upset-Normal Op!!.rai.lug, lu.!.'1 plU3 any load 
resulting from a possible abnormal condition, mis
operation, instrument failure, etc. 

4.3.6 Stability Against Overturning 

SPSl~ICATIOll 110., __ 14_z_2_2_-M_-_1_ ... 

4.3.6.1 

4.3.6.2 

All structural units consisting of stacks, 
e.~changers, vertical and horizontal vessels, 
together with their foundations, shall have 
the ·following minimum stability ratio for 
the loading conditions set forth in 
S ~ct ion 4 • 3 : 

Paragraph 4.3.1 
Paragraph 4.3.2 thru 4.3.5 

Stability Ratio 

1.5 
2.0 

Stability Ratio is defined as the stabiliz
ing moment divided by the overturning 
moment. In the case of structures supported 

7 lft ____ _ 
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4.3.6.3 

4.3.6.4 

by a single foundation,· the stabilizing 
moment shall be taken about the outside 
edge of the foundation. 

Where a foundation for an integral struc
ture unit consists of two or more footings, 
as in the case of an elevated heater or a 
framed structure supporting equipment, the 
stability ratio of the structure as a whole 
including its equipment, shall be not less 
than l.S for any condition of loading when 
the stabilizing moment is taken about the 
center of outermost footing(s). 

Provisiqn of Paragraph 4.3.6.l and 4.3.6.2 
do not apply to pile-supported structures 
wherein permissible tension capacity of. 

·piles is properly developed. 

4.4 For ultimate strength design of the foundation, the operating 
loa.d and test load factor shall be t;he same ·as for dead load. 

5.0 DESIGN REQUIREMENTS 

.. 5.1 Access and Maintenance Structures 

5.1.l 

5.1.2 

5 .l.) 

5 .l.4 

Refer to the Equtpmen~ .. Layout Specification 
for requireme~ts relating to the followi~g: 

Built-in maintenance facilities. 

Overhead and horizontal clearances. 

Basic dimensional requirements. 

General requirements for accessibility. 

General requirements for p~atforms, ladders and 
stairways. 

Platform floo-ring shall be l~" x 3/16"· bar· serrated 
galvanized s~eel grating unless ·otherwise:. noted. 
Flooring requiring removal shall be bolted. 

Handrails are to ·be· 3 '6" high and shall e."ttend··around 
edges of all ~latiorms, landings,walkways· and stairways. 
·spacing of handrail ·?ost:s shall aot exceed 8 '·O". Handrail 
to be angle type construction unless otherwise specified
and be galvanized after fabrication. 

Toeplaces shall not be less than 9" high anci shall. extend 
coru:inuousl:r around ~d~e oi al! platforms, !:andings. 
walkways and openings <;..~cept at ·stair and ladder accesses. 
Platform less t:han 6 IO" above grade shall not have· i:oe-
p lates. 

1~,.CATIOll JC0.._1_4_z_z_2_-_M_-_1 __ .1R----
8 

...,. ___ _ 
13 



... .. .... 

....... 

5.1.5 

5.1.6 

5.1. 7 

Platform handrails, supports and brackets in the vicinity 
of inspection openings shall be designed to permit removal 
of equipment internals. On heaters. these elements shall 
be designed to facilitate tube removal and replacement. 

Any pipe, support, nozzle, etc. protruding through a plat
form with more than one inch horizontal clea~ance between 
the protrusion and the edge of the platform shall have a 
toeplate around the opening. 

Vertical support members of platforms should not be attached 
to horizontal surfaces of vessel heads or shells. It is 
preferable to support platforms off clips mounted on vertical 
surface of vessels. 

At least two means of access shall be provided from structures 
supporting several pieces of equipment. 

5.2 Stairways and Ladders 

.5~2.1 

5.2.2 

Stairwavs 

S. 2'; l ·• l. Stairways. shall have. a· minimum wid.th of 2 '-6", 
a minimum tread width of 9~"; a maximum riser of 
8", and the maximum vertical distance between 
landing shall be 15 feet. 

5.2.1.2 All stairway runs on the same structure shall have, 
if possible, the same slope, preferably 9 vertical 
to 12 horizontal • 

. 5.2.1.3 All treads shall be galvanized, serrated grating 
type as called for on the drawings. Stairway 
handrails shall be continuous with landing and 
platform handrails. 

Ladders 

5.2.2.1 

5.2.2.2 

All ladders serving platforms or landings 4 feet 
or more above grade shall be equipped with safety 
guards. All ladders serving platforms or landing 
12 feet or more above grade· shall be equipped with 
safety cages. Ladder cages shall be extended from 
the top to not over 8'0" from the landing at the 
bottom. 

On elevated platforms where the edge of the platform 
in front of the ladder is less than 4'0" from the 
centerline of rungs, extend 3 front cage bars down 
to handrail and field weld. (Jhere edge of platform 
to ~ight or left of cage centerline is less than 
3'-0" extend 2 cage bars down to handrail and field 
weld . 

1422Z-M-l 
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5.2.2.3 Ladder runs shall be offset at a maximum 
of 30 feet, landing to landing. fhis 
requirement. does not apply to stacks or 
chimneys. 

5.2.2.4 Ladders required to have cages shall be 
side stepof f in all cases where access 
and layout permits. 

5.2.2.5 Ladders for stacks or chimneys do not 
require' a cage but !Jill be equipped 
with an OSHA approved safety device such 
as SAF-T-Climb (as manufactured by space 
devices) or equal. 

5.3 Design Details 

5.3.l 

5.3.2 

5.3.3 

5.3.4 

6.0 MATERIALS 

It is preferred that all splices in main rigid 
frames be made by wel4ing. Bolted joints are. 
however, acceptable provided high strength bolting 
is employed. 

In genaral, connections of main framing and bracing 
shall be designed so that connected meuibers or· 
fastener patterns can be justified by fully rational 
calculations. 

Bracing connections shall be designed to transmit the 
forces in an adequate manner. Where necessary, the 
bracing forces shall be transmitted to the flanges 
of the braced members. This is important where the 
structure is subject to earthquake. 

Shear loads on anchor bolts embedded in concrete 
shall not exceed· the loads set forth in Standard 
HQ-510 Rev. 2 Anchor Bolts unless shear lugs or 
similar rationall;· designed. devices are provided 
to resist their share of such load. Friction of 
column base plates on concrete shall not be considere · 
as resisting these loads. 

6.1 Steel Structures 

6.l.l 

6.l.2 

SPCl,.C.&TIOll JeO. 1422?"-H-7 

For the technical requirements for detailing, 
materials, fabrication and delivery of structural 
steel, ~iscellaneous steel and joists see 
Specification 14222-M-3. 

G~nerally the design shall be based on the use oi 
ASTI1 A36 structural steel using the allowable 
stresses as :3taced in ·che "A!SC Specification for ::he 
Design, Fabrication and Erec~ion of Sructural Steel 
for Builciin~s". 

l3 'llGT __ 1,.0 __ °' ___ _ 
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6;2 Concrete Structures 

6.2.1 All concrete materials, testing, furnishing, propor
tioning, and construction shall be in accordance with 
specification 14222-Q-2. 

6.2.2 In general, minimum compressive strength of concrete 
at 28 days shall be 3,000 psi. Specifically, the 
28-day strengths shall be as called for onthe drawings. 

6.3 Reinforcing steel shall be ASTM A615, grade 60 using the 
allowable stresses as stated in the ACI Specif~cation 
"Standard Building Code Requirements for Reinforced Concrete". 

7.0 CONNECTIONS 

7.1· Connections shall be as indicated on the design drawings and 
as specified herein. 

7-.2 Shop connections shall be welded, unless shown or noted other
wise on the design drawings. 

7.3 Field welded connections shall be permitted only where shown 
on the design drawings, or authorized by the Buyer. 

7.4 Unless otherwise shown or noted, all field connections, except 
ladders, stairs and handrails, shall be made with high strength 
bolts conforming to ASTM A325. Connections for ladders, stairs 
and handrails shall be made with machine bolts conforming to 
ASTM A307. 

7.5 Unless the reaction is given on the design.drawing, beam to 
beam and beam ·to column connections shall be designed for a 
reaction equal to half the uniform load capacity for the given 
span of a beam shown in the tables, "Allowable Loads on Beams", 
of the AISC Manual of Steel Construction. The connections must 
also comply-with the requirements of Table I and III, "Framed 
Beam Connections" of the above manual • 

7.6 

7.7 

7.8 

• Ul bolts shall be 3/4 inch diameter, except as shown or noted 
on the design drawings. 

All gusset plates shall be 3/8 inch thick unless noted on the 
design drawings. 

:!oment connections shall be designed to develop the full bend
ing strength of the weakest connected member, unless the 
:noment is noted or co_nnection is detailed on design drawings. 
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8.0 HIGH STRENGTH BOLTI~G 

8.1 All galvanized. joints usi:gg .nigh st:l:ength:.bolts .. shall be 
"bearing-type connections", unless otherwise shown or noted. 
Mon-galvanized joints using. high strength bolts may be 
"friction-type connections". The allowable loads shall be 
based on all bolts having threads in the shear plane. 

8.2 High strength bolted connections shall be made ~n accordance 
with provisions of A.ISC Specification for Structural Joints 
Using ASTM A325 or A490 Bolts. Bolts·may be tightened by 
either the turn-of-nut method or by the calibrated wrench 
method, or with the use of a direct ·l:ension· indicator as 
provided in the AISC specification. 

8.3 When bolts, installed by the turn-of-the-nut method, have 
been brought to a snug-tight. fit, they· shall be tightened 
additionally by the applicable amount of nut rotation as 
specified in the AISC Specification for Structural Joints· 
Using ASTM A325 or A490 Bolts. Impact wrenches, if used, 
shall have sockets marked each 90 degrees on outer periphery 
to enable the nut rotation.to be verified. 

8.4 For bolts, installed by the calibrated wrench muhod, wrenches 
shall be calibrated at least- twice a day when in use, once 
before the start of the working day and once at the midpoint 
of the working day and whenever there is any question or doubt 
whether or not a wrench is operating properly. 

8.5 Where direct tension indicators are being used, they shall be 
installed according to the manufacturers installation 
specifications. 

8.6 When assembled, all joint surfaces, including those adjacent 
to the bolt heads, nuts 0% washers, shall be free of burrs, 
dirt and other foreign material that would prevent solid 
seating of parts. 

8.7 The Inspector will observe ·operations for the installation 
and tightening of bolts to determine whether the work is 
being performed ?rOperly, and will inspect the aut surface 
for indication of wrench impaction. Bolts tension will be 
checked. at !nspec~or's discretion. with a torque wrench in 

8.8 

accordance with the applicable ~revisions of Section 6 (d) 
of the AISC Specification for Structural Joints Using ASTM 
A325 or A.590 Bolts. 

Where either a A325 or A490 are used as Eitup bolts in a 
connection and are not tightened to the specified minimum 
tension, bolts ~ay be left in place, and subsequently 
tightened as permanent bolts. 

~FIC.\TIOll .ll0. __ l;;;.4.-2iili2.,Z""-.-11_-_l __ lft_....,1 __ --""'1a12_ .. 01 __ 1
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8.9 Ungalvanized ASTii A325 bolts that have been installed by any of 
the methods specified in Section 5 of the "AISC Specifications 
for Structural Joints Using ASTM A325 or A490 Bolts" may be 
loosened and retightened one more time, providing the nut can 
be. turned freely by hand for the full length of the threads 
after removal from the joint. 

8.10 Galvanized ASTM A325 and ASTM A490 bolts which have been 
tightened to the full extent specified in Section 5 will not 
be reused. 
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LO . SCOPE 

1.1 This specification covers the design, details,. materials, 
fabrication, and ·erection of steel building frames complete 
with all purlins, girts, bracing and other structura! ele
ments and connections. It also applies to any architectural 
attachments, such as roofing, siding, walls, and pa~itions, 
where such attachments are incorporated in the design to act 
as structural elements. 

1.2 General layout and dimensional requirements are shown on the 
draw~ngs or are described elsewhere in the supporting documents. 

2.0 CODES, STANDARDS AND SPECIFICATIONS 

2.1 Design, materials, fabrication, and erection of the build
ing. (s) as a whole, and all structu~al elements and connec
tions thereof, shall conform to the requirements of the 
applicable portions of the following codes and specifications·, 
except as modified or otherwise specified hereinafter. 

2.1.l Structural Steel - "American Institute of Steel Con
struction Specification for the Design, Fabrication, 
amd Erection of Structural Steel for Buildings", 1978. 

2.1.2 Light Gauge Steel - "American Iron and Steel Institute 
Specification for the Design of Light Gauge Cold-Formed 
Steel Structural Members~, 1977 Ed.ition. 

2 .1 .• 3 Open Web Joists - "Standard Specification for· Open 
Web Steel Joists" adopted by AISC on the following 
dates: 

DLJ and DLH Series 1970 

LJ and LH Series 1969 

J and ·H Series 1965 

2.1.4 General Design Requirements, Except as hereinafter 
modified - "Uniform Building Code" of the International 
Conference of Building Officials, lq7q Edition, and 
ANSI A58.l, American )iational Standards Institute "Building Code 
Requirements for Minimum Design Loads in Building and 
other Structures", 1972. 

2.1.5 Weldins Practice - "American Welding Society Structural 
Welding Code - Steel", AWS Dl.l, 1979 • 

. . 
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2.1.6 Wind Load Application Coefficients - ·per A.i.'lSI A58.l, see 
Paragraph 2.1.4. 

2. 2 lfuere requirements of the .:USC Specificad.on and the Uniform 
Building Code and ANSI AS8.l referred to in Paragraphs 2.1.l. 
and 2.1.4 respectively are in conflict the AISC Specification 
shall govern. 

3.0 G'Em:RAL 

3.1 Types of Construction 

4.0 DESI~ 

This specification applies to, but is not necessarily restricted 
to the following types of construction: 

3.1.l Structures of rigid frame construction. 

3.1.2 St-ructures of truss and column construction. 

3.1.3 Structures of post and beam construction. 

3.1.4 Structures of beam construction suppo~ted by masonry walls. 

3.1.5 Structures of truss or open-web.joist contruction 
supported by masonry walls. 

Design Loads 
a· 

4.1.l Building(s) as a whole, or any portion or connection 
thereof' shall be designed·: co .. resut· within- allowable . 
stress limitations the basic design loadings acting 
either singly or in conjunction as specified below: 

4.1.l.l Basic Design Loadings occurring as a result of·: 

a) Wind on vertical projected areas. 

b) 

c) 

d) 

e) 

In accordance with Uniform 3uilding Code-1979, 
ZS psf wind pr_essure map areas in Table No. 
23-F. 

Snow Load (no other roof live load) on 
horizontal projected areas. (2_5 psf) 

Roof Live Load (no snow load) on horizontal 
projected ~reas. (25 psf) 

Floor Live Load taken as-the superimposed 
load on a tloor or platform due to opera
~ion and maintenance. (100 psf) 

Seismic Load (Zone Z) 

Sllml'IC~TIOtl 110.._ ... 1_4_z_z_z_-M_-_, __ .in. ___ _ 1IGI' __ .3 __ 
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4.1.1.2 Dead Load& - Weight of building plus weight 
of all supported equipment, ·machinery, piping 
'Mi.th contents, &eorage loads, and all other 
permanent attachments, with no other tran
sient, live, o~ snow lo~ds in place or acting. 

4.1.l.3 Crane and/or ~onorail Loads shall be taken 
as shown on the drawings or as described 
elsewhere in the supporting documents. Impact 
and run~ay horizontal forces shall be in 
accordance with the specification ref erred to 
in Paragraph 2.1.l above, and these forces 
shall be ignored in the case of manually chain 
operated equipment. 

4.1.1.4 Storage Loads shall include contents of tanks, 
bins and hoppers, or special storage floor 
loadings, and shall be taken as shown on the 
drawings or as decribed elsewhere in the 
contract documents. For purpose of design, 
these shall be treated as permanent dead loads. 

4.2 Design shall be based on any one or more of the following loading 
conditions which produces the highest stress in members or 
connections. 

Condition A Dead load plus basic roof live load or 
snow load. No 'Mind or earthqµake. · · 

Condition B Dead loads plus basic wind or ea~thquake loads. 

4.3 . For buildings having power operated overhead cranes or trolleys, 
the specified lateral, .and vertical load and impact forces, 
shall be additive to loading Condition A, above. 

4.4 Roof live load and snow load are not additive. In buildings for 
which no-snow load is specified, basic live load may be reduced 
in accordance with provisions of the Uniform Building Code. No 
reduction shall be taken in basic snow load. 

!+. 5 Basic allowable unit stresses in members or fasteners may be 
increased 1/3 for loading combinations in which wind or earth
quake is acting, provided that such increase in stress does not 
result in lighter members or connections than would be in the 
case for loading Condition A alone. 

Da:IFIG.aTIOll 110. L4222=M-2 
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5.0 DESIGN REQUIREMENTS 

5.1 Light gauge, cold-formed sections may be used for purlins, girts, 
door and window framing. Purchaser reserves the right to reject 
such members for use as eave struts, bracing chords, and other 
members subject ta combinations of axial compression and trans
verse loading. In general, members subject to such loading shall 
be composed of rolled structural shapes unless rationally sized 
to carry such loadings, and adeq~ate lateral bracing is provided 
for the light gauge members. 

5.2 Webs and flanges of main rigid frames shall be composed of rolled 
structural shapes, or properly built-up plate of not less than 
3/16". thickness. 

5.3 Buildings to have exterior siding of asbestos-cement or single 
thickness corrugated metal, shall be designed to support the 
entire weight of the siding.,.. Such siding shall not be assumed 
to be supported by the foundation. 

5.4 Buyer reserves the right to reject rod b~acing for any building 
where in his opinion, such bracing is inadequatel~ connected; 
will result in excessibe member distortions or deflections, or 
otherwise detracts from the safety or serviceability of the 
structure. 

5.5 Light gauge sections shall in no case be composed of thinner 
material than No. 18 U.S. gauge. 

5.6 Design shall reflect prudent attention to the possibility of 
failure· through elastic or inelastic instability of any element 
in the structure, however small. All main framing shall be 
adequately proportioned and properly braced in areas of · 
compressive stress. 

5. 7 W:t1ere the "skin or shell" of the structure is used as a dia
phragm to transmit shears, or as lateral bracing to stay struc
tural members,such use shall be substantiated by rational 
analysis or by tests py an approved agency. 

5.8 Stairwavs 

S.8.1 Stairways shall have a minimum width of 3'-0" a minimum 
tread :iorizontal run of 10': a maximum riser of 7-~" 
and the maximum vertical distance between ·1andings 
shall be 15 feet. 

5.3.2 All stain~ay runs in the same building shall have, if 
possible. the same slope, preferable 9 vertical to 
12 horizontal. 

J"1CIFIC.aTIOll NO. 14222-M-2 lCV. _ __.1,___ s 31GT ___ _ 7 
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~.9 Design Details 

5.9.l Framing members may be fastened by welding, riveting, 
standard bolting, high strength bolting, or combina
tions. thereof. The use of high strength bolting shall 
be based sti:ic~y.on the requirements af the AISC 
Specification as listed in Paragraph 2.1.1. 

5.9.2 It ·is preferred that all splices ·.in main rigid.frames 
l:i~ made by tJelding. Bolted joints are, hovever, 
acceptable provided high strength bolting is employed. 

5.9.3 All welding shall reflect first class workmanship, and 
shall conform strictly to the code requirements set 
forth in Paragraph 2.1.5 hereof. No welding shall be 
performed when ambient temperature is below 40°F unless 
parts to be joined are preheated to not less than 150°F 
as determined by Tempelstik. 

5.9.4 In general, connections of main framing and bracing 
shall be designed so that connected members or fastener 
patterns can be justified by fully rational calculations. 
In this respect, special attention shall be give~ co 
manner in which wind columns at ends of building transmit 
their reactions into the roof bracing system. 

5.9.5 Rod bracing, -where used, shall be designed to terminate 
in connections of adequate strength and rigidity so that 
elements of structural members are not subject to high 
localized stresses or distortions. 

5:9.6 Shear loads on anchor bolts .em.bedded in concrete shall 
not exceed the loads set fo~th in Table 26-D of the 
Uniform Building Code, unless shear lugs or similar 
rationally designed devices are provided to resist their 
share of such load. Friction o~ column base plates on 
concrete shall.not be considered as resisting these loads. 

6.0 DRAWINGS AND CALCULATIONS 

?urchaser will require shop details and structural calculations for 
review prior to fabrication, .. unless specifically waived in the 
supporting documents • 
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7.0 MATERIALS 

7.1 All materials shall be of new and unused stock. 

7.2 Hot rolled structural steel and plate shall conform to either 
AS'ni Specifications A36 or .A.529. 

7.3 Light gauge steel of structural quality shall conform to either 
ASTI1 Specification .A.570, Grade SO or A607, Grade SO. 

7.4 nigh strength bolts, nuts, and washers shall conform to the 
AISC Specification as listed in Paragraph 2.1.1. 

7.5 Standard bolts shall conform to ASTM 307. 

7.6 Open ~eb steel joists and their bracing shall conform to the 
·Specifications listed in Paragraph 2.1.3. 

8.0 FABRICATION AND ERECTION 

8. l Fabrication shall meet all applicable requirements of code.s and 
spec·ifications referred to in Section 2.0 abov·e. 

8.2 Shop draWings shall define all welding to be done on main fram
ing members, either by adequate notes, developed details, or. 
proper welding symbols. Recommendations and requirements of 
the American Welding Society Code referred to in Paragraph 
2.1.5 shall be strictly adhered. to in .fabrication and/or erection. 

8.3 Wherever high strength bolts are used in the work, erection 
drawings shall so indicate. 

9.0 PAINTING 

9.1 Surfaces to be painted e.'Cposed to the weather or other adverse 
elements shall be shop coated in accordance with Specification 
14222-X-3. 

9.2 Surfaces to be painted not e.~posed to the weather or other adverse 
clements shall be given~e shop coat in accordance.with 

9.3 

Seller's standard. 

Sur:aces to be field painted shall be coated in accordance with 
Specification 14222-X-l. 

JNll~IGATIOll JIO. 142%2-M-Z 1n_ ..... 1 __ 1 7 r.11 ___ _ 
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1.0 ~ 

i·.1 This specification covers the technical requirements for the 
detaili.ng, materials, fabrication and delivery of structural 
steel, miscellaneous steel and steel joists. 

2.0 CODES, STANDARDS AND SPECIFICATIONS 

This specification shall be used in conjunction ..Jith.Specifications 
14222-M-l~ 14222-M~Z and 14222~M-4. 

Design, aiaterials, fabrication, and erection of the structures as 
a whole,and all structural elements and connections t~ereof, shall 
conform to the requirements of the following cod~s, standards and 
specifications, except as modified or otherwise specified hereinafter. 

2.1 

2.i 

Abbreviations as used in this specification shall have the 
following definitions: 

ACI 

AISC 

AISI 

ANSI 

ASTM 

AWS 

SJI 

OSHA 

Codes 

AISC 

AISC 

AISC 

. AISC 

American Concrete Institute 

.American Institute of Steel Construction 

.American Iron and Steel Institute 

American National Standards Institute 

.American Society for Testing and Materials 

American Welding Societ~ 

Steel Joist Institute 

The Occupational Safety and Health Act 

and Standards 

Manual of Steel Construction, ·c:-ighth.Edition,. 1980. 

Code of Standard Practice for Steel Buildings and 
Bridges, 1976. 

Specification for the Design, Fabrication and 
Erection of Structural Steel for Buildings,_ 1978 . 

Specification for Structural Joints Using ASTM 
A325 or A490 Bolts, approved by Research Council 
on Riveted and Bolted Structural Joints of 
Engineering Foundation, 1978. 
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ASTM A6 

ASTM A36 

ASTM A53 

ASTM A108 

ASTM Al23 

ASTM Al53 

ASTM A283 

ASTM A307 

ASTM A325 

ASTM A441 

ASTM AsOO 

ASTM A501 

ASTN A569 

ASTM A572 

ASTM f\615 

SJI & AISC 

Standard Specifications for General Requirements 
for Rolled Steel Plates, Shapes, Sheet Piling and 
Bars for Structural Use, 1979. 

Specification for Structural Steel, 1977a. 

Specification for Grade B Welded and Seamless 
Pipe, 1979. 

·Specification for Steel Bars, Carbon, Cold 
Finished Standard Quality, 1979. 

Zinc (Hot Galvanized Coatings on Produ~ts Fabri
cated from Rolled, Pressed and Forged Steel 
Shapes, Plates, Bars and Strip}, 1978. 

Zinc Coating (Hot Dip) on Iron and Steel Hardware, 
1978. 

Specification for Low and Intermediate Tensile 
Strength Carbon Steel Plates, ~hapes arid Bars, 
1979. 

Specification for Carbon Steel Externally Threaded 
Standard fastener, 1978. 

Specification for High Strength Bolts for Structural 
Steel Joints, including Suitable Nuts and Plain 
Hardened Washers, 1979. 

High Strength Low Alloy Structural :ianganese 
Vanadium Steel, 1979. 

Specification for Cold-Formed Welded and Seamless 
Carbon Steel Structure Tubing in Rounds and Shapes, 
1978. 

Specification for Hot-Formed Welded and Seamless 
carbon Steel Structural Tubing, 1976. 

Specification for Steel Carbon (.15 maximum 
percent) Hot-~olled Sheet and Strip, Cvmmercial 
Quality, 1972. 

High ·strengt:h Low Alloy Columbian llanadium Steels 
of Str'lJct:ural Q11ality, 1979. 

Deformed and Plain Billet:-Steel Bars for Concret:e 
Reinforce?Dent:, 1979. 

Standard Specificat:ions for Open '.-i'eb Steel Joist, 
J-Series and H-Series, 1965. 
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SJI & .USC 

AW$ Dl.l 

AWS A5.l 

t.raC 

ANSI A58.l 

ACI 318 

OSHA 

Standard Specification for Longspan Steel Joists 
LJ-and LH-Series and Deep Longspan Steel Joists, 
DLJ-and DLH-Series, 1969 and 1970 respectively. 

Structural Welding Code-Steel. 1979. 

Speci~ication for Mild Steel Covered Arc Welding 
Electrodes, 1979. 

Uniform Building Code of the .International 
Conference of Building Officials, 1979. 

Building Code Requirements for Minimum Design 
Loads in Buildings and Other Structures. 1972. 

Standard Building Code Requirements· for 
Reinforced Concrete, 1977. 

The Occupational Safety and Health Act, 1978. 

2.3 Reference Specifications: 

14222-~-l 

14222-~-2 

14222-..'1-4 

14222-~-6 

14222-Q-l . 

14222-q-2 

14222-L-4 

14222-X-3 

14222-X-l 

3.0 Gn'ERAL 

3.1 Deiinitions 

Design of Structures 

Steel Building Frames 

Erection of Structural Steel, Miscellaneous 
Steel and Joists. 

Fireproofing of Vessels and Structural Steel 

Foundations 

Plain and Reinforced Concrete 

Plant Design and Piping Layout 

Shop Painting 

Field Painting 

3.1.1 Owner - Ashland Synthetic Fuels, Inc. and AIRCO 
Energy Co.. Inc:. or th.eir representative 

3.1.Z Buyer - Bechtel or their designated representative 
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3.1.3 Selle~ - !he party with whom the Buyer has contracted 
to furnish material and services.· 

3.1.4 Inspector - Owner's or Buyer's designated representative. 

4.0 DRAWINGS 

4.1 The Buyer will furnish design drawings which wi11. give all 
information required for shop detailing. 

4.2 The Seller shall furnish the following shop drawings to the 
Buyer: 

4.2.1 

4.2.2 

Erection drawings showing clearly the marking ~d 
pos1tion of each member. 

Details of all members and their connections. 

4.3 The Seller's erection drawings shall be referenced co the 
Buyer's design drawings. Detail sheets shall be referenced 
to the ·related erection drawing. 

4.4 The Buyer or his designated representative will review 
the shop drawings for conformance to the design drawings. 
If corTections are required the Seller shall make·and 
clearly mark such corTections and resubmit the drawings for. 
final review. Detail and erection drawings shall be reviewed 
before fabrication of any material commences. 

4.5 Review of Seller's drawings by the Buyer or his designated 
representative shall not relieve the responsibility of the 
Seller for the completeness and accuracy of dimensions and 
details. 

4.6 Structural shapes shown on design drawings shall be AISC 
series.conforming to the standard shape profiles listed in 
ASTM A6. 

4.7 Where high strength bolts are used in the work, erection 
drawin~s shall so indicate • 

.5 • 0 ~1ATERIALS 

.5.1 All :nacerials shall be of new stock, unless noted otherwise 
on design drawings. 

3.2 All materials shall conform to the requirements of the speci
fications as listed in Section 2 of this Specification • 
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S.3· Welding filler metal and flux shall conform t:O AWS 01.1, 
"Struct:ural Welding Code". Only elect:rodes and filler wire 
which produce minimum deposited tensile st:rengt:h of 70,000 psi 
shall be used. The elect:rodes ot:her than low hydrogen elec
trode E7018 conforming to AWS A5.l are subject: t:o.approval of 
t:he.Buyer. 

5.4 Steel Joist:s 

5.4.l Open joises, lo~g span and deep longspan joises shall 
be manufactured from hot-~olled structural shapes, 
bars and angles conforming to the SJ! and AISC 
specif~cations listed in seceion 2 of this Specification. 

5. 4 .• 2 Unless otherwise noted, all open web seeel j oises, 
long span and deep longspan steel joists shall be of 
the underslung type sized as shown on.the plans. 
Approximate camber shall be as called for by the 
SJI and AISC specificaeions. 

S.4.3 Bridging shall be horizontal bridging· or cross bridg
ing with spacing as specified by the SJI and· AISC 
specifications wtl~ss oth~rwis.e shown. 

5.5 Gratin3 

5.5.l Generally ali ·flooring shall be i;,;11 ·x 3/l.6'~wE!lded st:eels grating 
unless otherwise noted onthe design drawings. Top 
surface of the bearing bars shall be serrated where 
indicated on the drawings for a non-slip surface. 

5. 5. 2 Cros.9· bars, shill be spaced nae· mo.re than 4 inches center to 
cencer. . MadJ:i .. bars and· cr.oss. barg o.f.. adj acenr panels- shall 
be in·line. 

5.5.3 Grating shall be galvanized unless otherwise noted on 
t:he drawings for other t:ypes of finish. Galvanizing 
of grating shall be in accordance with ASTM-Al23, with 
not less t:han c:wo (2) oz. of zinc coating per sq. ft. 
of flat area. 

5.5.4 Junceions bet"Neen bearing and cross bars shall be fully 
fused without: reduceion in t:he area of the bearing bars. 

5.5.5 All cutouts for columns, bracing connections and ot~er 
openings in gratin~ shall be banded. Banding bars 
shall be at lease t:he same t:hickness as the bearing 
bars t:o which t:hey are ~•elded. 

5.5.6 ~'here grating can be attached to its support:in~ 
s·i::eel in c:he shop. it shall :ie shop ~•elcied ?t:'ior i:o 
gal,,anizing. i.-nere gratin~ is to be installed in :he 
field, it shall be fasceneci t:o t:he support:ing st:eel 
wit:h ''Eric ti.on ::~e '' clips. 
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. 5.6 Checkered Plate 

5.6.l Where indicated, flooring shall be !i;" checkered plat.e. 

5.6.2 ·Provide at least one ~" diameter weep hole in each 
floor plate panel. All penet.rations for piping shall 
be cut and suitably banded in field except where 
dimensioned on drawings ~ which case they shall be' 
shop cut and banded. 

5. 6. 3 Where floor plate is to be installed in the field it 
shall be shop· drilled with 9/16" dia. countersunk. 
holes @ l '-0" ! c/ c. · Shop, shall drill beam flanges 
with ll/16" dia. holes for 1i" dia. flat head bolts 

·with hex head nuts. Shop assembled floor plate 
shall. be seal-welded to its supporting members in 
accordance with Paragraph 9.0 of this specification. 

6.0 FABRICATION 

6.1 Fabrication shall meet the applicable· requirements of all 
codes and specifications listed under Section 2.0 and all 
the requirements of this specification. 

6.2 Fabrication shall commence only after shop drawings are 
reviewed by the Buyer. Substitutions of sections or modifi
cations of design details shall be made only as approved by 
the Buyer. 

6.3 All members shall be clearly marked for field assembly with 
designating numbers of letters corresponding to the· field 
erection drawings. 

6.4 Platforms, stairways and handrails shall be shop~~ssembled 
in the largest units suitable for handling.and shipping. 

. . 
6.5 All ragged edges, welds, protruding bolts or other fasteners, 

tihich might cause injury to personnel, shall be avoided, or 
if required, ground smooth. 

6.6 Mechanical operating devices such.sas hinges.hasps, holdopens, 
and like items shall operate smoothly and efficiently. 

7.0 CONNECTIONS 

7.l Connections shall be as indicated on the design drawings and 
as specified herein • 
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7.2 Shop connections shall be welded unless shown or noted other
wise on the design drawings. 

7.3 Field welded connections shall be permitted only where shown 
on the design drawings, or authorized by the Buyer. 

7 .4 Unless otherwis.e shown or.noted, all field connections, 
e.~cept °ladders, stairs and handrail, shall be made with high 
strength bolts conforming to ASTM A325. Connections for 
ladders, stairs and handrail shall be mada with machine 
bolts conformin~ to ASTM A307. 

7.5 Unless the reaction.is given on the design drawing, beam to 
beam and b·eam to column connections shall be designed for a 
reaction equal to half the uniform load capacity for the given 
span of a beam shown in the tableS', "Allowable Loads, on Beams", 
of the AISC ~nual of Steel Construction. The connections must 
also comply with the requirements of Table I and III, "Framed 
Beam Connections" of the above manual. 

7 .6 All bolts shall be 3/4 in•. diameter, e.~cept as otherwise shown or noted 
on the design drawings. 

7.7 All gusset plates shall be 3/8 in,. thick unless, otherwise noted on the 
design drawings. 

7.3 Moment connections shall be designed to develop the full bend
ing strength of the weakest connected lllli!JDber, unless the · 
moment is noted or connection is dtherWise.detailed on desi~ drawings. 

8.0 HIGH STRENGTH BOLTING 

8.1 All gavanized joints using high strength bolts shall be 
"Bearing-t)'l>e connections", unless otherwise shown or noted. 
~on-galvanized joints using high strength bolts may be 
"friction-t)'l>e connections". The allowaole loads shall be 
based on all bolts having threads in \:he shear plane. 

8.2 High strength bolted connections shall be made in accordance 
with provisions of AISC Specification for Structural Joints 
Using ASTM A325 or A490 Bolts. Bolts may be tightened by 
either the turn-of-nut method or by the calibrated wrench 
method, or with the use of a direct tension indicator as 
provided in the AISC specification. 

8.~ When bolts, installed by the turn-of-the-nut ~ethod. have 
been brought t~ ~ snug-tight fit, they shall be tightened 
additionally by t:he applicable amount of nut rotation as 
specified in t:he AISC Specification for Structural Joints 
Using AST.1 A325 or A490 Bolts. Impact ·..rrenches, if used. 
shall have sockets ;narked each 90 degrees on outer ?eriphery 
~o anable t:he ~ut: rotation t:o be verified. 
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8.4 For.bolts, "installed by the calibrated wrench method, wrenches 
shall be calibrated at least twice a day when in use, once 
before the start of the working day and once at the midpoint 
of the working day and whenever there is any question or doubt 
whether·. or not. a .. wren.ch. is, ope.rati~g, p.roperly. 

8.5 Where direct tension indicators are being used, they shall be 
installed according to the manufacturers installation 
specifications. 

8.6 When assembled, all joint surfaces, including those adjacent 
to the bolt heads, nuts or washers, shall be free of burrs, 
dirt and other foreign material that would pr~vent solid 
seating of parts. 

8.7 The Inspector will observe operations for the installation 
and.tightening of bolts to determine whether the work is 
being performed properly, and will inspect the nut surface 
for indication of wrench impaction. Bolt tension will be 
checked, at Inspector's discretion, with. a torque wrench in 
accordance with the applicable provisions of Section 6(c) 
of the AISC Specification for Structural Joints Using ASTM 
A325 or A490 Bolts. · 

8.8 Where either a A325 or A490 are used as fitup bolts in a 
connection and are not tightened to the specified minimum 
tension, bolts may be left in place, and subsequently 
tightened as permanent bolts. 

8.9 Ungalvanized ASTM A325 bolts that have been installed by any 
of the methods specified in Section 5 of the "AISC Specifi
cations for Structural Joints Using ASTM A325 or A490 Bolts" 
may be loosened and retightened one more time, providing the nut 
can be turned freely by hand for the full length of the threads 
after removal from the joint. 

8.10 Galvanized ASTM A325 and ASTM A490 bolts which have been 
tight.ened to the full e."<tent specified in Section S will not 
be reused. 

9.0 WELDING 

9.1 All welding shall be performed by the manual shielded metal
arc (S~!AW) or submerged-arc (SAW) welding processes. !he 
flux cored-arc (SCAW) welding process may be used provided 
that an e."<:ternal shielding gas is used. 

9.2 Welding procedures which conform in all respects to the pro
visons of Section 2,3, and 4 of AWS Dl.l, "St:ructur'al Welding 
C.Jde" shall be deemed as prequalified and are ·e."<empt from tests . 
for qualifications. 
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9.3 Procedures other than those ?requalifed shall be qualified 
by tests as specified in Section 5 of AWS Dl.l. The written 
welding procedures and the ·qualification test records shall 
be submitted to the Buyer for approval. · 

9.4 Welding shall be performed only by welders or operators who 
have been qualified in accordance with Section 5 of AWS Dl.l. 
The welders qualification tests records shall be made 
available to the Buyer. 

9.5 Each weld shall be uniform in width and size throughout.its 
full length. Each layer of welding shall be smooth and free 
of slag, cracks, pinholes and undercut, and shall be com
pletely fused to the adjacent weld beads and base me.tal. In 
addition, the c:over pass shall be free of coarse ripples, 
high crown, deep ridges and valleys between the beads, and 
shall blend smoothly and gradually into the surface of the 
base metal. 

9.6 Butt welds shall be slightly convex, of uniform height, and 
shall have ful1 penetration. 

9.7 Fillet welds shall be of specified size with full throat and 
the legs of uniform length. 

9.8 Repair, chipping, or grinding of welds shall be done in such 
a manner as not to gouge, groove, or reduce the base metal 
tl!ickness • 

9.9 Non-destructive testing of all full penetration buttwelds is 
required and shall meet the provisions of Article 6.7 of 
AWS Dl.l. 

10.0 SHOP PAINTING 

10.1 Shop painting shall conform to Specification 14222-X-3. 
Paint shall be excluded from areas w~thin· 2 inches of joints 
to be field welded and· faying surfac·e of high-strength bolted 
connections. Members to be fireproofed or embedded ·in concrete 
need not be .Painted. 

11.0 GALVAJ.~IZING 

11.l Unless otherwise specified, preparation for and galvanizing 
of structural steel shall conform to ASTI1-Al23. 

11.2 Galvanizing of bolting material shall conform to ASTM Al53. 
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11.3 Unless otherwise specified. all fabricated structural steel shall be 
galvanized. However, members that are completely encased in fire
?roofing shall not be galvanized. Members that are partially fire
;:iroofed (ie •. load bearing beams that have top flange exposed, columns 
that are fireproofed only along part of their length) shall be complete
ly galvanized. 

11.4 Where galvanizing of steelwork is called for it shall be done after 
shop fabrication. Welded joints in material to be galvanized shall 
be completely sealed with not less- than the equivalent of a 3/16 in. 
fillet weld in addition to the structural welding as shown. This 
seal welding shall be provided whether or not. called for on the drawings. 

11.5 Damage to galvanizing. and weldments to galvanized material,shall 
be thoroughly cleaned by wire brushing or grinding, and given a heavy 
touch-up coat of Z.R.C. as manufactured by the Sealube Company, 
Wakefield, Mass. or equal as approved by the Buyer. 

12.0 SPECL~ IDENTIFICATION REQUIREMENTS 

12.l All shipping units, such as bundles, sub-assemblies or individual 
pieces for platforms on vertical and horizontal vessels shall be 
identified by an adequate erection drawing or erection schedule 
•.Jhich locates the piece in. its particular platform assembly, ·and 
also identified by the Bechtel equipment number of the vessel to 
~hich the platform will be attached. These erection data shall either 

precede or accompany the individual shipments to the jobsite. This 
provision does not.abrogate the general requirement for furnishing 
erection drawings for other categories of steelwork. 

12.2 A separate shop order number shall be assigned to each individual 
complete structural system as, for example each building, each 

equiPlllent support structure,complete pipeway support system, all 
platforms on any large single piece or grouping of similar 
equipment, etc. 

13.0 SHOP INSPECTION 

13.1 The Buyer reserves the right to inspect all material for compliance 
with this Specification, including welding, surface preparation 
and painting. 

13.2 The Seiler shall provide facilities required for the inspection of 
caterial and workmanship as requested by the Inspector. 

14. 0 DELIVE..~Y 

14.l Delivery of material shall :neet the requirements of specifications 
3tated in Section 2.0. 

14.2 No material shall be shipped until the·shop coat of paint is 
thoroughly dry and clearly marked with waterproof ink or paint. 

14.3 It shall be the Seller'3 ~esponsibility to provide adequate packing, 
crating, blocking and/ or bracing to ;irevent damage· :o the fab.ricated 
material while loading, in transit and '.vhile unloading.· 
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1.0 SCOPE 

1.1 This specification covers the technical requirements for erec
tion of structural steel, miscellaneous steel and steel joists. 

2.0 CODESz STANDARDS AND SPECIFICATIONS 

This specification shail be used in canjuction with Specifications 
14222-M-l, 14222-M-2 and 14222-M-3. 

Design, materials, fabTication, and erection of the structures as a 
whole, and all s~ructural elements and connections thereof, shall 
conform to the requirements of the following codes" standards, and 
specifications, except as modified or otherwise specified hereinafter. 

2.1 Abbreviations as used in this specification shall have the 
following definitions:. 

ACI American Concrete Institute 

AISC: American Instftute of Steel Construction 

AISI American Iron and Steel Institute 

ANSI American National Standards Institute 

ASTii American Society for Testing and Materials 

.AWS American·Welding Society 

SJI Steel Joist Institute 

OSHA The Occupational Safety and Health Act 

2.2 Codes and Standards 

AISC 

A.ISC 

.use 

AISC 

Manual of Steel Construction, eight Edition, 
1980. 

Code of Standard Practice for Steel Bui).dings 
and Bridges, 1976. 

Specification for the Design, Fabrication and 
Erection of Structural Steel for Buidings, 1978. 

Specification for Structural Joints Using ASTM 
A325 or A490 Bolts, approved by Research Council 
on Riveted and Bolt"ed Structural Joints of 
Engineering Foundation, 1978. 

•. 
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ASTii A6 

ASTM A36 

ASTM A53 

ASTM Al08 

ASTM A283 

ASTM A307 

ASTM A325 

ASTii A44l 

ASTN A500 

ASTM A501 

ASTM A569 

ASTM A572 

ASTM A615 

SJ! & AISC 

SJI S. Al!:iC 

AWA 01.l 

Standard specifications for General Requirements 
for Rolled Steel Plate, Shapes, She.et Piling and 
Bars for Structural Use, 1979. 

Specification for Structural Steel, 1977a. 

Specification for Grade B Welded and Seamless 
Pipe, 1979. 

Specification for Steel Bars, Carbon, Cold 
Finished Standard Quality, 1979. 

Specification for Low and Intermediate Tensile 
Strength Carbon Steel Plates, Shapes and ·Bars, 
1979. 

Specification for Carbon Steel Externally 
Threaded Standard Fasteners, 1978. 

Specification for High Strength Bolts for Structural 
Steel Joints, including Suitable Nuts and Plain 
Hardened Washers, 1979 .. 

·High Strength Low Alloy Structural Manganese 
Vanadium Steel; 1979. 

Specification for Cold-Formed Welded and Seamless 
Carbon Steel Structure Tubing in Rounds and Shapes, 
1978. 

Specification for Hot-Formed Welded and Seamless 
Carbon Steel Structural Tubing, 1976. 

Specification for Steel Carbon (.15 Maximum per
cent) Hot-Rolled Sheet and Strip, Commercial 
Quality, 1972 •. 

,I 

High Strength 0 Low Alloy Columbian Vanadium Steels 
of Structural Quality, 1979. 

Deformed amd Plain Billet-Steel Bars for Concrete 
Reiniorcement, 1979. 

Standard Specifications for Open' '.veb Steel Joists, 
J-Series and H-Series, 1965. · 

Stant.lard Specification fo!' T.ongspan Steel Joists 
L.i-and LII-Series and Deep Longspan Steel Joists, 
DL.:-and DLH-Series, 1969 and 1970 respectively. 

Structural Welding Code-Steel. 1979. 
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AWS AS.l 

UBC 

ANSI A58.l 

ACI 318 

OSHA 

Specification for ~1ild Steel Covered Arc: Welding 
Electrodes. 

Uniform Building Code of the International 
Conference of Building Officials, 1979. 

Building Code Rrequirements for Minimum Design 
Loads in Building and Other Structures, 1972. 

Standard Building Code Requirements for 
Reinforced Concrete, 1977. 

The Occupational Safety and Health Act, 1978. 

2.3 Reference Specifications: 

14222-:-1-1 

14222-M-2 

14222-M-511 

14222-N-6 

14222-Q-l 

14222-Q-Z 

14222-L-4 

14222-X-3 

14222-X-l 

3.0 GENERAL 

3.1 Deiinitions 

Design Structures 

Steel Building Frames 

Fabrication of Structural Steel, Miscellaneous· 
Steel and Joists. 

Fireproofing of Vessels and Structural Steel 

Foundations 

Plain and Reinforced.Concrete 

Plant Design and Piping Layout 

Shop Painting 

Field Painting 

3.1.l Owner - Ashland Synthetic Fuels, Inc. and Airc:o 
Energy Co •• Inc. or their designated representative 

3.1.2 Buyer - Bechtel or their designated representative 

J.l.3 Erector - The party or any subcontractor performing, 
under agreements with Owner or contractor. work subject to 
the requirements of this specification. 

3.1.4 Inspector - Owner'3 or Buyer's designated representative·· 

INCll'IGaTIOlll J10. 14222-M-4 lft __ 1 __ _ 4 11 
---- 0/1 ----



..0 

'° -,... ... 
~ ... 

I 

= 

4.0 .MATERIALS 

4 .1 Welding electrodes for field weld·ing shall conform to AWS 
Specification A5.l, Low Hydrogen Electrode E 7018. 

4.2 Shim plates .for setting column bases: shall coriform to ASTM AJ6. 

5.0 CONNECTIONS. 

5.1 Connections shall be as indicated on the design drawings and 
as specified herein. 

5.2 Shop connections shall be welded unless shown or noted other
wise on the design drawings. 

5.3 Field welded connections shall be permitted only where shor.m 
on the desig~ drawings, or authorized by the Buyer. 

5.4 Unless otherwise shown or noted, all field connections, except 
ladders, stairs and handrail, shall be made with high strength 
bolts conforming to ASTI1 A325. Connections for ladders, 
stairs and handrail shall be made wit.h machine bolts conforming 
to ASTM A307. 

5.5 All bolts shall be 3/4 inch diameter, except as shown or 
noted on the design drawings. 

5.6 All gusset plates shall be 3/8 inch thick unless noted on the 
design drawings. 

5.7 Moment connections shall be designed to develop the full bend
ing strength of the weakest connected member, unless the 
moment is noted or connection is otherwise detailed on design drawings. 

6.0 HIGH STRENGTH BOLTING 

6.1 High strength bolted connections shall be made.in accordance 
with provisions of AISC Specification for Structural Joints 
Using ASTM A.325 or A490 Bolts. Bolts may be tightened by 
either the· tum-of-nut method or by the calibrated wrench 
method, or :nth. the use of a direct tension indicator as 
provided in the AISC specification. 

6.2 When bolts, installed by the turn-of-the-nut method, have 
been brought to a snug-tight fit, they shall be tightened 
additionally by the applicable amount of nut rotation as 
specified in the AISC Specification for Structural Joints 
Using ASTI1 A.325 or A49Q. Bolts. Impact wrenches, if used, 
shall have sockets marked each 90 degrees on outer periphery 
to oanable :he nut rotation co be . •rerified. 

J"l:DFICATIOll JIO. 14222-H-4 lft __ .... 1_ 
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6.3 For bolts, installed by the calibrated wrench method, wrenches 
shall be calibrated.at least twice a day when in use, once 
before the start of the working day and once at the midpoint 
of the working day and w~enever there is any question or doubt 
whether or not a wrench is operating properly. 

6.4 Where direct tension indicators are being used, they shall be 
installed according to the manufacturers installation 
specifications. 

6.5 When assembled, all joint surfaces, including those adjacent 
to the bolt heads, nuts or washers, shall be free of burrs, 
dirt· and other foreign material that would prevent solid 
seating of parts. 

6 .6 The Insp·ector will observe operations for the installation 
and tightening of bolts or determine whether the work is 
being performed properly · and will inspect the nut surface 
for indication of wrench impact°ion. Bolt tension will be 
checked, at tnspector's discretion, ·with a torque wrerich in 
accordance with the applicable provisions of Section· 6(c) 
of the AISC Specification for Structural Joints. Using ASTM 
A325 or A490 Bolts. · 

6.7 Where either a A325 or A490 are used as fitup bolts in a 
connection and are not tightened to the specified minimum 
tension, bolts may be left in place, and subsequently 
tightened as permanent bolts. 

6.8 Ungalvanized ASTM A325 or A490 bolts that have been installed by. 
any of the methods specified in Section ·s of the "AISC Speci
fications for Structural Joints Using ASTM A325 or A490 bolts" 
may be loosened and retightened one more time, providing the nut 
can be turned freely by hand for the full length of the threads 
after removal from the joint. 

6.9 Galvanized ASTM A325 and ASTM A490 bolts which have been 
tightened to the full extent specified in Section 5 will not 
be reused. 
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7.1 All welding shall be performed by the manual shielded metal
arc (SMAW) or submerged-arc (SAW) welding processes. The 
flux cored-arc (FCAW) welding process may be used provided 
that an external shielding ~as is used. 

7.2 Welding procedures which conform· in all respects to the pro
visions of Section 2,3, and 4, of AWS 01.1, "Structural Welding 
Code" shall be deemed as prequalified and are exempt from tesu 
for qualifications.· 

7.3 Procedures other than those prequalified shall be qualified 
by tests as specified in Section 5 of Aws 01.1. The written 
welding procedures and the qualification test records shall 
be submitted to the Buyer for approval. 

7.4 Welding shall be performed only by welders or operators who 
have been qualified in accordance with Section 5 of AWS 01.1. 
The welders qualification tests records shall be made 
available to. the Buyer. 

7.5 Each weld shall.be uniform in width and size throughout"its 
full length. Each layer of welding shall be smooth and free 
of slag, cracks, pinholes and undercut, and shall be com~ 
pletely fused to the adjacent weld beads and base metal. In 
addition, the cover pass shall be free of coarse ripples, 
high crown, deep ridges and valleys between the beads, and 
shall blend smoothly and gradually.into the surface of the 
base metal. 

7.6 Butt welds shall be s~ightly convex, of uniform height, and 
shall have full penetration. 

7.7 Fillet welds shall be of specified size with full throat and 
the legs of uniform length. 

7.8 Repair, chipping, or grinding of welds shall be done in such 
a manner as not to gouge, groove, or r_educe the base metal 
thickness. 

7.9 Non-destructive testing of all full penetration buttwelds is 
required and shall ·meet the provisions of Artic.l:e ·6. 7; .of 
AWS Ol.l. 
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8. 0 HAi.'lDLrnG AND STORAGE. 

8.1 !'he Buyer shall receiv,e. unload, sort and store all materials 
to be erected at the jobsite in a designated area. 

8. 2 !'he Buyer shall: ;>i:otect che steel against d.amage::inc.llud±ng 
protection· of painted surfac~ prior to erection. · 

8.3 Erector shall inspect structural steel for damage befora com
mencing the erection and submit written report to Buyer. 

8.4 The erector shall protect the steel against damage including. 
protection of painted surfaces during erection. 

9.0 ERECTION 

9.1 General 

9.1.l • 

9.1.2 

Unless otherwise specified or shown on the design, 
shop detail, and erection drawings, erection of 
structural steel shall conform. to AISC Specification 
for the Design, Fabrication and Erect'ion of Structural 
Steel for Buildings and to the Code of Standard 
Practice f~r Steel Buildings and Bridges. 

Erection of steel joists shall conform to ~he SJI and 
AISC Standard Specifications for steel joists listed 
in Section 2 of this Specification. 

9.2 Setting Base Plates 

9.2.1 

9.2.2 

Column base plates shall Qe set and shimmed to correct 
positions and elevation shown on the drawings. 

Grouting and foundation bol-c installation shall not be 
in the scope of this specification. !'he colUJ1111s--Yii:h 
attached: base plates. wil·l ·be plumbed and then the erection 
of other:portions of: s·tructrural stee·l ·shall commenca 
only- when grou-cing and· anchors are in the condition· 
that the grout. and anchors can adequately support all 
the. loads subjected to ·them and their expected capacity 
will not be influenced due to the erection operation. 

9.3 Alignment and Fittings 

9.3.1 

9.J.2 

SP!C&FICATION U. l4222-M-fr 

Each-·pa-rt: of a. structure· shall be properly aligned 
before completing field connections. 

All members in completed frames.· shall be· true . eo line 
and free from bends. twists, and open joints. 

REY-. _.......,1 __ SH£ET __ s __ _ OF __ __. __ 
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9.3.3 Fitting-up bolts and drift pins shall not be used to 
bring improperly fabricated members and parts into 
place thus causing a strain on bolts in finished work. 
Drift pins shall not be driven with such force as to 
injure adj~cent metal. 

9.3.4 No packing, shimming, or wedging will be permitted to 
correct faulty work, unless so directed by Che Buyer. 

9.3.5 Minor misfitting, which shall be remedied by a moderate 
amount of reaming and slight cutting and chipping, may 
be corrected by the Erector when, in the Inspector's 
opinion, it will not be detrimental to the strength or 
appearance of the structure. All shop errors shall be 
reported to the Inspector and the proposed method of 
correction shall be submitted to the Buyer for approval. 

9.3.6 Damage caused by handling during erection shall be 
reported to the Inspector. Corrective measures shall 
be completed as directed. 

9. 3. 7 Fastening of splices· of.: co!Dl'ression members shill. be 
done after the abutting surface·s have been brought com
.plet~ly into contact. Splices shall be permitted only 
where indica~ed on the drawing. 

9.3.8 Erection bolts used in welded construction shall. be 
either tightened securely and left in place or removed 
and the holes filled with plug welds. 

9.4 Erection Tolerances 

9.4.1 Erection tolerances· shall be in accordance with AISC 
Code of Standard Practice for Steel Building and 
Bridges, Section 7(b) and specific requirements of 
this specification •. 

9.4.2 Unless otherwise shown, runways for electric overhead 
cranes shall not exceed the following tolerance 
limitations: 

Lateral Tolerance: Plus or minus ~ inch in center 
distance between two crane rails; 
plus or minus 12 inch maximum 
deviation of the rail center line 
shown. Both items per 50 feet of 
runway • 

SP!CIFICATIOll 110. 14222-11-4 uv._ ... z...__ S llEET---
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Vertical Tolerance: Plus or minus ~ inch fro~ the 
elevation shown at the top of the 
rail, in the unloaded condition, 
per 50 feet of runway. 

9.4.3 Rail joints ·shall be tight and provide for a smooth 
transfer of the wheel fro~ one rail to another. 

9.5 Checkered Plates 

9.5.l Where floor plate is to be installed in field ·it 
shall be shop drilled with 9/16" dia. countersunk 
holes at l'-0" (+) c/c. Shop shall drill beam flanges 
with 11/16". dia. -holes for ~" dia. flat head bolts 
with hex nuts. 

9.5.2 Removable panels of floor plate shall be fastened with 
!2" diameter cadmium plated steel countersunk head _bolts •. 

9.5.3 The penetration for piping,ducts, etc·. sP,all be cut 
and suitably banded, where no dimensions are given 
on the drawing they are required to be cut in field. 

9.6 Grating 

9.6.l Where grating is to be installed in field it shall be 
fastened to its supporting members with "friction 
type" clips. Main bars and cross bars "of adjacent 
sections shaii be in line. 

9.6.2 Joints in floor panels shall occur only over supports. 
Notching of bearing bars at supports to maintain 
elevations shall not be permitted. 

9.6.3 Removable grating panels shall be fastened to support 
~embers by bolt and bent clip fasteners. 

9. 6 .!+ E."q>anded steel grating shall be fastened ·by spot •.Jelding 
at a maxim.Um of si.~ inch centers at each support. 

9.6.3 All cutouts for co~umns, oracing connections and 
other openings in grating shall be banded. Banding 
bars shall be at least the same thidmess as the 
bearing bars t:o which they are welded. 

142il-M-4 
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I 9.7 Touch-uo Painting 

9.7.1 ·After completing erection, surfaces where paint was 
omitted for field welding or field bolting and all 
areas damaged subsequent to shop painting shall be 
repaired, cleaned and painted in accordance with 
specification 14222-X-3. 

9.7.2 Damage to galvanizing, and weldments to galvanized 
material, shall be thoroughly cleaned by wire brushing 
or grinding, and given a heavy touch-up coat of Z.R.C. 
as manufactured by the Sealube Company, Wakefield, Mass. 
or equal as approved by the Buyer. 

10.0 INSPECTION 

10 .1 The Inspector shall insp·ect the erected steel work and work
manship for conformance with the requirements of this speci
fication, including but not limited to checking for plumbness, 
high strength bolting, field welds, to~ch-up painting. 

10.2 Erector shall provide facilities including platforms, ladders, 
tools and calibration records for inspection of the erected 
steel work as requested by the Inspector. 

S.-JDf'tC~TtOll NO. 14222-11-4 l 
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l. SCOPE 

This specification covers insulation for hot piping and equipment. Hot means 
a temperature of 140 F and higher. Equipment includes vessels, heat exchan
gers, tanks, turbines, pumps and o"ther machinery. 

2. PURPOSE 

Hot piping and equipment shall be insulated to: 

a) Conserve heat. 
b) Protect personnel. 
c) Maintain temperature for process control. 

3 . MATERIALS 

3.1 Insulation 

3.11 Insulation for piping shall be rigid curved blocks containing no 
asbestos and meeting the'requirements of ASTH specification 
C533 - Calcium silicate. 

3 .12 Insulation for Vessels, Exchangers and Tanks shall meet the requ_irements 
of the following ASTM Specification: 

3.13 

C612 - Mineral Fiber "Block and "Board" Thermal Insulation, Class 3, _for 
use up to 850 F, Class 4, for use up to 1000 F, and Class 5 for use up 
to 1800 F. 

Insulation for Stiffening Rings on vertical vessels shall be "Therma.l 
Insulating Wool" (TIW) Types I or II, Owens Corning Fiberglas Corp., 
or equal, approved by Buyer. 

3.14 Insulation for Turbines, Pumps and Other Machinery. if required, shall 
be: 

3.15 

Hydraulic set type Thermal Insulating Cement meeting the requirements 
of ASTM C449 per Section 3.2. The hardened cement shall be seaied with 
a coating of mastic·per Section 3.3, reinforced with glass fabric 
per Section 3.4. 

Insulation for Austenitic (Chromium-Nickel) Stainless Steel Piping and 
Equipment shall be in accordance with Standard Specification N-4. 
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3.2 Thermal Insulating Cement shall be Pabco Division of Louisiana-Pacific 
Corp Pabcote, Ryder Ind. , Thermo cote Il1WP or equivalent, as accepted 
by the buyer. 

3.3 ~astic Sealer for Coating Hardened Insulating Cement shall by polyvinyl 
acetate general purpose mastic, Foster Division of H.B. Fuller CO, 
"Sealfas GPM, "Number.45-00 Spray Grade or ~umber 35-00 Trowel Grade, 
Childers Vi-cryl CP-10 Trowel, CP-11 Spray. Grade, Vimasco WC-5, .or equal, 
approved by Buyer. 

3.4 Glass Fabric Reinforcement for ~stic shall be Burlington "GLAS-FAB", 
10x20, or equal approved by Buyer. 

3.5 Weatherproofing Jacket 

'.~eatherproofing for pipe and equipment shall be 0. 016" thick embossed 
aluminum sheet per ANSI H35.l, designation 3003-Hl4 or 5005-Hl6 with 
factory applied epoxy moisture barrier, except as noted otherwise on 
the referenced detail drawings. For personnel protection the jacket 
shall be painted gray to provide an emissivity of 0.9. 

3.6 Caulking ~aterial, when required, shall be Foster ~.umber 95-44, or 
Childers Chil-Byl Cp-76, or equal, approved by Buyer. 

3.7 Support Fittings 

3.71 Support fittings, such as wing type seals, banding straps, "S" clips, 
"J" clips, expansion joints, finger straps, etc., shall be Type 302 
stainless steel. 

3.72 Breather springs shall be Type 302 stainless steel, with tensile 
strength of 275 ksi, four inches long, Techalloy, Childers, or equal. 

3.73 All blind rivets shall be aluminum. Sheet metal screws shall not be 
used. 

4. !~STAI.L\.TION OF INSULATION - GENERAL 

4.1 Piping Insulation 

a) 'Prior to installation of insulation, the pipe shall be cleaned of all 

b) 

c) 

d) 

dirt, oil grease and loose rust. Cleaning shall be done in accordance 
~ith Steel Structures Painting Council (SSPC) SP-1, solvent cleaning. 

Valves shall be insulated only if they are steam traced or listed as 
insulated on the Index of Steam Traced Lines. 

:langes shall be insulated only if listed on the "Index of Steam Traced 
Lines" as insulated. This includes flanges of pipe, valves and fit
:ings. 

Insulation adjoining flanges shall be beveled back one bolt length 
to allow easy removal of 5tud bolts and nuts. 

e) Seal pots, vent chambers and drip ?Ots ;hall be insulated only if they 
are steam traced. 
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f) 

g) 

h) 

i) 

j) 

k) 

4.2 

a) 

b) 

c) 

d) 

e) 

4.3 

a) 

:, ) 

Threaded and·socket welded pipe fittings and bends shall be insulated 
with insulation cement per Section 3.2. and sealed with fabric rein
forced mastic per Sections 3.3 and 3.4. 
Butt welded pipe .fittings and bends shall be insulated with segments of 
pipe insulation, and the surface coated with an 1/8" thick layer of insu
lating cement per Section 3.2 and sealed with fabric reinforced mastic per 
Sections 3.3 and 3.4 Pre-molded covers may be used in ?lace of segmet of 
block insulations. Fitting jackering of al~num may be used, where 
practical, in place of cement. 
Insulating cement sha11 be applied in two or more layers .to a-thickness 
equal to that of the adjacent pipe insulation. When the thickness ex
ceeds 1-1/2" it· shall be reinforced with a layer of galvanized wire 
mesh, l"x20 ga., placed 3/4" from th~ insulated surface. 

. Pi"!)e ·insulation shall be held in place by 18 gage stainless steel wire 
on 9" centers for pipe diameter 1"2 inches and 16 gage stainless steel 
wire for pipe diameter 12 incher and larger. Wires shall be properly 
tightened, loose ends cut off and twisted ends bent down flush with 
the insulation. 

Pipe insU.lation shall be covered with a jacket as specified in Section 
3.5 Pipe fittings covered with insulating cement shall be sealed with 
a mestic per _Sections 3.3 and 3.4. Jacketing shall be banded with 1/2" 
wide bands of stainless steel 0.020" thick. 

Steam traced lines shall be insulated with ptpe insulation per Section 
3.11. lnsulation shall.be of a size to fit the pipe and its tracers. 
Insulation with extended legs shall be used if readily available. 

Vessel, E.~changer & Tank Insulation 

Prior to insulation installation, clean surfaces of all dirt, oil, grease 
and loose rust as in Section 4.1 (a). 

Vessel manway nozzle and access opening and exchanger channel covers shall 
not be insulated. 

Blanket insulation shall be covered with a jacket as specified in 
Section 3.5. Jatketing shall be banded with.3/4" wide bands of stainless 
0.020" thick. 

7essels 30" 0.D. and smaller shall be insulated with pipe insulation 
per Section 3.11. 

Bands shall include a "Breather Spring" as Specified in Section 3.72. 

Turbine ?umlJ & Other Machinerv Insulation 

Prior to insulation installation, clean surfaces of all dirt, oil,grease 
and loose rust as in Section 4.1 (a). 

'.-Then callad for, insulation of turbines, pumps and other machinery, shall 
je ?er Section 3.14. 

c) :nsulating ~ement shall ~e applied in cwo or :nore layers to the specified 
:::hickness. '.·inen the chici.<ness axceecis 1-1/2" it shall be reinforced w·ith 
a layer of ;al,1anized '.Jire :nesh, l":~.:!O :;a., placed 3/4" :rom the insulated 
sur::ace. 
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5. THICKNESS OF INSULATION 

Thicl<ness of insulation shat I be in accordance with the ·attached ;ables for 
personne I . protection· and ec:onomi c thickness. The tab I e for ec:onomi c: thick
ness is based on a payout period of three (3) years and other parameters as 
shown .. 

6. REFERENCE DRAWINGS 

The following drawings showing installation details are a part of this speci
fication.. The Setler is encouraged to offer new materiars and new methods 
of installation which he co.nsiders better and less costly. However, suc:h 
deviations from this specification and its drawings must be approved by the 
Buyer in writing to be valid. 

List of drawings: 

1. 
·2. 

3. 

4. 

s. 
6. 

7. 

a. 
9. 

to. 

11. 

12. .. 

13. 

14. 

ts. 
16. 
17. 

t 8. 

19 • 

Drawing No. 

C-531 
N-504 

N-505 

N-506 

N-507 

N-508 

N-509 

N-510 

N-511 

_N-512 

N-513 

N-514 

M-515 

N-516 

N-517 

:"t-520 

~1-52 l 

S~EC!FICATION ~O. !4ZZZ~-2 

Title 

Insulation Supports for Hot Vessels. 
General Arrangement, Composite Vertical Vessel, 

lnsulat.ion & Weatherproofing. 
Detail ~'A" - Insulation & Weatherproofing ~t 

Canter Nozzle on Top Head. 
Detail 11 8' 1 

- Insulation & Weatherproofing at 
Shell to Head Joint. 

Detai I 11 C' 1 
- Insulation and Weatherproofing for 

She 1· 1 & Cone. 
Detail 11 D11 

- Insulation and Weatherprocfing fer 
She'll & Cone. 

Deta i 1 11E11 - I nsu 1 at ion and Weatherproofing for 
Vertical Vessel Without a Skirt. 

Detail "F" - Insulation and Weatherproofing for. 
Vessel Stiffening Ring. · 

Detai 1 11 G' 1 
- Insulation and Weatherproofing at 

·Bottom Head and Skirt. 
Detail 11 1f1 

·- Insulation and Weatherproofing for 
Nozzles at Shell. 

Detail 11 J11 - Insulation and Yeatherproofing for 
E.xternal Clips. 

Deta i1 11~ 1 
.. Weatlierprocfi ng 

E.xpansion Joint for Shell. 
General Arrangement· - Insulation and Weath:rprocf

ing fer Hori.'zontal Vessel. 
General Arrangement - Insulation and Weather.pracf

i ng for Sphel"eo 
General Arrangement ~ Insulation and Weatherproofe 

ing for Pipingo 
S'uppcrt fer Insulation on Vertical Pipeo 
Details of Insulation & Weatherproofing of Pipe 

Fittingso 
Details of Insulation & Weatherproofing of Flanges 

& Sceam Traced ~ipe .. 
Lnsulation & 1..ieatherproofing for Horizontal Heat 

Exc:.'iangers • 
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6. REFERENCE DRAWINGS (Cont'd.) 

List of drawings (cont'~.): 

Dra~ ... ing No. 

20 N-522 

21 N-523 

22 N-524 

]. REFERENCE SPECIFICATIONS 

1. 14222-N-4 

2 
• SPECIFICATION ~O. 14222-N-2 REV . • ... 

Title 

General Arrangement - Insulation & Weatherproof
ing for Flat Sottom Tanks. 

Supplementary Insulation Support Details -
for Tanks Over 25 1 Diameter 

General Arrangement - Insulation &. Weatherproofing 
for Valves. 

Insulation for Austeni tic Stainless Steel Pipin·g 
an_d Equ i pmen t • 
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K at too F = 0.31 
K at 600F = 0.56 
E = 0.90 (emissivity) 

Pipe Size 
·In. 1" -

Li85 F 
1.5 460 
2 445. 
3 425 
4 4to 
6 400 
8 

to 
t2 
t4 
16 
18 
20 
24 
30 

Payout • 3 yrs. 
Heat Cost "" $1~.oo 

Pipe Size 
l~" In. 

l 425 F 
1.5 375 
2 370 
3 325 
4 300 
6 250 
8 

to 
12 . 
14 
16 
18 
20 
24 
30 

TABLE 1 

PERSONNEL PROTECTION 

Wind Factor= Still Wind Hax. Ambient = lOOF 
Avg. Ambient= 50F Hax. Surface Temp "" 140 

MAX IHUH TEMPERATURE 
FOR 

SPECIFIED INSULATION THICKNESS 

1-1/2" 2" 2-1/211 3" 3-1/2" 

625 F 760 F 890 F· 1005 F 1125 F 
590 710 .8ao· 940 t045 
565 685 800 905 t005 
540 640 74' 845 940 
520 620 715 810 900 
495 590 675 765 845 
480 570 650 735 815 
470 555 635 710 .790 
465 550 625 700 770 
460 540 6t5 690 765 
455 535 610· 680 750 
450 530 600 670 740. 

. 445 525 595· 665 .735 
440 515 585 655 720 
435 510 575 640 705 

TABLE 2 
HEAT CONSERVATION 

K at 100 F "" 0.31 Wind Factor = 7 mph 
Kat 600.F"" 0.56 Avg. Ambient= SO F 

MAXIMUM TEMPERATURE 
. FOR 

SPECIFIED INSULATION THICKNESS 

2" 2~" 3" 3~" 

625 F 800 F 1200 F 
550 725 t200 
525 725 1200 
500 650 1 zoo 
475 625 825 1200 F 
375 525 675 t200 
375 525 650 t200 
325 450 575 1200 
300 400 525 1200 
275 375 475 1200 
275 350. 475 1200 
275 350 475 1200 
275 350 475 1200 
250 350 475. 1200 
250 350 475 1200 

~ 
For vessels, equipment, • Note: machiner1 etc. use thicknesses shown for 30" pipe. • ._ 
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1. SCOPE 

This specification covers the materials for and method of insulating cold piping. 
Cold means a temperature less than 50 F down to minus (-) 260 F (LNG). 

2. P~mrcs:e 

Cold piping is insulated to: 

(a) Reduce heat gain by the refrigerated liquid and consequent "boil-off". 

(b) Prevent "icing" of the pipe, valves and fittings due to water vapor conden
sing on the cold metal surface. 

3. MATERIALS''' 

3.1 Insulation 

3.2 

3.3 

Insulation material shall be in accordance with the following: ASTM 
Designation C-552, Cellular Glass Block and Pipe Thermal Insulation. 
An acceptable material is Pittsburgh-Corning Corp. "Foamglas" insulation, 
or equal approved by buyer. 

Bor'e Coating 

The bore coating shall be one of the following: 
U.S. Gypsum Co - Hydrocal B-11 

Joint Sealant - Inner Layer 

The butt joints and longitudinal joints in the inner layer shall be left 
bare. At present there is no joint sealant suitable for minus (-)259 F. 

3.4 Joint Sealant - Outer Layers 

The butt joints and longitudinal joints in the outer layers shall be sealed 
with one of the following: 

Vimasco Coatings Corp. No. 750 

Childers Products Co. No. CP - Stet 

Foster Div. H.B. Fuller Co. No. 95-44 

x 
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.3. 5 Weatherproof Vapor Barrier 

The weatherproof vapor barrier shall be a glass fabric reinforced mastic 
-and one of the following: 

SXE..~ (Interior Only) 

Childers Products Co. No CP-30 Trowel o~ Spray Grade 

Foster Div. H. B. Fuller Co. No. 60-35,. Trowel or 90-66 Spray Grade 

3.6 Bands 

Bands shall be applied on 12" centers and shall be 1/2 11 wide by 0.015" 
thick stainless steel. 

3.7 Tie Wire (for fitting insulation) 

Tie wire shall be 14 gage soft annealed stainless steel. 

3.8 Expansion Joints 

Expansion joints shall be packed with Pittsburgh-Corning "Temp-Mat" or 
equal approved by Buyer. 

3.9 Glass F~bric 

Glass Fabric shall be Koppers Co. No 10x20"Glas-Fab" or equal approv~d·by 
Buyer. 

4. INSULATION THICKNESS 

~ Insulation thickness shall be completed in the Phase I effort. 
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1. SCOPE 

This specification outlines the requirements for wicking-type insulation used 
with austenitlc stainless steel piping and equipment. Wicking-type.insulation 
includes that made of calcium silicate,. expanded perlite, fiberglass, mineral 
fiber and similar materials; AS'TI1-, C533, C547, C553, C592, C610, C612, and 
C795. 

2. BACKGROUND 

The austenitic (chromium-nickel) stainless steels have a tendency to crack at 
stress points when exposed to certain corrosive environments. Chloride ion. 
concentration at a stress point will catalyze crack propagation when moisture 
is present. Sodium silicate inhibits stress corrosion cracking. The con
centrations of chloride, sodium and silicate have an important bearing on the. 
s~ress corrosion effect of wicking-type insulation on austenitic stainless steels. 

3. CHEMICAL REQUIREMENTS 

3.1 The samples of insulation shall. be analyzed .in accordance with ASTM C871 for 
leachable chloride, sodium and silicate and the plot point of these analyses 
shall fall within the acceptable area of Figure 1. 

3.2 The minimum allowable sodium plus silicate shall be 50ppm. 

3:3 Leach.water from the insulation samples shall have a pH greater than 7.0, but 
not greate~ than 11.7 at 77F. 

4. PREPRODUCTION REQUIREMENTS 

Prior to supplying any insulation in accordance with this specification the 
Seller shall comply with the preproduction requirements specified either in 
4.1 or 4.2·. 

4.1 A Seller who has previously furnished insulation to this specification or who 
has and can supply a copy of a report of compliance to the requirements of 
·this specification, shall have met the preproduction requirements of this 
specification when: 

a) The insulation previously produced to this specification, or to the repo=t 
of compliance, shall have met all the requirements of this specification. 

b) The insulation previously produced was produced to the same formulation, 
by the same production processes and using ingredients of the same kind, 
nature and quality as those which will be employed to produce insulation 
to this specification. If any change has been made the requirements of 
4.2 shall apply • 
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4.2 A Seller who has not previously furnished insulation to this specification, 
or cannot furnish a report of compliance with this specification, or when 
required by Paragraph 4.lb, shall test a sample from a production lot as , 
specified in Paragraph 5.2. The production lot from which the sample is 
taken· shall be of the same formulation, made by the same production pro
cesses and from the same kind, nature and quality of ingredients as those 
which will be employed for porduction of insulation to this specification. 
The Seller shall have complied with the preproduction requirements. of this 
specification when the following requirements have been met: 

a) The sample taken meets the requirements of Paragraph 5.1. 

b) The sample has been tested as required by the pr.eproduction corrosion 
test described in Paragraph 5.2. 

c) ~at more than one of the five prepared stainless steel coupons shows 
a crack when examined in accordance with Paragraph S.22. 

d) The actual numerical results of all tests shall have been submitted 
to the Buyer. 

5. QUALITY ASSURANCE REQUIREMENTS 

5.1 Sam'Dling. 

(a) A lot shall consist of one production batch produced at one time, 
under the same conditions and from ingredients of the sama ·kind, 
nature and quality. How-e'll'er, for molded pipe and block insulation 
produced under the same conditions, from ingredients of the same 
kind, nature and quality, offered for delivery at one time. 

(b) A minimum of three (3) samples shall be taken from each lot as de
fined in this specification. However, for molded pipe and block 
insulation which is produced by a continuous process, sampling shall 
be in accordance with Table 1 • 

• 

Lot Size - Pieces 

Up to 63 
64 to 160 
161 to 400 
401 to 1,000 
l,001 to 2,500 
2 • .so1 r:o 6,Joo 
6,301 r:o 16,000 
Over 16,000 

TABLE 1 

Minimum Number of Samples 

l 
2 
4 
7 
9 

14 
21 
32 

(A piece is defined as one segment, section or block.) 

5.2 Quality Assurance Tests 

5.21 Water leaching and chemical tests shall be performed in accordance 
with commercially acceptable ?ra~tices. Seller shall submit to Buyer 
a description of :ests for approval. 
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5.22 Tests to evaluate tne stress corrosion effect of the samples or insulation 
on austenitic ~tainless steel shall be conducted in accordance with ASTM 
Standard C-692-71. 

6. REPORT OF COMPLIANCE 

Seller shall furnish to the Buyer a report of compliance stating that the insula
'tion has been tested· in accordance with this spec:iflcation and complies with al I 
requirements of this specification. The number of copies of the report to be 
furnished shall be as stated in the subcontract or purchase order. 

ATTACHMENT: 

Figure I, Acceptability of .Insulation Material on the Basis of the Plot Points of 
Chlorine and the (Na + Si03) Analyses • 
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l. GENERAL 

1.1 This specification covers internal castable linings and refractories installed 
in process vessels, equipment and piping. 

1.2 The function of the completed installation is thermal, erosion or corrosion 
protection of the metal, or the support of catalyst or similar internals. 

The details, materials and type of installation shall be as shown on Contrac
tor's drawings. (The work may involve one or more castable components, pre
fired materials, and hexmesh, V-stud, standard mesh, or unreinforced designs). 

1.3 All castable linings shall be applied and cured in accordance with the mater
ial manufacturer's recommendations. 

1.4 Thermal dryout procedure for castable linings shall be submitted to the Con
tractor for his use during unit startup, except when dryout is part of the 
Subcontract.or's work per Pa-ragraph 7, or for concrete to be used in wet 
service. 

1.5 Metallic anchors and reinforcing for lining·shall be furnished and installed 
as indicated on the drawings and/or the subcontract. 

·(Normally, studs, anchors, reinforcing and vapor stops welded directly to the 
equipment shell, will be furnished in place with the equipment). 

2. MATERIALS 

2.1 All materials shall be as indicated on Contractor's drawings or schedules, 
and as specified herein. 

2.2 Any substitutions for materials specified must be approved in writing by the 
Contractor prior to award of work. 

2.3 Pneumatically-applied concrete (for corrosion linings) shall consist of a 
mixture of one part Portland cement tothree parts clean, dry sand (ASTM C-35, 
with maximum moisture content= 40%). 

2.4 No rebound materials shall be use~. 

3. CASTABLE APPLICATION 

~' /\. 
f.2 A 

3.1 The Contractor will clean the surfaces of the equipment to be lined, removing 
all loose mill scale, rust, oil, grease or other detrimental foreign matter. 
Minimum surface preparation will be equivalent to "No. 3 Power Tool Cleaning" 
SSPC-SP3, as published by the Steel Structures Painting Council. 
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3.2 The Subcontractor shall thoroughly inspect the surfaces before application and 
accept the condition of preparation as satisfactory for an adequate and guar
anteed lining installation. 

Note: Surface preparat·ion required other than that noted in Paragraph 3.1 
must be defined in the proposal, and approved prior to award of work. 

3.3 Castables shall be applied by pneumatic gun, except where impractical because 
of the material used or details of the installation. 

3 •. 4 Before application of castable, al I openings, nozzle· flanges, etc., shal I be 
adequately protected fran gunned or rebound material. 

3.5 Application of any one ccmponent shall develop the full thickness of the 
material indicated before proceeding to the next area. 

3.6 The inside air temperature and the castable materials must be kept above 40 
degrees F, and the metal surfaces above 35 degrees F, while the lining is 
applied and throughout the cur-Ing and dry-out period. Live steam shall not 
be used for- this purpose. (See Paragr-aph 5.26 for pr-otection of vessel). 

3.7 If the temper-atur-e of the metal exceeds 100 degr-ees F, the.exter-ior- of the 
vessel or equipment shall be kept cool by water spr-ay during application and 
cur-i ng. 

J.8 If wonc is interrupted for- mor-e than two hours, the following prodedure shal·J 
be used: 

(a) l11111ediately cut back the castable to wher-e the full thiclcne~s of t~e 
material has been applied and r-emove all of this material beyond the 
cut. 

(b) Water cure per Paragraph 4, dur-ing the time of interruption. 

(c) TI1oroughly wet the surface of the castable to which a bond must be 
made~ inmediately before resuming application. 

4. WATER CURING OF CASTABLES AND CONCRETE 

Unless the materials ·manufacturer spec:ifi.cally does n2!, reconmend water curing, 
the following procedur-e shall be car-ried out: 

4.1 ·As soon as the material has set sufficiently to prevent washing away, sprinkle 
the sur-face with· .fresh water. Repeat at intervals as necessary to keep it 
continually moi"st. 

4.2 Continue-cur-ing for- at least twenty~four- hours after the last por-tion of the 
lining has been applied. 

4.3 Allow the castable to dry out at atmospheric conditions for at least twenty
four hour-s after water curing is conplete • 

IPIClfle&TIH llO. 14222-N-5 iJI•· __ 1 __ _ 2 , 4 
SHIT----. 0 -----



... 
• .. 

5. TiiERHAL ORYOUT OF CASTABLES 

5.1 The Contractor will normally dry out the castable In accordance with the 
material manufacturer's reccmnendatlons, us.Ing process equipment at the time 
of startup of the unit. 

S.Z For castable linings that are unusually thick, or will be covered by a metal 
shroud, the Subcontractor shal 1 use the fol lowing_ procedure when noted on the 
drawing and/or the subcontract: 

5.21 Following atmospheric drying, raise the temperature within the vessel 
(indicated by the inlet gas temp~rature in all cases) slowly at a rate of 
50 degrees F maximum per hour until the temperature reaches a level of 
150 degrees to 200 degrees F. Maintain this temperature for at least ten 
hours. 

5.22 Next, increase temperature at a maximum rate of 50 degrees F per hour to 
400 degrees F. Hold at this level for at least six hours. 

5.23 Then, reduce temperature to 150 degrees F to 200 degrees F at SO degrees 
F maximum per hour. Hold for eight hours. 

5.24 Next, increase temperature at a maximum rate of 50 degrees F per hour to 
900 degrees F and hold at this level for at least five hours per inch.of 
castable thickness. 

5. 25 C 1 ose the vesse I or equipment after the above procedure and a 11 ow. i t to 
slowly coot until the internal temperature has reached 600 degrees F. 

5.26 Under adverse weather conditions, the external surface of the vessel or 
equipment being cured shall be insulated or shrouded to facilitate drying 
out of the castabte adjacent to the shell •. The extent and the amount of· 
such protection shall be determined in the field, considering actual con-

.ditions at the time. The Contractor's field representative will review 
and approve the work required·, and provide. the labor and materials, or 
negotiate·w.itn the Subcontractor for extra work, whichever is more 
econom i cat • 

5.27 Portable dryout heater shalt be of adequate capacity, located external 
to the equipment, and shall provide proper circulation and control of the 
hot gases. 

Note: A heater rated at approximately 500,000 BTU/Hr capable of cii"culatin 
app;'oximately 1000 cfm at I" water pressure, will be considered satisfac- -
tory for drying out surface areas up to 1000 square feet. Greate~ area 
will require a proportionally larger heater, or the holding time for each 
dryout step shal 1 be lengthened proportionally. 

6. TOLERANCES, INSPECTION AND REPAIRS 

6.1 All castable linings shall conform to the thicknesses shown on the drawings 
within: 1/4 inch unless otherwise noted. 

6.2 Castable lining components shall be tested for voids after cu.ring by striking 
with a ball point ~achinists hammer at approximately one-foot intervals over 
the entire surface. (A dull sound usually indicates a void or dry filled 
space. ) 
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6.3 Lining that is thermally dried out by the Subcontractor shall be inspected 
for cracks, voids and unbonded materials after the final dryout. In addition 
to the requirements of Paragraph 6.2, cracks that are deeper than 2S per cent 
of the lining or wider than 1/16 inch are una~ceptable. 

6.4 Alt· voids or large cracks shall be chiseled out canpletely to the.equipment 
shell and laterally to sound material. 

6.5 Alt major repairs shall be made in the same manner as the original application 
including c:uring and dryout. 

]. EXCEPTIONS 

If any of the procedures ·herein are in violation of the Subcontractor's standard 
practice. he shall submit In writing complete details of his recannended proced
ures for the. Contractor's approval prior to the award of work. All such pro
cedures shalt be substantrated with a list of successful installations • 
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1. 0 SCOPE 

This specification covers materials and methods of fireproofing of vessels 
and structural steel by any of the following methods: 

1.1 By encasing steel work in Portland cement regular concrete. 

1.2 By encasing steel work in Portland cement lightweight concrete. 

By encasing steel work in pneumatically placed mortar·; commonl;· 
known as "Gunite" or "Shotcrete". 

1.3 

1.4 By encasing the steelwork in fire endurance coating. 

2.0 GENERAL 

2.1 

.&. 2. 2 

l(.'--1.l .(I 
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Fireproofing shall be applied to vessel supports and structural 
steel to protect personnel and equipment from the effects of 
support failure during a fire. Major consideration shall be 
given to the possibility of collapse of an adjacent structure, 
with accompanying dumping of flammable liquids on the vessel 
and supports . 

Fireproofing shall be designed in accordance with Industrial 
Risk Insurers recommendations. Fire magnitude shall be 20000F 
minimum temperature at 40,000 Btu/hr/ft2 minimum heat release. 

2.2.l Where reinforced concrete is used for ~tructur~l 
purposes, there is no further requirement for fireproofing. 

2.2.2 Fireproofing needs for each large vessel, each 
vessel in critical servica, and structural steel 
supporting such vessels shall be evaluated. Longer 

·periods of protection may be necessary. 

2.2.3 Wind Bracin_g_ and.the tie rod bracing, where not contributing 
directly to load support of.equipment, shall not be fire
proofed. 

2.2.4 Vessel Shells, where specified to be fireproofed, shall be 
covered on outside surfaces with a minimum thickness of 
l~ inches of concrete. 

2.2.5 Structural Steel and Vessel Support Skirts, as specified to 
be fireproofed, shall be covered with a minimum thickness of 
concrete as shown in the table below: 

I 
REVISED SPEC. REFERENCE 
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Beams 

Columns 

Skirts, 

2.2.6 

:1ember Size (Flange Lightweight Regular 
~'1idth or Pipe Dia.) Concret·e Concrete 

6" to 7-3/4" Z" 2~" 
8" and over 2" 2" 

All Sizes 2" 3" 

Saddles, etc. All Sizes 2" 3" 

Structural members supporting ladders, platforms, storage 
hoppers, blowers, filters, boilers, and other auxiliary 
equipment shall not be fireproofed. 

3.0 DEFINITION OF FIRE HAZARDOUS AREA AND EQUIPMENT 

3.1 A hazardous area is defined as the area inside a battery limit 
or an area within 20 feet horizontally and to a height of 20 
feet from grade, building floor, curbed roof, o.r curbed solid 
deck. 

3.2 Hazardous eguipment and piping is defined as that which contains 
material that is flammable, toxic or dangerous to personnel. 
Equipment such as vessels, exchange~s; tanks, drums,.' fin fans, and 
piping which contain hydrocarbon, acid or caustic is considered 
hazardous. 

Internal combustion engines, pumps, compressors, hydraulic oil 
drums, knockout and blowdown drums may be considered non-hazardous. 

4.0 VESSEI.S AND EQUIPMENT SUPPORTS 

4.1 Fireproofing within Battery Limits shall be provided far the 
following: 

4. 2. 

4 . .3 

4.1.l· Steel framing and vessel skirts supporting all vessels 
containing flammable materials. 

4 .1. 2 Large or .important vessels containing· .non-flammable materials 
which are contained within a unit structure and where failure 
of the supports could cause severe damage to the unit or to 
the vessel itself. However, structural members supporting 
auxiliar:r equipment such as waste heat boilers and catalyst 
storage ,hoppers shall not have the supports fireproofed 
e.~cept if located so that failure of their supports will 
damage other hydrocarbon handling equipment,thus adding to 
the duration or severity of a fire. 

Fireproofing outside of Battery Limits shall be provided for steel 
f-raming and •1essel skirts supporting all vessels ,e.~cept c:hose 
containing non-flammable materials, hydrocarbon vapors only, and 
commercial grade kerosene or heavier ?roducts at temperatures below 
their flash ?Oints . 

rireproofing as specif~ed for structural steel vessel support 
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members shall fully cover all s·teel columns, beams, and bracing 
if these members contribute directly or indirecely to vertical 
load support of the vessel; e.~cept that beams providing direct 
support shall be fireproofed.to the ~op of to~ flange only. 

4.4 All equi~ent support structures of open rigid frame unbraced 
design and· al·l 'members con.tributing ·di:r..i!ctly to s_tructural stability 
shall be fireproofed as specified above. 

4.5 All lugs,brackets and legs,supporting process equipment located 
in hazardous areas shall be completely fireproofed. 

4.6 Saddles supporting process equipment and measuring more than 
1 foot in height at their lowest points. shall be fireproofed. 

4.7 The outside of skirts supporting process vessels shall oe fire
proofed. 

4.8 The inside of skirts over 4'-0" in diameter and the bottom heads 
of uninsulated vessels on skirts over 4'-0" in diameter shall 
also be fireproofed. 

4.9 The inside of skirts 4'-0" or less in diameter and the bottom 
heads of uninsulated vessels on ·skirts 4 '-0" or less in diameter 
shall be fireproofed only when access opening in skirt is over 
16" in diameter or when there is more than one access opening. 

4.10 Skirts on process vessels with a design temperature of 850°F. 
or over which require insulating to maintain a tellll'erature 

·gradient shall be fireproofed on the uninsulated portions only. 

4.11 Details of skirt fireproofing shall be in accordance with 
drawings. t:o· be .. issued in the EPC Phase. 

These provisions are not necessarily applicable to vessels in 
high temperature sevice, e.g., reactors and coking drums. Skirts 
for such vessels shall receive individual attention as regards the 
effects of thermal expansion. 

5.0 HEATERS 

5.1 Hain supports.and bracing on fired heaters in all locations shall 
be fireproofed up to the firing floor level. 

5.2 Me!llbers suppo~ing heavy convection tube banks or stacks shall 
also be fireproofed·. 

5.3 For UOP type heaters where casing plate extends to the foundation 
near grade, no fireproofing is required. 

5.4 Structural members suppo~eing heaters above grade.shall be fire
proofed, axcept for furnaces handling non-flammable materials -
or only hydrocarbon •rapers in the cubes. 

5.5 Fireproofing of fired heaters supports· shall cover·onlv vertical 
support columns from the foundations :o the ~ottom of heater . 
aorizontal support ~eams shall noc be fireproofed. 
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6.0 P!:P'ERACKS 

6.1 
'--

6.2 

6.3 

6.4 

. 6 .5 

~!ajor piperacks within Battery Limits shall be fireproofed. 
Off-plot piperacks need not be fireproofed. 

Fireproofing, where used, shall cover the columns and any beams 
supporting lines carrying flammable material. Fireproofing on 
beams shall be carried up to the top of top flanges. 

All pipe racks within the fireproofing area which suppo~ 
piping or air coolers shall be fireproofed to the bottom 
tier load line. Where pipe rack support columns extend to 
higher tiers fireproofing shall be extended to these higher 
load lines. Fireproofing for pipe racks shall cover the 
columns up to the bottom beams and through sides of bottom 
beam. The top side of the beam will be left uncovered to 
provide surfa~e for the piping. 

Longitudinal beams shall not be fireproofed unless they are 
direct loadcarrying members. Structural members supporting 
air coolers shall be fireproofed. 

Conduit Banks· and Cable Travs 

6.5.l Conduit banks and cable trays in process units shall be 
insulated for fire proofing purposesj The primary fire- , 

p~ciofing medium" sha.11 be.' l!~···; a lb/ ft density kaowool blanke 
·insulation. wirh mesb:·. covering;. manufactureci. by Babcock and· 
Wilcox.or equivalent~- Smooth galvanized steel 0:.19".:thiek 
over the kaowool will be strapped with ~" stainless steel 
bands at a maximum of 18" centerii. 

7.0 FIREPROOFING MATERIALS·AND SPECIFICATIONS 

7.1 

~ ., 
I•-

Fireproofing material shall be either lightweight or regular 
concrete, reinforced with 12 gage wire mesh as e..""q>lained in 
Paragraph 7. 2 •. 7 • .:l o£ these s:pec.tficationS.~· ·oi:··fire.. enduranee. 
eoating a·s specified in Paragraph. 7. 4. 

Formed Concrete Fireproofing 

7.2.2 

7.2.J 

7.2.4 

Reinforced concrete is the normal fireproofing material. 
Where this ~;ould add too great a load to high steelwork, 
or for ecomomic reasons,lightweight concrete shall be used. 

Concrete shall be placed only in contact with clean steel. 
See Paragraph 7.3.l. 

Reinforcement :nacerial shall be as sec forth in Paragraph 
7.2, and located and secured as called for on the drawings. 

All materials. including aggregate, shall comform to 
requir21I1encs for Portland Cement Conc=ete as set forth 
in Specification 14222-Q-2. ·Type I or Type III cement 
should be 1.ised. 

SPECIFlc.tTION 110. l42Z2-N-6 
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7.2.5 Maximum aggregate size in the mix shall not exceed !2 inch. 

7.2.6 ~imum compressive strength at 28 days shall be 3000 psi. 

7.2.7 Forms shall not. be stripped sooner than five days after 
pouring if Type I cement is used, and not sooner than three 
days, if Type III cement is used. 

7.2.8 Curing shall be in accordance.with Paragraph 7.3.8. 

7.3 Gunite Fireproofing 

7.3.l If the surfaces to receive fire protection are not primed 
with one of the following types, they shall be blasted 
in accordance with SSPC-SP-6 and primed with one coat of 
epoxy zinc-rich primer at 2.0 to 4.0 mils dry film thickness. 

7 .3.l.l Only the following types are compatible with the 
fireproofing mater;al: 

Zinc-rich epoxy 
Inorganic Zinc 
!!poxy 
vinyl 
Galvanizing 

7.3.2 Reinforcement shall consist of 2" x 2"/1112 x ifl2 SWG 
galvanized welded ~re fabric, bent to templates conforming 
with outl:µies of finished encasement, and rigidly secured 
in place by tack welding, or tying with #16 SWG soft gal
vanized wire to weld studs. Adjacent sheet·s shall be lapped 
at least 2 inches, and securely tied toge~her. Fabric shall 
be located to provide minimum 3/4 inch space from face. of 
steel. · 

7 .3 .3 . Shooting ·stl:ips: shall be used·:to obtain proper thickness 
and true lines over flanges, angles, and re-entrant corners. 
Strips shall be designed to permit the escape of rebound. 

7 .J .4 3/4" square or he."'tagonal ·steel nuts welded to steel With 
E60XX-15 or E60XX-16, electrodes shall be used for spacing 
reinforcement. 

7.J.5 Reinforcing shall be attached in ~·manner approved by ASFI. 

7.3.6 Materials, equipment, and method of application shall be 
in accordance with "Specification for :facerials, Pt"oportioni 
and Aoolicacion of Shoccrete " (A;C.I; '506:2--77) and 
"Recommended ?i:aceice" fot" Shotcrete" (A. C. I. 506-66) •. Place
:nent shall oe done only by· skilled o~e~ators. 
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7.3.1 Immediately after final finishing, surfaces shall be given 
a heavy sprayed-on coat of approved curing coumpound. 

7.3.a Gunite thus applied shall develop not less than 4500 p~i 
compressive strength· in 28 days. Hinimum thickness over 
the steel shall be in accordance .with Paragraph ~.2.5. 
above. 

7..:l~9· Guniting shall not be:carried·a~ in the:yicinity .. of discon
nected piping where rebound and spatter can enter important 
lines, unless the openings in such lines are protected by 
wood plugs or other suitable shield. Gunite subcontractor 
shall provide and erect tarpaulins as required to prevent 
excessive drifting and splattering of adjacent piping and 
equipment. 

7.4 Fire Endurance Coating 

. 7.4.l The. fire endurance coating shall be packaged factory premix. 
consistirig·. of ·vermiculite_ and Po'l;'tland·'. .c;~e?lt: wi;th: o1;her 
fillers and agents as determl,.neq·by the· manufactu~~r. 

7.4.2 The fire endurance coating shall be suitable for mixing with 
clean water at site in a mor1:ar or other suitable mixer. 
No catalyst or other additives are permitted. 

7.4.3 The material shall contain no. asbestcs. 

7.4.4 The material shall be non-toxic before or· after cure. 

7.4.5 Th~ material shall have been used in exterior hydrocarbon 
processing plants for a minimum of three (3) years. 

7.4.6 The material shall be suitable for spray or hand application. 

7.4.7 Reinforcing of the applied :tta.terial shall be as specified 
by the ~nufacturer. 

7.4.3 Caution shall be taken to avoid applications on frosted 
surtaces or those where condensation would affect adhesion. 

7 .4. 9 The material· shall be applied as described .. ·ixl. ~nufacturelT.'.s 
:instructions. ·with.: thickness suitable far .. required e."tposure. 

7.4.lO_!he following are approved: 

Handoseal P-30 from Ameren Protective Coating Division or 
Cont::-ac!:or accepted ~qu1valent. 
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8 • 0 FINISHING ~m SEALI~!G 

8.1 The applied concrete shall be finished smooth and true by 
floating or trowelling as required. 

8.2 When the final coat of shotcrete is in ?lace, finish shall be ma.de 
by trowelling smooth. 

8.3 All points wher~ fireproofing and metal come together shall be 
flashed with a mastic weatherproof sealant to prevent the 
intrusion .of moisture. Compatible types are: 

Butyl, Acrylic or Silicone. 

9. 0 r.~SPECTION 

9.1 The Contractor shall provide on site inspection. Should any part of 
the work fail to meet the acceptance criteria, the Subcontractor 
shall make good at his expense. 

9.1.1 The following random tests shall be carried out by the 
appointed inspector: 

10. 0 RE~RE?rCE 

9.1.1.l Substrate must be clean and free of loose particulate 
matter. All coating must be intact. Any discrepancie 
must be rectified before application of the fire 
endurance coating. 

9.1.1.2 Reinforcement shall be of galvanized steel and shall 
be installed to the supplier's latest instructions. 

9.1.l.3 Thickness of spray or trowel finished fire endurance 
coating shall be determined by using a needle gauge 
or a twin beam gauge as approved by the Supplier. 

10.l Specifications 

14222-Q-2 

14222-A-3 

Plain and Reinforced Concrete 

Basic Engineering Data (page 19, Item 2) 

L0.2 Reference drawings to be issued in EPC Phase. 
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6. 

1. 18 Gauge galvanized wire ties at 111 to 2 inc:h overlap. 
2. 3.4 lb/ydZ Galvanized expanded.metal lath. 
3. Corner aid (optional). 
4. Rated thickness of fire endurance. coating. 
5. Mastic Seal · 

6. Gunne<i or stud welde<i pins and clips. 

l. 

2. 

3. 
4. 

-.... 

CONTOUR DESIGN - OVE.lt 14 INCHES DEPTH 

2. 

4. 

Galvani=ed l or 2 inch hexagonal wire mesh at mid thickness •. 
Optional push-an clips to ~etain mesh at flange edse. 
Stud welded or gunned pins with clips. 
Rated thickness of fire endurance coating. 
Mastic joint. 
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1.0 SCOPE 

1.1 This specification covers the design and construction codes, safety 
rules, standards and procedures to be followed for the engineering, 
procurement, and installation of the electrical power, lighting, 
control, instrumentation, and communication systems. 

1.2 Tne following specifications, when they are applicab~e, are to be 
considered a part of this specification: 

1. 3 

14222-P-2 
1.4222-P-3 
14222-P-5 
14222-P-6 
14222-P-7 
14222-P-8 
14222-P-9 

Induction Motors 
Synchronous Motors 
Packaged Equipment - Electrical 
Thermocouple Extension and Electronic Signal Wire 
Electrical Heat Tracing 
Package Electrical Substation 
Telecommunications 

The following detailed job specifications prepared specifically for 
the job during Phase 1 shall be considered a part of this specifi
cation and, in case of conflict, shall take precedence over pro
visions of this specification. 

14222-P-10 Electric System 
14222-P-11 Switchgear 34.5 KV Class 
14222-P-12 Switchgear 5 KV Class 
14222-P-13 Medium Voltage Metal-Enclosed 
14222-P-14 Interrupter Switchgear 
14222-P-15 Switchgear 600 Volt 
14222-P-16 Power Transformers 
14222-P-17 Distribution Transformers 
14222-P-18 Motor Control - 2300 or 4160 Volt 
14222-P-19 430-Vol"t Motor Control Centers 
14222-P-20 430-Volt Starter Racks 
14222-P-21 Static Inverter No-Break Power Supply. 

2.0 CODES AND STANDARDS 

The codes and standards listed are applicable to installations in the 
United States. 

2.1 The electrical work will be performed in accordance with: 

2.1.1 The latest edition of Occupational Safety and Health Admini
stration. (OSHA) General Industry Safety and Health Regulations, 
Part 1910, Sub-part S-Electrical and Section 1910.95 or 
applicable OSHA state plan if the project is located in a 
state with an operable OSHA state plan~ 

10/6/GO ISSL'ED FOR PEASE ZERO 
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2.1.2 The latest edition of the National Electrical Code. 

2.1.3 Applicable local state, county, and city codes. 

2.1.4 National Electric Safety Code. 

2.2 Design and equipment also wi~l conform to applicable industrial 
standards of the following: 

2.2.l National Electrical Manufacturer's Association (NEMA). 

2. 2. 2 Underwriters Laboratories (UL) • · 

2.2.3 Insulated Power Cable Engineers Association (IPCEA). 

2.2.4 Institute of Electrical and Electronic Engineers (IEEE). 

2.2.5 ·American Petroleum Institute (API). 

2.2.6 American National Standards Institute (ANSI). 

3.0 SERVICE CONDITIONS 

3.1 Installation will be suitable for operation under ·climatic con
ditions at the jobsite, as shown in 14222-A-3, "Basic Engineering 
Data." 

3.2 Plant areas will be classified for selection and installation of 
electrical equipment as ·required by the National Elec.tric Code, 
and recommendations of API Standard RP-SOOA. If applicable, the 
recommendations of API Standard RPSOOB, RP-SOOC, or. NFPA Standard 
59A .will be followed. 

4.0 ELECTRIC SYSTEM 

The power supply distribution system and general features of the onplot 
and off plot ·design will be as described in the job specification 14222-
Z'-10 and one:-line diagrams. 

4.1 The main subst~tions. will. include the.necessary power transformers 
and switchgear and normally will be located convenient to the 
supply lines of che serving utility. 

4.2 The discribution system will consist of the feeder circuits from 
the main substations.to area substations which will contain the 
necessary transior:ners and switchgear. These area substations will 
·be loca.t.ed in non-hazardous areas as near the centers of area loads 
as possible. !he reeder circuits will be below grade, and will be 
as described in job· specification 14222-?~10. 
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· 5. 0 EOUIP~T 

5.1 Switchgear 

5.1.l Switchgear of 34.5 K:v voltage class .will be as described in 
job specification 14222-P-ll and shown on the job one-line 
diagram. · ·rt· will utilize vacuum· ci·rcui't breakers~ specifica-
tion l422Z-P-Il'. · 

5.1.2 Switchgear of 5 K:v voltage class will be as described in job 
specification 14222-P-12 and shown on the job one-line 
diagram. !t will utilize drawout circuit breakers per job 
specification 14222-P-12. 

5.1.3 Low voltage 600-volt switchgear will be as shown on the job 
one-line diagram and described in job specification 14222-
P-15. 

5.2 TRANSFORMERS 

5.2.l Power transformers will be described in Job specification 
14222-P-16, with sizes as shown on job one-line diagrams. 

5.3 Motors 

Motors will conform to standard specification 14222-P-2, Squirrel 
Cage Induction Motors and 14222-P-3, Synchronous Motors. 

5.3.l In general, motors will be NEMA Design B for across tht line 
starting and will operate at the following voltages: 

3/.4 HP and smaller 

a) Continuous - 115 volts, single-phase, 2-wire. 
b) On-Off - 460 volts, three-phase. 3-wire. 

l HP through 150 HP-4~0 volts, three-phase, 3-wire 
201 HP and larger - 4000 volts,· three-phase. 

5.3.2 Enclosures will be suitable for the environment and in general 
i.Jill be: 

200 HP and smaller 
250 HP and lQrger 

TENV or TEFC 
TEFC, NE."!A Weather Protected (WP) 

Type I or Type !I. 

!n areas classified as hazardous, Division 1. motors will be 
TEFC - explosion-proof or have suitable ?ressurized enclosures. 

Drio-oroof ~otors will be used where suitable £or the 
environment and if they offer significant economies. 
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5.4 Motor Control 

5.4.1 2300- or 4000-volc motor control. 

Controls for 2300- or 4000-volt motors will be as described 
in job specification 14222-P-18 and will in general consist 
of combination current-limiting fuses and contactors, NEMA · 
Class E-2. 

Motors larger than the rating of the NEMA Class E-2 starters 
will be controlled by circuit breakers located in the area 
substation switchgear. 

5.4.2 460-volt motor control. 

Controls for 460-volt motors will be as shown on job specifi
cation 14222-P-19 and on the job one-line diagram. 

In general. if the OA rating of the largest transformer 
feeding the 480-volt loads does not exceed 1,000 KVA, 460-
volt mo.tors will be controlled from circuit breaker-type 
combination starters 0 in suitable enclosures and located to 
best suit the installation. Molded case: circuit breakers 
will be used to feed other~480-volt circuits, such as welding 
outlets 

In general_, if the· OA +ating of the largest transformer 
reeding the 480-volt loads exceeds 1,000 I~A,. fused switch-. 
type combination starters will ·be used and fused switches 
will be used to. ·feed the other 480-volt circuits. ·The fuses 
will be current-limiting type with adequate interrupting 
rating. ~ 

5.4.2.1 In non-hazardous areas, con~rols will be in indoor or 
outdoor motor control centers in accordance with.job 
specification 14222-P- 19. 

5 •. 4. 2. 2 In Di vision 1 and 2 hazardous areas, control will be 
located on switchracks in accordance with job speci
fication 14222-P- 20. 

5.4.2.3 Motors 2 HP and less may be controlled by manual 
starters located at or near the motors. 

5.4.3 Push-button Stations 

5.4.3.l Controi stations with lockout stop and suitable 
enclosures will be located at the motors. 
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5 .4 .J. 2 In gener.al, push-button stations shall be of the 
heavy-duty, momentary contact, universal type. 
Exceptions to the above shall be special control 
circuits which require the use of maintained contact 
"On-Off" control stations, or "Hand-Off-Automatic" . 
selector switches. Regardless of the type of push
button station, enclosures shall be furnished suitable 
for the area classification. 

5.4.J.J In general, push-button stations shall be mounted 
adjacent to, and within sighc of, the controlled 
motor. 

5.4.J.4 Air fans on fin exchangers shall have an "On-Off" 
push-button station located on the operating platform, 
and at grade, a stop push-button with a green indicating 
light to indicate motor on. 

5.4.J.5 Push-buttons. for Class !,Group D Areas shall be Square 
.D Claas 9001, Type GR-206 for "Start-Stop", Square D 
9001, Type GR-123 for "'9'.and-Off-Automatic", or equal. 

5.5 Lighting 

5.5.1 Lighting Design 

5.5~1.l Lighting fixtures shall not. be ·located directly over 
equipment with exposed moving parts. 

5.5.l.2 In general, circuits shall be switched from lighting 
panels. The use of local switches shall be kept to 
a minimum. 

5.5.l.3 Lighting fixtures within the process area 16 or more 
feet above grade and located outside buildings shall 
be mercury-vapor type. Lighting fixtures below 16 
feet or inside buildings shall be of the incandescent 
type. Other type fixtures will be considered and used 
as appropriate. 

5.5.1.4 Branch circuits using a common neutral conductor 
shall be arranged for !!dnilirum current in the neutral 
conductor. 
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5.5.2 

5.5.1.5 In addition to ·interior, lighting shall be provided 
over stainra.ys, ·operating platforms, local instrument 
panels, gauges • ate:. · 

5.5.1.6 Stand-by lighting will be supplied for safe operation. 
In the event of·· power failure, emergency· lighting· will 
provide for safe evacuation of ·f>uildings, and the 
illumination or the egress·signs. The· emergency 
lighting ~ill be battery operated complete with 
built-in chargers. 

5.5.1.7 Transparent-type gauge glasses shall be provided with 
illuminators. If required, the circuit co the gauge 
lights shall be separate from normal lighting· cir
cuits. No special light:l,ng will be provided for 
reflex gauges. · 

5.5.1.8 Street lighting will be installed where required~ 

5. 5 .1. 9 Aircraft warning lights, if required; will be 
installed in accordance with FAA regulations. · 

Lighting Intensities 

The lighting system shall be designed for the average initial 
illumination values tabulated below, measured on the working 
plane: 

Illumination 
Level 

Location Foot Candles 
Working Plane 

Elevation 

Control Rooms, General 30 Floor 
48" Control Rooms, Back of Panel 15 

Control Rooms, Instrumentation 
Panels (at noriz. centerline of 
vertical surface) 
Locker Room 
Motor Control Room 
Pump Row Outdoors 
Main Operating Platforms 
Ordinary Platforms 
E:tchanger Areas (Tube Bundle 
Removal) · 

50 Panel 
30 30" 
30 30" 
10 Eloor 
6-8 Eloor 
3 floor 

5 Ground 
10 ground 
2-4 Ground 

Centerline 

Heater Area.at Grade 
General ~ard Area 
Ot!:ler Locations Recommended Practice of API-i.U'540 
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5.5.3 Transformers 

5.5.3.l Lighting transformers will be standard, outdoor, dry
type compound-filled in all ratings in which this 
type is available. Larger rating~ will be standard 
outdoor dry type. 

5.5.3.2 Voltage rating will be 480-120/208 volts, three 
phase. 

5.5.3.3 Transformers will be supplied with 2-Z~ percent full 
capacity taps above and below rated voltage. 

5.5.4 Lighting Panels 

5.5.4.l Local lighting panels for 120-volt receptacles, 
instrumentation power. and local lighting shall be 
3-phase, 4-wire, 120/208 volts with lugged mains 
and single pole, ZO ampere branch circuit breakers. 
Quick-make, quick-break type. 

5.5.4.2 Each lighting or pl~g receptacle circuit shall be 
protected by a circuit breaker of 5000 ampere 
interrupting capacity. Circuit loading shall not 
exceed 15 amperes. One spare circuit shall be pro
vided for each five active circuits in the initial 
design. 

5.5.4.3 Lighting pan~ls shall .be located.outside of buildings 
if within the hazardous area. 

5.5.4.4 Lighting panel enclosures shall be as follows: 

Class I, Division land Z •• Explosion Proof, NEMA 7 
Class II, Division l and Z •. Explosion Proof, ~EMA 9: 
Outdoor Non-Hazardous Locations •• Weatherproof, NEMA 4 
Indoor Non-Hazardous Locations •• General Purpose, 

Sheet.Steel, NEMA l. 

S.S.S Lighting Fixtures 

5.5.S.l Lighting fixtures located outside buildings and at 
16 or more feet above grade shall be mercury vapor 
as follows: 

a) Local lighting: Crouse-Hinds type VMC, 
or equal, wieh 100-watt lamp. 

b) Flood. lighting: Crouse-Rinds type MV250, 
or equal, with 250-watt lamp. 

5.5.S .2 Lighting fi:ctures for installation in Division l areas 
shall, in general, be 150 watts ·minimum size, equal to 
Crouse-Hinds fixture #EVA-Zl55. 

5.5.5.3 Flood lighting for heaters and ground area shall ~e 
provided (mercury vapod. 
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5.5.5.4 

5.5.5.5 

5.5.5.6 

5.6 Receotacles 

In non-hazardous areas, fluorescent fixtures shall 
be used for indoor areas requiring high illumination 
levels. 

Lighting fixtures shall be mounted no higher than 
7'6" above platforins. Reflectors shall be provided 
as required and guards shall ·be provided in locations 
where lighting fixtures may be subject to accidental 
damage. Where floodlights are used, t·hey shall be 
made accessible for re-lamping purposes. 

Explosion proof approved fixtures shall be used for 
all classified areas inside buildings within process 
area and outdoor areas up to 16' from grade. Enclosed 
and gasketed fixtures shall be used for outdoor areas 
at 16 or more feet above grade. 

5.6.l Basis of Design 

5.6.1.1 

5.6.1.2 

5 .6.1.3 

5.6.1.4 

5.6.1.5 

Welding receptacles shall be furnished on the basis 
oi reaching any point within the unit where welding 
will be performed, assuming the use of 150-foot 
extension cords. Welding receptacles shal! not be 
provided on structures. 

Weld'ing receptacles shall be rated 60 amperes, 480 
volts, 60 Hz or 100 amperes. 480 volts, 60 Hz, 50 
percent of the receptacles of each size, and shall 
be arranged in groups of not more than four outlets 
for each welding circuit. The ~ize of the welding 
power supply feeder shall be based on: 

One Welding receptacle 
Two Welding Receptacle 
Three or four Welding Receptacles 

40 KVA 
50 KVA 
80 KVA 

Total voltage drop shall be not more than 3 percent. 

In general, welding outlets shall be located along 
roadways of the unit, readily accessible by truck. 
Two welding receptacles shall be furnished within 
each process area, mounted on pipe rack columns. 

In ?recess areas, convenience outlets shall be ?ro
vided on the basis of adequate plant coverage, 
assuming the use of SO-coot e..xtension cords. Con
venience outiets on towers to be provided at each 
aianway only. Each convenience receptacle within the 
process area shall have its individual circuit 
jreaker rated 20 amperes. 

All welding receptacles will be phased alike. 

5.6.2 ~eceptacle Types 

s·.6.2.1 Welding receptacles for Class !, Group C&D ·and Class 
II, Group G areas shall be Crouse-Hinds EPC 46042-
WT50-3, or equal. 
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6.0 WIRING 

5.6.2.2 Welding receptacles for non-hazardous areas shall be 
Crouse-Hinds #ARE6424 in combination with a load 
break sa;ety switch Square D Company #53342D or equal. 

5.6.2.3 For Class I, G~oups C&D and Class II, Group G 
locations, convenience receptacles shall be explosion 
proof, Crouse-Hinds Catalog #FSQC230 or equal~ rated 
250 volts,30 amperes,2-wire',3-pole for 120-volt servi"ce. 

5.6.2.4 For indoor non-hazardous locations such as offices, 
etc, receptacles shall be 120 volts, 20 amperes,2-
wire, 3-pole standard duplex receptacles. · 

The wiring methods and materials will be as described in the following 
paragraphs. 

6.1 Methods 

6 .1.1 General 

6-_1.l.l Power and lighting feeders and motor feeder and con
trol circuits shall be installed underground. Branch 
lighting and instrument circuits shall be installed 
above ground. 

6.1.l.2 The wiring method for all areas, hazardous, non
hazardous, above ground or underground shall be 
cables in conduit. 

6.1.l.3 All power wiring shall be run underground whenever 
possible. 

6.1.l.4 All stranded wiring in oil-immersed equipment shall 
be treated as follows to prevent syphoning: 

a) Strip insulation from all wiring immersed in oil. 
b) Tin stranded conductor to make it equivalent of 

solid. 
c) Insert oil and moisture r:esistant plastic· 

sleeve over tinned conductor. 

6.1.2 Conduit System Design 

6. l. 2 .1 Minimum conduit size shall be 3/ 4" for above ground, 
l" for underground, except that 1/2" size may be 
used for instrument control board wiring, instru
mentation work, or where the conduit is an integral 
part of the machine tool equipment. 

6.1.2.2 No conduits shall be reduced in size below.grade. 
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6.l.2.3 Conduits shall be located to avoid sub-surface 
obstructions, furnaces, ~ot pipelines with outside 
surf aces continuously operating above soo0 r or other 
places of high ambient temperature. Conduit shall 
not be installed closer than 12" parallel to· those 
hot surfaces. 

6.1.2.4 Underground duct banks shall be encased in red con
crete envelopes. The duct bank shall be free of 
voids and sha.l.l have a lllinimum cover of 3" on all 
sides, and at a lllinimum depth of 18". 

6.1.2.5 !n general, in hazardous areas, above grade pull 
boxes will be used, where required in underground 
duct banks. Manholes will be used only in non
hazardous areas. 

6.1.2.6 !n general, exposed conduit shall run parallel or at 
right angles. to beams and walls· and shall be properly 
fastened to structures. Supp~rts shall not be more 
than 10 feet apart. 

6.1.2.7 Horizontal conduits supporting pendant fixtures shall 
have conduit clamps installed as near to the fixture 
as possible. · 

6.1.2.8 All rigid steel conduit joints shall be weatherproofed, 
using suitable metal oxide paint for joint makeup. 

6. l. 2. 9 Where flexible connections ar:e required for removing, 
fer adjustment or for vibration of equipment, 
liquid tight flexible conduit or explosion proof 
flexible conduit will be used. 

6.1.2.10 Conduit systems will be installed to prevent liquids 
from condensation or leakage, draining into enclosures 
containing equipment. Overhead conduits will have 
drain and· breather fittings installed to prevent any 
accumulation of liquid in the conduit system, 
especially above sealing fittings. Where necessary, 
Type EYD sealing fittings will be used above 
equipment. 

5.1.2.11 All enclosures in which condensate might accumulate 
will be equipped with a drain and Qreather titting. 

6.1.2.12 Area Weatherproof junction boxes with teTlllinal strips 
'lri.11 be used for thermocouple wiring system. 

o.l.2.13 !f shielded wire is necessary, shields will be 
grounded at only one point in· the instrument loop. 
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6.2 Materials 

6.2.1 Conduit and Fittings 

6.2.l.l Conduit installations, underground or overhead, shall 
be rigid hot-dipped galvanized steel conduit, except 
rigid conduit and fittings on cooling towers and 
other extremely corrosive locations will be aluminum, 
plastic, or plastic-coated steel. 

6.2.1.2 In Division 1 locations, explosion proof conduit 
fittings and junction boxes shall be Crouse-Hinds 
GUA Series or equal. 

6. 2 .1. 3 In ,Division 2 locations, or areas outside buil·dings 
and at 16 or more feet above grade, conduit fittings 
shall be of.the standard threaded type with covers 
and neoprene g~skets (except the seals and unions 
shall be explosion proof) Crouse-Hinds Form 8 Series, 
or equal. 

6.2.1.4 In indoor non-hazardous locations, general purpose 
sheet st~el boxes may be used. 

6.2.1.5 The installation of seal fittings shall conform to 
the requirements of Sections 501-5 and 502-5 of the 
National Electrical Code and as hereinafter described. 

6.2.1.6 Seals are not required in conduits to explosion 
proof motors, junction boxes or terminal boxes 
located in Class I, Group·D, Division 2 locations. 

6.2.1.7 Seal and dra~n fittings shall be provided in conduit 
lines which start at elevations substantially above 
grade and terminate in explosion proof equipment, 
control houses, substations, and similar structures 
at a point below starting elevation. Drain fittings 
shall be installed at the low point above grade. 

6.2.1.8 Seal fittings shall be filled with an approved 
sealing compound. 

6.2.2 Wire and Cable 

6.2.2.1 Basis for Cable Sizing 

DGll'ICATIOll ieo.._1_4_7._%_?-_P-_L __ 

6.2.~.l.l The allowable current carrying capacity of 
cable below 600 volts shall be as speci
fied in the National Electrical Code or by 
the. IPCEA for cable above 600 volts. 

6.2.2.l.2 Feeders and sub-feeders shall be sized 
based u~on the maximum demand of initial 
loads. Feeders shall have a current 
carrying capacity equal to 125 percent oi 
~he maximum demand. 

1 an ____ _ - 11 
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6.2.2.1.3 Cables shall be sized to limit voltage 
drops due to initial loads as follows: 

Feeders and Sub-Feeders - l p~rcent 

}!otor Branch Circuits - 3 percent from the power 
center to the motor but no 
smaller than the minimum 
sized permitted by. NEC. 

Lighting Branch Circuits - 3 percent from the panel to 
the farthest outlet. 

6.2.2.1.4 For circuits above 600 volts, the minimum 
size cable shall be the smallest practical 
size dictated by the short circuit level 
and the protective devices of the electrical 
system. 

·6.2.2.1.5 For lighting and powe~ circuits, 600 volts 
and below, the smallest wire size shall be 
Ul2 AWG, except that #14 AWG may be used 
if applicable for wiring that is an 
integral part of machine tools or equip
ment. For control circuits, the minimum 
wire size shall be Ul4 AWG. 

6.2.2.2 Cable Construction 

'"-DFIGATIOll JIO, t422Z-P-l 

6.2.2.2.1 All conductors shall be .stranded .copper. 

6.2.2.2.2 In general, for cable installed in conduit, 
cable insulation types shall be as 
follows: 

a) Cable for use at 4160 volts shall be 
cross-linked polyethylene, 5 KV 
cable, single conductor, shielded, 
G.E. Vulkene SI-58064 or equal. 

b) Cable for use at 2400 volts shall be 
cross-linked polyethylene, 5 't:l 
cable, single conductor, shielded, 
G.E. SI-58064 or equal. 

c) For services 600 volts and below, 
cables shall be 600 volts, single 
conductor, heat and moisture 
resistant, cross-linked polyethylene 
insulated, Type XHHW, G.E. Vulkene 
SI-58053 or equal. 

d) For Ei:<:ture stems n4 .:\.WG, 600 
volts, Type SF-2 silicone =ubber
st.randed fi:ttut'.e wire shall be used. 

e) Any cie•1iation from above tnust be 
approved by the Buyer . 
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f) Thermocouple extension wire will be 
as describ~d in Standard Specifi
cation P-6 

g) Electronic signal wire will conform 
~ to Standard Specification P-6 

6.i.2.2.3 All cable shall comply with applicable 
portions of IPCEA standards. 

6.2.2.3 Basis of Design 

6.2.2.3.1 Cable for power and control leads to motors 
shall be installed in the same conduit 
when power cable is #2 AWG or smaller. For 
power cable -larger than :f2 AWG, power and 
control cable shall be installed.in 
separate conduit. 

6.2.2.4 Color Coding 

S"ICIPIC .. TIOll llO. 111222-P-L 

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

a) Power phase leads shall be black. 

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

Single Phase, 3-wire - Black (L1), 
Red (L2), White (N). 

Three Phase, 4-wire - Black (L1), 
Red (L2), Blue (L3), Whi_te (N) •• 

Three Phase, 3-wire - Black (L1), 
Red (Lz), Blue (L3). 

c) All control leads for pushbutton 
stations will be of different 
colors. 

d) Power supplies to instruments shall 
be Red (live line) and white for 
ttie neutral. 

e) All ground wires installed in 
conduit shall be either bare or_ 
provided with a green covering. 

f) All signal leads ,.,ill be yellow 
and common alarm wire will be blue. 
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6.2.2.5 Terminations 

7 • 0. msTRUMENTATION 

6.2.2.5.l All ·motor terminal connections shall 
utilize lug type solderless connectors 
bolted together with brass bolts, nuts, 
and washers of proper size. 

6.2.2.5.2 For lighting, all wires a~d cables shall be 
continuous without joints or splices so far 
as practicable. Tile necessary taps and 
joints shall be made with 3M Collll'~Y 
"Scotcklock" or equal:" pre~insulated· connec
tors except for #8 AWG and larger cables 
where clamp-type connectors shall be used .• 
Splices, taps, and connections shall be 
taped in accordance with the following: 

a) 480 volts - First two layers rubber 
tape, three complete layer~ of 
Scotch 1188 tape, or equal. 

b) i10 volts - Taped with at least four 
layers of Scotch #88, or equal. 

c) Above 480 v~lts - Cable manufacturer's 
recommendations. 

7.1 Electrical installation for instruments will meet the requirements 
of the control system. 

7.2 Tilermocouple extension wire will be selected as required for the 
types oi thermocouples .used as follows: 

Iron-Constancan, for Iron-Constantan Thermocouples. 
Chromel-Alumel,for Chromel-Alumel Tilermocouples. 
Copper-Constan~an, for Copper-Constantan Tilermocouples. 

7.J Instrument Control Panel wiring will be as described in specifications 
prepared for Phase I of the project. 

7.~ C::nergency power will be provided as necessary. If static no-break 
supply is =equired, it ~ill be in accordance with job specification 
HZ.22-?-21. 

i.5 Where field instruments :nay require local power, they shall be 
3upplie~ zrom normal lighting panels. No lighting fixtures, con
"Jenience outlets or other type oi utility outlets shall be conneceed 
co che ;nstrument circuits. 

l 
in. ____ _ 
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7.6 Switches for field assembled instrument panels shall be as follows: 

7.7 

7.8 

7.9 

7.10 

7.1.l 

7.12 

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

2. Switches for temperature recorders and indicators shall be 
· located on the back of the panel board. 

3. All instrument switches shall be of the thermal overload type, 
two-pole, connected to interrupt line and neutral wires. 

As far as possible, conduits for instrument wiring shall be installed 
underground from terminal boxes to the operating equ~pment room. 

Signal or control information shall, in general, be transmitted via 
twisted pair cables in conduit. 

Multiconductor cables may be used for electTonic instrument wiring 
where economically feasible. 

0 At locations where the ambient temperature may exceed 200 F, thermo-
couple extens·ion wi-re suitable foT the temperature involved· shall be 
run from thermocouple heads.to a terminal box at a location where 
the temperature will not exceed 200°F. 

In general, all duplex general services thermocouple extension wire 
shall be installed in conduit. 

Conduit for thermocouple wiring shall be sized iii.accordance with .the 
following schedule: 

*ALLOWABLE NUMBER OF DUPLEX LEADS PER CONDUIT 

Conduit Size Table A Table B 

l '?" I - 1 2 
·J/4" 3 4 
l" 6 8 
1-1/4" 11 13 
1-1/2" 15 19 
2" 24 31 
2-1/2" 35 44 
3" 54 67 

Table A shall be applicable for ifl6 AWG, teilon asbestos insulation 
with asbestos ;rarci braid overall. 

Table 3 shall be applicable for 'Fl6 AWG, ?VC insulation with PVC 
jacket overall - ,:omput:er anci non--:omput:er use. 

~~en ?ercent: spare chennocouple leads shall Je furnished in ~ain 
conduit =uns between junction boxes or fittings and control room. 
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ALLOWABLE NUMBER OF ~TICONDUCTOR CABLES PER CONDUIT 

CONDUIT SIZE 
No. of Pairs 1/2" 3/4" l" 1-1/4" 1-1/2" 2" 2-1/2" 

4 1(1) 1(1) 3 (1) 6 (4) 9(5) 14(9) 21(13) 

8 1 l 2 41 6 9 13 

10 1 1 3' 4 7 11 

12 1 1(1) 2(1) 4(1) 6(3) 9(5) 

16 l 1(1) 1(1) 3(1) 5(3) 7(4) 

20 1 1. 31 4 7 

24 l l 1 31 s 

36 1 1(1) 2(1) 4 (1) 

The number in brackets · ( ) denotes number of. computer type cables that may 
be installed in that size conduit. 

In general, individually shielded pairs are not used but the bundle is 
shielded. 

8. 0 GROUNDDlG 

8.1 ~in Distribution Substation Grounding 

Grounding for power generation facili t:l.P.s ancl. for •1tility substation 
and .main distribution substations will be as·deseri:bed·lli Job 
Specification·P-10. 

8.2 Grounding System 

8.2.l A grounding system will be installed for protection of 
personnel and equipment.against ground faults ~n ~lectrical 
equipment, ·1ightni.ng, and static electricity. 

8.2.2 The grounding system will be installed in accordance with 
Article 250 of the ~ational Electrical Code. At each distri
bution substation the main grounding electrode for grounding 
the transformer secondary neutral(s) will be a metallic ·under
ground water pipe if available at or near the site. !n 
addition, a ·supplementary driven ground rod or gr.ound rods 
interconnected under;round by cable will be provided. If the 
resistance oi the cirst supplementary ground rod exceeds S 
ohms, at least one additional ground rod will be provided. In 
some cases, additional ground rods or other grounding means 
will be justified. !he need for these will be determined by 
the combined ~esistance of all grounding alectrodes and by the 
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:naximum available ground fault current. IEEE Standard No. 142 
will be used as a guide. !he supplementary ground rods will 
be connected to the.main grounding electrode. Ground rods 
will be.steel core with Type 304 stainless steel cladding. 
Interconnec'ting copper cables w·ill be covered with green PVC. 
Buried connections in the grounding system will be made by 
thermowelding or die crimped pressure connectors. Connections 
will be caped. 

8.3 Equipment Grounding 

8.3.l All switchgear and motor control centers will have ground buses 
connected directly to the grounding system. 

8.3.2 Metallic conduits will be connected to the ground· bus at. 
switchgear, motor control centers, and switchracks. 

8.3.3 ~otors and all other utilization equipment ~'ill be grounded 
through the conduit system where conduits are metallic. 
Flexible conduits and fittings l-1/4" and smaller will be 
approved for ground continuity. Flexible conduits l-1/2" and 
larger will be provided.with bonding jumpers. When non
metallic conduits are used, an insulated green grounding con
ductor will be installed inside the conduit; the grounding 
conductor will be connected to the ground bus at switchgear, 
motor control center or switchrack.at the supply end, and ·to 
the housing of the motor or other utilization equipment. 
Grounding conductors larger than No. 6 AWG may be black, but 
must be identifed as grounding conductors at each end and at 
every point where accessible. Identification will be 
acommplished by one of the following: 

a) Stripping the insulation from the entire.exposed length. 

b) Coloring the exposed insulation green. 

c) Marking the exposed insulation with green-colored tape 
or green-colored adhesive labels. 

8.3.4 Metallic non-current-carrying parts of all major electrical 
equipment, ~uch as motors, transformers, switchgear, motor 
starters, etc.r shall be grounded by a connection to the ground 
ner-Nork, or if such equipment is isolated, to one or more ground 
rocis or other suitable ~eans as required by the ~ational Elec
t:r:!.cal Code. 

8.3.5 In general, a ground network shall be installed around substa
tions, process- units, structures, switchracks and other elec
tr:!.cal installations. The ground necwork shall consist of_a 
!!lain cable loop, above-ground connection points, branch cables 
from loop to individuals grounds, and· necessary inspection points 
on all ground rods. Size of Jrounding conductors are to be in 
accordance with ~C and in addition, capable of' car~1ing welding 
c:.irrent. Hinimum cable size shall be if4/0 AN'G :Or the llain loop 
and #4 AWG· for branches e."!:cepc for welding rece?tacle branches 
which 3hall be #4/0 AWG. 
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8.3.6 Insofar as possible, copper ground conduccors shall be laid 
directly in the ground without breaks or joints, and shall have 
12" minimum cover. When unavoidable, underground joints shall be 
brazed, suitably covered and protected. 

8.4 Static Grounding 

8.4.l Frames of large steam turbine drivers will be connected to 
ground system. 

·8.4.2 All vessels containing flammable liquids will be grounded. 

8.4.3 Steel pipeways will be grounded. 

8.5 Lightning Grounding 

8.5.1 Frames of buildings and steeel structures will be electrically 
connected to ground wells in two or more places. These 
ground wells may be connected by underground cables to other 
portions of the grounding systems. 

8·.5.2 Non-metallic structures which are not shielded by other 
taller structures will be protected with t:wo or more ground 
cables run.to top of structure and connected to air terminals 
on top. 

8.5.J, Electrical ·equipmen't and lines will ·be protected.where 
necessary with lightnj,ng: arresto-:s. and· ·surge· capacitQrs. 

9.D Telecommunication Systems 

Telecommunication systems will be as described in Specification 
14222-P-9. 

10.0 Stand-Bv Power 

10.l Stand-by power will be provided for lighting, instruments, 
and essential apparatus for which a loss of power will create 
a hazard. 

10.2 The stand-by power source will be as described in Design Basis
Plant 31. 

11. 0 Caoacitors 

Static capacitors :or power factor correction will be considered 
but gnerally power factor correction will be achieved by use oi 
:iynchronous motors where suitable. 

12.0 Metering 

u.o 

~lectric power to che facilities will be metered on incoming lines and 
each dist:ibution Eeeder t.dll be provided with watt hour meters with 

maximum demand attachment. 

Identification of Equioment 

13.l .All equipments '.oill be identified by appropriate nameplates. 

13.2 All thermocouple e.~tension and control wires will be marked with 

SPt:CIFIUTION NO. l.42.22-P-l L . 
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"Brady" or equal identification marks or numbers or with heat
shrinkable sleeves. The method used shall be mutually agreed 
to by Engineering and Construction. 

13.3 All wire terminals will be clearly marked. 

13.4 Underground conduits will be clearly marked with suitable posts 
or embossed concrete directional arrows set.at grade. 

14.0 Tests 

Before plant startup, electrical facilites will be tested and checked, 
as described in job specification to be issued in Phase I • 

SP!CIFtC.lT IO 11 H. __ ..,14.,.2...,22......,·-... P._-_l __ 
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1. 0 SCOPE 

1.1 This specification describes electric· motors for indoor and outdoor 
general service use on the Breckinridge Project. Motors which are 
supplied as component parts of. equipment requiring special design are 

·excluded from this specification; however, this specification is to be 
considered as a minimum standard for such motors. 

1.2 Job motor data sheets are part of this specification and in cases of 
conflict, the job motor data sheets shall be considered correct. 

2.0 CODES AND STANDARDS 

2.1 All motors shall be manufactured in accordance with the latest edition 
of the National Electric Manufacturers' Association Standard for 
Induction Motors, except as modified herein. 

2.2 Explosion-proof motors shall be approved by Underwriter's Laboratories 
(UL). 

3.0 SERVICE CONDITIONS 

3.1 Motors shall operate at full service factor output under the conditions 
stipulated by Specification 14222-A-3, "Basic Engineering Data"; and in 
a 40°C ambient temperature, without exceeding the temperature rise 
limitation of the motor, including insulation, bearings, lube system, 
etc. (NEMA MG-1-12.42). 

4.0 ELECTRICAL CHARACTERISTICS 

4.1 Motors shall be designed for 60-hertz operation at the following 
voltages or as required by the job data sheets. 

3/4 HP and smaller: 

115 volts, single phase, 2-wire for continuous duty"motors; 
460 volts, 3-phase, 3-wire for "on-off" motors is permissible 
when approved by purchaser 

1 HP through 150 HP: 

460 volt,s, 3-phase 

Motors above 200 HP: 

4160 volts, 3-phase (motors above approximately 6000 HP may be 
rated above 4160 volts when studies.indicate tbat this is desirable) 

-
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4.2 Motors shall be NEMA Design B for across-the-line starting, unless 
otherwise specified. Where NEMA Design B has not been established, 
locked rotor current shall not exceed 6.5 till}es full load currcnc, 
unless speciflcally approved by the purchaser. 

4.3 Motors shall have Class B insulation or as specified in requisition or 
purchase order. 

5.0 ENCLOSURES 

5.1 Motor enclosures shall be as specified on the job motor data sheets. 
rn general, they will be as follows: 

ZOO HP and smaller 

250 HP and larger 

TENV or TEFC for non-hazardous and Div. Z 
hazardous areas. TEFC Explosionproof for 
Div. l hazardous areas. 

TEFC or NEMA Type l or Type II Weather
protected for non-hazardous or Div. 2 
hazardous araas. 

TEFC Explosionproof, inert gas-filled or 
externally air-cooled for Div. l hazardous 
areas. 

5.2 All TEFC Explosionproof motors shall be equipped with drains and 
brea_thers. 

6.0 TERMINAL BOXES 

6 .1 Termin·al boxes shall be of cast iron or welded sheet steel con
struction, located on the right side (when facing the end oppos~te 
the coupling) and be adjustable.for conduit entrance at four 90 
positions. Terminal boxes shall be at least one size larger than 
standard per NEMA StaOJiard MG-l-Z0.62. 

6.2 Motors 1500 HP and larger shall have one end of each phase winding 
brought out into a junction box on the side opposite the line leads 
with provisions for installing current transformers for differential 
protection. These motors shall also have provision for mounting 
surge capacitors in the terminal connection box. The surge 
capacitors shall be insulated from the enclosure and grounded through 
a removaole link. 

6.3 ~ocors with rated voltage above 2KV shall have the power te-rm.inal box 
sized to permit te~nation of shie.ldeci. cable (normal length stress 
cones). 

6.4 Separate terminal boxes shall be provided for each service, i.e., 
space heaters, temperature detectors, etc. 

JNlll'ICATIOll ltO. 14222-P-2 z in ____ _ ____ 2 __ Of' __ 6.___ 
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i . 0 GEN.ERAL 

.7.1 Nameplates shall be stainless steel and fans shall be non-sparking 
types. 

7.2 If specified on the motor data sheets, motors shall have space heaters 
with surface temperature not to exceed 150°c. 

7.3 Motor bearings shall be manufacturers' standard,unless specified 
otherwise on the motor data sheets. 

7.4 Motors rated 2500 HP and larger shall have six RTDs embedded in the 
stator windings with leads brought out to a terminal strip enclosed 
in a junction box mounted on the exterior of the motor frame. 

7.5 Motors shall be treated to resist fungus and shal+ have hardware and 
finish for severe chemical service if so specified by the.job motor 
data sheets. 

8.0 TESTS 

All motors shall receive routine commercial tests in accordance with IEEE 
test proc~dure. 

9.0 VENDORS DRAWINGS AND INFORMATION 

9.1 Job motor data sheets, Form(s) 182A and/or 182B shall be completed by 
vendor for each motor. 

9.2 Certified dimensioned outline drawings are to be supplied for each 
motor in accordance with Form 15A. 

9.2 Speed torque curves shall be supplied by the vendor for all motors 
250 HP and larger. 

10.0 ~OISE 

Unless otherwise stated in the material requisition, motors shall comply 
~Jith noise requirements contained in Specification 14222-A-12 and appli
cable noise data sheets . 
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INDUCTION MOTOR 
DATA SHEET 

I . HORSEPOWER 

2. MANUFACTURER 

3. FRAME NO. 

4. SERVICE FACTOR 

5. VOLTAGE 

6. PHASE 

MOTOR NO. 

SERVICE 

P. 0. NUMBER 

7. FREQUENCY - HERTZ 

8. SYNCHRONOUS SPEED - RPM 

9. FULL LOAD SPEED - RPM 

10. NEMA DESIGN LETTER 

11. TEMP. RISE - 0 c BY RESIST 

12. ~ULL LOAD CURRENT 

13. LOCKED ROTOR CURRENT 

14. LOCKED ROTOR TOROUE - %F.L. 

15. EFF IC I ENCY: I OO"lo LOAD 

7c;"fo LOAD 

16. POWER FACTOR: 100"/o LOAD 

75% LOAD 

17. ENCLOSURE'': 

18. MOUNT ING 

19. SEARING TYPE 

20. SPACE HEATERS - WATTS 

- VOLTS 

21. 0/L DIMEN. DWG. NO. 

22. 1-JE IGHT 

23. FUNGUS TREATMENT 

24. · OTiiER ,'10DIFICATIONS 

oi. 

~. I 

:':ENCLOSURE XP-EXPLOSION PROOF (CHEMICAL TYPE), OP-DRIP PROOF, SP-SPLASH PROOF, 
TENV-TOTALLY ENCLOSED NON-VENTILATED, TEFC-TOTALLY ENCLOSED FAN COOLED, 
-JP 1-1..JEATiiER PROTECTED-TYPE I, \JP I I-WEATHER PROTECTED-TYPE 11 

ALL ~OTORS SHALL BE IN ACCORDANCE WITii SPECIFICATION. 

l: L. 
g~ Ito. OAT! ~£VISIONS 

u.. 
ORIGIN 

riJJ I 
. .., 

I 
I 

BY 

I JOI No. 

I JRAW ING 
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NO. i Rtv. 
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INDUCTION MOTOR 
DATA SHEET 

SPECIAL 

MOTOR NO. 
SERVICE" 

P. O. NUMBER 

1. HORSEPOWER 
2. MANUFACTIJRER 
3. FRAHI! 
4. SERVICE FACTOR 
5. VOLTAGE 
6. PHASE 
7. FREQUENCY - HERTZ 
a. SYNCHRONOUS SPEED - RPM 
9. FULL LOAD SPEED - RPM 

10. TEMP. RISE - vc BY RESIST 
11. FULL LOAD CURRENT 
12. LOCKED ROTOR CURRENT 
11. ALLOW. L.R. TIME AT RATED VOLTAGE 

COLO START - SEC. 
HOT START - SEC. 

14. LOCKED ROTOR TORQUE - %F.L. 
15. WK~ OF ROTOR 
16. EFFICIENCY: 100% LOAO 

75% LOAD 
17. POWER FACTOR: 100% LOAD 

75"/o LOAD 
LOCKED ROTOR 

18. SPEED 1/S. TORQUE CURVE DWG. NO. 
19. STATOR TEMP. DETECTOR 
20. DIFF. PROTECTION CT TYPE/QUAN. 
21. SURGE CAPAC I TORS 
22. SURGE ARRESTORS 
23. ENCLOSURE,': 
24. MOUNTING 
2;. ROTATION (FROM END OPP. COUPLING) 
26. BEARING TYPE 
27. SPACE HEATERS - 'N'AiTS /VOLTS 
28. 0/L DIMEN. DWG. NO. 
29. WEIGHT 
30. FUNGUS TREATMENT 
11. OTHER MOO IF I CAT IONS 

a. 
b. 
c. 
d. 

~:ENCLOSURE X?-~XPLOSION PROOF (CHEMICAL TYPE), CP-ORIP PROOF, SP-S?LASH PROOF, 
TENV-TOTALLY ENCLOSED NON-VENTILATED, TEFC-TOTALLY ENCLOSED FAN COOLED, 
'.o/P!-wEATHER PROTECTED-TYPE I, WP! I-WEATHER PROTECTED-TYPE 11 

~: 

ALL MOTORS SHALL 3E IN ACCORDANCE WITH SPECIFICATION NO. 

~/"...I I I I 
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1. 0 SCOPE 

1' 1 This specification describes b"rushless synchronous motors to be used as 
drivers for compressors, etc, on the Breckenridge Project. 

1.2 Job Synchronous Motor Data Sheets are part of this specification and in 
cases of conflict, the Job Synchronous Motor Data Shee·ts shall be con
sidered correct. 

2.0 CODES AND' STANDARDS 

2.1 Motors shall be manufactured in accordance with the latest standard of 
the National Electrical Manµfacturers' Association, except as modified 
herein •. 

2.2 Motors for use in Div. I Hazardous Areas shall be approved by 
Underwriters' Laboratories (UL) for the service specified. 

3.0 SERVICE CONDITIONS 

3.1 Motors shall operate at full service factor output in the conditions 
stipulated by Specification 14222-A-3,. "Basic Engineering Data"; and 
in a 400C ambient temperature, without exceeding the temperature rise 
limita~ion of the motor, including insulation, bearings, lube system, 
etc. (NEMA MG-1-21. 40). 

4;0 ELECTRICAL CHARACTERISTICS 

4.1 Motors shall be 4000 volt, 3-phase, 60-hertz or as shown on the Job 
Synchronous Motor Data Sheets~ 

4.2 Motor shall be rated for 1.0 or unity power factor, unless otherwise 
spe~ified on the material requisition. 

4.3 Motors shall be suitable for across-the-line starting. Maximum motor 
starting KVA shall not exceed that shown on the Job Synchronous Motor 
Data Sheet and shall be designed for the system short-circuit capacity 
and voltage drop specified on these sheets or on the material 
requisition. 

4.4 

iC-l.HI 

Motor shall have Class B or higher temperature rated insulation, 
however, maximum temperature rise shall not exceed 75oc above a 4S0c 
ambient, when operating within the service factor rating. 

.-
ATTACHED FORMS REFERENCED 
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4.5 ~otor windings shall be protected with a permanent encapsulated type 
moisture sealed insulation system. A detail description of the 
sealing method proposed shall be included. in the vendor's ·quotation. 

4.6 Motor shall be of the brushless type with a shaft mounted excitation 
syst:em. 

4. 7 Motor shall have st·andard horsepower and ·speed rati.ngs. 

5.0 ENCLOSURES 

The motor enclosures shall be as specified on the Job Syn~hronous Motor 
Data Sheets. 

6.0 TE"RML'lAL BOXES 

6.1 ~tors· shall have cast iron or welded sheet steel terminal boxes 
adjustable fo~ conduit entrance at four 90° positions. Sheet steel 
shall be not less than 1/4" thick. Separate boxes shall be provided 
for each service to the moto-r, such as power supply, space heaters~ 
temperature detectors, etc •. 

6.2 A wate"rl'roof seal shall be provided between the terminal boxes and 
stator so that water within the motor cannot enter the terminal 
boxes. 

6.3 ~tors rated 1500 HP and larger shall have both ends of each phase 
winding brought out into a junction box with provision for 
installing current transformers for differential protection. These 
motors shall also have provision for mounting surge capacitors in the 
motor terminal box. 

' 6.4 If surge protection devices are provided· (see Motor Data Sheet), they 
shall be insulated from the enclosure and grounded with a removable 
link. 

7.0 PERFORMANCE 

' 7.1 Motors shall be capable of accelerating the normal WK- of the load 

7 .2. 

7.3 

(NEMA :-!Gl-21.42) from "O" to synchronizing speed and synchronize at 
the ?ercent of nameplate voltage shown on the ~tor Data Sheet(s) 
at rated frequency, power factor, and ambient temperature without 
exceeding the rated temperature rise or otherwise damaging the 
:nacnine. 

The ~umeer of starts shall be in accordance with ~EMA :-!Gl-21.43. If 
aciciitional starting capability is required, it will be stipulated in 
the ?urchase order documents. 

Tne amplitude of vibration shall not exceed the values listed in NEMA 
Standard MG 1-21.53 when ::ieasured in accordance with MGl-20.33, 
unless a lower value is required by the driven equipment or specified 
in the purchase order doc~ments. 

! in_ .... __ _,, __ 2 ___ 0/1 __ 1_. _., 
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7.4 Efficiency shall be determined in accordance with NEMA MG 1-21.44. 

7.5 The motor and driven load shall have a system inertia of suitable 
magnitude to limit armature current pulsations in accordance with 
NEi.'1A MG 1-21.84. 

7.6 ~otor torque for starting, pull in and pull out, shall be as specified 
by the manufacturer of the driven equipment. Mechanical details shall 
be as specified by the driven equipment manufacturer. 

8 • 0 E.."{CITATION 

8.1 Motors shall be furnished with a brushless AC exciter, solid-state 
rectifier, and a solid-state static field control system. 

9.0 GENERAL 

9.1 Motors shall have lifting devices for installing or removing the 
motor. The location of lifting points shall be shown on the Seller's 
drawings •. 

9.2 If specified on the Motor Data Sheets, motors shall have space 
heaters with surface temperature not to exceed 150°C. 

9.3 Six temperature detectors (RTDs) shall be provided in the motor slots, 
two per phase, for all motors larger than 2500 hp. Motors 2500 hp 
and smaller shall be provided with resistance temperature detectors 
(RTD) i£ GO indicated on the Motor Data Sheet(s). 

9.4 Bearing enclosures shall be .sealed to keep out water and dirt and 
shall have an ample oil reservoir designed to ensure against oil 
leakage. 

9.5 Hardware and finish shall be suitable for severe chemical service. 
Motors shall be treated to resist fungus, if so specified on the 
Motor Data Sheet(s). 

9.6 Drilled and tapped bearing temperature wells shall be provided on each 
friction bearing. 

9.7 Weather-protected motors shall be equipped with the Seller's standard 
filter . 

9.8 Accessories, such as space heaters and temperature detectors shall be 
.wired to separate terminal boxes. 

9.9 All motors shall have external provision for frame grounding . 

9.10 Current transformers for differential protection shall be supplied if 
so indicated oy the Motor Data Sheet(s). 

9.11 Motors shall be cleaned. primed, and finish-painted in accordance with 
the manufacturer's standard procedures unless otherwise indicated in 
the purchase order documents. 
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10.0 NAHEPL\.n:S 

10.l Each motor shall have a nameplate giving information specified in 
NEMA MG 1-21. 61. 

10.2 An arrow shall be provided to indicate the direction of rotation of 
the motor. 

10.3 A nameplate stating the starting .duty limitation shall be mounted on 
the motor adjacent to the standard motor nameplate. 

10. 4 Name-plate.s· shall be stainless steel. 

11.0 n:STING 

11. l All motors shall be given routine tests in accordance with NEMA MG 1 
and IEEE 115. 

11.2 Current transformers shall be given routine tests in accordance with 
ANSI C57.13. 

12.0 VENDORS DRAWINGS AND INFORMATION 

i2.l .~ter issue of purchase order, Buyer will furnish Seller ~ith one 
copy of "Synchronous ~toter Data Sheet," for each size and type of 
synchronous motor to be supplied. Seller shall enter the appro
priate data· on these sheets and return them to the Buyer as "Vendors 
Drawings." 

12.2 The Seller shall furnish the following curves for each type and size 
motor: The curves shall be for 100 percent and a lower percent 
voltage sho•..m by the purchase order documents. Plot both curves on 
one sheet. 

12.2.1 Speed-Torque - If the motor is being furnished with the 
driven equipment, the load speed-torque curve shall be super
imposed on the motor curve. 

12.2.2 Speed-Time for the motor accelerating the specified load. 

12.2.3 Current-Speed. 

12.3 Certified ~imensioned outline drawings shall be supplied for each 
~otor in accordance with Form 15A. Dimensions shall be in English 
or in the Internaticnal System of Units. The Purchase Order 
Documents indicate the preferred system of units • 

~ LJ.O NOISE 

Unless otherwise statea ~n t:he mater.ial requisition, motors shall comply 
wi.ch ~oise requirements contained in Specification 14222-A-12 and on 
applicable Noise Data Sheets. 
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MOTOR NO. 
SERVICE 

BRUSHLESS SYNCHRONOUS MOTOR DATA SHEET 

P.O. NUMBER 

1. HORSE POWER 
2. MANUFACTURER 
'3. FRAME 
4. SERVICE FACTOR 
5. VOLTAGE 
6. PHASE 
7. FREQUENCY - HERTZ 
8. SYNCHRONOUS SPEED - RPM 
9. RATED POWER FACTOR 

10. STARTING VOLTAGE AS % OF MOTOR NAMEPLATE VOLTAGE 
11. TEMPERATURE RISE vc - STATOR BY RTD 

11 
11 

- ROTOR BY RES I STAN.CE 
12. STATOR FULL LOAD CURRENT 
13. STATOR CURRENT AT SERVICE FACTO~ RATING 
14. STATOR LOCKED ROTOR CURRENT - JOG% VOLTS 
15. % FULL LOAD TORQUE STARTING 

II II 11 II PULL IN 
II II II II PU LL OUT 

16. % FULL LOAD CURRENT PULL IN 
17. ALLOWABLE STALLED TIME AT FULL VOLTAGE-COLD START-SEC. 

II II II II II II -HOT START-SEC. 
18. NUMBER OF ALLOWABLE STARTS AND TIME INTERVAL 
19. EFFICIENCY - 100% LOAD 

75% LOAD 
20. LOCKED ROTOR POWER FACTOR 
21. WK~ OF ROTOR EXCITER. FLYWHEEL. ETC. -LB. FTL 
22. SPEED VS. TORQUE CURVE - DWG. REFERENCE 
23. REACTANCE (P.U.) X d UNSATURATED 

X1 d X1 d 
X11d X11d 

24. SURGE ARRESTORS 
25. SURGE CAPACITORS 
26. STATOR TEMPERATURE DETECTORS 
27. DIFFERENTIAL PROTECTION - CT TYPE AND QUANTITY 
28. ENCLOSURE* 
29. MOUNT ING 
30. ROTATION (VIEW FROM END OPPOSITE SHAFT) 
'31. BEAR ING TYPE 
32. SPACE HEATER - WATTS/VOLTS 
33. 0/L DIMENSION DWG. NO. 
'34. '..IEIGHT TOTAL & MAX. PART. 
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MOTOR NO. 
SERVICE 

BRUSHLESS SYNCHRONOUS MOTOR DATA SHEET 

p. Q, NUMBER 

1i;. RATED EXCITER FIELD VOLTS - F.L. -RATED P.F. 
36. EXCITER FIELD AMPS.-AT F.L.-RATED P.F. 
37. EXCITER FIELD AMPS.-AT N.L.-RATED P.F. 
38. EXCITER FIELD RESISTANCE AT z5uc 
39. EXCITER FIELD RESISTANCE AT 7~vc 
40. FUNGUS TREATMENT 
41. SPECIAL MODIFICATIONS 

' 

~:ENCLOSURE 
N 

DP - DRIP PROOF 
SP - SPLASH PROOF 
iEFC - .TOTALLY ENCLOS.ED FAN COOLED 
WP I - WEATHER PROTECTED - TYPE I 
;,Jp II - '../EATHER PROTECTED - T'(?E 11 
iE I GF - TOTAL!..Y rncLOSED' INERT GAS FILLED 
?ECR - ?RESSURIZ£D OR EXPLOSION RESISTANT COLL£CTOR RING ENCLOSURES 
?IJ - '/ENT I LATED ;..JITH POSITIVE PRESSURE INTAKE ~ROM OUTSIDE. 

~IOTE; 

ALL MOTORS SHALL 8E IN ACCOROAMCE !../ITH S?:CIFICATION NO. 
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1.1 This specification covers electrical equipment that is supplied as part 
of a mechanical package. The Material Requisition defines the electrical 
equipment to be supplied, and the equipment shall conform to applicable 
sections of this specification. 

1.2 Standard Specifications 14222-P-2, Squirrel-Cage Induction Motors, and 
14222-P-3, Synchronous Motors, and Job Specifications which may be 
attached, are. included as part of this specification. 

2.0 CODES AND STANDARDS 

2.1 The electrical equipme~t shall conform to applicable standards of the 
following: ~·· 

2.1.1 National Elect:rical Hanufacturers' Association (NEMA) 

2.1.2 Occupational Safety and Health ;\ct - Part 1910, Sub-Part "S" 
and Section 1910.95 (OSHA). 

2 .1. 3 Underwriters·' Laboratories. (UL) 

2.1.4 American National Standards Institute (ANSI) 

2.1.5 Institute of Electrical and Electroni~ Engineers (IEEE) 

2.1.6 National Fire Protection Association (NFPA) 

2.1.7 Insulated Power Cable Engineers Association (IPCEA) 

2.2 The complete electrical installation·shall conform to the National 
Electric Code and local regulations. 

3.0 SERVICE REQUIREMENTS 

3.1 Electrical equipment and wiring shall be suitable ·for operation under 
climatic conditions at the jobsite, as shown in Sp~cification 14222-
A-3, "Basic Engineering Data." 

3.2 

'1 f'J:J IQJ'I 

6/80 

The purchase order will indicate the classification of the area in 
which the "Package" is to be located. If hazardous, Equipment, 
Section 5, and Wiring Methods, Section 7, shall comply with Article 
500 of the National Electric Code . 
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4.0 VOLTAGES 

4.l In general, available voltages will be: 

115 volts, single-phase. 
460 volts, three-phase, 60 her:tz. 
4000 volts, three-phase~ 60 hertz. 

4.2 Confirm voltage characteristics prior to proceeding with design or 
purchase. 

4.3 If DC or other AC voltages are· required, rectification and/or trans
formation equipment shall be supplied by Seller with the mechanical 
equipment package. 

5 • 0 • EQUIPMENT 

5.1 ~otors 

In general, motors shall be squirrel-cage induction as described in 
Specification 1~222-P-2. However, if another type of motor would be 
more suitable for the application, the vendor shall submit an 
alternate proposal stipulting precisely what is to be furnished. 
Further, should the substitution alter one equipment, building space, 
utilities,_ supports, etc, such alterations shall b~ included in the 
alternate proposal. If synchronous motors are required, they shall 
comply with Specification 14222-P-3. 

5.2 ~tor Control 

5.2.l General 

Motor control will normally be supplied by the Buyer in NEMA
type motor control centers and/or switchracks. 

However, if motor starters are to be supplied by the Seller, 
they shall conform to Specification 14222-P-18(4000 volt) or 
14222-P-19 (600 volt). A copy of the appropriate specifi
cation is attached. 

5.Z.Z ~!otor Control Panels 

5.2.Z.l Where a number of ~otors or other electrical devices 
are "to be remotely controlled as a unit, a control 
panel containing all items necessary to operate the 
equipment, exclusive of motor starters Size l and 
larger, shall ~e supplied. In general, this control 
panel •.Jill contain push buttons, selector switches, 
reiays, instruments, control transformers, powe~ 
supplies, indicating lights, nameplates, etc. 

5.2.2.2 Control panels shall have a complete metal enclosure 
wall-mounted or free-standing and suitable for the 
location. Enclosures shall be suitable :or the area. 

1n. __ 1 __ _ »GT __ ., __ _ 
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5.2.2.3 Pressure-type screw terminal connection. blocks shall 
be provided for all external connections. Connections 
shall be provided for interlocking of equipment fur
nished by others. Terminal connections shall be 
marked with the numbers shown on the wiring diagram. 
Each terminal block shall have a minimum of 25 percent 
spares. 

5.2.2.4 Units shall be completely factory-wired. 

5.2.2.5 Push buttons, selector switches, indicating lights, 
etc, shall be heavy-duty, oil-tight. 

5.2.2.6 Arrangement of devices shall be as shown on the 
project drawings. 

5.2.2.7 Each motor control station, each service unit, and 
all operating devices shall be provided with phenolic 
nameplates (white on black) showing equipment con
trolled and device function. · See one-line diagram 
or nameplate schedule for additional information. 

5.2.3 Pushbutton Stations 

5·.2.3.1 In general, pushbutton stations shall be of the heavy
duty, momentary contact, universal type. Exceptions 
to the above shall be special control circuits which 
require the use of maintained contact "On-Off" control 
stations, or "Hand-Off-Automatic" selector switches. 
Regardless of the type of pushbutton station, 
enclosures shall be furnished suitable for the area 
classification. 

5.2.3.2 In general, pushbutton stations shall be mounted 
adjacent to and within sight of the ~ontrolled motor. 

5.2.3.3 Pushbuttons for Hazardous Areas shall be Square D 
Class 9001, Type GR-206 for "Start-Stop, 11 Square D 
9001, Type GR-123 for "Hand-Off-Automatic." 

6.0 PAINT AND FINISH 

In accordance with Specification 14222-X-l. 

';:: 7. 0 WIRING METHODS 
..., 
~ 
N 

I - · 7 .1 All interconnecting wiring· shall be completely enclosed in conduit or 
in metal raceways, junction boxes, or panelboards. Conduit fittings 
shall be supplied and installed where required. 

7. 2 Conduit shall :,e ~ct-dipped galvanized rigid steel. Liquid-tight or 
explosion-?roof-~ype flexible conduit shall be used for connection co 
:no tors, switches, .etc, where adjustment or ·1ibration require flexible 
connections. 

,~,.ICATIOll .. o. __ 14_z_z_2_-_e_-_:S __ 1 lft ____ _ »ar _ ... 3..__ 01 __ s __ 
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7.3 Minimum conduit size shall be 3/4" except that 1/2" size may be used 
for instrumentation work or where the conduit is an integral part of 
the machine tool equipment. 

7.4 All rigid steel conduit joints shall be weatherproofed, using suitable 
metal oxide paint for joint makeup. 

7.5 !n hazardous locations, explosion-proof conduit fittings and junction 
boxes shall be Crouse-Hinds GUA Series or equal. 

7.6 In Division 2 hazardous and non-hazardous locations, conduit fittings 
shall be of the standard threaded tYl'e with covers and neoprene 
gaskets (except the seals and unions shall be explosion proof) Crouse 
!linds Form 8 Series or equal. 

7.7 The installation of seal fittings shall conform to the requirements 
of Sections 501-5 and 502-5 of the National Electrical Code and as 
hereinafter described. 

7.8 Seals are not required in conduits to explosion proof motors, junction 
boxes, or terminal boxes located in Class I, Group D, Division 2 
locations. 

7.9 Seal fittings shall be f.illed with an approved sealing compound. 

7.10 All conductors shall be stranded copper. 

7.11 In general, for cable installed in conduit, cable insulation types 
shall be as follows: 

(a) Cable for use at 4160 voles and 2400 voles shall be cross-linked 
polyethylene, 5 KV ·cable~ single conductor·, shielded, G.E. 
Vulkene, SI-S8064. 

'(b) For services 600 volts and below, cables shall b"s 600 volts, 
single conductor, heat and moisture resistant, cross-linked 
polyethylene insulated, Type XHHW, G.E_'. Vulkene SI-58053. 

( c) Any deviation from above must be approved by Buyer •. 

7.1, For fixture stems #14 AWG, 600 volts, Type SF-2 silicone, rubber
stranded fixture '.fl.re shall be used. 

7.13 The· allowable current carr"Jing capacity of cable below 600 volts 
shall be as specified in the ~ational Electrical Code or by the IPCEA 
for cable above 600 70lts • 

· 7.14 For circuits above 600 ~olts, the ltll.nimum size cable shall be the 
smallest practical size dictated by the short circuit level and the 
protective devices of the electrical system. 

7 .15 For lighting and power c..ircuits, 600 volts .;ind below, che smallest •Mire 
size shall be -#12 AWG, except that 1114 AWG :nay be used if applicable 
for wiring :hat Ls an integral part of ;nachine tools or equipment. 
For control circ~its, the ~inimum wire size shall be #14 AWG. 

l,_rtc~T1at1 ieo. __ u_2_2_2_-_e_-s __ _ in_.-.L __ ~---4-- Ol __ 5 __ 



..0 

..0 -,.. .., 
~ 

·N 
I 

,·":. 

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

(a) Power phase leads shall be black. 

(b) Multi-wire lighting circuits a~d 2-wire branch circuits connected 
to the same system shall conform to the following: 

Single Phase, 3-wire - Black (L1), Red (Lz), White (N) 
Three Phase, 4-wire - Black (L1), Red (Lz), Blue (L3), White (N) 
'.fhree Phase, 3-wire -·Black (L1), Red (Lz), Blue (L3). 

(c) All control leads for pushbutton stations will be of different 
colors. 

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

(e) All ground wires installed in conduit shall be either bare or 
provided with a green covering. 

7.17 All stranded wiring in oil-immersed equipment shall be treated as 
follows to prevent syphoning: 

(a) Strip insulation from all wiring immersed in oil. 
(b) Tin stranded conductor to make it equivalent of solid. 
(c) 'Insert oil and moisture resistant plastic ·sleeve over tinned 

conductor. 

7 .18 All wiring inside enc·losures shall be neatly tied and bundled or 
supported by plastic conductor racks such as panduit. 

8 , 0 DRAWINGS 

8.1 ~o wiring shali be done on equinment before wiring diagrams have been 
reviewed by Buyer and authorization to proc~ed is granted. Wiring 
diagrams shall use standard symbols per ANSI Standard Y32.2, latest 
edition. 

8.2 Complete detail drawings. including installation and operating 
instructions, physical arrangement, location, wt.ring·, termination, 
material, identificat·ion, rating, control, instrumentation. system, 
settings, etc, shall be supplied in accordance with the purchase 
order documents • 

9.0 TESTS 

9.1 All electrical equipment shall be shop-tested for operation and:. 
accuracy ?rior to. shipment. 

9.2 The purchase order will indicate if tests.are to be witnessed· by the 
.:ustomer. 
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1.0 SCOPE 

This specification covers materials and assembly of thermocouple extension 
wire and electronic signal wire. 

2.0 CODES AND STANDARDS 

2 .1 Therntocouple extension wire shall be manufactured in accordance wit·h NBS 
Standardized Materials for thermocouple extension wire and shall be 
calibrated to ANSI Standard C-96-1 for standard limits of error. 

2.2 Extension wire color coding shall comply with ANSI-C96-l. In multiple 
pair cables each pair shall also be number-identified. 

2.3 Electronic signal wire shall be copper and shall conform to applicable 
ASTM and ANSI specifications. 

3.0 THERMOCOUPLE EXTENSION WIRE - STANDARD TEMPERATURE 

3.1 Duplex 

7 !::rJ/?/J 

6/80 

3.1.1 Non-Shielded 

a) Individual conductors shall be 16 gauge, solid alloy wire, 
insulated with 15 mils of 1050C extruded PVC. 

b) The pair shall be twisted together, the lay of the twist to 
be no greater than two inches. 

c) The overall jacket shall be 20 mils of 80°c extruded PVC. 

3.1.2 Shielded 

3.1.3 

The shielded duplex shall be as described in Section 3.1.1, 
except: 

a) A bare 18 gauge, solid copper drain wire shall be added to 
the pair and the triplex bundle shall be protected with an 
insulated electrostatic shield, consisting of aluminum x 
mylar tape, helically applied with a 25 percent overlap. 
The aluminum shall be in contact with the copper drain wire. 

Armored 

The thermocouple extension wire shall be as described in Sections 
3.1.1 and 3.1.2 except an interlocked steel armor shall be added 
before the overall jacket is applied. 
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3.2 Multiole Pair 

3.2.l Cable Shield Only 

a). Individual conductors shall be 20 gauge, solid alloy t.rire, 
insulated t.rith 15 mils of 105°c extruded PVC. 

b) The conductors of each pair shall be twisted together, the 
lay oi the twist to be 1-1/2 to 2-.l/2 inches, staggered. 

c) A bare 20 gauge solid copper drain t.rire shall be added to 
the cable and the entire bundle shall be protected t.rith an 
insulated electrostatic shield, consisting of an aluminum 

d) 

x mylar tape, helically applied t.rith a 25 percent overlap. 
The aluminum shall be in contact t.rith the copper drain t.rire. 

An overall jaeket of ao0 c 
over the entire assembly. 
for 4 to 8 pairs; 60 mils 
for 36 to 48 pairs. 

extruded PVC shall be applied 
PVC thickness shall be: 45 mils 

for 10 to 24 pairs, and 80 mils 

3.2.2 Pair and Cable Shields 

· a) Individual: condui:tors t.rill b8 as described in Section 
3.2.l (a). 

b) The conductors of each pair shall be twisted together, the 
lay of the twist to be 1-1/2 inches. 

c) A bare 20 gauge, solid copper drain wire shall be added to 
each pair and the triplex bundle shall be protected with an 
insulated electrostatic shield consisting of aluminum x 
mylar tape, helically applied.t.rith a 25 percent overlap. 
The aluminum shall be in co~tact t.rith the copper drain t.rire. 
A s.eparate overlay of 2 mil mylar tape shall be applied to 
each shielded pair. 

d) The cable shielding shall be as described in Section· 
3.2.l (c). 

e) The overall jacket shall be as described in Section 
3.2.i. (d). 

3.2.J Ar.nored 

The thermocouple extension t.rire shall be as describ~d in Section 
J.2.1 and 3.2.2 except an interlocked steel armor shall be added 
before the overall jacket is applied. 

THER..'10COUP!.E EXTENSION w"IRE - HIGH TEMPERATURE 

4.1 Indi,ridual conduc::ors shall be 16 gauge, solid alloy t.rire, insulated 
with lZ mils of ~xtruded E'EP Teflon, covered with 8 mils of carded 
asbestos, :>ilicone i:::ipregnaced~ 

4.Z The individual conducto.rs shall be ::wisted ::ogecher, the lay of ::he 
twist: co be no great: er than ::•Jo inches. 
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4. 3 The electrostatic shield, i·f specified, shall consist of 34 gauge 
tinned copper wire served with a 90 percent coverage. 

4.4 The overall jacket shall be five mils of braided fiberlass, silicone 
impregnated. If pair is to be shielded, the overall jacket shall be 
ten mils of extruded FEP Teflon. 

5.0 ELECTRONIC SIGNAL WIRE 

5.1 Duplex 

5.1.1 Non-Shielded 

The construction shall be as described in-Section 3.1.1, 
except ·individual conductors shall be 16 gauge, solid copper, 
and the insulation shall be 90°C extruded ·PVC. 

5.1.2 Shielded 

5.1.3 

The construction shall be as described in Section 3.1.2, 
except individual conductors shall be 16 gauge, sqlid copper, 
·with 90°C extruded PVC insulation and the drain wire shall be 
18 gauge, solid copper. 

Armored· 

The electronic signal wire shall be as described in Sections 
5.1.l and 5.2.2 except an interlocked steel armor shall be 
added before the overall jacket is applied. 

5.2 Multiple Pair 

5.2.1 Cable Shield Only 

Construction shall be as described in Section 3.2.1, except 
conductors and drain wire shall be 20 gauge, solid copper, 
and insulation shall be 90°c extruded PVC. 

5.2.2 Pair and Cable Shielded 

Construction shall be as described in Section 3.2.2, except 
conductors and drain wire shall be 20 gauge, solid copper, 
and insulacion shall be 90°C extruded PVC. 

5. 2 .• 3 Armored 

5.3 !escs 

The eleccronic signal wire shall be as described in Sections 
5.1.1 and 5.2.2 axcepc an incerlocked sceel armor shall be 
added before the ·.Jverall j ackec is applied. 

5.3.l ?rior :o -~ssemi>l?, :ach individual conductor shall b~ subjecced 
co and pass a 3park ces2-of 6,000 voles AC co v~rify insulacion. 
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5.3.2 Prior to shipment, each length of finished product shall be 
checked for continuity of each conduct

0

or and shield. Each 
completed length shall be subjected to a 3,QQO volt DC 
dielectric test, conductor to conductor, and· conductor to 
s~ield. 
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1.0 SCOPE 

This specification covers the furnishing of design calculations, drawings, 
details, installation procedures, and materials for a complete electrical 
heat tracing system for piping, valves, vessels, instruments, and equipment 
to provide·freeze protection and/or temperature maintenance within specified 
limits. 

2.0 GENERAL 

The design, drawings, and materials supplied are subject to all conditions 
and instructions in the purchase order. The Seller shall be responsible 
for complying with all requirements. In the event of conflict between the 
documents, Seller shall ndtify Buyer and obtain resolution of the conflict 
from Buyer. 

3.0 CODES AND STANDARDS 

All design and materials supplied for·electrical heat tracing systems shall 
comply with the applicable sections of the latest revisions of the following 
codes and standards: 

National Electrical Code 
National Electrical Manufacturers Association 
Underwriters Laboratories 
Institute of Electrical and Electronic Engineers 
Insu}ated Power Cable Engineers Association 
American National Standards Institute 

NEC 
NEMA 
UL 
IEEE 
IP CEA 
ANS.I 

In addition, the design and materials supplied shall be in compliance with 
any state and local codes in effect in the area where the material is to 
be installed. 

4.0 OCCUPATIONAL SAFETY AND HEALTH STANDARDS 

4.1 Electrical equipment, materials, assemblies and subassemblies shall 
conform to the requirements of the Occupational Safety and Health 
Standards (OSHA), Subpart S-Electrical of the Code of the Federal 
Regulations, Title 29, Chapter XVIII, Part 1910, and shall be 
certified, listed, or labeled by a nationally recognized testing 
laboratory accepted by OSHA, such as the Underwriters Laboratories or 
Factory Mutual Engineering Corporation: 

4.2 Any assemblies or-materials supplied for electrical heat tracing 
systems that fall within the OSHA definition of "custom-made equip
ment," shall be factory tested in accordance with OSHA requirements 

ATTACHED FOIU1S REFERENCED .:.j 
ISSUE FOR PHASE ZERO UV,V 1-lt, 

.j·1 

~ 

A·. 6/80 ISSt.:ED FOR APPROVAL "jl:p ~~ 
14222 ASFI THE BP.ECKENRIDGE PROJECT AECI JOI NO. 

U.S."DOE COOPERATIVE AGREEMENT NO. DE-FCOS-800R20717~~~~~-~~~, .... rlC~A.·T~l~O~M~~A~:t"v" 
GENERAL SPECIFICATION 
ELECTRIC HEAT TRACING 142:!2-P-7 2 

SHHT __ ..,1 __ OF _....,,a.._ __ 



for this .type of equipment; Seller shall submit certified test reports 
to Buyer. 

5.0 SERVICE CONDITIONS 

5.1 All equipment and materials. shall be suitable for operation in 
climatic and meteorological conditions given in the b~sic design data 
sheet, Specification 14222-A-3, "Basic Engineering Data." 

5. 2 Where corrosive atmc·spheres are specified in the mate'J;'ial requisition 
or its attachments, materials supplied shall be selected to provide 
the greatest resistance to the corrosive agent. 

6.0 HAZARDOUS AREAS 

All materials supplied and the installation design shall meet all NEC 
requirements for the electrical classification of the area in which the 
installation is to be made. 

7.0 SCOPE OF SELLER'S WORK 

7.l Seller Shall Supply 

7.1.l All materials and equipment required for a complete electrical 
heat tracing system. These shall include but not be limited 
to heaters, cold junctions, thermostats, distribution panels, 
step-down transformers, contactors, and alarm panels. Distri
bution panels, step-down transformers, contactors, and alarm 
panels shall be grouped and installed in free standing 
cubicles or racks as specified in the material requisition. 
Buyer will provide power feeder to the cubicles and racks. 

7.1.2 All drawings, details, and installation instructions necessary 
· for field installation by Buyer. The drawings .shall include 
at least the following: 

7.l.2.1 A complete set of isometric drawings showing pipe 
numbers, heater and its number. thermostats, con
taceors, et.c, for all lines for which Buyer 
supplies piping isometrics. Cross-reference to 
installation details shall be shown on the Seller's 
isometric drawings. 

7.1.2.2 A complete set of plan drawings showing the locations 
of all cold junctions, thermostats, distribution 
panels, contactors, alarm panels, etc, and the con
duit and wiring required to interconnect all heaters 
and other equipment in the system. 

'Pa:ll'IC.\TIOll No.. __ u_2_2_2_-_P_-_1 __ 

3eller shall show conduit 3izes and ~uantity and 
3ize of wires contained therein. Seller shall show 
~eaters on these ?lan drawings for those lines 
:.ncluding field run ?ipe for which Buyer did not 
supply isometrics. 
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Cross-reference to installation details shall be 
shown for these heaters. The plan drawings shall 
show the location and size of power services that 
the Buyer is. to supply, Heaters for instruments and 
equipment also shall be .shown on these plan drawings. 

7.1.2.3 All details and instructions necessary for Buyer to 
perform field installation. 

7.1.2.4 All field supervision and checkout assistance on a 
per diem basis as called for in the material 
requisition. 

7.2 Seller shall perform all design calculations necessary to properly 
size heaters, power feeders to heaters, distribution panels, con
tactors, and stepdown transformers and shall submit to Buyer one 
reproducible copy of the calculations. 

7.3 Seller shall verify diameter and length at jobsite of all field run 
pipe requiring electrical tracing before fabricating heater elements. 
Field run pipe is any pipe for which exact dimensions are not shown 
on piping drawings. 

8.0 INFCRMATION SUPPLIED BY BUYER 

8.1 It is the .Buyer's intention to supply all necessary information and 
data to Seller. It is the Seller's responsibility to inform the 
Buyer of any oniissions or conflicts in the information and data 
supplied. 

8.2 The Buyer will supply the following drawings to the Seller: 

8.2.1 Plot plans showing the physical arrangeme~t and location of 
equ~pment pipeways. 

8.2.2 Electrical Area Classification drawing. 

8.2.3 Piping isometric. drawings for those electrically traced lines 
for which Buyer normally prepares such drawings. 

8.Z.4 Piping plan drawings or routing tlrawings showing lines for 
which Buyer normally does not prepare isometric drawings. 

S.2.5 Equipment drawings for vessels and other equipment that 
require electrical heat tracing. 

8.2.6 Installation details for instruments that require electrical 
heat tracing. 

8.3 Buyer will supply the following data to Seller: 

~ 8.3.1 Index of elect=ical traced lines (Form 808·), showing line 
number, size, ,,,nether freeze protec::ion ·.Jr -:emperature 
~aintenance is =eouired, insulation thickness, and holding 
temperature. Seller shall complete all information requested 
under "-Seat :'racing ileiererice Dat:a" on ?"orm 309. 
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8.3.2 Index of electrical traced instruments. 

8 .. 3. 3 Index of electrical traced equipment. 

8.3.4 Ambient temperature on which electrical heat tracing design 
is to be based. 

8.3.5 Supply voltages available for electrical heat tracing system. 

8.3.6 Preferred routing of conduits. 

8.4 Buyer will supply the following materials: 

8.4.1 All conduit, conduit fittings and wire required to connect 
the electrical heate·rs to their power source and to inter

. connect all thermostats and o·ther control devices and 
contactors. 

8.4.2 All conduit, conduit fittings and wire to provide electrical 
power to the system at the distribution points specified by 
Seller. 

9.0 EQUIPMENT .\ND MATERIALS 

9.1 Electrical Heaters 

Seller shall determine the size and length of each heater cable. 
Cables shall be fabricated to length and shall have cold junc.tion 
installed on them in the factory. Each cable shall have a stainless 
steel tag connected to the cold section with stainless steel wire. 
The tag shall show the heater number and circuit number to which it 
is to be connected. 

9.2 Thermostats 

Thermostats shall be supplied to provide "on-off" control of the 
tracing system. The number supplied and the location of the 
temperature sensing bulbs shall be based on providing the best 
possible temperature control for the electrically traced lines. 
Thermostats shall be located so as. to ·be readily accessible. Each 
thermostat shall be marked with the heater numbers that it controls. 
Thermostats shall be adjustable and shall be provided with enclosures 
suitable for the a~ea in which they are to be installed. 

9.3 Distribution Panelboards 

9.4 

Seller shall provide distribution panelboards circuited to provide 
?ewer co che individual heater element. Panelboards shall be the 
circuit breaker type With trip ratings sized ,Co protect the heater 
alements. ?anelboard enclosures shall be suitable ior the area in 
which the:r are to be installed. 

Step-down Transiormers 

Seller shall suppl:r all seep-down ::ransiormers required for the 
eleccrical heat tracing systam. :ransiormers shall be enclosed, dry 
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type, compound filled, suitable for the area in which they are to be 
installed. 

9.5 Contactors 

Where several heaters on different c•ircuits are controlled by the 
same thermostat, contactors may be installed to accomplish the on-off 
control. Contactors shall be heavy-duty industrial type, of adequate 
rating with enclosures suitable for the area in w.hich they are to be 
installed. 

9.6 Control Centers and Switchracks 

In areas outside the process units, where peavy concentrations of 
electrical tracing load occur, heat tracers, if adequately rated may 
be operated at the service supply voltage as specified in the 
material requisition. For these cases, control centers or switch
racks as specified in the purchase order shall be furnished to 
distribute power to che eleccrical cracing and co provide che on-off 
control function demanded by the termostats. 

9.7 Alarm Panels 

Alarm panels- shall. be provided with indicating lights. An indicating 
light shall be provided for each heater. The indicating light shall 
light when the temperature controller is calling for heat and there 
is no current flow in the heater. Each panel shall be prov~ded with 
a test button for checking operation of the lights. Each panel also 
will have a relay contact that will open if one or more of "the indi
cating lights is illuminated; the relay contact will be used to 

z• actuate the Seller's remote alarm. Each indicating light shall be 
identified by a nameplate specifying the heater number and circuit 
number to which it is connected. 

'° '° -,... ,., 
"' N 
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10.0 DRAWING. APPROVALS 

.The .Seller.shall submic design drawings and details as called for on Form 
15-A to.the Buyer for approval ·before-fabrication of any material 
or equipment supplied under the purchas·e order. Receipt of approved 
drawings by the Seller shall constitute a release for fabrication 
of material covered_ on the drawings unless otherwise noted. 
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1.0 GENERAL 

1.1 This specification covers the.furnishing and delivery of factory 
assembled and wired electrical equipment rooms in complete accordance 
with the material requisition an~ purchase order. 

i.2 The work is subject to all conditions and instructions in the documents 
listed as attachments to the requisition. The Seller shall be 
responsible for complying with and shall be governed by all the 
requirements thereunder. In case of conflict between documents, the 
more stringent requirements shall apply. 

2.0 CODES AND STANDARDS 

2.1 Electrical rooms and all equipment and wiring supplied therein shall 
be in accordance with the applicable sections of the latest revisions 
of the following codes and.standards. 

National Electrical Code 
National Electrical Manufacturers Association 
Underwriters Laboratories 
American National Standards Institute 
American Society for Testing.Materials 
Institute of Electrical and Electronic Engrs. 

NEC 
NEMA 
UL 
ANSI 
ASTM 
IEEE 

2. 2 Electrical equipment, ma'terial, assemblies, and s~b-assemblies shall 
conform to the requirements of the Occupational Safety and Health· 
Standards (OSHA), Subpart S-Electrical of the Code of the Federal 
Regulations, Title 29, Chapter XVIII, Part 1910, and shall be certi
fied, listed, or labeled by a nationally recognized testing 
laboratory accepted by OSHA, such as the Underwriters Laboratories 
or Factory Mutual Engineering Corporation. 

2.3 For those portions of the electrical rooms and the equipment inst~lled 
therein that fall within the OSHA definition of "custom-made 
equipment" sufficient tests shall be made and certified test data 
submitted to fulfill all OSHA requirements for this type of equipment. 

3.0 SERVICE CONDITIONS 

, 

The electrical rooms will operate under the climatic and meteroiogical 
conditions given in Specification 14222-A-3, "Basic Engineering Data." 
For general design loadings and criteria refer to Specification 14222-M-l . 
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4.0 DEFINITION OF VOLTAGE LEVELS 

The following definition of voltage levels applies to this specification. 
The ~eller must tefer cu ch~ raaterial requisition and its attachurent for 
exact voltage levels. 

Low Voltage 
Medium Voltage 
High Voltage 

600 volts and less 
601-5,000 volts 
5,001 volts and higher 

5.0 OUTLINE OF WORK 

The Buyer will install at the jobsite completely factory assembled, wired 
and tested electrical rooms made of structural seeel, plates, and panels. 
These rooms may contain high-, med~um-, and low-voltage switchgear, 
medium- and low-voltage mo~or control centers, lighting and control trans
formers, batteries, metering and relaying instruments, alarms,· control 
panels' and any other equipment shown on the drawings or called for in the 
material requisition. The electrical rooms shall be air conditioned and 
pressurized. The Seller of the electrical rooms Will be required in some 
instances to install other devices, components, or instruments furnished 
by the Buyer. 

6.0 WORK INCLUDED 

6.1 Furnish all ·material, equipment, and-the performance of all 
operations and incidentals necessary for designing, detailing, 
furnishing, fabricating, shop finish painting, and delivery of 
electrical rooms in accordance with this specification and the 
attached material requisition. Shipping sections or modules shall 
be completely assembled, wired, ~nd tested at the factory. Electrical 
room modules. and sections shall be assembled at the factory to such 
extent as to check the alignment. 

6.2 Where specified, furnish bus duct that connects equipment installed 
within electrical rooms to Buyer's transformers installed adjacent 
to electrical equipment rooms. The Buyer will supply transform.er 
throat details to the Seller of the electrical equipment rooms. 

6.3 Provide technical assistance, if requested, during field checkout 
on a ?er diem and travel expense basis. 

6 . .!t. Provide instruction manuals and drawings as required on Form· 15-A. 

6.5 ~o later chan two weeks after award of the purchase order for the 
electrical rooms, the Seller shall send to the Buyer's engineering 

.office from which the order originated, technically qualified 
representatives for discussions regarding design and fabrication 
~etails of the elctrical rooms and their components and compliance 
".Jith !:he :3pecifications. ill costs of the trip shall ')e t:o the 
Seller's account. 
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7. 0 WORK NOT INCLUDED 

7.1 Foundation and anchor bolts, 

7.2 Installation of electrical rooms at jobsite. 

7.3 Field connections to equipment wiring terminals within the rooms. 

7.4 Field installation of external bus ducts. 

8.0 DRAWING STANDARDS 

The Seller shall us~ graphic S)'111bols in accordance with the American 
National Standa:r.ds Institute Standard ANSI Y32.2. 

9.0 BUYER'S DRAWINGS 

Refer to drawings, as listed under attachments. in the material requisition, 
for single lines and preferred arrangements of main equipment contained in 
the electrical rooms. The Seller shall propose his own physical arrange
ment of principal equipment groups· other than the main incoming switchgear 
groups whose location is determined by the outdoor transformers. 

10.0 INFORMATION WITH PROPOSAL 

The Bidder shall submit drawings and data as requested in the Form of 
Proposal, in the instructions to Bidders, and in this specification. 

Tjle following drawings and data shall be submitted with the bid: 

.a. Proposed arrangement of components within an electrical room based on 
Bidder's standard equipment while allowing 30 percent empty space for 
future use. 

b. Front views of all switchgear. 

c. An isometric drawing of a typical room module. 

d. A complete list of equipment the Seller intends to supply and· the 
manufacturer thereof. 

e. Dimensions and weights of equipment. 

11.0 DESIGN AND CONSTRUCTION OF ELECTRICAL ROOMS 

Ll.l Structure 

Electrical rooms shall have overall inside width of 10 ~o 14 feet. 
The width shall ~e ~onsistent with the ~inimum requirements oi the 
equipment ~o ~e ~ounted in the rooms, and the aisle space needed for 
1Jreaker or 3tarter '.-lit:hdrawal. Height shall be 12 '-6" minimum and 
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shall be such as to provide adequate wiring space on top of the 
switchgear and motor control centers. The total length shall be as 
shown on the drawings. Electrical room sections or modules shall be 
standardized on a maximum practical length. The base shall be made 
of structural steel members and shall withstand the live and dead 
weight of all equipment when mounted on pier-type foundations. 
Foundation piers shall be at 10-foot maximum centerline spacings 
unless otherwise specified. Particular attention must be placed on 
floor bracing where drawout breakers or starters may be removed from 
the cubicles or from the electrical rooms. Floor shall be made of 
q~rter-inch, minimum, steel plate. Sidewalls and roof shall be of 
2-inch -insulated aluminum or steel.panel-type sandwich construction. 
Doors shall be of #12 gauge steel, fire door construction type, with 
integral frame ~nd complete with interior panic bar, hinges, and 
locks. All nuts and bolts used in the structure shall be stainless 
steel. 

Electrical room sections, doors, and openings shall be gasketed for 
weather protection and for supporting an inside positive pressure 
of 1/4-inch water column. Lifting and jacking facilities shall .be 
provided for each shipping section or module. Lifting facilities, in 
the form of spreader bars or equivalent, shall be arranged for 
lifting by a single crane. 

11. 2 Painting 

All steel members including steel siding shall be painted with one 
coat of inorganic zinc· primer and two coats of a normal build, white 
vinyl paint. 

Floors shall have a non-skid vinyl finish. 

Equipment and electrical room components shall have manufacturer's 
standard exterior finish. 

11.3 Electrical Room ~acilities 

ll,J,l f;l.ectdc9l t'QQ~ ~h~U Qe pr9vi,ded with a closed-loop heating 
and air conditioning system for the control of temperature, 
humidity, and cleanliness of the air within the electrical 
rooms. Inside design conditions shall be as follows: 

Summer - 30-9QOF - 45%-55% relative humidity 
Winter - 50-6QOF 

Outside design conditions are given in Specification 14222-
.::\.-3, "'Sasic Engineering .Data." 

For the design of the air conditioning system, the Seller 
shall consider the amount of heat generated by the various 
equipment mounted inside the electrical rooms while 
operating at tull ~ameplate rating •. The air conditioning 
failure alarm contact shall be •..rired to che electrical room 
annunciator. 
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Power for the heating and air conditioning equipment shall be 
obtained from the low-voltage motor control centers. Pro
visions shall be made to accept.Buyer's temporary power 
supply to operate this equipment prior to electrical room 

.commissioning. 

11.3.2 Electrical rooms shall be pressurized with at least 1/4-inch 
water column. On loss of pr.essure, an alarm at the electrical 
room annunciator shall indicate. that condition. This alarm 
shall have an adjustable time delay. 

il.3.3 A complete interior fluorescent lighting system, 120/240V; 
single-phase, shall be provided. It shall be controlled by 
three-way switches located near the doors. The lighting 
level shall be minimum 25-foot candles. Duplex receptacles, 
120V, two-pole, three-wire, shall be installed in convenient 
locations inside the rooms. 

Outdoor lighting fixtures shall be installed above each 
access door, and as requested on the material requisition. 
They shall be 120V, 175W, mercury vapor, weather protected, 
and controlled by a common photoelectric cell. The same 
photo cell shall operate the outdoor area lighting system 
supplied from the electrical room throu~h lighting co?tactors. 

11.3.4 If specified, bus duct from transformers shall enter the 
electrical room through the side wall nearest to the trans
formers at a height which will allow the shortest bus duct 
run with the minimum number of bends. 

11. 3. 5 Buyer's conduits and/ or cable·s will· enter the electrical rooms 
through the.sides, ends, and/or bottom as called for in the 
material. requisition and its attachments. 

Removable #lZ gauge gasketed steel plates, suitable for 
field drilling of conduit and cable entrances, shall be 
provided in the floor under the cable entrance sections of 
all floor-mounted equipment. In addition, removable plates 
as described above, shall be provided on side and end walls 
oi electrical rooms if called for in the material requisitions 
or its attachments. Separate plates shall be provided for 
each cubicle of switchgear and medium voltage starters and 
for each two vertical sections of low-voltage motor control 
centers. 

Interconnecting wiring between equipment installed in 
electrical rooms shall be installed in rigid conduit or 
surface metal raceway. Gable tray shall not be used unless 
specifically called for in the material requisition or its 
attachments. 

Seller shall install a surface metal raceway system Eor 
3uyer' s ;,nring :rom low •:oltage motor control centers to 
,.:onciuit and/or cable entrances in walls or electrical room. 
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!he space between the top of a macer concrol cencer or 
svicchgear and the roof of the room shall be enclosed with 
removable places excending along the f ronc of the equipment: 
up to the roof, Openings shall be provided for penecracions 
of ra~eways and conduit: crossing the aisle. !he space 
behind the places shall concain the ~aceway and conduit: 
system for incerconneccing wiring and the raceway system 
for Buyer's low-voltage wiring. 

11.3.6 A bare .250MCM stranded copper ground cable shall be 
installed around the perimecer of the eleccrical room. Each 
equip111enc ground bus shall have two #4/0 AWG conneccions to 

·this ground cable. !he electrical room scruccure shall also 
be connecced to this ground cable. Provision shall be made 
at two diagonally opposite corners of the electrical room 
for Buyer's connection to the ground cable. 

Where modules or sections .require a split of the ground 
cable, suitable pressure-type connectors shall be supplied 
by Seller for field assembly of the ground bus cable. 

11.3.7 All internal wiring within.an electrical room shall be 
furnished and installed at the factory. Interconnecting 
wires and cables between room modules shipped separately 
shall be disconnected at one end, tagged, ·and protected 
from damage during shipment. • 

All mocor scarters, breakers, switches, or panels shall be 
completely wired. All control and relaying circuits 
requiring field.connections shall be wired to- terminal . 
blocks. Wiring for control circuits within an electrical 
room component shall be single conductor stranded copper 
having heat resistant type insulation. Conductors shall be 
neatly trained and grouped together using wire cleats or 
straps supported along equipment wireway$. 

All concrol terminal blocks shall have pressure-type screw 
terminals. A minimum of 20 percent spare terminals shall 
be provided on every· terminal block. 

Power cables becween low-voltage switchgear and motor concrol 
centers shall be as shown on the single-line drawings. !hey 
shall be !ype XHHW or THW unless otherwise specified. 

11.3.3 ~ameplaces shall be provided cor each piece of equipment: or 
device ~o~nced inside the eleccrical rooms. Nameplates 
shall be lamicoid engraved on black face to white core~ 

!he size of the nameplate, the height:, and spacing of the 
lei:cering 3hall be Seller's st:andard but: not less chan 1/4" 
hi~h. Tile description of the engraving will be given co the 
~quipment Seller with the purchase.order. 
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12.0 ~IN EQUIPMENT SPECIFICATIONS 

For detailed design and construction specifications for equipment such 
as switchgear, motor control, etc, to be installed in electrical room, 
see the material requisition and its attachments. 

13.0 MiSCELLANEOUS EQUIPMENT SPECIFICATIONS 

13.l Bus Ducts for High-, Medium-, and Low-Voltage Services 

When specified, connections between the switchgear and outdoor power 
transformers shall be made with bus ducts and shall be supplied by 
the Seller. Bus ducts shall be suitable for the current ratings 
indicated in the. drawings. The conductors are to be copptH or 
aluminum bars and all joints are to be electrolytically silver 
plated. Cable bus shall not be used. 

The metal enclosed bus shall be of non-segregated, three-phase, non
ventilated construction, vermin-proof type with suitable interior 
non-ferrous fire barriers at the penetration through the electrical 
room wall. 

Bus duct shall be suitable· for outdoor service and shall be 
protected with space heaters supplied from the switchgear control 
power distribution panel. .These heaters shall prevent condensation 
when the ·transformers are out of service. Suitable removable 
covers shall be provided at appropriate locations to permit. 
installation and maintenance. 

Each ·metal enclosed bus shall have a suitable clamp-type lug for 
grounding with 4/0 AWG copper conductor, mounted at each end of 
the housing. 

The metal enclosed bus bracing shall match dynamically and thermally 
the momentary rating of the switchgear it supplies. Each metal 
enclosed bus shall be supplied with flanges at the electrical room 
wall entrances. They shall seal the entrances and shall be suitable 
for installation after the bus housing has been put in place. The 
design of the bus ducts and terminal connectors shall be such that 
two inches of relative movement between the room and the trans
former, in all three axes, is possible without damage to the trans
former, bus duct, or switchgear. Flexible connectors for this 
?Urpose shall be used. Transformer low-voltage throat location and 
dimensions will be given co che electrical room Seller with the 
?urchase order. 

13.2 Control Power Panels and Supoly 

~ach double ended substation shall be provided with a control power 
distribution panel fed from either one of two control power trans
:ormers by means of an automatic throwover device. 

Distribution panel shall Je single-phase. three-wire 120/240V. At 
~east JO percent spare Jreakers shall be provided. 
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Control power transformers shall be dry type and of sufficient 
capacity with primary fuses and secondary circuit breakar. 
Secondary winding shall be 120/240V. 

Unless noted on the material requisition, the above equipment will 
be used only for the control and accessory needs including lighting, 
of each double-ended substation and· its switchgear. 

13. 3 ·Batteries and Battery Charger 

13.4 

Tripping and unlatch-to-close power for all switchgear shall be as 
shown on material requisition and shall be supplied from individual 
batteries located in a special collll'artment of each switchgear 
assembly. 

·Batteries shall be alkali type. Battery capacity shall permit at 
least one simultaneous trt°pping of all breakers (including four 
future), followed by a sequential reclosure of all breakers. 

Batteries shall be furnished complete with battery racks, intercell 
connectors and all other standard acce.s.sories ne¢essary for satis
factory operation. Each battery shall be provided with a constant 
voltage full-wave rectifier type battery charger, Silicon-controlled 
rectifiers shall be ellll'loyed as power control elements. Sensing, 
control, and firing modules shall be of the plug-in type. Charger 
shall be connected to the single-phase, switchgear control panel. 

The follo"wing accessories shall be mounted on each charger: 

One de output voltmeter One de low-voltage alarm relay 
One de output ammeter One float and equalize. switch 
One ac input circuit breaker One equalize pilot light 
One de output circuit breaker Two ground detector lights 
One ac power "on'.' pilot light One ground detector switch 
One ac Failure alarm relay 

Annunciators and Alarms 

When specified, each electrical room shall be provided with a wall
mounted modular annunciator panel located within sight of the door. 
Annunciator shall operate on 120V ac. 

Alarm signals will originate from the conditions indicated in the 
drawings. Each annunciator shall have a "first-out" feature and 
shall transmit a.common alarm to a master annunciator remotely 
located. 

The annunciators shall be furnished collll'lete with an exterior alarm 
horn located.on top of the room. local acknowledge, reset. and 
test pu~hbuttons. Annunciators shall be of a quality comparable to 
Scam "Series 70." · 
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The sequence of operation of an annunciator shall be as follows: 

Audible Alarm Local and 
Condition Reset Acknowledge Test Outside Room Remote Lamp 

On-Normal Off Off Off Off Off 
Ol;f-Normal Off Off Off On Flashing 
Off-Normal off· On Off Off .Steady 
On-Normal Off Off Off Off Steady 
On-Normal On Off Off Off Off 
Test Off Off On Off All Lamps 

Steady 

Buyer reserves the right to determine the annunciator supplier to 
match annunciators used elsewhere in the plant. 

13.5 Prote.ctive Relavs 

All protective relays indicated in the drawings shall be provided 
by Seller. 

13.6 Instruments 

Indicating ammeters, voltmeters, and wattmeters shall be four-inch 
size. with expanded scale and taut-wire suspension. All instruments 
shall be flush or semiflush mounted. 

13.7 Test Terminals 

Current and potential circuits shall be provided with test blocks 
for connection of test or metering equipment. 

13.8 Communication Facilities 

All communica~ion facilities within the electric·al ·equipment rooms 
will be supplied by the Buyer. Seller of electrical rooms shall 
accommodate the Buyer's needs for space during·· the course of detail 
design. 

13.9 Accessories and Tools 

The Seller shall furnish for each electrical room one complete set 
of accessories and special tools other than those normally available 
for- use· .in assembly, repair·,· and maintenance. of the switchgear· and 
com?onents of the alectrical room. 

The accessories shall include, but shall not be limited to, the 
follo.t.ring: 

4.16KV breaker manual closing device and insertion mechanism 
operating handle. (one .. set for each electrical room): 

Test plugs for drawout meters and relays. (one set only) 
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Breaker an~ starter removal devices or tools. 

High- and medium-voltage breaker external 
cest control boxes. 

One set for each electrical 
room including lifting 
device, when required. 

In addition to the above, Seller shall furnish two test and cali
bration kits for the low voltage switchgear static trip devices, 
when such devices are used. 

13.10 Ground-Fault Protection 

Ground sensor current cransf ormers and the corresponding solid state 
drawout type ground relays shall be installed in the equipment as 
shown in the one-line diagrams. Control power for the ground 
relays shall be 48V or 125V de in the medium- and low-voltage 
switchgear> and 240V ac at the medium-voltage starters. Vendor 
shall supply a completely coordinated high-resistance ground 
protection and detection system based on ground sensing CTs and . 
relays. For the 480V system, a portable ground detection device 
shall be provided for individualizing a MCC feeder ground fault. 

14 TESTS 
In addit'iOU"co the test required under Sections 2.2 and 6.1, all equipment 
shall be tested for proper operation in Seller's plant. These tests will 
be witnessed by the Buyer. 
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I. The project telecommunications and associated facilities shall bP. 
classified and defined in three separate categories. These are as 
follows: 

f Pioneer Development 

I Construction 

I Plant Operations 

Pioneer Development requirements will ideatify those telecommunications 
services and facilities required to support pioneer operations at the 
plant site office or .nearby temporary offices leading up to kick-off of 
the construction phase. 

The construction phase will specify telecommunications services and 
facilities requ1red to support all aspects of the construction effort 
throughout the life of the project. Construction telecommunications 
systems shall be time-phased with relation to the work being performed 
so that optimum utilization of all sub-systems can be efficiently 'realized. 

The plant operational phase shall set forth and define all telecommuni
cations sub-systems renuired by the plant operator to eff~ctively 
operate and maintain the overall·plant complex. 

During the course of the,prelirninary engineering phase, a close evaluation 
will be made of those telecommunications sub-systems required for the 
construction phase and th~ir appli~ation, expansion,and convertability 
to the plant operational phase. This will ensure the engineering uniformity 
of equipment for conversion and integration into the operational phase 
and will prevent duplications in all cases. 

A typical list of telecommunications systems which shall be considered 
during the preliminary engineering phase and their association to the 
various project activities are set forth below: 

A. PIONEER DEVELOPMENT 

9/26/80 
9/19/80 

1. Telephone services available from local telephone company 
2. Local area mobile radio service 
3. Telex service 
4. Facsimile terminal 
S. Computer remote access terminal . 
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B. CONSTRUCTION SUPPORT 

1. Job site direct dial telephone switching system (PABX): 

Located in the main construction office,to be used for all 
telephone traffic at the job site in all construction 
offices as required. The PABX will ·also switch construction 
computer data traffic (such as the.R&C IBM job site Sys. 34 
Information Services Network) telex, and facsimile traffic. 

2 •. Outside cable plant: 

Includes all. direct buried" telephone cable, computer· cable 
·connecting the job site System 34· CPU with all work 
stations. cross-connect pedestals, manholes, handholes, 
pole lines, grounding systems,and all other telecommuni
cations facilites installed outside buildings at the 
job site. 

3. Land mobile radio·system: 

Includes radio base station in the ::iain construction 
office, mobile radios, hand held portables. cross--connect 
for access into the PABX network as may be.required for 
all job mobile radio seryices. 

4, Land mobile radio telephone ·system: 

Mobile radio telephone typically GE ~STR II. !MIS, Motorola 
PULSOR IM'IS, or similar units for key job site personnel. 

S. Radio paging system: 

Radio base station, pocket pager units with single and 
multiple unit battery charge'rs,for calling selected 
personnel in the job site area. 

6. Emergency medical system: 

. .\I:lbulance installed and first aid unit installed life sign 
telemetering systems for land mobile radio transmission 
and telephone channel transmission. 

i. Computer data ::.erminaL circuits for 1200/2400/4800 baud rates: 

Computer data channel for R&C Information Services System 
34 or System 38 networks. 

8. Tele.'<: terminal: 

For all job site telex traffic. 

9. Facimile terminal: 

for all job site facimile service. 

lft_.-1 __ _ »GI' _2 ___ _ 4 
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10. Security telecommunication channels: 

Delicated telephone channels or other wire lin1;: channels 
for security status at key points, alarm signals, and 
controlled remote gate access as· required. 

C. PERMANENT PLANT OPERATIONS 

1. Direct dial telephone system with PABX: 

Permanent installation for direct dial telephone circuits 
in various facilities such as: 

I Administration building offices 
I Laboratory 
I Fire station 
I First aid unit 
I Security office 
I Central control room· 
t Area control rooms 
I Operating equipment rooms 
I Tank farm 

Main sub station 
Cooling Tower 
Flare areas 
Utility plant 
Process area:s 
Storage_ receiving ·and shipping·areas 
Maintenance shop 
Warehouse 
Cafeteria facilities 
Change house 
Channels for computer data transmission 
Channels for f acimile and telex service 
Delicated channels for security status points 
Security gate houses 

4. Mobile radio telephone system: 

3. 

(same equipments and system as. for construction) 

Maritiine mobile radio: 

For radio traffic with shipboard radios aboard river tug 
boats and associated barge trains. 

SNC1r1cATIOll ,.0. l4222-P-~ 
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4. Land mobile radio services: 

Radio base station with vehicle mounted radios and 
hand held portables for: 

I Plant operations and maintenace 
I Fire and safety 
I Security 
I Emergency medical system 
I Railroad operatio,ns 

S. Radio paging system: 

(same0 equipment and system as for construction) 

6. Telex and facimile service: 

(same equipment and system as for constri,iction) 

7. Administration Teleconferencing system: 

Equipment such as .speaker telephone sets or custom 
teleconferencing equipmenc for teleconference needs as 
required. 

8. · Sec~rity Channels: 

T~lephone channels, dedicated wire lines, for security 
status and alarm at selected security points with same 
equipment and systems as used for cbnstruction. 

9. Intra-plant page party system: · 

~!ultichannel page party system for plant operations in all 
control rooms, operating equipment rooms, storage shipping 
and receiving areas,flare areas~ process areas, and 
sub station. 

10. Outside Cable Plant: 

(same equipment and systems as for construction) 
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· i.a SCOPE 

1.1 This specifications covers the basic requirements relative 
to the design, details, materials and construction of all 
foundations. 

1.2 -In case of conflict bet:Ween the requirements of this 
specification and the drawings, the drawings shall govern. 

2.0· CODES, STANDARDS AND SPECIFICATIONS 

Design, materials, fabrication, and erection of the structures as 
a whole, and all structural elem~nts and connections thereof, 
shall conform to the requirements of the following codes, stan
~ards, and specifications, except as modified or otherwise spec1-
fied. hereinafter. 

2.1 Abbreviations as used in this specification shall have the 
following definitions: 

ACI - American Concrete Institute 

ASTM - American Society for Testing and Materials 

2.2 Codes and Standards 

ASTM A36 Specification for Structural Steel, i977a •. 

ASTM A307 Specification for Carbon Steel Externally Threaded 
Strandard Fastener, 1978. 

ASTM A615 Deformed and Plain Billet-Steel Bars for 
Reinforcement, 1979. 

UBC Uniform. Building Code of the International 
Conference of Building Officials. 1979. 

A.'lSI A58·. l Building Code Requirements for ~inimum DesiITT\ 
L.:iad::i .Lu Buildings and Ut_her Structures, 1972. 

ACI 318 Standard Building Code Requirements for Rein
forced Concrete, 1977. 

2.3 Reference Specifications: 

14222-M-l ·oesign Structures 

14222-Q-Z Plain and Reinforced Concrete 

DllDl'lC&TIOll 110. __ 1.l4_2_2_2·_q-_L __ 1n_ ....... 1 __ 
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3.0 GE~ERAL 

3.1 Definitions 

3.1.l Owner -Ashland Synthetic Fuels, Inc. and Airco Energy Co., 
Inc. or their designated representative. 

3.t.2 Buyer - Bechtel or their designated representative. 

3.1.3 Engineer - Owners or Buyer designated Engineering 
Representative. 

3.2 Tvpes of Foundations 

4.0 DESIG~ 

3.2.l Foundation types shall.be determined by data 
developed through soils'i?IVestigation. 

4.1 General Design 

4.1.l Design shall be based on recommended allowable 
loadings and predicted settlements, as 
developed by the soils investigation. 

4.1.2 Design loads and loading combinations on founda-
tions shall be as set forth in Specification 14222-M-l,· 
"Design of Structures". 

4.1.3· Minimum stability ratios of foundations shall be 
as set forth in Specification 14222-M-l. In computing 
stability ratio, the weight of soil and pavement 
lying directly above any individual footing may be 
taken into account. Stability ratio is defined as 
stabilizing moment divided by overturning moment. 

4.1.4 Foundations for loads of 2000 pounds or less in 
paved areas or on floor slabs may be made integral 
with the slab. Provision shall be made to distrib
ute such loads properly. 

4.2 Rotating Equioment Foundations 

4.2.l The ratio of foundation to equipment weight shall 
be at least 3:1 this applies to foundations for 
small equipment with the combined weight of the 
rotating parts less than 3000 lbs or pumps below 
j00 horse power. 

These limits do not apply to compressors, these 
shall be assessed individually as to the necessity 
fo.r dynamic analysis of the foundation. But in any 
case shall have a ~inil:!um foundation to equipment 
weight ratio af 5:1. 
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4.2.2 Foundations for heavy rotating equipment incl~din~. 
but not limited to, reciprocating and centrifugal 
compressors, and large pumps, shall he investigated 
for response to the imposed cyclic loadings and unbalanced 
forces and moments. Such found~tions shall be analyzed 
by recognized dynamic methods and in accordance·with the 
dynamic. soil characteristics given in the soils data. 
The foundation shall be so proportioned as to assure 
safe, smooth, trouble-free behavior under operating 
conditions. 

5.0 GENERAL DESIGN REQUIREMENT 

5.1 Details 

5. l. l 

S. l. 2 

5. l.J 

The depth of soil bearing foundations must extend to a 
:ninimum of 1 1 -6 11 below finished grade level. The bottom 
oi foundation shall be located below the frost line to 
?revent frost heave. 

The elevation of the top of grout shall be a minimum of 
l'-0" above high point of paving or of finish grade. 

ln cryogenic service "permali" insulating blocks· are to 
be used. 

5.2 Anchor Bolts 

5.2.l 

5.2.2 

Anchor bolts are. to be galvanized in accordance with 
ASTM Al53. 

ln all foundations, care shall be taken to provide adequate 
lateral support for anchor bolts in the form of adequate 
ties and/or appropriate distance to edge of concrete~ 

The minimum distance from the edge of the concrete to the 
centerline of the bolt shall be 3~ inches or 4 bolt 
diameters, whichever is greater, unless each anchor bolt 
is tied back with the equivalent of the 90° corner 
oi a tie, as follows: 

MnlIMmf SIZE OF 
BOLT DIAMETER REnlFORCED BAR !lE 

UP TO l" NO. J 

1-1/8" to 11-" . NO. 4 

1-3/4" ~ OVER ~o. 5 

J~l'IGATIOll NO. 14222-9- l in_ ... 1 __ _ 
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5.2.3 

Provide 3" minimum clearance between the edge of 
the foundation and face of the anchor bolt sleeve. 

Note: Bolts spaced less than 12 diameters with 
an edge distance less than 6 diameters shall have 
reduced shear and tension values per UBC. 

Paticular attention is called to the case of piers 
supporting exchangers and horizontal vessels where 
anchor bolts are subjected to large lateral loads, 
such as thermal expansion. In this ·case, complete 
ties shall be used near the top of the pier to pre
vent spalling. 

On foundations for small equipment, tha requirements 
of this Paragraph may be ignored when it is apparent 
that normal treatment is adequate. 

For column,vessel and stack foundations requiring 
more than 7 anchor bolts, l!z;" diameter or larger, 
sleeve nut type anchor bolts shall be used. For 
column, vessel and stack foundations requiring 
smaller and/or fewer anchor bolts than stated above, 
regular type anchor bolts, .placed with a uniform 
projection, shall be used. (See 6.3.1 for anchor 
bolt standard). 

5.3 Vertical Vessel Foundations 

5.4 

5.3.l 

5.3.2 

Generally, all foundations for vertical vessels 
with a skirt diameter of 6'-0" and above are to be 
octagonal. 

When ground bearing pressures dictate the octagon 
size to be greater than the vessel diameter plus 
3'-0", a double octagon plinth type foundation is 
to be used. 

The minimum size of the top octagon measured 
across the flat:s is to be calculated using the 
skirt bolt circle diamet:er plus l'-6". 

The top of grout elevation shall be l'-0" above 
high point of paving and the top of grout eleva
tion of the top of the bottom octagon is to be 
a minimum of 2'-6" below hign point paving. 

Foundation for Horizont:al Vessels and Exchangers 

5.4.1 Usually horizontal vessels are to be supported 
at their saddle positions on independent 
foundat~ons, unless economic considerations 
justify a combined footing. 
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5.4.2 Slide plates must be provided for both fixed and 
free ends of vessel supports. 

S.5 Foundations for Pioeracks 

5.5.l The minimum size of the p~er in plan area is to be 
calculated from the plan area of the steel base 
plate plus l~" proje-ction all round. 

6 .-0 MATERIALS 

6.1 Concrete 

6.l.l 

6.l.2 

All concrete materials, testing, furnishing, pro
portioning and construction shall be in accordance 
with Specification 14222-Q-2. 

Minimum compressive· strength of concrete at 28 days 
shall be 3000 psi, unless otherwise specified on the 
drawings. 

6.2 Rebar 

6.2.l Reinforcing steel shall be ASTM A615, grade 60 
using the allowable stresses as stated in the 
ACI Specifications "StandardBuilding Code Require
ments for Reinforced Concrete". · 

6.3 Anchor Bolts 

6.3.l Anchor bolt material shall be ASTM 36. Anchor 
bolts shall be in accordance with Specification 
14222-M-l, Table l unless otherwise detailed on 
the drawings. 

6.4 · Slide Plate. 

6.4.l Slide plate, material shall be ASTM 36. 

7.0 CONSTRUCTION 

7.1 

7.2 

All foundations shall be placed on undistti:Db'ed· ~oil. Whe.i:e 
axcavations are made coo deep, they shall be filled to the 
level oi bottom of foundation with lean concrete (3 sacks per. 
cubic ;rard). Earth or sand backfill compacted to 95% maximum 
density, in accordance with the modified AASHTO method, :nay be 
used if approved by the Engineer. 

No concrete shall be placed on frozen subgrade or one that 
contains frozen materials. Concrete shal:l not be placed 
i.n standing water on subgrade or in e."<cava·tions. 

wtQl'ICATIOle JeO. llf222-4-l in_..-L..__ 
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7.3 In clay soils where drying shrinkage of soil may occur, 
foundations to be soil-supported shall be poured within 
36 hours after excavation is completed. If a delay beyond 
this time in pouring foundation should be necessary, a 
lean concrete seal slab of 2 inches minimum thickness 
shall be poured in the bottom of the excavation immediately 
after·excavation is completed. Top of this slab shall be 
at the designated elevation of bottom of foundation. 

7.4 Heavy eauipmemt shall not be set sooner than 10 days after 
pouring of· foundations. 

7.5 All earth 't1ackf1ll shall be thoroughly compac~ed around 
foundations or other substructures. Special care shall 
be taken to ensure that maximum density of fill is obtained 
around reciprocating compressor or other equipment founda-

. tions subject .to vibratoI'j'l forces. Fill around foundations 
shall be placed in loose layers of a~· maximum. thickness 
and each layer thoroughly consolidated by mechanical tampers 
to the density requirement stated on the drawings or as 
otherwise specified. · 

7.6 All anchor bolts shall be protected against corrosion and 
damage during const.ruction. 

7.7 Water shall be removed from sleeves around anchor bolts 
before grouting. Where fros~ damage to the concrete may 
occur the measures shall be taken to prevent water from 
collecting in the sleeves during construction. 

Special care shall be taken to assure that sleeves around 
anchor bolts are, in all cases, completely filled with 
grout before grouting under base and ring plates. 

7.8 Refer to Specification·l4222-Q-2, Plain and Reinforced Concrete, 
for materials and procedures to be employed in grouting under 
equipment. 
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. 1.0 SCOPE 

1.1 This specification covers materials, proportioning, mixing, 
placing, testing, curing, and other related.requirements for 
all concrete used in structures, foundations, floors, and 
paving. 

l. 2 In case of .conflict between the requirements of ·this speci
fication and the drawings; the drawings shall govern. 

2.0 CODES, STANDARDS AND SPECIFICATIONS 

Design, materials, fabrication, and erection of the structures as a · 
whole, and all stuctural elements and connections thereof, shall 
conform to the requirements of the following codes, standards and 
specifications, except as modified or otherwise specified hereinafter. 

2.1 Abbreviations as used in this specification shall have the 
following definitions: 

ACI American Concrete Institute 

ANSI - American National Standards Institute 

ASTM - Ame~ican Society for Testing and Materials 

tJBC Uniform Building Code of the International 
Conference of Building Officials· 

OSHA - The Occupational Safety and Health Act 

2.2 Codes and Standards 

ACI 318 

tJBC 

ANSI A58.l 

OSHA 

ACI 305 

ACI 306 

Standard Building Code Requirements for 
Reinforced Concrete, 1977. 

Uniform Building Code of the Internation4.l,· 
Conference of Building Officials, 1979. 

Building Code Requirements for ~inimum Design 
Loads in Buildings and Other Structures, 1972. 

The Occupational S~fety and Health Act, 1978. 

Hot Weather Concreting, 1977. 

~ecommended Practice for Cold \leather Concreting, 1972. 
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ACI 311.lR 

ACI 347 

ASTM A82 

ASTM Al85 

ASTM A615 

ASTM C31 

ASTM c33· 

ASTM C94 

ASTM Cl50 

ASTI1 Cl71 

ASTM C260 

ASTM C494 

Hanual of Concrete Inspection, 1975. 

Recommended Practice for Concrete Form Work, 1978. 

Standard Specification for Cold-Drawn Steel 
Wire for Concrete Reinforcement, 1979. 

Standard Specification for Welded Steel Wire 
Fabric fo~ Concrete Reinforcement, 1979. 

Deformed and Plain Billet-Steel Bars for 
Concrete Reinforcement, 1979. 

Standard Method of Making and Curing Concrete 
Test Specimens in the Field, 1975. 

Standard Specification for Concrete Aggregates, 1978. 

Standard Specification for Ready-Mixed Concrete, 1978 a. 

Standard Sp~cification for Portland Cement, 1978 a. 

Specific9tion for Sheet·Materials for Curing 
Concrete, 1975. 

Specification for Air Entraining Admixtures for 
Concrete, 1977. 

Standard Specification for Chemical Admixtures 
for Concrete, 1979. 

2.3 Reference Specifications 

14222-M-l Design of Structures ' 

14222-N-6 Fireproofing of Vessels and Structural. Steel 

14222-Q-l Foundations 

3.0 GENERAL 

3.i Definitions 

3.1.l Owner Ashland Synthetic Fuels, Inc. and AIRCO 
Energy Co., Inc. or their·oesignated Representative 

3.l.2 Suoerintendent Bechtel's Project Field Superintendent 

'~"CATIOll "°"--l4_z_z._z._-q...._-2 __ 1 in ____ _ 
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3 .l.3 

3 .l.4 

3.1.5 

Engineer 

Inspector 

Bechtel's Project Engineer 

Owner's or Bechtel's 
Designated Representative 

The 1Jord "approved" as used herein shall mean· as 
approved by the Engineer. 

4.0 CONCRETE MATERIALS 

4.1 Portland Cement shall conform to the "Standard Specifications.for 
Portland Cement", ASTM Cl50. Type I cement shall be used in all 
cases exce~t the following: 

4.1.l 

4.1.2 

4.1.3 

4.1.4 

For high early strength use Type !II. 

Type II shall be used where installation will be in contact 
with sa~t 1Jater, or soil or water which contains harmful 
sulphate concentrations •. 

Type II shall be used for massive structures, and in cases 
where drying shrinkage must be controlled. 

Types IV and V, or ocher special type cements shall be used 
only as specifically called for on the drawings. 

4.2 All aggregates, unless otherwise specified, shall conform to the 
"Standard Specifications for Concrete Aggregate", (ASTM C33). 
Fine aggregate shall consist of clean, washed, natural or crushed 
sand of .uniform gradation~ Coarse aggregate shall consist of washed 
gravel or washed crushed stone, having hard, strong, durable pieces, 
free from adherent coatings, or other weak deleterious substances. 

4.3 Concrete aggregates shall not be delivered to the mixing plant until 
the Superintendent has approved the pit source. the plant and its 
capacity and ability to produce a uniform and continous product. 
Certified copies of satisfactory tests by an app·roved testing 
laboratory will be accepted for aggregate quality requirements. 
!he source of aggregate supply shall not be changed during the course 
of the job without approval of.the Engineer. 

::..4 ~-Tater for mi.:ting concrete shall be clean. and free from injurious 
amounts of soil. acid. alkali. organic matter, sulphates, or other 
substances that can adversely affect concrete strength or durability. 
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4.5 Dry-Pack mortar, as referred to in Section 17.2, and when called for 
on the drawings, shall consist of 1 part of Portland cement to 2-~ 
parts sand by volume mixed with just sufficient water to produce a 
stiff consistency that can be efficiently rammed into place without 
sagging. One hundred percent of the sand shall pass a No. 16 screen. 

4.6 For equipment bearing grout materials, see Section 17.0. 

5.0 REINFORCEMENT 

5.1 Metal reinforcement shall conform to the requirements of the "Standard 
Specifications for Billet-Steel for Concrete Reinforcement", ASTM A615, 
Grade 60, unless otherwise specified. 

5.2 Welded wire fabric or cold-drawn wire for concrete reinforcement shall 
conform to the requirements gf the "Standard Specifications for Welded 
Steel Wire Fabric for Concrete Reinforc'ement", · ASTM Al85, or "Cold
Drawn steel Wire for Concrete Reinforcement", ASTM A82. 

5.3 General construction details and workmanship relative to reinforcement, 
including bar bends,, lap splices and installation, shall be in accordance 
with ACI 318, Chapter 7 and Chapter 12. 

5.4 Metal reinforcement, at the time concrete is placed, shall be free 
from oil or grease, loose rust or scale, or other coatings that will 
impair the bond. 

5.5 ~etal reinforcement shall be accurately placed in accordance with the 
plans and shall be adequately secured and held in position by metal 
chairs and spacers. Ties at intersections shall be made with No. 12 
annealed wire. Wherever conduit, piping inserts, sleeves,. etc., 
interfere with placing of reinforcement as called for, proper adjustment 
shall be made as directed by the Inspector, before concrete is placed.· 

5.6 Splices in reinforcement shall be ~de and located only as called for 
on the drawings, in the construction notes, or as otherwise approved 
by the Engineer.· 

5.7 ~inimum concrete coverage over reinforcement shall conform to ACI 318, 
Section 7.71, unless otherwise called for on the drawings. 
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6 • 0 ADMIXTURES 

6.1 Cht=ical admixtures shall be used in concrete-to improve its 
characteristics in one or more respects including economy, 
strength and durability, workability, watertightness, drying 
shrinkage behaviour, and increased resistance to damage from 
cyclic freezing and thawing. 

6.2 The selection of the admixture(s) to be used in the mix 
shall be based on an appropriate evaluation of its effects 
which shows it to be desirable for use in the particular 
concrete and under conditions of use intended. The admixture 
to be used shall be selected by the Engineer or subject to 
his approval. Unless otherwise specified, use shall.be limited 
to the types generally recognized as a) water reducing, b) set
controlling, c) air entraining, or combinations of these 
functional types. 

6.3 Water reducing and set-controlling admixtures shall conform 
to. ASTI1 C-494, Chemical ·Admixtures for Concrete. 

6.4 Concrete subject to cyclic freezing and thawing shall contain 
an air entraining admixture conforming to ASTM C-260 and 
capable of entraining 3 to 6% of air. 

7.0 MIXING PL\NT 

Concrete may be obtained from a mixing plant at the jobsite or from 
a ready-mi.~ plant. In either case, concrete production and delivery 
shall meet the requirements of the "Specifications for Ready-Mi.~ed 
Concrete" ASTI1 C94 in addition to the provisions of this specification. 

8.0 PROPORTIONING OF CONCRETE 

8.1 The proportions of water, cement and aggregate, as determined 
by the testing laboratory, and/or approved by the Engineer, 
shall be carefully maintained. ~o deviation fron these pro
portions. especially by addition of water, shall be made without 
approval of the Inspector. 

8.2 ~-rnen duplicating the selected trial batch for the project. 
c~e ~oisture content of the aggregate under job conditions 
shall be determined. This quantity shall be included in the 
amount ·:ii water required by the selected water-cement ratio. 
The :inal concrete mix shall have the same weight proportions 
or cement. fine aggregate, coarse aggregate and water as the 
approved select·ed mix. 
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8.3 Solid materials shall be meas~red by weighting.. One cubic foot of 
Portland cement. weighing 9·4 pounds equivalent to one sack 
or ~ barrel, shall be the reference unit for all proportions 
established by selected trial mix. The apparatus provided 
for weighing the aggregate and cement shall be suitably 
designed and constructed for this purpose. Fine aggregate 9 

coarse aggregate, and the cement shall be weighed separately. 
The accuracy of all weighing devices shall be such that successive 
quantities can be measured to within one percent of the desired 
amount. Cement furnished in standard packages (sack) need not 
be weighed. Proper control of mixing water shall be maintained at 
all times. Mixers with automatic water measuring drums, equipped 
with control devices, accurate to plus or minus ~ percent of the 
capacity of the tanks, shall be used. 

8.4 The mixing equipment shall be capable of combining the aggregates, 
cement, and water within the specified time--·into a thoroughly 
mixed and uniform mass, and of discharging the mixture without 
segregation. Xi.~ing shall be done in a batch mixer of approved 
type. The entire batch shall be discharged before recharging. 
Mixing periods shall be measured from the time when ail of "the 
solid materials are in the mixer drum, provided that all of the 
mixing water shall be introduced before one-fourth of the· mixing 
time has elapsed. 

Mixing time shall be as follows: 

a) For mixers of one-yard capacity - l~ minutes. 

b) For mi.~ers of capacities larger than one cubic yard, the 
time of mixing shall be increased 15 seconds for each 
additional half cubic yard capacity, or fraction thereof. 

Ready-mi.~ed concrete conforming to ASTM C94, may be furnished 
to the jobsite, contained in a truck mixer of the revolving 
drum type,watertight, and so constructed that the concrete 
can be mixed to insure a uniform distribution of materials 
thr.~11ghout the mass. The concrete shall be discharged from 
the truck mixer 'Nithin 1-~ hours after introduction of· the 
1o1ater to the·. cem~nt and aggregate, or the cement to the 
aggregate and in any event, prior to onset of initial set. 

S~•IGATIOll ieo._1_4_zz_i-Q_,_-_2. __ l in ___ _ !laf __ 1 __ °" --~---



9 .0 FOR..'15 

9.1 Concrete shall,in every case, be carried to the minimum 
dimension lines called for on the drawings. 

9.2 Fotms shall be of sufficient strength and rigidity to main-. 
tain their position and shape under loads incidental to 
piacing concrete. 

9.3 Tolerances for Concrete Construction 

9.3.l 

9.3.2 

9.3.3 

General 

The Contractor shall be responsible for setting 
and maintaining.. concrete.. forms . ." suffic~tly within 
the tolerance limits so ·-·as to ensure completed 
work within the tolerances specified hera:iln. 
Concrete work that e.~ceeds the tolerance. limits 
specified herein shall be remedied or removed ana 
replaced at the e.~ense of and by the Contractor. 

Table of Tolerances for 

See Section 7.5 of ACI 

Table of Tolerance 

ITEM 

Variation from the 
plumb in the lines 
and surfaces of 
columns, piers and 
walls 

Variation from the 
level or from ~he 

grades indicated on 
the drawings 

for 

Placins Reinforcement Steel 

318. 

Reinforced Concrete 

DISTANCE 

In any 10 ft. 
of length 

Maxim.um for 
entire length 

Structures 

PERMITTED 
TOLERANCE 

+ ~ in. 

+ l in. 
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ITEM 

In floors 

Variations in the 
thickness of slabs 
and walls and in the 
cross-sectional 
dimensions of columns 
and beams 

Footings, variation 
of dimensions 

Misplacement or 
eccentricity 

Decrease of 
specified thickness 

DISTA!.'l'CE 

In any 10 ft. 
of length 

In any bay or 
1n any 20 ft. 
of length 

· Maximum for 
entire length 

2 percent o~ 
width in the 
direction of 
misplacement 
but no more 
than 2 in. 

Less· than 5% of 
specified thickness 

PERMITTED 
TOLERANCE 

+ It; in. 

+ 3/8 in. 

+ 3/4 in. 

- It; in. 
+ ~ in 

2 in. 

Tolerances shall be kept within the limits shown in 
"Recommended Practice for Concrete Form Work" (ACT 34 7) 
Section 3.3. 

9.4 Forms ties, or tying methods, which can cause rust or discoloration 
on concrete exposed to view, shall not be used. Spreaders and tie 
wires shall be cut back at least ~ inch from surface and ·damage to 
concrete neatly patched. 

9.5 Forms for concrete above grade shall be o"f plywood, metal, 
.Jr "Sonotube" type prefomed cylinders. 

9.6 Forms for surfaces which will be eX!'osed, except those sur
faces to receive special finishes, shall be coated ~ith 
approved parting agent before the reinforcement is placed. 
Surpl~s coatings on the forms shall be removed prior to 
concrete ?lacement. Care shall be taken that the parting 
agent does not get on concrete or reinforcement which is to 
bond '.Jith new concrete. For:ns for a."'<posed concrete 
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surfaces to receive pa·int or similar coating shall be 
sprayed with lacquer, shellac, paint or other approved 
preparations that will leave the concrete surface free 
from oil or grease. 

9.7 The treated surfaces of forms shall be protected against 
direct exposure _l:o the sun while not in use. Wood forms 
for surfaces which will not be exposed may be thoroughly 
wetted with water in lieu of form coating, except.that 
in cold weather with probable freezing temperatures, 
coating shall be used. · 

9.8 All edges and corners of exposed concrete shall have a 
one-insh chamfer, except the follQwing: 

a)· Tops of piers supporting horizontal ~essels. 

b) Concrete edges providing direct support for 
floQ~ing,or to which steel will be attached 
for flooring support. 

9.9 Side forms shall not be removed for 3 days after placing 
unless otherwise approved by the Engineer •. 

9.io Forms and supports for bottom of slabs, beams and watertight 
basins shall not be removed for 7 days after placing unless 
otherwise approved by the Engineer. 

10.0 CONCRETE PROPERTIES 

10.l Concrete shall be furnished for the indicated use and loca
tion. as specifically called for on the drawings or as 
otherwise specified or approved by the Engineer. 

10.2 Standard grout for use at construction joints shall be of 
the same mi.~ type and have the similar sand/cement propor
tions as the concrete with which it will be used. 

10.3 No gap graded concrete shall be permitted in the work. 
Concrete mixes shall contain all aggregate size groups 
up to _and including the ma.~imum size used. 

10.4 Slump & Consistency 

10.~.l 

S~l'IC.&TIOll 110. 142ZZ-Q-2 

In general. the quantity or total mixing water 
3hall be limited to an amount producing the lowest 
slump concrete that can be properly consolidated 
under e.~isting placing conditions. 

lft _ _.1 __ ....,. __ 1ilig __ 



-4 
-4 -,... .., 
Q' 
N 

I 

= 

10.4.2 The "Average Slump" shall be less than the "Working 
Limit" where the "Working Limit" is the maximum 
slump for estimating the quantity of mixing water to 
be used in the concrete. The "Inadvertency Margin" 
is the allowable deviation from the "Working Limit" 
for such occasional batches of concrete as may 
inadvertantly exceed the ''Working Limit". These 
requirements are summarized in Table 1. 

10.4.3 Upon discovery ·of slump falling in the "Inadvertency 
Margin", immediate steps shall be taken to reduce 
slump to within the "Working Limit", and succeeding 
batches shall be checked for slump until the ·~~orking 
Limit" is achieved. Concrete of lower thau specified 
slump may be used provided it can be properly placed 
and consolidated. 

10.4.4 The Inspector shall verify the quantity of mixing 
water co assure conformance with the various limits 
on slump specified in Table 1, and to assure that the 
water cement ratios established by laboratory tests 
for the approved mixes are not exceeded. 

10.4.5 ·Consistency shall be uniform from batch to batch. 
The quantity of mixing water shall be varied from 
batch to batch as necessary to offset variation in 
moisture content or grading of the aggregate, but the 
total mixing water shall not exceed the water-cement 
ratio established for any specified design mix type_. 

10.4.6 Concrete that has been rejected for failure to 
meet slump limits shall not be salvaged for use in 
the work. Increased mixing time, addition of dry 
materials, or similar modifications of a rejected 
limits shall not be.permitted. 

10.4.7 Slump readings shall be taken at not less frequent 
intervals than consitent with the following events: 

a) At changes in moisture content of aggregate. 

b) Whenever c~rlinders are made for testing. 
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c) Every 100 cubic yards produced under conditions 
of consistent mix characteristics. 

d) Each batch delivered following a ~lUDll> test : 
falling in the "Inadvertency Margin". 

11.0 PLACING CONCRETE 

11.1 

11.2 

Before placing concrete, all equipment for mixing and trans
porting the concrete shall be cleaned. All debris, mud, 
snow and ice shall be removed from spaces to be occupied by 
the concrete.· Immediately prior to placing concrete 1all 
form and soil'surfa~es shall be thoroughly wetted. 

.Uuminium and aluminium alloy material shall not be used in 
conveying equipment including pump lines tremies and chutes. 

Short chutes used to remove concrete from transit truck 
mi..~ers are excluded from this restriction. 

11.3 Concrete shall be deposited as nearly as praticable in its 
final·position to avoid segregation due to rehand.ling or 
flowing. The concreting shall be carried on at such a race 
that the concrete is ac all times plastic and flows readily 
in€o the spaces between the bars. No concrete that has par
tially hardened or has been contaminated by foreign material 
shall be deposited on the work, nor shall retempered 
concrete be used. Concrete shall not be deposited during 
rain unless adequately.protected from rain until it has 
hardened sufficiently so that it will not be damaged. 

If conditions make it necessary to drop concrete more ~han 
five feet when placing, it shall be chuted. 

11.4 All ends of chutes, hopper gates, and· other points of 
concrete discharge shall be so designed or fitted with suit
able baffles that concrete passing from them will not segre
gate during .its free fall into place. 

11.5 As concrete is placed, it shall be adequately vibrated with 
internal vibrators to the point of consolidating into a 
dense homogenous mass thoroughly .ambedding the reinforce
ment, and filling all corners and angles. At the same time, 
it shall be worked with suitable tampers, or other tools to 
acco~lish this purpose. Care shall be taken not to vibrate 
concrete excessively, or to ocher#ise work it in a manner 
~hat causes segregation of its constituents. 
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11.6 When concreting has started, every effort shall be made to 
carry it on as a continuous, uninterrupted operation until 
the scheduled pour is completed. 

11.7 In pouring walls, the concrete surface shall be brought up 
as nearly level as possible in order to prevent th~ [unna
tion of unsightly inclined joints. Freshly placed columns 
or walls 12 feet or more in height shall be allowed to. set 
for at least two hours before pouring beams or slabs 
thereon. Joints at tl1lese locations shall be cleaned in 
accordance with Paragraph 15.3. 

11.8 Where concrete is placed on soil it shall be placed only on 
firm undisturbed ground or engineered fill. Concrete shall 
not be placed in standing water on subgrade or in foundation 
excavations. 

12.0 COLD AND HOT WEATHER CONCRETING 

12.1 Moderate Weather Precautions (45°F to 70°F) 

During moderate weather (air temperature above 45°F), 
fresh concrete shall not be placed at a concrete temperature 
lower than 40°F unless provision is made for protection · 
against air temperature variations below 40°F for not 
less than 72 hours after placing. 

12.2 Cold Weather Concreting 

Cold weather concreting shall conform to the "Reconm1ended 
Pratice for Cold Weather Concreting" (ACI 306) and as 
follows: 

12.2.1 Concrete as deposited in the forms during cold 
weather shall have a temperature no~ lower "than 
the followign °F· 

Thin Sections Mass Concrete 
Less Than 2-~ Feet or 

Air 2-~ feet in More in Least 
Temo. OF Least Dimension Dimension 

30 to 45 60 50 

0 to 30 65 55 

Below 0 70 60 

Maximum temperature of concrete at time of 
placement in above air temperature ranges shall be 90°F. 
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12.2.2 Before concrece is placed, all ice,. snow, and 
frost shall be completely removed form surfaces 
which will be in concacc with the concrece. These 
surfaces shall be raised to a temperature above 

0 35 F. No concrete shall be placed on a frozen 
subgrade or one that contains fro~en materials. 

12.2.J Concrete shall be protected from freezing by 
adequate covering and heating for seven (7) days. 
Adequate equipment for protecting concrete from 
freezing shall be available at the jobsite prior 
to placing concrete. Parcicular care shall be· 
exercised to protect: edges and e.~posed corners 
from freezing. Forms shall be removed· and the 
concrete member shall be complecely enclosed in an 
ambient: air temperature not more than 10°F 
above or below the placing temperature of the 
concrete. ~o curing water will be required if 
steam~is employed. If heat is used, care shall be 
taken to insure that no pare of the concrete 
becol!U!S dried out or is heated to temperatures 
·above 90°F. When dry heat is use.d·, the 
concrete shall be adequately cut'e.d by one· of the 
methods specified in Section 13.0. The housing, 
covering, or other protection used shall remaiii in 
place and intact·at lease 24 hours after the 
artificial heating is discontinued. 

12.2.4 Calcium chloride shall not be used as an accel
erator except with the.-approval of t:he Engineer. 

12.3 Hot Weather Concreting (Air temperature above 70°) 

12.3.l Hot·weather conc:racing shall cotifom co· "Hoc 
Weather Concreting" (ACI 305R) arid as fo.llows: 

12.3.2 Unless otherwise. specified, all concrete members 
2-~ feet or more in thickness shall have a 

. 0 
placing temperature of not more than 75 F, and 
all other concrete shall have a maximum placing 
t~erature of 85°F. To prevent the tempera
ture of the concrece from exceeding these limits 
during warm weacher, effective measures shall be 
employed for reducing the temperature of 'the 
concrete, such as: (1) cooling the aggregate; 
(2) shading materials and facilities from direct 
rays of the sun; (3) insulating water supply 
lines; (4) cooling of mixing water; (5) intro
duction of flaked ice into the mL~; or other 
effective ~ethods. 
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13.0 CURING 

13.1 ·concrete shall be cured by any of the following methods unless 
specified otherwise. 

13.1.1 

13 .. 1.2 

13.1.3 

13 .1. 4 

13. 1. s 

Sll'ml'ICATIOll MO. l42Z2-Q-2. 

MOIST CURING 

Newly placed concrete shall be kept wet by the 
continuous application of water with a nozzle, 
soakers, or wet burlap for the first 7 days after 
the concrete has been placed. This ·curing water 
shall be clean and free of contaminating sub
stances that.will discolor the concrete. 

BLAi.~TING METHOD 

The entire surface shall be covered with a blanket 
of sand or earth not less than 2 inches in thick
ness. Immediately after placing, ·the blanket shall 
be thoroughly wetted and kept saturated for not 
less than 7 days after being placed. 

COTTON MAT METHOD 

The entire surface shall be covered with heavy cotton 
mats laid directly upon the concrete. Immediately 
after placing, the mats shall be thoroughly wetted 
and kept saturated for not less than 7 days. 

WATERPROOF PAPER OR PLASTIC MEMBRANE METHOD 

The entire surface shall be covered with water
proof paper or plastic sheet laid directly upon 
the concrete. The material shall conform to ASTM 
Designation C-171. The sheets shall be lapped not 
less than 4 inches at edges and ends!, and be 
sealed with adhesive or pressure-sensitive tape no 
less than 1-1/2 inches in width. The membrane shall 
be weighted to prevent displacement. Holes 
appe:ring in the membrane during the curing period 
shall be immediately patched. The membrane shall remain 
intact for not less than 7 days after placing. 

LIQUID MEMBRANE METHOD 

Unless othet\vise specified, the liquid membrane-
· curin~ compound shall be Clear Seal NO. 150 as 
manufactured by Grace Construction ~aterials Co., 
Cambridge, Hassachusetts, or approval equal. 
Application shall be in accordance with 
manufacturer's instructions • 
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13.2 Liquid ~e?Dbrane (13.1.5) shall not be used on surfaces to 
receive special protective coatings, applied toppings, 
architectural plaster, paint finishes, or similar high 
bond coatings, except as specifically called for on the arawings. 

14.0 SLAB FINISHES 

Finished slab surfaces shall be true plane· surfaces, with. a tolerance 
of 1/8 inch in 10 feet unless othenoise indicated. Surfaces shall be 
pitched to drains as required. The dusting of finished surfaces with 
dry materials other than for abrasive finish shall not be permitted. 
Finish to be provided shall be as called for on the drawings and shall 
conform to the following requirements. 

14.1 STEEL TROWEL F°INISH 

Surfaces indicated co have steel trowel finish shall be· finished 
by tamping the concrete with a mesh tamper to depress the coarse 
aggregate sufficiently to bring the matrix fines to the surface, 
then screeding and striking with straight edges to bring the 
surface co the required finished level. While the concrete is 

·still green, but sufficiently hardened to bear a man's weight 
without excessive imprint, it shall be floated either by hand or 
mechanical means co a true, even·· plane with no coarse aggregate· 
visible. Sufficient ·pressure shall be used on the float to 
bring moisture to the surface. After surface moisture has 
disappeared, the. surface shall be machine or hand troweled to 
a smooth even finish. 

14.2 WOOD FLOAT FINISH 

Surfaces indicated to receive wood float finish shall be 
screeded to the required level with a straight edge and finished 
with a wood float. 

14.3 SCREEDED FI~ISH 

Surface indicated to receive screeded finish shall be screeded 
to the required level with a straight edge only. 

14.4 BROOMED FI~ISH 

14.3 

Surfaces indicated to have broomed finish shall be as speci
fied :or steel trowel finish and the surface shall be broomed 
after completion of the troweling with a horsehair bristle 
brush or broom in a direction per?endicular to the main 
line oi craf:ic. 

ABRASI\'E FINISH 

Surfaces indicated to have abrasive finish shall be finished 
as specified Ear trowel finish. it:1111ediately following which. 
an abrasive material.shall be evenly applied to the surface 
ac a C'ace of not less than l/4 pound ·:>f abrasive '.ltaterial co 
e:ich square foot ·:> f suface. The surfaces shall then be 
hanci steel troweled. 'ibe abr.asive :naterial snail be Sonneborn 
Buildin~ Produces. Inc., "Frictex NS" "r approved equal. 
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f 4. 6 HARDENERS A1.'l'D COLORING AGENTS 

15.0 JOL'l'TS 

Hardeners and/or coloring agents shall be applied as called 
for on the drawings, and in accordance with the manufacturer's 
instructions. 

15.l Joints shall not be made in horizontal framing members 
unless called for on the drawings. For treatment of hori

' Zontal joints in columns and walls, see Paragraphs 15.3 
and 15.4. 

15.2 Joints-called for on the drawings are mandatory. Where not 
so called for, they may be provided at the option of the 
Superintendent. In general, continuous pours of slabs on· 
grade should not exceed 25 feet in eithe.r dimension without 
jointing. Joints in elevated slabs should be located pref
erably at midspan between adajcent supporting members. 

15.3 Construction joints in main structures shall be prepared by 
·any of the following described methods in which all laitance 
shall be removed down to sound mo.rtar matrix, leaving· clean, 
sound aggregate exposed over the entire joint surface, but 
not undercutting the large aggregate particles. These 
procedures do not apply to joints in floors or pavement slabs 
or in secondary structures, e.g. manholes or minor foundations. 

15.3.l 

15.3.2 

SA.i.'IDBLASTING OR HATERBLASTING 

Wet sandblasting or high pressure waterblasting 
shall be performed before placing forms. The 
operation shall be continued until all unsatisfactory 
concrete and all laitance, coating, stains, debris 
and other foreign materials are removed. The surface 
of the concrete shall then be washed ·thoroughly to 
remove all loose material. 

SURFACE RETARDA.i.'IT COATINGS 

Surface retardant coatings for unformed surfaces 
shall be "Rugasol-C" (as manufactured by Sika Chemical 
Corporation), or" or "Rugasol-FD" for formed surfaces, 
or approved equals. Manufacturer's instructions 
for application and cleaning shall be followed. 
Joints ?re?ared in this manner shall be equal to those 
obtained bv ~et sandblasting. Precautions shall be 
taken to prevent any retardant· coat:ing macerial ·from 
getting on reinforcement steel. 
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15.J.J AIR-WATER CUTTING OF HORIZONTAL JOINTS 

Air-water cutting (green cutting) of a construction 
joint shall be perfo~ed after initial set has taken 
place but before the concrete has obtained its final 
set. The surface shall be cut with a high pressure 
air-water jet to the prepared condition specified in 
Section 15.3. After cutting the surface it shall be 
washed and rinsed as long as there is any trace of 
cloudiness of the wash water. Where necessary to remove 
accumulated lai~ance, coatings, debris and other foreign 
material, sandblasting or waterblasting, bush hammering 
or ocher means shall be employed immediately before 
placing the next lift to supplement air-water cutting. 

15.4 All concrete joint surfaces to receive new concrete shall be 
free of surface water but shall be in a saturated surface 
dry condition. All horizontal surfaces shall be covered 
immediately before the concrete is placed with 1/2 inch of 
grout thoroughly broomed into the surface. For congested 
areas where brooming is impossible, the grout shall be 
forced ahead of the concrete. The grout may be eliminated 
on minor foundations where neither high· streqgth nor water
tightness is a requirement, or where regular concrete can be 
'-JOrked into a readily· accessible j oinc surface. ' 

16. 0 tvATERSTOPS 

16.l Waterstops shall be installed and located as called for on 
the drawings. 

16.2 Wacerstops shall be accurately cut, fitted, and fully and 
integrally jointed at sectional joints and angular junctions 
co provide a continuous, watertight diaphragm at.all points. 

16.3 Adequate provisions shall be made for the support and pro
tection of waterstops du~i~g the p~gg~ess of Che work. 
Damaged stops shall be replaced and/or repaired as required 
before embedment in concrete. 

17.0 BEARING GROUTS .Ai.'ITD GROUTING 

17.L In general, grouting beneath base. bed, and ring plates 
should ~e done with sand/cement base materials. Epoxy base 
:naterials may be· used under ser•rice conditions noted below. 

17 .2. 

l7.3 

Grouting of non-critical ~quipment, e.g. column base.plates, 
small pumps, vessesls, ~cc., where high-strength and no
shrink properties are not oi prime importance, may be done 
with Dry-Pack mortar as described in Section 4.5. 

Precision grouting of ~ajor maechanical and other critical 
equipment shall be done ~Jith a proprietary product specially 
formula~ed for this use and having the following chemical 
and physical characceriscics. 

a) Non-rusting or staining 
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17.4 

17 .5 . 

17.6 

17.7 

L7.8 

b) No-shrink dimensional stability 

c) Compressive strength, 9000 psi at 7 days 

d) Flowable placing consistency and fully 
self-leveling characteristics 

e) No genera.tion of expansive forces during set~ing 

f) No continuous confinement required during setting 
period 

g) Unaffected by exposure to the service temperatures 

Some high-performance pre-mixed grouting materials and the 
maximum continuous temperatures to which they can be exposed 
in service are: 

"Embeco 636", Mfg. by Master Builders 300° F. 

"F-100" Mfg. by Sauer~isen Cements Co. 750° F. 

"Five Star Grout" Mfg. by company ·of same name 300°.F. 

Epoxy resin base, aggregat.e filled, proprietary grouts may 
be used provided that the grout will not be exposed to tem
peratures exceeding 200°F for general use, or 150°F for 
precision grouting of major mechanical equipment, including 
vessels. 

The handling and placing.of pre-mixed proprietary grouts 
shall be done strictly in accordance with the manufacturer's 
recommended procedures. 

Heavy equipment shall not be set sooner than lO·days after 
pouring of supporting elements. 

Foundation surf aces on which grout is to be placed shall be 
provided with a rough, clean surface such as obtained by one 
of the methods specified in Section 14. All loose material 
and laitance shall be removed from such surfaces before 
equipment to be grouted is placed. 

Special care shall be taken to ensure that sleeves around 
anchor bolts are. in all cases, completely filled with grout 
before ?lacing grout under base and ring plates. 

REPAIR OF CONCRETE 

18.1 Repair of voids, honeycomb, sandpockets, excessive finning, 
and other similar gross imperfections, shall be·completed as 
soon as practical after removal of forms. Curing procedures 
shall not be delayed or interrupted while making such repair3. 

18.2 Honeycomb, voicis. sandpockecs. and damaised areas shall be cleaned 
out to sound concrete by chipping so as to provide a square 
shoulder poc less than 1 inch deep all around. 
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18.J 

13.4 

18.S 

Orv-Pack, shall be used t:o fill cleaned-out voids nominally 
not exceeding 6'! in depth. or 1 cu. ft. in volume. Concrete 
of t:he same mix characteristics as t:he concrete t:o be 
repaired shall be. used t:o fill larger voids where, in t:he 
opiui1,m uf the inspector, a sounder patch can be achieved 
t:han by t:he use of Dry-Pack. ·Procedures.shall be employed 
that will assure complete filling of t:he void with dense 
Dry-Pack or concrete and, on exposed surfaces.result in an 
appearance acceptable to Company. For Dry-Pack mix propar~ 
tions refer to Section 4.5. 

For large repairs generally exceeding 6'.' in depth or l cu. 
ft. in volume, a coating of an epoxy resin concrete adhesive 
shall be neatly applied over the surface of void t:o be 
patched illlmediately before piacing Dry-Pack or repair 
concrete. The adhesive compound shall be Thiopoxy 62, A.C. 
Horn product as manufactured by Grace Construction 
Materials, or approved equal. Application shall be in 
accordance wit:h t:he manufact:urer's instructions. 

Voids not: requiring epoxy adhesive as specified in Section 
18.4, shall be wetted and be in a surface damp condition at 
t:ime of placing Dry-Pack. 

19.0 TESTI~G LABORATORY 

An approved testing·laboratory shall be retained by Bechtel to perform 
t:he following work: 

19.1 Confirm t:he quality and determine the proportions of materials 
which must be used t:o furnish concrete having t:he required 
compressive strength at t:he age of 28 days, and other properties 
conforming to the requirements of this specification. Final 
mixes shall be approved by the Engineer prior to placing of 
concrete. Seven-day compres~ion tests on the t:rial mix'es shall 
be performed before such approval is given. 

19.2 :fake routine laboratory compression t:ests of concre·te te.st 
cylinders and render test reports on same. Test reports shall 
show location where. specimens were taken. dates taken, ultimate 
compressive strength and remarks on characteristics of cylinder. 
Copies of reports shall be furnished t:o the Engineer, the 
Superintendent, and t:he Company. These cests shall be made 

IQ ~ 
.&. .. • J 

in accordance ~.Tith r:he "Standa,rd Method of Test for Compressive 
Strength of :!olded Concrete Cylinders'', ASr.1 039. 

!'o make other t:ests of materials as required by t:he Engineer 
or Inspect:or. 

-· 
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.20.0 INSPECTION 

20.1 Inspector shall be invested with full authority to control 
proportioning, mixing, handling, placing, and curing of all 
concrete, and shall verify that all concrete mater~als and 
work conform to the requirements of this specification. 

20.2 Inspector shall verify that the proper ingredient propor
tions, correct· time of mixing and other specified procedures 
are maintained at the concrete. batching plant. 

20.3 Inspector shall take the concrete samples and make a minimum 
of four test cylinders from every sample, as described in 
Section 20.3.1. Each cylinder shall be dated, given a num
ber, and the point in the structure from which the sample 
was taken noted thereon. Test cylinders shall be made at 
the job and stored in accordance with the "Tentative Method 
of Making and Curing Concrete Compression and Flexure Field 
Specimens in the Field", ASTM C31. These cylinders shall be 
tested as follows: a) One at 7 days; b) One at 28 days; c) 
Two cylinders to be stored in the field and cured in the same 
manner as poured concrete and be tested at the discretion of 
the Engineer. 

20. 3 .1 · Samples s·hall be taken from each complete pour for 
individual foundations or structures supporting 
main processing units, heavy mechanical equipment, 
buildings storage tanks, and from other important 
concrete structures, in accordance with the 
following schedule: 

~o. of Cubic Yard 
I~ Any Individual 
Foundation or Structure 

0 - 50 

51 - 200 

201 - 350 

351 - Over 

No. of Samples 
l'o be Taken 

One for each 
25 Cu. Yds. 

One for e'ach 
50 Cu. Yds. 

One for each 
75 Cu. Yds. 

One for each 
100 Cu. Yds. 

20.4 The Inspector shall make other tests on concrete deliv-ered 
to ::he work including, but not necessarily limited to, 
slump, air content and temperature. 
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20.5 Inspection and field tests shall conform to ACI Manual of 
Concrete Inspection, ACI 311, and to the applicable ASTI1 
specifications referenced therein. 
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TABLE 1 

CONSISTENCY REQUIREMENTS 

Sl.lltll' HEqll I HEHENTS 

HOHKINC: LHll'I' AT 
POlN'f 01" l'l.ACEHEN'I' ( 1 n.) 

5 

6 

j!~ 

J 

3 

3 

J 

Z'-·2 

INADVERTENCY 
MARGIN (in.) 

2 

2 

2 

}!5 

1!2 

l~ 

REJECTION 
LIMIT (in.). 

5 

5 

4l1 

4!2 

4 

' * f'c NOHMAJ.LY l\'l' 28 DAYS UNLESS OTUERIHSE SPECIFIED. 

~ 

HAXUlllM 
AGGREGATE 
SIZE (in.) 

3/4 

3/4 

1!2 

3/4 

}l:z 

3/4 

P:! 

USE AND LOCATION 

ELECTRICAL DUCT ENVELOPE 

LEAN CONCRETE BACKfILL 

CONG~STED REINFOHCEMENT 
STRUCTUHAL WALI.S AND SLABS 
LESS THAN 12 11 TlllCK 

MASS FOUNDATION. WAI.LS AND 
ELEUENTS OVER 12 11 THICK 

SAME AS FOR 3000 f'c 

SAME AS FOR 3000 f'c 

SAME AS FOR 3000 f'c 

SAME AS FOll 3000 f!c 
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1. GENERAL 

1.1 SCOPE 

This specification establishes the design requirements for sewers and 
drainage. Extent of work shall be as shown on Bechtel proposal drawings. 
Supplemetai or modifying requirements to this specification shall be 
as shown on Bechtel project drawings or specifications, or addendum 
hereto. 

1.2 RELATED DOCUMENTS 

Refer to applicable sections of following documents for additional 
requirements: 

Bechtel Construction Specification S-522 - Sewer & Drains 
Project Specification 14222-S-2 - Design of Roads & Paving 
~ational Plumbing Code - ANSI A40.8 
Local Building -Codes · 

1.3 BASIC DESIGN DATA AND FOR..'1ULAS 

The following formulas and procedures shall be used in the design of 
sewer and drainage systems. 

1.3 .1 

1. 3 .2 

1.3.3 

1.3.4 

Design rainfall rate shall be as shown in Technical Paper No. 
25, U.S. Deparment of Commerce, "Rainfall-Intensity.;;Frequency 
Curves", for the ten year. return period storm for nearest 
weather station of similar climate. Minim.um design concentration 
time shall be 10 minutes. 

Surface runoff shall be calculated by Rational Formula Q=CIA 
in which C = 1.0 for paving and roofs, 0.50 for gravelled 
areas. Other areas shall have C determined by t.heir ·charac
teristics. 

Capacity of ditches and head loss in sewer pipes shall be 
calculated by Manning Formula: 

O =A l.486R 2/3S 1/2 
. n 

n = 0.013 for sewer pipe, 0.018 for lined ditches, and 
0.025 for unlined maintained ditches. The coefficient 
of roughness may be revised to suit varying local 
conditions. 

Q =volumetric flowrate, ft 3/sec. 
2 

A = duct cross-sectional area, ft . 

R = hydraulic radius, ft. 

S = friction loss per pound of fluid flowing per foot of 
duct length, lb force/lb mass. 

Rate of sanitary flow shall be calculated on basis of the 
number and type of sanitary facilities provided, with the A 
daily volume of sewage being calculated on the basis of ~ 
35 gal/person/shift. Design BOD5 shall be 0.05 lbs/person/ 
8 hour shift. 

2 ~ft_, ___ _ ~ __ 4 ____ a1 __ 1s..__ 
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1.4 

1..4. l 

1~4-.2 

1.4. 3 

1.4.4 

1.5 

1.5 .1 

l. 5. 2 

1.5.3 

1.5 .4 

DEEINITIONS 

Drain Line - Connects drain hubs with a catch basin or manhole. 

Sublateral - Connects a catch basin with a lateral or main. 

Lateral - Connects two or more drain lines or sublaterals. 

Main - Collects from 2 or more laterals. 

FIREWATER QUANTITIES 

For sewers subject to firewater loads, design quantities, based on the 
Breckinridge Project fize control water distribution system design, shall 
oe used as follows: 

500 gpm to the first catch basin. 

250 gpm to each subsequent.catch basin on the same lateral. 

1,000 gpm maximum to a lateral. 

3,000 gpm maximum to a main. 10,000 gpm shall be considered as the 
maximum firewater load to the sewer system at any time. 

2. .GENERAL DISIG~ AND LAYOUT 

The following general procedures shall be used in the·;des.~gn· .Cjjf :sewer 
systems in normal conditions. 

2 .1 Storm and P.rocess sewers shall be sized as flowing full with future re
quirements to be included in design quantities. Minimum s.ize for sewers 
leaving catch basins or area drains shall be 6 inches. 

2.2 Minimum allowable velocity .. at des~gn flow shall be 2.5 ft/sec for sani
tary sewers and 2 ft/sec. for other sewers. Maximum allowable velocity 
at design flow shall be 8 ft/sec. Where large quantities of sediment 
or sludge are expected, minimum allowable velocity at design flow shall 
be increased to minimize deposition. 

2.3 Minimum cover for sewers shall be 18 inches or maximum depth of frost 
line, whichever is greater. Under primary and secondary roads, cover 
?hall be as required for H-20 loading. Under railroads, cover shall 

·be as required by A.R.E.A. :tanual of Recommended Practice. 

" . -·-+ 

., -

.:. • .:> 

Pipes may be laid on curves in systems where clogging due to debris or 
other material is improbable and where sutiable materials and methods of 
construction are used. Degree of maximum curvature shall be ·as speci
fied by the manufacturer • 

~anholes shall be ?rovided at maximum 400 ft. distances. All sanitary sew 
ers· 15 inches or greater in size, shall have manholes at following lo.ca
r:ions. 

::s.i Junctions of :nains . 

. "'\ :: ·1. Dead ands of nains. 

l.42ZZ-S-l 
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2.S.3 Changes of grade or size of mains other than conditiorts described in 
section 2.4. · 

2.5.4 Junctions of laterals and mains where the run of the lateral downstream 
of the last cleanout i:utceeds 100 feet. 

2.6 Cleanouts will be located so that rodding can be performed in direction of 
flow and will be furnished at the following locations. 

2.6.1. Dead ends of laterals. 

2~6-2 Where a drain line, sub lateral or lateral makes a 90° turn in direction, 
e.~cept where turn is within 10 feet of its downstream t::?rmination at a 
catch basin or manhole. 

Where a sewer in essentially a horizontal plane makes a 45° turn in 
direction if the length of line exceeds 50 feet from the last ups.tream 
clean out·. 

2. 7 Dra:i.n Li~ 

2.7~1 Individual drain hubs projecting approximately 2 inches above pavivg shall 
be furnisl:ecl a:c certain pumps and E>quipment as shown on Bechtel drawings. 

2. 7 .2 Drain lines sen·ing equipment will be sized for tbe. anticipated" flow wuh 
tile following minimum sizes: 

a. Drains seriing one hub and less than 20' long 4" - . 
b. Dra,ins serving ~o or more hubs, or over 20' long 6". 

2.7.3 Where steel pipe is used to recover special liquid or is buried in 
concr~te, th~ minimum size will be as follows: 

a. Drains ser-Ving one hub or stub-up and less than 20' long - 2". 

b. Drains serving two or more hubs, or over 20' long - 3". 

2.8 P-traps, running traps or bell traps shall not be used. Trapping of gas 
shall be accomplished by a minimum 6" liquid seal at seal boxes or 
catch basins. 

SAi.'UTARY SEWER 

Sanitary sewers shall collect waste from toilet facilities, lavatories, 
building floor drains, etc. 

3.1 Design quantities shall be as specified in 1.34 herein. i-tinimum size 
sewer main sha,11 be 6 inches. 

3. 2 Acids. caustics. hydrocarbons or similar contaminants .shall not discharge 
c:o this system·. 

3. 3 Sanitary set-rage shall discharge ~o a municipal .3et.ier 9 r:reac.ment plan~ or 
se1)tic c:ank. 

~-· 3epc:ic c:ank effluent shall discharge to a. tile field Qt." industrial sewer. 
Se?tic ::ank eifluent shall oe discharged into industrial sewage which is 
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·treated by a biological system only where adequate provision for 
controlling bacteria of the final effluent exists. .. 

3.5 Septic tanks and tile fiels shall be designed according to provisions of 
National Plumbing Code, ASA A40.8. Septic tanks discharging to indus
trial sewers shall have 8 inch liquid seal and effluent shall normally 
be clilotinated· before discharging· ·to the industrial sewer. Septic tanks 
shall be vented. 

3.6 A minimum 0.1 ft. drop shall be provided between inlet and outlet invert 
elevations of manholes. 

4. INDUSTRIAL SEWER SYSTEMS 

Industrial sewers shall collect. process wastes, storm and firewater from areas 
handling contaminating materials such as hydrocarbons. 

4.1 General 

4. 1.1 Industrial sewage shall discharge to an ex.is ting industrial sewer, an 
oily water separator or other treating facility. 

4. 1. 2 Drains serving pumps or equipment shall dis.charge to nearest catch basin 
or seal box. 

4.1.3 Sewers serving areas handling hydrocarbons or similar hazardous material 
shall have.liquid sealed manholes and catch basins. A maximum of seven 
unsealed drain hubs from the same general grouping of equipment may be 
served by a drain line sealed at a catch basin or manhole. 

4.1.4. Drain hubs in areas not draining to the same catch basin shall not be 
joined to a common drain line. 

4.2 Process Areas 

4.2.l Catch basins shall be provided for surface drainage as specified in 
Project Specification 14222-S-2 ,. Section 7, Area Paving. 

4. 2 .. 2 Sewers shall be designed for the larger of the sum of the rain and pro
cess water or the sum of fire and process water. Storm and process 
water shall be cumulative throughout the system. 

4.2.3 Sewers leaving process areas shall have a sealed manhole near the bat
tery limits. 

!+ .2. 4 Sealed manholes shall have solid •1apor ;?roof covers and vents. 

4.3 ~on Proceas Areas 

4.3.1 Sufficient catch basins or area drains shall.be provided to handle sur
face drainage from areas subject to contamination. 

4.3.2 Sewers shall be designed for the sum of storm and process water or fire 
and ;>recess 'vater whichever is greater. Storm and process water shall 
1:Je cumulative. Quantities for areas '.vi thin tankage firewalls or other 
co~trolled release areas shall not oe included. 

4.4 :ani<age Areas 

SPl!al'ICATIOll MO. 142.22-S-l 2 
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4..4. •. l Storm water from areas within· tankage firewalls shall be collected in 
one or more catch basins located near firewalls, Discharge flow shall 

·be controlled with a normally closed valve located outside the firewall. 

4.4-2 Water drawoff from storage tanks shall be discharged to an underground 
sewer system controlled by a valve or gate outside the firewall. 

4.4.3 Sewage from 4.41 amd 4.42 above shall discharge to an industrial sewer 
or open ditch outside the firewall. 

4.4.4 Minimum size storm water sewer shall be 8 inches. Minimum size water 
drawoff sewer shall be 6 inches. 

5 • CLEAN WATER SEWER AND DITCH SYSTEMS 

Clean water systems shall collect storm and firewater from areas not ordinari
ly subject to contamination. 

5.1 General 

5.1.l Liquid seals shall not be required for manholes or catch basins. 

5.1.2 Natural drainage courses shall be utilized whenever possible. 

5.1.3 Ditches shall normally be trapezoidal in cross section with a minimum 
bottom width of two feet. The side slope shall normally be 2 horizontal 
to 1 vertical, but may be 1-~ horizontal to l vertical if space is 
limited and soil conditions permit. 

5.1.4 Vee ditches may be U$ed for laterals not. exceeding 200 feet. in length. 
The side slope shall normally be .1 horizontal to l vertical. Minimum 
gradient shall be .005 ft/ft., minimum depth shall be 6 inches and 
maximum depth shall be 2 feet. 

· 5.1.S Shallow swales may be used within or adjacent to process. units. 
~inimum gradient shall be .01 ft/ft for unlined, .003 ft/ft for lined 
gutters. ~inimum depth shall be 3 inches, maximum depth shall be 1 foot. 

5.1.6 Maximum velocity in unlined ditches of low capacity shall be as indicate· 
in the soils report. In the absence of this information, velocity shoul 
not exceed the following: 

a. Fine sand or silt 2.5 (feet per second) 
b. Coarse sand tor :ra·trdy la.am ? • 

-·~ 
c. Sandy clay 3.5 
d. Clay s.o 

S.l.7 Headwalls shall not be used for culverts unless shown on Bechtel 
drawings. 

5.2 Process Areas 

5.2.l Open areas not subject co hydrocarbon contamination shall normally 
drain to O!Jen ditches •Jr :~utters. Deep open ditches between process 
areas and adjacent ~oads shall be '11inimized. Shallow perimeters gutters 
0r st-reets ~vi th inte~ral rolled curbs and gutters may be used. 

5.Z.2 Sewers '1tay be used when open ditches or gutters are impratical. Sewers 
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shall normally drain to nearest. open 'ditch or natural drainage course. 

5.3 Non-Process·Areas 

5.3.1 Sewers shall be kept to a minl.lllum and shall drain to nearest open .ditch 
or natural drainage course. 

5.3.2 Areas to be landscaped shall normally have sewers with area drains or 
depressed streets with curbs and gutters. 

6. SUBSURFACE DRAINAGE SYSTEMS 

Subsurface drainage systems shall be used. for· the removal of ·detrimental 
amounts of ground water from· beneath roads, railroad's or paving when indicated 
on Bechtel drawings. 

6.1 Underdrains shall normally consist of perforaced pipe aL t:he bottom 
of a nearrow trench backfilled with filter material. 

6.2 The system may consist of a single underdrain, or several underdrains 
in a herringbone or other effective pattern depending on the quantity 
of water and type of material to be stabilized. Surface drainage shall 
not be collected in the system •. 

6 .3 ~Uni.mum size for lengths of 500 feet or less shall be 6 inches, and 
for longer lengths shall be· 8 inches. Minimum slope for 6" subdrains 
shall be 0.3% and for 8", 0.2%. 

S.-sll'ICATIOtl MO. l4 2 22-S- l 1n _ _.2..___ llGT __ z __ 18 



1. GENERAL 

t.t Scope 

This specification establishes the c:onstructlon r-equir~nU for 
sewen • culverts, dr-ains and underdrafns. Extent of work shaft be 
as shown on Bechtel dr-awings, and construction shall be true to the 
I i ne and gr-ade as shown on the draw I ngs and as desc·r i bed herein. 
Supplementary.or rradifying requirements to the specification snail be 
as defined on Bechtel project dr-awings, or addenda hereto. 

t.Z Related Documents 

Refer to appllc:able sections of followlng documents for additional 
requ i rentents.: 

Bechtel Design S1>ec:ification 5•501 - Sewer-s and Drainage
Bechtel Construction Specifi.cation S•521 •Site Preparation and 

Earthwork 
National Plumbing Code - ANSI A40.8 
Cast Ir-on Soil Pipe & Fittings Handbook •.C•st Ir-on Soil Pipe Institute 
Clay Pipe

0

Engineering Manual• National Clay Pipe Institute 
Handbook of Steel Dra.inage and Highway Construction Products• Amer.-ican 

Iron and Steel Institute · 
Concrete Pipe Handbook •American Concrete Pipe Association 

1.3 Definitions of Terms Used 

1.31 Percent Relative Compaction: The ratio, .expressed as a percentage, 
of the dry unit weight of the mmterial in place to the ~imum 
unit weight of the mmterial as determined by the methods in ASTM 
01557, "Moisture Density Relations of Soils Using 10 lb. Ramner 
and 18' 1 Drop",. or for non-cohesive soi Is by the methods in ASTH 02049. 
"Relative Density of Cohesionless Soils". 

1.32 Engineer: The Bechtel Project Engineer or nis authorized represen
tative. 

Z. GENERAL CONSTRUCTION PROCEDURES FOR SE\ilERS, CULVERTS ANO DRAINS 

2.1 Excavation 

Z.11 Trench shall ~e excavated to the minimum width sufficient to al low 
satisfactory jointing of pipe and tarn~ing of backfill under and around 
pipe. ~econwnended trench width is external diameter of ~ipe 
plus 20 inches for 30-inch internal diameter and smaller pipe, 
and external diameter plus 24 inches for larger pipec 
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2.12 Adequate measures sh•ll be taken to prevent sltps, cave-Ins and slides. 
Do not score excavated or other rneterl•l within t\olO feet of the edge 
of th~ excavation. 

2.13 In trenches requiring side slopes for stability, the slope shall not 
be carried below a plane l'evel with the top of the pipe. 

2.14 Where pipe is to be placed In em!Mnkments.pipe trenches sh•ll .be 
excavated only after the embankment 'ts completed to a level not less 
than 6 inches above the top of the pipe to be laid. · 

2.15 Tunnelling shall not be allowed unless approved by Engineer. 

2.16 If.a trench is overexcavated, the overexcavated portion shall be 
replaced with compacted backfill. Minimum relative compaction of the 
backfill shall· be 85'"k. 

2.2 Foundation 

2.21 The foundation surface shall provide a firm foundation of uniform 
density •. Where bell and spigot pipe are used, holes shall be dug for 
each bell suff·iciently deep so that bell does n~t bear on bottom of .hole. 

2.22 Where rock, hardpan or other unyielding material is encountered, the 
bottom of the trench shall be overexcavated to a distance below the ~ipe 
of one-fourth the pipe Internal di.meter but in no c:ase less than 8 
inches. Overexcavatlon shall be centered about the pipe and one foot 
wider than· the pipe outside diameter. The overexcavated portion of the 
trench shall be backfilled with a granular backfill compacted to an asz 
minimum relative compaction. 

2.23 If ~nsuitable material such as muck, peat or similar material is encount
ered at the bottom of the trench, the unsuitable material shall be removed 
to a width of at least one diameter on each side of the pipe and to a 
depth as determined by Bechtel Inspector. Backfill shall be made with 
gravel or other suitable selected material and compacted as required to 
provide adequate support for the pipe. For extensive deposits of unsuit
able material, the use of concrete cradles, piles or similar foundations 
shall be investigated. 

2.3 9edding 

9edding shal I conform to the requirements.given below for Class A,S,C or 0 
bedding, whichever is shown on the project drawings or specification. 
When the class of bedding is not shown Class C bedding shall be used . 

SPICIPIC&TIO• u. 14222-S-1 Uf. 2 ----- S II IT 2 If ...1.§. 
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2.31 For Class A bedding, the lower part of the pipe exterior shall 
be bedded in a continuous cradle of 2,000-pound concrete, having 
a minimum thickness under the pipe of one-fourth ·the naminal inside 
diameter and eJttending up the sides of the pipe for a height equal to 
one-fourth of the inside diameter. The cradle shall have a width at 
least equal to the outside dlainecer of the barrel of the pipe plus 
8 inches and shall be constructed monollthic:ally without horl.iantal 
construction joints. 

2.32 For Class 8 bedding, the pipe sh•ll be carefully placed on a minimum 
4-!n~~ thi~kn~,, of fine granular nmtarl•I. ov•r '" .-rth foundation 
shaped to conform to the lower p•rt of the pipe exterior for a width 
of at le•st 60 per cent of Its extern•I diameter. Granular material 
shall be placed and c~acted in 6•inch layers to fil·I ~letely 
all spaces under and adjacent to the pipe to a distance of at least 
12 inches above the top of the pip•~ 

2.33 For Class C bedding, the pipe sh•l l be bedded with "ordinary' care 
in an earth foundation shaped to fit the lower pal"t of t.he pipe 
extel"ior for a width of at least one-half Its external diameter. 
Granular material shall be placed and tamped to the level of the top 
of the p'fl)e, so that a 11 spaces under and adjacent to the pipe are 
filled ~nd were ~acted. 

2.34 For Class 0 bedding, no special care is l"equil"ed in shaping the bed. 
Pipe bells shall not ba.I" dil"ectly on the gl"'Ound and the barrel 
shall be supported for its full length. Backfill shall be as for 
Class C bedding. 

2.4 Laying l'ioe 

2.41 l'ipe shall be pl"'Otected dul"ing handling against impact shocks and 
fl"ee fall. Pl"opel" facilities shall be pl"ovided fol" lowering the 
sections to pl"event·distul"bances of the bed and sides of the tl"enc:h. 

2.42 The pipe shall be ca1"efully laid, stal"ting at the downstream end, 
with the tongue ol" spigot end pointing in the dil"ection of flow. 
l'ipe shall be kept clean at all tl"9s. 

2.43 l'i~e shall bs set finnly accol"ding to ·line and gl"ade. Prior to making 
joints, all surfaces shall be tho1"0u9hly cleaned and pl"epal"ed as 
~eQuil"ed fol" the type of joint to be made. Pipe shall be cal"efully 
centered so that the completed sewel" will have a smooth unifonn invel"t. 

2.44 The bal"rel of the pipe snall be in contact with the quadl"ant shaped 
bedding th1"0u9hout its full length, exclusive of the bell. 

2.!+5 To pl"event shear failure thebnnchesof a11 fittings shall be suppol"ted 
~Y granular 11Wterlal backfilled in the tl"ench to pl"Ovide support equal 
::o chat furnls.hed t~e bal"rel of the pipe. 

SPIClfla&TIH H. 1422Z-S-l 1n. z ----- SHIT 10 .. -la 



"" • ... 
2 • .. • 

2.5 Jointing and Finlshina 

2.51 Joints shall be as specified on the project drawings and specifications 
and as described herein. 

2.52 Joints shall be made tight to prevent excessive infiltration or 
exfiltration. Testing stwll be as specified on the project drawings 
and specifications and as described herein. 

2.53 At al 1 joints not u·s ing a flexible gasketed joint (push-on}, the 
inside surface of the pipe shall be cleaned after the joint is made 
and each section shall be swabbed to prevent the joint material from 
projecting into the pipe. When pipe laying is suspended for any cause, 
the ends of the pipe shall be kept closed to keep out dirt, mud and 
foreign substances. Adequate provision shall be made to prevent float• 
ing of pipe in the' event the trench is flooded. 

2.6 Pumping and Bailin~ 

2.61 Provision shall be made to remove any ...,.ter which accumulates in the 
trenches. No manhole, concrete structure, or sewer pipe shall be 
installed in water without prior approval by the Bechtel Inspector. 

2.62 Water shall be removed by pumping or or other methods approved by the 
Engineer, and shall be discharged to natural drainage courses, 
plant ditches or other sewers, In such a manner that other work will 
not be affected. 

2.7 Backfilling 

2.71 Trenches shall be backfilled immediately after the pipes have been laid 
and inspected, except that 24 hours shall be allowed for cement mortar 
joints to set before beginning backfilling. The following re<iuirements 
do.not apply to Class D bedding. 

2~12 Refilling of the trench around the pipe shall be with a granular 
compactible material free from stones exceeding 3 inches in largest 
dimension, frozen lumps, chunks of highly plastic ~lay or other 
deleterious material. 

2.73 Fill material for the area above a plant 12 inches above the top of 
the pipe may contain gravel and stones under 6 inches in diameter except 
as governed by other applicable sections of this or applicable speci
fications. 

2. 74Backfi11 material shal I be placed equally along both sides of the pipe, 
in uniform layers not exceeding 6 inches loose depth, and compacted 
by hand, pneumatic tamper or other approved means, to a height equal co 
the top of the pipe for Class C bedding and 12 inches above the top of 
the pipe for Class A and 8 bedding. The remainder of the trench shall 
be backfi lied and com~acted to a density equal to the specified for 
the partic:ular area, o_r equal to that of the in-situ material. 

lrlClflC&T111 H. 14222-S-l 
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2.75 Compaction by "'41ter jetting or flooding 11111y be used ·for trench backfill 
where approved by the Bechtel Inspector. Soils c:ampacted by water 
jetting or flooding shall produce a minimum relative c~action of 85% 
of maximum density as determined by ASTM 02049 for cohesionless free 
draining soils and_ASTH 01557 for other soils. ~action by water shall 
not be permitted for the top 4 feet of trench backfill under paving, 
roads or railroads. 

2.76 For pipe in an em~nlcment or fill, meterial above the tap of the pipe 
shall be placed in accordance with the requir~nts far placement of 
the embankment or·ftll. 

2.77 No construction nmchinery or vehicles shall be allowed to pass over 
the trench until the trench is backfl11ed and compacted suf_ficiently 
to prevent damage to the pipe. . . . 

3. CUL1/ERTS 

3.1 Multiple installations of pipes shall be laid with the center line of 
individual barrels paral lei. Unless otherwise indi_cated, the clear 
distances between outer faces of adjacent pipes shall be as follows: 

Nominal Inside 
Diameter of Pioe Clear Distance Between Piees 

1811 and under o• ... 91• 
21' 3nd 2~' 0 10 11 11 

27" and 30• 1 ' • 1" 
33" and 3611 11 -3" 
3611 and 42" 1 • -s•· 

3.2 Corrugated metal pipe shall be laid with the separate sections-joined 
finnly together and without side laps or circumferential joints pointing 
upstream and with longitudinal laps on the sides. 

3.3 If paving of inverts, bituminous coating or bituminous I ining is 
required for corrugated metal pipe, it shall be. in accordance with 
the provisions of AASHO. Designation M190. "Standard Specifications for 
Bituminous Coated Corrugated Metal Culvert Pipe and Pipe Arches." 

J.4 If headwalls or flared end sections are not required for corrugated metal 
pipe, the ends of al I 14- and 16-gage instal.lations shal I be reinforced. 
Reinforcement shall consist of a galvanized steel rod not less than 7/16-
inch diameter rolled in the sheet, or by a galyanized metal band equi• 
valent in cross-section co 3/8-inch thick by 1·1/2. inches wide, or by 
increasing the outer one foot of 16-9a9e and 14-gage pipe to at lease 
12-9age material. Bands snail be fastened to the pipe at maximum intervals 
or TO-inches on each edge of the band. 

3.5 Culverts without headwalls or flared end sections, and located so that 
the culvert invert is at the toe of a slope, shall be installed so that 
the end of the ·culvert wil I extend at least one foot beyond the toe 
of slo?e. Culverts located so that the invert of the culvert is above 
:he ~Oe Of a slope at the discharge end, shall be protected against eroc 
sion l:>v headwalls, flared end sections, l"ip•rap or sionilar methods, 
as snown on the drawings or as approved by Engineer • 
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J.6 All backfill for culverts shall be selected fine ~ressible material, 
such as silty clay or loam, and shall not c:ontain stones or l~s or 
earth over 3 inches in largest dimensions. Backfill material shall be 
compacted in maximum 6-lnch layers to the density specified for· the 
surl"Ounding embankament or fi 1.1. Water tam.,ing of backfi 11 wi 11 not 
be permitted. where fine ~ressible material is not readily available, 

' a granular backfill nwy be used for all but the outer 3 feet at both 
ends of the culvert which shall be !Mckfilled with selected fine compre
sible material. 

I+. UNDERORAINS 

4.1 Underdrains shall be perforated corrugaged metal pipe, AASHO Designation· 
H-36. Field joints shal.1 be made with bands of the same base metal as 
the pipes. 

4.2 If paving of inverts, bituminous coating or bituminous lining is required 
by the project speeifications then it shall be in accordance with the 
provisions of paragraph J.3 of these specifications. · 

4.3 Filter material for.underdrains shall be placed on all sides of sub• 
·drains. There shall be 2 inches of filter material placed below the 
subdrain and a minimum of 6 inches on each side and above the subdrain. 

4.31 Where grain size distribution curves are available for the soils to 
.~e drained, the filter material shall meet the following criteria: 

The grain size in mm where 15 percent by weight· of the 
material is finer· than in size for the soil to be drained. 

o15F - The same for the Filter material) 

The ratio o15F 
is greater than 4 and less than 20 o15s 

The ratio o15F .is greater than 5 
D35S 

The ratio D5aF is less than 25 
D5aS 

ihe shape of :he grain size distribution curve for the filter material. 
shall approximate that for the soil to be drained. Where ·a multiple 
layer filter is required, the above criterion shall apply to each 
adjacent layer. 

4.32 Where grain size distribution curves are not available for the soil 
co ~e drained the .following filter material shall be used. 

For fine-grained soils or silty and clayey sands, the Filter material 
shalt :>e a ·"'91 t graded fine aggregate conforming to the requirements 
of ~SiH C33, Concrete Sand. 
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For non•plastic silt or clay with sand or silt lense, the filter 
material sh•ll be a well graded fine aggregate conforming to the 
requirements of ASTH 01073, Asphalt Sand. 

4.4 Width of trenches shall not be greater than required for installation 
of pipe and tamping of backfill but shall not be less than the outside 
diameter plus twelve inches. The bedding·surface shall provide a firm 
foundation of uniform density for the ful 1 length o.f the pipe. 

4.5 The pipe shall be imbedded firmly in the filter material 1 and laid 
with the perforations down and centered about the flow line. Separate 
sections shall be firmly jointed with metal bands • 

. 4.6 Trenches in open areas shall be backfilled with the e!Xcavated material 
to an elevation one foot below finish grade. The top one foot of the 
trench shall be backfilled with impervious material. C~action of the 
backfill shall be greater than the existing material in place, and the 
relative compacion s·hal 1 be ·a minimum of 85",{,. 

4.7 Where drains are locaced·under ocher constl"Uction, trench backfill 
above the filter material shall meet the requirements of section 2.7 
of these specifications. 

5. REINFORCED CONCRETE PIPE 

5.1 Materials 

5.11 Pipe shall be as specified in "Reinforced Concrete Culvert Pipe" 1 

ASTl'1 Designation C-76 and as specified herein. All pipe under 60 
inches in diameter shall be machine-made. The manufacturing equipment 
used shall provide uniform and continuous placement of the concrete 
in the forms. Concrete shall be consolidated by mechanical devices, 
other than. hand tamping, which shall provide a dense concrete without 
disturbing or displacing the st3el reinforcement. The pipe shal I be 
substantially free from fractures, large or dee!) cracks, laminati·ons 
and surface roughness. The planes of the ends of the pipe shall be 
perpendicular to the longitudinal axis. The pipe ·shall be such that 
when laid, the pipe sections shall form a continuous conduit \'lith a smooth 
and unifonn i~terior surface. 

5.12 Rubber gaskets snail confonn to the requirements of ASTM C-41+3. The basic 
polymer for gaskets to be used in industrial sewers shall b~ resistant 
to attacks ~Y hydrocarbons, acids, caustics or other material to be 
carried ~Y the sewer. 

5.13 Cement for= mortal" shall conform to the "Standard Specifications for 
Portland Cement", ASTM ClS0-60, for type 1 or lA. Fine aggregate for 
mortar shal I consist of nnds conforminq to the "!tandard Specifications 
for Concl"ece Aggregates", ASTM Designation C33. except that Che sand 
shal I :,e uniformly graded and shal I meet the fol lowing. grading r9<1uire
::ients . 
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Sieve Oeslgn•tlon 
Percent. Pass Ing 

5.2 Joints 

3/8'• 
100 

No. 4 
95-100 

No. 16 
45-80 

No. 50 
15-40 

No. 100 
0-10 

No. 200 
o-s 

Joints shall be "'9de with (a) Rubber gaskets, (b) Portland cement 
mortar. · 

5.21 Rubber Gasket Joints. 

The rubber gasket shall be a continuous rubber ring fitted snugly 
between the tongue and groove ends to fonn a flexible water-tight 
seal. Pipe ends sh•ll be formed on nwc:hlned rings to insure accurate 
joint surfaces. Joints shall renwln water tight aftar a section is 
deflected so th•t one side of the annular s~ce is a half-inch wider 
than the no.,,..1 ·opening. Joints shall be so designed to prevent the 
gasket from supporting the wieght of the pipe or external loads.~ 

Gaskets sh•ll be stor"ed in as cool a place as practicable and in no 
case shall be exposed to the·sun for more than seventy-two hour's. 
Joints sha.11 be nwde accor"ding to the gasket manufacturer's· reconmenda~ 
t ions. 

5.22 Mortared Joints 

The mor"tar mlxtur"es shall be one p•rt Portl..,d cement, and two par"ts . 
·"Of sand. Quantity of water shalt be sufficient to produce a stiff, 
wor"kable mort•r but· shall not exceed S-1/2 g•llons per sack of cement. 
Pipe ends shall be thoroughly cl .. ned and wetted with water before the 
joint is nwde. Stiff mortar shall be placed in the lower h•lf of the 
bell or groove of the pipe section alr .. dy laid, and on the upper" 
half of the spigot or tongue of the section being laid. The two sections 
shall then be tightly joined with their Inner surfaces flush .and even. 

5.23 Finishing Joint 

5.231 The intent for all joints using cement mortar or c~ment grout 
is to have the Joint completely filled and to have a smooth inter
ior surface of the conduit. 

5.232 After the joints have been made as specified in 5.21 and 5.23 
above, the inside surface and annular r~cess shall be cleaned. 
For smal I pipes a tight stopper of burlap or equivalent material 
shall be dragged past the new joint. 

5.233 Voids occurring in the outer and inner annular sealing material 
shall be completely filed with the same type sealing material 
used for the joint and the inside of the joint finished smooth. 
For pipe over 30 inches in diameter the inside of the joint shall 
not be finished until all fill over the pipe has been .completed. 
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S.234 For bell and spigot pipe, a bead shell be formed on the outside 
by adding mortar and troweling smcoth from the outer edge of the 
belt at a 4S0 angle with the adjoining pipe. For tongue and 
groove pipe, a bead shell be formed extending at least o~e Inch 
on either side of the joint and of approximately semi-circular 
or triangular cross·~•ctlon. 

S.235 After the Initial set, the mortar on the outside shall be protected 
frcm air and sun, and kept '#8t for a minimum of 48 houl"1 or until 
backfill Is cccn,leted. No jointing shalt be done when the 
temperature Is below l+O°F unless approved by the Engineer. 

S.236 Joint.s made with flexible gaskets shall be installed and gasket 
placement checked In accordance with the manufacturer's reccnmenda
t ions. 

6. VITRIFIED CLAY PIPE 

6.1 Materials 

6.11 Pipe shall be as speci.fied in ASTH Designation C-200, "Specifications for 
Extra-Strength Clay Pipe''. 

6.12 Fac;tory-n1ade c:~ression joints shat I be as specified in 11Vi tri fied Clay. 
Pipe Joines Using "'-terials Having Resilient PT"Opercles", ASTH Designation 
C-425. Jointing mecerials for industrial or special sewers shal I be 
resistant to attack from the materials ~rried by the sewer. 

6.13 For c:hemic:al resistant joints where compression joints are not suitable 
for the required service, joints shall be made using corrosion proof 
materials such as the Alkor-Vitrobond 120 joint. Join•ng material 
shall be Sealite 310 asbestos-fiberglass yarn. This joint is rigid 
and, when used, adequate measures shall be taken to prevent joint 
deflect ion after ins ta I lat ion. · 

6.2 Joints 

Joints shall be made from (a) factory-made compression joints or (b) 
chemical-resistant joints. Factory made COlllC'l"ession j.Jints shal I be in 
co~fonna.nce with ASTH C425,11 Col!IC'l"ession Joints for- Vitrified Clay Bel I, and 
Spigot Pipe''. 1..lhere a ccrnp.-ess1on type gasket is not a'lr.-ilable for pipe 
whicn is field cut to length. a coupling which confo.-ms to the re~uire
ments of ASTH CS94,"Canp.-ession Couplings fol" Vitrified Clay Plain End 
Pi pe'1, sha I I be used. 

7.CAST IRON SOIL PIP! 

7.1 11atel"ials 

7.11 Pipe and fittings shall be extra heavy cast iFOn soil pipe as specified 
in Conmere.ial· Standard CS .. 188 • 
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7.12 Rubber gaskets for co~ression joints shall be as specified in ASTH 
CS64. Rubber Gaskets for Cast Iron Solt Pipe and Fittings. Gaskets 
sha-11 be compatible with the pipe furnished aind be supplied by the same 
manufacturer as the pipe. 

7 .2 Joints 

Joints s.,_tl be made from a) compression joints orb} hot poured lead and 
oakum joi~ts. The ccmpressicn joint shall be used whenever it is avail-. 
able and suitable for the service required. 

7.21 Compression joints shall be installed in accordance with Section~ -
11 Joining of Push-On Joint Pipe" of AWWA C600. 

7. 22 Hot poured 1 ead and oakum joints sha 11. be made in accordance with the 
applicable provisions of Section 9a - Joining of Sell and Spigot Pipe••. 
except that the minimum required depth of lead in the joint shall be one 
inch and the yarning material rn9y be o.kum. 

8.ASBESTOS-CEHENT PIPE 

8.1 Materials 

8.11 Hen-pressure sewer pipe, fittings and ccupl in~s shall be as specified in 
ASTH C428,11 Asbestcs-Cement Honpressure Sewer Pipe' 1 and shall be of the 
sizes and classes as shewn on the constrJction drawings and specifications. 

8.12 Pressure pipe, fittings and couplings shall be as specified in ASTH C296, 
"Asbestos-Cement Pressure Pipen, and shall be of the sizes and classes 
as shown on the construction drawings and specifications. 

8.13 Rubber rings used to the seal the joints for both non-pressure and 
pressure pipe shal I be as specified in ASTH O 1869,"Rubber Rings for 
Asbestos Cement Pipe, 11and shall be r-esistant to damage from the material 
carried in the sewer. Rubber rings shall be furnished with the couplings. 

8.14 Linings for pipe fittings and couplings shall 'be in conformance 1~ith the 
requirements in ASTH C 541."Linings for Asbestos Cement Pipe. 11 Specific 
requirements for I inings to meet predicted service conditions in addition 
to, or in lieu of, those in ASTH C 541 may be cal led for and shall be as 
stated in the materials requisition or purchase. order for the lined pipe 
and fittings. Lined couplings shall be furnished with rubber gaskets 
suitable for the predicted service conditions. 

8.2 Joints· 

8.21 Joints shall be inscal led In accordance with manufacturer's recornnendations. 

8.22 Couplings shall not bear directly on the trench bottom prior to backfil·ling 
oper:at ions. 

8.23 The location of rubber rings shall be checked at each coupling with a suit
able gage co verify chat ~ach r~bber ring is in the required position . 
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9. TESTING 

9.1 Testing of sewers and drains will not be required unless indicated in the· 
pr-oject plans and specifications. If testing is required for the project, 
the fol lowing procedures shal 1 be used. 

9.2 Where sewer lines are below the ground water level, the system shall be 
tested for Infiltration by seal Ing off all but the discharge end of the line 
being tested, and measuring the rate of discharge of infiltrated water. 

9.3 Where seWer lines are above the ground ¥Miter level, the system shall be 
tested by sealing off the section of sewer line to be tested, and filling this 
section of line with water to a minimum head of six feet above the upstream 
invert of the I ine. ·After a mexilllUlll absorption period of four hours, refi 11 
the line to a 6•foot head of water and measure the loss for the next two hours. 

9.~ For pipes joined with ~pression joints, the allowable leakage or 
infiltration shall not exceed o.6 gallons per hour per inch diameter per 
100 lineal feet. 

9,5 For ·pipes joined with cement nmrcar or grouts the allowable leakage or 
infiltration s.,.11 not exceed 1.2 gallons per hour per inch diameter per 100 
lineal feet·. 

10. Ct.EANING ANO REPAIRING SEWERS 

10.1 The system shall be: kept clean during construction, and as construction 
nears completion, It shall be syst~tlcally cleaned and any.needed 
repairs COl!ll'leted. 

10.2 Oil't, mortar., other jol·nt material and foreign matter shall be cleaned 
from.the system before the system is placed in service. 

11. PAVING, RESTORING, ANO Ct.EANING UP AREA 

·11.1 As soon as the work Is COlftl)lete~ and approved, the area or roadway surface 
shal I be l'escored to the equivalent of the ol'ig.inal condition. 

11.2 Su112lus soils shall be removed to approved spoils disposal al'eas. 
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l. G:O:ERAL 

' 

1.1 This specification establishes the design requirements for roads 
and paving. Extent of work shall be as shown on Bechtel proposal 
drawings·. Supplemental or modifying requirements to this specifi
cation shall be as shown on Bechtel project drawings or specifi
cations, or addenda to this specification. 

1. 2 · Suoolementarv Bechtel Specifications 

Refer to the f°ollowing standard specifications for material and 
construction requirements. 

14222-S-l 
S-521 
S-523 
14222-Q-2 

Design Specification - Design of Sewers and Drainage 
Construction Specification - Site Preparation 
Gonstruction Specification - Concrete Pavement 
Construction S,pecification - Plain and Reinforced Cone. 

1.3 Related Documents 

Structural design of pavements shall be in accordance with 
applicable sections of the following documents: 

1. 3 .1 

1.3 .2 

1.3 .3 

1.3 .4 

1.3 .s 

1. 3.6 

Thickness Design for Concrete Pavement, Portland Cement 
Association 

Joint Design for Concrete Pavement, Portland Cement Assoc. 

Thickness Design, Asphalt Pavement Structures- for Streets 
and Highways, The Asphalt Institute 

Construction Specifications for Asphalt Concrete (SS-1), 
The Asphalt Institute 

Standard Specifications for Highway Bridges, The American 
Association of State Highway and Transportation Officials 
(AASHTO), 1977 

Kentucky Standard Specific~tions for Road and Bridge 
Construction. Dept. of Transportation Bureau of Highways 
Frankfort, Kentucky, 1979 
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1.4 Design Information 

1. 4 .1 The following road. classifications shall be used for the design 
of roads within the plant. site. 

Primary Road - A main traffic a~terial or a tanker truck or 
semi-trailer truck route. 

SecondaEY Road - A road subject to regular operational or 
maintenance traffic· but not subject to high traffic volume. 

Service Roads - A road which serves remote areas or provides 
access for firefighting equipment. 

Accesswavs - A road or distinctly delineated travelled way 
which provides access to equipment in congested areas. 

1.4.2 Geometric design of roads within plant limits shall be based 
on the following design speeds. 

1.4.3 

Primary Roads for semi-trailer truck traffic - 30 mph 
Other Primary Roads - 25 mph 
Secondary Roads - 20 mph 
Service Roads - 15 mph 

Passing sight distance shall not be used as.limiting design 
criterion 

Grade Limitations Maximum Minimum 

Pri~ry Roads 5.0% 

Secondary Road 7.5% 

Service Roads 10.0% 

Accessways (Ramps) 10.0% 

Parking Areas 5.0% flat 

Area Paving 3;0% 1.0% 

1.4 .. 4 Minimum radii t:o edge of paving or surfacing for 90° intersection. 

?rimary roads for semi-trailer truck traffic - 40.0 ft. 

Other primary roads and secondary roads - 15.0 ft. 

Service Roads and Accessways - 10.0 ft. 

1"-Dl'ICATION i.o. __ 1_4_z_2_z_-_s-_z. __ 2 .1n ____ .,. - 15 -------- ---------



2. 

3. 

1.4.5 

1. 4.6 

Horizontal and Vertical Clearances 

At roads without raised curbs a horizontal clearance of 3 
feet shall be maintained between the edge of paving, or 
travelled way in the absence of paving, 'and any structure 
projecting above shoulder grade. However, for·guard rails 
and traffic signs the minimum horizontal clearance shall be 
2 feet from edge of paving travell~d way. 

At roads with raised curbs the minimum horizontal clearance 
shall be 2 feet from the face of curb. 

Horizontal clearances shall be maintained to the required 
vertical clearance for the road classification. 

~inimum vertical clearance over roads shall be 15 feet. 

~inimum lane and shoulder widtns shall be as listed below. 
Shoulder and/or gutter widths shall be added to the lane 
widths to obtain minimum roadway widths. 

Classification Lane Width Shoulder 

Primary 12' 4' 

Secondary 11' 3 I 

Service - 2 lane road. 10' 2' 

Service - 1 lane road 12' 2 I 

PRTifARY ROADS 

2.1 Primary roads shall be designed for AASHO H20-Sl6 wheel loading. 
All primary roads shall be paved using either concrete or hot-laid 
plant mix~d asphalt surfacing. 

2.2 Portland cement used in concrete pavement shall have a minimum 28 
day compressive strenght of 3,000 ·psi. For this concrete a maximum 
90 day modulus of rupture of 500 psi may be used for pavement 
::hickness design. 

2.3 Structural design of pavement shall be based on stabilometer "R" 
•1alues and expansion pressures, CBR values, or local practice. 

SECONDARY ::lOADS 

3.1 Secondary roads shall be designed for AA.SRO Hl5 wheel loading. 
. .U.l secondary roads shall be paved with hot-laid plant mixed asphalt 
surfacing. Areas subject to ~jor hydrocarbon spil~age shall be 
?aved with concrete and suitable drainage shall be installed to 
?re•1ent damage to adjacent asphalt ?aving. 
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3.2 Paving shall be designed as specified in paragraph 2.3. 

4. SERVICE ROADS 

4.1 Service roads shall not normally be paved except where conditions 
are such that an unpaved surf ace will not provide satisfactory 
service •. Sei;Vice roads shall be designed in accordance with local 
practice. 

4.2 An asphalt single surface treatment or an asphalt penetration 
macadam surface shall be used where an unpaved s"urface is unacceptable. 
In areas subject to excessive hydrocarbon spillage, concrete pavement 
designed for AASHTO HlO wheel loading shall be used. 

5. ACCESSWAYS 

5.1 Accessways shall be designed for ASSilO Hl5 wheel loadings. Concrete 
pavements shall be used in areas subject to excessive hydrocarbon 
spillage. Hot-laid plant mi.~ed surfacing shall be used in other 
accessway areas. 

5.2 Paving shall be designed as specified in paragraph 2.3. 

6. PARKING AREAS 

i. 

6.1 Parking areas serving cars or light trucks only shall be surfaced 
with 6" _of gravel road .base material. 

6. 2 Parking are·as serving HlO or heavier trucks shall have a pavement 
structure equal to the road(s) serving the parking area. Concrete 
paving sha1:1 be used in areas subject to excessive hydrocarbon spillage. 

6.3 Automobile .parking lot layout shall be based on the following minimum 
dimensions. Parking stall: width = 9' and length = 19'. Driveway 
widths for various angles of parking shall be 90° = 24 feet; 
60° = 18 feet; 45° = 13 feet. 

AREA PAVI~IG 

Area ;iaving is paving which is provided around or beneath equipment or is 
used as'a work area or storage area. 
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7.1 Minimum paving as required for access or work space around equipment 
shall be installed. 

7.2 Flexible pavement shall be used in open areas ·and concrete paving 
shall be used in congested areas or areas subject to drips or spills 
harmfull to asphalt. Areas used by mobile equipment, shall be 
designed as accessways. 

7. 3 In operating areas paving shall be divided into areas of 80' x 80.' 
maxim.um si:z:e and sloped to catch basins set 6" + below high point 
of finish grade. Operating areas shall not drain into areas beneath 
pipeways. Gravelled or unsurfaced areas shall not drain across 
paving in·operating areas. 

7.4 For reinforced concrete pavement not subject to wheel loads 
4-inch thick pavement reinforced with 6" x 6" x 10 ga. wire mesh 
·shall be used. 

7.5 Concrete pavement shall be provided at shell and tube exchangers 
where hydrocarbon spillage during maintenance operations is e."'<Pected. 
Pavement shall e.~tend a minimum of 6 feet into the bundle pulling 
area as measured from the center of channel. 

7.6 Graded areas not indicated as being paved on·zhe drawings, and not 
required by the specifications to be paved, shall be constructed 
as indicated on the drawings, but shall·receive no further surface 
treatment. 

7.7 Control joint spacing in concrete paving shall not exceed 20' 
unless otherwise noted on the· drawings. 

a. :usCELLANEOUS 

8.1 Walkways and pedestrian paths at grade shall be a minimum of 3' wide. 
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I. GENERAL 

1.1 ~ 

This specification establishes the construction requirements for 
site preparation and earthwork. The extent of work for each project 
shal 1 be as shown on Bechtel drawings. Construc_tion shat 1 be true 
to the 'ine, grade and c~oss-sectlons as shown on the drawings, and 
as described herein. Supplementary or mdify.ing. requirements to 
this specification shall be· as defined On aechteJ project drawings, 
or addenda hereto. 

1.2 Related Documents 

Refer to the following standard specifications for additional in
formation and requirements: 

S-522 Construction Specification - Sewers and Drainage 

S-523 Construction Specification - Roads and Paving 

S-525 Co~structlon Specification - Railroads 

1.4 Tests and Inspection 

1.41 Compaction (relative compaction) shall be determined 
by the methods described in "Moisture Density Relations of 
Soils Using 10-lb. Rarrmer and 18-in. Drop0 , ASTH D 1557. 

1 .42 Al I work. done by sub-contract shal 1 be subject to ·in
spect ion, testing and approval by a Bechtel Inspector· 
or his authOrlzed representative. 

2. CLEARING AND GRUB'BING 

./',I 

2 • 1 C I ear i ng 

The entire area within the limits of clearing, indicated on the 
drawings,. shall _be cleared of all materials above or at the 
natural ground surface. Materials to be cleared include trees, 
down timber, brush, rubbish and vegetation. 

2.2 Grubbing 

I 

The entire area within the limits of clearing shall be grubbed 
of all stumps, large roots and buried logs having a diameter larger 
than 3 inches, and other objectionable material and/or decayed 
vegetable matter, to a depth of not less than 12 inches below natural 
grade. Any exceptions to this wi11 be indicated on the drawing. 
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2.3 a:sposal 

Debris from clearing operations shall be burned. or stockpiled for 
future burning. Debris shall be burned as soon as possible. Ma
terial too wet to burn shall be piled in windrows for later burn
ing. Material from grubbing operations shall be removed to the 
spoils_disposal areas as designated by the inspector. 

3. STRIPPING 

3.1 The area within the limits of stripping indicated on the drawings 
shalt be stripped of alt top soil containing organic matter, de
bris, and other material which, In the opinion of the inspector, is 
not suitable for perm11ment engi neared fi 1 l·s •. 

3 .2 Al 1 stripped material shall be remved t.o designated disposal areas. 

4. BORROW PITS 

Borrow pi ts. other than those shown on Bechtel drawings. shal I not be 
used unless approved by Bechtel Project Engineer. or his representative. 

5. ROCK EXCAVATION 

Rock excavation shall c:ansist of the excavatian of boulders 1/2 c~bic yard 
or greater i,n volume, and alt rock in ledges, bedded deposits, and con
glomerate deposits so firmly cemented· as to present all the characteristics 
of solid rock, and which could not be removed by means other than drilling 
and blasting. 

6. GENERAL SITE WORK 

6.1 Excavated material from the site shall be used if suitable for fi tis 
and embankments. Fill material shall be from deleterious matter 
and shall be subject to the approval of Bechtel Inspector. 

6.2 Al I unsuitable or excess excavati.on shall be removed to disposal are~s. 
as shown on Bechtel drawings •. or as agreed upon with Bechtel. 

6.3 Good drainage shall b= maintained at all times. 

6.4 Subcontractor shall nofify Bechtel lnsp~ctor if sand or other highly 
erosive soil concentrated ground water or other potentially unstable 
condition is encountered on the face of a cut slope .. 

6.5 In-place material shall be C:C"l!'acted as specified in Section 8 of 
this specification. 

6.6 Fill material, unless otherwlde indicated on the drawings or speci~ 
· fications, shal I be CO"!!'acted ta a minimum l"elative c;ompaction of 90'/. 

6.7 Tolerance for this 'NOrk shall be plus or minus one-tenth of~ foot 
to required elevation. 
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7. DITCHES, DEPRESSED PIPEWAVS, PONDS ANO BASINS 

7.1 Overexcavation of ditches and depres!;ed pipeways shall be avoi.ded. 
Overexcavated areas shall be brought to the required grade with com
pacted fill material. 

7.2 Acceptable excavated material shall be used for fill material. Un
suitable or excess ,excavated material shal"I be removed to disposal 
areas. 

7.3 Tolerance for excavation for ditches and depressed pipeways shall 
be plus or minus three-tenths of a foot to ·required tine, ·and to 
the required grade. 

7.4 Tolerance for ponds and basins shall be plus or minus five-tenths of 
a foot to required line, and plus or minus two-tenths of a· foot to 
required grade. Any required volumes of ponds or basins shall be 
maintained irrespecti'le of the allowed tolerances for location. 

8. COMPACTING ORIGINAL GROUND 

8.1 After stripping is completed, if the upper six inches of in-place 
material has a relative compaction of less than 90'-7.., it shal 1 be com
pacted unti I a mi"nimum relative compaction of 90"/ is attained. 

8.2 All in-place material within 18 inches of finish grade for roads, 
railroads, or paving subject to wheel loads shall have a minimum 
relative compaction of 90'/o. ·Material within this area having less 
than 9~ relative compaction shall be removed and replaced, or com~ 
pacted in place to attain a minimum relative compaction of 90~. 

9. ROADS, RAILROADS ANO EARTH FIREBANKS 

9.1 Al I rocks that protrude abov·e final subgrade for roads and rai troads 
shall be removed. 

9.2 In-place material shall be compacted as specified in Section 8 of this 
speci fi cat ion. 

9.3 Embankments shall be compacted as specified in Section II of this 
specification. Road and railroad embankments shall be compacted to 
a minimum relative compaction of 9!J'/,; earth firebanks to a mini.nin 
0 f. 85"/o. 

9.4 Embankments shal I be compacted in successive layers for the ful I \~idth 
of the cross-section, and in lengths to suit the sprinkling and com
paction methods utilized. Layers shall be constructed paralled to 
the finish grade, with a minimum cross slope of t/4" per foot. 

9.5 Tolerances for road and railroad.embankments shall be-plus or minus 
two-tenths of a foot to the required. line and shall be to the re
quired grade • 

9.6 Tolerances for earth firebanks shall be plus or minus three-tenths of 
a foot to the ~equired line, and plus or minus one-tenth of a foot 
to the required grade • 
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10. METHOD OF COHPACTION 

JO.I Material for fill or embankment construction shall be spread in uni
form, level layers not to exceed six inches in loose depth, except 
that layers for earth firebanks may be 12 inches loose depth. 

10.2 Alt clods or lumps shall be broken up and ·the material shall be mixed 
by blading, harrowing• or similar methods until a uni form layer of 
uniform density is obtained. Each layer of material shall be uni
form as to material, density, and moisture content before beginning 
c:cmpact ion. 

10.J Prior to c:ompacting, the moisture c:ontent of the material shall be 
brought within plus or minus two per cent of the optimum imisture 
c:ontent as described in ASnt 01557. The moisture con-
tent shall preferably be on the wet side for· potentially expansive 
soi 1 s. 

10.4 All material c:onta1n1ng excessive moisture sha.11 be dried by mani
pulating with harrows, cultivators, rotary speed mixers, or similar 
equipment, and al I inaterial c:ontainin.g insufficient 1!1listure shal I 
be sprinkled unt i I the rra i sture c:on tent is \·1i thin specified Ii mi ts. 

10.5 A uniform surface shall be maintained during compacting 
order to insure uniform canpaction of the entire layer. 

I0.6 Each layer shal I be brought. to the required density, and· checked by 
appropriate field tests before proceeding with the-next layer. If 
the material fails to meet the required compaction rework or replace 
the material, and alter the construction methods as necessary to ob
tain the .required compaction. 

Continuous testing of each layer shall be done until test results 
indicate a satisfactory method of constructing.a c:onsistently ac
ceptable fill has been established. Subsequent layers shall be 
spot checked as deemed necessary by the soi Is engineer or Bechtel 
Inspector to insure the fill constructed continues to meet specified 
requirements. When testing indicates fill is not being placed cor
rectly, continuous testing, in addition to necessary corrective 1"1ork, 
shal I be instituted. Continuous testing ·of each layer shall be done 
whenever a change in construction methods or materials occurs. 

10.7 Excess material shall be removed as directed, and finished to a 
tight uniform surface. 

II. EROSION CONTROL 

Upon completion of finish grading, earth firebanks and slopes shal I be 
temporarily protec.ted against erosion by applying a coat of liquid asphalt 
to the surface, as indicated below: 

I I • i Tightly bonded surfaces: 0.3 gal/S.Y. of MC-30. 

11.2 !.oosel y bonded fine-grained surfaces: o.s gal/S.Y. of MC - 70 or SC - 70. 

11 .3 Loosely bonded coarse-grained surfaces: a.a 9a11s.v. of MC-250 or 
SC-250. 
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I. GENERAL 

1.1 ~ 

This spec:i"fication in conjunction with Standard Specification Q-503. "Plain 
and Reinforced Concrete" establishes the material and ct,nstruction reauire
ments for constructing ?ortland cement concrete pavement for roads. access
ways and area paving. The Engineer may alter the requirements of tr.is 
specification as required to meet the project conditions. Special reauire
ments cal led for on the drawings shal I govern over the provisions of this 
specification. Specific requirements set forth herein shall govern over 
any conflicting provisions of Spec:ification Q-503. 

1.2 Definitions 

Engineer -
Inspector -

1.3 ~ 

Bechtel's Project Engineer. 
3echtel 's Field Engineer. 

1.31 AJJ· design, construction and materials shall be in accordance ""ith
the American Concrete lnstitute's Standard Building Code ~eaui~ements 
for Reinforced Concrete, ACI 318-71. 

1.32 Supplemental requirements are listed as American Society for Testing 
and Materials (ASTM), or American Association of State Highway · 
Officials (AASHO) Standards, most recent editi.ons. 

2. TESTING LABORATORY 

See Standard Specification Q-503. 

3. iNSPECTION 

See Standard Specification Q-503. 

4 MIXING PLANT 

See Standard Spec.if i cation 0.-503. 

5. MATE~IALS ~OR CONC~ETE 

5. 1 See Standard Scee if i cation Q.-503. 
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5.2 Air entrained concrete shall be used in. areas suojected to severe frost 
action for concrete pavement of primary and secondary roads, area paving, 
and for access "Nays. The amount of entrained air, by volume, shal I be 
between four (4) and seven (7) pe;-cent. Air.entrainment may be by use of 
air entraining Portland cement, Type IA or 11A •. as specified in ASTM 
C260, or by use of suitable admixtures (See Paragraph 8). 

6. REINFORCEMENT STEEL (See Standard Specification Q-503). 

7. P~OPORTIONING OF CONCRETE (See Standard Specification Q~503). 

8. AOMIXTURES (See Standard Specification Q-503). 

9. ~ (See Standard Specification Q-503) 

10. ?L,l.CING CONCRETE (See Standard Specification Q-503). 

1 ·1 • FIN I SH I NG CONCRETE 

1 1 • 1 Genera 1 

Sequence of operations sha 11 be: first, "s tri ke-Qff and con sol i da ti on"; 
second, "1ongitudina1 floating" and rema'lal of laitance, fellowed by 
"straightedging", and final finish by brooming. Either the machine 
methods or hand methods may be used; however, only the hand methods are 
described in this Specification. Machine methods shall be as approved 
by the Inspector. 

11.2 Strike--Off and Consolidation 

11.21 Concrete shall be struck-off and screeded to cross section shown 
on the drawings and to such elevation that when conso1 idated and 
finished the surface of the pavement snal l be to required grade. 

11.22 ihe strike-Qff screed shall be moved forward with a combined 
longitudinal and transverse shearing motion, moving alway.s in the 
direction t:he ·NOrk is progressing, maintaining the template in 
contact with the forms, and keeping a sl ignt excess of ~aterial 
in front of the cutting edge. 

11.23 The conc;-ece shall be tamped with an aoproved tamping temoiate to 
c:Cll'ipact the concrete thoroughly and eliminate surface voids: and 
the suFfac~ sc:reeded co required section. 

11.3 Lonaitudinal ~!oat!na 

ll.3t The hande0perated float sh~ll not be less ;nan IZ feet in lenatn 
and 5 inches in •Afidth. properly stiffened i:o prevent flexibi 1 f cv 
and ·..ari:i i ng • 
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11.32 The float shall be worked with a ·sawing motion while held in a 
floating position, parallel to t~e center-line of road for road 
•.-1ork, and passing gradually from one side of pavement to the ocher. 

11.33 "1ovement ahead shal I be in successive advances of not more than 
one-half the length of the float. Exc:ess water or soupy material 
.shall be wasted over the side forms. 

11.4 Straiaht Edaina 

11 .5 

11. 6 

I 1.41 ~fter the longitudinal floating has been c:ompleted and excess 
water removed. but while the concrete is scil I plastic:, the slao 
surface shall be tested for trueness with a straight edge. 

11.42. Any depressions found shal 1 be irrmediately fi 1 led ·.-1i th freshly 
mixed concrete, struck-off, c:onsol idated, and refinished. High 
areas shal.1 be cut down and refinished. 

9roomina 

11.51 

11.52 

11.53 

Edaina 

After floating and as soon as any surplus water has risen co sur
face, the pavement shal 1 be given a broom finish. 

Brooming shall produce corrugations in the surface of uniform 
appearance and not more than 1/16 inch in depth. 

' 
Surface when finished shall be free from ·rough and porous areas, 
or irregularities or depressions. 

After brooming is ·completed. but before concrete has its initial· set, the 
edges of the slab shall be carefully finished with an edger of the radius 
required by the drawings, and the pavement edge shall be left smooch and. 
true to Ii ne. 

11.7 Surface Test 

Plane surfaces shall be checked with an approved 10 foot straight edge. 
~o more than 1/8" total deviation in 10' from a true plane will be 
acc:ectaole. Repairs shall be as directed by the Inspector. 

12 •. SURFAC~ DE~~CiS (See Standard Specification Q-503). 

13. CURl~G OF CONCRETE 

13.1 ~oisc ~ethod 

Conc:-ete shall be kept ·.-1et by the continuous acplicacion of a r1ne water 
scray or covered . ..,ith ::iurla? or suitable cotton mats ·.-1r!ich >hall :ie ~ept 
·.-1et continuously for 72 !iours. Curing shall commence as soon as conc:re~e 
:ias hardened sufficiently to prevent marring of :he surface. 
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13.Z '.o/ater-or-oof ?acer- or Plastic: Membr-ane Method 

The entire surface shall be c:over.ed with wacer-proof pacer, 'Hnite burlac
polyechylene sheet or plastic: sheet laid directly upon the c:onc:rete. rhe 
material shall c:onfonn to ASTM Designation Cl71. The sheets shall ~e 
lapped not leSS than 4 inC:heS at edg~S and ends, and be Sealed 'Hi th 
adhesive or pressure-sensitive tape not less than lt inches in widen; 
The membrane shal I b~ 'Neighted to prevent displacement. Holes appearing 
durin9 the curin9 period shal I be immediately patched. The membr-ane 
shall r-emain intact for- not less than 72 hours after- plac:in9. 

13.3 Cur-inQ Comcound Metnod 

A I iquid membr-ane fonnin9 compound c:onfonnin9 to tne requirements of 
AS"TM C309 may be used wher-e appr-oved oy the Engineer-. 

14. BEARING GROUTS ANO GROUTING (See Standar-d Specification Q-503). 

15. WATE~STOPS (See Standar-d Spec:ific:ation Q-503) 

le. COLO ANO HOT 1.JE.~THER CONCRETING (See Standard Specification Q-503) 

17. CONSTRUCTION JOINTS (See Standard Spec:ific:ation Q-503) 

18. EXPANSION JOINT MATERIALS 

18.1 E;ccansion. Joint Filler-

Expansion joint filler- shall c:onfonn to the requirements of ASiM 0175) 
for- bitlJininous filler and AS"TM 0994 or- 0175"2 for- non-bituminous· fi.ller-. 

18.Z Joint Seal inQ Ccmcound 

Joint seal in9 compPund shal I c:onfonn to the r-equi r-ements of either- .:l.S7l1 
01854 Jet Fuel ~esistant Conc:r-ete Joint Sealer-, Hot Pour-ed Elastic iype; 
ASTI1 04628, ?refonned Polychlor"Opr-ene Elastomer-ic: Joint Seals for- Concrete 
Pavements: or- ~STM 01850, Concrete Joint Sealer-, Hot Poured Elastic: iype. 

19. CON CR ETC CURBS ANO SI OEWALKS • 

19.1 ;:or curbs, excansion j'oints I/!.. inc.'i . .,ide shal I be c:onstruc::ed at !O foot 
inter-val s and at the. end of c:uro returns, and shal 1 l:le at r-·ignt angles :o 
the c:-..irb. 

19.Z The suriac:=i of sidewalks shal 1 be marked into rec:tan9les of :'IOt more tnan 
16 squar-e feet . .,i th a scoring eoal, 'NM i C:!'i 'N i 1 1 leave the edges rounded. 
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19.3 For sidewalks. expansion joints· 1/4 inch wide shal I be constructed 
opposite expansion joints in an adjacent· curb, or if curb is not adjacent. 
at intervals of 20 feet. 

19.4 Sidewalks shall be broom-finished, with brooming being transverse to 
direction of traffic. 

REFERENCE SPECIFICATIONS 

Site Preparation. 
Roads and Paving. 

s-;21 
S-502 
Q.-503 Plain and ~einforced Concrete. 
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1.0 SCOPE 

Thl~ ~p~cification establishes -the design requirements for railroads. 
Supplementary or modifying. requirements to tr.is. specification will be 
as shown on project drawings. lll work shall meet the minimum require
ments of the serving railroad. 

2.0 EARTHWORK 

& Earthwork criteria established for the j obsite shall be used· as 
applicable for trackage roadbed construction. 

3.0 LAYOtrr 

3.1 :·Iaximum permissible grade under normal conditions is 1.5% with 1.0% 
l!laXimum grade wherever possible. :·!aXimum permissible 3rade for 
switching or storage tracks where brakes are not to be set on the 
railcars is 0.15% •. :raximum ~rade at loading dock stations shall 
be 0.0.%. 

3.2 ~·Iaximum permissible degree of curvature is 12~-00'. 

3. 3 · Hi.nimum verticitl. clearance shall be 22 '. and side clearance 8 ' as 
shown· on A.R.E.A. Clearance.Diagra.m f~r Tangent.Track and new 
Construction. Minimum distance !Jetween centerline of parallel 
spur tracks is 14 ft. on tangents with additional l''. per each 
degree of curvature on curves. 

3.4 A mini.mum tangent of 100 ft. shall ~e provided between reverse 
curves. Hinimum lenth of vertical curve shall be 100 ft. 

3.5 ~o. 8 turnouts as shown on the AREA Trackwork Plans shall be 
used on loading or storage yard tracks. ~fainline. turnout shall 
be ~o. 10. 

3.6 Super-elevation or spiral transitions shall not be used on loading 
or storage yard tracks. 

3.7 Horizontal and vertical curves may occur on same stretch of track. 

4 • 0 '.·!ATZRL\LS 

& !rack. mat:arials and sub-ballast shall oe as specified in 
Specification S-525. 

5. 0 ORAI~TAGE 

5.1 Culverts and subdrains 

5. l. l :raterial and desi~n shall i.:le as specified in. Specifications 
14222-S-l anci S-522 (at<cached to 14222.~s-l). · 
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5.1.2 Subdrains may be used to lower a :'Otentially harmful water table 
in'pervious soils. 

5.1.3 The minimum clearance from the base of ties to flexible steel 
pipe culverts up to 48 inches diameter shall be 18 inches. The 
minimum clearance from base of ties to rigid ~ipe culverts shall 
be 2 feet. In normal conditions cu1verts and subdrains shall be 
placed so no part of the pipe shall-extend above subgrade into 
ballast.or. sub~ballast •. All culverts shall be checked for struc
tural adequacy. 

5.2 DITCHES 

5.2.1 

5_.2.2 

Side ditches shall be at least 2 ft.· wide and 2.0 ft. below 
subballast. 

Intercepting ditches shall be used along the upper side in 
cut sections if the natural ground slopes toward the cut for 
a substantial distance • 

6. 0 REFEREHCES 

Specifications 14222-S-l: Design Specification, Sewers and Drainage. 

& Specification S-522 

Specification S-525 

Construction Specification; Sewers 
and Drainage. 

Construction Specification, Railroad. 

Area Manual for Railway Engineering, Vol. 1 and 11 1976. 

Area Track Work Plans, 1976 • 
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This spec:i f i cat Ion covers the gener"a I requirements for" matel"ia Is 
and methods of conscruc:ting a standllr"d-gage r"ai lr"oad. \Jor"k. ~nc:luding 

materials, shall be guar"anteed to meet the appr"oval of the serving railroad. 

la NEW MATO I ALS 

/'.. ! 

/"'-...; 
/1'. 

New materials.shall be used for the follcwin9 ite111s, except that re-layer 
material may be used for those items specified in Section 3. 

Za 1 Bal last 

2a11 Crushed stone, crushed air-cooled blast furnace 
slag. or crushed gravel composed of hard, strong, 
and durab I e par"t i cl es. free from injurious ancunts 
of deleterious substances. and confonning to the 
requirements given on Pages 1-2-1 through 1-2-4 of the 
AREA l'\anua I, Vo I •a I • sha 11 be used·. 

2.12 Crushed stone or crushed slag shall ccnfonn to the 
grad·ing requirements for' AREA sizes 3, 4, or S. 

2. 13 Crushed grave 1 shall· conform to the .grading requirements 
·for AREA sizes G•l, G-2. or G-3. and shall contain 75% 
c:rusht:td p I eces. . 

2.2 Sub-Ba 11 ast 

2.21 Cinders, bank•r"un gr"avel Or" c:oar"se sand shall be used. 

2.22 Clnder"s shall be fr"om kar"d coal, and free of br"ick 
bats, rubbish and deleter"ious materials. 

2.%3 Bank-nin gr"avel shall consist of a natur"al gravel or 
an ar"tificial mixture of har"d· durable pebbles, rock 
fragments or sand, and a maximum of 6 per cent of 
binder material (mat.aria! passing zoo sieve). 

%.24 Coarse sand shall have a maximum of 8 per cent of 
binder material. 

Z.3 ~ 

Ties shall be Class T. eonfonning to the requirements given on Page 
3·1·4 of the AREA Manual. 

I i I I 
I I I 
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2.31 Size 3 cross ties (6 inches thick by 8 inches wide· on 
top, by 8 feet long) , conforming co the requ i rer.ients 
given on Pages 3~1-1 through 3-1-16 of the AREA Manual 
sha JI be used. 

2.32 Switch ties (7 inches thick by 9 inches wide on top, 
by the required length) conforming to the require!ll'!nts 
given on Pages 3-2-1 through 3-2-4 of the AREA Manual 
sha I l be used. 

2.33 Ties shall be treated in accordance with the 
of the Standard Specifications of the AWPA: 
for Presel"Vative Treatment of Cross Ties and 
by Pressure Treatment; and P-2, Standard for 
Tar Solutions, Grade D. 

requirements 
c-6. standard 
Switch Ties 
Creosote-Coal 

2.34 Concrete ties may be used with the approval of the serving· 
ra i 1 road. 

2.4 ~ 

Open-hearth steel rails of No. J classification shall be used. Rail 
shall weigh not less than 90 pounds per 1 inear yard and shall confol"r.1 
to the requirements on Page 4-1-1, and 4-2-1 through 4-2•6 of the 
~PtA Manual. The standard length of new rail shall be 39 feet ~ta 
ternperature·of 60°F. See Section 3. 

2.5 Turnouts 

2.51 Turnouts shall be furnished as a complete unit consisting of 
new materials throughout. Materials shal-1 !:>e as specified in 
the AREA trackwork plans for the turnout number specified on 
the construction drawings. 

2.52 A switch shall consist· of a pair of switch rails with double 
reinforced switch points, one or more rods to hold points in 
correct relation, gage and switch plates, heel blocks, jaw 
or transit clips and metal guards for foot protection, all 
in accordance with AREA Standards. 

2.53 Switches shall be equipped with ground-th·row switch stands, 
complete with targets. Switch stands shall be American 
Brake Shoe Company, No. 360, or approved equal. 

2.6 Miscellaneous 

2. 51 

. 2.52 

Track bolts shall be made from heat-treated corbon steel, 
and nuts from carbon steel. Bolts and nuts shall conform to 

·the requirements given on Pages 4-2-15 through 4-2-18 of the. 
AREA Manual • 

Joint bars shall be made from high-carbon steel, and shall 
conform to the requirements given on Pages 4-1-6.2 and 4-2-3 
through 4-2-11 of the AREA Manual. 
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Z.63 Spring washers shall be made from steel by electric
furnace, open-hearth, or cruc:ibJ·e process, and shall 
conform to the requirements given on Pages 4-2-19 
through 4-2-21 of the AREA Manua I 

2.6l+ Tie plates shall be made.from low-carbon steel by 
electric: furnace, open-hearth, or Bessemer process, 
and shall conform to the requirements given on 
Pages S-1-1 through S-1-3, S-1·7 .• and 5-1-8.of the 
AREA 11anua I • 

2.65 Track spikes shat 1 be cue; spikes, 9/1611 x 5-1/2". 
made from soft steel by the Bessemer or open-hearth 
pr-ocess, and shall conform to the requirements given 
on Pages s-2-1 I s-2-z. and s-2-6 of the AREA Manual. 

2.66 Gage rods shall be non-insulated, adjustable type 
1-1/~' steel rods threaded on one end and forged into 
a hook on the other. A steel el ip with lock washer 
on the threaded· end sha 11 be used. · 

2.67 Bulll!)ing· posts shall be m11de from carbon steel throughout, 
and shall be Hayes type WO or Buda Model No. 30. 

2.~ Wheel stops shall be nwde from carbon steel, furnished 
in pairs wi.th 2 anchor bars, and sha 11 be Hayes Type 
SF or Buda Type A. 

2.69 Derails shall be made from cast carbon steel and shall 
be Hayes Model Q and C, No. 2, or approved equal. 

3. REtAYER MATERIAL 

The following re-layer type material may be substituted for new ~aterial, 
but shall be clearly indic:ated as such on a quotation or subcontract. 

3.1 ~ 

3~11 Rail shall have a m1n11num of physical defects and shall 
pass the requirements for rails as given in 2.4 above, 
e~ce~t for wear allowances, and shat I be accep~able to the 
serving rai 1 road. 

3.12 ~elayer rail shall be rail that weighed not less than 90 
pounds per yard wnen new. Rail shal I be full lenath 30-, 
33-, or 39-fooc rail. Twenty percent may be in shorter 
lengths. varying by one foot from.38 feet to 15 feet. 

3.13 Re=layer rail with the_foll01o1in9 wear and defects shall ~e 
acceptable • 

IHClflUTIOI H. 1 :'...222-5-3 2 zn. ___ _ 
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3. 131 

3.132 

Head abrasive wear, not exceeding 12 per cent 
on one-half of the head width of the original. 
the abrasive wear being uniform along the entir~ 
length of rail. 

Rail with ·end batter, provided the batter has 
been sawed back from this defect. 

3.14 Rail with the following physical defects will not be 
acceptable: compound fissure, detail fracture, engine 
burn fracture, horizontal split head,. vertical split head, 
ctushed heed, flowed head, piped rail, split web, weeping 
cracks, broken base, or tail which has been rejected as 
defective by detector. 

3.2 Used joint bars and tie plates which have been in use with re-layer 
will be acceptable, provided they too have a minimum of physical. 
defects. 

4, CONSTRIJCTION 

4.1 Tracks shall belayed to the line, grades and cross-sections shown 
·on Bechtel drawings. Construction shall.be as specified herein 
and in the AREA Manual, Pages 5-'+-1 through 5-4-4, except that 
subcontractor: shal 1 .furnish ballast. 

4.2 20 ties shall be used for 39-foot rails; 18 ties for.33-foot rails; 
-and 16 ties for 30-foot rails. 

4.3 Joints shall be stagger-ed so that the joint on one side wit.I not be 
more than 4 feet from center of the opposite rail. No joint shall 
be less than 3 feet from switch joints. Do not have joints in 
street and road crossings, unless a_bsolutely necessary. 

4.4 Tangent rails shall be spiked to ties with a minimum of two spikes 
per rail per tie, one inside and one outside of rail. On curves 
and turnouts, three.spikes shall be used per rail per tie, with 
the additional spike on the inside of the rail. 

4.5 Track shal 1 be layed ~o the standard gage of 4·• 8-1/2" on curves 
up to 8 degrees, and gage shall be widened 1/8 inch for each 
increment of l degrees, up to a maximum of 41 -91

• 

4.6 No super-elevation of outer rail is required, unless specifically 
indicated on the plans. 

4.7 Gage rods shall be installed on all curves and turnouts; rods shall 
be spaced at a. feet on center. 

4.S Turnouts and switches shall be ·installed in accordance with AREA 
Specifications. 

5. CLEARANCES 

Clearances shall conform to all local and State laws and regulations, and 
to 'he applicable rules, regulations and standards of the serving railroad. 
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6. MEASUREMENT 

Method of me•surement for pay quantities under unit prices shal 1 be'· 
on the follawing basis: 

6.1 ~ 

Lineal feet of trackage c:~lete in place, based on centerline 
measurement, exclusive of turnouts. Track measurement shall 
end at point of switch. and start at he•I of frog. 

6.2 Turnouts 

Each c~lete .'in place, Turnout shal 1 include bot·h straight 
and turnout track's. ·f ram point 0 f SW i tch to hee I of frog. 

6.3 Bumoina Posts and uerails 

Each complete in place. 

6.4 Wheel Stops 

Pair complete in place. 

7. ~EFERENCE~ 

Standard Specification S-521 Site Preparation and Earthwork 

AREA Manual for RailW.y Engineering, Latest Edition 

ARE.A Trackwork Plans, Latest Edition 
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l.O SCOPE 

This specification covers welding and nondestructive examination requirements for 
· shop purchased or field subcontracted heat excnangers, pressure vessels, 

!ired-heater tubes, and their attachments. 

2.0 CODES 

To the extent speciCi~ welding and other criteria covered by tttis specification 
shall be in accordance with tne· following Codes and/or Standards. (The Codes or 
Standards specified in tne purchua order shall be the current issue including 
revisions and adden~ man~tory on the date of the purchase order.) 

2.1 ASME Boiler and Pressure Vessel Code; Section I, VIII, Division l and 2, and 
IX. . 

3.0 WELDING· PROCESSES 

3.1 The following welding processes are permitted, provided satisfactory 
evidence is submitted that the procedure is qualified in accordance with all 
applicable Codes, Standards and job speciiications: 

.... 

.3.l.l 

3.1.2 

3.l.3 

3.1.4 

3.1.S 

Shielded Metal.,. Arc (Sr4A W) 

Gas TUngsten-Arc (GTAW); manual, machine and automatic. 

Automatic Submerged Arc (SAW); with the following limitations: 

3.1.3.l 

3.1.3.2 

3.1.3.3 

The maximum individual layer thickness for 
submerged-arc welds shall not exceed l /2 inch for 
materials 1-1/4 irich thick or greater and 3/8 inch for 
materials less than l-1/4 inch thicK. · 

Alloy steel shall only be welded with an alloy wire and 
a neutral flux unless the Buyeris written permission to 
proceed is given !or individual applications. 

Removaole starting and stopping taos shall be used for 
longitudinal welds. 

Oxyacetylene (FGW); This process is limited to hard !acing and 
repairs to cast iron. (Hardfacing of austenitic stainless steels 
with FGW is not allowed.) 

Plasma Arc (PAW) · 

~=-...;;z __ ~_ .... z..__ C# 13 
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3.1.6 Flux Core Arc (FCA W); With or without a shielding gas, may be 
used to weld carbon steels and low alloy steels which contain up 
to 2-1/4 Cr-1 Mo. Steels containing more than 2-l/4 Cr-1 Mo. 
and corrosion-resisting cnro.mium and cn.romium-oickel steeis 
must be welded witn a shielding gas. 

·3.1.6.l FCAW is not permitted in the overhead position or the 
. vertical position with downward progression. 

3.1.7 Gas Metal Arc (GMAW); Shall be used only in the spray transfer 
range. Pulse arc is considered spray transfer. The short arc 
transfer mode may be used for materials up to and including 3/18 
inch t_hick, and for the root pass in material of any thickness. 

3.2 Other welding processes will be considered by the Buyer on a· case by ease 
bas~ · 

4..0 RESTRICTIONS 

4.1 All welding processes shall De protected from wind, rain and other harmful 
weather conditions which may affect weld quality. · 

( 

4.2. Welding techniques shall De selected to assure specified tolerances for 
straightness and out~f-t"oundness are not exceeded. Whetner or not 

. tolerances are stated in the Buyer drawings, standards or specificatioRSy. 
tne tolerance requirements of the relevant code always apply. 

4~ Permanently installed backing rings or strips shall not be used without prior 
written permission. Where a backing ring or support bar is used in a weld, 
this material shall be of the same composition as the base material and · 
shall be completely removed by baCK~hipping or gouging. Proposals to use 
backing or support bars of compositions different from tnat of tne base 
material must have all details reviewed by the Buyer and permission 
received in writing prior to use. 

4.4 Peening shall not be used without prior wr.itten permission to proceed. Tbe 
use of pneumatic too-ls for slag removal is not considered peening and is 
permitted. 

4.5 An argon, helium or nitrogen internal purge shall be used for the Gas 
TUngsten-Arc root pass on single sided welds on 2-l/4 Cr-1 Mo. and higher 
alloys. P-1, P-3 and P-4 steels may be welded with or without an internal 
argon purge. 

4.5 For Aluminum or Titanium butt joints welded from one side only, the root 
pass shall be made by tne Gas TUngsten-Arc or Gas Metal-Arc process. 
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4.7 When welding Titanium, the gas shielding system shall include a glove box, 
envelope or other supplemental equipment that is specifically indicated in 
welding procedures. Each weld bead and adjacent base metaJ. snail be 
cleaned to remove ail surface discoloration prior to depositing the next 
bead. Tne final weld surface may have intermittent, iridescent 
straw-colored or light blue oxides. 

4.8 For joining clad steels, the following limitations apply: 

4.8.l The cladding shall be stripped back a minimum of 1/4 inch from 
the edge of base material weld· bevels by machining, chipping or 
grinding,. not by flame or arc-gouging. 

4.8.2 Removal of the cladding shall not reduce the base materials 
thic:Kness below the design thic:Kness. 

4.8.3 A minimum radius oC 1/16 inch shall be used at the limit of 
cladding removal unless the clad material is beveled at least 30 
degrees. 

4.8.4 Preparation of local repair cavities in overlay welds that 
penetrate into the oase material more tnan 10 percent of its 
thickness snall have the base material re-welded with the proper. 
welding pl"OCedure consistent with the base material before 
completing tne overlay repair. 

4.9 Weld deposits for alloy welds shall fall within the limits of ehemical 
composition specified ior· the materials to be joined, unless otherwise 
permitted by the Buyel". 

4.10 Production weld filler materials shall have mechanical. properties within 
the limits !;peci!ied for the base materials to ·oe joined unless written 
permission to deviate is received from tne Buyer. 

4.10.l In addition, completed welds and heat affected zones speci!ied to 
be in severe service snail not exceed Brinell Hardness (BHN) as 
follows: 

4.10.l.l 

4.10.l.2 

4.10.l.J 

200 BHN in carbon steel welds and heat affected 
zones. 

215 BHN in C-1/2 Mo. steel welds and heat ai!ected 
zones. 

241 BHN in-low alloy C1".-MO. steel welds apd heat 
affected zones. 

4.10 .. 2 If a weld is postweld heat treated, the hardness test snail be 
conducted a.cter the heat treatment. 
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..... 4.10.3 Macro-hardness tests shall be taken approximately every ten feet 
of the weld seam· with a minimum of one location per vesseL 
Whenever possible, readings shall oe taken on the I.D. of tne 
vessel weld or as determined by the Buyer's· representative. If a 
test reveals hardness exceeding the specified limit by more than 

• 5%, two more tests at locations six inches on either side of the 
original tests may Oe taken. If both of these two tests indicate 

· that hardness is below the specified value, tnen the weld is 
considered acceptaole. 

4.10.4 Hardnesses exceeding tne specified value oy s percent or more, or· 
suosequent adjacent tests showing higher than specified 
hardnesses are not acceptable. Tne welds showing excessive 
hardness shall be repaired. · The repair procedure shall oe 
reviewed by the Buyer and written permission from the Buyer 
must be granted to proceed. 

4.11 Weld bevel preparations for P-5 and higher alloys shall be machined or 
ground back to Oright and sound metal if they have been flame or arc cut. 

4.12 . All surfaces to be welded snail be free of scale, oil, grease, dirt and other 
contaminants. 

4.13 Welded joints shall be made by completing· each weld layer oefore 
succeeding layers are deposited. Block welding is prohibited unless the 
Buyer's prior written permission is obtained. 

4.14 Vertical welding shall be done vertical up. 

5.0. WELDING ELECTRODES 

5.1 All Shielded Metal-Arc Welding.shall be done using low-hydrogen type 
electrodes when any of the following conditions apply: 

5.2 

5.3 

. 5.1.l 

. 5.1.2 

5.1.3 

In service with design temperatures below minus oop • 

With steels having a maximum specified or actual carbon content 
aoove 0.30 percent. 

For steels having a specified minimum tensile strength of 70,000 
psi and greater and the thickness exceeds one inch. 

5.1.4 For SMA weld repair of steel castings. 

Electrode classifications E6012, E6013, E7014, E7024 shall not oe used for 
welding o( pressure-retaining parts of vessels. These electrodes, however, 
may be used for non-pressure-retaining fillet welds of P-1 mat~rials. 

For Gas Metal-Arc Welding and Gas Tungsten-Arc Welding of P-1 steels, 
solid wire electrodes sllall conform to ASME SF A-5.I 8, Classification . 
E70S-2, E70S-3 or E70S-o. 
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5.4 For Flux Cored-Arc Welding oC P-1 steels, the electrodes shall conform to 
ASME SFA-5.20, Classi!ication ESOT-8, E70T-l, E70T-4, E70T-5, E70T-6 or 
E70T-G. 

5.5 Carbon steels snail not be welded with C-1/2 Mo weld metlll. 

5.6 Filler metals and consumaole inserts for austenitic stainless steel welds 
snail be selected and controlled to produce weld deposits that fall witnin 
the following ferrite ranges and numbers as determined by Figure l, WRC 
Delta ferrite Diagram, and the certified chemical analysis, unless other 
Buyer specifications have more restrictive limitations. 

Weld Material PWHTor Service Temperature Ferrite% Ferrite No. 

Less trian 800 F 5-25 5.S Min. 
308, 308L 800 F and over 5- 9 5-9.8 

316, 316L Less than SOOF 5-15 5-17 
309, 309L 800 F and over 5- 9 5-9.8 

5.7 Type 309 or 309L austenitic stainless steel welding mat~ials snail be used 
for welding carbon or low allay steels to austenitic stainless steels, 
including the ill'St layer· of austenitic stainless steel corrosion-t"esistant 
overlays. 

5.7.l When postweld heat treatment of a dissimilar joint is· required, 
the carbon or low alloy steel member shall oe "Outtered" with 
Type 309L and postweld heat treated prior- to welding to the 
austenitic stainless steel memoer. 

5.1.2 Foi- corrosion-f'esistant austenitic stainless steel overlays, where 
the caroon or low alloy steel base metal requires postweld heat 
treatment, the first weld layer shall be made with Type 309L. All 
ottier layers shall be made witn low carbon grade welding 
materials. 

S.~ The receipt, use, disbursal and retrieval of all welding fillet" metals snail be 
maintained under strict control ·.vitn the storage, baking and drying as 
recommended by the manufactur.er. 
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6.0 PREHEAT AND INTERPASS TEMPERATURE (Pc5cIPT) 

6.l Pc5cIPT shall be in accordance with the applicable codes and the latest 
addenda except tnat recommended minimum preneat temperatures shall be 
considered man,:atory under. this specification. 

& 6.2 Welding may be ?erformed only when the metal temperature is above 
32"F. 

1.0 

6.3 In addition to goveming code requirements, P-1 steels shall have a Pc5cIPT 
of 2ooop minimum w·hen the thickness exceedS 1-1/2 incn. 

6.4 The maximum preheat and interpass temperature for austenitic stainlesS 
steels snail be 35oop. · 

6.5 . Pc5cIPT shall be determined oy temperature-lndlcatiug crayons, contact 
pyrometers or other equally suitable.means. Temperature-indicating 
crayons used on austenitic stainless steels and nickei~ase alloys shall not 
cause corrosive or other harmful effects and snail not contain more than l 
percent o~r weight oC total halogens, or sulfur or 200 ppm by weight o! 
inorganic halogens. It is the manufacturer's responsibilit'J to determine. 
suitable brands and melting temperatures tnat may be. used. This 
informatiOn shall be made available to tlle Buyer's representative on· 
request. 

6. 6 The PdcIPT requirements listed above shall also apply to tack welding and 
to the welding of temporary attachments. Except for P-1 steels, the 
preheat requirements aoove shall also apply to all thermal gouging and 
cutting. · 

POSTWELD HEAT TREATMENT (PWHT) 

7.1 PWHT for pressure vessels shall be in accordance with the applicable code 
and contract requirements witll the following exceptions: 

1.2 

7.l.l A minimum of t2soop on P-4 materials is required. 

7.1.2 For P-6 materials, the PWHT temperature used shall be the 
lowest possible to avoid overheating and hardening on cooling and 
the material shall be checked after PWHT to ensure that tne 
Brinell Hardness does not exceed 241 • 

When the Code specifies only a minimum PWHT temperature, th~ 
maximum PWHT temperature sh~l notJexceed the minimum oy more than 
lsooF with the following exceptions. 

7.2.l For materials which have been previously nardened by normalizing 
and tempering or quenching and tempering tl1e PWHT temperature 
shall be tne lowest possiole to avoid degradation of base metal 
properties. · 

•n_ ..... ~ __ __ -; __ (JI __ 1_J __ 



..., 
C1' .... 

I 

= 

7.3 For vessels and heat exchangers, a minimum of two positively attached 
thermocouples is required. When there are varying thicknesses, one shall 
be on the thickest and one on the tninnest section. (Other Buyer joo 
specifications may require additional thermocouples.) 

7.4 Direct impingement by torch or furnace burner heating is not permitted for 
PWHT. 

7.S Exothermic.heat treatment is prohibited. 

8.0 WORKMANSHIP, VISUAL QUALITY EXAMINATIO:.f AND INSPECTION 

8.1 Each layer oi welding shall be essentially smooth and free of.slag, 
inclusions, crackS, porosity, lack of fusion and undercut; except to the 
extent permitted in the referenced Codes. In addition, the cover pass shall 
be essentially free of coarse ripples, irr~ surface, non~nif orm bead 
patterns, hign crown and deep ridges or valleys between beads. 

802 Butt welds shall be sligntly convex and have fUll penetration, unless 
otherwise specified and permitted in the applicable Codeo 

8.3 Removal o! weld defects shall be verified.by NOE before repair is startedc 
Repair welding shall be ·d.one only by qualified welders using qualified 
procedures. · 

8.4 Overlay welds on vessels, heat exchangers and tut>esheets shall be 
liquid-penetrant examined. This shall be done after final machining and 
postweld heat treatment when machining and/or postweld heat treatment 
is required. 

-s.s During fabrication, a portion of the clad surface may be removed such as 
to weld in internal attacnments or as the result of cutting a hole and 
welding in a nozzle. After the attachment or nozzle is welded in, exposed 
base material shall be weld overlayed (back cls.d). Prior to Dack cladding, 
the Buyer shall have reviewed the welding procedure and given the Seller 
permission to proceed.. After the back cladding operation is completed, the 
finished surface shall be examined to be sure that all Dase material has 
been covered by the back cladding. The examination procedure (such as 
swabbing wih 10% ammonium persulfate) shall be developed by the Seller 
for use on the specific materials involved. The procedure shall oe 
submitted to the Buyer for review and the Seller shall not use the 
procedure until receiving permission to proceed. The e:camination 
procedure shall be capaole of differentiating between back cladding aJ1d 
base material. The examintltion procedure shall contain a description of 
the examination metnod, a step by step· sequence, the criteria for when the 
procedure is to be used, tne acceptance criteria, repair sequence, and 
post~:camination cleaning. At the option of the Buyer's representative, 
the back cladding of circumferential and longi_tudinal welds m~.y be 
required to receive the above examinationc 
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8.6 All aluminum, titanium or stainless steel butt joints shall have tne l'Oot side 
inspected by PT when possible. 

8 .. 7 All arc: strikes,. starts, and stops shall be confined to the welding groove. 

8.8 All partial penetration weld joints snail be identified.on Form 114, 
attached. 

8.9 The use or temporary welded attacnments shall be avoided as much as 
possible. A!ter fabrication is complete, they ·snail be removed flusn with 
the base metal without Wldercutting. Attachments shall not be "knocked 
of!". These attachment areas shall De included in tne areas given any . 

· PWHT. Ail attacnment areas snail De examined. Magnetic materials snail 
be MT examined and nonmagnetic materials snail be PT examined except 
that 5 % and 9 % nickel steels shall only be PT examined.. 

9.0 PROCEDURES 

9.1 Only welding procedure specifications (with welding procedure 
qualification records) that have been given written permission to proceed 
by the Bayer snau be used for welding. Separate or inclusive procedures 
shall be submitted for repair welding. Applicable welding procedures that 
have not been previously granted permission to proceed by tne Buyer for. 
the project shall be submitted as soon as possible a!ter award of worl< and 
sufficiently ahead or any actual welding to allow for d.dequate review and 
permission to proceed from tne Buyer. The Buyer's representative will 
review p~formance qualification records for individual welders. 

9.Z 

9.l.l For all equipment, tne attached form 114 (Welding Procedure 
Control Sheet) shall be completed by the Seller for all items to be 
fabricated. All procedures to be used shall be listed and 
identified. Forms shall oe submitted as soon as possible a!ter 
a ward of the work. 

9.l.2 Pressure retaining butt, ·groove, "T", or corner we.!ds in metal less 
than l /16 inch thickness shall be qualified in accordance with 
ASME Section IX and by suornittal o! two sample cross-sections 
for examination with the weld procedure. These joints shall be 
inspected by PT of tne face and root and a l OX visual examination 
of cross-sections. There snail be no cracks, lack of fusion, lack ot 
penetration or porosity. The ~eld thiclcness shall be at least equal 
to the thickness of the thinner member joined. 

The Seller's welding procedures require the Buyer's written permission to 
proceed or.ly once for each Buyer project or job • 

Specificacion :·lo~ 14222-W-l 1ev. 2 Page 9 ot 13 
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9.3 ~ Procedures shall be submitted by any of the following methods: 

9.3.l Forms QW-482 and.QW-483 as shown in the ASME Code, Section 
IX, or similar forms showing the same information. 

9.3.2 ·A Seller's procedure9 which have been p~eviousiy reviewed by the 
Buyer for the· project or job, using processes listed in Paragrapns 
3.1.l through 3.1.8 need not be resubmitted provided the Seller 
submits a listing of the following information on a transparency of . 
Form 114: 

9.3.2.l 

9.3.2.2 

9.3.2.3 

9.3.2.4 

Description of equipment the Seller intends to weld 
using previously approved procedures. 

The Buyer's specification number (or equivalent 
identification). 

Revision number and date. 

Date of previous Buyer permi$ion to proceed (and 
vendor print number, if available). 

10.0 NONDESTRUCTIVE EXAMINATION 

Ttle information below contains requirements for nondestructive examination. 
These are minimum requirements and may be supplemented by other requirements 
contained in additional Buyer specifications and drawings that are part of tlle 
purchase documents. 

Equipment • 

Vessels 

Heat 
Exchangers 

NONDESTRUCTIVE EXAMINATION (NDE) 

RT(l). 

2,3,4,S 

.2,J,4,S 

Nondestructive Examination 
(Applicable Notes) 

MT(l) PT(l) 

5,6~9 5,7,9 

5,6,9 

UT(l) 

8 

8 

When nondestructive examination is required by Code or Buyer specification, the 
following notes are applicable to extent listed on the taole .. 

Specificacion ~o: l4Z22-~-1 aev. 2 Page 10 of 13 
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NOTES: 

1. RT (Radiographic Examination), MT (Magnetic-Particle Examination), PT 
(Liquid Penetrant Examination) and UT (Ultrasonic Examination). All 
indications shall be considered relevant until proven otnerwise. 

2. The extent of radiographic examination and applicable Codes snail be as 
required in the Buyer's drawings and specifications. Unless otherwise 
specified, radiographic examination and evaluation snail t>e in accordance 
with ASME Section Vlll, Division l, Paragraph UW 51 or UW 52 as 
applicable; or Division 2, as applicable. 

3. . Radiographic film shall be either Type I or ll per ASTM E94 (Koda!< Type 
M, AA or Buyer approved equivalent) and lead screens shall oe used. 

4. Single-film viewing shall be used and the film density shall be in the range 
of l.8-3.4. For those instances where the variable thickness makes 
single-film impracticable and, with the Buyer Representative's 
concurrence, douDle:-film viewing may·oe used. For the double-film 
technique, the film density shall be in the range of 1.8 to 3.4 for the 
double-film comDination and each individual film shall not be less than 1.3. 

5. Welds. of a size or type preventing conclusive radiographic images, sucn as 
some types of brancn connections and fillet welds, shall be given a 
magnetic-particle examination. For non-magnetic materials, a 
liquid-penetrant examination shall be ~ed. Internal surfaces shall be 
examined where accessible. 

S-.. . Unless otherwise specified, magnetic-particle examination and evaluation 
shall be in accordance with Appendix VI of ASME Section vm, Divison 1, Ol" 

Appendix 9, Division 2, as applicable, using the D.C. Prod Method. Af;.~ 
any final PWHT, the A.C. Yoke Method snail be used. Permanent magnet 
yokes shall not be used. 

7. Unless otherwise specified, liquid-penetrant examination and evaluation 
shall be in accordance with Appendix VIir of ASME Section VIII, Division 1, 
or Appendix· 9, Division 2, as applicable. In addition, cleaner and developer 
solutions having a combined total residual sulphur and halogen content of 
l % or greater by weight shall not be. used. 

8. Unless otherwise specified, ultrasonic-examination and evaluation shall be 
in accordance witn Appendix XII o! ASME Section VIII, Division l, or 
Appendix 9, Division 2, as applicable. 

9 •. For single welded groove joints, where accessible, both surfaces· (root LD. 
and face O.D.) shall be examined. If the I.D. root cannot be examined, the 
face of the root pass shall be. If both surfaces are not accessible and 
preheat 01· interpass temperature requirements prevent examination of the 
root pass, the Seller shall propose other means, subject to Buyer permission 
to proceed, for assuring sound metal in the root of the joint. 

__ 1_1 __ Cl 13 



Vl 
·o 
ID 
n 

t~ 

.j.·· 

t.J 
l.J 

·~ I 
~ 
I 

c ,~ 

~ .. 
)( 

II) 
0 
+ 
z .. 

t;I )( 

rlJ 0 
t-< " .... .. 
> u 
..., ..., ;,( 

:'11 H )( 

;;.J~ ~- £! 0 

~~ c.: " n :>II ... 
• o-f P1 z r:l 

;,( l.J .... 
;::; • .. 
> 1 n 

~ D w 
j 
.!t z 

'tl 
Ill 
IQ 
ID 

~ 
N 

0 
Hi 

~ 
w 

fORH 11-291 1/66 

21 

20 -
111 

18 

11 

Hi 

115 -
14 

13 

u 

11 

10 

111 n 

Au111nlt1 

Auucnh1 + Forrlll 

18 19 20 21 22 23. 24 

Chromium Equlvalont • "Cr+" Mo+ 1.li • " SI+ O.& x" Cb 

NOTE: Tho 1c1u1I nitrogen contont h preforred. If thla It nol 1voll1blo, Iha foll owing oppllcibl1 . 
nloogen voloo thilll be &nod: GMAW wolda-0.08% lc•copt •olf·thielding flu11 cored 1lec1rod1 
OMAW wclda-0,12%1; weld a of 01her procouea-O.OG%, 

2G 21 



MFR. LOCATION 

EQUIP.NO. BECHTEL P. 0. 

a:..,: OESCRIP./SERVICE MFR. S. O. 
Wz 

PWHT: YES (FOR COOEI D YES (FOR PROCESS) 0 ND D cc .... 
i= ::: 
~l ~ 
<t~ WELDING PROCEDURE IDENTIFICATION BECHTEL USE ONLY ... c 
~ .... 

DETAIL FOR THIS EQUll'. 2: MFRS. NO. REV. BECHTEL > WELOG. &MET. <t CIJ 
AHO DESCRIP. DATE PARTS JOINED "P"'Na. MaxThk V.P. NO. 

... 
DATE COMMENTS :::=:: a: 

::i-1- ·--
cgz 
oC 
WQ 
I- .... 
.... CIJ .... ~ 
a.. 
::~ c 
uC ........ 
= CIJ .... .... a: , .... ~ 
<to 
::i: .... 
CIJ u 
Zc 
oa: 
i= a.. 
u-' 
w-' .,, ct 
!:!? t;; 
::i;_ 
I- .... 

SPECIFS. AOOITIOfJAL COMMENTS: 

SPECIAL REQUIREMENTS 
PROCEDURE PROO. WELDS 

: 

ELEV. TEMP. TESTS PRODUCTION TEST~ -> -MAX. TENSILE AT ROOM TEMP. RADIOGRAPHY .... - - . 
z MAX. YIELD AT ROOM TEMP. ULTRASONIC EXAMN. o· - - MAGN. PARTICLE EXAMN. .... BRINNEL HARDNESS .,, - - LIQUID PENETRANT EXAMN • ::i CHARPY IMPACTS : - -· .... ALL-WELD-METAL TENSILES _ BRINNEL HARDNESS w 
~ 

I- SIMULATED HT. TREATMENT _ WELD SAMPLING ::i: -u SPECIAL CHEMISTRY ' .... -= 
a: 
Q ... 

0111 WORK MAY PROCEED. 2 
0 Q CZI REVISE AND RESUBMIT. WORK MAY PROCEED 
i::: O SUBJ Ii CT TO INCORPORATION OF CHANGES INDICATED. 
u C:ll REVISE AND RESUBMIT. WORIC MAY NOT PROCEED. w 0141 REVIEW NOT REQUIRED. WORK MAY PROCEED • .,, 
!:!? IMPORTANT: Permission to proceed does not connit!H• accept3nc• 
::i: 
I- or eopro•al of design details. calculations. analyset. test methods or 

V.P. -
: 

ma1erial1 "'""elooed or selected by Che supplier and do..- not reliw• 
1uppli0f' from lull complance wllh contrectu.i obli9.iionL 

R&C ENG. ··H· SIGNED DATE EQUIP. rJD. 
FORM 114 ·-··1 :I 

:P"i-) 
4/79 WELDING PROCEDURE CONTROL SHEET I JOB ND. 

Specification No. 14222-1~-l Rev. 2 Page 13 of 13 



N 
~ 

·"" 
I 

i A-~ 4/80 

TABLE OF CONTENTS 

1.0 SCOPE 

2.0 CODES 

3.0 WELDING PROCESSES 

4.0 RESTRICTIONS 

5.0 WELDING ELECTRODES 

6.0 PREHEAT AND INTERPASS TEHPERATURE 

7.0 POSTWELD HEAT. TREATMENT 

8. 0 WORKMANSHIP, VISUAL QUALITY EXAMINATION, 
AND INSPECTION 

9.0 WELDING PROCEDURES 

10.0 NONDESTRUCTIVE EXAMINATION 

ISSUE FOR PHASE ZERO 
ISSUED FOR APPROVAL 

ASFI THE BRECKINRIDGE PROJECT AECT JOI NO .14222 
U.S. DOE COOPERATIVE AGREE.'1ENT NO. DE-FC05-800R2071"7 ~~i.IFIC.ATION 

STANDARD SPECIFICATION 
GENERAL WELDWG REOUIRD!ENTS FOR SUPPLIER PIPING 14222-W-2 

SMUT_......,1 __ OF ___ 11 ___ _ 



l. 0 SCOPE 

Thls sp~cification covers welding and nondestructive examination require
ments for shop purchased or field subcontracted piping, valves and their 
attachments. 

2.0 CODES 

To the extent specified, welding and other criteria covered by ·this 
specification shall be in accordance with one o~ more of the following 
Codes and/or Standards. 

2.1 ASME Boiler and Pressure Vessel Code; Section I and IX. 

2.2 ANSI Code for Power Piping; B31.l. 

2.3 ANSI Co4e for Pressure Piping; B31.3. 

3.0 WELDING PROCESSES 

3.1 The following welding processes are permitted, provided satisfactory 
evidence is submitted that the procedure is qualified in accordance 
with all applicable Codes, Standards, and job spec~fications: 

3.1.l Shielded Metal-Arc (SMAW) 

3.1.2 Gas Tungsten-Arc (GTAW): manual, machine, and automatic. 

3.1.3 Automatic Submerged Arc (SAW); with the following limitations: 

3.1.3.l The maximum individual layer thickness shall·not 
exceed 1/2-inch for macerials 1-1/4-inch thick or 
greater and 3/8-inch for materials less than 1-1/4-

· inch thick. 

3.1.3.2 Alloy steel shall only be welded with an alloy wire 
and a neutral flux lKlless the Buyer's permission to 
use an alloy flux is given for individual appli
cations. 

3.1.~ Oxyacetylene (FGW); this process is limiced to 2-inch nominal 
diamecer and.smaller P-1 piping, repairs to cast iron, and 
hara :acing. (Hardfacing oi austenitic stainless steel with 
FG"~ is not allowed.). 

3. l. 5 Plasma Arc (PAW) 

3.1.6 Flux Core Arc (FCAW) with or without a shielding gas may be 
used to weld carbon steel and low alloy steel which concain 
:ip to l-1/4 Cr. -1 :Io. Steel containing more than 2-1/4 Cr
: '.·!o and corrosion-resisting chromium and chromium-nickel 
3teel ~use be welded with a shielding gas. 

J.:.5.: ?CAW is ~oc permitted ~ith overhead·or che ver~ical 
position wich .:iownwarci. progression. 
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3.l. 7 Gas Metal .\re: .(GJAW) shall be used only in the S'{:lray trans:fer 
mode. Pulse arc: is c:onsidered S'{:lray transfer. !he Shae arc: 
cransfer mode may be used for material U'P to and inc:luding 
3/16-inc:h th.ic:k, and for che rooc pass in material· of any 
th.ic:kness. 

·3.2 Other 'ln!lding processes may be considered providing that sacisfac:tory 
evidence of che ~eller's ability co use the process is subm:i.cted co 
che Buyer. 

4.0 RES'TRICTIONS 

4.l Permanencly inscalled backing rings or scrips shall nae be used 
wl.chouc prior permission. r..t11ere a backing ring or support bar is 
used in a weld, this material shall be ·of che same composition as 
the base material and shall be completely removed by back-chipping · 
or goughing. Proposals co use backing or support bars of compo
sitions different from chat of the base material muse receive 
permission from the 3uyer p.rior to use. 

4.2 Double welding is per:nicced on all joints ac:cessible from boch sides. 
r..lhere double groove welding is employed, che firsc root pass shall be 
back.chipped co sound metal before welding the second side. 

4.J Peening shall nee be used without prior perizu.ssion co proceed. !he 
use of pneumatic cools for slag removal is nee· considered peening and 
is permic:t:ed • 

.:.. . 4 !he rooc pass of all circumferential butt •..ie.lds of compressor suction 
and lube oil piping, acc.essible from one side onl:;, shall be •..ielded 
wic:h the GTAW process. Also, for ?-5 and higher carrous alloy, 
aluminum, or c:ic:anium out:: j oinc:s welded from one si·de only, c:he root 
pass shall be made by the GTAW process. 

4.5 An argon, nitrogen, or helium inc:ernal purge shall be usea tor the 
Gas Tungsten-Arc root pass of 2-1/4 Cr-1 :!o and higher alloys. P-1, 
P-3, and ?-4 sceel may be welded wic:h or wic:houc an internal.purge. 

4.6 When welding titanium, the gas shielding system shall include a glove 
box, env:elope·, or ocher supplemental equipmenc chat is spec:ifically 
indicated in welding ?rocedures. Each weld bead and adjacenc base 
shall be cleaned co remove all surfac:e disc:oloration prior co depositing 
che ne:ci: bead. !he ~inal weld surface may have an incermictenc, 
iridescent scr~w color-ed or lighc blue oxide. 

~.; For clad pipe, the following limitacions apply: 

4.7.l !he cladding shall be stripped bac:k a illinimum of l/4-inc:h from 
the _edge of oase Jiaterial bevels by aiac:hining or 1rinding, noc 
by flame or 3rc-~ou~tu.ng. 

~.i.2 Removal of che ~ladding shall not reduce che base material 
chic~<ness below :he design thickness. 

:... 7 .3 .\. llinimum ::-adius .Jf 1/16-inch shall oe •.lsed at che limic of 
~ladding removal =.mless the ~~ad Jia.Carial ~s beveled ac least 
30 .:iegrees. 
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4.i.4 Preparation of local repair cavities in overlay welds that 
penetrate into the base material more than 10 percent of its 
thickness shall have the base material rewelded with the 
proper welding procedure consistent with the base material 
before completing the overlay repair.· 

4.8 Weld deposits for alloy welds shall fall within the limits of chemical 
composition specified for the materials to be joined, unless otherwise 
specified. 

4.9 Production weld filler materials shali have mechanical properties 
within the limits specified for the base materials to be joined 
unless permission to devi.ate is received from the Buyer. 

4.9.l In addition, completed ANSI B31.3 welds specified in Form 167 
to be in severe service shall not exceed·Brinell Hardness 
(BBN) as follows: 

4.9.l.l Except for shielded metal arc welds 200 BHN in carbon 
steel welds. 

4.9.2 If welds are required to be postweld heat treated, then 
hardness tests .shall be conducted after the postweld heat 
treatment. Hardnesses exceeding the specified value by 5 
percent or more, or subsequent adjacent tests showing higher 
than specified hardnesses are not permitted and the welds 
showing the excessive hardness shall be rejected and subject 
to re-heat treatment or repair. 

4.10 Weld bevel preparations for P-5 and higher alloys shall be machined 
or ground back to brigh~ and sound metal if they have been flame or 
arc cut. 

4.11 Welded joints shall be made by completing each weld layer before 
succeeding layers are deposited. Block welding is prohibited unless 
the Buyer's prior permission is obtained. · 

4.12 Vertical weld1ng shall be done vertical up. Proposals to use vertical 
down welding shall be subject to permission from the Buyer. 

5 .o wnnrnc ELECTRODES 

5.1 t:nless specifically waived, all Shielded Metal-Arc W"elding shall be 
done asing low hydr.ogen-type electrodes W"hen any or the following 
conditions apply: 

5.1.l In service with design temperatures below minus 200F, or a 
~rimary flange rating of Class 900 or greater. 

S. l. 2 ~'11th ste~ls having a maximum specified o-r actual carbon 
content above 0.30 ?e-rcent. 

).~.~ ?or steels having a ~~ecified minimum tensile strength of 
70,000 psi and 5reacer and the thickness exceeds one inch. 

;.~.· ?or SMA weld •epair oi ~ceel ~astings. 
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5.2 For P-1 and P-3 steel piping materials requires the use of low-hydrogen 
electrodes, the root pass only may be welded with E6010 and E7010-Al 
electrodes, respectively. 

5.3 Electrode classifications E6012, E6013, E7014, and E7024, shall not 
be used for welding of pressure-retaining parts of piping. These 
electrodes, however, may be used for non-pressure-retaining fillet 
welds of P-1 materials. 

5.4 For Gas Metal-Arc Welding and Gas Tungsten-Arc Welding. of P-1 steel, 
solid wire electrodes shall conform to AWS A-5.18, Classification 
E70S-2, E705-3, E705-4, or E705-6. 

5.5 For Flux Cored Arc Welding of P-1 steel, the electrodes shall con
form to AWS A-5.20, Classification E60T-8, E70T-l, E70T-4, E-70T-5, 
E70T-6 or E70-TG. 

5.6 Carbon steel shall not be welded with C-1/2 Mo weld metal unless the 
Buyer's permission is obtained. 

5.7 Filler metals and consumable inserts for A-8 (Table QW-440, ASME 
Section IX) austenitic stainless steel welds shall be selected and 
controlled to produce weld deposits that fall within the following 
ferrite ranges and numbers as shown in Table 1 below and as deter
mined by Figure 1, WRC Delta Ferrite Diagram, unless other Buyer 
specifications have more restrictive limitations. 

TABLE 1 

Weld Material PWHT or Service Temp. Ferrite Percent Ferrite No. 

308~ 308L Less than 8Q00F 5-25 5 Min. 
800°F and over 5-9 5-9.8 

All Others Less than 800°F 5-15 5-p 
800°F and over 5-9 5-9.8 

5.8 Type 309 or 309L austenitic stainless steel welding materials shall 
be used for welding carbon or low-alloy steel to austenitic stainless 
steel, including the first layer of corrosion-resistant overlays. 
Type 309L is pref erred but Type 309 can be used with the exceptions 
of Paragraphs 5.8.1 and 5.8.2 below. 

5.8.l 

5.3.2 

Hhen ?OStweld heat treatment of a dissimilar joint is 
required, the carbon or low-alloy steel member shall be 
"buttered" with Type 309L and post:weld heat tr.eated_ p-rior·· to 
welding to the austenitic ~tainless steei wember . 

For corrosion-resistant austenitic stainless steel overlays, 
where the carbon or low-alloy steel base metal requires post
'.'1elci heat treatment. the rirst <.Jeld layer ~n-11 be made with 
7ype J09L. .Ul other layers shall be made with low carbon 
5rade welding ~aterials. 

5.9 The requirements listed below shall ~e ~andatory in all tiller 
~aterial ?rocurement wherein austenitic stainless steel may be 
subjected :::o cryogenic service at temperatures of minus 150°F or below . 
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5.9.l The delta ferrite content of the bare.electrodes shall be 
determined by a certified chemical analysis using the WRC 
Delta Ferrite Diagram as shown in Figure l, with nitrogen 
.determined by actual analysis, and.shall be within the.range 
of 3 to 8 percent (3 to 8.5 FN). 

5.9.2 Weld metal Charpy V-Notch impact tests shall be made on each 
haat and lot of covered electrodes. The test shall be con~ 
ducted at the lowest design temperature to which the materials 
oay be exposed. The certified test results shall include the 
test temperature, absorbed· energy in foot pounds, percent 
shear, and mils lateral expansion. The acceptance criterion 
is 15 mils minimum lateral expansion on each set of three 
full-size specimens (see ASTM A-370): Absorbed energy and 
percent shear is reported for infonnation only. 

5.10 The receipt, use, disbursal, and retrieval of all welding filler 
metals shall be.maintained under strict control with the storage, 
baking, and drying as recommended by the manufacturer. 

6.0 ?~EHEAT AND INTERPASS TEMPERATURE (P&IPT) 
r' 

6. l P&IPT shall be in accordance with the applicable codes and the lates.t 
addenda except that recommended minimum preheat tellll>eratures shall be 
considered mandatory under this specification. 

6.2 In addition to governing code requirements, P-1 steel shall have a 
P&IPT of 200°F minimum when the thickness exceeds l-l/2-inches 
unless the governing code has more restrictive preheat requirements. 

j.3 The maximwn preheat and interpass temperature for austenitic stain
less steel shall be 350°F except that for the hard facing of low 
carbon austenitic stainless steel base materials, the maximum 
preheat and interpass temperature shall be aoooF. 

6.4 P&IPT shall be determined by temperature-indicating crayons, contact 
pyrometers or other equally suit_ able means permitted by the Buyer. 
Temperature-indicating crayons used on austenitic stainless steel 
and nickel-base alloys shall not cause corrosive eifects or other 
harmful effects and shall not contain more than l percent by weight 
of the total halogens, or sulfur or 200 ppm by weight of inorganic 
halogens. It is the :na.nufacturer' s responsibilit:r to determine 
suitable brands and melting temperatures that :nay be used. This 
iniormation shall be ~ade available to the Buyer's representative on 
request. 

6.3 The P&IPT requirements listed above shall also apply to tack welding 
and to the welding. of cempo~ary attachments. The preheat require
ments above shall also apply to all thermai gouging and cutting 
axcept for P-L :naterials. 

7, 0 POST'.VELD nEAT TPL\TI1ENT ( P~·iHT) 

1.1 Pmrr Ji ?ressure ::iioing shall be in accordance '.Jith Paragraph 331.3 
Jf .. .\N'SI 331. J '.Ji th :he .:allowing exceptions: 

s.ml'ICATIGll .110. 14222-W-2 
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7.1.1 For P-6 materials, the PWHT temperature used shall be the 
lowest possible to avoid overheating and hardening on cooling 
and the material shall be checked to ensure that the Brinell 
Hardness does not exceed 241. 

7.2 PWHT of power piping shall be in accordance with the applicable codes 
with the following additional requirements: 

7. 2 .1 For P-6 materials, the PWHT temperature used sha.il be the lowest 
possible to avoid overheating and subsequent hardening on cooling. 

7 .3 When the referenced Code or technical specification specifies· only· a 
minimum PWHT temperature, the maximum PWHT temperature shall not 
exceed the specified minimum by more than lSQOF with the following 
exceptioJi: 

7.3.1 For materials which have been previously heat treated by 
normalizing and tempering or quenching and tempering the PWHT 
temperature shall be the lowest possible to avoid degradation 
of base met~l properties. 

7.4 One thermocouple shall be positively attached in each furnace charge. 
Welds given a local PWHT shall have one positively attached thermo
couple for nominal diameters up through 12 inches. For nominal dia
meters over 12 inches; at least two thermocouples are required -
located 1800 apart, with one on top for welds in a vertical plane. 

7.5 Direct impingement by torch or furnace burner flames is not permitted 
for PWHT. 

7.6 Exothermic heat treatment is prohibited. 

8.0 WORI01ANSHIP, VISUAL QUALITY EXAMINATION, AND INSPECTION 

8.1 Butt welds shall be slightly convex and have full penetration, unless 
otherwise specified and permitted' in the applicable Codes. For 
piping, limitations on weld reinforcement shall apply to the interal 
suriace as well as the external. 

8.2 Removal of defects shall be verified by NDE before repair is started. 
Repair welding shall be done only by qualified welders using 
qualified procedures. 

8. 3 Overlay 'Melds shall b·e liquid-?enetrant examined. For overlay welds, 
this shall be done after final machining and postweld heat treatment 
when machining and/or postweld heat treatment is required • 

. 3. 4 Socket welds shall have a gap of approximately 1/16-inch minimum to 
L/8-i.nch maximum between the bottom of the socket and the end of the 
?ipe ?rior to 'Melding. 

3.5 All arc strikes, starts, and stops shall be confined to the welding 
J;roove. 

3.5 :he :ise oi temporary· ~•elded attachments shall be avoided as much as 
?OSSl.O.Le. After :abrication is complete, ::hey shall be removed flush 
'.vith :he base m_etal '.vithout undercutting. Attachments shall not be 
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"knocked off". These attachment areas shall be included in the areas 
given any PWHT. All attachment areas shall be examined. Magnetic 
materials shall be MT examined and non-magnetic materials sh~ll be PT 
examiu~d ~xcepc chat 5 percent and 9 percent nickel steel shall only 
be PT examined. 

9.0 WELDING PROCEDURES 

9.1 Only welding procedure specifications (with-welding procedure quali
fication records) shall be used for welding which have been given 
the Buyer's permission to proceed prior to use. Separate or 
inclusive procedures shall be submitted for repair welding. Appli
cable welding proc.edures that have not been previously granted 
permission to proceed by the Buyer for the project.shall be submitted 
as soon as possible after award of work and sufficiently ahead of any 
actual welding to allow for permission to proceed from the Buyer. 
Performance ._qualification records for individual welders shall be 
made available to the Buyer's representative. 

9.1.l For piping, Form 167 and 167A (Welding, Heat Treatment, and 
Nondestructive Examination of Piping) shall be completed by 
the Seller for all items to be fabricated •. All Procedures 
to be used shall be listed and identified. Forms shall be 
submitted as soon as possible after award of the work. Form· 
167 and 167A are attached co 14222-L-5, Project Specification, 
Piping Fab~ication. · 

9.2 The Seller's welding procedures require the Buyer's permission to 
proceed only once for each Buyer project or job. 

9.3 Procedures shall be submitted by any of the following methods: 

9.3.l Forms QW-483 as shown in the ASME Code, Section IX, or similar 
forms showing the same information, 

9.3.2 A Seller's procedure which"has been previously granted per
mission to proceed by the Buyer for the project or job, using 
processes li~ced in Paragraphs 3.1.l through 3.l.8 need not 
be resubmitted provided the Seller submits a listing of the 
following information on Form 167: · 

9.3.2.l Description of piping the seller intends to weld 
using previously permitted p·rocedures. 

9.3.2.2 !he Buyer's specification number (or equivalent 
identification). 

9.3.2.J ~vision number and dace. 

9. J. 2. ~ Date of ;irevious 3uyer permission co proceed (and 
vendor print number, if available). 

:..O. J :-IONDESTRUC':':VE E:X.U!INAT!ON 

The information below ~ontains requirements :or nondestructive examination. 
These are ::iiniI!!Um :-equirements and :nay be supplemented by other 
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requirement.s contained in additional Buyer specifications and drawings 
that are part of the purchase documents. 

NONDESTRUCTIVE EXAMINATION (NDE) 

I NONDESTRUCTIVE EXAMINATION I 
I 

(Aoplicable Notes) I 

EQUIPMENT RT(l) MT(l) PT(l) ! UT(l) ! 

I 2,3,4,5, I 
I 

i PIPING 6,7 3,8 3,9 3.10 I 

When nondestructive examination is specified, the following notes are 
applicable when indicated above: 

NOTES: 

l. RT (radiographic examination), MT (magnetic-particle examination), PT 
(liquid penetrant examination), and UT (ultrasonic examination). All 
indications shall be considered relevant until proven otherwise. 

2. The extent of radiographic examination and applicable Codes shall be 
as requ:t.red on Form 167 .and l67A (Welding, Heat Treatment, and Non
destructive Examination of Piping). 

3. Where random nondestructive examination is specified (i.e, a percent
age of each welder's welds or a percentage of the total welding) and 
shows a weld failing to meet Code or specification requirements, 
examination shall be made of two or more welds made by the same 
welder. If either of the additional welds are unsatisfactory, the 
Buyer's representative may reject all work hy that welder. Exami
nations and repairs to defective or rejected work shall be done at 
the Seller's expense. 

4. Radiographic film shall be either Type I or Type II per ASTM E94 and 
lead screens shall be used. 

5. Single-film viewing shall be used and the film density shall be in the 
range o~ 1.8-3.4. For those instances where the variable thickness 
makes single-fil~ impracticable and, with the Buyer Inspector's per
mission; double-film viewing may be used. For the double-film 
technique, the film density shall be in the range cf 1.8 to 3.4 for 
the double-fil•'ll combination and each individual film shall not be less 
than l.3. 

6. 

I• 

Radiography or welds in pipe having a nominal diameter of three inches 
or less may be performed by the elliptical projection 'technique. At 
least two separate exposures are required at locations 90° apart. 

Where there is no internal access, radiography of welds in pipe having 
a nominal diameter of three inches or greater shall be such that at 
least three separate radiographs are taken 120° apart. only that 
?Ortion of the·weld;on :he film side of the pipe (opposite radiation
source side) shall be interpreted. Because of the variation in pipe 
diameter, wall :hickness and sou~ce-to-film distance, it may be 
:iecessar;r to ::ake Jtore chan the :ninimum number of r:-adiographs to 
;:>,roperly examine the ~m::ire circumference of a weld. 

in __ 1_. __ 9 11 aar ____ t1' ----



8. Unless otherwise specified. magnetic-particle examination proce.dures 
shall be in accordance with AS~1E Section V, using the D.C. Prod 
~thod. After any final PWH'!, the A.C. Yoke Method shall be used. 
Permanent magnetic yokes shall not be used. 

9. Unless ocher~ise specified. liquid-penetrant examination procedures 
shall be in accordance wir.h .\.SHE Section·V. 

10. Unless otherwise specified. ultrasonic-examination procedures shall be 
in accordance with ASME Section V. 

REFERENCE SPECIFICATIONS AND FORMS 

Specification 14222-L-5 
Forms 167 and· 167A · 

Attachment: Figure 1. 
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1.0 SCOPE 

_The requirements of this specification cover welded tube-to-tubesheet 
joints where leak-tightness integrity is of utmost importance. 

2.0 SEQUENCE OF CONSTRUCTION 

Ttc following general construction sequence only shall be used in welding 
tube-to-tubesheet joints; 

2.1 Prepare tubes and tubesheet. 

2.2 Position tubes~ 

2.3 Weld. 

• 
2.4 Visually inspect and repair. 

2. 5 Pre.liminary leak test. 

2.6 Repair leaks and retest (2.4 and 2.5 above). 

2.7 Postweld heat treat when required-by the job specification. 

2.8 ·preliminary leak tests. 

2. 9 Repair leaks and retest .. 

2.10 Expand completed joint if required by job specification. 

2.11 Final Helium leak test. 

2.12 Hydrostatic tests. 

2.13 Repair leaks and retest (2.7, 2.9, and 2.11 above). 

3.0 PREPARATION OF TUBES A.~D TUBESHEETS 

3.1 Tubes shall be cleaned and solvent degreased on both the OD and ID for 
a minimum distance equal to the tubesheet thickness plus one inch. 

3.2 After all machining op~rations have been completed, the tubesheet 
shall be cleaned free of grit, scale, moisture, and other foreign 
matter, and thoroughly solvent degreased with a suitable· solvent. 
Degreasing shall include tube holes, any machined weld pTepar·atio):lS 
and the area around the weld preparation. 
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Solvents for stainless steel or nickel ~lloys·shall not contain 
halogen or sulphur co1111Jounds which are deleterious. 

3.J Suitable degreasing solvents are acetone and .alcohol. 

J.4 Tubes may be positioned prior to welding by light expansion of the 
tube end sufficient to hold the tube in place for welding. Lubri
cant shall not be used during this operation. Tubes shall be fitted 
clean and dry into tube sheets. Care shall be exercised to avoid 
touching tube ends with oily hands or gloves. 

3. 5 Care shall be taken to control heat and avoid burn through. Methods 
to avoid burn through such as inserting ·ciean dry copper plugs into 
the tube ends prior co weldings shall be employed wherever practical. 

4.0 WELDING 

4.1 Welding Processes 

Gas Tungsten-Arc (T!G) welding shall be used for making tube-to
tubesheet welds except as permitted below. :1anual metal arc welding 
using coated electrodes may be permitted provided the following con
ditions are met.: 

4.1.1 Written approval is obtained from the Purchaser. 

4.1.2 The tube wall thickness exceeds one-eighth inch. 

4.1.3 The tube diameter exceeds on inch. 

4.1.4 The vendor supplies a list of successful applications of more 
than three years duration, where he used the manual metal arc 
method with coated electrodes. 

4.1.5 At least two. passes are employed. 

4.1.6 Peening is prohibited. 

4.l Filler Metal 

4. 2 .1 For carbon steel and low-alloy steel •.welded with the gas 
tungsten-arc 9rocess, filler metal shall be of the multiple 
deoxidized type (e. g, AWS-ti.5 .18 Classification E705-2 for 
carbon steel), except as noted in Paragraph 4.2.J. 

4.2.2 Manual metal arc welding electrodes shall be the low-hydrogen 
type only • 

4.2.J For carbon steel and low-alloy steel (less than 12 percen~ 
Cr) where the pressure differential becween sheet and tube 
exceeds 500 ?Si and a liquid phase is present on the higher 
pressure side, :he filler metal shall be AWS-AS.14 Classifi
.:acion ::RNiCr-3 \Inconel Filler :-!eta.l 32) for gas tungscen
arc · . .relciing and .\WS AS .11 Classificacion 2:Ni<::rFe-3 ( Inconel 
•.welding elecc-::-ocie 182) for ;nanual :necal arc \.relding .· 
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4. 2. 4 Filler metal for all.oy construction shall ma·tch the base metal, 
except as otherwise approved by the Buyer. 

4.3 Preheat 

Preheat shall be that specified in Appendix R of ASME Section VIII for 
the tubesheet material except that P-1 materials shall be preheated to 
200°F minimum, when the specified maximum allowable carbon-content 
exceeds 0.30 percent. For clad tubesheets, the requirement for pre
heat shall be governed by the cladding material, providing the tube
to-tubesheet weld is no deeper than one-half of the cladding thick
ness. For welds deeper than one-half of the cladding thickness, the 
preheat requirement shall be the more stringent of the tubesheet 
material or the cladding material. 

4.4 Fabricator's Welding Procedure 

4.4.1 Immediately upon receipt of the purchase order, th~ Fabricator 
shall submit a detailed and properly qualified (see Paragraph 
4. 5) welding procedure for the Purchaser '·s approval of welding 
procedure and· qualification tests. 

4.4.2 Procedures shall be submitted by any of the following methods: 

4.4.2.1 Per Bechtel Standard Form 81. 

Note: Form 81 is attached to this specification and 
and the vendor is invited to request a 
sufficient number of transparencies for his 
use. 

~ .3 Procedures previously approved by the Purchaser on current or 
past projects need not be requalified, providing: 

4.4.3.1 The Fabricator so requests, end lists the procedure 
specification number, revision number, and date, and 
Purchaser's vendor print number. 

NOTE: Waiver of procedure requalification does not 
imply that a particular procedure will be 
approved for use on all work. ?rocedures 
will be re-evaluated for each particular item 
of equipment. 

4.4.3.2 There is no change in the following ~rocedure 
variables: 

PmrlCATIOll ... _ .. 1 .. 4 .. i.-12 .. -... w,_-.. 3' __ 

a) A change in ASME P-number of the tube or tube
sheet material (or cladding, where applicable). 

b) A change in tube OD by 25 percent or wall thick
ness by 10 ?ercent. 

c) The addition or omission of filler material. 

d) A cha_nge in che comoosition or 3.n increase in the 
diameter of :iller metal, including the addition 
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or omission of p't'eplaced consumable inserts and/or 
a change in their size and shape. 

e) A change.in the number of weld passes. 

f) A change in the tube-to-tubesheet joint detail 
or a change in the ligament dimension such that 
the adjacent welds overlap,·or vice versa. 

g) The addition of other welding positions than those 
previously qualified. 

h) A change in one shielding gas to another or 
changes in the composition of mixed gases. 

i) A change from manual to automatic welding, or 
vice versa. 

j) 1. A decrease in the specific preheat temperature 
by more than 100°F. 

Z. Maximum p't'eheat or interpass temperature of 
tubesheet before starting: 

k) A change of +15 percent of the specified mean · 
voltage_or amperage for each size electrode used. 

1) Direction or progression of welding-. 

m) Addition or.omission of copper chill. 

n) Omission of high frequency arc stabilizing or 
starting. 

4.4.4 A change in the procedure variables noted above shall require 
a new-written procedure specification which shall be requali
fied as specified under ::?aragraph 4.5. 

4.5 Welding Procedure Specification Test Sample 

!+.5.1 !est Samele 

The Fabricator shall submit .i r:est sample of tube-co-cubesheet 
welds made using the procedure specification submitted. This 
test sample shall be made on an assembly that accurately simu
lates ?reduction conditions with respect to the cube hole 
;>atterns and dimensions.and the "assential variables" listed 
in Paragraph 4.4.3.2. Additionally, the thickness of the 
cubesheet shall·be that used in production or two inches, 
•.rhic-hever is less. 

The minimum number of weld joints in the test assembly and the 
number or cest pieces .;;hall be as shown in Figure L Do not 
a~nand cubes after welding. The test samples shown in Figure l 
snall je submitted to :he ?urchaser ~or evaluation. The 
?1bricacor i.s requested co ~·raluate t:he unused ;;>ieces of che 
:ast assembly co assure himself chat it is capable oi meeting 
che following 1ccepcance ~riteria. These cest samples shall 
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be submitted sufficiently in advance of fabrication in order 
that they may be pr0perly evaluated by ?oth Purchaser and 
Fabricator &nd any required modifications completed before the 

·start of fab~ication. 

4.5.2 Acceptance Criteria 

4.5.2.1 As-Welded ·Examination 

a) The surface of all welds in the test sample shall 
be examined at lOX magnification and shown to be 
free of cracks, porosity, weld spatter, weld 
metal "overhang" or "burn through", and excessive 
weld reinforcement. Dressing of welds to remove 
"overhang", "burn through" is not permitted . 

. b) Welds in the test assembly shall be liquid 
penetrant inspected in accordance with Procedure 
B-2 or B-3 of ASTM El65 and shown to be free of 
cracks and surface porosity. 

4 .. 5. 2 .2 Cross Section Examination 

a) Upon macroscopic examination at lOX, the weld . 
cross sections shall be shown to be free from 
cracks, tears, lack of fusion, inclusions, and 
porosity. 

b) The minimum leak path (Weld throat) shown shall 
be at least two-thirds of the tube wall thickness; 
design calculations shall consider the necessity 
of a larger weld. 

c) When maximum hardness limitations are specified, 
a micro-hardness survey of the weld metal and 
heat-affected zone (HAZ) shall be required. The 
proposed welding procedure shall be shown to be 
capable of producing a weld and HAZ hardness 
below the maximum specified. Tube-to-tubeshee~ 

weldments subject to hydrogen (H partial 
pressure greater than 100 psi) s~all be subject 
to maximum BHN of 200 for carbon steel and 215 
for low-alloy steel. In this case, the tubesheet 
sample sh'll.l.be representative of the production 
steel and six hardness measurements .shall be made 
on :he sample weld HAZs. 

4. 6 Production Welds 

4.7 

If there is. evidence ::hat production welds are not being made in 
accordance with the ?rocedure specification, the inspector may 
::-equire that test •.velds oe u:ade using the test assembly to deter
~ine if the required acceptance criteria are being met. 

Hardness Examination 

Hardness measurements shall be made on production cubesheets if the 
s-pecified service Hz partial pressure exceeds 100 psi. The acceptance 
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criteria shall be 200 BHN maximum for carbon steel and.215 BHN maximum 
for low-alloy steel weld metal and·HAZ. Ten measurements shall be 
lll.1dc on each t:ubesheet. 

5.0 LEAK TESTING 

5.1 Preliminary leak testing shall consist of flooding the tubesheet with 
water and applying pneumatic pressure from the shell side at 50 psi 
for two hoµrs minimum~ The tube-to-tubesheet welds shall be con
tinuously examined for leaks under strong illumination. Leaks are 
indicated by the formation and growth of bubbles •. If stoppers are· 
used co· keep the tubes free of water, they shall be recessed at least 
1/4" below the weld. All leaks shall be repaired in accordance with 
Paragraph 6.0 of this specification and the vessel re-leak tested. 
Alternate procedures are provided in 5.2 •. 

S.2 As an alternate to Paragraph 5.1 above, either a halogen leak test 
(except for austenitic stainless steel) a helium leak test or a soap 
bubble test may be performed. 

5.3 

5.2.l Halogen Leak Test 

Halogen leak tests shall be performed with the shell ac 50 
psi. Each tube-to-tubesheet weld shall be probed with a 
leak detector. 

5.2.2 Helium Leak.Test 

For the helium leak test, the shell side shall be pressurized 
to 30 psi with helium. While the shell is under pressure, 
the tube-to-tubesheet welds shall be leak tested from the 
channel side with equipment capable of detecting leaks ·with a 
leak rate of l x lo-7 standard cc/second. 

5.2.J Soap Bubble Test 

TI1e shell side shall be pnessurized to SO psig llll.nimum. The 
channel side of each tube-to-tubesheet weld shall be coated 
·..rich or covered by a thick concentrated soap solution. Each 
weld shall be individually inspected under strong illumination. 

Final Leak Test 

After ~ompletion of preliminary leak testing, and any repairs followed 
by retesting and rolling; a final leak test shall be performed by any 
one of the :nethods described in 5.2 except that the helium leak test 
shall be ?erformed if the partial pressure of H, exceeds 100 psi. If 
the soap bubble test is performed, the shell side air shall be at 50 
;>sig :nini:num. If the ~;ressure differential across the tubesheet in 
se-:"1ice ~xceeds SO psi, the test air pressure shall equal the service 
;>ressure differential, ~? to the shell design pressure. If the 
service different;ial" exceeds <:he shell design pressure, then the 
3elium ~r 3alog~n cest shall ~e done. 
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6.0 REPAIRS 

6.1 The cost of all repairs shall be at the expense of the Fabricator. 

6.2 Welding defects found during inspection shall be removed to sound 
metal and re-welded with filler metal added in accordance with an 
approved welding procedure, except that: 

6.2.1 Welds found to contain cracks shall be completely removed and 
the weld re-prepared and re-welded in accordance with the 
approved welding procedure. 

6.2.2 Crater cracks may be removed by grinding if their length is 
less than "t" the tube wall thickness. The defect crater 
shall be repaired with the addition of filler metal using a 
qualified procedure. 

6.2.3 If the original. tube-to-tubesheet weld procedure did not 
utilize filler metal, a new rep~ir procedure shall be qualified. 

i.O HYDROSTATIC TESTS 

The tube side and shell side. shall be hydrostatically tes_ted in accordance 
with TEMA (Paragraph Bl.31, Cl.31, or Rl.31, as applicable) except that· 
the test pressure shall be held for a minimum of ~ive hours. 

8.0 WELDER OR WELDING OPERATOR QUALIFICATION 

Each welder or welding operator shall be qualified in the same way as the 
welding procedure qualification. The welder or operator shall have been 
qualified or· have done acceptable work within three months. 

ATTACHMENTS 

Form 81 Fabricator's Tube-to-Tubesheet Welding Procedure, Specificat~on 
and Qualification Record. 

Drawing W-501 Tube-to-Tubesheet Welding, Welding Procedure Test Sample. 
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WELDOO PH I a'.JJBE SP9:IFICATICN .00 sµAf,IFICATICN 3BlliD 

~CP FASlUC\'.ltB.-.., ______________________________________________ _ 

LO:.\TICN ____________________________________________________ ___ 

FABR.Ic.uat' S ?31) W 'RE SPB:IFICATICN CA1E 
--------------------- ---------~ 

8ecntel Specification 50W-2 requires a welding procedure speci!ic:atiQn 
and qualification reea~ to oe su.ani tte<i !or· tuoe-to-tuaesneet· 'Nelding. 
'me in:fomation to be !urnisned snall oe recorded in tne fonns out! ined 
oelowas Put I and II, or in an equivalent !onnwnicn covers all o! tne 
infomatioa required oelow. 

References to Parqrapns and Tao.las refer to. tnose in Sect ion IX of tl'le 
.~ Soi ler and Pt-essure Vesse.1 CQde.· 

:al. aa::.:niL t..'SE CNLY - JD ~ F IU. IN 

( 1 ) APP!!CVBJ ~ 
(I.A) AP~ R:lt F.ASRICATICN AS MARKED. 

REVISED awvoo ~ ~ 
( 2 ) .-1Pl?!IMD AS MABKED. REVISED J:'EAWIN:i Ra.;;;:JLRED 
( 3 ) ~ APFKJVED. REVISED CBAWOO ~IRED 

'mis ~provai of general <?a?Ql iance wttl'l our requi rB1B11ts does not 
relieve SlJ9plier of responsioility to !urnisn [lllterial or equi~t 
rnteting a.11 3ervic:e and dimensional conditions stipulated or ~lied by 
tne ~caasa.order. 

J:ate ~ 

________________________ wr ____________________________ __ 
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P.ARI' I 

FAERic.\'.It:R Is PHJ :eJ t.lRE SPB:IFICATICN 
------------------------------------~ 

l. BASE~: 1l1e oase ltBteria.ls stlall con!onn to the specifications 
IOl": 

Tube Sheet ?-i,'ft.m)er 
------------------------------

Tubes ?-NUmer 
---------------------------------

Cladding (ii used) 
______________________ ?-i.'fl.ID)el" 

(Insert reference to A@IE, AS'IM, Ol" other Code ol" standard designation.) 
(See 'I'a.Dle ~22 for ?-i.'l\nDer grouping.) 

2. FILUR MErAL: 1l1e !i ller rmtal shall ~nform to SFA FHler Mata! 

~l" for 
..,.(AS ...... -l"",-5 ...... 9-, ...,,.5-. l""a .. ,--e-t-c-.... )----- ..,.( •r e_r_r_o_us--,.-no_n_1•• e_r_r_o_us_, __ st_a_t_e_·N-i1""1-c:n-) 

! i 1 lel" metal in Group NUmer F-
..,.(S~e-e--'I'a.D....-l~e......,QV ...... -4-3~2~)....-....-....-....-....-....-....---....-~ 

AWS Classification NUJDer 
(.E70S-2, .ER-308, EEN1C..-3, etc.) 

For F~rrous Filler Metal include the !allowing date: 

1l1e chemical ~sition o! the weld deoosit shall !all within the 
limits of weld rmtal Analysis No. A- . (See 'I'a.Dle QV-442), or 
shall oe ·Mi tnin tne following ~osi t1on 1 lllll ts=------------------

Filler Rod Diameter incn 
-------------------------- ---------------

G\S :al. mGS"mf . .;RC 'NEIDOO: 
to11ow1ng nanina~ ~s1t1on: 

'the shielding gas shall conform to tne 

l1nsel"t nere tne single gas, tne ?t'Opol"-

tional ;:ial"tS 01 inlxea gases, Ol" tne traae des1gnat1on ot tne gas usea.J 

:::CSIT!QI': "!be ·Netding snal l oe done in the 
90s 1 uon. (Give ;:ios i ti on or ;:os it ions in ·.vn icn tne '-veiaing '11111 oe .Jone 
and direction of Ne-I.ding ;:irogression, e.~. ·1ertically IJ9Wll.l'd. (S~ 
?a.r~r~ns •:;;V-~20 and ~l30) 
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4.l Cleanin!' - nte t:uce CD and ID snall.oe thorougnly cleaned for a 
a1staace oi l inc:iles Cran tna welding end; and, tnEJ tuce sneet 
hales snaJ.l oe tnoro~ly cleaned of all Corei~ c:ontaminants, 
using solutions or solvents described nere. 

5. P!mm\T 

(Tnis parl!IJl"SQn snouid describe any preneating ana c:ontroi of interpass 
tem,erature tnat will oe done dw"iruJ welding.) 

S. BEAT 'mEA'.IMENr 

(Tn1s parl!IJl"!IQO snould aescr1oe. any heat tre~cnent or stress rel1ev1ng 
tnat is given tne welded parts oeiore or aiter 'A!elding. State rate of 
heating, noldiruJ ti.ma at tan;>erature, and rates oi cooling.) 

1. WEUJOO P!!OXllB£ W81ded joints snall oe made oy 
-------------------

i vu 1t1 p I e f)&SSes 01 .s1ngie pass ~ state wn1cn) 

8. WEIDOO ~ nte welding snail oe done using -----------

(~tamt1c or llllnu&I equ1~t .- state wrucn) 

9. 'IUBE O.D •. .;MJ WALL nm::~lESS. Tnis procedure is proposed to allow 
tuoe-to-tucesneet 'A18la.s w1 tn tuees having a wall thidmess between 

inc:n and inch, and an outside diamter between 
------incn(es) ana inc:h(es). 

10. ELS:mIC\L aww:n::RISTIC:S .Ell!CtriaaJ. Qluacteristic 
;c,, O::SP, lllP 

High Crequeney oe used. .~rage -Pl5% 
-sna-J.""'l-1""'s_na __ .L .. l_n_o_t_ Volt~ ------ !LS:6 

~ LL c:nw Qpper Clill.s ____________ oe usedo 
snall/snall not -.... .... 

"' ... 
= 

CCVIP.~~ -------------------
3Y ----------

.Jft,_1 __ _ ..., ___ 1_0 ____ • 13 
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TCBE-10-1tlBESHEEl" WElDOO m:u:uJHJ:O 
W\QFtCXTtCii™ 

~ CE FABUc.tltll 
---------------------------------------------------------CATE------

SASE~: (~. ASlM - Specification and Grade) 

1'lDe Sheet ~~" 1'I i c:Kness i nc:nes ------
Claddi~ .1:1-t'l\m>er Ttlidrness inc:tJes 

Tuces ~r -----------
i nc:n (es ) Wllll ni i c:tmess 

----------------
O.D. ______ inc:n 

· F!Il.ER ~: ~ SPB:. Classification 
.E10S-2, m-aos, -SN=--""""""1d',..__.,..3-, -e-t-c: .-.) 

F-i.~er A-i.'iutDei". 
(Fran Ta.ole &J432) (F""r-an-""'ta:0,__.1._e....,,,~--2-)-

.oiaaater inch. M!Ulu!acturel' de Trade Nanw -----------
Inel't Gas CmloSition Flew P.ate 01.Et./Hr 

- (Argon,. Helu.m ol' c:am1natlon) 

HEAT 'rnE.o\'!MENr: ?f'eneat Post But (None or J:) {No.-n_e __ O_l' .,O""F ... ) ______ _ 

St~~s Relief TE!Dllerature Time 
· tNone or OF) ----------- naur~ 

WED?.~: -------------..;:vilnual or ~tam.tic:._· -------
·.~~rT!CN: 

\.?'lat, Vei"t ic:sl, etc: • .) 

:!.a::~uc.;i. c:~~srrcs: ..i..'VIPS '.cLTS 

fCLUil7"! ----------
al ~~-:=".==-------
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ltlBE-10-nm:sHEEr WEIDOO PP!) !."LIJRE 
™1FICATIQf RallfO 

JOINl' IE!AlL 

' 

l. Sketc:n oi joint pe'9p&!"ed tor •J.ciing to oe snawn aoove. 

2. nie !oJ.lowinlJ joint details snaJ.l be snown wnere applic:aole: 

·a. CladdinlJ tnidmesa 
b. 1'lOe i;:irojection and/or tlarinlJ 
<:. Sevel anrtJ.e 
d. Minimm ligament thic.icness 
~. PP'lp!aood Cl'naunu>J.~ ia~a~t~ 
t. use oC copper (c:niJ.ls) 

OU' examination of tne s~J.e snows tnat it meets aJ.l require!'D!nts of 
Secntel Spec.if ic:stion 50W-2. 

-------------CDIP..'\NY' ~ ---------
SY__, ________ .,_, ____ __ 
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1.0 SCOPE 

This srpecification covers welding and nondestructive examination t:equi.re
ments for shop purchased or field subcontracted, f~bricated carbon steel, 
stainless steel, and aluminum low-pressure and atmospheric tanks and their 
attachments. 

2.0 ~ 

To the extent specified, welding and other criteria covered by this speci
fication shall be in accordance with one or more of the fallowing Codes 
and/or Standards. 

2.1 ASME Boiler and P.ressure Vessel Code; Section .IX •. 
. 

2.2 Al'I 650; Welded Steel Tanks for Oil Storage. 

2.3 A.PI 620; Recommended Rules for Design and Construction of Large, 
Welded, Low-Pressure Storage Tanks. 

2. 4 AWWA 0100; Standard for Steel Tanks - Standpipes, Reservo·irs, and 
Elevated Tanks for Water Storage. 

3.0 WEI.DING PROCESSES 

3.1 The following welding processes are permitted, provided satisfactory 
evidence is submitted that the procedure is qualified in accordance 
with all applicable Codes, Standards, an~ job specifications. 

3.1.l Shielded Metal-Arc (SMAW). 

3.1.2 Gas Tungsten-Arc (GTAW); manual,.machine, and automatic. 

3.1.3 Submerged Arc (SAW); with the following limitations: 

3.1.3.l The maximum individual layer thickness shall not 
exceed 1/2-inch for materials 1-1/4-inch thick or 
greater and 3/8-inch for materials less than 1-1/4-
inch thick. 

3.1.3.2 Austenitic stainless steel shall only be welded with 
an alloy wire and a neutral flux unless the Buyer's 
permission to use an alloy flux is given for indi
vidua~ applications. 

3.l.4 Flux Cored .Arc (FCAW) with or without shielding gas; for steel 
up to and including.2-1/4 Cr-t ~o. Steel containing more than 
2~1/4 Cr-1 ~ and corTosion resisting chromium and chromium
nickel steel .uUst be welded with a shielding gas. 

3.1.4.l fCAW is ~ot ?ermitted in the overhead position or the 
vertical down position. 

J. l.5 Gas Metal-Arc (QIAW) in the spray-cransfer cange. Pulse arc 
is considered spray transfer. 

Jft ____ _ liar _ _..2 __ 



3 .1. 6 The .Gas Metal-Arc process using solid-wire electrodes in the 
short-circuiting transfer range may be used for material up 
to and including 3/16-inch and for the roat pass in material 
of any thickness. 

3.2 Other welding processes may be considered providing that satisfactory 
evidence of the Seller's ability co use the process is submitted co 
the Buyer. 

4.0 RESTRICTIONS 

4.1 Permanently installed backing rings or strips shall not be used without 
prior permission. Where a backing ring or support bar is used in a 
weld? this material shall be of the same composition as the base 
material and shall be completely removed by back-chipping or gouging. 
Proposals to use backing or support bars of compositions different 
from that of the base material must receive permission from the Buyer 
prior to use. 

' 

4.2 Peening shall not be used without prior permission to proceed. The 
use of pneumatic tools for slag removal is not considered peening 
and is permitted. 

4.3 For aluminum and stainless steel butt joints welded from one side only, 
the root pass shall be made by the Gas Tungsten-Arc process. An 
internal purge (argon, .helium, or nitrogen) shall be used for Gas 
Tungsten-Arc root pass welding of austeni~ic stainless steel. P-1 
steel may be welded with or without an internal purge. 

4.4 welded joints shall be made by completing each weld layer before 
succeeding layers are deposited. Rlock welding is prohibited unless 
the Buyer's prior permission is obtained. Stripper passes are not 
considered block welding. 

5.0 WELDING ELECTRODES 

5.1 Unless specifically waived, all Shielded Metal-Arc welding shall be 
done using low-hydrogen type electrodes when any of the following 
conditions apply: 

5.1.l In Service with design temperatures below 0°F. 

5.1.2 With steel having a specified allowable carbon content above 
O.JO percent. 

5.1.J :or steel having a specified :ninimum tensile strenght of 70,000 
~si and greater and the thickness exceeds one inch. 

5.1.4 :or SMA weld repair ~f steel castings. 

5.Z For Gas Hecal-Ar_c welding and Gas Tungsten-Arc ~-lelding of ?-1 steel, 
~oiid wire electrodes shall confor:n to AWS A.5.18, Classification 
E70S-2, E70S-3, E70S-4, or E70S-6. 

l.~222-~.i-~ ~ATIOllJIO.,_,, __________ __ '"-----· 
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5. 3 For Flux Cored Arc Welding of P~l steel, the wire electrodes shall 
conform to AWS A.5.ZO, Cl~ssification E70T-l, E70T-4, E70T-5, E70T-6, 
or E70T-G. 

5.3.l For welding in positions other than flat, the elctrode diameter 
shall not exceed 0.078 inches. 

5.4 Carbon steel shall not be welded with C-1/2 Mo weld metal unless the 
Buyer's permission is obtained. 

5.5 Filler metals and consumable inserts for A-8 (Table QW440, ASME 
Section .IX) austenitic stainless steel welds shall be selected and 
controlled to produce weld deposits that fall within the following 
ferrite ranges and numbers as shown in Table l below and as deter
mined by Figure l, WRC Delta Ferrite Diagram, unless other Buyer 
specifications have more restrictive limitations.· 

Table 1 

:.J'eld Material. PWHT or Service Temp. Ferrite Percent Ferrite No. 

308, 308L Less than 8000F 5-25 5 Min. 
.. 

All Ot·hers Less than 8000F 5-15 5-17 

5.6 Type 309 or 309L austenitic stainless steel welding materials shall 
be used for welding carbon or low-alloy steel to austenitic stainless 
steel, including the first layer of corrosion-resistant overlays. 
Type 309L is preferred but Type 309 can be used with the exception of 
Paragraph 5.6.l below. 

5.6.l When postweld heat treatment of a dissimilar joint is required, 
the carbon or low-alloy steel member shali be "buttered" with 

· Type 309L and postweld heat treated prior to welding to the 
austenitic stainless steel member. 

5.7 The requirements listed below shall be mandatory. in filler material 
p1·ocurement wherein austenitic stainless steel may be subjected to 
cryogranic li4ir"1ic4i at tlilmper:itures of minus ::..so0 P n-r below: 

5.7.l The. delta ferrite con~ent of the bare electrodes shall be 
determined by a certified chemical analysis using the WRC 
Delta Ferrite Diagram as shown in Figure l, with nitrogen 
determined by actual analysis, and shall be within the range 
oi 3 to 8 ?et'cent (3 to 8.5 FN). 

5.3 The receipt, use, disbursal, and retrieval oi all welding filler 
metals shall be maintained under strict control with the storage, 
baking, and drying as recommended by the manufacturer. 

~ 6.0 P~C'HEAT AND INTERPASS ~ERATURE (P&IPT) 
:a.. 

6.1 P&IPT shall ~e in accordance with the applicable codes and the latest 
addenda ~xcept :hat ~ecommended ~inimum preheat temperatures shall be 
considered :nandator:1 under this specification. 
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6.2 In addition to governing.code requirements, P-l steel shall have a 
P&IPT· of 200°F minimum for thicknesses exceeding l-1/2 inches unless 
the governing code has more restrictive requirements. 

6.3 Welding m~y be performed only when the metal temperature is above 
3120F. 

6.4 The maximum preheat and inte~ass temperature for austenitic stainless 
steel shall be JSOOF. 

6.5 P&IPT shall be determined by temperature-indicating crayons, contact 
pyrometers or other equally suitable means permitted by the Buyer. 
Temperature-indicating crayons used on austenitic stainless steel and 

·nickel-base alloys shall not cause corrosive effects or other harmful 
effects and shall not contain more than one percent by weight of total 
halogens, or sulfur or 200 ppm by weight of inorganic halogens. It 
is the manufacturer's responsibility to determine suitable brands and 
:nelti:ng temperatures that may be used. This information shall be made 
available. to the Buyer's representative on request. 

6.6 The P&IPT requirements listed above shali also apply to tack welding 
and to the welding of tempo.rary attachments. 

7. 0 WORKMANSHIP, VISUAL QUALITY EXAMINATION, AND rnSPECTION 

7.1 Each layer of welding shall be smooth and essentially free of slag, 
inclusions, cracks? porosity, lack of fusion, and undercut; except 
to the extent permitted in the referenced Codes. In addition,.the 
cover pass shall be sufficiently free of coarse ripples, irregular 
surfaces, non-uniform heat patterns, high crown, and· deep ridges 
or valleys between.heads to permit performance of any required NDE. 

7.2 Butt welds shall be slightly convex. 

7.3 Repair of welds by chipping, grinding, or gouging shall be done in 
such a. manner as not to gouge, groove, c;r .:-educe the adjacent ·base 
material below the minimum wall thickness. Removal of defects shall 
be ve~ified by NDE before repair is started. Repair welding shall 
be done only by qualified welders using qualified procedures. 

7.4 All arc strikes, starts, and stops shall be confined to the welding 
groove. 

7.5 All partial penetration weld joints shall. be identified on Form 114, 
.3.tt:ached. 

7.6 Aiter fabrication is COM?lete, temporary welded ateachments shall be 
removed flush with the base metal 'IMithout undercutting. Attachments 
shall not be "knocked off". All attachment areas shall be given a 
visual examination. 

8.0 WELDING ?~OCEDURES 

8.1 Only welding procedure specificatio.ns (with welding ;>rocedure quali
f~cation records) ~hich ~ave ~een given the 3uyer's ;>ermission to· 
proceed ?rior to ;.ise shall be. used for welding. Se?arate or 

S-.FtCATI09 JIO, l4222-W-4 
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9.0 

inclusive procedures shall be submitted for repair welding. Applicable 
~elding pro~edures that have not been previously granted permission to 
proceed by.the Buyer for the project shall be submitted as soon as 
possible after award of work and sufficiently ahead of any actual 
welding to allow permission to proceed from ~he Buyer. Performance 
qualification records for individual welders shall be made available 
to the Buyer's representati~e. 

8.1.l The attached Form 114 (Welding Procedure Control Sheet) shall 
be completed by the Seller for all items to be fabricated. 
All procedures to be used·shall be listed and identified. 
Forms shall be submitted as soon as possible after award of· 
work. 

8.2 The Seller's welding procedures require the Buyer's permission to 
proceed only once for each Buyer project or job. 

8.3 Procedures shall be submitted by any one of the following methods: 

8.3.l Forms QW-482 and QW-483 as shown in the ASME Code, Section IX~ 
or similar forms showing the same information; 

8.3.2 A Seller's procedures which have been previously granted 
permission to proceed by the Buyer for the project or job, 
using processes listed in Paragraphs 3. l. l through 3. l. 6 need 
not be resubmitted provided the Seller submits a listing of 
the following information on Fo'rm 114: 

3.3.2.l Description of equipment the Seller intends to weld 
using previously ~ermitted procedures.· 

8.3.2.2 The Buyer's Specification Number (or equivalent 
identification). 

8.3.2.3 Revision number and date.· 

8.3.2.4 Date of previous Buyer permission to proceed (and 
vendor print number, if available). 

NONDESTRUCTIV'E EXAMINATION 

The information below contain·s requirements for nondestructive examination. 
T~ese are minimum requirements and may be supplemented by other require~ 
ments contained in additional Buyer specifications and drawings that are 

part of the purchase.documents. 

~ONDESTRUCTIVE EXAMINATION'{NDE) 

NONDESTRUCTIVE EX&~INATtON 
(Applicable Notes) 

EQUIPMENT RT(l) MT(l) ?T(l) UT(l) 

1'..\1.'-:KS 2, 3, "' 3. 5 J. 6 3. 7 

When nondestr~c:ive examination is specified, the .following notes are 
applicable when indicated above. 

1n_.._ __ _ 6 - 9 ~------- --------



NOTES: 

1. RT (radiographic examination), MT (magnetic-particle examination), PT 
(liquid penetrant examination), and UT (ultrasonic examination). All 
indications shall be considered relevant until proven otherwise. 

2. The extent of radiographic examination and applicable Codes shall be as 
required in the Buyer's drawings and specifications. 

3. Where random nondestruct.ive examination is specified (i.e, a percentage of 
each welder's welds or a percentage of the total welding) and shows a weld. 
failing to meet Code ·or specification requirements, examination shall be 
made of two or more welds made by the same welder. If either of the 
additional welds are unsatisfactory, the Buyer's representative may 
reject all work by that welder. Examinations and repairs to defective 
or rejected work shail be done.at the Seller's expense. 

4. Radiographic film shall be either Type I or II per ASTM E94 and lead 
screens shall be used. 

5. Unless otherwise specified, magnetic-particle examination procerlur,e.s sh.:ill 
be in accordance with ASME Section V, using the D.C. Prod Method. After 
any final PWHT, the A.C. Yoke Method shall be used. Permanent magnet 
yokes shall not be used. 

6. Unless otherwise specified, liquid-penetrant examination procedures shall 
be in accordance with ASME Section V. 

7. Unless otherwise specified, ultrasonic-examination procedures shall be in 
accordance with ASME Section V. 

Reference Specifications and Forms 

corm 114 

Attachment: Form 114, Figure 1. 
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MFR. LDCATIDN 

EQUIP. ND. BECHTEL P. D. 

a: ...: DESCRIP./SERVICE MFR. S. D. 
... z 

PWHT:. YES If DR CDDEI D YES (FOR PRDCES!I D NO D a: ... . . 
::I :ii 
t; !!: 
<:::i WELDING PROCEDURE IDENTIFICATION BECHTEL USE ONLY ... Cl 
:::i ... 

DETAIL FOR THIS EQUIP. z MFRS. NO. REV. BECHTEL > WELDG. & MET. 
<~ 

AND DESCRIP. DATE PARTS JOINED #P"No. Mu'rhk V.P. NO. ... DATE COMMENTS :: :z:: g; 

>""' IDZ 
Cl Cl 
... Cl ""' ... ... Cl> 
~::I 
a. ... 
:: = 

80 ... ""' =Cl> 
~ ... 
~ a: 
<::I 
:z::C 
Cl> ... u 
zc ~ 

ca: 
;::: a. 
u~ ... ~ 
Cl>< 

~t; 
:C.-
""'~ 

SPECIFS. ADDITIONAL COMMENTS: 

SPECIAL REQUIREMENTS 

PROCEDURE PROD. WELDS 
ELEV. TEMP. TESTS PROOU'CTION TEST II!. 

> - -MAX. TENSILE AT ROOM TEMP. RADIOGRAPHY 
~ f- -z MAX. YIELD AT ROOM TEMP. ULTRASONIC EXAMN. 
Q - -... BRINNEL HARDNESS MAGN. PARTICLE EXAMN. . 
Cl> - -::I f-

CHARPY IMPACTS ... LIQUID PENETRANT EXAMN. 
~ ALL·WELD·METAL TENSILES _ BRINNEL HARDNESS ... -""' SIMULATED HT. TREATMENT WELD SAMPLING :z:: - ... u SPECIAL CHEMISTRY ... -ID 
a: 
Q ... 0 (11 WORK MAY PROCEED. z 
Q Q (21 REVISE AND RESUBMIT. WORK MAY PROCEED 

i== O SUBJECT TO INCORPORATION OF CHANGES INDICATED. 
u (31 REVISE AND RESUBMIT. WORK MAY NOT PROCEED • ... 0 (41 REVIEW NOT REQUIRED. WORK MAY PROCEED. Cl> 

~ IMPORT ANT: Permission to proceed does not constitute accepance ::z:: or approval of design details. calculations. analyses. test methods or 

""' materials developed or selected by the supplier and ·don not reli-!ve V. P.-
supplier from full complance with contractuai obligationL 

R&C ENG. 11! SIGNED CATE EQUIP. NO. 
FORM114 

4/79 
. 
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1.0 SCOPE 

This specification covers welding and nondestructive examination require
ments for engine~red shop purchased and field subcontracted critical 
structural components, sheet metal ductwork and s~ructures, and 
miscellaneous processing equipment. 

2.0 ·CODES 

To the extent. specified, welding and other criteria covered by this 
specification shall be in accordance with one or more of the following 
Codes and/or ·standa~ds: 

2.1 ASME Boiler and Pressure Vessel Code; Section IX for welding procedure 
and welder qualification requirements for miscellaneous processing 
equipment. 

2.2 AWS 01.1, Structural Welding Code, for structural steel components. 
As an option, ASME Section IX may be used for qualification of 
welders or operators. 

2.3 .AWS 09.1, Specification for Welding Sheet Steel for sheet metal 
ductwork and structures. 

3.0 WELDL~G PROCESSES 

3.1 The following welding processes are permitted, provided satisfactory 
evidence is submitted that:. the procedure is qualified in accordance 
wi~h all applicable Codes, Standards, and job specifications: 

3.1.l Shielded Metal-Arc (SMAW). 

3.1.2 Gas Tungste~-Arc (GTAW): manual, machine, and automat:ic. 

3.1.3 Submerged Arc (SAW); with the following limitations: 

3.l.3.1 The maximum individual layer thickness shall not 
exceed l/Z-inch for mat:erials 1-1/4-inch thick or 
greater and 3/8-inch for materials less than 1-1/4-
inch thick. 

3.1.3.21 Alloy steel shall only be welded with an alloy wire 
and a neutral flux unless the Buyer's permission to 
use an alloy flux is given for individual appli
cat:ions. · 

3.1.J.3 Removable start:ing and st:opping tabs shall be used 
for longit:udinal welds. 

3.1. 4 O:cyacetylene (FG~); this process is limited to two-inch 
nominal diameter and smaller carbon steel piping, hard 
facing, and repairs co cast iron. (Hardfacing ~f austenitic 
Stainless Steel With eG'J is not allowed.). 
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3. L 5 Flux Cored Arc (FCAW) , with or without a shielding gas, may 
be used to weld P-1, P-3, P-4, and 2-1/4 Cr-1 Mo steel. 
Steel containing more than 2-1/4 Cr-1 Mo and corrosion
resisting chromium and chromium-nickel steel must be welded 
with a shielding gas. 

3.1.5.1 FCAW is not permitted in the overhead position or the 
vertical down position. 

3.l.6 Stud Welding. 

3.1.7 Gas Metal-Arc (GMAW) in the spray-transfer range. Pulse arc 
is considered spray transfer. 

3.1.8 The Gas Metal-Arc process using the solid-wire electrodes in 
the short-circuiting transfer range may be used for materials 
up to and including 3/16-inch, and for the root pass in 
material of any thickness. 

3.1.9 Plasma Arc (PAW). 

3.2 Other welding processes may be considered providing that satisfactory 
evidence of the Seller's ability to use- the process is submitted to 
the Buyer. 

4.0 RESTRICTIONS 

4.1 All welding processes shall be protected from wind, rain, and other 
harmful weather conditions which may affect weld quality. 

4.2 Welding techniques shall be selected· to assure specified tolerances 
for straightness and out-of-roundness are not exceeded. 

4.3 Where a backing ring or support bar is used in a weld, this material 
shall be· compatible with the base material. 

4.4 Peening of the root and cover passes is not permitted. The use of 
pneumatic tools for slag removal is not considered peening and is 
permitted. 

4.5 An argon, nitrogen., or helium internal purge shall be used for Gas 
Tungsten-Arc root ?ass welding of 2~1/4 Cr-1 ~o and higher filler 
metal. 

· 4. 6 When welding titanium, each weld bead and the adjacent base metal shall 
be cleaned to remove all surface discoloration prior to depositing 
the next bead. The final weld surface may have an intermittent, 
irridescent straw-colored or light-blue oxide film. 

4.7 For joining clad steel, the following limitations apply: 

4.7.l The cladding shall be stripped back a minimum of 1/4-inch from 
the edge of base material '.veld bevels by machining or grinding, 
;:iot oy flame or arc-gouging. 

4.i.2 Removal of the cladding shall not reduce the base materials 
thickness below the design thickness. 
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4.7.3 A minimum radius of 1/16-inch shall be used at the l;imit of 
cladding removal unless the clad material is beveled at least 
30 degrees. 

4.7.4 Preparation of local repair cavities in overlay welds that 
penetrate into the base material more ·than 10 percent of its 
thickness shall have the base material rewelded with the 
proper welding procedure co~sistent with the base material 
before completing the overlay repair. 

4.8 Weld deposits for alloy welds shall fall within the limits of 
chemical composition specified for the materials to be joined, unless 
othe·rwise permitted by the Buyer. 

4.9 Production w~ld filler materials shall have mechanical properties 
wfchin the limits specif:i.ed for the base materials to be joined unless 
?ermission to deviate is received from the Buyer. 

4.9.1 In addition, completed welds specified in drawings, specifi
cations or data sheets to be in severe service shall not 
exceed Brinell Hardness (BHN) listed below. 

4.9.1.l 200 BHN in carbon steel welds and heat affected 
zones •. The shielded metal arc process is exempt 
from this requirement. 

4.9.l.2 215 BHN in Cr-1/2 Mo steel welds and heat affected 
zones. 

4.9.1.3 241 BHN in low-alloy Cr-Mo steel welds and heat 
affected zones •. 

4.9.2 Macro-hardness tests shall be taken app~oximately every 50 
feet of the weld seam with a minimum of one location per 
component.. Whenever possible, readings shall be taken on the 
I.D. of the component.weld or as determined by the Buyer's 
representative. If a test reveals hardness exceeding the 
specified limit by more than S percent, cwo more tests at 
locations si.~ inches on either side of the original tests may 
be taken. If both of these two tests indicate chat hardness 
is below the specified value, then the weld is considered 
acceptable. 

4.9.J Hardness exceeding the specified value by 5 percent or more, 
or subsequent adjacent tests showing higher than specified 
hardnesses are not permitted and the welds showing the 
excessive hardness shall be rejected and subject to re-he~t 
treatment or repair. 

4.lO Weld bevel preparations for P-5 and higher alloys shall be machined 
or ~round back co bright and sound metal if they have been flame or 
arc cut. 

4.ll All surfaces to be welded shall be free or loose scale, oil, grease, 
dir~ and ocher contaminants. 

4.lZ Welded joints shall be made by completing each weld layer beiore 
succeeding layers are Je9osiced. Block welding is ?rohibited unless 
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the ·Buyer's prior permission is obtained. Stripper passes are not 
considered block welding. 

4.13 Vertical welding shall be done vertical up. Proposals to use the 
vertical down position shall be subject to permission from the.Buyer. 

5.0 WELDING ELECTRODES 

5.1 All Shielded Metal-Arc welding shall be done using low-hydrogen type 
electrodes when any of the following conditions apply: 

5.1.1 In Service with design temperatures below OOF. 

5.1.2 With steel having a specified allowable carbon content above 
0.30 percent. 

5 .1. 3 For steel having a· specified minimum tensile strength of 
70,000 psi and greater and the thickness exceeds one inch~ 

5.1.4 For SMA weld repair of steel castings. 

5.2 For Gas ~etal-Arc Welding and Gas Tungsten-Arc·welding of P-1 
steel, solid wire electrodes shall conform to AWS A.5.18, Classifi~ 
cation E?OS-2, E70S-3, E70S-4, or E70S-6. 

5.3 For FCAW of carbon steel, ·the wire electrodes shall conform to AWS 
A.5.20, Classifications E70T-l, E70T-4, E70T-5, E70T-6, or E70T-G. 

5.3.1 For welding in positions other ~han flat, the electrode 
diameter shall not exceed 0.078 inches. 

5.4 Filler metals and consumable inserts for A-8 (Table QW-440, ASME 
Section IX) austenitic stainless steel welds shall be selected and 
controlled to produce weld deposits that fall within the following 
ferrite ranges and numbers as ·shown in Table 1 below and as deter
mined by Figure 1, WRC Delta Ferrite Diagram and the certified 
chemical analysis, unless other Buyer specifications have more 
·restrictive limitations. 

Table l 

Weld :!ate rial ?WHT or Service Temo. Ferrite Percent· Ferrite No. 

308, 308L Less than· 300°~ 5-25 5 :tin: 
8QQOF and over 5-9 5-9.8 

All Others Less than 8QQOF 5-15 5-17 
3QQOF and over 5-9 5-9.8 

5.5 Type 309 or 309L austenitic stainless steel welding materials shall 
be used for welding carbon or low-alloy steel to ~ustenitic stain
less 5teel including the first layer of austenitic stainless steel 
corrosion-cesistant overlays. Type 309L is preferred out Type 309 
can be used with the exception af Paragraphs 5.5.l and S.S.2 below. 

S.5.1 When postweld heat treatment of a dissimilar joint is 
cequired, the carbon or low-alloy steel member shall be 
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"buttered" with Type 309L and postweld heat treated pr_ior to 
welding to the austenitic stainless steel member. 

For corrosion-resistant overlays, where the carbon or low-alloy 
steel base metal requires postweld heat treatment, the first 
weld layer shall be made with Type 309L. All other layers 
sh~ll be made with low-carbon grade welding materials. 

5. 6 The receipt. use, disbursal, and retrieval of all welding filler metals . 
shall be maintained under strict control with the storage, baking, and 
drying as-recommended. 

6.0 PREHEAT AND INTER.PASS TEMPERATURE (P&IPT) 

6.1 The preheat and interpass temperature for the welding of carbon steel 
list~d in AWS 01.l shall be as specified in that code except that no 

.welding·may proceed if the metal temperature is below 32°F. 

6.2 The preheat and interpass temperature for the welding of carbon steel 
not listed in AWS 01.l and for the welding of all P-1 carbon steel 
for miscellaneous processing equipment shall be 200°F when the thick
ness at the joint exceeds 1-1/2 inches~ 

6.2.l For the repair of pumps and valves, carbon· steel which have 
both a specified maximum (or actual) carbon content in excess 
of 0.30 percent and a repair cavity in excess of one inch 
shali have a preheat and interpass temperat~re of I75°F. 

6.2.2 All other P-1 carbon steel shall have a minimum preheat 
temperature of 50°F .. 

6.3 All P-3, P~4, P-5, and P-6 steel shall have a P&IPT in accordance 
with ASME Section VIII, Appendix R except that the recommended 
Code minimum preheat temperatures shall be considered mandatory 
under this specification. 

6.4· The maximum preheat and interpass temperature for austenitic stainless 
shall be 3500F, 

6.5 P&IPT shall be determined by temperature-indicating crayons, contact 
pyrometers or other equally suitable means permitted by the Buyer. 
Temperature-indicating crayons used on .austenitic stainless steel 

5.6 

and nickel-base alloys shall not cause corrosive ef feccs or ocher 
harmful effects and shall not contain more than one percent by '7eight 
of tot4l halogens, or sulfur, or 200 ppm by weight of inorganic halo-
gens. re is the :nanuiacturer's responsibility to determine suitable 
brands and melting temperatures chat may be used. This iniormation 
shall be :nade available to the Buyer's representative upon request. 

The P&IPT requirements listed above shall also apply to tack ~elding 
and to the welding of temporary attachments. The preheat require
ments above shall also apply to all thermal gouging and cutting 
except for P-1 steel. 

7. 0 POSTWELD HEAT !RE.ATI-IE~IT ·(PWHT) 

7.1 eostweld heat treatment for structural steel components, when required 
by the technical specification or design drawings, shall be in 
accordance with AWS Dl.l. 
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7.2 Postweld_ heat treatment for miscellaneous processing equipment, when 
required by the technical specification or design drawings, shall be 
in accordance with the ASNE Code (Paragraphs UCS-56, UHA-32, and 
UW-40 of Section VIII, Division 1) with the following exceptions: 

7.2.l A minimum of 1250°F on P-4 materials is required. 

7.2.2 For P-6 materials, che Pi;.iHT temperacure used shall be Che 
lowest possible co avoid overheating· and hardening or 
cooling. 

7.3 When che referenced Code or technical.specification specifies only a 
minimum Pi;.iHT temperature, the maximum Pi;.iHT temperature shall not 
e~;ceed the specified minimum by more than 150°F with the following 
exception.: 

7.3.l For materials which have been previously heat treated by 
normalizing and tempering or quenching and tempering, the 
Pi;.iHT temp~rature shall be the lowest possible to avoid 
degradation of the base material properties. 

7.4 A minimum of two positively attached thermocouples is required. ·When 
there are varying thicknesses, one shall be on the thickest and one 
on the thinnest section. (Other Buyer job specifications may require 
additional thermocouples.). 

7.5 Direct impingement by torch or furnace burner flames is not permitted 
for Pi;.iHT. 

7.6 Exothermic heat treatment is prohibited. 

8.0 WORKMANSHIP, VISUAL QUALITY EXAMINATION, AND INSPECTION 

8.1 Each layer of welding shall be smooth and essentially free of slag, 
inclusions, cracks, porosity, lack of fusion, and undercut. In 
addition, the cover pass shall be sufficiently free of coarse 
ripples, irregular surfaces, non-uniform bead patterns, high crown 
and deep ridges or valleys between beads to permit performance of 
any required NDE. · 

8.2 Butt welds shall be slightly convex. 

8.3 

8.4 

Repair of welds by chipping, grinding, or gouging shall be done in 
such a manner as not to gouge, groove, o~ reduce the adjacent base
rnacerial thickness below the minimum wall thickness. ~emoval of 
defects shall be verified by NDE before repair is started. Repair 
welding shall be done only by qualified welders using qualified 
vrocedures • 

Qverlay welds (except Eor hardfacing) on ~iscellaneous processing 
equipment shall be liquid-?enetrant examined. This shall be done 
after final machining ~nd ?OStweld heat treatment ~hen machining 
andior postweld heat ::reacmenc is required. 

8.5 All arc strikes, 5tarts, ~nd 5tops shall be confined ::o the welding 
groove. 

l4222-W-5 
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8.& All partial penetration weld joints shall be identified on Form 114, 
attached. 

· 8.7 After fabrication is complete, temporary welded attachments shall be 
removed flush with the base metal without undercutting. Attachments 
shall not. be ''knocked off". All attachment ·areas shall be examined. 
Magnetic materials shall ·be ~T or PT examined and nonmagnetic 
materials shall be PT examined. 

9.0 WELDING PROC~DURES 

9.1 Only welding procedure specifications (with welding procedure 
qualifica£ion records) which have been given the Buyer's permission 
to proceed prior to use shall be used for welding. Separate or 
inclusive procedures shall be submitted for repair welding. Appli
cable welding procedures· that have not been'previously grant!!d 
permissior. to proceed by the Buyer for the project shall be sub
mitted as soon as possible after award of work and sufficiently 
ahead of any actual welding t~ allow for adequate rev~ew and per
mission to proceed from the Buyer. Performance qualification records 
for individual welders shall be made available to the Buyer's repre
sentative. 

9.1.l For all equipment, the attached Form 114 (Welding Procedure 
Control Sheet) shall be completed by the Seller for all items. 
to be fabricated. All procedures to be used shall be listed 
and identified. Forms shall be submitted as soon as possible 
after award of work. 

9.1.2 The welding procedures for all self-shielded FCAW to AWS Dl.l 
shall be qualified by testing; i.e, prequalified procedures 
are not permitted. 

9.2 The Seller's welding procedures require the Buyer's written permission 
.to proceed only once for each Buyer project or job. 

9.3 Procedures shall ce submitted by any one of the following methods: 

9.3.l Forms as shown in the applicable codes, or similar forms 
showing the same information. 

9.3.2 A Seller's procedures which have been previously granted 
?ermission to procee~ by the Buyer for the project or job, 
using processes listed in Paragraphs 3.1.l through 3.1.9 
need not be resubmitted ?rovided the Seller submits a listing 
of t~e following information on Form 114. 

9.3.2.~ Description of equipment the Seller intends to weld 
using pr·eviously t'ermitted procedures. 

9.J.2.2 The Buyer's specification number (or equivalent 
identification). 

9.3.Z.3 3.evision :lumber ·.in<i date. 

9 .:3. 2 .4 Date of ?re•1ious 3uyer permissipn r:o proceed (and 
vendor ?rint number, ii available). 
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10.0 NONDESTRUCTIVE EXAMINATION 

The information below contains requirements for nondestructive examination. 
These are minimum requirements and may be supplemented by other require
ments contained in additional Buyer specifications and drawings that are 
part of the purchase documents. 

NONDESTRUCTI~ EXAMINATION (NDE) 

NONDESTRUCTIVE EXAMINATION 
(Applicable Notes) 

EQUIPMENT RT(l) MT(l) PT(l) UT(l) 

VESSELS 2,3,4 5 6 7 

When nondestructive.examination is required by Code or Buyer specification, 
the following notes are applicable to the extent listed on the table. 

NOTES: 

l. RT (radiographic examination)., MT (magnetic-particle examination), 
(liquid-penetration examination)-, and UT (ultrasonic examination). 
indications sh.all be considered relevant until proven otherwise. 

PT 
All 

2. The extent of radiographic examination and applicable Codes shall be as 
required in the Buyer's drawings and specifications. Unless otherwise 
specified, radiographic examinRtion procedures shall be in accordance with 
the referenced Code or technical specifieations. 

3. Radiographic film shall be either Type I or II per ASTM E94 and lead screens 
shall be used. 

4. Single-film viewing shall be used and the film density shall be in the 
range of 1.8-3.4. For those instances where the variable thickness makes 
sing.l,e-film impracticable and, with the Buyer Representative's ·concurrence, 
double-film viewing may be used. For the double-film technique, the film 
density shall be in the range of 1.8-3.4 fo~ the double-film combination 
and each individual film shall not be less than 1.3. 

5. Unless otherwise specified, magnetic-particle examination procedures shall 
be·in accordance with the referenced Code or technical specifications 
using ·the D.C. Prod :!ethod. After any final Pl.ffiT, the A.C. Yoke ~ethod 
shall be used. Permanent magnet yoke·s shall not be used. 

6. 

7. 

Unless othet"'.Jise specified, liquid-penetrant examination proc'edures shall be 
in accordance with the ~eierenced Code or technical specifications. 

Unless otherwise specified, ultrasonic-examination procedures shall be in 
accordance with the referenced Code or technical specifications. 

~ Reference Specifications and ?ormti 

ATTAC1ll'1ENT: form ll4 
Figure 1 
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EQUIP. ND. BECHTEL P. 0. 

a:...: DESCRIP./SERVICE MFR. S. D. 
"'z PWHT:· YES (FOR CODE! D YES (FOR PROCESS) D ND D a:.., 
::I:: 
t; !!: 
ci:: ::I WELDING PROCEDURE IDENTIFICATION BECHTEL USE ONLY ... Cl 
:::tw 

DETAIL FOR THIS EQUIP. 2 MFRS. ND. REV. BECHTEL > WELDG. &.MET. 
ci::~ 

AND DESCRIP. DATE PARTS JOINED "P" No. MaxThk V.P. ND. 
... 

DATE ·COMMENTS === Cl: 
>I- --- -- . -----·- ·---·-- -
mz 
Cl Cl 
WCI 
1-w 
wen 
_.::I 
a.. ... 
~ '?? 
uCI 
..,1-
men ... _.a: 
_.::I 
ci:: Cl :.., 
enu 
Zc ~ 

Cl a: 
;:: a.. 
u-' ..,_. 
en ci:: 

~t; 
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SPECIFS. ADDITIONAL COMMENTS:. 

SPECIAL REQUIREMENTS . 

PROCEDURE PROD. WELDS 
ELEV. TEMP. TESTS PRODUCTION TEST~ 

> - -MAX. TENSILE AT ROOM TEMP. RADIOGRAPHY _. - -z MAX. YIELD AT ROOM TEMP. ULTRASONIC EXAMN. 
Cl - -... BRINNEL HARDNESS MAGN. PARTICLE EXAMN. 
en - -LIQUID PENETRANT EXAMN. ::I - CHARPY IMPACTS -_. 

ALL·WELO·METAL TENSILES BRINNEL HARDNESS ... - -I- SIMULATED HT. TREATMENT WELD SAMPLING ::c - -u SPECIAL CHEMISTRY ... -CD 
cc 
Cl ... 0 (11 WORK MAY PROCEED. z 
Cl Q 121 REVISE AND RESUBMIT. WORK MAY PROCEED 
;:: SUBJECT TO INCORPORATION OF CHANGES INOICATED. 
u 0 (31 REVISE AND RESUBMIT. WORK MAY NOT PROCEED. ... 0 (41 REVIEW NOT REQUIRED. WORK MAY PROCEED. en 
tl!I 

IMPORTANT: Pet'mission to proceed does not constitute acceot:1nca = .... or approval of design dl!l'taifs. calculatlon1. analyses. tnt methods or 
V.P. -materials developed or selected by the supplier and does not re1;,,,e 

suoplier from full comolance with contractual obligations. 

R&C ENG. '1J SIGNED CATE EQUIP. NO. 
FORM 114 
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L.O SCOPE 

L.l This s'pecification covers the surface preparation, m.ethod of application 
and material to be used for all field painting of equipment, tanks! 
structures and piping, including touch-up, repairs and inspection. 

L .2 ln general, small shop fabricated equipment and off~helf type items will 
be delivered to the jobsite coated with a shop applied primer or the 
manufacturer's standard finish. 

l.3 Items Included 

L.3.l Preparation of the surfaces·, furnishing and the application of all 
field applied protective coatings. 

1.3.2 Documentation of materials and procedures. 

1,.3.3 rnspection and tests. 

l.3.4 Pro teetion of coated surfaces. 

L~3.5 Touch-uo and reoair of defective or damaged coated surfaces 
arriving ·in the fieid. 

1.3.6 Upgrading. of manufacturer's standard coating system, where 
required. 

1.3. 7 Application of final top coat on structural steel. 

1.3.3 Appendix "A" - Coating Systems. 

L .3.9 Appendix "8" - Coating Schedule. 

L.3.10 Appendix "C" ~Safety Color Coding. 

L.4 Related ftems Not fncluded 

L .4.1 The following surfaces shall not be coated: 

L.4.Ll 

1.4.l.2 

t.4.1.3 

1.4.l.4 

1.4.l.5 

L .4.1.6 

L .4.1. 7 

J~l'tC.&TlOll ieo. L422Z-lC- l 

Nonferrous or 3tainless steel parts, unless otherwise 
specified. 

Buildings. 

Name and instruction plates, etc. 

Rubber or similar nonmetallic parts. 

Surfaces to oe completely embedded in concrete, 
unless otherwise specified. 

Machined surfaces and fittings. 

Pre finished metal with an approved finish and coloL" 
acceptable to the Buyer. 
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2.0 QUALITY STANDARDS 

2.1 General 

2.1.1 The Seller shall control the quality of items and services to meet 
the requirements of this Specification, applicable codes and 
standards, and other procurement documents. 

2.2 Referenced Codes and Standards 

Soonsor 

ASTM 

SSPC 

SSPC 

SSPC 

SSPC 

SSPC 

SSPC 

SSPC 

ANSI 

NACE 

Number 

E337 

SP-1 

SP-3 

SP-5 

SP-6 

SP-10 

Vis-l-6i-:-T 

PA-2 

Al3.l 

TM-01-70 

Subject 

Test for Relative Humidity by 
Wet-and-Dry-Bulb-Psychrometer 

Solvent Cleaning 

Power Tool Cleaning ·· 

White Metal Cleaning 

Commercial Blast Cleaning 

Near-White Blast Cleaning 

Pictorial Surface Preparation Standards 
for Painting Steel Surfaces 

Measurement of Dry Paint Thickness 
with Magnetic Gages 

Scheme for the Identification of Piping 
Systems 

Visual Standards of Surfaces of New 
Steel Airblast Cleaned with Sand 
Abrasive 

The revision to the ,above standards shall be that current at the date of 
purchase. 

2.3 Qualitv Reauiremenrs 

2.3.l The Seller's Quality Control/Insl;)ection Program shall include the 
necessary measures for control to ensure that the com9leted 
coating ·.vork ~onforms to the requirements of the technical 
sl;)ecification ·and the ap9licable codes and standards. This ;:ilan 
shall provide for assurance that only accel;)ted coating materiais 
are used, that inspection of the surface preparation and the 
coating ap9lication is implemented for <ill 9hases of coating work 
Jerformed. :rnd :hat records <ind documentation are oreoared and 
~aintai~ed ~o {urnish evidence of compiiance with procedures. 

$~l'IC-'TIOll ,.o, 14222-X:- l 2 
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2.3.Z The Seller, including any lower-tier organizations engaged by him, 
shall be subject to. surveillance inspection and audit by the Buyer 
for compliance with the requirements of the Qrocurement 
documents until the completion or termination of the 
procurements. This surveillance inspection and audit does not 
relieve the Seller from the responsibility for conformance to the 
requirements set forth in the procurement documents. 

2.3.3 The Buyer's inspection personnel shall be provided with a detailed 
schedule and shall be notified of all required hold and witness 
points requiring ·inspection by the Buyer prior to the scheduled 
date for coating activities. Failure -to provide the required· 
noti!i<:Ui9n .may result in the requirement for reinspection or 
rework. 

2.3.-l The Seller sh11ll identify and document uncorrected deviations 
from the technical specification, codes and standards and shall 
transmit these deviations to the Buyer for review and disposition. 
Deviations detected during the performance of work shall be 
reported. The Seller shall submit his recommended disi;iosition 
based on an appropriate analysis. 

3.0 SCSMITT.~LS 

3.1 Engineering Documents 

3.1. l The Seller shall submit a listing of all coating materials to be used 
in this work which shall identify the specific products by 
manufacturel" and catalog number in each coating system as 
scheduled. 

3.l.2 The Seller's written procedures for storage, handling, surface 
preparation, environmental control, application, touch-up and 
repair, curing and inspection of the coating system shall be 
submitted for review and acceptance prior to use. Conflicts, if 
any, between the coating manufacturer's recommendations and 
this specification shall be noted. 

3:1.J The Seller's proposed cleaning and coating verification forms -for 
·daily inspection records shall be submitted for review. 

3.2 Qualitv Verification Documents 

3.2.l . Deviations detected during the performance of work shall be 
re~orted and submitted as specified in Quality Requirements, 
Subparagrai;ih 2.3.4 • 
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3.2.2 A detailed cleaning and coating verification report in accepted 
form shall be com9leted each day during the work and shall be 
submitted for record. The final verification report shall include a 
statement of completion conformance verifying that required 
material was used and that the accepted application procedures 
and specifications were followed. 

4.0 MATERIALS 

4.1 Material Manufacturers 

4.1.l 

. 4.1.2 

4.1.3 

4.i..i 

Unless otherwise specified, all coating materials used on any one 
surface or piece of equipment shall be products accepted by the 
Buyer. Materials from different manufacturers shall not be used 
over each other without prior written acceptance. 

The Seller shall notify the coating manufacturer on the purchase 
order for the coating material that the coating_ is to be applied to 
equipment to be furnished to the Buyer. 

The coating materials shall be in pre-measured units. 

The coating materials for each system shall be as shown in 
Appendix ''A". Only the materials approved shall be used unless 
authorized in writing by the Buyer. · 

4.2 Machined-Surface Coatings 

4.2.l The acceptable materials shall be those which meet the 
requirements of MIL-C-l6li3, Grade 1: 

Material 

Nox Rust 201B 
Nokorode 

. Rust Veto 

Manufacturer 

Danbert Chemical Co. 
Lion Oil Co. 
E.F. Houghton & Co • 

4.3 Abrasive Materials 

4.4 

4.3.l Abrasives for blast cleaning shall be clean and dry, furnished 
either in bulk or packaged. and shall be free of oil or 
contaminants. The particle size shall be capable of producing the 
specified surface pror"ile. Cast iron or malleable iron shot shall 
not be used. ·Chilled iron shot may be used. 

Touch-Up Materials 

4.4.l Materials for touch ... Jp of damaged areas of surfaces shall be the 
same as that originally applied, thinned according to 
recommendations of the manufacturer . 
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4.4.'2 Touch-up materials shall be provided in premeasured units, unless 
otherwise specified by the Buyer. 

4.5 Thinners. Solvents. and Cleaners 

4.5.l Thinners, solvents, and cleaners shall be a.S recommended by the 
coating material manufacturer and shall be identified by the 
product number or generic formulation. 

5.0 DELIVERY, RECEIPT AND STORAGE 

5.1 Deliverv and Storage 

5.1.l Coating materials shall be delivered to the jobsite in the 
manufacturer's unopened, original containers bearing a legible 
product designation, batch number, and date of manufacture. 
Containers which are damaged to the point of jeopardizing the 
contents shall not be used. A record shall be ke~t of ail items 
received and used. 

5.1.2 The materials shall be received and stored in accordance with the 
manufacturer's latest published instructions, and shall be 
protected from damage, moisture, direet sunlight, and 
temperatures below ~OF or above. 1 OOF. In the event the 
temperoature is elevated to ranges exceeding this specified limit, 
the Seiler shill re~on!irm the mam .. 1!acturer1s accept?.nce of a 
representative sample from the storage area. 

5.2 Date of Materials 

5.2.l The coating materials shall be used within twelve months of their 
manufacture. The date of use shall in no case exceed the 
manufacturer's recommended shelf life. ff the manufacturer's 
recommended shelf life is exceeded, the Seller must gain the 
manufacturer's and the Buyer's acceptance of the materials prior 
to their use, based on a representadve sample from the storage 
area. 

5.2.2 Containers t:>f coatings or components shall not be issued or 
opened unless for immediate use. 

6.:J EQUIP'VTENT 

6.l General Requirements 

6.1.l The Seller shall provide equipment ca9aole of regulating and 
controlling conditions within the work area to the extent that the 
temperature of the substrate is always a minimum or' .;F a-cove 
the dew point. The substrate temperature during coating 
ai;Jplication ':lnd curing shall :ie maintained between a minimum oc' 
SOF ':lnd a maximum of 120F. 
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6.1.:2 The equipment shall include the necessary blowers. filters, and 
humidity control equipment to ~rovide clean air to the work area 
in sufficient quantity to maintain an atmosphere for ~erforming 
the specified operations at no more than .30% relative humidity. 

6.1.3 The equipment shall be capable of ~reducing the specified 
environment for performance of the wor~ according to the 
schedule accepted by the Buyer .. 

5.l.4 The spray equipment shall be a type as recommended by the 
coatings manufacturer and shall be suitable to apply the coatings 
as specified. 

8.1.5 Spray equipment air supply lines shall be equipped with traps to 
remove moisture and oil as close to the point of use as possible. 

7.0 SURFACE PREPARATION 

7. l General Reouirements 

7 .l.l Prior to the start of work, the Seller shall examine all surfaces to 
be coated to determine their acce9tabili ty for the specified 
work. If the surfaces are found to be unacce9table, the Seller 
shall. immediately work until corrective action has been taken. 
Commencement of work prior to tt:ie taking of corrective action 
shall preclude any subsequent claim by the Seller. The Buyer may 
require corrective action at. the Seller's expense. 

7.l.2 Cleaning and coating shall be coordinated with other work in the 
area. -Prior to starting any cleaning. or coating operations, the 
Seller shall obtain assurance that the surface is ready ior cleaning 
and coating. 

7 .l.J Surfaces to be coated shall be cleaned in accordance with the 
schedule. 

7.l.4 The surface profile of the steel cleaned by blasting shall be as 
specified in Appendix ''A" .. ..\ comparison shall be :nade with a 
Testex ?ress--0-rilm or another Buver ac~eated ec1Jivalent which 
is appropriate ~o the type of abrasiv~ materiil being used. 

T. l.5 

T.l .6 

The abrasive mixture and the compressed air shall tie c!ean, dry, 
and oil-free. Traps, in addition to oil and ·Nate['. extrac~ors 
mounted on ~he compressor, shall be used in compressed air lines 
to remove oil and :noisture from the air close to the ~oint or' use. 

Prier to any surface pre9aration ;irocedures·, contamination shall 
be removed from the steel surfaces. Oil and grease shall be 
removed by soivenc cleaning in accordance with SS?C-SP-l. 
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7 .l. 7 Blast cleaning shall not be performed in the immediate area 
where coating or curing of coated surfaces is in progress. All 
surfaces and equipment which is noc to be· coated shall be· suitably 
protected from blast cleaning. 

1.1.8 Burrs, slivers, scabs, and weld spatter which become visible alter 
blasting shall be removed by the Seller. Rel;)aired areas shall have 
the surface profile suitably restored. 

7.1.9 [f visible rusting occurs or if the cleaned surfaces become wet or 
otherwise contaminated, they shall be recleaned to the degree. 
specified above. 

7.1.10 Af~er blast cleaning and immediately before coating., dust shall t>e 
removed with compressed air, free of oil and moisture. 
Vacuuming shall be used if the surface is not dust free. as 
determined by the Buyer's inspector. 

8.0 Mf2GNG AND APPLYING COATINGS 

8.1 General Reauirements 

8.1.1 The Seller's application personnel shall be qualified to apply the 
specifieq coating material in accordance with the Seller's written 
qualification procedure, accepted by the Buyer. 

8.1.2 Mixing~ applying, and curing of the coating material shall be in 
accordance with the manufacturer's latest published instructions 
and the requirements specified herein. When multiple component 
units are mixed, each component shall. be mixed separately prior· 
. to the mixing of the combined materials. Only complete kits shall 
be mixed. 

3.1.3 Coating materials shall be thoroughly mixed until they are smooth 
and free .. from lumps, then strained through a 30 mesh or iiner 
sc:-een. · Mixed materials shall be agitated to keep the solids in 
suspension. 

e.L,4 

8.1.5 

8.1.6 

The blast cleaned surface shall be coated before anv visible rust 
forms on the surf ace. ' · 

The coating materials shall not be applied when there is moisture 
on the surface, dust is oresent which can contaminate/ the" 
:"reshly-<:oated surface, dirt or other detrimental macertals .have 
~e<?':lntaminated the surface. or ·.vnen ;;he surface temoerature ot' 
:he steel is below 50F or above l ~OF. . j 
rn ?articular, ample drying time shall be allowed between coats or 
primers and finish ?aints. Thickness of the paint shall be in 
accorcance with Painting .Schedule or manuiacturer'5 
rec'!Jmmendations, whiche'ler is greater. 
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8.l.7 The spray equipment shall be conventional or airless and in 
acceptable operating condition as determined by the Seller 
through inspection and testing. The air supply lines shall be 
equipped with traps to remove moisture and oil. 

8.l.3 Runs, sags, voids, drips. overspray, loss of adhesion, b.listering, 
peeling, mudcracking, inadequate cure, or rusting of the substrate 
shall not be permitted. 

8.1.9 Enclosures to permit · coating of surfaces during inclement 
weather may be used, provided the environmental restrictions 
specified are maintained throughout the coating and curing 
periods. The enclosures and methods of environmental control are 
subject to acceptance by the Buyer. 

8.1.10 Where shop paint has been damaged in· transit, or where damage 
has occurred to field coats, all damaged and loosely adhering 
paint shall be removed and the surface thoroughly cleaned. Edges 
o'f the breaks shall be feathered and the designated number of 

8.1.11 

. prime and finish coats applied • 

. .;ll painting shall be done in accordance with Appendix " . .;", "B", 
and "C". 

8.l.12 Pum95 shall be marked with stencil numerals on the concrete base 
or driver as directed by the Buyer's Field Superintendent. 

8.l.13 Exchangers and pressure vessels shall be marked with stencil 
numerals on the insulation cpvering if insulated or on the i)ainted 
surface. Position of marking shall be as directed by the Buyer's 
Field Superintendent. 

8.1.14 Field storage tanks shall be marked ·with stencil numerals. 
Tank numbers shall be placed on the roof and on the shell as 
directed by the Buyer's Field SUP.erintendent . 

. 9.0 INSPECTION AND TESTS 

9.1 General Reauirements 

9.1.l The surfaces to be coated shall be divided into identifiable areas 
or uni ts of production as a basis for inspection and/or 
documentation. 
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9.1.2 The inspection points identified in item 9.i.l above shall be 
established as follows: 

• 

9.1.2.l 

9.1.2.2 

9.1.2.3 . 

9.1.2.4 

9.1.2.5 

Prior to the start of work. 

fmmediately following the surface ~reparation. 

Immediately prior to the coating application. 

Following the application and curing of each coat. 

·After final inspection arid sign-off, in accordance with 
the project requirements. 

9.1.3 The Seller shall furnish the necessary testing and inspection 
instruments. properly calibrated and maintained. Such equipment 
shall be available for use by the Buyer in conducting his 
surveillance of the work. 

9.1.4 Prior to using compressed air, the quality of the air downstream 
of the separator shall be tested by blowing the air onto a clean 
white blotter (minimum size 8" :< 8") ·for two minutes to check for 
any contamination, oil, or moisture. The blotter test shall be 
performed at the beginning of each shift and at not less than 
four-hour intervals. The test also shall be . made after any 
interruption of the air compressor operation or as required by the 
Buyer. The air shall be used only if the blotter test .indicates no 
visible contamination, oil, or moisture. If contaminants are 
evident, the equipment deficiencies shall be corrected and the air 
stream shall be retested. Traps shall be bled continuously. All 
surfaces shall be tested individually prior to use. Surfaces which 
are determined to have been blasted with contaminated air must 
be reblasted with clean air and abrasive. 

9.1.5 Any defects disclosed by inspection shall be re-inspected after 
correction. 

9.2 Surface Preoaration fnsoection 

9.2.l The temperature, de'.-v ;::ioint, and relative humidity shall be 
determined with a sling psychrometer o_r an ac!cepted equal 
following ;::irocedures in AST'.\1 E337. Readings are required at the 
start or' work and every two hours or at time intervals designated 
by the Buyer. ...\lternatively, continuous monitoring may be 

9.2.2 

9erformed using systems established and/or accepted by the Buyer. 

Blast cleaned .;urfaces shall· be compared ·.vi th 5SPC-Vis-l-3i, 
Visual Standards. or accepted NACE Standards. The anchor 
;:iattern 9rorne depth shall be verified with a Teste~ 
Press-0-~i\m. or an accepted equal appropriate to the aqrasive 
material being •Jsed. 
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9.2.3 A grease-free chalk shall be used to mark local areas which do not 
meet the spe.cified standards. 

9.3 Coating fnsoection 

9.3.l Surface temperature and humidity reading shall be taken every 
two hours. The work shall not proceed if tHe substrate 
temperature falls below 5F above the dew point. 

9.3.2 The dry film thickness shall be tested with a ~Iikro-test H.Vl gage 
or an accepted equivalent, at· five random points for each l 00 
square feet of surface area or at three random points on each 
piece less than l 00 square feet in area. The testing method shall 
be in accordance with SSPC PA-2. 

9.3.3 The film shall be visually inspected for defects such as overspray, 
runs, sags, mudcracking, inadequate cure or lack of adhesion. The 
Seller shall repair all defects according to the touch-up and repair 
procedures accepted by the Buyer. 

9.3.4 Minor, randomly located film imperfections from air bubbles, dust 
particles, etc., scattered over the surface may be accepted if 
they are not in excess of l 0 per square Foot as determined by the 
Buyer's inspector. 

9.3.5 The total dry film thickness of sags and runs shall not exceed 120 
percent of the maximum specified dry film thickness nor shall it 
be less than 90 percent of the minimum specified dry iilm 
thickness. 

10.0 REMEDIAL WORK 

10.l Touch-Uo 

10.l.l Coated surfaces within the scope of this specification that have 
been damaged during assembly or handling shall be repaired in 
accordance with procedures as accepted by the Buyer. 

10.1.2 The surface profile shall be restored to meet the specified surface 
preparation requirements for cleanliness and profile. The 
periphery of a damaged ·area shall be feathered in with an 
acceptable material. 

l O.l.3 Precautions shall be taken to :;irotect adjacent coated areas from 
damage caused by touch-up cleaning-. The use oi vacuum blast 
type equipment and needle guns will be permitted for 'ibrasive 
blast cleaning. 
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11.0 APPENDIX "A" - COATING SYSTEMS 

11.l Coating Svstem No. l 

Generi<!I I·Ii~h Build E:;ioxy over Zinc R.ich Eooxy Primer 

Substrate: Carbon Steel 

Operating Temperature Range: Ambient to 2000F 

Surface Preparation Required: SSPC-SP-6 Commercial Blast Cleaning 

Surface Profile Required: 1.0 to 2.5 mils 

Coat 

Primer 
Intermediate 
Finish 

Red/Grey· 
White/Buff 
ANSI-iO 

Generic 

Zinc Rich Epoxy 
High Build Epoxy 
High Build Epoxy 

TOTAL 

O.F.T 
~ils 

2.5 to 3 
5 
5 

12 to 13 

Manufacturer 

Note. l 
Note l 
Note l 

NOTE 1: The following are acceptable manufacturers of primer, intermediate and finish 
coats. All three coats must be the products of the same man.ufacturer. 

Manufacturer Primer Intermediate Finish 

Ameron 68 66 66 
Mobil Mobil Zinc l 3-F-4 89-0-7 89 Series 
Napko Hi Zinc 5615 PA 5820 5800 Series 
Porter Zinc Lock 308 :wcR ~351 Yl.C.R. 43 HS 
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11.0 APPENDrX ''A" - COATING SYSTE:VTS 

11. 2 Coating- Svstem No. 2 

Generic: High Build Epoxy over Water Based Epoxy 

Substrate: Manufacturer's Standard Coatihg 

Operating Temperature Range: Per equipment specification up to 2ooop 

Surface Preparation Required: SSPC-SP-1 Solvent Cleaning 

Coat Color Generic D.F.T Manufacturer 
:VIils 

rntermediate Buff/Red/ 
Orange Water Based Epoxy to 2 Note l 

Finish ANSI 70 High Builc_j Epoxy 5 Note 1 

NOTE 1: The following are acceptable manufacturers of intermediate and finish coats. 
Both coats must be the products of the same manufacturer .. 

~l!anuiacturer Intermediate Finish --
Ameron 2120 66 
Carbo line 290 WB 190 HB 
.'vTobil 98-0-7 89 Series 
Porter Aqualock 6600 M.C.R. 43 HB 
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l l.O APPE~DIX ''A" - COATING SYSTE.\1S 

l l.3 Coating Svstem No. 3 

Generi~ High Build Vinyl over High Build E;>oxy 

Specific Service: E.'Cterior surfaces of sulfuric acid tanks, equipment and 
piping 

Substrate: Carbon Steel 

Operating Temperature Range: Ambient 

Surface Preparation Required: SSPC-SP~ Commercial Blast Cleaning 

Surface Profile Required: 1 •. 5 to 2.5 mils 

Primer 
Finish 

Color Generic 

Red/Grey High Build E;Joxy 
OSHA Yellow High Build Vinyl 

TOTAL 

O.F.T 
:Vlils -

5 to 7 
4 to 5 

9 to 12 

ylanufacturer 

N' ate L 
N' ate L 

N'OTE l: The following are acceptable manufacturers of primer and finish coats. Both 
coats must be the products of the same manufacturer. 

Manufacturer 

Ameron 
Carbo line 
Porter 

Primer 

83 
i 90 HB 
M.C.R. 4335 

Finish 

99 HS 
Polyclad 936~27 
v.c. 37 

N'OTE 2: A chlorinated rubber system may be otfered as an alternate to system number, 
3. Seller shall submit written 9rocedures for review by the Buyer in 
·~c~oraance wnn. :'atagrapli :J.l.:.!. ldent1.t1cat1on and complete technical data 
for the proposed 9roducts shall also be submitted for review • 
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11.0 APPENDIX ''A" - COATING SYSTE:'vTS 

11.4 CoatingSvstem No.4 

Generic: High Build Aliphatic Polyurethane over Epoxy 

Specific Service: Exterior surfaces of sulfuric acid tanks, equipment and 
piping. Alternate to system No. 3. 

Substrate: Carbon Steel 

Operating Temperature Range: Ambient 

Surface Preparation Required: SSPC-SP-6 Commercial Blast Cleaning 

Surface Profile Required: 1.5 to 2.0 mils 

:vranuiacturer O.f.T. 
~ Color Generic Code Mils 

Primer Reddish~rey Epoxy N' ote l 2.0 
finish OSHA Yellow Aliphatic Note 1 5.0 

Polyurethane 

TOTAL i.O 

Note 1: The following are acce~table manufacturers of primer and finish coats. Both 
coats must be the products of the same manufacturer . 

Manufacturer 

Mobil 
Napko 

S~'1C:~Tt0tl 11o. __ 1_4_z_z_z._-lC_. -_1 __ 

. 
Primer 

l.3-R-56 
5616 

z .tft ___ _ 

Finish 

41 Series 
8-4323 Series 
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12.0 APPENDIX "B"·- COATING SCHEDULE 

(To be Added Later)· 
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13.0 APPENDIX ''C'' - SAFETY COLOR CODING 

13.1 Identification of Pieing 

13.l.l All service piping which is accessible for maintenance operations 
(except piping in finished spaces) will be identified with semi-rigid 
plastic (not pressure-sensi_tive) identification markers. 

13.l.2 Direction of t1ow arrows are to be included on each marker. 

l 3.L3 In conformance with "Scheme for the Identification of Piping 
.Systems" (ANSI Al3.l-.!975), each marker must show (l) approved 
color-coded background, (2) proper color of legend in relation to 
back color, (3) approved legend letter size, and (4) approved 
marker length. 

13.1.4 For pipes under 3/4" O.D. (too small for color bands and legends), 
brass identification tags 1-112" in diameter with depressed 1/4" 
high black-filled letters above 1/2" black-filled numbers will be 
fastened securely at specified locations. 

13.l.5 Locations for pipe markers to be as follows: 

13.l.5.l Adjacent to each valve and fitting 

13.l.5.2 At each branch and riser take-off 

13.1.5.3 · At each pipe passage through wall, t1oor and ceiling 
construction 

13.1.5.4 At each pipe passage to underground 

13.l.5.5 On all horizontal pipe runs - marked every 25 feet. 
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1.0 SCOPE 

L.l Items Included 

1.1.l The preparation of the surfaces, and the furnishing and 
application of high temperature coating materials to all exposed 
ferrous surfaces as scheduled. · 

1.1.2 Documentation of the materials and procedures. 

1.1.3 Inspection and tests. 

1.1.-l Protection of coated surfaces. 

l.l.5 Environmental control equipment to ;:irovide the application and 
curing condi~ions required. 

1.1.6 Erection marking. 

l.l.7 Touch-up and repair of.defective or damaged coated surfaces. 

l.2 Related rtems Not fncluded 

1.2.l The following surfaces sha~ not be coated: 

L ., " ...... 
1.2.3 

1.2.4 

1.2.5 

1.2.6 

1.2.1.1 

1.2.i'.2 

1.2.l.3 

1.2.l .4 

1.2.l.5 

1.2.l.6 

Nonferrous or stainless steel parts, unless otherwise 
specifled. 

Surfaces within two inches of field welds, unless 
otherwise specified. 

N' ame and instruction. plates, etc. 

Rubber or similar nonmetallic parts. 

Surfaces to be completely embedded in concrete, 
unless otherwise specified. 

:vtachined surfaces and fittings. 

Correcting or' substrate defects as defined herein. 

Caulkimr and sealing. 

Shop ?riming and finishing, unless otherwise specified. 

e:"ireprooi c~atings. 

?refinished :netal. 
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2.0 QUALITY CONTROL 

2.1 General 

2.1.1 The Seller shall control the quality of items and services to meet 
the requirements of this specification, applicable codes and 
standards, and other procurement documents. 

2.2 Referenced Codes· and Standards 

Soonsor 

ASTM 

SSPC 

SSPC 

SSPC 

SSPC 

NACE 

Number 

£337-62 (1979) 

SP-1 (1971) 

' SP-5 (1971) 

Vis-1 (1967) 

P A-2 (1973) 

TM-01-70 

Subject 

Test for Relative Humidity by 
Wet-and-Dry-Bulb Psychrometer · 

Sol vent Cleaning 

White :vtetal Blast Cleaning 

Pictorial Surface Preparation Standards for 
Painting Steel Surfaces 

:VIeasurement of Dry Paint Thicl<n"ess with 
Magnetic Gages 

Visual Standards of Surfaces of New Steel 
Airblast Cleaned with Sand .-\brasi ve. 

2.3 Qualitv Requirements 

2.3.l The Seller's Quality Control/Inspection Program shall include the 
necessary measure for control to ensure that the completed 
coating work conforms to the requirements of the technical 
specification and the applicable codes and standards. This plan 
shall provide for assurance that only accepted coating materials 
are used, that inspection of the surface preparation and the 
coating application is implemented for all phases of co_ating work 
performed, and that records and documentation are prepared and 
maintained to furnish evidence of compliance with procedures. 

2.3.2 The Seiler, including any lower-tier organizations engaged by him, 
shall be subject to surveillance inspection and audit by the Buyer 
for compliance with the requirements of the 9rocurement 
documents until the completion or termination of the 
procurements. This surveillance inspection and audit does not 
relieve the Seller from the responsibility for conr'ormance to the 
requirements set forth in the. procurement documents. 
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2.3.3 The Buyer's inspec.tion personnel shall be provided with a detailed 
schedule and shail be notified of all required hold and witness 
points requiring inspection by the Buyer prior to the scheduled 
date for coating activities. Failure to ;>rovide the required 
notification may result in the requirement for reinspection or 
rework. 

2.3.4 Deviations from the technical specification. codes and standards 
detected during the performanc;:e of work shall 9e reported. The 
Seller shall submit his recommended disposition based on an 
appropriate analysis. 

3. 0 SUB MITT .~LS 

3.1 Engineering Documents 

3.1.l 

. 3.1.2 

3.1.3 

A listing of all coating materials to be used in this work which 
shall identify the specific products by manufacturer and catalog 
number in each coating system as scheduled. 

The Seller's written procedures for storage, handling, surface 
preparation, environmental control, application, touch-up and 
repair, C!Jring, and inspection of the coating system shall be 
submitted· for Buyer's review and. acceptance prior to use. 
Conx1icts, if any, between the coating manufacturer's 
recommendations and this specification shall be noted. 

The Seller's proposed cleaning and coating verification forms for 
daily inspection records shall be submitted to the Buyer for 
review. 

3.2 Qualitv Verification Documents 

3.3 

3.2.l Deviations detected during the performance of work shall be 
reported as specified in Quality Requirements, Subparagraph 
(2.3.4). 

3.2.2 A detailed cleaning and coating verification report in the 
accepted form shall be completed each day during the work and 
shall be submitted for the record. The final verification report 
shall include a statement of completion conformance vet"ifying 
that required material was used and that the accepted application 
9rocedures and specifications were followed. 

Samples 

J.J.l The Seller shall submit two prepared steel panels for the Buyer's 
acceptance, each measuring 6" x 6" x 1/4" minimum. showing the 
de!p'ee of cleanliness and the anchor profile of blast cleaning 
specified. The panels shall be fuily labeled and sealed in air-tight • 
. J/ 16" acrylic transparent plastic. 
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4.0 MATERIALS 

4.1 Material Manufacturers 

4.1.1 Unless otherwise specified, all coating materials used on any one 
surface or piece of equipment shall be products. accepted ·by the 
Buyer. Materials from different mantifactu:rers .. shall not be. used 
over each other without prior written acceptance. 

4.1.2 The Seller shall notify the coating manufacturer on the purchase 
order for the coating material that the coating is to be applied 
to equipment to be furnished to the Buyer. 

4.1.3 The coating materials shall be in pre-measured units. 

4.1.4 The coating materials for each system shall be as shown in 
Appendix "A". Only the materials approved shall be used unless 
authorized in writing by the Buyer. 

4.2 System Z-1, Inorganic Zinc Coatings, for temperatures to 750F Inter
mittent-'· i:-emperatures · to· 800F. 

4.3 

4.2.i Material shall be an inorganic zinc with an alkyl silicate 
vehicle and meeting the following requirements: 

4.2.1.1 

4.2.1.2 

4. 2.1.3 

4.2.1.4 

4.2.1.5 

4.2.1.6 

Total solids by volume shall be 43 to 50% based on 
nonvolatile calculations per ASTM-D 1644 (calculate 
volume solids from weight solids by calculation.) 

Percentage of metallic zinc in the dry applied film 
shall be 80 to 87%. 

Weight of metallic zinc at 3 mils film thickness shall 
not be less than 0.83 ozs. per square foot. 

Minimum temperature resistance to dry heat shall be 
600F continuous or 800F intermittent. 

Coverage shall not be less 700 sq. ft./gallon at 1 mil 
based on void content application measurements. 

Zinc dust particle size distribution shall be such that 
particle size shall be no greater than 8 microns. 

System HT-1, Silicone Acrylic, ··,for temperatures to 400F continuous. 
Intermittent temperatures to 425F,. 

', 
' 4.3.1 This system is a single· pack.ige material not requiring a heat 

cure. It is applied over steel surfaces that have been blasted to 
white :netal (SSPC.-SP-5) .. The anchor pattern profile shall be l to 
1-~ mils. It may be applied by brush or spray to a dry film 
thickness of 2 mils minimum, and may require two coats. 
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4.3.2 This system also may be applied over surfaces 9reviously primed 
with inorganic zinc, whet"e a color other than the zinc color is 
desired. If applied over inorganic zinc, it should be applied in one 
coat of l to 2 mils, either brush or spray applied. 

4.4 System H'I'-2. 100% Silicone Resin with Aluminum Pigment. for 
temperatures up to .550F under weather exposure and up to l OOOF on 
weather protected (interior) surfaces. 

4.4.l This is a two package system that may be applied over an 
inorganic zinc by either brush or spray. 

4.4.l.l 

4.4.l.2 

4.4. l .3 

4.4.l.4 

/ 

The primer shall be cleaned, if necessary, by Solvent 
Cleaning (SSPC-SP-l) to remove contamination. 

Application shall be one coat at a minimum of 0.8 mil 
dry film thickness. 

Substrate temperature during application- shall be 40F 
minimum to l 60F maximum. 

This system must be heat cured .after drying for 24 
hours, it shall be heated to 400F for a minimum of one 
hour to affect· cure. 

4.4.2. This system may be applied directly to base metal under the 
following procedure: 

4.4.2.l 

4.4.2.2 

4.4.2.3 

4.4.2.4 

4.4.2.S 

The steel surface shall be cleaned to a white metal 
blast (SSPC-SP-5) with an anchor pattem profile no 
deeper than 1-1/2 mils. 

The first coat must be applied, immediately after 
cleaning, to a dry film thickness of O. 7 to LO mils. 

For indoor, or protected, exposures, a second coat 
shall oe applied after a minimum of 24 hours drying 
time has lapsed. 

For weather exposure, a third coat shall be applied, 
allowing another 24 hours between coats. 

This_ system must be cured at 400F for one hour. 
Twenty-four hours shall oe allowed between the final 
coat and :ies.t curing to. obtain a fully dried system. 
Total dry t'ilm thickness shall be 2 to 3 mils. 

~ 
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4.5 System HT-:J Silicone-Ceramic Coating, a combination of cera~ic frits and 
silicone resins for temperatures up to l 400F. Some colors are available. 

4.5.l This is a single package material that is applied directly to the 
bare steel in one coat by either brush or conventional spray in the 
following manner: 

4.5.l.l 

4.5.1.2 

4.5.1.3 

The surface shall be abrasive blasted to a white metal 
blast (SSPC-SP-5) with an anchor pattern profile no 
deeper than l mil. 

Apply one coat not to exceed 2-l /2 mils. 

This system has no abrasion resistance and must be 
heat cured after 6 . hours. or more drying time. The 
coating is cured at :!OOF for a minimum of one hour. 

4.6 Svstem HTL-l High-Baked Phenolic Lirying, an excellent corrosion resistant 
.lining system for submerged or frequently wetted surfaces as well as dry 
surfaces at temt'eratures up to 400F continuous and 500F for short periods 0 

of time. 

4.7 

4.6.l The modified phenolic high bake lining is applied to filter press 
plates, fans, blowers, machinery 9arts, tank linings, etc. where 
corrosion protection is needed at these temperatures. The 
surface preparation and application of this material is quite 
critical and where it is required, the manufa~turers 
recommendations ·shall be followed with the following: 

4.6.l.l 

4.6.1.2 

4.6.l.3 

4.6.1.4 

The lining material is a modified high baked phenolic. 

The dry film thickness of the applied phenolics is 
approximately 2 mils per coat for three coats of 
primer and l mil per coat for the two finish coats. 

The total dry film thickness shall be a minimum or 8 
mils. 

Each coat shall be allowed to dry ·and then shall 
receive an intermediate bake at 250F for 15 minutes 
with a final bake, after the last coat and repairs nave 

. been made, at 400F for 1-112 hours. 

Svstem HTL-2, a high temperature resistant organic coating for ~orrosion 
9rotection of "vet or submerged hot metal surfaces at 200F to over 750F. 
rt is not <ecommended for dry surfaces. 

J"-1:1'1C~TIOll JIO. L4222-X-2 1 
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4.7.l This is a unique single package coating material without a known 
eqt,Jivalent at this time. It is used. in submerged conditions at a 
minimum of 200F operating temperature. No maximum is given 
by the manufacturer who claims it has been used at temperatures 
above 750F. It is used to protect the interior surfaces of boiler 
tubes, drums and headers, economizers, . feed water heaters, 
evaporators; steam turbines, etc. 

4.7.2 The approved material for. this purpose is Ape.'Cior Number 1 
Protective Coating as sold by the Dampney Company in Everett, 
Massachusetts. 

4. 7 .3 The required surface preparation is as follows: 

4.7.3.l All surfaces must be free of dirt, dust, grease, oil, rust 
or mill scale. Blast cleaning to· SSPC-SP-6 is 
recommended, if this is not possible, a phosphatizing 
pretreatment is recommended. 

4.7.-l Application shall be as recommended by the manufacturer. 

4.7.4.1 

4.7.4.2 

4.7.4.J 

Ylix· thoroughly before use. 

Apply by brush only. Do not ~se nylon or ~lastic 
bristle brushes • 

. \!;)ply one coat only, at 1-112 to 2 mils dry film 
thickness. Do not tl'.Y to remove brush marks. 

4. 7.5 This material is NOT recommended f.or use in boilers which are 
held for· long periods in cold wet la:y-up or standby service, or in 
hot water tanks where the operation temperature is below 200F. · 

4.8 Abrasive Materials 

4.8.l Abrasives for blast cleaning shall be clean and dry, furnished 
either bulk or ;>ackaged, and shall be free of oil or contaminants. 
The particle size shall be capable oi producing the specified 
surface [Jroiile. Cast iron or malleable iron shot shall not be 
used. Chilled iron shot may be used. 

4.9 Touch-Uc Materials 

4.9.l 

4.9.2 

Materials for touch-up of damaged areas of surfaces shall be the 
same as those originally '3.pplied. thinned according to 
recommendations of the manufacturer. 

Alternate materials for touch-up may be used, subject ·to 
acceptance jy the Buyer and the coating manufacturer. 
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4.10 Thinners. Solvents. and Cleaners 

4.10.1 Thinners, solvents, and cleaners shall be as recommended· by the 
coating material manufactu"rer and shall be identified by the 
product number or generic formulation. 

5.0 SHIPPING. HANDLING, .:\ND STORAGE 

5.1 Delivery and Storage 

5.1.1 Coating materials ·shall be delivered to the place of application in 
the manufacturer's unopened, original containers bearing a legible 
[)reduct designation, batch number, and date of manufacture. 
Containers which are damaged to the point of jeopardizing the 

. contents shall not be used. 

5.1.2 The material shall be handled and stored in accordance with the 
manufacturer's latest published instructions, and Shl'll ., be 
~rotected from damage, moisture, direct sunlight, and 
temperatures below ~OF or above 80F. In the event the 
temperature is elevated to or fails below these specified limits, 
the Seller shall reconfirm the manufacturer's acce[.)tance of a 
representative sample from the storage area. 

5.2 Date of Materials 

5.2.l The coating materials shall be used within six months of their 
manufacture. The date of use shall in no case exceed the 
manufacturer's recommended shelf life, if such self life is less 
than six months. If the manufacturer's recommended shelf life is 

" exceeded, the Seller must gain the manufacturer's and the Buyer's 
acceptance of the materials prior to their use, based on a 
representative sample from the storage area. 

5.2.2 . Containers of coatings or components shall not be opened except 
for immediate use. 

5.3 Handling of Coated Items 

5.3.l Coated surfaces shall be 9rotected from damage during lifting or 
handling. Coated i terns shall be protected on nonabrasive 
supports during shipment and storage .• 
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6.0 EQUIPMENT 

6.1 General Reauirements 

6.l.l The Seller shall provide equipment capable of regulating and 
controlling the conditions within the work area to the extent that 
the temperature of the substrate is always a minimum of 5F 
above the dew point~ The substrate temperature during coating 
application and curing shall be maintained between a minimum of 
50F and a maximum of 90F unless otherwise approved by the 
manufacturer. 

6.l.2 The equipment shall include the .necessary blowers, filters, 
humidity control equipment to provide clean air to the work area 
in sufficient quantity to maintain an atmosphere for performing 
the specified operations at no more than 80 percent relative 
humidity • 

. 
6.1.3 The equipment shall be capable of producing the specified 

environment for performance of the work according to the time 
schedule accepted by the Buyer. 

6.l.~ The spray equipment shail be as recommended by the coatings 
manufacturer and shall be suitably sized to the configuration of 
the work. 

6.1.5 Spray equipment air supply lines shall be equipped with traps to 
remove moisture and oil. 

7.0 SURFACE PREPARATION 

7.1 Gene!"al Reauirements 

7.1.l Prior to the start of work, the Seller shall examine all surfaces to 
be coated to determine their acceptability for the s;iecified 
'Nork. If the surfaces are found to be unacceptable, the Seller 
shall immediately notify the Buyer in writing and shall not 
commence work until corrective action has been taken. 
Commencement of work 9rior to the taking of corrective action 
shall preclude any subsequent claim by the Seller. The Buyer :nay 
1"equire corrective action at the :Seller's· expense. 

7.1.2 

7. l.3 

C!eaning and coating shall oe coordinated with other construction 
operations. Prior to starting ::iny cleaning or coating operations, 
the Seller shall obtain assurance from the Buyer •hat all other 
work on or in the vicinity of the surfaces to be coated has oeen 
completed and that the surface is ready for cleaning and coating. 

Surfaces to be coated shall be abrasive blast cJ.eaned in 
accordance with SSPC-SP~ except as noted beiow. 
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7 .1.4 The surface profile of the steel cleaned by blasting shall be as 
specified. A comparison shall be made with a Test ex 
Press-0-Film or other Buyer accepted equivalent which is 
appropriate to the type of abrasive material being used. 

7.1.5 The abrasive mixture and the compressed air shall be clean, dry, 
and oil-free. Separators, in addition to oil and water extractors 
mounted on the compressor, shall be used in compressed air lines 
to remove oil and moisture from the air close to the point of use. 

7.1.6 Prior to blast cleaning, contamination shall be removed from the 
steel surfaces. Oil and grease shall be removed by solvent 
cleaning in accordance with SSPC-SP-l. 

7.1. 7 Abrasive blast cleaning shall not be performed in the immediate 
area· where the coating or curing of coated surfaces is in 
progress. All surfaces and equipment which are not to be coated 
shall be suitably protected from abrasive blast cleaning. 

7.1.8 Burrs, slivers, scabs, and weld spatter which become visible after 
blasting shall be removed by the Seller. Repaired areas shall have 
the surface profile suitably restored. 

7.1.9 [f rusting occurs or if the cleaned surfaces become wet or 
otherwise contaminated prior to coating, they shall be recleaned 
to the degree specified above. 

7.1.10 After blast cleanfng and immediately before coating, dust shall be· 
removed with compressed air, free of oil and moisture, 
Vacuuming shall be used if the surface is not dust free, as 
determined by the Buyer's inspector. 

7.1.11 Machined surfaces shall be free of all foreign matter and wiped 
with clean solvent before the application of the machined-surface 
coating c.nd shall be protected from damage due to cleaning and 
coating operations. 

7 .l.12 Floor drains and piping systems in tlie buildings shall not be used 
to remove, conduct, or convey any liquids or waste resulting from 
any. surface ;>reparation or coating operations. 

8.0 M[XING AND APPLYING COATINGS 

8.1 General Reauirements 

8.1.1 The Seller's application personnel shall be qualified to apply the 
specified coating material in accordance with the Seller's written 
qualification procedure, as dccepted by the Buyer. 
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8.1.2 

8.1.3 

8.1.4 

8.1.5 

8.1.6 

8.1.7 

8.1.8 

8.1.9 

Th~ mixing, applying, and curing of the coating material shall be 
in accordance with the manufacturer's latest published 
instructions and the requirements specified herein. When multiple 
component units are mixed, each component shall ·be mixed 
separately prior to the mixing of the combined materials. Only 
complete, measured units shall be mixed. After mixing, the 
coating material shall be applied within the manufacturer's latest 
published pot life time. 

Coating materials shall be thoroughly mixed until they are smooth 
and free from lumps, then strained through a 30 mesh or finer 
screen. Mixed material shall be agitated to· keep the solids in 
suspension. 

·The blast cleaned surface shall be coated before any rust forms on 
the surface. 

The application of the coating shall be performed only when the 
environmental conditions meet the ~arameters specified in 
paragraphs 6.1. l and 6.1.2 of this specification. 

The coating materials shall not be applied when there is moisture 
on the surface, dust is present which can contaminate the 
freshly~oated surface, dirt or. other detrimental materials have 
recontaminated the surface~ or when the surface temperature of 
the steel is below 50F or above 90F or less than SF above the dew 
point. · 

The spray equipment shall be conventional or airless and in 
acceptable operating condition as determined by the Seller 
through inspection and testing. The air SU!?ply lines shall be 
equi!?!?ed with tra!?S to remove moisture and oil. 

Runs, sags, voids,· dri!?S, overs!?ray, loss of adhesion, blistering, 
peeling, mudcracking, inadequate cure, or rusting of the substrate 
shall not be permitted. 

Erection marks as shown on drawings shall be marked on each 
member with an ·acceoted erection marking material after the 
ap!?lication of the coating. 

8.1. l 0 Enclosures to ~ermi t the coating of surfaces during inclement 
weather may be used, provided the environmental restrictions 
specified are maintained throughout the coating and curing 
period. The enclosures and methods of environmental control are 
subject to acceptance by Che Buyer. 

· l...:ll'lCAflOll "°' L4Z22-:{-2 
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9.0· INSPECTION AND TESTCNG 

9.1 General Reouirements 

9.1.l The surfaces to be coated shall be divided into identifiable areas 
or uni ts of production as a basis for inspection and/or 
documentation. 

9.1.2 The inspection points identified in paragraph 9.1.l above shall be 
established as follows: 

. 9.1.3 

9.1.4 

9.1.5 

9.1.2.l 

9.1.2.2 

9.1.2.3 

9.1.2.4 

. 9.1.2.5 

Prior to the start of work. 

Immediately following the surface preparation. 

Immediately prior to the coating application. 

Following the application and curing of each coat. 

Final inspection and sign-off, in accordance with the 
project requirements . 

The Seller shall furnish the necessary testing and inspection 
instruments, properly calibrated and maintained. Such equipment 
shall be available for use by the Buyer in conducting his 
surveillance of the work. 

Prior to using compressed air, the quality of the air downstream 
of the separator shall be tested by blowing the air onto a clean 
white blotter (minimum size 8" x 8") for one minute to check for 
any contamination, oil, or moisture. The blotter test shall be 
performed at the beginning of each shift and at not less than 
four-hour intervals. The test also shall be made after any 
interruption of the air compressor operation or as required by the 
Buyer. The air shall be use<! only if the blotter test indicatas no 
visible contamination, oil, or moisture. If contaminants are 
evident, the equipment deficiencies shall be corrected and the air 
stream shall be retested. Separators shall be bled continuously. 
All lines shall be tested individually prior to use. Surfaces which 
are determined to have been blasted with contaminated air must 
be reblasted with clean air and abrasive. 

Any defects disclosed by inspection shall be reinspected after 
correction. 
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9.2 Surface Preoaration rnsoection 

9.2.l The temperature, dew point, and relative humidity shall be 
determined with a sling psychrometer or an accepted· equal 
following procedures in ASTM E337'. Readings are required at the 
:itart or' work and every four hours or' at time intervals designated 
by the Buyer. Alternatively, continuous monitoring shall be 
performed using systems established and/or accepted by the Buyer. 

9.2.2 Blast cleaned surfaces shall be compared with SSPC-Vis-l, or 
accepted NACE Standards. The anchor pattern profile de~th shall 
be verified with a Testex Press-0-Film or other Buyer accepted 
equivalent which is appropriate to the type of .abrasive material 
being used. 

9.2.3 Recirculated shot ·and grit used for abrasive cleaning shall be 
tested for the presence of oil by immersing them in water and 
checking for oil notation. Tests shall be made at the start of 
blasting, every four hours thereafter, and at .the end of blasting. 
If oil is evident. the contaminated aorasive shall be replaced with 
clean abrasive and retested before proceeding. All contaminated 
steel blasted after the previous satisfactory test shall be 
completely recleaned. 

9.2.4 A grease-free chalk shall be used to mark local areas which d? not 
meet the specified standards. 

9.3 Coating Inspection 

9.3.l Surface temperature and humidity readings shall be taken every 
four hours. The work shall not proceed if the substrate 
temperature falls below 5F above the dew point. 

9.3.2 The dry film thickness shall be tested with a Mik:o-test FIM gage 
or an acce!:>ted equivalent, at a race of 10 random points for 
each 100 square feet of surface area. The testing method 
shall be in accordance with SSPC-PA-2. 

9.J.3 The film shall be visually inspected for defects such as overspray, 
runs. sags. mudct"ac!<ing, inadequate cure or lack of adhesion. The 
Seller shall ;-epair all defects according co the touch-up and repair 
procedures accepted by the Buyer. 

9.J.4 Minor. •andomly located film imperfections from air bubbles, dust 
particles. :tc •• scattered over the surface, may be accepted if 
they are not in excess of l O ;ier square foot as determined by the 
3uyer's inspectol". 

9.3.5 The total dry film thickness of sags and runs shall not exceed l20 
percent of the maximum specified dry film thickness nor shall it 
be less than 90 ~ercent of ~he minimum specified dry film 
thickness. 
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10.0 REMEDLU. WORK 

10.l Touch-up 

10.l.l Coated surfaces within the scope of this specification that 
have been damaged during assembly or handling shall be 
repaired in accordance with procedures as accepted by the 
Buyer. 

10.1.2 The surface profile shall be restored to meet specific surface 
preparation requirements for cleanliness and profile. The 
periphery of a damaged area shall be feathered in with an 
acceptable material. 

10.1.3 Precautions shall be taken co protect adjacent coated areas 
from damage.caused by abrasive.blast cleanigg. !he use of 
vacuum blast-type equipment·arid .needle guns will.be peniitted 
for abrasiv~_,. blast cleaning. 

11.0 APPENDIX "A" HIGH TEMPERATURE COATDTG SYSTEMS 

11.l High Temper !re System Z-1 

Generic: Inorganic Zinc Rich Primer 

Substrate: Carbon Steel 

Operating Temperature Range: Up to 750F continuous, and 800F 
intermittent 

Surface. Preparation Required: SSPC-SP-10, near white blast cleaved 
(minimum) 

Surface Pro: ~e Required: 1.0 to 2.0 mils 
OFT 

Coating Color Generic Mils Manufacturer 

Primer Metallic Inorganic Zinc 2.0 to 4.0 Note 1 

Note 1: The following are acceptable manufacturers of the Inorganic 
Zinc Rich Primer. 

Manufacturer Material ~o. 

Ameron Dimeccoce 6 

Mobil Mobilzinc 7 (13-F-12) 

Kwik Kure SZ (137700) 
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11.2 High temoerature sytem HT-1 

Generic: Silicone Acrylic 

Substrate: Carbon Steel or Inorganic Zinc Primed 

Operating Temeperature "Range: 400F continuous and 425F intermittent 

Surface Preparation Required: SSPC-SP-5, white metal blast.cleaved 

Surface Profile Required: 1.0 to 1.5 Mils 
DFT 

Coating Color Generic Mils Manufacturer 

Heat Resistant As. Selected Silicone Acrylic 2.0(Min.) 

NotEi' .. l: The following ·are acceptable manufacturers of 400F Heat 
Resistant Silicone Acrylic. 

Hanufacturer Material ~o. 

Dampney Thurmalox .200 Series 

:tobil Silicone-Acrylic 37-W-l 

~ote l 

Napko 5300 Series ·Silicone-Acrylic . 

Amer on Amercoat 891 

11.3 High Temoerature System HT-2 

Generic: 100% Silicone Resin· 

Substrate: Carbon Steel or Inorganic Zinc Primed 

Operating Temperature Range: SSOF weather e.'Cposure or lOOOF 
interior (protected) exposure 

Surface Preparation Required: SSPC-SP-5 white metal blast or 
Hover Inorganic Zinc SSPC-SP-1 

Surface ?refile Required: 0.5 to 1.5 mils 
OFT 

Coating ~ Generic Mils Manufacturer 

High Temperature Aluminum Silicone-Aluminum 0.7-1.0 Note 
aigh Temperature Aluminum Silicone-Aluminum 0. 7-1.0 Same 

Note 1: The following are acceptable :nanufaccurers of the 100% 
Silicone Resin Aluminum. 

l 
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Manufacturer Material No. 

Ameron . Amerc:oat 878 

Dampney Thurmalox 280 

Mobil Heat Resistant Aluminum 37-A-10 

Napko Thermoflex. Aluminum 6003 

11.4 High Temperature System HT-3 

Generic: S.ilic:one-Ceramic 

Substrate: Carbon Steel 

·Operating Temperature Range: Up to 149_0F 

Surface Preparation Required: SSPC-SP-5 white metal blast 

Surface Profile Required: Up 1.0 mil maximum. 

OFT 
Coating Color Generic: Mils :!:anufacturer 

Very High 
Temperature 

As Selected Silicone-Ceramic: 2.5 mils Max. Dampney 

Note: This product is identified as Dampney's Thurmalox #240. 

Other manufacture.rs of .1n equivalent material suitable 
for i400F may be offered for consideration upon submittal 
of fu.11 technical data fer review. 

11. 5 High Temperature Lining, Syst''::"E Hn-1 

Generic:: High Baked Phenolic Lining 

Substrate: Carbon Steel 

Operating Temperature Range: 400F continuous and 500F for short 
intermittent periods 

Surface Preparat~on Required: SSPC-SP-5 white metal blast 

Surface Profile ~equired: 1.5 to 2.0 mils 

Coating Color Generic: 
DFT 
:!:ils ~anufacturer 

High Temperature 
Lining 

Brown-ran Phenolic l'ocal 8 mils 

Note 1: Lining Macerial shall '.le applied in 5 coats, or more, 
to obcain a minimum of a.a ~ils dry. The following 
are acc:epcable :nanufacturers. 

~ate l 
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~.anuf ac turer Material No. 

Heresite P-403 

Plasite 3066 

11.6 High Temperature Lining, System HTL-2 

Generic: A high Temperature Organic Coating. 

Substrate: Carbon Steel 

Operating Temperature Range: Submerged only, 200F minimum to over 
750F.· Not for drv surfaces. 

Surface· Preparation Required:. Free of dirt, dust, grease, oil, rust 
or mill scale. Preferable blast cleaved 
to SSPC-SP-6, commercial blast; if this 
is not possible, phosphatizing pre
treatment as minimum. 

Surface Profi Reci.uired: 1.0 mil maximum. 

Coating Generic ·· Color 

Proprietary organic Black 

OFT 
Mils 

1.5 to 2.0 

~anufacturer 

Dampney 

·At this time, there is no ·known equivalent to the material specified 
here. It is known as Apexior No. 1 Protective Coating, sold by 
Dampney Compa;;/ in Everett, Massachusetts. Refer to section 4.7 of 
this specification and follow the manufacturer's recommendations on 
their data sheet PC-001. 
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1.0 SCOPE 

This specification covers the requirements for shop applied coatings 
·on non-submerged steel surfaces of fabricated equipment and components, 
structural steel, aboveground piping, machinery, electrical equipment 
and external surfaces of steel vessels. 

l.l Items Included 

1.1.l Preparation of the surfaces, furnishing and the applica
tion of protective coatings to all exposed ferTous sur~ 
faces (as scheduled) · 

l.l.2 Documentation of materials and procedures 

1.1.3. Inspection and tests 

i.l.4 Protection of coated surfaces 

1. 1 .. 5 Environmental control ., '"iipment to provide the applica
.tion and curing conditic required. 

1.1.6 Erection marking 

1.1.7 Touch-up and repair of defect~ve or damaged coated surfaces· 

L 1.8 Hot Dip .Galvanizing, wher~ applicable and specified 

1.2 Related Items Not Included 

1.2.l The following surfaces shall not· be painted: 

l.2.1.l Nonferrous or st· .. J.ess steel parts, unless 
otherwise spec:i:f ·i.~d 

l. 2.1. 2 Surfaces within :ine inch of field welds, unless 
otherwise speci.ied 

1.2.1.3 ~ame and instru<;tion plat:P-s, 'itc. 

l.2.1.4 Rubber or similar nonmetallic parts 

1.2.l.S Surfaces to be completely embedded in concrete, 
unle.ss otherwise specified 

l.2.l.6 ~chined surfaces and fittings. 

1.2.1.7 Coating of galvanized surfaces unless otherwise 
specified 

l.2.2 Correcting of substrate defects as defined herein 

l.2.3 ~ouch~up and Topcoacing at jobsite 

1.2.4 Caulking and sealing 
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l.2. 5 Fireproof coatings 

1.2. 6 ?refinished metal 

l.2. 7 Underground piping and valves 

2.0 QUALITY STANDARDS 

2.1 General 

2.1. l The Seller shall control the quality of items and services 
to meet the requirements of this specification, applicable 
codes and standards, and other procurement documents. 

2.2 Referenced Codes and Standards 

Sponsor Number 

ASTM E337 

NACE TM-01-70 

NACE. TM-01-75 

SSPC SP-1 

SSPC SP-10 

Subject 

Test for Relative Humidity by Wet-and
Dry-Bulb. Pyschrometer 

Visual Standard for surfaces of new steel .ir
blast cleaned with. sand abrasive 

Visual Standard for surface of new steel 
centrifugally blast cleaned with steel grit 
and shot 

Solvent Cleaning 

Near-White Blast Cleaning 

SSPC Vis-1-67-T Pictorial Surface Preparation Standards 
for Painting Steel Surfaces 

SSPC PA-2 

ASTM A-90 

AS'N Al20 

ASTI1 Al23 

ASTI1 Al43 

ASTI1 .Al53 

ASTM A384 

SPECIFICATION NO. 14222 K-3 

Measurement of Dry Paint Thickness with 
Magnetic Gages 

Test for weight of coating on zinc-coated 
(galvanized) iron or steel articles 

Specifications for black and hot-dipped zinc
coa ted (galvanized) welded and seamless steel· 
pipe for ordinary use 

Specification for zinc (hot-galvanized) coatings 
on products fabricated from rolled, pressed, and 
forged steel shapes, plates, bars, and strip 

Safeguarding against embrittlement of hot-dipped 
.galvanized structural steel products and proce
dure for detecting amorittlement 

Specification for zinc coating (hot-dip) on iron 
and steel hardware 

Recommended practice for safeguarding against 
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ASTM A385 

ASTM A386 

ASTM A446 

waii>age and distortion during hot-dip galvan
izing of steel assemblies 

Recommended practice for providing· high quality 
zinc coatings (hot-dip) 

Specification for zinc coating (hot-dip) on 
assembled steel products 

Specification for steel sheet, zinc-coated 
(galvanized) by the hot dip process, structural 
(physical) quality 

Z.3 Quality Reguirements 

Z.3.l 

Z,3.2 

2.3.3 

2.J.4 

3 • 0 SUBMITT • .\I.5 

The Seller's Quality Control/Inspection Program shall include 
the necessary measures for control to ensure that the completed 
coating work conforms to the requirements of the technical speci
fication and the applicable codes and standards. The plan shall 
provide for assurance that only accepted coating materials are 
used. that inspection of the surface preparation and the coating 
applicaiton is implemented for all phases of coating wor~ per
formed, and that records and documentation are prepared and 
maintained to furnish evidence of compliance with procedures 
and traceability by item or batch to the area of use. 

The Seller, including any lower-tier organizations engaged by 
him, shall be subject to surveillance inspection and audit by 
the Buyer for compliance with the requirements of the procurement 
documents until the completion or termination of the.procure
ments. This surveillance inspection and audit does not relieve 
the Seller from the responsibility for conformance to the re
quirements set forth in the procurement documents. 

The Buyer's inspection personnel shall be provided with a 
detailed schedule and shall be notified of all required hold 
and witness points requiring inspection by the Buyer prior. to 
the scheduled date for coating activities. Failure to provide 
the required notification may result in the requirement for 
reinspection or rework. 

The Seller shall identify and document deviations from the 
technical specification, codes and standards and -shall trans
mit these deviations to the Buyer for review and disposition. 
The Seller shall submit his recommended disposition based on 
an appropriate analysis. 

3.1 Engineering Documents 

3. L. l 

3.1. z 

A listing of all coating materials to be used in this work 
~hich shall identify the specific products by manufacturer 
and catalog nu~ber in each coating system as scheduled. 

!he Seller's '.n'itten procedures for storage, handling-, sur-
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3.1. 3 

face preparation, environmental control, application, 
touch-up and repair, curing and inspection of the coating system 
shall be submitted for review and acceptance prior to start 
of work. Conflicts if any, between the coating manufacturer's 
recommendations and this specification shall be noted. 

The Seller's proposed cleaning and coating verification forms 
for daily inspection records shall be submitted for review. 

3.2 Quality Verification Documents 

3.2.l 

3.2.2 

4.0 MATERIALS 

Deviations detected during the performance of work shall be 
reported and submitted as specified in Quality Requirements, 
Subparagraph (2.3.4). 

A detailed cleaning and coating verification report in accepted 
form shall be completed each day during the work and shall be 
submitted for record. The final verification report shall 
include a statement of completion conformance verifying that 
required material was used and that the accepted application 
procedures and specifications were followed, 

4.1 Material ~nufacturers 

4.1. l 

4.1. 2 

4.1.3 

Unless otherwise specified, all coating materials on any 
one surface or piece of equipemnt shall be.a product accepted 
by the buyer. Materials from different manu~acturers shall 
not be used over each other without Buyer Is .acceptance. 

The Seller shall notify the coating manufacturer on the 
purchase order for the coating material that the coating 
is to be applied to equipment to be furnished to the buyer. 

See the attached list of acceptable materials manufacturers 
Appendix B. 

4.2 Inorganic Zinc (Svstem 1) 

4.Z.l Material shall be an inorganic zinc with an alkyl silicate 
vehicle and meeting the following requirements: 

4.Z.1.1 

4.2.l.2 

4.2.1.J 

4.Z.1.4 

Total solids by •1olume shall be 43 to 50% based 
on nonvolatile calculations per AST.1-0 1644 (cal
culate the volume solids from weight solids by 
calculation) . 

Percentage of metallic zinc in the dry applied film 
shall be 80 to 87%. 

Weight oi metallic zinc at 3 mils film thickness 
shall not be less than 0.83 oz./sq. ft. 

Minimum temoerature resistance to drv heat shall 
be 600°~ co~tinuous or 800°F inter:nittent. 
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4.2.1.5 

4.2.1.6 

Coverage shall not be less than 700 Sq. ft./g~l. 
at 1 mil thick based on void content application 
measurements. 

Zinc dust particle size distribution shall be such 
that particle size shall be no greater than 8 microns. 

4:3 Inorganic Zinc, Preconstruction Primer (Svstem 2) 

4.3.1 Material shall be an inorganic zinc with an alkyl silicate 
vehicle and meet the following: 

4.3.1.1 

4.3.1.2 

4.3.1.3 

Total Solids by Volume 26% co 35% 

Percent metallic zinc in the dry film - 75% minimunl 

Shall be a weldable zinc primer 

4.4 Hot Dio Galvanizing 

4.4.1 

4.4.2 

4.4.3 

4.4.4 

4.4.5 

4.4.6 

4.4.7 

4.4.8 

Hot dip galvanizing of light weight steel, such as sag bars, 
handrails, ladders, etc. may be acceptable as an alternate to 
the inorganic zinc. Special fabrication·procedures may be 
required on some items. 

Assemblies accepted to be galvanized shall be properly prepared 
by welding as covered by Specification for Providing High 
Quality Zinc Coatings (Hot Dip) ASTM A385, and Specification 
for Zinc Coating (Hot Dip) ASTM A386. 

In addition to required structural welding, all mating sur
faces shall be sealed o.ff by welding to prevent ent:rapment of 
the pickling fluid used in the galvanizing process. Exception 
to.this requirement is permitted only as outlined in ASTM A385 
Par. 2.2 and Note 1. 

Vent and drain holes must be provided in pipe handrails to 
prevent buildup in pressure of entrapped pickling solution 
of 3/8'; diameter and located at natural drainage points such 
as bottom of handrails, near posts, etc. 

Punched or drilled holes to be oversized by 1/16 inch. 

Nuts shall be tapped oversize, prior to galvanizing, to 
insure proper fit on bolt threads. 

Materials 3/4 inch ·or greater in thickness, which have been 
cold-worked, shall be annealed or stress relieved prior to 
galvanizing. 

All oil, 5rease, paint, residue; scale, welding slag, for
aign matter and rust shall be removed from materials prior 
co 5alvani:ing. Cleaning shall be done by pickling in a 
dilute hot sulfuric acid solution. After ·pickling surfaces 
3hall ~e thoroughly rinsed with clean water. With the buyer's 
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4.4.9 

4.4.10 

4.4.11 

4.4.12 

4 .4. 13 

approval, blast cleaning may be substituted in lieu of 
pickling. In such cases, surfaces shall be blast cleaned 
to "Near White" condition per latest revision of Specif i
cation SSPC-SP-10. 

To prevent warpage and distortion, the provisions of ASTM 
A394 shall govern. 

To prevent material embrittlement, the prov~sions of ASTM 
Al43 shall govern. 

Zinc Coating 

4.4.11.l Products fabricated from rolled, pressed, and 
foreign steel shapes, plates, bars, strips, and 
sheets shall be zinc coated in accordance with 
ASTM Specification Al23 or A446, whichever is 
applicable. 

4.4.11.2 Pipe Handrail shall be zinc coated in accordance 
with ASTM Al20. 

4.4.11.3 Iron and.steel hardware and fasteners shall be zinc 
coated in accordance with ASTM Specification Al53. 

Post Galvanizing Treatment 

4.4.12.l Straightening: Structural sections and their major 
components warped during the gal
vanizing process shall be straight
ened to AISC tolerances. Warped 
plates shall be pressed flat. 

4.4.12.2 Re-tapping: All threaded openings shall be retapped 
after galvani·zing; however, male threads 
shall not be re-cut. 

4.4.12.3 Touch-up: Damaged galvanized surfaces shall be re
paired by cleaning surfaces and applying. 
Organic Zinc Rich Cold Galvanizing Com
pound per manufacturer's instructions. 
The dry mil thickness of this zinc appli
cation shall be equal to the thickness 
required for the original work. The 

Identification 

area of surfaces thus repaired shall not 
exceed S percent of the total galvanized 
area. 

4.4.13.1 The identification mark number of each member shall 
be stamped in characters at least 1/2 inch· high on 
~Io. 9 annealed wire. This marking shall be legible 
after galvanizing. 
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4.5 Erection Marking Material 

The coating system manufacturer's recommendation shall be followed. 

4.6 Machined-Surface Coatings 

Machined surfaces shall be protected with an asphaltic cutback coating 
meeting Military Specification MIL-C-16173, Grade 1, or equivalent. 

4.7 Abrasive Materials 

Abrasives for blast cleaning shall be clean and dry, furnished either 
in bulk or packaged, and shall be f-ree of oil or contaminants. The · 
particle size shall be capable of producing the specified surface pro
file. Cast iron or mallable iron shot shall not be used. Chilled iron 
shot may be used. TYt>e of abrasive shall be submitted for review and 
shall include size and hardness. 

4.8 Touch-uo Materials 

4.8.1 

4.8.2 

Materials for touch-up of damaged areas of surfaces shall be 
the same as tl:iat originally applied, .thinned according to 
recommendations of t~e manufacturer. 

Touch-up materials shall be provided in premeasured units,· 
unless othervise specified by the Buyer. 

4.9 Thinners, Solvents, and Cieaners 

Thinners, solvents, and cleaners shall be as recommended by the 
coating material manufacturer and shall be identified by the product 
number or generic formulation. 

4.10 Fasteners (Nuts, Bolts, and Washers) 

4.10.l All fasteners shall be supplied with a flake zinc-chromium 
coating such as Dacromet* 320, manufactured by Diamond
·Shamrock Corporation and applied by Protective Coatings, 
!nc. of Houston, Texas. 

5.0 SHIPP!NG, HA...'IDLING A..'ID STORAGE 

5.1 Delivery and Storage 

5.1. l 

S. l.2 

Coating materials shall be delivered to the place of appli
cation in the manufacturer's unopened, original containers 
bearing a legible pr.oduct designation, batch number; and date 
of i!lanufacture. Containers which are damaged to the point 
of jeopardizing the· contents shall not be used. 

The material shall be handled and stored in accordance with 
the manufacturer's latest published instructions, and shall 
be protected from damage, ~oisture, direct sunlight, and temp-
2ratures below 40F or above 9SF. In the event the t~erature 
should exceed these limitations, the Seller shall re-confirm 
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the manufacturer's acceptance of a representative sample from 
the storage area. 

5.2 Date of Materials 

5.2.l 

5.2.2 

The coating materials shall be used within twelve months of 
their manufacture. The date of use shall in no case exceed 
the manufacturer's recommended shelf life. If the manufac
turer's recommended shelf life is exceeded, the Seller must 
gain the manufacturer's and the Buyer's acceptance of the 
materials prior to their use, based on a representative sample 
from the storage area. 

Containers of coatings or components shall not be opened 
unless,for immediate use. 

5.3 Handling of Coated Items 

Coated items shall be protected on nonabrasive suppo~ts during ship
ment and storage. Coated surfaces shall be protected from damage 
during lifting or handling. 

6.0 EQUIPMENT 

e 
6.1 General Requiremnts 

6.1. l 

6.1. 2 

6.1. 3 

6.1. 4 

6.1. 5 

I\ 

The Seller shall provide equipment capable of regulating 
and controlling conditions within the work area to the· 
extent that the temperature of the substrate is always a 
minimum of SF above the dew point. The substrate temperature 
during coating application and curing shall be maintained 
betwe~n a minimum of 40F and a maximum of llOF unless 
authorization is given by the Buyer. 

The equipment shall include the necessary blowers., filters, 
and humidity control equipment to provide clean air to the 
work area in sufficient quantity to maintain an atmosphere 
for performing the specified operations at no more than 
95% relative humidity. 

The equipment shall be capable of producing the specified 
environment for performance of the ~ork according to the 
schedule accepted by the Buyer. 

The spray equipment shall be as recommended by the coatings 
manufacturer and shall be suitable to apply the coating as 
specified. 

Spray equipment air supply lines shall be equipped with 
traps to remove moisture and oil as close to the point of 
use as possible. 
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7.0 SURFACE PREPARATIONS 

7.1 General Reauirements 

7.1.l Prior to the start of work, the Seller shall examine all 
surfaces to be coated to determine their acceptability for 
the specified work. If the surfaces are found to be unac
ceptable, the Seller shall immediately notify the Buyer in 
writing and shall not commence work until corrective action 
has been taken. Commencement of work prior to the taking 
of corrective action shall preclude any subsequent claiJD by 
the Seller. The Buyer may require corrective action at the 
Seller's expense. 

,7.1.2 Cleariing and coating shall be coordinated with other fabri
cation operations •. Prior to starting any cleaning or coating 
operatio~s. the Seller shal~ obtain assurance that the surface 
is ready for cleaning and coating. 

7.1.3 Surfaces to be coated shall be abrasive blast cleaned in 
accordance with SSPC-SP-10 except as noted on the schedule, 
Appendix A. 

7.1.4 The surface profile of the steel cleaned by blasting shall be 
bet:Ween 1.0 and 3.0 mils. A comparison shall be made with 
a Testex Press-0-Film. Keane-Tator Profile Comparator or another 
Buyer accepted equivalent which is appropriate to the type of 
abrasive material .. being used. 

7.1.5 The abrasive mi..~ture and the compressed air shall be clean, 
dry, and oil-free. Traps, in addition to oil and water ex
tractors mounted on the coDlllressor, shall be used in com
pressed air lines to remove oil and moisture from the air 
close to the point of use. 

7.1.6 Prigr to blast cleaning, contamination shall be removed.from 
the steel surfaces. Oil and grease shall be removed by sol
vent cle.aning· in accordance with SSPC-SP-1. 

7.1.7 Blast cleaning shall not be performed in the immediate area 
where coating or curing of coated surfaces is in progress • 
.Ul surfaces and equipment which is not to be coated shall be 
suitably protected from blast cleaning. 

7.1.8 Burrs, slivers, scabs, and weld spatter which·become visible 
after blasting shall be removed by the Seller. Repaired 
areas shall have the surface profile suitably restored. 

7.1.9 When the relative humidity is higher than 80% blasting may-be 
continued, providing the followin~ relationship of time to 
humidity is :naintained. 
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Maximum Time Limj.t 
Humidity to Prime After Blas tin~ 

80% to 85% 3 hours 
85% to 90% 2 hours 
90% ro 95% 1 hour 

I 
7.1.10 If visible rusting occurs or if the cleaned surfaces become 

wet or otherwise contaminated, they shall be recleaned tq the 
degree specified above. 

7 .1..11 After blast cleaning and immediately before coating, dust 
shall be removed with compressed air, free of oil, and 
moisture. Vacuuming shall be used if the surface is not 
dust free, as determined by the Buyer's inspector. 

7.1.12 Machined surfaces shall be wiped with clean solvent 
before the application of machined-surface coating and shall 
be protected from damage due to cleaning and coating operations. 

8.0 MIXING Ai.'ID APPLYING COATINGS 

8.1 General Reouirements 

8.1.1 

8.1. 2 

8.1. 3 

8.1.4 

8.1. 5 

S. l.6 

Mixing, applying and curing of the coating material shall 
be in accordance with the manufactu~er's latest published 
instructions and the requirements specified herein. When 
multiple component units are mixed, each component shall be 
mixed separately prior to the mixing of the combined materials. 
Only complete kits shall be mixed. 

Coating materials shall be thoroughly mixed until they 
are smooth and free from lumps, then strained through a 
30 mesh or finer screen. Mixed materials shall be agi
tated to keep the solids in suspension. 

The blast cleaned surface shall be coated before any 
visible rust forms on the surface. 

The application of the coating shall be performed only 
when the environmental conditions meet the parameters 
specified in paragraph 6.11 of this specification. 

The coating materials shall not be applied when there is 
moisture on the surface, dust is present which can contam
inate the freshly-coated surface, dirt or other detri
mental materials have recontaminated the surface, or when 
the surface temperature of the steel is below 40F or above . 
llOF. 

The spray equipment shall be conventional or airless and 
in acceptable operating condition as determined by the 
Seller through inspection and testing. The air supply 
lines shall be aquipped with traps to remove moisture and 
oil. 
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8.1. 7 

8.1.8 

8.1. 9 

Runs, sags, voids, drips, overspray, loss of adhesion, 
blistering, peeling, mudcracking, inadequate cure, or 
rusting of the suhi:itrate shall not 'be p~P!litted. 

E~closures to permit coating of surfaces during inclement 
weather may be used, provided the environmental restric
tions specified are maintained throughout the c;ating and 
curing periods. 'nle enclosures and methods of environ
mental control are subject to acceptance by the Buyer. 

Items shall be coated in accordance with Appendix A. 
Appendix B lists acceptable coating materials. 

9.0 INSPECTION &~·TESTING 

9. 1 General Reouir.ements 

9.1. l 

9.1. 2 

9.1.3 

9.1.4 

The surfaces to be coated shall be divided into identif i
iable areas of units of production as a basis for inspec
tion and/or documentation. 

The inspection points. identified in item 9.1.l above shall 
be established as follows: 

9.1.2.1 

9.1.2.2 

9.1.2.3 

9.1.2.4 

9.1.2.5 

Prior to the start of work 

Immediately following the surface preparation 

Immediately prior to the coating application 

Following the application and curing of each coat 

After final·inspection and sign-off, in accordance 
with the project requirements. 

The Seller shall furnish the necessary testing and.inspec
tion instrum.e~ts, properly calibrated and maintained. Such 
equi~mani; i;~ll b'i ~u:::ajJ,::ihlp, fnr use by the '61.1ver in con
ducting his surveillance of the work. 

Prior to using compressed air, the quality of the air 
downstream of the separator shall be tested by blowing the 
air onco a clean white blotter (minimum size 8" x 8") 
for two minutes to check for any contamination, oil, or 
~oiscure. The blotter test

0

shall be performed at che be
ginning of each shift and at not less than four-hour inter
vals. 1'he :est also shall be made after any interruption 
of the air compressor operation or as required by the Buyer. 
The air shall be used only if the blotter test indicates no 
•risible .:ontaminatiqn, oil, or moisture. If contaminants 
are. a•rl.denc, the equipment deficiencies shal1:- be corrected 
and the air stream shall be retested. Seaparators shall 
~e ~.led .:ontinuously. All lines shall be tested indivl.dually 
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9.1. 5 

prior to use. Surfaces which are determined to have been 
blasted with contaminated air must be reblasted with clean 
air and abrasive. 

Any defects disclosed by inspection shall be re-inspected 
after correction. 

9.2 Surface Preparation Inspection 

9.2.l The temperature, dew point, and relative humidity shall be 
determined with a sling psychrometer or an accepted equal 
following procedures in ASTM E337. Readings are required 
at the start of work and every two hours or at time inter
vals designated by ~he Buyer. Alternatively, continuous 
monitoring shall be performed using systems established 
and/or accepted by the Buyer. ' 

9.2.2. Blast cleaned s~rfaces shall be compared with SSPC-Vis-1, 
Pictorial Standards, or NACE Standard TM-01-70 or TM-01-7S. 
The anchor pattern profile depth shall be verified with a 
Testex Press-0-Film, Keane-Tator Profile Comparator, or 
an accepted equal appropriate to the abrasive material being 
used.· 

9.2.3 Recirculated shot and grit used for abrasive cleaning shall 
be tested for presence of oil by immersing in water and 
checking for oil flotation. Tests shall be made at the 
start of blasting, every four hours thereafter, and at the 
end of blasting. If·oil is evident, contaminated abrasive 
shall be replaced with clean abrasive and retested before 
proceeding. All steel blasted since the last satisfactory 
test shall be inspected and all contaminated steel shall 

9.2.4 

be reblasted. 

A grease-free chalk shall be used to mark local areas which 
do not meet the specified standards. 

9.3 Coating Inspection 

9.3.l 

9.3.2 

9.3.3 

Surface temperature and humidity reading shall be taken every 
two hours. The work shall not proceed if the substrate 
temperature falls below SF above the dew point. 

The dry film thickness shall be tested with a Mikro-test 
FIM gage or an accepted equivalent, at five random points 
for each SO square feet of surface area or at three rand
dom points on each piece less than SO square feet in area. 
The testing method shall be in accordance with SSPC PA-2. 

The.film shall be visually inspected for defects such as 
overspray, runs, sags, mudcracking, inadequate cure ot lack 
of adhesion. The Seller shall repair all defects according 
to the touch-up and repair procedures accepted by the Buyer. 

SPECIFICATION NO. 14222 X-3 3-EV ._-'l __ _ SHEET 13 OF 16 



9.3.4 Minor randomly located film imperfections from air bubbles, 
dust particles, etc., scattered over the surface, may be 
accepted if they are not in e.~cess of 10 per square foot, 
as determined by the Buyer's inspector. 

9.3.5 The total dry film thickness of sags and runs shall not 
exceed lZO percent of the maXimum specified dry film 
thickness nor shall it be less than 90 percent of the 
minimum specified dry film thickness. 

9.4 Inspection of Galvanized st:ee·l 

Weight of zinc coating shall be determined by weighing one or 
more specimens after .pickling and drying, and again after coating, 
or by methods of ASTM Specificatio~ A90. Magnetic thickness guage 
may be used to determine the weight using Table Al of ASTM A90. 
Uniformity of coating shall be determined by visual inspection 
and'/or magnetic thickness gage. 
Warped, excessively distorted and/or embrittled materials shall 
be rejected. 

10.0 REMEDIAL WORK 

10.l Touch-up 

10.1. l Coated surface withill the scope of this/specification that 
have been damaged during assembly or handling shall be re
paired in accordance with procedures as accepted by the Buyer. 

10.1. 2 The surface profile shall be restored to mee:t the specified 
surface preparation requirements for cleanliness and profile. 
The periphery of a damaged area shall be feathered in with 
an acceptable material. 

10.1.3 Precautions shall be taken to protect adjacent coated areas 
from damage caused by abrasive blast cleaning. The use of 
'Tacuum blast type equipment and needle guns will be permitted 
for abrasive blast cleaning. 

SPECIFICATION tm. l4222 X-3 REV. l SHEET 14 OF 16 ---
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APPENDIX A 

SHOP COATINr. SCHEDULE 

I. 

EguJpment or Material 

Str11ct11tal. Steel, ducts, insu]att:!<l 
a11J 111d ustd u lt:d shop- fi.1b r Jc.a ted tanks 
aud v.:,;sl!is un<l pipJug ovl:!r 2: 

0

diameter 
(1111dl:!L" IOOF tt:mp.). Stacks and unin
sulated piping over 2" diameter (lOOF to 
750F temp.). Major mt:!ch. & elect. 
equipment.' 

2. Insulatt:!d piping & vesst!lS over 2" diam
eter (lOOP to 750F temp.). 

Surface 
.Preparation 

SSPC-SP-10 

None 

'.l. Sma) 1 pumps, comµres~;ors, motors, Manufacturer's Standard 

4. l'lµc, Valves and fittings, 2" and Manufacturer's Standard 
under 

5. Li.gilt weight and miscellaneous steel 

System Total dry 
Film Thick 

or 2 
followed later 

by l 

2-4 mils (min.) 

Remarks 

Insulated items 
do not receivt:! 
field coat. 

Steel protrusions (i.e., 
nozzles, brackets, etc.) 
to be coated per System t.· 

Hot dip galvanize 
per ASTM A386 or 
Al23. 



APPENDU B 

Acceptable Suoplier List for Shop 

Applied Protective Coatings 

Manufacturer 

Amer on 

Cop on 

Devoe/Prufcoat 

Mobil 

Napko 

Porter 

SPECIFICATION NO. 14222 X~3 

Inorganic 
Zinc 

D-9 

R.Z.-100 

Zinc Prime 500 

:1.Z-13-F-12 

Kwik Kure -1377 

ZL.351 

REV. ----'l __ 

Preconst. 
Zinc Primer 

D-1-M 

R.Z. 90 

Catha Cote 308 

:1.Z-13-F-122 

Nap Weld 1380 

ZL 352 
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1.0 SCOPE 

This specification outlines the general requirements for tank mixers. It is 
used in conjunction with Form 191, Tank Mixer Data Sheet. 

2.0 DESIGN AND MATERIALS 

2.1~ All gears shall be totally enclosed. Belts and sheaves, if required, 
shall be adequately guarded. 

2.2 All drive units shall be designed in such a manner that impeller 
speed can be changed in the field by the use of tools normally 
available in a Plant Maintenance Shop. 

2.3 Gear change, if later desired, shall be modular. 

2.4 In the case of impellers designed to provide a vertical thrust, the 
impeller thrust shall be downward in the fluid. The shaft thrust 
shall be upward. 

2.5 Unless stated otherwise on the Tank Mixer Data Sheets, the tank mixers 
shall be of carbon steel construction. 

3. 0 PA INT ING -·----·-
Shop painting shall be in accordance with Standard Specification 14222-X-3. 

4.0 ASSEMBLY AND TESTING 

5 . 0 HARKING AND TAGGING 

Each part shall be properly marked to facilitate field erection. Each Tank 
Hixer shall be tagged with a stainless steel tag bearing the equipment 
number and purchase order number. 

6.0 REFERENCES 

Specification 14222-X-3. ~hop Painting 
Form 191, Tank Mixer Data Sh.'?et 

8/80 
6/80 
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1.0 GENERAL 

1.1 This specification covers the·general requirements for the mechanical 
equipment for removing separated oil and settled sludge from an API 
oil-water separator. 

1.2 The API oil-water separator will operate out-of-doors in the location 
and under the meteorological conditions given in ·spec. 14222-A-3. 

1.3 Specification 14222-P-2 forms a part of this specification. 

2.0 WORK INCLUDED 

The Seller snall furnish the following: 

2.1 Flight type collecting mechanism including motors and drives. 

2.2 Cross conveyors without sludge pumps. 

2.3 Reaction jets and baffles. 

2.4 Oil skimming pipes. 

2.5 Anchor bolts. 

3.0 WORK NOT INCLUDED 

3.1 All concrete structures - forebays, channels, and effluent chambers. 

3~2 Electric motor starters and all external wiring and conduit between 
control panel and devices. 

3.3 Control panel and instruments. 

3.4 Sludge pumps and electric motor drivers .. 

4.0 API SEPARATOR 

8/80 

4.1 The Buyer will design and construct an oil-water separator in accordance 
with the API Manual on Disposal of Refinery Wastes, Volume on Liquid 
Wastes, 1969, First Edition. Design conditions are as given on Buyer's 
Data Sheet "A" attached .. 

4.2 The separator wili consist of the number of main separator channels, 
forebays, and effluent changers given on Buyer's Data Sheet "A". 

T<;<;l!F FOR PIH,<;F 7FRO ~. 
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4.3 Each main ~hannel shall be designed to handle the maximum and normal 
flow given on Buyer's Data Sheet "A". Inside dimensions shall be as 
given on Buyer's Data Sheet "A''. 

4.4 The mechanical equipment covered by this specification shall consist 
of: a) fli~ht-tY1Je collecting mechanisms, b} oil skimming pipes, 
c) reaction jet nozzles with baffles, and cross conveyors. 

5.0 FLIGHT-TYPE COLLECTING MECHANISM 

5.1 The flight cleaning mechanisms shall skim oil along the water surface 
and scrape sludge along the bottom. Flight speed shall be 2 fpm. 
Each channel shall have a separate collector mechanism capable of 
operating independently of the ocher •. Each mechanism shall consist 
of flight scrapers, two sets of chain with four sprocket wheels, 
tee rails and track angles, drive motor and speed reducers, and 
anchor bolts. 

5.2 Flight scrapers shall be made of Douglas Fir 2" x 6" with replaceabie 
·3 /8 11-thick steel wearing shoes to run on tee rails, flush mounted in 
the bottom of the separator, and additional wearing shoes to run on 
t.rack angles on the return run~ Wearing shoes for the rails shall be 
case hardened steel (R. C. 55 hardness) and shall .be ·attached with the 
same bolts as for chain attachment. Spring.brass wall scrapers shall 
be mounted on at least two scrapers. 

5.3 Flight cleaner chains shall be 720-S Heavy Pintle type and shall have 
an average ultimate strength of 40,000 pounds and weigh 5.3 pounds 
per foot with the plan and attachment links assembled with 3/4"- · 
diameter heat-created high carbon steel pins and s.s. cotter keys. 
The chain shall consist of 6" pitch links made of a corrosion 
resisting processed metal, having an average tensile strength of 
70,000 psi ind an average Brinell hardness of 170. Attachments for 
scrapers shall be the full depth of the flight and be provided with 
four 3/8"-diameter attachment bo·lts each. 

5.4 ·Two industrial 25# tee rails shall be furnished by the Seller for each 
basin bottom. Tee rails shall be set in accordance with the manu-
f a~cureL 15 iu~t~uction3. 

5.5 Track. angles for the return· run of scrapers shall be furnished by 
the Seller and shall be made of 3" :c 2" x 3/8"-thick steel anges, 
'Mith 1/4"-thick steel supporting brackets. 

5. 6 Sprockets for drive and collector chains ·shall be Flint-Rim and shall 
have a hardness of not less than 360 Brinell at the tooth bearing 
surfaces. Depth of chill shall be at least3/16" at the tooth 
bearing surfaces. All sprockets shall be stress relieved beiore 
:nachining. Sprocket teeth shall be accurately ground to fit the chain. 
Driving sprockets shall be keyed firmly to the headshaft and the 
cornershaft shall have one sprocket sec screwed and one to run loose 
on the shaft. Flight chain sprockets vn the head shaits shall be not 
less than 24.09" pitch diameter with a minimum of 25 teeth. All 

S~l'IG.aTIOll .a. __ 14_z_z_z_-_Y_-_2 __ ~"--1 __ ,. 2 7 
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other flight cleaner chain sprockets. shall be not less than is·. 46 
pitch diameter with a minimum of 19 teeth. Shafts shall be solid 
cold-rolled steel extending across the full width of the channel 
and shall be held in alignment with set screwed ·set collars. 
Sprockets shall be furnished on all shafts. Substitutions for 
sprockets will not be accepted. 

5.7 All underwater bearings shall be babbitted and of the water lubri
cated, ball and socket, especially designed to prevent the 
accumulation of settled solids on ·their surfaces. These bearings 
shall .be bolted directly to the concrete walls in a manner which 
will permit their easy adjustment. The flight mechanism shall be 
provided with takeups on the lower corner shaft at the effluent end 
of t·he basin. The takeups shall be designed for _operation from the 
top of the basin through a bronze worm gear arrangement thereby 
eliminating the necessity for ,dewatering the basin for adjusting the 
takeups. 

5.8 Motors and drives shall be supplied by Seller; motor controls shall 
be supplied by Buyer. Each flight mechanism shall be driven by a 
separate motor. Motors shall be induction-type in accordance with 
Specification 14222-P-2. Motors and drives should be connected by 
a flexible coupling and mounted on a common base by the Seller. 
Each drive unit speed reducer· shall be of the helical-gear type, 
95 percent efficient, fully housed, running in oil, and· of approved 
make with anti-friction bearings throughout. Each reducer unit and 
electric·motor shall be mounted as a common unit directly on the 
concrete. Each driving sprocket shall be fitt~d with bronze bushing 
and shall be prov~ded with a shear pin device to provide for full · 
protection of· the equipment in case of excessive loading. The 
driving sprockets on reducer shafts shall have not less than 11 teeth 
and be not less than 9.26" pitch diameter. Each large driven sprocket 
on the headshafts shall be of the "dished" or offset type to permit 
mounting the shaft bearing directly on the concrete. This· sprocket 
shall have not less than 40 teeth and be not less than 33.25" pitch 
diameter. The driving chains shall be flH 78 Mill type made of the 
same material as.the flight cleaner chains, shall consist of 2.609" 
pitch links, and shall have· an average ultimate strength of 20,000 
pounds. A chain tightener shall be provided to take up any 
unnecessary slack in each drive chain. The chain drive above the 
operating platform shall be covered with a removable metal guard of 
:fl4 ga. steel. galvanized after fabrication. 

6.0 CROSS CONVEYORS 

Cross conveyors shall be supplied by the vendor to scrape sludge in the 
sludge trough across the Nidth of each channel into a sludge hopper. A 
separate sludge ?UinP Nill "emove sludge from each hopper. Sludge is a 
combination of hydrocarbon coke fines and hydrocarbon sludge. The tons 
of sludge collected per day shall be as given in Buyer's Data Sheet "A" . 
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6.1 Seller shall furnish the type of conveyor he.recommends for this 
service. Either a screw conveyor or flight-type cleaner will be 
acceptable. If flight type is used, the flights shall be of Douglas 
Fir 2" x 6 '\ spaced 5 ft. apart. Flights shall be mounted on two 
strands of chain running over three sets of sprocket wheels at 4 fpm. 
Collector chains, sprockets, shafts, bearings, drives, and motors 
shall be as specified in Section 5.3 through·S.8. · 

6.2 The width of the bottom of sludge through shall be as given in 
Buyer's Data Sheet "A". 

7.0 REACTION JETS AND BAFFLES 

The Seller shall supply reaction jet nozzles and baffles to be installed, 
by the pur.chaser, in the wall which. separates the forebays and the 
separator channels, to give an even distribution of flow in the· channels. 

7.1 The number, size. design, and location of the nozzles shall be 
determined by the Seller. 

7.2 The baffles shall be dished with size and radius of curvature to be 
determined by the Seller. Baffles shall be supported by a suitable 
bracket. 

7.3 The nozzles and baffles shall be hot-dip galvanized after fabrication. 

8.0 OIL SKIMMING PIPES 

Seller shall furnish revolving handwheel worm-operated scum collecting 
pipes. One shall be installed in each of· the forebays, and one in each 
of the channels. 

8.1 Pipes shall be 12" nominal size with 0.330 wall thickness carbon 
steel pipe hot dipped galvanized after fabrication and ·cutting. A 
60° wide sloe shall be cut symmetrical about the vertical axi·s of the 
?ipe with the edges of the slot serving as a weir over which the ·scum 
flows into the pipe when· the pipe is rotated. Oil skimmed from the 
sur!ace shall flow.from one pipe to the other and shall discharge on 
the side of the separator. The edges of the slot shall be parallel 
to the longitudinal axis of the pipe. At regular intervals of not 
more than 2'-6", l" wide bands of the· full periphery shall be left 

8.2 

8.3 

in the pipe to act as stiffeners. 

Pipes shall be supported by and revolve in rolled steel or cast iron 
collars which shall be mounted on adjustable wall plates. The open 
end support shall have segments attached to the internal periphery· 
of the collar to provide ample bearing surface for the pipe without 
crushing the seal. ?lywood ~illers shall be furnished with the open 
end supports to ;:irovide a :•atertight connection to the tank walls 
without grouting. 

A suitable •..ratertight seal shall be provided for the ·Jpen end of the 
pipe.. This seal shall be so .:onstructed that it shall remain 
effective e•ren with a sl:!:ght :uisalignment of che ?ii;>e and collar. The 
seal shall ~ot be affec~~d JY 5rease, mild acids, or alkalies. The 
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seal shall be readily renewable without removing the pipe from the 
supporting brackets and shall not bind or impede the smocth action 
of the revolving pipe. 

8.4 The revolving scum collecting pipe shall be manually operated by means 
of a 12" diameter cast iron handwheel with handle. The handwheel 
shall be fitted to a structural steel floorstand of welded con
struction having a nonrising stem. The stem shall be brass and 
threaded, having four 1-1/8" Acme threads per inch and shall turn 
inside a 2" diameter standard pipe lifting stem which raises and 
lowers the sliding rack assembly. The rack assmebly shall consist of 
two 2" x .2" x 3/8" angles. fastened together by two 3/4" diameter 
connecting pins and welded to a 3/8" thick plate which is welded to 
the lifting stem. The rack assembly shall move in a cast iron guide
bracket to assure positive contact of the connecting pins with a 3/4" 
thick steel pinion segment welded r:o the s;cum collecting pipe. The 
pinion segment shall rotate on the rack connecting ?ins so as to 
permit an easy and accurate means of adjusting the scum collecting 
pipe through a 75° radius in- either direction or a total of 150°. 
Each pipe shall be able to rotate independently of the other. 

8.5 Sk:!,m pipe end supports and ro_tation drives shall be constructed of 
materials suitable for service in oily fresh water. 

9.0 ANCHOR BOLTS 

All anchor bolts· shall be galvanized steel furnished by the Equipment 
Manufacturer and shall be of ample size and strength for purpose 
intended. All anchor bolts shall be set by the General Contractor in 
accordance with the Manufacturer's instructions. 

10.0 All appurtenances including electrical controls, wiring of motors or 
controls, wooden baffles, valves, piping, pipe railing, floor grating, 

·tools, lubricants, and all field work including erection and final 
painting, shall be furnished by the Buyer. 

11.0' Attachments 

LA - Form 38 - Seller's Data Sheet "B". 
2.B - Form 39 - Buyer's Data Sheet "A". · 
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A. API S~earator & Cross Collectors 

I. !!!.!.!.!.~.!!! 
S~.af 15: Head/foot/Turn _____ / ___ / ___ _ 

Tele up: Frc::-ie/Screw ______ / ___ _ 

Chai~ Side B•rs--------------·I 

Chain Plnl: Katerlal/6HN ____ / __ -'----I 

Sprockets: Head/Foot/Turn ___ / ___ / __ _ 

Searings: Sradets/lnserts ___ / _____ 
1 

Flights _______________ _ 

T-Ralls (lbs/yard) __ _ 

'..'ear Shoes: Carrying Run. ________ _ 

Return Run. _________ _ 

Return Angles- Size ___________ _ 

Return Angles- Supports ___________ 
1 

Anchor Bolts ________________ 
1 

2. Ori ve Assemb Ir 

Gear Reducer 

.Manufacturer 

Type and SI ze 

ACHA Service Factor 

Sprocket 

Ori ve Chain 

Side Bars 

Pins: Katerlal/BHN 

Tale Up 

3. Saeed Rat lo 

Gear Reducer/Drive Sprocker_ -.--'----· 

Flight Travel Speed (fpm) _________ , 

... !:elaht - lbs 

Comp1ete Separator _____________ , 

Drive --------------------
n. a Ins 

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

r.equlred llidth of Channel(s) _________________ 
1 

Required length of Ch•nnels __________________ 
1 

length Between Shafts ______________________ 
1 

u;-.per __________________________ _ 

Lo.~r--------------------------I 

6. If a Cross Screw Collector Is Used: 

Hale rials 

Fii ght Ing _______ -----------------! 
Plpe-----------------------·----
Shafts: End/Drive/Couplir!.!_ _____ ~/. ______ /_· ___ __, 

En~ Searings; Srac•ets/lnserts _______ ./ _________ 
1 

Support Searings: Srackets/lnserts _______ / _______ 
1 

eolts _____________________________ 
1 

Drive A~sembly 

Type of Drive: Chain or Shoft 
with right angle . 
Gear Sox. ___________________ 1 

·-Gear Reducer 

Hanufacturer _________________________ 
1 

Type & Size _________________________ , 

AGHA Service factor---------------------~ 

Sprocket---------------------------i 

- Chain Drive 
Side Bars _________________________ 

1 
Pins: Katerlal/BHN. ____________________ 

1 

-Take Up 

llelaht - Lbs 

Complete Uni t-------------------------i 
Drive ____________________________ , 

Dimensions 
Lor.9th of Screw(Ft) ______________________ 

1 
Diam. of Screw!in) _______________________ _ 

Tnlc•ness of Fllghls _____________________ -1 

P-i I ch ·of Fl I 5ht•-----------------------i 

RPM of Screw------------------------~ 

t. 

c:. 

bf_~!~~ 

I. Materials 

Pipe 

Soarings 

End Plate . Seal 

Stet11 

Stem Support 6racket 

Hand \.'hee I 

\.'ormgear Segment 

Collar 

2. \/eight of Cocr.plete Unit (lbs I 

3. Dimensions 

Requl red llldth of Channel 

Oloneter of Pipe 

Thickness of Pipe 

4. Estlrr.ale of tfanhours to Field 

Assemble One Scum Trough 

Reaction Jet Baffles 

1- Hater la ls 
Baffles ____________________ -t 

Suf·ports(Bradetsl ______________ _ 

Bolts·--------------------t 
2. Dimensions 

DI ame.ler ___________________ --i, 

Radius of Curvature _______________ -t 

}. Estimate of Hanhours to Assemble 
an<I Install One Set of Reaction· 

Jet Baff les_~-----------------t 
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A. A.Pl Separator c. Cross Collector 

I. Nurr.be r of ct.anne ts 

2. flow role per channe I, (GPH), Uorrr.a I /t'.aximurr .. 

]. Haxie1\U:1' !Jatet' Ve locl ty(FPS) 

4. Elevation of Ori ve eas.e Support Slcb(fL) 

5. E le~·Qt Ion of Channel Floor(fL) 

6. Slc:ope of Channel floor( If any) (I n./ft.) 

7. Maximum \later Level(ft.) 

8. Hlnlcium_ \later Level(ft.) 

!I. E le vat Ion of Sludge Hopper( ft.) 

10. Freeboard(ft.) 

II. Ill dth of Bot tom of Sludge Trough(ft.) 

12. Sludge Rt-Moved per Day (Tons) 

13. Unusual Conditions 

B. Oil Sklrrtnlng Pl2es 

I. Humber of Units per Channel 

2. Humber of Uni ts per Forebay 

Spec1Ucot1on llo, 14222-Y-2 
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\later Anal>·Sis 

Hardr.ess 1 ppm Ca COJ 

Calcium, ppm Ca , 

,...ag:ies 1 un .• ppm Hg -··--
Chlorides. ppm Cl 

Sulphates, ppm 504 

Sodium, ppm Na 

S! I lea, ppm S1 02 

ph 

Potassium, ppm k 

Total Dissolved Solid•, ppm 

P0
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HCOJ 

Alk, Ca co
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Sulfur, ppm 5 

\..'at er Vlscoslty,(SSU) 

\.!ater Specific Gravity 

Oil Specific Gravity 

Oil Vi•coHiy, (SSU) 

Temperature Average, (0 F) 
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