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SPECIAL NOTES 

API publications necessarily address problems of a general nature. With respect to partic- 
ular circumstances, local, state, and federal laws and regulations should be reviewed. 

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to 
warn and properly train and equip their employees, and others exposed, concerning health 
and safety risks and precautions, nor undertaking their obligations under local, state, or fed- 
eral laws. 

Information Concerning safety and health risks and proper precautions with respect to par- 
ticular materials and conditions should be obtained from the employer, the manufacturer or 
supplier of that material, or the material safety data sheet. 

Nothing contained in any API publication is to be construed as granting any right, by 
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod- 
uct covered by letters patent. Neither should anything contained in the publication be con- 
strued as insuring anyone against liability for infringement of letters patent. 

Questions concerning the interpretation of the content of this publication or comments 
and questions concerning the procedures under which this publication was developed should 
be directed in writing to the director, Standards Department, American Petroleum Institute, 
1220 L Street, N.W., Washington, D.C. 20005, standards@api.org. Requests for permission 
to reproduce or translate all or any part of the material published herein should also be 
addressed to the general manager. 

API standards are published to facilitate the broad availability of proven, sound engineer- 
ing and operating practices. These standards are not intended to obviate the need for apply- 
ing sound engineering judgment regarding when and where these standards should be 
utilized. The formulation and publication of API standards is not intended in any way to 
inhibit anyone from using any other practices. 

Any manufacturer marking equipment or materials in conformance with the marking 
requirements of an API standard is solely responsible for complying with all the applicable 
requirements of that standard. API does not represent, warrant, or guarantee that such prod- 
ucts do in fact conform to the applicable API standard. 

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or 
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise, 

without prior written permission from the publishel: Contact the Publishel; 
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API publications may be used by anyone desiring to do so. Every effort has been made by 
the Institute to assure the accuracy and reliability of the data contained in them; however, the 
Institute makes no representation, warranty, or guarantee in connection with this publication 
and hereby expressly disclaims any liability or responsibility for loss or damage resulting 
from its use or for the violation of any federal, state, or municipal regulation with which this 
publication may conflict. 

Suggested revisions are invited and should be submitted to the director, Standards 
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Repair and Remediation Strategies for Equipment Operating in Wet H2S Service 

1 Executive Summary 
This report summarizes the experimental methods and 

findings of a research project titled Repair and Remediation 
Strategies for Equipment Operating in Wet H2S Service con- 
ducted by the Materials Properties Council, Inc. (MPC). The 
project was jointly funded by MPC and the M I  Committee 
on Refinery Equipment. 

The overall goal was to provide guidelines for effective 
repair procedures for use in remediation of equipment dam- 
aged in wet H2S service and to minimize the reoccurrence of 
cracking after inspection and/or repair. These included spe- 
cific aspects related to: 

a. The use of temper bead as opposed to conventional weld 
repairs. 
b. The postweld heat treatment (PWHT) versus as-welded. 
c. Local thin areas in the base metal and grooves in the heat- 
affected zone (HAZ) which result from removal of cracks 
found by inspection. 
d. Influence of blend grinding on internal fillet-welded 
attachments. 
e. Evaluation of surface treatments. 
f. Serviceability of pre-existing wet H2S damage. 

To accomplish these goals, a series of large-scale exposure 
tests were conducted with steel test panels, containing various 
repair and remediation variables, welded into the body of a 
large-scale fabricated steel vessel filled with a pressurized 
H2S containing solution prepared in accordance with NACE 
Standard Th40177, Solution A. Experiments were performed 
using test panels comprised of conventional, low sulfur con- 
ventional, hydrogen-induced cracking (HIC) resistant and 
advanced thermo-mechanically controlled processed steels 
per the ASTM A 516-70, A 285-C and A 841 specifications. 

One of the most significant findings of the project was the 
impact of PWHT on reducing the number of toe cracks on 
both full penetration and attachment welds. It was demon- 
strated that the impact of PWHT was the result of: 

1. The reduction in hardness observed in the weld area. 
2. The reduction in the tensile residual stresses in the 
weldment. 

These findings were supported by two series of experi- 
ments. One of the experiments compared the performance 
of as-welded versus PWHT attachments. A large number 
of toe cracks were produced on the as-welded attachments 
to conventional and low-sulfur conventional A 516-70 and 
no toe cracks were observed on the PWHT attachments. 
The difference in performance related most heavily to the 
range in hardness between the two techniques. In another 
experiment, as-welded and PWHT full penetration welds 
were fabricated in one of the test panels. Both the as- 

1 

welded and PWHT full penetration welds possessed low 
hardnesses with respect to sulfide stress cracking (SSC) 
susceptibility; however, the as-welded, full penetration 
weldments still produced toe cracks despite the low hard- 
ness levels. Hence, the benefit of PWHT in this case most 
likely related to the reduction in tensile residual stress 
across the weldments combined with the reduced hardness 
as a result of PWHT. 

Another important finding was the similarity in perfor- 
mance between conventional weld repairs with PWHT and 
temper bead weld repairs without PWHT. If repair welds are 
to be PWHT, then the weld repair would be made using a 
conventional procedure; however, if the repair welds are not 
to be subjected to a PWHT then the use of a temper bead 
technique might be chosen. In this project, the number of 
cracks observed in the weld area between the two procedures 
was nearly equivalent. Comparison of the total crack thick- 
ness in the weld area for both techniques also revealed consis- 
tency in behavior between the two techniques. 

No benefit was derived from the use of blend grinding. In 
general, blend ground fillet attachment welds produced a 
greater number of toe cracks than non-treated fillet attach- 
ments. Deep toe dressings were also evaluated at fillet attach- 
ments and along full penetration welds. These results also 
indicated no benefit. In several instances on the low sulfur 
conventional A 5 16-70 steel, stress-oriented hydrogen- 
induced cracking (SOHIC) was found to initiate at the bottom 
of the deep toe dressings and propagate into the base plate to 
varying depths. 

The serviceability of local thin areas and grooves was 
good, provided the guidelines detailed in API Recommended 
Practice 579 Fitness-for-Service were followed. In cases 
where both the remaining strength factor and groove radii 
were acceptable per the API RP 579 procedure, no through- 
wall oriented cracking resulted; however, in one of the cases 
where the groove radius was below the acceptable, SOHIC 
was observed to initiate and propagate to a substantial degree 
into the base plate. 

Arc strikes and non-PWHT strip lining attachment 
welds were found to be detrimental to the serviceability of 
equipment operating in a severe wet H2S environment. In 
nearly all cases, toe cracks initiated from the arc strikes 
and strip lining attachment welds, irrespective of the mate- 
rial of fabrication. However, these cracks in most cases 
were restricted to the HAZ. 

SOHIC was produced to varying depths beneath inten- 
tional notches placed on the I.D. surface of the low sulfur 
conventional and HIC resistant A 516-70 test panels. The 
extension from the tip of the notch reached a maximum of 
0.15 in. in the case of the low sulfur conventional and 0.06 in. 
in the HIC resistant steel; however, SOHIC was also observed 
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to initiate from the surface of the low sulfur conventional 
steel in the absence of artificial crack initiators (e.g., arc 
strikes, notches) in several of the metallographic sections 
evaluated. The maximum depth of propagation was approxi- 
mately 30% of the wall thickness (0.16 in.). 

Based on the results of this study, the following guidelines 
are given for effective repairs: 

a. PWHT weld repairs, whenever feasible. Welding sub- 
jected to a PWHT will provide better reliability than non- 
PWHT repairs. 
b. When PWHT of weld repairs on full penetration welds is 
not feasible, consider the use of temper bead weld techniques. 
Examples of temper bead weld sequences are shown in the 
figures in this report. Procedure qualifications should be made 
with hardness tests to verify the procedure. 
c. The guidelines of API RP 579 can be used to evaluate 
grooves and local thin areas (LTAs) left from grinding out 
cracks and damage. Grooves and LTAs made in accordance 
with API RP 579 guidelines should be an acceptable alterna- 
tive to weld repairs. 
d. Grinding or dressing of attachment fillet welds does not 
appear to improve their performance. Neither does temper 
bead welding of attachment fillet welds appear to be benefi- 
cial. Only PWHT was shown to effectively improve the 
performance of attachment fillet welds in a severe wet H2S 
environment. 

2 References 

2.1 STANDARDS, CODES, PUBLICATIONS, AND 
SPECIFICATIONS 

The following standards, codes, publications, and specifi- 
cations are cited in this publication. The latest edition or revi- 
sion shall be used unless otherwise noted. 

API 
RP 579 Fitness-for-Service 
Pub1 939-A Research Report on Characterization of 

Cracking in Wet H2S Service 

ASTM’ 
A 285 Standard Specification for Pressure Vessel 
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Standard Specijìcation for Pressure Vessel 
Plates, Carbon Steel, for Moderate- and 
Lower-Temperature Service 
Standard Specijìcation for Steel Plates for 
Pressure Vessels, Produced by Thermo- 
Mechanical Control Process (TMCP) 

A 516 

A 841 

‘American Society for Testing and Materials, 100 Barr Harbor 
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www.astm.org. 

NACE* 
StdTM0177 Laboratory Testing of Metals for Resis- 
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Steels for Resistance to Hydrogen-Induced 
Cracking 

Std TM0284 
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REPAIR AND REMEDIATION STRATEGIES FOR EQUIPMENT OPERATING IN WET H2S SERVICE 3 

CLR 
cs 
CSR 
CTR 
EDM 
HAZ 
HIC 
HRS 
LT 
LTA 
LSCS 
PTAW 
PWHT 
RSF 
SOHIC 
ssc 
SYMS 
TL 
TMCP 

3 Acronyms 
crack length ratio 
conventional steel 
crack sensitivity ratio 
crack thickness ratio 
electrical discharge machining 
heat affected zone 
hydrogen-induced cracking 
HIC resistant steel 
longitudinal-transverse 
local thin area 
low sulfur conventional steel 
plasma transfer arc welding 
post-weld heat treatment 
remaining strength factor 
stress-oriented hydrogen-induced cracking 
sulfide stress cracking 
specified minimum yield strength 
longitudinal-transverse 
thermo-mechanically controlled processing 

4 Introduction 
This is the final report for a research program conducted by 

the Materials Properties Council. The program was jointly 
funded by MPC and the API Committee on Refinery Equip- 
ment. This project titled, Repair and Remediation Strategies 
for Equipment Operating in Wet H2S Service, was conducted 
from 1993 through 1997 under the technical direction of the 
API Subcommittee on Corrosion and Materials. This report 
contains a comprehensive summary of the test facilities and 
experimental methods, pertinent findings and analysis of the 
results. 

4.1 BACKGROUND 

Refinery equipment in wet H2S service is characterized by 
exposure to aqueous process environments containing hydro- 
gen sulfide. Systematic inspection programs conducted by 
petroleum companies have shown that wet H2S refinery pro- 
cesses can provide conditions for hydrogen charging of steel 
and widespread cracking of carbon steel equipment (i,  2). 
The results of operating experience surveys and technical 
investigations have described situations where carbon steel 
equipment exposed to wet H2S environments may be suscep- 
tible to cracking via HIC, SOHIC and/or SSC (3 - 6). In some 
cases, cracking has been found to be minimal resulting in no 
significant effect on equipment integrity or serviceability. In 
other cases, widespread cracking initiates and/or cracks prop- 
agate to a substantial degree thus limiting the residual load 
and pressure capabilities of the affected equipment. 

Prior to the initiation of this project, MPC organized a 
research project on wet H2S cracking of steels sponsored by 
more than twenty major petroleum companies, steel manufac- 
turers and equipment fabricators. This project was aimed at: 

1. The development of screening procedures for evalua- 
tion of steels. 
2. The determination of the influence of metallurgical 
processing and welding variables. 
3. The better understanding of the roles of stress, environ- 
ment composition and temperature. 

It provided valuable fundamental "information that has 
improved both the awareness of the causes of wet H2S crack- 
ing and potential solutions in terms of both new construction 
and repair and remediation of existing equipment; however, 
there was a desire to validate the findings and conclusions, 
and to explore the complex interrelations of variables that can 
affect the actual behavior of large-scale equipment used in 
wet H2S service. 

This led to a research project to evaluate the large-scale 
performance of steel in wet H2S environments (see API Pub1 
939-A). Conducted between 1991 and 1993, the two main 
objectives of the project were to demonstrate the performance 
of steels with varying quality and conditions, and demon- 
strate the effectiveness of nondestructive evaluation (NDE) 
techniques to characterize and monitor cracking in wet H2S 
service. To accomplish these objectives, a series of large scale 
exposure tests were conducted with steel test panels contain- 
ing welds and attachments welded into a fabricated steel ves- 
sel filled with a pressurized H2S containing acidified solution. 
The results were significant (7 - 9) in terms of identifying the 
role of metallurgical, mechanical and welding variables on 
the susceptibility to wet H2S cracking and providing informa- 
tion on the usefulness of various techniques for monitoring 
and characterizing wet H2S damage. 

Subsequent to the large-scale research effort described 
above, MPC organized a Phase II wet H2S research project. 
Part of this new project explored the effectiveness of cracking 
repair and remediation strategies for equipment containing 
wet H2S damage. The methodologies employed utilized 
small-scale or benchtop techniques to evaluate the large range 
of variables under study. The most feasible repair and remedi- 
ation strategies were incorporated into the test panels utilized 
in the large-scale experiments reported in this document. 

4.2 GOAL 

The goals of this project were to provide guidelines for 
effective repair procedures for use in remediation of equip- 
ment damaged in wet H2S service and to minimize the reoc- 
currence of cracking after inspection and/or repair. Specific 
aspects were closely examined, namely: 

a. PWHT versus as-welded. 
b. Temper bead as opposed to conventional weld repairs. 
c. Influence of blend grinding on internal fillet welded 
attachments. 
d. Local thin areas (LTAs) in the base metal and deep 
grooves in the heat affected zone (HAZ) which result from 
removal of cracks found by inspection. 
e. Evaluation of surface treatments. 
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4 AMERICAN PETROLEUM INSTITUTE 

f. Behavior of low heat input welding and unintentional arc 
strikes. 
g. Serviceability of pre-existing SOHIC. 

4.3 TECHNICAL APPROACH 

Three large scale exposure tests were conducted with a fab- 
ricated steel vessel (36 in. [90 cm] nominal outer diameter; 6 ft 
[1.8 m] long) made to ASME design requirements. Similar to 
the previous investigations (7 - 9), the tests utilized steel test 
panels fabricated with welds and attachments using practices 
consistent with the construction and maintenance of refinery 
equipment. These windows were welded into the test vessel 
which contained a pressurized wet H2S test media. The spe- 
cific procedures are further detailed in Section 4. 

4.4 TERMINOLOGY 

4.4.1 Wet.HsS Cracking 

Wet H2S cracking is a complex and often misunderstood 
phenomenon involving several fundamental cracking 
mechanisms. The complexities involved in developing a 
global understanding of wet H2S cracking revolve around 
the fact that each cracking mechanism has different con- 
trolling metallurgical and environmental parameters as 
well as specific modes of attack. To properly present and 
discuss the results of this project, it is first necessary to 
clearly set forth the basic terminology related to the vari- 
ous mechanisms of wet H2S cracking. 

Wet H2S cracking involves four types of mechanisms: 

a. Hydrogen blistering. 
b. HIC. 
c. SOHIC. 
d. SSC. 

A brief discussion of each of these cracking mechanisms is 
presented below. 

4.4.1.1 Hydrogen Blistering 

Hydrogen blistering is the development of internal blisters 
in a steel caused by the accumulation of molecular hydrogen. 
The blisters usually occur at sites of large non-metallic inclu- 
sions, laminations or other large metallurgical discontinuities 
in the steel. The blisters are oriented parallel to the surfaces of 
the steel. The molecular hydrogen which acts to initiate and 
propagate these blisters arises from the absorption and diffu- 
sion of atomic hydrogen produced on the steel surface by the 
sulfide corrosion process. No externally applied stress is 
required to produce hydrogen blistering. 

4.4.1.2 Hydrogen-induced Cracking (HIC) 

HIC is a form of internal hydrogen damage caused by the 
development of small cracks oriented parallel to the surfaces 
of the steel. These cracks tend to link-up with other cracks 

due to a build-up of internal pressure in the hydrogen damage 
zones in the steel and the resultant stress fields around the 
zones. This link-up of the cracks tends to produce the charac- 
teristic stepwise crack appearance. Similar to hydrogen blis- 
tering, no externally applied stress is required for the 
formation of HIC. 

The link-up of the small blister cracks on different planes 
in the steel is often referred to as “stepwise cracking” to 
describe the characteristics of the crack appearance. The step- 
wise linkage of these cracks can have a major or minor effect 
on reducing the load (pressure) capabilities of the equipment 
depending on the nature of the linkage. HIC is commonly 
found in steels with moderate to high impurity levels which 
have a high density of elongated sulfide inclusions often 
found in fully (Al-Si) killed steels. 

4.4.1.3 Stress-oriented Hydrogen-induced 
Cracking (SOHIC) 

SOHIC is the development of arrays of short cracks which 
are linked in the through-thickness direction. These arrays of 
cracks are typically aligned perpendicular to the tensile stress 
which can be produced by both applied mechanical and resid- 
ual tensile stresses. SOHIC is commonly observed to occur in 
the HAZ microstructures in the base metal associated with 
fabrication and attachment welds. They may also be produced 
at high stress concentration points such as crack-like flaws, 
the tip of cracks produced by SSC in hard HAZs or where 
HIC intersects the weld HAZ area. 

4.4.1.4 Sulfide Stress Cracking (SSC) 

SSC is brittle cracking produced by a form of hydrogen 
embrittlement under the combined action of tensile stress 
and aqueous corrosion in  the presence of hydrogen sulfide. 
SSC usually occurs in high strength steels or in high hard- 
ness regions of welds and HAZs. SSC involves the interac- 
tion of the absorbed atomic hydrogen produced by the 
sulfide corrosion process with internal sites in the metal 
lattice. Such sites can be grain boundaries and inclusions; 
however, SSC is usually differentiated from HIC because 
it does not require the recombination of the atomic hydro- 
gen to form molecular hydrogen and the build-up of pres- 
sure at sites inside of the steel. 

4.4.2 Steels 

The present investigation involves the evaluation and test- 
ing of several types of steels which can be differentiated by 
the type of metallurgical processing received during manu- 
facturing. In this report, the following steels were tested: 

a. Conventional steel. 
b. Low sulfur conventional steel. 
c. HIC resistant steel. 
d. Ultra-low sulfur advanced steel. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API Licensee=Occidental Chemical Corp New sub account/5910419101 

Not for Resale, 05/30/2007 22:46:11 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
,
`
,
`
,
,
`
`
`
`
`
`
`
`
`
`
`
,
,
,
`
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



REPAIR AND REMEDIATION STRATEGIES FOR EQUIPMENT OPERATING IN WET H$ SERVICE 5 

The basic attributes of each of these steels are described 
below. 

4.4.2.1 Conventional Steel (CS) 

A conventional steel is a commercially produced steel 
which is either hot rolled or normalized (e.g., ASTh4 A 516- 
70). It has generally moderate to high levels of impurities, 
particularly sulfur (i.e., 0.010 wt percent sulfur). This type of 
material generally has a high susceptibility to HIC in most 
hydrogen charging environments even under moderate expo- 
sure conditions. 

4.4.2.2 Low Sulfur Conventional Steel (LSCS) 

A low sulfur conventional steel is a commercially pro- 
duced material which contains lower than normal levels of 
sulfur (i.e., 0.003 to 0.010 wt percent). This material can 
exhibit improved mechanical properties over conventional 
steels, but typically has not been processed to specifically 
exhibit high resistance to HIC. These steels can still show 
significantly high susceptibility to HIC even in moderate 
service environments. 

4.4.2.3 HIC Resistant Steel (HRS) 

The term “HIC resistant” steel is used by manufacturers 
and users to denote conventional grades of steel (i.e., 
ASTM A 516-70) which have been metallurgically pro- 
cessed to enhance their resistance to HIC. Such processing 
typically includes ultra-low sulfur levels @e., 0.002 wt 
percent sulfur), normalizing heat treatments to modify the 
hot rolled microstructure and possibly Ca additions to pro- 
duce sulfide shape control. Shape control is important in 
that it produces sulfides of spherical morphology which 
reduce localized stresses in the vicinity of the inclusion, 
compared to the elongated stringers found in conventional 
steels. These steels are often tested to evaluate HIC resis- 
tance using conventional or modified NACE TM0284 
methods for the purposes of lot acceptance or for supple- 
mental information. These steels typically have improved 
resistance to HIC as compared to conventional steels; 
however, they may still show some degree of susceptibility 
to HIC and SOHIC in severe wet H2S service conditions. 

4.4.2.4 Ultra-low Sulfur Advanced Steels (TMCP) 

Ultra-low sulfur advanced steels are those made by modem 
steelmaking and processing techniques. These steels typically 
have ultra-low levels of sulfur (e.g., 0.002 wt percent sulfur) 
and low carbon equivalents compared to conventional steels 
of comparable tensile strengths (i.e., ASTM A 516-70). Steels 
in this category are currently made to ASTM A 841 by 
thermo-mechanically controlled processing (TMCP) and/or 

accelerated cooling techniques. Also, they have reduced car- 
bon levels as compared to conventional steels to produce fer- 
ritic or femticíbanitic microstructures with little or no 
microstructural banding. 

4.4.3 General Terminology 

report and are defined here for clarity. 
The following terms are used throughout the context of this 

4.4.3.1 Crack Length Ratio (CLR) 

The crack length ratio or CLR provides a measure of the 
materials resistance to HIC as defined in NACE Standard 
TM0284. CLR is determined by summing the lengths of each 
crack array and dividing by the section width and multiplying 
by 100 to express it as a percentage. This is shown schemati- 
cally in Figure 1. 

4.4.3.2 CrackThickness Ratio (CTR) 

The crack thickness ratio or CTR also provides a measure 
of the materials resistance to HIC as defined in NACE Stan- 
dard TM0284. CTR is determined by summing the thick- 
nesses of each crack array and dividing by the section 
thickness and multiplying by 100 to express it as a percent- 
age. This is shown schematically in Figure 1. 

4.4.3.3 Crack Sensitivity Ratio (CSR) 

The crack sensitivity ratio or CSR also provides a measure 
of the materials resistance to HIC as defined in NACE Stan- 
dard TM0284. CSR is determined by summing the products 
of the length and thicknesses of each crack array and dividing 
this sum by the product of the section length and thickness 
and multiplying this value by 100 to express it as a percent- 
age. This is shown schematically in Figure 1. 

4.4.3.4 Longitudinal-transverse (LT) Section 

A longitudinal-transverse or LT section is a metallographic 
section in which the perpendicular to the polished face is par- 
allel to the longitudinal or rolling direction. 

4.4.3.5 Transverse-longitudinal (TL) Section 

A transverse-longitudinal or TL section is a metallographic 
section in which the perpendicular to the polished face is per- 
pendicular to the longitudinal or rolling direction. 

5 Experimental Procedures 
The materials evaluated, along with specimen configura- 

tions, general conditions of exposure, and post exposure eval- 
uations conducted, are summarized below. 
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6 AMERICAN PETROLEUM INSTITUTE 

I + a -  ' / ¡  
L I - L  

Crack Sensitivity Ratio, CCR = ' ( a  b ,  x 100 
W X T. 

Crack Length Ratio, CLR = 2 ' x 100 
W 

Crack Thickness Rotio, CTR = b 1 x 100 
T 

Method Of Measuring Cracking Severity 

Figure 1-HIC Damage Evaluation Formulas Given in NACE TM0284 

5.1 MATERIALS EVALUATED 

The present investigation involved the testing and evalua- 
tion of the following steels: 

a. Conventional steel (CS) (two heats). 
b. Low sulfur conventional steel (LSCS). 
c. HIC resistant steel (HRS). 
d. Ultra-low sulfur advanced steel (TMCP). 

The basic attributes of the steels were described in 3.4.2. 
The material compositions and mechanical property data for 
each of the base plate materials are presented in Table 1. 

5.2 TEST PANEL CONFIGURATIONS 

As previously mentioned, the goals and objectives of this 
program were accomplished using a series of large-scale tests 
on a 36 in. (90 cm) nominal diameter pressure vessel approxi- 
mately 6 fi (1.8 m) long. The test vessel is shown in Figure 2. 

Each large-scale test incorporated the use of a test panel 
measuring approximately 2 ft by 2 ft (0.6 m by 0.6 m). This 
approach is detailed schematically in Figure 3. With the 
exception of the test panel, the entire ID surface of the vessel 
was coated with T31, ECTFE material, to protect the remain- 
ing vessel from damage. The T31 process is comprised of a 
primer and multiple topcoats of a partially fluorinated copoly- 
mer. The T31 coating is a true thermoplastic and was applied 
in this application in the thickness range of 0.015 to 0.025 in. 
(0.38 to 0.64 mrn). 

During insertion of the test panel into the vessel, the 
coated area in the vicinity of the weld underwent localized 
damage. The weld around the test panel and any additional 

damaged areas caused by excessive heat, arc strikes, etc. 
were repaired with a modified thermoplastic hand-applied 
coating. Both coatings utilized in this project were suc- 
cessful in protecting the vessel from damage for the total 
duration of testing. 

5.2.1 Large-scale Exposure 1 Test Panel 
Configuration 

The test panel utilized for the first exposure in this study 
is shown in Figure 4.It consisted of four quarter panels 
cold-rolled to the appropriate radius for welding together 
and subsequent welding of the completed panel into the 
body of the test vessel. Each quarter panel measured 
approximately 1 ft by 1 ft (0.3 m by 0.3 m). The typical 
structure of the three materials (InterCorr 2289 [CS], 3201 
[HRS] and 4745 [CS]) are shown in Figures 5, 6 and 7, 
respectively. 

Prior to panel fabrication, the four cold-rolled quarter pan- 
els were each pre-exposed, one sided to either NACE Stan- 
dard TM0177, Solution A or NACE Standard TM0284, 
Solution B as indicated in Figure 4. The pre-exposures were 
conducted by coating the entire O.D. surface of the panel and 
1 in. on the I.D. wrapped around the panel edges. 

Each entire quarter panel was subsequently exposed, in 
separate exposure tanks, to the respective solutions saturated 
with 100% H2S at ambient temperature and pressure for 30 
days. At the conclusion of the exposures, strips were sec- 
tioned off the edges and duplicate specimens (LT orientation) 
were polished for metallographic examination and crack 
measurement using the measurement details and crack coding 
detailed in Figure 8. 
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REPAIR AND REMEDIATION STRATEGIES FOR EQUIPMENT OPERATING IN WET H2S SERVICE 7 

Intercom # 2099 2280 2289 3201 3247 

Classification LSCS cs cs HRS HRS 
C 0.21 0.22 0.24 0.21 0.15 

S 0.007 0.020 0.025 0.001 0.001 

P 0.013 0.027 0.007 0.005 0.005 

Grade A 516-70 A 516-70 A 516-70 A 516-70 A 516-70 
3250 4745 
A 841 A 285-C' 

TMCP cs 
0.09 0.18 

0.001 0.021 

0.003 0.009 

YS (ksi) 

UTS (ksi) 

Elong. (%) 

The quarter panels were subsequently sectioned to their 
correct dimensions and welded together using a heat input 
of 20 - 25 kJ/in. with no preheat and no subsequent 
PWHT. At one location in the HAZ of the longitudinal and 
one location in the HAZ of the circumferential weld on 
each quarter panel, a 3 in. long groove was ground out 
approximately 3/i6 - in. deep to simulate a groove 
which was created after grinding out a crack. The groove 
was repaired or filled using a conventional welding proce- 
dure. This involved depositing an E7018 filler using a 20 - 
25 kJ/in. heat input with no preheat. No effort was made to 
sequence the beads, three of which were required to fill the 
groove. Aside from these eight grind-out, conventional 
weld repairs, eight additional grind-outs were conducted at 
adjacent locations on the longitudinal and circumferential 
welds. These subsequent weld repairs were conducted 
using a temper bead technique. This technique consisted of 
depositing E7018 filler in multiple passes (six total) in 
specific sequencing steps to temper back the hardness and 
HAZ of the previous bead@). Schematics of actual sec- 
tions for the conventional and temper bead weld repairs 
are shown in Figures 9 and 10, respectively. 

As shown, the conventional weld repair produced bead 
hardnesses of approximately HRB 88 to 95 converted from 
500 gram Vickers microhardness data. The corresponding 
HAZ hardnesses ranged from approximately HRB 95 sub- 

49.0 52.0 49.0 49.6 49.5 67.0 45.0 

76.0 76.9 78.5 76.2 72.2 79.0 70.2 

45.0 42.0 26.0 27.0 26.0 25.0 33.5 

surface to HRC 35 at the surface. The temper bead repair 
produced bead hardnesses ranging from HRB 90 - 97. The 
corresponding HAZ hardnesses ranged from HRC 28 sub- 
surface to HRB 93 at the surface. Hence, the temper bead 
technique was successful in reducing the hardness of the 
surface HAZ. 

Attachments were also welded to each quarter panel on the 
I.D. surface. Two attachments were oriented longitudinally 
and two circumferentially on each quarter panel. One side of 
each attachment was welded using a one pass E7018 filler at 
20 - 25 kJ/in. heat input with no preheat. The bead hardness 
measured approximately HRB 91 (converted from 500 gram 
Vickers microhardness) and the HAZ ranged from HRC 32 - 
37. The opposite side was welded using a multiple pass tem- 
per bead technique with an E7018 filler at 20 - 25 H/in with 
no preheat. The bead hardnesses ranged from HRB 93 - 97 
and HAZ hardnesses ranged from HRC 24 - 3 1. The HAZ 
hardnesses were reduced approximately seven HRC points; 
however, the hardness was still considered high from the 
standpoint of SSC susceptibility. Schematics of the resulting 
profiles for the conventional fillet and temper bead fillet 
attachment welds are shown in Figure 11. 

Both sides of one longitudinal and one circumferential 
attachment on each quarter panel were blend ground to pro- 
file the weld root to a smooth transition to the I.D. surface of 
the test panel. This blend grinding was solely aimed at reduc- 
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8 AMERICAN PETROLEUM INSTITUTE 

Figure 2-Large-scale Pressure Vessel Used for this Study (PN-3040-1) 

ing the stress concentration at the toe of the fillet weld. No 
intent was made to remove the last pass, high hardness, HAZ 
region of the base metal adjacent to the root of the fillet weid. 
Detailed sectioning schematics and cracking results for the 
Exposure 1 test panel can be found in Appendix A. 

5.2.2 Large-scale Exposure 2 Test Panel 
Configuration 

The test panel utilized for the second exposure in this study 
is shown in Figure 12. It consisted of four quarter panels cold- 
rolled to the appropriate radius for welding together and sub- 
sequent welding of the completed panel into the body of the 
test vessel. Each quarter panel measured approximately 1 ft by 
1 ft (0.3 m by 0.3 m). The typical structure of InterCorr 3201 
(HRS) and 4745 (CS) are shown in Figures 6 and 7, respec- 
tively. The typical structure for InterCorr 2280 (CS) is shown 
in Figure 13. 

Prior to panel fabrication, the four cold-rolled quarter 
panels were each pre-exposed, one sided to either NACE 
Standard TM0177, Solution A or NACE Standard 
TM0284, Solution B as indicated in Figure 12. The pre- 
exposures were conducted using the same procedures 
described in 4.2.1. At the conclusion of the exposures, 
strips were sectioned off the edges and duplicate speci- 
mens (LT orientation) were polished for metallographic 
examination and crack measurement. 

The quarter panels were subsequently sectioned to the cor- 
rect dimension and the full longitudinal weld joining the four 
quarter panels was welded using a heat input of 20 - 25 Idlin. 
with no preheat. One-half of the circumferential weld of each 
quarter panel (in the center of the completed panel) was also 
welded using a heat input of 20 - 25 kJlin. with no preheat. 
Hence at this stage the outermost 6 in. of the circumferential 
weld locations were non-welded. The purpose was to evaluate 
PWHT versus as-welded full penetration welds. 

Similar to the Exposure 1 test panel, a 3-in. long groove 
was ground out approximately 3/i6 - 'I4 in. deep to simulate a 
groove which was created after grinding out a crack at two 
locations in the HAZ of the longitudinal weld on each quarter 
panel. At this stage the two innermost grooves were repaired 
using a conventional welding procedure. This involved 
depositing an E7018 filler using a 20 - 25 kJlin. heat input 
with no preheat. No effort was made to sequence the beads, 
three of which were required to fill the groove. At this stage, 
the outermost four grooves remained unrepaired. 

Next, two attachments were welded onto each quarter panel 
using a single pass E7018 filler at 20 - 25 Idlin. with no pre- 
heat. One attachment was welded in the longitudinal onenta- 
tion and the second on each quarter panel was welded in the 
circumferential orientation. Subsequent to welding these eight 
attachments, the entire panel was subjected to a PWHT at 
1 150°F for one hour at temperature followed by air cooling. 
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REPAIR ANO REMEDIATION STRATEGIES FOR EQUIPMENT OPERATING IN WET H2S SERVICE 9 

Figure 3-Schematic of the Large-scale Pressure Vessel Detailing the Materials Used 

Following PWHT, the remaining eight attachments were 
welded onto the test panel using the same conventional weld- 
ing technique described previously. The four unrepaired 
grooves were repaired using a temper bead welding technique, 
as was done for the Exposure 1 test panel. The technique con- 
sisted of depositing an E7018 filler in multiple passes (6 total) 
in specific sequencing steps to temper back the bead hardness 
and HAZ produced by the previous bead(s). 

A schematic of the full penetration circumferential weld in 
the as-welded condition is shown in Figure 14. The bead 
hardness was approximately HRB 87 (converted from 500 
gram Vickers). The HAZ hardness was approximately HRB 
97 and HRB 98 at the I.D. surface. A schematic of the full 
penetration longitudinal weld, which was subjected to a 
PWHT, is shown in Figure 15. The bead hardness was 
approximately HRB 83. The HAZ hardness was approxi- 
mately HRE3 85 throughout the thickness. Hence PWHT 
reduced the bead hardness approximately 5 HRB points and 
the HAZ regions approximately 15 HRB points. 

Schematics of actual sections for the conventional (with 
PWHT) and temper bead weld (as-welded) repairs are shown 
in Figures 16 and 17, respectively. As shown, the conven- 
tional weld repair with PWHT produced bead hardnesses of 
approximately HRB 86 converted from 500 gram Vickers 

microhardness data. The corresponding HAZ hardnesses 
were approximately HRB 85 throughout the extent of the 
repair. The temper bead repair produced bead hardnesses of 
approximately HRB 92. The corresponding HAZ hardnesses 
ranged from HRB 86 subsurface to HRB 93 at the surface. 
Hence, the temper bead technique produced higher hardness 
than the conventional weld repair with subsequent PWHT; 
however, hardnesses for both repairs were considered soft 
from the standpoint of SSC susceptibility. 

In addition to the above variables, the serviceability of 
unrepaired groovedlocal thin areas (LTAs) was also evalu- 
ated. The profiles were derived using a remaining strength 
factor (RSF) of 0.8. A schematic representation of the three 
profiles is provided in Figure 18. Profile 1 was positioned on 
one side of each fillet attachment. Profile 2 was centered at 
two places on the longitudinal weld and Profile 3 was posi- 
tioned at two places on the circumferential weld. The position 
of Profile 3 was such that one-half the metal removed was in 
the as-welded circumferential weld and the other half in the 
PWHT circumferential weld. Based on the width and length 
of the profiles, Profile 1 would be classified as a groove and 
Profiles 2 and 3 would each be classified as an LTA. 

Note: All three profiles would be acceptable per API EW 579 Fitness- 
For-Service procedure. 
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TM0284 TMO177 
RD - 

i 

CLI # 4 7 4 5 - c  CLI # 228--  
- 
Conventional 
~ 2 a ç  - c \ TM0177 f Conventional 

A 5 1  6 - 
Pre- exposure 

Temper Bead Fillet Weld 
1/2" Attachment - Blend Ground (8) 
Conventional Fillet Weld Conventional Fillet Weld 

Grind-out, weld repair, conventional technique (4 plcc) 

Grind-out, weld repair, temper bead technique (4 plcs) 

Temper Bead Fillet Weid 
1/2" Attachment - As-welded (8) 

Note: Heat input = 20-25 kJ/in. all welds, no preheat, no PWHT 

Figure &Schematic of the Exposure 1 Test Panel Detailing the Variables Evaluated 
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REPAIR AND REMEDIATION STRATEGIES FOR EQUIPMENT OPERATING IN WET H2S SERVICE 11 

Figure &Structure of InterCorr 2289 CS. 
Magnification 200 x (PN 4464-6) 

Figure H t r u c t u r e  of InterCorr 3201 HRS. 
Magnification 200 x (PN 4464-7) 

Figure 7-Structure of InterCorr 4475. 
Magnification 200 x (PN 4464-5) 

The use of strip lining the I.D. surface was also investi- 
gated in this test panel. AISI 304L sheet, 0.109-in. thick was 
welded on the I.D. in two places across the circumferential 
weld using an AISI 309L filler. The objective of this test panel 
was not to evaluate the ability of the liner to reduce hydrogen 
permeation. Experience has proven that this method provides 
adequate protection to the underlying base metal thereby pre- 
venting or minimizing further damage. The variable under 
evaluation with this surface treatment was the interaction/ 
behavior of the lining attachment welds. Detailed sectioning 
schematics and cracking results for the Exposure 2 test panel 
can be found in Appendix B. 

5.2.3 Large-scale Exposure 3 Test Panel 
Configuration 

The test panel utilized for the third exposure in this 
study is shown in Figure 19. It consisted of four quarter 
panels cold-rolled to the appropriate radius for welding 
together and subsequent welding of the completed panel 
into the body of the test vessel. Each quarter panel mea- 
sured approximately l ft by l ft (0.3 m by 0.3 m). The typ- 
ical structure of InterCorr 2289 (CS) is shown in Figure 5.  
The typical structure for InterCorr 2099 (LSCS), 3247 
(HRS) and 3250 (Th4CP) are shown in Figures 20,21, and 
22, respectively. 

prior to panel fabrication, the LSCS and HRS panels were 
notched in the locations indicated in Figure 19 using a plung- 
ing electrical discharge machining (EDM) procedure. The 
purpose of the notching was to assist in the initiation of 
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113 Section analysis: 
Only cracks in top1/3 of 
section (shaded area) are included 
in calculation of CSR, CLR, CTR. 

2/3 Section analysis: 
Only cracks in top 213 of 
section (shaded area) are included 
in calculation of CSR, CLR, CTR. 

I W - I  t 
Full Section analysis: 

All cracks included in 
calculation of CSR, CLR, CTR. 

Figure &-Location Coding Used to Measure and Present the Detailed Cracking Data 
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REPAIR AND REMEDIATION STRATEGIES FOR EQUIPMENT OPERATING IN WET H2S SERVICE 13 

1 

'. I-' 

\ 
/ 

/ 

--- 

-.-I 
Grind-out conventional weld repair. 

Figure SMicrohardness Survey Results from the Grind-out, 
Conventional Weld Repair Evaluated in Exposure 1 Test Panel 

Figure 1 &Microhardness Survey Results from the Grind-out, 
Temper Bead Weld Repair Evaluated in the Exposure 1 Test Panel 
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/ 
/ \ Conventiomi fillet 

' - - . - - '  

/ 
\ 

Temper bead fillet 
/ 

\ 

Figure 1 1-Microhardness Survey Results from Both Conventional and 
Temper Bead Attachment Welding Evaluated in the Exposure 1 Test Panel 

SOHIC damage beneath the notch prior to insertion of the test 
panel into the test vessel and subsequent large-scale exposure. 
Each of the two quarter panels were strain gaged and loaded 
in three point bending in I.D. tension across the notch. The 
applied hoop stress was 34,200 psi which corresponded to 
90% of the specified minimum yield strength (SMYS). 

Barnacle cells were affixed over the notch and subse- 
quently exposed to NACE Standard TM0177, Solution A for 
seven days. The exposed region was a 2 in. by 5 in. rectangle 
centered over the notch. 

The remaining exposed surface area was coated with a 
modified thermoplastic hand applied coating. A photograph 
of the exposure facility is shown in Figure 23. 

Following the exposures, the quarter panels were submit- 
ted to two inspection companies for sizing. The first company 
was unable to locate any SOHIC in either panel. The second 
company did locate SOHIC in the LSCS panel but was hesi- 
tant to size the depth with any degree of confidence. This 
same company indicated that only slight SOHIC extension, if 
any, was present beneath the notch in the HRS panel; how- 
ever, based on other testing of these same heats of steel, Inter- 
Corr was confident SOHIC extension was present; however, 
metallographic sectioning at this stage was not possible. 
Cracking was found beneath the notch in both materials fol- 
lowing the large-scale vessel exposure as determined by met- 
allographic sectioning. 

An Inconel 625 patch was welded onto the O.D. of the CS 
and TMCP quarter panels in the areas indicated in Figure 19. 

The areas measured 3.5 in. by 3.5 in. The Inconel 625 mate- 
rial was applied using a plasma transfer arc weld process 
(RAW). The purpose of this O.D. patch was to determine if a 
higher hydrogen concentration could be attained due to the 
increased diffusion barrier for hydrogen at the O.D. surface. 

Next, one attachment was welded onto the CS, LSCS and 
HRS quarter panels in the longitudinal orientation using a 
single pass E7018 filler at 20 - 25 Idh .  with no preheat. One 
additional attachment was welded onto the TMCP quarter 
panel using an E7018 filler on one side and an E7016-G filler 
on the other side of the attachment. This electrode was rec- 
ommended for welding the TMCP steel. The carbon equiva- 
lent of the E7016-G more closely matched that of the A841 
TMCP steel. Hence, using an E7018 filler on one side and 
E7016-G filler on the opposite side of this attachment 
allowed direct comparison of the behavior on the TMCP 
panel. The four quarter panels, each containing one attach- 
ment, were subjected to a PWHT at 1150°F for 1 hour at tem- 
perature followed by air cooling. This was conducted for the 
sole purpose of postweld heat treating the fillet attachments 
(one per quarter panel). 

The quarter panels were subsequently sectioned to their 
correct dimensions and welded together using a heat input of 
20 - 25 Wlin. with no preheat and no subsequent PWHT. 
Next, two additional attachments were welded onto the LSCS 
and HRS quarter panels in the longitudinal orientation using a 
single pass E701 8 filler at 20 - 25 W/in. with no preheat and 
no subsequent PWHT. One additional attachment was welded 
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TM0284 TMO 177  
Pre -exposure  Pre - exposure HIC Resistant 

A51 6 
Rp Conventional 

A516 

CLI#2280 - A 

,Pi (16plcs) 

CLI#3201 - B 

w 

1 I 

CLI#4745 - c 
r , , ,  

Conventional 
TMO 1 77 A51 6 

Conven tion al 
A285 - C 

Grind-out weld repair, 
temper bead techniq 

no PW 

PWHT 

f Grind-out weld repair, 
conventional technique, 

PWHT 

Pre - exposure - Conventional fillet weld, na PWHT 

1/2"  At tachment  

Conventional fillet weld, PWHT 

As-welded, no PWHT 

Note: Heat input  = 20-25 kJ/in. all welds, no preheat 

Figure 12-Schematic of the Exposure 2 Test Panel Detailing the Variables Evaluated 
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16 AMERICAN PETROLEUM INSTITUTE 

Figure 13-Structure of InterCorr 2280 CS. 
Magnification 200 x (PN 4464-4) 

Vickers (500 g) converted 
lo HRB or HRC vaiues 

Conventional weldlno PWHl 

Figure 14-Microhardness Survey Results from the 
Conventional Full Penetration Weld without PWHT 
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Conveniioml weldPWHT 

\ 
/-  - 
I 

/ \ 
/ 

Vckers (WO g) converted 
/ 

\ I 
----/ 

lo HRB or HRC values \ 

Figure 1 SMicrohardness Survey Results from the 
Conventional Full Penetration Weld with PWHT 

Y 1  \ 
\ 
\ 
\ 
\ 

I 
N 3  I 

I 
/ 

N2 

N4 
-80.0 / 
-87.9 / 

/ 
7 

Conventmal weWPWHT 

1 
y---- - 
I 

/ \ 
/ 

/ IO 

/ 

\ 
\ Vckers (500 g) converted / 

I 
I 

to HRB cf HRC values 1 ---- 

Nl \ 
\ 
\ 
\ 
\ 

I 
N3 I 

I 
l 

N2 

w4 
-80.0 / 
-87.9 / 
w5 / 
7 

Figure 16-Microhardness Survey Results from the Grind-out, 
Conventional Weld Repair with PWHT 
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18 AMERICAN PETROLEUM INSTITUTE 

Figure 17-Microhardness Survey Results from the Grind-out, 
Temper Bead Weld Repair without PWHT 

onto the 1 j quarter panel in the longitudinal orientation using 
the same single pass welding procedure just described and 
one additional attachment was welded onto the TMCP quar- 
ter panel in the longitudinal orientation using an E701 8 filler 
on one side and an E7016-G filler on the other side of the 
attachment. All four of these attachments were left in the as- 
welded condition for comparison to those attachments sub- 
jected to a PWHT. 

Recall the evaluation of blend grinding conducted on the 
Exposure 1 test panel, where the fillet welds were blend 
ground to make a smooth transition to the I.D. surface of the 
panel. No surface HAZ metal was removed in that evaluation. 
In the current exposure panel, one attachment from the LSCS 
and HRS quarter panels was blend ground in a manner which 
removed the surface HAZ region of the base metal. These 
blend ground areas or toe dressings were approximately 
0.125 in. deep; hence, producing a groove. These deep toe 
dressings were also applied at one location on each quarter 
panel along the circumferential weld. 

To evaluate potential accidental initiators for SSC, arc 
strikes and low heat input (LHI) weld beads were intention- 
ally added to the test panel. One 3 in. line of arc strikes was 
added to the LSCS and HRS quarter panels and two lines of 
arc strikes were added to the CS and TMCP quarter panels, 
one of which was positioned opposite the O.D. Inconel 625 
patch. Evaluation of the LIii welds beads was restricted to the 
CS and TMCP quarter panels. Two beads were placed on 
both quarter panels, one of which was positioned opposite the 
O.D. Inconel 625 patch. 

In addition to the above variaLs, the serviceability of 
unrepaired grooves was also evaluated in this exposure panel. 
The groove profiles in the Exposure 3 test panel represent the 
latest evaluation criteria in API RP 579. 

The intent was to evaluate grooves which did not require 
derating of the vessel (i.e., RSF > 0.9). However, the root 
radius of each of the three grooves was reduced, incremen- 
tally, to produce a higher stress concentration. A schematic of 
the three grooves and their respective locations on the test 
panel are shown in Figure 19. The length of all three grooves 
was 2 in. Groove 1 was acceptable per API RP 579. Grooves 
2 and 3 would have been re-classified as a crack and re-ana- 
lyzed as such due to the sharpness of the root radii. Detailed 
sectioning schematics and cracking results for the Exposure 3 
test panel can be found in Appendix C. 

5.3 EXPERIMENTAL OVERVIEW 

Several aspects of the experimental procedures are com- 
mon to all of the experiments such as solution, temperature, 
pressure and exposure duration. The test solution for all of the 
evaluations corresponded to NACE Standard TM0177, Solu- 
tion A (5.0 weight percent sodium chloride plus 0.5 weight 
percent glacial acetic acid in distilled water). 

The solution was saturated with 100 mole percent H2S at 
ambient temperature and pressure. H2S concentration and 
solution pH were monitored throughout the test period. All of 
the evaluations were conducted at room temperature. The test 
duration ranged from 11 - 14 days. The test pressure was 
applied hydrostatically. 
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Profile 1 (Pl) n 
/ ID 

I OD 
R0.125 in. J 0.25 in. J 

Profile 2 (P2) 

R18 in. 

.I I_ 2.0in. -4 *I , i ,  ) ID LJ, 
OD 

0.5 in. 0.2 in. 

Weld 

Profile 3 (P3) +-+ 1.0 in. 
0.25 in. 

0.25 in. 

Weld 

Fillet groove profile 

Longitudinal weld profile 
(2 PICS) 

Circumferential weld profile 
(2 PIC4 

Figure lû-LTAIGroove Profiles Evaluated in the Exposure 2 Test Panel 
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AW 

1 "HIC Resistant" (3247) Low Sulfer Conventional (2099) 

\ PWHT i 

( LHI 1 

~ 

********** 
********** 1 

********** ********** 

€OM 
EOM 

AW 
AW - As-welded (20-25 kJhn., no preheat) 

LHI - Low heat input weld (e 10kJhn.) 

RO .25 *I Al G1 

0.0 1 25" 
f PWHT - Postweld heat treated 

0.25" 7fy - 0.04 in. Deep EDM notch with 7 day 
pre-exposure to TMOlï7 under stress 

***I - Arcstrike 

- Deeptoedressing 0.25" RO. 1 25" + 
*I 1 )  

Figure 1 &Schematic of the Exposure 3 Test Panel Detailing the Variables Evaluated 

*I******** 

I ********** 
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REPAIR AND REMEDIATION STRATEGIES FOR EQUIPMENT OPERATING IN WET H2S SERVICE 21 

Figure 20-Structure of InterCorr 2099 LSCS. 
Magnification 200 x (PN 4464-3) 

Figure 224tructure of InterCorr 3250 TMCP Steel. 
Magnification 200 x (PN4464-1) 

Figure 21-Structure of InterCorr 3247 HRS. 
Magnification 200 x (PN 4464-2) 

Figure 23-Facility Utilized to Produce the Pre-existing 
SOHIC in Two of the Exposure 3 Quarter Panels 
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22 AMERICAN PETROLEUM INSTITUTE 

The applied test pressure was 600 psig which corresponded 
to the ASME vessel allowable. This pressure produced a hoop 
stress of 17,500 psi on the test panel. No depletion in H2S con- 
centration was observed during the tests due to the high ratio 
of solution volume to exposed steel surface area used in these 
experiments. The H2S concentration in solution was approxi- 
mately 1800 to 2200 ppm throughout the test duration. The 
solution pH on all three of the exposures ranged from 2.8 at 
the initiation of the test to 3.6 to 3.8 at test completion. 

Following each exposure in the test vessel, extensive sec- 
tioning was conducted to quantify the extent of cracking as 
a function of the variables being evaluated. The number of 
sections evaluated ranged from 72 on Exposure 1 to 90 on 
Exposure 2. 

6 Results and Discussion 
The findings of this investigation have been evaluated 

based on their relevance to the serviceability and/or repair and 
remediation strategies for refinery wet H2S equipment. For 
clarity, the test results and the findings they support have been 
separated into the following sections. 

a. Materials selection 
b. Postweld heat treatment. 
c. Temper bead welding. 
d. Blend grindinghoe dressings. 
e. Local thin areaslgrooves. 
f. Strip lining. 
g. Arc strikedow heat input welds. 
h. Pre-existing SOHIC. 

6.1 MATERIALS SELECTION 

Conventional A 5 16-70 steel pre-exposed, one-sided, to 
NACE Standard TM0284, Solution B (pH 5.0) for 30 days 
exhibited an increase in cracking following a subsequent 10 
day exposure to NACE Standard TM0177, Solution A (pH 3) 
in the test vessel. 

One of the CS quarter panels in Exposure 1 was subjected 
to a 30-day, one-sided pre-exposure to NACE Standard 
TM0284, Solution B (pH 5)  prior to panel fabrication. Dupli- 
cate sections were removed and polished to quantifi the 
extent of cracking. Both sections revealed no indication of 
cracking. After fabrication of the full test panel and subse- 
quent vessel exposure using NACE Standard TM0177, Solu- 
tion A (pH 3), extensive cracking was noted in this same steel 
yielding a CLR and CTR of 36% and 57%, respectively (see 
Figure 24).This result was caused by the increased hydrogen 
charging severity of the TM0177, Solution A as compared to 
the TM0284, Solution B (pH 3 versus pH 5).  It should also be 
noted that the steels pre-exposed, one-sided to the TM0177, 
Solution A (pH 3) environment for 30 days resulted in no sig- 
nificant differences in cracking following the subsequent re- 
exposure to the same solution in the test vessel. This was true 
for the in-plane cracking (CLR) as well as for the through- 
thickness cracking (CTR), even though the pre-exposures 

were conducted with no applied stress and the test vessel 
exposure was conducted under a stress equivalent to the 
ASME allowables. 

These data, CLR and CTR, are shown schematically in 
Figures 25 and 26, respectively. Under these conditions, the 
CTR values would have been expected to increase as a result 
of the applied stress. However, these results may be explained 
by the presence of tensile residual stresses on the I.D. liga- 
ment of the quarter panels during the pre-exposure. The quar- 
ter panels were cold-rolled to the appropriate radius without 
subsequent stress relief. Hence, the residual stresses may 
have assisted in producing CTR values equivalent to or 
greater than those which may have been experienced on a 
similar material in the test vessel in the absence of residual 
tensile stress. 

6.1.1 
with a corresponding decrease in sulfur content. 

The susceptibility of the base metal to HIC decreased 

Figure 27 shows the cracking severity of the CS, LSCS, 
HRS and TMCP experienced in Exposure 3. These steels 
have sulfur contents of 0.025, 0.007, 0.001 and 0.001 
weight percent, respectively. No pre-exposures were con- 
ducted on the quarter panels for this exposure, hence the 
cracking shown in Figure 27 occurred during the 13-day 
exposure in the large-scale test vessel. As shown, the 
severity of cracking decreased with a decrease in sulfur 
content. This behavior was expected and was also 
observed in the previous Phase I effort (7-9). 

Another interesting finding from the data shown in Fig- 
ure 27 is the ratio of CLR to CTR for the steels evaluated, 
the CS and LSCS in particular. In the case of the CS, the 
CLR and CTR were nearly equivalent. However in the 
LSCS, the CTR was nearly twice the corresponding CLR. 
Hence, the LSCS exhibited a higher ratio of through-wall 
link-up. The practical implication of this result revolves 
around the serviceability of the steels with pre-existing 
damage from the standpoint of producing a through-wail 
failure. Steels which produce a higher CLR to CTR ratio 
have a higher probability of arresting a through-wall crack 
by virtue of the intersection of the crack tip with a subse- 
quent in-plane crack. This concept is shown schematically 
in Figure 28. Given the cracking depicted in the figure, a 
through-wall crack initiating from the surface, as shown in 
Figure 28 (a), will arrest, provided intersection with an in- 
plane crack occurs as shown in Figure 28 (b). 

6.1.2 Based on the limited results obtained in this study, no 
differences in wet H2S performance were noted between the 
use of an E7018 electrode versus an E7016-G electrode for 
attachment welding on the ASTM A 841 TMCP steel. 

Exposure 3 utilized an E7018 filler on one side of two 
attachments and an E7016-G filler on the opposite side. In 
addition, one attachment was subjected to a PWHT prior to 
the vessel exposure. The E7016-G electrode was recom- 
mended for use on the TMCP material since the carbon 
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I After 30 day pre-exposure at pH 3 
O After 10 day vessel exposure at pH 3 

% 
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Exposure 1 

I After 30 day pre-exposure at pH 5 
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2 
Y o 

20 

O 
CLR CTR 

2289-A quarter panel 

Figure 24-Comparison of the Base Metal Cracking Severity Obtained in the 
2289-A CS Pre-exposed to the NACE Standard TM0284, Solution B 

Versus the Subsequent Exposure in the Test Vessel to NACE TMO177, Solution A 

60 

40 

20 

O 

57 - 
3201-8, HRS 4745-c, cs 2289-D, CS 

Material (quarter panel) 

Figure 25-Comparison of Base Metal CLR Obtained in the 3201-B HRS, 
47454 CS and 2289-D CS Pre-exposed to the NACE Standard TMO177, Solution A 

Versus Subsequent Exposure in the Test Vessel to the Same Solution 

equivalent of the electrode more closely matched the carbon 
equivalent of the TMCP steel. No toe cracks were observed 
on either side of the attachments for the as-welded or PWHT 
attachment welds. Hence, they both exhibited similar resis- 
tance to wet H2S cracking. 

Furthermore, microhardness surveys made subsequent 
to the vessel exposure indicated no differences in the bead 
or HAZ hardnesses produced by the two different elec- 
&odes. Since there are numerous electrodes which could 
be used with the A 841 TMCP Steels, the steel Producer 

should be consulted on the most appropriate choice of 
welding consumables. 

6.2 POSTWELD HEAT TREATMENT 

6.2.1 Postweld heat trqatment was successful in reduc- 
ing the occurrence of SSC toe cracking at the full penetra- 
tion welds. 

The Exposure 2 test panel included eight postweld heat 
treated full penetration weld sections and four full penetration 
weld sections left in the as-welded condition. Toe cracks were 
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Exposure 1 
120 

1 O0 

h E 
60 

o 
40 
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o - 
3201-8, HRS 4745-e. cs 2 2 8 9 8 .  CS 

Material (quarter panel) . 

Figure 2ô-Comparison of Base Metal CTR Obtained in the 3201 -B HRS, 
4745-C CS and 2289-0 CS Pre-exposed to the NACE Standard TMO177, Solution A 

Versus Subsequent Exposure in the Test Vessel to the Same Solution 

Exposure 3 
I O0 

I CLR 

O 
2289, CS 2099. LSCS 3247, HRS 3250. TMCP 

-Material (quarter panel) 

Figure 27-Cracking Severity of the CS, LSCS, HRS and TMCP Steel Experienced in Exposure 3. 
Note the Decrease in Cracking Susceptibility with Increased Steel Cleanliness 

Figure 2û-Schematic Explaining the Potential Benefit of Steels 
which Possess Higher CLR to CTR Ratios 
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REPAIR AND REMEDIATION STRATEGIES FOR EQUIPMENT OPERATING IN WET H2S SERVICE 25 

observed emanating from the I.D. surface on ail four as- 
welded sections. Contrary to this, no toe cracks were 
observed on the eight postweld heat treated sections. 

The microhardness evaluations conducted on the as- 
welded and postweld heat treated sections indicated hard- 
nesses of the beads and HAZ in the range of HRB 87 to HRB 
98 for the full penetration weld in the as-welded condition 
(see Figure 14) &d HRB 83 to HRB 85 for the PWHT full 
penetration welds (see Figure 15). The PWHT was successful 
in reducing the hardness as compared to the as-welded hard- 
nesses. However, the as-welded hardnesses were not high 
from the standpoint of SSC susceptibility. The benefit of 
PWHT in this case likely related to the combined reduction in 
hardness and tensile residual stress across the weldments. 

Postweld heat treatment was successful in reducing the 
occurrence of SSC toe cracks at the attachment welds. 

Recall on Exposure 3, two attachments were welded onto 
each quarter panel. One attachment was subjected to a PWHT 
and the second was left in the as-welded condition. With 
duplicate metallographic sections on each attachment and 
two fillet welds per metallographic section, this resulted in a 
total of eight fillet welds for examination (four as-welded, 
four PWHT) for each of the four materials. Benefit of PWHT 
was noted on both the CS and LSCS. Fifty percent of the as- 
welded attachments cracked on the CS and 100% of them 
cracked on the LSCS. No cracking was observed in the 
PWHT attachments for either of these same two materials 
(see Figure 29). 

No toe cracks were observed on the attachments on the 
HRS or TMCP steel in either the as-welded or PWHT con- 
dition. While not conclusive, the absence of cracking in 
these two steels may relate to the reduced carbon equiva- 
lent inherent with these two steels, 0.44 and 0.39, respec- 
tively. In comparison, the carbon equivalents for the CS 
and LSCS which exhibited cracking in the as-welded con- 
dition were 0.5 1 and 0.48. 

6.3 TEMPER BEAD WELDING 

6.3.1 Based on the results of this project, temper bead 
welding proved to be of no benefit in reducing the presence of 
cracking in the attachment welds. 

In Exposure 1, each quarter panel contained twelve sets of 
metallographic sections which compared temper bead to con- 
ventional welding. These twelve sets consisted of four con- 
ventional welded attachments, four temper bead welded 
attachments, two grind-out, conventional repairs, and two 
grind-out temper bead repairs. The total number of crack 
arrays in the weld areas (i.e., HAZ and weld) of both the con- 
ventional and temper bead welds were counted on each quar- 
ter panel. With the exception of the CS pre-exposed to NACE 
Standard TM0284, Solution B, the temper bead welded 
regions exhibited more cracking compared to the conven- 
tional welded regions. This increase, based on number of 
crack arrays, ranged from 15% to 25% (see Figure 30). 

The average sum of the crack thickness in the weld areas 
(i.e., HAZ and weld) of both the conventional and temper 
bead areas was also tabulated. In ail but the CS pre-exposed 
to TM0177, Solution A, the average temper bead weld area 
crack thickness exceeded the corresponding average in the 
conventional welds. This increase ranged from 13% to 134% 
(see Figure 31). 

6.3.2 Based on the results of this project, repair welds of 
grind-outs made using a temper bead welding technique with- 
out PWHT exhibited similar cracking behavior to repair 
welds of grind outs made using a conventional welding tech- 
nique with PWHT. 

If repair welds are to be PWHT, then the weld repair would 
be made using a conventional procedure. However, if the 
repair welds are not to be subjected to a PWHT, then the use 
of a temper bead technique might be chosen. For this reason, 
an additional study was included in Exposure 2 on the longi- 
tudinal weld of the test panel. Four grind-out conventional 
repairs were conducted with PWHT and four grind-out tem- 
per bead repairs were conducted without PWHT. The number 
of cracks in the weid area for both techniques was compared 
for each quarter panel. The number of cracks in the weld area 
between the two procedures were nearly equivalent in almost 
ail four cases as shown in Figure 32. 

Comparison of the total crack thickness in the weld area 
for both techniques on each quarter panel also revealed con- 
sistency in behavior between the two techniques (see Figure 
33). Data on grind out, conventional repairs with and without 
PWHT were not available to illustrate the potential differ- 
ence. However, the results described above do suggest a 
potential benefit of temper bead weld repairs in cases where 
PWHT is not feasible. 

6.4 BLEND GRINDINWOE DRESSINGS 

6.4.1 Blend grinding the weld toe of attachment welds, 
which produced a smooth transition to the plate surface, 
resulted in more toe cracking in the weld area via SSC than 
fillet attachment welds left in the as-welded condition. 

In conjunction with Exposure 1, two out of four attach- 
ments on each quarter panel were blend ground. The blend 
grinding was intended to produce a smooth transition from 
the toe of the fillet to the base plate surface (i.e., reduce the 
stress concentration at the toe). No attempt was made to 
remove the hard HAZ region of the base metal adjacent to the 
attachment weld. 

The number of toe cracks observed at fillet attachments left 
as-welded versus those which were blend ground were tabu- 
lated per quarter panel. An example of toe cracks in a blend 
ground attachment weld on the HRS quarter panel is shown 
in Figure 34. Based on this analysis, both the CS and HRS 
quarter panels exhibited more toe cracks for blend ground 
areas than those left as-welded as shown in Figure 35. The 
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26 AMERICAN PETROLEUM INSTITUTE 

remaining two quarter panels showed essentially no effect of 
blend grinding. 

These results were surprising. No correlation could be 
made with respect to welding, orientation, bead hardness 
or depth of grinding. The only variable found to correlate 
well with these results was the degree of cracking present 
in the panels at the time of welding the attachments. The 
panels which exhibited - a  greater. number of - toe cracks 
exhibited little to no cracking at the time of attachment 
welding due to either the nature of the steel grade (HRS 
quarter panel) or pre-exposure solution (CS quarter panel 
exposed to TM0284, Solution B). The other two panels 
had extensive cracking at the time of fillet welding as a 
result of the 30-day one-sided, pre-exposure to TM0177, 
Solution A. This correlation remained unexplained. 

6.4.2 Deep toe dressings, which removed the hard HAZ 
region of the base metal adjacent to the weld, reduced the sus- 
ceptibility to the formation of SSC toe cracks, but in some 
cases led to the initiation and propagation of SOHIC at the 
base of the produced groove. 

Recall from the discussion in 5.4.1, the blend grinding or 
toe dressing evaluated in Exposure 1 was intended to reduce 
the stress concentration at the toe of the fillet weld. No intent 
was made to remove the hard HAZ region of the base metal 
adjacent to the weld. In Exposure 3, deep toe dressings were 
included to intentionally remove the hard HAZ region of the 
basc metal. The approach was successful in removing the 
hard HAZ region; however, this produced a groove in the pro- 
cess. These grooves were approximately 0.125 in. deep (25% 
of the wall thickness) and had a root radius of 0.0625 in. The 
deep toe dressings were evaluated on the LSCS and HRS 

attachments in the as-welded condition and the circumferen- 
tial weld of all four materials, also in the as-welded condition. 

No SSC was observed on any of the deep toe dressings 
evaluated. However, both metallographic sections removed 
from the attachment on the LSCS exhibited extensive SOHIC 
beneath the groove. The SOHIC initiated at the base of the 
groove and propagated to 50% and 70% of the wall thickness 
for the two sections, respectively. This percentage corre- 
sponded to SOHIC extension in the range of 0.125 in. to 
0.225 in. beyond the base of the groove. A photograph of one 
of the sections removed from the LSCS attachment is shown 
in Figure 36. In addition to these attachments, both deep toe 
dressings along the circumferential weld of this same mate- 
rial (LSCS) exhibited SOHIC initiation at the base of the 
groove. However, the extension was mild ranging from 0.01 
to 0.03 in. No SOHIC initiation was observed at these same 
locations on any of the remaining three materials. 

6.5 LOCALTHIN AREAWGROOVES 

6.5.1 No through-wall cracking was observed at the local 
thin areas along the longitudinal weld or circumferential weld 
which had an inherent remaining strength factor of 0.8. 

The Exposure 2 test panel contained two pairs of two LTA 
profiles as was depicted previously in Figure 18. One pair 
(Profile €2) was located on the longitudinal weld and repre- 
sented the deepest of the LTAs evaluated (60% of the wall; 
0.30 in.). The second pair (Profile Pi)  was located on the cir- 
cumferential weld with depths to 50% of the wall thickness 
(0.25 in.). No through-wall oriented cracking occurred at any 
of these four LTAs. 

Exposure 3 

2289, CS 2099. LSCS 3247, HRS 3250, TMCP 
Material (quarter panel) 

Figure 29-Reduction in the Occurrence of SSC Toe Cracks with PWHT 
in the Attach Welds Evaluated in Exposure 3 
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Exposure 1 
II _._____-- - 

_-_ - _ -  

_ _  __II_ __ ___ ~ - -  " - - 

2289-A, CS 3201-8, HRS 4745-C, CS 2289-D, CS 
Material (quarter panel) 

Figure 30-Number of Cracks Observed in the Conventional and Temper Bead Attachment Welds Illustrating the 
Slight Increase in the Occurrence of Cracking with the Temper Bead Technique 

..- -~ Exposure 1 

2289-A, CS 3201-6, HRS 47454, CS 2289-D, CS 
Material (quarter panel) 

Figure 31-Average Crack Thickness in the Weld Area of the 
Conventional and Temper Bead Attachment Welds 

HIC damage was observed just beneath many of the LTAs, 
but was limited to the immediate vicinity. HIC damage did 
not approach the O.D. surface. The minimal depth of HIC 
damage which occurred in the remaining ligament could be 
explained by the resulting hydrogen concentration gradients 
which developed in the full wall thickness versus the LTA 

same CO and C, for the remaining ligament of the LTA, the 
depth of cracking would also extend to the midwall of the 
remaining ligament. However, due to the differences in liga- 
ment thicknesses, the damaged ligament would be substan- 
tidly thinner for the case of the LTA, hence explaining the 
limited depth of cracking observed. 

remaining thickness. Figure 37 shows a schematic of the two 

observed in the full thickness section extending from the sur- 
face to midwall, then the critical hydrogen concentration 

6.5.2 No through-wall cracking was observed at the potential hydrogen 'Oncentration gradients' If damage is grooves (RSF = 0.8) along the longitudinal or circumferential 

required to produce cracking, C, can be estimated at one- 
half the subsurface hydrogen concentration CO. Using this 

The Exposure 2 test panel contained 16 grooves positioned 
along each attachment on the test panel. These grooves con- 
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Exposure 2 - -7 5.00 -I_____ 

I i j I Grind-out, conventional w/PWHT 
- 

-- 

m 
m !i' 4.00 JCl Grind-out, temper bead, no 

I 0 
9 3 I 3.00 ' .- 
(o 
Y o 
g 2.00 
c 
O 

âi 
1.00 

3 
Z 

0.00 
2280-A, CS 3201-8, HRS 47454. CS 2280-D, CS 

Material (quarter panel) 

Figure 32-Number of Cracks in the Weld Area between the Grind-out, 
Conventional Repair with PWHT and the Grind-out, Temper Bead Repair without PWHT 

. . . . . . . . . .  ....... -. Exposure 2 

find-out, conventional w/PW 

__ ................. ~ .. 

0.124 I 

2280-A, CS 3201-8, HRS 4745-C, CS 22804). CS 
Material (quarter panel) 

Figure 33-Total Crack Thickness in the Weld Area between the Grind-out, 
Conventional Repair with PWHT and the Grind-out, Temper Bead Repair without PWHT 

tained a 0.25 in. root radius and were 0.25 in. deep by the full 
length of the attachments (4 in.). This groove profile was 
acceptable per API RP 579 procedures. No through-wall on- 
ented cracking occurred at any of the grooves, thus support- 
ing the guidelines in API RP 579. 

6.5.3 No through-wall cracking was observed at the 
grooves (RSF > 0.9) along the longitudinal weld despite the 
sharpness of the root radii evaluated. 

Recall three groove profiles (RSF > 0.9) were evaluated 
along the longitudinal weld in Exposure 3. The first groove 
profile was acceptable per API RP 579 methodology but rep- 
resented the limit with respect to the sharpness of the root. 

However, the remaining two profiles contained root radii 
which were smaller than the critical root radius allowed by 
the proposed procedures. Per API RP 579, these two grooves 
would have been reclassified as a crack and re-analyzed. 
Despite the sharpness of the root radii, no through-wall crack- 
ing was observed. 

HIC damage was observed at the base of several of the 
grooves, however this cracking was in-plane and restricted to 
the immediate vicinity of the bottom of the grooves as found 
previously (recall the discussion in 5.5.1 concerning the 
hydrogen concentration gradients). 

6.5.4 SOHIC initiation and propagation was observed 
beneath the deep toe dressingsfgrooves in the LSCS. 
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REPAIR AND REMEDIATION STRATEGIES FOR EQUIPMENT OPERATING IN WET H2S SERVICE 29 

Figure 34-Toe Cracks Observed in the Blend Group Attachments on the 3201-B HRS. 
InterCorr 3201 -22B, Magnification 50 x (PN 4465-3) 

Exposure 1 
. 

............. ~ .. 

a 
0 6  
5 .- 
3 

.c 

$ 2  
r> 

z 5 
O 

I 6 6 i mBlendaround f I 

. 

..... " ............................ 

_" .- __ .......... 

2289-A, CS 3201-B, HRS 4745-C, CS 22890, CS 
Material (quarter panel) 

Figure 35-Number of Fillet Welds with Toe Cracks Observed 
between the As-welded and Blend Ground Weld Toes 

Recall the discussion in 5.4.2 which presented the results 
observed for the deep toe dressings adjacent to the attachment I 

welds. These deep toe dressings produced a groove approxi- 
mately 0.125 in. deep with a '/16 in. root radius. 

Note: These grooves would require reclassification as a crack per 
RP 579 methodology. SOHIC initiated at the base Of the groove 

Figure 36). In this case, the sharp root radius did result in cracking 
and S U P P O f i d  the Stipulated acceptance criteria in API RP 579. 

6.6 STRIP LINING 

6.6.1 Strip lining of the I.D. surface of the vessel without 
P m T  protected the materid from further damage; however, 

four of the materials evaluated. 

and propagated to a depth Of "P to 70% Of the thickness (see toe crack initiated at the attachent welds on three out of 
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30 AMERICAN PETROLEUM INSTITUTE 

Figure 3SSOHIC Extension from the Bottom of the Deep Toe 
Dressing on the LCSC Attachment Weld Evaluated in Exposure 3 (PN 4478-1) 

The objective of this surface treatment was to evaluate the 
interactionshehavior of the attachment welds joining the 
304L sheet to the base plate. The protection of the underlying 
base material was not of concern. Experience has proven that 
this method provides adequate protection to the base plate 
thereby minimizing further damage. 

Toe cracks were observed on the non-PWHT welds which 
utilized a 309L filler to attach the 304L sheet to the base plate 
on both of the CS quarter panels (2280-A and 2280-D) and 
HRS panel (3201-B). In the case of the CS, the cracks initi- 
ated and propagated to the extent of the HAZ (see Figure 38). 
However, in the case of the HRS, these cracks-were observed 
to propagate slightly past the extent of the HAZ into the base 
plate (see Figure 39). This behavior was also observed in the 
previous phase of large-scale testing(7,8). 

In the case of the remaining CS quarter panel (4745-C), no 
toe cracks were observed. Cracking in this steel was restricted 
to in-plane HIC only. Based on the cracking and minor extent 
of interaction with the attachment HAZ, the damage was 
believed to be present prior to the strip lining operation as a 
result of the 30-day, one-sided pre-exposures. 

6.6.2 Strip lining across existing weldments did not lead to 
cracking at the attachment weld to girth weld intersections. 

Sections were removed parallel to the girth weld on both 
strip lined areas included in Exposure 2. The purpose was to 
examine the susceptibility of the weld-to-weld interface to 
cracking. No cracking was observed in either section. 

6.7 ARC STRIKES/LOW HEAT INPUT WELDS 

6.7.1 SSC initiated from nearly all arc strikes evaluated on 
the CS, LSCS, HRS and TMCP. These cracks were found to 
arrest in the underlying base metal. All cracking was 
restricted to the HAZ. 

Arc strikes were studied in Exposure 3 to evaluate the 
potential for localized cracking in the hard HAZ regions. 
They were produced by removing the flux from the electrode 
tip and striking the metal. Metallographic sections were 
removed across the center of the arc strikes and examined. 

Hardnesses ranged from HRC 29 (converted from 500 
gram Vickers) on the TMCP steel to HRC 50 on the LSCS. 
SSC initiated from most sections evaluated and in all cases 
the cracking was restricted to the HAZ. The cracking 
observed at the arc strikes in the LSCS and the TMCP steel is 
shown in Figures 40 and 41, respectively. 

6.7.2 Low heat input welds (e 10 kJ/in.) did not result in 
the initiation of SSC. However, hardnesses were substantially 
lower than those produced by arc strikes. 

Low heat input welds (< 10 kJ/in.) have been historically 
used in previous laboratory studies to act as initiators of SSC 
for the purpose of examining the propagation behavior into 
the underlying base plate. Several low heat input weld beads 
were evaluated in Exposure 3. Bead hardnesses ranged from 
HRB 95 to HRC 26 (converted from 500 gram Vickers). HAZ 
hardnesses ranged from HRC 22 to HRC 31. No SSC was 
observed on any of the metallographic sections evaluated. 
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REPAIR AND REMEDIATION STRATEGIES FOR EQUIPMENT OPERATING IN WET H2S SERVICE 31 

Figure 37-Schematic of the Hydrogen Concentration Gradients Produced on a Full Wall Section 
of the Vessel Wall and the Remaining Ligament of an LTA 

Figure 38-TOe Crack Observed in the Strip Lining Attachment Weld 
on the 2280-A CS Quarter Panel. InterCorr 2280-1 9, 

Magnification 50 x (PN 4466-1) 
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32 AMERICAN PETROLEUM INSTITUTE 

Figure 39-TOe Crack Observed in the Strip Lining Attachment Weld 
on the 3201-8 HRS Quarter Panel. InterCorr 3201-32, Magnification 50 x (PN 4466-2) 

However, hardnesses were lower than those typically 
obtained with this technique. Furthermore, the hardnesses 
were substantially lower than those produced by the arc 
strikes discussed eariier. 

6.8 PRE-EXISTING SOHIC 

6.8.1 Difficulty was observed sizing SOHIC flaws fol- 
lowing the 7-day, one-sided pre-exposures under an 
applied stress of 90% of the SMYS. This was true for both 
the LSCS and HRS. 

Following the exposures to produce SOHIC as described in 
4.2.3, the quarter panels were submitted to two inspection 
companies for sizing. The first company was unable to locate 
any SOHIC in either panel using a manual ultrasonic tech- 
nique. The second company did locate SOHIC in the LSCS 
panel using an automated ultrasonic technique, but was hesi- 
tant to size the depth with any degree of confidence. This 
same company indicated that only slight SOHIC extension, if 
any, was present beneath the notch in the HRS panel. Based 
on other testing of these same heats of steel, InterCorr was 
confident SOHIC extension was present. However, metallo- 
graphic sectioning at this stage was not possible. 

6.8.2 SOHIC extension from the EDM notches was 
observed following the large-scale exposure in both the LSCS 
and HRS to varying depths as revealed by metallographic 
sectioning. 

Following the large-scale Exposure 3, duplicate sections 
were removed across the EDM notches in the LSCS and 
HRS quarter panels and examined for cracking. Both rnate- 
riais exhibited crack extension from the base of the EDM 
notches via SOHIC. The maximum SOHIC extension mea- 
sured in the LSCS was 0.15 in. The full crack array is shown 
in Figure 42. 

The maximum SOHIC extension measured in the HRS 
was 0.06 in., approximately 50% of that observed in the 
LSCS. The full crack array is shown in Figure 43. 

SOHIC initiation from the I.D. surface of the LSCS, away 
from any artificial initiators, was observed and propagated to 
a maximum depth corresponding to 30% of the wall thickness 
(0.16 in.). 

In addition to the SOHIC observed under the EDM notches 
in the LSCS and HRS, SOHIC was also observed on several 
additional sections evaluated on the LSCS. The SOHIC initi- 
ated from the I.D. surface of the plate in the absence of artifi- 
cial initiators (e.g.. arc strikes, attachment welds, low heat 
input welds, notches). The maximum depth measured on the 
sections corresponded to slightly over 30% of the wall thick- 
ness (0.16 in.). This depth closely matches that observed 
under the EDM notch on the same material described in 
5.8.2. The SOHIC array which was observed to produce the 
maximum depth of cracking is shown in Figure 44. 
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REPAIR AND REMEDIATION STRATEGIES FOR EQUIPMENT OPERATING IN WET H2S SERVICE 33 

Figure 40-Cracking at the Arc Strike on the LSCS. 
InterCorr 2099-9, Magnification 50 x (PN 4465-5) 

Figure 41-Cracking at the Arc Strike on the TMCP Steel. 
InterCorr 3250-37, Magnification 50 x (PN 4465-4) 
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34 AMERICAN PETROLEUM INSTITUTE 

Figure 42-SOHIC Extension from the Base of the EDM Notch Observed on the LSCS in Exposure 3. 
InteCorr 2099-1 3, Magnification 50 x (PN 4465-7) 
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REPAIR AND REMEDIATION STRATEGIES FOR EQUIPMENT OPERATING IN WET H2S SERVICE 35 

Figure 43-SOHIC Extension from the Base of the 
EDM Notch Observed on the HRS in Exposure 3. 
InterCorr 3247-20, Magnification 50 x (PN 4465-2) 

Figure 44-SOHIC in the Base Metal of the LSCS, 
which Developed in the Absence of an Artificial 

Crack Initiator. InterCorr 2099-13, 
Magnification 50 x (PN 4465-6) 
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APPENDIX A 

EXPOSURE 1 

DETAILED CRACKING RESULTS 

37 
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REPAIR AND REMEDIATION STRATEGIES FOR EQUIPMENT OPERATING IN W E T  H2S SERVICE 39 

5 
--i 

L 

Pre-exposure 

Temper Bead Fillet Weld 
1/2' Attochrnent - As Welded (8: 
Conventional Fillet Weld 

Temper Bead Fillet Weld 

Conventional fillet Weld 
1/2' Attachment - Blend Ground (8) 

1 Grind out, weld repair, conventional technique (8 plcs) 

Grind out. weld repair, temper bead technique (8 pîcs) 

p a c k l m  D a b  Leaend 
CLR (x) 
CTR (%) 

#of cracks in lhe weld area 
Sum of all crack thtcknesses In the weid area (in.) 
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Material :A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TM0284 

Project # : L932343KT 
Exposure :One-sided, 30 days 
pH (INIT) :8.2 
pH (FINL) :5.2 

CLI # : 2289A 

File # : W7-12.WK4 
Date : 5/2/96 

Section # : W7-1,2 
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Material : AS16-70 HRS 
Sulfur : 0.001 

Condition : Normalized 
Solution : TM0177-90 

Project # : L932343KT 
Exposure : One-sided, 30 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

CLI # : 3201 B 

File # : W-34.WK4 
Date : 5/2/96 

Section # : W7-3,4 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API Licensee=Occidental Chemical Corp New sub account/5910419101 

Not for Resale, 05/30/2007 22:46:11 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
,
`
,
`
,
,
`
`
`
`
`
`
`
`
`
`
`
,
,
,
`
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



Matenal : A285-C 
Sulfur : 0.021 

Condition : As-rolled 
Solution : TM0177 

Project # : L932343KT CLI # : 4745c 

File # : W7-56.WK4 
Date : 5/2/96 

Exposure : One-sided, 30 days 
pH (INIT) :2.8 
pH (FINL) :3.6 

Section # : W7-5,6 

Top 113, Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

Bottom 113 A (in) B (in) W (in) T (in) (“w (“/.I (“hl 

w7-5 Top 113 0.01 18 0.0020 2.087 0.518 BT 0.00 39.99 71 .O6 
0.2421 0.0650 BT 
0.0059 0.0020 BT 
0.0039 0.0020 BT 
0.0276 0.0472 BT 
0.1 634 0.0492 BT 
0.1732 0.0669 BT 
0.0098 0.0020 BT 
0.0079 0.0020 BT 
0.0098 0.0020 BT 
0.0079 0.0020 BT 
0.0669 0.0886 BT 
0.1043 0.0374 BT 

Middle 113 0.0000 0.0000 

Bottom 113 0.0000 0.0000 

w7-6 Top 113 0.2106 0.0768 1.933 0.51 8 BT 1.61 73.83 70.68 
0.271 7 0.0531 BT 
0.3465 0.0669 BT 
0.0059 0.0020 BT 
0.1 673 0.0866 BT 
0.1 063 0.0394 BT 
0.31 89 0.041 3 BT 

Middle 113 0.0000 0.0000 
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Matenal : A51 6-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TM0177 

Project # : L932343KT 
Exposure : One-sided, 30 days 
pH (INIT) :2.8 
pH (FINL) :3.7 

CLI # : 2289D 

File # : W7-78.WK4 
Date : 5/2/96 

Section # : W7-7,8 

Middle 113 0.0000 0.0000 

Bottom 113 0.0000 0.0000 

W7-8 Top 113 0.0453 0.0374 2.01 7 0.524 BT 0.1 6 58.56 78.89 
0.1 280 0.0354 BT 
0.2008 0.0630 BT 
0.1280 0.0492 BT 
0.0256 0.01 38 BT 
0.2677 0.0945 BT 
0.2657 0.0689 BT 
0.1 201 0.0512 BT 

Middle 113 0.0000 0.0000 
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Material : A51 6-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMO177 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

CLI # : 2289A 
Section # : W7-9A, 10A 

File # : W7-9A.WK4 
Date : 5/7/96 

Middle 113 0.0000 0.0000 

x 
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Material :A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMO177 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

CLI # : 2289A 
Section # : W7-96, 1 OB 

File # : W7-9B.WK4 
Date : 5l7196 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Top 113, Crack Crack Specimen Specimen Crack Section 

Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 
Bottom 113 A (in) B (in) W (in) T (in) YA) (W ("/.I 

W7-9B Top 113 0.1 929 0.0748 1 .O1 3 0.521 BT, H2T 2.76 22.55 16.25 
0.01 18 0.0039 BT 
0.01 38 0.0039 BT 
0.0098 0.0020 BT 

Middle 113 0.0000 0.0000 
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Material : A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMO177 

-~----------------------_______-_-______ -----__---------- 
Full Thickness Averages of All Three Sections 

Avg. CSR = 1.62 Std. Dev. = 0.34 

Avg. CTR = 18.64 Std. Dev. = 3.04 
Avg. CLR = 38.10 Std. Dev. = 8.36 

-- ---- ---- 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 1.62 Std. Dev. = 0.35 

Avg. CTR = 18.64 Std. Dev. = 3.14 
Avg. CLR = 38.10 Std. Dev. = 8.70 

----_- --- -- 
113 Thickness Averages of All Three Sections 

Avg. CSR = 1.62 Std. Dev. = 0.36 
Avg. CLR = 38.10 Std. Dev. = 9.08 
Avg. CTR = 18.64 Std. Dev. = 3.24 ---___- - 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) : 3.8 

__ _____ 
-----------------I__ ______ 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal 

H2 - Heat Affected Zone 2 

T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone 1 

---- ---- -- ~ - -  - 
Comments 

One sided, 30 day pre-exposure, TM0284. 

Number of cracks in weld area - 
Total crack thickness in weld area - 

2 

0.0925 

Girth weld, temper bead fillet weld, blend ground. 

---- - - ~ - - _ _ _ _ _ _  --- --- 

CLI # : 2289A 
Section # : W-11  A, 12A 

File # : W7-11 A.WK4 
Date : 5/7/96 
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Matenal :A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMO177 

Project # : L932343KT 
Exposure : One-sided, 1 O days 
pH (INIT) :2.8 
pH (FINL) : 3.8 

CLI # : 2289A 
Section # : W7-11 B, 128 

File # : W7-11 B.WK4 
Date : 5/7/96 

Middle 113 0.0000 0.0000 
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Material :A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMO177 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 

pH (FINL) : 3.8 

CLI # : 22890 
Section # : W7-13A,14A 

File # : W7-13A.WK4 
Date : 5/7/96 

Middle 113 0.0000 0.0000 
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I- 

Material :A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMO177 

Project # : L932343KT 
Exposure : One-sided, 1 O days 
pH (INIT) :2.8 

pH (FINL) : 3.8 

CLI # : 22890 
Section # :W7-13B, 148 

File # : W7-13B.WK4 
Date : 5/7/96 
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Material :A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution :TM0177 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) : 3.8 

CLI # : 2289A 
Section # : W7-15A. 16A 

File # :W7-15A.WK4 
Date : 5/7/96 

Middle 113 0.0000 0.0000 
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Mated :A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution :TM0177 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

CLI # : 2289A 
Section # : W7-158, 16B 

File # : W7-15B.WK4 
Date : 5/77/96 

Top 113, Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

Bottom 113 A (in) i3 (in) W (in) T (in) (“A) (“4 (“4 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W7-15B Top 113 0.0039 0.0020 1 .O23 0.51 7 BT 0.63 19.63 14.47 
0.0079 0.0020 BT 
0.0079 0.0020 BT 
0.0157 0.0059 BT 
0.01 18 0.0039 BT 
0.0039 0.0020 BT 
0.0728 0.0236 HlT, H1S 
0.0492 0.0236 H2T, BT, BS 

Middle 113 0.0276 0.0098 BM 
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I -  

Matenal : A51 6-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMOl77 

Project # : L932343KT 
Exposure : One-sided, 1 O days 
pH (INIT) :2.8 

pH (FINL) :3.8 

CLI # : 2289A 
Section # : W7-17,18 

File # :W7-17.WK4 
Date : 5/7/96 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API Licensee=Occidental Chemical Corp New sub account/5910419101 

Not for Resale, 05/30/2007 22:46:11 MDTNo reproduction or networking permitted without license from IHS

--`,,``,`,`,,```````````,,,``,`-`-`,,`,,`,`,,`---



Matenal : A516-70 HRS 
Sulfur : 0.001 

Condition : Normalized 
Solution : TM0177 

__-___-I_-----___--p --- - ~ -  
Full Thickness Averages of All Three Sections 

Avg. CSR = 0.42 Std. Dev. = 0.13 

Avg. CTR = 18.12 Std. Dev. = 5.81 
Avg. CLR = 5.53 Std. Dev. = 1.31 

__-__- ----_ 
Z 3  Thickness Averages of All Three Sections 

Avg. CSR = 0.42 Std. Dev. = 0.1 4 

Avg. CTR = 18.12 Std. Dev. = 6.1 6 
Avg. CLR = 5.53 Std. Dev. = 1.38 

113 Thickness Averages of All Three Sections 

Avg. CSR = 0.42 Std. Dev. = 0.1 5 

Avg. CTR = 18.12 Std. Dev. = 6.57 
Avg. CLR = 5.53 Std. Dev. = 1.44 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

----- ___------ ___-_ --I__ 
-----__I_________ 

Crack Location Codes 
B - E-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C -  O.D. ------ -----__ 

I------- 

-_____--_ -- 
Comments 

One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

Girth weld, temper bead fillet weld, no blend grinding. 

4 

0.1910 

--- -- 

CLI # :3201B 
Section # : WI-lgA, 20A 

File # : W-19A.WK4 
Date : 518196 

-__---_------__- 
~-I-- 

-__I__- -----______ ___----I-___-____ __________ 
Top 113, Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
(“w ___---__ --- -I 

(”/I Bottom 113 A (in) B (in) W (in) T (in) (“w ----__- ----- ___-- - - ~ - - -  --- 
W7-19A TOP 113 0.0256 0.0866 O. 963 0.528 HlS, HlT, H2T, BT 0.50 6.95 17.90 

0.041 3 0.0079 HlT, W 

Middle 113 0.0000 O .oooo 
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Material : A516-70 HRS 
Sulfur : 0.001 

Condition : Normalized 
Solution : TM0177 

________I_- I_- ---- - -_I_- 

2í3 Thickness Averages of All Three Sections 

Avg. CSR = 0.03 Std. Dev. = 0.01 
Avg. CLR = 1.43 Std. Dev. = 0.55 
Avg. CTR = 1.87 Std. Dev. = 0.74 _______---- 

113 Thickness Averages of All Three Sections 

Avg. CSR = 0.03 Std. Dev. = 0.01 

Avg. CTR = 1.87 Std. Dev. = 0.80 
Avg. CLR = 1.43 Std. Dev. = 0.60 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) : 2.8 
pH (FINL) :3.8 

---l_---------l_-I_ 
I__----I-__- ---- I~ -I__ 

_1---- 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weid area - 
2 

0.0197 

Girth weld, conventional fillet weld, no blend grinding. 

-~ -------- 

CLI # : 3201 B 
Section # : W7-I 9B, 208 

File # : W7-19B.WK4 
Date : 5/8/96 

______~---------------------- __- __-- --_ ---- ___I_ --- 
Top 113, Crack Crack Specimen Specimen Crack Section 

Secbon Mid. 1/3, or Length Thickness Wid& Thickness Location CSR CLR CTR 
Bottom 113 A (in) B (in) W (in) T (in) (?A) (?A) (?/.) 

I --_-- 
-I_--- 

W7-19B TOP 113 0.01 38 0.01 18 0.963 0.525 W 0.03 1.43 2.25 

Middle 113 0.0000 o.Ooo0 

Bottom 113 0.0000 0.0000 

Full Thickness Averages of All Three Sections 

Avg. CSR = 0.03 Std. Dev. = 0.01 
Avg. CLR = 1.43 Std. Dev. = 0.52 
Avg. CTR = 1.87 Std. Dev. = 0.69 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 
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Material : A516-70 HRS 
Sulfur : 0.001 

Solution : TM0177 
Condition : Normalized 

----- --- 
Full Thickness Averages of All Three Sections 

Avg. CSR = 1.21 Std. Dev. = 0.51 

Avg. CTR = 21.01 Std. Dev. = 5.58 
Avg. CLR = 18.10 Std. Dev. = 5.24 

_____I- --- - _ ~ _ _  __-- 
2l3 Thickness Averages of All Three Sections 

Avg. CSR = 1.21 Std. Dev. = 0.54 
Avg. CLR = 18.10 Std. Dev. = 5.53 
Avg. CTR = 21.01 Std. Dev. = 5.87 

-- - 
113 Thickness Averages of All Three Sections 

Avg. CSR = 1.17 Std. Dev. = 0.60 
Avg. CLR = 6.45 Std. Dev. = 2.73 
Avg. CTR = 20.63 Std. Dev. = 6.43 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) : 2.8 
pH (FINL) :3.8 

______l__l-_-------l___ll_______ -- -_ ~ - -__ - - -  - 
Crack Location Codes 

B - &Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C -  O.D. -- ---- 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 
Total crack thickness in weld area - 

4 

0.2126 

Girth weld, conventional fillet weld, blend ground. 

CLI # : 3201 B 
Section # : W7-21 A, 22A 

File # : W7-21 A.WK4 
Date : 5/8/96 

___--I 
----_-__-- 
I_ 

-- - _---__--_--_______~_- --__- 
Top 113, Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
(“4 

I--~---- -- (“4 Bottom 113 A (in) B (in) W (in) T (in) (“4 

0.0984 0.1122 W 

-- -_ 
W7-21A TOP 113 0.0177 0.0394 1 .O23 0.512 H1 S, H1 T, H2T 2.33 34.65 30.37 

Middle 113 0.0295 0.0020 
0.2087 0.0020 

BM 
BM 

Middle 113 O.oo00 O.oo00 
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Material : A516-70 HRS 
Sulfur : 0.001 

Condition : Normalized 
Solution : TM0177 

- 
Full Thickness Averages of All Three Sections 

Avg. CSR = 0.95 Std. Dev. = 0.22 

Avg. CTR = 22.93 Std. Dev. = 5.10 
Avg. CLR = 15.45 Std. Dev. = 2.57 

--- 
2J3 Thickness Averages of All Three Sections 

Avg. CSR = 0.95 Std. Dev. = 0.23 

Avg. CTR = 22.93 Std. Dev. = 5.32 
Avg. CLR = 15.45 Std. Dev. = 2.65 

------ 
113 Thickness Averages of All Three Sections 

Avg. CSR = 0.95 Std. Dev. = 0.24 
Avg. CLR = 15.45 Std. Dev. = 2.72 
Avg. CTR = 22.93 Std. Dev. = 5.57 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) : 2.8 
pH (FINL) :3.8 

__ -__ - --- -----__ -_- 
Crack Location Codes 

B - &Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone I 
H2 - Heat Affected Zone 2 

--------- 
_I_---_- 

---- --- 
Comments 

One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 
Total crack thickness in weld area - 
Girth weld, temper bead fillet weld, blend ground. 

4 

0.2146 

CLI #:32OlB 
Section # : W7-21 B, 22B 

File # : W7-21 B.WK4 
Date : 5/8/96 
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Material : A51 6-70 HRS 
Sulfur : 0.001 

Solution : TM0177 
Condition : Normalized 

__- 
Full Thickness Averages of All Three Sections 

Avg. CSR = 0.01 Std. Dev. = 0.01 

Avg. CTR = 2.07 Std. Dev. = 1.11 
Avg. CLR = 0.28 Std. Dev. = 0.1 5 

_-_l_l------ 
- - - I I _ ~  _1_1_ 

2‘3 Thickness Averages of All Three Sections 

Avg. CSR = 0.01 Std. Dev. = 0.01 
Avg. CLR = 0.28 Std. Dev. = 0.1 6 
Avg. CTR = 2.07 Std. Dev. = 1.19 - - ~  ___ 

113 Thickness Averages of All Three Sections 

Avg. CSR = 0.01 Std. Dev. = 0.01 
Avg. CLR = 0.28 Std. Dev. = 0.1 8 
Avg. CTR = 2.07 Std. Dev. = 1.30 
II __ 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) : 2.8 
pH (FINL) : 3.8 

--- __-_I-__---________l__l___________- 
-l__-l___- 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C -  O.D. -- __ __ ____I_____ 
I_- 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 
Total crack thickness in weld area - 

1 

0.0217 

Longitudinal weld, conventional fillet weld, no blend grinding. 

---I_- - 

CLI # : 3201 B 
Section # : W7-23A, 24A 

File # : W7-23A.WK4 
Date : 5/8/96 

_______ ------ __ - ---- ___ ---- __ ___------_____ __-----I_-- 
--- 

I_-__ 

Top 113, Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

Bottom 113 A (in) B (in) W (in) T (in) (”/.) (”/I (”/I - - ----l___l 
I 

W7-23A Top 113 0.0059 0.0217 1 .O47 0.522 ws, w 0.02 0.56 4.15 
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Material : A516-70 HRS 
Sulfur :0.001 

Solution : TM0177 
Condition : Normalized 

Full Thickness Averages of All Three Sections 

Avg. CSR = 0.40 Std. Dev. = 0.1 3 
Avg. CLR = 6.10 Std. Dev. = 1.34 
Avg. CTR = 12 .n  Std. Dev. = 3.57 

-- -- --- - 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 0.40 Std. Dev. = 0.1 3 
Avg. CLR = 6.10 Std. Dev. = 1.40 
Avg. CTR = 12.77 Std. Dev. = 3.77 
I----- 

113 Thickness Averages of All Three Sections 

Avg. CSR = 0.39 Std. Dev. = 0.1 4 

Avg. CTR = 12.40 Std. Dev. = 4.02 
Avg. CLR = 5.44 Std. Dev. = 1.49 

- - - 

Project # : L932343KT 
Exposure : One-sided, 1 O days 
pH (INIT) : 2.8 
pH (FINL) :3.8 

Crack Location Codes 
B - B-Base Metal 

W - Weid Metal 
H I  - Heat Affected Zone 1 

S -  Surface 

M - Middle 
T -  I.D. 

C -  O.D. H2 - Heat Affected Zone 2 --__----____ _--____ - 
-I 

I_ - 
Comments 

One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

Longitudinal weld, temper bead fillet weld, no blend grinding. 

2 

0.1 103 

-- 

CLI # :3201B 
Section # : W7-238,248 

File # : W-23B.WK4 
Date : 5/8/96 

I_-- I- -_-- ------- --- ~ - -  - __-___ - _------- -- ---_ _ _ - ~ - -  
Top 113, Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
Bottom 113 A (in) B (in) W (in) T (in) ("/.I ("/.I (W 

____--_~____I__-__-_-----__- ----_ -__II-- 
------- -- 
__-_I 

W7-238 TOP 113 0.01 97 0.051 2 1 .O47 0.521 HlS, HlT, H2T, BT 0.1 8 1.88 9.82 

Middle 113 0.0000 0.0000 
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Material : A516-70 HRS 
Sulfur : 0.001 

Condition : Normalized 
Solution : TMOí 77 

Project # : L932343KT 
Exposure : One-sided, 1 O days 
pH (INIT) :2.8 
pH (FINL) :3.8 

CLI # : 3201 B 
Section # : W7-25A, 26A 

File # W7-25A.WK4 
Date : 5/8/96 
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Matenal :A516-70 HRS 
Sulfur :0.001 

Solution : TM0177 
Condition : Normalized 

---~-I 

Full Thickness Averages of All Three Sections 

Avg. CSR = 0.07 Std. Dev. = 0.02 
Avg. CLR = 2.40 Std. Dev. = 0.78 
Avg. CTR = 3.24 Std. Dev. = 1 .O6 

---- ------ _____- - 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 0.07 Std. Dev. = 0.03 

Avg. CTR = 3.24 Std. Dev. = 1.13 
Avg. CLR = 2.40 Std. Dev. = 0.83 

- - - ~ -  _-___-- 
1/3 Thickness Averages of All Three Sections 

Avg. CSR = 0.07 Std. Dev. = 0.03 
Avg. CLR = 2.40 Std. Dev. = 0.89 
Avg. CTR = 3.24 Std. Dev. = 1.20 

Project # : L932343KT 
Exposure : One-sided, 1 O days 
pH (INIT) : 2.8 
pH (FINL) : 3.8 

-I-------- -- ----- --- - -- 
Crack Location Codes 

B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  O.D. 
H I  - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

p-I~ ~- 
Comments 

One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

2 

0.0314 

Longitudinal weld, conventional fillet weld, blend ground. 

CLI # : 3201 B 
Section # : w7-25B, 268 

File # : M-25B.WK4 
Date : 5/8/96 
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Material : A516-70 HRS 
Sulfur :0.001 

Condition : Normalized 
Solution : TMOln 

__------ -- -- - 
Full Thickness Averages of All Three Sections 

Avg. CSR = 0.16 Std. Dev. = 0.05 

Avg. CTR = 7.32 Std. Dev. = 1.77 
Avg. CLR = 4.08 Std. Dev. = 0.88 

- 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 0.16 Std. Dev. = 0.05 
Avg. CLR = 4.08 Std. Dev. = 0.92 
Avg. CTR = 7.32 Std. Dev. = 1.86 

~ - - - - -  - -- 
113 Thickness Averages of All Three Sections 

Avg. CSR = 0.16 Std. Dev. = 0.06 
Avg. CLR = 3.98 Std. Dev. = 0.97 
Avg. CTR = 7.13 Std. Dev. = 1.97 

-_---I____I___ ---- 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

------I_----------- ------ ~ ____________ -- --- I__---- 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

I____I______ ----- -- - - 
Comments 

One sided, 30 day pre-exposure, TMO177. 

---I__ -- -_I___ 

CLI # : 3201 B 
Section # : W7-27.28 

File # : W7-27.WK4 
Date : 5/8/96 

l__-__----_____--l_______I____ _ _ - ~  - -- -~ ------ -- 
Top 113, Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
(”/I --- ___-----I- ___-- I-- -~ Bottom 113 A (in) B (in) W (in) T (in) (“A) (“A) - - 

W7-27 Top 1/3 0.0098 0.0020 2.002 0.522 BT 0.24 4.92 9.80 
0.021 7 0.01 18 BT, BS 
0.0630 0.0354 BT, BS 

BM 
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Matenal : A285-C 
Sulfur : 0.021 

Condition : As-rolled 
Solution : TM0177 

Full Thickness Averages of All Three Sections 

Avg. CSR = 0.77 Std. Dev. = 0.1 8 

Avg. CTR = 6.52 Std. Dev. = 1.37 
Avg. CLR = 30.81 Std. Dev. = 6.21 

--- 
U3 Thickness Averages of All Three Sections 

Avg. CSR = 0.77 Std. Dev. = 0.1 9 
Avg. CLR = 30.81 Std. Dev. = 6.45 
Avg. CTR = 6.52 Std. Dev. = 1.43 

- -- 
113 Thickness Averages of All Three Sections 

Avg. CSR = 0.77 Std. Dev. = 0.20 

Avg. CTR = 6.52 Std. Dev. = 1.49 
Avg. CLR = 30.81 Std. Dev. = 6.70 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) : 2.8 
pH (FINL) : 3.8 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone 1 
i i 2  - Heat Affected Zone 2 

-__ - - ~ - -  __ 
Comments 

One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 
4 

0.0591 

Girth weld, conventional fillet weld, no blend grinding. 

CLI # :4745c 
Section # : W7-29A, 30A 

File # : W7-29A.WK4 
Date : 5/8/96 

---- - ---- ---- -- -- -- -- ---- - 
Top 113. Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
Bottom 113 A (in) B (in) W (in) T (in) (W (“4 (“10) _ _ - ~  - - ~ -  __--- _-- - - 

W7-29A Top 113 0.1 142 0.0079 1 .o00 0.514 BT, H2T, HIT 0.34 15.75 5.36 
0.0433 0.01 97 HlT, H2T 

Middle 113 0.0000 0.0000 

Bottom 113 0.0000 0.0000 

W7-30A TOP 113 0.1 535 0.0079 1 .O04 0.51 3 BT 1.21 45.88 7.67 
0.1398 0.0098 BT, H2T, H1T 
0.1673 0.0217 BT, H2T, H1T 

Middle 113 0.0000 0.0000 

Bottom 113 0.0000 0.0000 
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Material : A285-C 
Sulfur : 0.021 

Condition : As-rolled 
Solution : TM0177 

_ - - _ - _ _ _ _ ~  -- __-___ 
Full Thickness Averages of All Three Sections 

Avg. CSR = 5.71 Std. Dev. = 1.27 

Avg. CTR = 23.40 Std. Dev. = 4.77 
Avg. CLR = 65.02 Std. Dev. = 12.67 

---------- 
2/3 Thickness Averages of All Three Sections = 

Avg. CSR = 5.70 Std. Dev. = 1.32 
Avg. CLR = 64.13 Std. Dev. = 13.22 
Avg. CTR = 23.02 Std. Dev. = 4.99 

-- 
1/3 Thickness Averages of All Three Sections 

Avg. CSR = 5.70 Std. Dev. = 1.38 
Avg. CLR = 64.13 Std. Dev. = 13.70 
Avg. CTR = 23.02 Std. Dev. = 5.19 - --l_-_ll 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) : 2.8 
pH (FINL) : 3.8 

I_-____ ---- - 
Crack Location Codes 

B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

Comments 
One sided, 30 day pre-exposure, TM0177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 
3 

0.1398 

Girth weld, temper bead fillet weld, no blend grinding. 

--- --- 

CLI # :4745c 
Section # : W7-29B, 308 

File # : M-29B.WK4 
Date : 518196 
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Matenal : A285-C 
Sulfur :0.021 

Condition : As-rolled 
Solution : TMO177 

_________----I_--l______l_l____ 

Full Thickness Averages of All Three Sections 

Avg. CSR = 4.66 Std. Dev. = 0.77 

Avg. CTR = 24.13 Std. Dev. = 3.92 
Avg. CLR = 67.21 Std. Dev. = 9.62 

2i3 Thickness Averages of All Three Sections 

Avg. CSR = 4.66 Std. Dev. = 0.79 

Avg. CTR = 24.13 Std. Dev. = 4.04 
Avg. CLR = 67.21 Std. Dev. = 9.82 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

____I______ ---- ----- 
Crack Location Codes 

B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 
-___-I_--_ ~- 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 2 

CLI # :4745c 
Section # : W7-31 A, 32A 

File # : W-31  A.WK4 
Date : 5/8/96 

. .....____. 

Bottom 113 0.0000 0.0000 _-_-----___- ------- --_--------I____ ---- ---_l------ - - ~ -  - _ 
W7-32A TOP 113 0.1496 0.021 7 1 .O28 0.51 4 BT 5.96 74.87 31.79 

0.1 654 0.0472 BT 
0.2520 0.0256 BT, H2T 
0.2028 0.0689 BT, BS 

1 - -- 
113 Thickness Averages of All Three Sections 

Avg. CSR = 4.66 Std. Dev. = 0.82 
Avg. CLR = 67.21 Std. Dev. = 9.93 
Avg. CTR = 24.13 Std. Dev. = 4.1 4 

Total crack thickness in weld area - 0.0630 

Girth weld, temper bead fillet weld, blend ground. 
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Material : A285-C 
Sulfur : 0.021 

Condition : As-rolled 
Solution : TM0177 

__-----------___-__I-----_---------------- -- 
Full Thickness Averages of All Three Sections 

Avg. GSR = 1.14 Std. Dev. = 0.33 

Avg. CTR = 14.77 Std. Dev. = 4.71 
Avg. GLR = 21.83 Std. Dev. = 4.47 

- 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 1.1 4 Std. Dev. = 0.34 
Avg. CLR = 21.83 Std. Dev. = 4.66 
Avg. CTR = 14.77 Std. Dev. = 4.97 - - 

113 Thickness Averages of All Three Sections 

Avg. CSR = 1.14 Std. Dev. = 0.36 
Avg. CLR = 21.83 Std. Dev. = 4.85 
Avg. CTR = 14.77 Std. Dev. = 5.28 

-----1_-1 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) : 2.8 
pH (FINL) : 3.8 

-----I---___ 
l___--___--l____---___I_______ ------ I__ ------- 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  O.D. 
H I  - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

---I---- 
1__1_--- 

___---- 
Comments 

One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weid area - 
Total crack thickness in weld area - 

2 

0.0374 

Girth weld, conventional fillet weld, no blend grinding. 

--- 

CLI # : 4745c 
Section # : W7-31 B, 328 

File # : W7-31 B.WK4 
Date : 5/8/96 

________--- 
--I 

___-__ 
c--~-- ___-- 

Top 113, Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

Bottom 113 A (in) B (in) W (in) T (in) (“A) (W (”/I 
I______---_ p--l___l--l_ - - --I ~- 

W7-31B TOP 113 0.01 18 0.0039 1 .O28 0.51 3 H1 T 2.17 31 .O2 28.78 
0.1358 0.0335 BS, BT, H2T, H1T 
0.01 97 0.0020 BT 
0.0906 0.0079 BT 
0.061 o 0.1004 BT, BS 

Middle 113 0.0000 0.0000 
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Matenal : A285-C 
Sulfur : 0.021 

Condition : As-rolled 
Solution : TMO177 

Project # : L932343KT 
Exposure : One-sided, 1 O days 
pH (INIT) :2.8 
pH (FI NL) : 3.8 

CLI # : 4745c 
Section # : W7-33A, 34A 

File # : W7-33A.WK4 
Date : 5/8/96 

Middle 113 0.0000 0.0000 
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Material : A285-C 
Sulfur : 0.021 

Condition : As-rolled 
Solution : TMO177 

Full Thickness Averages of All Three Sections 

Avg. CSR = 6.16 Std. Dev. = 1.19 

Avg. CTR = 30.49 Std. Dev. = 5.24 
Avg. CLR = 55.93 Std. Dev. = 10.18 

2/3 Thickness Averages of All Three Sections 

Avg. CSR = 6.16 Std. Dev. = 1.24 

Avg. CTR = 30.49 Std. Dev. = 5.41 
Avg. CLR = 55.93 Std. Dev. = 10.54 

- 
113 Thickness Averages of All Three Sections 

Avg. CSR = 6.16 Std. Dev. = 1.29 

Avg. CTR = 30.49 Std. Dev. = 5.58 
Avg. CLR = 55.93 Std. Dev. = 10.91 

---- -- 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

Crack Location Codes 
B - &Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

- 
Comments 

One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

3 

0.1535 

Longitudinal weld, conventional fillet weld, no blend grinding. 

--- - 

CLI # : 4745c 
Section # : W7-33B,34B 

File # : W7-33B.WK4 
Date : 5/8/96 

--__-I__- ______--------- -------------I-- __----- -------- ~ - -  __------- 
Top 113, Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
Bottom 113 A (in) B (in) W (in) T (in) (%) (%I (Yo) ___-------__ - -_-- ~ -- I_ - 

W7-338 TOP 113 0.3760 0.0531 1 .O77 0.518 BT, H2T, H1T 5.91 57.24 26.22 
0.1 850 0.0650 HlT, H2T, B i ,  BS 
0.0551 0.01 77 ET, BS 

Middle 1 I3 0.0000 o.Ooo0 

Bottom 113 0.0000 0.0000 
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Material : A285-C 
Sulfur : 0.021 

Condition : As-roiled 
Solution : TMO177 

-----_-----~- - ----- ____I___ 

Full Thickness Averages of All Three Sections 

Avg. CSR = 3.64 Std. Dev. = 1 .O8 

Avg. CTR = 20.47 Std. Dev. = 4.80 
Avg. CLR = 37.49 Std. Dev. = 9.35 

- - ~ - - - - -  ---- ____-- 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 3.64 Std. Dev. = 1.14 

Avg. CTR = 20.47 Std. Dev. = 5.03 
Avg. CLR = 37.49 Std. Dev. = 9.82 

- 
1/3 Thickness Averages of All Three Sections 

Avg. CSR = 3.64 Std. Dev. = 1.21 
Avg. CLR = 37.49 Std. Dev. = 10.34 
Avg. CTR = 20.47 Std. Dev. = 5.27 - -- 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

- -------- -I__--_ - --_- --- 
Crack Location Codes 

B - 6-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

-----_-------I_ ___ --___ - - ------- 
Comments 

One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 
1 

0.0630 

Longitudinal weld, conventional fillet weld, blend ground. 

-- 

CLi # : 4745c 
Section # : W7-35A, 36A 

File # : W7-35A.WK4 
Date : 5/8/96 

--------- ________--- __-------__- _------_ _l----__-___-l_ - -----__- 
Top 113, Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
Bottom i13 A (in) B (in) W (in) T (in) (“4 (“4 (“4 

__ _____-________I__-____-_---__I_____--__-- ----- ----- -- --_____---_------_______-l-l---_-- 

W7-35A Top 113 0.1 142 0.0728 1 .o46 0.518 BT, BS 2.02 29.1 8 16.72 
0.1 909 0.01 38 BT 

Middle 113 0.0000 o.Ooo0 

Bottom 1/3 0.oOoo O.oo00 
__________--_-----__l_________l_____ 

-__I --- -_IL___ 
--- --- 

W7-36A TOP 113 0.0236 0.0059 1 .O49 0.51 2 BT 5.25 45.79 24.22 
0.3661 0.0630 BS, BT, H2T, H lT  
0.0906 0.0551 BT, BS 

Middle 113 0.0000 0.0000 
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Material : 14285-C 
Sulfur : 0.021 

Condition : As-rolled 
Solution :TM0177 

--------------------------~-------I_-------- . . . . . . . . . . . . . . . . . . . . . .  
Full Thickness Averages of All Three Sections 

Avg. CSR = 7.69 Std. Dev. = 1.47 
Avg. CLR = 67.47 Std. Dev. = 13.45 
Avg. CTR = 36.15 Std. Dev. = 6.1 5 

I_- 
__--- 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 7.69 Std. Dev. = 1.52 

Avg. CTR = 36.15 Std. Dev. = 6.34 
Avg. CLR = 67.47 Std. Dev. = 13.98 

- -- 
113 Thickness Averages of All Three Sections 

Avg. CSR = 7.69 Std. Dev. = 1.57 
Avg. CLR = 67.47 Std. Dev. = 14.53 
Avg. CTR = 36.15 Std. Dev. = 6.50 --- ~ - - _ _ _ _  

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

-----l-l__l_----l--__------- 
-------I ---I ---- 

Crack Location Codes 
B - BBase Metal 

W - Weld Metal 
H I  - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

S -  Surface 

M - Middle 
T -  I.D. 

C -  O.D. 
--- - --I-__ 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

3 

0.1633 

Longitudinal weld, temper bead fillet weld, blend ground. 

- 

CLI # :4745c 
Section # : W7-35B,36B 

File # : W7-35B.WK4 
Date : 5/8/96 
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Material : A285-C 
Sulfur : 0.021 

Condifion : As-rolled 
Solution : TMO177 

Full Thickness Averages of All Three Sections 

Avg. CSR = 6.41 Std. Dev. = 0.81 

Avg. CTR = 58.85 Std. Dev. = 4.75 
6.06 Avg. CLR = 64.24 Std. Dev. = 

- 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 6.41 Std. Dev. = 0.83 
Avg. CLR = 64.24 Std. Dev. = 6.15 
Avg. CTR = 58.85 Std. Dev. = 4.78 _-___ - 

1/3 Thickness Averages of All Three Sections 

Avg. CSR = 6.41 Std. Dev. = 0.85 
Avg. CLR = 64.24 Std. Dev. = 6.23 
Avg. CTR = 58.85 Std. Dev. = 4.79 
__--_______---I----------- 
--I 

Project # : L932343KT CLI # :4745c 
Section # : W7-37, 38 

File # : W7-37.WK4 
Date : 5/8/96 

Exposure :One-sided, 10 days 
pH (INIT) : 2.8 
pH (FINL) :3.8 

Crack Location Codes 
B - &Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 
HI - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C -  O.D. ----_ 

Comments 
One sided, 30 day pre-exposure, TMO177. 

----II-- 
____ -- - ------- 

---_-- I__-----___ ------ -- -~ - 
Top 113, Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
Bottom 113 A (in) B (in) W (in) T (in) (%I (?N (W __________- _ _ ~  --___- __ ___________------___--------- ___ -- -----I---_- ___ ---- ___I_----- 

W7-37 Top 113 0.0295 0.0079 1.979 0.514 ET, BS 6.63 63.36 55.53 
0.4409 0.0689 BT 
0.0846 0.041 3 BT, BS 
0.1 142 0.0256 BT 
0.3346 0.061 O BT, BS 

BT, BS 0.1 496 0.0531 
0.0886 0.021 7 ET 
0.01 18 0.0059 BT 

Middle 1 J3 0.0000 0.0000 

Bottom 113 0.0000 0.0000 
___--_-__----_I -----I------ ----- - ------ --___- - - --- --------- - 

W7-38 TOP 113 0.0453 0.0079 1.992 0.51 3 BT 6.1 9 65.12 62.16 
0.31 89 0.0846 BT, BS ? 

0.0945 0.0256 BT 
0.2067 0.0295 BT 
0.1 437 0.0394 BT 
O. 1299 0.0394 BT 
0.2894 0.0531 ET 
0.051 2 0.01 57 BT 
0.01 77 0.0236 BT 

Middle 113 0.0000 o.Ooo0 

Bottom 113 0.0000 0.oOoo 
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Material : A51 6-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMO177 

Project # : L932343KT 
Exposure : One-sided, 1 O days 
pH (INIT) :2.8 

pH (FINL) :3.8 

CLI # : 2289D 
Section # : W7-39A, 40A 

File # : W7-39A.WK4 
Date : 5/7/96 

Middle 113 o.oo00 0.0000 

Girth weld, temper bead fillet weld, no blend grinding. 
Avg. CSR = 2.14 Std. Dev. = 0.31 
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Material : A516-70 CS 
sulfur : 0.025 

Condition : As-rolled 
Soiution :TM0177 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) : 3.8 

CLI # : 2289D 
Section # : W7-396,406 

File # : W7-39B.WK4 
Date : 5/7/96 
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Matenal :A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMO177 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 

pH (FINL) :3.8 

CLI # : 2289D 
Section # : W7-41 A, 42A 

File # : W7-41A.WK4 
Date : 5/7/96 
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Material :A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMO177 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) : 3.8 

CLI # : 2289D 
Section # : W7-41 B, 428 

File # : W7-41 B.WK4 
Date : 5/7/96 

Middle 113 0.0000 0.0000 
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Material :A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMOlï7 

Full Thickness Averages of All Three Sections 

Avg. CSR = 5.52 Std. Dev. = 0.96 
Avg. CLR = 53.22 Std. Dev. = 7.08 
Avg. CTR = 40.88 Std. Dev. = 5.53 

2/3 Thickness Averages of All Three Sections 

Avg. CSR = 5.52 Std. Dev. = 1 .o0 
Avg. CLR = 53.22 Std. Dev. = 7.25 
Avg. CTR = 40.88 Std. Dev. = 5.67 ____________________----------------------- ........................................... 

1/3 Thickness Averages of All Three Sections 

Avg. CSR = 5.52 Std. Dev. = 1 .O3 
Avg. CLR = 53.22 Std. Dev. = 7.41 
Avg. CTR = 40.88 Std. Dev. = 5.80 

-----------------------==-------------------------------------------------- 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

CLI # : 2289D 
Section # : W7-43A, 44A 

File # : W7-43A.WK4 
Date : 5/7/96 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

Comments 
One sided, 30 day pre-expocure, TMOlï7. 

Number of cracks in weld area - 

Total crack thickness in weld area - 
3 

0.1633 

Longitudinal weld, temper bead fillet weld, no blend grinding. 

Middle 113 0.0000 0.0000 

Bottom 113 0.0000 0.0000 

W7-44A Top 113 0.2264 0.0689 0.964 0.521 BS, BT 5.02 52.68 41.18 
0.1 102 0.041 3 BT, H2T, H1T 
0.0335 0.0020 BT 
0.0236 0.0079 BT 
0.0433 0.0689 W 
0.0709 0.0256 BS, BT 

" ,-                                       
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API Licensee=Occidental Chemical Corp New sub account/5910419101 

Not for Resale, 05/30/2007 22:46:11 MDTNo reproduction or networking permitted without license from IHS

--`,,``,`,`,,```````````,,,``,`-`-`,,`,,`,`,,`---



Material :A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMO177 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) : 3.8 

CLI # : 2289D 
Section # : W7-43B,44B 

File # : W7-43B.WK4 
Date : 5/7/96 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Top 113, Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
Bottom 113 A (in) B (in) W (in) T (in) (%) (”/) 

W7-43B Top 113 0.0906 0.0295 0.960 0.51 9 BS, BT 3.77 58.06 31.48 
0.0748 0.0591 W 
0.0374 0.0079 BT 
0.1 575 0.0453 BT 
0.1 969 0.0217 HlT, H2T, BT 

Middle 113 0.0000 0.0000 

Bottom 113 0.0000 0.0000 

W-44B Top 113 0.1 122 0.0354 0.964 0.521 ES, BT 1.59 54.52 21.16 
0.0453 0.0492 W 
0.0335 0.0039 BT 
0.0295 0.0020 BT 
0.1772 0.0059 BT 
0.01 38 0.0020 ’ BT 
0.0984 0.0039 BT 
0.01 57 0.0079 BT 

Middle 113 0.0000 0.0000 
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Matenal : A516-70 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TM0177 

Full Thickness Averages of All Three Sections 

Avg. CSR = 3.21 Std. Dev. = 0.51 
Avg. CLR = 49.53 Std. Dev. = 5.27 
Avg. CTR = 34.91 Std. Dev. = 3.65 

2/3 Thickness Averages of All Three Sections 

Avg. CSR = 3.21 Std. Dev. = 0.53 
Avg. CLR = 49.53 Std. Dev. = 5.36 
Avg. CTR = 34.91 Std. Dev. = 3.71 --- - --- --- 

113 Thickness Averages of All Three Sections 

Avg. CSR = 3.21 Std. Dev. = 0.54 

Avg. CTR = 34.91 Std. Dev. = 3.76 
Avg. CLR = 49.53 Std. Dev. = 5.43 

~ ---- ------___ -- - ---I-- 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) : 2.8 
pH (FINL) :3.8 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

---___--I__--_ - --- - 
Comments 

One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 
Total crack thickness in weld area - 

6 

0.2086 

Longihidinal weld, conventional fillet weld, blend ground. 

-- --I_-- ---- ---- - 

CLI # : 2289D 
Section # : W7-45A, 4ôA 

File # : W7-45A.WK4 
Date : 5/7/96 

____ __--___ _-________L________-----------____L- ~ - _ _ ~ - - - - - -  -___-- - --- 
__----I_ ------- - - - - ~  

Top 113, Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

Bottom 113 . A (in) B (in) W (in) T (in) ("/I (W ("/.I 
--I_____ _--- --- -- - - 

W7-45A TOP 113 0.0492 0.01 38 0.978 0.507 BT 4.62 59.81 40.38 
0.0709 0.01 38 BT, BS 
0.01 57 0.0020 BT 
0.1 929 0.061 O HlT, H2T 
0.0374 0.0472 W 
0.1 575 0.0374 HlT, H2T, BT 
0.061 O 0.0295 BT 
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Matenal : A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TM0177 

___I__ _---- I --_- -- __-- 
Full Thickness Averages of All Three Sections 

Avg. CSR = 4.42 Std. Dev. = 0.71 
Avg. CLR = 55.63 Std. Dev. = 7.06 
Avg. CTR = 37.03 Std. Dev. = 4.1 7 ---_________ - ------ -- - 

2i3 Thickness Averages of All Three Sections 

Avg. CSR = 4.42 Std. Dev. = 0.73 

Avg. CTR = 37.03 Std. Dev. = 4.23 
Avg. CLR = 55.63 Std. Dev. = 7.22 

_______-- ---- - ___-I 

113 Thickness Averages of All Three Sections 

Avg. CSR = 4.42 Std. Dev. = 0.76 

Avg. CTR = 37.03 Std. Dev. = 4.27 
Avg. CLR = 55.63 Std. Dev. = 7.35 

ppl_l_------ - -----I__ 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

-----_--_____I_____ --__ --- -I____----~__----_ -- I- 

Crack Location Codes 
B - B-Base Metal 

W - Weid Metal 
H1 - Heat Affected Zone 1 

S -  Surface 

M - Middle 
T -  I.D. 

H2 - Heat Affected Zone 2 C -  O.D. 
I_-_-_ 

-_II 

------ 
Comments 

One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 
5 

0.1 299 

Longitudinal weld, temper bead fillet weld, blend ground. 

--__ -- 

CLI # : 2289D 
Section # : W7-45B, 468 

File # : W7-45B.WK4 
Date : 5/7/96 
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Material :A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMO177 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) : 3.8 

CLI # : 2289A 
Section # : W7-47,48 

File # : W7-47.WK4 
Date : 5/7\96 

Middle 113 0.051 2 0.0020 BM 
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Material : A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMO17ï 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) : 3.8 

CLI # : 2289A 
Section # : W749A, 50A 

File # : W49A.WK4 
Date : 5/8/96 

~~~ 

Middle 113 0.1791 0.01 38 BM, H2M 

/' 
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Matenal : A516-70 HRS 
Sulfur : 0.001 

Condition : As-rolled 
Solution :TM0177 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

CLI # :3201B 
Section # : W7-49B, 505 

File # : W7-49B.WK4 
Date : 5/8/96 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API Licensee=Occidental Chemical Corp New sub account/5910419101 

Not for Resale, 05/30/2007 22:46:11 MDTNo reproduction or networking permitted without license from IHS

--`,,``,`,`,,```````````,,,``,`-`-`,,`,,`,`,,`---



Material : A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution :TM0177 

-I___-__- -~__---  I_-- --- 
Full Thickness Averages of All Three Sections 

Avg. CSR = 1.63 Std. Dev. = 0.29 
Avg. CLR = 27.55 Std. Dev. = 4.1 5 
Avg. CTR = 28.21 Std. Dev. = 4.56 

~ --- - 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 1.63 Std. Dev. = 0.30 

Avg. CTR = 28.21 Std. Dev. = 4.71 
Avg. CLR = 27.55 Std. Dev. = 4.26 

------___I ---- _____-- 
113 Thickness Averages of All Three Sections 

Avg. CSR = 1.62 Std. Dev. = 0.31 
Avg. CLR = 26.77 Std. Dev. = 4.43 
Avg. CTR = 28.02 Std. Dev. = 4.87 
l_______l 
-I_ 

Project # : L932343KT 
Exposure : One-sided, 1 O days 
pH (INIT) : 2.8 
pH (FINL) :3.8 

-----I_-____ _-_________I____ --- --------______ -- 
Crack Location Codes 

B - B-Base Metal 
W - Weld Metal 
Hl - Heat Affected Zone 1 

S -  Surface 

M - Middle 
T -  I.D. 

C -  O.D. H2 - Heat Affected Zone 2 
--I-----_-p____ -____ 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 
Total crack thickness in weld area - 

3 

0.1575 

Girth weld, grind out conventional weld repair. 

-- -I 

CLI # : 2289A 
Section # : M - 5 1  A, 52A 

File # : M - 5 1  A.WK4 
Date : 5/8/96 
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Matenal : A516-70 HRS 
Sulfur : 0.001 

Solution : TM0177 
Condition : Normalized 

--__-----___--_I_ - - - ~ - - ~ -  
Full Thickness Averages of All Three Sections 

Avg. CSR = 0.65 Std. Dev. = 0.23 

Avg. CTR = 13.84 Std. Dev. = 5.00 
Avg. CLR = 10.73 Sìd. Dev. = 2.97 

-------_-----------------~-__--------- -------_-- 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 0.65 Std. Dev. = 0.25 
Avg. CLR = 10.73 Std. Dev. = 3.1 4 
Avg. CTR = 13.84 Std. Dev. = 5.33 
I_-- --I--_ 

113 Thickness Averages of All Three Sections 

Avg. CSR = 0.61 Std. Dev. = 0.27 
Avg. CLR = 5.41 Std. Dev. = 1.78 
Avg. CTR = 13.46 Std. Dev. = 5.76 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) : 2.8 
pH (FINL) :3.8 

CLI # : 3201 B 
Section # : W7-51 B, 528 

File # : W7-51 B.WK4 
Date : 5/8/96 

-- --_---_ --~------  ---- 
-I__-- -I__--- 

--__ 
I 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
3 W - Weld Metal T -  I.D. 

H I  - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C -  O.D. - --I- _____ -_----I- I____ ~ _ _  _---__---_I_-__I___-______ 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

2 

0.0472 

Girth weld, grind out conventional weld repair. 

__ ~ ---- 
----______________-_____________I__ -- ------I_--_________--- ------- 

Top 113, Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

Bottom 113 A (in) B (in) W (in) T (in) (“/o) (”/.I (”/.I 
--________-____________________------------_-_______-_I__-____----____ -- -----_ -_ --------~---_----______-- ___----- 

W7-51B TOP 113 0.0472 0.0965 1 .O03 0.526 BT, BS 0.87 6.68 18.71 
0.01 97 0.0020 BT, BS 

Middle 113 0.0000 0.0000 

Bottom 113 0.0000 0.0000 ------- ---- --___I- --- --- - -___-_-__l__-__l__ -~ 
W7-52B TOP 113 0.041 3 0.0433 0.998 0.527 H1 T 0.42 14.79 8.96 

Middle 113 0.1 063 0.0039 HlM, H2M, BM 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API Licensee=Occidental Chemical Corp New sub account/5910419101 

Not for Resale, 05/30/2007 22:46:11 MDTNo reproduction or networking permitted without license from IHS

--`,,``,`,`,,```````````,,,``,`-`-`,,`,,`,`,,`---



Material : A285-C 
Sulfur : 0.021 

Condition : As-rolled 
Solution :TM0177 

Full Thickness Averages of All Three Sections 

Avg. CSR = 4.47 Std. Dev. = 0.95 

Avg. CTR = 24.92 Std. Dev. = 5.22 
Avg. CLR = 56.15 Std. Dev. = 11.90 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal 

H2 - Heat Affected Zone 2 

T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone 1 

CLI # : 474% 
Section # : W7-53A, 54A 

File # : W7-53A.WK4 
Date : 518196 

----------_ 
----I----- ____--_--___ ~ _---- ~ -___ __ _-__----- ---- ___- - --- -_ _ 

Top 113, Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location. CSR CLR CTR 

Bottom 113 ~ A (in) B (in) W (in) T (in) (W (“w (W 
___----------_I----- 

__-I---- ---- --- - - ~ -  _--~-----_~______---____--I__------- 

W7-53A TOP 113 0.2579 0.041 3 1 .O08 0.51 6 BT 4.48 59.17 15.26 
0.3386 0.0374 BT, H2T, HíT 

Middle 113 0.0000 0.0000 

Bottom 1 13 0.0000 0.0000 
II_-- __-_--I--_--- __-II__----___ - - ------_-----I- ___I_-_-__ 

L__------_-- 

W7-54A TOP 113 0.3563 0.0433 1 .O04 0.51 8 BT 4.46 53.1 3 34.58 
0.0709 0.0295 BT, H2T, H1T 
0.0531 O. 1 024 Hl  T 
0.0531 0.0039 Hl  T 

Middle 113 0.0000 0.0000 

---I--____ ------ ----- 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 4.47 Std. Dev. = 1 .o0 
Avg. CLR = 56.15 Std. Dev. = 12.40 
Avg. CTR = 24.92 Std. Dev. = 5.44 

113 Thickness Averages of All Three Sections 

Avg. CSR = 4.47 Std. Dev. = 1 .O4 
Avg. CLR = 56.15 Std. Dev. = 12.94 
Avg. CTR = 24.92 Std. Dev. = 5.68 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 
Total crack thickness in weld area - 

4 

0.1732 

Girth weld, grind out conventional weld repair. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API Licensee=Occidental Chemical Corp New sub account/5910419101 

Not for Resale, 05/30/2007 22:46:11 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
,
`
,
`
,
,
`
`
`
`
`
`
`
`
`
`
`
,
,
,
`
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



Material : A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TM0177 

_____-______~-__-_---_-_____~___-----_-__ __--- ---__-_ ___--____I_ 

Full Thickness Averages of All Three Sections 

Avg. CSR = 2.25 Std. Dev. = 0.37 
Avg. CLR = 35.30 Std. Dev. = 5.32 
Avg. CTR = 21.89 Std. Dev. = 3.40 

- 
Y3 Thickness Averages of All Three Sections 

Avg. CSR = 2.25 Std. Dev. = 0.38 
Avg. CLR = 35.30 Std. Dev. = 5.45 
Avg. CTR = 21.89 Std. Dev. = 3.49 

__ 
II 

--- 
113 Thickness Averages of All Three Sections 

Avg. CSR = 2.25 Std. Dev. = 0.39 

Avg. CTR = 21.89 Std. Dev. = 3.56 
Avg. CLR = 35.30 Std. Dev. = 5.55 

I 

Project # : L932343KT 
Exposure : One-sided, 1 O days 
pH (INIT) :2.8 
pH (FINL) :3.8 

-- ---_I -__-_--------_- 
-_----_----__---1_-___1_- 

Crack Location Codes 
B - B-Base Metal 

W - Weld Metal 
H1 - Heat Affected Zone 1 

S -  Surface 

M - Middle 
T -  I.D. 

C -  O.D. H2 - Heat Affected Zone 2 - _ ~  -- -- ~--I  ---- I --- - 
Comments 

One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 
Total crack thickness in weld area - 

2 

0.0650 

Girth weld, grind out conventional weld repair. 

--- -- - 

CLI # : 2289D 
Section # : W7-53B,54B 

File # : "7-53B.WK4 
Date : 5/8/96 

__ __-------- ---- --_- ___------ ___- ---__-_- ---_-___ 
Top 113, Crack Crack Specimen Specimen Crack Section 

Section Mid. 113. or Length Thickness Width Thickness Location CSR CLR CTR 
Bottom 113 A (in) B (in) W (in) T (in) (W (W (W 

-____________________-_-_-_____I__ 
--___-__-CI___~ ~ -----------_-- 

W-538 TOP 113 0.1 693 0.0276 1 .O08 0.517 HlT, H2T, BT 2.05 42.96 17.90 
0.0709 0.01 18 BT 
0.0846 0.0236 BT 
0.1 083 0.0295 BT, BS 

Middle 113 0.0000 0.0000 

Bottom 113 o.oo00 0.0000 _-_____________________ - _____ -__-_-I----_-- 
-_____-I_ ____-------- 

W7-540 ' Top 113 0.061 o 0.0374 1 .O04 0.517 H2S, H2T, H1T 2.45 27.65 25.89 
0.1 102 0.0453 BS, BT 
0.1063 0.051 2 BS, BT 

Middle 113 0.0000 0.0000 
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Matenal : A285-C 
Sulfur : 0.021 

Condition : As-rolled 
Solution : TMOI 77 

--____ _I___ 
~I----- 

Full Thickness Averages of All Three Sections 

Avg. CSR = 2.76 Std. Dev. = 0.84 

Avg. CTR = 17.50 Std. Dev. = 3.65 
Avg. CLR = 33.08 Std. Dev. = 7.33 

- - - ~ -  
~ 

-___.I_ 

U3 Thickness Averages of All Three Sections 

Avg. CSR = 2.76 Std. Dev. = 0.89 

Avg. CTR = 17.50 Std. Dev. = 3.81 
Avg. CLR = 33.08 Std. Dev. = 7.66 

_______-----l_----l~- --- -- --_ 
113 Thickness Averages of All Three Sections 

Avg. CSR = 2.76 Std. Dev. = 0.94 
Avg. CLR = 33.08 Std. Dev. = 8.02 
Avg. CTR = 17.50 Std. Dev. = 3.97 - 

Project i# : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) : 2.8 
pH (FINL) : 3.8 

_______I-_____------________I___--___ -- _l-___l_-l- ------ I__ 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

- ~ - -  I--__ - -- 
Comments 

One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 
Girth weld, grind out conventional weld repair. 

4 

0.0985 

--I_- 
-----------l_l_--p- 

I_ 

CLI # : ;4745c 
Section i# : W7-55A, 56A 

File i# : W7-55A.WK4 
Date : 5/8/96 

_-_--__ ---- ---- ___--____ ___ ------ ---- ---- ------- ---___-___- ___--_______ 
-I -----_- 

Top 113, Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

Bottom 113 A (in) B (in) W (in) T (in) ("/I ("/.I (W ---__----_---- ---- --_-----_-- --__----- -_------ -__- _____--I_____ --__- 
W7-55A Top 113 0.2776 0.0650 0.992 0.51 7 BT, BS 4.54 41.49 22.08 

0.1 102 0.0472 BT, H2T, H I  T, H I  S 
0.0236 0.0020 HI T 

Middle 113 0.0000 0.0000 
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Material : A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution :TM0177 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

CLI # : 2289D 
Section # : W7-55B, 56B 

File # : W-55B.WK4 
Date : 5/8/96 

Middle i13 0.0000 0.0000 

Bottom 113 0.0000 0.0000 
I------l_---l--________l_____l__l__ -_--- ---I_- ______ -I_--____ 

Full Thickness Averages of All Three Sections Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  1.D. 

H i  - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C -  O.D. 

Avg. CSR = 2.46 Std. Dev. = 
Avg. CLR = 37.35 Std. Dev. = 
Avg. CTR = 12.01 Std. Dev. = 

2/3 Thickness Averages of All Three Sections Comments 
One sided, 30 day pre-exposure, TMO177. 

Avg. CSR = 2.46 Std. Dev. = 0.83 

Avg. CTR = 12.01 Std. Dev. = 3.20 
Avg. CLR = 37.35 Std. Dev. = 10.1 6 Number of cracks in weld area - 4 

- -- 
113 Thickness Averages of All Three Sections 

Avg. CSR = 2.37 Std. Dev. = 
Avg. CLR = 29.71 Std. Dev. = 10.51 
Avg. CTR = 11.44 Std. Dev. = 3.42 

Total crack thickness in weld area - 0.1 220 

Girth weld, grind out temper bead weld repair. 
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Matenal : A285-C 
Sulfur : 0.021 

Condition : As-rolled 
Solution : TMO177 

-- - I- 
- 
Full Thickness Averages of All Three Sections 

Avg. CSR = 11.27 Std. Dev. = 3.1 6 

Avg. CTR = 61.40 Std. Dev. = 16.58 
Avg. CLR = 46.41 Std. Dev. = 9.50 

- --___ 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 11.27 Std. Dev. = 3.33 
Avg. CLR = 46.41 Std. Dev. = 9.89 
Avg. CTR = 61.40 Std. Dev. = 17.43 - 

113 Thickness Averages of All Three Sections 

Avg. CSR = 11.27 Std. Dev. = 3.52 
Avg. CLR = 46.41 Std. Dev. = 10.30 
Avg. CTR = 61.40 Std. Dev. = 18.40 

Project # : L932343KT 
Exposure : One-sided, 1 O days 
pH (INIT) : 2.8 
pH (FINL) :3.8 

~ _ I  - -------__I-__ 
- 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 -______-_____ ---I_ 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

4 

0.5354 

Longitudinal weld, grind out temper bead weld repair. 

---- 

CLI # : 4745c 
Section # : W7-57A, 58A 

File # : W7-57A.WK4 
Date : 5/7/96 
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Material : A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TM0177 

Full Thickness Averages of All Three Sections 

Avg. CSR = 3.54 Std. Dev. = 0.94 

Avg. CTR = f7.76 Std. Dev. = 3.47 
Avg. CLR = 57.20 Std. Dev. = 10.01 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) : 3.8 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  OD. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

CLI # : 2289A 
Section # : W7-578, 58B 

File # : W7-57B.WK4 
Date : 5/7/96 

------- ~ - - ~ - -  -- -- - ~ - -  -~ 
Top 113, Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
Bottom 113 .A  (in) B (in) W (in) T (in) (”/I (”/.) (“4 

----- ~-------__-__-_-__--_I_--  
_I_LI ~- _ _ _ _ _ _ ~  

W7-578 Top 113 0.0827 0.0354 1 .o00 0.521 BS, BT 4.43 45.08 21.54 
0.01 38 0.0059 BS, BT 
0.2894 0.0689 HIT, H2T, BT, BS 

Middle 1 13 0.0650 0.0020 BM 

Bottom 1 /3 0.0000 o.Ooo0 
_-l----------_-_l__-___I_________ 

-I_ 

___ ------ __-- ___------------- - ------ 
W7-58B TOP 113 0.3228 0.0256 1 .O03 0.521 H2T, BT 2.64 69.31 13.98 

0.0886 0.01 57 H2T. BT 
0.1 220 0.0236 BT 

2i3 Thickness Averages of All Three Sections 

Avg. CSR = 3.54 Std. Dev. = 0.99 
Avg. CLR = 57.20 Std. Dev. = 10.33 
Avg. CTR = 17.76 Std. Dev. = 3.60 
I - 
I_ 

113 Thickness Averages of All Three Sections 

Avg. CSR = 3.40 Std. Dev. = 1 .O5 

Avg. CTR = 16.81 Std. Dev. = 3.82 
Avg. CLR = 45.90 Std. Dev. = 10.82 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 
3 

0.1 102 

Longitudinal weld, grind out temper bead weld repair. 
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Material : A285-C 
Sulfur : 0.021 

Condition : As-rolled 
Solution :TM0177 

~~~~~~~~ ~~ 

Full Thickness Averages of All Three Sections 

Avg. CSR = 5.58 Std. Dev. = 0.99 

Avg. CTR = 36.29 Std. Dev. = 5.22 
Avg. CLR = 51.00 Std. Dev. = 7.1 5 

-__II_ 

U3 Thickness Averages of All Three Sections 

Avg. CSR = 5.58 Std. Dev. = 1 .O3 

Avg. CTR = 36.29 Std. Dev. = 5.36 
Avg. CLR = 51.00 Std. Dev. = 7.33 

-- - 
113 Thickness Averages of All Three Sections 

Avg. CSR = 5.58 Std. Dev. = 1 .o6 
Avg. CLR = 51.00 Std. Dev. = 7.50 
Avg. CTR = 36.29 Std. Dev. = 5.50 

-- -----_ 

Project # : L932343KT 
Exposure : One-sided, 1 O days 
pH (INIT) : 2.8 
pH (FINL) : 3.8 

___ ~~~~~ _____ 
Crack Location Codes 

B - 9-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

-II___ 
_I- -__I -~ ~- 

Comments 
One sided, 30 day pre-exposure, TM0177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

3 

0.1575 

Longitudinal weld, grind out conventional weld repair. 

-----I_ - - 

CLI # :4745c 
Section # : W7-59A, 60A 

File # : W7-59A.WK4 
Date : 5/7/96 

_____- __ _____________-___- -----_-- 
__-____-______l_ll_--___ ---- --_- -__-_ ____ --__ __-----_-________ 

Top 113, Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location, CSR CLR CTR 

(W 
___e-_-____ ____ ______--___-_-----__ -----__- Bottom 113 A (in) B (in) W (in) T (in) (“w (W -__-- _-______ ____ 

___-_----________I 

W7-59A TOP 113 0.0866 0.01 57 1 .o1 2 0.51 8 BT 3.52 47.49 31.92 
0.01 97 0.0020 BT 
0.01 57 0.0059 BT 
0.01 77 0.0020 BT 
0.1339 0.0531 BS, BT 
0.1 555 0.051 2 BT, H2T, HlT, W 
0.051 2 0.0354 HI  T 

Middle 113 0.0000 0.0000 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API Licensee=Occidental Chemical Corp New sub account/5910419101 

Not for Resale, 05/30/2007 22:46:11 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
,
`
,
`
,
,
`
`
`
`
`
`
`
`
`
`
`
,
,
,
`
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



Matenal : A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMOí 77 

Full Thickness Averages of All Three Sections 

Avg. CSR = 4.44 Std. Dev. = 0.59 
Avg. CLR = 69.77 Std. Dev. = 9.07 
Avg. CTR = 33.31 Std. Dev. = 3.83 

-I_ - 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 4.44 Std. Dev. = 0.60 
Avg. CLR = 69.77 Std. Dev. = 9.24 
Avg. CTR = 33.31 Std. Dev. = 3.87 ______- -~ --- -- 

l/3 Thickness Averages of All Three Sections 

Avg. CSR = 4.08 Std. Dev. = 0.62 
Avg. CLR = 60.26 Std. Dev. = 9.1 9 
Avg. CTR = 31.44 Std. Dev. = 3.99 

-___ -I_ 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) : 2.8 
pH (FINL) :3.8 

Crack Location Codes 
B - &Base Metal 

W - Weld Metal 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

S -  Surface 

M - Middle 
T -  I.D. 

C -  O.D. - 
I-_- 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 
Total crack thickness in weld area - 

4 

0.1575 

Longitudinal weld, grind out conventional weld repair. 

I ___~  - -I 

CLI # : 2289A 
Section # : W7-59B, 60B 

File # : W7-59B.WK4 
Date : 5/7/96 

__________I_________-- ____- ___-- _________ --- _---_ - _ _ _ ~  
Top 113, Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
Bottom 113 . A (in) B (in) W (in) T (in) ("/.I ("/.I (% ___ __I______________-------_--__-I--_- --- _-I________ -- _____I-_ 

W7-59B TOP 113 0.0669 0.0236 1 .o1 2 0.526 H1 T 4.72 75.51 26.20 
0.1 969 0.0571 HlT, H2T, BT, BS 
0.3425 0.0177 BT 
0.1 575 0.0394 BS, BT 

Bottom 1/3 o.oo00 O.oo00 
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Material : A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMO177 

--__ -- 
Full Thickness Averages of All Three Sections 

Avg. CSR = 8.24 Std. Dev. = 1.64 
Avg. CLR = 
Avg. CTR = 42.18 Std. Dev. = 6.1 1 

72.35 Std. Dev. = 9.32 

-_--- 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 8.24 Std. Dev. = 1.69 
Avg. CLR = 72.35 Std. Dev. = 9.55 
Avg. CTR = 42.18 Std. Dev. = 6.29 - 

113 Thickness Averages of All Three Sections 
- - 

Avg. CSR = 8.23 Std. Dev. = 1.76 

Avg. CTR = 41.99 Std. Dev. = 6.48 
Avg. CLR = 71.49 Std. Dev. = 9.83 

I___ ______ ------------____-- ------ 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

I 

- - ~  -- -l__--___l_ ------ -l___l_l_ 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

-- --I__- 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 6 

Total crack thickness in weld area - 0.3090 

Longitudinal weld, grind out conventional weld repair. 

------------l_-p - - ~  

CLI # : 2289D 
Section # : W7-61 A, 62A 

File # : W7-61 A.WK4 
Date : 5/7/96 
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Material : A516-70 HRS 
Sulfur : 0.001 

Condition : Normalized 
Solution : TMOl77 

-_----------- 
--y__- 

Full Thickness Averages of All Three Sections 

Avg. CSR = 0.80 Std. Dev. = 0.32 

Avg. CTR = 6.36 Std. Dev. = 1.95 
Avg. CLR = 16.93 Std. Dev. = 5.03 

- -- - 
Z 3  Thickness Averages of All Three Sections 

Avg. CSR = 0.79 Std. Dev. = 0.34 
Avg. CLR = 15.20 Std. Dev. = 5.38 
Avg. CTR = 6.17 Std. Dev. = 2.08 

-__I__- -- 
1/3 Thickness Averages of All Three Sections 

Avg. CSR = 0.18 Std. Dev. = 0.1 1 
Avg. CLR = 5.20 Std. Dev. = 2.22 
Avg. CTR = 2.81 Std. Dev. = 1.44 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

CLI # : 3201 B 
Section # : W7-61 B, 628 

File # : W7-61 B.WK4 
Date : 5/7/96 

__------------___-_---- ---- -- ---- -___~- - -  - 
Crack Location Codes 

B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal 

H2 - Heat Affected Zone 2 

T -  I.D. 

C -  O.D. 
H I  - Heat Affected Zone 1 

-- 
---I-- ----- 

Comments 
One sided, 30 day pre-exposure, TM0177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

1 

0.0335 

Longitudinal weld, grind out conventional weld repair. 

I ------ - - 
______-----__I---- - - -I-- ___---- ----- 

Top 113, Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location, CSR CLR CTR 

Bottom 113 . A (in) B (in) W (in) T (in) ("/I (W ("/I 
-_---I-- ----__-__ ---- --- - - -___-__--- ______l__l__---~ - 

W7-670 TOP 113 0.0748 0.0256 1 .O23 0.526 BT 0.36 8.85 5.61 
0.0059 0.0020 BT 

Middle 1/3 0.0098 0.0020 BM 

Bottom 113 0.0000 0.0000 
----__-----___---- 
-----I---------- 

_____-~______---- -----__--- - -__ ____--- L__--I__ 

W7-62B Top 113 0.0256 0.0020 1 .O23 0.526 BT 1.23 25.02 7.1 1 
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Matenal : A516-70 CS 
Sulfur :0.025 

Condition : As-rolled 
Solution :TM0177 

-_-- 
Full Thickness Averages of All Three Sections 

Avg. CSR = 2.45 Std. Dev. = 0.45 
Avg. CLR = 52.65 Std. Dev. = 8.95 
Avg. CTR = 17.86 Std. Dev. = 2.50 --- 

2i3 Thickness Averages of All Three Sections 

Avg. CSR = 2.45 Std. Dev. = 0.47 
Avg. CLR = 52.65 Std. Dev. = 9.25 
Avg. CTR = 17.86 Std. Dev. = 2.55 -- - 

113 Thickness Averages of All Three Sections 

Avg. CSR = 2.44 Std. Dev. = 0.49 
Avg. CLR = 50.25 Std. Dev. = 9.69 
Avg. CTR = 17.67 Std. Dev. = 2.62 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) : 2.8 
pH (FINL) : 3.8 

_____-____-_-_I----- ---l__-_l- 
l____l-l_--- --I---- 

Crack Location Codes 
B - &Base Metal 

W - Weld Metal 
H1 - Heat Affected Zone 1 

S -  Surface 

M - Middle 
T -  I.D. 

C -  O.D. H2 - Heat Affected Zone 2 
- _ ~ _ _ _ - -  -- --_ 

--___I_- 

--- 
Comments 

One sided, 30 day pre-exposure, TM0177. 

Number of cracks in weld area - 
Total crack thickness in weld area - 

6 

0.1023 

Longitudinal weld, grind out temper bead weld repair. 

CLI # : 2289D 
Section # : W7-63A, 64A 

File # : W7-63A.WK4 
Date : 5/7/96 

----- ___-____________________-__ __---- --_- _____ ------------ ___-- __I_------__ -- ----- --___-- 
Top 113, Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLFI CTR 
Bottom 113 . A (in) B (in) W (in) T (in) (”/.) (”/.I (W ___ __ - ~- __________-______-___I_ __ ___ ___-----_- __-_-__ 

W7-63A Top 113 0.2402 0.0394 1 .O32 0.518 BT 2.07 29.77 12.16 
0.0669 0.0236 BS, BT, H2T, H1T 

Middle 113 0.0000 o.Ooo0 

Bottom 1/3 0.0000 o.Ooo0 
___-___I- 

l--_l--_ 
- - -- - - _- 

W7-64A Top113 0.1181 0.0236 1 .O27 0.51 8 BT 2.83 75.52 23.56 
0.0472 0.01 77 BS, BT 
0.1 083 0.0354 BS, BT, H2T, H1T 
0.3602 0.01 57 BT, H2T, H1T 
0.0748 0.0236 H1 T 
0.0079 0.0020 H1 T 
0.0098 0.0020 H1 T 

Middle 113 0.0492 0.0020 BM 
-------_----________-------------------------------------------------------------------------------------------. 
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Material : A516-70 HRS 
Sulfur : 0.001 

Condition : As-rolled 
Solution : TM0177 

Full Thickness Averages of All Three Sections 

Avg. CSR = 0.02 Std. Dev. = 0.01 
Avg. CLR = 
Avg. CTR = 0.75 Std. Dev. = 0.1 7 

5.35 Std. Dev. = 1.47 

________- --___ 
-I-- 

Z 3  Thickness Averages of All Three Sections 

Avg. CSR = 0.02 Std. Dev. = 0.01 
Avg. CLR = 5.35 Std. Dev. = 1.56 
Avg. CTR = 0.75 Std. Dev. = 0.1 8 ---- _-___ 

113 Thickness Averages of All Three Sections 

Avg. CSR = 0.01 Std. Dev. = 0.00 
Avg. CLR = 2.96 Std. Dev. = 1.11 
Avg. CTR = 0.56 Std. Dev. = 0.1 7 

--___-- 
I_ 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

__ ---------------1--_1_- __-- ---- 
________I-----l_-l--I--I- I__ --I-- ___--- 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C -  O.D. 

-- ----____I- 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 
Total crack thickness in weld area - 

O 

0.0000 

Longitudinal weld, grind out temper bead weld repair. 

- - ~  --------I____-_ 

CLI # : 3201 B 
Section # : W-63B, 648 

File # : W-63B.WK4 
Date : 5/7/96 

1__1-_-- ~ ___-- ~- I- - ___----______- 
Top 113. Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
(W ( O 4  

___ --- Bottom 113 A (in) B (in) W (in) T (in) (“4 _--- ---- 
W7-63B TOP 113 0.0374 0.0020 1 .O32 0.526 BT 0.04 9.73 1.12 

0.01 38 0.0020 BT 

Middle 113 0.0492 0.0020 BM 

Bottom 113 0.0000 0.0000 
---__ --_______- __ -----_-_---_-- _________L___I__p ------__- 

W7-64B TOP 113 0.0098 0.0020 1 .O27 0.531 BT 0.00 0.96 0.37 

Middle 113 0.0000 0.0000 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API Licensee=Occidental Chemical Corp New sub account/5910419101 

Not for Resale, 05/30/2007 22:46:11 MDTNo reproduction or networking permitted without license from IHS

--`,,``,`,`,,```````````,,,``,`-`-`,,`,,`,`,,`---



Material : A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution :TM0177 

_ _ _ ~ _ _ _ _ _  ----- ___-- _---- --- 
Full Thickness Averages of All Three Sections 

Avg. CSR = 5.41 Std. Dev. = 1.17 

Avg. CTR = 23.43 Std. Dev. = 4.20 
Avg. CLR = 60.91 Std. Dev. = 10.62 

- __________-l_l______________ --- 
2i3 Thickness Averages of All Three Sections 

Avg. CSR = 5.41 Std. Dev. = 1.22 
Avg. CLR = 60.91 Std. Dev. = 10.97 
Avg. CTR = 23.43 Std. Dev. = 4.34 
-~ 
113 Thickness Averages of All Three Sections 

Avg. CSR = 5.41 Std. Dev. = 1.27 
Avg. CLR = 60.91 Std. Dev. = 11.32 
Avg. CTR = 23.43 Std. Dev. = 4.49 

- 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

-----I-____-__ ---_ ---I-------___ 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal 

H2 - Heat Affected Zone 2 

T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone i 

------------_- -___ 
I_-__ 

- 
Comments 

One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 
. 2  

0.1240 

Girth weld. 

-- - 

CLI # : 2289A 
Section # : W7-65A, 66A 

File # : W7-65A.WK4 
Date : 5/9/96 
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Matenal 
Sulfur 

Condition 
Solution 

- - - ~ ~  -- 
Full Thickness Averages of All Three Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 

Avg. CTR = 0.19 Std. Dev. = 0.1 o 
Avg. CLR = 1.23 Std. Dev. = 0.66 

-___ ---- -- ----- 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 1.23 Std. Dev. = 0.71 
Avg. CTR = 0.19 Std. Dev. = 0.1 1 

113 Thickness Averages of All Three Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 1.23 Std. Dev. = 0.77 
Avg. CTR = 0.19 Std. Dev. = 0.1 2 

: A51 6-70 HRS 
: 0.001 
:Normalized 
: TM0177 

-__----I--- __ -I-- -I --- 
---_I--~--- 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

H I  - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C -  O.D. 

-I 
---I- 

- ~ - -  ___- --I_ --- 
Comments 

One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 
1 

0.0020 

Girth weld. 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) : 2.8 
pH (FINL) :3.8 

CLI # : 3201 B 
Section # : W7-65B, 668 

File # : W7-65B.WK4 
Date : 5/9/96 
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Matenal : A285C 
Sulfur : 0.021 

Condition : As-rolled 
Solution :TM0177 

____ --_----l-_l-------- - ~ - -  
Full Thickness Averages of All Three Sections 

Avg. CSR = 5.92 Std. Dev. = 1.70 
Avg. CLR = 37.65 Std. Dev. = 7.22 
Avg. CTR = 34.88 Std. Dev. = 9.42 

----I_------ 

--__-1-1_-- 

2/3 Thickness Averages of All Three Sections 

Avg. CSR = 5.92 Std. Dev. = 1.78 
Avg. CLR = 37.65 Std. Dev. = 7.49 
Avg. CTR = 34.88 Std. Dev. = 9.90 

113 Thickness Averages of All Three Sections 

Avg. CSR = 5.92 Std. Dev. = 1.89 
Avg. CLR = 37.65 Std. Dev. = 7.77 
Avg. CTR = 34.88 Std. Dev. = 10.45 

----_I_- 

Project # : L932343KT 
Exposure :One-sided, 10 days 
pH (INIT) : 2.8 
pH (FINL) :3.8 

--__ -__--- __-- I- 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C -  O.D. 

---l--l_______ 
____l__l__ 

I_-- 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 
1 

0.01 97 

Girth weld. 

------_____ II- 

CLI # : 47456 
Section # : W7-67A, 68A 

File # : W7-67A.WK4 
Date : 519196 

________-_____-__________-___~__-_--__---___________---__-_ 
Top 113, Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
Bottom 113 A (in) B (in) W (in) T (in) ("/.I ("/.I ("/I 

---------I_- --- ___---___I_____ ---I I ------ ---I--~------ 

W7-67A TOP 113 0.0650 0.01 97 1 .O83 0.516 HlT, H2T 9.40 54.53 56.46 
0.21 26 0.0433 BT, BS 
0.1 929 0.2008 BT, BS 
0.1 201 0.0276 BT 

Middle 113 o.Ooo0 0.0000 

Bottom 1 /3 0.0000 0.0000 
-___----- - - ~  l__ll------ 

------I___ --- 
_I-- -___ 

W7-68A Top113 0.021 7 0.0020 1.128 0.51 8 BT 2.44 20.77 13.30 
0.21 26 0.0669 BT 

Middle 113 0.0000 0.0000 

/ 
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Material : A516-70 CS 
Sulfur :0.025 

Condition : As-rolled 
Solution : TMOí 77 

______---I_---____ ---- - --________ 
Full Thickness Averages of All Three Sections 

Avg. CSR = 2.62 Std. Dev. = 0.94 

Avg. CTR = 12.18 Std. Dev. = 3.30 
Avg. CLR = 29.09 Std. Dev. = 9.24 

---II_ 

2i3 Thickness Averages of All Three Sections 

Avg. CSR = 2.62 Std. Dev. = 1 .o0 
Avg. CLR = 29.09 Std. Dev. = 9.79 
Avg. CTR = 12.18 Std. Dev. = 3.48 --- -I_I__ -I 

l i 3  Thickness Averages of All Three Sections 

Avg. CSR = 2.62 Std. Dev. = 1 .O7 

Avg. CTR = 12.18 Std. Dev. = 3.68 
Avg. CLR = 29.09 Std. Dev. = 10.44 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

~ ---- __ -I---- ~ - - _ _  --_--_-I-_-___ 

----I-_---_-__ 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 

H I  - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C -  O.D. 

l_---l__l___-_ --__- I-_-____ 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 
Total crack thickness in weld area - 

1 

0.0551 

Girth weld. 

CLI # : 2289D 
Section # : W7-67B, 68B 

File # : W7-67B.WK4 
Date : 5/9/96 

---__---------------__I_ ---- _--------- ---_---_--- ---- ~ - -  
--A- 

Top 113, Crack Crack Specimen Specimen Crack Section 
Seciion Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

Bottom 113 A (in) B (in) W (in) T (in) (W (Yo) (“4 ---- - - ~ -  ------------ _--- --- - I_----- __- 
W7-670 Top 113 0.1 240 0.041 3 0.655 0.517 BT 5.10 52.59 18.66 

0.2205 0.0551 BS, BT, H2T, H1T 

Middle 113 0.0000 o.Ooo0 

Bottom 1 I3 0.0000 0.0000 
------ I--- ____I______ 

-I_- ---I_- _______ ------- ____--- 
W7-680 Top 113 0.021 7 0.0256 0.91 5 0.51 7 BT, BS 0.1 4 5.59 5.71 

0.0295 0.0039 BT 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API Licensee=Occidental Chemical Corp New sub account/5910419101 

Not for Resale, 05/30/2007 22:46:11 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
,
`
,
`
,
,
`
`
`
`
`
`
`
`
`
`
`
,
,
,
`
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



Material : A285C 
Sulfur : 0.021 

Condition : As-rolled 
Solution : TM0177 

Full Thickness Averages of All Three Sections 
, 

Avg. CSR = 6.86 Std. Dev. = 2.07 
Avg. CLR = 53.12 Std. Dev. = 14.07 
Avg. CTR = 20.45 Std. Dev. = 4.78 

- ___I_- 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

-- 
Crack Location Codes 

B - 6-Base Metal 
W - Weld Metal 

S -  Surface 
T -  I.D. 
M - Middle 
C -  O.D. 

H I  - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

----__-I__---- 

CLI # :4745c 
Section # : W7-69A, 70A 

File # : W7-69A.WK4 
Date : 5/9/96 

2/3 Thickness Averages of All Three Sections 

Avg. CSR = 6.86 Std. Dev. = 2.1 8 
Avg. CLR = 53.12 Std. Dev. = 14.78 
Avg. CTR = 20.45 Std. Dev. = 5.00 ______-- - 
-1___1 

_--- 
__--------__________________--_---_II_--------- --I_--- ---- 

Top 113, Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

Bottom 1/3 A (in) B (in) W (in) T (in) (”/.I (”/.I (”/.) --- 
--__--------------__I__-- -_-----I_------ -___ 

W7-69A TOP 113 0.01 18 0.0020 1 .O07 0.521 H1 T 8.64 61.61 23.80 
0.1 161 0.0394 BT, ES 
0.4921 0.0827 BT, ES 

BT 

Middle 113 0.0000 0.0000 

Bottom 1/3 0.0000 0.0000 ~ _ - - _ _  - --____ ----_ -- I-------- ___- 
W7-70A TOP 113 0.3898 0.0650 1 .o1 9 0.51 8 BT, BS 5.09 44.62 17.1 O 

0.0650 0.0236 H2S, H2T, H1T 

-I- 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 2 
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Material : A51 6-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TMOl77 

__-----I_ -- 
Full Thickness Averages of All Three Sections 

Avg. CSR = 5.40 Std. Dev. = 1.82 

Avg. CTR = 20.87 Std. Dev. = 5.37 
Avg. CLR = 35.74 Std. Dev. = 10.56 

----- -_____ 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 5.40 Std. Dev. = 1.92 

Avg. CTR = 20.87 Std. Dev. = 5.63 
Avg. CLR = 35.74 Std. Dev. = 11.12 

-----I-- __-I__ ----- ----I- 

113 Thickness Averages of All Three Sections 

Avg. CSR = 5.40 Std. Dev. = 2.04 
Avg. CLR = 35.74 Std. Dev. = 11.78 
Avg. CTR = 20.87 Std. Dev. = 5.93 

Project # : L932343KT 
Exposure : One-sided, 10 days 
pH (INIT) :2.8 
pH (FINL) :3.8 

II --------------_ ___ ___________I___ 

- 1 ~ ~  l_-----_l_____ 

Crack Location Codes 
B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C -  O.D. 

----_ ------ ---- - 
Comments 

One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 
2 

0.0964 

Longitudinal weld. 

CLI # : 2289A 
Section # : W7-69B, 708 

File # : W7-69B.WK4 
Date : 5/9/96 

----I------------ - __--_____ --- -I_- I--__--- 

Top 113, Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

Bottom 113 A (in) E3 (in) W (in) T (in) (W ("/.I ("/I 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API Licensee=Occidental Chemical Corp New sub account/5910419101 

Not for Resale, 05/30/2007 22:46:11 MDTNo reproduction or networking permitted without license from IHS

--`,,``,`,`,,```````````,,,``,`-`-`,,`,,`,`,,`---



Material : A516-70 CS 
Sulfur : 0.025 

Condition : As-rolled 
Solution : TM0177 

__--_--I__------ ~ 

Full Thickness Averages of All Three Sections 

Avg. CSR = 5.01 Std. Dev. = i .a9 

Avg. CTR = 21.30 Std. Dev. = 4.92 
Avg. CLR = 39.83 Std. Dev. = 9.65 

- I - ~  -- 
U3 Thickness Averages of All Three Sections 

Avg. CSR = 5.01 Std. Dev. = 1.99 
Avg. CLR = 39.83 Std. Dev. = 10.1 o 
Avg. CTR = 21.30 Std. Dev. = 5.1 4 -- 

1/3 Thickness Averages of All Three Sections 

Avg. CSR = 5.01 Std. Dev. = 2.1 1 

Avg. CTR = 21.30 Std. Dev. = 5.39 
Avg. CLR = 39.83 Std. Dev. = 10.60 

Project # : L932343KT 
Exposure : One-sided, 1 O days 
PH (INIT) : 2.8 

PH (FINL) : 3.8 

___--_-__-----------___---------_-----------------------_____I______________ 
I_--- ~---_I____ _--- ______ 

Crack Location Codes 
B - &Base Metal S -  Surface 

M - Middle 
W - Weld Metal T -  I.D. 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C -  O.D. 

__-I- 

--_ll_-__lp 

Comments 
One sided, 30 day pre-exposure, TM0177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 
1 

0.0531 

Longitudinal weld. 

CLI # : 2289D 
Section # : W7-71 A, 72A 

File # : W7-71 A.WK4 
Date : 5/9/96 

__ __ -l---___---__l___---_------__-_--- 
_-~----____________~_____~-------_-_-___I___--_---- ~ 

Top 113, Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

Bottom SI3 A (in) B (in) W (in) T (in) (W (W ("/.I 
__ _____I_______-_-__ __ -----___ ---__ __-__-l___-l__--___ __ -___-_-- __ --I--- 

W7-71A Top 113 0.0295 0.0020 1 .O26 0.51 6 BT 0.56 23.42 8.77 
0.0925 0.0098 BT 

0.0591 0.01 97 
BT, BS 
BT, BS 

0.0591 0.01 38 

Middle 113 0.0000 0.0000 

Bottom 113 0.0000 0.0000 
_----I___--- 
I_------I----- 

~ - - - ~ - ~ - ~ - - - ~  - 
---_-I_- 

--- --- 
W7-72A Top 113 0.1004 0.0531 1 .O29 0.518 H2S, H2T, H1T 9.45 56.24 33.82 

0.431 1 0.1 024 BT, BS 
0.0472 0.01 97 BT, BS 

Middle 113 0.0000 0.0000 

Bottom 113 0.0000 0.0000 
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Matenal : A51 6-70 HRS 
Sulfur : 0.001 

Solution : TMO1 i 7  
Condition : Normalized 

----------------- -- -----~---_-------- 
Full Thickness Averages of All Three Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 

Avg. CTR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 

- 1-11- ~ ---- -___- - - 
2/3 Thickness Averages of All Three Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 - 

1/3 Thickness Averages of All Three Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

I- 

Project # : L932343KT 
Exposure : One-sided, 1 O days 
pH (INIT) :2.8 
pH (FINL) :3.8 

------------_---I----------- ------_____ --___ 
Crack Location Codes 

B - B-Base Metal S -  Surface 

M - Middle 
W - Weld Metal 

H2 - Heat Affected Zone 2 

T -  I.D. 

C -  O.D. 
H1 - Heat Affected Zone 1 

__--l--_l__-___---- --------____ ~ --- -----I_ 
----- 

Comments 
One sided, 30 day pre-exposure, TMO177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 
O 

0.0000 

Longitudinal weld. 

--__ ------_ - 

CLI # : 3201 B 
Section # : W7-71 B, 72B 

File # :W7-71 B.WK4 
Date : 5/9/96 

Middle 113 0.0000 0.0000 

Bottom 1 I3 0.0000 0.0000 
-I_____---- - -- _ _ _ - - - _ _ ~  -_-- ~---- 

_--I_ 

W7-720 TOP 113 0.0000 0.0000 1 .O29 0.528 0.00 0.00 0.00 

Middle 113 0.0000 0.0000 
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APPENDIX B 

EXPOSURE 2 

DETAILED CRACKING RESULTS 

105 
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REPAIR AND REMEDIATION STRATEGIES FOR EQUIPMENT OPERATING IN WET HpS SERVICE 107 

;rind out weld repair,, 
smpcr bead tac 

RO 

PwKr 
:rind aut Waid wpal 
onvenUcrnol technique, 

PWHT 

Pre-exposure 

ha Weldad, no PWHT 
= 20-25 W/in. oll weMs. no preheat 
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Material : A5 16-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TM0284 

Project # : L932343TK 
Exposure : One sided, 30 Days 

pH (NIT) :8.3 
pH (FiNL) : 5.0 

CLI # 12280-A 
Section # : W8-1,2 

File # : W8-1-2.wk4 
Date : 1 O/OU% 

----------- ~~ __ ---------- 
I.D. li3 Crack Crack Specimen Specimen Crack Section 

Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 
O.D. 1/3 A (in) B (in) W (in) T (in) (%I (%) (%I 

........................................................................................... 
W8 -1 I.D. li3 0.0000 0.0000 2.114 0.505 0.00 0.00 0.00 

Mid. 113 0.0000 0.0000 

O.D. 1/3 0.0000 0.0000 -_---- __ _-_- __ ----------- 
W8 -2 I.D. 113 0.0000 0.0000 1.970 0.505 0.00 0.00 0.00 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
-- =========_______==============_======== 

Full Thickness Averages of All Sections Crack Location Codes 
B - Base Metal 

W - Weld Metal 
s -  surface 
T - ID 1/3 

0.00 H1- Heat Affected Zone 1 M - Middle 1/3 
0.00 H2 - Heat Affected Zone 2 C - OD 1/3 

__----- --___ 

Avg. CSR = 0.00 Std. Dev. = 

Avg. CLR = 0.00 Std. Dev. = 

Avg. CTR = 0.00 Std. Dev. = 
__-- 

u3 Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

1/3 Thickness Averages of All Sections 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Baseline prior to vessel exposure. 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 std. Dev. = 

Avg. CTR = 0.00 std. Dev. = 0.00 
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Material : A5 16-70 HRS 
Sulfur :0.001 

Condition :Normalized 
Solution : TMO 1 77 

Project # : L932343TK 
Exposure : One sided,30 Days 

pH (INIT) :2.8 
pH (FINL) : 3.7 

CLI ## ~3201-B 
Section # : W8-3,4 

File # : W83-4.wk4 
Date : 10/02/% 

W8 -3 I.D. 113 0.0039 0.0157 2.118 0.529 BT 0.02 1.67 3.72 

Mid. 113 0.0315 0.0039 BM 

Mid. 113 0.0177 0.0020 BM 

O.D. 113 0.0000 0.0000 
- --- 

Full Thickness Averages of All Sections Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 1/3 
W - Weld Metal T - ID 1/3 
H1- Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 113 

___- __ _____-________ ~ _____ 
Comments 

One sided, 30 day pre-exposed, TM0177. 

ij Avg. CSR = 0.011 Std. Dev. = 
Avg. CLR = 1.536 Std. Dev. = 

Avg. CTR = 2.233 Std. Dev. = 
~ __--__________-__ 

21’3 Thickness Averages of All Sections 

Avg. CSR = 0.01 1 Std. Dev. = 

Avg. CLR = 1.536 Std. Dev. = 0.47 Baseline prior to vessel exposure. 
Avg. CTR = 2.233 Std. Dev. = 0.85 

----------_-----____-------------------- 
113 Thickness Averages of All Sections 

Avg. CSR = 0.004 Std. Dev. = 0.00 
Avg. CLR = 0.373 Std. Dev. = 0.18 
Avg. CTR = 1.675 Std. Dev. = 0.93 
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Material : A285-C CS 

Condition :Not Specified 
Sulfur : 0.020 

Solution : TMO 177 

Project # : L932343TK 
Exposure :One sided, 30 Days 

pH (MIT) :2.8 
pH (FINL) :3.8 

CLI tf : 4745-c 
Section # : W8-5,6 

File # : W8-5-6.wk4 
Date : 1 O/OU% 

---___--- ---_-________ _______ ========__========_===_____==_===______===========~= 

ID 113, Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

OD 113 A (in) B (in) W (in) T (in) (%I (%.) (%) 
__ ~ __ --- - ----- __ 

W8 -5 I.D. 1/3 0.0965 0.0236 2.152 0.522 BS,BT 11.68 70.80 69.01 
I.D. 113 0.2638 0.0827 BS,BT 
I.D. 113 0.6378 0.1378 BS,BT 
I.D. il3 0.1161 0.0413 BS,BT 
I.D. lí3 0.1594 0.0472 BT,BS 
I.D. 113 0.2500 0.0276 BT,BS 

Mid. 113 0.0000 0.0000 
111_-11 ----I 

O.D. 113 0.0000 0.0000 
------------ ___ _____ ~- __-____ -___ 

W8 -6 I.D. il3 0.1437 0.0591 1.992 0.523 BS,BT 8.32 66.41 71.51 
LD. 113 0.3268 0.0709 BT 
I.D. 113 0.2283 0.0512 BS,BT 
I.D. 1l3 0.1831 0.0630 BS,BT 
I.D. 113 0.2933 0.0866 BT,BS 
I.D. 113 0.1476 0.0433 BS,BT,BS 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
~ ----- ~ ~ __ _____ 

Full Thickness Averages of All Sections Crack Location Codes 
B - Base Metal 

W - Weld Metal 
s -  surface 
T - ID 113 

M - Middle 113 HI - Heat Affected Zone 1 
H2 - Heat AEected Zone 2 C - OD 113 

Comments 

Avg. CSR = 9.999 Std. Dev. = 

Avg. CLR = 68.604 Std. Dev. = 

Avg. CTR = 70.262 Std. Dev. = 
------------------___---------_--------- 

2 3  Thickness Averages of All Sections 
One sided, 30 day pre-exposed, TM0177. 

Avg. CSR = 9.999 Std. Dev. = 

Avg. CLR = 68.604 Std. Dev. = 7.50 Baseline prior to vessel exposure. 
Avg. CTR = 70.262 Std. Dev. = 7.22 _______ ___________ . . . . . . . . . . . . . . . . . . . . .  

113 Thickness Averages of Ali Sections 

Avg. CSR = 9.999 Std. Dev. = 1.77 
Avg. CLR = 68.604 Std. Dev. = 7.56 
Avg. CTR = 70.262 Std. Dev. = 7.24 
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Material : A5 16-70 CS 
Sulfur: 0.020 

Condition :Normalized 
Solution : TM0177 

Project # : L932343TK 
Exposure : One sided, 30 Days 

pH (INIT) :2.8 
pH (FiNL) :3.6 

CLI # : 2280-D 
Section # : W8-7,8 

File # : W87-8.wk4 
Date : 1 O/OU% 

Mid. 113 0.1299 0.0059 BM 

O.D. 113 0.0000 0.0000 
---- ll____l__l__l__l____l---ll-------- ____-II- 1-11_---- 

__ _____ __ -_______ __ ~ ---_-- ------- -- 

W8 -8 I.D. 113 0.0768 0.0610 1.997 0.506 BS,BT,BS 0.51 7.29 14.78 
I.D. 113 0.0413 0.0098 BS,BT,BS 

Mid. 113 0.0276 0.0039 BM 
-- 

O.D. 113 0.0000 0.0000 
=================_ ======== ======== ============== ========== =_==-====--========= 

Full Thickness Averages of Ali Sections Crack Location Codes 
S - Surface B - Base Metal 

W -  WeidMeta1 T - ID 1/3 
4.83 H1 - Heat Affected Zone 1 M - Middle 113 
8.35 H2 - Heat Affected Zone 2 C -  OD 113 

Avg. CSR = 3.19 Std. Dev.= 
Avg. CLR = 15.94 Std. Dev. = 

Avg. CTR = 23.67 Std. Dev. = 
------- ______- 
U3 Thickness Averages of All Sections 

Avg. CSR = 3.19 Std. Dev. = 1.59 
Avg. CLR = 15.94 Std. Dev. = 5.12 
Avg. CTR = 23.67 Std. Dev. = 8.90 

__ 
113 Thickness Averages of Ali Sections 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Baseline prior to vessel exposure. 

Avg. CSR = 3.15 Std. Dev. = 1.73 
Avg. CLR = 12.19 Std. Dev. = 5.48 I 
Avg. CTR = 22.70 Std. Dev. = 9.64 

__ ~ 
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Material : A5 16-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TMO 1 77 

2/3 Thickness Averages of All Sections 

Avg. CSR = 0.03 Std. Dev. = 0.01 
Avg. CLR = 4.26 Std. Dev. = 1.23 
Avg. CTR = 0.98 Std. Dev. = 0.30 

____ 

Project # : L932343KT 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

Comments 
One sided, 30 day pre-exposed, TM0284. 

Number of cracks in weid area - O 

CLI # : 2280-A 
Section # : W8-9,10 

Date : 10102/% 
File # : W8-9-1O.wk4 

-- ___ - ~ ----------- 
Section I.D. in, Crack Crack Specimen Specimen Crack 

Section Mid. i n ,  or Length Thickness Width Thickness Location CSR CLR CTR 
O.D. 113 A (in) B (in) W (in) T (in) ("/.I (W (W 

W8 -9 Tens. 113 0.0827 0.0039 2.561 0.501 BT 0.03 3.23 0.79 

Mid. 1/3 0.0000 0.0000 

Comp. 113 0.0000 0.0000 
----- __ ~ __ -- ~ __ 

W8 -10 Tens. 1/3 0.0000 0.0000 2.563 0.503 0.03 5.30 1.17 

Mid. 113 0.0807 0.0039 
Mid. 113 0.0551 0.0020 

BM 
BM 

Comp. 1/3 0.0000 0.0000 

Full Thickness Averages of All Sections 

Avg. CSR = 0.03 Std. Dev. = 0.01 
Avg. CLR = 4.26 Std. Dev. = 1.15 
Avg. CTR = 0.98 Std. Dev. = 0.28 

Crack Location Codes 
B - Base Metal 

W -  WeidMetal T - TOP 
s -  surface 

M - Middle 
C - Bottom 

H1- Heat Affected Zone 1 
H2 - Heat Affected Zone 2 
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Material : A5 16-70 CS 
Sulfur : 0.020 

Condition : Normalized 
Solution : TMO 177 

Project # : L932343KT 
Exposure : One sided, 10 Days 

pH (MIT) : 2.8 
pH (FINL) : 3.9 

CLI # : 2280-A 
Section # : W8-11,12 

File # : W8-1 1-12.wk4 
Date : 10/02196 

-=_===-- -----------_--_----_--===______====~==~==~=~=======~ 

I.D. 113, Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) (%) (%I (%) 
---- =========== = ==== ---- - 

W8 -11 I.D. 1/3 0.0906 0.0039 2.458 0.503 BT 0.40 24.99 5.09 
pl__--- ------I_- 

Mid. 113 0.3524 0.0098 BM 
Mid. 1/3 0.1004 0.0079 BM,BS 
Mid. 113 0.0709 0.0039 BS,BM 

O.D. 113 0.0000 0.0000 
--____-_ __- ___ 

W8 -12 I.D. 113 0.0000 0.0000 2.494 0.503 0.00 1 .O3 0.39 

Mid. 1/3 0.0256 0.0020 BM 

O.D. 113 0.0000 0.0000 
__ _- 

Fui1 Thickness Averages of Ail Sections Crack Location Codes 
B - Base Metal 

W - Weld Metal 
s -  surface 
T - ID 113 

HI - Heat Mected Zone 1 M - Middle 113 
H2 - Heat Affected Zone 2 C - OD 113 i: _____ __ 

Comments 
One sided, 30 day pre-exposed, TM0284. 

0.20 Std. Dev. = Avg. CSR = 

Avg. CLR = 13.01 Std. Dev. = 

Avg. CTR = 2.74 Std. Dev. = 
-------- ~ 

2 3  Thickness Averages of All Sections 

Avg. CSR = 0.20 Std. Dev. = 

Avg. CTR = 2.74 Std. Dev. = 0.64 
Avg. CLR = 13.01 Std. Dev. = 3.85 Number of cracks in weld area - O 

__-_ Total crack thickness in weid area - 0.000 
113 Thickness Averages of All Sections 

Avg. CSR = 0.01 Std. Dev. = 0.01 
Avg. CLR = 1.84 Std. Dev. = 1.16 
Avg. CTR = 0.39 Std. Dev. = 0.25 
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Material : A5 16-70 CS 
Sulfur : 0.020 

Condition : Normalized 
Solution : TM0177 

Project # : L932343KT 
Exposure : One sided, 10 Days 

pH (INIT) : 2.8 
pH(FINL): 3.9 

CLI # : 2280-A 
Section # : W8-13,14 

File # : W8-13-14.wk4 
Date : 10/02/96 

I.D. 1/3, Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) ("/.I ("/.I ("/.I 

W8 -13 I.D. 113 0.0354 0.0039 2.583 0.506 BT,BS 0.03 5.18 1.95 
==============_=======_=_=_==__==_===_=====~=====~=============== 

~~~~ 

Mid. 113 0.0551 0.0039 
Mid. il3 0.0433 0.0020 

BM 
BM 

O.D. 113 0.0000 0.0000 
__ ~ ----- ----------- ~ - ---- ---- _--- 

W8 -14 I.D. 113 0.0000 0.0000 2.518 0.504 0.00 0.00 0.00 
-------- ---- ____ ---------- __ ----- 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
__ 

Full Thickness Averages of Ail Four Sections 

Avg. CSR = 0.02 Std. Dev. = 
Avg. CLR = 2.59 Std. Dev. = 
Avg. CTR = 0.97 Std. Dev. = 

23 Thickness Averages of All Four Sections 

Avg. CSR = 0.02 std. Dev. = 

Avg. CLR = 2.59 Std. Dev. = 0.76 Number of cracks in weld area - O 

Crack Location Codes 
B - Base Metal S -  Surface 

M - Middle 1/3 
W -  WeldMetal T -  ID 113 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 j Comments 

-_--- __ _____ 

One sided, 30 day pre-exposed, TM0284. 

Avg. CTR = 0.97 Std. Dev. = 0.30 
Total crack thickness in weld area - 0.000 -----_______-___________________________ 

113 Thickness Averages of Ail Four Sections 

Avg. CSR = 0.01 Std. Dev. = 0.00 
Avg. CLR = 0.69 Std. Dev. = 0.43 
Avg. CTR = 0.39 Std. Dev. = 0.24 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API Licensee=Occidental Chemical Corp New sub account/5910419101 

Not for Resale, 05/30/2007 22:46:11 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
,
`
,
`
,
,
`
`
`
`
`
`
`
`
`
`
`
,
,
,
`
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



Material : A5 16-70 CS 
Sulfur : 0.020 

Condition : Normalized 
Solution : TM0177 

Project # : L932343KT 
Exposure : One sided, 10 Days 

pH (WIT) : 2.8 
pH(FINL): 3.9 

CLI # : 2280-A 
Section # : W8-15,16 

File # : W8-15-16.wk4 
Date : 10/02% 

Mid. 113 0.0669 0.0039 BM 

O.D. 1/3 0.0000 0.0000 
__ ------ 

Full Thickness Averages of All Four Sections 

Avg. CSR = 0.06 Std. Dev. = 
Avg. CLR = 4.58 Std. Dev. = 
Avg. CTR = 1.95 Std. Dev. = 

u3 Thickness Averages of All Four Sections 

Avg. CSR = 0.06 Std. Dev. = 

Avg. CLR = 4.58 Std. Dev. = 1.41 Number of cracks in weld area = O 
Avg. CTR = 1.95 Std. Dev. = 

1/3 Thickness Averages of Ali Four Sections 

Crack Location Codes 
S -  Surface 

M - Middle 113 

B - Base Metal 
W - Weld Metal T -  ID 113 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 113 

----- __ __ 
~ Comments 

---------__---------____________________ 
~ 

One sided, 30 day pre-exposed, TM0284. 

Total crack thickness in weid area= 0.000 

Avg. CSR = 0.02 Std. Dev. = 0.01 
Avg. CLR = 1.25 Std. Dev. = 0.79 
Avg. CTR = 0.78 Std. Dev. = 0.49 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API Licensee=Occidental Chemical Corp New sub account/5910419101 

Not for Resale, 05/30/2007 22:46:11 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
,
`
,
`
,
,
`
`
`
`
`
`
`
`
`
`
`
,
,
,
`
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



Material : A5 16-70 CS 
Sulfur: 0.020 

Condition : Normalized 
Solution : TM0177 

Project # : L932343KT 
Exposure : One sided, 10 Days 

pH (INIT) : 2.8 
pH (FINL) : 3.9 

CLI # : 2280-A 
Section # : W8-17,18 

File # : W8-17-18.wk4 
Date: 10/02/% 

I.D. 1í3, Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 1/3 A (in) B (in) W (in) T (in) (%) (%I ("/o) 

WS -17 I.D. 113 0.0000 0.0000 2.562 0.504 0.00 0.00 0.00 
----- --_--_ - .................................................... 

Mid. Il3 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
----- __ __ - --_-- ------ ------__--- - ---_-- -- - 

W8 -18 LD. 1/3 0.0000 0.0000 2.542 0.498 0.00 0.00 0.00 
---I -I__ -_--- 

Mid. 113 0.0000 0.0000 

213 Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 

Avg. CLR = 0.00 Std. Dev. = 

Avg. CTR = 0.00 Std. Dev. = 
-----_____---____-______________________ 

1/3 Thickness Averages of All Sections 

Comments 
One sided, 30 day pre-exposed, TM0284. 

::::I Avg. CSR = 0.00 Std. Dev. = 

Avg. CLR = 0.00 Std. Dev. = 

Avg. CTR = 0.00 Std. Dev. = 0.00 
__ 
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Material : A5 16-70 CS 
Sulfur : 0.020 

Condition : Normalized 
Solution : TM0177 

Project # : L932343KT 
Exposure : One sided, 10 Days 

pH (INiT) : 2.8 
pH(FINL): 3.9 

CLI # : 2280-A 
Section # : W8-19,20 

File # : WS-19-2O.wk4 
Date : 101021% 

-- 
I.D. in, Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
O.D. 113 A (in) B (in) W (in) T (in) ("/.I ("/.I ("/.I 

- __________ __ -- 

W8 -19 LD. 113 0.0256 0.0039 2.698 0.502 BT 0.01 0.95 0.78 

Mid. i13 0.0000 0.0000 

OD.  113 0.0000 0.0000 
___---- ~ __ ------------ ---------- 

W8 -20 LD. 113 0.0551 0.0079 2.732 0.500 BT 0.12 4.04 5.91 
LD. 113 0.0551 0.0217 BS,BT,BS 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 

Full Thickness Averages of All Sections Crack Location Codes 
S -  Surface 

M - Middle 113 

B - Base Metal 
W - Weld Metal T - ID 113 
H1- Heat Mected Zone 1 
H2 - Heat Mected Zone 2 C - OD 113 I Comments 

Avg. CSR = 0.06 Std. Dev. = 

Avg. CLR = 2.49 Std. Dev. = 

Avg. CTR = 3.34 Std. Dev. = 
------_-------__-____------------------- __ 
U3 Thickness Averages of All Sections 

One sided, 30 day pre-exposed, TM0284. 
Avg. CSR = 0.06 Std. Dev. = 

Avg. CTR = 3.34 Std. Dev. = 1.23 
Avg. CLR = 2.49 Std. Dev. = 0.76 Number of cracks in weld area - O 

Total crack thickness in weld area - 

304L Overlay 

0.000 _____-_-________________________________ 

1 0  Thickness Averages of All Sections 

Avg. CSR = 0.06 Std. Dev. = 0.03 
Avg. CLR = 2.49 Std. Dev. = 0.81 
Avg. CTR = 3.34 Std. Dev. = 1.32 ____-__ ~ __ ___________ 
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Material : A5 16-70 HRS Proiect # : L932343TK CLI # :3201-B 
Sulfur :0.001 

Condition :Normalized 
Solution : TMO 177 

Exposure : One sided, 1 O Days 
pH (INIT) :2.8 
pH (FINL) : 3.9 

Section # : W8-21,22 
File # : W8-21-22.wk4 
Date : 10/02/% 

- - __ ------ 
LD. 113 Crack Crack Specimen Specimen Crack Section 

Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 
O.D. 1/3 A (in) B (in) W (in) T (in) ("/I ("/.I ("/) 

W8 -21 I.D. 1/3 0.0000 0.0000 2.489 0.429 0.00 0.00 0.00 
_________ 

Mid. 1/3 0.0000 0.0000 

O.D. 1/3 0.0000 0.0000 
------ __-__--__------ __ ------- 
Full Thickness Averages of Ail Sections Crack Location Codes 

S -  Surface B - Base Metal 
Avg. CSR = 0.00 Std. Dev. = W - Weld Metal T - ID 1/3 

0.00 H1- Heat Affected Zone 1 M - Middle 1/3 '"i H2 - Heat Affected Zone 2 C -  OD 113 
Avg. CLR = 0.00 Std. Dev. = 

Avg. CTR = 0.00 Std. Dev. = 0.00 
___---_____-_---___-____________________ -__ __ __-_ ____ __--_ __ __--____ 
2/3 Thickness Averages of NlSections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

U3 Thickness Averages of All Sections 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - O 

Total crack thickness in weld area - 0.000 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 
Avg. CTR = 0.00 std. Dev. = 0.00 

__ --_- __ -___- ~ __ __ 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : One sided, 1 O Days Sulfur :0.001 

Solution :TM0177 
Condition :Normalized pH (INIT) :2.8 

pH (FiNL) : 3.9 

CLI # ~3201-B 
Section # : W8-23,24 

File # : W8-23-24.wk4 
Date : lO/OU% 

----------- __ __--__ ~ - -_------------- ---- ----------- __ __-__ __ --- 
I.D. il3 Crack Crack Specimen Specimen Crack Section 

Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 
O.D. 113 A (in) B (in) W (in) T (in) (%I (%I (%I 

W8 -23 I.D. 113 0.0000 0.0000 2.526 0.541 0.00 0.00 0.00 

Mid. 113 0.0000 0.0000 

Mid. 113 0.0000 0.0000 

O.D. il3 0.0000 0.0000 

Full Thickness Averages of Ali Sections I 
Avg. CSR = 0.00 Std. Dev. = 

Avg. CLR = 0.00 Std. Dev. = 
Avg. CTR = 0.00 Std. Dev. = 

__-_____ __--- 

u3 Thickness Averages of Ali Sections 

Avg. CSR = 0.00 Std. Dev. = 

Avg. CLR = 0.00 Std. Dev. = 

Avg. CTR = 0.00 Std. Dev. = 

113 Thickness Averages of Ail Sections 

Crack Location Codes 
S - Surface 

M - Middle 1/3 

B - Base Metal 
W - Weid Metal T - ID 113 
H1 - Heat Mected Zone 1 
H2 - Heat Affected Zone 2 C - OD 113 

__ __ __--__ 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weid area - O 

Total crack thickness in weld area - 0.000 

Avg. CSR = 0.00 Std. Dev. = 0.00 

Avg. CTR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 
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Material : A5 16-70 HRS 
Sulfur :0.001 

Condition :Normalized 
Solution : TMO 177 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

CLI# :3201-B 
Section # : W8-25,26 

File # : W8-25-26.wk4 
Date : 10/02/% 

---__-_-_--___ ~ --- - -_-- -- 
LD. 113 Crack Crack Specimen Specimen Crack Section 

Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 
O.D. 1/3 A(in) B (in) W (in) T (i4 (%) (%I (%o) 

- 

W8 -25 I.D. lí3 0.0413 0.01 18 2.524 0.524 BS,BT,BS 0.04 2.89 2.63 

Mid. 113 0.0315 0.0020 BM 

Mid. 1/3 0.0000 0.0000 

O.D. 113 0.0000 0.0000 

Full Thickness Averages of Ail Sections Crack Location Codes 
B - Base Metal 

W - Weld Metal 
H1 - Heat Affected Zone 1 

S - Surface 

M - Middle 1/3 
T - ID 113 

H2 - Heat Affected Zone 2 C - OD 1/3 
____ -~ __--- 

~ Comments 

Avg. CSR = 0.02 std. Dev. = 
Avg. CLR = 1.44 Std. Dev. = 

Avg. CTR = 1.3 1 Std. Dev. = 
~ ----- _---_---= --------- __ 

2/3 Thickness Averages of Ail Sections 
One sided, 30 day pre-exposed, TM0177. 

Avg. CSR = 0.02 Std. Dev. = 

Avg. CTR = 1.3 1 Std. Dev. = 0.65 
Avg. CLR = 1.44 Std. Dev. = 0.56 Number of cracks in weld area - O 

Total crack thickness in weid area - 0.000 
113 Thickness Averages of All Sections 

Avg. CSR = 0.02 Std. Dev. = 0.01 
Avg. CLR = 0.82 Std. Dev. = 0.51 
Avg. CTR = 1.13 Std.Dev.= 0.71 

...................................................................................................... 
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ri 

- - 

Full Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

- 

u3 Thickness Averages of Mi Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

1/3 Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 std. Dev. = 0.00 

Material : A5 16-70 HRS Project # : L932343TK 
Exposure : One sided, 1 O Days Sulhr :0.001 

Solution : TMO 1 77 
Condition :Normalized pH (INIT) :2.8 

pH (FINL) : 3.9 

__--___ __ __ - 

Crack Location Codes 
B - Base Metal S - Surface 

W - Weld Metal T - I D 1 0  
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

M - Middle 113 
C - OD 1/3 

- 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 
Total crack thickness in weld area - 

O 

0.000 

CLI # :3201-B 
Section # : W8-27,28 

File # : W8-27-28.wk4 
Date : 1 O/OU96 

Mid. 113 0.0000 0.0000 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API Licensee=Occidental Chemical Corp New sub account/5910419101 

Not for Resale, 05/30/2007 22:46:11 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
,
`
,
`
,
,
`
`
`
`
`
`
`
`
`
`
`
,
,
,
`
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



Material : A5 16-70 HRS Project # : L932343TK 
Exposure : One sided, 10 Days Sulfur :0.001 

Solution :TM0177 
Condition :Normalized pH (INIT) :2.8 

pH (FiNL) : 3.9 

Full Thickness Averages of All Sections 

Avg. CSR = 0.01 Std. Dev. = 0.00 
Avg. CLR = 1 4 4  Std. Dev. = 0.52 
Avg. CTR = 0.96 Std. Dev = 0.35 

CLI # :3201-B 
Section # : W8-29,30 

File # : W8-29-30.wk4 
Date : 1 O/OZ% 

Crack Location Codes 
B - Base Metal S - Surface 

W - Weid Metal T -  ID 1/3 
H1 - Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 113 

Mid. 113 0.0000 0.0000 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 

2f3 Thickness Averages of All Sections 

Avg. CSR = 0.01 Std. Dev. = 0.01 
Avg. CLR = 1.44 std.Dev.= 0.56 
Avg. CTR = O.% Std. Dev. = 0.38 

113 Thickness Averages of All Sections 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Avg. CSR = 0.01 Std. Dev. = 0.01 
Avg. CLR = 1.44 Std. Dev. = 0.60 I 
Avg. CTR = 0.96 Std. Dev. = 0.41 
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Material : A5 16-70 HRS 
Sulfur :0.001 

Condition :Normalized 
Solution : TMO 177 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (MIT) :2.8 
pH (FML) : 3.9 

CLI # :3201-B 
Section # : W8-3 1,32 

File # : W8-31-32.wk4 
Date : 10/02/96 

Mid. 113 0.0000 0.0000 

Mid. 1/3 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
-l______llll__ll_l__I- _-------I------ 

__ __ -- - ---- __ -- ------ 

Full Thickness Averages of All Sections Crack Location Codes 
S - Surface B - Base Metal 

W - Weld Metal 
H1 - Heat M a t e d  Zone 1 i H2 - Heat Afîected Zone 2 

T - ID 1/3 
M - Middle 113 
C - OD 113 

Avg. CSR = 0.01 Std. Dev. = 
Avg. CLR = 0.52 Std. Dev. = 

Avg. CTR = 0.75 Std. Dev. = 
___ ~ 

2/3 Thickness Averages of Ali Sections Comments 
One sided, 30 day pre-exposed, TM0177. 

Avg. CSR = 0.01 Std. Dev. = 

Avg. CTR = 0.75 Std. Dev. = 0.43 
Avg. CLR = 0.52 Std. Dev. = 0.30 Number of cracks in weld area - O 

Total crack thickness in weid area - 

304L Overlay 

0.000 _______-________________________________ 
1B Thickness Averages of All Sections 

Avg. CSR = 0.01 Std. Dev. = 0.00 
Avg. CLR = 0.52 Std. Dev. = 0.32 
Avg. CTR = 0.75 Std.ûev. = 0.47 
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Material : A285-C CS 

Condition :Not specified 
Sulfur :0.021 

Solution : TM0177 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (iNiT) :2.8 
pH (FINL) :3.9 

CLI # : 4745-c 
Section # : W8-33,34 

File # : W8-33-34.wk4 
Date : 1 0/02/% 

-========_- ------ ___---__ ----- ------- ........................................... 

I.D. 113 Crack Crack Specimen Specimen Crack Section 
Sechon Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

0.1). 113 A (in) B (in) W (in) T (in) (%I (%I ("/.I 
==== -- ~ -__======= ==== == ====== . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W8 -33 LD. 113 0.1772 0.0551 2.559 0.518 BS,BT,BS 21.49 183.49 132.63 
I.D. 113 1.0630 0.0020 BT 
I.D. 113 0.1360 0.0217 H2,BT,BS 
I.D. li3 0.3981 0.0177 BT 
LD. il3 0.4823 0.4823 BT,H2 
I.D. 113 0.8465 0.0039 BT,H2 
LD. 113 0.5709 0.0039 H2,BT 
I.D. 113 0.2324 0.0807 BT,BS 
I.D. 113 0.6398 0.0079 BT,BS 

Mid. 1/3 0.0453 0.0039 
Mid. il3 0.1043 0.0079 

BS,BM 
Bh4,BS - I 

O.D. 113 0.0000 0.0000 
----- __ 

W8 -34 I.D. 113 0.1319 0.0079 2.575 0.522 BS,BT 4.08 53.36 39.97 
I.D. I13 0.3130 0.0453 BT,H2 
I.D. 113 0.3091 0.0728 BT,HZ,BT,BS 
I.D. il3 0.2638 0.0512 BT,BS 
I.D. 113 0.1358 0.0157 BS,BT 

Mid. 113 0.0551 0.0039 
Mid. 113 0.0236 0.0039 
Mid. 113 0.1417 0.0079 

BM,BS 
BM,BS 

BM,BS,BM 

Full Thickness Averages of Ail Sections 

Avg. CSR = 12.78 Std. Dev. = 3.23 
Avg. CLR = 118.43 Std. Dev. = 10.69 
Avg. CTR = 86.30 Std. Dev. = 17.30 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 113 
W -  WeldMetal T - ID 113 

H1- Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 113 

2/3 Thickness Averages of All Sections Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

6 

0.630 

Avg. CSR = 12.78 Std. Dev. = 
Avg. CLR = 118.43 Std. Dev. = 
Avg. CTR = 86.30 Std. Dev. = 

____ __ 
1/3 Thickness Averages of Ail Sections 

Avg. CSR = 12.69 Std. Dev. = 

Avg. CLR = 11 1.22 Std. Dev. = 
Avg. CTR = 83.65 Std. Dev. = 
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Material : A285-C CS 

Condition :Not specified 
Sulfur :0.021 

Solution : TMO 177 

Project # : L932343TK 
Exposure : One sided, 10 Days 

pH (INIT) :2.8 
pH (FINL) :3.9 

CLI # : 4745-c 
Section # : W8-35,36 

File # : W8-35-36.wk4 
Date : 1 OlOU96 

W8 -35 LD. 113 0.1594 0.0256 2.475 0.523 BT,BS 4.30 54.88 20.32 
I.D. 1/3 0.8287 0.0472 BT,H2,BT 
I.D. 113 0.3701 0.0335 BT,BS 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
I 

--- -_--_- - 
~ _________ ~ _____ 

W8 -36 LD. 113 0.2047 0.0531 2.477 0.525 BS,BT,BS 3.70 42.12 31.50 
I.D. 113 0.1673 0.0059 BT 
I.D. 113 0.3209 0.0335 BT 
I.D. li3 0.3504 0.0728 BT,BS 

Mid. 113 0.0000 0.0000 

O.D. 1/3 0.0000 0.0000 
__ - -------- -- __ -_--_ __ 

Full Thickness Averages of All Sections Crack Location Codes 
B - Base Metal 

W - Weld Metal 
s -  surface 
T -  ID 1/3 

H1 - Heat Affected Zone 1 M - Middle 1/3 
4.31 H2 - Heat Affected Zone 2 C -  OD li3 

~ _____ ______ __ 

Avg. CSR = 3.999 std.Dev.= 
Avg. CLR = 48.500 Std. Dev. = 

Avg. CTR= 25.910 Std. Dev. = 

U3 Thickness Averages of All Sections 

Avg. CSR = 3.999 std.Dev.= 0.84 
Avg. CLR = 48.500 Std. Dev. = 8.94 
Avg. CTR = 25.910 Std. Dev. = 4.44 

113 Thickness Averages of All Sections 

Comments 
One sided, 30 day pre-exposed, TMO177. 

Number of cracks in weid area - 1 

Total crack thickness in weld area - 0.0427 

Avg. CSR = 3.999 Std. Dev. = 0.88 
Avg. CLR = 48.500 Std. Dev. = 9.24 ~ 

Avg. CTR = 25.910 Std. Dev. = 4.56 ______ __ ___-____ 
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I -  

___-____ 
Full Thickness Averages of All Sections 

Avg. CSR = 3.508 Std. Dev. = 0.45 
Avg. CLR = 44.891 Std. Dev. = 4.13 
Avg. CTR = 47.329 Std. Dev. = 4.33 

___-- ____ 
2/3 Thickness Averages of All Sections 

Avg. CSR = 3.508 Std. Dev. = 0.46 
Avg. CLR = 44.891 Std. Dev. = 4.18 
Avg. CTR = 47.329 Std. Dev. = 4.38 

__ 

113 Thickness Averages of All Sections 

Material : A285-C 
Sulfur :0.001 

Condition :Normalized 
Solution : TMO 177 

__ _---___----__-- __ __- 

Crack Locations Codes 
B - Base Metal S - Surface 

M - Middle 1/3 
W - Weld Metal T - ID 113 

H1- Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 113 

~ _________ 
Comments 

One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 
Total crack thickness in weld area - 

6 

0.132 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (MIT) :2.8 
pH (FINL) :3.9 

CLI # : 4745-c 
Section # : W8-37,38 

File # : W8-37-38.wk4 
Date : 1 OlOU96 

I.D. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) (%) (%> (%> 
--------- ___ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W8 -37 LD. 113 0.3524 0.0728 2.546 0.518 BS,BT,BS 3.09 40.44 3 1.92 
I.D. 113 0.2992 0.0217 BT,H2 
I.D. It3 0.0236 0.0039 H2,BT 
I.D. 1/3 0.1398 0.0512 BT,BS 
LD. 113 0.0827 0.0059 BT,H2 
I.D. it3 0.03 15 0.0020 BT 
I.D. It3 0.1004 0.0079 BS,BT 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
-_ 

__ - ------ - ----- -- ---- ____ _______ __ __-__ ~ -__- 

W8 -38 I.D. 113 0.0335 0.0138 2.593 0.524 BS,BT,BS 3.93 49.35 62.74 
I.D. 1/3 0.0709 0.0374 BT,BS 
I.D. 113 0.0748 0.0413 BT 
LD. 113 0.0217 0.0039 BS,BT,H2 
I.D. 113 0.3091 0.0453 H2,BT 
I.D. 113 0.2776 0.0512 BT,H2 
I.D. it3 0.1122 0.0453 BS,BT,BS 
LD. 113 0.0984 0.0276 BT,BS 
I.D. 113 0.1811 0.0591 BT,BS 
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Material : A285-C CS 

Condition :Not specified 
Sulfur :0.021 

Solution : TM0177 

- ------- - -_ 
Full Thickness Averages of All Sections 

Avg. CSR = 8.14 Std. Dev. = 1 .o0 
Avg. CLR = 64.43 Std. Dev. = 6.24 
Avg. CTR = 78.74 Std. Dev. = 6.29 

. . . . . . . . . . . . . . . . . . . . .  
U3 Thickness Averages of All Sections 

Avg. CSR = 8.14 Std. Dev. = 1 .o2 
Avg. CLR = 64.43 Std. Dev. = 6.32 
Avg. CTR = 78.74 Std. Dev. = 6.29 

~ 

113 Thickness Averages of All Sections 

Avg. CSR = 8.13 Std. Dev. = 1 .O5 
Avg. CLR = 62.98 Std. Dev. = 6.47 
Avg. CTR = 78.18 Std. Dev. = 6.29 

___ 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) :3.9 

_______-_ ~ ~ 

Crack Location Codes 
B - Base Metal 

W - Weld Metal 
H1 - Heat Affected Zone 1 

S - Surface 
T - ID 113 

M - Middle 113 
H2 - Heat Mected Zone 2 C - OD 113 

-----------~-_===____==_____====-==_==__===____=__====~=~=========~==========~==~=========== 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

2.000 

0.1555 

~ - ~ _ _ _ _ ~ _ _  __-____ 

CLI # : 4745-c 
Section # : W8-39,40 

File # : W839-40.wk4 
Date : 1 OlOU96 

---_-____ ------_-- __ ========iii====i-i==~=~=~===~~===~======~=====~=~= 

I.D. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) (%I ("/o> ("/.I 
- __ ==_======-=____========~===~~===~================= 

W8 -39 I.D. lí3 0.1850 0.0433 2.651 0.525 BS,BT 8.13 58.96 59.24 
I.D. 113 0.1417 0.0984 BS,BT,BS 
I.D. 113 0.681 1 0.0925 BS,BT,HZ 
I.D. 113 0.4350 0.0630 H2,BT,BS 
I.D. 113 0.0433 0.0079 BT,BS 

Mid. i# 0.0768 0.0059 BM,BS 

O.D. 113 0.0000 0.0000 
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Material : A285-C CS 

Condition :Not specified 
Sulfur :0.021 

Solution : TMO 177 

Full Thickness Averages of Ali Sections 

Avg. CSR = 10.34 Std. Dev. = 1.90 

Avg. CTR = 70.69 Std. Dev. = 6.04 
Avg. CLR = 81.26 Std. Dev. = 1 1.60 

Project # : L932343TK 
Exposure :One sided, 10 Days 

pH (INIT) :2.8 
pH (FINL) :3.9 

Crack Location Codes 
B - Base Metai S -  Surface 

W -  WeidMeta1 T - ID 113 
H1 - Heat Affected Zone 1 M - Middle 113 
H2 - Heat Affected Zone 2 C - OD 113 

CLI # : 4745-c 
Section # : W8-41,42 

File # : W8-41-42.wk4 
Date : 1 O/OU% 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LD. il3 Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in> ("/.I (%I (%> --_- 
W8 -41 I.D. 113 0.2283 0.0650 2.870 0.519 BT,BS 8.05 69.89 93.30 

I.D. 113 0.0630 0.0236 BS,BT,BS 
I.D. 113 0.0669 0.0276 BS,BT,BS 
I.D. 113 0.1299 0.0472 BT,BS 
I.D. 113 0.3504 0.0866 BT,BS 
I.D. 1/3 0.3366 0.0610 BS,BT,BS 
I.D. 113 0.2677 0.0512 BS,BT,BS 
I.D. 1/3 0.1890 0.0571 BS,BT 
I.D. 113 0.0630 0.0000 BS,BT,BS 
I.D. 113 0.3110 0.0650 BS,BT,BS 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
__ ___ _--__---___-- __ --_-------- __ 

W8 -42 LD. 113 0.2972 0.0886 2.865 0.520 BT 12.63 92.62 48.08 
I.D. 113 0.0768 0.0276 BT,BS 
I.D. 113 0.4665 0.0217 BT 
I.D. 113 0.1220 0.0256 BS,BT,BS 
I.D. 113 1.6909 0.0866 BT,BS 

Mid. 113 0.0000 0.0000 

U3 Thickness Averages of Ali Sections 

Avg. CSR = 10.34 Std. Dev. = 1.97 
Avg. CLR = 81.26 Std. Dev. = 1 1.93 
Avg. CTR = 70.69 Std. Dev. = 6.07 

___-_ __ 
1/3 Thickness Averages of All Sections 

Comments 
One sided, 30 day pre-exposed, TMO 177 

12.27 
6.06 

Avg. CSR = 10.34 Std. Dev. = 

Avg. CLR = 81.26 Std. Dev. = 

Avg. CTR = 70.69 Std. Dev. = 
_____ __ __ __ __ 
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Material : A285-C CS 

Condition :Not specified 
Sulfur :0.021 

Solution : TMO 177 

Full Thickness Averages of All Sections 

Avg. CSR = 7.04 Std. Dev. = 0.96 
Avg. CLR = 69.20 Std. Dev. = 8.00 
Avg. CTR = 52.16 Std. Dev. = 4.94 

- ___--___________--______________________ 
213 Thickness Averages of Ali Sections 

Avg. CSR = 7.04 Std. Dev. = 0.98 

Avg. CTR = 52.16 Std. Dev. = 4.96 
Avg. CLR = 69.20 Std. Dev. = 8.14 

~ ------_ 

113 Thickness Averages of All Sections 

Avg. CSR = 7.04 Std. Dev. = 1 .o1 

Avg. CTR = 52.16 Std. Dev. = 4.93 
Avg. CLR = 69.20 Std. Dev. = 8.26 

_-----_-- 

Project # : L932343TK 
Exposure : One sided, 10 Days 

pH (INIT) :2.8 
pH (FINL) :3.9 

------ ---- ---------- __ -- 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle U3 
W - Weld Metal T - ID 113 
H1- Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 113 

-- == 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

304L Overlay 

7 

0.3 13 

. . . . . . . . . . . . . . . . . . . . . . . . .  = ========= ===== 

CLI # : 4745-c 
Section # : W8-43,44 

File # : W8-43-44.wk4 
Date : 1 OlOU96 

_======_=- -======_-======_-_ ------- _====__ ----========_===_ ==== _==_=======___============== 

LD. 1/3 Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) (%> (%I (%) 
============ - _=__ ~ _ = _ _  ==== ========================== 

W8 -43 I.D. 1/3 0.1102 0.0217 2.489 0.533 BS,BT,H2 7.75 67.62 55.77 
I.D. 113 0.1220 0.0335 BS,H2,BT 
I.D. 113 0.5079 0.0827 BT,HL,BT 
I.D. 1/3 0.1988 0.0531 BT,H2 
I.D. 113 0.1909 0.0413 H2,BT 
I.D. 113 0.5531 0.0650 BS,BT,BS 

Mid. 1/3 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
__ _____ __ 

W8 -44 I.D. 113 0.1909 0.0472 2.492 0.519 BS,BT,BS 6.33 70.78 48.55 
I.D. 113 0.0551 0.0276 BS,BT,H2 
I.D. 113 0.2520 0.0610 BS,BT,BS 
LD. li3 0.1850 0.0256 BS,BT 
I.D. 1/3 0.3976 0.0374 BT 
I.D. 113 0.6831 0.0531 H2,BT 

Mid. 1/3 0.0000 0.0000 
II __------------------__I_______ 1----1-- -_-- ---I-- 
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Material : A5 16-70-CS 
Sulfur :0.020 

Condition : Normaiized 
Solution : TMO 177 

-- 

Full Thickness Averages of Ail Sections 

Avg. CSR = 0.16 Std. Dev. = 0.04 
Avg. CLR = 7.25 Std. Dev. = 1.96 
Avg. CTR = 4.94 Std. Dev. = 1.15 

U3 Thickness Averages of Ail Sections 

Avg. CSR = 0.16 Std. Dev. = 0.04 
Avg. CLR = 7.25 Std. Dev. = 2.06 
Avg. CTR = 4.94 Std. Dev. = 1.20 

1/3 Thickness Averages of Ail Sections 

Avg. CSR = 0.12 Std. Dev. = 0.05 
Avg. CLR = 5.42 Std. Dev. = 2.30 
Avg. CTR = 2.38 Std. Dev. = 1 .o2 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

Crack Location Codes 
S - Surface B - Base Metal 

W - Weld Metal T -  ID 1/3 
H1- Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Affkcted Zone 2 C - OD 1/3 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weid area - 

Total crack thickness in weid area - 

2 

0.024 

CLI # 2280-D 
Section # : W8-45,46 

File # : W8-45-46.wk4 
Date : 10/08/% 

==========-_----_--------------------------------------=======~=~==~=~=~~=========~======= 

I.D. 1/3 Crack Crack Specimen Specimen Crack Section 
Section Mid. i n ,  or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) w (in> T (in) (%> (%) (%) 
~ _____-- ========= ===========_3== 

W8 -45 I.D. 1/3 0.0945 0.0157 2.522 0.4% H2,BT 0.23 10.85 4.76 
I.D. 1/3 0.1791 0.0079 2.522 0.496 BT,H2 

Mid. 113 0.0000 0.0000 

O.D. 1/3 0.0000 0.0000 
-- _----------_I-------ll________l_l_ll____- ------- 

- __ ---------- 
W8 -46 I.D. 1/3 0.0000 0.0000 2.529 0.501 0.10 3.66 5.11 

Mid. 113 0.0551 0.0157 
Mid. 1/3 0.0374 0.0098 

BS,BM 
BM,BS 
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Material : A5 16-70-CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TM0177 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

CLI # 2280-D 
Section # : W8-47,48 

File # : W847-48.wk4 
Date : 10/02/96 

I.D. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) ("/.I ("/.I (W 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ====__= ___ ========= ==== ===_====c==_ 

W8 -47 I.D. 113 0.2244 0.0059 2.599 0.512 BT,BS 0.45 25.75 6.92 
I.D. 113 0.1142 0.0236 BT,BS 

Mid. 113 0.3307 0.0059 BM 

O.D. 113 0.0000 0.0000 
__ 

W8 -48 I.D. 113 0.1220 0.0177 2.625 0.519 BS,BT 1.96 29.55 31.10 
I.D. 113 0.1004 0.0197 BS,BT,H2 
I.D. 113 0.2047 0.0236 H2,BT 
LD. 113 0.2047 0.0709 BT,BS 
I.D. 1/3 0.1220 0.0256 BT,BS 

Mid. 1/3 0.0217 0.0039 

O.D. 113 0.0000 0.0000 
~ ~ ------__-__-___--- -- ------- 

Full Thickness Averages of AI1 Sections Crack Location Codes 
B - Base Metal S - Surface 

W - Weld Metai T -  ID 1/3 
H1 - Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Afîected Zone 2 C - OD 113 

Comments 
One sided, 30 day pre-exposed, TMO 177. 

0.26 
3.91 Number of cracks in weld area - 2 
3.46 

Total crack thickness in weld area - 0.043 

Avg. CSR = 1.20 Std. Dev. = 
Avg. CLR = 27.65 Std. Dev. = 
Avg. CTR = 19.01 std. Dev. = 

2/3 Thickness Averages of All Sections 

Avg. CSR = 1.20 std. Dev. = 
Avg. CLR = 27.65 Std. Dev. = 
Avg. CTR = 19.01 Std. Dev. = 

113 Thickness Averages of All Sections 

::z I Avg. CSR = 1.13 Std. Dev. = 

Avg. CLR = 20.87 Std. Dev. = 
Avg. CTR = 18.06 Std. Dev. = 3.65 

__ ~ __ _- 
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Material : A5 1 6 4  
Sulfur :0.001 

Condition :Normalized 
Solution : TM0177 

Project # : L932343TK 
Exposure : One sided,30 Days 

pH (INiT) :2.8 
pH (FINL) : 3.9 

CLI # : 2280-D 
Section # : W8-49,50 

File # : W8-49-5O.wk4 
Date : 10/02/96 

I.D. 1B Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 1/3 A (in) B (in) W (in) T (in) (%I (W (%> - - - - - - - - --__________ __ -___=_===_=======_=__====_====_=___===========_~~=~=====~== 

W8 -49 LD. 1B O. 1594 0.0413 2.551 0.494 BT,WH2 1.14 9.95 25.10 
I.D. 1/3 0.0945 0.0827 BS,BT,BS 

Mid. 1/3 0.0000 0.0000 
---------------~ ---_-_----------. 

O.D. 1/3 0.0000 0.0000 
. . . . . . . . . . . . . . . . . . . . . . .  ======== =_== ==_========== =====~==_===_============_=====_=============_=~==== 

Full Thickness Averages of Ail Sections Crack Locations Codes 
B - Base Metal S - Surface 

M - Middle 1/3 
W - Weld Metal T - ID 113 
H1- Heat Mected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 

Comments 
One sided, 30 day pre-exposed, TM0177. 

0.30 
5.24 Number of cracks in weld area - 1 
4.96 

Total crack thickness in weld area - 0.041 i; 
Avg. CSR = 1.10 Std. Dev. = 

Avg. CLR = 16.14 Std. Dev. = 

Avg. CTR = 17.26 Std. Dev. = 

U3 Thickness Averages of Ail Sections 

Avg. CSR = 1.10 Std. Dev. = 

Avg. CLR = 16.14 Std. Dev. = 

Avg. CTR = 17.26 Std. Dev. = 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
---___--_____________I______________ 

1B Thickness Averages of Ail Sections 

Avg. CSR = 0.66 Std. Dev. = 0.23 
Avg. CLR = 6.78 Std. Dev. = 2.18 1 
Avg. CTR = 14.90 Std. Dev. = 5.32 

__ ____ ___ __ 
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Maîerial : A5 16-70-CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TMO 177 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FiNL) : 3.9 

CLI # : 2280-D 
Section # : W8-51,52 

File # : W8-51-52.wk4 
Date : 1 0/02/96 

-------------------------=====~=~~===== ---------- 
I.D. 113 Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
O.D. 1/3 A (in) B (in) W (in) T (in) (”/.I (”/.I (”/.> 

====_======-- -- __ _--_ -=_====_=_============================_======== 

W8 -51 I.D. 1/3 0.1496 0.0079 2.636 0.504 0.36 15.53 4.30 

Mid. 113 0.2598 0.0138 

O.D. 113 0.0000 0.0000 
- 

W8 -52 I.D. 1/3 0.0610 0.0079 2.576 0.531 0.13 15.82 2.22 

Mid. 113 0.3465 0.0039 

O.D. ln 0.0000 0.0000 

Full Thickness Averages of All Sections _i Avg. CSR = 0.25 Std. Dev. = 

Avg. CLR = 15.68 Std. Dev. = 

Avg. CTR = 3.26 Std. Dev. = 
-----___-----_______-------------------- 

~ 

2/3 Thickness Averages of All Sections 

Avg. CSR = 0.25 Std. Dev. = 

Avg. CTR = 3.26 Std. Dev. = 

Avg. CLR = 15.68 Std. Dev. = 4.54 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1/3 Thickness Averages of All Sections 

Crack Location Codes 
S - Surface 

M - Middle 1/3 

B - Base Metal 
W - Weld Metal 

H1 - Heat Affected Zone 1 
T - ID 1/3 

H2 - Heat Affected Zone 2 C - OD 113 
_ _ _ _ _ ~  -- 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - O 

Total crack thickness in weld area - 0.000 

Avg. CSR = 0.06 Std. Dev. = 0.03 
Avg. CLR = 4.02 Std. Dev. = 1.84 ~ 

Avg. CTR = 1.52 Std. Dev. = 0.63 
- -------------- -------- -------- --- 
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Material : A5 16-70-CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TMOl77 

U3 Thickness Averages of All Sections 

hvg. CSR = 0.90 Std. Dev. = 0.38 
Avg. CLR = 7.86 Std. Dev. = 2.48 
Avg. CTR = 14.05 Std. Dev. = 5.16 ____ 

Project # : L932343TK 
Exposure : One sided, 10 Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

Comments 
One sided, 30 day pre-exposed, TM0177. 

CLI ## 2280-D 
Section # : W8-5334 

File # : W8-53-54.wk4 
Date : 1 OlOU96 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
- ---- ------- 

Full Thickness Averages of All Sections 

hvg. CSR = 0.90 Std. Dev. = 0.35 
Avg. CLR = 7.86 Std. Dev. = 2.34 
Avg. CTR = 14.05 Std. Dev. = 4.85 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 113 
W - Weld Metal T-ID113 
H1- Heat Mected Zone 1 
H2 - Heat Mected Zone 2 C - OD 113 

113 Thickness Averages of All Sections 

Avg. CSR = 0.90 std.Dev.= 0.41 
Avg. CLR = 7.86 Std. Dev. = 

Avg. CTR = 14.05 Std. Dev. = 5.54 
______ 
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Material : A5 16-704s 
Sulfur :0.020 

Condition :Normalized 
Solution : TM0177 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

CLI # : 2280-D 
Section # : W8-55,56 

File # : W8-55-56.wk4 
Date : 1 OíOU96 

1.D. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) ("/I (%> (%I 
--------_- - ----- - ---- ====== 

W8 -55 I.D. 113 0.0512 0.0039 2.525 0.499 BT 2.11 22.37 18.54 
I.D. 113 0.3110 0.0827 BS,BT 

Mid. 113 0.1398 0.0039 
Mid. 113 0.0630 0.0020 

BM 
BM 

O.D. 113 0.0000 0.0000 
------- ----- 

W8 -56 I.D. 1/3 0.1988 0.0217 2.521 0.502 BT 0.34 7.89 4.31 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Full Thickness Averages of Ail Sections Crack Location Codes 
B - Base Metal 

W - Weld Metal 
H1- Heat Affected Zone 1 

S - Surface 

M - Middle 1/3 
T -  ID 113 

H2 - Heat Affected Zone 2 C - OD 1/3 

Comments 
One sided, 30 day pre-expod, TM0177. i_ 

Avg. CSR = 1.23 Std. Dev. = 

Avg. CLR = 15.13 Std. Dev. = 

Avg. CTR = 11.43 Std. Dev. = 
__ ---- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -__ 

U3 Thickness Averages of All Sections 

Avg. CSR = 1.23 Std. Dev. = 

Avg. CTR = 11.43 Std. Dev. = 4.42 
Avg. CLR = 15.13 Std. Dev. = 3.77 Number of cracks in weld area - O 

Total crack thickness in weld area - 

304L Overlay 

0.000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I/3 Thickness Averages of All Sections 

Avg. CSR = 1.20 Std. Dev. = 0.61 
Avg. CLR = 11.12 Std. Dev. = 4.11 
Avg. CTR = 10.84 Std. Dev. = 4.97 
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Matenal : A5 16-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TMO 1 77 

----- ~ ---- 
Full Thickness Averages of All Four Sections 

0.70 Std. Dev. = 0.20 Avg. CSR = 

Avg. CLR = 26.94 Std. Dev. = 6.37 
Avg. CTR = 4.61 Std. Dev. = 1.23 

____ 

2 3  Thickness Averages of All Four Sections 

Avg. CSR = 0.72 Std. Dev. = 0.22 
Avg. CLR = 26.94 Std. Dev. = 6.67 
Avg. CTR = 4.72 Std. Dev. = 1.30 

113 Thickness Averages of All Four Sections 

Avg. CSR = 0.54 Std. Dev. = 0.08 

Avg. CTR = 3.74 Std. Dev. = 0.72 
Avg. CLR = 18.09 Std. Dev. = 3 .% 

Project # : L932343TK 
Exposure : One sided, 10 Days 

pH (MIT) :2.8 
pH (FML) : 3.9 

~ 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 1/3 
W - Weld Metal T - ID 1/3 
H1- Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 

~ 

Comments 
One sided, 30 day pre-exposed, TM0284. 

Number of cracks in weid area - 

Total crack thickness in weld area - 

1 

0.010 

CLI # : 2280-A 
Section # : W8-57q85A 

File # : 57A-85A.wk4 
Date : 1 O/OZ% 

W8 -57A I.D. 1/3 0.1496 0.01 18 1.246 0.500 BT 
I.D. 1/3 0.0866 0.0039 BT 

0.69 36.65 5.12 

Mid. 1/3 0.2205 0.0098 BM,H2 
BM 

O.D. 113 0.0000 0.0000 
---------- - --------_---_ __ ~ ___ -- 

W8 -85A I.D. 1/3 0.0000 0.0000 1.246 0.528 0.71 17.22 4.10 

Mid. 1/3 0.2146 0.0217 BM, H2,H 1 

__ 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : One sided, 1 O Days Sulfur :0.001 

Solution : TMO 177 
Condition :Normalized pH (INIT) :2.8 

pH (FINL) : 3.9 

CLI # :3201-B 
Section # : W8-57B,85B 

File # : 57B-85B.wk4 
Date :10/02/96 

O.D. li3 0.0000 0.0000 
---- - --- --- -- - 

Full Thickness Averages of Ail Four Sections 

Avg. CSR = 0.10 Std. Dev. = 0.04 
Avg. CLR = 4.19 Std. Dev. = 1.48 
Avg. CTR = 2.61 Std. Dev. = 1 .O7 

--- 

213 Thickness Averages of AI1 Four Sections 

Avg. CSR = 0.10 std. Dev. = 0.04 
Avg. CLR = 4.19 Std. Dev. = 1.58 
Avg. CTR = 2.61 Std. Dev. = 1.15 

113 Thickness Averages of Ail Four Sections 

Avg. CSR = 0.10 Std. Dev. = 0.05 
Avg. CLR = 4.19 Std. Dev. = 1.69 
Avg. CTR = 2.61 Std. Dev. = 1.24 

Crack Location Codes 
B - Base Metal 

W -  WeldMetal 
s - surface 
T - ID 113 

H1- Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Mected Zone 2 C - OD 113 

~ ~ 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - O 

Total crack thickness in weld area - 0.000 
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I -  

- __ ____ ___ 
Full Thickness Averages of All Four Sections 

Avg. CSR = 0.12 Std. Dev. = 0.05 
Avg. CLR = 15.66 Std. Dev. = 5.99 
Avg. CTR = 0.75 Std. Dev. = 0.27 

__ 
2í3 Thickness Averages of All Four Sections 

Avg. CSR = 0.12 Std. Dev. = 0.05 
Avg. CLR = 15.67 Std. Dev. = 6.42 
Avg. CTR = 0.75 Std. Dev. = 0.29 

1/3 Thickness Averages of All Four Sections 

Avg. CSR = 0.04 Std. Dev. = 0.03 

Avg. CTR = 0.38 Std. Dev. = 0.24 
Avg. CLR = 5.30 Std. Dev. = 3.33 

Material : AS 16-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TMO 177 

-------- 

Crack Location Codes 
B - Base Metal S -  Surface 

M - Middle 113 
W - Weid Metal T -  I D l n  
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 

c ___ ____ - ----- 
Comments 

One sided, 30 day pre-exposed, TM0284. 

Number of cracks in weld area - 

Total crack thickness in weid area - 

0 

0.000 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

CLI # : 2280-A 
Section # : WS-SSA,86A 

File # : 58A-86A.wk4 
Date : 10/02/96 

Mid. 113 0.0000 0.0000 

Mid. 1/3 0.2579 0.0039 BM 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure :One sided,lO Days Sulfur :0.001 

Solution : TMO 1 77 
Condition :Normalized pH (INIT) :2.8 

pH (FINL) : 3.9 

Full Thickness Averages of All Four Sections 

Avg. CSR = 0.01 Std. Dev. = 0.00 
Avg. CLR = 1.90 Std. Dev. = 1 .o1 
Avg. CTR = 0.19 Std. Dev. = 0.10 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CLI# :3201-B 
Section # : W8-58B,86B 

File # : 58B-86B.wk4 
Date : 10/02/96 

Crack Location Codes 
S - Surface B - Base Metal 

W - Weld Metal T - ID 1/3 
H1 - Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 1/3 

-__- ~ --_-_ _____ -- 

u3 Thickness Averages of All Four Sections 

Avg. CSR = 0.01 Std. Dev. = 0.00 
Avg. CLR = 1.90 Std. Dev. = 1 .o9 
Avg. CTR = 0.19 Std. Dev. = 0.11 

- ----__--- - _-------- - _ ~ ~ ~ ~ ~ _ ~ _ ~ _ ~ ~ ~ ~ _ _ ~ ~ ~ _ _ _ _ _  - 

1/3 Thickness Averages of All Four Sections 

Avg. CSR = 0.01 Std. Dev. = 0.00 

Avg. CTR = 0.19 Std. Dev. = 0.12 
Avg. CLR = 1.90 Std. Dev. = 1.19 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

O 

0.000 
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Material : A5 16-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TM0177 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

CLI # : 2280-A 
Section # : W8-59460A 

File # : 59A-60A.wk4 
Date : 10/02/96 

==========-_------_------------------------------===========~==------==~=-====-===~========= 

I.D. 1/3 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 1/3 A (in) B (in) W (in) T (in) (%> (%> (%> 

W8 -59A LD. 1/3 0.0000 0.0000 1.245 0.524 0.00 0.00 0.00 

Mid. 1/3 0.0000 0.0000 

O.D. 1/3 0.0000 0.0000 
~~ 

W8 -6OA LD. 1/3 0.2244 0.01 18 1.246 0.518 BT,BS 0.73 45.82 3.42 

Mid. 113 0.3465 0.0059 BM 

O.D. 1/3 0.0000 0.0000 

Full Thickness Averages of All Four Sections I 
Avg. CSR = 0.36 Std. Dev. = 0.13 
Avg. CLR = 22.91 Std..Dev. = 8.49 
Avg. CTR = 1.71 Std. Dev. = 0.66 

Crack Location Codes 
B - Base Metal S -  Surface 

M - Middle 113 
W - Weld Metal T - ID 1/3 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 

u3 Thickness Averages of All Four Sections 

Avg. CSR = 0.36 Std. Dev. = 0.14 
Avg. CLR = 22.91 Std. Dev. = 9.08 
Avg. CTR = 1.71 Std. Dev. = 0.70 

------------_-----______________________ 
113 Thickness Averages of All Four Sections 

Comments 
One sided, 30 day pre-exposed, TM0284. 

Number of cracks in weld area - O 

Total crack thickness in weld area - 0.000 

Avg. CSR = 0.21 Std. Dev. = 0.13 
Avg. CLR = 9.01 std. Dev. = 5.66 ~ 

Avg. CTR = 1.14 Std.Dev.= 0.72 
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ir 

Material : A5 16-70 HRS 
Suifur :0.001 

Condition :Normalized 
Solution : TM0177 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

CLI # :3201-B 
Section # : W8-59B,60B 

File # : 59B-úOB.wk4 
Date : 10/02/96 

_========--- ===== ~ ======= =======__==L_========L_==== 

I.D. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) ("/.I (%) (%) 
---- __ ~ __ ------ ---- ----- - - 

W8 -59B I.D. 113 0.0000 0.0000 1.245 0.524 0.00 0.00 0.00 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
___ __ 

Full Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 

Avg. CLR = 0.00 Std. Dev. = 

Avg. CTR = 0.00 Std. Dev. = 

213 Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 

Avg. CLR = 0.00 Std. Dev. = 0.00 Number of cracks in weld area - O 
Avg. CTR = 0.00 Std. Dev. = 0.00 

Crack Location Codes 
B - Base Metai S - Surface 

M - Middle 113 
W - Weld Metal T-ID113 
H1- Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 113 

-----------------_-_____________________ --- 

One sided, 30 day pre-exposed, TM0177. 

Total crack thickness in weld area - 0.000 ---------____-------____________________ 

113 Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 std. Dev. = 0.00 
Avg. CTR = 0.00 std. Dev. = 0.00 
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Material : A285-C CS 

Condition :Not Specified 
Sulfur :0.021 

Solution : TM0177 

Full Thickness Averages of All Four Sections 

Avg. CSR = 5.68 Std. Dev. = 1 .o5 
Avg. CLR = 76.54 Std. Dev. = 10.60 
Avg. CTR = 25.36 Std. Dev. = 3.81 

__ 

Project # : L932343TK 
Exposure : One sided, 10 Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

Crack Location Codes 
B - Base Metal S - Surface 

W - Weid Metal T - ID 113 
H1 - Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 113 

~ 

CLI # : 474542 
Section # : W8-61462A 

File # : 61A-62A.wk4 
Date : 1 O102196 

213 Thickness Averages of All Four Sections 

Avg. CSR = 5.68 Std. Dev. = 1 .o9 
Avg. CLR = 76.54 Std. Dev. = 10.82 
Avg. CTR = 25.36 Std. Dev. = 3.91 

-_-----__----_--- ~ 

_===----- ____-__=-_==_ ~ -=-_==____===_ - _===_ --__-----------_-------~~===_=~= 

I.D. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. 10,  or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) ("/.I (%> ("/.I 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weid area - 2 

W8 -61A I.D. 1B 0.2736 0.0315 1.242 0.525 BS,BT 6.53 89.71 33.00 
I.D. 113 0.3287 0.0453 BT 
LD. 113 0.2421 0.0472 BS,BT,BS 
I.D. 113 0.1654 0.0413 BT,H2 

Mid. 113 0.1043 0.0079 H2,BM 

O.D. 113 0.0000 0.0000 __--__-__--- - -- ---- 
W8 -62A I.D. 113 0.1535 0.0079 1.227 0.522 BS,BT 4.82 63.37 17.72 

I.D. 113 0.0295 0.0020 BT 
I.D. 113 0.4252 0.0610 BS,BT 
I.D. 113 O. 1693 0.0217 BT 

Mid. 1 0  0.0000 0.0000 

O.D. 113 0.0000 0.0000 
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Material : A5 16-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TMO 177 

Project # : L932343TK 
Exposure : One sided, 10 Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

CLI # : 2280-D 
Section # : W8-61B,62B 

File # : 61B-62B.wk4 
Date : 10/02/% 

I.D. 1/3 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) (W (%) (%) 
====-========= ============ _==__=== ===== =====___===_==_=------_-_=================_===_=== 

w8 -61B I.D. 1/3 0.0000 0.0000 1.242 0.525 0.00 0.00 0.00 

Mid. 1/3 0.0000 0.0000 

Mid. 1/3 0.0000 0.0000 

O.D. 1/3 0.0000 0.0000 
~~~~~~~~~~~~~~~~~~~~ ~~~ ~ ~ 

Full Thickness Averages of All Four Sections 

Avg. CSR = 0.40 Std. Dev.= 
Avg. CLR = 14.12 Std. Dev. = 

Avg. CTR = 4.34 Std. Dev. = 

2 3  Thickness Averages of All Four Sections 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 1/3 
W - Weld Metal T - ID 1/3 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Avg. CSR = 0.40 std.Dev.= 
Avg. CLR = 14.12 Std. Dev. = 4.17 Number of cracks in weld area - 1 
Avg. CTR = 4.34 Std. Dev. = 1.22 

Total crack thickness in weld area - 0.016 _----_----_---__________________________ 
~ ~ 

113 Thickness Averages of AI1 Four Sections 

Avg. CSR = 0.40 Std. Dev. = 0.12 
Avg. CLR = 14.12 Std. Dev. = 4.42 
Avg. CTR = 4.34 Std. Dev. = 1.29 
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Material : A285-C 
Sulfur :0.021 

Solution : TMOl77 
Condition :Not Specified 

Full Thickness Averages of Ali Four Sections 

Avg. CSR = ERR Std. Dev. = 1.34 
Avg. CLR = 71.98 Std. Dev. = 13.63 
Avg. CTR = 21.73 Std. Dev. = 4.99 

--- 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

Crack Location Codes 
B - Base Metal S - Surface 

W - Weld Metal T - ID 1/3 
H1- Heat Affecteú Zone 1 M - Middle 1/3 
H2 - Heat AEected Zone 2 C - OD 1/3 

CLI # : 4745-c 
Section # : W8-63464A 

File # : 63A-64A.wk4 
Date : 1 OíOU96 

u3 Thickness Averages of All Four Sections 

Avg. CSR = 5.90 Std. Dev. = 1.40 
Avg. CLR = 71.98 Std. Dev. = 14.10 
Avg. CTR = 21.73 Std. Dev. = 5.23 

---------___-___-__----- - 

I.D. 1/3 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 1/3 A (in) B (in) W (in) T (in) ("/.I ("/.I ("/.I 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 1 

W8 -63A I.D. 1/3 0.4587 0.0433 1.217 0.524 BT 6.81 62.92 27.80 
I.D. 113 0.2402 0.0965 BS,BT,BS 

Mid. 113 0.0669 0.0059 BS,BM 

O.D. 113 0.0000 0.0000 
--- - -- 

W8 -64A I.D. 1/3 0.3563 0.0217 1.217 0.503 BS,BT 4.99 81.04 15.65 
I.D. 113 0.4646 0.0472 BS,BT,BS,BT,BS ERR 
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Material : A285-C CS 

Condition :Not Specified 
Sulfur :0.021 

Solution : TMO 177 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (NIT) :2.8 
pH (FiNL) : 3.9 

CLI # : 4745-c 
Section # : W8-63487A 

File # : 63A-87A.wk4 
Date : 10/02/% 

I.D. 1/3 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 1/3 A (in) B (in) W (in) T (in) ("/.I ("/.I ("/.I 
= ========== -----__ __=====================_==__= 

W8 -63A I.D. 1/3 0.4587 0.0433 1.217 0.524 BT 6.81 62.92 27.80 
I.D. 1/3 0.2402 0.0965 BS,BT,BS 

Mid. 1/3 0.0827 0.0079 BM,BS 

O.D. 113 0.0000 0.0000 
----__________-__-_I_11________1______11-------------------------------. 

--- ---- 

Full Thickness Averages of All Four Sections 

Avg. CSR = 7.25 Std. Dev. = 

Avg. CLR = 64.64 Std. Dev. = 

Avg. CTR = 26.16 Std. Dev. = 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 1/3 
W - Weld Metal T - ID 1/3 

14.13 H1 - Heat Affected Zone 1 
5.80 H2 - Heat Affected Zone 2 C - OD 1/3 

_--____-___-________---------_---------- 
213 Thickness Averages of All Four Sections I 

Avg. CSR = 7.25 Std. Dev. = 

Avg. CLR = 64.64 Std. Dev. = 
Avg. CTR = 26.16 Std. Dev. = 

1/3 Thickness Averages of All Four Sections 
- 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 0 

Total crack thickness in weld area - 0.000 

15.93 
6.46 

Avg. CSR = 7.17 Std. Dev. = 

Avg. CLR = 58.51 Std. Dev. = 

Avg. CTR = 24.84 Std. Dev. = 
____ __ 
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Material : A5 16-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution :TM0177 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

CLI # : 2280-D 
Section # : W8-63B,87B 

File # : 63B-87B.wk4 
Date :10/02/% 

Mid. 113 0.0000 0.0000 

Mid. 113 0.1457 0.0138 H2,BM,BS 

O.D. 1/3 0.0000 0.0000 
__ ~ 

Full Thickness Averages of All Four Sections 

Avg. CSR = 0.16 Std. Dev. = 

Avg. CLR = 5.97 Std. Dev. = 

Avg. CTR = 1.33 Std. Dev. = 

2/3 Thickness Averages of Ali Four Sections 

Avg. CSR = 0.16 Std. Dev. = 

Avg. CLR = 5.97 Std. Dev. = 3.43 Number of cracks in weld area - 1 
Avg. CTR = 1.33 Std. Dev. = 0.76 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 113 
W - Weld Metal T -  ID 1/3 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 

~ Comments 

----____________________________________ -- __ ~ __ ___------- ____-__--- 

One sided, 30 day pre-exposed, TM0177. 

Total crack thickness in weld area - 0.014 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
113 Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 std. Dev. = 0.00 

~ __ 
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Material :A285-C CS 

Condition :Not Specified 
Sulfur :0.021 

Solution : TM0177 

Full Thickness Averages of Ali Four Sections 

Avg. CSR = 4.15 Std. Dev. = 0.87 
Avg. CLR = 78.03 Std. Dev. = 12.40 
Avg. CTR = 17.88 Std. Dev. = 2.94 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

Crack Location Codes 
S - Surface B - Base Metal 

W - Weld Metal T -  1D 113 
H1 - Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 113 

CLI # : 4745-c 
Section # : W8-64488A 

File # : 64A-88A.wk4 
Date : 1 OlOU96 

U3 Thickness Averages of All Four Sections 

Avg. CSR = 5.04 Std. Dev. = O .90 
Avg. CLR = 87.37 Std. Dev. = 12.78 
Avg. CTR = 22.76 Std. Dev. = 3.03 

113 Thickness Averages of All Four Sections 

Avg. CSR = 4.07 Std. Dev. = 0.97 
Avg. CLR = 77.93 Std. Dev. = 13.74 
Avg. CTR = 17.64 Std. Dev. = 3.25 

=_======__- ............................................................... 
I.D. 1/3 Crack Crack Specimen Specimen Crack Section 

Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 
O.D. 113 A (in) B (in) W (in) T (in) ("/.I ("/.I ("/.I 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 

Total crack thickness in weid area - 

1 

0.004 

W8 -64A I.D. 113 0.3563 0.0217 1.217 0.503 BS,BT 4.99 81.04 15.65 
LD. 113 0.4646 0.0472 BS,BT,BS,BT,BS 

Mid. 113 0.1201 0.0059 BM 
Mid. 113 0.0453 0.0039 BM,H2 

O.D. 113 0.0000 0.0000 
--l---l__-l_-----_I___ -------- 

------ -----_ ------- ------_== _______ ___ __ __--__ 
W8 -88A I.D. 113 0.2303 0.0531 1.220 0.519 BS,BT 3.32 75.03 20.10 

I.D. 113 0.0709 0.0039 BS,BT 
I.D. lí3 0.4606 0.0138 BT 
I.D. 113 0.0728 0.0217 BT,BS 
I.D. 113 0.0591 0.0079 BT,BS 
I.D. 113 0.0217 0.0039 BT,BS 

Mid. 113 0.0000 0.0000 
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Material : A5 16-70 CS 
Suifur :0.020 

Condition :Normalized 
Solution : TM0177 

Full Thickness Averages of All Four Sections 

Avg. CSR = 0.03 Std. Dev. = 0.01 
Avg. CLR = 2.26 Std. Dev. = 0.84 
Avg. CTR = 1.17 Std. Dev. = 0.45 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

Crack Location Codes 
B - Base Metal 

W - Weld Metal 
H1 - Heat Affected Zone 1 

S -  Surface 
T - ID 1/3 
M - Middle 113 

H2 - Heat Affected Zone 2 C - OD 113 

CLI # 2280-D 
Section # : W8-64B,88B 

File # : 64B-88B.wk4 
Date : 1 O/OU% 

u3 Thickness Averages of All Four Sections 

Avg. CSR = 0.03 Std. Dev. = 0.01 
Avg. CLR = 2.26 Std. Dev. = 0.90 
Avg. CTR = 1.17 Std. Dev. = 0.48 

--__---------_---__--------------------- 
113 Thickness Averages of All Four Sections 

Avg. CSR = 0.03 Std. Dev. = 0.01 
Avg. CLR = 2.26 Std. Dev. = 0.97 
Avg. CTR = 1.17 Std. Dev. = 0.52 

__ 

===========-------__--------------------------~==~=~====~------~======~=~~~====~= 

I.D. 113 Crack Crack Specimen Specimen Crack Section 
Sedon Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) ("/.I (%) 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

O 

0.000 

W8 -64B I.D. 113 0.0217 0.0039 1.217 0.503 BT,BS 0.01 1.78 0.78 

Mid. 113 0.0000 0.0000 

Mid. 113 0.0000 0.0000 
~ ~~ 

O.D. 113 0.0000 0.0000 
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Material :On Weld 
Sulfur : N/A 

Condition :NIA 
Solution : TMO 177 

u3 Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 

Avg. CTR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 

------------ 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

Comments 
Number of cracks in weld area - 

Total crack thickness in weld area - 

O 

0.000 

CLI # :On Weld 
Section # : W8-65,66 

File # : 65-66.wk4 
Date : 10/02/96 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I.D. 1/3 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 1/3 A (in) B (in) W (in) T (in) ("/I ("/I ("/I 
~ ---------- --- 

W8 -65 I.D. 1/3 0.0000 0.0000 2.71 1 0.658 0.00 0.00 0.00 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
------ ---- 

Full Thickness Averages of Ail Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

Crack Location Codes 
B - Base Metal 

W - Weld Metal 
HI - Heat Affected Zone 1 

S - Surface 
T - ID 1/3 

M - Middle 113 
H2 - Heat Affected Zone 2 C - OD 1/3 
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Material : A285-C CS 

Condition :Not Specified 
Sulfur :0.021 

Solution : TM0177 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

CLI # : 4745-c 
Section # : W867468A 

File # : 67A48A.wk4 
Date : 10/02/96 

I.D. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) (%I (%) (%I 

W8 -67A I.D. 113 0.1063 0.0354 1.289 0.507 BT,BS 4.71 47.80 32.23 
I.D. 113 0.2933 0.0610 BT,BS 
I.D. 113 0.0768 0.0039 H2,Hl 
I.D. 1/3 0.1398 0.0630 Hl,H2,H1 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
-------- 

W8 -68A I.D. 113 0.0512 0.0039 1.291 0.503 BS,BT 4.00 31.72 42.27 
LD. 113 0.0453 0.1476 BS,BT,BS 
LD. 1 0  0.3130 0.0610 BS,BT,H2 

Mid. 113 0.0000 0.0000 
P I 

O.D. 113 0.0000 0.0000 
~ ------- 

Full Thickness Averages of All Four Sections 

Avg. CSR = 4.36 Std. Dev. = 

Avg. CLR = 39.76 Std. Dev. = 

Avg. CTR = 37.25 Std. Dev. = 

Crack Location Codes 
B - Base Metal 

W - Weld Metal 
s -  surface 
T - ID 1/3 

7.47 H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

M - Middle 113 
C - OD 113 

----_--__--------_---------------------- 
U3 Thickness Averages of All Four Sections 

Avg. CSR = 4.36 Std. Dev. = 0.95 
Avg. CLR = 39.76 Std. Dev. = 7.75 
Avg. CTR = 37.25 Std. Dev. = 7.90 

113 Thickness Averages of All Four Sections 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 3 

Total crack thickness in weld area - 0.124 

Avg. CSR = 4.36 Std. Dev. = 0.99 
Avg. CLR = 39.76 Std. Dev. = 8.04 ~ 

Avg. CTR = 37.25 Std. Dev. = 8.23 
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Material :A516-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution :TM0177 

- ----- - 

Full Thickness Averages of All Four Sections 

Avg. CSR = 0.55 Std. Dev. = 0.19 

Avg. CTR = 4.09 Std. Dev. = 1.42 
Avg. CLR = 17.24 Std. Dev. = 6.06 

------------_______ __ 

U3 Thickness Averages of All Four Sections 

Avg. CSR = 0.55 Std. Dev. = 0.21 
Avg. CLR = 17.24 Std. Dev. = 6.45 
Avg. CTR = 4.09 Std. Dev. = 1.52 

. . . . . . . . . . . . . . . . . . . . . . . .  __ __ 
1B Thickness Averages of All Four Sections 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

__ 
Crack Location Codes 

B - Base Metal 
W - Weid Metal 

s -  surface 
T - ID 1/3 

H1- Heat Affected Zone 1 M - Middle 113 
H2 - Heat Affected Zone 2 C - OD 113 

= 

Comments , 

One sided, 30 day pre-exposed, TM0284. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

1 

0.014 

CLI # 2280-A 
Section # : W847B,68B 

File # : 67B-68B.wk4 
Date : 10102% 

Mid. 113 0.0000 0.0000 

Mid. 113 0.2894 0.0138 
Mid. 113 0.0335 0.0020 

Hl,H2,BM 
BM 

Avg. CSR = 0.24 Std. Dev. = 0.15 

Avg. CTR = 2.52 Std. Dev. = 1.59 
Avg. CLR = 4.73 Std. Dev. = 2.98 ~ 
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Material : A285-C CS 

Condition :Not Specified 
Sulfur :0.021 

Solution : TMO 177 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

CLI # : 4745-c 
Section # : W869A,70A 

File # : 69A-70A.wk4 
Date : 10/02/96 

Mid. 1/3 0.0433 0.0059 BM,BS 

O.D. 1/3 0.0000 0.0000 
-I-__ --_---- -__-___--. 

__ ------- --__ ---- 
W8 -7OA I.D. 1/3 0.0413 0.0079 1.274 0.508 BT 0.44 15.76 4.65 

Mid. 1/3 0.1594 0.0157 BM 

O.D. 113 0.0000 0.0000 
---I--- - - - - ~  --------I -- ------------- ~ --___< 

------- ------ 

Full Thickness Averages of All Four Sections 

Avg. CSR = 1.07 Std. Dev. = 
Avg. CLR = 18.12 Std. Dev. = 

Avg. CTR = 7.78 Std. Dev. = 

2/3 Thickness Averages of Ail Four Sections 

Avg. CSR = 1.07 Std. Dev. = 

Avg. CTR = 7.78 Std. Dev. = 2.80 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 1/3 
W - Weld Metal T - ID 1/3 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 

-_--- 

One sided, 30 day pre-exposeú, TM0177. 

Avg. CLR = 18.12 Std. Dev. = 5.65 Number of cracks in weld area - O 

Total crack thickness in weld area - 0.000 
1/3 Thickness Averages of All Four Sections 

Avg. CSR = 0.86 Std. Dev. = 0.52 

Avg. CTR = 5.65 Std. Dev. = 3.04 
Avg. CLR = 10.16 Std. Dev. = 5.34 
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Material : A5 16-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TMOl77 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FiNL) : 3.9 

CLI # : 2280-A 
Section # : W869B,70B 

File # :69B-70B.wk4 
Date : 1 0102’96 

--- __ -- ---- ---- -- 
I.D. lí3 Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
O.D. 113 A (in) B (in) W (in) T (in) (”/) (”/.I (”/.I 

----_________________________-__=-~===_=======_=_____=_==I_====____=_=_========== 

W8 -69B I.D. 113 0.0000 0.0000 1.279 0.505 BS,BM 0.72 8.77 8.19 

Mid. 113 0.1122 0.0413 

O.D. 113 0.0000 0.0000 
--- __ ~ -- ------- 

W8 -70B LD. l n  0.0000 0.0000 1.274 0.508 0.23 15.45 5.81 

Mid. 113 0.1004 0.0079 
Mid. 113 0.0295 0.0098 
Mid. 113 0.0335 0.0039 
Mid. 113 0.0335 0.0079 

BS,BM 
BS,BM,BS 

BM 
BM,BS 

O.D. 113 0.0000 0.0000 
__ 

Full Thickness Averages of Ali Four Sections 

Avg. CSR = 0.47 Std. Dev. = 

Avg. CLR = 12.11 Std. Dev. = 

Avg. CTR = 7.00 Std. Dev. = 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 113 
W -  WeldMetal T - ID 1/3 

2.76 H1 - Heat Affected Zone 1 
2.00 H2 - Heat Affected Zone 2 C - OD 1/3 

2’3 Thickness Averages of All Four Sections 

Avg. CSR = 0.47 Std. Dev. = 0.18 
Avg. CLR = 12.11 Std. Dev. = 2.88 
Avg. CTR = 7.00 Std. Dev. = 2.11 

113 Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

Comments 
One sided, 30 day pre-exposed, TM0284. 

Number of cracks in weld area - O 

Total crack thickness in weld area - 0.000 
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Material : A285-C CS 

Condition :Not Specified 
Sulfur :0.021 

Solution : TMO 177 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

CLI # : 4745-c 
Section # : W8-71472A 

File # : 71A-72A.wk4 
Date : 1 O/OU% 

__ __ - __ 
I.D. 113 Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
O.D. 113 A (in) B (in) w (i4 T (in) (%) (%I (%) 

W8 -71A I.D. 113 0.2146 0.0551 1.259 0.518 BS,BT,BS 2.31 24.08 25.46 
I.D. 113 0.0472 0.0138 BS,BT,BS 
I.D. 113 0.0413 0.0630 BS,BT,H2 

Mid. 1l3 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
-- -- ---_ ____- __ _--- __ --_-_- __ -----_ __ 

W8 -72A I.D. 113 0.3780 0.0531 1.256 0.507 BS,BT,BS 3.42 41.53 12.81 
I.D. 1/3 0.1437 0.01 18 Hl,H2,Hl 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
-------- -- ---- -- ---- - ~ -_----___---- __ ---- 
Full Thickness Averages of All Four Sections 

Avg. CSR = 2.87 Std. Dev. = 

Avg. CLR = 32.81 Std. Dev. = 

Avg. CTR = 19.14 Std. Dev. = 

Crack Location Codes 
B - Base Metal 

W - Weld Metal 
H1- Heat Affected Zone 1 

S -  Surface 
T -  ID il3 

M - Middle 113 
4.27 H2 - Heat Affected Zone 2 C - OD 113 

-----_--_____---___-____________________ -_-_-_--___-___--__-____________________ 
2 3  Thickness Averages of All Four Sections 

, Avg. CSR = 2.87 Std. Dev. = 0.89 
Avg. CLR = 32.81 Std. Dev. = 8.63 
Avg. CTR = 19.14 Std. Dev. = 4.46 

113 Thickness Averages of All Four Sections 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 2 

Total crack thickness in weld area - 0.075 

Avg. CSR = 2.87 Std. Dev. = 0.95 
Avg. CLR = 32.81 Std. Dev. = 
Avg. CTR = 19.14 Std. Dev. = 4.67 

---____-___-_--__-_---------- __ 
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Matenal : A5 16-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TM0177 

------ ------_----- __ 
Full Thickness Averages of All Four Sections 

Avg. CSR = 0.27 Std. Dev. = 0.14 
Avg. CLR = 13.99 Std. Dev. = 7.46 
Avg. CTR = 0.95 Std. Dev. = 0.51 

__ ~ __ 
U3 Thickness Averages of All Four Sections 

Avg. CSR = 0.27 Std. Dev. = 0.15 
Avg. CLR = 13.99 Std. Dey. = 8.05 
Avg. CTR = 0.95 Std. Dev. = 0.55 

---- -----__-------_-_------------------- ----------_---_---_--------------------- 3 

1/3 Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

__--__ ---- 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

-- 
Crack Location Codes 

B - Base Metal S -  Surface 
W - Weld Metal T - ID 1/3 

H1- Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 1/3 
__ __ ___--__---__ __ 

Comments 
One sided, 30 day pre-exposed, TM0284 

Number of cracks in weld area - 
Total crack thickness in weld area - 

1 

0.010 

~ 

CLI # : 2280-A 
Section # : W8-71B,72B 

File # : 71B-72B.wk4 
Date : 1 O/OZ% 

~~ 

Mid. 1f3 0.0000 0.0000 
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Material : A5 16-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TMOl77 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

CLI # : 2280-D 
Section # : W8-73474A 

File # : 73A-74A.wk4 
Date : 1 OlOU96 

W8 -73A I.D. 113 0.0177 0.0020 1.248 0.521 BT 0.01 1.42 0.38 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 

W8 -74A I.D. 113 0.0000 0.0000 1.243 0.525 0.55 40.70 2.62 

Mid. 113 0.3012 0.0079 BM 
Mid. 113 0.2047 0.0059 BM,H2 

O.D. 113 0.0000 0.0000 
--II__ __-----__I__1111-____---- - 

--- - ---------- --- -- ---------- 
Full Thickness Averages of Ail Four Sections 

Avg. CSR = 0.28 Std. Dev. = 

Avg. CLR = 21.06 Std. Dev. = 

Avg. CTR = 1.50 Std. Dev. = 

2/3 Thickness Averages of Ail Four Sections 

Avg. CSR = 0.28 Std. Dev. = 

Avg. CTR = 1.50 Std. Dev. = 0.49 

Crack Location Codes 
B - Base Metal S -  Surface 

W -  WeldMetal T - ID 113 
H1 - Heat Affected Zone 1 M - Middle 113 
H2 - Heat Affected Zone 2 C - OD 113 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Avg. CLR = 21.06 Std. Dev. = 7.71 Number of cracks in weld area - 1 

Total crack thickness in weld area - 0.006 
113 Thickness Averages of Ail Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 

Avg. CTR = 0.19 Std. Dev. = 0.12 
Avg. CLR = 0.71 Std. Dev. = 0.45 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : One sided, 10 Days Sulfur :0.001 

Solution :TM0177 
Condition :Normalized pH (INIT) :2.8 

pH (FiNL) : 3.9 

Full Thickness Averages of Ali Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

- _ _ - ~  

CLI # : 2280-D 
Section # : W8-73B,74B 

File # : 73B,74B.wk4 
Date : 1 O/OZ96 

Crack Location Codes 
B - Base Metal S -  Surface 

M - Middle 113 
W - Weld Metal T - ID 1/3 
H1- Heat Affected Zone 1 
H2 - Heat Af€ected Zone 2 C - OD 113 

__ ____-_-__ 

W8 -73B I.D. 113 0.0000 0.0000 1.248 0.521 0.00 0.00 0.00 

213 Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

Mid. 1/3 0.0000 0.0000 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - O 

O.D. 113 0.0000 0.0000 

W8 -74B I.D. 1/3 0.0000 0.0000 1.243 0.525 0.00 0.00 0.00 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
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Material : A5 16-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution :TM0177 

2 6  Thickness Averages of All Four Sections 

Avg. CSR = 0.03 Std. Dev. = 0.02 
Avg. CLR = 1.76 Std. Dev. = 1 .o1 
Avg. CTR = 0.75 Std. Dev. = 0.43 

1/3 Thickness Averages of Ali Four Sections 

Avg. CSR = 0.03 Std. Dev. = 0.02 
Avg. CLR = 1.76 Std. Dev. = 1.10 
Avg. CTR = 0.75 Std. Dev. = 0.47 

------------ -- 

Project # : L932343TK 
Exposure : One sided, 10 Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 

Total crack thickness in weid area - 

O 

0.000 

CLI # 2280-D 
Section # : W8-75476A 

File # : 15A-76A.wk4 
Date : 10/02/96 

=========__=-------------~---=---------===============~=====~====~~-==~-==~~~===== 

LD. 1 6  Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) (%) (%I (%I 

W8 -75A I.D. 113 0.0000 0.0000 1.236 0.528 0.00 0.00 0.00 

Mid. 1/3 0.0000 0.0000 

O.D. 113 0.0000 0.0000 

W8 -76A I.D. 1/3 0.0433 0.0079 1.232 0.528 BS,BT 0.05 3.52 1.49 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 

Full Thickness Averages of Ali Four Sections 

Avg. CSR = 0.03 Std. Dev. = 0.01 

Avg. CTR = 0.75 Std. Dev. = 0.40 
Avg. CLR = 1.76 Std. Dev. = 0.94 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 1/3 
W - Weld Metal T -  ID1B 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 
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Material :A516-70 HRS Project # : L932343TK 
Exposure : One sided, 1 O Days Sulfur :0.001 

Solution : TMO 1 77 
Condition :Normalized pH (INIT) :2.8 

pH (FINL) : 3.9 

CLI # 13201-B 
Section # : W8-75B,76B 

File # : 75B-76B.wk4 
Date : 1 O/OZ% 

Mid. 1/3 0.0000 0.0000 

Mid. 1/3 0.0000 0.0000 

O.D. 1/3 0.0000 0.0000 
_II___________ 

-----~ - _------_- -~ ~ __ 
Full Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 

Avg. CLR = 0.00 Std. Dev. = 

Avg. CTR = 0.00 Std. Dev. = 

u3 Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 
Avg. CLR = 0.00 Std. Dev. = 

Avg. CTR = 0.00 Std. Dev. = 

1/3 Thickness Averages of All Four Sections 

Crack Location Codes 
B - Base Metal 

W - Weid Metal 
H1 - Heat Affected Zone 1 

S - Surface 

M - Middle 1/3 
T - ID 113 

H2 - Heat Affected Zone 2 C - OD 113 
__ ~ ____ 

Comments 
One sided, 30 day pre-exposed, TM0177. 

0.00 
0.00 Number of cracks in weld area - O 
0.00 

Total crack thickness in weld area - 0.000 --- -------_----_----__-___________________ 

Avg. CSR = 0.00 Std. Dev. = 

Avg. CLR = 0.00 std. Dev. = 
Avg. CTR = 0.00 Std. Dev. = 0.00 
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Material : A5 16-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TMO 177 

Project # : L932343TK 
Exposure :One sided10 Days 

pH (INIT) :2.8 
pH (FiNL) : 3.9 

CLI # : 2280-D 
Section # : W8-77A,78A 

File # : 77A-78A.wk4 
Date : 10/02/96 

............................................................................... 

I.D. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A B (in) W (in) T (in) ("/.I (%I ("/.I 

W8 -77A I.D. 113 0.1614 0.0374 1.219 0.532 BT 1.20 37.46 8.14 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 

Full Thickness Averages of All Four Sections 

Avg. CSR = 0.60 Std. Dev. = 

Avg. CLR = 18.73 Std. Dev. = 

Avg. CTR = 4.07 Std. Dev. = 

u3 Thickness Averages of All Four Sections 

Avg. CSR = 0.60 Std. Dev. = 

Avg. CLR = 18.73 Std. Dev. = 

Avg. CTR = 4.07 Std. Dev. = 

113 Thickness Averages of All Four Sections 

Crack Location Codes 
B - Base Metal S -  Surface 

W -  WeldMetal T -  ID 113 
H1- Heat Affected Zone 1 M - Middle 113 
H2 - Heat Affected Zone 2 C - OD 1/3 

__ 
Comments 

One sided, 30 day pre-exposed, TM0177. 
0.27 
7.59 Number of cracks in weld area - 1 
2.01 :i Total crack thickness in weid area - 0.006 

___- 

----------------_----------------------- 

Avg. CSR = 0.47 Std. Dev. = 

Avg. CLR = 6.62 Std. Dev. = 
Avg. CTR = 3.52 Std. Dev. = 2.21 
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Material : A5 16-70 HRS 
Sulfur :0.001 

Condition :Normalized 
Solution : TM0177 

Full Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.55 Std. Dev. = 0.29 
Avg. CTR = 0.19 Std. Dev. = 0.10 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (MIT) :2.8 
pH (FINL) : 3.9 

Crack Location Codes 
B - Base Metal S - Surface 

W -  WeldMetal T -  I D l n  
H1- Heat Affected Zone 1 M - Middle 113 
H2 - Heat Affected Zone 2 C * OD 1/3 

CLI # 13201-B 
Section # : W8-77B,78B 

File # : 77B-78.wk4 
Date : 10/02/% 

u3 Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.55 Std. Dev. = 0.32 
Avg. CTR = 0.19 Std. Dev. = 0.1 1 

------ ------ 

1/3 Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 

Avg. CTR = 0.19 Std.Dev. = 0.12 
Avg. CLR = 0.55 Std. Dev. = 0.35 

-------- -------- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I.D. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 1/3 A (in) B (in) W (in) T ( i )  (%) (%) 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

1 

0.002 

W8 -77B I.D. 113 0.0000 0.0000 1.219 0.532 0.00 0.00 0.00 

Mid. 113 0.0000 0.0000 

Mid. 113 0.0000 0.0000 
~~ 

O.D. 113 0.0000 0.0000 
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Material : A285-C CS 

Condition :Not Specified 
Solution : TM0177 . 

Sulfur :0.021 
Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

CLI # : 4745-c 
Section # : W8-79A,80A 

File i4 : 79A-80A.wk4 
Date : 1 O/OU96 

I.D. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) (%I (%> (%) 

W8 -79A I.D. 113 0.1634 0.0650 1.282 0.503 BS,BT,BS 13.07 82.15 37.57 
I.D. 113 0.0531 0.0039 BT 
I.D. 1/3 0.7756 0.0925 BT,BS,BT,BS,BT,H2 
I.D. 113 0.0610 0.0276 BT,BS 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
___ 

Full Thickness Averages of All Four Sections 

Avg. CSR = 9.17 Std. Dev. = 2.67 
Avg. CLR = 63.58 Std. Dev. = 15.24 
Avg. CTR = 30.57 Std. Dev. = 5.91 

U3 Thickness Averages of All Four Sections 

Avg. CSR = 9.17 Std. Dev. = 2.81 
Avg. CLR = 63.58 Std. Dev. = 15.96 
Avg. CTR = 30.57 Std. Dev. = 6.13 

_ _ _ _ _ _ _ ~  

1/3 Thickness Averages of All Four Sections 

Avg. CSR = 9.17 Std. Dev. = 2.97 
Avg. CLR = 63.58 Std. Dev. = 16.77 
Avg. CTR = 30.57 Std. Dev. = 6.36 

Crack Location Codes 
B - Base Metal S -  Surface 

M - Middle 113 
W - Weid Metal T - ID 113 

H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 113 

Comments 
One sided, 30 day pre-eqsed, TM0177. 

Number of cracks in weid area - 2 

Total crack thickness in weld area - 0.1 56 
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Material : A5 16-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution :TM0177 

----- 

Full Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

__ _________ 
u3 Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

--- 

1/3 Thickness Averages of Ali Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

Crack Location Codes 
B - Base Metal S - Surface 

W - Weid Metal T - ID 1/3 
H1- Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

M - Middle 113 
C - OD 113 

_____________ _________- 
Comments 

One sided, 30 day pre-exposed, TM0284. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

O 

0.000 

CLI # : 2280-A 
Section # : W8-79B,8OB 

File # : 79B-80B.wk4 
Date : 1 O/OZ% 

= = - - - - - - ~  --- __ ------- 

LD. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. U3 A (in) B (in) w (in) T (in) ("/.I (%) (o/.> 
----- ~ __--_ ---- ---- -- 

W8 -79B I.D. 1/3 0.0000 0.0000 1.282 0.503 0.00 0.00 0.00 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
--__ ~ 

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

W8 -808 I.D. 1/3 0.0000 0.0000 1.264 0.518 0.00 0.00 0.00 
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Material :A516-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TMO 177 

Project # : L932343TK 
Exposure : One sided, 10 Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

CLI # : 2280-D 
Section # : W8-81482A 

File # : 81A-82A.wk4 
Date : 10/02/96 

------__-----------------------------~-----------==~=====~====-======== 

I.D. 1/3 Crack Crack Specimen Specimen Crack Section 
Section Mid. in, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 1/3 A (in) B (in) W (in) T (in) (%> (%I (%) 

W8 -81A I.D. 113 0.0000 0.0000 1.237 0.525 0.00 0.00 0.00 

Mid. 1/3 0.0000 0.0000 

O.D. lí3 0.0000 0.0000 
- ---- - 

W8 -82A I.D. 1/3 0.0000 0.0000 1.228 0.534 0.03 4.33 0.74 

Mid. l n  0.0531 0.0039 BM,H2 

O.D. U3 0.0000 0.0000 

Full Thickness Averages of Ail Four Sections Crack Location Codes 
B - Base Metal 

Avg. CSR = 0.02 Std. Dev. = 0.01 W - Weid Metal 
Avg. CLR = 2.16 Std. Dev. = 

Avg. CTR = 0.37 Std. Dev. = 

u3 Thickness Averages of Ail Four Sections 

Avg. CSR = 0.02 Std. Dev. = 

Avg. CLR = 2.16 Std. Dev. = 
Avg. CTR = 0.37 Std. Dev. = 

1/3 Thickness Averages of Ail Four Sections 

Avg. CSR = 0.00 Std. Dev. = 

Avg. CLR = 0.00 Std. Dev. = 

Avg. CTR = 0.00 std. Dev. = 

S -  Surface 

M - Middle 113 
T - ID 113 

H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 

Comments 
One sided, 30 day pre-exposed, TM0177. 

1.24 Number of cracks in weld area - 1 
0.21 

Total crack thickness in weld area - 0.004 

0.00 
0.00 i 0.00 

------------___-_---____________________ __ _____ 

---____-------------____________________ - -------------------_------------------- 

---------_ ___ ~ __ 
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Material : A5 16-70 HRS 
Sulfur :0.001 

Condition : Normalìued 
Solution : TMO 177 

Full Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

___--__ __ 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FiNL) : 3.9 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 1/3 
W - Weld Metal T -  ID ln 
H1- Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 113 

==-- _ _ ~  _____ __- 

CLI # :3201-B 
Section # : W8-81B,82B 

File # : 81B-82B.wk4 
Date : lOlOU96 

U3 Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

1/3 Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

__ 

Mid. 113 0.0000 0.0000 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 
Total crack thickness in weld area - 

O 

0.000 

__ 
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Material : A5 16-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TM0177 

Project ## : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

CLI # : 2280-A 
Section ## : W8-83484A 

File # : 83A-84A.wk4 
Date : 10/02/96 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
------ - -----------------------------~============~=~~====== 

W8 -84A LD. 113 0.0118 0.0610 1.258 0.523 BS,BT,H2 0.13 6.26 12.42 

Mid. 113 0.0157 0.0020 
Mid. 113 0.0512 0.0020 

O.D. 113 0.0000 0.0000 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Full Thickness Averages of All Four Sections 

Avg. CSR = 0.1 1 Std. Dev. = 

Avg. CLR = 8.89 Std. Dev. = 

Avg. CTR = 6.59 Std. Dev. = 

2 3  Thickness Averages of All Four Sections 

Crack Location Codes 
B - Base Metal 
W - Weld Metal 

s - surface 
T - ID 1/3 

H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

M - Middle 113 
C - OD 113 i: Comments 

~ - - ~ ~ _ _ ~ ~ ~ _ ~ ~ _ _ ~ ~ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  --- 

One sided, 30 day pre-exposed, TM0284. 
Avg. CSR = 0.11 std. Dev. = 

Avg. CLR = 8.89 Std. Dev. = 3.23 Number of cracks in weld area - 1 
Avg. CTR = 6.59 Std. Dev. = 3.20 

Total crack thickness in weld area - 0.061 - 

113 Thickness Averages of All Four Sections 

Avg. CSR = 0.10 Std. Dev. = 0.04 
Avg. CLR = 6.23 Std. Dev. = 3.60 
Avg. CTR = 6.21 Std. Dev. = 3.64 

__ -___---_-- _--__ ~ -----_-_--_----___-____ ~ 
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Material : A5 16-70 HRS 
Sulfur :0.001 

Condition :Normalized 
Solution : TMO 1 77 

------ ---_-_ ___ __ 
Full Thickness Averages of Ali Four Sections 

Avg. CSR = 0.08 Std. Dev. = 0.03 
Avg. CLR = 10.37 Std. Dev. = 3.77 
Avg. CTR = 0.75 Std. Dev. = 0.27 

__ _____ 
u3 Thickness Averages of All Four Sections 

Avg. CSR = 0.08 Std. Dev. = 0.03 
Avg. CLR = 10.37 Std. Dev. = 4.03 
Avg. CTR= , 0.75 Std. Dev. = 0.29 

---_----___-_____-______________________ 
1/3 Thickness Averages of All Four Sections 

Avg. CSR = 0.04 Std. Dev. = 0.03 
Avg. CLR = 5.76 Std. Dev. = 3.62 
Avg. CTR = 0.38 Std. Dev. = 0.24 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

- ------ - -_--- -- ---- ___ _____ 
Crack Location Codes 

B - Base Metal 
W - Weld Metal 

H1 - Heat Affected Zone 1 

S - Surface 
T -  ID 1/3 

M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 1/3 

___ _____ 
Comments 

One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

O 

0.000 

CLI # :3201-B 
Section # : W8-83B,84B 

File # : 83B-84B.wk4 
Date : 1 O/OZ96 

Mid. 1/3 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
__ -------- _____-____--___-_______________ __ 

W8 -84B I.D. 1/3 0.0000 0.0000 1.259 0.523 0.07 9.22 0.75 
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Material : A5 16-70-CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TM0177 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) :3.9 

CLI # 2280-A 
Section ## : W8-85A86A 

File # : 85A-86A.wk4 
Date : 10/02/96 

Mid. 113 0.2579 0.0039 BM 

O.D. 1/3 0.0000 0.0000 
- _--_-_-__--- ---- ------ 

Full Thickness Averages of All Four Sections 

Avg. CSR = 0.22 Std. Dev. = 

Avg. CLR = 9.49 Std. Dev. = 
Avg. CTR = 2.43 Std. Dev. = 

Crack Location Codes 
B - Base Metal S - Surface 

W - Weld Metal T - ID 1/3 
3.44 H1 - Heat Affected Zone 1 M - Middle 1/3 
1 .O9 H2 - Heat AEected Zone 2 C - OD 113 Î ----_____-_----_---_____________________ ~ _ _ _  __ 

U3 Thickness Averages of All Four Sections 

Avg. CSR = 0.22 Std. Dev. = 0.10 
Avg. CLR = 9.49 Std. Dev. = 3.68 
Avg. CTR = 2.43 Std. Dev. = 1.18 

1/3 Thickness Averages of All Four Sections 

Comments 
One sided, 30 day pre-exposed, TM0284 

Number of cracks in weld area - 1 

Total crack thickness in weld area - O .O22 

Avg. CSR = 0.00 Std. Dev. = 0.00 

Avg. CTR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = o.oo ~ 

--------_-- ------- ----- --- -- ----------_----------------= 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : One sided, 1 O Days Sulfur :0.001 

Solution : TMO 177 
Condition :Normalized pH (NIT) :2.8 

pH (FML) : 3.9 

Full Thickness Averages of All Four Sections 

Avg. CSR = 0.05 Std. Dev. = 0.02 
Avg. CLR = 3.04 Std. Dev. = 0.84 
Avg. CTR = 2.80 Std. Dev. = 1 .O7 

2/3 Thickness Averages of All Four Sections 

Avg. CSR = 0.05 Std. Dev. = 0.02 
Avg. CLR = 3.04 Std. Dev. = 0.89 
Avg. CTR = 2.80 Std. Dev. = 1.14 

------ - 

1/3 Thickness Averages of All Four Sections 

Avg. CSR = 0.05 Std. Dev. = 0.02 

Avg. CTR = 2.80 Std. Dev. = 1.23 
Avg. CLR = 3.04 Std. Dev. = 0.94 

CLI # :3201-B 
Section # : W8-85B,86B 

File # : 85B-86B.wk4 
Date : 1 O/OZ% 

Crack Location Codes 
B - Base Metal S - Surface 

W - Weld Metal T - ID 1/3 
H1- Heat Affected Zone 1 M - Middle 113 
H2 - Heat Affected Zone 2 C - OD 1/3 

__ - 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

O 

0.000 

- - ===_==================_======== 

I.D. 1/3 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 1/3 A (in) B (in) W (in) T (in) (%> (%) 

W8 -85B I.D. 1B 0.0591 0.0059 2.491 0.528 BT 
I.D. 1/3 0.0453 0.0217 BT 

0.10 4.19 5.22 

Mid. 1/3 0.0000 0.0000 

O.D. 1 /3 0.0000 0.0000 
--_-_I_ ---ll--llll--. 

___ -------- - 
W8 -86B I.D. 1/3 0.0472 0.0020 2.488 0.522 BT 0.01 1.90 0.38 

Mid. 1 /3 0.0000 0.0000 
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Material : A285-C 
Sulfur :0.021 

Condition :Normalized 
Solution :TM0177 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

CLI # : 4745-c 
Section # : W8-87A,88A 

File # : 89A-90A.wk4 
Date : 10/02/% 

I.D. lí3 Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) w (W T (in) (%) (%) (%I 
=_====_==-------------- --------_===_===_== ======= =========_=============== 

W8 -87A I.D. 1 0  0.5472 0.0728 2.443 0.522 BS,BT,BS 3.85 33.20 24.51 
I.D. 113 0.1'81 i 0.0472 BS,BT 

Mid. 113 0.0827 0.0079 BM,BS 

O.D. 113 0.0000 0.0000 
-__ ___---__ 

Full Thickness Averages of All Four Sections 

Avg. CSR = 2.75 Std. Dev. = 0.72 
Avg. CLR = 35.36 Std. Uev. = 6.39 
Avg. CTR = 22.31 Std. Dev. = 4.02 

~ 

2 3  Thickness Averages of All Four Sections 

Avg. CSR = 2.75 Std. Dev. = 0.75 
Avg. CLR = 35.36 Std. Dev. = 6.61 
Avg. CTR = 22.31 Std. Dev. = 4.16 

113 Thickness Averages of All Four Sections 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 1B 
W -  WeldMetaí T - ID 113 

H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 113 

_____-___-_- ~ __ 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 0 

Total crack thickness in weld area - 0.000 

::: ~ 

Avg. CSR = 2.73 Std. Dev. = 

Avg. CLR = 33.67 Std. Dev. = 

Avg. CTR = 21.55 Std. Dev. = 4.36 
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Material : A5 16-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TMO 1 77 

Full Thickness Averages of All Four Sections 

0.04 Avg. CSR = 0.10 Std. Dev. = 
Avg. CLR = 4.68 Std. Dev. = 1.76 
Avg. CTR = 2.08 Std. Dev. = 0.78 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

Crack Location Codes 
B - Base Metal 

W - Weld Metal 
H1- Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

S -  Surface 
T -  IDID 

M - Middle 1/3 
C - OD 1/3 

CLI # 2280-D 
Section # : W8-87B,88B 

File # : 87B-88B.wk4 
Date : 10/02/% 

2B Thickness Averages of All Four Sections 

Avg. CSR = 0.10 Std. Dev. = 0.05 
Avg. CLR = 4.68 Std. Dev. = 1.89 
Avg. CTR = 2.08 Std. Dev. = 0.84 

----- 
113 Thickness Averages of All Four Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 std. Dev. = 0.00 

Mid. 113 0.0827 0.0079 BM,BS 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 

I 

0.014 

O.D. 113 0.0000 0.0000 
__ __-- ____ __ -- ---- ---------- - ---- 

W8 -88B I.D. 113 0.0000 0.0000 2.439 0.519 0.16 5.97 2.66 
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Material : A285-C CS 

Condition :Not Specified 
Sulfur :0.021 

Solution : TMO 177 

Full Thickness Averages of All Four Sections 

Avg. CSR = 6.18 Std. Dev. = 1.42 

Avg. CTR = 22.68 Std. Dev. = 4.69 
Avg. CLR = 61.97 Std. Dev. = 12.30 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (INIT) :2.8 
pH (FINL) : 3.9 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 113 
W - Weld Metal T - ID 1/3 

H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 

CLI #i : 4745-c 
Section # : W8-89490A 

File # : 89A-9OA. wk4 
Date : 10/02/% 

u3 Thickness Averages of All Four Sections 

Avg. CSR = 6.18 Std. Dev. = 1.49 
Avg. CLR = 61.97 Std. Dev. = 12.78 
Avg. CTR = 22.68 Std. Dev. = 4.88 

113 Thickness Averages of All Four Sections 

Avg. CSR = 6.18 Std. Dev. = 1.56 
Avg. CLR = 61.97 Std. Dev. = 13.24 
Avg. CTR = 22.68 Std. Dev. = 5.08 

I.D. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. in, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 1/3 A (in) B (in) W (in) T (in) ("/.I 

Comments 
One sided, 30 day pre-exposed, TM0177. 

Number of cracks in weld area - 

Total crack thickness in weld area - 
O 

0.000 

W8 -89A I.D. 113 0.1949 0.0177 1.229 0.518 BT 4.71 63.91 19.76 
I.D. 113 0.2441 0.0276 BT 
LD. 113 0.3465 0.0571 BS,BT 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 

W8 -90A I.D. 113 0.4705 0.0630 1.223 0.500 BS,BT 7.65 60.04 25.59 
LD. 113 0.2638 0.0650 BS,BT,BS 

Mid. 113 0.0000 0.0000 
---------_ll-- -----_-- ----1---1----1------_1-_1111-< 

O.D. 113 0.0000 0.0000 
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Material : A5 16-70 CS 
Sulfur :0.020 

Condition :Normalized 
Solution : TMO 177 

Project # : L932343TK 
Exposure : One sided, 1 O Days 

pH (NIT) :2.8 
pH (FNL) : 3.9 

CLI # 12280-D 
Section # : W8-89B,90B 

File # : 89B-90B.wk4 
Date : 10/02/96 

__---------__=_== ~ ---- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I.D. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) (%> ("/.I (%I _------__-------_-__ _____ ------------====_=====_==== ---------- - 

W8 -89B I.D. 1/3 0.0413 0.0039 1.229 0.518 BT 0.72 30.59 4.56 
I.D. 1/3 0.0709 0.0039 BT 

Mid. 113 0.2638 0.0157 BM 

O.D. 113 0.0000 0.0000 
---- --------l---_------l_____ll 

--- ~ - __ 
W8 -90B I.D. 1/3 0.1142 0.0059 1.230 0.500 H2,BT 0.1 1 9.28 1.18 

Mid. 1/3 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
--1---11_____-___-_----------1-1__1-------------------------------------------- 

--- 

Full Thickness Averages of All Four Sections 

Avg. CSR = 0.42 Std. Dev. = 

Avg. CLR = 19.94 Std. Dev. = 

Avg. CTR = 2.87 Std. Dev. = 

2 3  Thickness Averages of All Four Sections 

Avg. CSR = 0.42 Std. Dev. = 

Avg. CTR = 2.87 Std. Dev. = 0.87 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 1/3 
W - Weld Metal T - ID 113 
HI - Heat M a t e d  Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 jj Comments 

1 One sided, 30 day pre-exposed, TM0177. 

Avg. CLR = 19.94 Std. Dev. = 6.18 Number of cracks in weld area - 1 

Total crack thickness in weld area - 0.006 
113 Thickness Averages of All Four Sections 

Avg. CSR = 0.09 Std. Dev. = 0.03 
Avg. CLR = 9.21 Std. Dev. = 3.11 
Avg. CTR = 1.35 Std. Dev. = 0.43 
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APPENDIX C 

EXPOSURE 3 

DETAILED CRACKING RESULTS 
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~~ 

REPAIR AND REMEDIATION STRATEGIES FOR EQUIPMENT OPERATING IN WET H2S SERVICE 177 

CRACKING DATA LEGENQ 
M ( X )  
CWX) 

4 M m l u  in ihn wtd ama 

ID View 
Phase II 
Window #: . -. - - . .. -. .- .. _. - -. __ 

Sum of a l  crock thkbiesa In the tho weld area (in.) 
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Material : A5 16-70 LSCS Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FiNL) : 3.8 

Sulfur : 0.007 
Condition : As Rolled 

Solution : TM0177 

CLI # : 2099 

File # : W9-1-2A.wk4 
Section # : W9-1A2A 

Date : 1 0/13/97 

Mid. 1/3 0.0138 0.0157 BM 

Mid. 1/3 0.0413 0.0098 - --I 

O.D. 1/3 0.0000 0.0000 
-- -- ____ __ __ 
Full Thickness Averages of Ail Sections Crack Location Codes 

B - Base Metal S - Surface 
W - Weld Metal T - ID 1/3 
H1 - Heat Affected Zone 1 M - Middle 1/3 

4.13 H2 - Heat Affected Zone 2 C - OD 1/3 

Comments 

Avg. CSR = 0.98 Std. Dev. = 

Avg. CLR = 14.94 Std. Dev. = 

Avg. CTR = 22.19 Std. Dev. = 

U3 Thickness Averages of All Sections 

Avg. CSR = 0.98 Std. Dev. = 

Avg. CLR = 14.94 Std. Dev. = 

Avg. CTR = 22.19 Std. Dev. = 4.27 
Number of cracks in weid area - 1 

Total crack thickness in weld area - 0.0394 
1/3 Thickness Averages of Ail Sections 

Avg. CSR = 0.93 Std. Dev. = 0.29 
Avg. CLR = 12.84 Std. Dev. = 3.46 
Avg. CTR = 19.69 Std. Dev. = 4.60 
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Material : A5 16-70 LSCS Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

Sulfur : 0.007 
Condition : As Rolled 

Solution : TMOI 77 

--- ---- __ 
Full Thickness Averages of Ail Sections 

0.10 Avg. CSR = 0.54 Std. Dev. = 

Avg. CLR = 7.97 Std. Dev. = 0.87 
Avg. CTR = 29.91 Std. Dev. = 4.52 

--- ___-_ 
U3 Thickness Averages of All Sections 

Avg. CSR = 0.54 Std. Dev. = 0.10 
Avg. CLR = 7.97 Std. Dev. = 0.88 
Avg. CTR = 29.91 Std. Dev. = 4.65 

---_----__-----_- __ 
1/3 Thickness Averages of All Sections 

Avg. CSR = 0.14 Std. Dev. = 0.04 
Avg. CLR = 2.53 Std. Dev. = 0.63 
Avg. CTR = 10.23 Std. Dev. = 2.71 

CLI # : 2099 

File # : W9-1,2B.WK4 
Section # : Wg-lB, 2B 

Date : 10/13/97 

__ 

Crack Location Codes 
B - Base Metal 

W - Weld Metal 
s - surface 
T - ID 113 

H1 - Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 1/3 

Comments 

Number of cracks in weld area - 

Total crack thickness in weld area - 0.0000 

*, ** - Same Crack 

O 

, 

====_=_=--_-----__--____________________==----------------------=~================== 

I.D. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in> B (in) W (in) T (in) (%I (%) (%) 
=====_===-- - ------ ------------------------==----------===================== 

W9 -lB I.D. 113 0.03 15 0.0335 1.875 0.510 BS, BT, BM * 0.59 6.51 3 1.65 
0.0020 0.0079 BS, BT 
0.01 18 0.0020 BT, BS 

Mid. 1/3 0.0413 0.0945 
0.0276 0.0217 
0.0079 0.0020 

BS, BT, BM * 
BM 
BM 

Mid. 113 0.01 57 0.0354 
0.0315 0.0413 
0.0079 0.0020 
0.0256 0.0039 

BS, BT, BM ** 
BM 
BM 
BM 
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Y 

Material : A5 16-70 LSCS Project # : L932343TK 
Exposure : 13 Days 

pH (iNiT) : 2.8 
pH (FINL) : 3.8 

Sulfur : 0.007 
Condition : As Rolled 

Solution : TM0177 

CLI # : 2099 
Section # : W9-3,4 

File # : W93-4.WK4 
Date : 10113197 

w9 -3 I.D. 113 0.0098 0.0020 2.568 0.507 BT 0.90 8.59 87.36 
0.0177 0.0354 BT 
0.0138 0.0709 BT 
0.0138 0.0472 BS, W, H1, H2 
0.0217 0.0827 BS, W, H1, H2, BT 
0.01 18 0.0039 BT 
0.0433 0.1398 BT, BM * 

Mid. 113 0.0276 0.0453 
0.0197 0.0059 
0.0098 0.0020 
0.0138 0.0020 
0.0177 0.0059 

BT,BM * 
BM 
BM 
BM 
BM 

O.D. 113 0.0000 0.0000 

w 9  -4 I.D. 113 0.0118 0.0610 2.568 0.508 BT 0.47 10.81 39.91 
0.0335 0.0118 BT 
0.0098 0.0039 BT 
0.0433 0.0197 BT 
0.0177 0.0079 BT 
0.0394 0.0394 BS, H1, H2, 
0.0413 0.0492 BS, W, H1, H2, 
0.0335 0.0039 BT 
0.0472 0.0059 BT 

-_1---______--1___________l___l_________-------------------~ 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 ___-_ 
Full Thickness Averages of All Sections Crack Location Codes 

B - Base Metal S - Surface 

M - Middle 1/3 
W - Weid Metai T - ID 113 

0.59 H1 - Heat Affected Zone 1 
6.33 H2 - Heat Affected Zone 2 C - OD 113 

__-__ __-__-__ 

Avg. CSR = 0.68 Std. Dev. = 

Avg. CLR = 9.70 Std. Dev. = 

Avg. CTR = 63.64 Std. Dev. = 
----__----_____----_-------------------- _-__ 

2 3  Thickness Averages of All Sections I 
Avg. CSR = 0.68 Std. Dev. = 

Avg. CLR = 9.70 Std. Dev. = 

Avg. CTR = 63.64 Std. Dev. = EZ 113 Thickness Averages of All Sections 

Comments 
* -Samecrack 

Number of cracks in weld area - 4 

Total crack thickness in weid area - 0.2185 

Avg. CSR = 0.63 Std. Dev. = 0.10 
Avg. CLR = 7.97 Std. Dev. = 0.64 I 
Avg. CTR = 57.62 Std. Dev. = 6.93 

_ _ _ ~ - - - _ _  __ 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

Sulfur: 0.001 
Condition : Normalized 

Solution : TM0177 

CLI # : 3247 
Section # : W9-5,6 

File # : W9-5-6.WK4 
Date : 10/13/97 

Mid. 1/3 0.0000 0.0000 

O.D. 1/3 0.0000 0.0000 ------- __ 
----------_------_I---- _--__ -- ------- ---- ---- --- 

w 9  -6 LD. 113 0.0906 0.0335 2.040 0.470 BS, BT 0.45 7.43 11.73 
0.0610 0.0217 BT, BS 

Mid. 113 0.0000 0.0000 

O.D. 1/3 0.0000 0.0000 
__ __ - ------ - ------ -- 

Full Thickness Averages of All Sections Crack Location Codes 
B - Base Metal S - Surface 

W --Weld Metal T - ID 1/3 
H1 - Heat Affected Zone 1 M - Middle 113 

2.05 H2 - Heat Affected Zone 2 C - OD 113 

Comments : 

Avg. CSR = 0.25 Std. Dev. = 

Avg. CLR = 4.78 Std. Dev. = 

Avg. CTR = 7.12 Std. Dev. = 
---__---_---_----_---------------------- ----_----_--_----------_---------------- 
2J3 Thickness Averages of All Sections 

Avg. CSR = 0.25 Std. Dev. = 0.09 
Avg. CLR = 4.78 Std. Dev. = 1.37 
Avg. CTR = 7.12 Std. Dev. = 2.16 

1/3 Thickness Averages of All Sections 

Number of cracks in weld area - 
Total crack thickness in weid area - 0.0000 

O 

Avg. CSR = 0.25 Std. Dev. = 

Avg. CLR = 4.78 Std. Dev. = 

Avg. CTR = 7.12 Std. Dev. = 2.30 
__ ~ __ __--- __ 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

Sulfur : 0.001 
Condition : Normalized 

Solution : TM0177 

CLI # : 3247 

File # : W9- 7-SA .WK4 
Section # : W9-748A 

Date : 10/13/97 

W9 -7A I.D. 1/3 0.031 5 0.0098 1.143 0.505 BS,BT,BS 0.05 2.76 1.95 

Mid. 1/3 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W9 -8A I.D. 1/3 0.0000 0.0000 1.150 0.508 ***** 0.00 0.00 0.00 

Mid. 1/3 0.0000 0.0000 

O.D. 1/3 0.0000 0.0000 
---- -- __ 
Full Thickness Averages of Ali Sections Crack Location Codes 

B - Base Metal 
Avg. CSR = 0.03 Std. Dev. = 0.01 W - Weld Metal 
Avg. CLR = 1.38 Std. Dev. = 

Avg. CTR = 0.97 Std. Dev. = 

S - Surface 
T - ID 1/3 

H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

M - Middle 1/3 
C - OD 1/3 

-----_-- ~ __ __ 

Comments 
**** -NO Cracks 

0.79 Number of cracks in weld area - O 
0.56 

0.02 
0.87 _i: 0.61 

Total crack thickness in weld area - 0.0000 

2 3  Thickness Averages of Ali Sections 

Avg. CSR = 0.03 Std. Dev. = 

Avg. CLR = 1.38 Std. Dev. = 
Avg. CTR = 0.97 Std. Dev. = 

----_______------_______________________ ---____---_-----___------------__------- 
1/3 Thickness Averages of All Sections 

Avg. CSR = 0.03 Std. Dev. = 

Avg. CLR = 1.38 Std. Dev. = 
Avg. CTR = 0.97 Std. Dev. = 

__-_-_-______ - -- 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

Sulfur : 0.001 
Condition : Normalized 

Solution : TMO 177 

Avg. CSR = 0.24 Std. Dev. = 0.08 

Avg. CTR = 6.02 Std. Dev. = 1.10 
Avg. CLR = 10.54 Std. Dev. = 2.09 

~ 

1/3 Thickness Averages of All Sections 

Avg. CSR = 0.24 Std. Dev. = 0.09 

Avg. CTR = 5.63 Std. Dev. = 1.19 
Avg. CLR = 9.26 Std. Dev. = 2.29 

CLI # : 3247 

File # : W97-8B.WK4 
Section # : W9-7B,8B 

Date : 10/13/97 

Number of cracks in weid area - 

Total crack thickness in weld area - 0.0000 

O 

I.D. 1/3 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 1/3 A (in) B (in) w (in) T (in) ("/.I ("/.I ("/.I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W9 -7B I.D. 1/3 0.0295 0.0098 1.143 0.505 BS, BT 0.11 5.34 4.29 
0.0315 0.0118 BS, BT, BS 

Mid. 1f3 0.0000 0.0000 

O.D. 1/3 0.0000 0.0000 
- I ---- -_I_ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W9 -8B I.D. 113 0.0059 0.0079 1.150 0.508 BS,BT 0.37 15.75 7.75 
0.0295 0.0020 BT 
0.0197 0.0059 BT 
0.0965 0.0197 BS, BT 

Mid. 113 0.0157 0.0020 
0.0138 0.0020 

~~~ 

BM 
BM 

O.D. 1/3 0.0000 0.0000 

Full Thickness Averages of All Sections Crack Location Codes 
B - Base Metal S -  Surface 

W - Weid Metal T - ID 113 
H1- Heat Affected Zone 1 M - Middle 1/3 

1 .O7 H2 - Heat Affected Zone 2 C - OD 1/3 
_____ ~ 

Avg. CSR = 0.24 Std. Dev. = 

Avg. CLR = 10.54 Std. Dev. = 

Avg. CTR = 6.02 Std. Dev. = 
-___-___--___--__---____________________ - __-- _--_--___ 
2/3 Thickness Averages of All Sections 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API Licensee=Occidental Chemical Corp New sub account/5910419101 

Not for Resale, 05/30/2007 22:46:11 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
,
`
,
`
,
,
`
`
`
`
`
`
`
`
`
`
`
,
,
,
`
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



I' 

Material : A5 16-70 LSCS Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FINAL) : 3.8 

Sulfur : 0.007 
Condition : As Rolled 

Solution : TM0177 

CLI # : 2099 
Section # : W9-9,1 O 

File # : W9-9-10.WK4 
Date : 10/13/97 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I.D. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 1/3 A (in) B (in) W (in) T (in) (%) (%I (%I 
==========---------_---------------------------==---------- ======= _=__ ===== ========================= 

w9 -9 I.D. il3 0.0256 0.0965 2.018 0.506 BT 0.76 11.32 60.69 
0.0374 0.0256 BS, H1 
0.0118 0.0413 BS, H1, H2 
0.0374 0.0276 BS, H1, H2 
0.0177 0.0650 BT 
0.0256 0.0197 BT 
0.0197 0.0039 BT, BM * 
0.0098 0.0020 BT 

Mid. 113 0.0433 0.0256 BT, BM * 

O.D. 113 0.0000 0.0000 

W9 -10 I.D. 113 0.0827 0.0453 1.985 0.506 BS, BT, BS 0.57 9.72 25.68 
0.0256 0.0453 BS, H1, H2, BT 
0.0079 0.0276 BT 
0.0630 0.0098 BT 
0.0138 0.0020 BT 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
__ 

Full Thickness Averages of All Sections Crack Location Codes 
B - Base Metal s -  surface 

M - Middle 1/3 
Avg. CSR = 0.67 Std. Dev. = 0.09 W - Weld Metal T -  ID ln 

HI - Heat Affected Zone 1 
4.89 H2 - Heat Affected Zone 2 C - OD 113 

__ 
Comments : 

0.09 Avg. CSR = 0.67 Std. Dev. = 

Avg. CLR = 10.52 Std. Dev. = 

Avg. CTR = 43.18 Std. Dev. = 4.98 
Number of cracks in weid area - 

Total crack thickness in weld area - O. 1398 

* - Same Crack 

4 1 Avg. CLR = 10.52 Std. Dev. = 

Avg. CTR = 43.18 Std. Dev. = 
------------------______________________ ___ __ 
2/3 Thickness Averages of All Sections 

1/3 Thickness Averages of Ail Sections 

Avg. CSR = 0.61 Std. Dev. = 0.09 
Avg. CLR = 9.44 Std. Dev. = 

Avg. CTR = 40.65 Std. Dev. = 5.14 
_____ ____ __ 

~ ~ 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

Sulfur : 0.001 
Condition : Normalized 

Solution : TMO 177 

CLI # : 3247 

File # : W9-11-12.WK4 
Section # : W9-11,12 

Date : 10113197 

W9 -11 I.D. 113 0.0059 
0.0039 
0.0118 
0.0295 
0.1181 
0.0295 
0.1122 
0.0217 

0.0295 2.320 
0.0335 
0.0236 
0.0157 
0.0098 
0.0098 
0.0512 
0.0039 

0.506 BS, H1, H2 0.71 14.34 35.01 
BS, HI, H2, BT 

BS, H1, H2 
BS, BT 

BT 
BS, BT 
BT, BS 

BT 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
___ __ ----------- ---- - 

Full Thickness Averages of All Sections Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 113 
W - Weld Metal T - ID 1/3 
H1- Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 I __ __ -_-_-- 

Avg. CSR = 0.62 Std. Dev. = 

Avg. CLR = 11.73 Std. Dev. = 

Avg. CTR = 32.56 Std. Dev. = 
........................................ _- _-_---____ 
2/3 Thickness Averages of Ali Sections Comments 

Avg. CSR = 0.62 Std. Dev. = 

Avg. CLR = 1 1.73 Std. Dev. = 1.54 Number of cracks in weld area - 4 
Avg. CTR = 32.56 Std. Dev. = 3.44 

Total crack thickness in weld area - O. 1 268 
113 Thickness Averages of All Sections 

Avg. CSR = 0.62 Std. Dev. = 0.12 

Avg. CTR = 32.56 Std. Dev. = 3.47 
Avg. CLR = 11.73 Std. Dev. = 1.57 

___ __ ~ ~ ___ 
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Material : A516-70 LSCS Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FiNL) : 3.8 

Sulfur : 0.007 
Condition : As Rolled 

Solution : TM0177 

2 3  Thickness Averages of All Sections 

Avg. CSR = 0.50 Std. Dev. = 0.07 
Avg. CLR = 12.09 Std. Dev. = 1.18 
Avg. CTR = 31.68 Std. Dev. = 4.24 

CLI # : 2099 
Section # : W9-13,14 

File # : W9-13-14.WK4 
Date : 10/13/97 

Comments 7 Day One-sided Pre-Exposure to TMO 177 

W9 -13 LD. 1/3 0.0512 
0.1161 
0.0295 
0.0059 
0.0118 
0.0177 
0.0217 
0.0138 
0.0551 

0.0256 2.172 0.506 
0.0217 
0.0630 
0.0059 
0.0039 
0.0039 
0.0276 
0.0020 
0.0059 

BT 0.63 17.22 33.46 
BT 

BS, BT 
BS, BT 

BT 
BT 
BT 
BT 
BT 

Mid. 113 0.0039 0.0020 
0.0118 0.0020 
0.0059 0.0020 
0.0295 0.0039 

BM 
BM 
BM 
BM 

O.D. 113 0.0000 0.0000 
-- 

W9 -14 I.D. ln 0.0256 0.0492 2.148 0.507 BS, BT 0.37 6.% 29.90 
0.0256 0.0846 BT 
0.0295 0.0039 BT 
0.0197 0.0059 BT 

Mid. 1/3 0.0492 0.0079 BM 

O.D. 1/3 0.0000 0.0000 
~1-1_-- _l_l_l-l-ll_____---l_----- 

Full Thickness Averages of All Sections 
~ 

Avg. CSR = 0.50 Std. Dev. = 

Avg. CLR = 12.09 Std. Dev. = 

Avg. CTR = 31.68 Std. Dev. = 4.14 

Crack Location Codes 
B - Base Metal 

W - Weid Metal 
H1 - Heat Affected Zone 1 

S - Surface 
T - ID 1/3 
M - Middle 1/3 

H2 - Heat Mected Zone 2 C - OD 1/3 

1/3 Thickness Averages of All Sections 

Avg. CSR = 0.48 Std. Dev. = 0.07 
Avg. CLR = 9.77 Std. Dev. = I .25 
Avg. CTR = 29.93 Std. Dev. = 4.63 
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Material : A5 16-70 LSCS Project # : L932343TK 
Exposure : 13 Days Sulfur : 0.007 

Solution : TM0177 
Condition : As Rolled pH(IN1T): 2.8 . 

pH (FiNL) : 3.8 

Full Thickness Averages of All Sections 

Avg. CSR = 0.23 Std. Dev. = 0.06 
Avg. CLR = 5.94 Std. Dev. = 1.33 
Avg. CTR = 11.48 Std. Dev. = 2.89 

= 

CLI ## : 2099 
Section # : W9-15,16 

File # : W9-15-16.WK4 
Date : 10/13/97 

Crack Location Codes 
B - Base Metal S - Surface 

W - Weld Metal T - ID 113 
H1 - Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 1/3 

~ __ ~ ______-___-_- ~ 

I.D. 1/3 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 1/3 A (in) E (in) W (in) T (in) ("/.I (%> (W 
==== ~ - - -  ======== ____ ========= -==_======e======== 

W9 -15 I.D. 113 0.0059 0.0020 2.137 0.506 ET 0.24 5.62 18.67 
0.0138 0.0217 ET 
0.0256 0.0039 ET 
0.0315 0.0591 ET 
0.0433 0.0079 ET 

U3 Thickness Averages of All Sections 

Avg. CSR = 0.23 Std. Dev. = 0.06 
Avg. CLR = 5.94 Std. Dev. = 1.39 
Avg. CTR = 11.48 Std. Dev. = 3 .O3 

--__c ___ 

Mid. 113 0.0000 0.0000 

Comments 
PWHT fillet 

Number of cracks in weid area - 

Total crack thickness in weid area - 0.0000 

O 

Mid. 113 0.1181 0.0197 EM 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
Solution : TM0177 pH(FINL): 3.8 

Sulfur : 0.001 
Condition : Normalized 

CLI # : 3247 

File # : W9-17-18.WK4 
Date : 10/13/97 

Section # : W9-17,18 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I.D. 1/3 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 1/3 A (in) €3 (in> w ( i >  T (in) ("/.I ("/.I ("/.I 
- 

W9 -17 I.D. 1/3 0.0000 0.0000 2.492 0.506 **** 0.00 0.00 0.00 

Mid. 113 0.0000 0.0000 

O.D. 1/3 0.0000 0.0000 
-___I -- 

--__ __ --- 

W9 -18 I.D. 1/3 0.0394 0.0118 2.495 0.506 BS, BT, BS 0.04 1.58 2.33 - I------____I1_--l__-I- 

Mid. 1/3 0.0000 0.0000 

O.D. 113 0.0000 0.0000 

Full Thickness Averages of All Sections Crack Location Codes 
B - Base Metal S -  Surface 

W - Weld Metal T - ID 1/3 
H1 - Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 1/3 

Comments : **** -No Cracks 

Avg. CSR = 0.02 Std. Dev. = 

Avg. CLR = 0.79 Std. Dev. = 

Avg. CTR = 1.17 std. Dev. = 
--- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2/3 Thickness Averages of Ali Sections 

Avg. CSR = 0.02 Std. Dev. = 

Avg. CLR = 0.79 Std. Dev. = 

Avg. CTR = 1.17 Std. Dev. = 

113 Thickness Averages of Ail Sections 

Avg. CSR = 0.02 Std. Dev. = 0.01 
Avg. CLR = 0.79 Std. Dev. = 0.50 1 
Avg. CTR = 1.17 Std. Dev. = 0.73 

Number of cracks in weld area - 

Total crack thickness in weld area - 0.0000 

PWHT fillet 

O 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH(FINL) : 3.8 

Sulfur : 0.001 
Condition : Normalized 

Solution : TMOl77 

CLI # : 3247 
Section # : W9-19,20 

File # : W9-19-20.WK4 
Date : 10/13/97 

---- ----- -- -- __ 
I.D. 113 Crack Crack Specimen Specimen Crack Section 

Section Mid. 1/3, or Length Thickness Width Thickness Location CSR ' CLR CTR 
O.D. 1/3 A (in) B (in) W (in) T (in) ("/.I ("/I ("/I 

=================----------------------=------------=======_=_========================_======~== 

W9 -19 I.D. 113 0.0650 0.0236 1.967 0.506 BS, BT 1.20 13.31 21.40 
0.0177 0.0079 BS, BT 
0.0217 0.0039 BT 
0.0098 0.0039 BT 
0.1476 0.0689 BT, BS, BT, BS 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
__ ------------- ----------- - 

W9 -20 I.D. 1 0  0.1161 0.0295 1.965 0.506 BT 0.52 7.81 15.17 
0.0374 0.0472 BS, BT 

-- I- I 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 

Full Thickness Averages of All Sections Crack Location Codes 
. B - BaseMetal S - Surface 

H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

W - Weld Metal T - ID 113 
M - Middle 113 
C - OD 113 

Avg. CSR = 0.86 Std. Dev. = 

Avg. CLR = 10.56 Std. Dev. = 

Avg. CTR = 18.28 Stà. Dev. = 
-----------------_--____________________ 
U3 Thickness Averages of All Sections Comments : 7 Day One-sided Pre-Exposure to TM0177 

Avg. CSR = 0.86 Std. Dev. = 0.25 
Avg. CLR = 10.56 Std. Dev. = 2.24 
Avg. CTR = 18.28 Std. Dev. = 3.94 

113 Thickness Averages of All Sections 

Avg. CSR = 0.86 Std. Dev. = 0.27 
Avg. CLR = 10.56 Std. Dev. = 2.33 
Avg. CTR = 18.28 Std. Dev. = 4.1 1 
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Material : A5 16-70 LSCS Project # : L932343TK 
Exposure : 13 Days 

pH(INIT): 2.8 
pH (FINL) : 3.8 

Sulfur: 0.007 
Condition : As Rolled 

Solution : TM0177 

CLI # : 2099 
Section ## : W9-21,22 

File # : W9-21-22.WK4 
Date : 10/13/97 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I.D. li3 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) ("/.I (%I (%I 
--- --- 

w9 -21 I.D. 1/3 0.0650 
0.0433 
0,0138 
0.1870 
0.0079 
0.1299 
0.4331 
0.0059 
0.0079 

0.0728 2.090 
0.0413 
0.0039 
0.0669 
0.0118 
0.0669 
0.0807 
0.0020 
0.0020 

0.508 BT 5.97 45.68 74.40 
BT 

BT, BM * 
BT 
BT 
BT 
BT 
BT 
BT 

Mid. 113 0.0 157 0.0217 
0.0276 0.0039 
0.0177 0.0039 

BT, BM * 
BM 
BM 

O.D. 113 0.0000 0.0000 
- ----_----_--_---_-- __ - -- ------ - - -- ---- 

W9 -22 I.D. 1/3 0.0236 0.0610 2.085 0.508 0.56 12.37 24.80 
0.0689 0.0354 

Mid. 1/3 0.0433 0.0079 
0.0059 0.0020 
0.0217 0.0020 
0.0945 0.0177 

O.D. 113 0.0000 0.0000 
__ --------------l-l_--_l_l_l_____ __ ----- __ --___---l_l-l-l- ___- 

- - __ ~ 

Full Thickness Averages of All Sections Crack Location Codes 
B - Base Metal S - Surface 

W - Weld Metal T - ID 1/3 
H1 - Heat Mected Zone 1 
H2 - Heat Affected Zone 2 

M - Middle 113 
C - OD 113 

Avg. CSR = 3.27 Std. Dev. = 
Avg. CLR = 29.02 Std. Dev. = 

Avg. CTR = 49.60 Std. Dev. = 
----__--_----_---_---------------------- 

U3 Thickness Averages of All Sections 
* - Same Crack 

Avg. CSR = 3.27 Std. Dev. = 

Avg. CLR = 29.02 Std. Dev. = 4.33 
Avg. CTR = 49.60 Std. Dev. = 5.33 

-----__-_-_--------_-------------------- 
1/3 Thickness Averages of All Sections 

Avg. CSR = 3.14 Std. Dev. = 0.78 
Avg. CLR = 23.60 Std. Dev. = 5.01 
Avg. CTR = 43.79 Std. Dev. = 5.98 

__ 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

Sulfur : 0.001 
Condition : Normalized 

Solution : TM0177 

u3 Thickness Averages of All Sections 

Avg. CSR = 0.01 Std. Dev. = 0.01 
Avg. CLR = 0.62 Std. Dev. = 0.36 
Avg. CTR = 0.97 Std. Dev. = 0.56 

1/3 Thickness Averages of All Sections 

Avg. CSR = 0.01 Std. Dev. = 0.01 
Avg. CLR = 0.62 Std. Dev. = 0.39 
Avg. CTR = 0.97 Std. Dev. = 0.61 

CLI # : 3247 

File # : W9-23-24.WK4 
Section # : W9-23,24 

Date : 10/13/97 

Comments : **** - No Cracks 

---- __ __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I.D. l/3 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) ("/I ("/.I ("/.I 

W9 -23 I.D. 1/3 0.0000 0,0000 2.050 0.507 **** 0.00 0.00 0.00 

Mid. 1/3 0.0000 0.0000 

Mid. 1/3 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
l__----l-_-------. 

Full Thickness Averages of All Sections 

Avg. CSR = 0.01 Std. Dev. = 0.01 
Avg. CLR = 0.62 Std. Dev. = 0.33 
Avg. CTR = 0.97 Std. Dev. = 0.52 

Crack Location Codes 
B - Base Metal S - Surface 

W - Weld Metal T - ID 1/3 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

M - Middle 1/3 
C - OD 1/3 
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Material : A5 16-70 CS 
Sulfur : 0.025 

Condition : As Rolled 
Solution : TM0177 

Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH(FINL) : 3.8 

CLI # : 2289 
Section # : W9-25,26 

File # : W9-25-26.WK4 
Date : 10/13/97 
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Material : A5 16-70 CS 
Sulfur : 0.025 

Condition : As Rolled 
Solution : TMO 177 

Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

CLI # : 2289 

File # : W9-27-28.WK4 
Section # : W9- 27,28 

Date : 10/13/97 

I.D. 1/3 Crack Crack Specimen Specimen 
Section Mid. in, or Length Thickness Width Thickness 

O.D. 1/3 A (in) B (in) W (in) T (in) 

W9 -27 I.D. 1/3 0.2756 0.0945 2.075 0.517 

__ 

0.1240 0.0787 
0.3307 0.0551 
0.01 18 0.0098 

Mid. 113 0.0689 0.0098 BT, BM, BT * 

O.D. 1/3 0.0000 0.0000 
__ ---- - - 

W9 -28 I.D. 1/3 0.2500 0.0433 2.067 0.516 BS, BT, BS 3.12 62.85 33.95 
0.0571 0.0374 BT, BS 
0.0394 0.0276 W 
0.0650 0.0236 BT 

Mid. 113 0.0689 0.0079 BM 
0.2441 0.0098 BM 
0.5748 0.0256 BM 

---------__I---- - -------------_--_---___l_____l__ 

O.D. 1/3 0.0000 0.0000 
----- 

Full Thickness Averages of Ail Sections Crack Location Codes 
B - Base Metal S -  Surface 

M - Middle 1/3 
W -  WeldMetal T - ID 1/3 

H1 - Heat Affected Zone 1 
5.21 H2 - Heat Affected Zone 2 C -  OD 1/3 

Comments : PWHT fillet 

Avg. CSR = 4.1 1 Std. Dev. = 

Avg. CLR = 50.97 Std. Dev. = 
Avg. CTR = 40.96 Std. Dev. = 

........................................ 

2/3 Thickness Averages of All Sections 

Avg. CSR = 4.11 Std. Dev. = 0.69 

Avg. CTR = 40.96 Std. Dev. = 5.31 
Avg. CLR = 50.97 Std. Dev. = 7.33 

1/3 Thickness Averages of All Sections 

Number of cracks in weld area - 

Total crack thickness in weld area - 0.0374 

* - Same Crack 

2 

Avg. CSR = 3.25 Std. Dev. = 0.73 

Avg. CTR = 35.82 Std. Dev. = 5.85 
Avg. CLR = 27.83 Std. Dev. = 5.34 I 

___ ~ 
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Material : A841 AS 
Sulfur: 0.001 

Solution : TMO 177 
Condition : TMCP 

lí3 Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR - 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FiNL) : 3.8 

E70 16 G welding material 

CLI # : 3250 

File # : W9-29-30A.WK4 
Section # : W9-29430A 

Date : 10/13/97 

I=========---------------------=-~=-~-------- -_---_-- -- 

I.D. 1/3 Crack Crack Specimen Specimen Crack Section 
Section Mid. lí3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 1/3 A (in) B (in) W (in) T (in) ("/.I (%> (%) 

W9 -29A I.D. 113 0.0000 0.0000 1.142 0.489 ***** 0.00 0.00 0.00 
===========_===_=__--- ==========____ ---- ------ ====- ---- = 

Mid. 1/3 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
I_ -. 

------- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ---------- ------ 
W9 -3OA I.D. 1/3 0.0000 0.0000 1.142 0.488 ***** 0.00 0.00 0.00 

Mid. 1/3 0.0000 0.0000 

O.D. 1/3 0.0000 0.0000 
---- ---------- 

Full Thickness Averages of All Sections Crack Location Codes 
S -  Surface B - Base Metal 

W - Weld Metal T -  ID lí3 
H1 - Heat Mected Zone 1 M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 1/3 

Avg. CSR = 0.00 Std. Dev. = 

Avg. CLR = 0.00 Std. Dev. = 

Avg. CTR = 0.00 Std. Dev. = 0.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2i3 Thickness Averages of Ail Sections Comments : **** -No Cracks 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

Number of cracks in weld area - 

Total crack thickness in weld area - 0.000 

O 
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Material : A841 AS 
Sulfur: 0.001 

Solution : TM0177 
Condition : TMCP 

Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

CLI # : 3250 

File # : W929-30B.WK4 
Section # : W9-29B,30B 

Date : 10/13/97 

===______----------_--------------------------======---~~=====~============~==== 

1.D. 1/3 Crack Crack Specimen Specimen Crack Section 
CSR CLR CTR Section Mid. i n ,  or Length Thickness Width Thickness Location 

O.D. 1/3 A (in) B (in) W (in) T (in) (%> (%I (%) 

W9 -29B I.D. ln 0.0000 0.0000 1.142 0.489 **** 0.00 0.00 0.00 

Mid. 1/3 0.0000 0.0000 

O.D. 113 0.0000 0.0000 

W9 -30B I.D. 1/3 0.0000 0.0000 1.142 0.488 **** 0.00 0.00 0.00 

Mid. 1/3 0.0000 0.0000 

O.D. 113 0.0000 0.0000 

Full Thickness Averages of All Sections Crack Location Codes 
S - Surface B - Base Metal 

W - Weld Metal T -  ID 1/3 
H1- Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 113 

Avg. CSR = 0.00 Std. Dev. = 
Avg. CLR = 0.00 Std. Dev. = 

Avg. CTR = 0.00 Std. Dev. = 
-------------_-------------------------- __ 

Y3 Thickness Averages of Ail Sections : **** -No Cracks 

Avg. CSR = 0.00 Std. Dev. = Number of cracks in weld area - 1 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 Total crack thickness in weld area - 0.000 

--- ---------------_-__-_________________ --- ..................................... 

113 Thickness Averages of Ail Sections E701 8 welding material 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 
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Material : A841 AS 
Sulfur : 0.001 

Solution : TM0177 
Condition : TMCP 

Full Thickness Averages of Ail Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

Project # : L932343TK 
Exposure : 13 Days 

pH(IN1T): 2.8 
pH(FINL) : 3.8 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 113 
W - Weld Metal T - ID 113 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 

CLI# : 3250 
Section # : W9-31,32 

File # : W9-31-32.WK4 
Date : 10/13/97 

u3 Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

--------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ------ -------_----_--------------------- 
1/3 Thickness Averages of Ail Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 std. Dev. = 0.00 

Mid. 113 0.0000 0.0000 

Comments : **** -No Cracks 

Number of cracks in weld area - 

Total crack thickness in weld area - 0.0000 

O 

O.D. 113 0.0000 0.0000 
----- ~ -~----  ~~ ~ 

W9 -32 I.D. 113 0.0000 0.0000 2.034 0.485 **** 0.00 0.00 0.00 
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Material : A5 16-70 CS Project # : L932343TK 
Exposure : 13 Days Sulfur : 0.025 

Condition : As Rolled 
Solution : TM0177 

pH (INIT) : 2.8 
pH (FiNL) : 3.8 

CLI # : 2289 

File # : W9-33-34.WK4 
Section # :  W9-33,34 

Date : 10/13/97 

O.D. 113 0.0000 0.0000 
------------ ____-__---___ 

W9 -34 LD. 1/3 0.0217 0.0059 2.087 0.610 BU, BT BM * 6.08 113.85 96.49 
O. 1870 0.0098 BT 
O. 1870 0.0689 BT, BS 
0.0098 0.0020 BT 
0.1220 0.0118 BT 
0.0787 0.0157 BT 
0.0295 0.0020 BT 
0.0217 0.0236 BS, HI 
0.0591 0.0335 H1, W 
0.0335 0.0354 H2, H1, W, BS 
0.0650 0.0039 BT 
0.1594 0.0492 BT, BS, BT 
0.2264 0.0098 BT 
0.0118 0.0020 BT 
0.0787 0.0236 BT 
0.0807 0.0256 BS, BT, BS 
0.0787 0.0315 BT 
O. 1063 0.0394 BS, BT, BS 
0.2461 0.0354 BT 
0.0531 0.0295 BT 

Mid. 113 0.1476 0.0177 
0.1378 0.0413 
0.2343 0.0709 

BM, BT, BM * 
BM 
BM 

O.D. 113 0.0000 0.0000 
~ ________-__--__--_ 

Full Thickness Averages of All Sections Crack Location Codes 
S -  Surface 

M - Middle 113 

B - Base Metal 
W -  W e i d M d  T - ID 113 

H1- Heat Affeded Zone 1 
H2 - Heat AEected Zone 2 C - OD 1/3 

commaits : 

0.47 Number of cracks in weid area - 3 
5.00 
3.40 Total crack thickness in weld area - 0.0925 

Avg. CSR = 5.32 Std.Dev.= 
Avg, CLR = 96.16 StdDev.= 
Avg CTR = 65.58 Std. Dev. = 

2/3 Thickness Averages of All SeUions 

Avg, CSR = 5.32 Std Dev. = 

Avg, CLR = 96.16 Std. Dev. = 

Avg, CTR = 65.58 Std. Dev. = 
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Material : A516-70 CS 
Sulfur : 0.007 

Condition : As Rolled 
Solution : TM0177 

Project # : L932343TK 
Exposure : 13 Days 

pH(INIT) : 2.8 
pH (FiNL) : 3.8 

CLI # : 2289 
Section # : W9-35,36 

File # : W9-35-36.WK4 
Date : 10113197 

W9 -35 I.D. 113 0.0236 
0.0394 
0.2205 
0.0020 
0.2126 
0.1614 
0.4449 
0.0571 

0.0059 2.115 
0.0256 
0.0217 
0.0177 
0.0591 
0.0256 
0.1083 
0.0236 

0.515 BS, BT, BS 
BS, BT, BS 

BT 
BS, H1 

BT 
BT, BM, BT * 

BT, BS 
BT 

0.000140 7.13 67.94 64.60 
0.001008 
0.004774 
0.000035 
0.012555 
0.004131 
0.048166 
0.001349 

Mid. 113 0.0138 0.0098 
0.1614 0.0295 
0.1004 0.0059 

BT, BM, BT * 0.000136 
BM 0.004766 
BM 0.000593 

O.D. 113 0.0000 0.0000 0.000000 

W9 -36 LD. 113 0.1594 0.0394 2.135 0.517 BT 0.006278 9.12 112.67 107.37 
0.2067 0.0295 BT 0.006103 
0.1890 0.0492 BT 0.009300 
0.3445 0.0571 BM, BT, BM ** 0.019666 
0.0531 0.0276 BS, BT, BS 0.001465 
0.1496 0.0295 BT 0.004418 
0.0846 0.0413 BS, BT, BS 0.003499 
0.0177 0.0020 BT 0.000035 
0.2087 0.0492 BT 0.010269 
0.1516 0.0413 BT 0.006266 
0.0059 0.0157 BS, H1 0.000093 
0.2854 0.0787 BS, BT, BS 0.022475 
0.0827 0.0394 BT, BS 0.003255 
0.0591 0.0276 BT 0.001628 

Mid. 113 0.2303 0.0197 
0.1772 0.0079 

BM, BT, BM ** 0.004534 
BM 0.001395 

O.D. 113 0.0000 0.0000 0.000000 
--___--__-----__-_________________I_____----------------------------_-------------------------_------ 

Full Thickness Averages of Ail Sections Crack Location Codes 
B - Base Metal S - Surface 
W - Weld Metal T - ID 113 
H1 - Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 1f3 I comments : 

Avg. CSR = 8.12 Std. Dev. = 
Avg. CLR = 90.31 StdDev. = 
Avg. CTR = 85.99 StdDev. = 

2/3 Thickness Averages of All Sections 

Avg. CSR = 8.12 Std. Dev. = Numberofcracksinarcstrikearea- 2 
Avg. CLR = 90.31 Std Dev. = 5.27 
Avg. CTR = 85.99 StdDev.= 4.77 Total crack thickness in arc strike area - 0.0334 

113 Thickness Averages of All Sections *, ** - Same Crack 

Avg. CSR = 7.60 Std.Dev.= 0.90 
Avg. CLR = 74.25 Std. Dev. = 5.50 
Avg. CTR = 78.92 Std. Dev. = 5.01 
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Material : A841 AS 
sulfur : 0.001 

Solution : Th40177 
Condition : Th4CP 

Full Thickness Averages of All Sections 

Avg. CSR = 0.01 Std. Dev. = 0.00 
Avg. CLR = 0.21 Std Dev. = 0.08 
Avg. CTR = 5.27 Std. Dev. = 1.90 

Project # : L932343TK 
Exposure: 13Days 

pH (INiT) : 2.8 
pH(FINL) : 3.8 

Crack Location CO&~ 
S - Surface 
T - ID 1/3 

M - Middle 1/3 

B - Base Metal 
W - WeldMeîal 

H1 - Heat Affected Zone 1 
H2 - Heat AfFected Zone 2 C - OD 1/3 

CLI # : 3250 
Section # : W9-37,38 

File # : W9-37-38.WK4 
Date : 10113197 

213 Thickness Averages of All Sections 

Avg. CSR = 0.01 Std Dev. = 0.00 

Avg. CTR = 5.27 Std. Dev. = 2.02 
Avg. CLR = 0.21 std. Dev. = 0.09 

_-_-__- - - ~  

LD. 113 Crack Crack Specimen Specimen Crack Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location Area CSR CLR CTR 

O.D. 1/3 A (in) B (in> w (in) T (in) AXB (W (%) (o/.> 

W9 -37 LD. 1/3 0.0059 0.0197 1.889 0.486 BS, H1, H2, BT 0.0001 16 0.02 0.42 10.53 
0.0020 0.0315 BS, H1, H2, BT 0.000062 

Comments : **** -No Cracks 

Number of cracks in weld area - 
Total crack thickness in weld area - 0.0512 

2 

Mid. 113 0.0000 0.0000 0.000000 
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Material : A841 AS 
sulfur : 0.001 

Solution : TM0177 
Condition : TMCP 

Project # : L932343TK 
Exposure: 13Days 

pH(I"ï) : 2.8 
pH(FiNL) : 3.8 

CLI # : 3250 
Section # : WP39,40 

File # : W9-39-40.WK4 
Date : 10113197 

_==__T===========_________=___=3= 

LD. 1/3 Crack Crack Specimen Specimen Crack Crack Sffition 
Section Mid. 113, or Length Thickness Width Thickness Location Area CSR CLR CTR 

O.D. 113 A (h> B (in) w (in) T (in) AXB (%) (%I (%) 

W9 -39 I.D. 1/3 0.0000 0.0000 1.985 0.516 **** 0.000000 0.00 0.00 0.00 

Mid. 113 0.0000 0.0000 0.000000 

O.D. 1/3 0.0000 0.0000 0.000000 

W9 -40 LD. 1/3 0.0906 0.0354 2.044 0.570 BS, BT, BS 0.28 4.43 6.22 0.003209 

Mid. 113 0.0000 0.0000 0.000000 

O.D. 113 0.0000 0.0000 0.000000 
- - - - - - _ ~  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  __ 
Full Thickness Averages of All Sections Crack Location Codes 

S - Surface 

M - Middle 113 

B - Base Metal 
W - Weld Metal T - ID 113 

H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 

Comments : **** -No Cracks 

Avg. CSR = 0.14 Std. Dw. = 

Avg. CTR = 3.11 StdDev.= 
Avg. CLR = 2.22 StdDeV. = 

3 3  Thickness Averages of All Sections 

Avg. CSR = 0.14 Std. Dev. = 
Avg. CLR = 2.22 Std. Dev. = 

Avg. CTR = 3.11 Std. Dev. = 
~ 

113 Thickness Averages of All Sections 

Number of cracks in weld area - 
Total crack thickness in weld area - 0.0000 

O 
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Material : A5 16-70 CS Project # : L932343TK 
Exposure : 13 Days Sulfur : 0.007 

Condition : As Rolled 
Solution : TM0177 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

CLI # : 2289 
Section # : W9-41,42 

File # : W9-41-42.WK4 
Date : 10/13/97 

................................................................ ======== ======__===-= 

I.D. 113 Crack Crack Specimen Specimen Crack Crack Section 
Section Mid.113,or Length Thickness Width Thickness Location Area CSR CLR CTR 

O.D. 113 A (in) €3 (in) w (in) T (in) AXB (%I (%I (%) 

W9 -41 I.D. 113 0.0433 0.0039 2.235 0.607 BT 0.000171 4.09 93.01 44.43 
________ __ 

0.1516 0.0354 BT 0.005371 
0.0591 0.0059 BT 0.000349 
0.0492 0.0039 BT 0.000194 
0.0138 0.0039 BT 0.000054 
O. i 594 0.0295 BT, BS 0.004708 
0.1102 0.0413 BS, BT, BS 0.004557 
0.0787 0.0276 BT 0.002170 
0.0906 0.0512 BT, BS 0.004635 
0.0276 0.0059 BM, BT, BM * 0.000163 

Mid. 1/3 0.3543 0.0138 BM, BT, BM * 0.004883 
0.7579 0.0354 BM 0.026854 
0.1535 0.0079 BM 0.001209 
0.0295 0.0039 BM 0.0001 16 

O.D. 113 0.0000 0.0000 0.000000 

0.607 BS, BT, BS 0.000732 
0.0276 0.0020 BT 0.000054 
0.0098 0.0039 BT 0.000039 
0.1594 0.0531 BS, BT, BS 0.008475 
0.3799 0.0827 BT, BS 0.031411 

l--l------l___ --------- II 

4.13 47.81 33.08 W9 -42 I.D. 113 0.0413 0.0177 2.215 

Mid. 113 0.0492 0.0039 
0.3917 0.0374 

BM 0.000194 
BM 0.014651 

O.D. 113 0.0000 0.0000 0.000000 
__--___ 

Full Thickness Averages of Ail Sections Crack Location codas 
B - Base Metal S - Surface 
W - WeldMetal T - ID 1/3 

H1- Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 113 

Number of cracks in arc strike area - 
Total crack thickness in arc strike area - 0.0000 

O 

* - Same Crack 

Avg. CSR = 4.11 Std.Dev.= 
Avg. CLR = 70.41 Std. Dev. = 
Avg. CTR = 38.75 Std. Dev. = 

__-l_l__l 

2f3 Thickness Averages of Ail Sections 

Avg. CSR = 4.11 Std. Dev. = 
Avg. CLR = 70.41 Std. Dev. = 

Avg. CTR = 38.75 Std. Dev. = 
~ __ __ 

1/3 Thickness Averages of Ail Sections 

Avg. CSR = 2.34 Std. Dev. = 0.49 
Avg. CLR = 31.48 Std. Dev. = 3.89 
Avg. CTR = 30.32 Std. Dev. = 

.......................................... 
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Material : A516-70 CS Project # : L932343TK 
Exposure : 13 Days Sulfur : 0.007 

Condition : As Rolled 
Solution : TM0177 

pH(ì") : 2.8 
pH (FINL) : 3.8 

CLI # : 2289 
Section # : W9-43,44 

File # : W9-43-44.WK4 
Date : 1Ol13197 

0.0236 0.0098 
0.0217 0.0039 
0.0315 0.0394 
0.0098 0.0098 
0.0138 0.0020 
0.0197 0.0059 

BS, BT 0.000233 
BT 0.000085 

BS, HI, H2 0.001240 
BT 0.000097 

BS, H1 0.000027 
BM, BT, BM * 0,000116 

Mid. 113 0.5335 0.0512 
0.1299 0.0059 
0.0689 0.0020 
0.0217 0.0020 

0.027303 
BM 0.000767 
BM 0.000136 
BM 0.000043 

BM, BT, BM * 

O.D. 113 0.0000 0.0000 0.000000 

W9 -44 I.D. 113 0.0059 0.0217 2.174 0.513 BS, Hi, H2 0.000 128 0.35 9.51 8.83 
0.003708 

Mid 1/3 0.0295 0.0020 BM 0.000058 

0.1713 0.0217 BT --_____ 1___-_-1-11-----1----- 

O.D. 1/3 0.0000 0.0000 0.000000 

Full Thickness Averages of All Sections Crack Looation Codes 
B - Base Metal 
W - Weld Metal 

H1 - Heat Affected Zone 1 

S -  Surface 
T - ID 113 

M - Middle 113 
H2 - Heat Mected Zone 2 C - OD 113 

comments : 

Avg. CSR = 1.53 Std. Dev. = 
Avg. CLR = 26.03 Std. Dev. = 

Avg. CTR = 17.65 Std Dev. = 
___-____--______________________________ 
2/3 Thickness Averages of All Sections 

Avg. CSR = 1.53 Std. Dev. = 

Avg. CLR = 26.03 Std Dev. = 

Avg. CTR = 17.65 Std. Dev. = 

113 Thickness Averages of All Sections 

Number of cracks in weld area - 
Total crack thickness in weid area - 0.0631 

3 

* - Same Crack 

Avg. CSR = 0.26 Std. Dev. = 0.08 

Avg. CTR = 11.51 StdDev. = 2.11 
Avg. CLR = 8.01 Std. Dev. = 
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Material : A841 AS 
Sulfur : 0.001 

Solution : TM0177 
Condition : TMCP 

Full Thickness Averages of All Sections 

Avg. CSR = 0.07 Std. Dev. = 0.04 
Avg. CLR = 0.88 Std. Dev. = 0.47 
Avg. CTR = 3.86 Std. Dev. = 2.05 

2/3 Thickness Averages of All Sections 

Avg. CSR = 0.07 Std. Dev. = 0.04 
Avg. CLR = 0.88 Std. Dev. = 0.51 
Avg. CTR = 3.86 Std. Dev. = 2.22 

__ 

1/3 Thickness Averages of All Sections 

Avg. CSR = 0.07 Std. Dev. = 0.04 
Avg. CLR = 0.88 Std. Dev. = 0.56 
Avg. CTR = 3.86 Std. Dev. = 2.42 

Project # : L932343TK 
Exposure : 13 Days 

pH(IN1T): 2.8 
pH (FINL) : 3.8 

- ===== __ 
Crack Location Codes 

B - Base Metal S - Surface 
W - Weld Metal T - ID 1/3 
H1 - Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 1/3 

--------- 
Comments : **** -No Cracks 

Number of cracks in weid area - 

Total crack thickness in weld area - 0.0000 

E1760 G wedling material 

O 

__ - --- ----- --------- 

CLI # : 3250 

File # : W945-46A.WK4 
Section # : W9-45446A 

Date : 10/13/97 

=====------_==_===__==_=_ =_==== =___ ===_=_____ - ----- --------_---_==__-- -----------== ==== 

I.D. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 1/3 A (in) B (in) W (in) T (in) (”/) (%I (”/.I 
~ -__---__--_------ - 

W9 -45A I.D. 1/3 0.0394 0.0374 2.225 0.485 BS, BT, BS 0.14 1.77 7.71 
-------- -_--- --- - 

Mid. 1/3 0.0000 0.0000 
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Material : A841 AS 
Sulfur : 0.001 

Solution : TM0177 
Condition : TMCP 

Full Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

~ _ - - =  ====- 

213 Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 

Avg. CTR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 

__========-======___==__==_= 

1/3 Thickness Averages of Au Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

__ __ 

Project # : L932343TK 
Exposure : 13 Days 

pH (MIT) : 2.8 
pH (FML) : 3.8 

Crack Location Codes 
S - Surface B - Base Metal 

W - Weld Metal T - ID 1/3 
H1- Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

M - Middle 113 
C - OD 113 

-- ====- ==== _= 

Comments : **** -No Cracks 

Number of cracks in weld area - 
Total crack thickness in weld area - 0.0000 

El780 welding material 

O 

__ ---- 

CLI # : 3250 

File # : W94546B.WK4 
Section # : W945B,46B 

Date : 10/13/97 

- ~ ------ 
I.D. 113 Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness . Location CSR CLR CTR 
O.D. 113 A (in) B (in) W (in) T (in) (o/.) (o/..) (o/.) 

W9 -45B I.D. 1/3 0.0000 0.0000 2.225 0.485 **** 0.00 0.00 0.00 
-_--------- -- -------- ===== =_=====-================_====_=====__=== 

Mid. 113 0.0000 0.0000 

O.D. 113 0.0000 0.0000 
- - -------- 

--- _______ _______ 
W9 4 6 B  LD. 113 0.0000 0.0000 2.225 0.485 **** 0.00 0.00 0.00 

Mid. 113 0.0000 0.0000 
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Material : A841 AS 
Sulfur : 0.001 

Solution : TMOl77 
Condition : TMCP 

Full Thickness Averages of All Sections 

Avg. CSR = 0.01 Std. Dev. = 0.00 
Avg. CLR = 0.09 Std. Dev. = 0.05 
Avg. CTR = 2.95 Std. Dev. = 1.57 

2/3 Thickness Averages of All Sections 

Avg. CSR = 0.01 Std. Dev. = 0.00 
Avg. CLR = 0.09 Std. Dev. = 0.05 
Avg. CTR = 2.95 Std. Dev. = 1.69 

__ 

1/3 Thickness Averages of All Sections 

Avg. CSR = 0.01 Std. Dev. = 0.00 
Avg. CLR = 0.09 Std. Dev. = 0.06 
Avg. CTR = 2.95 Std. Dev. = 1.85 

Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH(FINL): 3.8 

--------- --------- 
Crack Location Codes 

S - Surface 

M - Middle 1/3 

B - Base Metal 
W - Weld Metal 

H1 - Heat Mected Zone 1 
T - ID 1/3 

H2 - Heat Affected Zone 2 C - OD 1/3 
==== ----- 

Comments : **** -No Cracks 

Number of cracks in arc strike area - 

Total crack thickness in arc strike area - 0.0335 

1 

====== . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CLI # : 3250 

File # : W94748.WK4 
Section # : W9-47,48 

Date : 10/13/97 
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Material : A5 16-70 CS 
Sulfur : 0.007 

Condition : As Rolled 
Solution : TM0177 

Project # : L932343TK 
Exposure: 13Days 

pH (INiT) : 2.8 
pH (FINI,) : 3.8 

CLI # : 2289 
Section # : W9-49,50 

File # : W9-49-50.WK4 
Date : 10/13/97 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  __-__ 

I.D. 1/3 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. i/3 A(in) B (in) w (in) T (in) (%) (%) (%) 

W9 -49 LD. 1/3 0.0768 0.0197 2.365 0.517 BT 5.65 80.24 82.62 
0.0217 0.0020 BT 
0.2382 0.0807 BT, BS 
0.0433 0.0315 BT 
0.2185 0.0807 BS, BT, BS 
0.0433 0.0039 BT 
0.0256 0.0039 BT 
0.0512 0.0236 BS, BT, BS 
0.2992 0.0472 BT 
o. 1122 0.0394 BT, BS 
0.0217 0.0020 BT 
0.0886 0.0433 BT 

Mid. 1/3 0.1969 
0.1181 
0.0906 
0.0472 
0.0177 
0.0276 
0.0197 
0.1280 
0.0118 

0.0079 
0.0020 
0.0079 
0.0039 
0.0020 
0.0020 
0.0020 
0.0197 
0.0020 

BM 
BM 
BM 
BM 
BM 
BM 
BM 
BM 
BM 

O.D. 1/3 0.0000 0.0000 

W9 -50 I.D. 113 0.0512 0.0020 2.365 0.517 BT 4.67 76.74 65.49 
0.2067 0.0197 BT 
0.0118 0.0020 BT 
0.0335 0.0177 BT, BS 
0.0059 0.0020 BT 
0.3386 0.0787 BT 
0.0138 0.0020 BT 
O. 1102 0.0098 BT 
0.0354 0.0020 BT 
0.0591 0.0256 BS, BT, BS 
0.0610 0.0354 BS, BT 
0.03 15 0.0039 BT 
0.1831 0.0197 BT 
0.0433 0.0039 BT, BS 
0.1535 0.0472 BS, BT, BS 
0.1594 0.0394 BS, BT 

~~~ 

Mid. 1/3 0.1378 0.0098 
0.1299 0.0138 
0.0492 0.0039 

BM 
BM 
BM 

~ ~~ ~ 

O.D. 113 0.0000 0.0000 

Full Thickness Averages of All Sections Crack Location Codes 
B - Base Metal S - Surface 
W - Weld Metal T - ID 1/3 

HI - Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 1/3 j cornent5 : 

Avg. CSR = 5.16 Sîd.Dev.= 
Avg. CLR = 78.49 Std. Dev. = 

Avg. CTR = 74.06 Std. Dev. = ________ -_-__ __ __ __ -__-_-____ 
2/3 Thickness Averages of All Sections 

Avg. CSR = 5.16 Std. Dev. = 
Avg. CLR = 78.49 Std. Dev. = 3.50 
Avg. CTR = 74.06 Std. Dev. = 4.20 

=___====____==-=____=_===_=___ 

1/3 Thickness Averages of All Sections 

Avg. CSR = 4.80 Std. Dev. = 0.51 

Avg. CTR = 66.63 Std. Dev. = 4.65 
Avg. CLR = 57.89 Std. Dev. = 3.79 
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Material : A841 
Sulfur : 0.001 

Condition : TMCP 
Solution : TM0177 

Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FiNL) : 3.8 

CLI # : 3250 
Section # : W9-51,52 

File # : W9-5 1-52.WK4 
Date : 10113197 

Full Thickness Averages of Ail Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Av& CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std Dev. = 0.00 

2 3  Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 std Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ln Thickness Averages of All Sections 

Avg. CSR = 0.00 Std Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 std Dev. = 0.00 

Crack Location Codes 
B - Base Metal 
W - Weld Metal 

Hl - Heat Affected Zone 1 

s -  surface 
T - ID 113 

M - Middle 113 
H2 - Heat AîTkcted Zone 2 C - OD 113 

Comments : **** -NO Crs~ks 

/' 
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Material : A516-70 CS Project # : L932343TK 
Sulfur : 0.007 Exposure: 13Days 

Condition : As Rolled 
Solution : TM0177 

pH (INiT) : 2.8 
pH(FINL) : 3.8 

CLI # : 2289 

File # : W95354AWK4 
Section # : W9-53454A 

Date : 10113197 

-_-- __ __ 

LD. 1/3 Crack Crack Specimen Specimen Crack Crack Section 
Section Mid. 1/3,or Length Thickness Width Thickness Location Area CSR CLR CTR 

O.D. 113 A (in) B (in) w (in) T (in) AXB (W (%) 

W9 -53A LD. 1/3 0.0512 0.0335 1.020 0.517 BT,BS 8.77 125.06 44.55 
_ _ - ~ -  

0.001713 
0.2953 0.0945 BT 0.027900 
0.0492 0.0098 BM,BT,BM BT,BM* 0.000484 
0.0157 0.0020 BT 0.000031 

Mid. 1/3 0.3327 0.0295 
0.0394 0.0157 
0.1142 0.0098 
0.1614 0.0079 
0.0689 0.0098 
0.1476 0.0177 

BM,BT,BM BT,BM* 0.009823 
BM 0.000620 
BM 0.001124 
BM 0.001271 
BM 0.000678 
BM 0.00261 6 

-------_____________1_____1_1___________------------------------_----___-______11_1_______1_ 

O.D. 113 0.0000 0.0000 0.000000 

W9 -54A 1.D. 113 0.0965 0.0394 1.040 0.517 BT, BS 0.003798 6.40 114.51 37.31 
0.1417 0.0197 BT 0.002790 
0.1969 0.0197 BT 0.003875 
0.4350 0.0295 BT 0.012846 
0.1535 0.0630 BT, BS 0.009672 

Mid. 113 0.1043 0.0098 
0.0453 0.0079 
0.0177 0.0039 

0,001027 BM 
BM 0.000357 
BM 0.000070 

O.D. i l3  0.0000 0.0000 0,000000 

Full Thickness Averages of All Sections Crack Location Codes 
S - Surface B - Base Metal 

W - WeldMetal T - ID 113 
M - Middle 1/3 H1 - Heat Affected Zone 1 

H2 - Heat Affected Zone 2 C - OD 1/3 

cornent3 : 

Avg. CSR = 7.59 Std. Dev. = 

Avg. CLR = 119.79 Stá Dev. = 

Avg. CTR = 40.93 std.Dev.= 

U3 Thickness Averages of All Sections 

Avg. CSR = 7.59 Std. Dev. = 

Avg. CLR = 119.79 Std. Dev. = 

Av& CTR = 40.93 Std. Dev. = 

113 Thickness Averages of All Sections 

Number of cracks in weld area - 
Total crack thickness in weld area - 0.0000 

O 

* - Same Crack 

12.12 
5.13 

Avg. CSR = 5.92 Std. Dev. = 

Avg. CLR = 69.38 Std. Dev. = 

Av6 CTR = 30.08 Std. Dev. = 
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Material : A516-70 LSCS 
sulfur : 0.001 

Condition :Normalized 
Solution : TM0177 

Avg. CSR = 0.08 std.Dev.= 0.03 

Avg. CTR = 2.47 Std.Dev. = 0.74 
Avg. CLR = 4.76 Std. Dev. = 1.40 

---- __ 
113 Thickness Averages of All Sections 

Avg. CSR = 0.00 std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 std. Dev. = 0.00 

Project # : L932343TK 
Exposure : 13 Days 

pH ( N T )  : 2.8 
pH (FINL) : 3.8 

CLI # : 2099 

File # : W953-54B.WK4 
Section # : W9-53B,54B 

Date : 10113/97 

I_ _____I---- ------ 

LD. 113 Crack Crack Specimen Specimen Crack Crack Section 
Section Mid 113,or Length Thickness Width Thickness Location Area CSR CLR CTR 

O.D. 113 A (in) B (in) w (in) T (in) AXB (%) (%I (%) 

W9 -53B LD. 1/3 0.0000 0.0000 1.020 0.517 0.000000 0.06 2.89 1.90 

Mid. 113 0.0295 0.0098 BM 0.000291 

O.D. 113 0.0000 0.0000 0.000000 
- 

-----------_______-____I________________-------- __ 
W9 -54B LD. 113 0.0000 0.0000 1.040 0.517 0.000000 0.11 6.62 3.05 

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

Mid 1/3 0.0413 0.0098 W 0.000407 
0.0276 0.0059 BM 0.000163 

O.D. 113 0.0000 0.0000 0.000000 
-- -I_-- ---I_ 

Full Thicknesa Averages of All Sections Crack Looation Codes 
B - Base Metal S - Surface 
W - Weld Metal T - ID 113 

H1-  Heat AEected Zone 1 M - Middle 113 
0.70 H2 - Heat AfFected Zone 2 C - OD 113 ::i comments : 

Avg. CSR = 0.08 Std. Dev. = 
Avg. CLR = 4.76 Std.Dev.= 
Avg. CTR = 2.47 Std. Dev. = 

U3 Thickness Averages of All Sections 

Number of cracks in weld area - 

Total crack thickness in weld area - 0.0098 

1 
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Material : A516-70 CS 
Sulfur : 0.007 

Condition : As Rolled 
Solution : TM0177 

Project # : L932343TK 
Exposure : 13 Days 

pH (MIT) : 2.8 
pH (FINL) : 3.8 

CLI # : 2289 

File # : W955-56A.WK4 
Section # : W9-55456A 

Date : 10/13/97 

W9 -55A I.D. 1/3 0.0236 
0.0394 
0.0472 
0.1358 
0.0472 
0.1161 
0.1339 
0.0906 

0.0079 1.015 
0.0079 
0.0059 
0.0374 
0.0059 
0.0197 
0.0236 
0.0197 

0.507 BT 4.33 103.56 38.83 
BT 
BT 
BT 
BT 

BM, BT, BM * 
BT, BS 
BT, BS 

Mid. 113 0.0512 0.01 57 
0.0335 0.0039 
0.2736 0.0236 
0.0591 0.0256 

BM, BT, BM * 
BM 

BM, H2, H1 
BM, H2, H1,BS 

O.D. 113 0.0000 0.0000 
--- 

W9 -56A I.D. 1/3 0.1988 0.0512 1.174 0.507 BS, BT 9.13 100.60 50.09 
0.3307 0.0591 BT 
0.1969 0.0866 BT 

Mid. 113 0.0827 0.0098 BM 
0.0571 0.0059 BM 
0.2067 0.0197 BM, H2, H1 
0.1083 0.0217 BM, H2, H1,BS 

_-l__-_l_l_ 

O.D. 1/3 o O000 o O000 
~ ---- 

Full Thickness Averages of All Sections Crack Location Codes 
B - Base Metal S - Surface 

W - Weld Metal T - ID 1/3 
H1 - Heat Affected Zone 1 M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 1/3 

Comments : 

Avg. CSR = 6.73 Std. Dev. = 

Avg. CLR = 102.08 Std. Dev. = 

Avg. CTR = 44.46 Std. Dev. = 

2/3 Thickness Averages of All Sections 

Avg. CSR = 6.73 Std. Dev. = Number of cracks in weld area - 4 
Avg. CLR = 102.08 Std. Dev. = 8.55 
Avg. CTR = 44.46 Std. Dev. = 4.09 Total crack thickness in weld area - 0.0906 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1/3 Thickness Averages of All Sections * - Same Crack 

Avg. CSR = 5.23 Std. Dev. = 1.12 
Avg. CLR = 62.16 Std. Dev. = 8.80 
Avg. CTR = 32.03 Std. Dev. = 4.80 ______ ===== . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ______-____ ~ 
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Material : A516-70 LSCS Project # : L932343TK 
Exposure : 13 Days 

pH (MIT) : 2.8 
pH (FINL) : 3.8 

Sulfur : 0.001 
Condition : As Rolled 

Solution : TM0177 

Avg. CSR = 2.29 Std. Dev. = 0.78 
Avg. CLR = 26.48 Std. Dev. = 8.16 
Avg. CTR = 12.55 Std. Dev. = 3.51 

---- 

1/3 Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 std. Dev. = 0.00 

CLI # : 2099 

File # : W955-56B.WK4 
Section # : W9-55B,56B 

Date : 10/13/97 

Number of cracks in weld area - 

Total crack thickness in weld area - 0.0000 

O 

--------- ------------= __ - 
LD. 1/3 Crack Crack Specimen Specimen Crack Section 

Section Mid. 113, or Length Thickness Width Thickness Location CSR CLR CTR 
O.D. 1/3 A (in) B (in) W (in) T (in) (%) (%I 

==-------=- -_--_-_-------------_====_________=_____======= 

W9 -55B I.D. 1/3 0.0000 0.0000 1.015 0.507 3.60 39.37 17.86 
~ _ _ _ _ ~ ~  ~ -~ ~- 

Mid. 1/3 0.2854 0.0512 
0.0098 0.0020 
0.1043 O 0374 

BM 
BM 
BM 

O.D. 1/3 0.0000 0.0000 
-_----------====_======== 

W9 -56B I.D. 1/3 0.0000 0.0000 1.174 0.517 0.98 13.58 7.23 

Full Thickness Averages of All Sections 

Avg. CSR = 2.29 Std. Dev. = 0.74 
Avg. CLR = 26.48 Std. Dev. = 7.72 
Avg. CTR = 12.55 Std. Dev. = 3.33 

__ -- 

213 Thickness Averages of All Sections 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 1/3 
W -  WeldMetal T - ID 1/3 

Hi - Heat Affected Zone 1 
H2 - Heat Mected Zone 2 C - OD 1/3 

Comments : 
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Material : A5 16-70 CS Project # : L932343TK 
Exposure : 13 Days Sulfur : 0.007 

Condition : As Rolled 
Solution : TM0177 

pH (INIT) : 2.8 
pH (FiNL) : 3.8 

Full Thickness Averages of All Sections 

Avg. CSR = 9.67 Std. Dev. = 2.24 
13.54 Avg. CLR = 110.41 Std Dev. = 

Avg. CTR = 34.33 Std. Dev. = 4.40 

CLI # : 2289 

File # W957-58AWK4 
Section # : W9-57q58A 

Date : 10113197 

Crack Location Codes 
B - Base Metal S -  Surface 
W - Weld Metal T - ID 113 

H1- Heat Affxted Zone 1 M - Middle 1/3 
H2 - Heat Affected Zone 2 C - OD 113 

---- -. ___ 

- ------ ==== 
~ ~ ---- 

LD. 1/3 Crack Crack Specimen Specimen Crack Crack Section 
Section Mid. 1/3,or Length Thickness Width Thickness Location Area CSR CLR CTR 

O.D. 1/3 A(k) B (in) w (in) T (in) AXB (%) W) (%I 
_--_-_= _==_ ===== % ==== ==================== 

W9 -57A LD. 1/3 0.1535 0.0276 1.150 0.516 BT 0.004232 12.66 128.21 35.86 

__ 
2/3 Thickness Averages of All Sections 

Avg. CSR = 9.67 Std. Dev. = 2.33 
Avg. CLR = 110.41 Std. Dev. = 13.83 
Avg. CTR = 34.33 Std Dev. = 4.51 

__ 
113 Thickness Averages of All Sections 

Avg. CSR = 9.16 StdDev. = 2.77 
Avg. CLR = 78.91 Std. Dev. = 16.56 
Avg. CTR = 29.18 Std. Dev. = 5.23 

0.7008 0.0906 
0.0965 0.0197 

___--__ 
comments : 

Number of cracks in weld area - 

Total crack thickness in weld area - O. 1458 

4 

BT, H2, H1 0.063457 
BT, H2, H1 0.001899 

Mid 113 0.0984 0.0020 
0.0551 0.0138 
0.2264 0.0157 
0.0610 0.0138 
0.0827 0.0020 

BM 0.000 194 
BM 0.000760 
BM 0.003565 
BM 0.000841 
BM 0.000163 

11--11-----111-1 _-_-__-_ ___1-__-1- ____- I_- 

O.D. 113 0.0000 0.0000 0.000000 
~ ===== ============ 

W9 -58A LD. 1/3 0.1969 0.0354 1.150 0.516 BS, BT 0.006975 6.68 92.61 32.81 
0.3366 0.0630 BT 0.02 1204 
0.0866 0.0315 BT 0.002728 
0.2441 0.0335 BT, H2, H1, W 0.008169 

Mid. 1/3 0.0886 0.0039 
0.1122 0.0020 

BM 0.000349 
BM, H2, H1 0.000221 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API Licensee=Occidental Chemical Corp New sub account/5910419101 

Not for Resale, 05/30/2007 22:46:11 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
,
`
,
`
,
,
`
`
`
`
`
`
`
`
`
`
`
,
,
,
`
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



Material : A5 16-70 LSCS Project # : L932343TK 
Sulfur : 0.001 Exposure: 13Days 

Condition : Normaliized 
Solution : TM0177 

pH (lNIT) : 2.8 
pH (FINL) : 3.8 

CLI # : 2099 

File # : W957-58B.WK4 
Section # : W9-57B,58B 

Date: 10/13/97 

Mid 113 0.0000 0.0000 0.000000 

O.D. 1/3 0.0000 0.0000 0.000000 
--- __ - 

W9 -58B I.D. 1/3 0.3228 0.0886 1.150 0.506 BT 0.028598 4.91 28.07 17.51 

Mid 113 0.0000 0.0000 0.000000 

O.D. 1/3 0.0000 0.0000 0.000000 
-__I-___- --___- - 

__ _-______ __ 
~ 

Full Thickness Averages of All Sections Crack Location Codes 
S - Surface 

M - Middle 1/3 

B - Base Metal 
W - Weld Metal T - ID 1/3 

HI - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 

Avg. CSR = 2.47 Std Dev. = 

Avg. CLR = 14.38 Std. Dev. = 
Avg. CTR = 11.28 Std.Dev.= 

2/3 Thickness Averages of All Sections comments : 

Avg. CSR = 2.47 Std. Dev. = Number of cracks in weld area - O 
Avg. CLR = 14.38 Std. Dev. = 8.05 
Avg. CTR = 11.28 Std. Dev. = 5.10 Total crack thickness in weld area - 0.000 

_--__ 
1/3 Thickness Averages of AU Sections 

Avg. CSR = 2.47 Std. Dev. = 1.54 
Avg. CLR = 14.38 Std. Dev. = 8.80 
Avg. CTR = 11.28 Std. Dev. = 5.53 

~ __ -- ______________-___-_____________________--------__------ 
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Material : A5 16-70 CS 
Sulfur : 0.007 

Condition : As Rolled 
Solution : T M O  177 

Full Thickness Averages of All Sections 

Avg. CSR = 2.44 Std. Dev. = 0.33 
Avg. CLR = 81.33 Std. Dev. = 9.28 
Avg. CTR = 18.69 Std. Dev. = 1.98 --___ ____-_____ 

2/3 Thickness Averages of All Sections 

Avg. CSR = 2.44 Std. Dev. = 0.33 

Avg. CTR = 18.69 Std Dev. = 2.01 
Avg. CLR = 81.33 Std. Dev. = 9.46 

1/3 Thickness Averages of All Sections 

Avg. CSR = 1.23 Std. Dev. = 0.33 
Avg. CLR = 29.61 Std. Dev. = 5.82 
Avg. CTR = 12.21 std. Dev. = 2.15 

-_--------_- 

Project # : L932343TK 
Exposure: 13Days 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

Crack Location Codes 
S - Surface 

M - Middle 113 

B - Base Mehl 
W - Weld Metai T - ID 1/3 

H1- Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 

-------= 

comments : 

Number of cracks in weld area - 

Total crack thickness in weld area - 0.0020 

1 

- __ ---- 

CLI # : 2289 

File # : W959-60kWK4 
Section # : W9-59460A 

Date : 10/13/97 

O.D. 1/3 0.0000 0.0000 0.000000 
___ __ __ __ 

W9 -6OA LD. 1/3 0.0413 0.0098 1.140 0.516 BT 0.000407 3.27 111.89 24.03 
0.0315 0.0039 BT 0.000124 
0.2539 0.0276 BT 0.006998 
0.0354 0.0098 BT 0.000349 
0.0413 0.0079 BT 0.000326 
0.0965 0.0079 BS, BT 0.000760 

Mid. 1/3 
~~~~~~~ 

0.0394 0.0020 
O. 1496 0.0138 
0.2992 0.0098 
0.1811 0.0276 
0.0728 0.0020 
0.0335 0.0020 

BM 0.000078 
0.002062 BM 

BM 0.002945 
0.004991 BM 

BM 0.000143 
0.000066 H1 
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Material : A5 16-70 LSCS Project # : L932343TK 
Exposure : 13 Days Sulfur : 0.007 

Condition : As Rolled 
Solution : TMO 177 

pH (TNIT) : 2.8 
pH (FINL) : 3.8 

Full Thickness Averages of All Sections 

Avg. CSR = 6.26 Std Dev. = 2.61 
Avg. CLR = 37.38 Std. Dev. = 14.56 
Avg. CTR = 20.26 Std Dev. = 6.79 

2/3 Thickness Averages of All Sections 

Avg. CSR = 6.26 Std. Dev. = 2.80 
Avg. CLR = 37.38 StdDev.= 15.60 
Avg. CTR = 20.26 Std. Dev. = 7.24 

CLI # : 2099 

File # : W959-60B.WK4 
Section # : W9-59B,60B 

Date: 10/13/97 

Crack Location Codes 
B - Base Metal 
W - Weld Metal 

H 1 -  Heat Afïected Zone 1 
H2 - Heat Afïected Zone 2 

S - Surface 
T - ID 113 
M - Middle 1/3 
C - OD 1/3 

====: ------i_iii---i----i--i_i-iiii-i------------~=------------------------------------------------------- 

comments : 

Number of cracks in weld area - 

Total crackthickness in weld area - 0.0138 

1 

1/3 Thickness Averages of All Sections 

Avg CSR = 1.33 Std. Dev. = 0.84 
Avg. CLR = 6.65 Std. Dev. = 4.18 
Avg. CTR = 10.04 Std. Dev. = 6.31 
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Material : A841 AS 
sulfur: 0.001 

Solution : TMO 177 
Condition : TMCP 

Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

CLI # : 3250 

File # : W96162kWK4 
Section # : W961462A 

Date : 10/13/97 

Mid. 113 0.0000 0.0000 0.000000 

O.D. 113 0.0000 0.0000 0.000000 
__ -------- 

W9 -62A LD. 1/3 0.0000 0.0000 1.100 0.490 **** 0.000000 0.00 0.00 0.00 

Mid. 113 0.0000 0.0000 0.000000 

O.D. 113 0.0000 0.0000 0.000000 
------------ I-____~ --_- 

--------=====_ --- 
Full Thickness Averages of All Sections Crack Location Codes 

S - Surface 

M - Middle 113 

B - Base Metal 
W - Weld Metal T - ID 1/3 

H1- Heat Affected Zone 1 
0.00 H2 - Heat Affected Zone 2 C - OD 1/3 

Comments : **** No cracks 

Avg. CSR = 0.00 Std. Dev. = 
Avg. CLR = 0.00 Std. Dev. = 
Avg. CTR = 0.00 Std. Dev. = 

~ 

2/3 Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 

Avg. CTR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 

Number of cracks in weid area - 
Total crack thickness in weld area - 0.0000 

O 

4 

113 Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

__ 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : 13 Days Suifur : 0.001 

Condition : Normalized 
Solution : TM0177 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

CLI # : 3247 

File # : W961-62B.WK4 
Section # : W961B,62B 

Date : 10113197 

Mid 1/3 0.0000 0.0000 0,000000 

O.D. 113 0.0000 0.0000 0.000000 
--- -------- ___I____ 

_________-___ 
=====__-====___=======L___ 

Full Thickness Averages of Ail Sections Crack Location Codes 
B - Base Metal 

W - Weid Metal 
H1- Heat Affected Zone 1 

S - Surface 
T - ID 1/3 
M - Middle 113 

0.00 H2 - Heat Affected Zone 2 C - OD 1/3 

Comments : **** No cracks 

Avg. CSR = 0.00 Std. Dev. = 
Avg. CLR = 0.00 Std. Dev. = 

AVE CTR = 0.00 Std. Dev. = ___ 
2/3 Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 

Avg. CTR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 

Number of cracks in weld area - 

Total crack thickness in weid area - 0.0000 

O 

113 Thickness Averages of Au Sections 

Avg. CSR = 0.00 Std. Dev. = 

Avg. CLR = 0.00 Std. Dev. = 
Avg. CTR = 0.00 Std. Dev. = 
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Material : A841 AS 
Sulfur : 0.001 

Condition : TMCP 
Solution : TM0177 

Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

CLI # : 3250 

File # : W96364AWK4 
Section # : W963A64A 

Date : 10/13/97 

Mid. il3 0.0000 0.0000 0.000000 

O.D. 1/3 0.0000 0.0000 0.000000 

W9 64A LD. 1/3 0.0000 0.0000 1.120 0.491 **** 0.000000 0.00 0.00 0.00 

Avg. CSR = 0.00 Std. Dev. = 0.00 

Avg. CTR = 0.00 Std Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 

Number of mcks in weld area - 

Total crack thickness in weid area - 0.0000 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : 13 Days sulfur : 0.001 

Condition : Normalized 
Solution : TM0177 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

CLI # : 3247 

File # : W96364B.WK4 
Section # : W9-63B,64B 

Date : 10113197 

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

O.D. 113 0.0000 0.0000 0.000000 
---__ __ 
Full Thickness Averages of All Sections Crack Location Codes 

B - Base Metal S - Surface 
W - Weld Metal T - ID 113 

HI - Heat Affected Zone 1 i H2 

- Heat Affected Zone 2 
M - Middle 1/3 
C - OD 113 

Avg. CSR = 0.00 Std. Dev. = 

Avg. CLR = 0.00 Std. Dev. = 
Avg. CTR = 0.00 Std. Dev. = 

~ 

213 Thickness Averages of All Sections Comments : ****No cracks 

Avg. CSR = 0.00 Std. Dev. = Number of cracks in weld area - O 

Avg. CTR = 0.00 Std. Dev. = 0.00 Total crack thickness in weld area - 0.0000 
Avg. CLR = 0.00 Std. Dev. = 0.00 

1/3 Thickness Averages of Ail Sections 

Avg. CSR = 0.00 std. Dev. = 0.00 
Avg. CLR = 0.00 std. Dev. = 0.00 
Avg. CTR = 0.00 std. Dev. = 0.00 

--- -- -------- - ---_-----====== _ =========_ ========-============ 
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Material: A841 AS 
sulfur: 0.001 

Solution : TMO 177 
Condition: TMCP 

Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

CLI # : 3250 

File # : W965-66kWK4 
Section # : W9-65466A 

Date: 10/13/97 

Mid. li3 0.0000 0.0000 0.000000 

O.D. li3 0.0000 0.0000 0.000000 
I _-------------- 

===- --- ====== _========= ===== . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W9 -66A LD. li3 0.0000 0.0000 1.120 0.487 **** 0.000000 0.00 0.00 0.00 

Mid. li3 0.0000 0.0000 0.000000 

O.D. 113 0.0000 0.0000 0.000000 
-------- ------ 

==== ===== . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Full Thickness Averages of All Sections Crack Location Codes 
B - Base Metal 

W - Weld Metal 
H1- Heat Affected Zone 1 

S - Surface 

M - Middle 113 
T - ID 1/3 1 H2 - Heat Affected Zone 2 C - OD 113 

Avg. CSR = 0.00 Std Dev. = 
Avg. CLR = 0.00 Std Dev. = 
Avg. CTR = 0.00 Std. Dev. = 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2/3 Thickness Averages of All Sections Comments : **** No cracks 

Avg. CSR = 0.00 Std. Dev. = Number of cracks in weld area - O 

Avg. CTR = 0.00 Std. Dev. = 0.00 Total crack thickness in weld area - 0.0000 
Avg. CLR = 0.00 Std.Dev.= 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1/3 Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 std Dev. = 0.00 
Avg. CTR = 0.00 std. Dev. = 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : 13 Days sulfur : 0.001 

Condition : Normalized 
Solution : TM0177 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

CLI # : 3247 

File # : W965-66B.WK4 
Section # : W965B,66B 

Date : 10113197 

~~~ ~ 

Mid. 113 0.0000 0.0000 0.000000 

O.D. 113 0.0000 0.0000 0.000000 

W9 66B LD. 113 0.0000 0.0000 1.120 0.508 **** 0.000000 0.00 0.00 0.00 

Mid. 113 0.0000 0.0000 0.000000 

O.D. 113 0.0000 0.0000 0.000000 
--I ------- 

=__==_========_===__===_==______=___====~=====~======~====-== 

Full Thickness Averages of All Sections Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 113 
W - Weld Metal T - ID 113 

H 1 -  Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 113 0.00 

Comments : **** No cracks 

Avg. CSR = 0.00 Std Dev. = 

Avg. CLR = 0.00 Std. Dev. = 
Avg. CTR = 0.00 Std. Dev. = 

213 Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

__ 
1/3 Thickness Averages of AU Sections 

Number of cracks in weld area - 
Total crack thickness in weld area - 0.0000 

O 
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Material : A841 AS 
sulfur: 0.001 

Solution : TM0177 
Condition : TMCP 

Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

CLI # : 3250 

File # : W967-68AWK4 
Section # : W9-67q68A 

Date : 10/13/97 

LD. 1/3 Crack Crack Specimen Specimen Crack Crack Section 
Section Mid. 113,or Length Thickness Width Thickness Location Area CSR CLR CTR 

O.D. 113 A(h) €3 (in) W (in) T (in) AXB (%) (%) (%I 
~ ~ ~ ~ ~ ~ ~ ~ 

W9 -67A LD. 113 0.0394 0.0059 0.970 0.485 W, BS 0.000233 0.05 4.06 1.22 

Mid. 113 0.0000 0.0000 0.000000 

O.D. 113 0.0000 0.0000 0.000000 
----CI ____- - 

------------_ ==== 

W9 -68A LD. 113 0.0000 0.0000 0.970 0.485 **** 0.000000 0.00 0.00 0.00 

AVE CSR = 0.02 Std. Dev. = 0.01 
Avg. CLR = 2.03 Std. Dev. = 1.17 1 
Avg. CTR = 0.61 Std Dev. = 0.35 

Number of cracks in weld area - 

Total crack thickness in weid area - 0.0059 

1 

__ 
1/3 Thickness Averages of All Sections 

Avg CSR = 0.02 std.Dev.= 0.02 
Avg. CLR = 2.03 Std. Dev. = 1.28 
Avg. CTR = 0.61 Std. Dev. = 0.38 

__ --- 
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Matenal A.516-70 HRS Project # : L932343TK 
Sulfur : 0.001 

Condition : Normalized 
Solution : TM0177 

Exposure : 13 Days 
pH (INIT) : 2.8 
pH (FiNL) : 3.8 

Avg CSR = 0.00 Std. Dev. = 0.00 

Avg. CTR = 0.00 Std. Dev. = 0.00 
Avg CLR = 0.00 Std. Dev. = 0.00 

1/3 niickness Averages of All Sections 

Avg CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 

CLI # : 3247 

File # : W96768B.WK4 
Section # : W9-67B,68B 

Date : 10113197 

Number of cracks in weld area - 
Total crack thickness in weid area - 0.0000 

O 

Mid. 1/3 0.0000 0.0000 0.000000 

Full Thickness Averages of Ail Sections 

Avg. CSR = 0.00 Std Dev. = 0.00 
Avg. CLR = 0.00 Std Dev. = 0.00 
Avg. CTR = 0.00 ' std. Dev. = 0.00 

____--____-- 
213 Thickness Averages of AU Sections 

Crack Location Codes 
B - Base Metal 
W - Weld Mehi 

H1- Heat Affected Zone 1 
H2 - Heat Affected Zone 2 

s -  surface 
T -  ID 113 
M - Middle 1/3 
C - OD 1/3 

__ ~ ___-__----__ 
Comments : **** No cracks 
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Maîerial: A.516-70 LSCS Project # : L932343TK 
Exposure : 13 Days Sulfur : 0.007 

Condition : As Rolled 
Solution : TMO 177 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

Full Thickness Averages of Ail Sections 

Avg. CSR = 0.09 Std Dev. = 0.05 
Avg. CLR = 1.13 Std. Dev. = 0.60 
Avg. CTR = 3.92 Std. Dev. = 2.09 

____ 

CLI # : 2099 

File # : W969-70kWK4 
Section # : W9-69q70A 

Date : 10/13/97 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 113 
W - Weld Metal T - ID 1/3 
H1- Heat AfFecied Zone 1 
H2 - Heat AfFecîed Zone 2 C - OD 1/3 

__ __ 

~ __ -_--- 
LD. 1/3 Crack Crack Specimen Specimen Crack Crack Section 

O.D. U3 A@) B (in) w (in) T (in) AXB (%) ("/o) (%I 
Section Mid. 1/3,or Length Thickness Width Thickness Location Area CSR CLR CTR 

_======--- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W9 -69A LD. 1/3 0.0000 0.0000 1.033 0.502 **** 0.000000 0.00 0.00 0.00 

2/3 Thickness Averages of Ail Sections 

Avg. CSR = 0.09 Std. Dev. = 0.05 
Avg. CLR = 1.13 Std.Dev.= 0.65 
Avg. CTR = 3.92 Std. Dev. = 2.25 

~ 

1/3 Thickness Averages of Au Sections 

Avg. CSR = 0.09 Std. Dev. = 0.06 
Avg. CLR = 1.13 Std Dev.= 0.71 
Avg. CTR = 3.92 Std. Dev. = 2.46 

~~ ~ 

Mid. 1/3 0.0000 0.0000 

Comments : **** No cracks 

Number of cracks in weld area - 
Total crack thickness in weld area - 0.0394 

1 

0.000000 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : 13 Days sulfur: 0.001 

Condition :Normalized 
Solution : TM0177 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

CLI # : 3247 

File # : W969-70B.WK4 
Section # : W9-69B,70B 

Date : 10/13/97 

O.D. 113 0.0000 0.0000 0.000000 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Full Thickness Averages of All Sections Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 113 
W - Weld Metal T - ID 113 

H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 1/3 

~~ ~ 

~ Comments : **** No cracks 

Avg. CSR = 0.00 Std Dev. = 

Avg. CLR = 0.00 Std. Dev. = 

Avg. CTR = 0.00 Std. Dev. = 
-__ ___ _______ 
2/3 Thickness Averages of AU Sections 

Avg. CSR = 0.00 Std. Dev. = Number of cracks in weld area - O 

Avg. CTR = 0.00 Sîd. Dev. = 0.00 Total crack thickness in weld area - 0.0000 
Avg. CLR = 0.00 Std. Dev. = 0.00 

__--_ 
1/3 Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std. Dev. = 0.00 
Avg. CTR = 0.00 Std. Dev. = 0.00 
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Material : A5 16-70 LSCS Project # : L932343TK 
Sulfur : 0.007 Exposure: 13Days 

Condition : As Rolled 
Solution : TM0177 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

===__===------------_______=_ 

Full Thickness Averages of All Sections 

Avg. CSR = 0.92 Std. Dev. = 0.27 
Avg. CLR = 15.02 Sîd. Dev. = 4.53 
Avg. CTR = 17.44 Std. Dev. = 4.52 

213 Thickness Averages of Ail Sections 

Avg. CSR = 0.92 Std. Dev. = 0.29 
Avg. CLR = 15.02 Std. Dev. = 4.80 
Avg. CTR = 17.44 Std Dev. = 4.76 

113 Thickness Averages of Ail Sections 

Avg. CSR = 0.77 Std. Dev. = 0.3 1 

Avg CTR = 16.08 Std. Dev. = 5.12 
Avg. CLR = 9.36 Std. Dev. = 4.34 

=====-======== ==== 

CLI # : 2099 

File # : W971-72AWK4 
Section # : W9-71472A 

Date : 10113197 

========== ================~~======-====== 

Crack Location Codes 
S - Surface 

M - Middle 113 

B - Base Metal 
W - Weld Metal 

H1- Heat Affected Zone 1 
T - ID 1/3 

H2 - Heat Affected Zone 2 C - OD 1/3 
___-__---___----------------------.----------------_-----------------------------_----------------==_I_ - 

comments : 

Number of cracks in weld area - 

Total crack thickness in weld area - O. 1280 

* - Same cracks 

2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_. ~~~ 

Mid. 113 0.1201 0.0138 BT, BM * 0.001655 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : 13 Days sulfur: 0.001 

Condition : Normalized 
Solution : TM0177 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

CLI # : 3247 

File # : W971-72B.WK4 
Section # : W9-71B,72B 

Date : 10/13/97 

_________________-____________c__________---------_---------------- - ----------------------====== __ -- __ 
I.D. 1/3 Crack Crack Specimen Specimen Crack Crack Section 

Section Mid. 1/3,or Length Thickness Width Thickness Location Area CSR CLR CTR 
O.D. 1/3 A(m) B (in) w (in) T (in) AXE3 (%) (%I (%I 

_____________I_ __ __ __ 
W9 -71B I.D. 1/3 0.0000 0.0000 1.056 0.505 **** 0.000000 0.00 0.00 0.00 

Mid. 113 0.0000 0.0000 0.000000 

O.D. 113 0.0000 0.0000 0.000000 
-------- I 

==============___ ___. 

W9 -72B LD. 113 0.0000 0.0000 1.062 0.508 **** 0.000000 0.00 0.00 0.00 

0.000000 Mid. 1/3 0.0000 0.0000 

O.D. 1/3 0.0000 0.0000 0.000000 
__111-- 1--1--1-- 

__ __ 
Full Thickness Averages of All Sections Crack Location Codes 

B -  -Metal S - Surface 
W - Weld Metal 

H1- Heat Affected Zone 1 
T - ID 113 
M - Middle 1/3 

0.00 H2 - Heat Affected Zone 2 C - OD 1/3 

Comments : ****No cracks 

Avg. CSR = 0.00 std. Dev. = 
Avg. CLR = 0.00 std. Dev. = 

Avg. CTR = 0.00 std. Dev. = 

2/3 Thickness Averages of All Sections 

o::: I Avg. CSR = 0.00 Std. Dev. = 

Avg. CLR = 0.00 Std. Dev. = 
Avg. CTR = 0.00 std. Dev. = 0.00 

Number of cracks in weld area - 
Total crack thickness in weld area - 0.0000 

O 

I \  
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Material : A5 16-70 LSCS Project # : L932343TK 
Sulfur : 0.007 Emmure: 13Davs 

Condition : As Rolled 
Solution : T M O  177 

pH (INIT) : 2.8 ? 

pH (FINL) : 3.8 

CLI # : 2099 

File # : W973-74AWK4 
Section # : W9-73474A 

Date : 10/13/97 

Avg. CSR = 1.16 Std. Dev. = 0.54 
Avg. CLR = 19.39 Std. Dev. = 7.92 
Avg. CTR = 8.91 Std. Dev. = 2.43 

__ 
113 Thickness Averages of AU Sections 

Number of cracks in weld area - 

Total crack thickness in weld area - 0.0354 

1 
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Material : A5 16-70 HRS Project # : L932343TK 
Exposure : 13 Days Sulfur : 0.007 

Condition : Normalized 
Solution : TM0177 

pH (INIT) : 2.8 
pH (FïNL) : 3.8 

CLI # : 3247 

File # : W973-74B.WK4 
Section # : W9-73B,74B 

Date : 10113197 

Mid. 113 0.0000 0.0000 0.000000 

O.D. 113 0.0000 0.0000 0.000000 
I 

===========- 

W9 -74B LD. 113 0.0374 0.0020 1.085 0.508 BT 0.000074 0.01 3.45 0.39 
--------- ---_- __ ll---_l_l_l_____l_-_llll------ 

Mid 113 0.0000 0.0000 0.000000 

Avg. CSR = 0.01 Std. Dev. = 0.00 

Avg. CTR = 0.19 Std Dev.= 0.11 
Avg. CLR = 1.72 Std. Dev. = 0.99 

Number of cracks in weld area - 

Total crack thickness in weld area - 0.0000 

O 
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Material : A5 16-70 CS 
Sulfur : 0.007 

Condition : As Rolled 
Solution : TM0177 

=_=_ ===== ====_===-== ===== 

Full Thickness Averages of All Sections 

Avg. CSR = 3.60 Std. Dev.= 0.50 
Avg. CLR = 90.05 Std. Dev. = 10.20 
Avg. CTR = 21 .O3 Std. Dev. = 2.48 

2/3 Thickness Averages of All Sections 

Avg. CSR = 3.60 Std. Dev. = 0.51 
Avg. CLR = 90.05 Std. Dev. = 10.35 
Avg. CTR = 21 .O3 Std. Dev. = 2.52 

__ 

1/3 Thickness Averages of All Sections 

Avg. CSR = 2.01 Std. Dev. = 0.47 
Avg. CLR = 41.53 Std. Dev. = 6.78 
Avg. CTR = 14.33 Std. Dev. = 2.62 

Project # : L932343TK 
Exposure : 13 Days 

pH (MIT) : 2.8 
pH (FML) : 3.8 

==== ==___===_==============____=_==______====~=~==== 

Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 1/3 
W - Weid Metal T - ID 1/3 
H1 - Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 113 

Comments : 

Number of cracks in weid area - 

Total crack thickness in weid area - O. 1142 

3 

* - Same Crack 

CLI # : 2289 

File # : W975-76kWK4 
Section ## : W9-75&76A 

Date : 10/13/97 

LD. 113 Crack Crack Specimen Specimen Crack Section 
Section Mid. 1/3, or Length Thickness Width Thickness Location CSR CLR CTR 

O.D. 113 A (in) B (in) W (in) T (in) (%) (%) 
------------___-________________________----------------------===_--------_=========_======= ---- 

W9 -75A I.D. 1/3 0.1240 0.0157 1.114 0.514 BT 3.98 94.18 22.98 
0.2165 0.0492 BT, BM, H2, H1 * 
0.0394 0.0039 BS, BT 

Mid. 113 0.2185 0.0197 
0.2677 0.0039 
0.1831 0.0256 

BT, BM, H2, HI * 
BM 
BM 

~ 

O.D. 1/3 0.0000 0.0000 

W9 -76A I.D. 1/3 0.1102 0.0236 1.1 18 0.516 BT 3.21 85.92 19.07 
0.0138 0.0039 BT 
0.2165 0.0177 BT 
0.0551 0.0059 BT 
0.0138 0.0020 BT, BS 
0.1378 0.0256 BT, H2, H1 

l--ll__-_-_l-ll__ ---------- 
Mid. 113 0.4134 0.0197 BM, H2 
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Material : A841 AS 
sulfur : 0.001 

Solution : TM0177 
Condition : TMCP 

Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH (FINL) : 3.8 

CLI # : 3250 

File # : W975-76B.WK4 
Section # : W9-75B,76B 

Date : 10/13/97 

Mid. 113 0.0000 0.0000 0.000000 

Full Thickness Averages of All Sections 

Avg..CSR = 0.01 Std Dev. = 0.01 

Avg. CTR = 0.20 Std. Dev. = 0.11 
Avg. CLR = 2.64 Std. Dev. = 1.41 

__- --______----___--_-_------------__------ 
213 Thickness Averages of All Sections 

Avg. CSR = 0.01 Std. Dev. = 0.01 

Avg. CTR = 0.20 Std. Dev. = 0.12 
Avg. CLR = 2.64 Std. Dev. = 1.52 

113 Thickness Averages of All Sections 

Avg. CSR = 0.01 Std. Dev. = 0.01 
Avg. CLR = 2.64 Std Dev. = 1.66 
Avg. CTR = 0.20 Std. Dev. = 0.13 

Crack Location Codes 
S - Surface 

M - Middle 113 

B - Base Metal 
W - Weld Metal 

H1- Heat Aí€ected Zone 1 
T - ID 1/3 

H2 - Heat Affected Zone 2 C - OD 1/3 
~ 

Comments : **** No cracks 

Number of cracks in weld area - O 

Total crack thickness in weld area - 0.0000 
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\ 

Material : A5 16-70 CS Project # : L932343TK 
Exposure : 13 Days Sulfur: 0.007 

Condition : As Rolled 
Solution : TM0177 

pH(INIT) : 2.8 
pH(FINL) : 3.8 

CLI # : 2289 

File # : W977-78AWK4 
Sect ion # : W9-77478A 

Date : 10/13/97 

O.D. 113 0.0000 0.0000 0.000000 

W9 -78A LD. 113 0.0768 0.0315 1.134 0.517 BT, BS 0.002418 5.98 73.95 26.27 
0.0531 0.0630 W, H1, H2 0.003348 

Mid. 113 0.7087 0.0413 Bh4, H2, H1 0.029295 

O.D. 113 0.0000 0.0000 0.000000 
--- 

- -- -- -------- ------ -. 
Full Thickness Averages of All Sections Crack Location Codes 

B - Base Metal S - Surface 
W - Weld Metal T - ID 113 

15.58 H1- HeaîMectedZone 1 M - Middle 1/3 
3.62 H2 - Heat Affected Zone 2 C - OD 113 

comments : 

Avg. CSR = 3.68 Std. Dev. = 

Avg. CLR = 65.07 Std. Dev. = 
Avg. CTR = 19.25 Std. Dev. = 

2/3 Thickness Averages of All Sections 

Avg. CSR = 3.68 Std. Dev. = 1.26 
Avg. CLR = 65.07 Std. Dev. = 16.33 
Avg. CTR = 19.25 Std. Dev. = 3.74 

1/3 Thickness Averages of All Sections 

Number of cracks in weld area - 
Total crack thickness in weld area - O. I043 

2 

* - Same Crack 

Avg. CSR = 0.71 Sid. Dev. = 0.20 
Avg. CLR = 13.41 Std. Dev. = 3.57 I 
Avg. CTR = 12.96 Std. Dev. = 3.87 
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_ -  

Material : A841 AS 
Sulfur : 0.001 

Solution : TM0177 
Condition : TMCP 

Project # : L932343TK 
Exposure: 13Days 

pH (INIT) : 2.8 
pH (FiNL) : 3.8 

CLI # : 3250 

File # : W977-78B.WK4 
Section # : W9-77B,78B 

Date : 10/13/97 

==-=====----_- _===---------_-_----____===_=~===_=======_=T 

LD. 113 Crack Crack Specimen Specimen Crack Crack Section 
Section Mid. 113, or Length Thickness Width Thickness Location Area CSR CLR CTR 

O.D. 1/3 A($ B (in) w (in) T (i@ AXB (W (W (W 
--------I______ ~ _I __ -------_==-_i ---- - -- 

W9 -77B I.D. 1/3 0.0000 0.0000 1.128 0.484 **** 0.000000 0.00 0.00 0.00 
- ~--11--1-1----1----11-- 

Mid. 113 0.0000 0.0000 0.000000 

O.D. 113 0.0000 0.0000 0.000000 
--------=_---= ----- -_-----__ __ 

W9 -78B I.D. 113 0.0059 0.0512 1.134 0.485 W, H1, H2 0.000302 0.05 0.52 10.55 

Avg. CSR = 0.03 Std Dev. = 0.02 
Avg. CLR = 0.26 Std. Dev. = 0.15 
Avg. CTR = 5.28 Std. Dev. = 3.03 

1/3 Thickness Averages of AU Sections 

Number of cracks in weld area - 

Total crackthickness in weld area - 0.0512 

1 

Avg. CSR = 0.03 Std. Dev. = 0.02 
Av& CLR = 0.26 Std Dev. = 0.16 1 
Avg. CTR = 5.28 Std Dev. = 3.32 
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Maîerial : A5 16-70 CS 
Sulfur : 0.007 

Condition : As Rolled 
Solution : TM0177 

Project # : L932343TK 
Exposure : 13 Days 

pH (INIT) : 2.8 
pH(FINL): 3.8 

CLI # : 2289 

File # : W979-80kWK4 
Section # : W9-79480A 

Date : 10/13/97 

__ 
LD. 1/3 Crack Crack Specimen Specimen Crack Crack Section 

Section Mid. 113,or Length Thickness Width Thickness Location Area CSR CLR CTR 
O.D. 113 A(k) B (in) w (i) T (in) AXB (%) (%I (%) 
__ __ __ ____- 

W9 -79A LD. 113 0.1142 0.0217 1.146 0.517 BT 0.002472 1.41 45.18 8.76 
0.2598 0.0217 BT, H2,Hl 0.005627 

0.000283 Mid. 113 0.1437 0.0020 BM 

O.D. 113 0.0000 0.0000 0.000000 
- -I__ ______-_-- 

_______________-________________________-_________-_________ __ __ - 

W9 -80A LD. 1/3 0.1102 0.0118 1.141 0.517 BT 0.001302 3.08 72.63 13.71 
0.1378 0.0394 BT 0.005425 

Mid. 113 0.5807 0.0197 BM 0.011431 
------ l--l-----l__lI- 

O.D. 113 0.0000 0.0000 0.000000 
__ __ 

Full Thickness Averages of All Sections 

Avg. CSR = 2.25 Std. Dev. = 0.54 
Avg. CLR = 58.90 Std. Dev. = 13.35 
Avg. CTR = 11.23 Std. Dev. = 2.30 

2/3 Thickness Averages of All Sections 

Avg. CSR = 2.25 Std. Dev. = 0.57 
Avg. CLR = 58.90 Std. Dev. = 13.96 
Avg. CTR = 1 1.23 Std. Dev. = 2.39 - 

1/3 Thickness Averages of All Sections 

Crack Location Codas 
B - Base Metal S - Surface 

M - Middle 113 
W - WeldMeîal T - ID 1/3 
H1- Heat Affected Zone 1 
H2 - Heat Affected Zone 2 C - OD 113 

comments : 

Number of cracks in weld area - 
Total crack thickness in weld area - 0.02 17 

1 

Avg. CSR = 1.25 Std. Dev. = 0.36 
Avg. CLR = 27.19 Std. Dev. = 7.28 1 
Avg. CTR = 9.14 Std. Dev. = 2.48 

__ 
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Material : A841 AS Proiect # : L932343TK CLI # : 3250 
Sulfur : 0.001 

Solution : TMO 177 
condition : TMCP 

E&~sure : 13 Days 
pH(INIT) : 2.8 
pH (FINL) : 3.8 

Section # : W9-79B,80B 

Date : 10/13/97 
File # : W979-80BkWK4 

O.D. 1/3 0.0000 0.0000 0.000000 
__ ~ __ - ------=___==_ - 

W9 -80B LD. 1/3 0.0000 0.0000 1.141 0.517 **** 0.000000 0.00 0.00 0.00 
--------------- -111--1 _I__- __-__-_--__----__-III__ 

Mid. 113 0.0000 0.0000 0.000000 

O.D. 1/3 0.0000 0.0000 0.000000 
__ ---=------==-==-== - 

Full Thickness Averages of Ali Sections Crack Location Codes 
B - Base Metal S - Surface 

M - Middle 1/3 
W - Weid Metal T - ID 1/3 

H 1 -  Heat Affected Zone 1 3 H2 - Heat Affected Zone 2 C - OD 1/3 

Comments : **** -Nocracks 

Avg. CSR = 0.00 Std Dev. = 
Avg. CLR = 0.00 Std. Dev. = 

Avg. CTR = 0.00 Std. Dev. = 
__ ____ ----- -----_____-----___----------------------------- -- ------- 

2/3 Thickness Averages of All Sections 

Avg. CSR = 0.00 std. Dev. = Number of cracks in weld area - O 

Avg. CTR = 0.00 Std. Dev. = 0.00 Total crack thickness in weld area - 0.0000 
Avg, CLR = 0.00 Std. Dev. = 0.00 

__ 
1/3 Thickness Averages of All Sections 

Avg. CSR = 0.00 Std. Dev. = 0.00 
Avg. CLR = 0.00 Std Dev. = 0.00 
Avg. CTR = 0.00 Std Dev. = 0.00 

==== _---========= ==== . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Available through Global Engineering Documents. 

Quantity 

Effective January 1,2002. 

Product Number Titie SoSr Unit Price total 
Pub1 9394 Research Report on Characterization and Monitoting of Cracking 

in Wet il$ Servlce $ l id00  C93901 

Phone Orders: 1-800-854-7179 (Toll-free in the U.S. and Canada) 
303-397-7956 (Local and International) 

Fax Orders: 303-397-2740 
Online Orders: www.global.ihs.com 

C94105 

C94502 

Date: a API Member (check f Y u )  

$ 75.00 

$ 68.00 

RP 941, Steels for Hydmgen Servlce at Elevated Temperatures and Pressures 
in Peboluem Refinedes and Petrochemkal Plants 

RP 945, Avoiding Environmental Cracking in Amine Units 

invoice To (O Check here if same as "Ship To") 

Name: Name: 

Title: Title: 

Ship To (UPS will not deliver to a P.O. Box) 

Company: Company: 

Department: Department: 

Address: Address: 

~ ~~ ~~ ~ ~ ~ 

city: State/Province: city: State/Province: 

Telephone: Telephone: 

Fax: Fax: 

E-Mail. E-Mail. 

Zip/Postal Code: Country: Zip/Postal Code: Country: 

$l20.00 Pub1 938, An Experimental Stuc of Causes and Repair of Cracking of 
11/4 &1/2 Mo Steel Equipment 

c93801 

0 P.O. Na. (Enclose Copy) Subtotal 

Applicable Sales Tax (see below) 

Rush Shipping Fee (see below) 

Shipping and Handling (see below) 

Total (in US. Dollars) 

a Payment Enclosed 

Charge My Global Account No. 

a VISA MasterCard a American Express 0 Diners Club 0 Discover 

Credit Card No.: 

Print Name (As it Appears on Card): 

Expiration Date: 
.k To be placed on Standlng W e r  for future edltlons of thls publkaüon, 

place a check  ma^ In the SO column and dgn here: 

Pricing and aveiiabliHy subject to change without notice. Signature: 

Mall Orders - Payment by check or money order in US. dollars is required except for established accounts. State and local taxes, $10 processing fee', and 5% shipping must be added. Send mail orders to: 
API Publlcatlons, Global Englneering Documents, 15 Inverness Way East, M/S CaO36, Englewood, CO 801125776, USA. 
Purchase Orders - Purchase orders are accepted from established accounts. Invoice will include actual freiat cost, a $10 processing fee', plus state and local taxes. 
Telephone Orders - n ordering by telephone, a $10 processing fee' and actual freight costs will be added to the order. 
Sales l a x  -Al l  U.S. purchases must include applicable state and local sales tax. Customers claiming tax-exempt status must provide Global with a copy of their exemption certificate. 
Shlpplng (US. Orden) - Orders shipped within the U.S. are sent via traceable means. Most orders are shipped the same day. Subscription updates are sent by FirstClass Mail. Other options, including 
nextday service, air sewice, and fax transmission are available at additional cosi Call 1-800-854-7179 for more information. 
Shlpplng (International Orders) - Standard international shipping is by air express courier sewice. Subscription updates are sent by World Mail. Normal delivery is 3-4 days from shipping date. 
Rush Shlpplng Fee -Next Day Delivery orders charge is $20 in addition to the carrier charges. Next Day Delivery orders must be placed by 2:oO p.m. MST to ensure overnight delivery. 
Returns - All returns must be pre-approved by calling Global's Customer SeNice Department at 1-800624-3974 for information and assistance. There may be a 15% restocking fee. Special order items, 
electronic documents, and agedated materials are nonreturnable. 
+Mlnlmum Order - There is a $50 minimum for all orders containing hardcopy documents. The $50 minimum applies to the order subtotal including the $10 processing fee, excluding any 
applicable taxes and freight charges. If the total cost of the documents on the order plus the $10 processing fee is less than $50, the processing fee will be increased to bring the order amount 
up to the $50 minimum. This processing fee wilt be applied before any applicable deposit account. quantity or member discounts have been applied. There is no minimum for orders containing only 
electronically delivered documents. 
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The American Petroleum Institute provides additional resources and 
programs to the oil and natural gas industry which are based on API 
Standards. For more information, contact: 

Monogram Licensing Program Phon e: 202-962-47 91  
Fax: 202-682-8070 

American Petroleum institute Quality Registrar Phone: 202-962-4791 
(A P I Q R) Fax: 202-682-807 O 

API Spec Q1 Registration 

Perforator System Registrat i on 

inspector Certification Programs 

Phone: 202-962-4791 
Fax: 202-682-8070 

Phone: 202-962-4791 
Fax: 202-682-807 O 

Phone: 202-682-8161 
Fax: 202-962-4739 

Engine Oil Licensing and Certification System Phone: 202-682-8233 
(EOLCS) Fax: 202-962-4739 

Training/Workshops Phon e: 202-682-8490 
Fax: 202-962-4797 

Check out the API Publications, Programs, and Services Catalog online at 
www.a pi .org. 

m Institute Helping You Get The Job Done Right? o1 o1 oz 
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Additional copies are available through Global Engineering 
Documents at (800) 854-7179 or (303) 397-7956 
Information about API Publications, Programs and Services is 
available on the World Wide Web at: httpJ/www.api.org 

American 1220 L Street, Northwest 
Petroleum Washington, D.C. 20005-4070 
Institute 202-682-8000 Product No. C939BO 
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