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INTRODUCTION AND SUMMARY

A. Purpose

The purposes of this report are:

o To present the Supply System investigation findings and
engineering assessment of the WNP-2 sacrificial shield wall
(SSW) based on documentation and fabrication nonconformances,
and

o To update previous licensing documents on the loads and
design of the SSW to document the adequacy of the as-built
condition.

This report includes a presentation of the SSW review scope,
design loads, weld quality and structural assessment considering
the as-built condition. The investigation extended substantially
beyond the original NRC Region V itemized concerns discussed in
Reference I.l. As such, those concerns are addressed in the
Appendix, attached to the main body of this report.

The SSW was a Post-Construction permit item (refer to Reference
I.2). This report supplements previous submittals (refer to
References I.3, I.4 and I.5) to the NRC which discussed the loads,
fabrication procedures, and erection methods used during the design
and fabrication of the SSW. The references have been reviewed and
approved by the Office of Nuclear Reactor Regulation (refer to
References I.6 and I.7). From a licensing standpoint, this report
focuses on analytical refinements used to calculate the design
loads on the SSW which were used in conjunction with the engineering
assessment of the as-built SSW.

B. Findings and General Conclusions

Two major design nonconformances were identified which would
prevent the SSW from performing its required functions during
normal and postulated accident conditions.

o The horizontal rings in the SSW, located above and below the
interface at elevation 541'-5", are not welded together in
accordance with the design requirements. As a result, the
horizontal shear loads cannot be properly transmitted between
the two rings. (Refer to Concern No. 1 for details.)

o Concrete voids and shim gaps in the SSW have compromised the
radiation shielding properties of the SSW. (Refer to Concern
No. 2 for details.)



As a consequence of these nonconformances, two specific corrective
actions had been identified by October, 1979:

o A partial penetration groove weld was proposed to accommodate
the shear loads, and

o A comprehensive shielding repair program was being prepared to
correct the shielding properties of the SSW to a condition
equal to or better than the original shielding design requirements.

Information and results from the recent Supply System investigation
and engineering assessment have established that subsequent to the
above corrective actions, the SSW will be capable of performing its
design functions. The findings and conclusions reached to support.
this statement are briefly discussed in the following paragraphs.

The materials selected for use in the SSW are acceptable. The
mechanical strength proper ties for ASTM A36 and A588 provide
substantial margin considering the design str esses. The
selected weld filler metals were correct for the flux cored
arc and shielded metal arc processes and for the use of
electroslag welding with A36 material. The electrode (EN12K)
used in conjunction with the A588 material and electroslag
welds is acceptable considering the design stresses are less
than 505 of yield.

Ultrasonic testing (UT) performed by the SSW fabricator,
Leckenby, and recent UT performed for the Supply System
provide confidence that the A36 material has few laminations.
The UT, the procedures implemented while making attachments
to the SSM, the'design loads and the multiple load paths
inherent in the SSW provide assurance that the SSW material
will not experience failure initiating from lamellar tearing,
laminations or low, short transverse ductility.

The application of heat straightening to A36 material during
fabrication of the SSW did not degrade the material properties.
l'ndi~ations are that the steel temperature did not reach
1200 F and A36 material properties are not damaged by short-
term temperature applications in this range.

The application of cold forming during fabrication of the SSM
did not degrade the material properties of interest in the
original design. This report, however, does consider the
potential for brittle fracture which is related to the fracture
toughness of steels. This property may be degraded by cold
work, depending on the amount of induced strain. Tests are
being performed to determine the cold forming impact on the
SSM materials; however, based on information provided bZ a
consultant used during this investigation (the Melding institute),
there is confidence that the resultant change in toughness
will be acceptable.



The assembly sequence was acceptable based on the following:

o Minimal distortion was encountered during the fabrication
of the SSW,

The dimensional tolerances did not, cause fabrication
difficulties, and

o The SSW defect history does not indicate problems with
high reaction stresses in members (residual stresses not
due to localized welding stresses).

Results from recent inspections established that the quality
of the SSW welds is acceptable, that Leckenby did perform
the visual inspections required by the Design Specification,
and that the results from the in-process, visual inspections
performed by Leckenby established an adequate repair program.
Recently performed UT verified that the electroslag welds
are acceptable (1 potential defect in 73 welds). Magnetic
particle (MT) examinations performed for the Supply System
found no cracks or lack of fusion defects, and a visual
inspection performed by Burns and Roe (the Architect Engineer)
found primarily minor defects in 125 of the accessible welds.
The significant defects identified by Burns and Roe are
discussed below.

The recent1y performed inspections did, however, identify
defects requiring specific consideration. Incomplete
penetration (IP) was found by UT in the root of welds made
with the flux cored arc and shielded metal arc processes.
The IP was generically evaluated by Burns and Roe to be
structurally acceptable based on a conservative static
analysis using accident loads. Undersized fillet welds
identified during the visual examination have been
evaluated with respect to plastic collapse (weld overload)
and found acceptable.

Irregularities in documentation potentially affecting the
SSW weld quality, e.g., welding procedures, welder and
inspector qualifications, and nondestructive examination
(NDE) reports, provide implications that specific type
defects may remain in the SSW even though not identified
by the recently performed NDE. In addition, while making
attachments to the SSW, some cracks and crack-like defects
were identified and repaired by site construction
contractors. Recognizing that the majority of welds in the
SSW are not accessible and that the defects located by the
site contractors were primarily found by MT (a'more sensi-
tive inspection than the visual required during fabrication),





caused the Supply System to perform a bounding defect
assessment which enveloped both known and postulated
defects. This analysis considered failure by fracture
and plastic collapse. The design stresses used in
this analysis are based on design, loads which have been
revised with respect to previously submitted reports
(Reference I.5). The revised load analysis includes
refinements in (a) calculations of pressure in the annulus
between the reactor pressure vessel and the SSW, (b)
calculations of the effect of seismic loads on the SSW,

~

~

~

~

~

c) structural modeling to include a dynamic analysis, and

d) cal cul ations of the pipe whi p reaction loads. The
analysis conclusions are:

o Failure by plastic collapse will not occur based on
the low probability ( C. 1'A) of occurrence of critical
size defects and the existence of multiple load
paths, and

o Failure by fracture for most structural materials
will got occul. due to the SSW operating temperature
(>100 F) being sufficiently above the material nil-
ductility transition temperatures (NDT) providing
crack arrest conditions.

Insufficient data exists to ensure that the A588 material
will be in the crack arrest condition. (It should be
noted that the A588 material is only in the top channel
of the top'ring and constitutes less than 5$ of the SSW

structural material.) As a result, NDT testing is being
performed on A588 material used in the SSW. If the
resultant NDT plus temperature margin for the A588
material exceeds the SSW operating temperature, additional
NDE will be performed to identify defects susceptible to
fracture and to determine their size. Repair of unacceptable
defects, if any, would then ensure that failure of the SSW

by fracture will not occur.

C. Supply System Corrective Actions

A partial penetration weld substitution for the incomplete plug
welds has been proposed to accommodate the shear load transfer
between ring 3 and ring 4 of the SSW (pending removal of the
Stop Work Order).

A comprehensive shielding repair program has been prepared
to identify and correct deficiencies in the shielding properties
of the SSW (pending removal of the Stop Work Order).



Additional visual inspections and nondestructive
examinations have been performed to determine the weld
quality of the SSW.

Additional material testing has been performed to confirm
data available in welding and materials literature .(NDT
properties of E7028 electrode). And,

A bounding defect structural assessment has been performed
to evaluate the risk of failure of the SSW by fracture and
plastic collapse, considering known and postulated defects.

D; Supply System Open Items

Electroslag welding procedure qualifications are beigg
reperformed to confirm the mechanical properties of related
welds in the SSW.

A588 material is being removed from the SSW to determine
its NDT properties and thereby finalize the disposition of
the A588 structural assessment.

A36 material is being cold formed and tested to confirm the
assumed small shift in the NDT due to cold work.

The Welding Institute will submit their final report with
consideration of Supply System comments, new information,
and the results of the material testin'g. And,

A three-dimensional, finite element dynamic analysis is bein9
performed to confirm the design loads used in the assessments
within this report.

The results from the above open items will be submitted at their
completion to the NRC in an addendum to this report. It should
be reemphas ized that only one open item, the NDT testing for
the A588 material, is considered to have a potential for further
engineering corrective action, and that action has been identified.
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II. BACKGROUND

A. SSW Licensing History and Design Summary

1. Licensing History

Significant review has already been conducted by the
Office of Nuclear Reactor Regulation (NRR) on the WNP-2
Sacrificial Shield Wall. The depth and scope of this
review was extensive and will be summarized here.

o Pre-Construction Permit (CP)

guestion 12.19 (Reference II.1) on the PSAR from the
NRC on January 20, 1972, requested the Supply System
to evaluate results of pipe breaks between the reactor
vessel and the SSW (annulus pressurization - AP). The
Supply System responded that the SSW will be designed to
accommoda'te AP and that the results of the analysis and
design description would be provided before construction
of the SSW.

o Safety Evaluation Report (SER) - CP

Section 10.3.5 (Reference II.2) of the SER-CP confirmed
the above and identified the SSW as a post-construction
permit item, allowing the CP to be granted with the SSW

design being an open item. The CP was granted in March,
1973.

o Post-CP

On October 17-18, 1973, in Washington, D. C., a meeting
was held with the then AEC to discuss post-construction
permit items. The SSW was added to the agenda. The
meeting notes (Reference II.3) committed the Supply
System to providing the required information by March, 1974.

On March 21, 1974, the Supply System transmitted report
WPf'SS-74-2-R2 with the information (Reference II.4). The
report provided fundamental information on the SSW

description, loads, fabrication, erection, welding
techniques, tolerances, special features (reflective
insulation), and protective coatings.

The NRC responded on July 8, 1974 with a request for more
detailed information (Reference II.5). Basically, the
Structural Engineering Branch (SEB) requested a commitment
to the then current NRC structural criteria for structures
like the SSW and additional information in accordance with
the Standard Format. The Containment Systems Branch (CSB)
requested additional details and justifications relative
to calculations and models.





The Supply System responded with part of the requested
information on February ll, 1975 (Reference II.6). The
SSW at the time was becoming a critical, construction
schedule item and information was provided to promote
gaining a release of the hold on construction of the
SSW base.

On Hay 15, 1975, the NRC responded with additional
concerns (Reference II.7). Primarily, in verifying
the Supply System (Burns and Roe) AP calculations,
the NRC using RELAP 3 obtained higher results by about
10-30Ã. The NRC noted that RELAP contained a 1.4 facto'r
in it to account for uncertainties.

On June 26, 1975, the Supply System submitted analyses
of loads on the SSW base using RELAP 3 in an effort to
gain a partial release on the construction hold to
permit base construction to progress (Reference II.8).
The analyses included the 1.4 factor and concluded the
base was acceptable.

On August 13, 1975, the NRC stated construction of the
pedestal (SSW base) could proceed based on the submitted
information (Reference II.9). The information was found
to be acceptable. The only open item remaining was the
RELAP results for the SSW above the base.

On August 19, 1975, the Supply System submitted the
RELAP information for the SSW above the base and updated the
previously submitted information to reflect the revised
results (Reference II.10).

On October 15, 1975, based on acceptance of the submitted
information, the NRC released the hold on -the wall
(Reference II.ll).
Operating License

The FSAR was submitted in March, 1978. The design and
assessment of the SSW is presented in FSAR Sections
3.8.3.1.1, 3.8.3.1.2, 3.8.3.2.2, 3.8.3.3.5, 3.8.3.4.1,
3.8.3.4.2, and 6.2.1.2. For the most part, these
sections reference the previously submitted reports.

2. SSW Design Summary

Due to the extensive past NRC review and the documentation
already submitted on the SSW, only key information will be
summarized here. Appropriate references to previously sub-
mitted documents will be made for further detail. It should
be noted that the information given here has been previously



approved by the NRC. The balance of this report provides
supplemental information and changes in the previously
submitted and approved documentation to demonstrate the
acceptability of the as-built SSW.

o SSW Description and Function

In summary, the SSW is a cylindrical, double-walled
steel shell, filled with concrete to form a structure
surrounding the reactor pressure vessel (RPV). The
SSW is approximately 2 feet thick, 30 feet in outside
diameter and 48 feet high. It is anchored to the
reactor support pedestal and forms an annulus with the
RPV which is open to the drywell at the top. Refer to
Figure II.l. The SSW is classified as a Seismic Cate-
gory I, guality Class 1 structure.

The SSW performs radiation shielding and structural
support functions. It minimizes radiation levels in
the drywell as a result of radiation emanating from
the RPV. Specifically, the shielding functions are:

To reduce neutron activation of material and
equipment inside containment,

To minimize radiation damage to equipment,

To provide supplemental biological shielding for
the reactor building during plant operation, and

To provide biological shielding for personnel
inside the containment during plant shutdown.

I

As a support structure it serves:

To support one end of a radial beam system which
in turn supports mechanical and electrical
equipment,

To support the RPV in conjunction with the pedestal,
stabilizer trusses and containment vessel, and

To support piping systems, e.g., NS, RFW and RRC

by hanger attachments and minimize pipe whip effects
by supporting pipe whip restraints.

Nore complete details are provided in Section I of
Reference II.4.



o SSW Design Bases

The design bases of the SSW are summarized in
Table II.l. For more complete information refer to
Section I.A.2 and Section II of Reference II.4, the
response to questions 1 and 2 (pages 22,'3) from
the Structural Engineering Branch (SEB) in Refer ence
II.6, and the further revisions and additions to SEB

questions 1 and 2 (pages 15, 16) in Reference II.10.

o SSW Construction

The requirements for the timely erection of the SSW,
prior to the installation of the reactor pressure
vessel, forms the underlying basis for the installation
procedures established for the SSW. The entire SSW

could not be constructed in place prior to the instal-
lation of the RPV because of nozzle interferences
between the wall and the RPV. The SSW was designed
to allow construction of a built-in-place lower portion
and also to facilitate shop fabrication of an upper
portion in three 120 degree segments to permit final
assembly after the RPV was installed.

Basically, the SSM consists of a series of circular,
horizontal members built up of thick plates to form
box beams ( Cl) or channels (U ), vertical members such
as columns made of rolled wide flanges or built-up box
sections and skin plates welded to these members.

For more detail, refer to Sections I.A.l, III, IV, V,
YI, and VII of Reference II.4 and the drawings in
Attachment 5 to this report.

B. SSW Concern History

On September 8, 1978, a concrete void was located in the SSW top
ring. This item was reported to NRC Region V as a potential
10CFR50.55(e) condition; later determined to not be reportable.
This item was documented in the Supply System Evaluation Report
No. 78-8.

In November, 1978, the 215 Contractor stated he would not issue
a certificate of conformance for the SSM fabricated by the sub-
contractor, Leckenby, because of defects found by nondestructive
examination while making attachments to the SSW. The 215 Contractor
recommended a detailed review be performed by Burns and Roe of
the documents and work performed by Leckenby.



Review was initiated by Burns and Roe Engineering and the WNP-2

guality Assurance organization and continued through February,
1980. During this period the plug weld and concrete/shim gap void
deficiencies were identified and corrective action recommended
(refer to Concern Nos. 1 and 2 for details).

Additionally, during June, 1979, NRC Region Y brought to the
Supply System's attention allegations concerning SSW weld quality,
concrete voids and material conditions. Due to conclusions reached
during the Supply System and Burns and Roe ongoing reviews and
further allegations received over the next several months, the
Supply System issued a Stop Work Order on the SSW on November 21,
1979. During December, 1979, and January, 1980, NRC concerns were
formalized and initially responded to by Reference II.12. These
concerns were discussed with the NRC in Bethesda on February 6,
1980. In order to properly assess the general concern for weld
quality in the SSW, an in-depth, broad-scoped review was determined
to be necessary by the Supply System.

C. Evaluation Approach

The Supply Syste'm established a Task Force in February, 1980, to
assume responsibility for review of. the SSW as a whole in addition
to the documented concerns. The Task Force was composed of Engi-
neering and guality Assurance personnel, solely dedicated to a
review of the SSW with the following goals:

o Review the SSW documentation for compliance to AWS Code,
guality Assurance and Design Specification requirements,
identify the nonconforming items and their implications for
the as-built condition of the SSW,

o In conjunction with the documentation reviews, perform weld
inspections and testing, as necessary, to determine the SSW
as-built condition with respect to AWS Code requirements,
Design Specification requirements, and to define the known and
postulated defects and material conditions, and

o Assessthe SSW in consideration of the above findings to (1)
determine the SSW capabilities with respect to performing its
design fgnqtions during operation, and (2) identify any necessary
rep'airs.LaJ

(a) Evaluation of the SSW radiation shielding properties
was performed by Burns and Roe and is addresssed in
Concern No. 2.

The basic investigation approach used by the Task Force consisted
of the following:



o Review and evaluate the welding procedures, welder
qualifications, weld filler metal controls, nondestructive
examination procedures, and inspector qualifications to
identify documentation implications for the SSW weld quality,

o Review and evaluate documentation containing weld and base
material defect/repair information to provide insight to
related trends and relationships which might affect the
quality of the SSW,

o Perform additional visual and nondestructive examination to
establish the weld quality of the SSW and confirm or deny
implications from the documentation reviews.

o Evaluate processes used on the SSW during fabrication for
affect on weld and material quality,

o Review and evaluate the material traceability system and
material test reports to assist in establishing the material
condition of the SSW, and

o Assess the as-built structural integrity of the SSW to perform
its required functions considering the materials and processes
used, the postulated accident loads on the SSW, and the known
and postulated defects in the SSW.

A detailed itemization of the areas reviewed and assessed is
presented in Attachment 2 to this report.
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TABLE II. 1

SACRIFICIAL SHIELD WALL DESIGN BASES

1. The following codes, specifications and standards were used
in the fabrication and erection of the SSW:

o ACI Codes - ACI 301, 304, 305, 306, 308, 318 and 614.

o AISC Manual of Steel Construction including all speci-
fications contained therein.

o AWS Structural Welding Code (AWS Dl.l-Rev. 1-73).

o ANSI N45.2-1971.

2. The design of the SSW considered a normal or operating condition,
an emergency condition which includes seismic loads, and an
accident condition which also includes loads associated with a

postulated pipe rupture.

The elastic working stress method of Part I, AISC, 1969, was
used in the design of the SSW. The load combinations in accordance
with NRC Standard Review Plan 3.8.3 which controlled the design of
SSW were:

o 1.6S z D+L+P +Y +E, and
a r

o 1.7S ~ D+L+P +Y +E'.
a r

Where, 1.6S and 1.7S approximate yield

D = dead load
L = live load
P = annulus pressurization

a

Yr = pipe whip load

E = operating basis earthquake
E' safe shutdown earthquake

3. The primary materials used in the fabrication of the SSW were:

o ASTM A36 for structural steel with exception to the top
ring beam made of ASTM A588, and

o Concrete with 4000 psi minimum compressive strength.

4. Welding of the SSW was performed in accordance with AWS 01.1-72
and Section 17D of the WNP-2 215 Contract.



5. The dimensional tolerances for the SSW were the following:

o Circularity tolerance + 0.90 inch maximum,

o Plumb tolerance + 0.90 inch maximum at elevation 567'-73;",
and

o Ring beam level tolerance + 0.25 inch maximum at elevation
567'-4~>".
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III. RESULTS OF INVESTIGATION

A: Introduction

In 'order to assess the as-built structural integrity of the
SSW, three elements are required:

o The design loads must be defined and their stresses cal-
culated,

o The weld and base material defects and mechanical proper-
ties must be known, and

o A structural assessment considering the above is required
to be performed in a manner that envelopes known and
postulated defects for the various failure modes.

The following subsection presents the load conditions for the
SSW. Details of the load analysis refinements, assumptions
and methodology are provided in Appendix B to this report.

Subsection III.C discusses the defect and repair history of
the welds and material in the SSW and through evaluations and
results from recent inspections establishes the as-built weld
quality of the SSW.

The design stress levels and material properties in the SSW

are used in conjunction with the known and postulated defects
to demonstrate that failure will not occur due to brittle
fracture or plastic collapse. This bounding structural
assessment is presented in subsection III.D.



III.B SSW Load Conditions

1. Introduction

In order to provide a more realistic, but conservative
stress environment to assess the adequacy of the -as-built
SSW, the design loads and resultant stresses have been
recalculated. Results reported in this subsection reflect
refinements in loads and analysis techniques made subse-
quent to submittal of Reference III.B.l. The incorporated
revisions to the analysis include:

o Refinements in the calculations of pressure within
the reactor pressure vessel (RPV) to SSW annulus for
the 'feedwater line break,

o Refinements in the calculations of the effect of
seismic loads on the SSM,

o Refinements in the structural modelling (development
of a dynamic model) to better characterize the effect
of dynamic loads'acting upon the SSW, and

o Refinements in the pipe break reaction loads to in-
corporate the as-built location of., the pipe whip re-
straints (PWR) and to include more realistic gaps
between the pipe and the PWR.

Detailed explanations of these refinements are contained in
Appendix B to this report. These refinements from pre-
viously submitted analyses (References III.B.1, III;B.2 and
III.B.3) are reflected in the results reported in subsection
III.B.R. Subsection III.B.3 discusses the conservatisms in-
herent in the calculations and subsection III.B.4 discusses
the conclusions and additional confirmatory work that is
being performed.

Based on the results-(less than 505 of the NRC acceptable
stress) of the recent evaluation, it is concluded that sub-

stantiall

margins exist with respect to the NRC acceptable
stress levels to compensate for known and postulated defects
in the SSW under postulated accident conditions.

The only refinement in this subsection that was applied to
the structural assessment. of the partial penetration weld
at elevation 541'-5" (refer to Concern No. 1) was the use
of the finite element seismic analysis. Refer to Attachment
4 and Appendix 8 for further details.



2. Load Conditions

o Normal Load Conditions

Calculations of normal loads in the SSW remain unaltered
from previous submittals. Under normal operating conditions,
stress levels in the SSW are quite low. Using allowable
stresses based on the elastic working stress method in
Part 1 of the AISC design specification, stresses in the
controlling columns reach about 25% of allowable (where
allowable is about 2/3 of yield). For the controlling beams,
stress levels reach about 15% of allowable.

o Normal Plus Seismic Load Conditions

If seismic events occur during operation, the SSW stress
levels still remain low. The stresses are due to dead (D),
live (L), operating basis earthquake (E), and safe shutdown
earthquake (E') loads. The applicable load combinations
and section strengths were determined per NRC Standard Review

-Plan (SRP) 3.8.3 as presented below:

SRP Comb. 2: 1.0S'-D+L+E (a)

SRP Comb. 3: 1.6S~D+L+E'a)

(a} S is the required section strength based on the
elastic working stress method. SRP combination
2 provides acceptable stress levels of about 2/3
of yield; SRP combination 3 provides acceptable
stress levels of about yield. These stresses are
not realized for any load combinations required.

The analysis methodology with respect to seismic events
was the same as previously reported (References III.B.l,
III.B.2 and III.B.3) except for the refinements documented
in Appendix B. The ana'lysis considered various controlling
members in the SSW and the above load combinations. The
resultant stress was the maximum normal stress on a member
section. It occurs in one corner of the section due to
axial force and biaxial bending. For the controlling
members, the critical maximum stress levels are associated
with Combination 2 and have been found to be equal to or
less than 37% of the acceptable stress (for Combination 2

the acceptable stress and Code allowable stress are the
same}.



o Accident Load Conditions

The limiting design loads for the SSW result from
postulated accident conditions. The SSW has been
designed to accommodate normal loads, earthquake
loads, and annulus pressure (P ) and associated
pipe reaction loads (Y ) which would result from a
postulated loss-of-coo[ant accident due to a break
at a reactor nozzle within the boundary of the wall.
Two analyses have been performed for this postulated
accident loading condition, a static analysi's and
a simplified dynamic analysis. The dynamic analysis
was performed to more accurately assess the available
design margins in the SSW which in turn are used in
the structural assessment provided in subsection III.D.

As discussed in previous reports (Reference III.B.l),
the loads are combined per NRC Standard Review P1an
(SRP) 3.8.3. Load combinations 5 and 6 were found
to control design. These combinations are stated
below with their acceptable stress levels and the
significant load. terms.

SRP Comb. 5: 1.6S~M+L+P +Y +E (b)a r
SRP Comb. 6: 1.7S~D+L+P +Y +Q, (b)

(b} NRC acceptable stress levels of 1.6S and 1.7S
correspond approximately to yield; these stresses,
based on the static or simplified dynamic analyses,
are not realized for any load combinations required.

The static and simplified dynamic analyses are summarized
below:

The static analysis uses equivalent static loads
for dynamic loads. Ring beams and columns are
included in the structural model as members of a
space frame and skin plates are joined to the frame
at the nodes as plane stress finite elements. Analysis
models and methods used are the same as described in
Reference III.B.l. Results reported herein include
refinements made subsequent to issue of Reference III.B.1
in load definitions for seismic, pipe reaction, and
annulus pressurization loads(refer to Appendix 8).





In general, for the upper portion of the wall, the
design is controlled by a load combination which includes
a postulated feedwater line pipe break. For the lower
portion of the wall, the load combination which includes
a postulated recirculation line break controls the design.
For local areas of the wall which receive reactions due
to drywell pipe breaks, these pipe breaks control in
certain cases.

Results are based on calculated maximum normal stress on
the member section. PrimariIy this results from a
summation of stresses due to the axial force and biaxial
bending. Hence, only a corner or a limited portion of
the member is subjected to the maximum calculated stress.
For controlling members, the maximum stress levels have
been found to be equal to or less than 65K of the acceptable
stress levels for combinations 5 and 6. For certain
members where the load combination is dominated by the
pipe break reaction load, stress levels were found to be
about 755 of the acceptable stress level.

Sim lified D namic Anal sis

Two considerations not taken into account in the static
analysis are as follows:

o Pressures in different nodes within the SSW annulus
. reach their peak value at different times and for

short durations, necessitating dynamic modelling to
properly characterize the SSW loads and load history.
In the static analysis this phasing of peak pressures
cannot be accounted for. Conservative assumptions
of concurrent peaks are therefore used in the static
ana lys is.

o The advantage that the concrete within the SSW

provides in reducing calculated stress in structural
members is neglected in the static analysis. In
reality, the concrete fill increases the stiffness
of the SSW and reduces displacements under load.

To provide proper perspective of the SSW structural capa-
bility, a simplified dynamic analysis has been performed
accounting for the two items above. This analysis demon-
strates the reductions in calculated stress as a result
of dynamic analysis. The static analysis identified the
recirculation pump suction line break as the limiting
break with respect to the highest design stresses on the
SSW. This simplified dynamic analysis was performed
using this break. The commercially available computer
program ANSYS was used to calculate the structural re-
sponse of the SSW to annulus pressurization and pipe re-
action loads. The SSW was represented by axisymmetric



thin shell elements. The openings in the SSW were
not modelled, but were considered in the calculation
of shell properties. Displacements calculated using
this dynamic mo'del were used as input to the more
refined, three-dimensional model of the SSW given in
Reference .III.B.l. Additional details of the analysis
and model are contained in Appendix B.

For the majority of members the maximum stress based on
load combinations 5 and 6 were found to be less
than 37K of the acceptable stress level. For columns
between elevation 534'nd 540', where the stress is
dominated by seismic, dead and live loads obtained from
the previous static analysis, the maximum stress is
calculated to be about 485 of the acceptable stress
level. Similar stresses or less will result from calcu- .

lations including the other pipe breaks.

Accordingly, the maximum stress, including localized pipe
break reaction 1oads, in the SSW is less than 501 of the
NRC acceptable stress level based on results of this
dynamic analysis.

Conservatisms Present In Annulus Pressurization Load
Definition

Under postulated accident loading conditions, one of the
principal SSW loads is due to an assumed pressurization of
the annulus between the SSW and the RPV. The results of the
simplified dynamic analysis were based on conservatively
defined annulus pressurization loads. The major conservati'sms
introduced in the development of these loads is discussed here
in order to provide a clearer perspective on the nature of
more realistic loads which might be expected due to annulus
pressurization, versus design basis loads used for structural
design.

Figure III.B.l illustrates the relative locations of the
sacrificial shield wall, RPV, and RPV insulation. Between
the RPV and. the RPV insulation is-a nominal 5;" annular space;
between the RPV insulation and the sacrificial shield wall is
a nominal Q" annular space. Because of questions related to
'the movement of the insulation during the event, conservative
assumptions were made. The design basis calculation has been
performed assuming only 44" of the total annular space is
available to receive fluid (Reference III.B.1). This limited
volume assumed in design basis calculations substantially
increases the design basis loads as compared.to the more
realistic situations Burns and Roe has performed calculations



to quantify the importance of this assumption and has deter-
mined- that with the total annular space available (less
insulation thickness), the annulus pressurization loads on the
SSW would be reduced to approximately 35K of the design basis
annulus pressurization (AP) load. This assumption may be
unique to the WNP-2 analysis of the AP loading and is a primary
reason for installation of flowdividers on WNP-2 to limit to
1/16 the break flow that enters the annulus between the SSW

and RPV.

A second major conservatism introduced in the design basis
calculations is the assumption that the circumferential pipe
break opens fully and full flow begins instantaneously.
Realistically, full flow from the severed pipes could not be
realized until the severed pipe ends, separate to a distance
equal to one-half (4) the pipe diameter. Severance of a pipe
and the subsequent movement actually occurs in finite time.
As reported by Messrs. J. B. Mahoney, et al, (Reference .III.B.4),
the opening and separation time to achieve full blowdown would
be expected to be in the 10 to 100 millisecond range. Burns
and Roe calculations have shown that the annulus pressurization
loads on the SSW due to the postulated recirculation line
break would be reduced to between 75K and 10% of the design
basis loads for break opening times from 10 to 100 milliseconds.

A third major conservatism relates to the calculation of the
pressure transient within the SSW annulus. This calculation
was accomplished using the RELAP computer program (Reference
III.B.5). As stated in subsection II.A.l, the NRC requested
(Reference III.B.6) that the pressures calculated be increased
by a factor of 1.4 to account for uncertainties in the fluid
dynamic phenomena. Without the inclusion of this factor, SSW

loads due to annulus pressurization would be reduced to about
70$ of the current design basis loads.

Considered together, these three conservatisms provide insight
to the actual annulus pressurization loads which might be
expected. The cumulative effects are such that, realistically,
net annulus pressurization loads would be reduced to less than
205 of the current design basis annulus pressurization loads.

Conclusions

Results of work done in 1974 and 1975 which was approved by
the NRC (Reference III.B.1, III.B.2 and III.B.3) indicated
that some portions of the SSW were acceptable with respect to
loading, but near yield stress under certain design basis load
conditions. The analytical assumptions and methodology used to
calculate the loads were very conservative. As identified in
Appendix B, certain refinements were made in the analyses to
better- assess the design margins available. The results of
the static analysis reduced the calculated stress for the
controlling members to 755 of the NRC acceptable stress level.



Known conservatisms in the static analysis indicated a
dynamic analysis would provide further reduction in the
calculated stress. As a result, a simplified dynamic
analysis was then undertaken on the limiting break
(recirculation line). The resultant stress for the
controlling members was 48K of the NRC acceptable stress
level. This work is sufficient to conclude that the
design basis loads on the SSW result in stresses approxi-
mately one half that of the NRC acceptable stress level.
This margin is sufficient to assure the adequacy of the
as-built SSW as discussed in subsection III.D.

As followup and further confirmation of the design basis
loads on the SSW, a three-dimensional, finite element
dynamic analysis is being performed. The results and
details of this work will be:submitted in an addendum
to this report.
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III.C SSW Weld equality

1. Introduction

The initial causes for concern about the weld quality of the
sacrificial shield wall (SSW) were:

o Irregularities observed in Leckenby quality affecting documentation,

o Weld and base material defects (including cracks and crack-
like indications) discovered during site construction contractor
magnetic particle examinations of SSW attachment locations,

o Visual observation of SSW weld defects not within AWS Dl.l
visual inspection acceptance criteria (the governing welding
code), and

o Numerous defects had been identified by UT in electroslag
welds on pipe whip restraints (PWR) previously fabricated by
Leckenby under a separate contract.

During the beginning stages of the Task Force review, additional
concerns associated with the SSW weld quality were identified.
These concerns were as follows:

o Review of the Leckenby records indicated that Leckenby experienceddifficulty with the electroslag welding process. Specifically,
both cracks and lack of fusion were detected by visual inspection
and repaired, and

o The visual inspection required by specification may not have
identified all the cracks or planar lack of fusion defects,
and as such, these type defects may exist in the SSW.

The Task
addition
findings
Appendix
the weld

Force reviewed and evaluated each of the above, items in
to many others (refer to Attachment 2). The weld quality
are presented in this subsection and in the Concerns in
A. The bounding structural assessment in consideration of
quality of the SSW is presented in subsection III.D.

Various types of documentation have a potential for affecting weld
quality. These include, e.g., welder qualifications, welding
procedure qualifications, inspector qualifications, and fabrication
drawings. Concern Nos. 5, 22 and 23 address the above qualifications.
This subsection discusses a design review of the Leckenby weld
maps. To resolve the concerns based on previously identified defects
and postulated defects, additional inspections were performed.
Burns and Roe performed a visual inspection of the accessible,
exterior SSW welds. In addition, the Task Force requested the
baseline inservice inspection contractor to perform a number of
magnetic particle (MT) and ultrasonic testing (UT) examinations of
accessible welds on the SSW.





The as-built weld quality of the SSW was determined by the following:

o An evaluation of the potential for and nature of defects in
the SSW due to nonconformances in documentation,

An evaluation of the potential for and nature of defects in the
SSW based on the weld fabrication history and known defects
identified and repaired by site construction contractors since
the completion of fabrication, and

By performing additional visual inspections and nondestructive
examinations.

In turn, the inspection results and projections for potential defects
were evaluated in consideration of the design loads. These evaluations,
refer to subsections III.C.7 and III.D, conclude that the weld quality
of the SSW is acceptable. Details in support of defining the weld
quality of the SSW are provided in the remainder of this subsection.

2. Leckenby Visual Inspection

In order to gain perspective on the weld quality of the SSW,

knowledge of the weld defect and repair history must be known. This
information can then be integrated with results from recent inspections
and evaluations of procedures affecting weld quality to establish the
as-built quality of SSW welds.

Visual inspection of the SSW welds by Leckenby was documented on the
Leckenby weld maps. Weld defects were reported on shop Incomplete/
Rejection Tags, Field Inspection Reports and noted in the remar ks
column of the shop weld maps. The defects recorded by Leckenby were
repaired. Repair verification consists of:

o Recent ultrasonic testing of welds recorded as repaired found no
defects, and

o No previously recorded defects documented by Leckenby were
reidentified during the recent visual inspection.

As mentioned earlier, and substantiated by the high weld rejection
rate during fabrication, the electroslag weld defect history was
originally cause for concern. The electroslag weld defects recorded
and repaired during fabrication by Leckenby are presented in
Table III.C.l. There are 1273 electroslag welds in the SSW. A
total of 388 electroslag welds had recorded defects for a defect
percentage of 30.55. Table III.C.2 includes information. relative
to the characterization of the defects. As can be seen from the
tables, lack of fusion -(LOF) and undercut comprise the majority of
weld defects.

The typical LOF defect has been described by former Leckenby employees
in two ways:





o An accumulation of slag trapped at the weld to base material
interface at the corners, and

o As a sharp, planar defect at the same location.

Reliance in the latter description is questionable due to the
source's recall of the subject defect (refer to References III.C.1

and III.C.2).

Based on conversations with fabrication companies experienced in
electroslag welding (refer to References III.C.3 and III.C.4),
the'lack of fusion defects typically observed are due to slag
entrapment (excess flux) in the corner and improper placement
of the consumable guide tube. The latter does not allow full
penetration of the weld to the corners which results in a
rounded weld profile and a sharp re-entrant angle with the base
material. Neither of these type defects are equivalent to the

- planar lack of fusion defect. In addition, these defects can be
visually identified upon copper shoe removal.

Electroslag welds were performed using temporary copper shoes
and/or permanent steel backing. A large number of electroslag
weld defects identified and repaired by Leckenby are due to the
influence of the copper shoes. The thermal conductivity of the
copper shoe creates a chilling effect at the base metal/copper
shoe interface. As a result, lack of fusion associated with slag
entrapment and guide tube placement has a greater tendency to occur
at the corners of the weld joint. Similar problems are not
associated with the steel backing since the chilling effect is
substantially reduced. The defects associated with the copper
shoes were identified upon shoe removal and repaired. Based upon
comments in the defect related Leckenby documentation, it is clear
that Leckenby was"experiencing difficultywith the electroslag
process, but relied upon inspection and repair as the resolution.

.In the event that large excesses of flux exist during welding
with steel backing, slag entrapment may occur in the weld. The
steel backing was used for welding joints with subsequent inac-
cessibility to the backside of the joint. Based on review of
the Leckenby weld maps, steel backing was used on less than 10%
of the electroslag welds. Subsection III.C.7 discusses recent UT
performed on electroslag welds. Seventeen of these welds had
steel backing, confirmed by UT depth readings. None of the 17
welds contained defects based on the UT examinations.

In a few cases, depth information was also provided for electroslag
weld defects in the documentation. It is believed that since the
depth data were very few in number and more severe than what is
typically experienced,-that this information represents the exception
rather than the rule. For example, one electroslag weld LOF
defect was excavated to approximately I/2 inch. One crack defect
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was described as about 14 inch deep, and several underfill
defects were noted .as 1/2 inch deep.

A review of the minimum length values in Table III.C.2 points
out that Leckenby was observant'of and conscientious about small
defects. Since only'visual inspection was required, excluding
lamellar tearing UT, it is concluded that for electroslag welds
only subsurface defects or very small surface defects would not
have been detected and repaired by Leckenby. Based on the
extensive documented repair of these welds and the good results
from UT performed in May and June, 1980 (refer to III.C.7, one
potential defect in 73 welds), it has been concluded that the
quality of the electroslag welds in the SSW is acceptable.

Flux cored arc welding (FCAW) and shielded metal arc welding (SMAW)
surface defects were likewise recorded and repaired during
fabrication. Table III.C.3 presents FCAW and SMAW defect data.
As indicated, cracks or crack-like defects were very few in
number. Undercut comprised by far the majority of defects and
was most likely due to welder technique.

3. Leckenby Ultrasonic Testing

The 215 Contract specification required ultrasonic testing (UT)
of electroslag weld (ESW) tee-joints for lamellar tearing per
ASTM A435-74. The Leckenby lamellar tearing UT, however, was
performed prior to this contract modification requirement. This
UT was primarily performed due to concern for lamellar tearing
at tee-joints where buttering, an original preventive measure, had
not been used. The UT was performed per Leckenby guality Control
Procedure (gCP) - 8.0. The defect repair criteria in gCP-8.0 is
substantially more stringent than the specification and ASTM A435
three-inch-diameter circle criteria. gCP-8.0 defect acceptance
criteria in part states:

No linear type discontinuities are allowed if the signal
amplitude exceeds the reference level and the discontinuities
have lengths which exceed:

1/4 inch for T up to 3/4 inch, 1/3T for T from
3/4 to 2>4 inch, and 3/4 inch for T over 24 inch.

(a) T is the thickness of the thinner portion.

The Leckenby UT sampling may be represented as follows:

o ESW tee-joints

o ESW tee-joints

o FCAW tee-joints, and

81 straight beam

2 angle beam

48 straight beam

o Other SMAW and FCAW joints 58 angle beam



In addition, the number of lamellar tearing UT examinations
performed by Leckenby exceeded the specification requirements
and no indications of lamellar tearing were found.

SSW UT performed by Leckenby, associated with defect repair
and'adial

beam attachment site evaluation, is discussed in detail
in Concern No. 5. This UT was not required by AWS Dl.l,or the
specification.

Site Construction Contractor Visual and Magnetic Particle (MT)
Examinations

Other reported defects which created concern for the SSW weld
quality were found during site construction contractor visual
and MT examinations. The examination requirement for the
fabrication of the SSW was visual. However, due to past lamellar
tearing experienced while making attachments to the containment
vessel, MT inspection of SSW attachment areas was required. The
MT examinations used the 'prod DC method. Magnetic particle
,examination was an upgrading of the original SSW inspection
requirements.

Defect information associated with SSW visual inspections performed
by site construction contractors is presented in Tab'ie III.C.4.
The MT results"are presented in Table III.C.5. The 11.6% MT

rejection rate (726 total examinations) is not considered abnormal
for a structure requiring only visual inspection during fabrication
(excluding lamellar tearing UT). Characterization data for SSW

defects found by this MT is presented in Table III.C.6. The
available defect information in many cases lacks good definition
with respect to type, size and location.

Defects found by site construction contractor visual inspection
and MT have been repaired with the exception of those remaining
on open nonconformance reports.

It is recognized that the detection of these SSW defects creates
concern for the quality of inaccessible welds, one contributing
factor being the lack of definitive information. This negative
factor is overcome, however, when considering the results of the
recently performed visual inspection and nondestructive examinations
(refer to later subsections), the Leckenby defect repair history,
and the structural assessment presented in subsection III.D which
envelops all known and postulated defects.

Burns -and Roe Visual Inspection

From December, 1979, through April, 1980, a detailed, documented
visual inspection was performed by Burns and Roe of SSW exterior
accessible welds. Over 905 of the accessible welds were made using
the FCAW and SMAW processes. The inspection was performed to AWS Dl. 1

requirements. The identified defects, primarily associated with weld
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profile, have not been repaired to date, but are acceptable for
service as discussed below. Table III.C.7 presents the visual
inspection results. Defects in 12K of the welds are indicative
of a lack of attention to some detail or in some cases the
judgement of inspection personnel, but not gross negligence in
Leckenby's visual inspection.

Also, the Burns and Roe inspection results makes a comparatively
positive statement about the Leckenby inspector and welder
performance. The 1170 evaluated welds were almost equally
distributed to shop and field work. Based on review of the
visual inspection results with respect to the Leckenby inspectors
and welders, no specific trends or relationships were established.
This indicates that no gross ineffectiveness can be attributed to
specific Leckenby inspectors or welders.

Table III.C.S characterizes defects found during the recent
visual inspection. Information on less significant defects,
e.g., porosity; overlap, craters, excess reinforcement, and arc
strikes, is available, but not included in this table. Based
on the design margins available in the SSW (refer to design stress
levels in subsection III.B), the only defects found in this
inspection which are structurally significant are undersized
fillet welds. These defects were analyzed for plastic collapse
in subsection III.D and found acceptable.

Table III.C.9 provides an overall defect summary by welding
process based on Leckenby and Burns and Roe visual inspections.

Task Force MT Examination

Magnetic particle examination was performed on five FCAW and
eighteen StOW fillet welds. The MT was performed for two reasons:
to obtain general fillet weld condition information to assist in
the SSW evaluation and to provide information relative to
undersized fillet welds for Concern No. 11. The MT examinations
used the yoke AC method. The weld surfaces required further
preparation in order to use the prod DC method; timing and the
immediate labor situation precluded fillet weld surface preparation.

The 23 MT examinations found no cracks or lack of fusion.

7. Task Force UT Examination

As discussed earlier, additional UT was performed at the request
of the Task Force to determine the SSW weld quality. In total,
90 welds were examined by UT. Specifically,

o 73 electr slagowelds (ESW) were examined per AW( fl.l (69 were
acceptable, 3 had questj8~able discontinuities , and 1 was
recorded as rejectable ),

o 9 tee-joints were examined for lamellar tearing (7 FCAW

double-bevel welds and 2 ESW joints, no lamellar tearing was
observed),



o 2 FCAW single-bevel welds were examined per AWS Dl.l in
conjunction with the plastic collapse assessment, (both
welds were reported to have incomplete penetration), and

o 6 SHAW welds were. examined per AWS Dl. 1 for general information
about the SHAW process (2 welds were acceptable with no

indications, 3 welds were acceptable with minor indications,
and 1 weld was rejectable).,

Notes:

(a) Reflector location strongly indicates associated with backside
geometry of the welds.

(b) Categorized as' large reflector. Design drawing weld thickness
indicates the reflector should be in a fused steel backing shoe
which was not specified by design. This specific weld is not
structurally significant, in that the other immediate welds
had the design function to handle the local loads.

UT of the 73 accessible electroslag welds was performed in January,
Hay and June, 1980. An L-wave examination was performed of each
general weld area (6 inches each side of the weld) to locate
interfering reflectors prior to performing the 70 angle beam

examination. No lamellar tearing was observed in any of the 27
joints of type A (refer to Figure III.C.1)', and laminations were
only located 'in the vicinity of one of the 73 welds.

The welds of the 9 tee-joints examined for lamellar tearing indicated
incomplete penetration ( IP) in 6 of the 7 FCAW double-bevel welds
(refer to Figure 27. 1 in Concern No. 27). The IP, located in the
root, was determined to be a maximum of 5/32 inch in the through-
thickness dimension (considerably less in the majority of cases) by
comparison to a specially made test block. The UT indications and
reject associated with the SHAW single bevel welds were also
characterized as incomplete penetration in the root.

The structural impact of the IP has been assessed as acceptable
(References III.C.5 and III.C.6). Since the IP appeared to not
be unique, a number of FCAW and SHAW welds in the SSW were identified
which were limiting in terms of design stress for the generic
evaluation. The design stress for welds used to join the component
plates making up the structural members is shear. The welds
between structural members transmit both normal stresses which
are due to axial force and bending moments, and shear stress. The
minimum design margin in consideration of the defined IP, 5/32 inch,
for all FCAW and SHAW welds was determined to be 1.25. For this
particular case, the minimum design margin is,defined as the ratio
of the capacity tensile stress of the weld to the design normal
stress.



In determining the design margin, the conservative static
analysis discussed in subsection III.B was used. The use of
dynamic analysis or consideration of plastic collapse would
have produced greater margins.

To ensure the IP indications were not cracking in the heat-
affected zone of the outer skin plate, UT examinations were
performed to accurately measure the distance from the front
of the skin plate to the indication. No indications were found
at distances less than the thickness of the skin plate.

Aside from the exceptions noted above, the UT results have been
acceptable. The electroslag weld UT results confirm the effec-
tiveness of the Leckenby inspection and repair program on
electroslag welds. Additionally, the UT increases confidence
in the performance of the Leckenby welders and inspectors, and
no conflicting results were found relative to the previous lamellar
tearing UT performed by Leckenby.

Pipe Whip Restraint UT

It is known that the ongoing electroslag weld UT of Leckenby fab-
ricated pipe whip restraints (PWR) has a high reject rate, 625
based on data available through April 30, 1980. Review of differences
in materials, welders, or welding procedures, has provided no insight
to explain the difference'ith respect to the SSW UT results.

The PWR electroslag weld defects recently identified are recorded as
"shrink" and lack of fusion. The "shrink" defect has been excavated
and repaired on several PWR's and was found to be cracks in the
center of the weld. These cracks are typically caused by operating
at an abnormally high amperage level when using consumable guide
tubes. This creates a bad weld form factor causing horizontal grain
growth and the resultant crack in the center of the weld. No PWR

recorded lack of fusion defect has been excavated to date; hence,
a description of this type defect does not currently exist. However,
based on discussions in subsection III.C.2, an internal weld, planar
lack of fusion defect is not expected to be present. The use of a
high amperage level to increase deposition rates is a means avail-
able to expedite production.

The pipe whip restraints {PWR) were fabricated in a different
Leckenby shop than the SSW. Differences in shop foreman,
production emphasis, attitudes and/or supervision competency may
explain the SSW/PWR UT results. Refer to Table III.C.10 for PWR

defect information.

Leckenby SSW Weld Map Design Review

Burns and Roe performed a review of 166 Leckenby weld maps. All SSW

structural members and associated welds illustrated on the contract



drawings were shown and documented on the Leckenby drawings.
Six design related concerns were identified in the detailed
review of 20 Leckenby weld maps, but none have proven to be

structurally significant. (Refer to Concern No. 26 for details.)

10. Conclusions

a ~

b.

Based on a complete review of the weld related Leckenby
quality records and the recently performed visual inspection
and nondestructive examinations, it is concluded that Leckenby
performed the visual inspections on the SSW required by the
specification and repaired the identified defects.

The recently performed UT results verified that the inspection
and repair of the SSW electroslag welds by Leckenby was"

adequate followup action on this problem process, even though
Leckenby did not assess and correct their electroslag fabrication
difficulties.

c ~

d.

e.

Leckenby records indicate that they performed more UT for
lamellar tearing on the SSW than was required by specification.
The examinations recorded no lamellar tearing or unacceptable
indications. The UT defect repair criteria was more restrictive
than what the specification required. The recently performed
UT provided no results to indicate that Leckenby overlooked
lamellar tearing or laminations.

The Burns and Roe visual inspection of the SSW only identified
defects in 12% of the accessible welds. These defects, with
exception to undersized and convex fillet welds, affect only
a short part of the individual weld lengths. The defects are
mainly associated with weld profile and workmanship. Host of
these defects and their projections to inaccessible welds will
not be detrimental to the performance of the SSW. Included
are porosity, undercut, crater fill, arc strikes, and postulated
slag inclusions. This conclusion is based upon the limited
extent of the defects, the design loads based on the conservative
static analysis in subsection III.B, and their minor significance
for structures which do not experience cyclic loading. The
undersized fillet welds were evaluated for plastic collapse in
subsection III.D and found acceptable for service considering
the design loads and projected occurrence of critical defects
of this type.

The visually identified defects by site construction contractors
were few in number. The HT they performed resulted in a 11.6%
rejection rate, not considered abnormal -for a structure fabricated
with only visual inspection required (excepting the lamellar
tearing UT). With exception to defects on open nonconformance
reports, these defects have been repaired.



9 ~

The recently performed MT on undersized fillet welds found
no cracks or lack of fusion. These results in conjunction
with the Burns and Roe visual inspection provide confidence
in the general soundness of the fillet welds and the low
probability for cracking of those that are undersized.

The recently performed UT identified root defects, characterized
as incomplete penetration, in welds associated with the FCAW

and SMAW processes. These defects were analyzed in a generic
manner and found acceptable (refer to subsection III.C.7).
In addition, this UT did not identify the type of defects
anticipated due to unqualified welding procedures (refer to
Concern No. 23).

Preliminary review of the initial concerns for weld quality
raised the possibility of existing cracks and lack of fusion
defects throughout the SSW. Careful examination of each concern,
together with the findings of the Burns and Roe visual
inspection and additional MT and UT establish that this is
not the case. In general, as discussed above, the weld
quality was found to be acceptable. Based on the Task Force
investigati'on, it is concluded that there is not a major
problem with the as-built weld quality of the SSW.

By extrapolation of the previous site construction
contractors'isual

and MT findings, it could be postulated that there are
cracks and crack-like defects present in the SSW. In addition,
it is recognized that defects similar to those recorded and

repaired could be assumed to exist in the inaccessible welds
of the SSW. An assessment of the structural significance of
known and postulated defects in the SSW (refer to Table III.C.11

for a general summary) is presented in subsection III.D. This
assessment -considers the potential for failure by both brittle
fracture and plastic collapse (weld overload) and concludes that
the as-bui 1 t SSW wi 1 1 perform its design func)j~ns under normal,
seismic, and postulated accident conditions.

(a) This subsection and its conclusions is addressing the
general SSW weld quality, not the elevation 541'-5" plug
weld issue. The partial penetration weld discussed in
Concern No. 1 is required and is separate from the above
statements.
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TABLE III.C.1

LECKENBY ELECTROSLAG WELD VISUAL INSPECTION DEFECT HISTORY

Incom lete Re'ection Ta Data

Defect T e

- Cracks
LOF
Undercut
Porosity
Underfill
Not Welded Out(

)Miscellaneous

No. Recorded

2
195
114

28
23
66
26

Field Ins ection Re ort Data

Defect T e

Cracks
LOF
Undercut
Underfill

No. Recorded

12
19

9
3

Total Electrosla Weld Defect Data

Defect T e

Cr acks
LOF
Undercut
Porosity
Underfill

. Not Welded Out
Miscellaneous

No. Recorded

14
214
123

28
26
66
26

Defect Percent X)
(b)

1.1
16.8
9.7
2.2
2.0
5.2
2.0

(a) Miscellaneous consists of burnthrough,-washouts, blowouts
and restarts.

(b) Number of specific defects in total electroslag weld
population (1273).

0
NOTE: One base material crack was recorded and repaired. One

base material pin hole was recorded and repaired.



TABLE III.C.2

LECKENBY ELECTROSLAG MELO OEFECT CHARACTERIZATION

Oefect Type

Cracks( )

LOF

Undercut

Underfill
Porosi ty

Min.

1

2

3/4

Length (in.)
Max.

9

39

24

24

19

Avg.

2.6

6.9

8.2
9.1
5.7

Sample Size

14

202

50

14

20

(a) One 2j; inch long crack was recorded as being 14 inch
deep. Review of the fabrication drawings revealed the
crack was through the weld, 1>4 inch thick by design.

~ (b) Sample size is smaller than the defect number recorded
in Table III.C.1 due to the lack of descriptive infor-
mation on all recorded defects.

(c) The maximum dimension of the area affected by the poro-
si ty.



TABLE III.C.3

LECKENBY FCAW AND SHAH VISUAL INSPECTION DEFECT HISTORY

Incom lete/Re'ection Ta and Field Ins ection Re ort Data

Defect T e

Cracks
Crater Fill
Linear Indications ( )

Excess Reinforcement

No. Recorded

7 (5 SMAW, 2 FCAW)
1

2
1

Defect T e

Undercut
Undepjze
Rol 1

Low(c)

Sho Weld Ma Data

No. Recorded '(d)

389

7
8

(a) Associated with vent plug welds.

(b) Not defined, assumed related to contour.

(c) Not defined, assumed as underfill or concavity.

(d) The defects were distributed as follows:
FCAW - 366, SMAW - 42.



TABLE I'II.C.4

SITE CONSTRUCTION CONTRACTOR VISUAL DEFECT CHARACTERIZATION

DEFECT TYPE LENGTH in.) REMARKS

Crack

Crack

Crack

Crack

LOF =

LOF

LOF

LOF

LOF

Undercut

Undercut

Undercut

Porosity

Sl ag

11/16

cB

cB

<S (a)

Base material

Fillet weld

Base material

Base material

Plug weld, hole repair

1/16" to 3/32" deep

(a) Affected weld length.



TABLE III.C.5

SITE CONSTRUCTION CONTRACTOR MT DATA SUMMARY

Examination Summar

Total MTs (base metal and welds)

Total Acceptable MTs

Total rejectable MTs

X Rejectable MTs

726

642

11.65

MT Defect Breakdown

Defect T e No. Recorded

Cracks

Porosity

Sl ag

Linear Indications

17

17

LOF

Miscellaneous (a)

Unknown (b) 24

(a) Miscellaneous consists of undercut, cold lap and gouges.

(b) Based on the majority of repair related statements, e.g.,
blending, grinding, etc., it is assumed that a 1'arge number
of the unknown defects were surfac'e linear indications.



TABLE III.C.6

SITE CONTRACTOR MT DATA DEFECT CHARACTERIZATION

DEFECT TYPE LENGTH in.) REMARKS

Crack

Crack

Crack (a)

Crack

Crack

Crack.

Crack

Crack (a)

Crack (a)

Cr ack

LOF

LOF

Linear Ind.

Linear Ind.

Linear Ind.

Linear Ind.

Sl ag

Sl ag

Slag

Porosity

Poros i ty

Slag

(a) Located in base material.

13

AJ 4

1/2

1/2

5/8

1/8

—1/8 inch deep

+1 inch deep

Fillet

Fillet

Fillet

Fillet

Shallow

+I/2 inch deep

Shallow





TABLE III.C.7

BURNS AND ROE VISUAL INSPECTION DATA

~Sugar

Total Welds Evaluated

Total Acceptable Welds

Total Welds with Visual. Exceptions

X Exceptions by Weld

No. Fillet Welds with Exceptions

No. Groove Welds with Exceptions

1170

1030

140

12%

128

12

Defect Breakdown

No. Recorded

Cracks

Undercut

Porosity
Crater Fill
Underfill
Overlap.

Convex Fillet
Excess Reinforcement

LOF (

Arc Strikes
Undersize Fillet

Hone

5

58

38

1

5

5

31

5

9

68

(a) These incomplete fusion defects are less than 1 inch in
length and may in actuality be acute fillet re-entrant
angles or indications other than lack of fusion between
the base metal and weld.

(b) Percentage of fillet weld length affected varies.



TABLE I II. C. 8

BURNS AND ROE VISUAL INSPECTION

Defect Characterization

Defect T e Min.

Length (in.)
Max. Sam le Size

LOF

Underfill

Undercut

Undersize Fillet
Convex Fillet

1/16

1/2 X 1/32

1/4 X 1/8

5/8 X 3/16

1/2

4 X 1/8

'2 X 1/16

26 X 1/4

48 X 1/8
4'a)

Dimensions given are length by depth, typical for undercut,
undersize or convex fillet. Underfill is associated with
a butt weld.



TABLE III.C.9

SSW DEFECT IDENTIFICATION SUMMARY BASED ON VISUAL INSPECTION

Total SMAW Welds

Total SMAW Welds with Defects

X Rejectable SMAW Welds

4599

128

2.8Ã

Total Self-Shielded (SS) FCAW Welds

Total SS FCAW Welds with Defects

/ Rejectable SS FCAW Welds

3122

85

2.7%

Total Gas-Shielded (GS) FCAW Welds

Total GS FCAW Welds with Defects

5 Rejectable GS FCAW Welds

3848

372

9.7X

Total Electroslag Welds (ESW)

Total ESW with Defects

X Rejectable ESW

1273

388

30. 5'4

Total Welds all Processes

Total Welds with Defects

X Rejectable Welds

12842

973

7.6A

(a) Includes data based on Leckenby visual inspection during fabrication
and data from the Burns & Roe visual inspection.

(b) Total welds means total of that process in the SSW.



TABLE III.C.10

PWR DEFECT INFORMATION

ESW UT DEFECTS

Defect T e

Shr ink
LOF

62K ESW weld r e jecti on rate.

No. Recor ded

11

7

Defect T e

Shrink
LOF

ALL PROCESS UT DEFECTS

Incomplete penetration
47K weld rejection rate.

No. Recorded

11

26

53

The fillet weld MT rejection rate is 41$ ; primarily comprised
of linear indications at the weld toe.

(a) Results are through April 30, 1980, and represent approxi-
mately 25K of the PWR's.

(b) Found to be weld centerline cracking on those welds excavated
to date.



TABLE III.C.11

SUHHARY OF WELD QUALITY

KNOWN AND POSTULATED DEFECTS

KNOWN DEFECTS POSTULATED DEFECTS

PROCESS TYPE SOURCE TYPE SOURCE

ELECTROSLAG

1. Porosity (iso-
lated case)

2. Subsurface planar

l. (B&R)
Visual'nspection

2. Task Force UT

1. Porosity

2. Cracks

3. Lack of fusion at
corner of joint

l. Extrapolation of known
case.

2. Cracks identifi'ed by
Leckenby visual inspection-
No additional NDE used in
problem followup.

3. Possibility of slag entrap-
ment defects behind steel

FLUX CORED

.ARC

SHIELDED HETAL
ARC

l. Underfill/under-.
size fillets

2. General workmanship/
process control de-
fects (see Note 1.)

3. Incomplete root
penetration

l. Underfill/under-
size fillets

2. General workmanship/
process control
defects (see Note I.)

3. Incomplete root
penetration

1. B&R visual
inspection

2. B&R visual
inspection

3. Task Force UT

2.

B&R visual
inspection

B&R visual
inspection

3. Task Force UT—

l. Underfill/undersize
fillets

2. General workmanship/
process control defects

3. Incomplete root
penetration

4. Cracks

l. Under fil1 /unders ize
fil1 ets

2. General workmanship/
process control defects
(see Note 1.)

3. Incomplete root pene-
tration

4. Cracks

2.

Extrapolation of B&R visual
inspection data.
Extrapolation of B&R visual
snspectson data.

3. Extrapolation of known cases
to other FCAW welds.

4. Extrapolation of site con-
tractor HT data to t elds

l. Extrapolation of B&R visual
inspection data.

2. Extrapolation of B&R visual
inspection data.

3. Extrapolation of known case to
other SHAW welds.

4. Extrapolation of site contrac-
tor HT data to other welds.

Note l. Includes undercut, porosity, craters, overlap, convex fillet,
excess reinforcement, LOF, arc strikes.





FIGURE III.C.I

No lamellar
tearing observed

Electroslag weld

Type A
SSW Outside Surface

Electroslag weld

SSW Outside Surface
Type B



III.D Structural Assessment

Introduction

The scope of this section is to assess the effect of known and

postulated defects identified in subsection III.C on the structural
integrity of the sacrificial shield wall.

In performing this assessment, the services of the United Kingdom

Welding Institute were retained to advise on appropriate method-
ologies, to provide materials data and to assist in the overall
structural integrity evaluation.'he Welding Institute was

retained because of their wide experience in the fracture safe
design and evaluation of welded structures.

The Welding Institute provided an interim report which is included
as Attachment 1 to this report. The interim report was initially
produced as a draft. This draft was reviewed by the Supply System
and comments transmitted to the Welding Institute together with
additional data and information (Reference III.D.1). The
interim report. includes this additional data and modifications
resulting from these comments. This Welding Institute report
(No. 22526) should be read before the remaining par t of this
section.

It should be noted that additional data has been developed since
the writing of the Welding Institute report. Thus, there are
discrepancies between the Supply System report and the Welding
Institute report. In these cases the data in the Supply System
report is- more current and accurate. The new data is not judged
(by the Supply System) to affect the general conclusions of the
Welding Institute report, except for the conclusions and recom-
mendations relating to the possibility of failure by plastic
collapse of the pipe whip restraint attachment areas. A letter
to the Welding Institute pointing out discrepancies in their report
and providing additional information is attached to this report
(refer to Attachment 3).

It is planned to transmit all additional data to the Welding
Institute at the completion of the material testing. At this
time a final report will be prepared by the Welding Institute
and transmitted to the Supply System.

The sacrificial shield wall was built using visual inspection for
acceptance of welds. Visual inspection does not provide a high
confidence of freedom from internal weld defects in a welded
structure of this type. In addition, the information presented in
section III.C leads to the conclusion that some defects or
deficiencies remain in the sacrificial shield wall. The primary
aim of the structural integrity assessment was to determine the
effect of postulated defects on the performance of the sacrificial
shield wall under normal and design loadings.



This assessment consisted of the following:

o Definition of methodology,

o Definition of controlling material properties,

o Definition of operating temperature,

o Evaluation of integrity, and

Conclusions.

2. Methodology

a 0 Introduction

A general and specific discussion of the methodology is given
in Attachment 1.

Failure by both fracture and plastic collapse was considered.
Other failure modes such as fatigue, corrosion, and stress
corrosion are not relevant.

b. Fracture Safe Evaluation

Evaluation of the fracture safe design of the sacrificial
shield wall was performed using the crack arrest/failure
analysis diagram approach developed by Pellini and co-workers
at the Naval Research Laboratories (Reference III.D.2).
Briefly, this approach suggests that if a structure operates
at a sufficient margin above the nil-ductility transition
temperature (NDT) then unstable fractures which initiate
from preexisting defects in weld joints will arrest in the
base material or weld metal. Thus, structural failure is
prevented.

The margin above the NDT required to satisfy this arrest
criterion is dependent on both thickness and applied stress.
Required margins for various combinations of stress/thickness
are given in Table III.D.1.

This approach avoids the need to pr edict conditions for
initiation of unstable failure in the weld zone. Such
predictions are difficult in welded structures which have
not been stress relieved because of the combination at welded
joints of residual stresses and regions of low fracture toughness.

Thus, if the crack arrest criterion is met during operation,
then structural failure by brittle, elastic fracture will not
occur even though defects, both cracklike and non-cracklike,
are assumed to be in the weld joints. Using this approach,
the size of the defects is not critical as large through-thick-
ness flaws will arrest.



This crack arrest methodology is founded on testing
(both small and large,sc'ale tests) and on engineering
experience (refer to Reference III.D.2).'n the one
hand there are many welded structures, made from
structural steels of the type used in the sacrificial
shield wall, which operate successfully 'in the as-welded
condition at or below their NDT temperature. All of
these structur es will contain some defects in the weld
joints. „ Examples include bridges, buildings, and ships.
A very small proportion of structures of this type do
fail (References III.D.1, III.D.2 and III.D.3). The
crack arrest criterion is supported by the fact that
most failures occur below or at the NDT temperature.
Only in very rare circumstances do failures occur above
the NDT. An example was th~ Ingram barge (Reference III.D.3).
It failed at NDT + 20 to 30 F with an applied stress of
about 2/3 the yield stress. Thus, it is considered that
the margins given in Table III.D.l provide a conservative
margin against brittle fracture.

In this context it should be noted that )he Nuclear Regulatory
Commission recommended a margin of 30-60 F above the NDT

(depending on thickness) in their evaluation of the potential
for low fracture toughness of NSSS component supports on
operating PWR's (Reference III.D.5). A recent supplement to
Re(erence III.D.5, Reference III.D,6, recomnends a margin of
40 F with a thickness of 3 inches. Nany of the structures
evaluated'ere similar, in terms of design and fabrication
requirements, to the sacrificial shield wall.

Evaluation of Potential for Plastic Collapse

The potentially most severe failure mode would be fracture
under elastic 'stress and this has been discussed above.
However, even though the structure operates in a ductile
regime, above the NDT, the potential for failure by plastic
collapse must also be considered. 'lastic collapse can
occur in the presence of large defects if the stress on the
remaining material around the defect exceeds some critical
value. This value in practice is probably close to the
ultimate tensile stress.

However, for conservatism a lower stress is often used (see
Attachment I).
Whereas brittle fracture usually initiates from cracklike or
sharp defects, plastic collapse can theoretically result from
any defect which reduces the load bearing cross section. This
includes cracks, lack of fusion, underfill, undersize welds,
etc.

In Table 5 of Attachment I the critical flaw sizes for collapse
have been calculated for various postulated defect-loading
geometry-load rate combinations.. All these calculations assume
an acceptable design stress equal to the yield stress. It can



be seen that even in the worst case large flaws are
required. Recent analysis of the stresses acting upon
the sacrificial shield wall (see subsection III.B of this
report) indicates that the maximum stress will be close
to half the yield stress rather than the yield stress.
Thus, critical sizes for collapse are then much larger than
those shown in Table 5 of Attachment 1. The critical defect
sizes for an applied stress level of half the yield have
been calculated and are, presented in Table III.D.2 of
this report.

3. Definition of Material Properties

a. Basic Material Properties

A tabulation of materials in the sacrificial shield wall is
given in Table 1 of Attachment 1. ASTM A36 was used in the
form of both plate and rolled shapes; A588 as plate only.

The tensile properties used in the plastic collapse calcu-
lations are given in Table 5 (Attachment 1). The fracture
properties for each material are given in Table 3 (Attachment 1).

The fracture safe design evaluation requires knowledge of an
upper bound NDT temperature for each type of material. For
some materials this data is available. For others correlations
based upon Charpy impact data was used. Details of this
correlation together with supporting data are given in
Attachment 1.

It was concluded that the upper bound NDT of A36 plate, A36
rolled sections and all weld deposits, except the electroslag
weld deposits, could be adequately defined. These values are
given in Table III.D.3 of this report.

For the electroslag weld deposits insufficient data was obtained
to confirm an upper bound NDT value with high confidence. A

program is underway to obtain this informati~n and it is felt
unlikely that the maximum NDT will exceed 20 F for the electroslag
weldments. In the interim the maximum NDT values given in
Table III.D.4 of this report have been assumed. These are based
on the data available.

For A588 plate st~el industry sources indicate a range of NDT

values from 10-80 F. Because of this wide range, and the
limited number of heats of A588 in the sacrificial shield wall,
a program is underway to obtain and test samples of material
from the sacrifjcial shield wall. In the interim, an upper
bound NDT of 80 F has been assumed.

Most of the A588 material in the SSW is Grade B or Grade H. One
heat of Grade A was used as stiffener plates in the top ring
(ring 6). Charpy impact data for this heat is available and



shows an energy value in excess of 100 ft. lbs. at 40 F.
0

Thus, it is concluded that the Grade A material is not
limiting in the fracture safe assessment of the SSW.

b. Effe'ct of- Cold Bending

The assumed NDT values for the A36 and A588 plate are based
upon the as rolled condition. Some plates have been cold bent
to the radius of the SSW. A discussion of the potential effect
of this cold work on the toughness of the material is presented
in Concern No. 6.

Because of this new insight, tests will be performed to measure
the effect of cold bending on the NDT temperature. The
results of these tests will be reported with the additional
data on electroslag welds and A588 material. Indications from
previous. testing discussed in the Melding Institute report are
that the NDT effect from this cold work should be minimal.

4. Definition of Operating Temperature

A study has been performed to provide predictions of the normal
operating temperature of the sacrificial shield wall (Reference III.D.7).
The inside wall temperature is controlled by the flow of air up the
cavity between the sacrificial shield wall and the reactor pressure
vessel. The outside wall temperature is controlled by the drywell
ambient air temperature. [he predicted range of normal operating
temperatures is 100 to 135 F.

5. Evaluation of Sacrificial Shield Wall Structural Integrity

a. Introduction

In assessing the SSW structural integrity, failure by plastic
collapse and elastic brittle fracture have been considered. The
worst case defects assumed in this evaluation are tabulated in
Table III.D.5. Refer to subsection III.C for a full discussion of
the defects found in the SSW.

b. Brittle Fracture

Under normal operating conditions the maximum applied stresses
are very low, less than 0. 17 x yield stress. Under these
circumstances and at a minimum temperature of 100 F, the margin
between the maximum NDT temperature and the operating temperature
far exceeds that required to assure crack arrest conditions for
all materials-in the sacrificial shield wall except ASTM A588

.(see Tables III.D.1, III.D.3 and III.D.4).

Under normal and seismic loads the maximum stress levels
are less than 3(C.of the yield str ess and the margins
again exceed those required for crack arrest with the
exception of A588.



Even with the extremely low probability condition when seismic
loads are postulated to coincide with pipe rupture, the design
stresses are less than 50% of yield and adequate margin is
provided to assure arrest, again with the exception of A588.

For A588 there is an indication that crack arrest conditions
may not prevail if worst case material is present in the wall.
To resolve this question samples are being extracted and tested.
The final conclusions with respect to this material will be
dependent on the results of these tests. However, the concern
over the A588 is placed in perspective when it is realized that
this material was used only for the top channel of ring 6, less
than 5Ã of the SSW volume. For the electroslag weld metals, the
assumptions of maximum NDT have been based on little available
data. -Therefore, as previously discussed, additional tests are
being performed to confirm these assumptions.

The applied stresses used in arriving at these conclusions are
based upon dynamic analysis with a simplified model. As
discussed in subsection III.B, these analysis results are
considered conservative. High confidence exists that the
current stress values are upper bound and a three-dimensional,
finite element dynamic analysis is being performed for further
confirmation.

Plastic Collapse

Of those worst case defects listed in Table III.D.5 the following
types cause some concern for plastic collapse:

o Lack of fusion in the electroslag welds,

o Cracks,

o Undersized fillets,
o Underfill, and

o Lack of penetration.

The lack of fusion defects in the electroslag welds have been
shown to be shallow rather than deep, corner defects.

Of the others only the undersized fillets come close to the
critical defect sizes for collapse shown in Table III.D.5.
It is apparent that at applied stresses of half yield very
large defects are required to cause collapse and the probability
of occurrence is low.

The undersize fillet data collected from the Burns and Roe

visual evaluation has been analyzed. Bur ns and Roe examined
1170 welds from a total of 12842 in the SSW. This visual
inspection included both fillet and butt welds.



Of the 1170 welds, 68 were fillet welds which were undersized
or had areas of underfill in varying amounts. This represents
5.8% of the 1170 welds. Of these 10.3X had effective reductions
in weld area of 504 or more. The 50K reduction in weld area
represents the smallest critical defect size for plastic
collapse from Table III.D.2.

Thus, 0.6% of those welds examined exceeded this criteria. As

the total sample of welds examined included butt and fillet welds,
it is not possible to directly extrapolate the data to the SSW.

However, because of the preponderance of fillet welded skin plates
on the outside of the SSW, the proportion of fillet welds will be

higher than that for the SSW as a whole.

Therefore, if we extrapolate the data to the remainder of the
wall, it will give a conservative estimate of the number of welds
which exceed the 50K criterion. The extrapolation yields a total
number of welds exceeding this criterion of 77 (0.6% X 12842).
Thus only a very small number of defects may potentially approach
the critical size for plastic collapse.

All of the known defects which approach or exceed the critical
defect size for plastic collapse were undersized fillet welds.
The specified weld sizes ranged up to 5/8 inch, with most
being 3/8 inch. These welds attached skin plates to the outside
of the SSW. Only one short area of underfill was found on the
butt welds examined.

The primary structural member to member welds are mainly full
penetration butt welds. Thus, the probability of occurrence
of underfill or undersize weld defects exceeding the plastic
collapse critical defect size on the primary structural welds,
is extremely low; no such defects have been observed.

From Table III.0.5 it can be seen that the largest characterized
cracks do not approach the critical flaw size for collapse.
Also, no cracks have been identified by the additional surface
and volumetric inspections performed for the Task Force.

Thus, there is no reason to assume the presence of defects
which exceed the critical size for plastic collapse in the

~ butt welds of primary structural members.

The potential for plastic collapse is further reduced by the
design of the SSW. For plastic collapse to occur large
strai>is and displacements are required. Also large amounts
of energy are absorbed. The sacrificial shield wall is a

redundant structure in that loads are transmitted through
many members in parallel. The displacements which can be

applied to a specific weld joint are limited by those permitted
by parallel joints. In view of these considerations, the large
size of defects required to cause collapse in a given joint and

the low probability of occur rence of such a defect, it is felt



that the potential for plastic collapse of the sacrificial
shield wall .is negligible.

Initially there was some specific concern over the potential
for plastic collapse adjacent to, and underneath, pipe whip
restraint attachments. It was felt that in these localized
areas some members might be fracture critical with little
redundancy. These concerns are discussed in the Welding
Institute report. However, more close examination has shown
that in most instances the pipe whip restraints are welded to
several members and that multiple load paths are present as in
the bulk of the SSW. Figure III.D.1 illustrates this condition.

Those cases where small pipe whip restraints were welded to
only a small number of members were also reviewed, as an
example (see Figure III.D.2). Sample nondestructive exam-
ination of these areas were performed- and the welds surrounding
the attachments were reviewed against the Burns and Roe
visual evaluation data. No defects approaching the critical
size for plastic collapse were observed for these attachments.
Thus, it is considered that no reasonable risk of plastic
collapse exists. for these structures.

6. Conclusions

a 0

b.

c ~

For most structural materials used in the SSW it is concluded
that there is adequate margin above the maximum NDT to provide
crack arrest conditions at the minimum normal SSW operating
temperature, the primary exception being for A588 material.

For the electroslag weld joints, the assumed upper bound values
of NDT are based upon available literature data. Additional
data from procedure qualification weldments will be generated
for confirmation due to the existing small data base.

Available data indicates that crack arrest conditions may not
be provided for A588 Grades 8 and H under normal operating
conditions, if worst case material is in the SSW. Additional
data from specific heats used in the SSW is required to
characterize their toughness. This data is currently being
obtained.

d. Crack propagation in the heat-affected zones of welds other
than electroslag welds is highly unlikely because of the profile
of the heat-affected zone, the small size of this region and the
tendency of longitudinal residual stresses to drive cracks into
the base material.

e. The risk of plastic collapse in the SSW is remote because of
the very low probability of occurrence of defects of critical
size and the existence of multiple load paths in the structure.



f. The cold bending of the A36 and A588'lates may have increased
the NDT temperatures from those assumed for as-rolled olate.
Data from the Welding Institute indicates the shift should be
small. Testing is being performed to confirm this assumption.
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TABLE III.D.1

TEMPERATURE MARGIN ABOVE NDT

RE UIRED TO PRODUCE CRACK ARREST

Material Thickness

Applied Stress

5 of ield 2" 3
I I

0.25 10(a) 25 40

0.5 30 45 60

0. 75 45 60 75

1.0 60 75, 90



TABLE III.D.2
CRITICAL FLAW DEPTH TO THICKNESS RATIOS FOR

PLASTIC COLLAPSE ASSUMING LONG SURFACE BREAKING DEFECTS

Material
Design g
Stress Flow

Static Loadin
a/t

Tension Bendin
6
Flow

D namic Loadin

Tension Bendin

A36 18 47 0. 62 0. 50 77 0.77 0.61

A588 25 60 0. 58 0.48 99 0.75 0.59

E7018/A36

E7028/A36

E70T-G/A36

E70T-1/A36

EM12K/A36

18

18

18

18

18

66

66

66

66

56.5

0. 73

0. 73

0. 73

0. 73

0. 68

0. 58

0. 58

0. 58

0. 58

0.54

109

109

109

109

93

0. 84

0. 84

0. 84

0. 84

0.81

0.67

0.67

0.67

0.67

0.64

E7018/A588

E7028/A588

E70T-G/A588

E70T-1/A588

EM12K/A588

25

25

25

25

25

66

66

66

66

58-74

0. 62

0.62

0.62

0.62
0.57-
0.66

0. 50

0. 50

0.50

0.50
0.47-
0. 53

109

109

109

109

96-

122

0. 77

0.77

0.77

0.77

0.74-
0.80

0. 61

0.61

0.61

0.61

0.59-
0.63

A7018/A36/A588

E70T-1/A36/A588

EM12K/A36/A588

25

25

18

66

66

56.5

0. 62

0. 62

0.68

0.50

0. 50

0.54

109

109

93

0. 77

0. 77

0. 81

0. 61

0.61

0.64

a - flaw depth

t - „materi al thi ckness



TABLE III.D.3
UPPER BOUND NDT VALUES FOR THOSE

MATERIALS FOR WHICH ADEQUATE DATA WAS AVAILABLE

Material U er Bound NDT F . Mar in Above NDT at 100 F

A36 Plate
A36 Rolled Sections

Lincoln LH70 Weld Metal (E7018)

Lincoln NR-203M (E70T-G).

Chemetron 111 AC (E70T-1)
Lincoln LH3800 (E7028)

*Note (1) Maximum Thickness

+40

+54

-12

+40

+32

+30

60

46 *Note 1

112

60

68
70

of Rolled Sections is one inch.

TABLE III.D.4
ASSUMED UPPER BOUND NDT VALUES FOR

MATERIALS FOR WHICH INSUFFICIENT DATA WAS AVAILABLE

Material .U er Bound NDT F Mar in Above NDT at 100 F

Electroslag Weld Metal (EM12K/A36)

Electroslag Weld Metal (EM12K/A588)

ESW HAZ-A36

ESW HAZ-A588

ASTM A588 Plate (Grades B 8 H)

+20

+20

+20

+20

+80

80

80

80

80

20



TABLE III.D.5

SUMMARY OF WORST CASE DEFECTS IN WELDMENTS

~Re ion

Parent Plate

Defect T e

Ar c Strike
Lamellar Tears

Largest Reported
Length x Width x Depth

Inches

3/8 x 3/8 x 1/32
None

Potential
Failure Mode

F

P, (F)

We)d Metal Crack

Undercut

Undersized Fillet
Overlap

Underfill

Excess Reinforcement

Porosity

Crater Fill

Incomplete Penetration

Slag Inclusions

Heat Affected Zone H-cracking
Liquation Cracks

Fusion Boundary Lack of Fusion

None
None

8xOxO
39 x 0 x 0 (ESW)

13 x 0 x 1/8

8xOx3/32
24 x 0 x 0 (ESW)

26 x 0 x 1/4 ( )

3 x 0 x 1/8

4 x 0 x 1/8
24 x 0 x 0 (ESW)

72 x 0 x 1/4

8 x 0 (boundary area)
19 x 1 (boundary area, ESW)

1 x 1/2 x 3/8

48 x 1/8 x 5/32
(subsurface)

14xOx0

F, (P)
F

P, F

P, F

P

(P)

(P)

P, F

F = Fracture, P = Plastic collapse, ( ) - signifies lower probability

(a) 'Depth in the ..thru-thickness direction.

(b) 0 - signifies dimension unknown.

(c) One 24 inch long crack extended through the 14 inch thick electroslag weld.
No other such occurrences have been identified in the documentation.

(d) Worst case based upon percentage reduction in area from original weld size.

(e) Estimated from fit-up requirement.

(f) Available information from industry sources indicates a maximum depth for this
type of corner lack of fusion of 1/2".
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IV. CONCLUSIONS

A.

B.

As discussed in subsection III.C, the general weld quality of
the sacrificial shield wall is acceptable. The SSW is not un-
typical of a structure welded to AWS 01.1 with visual inspect-
ion being the only method of weld examination.

However, based on the fact that visual inspection does not
identify subsurface defects and that defects have been found
by visual inspections and nondestructive examinations subse-
quent to erection of the SSW, it is concluded that various
defects, both known and postulated, exist in the SSW. ( It
should be noted that the known and postulated defects envelop
potential defects associated with nonconformances in documen-
tation.)

For normal operation and postulated seismic conditions, the
stresses are low, 17 and 27K of the yield stress,
respectively. With these stresses the potential'or failure
of the SSW in consideration of the known and postulated defects
by brittle fracture or plastic collapse is negligible. No

other failure modes are relevant to this assessment.

C.

D.

During postulated accident conditions, the maximum stresses are
less than 50Ã of the yield stress (refer to subsection
III.B). When considering the known and postulated defects in
the SSW, it is concluded that the SSW operating temperature
provides adequate margin above the nil-ducti 1.ity transition
tempe'rature (NDT) of the SSW materials (with exception to A588)
to ensure that failure by unstable brittle fracture will not
occur (refer to subsection III.D).

Testing is being performed to determine the NDT for A588 mater-
ial in the SSW. Final disposition of the top channel of ring 6

in the SSW is pending these test results.

Under postulated accident conditions, less than 1% of the welds
in the SSW are projected to have defects that approximate the
critical defect size for plastic collapse. Specifically, this
applies to undersized fillet welds found on the outside of the
SSW. In consideration that the majority of welds internal to
the SSW are butt welds, the projection is very conservative.
In addition, the principal structural welds are primarily butt
welds, and multiple, parallel load paths exist in the SSW

which would prevent large displacements of individual members
(refer to subsection III.D).

Thus, it -is concluded with reasonable assurance that failure of
the SSW by plastic collapse will not occur.



~ i

~ i



E. A partial penetration groove weld has been proposed to correct
the plug weld deficiencies at elevation 541'-5" (refer to Con-
cern No. 1 and Attachment 4 for details). The welding proced-
ure for the partial penetration weld has been qualified per
AWS D1. 1. In addition, this weld has been structurally analyzed
and found acceptable with a design margin in excess of 2.0.

For details on 'the joint preparation, inspections, welding and
structural analyses, refer to additional information in Attach-
ment 4.

Concern No. 2 discusses the shim gap shielding repair program.
This program is implemented after the joint preparation, but
prior to the welding of the partial penetration weld.

F. Based on the results of the Task Force investigation, it is
concluded that construction may proceed on the SSW at this time
including the incorporation of the necessary .repairs (refer to
Concern Nos. 1 and 2).

The top channel of ring 6 of the SSW, fabricated with A588 mat-
erial, should remain on construction hold pending completion of
the A588 NDT testing.'f the NDT results conclude that the
A588 material is not susceptible to brittle fracture during op-
eration, the top channel of ring 6 may be released from con-
struction hold.

If the NDT results do not ensure that the AS88 material will be
in the crack arrest condition, nondestructive examinations will
be performed to identify and characterize defects, if any, in
the A588 weldments which may initiate fracture. Repair of such
defects will then be performed.



APPENDIX A

ITEMIZED SSW CONCERNS

Concerns relative to documentation nonconformances have been
technicall evaluated by the Task Force for their influence
on t e capability of the as-built SSW to perform its design
functions. The specific conclusions reached in some of the
enclosed concerns are not a statement with respect to the im-
portance of the Code, procedure or quality requirements. No

intent is made to downgrade their significance or to relieve
the Supply System of responsibility for the nonconformances.

Note: The itemized concerns not addressed in this Appendix
(refer to G02-80-28) are either not applicable to
the SSW or carry no additional implications from the
pipe whip restraints that are not already discussed
herein.



CONCERN NO. 1

Ring 3 and ring 4 of the SSW are not welded together as structurally
required and as shown on the applicable design drawings. Numerous

plug welds were made to shims between the rings (El. 541'-5"), rather
than welding the rings together. As a result, design calculated
horizontal shear loads under postulated loading conditions cannot be

properly transmitted between rings 3 and 4.

BACKGROUND

Based on allegations received by NRC Revion V on the use of shims,
drawing reviews and SSM field inspection,. it was determined that shims
between rings 3 and 4 did prevent the required joining of the rings by
plug welds. Leckenby Company was requested to provide the "as-built"
size and location of the installed shims. The pre-fabricated shims
located at the columns showed discontinuities where plug welds were to
be installed.

Pilot drilling through the shim packs (horizontally) showed no plug welds
between the shims, indicating the shims were not coped in the plug weld
areas. To confirm the use of plug welds, a compartment immediately above
El. 541'-5" was opened and the concrete removed to inspect the plug welds
from ring 4. Although plug welds were found, UT of the welds indicated
ring 4 was indeed welded to the shims, not ring 3.

CONCERN RESOLUTION

The load transfer resolution is to provide.a partial penetration groove
weld around the SSM circumference at El. 541'-5" to join ring 3 to ring 4.
The weld has 24 sections, each section located between the column splice
plates. From the load transfer/design viewpoint, a minimum overall weld
depth of 2 inches; corresponding to an effective weld throat of 1-7/8 inches,
is maintained throughout the weld sections.

This corrective measure was selected for the following reasons:

~ This type weld can be easily designed with sufficient strength,

~ The methods used in preparation for the weld and the actual welding
conform with normal welding practices, and

~ The in-place weld contributes to and reinforces the measures adopted
under Concern No. 2 to prevent radiation streaming at the El. 541'-5"
ring interface.

Details of the welding procedure qualifications, joint preparation, inspect-
ions, implementing instructions and structural analyses are provided in
Attachment 4.
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CONCERN NO. 2

Voids in the concrete have been identified in the SSW. The voids recently

identified may affect the previously accepted corrective action plan,

due to the potential increase in magnitude of the void problem. This

plan may involve use of the operating plant to confirm adequate shielding

and/or detect additional voids. Shim gap voids also exist between rings

3 and 4 of the SSW (refer to Concern No. 1).

'ACKGROUND

I. A 100% inspection, survey reveals the existence of forty (40) gaps

between shims at elevation 541'-5". This concern is documented by

this survey and on NCR-215-5688.

II. A concrete void was discovered in an upper SSW compartment (315 )
0

while chasing a linear indication on the outside of the wall. This

void was documented via NCR-215-3698. Two more concrete voids were

discovered at the upper corners of a compartment located above

elevation 541'-5" (P = 0 -15 ) after removal of a skin plate to

inspect for plug welds. This concern is documented on NCR-215-

4884. Discovery of these voids makes locations of similar geometry

and fill procedure suspect.

III. Shielding Design Aspects of the Sacrificial Shield Wall

A. Function

The sacrificial shield wall (SSW) is designed to shield

el,ectrical and mechani.cal.components, some of which are

safety-related, from excess operational radiation which may

impair their design functions. It shields personnel in the

drywell during shutdown and minimizes neutron activiation of
material and equipment in the drywell. In addition, the

SSW'rovides

supplemental- biological shielding for the reactor

building during plant operation. These shielding functions

are independent of any structural considerations.
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B. Design Concept

The SSW design concept is based on General Electric criteria
and consists of two feet of ordinary concrete between steel

skin plates in addition to an outer two inches of steel

shielding plate in the active core region.

C. Method of Shielding Analysis

The analytical method consisted of using the NRN one-dimensional

removal-diffusion computer code to calculate the neutron flux
distribution from the core through the vessel, sacrificial
shield and biological walls. Calculated thermal neutron flux
distributions were used to generate capture sources, in addition
to prompt fission and fission product gamma rays, and were

Calculated with the'gAD point-kernel computer code.

Confirmation of the SSW shield design was done with the ANISN

one-dimensional discrete-ordinates computer code,'n a PB SB

mode, using the CASK coupled neutron-gamma ray cross section
data set. This analytical approach is the current standard

design tool for transport calculations of this problem type.
This design method is currently being benchmarked by various

organiz~tions, including ANS, EPRI and the NRC.

The ANISN results confirm the shielding adequacy of the SSW,

and, indeed, show that the original NRN results were conse'rvative.

'. Comparisons With Other Results

Calculated dose rates in the drywell are similar 'to those

experienced at other operating BWR plants and to calculated
results reported by SAI/EPRI, S8W, and GE. Thus, the SSW

shield design is adequate to shield the safety-related
components from radiation during the design plant life.
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CONCERN RESOLUTION

The following outline presents the resolution, implementation and

verification program to be implemented to resolve the two (2) afore-

mentioned concerns.

I. Gaps Between Shims at the 541'-5" Elevation of the SSW.

A. Examination

1. Survey at the 541'-5" elevation was performed on December

14, 1979 through December 18, 1979.

2. Location of all gaps, outline dimensions, depth of gaps,

and adjacent shim penetration were all documented during

this survey.

3. 100K inspection from 0 to 360 was performed.

B. Concerns

1. Forty (40) gaps between shims have been located and

documented.

2. The gaps vary in area and radial penetration. Twenty-

five (25) gaps extend the full radial thickness of the

SSW. The largest gap area is 5/8" x 2-1/2".

3. The 541'-5" elevation is 2-1/2" above the bottom of the

active core zone.

4. . The gaps represent potential radiation windows.
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C. Resolution

l. Back dam all gaps where required.

2. Apply BISCO NS-1 product (high density) into gap.

3. Allow to cure.

4. Examine gap for proper fill.

5. Insert thin sheet of insulatory material.

6. Insert backing ring (for weld). (a)

7. Make 2" circumferential weld.

8. Back-up verification with Startup radiation scan program.

D. Prototype Testing and Verification of Methodology

1. Construct channels which simulate detected gaps.

2. Perform steps C.l through C.4 above.

3. Develop procedure until fill is consistently verified.

4. Prototype testing was successfully completed at the WNP-2

site on May 29, 1980.

5. Construct mock-up (with four gaps) that simulate wall
configuration for 2" circumferential weld.

(a) Refer to Concern No. 1 PEDs
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6. Fill gaps with BISCO NS-1 (high density).

7. Install insulatory and backing ring materials.

8. Perform 2" circumferential weld.

9. Cut cross sections'f mock-up.

10. gualify shield material for heat
input.'l.

Mockup testing was successfully completed at the WNP-2

site on May 29, 1980.

E. Implementation

l. All work shall'e performed after the 541'-5" elevation
is arc-gouged and prepared for the 2" circumferential
weld

2. The 215 Contractor shall perform the following:

a. Vacuum clean all gaps.

b. Position man at nearest porthole to gap to observe
inner gap.

'.

Back dam gaps where required.

d. Apply BISCO NS-1 (high density) into gap as per
approved final procedure based on prototype methodology.

e. Insert insulatory material (for larger-type gaps).

f. Cut out and insert backing ring (A36-steel) to fit
outline of the gap.

(a) Refer to Concern No. 1 PEDs.



~,
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3. Make 2" circumferential weld.

4. Back-up verification with startup radiation scan program.

F. Back-Up Verification: Startup Radiation Scan Program

1. Purpose

a. Insure adequacy of fix program

b. Insure dose at location of safety-related components

does not exceed design criteria.

2. Primary Detector Locations

a. Shim gap (Elevation 541'-5")

b. Locations of detected voids:

c. Random sampling in drywell (especially active core

region) in areas of sensitive equipment.

3. Program (primary emphasis)

a. Measure total dose rate (neutron-gamma ray).

II. Concrete Yoids in SSM

A. Concerns

1. "Suspect" void location is based on compartment geometry

and concrete fill procedure (see Figures 4, 5 and 6 for
illustration of the three Categories ( I, II and III).

a Refer to Concern Ho. 1 PEDs.
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2. Skin plate removed at 541'-5" elevation (0 - 15 )

resulted in the discovery of concrete voids in the upper

corners of this compartment (Category I). Another void

was discovered at elevation 567'nd azimuth 315 which

is in .a Category III type compartment.

3. Possible existence of concrete voids in SSW compartments

based on numbers 1 and 2 above.

4. The active core region from 539'o 552's of primary
concern because of the flux reduction beyond this region.

5. Voids in the active core zone (539' 552') represent
radiation windows.

B. Examination

1. One hundred percent (1005) inspection of "suspect" void
locations for the 24 compartments (Category I) above

541'-5" elevation shall be performed. The reason for
this is that these compartments were filled from the
sides (rather than from the top), and because the existence
of concrete voids at this location (elevation 544'-5")
produces the most severe (mid-active core region)
consequence.

2. One hundred percent (100K) inspection of Category III
type compartments in the active core region shall be

performed.

3. Random sampling inspection of other Category II arid III
type compartments shall be made. Sampling shall be

expanded as required to achieve statistical level of
confidence.
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C. Resolution

1. Determine if concrete void exists at suspect location by

either drilling 3/4" 9 hole and boroscoping or by using

the pulse echo method developed by Portland Cement

Association.

2. Based on number one (1) above, voids shall be filled by

either pumping the shield material through a 1/2" 9 fill
hole with a minimum 1/4" 9 vent at the top of the void
location or by flowing {by gravity) the shield material
through a 3/4" 5 hole at the top of the void location.

3. 1/4", 1/2", or 3/4" 9 holes shall either be plug welded

or threaded and capped closed.

4. Above methodology shall be developed and verified through

prototype testing.

5. Shield material shall be BISCO NS1 (high density) or
Owner approved equivalent.

0. Prototype Testing

l. Identify six (6) compartments at the 541'-5" elevation
(high suspect - Category I) that are accessible and where

the skin plates can readily be removed.

2. Choose two (2) of the six (6) skin plate/compartments.

a ~ Utilize pulse echo method (microseismic technique)
to look for voids at upper corners of the compartment

(high suspect).
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b. Drill 3/4" 5 holes and boroscope to look for voids

at upper corners of the compartment.

c. Based on b above, drill 1/2" -9 hole at most extreme

distance from first ho',e that will still hit the

void.

d. Remove skin plates.

e. Verify pulse echo technique and interpretation,
drill technique and boroscopic interpretation, and

location of 1/2" 9 hole with respect to actual void

location.

f. Develop procedure until exploration and drill technique

is consistently verified.

3. For the remaining four (4) skin plate/compartments perform

alternate 'fill'echniques as follows.

a. Perform steps 2.a and 2.b above.

b. For half the voids discovered, flow (by gravity) the

shield material, through the 3/4" 9 hole at the top

of the void location.

c. Perform step 2.c above for the remaining void locations.

d. Pump shield material through 1/2" 9 fill hole and

vent air out through 3/4" top hole for the remaining

void locations.

e. Allow shield material to cure.

f. Remove skin plates.

g. Develop procedure until 'fill"is consistently
acceptable.
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4. Note that if the six (6) compartments chosen do not

provide enough voids as a data base for acceptance, then

a mock-up compartment will be constructed off-site that
will depict the Category I type compartment voids discovered

and documented via NCR-215-4884. Prototype testing will
then continue using this mock-up.

E. Implementation

1. The 215 Contractor shall perform the following work.

a. Contractor shall explore for voids all suspect void
locations commited to in II.B. This exploration
shall be by an owner approved procedure based on

prototype testing.

b. The exploration program shall document thoroughly
all major voids found in the SSM. (b)

c. For all voids discovered, the contractor shall fill
all voids per an owner approved procedure based on

the prototype testing.

2. Back-up verification with startup radiation scan program.

F. Startup Radiation Scan Program

The scan program previsouly described will be used to provide
confirmatory data.

ii d i ii i d if
large voids are found as a result of this exploratory drilling.
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DISCUSSION

The resolution to the shim gap concern provides for 1004 inspection and

shielding repair of all gaps found at the 541'-5" elevation. The

shielding material used shall be BISCO NS=l (high density) which has the

proper shielding, cohesion, adhesion, expansion, consistency and thermal

properties which will insure a proper fill and has been confirmed by

prototype testing. The prototype testing insures verification of
methodology and of repair. The radiation scan program supplements that
verification and provides confirmatory evidence of shielding adequacy.

Prototype testing was successfully completed on May 29, 1980.

The resolution of the concrete void concern provides for 100/ inspection
and shielding repair of all highly "suspect" voids based on geometry and

fill procedure (Category III in active core region and all Category I).
All other locations will be random sampled and repaired as necessary.

Sampling will be expanded if a statistical level of acceptance cannot be

obtained. Exploration technique (drilling or pulse echo) and fill
procedure (pressure grouting) will be verified through prototype testing.
The radiation scan program supplements this verification while insuring
shielding adequacy.

It should be noted that all work will be performed to approved procedures

and shall be thoroughly documented. Full restoration of gaps and voids

with material of greater shielding effectiveness than the original shield
material (concrete) insures the shielding .adequacy of the SSH.
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CONCERN NO. 3

Numerous deficiencies in weld quality have been identified on the SSW.

The defects were identified in welds which were supposedly inspected and
accepted. Defects include cracks, undercut, overlap and slag (indicating
inspections could not have been properly performed).

BACKGROUND

On June 6, 1979, an allegation concerning the quality of welding on the
SSW was made to NRC Region V. It was alleged that "very few welds meet
the acceptance criteria by visual examination".

This allegation was noted as being substantiated by the NRC Region V

Report No. 50-397/79-12 (Ref: NRC letter to WPPSS dated August 1, 1979).
The NRC Inspector identified slag and other weld defects not in compliance
with AWS Dl.l.

As a result of the conclusions reached during reviews by Burns and Roe
and the Supply System and the NRC Region V itemized concerns on the SSW,

it was determined that an in-depth document review and engineering
assessment was necessary. A Task Force was formed in February, 1980, to
perform this overall assessment. The response to the individual concerns
and the preceding main body of this report are the results of that
assessment.

'CONCERN RESOLUTION

Refer to the main body of this report.



~ '



CONCERN NO. 4

Leckenby NDE records associated with the SSW contain'photocopied
inspector's signatures on PT and UT reports.

BACKGROUND

A review of all Leckenby SSW, beam attachment and pipe whip support
girder NDE reports (46 UT, 30 PT) found 15 UT reports and 26 PT reports
with photocopied signatures. Of the 15 UT reports, ll were associated
with the SSW and had a single signature by Gene Hamilton. These reports
were associated with examinaton for lamellar tearing for 83 electroslag
weld tee-joints. No lamellar tearing was recorded in these reports.
The other four UT reports were associated with the pipe whip

support'PWS)

girders, 3 contained weld rejections and one was acceptable.

The 26 PT reports with photocopied signatures were associated with
material defects. Gene Hamilton's photocopied signature was again
noted.

The portions of these reports photocopied were stated to be common

practice by Leckenby (refer to sworn statement of Gene Hamilton, Exhibit A)
to expedite report processing.

CONCERN RESOLUTION

The concerns associated with the PT and UT reports with photocopied
signatures are:

o The examina'tions may not have been performed, or

o The examinations may have been performed, by unqualified inspectors,

o From which both of the above imply that defects may be in the SSW

as,a result of inadequate inspections being performed.

In May and June, 1980, UT for lamellar tearing and/or laminations was
performed .on 9 welded tee-joints previously examined by Hamilton. No

lamellar tearing or laminations were observed. In addition, during UT

of 73 electroslag welds, no lamellar tearing was observed in susceptible
joints and laminations were only detected in the vicinity of one weld.
The lginations were found by the straight-beam scan prior to performing
the 70 angle beam examination.

To address the general concern of lamellar tearing, an assessment was
made of the potential for failure by lamellar tears, laminations or low
short transverse ductility. This assessment, presented in Concern No.

27, concluded that such failure will not occur .



Three photocopied PWS girder UT reports recorded rejections for defects
in electroslag welds. The identification of defects, repair and sub-
sequent acceptance by UT establish that these examinations were perfor'med.
As discussed in Concern No. 5, the inspector that performed these exami-
nations (E. B. Hamilton) did not have the proper documentation on file
to support his Level II UT qualification. Implications for defects in
the PWS girders from the improper qualifications are the subject of a
separate review and do not directly affect the weld quality„of the SSW.

The UT reports with photocopied inspector signatures have been evaluated
to have no structural significance for the SSW. This conclusion is
based on the following:

o Four of the subject UT reports are not associated with the SSW,

o UT performed for the Task Force on joints previously examined by
. Hamilton found no lamellar tearing or laminations,

o UT of 73 electroslag welds found no lamellar tearing and lami-
nations located only near one weld,

o Concern No. 27 concludes that failure due to lamellar tearing,
laminations, or low short transverse ductility will not occur, and

o The structural assessment in subsection III.D of this report
envelops known and postulated defects.

The 26 PT reports with photocopied signatures are primarily associated
with material defects which do not require surface examination during
repair per AWS Ol.l, e.g., laminations, blow-outs, gouges, slag inclusions,
and minor material flaws. Four of the defects, however, are associated
with surface cracks in base material, which by Code requires the assess-
ment of the extent of the crack by a positive means. All defect repair
instructions included excavation by grinding and/or air arc gouging to
sound metal prior to repair welding. As a result, defects remaining in
the SSW which may be associated with improperly performed PT are few in
number and small in size.

The PT reports with photocopied inspector signatures have been evaluated
to have no structural significance for the SSW based on the following:

o The majority of defects were minor in nature and did not require
surface examination.

o The defects were excavated by grinding and/or air arc gouging prior
to repair, and

o The structural assessment in subsection III.D of this report
envelops known and postulated defects.



~,



This conclusion for the subject PT reports also resolves concern for
defect implications in consideration of the lack of documentation to
support Hamilton's Level II PT qualifications.

The 3 additional PT reports reviewed did not have photocopied signatures
and were associated with the pipe whip support girders.

No further review or action is planned for this concern item.

(Refer to Concern No. 5 for related information.) '



Exhibit A

December 7, 1979
Seattle Nashine-on
Page 1 of 2

I, Eugene B. Hamilton, volunta"ily make th following statement to Dennis P.
Haist, Reactor Enspector, and Cwen C. Shackleton, Jr., Investigator for
the U.S. Nuclear Regulatory Commission. No threats, promises or duress
were made to me to make this'statement. 1 give du.s statement on my own
free will. E understand t!mt t¹s statenent might be used in a legal
proceeding and will become part of a public record.

I am 34 years old. - I am employed as a Chief Er~ector for the Leckenby
Company, 274S 11th 8'I, Seattle, Nas&agton. I served my iron workers
apprenticeship at, Pacific Car and Foundry, Seattle, Nashington zrcm 1964
through 1968. I began inspection worM in 19?0. I quali ied as a Level EI
in Ultrasonic Testing and i~hgnetic Particle Testing. In 1973 I came to
work for Leckenby. I am qualified as a Level IE in Ultrasonic Testing,
<fagnetic Particle Testing and Penetrant Testing zor Leckenby. In Ifarch
1977 I »~ designated as a Level II in Ultrasonic, i~hgnetic Particle an"
Penetrant Testing.

Conce~g Leckenoy s activities in fabricating the Sacrificial Shield
Nail (Subcontract from Bovee and Crail) and on the Pipe bnip Restraints
(Contract 90) for the Nashington PA~lie Power Supply System's ibuc3.ear
Project No., I recall'he following inzormation:

1. Neld traceability records, as shown on the fabrication drawirgs,
were used in the Leckenby shop by me as »orking doaments to record
part numbers, weld prccehue nM~ er, electrode identification;
welder number, inspector amber, eye of '~ection and remarks
for original welding, original nondestructive exanunations, repair
welding and subsequent nondes~ictive examizmtions. Neld trace-
ability records are sometines referred to as weld maps.

2.. I believe the information on the weld map ~t bears my inspection
number 5 is accurate.

3. I occasionally prepared nondestructive exaa~tion records by
completing generic portions of nondestructive exandzation reports,
signing my name, mincing photostatic copies of the incomplete report
forn, and later completing the report for each specific part ex~~ed.
I used tMs procedure to save tme in ccrroletmg the mz~tion
reports.

.4. nondestructive examinations were ccwleted by me as sho»n on eac.".
nondestructive examination report that bears my sip ~ we, whethe"
original or photostatic copy.
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Concerning Leckenby activities on the Sacrificial Shield 4'all, I recall
the following information:

1. Heat and mechanical means (jacks and come-a-longs) were used to
correct distortion of all three segments of ring beam number 3
and ring segment 2A of ring beam 2.

2.

3.

To the best of my knowledge, no procedure was used to control the
application of heat'o correct distortion of ring beam number 3
and ring segment ~M of ring beam 2.

I performed longitudinal and shear wave ultrasonic examinations
to Ab'S requirements to determine the extent of a base Saterial
crack at approximately elevation S41 feet, azimuth 233 .

Eugene B. Hamilton

Subscribed and ssoro to before me this ~day oz D ce...'oe" 19. 9.
s

r

Owen C. Shackleton, Jr.
Investigator, RV, &C

Witness: ~i/PP
= Dennis P. Hadst

Reactor Inspector, RV, NRC



CONCERN NO. 5

Nondestructive examination (NDE) records cannot be located for one
individual who performed ultrasonic testing (UT) on the SSW.

BACKGROUND

All known and available Leckenby NDE reports associated with the SSW

'ave been reviewed and inspectors identified. Mr. C. Baldinger,
associated with the specific concern as stated, is no longer employed
by Leckenby and his qualification papers are not available. Mr. Bald-
inger performed UT of 3 SMAW weld procedure test coupons, of which none
required UT for qualification. The specified tensile and bend tests
were performed and were acceptable. In addition, Mr. Baldinger per-
formed UT of a test coupon associated with the qualification of FCAW

welding procedures. These procedures are normally prequalified by
AWS Dl. l. However, Burns and Roe exempted the prequalification in
order to confirm the A588 weldment mechanical properties. The test
coupon was radiographed per Code. An unacceptable indication was re-
ported which upon excavation was determined to be localized slag entrap-
ment. The test coupon was repaired, and Mr. Baldinger subsequently
found the repair area acceptable by UT. The coupon was then tested for
its mechanical properties and found satisfactory. It is 'recognized
that the repaired test coupon should not have been used for the pro-
cedure qualification per AWS Dl. l.
The remaining Leckenby NDE was performed by Messrs. Hoenstine and
Hamilton. Mr. Hoenstine only performed UT for lamellar tearing on two
SSW weld joints recorded on one UT report. Review of his records indi-
cate that documentation is lacking to support his level II UT qualifi-
cation at Leckenby.

Mr. Hamilton performed the majority of NDE on the SSW. As in Hoenstine's
case, Hamilton also lacks the documentation to support his Level II PT

and UT qualifications at Leckenby.

CONCERN RESOLUTION

The FCAW procedure qualifications associated with UT by Mr. Baldinger
went beyond the AWS Dl.l requirements to verify the mechanical properties,
not the soundness of the weld. The test coupon was radiographed and
found acceptable with exception to the localized slag entrapment. The
UT performed by Mr. Baldinger was in support of the repair, not to meet
the qualification NDE requirements. In consideration of the radiography
results and the acceptable mechanical test results, it is concluded
that the UT performed by Mr. Baldinger has not affected the quality of
related FCAW welds in the SSW.

With respect to Mr. Hoenstine, as discussed in Concern No. 16, lamellar
tearing was examined for on a sampling basis. The UT reported by Mr.
Hamilton for lamellar tearing exceeded the specification requirements.
The lack of documentation to support Hoenstine's single UT report has
been evaluated to have no structural significance based on the same rea-
sons as discussed in Concern No. 4 relative to lamellar tearing UT.



The remainder of this concern addresses UT performed by Mr. Hamilton. The
discussion is separated into paragraphs based on different UT categories,
e.g., lameIlar tearing UT, non-Code required UT, etc.

UT for lamellar tearing performed by Hamilton was recorded on 20 UT reports.
The concern associated with Hamilton's improper Level II inspector quali-
fications is that defects may be in the SSW as a result of inadequate
inspections. For similar reasons as discussed in Concern No. 4, the defect
implications associated with the UT performed by Hamilton to identify lamellar
tearing have been evaluated to have no structural significance.

Hamilton performed 12 UT examinations on the SSW post-repair of defects or
fabrication 'deficiencies. These defects/deficiencies, with exception to the
door laminations, were not originally identified by UT, nor was UT directed
by other documents; therefore, the followup UT was not required by AWS 01. 1
or specification. The items examined were:

o 2 electroslag weld lack of fill repairs,

o 3 mislocated hole repairs (filled by plug weld or equivalent),

o 1-6 inch lack of fusion repair in an electroslag weld,

o I plate edge lamination repair,
o Various lamination repairs in two pipe penetration doors,

o I base material crack repair (dye penetrant exam was performed), and

o 1-3 inch FCAW weld crack repair.

A dye penetrant exam should have been performed on the latter crack. However,
the r epair direction did call for air arc gouging the defect to sound metal.
Recently performed UT confirmed the repair to be acceptable.

In addition, Hamilton performed UT on the SSW at radial beam attachment sites
based on directi8n from Burns and Roe. Hamilton's repair acceptance UT of
the crack at 233 AZ. (refer to Concern No. 18) was also confirmed by a
separate Northwest Industrial X-Ray, Inc. UT examinatjon. Hamilton also
identified a weld defect (slag entrapment) at the 306 Az. location. He
subsequently accepted the repair by UT while being observed by a Burns and
Roe gA engineer that was qualified to Level III UT.

Eight UT examinations. were performed by Hamilton on the pipe whip support (PWS)
girders; 3 were rejectable and 5 were acceptable. The 3 rejects were reinspected
after repair by UT and found acceptable (included within the 5 previously
mentioned).

The defect related.UT performed by Hamilton has been evaluated to have no
structural significance for the SSW based on one or more of the following:



o The component examined is not part of the SSW, or is not a load
bearing member, e.g., the PWS girders and the penetration doors,
respectively,

o Confirmation of Hamilton's UT is available by alternate examinations
or verification by a qualified witness,

o The repairs which were examined did not require UT and the defects were
excavated. by grinding and/or air arc gouging, and/or

o The bounding defect structural assessment in subsection III.O envelops
known and postulated defects.

Similarly, for the reasons discussed in Concern No. 4, Hamilton's improper
Level II PT qualification has been evaluated to have no structural significance
for the SSW. =

No further action is necessary for this concern.



CONCERN NO. 6

No procedures were generated or records maintained on forming of the
curved plates in the SSW.

BACKGROUND

There are no requirements for procedures or records on forming of curved
plates in the specification. Leckenby subcontracted the work to Seattle
Boiler Works. Leckenby has provided a statement that to cold form A36

material is common industry practice. Additionally, Leckenby has responded
to a series of questions posed by the Task Force as noted in Reference
l.
CONCERN RESOLUTION

10CFR50 and the Supply System guality Assurance program require that
special processes be controlled and accomplished using qualified procedures
which are in accordance with applicable codes and other controlling
requirements and criteria.

There is no clear definition of a special process. However, it is
usually taken to include operations which affect the quality of the
item.

The quality of the item is defined by the specification a'nd the applicable
codes.

In the case of cold forming the specification does not address this
process, nor does AWS Dl.l. The AISC Manual of Steel Construction
provides tables of acceptable radii for cold bending of structural
steels. Very tight radii (4 x thickness) are listed for A36 up to
2 inches thick.

The ASME Code requires the qualification of cold forming procedures
where impact testing is specified and where the cold strain exceeds
0.5%. The implication is that the major quality controlling parameter
affected by cold bending is the toughness of the material. However, no

fracture toughness requirements were specified in the design of the SSW.

The other quality affecting parameters which could be affected are:

o Strength,
o Ductility,
o Integrity (freedom from detrimental defects), and
o Dimensional tolerances.

For the strains used on the SSW (about 0.85), the effect on strength and

ductility is not significant. For structural steels there is no significant
probability of creating defects by cold bending to these strain levels.
The materials are tough and ductile at room temperature and at the,
strain rates used for bending. Dimensional tolerances could be affected
by bending. However, these are controlled by specification and design
drawings. In addition, as evidenced by visual observation and the





fabrication history, difficulty with the dimensional tolerances was not
encountered with exception to tolerance stack-up as discussed in
Concern No. 17.

It is concluded that cold forming can be considered to be a special
process under some circumstances. However, in the context of the
original design of the SSW, cold forming was not a process which affected
the quality of the structure to any significant extent.

Based on discussions with Leckenby, it is understood that their subcontractor
did not experience any problems during forming, and no material was
subjected 'to repeated forming. These conclusions are based upon the
following information provided by Leckenby:

o No plates were subject to repeated forming such as might occur if
a plate was formed to too tight a radius,

o = Pinch rolls were used which provide good control of the process,

o No heating was used,

o No problems were encountered, and

o The forming radius was large relative to typical forming radii
for heat exchangers, piping, and pressure vessels.

Thus, it is felt that no engineering concern exists with respect to the
acceptability of the SSW under the original design and fabrication
criteria.

However, the evaluation of the as-built structural integrity of the SSW

is taking into account the potential for brittle fracture in the structure.
To do this the lower bound fracture toughness of th'e steels must be
characterized. Most available data is developed from as-rolled or heat
treated material. It is known that cold work can degrade the toughness
of structural steels. This can be reflected by an upward shift in the
nil-ductility transition temperature,(NOT).

To quantify this shift, the effect of cold bending on the NOT temperature
of A36 plate is being measured. The tests will reproduce the maximum
strains used in the SSW. Also A588 material will be removed from the
SSW and the NDT temperature measured. This material will be in the as-
bent condition. The results of these tests will be presented in an
addendum to this report.

Based on information discussed in paragraph 4.5. 1 of the interim Welding
Institute report (Attachment I), the resultant shift in the NDT is
expected to be acceptable.

References:

(1) Letter WNP2WBG-215-F-80-1452, Task Force trip report, item 3,
5/7/80



CONCERN NO. 11

Approximately 90 typical joint configurations specified on design
drawings for the pipe whip restraints(PWR) use fillets which are smaller
than the minimum fillet weld size specified in the applicable code.
Undersize fillets on the SSW may also be smaller than the minimum size
specified in the applicable code.

BACKGROUND

During an NRC Region V Site Inspection, NRC Personnel noted that speci-
fied PWR fillet weld sizes were undersized with respect to the minimum
size fillet weld required by the AISC Specification for the design,
fabrication and erection of structural steel buildings.

At the request of the NRC, a review of over 50 structural steel drawings
were made, particularly those-involving pipe, whip restraints, wetwell
supports and supporting steel. A total of 90 individual weld callouts
did not meet the requirements of minimum size welds specified in the
1969 Edition of the AISC Specification.

A rationale by the Engineer of acceptinq these welds based on the
required structural strength providing the quality of the welds were
acceptable, was suggested to the NRC. The main concern of the NRC

expressed *is that the inspection phase done by this same contractor
(Leckenby) is now one of the main issues at stake.

While the SSW was not addressed in the initial concern (see Reference
(1}), a review of data included in Reference (2) reveals that some
fillets have actual sizes which, in addition to being undersized from a
structural standpoint, are undersized when compared to minimum fillet
size requirements contained in References (3) and (4).

A sampling of welds revealed one weld where the specified fillet size is
less than the minimum size required by References (3) and (4).

~ ~

CONCERN RESOL'UTION

As noted in Reference (1), the primary concern behind the minimum fillet
size requirement is the possibility of cracking caused by too rapid
cooling rates resultant from low heat inputs and the quench effects of
heavy structural members. Twenty-nine undersized fillets (identified in
Burns and Roe visual inspection) from a sampling of weld maps were
identified. Base metal thicknesses were determined. Utilizing the
actual fillet size and the base metal thicknesses, twenty-one (21)
fillets noted in Reference (6) were identified as being below the
minimum size required by References (3) and (4) (structural consider-
ations aside j. One fillet of the twenty-one had a ~secified size below
the code minimum. The remaining eight met the minimum requirement.



No cracking was noted on these or-any other undersize fillets identified
during the Burns and Roe.reinspe'ction. Additionally, NT was performed
on 23 undersized fillet welds. No cracking or lack of fusion was found.
The existence of undersize fillets is still a consideration in regards
to the structural load bearing capabilities of the SSW. This situation
is addt essed in subsection III.D of the report. While the sampling
reveals some fillets that, in addition to being undersized from a structural
standpoint, are undersize with respect to Reference (3) and (4) requirements,it is felt that the intent of the code with respect to weld cracking is
met. That is, welds have been inspected and,found to be free of cracks.
The possible concern ar ising from the implications of Concern ll on the
SSW has been adequately resolved by subsequent reinspections.

No further action is planned for this concern.

Re erences:f
(1) Letter: G02-80-28. D. L. Renberger (WPPSS) to R. H. Engelken (NRC),

dated February 1, 1980.

(2) ION:- F-80-1665, N. E. Hunter to D. C. Timmins, dated
April 16, 1980.

{3) AISC "Nanual of Steel Construction", Seventh Edition (includes
"Specification for the Design, Fabrication, and Erection of
Structural Steel for Building").

(4) AWS Dl.1-72, "Structural Welding Code".

(5J AWS D1.2-77, "Commentary on Structural Welding Code".

(6J Nemo, N. E. Hunter to D. C. Timmins, "Undersize Fillets",
dated June 5, 1980.

It should be noted that Reference (5) indicates that "where Tab'1e 4.2
stipulates the mandatory preheat, for thickness over 3/4 in. (19mm),
then fillet size limitations do not apply". While the statement in the
Commentary pertains to a subsequent revision of the AWS Structural
Welding Code and does not override the requirements of the applicable
revision, it is indicative of the intent of the Code. Under this criteria,.
none of the identified fillets would be undersize with respect to the
Reference (3) and (4) minimum fillet size requirement.



CONCERN NO. 15

Interviews with Leckenby personnel established that SSW segments 2A, 3A,
3B, and 3C were heat straightened without the benefit of controlling
procedures or maintenance of quality records. Heat straightening (application
of heat and mechanical force) was applied to correct weld distortion.

BACKGROUND

The specification did not require procedures or records for heat straight-
ening. Discoloration of the SSW was cited as evidence of the application
of heat. Leckenby admits that heat straightening was used to correct weld
distortion in SSW segments. No procedure was available to control this
operation and no records were kept. Reference (1) was supplied by Leckenby
to address the acceptability of heat straightening.

CONCERN RESOLUTION

The general discussion of the definition and control of special processes
presented in Concern No. 6 also applies to heat straightening.

In this case the governing code (AWS D1. 1) clearly indicates that heat
straightening is a process that requires careful supervision. Leckenby did
not have a procedure to meet these requirements'. No records were kept and
measurements of the maximum temperature were not reported.

However, the information presented by Leckenby does suggest that they did
comply with the intent of the Code. This conclusion is based on the
following information provided by Leckenby (Reference 2).

o The segments did not reach a dull r8d color (para. 3.7.3 of AWS D1. 1

states that this is reached at 1200 F).

o Heat was applied by rosebud torches which tend to prevent localized
overheating.

o No hammer blows or similar applications of force were used.

o Heating was used in conjunction with mechanical. forces - this would
reduce the amount of heatin'g required.

Thus, there is no reason to suspect that the heat straightening methods used
were in any way unusual. However, a procedure should have been specified and
used.

furthermore, there is no reason to suspect that the heat straightening applied
by Leckenby- has reduced the quality of the structure. AWS D1. 1 includes the
use of many materials from, as rolled carbon-manganese steels like A36, through
normalized steels to quenched and tempered low alloy steels with yield strengths
up to 100 ksi. The affect of flame straightening will be different depending
on the alloy type and is much more likely to be detrimental to the. higher yield
steels. In these steels the specified properties are much more critically
dependent on heat treatment and microstructure.



A36 plate is suppli~d in the hot rolled condition with a typical finishing
temperature of 1600 F. The high finishing temperature coupled with the
relatively thick section and sparse alloy content, tends to produce a

coarse microstructure consisting of upper transformation products,
primarily proeutectoid ferrite and pearlite. In this condition, the
application of heat within the limits specified in Reference (3) would
not be expected to have any detrimental effects on material properties.
In fact, as noted in Reference (1), the heating combined with the resultant
plastic flow can result in slightly improved notch toughness and yield
strength. Even heating substantially in excess of Reference (3) guidelines
would not be expected to significantly degrade properties. Subcritical
temperatures (below approximately 1340 F) would be expected to alter
microstructure and therefore properties, only if those temperatures were
reached and held for long periods of time (one or more hours). This
circumstance is well outside the scope of heat straightening operations
used by Leckenby. If the lower critical temperature was exceeded,
partial transformation to austenite would occur. Upon cooling, the
microstructure would be restored to essentially its original condition
prior to heat straightening. In this case, the possibility of improved
properties due to grain refinement does exist.

The probability of formation of microstructures which would produce
cracking or low toughness (e.g., high carbon martensite) is insignificant.
The hardenability of carbon manganese steels is low compared with the
high yield strength materials and the thermal cycle produced by flame
straightening is less detrimental than that produced by welding.

It is, therefore, concluded that heat straightening as applied by Leckenby
did not degrade the material properties, and as such the process did not
affect the quality of the SSW to any significant extent.

No further review or action is planned for this concern item.

References:

(1) Article, "Primary Concepts for Flame Bending", by R.E. Holt,
AWS Weldin Journal, June, 1971

(2) Memo WNP2WBG-215-F-80-1452, Task Force Trip Report, Item 4, dated
5/7/80

(3) AWS Structural Welding Code AWS Dl. 1-72



CONCERN NO. 16

The 215 Contractor (WBG) quality review of the Leckenby documentation
did not include verification that all required UT examinations were
performed, as required by specification and a Leckenby procedure.

BACKGROUND

The 215 Contract, Section 5B, paragraph 5.4 required ultrasonic testing
(UT) of electroslag welded tee-joints in the SSW for lamellar tearing.
The UT sampling requirements included six weld joints for every 16-25
electroslag welds. If no indications of lamellar tearing were observed
after 24 ultrasonic examinations, the UT requirement was reduced to
examination of two tee-joints for each additional 100 electroslag welds
performed. There are 1273 electroslag welds in the SSW. This translates
to 48 required ultrasonic examinations of welded tee-joints assuming all
1273 are tee-joints, which is not the case but conservative, and knowing
that no lamellar tearing was found.

The welded tee-joints were to be examined by straight beam UT per ASTM
A435-74. The Leckenby lamellar tearing UT examinations, however, were
performed prior to this contract modification requirement. This UT was
primarily performed due to concern for lamellar tearing at tee-joints
where buttering, an original preventive measure, had not been used.'he
UT was performed per Leckenby Quality Control Procedure (QCP) - 8.0.
The defect repair criteria in QCP-8.0 is substantially more stringent
than the specification and ASTM A435 three-inch-diameter circle criteria.
QCP-8.0 defect acceptance criteria states:

o No cracks, lack of fusion, or incomplete penetration are
allowed, and

o No linear type discontinuities are allowed if the signal
amplitude exceeds the reference level and the discontinuities
have lengths which exceed:

1/4 inch for T (a) up to 3/4 inch, 1/3T for T from 3/4 to
24 inch, and 3/4 inch for T over 24 inch.

(a) T is the thickness of the thinner portion.

CONCERN RESOLUTION

Leckenby performed 129 straight beam ultrasonic examinations for lamellar
tearing, 81 for -electroslag welded tee-joints and 48 for flux core arc
welds. They performed 60 angle beam examinations for lamellar tearing at
joints with geometry or access not compatible with straight beam examination,
two for electroslag tee-joints, 58 for other processes. No lamellar
tearing was observed or recorded. The Leckenby UT exceeded the 215
Contract requirements.

Implications for defects as a result of improperly performed UT by
Mr. E.B. Hamilton are discussed in Concern No. 4.

No further action is required for this concern.



CONCERN NO. 17

1. Leckenby used liquid penetrant (LP) testing to examine SSW

structures at Leckenby shops. Leckenby representatives reported
that there was no approved LP procedure at the time the inspections
were performed.

2. The procedure submitted by Leckenby which provides for weld sequence
control (entitled: "Sacrificial Shield Wall Assembly Procedure" )

has no procedure number, no revision number, no date of preparation,
and no evidence of ever having been approved, The American Melding
Society (AWS) Structural Welding Code, Dl.l-72, paragraph 3.4.3,
requires the following:~h 3.4.3:

BACKGROUND

The Contractor shall develop welding
sequences which, in conjunction with the
overall fabrication methods, will produce
members and structures meeting the quality
requirements specified. These sequences
and any revisions necessary in the course
of the work shall be sent for information
and comment to the Engineer.

1. The 215 Contract contained no specific requirements for surface
examination, dye penetrant or magnetic particle inspection.

The Leckenby Shop guality Assurance and guality Control Manual,
dated October 28, 1975, has in Section 10 of the gC portion a

procedure for liquid penetrant inspection.

The Structural Welding Code, AWS D1.1-72 (applicable to the SSM

fabrication) in paragraph 3.7.2.4 states:

Ascertain the extent of the crack by use of acid etching,
magnetic particle inspection, or other equally positive means;
remove the crack and sound metal 2" beyond each end of the
crack, and reweld.

The liquid penetrant examinations were primarily performed for
information after removal of material defects by grinding and/or
air arc gouging. The related defects in the SSM were as follows:

o Surface laminations
o Edge 1 amination
o Blow-outs from burning
o Gouges from burning
o Material surface cracks
o Incomplete stud welds
o Material flaws
o Slag .

7
1

6
3
4 (a)
2
2
2

(a) One report may be associated with cold lap rather than
surface cracks.



There were no requirements for liquid penetrant examination other
than providing a positive means to define the extent of cracks, of
which four of the above are in this category. Also, the defects
were identified visually; therefore, there was no requirement for
PT after repair.

2. The following outline summarizes the procedures which have been
submitted by Leckenby and/or referenced in this concern:

The procedure entitled "Fabrication and Erection Procedure For
The Sacrificial Shield Wall (SSW)", No. LEFP-1, new issue,-
dated April 10, 1975 was submitted by Leckenby to cover shop
and field fabrication and erection of the sacrificial shield
wall; however, this procedure does not address the area of
welding sequence to control distortion and maintain dimensional
stability. This procedure was "approved as noted" at the
"new" issue and was returned to Leckenby for revision. This
procedure underwent five additional review and revision cycles
before receiving final approval on November 17, 1976.

A five-page document entitled "Welding Sequence S.S.W.", dated
October 29, 1975 was submitted by Leckenby to cover several
specific welding sequence items. This document has no proce-
dure number and no revision number and is essentially incomplete
in that it only addresses a few specific items with respect to
distortion control and dimensional stability. Item 4, page 3
of this document states: "additional information to follow on
the other built-up columns and members"; however, no further
information has been received to date and Leckenby states no
additional related documents exist.

The procedure entitled "Sacrificial Shield Wall Assembly
Procedure", referenced in the concern above has never been
received from Leckenby. (Note: Telecon inquiries to Leckenby
about a procedure with this title indicate that this title is
incorr'ect).

'ONCERN RESOL'UTION

1. Based on discussion with Leckenby, the liquid penetrant (dye penetrant)
examinations were performed per Section 10 of the shop gC manual. The
liquid penetrant exam>nations were performed in 1976, after Leckenby
approval of the procedure.

For information relative to defect implications from improperly
performed dye penetrant examinations, refer to Concern No. 4.

No futher action is necessary for this concern.



2. In spite of the fact that Leckenby failed to orepare a complete and
detailed welding sequence procedure, the sacrificial shield wall
was fabricated and erected with a minimum of distortion and with
reasonably good dimensional stability. This fact alone indicates
that Leckenby had implemented a reasonable welding sequence and
distortion control during the fabrication and erection of the
sacrificial shield wall.

The as-built dimensions of the sacrificial shield wall at elevation
541'-5" with respect to circularity and vertical plumb have been
evaluated by Burns and Roe and have been found to be acceptable.
Although it was necessary to install shim plates between rings 3

and 4 in order to maintain=vertical plumb due to variations
in'erticaldimensions, it is believed that these variations are the

result of tolerance stack-up and not due to weld sequencing.

The lack of a welding sequence,procedure also implies the possi-
bility of having high reaction stresses in the SSW (residual
stresses due to member rigidity during welding rather than localized
welding stresses). However, the fact'hat no cracks were found
during the Burns and Roe visual'nspection or during the UT performed
for the Task Force, and post-fabrication weld cracks identified at
the site wei e few (9 known, 7 other cracks of unknown location),
provides confidence that a problem with high reaction stresses does
not exist.

In view of the above, it is concluded that the lack of a formal,
detailed welding sequence procedure was not a significant factor
in the'final outcome of the fabrication and erection of the
sacrificial shield wall and that direction was implemented which
enabled Leckenby to meet dimensional tolerances. Based upon this
information, no further action is deemed necessary for this concern.



CONCERN NO. 18

Leckenby, as SSW fabricator, hired a consultant to determine the cause of an
unusual crack in the SSW. Burns and Roe rejected the consultant's determination.
According to Leckenby, their consultant's opinion was misunderstood by Burns and
Roe. Burns and Roe has not had an opportunity to review the consultant's last
letter (dated June 21, 1977).

BACKGROUND

During initial installation of radial beams at elevation 541', a crack was
discovered in the SSW at the point of attachment. Leckenby, through their
consultant, proposed a cause for the cracking to the Supply System and Burns
and Roe. Burns and Roe reviewed and disagreed with the consultant's proposal.
A response was forwarded to Leckenby at that time.

Subsequently, the NRC was informed of the existence of a second letter from the
consultant to Leckenby, in which the consultant clarified his initial position.

The NRC questions whether Burns and Roe received, reviewed and responded to the
letter.

CONCERN RESOLUTION

Burns and Roe has reviewed the June 21, 1977 letter and considers the amplifying
remarks by, Leckenby's consultant to be unpersuasive.

In brief, he proposed that the SSW cracked by a 5-step process because of the
design.

Burns and Roe felt that cracking was caused by the welding method and the fabri-
cating sequence selected by Leckenby. The welding conditions presented unusually
severe restraint which resulted in cracking. Figure 18.1 illustrates these
conditions. The radial beam consisted of two 24" thick steel "cheek" plates
rigidly welded to opposite sides of the web of a massive W14 beam, a 426 pound
per foot wide flange column section. The attachment to the SSW was made with
two electroslag tee welds between the cheek plates and the SSW.

The second of these two welds was deposited directly against an electroslag
butt weld within the SSW which joined a 14" thick "skin" plate to a 3" thick
skin plate.

The thermal and weld-shrinkage effects were compounded by the use of a single
steel bar which served as.a common dam between the .two tee welds. Thus, the
weld shrinkage strains of the two large tee welds could act additively on the
SSW. Moreover, when the second tee weld was deposited directly against the
butt weld in the SSW, the severe thermal effects and deep penetration character-
istic of the electroslag welding process developed transient high tensile strains
on the inside surface, towards the concrete, which when added to the high
residual tensile strains from the original electroslag butt welding exceeded the
yield strength. Within such a plastic field, normally innocuous discontinuities
may initiate fracture.

Burns and Roe believes the crack initiated under these conditions, and that the
crack propagated into both skin plates when they cooled to the ambient winter



temperatures. Then, in the zone where the lateral shrinkage forces of the
three electroslag welds wer additive, the crack branched and turned roughly
parallel to the welds forming a figure "3".

Indeed, a sample cut from the point of branching revealed that the branchina
occurred at the edge of the heat-affected zone where the combined lateral
shrinkage forces would be expected to be high; and, that the crack path was

predominately transgranular with plastic deformation, indicative of stresses
well in excess of the yield point and of ductile overload fracture.

The correctness of the conclusion that the SSW cracked because of the way the
radial beam was welded to it and the incorrectness of the proposal of Leckenby's
consultant that it cracked because of the design, wer e proven by disassembling
the radial beams and rewelding them to the SSW correctly. This work was
accomplished without a recurrence of the cracking and without the other dire
effects such as a steam explosion and blowing of molten metal predicted by
Leckenby's consultant.

TASK FORCE ASSESSMENT

In addition to the consultant's report discussed above, additional reports by
Peloux and Conrads, commissioned by Bovee-Grail/GERI, have been reviewed
(reference attachments to WBGBR-215-77-235).

The original debate between Burns and Roe and the Leckenby 'consultant, Holt,
centered on the source of stress promoting the crack. Holt felt that expansion
of the concrete, resulting indirectly from preheating/welding, provided the
stresses. Burns and Roe's position was that the source of stress was residual
welding stresses produced by welding with an incorrect sequence.

The report by Conrad also attributes the failure to residual welding stresses
and poo'r sequence, but added that the design of the connection was also a

contributory factor .

All the subject welds made using the electroslag process and the original sequence
(eight) were examined by.UT and repaired or reworked as'ecessary. Those

which were reworked, and all subsequent joints, were made using the SHAW

process, with a different sequence. In addition all welds were examined by UT

and accepted.

Thus, the cracking problem was identified and eliminated. The debate over the
original cause is only significant if the conclusions would have affected the
corrective action taken or would cast doubt on the adequacy of the joint for
service.

The Burns and Roe repair action was formulated based upon the assumption that .

process/sequence was the main contributor. The success of the repair supports
their assumption. If the source of stress were concrete expansion, then additional
problems might have been expected to occur as all welds are preheated continuously.
Similarly, if the weld connection design were a dominant factor, it would be
expected that further problems might have occurred, which was not the case.

It is the Supply System's opinion that the design of this connection is such
that careful procedures are required to successfully make the joint and that



the primary problem was the combination of process and sequence-used.

No further action is required on this concern.
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CONCERN NO. 19

Tne presence of free water was identified in the SSM structure. NRC
Region 'l previously understood that the existence of free water in
the SSM was one isolated case. However, a review of Contrac" 215
Inspection Repor s ( IR's) shows seven cases where evidence existedo-'ree hater or moistur emanating from the SSW. The water could have
had a detrimental effect on welding if it was present in the weld
preparation during welding.

BACKGROUNO

Burns and Roe has conducted a review of all IR's written on the SSM
and determined that there are only five documenting free water, which
may have implications for the associated weld quality.

IR 2525 (Two locations)
IR 3069
IR 1703
IR 1464 (Two locations)
IR 2915

NCR 4043
NCR 4561
ACR 5141

No NCR

ACR 4463

CONCERN RESOLUTION

The seven documented cases of water leaking from the SSll all occur at
deficient welds. The subject welds have all been repaired and magnetic
particle examinations of the repaired areas have been made. The
subject welds are now acceptable and no further "leaks" have been detected.

Six of the welds involved were made prior to placing concrete in the
enclosed compartment. Therefore, water was not present at the backside of
the joint, during welding, and the question of its effect on the weld
is moot. The remaining wel.d ( IR 3069) was made between a 2" thick
"window" plate and an internal diaphragm plate immedjately after concrete
was p'laced in the compartment, bounded by azimuths 15 and 30 and elevation
541'-5" and 544'-8", This compartment had been left open to facilitate
other welding. This compartment was subsequently filled with concrete
using the window plate opening f'r access.

The joint configurations for the window plate welds were designed to seal
the concrete out from the back of the weld joint prior to weld:ng.
However, when repairs were conducted on the window plate weld, it was
determined that water possibly could have been present, due to the weld
preparation. Such a weld could not be performed with water present.
'Hithout doubt, the area of the joint was dried out prio~ to welding.
However, all window plate welds have subsequently been inspected and any
deficient welds have be n documented and repaired.

The conclusion is that no water was present behind the subject welds during
installation.



The source of any free water observed on the SSW prior to review of the
IR's was'the concrete behind the skin. plates. It would only be specu-
lation to make a statement on how water found its way through the deficient
welds.

The main point to be made is that the inspection program located such
defects, the defects were repaired and any other suspect areas of the
same type were investigated. No further action is necessary



CONCERN NO. 20

Burns and Roe Drawing S-802, Note 3, refers to the Burns and Roe

specification for post-weld. heat treatment (PWHT) requirements for the
stabilizer truss assemblies. The specification does not appear to
specifically address PWHT of stabilizers. It is, therefore, unclear
whether or not Burns and Roe intended to require PWHT. Stabilizer truss
mater ial is A514. SSW material at the stabilizer truss attachment weld
is A588. 'ontainment vessel material at the stabilizer truss pin
location is SA537.

BACKGROUND

Burns and Roe Drawing S-802, Note 3, reads as follows:

"Note 3: For welding and heat treatment requirements for
stab1Tizer truss, see specs."

The note does not specifically address PWHT requirements, as it refers
to welding and heat treatment. Heat treatment may apply to one or

more'f

three phases; preheat, interpass temperature, and post-weld heat
treatment requirements. Each phase is accomplished as required.

Ih

Paragraph 3.6, Post-Weld Heat Treatment from specification section 170

of the 215 Contract states: 'ost-weld heat treatment shall be performed
in accordance with the applicable specification requirements and/or
manufacturer recommendations."

Paragraph 3.9, Stress Relief Heat Treatment, from the 1972 and the 1975
editions of the AWS Structural Welding Code refers to footnote No. 12,
which states:

"Stress relieving of weldments of quenched and tempered steel is
not generally required. Stress relieving may be necessary for
those applications where weldments must retain dimensional stability
during machining or where stress corrosion may be involved, neither
condition being unique to weldments of quenched and tempered
steel. However, the results of notch toughness tests have shown
that post weld heat treatment may actually impair weld metal and
heat-affected zone toughness and intergranular cracking may some-
times occur in .the grain-coarsened region of the weld heat-affected
zone."

A change was made to the above footnote in the 1979 edition of the AWS

Structural Welding Code. This change appears in footnote No. 9 of
paragraph 4.4; Stress Relief Heat Treatment, which states:



"Stress relieving weldments of A514, A51-7 and A709 Grades 100 and
100M steels is not generally recommended. Stress relieving may be
necessary for those applications where weldments must retain
dimensional stability during machining or where stress corrosion
may be involved, neither condition being unique to weldments involving
A514, A517 and A709 Grades 100 and 100M steel. However, the results
of notch toughness tests have shown that post-weld heat treatment
may actually impair weld metal and heat-affected zone toughness,
and intergranular cracking may sometimes occur in the grain-coarsened
region of that heat-affected 'zone."

CONCERN RESOLUTION

The question as to whether post-weld heat treatment of the stabilizer
truss assemblies was required has been thoroughly reviewed with Burns
and Roe and they have confirmed that the stabilizer truss assemblies
were not to be post-weld heat treated.

Post-weld heat treatment is performed on welded assemblies for the
following basic reasons;

o To relieve stresses in the weldment base metal and weld
metal,

o To improve the dimensional stability in the weldment, and

o To improve the machin'eability of the weldment.

In the case of the stabilizer truss assemblies, none of the above items
were significant factors; therefore, there was no reason to apply post-
weld heat treatment to the stabilizer truss assemblies. In addition,
the drawing reference was to heat treatment in general, not to post-weld
heat treatment specifically, and as indicated post-weld heat treatment
may degrade 5514 steel toughness properties and promote cracking.

No further action is necessary for this concern.
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CONCERN NO. 22

Based on implications from previously identified Leckenby documentation
irregularities, a review was performed of Leckenby welder qualification
records to determine if the welders were properly qualified and if the
testing was properly documented.

BACKGROUND

The welder qualification record review was performed by Burns and Roe

and the Supply System and consisted of the shop and field qualification
records submitted by Leckenby. The qualification records were evaluated
for completeness, correctness and testing requirements as required by
the AWS 01. 1 Code and the Design Specification.

A total of 32 welder's qualifications were submitted for field work and
38 welder's qualifications were submitted for shop fabrication.

The welder qualification records exhibited varied deficiencies that were
considered to render some qualifications invalid and deficiencies that
were generic documentation problems that required clarification.

gualifications considered invalid involved qualification records for
three welders without test results, two welder's coupons incorrectly
tested by UT, ten welder's records which did not identify the type of
bend test and one welder for which another company's qualification
record was used without the Engineers'-approval. The deficiencies were
evaluated recognizing that evidence does exist that the welders performed
a qualification test and that because the record or manner of qualification
was in error does not conclude the welder does not have the ability to
produce sound welds. Some of these welder qualifications were found not
to have been applied for SSW usage. Leckenby has been requested to
provide the missing information from their files where possible.

gualifications which contain generic documentation problems include
items of missing or incorrect information such as: omission of contractor
name, record title, certification statement, identification of weld
backing, vertical progression direction, uninitialled changes, the
number of electroslag wires; shielding gas designation, welder symbol,
bevel angle, or qualifying code; one symbol assigned to two welders;
conflicting procedure and process numbers; and typographical errors.
These deficiencies.„ do not apply to all the qualification records, but
are provided as a summary of generic problems which include single or
multiple items unique to an individual record. These generic documentation
problems are considered as not invalidating a welder's performance
capabilities as demonstrated by qualification even though some items
violate the specific requirements of the AWS Dl. 1 Code. These qualifications
are considered adequate to provide evidence of qualification to fulfill
the intent of the Code to determine a welder's ability to produce sound
welds. However, Leckenby has also been requested to update and clarify
these welder qualification records.



In addition to review of qualification records it was determined that
some welders were identified to have welded on the SSW for which no

qualification records were on file and -it is assumed that they had not
performed a qualification test. When considering welder qualifications,
the purpose of the test, to determine a welder's ability to produce
sound welds, must be in mind as the test is not meant to serve as a

training operation but a verification of his previous -training and

existing ability. Most welders possess the ability'o produce sound
welds and when performing a qualification test for each contractor which
employs him, he is verifying his ability. If a welder did not possess
an a@i:lity to produce sound welds due to inexperience or lack of training,
his welds would clearly evidence it by exhibiting defects of non-fusion,
slag entrapment, porosity and surface appearances with uneven and rolled
beads, excessive arc strikes and weld spatter.

In an effort to determine if the lack of qualification was a significant
factor in a welder's ability to produce acceptable welds, a study was
conducted to examine the weld reject history for those welders that were
definitely known to lack the proper qualification credentials to ascertain
the quality of the welds they produced. The lack of proper qualification
credentials includes invalid qualifications defined above, and no
evidence of qualification tests being performed. These cases are
subsequently termed as "unqualified" welders in the balance of this
concern.

In order to attain a high level of confidence in this study, the scope
was confined to those welds which were part of the Burns and Roe visual
inspection and for which recent MT and UT was performed.

CONCERN RESOLUTION

A total of thirteen (13) "unqualified" welders (both shop and field
welders) comprised the complement of welders for the assessment associated
with the Burns and Roe inspection. These welders collectively produced
four hundred (400) welds of which only twelve (12) contained rejectable
defects, for a defect percentage of three (3) percent. All of these
welds were made using several different w'elding processes as tabulated
below:

Process No. Welds No. Defects

SMAW

FCAW - Self Shielded
FCAW - Gas Shielded
ESW

157
63

173
7

These results indicate that when considering only visual inspection in
this case, the lack of proper qualification credentials by these welders
was not a significant factor in the welder's ability to produce acceptable
welds. (It should be noted that for all of the welds made on the SSW,

with most of them being made by welders whose qualifications meet the
intent of the AWS Dl. 1 Code, the defect per centage was 7.6 percent.)



Comparison of welds performed by welders with invalid qualifications and
those with minor deficiencies (termed qualified below) in their qualifications
to recently performed MT and UT, however, presents a different conclusion.
Specifically,

o X weld rejects by UT by welders unqualified 'in one or more
process - 21Ã,

o X weld rejects by UT by qualified welders - 9.5%,

o X weld rejects by MT and UT by welders unqualified in one or
more process - 17'A,

o 5 weld rejects by MT and UT by qualified welders - 7.7%,

5 weld rejects by, UT by welders unqualified by process - 33K and, (a)

X we14 rejects by MT and UT by welders unqualified by process-
25K

(a) Sampling only included welds for which the welder was unqualified
in. that process.

Based on the unqualified welder NDE sample sizes, 29 UT and 7 MT, the
statistical results above may be prejudiced.

The deficiencies noted for invalid welder qualifications in the fourth
paragraph of BACKGROUND for this concern are not necessarily indicative
of the capability of a welder to produce sound welds.

Potential defects associated with improper welder qualifications were
evaluated to be few in number and structurally acceptable based on the
recent visual inspections and nondestructive examinations (refer to
subsection III.C of this report) and the structural assessment in
subsection III.D which envelops known and postulated defects.



CONCERN NO. 23

Based on implications from previously identified Leckenby documentation
irregularities, a review was performed of Leckenby welding procedures to
determine if adequate welding procedure specifications were used and if
those used were properly qualified to provide representation of the SSW

welds.

BACKGROUND

The welding procedure review was performed by Burns and Roe and the
Supply System. The welding procedures were evaluated for completeness,
correctness and qualification requirements per AWS Dl. 1-Rev. 1-73 and
the Design Specification. The review included 26 shielded metal arc
welding (SHAW) procedures, 23 flux cored arc welding (FCAW) procedures
and 25 electroslag welding (ESW) procedures. The welding procedures
involve the welding of A588 and A36 base material and combinations
thereof with E7018 electrode and A36 material with E7028 electrodes with
the SHAW process. E70T-G without external shielding gas was limited to
A36 material and E70T-1 with external shielding gas was used for both
A588 and A36 material and combinations thereof for use with the FCAW

process. The welding of A588 and A36 material and combinations thereof
with the ESW process used EM12K wire with Linde 124 consumable guide
tubes and flux. Due to the use of only EM12K wire for the ESW process
the number of applicable ESW procedures was reduced from 25 to 12 as the
other ESW procedures were for EL12 and EH14 wire.

The welding procedures exhibited AWS Dl. 1 and Design Specification
deficiencies. The Design Specification deficiencies are identified as
such, but actually resulted in AWS Dl. 1 deficiencies by exempting the
prequalified status of the A588 base material. The Design Specification
requirement to qualify the welding of A588 material in accordance with
AWS Dl. 1 resulted in qualifications that were incomplete and inadequate
for the support of the welding procedure. This deficiency is attributed
to an incorrect interpretation of the Design Specification to qualify
low alloy materials in accordance with ASME Section IX. Since A588 is

'onsidered a low alloy steel, the contractor used Section IX for the
qualifications which resulted in cases of incomplete representation for
positions, joint design, groove welds and fillet welds when applied to
AWS Dl. 1. Welding procedure deficiencies identified were evaluated in
an attempt to assess the impact they may have on the welded i'ntegrity of
the SSW.

CONCERN RESOLUTION (by Process)

Fourteen of the 26 SHAW procedures were found acceptable or accepted as-
is. The procedures accepted as-is involved joint designations of the
1974 AWS Dl. 1 Code. However, the joint details conform to the 1973
revision of AWS D1. 1 and is, therefore, not considered to have any weld
impact or engineering significance. The balance of the procedures contained
AWS D1. 1 and Design Specification deficiencies.



The AWS D1.1 deficiencies resulted from the provision of horizgntal
instead of overhead position for joint design, TC-U4a with a 30 bevel
angle and 3/8" root opening for both E7018 and E7028 electrodes. By AWS

classification the E7028 is a flat groove and horizontal fillet electrode
and the E7018 is an all position electrode. If the E7028 was used for
horizontal groove welds using this joint design, it would be expected to
produce more defects than the E7018. However, due to the joint design
specified- i-t- is possible because of electrode manipulation problems that
intermittent inclusions and lack of fusion could occur with both electrodes.
These defects would be considered to be limited to the first part of the
joint on the bevel edge as accessibility would increase as deposited
thickness increased. The extent of possible defects would be dependent
upon the individual welder's sk'ill and attending circumstances. It is
estimated that the depth of possible inclusions or lack of fusion would
be 3/16" maximum per weld bead. The evaluation and effect these possible
defects may have on the load bearing capacity or potential for fracture
of the SSW are enveloped by the structural assessment in subsection
III.O of this report.

The Design Specification deficiencies resulted because of the specification
requirement that exempted the A588 material from a prequalified status.
The welding procedures would be acceptable under a prequalified status
of AWS Dl. 1 except for -the same joint designation and welding position
problems previously discussed. The A588 material procedure qualifications
were performed in accordance with ASME Section IX and as allowed by
Section IX a groove weld on the flat position was used to support the
procedures. When these procedure qualifications are applied to AWS'1. 1, it results in unqualified procedures. The major resulting deficiencies
were no fillet weld qualification, the vertical, horizontal and overhead
positions not qualified, omission of travel speed and pas~ numbers,
amperage range unqualified, and bevel angles less than 35 unqualified.
In addition, the tensile dimensions were incorrectly machined. The
omission of fillet weld testing is not considered significant as thefillet weld macro-etch is defined to determine soundness which is the
same AWS defined purpose of bend tests. The groove weld test with bends
and tensi les would be considered adequate representation. The weld
positions, trav'el speed, pass numbers and amperage range must all be
considered in conjunction. The objective is the determination of the
effect of the heat input on notch toughness and .tensile strength of the
weld. The travel speed having the most effect on heat input is controlled
to a low level by the restriction for essentially stringer beads with a
maximum weave width of 3 times the electrode core diameter. In addition,
the amperage ranges given are reasonable for the positions and electrode
sizes specified. It is therefore considered'hat the heat input was not
varied enough to degradate the weld properties. The bevel angle deficiency
is not considered significant as the joint designs used are as allowed
by AWS D1. 1 and weld soundness would become a factor of the

welders'bilities.

The procedure qualification tensile specimens were machined
to a width of 1.5" nominal instead of 1" nominal as required by the
coupon thickness. This is not considered a significant item as the weld
tensile properties have been adequately represented.



FCAW

Eighteen of the 23 FCAW procedures were found acceptable or accepted as-
is. The procedures accepted as-is involved joint designation of the
1974 AWS Dl. 1 Code. However, the joint details conform to the 1973
revision of AWS D1. 1 and is, therefore, not considered to have any weld
impact or engineering significance. The balance of the procedures contained
Design Specification deficiencies.

The Design Specification deficiencies resulted because of the specification
requirement that exempted the A588 material from a prequalified status.
The welding procedures would be acceptable under a prequalified status
of AWS 01. 1 except for omission of a specific travel speed range. The
travel speed is indirectly specified and limited by the requirement for
a stringer bead technique when possible and a torch oscillation or weave
not to exceed 1/4". Therefore, this is not considered a significant
item. The A588 material procedure qualifications were performed in
accordance with ASME Section IX and as allowed by Section IX a groove
weld in the flat position was used to support the procedures. When
these procedure qualifications are applied to AWS Dl. 1, it results in
unqualified procedures. The major resulting deficiencies were the
vertical, horizontal and overhead positions not qualified, amperage
range unqualified, voltage range unqualified, bevel angles less than 35
unqualified, and tensile dimensions incorrectly machined. The E70T-1
electrode w'ire used is primarily intended for flat and horizontal
position welding> but out of position welding with electrode wire diameters
less than 3/32" are possible if used on the lower end of the manufacturer's
recommended amperage range. The amperage and voltage ranges specified
are in accordance with the manufacturer's recommendations which complies
with AWS Dl. 1 under a prequalified status. However, the higher end of
the amperage range if used in out of position welding as allowed could
be expected to cause loss of puddle control. This could result in
overlapped beads, inclusions, porosity and non-fusion. The extent of
possible defects would be dependent upon the individual welder's skill
and attending circumstances. It is estimated that the width or depth of
possible defects would be 3/8" maximum per weld bead. The evaluation
and effect these possible defects may have on the load bearing capacity
or potential for fracture of the SSW are enveloped by the structural
assessment in subsection III.D of this report. The weld position, travel
speed, amperage range and voltage range must be considered with regard to
applied heat input and the effect on notch toughness and tensile strength
of the weld. The travel speed was controlled to a degree by the procedure
requirement for basically stringer beads and in conjunction with a need
to operate at a relatively low amperage for puddle control. The
resulting heat input would be controlled to a reasonable level. It is,
therefore, considered that the heat input was not varied enough to
degradate the weld properties. The bevel angle deficiency is not
considered significant as the joint designs used are as allowed by

'WS Dl. 1 and weld soundness would become a factor of welders'bilities.
The procedure qualification tensile specimens were machined to a width
of 1.5" nominal instead of 1" nominal as required by the coupon thickness.
This is not considered a significant item as the weld tensile properties
have been adequately represented.



ESW

All the ESW procedures used for the SSW welding were considered to
contain AWS D1.1 deficiencies. The major concern is no qualification
records and therefore no mechanical or weld metal tension tests for the
use of EM12K (Linde 29) bare electrodes with A588 base material which
would verify that the weld would produce a yield strength of 50,000 psi
minimum. Other concerns involve provisions in the welding procedures
that are not fully qualified by mechanical or soundness tests.

The full thickness range spec~fied in some procedures is not qualified
by bend and tension tests. The mechanical and chemical properties of an
electroslag weld, depends upon the type and thickness of base material,
the welding consumables composition, and the welding parameters.
Therefore, a change in base metal thickness affects the welding para-
meters and dilution rate which will affect the weld form factor and
chemistry which may alter the mechanical properties. The AWS D1.1
Code recognizes the effect of base material thickness by limiting the
qualified thickness to 0.5T to l. 1T times the test thickness. The
approach used by Leckenby on the qualifications to accomnodate a change
in base metal thickness by performing a supplementary coupon of differ-

'ntthickness and nondestructively examining for acceptance is incorrect
and does not evaluate the change in mech'anical properties involved with
a thickness change.

The ful'I amperage range of some procedures are not qualified. AWS Dl.l
allows a change in welding amperage of 205. .Some procedures exceeded
the qualified amperage by IX. With the use of a 1/8" diameter electrode
over 400 amps, as is the cases involved, an increase in the amperage
increases the deposition rate and also decreases the weld form factor
which results in a lower resistance to cracking and weld centerline
inclusions or lack of fusion due to the dendritic grains meeting at an
obtuse included angle. The weld form factor is the ratio of the weld
pool width to its maximum depth. An increase or decrease in the amperage
is not detrimental providing the welding voltage. is correspondingly
adjusted so that proper fusion and, a high form factor is maintained.
Amperage and voltage combinations that result in a low form factor could
result in crack-like defects through the weld.

Changes in joint root openings are not qualified in some procedures.
AWS Dl. 1 allows a change of 1/4" in the root opening from that qualified.
A change beyond the 1/4" requires a supplementary test with the new root
opening to be qualified by nondestructive examination. The purpose of
the supplementary nondestructive examination is to determine if a sound
weld is achieved with a given. procedure when the root opening is
increased or decreased. An increase in the root opening increases the
form factor which raises the resistance to cracking. However, a large
increase in the root opening in conjunction with similar parameters may
result in a lack of fusion or slag entrapment along the side walI.
These defects could be intermittent or continuous with weld length and
typically shallow to 1/2" in the through-thickness dimension.



Changes made to design of molding shoes from fusing to non-fusing are
not qualified in some procedures. The types of molding shoes involved
are copper both sides, copper one side and fusing steel backing the
other side, and fusing steel backing both sides. A change in the type
or design of molding shoes from that in the qualification requires
supplementary testing with nondestructive examination to determine if
the change in the molding shoe with a given-procedure will produce a

sound weld. A procedure with parameters adequate with steel backing may
produce non-fusion at the corner edge when used with copper backing if
the voltage is not increased enough to increase the depth of fusion to
overcome the chilling effect of the copper backing. A change from copper
backing to steel backing may result in non-fusion or slag entrapment at
the corner edge if the flux burden and resultant slag depth is excessive.
These types of corner edge defects could range in depth from a slight
undercut appearance to possibly 1/2".

Due to the extent of the ESW procedure deficiencies, instructions were
issued to the 215 Contractor to have qualification tests performed for
the parameters specified in the ESW procedures. It must be noted that
the potential ESW procedure related defects postulated above were not
found in the SSW welds by recent UT examinations (refer to subsection
III.C of the report). With respect to the EM12K electrode and A588 base
material qualification, strength property concerns do not exist. The
design load calculations of subsection III.B resulted in maximum design
stresses for the SSW being less than 18,000 psi.

PROCESS SUMMARY

The main concern for Leckenby welding procedures are the deficiencies
associated with the ESW process. The deficiencies identified for the
SMAW and FCAW processes are not considered to have significant
impact as discussed above. The postulated defects are believed to be
few in number as the recent MT and UT examinations of welds (refer
to subsection III.C of the report) did not disclose defects as proposed.
Based on the Task Force investigation, it is concluded that due to
the examinations performed and the large design margins available, the
existing welds in the SSW are acceptable without concern for structural
integrity due to welding procedure deficiencies.



CONCERN NO. 24

Based on SSW Certified Material Test Report (CMTR) discrepancies noted by
the 215 Contractor (WBG), the Supply System and Burns and Roe, concern
arose with respect to the completeness and correctness of these documents.

BACKGROUNO

A review of'll available SSW CMTRs in conjunction with the SSW material
traceability logs and other documentation identified 26 missing CMTRs.
Five of these CMTRs have been located by Leckenby and transmitted to WBG.
Additionally, numerous deficiencies have been identified in the CMTRs
submitted by Leckenby.

CONCERN RESOLUTION „

Eighteen of the missing CMTR numbers were determined to be associated with
non-existent certifications. The numbers were originated from observation
of missing CMTRs from the CMTR consecutive number list, e.g., 1, 2, 3, 5, 6,
etc., (4 not .included). The missing CMTR numbers are not associated with
material in the SSW.

The remaining three CMTRs are missing and Leckenby is currently reviewing their
records for these documents. One of these CMTRs, No. 196, is associated with
pipe whip support girder material, not the SSW. No. 245, is associated with
plate material used to bolt SSW ring segments together prior to welding (after
welding, these plates serve no necessary structural function). As such, these
2 missing CMTRs do riot structurally affect the SSW. The third mi'ssing CMTR

is associated with an'electrode used in the SSW. SMAW welds made using the
subject electrode have been tested using a Clandon metascope. This
instrument has established that no chromium exists in the welds, and as
such, it is believed that the deposited weld filler metal is E70XX series,
since no E60XX series electrode was selected for use in the SSW. It is
believed with reasonable confidence that the missing CMTR is for E7018
electrode. Leckenby is currently pursuing the missing documentation with
the electrode suppIier. The heat number is known, 630R.

When/if the 3 missing CMTRs are found, they will be submitted to WBG for the
standard review and documentation program.

The disposition of deficiencies identified in the available CMTRs will not affect
the conclusion of the SSW structural assessment. This statement is based on
the following:

o Nine deficiencies are associated with accessible bolts, washers, and cotter
pins in the SSW penetration door assemblies,

o Eight deficiencies are associated with accessible bolts, washers, nuts and
shim material for the attachment of pipe whip restraints to the SSW, and

o One of the deficiencies is associated with accessible cotter pins in the
stabilizer truss assemblies.



Resolution of, these deficiencies, e.g., replacement, can occur by the normal
engineering disposition process and not change the structural conclusions in
this report.

o Six deficiencies are associated with bolts used to connect ring segments
in the SSW prior to welding. Subsequent to welding the ring segments
together, the bolts serve no structural design function.

o Three deficiencies are associated with weld filler metal for which recently
transmitted CMTRs appear to resolve the missing or erroneous information.

o One CNTR is missing for backing bar material used with A588 base material.
Review indicates that the backing bar material is A36 or A588. Either of
these materials are acceptable. In addition, the backing bar is not
part of the design weld strength.

o One heat of A36 plate material was recorded to have a yield strength of
35,500 psi. The minimum yield strength for A36 material should have been "

36,000 psi. Based on the design stresses in subsection III.B, this heat
of A36 has been evaluated to have no structural significance for the SSW.

The above deficiencies will be resolved by the normal engineering dispositon
process.



CONCERN NO. 25

Based on a Quality Assurance review by the 215 Contractor of Leckenby
documentation, it was determined that two weld maps of the SSW had not
been submitted.

r'ACKGROUND

Review of the Leckenby weld maps by the 215 Contractor identified that
weld maps WF-205 and WF-253 had not been submitted. The 215 Contractor
requested from Leckenby an index of the weld maps and the associated
revision data to assure an accurate weld map list was available for
further documentation reviews.

CONCERN RESOLUTION

Weld map WF-205 illustrates door stop weldents. NCR 5009 was issued on
this missing weld map.

Corrective action for NCR 5009 requires the six related door stops to
be removed from the SSW and reattached per the 215 Contractor's Work
Procedure 84.

Weld map WF-253 was transmitted by Leckenby to the 215 Contractor and
has been informally submitted to the Task Force. The drawing pertains
to pipe whip support girders. Weld map WF-253 will be reviewed by the
normal Quality Assurance and engineering process. No further action is
necessary for this concern.



CONCERN NO. 26

Based on defects identified in the SSW by the 215 Contractor, general
concern arose with respect to the SSW weld quality. One action item
that resulted was a review of Leckenby documentation to ascertain from
a ~desi n standpoint the completeness and correctness of the SSW welding.

BACKGROUND

The documentation review was performed by Burns and Roe and consisted
of 166 Leckenby weld maps. All weld maps were reviewed to confirm that
structural members included on Burns and Roe engineering drawings were
included on Leckenby weld maps. Additionally, 20 of the weld maps were
further reviewed to check that each Leckenby weld description was correct
when compared to the. appropriate Burns and Roe weld design drawing.

CONCERN RESOLUTION

All structural members and their associated welds were documented on the
Leckenby weld maps. Six engineering related concerns were identified
and dispositioned as follows:

o Four Leckenby weld details did not duplicate the preparation
associated with the weld procedures. Investigation of these welds
found .negligible effect on the structural integrity of the connections.
Two welds indicated no root opening, rather than a 1/4 inch or 3/8
inch root. A review of the original associated design margin
indicated no .structural concern. The other two welds had an angle
that did not match the weld procedure. Either weld angle developed
the full strength of the member and th'erefore did not effect the
connection.

o The remaining two weld details did not match the Burns and Roe
engineering drawings. These welds were not structural welds,'but
seal and reinforcing fillet welds. These welds were not included
in the design of member connections and therefore have no effect on
the SSW integrity.

Based on the small number of engineering related deficiencies identified
in this review (six in approximately 1300 welds), and the fact that no
structural concerns were identified, no further action is planned for
this concern.



CONCERN NO. 27

Lamellar Tearing - Implications For The SSW Structural Evaluation

NRC Noncompliance Status Report 038-(80-06) (6) (5/20/80) identifies a

concern over the potential for failure of SSW attachment welds caused by
operational or welding stresses and low short transverse ductility of
the A36 material.

The response to this concern has been expanded to cover the potential
for lamellar tearing in the SSW as a whole, and the potential for
failure in service caused by lamellar tears, laminations or low short
transverse ductility.

BACKGROUND

Lamellar tearing (LT) is a form of cracking which can occur when plate
or forging steels are strained transverse to the primary rolling or
forging planes. The most frequent form of LT occurs during welding and
is caused by residual stresses (or strains). It is also possible that
lamellar tears could be initiated by applied loads, though only one
instance was found in the literature.

Many types of material and weld joint designs are potentially susceptible
to tearing. However, only in relatively few instances is tearing
observed. Furthermore, a recent survey (Reference 1) has shown that only
one instance of service failure can be attributed to the presence of a

lamellar tear. However, when LT is encountered during fabrication it is
usually repaired; often at substantial cost. Also, it is prudent to
take precautions against LT during the design and fabrication of structures
and pressure vessels.

It is usually difficult to specifically define a set of conditions which
will result in (or conversely eliminate) LT.

The factors promoting LT are known in qualitative terms. However, the
absolute values required to give LT and the interactions between variables
are not well understood.

It is within this context that a concern has been raised over the
possibility of lamellar tearing in the sacrificial shield wall (SSW).

This concern is addressed as follows:

A. The potential for LT in the SSW structure has been considered in
terms of:

o Material,

o Joint design,

o Erection sequence, and

o Welding process.



B. The measures taken during design and fabrication to prevent LT have
been assessed.

C. The inspection methods used to detect LT during and after fabrication
have been identified and the results reviewed.

D. The potential for LT during the welding of attachments to the SSW

has been addressed.

E. The effect of possible LT's on the performance of the SSW have been
evaluated.

F. Conclusions as to the overall implications of this concern on SSW

integrity have been made.

In addition, two related concerns have been addressed. These are the
effect of plate laminations and low short transverse ductility on
structural performance.

I I DEFINITIONS

LAMELLAR TEARING has been defined above.

LAMINATIONS are planar plate or forging defects which lie parallel to
the primary rolling or forging plane of the material. They result from
the rolling out of ingot defects. Laminations resulting from blowholes,
blisters, exogenous inclusions, piping, etc., are macroscopic discontinuities.
Smaller laminations, or laminar inclusions, result from the rolling of
indigenous inclusions —sulphides or oxides of silicates. Lamellar
tearing may, or may not, be associated with laminations.

SHORT TRANSVERSE DUCTILITY (STD) is a condition where the ductility at
as ure measured transverse to the rolling plane is low. Again this may

or may not be associated with laminations, However, it does indicate a

susceptibility to LT. The degree of susceptibility being inversely
proportional to the ductility. An STD value less than ten percent indicates
high susceptibility.to LT.

III. DISCUSSION

A. Potential for LT in the SSW

The SSW is fabricated from ASTM A36 rolled sections and plate and
ASTM A588 plate. Thicknesses are up to three inches with most
material lg to 2> inches thick. Susceptible weld joint designs
include fillet welded T-joints, butt welded T-joints, and corner
joints. The welding processes used were shielded metal arc, flux
cored and electroslag.

No supplementary controls on plate chemistry were specified and the
sulphur levels in the A36 range up to.0.045 wt5. Also, no volumetric
examination was specified.





Thus, there is some potential for LT of T-and corner joints within
the SSW. However, there have been no reported cases of LT associated
with electroslag welds (Reference 2).

Some of the more susceptible joints are identified in Attachment 1

(drawing details). Some of the SSW joint details were changed to
minimize LT. These changes are discussed further in the next section.

Given some susceptibility to LT produced by the joint type and the
material, the level of risk is influenced by the weld sequence.
The sequence used on the SSW was not very detailed (Attachment 2).
However, from the general erection sequence we do know the order in
which the structure was put together.

Each ring was assembled separately and then the complete wall put
together in the field. The potential for tearing of a given joint
will depend on the erection sequence. Thus, the first welds attaching
the columns to the base plates, or ring members will be relatively
unrestrained. However, closing connections between beams and
columns or between the columns and the top ring member could be
more highly restrained.

Given the difficulty in predicting go-no/go conditions for LT
(refer to I of this concern) and the lack of specific information
on the erection sequence, it is difficult after the fact to judge
whether LT would or would not have occurred in a given joint.

Precautions Taken During Design, Fabrication and Erection

During the design of the weld details for the SSW a number of
changes were made to minimize the potential for lamellar tearing
(see Attachment 3). These changes related primarily to the fabrication
of the built-up columns and beams.

In most instances the joint designs used were of the type recommended
to minimize tearing in that the bevel was placed on the susceptible
member in a corner joint. One exception is member 4 where the
bevel is completely on the intersecting member.

However, in all of the box sections the joint design is such that
any tearing would propagate to the end of the plate with a high
probability that it would be detected visually.

Member 9 is a built-up beam and the design required that the flange
faces be grooved and buttered to prevent tearing under the flange/web
welds.

Thus, it is concluded that there is no reason to suspect a major
problem with LT in the built-up *beams and columns.

However, in assembling the wall, the ring beams and columns are
joined by welding. Also, there are numerous internal stiffeners
welded into columns and also spanning column to column.



Amongst this set of weld details there are many with a susceptibility
to LT (see Attachment 1). No precautions were apparently taken to
prevent LT in these joints.

C. Inspections to Detect LT

During Fabrication

The 215 Contract (Section 5B, paragraph 5.4) required ultrasonic
testing (UT) of electroslag welded joints in the SSW for
lamellar tearing. The joints were to be examined by straight
beam UT per ASTM A435-74.

The Leckenby lamellar tearing UT examinations, however, were
performed prior to this contract modification requirement.
This UT was primarily perfo'rmed due to concern for lamellar
tearing at tee-joints whe're buttering, an original preventive
measure, had not been used. The UT was performed per Leckenby
guality Control Procedure (gCP)-8.0. The defect repair criteria
in gCP-8.0 is substantially more stringent than the specification
and ASTN A435 three-inch-diameter circle criteria. gCP-S.O
defect acceptance criteria states:

o No cracks, lack of fusion, or incomplete penetration are
allowed, ard

o No linear type discontinuities are allowed if the signal
amplitude exceeds the reference level and the discontinuities
have lengths which exceed

l/4 inch for T (a) and up to 3/4 inch, 1/3T for T from
3/4 to 24 inch, and 3/4 inch for T over 24 inch.

(a) T is the thickness of the thinner portion.

Leckenby performed 129 straight beam UT examinations for LT.
Of these, eighty-one were on ESW and forty-eight on FCAW.

Also, two angle beam examinations were performed on ESW and
fifty-eight on other processes. The number of lamellar tearing
UT examinations performed by Leckenby exceeded the specification
requirements. No lamellar tearing was found.

This sample consisted of about six percent of ESW (83 of 1273)
and about 1.5Ã of all welds on the SSW. Considering that many
of the weld joints are not susceptible to lamellar tearing,
the sample percentage of susceptible welds will be much higher.

2. UT Examinations Performed for the Task Force

All SSW exterior, accessible electroslag welds have been UT'd.
As a part of this examination the base plate six inches on
either side of the weld was scanned for laminations or lamellar



tears. A total of seventy-three welds were examined. Of
these twenty-seven were potentially susceptible to LT (Type A
in Figure III.C.1); thirty-four were not susceptible (Type 8);
the details of twelve are not readily available.

None of the welds were rejectable for LT.

In only one instance was a lamination detected in the material
adjacent to the weld.

In addition, seven double bevel, full penetration, T welds
made using the flux cored arc process were examined by UT.
The weld detail is shown in Figure 27. 1 of this concern. No
laminations or LT was detected.

3. Ultrasonic Examination Performed as a Result of Cracks Associated
With the Radial Beam to SSW Connection

All radial beam to SSW welds were inspected and repaired after
discovery of a cracking problem associated with the original
attachment electroslag we)ds.

At the time of discovery of the crack eight welds had been made.
All were UT'd and repaired as necessary. In addition, all other
attachment areas were UT'd before attachment of the remaining beams.
An area eight inches to all sides of the connection region was
included.

The areas were then buttered and HT'd. After completion of
the beam/SSM connection the welds were again UT'd. This
inspection was performed after seventy-two hours had elapsed
from completion of the weld.

In all these inspections no evidence of lamellar tearing was
found.

4. Conclusions Related to Inspections

A significant number of volumetric examinations of welds
susceptible to lamellar tearing have been made during and
subsequent to fabrication of the SSW. These include welds
attaching members.to the outside of the SSW. No evidence of
LT was detected.

D. Potential for LT Occurring During Melding of Pipe Whip Restraints,
and Other Attachments, to the SSM

The welding attachments to the SSW since 1977 have been to the
controlled procedures of Work Procedure-84.

Prior to attachment the area of the SSW is examined by MT. The
complete attachment area is then buttered and re-examined.





All welds are made using an approved sequence.

All welding is performed at controlled preheat. Intermediate
passes are peened and MT examination performed on the root pass and
at completion. Welding heat input is also controlled.

Initial experience with the repair and subsequent installation of
the radial beam to SSW connection welds gave confidence that even
under restrained conditions these procedures were adequate to
prevent LT. This confidence resulted from extensive UT of the
attachment areas before and after welding (see previous section of
this concern).

It is concluded that adequate precautions to minimiz'e LT under
attachments have been taken.

E. Influence of LT, Laminations and Low Through Thickness Ductility on
Joint Performance

1. Laminations or Lamellar Tears

Laminations and lamellar tears will have a similar effect on
joint performance.

It is worth reemphasizing at the outset that only one instance
of service failure from LT or a lamination has been reported.

There has been little work done on the effect of this tvoe of
discontinuity on joint performance. However, the effect of
LT/laminations on structural integrity can be addressed in
the same manner as for other cracklike defects provided the
reduced through-thickness properties of the material are
considered (Reference 3).

Though the Charpy impact energy and fracture toughness of
the material in the short transverse direction is lower than
in the longitudinal/transverse directions, the nil-ductility
transition temperature (NDT) is not increased significantly.
The main difference is in the upper shelf energy. Thus, at a
significant margin above the NDT the fracture mechanism in
the short transverse direction is low energy ductile tearing.
Provided the structure operates at an adequate margin above
the NDT, unstable fracture by cleavage under elastic loading
will not occur. Plastic strains and displacements will be
required to cause fracture.

Under these circumstances the controlling failure mechanism
is probably plastic collapse. Unpublished experimental work
by the Welding Institute supports these conclusions. Their
findings are summarized in Figure 27.2. The joint types used
in the testing are shown in Figure 27.3.

The tests were performed on a material which had a short transverse
Charpy impact energy of 15 ft. lbs. At the test temperature some



cleavage was observed, but failure was predicted by plastic-
collapse analysis.

0
arm

The two lines shown on Figure 27.2 represent failure predictions
based upon such analyses. Three expressions were used:

2a
~V ('-D ) - 27.I

p" = p- (I- W) - 27.22a/

arm

v
q'rm= Flow (I- 0)- 27.3

Where: vy is the yield stress,

Flow = ~o+ o, aod

Va = ultimate tensile stress.

Refer to Figure 27.3 for other parameter definitions.

Equation 27.3 accurately predicts failure for configuration (B),
(Figure 27.3), but is very conservative for configuration (A)
where the width of the weld across the toes exceeds the thickness
of the branch member.

Thus, it is considered that the influence of any laminations
or lamellar tears are covered by the fracture and plastic
collapse assessment presented in this report.

In addition, McDonald has derived an elastic-plastic fracture
model to predict the effect of laminations on joint performance
(Reference 4).

McDonald's data for A36 and A588 shows that even with large
laminations considerable plastic deflection is required to
produce failure. In addition, in spite of the very large
laminations, the residual strength of the joints was substantial
and in excess of half the nominal yield, even with laminations
several inches wide. Thus, with normal levels of elastic
design stress, the potential for failure is low. This data
also tends to support the Welding Institute findings.

The use of buttering on the outside of the SSW will also
reduce the potential for failure from laminations or LT. The
buttering distributes the applied strains over a much larger
area of the base material, effectively the dimension W (Figure
27.3) is increased. Thus, the potential for failure for
buttered joints will be even less than that for conventional
joints.



2. Low Short Transverse Ductility

Low short transverse ductility promotes susceptibility to
lamellar tearing. From 0 to 105 there is a potential for LT

in lightly restrained structures, from 10 to 15Ã in moderately
restrained structures and from-15 to 20Ã in highly restrained
structures (Reference 2).

Low values (as low as 0 percent) have been reported from transverse
tensile specimens. However, these results are pessimistic in
that only a small area is sampled and the presence of inclusions
or small laminations can cause failure at low strains.

Under extreme circumstances it could be visualized that service
loads could cause a laminar failure in a steel which had low
short transverse reduction in area. However, in the SSW

service stresses in the susceptible areas are well below yield
and thus plastic straining of the base material does no't
occur. Under these circumstances it is difficult to envisage
the formation of lamellar tears. Tearing during welding
occurs after significant plastic strains which are of the
order of a magnitude higher than the elastic design strains.
Even if a laminar tear were to initiate, further plastic
strain would be required to cause failure as discussed in III.E.1
of this concern, with a significant additional margin against
joint failure. Similarly, the use of buttering reduces this
risk for the SSW attachments.

3. Conclusions with Respect to Effect of Laminations, LT or Low STD

It is concluded that the potential for failure initiating from
LT, lamination or low transverse ductility is low. This is
based upon:

o The low incidence of reported failures,

o Experimental data showing the need for high strains/deflections
to promote failure from large laminations,

o Even with susceptible materials some plastic strain is
-.ne'eded to promote tearing and the tear must be propagated
to cause joint failure. Thus, for elastically stressed
joints there is little potential for failure caused by
LT, laminations or low transverse ductility.

o The use of buttering reduces the potential for failure
from laminations, lamellar tears or -low short transverse
ductility.



IV. CONCLUS IONS

o There are a number of weld joint details in the SSW which are
potentially susceptible to LT.

o Inspections performed during and after fabrication indicate that
there was no generic problems with LT in the SSW.

o The potential for joint failure caused by LT, laminations or low
short transverse ductility is low under elastic design stresses.

o The use of buttering before making attachment welds to the SSW makes
potential for LT under these welds very low.

o The use of buttering reduces the potential for joint failure from
laminations, LT or low ductility in the through-thickness direction.

o The implications of LT, laminations or low short transverse ductility
for SSW integrity is discussed further in the main body of this report.
The conclusion is that there is no significant concern. This is based
on the low probability of failure by elastic fracture and the multiple
parallel load paths which preclude plastic collapse.

o The overall conclusion is that there is reasonable assurance that
failure of the SSW resulting from laminations, LT or low short
transverse ductility will not occur.
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Concern No. 27

Attachment 1

Typical details showing attachment

of pipe whip restraint support steel

to the SSW.

HOTf: Details xeroxed from Leckenby

drawings:

F272 Alt. 5

F273 Alt. 1

F274 Alt. 2

F275 Alt. 3

Typical stiffeners added.
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'evised SSW Weld Joints to

Prevent Lamellar Tearing (14 Sheets)
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CONCERN NO. 28

It was noted during review of defect related documentation that four
repairs of cracks in SSW shop welds did not comply with AWS Dl.l
requirements.

BACKGROUND

During reviews of Leckenby documentation by NRC Region V, it was

discovered that several crack repairs did not include the proper
inspections and excavation criteria. This documentation was

associated with the SSW and the pipe whip support girders.

Additionally, during review by the Task Force, four such repairs
associated specifically with the SSW were identified, two of which
had been previously identified by the NRC.

CONCERN RESOLUTION

The AWS Code requires a positive means to ascertain the extent of
cracks in weld or base material prior to weld repair. No dye penetrant
or magnetic particle examinations were performed during three crack
repairs on the SSW to our knowledge. However, the repair instructions
did state to air arc out the defect to sound metal. Additionally, the
AWS Code requires removal of the crack and sound metal to 2 inches
beyond each end of the crack prior to repair. Confirmation of such
removal is not available for four known SSW crack repairs, the above
three included. Two of these weld repair areas are accessible. Recent
UT performed on the accessible areas found no defects or indications.
Potential defects remaining in the SSW associated with the other crack
repair areas as a result of not complying with these AWS Code require-
ments are enveloped in the bounding defect assessment in subsection
III.D.

No further action is necessary for this concern.



APPENDIX B

SSW Load Analysis Refinements

This appendix contains an explanation of the refinements in loads and

analysis techniques made subsequent to the submittal of Reference III.B.l.

Tech. Memo. No. 1185 - Refinements in Annulus Pressurization
Analysis for a'ostulated Feedwater
Line Break

Tech. Memo. No. 1187 - Simplified Dynamic Model Used for
Structural Assessment of the SSW

Tech. Memo. No. 1188 - Finite Element Seismic Analysis of
the Reactor Building

Tech. Memo. No. 1190 - Pipe Break Loading on SSW
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1) Burns and Roe Calculation 5.07.04.10,
Feedwater Blowdown for Annulus Px'essurization

2) Burns and Roe Calculation 5.06.30.2, SSW
Pressure Analysis from Feedwater Blowdown,
RELAP 3 Input

3) RELAP 4/MOD 5—A Computer Program for Transient
Thermal-Hydraulic Analysis of Nuclear Reactors
and Related Systems, ANCR-NUREG-1335,
September 1976
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'he purpose of this Technical Memorandum is to
discuss the refinements in annulus pressurization analysis
which have resulted in a reduction in annulus pressuriza-
tion load for a postulated feedwater line .break. The basic
refinement which has been made is a reanalysis of the feed-
water blowdown mass and energy data which is required for
the annulus pressurization analysis. The revised feedwater
blowdown calculation is Reference 1 and the subsequent
annulus pressurization calcu'ation is Reference 2. The
physical model of the annulus is unchanged and needs no
discussion. The postulated feedwatex line break is an
instantaneous double-ended guillotine pipe rupture of the
12 inch main feedwater line at one of the six nozzles to the
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reactor pressure vessel. A brief review will be made
of the two methods of calculating the feedwater blowdown
data, followed by a comparison of the blowdown data
results. Annulus pressurization results will also be
compared.

Revised Blowdown Data

The revised feedwater blowdown data for the
current assessment of the sacrificial shield wall (SSW)
annulus pressurization are from Reference 1. ln Refer-
ence 1, a comprehensive model was developed for the entixe
condensate/feedwater system from the condenser to the
reactor vessel. This model in conjunction with the
RELAP 4/MOD 5 computer program .(Reference 3) was used to
calculate the transient mass and energy blowdown data.

Ori inal B'lowdown Data

The SSW design of. Reference 4 is based in part
on the original.feedwater blowdown data of Reference 5.
The analysis .of Reference 5 was a hand calculation based on
the physical properties of the blowdown fluid and the
applicable bxcak areas of the feedwater line. The break
areas chosen were conservative and resu3„ted in high mass
and energy blowdown data.

Blowdown Data Com arison

Figures 1 and 2 compare the revised and the
'original feedwater blowdown'ata. Figure 1 is a comparison
of mass flow rates and Figure 2 is a comparison of energy
rates. The significant portion of the txansient is before
0.100 second and during this part the revised mass flow
rate is 30% of the original mass flow rate and the revised
energy rate is 25% of the original energy rate.

Com arison of Annulus Pressurization Results

Figure 3 is the node model for the sacrificial
shield wall annulus for the feedwater line break. Typically

~ data for nodes near the break (1, 2, 3, 6, 7 and 11) are
shown to illustrate the annulus pressurization results.



Page 3
R'. E. Snaith

Tcchnical Memorandum No. 1185
7/8/80

In Figures 4 through 9 the annulus pressurization data
are compar'ed for the original blowdown (dashed curve,
Reference 4) and the revised blowdown (solid circle curve,
Reference 2) . In general, the peak differential pressure
reduction approaches a factor of three for the higher
pressure nodes (1 and 2) and is about a factor of two
for the lower pressure nodes (3, 6, 7 and 11).

Prepared by:
P. A. Bickel

Approved by:
T. T. Hsu
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The present base line design of the sacrificial
shield wall (sac wall) is based on equivalent static
analyses for dynamic loadings. In order to approximate
what conservatisms exist in the equivalent s'tic method
of analysis, a simplified dynamic model was developed to
assist in the structural reassessment of the 'sac wall.
This simplified dynamic model provides a more realistic
response of the sac wall to the dynamic loadings it is
subjected to. Following this investigation, which utilizes
the simplified dynamic model, a more refined and accurate
model will be developed.

This technical memorandum provides a description
of the simplified dynamic. model and the method of analysis
used in reassessing the structural adequacy of the sac wall.

A finite element mathematical model of the entire
reactor building and supporting soil was.u'sed to perform
the dynamic analysis. The various structural elements (base-
mat, exterior walls, containment, pedestal, sac wall, and RPV)
were represented by axisymmetric conical shell elements which
have non-axisymmetric loading capability. Structural elements
such as the columns, stabilizer truss, bellows, and shear lugs
were'odeled using springs. In the sacrificial shield wall
region where the annulus pressurization loads are applied and
where a more accurate representation is required, the node
locations are more closely spaced. The mathematical model of
the reactor building and internals is illustrated in figure l.
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commercially available computer program ANSYS,
Rev. 2 was used to calculate the structural response of the
reactor building and internals due to the annulus pressurization
loads. The capability of ANSYS to perform a reduced linear
transient dynamic analysis was used to obtain displacement time
histories at essential degrees of freedom. This is done by
solving the equations of motion by direct integration.-

For the recirculation line break, the following
loads have been cohsidered:

1.
2.
3.
4 ~

pressure - as defined in reference 1
pipe restraint - as defined in reference 2
jet reaction - as defined in reference 2
jet impingement « as defined in reference 2

These loads are shown pictorially on the attached
. figure 2. They are applied to the sac wall and reactor

pressure vessel using time dependent concentrated forces at
applicable nodes and distributed circumferentially'y a
Fourier series.

Since the sac wall was modeled using axisymmetric
thin shell elements, the calculated displacements are
representative of the overall dynamic displacements. Inherent
in this assumption is that displacements at openings would not
be significantly higher than the overall displacements calculated
from the simplified dynamic model.

The displacements obtained from the simplified dynamic
model were then used as input into a more refined, three dimen-
sional model of the sac wall. This model is used to calculate
the stresses since it is more representative of the real sac
wall structure. It contains the actual properties of the
individual elements (vertical columns, circumferential beams,
and cover plates) and also models the sac wall openings.

JB/gb
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Objects of Analysis

The finite element seismic analysis was conducted
to establish a more realist'ic response of -the WNP-2
reactor building to the design earthquakes specified
for the site. The analysis utilizes finite element
techniques in obtaining the dynamic interaction effects
between. the structures and the soil in accordance with
the provision of the Standard Review Plan 3.7.2. Design
response speccra are generated as a result of the
analysis'
Conclusions

The major f'indings of the study were:

A. A new set of design response spectra at all
the mass points of the reactor building mathe-
matical model and for all the degrees of freedom
were generated, both for SSE and OBE with maximum
horizontal and vertical ground acceleration of
0.250 g and 0 .125 g, repectively. ln general,
the new response 'spectra were found to be less
than previously generated using a lumped mass
spring approach.

B. For the .soil-structure system analyzed it was
found that it: is more conservative to specify
the control motion at the elevation of the base
of the reactor building rather than at the finished
grade level. The final analysis was based on
specifying the free field control motion to be
applied at the elevation of the reactor building
mat.
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III Discussion
-=f

A. General

The total soil-stxucture system was modeled and
analyzed in'ne step. A finite element approach was
used in this step. The design motion was deconvoluted
to the base rock in the free field, then the structural
response-to this deconvoluted motion is evaluated.

was performed in the frequency domain.
The Reg. Guide 1.60 ground motion was used as input
to this study.

BE Programs

The fixst, step in the seismic analysis
analyze the dynamic soil-structure„system. The
PLUSH program was used for this purpose. The
>LUSH program was a u3.ane strain finite elements
program, which also has one-dimensional beam ele-
ments. The main features of the PLUSH program
are:

- It incorporates the Lysmer semi-infinite
boundaries thus being able to account for
the radiation damping in an inexpensive way.

- It can account, for the soil nonlinearities by
an intexative scheme.

It accounts in an approximate way for the three-
dimensional soil behavior.

The output of the progxam (accelerations of the different mass
points of the structure) could be used directly in the design.
However, due to the fact, that the structural model in the soil-
structure model is not detailed enough, an extra step in the
analysis was performed.'
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B. Programs (Con't)

2. The next step in the analysis was to build a
detailed three-dimensional mathematical model of the
reactor building. The input to this model were the
resultant acceleration time histories at the base
of the structure (soil-stxucture interface) of the
simplified 'soil-structure model analyzed as described
before. The program NASTRAN was used in this step.
The advantages of performing this step are:

Analysis of the reactor build.ing in more
detail is possible.
It accounts for the coupling of the six
different. directions (three translations
and three rotations).
Better modeling of the water masses is obtained
which the FLUSH program cannot, handle.

The output from NASTRAN were acceleration time histories .

of the different structural mass point associated with the six
dynamic degrees of freedom. e ~

C. Generation of Res onse S ectra
The last step was to generation design response spectra

from acceleration time histories. The generation of the response
spectra was based on solving the dynamic" equation of a damped
single degree of freedom system.

Prepared by
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ME/has

Approved by
J. O'Donnell



YKC KE85C SkK.II'-MC)HAHGlUM COPIES TO:
J JVerderber
ACygelman
DCBaker
CJSatir
FPatti
JGorga
MRamchandani
KRonis
ZStudnicka
RDubey
EWagner
EFexrari
HTuthill
GHarper

DATE 7/23/80

TQ R. E. Snaith

F~Ogg R. K. Dubey

\

Reference: Memo to M. Fialkow from R. K. Dubey
.dated 4/15/80, "Pipe Break Loading
on Sacrificial Shield Wall"
BGR Report No. WPPSS-74-2-Rl, Rev. 2
dated January '76, "Protection Against
Pipe Breaks Inside Containment"

2.

'

S~@~ECT W 0 ~ 2808
Washington Public Power Supply System
WPPSS Nuclear Project: No. 2
Pipe Break Loading on Sacrificial
Shield Wall
Technical Memorandum No. ~cg

pf
db
SF-2
TM File

~Pur use

The purpose of this technical memorandum is to
document the basis for refinements in pipe break reaction
loads which have been used in the reevaluation of the

<sacrificial shield wall.
Back round

Pipe break reaction loadings used in the original
design of sacrificial shield wall (SSW) were based on
approximate locations of pipe whip supports and conservative
gaps between pipe and pipe whip supports.

Current Loadin

The current loadings used in the reevaluation of
SSW design, have been determined using final locations of
pipe whip supports and more realistic gaps between pipe and
pipe whip supports (reference 1) .

D namic Anal sis
An analysis has been performed for each postulated

pipe break. An energy balance model has been used in the
analysis; Kinetic energy generated during the first quarter
cycle movement of the ruptured pipe is imparted to the piping/
restraint system through impact, and is converted into
equivalent strain energy.
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Simplified dynamic analyses as described in
reference 2 have been performed to obtain pipe break
loadings. The entire structure including pipe, ~ support
linkage, — restraint beams and major structure to foundations
absorbs energy by elastic, elasto-platic, or plastic
deformation. The maximum deformation of the restraint
member has been limited by limiting the ductility ratio
p, the ratio of the maximum deflection (Ym) to the
elastic deflection (Ye) . The maximum permissible ductility
ratio is limited to 50% of Pc, the ductility ratio that
corresponds to collapse.

Time history of unbalanced forces on the ruptured
pipe has been simplified to a suddenly applied, constantly
maintained force. Dynamic loading on the pipe whip restraint
is assumed to be a suddenly applied constantly maintained force
described above, in conjunction with a kinetic energy of impact.

Prepared by
R. K. Du ey

Approved by ~ 7 ~
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AN EXAMINATION OF THE STRUCTURAL INTEGRITY OF THE SACRIFICIAL SHIELD
WALL OF THE WPPSS NUCLEAR PROJECT No 2

Interim Report

By: A A Wi 11oughby

1-. INTRODUCTION

The sacrificial shield wall (SSM) at WPPSS Nuclear Project No. 2 (WÃP-2)
is a cylindrical wall surrounding the pressure vessel. It consists of
a framework fabricated by welding plate and rolled members into box
sections, with the outside covered with skin plates, and the inside
filled with concrete to provide a radiation field (Figs. 1(a) and 1(b)).
Steels used were A36 and A588 in I" - 3" thickness. Whilst it may be
assumed that the concrete would contribute to the structural strength
of the wall, no credit is taken for this in the analysis to be presented.
Melding processes used in fabricating the wall include shielded metal
arc (SMA), flux-cored arc (FCA) and electroslag (ES). During normal
service the design stress is small but in certain circumstances (for
instances, a loss of coolant accident coupled with seismic loading) the
nominal design stress would reach approximately the minimum'yield stress
of the base material. Host of the 13,000 welds, which are not stress
relieved, are now inaccessible, but the survey of the visible ones has
revealed many instances of welding defects which exceed AMS D1.1 visual
acceptance criteria. In addition, during fabrication, the contractor
who made the SSW had a significant problem with the quality of electro-
slag and flux-cored arc welds, and magnetic particle inspection of areas

. of the outside of the SSM by another contractor has revealed a number of
cases of cracks and linear defects. Because of these concerns, an
assessment of the structural integrity of the SSM has now been called
for.

2. GENERAL APPROACHES TO FRACTURE ASSESSE|ENT

Failure of the structure may occur by either of two mechanisms:

i) Plastic collapse
ii) Fracture

2.1. Plastic Colla se

Plastic collapse occurs when the net section is insufficient to support
the load on it. This could be a problem where extended defects result
in a significant reduction in net sectional area. Consideration of'his
possibility involves the assessment of the the likely maximum size of
defects at the various levels of section size and nominal stress present



in the structure (residual stresses, which are self-balancing and are
relieved by plastic flow, do not affect the tendency towards plastic
collapse). If plastic collapse cannot be ruled out in certain details,
the effect of loss of load-bearing capacity in these details must be
examined.

2.2. Fracture

Fracture in the structure requires the operation of two mechanisms:

i) Initiation
ii) Propogation

In order for the structure to fail, both stages must take place. An
assessment of structural integrity in a welded structure can therefore
be based on either

a) The likelihood that fracture'will not initiate from pre-existing
defects, or

b) The likelihood that an initiated fracture will not propagate a sig-
nificant distance but will arrest in the material.

The application of these two approaches will now be considered further.

2.2.1. Initiation

From a knowledge of fracture toughness and stress level, the maximum
tolerable defect size and shape may be calculated by means of fracture

.mechanics. The fracture toughness should be obtained for all materials
employed (parent materials, weld metals and heat affected zones (HAZs)).
In structural steels, the measurement of "valid" KIc or KId values
requires very large specimens, and so yielding fracture mechanics para-
meters, such as COD, are more readily obtained. Alternatively, a lower
bound value of KId may be estimated via correlations with other para-
meters.1 The stress level employed in the analysis is the nominal
applied stress with allowances made for stress concentration and resi-
dual stresses. In the COD approach, the toughness, stress and maximum
allowable defect size are connected by means of the COD design curve.2
The maximum allowable defect size calculated by this means is not the
critical value for fracture initiation, but incorporates a safety factor
of the order of two or three.

2.2.2. Arrest of a propagating crack

The philosophy behind the crack arrest approach is to assume that cracks
can initiate at defects, at locally embrittled regions and at regions of
high local stress and to demonstrate that fracture will be arrested by
the surrounding material. The details of the initiating defect and its
immediate environment need not be considered. The simplest approach is
based on the drop weight test (DWT) test of Pellini which is semi-
empirical but is well supported by available data. From a knowledge of
the nil-ductility transition temperature (NDT), crack arrest can be
assumed at a temperature of NDT + x, where x depends on nominal stress



level, section thickness and size of initial defect. For initial
defects of comparable or smaller size than the plate thickness, and for
nominal stresses .of around yield, the crack arrest temperature vill be
taken as:

NOHINAL STRESS/YIELD STRESS 0.25 0.5 1.0

Crack arrest temperature (1" thi.ckness) F NDT+10 NDT+30 NDT+60

Crack arrest temperature (3" thickness) 'F NDT+40 NDT+60 NDT+90

with intermediate thicknesses in proportion. These temperatures are
obtained from Pellini's Fracture Analysis Diagram (FAD) for 1" thick
material, and by applyi.ng a recommended 30 F temperature shift to allow
for the extra constraint in 3" thick material. This may be an over-
estimate at low stresses. The whole approach is considered to be con-
servative if defects are not extremely large, although it is not known
what the precise margins of safety are.

In applying this approach, all possible crack propagation paths must be
considered. This includes fracture in parent materials, weld metals,
and, possibly, in HAZs.

3. METHODOLOGY TO BE APPLIED TO THE ASSESSMENT OF STRUCTURAL INTEGRITY IN
THE SSW

3.1. Plastic Colla se Assessment

The possibility of plastic collapse will be assessed in terms of the
nominal design stresses, the likely defect sizes and the estimated flow
stresses of the materials (based on generic data). tAthere this possi-
bility is found to 'exist, the effect of redundancy of structural members
and the nature of the applied loading system (which will be principally
displacement controlled due to the effects of load distributi.on into the
framed structure and to the restraint of the concrete in-filling) wi.ll
be considered.

3.2. Crack Arrest A roach

The crack arrest philosophy will next be applied since details regarding
the defects, such as severity and local embrittlement, need not be con-
sidered. The crack arrest temperature, as defined in Section 2.2.2,
will be estimated for all materials where cracks might propagate — i.e.
A36 and A588 plates and sections, all weld metals and possibly the HAZs.
Speci.fic .data in terms of NDT temperatures on the materials of the SSW

are not available, and so estimates will be based on generic data where
possible, on a worst case basis to gi.ve conservative predictions. Use

3



may also be made of conservative Charpy energy/NDT correlations, where
applicable.

Several reasons may be envisaged which prevent the assurance of struc-
tural integrity by means of the crack arrest approach:

(a) The available generic data on NDT temperatures may be indadequate,
(b) The upper bound NDT temperatures estimated may be too high to

guarantee crack arrest at the service temperatures.

In the first case, steps should be taken to acquire more data, by means
of laboratory tests on procedure qualification weldments or on material
cut from the SSR. In the second case, consideration should first be
given to raising the service temperature above the crack arrest tempera-
ture. If it is not possible to raise the temperature sufficiently,
then those regions and materials which are below the crack arrest
temperature will be identified and assessed in terms of the maximum
allowable defect sizes for crack initiation, as detailed below.

3.3. Prevention of Fracture Initiation

For those regions where crack arrest cannot be assured, as identified
in Section 3.2, the maximum allowable defect sizes to ensure that
fracture initiation will not occur will be determined.

1The first approach will be via the reference KI> curve , which is a
standard K versus temperature curve for all materials of yield
strength below 50ksi, referenced to the NDT temperature. There exist
some doubts, however, concerning the applicability of the KIR curve in
all cases. Peilini4 suggests that it is excessively conservative for
low strength materials such as A36, and its use for higher strength
materials such as the weldments in the SSV has not been established.
Depending on the margin of safety, it may be necessary to conduct
laboratory tests in a few specific cases. In this case, fast strain
rates will be used because the pipe whip loads following a loss-of-
coolant accident (LOCA) will be dynamic in nature. Linear elastic
fracture mechanics (LEFM) tests could be employed, but the thickness of
material involved would almost certainly mean that these tests would be
invalid, in which case dynamic COD tests on specimens of full section
thickness will be used. The material for the tests could be either cut
out of the SSW 'or simulated in the laboratory, using the same welding
conditions as those used in the wall.

From the value of the dynamic fracture toughness, however estimated,
the maximum allowable defect sizes will be calculated.

These must be compared with the actual defect sizes in the regions
established to be at risk, and so non-destructive examination should be
carried out on all accessible details in order to allow an estimate of
defect population to be made. From this, the probability of fracture
in the details at risk may be calculated.



4. DATA APPLICABLE TO THE SSW

4.1. Stress Levels and Distribution

It is under'stood that, during normal operation, the nominal design
stress on the SSW'is small, consisting principally of the deadweight of
the structure and attached pipework. If one of the high energy lines
were to rupture, however, the resulting movement of the pipe ends would
apply large dynamic loads to the SSW,via the pipe whip restraints.
Alternatively, the rapid release of steam into the annulus gap between
the SSW and the reactor pressure vessel as a result of a coolant pipe
break within the annulus would induce radial stresses. For pipe
failures in this region the radial loading would be additive to the
pipe whip loading. The main causes of stressing may thus be summarised
as follows:- .

(1) Deadweight loading.
(2) Seismic loading.
(3) Pipe-whip following a LOCA.
(4) Annular pressure following'a LOCA,

It must be emphasised that the probability of these loads being applied
simultaneously is extremely remote, requiring as it does a combination,
of a pipe break inside the annulus and an earthquake. Nevertheless,

.the structure was designed-with this contingency in mind, and the
architect engineer, Burns & Roe, Inc., estimate that the maximum nominal
stresses .could reach yield in certain regions of the SSW.

The rate of application of the load for the various categories outlined
above is different: the first is static, the second of slow to inter-
mediate rate, and the last two are dynamic in nature. Calculations by
Burns & Roe indicate that the annulus pressurisation load reaches a

maximum (of 92.4psig) within approximately 0.005 seconds'f a LOCA and
then decays to approximately 40psig in 0.01 seconds. In the absence of
further data it will be assumed that the pipe whip loads are applied at
a similar rate, and that the combination of pipe whip and annulus
pressurisation causes loads approaching yield stress magnitude to be
attained in the 0 F 005 seconds. The nominal strain rate is then approxi-
mately 0.5 in/in/sec. This figure is intended to be a guide only: part
of the loading is static or relatively slow, thus reducing the strain rate,
whereas the rate at stress concentrations and discontinuities could be
much higher.

A finite element analysis has been carried out by Burns & Roe, and the
calculated stress distribution under the worst combination of loading
is approximately depicted in Fig. 2. The most highly stressed regions
are in the top ring and in the second ring up from the base. The
fourth ruing up is mostly stressed to less than half the allowable design
stress. It is understood that these calculations of stressing are
conservative in nature, and that Burns & Roe are currently re-analysing
the situation in an attempt to define the stresses more precisely.



4.2. Materials

The ma)ority of the structure is fabricated from A36, as-rolled. Plates
of ~~" - 3" thickness and rolled sections, of up to 1" flange thickness
were used. A588 plate, Grades B and H, were used for the uppermost
ring, in 2$ " and 24" thickness. Melding processes were of three main
types - shielded metal arc, flux-cored metal arc and electroslag. The
electrode type, manufacturers designation, and the specified minimum
tensile properties for all the materials are given in Table l. In the
case of the electroslag weldments, no tensile properties were specified,
so for the welds in A36 the results of the weld procedure test are given.
For those in A588, the scatter bands for the similar weldments reported
elsewhere~0 are taken as giving a good indication of tensile properties.

4.3, Ins ection and Defect Details

Three different inspections were carried out on various weldments:

(1) Leckenby, the contractor, visually inspected all welds and repaired
as necessary. Defects were found in 37% of the electroslag welds.
Some ultrasonic inspection was also carried out to detect lamellar
tears associated with the electroslag T welds.

(2) Magnetic particle inspection was carried out independently by the
mechanical installation contractor in all areas where attachments
were to be made to the SSW. A total of 74 defects were detected
and repaired. This number is small compared to the total number of
welds inspected (700).

(3) After fabrication, Burns & Roe carried out visual inspection on
accessible welds and found a large number of defects, mainly attri-
butable to bad workmanship. Some accessible welds were omitted in
error and it is understood that these will be inspected and the
defect analysis updated accordingly.

The various defect types, with the largest size reported, are given in
Table 2 ~ There are three main areas of concern:-

Firstly, the. high re3ect rate on the electroslag welds indicated that
there was a problem with the process used. The ma5or defects were from
lack of fusion (39" was the longest reported). These usually, break the
surface in electroslag weldments, so it is probable:that where removable
copper shoes were-used, all these defects were found and repaired.
However, a small number of welds (approximately 100) were made with
permanent steel shoes, and in these cases, it is probable that lack of
fusion defects would remain undetected.

Secondly, the original visual inspection of all weldments performed by
Leckenby was shown to be inadequate by the later examinations on
accessible welds, and so it is highly likely that the inaccessible welds
contain similar workmanship defects.

Thirdly, the magnetic particle inspection on accessible welds revealed



a number of linear and crack-like indications. This inspection was
carried out prior to grinding, and therefore any small discontinuities
would be detected, giving a pessimistic indication of the weld quality.
Nevertheless, it is possible that crack-like or linear defects exist
elsewhere in the structure, in the welds which were not inspected
magnetically.

The potential failure mode (plastic collapse or fracture) as a result
of the defect is also indicated in Table 2. In general, plastic col-
lapse must be considered as a possibility for any defect which causes
a significant reduction in load bearing area (hence only the larger
defects are important)., wbereas fracture could initiate from any defect
which is sufficiently sharp to give a significant stress concentration
(for instance, lack of fusion defects and cracks) or which embrittles
the material (as with arc strikes). Defects such as excess metal will
not increase the propensity to collapse or fracture. Since a crack
arrest approach will first be considered,'he tendency of small defects
to cause fracture initiation is unimportant, and therefore the dimen-
sions of defects need only be taken into account in terms of their
ability to cause plastic collapse of the structure. Referring to Table
2, the defect types which cause the greatest reduction in load bearing
area are lack of fusion, underfill and undersized fillet.
The lack of fusion defects in the electroslag welds which were made with
removable shoes were all ground out and repaired. Unfortunately, only
one inspection report gave the depth of excavation required, which was

approximately $". European experience suggests that lack of fusion
defects in electroslag welds, which occur at the edge of the weld pool,2>
are seldom this large, even in a 3" thick weld. It has been suggested
that the welding parameters were incorrect - the root gap was too large,
and the guide tubes were too far from the backing shoes. On the other
hand, lack of fusion defects were thought to be less prevalent in
welds made with permanent steel backing shoes, due to the lower rate of
heat removal. These conclusions must be regarded as somewhat specula-
tive. Nevertheless, it is considered unlikely that lack of fusion
defects of depth greater than $ " would exist in the small number of
welds made with permanent steel shoes,

It is understood that the fillet welds where extensive lack of fusion
had been reported by the Burns & Roe inspection were re-examined, and
that the indications were found to be caused by inter-run crevices,
sharp re»entrant angles between weld bead and base metal due to a highly
convex weld profile, or in one case by a mechanical gouge. The greatest
loss of section caused by any of these was found to be only 3/32", in a
5/8" fillet.
WPPSS have analysed the data irom the Burns & Roe inspection reports in
terms of defect length per unit area of wall and per unit length of
weld. Prom a sample of about 200'f weld, both fillet and butt, lack
of fusion. defects were found in 2'5, underfill in 6% and undersized
fillet in 1%, of total weld length (all in fillet welds). These figures
suggest that the proportion of welds with large defects is small.
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Other possible defect types, which were not reported, include hydrogen
cracks, lamellar tears and lack of penetration. Hydrogen cracks, if
present, are found in the weld metal and HAZs, particularly at the toes
of weld beads where stress concentrations may occur. They generally
break the surface but may not be detected by magnetic particle inspection
unless the area is ground locally. Because they tend-to be sharp and
disconti.nuous, they tend to cause brittle fracture rather than plastic
collapse (which requires large reductions in net sectional area).

Lamellar tears often initiate at hydrogen induced cracks and propagate
parallel to the rolling plane in the base metal and HAZ. They occur
while the weld is cooling down, and are encouraged by poor short trans-
verse ductility and joint configurations which give rise to welding
stresses acting perpendicular to the plate surface, for instance cruci-
form and T-butt points. The risk of tearing increases with increasing
restraint. If the tears break the surface they are frequently detected
visually, but this is not always possible because they may be entirely
buried. In this case they can be detected by ultrasonic examination.
Since lamellar tears are crack-like and may be large, they could con-
ceivably cause failure by either a collapse or a fracture mechanism,
In practice, however, service failures occurring as a result of
lamellar tearing are extremely rare. The possibility of such failures
occurring in the SSW will be examined in Section 5.1.

Lack of penetration defects, if present, are not normally sharp, and so
would tend to promote failure by plastic collapse rather than by brittle
fracture. This possibility is also considered later.

4.4. Plastic Colla se Data

For the evaluation of the risk of failure by plastic collapse, the data
required are the defect sizes, the nominal- stress levels and the minimum
stresses to cause plastic flow in the net sections. Specific information
on defect sizes for certain types is limited, as shown in the previous
section. Concerning the nominal stresses, as a first approximation, it
will be assumed that these reach the nominal yield stresses of the base
metals. The flow stresses of the various materials, aflow, will be
taken as the average of the minimum yield and tensile stresses, i.e.

crflow
a„+ a

Y u

where 0Y and 0 are the yieI,d and ultimate tensile stresses respectively.
The effect of 8ynamic loading will also be considered, since the loads
following a LOCA are dynamic in nature and these=materials will be
fairly sensitive to strain rate. It is suggested in Reference 5 that
an increase in aflow of approximately 65$ would be appropriate for
strain rates in the range 10 - 1,000 in/in/sec. The strain rates in
the SSW are likely to be smaller than this, except possibly in the
region of severe stress concentrations (see Section 4.1). For a

strain rate of 0.5 in/in/sec, available experimental data, suggest
that for low strength structural steels the likely elevation in flow



stress would be approximately 30 - 50%. Therefore a lower bound esti-
mate of 30%, will be taken as the elevation of flow stress for the likel:
strain rates in the SSW iollowing a LOCA.

4.5, Crack Arrest Data

The initial approach to the assessment of structural integrity will
consider the likelihood that brittle fractures, once initiated, will
arrest rapidly. This requires the nil-ductility transition temperature
to be estimated for all materials in which extensive brittle fractures
could conceivably run.

4.5.1. NDT temperatures from available data.

The NDT temperatures from data available in the literature are summarised
.in Table 3, column (a).

A considerable volume of data was found for A36 plate. The maximum
value reported was +40 P. Reie'rence 6 quotes 52 measurements (although
some of these may refer to rolled sections). These had an average NDT
temperature of +25'F, with a standard deviation of 11'P. Data from the
North Anna investigation were also included, where the A36 plate was
found to exhibit ahorse than average Charpy impact energies . Kuang
reports NDT temperatures in the range +20 - +40'F for 2" thick plates
and 5 different heats of steel. It is, therefore, concluded that the
highest probable NDT temperature for A36 plate is +40 F.

One factor which adds some uncertainty is that the skin plates were
'cold bent to a radius of about 12', resulting in a plastic strain in
the outer fibres of about 0.7% for 2$ " thick plates. Prestrain is
known to have a deleterious influence on tearing resistance, but there
is some uncertainty as to its effect on cleavage fracture toughness.
Work on precracked COD specimens at the Welding Institute, where the
material was given a lg plastic strain locally around the crack tip,
has indicated that the resulting reduction in toughness decreases to an
insignificant amount as the level of toughness diminishes (at tough-
nesses corresponding to that at the NDT temperature) ~ These results
are supported by the work of Jones and Turner25 on mild steel, where
even comparatively large prestrains'-were found to have negligible
effect on the stress for 'crack arrest in notched tensile specimens
where failure occurred by a cleavage mechanism. The tentative conclu-
sion is that the small plastic strains produced in- the skin plates and
other members will cause a negligble reduction in NDT temperature,
especially when compared to the variability in published data for these
materials .

Data on A36 rolled section are less numerous (although some may be
included in Reference 6). The highest value obtained, ~ however, was
+54 F. Dolby reported values of +41'F to +54'F for 3" thick flanges
of A36 beams which supported a platform at WNP-2. The beams used in
the SSW are of smaller section, and therefore an NDT temperature of
+54 P will be taken as the maximum probable value.





Limited information was found for A588, and that only on Grade A

plate.10 F 12 The NCHRP Report gave NDT temperatures for 1" and 4"
thick plate from the same heat as +40 and +60 F respectively (the plate
was stated as being of Grade B composition, but it in fact corresponded
to Grade A), US Steel have measured NDT temperatures in the range
0 — +60 F for 1" thick plate, and +10 - +80'F for 1» 2" thickness.
The mean oi all these data (13 plates) was +51 F, with a standard devia-
tion of 21 F. The maximum upper bound NDT temperature for Grade A plate
is therefore estimated as +80'F. The impact properties are probably
influenced more by rolling conditions than by composition12 but neverthe-
less, it is doubtful if these values can be assumed for the Grade B and
H plates used in the SSM.

13
There were few NDT data found for the weld metals. Masubuchi et al

,
found that NDT temperatures for all C-)Qx electrodes fell within the
range -5 - +40 F, and for E7016 type electrodes within 0 - +20 F. This
result may be taken as a good indication for the LH70 electrode (confor-
ming to E7018). The only difference is in the iron powder added to the
E7018, which may slightly reduce the toughness because of the larger
bead size. For the electroslag weldments, no information was found for
the exact combination of weld metal, flux and plate (the parent plate
composition will have a large effect on the composition of the weld
metal due to the extensive melting, which occurs during the process). 14

Australian data give NDT temperatures in the range -30 - +60'F for un-
specified electroslag weldments, and values of 0 and +10 F were found0 10

for welds in A588A made with an EM13K-EW wire (Hobart 25P) and Hobart
PF201 flux. This wire is very similar in composition to the Linde 29

used here, and it has been suggested that the Linde 124 flux tends to
give improved Charpy impact properties compared to PF201 flux. Even so
the data cannot be considered to be conclusive since only two heats of
steel were used, and a similar but not identical wire/flux combination.
The welding conditions were also diiferent, in terms of preheat, shoe
type, guide tube and heat input.

NDT temperatures estimated from Charpy energy.

Several correlations have been attempted between NDT and Charpy energy,
Zt appears that the absorbed energy at the NDT tem-

perature varies quite markedly with material. For instance, Harsem and
Mintermark found CV energies at the NDT temperature of between 22 and

93ft.lbs (average 41ft.lbs) for longitudinal Charpys of fine grained
C-Mn- steel. This is in agreement with Pellini where high energies are3

reported for these improved steels, aC compared to the much lower values
for "ship fracture" steels similar to the ones of interest here. The
available data for steels similar to A36 and A588 are summarised in
Table 4. For A36 plate, the NDT temperature would appear to correlate
with a Charpy energy of 10 - 30ft.lbs. The correlation energy for ES

weld metals and HAZs is lower, in the range 6 « 23ft,lbs.

The main area where NDT temperature data are scarce but C data are
available is in the SMA- and FCA weld metals. No direct data correlating
the two were found. However, the %%T temperatures for all low hydrogen
multi-run welds were observed to be within the range -76 - +20'F

10
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(Table 3 column (a)), so if the individual welds used here show good
Charpy impact properties, it is reasonable to conclude that there NDT
temperatures will lie within this band.

Therefore in order to estimate the NDT temperatures for the other weld
metals it will be assumed that these are given by the temperatures at
which Charpy impact energy of 50ft.lbs is obtained. Despite the
absence of direct correlations for these materials, it is felt that this
will give conservative estimates of the NDT temperatures. Zn his commen-
tary on the AASHTO Bridge Codes, Hartbower recommends that minimum
Charpy impact values be specified at the lowest anticipated service
temperature, while Hurlick in the same document advises testing 20 - 40'F
below this temperature. This is in contra'st to the AASHTO requirements
of testing at 70'F above, and it is aimed at ensuring arrest of a fast
moving crack which initiates at an embrittled region. The si'tuation is
thus very 'similar to that envisaged in the SSW, but even the most
stringent recommendation in Ref. 19, of achieving 20ft.lbs at 20 -

40'elowthe service temperature is much less conservative than the
criterion adopted here — namely, 50ft.lbs at 60 — 90'F below service
temperature (depending on thickness, at yield stress levels) . Therefore,
a .considerable degree of confidence is felt in the overall safety of
the approach proposed here.

Charpy impact energies were obtained from the electrode manufacturers
and from weld metal qualifications (in both cases on weldments made to
AWS A5.1/A5,20 specifications), from Welding Institute data on actual
weldments, and in the case of the Chemetron IZIAC electrode on a weld
made for procedure qualification. The results are given in Figs. 3, 4
and 5. For the LH70 electrode (Fig. 3), the Welding Institute data is
considered to be the most representative since it refers to actual
weldments. Welds were made in the vertical up position, which would
give worst values of toughness. Also shown is the scatter band for
welds made with several electrodes corresponding to E7018 specification.
Taking the LH70 data on welds, 50ft.lbs was absorbed at -12'F ~ It can
therefore be concluded that the NDT,temperature for LH70 weld metal lies
below 0 F.

Pigure 4 shows the Cv/T transition for the Lincoln NR203H electrode.
Results were obtained from a variety of sources. Taking the bottom of
the scatter band (data from Ref. 20) gives 50ft.lbs at approximately
+40'F. Therefore it will be assumed that the NDT temperature is at
+40'F or below.

Por the Chemetron IZZAC welds, a considerable number of results were
available from AWS A5.20 test specimens (Fig. 5). Some procedure
qualification tests had also been carried out at O', and these fall
close to the bottom of the scatter band for the manufacturer's data.
The lower bound of these data would then seem a reasonable estimate of
true impact energies above 0 P. At +32 F, the AWS A5.20 welds gave a
minimum of 51ft.lbs and so this temperature will be taken as a conserva-
tive estimate of NDT temperature.

The estimated NDT temperatures, derived irom Charpy data, for these weld
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metals are given in Table 3 column (b). Because of the lack of specific
data on NDT temperature/Charpy correlations for these materials., the
estimates cannot be verified conclusively, but are nevertheless felt to
be conservative.

No consideration has so far been given to the welds made with the E7028
electrode (Lincoln LH3800). There was originally some doubt as to
whether this had been employed on the SSW, but it now appears that it
was used fairly extensively. Figure 6 shows, from the small amount of
Charpy data obtained, that its impact properties are inferior to those
of the other weld metals. It is not possible to estimate an NDT tem-
perature with any confidence, on the basis of these results. It is
understood that WPPSS are in the process of measuring the NDT tempera-
ture on a simulated weld made with LH3800.

Culp has published a lot of data on the Charpy properties of electro-14

slag weldments in A36 and A588, using four electrodes. The type most
relevant to the present case are welds in A36 and A588 Grade A plate,
using Hobart 25P wire and Hobart PF201 flux (a similar combination to
the Linde 29/Linde 124 used in the..SSW). At +20'F, this weld metal
gave a Cv impact energy of 30 -. 60ft.lbs (depending on specimen loca-
tion) for both base metals. Using the correlation between NDT tempera-
ture and Charpy energy from Ref. 10 (see Table 4), this would suggest
that the NDT temperatures of the weld are well below +20'F, a conclu-
sion supported by the data in Ref. 10 for welds of similar composition
in A588. Once again, however, caution must be exercised when drawing
these conclusions, due to differences in base metal composition and in
welding parameters.

Discussion of NDT temperatures.

The, assumed NDT temperatures for the materials in the SSW are given in
Table 3 column (c). The maximum values are estimated with confidence
for A36 plate and rolled section (from available data), and for the
LH70, IIIAC and NR203hf weld metals (from Charpy impact data). The
materials where insufficient data were found were the A588 plates
(Grades B and H) and the electroslag and LH3800 weld metals. For the
A588 plates, the NDT temperatures found all referred to Grade A

material, although there is no reason to assume that the value of +80 F

will be. exceeded in Grades B and H. For the electroslag weldments, the
NCHRP Report10. indicates that the NDT temperatures are comparable to,
or better than, those of the parent plates, for A588 welded with a
similar electrode to that used on the 'SSW. However, no iniormation was
found for the combination of A36 and EM12K electrode used, and very
little for LH3800 weld metal. It is understood that steps are being
taken to measure NDT temperatures on samples of A588 plate cut from the
SSW, and on simulated weldments using Ebtl2K (electroslag) and LH3800
(SMAW) electrodes.

No consideration so far has been given to the possibility of fast frac-
ture occurring in the HAZs. This is discounted in the case of the SMA

and FCA weldments, because the HAZs will be narrow and do not lie in a
plain perpendicular to the plate surface, due to the geometry of the
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weld preparation. Brittle fractures normally travel on planes perpendi-
cular to the plate surfaces, and so could not run down the HAZs. Also,
shrinkage of the weld during cooling will induce tensile residual
stresses of near yield magnitude running the length of the weld and
extending a short distance into the plate. These stresses would tend
to direct a running crack out into the plate.

The same arguments concerning residual stress and plane of fracture can
be applied to the HAZ; in electroslag weldments. In the latter case,
the weld preparation is normal to the plate surface, but because of
local melting the fusion boundary is curved, concave to the weld. Heat
affected zones on ES weldments can be fairly wide, but Culp points
out that most of this has much improved impact properties and it is
only the narrow region (1 - 2mm wide) next to the fusion boundary which
undergoes grain coarsening. In any case, the Charpy energy absorbed
was found to be greater in this region, due to its find secondary struc-
ture, than in the base metal. This phenomenon may be expected to vary
with other factors such as heat input and steel type, but it is suppor-
ted for',the specific type of steel under consideration by the results
of Ref. 10, where the HAZs in A36 and A588 plates had lower NDT tempera-
tures than the base metals, unless these were already very low. For
these reasons, an extensive brittle fracture running exclusively along
the HAZs is not considered to be a serious possibility, in either the
shielded metal arc, flux-cored arc or electroslag weldments.

5 ~ EVALUATION OF STRUCTURAL INTEGRITY

5.1. Plastic Colla se

It will be assumed that plastic collapse occurs when the net section
stress reaches the flow stress (as defined in Equation (1)). For a
long surface breaking defect of depth, a, in a member of thickness, t,
the critical ilaw depth to thickness ratio, a/t is given by the
expressions (see Appendix):-

1.020Ya
1t a flow

simple tension (2)

0'75
Ya

t 0flow
pure bending ~ ~ ~ (3)

assuming that the nominal stress reaches the minimum specified yield
stress (O'Y). The critical values of a/t are given in Table 5, for two
levels oX flow stress:

(1) Assuming static tensile properties

(2) Assuming dynamic loading conditions and an elevation in 6 of
30%.
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At the critical combination of loading conditions, as described in
Section 4. 1, the majority of the loading will be dynamic in nature,
especially in the region of pipe whip restraints. The initial strain
rate during a LOCA was estimated to be 0.5in/in/sec, giving a likely
elevation of 30%, in flow stress. Table 5 shows that this assumption
significantly increases the critical defect sizes for plastic collapse.

Under statically applied loads, the most critical regions for plastic
collapse are the A588 plate and ES weldments when loaded in tension
with critical defect depth to thickness ratios of 0.15 and 0.12 respec-
tively. The first category would embrace HAZ defects such as hydrogen
cracks, if it is assumed that the flow stress equals that of the parent
plate. However, these cracks do not usually extend down the length of
the HAZ, but are intermittent in nature, and so greater depths could be
tolerated without collapse occurring. Defects in the electroslag weld
metals in A588 are particularly critical, because of the low value of
flow stress assumed. It was in these weldments that numerous lack of
fusion defects had been reported, the majority of unspecified depth.
These were all repaired, but some doubt exists as to the state of the
ES welds made with permanent fused shoes, where visual inspection was
not possible. However, it is argued in Section 4.3 that these are
likely to be shallow (less than 5" deep), so the critical defect depth
should not be exceeded except for the welds of smaller section thick-
ness. The probability and consequences of collapse at such defects is
considered below.

The loading for the majority of SMA and FCA fillet welds is likely to
be a combination of tension and bending, although in fact the mode does
not make a great difference to the defect tolerance. The critical depth
ratios are 0.24 (tension) and 0.38 (bending), for static and dynamic
conditions respectively, in A588 weldments. Judging from the deiect
reports, there is a slight possibility that defects of one quarter the
section thickness might exist - for instance, the. worst case of under-fillreported was of length 24" and depth 3/16" in one leg of a 3/8"
fillet weld.

No instances of lamellar tearing were reported, although it is possible
that lamellar tears could exist either as surface breaking or buried
flaws. However, service failures resulting from lamellar tearing are
extremely rare. Recent work at th'e Welding Institute has shown that
failure in the. laboratory may be assessed in terms of the same two
criteria as for other defects — namely, brittle fracture and plastic
collapse. The risk of collapse is dependent on the loss of cross sec-
tional area caused by the tears, assuming that the through thickness
stress in a plate at a weld is transmitted over a distance equal to the
width of the connecting arm, D, (see Fig. 7). A simple analysis sho~ed
that, for large defects, failure could be predicted conservatively if
the maximum stress in the arm is

cr = cr (1- —)
2a

max Y D
~ . (4)

where 2a is the maximum defect width. In fact no reduction in load





bearing capacity was observed until the defect area exceeded 30% of the
arm area. Similar findings were reported by QacDonald for the case
of a beam or tab welded end-on to a column containing extensive lamina-
tions. No reduction in strength was observed for laminations which had
defect area/load area ratios of approximately 0 ~ 25 for A36 and 0.15 for
A588. These defect area ratios agree well with the predictions for
static loading given in Table 5 of 0.23 and 0.15 respectively, even
though the geometry of the laminations with respect to the weld is not
the same in the two cases. Table 5 was evaluated on the basis of flow
stresses applicable to the longitudinal direction in rolled plate. The
agreement with Ref. 24 would suggest that this assumption is realistic,
despite the fact that the flow stress in the short transverse direction
is likely to be lower. Compensation for this fact is probably caused
by the .conservatism of the plastic collapse analysis as discussed later.
Slightly larger critical flaw sizes are predicted in Table 5 in the
presence of bending stresses. These are calculated assuming surface
breaking flaws, and will be conservative estimates if the flaws are
buried.

The same predictions" of allowable deiect size apply to lack of penetra-
tion defects, if these are present. Since none were reported in the
visual inspection, any defects of this type are likely to be buried (for
instance, at the root of double V butt welds). Assuming reasonable
point design and preparation, they are likely'o be small and should
therefore not pose a threat to the integrity of the structure.

The predicted flaw sizes are relatively large for all other details
(of the order of one quarter of the thickness, even for static loads),
and it is unlikely that there would be many extended defects of this
depth in the SSlf. Nevertheless, since the ma5ority of the welds are
now inaccessible, it cannot be proven that the critical defect size for
plastic collapse will not occur 'somewhere in the structure. However,
there 'are several points which suggest that the a'nalysis is very pessi-
mistic:—

(1) The effect of dynamic loading. Table 5 shows that, assuming an
elevation in flow stress of 30'$, the defect tolerance of the most
critical members is increased by a factor of two or three.

(2) It has been assumed that the nominal stresses reach yield, whereas
current work by Burns h Roe is indicating that in many regions of
the SSV, the stresses are considerably lower.

(3) The analysis itself is known to be very pessimistic. Even a simple
tension specimen fails at- its ultimate tensile strength (by defini-
tion) rather than at the estimated "flow" stress, and the effect of
incZeased triaxiality will be to raise the ultimate tensile stress
(UTS) further towards the true fracture stress. Better estimates
of the flow stress would be the UTS or the average of the yield and
the true failure stresses in tension. The former estimate would
increase the assumed flow stress by about 20~~ for the weld metals.
The exception to this argument is the case of collapse from lamellar
tears, where the use of the UTS measured in a longitudinal direction
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would be an overestimate compared to its true- value in the through
thickness direction. If the flow stress in the longitudinal direc-
tion is to be applied to collapse in the through thickness direc«
tion, Welding Institute work and Ref. 24, discussed above, would
suggest that the usual estimates of flow stress (Equate.on (1) )

would not be unduly conservative.

(4) The vast ma)ority of welds in the SSW will be limited in the strain
they can undergo, because of the redundancy inherent in a system
with multiple load paths, and because of the large mass of concrete
which would provide some restraint. Vlhile it is probable that any
region with critical defects will reach yield on the net section,
in order to reach the flow stress (however defined) considerable
plastic deformation will need to take place. This could only be
possible if all the members in parallel had defects of the critical
dimension. This is extremely unlikely because, although many welds
probably contain defects, it is only the large, extended ones which
are critical, and the chances of these existing in all parallel
welds is very remote. As discussed in Section 4.3, of the sample
of welds examined visually, only 2% of the total length contained
lack of, fusion defects (and most of these were found to be interrun
crevices), 6% had underfill and 1% an undersized fillet.

This last argument, concerning structural redundancy and strain limita-
tion on the welds, does not apply to certain details, The pipe whip
restraints are attached to skin plates, which are welded to the frame-
work of the SSW. On the application of pipe whip„ loads, the skin plate
welds would not have these limitations, and collapse could occur at any
large defects present. 'hese welds should be inspected to ensure that
they do not contain defects of, size greater than those given in Table 5

(see Section 8.1), and that they'atisfy dimensional requirements.

It is therefore concluded that there is a possible risk of plastic col-
lapse occurring in the welds of the skin plates which support the pipe
whip restraints, but that the risk elsewhere in the SSW is negligble.

5.2. Crack Arrest

The criterion for crack arrest is that all materials should operate at
a temperature of NDT + x, where x depends on stress level, defect size
and section size. For stresses of. yield point magnitude and defects of
a size comparable to, or smaller than, the section thickness, x varies
between 60 and 90 F for 1" and 3" thickness respectively (see Section
2.2.2).

Using the estimated NDT temperatures, crack arrest temperatures at
yield stress levels have been calculated and are given in Table 6.
Because of the uncertainty in NDT temperatures for certain materials
(A588, and LH3800 and electroslag weld metals) the crack arrest tempera-
ture is only tentative. It may be seen however, that for materials
where the NDT temperatures were estimated with confidence, the maximum

crack arrest temperature is +130'F (for 3" thick A36 plate and NR203H

weld metal at stresses of yield magnitude). As discussed in Section

16



4.5.3, the possibility of crack propagation occurring in the HAZs was
dismissed.

The estimated crack arrest, temperature for the A588 steels (165 F) is
based on data from a different grade of material and is uncertain. No

estimate could be made for LH3800 weld metal, and laboratory tests
should be carried out in order to acquire data. The crack arrest tem-
peratures for the electroslag weld metals are low in, comparison to those
of the parent plates, but they are sub5ect to uncertainty because the
data found were not completely relevant to the materials and welding
parameters used in the SSW.

This analysis indicates, therefore, that the minimum operating tempera-
ture to ensure crack arrest in A36 plate and the SMA and FCA weldments
(except those made with the LH3800 rod) is +130'F at nominal stresses
of yield magnitude. Firm conclusions on desired minimum operating
temperature could not be drawn in the case of A588 and the LH3800 and
electroslag weld metals, but the indications are that the A588 could be
limiting, with a crack arrest temperature of 165 F. Steps should
therefore be taken to acquire more, data on these materials, by testing
simulated or actual welds and samples of A588 cut from the SSW.

It is possible that the stresses on the SSW have been overestimated:
Burns & Roe are attempting to refine the calculations and the initial
indications are that in some areas the stresses may be as low as 20% of
yield. If this, is the case, or if the loadings can be reduced further
by a change in operating conditions, the criteria for crack arrest of
NDT + (60 - 90'F) can be relaxed accordingly, allowing lower operating
temperatures.

6. FRACTURE INITIATION
PIt is not intended to calculate initial defect sizes for crack initia-

tion at present, because it would be pointless to do so until more
crack arrest data have been acquired for those materials, where such
information is inadequate; Vlhen the maximum crack arrest temperatures
for all materials have been established, consideration should first be

given to raising the service temperature of the SSW to the maximum

crack arrest temperature. Only if this is not feasible will crack
initiation arguments be considered.

V. CONCLUSIONS

1. During a critical incident, there is a small risk of plastic col-
lapse in the skin plate welds which indirectly support the pipe
whip restraints.

2. The. risk of plastic collapse occurring elsewhere in the SSW is
remote.
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3. Crack arrest temperatures were estimated with confidence for A36,
and for welds made with LH70, NR203H and IIIAC electrodes. The
maximum value for these materials was 130'F at nominal stresses of
yield magnitude.

4. Crack arrest temperatures could not be estimated reliably for the
A588 plates, or the LH3800 weld metal and for electroslag welds.

S. Extensive crack propagation in heat affected zones is considered to
be highly unlikely.

8. RECOMHENDATIONS

l. All exterior skin plate welds which indirectly support the pipe
whip restraints should be inspected and repaired as necessary.
Table 5 gives the allowable defect depths, assuming nominal stresses
of yield. These depths should be taken as the maximum depths for
extended surface or buried flaws, or the maximum lengths for through
thickness flaws, as a fraction of weld thickness or length respec-
tively. For intermediate cases (ie. short, deep flaws) the figures
in Table 5 should be taken as giving the allowable loss of cross
sectional area. It is recommended that for these critical areas
the figures appropriate to static loading, and the worst value for
either tension or bending, be used as a basis for acceptability.
Nevertheless, there will be some margin of conservatism as a result
of the dynamic nature of the pipe whip loads.

Inspection should consist of two stages:-

(1) Visual inspection to ensure that all welds meet the dimensional
requirements stipulated in the design drawings.

(2) Ultrasonic inspection to detect the presence of surface breaking
buried flaws which exceed. the. critical sizes given in Table 5,
for static loading.

Further recommendations on the testing procedures can be supplied
when details concerning the'kin plate welds are known. These re-
commendations only apply to failure by plastic collapse. Fracture
must also be considered, as below.

2. The feasibility of raising the temperature of the SSIV to 130 F
should be examined. Lower operating temperatures may be consideredif loads can be reduced.

3. Drop weight tests to determine NDT temperatures should be carried
out on A588 plates, Grades B and H, on weldments made with LH3800
electrodes, and on electroslag weld metals in A36 and A588 plates.
Where possible, weldments should be simulated using the same
conditions and materials as used on the SSW.



If the crack arrest temperatures determined from the laboratory tests
are higher than +130 F, the feasibilitv of raising the service te-
perature of the SSM to the maximum value should be considered. The
probability of load reductions should also be explored. If nei.her
is adequate, critical defect sizes for crack initiation for all
materials where the crack arrest temperature exceeds the service
temperature, should be considered and compared with the likely defect
population.
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TABLE 1. Details of the steels used ia the SS
11'a)

Parent Plates

STEEL GRADE THICKNESS
YIELD STRESS

aY ksi
TENSILE STRENGTH

a ksi
u

A36
A588 Grade B

A588 Grade H

Plt 3II

up to 2$ "
up to 24"

36
50
50

58
70
70

(b) Weld Metals

PROCESS
TYPE ELECTRODE hfANUFACTURER '

ELECTRODE SPECIFICATION DESIGNATION

l g 1

BASE METALS
IN JOINT ksi ksi

SHAW

SHAW

FCAW

FCAW

E 7018

E 7028

E 70T-G

E 70T-I

Lincoln
Jet LH 70

Lincoln
Jet LH 3800

Lincoln
NR 203M

Chemetron
III AC

A36/A36
A36/A588

A36/A36

60 72

60 72

A36/A36
A36/A588

62 70

A36/A588 60 72

ESW EH 12K Linde 29/
Linde 124
flux

A36/A36
A36/A588
A588/A588

42.9 70.1

46 69
61 87

Minimum specified values, unless otherwise stated
Actual values from procedure qualification
Scatter band from Ref. 10
Shielded metal arc weld
Flux cored arc weld
Electroslag weld



TABLE 2. Summar of worst case defects in weldments as iven in the ins ection
~re orts

REGION DEFECT TYPE
LARGEST REPORTED
LENGTH x WIDTH x DEPTH
ins

POTENTIAL
FAILURE
MODE

Parent material Arc strike
Fusion boundary Lack of fusion

3/8 x 3/8 x 1/32

42 x 0 x 0 (FCAW/SHAW)
39 x 0 x 0 (ESW)

P, F
P, F

Weld metal "Crack"
Undercut
Undersized fillet
Overlap
Under fill
Overfill
Porosity
Crater
Unequal leg
Convex fillet

13 xo
3/8 x 3/16
9 x 0
3 x 0
24 xo
72 x0
'2 x 1/2
1 x 1/2
0
48 xo

x 0
x 1/8
x 3/8
x 1/8
x 3/16
x 1/4

(bounding area)
x 3/8

x 1/8

P, F
P~ (F)
P
F
P

(P)
(P)

1 0 signifies that the dimension is unknown or not reported.
F = Fracture

~ P = Plastic Collapse
~ ()= signifies lower probability

Defects which were not reported, but which may conceivably be present, include
toe-breaking defects (e.g. lamellar tears, hydrogen cracks), lack of penetration,
slag inclusions and internal porosity.



TABLE 3. Summary of estimated NDT tern eratures.

i4'sTER IAL a) b) c)

NDT range from
published data

Ref

NDT from Cv
correlation

Assumed,
Haximum
NDT

Ref F

A36 plate -20 to +40 4) 6i
8, 10,Il

+40

A36 rolled section +41 to +54

A588 (Grade A) +10 to +80.

4, 9

10, 12

+54

+80?

LH70 W7f)

LH70 WH)

NR203M (61)
)

IIIAC WM)

)
LH3800 Nk)

0 to +20
(all E7016)

-76 to + 14
All multi-run,
low hydrogen
electrodes

13 -12

+40

+32

-12

+40

+32

A36 ES WM

A588 ES WM

A36 ES HAZ

A588 ES HAZ

-40 to 0
-30 to +60

0 to +10
-30 to +60

-40 to 0

0 to +10

10 )
6 )

) . <+20
10 )
6 )

10

10

10,12 +20?

+ See text

? signifies insufficient data



TABLE 4. Charov ener v at NDT — renorted data for materials similar to
A36 and A588

material Cv energy at NDT Reference"
(ft. lbs)

A36 plate
ES Weld metal in A36
ES HAZ in A36

ASSSA plate
ES weld metal in ASSSA
ES HAZ in A588A

Low strength C-bin steels similkr to A36

A36

Hot rolled ABS-C (similar to A36)

Normalized A302-B (similar to A36)

25 - 30
6 - 21

14 - 23

28 - 33
9 - 15
8 - 14

10 - 20

15 - 20

17 - 26

22- 44

)
)10
)

)
)10
)

4

17

17



TABLE B. Critical flaw death to thickness ratios for lastic collanse assn=in
ion surface breakin defects.

Material

Design
Stress

1

ksi

Static Loading

a/tflow
ksi Tension

Dynamic Loading

aflovr
ksiBending

a/t

Tension Bending

A36 36 47 0.23 0. 24 61 0. 41 0.37

A588 50 60 0.15 0.21 78 0.36 0.35

E7018/A36

E7028/A36

E70T=G/A36

E70T- I/A36

EM12K/A36

36

36

36

36

66

66

66

0. 45

0. 45

0. 45

66 0.45

56.5 0.36

0.36

0. 36

0. 36

0.36

0.31

86

86

86

86

73

0.58

0.58

0.58

0.58

0.51

0 '7
0.47

0. 47

0.47

0 '3

E7018/A588

E7028/A588

E79T-G/A588

E70T-I/A588

EM12K/A588

50

50

50

50

50

66

0.24

0.24

0.25

0.25

86

86

66 0.24 0.25 86

66 0.24 0.25 86

58- 0.12- 0.20- 75-2

74 0.32 0.29 96

0.42

0. 42

0.42

0.42

0.34
0.48

0.38

0.38

0.38

0.38

0.34
0 '1

E7018/A36/A588 50

E70T-I/A36/A588 50

EM12K/A36/A588 36

66

66

0.24

0.24

56.5 0.36

0.25

O.f25

0. 31

86

80

73

0.42

0. 42

0,51

0.38

0.38

0.43

From procedure qualification
Scatter of data from Ref. 10
Value for Ehi12K/A36 assumed
Design stress for A36 assumed



TABLE 6. Estimated crack arrest tern eratures at maximum design st-esses.

iMATERIAL hiAXIhiUM
THICKNESS

ins-

ESTIhiATED
NDT

CRACE
ARREST
TEMPERATURE
Op

A36 plate

A36 rolled section

A588 Grade B ~

A588 Grade H

LH70 Whi

LH3800 WM

NR203M Whi

IIIAC WM

EM12K/A36 Whi

EM12E/A588 WM

+40

+54

+80?

+80?

-12

+40

+32

+20?

+20?

130

114

163?

163?

130

122

110?

1 10?

? Signifies insufficient data
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APPENOIX A

CALCULATION OF CRITICAL OEFECT SIZES FOR PLASTIC COLLAPSE

The SSW is designed according to the elastic working stress method of
the AISC Code, Part I, 1969. This gives allowable stresses in tension
and bending as follows:

Allowable tensile stress
Allowable outer fibre bending stress

0. 6 CFY

0.66 cF (compact members)
Y

Under certain unusual circumstances, such as earthquake loading, a load
factor of 1.7 on allowable stress is applied by Burns h Roe, with NRC

approval, i.e.

Maximum tensile stress
Maximum outer fibre bending stress

(a) Tension

1.02 O'Y

1.12 Cr
Y

Considering a member of thickness, t, containing a surface defect
of depth, a, and equating the design load on the gross section to
the load for plastic collapse gives:-

t ~ cf = a(t a) . 0'
flow

where 0'1 is the nominal design stress.

1 . 020'Y
Hence — = 1t a flow

(2)

with Cr1 1 . 02(ZY

For an outer fibre stress equal to d , the bending moment on a
solid rectangular beam is

The collapse moment, for a surface defect of depth, a, is

Mc
0't- a)flow

Hence the initial defect depth is given by

(y t21

6 1 flow

flow

with (X1
= 1.12 6



ATTACHMENT 2

Sco e Of Task Force Review

I. Sacrificial Shield Wall Quality Assurance (QA) Review Scope

The QA SSW documentation review consisted of:

o Location and.identification of all non-destructive examination
(NDE) reports,

o Identification of all inspectors that performed visual, surface
or volumetric examinations,

o Location of all fabrication, weld and material defect identification
reports, e.g., Leckenby Incomplete/Rejection Tags and Leckenby
(Field) Inspection Reports,

"

o Review of 'Leckenby inspector qualifications,

o Review of the 215 Contract related Leckenby shop and field
QA manuals,

o Identification and review of Leckenby NDE procedures,

o Identification and review of Leckenby welder qualifications,

o Review of appropriate Leckenby documentation for photocopied
signatures or records falsification,

o Review of welder and inspector qualifications against NDE and
defect identification reports to establish physical versus
paper-work credibility,

o Review of Leckenby inspector performance to determine correlations,
if any, between inspectors and reported defects or defect types,

o Review of Leckenby welder performance to determine correlations,if any, between welders and reported defects or defect types,

o Review of the material traceability system,

o Review of Leckenby weld maps for structural, welding and
documentation irregularities,

o Review of material test reports for completeness and accuracy,
and

o Review of the appropriate sections of the 215 Contract to
identify additional areas requiring investigation.





II. Sacrificial Shield Wall Engineering Review Scope

The SSW engineering review consisted of:

o Performance of additional visual, surface and volumetric
examination on the SSW,

o Review of all NDE reports for defect classification, description,
severity, trends and implications,

o Review of all material and weld defect identification reports
for classification, description, severity, trends and implications,

o Review of documentation for welding process defect trends and
implications,

o Review of welding procedures for improper qualification and
implications for physical impact (providing direction for
requalification where prudent),

o Assessment of weld map recorded discrepancies and weld defects
for structural and welding significance,

o Review of defect distribution,

o Review of weld filler metal control,

o Review of cold forming and heat straightening processes used
during fabrication and assessment of their technical significance/
implications,

0 Review of material properties including assessment of ni 1-
ductility transition temperatures (providing direction for
additional testing where prudent),

o Assessment of the nonconformances in material test, reports for
SSW structural implications,

o Review of welding defects with respect to cause, e.g., process,
position, procedure, or welder technique,

Review of the fabrication and erection methods for potential
effect on stresses and distortion,

Review and reassessment of SSW design loads (including an update
to current codes and models) to assist in the evaluation of
known and potential defects, and

o Review of the as-built structural integrity of the SSW taking into
account the potential for failure by brittle fracture or plastic
collapse.
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ATTACHMENT 3

July 15, 1980
G02-80-152

A. A. Willoughby
The Welding Institute
Research Laboratory =

Abington Hall
Abington
Cambridge CBI 6AL
United Kingdom

Subject: WI REPORT LD 22526

Dear Tony:

Enclosed are the Supply System's comments on your n eri S W p t.
If the new information presented changes h era c ions in the
report or if you disagree with any of th tatem s, se let me know
as soon as possible by Telex or telephon

i
Otherwise, I don't think th re is any need t spond formally at this
stage. We plan to comp e he open items with respect to stress analysis
and material testing e you that data. At that time we will
request a final repor t c e out the task provided that additional
fracture mecha ics anal s' t required. The enclosed comments can
then be inco o ated or e d as appropriate;

We p n t pres n r eport to the NRC in the near future. The Welding
I ut r port wi be incorporated as an attachment to that report.

ot e any need for a representative of the Institute at this
r i 'r eting. However, such a need could develop as the NRC

r v ws the report.

Tha you for the letter on lamellar tearing and laminations. The data and
coments were very useful and certainly support our earlier position that
the effect af lamellar tears/laminations is 'better analyzed by plastic
collapse rather than L.E.F.M. Any comments on the letter will be sent under
separate cover. Again, we can incorporate the findings in a final SSW report.

Sincere/y,

DB/rmm
Attachment
cc: WNP-2 Files

I

D. Burns
Lead Materials/Welding Engineer

AUTHOR'X~iON
vms j(

I I

I FOR SICMATVRE OF 0. Burns

OQR ~RovAI-ol I DC Ti ins I

APF$lOVECl



ATTACHMENT

Comments on Melding Institute Report LD 22526 (June 1980)

Section Comments

a. Line 5: - "shield" for "field"

~ 2.2

3.2

4.1

General: Since our letter of 4/12/80 the Supply System has
directed the UT examination of electroslag, flux
cored arc (FCAW) and snielded metal arc (SHAW) welds
and HT of FCAW and SHAM welds. These inspections
identified a possible generic problem with incomplete
root penetration of the FCAM and SHAW welds. Further
details of these inspections are given in our.
comments to Section 4.3 of LD 22526.

Line 3: "propagation" for "propogation"

Line 13: typo - "inadequate"

Line 6: "Additionally" for "Alternatively". A given break
could cause both annulus pressurization and pipe
whip reaction loads.

Paras. 1&3 The pipe breaks which produce annulus pressurization .

are within the SSM penetration cavity not within the
annulus. The only weld within the annulus is the nozzle
to vessel weld and break is not assumed at this weld.
The safe end to nozzle weld lies within the SSW

penetration.

General: Burns and Roe have completed their preliminary analysis
of the reduced loads and resultant SSW stresses. The
results of this analysis can be summarized as follows:

1. Normal Load Conditions

Stress levels less than or equal to 25$ of allowable
(allowable is about 2/3 of yield)

2. Normal + Seismic

Stress levels less .than 37K of acceptable (acceptable
is, in this case, about 2/3 of yield).

3. Accident Conditions

Stress levels are less than 50% of acceptable
(acceptable for this load combination is approx-
imately yield).

The analysis for the accident condition is a dynamic
analysis using a simplified SSM model. Burns and Roe
are now doing a dynamic analysis with a three
dimensional finite element model to confirm this data.



Section Comments

4.2 General: Further review revealed the use of one heat and
thickness of ASTM A588 grade A plate for stiffeners
in the top ring.(ring 6). Charpy impact data on the
mill csrt shows a Charpy energy of above 100 ft. lbs.-
at +40 F (all three specimens). Me have concluded
that this material will not be limiting in terms of
its NDT temperature.

Electroslag welding procedures for ASTM A588 are being
qualified. Tensile tests and drop weight NOT measure-
ments will be made on the test welds.

4.3.(l) Line 3:

4.3.(2) Line 5:

The defect rate for electroslag welds has been revised
to 30.5% following re-analysis of the data.

7Z6 areas were MT'd. Note the inspections were of 726
areas not 726 welds. Some areas may liave contained more
than one weld; some may have contained no welds.

4.3. (3) General: All accessible welds have now,been examined.

4.3. Page 7:
Para. 3.

General:

General:

Substitute "excavated" for "ground out". Usual method
for removal was air-arc gouging.

Does the Melding Institute have any data on the probability
of occurrence of corner lack of fusion defects in ESM welds
made with steel backing shoes?

The SSW Task Force has directed additional inspections of
accessible welds. The findings are summarized below:

1. UT of ESM Joints

o 73 welds were examined per AMS D1.1

o 1 contained a rejectable reflector. The
design drawings indicate this is in a
permanent backing shoe.

o 3 contained questionable reflectors.
Location indicated backside geometry.

o 8oth L-wave and 70 angle inspection used.

2. UT of FCAM Joints

o 9 Joints examined:

7 double bevel, full penetration T-welds.
2 single bevel full penetration corner welds.

o 6 of 7 T-welds had incomplete root penetration
along length of weld with 5/32 (max)
dimension through thickness



o Both single bevel corner welds also showed
incomplete penetration (IP).

o Beam path measurements indicate the defects
are IP and not lamellar tears or underbead
cracks.

3. UT of SMAW Welds

o 6 SMAW single bevel, full penetration welds
examined per AWS Dl.l

2 acceptable
1 rejected - incomplete penetration '

acceptable indications characterized as
incomplete penetration.

4. MT Inspections

o 18 SMAW fillet welds and 5 FCAW fillet welds
examined.

o Ho cracks or lack of fusion.

4.3. General: Underfill/Undersize Fillets:

4.5.1 Para. 3
Line 16

The Burns and Roe inspection data has been reviewed to
clarify the terminology. The term underfill is now used
only for butt welds. Only one case was observed (dimensions
4xOxl/8). Undersize fillet now includes both local and
general undersized areas.

Burns and Roe examined 1170 welds from a total of 12842.
Of these 74 were undersized fillets (6.3X). Of the 74
we have analyzed size data on 66. Of the 66, 10.6" had
effective reductions in load bearing cross-section of 505
or more. (505 is lowest critical FCAW size for plastic

~ collapse at design stress of 1/2 yield) thus, 0.67~ of
welds examined exceed this size.

However, population of welds examined is biased as
proportion of accessible welds which are fillets, is
greater than proportion in SSW as whole. Primary structural
welds are mainly full penetration butt welds with low
.probability of underfill defects.

Typo. "negligible". Substitute "increase" for "reduction".



Section Comments

4.5. 1 Para 3. Me plan to measure the effect of cold bending on the NDT

of A36 plate.

4.5.3 Para. 1 See comment on 4.2 for proposed testing of .ESM welds.

Tests on E7028 are complete. Results are:

Root

NDT

+30 F

5. 1.

Upper Part of Meld 0 F

Tests performed per WI recommendations. However, root
crack occurred during welding which required repair.

Removal of ASTM A588 from wall is held up by strike.

Plastic Review of PWS attachments revealed two general types:
Collapse At
Attachments 1. Large restraints attached to many members (see

figur.e 1)

2. Small restraints attached to limited number of
members (figure 2).

We are assuming that our general plastic collapse argument
is still valid for type 1.

For type 2; we have reviewed the BSR visual inspection data
and performed sample NT and UT of welds in SSW which take
loads from the PWR. No defects other than the IP discussed
in the comments to 4.3. were detected.

Me have concluded that there is no reasonable risk of
collapse at these attachment areas.

Burns and Roe indicate that the SSW is generally redundant
in that complete members can be removed at critical locations
without exceeding the acceptable stress levels. This does

. not apply to members directly under PWR's.

5.2. General: In view of the reduced stresses we have concluded that arrest
is provided at 100 F, for all materials except A588,
subject to confirmation of maximum NDT fot ESM joints.

Table 2

Table 5.

An up date of Table 2 is attached.

"E70T-6" for "E79T-G".

A modification to Table 5 for applied stresses of 1/2 yield
is attached.



Section

Ficure 5

Comments

Symbol missing on Chemetron data. Oata from A5.20 is
material qualification not procedure qualification.

Appendix A (a) First equation should read:

4.3.(2) Line 3: 84 defects were detected, not 74.

-5-
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TABLE V.Z

CR'T.Cn'LAii PEPTH TO TH.CKNESS RATIOS FOR

Dl ~<TIC CO! LAPSE ASSU.(IQQ LONQ SURFACE BREAKIHQ PEF CTS

va-.erial
Design
Stress ~l ow

Sta.ic Loadina
a/

Tension Bendina

Pvnamic Loadinc
c a/t
Flow t Tensions Bena.n !

A36 18 0.62 0. 50 77 0.77 O.aa

~ A588 25 60 0. 58 0.48 99 0. 75 0.59

-"7018/A36

E7 "28/A36

E70T-Q/A3o
~7-"'- /A36.

Elll2K/A36

18

18

18

18

66 0. 73

66

66

56. 5

0.73

0. 73

0. 68

66 0.73

0. 58 109

0. 58 109

0.54 03

0. 58 109

0. 58 109

0. 84

0.84

0. 84

0. 84

0. 81

0. 67

0. o7

0. 67

0. 67

O.o4

E?0 8/A588

E7028/A588

E70T-G/A588

E70T-1/A5S8

cl'12K/A"88

25

25

25

25

25

66

66

66

66

58-74

0. 62

0. 62

0. 62

0. 62

0. 57-

0. 66

0. 50

0.50

0.,50

-. 0. 50

0.47-

0. 53

109

109

109

.109

96

122

0.77

0.77

0.77

0. 61

O.ol
0.61

0.74-
0. 630.80

<0.77 O.ol

~ A7 018/A36/A588

~7QTWPAS6v'A$ 88-

EYil2K/A36/A588

25

18 56. 5 0. 68

66;"';„-.0. 62 .

0.54 93

~ 0.50 . 109 0.77

0. 81

0. 61

0. 64

a - slaw depth

t - material thickness
4



ABLE y.5

SUl;f~.-".RY QF WORST C"SE DEFECTS IN WELD''lENTS

Aecion Defec Tvoe

Laroest Reported
Length x Width x Depth

'nches

4 fl~v e~ ~ se<cl
Fa i azure t Qde

."aren Pl ate Arc S.rike
Lamellar fears

3/8 x 3/8 x 1/32
None

r
P, (F)

Fusion Boundary Lack of Fusion

+,'end Yietal Crack

Undercut

Undersized Fillet

Overlap

Underfill

Excess-Reinforcement

Porosity

Crater Fill
incomplete Penetration

Slag Inclusions

'=-at Affected Zone H-cracking
Liquation Cracks

None
None ~

8 x 0 x 0 ( )

39 x 0 x 0 (ESW) (f)

13 x 0 x 1/8 ( )

8xox3/32
24 x O x O (ESW)

26 x 0 x 1/4 ( )

3 x 0'x 1/8

4 x 0 x 1/8
24 x 0 x 0 (ESW)

72 x 0 x 1/4

8 x 0 (boundary area)
19 x 1 (boundarv area, ESW)

Z.x 1/2"x 3/8

48 x 1/8 x 5/32.
(subsurface)

a~xoxo

', (p)
F

P, F

(p)

(p)

P, F

F = Fracture, P = Plastic collapse, ( ) - signifies lower probability

~ (a) Depth in the .hru-thickness direction.

(b) 0 - signi ies dimension unknown.

(e) Estimated from fit-up requirement.

SP. ~iS Y{Pa

I9) u(Tlb SovQc5 lN/(W~~ A ~~au ~
c Mca. ~ m- msi~~

(c)'ne 2@ inch long crack extended through the 1% inch thick electroslag weld.
No other such occurrences have been identified in the documentation.

(d) Worst case based upon percentage reduction in area from original weld size.
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ATTACHMENT 4

Concern No. 1 Additional Information

This attachment provides additional information on the proposed
partial penetration groove weld at elevation 541'-5". The infor-
mation provided herein is briefly discussed below.

o The Project Engineering Directives (PED) which provide the
instructions for the qualification, joint preparation, in-
spection, shim gap shielding repair, and welding of the
partial penetration weld are enclosed.

P ED-215-CS-2741
P ED-215-W-2749
PED-215-W-3775 (a)
PED-215-W-3776 (b)
PED-215-W-3830
P ED-215-M-2746
P ED-215-M-3320
P ED-215-M-3604

(a) This PED supersedes PED-215-W-2742 which was previously
submitted to the NRC on this issue.

(b) This PED supersedes PED-215-W-1604 which was previously
submitted to the NRC on this issue.

One additional change to the above welding (W) PEDs will be

issued in a PED addendum. The change provides for buttering
the bottom face of the joint after the MT inspection.

o The Welding Procedure Specification, WPS No. 26, for the
partial penetration weld is enclosed.

o A sketch (Sketch-1) illustrating details of the existing area
to be affected by the partial penetration weld is enclosed.

o A section titled "Partial Penetration Weld Str'uctural Consid-
erations" is enclosed. Within that section, additional infor-
mation listed below is attached.

Burns and Roe Technical Memorandum No. 1173

Burns and Roe Calculation No. 6.19.37

Discussion titled "Analysis and Design of Sacrificial Shield
Wall"

Leckenby drawing F124
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PROJECT
ENGINEERING

DIRECTIVE

2 1

1 2 5 6

18 IQ

IiaTS III 3
ie

INFOIsMATICN
COPIES

1 0

. PRIORITY

I
li8 Io
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SHEET I Or"~
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Tliis PI.D is to allow the contractor to prepare
for welding to be done by Dual Shield FCAW

Process.
REFERENCES

SUBJECT Dual Shield FCAW ualifica or
LOCATION
ENG. SYSTEM

/'UALITY

C LASS

OR I G INATIN G

DOCUMENTS

DESCRIPTION OF WORK:

Contractor shall obtain machinery, welding wire and test materials to qualify a
procedure and personnel, suitable to perform necessary capacity of welding to be
done on the Sac. Wall.

Type of Filler Hetal Required

25 lb. spools Hanufacturer:
(1500 lbs) Cliemutrom W, lding Supply
(Dia..045) (206) 682-2880
Dual Shield Gas — Argon - C0
(E-70T-1) 2

98-27,

Joisn Brosnann
(415) 658-5010

Contractor shall coordinate all operations with Burns and Roe Welding Engineer in
contractors establishment for qualifying procedures and personnel, to inable this
program to be expedited.

The procedure and personnel shall be qualified in the horizontal position. The
test plate for qualifying the procedure and personnel shall be xn accordance with
AWS Dl.l and Spec. 215-17D. A 2'x 2'ock-up of the plate thickness (as close as

possible); and joint design shall be welded by each welder prior to welding on the
Sac. Wall.

Type of Hachinery Required
12
tlanufacturer: Airco Flux
Core Welding i~lnchines

1. THIS PED REVISES DIRECTION
PREVIOUSLY PROVIDED BY
THE FOLLOWING PED(sI:

2. THIS PED VOIDS DIRECTION
PR'EVIOUSLY PROVIDED BY
THE FOLLOWING

PEDIsl'.

THIS PED WORK SHOULD BE

COO R D INATE D WITH K N OWN

OTHER wORK
UNDER THE FOLLOWING PED'S

REVISE:

NONE
D 8 AE I'INGS
SPECIF ICATION

APPROVALS:

P~iF~~
LEAD DISCIPLIINE ENGINEER < DATE.

THIS PED DEPENDS UN THE
PRiOR INSTAi.LATIONOS-

I is E F U L LOW ING P I. I ~ 5

ri ~ V I 8 R 803 2
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BURNS AND ROE, INC.
WPPSS

NUCLEAR PROJECT
NO. 2

PROJECT
ENGINEERING

DIRECTIVE

2 1

'I 2 3 4 6 6

DATE 0 7 0
16 17 16

9 10

8 0
20 21

-3 775
11 12 13 14 16

PRIORITY
E

REASON FOR P. E. D.:

This PED is to revise PED 215-W-2742 for the
preparation of the partial penetration weld
joint to be used on the sac. wall at 541'-5" el.

INFORMATION
COPIES

SHEET 1 OF~

REFERENCES

The stop Work Order must be lifted before work
is started.

SUBJECT Sac. Shield Wall 'Welds

LOCATION 541 -3 All A

ENG. SYSTEM N/A
S/U SYSTEM N A

QUALITYCLASS I

ORIGINATING
DOCUMENTS NCR 215-05688

DESCRIPTION OF WORK:

Refer to pages 2 through 6 of this PED for direction of weld joint preparation
as shown on attached details.

1 documentation for this work shall be prepared in accordance with WP 84 Rev. 15

and approved procedures.

I-
0z

'I. ~ THIS PED REVISES DIRECTION
PREVIQUSI.Y PRQVIDED By 215-W-2742
THE FOLLOWING PEDIs):

2. THIS PED VOIDS DIRECTION
PREVIOUSLy PROVIDED By 215-W 2742
THE FOLLOWING PEOEI:<

3. THIS PED WORK SHOULD BE
COORDINATED WITH KNOWN 215-CS-2741
OTHER WORK
UNDER THE FOLLOWING PEDS:

4. THIS PED DEPENDS ON THE
PRIOR INSTALLATIONOF N A
THE FOLLOWING PEDS:

REVISE:

NONE
DRAWINGS
SPEC IF ICATION

APP ROVALS:

D S IP NGINEER

"A IS IP INE ENGINEER

L ISO F GINE R

NT OJE ENG INEE'".~

/MW
DATE

DATE

DATE
~r

DATE

REV 1 S R 803-2
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BURNS AND ROE, INC.
WPPSS

NUCLFAR PROJECT
NO. 2

PROJECT
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D I R ECTIVE DATE

3

2

I16 17

S(6

18

I- W

a 9|10

10

19 20 21

-.I 3 7 7 6
11 ll 13 li IS

PRIORITY

T.

REASON FOR P. L. D.: INFORMATION
COPIES

SHEET I OF.~
This PED is to revise PED 215-W-1604 for'elding
to replace the slot welds required per detail
D 2038 (S782) made to top of shims and do not
connect ring (Beam type 3) and ring 4 (Beam
type 2) as required.

The stop Work Order must be lifted before work
is started

REFcRENCES

Sa .. Shield Wall Welds
LOCATION 541'-5". All A
FNG. SYSTEM N/A
S/U SYSTEM
QUALITYCLASS I
ORIGINATING
DOCUMENTS

NCR 215-05688

DcSCR IPTION OF WORK

Replace slot welds with a partial penetration weld between the upper and lower
rings as shown on attached details with FCAW process being used for complete joint
welding.

All welding is to be performed per direction of Burn & Roe Welding Engineers,
Addenda System and this PED which includes a work procedure with peening, grinding,
visual inspection, YiZ inspection and a sequence.

All documentation shall be prepared in accordance with WP 84 Rev. 15 and approved
procedures.

I
O
Z

1. THIS PED REVISES DIRECTION
PREVIOUSLY PROVIDED BY
THE FOLLOWING PEOI$ )$

2. THIS PED VOIDS DIRECTION
PREVIOUSLY. ROVIDED BY
THE FOLLOWING PEDI$ ):

3. THIS PED WORK SHOULD BE -W-2749
cooRDINATED wITH KNowN 215-w-2741
OTHER wORK
UNDER THE FOLLOWING PED'S

4. THIS PED DEPENDS ON THE
PRIOR INSTALLATIONOF
THE FOLLOWING

PEO'S'EVISE:

NONE
D RAWINGS
SPEC IF ICATION

APP ROVALS:

DATED P "" NGINEcR
ZEX

DATE
~ gg

LEA DISCIP INE ENGINEER
.z

/U AIS c GINEcR DATE
r ~ 7

R D NT PROJECT ENGINEER DATE

REV 1 BR 803-2



REPJLIX PROC')URE FOR HCR f05688 hT THE

541s 5» LEVEL Ill REACTOR CONTLIIQKÃT VESSEL

. 1) PROCEOURE
I!C.

The purpose of this procedure fs so cstabMh the reqcf "eaenss for the
smscsuraL steel repaf"'velding inside the contaiaaeat. hny devfatfoa
i-on sha raquf=c=en s of thfs procedure E.D require speci fc approval
of she Burns and Roe Veldfng EagE~er. Oaves~ approvals vill be

granted oaly after aa'natura of she problen areas snd a resolution
give by Bu s and Roe "eldfag hgfaeer bv Addcadua syssea.

Vel&mg sequences shel be issued as artcc~eats to ~ proccdu=a.
Any changes or add'sio..s - veld sequences or other special hstrucsfoas
shaLL require approvaL by the Bms and Roe Veldfng hgiaaer.

N

.hc Quality Control Y~ger shall be responsible for assuring coaplfsnce
vfth these procedures.

1) OOUD~TZOH

Vork packages shaLL be used fo all structural steel vork'aad shaLL be

prepared fn accordaace vith VP 84 Rav..15 snd approved procedures.

The Struc~al Steel Veld Record fora shall ba used for'tructuraL steel
veld fag docmcatatfon.

Veld repaf"s, ff aequi:ed, shall be docuae=ted oa the Structural Steel
'eld Repai= foams.

The Loss of Preheat/Znte~Mn od Ve1d Sequeaca fora sha11 be used to
doczcEens such occurcnces. Zf cracks are d scovcrcd, aa Znspec& Report
~~~ also be inisfased. Upon couple 'oa of she fora, a copy v~ also be

edfatcly given so Burns aad Roe Veldt Engineer oa duty for approvaL.

P=ahcat recorder charts shaLL be fdeatf~ied by velds fsoP s or dvg. noP s

aad trsasnft ed, upon compLatfoa of vo k, to she ll.hP vault.
P

3) ~ZAI
PP

Elecsrode Coasrol shaLL be fn accosdsnce v'th thc vork procedure. Elect=odes

shal1 bc pa=chased fn haraesfcsLLy sealed consafners and shall be drfcd for
as Least oae(L) hour at'senparatures betveen 750 F. aad 800 F. prior to0

issuance. ~ ELectrodes shQ be ~N"rained at a afnfaun temperature o ~JO F.

after thc hfg'a teapcraturc bake un flv'shdravn'r use or tcaporaty storage
porsable ovens or a ssorage oven conveniently placed near she vork area.

Elec=-odes. shall be r~ed roa porsablc ovens one as a ~ sad used

Eaedhsely. 'lec nodes shat have been or are vas shall be bent and discarded
fa an caoroved contains.. ('qote: FC'" s ra does not requf a pre-bakfngg.

REF. DOC.: PCN

RFF SPEC. SECTlON: PAgE PARA.

NPPSS NUCLEAR PROJECT NO- 2
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REF DWG.;

DAIWH
BY

CHKD
BY
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DATE

DATE+~ ~/ A ~~ DATE
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":CAu v'=e shell be aeiatsiaed a sealed coatainecs uatil vf.thLreua for use
the "eld. Spools sbe" tot be ac=awed to ovens s tet'ach sb'.

A a~ effort shall be taken to keep vite spools coveted sad clean ia
dustptoof «Me feedets.

~~ ".~ gNLIPIC'FELONS

ill welders using >is pr cedure shall be qucli .ied to unlitIiuC
='Ii=Sess and all positions in ac=~ance e-'I approved ~eld pw
cedures and N5 Dl.I.
Q lders quali~Iied by groove weids on 8" sched. IRO pipe or larte"
and on pla~ I" or over are quali.ied or all thicknesses of s:ruc-
trual s~l

o) P ROCHURE

PRINT PROC')UR". AND RcgU?Rch=HTS

follMng material shall be on
operations

a) Heating tor hes
b) Heating coils or blankets
c Heat retaining blankets

6) TORA HATING

hand prior to prehea and w lding

d) Clips for holding coils,
blankets, ew., in place.

e). Tempera~ control and .e-
carding equi pnani.

I) Torches my be used for applica ions involving aw-air gouging,
w.wching strongbacks, he ter blanket clips> tackino, backing bars
and Qnor repairs. Preheat shsll be 200 F. 25 E. eith a 15niaute soak t'ae.

2) Neatino .orches cay be used to locallv prehea he s ruc~ an.'
ld si- in the areas to be hack mlded.

o) Heating torches shall be used vfth a neutral flame.
'L

4) %hen preheat is obtained through totch heating foe other then
teapotezy tack velds, Q.C. shall ftequeatly aoaitor the site
both pziot to sad during veldiag to assam that ziaimue preheat ead
mad~ intetIase teeImtetute te~iresants are scdntaiaed ~
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7) RESISTANCE HEATZSC, ~
~

'

h11 areas to be preheated, axcept those specifically exasEptecl by the
Burns ancI Roe MelEIing Engineer, shall be preheated'using electric
heating elements The precise locations oE the heaters EEill be

~ designated by che preheating contractor's ~ldiag engineer

Stl ip chart r cards o. weld join prehea- and cool down are required.

Only magnetic holders shall be used to hold heaters and blankets

ta -'Ic Sacrf icial Wall and ta struc~s on th '4i'evel.

~ A

The preheat and maximum interpass aerator shall be held from

JIe center line of JIe join- outward z at least 3" on each side of the

joint. H"re JIan 3" fm JIc jain- JIe temperat re range may be less

.hen the minimum specified but shall nat be mor JIan thc maXiIjxsa

speci.fed. The~couples shall be located no tmre JIan 3 fram JIe

weld center line and their placementrequires approval by the Burns and

Roe Welding =ngfneers.

inspec:ars shall check preheat with a '-contact pyrometer at fi;-up
before allowing welding to becin. During.weld!ng, fnspe fon shall
monitor minimum preheat and maximum interpass temperatures fn the

joint using a cantac pyrometer.
J

After reaching preheat tmcra ur,.paak the joint a ~erature
.or Vg hours before beginning welding. Maintain'the temperature

range un.il all weldfno has be n completed and JIcn soak for another

. three (3) hours be&re starting cool'-down.

.Heat retaining blankets shall be used as necessarv to cantrol caol-

down ran. The cool-down rate shall not exceed 50"F. per hour. ilankcts
may be removed when ambfen ~erature has been reached.

The hea. retaining blankcz, which mus- be maintained JIraughcu

preheat, all welding fnspecbon, and cool-down, may be adjusted ta per-
mi- w lding. For instance, a heater and blanket may be placed dfrec:ly
o'ver the 'joint for prehea and soak. then rmnavcd during welding.

When Ne preheat drops below JIe specified minimum, a loss of pre-

hea form shall be prepaM. The tcmperatur
" shall be resumed as

soon as possible a .er thc low temperaarre is de~W.

8) lEp~~EEc R gQ/R~i

he pr heat rccufrwt far local zrch heating for a achfng

s=rongbacks, heater blankit clips, backing bars, and far tackina shall
~ ~
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be 150 F. to 200 A A for at 1Esasc, 2" m each diractioa fron the EEeld

siss, &th a 15 oiuoto soak titsE at temperature 'Prior to bEESiaaioc

.EEorkA

9)

Melders and/or operators shall be provided temperature indicatino
crayons or contact pyrometers 0 assure that prehea requirenents are
being met.

~ ~

MAXI'HTBP
ASS

PRBQT '::. Tt+tcATURr

Melds " Sacrificial Shield
Mall and within 24" of the
Sacrificial Shield Mall.

2oa '-'-'F. 25PP.

The mini~ preheat and maximum interpass temperature for all weldihg
shall be as noted above.

10) FIT-UP AHD TACQHG

The joint gap !or s rurbcral and partial penetration welds shall
no- exceed 3/16" for caterial tnicknesses less than 3". The Joint
gap shall not exceed 5/16" for material thicknesses 3 and above.
Suchgoints shall incorporate adequate backino agains which to weld.

~ . The roo opening for single bevel grooves agains backing bars shall
be as ,ollows.

1/4" min. to 9/16" max. backing bar renoved.after weld'.ng.
.. 3/8 min. to 9/16" max. backihg bar lef. on.

Tack welds shall be subject to the same quality requirements as the
final welds excep- tha- discontinvities such as undercut and unfilled
craters need not be revived before Jm final arc weld.

'rehea. is mandatory for single pass tack welds which are remelt
and incorporated into continuous arc welds (final welds).

Tack welds mus be large'enough to preven shifting or cracking
dvring subseqven welding. Th y est be clean, contain no cracks,
lack of ..usion, pr slag and shovld he designed to become part

~ of :he .inal weld. S ~

Tack welds which are incorpor.teC into he final welds shall be made

with electrodes meeting the requirements o the final welds and shall
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uKLuIBC

11) hlI voiding shall be perforaed asian saarmred veldiag procedure according

to 46 Dl.l cad Saeciiicatioa Section 2808-215-DD h, seer bead tadudque

shall be used ta the greatesc extent possible. In say case, the vidch of

bead shall uat Eoccsed three (3) core dismeterscof the electrode (except

far dual shield flsrc cared vtre vhich shall aot exceed 3/8" in vidth

The ninicxas aire of a zoot pass shall be sufficient to prevent craddng

sad che aaricwss thictasess of'layers sub~t co root pais shall be I/S

for velda Scads in the ilac position sad 3/16" for velds cade in any
othet'ositioup

Each veld pass of deposited veld natal shall be thoroughIy cleaned using

slagging piiJcs, vire brushes, or by grfssdtug.

hay c ache, blov halos, or other defects that appear on the surface of-

veLd beads shall be renoved by chipping or grinding before tha next

cosFecing veld bead is deposited.

As'er'. beads, acept -haec h the:oot and hal layers, shall be peeaed

Ewedhtely sf ar tarsal of slag. Soviets say <sible defects such as

pecos'q, creche, or slag pothcts est be rezosred by g Ahg prior to

peag, Ptci» j shams be dolce using sn s ~c~ vi 5 t aund Dose col-
o a'.-'"'~ dQaetcr of oaa aua .cr mh (e"). Peening shall ba dona'sz

a s:ra'ght and co=ts~cus Icme. Ca"c shsII be exercised to p:csFe-t scs'Emj

c: f'a)-~Eg of vs base natal fran over-pee"s j. Peehg shas'e usaf h
all cases, ca:capt vhere speci~icsssy prohibited by a nota on tha veld

sectuance sheet P A ope a ed needle sls jgag guns shall nat be used far
pe~cg ~ses. Peen pe." shetch attached.

No dovch&'velding ~~M be pM tad.

-- csaat sapu +age shsL'o aceed the folloc~ag:

35k)/a has- Qtput shQ be nashua for velding.

guttc~wg tcsy be done ho~~a11ys veZcsLy (up); o" any conbmtian
oc ~ ~o, guttering does aot require peeaiagp

AD g=oova velds and a's'c ""at velds agsEEst Qe Ssc. QQ requ'-a that

the Sac. «s" ba butterecP
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I

Every effo= should be ~e Co provicLe con~~nous veld~kg en~~ the ioint
cmle e. As a ~cn, 3/4" throat t"'cIaess sha11 be obeyed vi out

aa 'a~dcm "Lra~tions" shall be defied as vcLcLing vs&con~~ fo are M 1 hour but Less Jm 2 hours JLI1 "htcamtions"
shs~'e =ceo=ed. A~ veld w~Uch a &cont'M fo. na e then 1 hou=~t be ~desi oned accL appmve6 by the Scans 4 Roe ~Udge Kc~.~ veld ~ exceeds ~ 2 hour int~tion i~t shall recpd~
doancata~ on cn ZR/BCR if deened necessary by tha ~ & Roe IIeLding
En~act., yor aLL imtc~tions, the foILovtng action shaLl be takcnc

') Qc las" veLd Laye= aaaQ be peened bc o:e tha veld is Ls'-
2) The veld sha" be cove:cd v'th ~~"ion %meets and da"a~ed p"cheat ~~ed Q C ~4'c~ y ~G

3) The ver shaU. bc visua'etad „Eor to r~g ~g.
Thc W~ ~ec on repo no~g the '~ she" be

» udcd ~ w wk oaccagc Y a c aek A,CScovcedG an Q.
~s~~ be preps=ed j

4) ~ veld shaLL bc pcened and i~ac-ed.- pa= atwehed s~ ~

12) ~ISHCiZN

to any veldm~g, the a=ca to be v'eldcd she~i bc v~~ inspec cd i~
accordance v M ASS D1.1, and afte s"y mc~ou~g, eu ~ig o g ~i

. LL'. vclding shall be M ~=cd at 100Ã ~Le~ a" p cheat t~e"s~c.
AiIv~~"'hall be ~~ ~ec ed 72 hams after cool dovn

whe= Se ~G"'ed ~ vt'i be hccessibla o» the 72 hou= nagna&
pa 'cia ~ac~~ because anothe- veld o acabe v~ have cov~ G

.. acceptance vD be based on a hot 8'ade vhen A veld ~a conplatc uL
. v~~ an'd V2 hour K of any rene'.-™g ccposed a cas. M4 ccception

is on1y aLLoved vhcn it cL'-hates hca cycL' a veld rona, snd '- shsLL
. be appeared by tha R~ ! Roe Valuing v~aaa.

'g 5 IL weLM4g vw~ shaLL evaluate a?L regectabla aundice~ ~ealed by
visual 0» ~ +~tc~on p~a~ to cd ~o

~ /

13) ILv ~ SS@EBM

ganove the G~ic&m reves1ed by visual i»»p~ to sound mtal beyond
each end of the d&co~~p by @+~4 or chippiag. L~ A defe= «xtcnds
one haL~.~ ~) a~ging nay be used. 'Tha recto "ed p:cheat shall be
specified L~~ a to be used spa~y to M~~ a &posiibQ~w
of c"act pro~~

/
Dccxva~w shall be =aha@ected to assu=e that Se d» cc has been renoved

cld axcaveted area follov' app:crrAsta pa=agraphs im ~~ p ocadu=c.
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1 M/I

DE. P.-/ BUlL -LIP MEME>ER I& La".

P05I i
III/HERE LEDGE IS A MMIMLjkftOP

"
DE 0

l) ~star root paa~ hasFe been applied all reaaillfnC

2) A iodicatiolla that shoEEId be yicIEad up W EFia~ ~~~ ~
b B & R VWding gag. prier co aay raEForL

/
3) KP.T. fib'aZd ac preheat cezzzp aod 72 bra after coaplata cool deva

~pc ecme paaC
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~~I~~~ PH~+~ > WELD DEm~lT~H'-~'»« i~ LES~ rWau L-wiD; <
~ p ~ ~LjtL -UPMEMKQ I& f'g"

l) Aftet toot passes have bc app+ed

~ doddcatdoes that,~ be,picked op ~ vtsoal jospectdoc shall be evaluated
> B. 4 R ~~t.Sag . pelox to cay rssotk.

3) K.P.T f~ EFeht at preheat tssnp, and 72 hei. aftet co7aplate cool doEFn.

+Ezcspt cava pass
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1) L te root passes have beai appal all tea.'~~g passes shaIl bc paenet. *
2) tf.P.T. Hna1 veld at ptehcat t~. and 72 hrs. aXre ~late cool nova.

*Except cover pace.
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0=,

I) httar "oot paaaaa have boca app11ed2) K7.T. f~~ veLd at r ~ r~~w~g pa55E5 5hkl1 be peeoedPat preheat tarp. aod 72 )ea. aCta ccotpsata coo1 dovn.

*Kggept cover pa5$ P

REI-, DOC,." PCN

NFF SPEC. SECT/ON: PAGE ~ARA:
WPPSS MUCH EAR PROJECT NO. 2

BURNS AMO ROE, INC.

REF O'Is/G.:

SCALE.'tt5

DRAWN
8Y

CHKD
ev

DATE

'ATP~g~fg

DPtG, ZONE ~ 'EO ~ Pg SH>,/Q O"



C= -r A -A.

Z0~&a "4) 4 -1L" cas~a a=as's sha11 ba ~a .'"stf o assu"a ~ tha a fA 0
unrcac to & sfaQ aLso to esabmh W stab"'~ fo". the tax'~N-'s.

3) LES. te=s'"'"g sfals'.~E cay be c~p'ateI1 4a a 4" a".est saquesca 'o
desE~td by 3 IE K Mg =-gE~ .

1) yen (4) Efa&am to EF~E sE~~aous'~ -~outshout saquasca.
) " -st saquaoca to sta at Q, 7 -30f P

3) SasouI1 sequence to sa a- AZ 191 -30f P

4) Tb~M saqu~a to sts= at 4X. 103 -30'
) Ho veda s& ptocaod ahtc4 o c2f ot a TE4 6' a saqucLcaP

6) EM saquaca ~e caskets o appt~te1y ll".
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CODE PROJECT ENGINEERING DIRECTIVE
BURNS AND ROE, INC.

WPPSS
NUCLEAR PROJECT

NO. 2

REASON FOR P. E. D.:

PROJECT
ENGINEERING

DIRECTIVE DATE i

F16

INFORM ATION
COPIES

t2 1 I5 -l3 8 t3 0

212 I 810
1S)19 20i21

P R IOR ITY

I
SHEE < I OF.

5 ( 6 ) 2 8 9 F10 1'Ii 1'2t1".i >4 IS

This PED is to establish the inspection
criteria for the partial penetration joint
prior to welding on the Sac. Wall at the
541'l. between Ring 3 and 4. REFERENCES

SUBJECT Insoection Criteria
LOCATION 541'l. Dr ell
ENG.SYSTEM
S/U SYSTEM
QUALITYCLASS AMS Dl. 1 Class 1

ORIGINATING
<DOCUI<"ENTS

DESCRIPTION, OF WORK: Mag. particle inspection of 2" partial penetration excavation
joint.

1) Linear indications shall not be arbitrarily rejectable as a crack until
excavation has been done for evaluation. All cracks shall be completely
removed.

2) Inspection criteria for magnetic particle examination shall meet the
requirements of AMS Dl.l-74, para. 8.15 except for crack or laminations
all other indications shall be excavated to a depth not to exceed 3/8"
then sealed and welded out.

3) If a linear discontinuity is proven to be a lamination in the base plate
material, the requirements of AWS D1.1-74, para. 3.2 shall apply, except
that, for discontinuities over 1 inch (25.4mm) in length with depth greater
than 1 inch shall. not be cause for rejection of the plate and weld repair
shall be limited to 1 inch in depth of the plate from the prepared joint
surface.

I. THIS PED RE VISES DIRECTION
PREVIOUSLY PROVIDED BY
THE FOLLOWING PED(sl:

2. THIS PED VOIDS DIRECTION
~ .PREVIOUSLY PROVIDED BY

THE FOLLOWING PEDIs):

3. THIS PED WORK SHOIJLD BE 1 -W-2749
~ COORDINATED WITH KNOWN 215-W-3776

OTHER wOR K-

REVISE

NONE
DRAWINGS
SP EC IF ICATION

APP ROVALS:

g~~p
Ip I ENGIN z ~ AT"- I

4. THIS PED DEPENDS ON THE
PRIOR INSTALLATIONOF
THE FOLLOWING PED'S:

LE 'LI ENGINEE

S/ LI NG EE

IDENT PROJECT ENGINEER

T

/T~zV
725 8'~

DATE

REV 1 BR 803-2
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Te direct con-.ract 215 .o repair the forty
(40) gaps L tween shims located at the 541-'5"
elevation on .he sacrificial shield wall (SSW).
This repair is necessary to restore-

the-sh1eld-'ng

adequacey of the SSW at this elevation. REFERENCES
SUSJEgT 5 denim ap <>cpa r
LOCATION 54 0

'
I Lon-.a. nmen7.

ENG. SYSTEM
S/U SYSTEM

ua ITY CLASS I

QRIQINATINQ SSW Task Force
DOCUMENTS II~'Ctian Plan

Concern No. 2

DESCRIPTION OF WORK:

-Refer to sheets 2 through 6. of this PED-

1. THIS PED REVISES DIRECTION
PRiVIOUSL'Y PROVIDED BY
THE FOLLOWING PEDIE):

2, THIS ~ ED VOIDS D IRECTION
PREVIOUSLY PROVIDED BY
THE!'OLLOWINGPEDIEI:

N/A

N/A

REVISE:

NONE X

DRAWINGS
SP ECIF ICATION

I
i

~:
!
i

3 H I P D WORK SHOULD B- P< -21 5-W-27<9
coQRDINai gD wlTH KNowN P -215-W-1604
OTHER WORK
UNDER THE i".OLLOWINGPED'S:

4; -
DEP Nh5O~ THE . 15 W 2I '2

PR iua INS i aLLATIOh OF
THE vo LOW!NG Pir g

SCIP . ": G IPSE=,Ei
r Qr

4/4/80

4/4/80
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,GENERAL D"SCRIPTION

Tni'.-ED direc .'s contract 2'= to repair .ne forty (40) gaps between
's.".i...s ='.".at were '.dent-.-.'.ed a.".-'ocumier-.ed dur inc thie month of Deco,.ber
'."-I .'ne survey tha was perfol,.e" a-„:hiat time was documen e~

an"'",4i5

d "melitatloni pa" I: "»e (oe a"se o. ' ""
I l') '" il be pl'ovided o

vo" bv -he owner (Fre '. Weingard, Ext ~ 287 ) ur."er separate cover.'
. Tne s.rvey identifies each Gap nUPilelically (-.-: 1-4G) and gives the a"im;t.'".

or thie centerline of ac",. aap and all. measured parameters of the gape
Each gap shall be repaired by fill'ing wi .h an Owner approved shield.'.ng
material (.o be specif-ted later in this PED). Due to he nature of

-,.- -= his repair, and as the result of commitments to the NRC, prototype
~ testing shall be implemented to develop a verified procedure for repair.

The scheduling of all repairs shall be controlled by Construction
Nanaoement. This work shall be implemented after PED-215-M-2742
is imnlemented for the area of concern and before PaD-215-M-1604 is
',mplemented in the area of .concern. Technical direction for this
repair shall be controlled by B&R Engineerina (Fred S. Weinaard, Ext.
2876). All work to be done by contract 215, as directed by this PED,
shall be done to Owner approved, guality Class I, procedures and shall
be implemented only wi .h a B&R Engineering represen a.ive present at
all times.

It should be noted that .hroughout the context of this PED, contract
215 is directed to procure the products and/or services of Brand
Industrial Services, Inc. (BISCO). It is highly recommended that

. contract 215 work these requests through their BISCO sub-contractor
~ on site. To assist in this effort, the following contacts are pro-

vided:

1. MI. Mike Marsh, BISCO site contact..
2. Mr. Jim Sherwood, Director of Marketing, BISCO.
3. Mr. James Anderson, Technical Support, BISCO.
4. Mr. Clayton We Brown, Yice President, BISCO.

DETAILED DESCRIPTION

I. Material Speci ication.
Contract 215 sha procure enough. shielding material to fill all
the gaps in the SSW and to perform prototype testing. The total
amount of shielding ma erial required is (with conservatism)
approximately that amount of shielding material capable of filling
2.5 cubic feet of volume. All shielding material brought on site
'shall be stored in strict accordance with ma'nufacturer 's recom-
mendations.

The shielding ma erial to be'used shall be BISCO product NS-1
(high density).'O SUBSTITUTE shall be acceptable! NS-1 (high
density) is a combination of BISCO's NS-1 binder and lead filler
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(11":: by volume). A silicon based comoound may be added to the
..x ". e 70 ca use Gaming i~ a on:rol 1 ed manner. "=xpansion due:" foam.'nc may. ~o-„exceed 11-27 oy volume. The to-.al density of

s ina i as ~ 5 a 1
~ " =.""""": (a-.:er curiro an'ocr:.) r ''us-

be greater trsan or equal -.o dna-. density of ordinary concrete
whi"h is 2.< grams/cc or 1=0 'ebs/fi . Certification must be oro-
v'ued ha? h~ 'Ps installed" m xture m ts the above criteria.

Density
Composition '(chemicals by ~ weight)
~ Lead fill by volume)
Com osite flame spread:

1.
2.

. 3.
4. p

(a) ASTM E-84
b) ASTN E-3.62
c) ASTN E-119

5. Tensil e strength
6. Elongation
7. Durometer (hardness)
K Halogen content

The a orementioned test reports and property data shall be trans-
mitted to the Owner for approval ~rior to procurement of the
shielding material.

The thermal stability of the "as-installed" material must also be
cer.ified for the following concerns:

The, radiation shielding properties o the "as-installed" material
must meet or exceed the shi~lding properties of ordinary concrete.
The above criteria shall be documented via experimental data or
by analytical modeling and computer programming such as with tne
AWLSH program or others. This docunentation shall also be trans-; -.-.=d to the Owner =or approval orior to procurarent of the matsrial.
ihe "as-insta11ed" product shall be capable of wi .hs andino an
integrated dose of 2.0 x 10'-0 rads over the 40 year life of the
p a

' nil radisation test repo ts or tne material shall be tra'ns-
mitted to the Owner with a lis . of the ollowing properties pro-
vided giving data before exposure and after exposure (if available):

1. Continuous ambien temperature of 270 F for 40 years
and

Z. Short term heat input due to welding that might bring
the temperature close to 600 F.

ttote that certification for concern —. 1 (above) may be
extrapolated from shorter term data.

The construction features o this shielding material shall be
such that it may be injected into a shim gap as small as 1/16 inch
by 1/16 inch by 24 inches and a ter oaming and curing, fill this
gap completely. The flow characteris.ics, cohesion, adhesion, and

s g-„ i(ig
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a„s'.ze (=/16 x 1/15 x 24) will be filled complezely a:
temipera=ure o I no area zer than 100 F . Tpe expected te".»oera-
dur-n: f".i';-'I."". or ',."...e.ziion) and curing shall be bezween

»s ~ u™. i Qn == '. es anc corIcern numIoer two (2) o I the therr;~l
fea:ures shall be verified during pro:o-ype:es.ing. It is impera-

.;".;-= .he sh'=-.." —..=--.=-rial be procurec and de'',vered to the size
as soor, as possible.

I I. Pro".otvoe Testing
for

'.

The Owner shall provide a test fixture"prototype testing
of the construction features of the shielding material. This
.es.. ixture consis s o "wo (2) 1/2" x 18" x 2'0 3/4" plates
for which varying shim stock may be inser ted between the pla es
to simulate gaps between shims at, .he 541'" elevation of the
SS';.'. The plaz s are held tooe+her by heavy du.y "C" type clamps. .

The simula ed gap sizes shall vary between:

1. Height: 1/16" to 5/8"
2. Circumferential length: 1/16" to 9"
3. Radial depths shim depth on either side o'f gap shall

either be 2' 3/4" or 1'0".
<'otethat the 2' 3/4" radial depth shim prototype represents

. .straight-thru gaps as depicted in the survey data. The 1'0"
radial depth shim prototype r epresents gaps where the shims on
either side of the gaps do not extend the full radial depth
of the. SSM wall as indicated by the hooked probes during, the;;,,, '..„...,.'.;;.. ~=:"- 'him'g'ap"survey.':-':" In both -cas'es't 'shall'fbe"assumed""tHRt"hthere """"

's

nq.backing for the flow of the shielding material into the
gap. The backing and methodology for inserting backing:shall
be determined during prototype testing. - It is recomnended that '-
oil free, steel wool be used for backing the gap, however, other
me.hods suggested by contract 215 or BISCO may be tried.to
determine feasibility. Any material inserted as a backing (or a .
dam) for the shielding must be approved by the Owner.-.-, The .; . --,-
chemical- analysis of the backing (or dam) shall be submitted
to he Owner or approval.

Prototype testing shall be implemented in the following stages:

1.
2.

Write a 'prototype proc dure'elinea+ing steps and controls.
The procedure should closely follow these steps:

a. insert hackling
b.. apply (pour or pressurize or. inject) shield material-

method o application shall be determined by BISCO
c. let cure (and/or foam) - foam control and cure

~ . time established by BISCO
d. - remove "C" clamps and disassemble test fixture
e. observe gap for complete fill (Owner mus. be'present)

I
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. ~
' . Re-air-"f Shim Gaos.

I ~

I
A ~ » D 2 t, '('dI is „j/emented in a pa. ".icular area 0

r;,=-.-.= {Ct",' .".:". ac: 2i= snail -'clean ou-" a : gaps in the
work zone spe"'fied by Ch'i. In no case shall cleaning involve
blowinc air ~o» liquidj in-;o tne aap. All cleaning oI caps
shall be accomplished bv vacuum technicue. .'t is recommended
"'hat-BISCO direct .he cleaning o, -he caps so as to insure
the proper cleanliness., for 'the'njection o'he Bisco shield
product into the gap.

~As was noted previously, al,l aaps and their locations are
identified in the survey docunen ation package to be pro-
vided to you under separate cover.~

;or the'aps (in the work zone) identi ied to be repaired,
contract 215 shall post a man in he nearest SSM door opening
so that he can observe with a flashlight the inner. openings
of the gaps,(if they are straight thru'r"point thru').
Leakage out of these inner openings during -filling shall be
reported to the Owner's representative immediately.

~
'.'he gaps shall'be filled with the shielding material per the

approved, finalized procedure which was determined during
. prototype testing. The safety precautions, as recomended'y

the manufacturer, shall be strictly adhered to durin'g the mix-
ing and curing process.

y '-,;,"„';„",-.-.,D'.-:.".=;.The'.'repair..crew.;shall-. go on'.to "a'ew work zo'hed"at'he'direc- .=""--

tion of CM and shall proceed with the repair of those gaps ,'n the work. zone. -'

E. A procedure incorporating steps A through D above shall be
submitted to the Owner .

IV. ~51 d li
It is anticipated that the shield repairing of the gaps will start
in early May 1980. Prototype testing,may be s iarted as soon as the
shieldina ma erial arrives on site. The proto.ype testing must be
completed and aooroved by Owner prior to implementina the actual
repai'rs on the SSM.
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CODE. PRO>EC.c A'a%~ -.~ '~ CTIVE

BURNS AND ROE, INC.
Vs'"!SS

NUCLEAR PROJECT
NQ. 2

PROJECT
E NG IN""E R ING

0 I R ECT'IVE

2 I

~ a

DATE

I 6 17

I ''~I i 'l3 2 0
ii 14 IS

P t ~ I-'RIORITY
I - (Rush

REASON FOR P. E. 0.:

1. To-expedite the initiation of prototypotesting
as delineated on sheets 4 and 5 of PED-215-M-2746.

2. To.delineate a different prototype test fixtur
as prescribed on sheet 4 of PED 215-M-2746. This
new fixture will .allow for several (4> gaps to be

tested at one time and therefore decrease the over
all prototype testing time which is'ependent on

the shield material cure time (10 hrs.)

INFORMATION
COPIES

SHEET I OFM

S/U SYSTEM
QUALITYCLASS

roce ures

ORIGINATING Yerbal with Nike
Brewer on 5/2/80

REFERENCES
SUBJECT SSM shim a rototv e test g
LOCATION off Si te
ENG. SYSTEM N

DESCRIPTION OF WORK:

1. (a) Sheet 3 of 6 of PED 215-M-2746 requires (in two places) the transmittal of
documentation to the owner for approval grior to procureamnt of the shielding ." 'aterial. 'his requirement shall be implemented for the shielding material *

to be installed in the SSM and does not apply to shieldirig material required
on site for prototype testing. The purpose of. this PED is to clarify the

...~ intent of those statements so. as..to expedite„the.„initiation:of; prototype testing;
I

4

(b) In line with the above, Contract 215 is authorized to have the prototype testing
shield material air-freighted to the site to reduce the delivery time.

~ r'

2 (a) Revise sheet 4 of 6 of PED 215-M-2746 as per, sheet 2 of 3 of'this PED.

(b). Refer to figure 1 on sheet3 of 3 of this PED. This figure delineates the
test fixture required to perform prototype testing as called out in Sheet
2 of 3 of this PED.

*** Note that two (2) test fixtures are required by this PED. ***

Oz

I. THIS PED REVISES DIRECTION
PREVIOUSLY PROVIDED BY
THE FOLLOWING PEDIEI:

2. THIS PED VOIDS DIRECTION
PREVIOUSLY PROVIDED BY
THE FOLLOWING PEDIEI:

3. THIS PED WORK SHOULD BE
cooROINATED WITH KNOWN 215-M-2746
oTHER 215 WORK
UNDER THE FOLLOWING PEDY

4. THIS PEO DEPENDS ON
THE'RIOR

INSTALLATIONOF

THE FOLI.OWING

PED'S'EVISE:

NONE
DRAWINGS
SPECIF CATION

pwrn A

Cl IN )ER

LEA 0 GINEc R

- S/U IA E I ER

RFS DENT PROJECT.ENGINEcR

Ed fD
DATEst
DATE

d -<.EO
DATE .

Eg
DATE

RPV 1 RR Anal
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A. The Owns~ shall provide bto identical test fixtures far pt'O

protatype testfng of the construction features of the shfe dfng material.
Each test .fxture shall ba capable of simulatfng four (4) oeer prescribed
gaos.. The test ffxture shall consist of mto (2) plates far'&fch varying
shim stack may be inserted beorecn the plates to simulate gaps bcotcen the
shfms at the 54'1'5 elevation of the SSM. The plates are held together
by heavy duty "C" type cianas. The test fixture and all dfeansfons are
delineated fn figure 1 on sheet 3 of 3 of PED 215-'ll-332O. The gaps Pre-
scribed in thfs figure arc indfcatfvc of those found per th'e survey. Each
fixture (set of four gaps) shall fulfill the rcqufrcmcnt far varyfng gap
sizes as called out fn step 3 on sheet 5 of 6.

~ o
'

I
o

I '

Tn alT ascs it ihall'be,assumed that there
fs nq. acksng for the of the shielding material into the
gap. The backing and methodology for insertfng backing shall

~ ~~-.-„„-+.,~ ...,, ~r~ ~':,-.'<'. -"":"-. be detcrmfned during,-prototype, testing.>,'.It fs, reco{nacnded thai,"'f1'free,'teel moi'e used .or backing the gap. h{ntevcr. other
'ethads.suggestedby contract 225 or SISCO ray be.trfed to

determine feasibility. Any material. inscr.cd as-a-backing (cr- a—. ~ .
dam) for the shielding must be aoproved by the Seer,. The
chemical analysis of the backing (ar dam) shall bh submft~
to the Seer for approval.

Prototype cstfng shall be implemented in the foliodng stages:

I. Mrfte a 'prototype procedure'elfncating steps and controls. r-" 2. The procedure shauld closely fol]m these steps:
a. insert bact;fng ~ ~

b. applv (pour or pr ssurfzc or in]act) shield catcrfal-
mcthad a. aoplicatian shall bc aetcrmined by BISCO

, c. lct ccrc (and/or .oam) - foam control and cure
time established by =.ISCO

d. re«ave "C" clamps and disassemble . s- .fxture
a. observe aap .or amplctc fill'{incrmus be pres nt)
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BURNS,AND ROE, INC.
~ VstPPED

NUC'AR PROJECTi
NQ. 2

i

PROJECT
ENGINE""RING

DIRECTIVE

ICODEI I PRCJ" CT ENGINE" i:lS I=:"CiIVEE

?i I 2I1!6 I "'i I-:. 3! 6 0',4
i I 6 I 6 I V 6191'::».:: IIatii!I6

DATE I OI 5 I2 9, .'O'RIORITY
116 17 'l5 19 0 I".i! I .

REASON FOR P."-. 5.:
, Tile mockup fix ure oer section IIB of P D-215

M-2746 is used soley for the qualification of
he shield materi.al with respect to expected

heat input during welding.
2. The mock-up fixture willgdestructively cut for

the purpose of observing shIald cross section
after welding to evaluate if any detrimental
affects have occurred.

3. The "fillprocedure" has been qualified per.
section IIA of PED-215-M-2746.

INFORMATION
W

COPIES
SHE= ~: OP

REF FRENCFS
SUBJECT SSW Shim Gao Mock-uo Testin
LOCATION Ts I Te
ENG. SYSi EM

S/U SYSTEM g 5
QUALITYCL'ASS

ORIG lNATING
NPNE

DOCUMENTS

DESCRIPTION OF
IIvORK'er

reasons 1, 2, and 3 above, it is not necessary to the fill the weld mock-up fix-
ture using the finalized SSW shim gap fill procedure as originally called out in
section IIB of PED-215-M-2746. It is only required that the gap in the mock-up be
completely filled with the shield material and cured before preheat and welding
commerre.

"
Note that this'direction does not constitute new work since the mock-up fixture has
already been constructed by C2~1 and is approved by the owner..
Replace in its entirety, section IIB on sheet 5 of 6 of PED-215-M-2746 by the follow-
ing
B. Contract 215 shall construct a test mock-up fixture with configuration similiar to

the fixture constructed to qualify welders per PED-215-M-2749.. Construction of
this mock-up shall be BIt the direction of the BLR welding engineer. This mock-up
shall contain four (4) gaps. Two (2) gaps shall be 1/16 x 1/16 x depth of mock-up.
The other. two (2) gaps shall be 5/8 x 2 1/2 x depth of mock-up. The depth of the
mock-up shall be„minimum of one (1) foot. Mock-up is subject to final approval
by owner. EE

All four (4) gaps shall be filled completely with the approved shield material per
Section I of this PED. The shield material shall be allowed to cure.

1. THIS PED REVISES DIRECTION
IX'REVIOUSLYPROVIDED BY

THE FOLI.OWING PEDIE):

2. THIS PED VOIDS D IRECTION
PREVIOUSLY PROVIDED BY
THE FOLLOWINGPEDIE):

3. THLS PED WORK SHOULD BE
COORDINATED WITH KNOWN
OTHER WORK
UNDER THE FOLLOWINGPED'8:

REVISE:

'NONE
DRAWINGS
SPECIF I TION

IP N~ ™

LEAD I LI

ER

G INEER

~ nZ-ESI
DATE

4-PR-IP~
DATiW~~

4. THIS PED DEPENDS ON THE
PRIOR INSiALLATIONOF
THE FOLLOWINGPEDC'L I N ER DATE

4 sam.
RESIDER i PRDJEGi ENGINE":R DATi
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VENDOR/CONTRACTOR QRANIING THANc'ItIITTALFDHM
CONTRACTOR TO COMPLETELY FILL IN AREA WITHIN HEAVY SOROER

SURNS 5 ROE, IHC AIIH; hiR J.B J YEROERBER

OGRESS: 185 .CROSSWAYS. PARK: ROODBURY (L. I.) HcM,YORK'1797
MPPSS NUCLEAR PRMECI HO. 2

RROM..I HBH/BQECQN/GGRI . AT%: 5 ~ ll,lHARRIllGTON

OABSO 9 0. .BOX 1040 RICRLArNQ. rlABHINGTQN 99352
aalu FCLLCWINQ PVSLICATIONSIORAWINGSrARE SUSMITTEO FOR
EK'APPROVAL. C3OISTRISUTION C3INPORMATICN
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a]Re S hn'ttai-
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I

Comract No.

P.O. No.

Worit Order No.

Spec. No.

Spec. Sec No. '

sar R pRINT
RLE NO

PVSLICATION OR
ORAWINQ NOr

REV.
NO, PVSLICATION OR ORAWINQ TITLE MANUP*~iRER ShR

ACTION

cut ssiacQ

BURNS AND RQE, INC.- ENGINEriS AND CONSTRUCTORS

One c"py of ea& ot the above tlrblnittals is returned with ac:ion as indicated above.
TO SE REVIPWEO SY»

ENG. CES. I P!IIIE CATE

ROUTING AECORO

RECORCS
CCM PV TER

NG'G

OESIGN
PROJECT FILE

IN CUT
IN CUT
IN CUT
IN CUT
IN

TITI ol OATEI
$ 4 R 4WCN I oNOI A Aoo'd tor Fsrsriarion P Rsisaaoo IOr Pr«iln- l«o.

AN ~ Aoo'4 as Nosrd tor Fsoriarion N* ~ Nos*oorovars

CISi RISUTICN
%TAIL TOI Tc Igc Plea OATS

I FIBNN

I Ccirns

I Conc@'.Cont I

I I

I I I

raS I'Io Isle, O



~ P

~ '

I 'I

"~ . ~

. gFPSS zU~ P..C"='O. 2

MMT,M%QUAT.MAnKREC» J~C.'~3.

CQi%iAGT HQ. 285rZT5
'xwatz zss
7iiAt4Qtiikl.NO

)~)-,t: pQW PWEU$Z
w~=Z&.RE.V. l

e
s=-vio.",'. 17-Q>

=-~c= @
l
4'-e.



BOVEE 6 CRAlt I GERl
(a joirit venture)

COVER SHEET

FORM NF- IOS
RY I

PAGE I OF I

OOCUMENT NUMBER: ORIGINAL OATKD:

waI C I+CI VOCE.uuwP„a~cIFI~~laN wa.2@ te/~
TW K-

vVELDINQ Pe%:EDUCE, SI GC;LFI~TION".: .

<AW
~~~~W<PI D ~CMWt L. RE~I%

SCOPE OF
REYISION-'E'4

P~CKQURB PER, Q~ULREHF-RTG
eF e C Z~S-W-ISW

"CHhl H S

Ram&

APPROVALS, OATES~ SIGNATURES 8 INITIALS

REV INIT. 8 ATE REV IHIT. 8 OAT" REV ( INIT. a OATE

AUTHOR

a.A. MGR.

EN G I HE:-'R I

COAST.

g~(~+

D



~ ~ ~ ~ ~ I

~ ~ ~ I ~ 1

~ ~

~ ~ ~ ~

0 ~

~ ~ ~ 4 ~

0 ~ ~



WSH:Boecon GERI
W=I DING PROCEDURI= SPECIFICA I IOiV

MANUAL STRUCTURAL $VELOING

Np'M
REV Iproof

g

<OOI r lONAI INFORPv1A TION

NOTES:

1) The General Structural Welding Standard (GWS 81) shall be used in
conjunction vith this procedure. Xt establishes the requirements

;. for documentarion, joint design, base metal preparation, fit-up,
',-:'reheating,.methods, worhaanship,,technique, veld appearance, and

defect repairs. P.E.D; 215-W-1604 shall be used in conjunction
with this proceduxe.

2) Preheat and interpass temperature for velding to P.E.D. 215-W-1604
shall be as shown below.

MAXLlUM
ZZiERPASS

T~PARATURE

+ oWelds to Sacxificial 200 -'5 7
Sh'eld Wall and with-
in 24" of the Sac-
ri icial Shield Wall.I

250

3) The joint design on page 1 does not fall vithin the limits set for
preoualified joint design TC-U4C so vas qualified by test per AWS

D1.1 Sect'on V.

4) All fillet velds and prequel«ied joint designs in GWS 1 are
approved or.use vith this procedure.
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ATTACHMENT 4 ENCLOSURE

PARTIAL PENETRATION WELD STRUCTURAL CONSIDERATIONS

INTRODUCTION

For the overall Sacrificial Shield Wall structure, a description of
the design loads, load combinations, and methods of analysis, including
assumptions and postulations, is furnished in the enclosed paper
entitled: Analysis and Design of Sacrificial Shield Wall. The
description of the =loads, load combinations, and analysis specifically
applicable to the proposed partial penetration weld is given in
calculation 6.19.37 (attached).

The following paragraphs discuss: the influence of the SSW as-built
conditions on the analyses for the partial penetration weld, the
contact bearing areas at the subject interface, the influence of the
partial penetration weld eccentricity, and load considerations used
in the evaluation of the partial penetration weld.

EFFECTS OF SSW AS-BUILT CONDITIONS

The effect of as-built conditions on the analysis and design of the
partial penetration weld is discussed herein. The significant as-built
deviations from design conditions are of two types. The first type
includes deviations from the dimensioned SSW configuration due to
construction out-of-roundness and non-verticality. The second type
includes defects in the welds of the SSW.

The as-built deviations from the design configuration which may affect
the internal force system of the SSW and the design of the partial
penetration weld are discussed in Technical Memorandum No. 1173,
attached. Additional information on these deviations is given in
pages 55-69 of the enclosed calculation. As indicated in these
documents, the deviations involve displacement of one end of a member
relative to the other end in the direction perpendicular to the length
and result in changes in the member shears and moments. Assuming
conservative values for the displacement, it is shown in the calculations
that the changes in stress in the members are minor and that the partial
penetration weld has sufficient capacity to sustain the additional
shear due to the deviations.

The internal force system used in the analysis of the partial penetration
weld is based on the investi'gation of the SSW in its design configura-
tion as described in the enclosed paper, Analysis and Design of
Sacrificial Shield Mall. The member properties used in the analysis
correspond to the prismatic nature of the members and do not include
the effects of local deviations in cross section such as those due
to reduced weld section at member ends. The internal force system of



the SSW which results'from the analysis represents a set of forces
which is in equilibrium with the applied external forces, which
satisfies the boundary conditions, which has directions in conform-
ance with the SSW configuration and which is compatible with the
linear elastic stress-strain law. The local weld defects have
influence on the internal force system only through the last require-
ment for satisfying linear elasticity a'nd only insofar as changes
in member stiffness result from the weld defect. The defects in
structural members are only local compared to the overall member
length so that no substantial change in member stiffness will occur.
Considering all the requi rements which must be satisfied by the
internal force system, it is apparent that no effective redistribution
of internal forces will result due to the weld defects.

ELEVATION 541'-5" CONTACT BEARING AREAS

In the design of'he SSW it was postulated that all vertical stress
would be transmitted across the interface via the vertical splice
plates at the columns and'hat all horizontal shear would be trans-
mitted across the interface via the slot welds between the channel
member above and the box member below the interface. Consequently,
these splice plates, which join the flanges of the columns above
to the box member below the interface, have sufficient capacity to
transmit all internal vertical forces and bending moments across the
interface. Additional contact areas exist at the interface which
will transmit vertical stress, but these are not included for this
purpose in the analysis. In this category are the shim plates
inserted at the interface to plumb the structure and the partial
penetration weld to transmit horizontal shear in replacement of the
slot welds. Leckenby drawing No. F124, indicating the location of
the shim plates, is enclosed. The vertical splice plates at the
columns are shown on Burns and Roe drawing S-835, refer to Attachment 5

to this report.

PARTIAL PENETRATION WELD ECCENTRICITY

The subject of the relative locations of the partial penetration weld
and the original welds is considered here. As stated in Technical
Memorandum No. 1173, the partial penetration weld with fillet weld
reinforcement is installed along the exterior circumference between
the channel ring above and the box ring below the interface. It is
proposed as a substitute for the original requirement for slot welds
symnetrically located with respect to the wall centerline. The analysis
and design for the partial penetration weld have taken due account of
the location of forces, welds, and members in the transmission of
shear across the interface. As shown in the attached calculation,
the eccentricity of the shear load with respect to the partial
penetration weld has been accounted for in the design of the weld
and in the investigation of the stresses in the adjoining channel



member. It is shown in the calculations that under design load
conditions, the maximum stress in the weld due to the loads is
less than half the permissible stress and that the resultant
stresses in the member are small. It is also pertinent to note
that, although the design margins afforded by the partial penetra-
tion weld and the slot weld are about equal, the shear area of the
partial penetration weld is 2.8 times as large as the slot weld
area to account for the eccentricity associated with the partial
penetration weld.

ELEVATION 541 '-5" INTERFACE DESIGN

In the SSW interface design, the vertical splice plates which join the
flanges of the columns above the interface to the box ring beam
below, have sufficient capaci:ty to transmit'cross the interface all
vertical forces and bending moments causing vertical str esses. Thus,
sufficient capacity to transmit all required vertical forces and
moments (causing tension or compression) is available without any
requirement for participation by the partial penetration weld in
transmission of vertical stress.

It is also noted that'under controlling design conditions for trans-
mission of vertical stress, the portion of the total transmitted
vertical stress applied by the column above is eighty-four percent
of the total, and applied by the skin plates above is sixteen percent
of the total.

Analysis shows the partial penetration. weld to have adequate capacity
to carry both the, design horizontal shear and the preceding vertical
stresses. If the tension from the skin plate above the weld is
carried together with the design shear, the design margin decreases
from 2.39 to 2.27. If the total vertical tension on the weld side of
the SSW is taken by the partial penetration weld together with the
design shear, the design margin decreases to 1.78.

.LOAD DEFINITIONS USED FOR THE PARTIAL PENETRATION WELD

Technical Memorandum No. 1173 describes the generic load types which
are significant with respect to the partial penetration weld design.
Two of the principal loads are feedwater pipe break loads and seismic
loads.

The feedwater pipe break loads used in the partial penetration weld
design are the original loads used in the design of the SSW as described
in the design report WPPSS-74-2-R2-B. With current definition of the
feedwater pipe break loads in Technical Memorandum No. 1185, (refer to
Appendix B to this report), the annulus pressures and the pipe break
reactions are substantially reduced so'hat increase in the design
margin above the value of 2.39 would result from design based on
the current definition.



However, the seismic loads used in the partial penetration weld design
are based on the current definition of seismic'oads, Technical Memorandum
No. 1188 (refer to Appendix B), and not on the original seismic loads
used in the SS>l design. Calculations have been made to determine the
effect of using the original seismic load definition together with
current NRC criteria as to combination of the effects of three

ortho-'onal

seismic events by the square root of the sum of the squares
method. The calculations show that, as a result, the design margin
decreases from 2.39 to R.07; also the controlling. load combination
is SRP combination 6 instead of combination 5.
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INTRODUCTION:

It has been determined that the horizontal rings in
the Sacri icial Shield Nail (SSW), located above and below
the inte face at Elevation 541'-5.", a e not welded together
as shown on the contract d awings. Correction measu es
to transmit the design horizontal shear between the chanel
r'ng above the 'nter ace and the box ring below the inter-
"ace are recui".ed.



he con"=a " rec. ires that

upper channel " ng co..neet ng t
-a=t'l penet=a"'.-. groove we d

0between -he two r~..cs.

at each o 24 locations aro "."
be p ovided in -'he web o ;e

o the lowe box ring. In lieu
's proposed to 'nstall a

along ™he exterior. ci"curn erence

S"=uct'-al ana'sis in justi icat'on o= the p oposed cor=ec"ion
?'s been accomplished (Re™ezence 3). Th's memorandum furnishes
per"'ent in ormat'on re3.at've to this analysis in compliance wi
lette s rom USNRC and WPPSS (Refe ences 1, 2). The following
is included:

V
~ >

a. Description o co =ection weld
b. Design cons'derations
c, Analysis based on the design SSW configuration
d. Analysis oz as-built SSW dimensions.

DESCRIPTION OF CORP~CTION WELD

The correction weld 's a partial penet"a"ion groove weld
with f'let weld rein orcement to be installed along the exterio
circum e ence between the ings above aid below the interface at

~ Elevation 541'-5". The location and ex"ent of the weld are
shorn in Figure 1; weld details a=e shown in Figure 2.

As shown in the figures, the correction weld is to be installed
each of the 24 panels around the SSW for the width available

between the column splice plates. Preparation for the groove weld
eauires removal of mate ial from the channel ring. The specific

configu ation of the weld in each panel,,including the groove
depth and the size of the fillet weld reinforcement, depends on
the width of ledge at the interface. From the design viewpoint,
a minimum overall weld depth of 2 inches, corresponding to an
effec ive weld throat of 1 7/8 inches, is maintained in all
configu ations.
D"SIGN CONSIDERATIONS FOR CORP"CTION WELD

1. Basic Data

The analys'is and design of the proposed correction weld
u ilizes the values of the s™ ess esultants in the members and
ski.. plates obtaine'd 'n "he analysis of the'verall sacrificial
shie'd wall. A desc iption of the analysis and design of the
SSW including loads, load combinations, and acceptance criteria
was submitted to NRC by Repor No. WPPSS-74-2-R2-B (Reference 4)
and approved by NRC 'by lette dated October 15, 3.975.



The analysis and design o the co=rection weld 's '.". con-
c~an™e wi"~ NRC Standa=d Rev"e~ Plan (SRP) 3.8.3. ~ Zn ~ar"='". a=,

rec"rements re a='ve to 'oads, 3.oad combinations, and acce==a."."
c=i"e=ia a=e ccmpl-'ed w'th. The bas' o design is the e'st'
working stress me=hod, Pa-t 1 of the 1969 ZZSC design spec= 'ca"'cn.

2 ~ S icn ficant Loads

The o3.low'ng sign'cant loads, considered in the analysis
a..c design of the sac=i icial shield wall, a e applicable to the
co=rection measures:. P

Dead and live loads
Se'smic 3.oads: OBE and SSE
Pressu=ization of the annulus be"ween RPV-"and SSW
Reactions due to pipe break

'nnuluspressurizations 'nclude- those due to postulated
pipe b eaks in the ol owing lines:

Recirculation outlet 3.ines
Recirculation inlet lines
Feedwater lines
RHR/LPCZ

lines'ipe

break reactions include those due to the, preceding breaks
and due to other severe postulated b eaks occurring in the drywell
p=oper. Ten controlling b eaks in the drywe3.1 are included.

.3. Controll~~ Loadin and Load Combination

The significant loads are considered in he load combinations
of SRP 3.8.3 with egarc to hor'zontal loads at the interface. The
controlling loading with associated acceptance .criteria wiA regard
to horizontal loading pe panel is noted below:

SRP Combination 5: 1.6S ~ D + L + Pa + Yr + E
D, L: dead, live load

Pa: annulus pressure due to break in feedwater
line at a imuth 90o..

Y: pipe reaction due to the feedwater line break
E: combined ef ect (by SRSS) due to OBE seism'c

events .in the easterly, northerly, any vertical directions.





ANZ~~YSTS BAS=D ON D-S:GN SSW CO¹ZGURATIOH

Desicn Conce~".

The co "'ection weld carries the ho izon al shea loa"s
which a e -transmitted between the ring channel above
'n er ace and the ring box member below the interface.
The hor'ontal loads rom the channel are due to ho 'ontal
eactions rom the skin plates- and, columns which connec

to the, channel rom above. Reactions om the analysis o
the SSW in its design configuration ar'e used. The shear
loads om the skin plates are tangential (circumfe ential)
'n direction.. Shear loads rom the columns have tangen"ial
and radial components. The connection design is based on
the largest combined shea load in any one'anel due to
the associated skin plates and columns. The same co ect'on
is applied-to all panels.

2. Desi'oads
The largest comb'na ion of shear loads per panel in the
controlling load combination 5'has magnitudes as listed
below:

Skin plates: Tangen"ial shear ~ 318.1 kips
Column: Tangential shear = 8.9 kips

Radial shear ~ 27.4 kips

The total panel tangential shear, 327.0 kips, is taken to
act with half applied along each flange of the ring
channel. The total panel radial shear, 27.4 kips, is
taken to act along the line of the column web.

3 ~ Weld Desi Criteria
Welding procedures will be qualified in accordance with
the requirements of the Structural Welding Code AWSDl.l.
Weld design is based on allowable st esses associated
with partial penetration groove welds.

Correction Weld Stress Anal sis

The panel design loads esulg in tangential and radial
shear resisting orces in, the panel correction weld.
The total panel tangential load causes a uniform tangential
force in the 'weld of 9.9 kips per inch.. A radial weld
force which varies linearly between extreme values at
the ends.o the weld esists the moment on the weld due





'" "('d,hJ.Cisi K':OPZ.NDUM FO. 3.173

to the eccentricity o 'the applied tangential load
along the 'nte io" ace; the maximum value o this
radial =o ce 's 21.6 kips per inch. An 'addi ional
=adial weld orce with constant magnitude equal to
2.7 kips pe 'nch acts over a limi ed portion o the
weld near i"s end to resist the appl'ed adial load
along "he column web'line. The maximum value'f the
resultan weld force occurs at- the end of the weld
and is ecual to 26.3'kips per inch.

5. Controllinc Desi Marcrin

The design margin, which is ne ratio of the permissible
stress to the ac ual stress, equals 2.3 for the above
zraximum value of the weld for'ce.

ANALYSIS POR AS-BUILT SSW DIMENSIONS

1. Conceat or Anal sis

As-built deviations of the SSW which af ect the
proposed'o

ection weld at interface Elevation 541'-5" are
illustrated in Figure 3. As shown in the figure, the
deviations rom verticality of the columns above the
interface and the deviations from the design circulari y
of the ring channel members. above the interface are
involved.

The lateral displacement of one end of a membe
relative to the other end in conjunction with the prima~
axial load in the member, P, results in additional (secon-
dary) shears and moments in the member (reference 5) .
This Pb, effect with the associated end bending moments
and shears is shown below:

)P

~ Q

= rom eauil'brium conside ations",'t is determined that:
P4 Q+ + 2M~





Conservatively,
a""itic.".al enc snea- Q' non-ex' ten" ..-.. s

the addi'onal end moment KL~ and the
a"e ea"h evaluated as -hough the c"her

is done 'n the o'owing ecuations.
.5 pa

2. Design Loads

The controll'ng axial loads in the columns and r'nc
channels a e cue to the same applied loads taken in SRP Com-
b'natio.. 5 which control fo" the transmission o shea across
~e inte-face. The axial fo ce ' the ring channel is'taken equal
to the design panel tangential shear o 327.0 kips. The axial
orce in the column is taken as the total panel vertical load

due to both column and skin plate reactions. ~ Conservatively, the
maximum vertical loads in the column and skin plates are used even
though these a e not located in the same panel as the panel which
controls fo shear. The design ver ical axial load is 316.5 kips.

3. Ef ect on Annulus P essu ization

on
With respect to the effect of as-built SSW dimensions

annulus pressurization calculations, the following is noted:
/

a. The measurements of concern apply to the annulus
space be ween the sacrificial shield wa.ll 'and the
reflective insulation. These measurements are very
diffi;cult to obtain and are not available. However, .

it is noted that the insulation suppor" system is
mounted on the SSW so that the dimension between
insulation and wall would tend to be unaffected by the
as-built deviations.

b. For the design of the wall, NRC required that
calcula'ted annulus pressurization loads be increased
by 40 percent. One of the reasons for this requirement
was to account for as-bu'lt conditions being dif erent
from the conditions assumed in the analysis.

4. Haani ude of As-Built Deviations

The as-bu'lt deviations used 'n the analysis are based
on'he most conservative 'n erpretatioq of the revised erec 'n
tolerances which were adopted for the erection of the SSW togethe
with a supplementary field check o the deviations.



ILVlll'aJ '4C W L" 'VAa ALJUI1 LVV ~ I e)

"-z'o= to e ect'on of the wall, the cont=actor ecues"e"
and was granted zelaxa"'on of the original con""act recuizo~e~"s
cn e=ect'o.".- olezances. - he maximum permissible deviation ="c-..;
'c cula 'as cha ced "o -.'0.90 'nches in lieu of the original

0.125 inches. The maximum horizontal devia"ion- at the top o
=he wall "om the vertical line th ouch the co~responding point'n the base o the wall was rev'sed to ~ 0.90 inches i.. 1'eu o"
m'e or'ginal + 0.25 inches.

The most conservative interpretation of the adopted
tolerances results in the deviation values noted'below. These va'ues
aze used 'n the analysis.

Circula ity - The maximum tolerance is taken to occu=
at one column relative to the adjacent colums on
e'ither side.
Refer ing to Figure 3,

C ~G'C'C (
Q''t (0 'I f'80 >hC~CS

b. Verticality - The maximum to'le ance is taken to occur
at a column between Elevation 541'-5" and Elevation
549'-5>". Using the terminology oz Figure 3,,

E

~„= O.go -(0 gn) = l.Sn inches .

I
Zi-. r '>P» -

' -ra+. '* ~~ ~
' 8 w~~ -' f>1i~e 'Fij~;-( ~, i'~.,pg'a',p ~i'~, «'g~g, *

~ Pield measurements pertinent to the vertical and circular
deviations have recently been made. The magnitudes of 6+ . as
defined in Figure 3 were determined around the shield wall.
Hawever, precise determination of the circular deviation is not
practical due= to "interference of existing construction. As a
measure of the 'circular deviation, the radial deviation between the
ring box member below the interface and the ring ch'annel above the
interface is used.

I

Comparison o the devia ions f om field measu=ements with
those based on the tole ances makes apparent the conservative basis
of the analysis. 'Thus the analysis uses 4> = 1.8 inches compa=ed ..
to a maximum measured value of 0.625 inches'. Also, the analysis
uses hg,.-hRs <

= 1.8 inches compared to a corzesponding value of
0.875 inches based on field data.-



Ccrrec"ion beld St=ess Analysis

,As nc-'e" '.. "'".e Concept o Analys's, the des'g.. ax a
'oads acti'n" wi"". ".e= a o="ed des'n deviat'ons. result in a"d'"'"nal
e..d momen s anc shea=s in "ae colu~s and r'ng channels loca e
above the 'n"er=ace.

The add'tional end moments in the'olumn and rinc
~ channel are 285.0 inch kips and 294.3 inch kips respectivelv. .he

associated inc eases in flexu=al st ess in the membe s 'are less
2:an 0.7 k'ps pe square inch. This increase 'i.n st ess 's ela"'vely
small and is w thin the capacity, o the wall members.

The adcitional column radial shear i;s 5.9 kips.,'he~,addi ional radial shear in each of the two ring members at the
column 's 13.4 kips. Thus, a total of 32.7 kips of additional
adial shear esulis due to the design deviations. Conservativelv,

this addi"ional radial shea. is taken to occur in the. controlling
panel used for the design of the correction weld. The total panel
radial shea= is increased to 60.1 kips and the resulting local

~ radial weld fo ce increases to 6.0 kips per inch from the previous
'alue of 2.7 kips 'per inch in the Analysis Based on Design SSN

Conf iguration.'..

~ "' 'ith the ab'ove increase in panel radia,l'hear, the
design margin is 2.1 as compared to the previous value of 2.3.

~'*a'
* E

CONCLUSXON
'

Based on the preceeding analysis, the proposed correction
weld at interface Elevation 541'-5". has sufficient capacity to,
sustain the required loads. The correction provides a design
margin in excess of 2.1.

Prepared by:
M.N. ~a xa row

nA~aroved by: '.
O'Donnell
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The following orocedur shall be used for the surfac preparation and coating
'f

the-steel far the Sac~cial Shi ld Vfail..

Surfaces of the SPY ta be painted are:

l. Alloutboard and lrwaard sur ces, including s!c~n ol t s

and exposed sur ces of beams and columns

2. Allexposed sur aces of shieldwall ooenings

3. The too surface of the S&Vat elevation 567' 4-1/2"

4. The subilizer ~ss'and miscellaneous brac!cats at the top
of the SSVf

5. Alls~ices of the shieldwall opening doors and their
-" components '

4

Paint is not required, in the are s of the S&V which are filled with concrete.

Cleaning: Prior to painQng a11 surfaces ta be blast cl aned per
Spec. SS?C-S?-lO.

Painting: Alls~ces after blast cleanirg to receive one prime cc t of"
No. 6548 epoxy white primer manufactured by Keeler & Lang,
Inc. Dry film Quickness to be nat less than 2.5 mil.

Repair: Any repair to be dane must folLow above orocedure of cleaning
and painting.

See Attachment VI-C, "Painting and Cleaning Procedure".

CHECKED BY B 8 C/G.E.R.l.
JOB 5215

Rev. 3,. lp 4 76
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V. SPECIFICATIONS & TOL„"BAY)CZS

Leckenby Company takes ezc ation. tc the tol rances specified in the cont ct
drawings and speci 'c Cans fcr fabric ticn and rection af th SSAV. As provided
for in Burns & Roe speciPc 8'an Section 15A, Attachment 3, Pamgmph 2.2, .ve
are presenting along with our cans~~'cd.on procedure, the necessary talerances
for the fabrication and erection oi the SSVf reZuired to achieve the intent of th
design dra;vings. Our proposal is based upon the tolerance changes as ncted fn.
the following it ms 1, 2, 3 and 4. See AtMchm nt VK-A, "Toleranc Con~i in
Fabrication oi SSWV".

1. SpeciQcadan Section 1,5A, A~chm nt 3, peg 15A-133, para. 4, sta.es,,
"The ma%mum toLerance fram circu~~rity fs established as 1/8 inch."

However, an Page 15-131, pamgmph 2.2, it was reccgn~~ed that the
tolerances set forth in parag. oh 4.0 were tight and the general cont ctar
'had the right tc s~<'"nit alter ate procedures, including ~ pprapr'at
tolerances, ta insure fabrication and erection af the walL in accardance
vrith the intent of.Section 1.5A.

Leckenby Company oroposes the waLL to be built wi~h the ol~owing
talerances. Qe d"terence betveen m <mum and minimum diameter s to
be:

311.5 inch + 50 1.80 inches
200

which means the t the I.D. of the waLL 'vould fall inside two circLes 1. 8"
apart. By tMs interpretation ma&mT~ tolerance Qom circularLty will 'ae
.SO", in lieu oi 1/8" as defined in speciQcatians.

It is recognized that these tolerances might have an impact on other parts
of the overall containment assemblies,. and Leckenby Company proposes to
submit to the Owner all "as-built" dimensions for his approval. Any
dimensions not ccr.forming with the foregoing proaosal, that do not meet
with the O~vner's approval, shall be changed in accordance with the
Contract Change Order Procedure. However, if the above toLer nces do
not permit the wall to be installed in the manner stipulated, that is to
permit the upper SSW to be instaLLed pre-fabricated, Nese changes willbe
to the Gener 1 Contractor's account.

2. Note 5 on Crawing 5-782, Rev. 10, states, "The erection of structural
'teel shalL be canside.ed plumb and acceptable if the tolerance does not

Q c 9k-4(5- 13 M
CHECKED BY 8 8. C/a, F: n i





CURNG Fife'D l~vP ~
!,"!".

'I'l.o.~>~ ~ QAiV,

GOOICIIS~V +I pAC~

CA!.C. 4

s'REcr!!
SY

/I/go

OF

CHECNEOQ

Page 21 af 21

exceed +1/4" at elevat! on 567' 4-l/2" (tap of wall)."

Leckenby Company pro pases the following:

"The erection of structtxal steel. sh Q be considered plumb'and acc ptab1.e
if the tolera'nce coes not evce d + . 90" at elevation 567'- 7-l/4".

3. Note 5 also st tes, Tolerance of vertical el vat!on of the sac~cia1.
shield elevation ai the sacdiicia3. shield ring bemn at elevation 567'-
4-1/2", reference st~ be -'. 1/S".

Leckenby Company proposes the following:

"Tolerance of vertic 1 elevation of the sacrificial shield ring beam at
elevation 567' 4-1/2", reference shall be + 1/4" in lieu of specified

~ ~ 1/Q I~

4. Tolerance in serg the base bearing plate:
0 *

~wing S-836, Rev. A, Note 3.3, states that Qxs tap suriac of the
bearing be level within 1/32" .

Leckenby Company proposes the following:

"'Qxe tap s~~ce of the bearing plat shall. be level wit"M1/4 inch.

"'c

8<->is - v374
CHECKED BY B 6 C/G.=.Fi,t,

JOS N215
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TRANSMITTAL 0 4370

CONTRACTOR 215

TITLE LFEP-I

. REYIBIED BY: MJ GiSOSin jYP
DISPOS IT?ON

DATE DUE

COMNENTS:

GUANs Atso Roe, It'C.

N.O. ~»~ '~ OKEE

SOCKS ~iv e5 FACE

CANC. lt ~'9'41
,SHEETS ~~ + OF
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This transmittal 4370 is AN with following ccments:

"Final approval pending submittal of complete information
on oil and effect of radiation on oil."
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NALYSIS At(0 OESIGN OF SACRIFICIAL SHIELO MALL

This paper discusses certain s-ructural aspects of the Sacrificial Shield
Mall as originally designed. It does not address itself specifically to any
of the concerns which are taken up elsewhere but furnishes pertinent background
information relhtive to these concerns.

In connection with the analysis and design of the shield wall, it is first
noted that the principal methods used are described in Report No. MPPSS-74-2-RZ-B.
which was approved by the Commission by letter dated October 15, 1975. The
methods used are in conformance with Standard Review Plan 3.8.3. In particular,
this conformance holds for the types wf loads considered and for the load combin-.
ation and- acceptance criteria which were used.

The Sacrificial Shield Mall is analyzed as a steel framework made up of
horizontal circumferential members (ring beams) and vertical columns asseabled
in cylindrical form. The skin plates which cover the inner and outer surfaces
of the wall are included in the analysis as joined to the framework m mbers.
The wall extends vertically from its base support on the concrete pedestal to
its top where it is supported horzontally by the stabilizer. truss spanning
between the SSM and the primary containment.

The structural model used in the analysis is shown in Figure 1. The
model consists of 378 members, 136 plate elements and 229 joints. Continuity
of the beams and columns at the. joints is assumed corresponding to full
strength welded connections. The inner and outer plates are treated as one
plate of thickness equal to the combined thickness of, both plates; the equiva-
lent plate is joined to the framework on all sides with displacement compati-
bility at the joints. In the framework action, the beams and columns carry
three components each of force and moment and the plates sustain in-plane
normal and shear (membrane) stresses. The analysis is a linear elastic
analysis and makes use of the commercial computer program, STRUOL. Oeaign is
based on the elastic working stress method of Part 1, AISC, 1969.

The structure is analyzed for the required, loads and their combinations
in accordance with the standards of the NRC as noted previously. The significant
loads applicable to the shield wall design and considered in the load combinations
include the following:

a. Oead (D) and live loads'L).

b. Operating basis earthquake (E). '„

c. Safe shutdown earthquake (E').

d. Pressurization of the annulus between the reactor pressure vessel
and the shield wall (PA).

e. 'eactions due to pipe break (YR).



The above, loads are applied to the structural mode1 as concentrated or
distrtbut d loads and at locations corresponding to their occurrence. Seismic
forces are dis ributed throughou. the s ructure in accordance with .he compon nt
tttasses and accelerations. Annulus pr ssuri ations are included due o pos"ulated
breaks in the various recirculation inlet and outlet lines, the fe dwater lines
and the LPCI lines. Pipe br ak reactions due to the prec ding breaks and due to
numerous other postulated breaks occurring in the drywell proper are applied to
the framework members. which support the pipe restraints.

The magnitudes of the'ignificant loads are. such tha only the load combin-
ations under factored load conditions ne d be considered and these load caabina-
tions are listed below together with the associated permissible stress.

1.6S~ 0+4~ To+Ro +
E'.6S»

0< L+Ta+ Ra-+ Pa

1.6S>0aL+Ta+Ra + Pa~Yj+ Yr+Ym~ E

1.7S>0+t.+Ta+Ra+ Pa+Yj+Yr+Ym+E'6)
In most cases. either combination 6 or combination 6 coni. oiled. It is

noted that Nese combinations include all the significant loads previously list d.
Other load terms in the above combinations are not significant.

The boundary conditions adopted for the analysis are in. conformance wi h he
ac5sal conditions. Rt each of the 8 joints representing the junc !ons of he
stabilizer truss and the Bio-shield wall, the only reartion $ s in the tangential
direction. -At each of the 24 Boundary nodes along. the top of the pedestal with
one node located Below each of the columns, the re~aints.are as follows:

a. Vertical deflection is zero.
b, No restraint on radial movement.
c. Horizontal reason is circumferential.
d. Ho moment reaction occurs at the joint.

Some of the key points'n the design of the shield wall are now noted. As
prevtously s.ated, the design uses the elastic working stress method, Part 1 of
the 1969 ABC design speci ication. All plates and maabers in the wall are A36
steel except for the top ring which $ a high strength MBS steel. Meld metal is
E70 series or equivalent,.

The design of the ring Beams and columns starts with the compu er output
which furnishes 3 components each of force and moment at the .ends of all members.
Intermediate values of menoers are obtained as required. Each member type is
designed using the controlling stress resultants for hat type of member. Full
streng h welded connections are used at the ends,

The skin pla e s.ruc ural .design is based on the computer output which gives
the membrane stresses, i.e. the nornal and she r stresses. The plate .hickness
and attachment welds are determined rom the con rolling s-resses in typical areas
of the wall.
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ATTACHMENT 5

This attachment includes the general SSW erection plan drawing by
Leckenby and the Burns and Roe SSW structural design drawings.

Attached are:

F-136

S-782
S-783
S-784
S-785
S-786
S-787
S-788

S-835
S-836
S-837
S-838

S-865
S-866



/
|I
l

(L>resl,'

0 0
EL.SG1'~t

L ~

Sca l4ova QS~
0

0
5544>NTS 130 151htl52AS>att>o

FT»IT>NR fatLD Aoac>aoLT

Sla Nova (2i

o o o
0

0 0 0

o
O
o

0

IO o
0 a

Sa0»caau 4
~Sac~ 3

2A IO 5»aotao
caa Fa>RT>aaa FTILD Asw>aoav

abaci Stout»TD ot Rwr, Aa~auao
4>S OC0 >AL Caot Aaoa>SDLRD a>ITD
coa>FLL'Ta aouo Astt»OLTTS ttaoa
To c~waan ~ Cowes. Sac saaw Q4

%.L54>a Sia v

0

4

>~~. >h>aar >S.e>K»ar art
CN>at" >aa NS CT Oratea~

r
>4

aeh.l T

~ ««« «0
~ i sees

4

NOTCQ4

0 4 (I

* >

0'ousTRI>cTIONa(DT ~

CHANNCL sLoT cLDSI>Rts w>VN luutR coLI>MN SFLlct
SNOT»N au FLACt soR CLARITT Ot COMPLRTRO STRI>CTDRt.
7>httt TV% MS ARc ausTALl cD AC'TRR RPV is o 5TALLRD.
SK>u PLATts AND aPF r>OLT Sa>OW» iu PLACC FOR CIARITT
Or COTSPLLTEO sTRDCTI>at TNtst Inca>as AR\ auSTALLRD
APTCR gaaa RPY ls INSTALLED.

QS L>awtR oa>Too ARD PLAfc'5 oMITT%D i>a 5»OP Fht>tac>(I IOII
OF RW4 SCGMRNVS TD ALLOW ACCt55 FOR 'fatLD Wtlol
CLOSVRC SK>N PLATCS FIELD IN5TALLED ACTCR V>RLDI»4
OT COLT>ah»5 POID PR>OR TO ITILLING SRG>atlIT5 WIT»
CON CRRT t.

Q45'KiN 'FLATt Palo OT»aR Masc\LLAutCATS CRAMWG OMTTTsD

AT stANT.»T SFLICts-INSTALLED PT FINAL ASSRNS.Y
OC RSIG Asst>>ISLTts

QSWoRK Tails DRAWIND Willa Tait FOLLOW>NO Racaat»ct Dt514N
DRAW>AS S78Z>Rtaaq. S785>Rtv. Cr S784> 12tv.4 '785/
Rcv.SP S78ro Rtv.'5 S587>%tv. 8/ SSSSIRcv.4» 5%85
%tv.5;58SG>%tv 2; 5t351>Rtv.S; '5858 Rtv. l> S8( 5,
Rtv. 11%$ GG>Rcv.o '58tDZ,Rtv. 81 S142,Rcv.8.—

QGFOrl FASRICATlo>a / ND RRFOTioN T>COCRDDRts PP>»TINT
A»o %4'LLRAucsasl sat LtcKCNST COMOANY 5 ADRIcA'I'lou
Auo fRtcsao>I I>aa>acaooat roa Talc SACR>faclAL

SaaatLDW>aL'TPhLLwo>LK

ONRaaas DRAw No is QoALIVT CL>>ss 1.

TO>

!

STAaaaltca T11054 cate'TaD
AF5til coutctT>o» or SSW.

Sca >Co~ Qa

~>

2A o
o

54>acura Cp CthtCSA 5>or>co
~ «a Fa>RTNTR Faaco Asaco>SLv

4
I

Sca Nora Qi

Fa D Aces>ao v 00 vrttR R>RT>o
PRIOR To HOISTING a>CNT VCSSRL
Saa D045 FCI>SC2>rr>5,F37 Fiol faot ClO3f144> catt>fIso>f13(> c lCtpfa+c154rtl45

5 NOTRE I

4
Sat 3IoTRQ2

Uttaa PORT>ON Stoaaa>>TS Uh DS~C
FNLO Ascc>>octo lu 8 co»Flora Saa>>CNTS.
Hc»LTCD INTD CTNITA>NMR>>T vaaatL E FOOITaauao

23slaca>TDO>RD oc fwAL P>SITIDN.
J4c»aD a>ITD fwuA. FotaTKNI AFTta Tat>acTORPttstvat Vt.5'saL ls DISTALL\TL

TOQO Sta D»OL CIOS>FIOI>>CLOT>tlabscaoorfaaO

Tot ot Sac>a>FICIAL
S>aatLD VIPI.L

~ELtv. 54T-Q

10

I
gpss

~ j

(PD 0>
o

I
4

4A

EL 4ILS

DO+iss ~ ~

'oca Nose

(rotor ass)

4

vrc tl 2TA 2IA rr'
>

544M>ns t

a> O~
Scop>a»SS2Ma 2IA 23AS>air>to toa Faaco INST.

Go>aa ta>naa tok
Pacer ao»i»4 vooaa
v>~544>aa>ns
(5 )

554't

C-

li II

I 'l
I

'4>!j CC

as of
AS

+. Ia>'

I.SCART>ao CL
Ra»4 PNTY 'l

~ ie i
~0«3 l v)8- 9<ac

~ ICII>la

5 ~ ~ Ia

4 h

~>a aa cr ~4 5'3l'ctQ
4AtSCL~ raa Facao baaT

V

IC

Sac N I rSCTC Scrrraotoa Rae blICc/

LsL

Cg

FNLT> lusr. ot Roao Aasv.
'5aa Da>e. Cl

= face I»stoat hsa'r. t Ri
Saa Dv>45. FS>F4>F54COPl

Tot Ot 4
E.L.5 ITI.GI4"

1
'

4

Sst Ila>rt 5

s»00 Asav. or Ro>4 As>av. 2 Ssoaas>ara Sh ahtsPO
SL4NINTS

4

As

Fa>err lou
~RTS AccaMDAT a»ca>>o>NO toots»a

ot coucTTLTTL
R>col RD 1N DDDITaoca PRIDII TD

I>C5TALLATaoal Of RRACTOR PRtssoatVttatL.
SstuorssQll Qt

5'aa DN45 f21>fjt>F23>F24>C 25>F2CI>j~> CST>
~ 550P F205 >cg I+

220'>caacaclALS»atLD WALL oh w ) 1 5 pp pfp yDooaa AT S»TTLDv>A5L ala»oaas

~ I I I

o~ ~R ~ 'ouTRAcT Z808-ZIS

Nolo»aa
~goo »ao 405

I.KCKKt'lSV COMPANY
aa a>N ~ SN >Mole o>>MNTW>N>a N>oo 45 aoa>

~ ISDPCETRIC - ERECTIC>N f>LAAI DETPI

~ SACRIFI(TAL Sill'ELD wALL
aoa>>00 WPP'5.5. 14)CLF AR C>DO3RC1 Na 4

a
I

~,

Ltc»c«sv Co. 57Ov>>lag 5 G.E.R.I.
f:

oa >54 4
? 1 5 "IQ Qilg "

I I



4

I44 I ~
I I

~ 4

I. 4 "
~

I

J

4 I
~ .'' 44444

I
4



H

15 14 13 10

gR»V fot SV 'lalao cwsfac(LION ~ ttocLOVCI/Of cwfvcaltcv 0 a OW 5450i AO oil ec Lts . tc/'=CT DSCONO a( 5'10$

ract cttow(LILC Dv
— ivseeicai vfvsle

~ ' I i Ce acfa ai(ffc)~P~ waaa ILE 'F la

-~5,~~ CD

ICIE P
L CLCLRaNCl tatw'i

ihvievacaor 0
cia ofact Dt
ra hit LT4141(c g

:.. 4-~::
i t

l„~j/1422
1'

0 WV
ooEE
c='w»cT Z.oh''~*"
~.v ~ 0

1

O F

IOFTR ra:CCVCCE.P~L
1 I

ttc ci

r»at tR Flat a~
Col .FLAMSS

I ~RPaf IIV(NILWIO51

ANO IMSTALLCO IYCGNISACT t(5.205
I

ICI7
zz
~ '.tl

- ~

~a. AI UILE~&AQSCiL
11

I retv sa tt.fvacttc LD svec(cocrao»Q
i i c M»»II»catstcovfaacvw lcs i

ZOS.CI. SDF

IC'20

~«e~~2e~
TO.CONC.rt05 STA"
St..sa chal

(IttDice.OTDT)

r.v. 5r Cvf SA RIC Stat toz WALL0 ~Vftt
SECTION AT 4 LOCKING EAST Or

rcc crchfc aw 0 MALLalt rr e 0 acc
PO IT29

atirr R

'j"'i ~lu~j':: ..„...,.

1a

ic hgtrt

EA-SS
LC
ci

4'Qat p
M

O

r

cc

i 5101'D

Vr

~Lro0 Iar 5,2
I r

1512C'll
(a~xg. 55 o

5t»0 0101 av

O '=

l4 tc- ~ ia

Sct oaf ossa

c ~ Owa SISI (case
'a'ci~

CC)S

VO h
OCT.COa-a
STOS(c~)) g LL p I 1~+4~~'l r=

5
cf- FOR&IIC L'KAIC/»

Or Nrh IC»dart(

NQi,
~ I

C STLSC LRCCR
VR sill Tvt)
FOR 0 AtllLSt
Dw(L $ 501 270

CT. Q e00 Ci

IP'h) !4 1= -lCI-"4 4- 414
5 ALSfrt IOSCA' ar f Or

SPCT ION 14I3-146
'S CALO c ~ ~ cr

Ota 0'0, c«wo ccrc- ~CN.AV 0 ~rr .$(f Es»caccTco»
Att tscta alt(f4 IDA Fcscaocccc owhsosG.TTFJ
teal Otf 54L CLO,
lr(L a' swowasll

3 lll-'

D % ) ~ F er Aa scow»aakv
1 P9

~ 40 'A
OLNT Iaoh/y,„~

L+

LO *
coh 'lhtei cokat 4 ho as 'cct
5Tas

1 cori cahcRA 5 Lt holaS scs ocw
5 1 ~

X
5, WORK 5 oa A SASS

LA L of F «hah 0 VaNS Ovc LRt
vtaaoetO L $ t caco ~ 0 le
w,v v,l Ca t -4 h tts

H~ a Rt
0 w 4 r r tool»ehoai» wo t

Coe CD ~ 4 4 a 'C La'lhrwo Lt
4 olawiL htwR caw% 'Toe srr

Coht tw ~ h alto S 5
~shah 1 I L \t Dco va'

Ctht Rh Dh 5 ha c, Dh Ra
Swal 5acv 4 1 retrosso vt OO
Oo taa ha cfwcvt t 0 \ owhaR
COR atrwoaa
vaa»hrea t ov A ws co R5 k
~s I» r\a

ILCONTRL -LS L~SAca TA~ttrht v R sk»CC,SN 4
ERC CT a w LthC, 4 vt

C vc,~LSC-C hcaac Pcl-tiilh-
OC 5 h Q ct C c»CC ~ voi
Aho KJktv=v oht rata hsTL -LV

~I Otth'h talvt, 4 f5 5+LE
Dvc 0 ~$ ~ tov LA 5

T Orth'ha ICcrcc ~ aATCS»AT at
Or Rat tV~ t.~ VaATCCAL awt Twt

tactoh 4 VPA (C lh 'S

Maven

50
OC LOFACLC»F CD r Caccct 4
c(CL Catt

~4 RLL WCahtv,atl O'GSNR LSL FV
OOWVAA wi\ L CC ~ AS h('TLO

l5,cLACSOI cocacta coca st ASALW.
Aal r lNOrall t SWRLLTC 5

0 Artt Vl SV Cwhtta
+C RCLCatr 5 alL WLLL RCCTC04

Faocarwat, vcowe.oo

4 coh'A 04 Nc toe'1 Gw oar C o,»a
~ AOV 00. $ 0(4 00

cacao- At cafe(Ma ahoa
avwccfc sh skor l cvctov.lll Wr
lscvt 5 al 0 t ah caraca stcccltv,sl. wrtlt w'Lip hea rca
cc oeha reoil ocaaoclcc a Lv-

L Rac ska ckww
~Alot~wha -ao «ka rht

Cccrw 4 fr tcsc i A 0 ~
vraA cahhfw 5hhc il~ v
~ Ahr Dell R RTsh E4loe 't Ct IALO (0 V l 0 Carhtr CR t r lvA Oh v'~r ~ ~

fl wAA'c - charce «14
Cital aah 4 h SLVS falcitri ~i a(0

t. 0
C.. 0 «avcct hh a C «VL hat Aaha

AC L k scf Rrwa - s cdW» L Cf hK lwac Acthlo
Oi'the

cawtcachta hct cslet (OGA CD

h CRW St h L I 4 cawiakl

c

l
-1

B

vvi

0

lv CCAFII l LLTIOMthk 0 RLCVC
ea acr, 5 R D WALL~ atac OK
Fwavk'Kc vcsili staht c til ci
c oa.c FLLC kv Sf» aa DM tots

ta vtcrharaavcahclcl .cot 0th. 0
lewis a»TV 04 ac oa Ao Tc, rawAS
~II c vc hh aha(taarh rl lc, R,
~NO shc» RA lvi raac ~ ~ c T('(AM
CA L)5

'g..
>avaaao ORVeosVAC a»TAT C CW

(A» soft.s.a ala aaa) I

Lars foa allo or ST~ ALP~- CS MAT 04
NAtAlt»l!k .Q

"OOl 5) tA CIOOCTIO Et(O
v~f40» loot fotaa0$ tu

ftwac WtloLCD»al lrttt
(Artechaa 2 llltta AS
stcow» af wv»acta(4
sazvacEa raa Sacs»ca
Or focWT WCTN WiLD»CTLL,

I /

h,('

I

taw,tht L~afta
Ca( atAO fhef Tltfk I'415 fitMatc».» Ocr

~ cawl o~fc -Mchvccsox 0 5(aic 1
T ~ v I I C'gstctA(CL» c(at

rw(T.:ah„sac(L st esca~
aa»cetic/ I 'taaat rto»ELCOAI

I 0 L ~ RTfic FACOC(N rA
4 '1th. tf VRTCNt»OAT IL cteact
O.oa(15;

t" ccrchkvvt »wraoacwovachcat w»ct
la MvrhctahvaCD alAADF o»4

aac»RSO ccvawct or ctt
~ r RIO etcoa SVALaacIRAAvthvco T
ovocct CA cs pataohttg cvLE ev

t ia wcwht»N hct tlca
h(hcehhA w ~ cvcaa+ Cl Sf 145

OCO)A'acac»cs otvcct0»c laTATco»o(wr»Nt

CVa SV~~~
O(aces 04LD»SO tCS

25~e CL~OWIIO
(EL% I~NIIIID) 1vt Otc4$ $ 44TLC

'I'7-

T ION 14 —1418
DGALD FWD

4 NITCt(DDOwte~%
TDr» ao ccacaaa wf~ ochf

lawet Csk ~icTlarlCLN Saws

0
i tw C I cOCLO

1(~ A„ I csahcosaso
SYIc» ALOV+fwtactwt roa
,WO SOCD WtlO SCALS" /tc'4

Fifa'cwcaacc (DC 5'1(RLOCS S.
fcwsc(RR sw»co DOR

SCAl III

P!CAL PEN=TRATION~aPE SHOP FIELD WELDS
AT TEE AILTE FOR PLATE TH:"„KIIEE4E EHOWLI.

4 0 h(OW tc ihv CVSLD '5 Sha»W
hve iw$

25 '1»C STto tv STCO STOLPgj COR
vTLD Ns 4 Ao ecwaTNLRS tfoccafto
OV SvaaOOLS ~ 4 5 tf

~ 24 vth.raa trAR»ohta 5 CLcoov(O
CRS % ahhac OMTAL TCcta455
LTCS,OOCDORS CQACC OC

AiR oravhl AAVV RSThto co RLCLIRTD

~ratat ft Scots Rl ola» EPlvr $4 c(ai)
1 2038

55l4 Co Vat cF»r v»aeowLSSITNco
ataaa» L esca 'a Cas

Soclloef »tcctap RLCTL
ral J4OSITNS I )a ac& y 'M'"~y""-Ntr sa'ooTCR scct4 S(1vt)

1

)

gMT 2). 0th
I ~

c (Mila
~ VI KL wa

0- 0( r

EC

-4

'". INP81L
4 (

Ela ctl OCC.sale
or saa s»sco w S )aoa S.
rea Wlafelltrc»t
C SAV Oca, C„ fhh

st t ttcvawo» ow) I~III h ~

~w»tac afaf IMlw

,laa LC Nea 4
5 (44

SISOOat)
lL40artct ta TOCoct4.
44aC Cr 410 )

ka

/ r ~

A evict (05 ~ ~ C R\lc orw 'soil tare

: ~> ".i
rhc te ~) «»'a

Rt)'

k p

' CCND

/

ACL tea
p'ot.'1To

cr

me taa tcc acac ttATsf .

$»C(D iwi(L~ FLT. Ic(AN CRO. 'I
SIS (C )

'i

C
STSS
(t 5)

GRAVC SCAL<S:

~4' (p~e 4 0 lr l~

W'I=. *ar»
NA

N gg

~leal»L
a

ILOV~CRCV
c cvv...gC

il

I
~ ~

C ( / r
d +Ca

a

'.- ~+'
a

e c-SIW 5»
«Ttt)

ltd92 . ~
IL IT) )etc)t

~occMIL (locates» cr Rascac0»a $(LEI)e~~

S ECTION 1423-1423
P'ott ozc 5 locltlo»a Rr(eea ocwwa

~ ~ as 0»s atro(01) ~I
104 41. R I~
'R ~ Otoe

C0 Car 5 0 lors i Sett((5 ALa) IOE 54@,
tecRh(tao avo covcltac(T(RI

~cacrtaa aa I c(E caczt(5 (stc
~I IVIO

acD c i 0
STS()CTICISL

ata)174( OJ(LOtNS
Sacotftcta'cttto IllLLtel I

NOTS'OR
SICL' LOOATION OC OTL

DSAI45 DSD OWS.DTTSPlt)taSQ
ALLWWCAO Tail OWCw 4ra TI htaatTV Clall 2SECT ION 1422'-1422 4 ti e.

' DLSNCtcfoh rttsatf roots spiv $ISIT)4
OOALS OWT 0 ~CA'I 'a

»4 v ~ r ~ craw iiALV~
' \DN ~ ilcrA acre

cclccale ~ cov (a c ao
1(fco) I, Rcvb $(cT clc~ 'll ct ~ ati e, Vhsr ir ial 'Oei ~ Nile PN

1 «Chaw
a»rt Ace l A

~ c 'a

I,
P.'4

14

lilt FCT»RCaaoi
Rear»O Al tl4 0(N 1054

CV. KD Tvt AA:TcaaEEftc
caco FIIA(ct Avis I aoa)cch'I ~ Ich)i

~ )'Ctt uS.VCSCD O'Cft CCN Ost
~~~cSPcT»WL'b %IttjcSa

altsaaf Cltoaablwai Deca»e TC
Ia ECC ~ I ffvO. St 1 Maftthcwlreo)

«a Vali
tltvfcaf rllatcoi~ i 4 Ic4rli(ctl I
peak:Dh p .. I~ tvlctaftCFSLOIC

~ ~ Iti bewr ac
ao caeacphvfcw. I ~

COC RA ~ ta oe»a, r

lice c»f"Ip0afcggYi I)cacaa ter.rlwli\ltic»lceLfrra(racete4co»all
~toftc 11 I tvsa ccraaa ~ toe c~ccaacoecaclro la Pee rw wrf

5A(tate(aag ccQ IL'ri(I l
aci 1(wi Acoco Not'i rcaccoatv)tt

Of~a ~ Ci A\ 0, tCIC FCN 'I~ 0$T~ is tp rawat
cri4 rtt fc»

4 i we
Krvltllfoai)tv»reacl Eeccco

~ ccao vravv»trta rcwlfal

41 ~ ' 0
Cec

IA hhft1 A ~ 4

srrcolar OOSC )44slvo.ls FLL cote= ', /g SL ll
6

tA ~ CIr 4~ h C

»L hr
i

ammed I altel, ic
ref

V.'Oc.NSQS
DS c

1IO OZ(A$ at ika

~ h-ca -"Rv, "". ~)j~ * gpss y h-@~~1.hc + A ~a 4 h 3 Oerhc Aaa A+'< hch aL -. F th. dc"" r~ t. i m~ >~."-~ -'.14t=. -k".."4 u,'?>ibm- "-',. Ai" .. >-.".4(~>~ r.<R'.. 70K. 5'r -, L,1+~p~aa j " A 'c)4 ~ec cc, v 43 4 atcw+ 'atha~ Q r 4'
'eh Y



~ s

I~ ' I ~ ~ B ~ ' ImeI. ~ ~
f

I
I I I, *.„Slslle I I a v



15 14 13'2 10

o

7 6

K

f J

OCCT. COIASSSSPV>

I
. area pi

0

I.
6.

c

C~C>~ Iaaf.r STSC
4 to

ooeesca~1octowois Ccl 0

~ . ~ SL l

Oared+'p!l
%i SC>4 2

~45f>CkX

5 '210 '55
f

240 225 eio 1$ %Ltl *I

5I I

(D>a>

1$0 IC S

5$$9f

I

~i>HI4Ar4~0~4

I'SCLL4455(lt)
t>WIL'Stsf,

t Iaa>4lggF~444 40
S>ACS Ce>>JSS,SI I
S>$ 4 Lit>

>SS> 120 ICS

1 f i

I 0'st 44 sr > Olt
cato>

atocN Lcf/~s (cei~serasoss 5
Stotcats S) IMLSIST

I
l&P~„:"I
f

Ittt.SOSI

(Sit�

> D>ea SSSS(TttAT at%art>It 45 1>5
225 5 SO')

So 10 0 $4S

ASIS caatc *stet 5
~oeo >UN4 sta>etttc (o)ovl T

6 evil 4 Noelt~
TOACLscrm

I~
A La

n

~ I Ns La>e ~
e. INteorpatak

LA e

IA!
~TOL

(014>

ISC4
5 raa

Ca>

700 Of SINN E CL.
554''>~e

IL

r

p);
A « 'rP,~ ICIIRNCCXT.'<

A k ILSots
(IHLSSCC OaLCI>LCI)

~ter>TR

I 'L'A Ltv

i'(
~ cf

LOLL t>VVO STD2COANOTCS

av>ORK 'THIS Dvrs WITN Dv>OS.TICLStsa
Teoostsoa5%5$ 21%54545(5$ 582 4041>

SSCVLSS 0
*OS DCNOTCS %VII'T L'0 MCM4%06
4,SLL Wort Oitvla DWLSVLIL0$ St

CONtllacf

QLLH 1>ot

DCHT>PICAT> H

IA QA >0

on org taoovo V se % J
c oCCCLL> 0

CIR PNTl No 2LCIH%10>>T w>DTH

2 53&4 0 3
atktk' A C, I Ias >LTICS
MD A"Crj,4 2% 10 SV I'3 >O I%VIL
k 0 Art>3k Q, %1,1>4

4-r
A SA,A SS>k
k $0 A SC>* St C 542.1 Iot vlo(r 4 IV. >SOSP. 2

St

-'L~~~gcR"'4'TASULATIQNOrF SHIDLDWALLOPENII45

re

k-CA)A 4% 544 % C,CSS 5 3 11

3I.
-l>2

4

o5
ei

~>l.

G

r
'

'i
ye
,E
If

I I''

2

W'

2

C

eL

ISOS
414(i

N)
4 SAEA SS 2 5 5 52% Se $ 5'>

1%0
C

I

144
ia>

'5 4Wfa — Hlo ( voev >4

»- ~XLss~a~o

tr 4's oct%2 4 ttt.
Lckre SOL a «lc CCA.>RS)

~~Dr.
acS >OIL'ttr)

3033
SS>7
Cscl

SC))3

CSC>

'

I
'4'

43 LIH

A I SM'4 Ido I 3 11 >(~ le

DI)IC)rss(NE4$ L 34~"a.
Es reI

I >
+3)t I

58>t
I I att;

IA-TA,A-TD,A.;4I 3 5 'les'! 5

tloo
Of

2040
\1 H ~tv 'G-". I A.SA, A.ss

Ik-~ -, A.ODwrcaracc cp

4
%CL< ~eca,

Ca

T>)CLCL$

25~CI'-02iia>N I %ALA 22
o.

RL>NO(tet)
8>CC

IN&al HRLS

2 Iatr >L

O
Stki

(
Cl.elI

a .>CSVIO

>(~ aA
Is set sor

A I Ae A 12>»
,A I >A ICC

A I C
ae>TJ>

~w CaarrRA v >L~w 'ae>LA awH 2'A CC Qa
I~l

1394

~i
r

Ot I Q
CA IV 214 EA IS 2 5564%'OL t~ SLO Ot ' 3

NI/IZTLk IA Vlcc)204 Qt I QP
1f.i

l
Z-"'t

I tev

Itet>

A-c kc Atc,c 2 stf-4 Est-ocf
1

2-0ea,a IOt

/Rata S>CN 4 2

b1

144

v'f ~ tlaTP Cfaeas'fo.t Ir
~ Ha%as sctr5avoe>L tt I

lra%ra C>ll
aoffoocrafctL

~ffES (ss

LP'HPSZP-

Top ot co React c.
PS DCSTa I
Cl.. St a-ta.

pvlssa
240 I stt' 12051!5'o z-4'

CCCCC'+f

22

r Or

001 .. Oe Saal 4
~ L. 54%'ea —/

%'>N CLCCTION CAR
coi>T %4.wtcolravs.ale(lait a v >L ot otcHRIS1'tl c .Lo I

>I r> SCVC L
toe>7 osrco>s 1 VDI s ~ co %~ac\ OCL Cv>4%055

4CLN SLOTS CC>eo>CCP

I
WITHet flCOLTS Cl

totctSTttl. IO'O.C.Nat~
It CL

524'~

4 laoatioa laa saveaOWL\74%
+7 g>c %set Ntf—

574544>

LI ~

I 84,
o >t

io

5

I

T
I
I

8
43

e

e>vea 0 5 Rao.
SOa ~~(8 oon I

Ctt

Tco Or 2 RSOTeoaska ~S>1ALL 0% STRAioi>T
LL%V%LALLARD'HR> el f
CTVP. Ccfwaca LLOTND 5~DRT ION)

If ~

4
744 Ioct>I

Ltoa DCTALorsastcLAN>scaatesp. I (i t ', l 3735SIL ~ ST$2(fa> I STSC(keo) eossscO Imj I 1%LI ICS'

DtHPfts DIOAPOI> f tTWCCN

FLAT D VELOPME T GFS 1

PLACCMCNTAT Cttclc PDRTtac or Sacklr>OIAL AT OUTBOARD FAG
SNICLD 51>ALL Dot%NO Llr'T>NO OPCRATIONS SCAL ~ I

f TTOIS \CL
Cl 5 Sa'aoW>324 .21st sr>)0>S> I~

'SSRCTKal IOCCL. DLTHLOP tawgattvttN CDL. At ttcrc rs auo %scpCsee'S ttra>L>R to stttiooe ILLLVICL.
~—354 cko Pl.i>0 Co%It AtR

NOLC CLCAH KILLALOWCLD rota
ruTH VATN Top op

%%3PLLTC acTLR. CONC DLS rstao Ttta 25

~La 44 Dte

3
ftl -3;

f

f iC4

0'r aIPL>ata

DWAL >5

tN PR54ICD To
VHOCR'1

3 Ot PLATC

Dc TAIL D5? ccgT,2~2
44LC

5E CT10 N
Ooeoaa

tvp at 4~( lloOI =lG>OT-
V I'

~ I
CXP>)SCNOTE: 5 c caL PAR PLAN% POA TTPIcAL 0 aoLL ONL'f

PS Saat act ON DWO.S'I C
MOTEI st oe Swapo>0 err.ssos'>foaaxetsva( apt(LOLLI

., t
«IEZ22~

0't

I<eat. 570 a )I

~ . 'Vvrc OI RN>o I
SIPC AII

I
IL cv r

Tva- j
(IS(OP.m >42 fIT>rr. Rv

coa %caus Steel
'5 3 1% Dcettorf ascot

foktr re>LIS 0 I
I

4 'V

rM'(fra (Coca Tet)
I Sttf

Ri'tkast

CXTCO>SOON
RS

SLC OCTAL 0544
Lac
ot>T Scaao fact

Stst (LT> I
32XI'caccTNNIDka
OCT

.g„. Qo
/~(fva>

rfa>a HOICS
(TTA) I M P

.I LIPL,CT>tr

o 2

ws See PL aNOOC Ot
~ra>%>1%0 taoTD IA I

~WCN SCRCVVS 0 PO'04

TTP. PRONT 4,.

24 so(%4 IL.~
(oatcss Note%

\aIIIIItoit% tat ACL
at aa

P Oast a
tteatova II

I Loots or stpf R's. 0 I~el@+ cvltk ca- IIAHSL PPI IRIO I0 lta Ltta
sr Optcal~ I TIP c>ack IL 'r LLe ~ ~ ~ ~SCCTICN 18I7-1817

f~

LVT %5) ~

I'atr I

~4

'

Sa>OLS i ae ~ I0'C CoO2- GO~%SALL'l'~L is>H IL)tp) SCALC' IHS20 ~ CLSLCCII
I'E fULL Stitr,TO
NATCH Tot f sort.
(ttPQ

NS 9
scALCI 4 ~ f o

,I
l.f'i

O
0 Tvt

tee a%tea C
*~cwRt» at tarot ac%to Coolfc

pa(p DE.TAIL D~3

TTPC Q C 4>)

SCS)
RIVII c'2

ac%et>teer CLSOS E

alcloo

~- ta ~4 g)~T>LIL~O4
Tvoc Q

r)ET. OI. 8U>LT UP MEMESEECS

OUT Soa>LDpat~
4 OTift% eH go'at >5 l
co)carr.ttccsoor sto'

AIR ICLLS lt'>4'4 CCPSII>CL a.
ctvt>i j Lac% sioL dt solli

>f/ >cr> &4%»
Aat COL OIDC rtv

6

4.20(cat>testa > ~69stc',-.
Ittt > IL

W>398
lo

ECTION1597 159 (Sscs wg

a>L I~

a%CAN POSH%ID a>RIPLAC'll
CAC PLNS 04 V>CLDCDTo ISCNDCIL
ACT%a CONOR%2 0 IS Pot>os DTO
Melo%a oioa op pL«Ioc >L

I >CL 03. mt vcr et) %Ca' reve>

o aar -~
~ IR. ~ 'Hte

rALL Vttca LICCLATC SCAM
MCNSCRS1'OS COL,

N 217 2 I

OACNINS LINCPL+, rstNN,>47. g C ~
I

I

-'II--t l~„> „„,
t '0'oa

OOT.OCO
SaCr. ICC>S

I escvf
CCCO 4%
I$vt> G

AL4 i e ~ IwP
S TSC.(6S'/

TJLmL.3Dr,~~L a Ifa Stl'IS.
4'8 ot g(roetw Rrtcp)

CT> It.PL.To NSTCNstair .OC
ENCC CR(f) CO(t

A N CTI

ttav T
~(tea)H

I

RCOCIVtowrrss
C((35 71

I,

I O'Oat ~DPOHH SLc TTP SN.covN.
Scc,ec Do > AD Jacestatcs f~MOTLLIHLV
0» DVJS 0 700 (Pl>

CVFr;T Ir)N If'a - Ir.n/>
FLLV>~o~tf '.*a

LC: 5% ~ I.o'

CCPSIS AXD CCCE.22
~NCPCSIO NC> CD%COL>PI>at

cattt>L '2 > IHH> % I loltgatt OLR,
POR DIMCNSIONS AND DIPORMATIO>r
NOT SHOWN SC ~ SSCTIOH I%OP

STTLSTCCCL
42$ 4TC>2 CLTLDSCS

SACCDCQIL C>CCLD C1LL CILt

SOAL~ iso i o ~~re
%CALCu>Or rO'(LSIN% ov fr>$ OHC

<'OLIN R >$ OVAL>TP CL>LCS 2
2

S I„

ICSRCXC>CCR PUCLC lf>%2>r St»SLT ffffc)t
var%Is av I ~

SS

TON 9 -I 9 I I( '0)
R 4 v ~ V ~ 0 tati Hii LV ~ S ~ OHV444 V ~ 1 ~ 0 F 24 R \ v ~ a ~ GH

I c,,-w oc>4
ll >lc 'la CL>o Hav>oeatco ~ LDI>4 I5 . 0ee, \u >

Q ttk ~ c I caace, oaoce> >Go>alto rao t)0. 7 Laac cava 'covtvact T si ~ Ie"sts
Iaokt ocoaaf)a>lat rr vvILC 'vaLL>¹ t>RU ees~t ~ otova>I'KILLa laceaa> 4

>31488 >>arrl> swc 0Pealc,rrenro aa rct rcr
CSV> IS ai Ifa ~ >b)itratoa er

o area Ceil

CS If.
ta

LV 0> 2M
ra VW

'.(

~p

P4

2I
7

15 — —
=. 'l4 - . 13 12 ll „. 10 9 - > ~,, 8 1 =7 I ~ «6

eee V

3 ~2 is. „., „1"5
p Ls)3rarkf '~~ fir~>a~ ~Je)-r» 2"



I

Ia

~ 1

II
(

I ' h( ' ~ ~ I, k}('I lkk (4

(
i

7"

li

h

I

I

'

( ~ ~I

h I

~ ((

I





"I

I

I

fI

'll

f
II

I I ~ II '

'

"J

f"J

If,

I

I

I



I ~

g/I

)H

. ~ . ~

(
l

~~
t ~) I

p1



J

0

I

II

L

"n „, l

J

h

k

I

I ~
~ ~ C

> c.. ~ 'w <'

U

~ 0

I



15 14 13 12 11 10 9 8 7 6 5 4 3 2
NOTES:OVTOOAAO FACAtact pt on Col 420 51NM Aoout

T44'02)ct %CN 4
I sv- )

SLC O«4 $1%1 ttl
~aaMS Ttortotttaq 2 l Foll 'HOTS% SL% owa $1 ~ 'I

2 all woa« Ovtvss owa svaaa sf ol
CO«JLAACT TISVttf«ca FRLVCl'4 i 4 '4 TO SC

24VT 0 L4«tc
w Tv os%usa oe
ACLJT~ Lv la
420AM%0 LT Tvs
Ju«CT 'OH Ot 1«%

4/
Y5204
re«Mt 4

22,4

I J
s Iut—/ -:1577

Lrce oaeo LocATHF4$
SCL awo \Till

'2'TLCL C

Col.
ja FLANOL

tv got '9I

4'4 fewt 4
1 KtliR $

% !0C ~ to'8i
'4$%L

Illucll%ILNlIL

F'T FRANC t.
ANOIC ate%/

AC.W'42%% 40A

)ct«40 Lasso
ONLV. DF TAlL D-22~-

4 col. w atvvatevo
~1, 1 404'ISS
22%'2$ 0 20% 4'$ I $ 44 ~SCllv CL $42NYC $%%24

L—OLCI2 law 2
lac

Ql'JALR «tats
I

+v.(( vvvo
Rl'ATOFLNIV

MEMMRS 294g A.sa(i»s
'24LI I'I 22FNA~)

BETWEEN COLS.

TYPICAL DETAILS OF POOR HOLES IN HO ItONTAL
PL AN SECTION 2577.(577

TYPICAL 2 RAMING DETAIL AT AB A 4 AND A 6 SERIES OPE.NINGS ,QL

+~T)'~7-)727w2t7 sv4 444T4 CWN4.
JLSA CA%%5

p
9/ Pout Nolt.

4 coa 4 I' CCL.
AIR NRL IItw)

LSVVL4 1

fovv0 AOACAsa

't '9 4 POUR HOLL(FOAPUJL NJCLO %%%tAct. 4%0% awa. 414$ 9442/tot R.ova'1

) cal
LLIS2 ~ 0 All«042

~ltACCTI 2%20
I«tv ttttca

f'CA. reel.ST fa IT
roti tove 4 Jve
volta vvettf
%44 SCCT IS2%

wit ef wtit24
c'val ~ 4 t TI44

(I

4

TLAO RLVIL
tA.flCL

tu80
Ws wtta

c ctr
I'l

)Sv
fv St!f2(tvt)ZLvv) tjnft 0'1

E %'42 Fault
Ho%CO

sa- «ALL
.f
~- Fea t Aoo 04wcett 2Tvav tfFPLR «oat a(TVPJ

CJ- 26%(tvt)
O,3

/eC)

OO 1'CCI

NO

/22

II

II
I
I
I

I

AT aea
OM.T

4 4/!OCT/

ecvv'« .~2~~%
'24

SACL e

tlUWI
4

hsa-

~eave R.toaa~
C ca. FLANALA

SECT( N

2 CJCH CAB vtat
NJCaloca FLL

lv01tstCL W:TV COVCRCTL
ANO TlatwCL Fluav wITN
SOTT FRAJUC 4% llttCAC
LRLCTFC'ORRCSRONDaKI
FRAML 'O'4

SCL C 1578
ML~ lllev
4 ~ )

L SLJ Vda ta
OFNTI
svv As+ ~CT I FOLJRHOLCS

~4 TCF' taT. PLATCs

$4NR. SECTION 1579-) '79

Ngg}< Roue ~
IN vvt Rl4T4 ONL.V
FJJL LNFORLJ4L cttt Nat

T. LOTS

Ca $ 2/LISL
vlvjaawo

taulllwheat
HLASLART

I579Ita svtt R(cl
CA Fact atve ME ~

SEC., ION ISeLO. ISSO SECTION 2023.20237 -17 =L EVATION // <i
2fRata auteaARD) .Of/sltt 2

taso'4/a(
TYPICAL FFEAMIMG DETAIL AT A-26 A A= OPENLN toastltf ala 2 Jtta

14I
fW24 Cal.

(NNJtv R.

t

~EEVATLOV ~ %JT1.22444422224N422

TYPICAL FR AMIN6 DETAIL AT A -9A AND A-9B D OPENING
LE SVTtca
sttttcace

I oaHLL a sa($ 22)4 ~ soavt)(cca 4 4'Illritv\LY(R%'42(cats) 6NOCELACLACJACLS
I I, ) S

LS 2 '}AIOUTSCAAS
vERT, coevte

——~ *
STLF PLATCS Fete

Ae OPtNtN4

TO Too IL Oa«6 col.stLDw 44«L scaM Qt ACLLJUTLII)0' Not2
QCO Cla

~ I«RAUS t
ella FLLLse 10
Hoett. UluslesI I

I581 !
SO/ ore No SU n:

scca aa

4

a,

TvlI
4 t R I'4 at«M

p +ALMutvIL~/
'!

i I,'Qt
)L4« 4 facet j 6'

IlI et VfI/Tvvtelvat
TVFSSCatrte 2

of%la a»LA out 4

R Lt 40. OFOF24
L'2LL

200 44 4N ~oisv
4a---- I )'6

;toscasc4fef

fC4tla.
. a 2'I

tLLLt
4—

la!elva%%�

(tla%Iaaf..a~T» Ara HOLES tl SOT.R
$ 12 ICS)lwt1«f 4, ~/ 4 +444JJI

4 OFNO Au%%AT

tot NFCRM« ION NOalc Otlr1 4 tvl5 A.t«(wa)
ELE'I/A ION

SLN A

v

tM. Fl
4

4 RLNa ttata~ 44 4 NO«$ %

at aT
~)LA

OIE).o 5 as %$ 24ILL'oe

%04 SCAM
L La 2'a)
~ +la.

i Sc«4 t.

E I hl Ic 4-15 4
9IOSLJLV F A

If

~44v
CTI N15% -15

IJOJ 2'LN ~'I '2 Ftftota(4 4"lva ov v
sta lacT Icol 44$ owattss toeMtuaae 440441 OFILL avtL~TJT %$ (4 1)

SECTION ISSI.)581E LE VATI 0 N

tove NIH%$ 0TOS <f 4«R «tat%stot.or ottfa oelv/ al. slf s'vt«ttl4 ~aua «llo lull 'ance atuaatwitva Tsclss' $2$ Cct 052 owe $104 Ct 6 CUL-COL cefact ar Vttlae +RA 2$Y 4 $ To OCFL4244%4 6N-.t uecavca
~ I oe st ~ of %0«tttasu) 2„, lv accoeowttv %act Iso% vcet.MtUst'e

VC(act 0220 Owo OSAGE

iIL
2

I 4
'Cati4 S14,44

tea f4 ALR Noact

Yiueleetv paucco Laace . ORLc lv s(low Iat spt~LS ILJCJJtta OR wITI»L ca%a%jet/SICAH Nctatasov
OOJL St«M, awvt %25 gt0$ .$ 205 %2$ $,54%opseas 4 SSC

F.

S'24$ E»4,HVLVT) LTSS (Fioa

TYPICAL FRAMING DETAIL AT A-2IA AND Av218 OPENINGS
C

(20.24T V.ti Llt lsaC sso
Ccoaclc«4%1v !let catLUVTFI$$'4%4Y I )

~ $414% 'at/44 1" )co.cat U424 At 1$
0'+te04esoaaou N 224

$ 1v4 4 2(NFIIL9 Oat«i) Iset)/II!~44/LIR No«2%, rt)
~ 42( I

~ IfI

i 1 fttve«2 $ % 2 / ~sacaat.olc
Now% 0 Rtoo

col s(lowroF)4 = geol sclowsoa
stat FRA442 A 210' $$4 ,,R

Lt224—

ev

SECTION l585 1585 (Lt wowv)
ECWIO~NISg-ISSG Ilm Hava) SECTION IS87 I=87 ., =,, SECTION 1588-1588

6(0 I LJ
2

'

J ~

I
~
I

IC 004

IfAR IloltCtll)4

W 2
ra

StLF.PLLTC FLLVJI 10
TOS 4 OF@ Etta)

It
Vv

- SECTION 1589-1588
9 0$ luu)

4

6 NO E ~ 24
Cll

I6 25

6 AP I

~ ~ I'' 4'

CCC ~ OIS

~~ 'Wtt44,

$2)RRS ALT) ROE, SIC
ocsatas leo cpfltctcet

44224LL IL2 Ktrftcua a. T. Ue NCRCL CJLF,

/
vtuvc a

~tww «4«%2" ANT%2""'2 L, 1'0 ~ .Aac
~ '04L tvua WCL0aat %%at 4%0«Naos

'%14% 20

4 ~ v ~ s ~ 0 H
«SEO as Fce tco tool A

col/tel% OLAReetj tvP cct Oove v

IE

(4
24IIuv

CH

~ iv!4 ON

Nltet«44«lilt H4424«.444 ~ lllllva4442&4«44'lltvlvllllslltllllIU'lv
4 ~ I llv.ctt llltItltvll4~ 4 lvlttvtle«trtavt 2 Ifti(elf 4 ICv 24 4 FI244244LtvvllllwvlvavILIllv%414(4 tillI%I

'RAL444$ Attelvto foe CCHSTI«JCTIONtt«ev
Rcvcl scc T. tstoavlaatvaet tLc4
.4 T"$ 2$ 422 SCOT. 2$0LFA4).SLCT.204 all TACLISI2(LLTAtaaft<al)ALTO
NO l „Lls) 'SECT 2%42(OSacct.ls clsacccT Role J,tccT

~ 2 r
~ ll

V

Cl e)44 OV TLLS awC
4$ Ouaatff'l A22

w ~

RTJCTTISRAL
ILCACICR caaLCOO

$ 2CSCFICIAL SLC «C K'LL SILS

ltASHSICTOR FIISLIC POWER SVFFLT Ststcll
vefall «4 I

4 «L

4 ~ ~ L»fliat«4 N

W.O. 2808
DW('A 6 766

4
LI

15 14 13 12 10 9 8 7 6 5 4 1
I

S/



4

*

4

fp

,I

V

li

n

l

I

'I



I's»

i
15

I'TISH ACNR
~sv ~w

Y r44>R

tr»
P

~
r(stir

v-hs\
14 1213

ROPCJAHO C COLOCAOW
OCT OCTO

24 fs(KO

svKM5 TAtea LAso>T 4 fftvNC

tc.fnvssr)LC «crvf
nass ~ Ac at LKtv<a,sfsc

i
~ fca Nclfcl»CC 0»s(LSTCC
ta>L Nota CN f»s CNC S»ALL SC Dr

CD»TALC IC
ACCC Qi QIWCLD ICS»)KLTKVAStt IIOTC
»CS Ov/S. CYOI

RADIAL tsLSI
I Df

I

CDL 0 AINIRNS

lf>;11'ltl>l'4
> >'(Svsr»
ASDVT 4)

CIS>CI\Q

< trsLDcactLeatIMVTHSI
ID'.ll> <41 SNCWK) N J] Is>/ sa>i<cpa tsANDj.

LOftq
I

~gin IVI4
AOA»nf
CONN. C

&CLIAAL>

I
Sc Pwca
NiafJt.

/
n5+
I

I

2 49 2> 9

0) ~Vvr
IN»tfftr
r»0 WOD

CCO
C.s ~ 'I ICLC

29< 5
R+NSOADIHT40F
wNW Foals

C C
ae

I
r 1

t»D, /
R2''rco»N~R
tAC» SC) Os Cea« 'OIOC R

S~TIOL) lG89- hDB9

11 10 ~
'

9 — 9 7 6 5 4 3 2 f

F

LS44>J
I ~ ~

C<,

<j

nr 4 ltc FILL C aco Fr)hc ~~ !
p+X—

rsthv 4 ~ Dfvh Oic
I'cvTtt ssh)wh CN sic)Is(N4ll 7
D»K 4 Drt,Sist D''7 D»res) D crhr vs scta H(L>s O c(L

4 CCL SCION ALsfs'4 tss trav.

foa rona Nett s I TOP SLANCS C40)
Ca host LOCATKDI5 / / >7) r IL 574)5
s<4 SICT.IT)4 v Y "8Wvg O, t

SECT>OL) 1 &-1~/0
srdt <c>4 cts>tts) 4/

CL 524»4'uiof R-
2'CO»sl R

~ r
Ct lr>r

()b

PALS
rr

4

I AOKJaCNMCIC/ ( tv/J
tl mt

A~F SLA, RA
I

120 OR f>OO

TI N 1 .IS DTOS S lON IS -1594-
OC

TYPICAL FRAMING OETAILS AT A-2 SERIES OPENINGS <cio

~EL »ATI 0 H

TYPICAL FRAMING DETAILS AT A-5
ECTIOll IS95-IS9

SERIES OPENINGS
VLCOL.

J 14 <0»a HA)C>)
4 >4NW SVOWN)

I )

C»IV
gn n-
S ~ v sr

3»vc

OCASI 4 WP
IA~II aa~

I
~aCL KAA

ra sf cc
QI+~ IL rt fsl Sf

~CL.SH th I

SECT<OL) <81< -1811 "I 15»r7I ~is L ", )I
2 stOSI/ L/

VC.> y

~<4>24 5

AO 4 . sttt
I /

i

t~
I

L4>las~0~»I
f

. Q~'io.
~l/f95

ILLLtst/C 'll
~ rr st »CL~ Itta (l)K'I)011 I ssn L)i ~1)VV»»SIAA+ )4 1W 14

1 ~
Cr.

SsDC IAaih

I

's srrrfc I Ks ssarataa»A 4 4 cvvrccK AT
Wav)SIISC'»VL'L SO LHW

AC(WK R

LO CNO ST)It <L

SE.CTION 724- 7NC/Dt.
SIVIIstas
tv COMA/K<ll)

474> CV

S CTION IG92» lG92 ~ Ih \

IG3I
SE ION 1 95-IG954>st (CHJ

Fir 0 AT. t 0 sf 4 IINHI
SCAN>f CcwlacflOK R,
OVC rta OfAK AT A-7 SER ES OPENINGS ov o~"Ro

5 CTIONSECTION )C9O-<G30
LR COC CCCCLL4)) Stact( IVHC4 TAN LA!2$
I At CA+24'g OAC 40 (Asshewuj

Asn 0 RT Iso'(ort»HAND>
N

Dots etta) D>CDICSJ «TYP, CASJC 2

»Vsrt
fwfaca

I„,
~ " f424 Ccl ~4 sL(DPP wa>

~ Sb~ A SC
CLAsh't SNCAAS1

Ovf40440 fact) r 2/r SNO O(cilfrp.Coo)to
I O)ftcf)O r4

Wlsrttccts>AH Pp
Soa PLAN /AC)I)LTICN
O» saa otavsf rr. ~
LD(ate»tv >It Dws $1)o

SECTION IG9 .- 9

Cr
I t

rt c>t)ac»
s fath lw»4
Oofr. SAC
SCCT,IIH tal~

4 s»

~C

RINC OCAH Q2LJ
s«44 <frFJ

ausst>aa>c ..

Sl»I fa
»Cd

. Rc-.g
I

re aa h ~
Aa SIDS0

NOLC
Ct

ltahP
K g~r scarf

\+4

214*J ~ I

X~~'~

4742 <KO)

'Sfo>

n'J RA(A
TO $ RJ . »,

2

NOTtff0a Info.Oor s»ow)4
SCS OCCT, I&%4 Isis)H2»LAD

IAT> I/~ sta>R loLO

SECTION 1723-1723Ql»l
f 12

Slth O<TTCj

SECT 0 6 3- G93 Lt m9S
I 2(rc S)o SECTION 1694- lG94 4745

sttaAV'4774<4» TYPICAL FRAMING DETAILS
'tO DJOifos CL 57415

4 aof 97 4<'7, t

I, STSS

OVTOOARO Fact~~I

AP IORST)ft
4 OvtsfatD N(4 Iar»tata)acs IA
»4D

'104'$2 t»OCC

<>YP. VSCSSS NOTCDICLa)>1

TIC)N
) ECTION

ALC

kV)8
SECTION IG9G-lG9G

TYP CAL FRAMING'.

SILL SLOT
OIT

IC Oat Q 9 4 DCIJR NOLO'f\$4 <4<TTPJ

g95 tt/ 9DPODRH(IILIDf Stiff.
tf> IS 4 445LS>AT:-'A.S ~ S Rl ~)~P I TNK.»)4 Hioh

@stoc R
SLOT(I AT.>04 4245

O

Icc ta
It.n ~k.s

~ ~

, Ãrs~»P ~d/ otcv h(AS l>r IS')SI ct'h /11) tsar Istt 5 h
1 ~

SDT Ttf SLOP ~,D sa

Oftiai>4 ASAIA»S
earl%I>sss 0 4 ILD'oclT T, os owG) ODL<7)

r

+ECTION
rT Op Osr IT)Oa

Of
-rl»hsr fr,Scag OCY

I CLSTAV>2I
AP.O t-SICCS
I SISOACD ft

rt»ILstirf.)t.
~OR('Ot OICY

)th>

SV>OC>TRICLL214 -2149
I'

ao

TVP OOrr.t L>r
2 T/OCS / I

SECT)ON I 34-I b4
4

I vr AROVNO

wC4 CCL 1 dS STOT. 4 I I raa)t>tts

I'if»»STOA
)ca<))>o" 1 I»4 Ata

IIOL CS (IY)2
WP4 At.tt>S AX.I42'5

4

STtff TYP)
T

NO

>n54
hi)Oa Qil

I')54 Q'IvD
4

IO

ONLY
IN>IC

DCNQll Ca@ Sof. C
SOR 'i»LY l7

'I ORtCT SIJI ~ O(yfCOS 401
TOP CS TDP

* ~ ~-f» fr TAPIS

1 »IP start
a Lssst Sotlof SD'C It

EDP OP SIDC It
R N»»A Oct OCAJA

rel SIDS IHL+)
TO COI

)sl 7 -1

~1734
Cfttf*

F'
sar sac>IT R.

9 7
)

ION 2- 1L
» »0744 SIO

'„'l l
l7 4-"1794 j 4

7C>o(

'.0 '." ' 2<5,2tt
5rfttatft)02
C»acres 0K.

tl<loa Gi

/irvc Cliff.
fcatow(»cv

sfrr TO CSL
4 SOSC

0 O) fr
TIQ '294

Q f>tctt «~
='R

Wtf\5
so)shtt '>cols p ss s4S

v»R(<5

Oa sss 5 nAasfthwilv $4 DOLTDOI''4'ta. S»a>
Tot cw CAILvo a(4>

w s
4 12 CROCT oAA.

hf>27(4 AHO ROC IHC
CHCAOT>IS AND~

CAKCILa 4 NWONAh 1 Iih al»OCL c)IP,

4 2<1~A
-cL sts'-(Srffvt. 4 >44 C ICIj~5 svr P I)

ITO)s C,<<r

LIA h.24-&osOi

AL5294
1741

STI»S, R,

QY

Dt»D DAONT R,
LOODC

L CCOPOVR
HOLL

lacho
ODCR. Icfutfat

RCACIolt OV(LOS)4
IACRISIOAL OCLLO lc>LI. I)LTl70—l7 0

17 I—I I
c»I cr

ARR

SECTION 1734
1 ~ I 9 — 9 F I

CT 4 WAIHINCTONPVSLIC SOWTR 9>IISLT ITITCR
»»NCAA hw IAf.l. IAYIRKA4 T)44 f)W(s 15 (>IJALIfY CLAss Iralr 4) ~ 'I

~ I
RCVIr>ION

N 0
CONT.» CIO Cttt>(fIC(ttto(ECIICK»ID

IVA»Wt)fh» tcl>(VN >fats rttfat

ASV 1 N)N

~RSNIP1d>SS»O)refit)4 I TTIA
No»AA\XIOLAN(fPIJcc aftra

litt)(r>J4 tf44(4 JAAADID40(f7<
Ntferis»s h)D asia NN tria

contact 2ID.AAWHDtacfw»a~
gvi) AO>CD rasvfK»(h(c»'> tora»»Dail

rn» (CC L»SVCOIJ>)siss>KK

as'v ~ s ~ OK
~wast»ts a(NLo 4»> sfasss
Stcrs»rl lslssst> ADWDD»ctsDN 2
Laawr vissO (AN ADD»DOttss D4LD(sss

~csa iov acro stcto It>a<so)n Ig gg K too TFT)ovs

)RACT 'tt> Atft>IDtf f st>INIR
E»JDvf(stew)v>(ctlssv»(OH/Dv)(wa ra

~ I
0 ADDasiah» ~ sccc@c (sti'tatw

r»
~ I Pr»» D»» c)c,»»
CSJ nWL >I tf>s<t inn>As)u(t»4)

A<uSJH> nlsgrayslfi(JT
»Dsi A)4)Hvorsh) A(KKD»441»w
C»4 ~ tais OMAPWC S(ALL(COCA»I)44

Dc tft,(
fr I

LA

r

sN»s s»r

~ h

:.i'.~':g',

,wsv,
'r/24Nps

:~ /AOC—

»»I AS'
4'C»\4

I ~ 1

4P
)V.0..2<)OO LL>
DI<s S 7<I'

15 14 'l3 12 10

s

5 4 v ~



'l J

I gI

I\ *

I

k



15 14 13 12 10 8 7 6 5 4 3 2
co ~2>)vs> t Fac'a or

S'ICSL DOOR
Ofva>DC
FACS ov
Svt: 6».

I~T+ FDONV car
alla>i Dfoas

I':,-'.„-„;

Cltas OrCtkNO

Iaalr> S

I. Sct Dws $1st roa >loves.
woRN I>as ws. V>ITHo>N(LSTS2 TN
S'Ts,a'TOO,$ 111 2 $ 6$ $

S ALLS I.T PDR LOCH>MS
CaVICC PLATR sNELL OC 4114 N

GALL weak or vf» «o ssuacc Sv
AottTS ACT 2 IS

S.AM NCS(ACN rc((C»VE 4aall SCFtCM
JH GTP/jf SocatAa)tc«CIAcflcsosv
tttacl/Jac rtcaHT FICLCANT PA OIL
APPFOICO EOJAL.

1I I > ~ FR( va ~ tavwN

gca(NNC Da>ACC

4 ' No(t'S >4 SLR
Foa~kcc lo scavs

~TY
'A'YPE

'I5'OTC>I

Olt FCRMA(I SV IK
foa CPM N. A Ia L A IS
5(CCVC SRICC 2'5 IL'TN>CH
1(NP ENI Waii>AT>af To

CC aif(AT(0 All AFOJNO
o.o. Cf «Lcvc Uo SFMCC t.

i

.-)i

O>lTS>DC FACC op wa(L

I)2>IVR K

2 ftcval>ENS OERSt»'F CS>NCCI w>INlfVSOLIS ~ PIP t >R
~iW. t 4CLvs FCR SMI
(Tvp, 'Iar c AIT.Sat lvp
PEAMll.l s(cvav>OI~

O>HLL ( far
Daar( I

~ ~
~

1

~Rata>N>NO OAR lc

!

OPCN>NC 'w>OIN (vor
1 sot)

Ct At'A>L
a(Vol as(t RCTUN>NC SLRtrNK aacv 5 oc of >if(I(ac'ivvr voa c sot) CR aaafvtawlC WEAN

D oats 5>tcc>5 at pea>MLI ot Tft

CT ON 4457-4457TYP. HANDLE OET.
LC.I I NI 0'CA>CI El 0

—I'If™4(CNIcacti aoc ot vcav>CAL >Lof No(2>c

~ ~

oa prc )ofaL ca iota cf cvctl5
pa a crka(scc CN>L '$144) I
SCC DCTAILtot> fi I

F>ILM'a >c OR MCMsca
I STttl DO(fl

~ R D>AMCTCROa PCRMMJ ODNO Foa 4 )Uock'I scR>cs oawos. Tost l)f
CLCAR (ALLAROVEID)faokl (LD.
Ot DLCCVCCICC NOTt. fCR 44 ICR)CS)

LQC)(ING DEVICE TABLE.Dai(L 2 Tar FRLMt*
sit«a'aaA tsat('
Sa.vs ~ vor C sot)

liTif4 PCRMLM Jtf
Skttts

SARK>22't I T4ELCLDCD
VO ONTCIOS OF FRLMLR
ONLv (Ivt. 'Ior C bov)

pa v
aJ'c'Ila'I.L

1L'k
/ovfIaf vr v fiaso(

~ I 8 E~OF A N'CTAIIC~PI(A C I1

M~OT 'ca SLcvaTIOH1 ON Dwc sTlc poR c> a

TYPICAL PCRMALI DETAIL

V 'I
C Locav>DN or Nstilt or>RL oksctcvs o (L

fCOIF

!~ll
a (J svww S /T ~cc 1 ~cc

~)(y5 /5 ff.vest~P)

) S~ 445~
'i

~ Car 13'll
QMOE E.FOR A IAC AES Il~

o f 4+3
~ o io --' iOEOCCA J.44CG -3

I

I>CL

I (c(> Noc
WAS RS>OL o.

SECTION 1590-1590
DCALSI 5( ~ ILCr tr U «)

G~jf
(fttw ovfrot r >>All tir 9cA>

)at stv(L S CS tvvr)~ lars )S
(Dovk a oas)

~ I't Slr (SLED(tt
TVP.- ) ()1I"

(Lof5C R

a CA It,

.0. Di

D T I

g~9SI>(-iykhh~SS

'.i'�)
= —~

fc ~ ~ I
5 co 3225. «oats tf
«tia CSVOA ' ACSO M)

L Lstva 9 Cialillo 5 AIL cau Cvatic oooa Mp RR>NC fwu
5$4 55 DV>LI Avo>TISH

$ 2,

I< 5k

'''. DLA(ws

WAS CR (TIP)
S C ION 44&cM45R>

WALt I ~ O(Sastrarc lEAPFLAI(o(INL)
ACH

OOTT OP DOOR

()E(LI
~25OVT Ot CLCAR

1~1~2
" 'otkiNG-—

~RtitoVAL UD
P NOTCN

ALT s cats(tvr)
f

G
I

@la

1

/ r r

v(JV Jl
SM 't)ai
o SSIC

SECTION 1591-1591DETAIL 021
5(r(C~< i-($

Jt

ef
~fa

CETAIL Ir~hs
L,

it ~ aco IIAt,$49~tsws'd AJ >$0~
EQ>S

}

SKWCR t)INNWC>R
R(fop~or>SLNrstDCAi.f: It I0'955$

I-I
L0 TAIL D4ll

5&1 (Ci>O)(O Li
I

5( RO(LCR SHAFT

COIIDOOR I
I 'f>a) I

scc caT.oas
4144(fo) >Mora - I)rre

. Oap(ti()

C vi ~fa IERr Tt(). tAr WCLL ( ST>tt.
ag 4

I C4 t'TC
tcwc . aa IONI, — 1)jvvtitsec oct,

445 9(DSGG)

i

J%'TOS EL. 5 S

I CTE
ORCT

* =t)F k Siititi VO.S CL fa'I )I
514 J

145'

rirclt
V~N)

'vo
«AM (fvr) WIQFmE 0 TRFJ I laoc wsc> Rb.vo

Aot 'CRL To oat RLOVNECNLNT~
DNOVVN fO>lAS R>tat Mott LOCAI>(wtNwafw ~ i'Vl Eltt

aw>tt «Etc ~w~ foa a(4 41
P'I

RI

fswa&LWAla
LC STIFF (t.

I., IV
at 21 vgtoa a>c>taa~la VCR oar wa
St RLI.LC.PI ATC

4
o

-~—I—PI

-~l

1 -cf,vco (E(E(Pi
w?Pca'(-1-- f~'I-

Sgwrc ~ll~wfvtg.
(var

/CEO�

>r(D>(A«I$7
M>rv /

I-g-cf)oE T I0 30)4-'30(4T 2 3020-3020
serac, rlvwr (A>as>>a( \1 1

> LLDO
71L)(K) I Ta>c 2, sctocz'Dscot

455-'4S CTI Iai
Skat( WO ~/RARA'~R

4 ~ ~ a F -

4'11121

t
2.3'25~5@7fDRAT

M))a(J CO~+

tl53>11'~lrt ~GL( I IR L o MLES~
I4'

//)I 4/6')lt OCL($ (412$ )

)

CL$3('Ii
ORV AlAt Sl''Y

14$; II'(c

Cf'2$L 2(

I

T IOIEI 4
Ig ~ ~ NOL C S
Alla . ICR 11 ~ 1 t
(A(f5.H) So(IS oN I IyfS,CQW~

pk) >Moa I( INCAWC~R j(SC>ttoM ~ACSj

clat o ~ fa 9 crt ~ - ~ v
~1O 5

DCRI Ll 4 ~ I O
TAI -426 sak:Etc R

PLA(t DV
G.t

>CDI

S CTI N 0 7-30

I

C >rota+INC t.
v)(S(7tvvot HALF)

SCALt'.O SI (4'
SIO )IE($('2 Mott. COR A sca'cf I

:Jj
'ics4' 4 s ~ 4'( a'',

3 I't>sls
$ Saat

>iOASC R

EL STI I S CTION 02 (
/ 14 SLIA

~ 44(tl

AI I
I 4A/.

a /9(

ECT ION 02G-302('D COE I!' ~

COECICV fc.
I 4$ 1

(MUA (a

DCILIEil I ~ ILO
LVAItir ~ I 0 O (oo)

VM>O>iN A AN
I(CAP R.

I
4 ((

7IC
C NC)ttLE

Iafs Orraka>CN

4. G >Cf HO(CSf
fOR VI~ i>

OCr LC> Fr

QSTVS COL
t IC)2 I

TVD

vaf1 I.L(TVP)
Ck 4/ilv lswv vlvaik

I
~ pwr.)~t i-41

'~FOR COHH. ~TS
111 Stt SECT.4485

C>w(i- Crt($(i (2 I)

vi1 4
4 4.4 4 cHOLCL

>QRALC Itaoa,
(>5 ~ SCLIS.DRRL 5TAP IH CAN R

I '''~I;
EJEL

'"I

SS 4(LP
1134 I ~ ~

wEA Scoot It o>t>ORE>>vs)
I'>4 2 SC FOR iC >tf ~ 5PLIT

(541 N) DOLTO wifr )Mf (1)ta O7
No(CS IH wt>R R.

SVMM.ASOJT+
(

I~

Pc TRI'A~7'7
Rw>r;

(.a'I'>Sec Cpt QSD
Oa 220

1
I ~ . ' 'tt.2'Eiti ~ ~

)CT It
~Cs ~s.s

UNDE (cVS ft
tIRRC(as a'to C(ff(IR.CTC45

OENIIL ~ 5 >Orraa R I lal ENR(l CAF
DETAIL D 453

v'1 ~ 1 ~ J al 4(N
22w>S Slot Oct. LD)(tijtiK.ILI'~ Lsc '(~2 Cave

I I +;31>

~S(~TI t'ai 44(DI-'a~i
JCALL I al O Staf>OJ)

~G" v I I iIEI 4i77-5a I i STWCTOFLL
REACTOR SAILS>RS

SACRIFIC(LL SICELD WALL SH.C

Wi >irk T t CCS
N A

SE TION 4459- ION 44 -44(N >ALLwGR» ()N TNrr cw(L
(2>()()EL)Tv~ WCENOVCTDR PUSLIC PDV>ER fruPPLT STETEHCA(

CD ROLL IN RO>(SR VVCE(RCOOII .) ~ 1 ( ~N. 4~"
( SOTT. Of CI.. OPE>A '"%MSN.""

o o aa(A>fa>c Mi v>tto
Ncaa»atwtwvs fo AC»(VL
~ >I va (FMCNL>cfta atft tait
wa>a FL ANDN5LL Left ttt>L

+Fr V>ON 29~15-295 TAIL 4OS
DCALSI 1»O D ~)

(.4 I( ffoct.FORA 2 scR>cs
Lowo DOLTs Ig Tk o.

I ~
,1

15 14 13

acv ~ 4 ~ ON
av A aa

'a a cf of t> t >i>

12

NLV~ W ON aa

/)5
i

FOI

IO.

p«t tl 9 vi tm twH>r) foe
~E(f w>F ~ (Isalvo llFtt PCH loa'L

STE)$ (RO OL(ALA(CGE(123
SCCI Atfstts>LCI~ (

I)UMQL(ISC;i'Lcf~))

((c)cist tiavo ALP(EP(ksllf
t(LP/r~irtr~s~ ETDS~O EDS

Ot

S
DJ..

I 2(/

~la v ~ 's Iow
(ca Iaacl 'bl) aakoc at>D Nlfca'Ntilt>lit 0ITO»aftaoa(v slo Nail To
clf. Lfs (a)) a(vt)(ocav eclat>5)(ct ock (55) II I 2911(($ ) Lotto
D(T. ('51$ (C>1) 5(CL 5120 ((>1) alcf
IW( (lio)$(CI+ 1(ciliftvs)24JD()'ll'ILo 'l(CEL >foe ') ffa 5 4>vtlft\E3( I>A&oocf (NA(al)

~i~a alit rt, ii ioa

7

II llaw>

Io
VIL. FIH 1

l.c,

o olrrw rfv>a)vto f r covfvavcv>ON >E sc
2 L.

a. a>trav .i>tv>~ >)N I~ Erki PEN t/)'5, LAtfala 04I l)4OF> tfi4 Ot tat) O4 I
~ fal slCV c 14(i'N>AO LDNolaa

AEN«.N>A ap(c Aa t>ko>to>i
c tvfl'c'( a J(NN oat ca

~ \ aavo fca Fc toss

' Vtht
~ tW

3

~ NN>~ CN I~

~ NC 4.7Hz

wr AS li LD
J M aaatl

~ . ~

W.O. 2808
DW('AS j()7 =

)4.J



. ~,

'»

»

»

~ ~

I
»11

»1*t »I
I f » '

» ~ ~ 1

»

»

~ ~

P

I
~

F

'»

P II

»

44
~ ~

I
1

» ~

~ ~

»

«»»» ~

IN

il



P~ s
e

15 12 10 9 3

I v'-

~ 4 — ~
a

'I s"

orrsoaao
~ aGC VV24 CIITCR wt4

sekf cp aoeeitesv 4 hwa aapsatostl 550 rk
400 I

scat( sat 2)»gj 0th

r
)

4 IL)~ks Ls
NOTES:

vt&

='j)»

T

IK
'I

I SCC DNG STSC FOR 'solt5.

2 NSRst rises OAS tkr» CIVPS STSZ
Taao STSS I, st42

tear rds 4 J s I
)mo,'~floors~~

)scvcae as'carr
.Op Cfave tL

vrh ocrkaa
TIVS trao

~sETAV 0444s

I sa It44'or STtaL
Ca Q 8)47 Sttct tk'k

GIT kf
I Ak

~INCR fret CO S ALL NORL ON 'Irts Dwl Ssskaf Sc
Sr Cfvltktf 2IS CetCtt AS NOTCD

sraa IoDOR

C'vw

10 ooa It aal

OIOICaottst 0
Ts ts \esOP
Aasaa'OLCO
wsao Oa taacc
APTSA RPSF
WSTAILATIOII

II'acvtL
6 kaf COsff.

Laars op
partaatakg

~I
4 Scc cv'ssG rok Lkccldw ftfccoaac

korf55 Ofk Cs ~f

!Ltt~t 5~)

«Saa S ot
ooa T aocakaDRL

vaaDCD

to trcacecsaoI
AOTCA RPY
INST Trtal

at
VSar,. 4

OI

s Te I aaaL svesfkctS sao '4'to ca sl I 2$0
5 ka Nket AIIAI.Aov'GiftsOa ~ SO
vsaaossac p 5 s.

orrottd
DCICo DOI Itrc ~ fA

cECT. 28I6- 28'.6
OGNR 4' ~ 0

It

'f - -g

I

=P
I

s

».f.-

f
-" os

I

~-
~ I'

I

s

e

Oorr. a OISCL.sl SK tsrIt~
5ECTIN 2229-2229TC ~

~S<TtON 2045~5
T(O $ 252 fO QP

* ofrrt!ac
As sass«Tot of Sntl

CSDO IL$ '4 new saar caf.IE

CXIIDDado tkts
ar I!ca DtacaowklL a~TCCDTINFV 2 4QQI 40IQIBott.a svcCL

T C 0~)~
Tat OF STIC I
SI

NNO 10$

I
GUIDE PLATEIOOahef r

VIXIR. 0 4 6'G~Y~
0 CL Dk'5 54Vf24

rpeos oe aro tes 4 Io
es ~ G 44pksa

2254
I

Cs)DIIX

~(IYP)
D TAIL-D-200

046 IP
~INaost
Vraaka
kaatss

I+TOO GaeDc 5 ccrrcacs
a6 At Gl tat Isl ocr

C Sol
SO'OrrosawofCatst

R.D CRITXALrot
PCRtfACICIRAR t -45'CVCL

set
FALC Cf
5 S-lk r

a. 5 JC catt Df C svkt Soa
wvssto 5 ~~5 «««a

~, ~~~S~AEP~~~ s=~aaa» haled Iaa we ro wvp
~ akwr 0 I Ir kaa a
paaew

I-t 55 ka 6
I

Satakd4 gP~ RVO 4

5CALCIr I'

atkr fova Nxc 2 Nkcc cpt ras» * NRNDlr INNDFR kara Coackclt IS rotecD lo
IVKaatoL Of Pak t.

$4~aca
SLOT '„@4~

aa

Tvp. Soa,ras FDR
I~ I 0 ktt aatcs (III»

As tca tcr. Dst

E T ION 4 PIX Af
SECT.

AZ 45') ZRTSlot DI,GI
C CNRNIAIXIV
ALON!C

Ivt
4 ckss of tkac
R 44 sckN se)aa ™IN.T 5LLI5

5 lds,NVS r CtsitarA 6 C!4

ITI ~ tso 44$ WWCC EltOt 6
504 DN ~Oh tksta Cs)SSPAII

arktkertl scrvccaa
NTICNOS NI

utdactt,tosmoaO

VTOVISsOYF) O™$O,SISLS'4
SPACtR

4

Ar ckca Dsa tckN
SDC A TDONICRNDC TDOR

ovroo&NQ
VACC

2255
P)

) SCIC:0) 28(9-28i 9OUTSOAR 0
E TIC~VIA)Oaa 22.s XkA I I 0~ ~N:*"'.Ã~-5'.:

~a)p askx

PART PLAN 8 .5 7'-4Y AS SHOwN,

SECTION 2230-2230VCACOI„
'Staatk at!et)

5ECTI~'v) 2254-2254

) PART PLAN e E . 549'4 (AS No(ED)

144NNOS IYRtkosa lND

sa =—2 0~ ~(tia IVOCACN 0 755 Ivt!sef Dtct Itoo ad Rrasvf CL
roAKIIDOLTS Atc'O'A)

Osvf,.
~

aoa 4
at

a'R24)6445 fvatt'Ct CTItgNNAa aftI e AC KLO
coLT (NZI),carat 1 I

~

AZ 5 LONI. IkIL~

lcc crccrxxa faocaooac caas 5 sssa
SECT I C) IVI 204(r 204C6 —

~
- - SECT I ON 2I84-2I84

0 4

I
4t

COL

R«42 SCAN 4)ILI-I'pal
st a«traokv 4 acLT

2254 2254tas cLSC~ILS svo

ot-
SECTICaaz 2255 2255120 OASDO

COX CV
1! SFLCC4 TYPICAL AII) SEAM CON)). D TAIL AT

~ END OF SEGMENTSSECTION 2227- 2527-

I

vpr

Scoadkt O'.Ororrsrdrtvtsastssrt

041, ~'lar'
dw f S~Ydktofc Isr +' tcR ccL Dsc

~ rat
aartefv Sofr. It,

I,'I,

ECCT,GS( 25(7- 28I7
KkA 4

::=--: =:.:::""—I

~ Ceet 1'sratt R.
(As tadv)

% rar Stet ctao~
rot teat ct50~

ack &.Iced: r t'
Da Sut 5240
IRNCR(eared
ICR SCCC Ctfo.

Los

tfa /
StOtttt RVC

S EC T10 Ial 2I85-2I
fot OIIDRNATLIN N02 SNDIIN SCC Sett IIDS

Lt~
«eas

LONCt RRC
'ICR 5CCtr fcdstctcttoPIC PACE, E. AIL GRA>-I!C SCA'52

I
r4 I

T 4(S- 4IS A I
I

/
I

QI

~

'ROCI

ADSL co Dost! Nott vTOP It4 AIso
NRIDIKSaoaakets FDR At ssr04TOOARO

Patt
'e ~ ~ 4

NXF fre tllALLCltARANCS SPACCS/ To Sf 5tAL WCLDC0 ~
CDNCR 5 2 R.to af Ia

4ro' v 5

- C . C250-G25O lt)TCO
to 4 40 Frar

MORC

k

i

COLveassf(IL LG Fails facet)

~acct SNNR(lcf SCctaltk
CIIS 5250)

I 4
let p

pse
P

a'tars ~ ~ r '400kl)fvdasoacs 4 star,~ 5 5
Ctt Iskaa SDP ortscr Ratsto)taatp . Svaaak,ktxxav Equal)

NAN cvs sXss oclv
ECTION 204 - 204T = Iatatdvooc.

Isaac s kafka
SLVCT ISSLNPSSVS I

GZIS
fst40

CCR CWt4)

SESO

o«
VD 15

est W',

NOT% I Coa~. 4&Ii 5JSJ LfseIL~ (P VECTOR 04PNES 0 EI2CC
CERCNI e e sds- e'Rrcs '

4 I 4RAD
To E R PY
rsas tost Of cata 4 coavtD J

zaR

E)

r- a.a

m
stksaf-oahakaotktfts vtcasst)iDCOP ~Rtkh 54 ocosshvaasvvh SDLISONtlspaatrcs(akcr
tkeka Attohf osk 0444 CSDLT tot vo 44 1&
saaow ~14 whfkct).aooktsakot SOL'25 To 45
cooaIDINATI0aavhLDCAIsowot p'ks vfvapsfttoaav
Co vkc aovap Tceoat«swaswkosaoevasoo4,psvs
~I 4) sa aassoketsosakvD tws at Tg fs TON owDSIODG,
~OR tees at !eels 5 OSISVILSIOOSCssaoao tLVS WILD LGRISI0 SNOOT N
otaes OOL't Nol55 AI ee Iokko tats Ivaaa DINIPSR RSSTRAWAfTRIL Ravovka ot sasesatLATOS

PdtaIliaI
'TOP Ot O'T ~ CL fl..54( I
dsrarAct,o sl 4 air NCSNDDTN

5 02 5.02

".4 r I''
4'a

r.r I
I

S' aav% 444
A Cfea pksltewora

I
A )(CL~ SCNLX.OR rNIN.IIVO

lo(AIL saf twa

~ea
I

PLda) CF EcAR(hG PM' BA56 PANIC

I ~ 00
RCOta, dd

QA.B,

i ~ hts cavo'~
II! 5~3
of I I

I
CD

Tsoesc Cfa .HS DVIS
5 ()MLI Y CLASST»PICAL LAYCAfTWdr

Ee Io acAR Ltkccs trta
I Aactocs OF AL takrts Oft

J
AN FIANCC

I g Ck.s

I ~

C t.

I'

TYP. XTERIO SPUCE)2.8C MNS TYP. NTERIOR SPLICE R..(OCOLU NS
(IOONING PRON INSIOC NACC)

TYPICALSHIM Ft. DETAIL
(sec sect. Itn, cats s)sz foR IocATX)Ns) ~ 4 Caawre

VN atvT.~ 5 aatrtt'. 2818-28!8 (% NIYI ~~~)
SINAI Sas

vctdlL 0362
ITI A,e NOLR te DCC 6)

4«SA. S ~ I 0

4 rsd vaku456 R

DafdlL D 63

ITJ222$ ASC! COL OC.
acoacc55 NRI~

INIICILA4 Csotwks NI IINksNIILcaao.

STRICT)RIAL
RCACTOR ctltnut

CRRtfRS4L CICCLO CALL SIL 4
)IASNOCTON tNSLC toNCR Satttt STSTCN

vao444 IN I e ~ p

I,

I
I
e

A

Ie
~ e .15-:,. I'4:, 13 I 12 . ' ll

I [

ha v I ~ I ose
uaadk0000454444 Naacrkas

aaaorat«2IILYD warprvcca
ONT.tas kcvo asorko vvhsfsv ta

TST Oar Navee Aataa fah 4404
test Iksaorto oaortcrAIID fco
05 cs oaal So.od,asst rr tal N

Lr
JC

T'f 2

~ ay ~ ~ ~ 4 w aasI

N r»

0 vae e

toalalstft Ical a)aaoarsfea es kate
D rksa etoteajlrvv seaks Dtrkacsavsei
N Ye%ID As Pcea

'"A(OI14%C'MM
kaa ~ O~ aekOL VDPV 'W tkeka fvkwaVNIk
aavsaa'saa faa 4 v o

4/ AIV.5 I kksvaSIIF 'terat ~ I
the«sess el I se(YCD atv ccesorovorssva
axRD faked fafWNSI sc~voe
Aaaotf TDII52),TSSIATI,ASC
octckd»,otstaks>.cnra&tcadtcct
24! drafrt CLRISIOI) Cadet 1(a IaovsltD ps faa K

tk DC «4
Nkasaa Nk V

I
P

5. 4
4 s

vv Aa kr«cr 4 af

~ ~

ITV'.YL S 8SS
'"

A '-

ev
fa



I '~'>y «Vi8&2>'AgW4 ~> 'rygff J

fq''ir<

't ~h

I

l l4

h Pl

+*

I
j.

II h

I
l

W ~

y

ill
gh ~ li

< n
~ h g

I
fjl

I

b

(

gl
E

F

I

(!

i'

ll

I,

h

i

1I'I

I

;i',"

t „(
o,

I lj
1„

h

, II

I.

J

'4

)<1/'Q Jj
(

t

t

a ply h ~~
f'

f
,.ip'

Cl, .h
I

jwi

—UA h 6 h



(5 (4 13 l2 'lo 'o 7

4

". H

:.QTESI t'
~ I'Ok A(ei(IQCvaL Cestts KK OMC SJ ~ I

t ncsTACLATIW~ Fek REACTQk PRESSVCE VCSSQ. OCakluo
PCATE, ~

A) PICPARE TJX TQP SVRFAK CF tiC ~AL I'Qk Qk(VTIIV As
Stfclf'IED (M KCTI(N SA (F TMC Sttc(FICATI(ac

T?DM or ecacnua Jr ATC sDiou T»e or~kcuc I altltKfcksi e'~VATc sie Aaitu rct OQ'AuO CIO IZMD~.CJC
utcc) rrcT» Tscc c)o Auo 'zfo ROFOR uczS %

Pc)4 V45$0» DkrtuTATCOsr.auto» ALC AVMcrf» fakrat Lcutf OM
our»AT@(ccakcuc Jroa(a ccoucrDCMT wct» T»4 pai kftaouf»co

natura akcf c)r ais»T wn»cu s cuw

C) WOTALL THC LtvcLIMC 141.TS;N TIC OEAR(icC tLATC AID kt
VOTA(.L TME eras')4 PLATC Dc TIC PGcESTPL ~ SCT THE I

T»f efaiiccQ PLATE TO Tref ktQV(at(IWLTt'JITcecio fcs~S(44

I
IkV 'FKGQQ ~fsctku. cufT Tee»

Ok sf~t~VM rc)~ypC~WCcrcCO~T
CO»TRACT '1 (C.IJ

D)

C) 40th ID IMFQIMATBNSCOUT nC Vcssa OCIRT ILWCC (XJTACE
IS AVAILASLCTMC OCARINQ PLATC OQLL OC Kt Ltcra lo(THIN
~ ~ IO IHQMCS KC JCITC 0 FOI D(FINITID(Ol Ttxn CKV(L

F) IICTALL NIQCXS AJD N/fs CN uk)CR e(LTS TO MAINTAINefui
II4 tCATC PQSIIIO( O(4(INC CRDJTOC,

C) fICL CAP OEtuEEH OQTTCM (F- ecak(us PLATC AJO C(NCRETC Mini
CRQUT CO)FORM(Me TQ KCTIW )A OI'HE ~(FICAT(W *
RQCEQCORC O(ALL CC PRCtak(D fOR CROVTIJC COCCR TIC etaknC
PLATE MICH SHILL IMS(4(C nQT T)C CAP 15 CQIPLCTAY I'filter
M(TH ID VQID5 RQIAIHINC AFTQC CRQ/TVC IttRQVAL Cf'M(5
PCD(4C ITJ5T OC Ceta(JCD FRCti OSCR PRIOR TO CRQUTINC,
DCVI TQ OE fo'r fOCO FSI

M) RthQVC THC DQMEL t INS DLICC tLATC5 WO T)C LCVEL()4r
CATS FRW TIC ODRIMC PLATE WD CUT WD IXICJVC TIC
OCAC'INQ 2 FROM efak cor (MS IOC Dl

2) /IIIIHE I(LT~(WTME SEARING PLATE 5MALLgrE F
QK(t(EVEU 0 TME EcEARU(SPY(E TQ(s B'ZFAEE 1((THE RED'D
FLAIMc»5 FSC(SM OF (LQ(5ILEMES AIDRCQTEET THE t»VIZFAKP
Ffcc(c ()MQX N rc AX)CQ(t) MCFf cn'E CQVOE)e~»QO( IK)tE Er FCIC

Minsu Oc 'MTMC55'.
Jl AFTQc TJC RCACIQR CESSVCCC VCSSCL IS IH tLACC WD DCG)CKD

Fek LCICSCDC ii(ICM IS OCT(xi(late ACCEPTACLCo fi(L 0+CX ARXJD WCN)k
OQLTS IN IOL(S Iri OGVUCC FLITE rirD SKIRT fak)CX NITN CCVCQM 4'1 ~

IH)T/AL iufucRO Ar(D sa)TS CM T»C AMDCR COLTS ksD TIQ(T(N TIC
44)15 TQ A IOCXZJZ OC 50 Fte LOS ~

KI nc OQCL5 PROVIDED Nlth WC)4)k IKX.TS Io( 02 (Kc (MCe
5)lt) 5HALL DE VSCD FQR TIC: QCTALLATIONOF REACTOR
tRE55(RC vtSSCL

LI AFTQC I'INILKTTICC (F DISC PLATCo CCNTRACTQX OQILr»~
INSTILLATIONtkDQGVIIFOR SIDCIFICIAL WIGD NAIL OCARINC
acO (Qst Rk(ES SY CD(TRACY SIC

A) ~ Rfpakt T)c Tcp scscta(t (F Trc tcDCITIL 0 Qk Qcevtl)c,

6) ()C.ALL TIC etak(MC tLATC Di TIC PCDCSTAI AJD Kt nC
TQP CF TK: etak(MC tLATC TO TIC kGXMRED ELtVATICN QF
$ ))r 4 1/4 V)INC OC(MS, T)C TOP SUIFACC (F TIC OCARINC
tLATt O(ILL DC LEVA M(THIN C I ) I/)t IIKM u((D KIRD4) RJITC
SKCASC TQQEQCR 10 X)Cr( QMK UMT. QXM )CLO $)fkk SJNC TQ
Otkk()C PCATC,

((4)TCO C) WD D) CDmsaXQ IN Glltoc FCIR TM15 $)CKT)

Sack(f (CIAL sh(CLD NaLL ($04) QCECTICN tkQCGXJIC I

I) ERECT CR!WSQ /acti At(ill(iiI 1 TO 141 At Ill TO 141
CF TQ k(f4 OCan At EL ~ $ 14 ~ -I I/4 QnlT PRINT tLATC5
QF OQK COLS IC(Q CLOSURE AXES QVCR JIL AMDC)C GXTso

el ERECT C(L(tws AT AZIJIJTH ~ AJD AT (00 CF TQ TIC OQTTOl
OF CQX CCan AT G. ~ lttr 4 FQLLDMCO DT T)C OQTTQti ui) TID
SICE5 OF Igx DCIH5 OCTMCCN AZIIVTSCS oils CLQDOJIK TO
~ le Wcc 14(e TO Ill ~ Or(It TQP tLATC CF OQX etahs,

C) facet k(JC ecan +I V AT CL, tll I II~ uD lClD TMC

/IQ 1 tckttt (F IErx c(xvras ALL ic(DIMQ 5HAU. Oc DQNc
ti(n RPV AJD (VTOOSID SIDCS Qf MALL CF TO CL Otic I I/4I CLQK TACkaHCC FDIC LEVECJeQS AN) DCICNTATIOH AT CADI
SVQKED(uo klieC DEAH SHAU. OC MIIMTAMCD (M ACCORDANCE
u(TH MQTC I~ (44,$ )02 ~

0) MELD?(4 (cacti wD o!tfk sxw PLATES CEL(N eex Dean Ot
Qg ectuttu C(LVCSCS Ato 1($ TO 41 uD 14(e TO

101 ~ PLACE COND(ETC CF 10 THC TCTTQM (F THCK CQX
OCans Tha(J 0 ItCH OIA PQJR N(XCS PRQVID(D lu THE 601

~ TQri PLATE5 (F OOX OCAii5 AFTCR A HIM(fall (F 1 OAY5r TQP
PLATCS QM OOX etarD SHALL DC ICCDCD WQ DX.(tN5 AT AZ,
oo uD (los OQCL OC ERECT(D TO KL~ itis I I/io AJD DOX
OCaiC I'((LCD M(TH C(NDCCTC SK Ttt(CAL DCTAIL5 OM euo
Slli fOR P(xsc IDLCS WQ AIR ICXXsr OH.Y IDLCS OH CXPQKD
Sill/'ACES Akt TO OC tLATCD OVER Aic) NELDCD tLCCH tCii KC
t(QSC AJD DCTAIL5 OM e(45o

t) QCCCT I'RAHIIC FOR CPCNIICS A 0 I A 14 Kkits,
F) All. COLCIVCS START(NO JT G. ~ $ tlr I I/4 CF TO Ar $)ir

~ 1/ie OR EL, $ 1 ~ ' I/4 SHICL CC EIECTEDC Di(T FRONT
tLATE5 OF QOX CQU)ocs FOC Tlc(S Nt(CHT

Cl (Neck SK(L PLITCS FRQC ~ AZ il TO Ill Lee) /ken AZIll TO 1($ SHALL ef ERECT(D, ILotk SK(N tLATES
SEINE(N C(X(IVV Ufe TO ile AJO lloe TQ (0)e tk(N
KL~ lti' IO CL Uar I ll~ fiQLL TCCDr ec Qttcfte
CCaRCtWlrro OVTEI SKIN tLATES Jkt TREE(Dc

tn C(tck»c IF TQ in(4 CCah Atu AT EL otic-I Ill ShaLL
ec PQVIED nfcV 1 (((Ahcttk OOVR ICX.ES PROVIDCD W nc
LQ) Dt RIIC sean ~tv.

I I ERCCT SCCCDICY etahS CF TO A(4'MCLQ)I)C T 0 5 CL $ 1 ~ r

0 )le CNIT T(l'CATC WJglX ecihS SL015 AT AZ ills
WO 241 IN OCAH IC)VERS (L)) TQ CE Ctft CtCN AT TM(5
T(tt

J) OPDc(JC Slee I'RAH(NC fOR A 1A WD * $6 ARC DEN JLI(XD
(lack Aii)ct(TER SKIM PLATcs e(LQN nxsc OPEN()cs A)D
OQX SEAMS ~J ARE NECDCD TICSC QQnetks AkC TMCM
tCVfcED,TMRU t()JR I(XKS tRQVIQCD

TMC OOX itin ~) SECT(OC SETCCEKM SLOTTED PORT(DCe aS
DES(CMITDJ Cti Ckuil)CS S)l) WD SISS AkC N(N CRfCTED
ALCSC NITM I'ICLCR PltCCS IH fRQMT Df'. SLOTS FOR CDFLCTC
OVTQC tACC CDnnu(TY ON IOX OCAH ~) MAMJTAIH CLOSF
TOClRA:CC (N T(F SVCCFA(X Qf'QX RIM etah (KC itiTC .

lo ~ (Ne S)lt) VK I SP(DER TQFLATE CN OQX CCui CVIVC
THIS CPQCATID( TO nduit ACCVRACYJN t(AH LATIXJT (SCE,
ICITE t4 ~ cac $ )02) nc 60x ecAH ~)(co(EM Got ELE(RJRE
I'IGXS WD Tcr'LATC5 (F SCCTIWS SLOTT(D tCRTIQMS
SHAlL CC C)Mitt(D AT TMIS TMX

L) CCCD Ft(f(t tikTE5 Cf'OX COLSs uti TQP tLATC5 QF COX
CCAhs ~J FILL THESE COX CCWIS NITN C(SKRCTC

nl IM$TAU. INCR Cftu(IC FRWC WCLES AT I t SCR(ts OPMOS

AJD CREET RDQ'IHIIC ()OXR IM PLAtt5 (F TO Q. ~ $ 1 ~ s

t I/4 (COT CF Rl(4 CCAH ) ) ~ OUT CNIT Au. STCCL
. IK)CK)cs uD tcktts CCTMCEN ZDCMIMOS I-tc to *-20 wo
A )H TQ I tJ AT THIS IIIX, (L4404 C(K, K.ICC PLATCS
akc s)cp SKLQ(D To eox scan ~) ~(ws CETM(XM AQTT(D
tQR'IIOM5

Nl (HSTJ(liTIQN CF (tmkkt(W OQCL RCCCCD CF TQ G. $)ir
~ 1/4 ~ «~ C(X)ID(HIT(WAJD IH5TA(lkTICN(F
(HXLATIOM Is CMDOI CN OJR DIC n)00

Ol RD(IIN(NQ (VTCR OC'IN tikTCS VP TQ CL $ )is ~ 1/4 OVLL
ec PLICCD AN) chahKRS FlllED Nltn CDCXCTC TQ That
LtVEL

P) INSTAC). DJTER FRWC AJCCK5 FDC A t KRICS QtiCS, tLCC
(IJTQC K(N t(kttse CVT Cti(T AT Akfk5 STATCD IN STfP Cn),
IC)D SIQC FRVC PLATK5 A't I'VE LECATICH5 AID t(VR
IMEK OCLC5AQ ecntth A t KRICS ethos ~ CQTTCH
Ct' INC CCAh ~) PLACE CDCICETC IH ALC. ~0 OQX
C(LS

0) CQx Cfkn &) KcnDC cctuccu AQTS OQu. ec QKLQKD
OT LQJ)(M~ TIC CQX OCWI TQP PLATES AJD TMW ATTACH
PLATFQ(h etahS AT tile-0 LEVA, FIXIDI6T tLACINO
CDCRCTC (N nCEK KctcDCS nf(U P(X)k MXKS PROV(D(D IN
TQP t(ATC5

Rl IMFkkt(W MAY CC )OOC ecnaXN A 2 KR(cs Dt)CS AT
INIS Tints O/T ACAINs Dilt AT.AREAS CCQCCN A ZC TO
A 20 WD A-2H TO A tl PC5e A5 Pfk IMS(LATIWQCConollo

5) ATTACH Q(PQRARY SHlh tlATts TO DCSIQiATG) PCATlOVI OCAH
QDS IT)k * FUJQ( OJRFA(X At CL I~ lr 1 A)D AT FACC

Qt'O((Kt OCTA(L CN Due 541$ ) ~ TM(5 QtFLKTKS TIC LCI(DC
tDCTIW QP SQI PR(QR TQ IM5TA(lATID4Cf'PPER PQRTIW
CF SSN AN) RPVo TH(5 TQP OJRFACC f4)ST QC OKOTM AND
LtV(L TD tCknl'1 SLIDIICCf'~ STEPS CA) TQ CS)
ARC PERFDVXD OY CC/IRACT 21$ ~

Tl TIC (Pttk tQRTIW Cf'IC 514 OQCL CC QCECTEQ (N T)0CEC
(1'I KQXMTS OUTSIDE.TMC CD(talffXMIV+CLe START(IQ
NITH CL tile 1 (CQTTCN OF R()4 etan t u ) *5 THC
KQ(EMT east. cDmuct t 11 QQu. PRQY(EE Au. )CCESSART

= f(XODAT(DC uD STICCTCRC5 Rc(V(RED fOR Fa»(ICITI)C
TMC SSM KCMCHTS AT SQIC POINT AMAY FROM DCIS(L CDXRATCR
CLQCo IT 15 IIFCRAT(VC EQR STATCD nat(MS TCLQ(uCCSo

Tep cf ecx ecah~)wD TMK scQXMT OAK Rnc
Scan I U ~ nQT TMK I @tact a. $ 41 -1 CC SJCDTM
AJD FDC tLIQIIC WD h(NI(ktl Cato ACAIHo FQR
Cbmkkk(tte a Stl(CR TQFLATt OQLL CC UKD~ SECMDCT
Pack(CaTIQH OT CONTRACT tl1 ~

Vl TICK KCMDeIS eAe ~ 6 A)D Vo As OD(CATED CH tlAT
DEVEL(FIXMT OM CSCo Slf)~ OQLL'6EASSKMXXD IF TO CLo
1 ~ 0 ~ 1 i/i INCUDIMO kl(4 6Q+ht) At A oior 1 I/ie~

FQR'TYPICAL NILL CCTA(LS.KC Di (402 (402 OH
DMC 5)01 AJD TYPICAL tART PLANS Di CIC 51 ~ 1 ~~T FICLD IC(li(MQ CAI4 OC DQNC FROM EITHQC SIDC

Qf'SM

AT TH(5 5TACC FCJCN(on tchtekakt UXXIIC CCV(CC5
AT TIC CVTTQC OF ROC ecahs CCTMCDI SECMEMTS TO IJUC)CE

— f(NAL Pk(tca fit VS ARQJCD RPVr

V) TIC INCR CK(N tLITKS'KMALLKt PLACED F(CDI EL.654554 U) IQ
As $ (os 0 I/4e IICN IIC DJ(KR O((N tuiTCS CKOCCH Q.'e
$ 44' Cer TO sior 0 I/4 KHI(Ltt N5TILLKDNITH DIA
tlcCADI tLATKS AS tCR KCTIWJlti 1124 ~ C44o Stole uk.
CXIM t(ATE5 OQIL Ct CN(TIED AT OATS 40(KXK KDQ(ts

A ~ 0 WD P CUIT Knttn Co TQ 1$ ~ Ito TQ 10$
WD Sls'O $ (so . QP(X(IC FRAM(IC PQR I »JC QQU..~ Ct QIIITKDAT ni(5 I(((» tLACE EDCKTK (N ~-

» '~ CCU24 RUC Kah +trit CLe saor 0 Ilare

Jil CRECTIW CF CQQIH(NI SDI JMQVC CLe Oior $ 1/ie OQCL
= IKM~s DXJJIOCe KIIDs CtCM(L) txui(IC A)D INCR

~ ZXIN PCATES OQIL Et CttctCD IN I)QT Dvocko QE)4()C
f)cant tlafcS hit ct ()CTA(AID (ssr( SSCALeaxtsr'aai rt»
ACCQSr(e IL(tto

Ai)

"(XIIIXO(IN t(ATtS SMALL OC ICLDCD ettlectu EL $ 4)c 0 I/~

u4) CL Slir 0 I/4 WO CTC PLACCD TMRV PQCIC IDLCS
FRQVIOCD IM RVC efan ~t) aT EL $ $4r 0 I/4 ~ en(s

"RQCEGXSRC 15 TO CC~ FOR SCKXXKDICC LKVAS CF TO
TOP Of'SM CL 1 ~ Jr ~ lit ~ ACAIM EXCLCDC ACL SKII

- PLATES ua) CQSCCRCTC AT OAY5 DCTutfu ioe TO Tle ~ 140
TO Ior wD 140 TO $ 1$ EXCEPT As STATED W St(P (Y).

PLACE COCICTC TO nC CREATEST CXTE((T PO)SISLC IN THE akfa
FR(ti AZ 14$ TO FACE Of'QX COLA +4 AT CDJTQC.VC AZ
lo ~ AJD foDC TQP CF RIIC Otah Pt A CL, 1 (4 ~ 1 I /4
VI'O TQP CF SQ( CLo Ills 4 I/2 PT THIS Tltt OilfER
o(IN FLATES AJD Tep QF DQx Stan 4 lic 'THls Akfk oia(L
ec (ti(TTcD TQPQRIRILY Iickc QctcTIQH A(4) teat(cc (F
CCSCRCTC IH SSC(VENT PRQCGXSC IS IIVCDCDr

CD(TRACT tl4 OQLL tRQVIOC ARDOR IXX.T5 WD QTPQC EIDED
IXMTS AT EL 404 ~ Io I/t fOR N(H(NES AJD. CDC AMJXCse
NINDCS Acti EDIC AnJNCS OQLL et FVRH(O((D A)D IHSTACLCD
OY CDcTRACT t01 ~ TMEK IZCCMIQns OQCL CC OCCIR(D OFF
AMD C(NDCECt R(FAIR(D OT CCI(TRACT 204 ~ 'FTCR FACR(

~ CAT(ID TIC KQCM(se TO 1)C Ckfktcst Q(TD(te C(NTRACT
tlo OQCL IQVC IT TO A te(HT ACCESSMLK TQ TIC IQIH RPV
RIQOUS ICXK AS 010KCTED OT CCTJCACT 20 ~,

TQFQRIRY LIFT(IDLIC5 (TNQ tQC KQCNT) OQLL CC PROV((r(D
CN TIC TQP RWS OCul Ql AT CLo $ 4)' I/t OT CONTRACT
NQ, 2($ ~ IMEKLIFT( 1145 OQU. MIVC PQ5(l'IQN(JC
~Dtcncs FQR ADJU5TOC 44)IMIL TO KQOQ(t AID A 5TR(NC
OIEK NITM Je(LITT TO ADJUST PARIUA TO~ FDC A
SIFCo ba(AIKG) CQiDITIOH DURIHS LIFT(NO QPCRATIW nc
5TRQMCQACK OQCL CC OFFICIEHTLY CLEAR Qt'IC TQP

Qf'ICH

KQCDCT SCXM That TIC 5TRQICSACX 15 AO)VC CLe Coos
I~ I/t IICN TMC UPtCR 5144 5(TS Di GF (F TMC UNER ~

= TH(5 NICL ftkh(t HIJC)CS TO ICVC QC SDCSCSADCS i)D
KQKNTS INTO TMC OVTDQLCQ t05(TICN, COHTRACT 200 DULL
tRQVIOC ACL XCC5saRY St~ AJD OTMCR Ll/TIIC AQCCS
KRICS FQR PLIC(SC CIEH KCND(T IH ITS U(100lJCQ POSIT(W

JJ)

- IXI

MDD Ht ~ C1 ~ PICCCSMT CQUKRLIMK AZo Aso i)4) tloe
CCTMCOI tLITKKah ~ WD Rl)C CClti ~) PUIO INCR
QPQI(HC FRVC WC(tso

SIX JACK(he DCVICC5 Inti PQC KQm(t) LCCATIQHS ARE OCSN
CH Ouse 5)lte QC JAEXIIC CCVICCS WCC KEUR(D TQ TME
~CAIFNI ODMS AT Toeo5o Ae silo 2 I/4 tQR QC Io)VC
MDCT Qf'QCMTS INTO IICIR FINAL LQCAI'(QH ACXOD RPVo
PLATtse A5 KAROC POINTS OH FACE Of'ECHCM(so OQCL CC
PROV(OCD Of CD(TRACT 21$ ~

CLI . AFICR RQDVIIC T)C &Actks fRQM TIC FIRST KQQ(t A CO
CRD(NATte JA(XIIC CFFQRY DQIL tCLKCD UT('t(IC RADIALLY
(((g((KQ QJ(ec CARS P(CO(RID(NM Cen TIC IQP OF COX CCAM

- ~)FQR AN ACE()CATE FINAL i~t(W ASAIK5t TME I)OCR
StL(Ct tLITE5 EXTQDOC aDQVK LOX)C SOlo MHW

TIC KCMKMTS ikc IC)VED INTO nc(R 1'CHIL LQCATICN RCATTAEH
TQPCRIRY UXXI)C DCVICK5 AT CUTt(NQ QP KCMKMT ICIIC
CXO FQR IL(CNCNT WD STAS!L(TTo

nl(5 Otckat(W IS RKPEAQD fOR CACH KCMD(to

~Nl EACH KQCMT QQIL )KN Cc ATTADCQ TQ QC Use Ssu DY
1C)DI)C EEUOOC TQ 1)NCR WD Dl(ZX CCLI2$4 CEL(ct-PLATES

= 'N) Eu)t )cCLOIIKCQTTQM~fR(IC Kah Qt TO TQP
Of'QX

RIIC CEAM ~0(ecto Dsto)0 QN OCCe sfol ~ i(L THIS
ICLDncs 15 D(OX QUTKQIRQ FACCo CC/EQG ICLD(ICo
RQC)VE QC Ml)C)ULOll; COll n(K V(CINITYNlni )XN Dcu)k(
t)ATZD ACi )CN~IIQTKQSAVEMte ILSQ RQQVK.IQI

r Csin) crt/Cree recur

00) 1)C'DI SQICNTS DQCL OC L(FTKD IJDIVIDUIILYMITN THC
RPV EXECTIW RIC k UNDC(D ll(TO CCNTAUOXHT VCKA IN
ITS PRQPCk ORICNTATICN OY Ccfm(act IDe 200 ~

CACM KCMDIT OQIL CC Kt DOMN to&o IXlnQRQ RADIALLYCW
(TS f'(HAL AZINJTM t051T(QM OVCR LDCCR PORTIW QF SOI. WD

~ (T OQLL RCST O( Q(PORIRY SMUG Kt CH PCATFCNI CCW(5
AS PQC OC 511$ * CQQRQIHIT(D cttc)kt ufsC QXCTID4
I((Co HIHDCI ASD COIF A LDCS QQLL Ct niece

CO) — CKFERC KIT()CCDN KDCNTS 1N T)C(R CXPANXD PQ5(t(O(5
Qct(kc UCCRSIDC SCSFACC Ef'QCMT CAK ROC CDgt

t U wD Top $U(facts QF oc(les WD oex Rn ecin Qs
CC UDRICITCD tQR SLID(NS NITM A CQat((4) Ot'l

OIL Kt HVC)CIL OIL RGXJIRQCDCTS IH IDTC to

CADI KQIQIT DQLL et KCUC(D FQR STAD(LIIYOY C(NTRACT
)D. 200 CQTXK RAEASIHQ LIFT()C CAQLCS..

AFTER QC KCDD KCMCHT IS PLICG) ~ (ht(XURV MAKERS
OQ(L CC ATTADCD CtnCXM ~so TID ttR JQIHT As
OCD44 &Y CCTAIL CN Otso 511$ IIXKO'A(Q(S ARC AITADCD
OY cDmuct )D. 200 uD FCOOJIOcD OY CQMTPAET 2($ .

THC CPV'OQU. TICN CC LIII(DAJD L(OX)CKD INTO PQSITICH
OH TQP IF RPV Kak()C tlk(K OY CWTRICT )De t40e
PRIER e()OTALCATIW PCXGX1(C FDC RPV Kak()C PLATE Oi
TH(5 CIC OT CCNTRACI ICe tl0
CQX Ctui ~4 OJ)TTKD ARfk5 OQIL ICN CC ENCU)KD NUM QDP
FWNICAT(DqU(LtnJP D(WOCL PIECES Mini CQZXKVO4(NC
(NCR C(XJNN QLI(t PLATES tlALYAIIIDCDAs ttX Ktt(DV
2044 WD 214$ AUSC Min( ~(tt tlkTC OCTA(LS QM CSCo
5110 ~ 'QCtt Cuw(QK PIGXS NJ5T PIY fl(CH D4 ICL OSC
FACES (HE(IDIPC ICL(ftnto IIC OCTIKD PQRYIDD OQ(L tt
FILLED Nlni COCXE(t AID THC PDXC ICLC5 COVERED PQC
OCfAIL Dltl CN OCe St)$ ~

11) ~ IHKRT WD f(LLYNc(D MAID((Ms t I/ie Ihxe tLATc To FILL
~Lk(t etan ~)OJ)TS at CQ(t(SLIME at. IOOS uD

tlo'DC

A OCQIM tUPH F(t Oi ALL OJXFACCSe KK k 0 "

CPJCe OCto CN (aCe S)00 ~

CO) FDJR'RIIC etahs AT DC OJTTNC QF~ A ~ 6 AJD
C SMAIL OC )CCD(D AJD hast FLU$M At (XJTSI DC OJC/a(ts,

tf') ACAIN FOR Icn(IATIW IH5TALCATIWDUII)4'ttps (CC) TQ
CQQ) KC 64R Q(C holi

CO) I)IC(X SK(ke OJTDC SKIM A)D T)CH QPCNIIC 5(OC FIVht tLITCS
DETMEEM I IS TQ A tD WD A ZH TD A ZJ OQU ec P(k(ZD
TMEK charDQQ oca(L n4)4 ec F((LEQ NITM cocrc(t cw
OUTCQAJD Tact (F IQU OY ftkus (F QPO+ikto
ovp(D ATTADOCNT ovck PQktu. at TQF QF oww)c.
IS tLACCD TO A SLIQ(TLY HIQKR Lcra IH ICttCR TO DWQ(R
TO ()CUCK AOKNCC CF VQ(DS F(x( I (RITICAL CORE Akta OcitLD-
WC RKDJ(RQCÃT AFTQC INITIALCOCRCTE Kt~ TMC ICFtck
ocA(L Ic Rtnevte wD Qcxs5 EDJDCCTK (S TRIIYCD AID (LCWRD
TO IHSIDC FACE OF SKIN PLATC P(ktt Ov(X P(v(TAL NITH
MATENINQ Plkit A',4 ICCD tCJ/FM Nlth O(IN tLITE THIS SUR

FAQC IV51 CC AEAM AJD FCV)H TO IXCEIVC STZZL DCQX HVCC
NELDIXNT Ck(tk

Rk) RQIIVI)4'OXR AJD IMQ( OUTER OCIN PLATES Knkxh IL
$ 4( 1 IQ 0 ~I 4 WD $ 4 ~ ~ Akt N(LOCO FR(N (VTDQIJD
Fact. IMCK owens Oca(L et FIUKD ultn CDC)CCIK
FRDI QVTOQARD I'ACC TIVCU ATtADCD ICFtER PORTALSo TD
ODURC~ OF VOID5o Slh((kk TO PRGXDMC STEP CQO) ~

SSI AT TMC Tlc(EE CDOXCTIJC KQCNT CATS ANT On(TTG) fRANIIC
hthKRS sna(L ec lklDED ALON NITM INCR SKIN tLATC5
0"TtR O(IH FLATC5 SMAIL THQ4 OC ExtCTKD PRQQXSSI'iILY
VPHIC), tDJR CIEH DQIDER neu tOUR ICXKS PICVIDCD (M
Rl)C CCWOe CW (ll(CQC) Facts OCFDit SC)JCOC Tlrt )CXT
HIQCR (XJTTX O(IH tCATK (UTIL TEP CF IQU, AT CL $4)r
4 lit ~

TT) RQCVC JAEKOC QEV(tfse OEWCNC tli)I1 FKR JACXDC AJD
LIFTIIC UCS At TCP Of'QLLe 5T(PS Voil TO CTT) ARE
ERFQ(h(D OT CONTRACT tloo

UJ) FKR SOI SPCCIAL M«~DC IEDN((ZJES Kt~IF(fkt(DCSe

0 IN 141K tto I)C TKRh LCVEL DDCXES A LCVCL (LQCWCCCK
(JCT AN EIXVATID(t(XKRANKQf'G TEP CP TMC KAJCIHO
t(ATKI IH )N(CH TIC IW O)2FACK QF IIC Ctuiws PCATC
QQ(L LIC KTHKQI TICI PARILLZ). ICNI&NTALfik)XS Ooacte
~ oo($ INDC5 APARt

Co IN HQTE tl~ TIC tZATNCSS f(HIOIRQZXCD TO ~(FIED *
Lt)(ucct ZDC CDF()CD OY TlD PARILLQ. tLWC5 NIQUN
iiilCMTHK EMTIRC OJCFA(t NJST LIC

te IIC RGXJ(QNQ(TS (F nC MINERAL 0(L Rtftxk(D TQ (N ICIK
CK AS F(XLDDS

A) u(f PHYS ICV Csl QCMICIL~ HM(DI nC 0(L hat
CODECQ DUK TQ Z)IVIRDCm(TALCDDIIIDCI~ (LQJZ)OC
Q«IXDDN DUE TQ RADIATICNthai4ITIIC CD( THK RKIKTQR~ VKSKLo QQLL N)t CIQK IQQSZL (R QCLtTQC
IOUS KIYCtt5 TO C(CCCMÃCAI. ST(KL

6) TIC OIL OQ(L ICT CQNTA(ho 02 QQCXN(» CK AQGXIIIELY
LWo IN TIC FIXLQM(fili

C I) OXF(4JC

(2) DLORIQCS AID MILIQCS Oxli AS DCJXCWto CXDC(nto
fl(DRWE JJD (CO(IC,

Cl nct 0(L OQLL N)T CC A ICLTCDD424 0(SCLPM(DC LIDRICINT
DC A LKID OAK CJCRIEANT

So DCtklLAT)sl tCtOCGVZ (F CADKF(EZALSut(D )4((L KKIJOC JJD
Cast RATE) ~ (GÃTDVG) tkeh 4(kst CQUJIOI )

C) 0)(L OIP CKT)MXMeft(DC CF Cc/Jvru RATE i)D CDKXDK CCIM )FIVCXVVE COD(0 AS
Ck(CZD FC)C Di CCCIF(CITQM$, Mfr OF Dx)UT 011)CCM OPV C. Sooi KJ»e()li RJCCS
QQCL Ct Ltra AT CL 6(QLI(4(e OKVT IQ SC fi'SCQOQ- PSI

, a(CVlke ((»Cc

JLI 11 CEO

Makf as cscrsacc vtuun cck
cssraccn»cs~»AG)

cnl/D eca rrcacucc» cca ~

COCKS us) RDK D)Q
Dies(UXS ara) (csnsncccskf

(scca)L 4 4 as»cocoa a c. ua rcoccua crag

CTRUEl\ScaL
KJ TGC CU(LD'(IC

IfltlILQCIECD IQLL O(eS

MISMOCTOM tVOUC tOHZR tcfttLT $1$TQC
cssrrsss»o I

D) 'M5TALL SIDC(t(C(ki Sui(u) 4(ILL IMSL'LATE QZX(SCC QM TQ(s OF'CC Ssu e(IRIMQ
eaklt ui) )CU) 64SE RATE ~TORO CQC(1401 TO FQIII QNC CJOTe TcQC NSTAIL CXQQK

PCATCS IN eaot PCATC Sofa)C sak ARCS 4(ITN PRDrCR CIT AM) lXLD IXOQ( RATCS
te $(CJR CARS VGD EQvKR Pults TO Bast PLAIC OVER SMEAR Cak )ato
Qttk(LS cu(IN 0N -Dies stet WD ss)$ ~

A

l5, - ....,.. l4 l3 ..l2 -..; . ': .= 'll

a»ss aors ooccaioaac Riurs as Sc» sc)40
a I r tie r

QS a))CON»I C/rar V(OCSJAS»SSO

n »r

v
re . w

1 aosccrcr cue(secs ccaccvccrs Sccoo>

L(9 .v ..I,', -8 .--'.. 7 .-':'*r -6-".- ~
. 5

~closes roo

I I/y
~ ~

V

~ o ~ s »

VP

410 OQ4

stoa

A

POP%4 PCI'~
)Y.a E((OS
()feei. 8 IISE 2.



I'

f(ll ''v

t

l

~~ I
II

I

II II



&y

!IIII'
I

balll~

S@
~

I
1

f

~ g

JMÃr
l

I
P'--iaaa aae~--- M(

I

0

i
/ /s

~eel ~~~)
Jt~ fr

fM~

.I
I

l

j

}

I

I

gri 0

ladle I

l Y

%%%

/

~~a~

e'>

~WC- $
g

'Q~

jg

f4'Y
gP.

-0

~ ~ ~ ~ ~

(I

~, I

~ ~ ~ ~ ~

egmh
5%

~ g ~t

I
I I

I
1

S

'I ~

. ~ ~

4
~ V'~

\

~ ~

~ ~ ~ ~ ~ ~

EG3HiP~Q5--1---
l~~PPt

'RiRQHE9
-- lNERSIN

c t

11)1 j====
MCQGZW&M~kEPl&RMBCZCZR

&KSSRQCAg@~mz.~@amiS~ Q~H~Ã~tz~



h

~ ~

I
h ~

l, l
t

h h

h"t

h ht



0 D

a

+OCS~+

~ ~ oi
~ Q ~

0

' '

~ ~ ~ t ~

g I
I I /la
I

I~i
I I

.I%8,
I

!

(
I
I,

i I
I 'I

~ Oi% ~ o ~ o'ar



F
E

f ~ ~ 1I

~ ', ~ ~



5

15 14 13 12 . 11 '0 9. 8 7 6 5 4 3 2

R.P.Y.

tasksoo TIRNLc 't.
ffke bl'IP.

OSP. Orarr

~ND5'i
/-pfsc ~cc. c/ors55- /sr/4.

5/Coct
2-5/OR/f T/I/5 oRAR/Iuc s//r//ofv/$3.

5RISCtrrO~~SICOSATOSrk&OCASTS/

/$57. 4o
(TVP)

4L A
t5

Sttrlsdilr c

OL

r
/*':::"

4 $35 i
f SACR/PIC/AC SIIIECO

4 IVACC R/AIS OOAAI

rEP.V.

~ .)»

wkfnvp)

rg(
0/ ~ I

Irr25 S PIPS,r~ ACA/ucrau(TV@

I

/OO

OOOV/0 SP CIAC~ $TOOL AOC lctpluo
45/c/P Ovc/uo
„TI/fufcuru4(TYA)

5 Nl/O

b

r

TWR

It $$ 45/4OM
At l4lklt
$TEp ocouc

( I fa. Ocor

rid D ~ PIIACO IMALI
X4 COL/IO.RI CIGAR

C
<Ia WEO AIIOfcCLOrr ofkai fvpy

r '
5GJ/5 MACi/

gg

1'ETAIL

Dr(ATD
SCALCI/PA ICO

/CC PA~@

($ REQOJ)

ECT /I/ 07 - 078
SCACCI/< ~ /-CrP

TIC

Q44 uB.PIPZ g

~++I'=;

SRACt

w 'P for 0 5 wklL
T4'i

LPRC/CLASP POgy r
/2EICS4 RCO22)

~urf
~IIO'ttiWALLfttr)

kicrroN 4544.4544
5. 0

R. ~ I
' Clt O'AXOA/RO <Muckot

R.ge Roo
NLNO 5OCOS ~r
Tslt5 Z Irr~~

'I

CLSLIW

ts 4 'e Oaus
(tet I Oeif)

r.o S
LLSTSISIL

-TS555>t
rre

~4493
RAOIALPAACCCT

Rria'/ots
Asm IIltfftr JC PLukkrrs

TL52 IIRACR

RASIAL
-*4 OALILL.s

C

rtrcscc
~kkccrfii

TSfar 5%
SRA C

prr5rroJB

~3C)rd . ~kc O

~AL
\yki 5

Crtrudr OPOu/CP uP 5 Ct.

IPl Lear 2 IC OLA4
fe o tuIMr/ti)

Ct
7O Tsicf 4( 4

~6s/5 IAas.
CONNCILJL

t~f

= d

k
, /L.

PAN

~r>%OS

d(AA/
Ct(. fr 535

crorkk
Okrc/.

tJ

I''I

I
~IOPN Ca

orrCL sot IL.

/t/ ~ /grl<
gr

T N 77-3077

jCreftif5 5»

ck/Atwf')J

~rtk
I

S TI 4

Ter, I

rraaaa. h
-" )~<col

rANIr
fkk.II
cf jrrk4 IC

W.P.O TOP
O OP CLP IL4ROINI/

~ ~

~p, lor

dP

1/

~rr'„Q

Rgtlilrs

~ PRLOLII445(ru

TTP CITPI

ECLACtft16&D
SO'CILTOP

MfalstRCIC
Oirs.slala

n ~ I '%ayloLILMIa R foR
If(O trrfu COLTS
SLOffls NOLCS IN
Or/rcl OO MINOCR

~ 5 ON< S 10CO
act 5 thioo)

~ O COILT OP
altwstR ~

444CL

I$4RRTRcaua
KuclTRIIIIN

-
~ I(IItL,st( cll

5

4
OCALl ~ e

I''OLAN

A EL5705
serac c I

mal
a. ~

C.-t
~g

rear IL
-(IL I'IL

COL.CCfCNarON At22
Orrle SIC OCL Osas

CL.S11CCII

wla(cs',da'.cts'gd7

I'op
op,rtu

CC.

sctaf up LRNLLR

wacbo I'2TOJ
TS O FOR OCTACLS
SCS SCCT

4'I4

4cfkfOATAStot(oo)
0TTP~

F PTIO 2 4-42 4
4 aVCr-I/O
ucuCCR JVP/ SC. CPA+scots'u)J

T ION 42 3-42 3 GTNECTsacrC &CAL
SCALCI IL el'4'

~

fatsffAPIT gcf OuOIII

(girli(ro
LlI It' frOrOF TA IL D5353

//1'Anyri~

CTC
IOQI

93 0OCALI Ifo
.- TOI(SAC~IV ~ 4$ 1a

\I
~orkktrrs Pris $ A
aaccttc a. orckarkeIIL$7

I(ACTCJM
LACiCNOsr~. )

gA/tA0 tk
LSCSL

SSALI'LICSP.

Sf/PEA
/CS)

I
mft/$$ R/uo

h'S RIP
k IrcuNT ON
otkr 'k'NL ~

oorCNIICNS of
SIOIIIICCS C5I
ofRLAoak us. Ao
SCOTOI OllCrtslff

T ErÃLTQWtaRCRt~'f0~
fei. OITCTANOTOruru

'ct»TIOIa soft
* .-(rhsfltA.r

112 ~. 4$ SROIRI,
~ Rc Stet.so11

'WOCRLTNC CO
'lir

/2 O

- I(tiTORIIC PP

III'CPJ lfle
(IL
tr/Caaft fy$51

5

*.
ECTION 9089-3089

5crcc/$ 'CIO)

4 ~

SECTION 3090 3950
SECTION 427(o 427<*~

55CACO:y'/CO
S PRI

Q. CLICR CIOCI
OCALtlgo I'r

0'E.0 09 9
SCRCOI Q
ulO'=D/LD ~r f»

~RJ ~llL ICI~OULSECTION 4275 4275
SCALCI o(.OSE T/0 09 09 STI~ Tlat@

CXCCTC4T~~ CACAO' ~ SrcrtI ALL IIClgk'IITI(/5 (fl$4W/Ask'5 4Q4LITY CL/$55 Z
CC4CCC. -$ e(C) CfCrcÃCQD

TIISRSCNNIOICC)C OCCtR 55OOLT CTCTCR
oeocos ii t

Sakiil
MCOA S. cutookoo CAcc or

SEGTIDN 433( 453(A

gfrALYI/fleas)—
TSIO

C

~ .

5

~I TO 5 I 4

R o 5/ ~ 4 ~ oN
Ori 5

2IO'Ck OOOO

PJ

P.c oP.

~ 55N rr
orka. o AIJ/co kcR
O lr'O. ADPOOVSO MCOIW
CCNt.tis Rarr 0 Pcuicr LLArlooacot
oaf okao(stf aofao accftcttaccca
CIIROLIll:$$ » fkttl(kl)AACO

I'vt

Sacra SOOT C!Ott ilier ltac(kr
LIIO klCLA ecu 5MS-

I rr -'5 Nr Tkr

~NNN

% rr

OOOCNT
455'N

Air NN5 iN
r-I CJ

Mrs uofco
TT-

Nrl 5 5N Nr PI

xe ~LA"
'5 .TL 2CILa

3 SC"3-

;, =«3l
5

5



'tw
t

n

l,
)—~— 0- "0 '-' ~—' — —~

I



15 14

r
12 = . * . 11 10 9 - -, 8 7 .

'6 "- 5 '4 3 2 1

K

4. 6 STTTP.

4. Ata votes

Cc

4„9

i pg
/0

~«LLII'STIFF

.5.SS ~
par 1

4 2 ST CF,

~<'t. 0 O~QX

I

-1, c

„/

8''

4~)t Tr

«(~ P O/O

NOTE,S:
I, Fca oc»IPAI. »DTLs DIL o»4. DT42

2 WCPK T»4 tttttkwtt» ca»os. TITSC
4'Tos ssso Tvrat Dsso. Doos,stoo4I,
SIOI4 DIOSCA~ CI24 C S CITS

TL @Ot»OTCO Dakatvfo-»SAIOCIL-

""- 'A
I

4 T 5
2 (e4

IC

'Il>0 2 II » LL

tP I 41~ 2 Ck Lt
2 P~'Oe

4(to rl T(~ 2;X
(tt4 OA} (

p

2 Ol STPC.

C I4 Ala ttoacs Clvp>

LS

„'0"

o//1

IT/
TL( jy

2TO

PART PLANS Q EL. 557-K}

~
'4

24 4O.(

5tc'4 ~ear Ococu'cfear
octal »TLCS

~C~ ' 2 STOT S.
Ttos TO la.
»ILILOtrIIA '!L

wcao Toa wQ
~») aao TO 44»AOI. ACTCIt

wrkco»ICTLD tlfoaC~~

PAC I OS 4 244'

TLa~-
OAAI I4

S (TSS

'I AC tk
cIl

Llvr)

CS S.aCC as

/ AL
fJP'@

g

Oc .'Sl ~

TO

Alt4(-/ »AZ 4 'I 4 /a
Q.ko $ As s1/Ls(

1r
4 S

crt IILAA

PART PLANS O'L. 562'H& EL. Sro4-II
I r«44'o ~

=-CC ".

L5'ALIlo

*

", «I'}-IOIO

P 4F

,4// Ij

CI «TICE" J

At.l.
TE ''='

CTOT«CAIC ct 2& SLC.WLL t»SLCw 4 c.ot cf Octo 4 2 co nake.ca
S»CACO SLTTCC TACIC AT244 LATL
. LATC TIT> TICIOA( Ara'l4 4:lilt
Tc cc oo»c To pcoaktc»ctrk cr rp
44 LAICST rCLTSIO»

Tgkt ITO

fLATFG21TI PLAN AT EL.52 '-GV
CTOI OF«IIC'A U.II.T

OAI,C.P ~
ILO'»toltlaltr»AVO Ottktt »4

otcFLA» AT244abttoLror45>TISLsalC)

Gtokalt)IIC SCALES:
oel 2'as'' O' ~ ~

s«cttP ICO Ct

r 4 SSOPC»atra'I gf
4 ~ I 4'

AXttc«ALr Lcaktc»L ov 4»40«LIL CIltcctttkrakt TTPLL utar S 44 oleo
I I

.rf

CTTIC)—

Or tf L}ETAI'-10II

SECT.'3096.3096
DCAA. S(-TO

(tace

4/ ~0 TO
1/8 IIOS

4STFF,IS
»0 OTITC. 4
SLT»IIII
AX.22SIC'2S(

r ssolok

~~T. SO
Poor»ATIo» KIT c»o»»

PART ELEVATICN

I
+IlSactar IC,

SEC'T. 4CCS.AOI8
oc«LL. 14 too

~ICCaC 4

III'at'ac tap 4

SECT. 40% AOI6
-.P

SECT, 4025 4025

2'STTF a-I
g (S DISCO

tascllr

4 voaIT.DTIFF.
~SO

SECT. 40OCCA/El

SECT. 4097.309T

cvtrc«to rkca

CLCCt»O A«O
To Tor'H'oa 4»

Vr/CKLI tt

4» 4OI6

ELEy/LTac)42 A*l 4~AT skt Ao Otac»r»

I5L T)I

I;.
„FAT If.tt

PART ELE.LLIAT10SI
OCALL te ~ I'O

4 LI Lafor«K Otl VIS 0 Av I«tak
Ib C)aak LTT cL«ss I

I Ottrr STAalTCD CC P
cpA»IIM Arcrtctcc rrl co«s wo Tr

rtc IA'I«oaoo I«o«rotktao park
CIS<$ .0444(»IICI) ~ CISKS Oa Taol}

cf»1.2'4 044 SIL ~ O'IotvF ALIll)k ourosuF '$2>st)lok T cl cpccrakS FIL pot LCTC ItLT

Coat 4411, 'l5

c

'»TTO -r

~ »IL

~ ~ I' 4'' e

LS CO

9 '/5
I

BIIICSS A)») ICOE.
4<CSICCCS AIOI~S

COIOIILIL4. IPOC544 ILl Lla LICCLILCtar

STSVCTUSAL
IIC ~ C'ta ggo.

okcttat ICIALCYCLO ICALL

TtL~ «TITDIISIISLC ltt)TTCS SIOOLT STSICTI
»LIOOL0 4« I

»» AS Wa» ~.Lo»«t A»I 4«tls
S 4 V~jkr TLM~

IV 0. 2808
022'866

15 14 12 10 7 = = 6 5 4 2 1



II

I

a

)p

J
I

t ~


