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ABSTRACT

Welding on the Hanford Site is an everyday occurrence, and most of the
weldments made on site are relatively straightforward. Groove geometries, weld
filler materials, and choice of welding techniques and welding parameters are
normally decided by past experience or weld handbook advice. However, there
are other weldments that might employ new materials, as well as one-of-a-kind
welding situations not covered by previous experience or by work reported in
the literature.

Implementation of a verified analytical weld assessment method would
allow: 1) optimization of weld metal and heat-affected zone microstructure,
and 2) optimization of variables that affect structural deformation and
residual stresses. These improvements would maximize structural stability and
minimize service~induced environmental degradation, Development of this mod-
eling capability can be expected to decrease weld parameter development costs
and greatly reduce the lead time (or system down-time) needed to develop these
parameters for unique welding or repair-welding conditions,

Realistic prediction of weldment thermal and strain history will require
the use of a finite element model. Microstructure and resultant properties can
be predicted using complex computer-based microstructure evolution models,
literature-based empirical equations, or experimentally established behaviors.

This report, prepared for UNC Nuclear Industries, Inc. and Rockwell
Hanford Operations by Pacific Northwest Laboratory, examines the feasibility of
developing analytical methods for establishing weld parameter envelopes in new,
complex welded configurations.
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ASSESSMENT OF THE FEASIBILITY OF DEVELOPING A
HANFORD SITE WELD MDDELING PROGRAM

OBJECTIVE

The objective of this program is to determine the feasibility of develop-
ing analytical methods for establishing weld parameter envelopes in new, com-
plex welded confiqurations.

INTRODUCTION

Welding on the Hanford Site is an everyday occurrence, and most of the
weldments made on site are relatively straightforward, Groove geometries, weld
filler materials, and choice of welding techniques and welding parameters are
normally decided by past experience or weld handbook advice. However, there
are other weldments that might employ new materials, as well as one-of-a-kind
welding situations not covered by previous experience or by work reported in
the literature.

Implementation of a verified analytical weld assessment method would
allow: 1) optimization of weld metal and heat-affected zone (HAZ)} microstruc-
ture, and 2) optimization of variables that affect structural deformation and
residual stresses. These improvements would maximize structural stability and
minimize service-induced environmental degradation., Development of this mod-
eling capability can be expected to decrease weld parameter development costs
and greatly reduce the lead time (or system down-time) needed to develop these
parameters for unique welding or repair-welding conditions.

Potential applications include: primary welds, repair welds, air- and
water-backed welds, and auxiliary pipes welded to water-filled pipes. Poten-
tial fabrication materials include: stainless steels, ferritic steels, super-
alloys, titanium alloys and aluminum alloys.

The weld assessment method is expected to include the following steps:

1) calculation of thermal and strain characteristics of a weld/repair as
a function of weld parameters, joint characteristics, and base mate-
rial (Task 1)



2) estimation of weld metal and HAZ microstructural evolution resulting
from weld-induced thermomechanical (TM) history (Task 2}

3) prediction of resultant properties such as hardness, toughness, cor-
rosion potential, and stress-corrosion cracking (SCC) resistance of
the weld metal and HAZ microstructures (Task 3).

Realistic prediction of weldment thermal and strain history will require
the use of a finite element model (FEM). Microstructure and resultant prop-
erties can be predicted using complex computer-based microstructure evolution
models, literature-based empirical equations, or experimentally established
reaction behaviors.

This report discusses the results of a Pacific Northwest Laboratory
(PNL)(a) investigation of the feasibility of developing a Hanford Site weld
modeling program. The report was prepared for UNC Nuclear Industries, Inc. and
Rockwell Hanford Operations, who are jointly conducting the U.S. Department of
Energy-sponsored weld modeling program.

(a) Operated for the U.S. Department of Energy by Battelle Memorial Institute.





















































































































_ CONCLUSIONS AND RECOMMENDATIONS

It has been determined that it is feasible to develop a computer-based
Hanfard Site-specific weld modeling capability. Initial near-term modeling
efforts would result in realistic modeling of the HAZ within a year of program
initiation. Long-term modeling efforts would result in complete weldment and
structural component modeling capabilities.

The type of empirically based weld HAZ embrittlement prediction models
demonstrated in Task 3 could be readily set up as a follow-on to development of
the weld thermomechanical prediction capability being assessed in Task 1., The
weld TM prediction model would be used to predict the required hardness or
presence of susceptible microstructure for a specific welding situation. A
generic model that could be used for analysis of Hanford Site welds could be
prepared using empirical relationships presented in the open literature. Final
adjustment of the model to specific Hanford Site weldments would be achieved
through an experimental weld matrix that included Hanford Site-specific mate-
rials, such as previously proposed to UNC by PNL for developing site-specific
welding parameters for the temper-bead weld repair technique.

The development of a Hanford Site weld modeling program with which weld
engineering personnel can successfully interact is expected to be a multiyear
project. Near- and long-term recommended goals are presented below.

NEAR-TERM MODELING GCALS

® Modeling thrust will be toward predicting welding parameter envelopes
based on acceptable HAZ microstructure.

¢ The majority of the models will be empirically based.

o Initial thermal model predictions will use the commercially available
FEM program ANSYS,

o The Goldak model will be used as the basis for development work
toward increased FEM accuracy, efficiency, and usability,
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e The FEM analysis work will be performed by personnel trained in
finite element computation techniques.

LONG-TERM MODELING GOALS

® Modeling thrust will be toward predicting welding parameter envelopes
based on acceptable fusion zone and HAZ microstructures and struc-
tural component integrity.

e The model(s) will be based on first principles,

¢ The Goldak model will be used as the basis for the TM history FEM
development work.

e A1l model predictions will be manipulable by welding engineers.
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