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EXECUTIVE SUMMARY

Both the Occupational Safety and Health Agency (OSHA) and United States
Environmental Protection Agency (USEPA) policies regulate certain fume components
emitted during welding operations. Specifically, the policies of both agencies regulate
hexavalent chromium (Cr*®) emissions. OSHA policies regulate Cr*® occupational
exposures regardless of their source. USEPA policies, however, do not directly
regulate hexavalent chromium emissions from welding operations, although it does
regulate Cr*® from other sources (e.g., electroplating operations). EPA personnel are in
discussions with stakeholder regarding an expansion to include hexavalent chromium
emissions from welding under the National Environmental Standards for Hazardous Air
Pollutants (NESHAP) for Shipbuilding and Ship Repair Facilities (Surface Coatings). In
locations where USEPA regulates fugitive emissions, it may regulate Cr*® as well as
other components of the fugitive emissions. Other welding emissions of potential
concern to both agencies are nitrogen oxides (NOy), carbon monoxide (CO), ozone
(O3), total particulate matter, and metals such as manganese, copper, and nickel.

Welding operations are an intrinsic part of Department of Defense (DOD) equipment
maintenance operations; hence DOD personnel are seeking to reduce emissions from
welding. The demonstration described in this report compares emissions from Pulsed
Power Inverter (PPI) power sources to the power sources used during existing welding
processes, typically flux core arc welding (FCAW) and shielded metal arc welding
(SMAW). PPI technology is reported to produce lower emissions compared to
conventional pulsed power wire welding techniques. This demonstration was performed
on mild steel (<0.5% Cr), HY-80 steel (1.0-1.9% Cr), and “chrome-moly” 4130 steel
(nominally 1% Cr) test plates at four DOD facilities (2 Navy, 1 Marine, and 1 Army). It
should be noted that DOD equipment maintenance and repair operations do not
typically weld stainless steel products in large quantities. The test plates were also
evaluated for weld quality to determine if PPl provides comparable integrity compared to
existing technology.

Initial laboratory tests were performed to optimize power source settings for PPI welding
power equipment from several manufacturers. Using American Welding Society (AWS)
test methods and the results of the initial testing, two PPl welding machines were
selected for evaluation. Optimization for fume emissions did not produce quality welds
required to meet the standards for tactical vehicles and ships. Generally, the
manufacturer’'s recommended settings were found to be a reasonable compromise
between weld quality and reduced fume generation.

Field demonstrations usually consisted of a baseline week of contaminant collection
using the conventional system and a week of PPl fume collection. A fume ventilation
system was set up to collect a steady (i.e., constant volume) stream of fumes from each
welding event. Particulate matter was withdrawn isokinetically from the ventilation
system ductwork during welding operations (using a modified EPA Method 5 sampling
train), and separated into nine particulate size ranges using a 9-stage Cascade
Impactor (Cl) in the fume sampling train. Each impactor stage was weighed to



determine total particulate distribution. The contents of each stage were analyzed for
20 metals, including total Cr and Cr*®. In addition to particulate/metal sampling, real-
time continuous emissions monitoring (CEM) was conducted for NOy, CO, and Os, by
withdrawing a continuous gas stream from the ventilation system ductwork.

Industrial Hygiene (IH) engineering (area only) samples were also collected, using
OSHA Method 215 and the National Institute for Occupational Safety and Health
(NIOSH) Method 7300 and analyzed for Cr*® and total metal content, respectively. IH
samples were sampled continuously throughout each day of welding operations, both
near the welder (about two-feet away), and at a more remote location (about ten-feet
away). The concentration of metals sampled in this demonstration were expected to be
of lower concentration than typical from more representative welding operations, since
the majority of the fumes generated were removed by the fume exhaust ventilation
system used to collect particulate emissions. Many welding operations are performed
with only natural ventilation, rather than the ventilation system used for this
demonstration. This is particularly true during quick repairs and outdoor welding.

The intensity of ultraviolet (UV) emissions from the welding operations was also
evaluated. This was accomplished by placing a real-time UV sensor near the welder,
within line-of-sight of the welding operation.

Particle size distribution data show that emitted particle size was predominantly in the
sub-micron diameter range. Typically, over 50% of the particles (by weight) were less
than 0.8-micron in size. The only metals present in the welding fumes at significant
concentrations (above about 5 percent) were iron, manganese, and magnesium.
(Aluminum, zinc, and barium were also present, but they are believed to be an artifact of
the CI substrate filter material.) Other metals that appear in the 1 — 5% range were
arsenic, nickel, strontium, and copper. Total chromium appeared in the 1% range only
during welding operations on chromium-molybdenum (Cr-Mo) 4130 steel at Southwest
Regional Maintenance Center (SWRMC). Otherwise it was typically less than 0.1%.
For almost all sampling events there was not enough Cr*® in either the Cl or IH samples
to violate either EPA or OSHA regulations, including OSHA'’s recently promulgated
requirement (71 FR 10100 — 28 Feb 2006) of 5.0 micrograms per cubic meter (ug/m?)
for Cr*® exposure. The exception was welding 3140 Cr-Mo steel where Cr*® IH
emissions were significant enough that they averaged 2.59 pg/m?®, with the highest daily
value being 8.60ug/m®. Unlike the other welding sites, the SWRMC welder wore a
positive air pressure {assisted} respirator (PAPR).

For most of the welding operations, Oz emissions clearly increased to more than 100
parts per billion by volume (ppbv) compared to background concentrations (below about
30 ppbv). NOx may also evolve during welding operations, but it is more difficult to
determine quantitatively because of interferences from local fossil fuel combustion
devices (e.g., trucks, fork lifts, water heaters). Some welding operations did not show
significant increases in NOx or O3 concentrations compared to background. CO
emissions do not appear to significantly increase above a background as a result of the
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welding operations. However, the presence of fossil fuel combustion sources, e.g.
forklifts and nearby unit heaters in the test area, did result in elevated CO emissions.

There do not appear to be any obvious differences in any of the emission parameters
from PPI versus conventional pulsed power sources. It appears, however, that SMAW
produces a greater particulate loading per amount of welding rod used when compared
to wire welding techniques, a well-known finding.

Test plates were evaluated for weld quality to determine of PPI provides comparable
integrity compared to conventional power sources. The quality of PPI welds, in terms of
tensile strength, yield strength, and Chevron V Notch (CVN), was equivalent to
conventional pulsed power sources.
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1.0 INTRODUCTION

1.1 BACKGROUND

Pulsed power welding is a conventional welding technique that has been used for years
for wire welding operations. A recent modification to pulsed power welding involves the
“‘inversion” of DC power to AC power for what is reported by equipment vendors, to give
a better overall welding performance. Pulsed power inverter (PPI) technology is an
improvement to gas metal arc welding (GMAW) technology. Along with improved
welding performance, enhancements are advertised to reduce emissions of some
welding fume components. DOD craftspeople perform welding operations at most of its
facilities; and in particular, high volume welding is carried out at facilities dedicated to
the major overhaul and repair of large military equipment (e.g., ships, tanks, armored
personnel carriers, weapons systems, etc.). Therefore, it is beneficial to the interests of
DOD to compare conventional welding power sources to pulsed power inverter (PPI)
welding power sources to compare the difference in the rate of emission of fume particle
sizes and metal constituents, as well as the weld quality.

1.2 OBJECTIVES OF THE DEMONSTRATION

The objectives of this demonstration project are to measure fume components and
emission rates from both conventionally powered power welding and PPl power
sources, to determine what differences may exist. These components are: (a)
particulates and the metal oxides, of which the particulates are primarily comprised, (b)
nitrogen oxides (NOy) gases, (c) carbon monoxide (CO) gas, and (d) ozone (Os) gas.
Atmospheric emissions of these components were measured, as well as a measure of
the relative exposure of these components to welding personnel. In addition, the level
of ultraviolet (UV) radiation was measured. To the extent possible, these parameters
were measured relative to the welding parameters performed (e.g., length of weld,
amount of welding wire/rod used).

The quality and quantity of welding emissions become academic if the quality of the
welding being performed is inadequate. Therefore, many of the welded test plates were
also evaluated to determine their metallurgical properties (e.g., tensile strength, yield
strength, toughness) ().

1.3 REGULATORY DRIVERS

Both OSHA and EPA regulate certain components of the fumes emitted by welding
operations. Specifically, both agencies regulate hexavalent chromium (Cr*®) emissions
in 29 Code of Federal Regulations (CFR) 1910.1026, Hexavalent Chromium, and 40
CFR, Clean Air Act, respectively.

However, USEPA regulations do not specifically regulate Cr*® from welding operation
point sources (as they do, for instance, from chromium electroplating). From some
facilities USEPA regulates fugitive emissions (i.e., emissions from other than point



sources), of which Cr® may be a component. Additionally, chromium compounds
(including Cr*®) are one of many USEPA-designated Hazardous Air Pollutants (HAPS).
Manganese and nickel compounds are also HAPs. However, there are no specific
regulations relating to HAPs with respect to welding operations. EPA personnel are in
discussions with stakeholders regarding an expansion of the National Emission
Standards for Hazardous Air Pollutants (NESHAP) for Shipbuilding and Ship Repair
Facilities (Surface Coatings) to include hexavalent chromium emissions from welding
because 2006 residual risk analyses are not reflecting EPA goals when considering
surface coatings alone. In some situations, for “major” emissions sources, total HAPs
from a facility must exceed 25 tons per year, or 10 tons per individual HAP before they
are regulated. Welding emissions from DOD industrial facilities may contribute a
fraction of those quantities.

OSHA’s recently promulgated a new permissible exposure limit for Cr*® exposures at
5.0 microgram per cubic meter (ug/m°) on a time-weighted average (TWA) basis from
any source. (71 FR 10100 — 28 Feb 2006) Previous OSHA requirements for “chromium
metal and insoluble salts” were 1,000 pg/m® time-weighted-average, and for Cr*® in
“chromic acid and chromates” the ceiling concentration were 52 pg/m® - 29 CFR
1910.1000(a) & (b), Tables Z-1 & Z-2, Limits for Air Contaminants. This demonstration
anticipated a reduced standard.’and used new field and laboratory analysis
methodologies reflecting the more stringent regulation. @

Other potential welding emissions of concern to both agencies are nitrogen oxides
(NOy), carbon monoxide (CO), ozone (O3), total particulate matter, and metals other
than Cr*®. USEPA standards regulate NO,, CO, and Os in ambient air with specific
standards, but do not generally regulate these gases from point sources except for
major sources such as electric power plant boilers. Nor do USEPA regulations address
specific metals in ambient air (except lead), but only from certain point sources. Total
particulate matter is addressed by USEPA regulations in both ambient air and from
most point sources. However, welding operations are usually small enough that they
are not regulated as point sources. Total particulate matter may be regulated as fugitive
emission sources, but only as part of the total emissions from a facility.

OSHA permissible exposure limits (PEL) regulate industrial exposures to NOy
components, nitric oxide (NO), and nitrogen dioxide (NOy), at PEL/TWAs of 30,000
ug/m® and a ceiling limit of 9,000 ug/m?®, respectively. The PEL/TWAs for CO and Os
are 50,000 ug/m?>, and 100 ug/m? respectively. OSHA also has TWAs for most metals
in addition to Cr*®. These are listed in Table 4-1 (end of Section 4.0).

1.4 STAKEHOLDER/END-USER ISSUES

The stakeholders and end-users of PPI technology are: facilities that perform welding;
companies that have developed and manufacture PPl welding equipment; regulatory

" The ceiling for “chromic acid and chromates”, which are the only forms of hexavalent chromium listed in tables Z-
1 and Z-2, were Img CrO;/ 10m3, which is equivalent to 100 pg CrO3/m3. CrOj; is 52% by weight Cr; therefore, the
effective Cr ceiling limit was 52 pg Cr/m’.



agencies such as USEPA and OSHA, who are obligated to protect workers and the
public from potential emissions; workers who are exposed to welding fumes; and the
general public who breathe the air near welding operations.

For welding facilities, PPI technology must produce welds whose quality and integrity
are comparable to conventional pulsed power technology. Ideally, the emissions from
PPl should be no greater than that from conventional technology, or there may be
additional costs associated with worker protection, and fugitive dust emission controls.
In particular, metal emission factors should be determined, especially for metals that are
believed to be relatively toxic, such as Cr*®, copper, manganese and nickel.

Companies that manufacture wire-welding equipment (e.g., Hobart, Lincoln Electric,
ESAB, Miller, etc.) clearly have a financial interest in supplying reliable, economical, and
otherwise competitive welding technologies. Such competitive edge is influenced by
fume emission production.

The legal community is a recent addition to stakeholders particularly with respect to
welding and manganese. Several recent studies indicate that exposure to manganese
generated during welding may lead to central nervous system damage that manifests
itself with early-onset Parkinson’s-like symptoms. ®®®) 'Results are inconclusive with
conflicting reports from both sides of the issue. There is an aggressive effort by some in
the legal community to bring cases against welding operations. For example, an
October 2009 web search for manganism, legal and welding evokes over 100,000 hits.

USEPA and OSHA professionals advocate for the health of the general public and
workers respectively. They must ensure that the emissions produced from any
technology do not create excessive health risks. To accomplish this end it is important
that they have access to unbiased emissions data.



2.0 DEMONSTRATION TECHNOLOGY

2.1 TECHNOLOGY DESCRIPTION

Electric arc welding is a technology that has commonly been used for decades to
metallurgically bond two similar pieces of metal together. During electrolytic welding
two pieces of metal are placed next to each other and an electric current is passed
between the metals being joined and a consumable rod or wire electrode of compatible
composition. The electric current generates sufficient heat to cause the electrode and a
portion of the metals being bonded to melt. Upon cooling, the pieces being bonded
form one essentially uniform piece. Initially, metal welding rods were used as the
sacrificial electrode. Each rod was coated with a “flux” material (for steel alloys the flux
is limestone i.e., calcium carbonate based) to inhibit oxidation of the parts being
bonded. “Stick” welding (i.e., using rods), also called Shielded Metal Arc Welding
(SMAW), is an intermittent process. That is, if a weld consumes more than one rod,
then additional rods are used, until the full length of the weld is completed. SMAW
continues to be a popular welding technique especially in difficult to access locations
and quick welding tasks. Stick welding processes do not use a shield gas.

In wire welding, a roll of wire is continuously fed to the weld site. The wire may be solid
or it may have a flux “core” (i.e., the wire has a hollow cross section, the center of which
is filled with a chemical flux). Regardless of whether the wire welding process is Flux
Core Arc Welding (FCAW), or Gas Metal Arc Welding (GMAW), the welding is done
under an inert shield gas. The inert shield gas provides the primary or additional
protection from oxidation. Inert gases used during the welding of steel alloys are
primarily argon in combination with smaller percentages of carbon dioxide and/or
oxygen. Stick welding is reported to produce more airborne particulate matter than wire
welding. The particulate matter is primarily metal oxides, which are minimized by using
inert shield gases.

PPl is a wire welding technique that looks similar to conventional pulsed power wire
welding, in which the electrical current is carefully controlled to melt the metal parts (i.e.,
the welding wire and portions of the metal parts being joined). This is made possible
through the latest achievements in solid-state electronics technology. The electrical
current waveform characteristics (e.g., pulse frequency, background and peak current,
rise time) are continuously adjusted electronically to provide more precise control of the
welding “arc”. Older conventional transformer-rectifier power supplies may have slower
response times for the ramp-up of welding current from background to peak values.
PPI allows responses in the range of milliseconds (See typical waveform graphs in
Waveform (Appendix D). This control permits easy alteration of the welding waveform
through available software packages, to custom design and optimize the waveform for
any application. The precise control of welding parameters prevents overheating and
uncontrolled vaporization of the welding wire as it melts and transfers to the molten weld
pool during welding. Spatter and fume generation are also decreased in the process.
The solid-state construction of PPl units makes them lighter and more compact than
conventional transformer-rectifier systems. Manufacturers have cited the ability to meet



worker safety and environmental requirements without the use of additional engineering
controls to extract fumes.

In this demonstration, all three welding technologies, SMAW, GMAW, and FCAW are
compared with the use of Pulsed Power Inverter (PPIl) welding during field (non-
laboratory) operations.

2.2 TECHNOLOGY DEVELOPMENT

According to recent literature, use of PPl can result in generation of lower fume levels
than conventional pulsed power welding operations because of controlled droplet size
and use of lower average welding current. A 1993 laboratory study by Harvey Castner
©) compared pulsed current gas metal arc welding (GMAW) to steady current GMAW.
This paper describes a study of the effects of pulsed welding current on the amount of
welding fume and ozone produced during GMAW using a range of welding parameters.
Fume generation rates were measured for steady current and pulsed current GMAW of
mild steel using copper-coated ER70S-3 welding wire and 95%Ar-5% CO, and 85% Ar-
15% CO, shielding gases. The amount of fume generated during welding was
determined by drawing fume through a fiberglass filter using the standard procedures
contained in ANSI/AWS F1.2. Results of these measurements show that pulsed welding
current can reduce fume generation rates compared to steady current. There is a range
of welding voltage that produces the minimum fume generation rate for each wire feed
speed with both pulsed and steady current. The data also show that using pulsed
current does not guarantee lower fume generation compared to steady current. Welding
parameters must be correctly controlled if pulsed current is to be used to reduce fume
levels. Fillet welds were made to demonstrate that the pulsed current welding
parameters that reduce fume also produce acceptable welds. No significant difference
was found in the chemical composition of fumes from pulsed current compared to
steady current. Fumes generated by both types of current are mixtures of iron,
manganese and silicon oxides. Measurements of ozone generation rates show that the
pulsed current welding parameters that reduce fume also increase ozone generation
compared to steady current welding. An in-depth survey report by U.S. Department of
Health and Human Services "), focused on process modification as a method to
eliminate or reduce the ventilation during GMAW. Many of the welders in this study
used PPI technology, rather than conventional pulsed power welding power sources.
Results from the study concluded that total welding fume and elemental exposures were
significantly lower (24%) during PPI welding compared to conventional pulsed power
arc welding. The California Air Resources Board (CARB) ©® studied both mild and
stainless steel welding processes to determine welding emission factors for several
processes and confirm results from several particulate studies. CARB found that for
pulsed GMAW an increase in fume generation rates correlated with an increased
particle size. In addition, pulsed GMAW reduced the grams of particulate matter (PM,.5)
per kg of electrode used by 30%-40%, when compared to conventional GMAW welding.
Although there was a slight decrease, there was a smaller percentage reduction (less
than 10%) in grams of Cr*®/kg of electrode. Other studies indicated similar results. © '
" Prior to the beginning of this study, several manufacturers advertised significant



reduction in the range of 50 to 80% reduction in fumes. Several original
advertisements, case studies, technical presentations and abstracts shown in Appendix
K.

2.3 FACTORS AFFECTING COST AND PERFORMANCE

The elements that contribute to developing a cost analysis of PPl use versus
conventional use of pulsed power welders are:

o The capital cost of the welding equipment.

. The labor hours required to make a specific length of weld (with all other
parameters kept the same).

. The electrical costs associated with a specific length of weld.

. The costs of the welding wire associated with a specific length of weld.

In addition, the quality of the weld achieved using both welding techniques is of
paramount importance, and can be evaluated by measuring the weld’s tensile and yield
strengths, ductility, toughness and other metallurgical characteristics.

It is not expected that the quantity or quality of fumes generated by either technology
will result in different personnel protective equipment (PPE), or in area ventilation
practices. Consequently, the costs of such equipment are not considered to be a factor
for this analysis ©.



3.0 PERFORMANCE OBJECTIVES

3.1 PERFORMANCE OBJECTIVES

The determination of environmental/health impacts was the primary goal in collecting
environmental performance data. Nevertheless, it is recognized that positive
environmental/health impacts are of marginal benefit if weld quality is sacrificed.
Therefore, performance data were collected to determine both: (1) the environmental
and human health impact of welding fumes, from both conventional pulsed power and
PPI activities, as well as (2) to determine the quality of the weld using PPl welding
technology. Table 3-1 lists the performance criteria.

Table 3-1: ESTCP Performance Criteria

Performance Primary or
Criteria Description Secondary
Weld Quality Produce welds that meet or exceed Primary

quality control concerns and
operational process specifications
HAP Emissions Reduce HAP emissions, particularly Primary
Hexavalent Chromium and Total
Chromium, Manganese, Nickel,
Copper, Molybdenum and other metals
found in welding operations.

Criteria Pollutant Reduce NOy, Ozone, CO (incidentally Primary
Emissions CO,)
Occupational Reduce worker exposures, particularly Primary
Exposures Hexavalent and Total Chromium,

Manganese, Copper and Nickel.
Worker Safety UV light emissions (Iltem is secondary Secondary

because workers already wear PPE.
Goal was to determine if increased UV
occurs.)

Worker Acceptance Worker comments on ease/difficulty of Secondary
use, system preference, optimization
settings

Ease of Use Skill level of personnel required to use Secondary
equipment effectively. Identify additional
training required.

Versatility Used effectively on various welding Secondary
applications demonstrated.

3.2 PERFORMANCE CONFIRMATION METHODS

Table 3-2 outlines the expected and actual performance criteria generated during
testing.



Table 3.2: Performance and Performance Confirmation Methods

Expected Performance Performance Actual
Performance Criteria (pre demo) Confirmation Method Post Demo
PRIMARY CRITERIA (Performance Objectives)
(Quantitative)
Hazardous Contaminant
- Heavy metals Reduce by 40% NIOSH method 7300 No change
- Hexavalent Chromium Reduce by 30% OSHA method ID-215 | No change

— Carbon Monoxide

- Ultraviolet Non-lonizing
Radiation

<PEL

Slight increase

OSHA method ID-209

NEHC TM IH 6290.91

No change but
confounded by other
local equipment
Slight decrease

- NOy No increase Continuous monitoring No increase
- Ozone Slight increase NEHC TM IH 6290.91 Decrease
Material Quality

- Weld Reliability Meets facility destructive | Specifications to be Similar Results

& non-destructive test
requirements

provided by individual
facility

Accept & unacept.
evals found in both
baseline & test plates

SECONDARY PERFORMANCE CRITERIA

(Qualitative)

Productivity
- Reduce spatter
- Reduce rework

Yes
Increase duty cycle by
10%

Experience from
demonstration

Achieved
Mixed Results

Safety
- Protective Equipment

— Heat Stress

— Ventilation

Avoid respirator usage
anticipated under new
OSHA regulation
Slight increase

Avoid installation as
anticipated under new
OSHA regs

Experience from
demonstration

Wet Globe Bulb
Temperature (WGBT)
Experience from
demonstration

Depends on alloy &
space

Deleted from test

Depends on alloy &
test

Scale-up Constraints

— Optimization Perform as advertised Experience from Optimal Envi
when equipment is demonstration Settings did not
delivered coincide w/good weld
quality
Ease of Use
— Training 3 day hands on training Experience from Likely to be sufficient

demonstration

SECONDARY PERFORMANCE CRITERIA

(Quantitative)

Cost
- Energy Usage

— Equipment payback

Decrease by 20%

5 years

Cost calculations

Decrease less than
20%

Varied w/ location
Undetermined
Varied w/ location




3.2.1 Environmental/Industrial Hygiene Criteria. The primary goal of this field
demonstration is to compare the emissions/exposures from PPl welding to conventional
pulsed power welding techniques. For this comparison, there are no criteria, other than
to determine which welding technique is better (i.e., lower concentration emissions) than
the other for each measured parameter. The secondary goal is to compare welding
emissions/exposure to appropriate EPA and OSHA criteria, where available. There are
no specific EPA emission criteria for welding operations (although Cu, Ni, Mn, Cr*®, etc.
are EPA HAPs). OSHA criteria for Cr*® and gaseous emissions for industrial processes
were discussed in Section 2.4. In addition, Table 4-3 (at the end of Section 4.0) shows
current NIOSH and OSHA time weighted average [TWA] occupational hygiene limits for
all the metals that were analyzed. It must be emphasized, that in this demonstration the
welding location was ventilated by the exhaust hood used for air sampling. Therefore,
the IH exposure data collected will not reflect welder exposure in unventilated or
cramped locations. Most work was performed in open bays. The exception is that the
welder at SWRMC worked in a semi-enclosed tent-like area covered on three sides and
overhead. In addition, the industrial hygiene samples were engineering samples and
not samples taken directly in the welder's breathing zone. Engineering sample
terminology is used by NIOSH to indicate area sampling procedures before and after
the application of a particular technology. The sampling cassette containing the filter is
is placed near (within 12 inches) the welding operation.

3.2.2 Weld Quality Criteria. The conformance to criteria for weld quality was
determined by tests designed to measure the tensile strength, yield strength, ductility
and the Charpy V-Notch (CVN) strength of the weld material. These parameters were
compared to acceptable values or ranges that have been established for the metal
alloys and welding techniques in question. These tests were performed on at least two
samples from each of the test facilities.

3.2.3 Cost Criteria. The cost of the capital equipment, labor to weld a specified length
of weld, electrical usage per specified length of weld, and the consumption of welding
wire per specified length of weld are determined in Section 5. The short duration of the
test did not permit the determination of a payback period.



4.0 SITE/PLATFORM DESCRIPTION

An initial laboratory evaluation by the Naval Surface Warfare Center Carderock Division
(NSWCCD) on several welding machines, ultimately shipped to field sites, attempted to
optimize the fume generation rate by electronically adjusting the pulsed power settings.
Computer optimization was a marketing point for one manufacturer. The report,
Evaluation of Inverter welding Power Supplies as a Means of Reducing Welding Fumes
prepared by K Tran and G Franke, is included as Appendix J ('?),

At the field sites, the objectives for sampling the gases, particulates, and ultraviolet (UV)
radiation from welding operations were to determine the environmental and human
health impacts of welding operations in general and, in particular, to determine if there is
a statistically significant difference between emissions from pulsed power inverter
welding and conventional pulsed power welding. Likewise, the mechanical
characteristics of the welded test plates from PPI welding were compared with standard
specifications that must be met by conventionally welded plates, such as tensile and
yield strengths.

4.1 SELECTING TEST SITES/FACILITIES

The laboratory tests noted in Section 3.1 were conducted at NSWCCD, West Bethesda,
MD. NSWCCD welding laboratory personnel have extensive experience and equipment
to evaluate welding operations, especially for shipbuilding operations. The selected
field tests sites are those that routinely perform extensive welding operations using steel
and chromium-containing alloys for repair of ships, landing vehicles, and other military
transportation equipment. A cross-section of DOD operations was desirable. Ultimately
Navy (Puget Sound Naval Shipyard [PSNSY], Bremerton, WA and Southwest Regional
Maintenance Center [SWRMC], San Diego, CA), Army (Anniston Army Depot [ANAD],
Anniston, AL), and Marine Corps (Marine Corps Logistics Base [MCLB], Albany, GA)
operations were chosen.

ANAD has a reputation as “The Tank Rebuild Center of the World”. As such ANAD
performs depot-level maintenance for combat tanks, tracked combat vehicles, small
arms weapons, mortars, recoilless rifles, and fire control systems.

The maintenance centers at MCLB provide maintenance support for Marine ground
weapon systems, such as: automotive, engineer, and combat vehicles; and
communications, electronics, radar and missile systems.

PSNSY is the largest and most diverse shipyard on the west coast, and is the
northwest’s largest naval shore facility. Approximately 30% of PSNSY’ workload
involves inactivation of nuclear vessels, reactor compartment disposal, and recycling of
ships. They have the capability to overhaul and repair all types and sizes of US Navy
ships. In 2000, the Chief of Naval Operations recognized PSNSY for its environmental
achievements.
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SWRMC is the Southwest’s single point of ship maintenance with a mission to provide
ship repair, industrial, engineering and technical support for the Navy; to procure and
administer contracts for accomplishment of required maintenance and modernization
performed on naval ships at private yards; and to train sailors in maintenance and repair
of shipboard systems and components.

4.2 PRESENT OPERATIONS

As noted earlier, PPl technology is promoted as producing less metal-bearing
particulates because less slag and spatter take place. This is particularly important with
respect to chromium-containing alloys, such as HY-80 and “chrome-moly” alloys,
commonly used in DOD applications, because hexavalent chromium emissions are
stringently regulated under OSHA. (In January 2006, OSHA promulgated [71 FR 10100
— 28 Feb 2006] about a 10-fold tightening of its standards to a permissible exposure
limit [)PEL] of 5.0 micrograms/cubic meter [ug/m®] of Cr*® on a TWA basis. (See Section
1.3)(2 Also, less slag and spatter should result in reduced welding time. In addition, PPI
reportedly will generate less ozone, carbon monoxide, and oxides of nitrogen than
conventional pulsed power welding. These gases are formed when electrical arcs are
exposed to air. The OSHA recommended TWA exposure limit for ozone is 100 parts
per billion by volume [ppbv], for CO it is 50,000 ppbv, for nitrogen oxide (NO) it is
25,000 ppbv, and for nitrogen dioxide (NO,) it is 5,000 ppbv.

There should not be any functional limitations of PPl application, because it is almost

identical in use and application to conventionally powered wire welding. In addition, PPI
training for welders that are already experienced with wire welding should be minimal.
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5.0 TEST DESIGN

Currently, DOD artisans conduct welding operations at most of its facilities. However,
extensive welding operations are conducted at heavy equipment maintenance and
rebuilding facilities, such as those discussed in Section 4.1, at which this project was
conducted. At those facilities, virtually every form of modern rod and wire welding is
used, to include SMAW, GMAW, FCAW, with conventional pulsed power. Welding
operations are conducted using various substrate metals, such as conventional mild
steels, high strength mild steels, alloy steels containing relatively low levels of nickel
and chrome (e.g., HY-80, 4130), some stainless steel alloys, and aluminum alloys.
Aluminum and stainless steel were not evaluated during this demonstration. This
demonstration was limited to mild steel, hardened steel and steel alloys since they
constitute the bulk of the work performed at the selected facilities.

5.1 PRE-DEMONSTRATION TESTING AND ANALYSIS

No preliminary bench-, pilot-, or full-scale Pulsed Power Inverter technology testing was
conducted prior to this project. The PPI technology is a commercial off the shelf
(COTS) item. This project was designed to replicate actual full-scale production welding
techniques, using test plates representative of actual materials used on DOD vessels
and vehicles at each facility.

5.2 TESTING AND EVALUATION PLAN

The following subsections describe the test plan design and setup, to include choosing
the test locations, selecting the alloys to be welded, and other relevant planning
information. The testing was conducted according to the ESTCP Demonstration Plan,
Pulsed Power Inverters in Welding Applications'”, and modified in the field as
necessary.

5.2.1 Demonstration Set-up and Start-up. Field-testing was conducted at:

o MCLB, Albany, GA during the weeks of 15 September 03, and 17
November 03;

o ANAD, Anniston, AL during the weeks of 20 October 03 and 27 October
03;

. PSNSY, Bremerton, WA during the weeks of 9 August 04 and 16 August
04; and

. SWRMC (formerly SIMA), San Diego, CA during the weeks of 27
September 04 and 4 October 04.

The typical physical setup of the test areas at each of the four test facilities are shown in
Figures 5-1 through 5-4. During testing at each facility the welder sat or stood at a
specified location, and welding was conducted on steel plates that were located
approximately 12 inches from a fume inlet hood. The fume inlet hood was connected
through transition pieces to a 12-inch diameter polyvinyl chloride (PVC) duct. Welding
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fumes were drawn through the duct by a suction fan, which developed about 650 dry
standard cubic feet per minute (dscfm) of volumetric air flow. Modified USEPA Method
5 particulate samples were isokinetically withdrawn from the duct through a 9-stage
cascade impactor (Cl). The CI separated particulates into 9 size-range fractions.
Welding fumes were also withdrawn from the duct continuously and passed through
CO, O3, and NOy real-time continuous emissions monitors (CEMs).
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To measure occupational exposure to particulate matter, two industrial hygiene area-
sampling pumps were set up about 1 to 2 feet from the weld site, and typically 90
degrees from the collection hood, using the welding operation as the center. Two
additional pumps were posted about 10 feet from the weld site. One pump at each
location sampled for Cr*® using an OSHA Method 215 PV/C filter, and the second pump
at each location sampled for all other metals using an NIOSH Method 7300 mixed
cellulose ester (MCE) filter. In addition, UV exposure was measured using a sensor
placed approximately 2 feet from the weld site.

Welders joined 12-inch test plates for later non-destructive testing by the local welding
engineer or at NSWCCD. Selected test plates were subjected to full mechanical
evaluation at NSWCCD. Tests focus on the weld and heat affected zone of the
weldment. In addition to test plates, the welder conducted a “bead on plate” operation
to generate fumes for the remainder of the time. A bead is laid down adjacent to the
previous bead until the whole plate is covered with filler metal. Bead on plate welding is
typically done to practice a new technique, evaluate a new piece of equipment, etc.
This demonstration used the bead on plate process to generate fume to meet the limit
of detection (LOD) for the collection media. These plates are typically not fully cooled
between passes and tend to receive a higher heat input per pass because weld quality
was not a concern during Bead on plate welding. Discussions with several welding
experts, in the weld engineering and the occupational health, safety and environmental
communities, concurred that the extra heat input would not alter the quality of the fume.

5.2.2 Period of Operation. Testing was conducted at the locations and time periods
noted in Section 5.2.1.

5.2.3 Materials Used. Welding was conducted with various combinations of welding
processes, rods and wires, and on various steel alloy test plates. All were
consumables, base materials and processes typically used at the activity. At ANAD and
MCLB, testing was conducted only on mild (also called ordinary and low carbon) steel
alloys, such as type 1018, type 1020, or armored steel. Each of these contains typically
less than 0.1% chromium, and less than 0.01% nickel. Armored steel is specially heat
treated in a proprietary process. At PSNSY welding was conducted on mild steel alloys
and on HY-80. PSNSY weld engineers reported that HY-80 contains from 1-2%
chromium, and 2-3.5% nickel. At SWRMC welding was conducted on mild steel and
4130 steel (chromium/molybdenum (Cr-Mo) alloy). SWRMC weld engineers reported
Cr-Mo alloy used contained 0.8% chromium, and 0.2% nickel. All metal alloy
percentages are based on information provided by the activity.

Metal percentages in the consumables were provided by the local activity and from the
Material Safety Data Sheet (MSDS) associated with the rod or wire. Consumables
(welding rods and wire) used throughout were typically less than 0.5% chromium, and
less than 0.2% nickel. The exceptions were for:

. at SWRMC: (a) on 1 October, 2" run & 4-5 October, ER80SB-2 wire,
which contained about 1.2% chromium; (b) 11018 rod, which contained
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1.25-2.5% nickel; and (c) on 6-7 October, 9018-B3L rod, which contained
2.0-2.5% chromium; and

. at PSNSY: (a) on 10 August, 81T1Ni2M, flux core wire, which contained
1.75-2.75% nickel; (b) on 12 August, 11018 rod; and (c) on 16-18 August,
100S-1 wire, which contained 1.4-2.1% nickel.

The demonstration plans calls for testing aluminum processes. Aluminum welding
processes were eliminated due to the longer than expected time to reach a limit of detection
for the steel welding processes.

5.2.4 Residuals Handling. The scrap materials generated during testing were scrap
metals and test plates, none of which are considered hazardous materials or hazardous
wastes, and all were eventually recycled as scrap metal.

5.2.5 Operating Parameters for the Technology. The more critical independent
variables for this testing protocol are given below. These parameters were developed
based on telephone interviews, standard operation procedures for the participating
facilities and welding standard reviews. In Section 6.1.1 there is a more detailed
discussion of these and other independent and dependent variables.

. welding speed, which can be expressed as length of weld per unit arc time
(Arc time is the time that welding wire/rod is actually being consumed, as
opposed to conducting associated operations such as cooling, grinding
and slag removal.),

. rod or wire consumption speed, as measured in length per unit time, also
related to welding speed and frequently tracks amperage,

. type and thickness of rod/wire used,
. type of alloy being welded,

. inert gas composition and flow rate (for GMAW),

. amperage/voltage settings (also related to welding speed),

. for PPI, the software “program” chosen for welding,

. ventilation-related issues, such as air flow through the shop, mechanical
or ambient welding ventilation,

. orientation of the part being welded (horizontal or vertical, corner or flat
weld),

. type of joint being welded (cross-section of the two edges being joined).

For purposes of this project, arc time was manually tracked using stop watches.
Rod/wire consumption was also tracked. Alloys welded and the type and thickness of
the welding rod/wire were also documented. Voltage [V] and amperage [A] from the
power sources were not tracked on a data logger as originally planned. V and A were
hand collected from the machine readouts to evaluate power usage since the machine’s
power input cable could not be spliced for connection to a data logger without
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jeopardizing the warranty. Nor could the building power source be isolated.
Environmental air samples were collected via a 9-stage in-stack cascade impactor
inserted in a nominal 12-inch polyvinylchloride (PVC) pipe/duct exhausted with a Lincoln
Mobiflex 400-MS low volume vacuum system. Exhaust velocities were typically 100
feet per minute (fpm) at approximately 12 inches from the test weld. However, the
distance of the inlet ventilation hood varied somewhat from one weld sample to the
other and depended on the plate configuration and test setup. This caused the actual
test velocity to range from 46 to 100 fpm. Like ventilation, most of the independent
parameters could not be well-controlled. Hence, measured emissions were compared
both to arc time and to the amount of welding rod/wire used. No attempt was made to
factor most of the other variables.

5.2.6 Experimental Design. As discussed in this section and in Section 6.0, a variety
of different parameters were measured. The sampling equipment used is identified as
follows:

A modified EPA Method 5 stack sampling train was used to collect particulate matter
using a 9-stage Andersen Mark Il cascade impactor (Cl). Isokinetic samples were
drawn at a position of 5 feet 9 inches downstream from the inlet to the aforementioned
12-inch PVC duct (and 1 foot 10 inches upstream from the discharge end of the 12-inch
duct). Because the air being sampled was essentially at ambient temperature, it was
not necessary to heat the Cl. The Cl was positioned immediately after the 5/16-inch
diameter sampling probe tip. The first 8 stages of the Cl each collected a different
particle size fraction. The last stage (9" stage) was a final filter, and collected all
remaining particles. Figures 5-5 and 5-6 show some of the Cl stages broken down after
a sampling run. (Note the dark color of the final filter stage in Figure 5-6. This was
typical of all runs. The orange color was essentially from iron oxides.) At the sampling
velocity used, the fractions were approximately:

. The 1% stage collected the largest particle size fraction — those particles
were about 13-20 micron diameter. A pre-separator (see Fig. 5-3) was
used upstream of the Cl. It removed particles larger than about 20
microns.

The 2" stage collected particles about 8.8-13 microns.

The 3" stage collected particles about 6.0-8.8 microns.

The 4" stage collected particles about 4.1-6.0 microns.

The 5™ stage collected particles about 2.6-4.1 microns.

The 6" stage collected particles about 1.3-2.6 microns.

The 7" stage collected particles about 0.8-1.3 microns.

The 8" stage collected particles about 0.55-0.8 microns.

The 9™ stage was a final filter, collecting all remaining particles smaller
than about 0.55-micron diameter.

It should further be noted that the particle size cut point for each stage is based on
particles whose density is 1 gram/cm®. Metal oxide particles would be expected to be
denser than 1 gram/cm®.  Therefore, the particle size ranges are probably
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overestimated (i.e., the particle size range collected on each stage is probably smaller
than listed above).

Each of the 9 stages collected particles on media that was fabricated of 63-millimeter
(mm) diameter glass fiber media material. After gases passed through the CI, they
entered four glass impingers, in series, that were chilled in an ice bath. The sole
purpose of the impingers was to collect moisture in the air stream to facilitate the
determination of the degree of isokinicity.

Note: At 100% isokinicity, the velocity of the air flowing in the 12-inch poly vinyl
chloride [PVC] sampling duct is identical to the velocity of the air being drawn into
the sampling probe tip. When 100% isokinicity is not achieved the measured
concentration of particulates in the air stream will be skewed either high or low.
EPA’s Method 5 allows isokinicity values of 100+ 10%.

The first two impingers were each initially filled with 100 milliliters (ml) of tap water. The
3" impinger was empty, and the 4™ was filled with approximately 200 grams of silica gel
to absorb all final traces of moisture.

PVC and Teflon® tubing were used to deliver the welding fume stream from the 12-inch
PVC duct into each of three CEMs. These samples were withdrawn from a location
about 4-'% feet upstream from the Method 5 sampling probe. CO was monitored using
an Advanced Pollution Instrumentation Model 300M Analyzer. NO NO, and NO, were
monitored using either an Advanced Pollution Instrumentation, Inc. Model 200A
chemiluminescent analyzer, or a Thermo Environmental Instruments Model 42
chemiluminescent analyzer. Os; was monitored using a Thermo Environmental
Instruments Model 49 UV Photometric Ozone Analyzer. Each of the CEMs was
calibrated using a Thermo Environmental Instruments Model 146 Multigas Calibration
System. Compressed calibration gases (NO and CO) were delivered at certified
concentrations in nitrogen. Calibration of the Oz monitor requires only “zero”
concentration compressed air.
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Figure 5-6. Separated Cascade Impactor Stage “Filters” After Sampling

An International Light, Inc. Model IL1430 Radiometer/Photometer was used for
monitoring ultraviolet (UV) light in the range of 200 — 400 nanometer (nm) wavelength
(which encompasses the UV-A, UV-B, and most of the UV-C ranges). However, UV
light emission was only monitored at PSNSY and SWRMC. The instrument sensor
head was positioned about 2 feet from the welding site, located in approximate line-of-
sight from welding activities. At MCLB and ANAD the test equipment was sensitive to
visible light rather than UV emissions, and did not produce usable results; hence it was
replaced with the International Light sensor.

A data logger was used to store readings from the three CEMs as well as the UV

monitor every 15 seconds at SWRMC (and every 30 seconds at PSNSY). Data were
downloaded at the end of every sampling day.
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Four SKC Model PCXR4 Universal Sampler pumps were used to collect IH samples
approximately 8 hours each sampling day, and were calibrated each day with a BIOS
DC-Lite Electronic Flowmeter. OSHA Method 215 samples for hexavalent chromium
were taken using a flow rate of about 2 liters per minutes. NIOSH Method 7300
samples for all other metals were taken at about 4 liters per minute.

Welding quality was evaluated using the test methods specific to the facility’s
operations. Non-destructive tests were conducted by the local activity or NSWCCD.
Non destructive evaluation (NDE) tests include a visual examination, liquid penetrant,
and radiography. Other available NDE examinations are gamma radiography
ultrasonic, magnetic particle, eddy current, acoustic emission and leak test. NDE tests
are performed during the day to day operations at a welding facility. Depending on the
local performance requirements, facilities conduct different NDE tests and typically
report the sample as passed or failed.

Destructive testing followed the American Welding Society Standard: B4.0 Standard
Methods of Mechanical Testing of Welds and other specifications particular to the
application, process or metal. Destructive testing is usually preformed to qualify a
welder, qualify a procedure specification or for periodic qualification records. NSWCCD
welding laboratory technicians and engineers took specimens from the weld itself and
the test plate’s heat affected zone. They machined samples for the following weld
destructive weld parameter test: chemistry, tensile yield strength, ultimate tensile
strength, percent elongation, and CVN energy.

5.2.7 Demobilization. This demonstration project was not intrusive, i.e., there were
essentially no modifications made to existing facility equipment. Therefore, when
sampling was completed at each facility, sampling equipment was put back in its
original containers, and shipped back to the appropriate locations. The host facility
received the PPl machine as part of their compensation for participating in the study.
No repairs or modifications had to be made to the host facility.

5.3 SELECTION OF ANALYTICAL/TESTING METHODS

Metals detection analysis for 20 metals plus hexavalent chromium (Cr*®) were
performed on each of the nine-stage CI “filters” as well as the filter media for the IH
samplers. All metals analyses (except Cr*®) were conducted by using modified NIOSH
Method 7300, Inductively Coupled Argon Plasma, Atomic Emission Spectroscopy [ICP-
AES]. Hexavalent chromium was analyzed using modified OSHA Method 215, which
uses an ion chromatograph [IC] equipped with a UV-vis detector technology. Each of
the nine-stage ClI particulate media was cut in half to accommodate the two different
test methods (i.e., half for Cr*®, and half for the other 20 metals).

Each of the nine-stage CI filters was weighed on a balance prior to and after each

sampling run to determine gravimetrically the weight gain on each stage. All filters were
desiccated prior to weighing. Balances were accurate to 0.1 mg (0.01 mg at MCLB).
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Assembling and disassembling Cl stages resulted in mechanical loss of a small quantity
of filter media material from each stage. To compensate for such losses, numerous
blank CI filters were analyzed for metals (typically two blanks each week for the
perforated filters used for stages 1-8, and one blank each week for the non-perforated
9™ stage filter). In addition, an entire 40-minute “run” was made with a Cl whose inlet
air was filtered through a High Efficiency Particulate Air (HEPA) filter to assist in
determining weight loss due to mechanical attrition as well as to quantify blank (i.e.,
clean filter) metal content.

5.4  SELECTION OF ANALYTICAL/TESTING LABORATORY

The Consolidated Industrial Hygiene Laboratory professionals, at Naval Environmental
and Preventative Medicine Unit #5, Naval Station, San Diego, CA performed all metal
analyses for environmental and industrial hygiene samples. The laboratory is certified
under the American Industrial Hygiene Associations, Proficiency Analysis Testing
Program. Each facility personnel performed the initial non-destructive testing on the
test plates. Selected non-destructive testing and all metallurgical quality analysis were
performed by the Naval Surface Warfare Center technicians, Carderock Division, West
Bethesda, MD.
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6.0 PERFORMANCE ASSESSMENT

6.1 DATA ANALYSIS, INTERPRETATION AND EVALUATION

The initial pulsed power inverter machine evaluation at NSWCCD showed that the
system could be optimized for fume emission control. However laboratory metallurgical
testing for weld quality indicated that manufacturer’'s recommended operating point was
a representative balance between material quality and environmental emissions. When
the equipment was brought into the field the welders always used the manufacturer's
recommended settings rather than the NSWCCD-optimized settings because they
believed they were not able to weld as well with the optimized settings. If more time
had been available for welder training on the PPl equipment, emissions might have
been further minimized.

The following subsections discuss the environmental data (i.e., ventilation duct
samples), industrial hygiene data (i.e., area samples from IH pumps), and weld quality
data; and interpret and evaluate their meaning.

6.1.1 Environmental/Industrial Hygiene Data. Environmental data were taken from
samples withdrawn from the duct used to ventilate the welding operations as follows: (1)
Continuous Emissions Monitoring (CEM) data for CO, NOy, and Os, and (2) particulate
samples taken using a 9-stage cascade impactor (Cl). Each impactor stage was
weighed to determine gravimetrically the quantity of total particles collected on each
stage (i.e., desiccated weight after sampling minus desiccated weight prior to sampling).
In addition, each of the Cl stages was analyzed for 21 individual metals (including Cr*®).

Industrial hygiene information (i.e., occupational exposure) was estimated from
particulate area samplers positioned both near-field (1-2 feet) and remote or far-field
(about 10 feet) from the welding operation. Filters from one of the two near-field
samplers and one of the two far-field samplers were analyzed for Cr*®. Filters from the
second near-field sampler and the second far-field sampler were analyzed for the same
metals (not including Cr*®) as the above-mentioned Cl stages. Each IH sampler
accumulated approximately a full day’s welding emissions. In addition, UV exposure
was monitored, real-time, by an UV sensor placed about 1- 2 feet away from the weld
site (only during sampling at PSNSY and SWRMC).

Before discussing the environmental and occupational health sampling data, it is
important to understand that the quality of the data is limited by a number of factors that
were difficult to control during welding/sampling operations. Some of these factors
varied within each facility as well as between facilities, and others only varied between
facilities (e.g., the distance between the welded plate and the inlet ventilation duct at
ANAD was different than it was at PSNSY). These factors are as follows:
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Factors Varying Within and Between Each Facility

Variations in welding technique by each welder, both intra-welder (e.g.,
one welder was distracted by family events throughout the day), and inter-
welder (e.g., one welder welds more rapidly than another welder, left/right
handedness, etc.).

Cross-currents and breezes in the welding area (although attempts were
made to minimize cross-currents as much as possible).

Orientation of the welded part (e.g., vertical/flat weld position, weld at a
corner).

The type of welding media (e.g., solid wire, flux-core wire, welding rod
[“stick™).

Type of inert gas shield (e.g., 95% argon-5% carbon dioxide, 75% argon-
25% carbon dioxide, 98% argon-2% oxygen).

Wire/rod diameter and wire speed.
Cooling time allowed between passes.
Amperage/voltage variations.

Multiple combinations of plate substrate (e.g., mild steel, HY-80) and
wire/rod type (e.g., flux core versus solid, steel composition).

Weight loss Cl “filter” media due to mechanical filter management
requirements. The filter weight loss was compensated as much as
possible using blank sample weight loss for comparison. Errors caused
by the presence of aluminum, barium, and zinc in ClI “filters”.

Blocking of the ultraviolet (UV) sensor caused by orientation of welding
materials and the welder’s body.

The effect of emissions from local grinding and other metal fume-
generating operations.

Factors Varying Only Between Facilities

The type of joint being welded (e.g., “K”, “V”, and “J”-shaped joints).

The distance from the point of welding to the ventilation duct inlet (i.e., the
greater the distance the poorer the relative fume capture), in addition to
the duct orientation (e.g., above, or to the side of the welder).

The type of “steel” alloy being used (e.g., “mild” steel, HY-80, “chrome-
moly”).

Thickness of steel plates.

Combustion processes within the test facility (e.g., fork lifts, trucks, heating
systems).

Test facility ceiling height variations.
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6.1.1.1 Environmental Data. Environmental data consist of CEM data on CO,
NOy, and O3 emissions and Cl gravimetric and metal analysis data. (CO, NOy, and O3
emissions also have worker impact, and are regulated by OSHA. However, they will be
discussed in this section rather than in the IH Data Section — 4.3.1.2.) The CO data will
not be presented here for two reasons. (1) The OSHA TWA for CO is 50,000 ppbv. At
no time were CO concentrations observed to be above about 2,000 ppbv, therefore,
nowhere near concentrations of occupational exposure concern. Also, there are no
USEPA regulatory limits on CO from welding operations. (2) There were significant
uncontrollable sources of CO in the welding area (e.g., fossil fuel forklifts, trucks, torch
welding, gas heating systems).

Ozone (O3) Data:

With respect to the CEM data for Os, it appears that O; concentrations are higher with
conventional pulsed power welding than with PPIl. The figures for SWRMC, 7 October
and SWRMC, 4 October in the CEM Appendix (Appendix E) are fairly typical of the
CEM printout data for conventional pulsed power and PPl welding respectively. The
purple lines on each figure are Os;. The average O3 concentration during conventional
pulsed power welding is in the 60 — 110 ppb range. With PPI, the range is about 30 —
80 ppb. (Background concentrations were about 20 — 40 ppb.) Caution is urged in
attaching too much significance to these finding because the conventional pulsed power
welding for the 7 October figure was “stick” welding, not wire welding. PPl is used only
for wire welding. Where conventional pulsed power wire welding was used, the
difference between non-pulsed and PPl O3 concentrations are not as obvious. Further,
the O3 concentrations at the ANAD and MCLB sites are in the hundreds of ppb range.
There is no obvious reason for the difference between sites.

Oxides of Nitrogen (NOy) Data:

With respect to NO concentrations (the blue lines on the graphs in Appendix E, the
CEM data are not nearly as definitive as with Os. At times the NOy values seem to track
welding operations, and at other times they seem independent of welding operations.
Part of the problem may be relatively high background values at some sites during
certain times (e.g., caused by vehicular traffic). The NO, concentrations are below 100
ppb almost all the time, regardless of the type of welding being performed. There are
excursions as high as 200 ppb or more, but they are rare, and may be associated with
other sources of NOy, or malfunctions of the monitoring equipment. See Figure E-2.
Background NOy concentrations are always less than 20 ppb. Regardless, NOy
concentrations are well below the OSHA TWAs for NO and NO, of 30,000ppb and
9,000ppb respectively.

Particulate/Metal Data:

With respect to the size distribution of particulate matter that was collected by the
cascade impactor (Cl), over 50% by weight was typically collected on the last two
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stages of the CI during each run (out of a total of 9 stages). This is true for the
gravimetric data (i.e., weighing each stage), as shown in the “pie” charts in the
Gravimetric Appendix (Appendix F, Figures F-5 and F-6) as well as for metal analysis
data, as shown in the metal partitioning graphs in the Metal Partitioning Appendix
(Appendix G). The last two stages collected particles that are essentially less than 0.8-
micron diameter. The last stage being less than 0.55 microns, and the next to last
stage is 0.55 — 0.8 microns. This result was expected, because welding fume particles
are formed primarily by the condensation and oxidation of vaporized metal particles.
Such particle formation is usually sub-micron in size. There is no obvious difference or
trend between particle size distribution whether using PPI or not. The smaller particles
are of highest concern because they can deposit in the non-ciliated gas—exchange
region of the lungs, i.e. alveolar regions of the lungs.

NOTE: At PSNSY, the metal analyses shown in Appendix H, during the second week of
sampling (16-19 August 2004), are believed to be flawed, because there are less total
metal quantities in the submicron sizes than they are in the larger diameters. (See
pages Appendix H(PSNSY) 1-8.) The gravimetric data for that week are typical of all
other sampling times and locations.

With respect to the relative amounts of each metal species, from 39 to 71% of the metal
present, by weight, is iron, by far the most abundant of the metals. This is to be
expected when welding steel alloys. Typically, manganese and magnesium were the
next most prevalent metals with ranges of 7 to 32% and 5 to 44% respectively.
Manganese and magnesium are commonly associated with steel alloys. In addition,
arsenic, nickel, strontium, and copper (there is a copper coating on most of the welding
wire) appear routinely in the 1 to 5% range. Total chromium appeared in the 1% range
only during welding operations on chromium-molybdenum (Cr-Mo) steel at SWRMC;
otherwise it was typically less than 0.1%. Metal distributions are shown in the “pie”
charts in Appendix G.

It is of interest to note that where chromium emissions were present in measurable
quantities (at SWRMC) during wire (GMAW) welding, an average of about 8.2% (low of
1.8% and high of 22.9%) of the total chromium emissions were hexavalent. During
“stick” (SMAW) welding, hexavalent chromium averaged 74.6% of total chromium (low
of 39.7% and high of 94.9%). This phenomenon is supported by literature references
that suggest that for stick welding, the range of hexavalent to total chromium is 47 to
62%, while it is 4% for wire welding "*'*™). (See data tables in Cascade Impactor
Metals Analysis, Appendix H.)

All metal analysis data exclude aluminum, barium, and zinc. Aluminum was contained
in significant quantity on all 9 stages of the Cl substrate media. The other two metals
were contained in significant quantities only on the Cl final filter stage media (i.e., the 9™
stage). Where these metals were contained in the substrates they were at levels that
were typically 1,000 times higher than the amount contained in the collected fume.
Therefore, subtracting the blank substrate quantities from the actual samples (i.e., the
substrate containing the collected fume) still led to artificially high quantities of these

25



three metals in some of the samples. It is believed that these metals were not present
in significant quantities in any of the welded metals, or welding materials (i.e., rods,
wire, fluxes). Therefore, they were eliminated from consideration. (However, there is
some evidence in the literature that aluminum and barium are present in flux core wire
welding [FCAW] ('©).

There is no obvious trend with respect to which metals predominate when using PPI
compared to using conventional pulsed power welding techniques. At SWRMC there
was more magnesium than iron during conventional pulsed power welding than during
PPl welding (44% magnesium and 39% iron). This is different than for all other
locations tested. The difference, however, may reflect the fact that conventional pulsed
power welding at SWRMC was done with rod (i.e., “stick” welding - SMAW) rather than
with wire. Rods have a flux coating that is predominantly calcium-based salts, such as
limestone (essentially calcium carbonate). Limestone compounds are frequently
associated with magnesium compounds. All other facilities essentially used wire for
their conventional pulsed power welding operations. Similarly, much more magnesium
than iron was present at PSNSY when using PPI, but this may be an artifact of the
metal analysis error for samples taken during the second week at PSNSY, as noted
earlier in this subsection.

Also measured were the quantities of total metals emitted with respect to the actual time
that welding was taking place (i.e., when an arc was being struck), as well as with
respect to the quantity of welding wire or rod being consumed. If one of the two
technologies being compared (i.e., PPl and conventional pulsed power welding) were
more environmentally effective, it would be expected to emit less metal fumes for a
given length of welding time, or for a given amount of welding rod/wire used. With a few
exceptions, emissions of total metals were consistently less than about 150 milligrams
per minute (mg/min) of arc time, and less than 10 milligrams per gram (mg/gm) of
wire/rod used. This can be seen in Table 6-1 (at the end of Section 6.0) and in the bar
charts in Appendix F. There is no obvious difference in these emissions between PPI
and conventional pulsed power welding. Consequently and especially given the
caveats listed in Section 6.1.1.1, it cannot be concluded that one technology is better
than the other with respect to total metal emissions. A possible exception occurred at
SWRMC, where PPl emissions as a function of wire/rod used were lower than for
conventional pulsed power welding. But it must again be noted that conventional
pulsed power welding at SWRMC was “stick” welding, not wire welding (GMAW).
GMAW is a well-documented improvement over stick welding ©'%"1718) At all other
facilities, conventional pulsed power welding was wire welding.

Gravimetric results for total particulate loading for a given amount of arc time or a given
usage of rod/wire show the same trends as for the metal analysis data discussed in the
last paragraph. However, the gravimetric data (determined by weighing the media on
each stage of the cascade impactor) show almost three times the weight of particulate
in comparison to the results of total metal analysis (2" and 3™ columns of Table 6-1).
This would be expected, because total particulate consists of the metal oxide
compounds, which are heavier than just their metal components. In addition, fluxing
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material components, such as calcium, sodium, and potassium salts were not analyzed
for, nor were the residues of any organic components that might have been present in
fluxing materials. Tables 1 through 4 in Appendix F show all of the gravimetric data
corrected for blank weight loss (see Notes on Tables 1-4 for explanation of corrections).
Also, it can be seen in Table 6-1 (bottom row) that the ratio of emissions from stick (i.e.,
rod) welding (performed essentially only at SWRMC) to wire welding is about 4.5:1 for
the metal analysis data, and about 9.0:1 for gravimetric data. The reason for the
greater emissions from stick welding is that the rods are covered with a significant
coating of calcium-based flux materials. Such flux materials do not exist in wire welding
(with the possible exception of flux-core wire). These calcium compounds clearly
contribute significantly to particulate emissions.

Metal analysis data tables for the cascade impactor (Cl) sampling can be found in
Appendix H. There are four sets of data, one for each facility sampled. Each set of
data has a separate sheet for each sampling run. The values shown are in micrograms
(ng) of each metal on each of the nine Cl stages. Each data set has been corrected for
blanks by subtracting average blank values. Where such subtractions yielded negative
values, those negative values were assigned the value of 0.00 ug. These negative
values occur when an undetected tiny tear occurred on the filter or filter fibers and
fragments were left in the impactor. The data do NOT include the metals aluminum,
barium, and zinc; see Section 6.1.1.1, Particulate/Metal Data, for the explanation. In
addition, the right side of each sheet of Appendix H contains a table of emissions of
each metal relative to actual weld time (i.e., while an arc was struck), and relative to the
amount of wire or rod used.

6.1.1.2 Industrial Hygiene Data. Composite industrial hygiene (IH) data are
shown in Table 6-2. This table compares the highest average weekly values (averages
of the values for each day of the sampling week) encountered for each metal
component. It also shows the highest individual daily value encountered. (The highest
daily values occur within the highest average week.) Table 6-2 also compares the
measured values to the NIOSH and OSHA TWAs, where available. Measured values
exceeding either TWA are shown in bolded, large, red font, along with the relevant
information on the type of alloy being welded. Also, the IH appendix (Appendix I) shows
bar charts for hexavalent chromium, copper, manganese, and nickel for days where
there were runs that were conducted while welding chromium-containing alloys (HY-80
and Cr-Mo). These charts graphically display IH emission concentrations (near and far
from the welder) as compared to OSHA standards. Note that IH samples were taken
only once for an entire day (in two different locations — one near the welder, and one
about 10 feet away, as a background). The same type of welding was almost always
performed in a given day (i.e., PPI or conventional pulsed power), but not necessarily
with the same metal plate or wire/rod alloys. In any case, it can be seen that hexavalent
chromium (Cr*®) concentrations averaged about half of the recently promulgated
standard (71 FR 10100 — 28 Feb 2006) of 5.0 pg/m® for a week during which chrome-
mol6ybdenum (Cr-Mo) was welded. During one of the days of that week, however, the
Cr*™® concentration was almost twice the proposed standard.
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There were small exceedences of the OSHA copper standard (and NIOSH
recommended TWA) during welding mild steel while using both mild steel and Cr-Mo
welding wire. The origin of the copper is probably from the copper-coated welding wire.

There was also one slight exceedence of the NIOSH-recommended TWA of 0.015
mg/m® (but not the OSHA TWA of 1.0 mg/m?®) for nickel while welding during a day
where both mild steel and armor plate were being welded.

Attached, in Appendix I. Figures I-5 through 1-12, are “pie” charts showing the typical
mix of metals collected on the IH samplers that were positioned near the welder (about
two feet). Typically, over 80% of the metal found in the IH samples is (not surprisingly)
iron. These charts exclude iron, so that the other metals are better presented. (Note
that on the lower left corner of each chart, the percent of iron is shown for the reader’s
reference. Iron ranged from 55 % — 91 %.) Other than iron, in almost all cases,
manganese is the predominant metal in the IH samplers (as it was in the in the cascade
impactor samples), ranging from 3.25 to 14.1%. Magnesium is present (also as it was
in the in the Cl samples) from 0 to 4.5%. Copper is present from 0.26 to 1.8%. Nickel
is present from 0 to 2.1%. Total chromium was present from 0.18 to 0.81%. Aluminum
and zinc also appear to be present at significant levels in all of the samples. However, it
is believed that these are primarily artifacts of the metal content in the blank IH filters,
even though blank metal content was subtracted. Most blank IH filters had aluminum
and zinc contents in the same order of magnitude as the metal particulate loading.
There is some evidence in the literature that aluminum is present in flux core wire
welding [FCAW] (6.

There is no obvious difference in the mix of IH metal emissions between PPl and
conventional pulsed power welding at a given facility.

In Section 6.1.1.1, for environmental samples (i.e., samples withdrawn from the
ventilation duct), it was noted that where chromium emissions were present in
measurable quantities (while welding Cr-Mo at SWRMC), the ratio of hexavalent
chromium to total chromium was much higher for “stick” welding than for wire welding.
Not surprisingly, this same phenomenon is true for the IH samples. Specifically during
wire welding, the average value of about 0.7% of the total chromium emissions was
hexavalent chromium, with range of 0.0 to 1.6%. During “stick” welding, hexavalent
chromium averaged 26.7% of total chromium, with a range of 9.1 to 47.9%). (See data
tables in the back of the IH data tables, Appendix I.)

Ultraviolet (UV) radiation was measured with continuous emissions monitors (CEMSs).
Unlike the gas concentration measurements logged by the CEMs (i.e., CO, NOy, and
Os3), which changed relatively gradually, UV radiation is instantaneous during welding
operations, and immediately drop, essentially to zero, when welding ceases. Because
of this rapid change the most accurate monitoring occurred when at SWRMC, where UV
measurements were recorded every 15 seconds. UV was recorded only once per
minute at PSNSY. The equipment used at ANAD and MCLB was overwhelmed by the
welding arc and the output was unusable. It can be seen from the SWRMC graphs in
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the CEM appendix (Appendix G, first four pagesg, that maximum values for UV during
welding operations averaged about 4 watts/cm“ during whole data collection period
period. Note that the values for UV on the SWRMC graphs’ y-axis are 10-times higher
than their true value in order to accommodate them in a meaningful way on the same
graph that displays NOy, and Os. Hence, a y-axis value for UV of 40 is actually 4
watts/cm?. Values for UV radiation on the graphs for PSNSY have values in the 300 —
400 watts/cm? range. Note again, that the values for UV on the PSNSY graphs’ y-axis
are 0.1-times as great as their true value in order to accommodate them in a meaningful
way on the same graph that displays NOy, and O3. Hence, a y-axis value for UV of 40
is actually 400 watts/cm?®. It is unclear why UV values at PSNSY appear to be about
100 times higher than they are at SWRMC. The UV sensor may have been located
significantly closer to welding operations at PSNSY than at SWRMC (theoretically,
radiation intensity varies in inverse proportion to the square of the distance from the
source); however, the operation of the UV monitor was more erratic (i.e., less reliable)
at PSNSY than it was at SWRMC, such that the values at SWRMC are believed to be
more representative of actual exposure. The SWRMC graphs show that UV radiation
may be higher during PPl wire welding than with conventional pulsed power “stick”
welding, about 5 watts/cm? rather than 4 watts/cm?. If there is a difference between
conventional pulsed power wire welding and PPl wire welding UV radiation, it is much
more difficult to determine (see Appendix G graphs for PSNSY).

In any case, any differences in UV exposure between conventional and PPl welding,
whether stick or wire become academic because a welder with normal PPE (i.e., gloves,
long sleeves, face shield) should not be in danger of excessive UV exposure. An
evaluation focusing exclusively on UV exposure should be conducted to fully evaluate
worker exposure.

6.1.2 Weld Quality Data. Weld quality data are summarized in Table 6-3 at the end of
Section 6. At least two test plates were evaluated for each of the four involved facilities.
In general, the weld quality of Pulsed Power Inverter welds, in terms of tensile yield
strength, ultimate tensile strength, percent elongation, and CVN appear to be equivalent
to conventional pulsed power techniques.

Specifically, for those test plates that were welded according to Military Specifications
(MILSPECS) or American Welding Society (AWS) specifications, usually met tensile
yield strength and ultimate tensile strength requirements. Those requirements are
shown in Table 6-3 in the shaded rows under the appropriate column heading. The
values in the row above the shaded row are the actual test value. (For instance, for the
ANAD Pulse 2 test, minimum tensile yield strength of 68 kips per square inch [ksi] was
required. The actual test showed a 85 ksi strength. The ultimate tensile strength
requirement for the same plate was 80-100 ksi. The test plate passed with a 95 ksi
ultimate tensile strength.) All tests plates except for SWRMC Test 4 passed the percent
elongation requirements. (For SWRMC Test 4, only 14% elongation was achieved
versus a requirement of 19 %.) For those plates with specifications for Charpy V-Notch
(CVN) strength at various temperatures, all test plates passed. (For example, for the
ANAD “Conv 1” test, the specification requires that the energy absorbed prior to fracture

29



of the weld joint at -40°F be at least 20 foot-pounds. The actual weld was tested at —
45°F [a more rigorous temperature than the required -40°F], and achieved an energy
absorbed prior to fracture value between 29 and 47 foot-pounds.) It should be noted
that many of the plates tested did not have any MILSPEC or AWS requirements for
some of their properties.

Table 6-1: Metal Emissions and Total Particulate Emissions Relative to Quantity
of Wire/Rod Used
(All values in mg of emission per gram of wire or rod used)

Facility Metal Analysis | Gravimetric
(and Wire or Data Data Ratio of
Rod) (mg/gram) (mg/gram) Gravimetric/Metal

MCLB - Wire 1.6 4.3 2.7
ANAD - Wire 2.2 6.2 2.8
PSNSY - Wire 1.8* 4.8 2.7
SWRMC - Wire 1.9 5.3 2.8

- Rod 8.5 47.0 5.5
Averages - Wire 1.9 5.2 2.75

- Rod 8.5 47.0 5.5
Rod/Wire
Emission Ratios 45 9.0

* Does not include data for 2" week, metal analytical data believed to be suspect.
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Table 6-2. Industrial Hygiene Sampling Metal Data Compared to NIOSH and OSHA

Standards
(All values in mg/m?; all values for metal dust/fume unless otherwise noted)
ACGIH High Avg.
TLV NIOSH REL OSHA PEL Weekly Highest Daily 8-Hr
Metal (2007) TWA*' TWA 2 Value Value
Aluminum 10 (as AIO) 5 (respirable) 5 (respirable) 0.033 0.643 (while
welding Al)
Antimony 0.5 0.5 0.5 0.00005 -
Arsenic 0.01 0.002 0.010 0.00012 0.00049
Barium 0.5 0.5 (for BaCI2 & | 0.5 (for BaCl2 0.0022 0.0079
BaNO3) & BaNO3)
Beryllium 0.002 0.0005 0.002 <0.000001 -
Cadmium 0.002 None 0.005 0.0000047 -
(Compound)
Total 0.5 0.5 1.0 0.00423 0.013
Chromium (as metal)
Hexavalent 0.01 0.00052* 0.0050 0.00259 0.0086 (SWRMC,
Chromium® (insoluble) Cr-Mo, non-
pulsed)
Cobalt 0.02 0.05 0.10 0.00006 -
Copper 0.2 0.01 0.01 0.0116 0.031 (SWRMC,
(as fume) mild steel w/ & w/o
Cr-Mo wire, PPI)
Iron 5 5 10 0.824 -
Lead 0.05 0.05 0.05 0.00062 0.0013
Magnesium 10 None 15 0.0039 -
(as MgO) (as MgO)
Manganese 0.2 1.0 5.0 0.112 0.146
Molybdenum 3 None 15 0.0029 -
(resp
fraction)
Nickel 0.2 0.015 1.0 0.0120 0.0163 (ANAD,
(insoluble) mild steel & armor
plate, non-pulsed)
Selenium 0.2 0.2 0.2 <0.0003 -
Silver 0.01 0.01 0.01 0.00009 -
(insoluble)
Strontium 0.0005 None None 0.00036 -
(as Cr)
Vanadium 0.05 0.05 0.01 0.00038 -
(as V205)
Zinc 2 5 5 0.058 0.166
(as ZnO) (as ZnO) (as ZnO)

' NIOSH REL A time-weighted average (TWA) concentration that NIOSH recommends not be exceeded for up to a 10-hour

workday during a 40-hour workweek.

2 OSHA PEL A time-weighted average (TWA) concentration that OSHA recommends not be exceeded for up to 8-hrs during a

workday.

? The hexavalent chromium values reported in this table reflect regulatory and advisory values during the testing period. The
OSHA PELs changed in 2006.
* Hexavalent chromium values reported here are for hexavalent chromium, and not chromium oxide.




43

Table 6-3: Weld Quality Data

Tensile Ultimate
Welding Yield Tensile
Weld ID/| Process/ | Base Plate/ | Welding Tension Test | Strength, | Strength, | Elongation, | Reduction | CVN | CVN Energy,
Facility Joint Position | Thickness | Electrode | Specification Type ksi ksi % of Area, % |Temp, F ft-lb
Marine Corps T3 GMAW-P  |Armor MIL-100S-1 Flat Transverse 60 4.3 26.1 -60 37,41,42 %
Logistics Single Vertical Plate ** 0 44,46,49*
Base bevel 0.25" *** MIL-E-23765/2 -60 35
° 0 60
Marine Corps T7 GMAW-P  |Armor MIL-100S-1 Flat Transverse 123 6.5 26.9 -60 28,32,34*
Logistics Single Vertical Plate ** 0 36, 37,40 *
Base bevel 0.25" *** MIL-E-23765/2 -60 35
0 60
IAnniston Convl |FCAW oS E81T1-Ni2 0.350" diam 79 92 26.5 66.4 -45 |29,34,45,46,47
IArmy Depot Kjoint  |Vertical 1"
AWS A5.29 68 min 80 - 100 19 min - -40 20
IAnniston Pulse2 |[FCAW oS E81T1-Ni2 0.350" diam 85 95 19.3 54.9 -45 |46,54,54,55,64
IArmy Depot Kjoint  |Vertical 1"
AWS A5.29 68 min 80 - 100 19 min - -40 20
Puget Sound HY-PT14 |GMAW-P  |HY-80 MIL-100S-1 0.350" diam 90 113 23.2 70.4 -60 65, 82, 94
Naval SY Vertical 0 100, 112
MIL-E-23765/2 82-120 - 16 min - -60 35
0 60
Puget Sound HY-PT16 |GMAW-P  |HY-80 MIL-100S-1 0.350" diam 95 107 23.6 71.5 -60 78, 100
Naval SY Flat 0 127, 134
MIL-E-23765/2 82-120 - 16 min - -60 35
0 60

> Shaded are indicates the Specification’s standard value for comparison to the test results.
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Table 6-3: Weld Quality Data (continued)

Tensile | Ultimate
Welding Yield Tensile
Weld ID/| Process/ | Base Plate/ | Welding Tension Test | Strength, | Strength, | Elongation, | Reduction | CVN | CVN Energy,
Facility Joint Position | Thickness | Electrode | Specification Type ksi ksi % of Area, % [Temp, F ft-lb
Puget Sound |74y FCAW 0s E81T1-Ni2 0.350" diam 75 89 24.3 67.0 20 62, 66
Naval SY 0 127,134
AWS A5.29 68 min 80 - 100 19 min - -40 20
Southwest Test4 |GMAW-P [4130 ER80S-B2 0.252" diam 94 110 14 31
Regional B1V.1 (Cr-Mo)
Maintenance 3/8"
Center - AWS A5.28 68 min 80 min 19 min - ---
San Diego
Southwest Test 7 SMAW 4130 E9018-B3L 0.252" diam 102 118 26 67
Regional (Cr-Mo) 100 116 25 64
Maintenance 3/8"
Center - AWS A5.5-81 77 min 90 min 17 min - - -—-
San Diego

*  Sub-sized CVN Specimens.

** Transverse tensile - no specification requirements

*** Base plate is not typical; welded using MCLB SOP; weld metal properties are for information only.




7.0 COST ASSESSMENT
7.1 COST MODEL

Elements that contribute to developing a cost analysis of Pulsed Power Inverter (PPI)
use versus conventional power sources are as follows:

. capital cost of the units,

. labor hours required to produce a specific length of weld (with all other
parameters kept the same),

o electrical costs associated with a specific length of weld, and

. cost of the welding wire associated with a specific length of weld.

These elements do not lend themselves to a full economic analysis such as those found
in Environmental Cost Analysis Methodology (ECAMS) Handbook. Therefore, a
simple cost comparison is presented below.

The cost savings implications of PPI’s reported ability to lessen environmental and
health impacts of welding could be significant. It is estimated that meeting a Cr*®
standard of 5 ug/m* will cost about $5 million to implement (i.e., capital cost) and $36
million annually in Navy ship construction alone in the USA. The cost implications for
welding in other DOD venues would be similarly high. 197

7.2 COST ANALYSIS AND COMPARISON

Capital cost of the welding equipment for the purchased PPl systems (power source,
wire feeder and torch) are in the $6k to $8k price range. One system with sophisticated
computer software required an additional $2,000. A complete system with consumables
for a month of testing and training ranged between $8.2k and $13.4k depending on the
geographic location, spare parts on hand, working agreements with vendors and other
site needs. Vendor provided software training ranged from free to $2000 for two days.
This fee depended on prior arrangements the vendor already had with the facility. To
replace an existing conventional system would require an investment of approximately
$6k to $8k (2003/2004 costs) excluding consumables assuming the existing system is
scrapped. New conventional systems are approximately $1000 to $2000 less
expensive. Table 7-1 summarizes the actual equipment and consumables cost for each
facility. Large scale purchases and Government Services Administration (GSA) pricing
could further reduce the costs for new equipment. Consumable costs will be far less
expensive when purchased in bulk and through an ongoing contractual relationship.
Purchases for this project were a one time event.
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Table 7-1: Summary of Equipment Costs (2002/04 basis)

Project
Activity/ Source Item Source Model Cost ($)
Power
ANAD Anniston, AL Source Miller 456MP $4,188
Southern Welding Supply | Wire Feeder | Miller S-74 DX $1,621
Birmingham. AL Weld Gun Binzel 501D $353
ANAD Total $6,162
Power 456MP (later switched to
MCLB Albany, GA Source Miller 456P) $4,282
Jones Welding Wire Feeder | Miller 60M and HP251D-1 $2,512
Albany GA Weld Gun 400 AMP MIG gun & lead $393
MCLB Total $7,187
Power
PSNSY, Bremerton, WA | Source Lincoln | Powerwave 455/SST $6,166
Praxair Wire Feeder | Lincoln | Wire feeder 10 Dual $2,533
Control
Seattle, WA Panel Lincoln | SST & Pulse Panel $647
400-0.035-0.045 & .052
Weld Gun Magum | 1/16" $330
Software Lincoln | Wave Designer Pro $1,025
PSNSY Total $10,701
Power Invision 354MP/460 MIG
SWRMC, San Diego, CA | Source Miller Runner $5,782
70 Series/24V Feed incl. in
(formerly SIMA) Wire Feeder | Miller quote above $0
Welders Supply & Equip, Gooseneck, jacketed 4.5 "
San Diego, CA Weld Gun 50 deg wrench swivel $64
SWRMA Total $5,846

used.
between technologies, even

COST BASIS

Table 7-2: Costs for Welding Filler Material (Wire)

The cost of the welding wire, per length of weld is the same for either technology (i.e.,
the same wire is typically used with either technology), except when SMAW (stick) was
The amount of wire for a specific weld length will not change significantly
if one technology is faster (per length of weld).
Consequently, the cost of wire associated with each technology is the same. For our
tests, wire costs in 2002-2004 dollars are listed below. Some facilities provided all or
part of the wire used during testing and we do not have the cost for those items. Bulk
purchases will be considerably less than the single spool cost purchased for this
demonstration.

Cost/ Year
Filler Metal Spool Location ordered
CN LA-100 60Ib, 1/16” Dia $171 ANAD, Anniston AL 2003
EH100S-1 60lb., 0.045 Dia $482 MCLB, Albany GA 2003
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Activity provided PSNSY, Bremerton, WA 2003
ESAB Spoolarc 95, 35 1b, 0.035 Dia $210 SWRMC San Diego 2004
ESAB Spoolarc 95, 35 1b, 0.045 Dia $188 SWRMC San Diego 2004
Techalloy 80S-B2, 30 Ib, 0.035 Dia $147 SWRMC San Diego 2004
Techalloy 80S-B2, 30 Ib, 0.045 Dia $147 SWRMC San Diego 2004

Directly measuring power output of each piece of equipment was unsuccessful. Given
the nature of the field operations, we were unable to isolate the equipment's power
usage, from the general power grid. Since part of participant's compensation for
participating in the study was to receive the demonstrated equipment, the team was
unable to splice into the power cord to install power measurement equipment without
destroying the equipment warranty.

Energy costs were generated from machine read-outs for voltage and amperage when
an arc was struck. The goal of the MCLB test was to determine the limit of detection
(LOD) for welding fume verses arc time. As testing proceeded and data was evaluated
more detailed parameters were recorded. Arc time, in seconds, was rigorously
recorded at PSNSY and SWRMC. Average electrical energy costs were taken from the
Defense Utility Energy Reporting system 19 us Army energy usage was estimated
using southeastern US Navy facility reports. Hourly wages were estimated using
Bureau of Labor Statistics data for welders ?%. Apprentice rates were used for PSNSY
and ANAD. The upper end of the rating scale was used for PSNSY and MCLB. This
reflects the actual welders conducting the demonstration.

7.4  LIFE CYCLE DRIVERS

Table 7-3 shows the average power usage to weld a 12-inch plate and results were
mixed. In some cases the PPl machine required less power and in other cases the
conventional process required less power. Where power efficiency improved with the
use of PPI, differences were insufficient to provide a useful payback.

Table 7-3. Average Power Usage

Percent
Non- Pulsed Conventional Change,
pulse Energy Power Use PPl vs
Facility | Process | Steel | Pos’n | Use (GMAW) (kW) Conv
MCLB GMAW Armor | Flat 5.9 3.5 +59
PSNSY FCAW 0S Flat - 5.8 na
PSNSY FCAW 0S Vert 4.4 6.2 -29
PSNSY FCAW HY-80 | Flat 4.6 - na
PSNSY SMAW HY-80 | Vert 3.4 3.9 -13
SWRMC | SMAW Cr-Mo | Flat 6.0 4.4 +27
ANAD FCAW 0S Flat 6.0 5.6 +7

Table 7-4 compares productivity and energy costs for three of the four field sites.
Efficiency calculations were not collected at MCLB since the test goal was to determine
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arc times necessary to generate enough emissions to exceed the environmental, safety
and occupational health analytical LOD. Formulas used to derive values in Table 7-4
are listed below:

. Deposition Rate (%) = Ratio of arc time (sec) to welding time (sec) for the
specific test plate

. Annual Productivity (Hours) = Deposition Rate (%) x 1248 (hours) (See
note 2 on table)

. Annual Personnel Cost ($) = Annual productivity (hours) & Bureau of
Labor Statistics (BLS) Salary ($/hour)
. Annual Energy Cost ($) = Machine Power Usage (kilowatts) x regional

rate/1000 ($/megawatt hours) x annual productivity (hours)

When efficiency calculations are evaluated power usage and personnel time becomes
even more unclear. This technology cannot be recommended based on the two weeks
of testing performed at each facility.

With respect to the amount of time it takes to make a given length of weld, there is a
considerable reduction in weld time when compared to SMAW (stick welding) at
SWRMC, San Diego. This time reduction is a well-documented cost savings and
cannot be attributed to PPI technology. In addition, SMAW is frequently used when
there is limited access or for quick repairs since the machine is portable and no external
shielding gas is required. Substituting GMAW for SMAW is not an option in these
cases.

In some cases, pulsed power inverters seem to produce an increase in welder
productivity. However, our two week sample at each site was insufficient to reflect a
true annual payback. Overall welder productivity is affected by variables such as welder
skill, process, set-up, housekeeping, training, medical appointments, other workplace
distractions, and even vacation and sick leave. During this study, when the welder was
actually welding, typical efficiency or deposition rate (arc time verses weld time) ranged
from 19% to 50%.

Welders join individual pieces more quickly with PPI. However, cooling and grinding
techniques were different from day to day during the two weeks of testing. They may be
able to produce more welds in a given day. However, it is difficult to determine if the
overall welding (not only arc) time is quicker at each location. More welds per day could
translate into higher exposure and environmental emissions since workers are more
efficient. A long term test would be required by each facility manager to determine if
this hypothesis is correct.
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Table 7-4: Labor and Electrical Cost Data

Annual
Machine | Arc Annual Productivity Annual Ener%/
Plate # Energy | Time | Deposit Rate (D) (Hr) Personnel | Cost
Vertical | Pulse Usage | (Sec) % (Note 2) Cost @ | ($/MWhr)
Date Metal | vs. Flat | Yes vs. No | Process | (kw)® (Note 1) (Note 3)
Marine Corps Logistics Base (MCLB), Albany, GA
Local Costs Basis (Master Welder Hourly Rate & Energy = $/MWhr) (Note 4) | $18.05/hr ‘ $52.99
Efficiencies not evaluated for MCLB. Focus was on environmental and OSH results
Anniston Army Depot (ANAD), Anniston, AL
Local Costs Basis (Apprentice Welder Hourly Rate & Energy = $/MWhr) (Note 4) $14.72/nhr | $59.31
10/27/03 1C/F FCAW
R1 0S N 5.6 1303 0.09 118 $1,734.55 $39.22
10/27/03 P1 & FCAW
R2 0s Bead Y 5.6 936 0.10 130 $1,910.54 | $24.49
10/28/03 P1/F FCAW
R1 0S Y 6.1 1555 0.43 539 $7,935.06 | $110.65
10/28/03 P2/F FCAW
R2 (OR) Y 6.0 2175 0.46 578 $8,501.27 | $117.18
10/28/03 P3/F FCAW
R3 (OR) Y 6.3 944 0.15 187 $2,752.67 $39.72
10/29/03 P3/F FCAW
R1 0S Y 6.2 1372 0.38 476 $7,001.22 $98.76
ANAD electrical cost taken from an average several southeastern DON activities
Puget Sound Naval Shipyard (PSNSY), Bremerton, WA
Local Costs Basis (Apprentice Welder Hourly Rate & Energy = $/MWhr) (Note 4) $14.72/hr | $33.62
08/10/04 os | W N FCAW | 6.59 0.32 399 $5,878.58 | $88.47
08/10/04 | OS |2V N FCAW | 5.79 0.32 399 $5,878.58 | $77.74
08/12/04 HY- A SMAW
80 N 3.6 3028 | 0.32 399 $5,878.58 | $48.87
08/12/04 HY- 8/V SMAW
80 N 4.1 2202 | 0.31 387 $5,694.87 | $53.69
08/19/04 | OS | 17/F N FCAW | 548 1203 | 0.49 612 $9,001.57 | $112.65
08/19/04 | OS | 18/F N FCAW 1 6.04 903 | 0.50 624 $9,185.28 | $126.65
08/11/04 | OS |3V Y GMAW 1 4.35 0.25 312 $4,592.64 | $45.66
08/11/04 | OS |4V Y GMAW | 435 0.32 399 $5,878.58 | $58.40
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Table 7-4: Labor and Electrical Cost Data (continued)

Annual
Machine | Arc Annual Productivity Annual Energ@/
Plate # Energy | Time | Deposit Rate (D) (Hr) Personnel | Cost ¥
Vertical | Pulse Usage | (Sec) % (Note 2) Cost ® | ($/Mwhr)
Date Metal | vs. Flat | Yes vs. No | Process | (kw)®" (Note 1) (Note 3)
08/13/04 1 OS |5V Y GMAW 1435 957 | 0.24 300 $4,408.93 | $43.83
08/16/04 HY- 11V GMAW
80 Y 3.69 693 0.32 399 $5,878.58 | $49.48
08/16/04 HY- 12/V GMAW
80 Y 3.30 781 0.32 399 $5,878.58 $44.30
08/17/04 HY- 13/V GMAW
80 Y 3.54 1262 0.26 324 $4,776.35 $38.58
08/17/04 HY- 14/V GMAW
80 Y 3.48 911 0.52 649 $9,552.69 $76.00
08/18/04 HY- 15/F GMAW
80 Y 4.58 1032 0.32 399 $5,878.58 $61.52
08/18/04 HY- 16/F GMAW
80 Y 4.56 1205 0.16 200 $2,939.29 $30.60
Derived Value based on similar work
Southwest Regional Maintenance Center (SWRMC), San Diego, CA
Local Costs Basis (Master Welder Hourly Rate & Energy = $/MWhr) (Note 4) $18.05/hr | $122.76
10/04/04 Cr 1/F GMAW
AM Moly Y 6.05 819 0.23 285 $4,188.49 $57.86
10/04/04 Cr 2/F GMAW
AM Moly Y 6.75 886 0.25 307 $4,519.16 $69.70
10/04/04 Cr 3/F GMAW
PM Moly Y 5.83 926 0.23 287 $4,225.23 $56.30
10/05/04 Cr 4/F GMAW
AM Moly Y 5.57 946 0.26 328 $4,831.46 $61.42
10/05/04 Cr 5/F GMAW
AM Moly Y 5.90 808 0.22 280 $4,115.01 $55.47
10/05/04 Cr 6/F GMAW
PM Moly Y 6.00 771 0.21 267 $3,931.30 $53.91
10/06/04AM | Cr 7/F SMAW
Moly N 4.37 1634 0.30 378 $5,558.80 $55.44
10/06/04AM | Cr 8/F SMAW
Moly N 4.40 1321 0.30 374 $5,511.17 $55.44
10/07/04AM | Cr 9/F SMAW
Moly N 4.48 1379 0.30 374 $5,511.17 $56.39

NOTES:




Table 7-4: Labor and Electrical Cost Data (continued)

Annual
Machine | Arc Annual Productivity Annual Energz%/
Plate # Energy | Time | Deposit Rate (D) (Hr) Personnel | Cost ¥
Vertical | Pulse Usage | (Sec) % (Note 2) Cost ® | ($/Mwhr)
Date Metal | vs. Flat | Yes vs. No | Process | (kw)®" (Note 1) (Note 3)

field data sheets

(1) D = Ratio of Arc hours to Welding hours for welder (%). Note D is different than formula defined in AWS. Italicized values are estimates derived from

(2) Typical productivity = welder arc time: welding work time. [Assumes a welding work year is 2080 work year X.0.6 (for leave -vacation/sick, training,
administrative duties, medical, housekeeping) = 1248 hours]

(3) Idle voltage and amperage also contribute to annual costs but not considered here.

(4) Welder Rates from BLS/Welding Workers. ANAD & PSNSY were assumed to be median salary and MCLB & SWRMC high end of median.
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8.0 IMPLEMENTATION ISSUES

8.1 ENVIRONMENTAL CHECKLIST

Both PPl and conventional pulsed power welding, when properly ventilated, will comply
with recently promulgated OSHA regulations for Cr*®, as well as for CO, O3, and NOx.
While PPl welding appears to generate slightly more UV radiation than conventional
welding, a welder with normal PPE (i.e., gloves, long sleeves, face shield) should not be
in danger of excessive UV exposure. If the area of welding is not ventilated (or the
welder is not supplied with external clean air) it is possible that there will be excessive
exposure to particulates in general, and possibly to hexavalent chromium, copper, and
nickel in particular, in excess of OSHA or NIOSH limits, for both PPl and conventional
pulse power welding operations. In addition, exposure to O3 may also be an issue.

8.2 OTHER REGULATORY ISSUES

EPA does not specifically regulate Cr*®, other metals, CO, Os, or NOx emissions from
welding operations. Currently there are no EPA-driven regulatory requirements for
either PPI or conventional pulsed power welding operations. However, each of these
components will contribute to ambient exposure, and overall facility fugitive emissions.
There are indications that EPA will begin regulating welding operations using the
Residual Risk Provisions in the National Emission Standards for Hazardous Air
Pollutants (NESHAP): Shipbuilding and Ship Repair (Surface Coating) Operations. The
additional regulations will directly affect contractors building naval ships and larger
vessels used by other services, e.g. the Army and Coast Guard. This practice will also
affect shipyard repair operations that take place on DOD property and in contractor
shipyards. Since the EPA is expanding the regulation beyond coatings and including
welding they are setting a precedent. DOD should watch the progress of the NESHAP
Defense Land Systems and Miscellaneous Equipment Surface Coating Rule and
anticipate regulatory creep.

The results of this demonstration do not indicate a significant difference for any of the
emissions studied between PPl and conventional pulsed power welding.

8.3 END-USER ISSUES

A bead of filler material can be laid down faster with the pulsed power inverter when
compared with the conventional welding process. Therefore, the welder could
potentially produce more work in a day. This is one of the marketing advantages
mentioned by the vendors. By producing more work, the welder could potentially
increase exposure, even though the test scenario produced similar amounts of
emissions.

All welders said they felt comfortable with the PPl equipment after using it for a couple

days, and believed they could produce better welds. No additional supplies or hardware
are needed to operate the PPl equipment in comparison to conventional equipment.
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Appendix A: Points of Contact

POINT OF ORGANIZATION Phone
CONTACT Address E-mail Role in Project
Kathleen Paulson | NAVFAC ESC/EV 421 805/982-4984 Principal Investigator
1100 23" Street 805/982-4832

Port Hueneme, CA 93043

kathleen.paulson@navy.mil

Jill Hamilton

NFESC/NAVOSH (ESC 4

805/982-4892

NFESC- Logistics

1100 23" Street jill.hamilton@navy.mil and Planning
Port Hueneme, CA 93043
Gene Franke NAVAL SURFACE 301/227-5576 Principal Investigator

WARFARE CENTER
Carderock Division,
Welding Engineering
Bethesda, MD, 20817

frankegl@nswccd.navy.mil

Stephen Schwartz

Versar, Inc.
Springfield, VA 22151

703/642-6787
schwaste@versar.com

Environmental &
OSH Contractor

Chris Downing

ANNISTON ARMY DEPQC
(ANAD), Weld Certificatiq
AMSTA-AN-PEWL
Anniston, AL, 36201

256/310-8099
downingc@anad.army.mil

Anniston- Facility
Coordination

Ken Reid

ANAD
AMSTA-AN-PE
Anniston, AL, 36201

256/235-7515
reidk@anad.army.mil

Anniston- Logistics

Bob Stockton

MARINE CORPS
LOGISTICS BASE (MCLE
Maintenance Direct.-
Welding Engr

Albany, GA, 31704

229/639-6953
stocktonrm@logcom.usmc.mil

Albany-Facility
Coordination

Bill Baker MCLB, Maintenance Dire{ 229/639-6952 Albany- Logistics
Welding Engineering bakerwg@logcom.usmc.mil
Albany, GA, 31704.-

Dale Frei PUGET SOUND NAVAL | 360/476-2528 Puget Sound-Facility

SHIPYARD (PSNSY),
Welding Engineer
Bremerton, WA, 98314

freid@psns.navy.mil

Coordination

Randy Kessler
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Appendix B
Analytical Methods Supporting the Experimental Design



Particulate Stack Sampling

Samples were extracted from the 12-inch diameter welding fume ventilation duct using
a modified EPA Method 5 stack sampling train. The aim of each sample run was to
capture emissions from at least 40 minutes of actual welding time. Forty minutes of
welding arc time was determined to be the minimum amount of time needed to collect
sufficient material on most filters and detect that material above the analytical limit of
detection. The sampling train consisted of: an Andersen Mark Ill, 8-stage stainless
steel cascade impactor (which had a pre-separation stage and a final filter stage); and a
series of four iced impingers. The first two impingers were filled with 100 ml of de-
ionized water; the third impinger was empty, and the last impinger had about 200 grams
of silica gel. (The sole purpose of the impingers was to determine the moisture content
of the air stream being sampled).

Because the 12-inch PVC exhaust duct used for sampling was relatively small,
especially in comparison to the cross section of the impactor, the impactor inlet was
placed and secured at a position that represents the average flow velocity through the
duct (based on preliminary pitot-tube measurements). The inlet flow to the sampling
train was adjusted as well as possible to the average exhaust duct velocity, given the
impactor’s requirement for a specific optimum volumetric flow range.

Filter media for each stage of the cascade impactor (glass fiber filter media) were
desiccated and pre-weighed before sampling. After sampling, each filter was
desiccated again and then reweighed. All weight changes were recorded. Any
contents of the pre-separation section of the impactor were discarded. After all filter
weighing was complete, the filters were placed in individual petri dishes and sent to a
laboratory for metalic analysis.

Prior to analysis of the filter media from each stage of the impactor, the analytical
laboratory cut each filter media in half. One of the halves was analyzed using OSHA
Method ID-215 B (extraction in an aqueous solution followed by ion chromatographyg.
The other half of each filter media was analyzed using NIOSH method 7300 B2

(inductively coupled plasma/atomic emissions spectroscopy — ICP/AES).
Industrial Hygiene Sampling for Metals

Four each 2.0 — 2.1 liter per minute industrial hygiene samples were taken during each
sampling day. The intakes for two samplers located side by side at about one foot from
the welding operation. These samplers are identified as near-filed. The other two
samplers were placed together at about 10 feet from the welding operation and
identified as far-field. All samples were engineering (also called area) samples and no
personnel samples were taken because the demonstration’s focus was to compare

BT OSHA Sampling and Analytical Methods, Hexavalent Chromium In Workplace Atmospheres
http://www.osha.gov/dts/sltc/methods/inorganic/id215/id215.html (accessed 2/4/2010)

B2 CDC/NIOSH Manual of Analytical Methods, Method 7300, Elements by IPC (Nitric/Perchloric Acid Ashing)
http://www.cdc.gov/niosh/docs/2003-154/pdfs/7300.pdf (accessed 2/4/2010)
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emissions before and after applying the engineering control, the PPl machines. No All
samplers were run continuously for eight hours, or until they could no longer draw the
required volume of air (due to blinding of the sampler filters).

One of the samplers at one-foot from the welding operation, and one of the samplers at
the 10 foot location drew gases through a polyvinyl chloride (PVC) cassette-type filter
prescribed by OSHA Method 215, for hexavalent chromium. The other sampler at each
of the two locations contained a NIOSH Method 7300 mixed cellulose ester (MCE), 0.8-
Mm pore size, filter for monitoring all other metals, including total chromium. In addition,
a blank PVC and MCE filter were sent for analysis weekly, and used as a background
control sample.

The PVC Method 215 filters were analyzed using the OSHA Method ID-215 technique
(extraction in an aqueous solution followed by ion chromatography). The MCE filter
media were analyzed using the NIOSH method 7300 technique, (inductively coupled
plasma/atomic emissions spectroscopy — ICP/AES).

CEM for NOy:

A Thermo Model 42 CEM or an Advanced Pollution Instrumentation Model 200A was
used to monitor NOy, in a range of 0-100ppb. The inlet tube to the instrument was
positioned inside the exhaust duct, in order to obtain maximum values along with less
random, wind-caused variability. It was operated for the full sampling day, with
measurements taken approximately every minute, and stored in a data-logger. The
instruments were calibrated with a “zero” gas, and a 100-ppm calibration gas,
automatically diluted (in Thermo Environmental Instruments Multigas Calibration
System, Model 146) to a value in the anticipated range of measurement.

CEM for Oa3:

A Thermo Environmental Instruments Model 49 CEM was used to monitor O3, also in a
range of 0-100ppb. The inlet tube to the Model 49 was positioned inside the exhaust
duct, in order to obtain maximum values along with less random, wind-caused
variability. It was operated for the full sampling day, with measurements taken
approximately every minute, and stored in the same data-logger that was used for NOy
measurements. The Model 49 will be calibrated with an internal ozone generator in the
anticipated range of measurement.

CEM for CO:

An Advanced Pollution Instrumentation Model 300A CO Analyzer was used to monitor
carbon monoxide in the range of 0-100ppm. The inlet tube to the Model 300A was
positioned inside the exhaust duct, in order to obtain maximum values along with less
random, wind-caused variability. It was operated for the full sampling day, with
measurements taken approximately every minute, and stored in the same data-logger
used for the NOx and O; measurements. The instrument was calibrated with a “zero”
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gas, and an appropriate calibration gas, automatically diluted (in Thermo Environmental
Instruments Multigas Calibration System, Model 146) to a value in the anticipated range
of measurement.

Ultraviolet Radiation:

UV  radiation was measured wusing an International Light IL1400A
Radiometer/Photometer. The UV sensor was positioned in the vicinity of the welder. It
was operated for the full sampling day, with measurements taken approximately every
minute, and stored in the same data-logger that was used for NOx Os, and CO
measurements.
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Appendix C
Data Quality Assurance/Quality Control Plan



NFESC personnel, not connected with the project, conducted an internal review of the
test results and interpretations, as did the environmental contractor, VERSAR, Inc.
Results from each test event were reviewed to evaluate the integrity of the
demonstration. Written and properly signed records of each periodic review show the
date of the review, the demonstration inspected, the person performing the review, any
findings and problems, actions recommended and taken to resolve existing problems,
and any scheduled date for reevaluation.

The Quality Assurance Officer designated for this ESTCP project is Mr. Robert (Bob)
Weber, Corps of Engineers Research Laboratory (CERL). By the time the project was
completed, Mr. Weber had retires and there was no replacement identified. Therefore,
the project team depended on the environmental contractor to conduct the review. The
Navy Consolidated Industrial Hygiene Laboratory, San Diego, CA is accredited by the
American Industrial Hygiene Association and conducts quality control on all samples.

Environmental Protection Samples

Emission testing will be completed using a nine-stage cascade impactor for collecting
particulate samples in accordance with a modified EPA Methods 1-5 ©'. Continuous
emission monitors (CEMs) will be used to measure real-time NOy, O3, and CO emission
concentrations.

Quality assurance measures for the particulate sampling included:
. Performing one sampling run on filtered ambient air through the impactor

to help estimate impactor filter media weight change as well as clean air
metal concentrations.

. Desiccating every filter media before and after use to eliminate humidity-
related influences on media weight.

. Performing analysis of filter media blanks at least weekly to determine
blank metal concentrations.

. Calibrate balances used to weigh filter media daily with known certified
weight. Check and adjust (if necessary) balance zero for each weighing.

. Forward all filter media to lab wusing strict chain-of-custody
procedures/forms.

Quality assurance measures for CEMs included:

. Daily calibration of NOyx and CO CEMs using “zero” air and certified
concentration gases for spanning.

“!' EPA Code of Federal Regulations (CFR) Promulgated Test Methods, 1- Traverse Points, 2- Velocity, 3-
Molecular Weight, 4- Moisture Content, and 5- Particulate Material, http://www.epa.gov/ttn/emc/promgate.html
(accessed 2/4/2010)
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Daily calibration of O3 CEM using “zero” gas and internal spanning
methodology.

Calibration as needed during each run when data were suspect.

Occupational Safety and Health Samples

The Naval Environmental Health Center's Field Operations Manual http://www-
nehc.med.navy.mil/Occupational Health/Industrial Hygiene/ih fieldops manual.aspx

(accessed 2/4/2010) and the Industrial Hygiene Sampling Guide for Consolidated
Industrial Hygiene Laboratories (CIHLS) http://www-
nehc.med.navy.mil/downloads/IH/CIHL%20GUIDE %202009Rev1.pdf (accessed

2/4/2010) are used as the quality control, quality assurance basis for the testing.

Area sampling for hexavalent chromium will be performed in accordance with OSHA
Method ID-215 recommendations. The following collection protocol will be followed for
worker exposure testing.

Daily calibration of the personal sampling pumps to approximately 2 L/min
flow rate with a cassette in line.

After sampling, placed plastic end caps tightly on both ends of the
cassettes.

Forward cassettes to analytical laboratory under strict chain-of-custody
procedures and forms.

Samples were stored on ice at the end of each sampling day, during
shipment, and during storage until refrigeration is possible at the
laboratory.

Other Sample Handling Procedures

Sample traceability was maintained on all samples using standard chain-of-custody
forms, daily logs, and other documentation as appropriate. Traceability, defined as the
ability to reconstruct reported test results back to the original sampling and analysis
data and how it was generated, includes the following:

Identification and calibration of measurements and test equipment used to
collect or analyze samples.

Use of a project logs or equivalently identified data collection forms.

Source, purity, and preparation of standard reference materials used in
quantitative or qualitative analysis.

Incorporation by reference or full description of methodologies and
technically necessary modifications performed.

Sequence (i.e., time, date, and order) that samples were processed or
analyzed.
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Appendix D
Example Wave Forms from Machine Tested at PSNSY
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HEAT ENERGY INPUT(kJ/in
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Appendix E
Example Continuous Emissions Data
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Time of Day

Note: UV values for SWRMA, San Diego are shown at 10 times their actual value to accommodate graphic representation.

Therefore, a value shown as of 40 watts/cm? is actually 4 watts/cm?.



Fig. E-3. CONTINUOUS EMISSION DATA (With Pulsed Power Inverter)
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Fig. E-5. CONTINUOUS EMISSION DATA (With Pulsed Power Inverter)
4 Oct 04, SWRMC, San Diego, CA
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Therefore, a value shown as of 40 watts/cm? is actually 4 watts/cm®.

Note: UV values for SWRMA, San Diego ar



6 Oct 04, SWRMC, San Diego, CA
(Stick - not wire)

Fig. E-7. CONTINUOUS EMISSION DATA (Without Pulsed Power Inverter)
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Fig. E-9. CONTINUOUS EMISSION DATA (with Pulsed Power Inverter)

11Aug 04 - PSNS, Bremerton, WA
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Fig. E-10. CONTINUOUS EMISSION DATA (Without Pulsed Power Inverter)

12 Aug 04 - PSNS, Bremerton, WA
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Note: UV values for PSNSY, Bremerton, WA are shown at 0.1 times their actual value to accommodate

Therefore, a value shown as of 40 watts/cm? is actually 400 watts/cm?.
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Fig. E-11. CONTINUOUS EMISSIONS DATA (with Pulsed Power Inverter)
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Fig. E-12. CONTINUOUS EMISSION DATA (with Pulsed Power Inverter)
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Note: UV values for PSNSY, Bremerton, WA are shown at 0.1 times their actual value to accommodate

Therefore, a value shown as of 40 watts/cm? is actually 400 watts/cm?.
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Fig. E-13. CONTINUOUS EMISSION DATA (with Pulsed Power Inverter)

17 Aug 04 - PSNS - Bremerton, WA

uv

NOx
o3

160

—_—— L
—— |
—
——a
I
=
—_—
|
o o o o o o o
< N o [s¢) © < N
g & 8

(‘wobs/m sawil T°0 Ul AN) 9dd Ul UOlRIIUBIUOD

Nd ¢l
Nd ¥0:¢
Wd g1
Nd ¥
Nd 8¢:L
Nd o€}
Nd Le:b
Nd €111
Nd ¥0:1
Nd 9521
Wd Z¥:2h
Wd 6¢€-2h
Nd 0g:2h
Nd ¢eg:2h
Nd €12t
Wd S0-2k
WV 9G: L
NV 8¥:LL
NV 6€:L L
WV LELL
WV ¢c-LL
AV pLiLL
WV S0:L L
WV LS50}
WV 8¥:01
AV 0¥:0L
AV LE:0L
WV €2:01
WV v1:0l
AV 90:04
NV /56
NV 6¥:6
NV 07:6
NV 2€:6
NV €2:6
NV G616

Time of Day

Fig. E-14. CONTINUOUS EMISSION DATA (with Pulsed Power Inverter)

18 Aug 04 - PSNS - Bremerton, WA
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Nd gviel
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Time of Day

Note: UV values for PSNSY, Bremerton, WA are shown at 0.1 times their actual value to accommodate graphic representation.

Therefore, a value shown as of 40 watts/cm? is actually 400 watts/cm?.
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Fig. E-15. CONTINUOUS EMISSION DATA (with Pulsed Power Inverter)

19 Aug 04 - PSNS - Bremerton, WA
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Time of Day

Note: UV values for PSNSY, Bremerton, WA are shown at 0.1 times their actual value to accommodate graphic representation.

Therefore, a value shown as of 40 watts/cm? is actually 400 watts/cm?.

Fig. E-16. CONTINUOUS EMISSION DATA (Without Pulsed Power Inverter) -

10/22/03 - Anniston Army Depot
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Time of Day
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Fig. E-17. CONTINUOUS EMISSION DATA (Without Pulsed Power Inverter) -

10/23/03 - Anniston Army Depot
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Fig. E-18. CONTINUOUS EMISSION DATA (Without Pulsed Power Inverter) -

10/24/03 - Anniston Army Depot
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Time of Day
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Fig. E-19. CONTINUOUS EMISSION DATA 10/27/03 - Anniston Army Depot
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Fig. E-20. CONTINUOUS EMISSION DATA (With Pulsed Power Inverter) - 10/28/03
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Fig. E-21. CONTINUOUS EMISSION DATA (With Pulsed Power Inverter) - 10/29/03
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Fig. E-22. CONTINUOUS EMISSION DATA - 10/30/03 - Anniston Army Depot
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Fig. E-23. CONTINUOUS EMISSIONS DATA - 11/18/03 - MCLB, Albany, GA
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Fig. E-24. CONTINUOUS EMISSION DATA - 11/19/03 - MCLB, Albany, GA
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Fig. E-25. CONTINUOUS EMISSION DATA - 11/20/03 - MCLB, Albany, GA
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Appendix F
Environmental Emission Rates and Pie Charts



Milligrams per Minute (blue) or per
Grams of Wire Used TIMES 10 (purple)
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FIG. F-1. RELATIVE TOTAL METALS EMISSIONS @ MCLB
(Not including Al, Ba, & Zn)
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FIG. F-2. RELATIVE TOTAL METALS EMISSIONS @ ANAD
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Milligrams per Minute (blue) or per
Grams of Wire Used TIMES 10 (purple)

FIG. F-3. RELATIVE TOTAL METAL EMISSIONS @ PSNS
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FIG. F-4. RELATIVE TOTAL METALS EMISSIONS @ SWRMC
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Table F-1: Marine Corps Logistics Base Impactor Weight Gains

WEIGHT GAINS FOR IMPACTOR STAGES @ MCLB, Albany, GA, Adjusted for blank weight loss (mg)

Sample | Cascade Impactor Stage Number | Tot. | Welding Wtof  |Wtofsolids @ Total wire Total
No. (date) I — Adjust. | Time |Sample/Time |full flow/Time usedrun (gm) emissionsWire
' Lo 2 3 4 3 b ! 8 |9Filte) Wi mg)| (min) | img/min) | (mg/min) ™ used img/gm)

o
(1111803 | 000 005 005 0.00 022 0.0 006 000 010y 048 F962 001 12 2379 029
10011803 026 0.03 030 009 0.21 0.00 034 011 163 | 287 B1.18 005 BB 2442 1.70
Minang, 005 012 041 004 0.3 023 (11l 008 A 022 014 19 1291 487
120118031 0.31 0.00 053 0.26 (.56 055 115 146 171 BE) F0.38 0.14 205 2459 .04
131a0y! 013 0.2 042 026 050 0.41 112 045 478 T am B0.43 014 199 2325 517
1401112003 0.52 0.4 025 039 041 0.72 08s 1.04 430 | 878 B0.17 015 211 2315 b.48
1Bzl 024 009 015 022 0.2 053 073 0.86 283 1 588 k4,22 009 132 2234 180
| |
Averages ! 0.2 0.1 03 0.2 04 03 0. 0.6 28 ! 0.091 132 4.25
I I
%ofTot, | 3.9 21 54 3.2 6.4 6.2 1245 10.2 0.1 IStandard Deviation:|  0.044 63 1.89
Weight | |
| |

NOTE 1: All values in stages 1-8 have been adjusted far blank weight loss of 0.34 mg (i.e., values shown are 0.34 mg higher than actual weight gains.

NOTE 2: All adjusted values that were negative have been changed ta zera,

NOTE 3: Shaded samples did nat have impactor stages properly assembled. Therefore, individual stage values are not corect. Only tatal sample weights are comect.
NOTE 4: Averages, % of total weights, and standard deviation da not include shaded areas (see Nate 3) except for totals.

NOTE 5: Runs 3, 10, and 15 are pulsed power inverter welding. Runs 11-14 are conventional pulsed power.

NOTE 6: The column headed "Weight of solids @ full flowTime" is calculated by muttiplying the column headed "Weight of sample/Time" by the ratio of the flow in the
wentilation duct to the flow in the sample train (1 444).
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Welding Particle Size Distribution Without Pulsed Power Inverter
(ANAD: 10/23-10/27/03)

6.0 - 8.8 microns

8.8 - 13 microns 2.6 - 4.1 microns
4.1-6.0 microns

Greater tha
13 microns

Less than 0.55 microns

0.55- 0.8 microns

FIGURE F-5: Welding Particle Size Distribution- ANAD
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Table F-2: Anniston Army Depot Impactor Weight Gain

WEIGHT GAINS FOR IMPACTOR STAGES @ Anniston Army Depot, Adjusted for blank weight loss {mg)

T f f
Sample No.! Cascade Impactor Stage Number ! AdT.ot. Welding | v rime | Weofsolids@ | 70} e Total
(date) | — ljust. Tnfle (mg/min) full ﬂuwalme used/run (gm) emissionsWire
I I R R O B A Y e s (mg/min) used (mggm)
61072303, 02 0.2 0.1 0.0 0.0 0.2 0.0 0.9 22 1 40 16.08 0.25 363 1082 5.39
f(102403) 1 04 0.0 0.2 0.3 0.0 0.0 0.8 0.0 22 1 4 15.52 0.26 352 346 171N
LS HE 0.7 0.0 0.2 0.0 0.4 0.6 0.5 17 T 45 21.72 0.2 309 1029 B.51
9(10727103) | 0.0 0.5 0.1 0.3 0.4 0.5 0.9 148 47 | 82 41.52 0.22 321 2376 5.60
10{10/28/03)1 02 0.2 0.2 0.6 0.3 0.9 0.6 15 43 1 98 36.25 0.27 391 2075 5.83
1(10/2803), 0.3 0.0 0.1 0.3 0.0 0.1 0.0 0.1 17 | 28 28 0.12 179 1535 267
1201029031 0.0 0.2 0.2 0.0 0.2 0.3 0.0 14 42 1 &7 39.52 017 245 2652 3.65
131028031 03 0.1 0.0 0.0 0.0 0.1 0.4 0.5 17 T 34 21.28 0.16 2 1,246 3.95
14(103003); 0.0 0.0 0.0 0.0 0.3 0.2 07 148 45 |1 74 19.98 0.37 538 29 47.33
] ]
[l [l
Averages | 0.2 0.3 041 0.2 041 0.3 0.4 0.8 29 | | 0.23 338 6.23
| |
%ofTot. | 44 4.8 2.6 4.2 25 6.2 79 15.2 521 Standard Deviation: | 0.066 95 3.58
Weight | |
| |
1 1

NOTE 1: All values in stages 1-8 have been adjusted for blank weight loss of 0.34 mg (i.e., values shown are 0.34 mg higher than actual weight gains.

NOTE 2: All adjusted values that were negative have been changed to zero.

NOTE 3: Sample No. 14 is for welding on Aluminum. Al other samples are for steel alloys.

NOTE 4: Shaded samples did nat have impactor stages properly assembled. Therefore, individual stage values are not correct. Only total sample weights are correct.
NOTE 5: Averages, % of total weights, and standard deviation do not include shaded areas (see Note 4) except for totals, and do not include run AAD 14 {see Note 3).
NOTE 6: Runs 3-13 are pulsed power inverter welding. Runs 1-5 are conventional pulsed power,

NOTE 7: The column headed "Weight of solids @ full flow/Time" is calculated by multiplying the column headed "Weight of sample/Time" by the ratio of the flow in the
ventilation duct to the flow in the sample train {1 444).
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Table F-3: Puget Sound Naval Shipyard Impactor Weight Gain

WEIGHT GAINS FOR IMPACTOR STAGES @ PSNS, Bremerton, WA, Adjusted for blank weight loss {mg)

T . .
Sample ! Cascade Impactor Stage Number | Tot Welldmg Wt Time Wt ufsulld.s@ Total wire . 'I:utal )
No. (dat | I Adjust. | Time mi full flow/Time o emissions/Wire
oGl T2 [ 3 [ 4 [ s [ 6 [ 1] |9 Fitter) | Wit mg) | gming | Y™ | mgiminy [ 52T O | gp g
1(B10/04) i 0.44 0.14 0.14 024 0.44 0.34 0.34 1.14 520 i B.42 40.00 0.2 317 1,482 B.56
2ens 1 024 0.34 0.34 0.34 0.54 0.54 0.64 0.64 200 1 562 46.05 0.12 184 4.49
BT el el el s acall acull e L
431304y | D24 0.34 0.34 0.34 0.34 0.24 0.74 0.84 160 1 502 4052 0.12 187 1658 456
53N EI04) ! 0.04 0.04 0.24 0.34 0.34 0.44 0.54 0.54 1.20 ! 3.72 53.80 0.07 104 2070 271
B(BMTI04) i 024 024 024 024 024 0.34 0.34 0.34 1.00 i 322 44 98 0.07 108 1.731 280
Fienang | 024 0.04 0.34 0.24 0.14 0.24 0.24 0.34 120 1 302 40.03 0.08 114 1696 258
B(B19i04) | 0.4 0.54 0.44 0.44 0.74 0.74 0.74 1.54 B0 1172 48.02 0.24 368 221 7.98
| |
Averages | 03 | 02 | 03 | 04 | 04 | 05 | 08 | 10 | 27 | 65 0.138 209 183
| |
% of Tot. ! 4.0 37 48 54 63 8.1 1241 15.1 405 !Standard Deviation: |  0.068 103 249
Weight | I
| |

NOTE 1: All values in stages 1-8 have been adjusted for blank weight loss of 0.34 mq (i.e., values shown are 0.34 mg higher than actual weight gains.
NOTE 2: All adjusted values that were negative have been changed to zero.

NOTE 3: All runs are wire-type welding, except run 3 {shaded row), which is "stick” welding.

NOTE 4: Runs 1 and 3 are conventional pulsed power. Runs 2 and 4-8 are with pulsed power inverter.
NOTE 5: The column headed "Weight of solids @ full flow/Time" is calculated by multiplying the column headed "Weight of sample/Time" by the ratio of the flow in

the ventilation duct to the flow in the sample train (1,508).

Corven. PP, | 0.34
Avg(123)
PPI, &vg (2 4- 024
G|

0.19

0.26

0.29

0.32

0.44

0.32

0.49

0.39

0.54

0.42

1.54

0.54

1.84

0.71
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Welding Particle Size Distribution With Pulse Power Inverter
(SWRMC: 9/27 - 10/7/04)

Greater than 13 microns

.8-13 microns

6.0-8.8 microns

Less than 0.55 microns

4.1-6.0 microns

2.6-4.1 microns

0.55-0.8 microns
0.8-1.3 microns

Welding Particle Size Distribution Without Pulsed Power Inverter
“Stick Welding" (SWRMC: 9/20-10/7/04)

8.8-13microns
6.0-8.8 microns

Greater than 13microns 4.16.0 mjcrons
2.6-4.1 microns

Less than 0.55 microns

0.8-1.3 microns

0.55-0.8 microns

FIGURE F-6: Welding Particle Size Distribution- SWMRC
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Table F-4: Southwest Regional Maintenance Center Impactor Weight Gain

WEIGHT GAINS FOR IMPACTOR STAGES @ SWRMC, San Diego, CA, Adjusted for blank weight loss (mg)

T . .
Sample | Cascade Impactor Stage Number | Tot. | Welding | o | Wtofsolids {0 e | Total
Ho (date)l ] 5 3 1 5 6 7 8 9 (Fil 1 Adjust. Time (mg/min) et full used/run (gm) emissionsWire
) ! ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ (Filter) ! Wt. (mg) | (min) Y flow/Time 9™ ysed (my/gm)

fepind 3 B 2
(930041 074 0.54 0.44 0.54 0.34 0.74 0.74 0.74 230 1 712 53.93 013 203 1643
6(10/1/04) ! 0.44 0.44 0.34 0.00 0.34 0.34 0.24 0.64 1.00 ! 3.78 29.08 0.13 200 a75
70001704) | 0.14 0.14 0.54 0.44 0.54 0.44 0.44 0.54 150 | 472 4590 0.10 158 1,710
soioing | 0.04 0.34 074 0.44 0.64 0.54 0.14 0.64 210 | 5g2 52.32 011 165 1,891
9(10/4i04) i 0.00 0.24 0.34 0.64 0.14 0.44 0.64 074 182 i 4.80 5560 0.09 133 1,866
10010/5041 034 0.14 0.24 0.27 0.44 0.34 0.54 0.74 220 1 525 48.77 0N 166 1637
1101 015104): 0.54 0.24 0.34 0.54 0.54 0.54 0.54 0.54 200 | B2 5475 0.12 192 1,838

|
Averages | 0.3 0.2 04 04 0.5 09 1.7 2.8 42 1 15 0.1 321 2751
L] L]
1 1
Avgtorwire] 0.3 03 0.4 0.4 0s 0s 0s 07 18 1 54 0.11 174 5.25
Avgtorstick ] 0.3 02 04 05 05 13 28 45 63 1 167 029 449 45 95
] ]
%WofTot. | 2.5 19 34 3.8 4.2 8.0 14.8 245 36.8 IStandard Deviation: | 0.094 145 26.68
Weight H
| |
% for wire | 585 545 782 7.2 551 9.5 534 13.07]  33.90,Standard Deviation: 0.017 % .1
% for stick | 1.68 0.93 218 278 203 756  1667|  27.73[  37.651Standard Deviation: 0.020 3 22
I

NOTE 1: All values in stages 1-8 have been adjusted for blank weight logs of 0.34 mg (i.e., values shown are 0.34 mg higher than actual weight gains.
NOTE 2: All adjusted values that were negative have been changed to zera.
NOTE 3: Runs 511 are wire-type, pulsed power inverter welding. Runs 1-4 and 12-15 are conventional "stick” welding (shaded rowes).
NOTE 4: The colurmn headed "Weight of solids @ full flow/Tirme" is calculated by multiplying the column headed "Weight of sample/Time" by the ratio of the flow
in the ventilation duct to the flow in the sample train (1,540).
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Appendix G
Metal Emissions by Species



Metal Emissions with PPl @ MCLB
(NOT Including Al, Ba, & Zn)

Arsenic
Manganese  Nickel

2%
. 18% 1% ° Copper
Magnesium / 1%

9%

67%

FIGURE G-1: Metal Emissions with PPl - MCLB

Metal Emissions Without PPl @ MCLB
(NOT Including Al, Ba, & Zn)

; Arsenic
Manganese  Nckel 1%

17% 1% Copper
Magnesium
9%

Iron
70%

FIGURE G-2: Metal Emissions without PPl - MCLB




Metal Emissions with PPl @ ANAD
(NOT Including Al, Ba, & Zn)

Nickel .
o Strontium
Manganese 1% 2%
19%

Magnesium
13%

FIGURE G-3: Metal Emissions with PPl - ANAD

Metal Emissions without PPl @ ANAD
(NOT Including Al, Ba, & Zn)

Nickel Strontium

Manganese 1% 1%

21%

Magnesium
5%

71%

FIGURE G-4: Metal Emissions without PPl - ANAD

G-2




Metal Emissions With PPl @ PSNS
(NOT including Al, Ba, & Zn)

Strontium Arsenic

M ang anese 1% 6%
4%

Iron

M agnesium
74%

FIGURE G-5: Metal Emissions with PPI - PSNS

Metal Emissions Without PPl @ PSNS
(NOT including Al, Ba, & Zn)

Nickel
1%

Manganese
32%

Iron
54%

Magnesium
12%

FIGURE G-6: Metal Emissions without PPl - PSNS




Metal Emissions with PPl @ SWRMC
(NOT including Al, Ba, & Zn)

Chromium (total)

Magnesium Manganese 1% Copper
27% 7% 2%

Iron
62%

FIGURE G-7: Metal Emissions with PPl — SWRMC

Metal Emissions without PPl @ SWRMC
(NOT including Al, Ba, & Zn)
Strontium ArSenic Chromium (total)

Manganese 1% 2% 1%
12%

Chromium (+6) Iron
1% 39%

Magnesium
44%

FIGURE G-8: Metal Emissions without PPl - SWRMC
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Weight of Metals (micrograms)

PARTITIONING OF TOTAL METALS ANALYSIS @ MCLB, Albany, GA
(NOT including Al, Ba, & Zn)

—e— 11/18-Run1
—m— 11/18-Run2
11/19-Run1

3,000

—5¢—11/19-Run2
2,500 —%— 11/20-Run1
—e— 11/20-Run2
—+—11/21-Run1

2,000

1,500

1,000

500

Cascade Impactor Stage (9 is final filter)

FIGURE G-9: Partitioning of Total Metals Analysis- MCLB

Weight of Metals (micrograms)

PARTITIONING OF TOTAL METALS ANALYSIS @ ANAD, Anniston, AL
(NOT Including Al, Ba, & Zn)

—>¢—10/23-Run2

2,500.00 —=—10/30-Run1
10/27-Run1

10/27-Run2

——><—10/28-Run1
——10/28-Run2

1,500.00 —o—10/29-Run1
~+10/29-Run2

2,000.00

—¥— 10/24-Run1

1,000.00

500.00

0.00

Cascade Impactor Stage (9 is final filter)

FIGURE G-10: Partitioning of Total Metals Analysis- ANAD
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Weight of Metals (micrograms)

Partitioning of Total Metals Analysis @ PSNS, Bremerton, WA
(NOT including Al, Ba, & Zn)

2,500.00

2,000.00

1,500.00 11 ———8/10/04
——8/11/04
8/12/04
1,000.00 1 8/13/04 e . .
8/16/04 Stick" welding, NOT wire

——8/17/04
500.00 11— 8/18/04
———8/19/04

0.00

Cascade Impactor Stage (9is final filter)

FIGURE G-11: Partitioning of Total Metals Analysis- PSNS

Weight of Metals (micrograms)

PARTITIONING OF TOTAL METALS ANALYSIS @ SWRMC, San Diego, CA
(NOT including Al, Ba, & Zn)

—&— 9/28-Run1-Stick
—— 9/28-Run2-Stick
2,500.00 9/29-Run1-Stick
—>¢—9/29-Run2-Stick
—¥—9/30-Run1
—@— 10/1-Run1
2,000.00 —+—10/1-Run2
—=—10/4-Run1
—w=— 10/4-Run2
10/5-Run1
1,500.00 10/5-Run2
10/6-Run1-Stick
——<—10/6-Run2-Stick
—¢—10/7-Run1-Stick
—o— 10/7-Run2-Stick

1,000.00

500.00

0.00

Cascade Impactor Stage (9is final filter)

FIGURE G-12: Partitioning of Total Metals Analysis- SWRMC

G-6




Appendix H
Daily Metal Analyses Impactor Run



METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, ANNISTON ARMY DEPOT (NOT Including Al, Ba, & Zn)

14

Antimony
Arsenic
Beryllium
Cadmium
Chromium {total)
Chromium (+6)
Cobalt

Copper

Iren

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selenium
Silver
Strontium
‘Vanadium

Total Metal Wi.

Gravimetric Data
Ratio of Total Matal
Analysis Te
Gravimetric Data

* All data are two times laboratery-reported value to account for cutting filters in half for lab. Analysis.

0.00
B.16
0.00
0.00
046
0.00
0.00
0.00
17.44
0.21
89 67
0.00
D.00
0.32
0.00
0.00
12.92
0.50

139.47

40

348

2

0.00
0.00
0.00
0.00
0.22
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.30
0.00
0.00
0.00
0.00

40

0.01

3

0.00
3.00
0.00
0.00
0.92
0.06
0.00
0.00
1544
011
38,67
0.00
0.00
0.54
0.00
0.00
5.66
0.14

63.53

na

30 October 03 - Run 1

Cascade Impactor Stage

4

0.00
0.00
0.00
0.00
1.22
0.0s
0.00
0.00
0.00
0.00
0.00
o.00
0.00
08686
0.00
0.00
0.36
0.00

228

1]

na

5

0.00
0.00
0.00
0.00
1.04
0.04
0.00
0.00
544
0.05
0.00
0.00
0.00
056
0.00
0.00
a7z
0.08

1083

0.03

6

0.00
0.00
0.00
0.00
0.54
0.08
0.00
0.00
1.44
0.03
0.00
000
Q.00
0.32
0.00
0.00
3.20
0.06

5.83

240

0.0z

7

0.00
3.38
0.00
000
0238
0.08
0.00
0.00
2344
015
118867

532
0.00
032
0.00
0.00
782
0.20

180.83

740

0.22

8

0.00
0.56
0.00
000
046
0.06
0.00
0.00
13.44
0.11
8867
272
0.00
022
0.00
0.00
B892
0.24

126.39

1.540

0.08

9

0.00
0.09
0.00
0.00
1.08
0.04
0.00
0.00
22.30
0.27

7.62
0.00
0.23
0.00
0.00
2.80
0.00

B7B.04

4,500

0.15

** All data have been corrected by subtracting average blank values. All negative values have been changed to zero,

H (ANAD)-1

1,187 87

7.440

016

Relative Emissions of Total Metals - AAD - 10/30-Run 1 (Al)

Wire Diameter (inch):

Wire Density {Ibfcu.ft):

F law Ratio (Dueti|

Emissions/

Weld Time
(mgfmin)

0.00
110
0.00
0.00
045
0.03
0.00
0.00
7.01
0.07
T2.44
143
0.00
0.25
0.00
0.00
3.30
0.07

B85.85

0.035
430

s

WireF sedRata(ftim in):
Wald Tims (seconds):

2ar
1,199

Emissionsf
Wire Used
(mglgm)

0.00
0.03
0.00
0.00
0.04
0.00
0.00
0.00
0.21
0.00
215
0.03
0.00
0.04
0.00
0.00
0.10
0.00

2.55




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, ANNISTON ARMY DEPOT (NOT Including Al, Ba, & Zn)

1

Antimony
Arsenic
Beryllium
Cadmium
Chromium (tetal)
Chromium (+6)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Nickel
Selenium
Siver
Strontium
‘anadium

Total Metal Wt

Gravimerric Data
Ratie of Total Metal
Analysis Te
Gravimeric Data

0.00
0.00
0.00
0.00
1.28
0314
0.00
0.00
690 44
0.69
0.00
218.92
0.00
12.34
0.00
0.00
012
0.24

933.33

na

na

. stage filters

2 3
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.36 076
0.042 0.232
0.00 0.00
000 0.00
e1.44 739.44
0.00 059
0.00 0.00
22,82 164,92
0.00 0.00
136 13.54
0.00 0.00
0.00 0.00
1.68 0.00
0.06 0.04

10786 919.51
na na
na na
incorrectly.

21 October 03 - Run 1

Cascade Impactor Stage

4 5 6
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
014 040 0.00

0.058 0.082 0.000
0.00 0.00 0.00
0.00 0.00 0.00

3344 17044 20.44
0.00 0.00 0.00
0.00 0.00 0.00

1362 6492 16.52
0.00 0.00 0.00
0.70 314 078
0.00 0.00 0.00
0.00 0.00 0.00
016 D34 0.00
0.00 0.08 0.00

48.01 24840 4574

na na na
na na na

0.00
0.00
0.00
0.00
0.10
0112
0.00
228
126.44
0.00
0.00
46.92
0.00
254
0.00
0.00
0.00
0.00

177.38

na

na

Total of
All
8 9 Stages
0.00 0.00 0.00
0.34 016 0.50
0.00 0.00 0.00
0.00 0.00 0.00
0.54 0.40 395
0.076 0110 1.03
0.00 0.00 0.00
0.00 0.00 228
49.44 7630 201385
0.00 0.00 1.27
5967 0.00 5967
1272 25,02 585,37
0.00 0.00 0.00
0.88 1.33 36.59
0.00 0.00 0.00
0.00 0.00 0.00
B.32 0.00 861
0.1 0.00 0.58
130.14 10333 271371
na na 9,180
na na 0.30

°* All data are two times laboratory-reported value to account for cutting filters in half for [ab. Analysis.
“** All data have been corrected by subtracting average blank values. All negative values have been changed to zero.

H (ANAD)-2

Relative Emissions of Total Metals - AAD - 10/21 - Run 1

[Wire Diameter (inchl: 0.063 (flux) WireF sadRate(ftimin): 14.2
[Wire Dansity (Ibfcu.ft) 450 Wald Tims (seconds|: 2507
riow Rite Pucprober 1444
Emissions/ Emissions/
Weld Time Wire Used
(mgimin) (mg/am)
0.00 0.00
002 0.00
0.00 0.00
0.00 .00
016 0.00
0.04 0.00
0.00 0.00
0.08 0.00
B2.83 1.23
0.058 0.00
245 0.04
24.08 036
0.00 0.00
151 ooz
0.00 0.00
0.00 0.00
0.35 0.01
0.02 0.00
111.62 1.66




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, ANNISTON ARMY DEPOT (NOT Including Al, Ba, & 2n)

2

Antimony
Arsenic
Beryllium
Cadmium
Chramium (total)
Chromium {+5}
Cobalt

Copper

fron

Lead
Magnesium
Manganese
Malybdenum
Mickel
Selenium
Silver
Strontium
‘Vanadium

Total Metal Wt.

Gravimatric Data
Ratio of Total Metal
Analysis Ta
Gravimatrie Data

0.00
0.00
0.00
0.00
4.04
0.560
0.00
5.08
295844
208
3967
818.92
0.00
59.94
0.00
0.00
0.00
1.32

3.991.05

na

na

2

0.00
0.00
0.00
0.00
030
0.000
0.00
0.00
2 .44
0.00
38.67
a7z
0.00
0.58
0.00
0.00
782
020

73.80

0.00
0.00
0.00
n.on
032
0.144
0.00
0.00
23844
0.00
0.00
B8.92
000
434
0.00
0.00
0.00
0.08

333.24

na

P stage filters 2
** All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.
“'* All data have been corrected by subtracting average blank values. All negative values have been changed to zero,

21 October 03 - Run 2

Cascade Impactor Stage

0.00
0.00
0.00
0.00
0.06
0.000
0.00
0.00
0.00
0.00
0.00
0.34
0.00
0.22
0.00
0.00
0.00
0.00

061

0.00
0.00
0.00
0.00
0.00
0.000
0.00
288
0.00
0.00
0.00
0.9z
0.00
0.2z
0.00
0,00
0.00
0.00

4.02

na

na

0.00
0.00
0.00
0.00
no8
0.040
0.00
000
0.00
0.00
0.00
142
0.00
014
0.00
0.00
0.00
0.00

137

na

na

0.00
0.00
0.00
0.00
0.08
0.000
0.00
0.00
0.00
0.00
0.00
0.52
0.00
0.8
0.00
0.00
0.00
0.00

.77

na

000
0.00
0.00
000
0.04
0.000
0.00
0.00
0.00
0.00
000
054
0.00
018
0.00
o.oo0
070
0.00

143

na

na

0.00
0.08
0.00
0.00
016
0.018
0.00
0.00
B8.30
0.00
0.00
1.22
0.00
0.37
0.00
0.00
0.00
0.00

10,15

na

Total of
Al
Stages

0.00
0.08
0.00
0.00
5.05
0.760
0.00
7.96
322863
208
7833
1.016.21
0.00
68,13
0.00
0.00
662
1.80

441646

14,720

0.30

H (ANAD)-3

Relative Emissions of Total Metals - AAD - 10/21 - Run 2

|Wire Diam ster (insh}: 0063 (Aux}  WireFeedRate(fimin): 142
[Wire Density (Ibfeu.fr): 480 Weld Time (secends); 2,745
Fl baj: 1&4
Emissions/ Emissions/
Weld Time Wire Used
{mg/min) {mgigm)
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.16 0.00
0.02 0.00
0.00 Q.00
0.25 0.00
101.84 1.82
0.07 0.00
250 0.04
32.08 0.48
0.00 0.00
2.09 0.03
0.00 0.00
0.00 0.00
0.27 0.00
0.05 0.00
139.44 2.07




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, ANNISTON ARMY DEPOT (NOT Including Al, Ba, & Zn)

3

Antimony
Arsenic
Beryllium
Cadmium
Chromium (total)
Chromium (+6)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Nickel
Selenium
Silver
Strontium
Vanadium

Total Metal Wt.

Gravimatric Data
Ratio of Total Matal
Analysis To
Gravimetric Data

052

1,983.15

na

na

180.55

na

1,13681

na

na

* Impactor stage filters assembled incorrectly.
** All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.
*** All data have been corrected by subtracting average blank values. All negative values have been changed to zero,

22 October 03 - Run 1

Cascade Impactor Stage

0.00
0.00
0.00
0.00

na

8 g
0.00 0.00
120 0.40
0.00 0.00
0.00 0.00
0.36 0.20

0.000 0.000
0.00 0.00
0.00 0.00

11.44 830
0.00 0.00
0.00 5.50
112 082
0.00 0.00
0.30 0.11
0.00 0.00
0.00 0.00
682 1.02
0.18 0.00

214 16.36

na na
na na

Total of
All
Stages

0.00
536
0.00
0.00
5.61
0.754
0.32
268
282785
157
20417
726.35
0.21

367550

10,820
0.34

H (ANAD)-4

| Relative Emissions of Total Metals - AAD - 10/22 - Run 1

mln Diamatar (inch): 0.063 {flux)  WireFesdRate(fimin): 142
lire Dansity (Ibew.fi) 440 Wald Tima (secends}): 1804
Flow Ratio ctiProba; 1.444
Emissions/ Emissions/
Weld Time Wire Used
{mgimin) (mggm)
0.00 0.00
0.28 0.00
0.00 0.00
0.00 0.00
027 0.00
0.04 0.00
0.02 0.00
013 0.00
126.25 188
0.08 0.00
a.81 015
34.89 0.52
0.01 0.00
232 0.03
0.00 0.00
0.00 0.00
24 0.04
010 0.00
176.58 2.62




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, ANNISTON ARMY DEPOT (NOT Including Al, Ba, & Zn)

4

Antimony
Arsenic
Beryllium
Cadmium
Chramium (total)
Chromium (+8)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selenium
Silver
Strontium
Vanadium

Total Metal Wt.

Gravimetric Data
Ratle of Total Metal
Analysis To
Gravimatric Data

0.00
0.00
0.00
0.00
07z
0.000
0.00
0.00
33.44
0.08
0.00
852
0.00
1.70
0.00
0.00
1.48
0.04

45.84

na

na

0.00
0.00
0.00
0.00
0.22
0.000
0.00
0.00
2544
0.11
19.67
472
0.00
1.34
0.00
0,00
5.86
0.14

5748

na

0.00
0.00
0.00
0.00
054
0138
0.00
0.00
289944
017
0.00
104.92
0.00
514
0.00
0.00
218
016

41268

na

na

* Impactor stage filters assembled incorrectly.
** All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis,
‘" All data have been corrected by subtracting average blank values, All negative values have been changed to zero.

22 October 03 - Run 2

Cascade Impactor Stage
4 5 ]
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.28 0.44 0.08
0.000 0.130 0.124
0.00 0.00 0.00
0.00 0.00 0.00
47.44 310.44 113.44
0.07 0.11 0.00
0.00 0.00 0.00
11.72 98,92 3492
0.00 0.00 0.00
1.82 5.34 254
0.00 0.00 0.00
0.00 0.00 0.00
372 0.00 0.00
0.10 0.02 0.00
65.14 424.39 151.10
na na na

na

na

na

7

0.00
0.00
0.00
0.00
0.36
0.154
0.00
0.00
258 44
0.08
0.00
106.92
0.00
5.54
0.00
0.00
.00
0.0z

41252

na

0.00
0.00
0.00
0.00
0.46
0.180

0.00
419.44
0.1
0.00
124.92
0.00
714
0.00
0.00
0.00
0.00

552.25

na

na

9

0.00
0.00
0.00
0.00
0.70
0.286
0.00
0.00
B20.30
0.51
16.50
219.02
0.00
16.15
0.00
0.00
0.00
0.26

1,072.74

na

na

Total of
All
Stages

0.00
0.00
0.00
0.00
77
1.020
0.00
0.00
237785
119
36817
71457
0.00
46.71
0.00
0.00
13.23
073

3,194.24

9,280
0.34

H (ANAD)-5

Relative Emissions of Total Metals - AAD - 10/22 - Run 2

[(Wire Diam eter {inch): 0063 (M) WireF eed Rateiftimin): 142
Wire Density (Ibicu.fty 480 ‘Weld Tim e (seconds): 2528
Flow Ratio (DuctiProbe): 1444
Emisslons/ Emisslons/
Weld Time Wire Used
{mg/min) {malgm)
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.13 0.00
0.03 0.00
0.00 0.00
0.00 0.00
8152 1.21
0.04 0.00
121 0.02
24.50 0.38
0.00 0.00
1.60 0.02
0.00 0.00
0.00 0.00
0.45 0.0
0.03 0.00
109.51 1.63




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, ANNISTON ARMY DEPOT (NOT including Al, Ba, & Zn)

5

Antimony
Arsenic
Beryllium
Cadmium
Chromium {totaly
Chromium (+6)
Cobalt

Copper

Iran

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selenium
Silver
Strantium
Vanadium

Total Metal Wt.

Gravimetric Data
Ratie of Total Matal
Analysls Te
Gravimetric Data

0.00
0.00
0.00
0.00
034
0.000
0.00
0.00
17.44
0.00
0.00
6.52
0.00
0.70
0.00
0.00
0.00
0.00

2400

0.00
0.00
0.00
0.00
0.60
0122
0.00
0,00
29044
017
0.00
100.92
0.00
514
0.00
0.00
0.76
014

40728

na

na

0.00
0.00
0.00
0.00
048
0.000
0.00
0.00
97.44
0.21
58.67
2292
0.00

0.00
0.00
1.72
026
180.23

na

na

" Impactor stage filters assembled incorrectly.
** All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.
*** All data have been corrected by subtracting average blank values. All negative values have been changed to zero.

23 October 03 - Run 1

Cascade Impactor Stage

0.00
0.00
0.00
0.00
0.88
0.240
0.00
0.00
5639.44
0.37
0.00
186.92

1074
0.00
0.00
1.54
0.24

B40.36

0.00
0.00
0.00
0.00
042
0.000
0.00
0,00
199.44
018
3967
7082
0.00

0.00
0.00
582
022
38N

na

na

0.00
0.00
0.00
0.00
0.60
0.188
0.00
0.00
379.44
017
0.00
128.92
0.00

0.00
0.00
0.28
0.18
516.07

na

na

na

8 9
0.00 0.00
0.00 0.00
0.00 0.00
0.00 o.00
0.08 0.56

0.044 0.270
0.00 0.00
0.00 Q.00
39.44 70030
0.0 045
0.00 13.50
13.72 185.02
0.00 0.00
084 13.35
0.00 0.00
0.00 0.00
0.00 0.00
0.00 026

54.23 91372

na na
na na

H (ANAD)-6

Total of
All
Stages

0.00
0.00

377217

7,800

0.48

Relative Emissions of Total Metals - AAD - 10/23 - Run 1

[Wire Dlam eter {Inch): 0.063 (Mux)  WireFeedRate(ftim in): 142
(Wire Density (IB/euf): 490 Weld Tim & (saconds): 2361
Flow Ratie (DustProba). 1444
Emissions/ Emissions/
Weld Time Wire Used
{mg/min) (mg/gm)
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.16 0.00
0.04 0.00
0.00 0.00
0.00 0.00
100.28 149
0.08 0.00
4.14 0.06
I 047
0.00 0.00
173 0.03
0.00 0.00
0.00 0.00
0.60 001
0.05 0.00
13847 2.06




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, ANNISTON ARMY DEPOT (NOT Including Al, Ba, & Zn)

Antimomy
Arsenic
Beryllium
Cadmium
Chrormium (tatal)
Chromium (+8)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Nickel

Selenium

Silver

Strontium
Vanadium

Total Metal Wt.

Gravimatric Data
Ratio of Total Metal
Analysis Te
Gravimatric Data

" Al data are bwo times laboratory-reported value to account for cutting filters in half for lab. Analysis.

240

013

0.00
0.00
0.00
0.00

0.000
0.00
0.00

3344
00
0.00
632
0.00
098
0.00
0.00
030
0.00

4148

240

017

0.17

23 October 03 - Run 2

Cascade Impactor Stage

4

na

100

-3

0.00
0.00
0.00
0.00
012
0.000
0.00
0.00
35.44
0.03
0.00
1012
0.00
0z
0.00
0.00
0.00
0.00

45.42

240

019

na

0.00
0.00
0.00
0.00
030
0.092
0.00
0.00
219.44
013
0.00
76892
0.00
314
0.00
0.00
204
016

30221

0.32

81247

2,200
0.41

** All data have been corrected by subtracting average blank values, All negative values have been changed to zero.

1,701.80

4,040

042

H (ANAD)-7

Relative Emissions of Total Metals - AAD - 10/23 - Run 2

[Wire Ddamster (inchj: 0063 (Flux})  WireF sedRate{ft/min}: 142
[1&fire Density (Tbicu f): 480 Weld Time {seconds): 488
Flow Ratio (DuctiProba): 1444 _
Emissions/ Emissions¥
Weld Time ire Used
(mgimin) (mgigm)
0.00 000
0.54 001
0.00 000
0.00 000
0.32 000
0.03 0.00
0.00 n.oo
0.00 0.00
106.68 159
0.10 ooo
12,68 019
28.84 043
0.00 000
2.00 003
0.00 000
0.00 000
1.58 0oz
0.07 000
152.84 227




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, ANNISTON ARMY DEPOT (NOT Including Al, Ba, & Zn)

7

Antimony
Arsenic
Beryllium
Cadmium
Chromium (total)
Chromium (+8)
Cobalt

Copper

Iren

Lead
Magnesium
Manganess
Molybdenum
Mickel
Selenium
Silver
Strontium
Vanadium

Total Metal Wt.

Gravimetric Data
Ratie of Total Matal
Analysis Te
Gravimetric Data

* All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis,

0.0
510
0.00
0.00
0.60
0.000
0.00
0.00
47.44
0.18
58.67
412
0.00
0.7e
0.00
0.00
574
0.z20

12390

440

0.z28

018

45.68

na

0.57

24 October 03 - Run 1

Cascade Impactor Stage

4

0.00
n.oo
0.00
0.00
032
0.000
000
0.0
2144
0.08
0.00
392
0.00
0.54
0.00
0.00
576
n.1e

3224

340

0.08

5

0.00
1.40
0.00
0.00

0.000
0.00

37.44
0.18
T9.67
5492
0.00
0.60
0.00

912
0.24

134.95

40

3.37

6

na

T

0.oo
n.oo
0.00
0.00
042
0.080
000
000
23944
017
0.00
8492
0.00
374
0.00
0.00
158
n1e

0.39

** All data have been corrected by subtracting average blank values. All negative values have been changed to zero.

Total of
All Stages

o.08
1235
0.00
0.00
393
0.256
000

114585
176
325.83
28497
0.00
2087
0.00

51‘.39
173

1.849.01

4,100

045

H (ANAD)-8

Relative Emissions of Total Metals - AAD - 10/24 - Run 1

Wire Diam eter {inch): 0.035 TP WireFesdRats(ftimin): 15.0
Wire Density (Iblouw.ftk 499 Wald Time (seconds): a3
Emissions [Emissionsiw|
Weld Time ire Used
{ma/min) {ma/gm)
0.01 0.00
115 0.0s
0.00 0.00
0.00 0.00
037 0.02
0.0z 0.00
0.00 Q.00
0.00 0.00
106.67 479
0.16 0.01
30.33 1.36
26,63 118
0.00 0.00
184 0.09
0.a0 Q.00
0.00 0.00
4.78 021
016 oot
172.12 7.72




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, ANNISTON ARMY DEPOT (NOT Including Al, Ba, & Zn) Relative Emissions of Total Metals - AAD - 10/27 - Run 1
g Z7 October 03 - Run 1 Wira Diam ater (inch): 0.083 (flux)  WireF sedRate(ft/min) 10.0
[Wire Denshy (Ibfeu.ft): 480 Weld Time (seconds): 1303
Cascade Impactor Stage Flow Ratio (DuctProbe): 1444
Total of Emissions/ Emissionsin|
Al Weld Time ire Used
1 2 3 4 5 6 7 8 9 Stages (mgmin) (mgfgm)

Antimony 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.o0 0.00

Arsenic 0.00 4.70 1.40 0.00 292 0.00 214 0.00 01z 11.28 0.75 0.02
Beryllium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cadmium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chromium (total) 0.64 046 054 0.26 0.34 0.26 028 0.42 0.80 ae7 0.26 0.01
Chromium (+8) 0.000 0.000 0.000 0.000 0.000 0.000 0.048 0.084 0.138 0270 0.0z 0.00

Cobalt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Copper 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Iren 15.44 19.44 39,44 21.44 3044 9544 119.44 239,44 54030  1,085.85 T2.22 152

Lead 013 015 0.21 0.0z 021 o 029 0.489 1.13 278 018 0.00
Magnesium 0.00 5967 79.67 0.00 5967 0.00 19.67 0.00 1350 23217 16.44 033
Manganese 1.72 212 472 4.32 5.52 1742 36.92 8592 218.02 a78.37 2517 053
Molybdenum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Nickel 058 048 oge 0.60 0.56 1.06 1.72 3 9.3% 18.37 1.22 0.03
Selenium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Silver 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Strontium 6.00 792 11.32 ai2 852 284 498 5.22 0.06 49.97 332 0.07
Vanadium 018 0.24 03z 0.10 0.26 010 022 0.24 0.36 20 013 0.00

Total Metal Wt. 24.68 85.17 138.29 2992 113.43 7892 18569 336.14 7B4.79 1,785.02 118.73 2.51
Gravimatric Data 340 740 1] 240 u] 440 640 540 1,700 4,640

Ratio of Total Metal

Analysis Te 0.07 0.13 na 012 na 047 029 0.62 046 038

Gravimatric Data

" All data are two times laboratory-reported value to account for cutting filters in half for lab. Analkysis.
** All data have been corrected by subtracting average blank values. All negative values have been changed to zera,

H (ANAD)-9



METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, ANNISTON ARMY DEPOT (NOT Including Al, Ba, & Zn)

Antimeny
Arsenic
Beryllium
Cadmium
Chromium (total)
Chramium (+6}
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selenium
Silver
Strontium
‘Vanadium

Total Metal Wt.

Gravimetric Data
Ratio of Total Metal
Analysis Te
Gravimetric Data

* All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.

0.00
816
0.00
0.00
044
0.000
0.00
0.00
27.44
0.29
118.67
392
0.00
050
0.00
0.00
ai12
0.24

168.77
40

422

0.00
2.08
0.00
0.00
0.60
0.000
0.00
0.00
3544
0.25
3867
712
Q.00
078
0.00
0.00
742
0.24

93.56

540

0.17

3

0.00
224
0.00
0.00
1.20
0.000
0.00
0.00
55.44
0.25
38.67
1112
0.00
138
0.00
0.00
660
0.24

118143
140

084

27 October 03 - Run 2

Cascade Impactor Stage

4

0.00
152
0.00
0.00
0.80
0.000
0.00
0.00
2344
0.33
0.00
1032
0.00
1.30
0.00
0.00
288
012

70.80
340

0.1

0.00
0.00
0.00
0.00
0.26
0.000
0.00
0.00
9.44
0.00
0.00
6.92
0.00
0.68
0.00
0.00
0.00
0.00

17.30

440

0.04

0.00
066
0.00
0.00
078
0.076
0.00
0.00
12344
027
0.00
2492
0.00
234
0.00
0.00
£.02
0.20

15767
540

0.2¢

0.00
0.00
0.00
0.00
0.30
o108
0.00
0.00
218.44
018
0.00
68.92
0.00
394
0.00
0.00
0.00
0.02

292.91
940

0.3

0.00
0.00
0.00
0.00
0.48
0.140
0.00
0.00
438.44
0.39
0.00
104,92
0.00
714
0.00
0.00
0.00
0.08

552.58
1,540

0.36

a

0.00
0.10
0.00
0.00
218

0,238
0.00
0.00

1,500.30

208
25,60
459.02
0.00
25.75
0.00
0.00
0.00
114

2,016.31

4,700

043

** All data have been corrected by subtracting average blank values. All negative values have been changed to zero.

Total of
All
Stages

0.00
14.74
0.00
0.00
7.07
0662
0.00
0.00
245385
403
22450
69717
0.00
43.79
0.00
0.00
30.03
227

3.488.01

8,220

038

H (ANAD)-10

I Relative Emissions of Total Metals - AAD - 10/27 - Run 2

[Wirs Diamster (inch):
|Wire Density (Iblou.fik
Flow Ratie (DuctiProba):
Emissions/
Weld Time
(mg/min)

0.00
051
0.00
0.00
028
o0.02
0.00
0.00
85.72
014
T7e1
2426
0.00
152
0.00
0.00
1.04
0.08

121.35

0.063
480

it

(Fux)

WireF sedRats{ftimin]:
Weld Time (seconds);

121
2481

TEmissions/w]
Ire Used

{mg/gm)

0,00
o
0.00
0.00
0.00
0.00
0.00
0.00
1.50
0.00
014
0.42
0.00
0.03
0.00
0.00
0.02
0.00

212




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, ANNISTON ARMY DEPQOT (NOT Including Al, Ba, & Zn)

10

Antimony
Arsenic
Beryllium
Cadmium
Chromium (total)
Chrermium (+8)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selenium
Sibver
Strontium
Vanadium

Total Metal Wt.

Gravimetric Data
Ratie of Total Matal
Analysis Te
Gravimatric Data

* All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.

0.00
036
0.00
0.00
0.50
0.000
0.00
0.00
17.44
025
9967
252
0.00
042
0.00
0.00
952
0.24

13081

240

0.55

0.00
0.00
0.00
0.00
bs2
0.000
0.00
0.00
25044
033
1967
78.92
0.00
3.84
0.00
0.00
274
0.16

36571

240

152

0.00
1.84
0.00
0.00
118
0.000
0.00
0.00
8144
019
5867
.62
0.00
1.12
0.00
0.00
5.08
018

12817

240

0.54

28 October 03 -Run 1

Cascade Impactor Stage

4

0.00
0.78
0.00
0.00
1.02
0.000
0.00
0.00
57.44
021
7967
1012
0.00
1.10
0.00
0.00
T42
0.24

157.99

640

0.256

0.00
1.38
0.00
0.00
0.82
0.000
0.00
0.00
63.44
023
50.67
11.82
0.00
1.20
0.00
0.00
570
018

144 23

340

042

0.00
0.00

0.00
0.68
0.054
0.00
0.00
145.44
019
0.00
4292
0.00
24
0.00
0.00
256
0.16

184.31
840

021

0.08
7.36
000
0.00
0.80
0.108
0.00
000
G344
1.35
15967
772
0.00
0.4
000
0.00
12.32
038

24425

B40

038

8

0.00
0.00
0.00
0.00
056
0170
0.00
0.00
419,44
043
0.00
10292
0.00
6.54
0.00
0.00
040
0.20

53115

1,840

032

Total of
All
9 Stages
0.00 0.08
0.00 1.7
0.00 0.00
0.00 0.00
134 7.55
0.158 0.488
0.00 0.00
0.00 0.00
1,360.30 242785
1.89 5.04
4750 52550
390.02  6684.17
0.00 0.00
23.76 4135
0.00 0.00
0.00 0.00
0.00 4823
0.64 235
183461 373231
4000 8820
0.37 0.38

** All data have been corrected by subtracting average blank values. All negative values have been changed to zara.

H (ANAD)-11

Relative Emissions of Total Metals - AAD - 10/28 - Run 1

ire Diamater (inch):

Ire Density (Ibfeu.fit):
Flow Ratio (DuctiProbe]
Emissions/
Weld Time

(mgimin)

0.00
047
0.00
0.00
0.30
0.02
0.00
0.00
96,74
0.20
2084
2647
0.00
1.65
0.00
0.00
184
0.08

148.72

0083
480

s

(flux)

WireF sedRatefftimin):
Weld Time {seconds):

124
2475

Emissions/
Wire Used

(mgfgm)

0.00
0.
0.00
0.00
0.1
0.00
0.00
0.00
1.69
0.00
0.37
048
0.00
0.03
0.00
0.00
0.03
0.00

2.60




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, ANNISTON ARMY DEPOT (NOT Including Al, Ba, & Zn)
1" 28 October 03 - Run 2

Cascade Impactor Stage

Total of
1 2 3 4 5 6 7 8 g  AllStages
Antimony 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Arsenic 0.00 0.00 258 156 476 164 3.26 542 0.12 1933
Beryllium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cadmium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Chromium (total) 0.94 0.56 088 0.94 0.96 0.64 022 0.32 0.38 581
Chromium (+6) 0.000 0.000 0.000 0.000 0.000 0.000 0.044 0.066 0138 0.248

Cobalt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Copper 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Iron 2344 13.44 4344 4344 45.44 4544 8144 12044 38030 80585
Lead 0.09 0.13 0.19 0.19 0.21 017 0.21 033 1.03 252
Magnesium 0.00 0.00 59.67 59.67 99.67 19.67 0.00 79.67 15.50 33383
Manganese 312 3.12 432 412 4.52 8.32 2492 38.92 107.02 19837
Molybdenum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nickel 088 0.60 0.90 0.92 0.92 088 1.20 1.76 6.56 1461
Selenium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Silver 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Strontium 366 0.00 6.84 892 10.12 7.04 410 7.50 0.00 4817
Vanadium 0.10 0.00 0.18 0.24 0.30 0.20 0.16 0.30 0.24 171

Total Metal Wt. 3222 17.84 11889 11999  166.89 83.99 11554  263.71 511.28 143044

Gravimetric Data 340 0 140 340 0 140 40 140 1,700 2,840
Ratio of Total Metal
Analysis To 0.09 na 085 0.35 na 0860 289 1.88 0.30 050

Gravimetric Data

* All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.
** All data have been corrected by subtracting average blank values. All negative values have been changed to zero.

H (ANAD)-12

Relative Emissions of Total Metals - AAD - 10/28 - Run 2

Wire Diameter (inch): 0.063 (fluxy WireFeedRate(ft/min): 142
Wire Density (Ibicu.ft): 490 Weld Time (seconds): 1372
Flow Ratio {DuctiProbe): 1444
Emissions/ [EmissionsiW
Weld Time ire Used
(mg/min) (mg/gm)
0.00 0.00
1:22 002
0.00 0.00
0.00 0.00
0.37 0.01
0.02 0.00
0.00 0.00
0.00 0.00
50.90 0.76
0.16 0.00
21.09 0.31
12.53 0.19
0.00 0.00
0.82 0.01
0.00 0.00
0.00 0.00
3.4 005
0.1 0.00
90.36 1.35




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, ANNISTON ARNY DEPOT (NOT Including Al, Ba, & Zn)
12 20 October 03 -Run 1

Cascade Impactor Stage

Total of
1 2 3 4 5 6 T 8 g AiSages

Antimony 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00
Arsenic 388 0.00 0.00 222 0.00 0.00 0.00 078 0.08 B.O4
Beryllium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cadmium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chromium {total) 0.48 0.50 0.34 0.50 048 0.30 0.56 074 1.76 5.61
Chromium {+8) 0.138 0,000 0,068 0.000 0.000 0.082 0.000 0,260 0278 0.806
Cobalt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Copper 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Iran 19.44 21.44 2044 47 44 4544 116.44 270 .44 439 44 1,22030 221785
Lead 013 0.05 0,13 015 007 011 0.27 0.37 1.23 248
Magnesium 3087 0.00 0.00 3087 0.00 0.00 58 87 8987 75.80 3447
IManganese 312 452 5982 8482 1152 36.62 1662 174 82 45902 82177
Molybdenum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mickel 0.58 0.68 0.66 082 0.96 1.84 4.34 5.84 21.75 3B.65
Selenium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Silver 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Strontium 4.76 266 4.24 7.28 346 240 5.02 8.20 1.36 37.37
Vanadium 0.14 0.06 0.12 0.24 012 0.12 0.28 0.38 0.74 219
Total Metal Wt, J2.28 2990 4091 107.23 E2.04 157.28 456 49 72967 1.78203 344782
Gravimetric Data a 240 240 [v] 240 340 Q 1,440 4,200 6,700
Ratie of Total Metal
Analysis To na 012 017 na 0.26 0.486 na 051 0.42 0.51
Gravimetric Data

* All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.
** All data have been corrected by subtracting average blank values. All negative values have been changed to zera.

H (ANAD)-13

Relative Emissions of Total Metals - AAD - 10/29 - Run 1

Wire Diam ecer (inch): 0.0E3 {flux]  WireF sadRate(ftiminy 142
wire Density (lbicu.ft): 490 Weld Time (seconds): 237
Flow Ratio iDueWubg &“
Emissions! [Emissionsi|
Weld Time Ire Used
(mg/mim) (mg/gm)
0.00 0.00
025 0.00
0.00 0.00
000 0.00
oz0 0.00
0.03 0.00
0.00 0.00
0.00 0.00
a1.07 121
009 0.00
11.48 017
30.04 045
0.00 0.00
141 o.o2
0.00 0.00
0.00 0.00
1.57 0.0z
0.08 0.00
126,03 1.88




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, ANNISTON ARMY DEPOT (NOT Including Al, Ba, & Zn)

13

Antimony
Arsenic
Beryllium
Cadmium
Chromium (total)
Chramium {+8)
Cobalt

Copper

fron

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selenium
Silver
Strontium
Vanadium

Total Metal Wt.

Gravimetric Data
Ratie of Total Matal
Analysis To
Gravimatric Data

* All data are two times laboratory-reported value to account for cutting filkers in half for lab. Analysis.

0.00
0.28
0.00
Q.00
0.66
0.000
0.00
0.00
1144
013
1967
1.62
0.00
0.56
0.00
Q.00
5.68
012

4005

340

01z

0.00
430
0.00
0.00
050
0.000
0.00
0.00
21.44
019
99.67
232
0.00
0.44
0.00
0.00
11.32
0.3z

14048

140

1.00

0.00
0.00
0.00
0.00
0286
0.000
0.00
0.00
1344
0141
0.00
252
0.00
032
0.00
0.00
6.08
01e

2288

40

057

29 October 03 - Run 2

Cascade Impactor Stage

0.00
0.00
Q.00
Q.00
0.26
0.000
0.00
0.00
2144
011
1967
332
0.00
0.34
0.00
Q.00
7.82
016

5321

na

0.00
1.68
0.00
0.00
03z
0.000
0.00
0.00
2544
0185
5967
412
0.00
0.40
0.00
0.00
a72
02z

101.71

40

254

0.00
0.00
0.00
.00
014
0.044
0.0o
0.00
3944
0.03
0.00
1282
0.00
070
.00
0.00
254
0.06

55.86

140

040

012
8.56
0.00
0.00
0.52
0.068
0.00
0.00
115.44
0.37
238.67
2892
0.00
154
0.00
0.00
16.32
048

411.99

440

0.54

0.00
.00
0.00
0.00
020
0.080
0.00
0.00
17944
0185
0.00
7082
0.00
254
0.00
0.00
0.00
0.08

25341

540

047

0.00
0.00
0.00
0.00
068
0138
0.00
0.00
580.30
0.61
33.50
218.02
0.00
815
0.00
0.00
0.30
042

84413

1,700
050

"* All data have been comected by subtracting average blank values. All negative values have been changed to zero.

Total of
All
Stages

0.12
1481
0.00
0.00
35
0.340
0.00
0.00
1,007.85
1.82
471.83
345.67
0.00
1599
0.00
0.00
59.87
2m

1,923.72

3,380
0.57

H (ANAD)-14

Relative Emissions of Total Metals - AAD - 10/29 - Run 2

[Wire Diam ater (Inchj:
|Wire Density (Ibfou.ft):
Flow Ratio (DuctiProbs):
Emissions/
Weld Time
{mag/min)

0.01
1.01
0.00
0.00
0.24
0.02
0.00
0.00
65840
0.12
3202
2345
0.00
1.098
0.00
0.00
4.06
0.14

130.56

0.063
480

1,444

—

{fux) WireF aedRata(fimin): 123
Weld Time (seconds) 1T

Emissions/
Wire Used
{mgigm)

0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.00
118
0.00
0.58
0.40
0.00
0.02
0.00
0.00
0.07
0.00

225




METAL ANALYSIS (Micragrams), CASCADE IMPACTOR, MARINE CORPS LOGISTICS BASE (NOT Including Al, Ba, & Zn)

13

Antimony
Arsenic
Baryllium
Cadmium
Chromium (total)
Chromium (+8)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdanum
Nickel
Selenium
Sihver
Strontium
Vanadium

Total Metal wt.

Gravimatric Data
Ratio of Total Matal
Analysis Te
Gravimatric Data

" All data are two times laboratory-repaorted value to account for cutting filters in half for lab. Analysis.

0.30
9.16
0.00
0.00
0.00
0.000
0.00
0.00
1584
017
3567
1.32
0.00
0.24
0.00
0.00
0.00
0.00

62.69

240

0.26

0.26
9.54
0.00
0.00
0.00
0.000
0.00
0.00
23.64
013
0.00
1.72
0.00
0.68
0.00
0.00
.00
0.00

31.96

ao

0.36

03z
8.76
0.00
0.00
0.00
0.000
172
0,00
52 44
0.21
51.67
332
0.18
114
0.00
0.00
0.00
0.00

119.76

0.80

21 November 03 - Run 1

Cascade Impactor Stage

0.24
4.00
0.00
0.00
0.02
0.000
0.00
0.00
4824
0.09
0.00
4.52
021
1.12
0.00
0.00
0.00
0.00

5843
220

0.27

0.26
576
0.00
0.00
0.02
0.000
0.00
0.00
74.24
0.15
0.00
812
0.29
152
0.00
0.00
0.00
0.00

90.35

039

0.20
3.06
0.00
0.00
0.08
0.000
0.00
0.00
137.24
0.1
0.00
20482
0.45
254
0.00
0.00
0.00
0.00

164.58

630

0.31

0.32
796
0.00
0.00
0.26
0.000
0.00
0.00
279.44
025
567
56.92
0.63
4.54
0.00
0.00
0.00
0.00

355.38
730

0,48

036
8.56
0.00
0,00
038
0.000
0.00
0.00
32544
0.23
2787
6692
0.65
514
0.00
0.00
0.00
0.00

435.32

0.51

0.00
031
0.00
0.00
196
0.118
024
17.56
1,188,30
088

39.02
640
25,75
0.00
0.00
012
0.00

1,560.64

2,830

0.55

** All data have been corrected by subtracting average blank values. All negative values have been changed to zero

Total of
All
Stages

2.24
5250
0.00
0.00
268
0118
1.96
17.56
2,144.85
216
12067
482.77
8.82
42.67
0.00
0.00
0.12
0.00

z879.11

5,880

0.49

H (ANAD)-15

| Relative Emissions of Total Metals - MCLE - 11/21 - Run1

Wire Diameter {inch): 0.048 WireFsadRate(ftfm in}: 14.2

Wire Density {Ikfeufe): 480 Weld Time (seconds) 3453

rion Bao PuctPiobel 1444

Emissions/ Emissions/
Weld Time Wire Used
(mgimin) {mgigm)

0.05 0.00
118 0.03
0.00 0.00
0.00 0.00
0.06 0.00
0.00 0.00
0.04 0.00
038 0.01
48.24 1.39
0.05 0.00
21 0.08
10.86 0.31
020 0.01
0.86 0.03
0.00 D.00
0.00 0.00
0.00 0.00
0.00 0.00
64.76 1.86




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, MARINE CORPS LOGISTICS BASE (NOT Including Al, Ba, & Zn)

1

Andimony
Arsenic
Beryllium
Cadmium
Chromium (tofal)
Chremium (4€)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
HMickal
Selenium
Sliver
Strontium
Vanadium

Total Metal Wt.

Gravimetric Data
Ratio of Total Metal
Analysis To
Cravimetric Data

016
0.36

o.00
026
0.000
0.00
0.00
264
0.09

0.14
0.00
0.24
0.00
0.00
172
0.06

566

na

0.14
0.00

o000
026
0.000
0,00
072
T6.44
0.09

18.92
0.00
114
0.00
0.00
ooo
0.00

97.70

na

na

0.08
0.00

0.00
0.00
0.000
0,00
0.00
0.00
0.01

0.84
0.00
0.00
0.00
0.00
0.00
0.00

0.92

na

* Impactor stage filters assembled Incorrectly.

" All data are two times laboratory-reported value to account for cutling filters in half for lab. Analysis.

16 Septembor 03 - Run 1

Cascade Impactor Stage

010
0.16

0.00

0.000
0.00
048

3704
0.03

10.72
0.00
046
0.00
0.00
0.00
0.00

49.02

na

na

0.00
0.00

0.00
0.00
0.000
0,00
0.00
0.00
0.00

0.08
0.00
0.24
0.00
0.00
0.00
0.00

0.32

na

0.00
0.00

0.00
o4
0.000
0.00
0.22
6.64
0.00

352
0.00
0328
0.00
0.00
o.00
0.00

10.90

na

008
0.00

o.oo
i1}
0.000
0.00
o.08
10.64
0.0%

292
0.00
0.24
0.00
0.00
112
0.04

18.26

na

na

.00
0.00

o.00
0.00
0.000
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
o.00
0.00

0.00

0.00
0.00

o.00

0.000
0.00
.80
20.30
0.21

2.82
000
037
0.00
0.00
o.00
0.00

30.23

na

"'* All data have been corracled by sublracting avarage blank valuas. All nagalive values have been changed to zera,

H (ANAD)-16

Total of
All
Stages

0.55
0.52

0.00
140
0.000
0.00
.31
1535
0.4%

39.95
0.00
2.97
0.00
0.00
284
0.10

21000

Relative Emissions of Total Metals - MCLB - 9/16 - Run 1

[Wire Blamates {ineh: L= WiraF sdRatelRimink 188

wire Density fbiou.tt: ey Weld Time (seconds): w54

[Flow Rado (DuctF mobe): 1444

Emissions/ Emissions/
Weld Time Wire Used
(mgimin] {mgigm)

0oy 0.00
007 0.00
0.00 o.oo
o.oo 0.00
019 001
0.00 0.00
0.00 0.00
0.97 0.04
2040 082
0.08 0.00
0.00 0.00
529 021
0.00 0.00
033 0.02
0.00 o.00
0.00 0.00
038 o.o2
0.01 0.00
2783 142




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, MARINE CORPS LOGISTICS BASE (NOT Including Al, Ba, & Zn)

2

Antimony
Arsenic
Benyllium
Cadmium
Chromium (total)
Chromium (+6)
Cobalt

Copper

Iron

Lead
Magnesium
Manganess
Malybdenum
Mickel
Selenium
Silver
Strontium
Vanadium

Total Metal Wt.

Gravimetric Data
Ratio of Total Matal
Anatysis Te
Gravimetric Data

014
078

0.00
0.10
0.046
0.00
3.08
244
0.00

0.26
0.00
0.00
0.00
0.00
332
0.10

1032
na

2

012
0.00

0.00
032
0.000
0.00
1.38
115.04
0.11

3092
0.00
1.46
0.00
0.00
1.52
0.04

150.90
na

na

3

044
0.00

0.00
042
0.000
0.00
01z
3.04
0.07

152
0.00
018
0.00
0.00
1.3z
0.04

6.54
na

na

* Impactor stage filtters assembled incomrecthy.
" All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.
*** All data have been corrected by subtracting average blank values. All negative values have been changed to zero.

16 September 03 - Run 2

Cascade Impactor Stage

4

020
158

o.oo
0.22
0.000
0.00
048
58.24
013

1412
0.00
06B
0.00
0.00
472
0.14

80.48
na

na

5

0.20
1.56

0.00
0142
0.000
0.00
0.2
.44
0.09
212
016
0.00
0.00
452
0.14
1846

na

na

6

0.24
3.38

0.00
020
0L000
0.00
03z
49.84
047

11.32
0.00
056
0.00
0.00
582
018

72140
na

na

7

0.2e
476

0.00
018
0.000
0.00
014
37.84
017

752
0.00
0.38
0.00
0.00
552
o1g

56.94
na

na

0.14
0.00

0.00
0.14
0.000
0.00
0.00
364
0.09

112
016
0.00
0.00
4.52
014
884

na

9

0.00
0.00

0.00
0.00
0.000
0.00
0.80
22,80
0.00
782
o021
0.00
0.00
0.00
0.00
31.74

na

Total of
All
Stages

144
11.99

0.00
1.37
0.046
0.00
545
302.4
0.89

78.71
0.00
.77
0.00
0.00

31.35
085

437.40
1,950

0.22

H (ANAD)-17

Relative Emissions of Total Metals - MCLB - 9/18 - Run 2

Wire Diamstar (inch): 0.036 WiraFeedRate{fimin): 16.8
Wire Density (Ibjcu.f): aso Weld Time {secands): 1770
Flow Ratio {DuctiProbel: 1444
Emissions/ Emissions/
Weld Time Wire Used
(mg'min) (mg/am)
a.a7 0.00
0.59 0.02
0.00 0.00
0.00 0.00
0.07 0.00
0.00 0.00
0.00 0.00
0.32 0.01
14 .81 0.60
0.04 0.00
0.00 0.00
3768 0.15
0.00 0.00
018 0.01
0.00 0.00
0.00 0.00
1.53 0.06
0.03 0.00
2142 0.86




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, MARINE CORPS LOGISTICE BASE (NOT Including Al, Ba, & Zn)

3

Antirmony
Arsenic
Beryllium
Cadmium
Chiromium (total)
Chromium (+6)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selenium
Sivar
Strontium
Vanadium

Total Metal Wt

Gravimaetric Data
Ratio of Total Matal
Analysis To
Gravimetric Data

o.00
0.00

0.00
0.00
0.000
0.00
0186
0.00
0.00

0.28
0.00
018
0.00
0.00
0.00
0.00

062

na

0.00
0.00

0.00
0.20
0.000
0.00
1.56
121.24
0.00

34.82
0.00
1.78
0.00
0.00
0.00
0.00

159.68

na

na

0.00
0.00

0.00
0.02
0.000
0.00
012
0.00
0.00

212
0.00
018
0.00
0.00
0.00
0.00

Z44

* Impactor stage filters assembled incorrectly.
'+ All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.
°** All data have been corrected by subtracting average blank values. All negative values have been changed to zero.

16 September 03 - Run 3

Cascade Impactor Stage

4

0.00
.00

0o.oo
012
0.000
0.00
1.08
107.04
0.01

3082
0.00
1.32
000
0.00
0.00
0.00

140 46

na

040
056

0.00
0.00
0.000
0.00
228
0.00
0.03

048
0.00
0.00
0.00
0.00
0.00
0.00

342

na

na

-3

012
0.86

o.00
0.0z
0.000
0.00
012
14.24
0.05

512
0.00
0.26
0.00
0.00
0.00
0.00

Z0.88

7

o.08
0.00

0.00
0.00
0.000
0.00
012
4.24
0.00

372
0.00
018
0.00
0.00
0.00
0.00

B.34

na

na

0.00
0.00

0.00
0.00
0.044
0.00
0.00
0.00
0.00

058
0.00
0.00
0.00
0.00
0.00
0.00

0.80

na

na

o.00
0.00

0.00
012
0.058
0.00
0.74
azio
0.01

10.42
0.00
0.37
o.00
0.00
0.00
0.00

43.83

Total of
All
Stages

0.29
1.52

0.00
0.45
0.102
0.00
BAT
2789
0.08

88.51
0.00
425
0.00
0.00
0.00
0.00

380,27

3,940

0,10

H (ANAD)-18

Relative Emissions of Total Metals - MCLE - 9/16 - Run 3

W¥ire D lam eter (inch): 0035 WireF eedRate(ftim in): 6.8

Wire Density (Ibieu. 490 Wald Tims {secends) 2649

Flow Ratlo Probel: Addd

Emissions/ Emisslons/
Weld Time Wire Used
{mg/min) {mg/gm)

0.01 0.00
0.05 0.00
0.00 0.00
0.00 0.00
0.02 0.00
0.00 0.00
0.00 0.00
0.21 0.01
.48 038
0.00 0.00
0.00 0.00
am 012
0.00 0.00
0.14 0.01
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
12.93 0,52




METAL ANALYSIS {(Micrograms), CASCADE IMPACTOR, MARINE CORPS LOGISTICS BASE (NOT Including Al, Ba, & Zn)
17 September 03 - Run 1

4

Antimony
Arsenic
Beryllium
Cadmium
Chromium (total)
Chromium {+8)
Cobalt
Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Nickel
Selenium
Silver
Strontium
Vanadium

Total Metal Wt

Gravimetric Data
Ratis of Total Matal
Analysis To
Gravimatric Data

0.24
018

0.00
0.06
0.000
0.00
0.44
0.00
0.03

0.z28
0.00
0.00
0.00
0.00
0.92
0.02

213

na

na

0.00
0.00

0.00
0.00
0.000
0.00
026
0.00
o.01

152
0.00
0.00
0.00
0.00
0.00
0.02

1.80

na

na

0.00
0.00

0.00
0.00
0046
0.00
0.08
0.00
0.00

0.52
0.00
0.00
0.00
0.00
0.00
0.00

0.65

na

na

* Impactor stage filters assembled incorrectly.
** All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.

*** All data have been

ted by

g

Cascade Impactor Stage

4

0.10
0.00

0.00
0.00
0.000
Q.00
0.00
0.00
0.00

212
0.00
0.00
0.00
0.00
0.00
0.00

222

na

na

5

0.00
0.00

0.00
0.00
0.000
0.00
0.00
0.00
033

152
0.00
0.00
0.00
0.00
0.00
0.00

1.84

na

na

0.00
0.00

0.00
0.06
0.000
0.00
1.02
110.24
0.00

34,92
0.00
1.38
0.00
0.00
0.00
0.00

147 62

018
338

0.00
0.14
0.000
0.00
0.00
11.24
013

1.52
0.00
0.14
0.00
0.00
332
012

2014

na

na

010
0.00

0.00
0.02
0.048
Q.00
0.00
0.00
0.01

Diaz
0.00
o.00
0.00
o.00
0.00
o.oo

028

na

na

0.00
0.00

0.00
022
0.000
0.00
1.34
85.30
oo

25.02
0.00
0.83
0.00
0.00
0.00
0.00

11283

na

ge blank values. All negative values have been changed to zero,

Total of
All
Stages

0.81
352

0.00
048
0.094
0.00
315
206.8
0.30

67.53
0.00
245
0.00
0.00
424
018

289.51

3,230

0.0

H (ANAD)-19

Relative Emissions of Total Metals - MCLB - 917 - Run 1

[Wirre Diam eter (inch): 0.036 WireFeedRate ftimin}: 160

(Wire Density {Ibicuft): 490 Wald Time (seconds}: 2073

Flow Ratis (DustProbe): 1444 _

Emissions/ [Emissionsi
Weld Time Ire Used
(mgimin) (mg/gm)

0.03 0.00
0.15 0.01
0.00 0.00
0.00 0.00
0.02 0.00
0.00 0.00
0.00 0.00
013 om
865 038
0.02 n.0o
0.00 0.00
282 D13
0.00 0.00
010 0.00
0.00 0.00
0.00 D.oo
0.18 0.01
0.01 0.00
12.10 0.54




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, MARINE CORPS LOGISTICS BASE (NOT Including Al, Ba, & Zn)

5

Antimony
Arsenic
Bardlium
Cadmium
Chromium (total)
Chnomium (+6)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Mickel
Salenium
Siher
Strontium
Vanadium

Total Metal Wt.

Sravimesric Daga
Ratio of Tetal Metal
Analysis To
Gravimatric Data

* Impactor stage filters assembled incorrectly.

0.00
a.00

0.00
a.00
0.044
0.00
040
0.0
0.00

0.36
0.00
a.00
0.00
0.00
Q.00
0.00

0.80

na

na

2

0.00
0.00

0.00
0.00
0.000
0.00
0.12
0.0
0.00

292
0.00
0.20
0.00
0.00
a.00
0.00

.24

na

na

k]

012
0.00

0.00
.00
0.000
0.00
010
00
0.0

1.72
0.00
0.00
0.00
0.00
0.00
0.00

1.84

na

na

17 September 03 - Run 2

Cascade Impactor Stage

4

0.08
Q.00

0.00
0.00

0.00
0.26
0.0
0.00

192
0.00
014
0.00
0.00
0.00
0.00

240

na

na

5

0.00
Q.00

0.00
Q.00
0.000
0.00
012
4.2
0.00

412
0.00
0.22
0.0
0.00
a.00
0.00

870

na

na

]

0.00
0.00

0.00
0.00
0.000
0.00
0.70
728
0.00

2292
0.00
0.28
0.00
0.00
0.00
0.00

g7.44

na

na

7T

0.00
.00

0.00
0.00
0.000
0.00
0.36
40.2
0.00

12.92
0.00
a.56
0.00
0.00
0.00
0.00

54.08

8

0.00
a.00

0.00
0.02
0.000
0.00
042
8.0
0.00

4.92
0.00
a.30
0,00
0.00
a.00
0.00

13.70

na

na

** All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.
"t Al data have been corrected by subtracting average blank values. All negative values have been changed to 2ero.

0.00
0.00

0.00
0.82
0035
0.00
6.80
6243
017

189.02
0.00
7.855
0.00
0.00
0.00
0.00

B3B.7T1

na

na

Total of
All Stages

019
0.00

0.00
084
0.080
0.00
829
T497
a18

250.81
0.00
995
0.00
0.00
0.00
0.00

1,021.02

4,760

[+ Beg]

H (ANAD)-20

Relative Emissions of Total Metals - MCLB - 9/17 - Run 2

[Wire Diam ater (inch): 0035 WireF eedRate{fimin): 150
Wire Dansity (Ibfew.fti 480 Wald Tima (ssconds): 2,406
Flow Ratio (DuctiProbs): 1444
Emissions/ TEmissionsiv]
Weld Time Ire Used
(mgimin (mgigm)

0.01 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.03 0.00

0.00 0.00

0.00 0.00

033 0.02

27.02 1.21

0.01 0.00

0.00 0.00

904 0.41

0.00 0.00

0.36 0.02

0.00 0,00

0.00 0.00

0.00 0.00

0.00 0.00

36.79 1.65




METAL ANALYSIE (Micrograms), CASCADE IMPACTOR, MARINE CORPS LOGISTICS BASE (NOT Including Al, Ba, & Zn)

6

Antirmony
Arzanic
Beryllium
Cadmium
Chromium (tatal}
Chromium [+6)
Cobalt

Copper

Iren

Lead
Magnesium
Manganese
Molybdenum
Hickel
Selenium
Silver
Strontium
WVanadium

Total Metal WL

Gravimatric Data
Ratle of Total Metal
Analysis Te
Gravimetric Data

0.00
0.00

0.00
0.00
0.000
0.00
0.40
0.00

052
0.00
0.00
0.00
0.00
0.00
000

092

2

0.00
0.00

0.00
014
0.00
168

1218
001

328z
0.00
152
0.00
0.00
0.00
0.00

157.90

na

na

3

0.00
000

0.00
0.02
0.000
0.00
0.44

0.00

272
.00
0.20
0.00
0.00
0.00
0.00

4.02

* Impactor stage filters assembled incorrectly.
"* All data are two times laboratory-reported value to account for cutting flters in half for lab. Analysis.
"rr Al data have baen corrected by subtracting average blank values. All negative values have been changed to zero.

17 September 03 - Run 3

Cascade Impactor Stage

4

0.00
0.00

0.00
0.20
0.000
0.00
228
2094
0.00

5892
0.00
254
0.00
0.00
0.00
0.00

273.38

na

5

0.00
0.00

0.00
0.00
0.000
o.o00
010
0.0
0.00

232
o.o00
016
0.00
0.00
0.00
000

258

-]

0.00
0.00

0.00
0.00
0.000
0.00
1.00
47.0
0.00

1582
0.00
0.72
0.00
0.00
0.00
0.00

B4.68

T

012
0.00

0.00
0.02
0.000
0.00
0.44

0.0

1512
0.00
0.66
0.00
0.00
0.00
0.00

T0.60

na

na

8

0.00
000

0.00
0.00
0.000
0.00
0.52
1486
0.00

Taz2
0.00
0.36
0.00
0.00
0.00
2364

46.28

0.00
0.00

0.00
0.54

0.00
4.00
3703
0.13

123.02
0.00
4.35
0.00
0.00
0.00
0.00

e02.35

na

na

Total of
All
Stages

042
0.00

0.00
0.90
0.000
0.00
1087
a818.0
0.14

258.57
0.00
1051
0.00
0.00
0.00
2364

112272

3423

0.33

H (ANAD)-21

Relative Emissions of Total Metals - MCLB - 9/17 - Run 3

Wire Diameter (inchj: 0.035 WireFesdRate{ftmin): 50

Wire Density (Iblcu. fi): F Weld Time (seconds): 2526

Flow Ratio (DuctProbs}): 1444

Emissions! Emissions/
Weld Time Wire Used
{mg/min) (mg/gm)

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.03 0.00
0.00 0.00
0.00 o.o0
0.37 0.02
28.08 126
0.00 0.00
0.00 0.00
888 0.40
0.00 0.00
036 0.02
0.00 0.00
0.00 0.00
0.00 0.00
o081 004
3894 173




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, MARINE CORPS LOGISTICS BASE (NOT Including Al, Ba, & Zn)

i

Antimony
Arsenic
Beryllium
Cadmium
Chromium (total)
Chromium {+G)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Mobybdenum
Nickel

Selenium

Sihlver

Strontum
Vanadium

Total Metal Wt

Gravimetric Data
Ratio of Total Metsl
Anaiysis Te
Gravimetric Data

0.00
0.00

0.00
048
0.000
0.00
328
3384
0.07

B6.92
0.00
4.14
0.00
0.00
0.00
0.00

434 .32

na

na

0.00
0.00

0.00
0.00
0106
0.00
0.24
0.0
0.00

0.44
0.00
0.00
0.00
0.00
0.00
0.00

0.78

0.00
0.00

0.00
0.04
0.000
0.00
228
786
0.03

292
0.00
1.04
0.00
0.00
0.00
0.00

104.84
na

na

* Impactor stage fitters assembled incorrectly.

** All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysic.

18 September 03 - Run 1

Cascade Impactor Stage

4

0.00
0.00

0.00
0.00
0.000
0.00
0.30
0.0
0.00

020
0.00
0.00
0.00
0.00
0.00
0.00

050
na

5

0.00
0.00

0.00
0.22
0.000
0.00
1.88
1994
0.03

5292
0.00
234
0.00
0.00
0.00
0.00

256.82
na

0.14
0.00

0.00
0.00
0.000
0.00
0.00
oo
001

1142
0.00
0.00
0.00
0.00
0.00
0.00

1.26

na

na

01z
0.00

0.00
0.00
0.000
0.00
0.28
0.0
0.00

0.82
0.00
0.00
0.00
0.00
0.00
0.00

132
na

na

0.10
0.00

0.00
0.00
0.000
0.00
0.38
0.0
o0

192
0.00
0.00
0.00
0.00
0.00
0.00

240

na

na

0.00
017

0.00
D.az
0.000
0.00
1.14
65
0.03

1.62
0.07
0.00
0.00
0.00
0.00
9.66

na

na

*'* All data have been corrected by subtracting average blank values. All negative values have been changed to zero.

Total of
Al
Stages

0.35
017

0.00
088
0.106
0.00
ays
624.0
018

168.97
0.00
7.59
0.00
0.00
0.00
0.00

ai2.02
1,990

0.4

H (ANAD)-22

Relative Emissions of Total Metals - MCLE - 818 - Run 1

Wire Diam ecer (inch): 0.035 WireF eedRate(fimin): %7

Wire Density {Iblou.ft} 430 Weld Time (seconds): 7T

Fiow Ratio (DuctProbe): 1444 .

Emissions! Emissions/
Weld Time Wire Used
{mgimin) {mgram)

0.01 0.00
0.01 0.00
0.00 0.00
0.00 0.00
0.03 0.00
0.00 0.00
0.00 0.00
0.3 om
1981 080
om 0.00
0.00 0.00
539 022
0.00 0.00
0.24 0.0
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
25.90 1.05




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, MARINE CORPS LOGISTICS BASE (NOT Including Al, Ba, & 2n)

8

Antirmony
Arsenic
Beryllium
Cadmium
Chromium (total}
Chromium (+8)
Cobalt

Copper

Iran

Lead
Magnesium
Manganese
Molybdenum
Mickel
Salenium
Silver
Strontium
Wanadium

Total Metal Wt

Gravimetric Data
Ratio of Total Metal
Analysis Te
Gravimatric Data

0.00
0.00

0.00
0.04
0.000
0.00
070
22
0.01

2142
0.00
018
0.00
0.00
0.00
0.00

5.28

na

na

0.00
0.00

0.00
0.00
0.000
0.00
016
0.0
0.00

1.62
0.00
0.16
0.00
0.00
0.00
0.00

1.84

na

na

0.00
0.00

0.00
0.00
0.000
0.00
020
74
0.00

412
0.00
0.26
0.00
0.00
0.00
000

1z2.02

* Impactor stage filters assembled incorrecthy.

** All data are bwo times laboratory-reported value to account for cutting filters in half for lab. Analysis

18 September 03 - Run 2

Cascade Impactor Stage

4

018
0.96

0.00
002
0,000
0.00
0.26
11.0
0.07

312
0.00
022
0.00
0.00
0.00
0.00

15.86

na

na

0.00
0.00

0.00
0.00
0.000
0.00
0.52
39.0
0.00

13.72

0.64
0.00
0.00
0.00
0.00

53.82

0.00
0.00

0.00
0.00
0.000
0.00
0.36
262
0.00

982
0.00
0.50
0.00
0.00
0.00
0.00

36.02

na

na

0.00
0.04
0.000
0.00
1.04
126.6
0.00

36.02
1.60
0.00
0.00
0.00
0.00

16624

012
076

0.00
0.14
0.000
0.00
0.78
1086
0.09

2692
1.16
0.00
0.00
0.00
0,00

138.60

0.00
.00

0.00
082
0.000
0.00
5.20
5263
023

163.02
0.00
615
0,00
0.00
0.00
0.00

T01.73

na

"= All data have been corrected by subtracting average blank values. All negative values have been changed to zero.

Total of
Al
Stages

0.29
172

0.00
1.04
0.000
0.00
8.23
8456
0.39

261.37
0.00
10.87
0.00
0.00
0.00
0.00

1,131.52

3,360

034

H (ANAD)-23

Relative Emissions of Total Metals - MCLB - 8/18 - Run 2

[Wire Diamster (inchj; 0035 WireFeedRate(fimin]: 16T

[Wira Density (bfeu f): e Wald Tima {seconds: 2752

Flow Ratio 1 1444 —

Emissions/ TEmissionsm|
Weld Time ire Used
(mgfmin) {mglgm)

0.01 0.00
005 0.00
0.00 0.00
0.00 0.00
0.03 0.00
0.00 0.00
0.00 0.00
0.28 0.01
2628 1.06
001 0.00
0.00 0.00
a1 033
0.00 0.00
034 001
0.00 0.00
000 0.00
0.00 0.00
0.00 000
35.12 142




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, MARINE CORPS LOGISTICS BASE (NOT Including Al, Ba, & Zn)

Antimany
Arsenic
Berylliurm
Cadmium
Chromium (total)
‘Chromium {+8)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selenium
Silver
Strontium
Vanadium

Total Metal Wt.

Gravimatric Data
Ratio of Tatal Metal
Bnalysis To
Gravimatric Data

0.24
9.16
0.00
0.00
0.04
0.000
0.20
0.00
2144
017
0.00
1.32
0.00
0.52
0.00
0.00
0.00
0.00

3308

na

050
15.36
0.0o
0.00
0.24
0.000
0.00
0.00
4504
0.37
143.67
212
0.00
062
0.00
0.00
0.00
0.04

20794

50

416

3

o1z
0.88
0.00
0.00
0.02
0.000
0.00
0.00
16.04
0.01
0.00
1142
0.00
070
0.00
0.00
0.00
0.00

18.88

50

038

18 November 03 - Run 1

Cascade Impactor Stage

4

0.00
0.00
0.00
0.00
0.00
0.000
0.00
0.00
1.24
0.00

070
0.00
0.50
0.00
0.00
0.00
0.00

244

na

5

0.z0
10.96
0.00
0.00
018
0.000
0.00
0.00
B88.04
019
0.00
372
043
1.52
0.00
0.00
0.00
0.00

10523

20

048

6

0.00
1.02
0.00
0.00
0.08
0.000
0.00
0.00
7204
0.00
0.00
5.12
0.39
1.34
0.00
0.00
0.00
0.00

79.99

na

i

0.00
0.00
0.00
0.00
0.00
0.000
0.44
0.00
6544
0.00

7.82
0.19
0.88
0.00
0.00
0.00
0.00

4587

60

0.76

8

012
8.76
0.00
0.00
0.4
0.044
0.94
0.00
104 24
4969
0.00
2492
0.29
148
0.00
0.00
0.00
0.00

18181

na

* All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.
** All data have been corrected by subtracting average blank values. All negative values have been changed to zero.

9

0.00
0.49
0.00
0.00
1.36
0.138
0.50
11.02
576.30
065
0.00
183.02
1.72
8.15
0.00
0.00
1.52
0.00

794 88

100

785

Total of
Al
Stages

147
47.62
0.00
0.00
2.04
0.182
2.08
11.02
S60.85
51.08
143.67
23995
3.02
16.71
0.00
0.00
1.52
0.04

1,479.82

480

308

H (ANAD)-24

Relative Emissions of Total Metals - MCLE - 11/18 - Run 1

‘Wira Diam ater (inch): 0,045
|Wire Density Ibfou.fi): 450

Flow Ratio (OuctProbe): 1444

WireF sedRate(ftimin): 183
Weld Time {seconds): I

Emissions/
Weld Time
{mg/min)

0.03
1186
0.00
0.00
0.05
0.00
0.05
0.27
23.28
124
348
581
0.07
0.38
0.00
0.00
0.04
0.00

35.86

Emissions/
Wire Used
(mgigmj)

0.00
0.03
0.0o
0.00
0.00
0.00
0.00
0.01
058
0.03
0.08
015
0.00
0.01
0.00
0.00
0.00
0.00

0.90




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, MARINE CORPS LOGISTICS BASE (NQT Including Al, Ba, & Zn)

10

Antimony
Arsenic
Beryllium
Cadmium
Chromium (total)
Chromium (+8)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selenium
Silver
Strontium
Vanadium

Total Metal Wt.

Gravimatric Data
Ratie of Total Metal
Analysis Te
Gravimetric Data

* All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.

0.00
0.00
0.00
0.00
0.00
0.000
0.24
0.00
Q.00
0.00
0.00
0.14
0.00
0.00
0.00
0.00
0.00
0.00

0.38

260
0.00

2

0.00
0.00
0.00
0.00
0.00
0.000
0.42
0.00
0.00
0.00
0.00
0.2
0.00
0.24
0.00
0.00
0.00
0.00

1.58

30
0.05

0.00
0.00
0.00
0.00
0.00
0.000
030
0.00
6.24
0.00
0.00
132
0.00
0.40
0.00
0.00
0.00
0.00

826

300
0.05

18 November 03 - Run 2

Cascade Impactor Stage

0.38
1276
0.00
0.00
0.02
0.000
0.00
0.00
4084
025
7367
272
0.00
050
0.00
0.00
0.00
0.00

13113

80
146

5

0.00
0.62
0.00
0.00
0.00
0.000
0.00
0.00
20.24
0.01
0.00
232
0.00
0.48
0.00
0.00
0.00
0.00

23.65

210
0.1

044
15.76
0.00

0.08
0.000
0.24
0.00
60.64
033
12567
6.72
0.00
082
0.00
0.00
0.00
0.02

21050

]

0.38
11.36
000
0.00
010
0.000
0.00
0.00
64.24
027
68.67
1472
0.00
070
0.00
000
000
0.00

161.43

340
047

0.00
3.88
0.00

0.00
0,082
0.28
0.00
44,54
0.08
0.00
16.52
0.00
0.74
0.00
0.00
0.00
0.00

66.14

110
0.60

0.00
0.21
0.00

0.96
0138
032
12.14
G40.30
083
0.00
279.02
0.74
815
0.00
0.00
0.00
0.00

842 82

1,530
062

** All data have been corrected by subtracting average blank values. All negative values have been changed to zero.

Total of
All Stages

119
44.59
0.00
0.00
115
0.180
1.78
1214
87718
1.72
268.00
32439
0.74
1181
0.00
.00
0.00
0.0z

154588

2,870
0.54

H (ANAD)-25

Relative Emissions of Total Metals - MCLB - 11/18 - Run 2

Wire Diam ster (inchj: 0.045 VelireF sadRate(ftimin): 163
Wire Densiny (Ib/zuft): 480 Weld Time (seconds): 3671

Flow Ratio (DuctProbe): 1444

Emissions/ Emissions/
Weld Time Wire Used
(mgfmin) (mgfgm)
0.03 0.00
1.05 003
0.00 0,00
0.00 0.00
0.03 0.00
0.00 0.00
0.04 0.00
029 0.01
2071 052
0.04 0.00
6.35 0.16
7.66 0.18
0.02 0.00
0.28 001
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0,00
36.50 0.91




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, MARINE CORPS LOGISTICS BASE (NOT Including Al, Ba, & Zn)

1"

Antimony
HArsenic
Berylliurm
Cadmium
Chromium {total)
Chromium (+6)
Cobalt

Copper

Iran

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selenium
Silver
Strontium
Vanadium

Total Metal Wt.

Gravimatric Data

Ratlo of Total Metal
Analysis Te
Gravimetric Data

0.10
0.00
0.00
0.00

0.600
0.00
0.00

0.00
0.00
0.68
0.00
0.24
0.00
0.00
0.00
0.00

1.02

0.02

2

0.00
0.00
0.00
0.00

0.000
0.00
0.00
13.44
0.00
0.00
172
0.00
0.52
0.00
0.00
0.00
0.00

15.68
120

013

3

0.00
0.00
0.00
0.00
0.04
0.000
0.00
0.00
4144
0.00
000
332
019
0.98
0.00
0.00
0.00
0.00

4597
410

o1

19 November 03 - Run 1

Cascade Impactor Stage

4

0.00
0.00
0.00
0.00
0.02
0.000
0.40
0.00
53.44
0.00
0.00
4.72
0.27
1.04
0.00
0.00
0.00
0.00

59.89
40

1.50

§

0.00
0.00
0.00
0.00

0.000
0.00
0.00

0.00
0.00
6.92
025
1.14
0.00
0.00
0.00
0.00

67.79
60

0.19

0.00
0.00
0.00
0.00
0.08
0.044
0.24
0.00
10544
0.00
0.00
17.32
033
1.72
0.00
0.00
0.00
0.00

12547
230

054

7

0.08
0.00
0.00
0.00
0.24
0.000
0.00
0.00
21844
0.03
0.00
4492
0.35
284
0.00
0.00
0.00
0.00

267.99
600

045

0.00
0.00
0.00
0.00
028
0.040
0.00
0.00
279.44
0.00
0.00
68.92
043
4.14
0.00
0.00
0.00
0.00

353.25
80

442

* All data are bwo times laboratory-reported value to account for cutting filters in half for lab. Analysis.
** All data have been corrected by subtracting average blank values. All negative values have been changed to zero.

Total of
g All Stages
0.00 017
021 0.2
0.00 0.00
0.00 0.00
156 224
0.118 0.202
0.30 0.94
17.40 17.40
980,30 1,756240
031 0.34
0.00 0.00
268.02 407.53
460 642
18.75 31.47
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

128257 221932
2,260 4,150

057 0.53

H (ANAD)-26

Relative E 1s of Total Metals - MCLE - 11/19 - Run 1
(Wire Diameter {Inch): 0.045 WireFeedRate(ftmIn): 165
[Wire Density (Iblew.ft): 450 Wald Tim e (seconds): 1813
Flow Ratio EII{I’M&E 1@“
Emissions/ Emissions/
Weld Time Wire Used
(mg/min) {mgigm)
0.01 0.00
0.01 0.00
0.00 0.00
0.00 0.00
o 0.00
0.m 0.00
0.04 0.00
0.83 0.02
8377 2.06
0.02 0.00
0.00 0.00
189.48 048
0.31 0.0
1.50 0.04
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
106.00 2.61




METAL ANALYEIS (Micrograms), CASCADE IMPACTOR, MARINE CORPS LOGISTICS BASE (NOT Including Al, Ba, & Zn)

12

Antimony
Arsenic
Beryllium
Cadmium
Chromium (total)
Chramium (+8)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Malybdenum
Mickel
Selenium
Silver
Strontium
Vanadium

Total Metal Wi,

Gravim stric Data
Ratle of Total Metal
Analysis Te

Gravim stric Data

016
298
0.00
0.00
002
0.000
0.00
0.00
1944
0.07
0.00
1.32
0.00
052
0.00
0.00
0.00
0.00

2448

310

008

2

0.16
416
0.00
0.00

D,E]m
0.00
alas
0.05
212
0.17
1.02
0.00
0.00

0.00

48.71

na

3

0.14
1.76
0.00
0.00
010
0.000
0.00

9944
0.08

5.52
0.47
234
0.00
0.00
0.00
109.81
530

0.21

19 November 03 - Run 2

Cascade Impactor Stage

4 5 -]
0.20 0.20 0.58
438 455 1958
0.0o 0.00 0.00
0.00 0.00 0.00
010 012 0.36

0.000 0.000 0.000
0.00 0.00 0.00
0.00 0.00 0.00

101.44 121.44 23844
011 0.08 051
0.00 0.00 237.67
732 11.52 3282
037 0.41 083
184 214 354
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 032
0.00 0.00 040

1583 140.87 535.61
2860 560 E50
0.45 0.25 087

Total of
7 8 g All Stages
0.00 0.42 0.00 1.84
000 0.00 053 3828
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.76 3.36 4.80
D.082 0.078 0.158 0.288
0.2z 0.00 0.28 0.50
0.00 5.48 22,00 2748
11944 51944 174030 300185
0.00 0.35 101 221
0.00 7367 0.00 Al Bk
2652 140.92 518.02 74817

021 0.83 9.00 1208

1.86 7.14 33,76 54.25
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 052 0.84
0,00 0.00 0.00 010
14871 74908 232993 420403

1,150 1,460 3,770 8,680

0.13 0.51 0s2 049

* All data are two times labor atory-reported value to account for cutting filkers in half for lab. Analysis,
" All data have been corrected by subtracting average blank values. All negative values have been changed to zero.

H (ANAD)-27

Relative Emissions of Total Metals - MCLB - 11/18 - Run 2

Wire Dlam eter (Inch): 0.045 WireFeedRate(fiimin): 168
Wire O ensity (btow ft): 280 Weld Tim e (seconds): 2822
Flew Ratie Eu:ﬂ’n& 1444
Emissions/ TEmissions/n]
weld Time ire Used
(mgimin) (mgigm)
0.04 0.00
092 002
0.00 o.o0
0.00 0.00
011 0.00
o001 0.o0
0.01 0.00
0.66 0.02
71.81 176
0.05 0.00
7.45 0.18
17.80 044
0.29 001
1.30 0.03
0.00 0.00
0.00 0.00
0.02 0.00
0.00 0.00
100.57 247




METAL ANALYESIS (Micrograms), CASCADE INPACTOR, MARINE CORPS LOGISTICS BASE (NOT Inciuding Al, Ba, & Zn)

13

Antimomy
Arsenic
Bergllium
Cadmium
Chramium (total)
Chromium (+6)
Cobalt

Copper

fron

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selanium
Silver
Strontium
Vanadium

Total Metal Wt.

Gravimetric Data
Ratis of Taesl Matal
Analysis To
Gravimetric Data

* All data are btwo times laboratory-reported value to account for cutting filters in half for lab. Analysis.

7.76

0.30

2

032
7.76
0.00
0.00

0.000
0.00

50.04
013

1567
3az
021

Q.00
0.00

0.00

TB A6

030

3

024
418
0.00
0.00
0.08
0.000
o.oo
0.00
B4 84
011
0.00
4.82
041

0.00
0.00
0.00
0.00
9707
420

0.23

20 November 03 - Run 1

Cascade Impactor Stage

4

41,87

0.00

0.00

157 40

o081

5

0.24
5.30
0.00
0.00
0.18
0.000
0.30
0.00
144 84
008
0.00
13142
.68
314
0.00
0.00
0.00
0.00

167
00

034

0.38
976
0.00
0.00
0.28
0.000
0.00
0.00
26944
0.18
33867
892
1.01
494
o.oo
0.0o
0.00
0.00

35868
410

087

7

0.30
7.76
0.00
0.00

0.080
0.22
477 44
019
15.67
100.902
1.03

0.00
0.00

0.00
B11.12

1,120

0.55

B804 30

450

1.78

0.00
0.56
0.00
0.00
356
0.178
0.40
27.60
2120.30
085
0.00
s10.02
11.60
4375
0.00
0.00
0.00
0.00

272783

4,780

057

** All data have been comected by subtracting average blank values. All negative values have been changed to zeso.

Total of
All Stages

2,60
B4.77
0.00
0.00
5.60
0.298
0.8z
3278
3,823.25
214
Z210.00
B0e.77
16.45
73.19
0.00
0.00
0.00
0,00

5,041.76

8,330

061

H (ANAD)-28

Relative Emissions of Total Metals - MCLE - 11/20 - Run 1

¥ira Diametaer (inchj: 0045 WireFeedRate(Rimin]: 165.7
ire Density (IBieu.fr: 430 Weld Time (seconds) IED6
Flow Satis (DuctProb) _ 14st
Emissions! Ermissi onsiw
Weld Time ire Used
{rgring {malgm)

0.08 0.00

1.85 0.04

0.00 0.00

0.00 0.00

0.13 0.00

0.01 000

0.02 000

0.78 0.0z

91.38 238

0.05 0.00

5.02 013

1935 0.50

038 oo

1.75 0.0s

0.00 .00

0.00 000

0.00 0.00

0.00 0.00

120.51 3.13




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, MARINE CORPS LOGISTICS BASE (NOT Including Al, Ba, & Zn)

14

Antimany
Arsenic
Beryllium
Cadmium
‘Chromium (botal)
‘Chramium (+6)
Cobalt
Copper

Iren

Lead
Magnesium
Manganese
Molybdenum
Mickel
Salonium
Sikser
Strontium
‘Vanadium

Total Metal Wt.

Gravimetric Daa
Ratle of Total Metal
Analysis To
Gravimetic Data

“ All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.

026
6.76
0.00
0.00
0.00
0,000
0.78
0.00
19.44
[N 1
0.00
252
0.00
D46
0.00
0.00
0.00
0.00

30.32

520

0.08

2

0.26
6.56
0.00
0.00
0.06
0,000
0.2e

60.64
o011
0.00
392
o021
1.18
0.00
0.00
0.00
0.00

73.19

70

027

3

0.28
1216
0.00
0.00
010
0.000
0.00
0.00
10544
023
7567
B.72
043
254
0.00
0.00
0.00
0.00

203.88

250

0.81

20 November 03 - Run 2

Cascade Impactor Stage
4 5 6
0.24 024 038
284 352 936
0.00 0.00 000
0.00 000 0.oo
0.04 0.08 022
0.044 0.000 0.084
0.38 0.28 000
0.00 0.00 0.00
84.24 121.84 21544
0.11 0.08 0.21
0.00 0.00 4067
7.92 1232 3292
0.39 053 0.75
214 2.74 394
0.00 0.00 0,00
0.00 0.00 .00
0.00 0.00 0.00
0.00 0.00 0.00
98.33 14163 31284

380 410 720
0.25 035 0.43

T
0.28

000
0.00
.40
0.064
0.24

37344
015
0.00

8292
093
6.34
0.00
000
0.00
0.00

46851

‘880

032
4.82
0.00
0.00
058
0.094
020
0.00
46744
o017
0.00
11692
105
734
0.00
0.00
0.00
0.00

599.00

1,040
058

0.00
0.45
0.00
0.00
316
o178
032
24.80
1,954 30
083
0.00
519.02
11.40
41.75
0.00
0.00
0.00
0.00

255632

4,300

059

** All data have been comected by subtracting average blank values. All negative values have been changed to zero.

Total of
All
Stages

234
5032
0.00
0.00
4.59
0444
2.44
2480
340225
210
126.33
78517
1560
6343
0.00
0.00
0.00
0.00

4,483.90

8,780

0.51

H (ANAD)-29

Relative Emissions of Total Metals - MCLE - 11/20 - Run 2

[Wire Diam eter [inch):
[Wire Dansity (Ibjcufe):

Emissions!
Weld Time
{malmin)

0.06
121
0.00
Q.00
011
001
006
060
81.68
005
3.01
18.85
038
164
0.00
0.00
0.00
0.00

107.65

0.045
430

|F|ﬂ\|I Ratie Emmﬁ 1#!

Wiref eedRate{ftimin):
Wald Tims (seconds):

157
3510

Emissions/
‘Wire Used
{mg/am)

0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.02
212
0.00
0.08
0.49
0.01
0.04
0.00
0.00
0.00
0.00

2.80




METAL ANALY SIS (Micrograms), CASCADE IMPACTOR, PUGET SOUND NAVAL SHIPYARD
19 August 2004

Antimony
Arsenic
Beryllium
Cadmium
Chramium (total)
Chromium (+6&)
Cobalt

Copper

Iran

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selanium
Silver
Strontium
Vanadiurm

Total Metal Wt.

Gravimetric Data
Ratlo of Total Mecal
Analysis T
Gravimetric Data

" All dala are hwo times laboratory-reportad value to account for cutting filters in half for kab. anakysis.

26.20
1.05

201514

440

4.58

2

1.38
113.00
0.00
0.00
075
0.00
0.00
0.00
118.00
145
1.466.00
927
0.00
1.04
0.00
0.00
21.20
0.85

1.738.94
540

3.22

{NOT Including Aluminum, Barium, and Zinc)

3

158
135.00
.00
0.00
o9
0.00
0.00
0.00
146,80
166
1.686.00
1187
0.00
1.00
0.00
0.00
23.20
1.01

2.011.02
440

4.57

Cascade Impactor Stage
4 5 6
158 138 158
109.00 109.00 121.00
0.00 0.00 0,00
o.00 0.00 0,00
073 0.85 oTT
0.00 0.00 0.00
o.00 0.00 048
o0.00 0.00 000
132860 134 .00 180.80
1658 148 145
1.358.00 128800 1.546.00
14.87 16.27 3567
o.0o0 0.00 0.00
118 116 058
o0.00 0.00 o.o0
000 0.00 0.00
21.20 21.20 21.20
083 083 083
1.647.70 167474 1,91040
440 740 740
374 2.26 258

7

1.58

115.00

0.00
0.00
o057
0.00
0.00
000

23680

145

1.446.00
BT 67

0.00
0.7g
000
0.00

19.20

0.8

1,909.894  2,106.97

T40

258

Total of
An
8 ] Stages
0.s0 0.0o 11.78
121.00 0.70 954.70
o.oo 0.00 0.00
0.0 0.0o 0.00
059 0.00 582
on 0139 0.29
o.oo 0.0o 048
o000 0.00 0.00
344 80 760.00 219520
107 0.0o 12.02
1426.00 §9.00 12.091.00
19767  B53.00 124176
000 0.0 0.00
0.90 2.58 9.96
0.00 0.00 0.00
000 0.00 0.00
13.20 0.00 165,60
0.73 066 7.80

1.692.13 16,706.37

1540 6,100 111,720

1.37 0.28 143

“* All data have besn correcied by sublracling average PSNS 2nd week blank values. All negative values have besan

changed o zero

H (ANAD)-30

Relative Emissions of Total Metals - PSNS - 8/19 - Run 1

W ire D am ater {Inchl: o4 WireF sedRateffiming: L]
i ire Density (bicu fiy: 450 Weld Time (seconds): 2881
il s
Emis: Emissions!
Weld Time Wire Used
{mgimin} (mgigmj
037 oo
3028 0.66
0.00 o.o0
0.0o o.o0
0.18 0.00
0.0t 0.00
0.0t 0.0
0.00 0.00
BB.83 144
038 om
379.12 823
3894 0.8s
0.0o o.o0
031 oo
0.00 0.00
0.00 000
519 on
0.24 0.1
523.84 11.38




METAL ANALY SIS (Micrograms), CASCADE IMPACTOR, PUGET SOUND NAVAL SHIPYARD
10 August 2004

1

Anlimeony
Arsenic
Beryllium
Cadmium
Chromium (total)
Chromium (+6)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selenium
Siiver
Strantium
Vanadium

Total Metal Wt.

Gravimetric Data
Ratio of Total Metal
Analysis Te
Gravimetric Data

" All data are two times laboralory-reported value to account for cutting filters in half for lab, analysis,
ge PSNS 1st week blank values. All negative values have been

" All data have been
changed o zero,

0.00
0.00
0.00
0.00
0.24
0.00
D4g
0.00
10.90
0.00
0.00
384
0.00
0.82
0.00
0.00
0.00
0.00

16.26

0.04

0.0z
0.00
0.00
0.00
0.28
0.00
0.56
0.00
18.70
0.08
47.10
364
0.00
0.78
0.00
0.00
0.90
0.00

72.06

140

0.51

0.00
0.00
0.00
0.00
0.20
D.04
0.30
0.00
21.50
0.00
9.90
444
0.00
0.88
0.00
0.00
0.00
0.00

a7

140

0.27

ted by

Cascade Impactor Stage

0.00
0.00
0,00
0.00
024
0.04
o080
0.00
25.70
0.02
0.00
584
0.00
092
0.00
0.00
0.00
0.00

3356

240

014

0.04
140
0.00
0.00
0.30
0.05
0.22
0.00
41.30
n.o8
3710
5.84
0.00
1.00
0.00
0.00
0.90
0.00

11123

440

0.25

0.00
0.00
0.00
0,00
024
0.06
064
0,00
46.90
0.02
22.50
18.24
0.00
1.00
0.00
000
010

89.70

340

026

{NOT Including Aluminum, Barium, and Zinc)

0.08
240
0,00
0.00
030
L]
0.00
0.00
79.30
0.12
87.10
3944
0.00
156
0.00
0.00
0.90
0.00

191.26

340

056

0.00
0.00
0.00
000
036
0.14
0.26
0.00
190.90
018
26.30
11544
0.00
340
0.00
0.00
0.00
022

33720

1.140

0.30

H (ANAD)-31

9

0.00
0.30
0.00
0.00
130
037
030
660
903.52
128
77.80
599.54
0.00
19.20
0.00
0.00
o.00
068

1.610.89

5,200

0.31

Total of
All
Stages

0.2
4.10
0.00
0.00
346
078
354
6.60
1338.72
178
307.80
799.26
0.00
29.56
0.00
0.00
2Be0
0.90

249942

8420

0.30

Relative Emissions of Total Metals - PSNS - 810 -Run 1

ire Diameter (inch):

ire Density (Ibfcu f):
Ratio (DuctFrobe):

Emissions/

Weld Time

(mg/min)

0.00
0.15
0.00
0.00
013
0.03
013
0.25
50.39
ooz
11.59
30.08
0.00
111
0.00
0.00
011
0.03

94.08

1,506
o

0.045
480

WirsF sedRate(ming
Weld Time {seconds):

1851
2400

Emissions/
Wire Used

(mgfgm)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
1.36
0.00
o
0.81
0.00
0.03
0.00
0.00
0.00
0.00

2.54




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, PUGET SOUND NAVAL SHIPYARD
2 11 August 2004
{NOT Including Aluminum, Barium, and Zinc)
Cascade Impactor Stage

Total of
All
1 2 3 4 E] 6 i b 9 Stages
Antimeny 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.08
Arsenic 0.00 0.00 0.00 320 0.60 0.00 0.00 0.00 024 464
Beryllium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cadmium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chromium (total) 0.00 0.24 0.00 0.24 0.28 0.26 0.24 020 074 2,30
Chromium {+6) 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.10 022
Coball 0.00 022 000 000 0.26 0.00 0.00 024 058 1.30
Copper 0.00 0.00 0.00 0.00 0.00 0.00 6.60 10.00 44.00 60.60
Iron 10.50 9.30 20.50 38.90 37.50 71.50 154 50 24090 87352 146312
Lead 0.00 0.14 0.0z 012 0.04 0.04 0.00 0.00 0.86 1.24
Magnesium 0.00 14.70 14.50 81.10 32.30 21.90 0.00 0.00 0.00 164.50
Manganese 1.02 0.82 1.22 224 3.04 .04 21.44 2744 12554 18080
Maolybdanum 0.00 0.00 o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mickel 140 0.22 0.50 038 0.56 0.34 0.54 0.60 152 6.06
Selenium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sliver 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Strontium 0.00 0.10 010 1.30 0.50 0.10 0.00 0.00 0.00 210
Vanadium 0.00 0.00 o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Metal Wt 1292 25.74 36.84 127.54 75.08 102.18 183.38 27954 105372 189694
Gravimetric Data 240 340 340 340 540 540 640 640 2.000 5.620
Ratic of Total Matal
Analysis To 0.03 0.08 011 0.38 0.14 0.19 0.23 044 033 0.34

Gravimetric Data

* All data are two limes laboratory-reported value to account for cutting filters in haif for [ab. analysis.
** All data have been ted by sublracting PSMS 15t week blank values. All negative values have besn
changed lo zero.

H (ANAD)-32

Relative Emissions of Total Metals - PSNS - 8/11 - Run 1

fWire Dianseter (ineh): 0.045 WireF eedRate{fimin): 167
hetire Denuity (bicu iy 480 Weld Tim e (seconds): 2,763
Flow Ratle (DuctiProbe): 1508
Emissions/ Emissions/
‘Weld Time Wire Used
{mg/min) {(malgm}
0.00 0.00
0.15 0.00
0.00 0.00
0.00 0.00
0.08 0.00
0.01 0.00
0.04 0.00
198 0.05
4784 117
0.04 0.00
538 012
6.24 0.15
0.00 0.00
0.20 0.00
0.00 0.00
0,00 0.00
007 0.00
0.00 o.00
62.02 1.52




METAL ANALYSIS (Micragrams), CASCADE IMPACTOR, PUGET SOUND NAVAL SHIPYARD Relative Emissions of Total Metals - PSNS - 8/12 - Run 1
3 12 August 2004 [Wira Diamatar (inch): 0.045 Wiref sedRate{ftimin): nia
[NOT Including Aluminum, Barium, and Zinc) fWire Densiny (Ib/eu ) 490 Weld Tim & (seconds): I850
Cascade Impactor Stage w 1&
Total of Emissions/ Emissions/
Al Weld Time Wire Used
1 2 3 4 5 6 T 8 k| Stages (mgimin) (mgigm)
Antimony 0.00 0.08 0.16 0.06 0.32 0.58 0.50 0.30 0.00 2.00 0.05 NIA
Arsenic 040 oo 4 00 2860 14 60 2860 2260 18.60 038 9476 2.35 MUA
Beryllium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 NUA
Cadmlum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 NIA
Chromium (total) 022 0.28 0486 0.56 0.72 1.22 1.90 340 254 11.30 0.z28 MUA
Chromium (+6) 0,00 0.00 0.08 012 0.16 0.56 1.32 1.4 191 5.29 013 NiA
Cobalt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.22 0.01 N/A
Copper 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 MNIA
Iron 1290 26.50 51.90 64.10 8450 20290 31890 27890 38952 143012 3539 NUA
Lead 0.02 0.08 0.14 0.08 0.32 0.66 0.78 0.68 058 3.32 0.08 NUA
Magnesium 18.30 55.10 65.10 4110 19510 42510 37210 31510 2000  1.508.00 a2 MiA
Manganese 244 364 £.24 10.04 15.24 6344 14144 12744 15554 52546 13,00 NIA
Melybdenum 0.00 0.00 0.24 0.00 0.22 042 048 0.50 380 5,66 0.14 NIA
Mickel 042 0.56 1.28 1.60 164 220 2.60 540 7.20 22.90 0.57 MNIA
Selenium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 NiA
Siiver 0.00 0.00 0.00 0.00 0.00 0.00 0.00 060 0.00 0.60 0.01 MUA
Strontium 0.30 1.10 1.50 1.10 470 8.30 7.90 6.10 1.60 3260 0.81 MIA
Vanadium 0.00 0.00 0.20 0.00 0.30 046 046 0.38 0.00 1.80 0.04 MNVA
Total Metal Wt. 35.00 90.34 13130 12136 31782 73444 67198 75674 58305 3.644.03 90.19 NIA
Gravimetric Data 240 240 440 640 540 1,340 2,740 2,540 2900 11620
Ratio of Total Matal
Analysis To 0.15 0.38 0.30 0.19 059 0.55 0.32 0.30 020 0.31

Grawimetric Daty
* All data are two times laboratory-reparted value to account for cuting filters in half for lab. analysis,

** All data have been correcled by subtracling average PSNS 1st week blank values. All negalive values have been
changed 1o zero.

H (ANAD)-33



METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, PUGET SOUND NAVAL SHIPYARD
4 13 August 2004
{NOT Including Aluminurm, Barium, and Zin¢)
Cascade Impactor Stage

Total of
All

1 2 3 4 5 6 7 8 p, G Stgex
Anllmnny 0.02 o0.00 0.00 0,00 0.00 o0.00 .00 0.00 0.00 0.02
Arsanic 000 000 000 000 000 00 000 000 08 122
Beryllium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cadmium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chromium (lolal) 032 0.00 0.00 0.00 022 0.00 0.26 040 0.50 170
Chromium (+6) 0.00 0.00 0.00 0.00 0.00 0.05 0.05 0.07 013 0.29
Cobalt 0.00 0.00 0.52 0.00 000 0.00 0.26 0.32 072 182
Copper 0.00 0.00 0.00 0.00 0.00 0.00 640 7.60 34.00 48.00
Iron 6.10 4.10 19.10 2210 32.30 60.70 144 30 177.30 631.52 109752
Lead 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 056 0.60
Magne:lum 0.00 0.00 0.00 0.00 0.00 2270 0,00 0.00 0.00 22,70
Manganese 056 058 114 184 324 TE4 1964 1944 8954 14282
Malybdenum 0.00 0.00 0.00 0.00 .00 o0.00 0.00 0.00 0.00 0.00
Nickal 000 000 060 022 032 000 032 048 100 294
Selenlum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Silver 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00
Strontium 0.00 0.00 0.00 0.00 Q.00 0.230 0.00 0.00 0.00 0.30
Vanadium 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00
Tatal Matal Wt. 7.00 468 21.38 2416 36.08 92.01 170.23 20561 75859 1319.73
Gravimetric Data 240 40 140 340 240 240 740 840 1600 5020
Ratio of Total Metal
Analysis Te 0.03 0.0 0.06 007 on 038 0.23 0.24 047 0.26
Gravmetnc Data

* All data are two times laboratory-reported value to account for cutling fiters in half for lab. analysis.
** All data have been correcled by subtracting average PSNS 1st week blank values. All negalive values have been
changed to zero.

H (ANAD)-34

Relative Emissions of Total Metals - PSNS - 813 -Run 1

{Wire Diameter finchj:
[ire Cansity io/eu. e

Flaw Ratio ﬂllﬂ'l’rlhl 3

Emissions/

Weld Time
(mg/min)

0.00

0.00

0045
490
1,606

WireFeedRateuminy:
Weld Time (sesendsk

18T
24

49.04

Emissions/
Wire Used
(mg/gm)

0.00




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, PUGET SOUND NAVAL SHIPYARD
16 August 2004

5
1
Antimony 1.38
Arsenic 111.00
Beryllium 0.00
Cadmium 0.00
Chromium (total) 0.53
Chromium (+6) 0.00
Cobalt 0.00
Copper 0.00
Iron 99.60
Lead 145
Magnesium 1,406.00
Manganese 3.67
Molybdenum 0.00
Nickel 040
Selenium 0.00
Silver 0.00
Strontium 21.20
Vanadium 0.83

Total Metal Wt.  1,646.06

Gravimetric Data 40
Ratio of Total Metal
Analysis To 4115

Gravimetric Data

* All data are two times laboratory-reported value to account for cutting filters in half for lab. analysis.

2

1.58
117.00
0.00
0.00
0.57
0.00
0.00
0.00
107.00
1.65
1.426.00
4.07
0.00
0.36
0.00
0.00
21.20
0.87

(NOT Including Aluminum, Barium, and Zinc)

3

1.78
137.00
0.00
0.00
0.75
0.00
0.00
0.00
134.40
1.85
1,726.00
5.27
0.00
0.62
0.00
0.00
25.20
1.07

1,680.30 2,033.94

40

42.01

240

847

Cascade Impactor Stage

4

1.58
109.00
0.00
0.00
0.57
0.00
0.00
0.00
109.60
145
1,376.00
547
0.00
0.82
0.00
0.00
21.20
0.81

1,626.50

340

478

5

158
101.00
0.00
0.00
0.69
0.00
0.00
0.00
123.80
145
1,262.00
7.27
0.00
0.74
0.00
0.00
21.20
0.85

1,520.58

340

447

6

158
121.00
0.00
0.00
0.69
0.00
0.26
0.00
150.80
165
1,526.00
13.07
0.00
1.08
0.00
0.00
23.20
091

1,840.24

440

418

7

158
119.00
0.00
0.00
0.77
0.05
0.00
0.00
178.80
165
1.486.00
19.67
0.00
1.14
0.00
0.00
23.20
0.93

1,832.79

540

339

8

1.78
125.00
0.00
0.00
0.89
0.06
0.00
0.00
224 .80
1.85
1,526.00
27.67
0.00
1.84
0.00
0.00
25.20
1.07

1,936.16

540

359

0.00
0.34
0.00
0.00
0.88
0.21
0.28
740
432.00
0.00
0.00
147.00
0.00
7.38
0.00
0.00
0.00
0.00

59549

1,200

0.50

** All data have been corrected by subtracting average PSNS 2nd week blank values. All negative values have been

changed to zero.

Total of
All
Stages

12.84
940.34
0.00
0.00
6.34
0.32
0.54
740
1,560.80
13.00
11,734.00
233.16
0.00
14.38
0.00
0.00
181.60
7.34

14,712.08

3,720

395

H (ANAD)-35

Relative Emissions of Total Metals - PSNS - 8/16 - Run 1

[Wire Diameter (inch): 0.045 WireF eedRate(ft!min}): 15.7
[Wire Density (Ib/eu.ft): 480 Weld Time {seconds): 3,228
Flow Ratio {DuctiProbe): 1,506
Emissions/ Emissions/
Weld Time Wire Used
(mg/min) (mgigm)
0.36 0.01
26.32 0.68
0.00 0.00
0.00 0.00
0.18 0.00
0.01 0.00
0.02 0.00
0.21 0.01
43.68 1.14
0.36 0.01
328.38 8.54
6.52 0.17
0.00 0.00
0.40 0.01
0.00 0.00
0.00 0.00
5.08 0.13
0.21 0.01
411.72 10.70




METAL ANALY3IS (Micrograms), CASCADE INPACTOR, PUGET SOUND NAVAL SHIPYARD
17 August 2004

6

Antimony
Arsenic
Beryllium
Cadmium
Chromium (tolal)
Chromium (+6)
Coball

Copper

fron

Lead
Magnesium
Manganese
Molybdenum
Mickel
Seleniunm
Sliver
Strontium
Vanadium

Total Metal Wt.

Gravimstne Data
Ratio of Total Metal
Analysis To
Gravimetric Data

* All dala are two times laboratory-reporied value to account for culting filters in half for lab. analysis.

1

1.58
121.00
0.00
0.00
0.59
0.00
0.00
0.00
116.60
165

1.506.00

447
0.00
042
0.00
0.00
23.20
0.95

1,776 46

240

740

2

158
105.00
0.00
0.00
053
o.00
0.00
0.00
105.60
145

1.292.00

36T
0.00
0.30
0.00
0.00
21.20
085

153218

240

638

{NOT Including Aluminum, Barium, and Zinc)

Cascade Impactor Stage

3 4 5
1.78 1.58 158
12300 12100 95.00
0.00 0.00 0.00
0.00 0.00 0.00
061 057 057
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
12160 11320 11280
1,65 145 148
154600 150600 1,166.00
467 487 567
0.00 0.00 0.00
044 056 092
0.00 0.00 0.00
0.00 0.00 0.00
2320 2120 2120
o097 085 0.81
182392 1771.268 1406.00
240 240 240
7.60 7.38 5.86

1.58
105.00
0.00
0.00
0.69
0.04
0.00
0.00
137.00
145

1.246.00

10.27
0.22
0.80
0.00
0.00

21.20
085

1.527.10

340

449

7

1.78
131.00
0.00
0.00
0.73
0.05
0.00
0.00
170.80
1.85

1.646.00

16.27
0.00
1.04
0.00
0.00

23.20
1.03

199375

340

5.86

8

138
91.00
0.00
0.00
08
o.oe
0.00
0.00

172,80

145

1.064.00

2167
022
160
0.00
0.00

19.20
075

1.394.96

0

410

]

0.00
0.70
0.00
0.00
0.26
0.15
0.28
5.80
352.00
0.00
0.00
107.00
0.00
6.78
0.00
0.00
000
0.00

472.99

1,000

047

** All dala have been corrected by sublracting average PENS 2nd week blank values. All negative values have been

changed to zero.

Total of
All
Stages

12.84
892.70
0.00
0.00
9.38
032
0.28
5.80
140240
1240
10.994.00
178.56
0.44
12.86
n.oo
0.00
173,60
7.06

13,698.64

3,220

4.29

H (ANAD)-36

Relative Emissions of Total Metals - PSNS - 8/17 - Run 1

Diameter (Inchj: 0045 WireF eadRarefrming: 167
Density (ib/eu.f: 250 Weld Time (seconds): 2,895
Emissions/ Emissions/
Weld Time Wire Used
(mag/min) {maigm)
043 0.01
2988 0.78
0.00 0.00
0.00 0.00
0.18 0.00
0.01 0.00
o 0.00
0.13 0.01
46.94 1.22
042 0.01
36797 9.56
598 0.16
o 0.00
043 0.01
0.00 0.00
0.00 0.00
581 0.15
0.24 0.01
458.49 11.92




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, PUGET SOUND NAVAL SHIPYARD
18 August 2004

7

Anfimony
Arsenic
Beryllium
Cadmium
Chromium (lotal)
Chromium (46)
Cobanl

Copper

fron

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selenium
Silver
Strontium
Vanadium

Total Metal Wt.

Gravimetric Data
Ratio of Tatal Metal
Analysis To
Gravimatric Data

" All data are two times laboratory-reported value o account for cutting filters in half for lab. analysis.

1

158
111.00
0.00
0.00
0.63
0.00
0.00
0.00
11060
185

1,368.00

4.27
0.00
078
0.00
0.00
23.20
0393

1.623.22

240

6.76

2

158
127.00
000
0.00
061
0.00
000
0.00
124.00
1865
1.526.00
67.67
0.00
0.80
0.00
000
23.20
0397

1,873.48
40

46.84

[NOT Including Aluminum, Barium, and Zing)

3

178
109.00
0.00
0.00
061
0.00
0,00
0.00
121.00
1865
1,306.00
947
0.00
0.72
0.00
0.00
23.20
091

1,570.34
340

4.62

Cascade Impactor Stage

4

0.00
123.00
noo
ooo
0&1
0.00
a.oo
0.00
13240
185
1.526.00
987
000
072
o000
0o
2120
037

5

158
137.00
0.00
0.00
0T
0.00
0.00
.00
137.20
1.85
1.726.00
6.67
0.00
1.00
0.00
0.00
2520
243

1,81442 2,039.70

240

756

140

1457

6

158
117.00
.00
0.00
061
0.00
o.0o0
0.00
133.20
145
1,386.00
887
0.00
0.96
0.00
0.00
21.20
249

167336
240

6.97

7

158
133.00
000
o0.0o0
073
000
0.0
0.00
146.60
185
1.646.00
1087
0.00
078
o0.00
0.0
2520
n

1.970.10
240

821

158
119.00
0.00
0.00
0.69
0.00
0.00
0.00
156.60
165
1.426.00
15.67
0.00
112
o.oo
0.00
220
0.87

1,744 58
340

513

9

0.00
0.34
.00
o0.00
0.68
0.15
0,00
760
460.00
o.0o0
0.00
147.00
0.00
7.38
o0.00
000
o.00
0.00

623.15

1.200

052

“* All dala have been corrected by sublracling average PSNS 2nd week blank values. All negalive values have been

cha.ngeu lo zaro.

H (ANAD)-37

Total of
Al
Stages

1166
976.34
0.00
o.00
5.94
0.15
o.00
T.60
152220
1340
11.910.00
27236
0.00
14.22
o.00
0.00
18560
12.88

14,932.35
3,020

4.94

Relative Emissions of Total Metals - PSNS - 818 - Run1

[Wire Diameter (inch); 0.045 WireF eedRate{fmin); 3
[Wire Density (Ibicu el 490 Weld Time {seconds): 2,402
Flow Ratio Emmg 1.5_”
Emissions/ Emissions/
Weld Time Wire Used
[mgmin) (magigm)
0.44 [1K:§)
36.72 0487
0.00 0.00
0.00 0.00
022 0.01
0.01 0.00
0.00 0.00
0.29 00
57.25 1.35
0.50 0.01
44792 10.57
10.24 0.24
0.00 0.00
0.53 oo
0.00 0.00
0.00 000
6.98 0.18
0.48 oo
561.58 13.26




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, SOUTHWEST REGIONAL MAINTENANCE CENTER

15

Anfim oy
Arsenic
Eeryllium
Cadmium
Chromium (lolal)
Chromium (46)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Mokybdenurn
Mickel

Selenium

Sihver

Strontium
Vanadium

Total Metal Wt.

Gravimetric Data

Ratio of Total Metal
Analysis To
Gravimetric Data

" All data are bwo limes laboraleny-reporded value 1o account for cutling filers in half for lak. Analysis.

o.o0
0.00
0.00
o.on
0.52
0.19
0.00
0.00
6.57
1.70
0.00
1.24
0.00
0.00
0.00
0.00
0.00
0.00

10.21

440

0.00
0.00
0.00
o.00
052
026
0.00
0.00
9.57
180
0.00
148
0.00
0.00
0.00
0.00
0.00
0.00

13.42

340

0.04

0.00
0.00
0.00
0.00
072
0.34
0.00
0.00
1377
1.72
0.00
2.06
0.00
0.00
0.00
0.00
o0.00
0.00

18.61

40

7 October 04 - Run 2

(WITHOUT Aluminum, Barium, and Zinc)
Caszcade Impactor Stage

0.00
0.00
0.00
0.00
0.80
0.46
0.36
0.00
1877
1.68
0.00
2,66
0.00
0.00
0.00
0.00
0.00
0.00

19.73

0.00
0.00
0.00
0.00
1.04
069
0.00
0.00
1747
1.78
0.00
3.86
0.00
0.00
0.00
0.00
0.00
0.00

24.54

840

004

0.00
0.00
0.00
o0.00
280
210
0.64
0.00
4497
1.90
0.00
11.66
0.00
0.00
0.00
0.00
0.01
0.00

63.88

240

0.00
0.00
0.00
0.00
9.20
768
0.00
000
133.57
250
T6.30
3568
032
0.00
0.00
0.00
038
0.00

265.58

2440

8

0.00
0.00
0.00
000
17.60
13.34
0.00
0.0o
228.77
210
98.30
T71.66
n4s
0.24
0.00
0.00
0.50
0.00

433,38

5,640

0.0

a

o.o0
o0.00
0.00
o.oo
59.25
4210
o.o0
0.0
T30.60
5.36
140
219.26
1.30
0.36
0.00
0.00
o.00
046

1,060.67
8,300

0.2

" All data have been carmecied by subtracting average blank values, All negative values hawve been changed to zera,

H (ANAD)-38

Total of
Al
Stages

0.00
0.00
0.00
0.00
9243
67.16
1.00
0.00
1.198.56
21.30
176.00
349.54
2.70
0.60
0.00
0.00
0.87
046

191062
20420

0.08

Relative Emissions of Total Metals - SIMA -10/7-Run 2

[Rod Diameter (inch):
Red Density lbfow.fr):

[Flow Rats @:
[Emissions!

Weld Time
{mgfmin)

o0.o0
0.00
0.00
o.oo
204
149
0.0z
0.00
26.51
047
389
773
0.06
0.01
0.00
0.00
0.02
0.01

42.25

0,125
480
1540

Rod FeedRate(timin}:
Weld Time (secands):

080
478

Emissions/
Rod Used
b S

0.00
0.00
0.00
o.00
012
0.09
0.00
0.00
155
0.03
023
045
0.00
0.00
0.00
0.00
0.00
0.00

2438




METAL ANALYSIS (Micrograms), CASCADE IMPACTCR, SOUTHWEST REGIONAL MAINTENANCE CENTER

1

Antimony
Arsenic
Beryllium
Cadmium
Chromium (total)
Chromium (+8)
Cobalt

Copper

Iren

Lead
Magnesium
Manganese
Molybdenum
Nickel
Selenium
Silver
Strontium
Vanadium

Total Metal Wt.

Gravimetric Data

Ratlo of Total Metal
Analysls Te
Gravimetric Data

10.18

na

10.62
036

39296

540

073

28 September 04 - Run 1

(WITHOUT Aluminum, Barium, and Zinc)
Cascade Impactor Stage

1.30

5

440

1.68

21077
168

1,260.30

37.88
0.00
026
0.00
0.00

2302
082

7

184
134.00

4477
250

Total of
All

8 9 Stages
168 0.00 860

108.00 0.34 548.34
0.00 0.00 0.00
0.00 0.00 0.00
1.26 0.1 5.95
0.66 1.18 236

2.50 1.36 11.58

1,62030 127430 2900 612740

123.66
0.00
0.22
0.00
0.00

28.02
1.18

17186 17926  538.34

0.00 0.00 0.00
23.02 1.80 138.62
0.84 0.00 58.70

164696 232950 208586 72727 941495

1,140

144

2,740

0.85

3,640 5100 14,080

0.57 0.14 0.67

* All data are two times |laboratory-reported value to account for cutting filters in half for lab. Analysis.
** All data have been corrected by subtracting average blank values. All negative values have been changed to zero.

H (ANAD)-39

Relative Emissions of Total Matals - SIMA - 9/28 - Run 1

Rod Diam ster {inch):
Red Density (Ib/cu.ft):
Flow Ratle (DustFrobe):
Emissions/
Weld Time
(mg/min)

0125
450
1540

Rod FasdRate{f/min:
Weld Time (seconds):

0.58
3200

Emissions/
Rod Used
(mg/gm)




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, SOUTHWEST REGIONAL MAINTENANCE CENTER

2

Antimony
Arsenic
Beryllium
Cadmium
Chremium (total)
Chromium (+6}
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Nickel
Selenium
Sibver
Strontium
Vanadium

Total Metal Wt.

Gravimatric Data
Ratie of Total Matal
Analysis Te
Gravimatric Data

0.00
0.00
0.00
0.00
028
0.00
1.06
0.00
11.97
012
118.30
156
0.00
0.00
0.00
0.00
048
0.00

13374

240

0.56

0.00
0,00
0.00
0.00
0.00
0.00
024
0.00
10.97
0.00
56.30
226
0.00
0.00
0.00
0.00
018
0.00

69.95

na

0.00
0,00
Q.00
0.00
0.00
0.00
0.76
0.00
1877
0.18
134.30
3.66
0.00
0.00
0.00
0.00
0.50
0.00

158.14

140

113

28 September 04 - Run 2
(WITHOUT Aluminum, Barium, and 2inc)

Cascade Impactor Stage

0.00
0.00
0.00
0.00
0.00
0.00
0.26
0.00
2657
0.18
12430
586
0.00
0.00
0.00
0.00
048
0.00

156.44

240

0.65

0.00
0.00
Q.00
0.00
022
0.00
0.26
0.00
35567
0.20
108.20
B.86
0.00
0.00
0.00
0.00
042
0.00

153.82

240

0.64

0.00
0.00
0.00
0.00
042
0.22
0.00
0.00
180.77
0.72
23230
6766
0.00
0.00
0.00
0.00
n.e8
0.00

493.08

1,640

0.30

7 8
0.00 0.00
0,00 0,00
0.00 0.00
0.00 0.00
0.74 0.86
050 0.64
0.74 0.00
0.00 0.00

37277 464 77
132 152
426,30 406.30
149 66 183.66
040 0.36
0.00 0.00
0.00 0.00
0.00 0.00
1.82 1.82
0.00 0.00
854.24 1,080.92
3540 4,140
0.27 0.26

* All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.
" All data have been corrected by subtracting average blank values. All negative values have been changed to zero,

9

0.00
0.00
0.00
0.00
1.07
1.18
0.00
3.00

604 60

1.78

2520
199.26

0.58
0.34
0.00
0.00
270
0.20

839.89

5100

018

Total of
All
Stages

0.00
0.00
0.00
0.00
359

2.542
aaz
3.00

1,735.56
595

1,631.60

62244
1.34
034
0.00
0.00
9.32
0.20

4,018.20

15,280
0.26

H (ANAD)-40

Relative Emissions of Total Metals - SIMA - 9/28 - Run 2

[Rod Diam eter finch): 0.126
[Rod Denaity (Ibleu.ft): 450
Flow Ratio (DuctiProbs): 1,540

Rod FeedRata{ftimin]:
Weld Tim e (seconds):

081
3478

Emissions/
Weld Time
{mgimin)

0.00
0,00
0.00
0.00
0.10
007
0.08
0.08
4610
0.18
4333
1653
0.04
0.01
0.00
0.00
025
0.01

106.75

Emissions/
Rod Used
(mgigm)

0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
387
0.01
373
1.42
0.00
0.00
0.00
0.00
0.0z
0.00

9.20




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, SOUTHWEST REGIONAL MAINTENANCE CENTER

3

Antimany
Arsenic
Beryllium
Cadmium
Chremium (total)
Chromiumn (+8)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Miekal
Selenium
Silver
Strontium
Vanadium

Total Metal Wt.

Gravimetrie Data
Ratle of Total Metal
Analysis Te
Gravimetric Data

000
0.00
0.00
0.00
0.00
0.00
340
0.00
217
010
186
000
0.00
0.00
0.00
026
o.00

75.08

340
022

0.00
0.00
0.00
0.00
0.00
0.00
122
0.00
13.37
012
66.30
286
0,00
0.00
0.00
0.00
028
0.00

84,14

40
210

0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
2337
0.14
6§2.30
546
0.00
0.00
0.00
0.00
0.24
0.00

8250

440
0.21

29 September 04 - Run1
(WITHOUT Aluminum, Barium, and Zinc)

Cascade Impactor Stage

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
16.17
0186
11830
346
0.00
0.00
0.00
0.00
048
0.00

138,56

540
026

0.00
0.00
0.00
0.00
022
0.02
058
0.00
3|57
024
138.30
10.26
0.00
0.00
0.00
0.00
056
0.00

188.74

540
038

]

0.00
0.00
0.00
0.00
0.46
0.30
0.00
0.00
190,77
0.82
310.30
7766
0.00
0.00
0.00
0.00
1.22
0.00

581,52

1,940
0.30

7 8
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.70 0.84
0.56 0.60
0.38 0.00
Q.00 0.00

M8V 42677
142 1.64
47630 51430
147 66 17366
0.30 0.34
0.00 0.00
0.00 0.00
0.00 0.00
2.02 2.22
0.00 0.00

978.10 1,120.36
3,940 4,140
025 027

* All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.
** All data have been comected by subtracting average blank values. All negative values have been changed to 2ero.

9

0.00
0.00
0.00
0.00
0.7
1.30
0.00
2.80
510,60
1.56
1.20
175.26
0.48
0.38
0.00
0.00
0.30
0.00

694,58

£,900
0.12

Total of
All
Stages

0.00
0.00
0.00
0.00
293
2782
658
2.80
1,577.56
6.16
1,747 80
58814
112
038
0.00
0.00
7.54
0.00

3,953.58

17,820
022

H (ANAD)-41

|  Relative Emissions of Total Metals - SIMA - 9/29 - Run 1

|Rod Diam eter ginch): 0425 Rod F sadRata{feim in): 063
Rod Density (Iblcu.ft): 490 Wald Tima (seconds): 3,806
Flew Ratio (DuctiProbe): 1540

Emissions/ 18/
Weld Time Rod Used
{mg/min) (mgigm)
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.08 0.01
0.07 0.01
017 o.M
0.07 .01
4043 3.36
0.18 0.01
44.79 373
16.33 1.27
0.03 0.00
0.01 0.00
0.00 0.00
0.00 0.00
0.19 0.02
0.00 0.00
101.33 843




METAL AMALYEIS (Micrograms), CASCADE IMPACTOR, SOUTHWEST REGIONAL MAINTENANCE CENTER

4

Antimony
Arsenic
Beryllium
Cadmium
Chramium (total)
Chramium (+8)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Nickel
Selenium
Silver
Strontium
Vanadium

Total Metal Wt.

Gravimetric Data
Ratle of Total Metal
Analysis Te
Gravimetric Data

0.00
0.00
0.00
0.00
022
0.00
0.00
0.00
748
0.14
200.30
1.34
0.00
0.00
0.00
0.00
0.50
0.00

209,98

340

062

2

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1047
014
172.30
206
0.00
0.00
0.00
0.00
0.50
0.00

185.16

340

054

3

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
16.97
0.16
180.30
366
0.00
0.00
0.00
0.00
0.60
0.00

211.68

140

151

20 September 04 - Run 2
(WITHOUT Aluminum, Barium, and Zinc)

Cascade Impactor Stage

0.00
0.00
0.00
0.00
022
0.00
0.00
0.00
2517
0.24
24030
566
0.00
028
0.00
0.00
078
0.00

27264

840

032

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3137
0.20
188.30
8.86
0.00
0.00
0.00
0.00
042
0.00

22914

340

0.67

0.00
0.00
0.00
0.00
046
0.20
0.00
0.00
194 77
0.80
344 30
65 66
022
0.00
0.00
0.00
122
0.00

807.62
2,040

030

T

0.00
0.00
0.00
0.00
0.68
0.36
0.00
0.00

8

0.00
0.00
0.00
0.00
0.94
0.60
0.00
0.00

32077 482.77

122

1.76

606.30 628.30
121 66 167 .66

0.30 042
0.20 0.24
0.00 0.00
0.00 0.00
162 242
0.00 0.00
85310 1,28510
3,440 4,840
nze 0.27

* All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.
"* All data have been comrected by subtracting average blank values. All negative values have been changed to zero.

9

0.00
0.00
0.00
0.00
143
142
034
320

726.60

218

31.20
219.26

066
044
0.00
0.00
290
026

98989

5,100

018

Total of
Al
Stages

0.00
0.00
0.00
0.00
3486
2582
0.34
320
1,816.08
6.80
2,501 60
535 62
1.60
118
0.00
0.00
10,92
0.26

4,944 31

18,420

0.27

H (ANAD)-42

Relative Emissions of Total Metals - SIMA - 9/29 - Run 2
[Rod Diamater {inch): 0.125 Rod FesdRate(ftimin): 083
[Reod Dansity (|bfcu.f): 490 Weld Tima {seconds): 3599
LR LGE) J—
—_—
Emissions/ Emissions/
Weld Time Rod Used
(mgimin) (mgigm)
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
010 0.0
0.07 0.0
0.01 0.00
0.08 0.01
4663 R
017 0.0
6423 535
15.30 127
0.04 0.00
0.03 0.00
0.00 0.00
0.00 0.00
028 0.02
0.01 0.00
126.94 10.57




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, SOUTHWEST REGIONAL MAINTENANCE CENTER
30 September 04 - Run 1 {only run)
(WITHOUT Aluminum, Barium, and Zinc)

Cascade Impactor Stage

5

Antimony
Arsenic
Beryllium
Cadmium
Chromium (total}
Chromium (+8)
Cobalt

Copper

Iron

Lead
Magnesium
Manganess
Molybdenum
Mickel
Salenium
Silver
Strontium
‘anadium

Total Metal Wt.

Gravim etric Data
Ratie of Total Matal
Analysis To
Gravimetric Data

1

0.00
Q.00
0.00
0.00
0.00
0.00
0.00
Q.00
BBT
014
150.30
092
0.00
Q.00
0.00
0.00
042
0.00

158.44
740

021

2

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
7.93
0.16
134.30
1.52
0.00
0.22
0.00
0.00
042
0.00

144.34
540

0.27

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1517
0.14
178.30
248
0.00
0.00
0.00
0.00
046
0.00

196.52

440

045

4

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1957
014
192.30
328
0.00
0.00
0.00
0.00
0.50
0.00

21576
540

040

5

0.00
0.00
0.00
0.00
0.20
0.00
0.00
0.00
29.37
018
242.30
5.06
0.00
0.00
0.00
0.00
0.74
0.00

27784
340

082

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
4597
0.14
184.30
B.46
0.00
0.00
0.00
0.00
044
0.00

230.30
740

0.32

7

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
7387
018
21430
17.26
0.00
0.00
0.00
000
0.66
000

306.36
740

041

0.00
0.00
0.00
0.00
0.00
0.00
0.00
4.40
130.37
0.16
144.30
31.68
0.00
0.00
0.00
0.00
0.42
0.00

311.30
740

0.42

* All data are two times laboratory-reported value te account for cutting filters in half for lab. Analysis.
"* Al data have been corrected by subtracting average blank values. All negative values have been changed to 2ero.

2]

0.00
0.00
0.00
0.00
03
0.10
042
32.00
752,60
0.3
1040
18928
0.00
0.22
0.00
0.00
1.50
0.00

997 .15
2,300

043

Total of
All Stages

0.00
0.00
0.00
0,00
051
0.006
042
36.40
1,081 62
154
1,450,80
269,66
0.00
044
0.00
0,00
552
0.00

2.847.01

7,120

040

H (ANAD)-43

Relative Emissions of Total Metals - SIMA - 9/30 - Run 1

(Wire Dlam eter (Inchj:
[¥ire Density (Iblew):
Flow Ratio (DuctiProbe]
Emissions/
Weld Time
(mg/min)

0.00
0.00
0,00
0.00
0.01
0.00
0.01
1.04
30.88
0.04
4143
770
0.00
0.01
0.00
0.00
0.186
0.00

81.29

0,038
480
_tsdo

WireFeedRate(fimink 205
Weld Time (seconds): 3236

TEmissionsiw|
ire Used
(mgigm)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
1.01
0.00
1.36
0.2s
0.00
0.00
0.00
0.00
001
0.00

2.67




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, SOUTHWEST REGIONAL MAINTENANCE CENTER

6

Antimony
Arsenic
Beryllium
Cadmium
Chromium (total)
Chromium (+6)
Cobalt

Copper

lron

Lead
Magnesium
Manganese
Molybdenum
Nickel
Selenium
Sihver
Strontium
Vanadium

Total Metal Wt.

Gravimetric Data

Ratio of Total Metal
Analysis To Gravimetric
Data

* All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.

0.00
0.00
0.00
0.00
0.28
0.00
022
0.00
517
012
£0.30
054
0.00
0.00
0.00
0.00
0.32
0.00

86.94

440

0.20

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2057
0.14
188.30
0.7z
0.00
0.00
0.00
0.00
0.54
0.00

220.26

440

0.50

0.00
0.00
0.00
0.00
0.00
000
0.00
0.00
477
0.00
72.30
IR 1)
0.00
0.00
0.oo
0.00
030
0.00

78.35

340

023

1 October 84 - Run 1
(WITHOUT Aluminum, Barium, and Zinc)

Cascade Impactor Stage

4

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
773
010
86.30
138
0.00
0.00
0.00
0.00
038
0.00

95.86

na

5

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
012
90.30
2.08
0.00
0.00
0.00
0.00
0.38
0.00

9283

340

0.27

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
18.37
0.18
162.30
426
0.00
0.00
0.00
0.00
048
0.00

185.56

340

0.55

0.00
0.00
0.00
0.00
0.00
000
0.00
0.00
3517
018
152.30
946
0.00
0.00
0.00
0.00
0.40
0.00

197 850

240

0.82

0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
B9.57
01z
70.30
19.06
0.00
0.00
0.00
0.00
0.26
0.00

159.30

0.25

0.00
0.00
0.00
0.00
0.07
0.06
0.00
13.00
27280
0.05
0.80
95.26
0.00
0.00
0.00
0.00
0.10
0.00

381.95

1.000

0.38

** All data have been comected by subtracting average blank values. All negative values have been changed to zero.

H (ANAD)-44

Total of
All
Stages

0.00
Q.00
0.00
0.00
0.35
0.064
022
13.00
433.95
0588
913.20
133.92
0.00
0.00
0.00
0.00
3.08
0.00

1,498 54
3,780

040

Relative Emissions of Total Metals - SIMA - 10/1 - Run 1

Wire Diam eter (inch): 0,035 WireF eedRate{ftimink 203
Wire Density (Ibfcu f): 490 Weld Time (ssconds): 1745
Flow Ratio {DuctiProba): __ 1,640
Emissions/ TEmissions/ W]
Weld Time ire Used
{mgimin) (mg/gm)
0.00 0.00
0.00 0.00
o.00 0.00
0.00 0.00
0.02 0.00
0.00 0.00
0. 0.00
069 0.02
22,98 0.78
0.05 0.00
48,36 1.61
7.08 0.24
0.00 0.00
0.00 0.00
o.oo0 0.00
0.00 0.00
018 0.01
0.00 0.00
79.35 2.64




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, SOUTHWEST REGIONAL MAINTENANCE CENTER

7

Antimany
Arsenic
Beryllium
Cadmium
Chromium (total)
Chromium {+8)
Caobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selenium
Silver
Strantium
Vanadium

Total Metal Wt.

Gravimetric Data
Ratie of Total Matal
Analysis Te
Gravimetric Data

1

0.00
0.00
0.00
0.00
0.24
0.00
0.00
0.00
8.01
014
212.30
0.32
0.26
0.00
0.00
0.00
0.44
0.00

219.70

140

1.67

2

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
B33
012
148.30
0.54
0.00
0.00
0.00
0.00
042
0.00

157.70

140

113

3

000
0.00
000
0.00
026
0.00
0.00
0.00
1277
014
184.30
088
0.00
0.00
0.00
0.00
050
000

18882

540

037

1 October 04 - Run 2

(WITHOUT Aluminum, Barium, and Zinc)
Cascade Impactor Etage

0.00
0.00
0.00
0.00

0.00
0.46
0.00
18.57
016
220.30
1.18
0.00
0.00
0.00
0.00
0.62
0.00

241.68

440

0.55

0.00
o.00
0.00
0.00

0.00
044
0.00
19.37
012
4230
154
0.00
0.00
Q.00
0.00
034
0.00

114.58

540

021

0.00
0.00
0.00
0.00

0.00
000
0.00
3277
016
218.30
2486
0.00
0.00
0.00
0.00
D44
000

25282

057

230.70

440

0.54

0.00
0.00
0.00
0.00

0.01

0.00
320

120.97

0.24
86.30
886
0.00
0.00
0.00
0.00
026
0.00

211.03

540

038

* All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.
** All data have bean corrected by subtracting average blank values. All negative values have been changed to zero,

9

0.00
0.00
0.00
0.00
10.23
0.76
0.38
18.00
£00.60
1.08
0.00
41.26
082
062
0.00
0.00
0.00
0.00

57355

1,500

0.38

Total of
All
Stages

0.00
0.00
0.00
0.00
15.65
0.768
1.28
2120
781.56
232
1.320.40
6148
0.88
0.62
0.00
0.00
342
0.00

2,200.58

4,720

0.47

H (ANAD)-45

[ Relative Emissions of Total Metals - SIMA - 10/1 - Run 2

hnunmmunemc 0045 WireFeed Rate(fimin): 162
(Wire Density (Iblcu.ft): 480 Weld Time (secends): 2764
Flow Ratio tProba) 1.540

Emissions | Emissions/
Weld Time Wire Used
(mgimin) (mg/gm)
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
053 0.01
0.03 0.00
0.04 0.00
0.1 0.02
28.22 0.70
0.08 0.00
44 .30 1.19
206 0.06
0.03 0.00
0.02 0.00
0.00 0.00
0.00 0.00
011 0.00
0.00 0.00
74.13 1.99




METAL ANALYEIS (Micrograms), CASCADE IMPACTOR, SOUTHWEST REGIONAL MAINTENANCE CENTER

Antimony
Arsenic
Beryllium
Cadmium
Chromium (total)
Chromium (+8)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Mickel

Selenium

Silver

Strontium
Wanadium

Total Metal Wt

Gravimatric Data
Ratio of Total Matal
Analysis Te
Gravimetric Data

0.00
0.00
0.00
0.00
0.30
0.00
0.58
0.00
a77
170
0.00
0.44
0.00
0.00
0.00
0.00
0.00
0.00

1278

40
0.32

0.00
0.00
0.00
0.0
038
0.00
0.00
0.00
18.57
158
0.00
082
0.20
0.00
0.00
0.00
0.00
o.o0

21.53

0

006

3

0.00
0.00
0.00
0.00
072
0.00
056
0.00
54.37
162
0.00
1.88
048
0.26
0.00
0.00
0.00
0.00

59.87

740

008

4 October 04 - Run 1

(WITHOUT Aluminum, Barium, and Zinc)
Cascade Impactor Stage

4

0.00
0.00
0.00
0.00
1.08
0.00
0.00
0.00
104.17
180
0.00
266
0.62
0.3z
0.00
0.00
0.00
0.00

110.75

440

0.25

5

0.00
0.00
0.00
0.00
1.28
0.00
0.00
0.00
20.77
188
0.00
3.08
ne8
036
0.00
n.oo
0.00
oo

88.03

G640
018

0.00
0.00
0.00
0.00
150
0.00
0.00
280
95.97
1.78
0.00
4.08
070
022
0.00
0.00
0.00
0.00

107.01

540

020

114.82

140

0.82

8

0.00
0.00
0.00
0.00
3.20
0.08
0.00
6.40
18857
178
0.00
1046
0.74
0.00
0.00
0.00
0.00
0.00

181.20

G40
0.28

" All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.
** All data have been corected by subtracting average blank values. All negative values have been changed to zero.

0.00
0.58
0.00
0.00
21.23
1.20
0.42
66.00
1.104.80
378
0.00
81.28
8.40
112
0.00
0.00
0.00
0.00

1,2868.57

2,100
0.81

Total of
All
Stages

0.00
0.58
0.00
0.00
3165
1.286
1.56
79.40
1.736.76
1768
0.00
110.88
1248
2.28
0.00
0.00
0.00
0.00

198453

6.620
0.35

H (ANAD)-46

Relative Emissions of Total Metals - SIMA - 10/4 - Run 1

[Wira Diam ater (inch): 0045
[Wira Dansity (blcwfty 490

Flow Ratio {DustiProbs): 1540

WireFeacRata(ftm in): T
Wald Tima {secendsk: R

Emissions/
Weld Time
{mg/min)

0.00
002
0.00
0.00
0.83
Q.04
0.08
2,34
§1.12
052
0.00
326
0.37
0.07
0.00
0.00
0.00
0.00

58.71

EmissionsiW
ire Used
{mgigm)

0.00
0.00
0.00
0.0
0.03
0.00
0.00
0.08
141
o0.01
0.00
0.09
0.01
0.00
0.00
0.00
0.00
000

1.62




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, SOUTHWEST REGIONAL MAINTENANCE CENTER

Antimony
Arsenic
Beryllium
Cadmium
Chromium (total)
Chromium (+)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selenium
Silver
Strontium
Vanadium

Total Metal Wt.

‘Gravimatric Data
Ratle of Tetal Metal
Analysls To
Gravimatric Daga

0.00
0.00
0.00
0.00
0.28
0.00
040
280
8.97
166
0.00
0.36
0.00
0.30
0.00
0.00
0.00
0.00

1477

na

0.00
0.00
0.00
0.00
0.3z
0.00
0.0o
0.00
23.57
178
0.00
056
0.00
0.00
0.00
0.00
0.00
0.00

26.23

240
011

0.00
0.00
0.00
0.00
044
0.00
0.00
0.00
2037
168
0.00
1.08
0.00
0.00
0.00
0.00
0.00
0.00

2357

0
0.07

4 October 04 - Run 2
(WITHOUT Aluminum, Barium, and Zinc)

Cascade Impactor Stage

0.00
0.00
0.00
0.00
0.52
0.00
0.00
0.00
2417
1.86
0.00
1.22
0.00
0.00
0.00
0.00
0.00
0.00

2777

540
0.05

0.00
0.00
0.00
0.00
0.64
0.00
0.00
0.00
3077
1.70
0.00
156
0.00
0.00
0.00
0.00
0.00
0.00

34 67

140
0.25

0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
50.57
166
0.00
326
0.00
0.00
0.00
0.00
0.00
0.00

56.39

440
013

0.00
0.00
0.00
0.00
1.32
0.00
0.28
0.00
G257
1.76
0.00

0.00
0.00
0.00
0.00
0.00
0.00

7083

540
0143

8

0.00
0.00
0.00
0.00
240
0.00
0.00
4.20
114,37
172
0.00
10.86
0.00
0.00
0.00
0.00
0.00
0.00

133,55

740
018

* All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.
"t Al data have been comrected by subtracting average blank values. All negative values have been changed to zero.

)

0.00
0.00
0.00
0.00
16.03
064
0.36
34.00
B44 60
276
0.00
108.26
068
0.50
0.00
0.00
0.00
0.00

1,008.83

1,820
055

Total of
All
Stages

0.00
0.00
0.00
0.00
22,85
0,636
1.04
41.00
1,179.96
16.44
0.00
133.22
0.68
0.80
0.00
0.00
0.00
0.00

1,386.73

4,800
0.29

H (ANAD)-47

Relative Emissions of Total Metals - SIMA - 10/4 - Run 2

Wire Olam eter {inch):
(Wire Dansity (bfcuft)

Flew Ratia

uctiProbe):
Emissions/
Weld Time

{mg/min)

0.00
0.00
0.00
0.00
0.64
0.02
0.03
1.14
3268
0.46
0.00
3.68
0.02
0.02
0.00
0.00
0.00
0.00

38.69

0.045
490
1,540

WireFeadRate(f/min): 137
Wald Time (seconds): 3338

[Emissionsiv]
ire Used
(mgigm)

0.00
0.00
0.00
0.00
0.02
0.00
0.00
003
097
0.01
0.00
011
0.00
0.00
0.00
0.00
0.00
0.00

1.15




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, SOUTHWEST REGIONAL MAINTENANCE CENTER

10

Antimony
Arsenic
Baryllium
Cadmium
Chromium (total)
Chromium (+8)
Cobalt

Copper

Iron

Lead
Magnesium
Manganese
Molybdanum
Nickel
Selenium
Sihver
Strontium
Vanadium

Total Metal wt.

Gravimatric Data
Ratio of Total Matal
Analysis Te
Gravimatric Data

0.00
0.00
0.00
0.00
0.30
0.00
0.00
0.00
1781
0.14
0.00
032
0.00
0.00
0.00
0.00
0.00
0.00

8.37

0.02

0.00
0.00
0.00
0.00
080
0.00
000
0.00
2017
0.18
0.00
1.00
0.00
0.30
0.00
0.00
000
0.00

2225

0186

0.00
0.00
0.00
0.00
0.68
0.00
0.00
0.00
3537
018
0.00
1.86
0.20
0.20
0.00
0.00
0.00
0.00

3847

0.16

3 October 04 - Run 1

(WITHOUT Aluminum, Barium, and Zinc)
Cascade Impactor Stage

4

0.00
0.00
0.00
0.00
0.84
0.00
0.00
0.00
30,77
0.14
0.00
1.66
0.00
0.22
0.00
0.00
0.00
0.00

33.43
270

012

0.00
0.00
0.00
0.00
0.88

0.00
0.00
43.97
0.20
0.00
246
0.00
0.24
0.00
0.00
0.00
0.00

47.75

o

6

0.00
0.00
0.00
0.00
1.26

0.00
0.00
60.97
0.22
0.00
4.06
0.20
0.00
0.00
0.00
0.00
0.00

66.71

0.20

a.00
0.00
0.00
0.00
200
0.00
0.00
340
98.37
028
0.00
766
0.00
0.00
0.00
0.00
0.00
0.00

11171

.21

0.00
0.00
0.00
0.00
380
0.0z
0.00
5.80
18037
0.36
0.00
13.86
0.00
022
0.00
0.00
0.00
0.00

20422

740

0.28

" All data are two times laboratory-repaorted value to account for cutting filters in half for lab. Analysis.
** All data have been corrected by subtracting average blank values. All negative values have been changed to zero

9

0.00
0.20
0.00
0.00

2723
0.64
0.00

48,00

1,344.60
238
0.00

127.26
1.70
082
0.00
0.00
0.00
0.00

1,552.81

2,200

(g ]

Total of
All
Stages

0.00
0.20
0.00
0.00

3717
0.652
0.00
57,20

1,822.20
4.02
0.00

160.14
210
200
0.00
0.00
0.00
0.00

2,085.68

5,260

040

H (ANAD)-48

| Relative Emissions of Total Metals - SIMA - 10/5 - Run 1

ire Diamater (inch): 0.045 WireF sadRate(ftimin): 137
lIre Density (bfeuft): 450 Weld Time (seconds): 2826
Flow Ratio (Duct/Probe): 1540
Emissions/ Emissions/
Weld Time Wire Used
(mg/min) (mgigm)
0.00 0.00
0.01 0.00
0.00 0.00
0.00 0.00
147 0.03
002 0.00
0.00 0.00
1.81 0.05
57.54 1.1
013 0.00
0.00 0.00
5.06 015
0.07 0.00
0.06 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
63.86 1.96




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, SOUTHWEST REGIONAL MAINTENANCE CENTER

"

Antimony
Arsenic
Beryllium
Cadmium
Chramium {total)
Chromium (46}
Cobalt

Copper

Iron

Lead
Magnesium
Manganeze
Molybdenum
Mickel
Selenium
Silver
Strontium
‘Vanadium

Total Metal Wt.

Gravim etric Data

Ratle of Total Metal
Analysis Te
Gravimetric Data

* All data are two times laboratos

** All data have been

1 2 3
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.28 0.38 050
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
8.97 13.97 21.97
0.16 0.18 016
0.00 0.00 0.00
0.34 0.2 142
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.05 0.00
0.00 0.00 0.00
275 15.20 24.05
540 240 340
0.0z 0.06 0.07

ry-reported value to
by subtracting

5 October 04 - Run 2
(WITHOUT Aluminum, Barium, and Zinc)

Cascade Impactor Stage

4

0.00
0.00
0.00
0.00
0.58
0.00
0.00

28,37
0.16
0.00
1.66
0.00
0.00
0.00
0.00
0.00
0.00

27T

0.05

5

0.00
0.00
0.00
0.00
078
0.00
0.00

337
0.20
14.30
226
0.00
0.00
0.00
0.00
005
0.00

48 .86

0.06

]

D00
000
n.oo
n.oo0
1.10
n.o0
n.oo
000
48,37
02z
1230
386
0.00
000
000
000
005
000

65.890

B40

noe

7

0.00
0.00
0.00
0.00
1.82
0.0
0.00
280
8317
0.2z
0.00
7.26
0.00
0.00
0.00
0.00
0.00
0.00

85.27

540

018

0.00
0.00
0.00
0.00
320
0.02
0.00
5.00
188,37
0.26
0.00
13.86
0.00
0.00
0.00
0.00
0.00
0.00

180.71

840

018

account for cutting filters in half for lab. Analysis,
ge blank values. All negative values have been changed to zero.

]

0.00
0.00
0.00
0.00
2323
0.74
0.32
40.00
1,182.60
1.38
0.00
135.26
0.28
0.84
0.00
0.00
0.00
0.00

1,354.63
2,000

0.68

Total of
All Stages

0.00
0.00
0.00
0.00
31.87
0.762
0.32
47.80
154418
288
26.60
166.54
0.28
0.84
0.00
0.00
017
0.00

182222

6,820

0.27

H (ANAD)-49

Relative Emissions of Total Metals -SIMA - 10/5 - Run 2

[Wire Diameter (inchj: 0.045 WireF eedRate{f/min: 13T
ira Density (Ibfcu.fi): 450 Wald Time (seconds): 3288
low Ratlo {DuctiProbe}: 1540
Emissions/ [Emissionsiw]
Weld Time ire Used
(mgimin) (mgigm)
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.80 0.03
0.02 0.00
0.01 0.00
1.34 0.04
4343 1.20
0.08 0.00
075 0.02
4,68 0.14
0.01 0.00
0.02 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
51.26 1.53




METAL ANALYSIS (Micrograms), CASCADE IMPACTOR, SOUTHWEST REGIONAL MAINTENANCE CENTER
12z 6 October 04 - Run 1
WITHOUT Aluminum, Barium, and Zinc)
Gascade Impactor Stage

Total of
1 2 3 4 5 6 7 8 g  Allstages

Antimomy 0.00 0.00 0.00 0.0:0 0.00 0.00 0.00 0.00 0.00 0.00
Arsenic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.26
Beryllium 0.00 .00 0.00 0,00 .00 .00 0.00 0.00 0.00 0.00
Cadmium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chromium (totaly 0.456 0.56 074 0.78 112 240 8.20 19.80 4323 7829
Chromium (+5) 0.8 o1 021 0.35 0.56 1.96 7.76 15.76 43.10 59,896
Cobalt 0.00 0.00 000 032 0.00 000 0.00 024 000 056
Copper 0.00 0.00 000 0,00 0.00 000 0.00 0.00 300 3.000
Iron 1017 1557 2177 19.97 28.37 4397 127.37 27T8.77 B804 .60 1,146.56
Lead 018 016 018 1.60 1.82 1.86 250 3.30 476 16,20
Magnesium 0.00 0.00 0.00 0.00 0.00 000 4030 7830 000 118.60
Manganese 0.84 1.44 208 246 428 1026 35,68 101 86 21928 378.00
Molybdenum 0.00 0.00 0.00 0.00 0.00 022 0.36 058 3.80 4.96
HMickel 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 028 0.36
Selenium 0.00 .00 0.00 0,00 .00 0.00 0.00 0.00 0.00 0.00
Silver 0.00 0,00 0.00 0,00 0.00 0.00 0.00 0.00 0.oo 0.00
Strontium 0.00 .00 0.00 0.00 .00 0.00 0.22 042 .00 0.
Wanadium 0,00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.38 0.38
Total Metal Wt. 11.82 17.83 2496 2547 3413 6067 22336 496 82 92275 181780
Gravimetris Data 140 240 140 340 240 740 1940  4¥0 €700 15820
Ratie of Total Metal
Analysis Te 0.08 0.04 018 0.07 0.08 0.08 012 0.10 014 0.1

Gravimetric Data

* All data are two times laboratory-reported value to account for cutting filters in half for lab. Analysis.
** All data have been corrected by subtracting average blank values. All negative values have been changed to zero.

H (ANAD)-50

| Relative Emissions of Total Metals - SIMA - 10/6 - Run 1

kd Diam eter inch): o125 Rod FeedRave(fiming: 085
d Dansity (bfowf): 490 ¥iald Tima (sacends)k 2969
ow Ratio 1540
Emissions/ Emissions!
Weld Time Rod Used
{mg/min) {mg/gm)
0.00 0.00
0.01 0.00
0.00 0.00
0.00 0.00
244 0145
218 014
0.02 0.00
008 0.01
3580 222
051 0,03
370 023
11.80 073
018 001
0.01 0.00
0.00 0.00
0.00 0.00
0.02 0.00
0.01 0.00
56.76 3.52




METAL ANALYSEIS (Micrograms), CASCADE IMPACTOR, SOUTHWEST REGIONAL MAINTENANCE CENTER

13

Antimony
Arsenic
Beryllium
Cadmium
Chromium (total)
Chromium (+6)
Cobalt

Copper

Iren

Lead
Magnesium
Manganese
Malybdenum
Mickel
Selenium
Silver
Strontiuny
Vanadium

Total Metal Wt

Gravimetric Data
Ratis of Toral Mazal
Analysis Te
Gravimetric Data

* All data are two times laboratory-reported value to account for cutling filters in half for lab. Analysis.

0.00

0.04

2

0.00
0.00
0.00
0.00
o058
018
n4g
0.00
14.77

1.90
0.00
1.26
0.00
0.00
0.00
0.00
0.0

0.00

19.18

40
D48

3

0.00
.00
0.00
0.00
1.02
029
1.60
0.00
4737
1.80
18.30
2.26
0.00
0.00
0.00
0.00
o010
0.00

7273

140
0.52

6 October 04 - Run 2
(WITHOUT Aluminum, Barium, and Zinc)

Cascade Impactor Stage

4

0.00
0.00
0.00
0.00
082
038
0.3z
0.00
18.57
184
14.30
246
0.00
0.00
0.00
0.00
0.08
0.00

38.76

540
0.07

5

0.00
0.00
0.00
0.00
112
073
0.00
0.00
24.97
184
1230
4.06
0.00
0.00
0.00
0.00
o018
0.00

4519

440
0.10

0.00
020
0.00
119.84
840

013

7

0.00
0.00
0.00
0.00
11.80
1074
0.00
0.00
18537
128
180.30
4366
0.38
0.00
0.00
0.00
066
0.00

38418

2,540
0.15

0.00
0.00
0.00
0.00
24.00
16.94
0.74
0.00
33077
210
176.30
9.26
0.68
0.66
0.00
0.00
0B84
022

562.50

5,440

010

759.85
4,800

016

** All data have been comrected by subtracting average blank values. All negative values have been changed to zero.

Total of
Al
Stages

0.00
0.00
0.00
0.00
7843
66.926
4.72
0.00
1,188.58
1744
42760
230.76
2.80
1.28
0.00
0.00
218
058

202222

15420

013

H (ANAD)-51

Relative Emissions of Total Metals - SIMA - 10/6 - Run 2

Rad Diamatar (Inch):
Red Density (Ibfeuft):

Flow Ratio-

Emissions/
Weld Time
(ma/ming

0.00
0.00
0.00
0.00
245
209
015
0.00
3715
054
1338
T.21
0.09
0.04
0.00
0.00
oo7
002

63.15

0428
430

-

Rad FasdRataifrmin): L5
Weld Time {secends): 2959

Emissions/
Rod Used
(rmargm)




METAL AMALYSIS (Micrograms), CASCADE IMPACTOR, SOUTHWEST REGIONAL MAINTENANCE CENTER

14

Antimony
Arsenic
Beryllium
Cadmium
Chromium (totaly
Chromium (+6)
Cobalt

Copper

lron

Lead
Magnesium
Manganese
Molybdenum
Mickel
Selenium
Sibver
Strontium
Wanadium

Total Metal Wt

Gravimetric Dara
Ratio of Total Matal
Analysis Te
Gravimetris Data

0.00
000
0.00
0.00
044
o1
0.00
0.00
733
1.76
26.30
0.84
000
0.00

0.00
014
0.00

36.91

40
0.92

2

0.00
0.00
0.00
0.00
048
013
0.00
0.00
1277
1.78
32.30
1.02
000
0.00
0.00
0.00
016
0.00

48.63

40
122

3

0.00
0.00
0.00
0.00
0.64
0.23
0.00
0.00
1767
1.78
46.30
19.66
0.00
0.00
0.00
0.00
0.20
0.00

8637
440
0.20

7 October 04 - Run 1
(WITHOUT Aluminum, Barium, and Zinc)

Cascade Impactor Stage

4

0.00
0.00
0.00
0.00
0.74
0.34
0.00
0.00
15.97
1.86
2630
2.26
0.00
0.00
0.00
0.00
010
0.00

47.56

40
119

5

0.00
0.00
0.00
0.00
1.00
0.57
0.00
0.00
2077
028
68 .30
3486
0.00
0.00
0.00
0.00
026
0.00

94.63

840
011

0.00
0.00
0.00
0.00
240
2,00
0.00
0.00
3997
044
50.30
.86
0,00
0.00
0.00
0.00
020
000
10516

740
014

7

0.00
0.00
0.00
0.00
760
630
0.00
0.00
10857
054
168.30
2766
032
0.00
0.00
0.00
068
0.00

320.36

1.740

0.1e

8

0.00
0.00
0.00
0.00
17.40
16,74

0.00
2077

178.30
71686
052
058
0.00
0.00
o7a
0.00

S09.84

4,340

012

" Al data are two times laboratory-reported value to account for cutting filbers in half for lab. Analysis.
* All data have been comected by subtracting average blank values. All negative values have been changed to zero.

Total of
All

k-1 Stages
0.00 0.00
0.24 024
0.00 0.00
0.00 0.00
4523 79.83
4690 73.33
0.00 0.00
0.00 0.00

728 117232
536 17.46

2040 616.80
219.28 355.68

240 324
0.50 o.g8
0.00 0.00
0.00 0.00
0.580 2498
0.46 D48

107385 232332

8400 16.620

013 014

H (ANAD)-52

Relative Emissions of Total Metals - SIMA - 10/7-Run 1

Riod Diam ster ineh):

Red Density (Ibieu.f):

Flow Ratio

Emissions/

Weld Time
(mgfmin)

0.00
0.0
0.00
0.00
224
2.08
0.00
0.00
3292
0.48
1732
9.89
0.09
0.02
0.00
0.00
0.08
0.01

63.25

0128
400

-

Rod FesdRave(ftm In): 0.86
Weald Time (seconds): F200

Emissions!
Rod Used
{malgm)

0.00
0.00
0.00
0.00
0.14
013
0.00
0.00
204
0.0%
1.08
0.82
a.01
0.00
0.00
0.00
0.01
0.00

4.03




Appendix |
Summary of Industrial Hygiene Data Metal Content



Micrograms/Cu.Meter

1

Micrograms/Cu.Meter

HEXAVALENT CHROMIUM CONCENTRATIONS
in IH Samples during Chromium Alloy Welding

0.00

9.00

Near Welder
8.00
700 OSHA TWA was 52
6.00

.00
+% Fproposed OSHA TWA Far from Welder

2.00
1.00
0.00
HY-80 Conven. HY-80 HY-80 HY-80 Cr-Mo Cr-Mo Cr-Mo Conven. Cr-Mo Conven.
11018M rod PPI 10081 PPI 10081 PPI 100S1 PPI PPI 9010B3Lrod 9010B3Lrod
ER80SB-2 ER80SB-2

FIGURE I-1: Hexavalent Chromium Concentrations

COPPER CONCENTRATIONS
in IH Samples w/Chromium Alloy Welding

30.00

25.00

Near Welder
20.00
OSHA TWA
15.00 _ Far from Welder

10.00

5.00

0.00
HY-80 Conven. HY-80 HY-80 HY-80 Cr-Mo Cr-Mo Cr-Mo Conven. Cr-Mo Conven.
11018M rod PPl 10081 PPI 10081 PPI 10081 PPI PPI 9010B3Lrod 9010B3Lrod
ER80SB-2 ER80SB-2

FIGURE I-2: Copper Concentrations



Micrograms/Cu.Meter

Micrograms/Cu.Meter

18.00

16.00

14.00

12.00

10.00

MANGANESE CONCENTRATIONS
in IH Samples w/Chromium Alloy Welding

OSHA TWA is Near Welder
5,000

Far from
Welder

HY-80 Conven. HY-80 HY-80 HY-80 Cr-Mo Cr-Mo Cr-Mo Conven. Cr-Mo Conven.
11018M rod PPl 100S1 PPl 10081 PPl 10081 PPI PPI 9010B3Lrod 9010B3Lrod
ER80SB-2 ER80SB-2

FIGURE I-3: Manganese Concentrations

NICKEL CONCENTRATIONS
in IH Samples w/Chromium Alloy Welding

Near Welder
OSHA TWA is 1,000

Far from
Welder

HY-80 Conven. HY-80 HY-80 HY-80 Cr-Mo Cr-Mo Cr-Mo Conven. Cr-Mo Conven.
11018M rod PPl 10081 PPl 10081 PPI 10081 PPI PPI 9010B3Lrod 9010B3Lrod
ER80SB-2 ER80SB-2

FIGURE I-4: Nickel Concentrations

I-2



IH Metals w/o Iron - Non-PPI
_ MCLB
Zinc Aluminum

2% Chromium (total)
Nickel 10% 2%

17%
Copper
‘ i 11%
/

‘Magnesium

5%

Molybdenum

5% \'II

(Iron is 91%)

Manganese
47%

FIGURE I-5: IH Metals without Iron — Non-PPI- MCLB

IH Metals w/o Iron -with PPI
MCLB

Aluminum

6% Chromium (total)

0,
Nickel 2%

16%
Copper
Molybdenum 7%
5%
Magnesium
5%

Manganese
60%
|

(Iron is 87%)

FIGURE I-6: IH Metals without Iron — PPI- MCLB




IH Metals w/o Iron -Non-PPI
ANAD (no Mg analysis)

Nickel ZTC Alum inum
6% 1% 14%

(Iron is 81%)
Manganese
74%

Chromium
(total)
1%

Copper
3%

FIGURE I-7: IH Metals without Iron — Non-PPI- ANAD

IH Metals w/o Iron -with PPI
ANAD (no Mg analysis)

Nickel Zinc
8% 1%

Molybdenum
1%

Iron is 87%) Manganese

74%

Aluminum

11% Chromium (total)
2%

Copper
2%

FIGURE I-8: IH Metals without Iron — PPI- ANAD




IH Metals w/o Iron - Non-PPI

PSNS

Zinc

Nick el 4%
7%
Molybdenum

2% Aluminum
44%
Manganese
19%
Barium

Magnesium 1%

16%
° Lead

i 0,
(Iron is 72%) 1%

Chromium (total)

C
opper 1%

5%

FIGURE I-9: IH Metals without Iron — Non-PPI- PSNS

IH Metals w/o Iron - with PPI

PSNS
Vanadium Zinc
2% 7% Aluminum

Nickel 41%

5%

Molybdenum
1%

Manganese
22%
Magnesium

(Iron is 76%) 13% Copper

7%

Chromium (total)
1%

FIGURE I-10: IH Metals without Iron — PPI- PSNS




IH Metals w/o Iron - Non-PPI
SWRMC
Aluminum Chromium

8% (total)
1%

Copper
3%

Magnesium
2%
Zinc
54%

Manganese
31%

(Iron is 55%)

FIGURE I-11: IH Metals without Iron — Non-PPI- SWRMC

IH Metals w/o Iron - with PPI
SWRMC

Zinc Al .
o uminum
Nick el % 13%
2%
Barium

Molybdenum 3%

1%

Chromium
(total)

Manganese

9%
40%
Copper
22%
(Iron is 92%) _ Lead
Magnesium

1%

2%

FIGURE I-12: IH Metals without Iron — PPI- SWRMC




METAL

Alurminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium (total)
Chromium (+6)
Cobalt
Copper

Iron

Lead
Magnesium
Manganese
Melybdenurm
Nickel
Selenium
Sibver
Strontium
Vanadium
Zinc

TOTAL METALS

Center (SWRMC), San Diego, CA - Industrial Hygiene Metal Data (microgram/cu.meter)

Corrected for Blank Values

Samples Taken Near Welder (about 2 feet)

4-Oct

2494
1619.72
0.21
248
16.43
0.08
417
0.00
0.00
0.06
0.06
1.96

1700.8

5-Oct

0.00
0.00
0.00
0.09
0.00
0.00
237
0.02
0.00
561
143.23
013
0.00

161.4

6-Oct

7-Oct

0.00
0.00

Aver. Near
Welder

Samples taken Away From Welder (about 10 feet)

4-Oct

1.18
0.00
0.00
0.00
0.00
0.00

5-Oct

1.02
0.00
0.00
0.11
0.00
0.00
0.24
-0.02
0.00
1.09
21.91
0.00
0.00
0.84
0.1

I-7

6-Oct

0.00
0.00
0.00
0.00
0.00
0.00
0862
0.24
0.00
0.48
17.62
0.07
0.00
237
011
0.08

7-Oct

0.00
0.00
0.00
0.00
0.00
0.00
073
023
0.00
0.00
1.1
0.08
0.00
262
0.00
0.00
0.00
0.00
0.00
0.00
0.13

14.9

Blank Values (microgram)

whi

cooocoo

021
0.048

8cocoococoocceco

wk2

Avg.

o
o2

g

=
focoococococcoocooccociilocccoe



METAL

Aluminum
Antimony
Arsenic
Barium
Cadmium
Chromium (total)
Chromium {+6)
Cobalt

Copper

Iren

Lead
Manganese
Molybdenum
Nickel
Selenium
Silver
Strontium
Vanadium

Zinc

TOTAL METALS

MCLB, ALBANY, GA - Industrial Hygiene Metal Data (microgram/cu.meter)

Corrected for Blank Values

Samples Taken Near Welder (about 2 feet)

16-Sep

014
0.00
0.02
0.00
0.00
0.14
0.00
0.00
5.74
7296
0.03
11.97
0.26
138
0.00
0.00
0.00
0.00
073

934

17-Sep

0.00
0.00
0.00
0.00
0.00
0.000
0.007
0.00
0.26
2412
0.02
5.78
0.05
0.31
0.00
0.00
0.00
0.00
033

30.8

18-Sep

156
0.00
0.01
0.00
0.00
0.43
0.002
0.01
123
110.48
0.02
477
0.48
1.84
0.00
0.00
0.00
0.00
0.28

1214

Aver. Near
Welder

057

0.00

0.01

0.00
0.00
0.19
0.00
0.00
241
69.19
0.02
7.51

0.26

118

0.00
0.00
0.00
0.00
0.44

81.8

Samples taken Away From Welder (about 10 feat)
17-Sep

16-Sep

0.00
0.00
0.01
0.00
0.00
017
0.000
0.00
0.25
2814
0.01
369
017
0.61
0.00
0.00
0.00
0.00
0.26

333

I-8

0.56
0.00
0.00
0.00
0.00
0.02
0.000
0.00
0.00
863
0.00
164
0.04
0.12
0.00
0.00
0.00
0.00
0.00

1.0

18-Sep

072

0.00

0.00
0.00
0.00
0.16
0.005
0.00
0.88
48.95
0.00
240
0.28

091

0.00
0.00
0.00
0.00
0.00

54.3

Average

Away

0.42
0.00
0.00
0.00
0.00
0.12
0.00
0.00
0.38
28.57
0.00
258
0.16
0.55
0.00
0.00
0.00
0.00
0.09

329

Blank Values
(microgram)

3.36

0

0

0

o

03
0.022
0

0

283

0
00358
0
0.0242

o0 OO



METAL

Aluminum
Antimany
Arsenic
Barium
Bendlum
Cadmium
Chromium (total)
Chromium (+6)
Cobalkt
Copper

Iron

Lead
Magnesium
Manganese
Molybdenum
Nickel
Selenium
Sihver
Strontium
Vanadium
Zine

TOTAL METALS

MCLE, ALBANY, GA - Industrial Hygiene Metal Data (microgram/cu.meter)

Corrected for Blank Values

Samples Taken Near Welder {about 2 feet)

18-Nov

2862
0.000
0.064
0.084
0.000
0.000
1475
0.002
0.000
1508
s
0.053
115
14,848
2670
7842
0.000
0.000
0.000
0.000
0.000

e

18 Nov

5024
0.000
0212
0111
0.000
0.000
1374
0542
0.089
6.309
5688
0074
1215
24108
25M
B.483
0.000
0,000
0.000
0.000
0.000

618.9

20-Nov

BET4
0.000
0103
0.270
0.000
0018
1778
0.058
0.000
Jg87
7420
0.096
1844
28749
4122
14.287
0.000
0.000
0062
0.000
1652

808.1

21-Nov

2517
0.000
0.000
0.000
0.000

Hoer, Near
Welder

4.844
0.000
0.095
0118
0.000
0.005
1.356
0.457
0.040
4.880
538.8
0.056
101
1M
2897
9835
0.000
0.000
0.016
0.000
0413

§88.0

Samples taken Away From Welder (about 10 feet)

18-Nov

35
0.000
0.084
0404
0.000
0011
1548
0023
0.061
4703
24
0.070
1.256
14.778
3407
10,034
0.000
0.000
0.000
0.000
0.000

6518

18-Nov  20-Mov
1268 7564
0000 0000
01z 0097
0072 023
0000  0.000
0.000 0.015
0.428 1573
0000 0038
0000 0aM
3702 3308
055 4757
0000 0087
0.689 1.664
5724 204%
1046 3106
2448 8.580
0.000 0.000
0.000 0.000
0.000 0.000
0000 0000
0000 2237
2.0 5339

H-Nov

4.758
0.000
0.000
0.000
0.000
0.000
1435
0.000
0.000
5.903
5810
0.000
2357
55.608
414
14335
0.000
0.000
0.000
0.000
0.000

669.8

Average
Ay

Blank Values-wki
(microgram)

336

0.0242

cooo

Blank Values-wk2  Average

(micragram)

=
Eeeeoee

coococcccccafos

Blank
168
0
0
0
]

L]
0.2995
0.037
L]

0
2235
0

0
00178

oma

)



METAL

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium (total)
Chromium (+6)
Cobalt

Copper

Iron

Lead
Manganese
Molybdenum
Nickel
Selenium
Silver
Strontium
Vanadium
Zinc

TOTAL METALS

ANAD, Anniston, AL - Industrial Hygiene Metal Data (microgramicu.meter)

Corrected for Blank Values

Samples Taken Near Welder (about 2 feet)

21-Oct

252
0.00
0.00
0.00
0.00
0.00
054
0.24
0.00
0.00
204.47
018
66.89
0.00
329
0.00
0.00
0.00
0.00
0.00

2781

22-0ct

741
0.00
0.00
0.00
000
0.00
0.79
0.05
0.00
0.64
361.04
0.20
107.37
0.00
572
0.00
0.00
0.00
0.00
0.80

484.0

23-Oct

1218
009
029
022
0.00
000
366
021
0.00
7.74

134748

03§

145.57
083

11.02
0.00
0.00
0.06
030
1.40

1531.5

24-Oct Aver, Near

10.85
0.00
0.00
013
0.00
0.00
1.14
0.05
0.00
312

234 68

021

56.69
0.18
an
0.00
0.00
017
0.00
092

320

Welder

8.24
0.02
007
0.09
0.00
0.00
153
0.14
0.00
287
536.92
023
94.13
0.28
5.99
0.00
0.00
0.06
0.07
0.78

6514

Samples taken Away From Welder (about 10 feet)

21-Oct

470
0.00
0.00
0.08
0.00
0.00
092
0.10
0.00
0.84
434.48
032
153.35
0.o7
8.05
0.00
0.00
0.00
0.00
1.04

604.0

22-Oct

289
0.00
0.00
0.00
0.00
0.00
058
0.08
0.00
0.00
262,63
0.15
78.62
0.00
418
0.00
0.00
0.00
0.00
0.66

3498

23-Oct

424
0.00
0.00
007
0.00
0.00
0497
009
0.00
1.86
383.88
0.18
69.61
0.18
439
0.00
0.00
0.00
0.00
0.77

466.2

24-Oct

389
0.00
000
007
000
000
087
004
0.00
0.98
139.74
013
36.33
0.07
244
0.00
0.00
0.00
0.00
0.00

1844

Average
Away

383
0.00
0.00
005
0.00
0.00
078
008
0.00
082
30518
0.19
84.48
0.08
477
0.00
0.00
0.00
0.00
0.62

4011

Blank Values
(microgram)

o
[=}
&=

0.031

RfooZXocoocococco

[ -I - - = == = =



METAL

Aluminum
Antimony
Arsenic
[Barium
Berylium
Cadmium
Chromium (total)
Chromium (+8)
Cobalt

Copper

lren

Lead
Manganess
Molybdenum
Nickel
Selenium
Silver
Strontium
Vanadium

Zing

TOTAL METALS

27-Oct

68,48
0.00
0.00
0.56
0.00

277
0.00
0.00
831
78413

14384
0.35
18,25
0.00
0.00
0.84
0.00
208

1,038.7

Corrected for Blank Values
Samples Taken Near Welder (about 2 feet)
2800 300et 30 0t pnk ;‘:’mr":;
(aluminum) ~ mur) SADE
T8 28 B43.60 12.70 3275
0.00 0.08 <01 <01 002
0.00 0.00 <06 <0.7 000
011 0.18 <01 <01 028
000 0.00 <0.1 <01 0.00
0.00 0.00 <06 <07 0.00
1.24 443 187 <07 265
018 020 0.11 0.00 o1z
0.00 0.00 <06 <07 0.00
284 37 177 <15 514
57062 110762 2050 1.68 2412
030 033 <01 <01 0.37
Ta02 118.26 245 <0.7 111.74
020 181 <01 <01 082
529 14.59 <1.1 <15 1204
0.00 0.00 <06 <07 000
0.00 0.00 <06 <07 000
008 017 <01 <01 036
0.00 035 <06 <07 012
1.04 1.16 <11 <15 142
662.2 1,275.0 670.3 44 ag2.0

ANAD, Anniston, Al - Industrial Hygiene Metal Data (microgram/cu.meter)

Samples taken Away From Welder (about 10 feet)

&-0ct  2860ct  29-O0ct

7.53
0.00
0.00
0.00
0.00

Q.00
007
0.00
0.00
551
0.00

0.00

0.00
0.00
0.00
0.00
0.00

15.7

50
0.00
0.00
o7
0.00

082
026
0.00
1.84
300.56
031

0.10
439
0.00
0.00
0.00
0.00
1.04

3B24

0.88
0.00
0.00
0.00
0.00

0.85
on
0.00
0.73
22882
0.15
0.26
373
0.00
0.00
000
0.00
070

3038

30 Oct
(Aluminum
H

173.00
<01
<06
<01
<01
<06
058
0.03
<06
<12

15.06
<01
1.70
<01
€12
<06
<06
<01
<06
<12

180.4

30 Oct {blank
run)

1601
<02
<08
0.2
0.2
<08
<08
0.00
<08
<16
148
<02
<08
<02
<16
<08
<08
<02
<08
<16

175

Average

vy wio 30
Oct

747
0.00
0.00
ooz
0.00

0.56
0.15
0.00

17833
015
4287
012
2n
0.00
0.00
0.00
0.00
058

Blank Values
(microgram)

coo#

coooo



METAL

Alurinum
Antimony
Arsenic
Barium
Bendlium
Cadmium
Chremium (total)
Chromium (+6)
Cobalt
Copper

Iron

Lead
IMagnesium
Manganese
Melybdenum
Mickel
Selenium
Silver
Strontium
Vanadium
Zinc

TOTAL METALS

Puget Sound Naval Shipyard, Bremerton, WA - Industrial Hygiene Metal Data (microgram/cu.meter)

Corrected for Blank Values

Samples Taken Near Welder (about Z feet)

10-Aug

13.42
0.00
0.05
0.45
0.00
0.00
0.32
=001
0.00
245
87.86
0.19
5.81
491
013
138
0.00
0.00
0.00
0.00
<0.25

116.7

11-Aug

13.37
0.00
0.04
0.05
0.00
0.00
0.22
0.00
0.00
156

47.66
0.05
3.07
281
0.16
1.09
0.00
0.00
0.00
0.00
0.00

70.1

12-Aug

20.79
0.00
003
017
0.00
0.00
0.65
0.00
0.00
1.57

109.06
022
6.71

10.07
112
375
0.00
0.00
0.05
0.00
359

157.8

13-Aug

1151
0.00
0.00
0.00
0.00
0.00
013
-0.01
0.00
0.00
47.23
0.00
0.00
187
022
0.0
0.00
0.00
0.00
0.00
0.00

61.8

Aver, Near
Welder

1477
0.00
0.03
017
0.00
0.00
0.33
0.00
0.00
140

T2.95
0.12
3.80
492
0.41
177
0.00
0.00
001
0.00
0.84

101.6

Samples taken Away From Welder (about 10 feet)

10-Aug

10.76
0.00
0.03
032
0.00
0.00
018
0.00
0.00
1.85

Sr.87
0.06
§.67
427
013
070
0.00
0.00
0.00
0.00

-0.24

81.6

11-Aug

1.47
0.00
0.00
0.00
0.00
0.00
017
0.00
0.00
145

39.61
0.05
284
233
0.10
093
0.00
0.00
0.00
0.00
0.00

59.2

12-Aug

17.91
0.00
0.00
01
0.00
0.00
028
0.00
0.00
0.00
9973
o
6.08
6.08
022
1.00
0.00
0.00
0.00
0.00
145

93.5

13-Aug

11.40
0.00
0.00
0.00
0.00
0.00
0.10
-0.01
0.00
0.00
41.45
0.00
0.00
174
023
083
0.00
0.00
0.00
0.00
0.00

55.7

Average
Away

12.88
0.00
0.
0.1
0.00
0.00
018
0.00
0.00
0.82

49.67
0.06
365
3.66
017
0.86
0.00
0.00
0.00
0.00
043

725

Blank Values (microgram)
wk1 wk2 AVG,

525 0 2625
0 0 0

0 0 0

0 0 L]

0 0 []

0 0 0
022 0.24 0.23
0026 00311 002855
] ] o

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0.2 04

0 0 0

0 0 0

0 0 0

0 0 0

0 0.765 03825



Puget Sound Naval Shipyard, B WA - Industrial Hyglene Metal Data (microgrami/cu.meter)

Corrected for Blank Values
Samples Taken Near Welder (about 2 feet) ‘Samples taken Away From Welder (about 10 feet)
METAL  ygmug 17-Aug  16Aug  1oAug AN 1GAig  fhAug 18Aug  19Ag AmEe Blank Values (microgram)
wki wk2 AVG,

Aluminum 017 0.78 192 243 133 0.02 033 1.63 227 107 5.25 0 2625
Antimony 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 <01 0 0 0
Arsenic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 <0.3 0 0 0
Barium 0.00 0.08 0.00 0.00 0.02 0.00 0.00 0.00 0.05 .M 0 0 0
Berylium 0.00 0.00 0.00 0.00 <01 0.00 0.00 0.00 0.00 <0.1 0 o 0
Cadmium 0.00 0.00 0.00 0.00 <03 0.00 0.00 0.00 0.00 <0.3 0 0 o
Chromium (total)  0.08 012 0.7 0.05 0.13 012 0.06 0 0.08 012 022 0.24 0.23
Chromium (+6)  -0.03 - - - -0.03 0.03 - - - -0.03 0026 00311 0.02855
Cobalt 0.00 0.00 0.00 0.00 <0.3 0.00 0.00 0.00 0.00 <03 0 0 0
Copper 0.54 0.8 153 047 0.84 0.40 0.66 1.41 0.47 0.73 0 0 0
Iron 18.94 45.42 3814 3252 34.00 13.86 kT Mo 388 236 0 0 0
Lead 0.08 0.15 0.07 0.00 0.07 0.00 0.10 0.00 0.00 0.03 0 0 0
Magnesium 0.86 1.87 220 186 1.70 1.00 1.1 2.08 191 167 0 0 0
Manganese 128 455 362 223 292 098 an 3 249 275 0 0 0
Melhybdenum 013 0.10 0.24 0.00 0.12 0.10 0.07 0. 0.00 010 0 0 0
MNickel 048 041 0.84 0 048 0.38 0.24 on 0.27 0.39 0 02 01
Selenium 0.00 0.00 0.00 0.00 <03 0.00 0.00 0.00 0.00 <0.3 0 ] 0
Silver 0.00 0.00 0.00 0.00 <03 0.00 0.00 0.00 0.00 <03 0 0 0
Strontium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 <01 0 0 0
Vanadum 1.5 0.00 0.00 0.00 0.38 0.00 0.00 0.00 0.00 <0.3 0 a 0
Zing 132 1.27 1.20 1.16 1.24 063 1.08 1.01 119 0.98 0 0765 03825
TOTAL METALS 253 56.5 500 40.9 43.2 17.5 46.1 445 40.7 3.2



METAL

Alurminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium (total)
Chromium (+8)
Cobalt
Copper

Iron

Lead
Magnesium
Manganese
Mehybdenum
Nickel
Selenium
Silver
Strontium
Vanadium
Zinc

TOTAL METALS

Center (SWRMC), San Diego, CA - Industrial Hygiene Metal Data (microgramicu.meter)

Corrected for Blank Values

Samples Taken Near Welder (about 2 feet)

28-Sep

.37
0.00
0.00
0.25
0.00
0.00
033
0.03
0.00
6.40
122.38
0.38
2,60
26.79
0.13
070
0.00
0417
0.00
0.00
4566

222

29-Sep

2413

30-Sep

0.00
0.00
0.00
0.00
0.00
0.00
0.18
0.00
0.00
617
142 86
0.00
0.00
27.85
0.00
017
0.00
0.00
0.00
0.00
1im

1789

1-Oct

2138
0.12
024
782
0.00
0.00

10.89
017
012

30.88

1607.28
1.27
258

65,68
245
182
0.00
012
0.32
0.00

17.22

1774.5

Aver. Near
Wielder

1297
0.03
0.06
223
0.00
0.00
2499
0.10
0.03

1164

543.88

0.62
248

53.47
072
0.76
0.00
0.09
0.11
0.02

57.58

Samples taken Away From Welder (about 10 feet)

28-Sep  20-Sep
211 9.67
0.00 0.00
0.00 0.00
0.08 0.40
0.00 0.00
0.00 0.00
0.07 0.04
003 002
0.00 0.02
1.87 126
3271 19.60
0.12 0.0
0.00 131
819 610
0.00 0.00
025 013
000 1941
0.00 0.00
0.00 0.00
0.00 0.00
1448 1295
59.9 4

30-Sep

244
0.00
0.00
0.00
0.00
0.00
0.16
0.00
0.00
165
1280
0.00
0.00
203
0.00
0.19
0.00
0.00
0.00
0.00
032

196

1-Oct

Blank Values {microgram)
wi wk2 Avg.

] 1] ]

0 0 0

] o ]

] o 0

] o 0

0 o 0
0.21 0.20 025
0.048 0.045 0.047
0 o 0

0 0 0

0 0 0

1] 1] ]

0 o 0

] o 0

0 o 0

0 0 0

0 o 0

0 0 0

0 o 0

0 0 0
098 0719  0.8485



Appendix J
Evaluation of Inverter Welding Power Supplies as a Means of
Reducing Welding Fumes
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Introduction

One of the main hazards of welding operations is the emississions of hexavalent
chromium (Cr(V1)), manganese (Mn), and nickel (Ni) in the welding fume. Cr(VI) and Ni
are both carcinogens that propose adverse effects to the skin and respiratory and
immune systems, while repeated exposure to Mn may cause gradual brain damage.
The U.S. Occupational Safety and Health Administration (OSHA) and American of
Conference of Governmental and Industrial Hygienists (ACGIH) have proposed new
requirements for worker exposure to these stressors. OSHA and ACGIH propose to
reduce the permissible exposure limit (PEL) for Cr(VI), Mn, and Ni below their current
levels.

These changes will have an impact on welding operations in many Department of
Defense (DOD) facilities. As part of a DOD effort to address these anticipated changes,
the Naval Facilities Engineering Service Center (NFESC), Port Hueneme, CA, and
Naval Surface Warfare Center Carderock Division (NSWCCD) have collaborated to
evaluate new welding power supplies that can reduce fume through close control of
welding parameters.

Various new welding power supplies offer sophisticated technologies to reduce fume
emissions. Pulsed inverter power supplies electronically produce precision waveforms
that improve weld consistency and reduce fume emissions. Pulsed inverter power
supplies have been applied to production lines with success in increased productivity
and reduced fume emissions.

This effort seeks to transition new inverter power supplies into the field at a number of
DOD facilities. The work described here provides details of the laboratory evaluation of
two such welding systems.

Materials and Equipment

Two sets of equipment manufactured by Miller Electric Manufacturing Company (Miller)
were evaluated in this study. The equipment was selected by the DOD facilities that
would be using it following initial evaluation. The first set of equipment included a Miller
Invision 456MP inverter power supply (456MP), Miller S-74DX (S-74DX) wire feeder,
and Miller Coolmate 4 torch cooling system, along with a Binzel Ergo 50D manual gas
metal arc welding (GMAW) torch, adaptor kit, and expendables. The second set of
equipment included a 456MP and Miller S-60M (S-60M) Series wire feeder, along with a
Profax 400 GMAW gun and expendables. Figure 1 illustrates the first set of equipment
and Figure 2 illustrates the second set of equipment.

The 456MP is a pulsed inverter power supply for GMAW, pulsed GMAW, shielded metal
arc welding (SMAW), and flux cored arc welding (FCAW) processes. The unit features
eighteen programs with preset parameters that provided general guidelines for welding
with a specific welding process, type and size of welding consumable, and shielding
gas. These programs offer the option of choosing either an adaptive or non-adaptive
welding mode. In the adaptive mode, the pulse frequency is automatically regulated to
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maintain a constant arc length, regardless of changes in wire stickout during the welding
process. In the non-adaptive mode, a constant pulse frequency is maintained
regardless of the arc length. The unit also includes three additional programs without
preset parameters for manual GMAW, SMAW, and FCAW.

The S-74DX wire feeder is a semi-automatic wire feeder for GMAW, pulsed GMAW,
and FCAW. The S-60M Series wire feeder is a semi-automatic wire feeder for GMAW,
pulsed GMAW, and FCAW. The S-60M Series wire feeder also features preset
programs that provide general guidelines for welding with specific types of welding
wires.

Figure 1. Miller Invision 456 MP Inverter Power Supply, S-74DX Wire Feeder, and
Coolmate 4
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Figure 2. Miller Invision 456 MP and S-60M Wire Feeder
Welding Consumables

The wire used for this study included 0.062-inch-diameter Lincoln Electric Company
(Lincoln) SuperArc LA-100™ (ER100S-G) solid wire, 0.062-inch-diameter Tri-Mark TM-
811N2™ (E81T1-Ni2H8) gas shielded flux cored wire, 0.062-inch-diameter ESAB Dual
Shield 11-70T-12™ (E71T-1) gas shielded flux cored wire, and ESAB SpoolArc 95™
(ER100S) solid wire. Mild steel, A36, base plate material was used for all fume
generation welding trials.

Procedure

Fume Generation Rate Testing

Fume generation rate (FRG) was determined in accordance to AWS F1.2 Laboratory
Method for Measuring Fume Generation Rates and Total Fume Emission of Welding
and Allied Processes [1]. The tests for fume generation rate involved the following
sampling equipment:

. Conical test chamber
. Filter assembly for collecting fumes
. Pressure drop gauge
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Constant flow rate pump

Figures 3 and 4 depict the sampling equipment set-up. The preparation and test
method for determining the FGR was conducted accordingly:

A glass fiber filter, measuring 12 inches square that has been previously
dried in an oven for a minimum of one hour at 200°-225°F is weighed.
The filter weight is recorded.

The consumable is weighed. The consumable weight is recorded.
The filter pad is assembled on the fume chamber.

The test is begun by turning on the pump and initiating the welding
process. The welding process is timed to one minute from start to finish.

After the welding process is complete, the chamber is allowed to clear for
one minute.

The pump is turned off.
The filter is removed from the chamber and weighed.

The remaining consumable is weighed. The remaining consumable
weight is recorded.

The FGR and percent weight of fume obtained for a given weight of consumables is
calculated as follows:

Percent fume for given wt. of consumable =

Final wt.of filter(g) — Initial wt.of filter(g)
Test time( min )

FGR =

Final wt.of filter(g) — Initial wt.of filter(g)
Initial wt of consumable(g) — Final wt.of consumable(g)

%
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Figure 4. Fume Generation Rate Equipment Schematic [1]
Miller Invision 456 MP and S-74DX Wire Feeder

The initial effort involved an evaluation of the 456 MP and S-74DX. FGR testing was
conducted with Program 20, manual GMAW, using 0.062 inch diameter SuperArc LA-
100™ wire and a mixture of 95 percent argon (Ar) and 5 percent carbon dioxide (CO3)
shielding gas. The initial set of parameters chosen for the first test were 26 volts (V)
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and current of 300 amperes. The parameters were chosen to achieve a heat input of 40
to 50 kilojoules per inch (kJ/in) during each test. Additional tests were conducted with
the current held constant and the voltage altered by either increasing or deceasing from
the original value by 2 volt increments. Testing at these conditions, constant current of
300 amps with variable voltage, was commenced when a noticeable change in the FGR
was observed. FGR testing continued with a new set of parameters. The current was
increased to 350 amps and voltage set to 26 volts in order to maintain a heat input of 40
to 50 kJ/in. Additional testing involved holding the current constant at 350 amps and
altering the voltage by either increasing or decreasing the value by 2 volt increments.
Testing was commenced when a noticeable change in FGR was observed. Additional
testing was conducted at constant currents of 400-, 250-, and 200-amps and varying
voltage. Testing parameters are shown in Appendix A1. During the welding process,
both the current and voltage could be adjusted by controls found on the S-74DX wire
feeder. Any adjustments made to the current or voltage would also be reflected on the
displays found on the 456MP.

The next effort involved an evaluation of the 456MP with S-74DX using a featured
program with preset parameters. Program 4, intended to be used with a 0.062-inch-
diameter steel welding wire and Ar-CO; shielding gas was evaluated with 0.062-inch-
diameter SuperArc LA-100™ wire and 95% Ar - 5% CO; shielding gas. FGR testing
with Program 4 was first conducted in the non-adaptive mode. The preset parameters
of a wire feed speed of 196 inches per minute (ipm) and trim of 40 were chosen as the
initial parameters. These parameters were chosen because they are in the middle
range offered by Program 4. The preset parameters offered by Program 4 ranged from
a 60 ipm wire feed speed with O trim to 400 ipm wire feed speed with 100 trim. The
preset trim or arc length values between 0 to 100 are intended by Miller Electric to be a
reference for the user. Tests were conducted with constant wire feed speed with
variable current and voltage. A heat input between 40 and 60 kJ/in was maintained for
all tests within this set of parameters. The testing parameters are shown in Appendix
A2.

Testing using Program 4 was also conducted in the adaptive pulse mode with 0.062-
inch-diameter SuperArc LA-100™ wire and 95% Ar - 5% CO, shielding gas. Two sets
of preset parameters in the middle range offered by Program 4 were evaluated. A wire
feed speed of 196 ipm with a 40 trim and wire feed speed of 230 ipm with 50 trim were
evaluated. Tests were conducted with constant wire feed speed with variable current
and voltage. The heat input was maintained between 25 and 40 kJ/in for both sets of
test parameters. The testing parameters are shown in Appendix AZ2.

Testing using flux cored wire involved the use of Program 18 which is intended for
0.062-inch-diameter metal cored wire with Ar-CO, shielding gas. There are no preset
parameters specifically for flux cored wire, however, the parameters for metal cored
wire were considered appropriate for flux cored arc welding. An initial effort involved
testing in the adaptive pulse mode with 0.062-inch-diameter ESAB Dudal Shield II-70T-
12™ dual shield flux cored wire with 95% Ar - 5% CO, shielding gas. A wire feed speed
of 230 ipm with a 40 trim was chosen, because these parameters were in the middle
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range of preset parameters offered by Program 18. Tests were conducted at a constant
wire feed speed with variable current and voltage. The heat input was maintained
between 25 and 40 kJ/in for both sets of test parameters. The test parameters are
shown in Appendix AZ2.

Additional testing involving Program 18 was conducted with Tri-Mark TM-811N2™ flux
cored wire in the adaptive pulse mode. Tests were conducted with 95% Ar - 5% CO,
and 75% Ar - 25% CO; shielding gases. The parameters chosen were the middle
range of preset parameters offered by Program 18. Tests were conducted at a constant
wire feed speed with variable current and voltage. The parameters for tests using 95%
Ar - 5% CO; shielding gas included wire feed speeds of 320-, 275-, 230-, 185-, and
140-ipm along with trims of 60, 50, 40, 30, and 20. For tests using 75% Ar - 25% CO,
shielding gas, the parameters included wire feed speeds of 275-, 230-, 185-, and 140-
ipm along with trims of 60, 50, 40, 30, and 20. Heat inputs for all sets of parameters
were maintained between 20 and 40 kJ/in. The test parameters are shown in Appendix
A3 for tests using 95% Ar - 5% CO; shielding gas and Appendix A4 for tests using 75%
Ar - 25% CO; shielding gas.

Miller Invision 456 MP and S-60M Wire Feeder

FGR testing results were not obtained for the 456MP and S-60M wire feeder. Testing
with the 456MP and S-60M wire feeder using 0.045-inch-diameter ESAB SpoolArc 95
wire was unsuccessful. The 456MP power supply and S-60M wire feeder were found to
be incompatible. A number of trial and error experiments were conducted using
featured Program 16 for 0.045-inch-diameter steel wire were unsuccessful. Attempts to
use the 456MP in manual GMAW mode with the S-60M wire feeder were also
unsuccessful. Setting the 456MP in manual GMAW mode with the S-60M wire feeder
set to the appropriate program for 0.045-inch-diameter steel wire were also
unsuccessful. It was determined from subsequent discussions with the manufacturer
that an Invision 456 P is the appropriate “slave” welding power supply to be used with
the S-60M series of intelligent wire feeders.

Welding Qualification

Welding qualification involved using the 456 MP power supply and S-74DX wire feeder
with Program 18 in adaptive pulse mode. Program 18 was chosen to be the most
appropriate featured program setting for flux cored welding. The welding qualification
was conducted with the GMAW process in the vertical position using 0.062-inch-
diameter Tri-Mark TM-811N2™ flux cored wire and one-inch-thick A36 base plate. A
12-inch-long K-type joint with a V4 inch root opening and copper backing bar was used
as the welding qualification joint design. Figure 5 illustrates the welding joint. Initial
efforts involved a number of welding trials using different wire feed speeds, current, and
voltage settings, attempting to achieve the lowest FGR with practical welding
parameters, and 95% Ar - 5% CO, shielding gas. Welding trials with different
parameters were used to find the optimal parameter settings for depositing a quality
weld bead. After numerous unsuccessful attempts with different parameter settings
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using 95% Ar - 5% CO,, the shielding gas was changed to 75% Ar - 25% CO,. A
number of welding trials with different parameters using 75% Ar - 25% CO, were also
conducted. Final parameters that resulted in the best weld bead quality were
established to be preset parameters of a wire feed speed of 185 ipm with 30 trim. The
current was adjusted to a range of 175 to 180 amps and voltage between 24 and 25 V.
The welding qualification plate was completed with eight passes. Table 1 illustrates the
different parameters used to obtain the optimal settings and final parameters used to
compete the welding qualification plate. The welding procedure is shown in Appendix
B.

& eCecrrope —FLUX OFE
TBRCK VELP Bl SIBT

“~ Covrperz_
\}\ Back-OF

e /A" RootT oPENINE

TR

Figure 5. K-Type Joint Welding Qualification Plate [2]
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Table 1. Welding Qualification Parameters

Power Supply: Miller Invision 456 MP

| Wire Feeder: Miller S-74DX

Welding Process: GMAW Adaptive | Plate Material: Filler Wire:
Pulse A36 Steel 0.062-inch Tri-Mark TM-811N2™
Pass | Shielding Wire Feed Voltage | Current Weld Time Interpass Temperature
Gas Speed (ipm) V) (Amps) (min:sec) (°F)
185 26 200 Not obtained Not obtained
230 25 220 Not obtained Not obtained
230 25 220 Not obtained Not obtained
Trial 95% Ar - 200 22 190 Not obtained Not obtained
Passe 5% CO, 200 20 180 Not obtained Not obtained
S 190 22 180 Not obtained Not obtained
195 23 185 Not obtained Not obtained
195 22 180 Not obtained Not obtained
200 22 195-200 Not obtained Not obtained
200 22 195-200 Not obtained Not obtained
140 25 150 Not obtained Not obtained
140 25 150 Not obtained Not obtained
Trial 220 27 205 Not obtained Not obtained
Passe 200 27 200 Not obtained Not obtained
s 180 26 185 Not obtained Not obtained
170 26 170 Not obtained Not obtained
75% Ar - 170 25 170 Not obta!ned Not obtained
25% CO, 175 24 170 Not obtained Not obta!ned
1 175 24 170 2:40 Not obtained
2 175 24 170 2:45 Not obtained
3 175 24 170 2:31 Not obtained
4 175 24.3 175 3:50 Not obtained
5 175 24.5 176 2:50 220
6 175 24.4 177 2:45 215
7 175 24.2 177 2:41 205
8 175 24 .4 180 4:30 Not obtained

Results and Discussion

After data was collected for each welding trial, the FGR was determined gravimetrically
using the difference between the initial and final weights of the glass filters and
calculated as previously noted. The percent fume for a given weight of consumable
was also calculated in a similar manner. The calculated FGR values were plotted
against the voltage as shown in Figures 6, 7, 8, and 9. The results indicate that the
parameter settings and shielding gas can have a significant effect on the FGR.

Figure 6 illustrates a graph of the FGR versus the voltage for welding trials conducted
with the 456MP and S-74DX using Program 20 with 0.062-inch SuperArc LA-100™
wire. The circled data points indicate the initial voltages chosen for the set of
parameters. Within each set of parameters, the current was held constant while the
voltage was altered either by increasing it in 2 volt increments, as previously noted. The
welding trials conducted at the higher travel speeds with constant currents of 350 and
400 amps showed similar trends. The results indicate that within a voltage range that is
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appropriate for these wire feed speeds and currents, an optimal voltage value that
generates the lowest fumes exists. The voltage that generates the lowest FGR for both
sets of parameters is approximately near the middle within the range of tested voltages.
A voltage value of 32 V produces the lowest FGR for both set of parameters.

Miller Invision 456 MP, S-74DX
Program 20 Manual GMAW

FRG vs. Voltage 0.062 inch diameter SuperArc LA-100 Filler

Wire
1.6
1.4 4 ¢
1.2 1 300 Amps
1 W 350 Amps
® 400 Amps
A 250 Amps

FRG (g/min)
o
oo

o
o
\

Circled data points are
the initial voltage
settings for the selected
wire feed speed

M/_
ﬂ

o

24 26 28 30 32 34 36 38 40
Voltage (V)

N
N

Figure 6. FGR vs. Voltage for Superarc LA-100TM Wire Using the Miller Invision
456 MP Power Supply and S-74DX Wire Feeder (Program 20)

In contrast, for the welding trials at lower wire feed speeds and current, similar trends
indicate that the optimal value is at a higher voltage. Lower values of FGR were
observed at 38 volts for wire feed speeds between 122 and 188 ipm and currents of 250
and 300 amps.

The results obtained for welding trials evaluated using Program 4 and 0.062-inch
SuperArc LA-100™ wire with the 456MP and S-74DX are shown in Figure 7. The
circled data points indicate the initial program voltage settings for the selected wire feed
speed and trim parameters. The graph of FGR values versus the voltage indicates
similar trends for welding trials conducted in the adaptive pulse mode with constant wire
feed speed. The results using preset parameters of 196 ipm with 40 trim and 230 ipm
wire feed speed with 50 trim indicate that within a voltage and current range for these
parameter settings, an optimal voltage and current setting combination exists that
generates the lowest fumes. The voltage and current values that generate the lowest
FGR for both sets of parameters are approximately near the middle within the range of
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tests voltages and currents. A voltage value of 30 V and 300 Amps produced the
lowest FGR value at 196 ipm wire feed speed and 40 trim. At 230 ipm wire feed speed
and 50 trim, a voltage of 33 V and 340 Amps produced the lowest FGR. The welding
trials conducted in the non-adaptive pulse mode with constant wire feed speed indicates
a more linear trend in which the FGR increases with increasing voltage and current.
These results for both adaptive and non-adaptive welding trials indicate that even if the
preset parameters are utilized, the voltage and current have to be adjusted in order to
establish the optimal parameters that will generate the lowest FGR values.

Figure 7 also illustrates the results obtained for welding trials using Program 18 with
ESAB 1I-70T-12™ wire with the 456 MP and S-74DX. The welding trials were
conducted in the adaptive pulse mode with constant wire feed speed. These results
using preset parameters of 230 ipm wire feed speed and 40 trim indicated that within a
range of voltages and current, optimal voltage and current settings will generate the
lowest FGR. In this case, the lowest FGR corresponded to the preset parameters. The
initial program voltage of 27 V and current of 265 Amps for the conditions of 230 ipm
wire feed speed and 40 trim yielded the lowest FGR.

Miller Invision 456 MP, S-74DX
Program 4 0.062 inch steel wire,
Non-adaptive and Adaptive

FRG vs. Voltage

1 0.062 inch diameter SuperArc LA-
0.9 100 Filler Wire
) Program 18 0.062 inch Metal Core,
0.8 | Adaptive
' 0.062 inch diamter XXX
0.7
= 061  Prog 4 Non-Adaptive 196ipmy40trim
£
3 05 B Prog 4 Adaptive 196ipnv40trim
% 04 a Prog 4 Adaptive 230ipnv50trim
Prog 18 Adaptive 230ipn/40trim
0.3 -
0.2
Circled data points are the
0.11 initial program voltage
0 settings for the selected

wire feed speed and trim

24 29 34 39 44 parameters

Voltage (V)

Figure 7. FGR vs. Voltage for Miller 456 MP Power Supply, Programs 4 and 18,
using SuperArc LA-100™ and ESAB Dual Shield II-70T-12™

A graph of FGR vs. voltage from welding trials obtained for TM-811N2™ flux cored wire,
using Program 18 with the 456 MP and S-74DX, is shown in Figure 8. The circled data

J-14



points indicate the initial program voltage settings for the selected wire feed speed and
trim parameters. Welding trials were conducted with 95% Ar - 5% CO; shielding gas
and constant current. The results indicate a general trend for the all preset parameters.
The results indicate that within a voltage and current range for these parameter settings,
an optimal voltage and current setting combination exists that generate the lowest
fumes. The voltage and current values that generate the lowest FGR for both sets of
parameters are approximately near the middle within the range of test voltages and
currents. The results also indicate that even if the preset parameters are utilized, the
voltage and current have to be adjusted in order to establish the optimal parameters
that will generate the lowest FGR values.

Miller 456MP, S-74DX

Program 18, Adaptive Pulse
0.062 Metal Core, E81T1-Ni2H8
95/5 Ar/CO”2 shielding gas

FGR vs. Voltage

0.9
0.8

0.7 1
€ 230 ipm/40 trim

W 275 ipm/50 trim
A 320 ipm/60 trim

0.6

0.5

FGR (g/min)

A

041 A 185 ipm/30 trim
L S / ® 140 ipm/20 trim

0.3

02 .\_@_/’ Circled data points are the

011 [ J initigl program voltage
settings for the selected
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ wire feed speed and trim
18 20 22 24 26 28 30 32 34 36 38 condition

Voltage (V)

Figure 8. FGR vs. Voltage for TM-811N2 Wire With 95% Ar - 5% CO2 Shielding
Gas, Program 18, Miller 456 MP Power Supply

Figure 9 illustrates the FGR vs. Voltage for welding trials obtained for TM-811N2™ wire
using Program 18 with the 456 MP and S-74DX. The circled data points indicate the
initial program voltage settings for the selected wire feed speed and trim parameters.
Welding trials were conducted with 75% Ar - 25% CO; shielding gas and constant
current. The results indicate a general trend for the preset parameters. The results
indicate a linear trend with FGR increasing with increased voltage and current settings.
For a given set of preset parameters, the lowest voltage and current values generate
the lowest FGR. The results also indicate that even if the preset parameters are
utilized, the voltage and current have to be adjusted in order to establish the optimal
parameters that will generate the lowest FGR values.



A comparison of Figure 8 and 9 indicates that shielding gas has a significant effect on
FGR. Data collected for welding trials using 95% Ar - 5% CO; shielding gas resulted in
noticeably lower FGR than data obtained from welding trials conducted with 75% Ar -
25% CO; shielding gas. The same preset parameters, current, and voltage were
utilized to conduct the welding trials with both shielding gases. However, it is noted that
even though welding trials with 95% Ar - 5% CO; shielding gas produced lower FGR,
the gas was not appropriate for welding the qualification plate. While FGR tests showed
good results for bead on plate welding conditions, attempts to optimize the welding
parameters using 95% Ar - 5% CO, shielding gas for welding the qualification plate
were unsuccessful. The use of 95% Ar - 5% CO, produced inadequate weld
penetration that resulted in unacceptable weld quality with a non-uniform, uneven
appearance. Weld quality and appearance was significantly improved by changing the
shielding gas to 75% Ar - 25% CO,. In addition, the DOD facility that will be using this
equipment welds with 75% Ar - 25% CO; shielding in their applications. The use of
75% Ar - 25% CO, with optimal parameters obtained through trial and error provided
the best conditions for producing a quality weld. It should be noted here that additional
work with the 95% Ar - 5% CO; shielding gas may have achieved acceptable welding
conditions, but that path was discontinued when it was learned that the other shielding
gas was used in production applications.

Miller 456MP, S-74DX

Program 18, Adaptive Pulse
0.062 Metal Core, E81T1-Ni2H8
75/25 Ar/CO”2 shielding gas

FGR vs. Voltage

1.8
1.6 1

1.4 1
4230 ipm/40 trim

121 W 275 ipm/50 trim

=
E 1 A 200 ipm/40 trim
2 185 ipm/30 trim
% 0.8 1 ) .
hrd * ® 140 ipm/20 trim
0.6
.——.A% , ,
0.4 Circled data points are
the initial program voltage
0.2 settings for the selected
wire feed speed and trim
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18 23 28 33 38 43
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Figure 9. FGR vs. Voltage for TM-811N2TM Wire with 75% Ar - 25% CO2 Shielding
Gas, Program 18, Miller 456 MP Power Supply
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Summary

This effort involved the evaluation of a Miller Invision 456 MP inverter power supply and
Miller S-74DX wire feeder along with other welding equipment and expendables. Work
involved the use of this equipment with various types of filler wire to perform FGR
welding trials and welding qualification. The use of Lincoln SuperArc LA-100™ solid
wire in the manual GMAW mode at constant current and variable voltage indicated two
trends. At higher currents, the results indicate that within a voltage range, an optimal
voltage that generates the lowest fumes exists. At lower currents, FGR increased with
increasing voltage. Welding trials conducted with a preset welding program in the
adaptive mode also showed similar trends using Lincoln SuperArc LA-100™ solid wire
and Tri-Mark TM-811N2™ flux cored wire. The results indicate that within a voltage and
current range for given preset parameters, an optimal voltage and current setting
combination exists that generates the lowest fumes. The results also indicate that even
if the preset parameters are utilized, the voltage and current have to be adjusted in
order to establish the optimal parameters that will generate the lowest FGR values.
Welding in the non-adaptive mode with Lincoln SuperArc LA-100™ solid wire showed a
more linear trend in which FGR increased with increasing voltage and current. The use
of 95% Ar - 5% CO; shielding gas was found to produce lower FGR than 75% Ar - 25%
CO; shielding gas. However, the use of 95% Ar - 5% CO, was not appropriate for
welding the K-type joint qualification plate. The use of 75% Ar - 25% CO; shielding gas
provided better weld penetration that resulted in higher weld quality with a uniform,
smooth appearance, although FGR was higher.

Work also included the evaluation of the Miller Invision 456 MP inverter power supply
with a Miller S-60M Series wire feeder with other welding equipment and expendables.
Testing with the 456 MP and S-60M wire feeder using 0.045-inch-diameter ESAB
SpoolArc 95 wire was unsuccessful. The 456 MP power supply and S-60M wire feeder
were found to be incompatible. A number of trial and error experiments were conducted
using the appropriate preset program for 0.045 inch diameter steel wire were
unsuccessful. Attempts to use the 456 MP in manual GMAW mode with the S-60M wire
feeder were also unsuccessful. The use of the 456 MP in manual GMAW mode with
the S-60M wire feeder set to the appropriate preset program for 0.045 inch diameter
steel wire were also unsuccessful. IT was learned that the Miller Invision 456 P is the
appropriate “slave” power supply to use with the S-60M series wire feeders.
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Appendix Al

Approxim

Wire Feed . Filter Filter
Test No. ﬁa\%ppesr?ge X/o)ltage '(I;:]allx:ﬁl)Speed ::]Tﬁt (Kj) Speed %ﬁ:b’% ;rrITTne) Beginning [Final Wt Fgu)me wt FRG (g) |Notes
(in/min) @) Wt (9) (9)

400-24 400 24 12.50 46.08 295 117 1.0 11.2 11.6 0.40 0.40 Initial Voltage
400-26 400 26 13.50 46.22 322 117 1.0 10.06 10.4 0.34 0.34

400-28 400 28 14.50 46.34 321 117 1.0 11.39 11.8 0.41 0.41

400-30 400 30 15.50 46.45 315 117 1.0 10.42 10.87 0.45 0.45

400-32 400 32 16.50 46.55 309 117 1.0 11.77 11.98 0.21 0.21

400-34 400 34 17.50 46.63 275 117 1.0 10.58 10.81 0.23 0.23

400-36 400 36 18.50 46.70 256 117 1.0 11.33 11.69 0.36 0.36

400-38 400 38 19.50 46.77 235 117 1.0 11.02 12.48 1.46 1.46

250-26 250 26 8.50 45.88 136 44 1.0 11.47 12.06 0.59 0.59 Initial Voltage
250-28 250 28 9.00 46.67 133 44 1.0 11.38 11.81 0.43 0.43

250-30 250 30 10.00 45.88 132 44 1.0 10.45 11.16 0.71 0.71

250-32 250 32 10.50 45.71 132 44 1.0 10.98 11.63 0.65 0.65

250-34 250 34 11.00 46.36 127 44 1.0 11.77 12.48 0.71 0.71

250-36 250 36 12.00 45.00 116 44 1.0 11.03 11.58 0.55 0.55

250-38 250 38 12.50 45.60 121 44 1.0 10.37 10.85 0.48 0.48

200-36 200 36 9.00 48.00 94 37 1.0 9.96 10.42 0.46 0.46

200-26 200 26 7.00 44 .57 99 37 1.0 11.86 12.34 0.48 0.48

Miller Invision 456 MP Power Supply, Program 20 Manual GMAW

Miller S-74DX Wire Feeder
95/5 Ar/CO, Shielding Gas

Lincoln SuperArc 100 (MIL-100S-1), 0.062 inch diameter filler wire, Heat No. ED010996
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Appendix Al (Continued)

Wire

Travel Approximate| . Filter Filter
Test No. Aarr)ﬁgz?e Vo(l;[/z;ge Speed Inp:_:Jetathj) SFpeeeedd ,IZ\F\)/g Wire z;rpne) Beginning| Final Wt Fur?ge) wit FRG (9) Notes

(in/min) (in/miny| W) Wt (9) 9

300-26 300 26 10.00 46.80 188 69 1.0 10.27 11.24 0.97 0.97 Initial Voltage

300-28 300 28 11.00 45.82 187 69 1.0 10.6 11.74 1.14 1.14

300-30 300 30 12.00 45.00 180 69 1.0 10.73 11.48 0.75 0.75

300-32 300 32 13.00 44.31 172 69 1.0 10.46 11.16 0.7 0.7

300-34 300 34 14.00 43.71 160 69 1.0 10.99 11.81 0.82 0.82

300-36 300 36 15.00 43.20 148 69 1.0 9.95 10.67 0.72 0.72

300-38 300 38 15.00 45.60 170 69 1.0 9.99 10.39 0.4 0.4

350-26 350 26 12.00 45.50 255 87 1.0 10.64 11.35 0.71 0.71 Initial Voltage

350-28 350 28 13.00 45.23 255 87 1.0 11.07 11.8 0.73 0.73

350-30 350 30 14.00 45.00 221 87 1.0 10.18 10.69 0.51 0.51

350-32 350 32 15.00 44.80 217 87 1.0 10.94 11.33 0.39 0.39

350-34 350 34 16.00 44.63 194 87 1.0 10.45 10.83 0.38 0.38

350-36 350 36 17.00 44.47 184 87 1.0 11.66 12.52 0.86 0.86
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Appendix A2

Wire . .
Program ' ._IAmpera Travel |Heat , . Filter Filter FGR [Percen
Test No. Wire Feed \(/i\:]';e D'age X/o)ltage Speed ([Input Eeeecéd \S/SI;%V(W) z—r;]r?n% Beginnin [Final \Ij\;itr?e) (g/mi tt Fume Notes
Speed/Trim (Amps) (in/min) |(Kj) (irﬁ’/mm) 9 g Wt (g) Wt (g) Yy %)
196-40- 1196ipm/40 1y 555 b7g |30 1200 |4050 [196  |7780 |10 |1053  |10.84 [0.31 [0.31
N-A trim 0.40
196-40- 1196 ipm/40 |y nor 304 |32 10.00 |5837 |196 [7780 [1.0 1139 [11.65 026 [0.26
N-B trim 0.33
. Initial program
,1\192-40- :96 ipm/40 1062 300 |35 1000 [63.00 196  [7780 [1.0 1043  |1048 .35 [0.35 voltage and
. rim -
0.45 [current settings
196-40- 1196 ipm/40 |y nor 359 |36 13.00 5317 |196  |77.80 [1.0 |1084  [1121 [0.37 037
N-D trim 0.48
196-40- 196 ipm/40 |y nor 304 |38 1400 |5277 |19  [77.80 |10 12 1164 [0.44 |0.44
N-E trim 0.57
196-40- 1196ipm/40 1y 555 k3o lag 15.00 |53.12 |196  [7780 |10 1094 |1134 o4 |04
N-F trim 0.51

Miller Invision 456 MP Power Supply, Program 4, Non-adaptive pulse GMAW, 062 inch diameter steel wire
Miller S-74DX Wire Feeder
95/5 Ar/CO, Shielding Gas
Lincoln SuperArc 100 (MIL-100S-1), 0.062 inch diameter filler wire, 0.29 Ib/in® density, Heat No. ED010996
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Appendix A2 (continued)

Miller Invision 456 MP Power Supply, Program 4, Adaptive pulse GMAW, 0.062 inch diameter steel wire
Miller S-74DX Wire Feeder
95/5 Ar/CO, Shielding Gas
Lincoln SuperArc 100 (MIL-100S-1), 0.062 inch diameter filler wire, 0.29 Ib/in® density, Heat No. ED010996

Travel Wire Wire Filter
P_rogram Amperag|Voltag| Speed Heat| Feed Wt Tlme FI|.'[eI" Final Fum FGR Percen
Test No. Wire Feed e (Amps)| e (V) |(in/min Inpu|Speed Used (min|Beginnin Wi e Wt |(g/min|t Fume Notes
Speed/Trim P t (Kj)|(in/min ) | g Wt(Q) (9) ) (%)
) y | ©@ (9)
196-40-A- | 196 ipm/40 45.0 10.9
A trim 260 26 | 9.00 7 196 (77.80 1.0 10 5 0.95| 0.95 122
196-40-A- | 196 |pm/40 274 27 | 10.00 443 196 17780 10| 997 10.7 073! 0.73 Initial program vpltage
B trim 9 0 0.94 |and current settings
196-40-A- | 196 ipm/40 49.0 11.1
c trim 300 30 | 11.00 9 196 (77.80, 1.0 | 10.86 3 0.27| 0.27 035
196-40-A- | 196 ipm/40 47.9 11.5
D trim 315 33 | 13.00 8 196 (77.80/ 1.0 | 11.15 1 0.36 | 0.36 0.46
196-40-A- | 196 ipm/40 45.5 10.1
E trim 325 35 | 15.00 0 196 (77.80/ 1.0 | 9.74 2 0.38| 0.38 0.49
230-50-A- | 230 ipm/50 54.0 10.3
A trim 300 27 | 9.00 0 230 91.30, 1.0 | 9.75 5 0.60| 0.60 0.66
230-50-A- | 230 |pm/50 315 30 |11.00 51.5 230 19130 10| 10.84 11.6 076! 0.76 Initital program yoltage
B trim 5 0 0.83 |and current settings
230-50-A | 230 1pm/S0 | 546 | 33 | 12,00 |°61| 230 |01.30 1.0| 114 |11 028 0.28
C trim 0 8 0.31
230-50-A- | 230 ipm/50 55.5 11.9
D trim 360 36 | 14.00 4 230 (91.30, 1.0 | 11.37 2 0.55| 0.55 0.60
230-50-A- | 230 1pm/S0 | 377 | 35 | 15,00 |°7-3| 230 |91.30 1.0 | 10.89 |14 0.53| 0.53
E trim 0 2 0.58

J-22




Appendix A2 (continued)

Miller Invision 456 MP Power Supply, Program 18, Adaptive pulse GMAW, 0.062 inch diameter metal core wire
Miller S-74DX Wire Feeder

95/5 Ar/CO, Shielding Gas

ESAB II-71T-12 (E71T-1), 0.062 inch diameter filler wire, 0.25 Ib/in® density, Heat No. 51557

Travel Wwire Wire Filte Perce
Program Heat [Feed TimeFilter r Fum FGR
. Amperag|Voltag [Speed Wt . A . Int
Test No. Wire Feed e (Amps)le (V)  (in/min Inpu [Speed Use (min Beginnin[Finale Wt |(g/min Fume Notes
Speed/Trim P t (Kj)/(in/min g Wt (g) Wt [(9) ) ;
) d (9) @) (%)
230-40-A-A- 230 53.5 78.7 10.5
Flux ipm/40trim 250 25 | 7.00 7 230 0 1.0 | 10.02 > 05| 0.5 | 0.64
Initial program
230-40-A-B- | 230 265 | 27 | 7.00 [813] 230 |787| 10| 984 |192|0.45| 0.45 | 0.57 |voltage and current
Flux ipm/40trim 3 0 9 setting
230-40-A-C- 230 52.2 78.7 11.2
Flux ipm/40trim 270 29 | 9.00 0 230 0 1.0| 10.74 8 0.54| 0.54 | 0.69
230-40-A-D- 230 57.8 78.7 10.5
Flux ipm/40trim 280 31 9.00 7 230 0 1.0| 9.98 4 0.56| 0.56 | 0.71
230-40-A-E- 230 61.6 78.7 11.3
Flux ipm/40trim 280 33 | 9.00 0 230 0 1.0| 10.82 8 0.56| 0.56 | 0.71
230-40-A-F- 230 58.8 78.7 11.6
Flux ipm/40trim 280 35 |10.00 0 230 0 1.0| 10.92 9 0.77| 0.77 | 0.98
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Appendix A3 (continued)

Miller Invision 456 MP Power Supply, Program 18, Adaptive pulse GMAW, 0.062 inch diameter metal core wire
Miller S-74DX Wire Feeder
95/5 Ar/CO, Shielding Gas
Tri-Mark TM-811N2 (E81T1-Ni2HS8 filler wire, 0.23 Ib/in® density, Heat No. $283719-K29

Filter

Program Wire |Ampera Travel Heat Wire Feed |, : .. [Filter
Test No. Feed ge X/o)ltage Speed Input  [Speed \L/JVS';%V(\Q)&TS Ege%/l\/rlm Final Wt \I;\;jtr?ge) I(:gC/;rEin) tPELCrﬁz Notes
Speed/Trim (Amps) (in/min) (Kj) (in/min) (9)
Q) (%)
] ) Initial voltage
FC-230-40-1| 230 ipm/40trim 233 28 13.00 30.11 230 73.58 1.0 10.69 1097 | o928 | 0.28 | 0.38 land current
settings
FC-230-40-2| 230 ipm/40trim | 233 30 12.00 34.95 230 73.58 1.0 10.57 | 10.93 | 0.36 | 0.36 | 0.49
FC-230-40-3| 230 ipm/40trim | 260 33 11.50 4477 230 73.58 1.0 11.31 11.71 0.4 0.4 0.54
FC-230-40-4| 230 ipm/40trim | 225 26 11.00 31.91 230 73.58 1.0 1123 | 1158 | 0.35 | 0.35 | 0.48
Initial voltage
FC-275-50-1| 275 ipm/50trim | 285 29 13.50 36.73 275 87.98 1.0 11.15 11.7 0.55 | 0.55 | 0.63 Jand current
settings
FC-275-50-2| 275 ipm/50trim | 280 31 12.50 41.66 275 87.98 1.0 10.69 | 11.19 0.5 0.5 0.57
FC-275-50-3| 275 ipm/50trim | 295 32 10.00 56.64 275 87.98 1.0 10.25 | 10.86 | 0.61 | 0.61 | 0.69
FC-275-50-4 | 275 ipm/50trim | 300 35 13.00 | 48.46 275 g798 | 10 | 995 | 1062 | 0.67 | 067 | 0.76
FC-275-50-5| 275 ipm/50trim | 265 27 10.00 42.93 275 87.98 1.0 10.29 | 10.75 | 0.46 | 0.46 | 0.52
p
FC-275-50-6 | 275 ipm/50trim | 260 24 8.00 46.80 275 87.98 1.0 10.64 | 11.19 | 055 | 0.55 | 0.63
| Initial voltage
FC-320-60-1| 320 ipm/60trim | 305 33 13.00 46.45 320 102.37 1.0 11.14 | 11.83 | 0.69 | 0.69 | 0.67 Jand current
settings
FC-320-60-2| 320 ipm/60trim | 308 35 14.00 46.20 320 102.37 1.0 10.92 | 11.76 | 0.84 | 0.84 | 0.82
FC-320-60-3| 320 ipm/60trim | 330 37 17.00 43.09 320 102.37 1.0 9.6 10.37 | 0.77 | 0.77 | 0.75
FC-320-60-4 | 320 ipm/60trim | 300 31 10.00 55.80 320 102.37 1.0 10.9 11.32 | 042 | 042 | 0.41
FC-320-60-5| 320 ipm/60trim | 295 29 10.00 51.33 320 102.37 1.0 10.4 10.81 | 0.41 | 0.41 | 0.40
FC-320-60-6 | 320 ipm/60trim | 290 26 9.00 50.27 320 102.37 1.0 10.81 | 11.41 0.6 0.6 0.59
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Appendix A3 (continued)

Program Wire |Ampera Travel Heat Wire Feed |, . Filte_r . [Filter
Test No. Fee?:i ge P \Voltage Speed Input Speed Wire Wt T|me Beginni Final Wt Fume FGR_ Percen Notes
Speed/Trim  ((Amps) (V) (n/min)  |Kj)  [in/min)  [US€d (@) (min) S WE gy W) (g/min) E(yi;*me
Initial voltage
FC-185-30-1(185 ipm/30trim (195 25 11.00 26.59 [185 59.18 1.0 11.65 [11.83 [0.18 [0.18 and current
0.30  [settings
FC-185-30-2|185 ipm/30trim P00 28 11.00 30.55 185 59.18 1.0 1124 1146 (022 022 [g37
FC-185-30-3|185 ipm/30trim  p20 30 11.00 36.00 [185 59.18 1.0 1096 [11.26 0.3 0.3 0.51
FC-185-30-4 |185 ipm/30trim P30 32 13.00 33.97 [185 59.18 1.0 10.09 [10.36 [0.27 [0.27 |0.46
FC-185-30-5 185 ipm/30trim g5 23 8.00 31.91 [185 59.18 [1.0 1095 [11.3 035 [0.35 559
FC-185-30-6 [185 ipm/30trim 175 21 7.00 31.50 [185 59.18 1.0 10.3 10.56 [0.26 [0.26 |0.44
Initial voltage
FC-140-20-1|140 ipm/20trim (160 22 15.00 14.08 |140 4479 1.0 10.39 [10.54 [0.15 [0.15 and current
0.33 settings
FC-140-20-2 {140 ipm/20trim 155 20 20.00 9.30 140 4479 1.0 11.02 [11.2 0.18 [0.18 |0.40
FC-140-20-3|140 ipm/20trim (170 24 12.00 20.40 [140 4479 1.0 11.1 11.22 012 (012 [0.27
FC-140-20-4 |140 ipm/20trim (175 26 11.00 24.82 [140 4479 .0 10.81 [11.06 [0.25 [0.25 |0.56
FC-140-20-5 {140 ipm/20trim 180 28 7.00 43.20  |140 4479 1.0 11.28 (1155 [0.27 [0.27 [0.60
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Appendix A4

Miller Invision 456 MP Power Supply, Program 18, Adaptive pulse GMAW, 0.062 inch diameter metal core wire
Miller S-74DX Wire Feeder

75/25 Ar/CO; Shielding Gas
Tri-Mark TM-811N2 (E81T1-Ni2HS8 filler wire, 0.23 Ib/in® density, Heat No. $283719-K29

Program Wire Travel [Heat Wwire - Wire . [Filter I:merFume
Test No. Feed AmperageVoItageSpeed InputFeed Wt T'meBeginningFmal Wi FGR. Percent

Speed/Trim (Amps) (V) (in/min){(Kj) S_pee_d Used (mm)Wt ©) Wt @) (g/min)Fume

(in/min)i(g) (9) (%) Notes

FC-230-40-1(230 ipm/40trim| 205 25 10.00 [30.75 230 [73.58 1.0 | 11.35 [12.27/0.92| 0.92 | 125
FC-230-40-2230 ipm/40trim| 210 27 12.00 28.35) 230 (73.58 1.0 | 10.99 [11.64/0.65| 0.65 | 0.88
FC-230-40-3[230 ipm/40trim| 215 30 8.00 48.38 230 ([73.58/ 1.0 | 1066 [(11.77/1.11| 1.11 | 1.51
FC-230-40-4230 ipm/40trim| 220 31 11.00 37.200 230 [73.58 1.0 | 11.13 [123|1.17| 1.17 | 1.59 |[Initial voltage and current settings
FC-230-40-5230 ipm/40trim| 225 33 12.00 37.13] 230 [73.58 1.0 | 11.28 |125|1.22| 1.22 | 1.66
FC-230-40-6230 ipm/40trim| 235 36 13.00 [39.05 230 {73.58| 1.0 9.36 (10.621.26| 1.26 | 1.71
FC-275-50-1]275 ipm/S0trim| 260 33 11.00 46.800 275 87.98 1.0 | 1029 (1159 1.3 | 1.3 1.48 |Initial voltage and current settings
FC-275-50-2275 ipm/S0trim| 265 36 14.00 40.89 275 87.98 1.0 | 1059 [12.07/1.48| 148 | 1.68
FC-275-50-3275 ipm/50trim| 270 38 13.00 47.35 275 87.98 1.0 | 1064 [12.24 16 | 1.6 1.82
FC-275-50-41275 ipm/50trim| 255 31 11.00 43.12 275 |87.98 1.0 10.5 [11.67/117| 117 | 1.33
FC-275-50-5275 ipm/50trim| 250 29 11.00 [39.55 275 |87.98 1.0 9.47 |10.68 1.21| 1.21 | 1.38
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Appendix A4 (continued)

Wire

Test No. Egggram Wire Amperage |Voltage ;Li\;e(; He_at Input  [Feed Wire Wt Time (min) Elelst;irnning Filter Final Fume W (g) FGR_
Speed/Trim (Amps) (V) (in/min) (Kj) Speed  [Used (9) Wt (g) Wt (9) (g/min)  |Percent
(in/min) Fume (%)  [Notes

FC-320-60-1 | 200 ipm/40trim | 190 26 9.00 32.93 200 | 6398 | 1.0 1108 | 11.74 0.66 0.66 1.03

FC-320-60-2 | 200 ipm/40trim | 220 37 10.00 48.84 200 | 6398 | 1.0 10.61 11.9 1.29 1.29 2.02

FC-320-60-3 | 200 ipm/d0trim | 210 %5 12.00 36.75 200 | 6398 | 10 | 1025 | 1118 0.93 0.93 145  |niial voltage and
current settlngs

FC-320-60-4 | 200 ipm/40trim | 200 28 8.00 42.00 200 | 6398 | 1.0 9.94 10.68 0.74 0.74 1.16

FC-320-60-5 | 200 ipm/40trim | 210 32 11.00 36.65 200 | 6398 | 1.0 1036 | 1151 1.15 1.15 1.80

FC-320-60-6 | 200 ipm/40trim | 205 30 9.50 38.84 200 | 6398 | 1.0 1081 | 1165 0.84 0.84 131

FC-320-60-7 | 200 ipm/40trim | 180 24 8.00 32.40 200 | 6398 | 10 9.63 10.07 0.44 0.44 0.69

FC-185-30-1 | 185ipm/30tim | 183 28 12.00 25.62 185 | 5918 | 1.0 1014 | 1087 0.73 0.73 123  [nitial voltage and
current Settlngs

FC-185-30-2 | 185 ipm/30trim | 190 30 12.50 27.36 185 | 59.18 | 1.0 1117 | 1192 0.75 0.75 1.27

FC-185-30-3 | 185 ipm/30trim | 195 32 13.00 28.80 185 | 59.18 | 1.0 1066 | 1153 0.87 0.87 147

FC-185-30-4 | 185 ipm/30twim | 177 26 10.00 2761 185 | 59.18 | 1.0 10.77 115 0.73 0.73 123

FC-185-30-5 | 185 ipm/30trim | 174 24 10.00 25.06 185 | 5918 | 1.0 1076 | 11.33 0.57 0.57 0.96

FC-140-20-1 | 140ipm/20trim | 150 25 24,00 9.38 140 | 4479 | 10 | 9.03 955 052 052 116  |nial voltage and
current settlngs

FC-140-20-2 | 140 ipm/20trim | 145 22 27.00 7.09 140 | 4479 | 10 1017 | 10.62 0.45 0.45 1.00

FC-140-20-3 | 140 ipm/20trim | 152 27 19.00 12.96 140 | 4479 | 10 1124 | 11.89 0.65 0.65 1.45

FC-140-20-4 | 140 ipm/20trim | 140 20 18.00 9.33 140 | 4479 | 10 1052 | 10.94 0.42 0.42 0.94
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NSWCCD Optimization Document APPENDIX B
WELDING PROCEDURE

WELDING PROCEDURE Page 1 of _2 Weld I.D. ANAD-1
Date 10/B/03

NSWCCD, Code 615 Engineer K. Tran
Welder H. Prince

Project__ ESTCP Welding Project

Equipment /Location_Miller 456MP Power Supply, Miller S5-74DX Wire Feeder

Process_ GMAW, Adaptive Pulse Position vertical

Weldment Size: Length 12 inches Width 0.5" face opening

Base Metal Type Mild Steel I.D. Thickness__1*
Backing Material copper bar 3y 5 Thickness__1/2"
Electrode Type EB11T1-Ni2H8 Mfr. /Name TRI-MARK

Size 1/16" dia Heat_S283719-K29 Lot__ 656850 1624 Batch

Electrode Handling

Flux? Y / N Mfr/Name Lot /Batech

Shielding Gas? Y / N Type Ar/fc02, 75/25 Flow Rate_30 cfh

Joint Design

. . . . . . . Preheat Temp none

H . . ¥ . = Interpass Temp_250-300 F

. . . . . . Voltage 24-25

Wire Feed Speed 175

Current 170-180

Travel Speed 4-6 inches per minute

Heat Input__ 50-100 KJ

. . . [ . . . Other

Joint Preparation

Inspection RT

Special Requirements Miller 456MP Power Supply, used Program 18, adaptive pulse

for 0.062 inch metal core wire. Grinded after each pass prior to depositing next

ass
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NSWCCD Optimization Document APPENDIX B
WELDING PROCEDURE

v .
WELDING RECORD Page 2 of 2 Weld I.D. ANAD-1
NSWCCD, Code 615 Welder H. Prince
Date_ 10/8/03
Bead Volts | Wire | Amps | Travel | Heat | Weld | Inter- | Inter- Remarks
Feed Speed Input pass pass
Time Temp Time
b 24 175 170 4.5 54 2min | 210 Grind between passes
40 8
2 24 175 170 4.4 56 2min | 210 10 min | Grind between passes
45 8
3 24.5 175 170 4.8 51 2min | 202 Grind between pass
31s
4 24.3 175 175 ~3.1 B1.5 3min | 202
50 s
5 24.5 175 176 4.2 61.6 2min | 215 Grind between pass
S50s
6 24.4 178 177 4.4 58.9 2min | 220 Grind between pass
458
7 24.2 175 177 4.5 57 2min | 215 6 min Grind between pass
41 s 6 sec
8 24.4 175 180 2.7 97 4min | 205
31 s
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
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Example Product Literature and Field Reports
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