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Abstract

The Department of Energy (DOE) faces the task of decommissioning much of the
vast U.S. weapons complex. One challenge of this effort includes the disposition of large
amounts of radioactively contaminated scrap metal (RSM) includlng but not limited to
steel, nickel, copper, and aluminum. The decontamination and recycling of RSM has
become a key element in the DOE’s strategy for cleanup of contaminated sites and
facilities. Recycling helps to offset the cost of decommissioning and saves valuable
space in the waste disposal facilities. It also reduces the amount of environmental effects
associated with mining new metals.

Work on this project is geared toward finding decontamination and/or recycling
alternatives for the RSM contained in the decommissioned gaseous diffusion plants
including approximately 40,000 tons of nickel. The nickel is contaminated with
Technetium-99, and is difficult to remove using traditional decontamination technologies.

The project, titled “Advanced Technologies for Decontamination and Conversion of
Scrap Metal was proposed as a four phase project. Phase I and H are complete and Phase
III will complete May 31, 1999.

Stainless steel made from contaminated nickel barrier was successfully produced in
Phase I. An economic evaluation was performed and a market study of potential products
from the recycled metal was comple:ed. Inducto-slag refining, after extensive testing,
was eliminated as an alternative to remove technetium contamination from nickel.

Phase II included successful lab scale and pilot scale demonstrations of
electrorefining to separate technetium from nickel. This effort included a survey of
available technologies to detect technetium in volumetrically contaminated metals. A
new process to make sanitary drums from RSM was developed and implemented.

Phase Ill included a full scale demonstration of electrorefining, an evaluation of
electro-refining alternatives including direct dissolution, melting of nickel into anodes, a
laser.cutting demonstration, an investigation of commercial markets for RSM, and
refinement of methods to quantify isotopic elements,
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Executive Summary

Introduction

The DOE has begun to decommission the vast United States nuclear weapons
complex. This effort includes the disposition of large amounts of radioactively
contaminated scrap metal including but not limited to steel, nickel, copper, and
aluminum. Diffusion plant nickel barrier from the Oak Ridge, Paducah, and Portsmouth
diffusion plants accounts for nearly 40,000 tons of contaminated nickel.

Work on this project is geared toward finding decontamination and recycling

alternatives for the nickel barrier. Technetium-99, present in the nickel barrier, is known
to be particularly troublesome to remove using conventional decontamination
technologies. Traditional chemical and mechanical means have been ineffective at
removing this contaminate from the nickel barrier.

Recycle options available for the disposition of the nickel include decontamination
and release, and recycled product manufacture.

Work during Phase I of this project:
. Successfully demonstrated the ability to make stainless steel from nickel barrier

feed.
. After repeated trials and studies, the inducto-slag decontamination process was

eliminated as a suitable alternative.

Phase H efforts included:

. Successful lab scale and pilot scale demonstrations of electrorefining to separate
technetium from nickel.

. A survey of available technologies to detect technetium in volumetrically
contaminated metals.

. A new procesk to make sanitary drums from RSM was developed and
implemented.

Work in phase III of the project, as proposed, contained the following five elements:
● Nickel barrier decontamination using electrorefining
● Full scale laser cutting demonstration
● Develop and fabricate a new product made from RSM
● Refinement of methods to quantify isotopic elements
● Project Management



Purpose .

The expected results for phase III, as proposed were:

● To remove technetium from nickel using a full scale electrorefining cell
. To determine if technetium could be removed from nickel in the classified form

(without declassification by melting)

. To section a diffusion plant converter shell into pieces small enough to be
processed through MSC’S recycling facility .

. To fabricate a new product using RSM



Background

On August 25, 1997, BNL Inc. and the Department of Energy (DOE) signed a $238
million fixed price contract for the Decontamination and Decommissioning (D&D) of
Three Buildings at the former K-25 site (now called the East Tennessee Technology Park
- ETTP). BNFL Inc. is to dismantle, remove, decontaminate, and recycle the process
equipment within the three Gaseous Diffusion Plant buildings K-33, K-3 1, and K29,
which represent approximately five million square feet of floor space. The ETTP Three
Building D&D project supports DOE’s Vision 2010 to cleanup these facilities and locate
new commercial industries at the former K-25 site.

BNFL Inc. contracted with Manufacturing Sciences Corporation (MSC) to
decontaminate and recycle more than 126,000 tons of metals, including the 6,000 tons of
nickel. MSC will decontaminate the metals and recycle them where economically
feasible. The contract recognized the value of recovering the metals, including nickel,
and the DOE has received a credit for this material. The following is a quote from the
DOE/ORO office web page:

“The $238 M contract cost included a credit back to DOE of $55,569,748 for the
recyclable material. This amounts to quarterly cost savings of $2,646,178 over21
quarters for the materials recycled or reused. The recycling activities began in the 4th
calendar year quarter of 1998 and will continue throughout the duration of the contract.”

As part of the ETTP Three Building Decommissioning and Decontamination (D&D)
Project, approximately 6,000 tons of radioactively contaminated nickel will be removed.
This nickel will be decontaminated and eventually released for reuse. The process that
will be used for decontamination of the nickel, electrorefining, was developed under the
FETC contract during phases II and III.

Methodology

The detailed descriptions of experimentation that took place during phase Ill appear
in this report. Also, activities that took place near the end of phase Ii, and due to timing
of the report, were not reported in the phase II report, are described in section 3.0. This
report is categorized into five main headings as follows:

● 3.0

● 3.1

● 3.2

● 3.3

● 3.4

Pilot Scale Electrorefining Cell (from Phase II)

Full Scale Electrorefining

Full Scale Laser Cutting Demonstration

Develop and Fabricate a New Product from RSM

Refinement of Methods to Quantify Isotopic Elements
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3.0 Pilot Scale Electrorefining

3.0.1 Background and Results of Preliminary Research

DOE facilities have an estimated 1.5-million-ton inventory of radioactive scrap
metal (RSM) that must be dispositioned. The safe recycle of the metals is
environmentally preferable to disposal in waste facilities as it saves space, and reduces
the overall environmental effects and cost associated with producing new metals.

Because much of the RSM is high-value nickel,” the potential for cost recovery is
significant. DOE’s gaseous diffusion plants have an estimated 40,000 tons (80,000,000
pounds) of nickel barrier.

Manufacturing Sciences Corporation worked under a contract with the Federal
Energy Technology Center (FETC) in Morgantown, West Virginia to research and
develop processes to decontaminate the nickel barrier. This work was completed under a
Programmatic Research and Development Agreement (PRDA) with FETC. The original
objective of the research and development was to reduce the contaminants in the nickel to
levels suitable for recycle.

3.0.2 Removing Contaminants from the RSM

The nickel in the gaseous diffusion process is contaminated with technetium (99Tc)
and uranium, along with possible trace amounts of transuranic elements (Np, Pu, and
other actinides). The melting process removes most of the uranium & transuranic
elements. However, 99Tc becomes stubbornly bound to the nickel, making it particularly
difficult to separate the two elements.

Two processes had been considered as good options for decontaminating the nickel;
namely, melt refining and electrorefining. Melt refining is done in a vacuum induction
melting (VIM) furnace in the presence of an oxidizing flux. The melt refining process
eliminates the uranium and transuranic elements, but is ineffective in removing
technetium. Electrorefining dissolves the nickel electrolytically (as an anode) in an acidic
aqueous electrolyte; and the purified nickel is deposited in its metallic state on a cathode.
Like melt refining, electrorefining is also capable of eliminating the uranium and
transuranic elements. However, the process, as practiced by others prior to this PRDA
agreement, is unable to reduce the amount of technetium in the nickel to levels near
lBq/g.

Several secondary processes were investigated in an effort to separate the technetium
from the nickel, including ion exchange, liquid-liquid extraction, chemical precipitation,
evaporation, and carbon adsorption. These did not show promise. one option that did
appear promising, however, was an electrorefining process that incorporated both a
cationic membrane between the anode and cathode and a secondary cementation (or
displacement reaction) treatment. The membrane filter and the displacement treatment
removed technetium from the electrolyte before the nickel deposited on the cathode and
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proved to be exceptional in preventing the technetium from co-depositing with the nickel.
Further, this process eliminated the need for the ion exchange treatments previously
proposed for removing technetium.

An effective electrorefining and metal displacement approach to removing

contaminants was proposed by Covofinish, Inc., Providence, Rhode Island.

3.0.3 Electrorefining Research

MSC subcontracted with Covofinish to apply their electrorefining and displacement
reaction process toward removing technetium from contaminated nickel barrier. The
initial objectives of these experiments were:

● to determine whether or not decontamination could be effectively and
economically achieved through electrorefining; and if so,

● to optimize the parameters needed for successful pilot-scale operations.

Covofinish researchers, under the subcontract, designed and developed a lab-scale
electrorefining system to conduct experiments on clean nickel. In addition, Covofinish
contracted Brown University to establish an operational equilibrium expression that
would accurately predict the effects of pH, temperature, and nickel concentration on
nickel plating and technetium displacement. Brown researchers also documented other
kinetic data. A brief summary of the lab-scale research, the overall results, and the
parameters established for a pilot-scale electrorefining cell are provided in the following
paragraphs. (Details of the Covofinish and Brown University research are available in a
topical report issued to FETC at the end of Phase II titled “Advanced Technologies for
Decontamination and Conversion)

Brown University researchers determined that both temperature and pH significantly
effected the displacement reaction of 99Tc from the nickel sulfate solution. Researchers
found that the optimal displacement environment (rate of displacement and quality of
nickel plating) occurred at a temperature of about 40 degrees C, with pH levels of 4.0 to
4.5. By fitting experimental results with first-order reaction rate expressions, Brown
researchers also developed an equation for the rate of displacement reaction as a function
of temperature and nickel surface area.

Optimized parameters provided by the Brown research were incorporated into the
500 ml lab-scale electrorefining system setup at Covofinish. Using the equation and
other data provided by Brown University, Covofinish researchers developed a numerical
model to calculate other parameters, such as the amount of nickel powder necessary to
maintain the desired 99Tc concentrations during cementation processes and the rate of
acid addition to maintain the pH and increase the effectiveness of the Iiquidholid
contactor.

Finally, Covofinish performed a 42-hour experiment using pieces of previously
melted contaminated nickel barrier (supplied by MSC). A lab-scale tank was filled with
technetium-free Watt’s nickel electrolyte, and the anolyte was separated from the
catholyte by a NafionTM cationic membrane. During the concluding lab-scale
experiments, the nickel anode was electro-dissolved; and the technetium was successfully
separated from the nickel ions. Technetium ions, which were confined to the anolyte by

12



the NafionT~ membrane, were subsequently displaced onto a fresh nickel surface in the
cementation unit. The nickel ions were free to pass through the membrane and plate out
on the cathode without a co-deposit of technetium.

The nickel plating on the cathode was sampled at two time intervals at current
densities of 100A/ftz. and 34 A/ ftz. Also, the technetium concentrations in both the
anolyte and the catholyte were periodically monitored. The 460 Bq/g of contamination
initially found in MSC’S nickel ingot was reduced by the electroreflning processes to
values around 1 Bq/g.

3.0.4 Initial Development of a Pilot-Scale Electrorefining Cell

After successfully completing the lab-scale experiments, Covofinish researchers
began developing a pilot-scale electrorefining cell for further optimizing the process. The
pilot-scale research efforts were divided into four major tasks; design, fabrication, proof
of concept, and electrorefining of the ‘9Tc contaminated nickel. As in the lab-scale
experiments, the nickel in the pilot-scale cell would be electrodissolved into the
electrolyte, passed through the cationic membrane, and plated out onto the cathode. The
technetium contamination would be trapped by the membrane and would remain in the
anolyte (the solution surrounding the anode). Finally, the anolyte would be passed
through a regenerative process (that is, a displacement reaction in the cementation unit)
which would remove the technetium and other contaminates.

3.0.5 Design and Fabrication of Pilot Scale Cell

The objectives for designing and building a pilot-scale electrorefining cell at MSC
were:

1. To demonstrate that the parameters for the lab-scale electrorefining experiments
could be equally as successful in a production environment.

2. To provide important production data for establishing design criteria and
operating parameters needed to develop a full-scale cell.

Generally, the pilot-scale cell was a modification of the lab-scale design, both in
configuration and in materials. The anolyte in the pilot-sc~e cell was designed to be
continuously circulated through a cementation chamber that could capture the technetium
ions and prevent them from co-depositing with the nickel on the cathode. Major
components of the pilot-scale electrorefining cell as set up at Covofinish included:

Cell Tank: The cell was scaled up from the 500 ml Iabkcale cell to a 200 gallon
pilot cell. The cell was fabricated from l/2-inch, stress-free polypropylene.

Anodes and Cathodes: For initial trial “clean” testing, anodes were made from clean
nickel, and a stainless steel sheet with a nonconducting edge frame was used as the initial
cathode. The system was operated at 20 A/ ftz, to allow nickel plating on the cathode
starter sheet. The cathode was withdrawn and the edge frame removed. Deposited nickel
foil sheets peeled from the stainless steel cathode were straightened, equipped with nickel
foil hanging straps, and used as the cathode starter sheets in subsequent experiments.



Electrolyte Solution: Watts nickel electrolyte was prepared and added to the cell

tank. Watts nickel electrolyte contains nickel sulfate, nickel chloride, and boric acid.
Makeup Water: Filtered makeup water was automatically introduced into the

electrolyte as needed to replenish water lost through evaporation. This was accomplished
through the use of a solenoid valve signaled by a level probe.

Heaters: The electrolyte was pumped to a heated sump to maintain temperature.
Filters: Electrolyte (both anolyte and catholyte) was also pumped through 5 micron

polyester filters for particulate removal.
Pipes and Fittings: Pipes and fittings for the pilot-scale cell were either

manufactured at Covofinish or designed by Covofinish researchers and manufactured by

qualified vendors.
Cementation Unit: Anolyte was circulated through a cementation chamber.

Removal of technetium from the anolyte was accomplished using the attraction of
technetium to fresh nickel surface.

Data Logging : Various sensors measuring voltage, temperature, pH, and other
variables were monitored periodically and documented. Anolyte and catholyte activity
were also monitored daily by sampling.

A sketch of the pilot scale nickel electrorefining cell is provided in Figure 3.0.1.
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Pilot Scale Nickel Electro-Refining Cell

Anodes
/ rMembrane
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Seed Nickel

1

Side Section View
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Figure 3.0.1. Sketch of pilot-scale cell.
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3.0.6 Pilot Cell Pre-Testing

Covofinish researchers filled the pilot-scale cell with water and performed a trial run

of the integrated electrorefining system. The purpose of the trial run was to verify proper
operation of valves, heaters, probes, and pumps before initiating electrorefining pretests
on the pilot-scale cell. These pretests not only confirmed proof-of-concept but also
determined where modifications were needed to further optimize the cell’s efficiency

prior to shipping the cell to MSC.
Covofinish researchers further optimized current density, cell voltage, and the rate of

acid addition to improve cathode quality. During the-pretests, Covofinish also optimized
parameters on the displacement reaction in the cementation unit which resulted in further
improvements. After pre-testing experiments were completed, Covofinish dismantled
and shipped the pilot-scale electro-refining cell to MSC for experiments using 99Tc
contaminated nickel.

3.0.7 Pilot-Scale Electro-refining at MSC

MSC personnel installed the cell components received from Covofinish, and setup
the required piping, power supplies, filters, and pumps needed to run the experiments.
The major components of the cell and the cell setup was similar to that at Covofinish,
with the following exceptions:

Anodes and Cathodes: At MSC, ten anodes (0.75 in. x 4 in. x 28 in.) were located
on either side of one nickel cathode starter sheet (-0.0625 in x 24 in. x 24 in.). The
anodes at MSC consisted of two arrays of five nickel slabs. The anodes had been
produced by MSC from melt-refined nickel barrier material provided by the K-25 plant.
The anodes were cut from a melted (declassified) nickel ingot. These anodes, which
contained approximately 250 Bq/g of 99Tc , were located on either side of the cathode.

The electrolyte used in the pilot-scale experiment was a Watt’s type electrolyte
containing nickel sulfate, nickel chloride, and boric acid. The electrolyte solution was
heated to an operating temperature of 140 degrees F. The initial pH of the electrolyte was
approximately 4.0. Current supplied to the anodes was adjusted to 160 amps.

The anolyte was circulated continuously through the cationic membrane and then
through a cementation unit and a five-micron filter. The catholyte was circulated through
a heating chamber and a five-micron filter.

A photo of the pilot-scale cell is shown in Figure 3.0.2.



Figure 3.0.2. Photo of pilot-scale electrorejining cell.

traveled to the OakOnce the pilot-scale cell was operational, Covofinish researchers
idge site to assist MSC personnel in the cell’s startup. Like the experiments at

Covofinish, the pilot-scale cell was run continuously. Voltage, temperature, and pH were
also monitored periodically and recorded. Anolyte and catholyte were sampled daily.
Nickel content in the solutions was monitored using Inductively Coupled Plasma (ICP).
Nickel cathodes were also monitored daily for quality. Samples of nickel cathode were
plated onto small, stainless steel cathode coupons that had been attached to the cell bar
and placed in the catholyte. A checklist was developed for daily operations. This
included checks of the catholyte drain flow, the pH indicators, filter changeout, data

logging, and cell parameter adjustments as needed.
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3.0.8 Research Results and Conclusions ..

The initial test duration was thirteen days from 8/15/96 to 8/27/96. The weight of
the starter cathode before operation was 10 lbs.

During the test, the pH of the catholyte was maintained between from 3.6 to 4.8.
The anolyte pH ranged from 2.6 and 3.8. Cell current was maintained at 160 amps. At
the end of this test, the cathode weight was approximately 125 pounds. The cell was
drained and cleaned. Drillings of the cathode were taken and tested using a Packard
scintillation counter. Ii summary, lab analysis indicated a technetium content of less than
1.1 Bq/g. :

The second test of the pilot scale electro-refining cell took place from 9/13/96 to
9/30/96 with one cathode change-out on 9/24/96. Since the cell was brought up slowly,
full current was not applied until 9/18/96. A metals recovery unit was added to the
operation to pull out impurities in the nickel. Again the cell current was maintained at
160 amps. The catholyte pH ranged from 1.8 to 4.8. Anolyte pH ranged from 2.3 to 3.8.
Nickel Carbonate was added to the anolyte in an attempt to control the pH on 9/27 with
little effect. On the last day of operation, the catholyte pH dropped from 2.7 to 1.8. The
decision was made to shut down the cell and inspect the components.

Particulate on the membrane indicated that the membrane needs to be washed off
before reuse. This could have caused some interference with nickel ions passing through
the membrane. The first cathode from the second test weighed 65 lbs and the second
cathode weighed 60 lbs yielding a total of 125 lbs for 12 days or 10.4 lbs/day. Results
from cathode samples revealed similar results to the first run with technetium contents
around 1 Bq/g.

For more details on methods for determination of isotopic content, see the section
titled” Refinement of methods to quantify isotopic elements” in this report and the
topical report issued to FETC at the end of Phase II (Advanced Technologies for
Decontamination and Conversion of Scrap Metal (9/30/96).

At the end of the testing, amass balances was documented in order to estimate the
material handling and flows required for the full scale cell. A summary of the mass
balance is shown in table 3.0.3 beIow for run 2.

,
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IN Weight (lbs) OUT Weight (lbs)

10 anodes 270 10 spent anodes 157
Cathode 1 starter 10 Cathode 1 65
Cathode 2 starter 10 Cathode 2 60

Main cell deposits 4.3
Metals recovery 0.4
Cementation 0.3

Total 290 Total 287

Table 3.0.3 (Run 2)

Discrepancies in the totals at the bottom of the mass balance are attributed to
measurement error and material on the filters, which was not measured. The deposits
generated are relatively higher than those anticipated for a full scale unit because iron was
introduced into this nickel during the melt as a slag addition. This created deposits that
are not anticipated to be a part of a full scale operation.

Challenges during operation of the pilot scale cell included maintaining the optimal
pH of the solutions, keeping the 5 micron filters changed to prevent plugging, and
keeping the cationic membrane clean to prevent any restriction for the flow of nickel ions
from the anode to the cathode. As operation of the cell progressed, these issues were
raised and solved resulting in a higher quality product from each test run.

The objectives and goals set for the pilot-scale cell experiments were met and, in
some cases, exceeded. Specifically, the pilot-scale research:

● demonstrated that the parameters for the lab-scale electro-refining experiments
could be equally as successful in a production environment and

● provided important production data for establishing design criteria and operating
parameters needed to develop a full-scale cell.

Knowledge gained and parameters established in the pilot-scale experiments will be
applied toward establishing a full-scale electro-refining cell set up at MSC. Experiments
with the full-scale cell will further optimize the efficiency, cost-effectiveness, and safety
of this system in a production mode at MSC’S facilities.
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3.1 Full-Scale Electrorefining

In Phase II of this effort, experiments on a lab-scale cell confirmed that technetium
could be removed from nickel through electrorefining and cementation processes. A
pilot-scale electrorefining system was used to optimize parameters for improved
efficiency and to prove applicability on a larger scale. In Phase III, a full-scale
electrorefining system was setup to optimize parameters, and specific to electrorefining
nickel barrier and to improve system efficiency and cost effectiveness in a production
mode. The design, installation and setup, and resulting data from investigations on the
fill-scale electrorefining celI are discussed in this section.

3.1.1 Developing Design Criteria for the Full-Scale Cell

The criteria for designing a fill-scale electrorefining system came from assimilating
information from hands-on experience with the 200-gallon, pilot-scale electrorefining
cell, and data gathered from industries using electrorefining in a production mode.

3.1.2 Pre-Design Research

MSC researchers gathered data from various industries that use electrorefining
processes in a production mode. MSC personnel traveled to a Phelps Dodge copper
refining facility in El Paso, Texas. The purpose of the trip was to gain first-hand
production knowledge from an industry with a long history in electrorefining processes.

MSC researchers gained important information relevant to electrorefining such as
electrolyte content, electrical distribution, safety issues, material handling, equipment
design, and maintenance issues. Although many modifications to basic electro-refining
were required to decontaminate the nickel barrier, the trip produced a significant number
of usable applications and important considerations, that were incorporated into the
design of the full-scale cell at MSC.

One MSC engineer attended a course in Extractive Metallurgy to gain insight into
electro-refining as practiced by industry. As part of the course, the class toured several
electro-refining facilities including electro-winning and electro-refining operations. This
helped to optimize the full scale cell design.

3.1.3 Full-Scale Electrorefining Cell Design

The conceptual design work for the proposed full-scale electrorefining cell began in
the fall of 1996 and continued through mid-1997. The full-scale cell was designed to be
able to decontaminate up to 160 pounds of nickel per day. Tank size, anode and cathode
size and number, current density, and electrochemical were all considered in the
conceptual design. A cementation unit and a metal impurities recovery unit were also
incorporated in the design. The process flow is shown in Figure 3.1.1. MSC engineers
projected that the full-scale unit would consist often anodes and eleven cathodes, each
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approximately 38-inches by 38-inches by 2 inches. Equipment parameters, process
parameters, and process flow considerations were updated regularly to reflect new
information gained from the scale up, from advice of nationally recognized metallurgical
experts, and from MSC’S own pilot-scale experiments.
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.
In phase III, MSC engineering staff began designing MSC’S full-scale electrorefining

cell. Lessons learned by the visit to electrorefining production plants and various
experiments (including test melts) by MSC scientists, engineers, and production

personnel were included in a functional design specification.

3.1.4 Major Components of Full-Scale Cell

The full-scale cell design included the following major components:

Main Tank: The full-scale cell was a 2,000 gallon tank made of polymer concrete. The
eleven cathodes and ten anodes were installed in the tank, alternating anode and cathode.
A membrane frame was used to support a cationic membrane surrounding each cathode.
The cationic membrane separated the anolyte (contaminated solution around the anode)
from the catholyte (clean solution around the cathode). The cell was equipped with a
push/ pull ventilation system. Ventilation volume consisted of a 6,000 CFM inline
scrubber connected to the existing building HEPA filtration system. Power distribution at
the cell included a copper bus running down each side along the top of the tank
(lengthwise). One buss connected to anodes to provide a positive electrical charge. The
buss on the opposite side connected the cathodes to provide a negative electrical charge.
The buss on both sides connected to the.power supply via water cooled leads.

Metal Irrmurities Recoverv Unit (MRUY Solution exiting the main cell entered the MRU
for impurities removal. ‘The MRU included one anode and two internal cathodes. The
cathode in the MRU was surrounded by a frame that supported a cationic membrane on
both sides. The MRU cell was equipped (on the top of the tank) with a vent that
connected it to the same scrubber that ventilated the main cell. After filtration, anolyte
entered the top comer of the MRU cell tank and exited at the bottom middle.

Electrolyte Solution: The solution used in the full-scale cell was a Watts-type electrolyte
containing nickel sulfate, nickel chloride, and boric acid at a pH level of around 3.0. The
solution was mixed in a 300-gallon tank and transferred to the main cell.

Temperature Controls: The electrolyte was heated using five immersion heaters located
inside the main cell. The temperature of the electrolyte (both in the main cell and in the
heated sump) was monitored by a sensor and displayed on the operators’ control panel.
The temperature control was set between 145 and 155 degrees F. The electronic controls”
provided an automatic shut down of the process if the temperature of the electrolyte
exceeded 170 degrees F. The temperature of the electrolyte at the metals recovery unit
(MRU) was monitored and read from the MRU display.

Power Supplies: Current from the power supply to the main cell, the cementation unit,
the metal recovery unit, and the polarity reversing unit, was monitored and controlled
from the central operator control panel. Electricity was provided to the ten anodes at a
current density of 15-20 amps/ f?. The cell was run at 1800 to 3600 amps at about 6
volts.
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Cementation Chambers: Cementation chambers, for removal of technetium from
solution, were made of polypropylene. Four chambers were arranged in series. The
bottom of the chamber was flanged to allow cleanout of sludge as needed, and the top
was flanged for accessibility. Each chamber was approximately 8 inches in diameter and
54 inches high. Electrolyte passed from the bottom port, filled the chamber, and exited
through the top port.

Overflow Sump : The overflow anolyte from the main cell was originally gravity fed into
the 200-gallon, chemical-resistant sump tank. The overflow sump was located under the
main electrorefining cell. A level indicator in the sump controlled the outlet pump,
turning it off if levels got too low and turning off both anolyte pumps and the makeup
water if levels go~ too high. The overflow from the main cell was redesigned. The
overflow sump is now fed by an ovefflow from the MRU.

Catholyte Recirculation Pump : A portable catholyte recirculation pump was located
between the main cell and the catholyte filter. The pump could be turned on manually as
needed when the catholyte began to appear cloudy or when particulate was visible. The
portable pump would circulate the catholyte from inside any one of the eleven cathode
frames (cell chamber), through the catholyte filter, and then return the catholyte to the
same chamber. The pump could be used in any of the catholyte chambers.

AnolWe Filters: An anolyte recirculation pump located behind the sump, delivered
anolyte from the sump through the first anolyte filter and into the MRU. A second anolyte
pump pulled anolyte from the MRU, through the second filter, then through the
cementation process and back into the main cell to complete the loop. Both pumps
circulated anolyte at 5 gpm and ran continuously, except when shut down by the
operators.

Deionized Water SupplY System: Deionized water was used during startup for chemical
additions and mixing and was also used to make up for the evaporative losses during cell
operation. A sensor in the sump signaled low fluid levels. The signal was sent to a
solenoid on the deionized water supply system, allowing flow. The makeup water was
supplied from the MSC plant water supply and passed through ion-exchange columns to
provide deionized water to the system.

Anode/Cathode Rack: The portable anode/cathode racks were made available to allow
for rinsing chemicals off the anodes or cathodes as they were removed from the main cell.
A pressure washer was used to clean the anodes or cathodes after removal.

Hoist: A one-ton hoist and a steel frame was used for material handling above the
electrorefining cell. A spreader beam was specifically designed to enable operators lift
one anode or cathode at a time.

CornPressed Air SuPPly: Compressed air was used to aerate the anolyte in the main cell.
A pipe was permanently installed in the main cell that extended to the bottom of the
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anolyte and ran the length of the tank. Compressed air was filtered and “de-oiled” (made
oil free) before use in the cell. A manual valve was available to vary the flow.

pH Monitor: The pH (in both the anoIyte and the catholyte) was monitored in the MRU
using a continuous monitor. PH in the main cell was monitored as needed using a
portable pH probe. Samples of anolyte and catholyte were taken daily during operation
and sent to the lab for compositional analysis and pH.

Ventilation Svstem: Fumes from the main cell and from the MRU were scrubbed by an
intermediate scrubber system. The intermediate system scrubbed the acid in the air stream
before the air stream reached the building’s HEPA ventilation system, protecting the
HEPA system from chemical attack inherent in the electrorefining processes.

Piping, Pumps, and Tanks: Piping, pumps, tanks, etc. were constructed ,of materials
suitable for safe containment of the chemicals used in the system.

Phone Dialer: A phone dialer was purchased to automatically contact the operators in
case of problems with the system. This allowed continuous 24 hour, 7-days-per-week
operation of the cell.

Figure 3.1.2 Photo of Electrorej7ning cell:
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3.1.5 Electrolyte Solution

A Watts-nickel electrolyte solution was used in the nickel electrorefining process.
Specifications (concentrations and purities) for the chemical components needed for
MSC’s specific processes were obtained from specialists in the field. Vendor product
specifications were evaluated and costs and volubility data were compared.

Initial optimization efforts included minimizing the presence of any elements that
could interfere with the electrorefining process. This was achieved by purchasing
chemicals of the highest purity. Reports on the research and analysis of the optimized
Watts solution are provided in Appendix 3.1.

Initial plans were to mix acid in a separate mixing tank. The acid temperature could
not be maintained in the mixing tank. As a result, acid was mixed in the main electro-
refining cell. For this, nickel sulfate, nickel chloride, and boric acid were purchased in
solid form and added to the heated cell. As procedures for acid mixing were optimized, it
was discovered that procuring nickel sulfate and nickel chloride in liquid form, mixing in
small batches, and then transferring to the main cell proved the most efficient method.
The MSC mixing plan for Watts nickel electrolyte is shown in appendix 3.1.

3.1.6 Potential Hazards and Safeguards

Safeguards were implemented to address potential hazards inherent in the
electrorefining processes. Potential hazards were identified in the following major areas;
electrical, power lifting equipment, thermal, and chemical (solids and fumes). Work
instructions were prepared for all job duties associated in these (and other) process areas.
Employees were given extensive training on the safe operation of all components and
machinery associated with their job descriptions as it related to work in the
electrorefining production area. Examples of the hazards are shown below are for the one
full scale electrorefining cell.

Electrical Maximum 15 volts D. C., 3600 amps
Chemical/ bums Heated nickel sulfate, nickel chloride, boric

acid. PPE required as well as restricted
access to the top of the cell

Fumes Mainly water vapor, potential for chemical
fume, however, results from samples taken
by independent source revealed no fumes
from cell that are potentially harmful to
people. Ventilation system implemented as
a precaution

Material handling Potential for cuts, drops, etc. PPE required.
I Special handling devices were designed
I and imD]emented.
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3.1.7 Testing and Commissioning the Electrorefining System

Once the components of the electrorefining system were installed, the integrated
system was made ready for testing and commissioning. A functional test and
commissioning plan was written for final testing of the entire system before startup. The
plan (which incorporated industrial and ALARA safety requirements) proposed to
functionally test individual components, subsystems, and the integrated electrorefining
process. Production and maintenance employee work instructions were developed for all
phases of the electrorefining processes.

Mechanical and electrical controls for individual components of the full-scale
electrorefining system (including peripheral units) were tested. Tested components also
included individual floti valves, controllers and instrumentation, piping and ductwork,
and power supplies. Subsystems, including the chemical mixing system, the ventilation
system and scrubbers, the de-ionized water system, the overflow sump, the cementation
system, and the monorail system were also tested. Test activities included comparing the
drawings and sketches from the functional design to the actual installed system
components.

3.1.8 Electrical Design Inspection

Lockwood Green Technologies (LGT) performed a walkdown of the full-scale
electrorefining system to observe and inspect the installation for conformance to LGT
“drawing EOO1. Finding no major problems with the installation of the electrical devices,
LGT inspectors verified that the workmanship was professional and was (with minor
discrepancies) in compliance with all licensing codes. Discrepancies noted by LGT
personnel were corrected by MSC. LGT also provided engineering support in accordance
with the previously approved QA program.

3.1.9 Testing of Integrated System

The integrated electrorefining system was tested under conditions that would be
similar to those expected in the electrorefining production processes. The full system test
used salt water as a substitute for electrolyte to verify fluid flow and sensor indicators.

A function check was made of the integrated system’s monitoring of flow systems,
temperature, current, and voltage, pH, and level alarms. Testing with the initial optimized

. parameters were used as the standards for verifying overall operation of the system as
specified in the functional design. Discrepancies found during the system test were red-
lined or noted. A punch list was made to ensure that corrections were incorporated in the
operations plan.

A safety review was also performed to ensure that the system was safe to operate,
based on information obtained during commissioning and functional testing.

27

.—— _ . ,,. . ,., ..., .....7K .,...,. .,, .,. . ...> ,. -.. -..



3.1.10 Nickel Source for Full-Scale Electrorefining
MSC requested 4,500 pounds of contaminated nickel barrier from the ETTP site to

use for testing MSC’S full-scale electrorefining cell. Researchers were unable to complete
the transfer of this material due to costs to transfer the nickel into fiber (sacrificial) drum
and transport the nickel to MSC.
MSC was able to obtain nine contaminated nickel ingots from Paducah, however, with a
total weight of approximately nine tons (18,000 pounds). This nickel already had been
previously melted during the Cascade Improvement Program/Cascade Upgrade Program
(CIP/CUP) from the late 1970’s and early 1980’s. Full scale testing of electro-refining
was conducted on this nickel. For the full-scale cell tests, these nickel ingots were sliced
into anode sheets, mounted to hangers, and placed directly into the electrorefining cell. In
addition, the cut ingots were used for test melts.

3.1.11 Operations

The full scale cell was started for the first time in June 1998. After one day of
operation, the cell was shut down due to cationic membranes sticking to the cathodes,
mandating are-design of the cathode frames. During the month of July, as the cathode
frames were under design changes, several tests were carried out on the cell to improve
plating quality. Trials were carried out in the cell on a single strip plate. Plating was
improved from a “flaking” appearance to a smooth plated product. Parameters such as
current, current reversal, and temperature were modified to achieve the desired result.
Optimizing parameters to reduce “dendrite growths” on the surface of the cathode was
also a subject of testing during this time. The making of a nickel starter sheet by plating
on a titanium surface was accomplished during this time. During July, a new prototype
membrane frame was placed in the full scale cell. Trials on this new frame and
membrane indicated good performance of the assembly. Once proven, additional frames
were ordered. In September, the new cathode boxes were installed and tested. The nickel
cell ran successfully from Oct. 6 to Oct. 15 when the cell was shut down for cathode
change-out. A demonstration for FETC was held on October 13 at MSC.

3.1.12 Lessons Learned

Several challenges were experienced and resolved during the testing and the process
demonstration.

- ~ OCtOber 1998> during a ShUtdOWnfor cathode changeout, a chemical SCald
injured an electro-refining cell operator. The cell was shut down immediately and the
accident investigated. A corrective actions list was developed and implemented. This
included adding an additional platform for improved access to the top of the cell. A new
instruction was developed and extensive training took place. The Radiation and
Industrial Safety Work Permit was reviewed and rewritten. The cell was restarted on
2/18/99.
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Membrane Frames: After the June 1998 startup of the full-scale cell, MSC

experienced difficulties with membrane materials sticking to the cathodes. The cell ran
for only one day. MSC researchers tried various techniques to solve the problem,

including adding inflated tubes on the side to stretch (tighten) the membrane and adding
stiffeners to the membrane frames. After several unsuccessful attempts to modify the
frames, MSC researchers concluded that new, wider membrane frames would be
required. A new membrane frame was designed by MSC. One new membrane frame was
purchased as a prototype and tested before a purchase order was released for enough
membrane frames to fill the cell.

When the new frames, Nrdlonm membranes, gaskets, and bolts arrived for the full-
scale cell, the cathode boxes were assembled. A few of the PVC bolts broke during
assembly and were replaced with coated stainless steel bolts. The new membrane and
frame assembly was placed in the full-sca[e cell. Trials were run at various settings to

further optimize plating. The new frame and membrane appeared to function well.

Nickel Plating 0 ualitw While waiting for the new frames, trials continued in the
electrorefining ceil on a single strip plate. The goal was to optimize the electrodeposition
appearance and to set electrorefining parameters. These trials produced continuously-
improved results, moving from a plated metal coupon with a “corn-flake” appearance to a
plated thin foil on a titanium surface. The thin foil was then peeled off and used as a
nickel starter sheet. More nickel was plated onto the starter sheet, producing a strip with
uniform deposition on the surface of better quality than was accomplished on the pilot
scale.

Difficulties With Flow Controllers: MSC also experienced difficulties with the flow
controllers. The controllers lacked the flexibility needed to control the flow in the system.
In addition, electrical interference caused the transmitters to send incorrect signals to the
controllers. The transmitters were relocated to avoid interference.

Pump failures: Two centrifugal pumps (with mechanical seals) in the acid
recirculating loop failed. It was determined that cycling the cell through heating and
cooling have caused crystals to form in the pumps causing failure. The start/ stop is
inherent in a development process. In a continuous process, this effect would be
minimized. Magnetic drive centrifugal pumps were specified, procured, installed and ,
tested. Also, any time there is an interruption to the system that causes cooling of the
anolyte, pumps are flushed before shut down to prevent buildup of crystals inside the

pump. As of this writing, the new pumps are continuing to operate successfully.

Decontamination of the Nickel: The first tests did not decontaminate the nickel to
levels to reach our goal (-1 Bq/ g). Researchers concluded this was probably caused by 1)
some of the anolyte splashing over the membrane frame, causing contamination of the
catholyte (the new frames remedied this situation); and 2) the cationic membrane that was

purchased appeared to be of inferior quality to that used on the pilot-scale cell. MSC
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purchased Nafion 450 membrane materials to place in the new frames. This also
improved decontamination. Over time, decontamination levels improved dramatically.

3.1.13 Results

Chart 3.1.5 shows the contamination levels in the Paducah Ingots before
electrorefining. Technetium contamination ranged from 226 Bq/g to 627 Bq/g.

Paducah ingot Contamination Before Electrorefining
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Figure 3.1.5 Paducah Ingot Contamination Levels

After implementation of corrective actions and optimization, the cell was re-started
on 2/18/99. First, starter sheets were made by plating out nickel onto a Titanium sheet.
After approximately 24 hours, the titanium sheets are pulled from the cell and the nickel
starter sheet is “stripped” or separated from the titanium sheet. See photo 3.1.6.

,
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)

Figure 3.1.6

After the nickel starter sheet is stripped from the titanium sheet, it is placed back
into the electrorefining cell to make a nickel cathode. Approximately 14 lbs per day of
nickel is plated onto each cathode.
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Samples of anolyte and catholyte were taken daily to track levels of technetium in
the solutions. These levels are indicators of potential contamination reaching the final
product cathode. Figure 3.1.7 shows technetium levels in the anolyte and catholyte over
time. Anodes that were left in the cell, which dissolved and contributed contamination to
the solution, explains the upward trend of contamination in the anolyte. Also,
adjustments were necessary to the anolyte purification circuit before contamination levels
were dropped to acceptable levels. This graph demonstrates the learning curve necessary
to optimize operating parameters. The catholyte trends were added to review the effect of
the cationic membrane. This graph shows that the cationic membrane is an effective
bamier between the anolyte and catholyte.

18.0

16.0

14.0

4.0

2.0

0.0

Anolyteand CatholyteTrends

1/20/99 2/9/99 3/1/99 2421/99 4/10/99 4/30/99 Y20199

Figure 3.1.7

32



The technetium levels in the cathode product were also tracked over time as shown in

Figure 3.1.8. Again, as parameters were optimized, cathode results were above goal.
Once the system was brought under control, results in the range of 1-2 Bq/g were
achieved.

CathodeProduct

:* :,capol+l (avg% ::~j ●

-2 per.Movj Avg. (Cathode(avg.))

-.., ,
1/20/99 2/9/99 2/1/99 2/21/99 4/10/99 4/20/99 920/99

Figure 3.1.8
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It was found that tracking anolyte technetium contamination levels is a good indicator of
final nickel cathode values. As shown in figure 3.1.9, even though the anolyte levels are
tracked in Bq/ml, and values for the cathode are in Bq/g, a correlation between the two
are evident. Tracking and controlling anolyte contamination is imperative for acceptable
product nickel.

Electrorefining
Technetiumlevels

Cathode&AnolyteTrends
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m

: 15.0
m

10.0

5.0

0.0

1/20/99 29/99 3/1/99 321/99 4/lw99 43W99 5/20/99

Figure 3.1.9

Latest results as of May 1999:

Contaminated anode 592 Bq/g
Product cathode 1-2 Bq/g
Cementation chamber (where 99Tc is removed) 2315 Bq/g

Figure 3.1.10

Once process parameters were stabilized and optimized, the full-scale electrorefining
system worked as anticipated. The cementation units revealed high levels of technetium
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as expected. Nickel was decontaminated by the full scale cell between 1 and 2 Bq/g

which meets our stated goal of decontamination around 1 Bq/g.
As of May 20, 1999, over one ton of barrier nickel was processed through the

electrorefining cell. Over one month of actual plating time was logged.

3.1.14 Phase III nickel recovery research costs

Task 311, One full scale electrorefining Cell
Task 312, Anode baskets (direct dissolution)
Task 313, Chemical dissolution

TASKS 311,312,313COST SUMMARY
OTHER OTHER

DATE TASK ENGINEERING PRODUCTION SUBCONTRACTOR DIRECT TOTAL

# LABOR+OH LABOR+OH COST COST COSTS

1997

311 S46,546.79 S189,559.79 S4,281.71 S151,219.66 $415,679.56

TOTAL

1998

TOTAL

1999

TOTAL

GRAND
TOTAL

312 $8,596.24 . S23,165.91 $248.74

313 S228,05 s 190.44 . .

s 55,371.07 S189,750.23 S27,447.62 S151,468.40

311 S46,609.10 S73,648.54 S8,843.12 S 124,643.55

312 S3,787.69 . . .s94.00

313 . S39,459.26 S17,686.24

s 50,396.80 S73,648.54 S48,302.38 S142,423.79

311 . S9,702.28 . S22,033.48

312 . . . s
.

s 35,635.47

S418.49

S451,733.52

S274,408.05

s 3,896.25

$65,991.62

S344,295.92

S35,146.55

313 . . s .
.

. s 9,702.28 . S 22,033.48 $35,146.55

s 105,767.87 S273,101.05 s 75,750.00 S315,925.67 S831,175.99

Additional cost detail for the full scale cell is shown in appendix 3.1.
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3.1.15 Projections based on one full scale cell:

The following data provides an economic estimate for a scaled up
refining cell that was built under a FETC contract and is currently
Economies of scale can be expected from a large plant. However,

version of the electro-
operating at MSC.
the estimates for this

evaluation are based on equipment, material, and personnel costs associated with the full-
scale cell. The assumed economy of scale for this evaluation is a range of 10 to 40
percent. The estimates are given as ranges, based on uncertainty. In determining
economic viability of deploying this or any new technology, requires risk-based decision
making. The technology has proven to work and in order to determine if it is
economical, assumptions have to be made about how a large-scale plant will be built and
operated and how the price of nickel will fluctuate over the life of the project. MSC and
its Parent Corporation BNFL, INC. performed this risk analysis early before the full-scale
project was completed or the technology proven and based on the results entered into a
fixed price contract with the DOE to D&D three buildings at the ETTP site. The contract
recognized the value of recovering the nickel and the DOE has received a credit for this
material. The following is a quote from the DOE/ORO office web page:

“The $238 M contract cost included a credit back to DOE of $55,569,748 for the
recyclable material. This amounts to quarterly cost savings of $2,646,178 over21
quarters for the materials recycled or reused. The recycling activities began in the 4th
calendar year quarter of 1998 and will continue throughout the duration of the contract.”
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Assumptions:
Cost pr~jections are based solely on the performance of the one full scale research cell
These numbers are not based on any operational experience of a production scale electrorefining plant
Costs from the one full scale cell me for electrorefining only and do not include costs for pre-processing nickel

Preprocessing could include pretreatment and melting to delassify nickel and cast into anodes

Electrorefining
costs

One cell cell totals:

Equipment for one full scale cell (-15’ long) cost -$316,000
Production rate 160 lbs/day

A possible plant
size:

20 cells -30’ long, or 40 cell; -15’ long
Production rate -9,000 lbs/day

Projections:

Scaling equipment costs from one cell to a plant size, expected savings as a result of
Bulk discount
Production facility instead of research
Shared acid regenerative loop between cells
Shared waste treatment facilities between cells

Could result in equipment costs savings of 10-40% for a potential plant equipment costs of
40X $3 16,000X (1-(10% to 40%)) = -$7,600,000 to -$11,400,000

Operation of the pilot scale cell (technician only) for one year= -$120,000
Same discounts as assumed above
Estimate savings 10 to 40%
$120,000 (1- (10% to 40%)x 40 cells = -$2,800,000/ yr to -$4,300,000/yr

Pre-processing of nickel could cost in the range of $0.75 to $ 1.50/lb
This assumes existing vacuum induction equipment at MSC can be used for melting and casting

3.1.16 Path Forward
The path forward includes the design and installation of a production scale

electrorefining facility in support of the ETTP Three Building D&D Project. This
facility, as currently planned, will be located at MSC in Oak Ridge and will have an
initial capacity of about 1200 tons/yr. As of this writing, the plant is in final design.
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3.1.15 Nickel Melting

For ETTP nickel, melting of nickel would be required to declassify the nickel and
prepare anodes forelectrorefining. Developing ananode casting process required
researching a mold design suitable to produce a shape that would fit directly into the
electrorefining cell. Selecting mold materials that could sustain the superheat during
casting was part of the design process as well. Developing casting methods included
optimizing melting parameters, such as temperature, residual gasses refractory
containment, and metal flow.

Designing Molds

Anode molds were sized to create anodes that fit directly into the tank on the full-
scale cell. The anode molds were made of ductile iron. Graphite dams were installed at
the ends of each mold to provide a fill cavity of 36-in. by 36-in. by 2-in. thick.

Various means of casting molds in a production mode were investigated. One
promising option under consideration is to fit the molds inro a mold chamber by stacking
them in a spiral-staircase configuration in MSC’S six metric ton vacuum induction
degassing and pouring furnace. Casting and cascading would occur by pouring the molten
metal into the top mold and allowing the superheated liquid to cascade down to the
bottom molds, as indicated in Figure 3.1.6. Other casting methods, such as casting molds
one at a time in MSC’s one ton vacuum induction furnace, were also investigated.

Figure 3.1.6. Spiral stacking of molds for production mode, cascade casting.
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Effects of Fluorine on Refractories

In order to produce anodes for electrorefining that mimic commercial electrorefining

practices, melting and casting of diffusion plant nickel is required. The life of the oxide

refractory used to normally contain molten nickel in a melting process is in question. The
presence of fluorine compounds (e.g. (UOZFZ and NiF2) causes corrosive attack to oxide
refractories.

Frequent relining would be a major expense in materials and labor. Moreover, the
used refractories would constitute a significant volume of radioactive waste that would
incur burial costs.

To avoid corrosive attack by fluorine, MSC researchers recommended a replacement
of the oxide refractory system with graphite. Melting nickel in graphite would require
that the melts take place in vacuum or inert atmosphere. In addition, the molten nickel
would become saturated in carbon to about 0.6 weight percent. The effects of high
carbon nickel on the casting process and on the anode quality was uncertain. MSC
researchers had to devise a practical method to melt nickel in a graphite system. The
basic question was, could carbon saturated nickel be cast into acceptable anodes.

To answer that issue, researchers performed 500 pound test melts of nickel in a
graphite crucible in the vacuum furnace available in MSC’S plant (see figure 3.1.7). After
the first casting run several findings occurred. Molten nickel dissolved the graphite
crucible sufficient to saturate the metal with carbon. After casting the nickel showed
evidence of high gas loading during solidification, as seen by the appearance of a “boiled”
surface.

The crucible dissolution was deemed unacceptable. The conclusion was carbon
must be present in a free form, and available for dissolution when nickel becomes molten,
otherwise the crucible will be attacked.

Small amounts of aluminum were added to stop the evolution of gasses, suspected to
be CO, during solidification.

Several more 500 pound test melts were performed attempting to solve the
aforementioned issues. To provide free carbon when nickel became molten remained a
difficulty. Efforts to apply a sacrificial graphite mortar to the hot face of the graphite
crucible were unsuccessful. The crucible was dissolved below the mortar depth even
though excess was provided. The aluminum addition coupled with a time/ temperature
hold to allow for degassing was successful in stopping gas evolution during solidification.

To date, the high carbon nickel anode has not been used in the cell to determine if
there are detrimental effects to the operation. Parameters in the electrorefining cell have
been kept as consistent as possible to assure repeatable results. It was deemed prudent
not to introduce a high carbon anode into the cell as of this writing
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Figure 3.1.7 VIM furnace and crucible setup
Results of literature had indicated carbon to be inimical to nickel casting. Therefore,

MSC scientists consulted with several experts in the metallurgical field to determine the
specific effects of carbon and its compounds on nickel castings. The overall conclusion
from the experts consulted indicated that carbon should be tolerable in the electrorefining
cell.
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The tolerance of carbon in the cast nickel anodes was further tested in subsequent
preliminary melts under multiple variables. Lab analyses showed promising results, but
further testing on high-carbon castings is on hold as M~C researchers are currently
considering options to remove the fluorine before melting.

41

.’T--q- ----7 , ... . ..,.-.!. J...~.~ —.- ...... .. ,——-



3.1.16 Nickel Direct Dissolution

Research by the Colorado School of Mines (CSM)

During Phase III of this research effort, CSM researchers (1) investigated direct
dissolution and chemical dissolution as alternatives to melt refining and (2) characterized
emissions inherent in the nickel electrorefining processes.

Experiments were performed on nickel electrowinning and nickel electroplating
under various conditions and test setups.

One major expense in electrorefining nickel barrier was tied to the melt process.
Fluorine compounds, (e.g. (U02F2 and NiF2), present in the nickel diffusion barrier are
now known to attack the oxides in refractory materials and significantly shorten the
expected refractory life. In an effort to reduce or eliminate the cost associated with
melting nickel, CSM and MSC researchers looked for alternatives to melting. Two
options CSM researchers examined were electrowinning (chemical dissolution) and
electroplating (direct dissolution). Chemical dissolution involved placing the barrier
material into an acid tank, allowing it to dissolve, and then electrorefining the solution to
recover the nickel. Direct dissolution involved placing the nickel directly in an
electrochemical solution, electro-dissolving the nickel into solution and then
electrowinning the nickel.

CSM researchers setup experiments for both options using clean nickel of various
sizes and geometries. Both options proved to be successful with dissolving the nickel
anode, by direct dissolution being the most promising. Details of CSM’S experiments and
their research results are provided in Appendix 3.1.

CSM researchers also captured and tested fumes emanating from the surface of the
electrorefining cell to determine the types of off-gas and the volume of fumes that could
be expected from operating a full-scale cell. The data was used to establish the size and
capacity of the ventilation systems that would be needed for a full-scale cell.
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Direct Dissolution Experiments on Nickel Barrier -

After the successful results of CSMS electrowinning and electroplating experiments,

MSC personnel repeated the electroplating (direct dissolution) experiments using actual
contaminated nickel barrier in a 100 ml lab-scale cell. MSC researchers had received
security clearances and were able to perform these experiments at the ETTP site using

classified, contaminated nickel barrier. The purpose of the test was to perform direct
dissolution to show nickel can be electro-dissolved and plated. The membrane, used for
decontamination purposes was not included in these tests.

The direct dissolution method was chosen because it was faster and more effective
than chemical dissolution for dissolving the nickel and plating it out on a cathode.

These lab scale tests found direct dissolution to be a promising method for nickel
. decontamination. Further, scaled up versions of the experiments would be required to
provide a detailed economic assessment of the process and to determine its ability to
decontaminate nickel. While initially, direct dissolution promised to be economically
attractive, such issues as possible increased process waste, effects on the cationic
membrane, and security concerns would have to be addressed. Further design would .be
required to determine modifications required to the existing cell design to accommodate
direct dissolution.



3.2 Full-Scale Laser Cutting Demonstration

3.2.1 Background and Overview

Radioactive scrap metals (RSMS) are received at Manufacturing Sciences
Corporation (MSC) for decontamination and recycle where economically feasible.
Incoming materials are sorted, and a conveyor moves most of the steel scrap to a tumble
grit-blasting unit for mechanical decontamination. A chemical decontamination facility is
available for cleaning soft metals such as copper, aluminum, and nickel.

One of the challenges of decontaminating scrap metal is reducing the large pieces to
a size that can be accommodated by MSC’S automated processing equipment. If, for
example, a piece of metal exceeds 2 ft. or is more than 3/4 in. thick, then it must be
reduced to a manageable size using either cold-cutting tools, such as band saws or pipe
cutters, or (more typically) thermal processes, such as plasma or other oxy-fueled torches.
There are several disadvantages to each of these size reduction methods:

1. Manual cold cutting tools and thermal technologies are both very time consuming
for setting up as well as executing the cutting operations. .

2. Thermal technologies produce fumes and excessive heat. Also, the kerf (the cut
width) of conventional thermal technologies is wide, increasing the amount of
waste.

3. Workers must wear personal protective equipment, including respirators, to
manually perform thermal cutting operations. This is especially unpleasant in
environments where the thermal cutting technologies have produced high ambient
temperatures.

Automating the cutting processes could increase productivity and reduce worker
exposure. Until recently, however, automation has been limited because of the wide
diversity in the size, shape, and composition of incoming RSM materials and because the
technological advances of cutting tools were too limited to efficiently handle an
automated process.

Both of the above limitations were dispelled in a project opportunity made available
to MSC. This opportunity is part of the three-building decontamination and
decommissioning efforts at the Oak Ridge Gaseous Diffusion Plant (ETTP). There is a
large quantity of radioactively contaminated process components, which are of similar
geometry and material composition. This large volume of metal makes automating the
size-reduction processes both practical and prudent.

To investigate the potential for automation using laser technologies, MSC planned
and executed a full-scale laser cutting demonstration using an off-the-shelf, Nd:YAG
2000-Watt laser with fiber-optic beam delivery and a remotely controlled robotic
manipulator. The laser-cutting demonstration was designed to meet specific research
objectives:
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1. To compare, in a full-scale operation, the cutting performance of the laser to the
cutting performance of existing technologies,

2. To evaluate the potential for using lasers to automate size-reducing activities
when materials are both geometrically and compositionally similar, and

3. To optimize parameters for automated cutting operations in a production mode.

3.2.2Research Approach

In preparation for the laser-cutting demonstration, MSC researchers began gathering

information on cutting operations for oxy-propane and plasma torches. Values were
compared on a number of variables, including ventilation (filter clogging issues), cut
speeds, secondary wastd, ease of operation, and quality of cut. Researchers also gathered
information on remote operations, fixturing, material handling, Iaser safety and
containment, personnel training requirements, and special needs for radiological
environments. The information gained established the criteria used to identify needed
components for an automated laser cutting system and divide the research activities into
achievable and manageable steps.

The laser cutting demonstration was divided into four steps. First, the cutting
capabilities of a commercially available Nd:YAG laser system were established by initial
lab testing performed by the Edison Welding Institute (EWI). Test results determined the
parameters to be used in subsequent demonstrations. Second, the Energy Technology
Engineering Center (ETEC) in California used the Nd:YAG laser to demonstrate its size
reducing capabilities on reactor fuel storage tubes. The laser was then shipped to MSC,

aIong with data and lessons learned from the EWI testing and the ETEC demonstrations.
Third, MSC performed a follow-on, full-scale laser cutting demonstration where the

remote Iaser cutting operations were more fully automated. Finally, a subsequent series of
laboratory bench-scale tests were performed to enhance the laser cutting database in
areas identified by the demonstrations.

3.2.3 Pretesting

Initial lab testing of the Nd:YAG laser was performed by the Edison Welding
Institute (EWI) under contract to ETEC. The purpose of the pretesting was to ensure that
the Nd:YAG could adequately cut the materials projected to be used in the demonstration
at MSC.

EWI researchers used a continuous-wave (nonpulsed) 3-kW Nd:YAG laser with a
15-m-long fiberoptic beam delivery system. The laser was able to successfully cut a 1-

cm-thick steel pipe over a laser power range of 1000 to 2700 watts. In an investigation
involving 41 cuts, EWI researchers experimented with a number of variables to determine
their effect on kerf (cut width). These variables included beam power, laser end-effecter
focal length, assist gas type and pressure, and cutting speeds.

EWI Researchers found that a smaller kerf minimized secondary waste but a wider
kerf helped keep molten dross from bridging the cut and rewelding it. Researchers also
found that the primary parameters controlling the quality of the cuts were the type and

45

—. . . . .. ..... -,. . .. ... . .-.. ... , >.. T-,-— ,- r—-ma ,, _.... ___



pressure of the assist gas. (Assist gas is the gas that flows across the work area, blowing
away from the cutting zone the debris caused by the cutting process.) Researchers also
determined that oxygen was the optimum assist gas because it increased the bum and the
cutting efficiency of the laser.

The full report of the EWI research is provided as Appendix 3.2.

3.2.4 ETEC Demonstration

ETEC investigated the capabilities of the fiberoptic beam delivery system using
remote control technologies. ETEC researchers identified two laser systems as promising
candidates for remote cutting applications—the currently available Nd:YAG
(neodymium-doped yttrium aluminum garnet) laser (as used in the MSC demonstration)
and the COIL (chemical oxygen iodine laser), which offers higher-power laser output.

Using information from the initial EWI lab tests, ETEC performed several bench-
scale tests, followed by two deployment demonstrations to evaluate the effectiveness of
the available Nd:YAG lasers for size reducing RSM.

The laser resonator, power supply, water chiller, gas assist supply, and operational
controls were located in a nonhazardous environment for protection and maintenance
accessibility. The laser focusing head and a tube holding fixture were located in a
radiologically controlled containment tent that had been fitted with an HEPA-filtered
ventilation system. The laser beam was delivered to the focusing head through a 15-m-
Iong fiber-optic cable. ETEC was able to successfully use the 2 kW Nd:YAG laser to size .
reduce (for disposal) approximately 300, contaminated fuel storage tubes that were 5-in
diam by 118-in long.

Each storage tube was positioned horizontally on a fixture. Two longitudinal cuts
were made by moving the laser head lengthwise along the tube. One circumferential cut
was made by rotating the tube. Each tube was thus sectioned into four approximately
equal sections.

A continuous wave laser with a power level of 0.8 kW was used for cutting these
thin-walled (1/1 6“-thick) tubes. Oxygen was used as the assist gas. At a linear cutting
speed of about 400 cm/min, the laser was able to size reduce each tube in about 2.5
minutes.” This included the time it took to manually load each tube and unload the tube
sections. (Only the laser cutting was automated for this demonstration).

ETEC researchers performed a number of additional test cuts using a plasma-arc
torch to develop comparative data on laser cutting versus cutting with current
technologies. The plasma-arc tests used the identical geometry and cutting procedure that
had been used with the laser. Both the laser and the plasma-arc systems had comparable
cutting speeds, but the plasma-arc system required greater maintenance. Researchers
noted, however, that there were costs savings with the laser cutting system over the

plasma arc system because of reduced secondary waste and lower maintenance
requirements. Nevertheless, the maintenance requirements for the laser system were
significant. One example was multiple filter changeouts caused by higher levels of
airborne debris generated by the laser cutting operation.

Additional cost’estimates for size reducing much larger quantities of contaminated
tubes were also provided by ETEC researchers. Those estimates included the capital
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equipment costs of the cutting hardware (which was markedly higher for the laser system)
and also assumed replacement of the current filter system with self-cleaning filters.

Because of capital equipment costs, plasma arc cutting was less expensive for smaller
quantities of tubing while laser cutting was less expensive for larger quantities. The
break-even point in ETEC’S comparisons was about 230,000 tubes. These estimates,

however, included manual handling of the tubes rather than robotically controlled
automation in a full-scale cutting process.

ETEC researchers concluded that the use of the laser system resulted in significant
reductions in secondary waste generation and personnel exposure. While not
demonstrated in the task because of the manual tube handling, exposure to personnel was
reduced as a by product of the laser’s lower maintenance requirements and the system’s
capability for remote cutting operations.

ETEC researchers fhrther test operated the Nd:YAG laser at their facility before
shipping it to MSC; and they preset the laser at the optimum parameters for ensuring a
successful demonstration. ETEC also transferred all data and lessons learned to MSC for
use in their automated, full-scale laser cutting demonstration. The full ETEC report is
provided in Appendix 3.2.

3.2.5 System Components for MSCts Demonstration

Prior to receiving the laser equipment from ETEC, MSC had prepared a functional
design specification that covered component acquisition, setup and installation of
equipment, and remote control requirements for an integrated and automated system. The
major components for the laser demonstration, as identified in the functional design,
include the following:

K-25 Converter Shell: A No. 2 converter shell made of l/2-inch thick nickel plated
carbon steel was selected from the K-25 site as the object to be cut during the full-scale
laser cutting demonstration. The No. 2 converter shell (Figure 3. 1) is representative of the
hundreds of similarly shaped and sized converter shells that await removal from the K-25
site. AIso, the shell’s size (6 ft. in diameter x 12 ft. long) was small enough to be shipped
to MSC in one piece. Since the shell had been used only for cooling, it’s design was
unclassified; therefore, no special handling was required for security purposes. A
nondestructive analysis (NDA) was performed on the shell to verify that it could be
shipped on MSCS license.
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Figure 3.2.1 No. 2 Converter Shell from EITP on turning cart.

NdYAG Laser: DOE located a Lumonics Nd:YAG laser and arranged for it to be
made available for the laser-cutting demonstrations. The 2000 Watt multiwave laser,
which was capable of cutting up to l/2-inch carbon steel, included a power supply, a
chiller, and a fiber optic cable. The fiber-optic cable transported the beam from the power
supply to the laser focusing head.

Auto-Focus Cuttinz Head (AFCH] The Lumonics AFCH is a non-contact,
capacitive clearance measuring end-effecter designed for use in robotic cutting
applications. In the demonstration, the AFCH was driven by a high-speed DC servo
motor. Its copper nozzle tip served as a sensing electrode. Because it could compensate
for part and program deviations, the AFCH was used to maintain a distance of 2 mm from
the demonstration shell for cutting.
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Robotic Manipulator: Both new and used robots, as well as welding manipulators,

were evaluated for use in the laser-cutting demonstration. The manipulator selected was a
pre-owned Cincinnati Milacron robot, as illustrated in Figure 3.2.2. (A similar robot had

been used to size-reduce RSM at the Capenhurst site in the United Kingdom.) The
robotic manipulator controlled the cutting head of the laser. The Cincinnati Milacron
robot was capable of holding the AFCH to within 1 inch of the surface to be cut and was
able to perform a smooth cutting operation. The manipulator also had adequate horizontal
and vertical reach to accommodate the 5 ft. in diameter x 12 ft. long shell.

I

Figure 3.2.2 Cincinnati Milacron robotic manipulator.

Indexing Cart and Tumirw Rollers: An indexing cart with turning rollers was used
to rotate the converter shell in the horizontal plane during cutting operations. (The cart
and rollers can be seen in place in Figure 3.2.1)

Ll~ht-Proof Room: A prefabricated Iightproof room was purchased to house the
laser, shell, manipulator, and other equipment needed for the full-scale laser cutting
demonstration. The room was equipped with protective windows to allow operators and
visitors to safely view the cutting operation without being exposed to hazards from the
laser or the robotic manipulator.
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Ventilation System: A high efficiency, facility ventilation system was installed in
the”Iightproof room to control airborne contaminants generated by the laser-cutting
process.

Prouammable Logic Controller (PLC~ Each component of the automated cutting
system was equipped with independent controls. An Allen Bradley SLL500 system was
put in place to interface between the major components and to take control when all
components were placed in a “ready” state. Designed with a touch screen and keypad, the
PLC provided the operator with overall system control via selected analog variables and
digital logic. For the demonstration, independent control of each system was referred to
as “manual mode” while the PLC system control was referred to as “automatic mode. ”
Position feedback was accomplished using a regenerative DC drive with tach speed
feedback and an encoder mounted on the turning rolls. The equipment allowed the
operators to control the speed for a specified distance as indicated by feedback from the
encoder. The PLC control system provided the following functions:

“ An alarm monitoring function alerted operating personnel of abnormal conditions .
and, if necessary, halted operations in a controlled manner.

● A control step sequencing function performed startup, operation, and shutdown
routines.

● An analog and digital control function provided the necessaxy interface between
the six components to coordinate the equipment operation as one system.

● An operator inte~ace, a backlit LCD screen with touch screen capabilities and
keypad, allowed the operator to view the control system operation.

Operator’s Control Booth: Operations were controllable from a booth that was
separated from the laser and other components in the lightproof room. A video camera
was mounted in the cutting room such that an operator in the booth could view the cutting
operations from a monitor.

3.2.6 System Configuration

A decision matrix was used to compare several layout options for the laser cutting
demonstration. Various methods of rotating the converter shell were evaluated to
optimize the productivity of the robotic manipulator and the laser.

The converter shell, laser, robotic manipulator, turntable with indexing rollers, waste
box, and monorail (along with all associated hardware and power supplies) were housed
in the Iightproof room. Electrical hardware was purchased to connect the major
components and integrate them through the PLC. Minor peripheral equipment needed to
perform a successful demonstration were also installed. Water pipes, for example, were
installed between the laser and the chiller to provide a continuous cooling supply to the
laser.

A cooling block was used on the AFCH to help dissipate heat generated by the laser
process and the drive unit on the AFCH. The AFCH was also equipped with oxygen as an
assist gas to promote the cutting effect. Nitrogen was used to prevent dirt or oil from
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forming on the focus lens. Finally, the AFCH was equipped with three crash-detection
switches, plus one temperature switch.

) Final component configuration was established by MSC engineering, with
representatives from the Industrial Systems Design Corporation. Industrial System Design
experts provided programming assistance. Representatives from Lockwood Greene
Technologies ensured component integration. Final wiring and PLC programming and
debugging were completed, hardware was cold tested, and preliminary demonstrations
were performed on other materials by MSC’S technical staff.I

3.2.7 Safety Features

Laser safety was incorporated into every step of the planning process, and a number
of safety features were installed in preparation for the laser-cutting demonstration. The
Iightproof room, which provided total enclosure of the ]a.ser cutting operation, had over

its viewports UV protection as approved by the Laser Institute of America (LIA) and in
accordance with ANSI 2136.1 1993. Installed in the lightproof room (at the room
doorway) were interlocks that automatically turned off the laser in case the door to the
room were opened. Warning signs and placards were installed to indicate when the Iaser
was in use. A blue warning light was installed to alert personnel in the area that a laser is
in use.

, The operator’s station was completely removed from the work area in the lightproof
room to protect workers from exposure to the radioactivity in the RSM, to the laser beam,
and to keep them from being injured by the automatically operated robotic manipulator.

3.2.8 Personnel Training

All MSC personnel who were to be involved in either operation, maintenance, or
management of the laser-cutting activities received comprehensive training in the
operation of remote equipment and in laser safety.

3.2.9 Equipment and Operations Training

Production personnel were fully trained to operate both the laser and the robotic
manipulator. After instructional training, the operators began practicing on individual
components in the automated system. Initial cutting with the laser was performed
manually (for training purposes) without the benefit of the programming that would later
automate the system. Practice cuts were made on stainless steel and carbon steel
materials—both of which were thinner than the I/z-inch carbon steel used for the converter
shells.

Operators also received a week of in-house training provided by the vender of the
Cincinnati Milacron Robotic Manipulator. As part of this training, operators practiced
controlling the robot for cutting at various movements and at differing speeds. In
addition, they spent time testing and evaluating methods of rotating the shell during the
cutting operations.
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3.2.10 Laser Safety Training

MSC identified and trained a Laser Safety Officer (LSO) and a deputy LSO to
oversee the safe operation of the laser-cutting demonstration. These officers were given
the responsibility and authority to monitor for potential laser hazards and to enforce
appropriate controls to assure safe laser operations. The LSO trained operating personnel
on laser safety using guidelines from the American National Standard for Safe Use of
Lasers, American National Standards Institute (ANSI Z136. 1-1993) and the Laser Safety

Guide, 9th edition, prepared by the Laser Safety Committee of the LIA.
The American National Standards material included visual presentations that

incorporated key components of the ANSI Z136 laser safety standards. Student workbook
(included with the training materials) provided practice questions and exercises to test the
trainee’s understanding of the materials being presented in each series. The workbook also
served as a desk reference.

A number of topics were covered in the laser training which encompassed the safe
operation of low, medium, and high-powered lasers and the use of high-powered lasers in
manufacturing and laboratory environments. Additional equipment-specific training on
the safe use of the Nd:YAG laser was provided by Lumonics representatives.

3.2.11 Set Up For MSC’S Demonstration

The Nd:YAG laser and Cincinnati Milacron robotic manipulator were setup in the
lightproof room inside MSC’S manufacturing facility. The Lumonics Auto-Focus Cutting
Head was mounted on the working arm of the robotic manipulator. This special laser
head, which delivered the laser beam via the fiber optic cable, provided a means of
effectively cutting the converter shell and tracking the surface to compensate for
deviations, either in the part itself or in the program. The AFCH enabled the cutting beam
to maintain a 1 mm distance from the cutting surface at all times.

The robotic manipulator was positioned with the laser end effecter always pointed
downward so that the laser beam would not be directed toward the observation ports of
the Iightproof room.

The converter shell was placed on a cart with automatic indexing rollers that rotated
the shell 360 degrees on the horizontal axis.

A PLC was used to control the path of the laser and the size of the piece to be cut.
The PLC was also interlocked to the doors and the robot to stop the laser if any set
perimeters were out of the desired range.

The 25-ton chiller (shipped with the laser) was located outside the containment
facility (the lightproof room). The chiller was housed in a portable out building to protect
it from the weather. Pipes connecting the chiller water to the laser were located along the
wall and were insulated for maximum cooling efficiency.

A laser expert had been employed as a consultant to assist in the installation and
operation of this project. The expert had also instructed MSC personnel on the operation
and safeguards of laser operations.
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.3.2.12MSC Laser-Cutting Demonstration

The full-scale laser cutting demonstration consisted of three different operations:(1)

part handling, (2) laser cutting using a robotic manipulator, and (3) scrap removal.

Part Handling

A track mounted cart supporting the converter shell could be independently moved
in and out of the work area using remote control. Fof the demonstration, the converter
shell was placed on the cart mounted indexing rollers and moved into the lightproof
room.

Laser Cutting Using Robotic Manipulator

Laser power, assist gas, and cutting speeds were optimized during previous cutting
trials on stainless steel, carbon steel of varying thicknesses, and aluminum.

Laser cutting head motions were directed by the PLC, which allowed the operator to
move the robotic arm over the full converter shell surface. Using the robotic arm to move
the cutting head, operators made axial cuts along the converter shell. Circumferential
cuts were made by rotating the converter shell on the remotely controlled turntable.

The automated Iaser-cutting system removed 30-cm by 30-cm sections of the
converter shell. Cutting parameters included a laser power level of 1.8 kW, oxygen assist
gas, and a cutting speed of 76 cm/min. The auto-focus enhancement of the laser cutting
head improved cutting performance by controlling the cutting head standoff distance.

A photo of the cutting operation is shown in figure 3.2.3.
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Figure 3.2.3 Laser cutting

Most of the laser cutting was performed using a continuous-wave (CW) laser beam.
An exception was aluminum. To cut aluminum, the laser beam had to be delivered in a
square wave, pulsed mode. Since aluminum cutting required higher laser power than
steel, more instantaneous power was delivered to the cutting site using a pulsed beam.
Drawbacks were that the pulsed-beam cutting was uneven. Also, the cutting speed was
slower. This was expected due to the reflective properties of aluminum.
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Additional laser cutting tests were performed at MSC to investigate the ability of the

remote laser system to cut other materials. Results are summarized in Table 3.2.4

Table 3.2.4 Comparativeresults of laser-cuttingexperimentsand demonstration.

Carbon steel and stainless steel followed the same performance curve. Steels at l/2-
inch or less were cut at speeds around 30-inches per minute, which rivals the speed of
plasma cutting. The speed is drastically reduced, however, when cutting aluminum or 1-
inch thick carbon steels. Aluminum 1/8 inch thick was cut at 1 inch per minute at 1500
watts square wave and 1-in thick carbon steel was cut at 3 inches per min at 1900 watts.
The l-inch per minute and 3-inches per minute cutting speeds for these materials are too
slow to be feasible for size reducing these types of scrap metals in a production mode.

Scrap Removal

The adapted procedures of keeping the laser head pointing downward and restricting
the cutting head motion limited the laser beam to linear travel. Therefore, this method
allowed the sectioned pieces of the converter shell to drop directly into a waste box when
a cut was complete. To eliminate manual handling, a conveyor stand was indexed into the
opposite end of the shell and a monorail box was positioned so that the RSM could be
removed using remote controls.



3.2.13 Results of MSC’S Experiments and Demonstration

There were two notable differences between the cutting performance in the ETEC
demonstration and the performance in the demonstration at MSC. First, the amount of
airborne contaminate generated at ETEC was much greater than the amount generated at
MSC; therefore, the airborne contaminate was more easily managed at MSC. This
appears to be a function of the thickness of the material being cut. This relationship was
observed in subsequent bench-scale tests as well.

Second, the maintenance requirements for the focusing head were greater at MSC.
Frequent cleaning was necessary to remove the deposited airborne debris. Focus head
cleaning was not required for any of the other cutting tests. The difference was attributed
to the location of the cutting head (directly above the cutting site) in conjunction with the
increased amount of cutting performed. This problem was minimized by installing a
protective glass plate in front of the focusing lens and directing a dry-nitrogen purge gas
through the auto-focus head to blow airborne debris away from the lens assembly. Those
two changes reduced maintenance requirements significantly.

Preliminary cuts with the laser were successful. Continued optimization of cutting
parameters, such as cutting speed, assist gas pressures, and laser power levels allowed
MSC’S full-scale laser cutting demonstration to be successful. The 5 foot diameter carbon
steel converter shell was size reduced at 1800 watts, at 10 psi oxygen, and at a speed of
10 to 30 inches per minute. The resulting pieces (measuring about 1 ft2) were captured in
the monorail box. As anticipated, the use of the monorail box (the standard scrap metal
handling box in MSC’S recycling facility) prevented double handling of the size-reduced
pieces.

Kerf for plasma-arc cutting was compared to the kerf for laser cutting. The average
plasma kerf measured O.125-inches while the laser kerf measured 0.035 inches for the
l/2-inch thick material. The laser’s smaller kerf will result in savings due to the reduction
of slag and the change out of HEPA filters

3.2.14 Additional Bench-Scale Testing
The ETEC and MSC laser-cutting demonstrations identified a number of areas

where additional laser cutting information would be beneficial for future applications. A
supplemental series of laboratory bench-scale tests was performed at EWI (under contract
to ETEC) to investigate:

0 the quantity of airborne particulate generated during laser cutting,
● the maximum cutting speeds for cutting various thickness of steel pipe, and
“ the maximum thickness of steel plate that could be cut with a 3-kW, off-the-shelf

Nd:YAG laser using fiberoptic beam delivery.
The results are shown in appendix 3.2.

3.2.15 Conclusions
All test results from the laser-cutting research are being examined to determine the

cost-effectiveness of using lasers to reduce the size of the hundreds of converter shells
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and other RSM from the ETTP three-building D&D project. The demonstration provided
the MSC team with abetter understanding of the risks involved in laser cutting operations
and pointed out the safety measures that must be adhered to when using laser
technologies. Other specific challenges drawn from the demonstration include the
following:

c The fiber optic cable is delicate and it incurs high maintenance costs
“ Using automated equipment with lasers requires extensive programming
“ Using an auto-focus head requires regular cleaning
“ A considerable amount of time is needed when troubleshooting the entire system

In spite of these drawbacks, MSC’S demonstration confirmed that a laser and robotic
manipulator could be used to effectively and safely cut converter shells into pieces
manageable for automated processing while minimizing radioactive and chemical
exposure to personnel. The series of tests described here demonstrate that the Nd:YAG
laser can cut both thin and thick components, can be operated under various degrees of
remote operation and automation, and can cut up to 1/2 inch-thick steel at high linear
cutting rates.

The ETEC demonstration showed the potential for cost savings using re’mote laser
cutting. The MSC demonstration extended the application to thick materials using
automated robotics. Subsequent bench scales tests provided fimher data on cutting
capabilities using off-the-shelf laser systems. These various tests and demonstrations
provided data useful for establishing operating parameters for production cutting. Test
and demonstration data also provided important knowledge that could be directly applied
to a production environment.

The relatively expensive laser hardware makes other technologies initially more cost
effective for small-scale applications. However, reductions in personnel exposures and
minimal maintenance requirements may override cost considerations in hazardous
environment applications.

In summary, the successful series of lab and field-deployment tests and
demonstrations confirms that current, off the shelf, laser technologies with remote
fiberoptic beam delivery systems can be used effectively for automating material or
component size reduction in D&D applications.

3.2.16 Path Forward
The project scope for the three-building D&D activities at the ETTP site includes

size reduction, decontamination (where required), and disposition of over 126,000 tons of
metals and over 1500 converter shells. Lasers should be further evaluated for possible use
in this D&D work. High initial capital costs have inhibited their use to date. Also, newly
installed equipment in MSC’S recycling facility will handle larger components. This
increases the size of components that can be accepted into automated cleaning facilities
and reduces the need for size reduction activities.
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3.3.1

3.3 Develop

Background

and Fabricate a New Product from RSM

Recycling contaminated scrap metal saves space from disposal of scrap metals and
minimizes the need for non contaminated metals to be used in the nuclear industry where
they could become contaminated.

3.3.2 History of RSM Products

MSC has supported DOE in the recycle of contaminated scrap metals. Examples of
past products are shown below:

Savannah River – Converted stainless steel piping, ductwork, slug buckets, and heat
exchanger parts to over 1,000 stainless steel drums, 55 & 85 gallon size. This contract
also included the fabrication of stainless steel boxes and closed head sanitary drums.

Oak Ridge - Converted over 1,000,000 pounds of metal into useful products
including over 1,000 carbon steel B-25 boxes, carbon steel drums, stainless steel drums
and specialty containers. Also, utilized lead from ORNL and INEL to make stainless
steel clad, lead shielded overpack containers for storage and transportation of high level
RH-TRU waste from INEL.

Idaho National Engineering Labs – Fabricated 12 shielded boxes for storage of U-
233 contained in drums. Each box recycled over 8,000 pounds of contaminated lead.

3.3.3 Detailed analysis of DWPF specification

MSC examined the prospect of producing a finished DWPF canister at it’s current
facilities. The conclusion was to compete for the long term supply of DWPF canisters a
facility and infrastructure would have to be built that would look substantially like that
which is available in commercial industry (an integrated steel mill coupled with an
ASME code fabrication shop). The driving force and funding for such a facility is not
available.

Economies of scale and high demand for stainless steel products drove the cost of
austenitic stainless steel plate to a little over a doller per pound. This cost is primarily in
the raw materials, not labor. Scrap conditioning, melting furnaces, continuous casters,
reheating furnaces, rolling mills, material handling assets, and pickling lines are all
designed to reduce the man hours and increase the throughput. Typical throughput is
between 1,200,000 to 1,600,000 tons per year. Steel plate in industry requires less than
one man hour per ton in a fully tooled, highly integrated steel mill, and a yield from liquid
metal to finished plate is in excess of 90910.

>
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ASME certified fabrication shops typical of industry today, are equipped with the
appropriate tools and retain the quality infrastructure to meet the requirements of a DWPF
canister. Tools such as material handling assets, three rolI benders, weld fixturing, and
inspection tooling needed to make pressure vessels of all sizes are in place within
commercial industry. A quality assurance program commensurate with the needs of the

DWPF canisters, which include a certified weld inspector and appropriate NDE
equipment as well as ASME code protocol, are in place in commercial shops.

MSC is a low volume specialty melting shop, geared to environmental compliance
within a radioactive contol area. The melting machine at MSC, a 6 metric ton Vacuum

Induction Degassing and Pouring (VIDP) furnace is capable, with slight modifications, of
producing the liquid, high quality steel, but the rest of the facility is not geared for the
needs of DWPF. Static cast ingots from the VIDP require manual surface conditioning
and have a 60% by weight yield (from cast shape to rollable ingot). The rolIing mill at
MSC is limited in capacity to about 3 foot widths, and is designed as a nonferrous rolling

mill with comparatively low torque output. This limitation causes a need for alternative
DWPF designs, that utilize small plate sizes. After hot-rolling, the plate must be pickled
to remove rolling scale. The descaling line at MSC is labor intensive and has limited
throughput. Steel plate requires about 24 manhours per ton to produce. Coupled with
low material yields, waste liabilities, and rolling mill constraints, plate production cannot
be cost competitive with clean metal production.

The fabrication process at MSC is not commensurate with ASME code shop. The
material handling assets, three roll bender, weld fixturing, and inspection cannot make the
commercial industry design DWPF. The infrastructure to accomplish such a highly
specialized container is not in place. That infrastructure includes the QA program and
trained and qualified people to become an ASME code shop.

MSC aIone, cannot make the investment to tool its existing plant to accomplish the
task of producing cost effective DWPF canisters. A duplication of an existing
commercial industrial base inside a radiation control area would be required. A
feasibility study was performed by MSC in 1994 to determine the cost of a production
steel facility inside a radiation control boundary. The cost was $140 M.

MSC does not see DWPF as a viable candidate for an RSM product line. Investment
by MSC in this concept would not be financially responsible at this time. It is our
estimation that the cost to produce the DWPF canister and be competitive within 25% of
current canister costs is not feasible.

3.3.4 Products made from RSM

Fundamentally, a product made from RSM should include some or all of the
following traits:

. Contain a large volume of RSM
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● Not designed for efficient use of material (no need to design for minimization of
metals used)

● Minimize processing steps

. Compete as a substitute for, not as a replica of, non-contaminated products

Candidate products requiring sophisticated machining and testing, with low material
utilization, have much less chance of ever being successfully deployed. MSC has, and
will continue to work with the Metals Recycling group within DOE to determine good
candidates for products made from RSM. See the concept paper titled “MSC Recycled
Contaminated Metals” in appendix 3.3.

In a letter to FETC in February, 1998, MSC requested to modify the scope and
redistribute costs to supporT electro-refining and anode preparation activities. The results
of these efforts are shown in the full scale electro-refining and melting sections of this
report.
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3.4 Refinement of Methods to Quantify Isotopic Elements

3.4.1 Executive Summary

Phase II efforts narrowed the field of characterization procedures to four that showed the
most promise for determining the amount of technetium present in a bulk contaminated metal.
The technologies were I.nductiveIy Coupled Plasma Mass Spectrometer (ICP Mass Spec),
Tennelec LB5 100 (Low level alpha/beta counting), liquid scintillation, and EMPOREm rad
disks. During Phase III, the investigation of these technologies used to quantify 99Tc contained
in a bulk contaminated nickel matrix continued.
MSC’S technical staff and laboratory technicians determined that liquid scintillation with random
verification using ICP mass spec would be the preferred method for radiological detection. It
was also decided that the ICP mass spec was the preferred method to provide information of
metals concentration. Listed below are the results of the various techniques performed.

3.4.2 Electrorefining Sampling

All samples analyzed for 99Tc by the various techniques were nickel shavings obtained by
drilling’through a nickel cathode. Immediately after being drilled from the cathode, each set of
nickel shavings was allowed to cool, sealed in a plastic bag, and labeled with a number
representing the cathode location from which it was drilled. The nickel shavings were stored in
the sealed plastic bags until needed for anal ysis. For each analysis, the appropriate amount of
nickel shavings was weighed out, the weight recorded, and the shavings sealed and transported in
a plastic bag to the designated equipment or facility where the quantitative analysis of the nickel
for 99Tc was performed.
Samples of each cathode produced, anolyte and cathol yte samples were taken during operations.
This method of sampling allowed MSC to closely monitor the process and monitor the process
for pH adjustments or indications of a breach in the cationic membranes.

3.4.3 Statistical Methods

After each analytical technique was employed, results were collected and analyzed using
standard statistical methods. Data obtained with each analytical technique were evrduated for
normality using the Kolmogorov-Smimov test and verified by an independent analytical lab.
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3.4.4 EMPOREm Radiation Filter Disks

A technetium-specific ligand contained in the filter traps the technetium on the”surface of
the disk as a liquid sample is passed through the filter. Three liquid samples were prepared by
dissolving the nickel shavings in nitric acid.

After dissolution of the nickel, hydrochloric acid was added to prevent precipitation of
iron compounds. Each solution was diluted to a 500 ml final volume and filtered two times
through a purchased EMPORETM radiation filter disk. The filters were dried in a laboratory oven

for 15 minutes at 50°C. The radioactivity trapped on the filters was counted using an LB-5 100
alpha beta counter. The LB-5 100 is a gas flow proportional charged particle detector that uses an
argon-methane atmosphere to detect both alpha and beta particles. The results are presented
below.

Results

‘9Tc measurements obtained by Manufacturing Sciences Corporation
using EMPORE radiation filter disks and an LB-51OO gross

alpha beta counter
Sample Results Results Results

design~tion (decays/rein) (pCi/g) (Bq/g)

1 77.90 11.7 0.43

4 40.84 6.1 0.23

5 59.37 8.9 0.33

‘Each sample contained 3.0 g of nickel shavings.

Results from application of statistical tests
to the measurements reported by

Manufacturing Sciences Corporation
Mean 8.9 pCi/g

(0.33 Bq/g)
Standard deviation 2.8 pCi/g

Standard error of the mean I 1.6 pCi/g
(0.06 Ba/~> I

Probability that data is
0.654

normally distributed

The Kolmogorov-Smirnov test for normality is passed by this data. The probability of
0.654 is well above the 0.200 cutoff value.

Even though the results pass the test for normality, the results appear lower than those
presented by other methods, investigation into other techniques for verification was pursued.
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3.4.5 Liquid Scintillation Counting

Phase III continued the investigation of liquid scintillation counting that was initiated in
Phase II. During Phase II, some results for the amounts of 99Tc detected in the metal samples
were variable using scintillation counting. This variability was attributed to the loss of some
99Tc during the hydroxide precipitation of the metal prior to an Eichrom column separation

performed before the actual scintillation counting. These inconsistencies in the amounts of 99Tc
detected using scintillation counting prompted examination of the entire procedure entailed in
employing this technique to quantify 99Tc in a metal matrix. One of the procedures used in the
Phase II investigation of liquid scintillation counting is actually a two-part process, a
combination of counting and separation techniques. “

Typically for the counting process of the liquid scintillation technique, a sample is
prepared by dissolving in an acid. One to two milliliters of this solution is added to 15 or 20 ml
of a scintillation cocktail in a plastic vial. The vial is then placed between two photomultiplier
tubes (PMTs). The radioactive decay of 99Tc produces a beta particle which deposits energy in a
“molecule of the scintillation cocktail. When the excited molecule returns to a lower energy state,
it emits a flash of light. The PMT detects the light flash and turns the signal into an electric
pulse. If a flash is seen by both PMTs, located on either side of the sample, it is recorded as a
count. However, if a pulse is read from only one of the PMTs, the signal is considered as
electronic noise and is not counted. Reducing the noise signal allows this technology to
successful] y count radioactivity levels to near background levels.

The separation of the nickel from the 99Tc is necessary to ensure that the 99Tc is present
in the sample at concentrations sufficient to produce an activity level significantly above the
background. However, as demonstrated in Phase III, the separation of the nickel from the 99Tc
must be accom Iished without loss of 99Tc in order for the count to yield an accurate measure of

!the quantity of 9Tc.
In Phase III, two independent investigations of liquid scintillation counting were

conducted, both utilizing solid phase extraction to separate the nickel matrix from the 99Tc. The
organizations contracted to perform the analyses were Thermo NUtech and Analytical Services
Organization of Lockheed Martin Energy Systems of Oak Ridge. Both of these evaluations
proved that the results from”the MSC analytical lab were accurate methods of detection.

Measurements bv Thermo NUtech

Batch 1. Four samples of 99Tc-contaminated nickel shavings were given to Thermo
NUtech for analysis. There were two samples from each of two locations on cathode #3. Each
sample contained about 10 g of nickel shavings. The shavings were digested in nitric acid at a
low temperature (not specified). The 99Tc was extracted using Eichrom TCSO1 modified resin
and the activity was determined using liquid scintillation counting. The results are presented
below.
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I Measurements reported by Thermo NUtech I
on Batch 1

Sample Results Emor
Minimum

Location (pCi/g) (pCi/g)
detectable activity

(pCi/g)

3
3.20 1.22 1.92

(O.118 Bq/g) (0.045 Bq/g) (0.071 Bq/g)

3
2.14 1.20 1.95

(0.079 Bq/g) (0.044 Bq/g) (0.072 Bq/g)

5
26.50 -1.67 1.69

(0.98 1 Bq/g) (0.062 Bq/g) (0.062 Bq/g)

3
4.90 1.10 1.62

(0.181 Bq/g) ~ (0.041 Bq/g) (0.060 Bq/g)

5
2.23 1.05 1.69

(0.083 Bq/g) (0.039 Bq/g) (0.062 Bq/g)

Results from application of statistical tests to the
measurements reported by Thermo NUtech for Batch 1

Mean
7.794 pCilg

(0.288 Bq/g)

Standard deviation
10.516 pCi /g
(0.389 Bq/g)

Standard error of the mean
4.703 pCi /g

(O.174 Bq/g)

Probability that data is
0.006

normally distributed

With a probability of 0.006, the data fails the Kolmogorov-Smimov test for normality.
The very small probability suggests that there may be a systematic, rather than random, error in
the measurements. Visual inspection of the Batch 1 data in Figure 1 reveals one measurement
near 27 pCi/g (1 Bq/g) and four much smaller values [the mean of the smaller values is 3.2 pCi/g
(O.12 Bq/g)]. The most likely systematic error that would produce the observed measurements
would be the loss of 99Tc during sample reparation.

9!
Batch 2. Three 10-g samples of Tc-contaminated nickel shavings were digested in

nitric acid by the laboratory at Manufacturing Sciences Corporation and were sent to Thermo
NUtech for analysis. All three samples were taken from the same location on cathode #3. The
shavings were digested in heated nitric acid as specified by Thermo NUtech. The 99Tc was
extracted by Thermo NUtech using Eichrom TCSO1 modified resin and the activity was
determined using liquid scintillation counting. The results are summarized below.
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Again, the data fails the Kolmogorov-Smimov test for normality. The results suggest that
there may be a systematic, rather than random, error in the measurements. Visual inspection of
the Batch 2 data in Figure 1 reveals three measurement around 27 pCi (1 Bq/g) the mean of the
three measurements is 24.3 pCi/g (0.898 Bq/g)] and one much smaller value. The most likely
systematic error that would produce the observed measurements would be the loss of 99Tc during
sample preparation.

Concerned about the validity of the data, MSC chose to continue research on liquid
scintillation and sample preparation through other resources. Data provided by Therrno NUtech
is provided in Appendix 3.4.

Measurements by Analytical Services Organization

A 10.8 g sample from near the center of nickel cathode #3 was obtained by drilling through
the cathode. The shavings were bagged, labeled, and delivered to the analytical laboratory
contracted to perform the liquid scintillation counting measurements. The Analytical Services
Organization of Lockheed Martin Energy Systems in Oak Ridge, Tennessee was contracted to
make the measurements.

The sample received from Manufacturing Sciences Corporation was reduced in size with
metal cutters to facilitate digestion. For a preliminary investigation, rough] y 0.1 g of samples
were digested in Teflonm beakers that were heated to a low temperature on a hot plate. For the

primary investigation, between 0.25 and 0.5 g of sample was placed in a Teflonm reaction vessel
and digested in an open vessel microwave system using both nitric acid and hydrogen peroxide

to dissolve the sample. The digestion temperature was controlled to 8Ckk0.1‘C. In both the
preliminary and primary investigations, the digested samples were diluted to lM nitric acid and
placed in an automated solid phase extraction column. The radioactivity of the extracted samples
were counted by liquid scintillation techniques.

Recovery of the digested 99Tc‘with a Tevaspec extraction resin in a solid phase extraction
unit was almost quantitative, ranging from approximately 98 to 102%.
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I Measurements Reported by Analytical Services Organization

- Sample Results Error
Minimum

Location (Bq/g) (Bqlg)
detectable activity

(Bq/g)
Preliminary Investigation

2 I 1.15* 0.47 0.53
Primary Investigation

2 1.01 0.21 0.34
2 0.928 0.21 0.34
2 0.884 0.22 0.35
2 0.847 0.22 0.35a

I 2 0.751 0.21 0.35
*Represents the average of 2 sample runs.

Results from application of statistical tests to the
measurements reported by Analytical Services

Organization

Mean 0.884 Bq/g
Standard deviation 0.096 Bq/g
Standard error of the mean 0.043 Ba/Q
Reported mean” 0.88 Bq/g
ReDorted error” 0.49 Ba/~
Probability that data is

0.742
normally distributed

‘Computed result reported by Analytical Services Organization

With a probability of 0.742, the measurements pass the Kolmogorov-Smimov test for
normality. A probability this large indicates that any errors are likely to be random and there is a
large degree of similarity between the distribution of these measurements and a theoretical
normal distribution.

The Analytical Services Organization was requested to develop a liquid scintillation
counting technique for 99Tc that was accurate to 1-2 pCi/g (0.037-0.074 Bq/g). As seen from the
results, this level of detection was not achieved using liquid scintillation counting. The minimum
detectable activity was found to be approximately a factor of nine higher than requested, 0.34

Bq/g = 9 x 0.037 Bq/g (9.2 pCi/g = 9 x 1.0 pCi/g).
Increasing the amount of contaminated nickel metal placed into solution could lower the

minimum detectable activity. Decreasing the minimum detectable activity by a factor of nine,
would involve the temperature-controlled digestion of large masses of nickel metal with large
volumes of nitric acid. Passing even larger diluted volumes through the extraction columns
would involve prohibitively long periods of time. It appears that it is not practical to achieve the
desired 1-2 pCi/g detection limit with liquid scintillation counting.

Although the minimum detectable value was not met, the samples had a relatively
constant value within their analytical uncertainty. There is some fluctuation in the values,
especially if the release limit is around 1 Bq/g. However, at these low levels, this is probably
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“attributable to preparation variables including pipetting errors, transferring errors, and weighing
errors, Using an automated system maximized the precision of the extraction process.

To validate the liquid scintillation counting results, the activity of the sample was
measured by Lockheed Martin Analytical Services Organization using inductively coupled
plasma mass spectroscopy. The result from mass spectroscopy was 1.36 Bq/g with an uncertainty

of 0.04 Bq/g ( 1.36MI.04 Bq/g) and a minimum detectable activity of 0.02 Bq/g. The mass
spectroscopy measurement is in agreement with the liquid scintillation result (0.88M.49 Bq/g)
within the stated errors. The report provided by the Analytical Services Organization is included
in appendix 3.4.

Liquid Scintillation at MSC

When counting a sample in a scintillation cocktail, radiation emissions are converted to light
which are seen by a photomultiplier tube of the detector. If a sample contains quenching agents,
either color or chemical, the counting efficiency of the system is affected.

If disintegrations per minute (DPM) are being calculated, the sample must be checked and
corrected for quench or erroneous results maybe determined. By comparing the spectra and
number of counts in a quenced and unquenched version of the same sample, a quence curve can
be constructed to correct for the loss of activity.

The quench curve correlates the known DPM of a standard to some measured amount of
quenching agent. The curve is generated by countin a series of standard samples, each
containing the same amount of nuclide, in our case 9FTc and varying amounts of quenching
agent, NiN03. The sample containing no quenching agent generates the highest counts, while

“the sample with the most quench generates the lowest counts. The efficiency for each sample is
calculated and the quench curve is plotted as ??oefficiency vs amount of quenching material
added.

Figure 3.4.1 show the quench correction curve generated using 99Tc and varying amounts of
NiN03 (indicated as tSIE – transformed Spectral Index of the External standard - on the x axis)
and the corrected DPM values obtained when using the curve to obtain the number of counts
present.

The corrected values indicate that as much as 2.5 ml of a NiN03 solution at the concentrations to
be used for analyzing the Tc-99 can be added to the cocktail with little or no IOSSin DPM. .

Liquid scintillation at MSC, with random verification by external laboratories has proven to be a
successful method for characterization of low levels of technetium in nickel.
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3.4.6 Bulk Activity

Hww2

Approximation

A bulk activity method was also researched to determine the concentration of 99Tc in
nickel that has been decontaminated. This method would allow a surface survey of nickel to
estimate the activity in the bulk. The activity of 99Tc in the decontaminated nickel cathode was
0.88 + 0.49 Bq/g as measured by liquid scintillation counting. It is desirable, however, to identify
a more rapid, less costly measuring technique for estimating the 99Tc activity in the cathodes.
These estimates, if correlated to the accurate, more rigorous measurements of activity obtained
by liquid scintillation counting, would be a means to approximate the 99Tc activity in each
cathode. Currently, the purpose of this technique would be to establish quick methods to
estimate levels of contamination for internal purposes only. More rigorous approaches, such as
liquid scintillation or ICP Mass Spec, would be required to quantify for potential metals release.

Correlation

A correlation will provide the relationship between the rigorousl y determined bulk
activity and the approximate bulk activity. Determination of the correlation function requires at
least three repeatable liquid scintillation measurements from nickel with significantly different
levels of bulk activity. A measurement of the approximate bulk activity must be obtained for
each of the liquid scintillation measurements. After the data have been collected, the correlation
function may be constructed by curve fitting using either graphical or statistical techniques.

AuProximate Bulk Activity

The approximate bulk activity of the bulk-contaminated nickel was calculated from the
surface activity using the relationship

Abulk= A,Ufi.C./m

where m is the mass of the nickel producing the surface activity. This relationship was developed
from the definition of specific activity. The surface activity is a measurement easily obtained
with readily available surveying instruments. The mass was determined after making the
following assure tions.

r(1) The 9 Tc in the cathode is distributed homogeneously.
(2) The beta particles reaching the surface can be characterized by their average energy.
(3) There is no loss of energy by the beta particles as they pass through the air interface

and probe window that are between the surface of the nickel and the detector.
(4) The beta particles are emitted from a volume of nickel with an assumed surface area

and a thickness that is the linear distance traveled by a beta particle of average
energy.
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Theoretical Basis

The mass of nickel from which the beta particles detected at the siwface are emitted is
given by

mNi= VNj ● pNj
where pNiis the density of nickel (8.8 g/cm3) and VM is the volume of the nickel emitting the
beta particles detected at the surface. The volume is given by

VNi=X~ ● A
where A is the assumed surface area (100 cm2) and xNj is the linear distance traveled by the
negative beta particle emitted by the 99Tc in nickel.

The linear distance xNi is defined as

xNi= R/pNi (Choppin and Rydberg)

where R is the range or density thickness (g/cm*) of the beta particle in nickel. The value of R for

a 99Tc beta particle of average energy (100 keV) is 2.225 x10-2 g/cm2, as given in Table 2. Using
this value for R, the maximum thickness of nickel that a 10O-keV beta will penetrate is

XNj= (2.225 x10-2 g/cm2)/(8.8 g/cm3) = 2.528 x10-3 cms 2.53x10-3 cm.
The volume, VNj, was computed to be

VM =xM. A = (2.53x10-3 cm) . (100 cmz) = 2.53x10-1 cm3.

Using the computed volume and the given density, the mass of nickel from which the
detected beta particles are emitted is

mNi = VNi ● pNi s (2.53x10-1 cm3) o (8.8 g/cm3) = 2.23 g.

Average EnerE Yof Beta Particles

Beta decay events do not produce beta particles with a unique energy. Rather, because the
available decay energy is shared with the nucleus, the beta particles emerging from beta decay
events have a continuous range of energies from the maximum down to zero. The negative beta
particles (electrons) emitted in the decay of 99Tc have a maximum energy of 292 keV,
approximately 300 keV, cited in iVuclides and Isotopes, 14[hedition.

Choppin and Rydberg gives the following approximation for a typical beta decay: the
average energy of a beta particle is equal to 1/3 the maximum energy. For 99Tc, the average beta
particle energy is assumed to be 1/3 of 300 keV, or 100 keV. This average energy was used as
the basis for determining the penetration distance of the beta particles and the mass of nickel
from which the beta particles are emitted.

Range of Beta Particles in Nickel

There are no readily available tabulated values for R in nickel. There are, however,
tabulated values of R for other elements, including copper which has a density approximately

equal to that of nickel (pcu = 8.96 g/cm3, pNi = 8.8 g/cm3). For this approximation, it is assumed
that RCU= RNi.

The variation of R with the energy of the beta particles in copper is given in Table 1.
These tabulated values of R were computed using the continuous slowing down approximation
(CSDA). Because the CSDA models the slowing down of the beta in terms of the number of
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interactions with atomic electron clouds, materials of approximately equal densities would be

expected to have roughly equivalent values for R, justifying the assumption that Rcus RNi.

Table 1. Range and computed penetration distance
of beta particles in copper

Material Energy Density Range Penetration
(keV) Distance

(g/~m3) (~~m2) X=wp

I (cm)

Copper 300 8.96 1.26E-01 0.014096

Copper 100 8.96 2.23E-02 0.002483

Copper 90 8.96 1.87E-02 0.002085
Copper s 80 8.96 1.54E-02 0.001713

Source: ICRU Report 37, Range of Beta$Particles
and Positrons, International Commission on Radioactive
Units and Measurements, Volume 37

Linear Distance Traveled by the Beta Particles

The linear distance traveled by the beta particles through the nickel is given by XMs Rcu/pN,
also referred to as the penetration distance. Table 2 shows the values for the penetration, XN, that
would result if the range of beta particles in copper were used to determine the penetration of
beta particles in nickel. Figure 1 shows the linear penetration as a function of energy from 0.1-4
MeV for materials ranging in density from air to lead.

Table 2. Computed penetration of beta particles in nickel
using range values for copper

I Material I Energy I Density I Range IPenetration
(keV)

(g/~m3) (@~m2) IDistance
x=Iup

I (cm)

Use copper range vaIues for nickel
Nickel 300 8.8 1.263E-01 0.014352

Nickel 100 8.8 2.225E-02 0.002528

Nickel 90 8.8 1.868E-02 0.002123

Nickel 80 8.8 1.535E-02 0.001744

Source: ICRU Report 37, Range of Beta Particles
and Positrons, International Commission on Radioactive
Units and Measurements, Volume 37
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Instrumentation, Surface Activity Measurements, and Statistical Analyses

A Ludlum Model 4389 alphrlbeta plastic scintillation probe with a Ludlum Model 2224
scalar was chosen to test the 99Tc in the cathode to calculate the approximate bulk activity. The
area of the probe is 100 cmz; the density thickness of the probe window is 1.2 mg/cm2. The probe
efficiency is 9.4% for beta particles and 17.0% for alpha particles. The area of each measured
location on the cathode is greater than 100 cmz. When the alphalbeta scintillation probe is placed
in contact with the cathode, the entire active area of the probe is filled. Data collected during
these tests and the cofiesponding statistical analysis are provided in Appendix 3.4.

The average surface activity of cathode #3 may be calculated from the Set 1 measurements by
subtracting the mean background count rate from the mean combined count rate and converting

I to Becquerels.
(

( )( )( )[A = (438.3 *24.3)-(427.2 i41.0) counts ‘~~~~~~~~~s ~ disint~g!ations
minute .

sec

A=l.97~0.30 Bq~2.0*0.3Bq

The average bulk activity of cathode #3 is found by dividing the measured surface activity by the
mass of the emitting layer, 2.23g.

(1.97 +0.30Bq) Bq Bq
Abulk ,cathode *3 =

=0.883 k0.13— s0.88+0.13—
2.23g g g

Using measurements from set 2, the average surface activity of cathode #3 maybe crdculated.

(A = (183.25 t15.61)- (170.0 *17.4) counts
minute )(d:;::::::s)(%)[ disint:iations]

sec

A =2.35 k0.44 Bq s2.4f0.4Bq

The average bulk activity of cathode #3 resulting from Set 2 measurements is computed by
dividing the average surface activity by the mass of the emitting layer, 2.23g.

(2.35 *0.44Bq) Bq Bq
Abulk .cuthmlc 83 = = 1.054+0.197—= _l.05+0.20—

2.23g g g
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Additional measurements were taken (sets 3-5) but were unusable due to inconsistencies
that indicated an equipment malfunction. This data is shown in appendix 3.4.

Higher Activity Level

A comelation between the approximate bulk activity of 99Tc-contaminated nickel and
liquid scintillation bulk activity requires activity measurements at several levels. The surface
activity of cathode #3 is near the background activity. To produce the desired correlation
between the approximate bulk activity and the rigorousl determined bulk activity, it is necessary

Yto measure the activity of samples with higher levels of “9Tcthan those measured in cathode #3.
A piece of 99Tc-contaminated nickel barrier was measured that had higher surface activity than
the decontaminated nickel. Additionally, the surface activity of a piece of decontaminated

I nickel, which had been removed from cathode #3, was measured with the alpha-beta scintillation
detector.

The probe used for these measurements was 7.5 cm by 16.5 cm, 123.75 cmz. The
contaminated barrier nickel was roughly 8.5 cm by 9.8 cm, 83.3 cm2, and the piece from cathode
#3 was approximately a 10.2 cm square, 104.0 cm2. The change in probes requires a change in
the mass from which the beta particles are assumed to emerge. These corrections are 83.3’% for
the barrier nickel and 104.0% for cathode #3. The detailed measurements are shown in appendix
3.4. A summary is shown below.

Statistical analysis of measurements of beta particle
emissions from barrier nickel and cathode #3

with an alr)ha/beta scintillation r)robe

Sample Mean
Standard Standard error

location (counts/rein)
deviation of the mean

(counts/rein) (counts/rein)
Barrier nickel 1970.3 39.64 12.54

Cathode #3 322.9 17.19 5.44
I (removed Diece) I I I I
1 Background 298.7 22.54 7.13

The average surface activity of nickel barrier may be calculated from the measurements
and converted to Becquerels. The average bulk activity of the barrier nickel is then calculated by
dividing the average surface activity by the mass of the emitting layer, 2.23g with the appropriate
geometry correction.

(296.38 f18.3513q) =15955 f988Bq=1596+99Bq
Abulk .burmr nu’kcl =

(0.833 x2.23g) “ “ ~- ‘ - “ T

Similarly, the bulk activity of cathode #3 is found to be

(4.29 +0.55 Bq)=185f074 Bq=19i02Bq
Abulk.Lu!ht)dr g] =

(1.040 x2.23g) “ “- y- “ “ g
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Alternate System

The continued difficulties encountered during sets 3-5 measurements prompted a change
in the instrumentation. The Ludlum Model 2200 scaler was retained, but the alphrdbeta
scintillation probe was replaced with a shielded Geiger-Miiller tube. The area of the probe is 15
cmz. This is much smaller than the area of the previously used probe, 100 cm2.

The efficiency of this new system was determined using a 99Tc source of known activity.

The source activity is 13,200 decays/rein into 47csteradians. Based on two 10-min counts of the
99Tc source, the average count rate of the source is 1809.5il 1.0 counts/rein.

The average background was determined from two 900-min counts to be
30,934.5 counts/900 min with a standard deviation of 195.9 counts/900 min and a standard error

I of the mean equal to 138.5 counts/900 min. This produces a background count rate equal to
34.37A0.22 counts/rein.

Correcting the 99Tc source average count rate, 1809.5 counts/rein, for the background
count rate, 34.37 counts/rein, gives 1775.1 net counts/rein. Dividing the corrected count rate by
the known activity of the source gives the efficiency of the detection system

[)
counts

1775.1—
E=

min X100 =13.45%
counts

13,200~

Detailed measurements taken with the shielded Geiger-Muller tube are shown in Appendix 3.4.
A summary of the data is shown below.

Statistical analysis of measurements of beta particle
emissions from barrier nickel and cathode #3
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Sample Mean
Standard Standard error

location Total counts
deviation of the mean
(counts) (counts)

Nickel barrier 34,521.5 276.59 138.30

Cathode #3
(removed piece)

2148.5 55.51 27.76

Cathode #3
(Iocatibn lB)

2082.3 60.18 34.74

The average surface activity of the nickel barrier maybe calculated and converted to
Becquerels.



((34,521.5*27659
A=

60 )
-(34.37 fo.’22) count’

minute )(::;:::::::l(s)[disint::ations]
sec

A =67.04 k0.54 Bq ~ 67.0 ?0.5 Bq

The average bulk activity of the barrier nickel is then calculated by dividing the average
surface activity by the mass of the emitting layer, 2.23g with the appropriate geometry
correction.

(67.04 f054Bq) ~ Bq Bq
Abulk ,burricr nickel = =200.30 ~1.61 —~200.3+l.6—

(o.15x2.23g) g g

The average bulk activity of cathode #3 at location lB and the excised piece of cathode
#3 can be determined in a similar manner.

(0.042 t0.001513q) =0124 +Ooo4Bq _o.12to.ol Bq
Abulk ,cuthodt #3(locurion 1B) =

(o.15x2.23g) “ - “ ;= T

(0.178 i0.015Bq) =0533 +oo45Bq Bq
Abulk.cathodc #t3(rcmovcd piccc)= —zo53ko.05—

(o.15x2.23g) - “ g g

The bulk activity of cathode #3 at location 1B is rather low. Computationally, this was
caused by the one low count that substantially lowered the average count rate. Additional
sampling could produce results for location 1B that are closer to the bulk activity computed for
the removed piece of cathode #3.

Results

To determine if surface measurements of 99Tc activity could be related to bulk
contamination, measurements were obtained using two surface activity measuring probes: an
alphdbeta plastic scintillator and a shielded Geiger-Mtiller tube. In total 10 sets of
measurements were collected. Eight sets of data were collected from samples of decontaminated
nickel (cathode #3), and two sets of data were collected from nickel barrier that had not been
decontaminated. Three of the sets of measurements of the surface activity of the decontaminated
nickel were unusable. The data are presented in the following section.

Measurements of the surface activity of the barrier nickel were performed with an
alphaheta plastic scintillator and a shielded Geiger-Miiller tube. one data set was collected with
each detector. The bulk activities of the barrier nickel were calculated from the surface activities
using the method described in the Approximate Bulk Activity section. The computed bulk
activities are as follows:

alpha/beta plastic scintillator 159.6*9.9 Bq/g and

shielded Geiger-Miiller tube 200.3~1 .6 Bq/g.

For five sets of measurements of the surface activity of decontaminated nickel, the bulk
activity of 99Tc was computed. Three sets of measurements were obtained using an alphalbeta

76



., .

scintillation probe and two sets of measurements were obtained using a shielded Geiger-Mi.iller
tube. The bulk activities are given in Table 3.

Table 3. Computed bulk activity of decontaminated nickel

Probe type I Bulk activity
(B5/Pl

1 0

alphdbeta pkistic scintillator 0.88~:14

alphdbeta plastic scintillator 1.05M3.20

alphdbeta plastic scintillator 1.85A0.24

shielded Geiger-Miiller tube . 0. 12i0.ol

shielded Geiger-Miiller tube o.53i0.05

} The average of the computed bulk activities for the decontaminated nickel is 0.89 Bq/g.
This compares well with the average of independently obtained liquid scintillation measurements

of the decontaminated nickel, 0.88M149B@g.

A further study was conducted in the MSC lab in July 1998. A nickel cathode from early trials
of the full scale electrorefining cell were sectioned in nine equal portions. Sections were counted
using a Ludlum 2224 with a alphdbeta scintillation detector. The counted section was marked
and a 100 cmz area cut from the quadrant and cut into small pieces. Twenty ml of HN03 was
added to the samples and heated until dissolved. Water was added and the solution evaporated
down to 15 ml at 60 degrees C to reduce the nitric acid concentration. The sample was

-quantitatively rinsed into a 100 ml volumetric flask and diluted to 100 ml with distilled water.
One ml of the solution was removed and added to 12 ml of liquid scintillation cocktail and
counted for 100 minutes in the Packard 2700 TR counter. Sample A was taken from the front
starter sheet from the mother blank and Sample B was taken from the back side. Sample A
averaged 5.69 Bq/g using liquid scintillation and Sample B averaged 4.46 Bq/g. Using the 2224

) alphal beta scintillator, Sample A averaged 0.37 Bq/g and sample B averaged 4.66 Bq/g
indicating that the results are not close enough to rely on a surface measurement solely for
determination of bulk isotopic content of nickel volumetrically contaminated with technetium.
Details of this study are shown in Appendix 3.4.

The results of these studies, obtained with an alpha-beta plastic scintillation detection system,
demonstrate the feasibility of using this surface technique only for screening for bulk activity.
More rigorous detection methods, such as liquid scintillation are required for reliable isotopic
measurements.

3.4.7 Sampling During Electrorefining Operations

Details of results obtained during operation of the one full scale electrorefining cell are shown in
section 3.1 (Full-scale electrorefining). Examples of laboratory results are shown in appendix
3.4.
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Conclusions

. Electro-refining technology developed in this project has demonstrated the capability,
on a fill scale, to remove technetium from diffision plant nickel barrier to 1-2 Bq/g.

. Direct dissolution has proven promising on a lab scale but requires additional
research for scale up activities.

. An automated NdYAG laser cutting system is capable of size reducing a % inch thick
converter shell from the gaseous diffusion plant. High initial capital costs have
prevented its fhrther use in decommissioning activities at MSC.

. Liquid Scintillation is the method of choice for quantif@g low levels of technetium
in nickel verified on a random basis by Inductively Coupled Plasma Mass
Spectrometer.

. Detailed evaluation of the DWPF product specification revealed that the cost to
produce the DWPF canister from RSM at MSC’S facility and be competitive within
25’%0of current canister costs is not feasible at this time.
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Watts Solution for Electro-refining of Nickel
Specifications and Costs

\

Information was collected to determine specifications and costs of the chemical

componenfi for a Wati solution to be Used in the electio-r-g process to recover
ficlcel from barrier nickel contaminated with WC. The findings support the foI.lowing

recornmendatiom.

(1) me proposed concentrations of chemical components for the initial make-up of the

watts solution ~e 40 oZ/g~ Niso4-6H20 (ni~el ~~te h~~y~ate)~ 8 OZ/@
NiCl~6Hz0 (nickel chloride-hexahyd.rate), and 6 oz/gal HzBa (boric add).

(2) The nickel salts used in the preparation of the Watts solution should be purchased in the

) form of concentrated liquids rather than crystalline solids.
I

(3) NickeI salk+ of tie highest purity available in liquid form should be used to prepare the
WaW solution.

(4) southeastern Chemical, Jnc. of Chattanooga, Tennessee is the preferred vendor to supply
concentrated liquid nickel salts of high pti~.

)

Concentrations. The recommended concentrations of nickeI saIts and boric add are the Dremco
ideal concerdration.s shown (boMfaced) in Table 1. These concentrations are witi tie range of
other reference values given in the table. The concentrations suggested by Lockwood Greene
are not recommended due to the low level of chlorides. A higher concentration of chloride ions
generally results in more rapid corrosion of the anode. Increasing tie rate of anode corrosion
results in more nickel ions motig into the solution per unit tie. This will allow tie overall
movement of nickel ions from anode to cathode to occur at a faster rate, assuming that all other
system parameters are optimal.

Note that these concentrations are recommended as starting points in the optimization process.

)
It will be necessary ,to fine tune the recommended concentrations to achieve optimal
concentrations of the chemical components for the Watts solution as other operating
parameters are optimized.

~

Having established the concentrations of nickeI sulfate, nickeI chloride, and boric aad for the(
initial make up of the Watts solution, calculations (Attachment A) were performed to determine
the amounts of components required to achieve the established concentrations. Specification
sheets (Attachment B) provided information necessq for the calculations. The preparation of a
lSOO-gaUon batch of Watts solution having the recommended concentrations requires these

D

components:
Using Crys&dline Solids of Using Concentrated T.iquids
Nickel Salts of Nickel Salts

nickel sulfate 3,750 pounds 746 gallons
nickel chloride 750 pounds 125 gallons
boric aad 563 pounds 563 pOLUldS

DI water 1,190 gallons 580 gallom

D sulfuric acid (pH adjustment) to be determined to be determined
sodium hydroxide to be determined to be determined
(PH adjustment)

Watts solution, March 5, 1998 Page 1
Elizabeth H. Terry



The concentrated liquid nickeI salts contain nickel sulfate at 133 g\L (17.8 oz/gal) and nickel
chloride at 178 g/L (23.5 OZ/ gal) boti as nickel metal. .

Physical states. The nickel salts as hexahydrates may be purchased as crystalline solids or as
concentrated fiquids ~ith the fickel salts in solution. Comparing costs of nickel salts for the
c~sttie sofids and concen~ated hquids (presented in Tables 2 and 3), the solids cost slightly
less than the liquids- The maximum savings in choosing solids over liquids is about $340 for
nickel sulfate and $240 for fickel chloride. These saving are insignificant compared with the
costs associated with handling and mixing solids. Additionally, there is the cost of producing
1,190 gallons of DI water needed to put the crystalline soIids into solution in comparison with
only 580 gallons of DI reqtied With the concentrated liquids. Ml factors considered, liquid
form is the better choice.

Purity. Optimization of the electro-refining process requires that interfering elements be
minimized. Potential sources of interfering eIements are the chemical components of the Watts
solution. By purchasing chemicals of the highest purity available, the minimization of
interfering elements is achieved.

Examination of Tables 4-7 shows that generally the nickel salts in concentrated liquid form
contain fewer impurities than the crystalline solkl.s. Therefore, nickel salts in concentrated
liquid form are a better choice for minimizing interfering elements.

Of the vendors surveyed, Tables 4 and 5 reveal that Southeastern Chemical supplies the highest
purity liquid nickel salts. The concentrations of impurities range from a factor of 5 to an orcler
or magnitude lower for Southeastern’s products as compared to products of Gumm and
VanWaters & Rogers.

After MSC has established criteria for the purity of the nickel product, Southeastern Chemical ,
working with Titan International, the manufacturer of the tickel salts, wiLl attempt to supply
nickel salts that meet MSC’S criteria with no increase in cost. A certificate of analysis indicating
concentrations of contaminants will be provided with each batch.

Suppliers an~ Costs. Direct comparison of the prices shown in Table 3 for a 1>00-gallon batch
is valid becatise the nickel metal concentrations are equivalent (see Attachment C) in each type
of liquid nickel salt sold by all the vendors. Following the reco~endations given in items (l)’-
(4) using prices from Table 3, the total cost of the concentrated liquid nickel salts is $7,372
(including shipment to MSC) if purchased from Southeastern Chemical.

If purchased from Frederick GUM.MChemical, the lowest to~ pfice for the nickel salts is $6,057
(FOB Gastonia, NC), $1,300 less than the price quoted by Southeastern Chemical. Despite the
$1,300 cost difference, Southeastern Chefical is the prefe~ed vendor for these reasons: (1) the
purity of Southeastern’s fickel salts is substantia~y higher ~d (2) G~ was S1OWto respond
to inquiries and appeared disinterested in meeting specific needs.

Of all the vendors contacted, Southeastern che~cal responded the most proznpdy to requests
for specificatio~. Additiona~y, Sou&eastem’s sales st~f demons~ated a thorough knowledge
of chemicals Used for elec~oP1a~g, experience ~ fix~gwattssolutions,art~a willingness k)

provide technical support to MSC.

,

Wans solution, March 5, 1998 Page 2
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Concentrations of Watts Solution
\

.
Table 1. Range of reference Watts solution concentrations

I I Concentrations I

I

)’”

D

Manufacturing S&nces Corporation, November~, 1997. -
BRobfio~ D. J., D~rncO,kc., phoenix, Axizona, facsimile transmission to S.SarteW Manufacturing

SciencesCorporation, January 6,1998.
~ennis, J. K and T.E. SUCL JJi~z ~ ~r~~m p~fing, Zd Edition, ButterwoI@w ~ndont 1986.
DBrugger,R.,NicM Plating, RobertDraper Ltd.,Teddingtom England, 1970.
=raham, A. K.,EZecfropkting Engineerhzg Handbook, 3~ Edition, Van Nostrand Reinhold Company, New

York,1971.

The ide~ concentrations proposed by Dremco, as shown in Table 1, were used to calculate the
quantities of chemicals required to make up a 1300-gallon batch of Watts solution. These ‘
quantities and tie resulting costs are presented in Tables 2 and 3.

To detezmine the total cost for preparing the Wat& solution, costs must be added to those
presented in Tables 2 and 3. These additional costs include the preparation of deionized water
and tie purchase of tic add ~d SO~~ hy~ofide reqfied for PH adjus~~t. .
Preparation of the Watts solution from crystalline nickel compounds would require !
approximately 1,190 gallons of deionized water. Preparation of the Watts solution from liquid
nickel solutions wotild require approximately 580 gallons of deionized water. The quantities of
sdfin-ic aad and sodium hydoxide for PH adj~~ent rn@ be deteed based UPon .
performance of the electro-refining cell. -

D

Watts solution, March 5, 1998
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Watts SoIution
Prices and SuppIiers of Chemicals

\

@Additionalvendor information is found in Attachment D.
bPrice will increase or decrease with the price of nickeI which changes daily.

For pH adjustment
H2=A $0.0865/lb with a $35 &u& deposit (source Roy Flynn on 1/14/98)
NaOH $0.1850/lb with a $35 drum deposit (somce: Roy Flynn on 1/14/98)

Watts solution. March 5, 1998
Elizabeth H. Ten-y
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Watts Solution

Prices and Suppliers of ChernicaIs (continued)
\

Table 3. Liquids+ Ap proximately 580 Gallons of DI Water

Vendop NSOA solution Quantity per batch Costb
($/gallon) (gaI./l5oo gal.)

Frederick Gumm Chemical 6.72 746 $5,013.12 + shipping
(FOB Gastonia, NC)

c.,+hm ct~m ~emic~ 8.18 746 $6,102.28

I
J/a =- L-u I I !$6,714.00 + shipping

(TOB Nashville, TN I.

Vendo~ NiClzsolution Quantity per bati Costb
($/gallon) (# ./1s00 gal.)

Frederick Gumm Chemical 8.35 125 $1,043.75 + shipping
(FOB Gastonia, NC)

Dremco 10.00 125 $1,250.00 + shipping
(FOB Nashville, TN)

I \
—

$1,270.00- isoutheastern Chemical 10.16 125
(includes delivery) I

vanw aters & Rogers 10.50 125 $1s12.50 + shipping
(FOB Rock ~,=) I

I I 1 I
— — ,

%4dditional vendor information is found in Attachment D.

t

b FfiCe @ ~~~e or d~e~e wi~ Ae price of nickel which cknges daily. ,

For pH adjustment
HZSOA $0.0865/lb with a $35 drum deposit (source Roy Flynn on 1/14/98)
NaOH $0.1850/lb with a $35 drum deposit (source: Roy Flynn on 1/14/98)

<

f

Watts solution, March 5, 1998
Elizabeth H. Terry

Page 5
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Watts Solution
\

Table 4. Impurities in Concen@ated Liquid Nickel Sulfate
Suppliers

Values taken from Frederick Gumm Van Waters & Rogers southeastern

specification sheets Manufacturers
in Attachment B Palm” Atotech Titad

cobalt not detected
—

not specified <1 ppm typical

iron 3 ppm max

copper 2 ppm rnax

zinc 1 ppm rnax

chromium 5 ppm max

manganese 1 ppm max

cadmium <1 ppm max

lead <1 ppm max

10 ppm rnax 0.9 ppm measured
< 5ppm typicaI
2 ppm max 0.4 ppm measured
<1 ppm typical
1 ppm max not detected
<1 ppm typical
5 ppm rnax 1.4 ppm measured
<Ippm.
5 ppm max not analyzed
<5 ppm typical
1 ppm rnax 0.2 ppm measured
<1 pprn typicaI

3 ppm xnax not detected
<1 ppm

Table 5. Impurities in Concentrated Liquid Nickel Chloride

I Suppliers
Values tien from Frederick Gumrn Van Wa;e;s & Rogers Southeastern

specification sheets Manufacturers
“inAttachment B I RLln-LQ Atotech Titanb

cobalt 120 ppm rm.x not specified <1 ppm ~ical’

iron
copper

zinc

chromium

manganese
cadmium
lead

10 ppm max 20 ppm typical 0.1 ppm measured
1 ppm rnax 10 ppm max not detected

<10 ppm typical
1 ppm max 10 ppm max 0.1 ppm measuked

<10 ppm typical
10 ppm max 10 ppm max 0.6 ppm measued

<10 ppm typical
not specified not specified not specified -
1 ppm max “ not specified not specified
1 ppm rnax 10 ppm max 0.3 ppm measured

<5ppmty pical
me specificationsfor the concentrated liquids offeredby Dremcoare the same as those obtained from

palm,Fredenck Gumm’smanufacturer. However, DremcoseIls them for a higher price than FrederickGumm (see
Table3).

E~er ~ has ~~b~hed ~tena for fie purity of the fickel product, ~utheastem working with Titan
have agreed to .SUpp]yfickel salts that meetMXS criteriawith no increasein Cost.

-s value does not appear on the Titan specflcation sheek. It was obtained during a telephone
conversation on TuesdaY, Febma~ 24, 1998, with the Titan representative, EllenJansen.

Watts solution, March 5, 1998 Page 6
Elizabeth H. Terry

I
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Watts Solution
\

. TabIe 6. Impurities in CrystaHine SoIid NickeI SuIfate
Suppliers

Values taken from Frederick Gumrn Van Waters & Rogers Southeastern

specification sheets Manufacturers
‘in Attachment B I Palm Atotech OMG

cobalt 150 ppm w not specified 150 ppm max
<10 ppm measured

iron 10 ppm mm 15 ppm max 10 ppm max
10 ppm typical <1 ppm measured

copper 5 ppm max 5 ppm rnax 5 ppm rnax
.- <5 ppm typical <1 ppm measured

zinc 5 ppm max 5 ppm max 5 ppm rnax
‘ 2 ppm typical <1 ppm measured

chromium 10 ppm rnax 1 ppm max 10 ppm max
<1 ppm typical <s ppm measured

manganese 5 ppm rn.ax 3 ppm max not anaIyzed
2 ppm typical

cadmium 1 ppm mm 1 ppm rnax 1 ppm max
<1 ppm typical < I ppm measured

lead 5 ppm max 2 ppm max 1 ppm max
1 ppm typical <lp pm measured

# Table 7. Impurities in GysM1.ine So~d Nickel Chloride
.r suppliers

Values taken from Frederick Gumm Van Waters & Rogers southeastern ,

specification sheets ! Manufacturers
‘inAttachment B I Pahn Atotech Titan

cobalt 200 ppm max 200 ppm max 200 ppm typical
iron 100 ppm max 100 ppm max 100 ppm typical
copper ~ 20 ppm rnax 20 ppm max 20 ppm typical
zinc 20 ppm rnax 20 ppm max 20 ppm typical” ,
Etlromium not specified not specified not specified
manganese not specified not specified not specified
cadmium 50 ppm m.ax 50 ppm max not spe&ed
lead 20 ppm max . 20 ppm rnax 20 ppm typical”

1“”

Watts solution, March 5, 1998
Elizabeth H. Terry

B
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ATTACHMENT A
\

Calculation of Weights/Volumes of Watts SoIution Components

Watts solution, March 5, 1998
Elizabeth H. Teq

. .

Page 8
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- ,tia,u-
1550 E Missouri A= 8te 302. Phoenix AZ 85014

Tel. 602-&8908, Fax 602-234-8909

.*

Fax Tm.nsmlssion

Date 1/6/98 1:30 PM

To: Mr SteveSarten
Manufacturirlg.Science

Phone: 423-481-0455

Fax 423-481-3142 PageS 1 ,
—.

Dear Steve

Subject: SUpply of Watts Nickel Bati Cheti~als

The WattsNkkel batb k comprisedof three principalcomponents,

comnonen~ cone. rmwe ideal con+
N1S04 3242 02/ @ 40 02/ ga.&30L3#
NIC12 6-12 02/ gal 8“ozfgal =@9/]
BoricAcid 6-7 02/ gal 6oz!@z4~j/~

c
For your 1500 gal batch you could purchasethesecomponentsin liquidfow aSfollow: ,

component
NIS04

d
:;00 44/.

N1C12 44(3 $1400 s/o
BoricAcid
Total Cost

m q//tL
< S7400

\

f
The solutionsareavailablein - fob Nashville.

,.
\ 7“

Sincerely,

Dr. Doughs J Robinson
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Watts solution, March 5, 1998
Elizabeth H. Terry
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Price Quotes and Specification Sheets
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Dremco, Itic ‘
S-cd Rudaxts for~~g

1550 E~AK&302-U8W14
Td. 602-234-8~8, Fax 602-2M-8~

Fax Tm.n.srnission

..
s.

Date 116/98 1:30 PM

To: Mr Steve Sawn
Mmuf3cturingScience

Phone 423-481-0455

Fax 423481-3142 PageS 1——

Dear Steve

Subject: Supply of Watts Nickel Bath Chemicals

The WattsNdcel bathis comprisedof threeprinoipaicomponents,

comwmen~ conc mn~e i@aI con%
NMP4 3242 OZ /@ 4ooz/gd

“ N1C12 6-12 Ozl gal 8oz/gai
Boric Acid 6-7 02/ gal 6oz/gai

For your 1500 gal batc~ you could purchase these components in Iiquid foq as follows

component VOL req’d
NS34 @O@ ::0
NIC12 140@ $1400
~OfiC Acid 60b i’b s@2Q

.. Total Cost S74Q0

The sohxtions areawikb[c indruq fib Nashville.
/-

~incerdy,

Dr. Dou@sJ Robinson

.-
..

:aI

f
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Dremco Inci

+
Specia[izeti Products fo; Electrowinning and Electrorefining

17020 N. 32nd Streer, Phoenix Az, 8S032
Tel 602-787-8105, Fax 602-787-8106

Ernaii: dremco@syspac. com
Dr. Douglas J Robinson, President

Fax Transmission From * 602-234-8909’ NO. of pages on t.hk f= =
Janua~ 22, 1998 458p

Libbie Terry
FAX 423-481-3142

Dear Ltbbic, .
..

* Re: Spec Sheek*.
.

Please find attatchcd thc spcc sheets that you rcqucstcd on Bone Acid, Ntckel Sulfate and Nkkcl Chloride.

Sinccrcly,

Dr. Douglas J Robinson

f

#

#

TO”d OTO” ON ZZ:6T 86’22 Ntif

s
(pfzy IJ

:al 6068 bSZZ09

—-... -— —~. . . . . . .... .. ...,. ...... . ... ,.....rT- .,, ,,, <,+, ,., ,,. -~ ,., :.., ,.,,,.. <-....~
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Manufacturing Spbctficatlon for

LIQUID NiCK~L SULFATE

CONCENTWTION: 133.0 to 135.0 g/L (17.8 oz/gal) by weight nickel metal

APPEAWCE: Sparkling clear, dark green Iiquld

CONTAMINANTS: mg/L by weight, maximum

Cobalt
Cadmium
Calcium and Magnesium
Chromium -.

copper
Iron
Lead
Manganese
Zinc
Insoluble matter none detected

none detected
<1
50

5
2
.3

“ ‘:
f

pH: 3.0 to 4.0

SPECIFIC GRAVITfi <.339 to 1.345

METHODS: ASSay by EDTA tltratlon.

Appearance by visuai Inspection.

Metallic contaminants by AA spectr~”photime~ and/or anadlc
polarogrephy..

Sulfides by cathodic pola~qjraphy from.+02 to 1,0 volts.

insoluble matter by fi!tat[on through a NO, 42 Whatmm filter.

1NSPECTION LEVEL: Each production batch.

fvae )$

:aI

\

f

6068t?SZZ09
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CONCEhlTRAT[ON:

APPWRANCE

“ CONTAMINANTS:

Arsenic
Calcium
Cobalt
Iron
Magnesium
Tin
Zinc

pi-t

c/oFREE AC(D:

u
Manufatiuting Speclfimtion for

L~QU\D ‘NICKELCHLORIDE

178 ~ 181~L (23.ili0idg4 mln) by weight nkkel metal.
13.3% minimum as Nlckel+Cobalt (Ni+CO)
6 Ib$/@! as NiW 6W .

Sparkling deaf, dark gteen liquid.

mgll- by weight, maximum

5 Cadmium 1

60 “ Chromium 10

120 Copper 1

10 Lead 1

20 t41trat8s <1 (J

5 Vanadium - 5

1 Insoluble non detected

2.0- 3.0“

<1.0 “ “

SPECIFIC GRAVIW. 1“.330-1.350

METHODS; Assay by EDTA iitmt”mn
Appearan09 by visual inspection
Metallic oontarnlnant.sby Flame AAS zmd/oranodic poiarogmphy
hSd~Jb18S by filtration througha’No. 42 Whabnan filter.

INSPECTION WVEk Each productkm batch

<

bO”d OTO-ON t7Z:6T 86, ZZ NHr :aI

I

. .
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Purchasing Specification for

.. 56?40 BCXk Acid

. . . ,

hem~Proparty Product Specification
. .

B20~, ‘%o 66.3- !56.8
Equivalent H3B03,YO 99.9-100:9
so, ~ -<=450
Cl, ppm <a qfj

I
Iron, ppm <= 6

A CERTIFICATE OF ANALYSIS MUST ACCC3MPANY EACH SHiPMENT. ‘
.. . .

ZO. d OTO. ON 2Z:61 86(ZZ NtJf’ :aI

a.. 20
@J

6068 D$ZZ09



. Jap.-14- 98 02:24P Gumm chemical Co NC
1 704 S66 9006

FREDERICKGUMM CHEiUIC4LC0.,IhTC
2098 CHESPAR.K DRWE

GASTOAW, NORTH CAROLINA 28052
(704)865-2800 {)U~[DEN.C l-80&541.7878

FAX #: (704) 866-9006

DATE: /–/4z7f3

ATTENTION: ~ , &“X_/

COMPANY:

FROM: ?@hG

P.ol

. .

TOTAL #OF PAGES: b (including cover sheet)

REMARKS:
1

)
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~an-14-9S 0Z:24P Gunxn chefni~al CO NC. .

Mumm

1 704 S66 9006

\

January 14, 1998

MANUFACXUMNGSCIENTIST

At tn: Libby Terry -.

RE: Pricing for nickel sulfate and chloride

War Libby,

Per our conversation the pricing we discuss is as follows:

NICKEL SULFATELIQUID. . . ..- . . . . . . . . . ..55galdr . . . . . . . . . . . . . . . . . . . . $6- 721gal

NICKEL SULFATECRYSTAL. . . . . . . . . . . . . . . . 551bbag . . . . . . . . . . . . . . . . . . ..$l.33/lb

NICKEL CtIUIRIDE LIQUID. . . . . . .. - . . . . . ..55gal dr . . . . . . . . . . . . . . . . . . ..$8.35/gal

NICKEL CKKRIDE CRYSTAL. . . . . . . . . . . . . . . 441bbag . . . . . . . . . . . . . . . . . . ..$l.7l/lb

+ALso accompanying this quotation are the specification sheets for each item
quoted.’

If you should
1-800-541-7878.

Regards,

have any further questions, please.give me a call at

FREDERICK GUMMCHIMCCALCO.

&this Costner
ter Operator

Ws
. .

** NOIIZTHE PRICE OF NICKEL CXldWZSDAILY- PIUCE CTWLDIKRELSE OR DECREASE‘~+

FREOERICK GUMM CHEMICAL COMPANY, INC.
~ Forest S(reet, Keamy. New Jersey 07032
Fax: 201.ggI.sw

- 1.201.931-4171

P.02
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Ja,tn-14-9S 02:25P Gu~ Chemical Co NC

1 704 866
. ol/14f1998 13:47 6157931995 PALM I~ATIM

9006 P.06

PAGE 05

!!!!
PA&M
INTERNATIONAL INC.

— .. ,, .—.. /. .,., ! .,, ----- . . . . . . . . . . . ~ -. ,.>.-’? 7?-,- -.-.-i ..! . . . . ,.-, .A . ...-\...\ .+ . . . . . . ., .-,, , . .
.--.+— . . . ..-

‘PALM INTERWTIONAL. IW. . ~MANUFACWRiNG SPECIFICATION
?

SPECIFICATION #k PM-1 ‘ I ISSUE DATE 12-%92

APPROVED BY: , “ I REVISION DATE: 07-21-97.

I TITLE ~REV?SON * 5 + ,

LIQUID!WCKELSULFA=

COWENTRA710ft: 13’3.O.b 135.0@ (17.8&gal) by weightn-kkd meM

Cotm
Cadrnturn
Calaum end Magnesium
Chmm.kJm
Coppef
iron
Leed . .
MWKWI=C

nme &t&d
<1
so

s
2
3

<t
1
i

zinc- .
hsolubb metief nonedetected .

pw < 3.0 to4.0

SPECtFIC Gf?A~: 1.339*1.=

M~S: Ars8Yby EDTA titrdkm.

Metauic C&tm”hants by AA ~ * andlor anodic

W-g$=@Y.

5dfidesbyaith- &-iww-Q2to l.o’mus. .

MOhble rnatterby~ througha No. 42 VJhatman fitter.

E@ ~OdUCfh batch.

II .MVERGNE. ~~ 37086 II 615-7%+IW If fti 615-79%1W5

.
,. .

ct.=f5’

I



.Jan-lQ-gS OZ:Z5P GUrTW ch=mf~al Co NC 1 704 866 9006
“ 01/14/1998 13:47 6157931995 PAU4 INTMTIW

P.05

PAGE 04

!!!!!!

)

PAL#i
INTERNATtONALI+&
~-

PALM N4TERNAT0NAL. Inc. {“MANWACTURING sPEcIFw4TIoN
SPECIFICTATIOI’J%%PMS-4 “ JISSUE DATE: 07-19434
APPROVED BY: \ REVISION DA= 07-21-97
-nTIE: ~REVISION* 3

Manufactur&ng Spe&icatIon fix

LIQUID NICKEL CHLORIDE

CONCENTRA170ft

APPEARANCE:

CcMTAMiNANTs:

Am3nic
Cakium
cobalt
Iron
Magws”w
Tm
zinc ,-.

pH:

% FREEACID:

sPEclmc GRAW.

rng.1 by wdghz. maxlmutn

cadmium

eworflium

Lead
Nitrates
Van.adtm

2.0- 3.0

<.333-A.3’SI

!aErl-mos: AssaybyEMAtitMon “
Appemwabyvtsuat inspedh
Metak aM&Unsnts by FlameAPS FU@oranode @amgu@Y
Insolublasby fWatkmt@ougtI a No. 42 Whatmanfitter.

lNSPECffON LEVEL: Eachwoducticabatch

1
10
1
1
<1 (j
5
non fkkctfx!

*

*2R9 BRJDQ&s7W PARKWAY # ti~~ ~370B6 If f315-~1%30 II FAX 61 S-793-1095

y3ae 24



Ja~-14-98 02:2SP Gum Chemical Co NC
1 704 866 9006 P.03

. B1/14/1998 13:47 6157931995 PALM INT=TIW PAG 02

.!!!!!
PALMuvrEJzNJUwP

P’!

Purchasing Specification for

NlcF(EL”SULFAiE (XYSTALS

v

P

item/Prope@

% hfi
% !nsoluble
ppm Co
pprn Fe
ppnl Cu
ppm Zn
ppm Ca
wm M9
ppm M
ppm Na
ppm u
ppm Cr
ppm Al~
ppm Cd
ppm Pb

22.0min
C)gl)lx

10 max

:%
10max .
50 max
5 max
20max
5max
10 max
“25 max
1 max
5 max

CERTIFICATEOF ANALYSIS MUST ACCOMPANY~CH SHIPMENT.

llWALL?dATERIAL$~Uppl_~DW1
VW&

7 VER
MEETPALM’S PURCHASING SPEC(F~CA~O~.

NAME: . TfTLE:
A

B

—.- ...—. -m . -Z?-..,. -,..... . . . .. . .. . . . /. . .,.= ~. . . . . . ,., -. ---- —-— -- -. .-



.Ja,n-la-9S 02: 25P Gun’rn Chemical Co NC 1 704 866 9006 P.04. 81/14/1998 13:47 6157931995 PALM INTERNATIOWL p- 03

!!!!
PAdlNTEmuJrrm.~-

Purchask?g SpedWatkm for

NICKEL CHIXXWE CRYSTAL

ASS.AY- 24.0 to 25.5 pwcmt by weight as nickel. .

MAXMLIMAUQWAM.E CONTAMINANTS:

Cadmium
Caicium
COW
ZJ=

< L&d
zinc
lnsofublemattef

OJXEO %
0M50 %
0.0200 Yo

oao20 %
0.0400%
0.0020 %
0.0020 %
h3sathan0.05Y0 J

CERTIFICATEOF ANALYSIS”MUST ACCCMvlPANYEACfi SHfP?vfENT.

t VERIFY ALL hv+Ti31ALsSUPPLIEDBY WLL
MEET PALM’S PURCHASING SPECfFfCA? KM.

NAME. T?TLE:

1

vEUGNE?ENN~ ~ II 61?3-793-1990 !{ FAX 61S-703-1S=S728Q ORIDGESTONG PMWWAY 11 .IA
. .
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FAST FAX

ihcsimi[c ‘~ramn]it[a[Cover S1lcct

P. 1

\

F1{OM:

SOUTHEASTERNCHEMICAL,INC. “4
1512-ASholarAvenue

..’ “Chatianoog% TN37406 ~
Fax: 423498-5152
lq~ 423-622-5154

..

-To ManufactIXUlg
. srl P~QPs. ~“1’~

\

P~r VOII r reffuest. we a r- please d to offer the

following quotation for chemicals for your new
n el bath. These ~rices are aood for the

month of January only due to nickel fluctuation.

NICKEL SULFATE 50 lb. bag $1.60/lb.
c

NICKEL CHLORIDE 44 lb. bag $1.65\lb. ,

BORIC ACID 50 lb. bag $0.61/lb-

FOB : Chattanooga, TN

,We appreciate the opportunity to of$er this quota- .
- tion. If we can be of further servl.ce, please

feel free to contact us at any time. I

.

Sincerleyl
SOUTHEASTERN CHEMICAL, INC-

~6-- -
Sandi Guess

—. . - -—-—- -.-=, ,. .. .... . 7“--s-/.., . .=,.2--7=-, en-~ ...



FE8-26-98 THU10:12 AM SOUTHEASTERNCHEMICALIN FAXNO. 4236985152
.

I?xxr &’/lx

l“WSMC ‘Utltl]silli(t:ll Cover SlmX

P. 1

\

FROM.
SOUTi-!EAST~~NCHEMiCAL,INC.

1512-ASholarAvenue

Chattano~a, TN 37406

l’i.t.. 423-698-5152
l)lx 423422-5154

Allcn@n Libby Terry I’agc 1 Or ~

From Sandi Guess

Subjcc{ Quotation

McssiIgc Dear M-s. Terry,

We are pleased to offer the following quotation

for liquid nickei sulfate and chloride. These
prices-are FOB: Delivered to Your plant.

LIQUID NICKEL SULFATE
Packaging: 55 gl.drum
PRICE : $8.18/gal.

LIQUID NICKEL CHLORIDE
Packaging: 55 gl.drum
PRICE: “$10.16\gal.

We hope you will find the above of interest. If we

can be of further service, please feel free to con- ..“
tact us at any time.

,/

Sincerelyr
SOUTHEASTERN

SA

CHEMICAL, INC.

6.

I

Sandi Guess
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FROM:
Southeastern Chemical, Inc.
1512- A Sholar Avenue
Chattanooga, TN 37406

. . ... . . . . .... .. . . .“- v“” d’d A.

FASTFM
Facsimile Transmittal Cover Sheet

4.1

\

Fax: 423-698-5152i
I

Ph: 423-622-5154j
;

), Attention I_lw TEfw Page ~ of

From L AMP ( ?3’3

L

Mestigc

,.

,

I

<

I

—.. ---- ___---—.-, ,
., ==’ :=-=- ,-.-+ .- ,-T,- ,T..-.m . ., .,, &.. ,.: ,>,, J,.,>...-,+,

====-kJ ,?+ . . ..*W. !,-, ~. .- —,.— ——..... . . .



‘ FE3-20-98FRI 8:4] AM SOUTHEASTERNCHEMICALIN FAXNO. 4236985152 P. 2
. .

Fe~-lg-gS 16:42 sales & Markettng S09 786 397~ P.03
.“

(fyAN ~ ‘
lNlflXATIOlfAL,llfC. .— —

.— .——

Liquid Ni&d Sulfate

El&tiolms @ade

..

Certfic.ate “GfAnalysis

Lot No: 80001L!3

Niclcel, g/L

pH,

Specific Gravity, “

Cadmium, mgfL
Calcium, mg/L . “~

‘ Chromium, m g/L
Cobalt, mg/L :
Copper, mg/L ‘
Iron, rng/L i
Lead, mg/L . .
Magnesium, rng/L .
Zinc, mg/L : ;
Insoluble matter, .-

133.31
3.03

1.345
0.2

(2.9
1.4

ND

0.4

0.9
YID

2.7

ND

ND

January20,1998

205 Chester Avenue, Suite 1CX3 Moorestown, Ncw jersey 08057
~78&l 147 Fax: G09.7&3-3978

,



‘mE~-yy9fjFRI 8:42 AM
.

1,:’ “ F@b-lg-9El 16:42

SOUTHEASTERNCHEM1CALIN FAXNO. 4236985152 P. 4

Sales & Marketing 609 786 3978 P.02

(gJmN - ‘
IHTERNAT;OHAL,IHC. .- —- .

—. -.—— —

i.
i.

Liquid P&kel Chloride
.

.. CertMCateQf Analysis
,

Lot NO: 801.XLC .

Nickel, g/L : 179.38
Nickel, 13.47290/0by wt. -

Specific Gravity 1-345
pg 2.31
Iron, 0.1ppln . .

Copper, ppm ND

Zinc, ~~m 0.1
Chromium, p~~ 0.6

Lead, ppm 0.3
. .

:.-
c

Februaxy 18, 1998

Z(MChester Avenue, Suke 100 Moof~towIt, New ]em.q 08057
609-786-1 [47 Fax: 609-786-3978

f5cte 3)

,.
1
,

I

fl

. . .- ..— —... . . . ~.-.r ---- --- --mm,, ,.. . . . ., . -, . . . . . . .
—- . . . . _—.

,. .



“FEy2f)-98FRI 8:41 AM SOUTHEASTERNCHEM.-. . . . . . ------ .- ”.- .-” -----.
CALIN FAXNO 4236985152I-.* ..*.QJ-i A.--G

.. . .
.-

m- “~.”“ ‘“;-
Unq ..

P.O. 80Xf 11.FranWn,PA; If@:Phone~814-432-2t25 FCC 814“432-7W5. . . ..:.. . . .

C)MGROUP, INC.
. .

,., ” . .

Kokkola Chcmlcafs Oy
.: .,. .“

Mooney Chemicals. [nc.
“... f.. .

..

.:

PALM COMMODITIES INTEWATXONW “. ““ “
1289 BRI~GES~NE ~mwAy ; ::” “ ..:. “. .
LA VERGNE +.. 3?O~6

. .-:

Attention: RWEIV1~G - Q~W~~~@=.- . .. ...’. ...... . .. . . . .. .

:,,. .... . .. . . . . .

::::u::ipped - - “ “ : 11=12-.97 ~... .: j,,; . . . ..- *-. -= : 22% NICKE> $3WW~E . CRYST~S .

Customer P-O. N*er. : 133.17 . .. . . . .-.:
Customer Number. . . : 043406 .: - ..~rdeY- Number: 42629
Q~~~tiky shipped . . : 630 BAGS i “ :~, . .,

customer product code: 2040048 .’. ..... . .‘ . .
oMG product code . . : 00571 K2 ,:~ . ... ..... .

. . ... ~---*-_-_-_.- -------- +------------ ------------- -------------------- y--.-%- -=+.=7 -. .
CUSTOHER BA?CH/& #>. ;“~?@@~ ~- .WT+VT W ‘Tm@T r BATCX/LOT# BATCH/UM #

I IEH/?ROPER~ SPECIFICATIM WU\l~ iij_f5 ii W27ZO=17 K
~le G? N72?2a3-< rc? UT27203-2 IQ

. .. . .. -— -—— — — ——.-
—:. .+-.4<

--——- —-- ——-- . . ,.

07/21197 ;.tid{+-. .; c7)2~p7 07j21/97 07~2/97
ostc ?roduod

07/2U9r

07/21 102 ‘ W7jz7&2. . ‘ Qrm t= 07/=wU 01j22J02 07@?m2
Date ExPi ?9C

RdS$O?! D~tc
X IIlcket ,

x we 1*1C
ppxCobslt
ppaIron
Pf= *PW
w Zinc

pp Ca{dun

w RagneslUYI

ppm SC-3{-

P L*A

* Chmaiun

ppa bimlun

03-03-97

22.1 Hin.

0.01s Uax.

150 Fax.
10&x.
5 llM-
S fix..
10H*x.

50ttax.
25*X. .
3 Mu. .
ioMax.
1 I!.#X. .. . .. .. . . .

22.3
qr.m
do

<1

<1
a
<1
s.
.40

. . .. . . ... .... . . ..:...

The mat erial designated in. ‘k~ls;&tiL~i$ate htis bekn Iuanuf actured
in accordance with standard mantikac<~~ing ..pzocedures and ~e~t$ al>
specifications contained -in %he ‘~bv~..~urchase order-. . , ...*. . . .. . . .

Manufactured t: OH K&Oh ~$).$$$~~ ?. OYi. KO~O.la f ‘inland

- p\@ ~~
d

* :.:...,:.. --...-...-J,-‘.~.. . .. . ....... . -
J es 24. X)au9herty. +..@+@.~~. As.8-UrZLTiCf2”.Supervisor

m

Phone: (814) 432-212:~?-=. .~?2. -
,; (.:..,:::.:.. . .-.:,,. .. ‘...:.,... -. . .. . ...:...,.... . .\

-Imlwn.lm . . -. ;... .-
SO Xs2m:ad- V>t.:tl hmrgmlc Metdllc Salts. {: .~.. -’.: ~~iilotilF&&s Metal CarboxyIate9

.. . . . ...
.+.+ . ; -.”.:.. . . . .. .

. . . . .. -.L:2::::.: . . . . .. . . ..- . . . . . . . . -----
. ..

ae32f’9



‘ FEB-20-98FRI 8:43 AM
., ;’j=rab-19-98 16:42
. .

sOUTHEASTERNCHEM1CALIN FAXN0.0=42336;98#5
Sales a Nlawketing

P. 5
P.ol

product: Nickal Chloride Hexahydrate

.. TYPI~AL ~%LYSIS

Nickel
Lead
Zinc
Copper
Iron
Cobalt
Insoluble

PERCENTAGES

24.0 %
.002 %

.002 %

.002 %
.01 2
.02 %

.05 %

0

— —. — —-— “’-

.

D

pz33(p3

,

. .

.
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Limby-rag

8041GfrHdkmvIb@
ak~m3n30 ..

TbnkyfnLfbrcl=a pp—=m- kiqtlmeanihefmwillgde micd% Ihipyalwiufid alrplic-tik
Wrnpuihadweaks-ti- mw==f-- -gsdcncs-itwulmcpw
Suvkeandexpsisetmcm UJsmmeshawaxncto ikpelxian Ifylxlhzveallyfur!kqlaticmff
walldlikEto@uxtuxoKiefF==~m.

N-l-l STdEltcSpcc. lolGramlar

Nii SnMltcUquid

Niichwidcuquid

Boric Aii41TedlQ-an

I?adaf# Price

W#txlgs Lm’nb I?aRmckBu SC

Ssgldr 8sofgl m Rfxkx3M =

mkilbg 3.?Ok m. Rds13.iJ4sc

55gl& Io5wgl KEk - =.L SC

50#zmgs .8Mb Deli=@

Pri&maPtami@m u

f
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ATOTECH TEL:B03 817 362? .P.00’8

SheEJINet- l~143UL-L
Revision: 4&?4&17

\

Technical Information

NICKEL SULFATE LIQUID

I

Atot8cb NkKel sufk’@ Llqulda ~~e= SfMCifiiyd3VdO@d to mad the -S d thE d@dmkiss
nick! and ek@ml@c *@d ind* Wew vary W impurity 1-s are raquiw.!. lt is producm! km
hif#l purily or@n nic!d powdsr Which guarantms a high purftYaridconskter?tproduct

Specifmttom -..
Specification Typical

Nisc).+3-i@ 5.0 IwgEd so Wgal
Ni+CuaSNi 10.0 % min . 10.25 %

Ioppmrnax c 5 pprn
R 2 pprn max < 1 pprrl

S ppm ntax
Fn

<Ippm
5 pprn m <sippm

Gr 5pp!nrnax <Ippm
1 ppm JWK

%
<Ippm

Ippmfwx <Ippm
Sf3 1 ppm ma% <I fplll
As Ippmma% <Ippm
Bi Ippmrnax clppm
Ca WI ppm rrw. < 7ppm
Ca+Mgas Ca !50ppm max. <m ppnl

ikkprtf?M& ProdWt Characteristics

Clsar grwn liquid
Dens-@. Apprux 11 M/ga!
PH: Liquid 4J3 -5.0
P@&darn matter in Hactrrqwa only Q micrans

J

atotech
JEW@ Atuted! USA Inc.. 1750@8Mgw DrivB,P.O. &IY 120&). Wk Hill, * 29731-2000

%k@umtx 803-817-2S00 ● Fax 8Q3-817-3666

>
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, ‘ . ~EM’-23’,98 [KON) [1:25 AT07ECII

Nsc#l=SZJLFA7=UCXW3

TEL:803 817 3627 P. 009

Page i?

\

55 Gakm Fli’r hw
5 Gallon Pol@hyl~~ inner cub= in an aumr liner
4 Drums per pallet; 36cubes par pallet

NarE Drums IG tM shipped and ~Omd ~ mmpmWms abwa KDeFin avoid possibilii of
Crysraliimtiarl taf@g Pk=

WASTE WWOS~L

FiRST-AID RECUMM-TlONS
.

J-w ESaf ExPOsure ~dinions

Eye Fhmhwith water for at least q5 mirwtas,
*n Wash thcxzwghly with amp and water.

Inhala”on flarnovti to frssh air immadiiely.
Ingestion Give wamr or milk fii GCMW50USand not hawhg ccmvufsiins).

fn3flEW MSW ~E~RE U=ffi ~ls WITING CHEW5’lRY AND FOR Pi30DUCr SPECIFIC
WFt31?MATl~.N9pA ~caaf~~~ ~pw=h ShO~Jdbe IX=! whan there is potan5al for charnica]
_re -tius @ud9s mmmwma afposun? potential, rapid deconsamkahn, and rned-ml fcdlow- ,
up .

-E A MmfialS*IY o- x WW fwtis product isavailabb on raquestfrom Atotech
WA hc,, -m= se~”~l= *PPOR GIWIZ 1750 Om-aW i3~ P-o- BOX12000. ROCkHill,
SC 29731-2000.

TH-WIW31WNIJMBERS

Custrtmer Sawica/Sales Support Grnup: @’L?3]817-3538 @flSDSmqi.tests}
Produm SafetY Depaftmefi (~} 617-3649 hgulato~ inquiti and emergencies}

m PLACE AN ORDER: WO&P!Jxmffi
13!50

b
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Shwt Na NicJ@IChkYrickiiiqdd

Fh3visiiwEv93 \

Technical Information

NICKEL CHLORIDE
LIQUID.

Atu=m I’4-k+mlmom Lk@= SpadfkallydeveiP tume0tth8r7=cis afthenkk4
platlng indtrtmywher==y Wlmpyfb are mqui . y IS pmckmkl hnm ahi9h Puw ti~
nicl@ pmdwvhkh gumanw a hfgh IWB& and mnwtent product.

Speo”tications

6 bz3@3inlhlmum

Fig-i%li%!$
10 ppmmaximum

- Elasis NitM Chbdda Haxabydrafe Crystzdhavhg the fmmuia lWk16H@

PrOpart-kIS & Product CharaaMstics

20-25
Is
l121w@

atdech

,



.,

‘ . ;Efl,’-z3’98 (IION) 11:24 hTOT&GII.
t

..

kWKEL CHLORIDE LIQUID

WASTE DISPOSAL

ThE3m13tRrMm.@b C)fktacuudanc ewiu’ial[ [Ado fqltml smfi, md M
R?@!awns- CYlllstritm S fix *ditlanal regulatory In

GENEfiAL SAFETY PRECAUTIONS

P. 005

FIRST-AID HEC0MMEN13ATJ0NS

?aEi Flush WM water fm at faast 15 tnkwt=.
Wz&h&tumtn#t###!h

rnhakiaan imiz%x%.-r”
Ingepn Giue wa&r M m-lk{ifcams ad M l’lti

cunvul.siom). Rsmova b f~h airinmdably.

“ HEVl~ MS& BEFORE USING THIS PLATINGCHEMWRY ANDFOR PRO!XiCT
SPECIFIC WWWWWTION. A
for chemical exposure - ttk in=-ww-=h”*@-*nm”m ‘-nwes rnmtmd~ axpusumpatanm~ r@ dxmtamlnatan, and
tl%dii-ql

NOTE. A M%@rktlSaf&y Da@ Slmd
PD?’r”2-’~”=?ELAtotach USA Im%Customer Servics ales Wpl mug, 1750 CMWi@f

12000, RO* Hd[,SC 29731-2(KIQ.

TELEPHONE NUMBERS

\

f

Customr SefvicwSalss Stq o Group: [809) 817+538 @lSDS requests)
rPmC&@S** Ikpalt’rn8rw Em) B17-3549 (ragulamryinqu-wesand eme”KTw@

TU PLACE AN ORDER: 14UMl~PLAT!$4G

I

. ..—— -—-,— ~., ~
! ..< . --------- r. --,-7, ,... ... . . . .. m,.> ..-,., ~~,,,., , . . ,>. .,, -— -----



TEL:803 81? 362? P. 002

.

Slwet ?@ NICKEL SULFATE CRYSTAL
Revlsbn: 4J17J!3fi \

Technical Information

NICKEL SULFATE

Spmsfkatibnfx

Ni-t12)asNI
CQ

M-

-%?
eaca

A- asst2+
Ac”~ as ~
I-k@ln9d.

T Cificatinn Ty@cal
E ECTROPUF?ETM (Spec 103);

22-0% m-n 229%

15ppmcn3x- 70 ppm
5ppnmElx. <5*
2ppllrn= ?W
Spfxnmax 2p
Ip$xnmaz <lppm
5pfxnmaK 2Fpll
lm - cl~
lpfxnlTl= <lpprlt
lPPm -- <Ippml

<I fqfn
A ‘&
HIPpn’1 !2 ;~

o&3% lnSL XIX
OM% mmL aQ5%
&oT% m. Qol%
0.01% m < 0.01%

Spec-Hicaticm
spf=zm:

> 22-O%*
e200 ppm

c lop
< 6P
< 5p

TYFAA

22.1%
50 ppm
2 ppm

2ggtl

2 ~m
2pprn

.
‘(MPORTJWT “NOTICE f?EQARDING THIS ltlFCXWATIOPl:
Ttm 8tmamm& tachnkal Infonm!tim.and mcommamdadona oonta”~ h xhs dmamtxn afa baaed MI- and dat8 tbt CIIu/
bdti & M mhbh Ftxthar,as thaactual use of our pmckts by abem in &yowl ow-~L M
~ *~n8a~ of gwb uas, or W rasuk to be obtained, Who; tie um? k made

%&%ES A REP=
S Conliainad lrafdn or otk3wXaa. Wa dccunwnl la not

I%%%%?,%%%%
cmtmetwl and IWXY11?13GHEREIN

ENTATKMOR WARRANTYTHAT THE GOODS D6scRIBED AREFIT Wf? A PAJWICL.UX+
PUWt3SEOFA C~ER orthat thak urm dea$ m mnfim WI am exiufine amt rim Thn -*s- d any
wmmyqdofanyahar Camtumfrightawhwuwfirls on Ihe /Uoaxh*. &o, atms !hiidata =Wm maaf$d~=
@ ‘~~ ~ ~=miwa.tiah ==m. mWKty hamuf. Anydramtbmnmdeto
tier tian ~ kh catporataquartam taaxprematyptiib .S

atotech
AMach USA ire..1750 Chmw-kwDfie, P.(3. ~ 121200.Rock HIL SC 2S731-2000

Tdsphona:m3-& ?-o ● F= 803-817=
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\

Prqierties & Product tXU#MCtwhtics -

Ixmem

PACKAGING:

MdEwaJIBM -5Qlb!%,Nat
alkhbalppfplm

WASTE INSP*AL

7hls fnmI14 muatb dispo=f o?lnBcwr&nce w?th‘Y ‘pplIaMe fodmal. $&Me.and kxal mgui~ns.
consult the F&ix KM-w f@’E@whb-*

GENERAL SAFETY FI?ECAUTIONS

A@ dhct conncl w4h thfemf#wld. Do not inhdg asstied mist,wpors, arxf& _ As ~-im
expoeum MDW- flrM$=mmndm W 0W4 -U+, zimnmukdww. and Mum. wash

natedclothingMm muse. JW@ Mmp!ywi!hthel-kizml ComrrmnMM Stmdard,
29CFR191(l12~ eme@ncy shmms and aywashas must be available.

FIRST-AID RECQMMENDATK3NS

~

Ee
S&l

Rush wlfh waterforat least 15 m“a

;= EMx122#223*.-0
Gvawalerwmilk@amsc30u6 andnotheMttg
oortvulsbns]. Removff to fnxih tir{mfnedkbiy.

REVIEW MSDS REFORE USING THIS PMTIN(3CHEMISTRY AND FOB PRW~h~$KISJiEdCIFIG
thfF~R&i%A”M.A ~mnary ~FOd ShOUti be usadwhentb~ k

reqxxwr%- fhii-btduthsIWmihr?geqnwra potentk!, ra@ddeconlaminal m @ Medi- folhw-q 1

TELEPF@NE NUMBERS

TO PLACE AN ORDER: 1-MO-PLATING

)’?9Q&’ 4/
—.-,,,,.. -m . .. ... .. . m ..-s-,~ .: ~,,;.,, ,.=...--X-. 7 ,--..- “’.. T ,,, .,. >, +, ,,... ., ,..<., .,7 ,. , ,:,. . . . .. ,.,..,&>,. ,,

.- ———— . . . —---- . . .
. . . . .



hTOTECH TEL:803 817 362? p. 006

Sheet No: N-CL-C
Revision: W27/!34

- Technical information

NICKEL CHLORIDE
CRYSTAL
Atomch N- Chloride QWal is of French origin, produced by Emmet - SLN. k is a high quallw
and consistent product suitable fw u= in nickel platin~ a ppiiminns, rnanuticzum of SWJWIC ink,
colorant ti gfa.ss and oil well Rsadog.

Specifications: —

Ni
co
Fe
CA

g
cd
Insols

Niil Chlm5da
Hexahydrata
G~

> ~.m
< 0.02%
< ml%
-= 0m2%
< tloo2%
< n.oa.2%
< aowi%
< ao!i% .

Prop f3rtifx3& Fradwt Characteristics

Light green caa-se pnwder Green Hydrated Cqcxal
Der&ya%pp~K. 6.5 Ibtigaf f3ensity Appmx. 10 Ibdgd

>

- atotech
Awtz?ch USA Inc. 1750 Ovwviw Drive. P.0. Sax 12000. Rock Hill, SC 29731-2000

Telapnonw 8034317-3500- Fax: 803-817-9666

pay %2



NICKEL C1-t~HIDE CWST’AL

TEL:803 817 36?7 . P. 007

Paw 2 \

packaging: !&Niwall bag W-hhpohmthylene linw 50 ftxs. n&G

lfl)AS~ DISPOSAL

Thii mateiia[ mu$t be dii- ~ in accodance whh all appkabk! federaf, state, and local
rw~uIations Consult the MSDS for Aditional ragulmory information.

GENERAL SAFETY PRi=Atm~NS

. Avoid dinxt co- with this mtiari~l. DO M inhale assaciatad mist. vqws, andkw dust. As
f.ippli~tdf?.IUW3P6XpOSUrebEdow~8 lim-hSmrnrnmewbd by OS1-iJLACGIH.tiW~ii@~E% and
aftMnL Vkh fia~mti~d C~*IM b~o~ w*. JUVWS mrnply-tie Hazard UHTUIIUn-=tim
Stmdfd. 29CFR191Q.1~ emargetvw show= and eyavvash~ must be available.

it is rerwnmetid thm~ pltiing Chenkw productkl mfanwd zo in this Technical Information
shmt be use~ [11 “maccdance with the provided in product specific MSDS; and GU in
cotnpiiam= W-ithallapproprkrte wUin3m8nk and guidelines established by OSHA NifXi-LA@31H,
NFPA and otber?i.

FIRST-AID RECQMME~UTIONS

Tv?= ~f=rRQSMB

Eye ‘c
Sfdn

t inhalation
Ingestkm

REVIEW MSt3S BEFORE USING

R=om -ah “Or?s

Flush W wafwfor at least 15 mhwtes.
Wash thoroughly w.hh soap end vmtar-
FkmmYe~ fresh air immediitaly.
Give water or milk (if conscious artd not having comdsians).

THIS P~TING CHEMISTRYAND Ft3R ?flODUCT SplX2FIC
INFWWIATDN. A pmcmtkmary approach should be us&i when thara is potmtkd for chemicsf
axposure -this$ckldes minimizing aixpasum pntandal. mpid d~corrtamim”an, and medical faUaw-
up-

1
NOTE: A Material SafEKYCk@ %a~ (MSIXI for this Wdwx is zrvuilabla un requBstfruM MZIWCh
USA Inc. Customer Smvica/Salss Support Group, 1750 OVmvkvv Driw, P.O. Box 1200Q,Rock l-iilL
Sc Z37m-i?fim.

TELEPHONE NUMBERS

1342

I

—-i7 ?I-tl-l qy.”c @03 8173627 PQGE.07
60. d zPTzT8t’zz17T 01 f36TP 17z9 $zi? W900NWlMH3-Mlfl W 9S :Z; 86, S2 H3d
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ATTACHMENT C
\

Equivalence of Nickel Metal Concentrations in Liquid Nickel Salts

Wattssolution, March 5, 1998
Elizabeth H. Terry
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Attachment D
\

Watts Solution
Suppliers of ChemicaIs “

Dremco, Inc
1550 E Missouri Ave, Ste 302
Phoenix, Arizona 85014
Tel. 602-234-8908, Fax 602-234-8909
Contact Doug Robinson

Frederick Gumrn ~ernical Company, Inc.
Gastonia, North Carolina ~

1-800-541-7878

Contac& Cynthia Costner

Southeastern ~emical, Inc.
1512-A Sholar Avenue
Chattanooga, Tennessee 37406
Tel. 423-622-5154, Fax 423-698-5152
Contacts: Sandi Guess and Ben Johnson (800-376-7113)

Titan International (manufacturer for Southeastern)
Tel. 800-435-4644
Contach Ellen Jansen

Van Waters & Rogers, Inc.

Three Riverside Lane

Chattanooga, Tennessee 37406
Tel. 800-233-0633, Fax 423-624-4190
Contact. Priscilla Pen.nington

Vendors which were contacted, but did not provide information as of 3/05/98.

King Supply Company
11.Linois
847-698-4564
Contact Dave Tony

P B & S Chemical Co. Inc.
Knomille
423-523-7171

Contacti Sheila

Southern Industrial Chemicals, Lnc.
1450 Marietta Boulevard, Northwest
Atlanta, Georgia 30318
Tel. 800-394-9770
Contact Robert Allen

Wans solution, March 5, 1998 Page 48
Elizabeth H.Ten-y
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Instructional Guide
Preparation of Watts Solution for EIectrorefining

\

. . .

I

.

r

jl

Equipment and Chemicals Requtied

300-gaIlon chemical mixing M made of stainless steel with a kynar lining.
Marker for the tank that indicates fiese levek: 97 gallons and 250 gallons
Ventilation for tank
tiersion-~pe heater with the capacity to heat and maintain the temperature of the 300-gallon

tank at 55-60”C (131-140”F), constricted of materials that will not react with the Watts
solution.

Temperate indicator, immersion type
pH indicator for condnuow monitoring of pH
Deionized (DI) water
Concentrated liquid hytiated fickel sfiate [(NfiOq.6H@ see Table 1]
Concentrated liquid hytiated nickel ~oride [(NiClr6H@ see Table 1]
NJickel sulfate and nickel chloride are EPA-Listed hazardous wastes due to their nickel content.

See MSDSS for environmental information spill response and recommended disposal. Do
not store nickel stiate and nickel chloride near acids. They can react with acids to generate
hydrogen gas.

Crystalline solid boric acid (HsBOS) to buffer the solution (see Table 1)
There are no special storage requirements for boric acid. See MSDS for environmental

information spill response and recommended disposal.
Hydrometer to monitor solution density
Chemical composition analyzer (i.e:, ion-seletive electrodes)

,
.

Personal protective clothing and equipment (see item I. following and MSDSS for details)

Table 1. Characteristics, quantities, and concentrations of the Watts solution components
Component Appearance and odor Quantity in a Concentration in

250-gallon batch Watts solution f

Nickel sulfate ~een liquid with 124 gallons 4002 (av)/ gal

(NiSOq.6H20) ~aracte-fitic odor
NickeI chloride cleal green liquid 21 gallons 8 oz (av)/ gal

(NiClz6HZO) with characteristic
odor

Boric acid white powder with 94 pounds “ 6 oz (av)/ gal

(fiB03) no odor
Deionized water 97 gallons

. . .

-. -..—..- ,,. .,. ,,, .,.. ..-, ... :, .,-,.... .;$. ’,.:+<. <. . ~ ~, -.; ,, . . e,..~,+;~ ;.....,.>,,<., ,. ?:..<; ,+.,<; :: ... , .,. . ,,. ,., — —----- -
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Method of Preparation \

1.

2.

3.

A-.
5.

6.

7.

8.
9.
10.

11.

12.

13.

14.

15.

16.

While handling and rnixtig the liquid fickel salts and boric acid, take safety precautions.
Wea_rappropriate protective clotitig and equipment to prevent skin and eye contact and .
~alation. Do not wear contact lenses. Local exhaust is recommended. Do not breath dust,
mist, or fumes generated by h~wg or ustig these products. Use with adequate
ventilation. Use NIOSH-approved dust respirator if ventilation is inadequate. Keep
:ontainers closed when not h use. Avoid prolonged or repeated skin contact. Wash skin
thoroughly after handling nickel compounds. A dermatitis known as “nickel itch” may
result from skin semitization. See M.SDSS for pertinent information concerning the
properties, safe handling, health effects and specific first aid procedures for nickel sulfate,
nickel chloride, and boric sad.
Add 97 gallons of DI water to tie chemical nixing tank.
Tum on the heater and heat tie water to 60”C (140”F). Adjust the settings of the heater
throughout the mixing process to maintain the temperature in the range of 55-60”C
(131-140°F). The temperate must be maintained at approximately 60°C-not lower than
550C: SThis temperature is crucial. The boric acid will come out of solution at lower
temperatures.
Turn on the agitator.
While agitating the solution md monitoring the temperate, slowly add 94 pounds of boric
acid. If the temperature increases above 60°C (140GF), stop adding the boric acid. Resume
the addition when the temperature decreases to 60”C.
While agitatig the solution and monitoring the temperature, slowly add 124 gallons of
nickel sulfate.
While .agitatig the solution and monitoring the temperature, slowly add 21 @lorLs of
nickel ‘chloride.
Turn off the agitator.
If needed, add additional DI waler into the tank to make the total volume 250 gallons. ‘

,

Turn on the agitator.
Check the temperatur-d adjust the heater to attain and maintain a temperature in the
range of 55-60”C (131 -1400F).
Mix the solution for 20 minutes while monitoring and maintaining the temperature in the
specified range.
Tum off the agitator and immediately take a smple of the solution. Restart the agitator.

f

Visually inspect the solution sample. The color of the solution shouId be green. All solids in
the sample should be dissolved. If the solids are not dissolved, repeat steps 12 and 13 until ,
the solids =e dissolved. If the solids are dissolved, proceed to step 14.
When the solids are dissolved, check”the specific ~avity of the solutkm with the
hychometer. The specific gravity should be between 1.2 and 1.35. Record the specific
gravity. lf the specific gravity of the sample is within this range, proceed to step 15. Lf the
specific gravi~ is not within the stated range, tie chemis~ of the solution must be
adjusted with the addition of chemicals.
Check the pH of the solution as shown on tie pH ~di~ator. The pH should be
approximately 3. u the pH is outside the r~gezto3.s,thePHwill be adjusted titer the
solution is pumped to the electrorefining cell.
Send the sample of solution to be analyzed for chefical composition. When this =alysis is
completed, ensure that the results are recorded.

3
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electroreftig17. Turn off the agitator and the heater.
18. Transfer the solution to the holdtig tank of the

adjusted if necessary wifi sukric acid and sodium hydroxide.
19. For each batch of solution that is tied, record the pH, specfic gravity, and the chemical

#

cell where tie pH will be’

,,. composition.

.

4

.—— .,, ., ... . ..... . . —.,r.. . -,,. .7 -...>-, . ..- --,., ., ,, —-., . .,-. ., ~,..,...,
_-. -._. —

. . .



..,1

100 gallon Mix Plan \

Watts Nickel

using 38 gallons of Hot D/l Water mix 33 lbs. of Boric acid until the Boric

dissolves.

Mix into the boric solution 46 gallons of Nickel Sulfate.

Mix into the same conttiner 10 gallons of Nickel Chloride.

This should be approximately 100 gallons use additional D/I water to obtain

100 gallons if necessary.

50 gallon Mix plan
Watts nickel

Us@ 19 gallons of Hot D/I water mix 17 lbs. of Boric acid until the Boric
dissol;es.
Mix into the boric solution 25 gallons of Nickel Sulfate.
Mix into the same container 5 gallons of Nickel Chloride.
This should be 50 gallons of Watts Nickel Electrolyte or just a little over in a
55-gallon drum.

300 gallon Mix Plan
Watts Nickel

Transfer 100 gallons of Hot D/I water into the Main Cell.
Add 94 lbs. of Boric acid slowly until it dissolves.
Add 120 gallons of Nickel Sulfate.

Add 20 gallons of Nickel Chloride.
Using Air agitation mix thoroughly while introducing the acids. I

Repeat (4) times or until proper level is maintained. Top off the cell with
additional acid from MRU and Sump or with D/I water.



Comments and Notes
Preparation of Watts Solution from Crystalline SOLIDS

\

1. The Sp=ifications given in *e ~truction a-rid ktiCtional Guide are based on 250 gallons
of Watts soIution mixed in a 300-gallon tank. Six batches will have to be mixed to prepare
enough Watts solution for he 150@gallon electrorefining ceil. The quantities of chemical
components specified =e based on a Watts solution with these concentrations:
40 oz (a@/gaI nickel sfiate, 8 oz (aV)/ gal nickel chloride, and 6 oz (av)/gal boric acid.

2. It is assumed that the temperature of the mixing tank is maintained between 55 and 60”C
(131 to 140°F). J-fthis temperate is not maintained in the mixing tankorinthe
electrorefining cell, the boric acid will not remain dissolved.

3. Note carefully fiat the =tictions state 94 pounds as the quantity of boric acid to be mixed
with 100 gallons of water. The soIubility of boric acid at 50°C (131°F) is about 1.07 pounds
per gallon of watera– meaning that 100 gallons of water will only hold 107 pounds of boric
acid at 50°C (131°F) under optimal conditions. At 60”C (1400F),100 gallons of water will
hold 123 pounds of boric acidb. Therefore, it is imperative that no more than 100 pounds of
boric acid be added to each 250-gal.lon batch with a temperature exceeding 50°C (131°F)
while agitating.

4. Note: the holding tank of the electrorefining cell (or any other place the soIution is kept)
should be heated to approximately 60°C (140”F). If this tank is not heated, the solids will
come out of solution.

5. Adjustment of the solution chemistry while it is in the mixing tank, referred to in steps 14 ,
and 15 of the instructional guide, should be addressed iq more detail after some experience
is gained with the solution chemis&y.

6. After all the equipment is installed for the mixing process, the instructional guide should be
checked for consistency and modified as requhed.,..

t
~Interpolationfromgraph based upon data presented in CRC Handbook of Cksmistry and Physics, 54ti edition

andMSDS forboricacid(attached).
b~~gets Handbookof (%emishy, l@ edition.

Awn 10, 1998
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Volubility calculations \

12.8g H~BOj = 1.0671b H~BOJ
From attached graph, volubility of boric acid at 50°C =

100mL HZO gal HZO “

Using the data given above, the maximum mass of boric acid that can be dissolved in
1.067 lb HJBOJ

100 gallons of water at 50°C is given by x (100gal HZO) = 1071b HJBOJ.
gal HZO

Therefore. the 94 lb of boric acid needed Cm be dissolved ~ fie specified 100 g~ Ofwater at
50°c.

From 14~ edition of Lange’s Handbook of Chemistry,

14.8g H3B03” = 1.234 lb H3B03
the volubility of boric acid at 60”C =

100mL HZO ~ gal HZO “

Using the boric acid volubility data for 60”C, the maximum mass of boric acid that can be
1.234 lb H~BOJ

dissolved in 97 gallons of water at 60°C is x (100 gal HZO) = 1231b H~BOJ-
gal HIO

Clearly, the required 94 lb of boric acid will remain in solution at 60°C.

Conversion factor to go from ~O}ti to — .
gal 1s

‘g [Ql[10v:l[3’:::l=:Y::’b10OmL454 g

“The volubility value from the graph was 15.8 g/100 mL. The lower, more conservative,!
value of 14.8 from Lange ‘S ~lzndboo~ was used in an attempt to assurethatthe mixing would be
accomplished successfully.

April 10, 1998
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X-Rav diffraction of the cathode de~osit (Experimentdated Jan. 9, 1998)

Experimental conditions
Anode material - Platinum coatedtungsten wire
Cathode material - Stainless Steel
Anode to cathode distance -2.5 incheY
Current Density applied -1.31 A/dmZ<20 Mlz

Appearance oft.he cathode demsit
Nickel deposited is brownish metallic gray iw color”.
The nickel deposit is cracked at places and hjled upj?om the cathode sur-ace

Obiective: To identify the species that redeposited with Nickel.

Results The summary of the results of XRJ) of the deposit is given below

INo. of Peak \ 2 theta- “~. ~d.~~. +- l-i~ I-w ecies 1
1 44.599 2!.0301 100 Nii:(Te)

2 31;917 1T598 29 hTi -

3 76.481 ., 1.2445 ‘.17
~i. “

4 92.982 ~1.0621
17. . ?W “~.:

-5, .’ ~ 9%.5%3 - 1.0167 8 , F:. ~ ;

6 116.103 0.9078 I Fe

Standard tables for Nickel and Iron for comparison are given below

Nickel, syn~ (Ni)4F 2.03X 1.764 1.25Z 1.06Z o.79~ 0.811 1.02, 0.881

I
Fe, syn cc-(Fe)2B 2.03, 1.173 o.91~ 1.01, 0.831

. .

It seems that may be some iron _ited &h niciielund +nptwted-akmtvzish tinge to the
deposited produti However, some oiher mtihod of ana~sa is aLso required to confirm thf
findings. Copper, chromium and tungsten we~~ @senL

>
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1’ () 6-11-57 Ni_~i_~

. START ANGIX= 5.00(1 r)~l;TA2THETA= .200 TIME= 1.0 TURE=CULAMDA= 1.541

StIf= O I-RGR= () () () KA2=0 TUBE=CUSCH=15 SENS=3.00 CENTROID=15 NTP= 5
\

N 2THETA llSP.4Cl?(1/P**2) HEIGHT AREA - P W2 $?4 -

I

1 44.5$)9 2.i)3ill .2427 3921. 3022. 2361. 2,114 .771

2 51.917 1.75% . :{229 1128. 1116. 702. 1.879 .989

J 7(i*4tll 1,2445 ,545’7 6!41 . 798. 485. 1.8’79 1.154

4 92.982 1.0621 .8865 (j:{z. 885. 512. 2.114 1.400

5 !-IH.51U1.01(!7 .!4674 2U7. 280. 131. 10879 1.355

6 116.10:3 .!)(J781.2134 550 55. 2!U. 2.114 .999

I

f

. .

I

.
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NICKEL ELECTRO WINNING

One Anode and one Cathode Swtern
Anode material- Platinumcoatedtungstenwire
Cathodematerial- Stairdess-SteA
&ode to cathodedistance-25 inches
CurrentDensityapplial -1:31 Md.m2= -20A/l? ~

Voltage changes: At stan- 7V
Atend -7V

Total Time.allowedfor Ekctro winning -4 hours -

~ickel- iorrconcentratiorras thefhnctionoftime
Time interval for metal ion concentration determination -1 hour

a)
b)
c)
d)

At the start of experiment -!3,1od@llon
After Hiour -“ not rnasl.mxi.
Mter 2 hours - 8.9 OZ@On

Mter 3 hours - 9.1 od&oH
M3er 4 hours - 9.1 Odgalon

Temmrature Recordim The thermometer was dipped in corner at adeptli-of -2.5 inches.
Time interval for monitoringthe-temperature changes -1 hour

a)
b)
c)
d)

At the strut. of experiment~29.t3”“C
her lhour - 29.8 “C -
After 2 hours - 29.9 “C
After 3 hours - 30.8 “C
Afier 4 hours - 31.2 ‘C

Experiment switched off.

,

Current Ei%ciencv 65.1 YO

Observations
- Vigorom.gas bubbles evolved fiorRthe cathtie and the anode surfaces

-- The-pungent smell of the.akiodc gasidti~icx-it to be’C.12gas
- Nickel deposited is browq-sh-rntital.lic gray in <oIor ,

- The nickel-deposit is cracked at places and lIj7ed upj?om- the cathode surface

f

Remarks This anode rnateria] iS not suitab]e for the e]wtro Wifig of njCke].-The anode should
be carefilly selected and replaced by an inert rnat~a] w~ch will ~uce orav~ C]z gas evolution
and the contamination of the SOitiOri ~OU@ & an& d.iss~l~~ anrj CODSeqUW]y will require

a lower cell driving voltagti
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Anode material: Platinum coated Tungsten wire
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Time - hours

nickel ion concentration
and temperature with time.

Current density .- 20 Amps/f?

Anode-cathode distance -2.5 inches

29.5.

. .

\

f



NICKEL ELECTRO WINNING
One bode and one Cathode Svstem
Anode material - Titanium-vanadiumAlloy
Cathode material - StairdessSteel
Anodeto cathode distance-2.5 inches
Current Density applied-1.31 A/dm2 = 20 A/fi2

\

Results: The voltage could be increased to 25 V but.the current could not increase more than 1A
and it decreased continuously.
The experiment was switched off.

The same experiment was repated with a SS Anode of the same composition as that of the cathode

Voltage changes: At start -5 V
Atend-3V

Total Time allowedfor Electro winning-4 hours

Nickel ionconcentrationas the finctim-of time
Time intervalfor metal ion concentrationdetermination-1 hour

At the start of experiment -9.5 otigallon
a) After 1hour - 9.5 ozlgallon
b) After 2 hours - 9.4 otigallon
c) Mler 3 hours - 9.3 otigalkm
d) Mter 4 hours - 9.3 oz/gaHon

Tem~erature Recordinz The thermometer was dipped in comer. at a depth of-2.5 inches.
Time i.ntemal for monitoring the temperature changes -1 hour

At the start of experiment -22 “C
a) Mter 1hour - 24 ‘C
b) Afier 2 fiours - 25.8 ‘C
c) After 3 hours - 26.8 “C
d) After 4 hours - 27°C
Experiment switched off.

Current JLIKciencv 70.5 ‘%.

Observations
- Gas bubbles evolved from the cathode and anode surfaces
- Metallic nickel particles were observed floating in the solution
- Brown rust particles were observed at the anodeAolution interface
- The anode pitted as elongated oval, cavities
- Nickel deposited in the form of thin, ductile, darkjlakes

“Remarks The anode materia] shou]d be Carefi]]y se]~t~ ‘t. avoid ~ evolution and the
contamination of the solution through the anode dissolution.

f
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NIC~L ELEC1’ROPLA~G

Two Anodes and one Cathode System

Ctment Density applied -5.0 Akhn2 46.4 /Vft2

Voltage applied - 5V

Anode to cathode dtiance -2.5 inches
Total Time allowed for Electroplating -4 hours

Nickel ion concentration as the function of time
Time interval for metal ion concentration determination -1 hour

a) At the startof experiment -9.99 oz/ga.llon

b) After lhour - 9.99 o~g~on
c) Mer 2 hours -9.97 otigallon
d) After 3 hours -9.99 otiga.llon
e) Afler 4 hours -9.90 otigallon

Experiment switched off.

Current Efficiency 95%

Obsemations Flakes of ductile whitish bright Nickel were deposited.
.

Remarks. A distance of 2.5 inches between the anodes and the central cathode should be
increased for these experimental conditions for it may cause short circuiting.

.,.
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IVICKEL ELECTROPLA~G

\

Two Anodes and one Cathode System

Current Density applied -2.15 A/dm2 -20 M12
Voltage applied -1.5- 2.OV

Anode to cathode distance -2.5 inches
Total Time allowed for Electroplating -4 hours

Nickel ion concentration as the fi.mction of time
Time interval for metal ion concentration determination -1 hour

At the start of experiment -10.19 odgallon
a) Mer lhour - 9.86 oz/gallon
b) Mler 2 hours -10.08 otigdlon
c) Mer 3 hours - 9.95 oz/gaUon
d) Mer 4 hours -10.06 otigallon

Experiment switched off.

Current Efficiency 88 %

Observations Flakes of ductile whitish bright Nickel as thin sheets were deposited.

Remarks. The Nickel deposited is in the form of thin sheets and hence the stirrer speed
should be adjusted to avoid the breaking of the nickel sheet born the cathode s~ace. .

f
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NICKEL ELECTROPU~G

Two Anodes and one Cathode System
Current Density applied -1..62 A/dm2 = 15A./ft2

Voltage appLied - 2.5= - 2.OV

/mode fo cathode distance- 2.5 inch=
Total Time allowed for Electroplating -4 hours

Nickel ion concentration as the fimctionof time
Time interval for metal ion concentration determination -1 hour

At the startof experiment -9.72 otigallon
a) After lhour - 9.72Odgdm
b) After 2 hours - 9.80 otigwon
c) Mer 3 hours - 9.95 Odgdh

d) After 4 hours - 9.83 OdgdlOn

Temperature Record”u The thermometer was dipped in comer at a depth of-2.5 inches.

Time interval for monitoring the temperature changes -1 hour

At the start of experiment -30 “C
a) After lhour - 29.8 “C
b) ~er 2 hours - 29.8 “C
c) fier 3 hours - 30 ‘C
d) After 4 hours - 30 ‘C

.

Experiment switched off.

Current Ef3iciencv 68 ‘XO
.

Observations Flakes of ductile whitish bright Nickel as thin sheets were deposited.
1

Remarks. The nickel flakes grew outward in the middle towards the anodes. Short
circuiting is highly expected under these conditions.

L.,::-.-,,. ~: -.+.-. ~ . ----
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NICKEL ELECTROPLATING

Two Anodes and one Cathode Svstem

Current Density applied -1.24 Aldm2 = 11.5 A/fi2
Voltage applied - 1.OV

Anode to cathode distance -2.5 inches
Total Time allowed for Electroplating -4 hours

Nickel ion concentration as the fimction oftirne
JTime interval for metal ion concentration determi&ion -1 hour

1

At the start of expetient -6.98 otigallon
a) After lhour - 7.01 otigallon
b) After 2 hours - 6.98 ozlgallon
c) Mer 3 hours - 7.01 odgallon
d) After 4 hours - 6.98 otigallon

Chloride ion concentration as nickel chloride
Time interval for metal ion concentration determination -1 hour

At the start of experiment -9.54 ozlgal.lon
a) After lhour - 9.54 otigalon
b) After 2 hours -9.45 otigallon
c) Mer 3 hours - 9.50 oidgdlon
d) Mler 4 hours -9.50 otigallon

Temperature Recordirw The thermometer was dip~ed in comer at a deDth of -2.5 inches.
Time interval for monitoring the temperature c~ges -1 hour

.

At the-start of experiment -25.5 “C

a) Afler lhour - 25.5 ‘C

b) After 2 hours - 25.5 ‘C

c) After 3 hours - 25.5 ‘C
d) After 4 hours - 25°C

Experiment switched off.
Current Efficiency 70.5 Go

Observations Flakes of ductile whitish bright Nickel as thin sheets were deposited.

Remarks. The Nickel deposited is in the form of thin sheets and hence the stirrer speed
should be adjusted to avoid the breaking of the nickel sheet from the cathode surface.
There is a danger of short circuiting under this set of experimental conditions.
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NICKEL ELECTROPLA~G -.

Two Anodes and one Cathode System
Current Density applied -2115 Aldrn2 = 20 A/ft2
Voltage applied -1.5- 2.OV

Anode to cathode distance -3.0 inches
Total Time allowed for Electroplating -4 hours

Nickel ion concentration as the fimct.ion of time

Time interval for metal ion concentration determination -1 hour

a)
b)
c)
d)

At the start of experiment -7.2S
After lhour - 7.26 otigallon
Mer 2 hours - 7.260 tigallon
After 3 hours - 7.20 otigallon
After 4 hours - 7.230z/gdlon

otigallon

Chloride ion concentration as nickel chloride
Time interval for metal ion concentration determination -1 hour

At the start of experiment -9.54 odgal.lon
a) Mter lhour - 9.41 otigallon
b) After 2 hours - 9.360tigallon
c) After 3 hours -9.36 otigallon
d) After 4 hours -9.36 oflgallon

Temperature Recordirw The thermometer was dipped in comer at a depth of-2.5 inches.
Time interval for monitoring the temperature changes -1 hour

At the +startof experiment -23 “C
a) After 15 minutes -23 “C I

b) After 40 minutes -23.5 “C
c) After lhour - 24.2 “C
b) After 2 hours - 25 ‘C
c) Mer 3 hours - 26 “C
d) Mer 4 hours - 26°C
Experiment switched off.

Current EfXciencv 87.5 YO
, . .

&zitioIIs Flakes of ductile whitish bright Nickel as thin sheets were deposited.

lZem&’ks. The Nickel flakes deposited is in the form of thin sheets growing outwards born
the sides. The stirrer speed was reduced to avoid the bre~g of the nickel fiakes from the
c~h-crile surface. It is unlike the previo~. expe~ents ~ which c~e the nickel flakes grew
outward in the “middle towards the anodes increasing the risk of short circuiting.
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NICKEL ELECTROPLA~G \

.,
L

.
Two Anodes and one Cathode Svstem

Current Density applied -2.15 A/dm2 -20 A/ft2
Voltage applied -1.5- 2.OV

Anode to cathode distance -3.5 inches
Total Time allowed for Electroplating -4 hours

Nickel ion concentration as the function of time -
Time interval for metal ion concentration determination -1 hour

At the start of expaimen~-9.80otigallon
a) After lhour - 9.80 otig~on
b) AEter2 hours - 9.80 oi@lon
c) After 3 hours - 9.70 otigallon
d) After 4 hours - 9.80 otigallon

Temperature Record UEZThe thermometer was dipped in comer at a depth of-2.5 inches.
Time interval for monitoring the temperature changes -1 hour

a)
b)
c)
d)

At the start of experiment -24 ‘C
Mer lhour - 26 “C
Mer 2 hours -26.2 “C
Mer 3 hours -26.5 “C
After 4 hours -26.7 ‘C

Experiment switched off....

Current Eff~ciency 82.6 yO
..

I

Observations Flakes of ductile whitish bright Nickel as thin sheets were deposited.
. .

Remarks. As the anode-cathode disttice is increased he nickel flakes grew outward horn
the sides. These flakes were as large as 2 inches extending towards the sides into the
solution.

b
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MANUFACTURINGSCIENCESCORPORATION

U.S.DEPARTMENTOF ENERGY
METC/FETC

TASKS 311,312,313COST SUMMARY
OTHER OTHER 15.48?4.

DATE TASK ENGINEERINGPRODUCTIONSUBCONTRACTORS DIRECT G&A TOTAL
NUMBERS LABOR+OH LABOR+OH COST COST AMOUNT COSTS

TOTAL

1998

TOTAL

1999

TOTAL

GRAND TOTAL

311 $ 46,546.79 $ 189,559.79 $ 4,281.71 $ 151,219.66

312 $ 8,596.24 $ - $ 23,165.91 $ 248,74

313 $ 228.05 $ 190.44 $ .

$ 55,371.07 $189,750,23 $
$ .

27,447.62 $ 151,468.40

311 $ 46,609.10 $ 73,648.54 $ 8,843.12 $ 124,643.55

312 $ 3,787.69 $ - $ . $ 94.00

313$ - $ - $ 39,459.26 $ 17,686.24

$ 50,396.80 $ 73,648.54 $ 48,302.38 $ 142,423.79

311 $ - $ 9,702.28 $ . $ 22,033.48

312$ - $ - $ . $ .

313 $-$ . $ .

$- $ 9,702;28 ; . $ 22,033.48

$ 105,767.87 $273,101.05 $ 75,750.00 $ 315,925.67

$24,071.61 $ 415,679.56

$ 3,624.59 $ 35,635.47

$-$ 418.49

$27,696.20 $ 451,733.52

$20,663.74 $ 274,408.05

$ 14.55 $ 3,896.25

$ 8,846.12 $ 65,991.62

$29,524.41 $ 344,295.92

$ 3,410.78 $ 35,146.55

$=$-

; 3,410~78 ; -35,146.55

$60,631.39 $ 831,175.99

Page 1
FETCtasksum2.xls

5/27/99



IOTHERDIRECTCOSTS SUMMARY -TASKS311,312,313(ELECTROREFINING) 1
Numbers are approximate

Description Includes Price

Electrical supplies Controllers, analyzers, meters, panel meters, $27,858
instrumentation, power supplies, heaters

Mold (anode melting) $24,850

Main cell tank Polyconcrete -15’ long $5,300
Tanks, frames, piping Sump, cementation, MRU, pipe, fitings, flex $33,967

duct, spheres, gaskets, clamps, membrane
frame

External Support services Design, safety analysis, programming, $63,234
calculations, consultation, reporting

Waste Tank Tank for holding waste solutions $1,365

Pumps $2,842

External Installation Install ducts, fans, scrubber, etc. $12,350
Shipping $1,802

Metal fab Purchase or copper, steel, fabrication, stands, $36,784
racks, buss, startersheets, cementation starter,
etc.

Membrane frames Cathode boxes $17,585

Chemicals $19,181

Anode bags $354

Cationic membrane $21,106

Miscellaneous $47,348

Total $315,926

Page 2
FETCtasksum2.xls

5!27/99
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Remote Laser

1.0

Cutting Demortst@ion

Introduction

Rockwell is evaluating laser technology to size reduce radioactively contaminated power

generation plants. The laser cutting process offers:

● Remote processing capability

● Low emission production

● Low consumable costs.

Because of these benefits, laser c~”ng is considered one of the prime processes for the size-

reduction projects.

2.0 Objectives

The objective of this work was to use two dfierent cutting end effectom to cut 0.375-in.-thick

steel pipe. ETEC had prepared a matrix to establish a set of parameters for subsequent laser

cutting demonstration tests. EWI used this matrix of parameters to vary power, travel speed,

focal position, cutting gas, and cutting pressure to achieve

3.0 Testing

“acceptable” cuts.

The chemical composition of the 0.375-in.-thick steel pipe that was used for the cutting trials

listed != Table 1. The pipe diameter was 12.75 in.. Rc:’ ::ell as. -ad that this standard pipe

would adequately simulate the piping that must be size reduced in the various applications.

All of the laser cutting trials were performed w.M a Lumonics/Hobart HLP3000 continuous

I
is

wave Nd:YAG laser. The laser was operated at a maximum output of 2000 watts to simulate

the achievable power of the fvlW2000 laser that Rockwell is leasing for addtiional trials. The

power level was varied from 1000 to 2000 wak to determine the affect of output power on

cutting speed and cut qualii.

A 15-m40ng fit)eropticcable was used to deliier the laser beam to the workpiece. The

fiberoptic cabie has a ().&mm-diameter fused silica core. Typical power losses for a 15-m-long

fiberoptic cable are approximate~ 8% (s.5% at each end of the fiber and 1% in the fiber

1 Ref. No. 40578CSP/R-3/97
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itsetf). Combined with the 2°10IOSS in the beam injection optics inside of the laser and the 20/’

, loss in the beam focusing optics at the end of the fiber, the total power loss is approximately
.- .

12Y0.

Two optic= I end effecters with different F numbers (the F number is the focal length divided by

the beam diameter at the focusing optics) were used to perform the cutting. An F4 end

effecter that can produce a 1.2-mm spot size and an F8 end effecter that can produce a 2.4-

mm spot size were selected due to the thickness of the pipe and the long depth-of-field of

these end effecters. Both end effecters use four optics to recollimate and focus the beam

after the laser beam exits the fiberoptic cable. Both end effecters used 50-mm-diameter

optics.

A standard co-axial cutting cone and nozzle were used to directthe cutting gas. A copper

cutting no=ie with two different diameters (2.5 mm for the F4 and 4.4 mm for the F8) was

used.

Both oxygen and air were used as the cutting gas. The gas pressures were vaned from 10-

60 psi for oxygen and 100-120 psi for air.

The range of parametem and values used for the cutting trials is listed in Table 2.

. .
The experimental set-up and cutting end effecter are shown in Figure 1.

A Motoman K60S articulated arm robot was used to locate the optical end effecter above an

Aronson rotary-tilt positioner. The speed of the rota~ positioner was varied to provide the

differ=nt cutting speeds. The rotary positioner had approximately 3 mm of run-out. This run-

out affected the focal position of the beam on the cuts for the longer cuts or the 360-degree

cuts, but did not dramatically affect the cut qualii or the shofier CIAS. The focal position was

measured at various points to record the actual dimension. The robotic set-up, without the

rotary positioner in place, is shown in Figure 2.

) --

. ELW 2 Ref. No. 40578 CSP/R-3/97



4.0 Resutts

.J
,

. .,

9
... .,

4.1 F4 Optics! End Effecter Trials

The results of the better cuts for the F4 end effecter trials are summarized in Table 3. Various

tests were performed outside of the tabulated values to ensure that the best values were

achieved. The total list of trials is included in Appendix A. :

Results using the F4 (1.2-mm spot size) cutting end effecter showed that the 0.375-in.-thick

steel could be cut with, minimal dross on the backside at laser powers between 1000 and

2000 watts (leaving the laser) and speeds of 26 to 32 ipm with a oxygen assist gas at 18 psi.

The focal position could be varfed - mm. (0.120 in.) with little affect on the cut quality or “

speed. Figure 3 shows the cut surface for the 2000 watt, 32 ipm with oxygen trial.

The main controlling parameters were gas type and gas pressure. Oxygen at too low or too

high of gas pressure caused excessive dross on the backside. With the oxygen cutting gas

set at 18 psi, the laser power could be varied from 1000 to 2000 watts with only a 6-ipm

reduction in cutting speed (from 32 ipm at 2000 watts to 26 ipm at 1000 watts). The focal

position also seemed to have minimal affect on the cut quaiii.

Parameters that cut through the material but left lots of dross could also be produced with air

assist gas at 120 psi of gas pressure, but the cutting speed had to be reduced to

approximately 10 ipm. The surface roughness of the air gas assist cuts also seemed rougher

than the oxygen cuts.

The k+ width varied from 0.038 to 0.070 in. depending on the parameters. At slow speeds

and high powers, the kerf width was wide. At faster speeds or lower powers, the kerf is

narrower. The width of the cut is important in producing emissions or fumes and providing the

path for the dross to bridge the gap. A wider keti may be desirable to ensure that the two

pieces fall apart after cutting.

4.2 F8 Optical End Effecter Trials

The results of the F8 end effecter trials are summarized in Table 4. only the better cuts are

tabulated in Table 1. The total list of trials are included in Appendix B.

9 ,..
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The F8 end effecter (2.4-mm spot size) trials were similar to the F4 trials except that a much
-<

higher oxygen flow level was required and the cutting speed was slightly slower. To produce

~ acceptable cuts, the oxygen pressure had to be increased to 60 psi. The cutting speed

decreased from 26 ipm at 1000 watts Wfihan W to 20 ipm at 1000 watts with an F8 and from

32 ipm at 2000 watts with an F4 to 26 ipm at 2000 watts with an F8. Figure 4 shows the cut

surface for the 2000 watt, 26 ipm with oxygen trial.

Again, acceptable cuts could be made from 1000 to 2000 watts. Similar to the F4 results, the

gas type and gas pressure were the controlling parameters. Oxygen at too low or too high

gas pressure caused excessive dross on the backside.

Air gas assist did not produce acceptable cuts. 2700 watts of laser power was used to

determine if a higher laser power would help the cutting process. Even with the higher laser

power, the cut was very heavy with dross.

The ked width varied from 0.083 to 0.133 in. for the F8 end ef%ctor. The wider kerf was

expected since the focused spot size is 1.2 mm (0.048 in.) wider than the F4. Although the

F8 would produce more emissions than the F4, the F8s wider kerf width may be

advantageous to ensure the pieces fall apart.

5.0 Discussion-.

The resutts indicate that the exothermic reaction of the oxygen cutting gas and the iron in the

steel create the majority of the energy needed to mett the steel. The laser provides the initial

heat source needed to reach this exothermic reaction level and some additional cutting power.

Howevert doubling the laser power does not double the c[ltting ~peed since the oxygen is

doing most of the cutting. The correct amount of oxygen per volume of steel is needed to

produce acceptable cuts.

Too little oxygen for a set travel speed does not input enough oxygen to successfully cut

through the steel. Increasing the laser power at low oxygen flows does help, but cannot

overcome the loss of the oxygen.

TOO much oxygen for the volume of metal in the kerf causes excessive melting of the steel.

The oxygen’s gas pressure can not force this excessive molten steel through the kerf and

drosshrr is left on the backside of the cut. Increasing the cutting speed does not necessarily

help since then not enough oxygen and laser power is delivered to melt the steel.

.Ewi 4 Ref. No. 40578 CSP/R-3/97
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Since air is approximately 82?’onitrogen, it does not produce the same exothermic reaction as

oxygen. Thus, the cutting speed and cut quality are both reduced.

J

The F8 (2.4-mm spot size) optical end effecter requires 3.3 times more oxygen pressure (60

psi compared to 18 psi) to achieve acceptable cuts. The F8 needed a nozzle opening of 4.4

mm compared to 2.5 mm to allow the laser beam to pass through the nozzle opening without

clipping the nozzle. This largernode diameter opening calculates to a 3-time increase in

area of the nozzle opening. Because of thk s-time increase in area, the oxygen pressure had

to be increased approtimateiy 3 times to achieve the same volume of gas reaching the cutting

surfaces.

The amount of addition@ oxygen used per cut is also compounded by the slower c~”ng

speeds of the F8 end effecter. The power density (laser power divided by the focused spot

area) is 4 times less than the F4 end effecter. As expf@ned above, the oxygen cutting gas

supplies the majority of the energy for cutting; thus, the lower power density does not have a

major affect but it does decrease the cutting speedfrom 18 to 26?40.

Because of the larger kerf width, the F8 end effecter also generates more emissions than the

F4 end effecter. If we assume all of the material in the kerf produces emissions either as gas

or as resolidified debris on the floor, the F8 end effecter produce approximately 1.8-2.0 times

as much emissions as the F4. These extra emissions will increase the costs of the fume

fitters and other associated emission devices that must be properly disposed.

The main reason for using the F8 end effecter was to achieve a longer depth of field. A

longer depth of field should permit more tolerance for focal position and possibly produce

better cuts in thick materials. However, the results of this test did not demonstrate the

benefds of a longer depth of field for this application. For these trials, it was assumed that the

focal position would be fixed to the end of the nozzle. Thus, if the focus moved away from

the part, the nozzle would also move the same distance away from the part. This was done

to simulate the production application of laser cutting. Therefore, this study actually evaluated

the compounded influence of focus and nozzle stand-off (the distance from the cutting nozzle

to the workpiece) distance. Since this study has clearfy demonstrated the major influence of

the oxygen cutting gas on the cutting speed and quatii, it is believed that the nozzle stand-off

distance overshadowed the depth-of-field affect. This study did show that the nozzle stand-off

and focus could change by as much as *3 mm without detrimentally affecting the cutting

speed or cut quality. For the production cutting cell, surface followers are available that can

easily maintain the noz@e stand-off and focus to within 4).2 mm.

ELLU G Ref. No. 40578CSP/R-3/97
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Since only one material thickness was cut, it is impossible to quantify the affect of the F8’s

longer depth of field on cutting thicker matefial. Additional trials are required to assess this

‘--” effect.
I

The F8 end effecter did produce a wider kerf width than the F4 end effecter. This wider kerf

width helps keep the molten dross from bridging the gap and “rewelding” the cut closed. In

production, this wider kerf width may be beneficial for remote cutting applications where it is
,) difficult to maintain consistent conditkms or the material thickness is changing.

6.0

,1 The resutts from this study

Conclusions and Recommendations

generate the following conclusions and recommendations:

1.

2.

3.

4.

5.

6.

The type of cutting gas and the cutting gas pressure are the major controlling

factor for cutting thick steel. Oxygen generated the best cuts. The oxygen

pressure depended greatly on the diameter of the cutting nozzle opening.

Consistent, acceptable cuts can be produced in 0.375-in.-thick steel material

throughout a wide range of laser parameters. The laser power could change

50% with only a 20% change in speed required to maintain acceptable cuts.

The nozzle stand-off can vary *3 mm without greatly affecting the cutting speed

or cut quality. In production, a device that maintains a set stand-off should be

incorporated into the cutting system.

The F4 end effecter produced faster cuts am~ narrower kerf widths with 3 times

less oxygen consumption than the F8 end effecter.

Atthough not quantified, the F4 end effecter should

than the F8 end effecter.
produce fewer emissions

The wide kerf width of the F8 end effecter may be beneficial for certain

production applications where it is difficult to control the laser parameters.

ELUI 6 Ref. No. 40578 CSP/R-3/97



)

7.o Possible Follow-On Projects

d“ .. . . . . . . .. .-._,

)

The results of this study have shown several Key Tactors tor size reaucmg raaioacuveiy

contaminated fabrications. Several imporlant areas still exist to properly understand the

?

) .-

cutting process for these applications.

1. Quantify the amount of emissions produced

effecters at the different laser parameters.

2. Evaluate cti”ng thicker (0.5-ip.-tiick) steel.

with b~th the F4 and F8 end

3. Optimize the c~ng pa~ete= for various thicknesses of steel.

4. Assist with the “design of a production cutting system.
.

5. Assist in training operato~ and transferrin~ ‘Se knowledge gained from this

study to production.

laser

EWI offers the capabilii, equipment and experience to assist Rockwell with additional portions

of this”project. We can provide assistance at EWI, at Rockwell or at Manufacturing Sciences

Corporation. Please let us know how we oan help you.

For more information, contack Lome Weeterat614-688-5239.

?
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Table 1. Chem-kal CompOsibn of Steel Pipe

)

)

Element I Composition, weight ‘A

c 0.072
Mn 0.098
P 0.009
s 0.007
Si 0.190

Cu 0.013 “
Sn 0.015

N 0.028
v ~ O.(XM

Nb 0.035
Zr 0.001
Ti 0.001
Ca 0.001
co 0.001
Fe Balance +

)

b

Table 2. Ran@ of Pammatars Usad in Study

-.

) “ variable-s HighValua I Low Value Comments
Y

-- ‘ Power (watts) 2000 1000 Measured at laser
Cuttingspeed (nVmin) 32 10
Gas pressure (psi) 80/120 10/80 Oxygenlair
Gas type oxygen air

Focus (* mm) +4 -2
Nozzie distance (mm) +4 0.2 [3mm i= nominal

Constants

Nozzle opening 2.5/4.4 2.5/4.4 F4/F8 optics
Fiber length (meters) 15 15
Motion system robot robot
Material W-in. steel W-h. steel

\
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TaMe 3. Cutting Results for F4 End Effecter

Nozzle Gas Stand-

Trial Power speed Focus Diameter Gas Pressure off

No. (m-) (ipml (mm) {mm) Type (Psi) (mm) Comments

2 2J0 10 0 2.5 Air 100 3 Dross, almost
through

4 2000 10 -2 2.5 Air 100 2 Still dross, but
best cut so far

10 2000 10 0 2.5 Air 120 1.5 Still dross, bti
siightiy better

14 2W 32 -2 “ 2.5 2 18 1.5 No cut

17 2W 32. 0 Z5 : 18 3.0 cutalltheway
around. looks

I I!W@.
19 1800 “s o 2.5 02 38 3.0 IFairiy dean cut

27 1200 26 0 25 a 20 3.0 N- cutfai@
clean

30 1000 26 0 25 Q 20 3.0 Nioecut.fairiy
clean

Table 4. Cutting Reaufts for F8 End Ef&tor

J ~1 1 Nozzle I I t Stand- 1
‘i-rid Power speed Focus Durn@er G= Pressure off
No. @atts) (ipm) (mm) (mm) TYPS (P -) (mm) Comments

3a 2000 20 0 4.4 Q? : . 3.0 Lotsof dross, but
would separate

5a 2000 26- 0 4.4 02 -id 2.0 Kerf is 0.133 in.
good cut

6a 1500 32 0 4.4 02 “: 20 hJ?Oredross, but
would Sepatite.

9a 1000 20 0 4.4 02 60 20 Fullseparation.
somedross.Kerf
= 0.094 m.

1(M 2000 10 0 4.4 air 120 2.0 No cut
lla 2700 10 0 4.4 air 120 2.0 Looks like it

would separate,
. . but iOtS of dross.

Kerf = 0.096 in.

- .Xlll 9 Ref. No. 40578CSP/R-3/97
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Fgure 1. Pictureofh Experimental Set-up and Cutfing end Effectur

).
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FigunB 2.
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Figura 3.

ELLM

PI&um of the Robotic Set4Jpj Without h Rotmy Positimer in Piaoe

Photmn-kmgmph of Cut Surface Made with F4 End Effecter (2000 watts, 32
ipm and oxygen assist gas)
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Fgure 4. Photomicrograph of Cut Surface Made with F8 End EfFactor (2000 watts, 26
ipm end oxygen assist gas)

Euu 12 Ref. No. 40578 CSP/R-3/97 .



i

--<.

,

Appendix A

B

1

.Eun Ref. No. 40578CSP/R-3/97

P

. .....— ,,. . .. ,77. . - -—---- -7-.;. ;. --w---- 7-. —-, ,. .}....,
.-, ..~=

.! v.. , ,’-; .. . . $*L. .. . .;. :>.. ---”-’y.,..,.:> —.— __________ _.
,...,.:.,...- :. ...



--

PIIOJECT
i

MACHINE TOULING

SHEET NO, Nlllld

MATERIAL NO, 111111/

OPERATCil [$ ~I j~}}? J

MACHINE [/}lJ ~lq31bl+

FOCUSING SYSTEM .

ADDITIONAL INFORMATION
FOCUS !3ETT

L-
VMATERIAL DETAILS

Spttcimon

JNO

Focol
Imolh

m--w /’”4

/“7

z

.s
4

f
-—.— —

6-.-,... ,.
7

-

((

——

FY

- .-. . . . ... .

@/

/2~

---- -------.,..- ----- ,---

_%_

*

x$J-

$’
#2f.r

#



,,,,

..”

PROCESS: LASER CUTllNC3DATA SHEET USER &FORGE WLDINQ mm

CONTINUATION SHEETPROJECT NO. pf 10 y171rYl I

.. —
SHEET NO. 11112

Dotalh ma●heot No.

—
I CuWrOdataLrml

Fcml
ton@h

P?

Splrclmrrn
No.

power,

*
DBts

/0

IL
/(

p’q/\

f?@

/pfl

32

XJ’”

&

2eoc#’
(7 * [ee k~ &co A km)—.—, .... .. .. .... .._- -------- -—

/lo (fJf

It?, --—- .--.. ----— .. ... .— .- ...... .... -----

}w/h4



a.
:=.-

.
:-

..

— —.

\
b
i
9

—

..c
— —

9

Q
! —

—

i

?

.



DATA SHE=

PROJECT NO.

SHEET NO.

[#p p-l 7[YI I

.. —
Ilbl

.

...

=-l-%
Z12

,

PROCESS: LASER CUITINQ

CONTINUATION SHEET

Dot ails as shoot No.
mIm

+

Fod
Wt@h Slmu!oll

/W ‘em

T—“

I——
——..—- 1.—.

I
.—

( ‘1

Etil
~Efl & FORCiEWELDINGSEC17
..

..

—. — .

—.—..

—- .-—.

,— - -.

. ...... . . . ... . . ..... . _ ...- .,,. ,.-. _,

--. .-----— ——— ... - . . - . .

.----—---- ------ -------- ...-,---

lclf2109





IJXrA SHEET

PIIOJECT Nu..

SHEET NO.

MATERIAL NO.

‘PROCESS: C- LASER CUVTIN(’3 L4SEII & FO
[.

~LDlfW SECIIOIi.
I

..

MACHINE TOOLING -.

..

FOCUSING SYSTEMIllllw

IIHHI ADDITIONAL INFORMATION FOCUS SETTI

OPERATOR lY-
VMATERIAL DETAILSMACHINE

..—

Culllngdata
FOCUS
solllng NOII18# (398

@
t{; Y

0 xi/
Nlp *

Spaclmon
No.0s10

&
/#j’/jy

,347

/Ri
Cvry

Gfl
,- .. ... . . ...
7#’

@f
—-. —- .

v
[.si- —- ----
66

-$=-
60

J%---
6 Q,
/s,

. -.——.
C3xy

l~b)’fll P

_2_k?z
*



(’-..’
*

DATA SHE=

PROJECTNO.

SHEETNO.

[Ylols-17yl 1

.. —
1111

Spl!clmall
No.

,D/7

I
I

>Vp fowl’ #-@:I?a.Ak

PROCESS: C02 LASER CUTTIN(3

CONTINUATION SHEET

Details as sheet No. I — ‘

Focal
Imglh

/:.j’

F-8

—... —

— ...—

.— —__

ELW
USER & FOR(3E H’ELDINQSECT

..
.—

—.. _ ——. .

.-. —---- . .. .----- .....-_, ___ ,_ .,-, ,. .,-

—— - - ----- ---- --- _,. —. —._ .. .. . - .

-— --- ,------- -. —,. . .. .. ,., . .. ..

ICI 17109

.



t . .
,; ‘.

)’

REMOTELASERSIZEREDUCTIONOF IUkDIOACTIWICOMPONENTS

b

S.N. Shah, R B. Hardy,and D. W. Kneff V. Mac?%ir and S. Sarten

Energy Technology Engineering Center Manufacturing Sciences Corporation
The Boeing Company, Rocketdyne Propulsion& Power 804KerrHollowRoad
P.O. Box 7930 OakRidge,TN 37830
Canoga Park,CA 91309 (423)481-0455
(818) 586-5007

ABSTRACT

A technology development program was undertaken to
evaluate the effectiveness of remote laser cutting in
decontamination and decommissioning (D&D) activities.
The progmrn employed an off-the-shelf laser with fiberoptic
beam delive~ to size-reduce various components. It
included four distinct steps (1) an initial series of laboratory
tests to establish the cutting capabilities of a commercially
available NdYAG laser with a fiberoptic beam delivery
system, and to develop laser system parameters for
subsequent deployment demonstration programs; (2) a
deployment demonstration at the Energy Technology
Engineering Center (E’l’EC), where a large inventory of
radiologically contaminated reactor fiel stomge tubes was
size-reduced for disposal using remote laser cutting (3) a
follow-on deployment demonstration at the Manufacturing
Sciences Corporation (MSC), where the remote laser cutting
operation was fhrther automated and used to size-reduce
thicker materials; and (4) a subsequent series of laborato~
bench-scale tests to enhance the laser cutting data base in
areas identified by the deployment demonstrations. The
results of the program demonstrate that an off-the-shelf laser
system with fiberopticbeam deliverycanbe used effectively
in D&D applications.

L INTRODUCTION

t

“.

The DOE complex and the commercial nuclear industry
encompass a large number of nuclear reactor and processing
facilities that require near-term dismantlement : The
dismantlement tasks are major challenges for which
technology innovations in size reduction, decontamination,
and characterization are required to decrease opetating coss
and personnel exposures over conventional tecluiques. The
use of lasers has been ‘investigated recently for nuclear
facili~ decontaminationand decommissioning(D&D) tasks.
A preliminaryOak RidgeNational Laboratory study showed
that approximately $1 billion can be saved by using lasers
for the size reduction of difision plant shuctural
components at the K-25 l%mt in Oak Ridge, Tennessee.’
The Energy Technology Engineering Center (ETEC)

investigated the application of laser technology to
dismantlementtasks and wastemanagementusing fiberoptic
beam deliveryto remotecutting sites, and found it to offer
substantial benefits as a new D&D tool.2 The ETEC
investigation identified two laser systems as promising
candidates for remote laser cutting in D&D applications:
NdYAG (neodymiurndopedyttrium aluminum garnet) for
curren~ off-the-shelfuse, and the chemical o~gen iodine
kser (COIL)for later-termuse at much higher laser output
powers. Both lasershavewavelengthsthat transmit through
optical fibers with minimum power loss for remote beam
delivery. Based on tbe study results, several bench-scale
tests andtwo deploymenttests were performed to investigate
and demonstrate the effectiveness of available NdYAG
lasersfor D&Dsize-reductionactivities.

The size-reduction test activities included four steps that lead
toward the large-scale implementation of lasers in D&D
applications: (1) an initial series of laboratory tests to
establiih NdYAG cutting capabilities and to develop laser
system parameters for the subsequent deployment
demonstration progmns; (2) a deployment demonstration at
ETEC to size-reduce a large inventory of radiologically
contaminated fiel storage tubes for disposal using remote
laser cutting (3) a follow-on deployment demonstration at
the Manuf@uring Sciences Corporation (MSC) to Ii.uther
automate the remote laser cutting operation and size-reduce
tilcker materials; and (4) a subsequent series of labomtory
bench-scale tests to enhance the laser cutting data base in
areas identified by the deployment demonstrations. Tke
results of the four sets of tests and demor@atiom are
summarized m this pap

II.INITIALLASERCU17TNGTESTS

The initial series of kiboratoxy tests was performed b the1
Edison Welding Lnstitute under contmct to ETEC. A
continuous-wave (non-pulsed) 3-kW Nd:YAG with a 15-m- .”
long fiberoptic beam delivery system was used to cut l-cm-
thick steel pipe over a l+er power range of 1000 to 2700

I
Watts. Variables examined included beam power, laser end-
effector focal length, assist gas type and pressure, and

b
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“ cutting speed. The assist gas is a gas flow across the work
:~ea which blows debris created by the cutting process away
from the cutiing zone and supplies energy required to
perform the cutting. An important consideration was the
effect of these vtiables on kerf (cut) width, for which a
smaller kerf minimizes secondary waste while a wider kerf
helps keep molten doss from bridgingthe cut and rewelding
it.A total of forty-one test cuts were made, with an
estimatedtotil power loss associatedwith the beam delive~
systemof about 12°/0.The assistgas type and pressurewere
foundto be the primq’ parameterscontrollingthe quality of
the cuts. The results were used to select a laser focusing
heaclj identifi oxygen as the optimum assist gas, and
establish initial cutting parameters to be used in the
subsequentdeploymentdemonstrations.

111.ETECLASERDEPLOYMENTDEMONSTRATION

The ETEC laser deployment program used an off-the-shelf
2-kW Nd:YAG laser system to section approximately 300
radiologically contaminated nuclear fiel stomge tubes for
inspection and disposal.4 Figure 1 provides a schematic
diagram of the geneml configuration used for the
deploymenttests. The laser resonator,power supply, water
chiller, gas assist supply, and operational controls were
located in a nonhazardous environment for protection and
maintenance access:%iMy. The laser focusing head and a
tube-holding fixture were located within a radiologically

INTERLOCKED
DOOR

E

HEPA5AG
FILTER

SYSTEM

Em--La

controlledcontainmenttentwhichwas fitted with a HEPA-
filtered ventilation system. “Thelaser beam was delivered to
the focusing head through a 15-m-long fiberoptic cable.
Each 3-m-long, 12.7-cmdiameter storage tube was
positioned horizontally on the fxture, where two
Iongitudmal cuts were made by moving the laser head
lengthwise along the tube and one circumferential cut was
made by rotating the tube. Each tube was thus sectioned into
four approximately equal half-cylinder sections. A
continuous-wave laser power level of 0.8 kW was used for
these thin-wall(1.6-mm-thick)tubes, with an oxygen assist
gas and a linear cutting speed of about 400 cdmin. Each
tube was size-reducedin about 2!4 minutes, including the
time to load each tube and unload the tube sections
manually. (Only the laser cutting was automated for this
demonstmtion.) Figure2 is a photographof the laser cutting
activity.

A number of additional test cuts were performed using a
plasma-arc torch to provide comparative data using current-
pmctice technologies. The plasma-arc tests used an identical
geome~ and cutting procedure. Comparisons showed that
the laser and plasma-arc had comparable cutting speeds, but
the plasma-arc generated a much larger quantity of
secondzuy waste because of its much larger kerf. That
difference, plus the higher plasma-arc maintenance
requirements, result in higher cutting costs for the pbsrna-
arc system. Cost comparisons for the ETEC demonstration,

CONTAINMENTTENT

EEcl
TLtBE HOLDINGFIXTURE

lma%?luiar .*-’ “. -m : “ ‘ : -i .41
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Figure 1. Schematic Diagram of the L.a,rerCufling con~gwationjor the ETEC Tests.
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Figure 2. EIZC Luser Ske Reduction of Radiologically Contaminated Storage Tubes Using Fiberoptic Beam Delivery to a
Remote Cumhg Head
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omitting set-up and hardware costs, are summarized in Table
I. Significant cost savings were redid because of the
reduced secondary waste and maintenance requirements.
Maintenance requirements were still significan~ however,
because substantial airborne debris was generated that
required frequent iilter change-outs. Additional cost
estimates were made for the size-reduction of significantly
larger quantities of contaminated tubes. Those estimates
included the ‘capital equipment costs of the cutting hardware

(significantlyhigher for the laser system), and assumed
replacement of the filter system with self-cleaning filters, but
otherwise adopted a manual procedure that does not take
advantage of the added flexiiili~ of a robotically controlled
laser system. The results indicated that plasma-arc cutting is
less expensive for smaller quantities of tubing (because of
capitrd equipment costs), while laser cutting is less expensive
for large quantities. The break-even in those comparisons
was at about 230,000 tubes.

. - .- .-m

Table I
Summary Cost Comp@on Between Remote Laser and Plasma-Arc

Size-Reduction of the ETEC Stomge Tubes

Labor & Materials Cost($)

Cost Element Laser Plasma-Arc

Tube Size-Reduction 5,600
Cutting Head Maintenance

5,600

5 423
Filter Maintenance 5,315 11,354
Transportation & Disposal 8,000 10,990

Tota&: 18,920 28,367

I

I
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“The conclusion from the ETEC demons-tion was that
significant reductions in secondary waste generation,
pekonnel exposure, and cost can be realized by the
implementationof lasercutting technologies. The reduction
in personnelexposure,not demonstnXedin this task because
of the manual tube handling, arises horn the reduced routine
maintenance requirements for the laser system and the
placement of the key laser system components in a
nonhazardous environment-

IV. MSC DEPLOYMENTDEMONSTRATION

The successful ETEC results provided the basis for
technology tmnsfer to commercial projects, and the
Manufacturing Sciences Corporation perfomned a series of
follow-on deployment tests that utilized the same laser
system and capitalized on lessons Ieamed &om the ETEC
demonstration. Tle MSC deployment fiuther automated the
laser cutting system and applied it to the size-reduction of a
much larger component requiring the cutting of thicker
materials. This component was a 1.8-m-diameter, 2.1-m-
Iong cylindrical converter shell with 1.3+xn-thick carbon
steel walls horn the Oak Ridge K-25 site.

The MSC set-up is shown in Figure 3. Here the laser system
was augmented with a Lurnonics auto-focus cutting head

that was mountedon theworkingarm of a Cincinnati
Milacron robo~ and the converter ‘shell was placed on a
tmck-mounted table with an automatic turning roll ‘and part
indexer. The fi.mctionof the auto-focus cutting head was to
maintain a constant stand-off distance between tie cutting
head and the cutting surface as the cuts were made. Ma]
cuts were made along the converter shell by using the
robotic am to move the cutting head axially along the
converter shell, and circumferential cuts were made by
rotating the converter shell on the remotely controlled table.
Laser cutting head motions were dvected by a
programmable logic controller, which provided the
capability to use the robotic arm to move the cutting head
over the fill converter shell surface. The adopted procedure
Iiiited the cutting head motion to linear travel with the laser
head pointing downwar~ to restrict the laser orientation for
increased safety and to allow the sectioned pieces to drop
directly into a waste box. This waste box was attached to a
track-moimted support stmcture that could be retracted from
the work area remotely for material dsposal. Similarly, the
track-mounted table supporting the converter shell could be I
independently moved into and out of the work area under
remote control. The work area was a pre-fabncated
containment building with laser-protective film covming the
observation po-. It utiliid the high-efficiency facility
ventilation system for airborne contaminant control.

iASERAUTOFOCUS f MILACRON
CUTTINGHEAD ROBOT

INDEXJNG
($ROLLERS i

I

FIBEROPTICS
& CONTROLS

(TO IASERAND
CONTROL AREA)

J’
I

1

Figure 3. Schematic Diagram oJ&? her Cuning configuration for the MSC T~u.
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s This systemwasused to remove 30-cmby 30-cm sectionsof
the converter shell by remote laser cutting. Cutting
parameters included a laser power level of 1.8 kW, an
oxygen assist gas, and a cutting speed of 76 cntlmin. The
auto-focus enhancement of the laser cutting head was found
to provide improved cutting performance by controlling the
cutting head stand-off distance. There were two notable
differences in cutting perfomumce between the MSC and
ETEC deployment demonstrations. Fti the airborne
contaminant generation at MSC was much less and more
easily manageable than at ETEC. This appears to be a
function of the thiclmess of the material cu~ with less
airborne contaminant generation for thicker parts, and was
also observed in the subsequent bench-scale tests. Secon&
the maintenance requirements for the focus~g head were
greater at MSC, with frequent cleaning necessary to remove
deposited airborne debris. Focusing head cleaning was not
required for any of the other cutting tests, and the difference
was attributed to the location of the cutting head duectly

‘ above the cutting site in conjunction with the greater amount
of cutting pefiormed. This problem was miniiized by
installing a protective glass plate in front of the focusing lens
and directing a dry-nitrogen purge gas through the auto-
foc~ head to blow airborne debris away fiorn the lens
assembly. Those changes reduced maintenance
requirements significantly.

Additional laser cutting tests were performed at MSC to
I

rnvesdgatethe ability of the remote laser system to cut other
materials. Results are summarized in Table II. Most of the
laser cutting was petionned using a continuous-wave (CW)
laser beam. Aluminum was an exceptio~ for which the
laser beam was delivered in a square-wave pulsed mode.

I Aluminum cutting requires higher laser power than steel,
and more instantaneous power can be delivered to the
cutting site using a pulsed beam. Dmwbacks are that the
cutting may be uneven and the cutting speed is slower.

V. SUPPLEMENTAL BENCH-SCALE TESTS

)
The two deployment demonstrations identified a number of
areas where additional laser cutting information would be

beneficial for future applications. A supplemental series of
laboratory bench-scale tests was subsequently performed at
the Edison Welding Institute under contract to ETEC to
investigate the following (1) the quantity of airborne
particulate that is generated during laser cutting; (2)
maximum cutting speeds for cutting 1.3-cm-thick and 1.5-
cm-t.lick steel pip% and (3) the maximum thickness of steel
plate that a be cut with a 3-kW off-the-shelf Nd:YAG
laser using fieroptic beam delivery.s

The airborne particulate studies used 0.2-cm-thick and l-cro-
thick flat plates, to sinndate the material thicknesses in the
ETEC and MSC tests, respectively, and a laser power level
of 2 kW. Cutting was pefiormed withii a small enclosure
using an exhaust system that drew the airborne particulate
generated by the laser cuts through a HEPA filter system.
The filters were weighed before and after each test to
determine the weight of the collected debris. In addition, the
material ejected from the bottom of the cuts and the dross
removed from the bottom tice were collected and
weighe~ and kerf width measurements were made for the
plate cuts. The data were used to determine the distribution
of the secondary waste generated by tie cutting process.
Results are summarized in Table III.

The Table III results show that the airborne particulate was
only a small fiction of the total debris generated by the laser
cuts, and that the thh (0.2-cm-thick) material produced
about thirteen times the airborne particulate as the thick (l-
cm) materird for an equivalent vohune of cutting debris.
This is consistent with the observations from the ETEC and
MSC demonstrations. Reasons for the difference were not
investigated but may be associated with higher heat
conduction in the thicker material, resulting in more melting
and less vaporization.

Sixty test cuts were made to investigate maximum. laser
cutting speeds for steel pipe with 1.3-cm-thick and L5-cm-
thick walls. For those tests, a pipe section was rotated
beneath a fixed laser beam at various speeds, and the laser
power level was stepped from 2 kW to 3 kW in 250-W I
increments. Some variations were also made in the focusing

)
.. .

Table II
Summary of the MSC Remote Laser TestCutsUsingVariousMaterials

Material Thickness Assist Gas Laser Power Cutting Speed

Carbon Steel 1.3cm 10 psi oxygen 1800 W, CW 76 ctimi.n.
CarbonSteel 2.5 cm 10psi oxygen 1900w, Cw 7.6 crrdmin.

StainlessSteel 1.3cm 10psi oxygen
Aluminum

1800W, CW 76 crrdmin.
0.3 cm 10psi oxygen 1500W, pulsed “ 7.6 crrdmi.n.

.
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ResultsoftheCuttingTeststoQuanti@AKbome ParticulateGeneration

Material Laser cutting Assist AirborneParticulate

Thiclmess Power Speed Gas 140rmalizedWeight DebrisFmction

0.2cm 2 kW 152admin. 20psiOz 0.45g/cm3of cut 4.7?/o

1 cm 2 kW 51cm/min. 30psiOz 0.034#cm’ ofcut 0.4%

head stand-off distance and in the oxygen assist gas pressure. VI. CONCLUSIONS
Good cuts through the pipe wall were defined as those for
which there was ‘no weld-back on the interior surface of the
pipe. Results of successfulcuts are summarizedin Table lV.

h additional fourteentest cuts were made to determinethe
maximum steel thickness that could be cut with a 3-kW,
fiberoptic-delivered Nd:YAG beam. Those tests were
performedusing 1.9-cm-thickand 2.5-cm-thicksteel plates,
where the plates were moved remotely beneatha freed laser
beam. The tests showedthat 1.9-cm-thickplate could be cut
successfullyat 51 Crn/min.and 2.5an-thick plate could be
cut successfully at 41 crn/min. The cut zones were cross-
sectioned to examine the shapes of the cuts, and it was
determined that thicker sections would be difficult to cut
based on the amount of dross produced and the taper in the
cuts for the 2.5-cm-thick plate. l%e depth profiles for the
cuts showed a relatively namow front surface width, a
widening of the kerf below the surface (probably horn
divergenceof the laser beam), and a very narrow kerf with
significant slag at the backsurface(Fi~ 4).

Table IV
Summaryof Bench-ScaleLaserCutting SpeedTests

F
Pipe Wall
Thickness

1.3 cm

L
1.5 cm

Laser Successful
Power Cutting Speed

2000 w 43 cmlmin.
2250 W 43 crn/min.
2500 W 56 crnJmh”.
3000 w 89 crn/min.

2000 w 48 crrdmin.
2250 W 58 crn/min.
2500 W 58 cm/min.
2750 W 58 cmlmin.
3000 w 76 crrdmin.

The series of tests descriied here demonstrated the laser
cutting of both thin and thick components, various degrees
of remote operation and automation, and the ability to cut
2.5-cm-thick steel at high linear cutting rates with a
commercially available NdYAG laser. The ETEC
demonstration showed the potential for cost savings using
remote laser cutting, the MSC demonstration extended the
application to thick materials using automated robotics, and
the bench-scale tests provided further data on cutting
capabilities using off-the-shelf laser systems. Although

relatively high laser hardware costs make other technologies
more cost effective for small-scale applications, reductions
in personnel exposures by using remote laser cutting, with its
minimal maintenance requirements, may override cost
considerations in hazardous-environment applications. The
overall conclusion from this successfid series of laboratory
and field-deployment tests is that cumen~ off-the-shelf laser
technolozv with remote fiberoptic beam delivery can be
used eff~~tively for component size-reduction “in D&D
applications.

Figure 4. Photograph of Liner Cuts Made in 2.5-cm-Thick
Steel with a 3-kW Nd: YAG Luser Beam, Incident jiom the
Top.
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MSC Recycled Contaminated Metals
Concept Paper

for Mr. Vince Adams, DOE Oak Ridge Operations

January 23, 1998

Currently their exists limited production capability within the US to produce
products made from Recycled Contaminated Metals (RCM) in a cost competitive

manner. Even more important, there is no obvious market for RCM that currently
is competitive with existing candidate products. To be successful a product will
have to be developed that will utilize the largest amount of metal possible using
the most cost effective production method. In this way, reduction of DOE’s
liabilities will be maximized and RCM products will become competitive.
Therefore, a product that substitutes for rather than mimics existing products
would be the logical choice.

Fundamentally a product for recycled metals should include some or all of the
following traits;

contain a large volume of RCM

) not designed for efficient use of material

minimize processing steps

and compete as a substitute for, not as a replica of non-contaminated
I products.

It should be noted that product candidates requiring sophisticated machining and
testing, with low material utilization, have much less chance of ever being
successfully deployed.

)

Ideas for Recycled Contaminated Metals:

2.

Pursue building an industrial base to manufacture biological shield plugs for
spent nuclear fuel canisters. This would utilize large volumes of depleted
uranium and the stainless steel cladding could be RCM as well. This has
received significant attention from the DOE and it may be time now to
implement the concept within the industry.

Look at additional options for the repository at Yucca Mountain (longer term).
Potential candidates are rail ties and rails for the tunnel road system. Other
options include the use of RCM in rock bolts and other structural members

_____—..— —.— ....—.-. _,- r T-z- >r -- -, . . ..-. . . .. . . . . . . . . . . .-..:- -.-, --- -Y . . . . . -.
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used to stabilize the tunnels during mining and operation. This would take
some development work to determine if the RCM could result in a product
that could meet QA cetiification requirements imposed on Yucca Mountain by
the NRC. Other considerations include using RCM as reinforcement rods for
concrete in the repository and even using RCM as part of the aggregate in
the concrete itself.

Both of the above options would require buy in by OCRWM in HQ and at the
Yucca Mountain project.

3.

4.

5.

6.

7.

8.

9.

A undetermined amount of material (carbon steel) could be taken from the K-
25 site and cast into shield blocks for use in the Spallation Neutron Source.
The cost would include the melting and casting into molds and a minimal
amount of machining. To minimize cost you would want to cast at a
continuous rate over a long period. Starting and stopping a casting operation
adds considerable cost.

Lead can be recycled into liners at a reasonable cost and represents a
significant liability reduction for the current owner. These products already
appear to be competitive in today’s market. Oak Ridge may want to be the
center for the recovery and reuse of lead for DOE (i.e. require all of DOE to
purchase or recycle their lead through a central location such as ORO).

Consider alternate designs for residue containers (i.e. maximum material,
minimum processing).

Counter weights for cranes, fork lifts, and oil rigs. This would process a lot of
metal however, it would be challenging to sell the concept to industry.

Use RCM as aggregate in concrete.

Use RCM for artificial reefs and break waters. This option would require the
confidence of the public.

Develop specialty alloys that would not be in direct competition with a mass
production vendor.

Currently with no clear market for RCM, the challenge is to find a low tech option
that utilizes large quantities of metal. We would like to support the DOE in
finding a successful end use of RCM. OCRWM has the potential to consume
large quantities of metal within the repository given the right applications. Our
success will only come from thinking out side the norm and doing this before
design/selection is finalized.
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I Measurements reported by Thermo NUtech
for Batch 2

I

Sample Results Error
Minimum

Location (pCilL)* (pCi/L)
detectable activity

(pci/L)
560.66 31.26 29.57

6 (28.03 pCi/g) (1.56 pCi/g) (1.48 pCi/g)
[1.037 Bq/g] [0.058 Bq/gl [0.055 Bq/gl
465.09 30.26 30.99

6 (23.25 pCi/g) (1.51 pCi/g) (1.55 pctig)
[0.860 Bq/gl [0.056 Bq/g] [0.057 Bq/g]
430.03 19.63 16.54

6. (21 .50 pCi/g) (0.98 pCi/g) (0.83 pCi/g)
[0.796 Bq/g] [0.036 Bq/~ [0.031 Bq/gl

120.70 12.94 16.15
6 (6.04 pCi/g) (0.65 pCi/g) (0.81 pCi/g)

[0.223 Bq/g] [0.024 Bq/g] [0.030 Bq/g]
*The reported activity levels are for 20.0 g of sample in a 1.00-L solution.

Results from application of statistical tests to the
measurements reported by Thermo NUtech for Batch 2

Mean
19.705 pci/g
(0.730 Bq/g)

Standard deviation
9.519 pCi /g

(0.355 Bq/g)

Standard error of the mean
4.759 pCi Ig

(0.177 Bq/g)
Probabili& that data is

0.148
normally distributed

With a probability of 0.148, the data fails the Kolmogorov-Smimov test for
normality. The small probability suggests that there may be a systematic, rather than
random, error in the measurements. Visual inspection of the Batch 2 data in Figure 1
reveals three measurement around 27 pCi (1 Bq/g) [the mean of the three measurements
is 24.3 pCi/g (0.898 Bq/g)] and one much smaller value. The most likely systematic error
that would produce the observed measurements would be the loss of 99Tcduring sample
preparation. The validity of the measurements is also called into question by the change
in minimum detectable activity: for two measurements the mean is 1.5 pCi/g (0.056
Bq/g) and for the other two the mean is 0.82 pCi/g (0.030 Bq/g). This suggests a
substantial change in experimental conditions.

1
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Set 1 measurements of beta particle emissions from
cathode #3 with an alphdbeta scintillation probe

Sample
Beta particles Alpha particles

location
count rate= count rate

(counts/miIl) (col.mts/min)
6 387 2
6 420 1
6 423 1
6 443 1
6 420 1

lAb 427 2
1A 447 1
1A 451 0
1A 443 3
1A 457 1
lBC 418 6
lB 427 5
lB 463 2
iB 486 3
lB 462 2

Background 408 3
Background 417 2
Background 472 3
Background 484 2
Background 385 1
Background 397 1

“Each count of the cathode or background was for one minute.
~ocation 1A is on the same side of the cathode as location 6.
Zocation lB is on the opposite side of the cathode from locations

1A and 6.

Statistical analysis of Set 1 measurements of cathode #3
with an alphdbeti

lAa 445.0
lBb 451.2

scintillation p]

Standard
deviation

(counts/rein)

20.11
11.31
28.08
40.99

be I

u!
Standard
error

ofthemean
counts/mirl

%
12.56 1

Background 427.2 16.73
“Location 1A is on the same side of the cathode as location 6, the

front.

2
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~Location lB is on the opposite side of the cathode from locations
1A and 6, the back.

The mean of the measurements taken at location 6 is smaller than the mean of the
background measurements. Meyer, Meir and Ziind, and NCRP Report No. 58 state that
such data should be used if possible rather than discarded. An applicable test to determine
the potential usellhlness of the data is an analysis of variance. If the measurements pass
this test, they can be combined to produce an average count rate.

One-way analysis of variance of measurements
from locations 6, 1A, and lB

Source of Degrees of sum of Mean F statistic Probability
variation freedom squares squares
Between 2 2996.9 1498.5 3.4 0.067
groups

Residual 12 5284.0 440.8
Total 14 8280.9

Because the probability that the measurements are drawn from the same populations is
greater than 0.05, the measurements pass the test. The measurements all arose from a
single population. Therefore, they may be combined to obtain a single measure of the
mean.

3



Statistical analysis for combined
measurements from locations

6, 1A, and lB

Standard
Standard

Mean deviation
error

(Comts’ti) (Countshnin) :::ts:~?

438.3 24.32 6.28

The average surface activity of cathode #3 may be calculated from the Set 1
measurements by subtracting the mean combined count rate horn the mean background
count rate and converting to Becquerels.

( )

( )(A= (438.3i 24.3) -(427.2 ~ 41.0) :ti:: )( )[

disintegrations min Bq

0.094 counts 60 sec disintegrations

sec J

A= 1.97 ~ 0.30 Bq s 2.0~ 0.3 Bq

The average bulk activity of cathode #3 is found by dividing the measured surface
activity by the mass of the emitting layer, 2.23g.

(1.97+ 0.30Bq)
A

bulk,caihode#3 =
= 0.883*0.13~- ‘q

2.23 g
g = o.88t o.13—

g

4
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Set 2 measurements of beta particle emissions from cathode #3
with an alphdt-eta scintillation probe

Location on the cathode
5Aa 1A 2A 3A 4A lBb 2B 3B 4B

Beta particles count rate’
(counts/rein)

156 179 179 203 168 189 168 158 169
197 189 213 190 191 191 165 169 199
166 176 209 186 174 192 182 181 146
173 214 186 195 167 182 185 161 172
186 195 158 198 204 185 183 140 170

“Locations designated A are on the front of cathode #3.
bLocations designated B are on the back of cathode #3.
CA1lcounts were one minute long.

Set 2 background measurements with an alpha/beta scintillation probe

Beta particle count rate”
(Countshnin)

183 209 169 168 153
157 170 147 168 176

“All counts were one minute long.

Statistical analysis of Set 2 measurements of cathode #3
with an alpha/beta scintillation probe

Standard
Standard

Sample Mean
deviation error

location
‘Comts’min) (countshnin) ‘ftie ‘em

5A 175.6
1A 190.6 15.14 6.77
2A 189.0 22.62 10.11
3A 194.4 6.66 2.98
4A 180.8 16.15 7.22

J
(counts/rein)

16.20 7.24

lB 187.8 4.21 1.88
2B 176.6 9.34 4.18
3B 161.8 15.09 6.75
4B 171.2 18.81 8.41

Background 170.0 17.39 5.50

The mean of the measurements taken at location 3B is smaller than the mean of
the background measurements and the mean of measurements taken at locations 2B, 4B,
and 5A are only slightly greater than the background measurement average. As stated by
Meyer, Meir and Ziind, and NCRP Report No. 58, such data should be used if possible

5
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rather than discarded. An analysis of variance was used to determine if the measurements
from the nine locations are sufficiently similar to be averaged together.

One-way analysis of variance of measurements from I
locations 1A, 2A, 3A, 4A 5A, lB, 2B, 3B, and 4B

Source of Degrees of sum of Mean
F statistic Probability

variation freedom squares squares
Between 8 4475.2 559.4 2.524 0.027
groups
Residual 36 7978.0 221.611
Total 44 12453.2

The probability of similari~ among the measurements is 0.027. This is a
statistically significant difference, the differences in the mean values among the
measurements are greater than would be expected by chance. Therefore, the
measurements from the nine locations can not be averaged together to obtain an average
surface activity.

The measurements were tested to determine if exclusion of a single group of
measurements (Group 3B, the measurements from location 3B, with a mean surface
activity of 161.8 countshnin) would allow the measurements to be averaged. A one-way
analysis of variance test was conducted on the eight groups of measurements remaining
after Group 3B was excluded.

One-way analysis of variance of measurements from I
locations 1A, 2A, 3A, 4A, 5A, lB, 2B, and 4B I

Source of Degrees of sum of Mean
F statistic Probability

variation freedom squares squares
Between 7 2430.3 347.186 1.572 0.18
groups
Residual 32 7067.2 220.85
Total 39 9497.5

Without the Group 3B dat~ the probability that the data are sufficiently similar to
be combined is 0.180. This probability is much greater than the cutoff value of 0.05.
Hence, the measurements may be combined to compute an average surface activity.

The following analysis of beta particle emissions measurements excludes data
collected horn location 3B (Group 3B). The Group 3B data are inconsistent with the
normally distributed measurements of beta emissions from other locations on cathode #3.
The inconsistency may arise from two possible causes: (1) the number of beta particles
emitted from location 3B is different from the emissions elsewhere on cathode #3 or (2) a
machine or operator error occurred. The first possible cause is inconsistent with the
assumption that the 99Tcis uniformly distributed throughout the cathode. Without
confirmatory measurements, such as liquid scintillation counting, from location 3B,
potential cause (1) will be discarded. It is assumed that a machine or operator error “

6
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occurred and thatno significant information will be lost by excluding the datacollected
from location 3B from fhrtheranalysis.

Statistical analysis for combined
measurements from cathode #3 locations

1A, 2A, 3A, 4A, 5A, lB, 2B, and 4B

Standard
Standard

Mean
deviation

error

‘Comts’mh) (Countshnin) :::ts:&?

183.25 15.61 2.47

The average surface activity of cathode #3 may be calculated .fiom the Set 2
measurements by subtracting the mean combined count rate from the mean background
count rate and converting to Becquerels.

A = 2.35+ 0.44 Bq z 2.4* 0.4 Bq

The average bulk activity of cathode #3 resulting from Set 2 measurements is computed
by dividing the average surface activity by the mass of the emitting layer, 2.23g.

(2.35+ 0.44 Bq) = ~054 ~ 0197 Bq ~ ~.05f 0.20 Bq
A bulk,cdude l/3 = 2.23g “ “ -j- X
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Set 3 measurements of particle emissions from cathode
#3 with an alphdbeta scintillation probe

Sample Beta particles Alpha particles
location count ratea count rate

(countshnin) (counts/rein)
2Ab 236 2
2A 263 0
2A 264 1
2A 230 0
2A 235 2
2A 268 0
2A 235 1
2A 248 0
2A 237 1
2A 270 0
2BC 250 2
2B 222 1
2B 229 1
2B 238 0
2B 225 0
2B 251 3
2B 234 3
2B 217 2
2B 245 1
2B 221 1

Background 281 3
Background 289 0
Background 298 3
Background 299 2
Background 286 2
Background 244 2

“All counts were one minute long.
~Location 2A is on the fi-ontof cathode #3.
cLocation 2B is on the back of cathode #3.

8
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Statistical analysis of Set 3 measurements of
beta particle emissions from cathode #3

with an alpha/beta scintillation probe
I

Sample Mean
location (counts/rein)

Standard
Standard

deviation
error

(counts/rein) ;::ts:::

15.95 5.04
12.40 3.92E!iiaiE 2025 [ 827,

‘Location 2A is on the front of cathode #3.
bLocation 2B is on the back of cathode #3.

The means of the Set 3 measurements of beta particle emissions from cathode #3
are both more than two standard deviations below the mean background. Although the
data appear to be internally consistent, they are unusable. The alphaheta scintillation
probe and scaler appear to have been malfi,mctioning.

Cathode #3 was moved to a new location, the receiving area of the manufacturing
facility, prior to collecting the Set 4 measurements. The move was an attempt to find a
low-background location. According to Tsoulfanidis and NCRP Report No. 58, an
increase in the integration time will increase the total number of counts received and
lower the minimum detectable activity. Hence, in an attempt to lower the minimum
detectable activity, the counting or integration time for the Set 4 measurements was set to
two minutes. This is a factor of two greater than the integration time used while
measuring Sets 1-3.

9



Set 4 measurements of particle emissions from cathode
#3 with an alphdbeta scintillation probe 1

Sample Beta particles Alpha particles

location Total counts = Total counts”

2Bb 509 1

2B 498 6

2B 538 2

2B 539 1

2B 504 5

2B 533 2

2B 513 1

2B 530 1

2B 524 2

2B 527 4

2B 547 0

2B 534 2

2B 534 1

2B 541 1

2B 534 0

2B 544 1

2B 485 2

2B 567 4

2B 560 2

2B 515 2

Background 632 1

Background 601 2

Background 636 1

Background 627 3

Background 601 1

Background 627 2

Background 616 1

Background 668 0

Background 623 3

Background 552 2

“Each count was for two minutes.

bLocation 2B is on the back of cathode #3.

10
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Statistical analysis of Set 4 measurements of
beta particle emissions from cathode #3

with an alphdbeta scintillation probe

Sample Mean Standard Standarderror

location (counts/2 rein) ~od:t$;:in of the mean
(counts/2 rein)

2Ba 521.5 14.55 4.60
2B 536.1 23.10 7.30

Background 618.3 30.08 9.51
“Location 2B is on the back of cathode #3.

As with the Set 3 measurements, the average Set 4 beta particle emissions from
cathode #3 were more than two standard deviations nom the mean of the background
measurements. Clearly, these data are unusable. The alphaheta scintillation probe and
scaler appear to have been malfunctioning.

Following the unsuccessfid attempts to acquire usefid information from sets 3 and
4, it was decided to increase the counting interval from 1-2 min to 30 min. This required
modifications to the scalar for the alphaheta scintillation counting system. After the
modifications, the system efficiency was 18.7°/0 for alpha particles and 11 .OO/Ofor beta
particles.
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Set 5 measurements of particle emissions from cathode #3 I
with an alphtieta scintillation probe

Sample Counting start Beta particles Alpha particles
Location” time Total counts~ Total counts

Background 9:40 AM 5985 62

2BC 10:15 AM 6025 81

2B 10:45 AM 5948 63

2B 11:15AM 5895 59
2B 11:45AM 5970 54

2B 12:15 PM 5843 56

2B 12:45PMd 5707 57

Background 2:15 PM 8501 54

Background 2:45 PM 8400 57

Backgrounde 3:20 PM 7581 41
‘Except as noted, all measurements were made in the Manufacturing

Sciences Cofioration laboratory.
~Each count was for 30 minutes.
%ocation 2B is on the back of cathode ##3.
‘The scintillation counter and scaler were not turned off belxveen 1:10 and

2:15 PM. The instrument remained on from 9:40 AM until 3:50 PM.
‘This background measurement was made in the engineering offices

located in the manufacturing facility. The move from the laboratory was to
determine if a lower background area was available.

Statistical analysis of Set 5 measurements of
beta particle emissions from cathode #3

with an alpha.beta scintillation probe1

Sample Mean
Standard Standard error

location Total counts
deviation of the mean

Total counts
2Ba 5898.0 112.54 45.95

Background 7628.7 1424.35 822.35
Background~ 7581 N/Ac N/A

‘Location 2B is on the back of cathode #3.
bThis background measurement was made in a separate building.
~/A = not applicable

Once again the average beta particle emissions are more than two standard
deviations away from the mean background. The most likely explanation is that the
alphaheta scintillation probe and scaler were malfunctioning.



Measurements of particle emissions
from barrier nickel and cathode #3

with an alpha/beta scintillation
I)robe

Sample
Beta particles

location
count ratea

(counts/rein)
Barrier nickel 2032
Barrier nickel 1990
Barrier nickel 1965
Barrier nickel 1979
Barrier nickel 1953
Barrier nickel 2016
Barrier nickel 1987 “
Barrier nickel 1950
Barrier nickel 1896
Barrier nickel 1935

Cathode #3
(removed ~iece)

294

4s
Ca

.thode #3
301

wed piece)
.&ode #3

333
(removed piece)

Cathode #3 ---
(removed ~iece) I

Cathode #3 I 217

Cathode #3
330

(removed piece)
Cathode #3 I 217

(removed piece)
Jll

Cathode #3
(removed ~iece)

328

Cathode #3
355

(removed piece)
Background 315
Background 283
Background 316
Background 316
Background 327
Background 304
Backmound 290

13



B3%4aiH
“Each count was for 30 minutes.
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Measurements of particle emissions
from barrier nickel and cathode #3
with a shielded Gei~er-Miiller tube

Sample Beta particles
location Total counts”

Barrier nickel 34.670
Barrier nickel 34,138
Barrier nickel 34,511
Barrier nickel 34,767

Cathode #3
(removed niece)

2128

Cathode #3
(removed Diece)

2094

I Cathode #3 I I
(location lB)

2213

Cathode #3
(location lB)

2013

Cathode #3
(location lB)

2121

“Each count was for 60 minutes.

15
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Valerie MacNair
Y.

Po#: 971555 Final %pott of /Wa$tS!8 S
Manufacturing Sciences SDG: 9702022 Date of Report 2/26/97 ~
804 Kerr Hollow Road Matrfx:’Solkt = Page 1 of 1 +
Oak Ridge,TN 37830

/ i!

L

sample Receipt

,..

Analysls
4 ta

Lab ID

..

Cllent10 Date we Dnte BotchID Anelyte
o

Method Result EIrQr} MDA Units
u

Y
?

97-02022.01
97.02022-01
97-02022.02
97-02022-03
97-02022-04
97.02022-05
97-02022.00
97-02022.07

K KNOWN
S SPIKE
B BLANK
D #f

Ill
/i2

f13

#4

02/11/97
02/1 liE7
02/1 1/9?

10/01/!26
10/01/90
10/01/98
10/01/96
10/’01/96

out 1/97
02/11/97
Oi?il1/97
02/1I/Q?
02/11/’97
02111197
02H1/-97
02/11/9?

W20J97
02/20/97
0XW97
rJmo/97
02120t97
W-20197
02i2tY97

9702022
W02022

8702022
8702022
9702022

9702022
9702022
0702022

Technetium-99 EJCHromTCSO1Modlfled
Techn61ium-09EICHmmTCSOIModllied
Technetium.99 EICHrorTITCSO1Modlfled
Tech@lUm-99 EJClirom TCSRI Modified
TechnetWn-99 EicHromTCSO1Mdi(led
Techne(lurn.99EiClirom TCSOIModi(fad
Technetium.89 EICHmm TCSOI Modlfled
Tschne!lum-99 EICHromTCSOfModdled

K4nown,Sd3plke,B=Bknk,bDupllceto jMS=Mat& SplkG

11.80 pcllg *
!3,41

tb
1,72 PCitg @

0.93 1,85 pcvg h
m

1.22 1,U2 pcvg
Q
.9.

1.20 1,Q5 pcilg 0!14
1.67 1,69 fug +

1.10 1.62pci/g
1.05 1.89 pCi/g

538,51
663.96

-0.55
9,20
2,14

233.50
4,90
2,23

Approved by .L%%&@ ?J’2W7
(W% Mo&)o&all, Laborato~ Manager . ~

Thermo NUtech A $ubxidhwyO(Thermo Ramtdla~lnn, BTtr6rrno Electron Company
o
r

601 ScarboroRoad,Oak Ridge,TN 37830 423/4814083, FAX 4231483-4821



1 Valerie McNair PO#: 972443 Final Report of Analysis
Manufacturing Sciences SDG: 9705089 Date of Report: 5/28/97
804 Kerr Hollow Road Matrix: Liquid Page 1 of 1 ‘
Oak Ridge, TN 37830

1 Sample Receipt Analysis
#

Lab ID Clienl ID Dale Dale Dale Batch ID Analyle Method Resull Error MDA Units
# *

II ,.,
97-05089-01 K KNOWN 05/20/97 05/20/97 05/23/97 9705089 Technetium-99 EiCHrom TCWO1 Modified 546.26 12.00 PC1/L

97-05089-01 S SPIKE 05/20/97 05/20/97 05/23/97 9705089 Technetium-99 EfCHrom TCWO1 Modified 575.20 6.62 1.80 PCUL

Ij
97-05089:02 B BLANK 05/20/97 05/20/97 05/23/97 9705089 Technelhrm-99 EiCHrom TCWO1 Modified -0.42 0.98 1.72 PC1/L

,, 97-05089-03 D #l 05/20/97 05/23/97 9705089 Technellum-99 EiCHrom TCWOI Modified 560.66 31.26 29.57 PC1/L

[ 97-05089-04 #1 05/20/97 05/23/97 9705089 Technetium-99 EiCHrom TCWOI Modified 465.09 30.26 30.99 PC1/L

J 97-05089-05 #2 05/20/97 05/23/97 9705089 Technelfum-99 EiCHrom TCWOi Modified 430.03 19.63 16.54 PC1/L

97-05089-06 #3 05/20/97 05/23/97 9705089 Technellum-99 EiCHrom TCWO1 Modified 120.70 12.94 16.15 PCVL

~

;!
,’
,:,
!,,,s,
k
;$

1’

#
)!,
:

~,

K=Known,S”=Spike, B= Blank, D= Dupficale,MS=Malrix Spike

t

Approved by: Z%& 5/28/97
M.R. &Dougall Laboratory Manager

: Thermo NUtech A Subsidiary of Tlmrmo Remediatlon, a Thermo Electron Company
!, 601 Scarboro Road, Oak Ridge, TN 37830 4231481-0683, FAX 423/483-4621
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● U . 113C Union ValIcy Road. .

. Oak Ridge, Tn 37830-824. . .
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~ovember17,1997

ManufacturingScienceCorp.

DearLibby Terry:

Enclosed please find a Level 4 “like” package for the analysis performedonA972120260. All the
information that you need to validate the numbersisincluded-Ifyouhaveanyquestions,pleasefee]
freetocontactme.

Sinc$rd’g)

I
/

#

. . . . . . .* .**. . ..*.. .....
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CASE NARRATIVE

Lab Prokct Ill KMSMSC

;

t,

Satnple-tWnhe~ A972120260 (QA File # PE-1 141)

Il. Method Summary

The methods requested were defined in tie ASO Project Summary, which was given to the lab.
I

Pammeter Separation Procedure [D Counting Procedure ID

Technetium-99 ACD-160074.R2 ACD-160063.R1

A dupliate and spike were analv~’with “the sample.

The samples received were in the form Of Nickel drill turnings. The turnings were reduced in size W-ti
metal cutters to facilitate digestion. An appropriate amount of sample was placed in a reaction vessel
and digestion in a CEM STAR Open Vessel Microwave system using both Nitric and Hydrogen
Peroxide to solubiliie the sample. The digestion temperature was controlled to 80 +/- 0.1 degrees
Celsius. The digested sample was diluted to 1M HN03 and placed in a GWsonASPEC XL Automat@
Solid Phase Exbaction (SPE) Unit An audit log of the run is attached. The sample is extiacted tim

‘ the column and counted by Liquid Scintillation on a Packard Tri-Carb 2550 LSC unit Data reduction is
perkmrd by a VMS spreadsheet

Ill. Quality Control Summary

A. Holding ~mes “
AU t!olding times were met where applicable.

B. Calibration f

1. Initial Calibration
Guidelines for initial instrument calibmtion are in each counting procedure, which are listed
under the Method Summary. Initial Caiibrztion/Veritlcation is conducted using NIST .hz=eable -
standards. The values must be within 10% of the known value to be acceptable.

I
. Z Continuing Calibration

‘ Qualitymntml standards are counted on each instmment or detector daily and must fall within.
established limits before samples are counted. I)aily instrument checks are also dISCussed in
the counting procedures listed in the Method Summaty.

#

3. Tuning
Not Appliible

C. Quality Control Samples

1. Blanks
All blanks were acceptable.

2. Labo=tory Control Samples

.
.



.

.

Alllaboratory control samPles recovered within specified parameters.

3. Duplicates
The duplicate was within acceptable limits, being -6.177.

4. Matrix Spikes
The spike was within acceptable limits, with a recovery of 97.96%

5. Post-Digestion Spikes (SurrogateslTracers)
Not applicable.

6. Matrix Interferences
None experienced-

7. Standards
All standards are tmceable to a certified agency, and certificates of analysis are on file in the
laboratory. Alternate sources are used if protocol dictates.

;= .

. .



ASO sample Worksheet
.

Laboratory Site: K-25 Iladiochemistry

Date Printed: Friday, August 01, l&7

\

Deadline: 8124{97 ~1:59:59 PM “

} Due In Nucleqr Measurements: Immediately
lllllllllllllllllllllllllllllIlllllllllllllllllll[l

Project:

Subprojecti

cUSTOMER:
Charge Numbec

)
Project Manage

Logged In By:

Batched By:

OateSampled:

, Sampled From:

Date Received:

MSC Sample ID A972120260

ERD94YA212

FM FAULCON

SN949400

FM FAULCON (007949)

A MCGEE

A. LIKENS (034896)

10/31/96
MAN. SCIENCES CORP.

712019711:45:47 AM

SOLID

NICKEL SHAVINGS
RETURN UN-USED SAMPLE TO MSC.

Matrix

Material Descr.:
Comments:

Special Handling:

) Sample Aclivily Screen Results:

Test Title : Lab Test ID

Tc-9!I Act. using LSC by 160063 TC99-WP

~ 111111111111111111111111

QC-File Number PE-1 141

Test Components

“ Tc-99

I

.

Units

pcilg

.
I

OA.File Numbef PE.1 141: Page 1 of 1 Pages.

I



3A-File Number: PE-I 1~1

,\

RADIOCHEMISTRY

Project Number: KMSMSC

I,i,

SAMPLE BATC!I LOG

Repo,rt Deadline: 8/24/97 11:59:59 PM

QA fm@oolUPage:

L&

U*-.

1719 /p.14 ,

[~ Requires Data Pkg. SDG Case % ~

Ba[ch Type/Customer: Faulco;l JMSC) Project Manager: FM FAULCON (007949~ Sample Matrix: SOLID

] t-iomogenizalion Required Method: ~ Sonification @ High-S~eed Mixing
~-,
:J Shaking m Other: _

? Sample Prep. Melhod: !-”; HPD-OPEN ;‘“ IMAt3-CLOSE ~ MA~-OpEN ~: MAD-ASH !~~TAF-ASH !~~Olher:

I

. —.— . . . ... . .. . ..... .,.-,.-.— ..— — ..--., ... ...—-. —-—- . .. . .- —..--—.-.— .—-— ,., =_—_D, ——”=----,-= -x::.-.’: ..... ., ., .,.

Analysis QC Batch Reprep Entry Peer

(x) . Dale Review

TC!39-WP

\,

pecified Localion of Samples: 215-3

.. - ...—.- ..- —..— ..—----- .—-—.... . ..-—- .--,.,—. -—...—-—--.—- ,.- -— ..-. .. ..-— --- -- ..——-——.—--——
Analysis QC Batch Reprep Entry Peer

(x) Date ‘ Review

..

#

QA Batch contains ~ samples.

A9721 20260

.
..

.,

I I I I
I , I

I I \ I I I

ddifional Comments:
-/

VW ffl samDIQ
I

pecial Handling: NICKFL SHAYINGS

T / -~



. q/~ >/f 2 -
TC-99/TEWW (STD#R1-128-W InternalControlChart

Program- 160609 Batch-4 - ‘ML
.

Points

Number Omitting ‘ Coefficient of
Points Outliers XBflR Std Dev “ Variation

}

Current 20 19 972.228 138.285 14.22%

Units: dpm/rnl I.oner = 783.79 Upper= 1073.78
Std = 928.78

BadgeM FileNumber
* ;;24-()~;g97 3412f3PE-1141

70 23-Ofl-1997 33626HP-5202/5222
6923-OCT-199733626HP-5222
6822-OCT-lg97 336264
6722-OCT-199734128HP-5224
66 19-OCT-199734120ENV-2W6

? 6S14-0~-lgg7336Z6HP-5217
6414-OCT-1997341213HP-5219
63 9-OCT-199734896HP-5208
62 8-OCT-199734120W-28Q5
61 8-OCT-199734129HP-S297
69 8-OCT-199734128HP-5263

J 59 7-OCT-199733626HP-S213
S8 6-OCT-199734129ENV-2M2
57 5-OCT-199733626HP-5213
56 .5-OCT-199733626HP-5213
55 5-OCT-199734126HP-5195

\
54 3:OCT-1997 3412%HP-5196
53 I-OCT-199733626ENV-2!J93
52 12-SEP-19973362fj HP-5174
0

.

.

Result--------------------------------------------------
989.64I 1

1050.751 I
1587.93] 1.
963.941 I
972.931 I
998.801 I
995.27[ I
999.261 I
794.001 I*
933.901 I
919.581 I
869.651 1
915.691 ;!
939.641
963.751 I
967.911 . I
922.93I I
987.051 1
929.141 I
883.691 I

1’
I
I
I*
I*
I*
1’
I*
I .
1’

‘1
● “1

‘1
I*
I*

●I
‘1
I*
●

● i

I
*I

I
1
I
1
I
I
I
I

“1
I
I
I
I
I
1
I
I
1

I
I
●

I
I
I
i
I
I
I
!“
1’
I
I
1
1
I
I
I
I

#- . .

I

—---- .—— —. ~. . .. ... . . ..Y. . ..-- >..~.,m - . . . . ,. . .
.,, ., <’....,. . . . .. . . . . . ------ . .



-.:l#66k2s

.

RR DRTflSHEET
-===

SRHPLECOUNTINGTIHE IN UNITSOF HINUTES:

PRCKRRD2559TRLIQ. SCINTILLATIONCOUNTERi% 1,2, OR-3:

OESIREORmvITy UNITS(I=pci ~ 2=ucis 3=d@:

OESIREOHEIGHTFRRHIONUNITS 0=9. z=fi~ter):

INTERNRLCONTROLCHRRTPROGRM NUHBER:
ENTER: 8 FOR 168660 3 FOR 160661(LLmode)

1 FOR 162610
2 FOR 162611

:..z.-

INTERNRLCONTROLCHRRTBRTCHNUHBER:

HERSUREOCONTROLWILUE,CORRECTEDFOR OECRY:

UPPERCONTROLLIHIT’IN UNITSOF DPH/HL:

LOHERCONTROLLIHITIN UNITSOF DPH/HL:

●RCTIVITYOFTHESflHPLETHRTHRSDUPLICATED:

“RCTIVI17OF THE SRHPLETHRTHRS SPIKED:,

D971B2W1 URS DUPLICRTEO,PERCENTDIFFERENCE:
/

D971929B91 HRS SPIKEO,PERCENTRECOVERY:

KNOHNRCTIVIIYOF CONTROL,DECRYCORRECTED:
STRNORRD:#RI-128-H

REFERENCEDRTE: 91-JRN-1987

DRTEC(NJNTED:24-OCT-1997
DRTECRLCULRTED:27-0CF1997

RR FILE-PE-1141
RNRLYST:DKH/KRL

24%.8

2

1

1

e

4

989.64DPK/HL

1073.76

783.78

2.51e+el (pCi/g)

2.51e+el (pCi/g)

-8.17%

97.96%

1W3.56 OPH/HL

.

RnaLISreport:
RCTURL RHOUNT

UNITS RESULT .SPIKED
●

.——

SPIKE PERCEhl
RESULT RECOVERY
.— —-

DPH 4.30 511.78 505.66 97.96

28/26License~g2g, programya~idation#:soP16W63.R4-T2LG.eg/28/94DFH
II
\flti~#66kgs~9B

\

I



.

li66k2S
,,s

.

DflTECOUNTED:24-MT-1997
DflTECflLWiTED:27-OCT-1997

RR FI1.E-PE-1141
FM.YST:DIOWIL

Tc-99 (Teva5pec)

SflllPLEMJEFFIC.t51E GROSS DILUTIONHEIGHT NET NH COUNTING

I NUffBER or FRCT. VfiLUEFICTIVITYFflCTOR FRRCTION flCTIVITY fICTIVITYCERTflIHN

flS CPHfDPH (CPH) (ml) (g) (p[i/L) (pCi/g) (+/-)
—— —— ~ —

BIJVO(
CONTROL
DUPLICRTE

j sPIKE
D971929LW!D
D97113299WIS
D971619t12fl
0971926Q2B
0971WlE12C

pa
ltlHl#66k6SsBE

0.922255.03
e.921245.89
0.926262.69
8.925269.51
0.929267.45
8.929267.45
9.921253.15
0.925269.53
0.925260.62

23.32
479.06
26.92
490.21
26.71
26.71
26.66
26.10
25.70

0.500
0.600
0.609
e.eee
.0.800
e.000
e.eee
0.090

e.m
e.en
6.977
9:477 “
0.077
8.876
0.076
0.076

4.47e+Q5
Nfl
NR
Nfl
NR
NR
NR
Nfl

NR 2.83e+03

.

.

I

----- . ... .. ... ... ., ., .... .-..>, .“., ., ,. ..>, . . *.. ..+,~:L A,,.: , , ,. . 7,,:-:, rr---.’ Y. -- ,.2. ,. ,,..,. , .,.-.,+.;; ,,’ ,. . -.=A:.- ,., . .,, ,. . , - ,, —,., ~, .-—.- . . .
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‘Scdu D#: ●PREP (&zk): L.uxh Ash DirecrHDv Prolobo G-

,1

sampIo

slnrfle ID: Cooqicte Prep. DihItion(fndiCr?&-: g,fi,MI) . (ND) Podiod

/

f

1

.

.

SUPERWSOR APPROVAL .
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-
Paqe #1

c14 act 97 21:ii3

ProtOcOl #: 5
Tc-99/Teva UG User : K25 Radiochemistry

\.

Tile: 240.00
Data t?de: OP!i Nuclide:TC-~EW_UE iluenchSet: TC_TEWl

BackgroundSubtrzct: Kanual

4

4 0

~L I& ~~R m m
3

Region A: 040 - 293 0 0*0
0.00 .

Region II: L.O - 293 0 0-0
0.00

Region C: i’93 -2000 0 0-o 0.00

Quench!ndicatw:tSIE/9EC
ExtStd Terminator:CaMt .. “‘

F@kardLiquid Sciatillatim 2550TR-~?~.~SN.103999 - :=;..:”Z:- -:.:.

:.. . . ,-.”- =-i.:-- .. . . .....

Lu#inexence Correction On’
.

Heterogeneityllonitar On
Color QuenchCorrection On

~# FII~
5 75

5 75
5 75
5 75
5 75
5 75
5 75

s# TIME
1 240.00
~ 240. Qo .
-.s240.00
4 240.00
5 240.00.
4 240.00
7 240.00

DFP? 1 CPM13 s~s tsIE EFF . F~fi~

~< 7--..-.0 21.27 3~-~9~ ~55.:3z 0.921590

520. ~ ,466.00 69..516 245.S9 0.921055 ..*+:
’94 58.60929.06 25.- 262.69 0.?26301

530.03 478.64 77.733
28.7-4

260.51 0.924=72
24.99 6a.436 357.45 0.92%270

~~ .~q 24.64 67.968 253.151 C).9213S9
~B .~~

5 -75 8 240.CK) 25.70 27. 7EI

SYSTEM NORMALIZED

C14 ‘IPA DATA !%IGCESSED

<

Cl+ CHI SGL!ARE IFA 12ATG FROCESSED

!)ATA PF:OCESSED

SCHM?E>lF’A DATA

..

W?!3CESSEII

f

..
.

— --.—.-. - ..” .. . .- .-, ., . . . {>- . ... .. ,.. ,
..—.= .—.

,., A!..,.. -,, .. . . . . . . . . . .,
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;.

Analysis Tc-99 Date Printed 10/27t97 3:21 PM \

(2A File # PE-1141

MDA GENERAL CALCULATION

Equation Used: [(4.65 x Sqrt(Blk. Cts.)) + 2.71/Tkne x Eff. x Vol x Convection]

Count Time 240 Minb

Blank Counts 5596.8

MDA MDA MDA

Sample I.D. Type Det Eff. Weight (g) (dpndg) (pcilg) (Bqlg)

D971020001AMD A 0.926 7.71E-02 2.05E+01 , 9.22E+O0 3.41i

D971020001BMS A 0.925 7.71E-02 205E+01 9.23E+O0 3.41 E-01

0971 020001C A 0.929 7.71 E-02 2.04E+01

097’1 020002A

9.19E+O0 3.40E-01 i

A, 0.921 7.56E-02 21 OE+O1 9.46E+O0 3.50E-01

D97102OOO2B A 0.925 7.56E-02 2.09E+OI 9.42E+O0 3.4 BE-01

D97102OOO2C A 0.925 7.56E-02 2.09E+01 9.42E+O0 3.4 BE-01

f

Prepared by Daqin K Mann 10/27/97 Page 1



DescriptiveStatkti=:
Monday,Octokr 27, 1997,16:?2:55

Mean . StdDev Std.Error Range “ Max
Column S* Miiag

0.880 0.0985 0.0440 0260 1.010
TC-99in Ni @q 5 0

0214 0.00548 0.00245 0.01000 0220

Error @lk) . 5 0

. MID Medim 25°/0 75%
Column

Sum Sum of Squares Confiden~
0.950 4.400 3.911 0.122

Tc_99 in N1 @q . ().750 0.880 0.810
0210 0220 1.070 0229

0210 0210
0.00680

Emor @q/g)

Column Skewn=KutimtiK-S Distanm P Value

Tc-99 in Ni @q .5.551E-015 -0245 0.107

Emor@q/g). ().609 -3333 0367 0.026

.

0.693

:..-. .

,

f

..-”

/.
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Point and Column Nleans .

o

o

1.2

1-0–

0.8 –

~ 0.6 -
>

0.4-“

0.2–

..
0.0 . I I

I

Tc-99 in Ni (Bq Error (Bq/g)

X Data
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.1997-10-2~
14:41:12 **++ open file

Gilson Sampler
721 V2.00

Logl.Log ‘***
Controller Software

***************.*******+***$+****************.,
NAME : FILE1

.
#.,

RINSE ASPEC NEEDLE
14:41:39. rinsing aspec needle. ..

14:42:13
14:44:03
14:45:27
14:47:17
14:48:41
14:50:31
14:51:56
14:53:46

14:55:11
14:56:26
14:58:57
15:00:11
15:02:44
15:03:58
15:06:31
15:07:55
15:10:27I
15:11:42
15:14:14 ‘
15:15:29
15:18:01
15:19:17
15:21:49
15:23:03

15:25:37

15:27:40

15:27:42

15:28:14
15:29:28

15:32:13

i5:32:35
15:33:49

15:36:35

15:36:56
15:38:10

15:40:55

CONDITION
Dispensing 5.000ml
Dispensing 5.000ml
Dispensing 5:OOOrKLl
Dispensing 5.000ml
Dispensing 5.000nd.
Dispensing 5.000md.
Dispensing 5.000ml
Dispensing 5.000xd
COND1TION
Aspirating 9.500ml
Dispensing 9.500d
Aspirating 9.500ml
Dispensing 9.500nil.
Aspirating 9.500ml
Dispensing 9.500ml
Aspirating 9.500ml
Dispensing 9.500ml
Aspirating 9.500ml
Dispensing 9.500ml
Aspirating 9.500ml
Dispensing 9.500ml
Aspirating 9.500ml
Dispensing 9.500ml
Aspirating 9.500ml
Dispensing 9.500ml
WAIT
Wa>ting for : 2.00

in DEC
in DEC
in DEC
in DEC
in DEC
in DEC
in DEC
in DEC

from SOLVENT_A
in DEC
from SOLVENT_A
in DEC “
from SOLVENT_A
in DEC.
from SOLVENT_A
in DEC
from SOLVENT_A
in DEC
from SOLVENT_A
in DEC
from SOLVENT_A
in DEC
from SOLVENT_A
in DEC

min

Current vial: 1 / 8
RINSE ASPEC NEEDLE
rinsing aspec needle. ..
LOAD
Aspirating 9.970ml
Dispensing 9.970ml
WAIT
Waiting for : 0.30
LOAD
Aspirating 9.970ml
Dispensing 9.970ml
WAIT
Waiting for : 0.30
LOAD
Aspirating 9.970ml
Dispensing 9.970ml
WAIT
Waiting for : 0.30

-

from SAMPLE_A
in DEC

min

from SAMPLE_A
in DEC

tin

from SAhfPLE_A
in DEC

min

#-

. . .

I
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15:41:16
15:42:30

“15:45:14

15:45:46.. .
15:46:52

15:47:32

15:48:33
15:49:37

15:51:53

15:52:25
15:53:29

15:54:07

15:55:08
15:56:13

15:58:30

15:58:33

15:59:05
16:00:19

16:03:04

16:03:25
16:04:39

16:07:23

16:07:44
16:08:58

16:11:44

16:12:06
16:13:20

16:16:05

16:16:36
16:17:41

16:18:19

16:19:20
16:20:23

16:22:41

LOAD
Aspirating 9.970ml frOIfISAMPLE_A
Di~pensing 9.970ml in DEC
RINSE ASPEC NEEDLE
rinsing sspec needle. ..
DISPENSE
Aspirating 8000u{ from SOLKENT_A
Dispensing 8000u1 into SAMPLE_A
MIX
Mixing SAMPLE_A with 7000ul of liquid
LOAD
Aspirating 8.100ml from SAMPLE_A
Dispensing 8.100ml in DEC
RINSE ASPEC NEEDLE
rinsing aspec needle. ..
DISPENSE
Aspirating 8000u1 from SOLVENT_A
Dispensing 8000u1 into SAMPLE_A
MIX
Mixing SAMPLE_A with 7000ul of liquid
LOAD
Aspizzting 8.100ml from SAMPLE_A
Dispensing 8.100ml in DEC .

Current vial: 2 / 8
RINSE ASPEC NEEDLE
rinsing aspec needle. ..
LOAD
Aspirating 9.970ml
Dispensing 9.970ml
:WAIT
Waiting for : 0.30
LOAi)
Aspirating 9.970~
Dispensing 9.970ml
WAIT
Waiting for : 0.30
LOAD
Aspirating 9.970ml
Dispensing 9.970ml
WAIT
Waiting for : 0.30
LOAD
Aspirating 9.970ml
Dispensing 9.970ml
RINSE ASPEC NEEDLE

from SAMPLE_A
in DEC

min

from SAMPLE_A
in DEC

min

from SAMPLE_A
in DEC

tin

from SAMPLE_A
in DEC.

rinsing aspec needle.. . .
~~~;E]+SE

Aspirating 8000u1 from SOLVENT_A
Dispensing 8000u1 into SAMPLE_A
MIX
Mixing SAMPLE_A with 7000ul.of liquid
LOAD
Aspirating 8.100ml. from SAMPLE_A
Dispensing 8.100ml in DEC
RINSE ASpEC NEEDLE

rinsing aspec needle. ..

-.

I



. .

.

.

.

16:23:13
16:24:19

1$:24:57

16:25:58
16:27:02

16:29:18

16:29:20

16:29:52
16:31:06

16:33:52

16:34:14
16:35:28

16:38:13

16:38:34
16:39:48

16:42:33

16:42:54
16:44:08

.C

16:46:53

16:47:26
16:48:31

16:49:10

“ 16:50:11
16:51:14

16:53:31

16:54:03
16:55:07

16:55:45

16:56:47
16:57:51

17:00:08

17:00:12

17:00:44
17:01:57

DISPENSE “
Aspirating 8000u1 from SOLmNT_A .
Dispensing 8000u1 into SXU’4PLE_A
MIX
Mixing SAMPLE_A with 7000u1 of liquid
LOAD .-
Aspirating 8.100~1 from SAMPLE_A
Dispensing 8.100d in DEC

Current vial: 3 / 8
RINSE IU3PEC NEEDLE
rinsin9 aspec nee~e-””
LOAD
Aspirating 9.970ml from SAMPLE_A
Dispensing 9.970ml in DEC
WAIT
Waiting for : 0“30
LOAD
Aspirating 9.970ml
Dispensing 9.970ml
WAIT
Waiting for : 0“3°
LOAD
Aspirating 9.970ml
Dispensing 9.970ti
WAIT
Waiting for : 0.30
LOAD
Aspirating 9.970ml
Dispensing 9.970ml
RINSE ASPEC NEEDLE

min

from SAMPLE_A
in DEC

tin

from SAMPLE_A
in DEC

min

from SAMPLE_A
in DEC

rinsing aspec needle. ..
DISPENSE
Aspirating 8000u1 from SOLVENT_A
Dispensing 8000u1 into SAMPLE_A
MIX-
Mixing SAMPLE_A with 7000u1 of liquid
LOAD .

As<pirating 8.100ml from SAMPLE_A
Dispensing 8.100ml in DEC
RINSE ASPEC NEEDLE
rinsing aspec needle. -.
DISPENSE
Aspirating 8000u1 from SOLVENT_A
Dispensing 8000u1 into ‘~pLE–A -
MIX
Mixing SAMPLE_A with 7000u1 of l@uid
LOAD
Aspirating 8.100d from SAMPLE_A
Dispensing 8.100ml in DEC

Current vial: 4 / 8
RINSE ASPEC NEEDLE
rinsing aspec needle. ..
LOAD
Aspirati-ng 9.970ml from SAMPLE_A
Dispensing 9.970ml in DEC

.

#

f
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17:04:42

17:05:04
17:06:17

17:09:02

17:09:24
17:10:39

17:13:24

17:13:46
17:15:00

17:17:45

“17:18:17
17:19:21

17:20:00

17:21:01
17:22:05

17:24:23

17:24:55
17:26:01,

17:26:39

17:27:40
17:28:44

17:31:00

17:31:03

17;31:36
17:32:50

17:35:36

17:35:58
17:37:11

17:39:56

17:40:18
17:41:32

17:44:17

17:44:38
17:45:52

WAIT
Waiting for : 0.30
LOA!2
Aspirating 9.970ml
Dispensing 9.970ml
WAIT - .-
Waiting for : 0-30
LOAD
Aspirating 9.970ml
Dispensing 9.970ml
WAIT
Waiting for : 0.30
LOA!)
Aspirating 9-970ml
Dispensing 9.970ml
RINSS ASPEC NEEDLE

min

from SAMPLE_A
in DEC

min

from SAMPLE_A
in DEC

min

from SAMPLE_A
in DEC

rinsing aspec needle.. .
DISPENSE
Aspirating 8000u1 from SOLVENT A
Dispensing 8000u1 into SA!!4PLE_~
MIX
Mixing SAMPLE_A with 7000u1 of liquid
LOAD
Aspirating 8.100ml from S&PLE A
Dispensing 8.100ml in DEC –
RINSE ASPEC NEEDLE
rinsing aspec needle. ..
DISPENSE .
Aspirating 8000u1 from SOLVENT A
Dispensing 8000u1 into SAMPLE_~
MIX
Mixing SAMPLE_A with 7000u1 of liquid
LOAD
Aspirating 8.100ml from SAMPLE_A
Dispensing 8.100ml in DEC

Current vial: 5 i 8
R~SE ASPEC NEEDLE
rinsing aspec needle. ..
LOAD
Aspirating 9.970ml
Dispensing 9.970ml
WA: ‘T
Waiting for : 0.30
LOAD
Aspirating 9.970ml
Dispensing 9.970ml
WAIT

Waiting for : 0.30
LOAD
>Spirating 9.970ml
Dispensing 9.970ml
WA1 T
Waiting for : 0.30
LOAD
As~~rating 9.970ml
Dispensing 9.970ml

from SAMPLE_A
in DEC

min

from SAMPLE_A -
in DEC

min

from SAMPLE_A
in DEC

min

from SAMPLE_A
in DEC

\

/
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17:48:38

17:49:11
17:50:16

I

17:50:54

17:51:55
17:52:59

17:55:16

17:55:48
17:56:53

17:57:33

17:58:34
17:59:38

18:01:55

18:01:58

18:02:30
18:03:44

18:06:29

18:06:50:
18:08:04

18:10:50

18:11:12
18:12:27

18:15:12

18:15:34
18:16:48

18:19:33

18:20:05
18:21:10-

18:21:49

18:22:51
18:23:55

18:26:12

18:26:45
18:27:49

RIN:;E .%3PEC NE5DLE
rinsing aspec needle. . .
DISPENSE
Aspirating 8000u1 from SOLVENT_A
I)ispensing 8000u1 into SAMPLE_A
MIX .
Mixing SAMPLE_A ~ith 7000u1 of liquid
LOAD
Aspirating 8.100ml from SAMPLE_A
Dispensing 8.100ml in DEC
RINSE ASPEC NEEDLE
rinsing aspec needle. ..
DISPENSE
Aspirating 8000u1 from SOLVENT_A
Dispensing 8000u1 into SAMPLE_A
MIX
Mixing SAMPLE_A with 7000u1 of liquid
LOAD
Aspirating 8.100ml from SAMPLE_A
Dispensing 8.100ml in DEC

Current vial: 6 / 8
RINSE ASPEC NEEDLE
;insing aspec needle. ..
LOAD
As~izating 9.970ml
Dispensing 9.970ml
WA~~
Waiting for : 0.30
LOAD
Aspirating 9.970ml
Dispensing 9.970ml
WAIT
Waiting for : 0.30
LOAD
Aspirating 9.970ml
Dispensing 9.970ml
WAIT
w~~~~irJg for : ~.30
LOAD
.%;~.irazing9.!3TOml
Dispensing 9.970ml
RINSE ASPEC NEEDLE

from SAMPLE_A
in DEC

min

from SAMPLE_A
in DEC

min

from SAMPLE_A
in DEC

min

from SAMPLE_A
in DEC

rinsing aspec needle. ..
DISPENSE

..

Aspirating 8000u1 from SOLVENT_A -
Dispensing 8000u1 into SAMPLE_A
MIX
Mixing SAMPLE_A with 7000u1 of liquid
LOAD
Aspirating 8.100ml from SAMPLE_A
Dispensing 8.100ml in DEC
RIiJSE ASPEC NEEDLE
=i:,:.lr:gaspec needle. .. .
DIS?ZNSE
Aspirating 8000u1 from SOLVENT_A
Dispensing 8000u1 into SAMPLE_A

.

-8

f

..’ I

b
J

.

.. ... . . .. ...... .....,,.. .,w. c .+ ..,,..-. -7. , ... ..... , ,. ,.., ,,,.7-,-x?’. ., .,,.. , ,. , —— .->... t ., ‘--



.
.

.

.

18:28:28

18:29:29
18:30:33

. .

18:32:49

18:32:53

18:33:26
18:34:40

18:37:26

18:37:48
18:39:02

18:41:47

18:42:08
18:43:22

18:46:08

18:46:30
18:47:44

18:50:30

18:51:02
18:52:07

18:52:45

18:53:45
18:54:49

18:57:05

18:57:37
18:58:43

18:59:22

19:00:23
19:01:27

19:03:43

19:03:46

19:04:18
19:05:32

19:08:16

MIX
Mixing SAMPLE_A with 7000u1 of liquid
LOAD
Aspirating 8.100ml from SAMPLE_A
Dispensing 8.100ml in DEC

Cuzre~t vial: ? ; 8
RINSE ASPEC NEEDLE
rinsing aspec >eedle. ..
LOAD
Aspirating 9.970Kd
Dispensing 9.970fi
WAIT
Waiting for : 0.30
LOAD
Aspirating 9.970ml
Dispensing 9.970ml
WAIT
Waiting for : 0.30
~aoj;~

Aspirating 9.970ml
3is?efising 9.570ml
WAIT
Waitin9 for : 0-30
LGA2
Aspirating 9.970ml
Dispensing 9.970ml
RINSE ASPEC NEZDLE

from SAMPLE_A
in DEC

min

from SAMPLE_A
in DEC

min

from SAMPLE_A
in DEC

min

from SAMPLE_A
in DEC

rinsing aspec needle-. .
DISPENSE
Aspirating 80C3U1 from SOLVENT_A
Dispensing 80C.3U1into SAMPLE_A
MI1;
Mixing SAMPLE F.with 7000u1 of liquid
LG.23
Aspirating 8.100ml from SAMPLE_A
Dispensing 8.100ml in DEC
RI~SE ASpEC NEEDLE

rihsing aspec aeedle. ..
DISPENSE
Aspirating 8000u1 from SOLVENT_A
Dispensing 8000u1 into SAMPLE_A
MIX
Mixing SAMPLE_A with 7000u1 of liquid
20;,9
Aspirating 8.l!)Omlfrom SAMPLE_A -
~~spensing 8.lCOml in DEC

Current vial: 8 / 8
RT:tSE ASPZC NEZDLE
ri::si~.gaspec needle. ..
LUAL
Aspirating 9.970ml from SAMPLE_A
Dispensing 9.970ml in DEC
WAIT
Waizir,g for : C.30 min
LOAD

\

I



. .
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.
.

19:08:37
19:09:52

19:12:38

19:13:00
19:14:13

19:16:58

19:17:19
19:18:33

19:21:17

19:21:49
19:22:55

19:23:35

19:24:37
19:25:41

19:27:58

19:28:31
19:29:35

19:30:14

As!:i;:ating9.970ml
Dispensing 9.970ml
\q~;T

Waiting for : 0.30
LOAD
Aspirating 9.970@
Dispensing 9.970hl
WAIT
Waiting for : 0.30
LOAD
Aspirating 9.970ml
Dispensing 9.970nd.
R1}7SEASpEC NEEDLE

from SAMPLE A
in DEC — .

min

from SAMPLE_A
in DEC

tin

from SAMPLE_A
in DEC

rinsing aspec needle.. .
DISPENSE
Aspirating 8000u1 from SOLvENT_A
Dispensing 8000u1 into SAMPLE_A
MIX
Mixing SAMPLE~A with 7000ul of liquid
LOAD
Aspirating 8.100ml from SAMPLE_A
Dispensing 8.100ml in DEC
RINSE ASPEC NEEDLE
rinsing aspec needle.. .
DISPENSE
~sr:i==tlng 800CU1 from SOLVENT_A

Dispensing 8000u1 into SAMPLE_A
!q~>“

Mixing SAMPLE_A with 7000u1 of liquid—
LOAD

19:31:15: Aspirating 8.100ml from SAMPLE_A
19:32:19 !)ispe:lsing8.100ml in DEC

1997-10-23
08g34:22 End of execution

.
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3H
Y&&

16;37
16.40
16.20
16.35
16.22
16-12
16.23
15.22
16.70
15.98”
15.65
16.77
16.33
16.88
17.10
15.97
16.85
16.27
16-85
16.17
16.45
16-22
17.25
15-62
16-87
16.42
16.32
17.65
16.45
15.65
16.62
16.63
16.45
16.67
16.52
15.42
17.58
16.08
17.17
16.65
16.12
16.92
19-00
14.27
15.37
14.75
14-38
14.53
15.22
14.75
13.72
13.22
15.48
14.95

QM.IL
ate

01 Aug
02 Aug
03 Aug
04 Aug
05 Aug
05 Aug
06 Aug
06 Aug
07 Aug
08 Aug
“11 Aug
12 Aug
13 Aug
13 Aug
14 Aug
18 Aug
19 Aug
20 Aug
21 Aug
21 Aug
22 Aug
22 Aug
25 Aug
26 Aug.
26 Aug
27 Aug
28,Aug
28 Aug
29 Aug
29 Aug
30 Aug
02 Sep
03 Sep
04 Sep
05 s<>
05 Sep
07 Sep
08 Sep
09 Sep
10 Sep
10 Sep
11 Sep
12 Sep
30 Sep
30 Sep
30 Sep
01 Ott
02 Ott
03 Ott
05 Ott
06 Ott
07 Ott
07 Ott
07 Ott
08 Ott

37
97
97
97
97
“97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97

EiIne--
s.0:06
20:45
00:11
09:50,
09:55-
18:32
00:32
11:05
09:57
10:13
10:12
10:28
10:18
17:22
09:59
10:12
10:10
10:15
10:14
18:45
10:10
16:20
10:25
09:45
14:46
10:10
10:16
18:45
10:12
11:58
17:41
10:21
10:07
13:31
08:48

18:15
10:52
10:26
10:20
10:34
17:07
10:29
10:36
12:32
14:02

15:47
10:57
11:59
09:05
12:09
12:30
08:59
12:40
21:29
08:131

....->

\

,
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PaQe $2

)
17 N“v 97 178:52 TPA~.~s

.

15.2S
13.60
14.95
14.13I 15.65
15.30
14.75
14.47
15.35
15.97
14.95
14.97
15.60
15.52
14.77
15.30
15.23
15.20
15.60
15.52
14.70
14.80
16.37
15.23
14.70
15.58
15.87
14.62
15.47
15.17
16.17
15.08
14.48
15.25
15.65
15.00
14.82
14.77
15.30
15.78
15.67
13.98
15.48
14.98
14.88

D 15.68
0.953

100

B

08 oct 97
09 Ott 97
09 Ott 97
10 Ott 97
13 Ott 97
13 Ott 97
14 Ott 97
15 Ott 97
16 Ott “97
17 Ott 97
18 Ott 97
19 Ott 97
20 oct”9’7
21 Ott 97
22 Ott 97
22 Ott 97
23 Ott 97
23 Ott 97
24 Ott 97
24 Ott 97
260ct 97
26 Ott 97
27 Ott 97
27 Ott 97
28 Ott 97
29 Ott 97
30 oct,97
31 Ott 97
02 NOV 97
03,tNov 97
03 Nov 97
04 Nov 97
06 NOV 97
07.NOV 97
IO Nov 97
11 Nov 97
11 Nov 97
12 Noi 97
13 Nov 97
13 Nov 97
14 Nov 97
14 Nov 97
15 Nov 97
15 Nov 97
16 NOV 97

Mean
SD
# of

l?F~CY :

points

09:45
08:08 \
11:44
07:58
08:50
18:03
09:53,
09:46”
09:39
09:39
13:46
17:09
10:14
09:43
09:59
17:58
09:57
21:24 i

10:18
17:09
03:27
15:30
00:24 :.->. .
10:43
09:19
139:47
10:50
10:39
18:31
09:43
13:41
09:43

,

15:41
09:32
09:26
09:35
18:50
09:42
09:28 I

14:13
09:25
19:19
13:13
16:03 ““
22:45

J&$ *K

66:35 o~ Acg 97 2::00
66.61 04 Aug 9’7 08:39.

P
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66.72
66.51
66.64
66.66
66.55
67.02
66.38
66.55
66.75
66.72
66.95
66.46

66.71
66.63
66.50
66.94
66-49
66-84
66.52
66.38
66.49
66.81
66.59
66.82
66.57
66.41

66.61
66.19
66.61
66.61
66.26
66.44
66.55
66.51
66.71
66.72
66.48
66.61
!36.46
67.09
67.24
66.78
67.00
66.52
66.90
66.75
67-00
66.76
67.02
66.09
65.94
65.94
65.83
66.04
65.82
65.85
65.67
66.03

-Q&

05
05
05
06
07
08
11
12
13
13
14
18
19
20
21
21
22
22
25
26
26
27
28
28
29
29
30
02
03
@q
05’
05
07
08
09
10
10
11
12
30
30
30
01
02
03
05
06
07
07
07
08
08
09
09
10
13
13
14

52

Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Au&f
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott

97
97
97
97’
97
97
97
97
“97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97

08:44
17:21
23:21
09:54
08:46
09:02
09:01.
;:::;”-

16k
08:48
09:01
08:59
09:04
09:03
17:34
08:59
15:09
09:14
08:34
13:35
08:59
09:05
17:34
09:01
10:47
16:30
09:10
08:56
12:20
07:37
17:05
09:41
09:15
09:09
09:23
15:56
09:18
09:25
11:21
12:51
14:36
09:46
10:48
07:54
10:58
11:19
07:48
11:29
20:18
06:50
08:34
06:57
10:33
06:47
07:38
16:52
08:42

,
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~

66.00
65.92
66.00
66.08
65.99
65.91
65.77
65.73
66.04
65.68
65.67
65.82
65.92
65.86
65.86
65.93
65.72
65.92
65.69
65.97
65.79
66.26
65.73
66.06
66.02
65.86
65.92

65.90
65.87
66.05
65.74
65.69
65.97
65.63
65.78
65.84
65.62
65.58
65.82

66.27
0.434

100

H-
*

263:48
266.11
273.27
271.98
275.63
272.8 I
274.65
286.2o

08

15
16
17
18
19
20
21
22
22
23
23
24
24
26
26
26
27
28
29
30
31
02
03
03
04
06
06
07
10
11
11
12
13
13
14
14

, 15
15
16

Ji2-

Oct
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
OCt
Ott
Ott
Oet
Ott
Ott
l?ov
Nov
N OV

Nov
NOV

Nov
Nov
NOV

Nov
CNov
Nov
N OV

Nov

N OV

N OV

Nov

NO*
Nov

97
97
97
97
97
97
97
97
“97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97

’97
97
97
97
97
97
97
97
97
97
97
97

-d

Mean
SD
# of points

02
03
04
05
05
06
06
07

Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug

97
97
97
97
97
97
97
97

.

os:35
08:28
08:28
12:35
15:58
09:03
08:32.
08:48’
16:47
08:46
20:13
09:07
15:58
02:16
14:19
23:”13
09:32
08:08
08:36
0’9:39
09:~8

17:19
08:32
12:30
08:32
09:05
14:30
08:21
08:15
08:24
17:39
08:31
08:17
13:02
08:14
18:08
12:02
14:52
21:34

ZEu
XilrlL
10:06
20:45
00:11
09:50
09:55
18:32
00:32
11:05
09:57

:.-.. ..

\
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- 265.71
275.39
282.65
263.96
272.92
263.53
256.37
279.81
260-03
269.26
266.36
271-84
~71.43
270.20
254.78
280.86
263.26
269.84
272.55
248-74
266-83
286.70
263.12
265.41
269.45
262.26
2!37-97
285-02
251.64
274.59
257-96
261.79
273.51
261.46
238.03
311-01
287.33
300.75
301.01
307.13
288.23
301.24
322.75
340.03
276.88
290.43
279-44
313.41
287.61
304-08
272.69
278.11
289.75
296.57
279.36
268.27
288.38
287.Iz

08 Aug 97
11 Aug 97
12 Aug 97
13 Aug 97
13 Aug 97
14 Aug 97
18 Aug 97
19 Aug 97
20 Aug “97
21 Aug 97
21 Aug 97
22 Aug 97
22 Aug 97
25 Aug 97
26 Aug 97
26 Aug 97
27 Aug 97
28 Aug 97
28 Aug 97
29 Aug 97
29 Aug 97
30 Aug 97
02 Sep 97
03 Sep 97
04 Sep 97
05 Sep 97
05 Sep97
07 Sep 97
08 Sep 97
09CSep 97
10 Sep 97
10 Sep 97
11 Sep 97
12 Sep 97
30 Sep 97
30 Sep 97
30 Sep 97
01 Ott 97
02 Ott 97
03 Ott 97
05 Ott 97
06 Ott 97
07 Ott 97
07 Ott 97
07 Ott 97

10:13
10:12
10:28 .

10:18
17:22
09:59
10:12.
10:10”
10:15
10:14
18:45
10:10
16:20
10:25
09:45
14:46
10:10
10:16
18:45

/

10:12
11:58
17:41
lo:~l +. .
10:07
13:31
08:48
18:15
10:52
10:26
10:20
10:34
17:07
10:29
10:36
12:32
14:02
15:47
10:57
11:59
09:05
12:09
12:30
08:59
12:40
21:29

08 Ott 97 - 08:01
08 Ott 97 09:45
09 Ott 97 08:08
09 Ott 97 11:44
10 Ott 97 07:58
13 Ott 97 08:50
13 Ott 97 18:03
14 Ott 97 09:53
15 Ott 97 09:46
16 Ott 97 09:39
17 Ott 97 09:39
18 Ott 97 13:46
19 Ott 97 17:09

.

f



.

.
- 273.34
274.69
289.52
279.20
278.43
277.34
272.67
278.71
290.85
288.78
261.18
279.01
291.69
275.45
271.77
291.72
277.03
278.40
263.18
284.51
293.85
279.58
269.48
286.06
287.16
286.59
277.76
268.55
272.15
306.09
271.19
2~4.7~
2S6.67

) 278.21
15.557

100

)

20 Ott 97
21 Ott 97
22 Ott 97
22 Ott 97
23 Ott 97
23 Ott 97
2.4Ott 97
24 Ott 97
26 Ott “97
26 Ott 97
2,7 Ott 97
27 Ott 97
28 Ott 97
29 Ott 97
30 Ott 97
31 Ott 97
02 Nov 97
03 Nov 97
03 Nov 97
04 Nov 97
06 NOV 97
07 Nov 97
10 Nov 97
11 Nov 97
11 Nov 97
12 Nov 97
13 NOV,97
13 Nov 97
~~ NO-V 97
14 CNOV 97
15 Nov S7
15 Nov 97
16 NOV 97

Mean
SD
# of points

..”

)
)

?5%!ix””L
13.48 02 Aug 97
13.70 02 Aug 97
13.00 04 Aug 97
12.91 05 Aug 97
14.82 05 Aug 97
23.71 05 Aug 97
15.27 06 Aug 97
15.36 07 Aug 97
18.14 08 Aug 97
15.52 11 Aug 97
31.42 12 Aug 97
19.55 13 Au~ 97

7.43 13 Aug 97
16.68 14 Aug 97
12.64 18 Aug 97

10:14
09:43
09:59
17:58
09:57
21:24
10:18-,
17:09
03:27
15:30
00:24
10:43
09:19
09:47
10:50
10:39
18:31
09:43
13:41
09:43
15:41
09:32
09:26
09:35
18:50
09:42

0S:28
14:13
09:25
19:19
13:13
16:03
22:.45 “

~

23:1O
08:49
08:55
17:32
23:31
10:05
08:57
09:13
09:12-
09:28
09:17
16:21
08:59
09:12

\

.

#

I
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17 ~lov 97 08:53 IFA Fa~ f=!S7
.

26.22
29.01
21.29
19.10
25.45
22.59
18.84
22.23
17-07
16.65
9.84

20.98
23.49
9.40
19.53
24.43
17.02
21.48
14.87
22.09
12-05
15.91
22.54
22.35
17.14
15.63
12.66
25.78
23.51
22.84
15.35
31.43
19.03
16.94
14.92
22.56
18.18
16.25
15.41
lC1.04
23.07
30.52
19.42
20.42
11-91
14.99
18.82
31.64
14.21
12-89
14.61
27.56
20.14
26.31
25.65
25.41
18.81
17.87

19 Au2 97
20 Au~ 97
21 Aug 97
21 Aug 97
22 Aug 97
22 Aug 97
25 Aug 97
26 Aug 97
26 Aug “97
27 Aug 97
28 Aug 97
28 Aug 97
29 Aug 97
29 Aug 97
30 Aug 97
02 Sep 97
03 Sep 97
04 Sep 97
05 Sep 97

“05 Sep 97
07 Sep 97
08 Sep 97
09 Sep 97
10 Sep S7
10 Sep 97
11 Sep 97
12 Sep 97
30 Sep 97
30 Sep 97
30:Sep 97
01 Ott 97
02 Ott 97
03 Ott 97
05 Ott 97
06 Ott 97
07 Ott 97
07 Ott 97
07 Oc% 97
08 Ott 97
08 Ott 97
09 Ott 97
09 Ott 97
10 Ott 97
13 Ott 97
13 Ott 97
14 Ott 97
15 Ott 97
16 Ott 97
17 Ott 97
18 Ott 97
19 Ott 97
20 Ott 97
21 Ott 97
22 Ott 97
22 Ott 9?
23 Ott 97
~~ ()~t 97
24 Ott 97

09:09
09:14
09:14 \

17:44
09:09
15:20
09:24,
08:45-
13:46
09:10
09:16
17:44
09:12
10:57
16:40
09:21

,

09:07
12:31 ,.
07:48
17:15
09:51
09:26
09:19 ;>
09:s3
16:06
00.7$J+.-

09:35
11:32
13:02
~4:A7
09:57
10:59
08:04
11:09
11:29
07:59
ll:~o
~o:28
07:00
08:45
07:08
10:44
06:58
07:49
17:03
08:52
08:45
08:39
08:39
12:46
16:08
09:14
08:43
08:59
16:58
08:56
20:24
09:17

f



...

M.
.

.-.

JLQILL
26.22
29.01
21.29
19.10
25.45
22.59
18.84
22.23
17.07
16.65
9.84

20.98
23.49
9.40
19.53
24.43
17.02
21.48
14.87
22.09
12.05
15.91
22.54
22.35
17.14
15.63
12.66
25.78
23.51
22.84
15.35
31.43
19.03
16.94
14.92
22.56
18.18
16.25
15.41
10.04
23.07
30.52
19.42
20.42
11.91
14.99
18.82
31.64
14.21
12.89
14.61
27.56
20-14
26.31
25.65
25.41
18.81
1?.87

.-_

Q&

19
20
21
21
22
22
25
26
26
27
28
28
29
29
30
02
03
04
05
05
07
08
09
10
10
11
12
30
30
30:
01
02
03
05
06
07
07
07
08
08
09
09
10
13
13
14
15
16
17
18
19
20
21
22
22
23
23
24

Ji3._

Au~
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
hug
Aug
Aug
Aug
Aug
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Ott
Ott
Ott
Ott
Ott
Ott
Ott
oCi
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
OCt
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott

,..,,.

97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
’37
97
97

09:09
09:14
09:14
17:44
09:09
15:20
09:24
08:45
13:46
09:10
09:16
17:44
09:12
10:57
16:40
09:21
09:07
12:31
07:48
17:15
09:51
09:26
09:19 ::
09:33
16:06
09:28
09:35
11:32
13:02
14:47
09:57
10:59
08:04
11:09
11:29
07:59
11:40
20:28
07:00
08:45
07:08
10:44
06:58
07:49 “
17:03
08:52
08:45
08:39
08:39
12:46
16:08
09:14
08:43 -
08:59
16:58
08:56
20:24
09:17

—.:.7- -, .-.-., m.=s-<?...?,..~ ....,,-,.,.>,.... ...,.~
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*

17 Nov 97 08:53 IPA Dage #a
,

.
21.59
25.74
21.57
15.07
9.70

10.75
10.65
13.26
32.43
20.38
16.60
17.50
15.67
17.98
5.99

29.41
23.16
21.62
20.26
13.59
30.71
13.09
17.07
11.14
11.62
20.91
9.85

13.67
5.921

100

24 Ott 97
26 Ott 97
26 OCt 97
26 Ott 97
27 Ott 97
28 Ott 97
29 Ott 97
30 Ott 97
31 Ott 97
02 l’Tov97
03 Nov 97
03 Nov 97
04 Nov 97
06 NOV 97
06 Nov 97
07 Nov 97
10 Nov 97
11 Nov 97
11 Nov 97
12 Nov 97
13 Nov 97
13 Nov 97
14 Nov 97
14 Nov 97
15 Nov 97
15 Nov 97
16 Nov 97

~~~n
SD.
% of points

lgc BACKGROUND:
Value

22.25
22-62
23.j.5
23.20
23.27
22.92
22.50
22.80
21.47
23.78
22.47
22.67
23.50
22.95
23.1o
23.8o
22.28
23.43
22.75
23.37
22.88

~
01 AIi297
02 Aug 97
03 Aug 97
o~ Aug 97
05 Aug 97
05 Aug 97
06 Aug 97
06 Aug 97
07 Aug 97
08 Aug 97
11 Aug 97
12 Aug 97
13 Aug 97
13 Aug 97
14 Aug 97
18 Aug 97
19 Aug 97
20 Aug 97
21 Aug 97
21 Aug 97
22 #lug97

16:09
02:27
14:30
23:23
09:43
08:19
08:46
09:49
09:38
17:30
08:43
12:40
08:43
09:16
14:40
08:32
09:26
08:34
17:49
08:42
08:28
13:13
08:24 ;> .
18:18
12:12
15:02
21:45

Mm.!L
10:06
ZO:45
00:11
09:50
09:55
18:32
00:32
11:05
09:57
10:13
10:12
10:28
10:18
17:22
09:59
10:12
10:10
10:15
10:14
18:45
10:10

\

I



\

.
.

.
Es Pa,Qe #9

.
.

23.05
22.80
24.07
22.48
24.15
23.43
23.37
24.22
23.57
22.40
23.23
22.88
23.20
23.85
23.00
21.87
24.53
22.95
24.20
23.52
22.82
23.88
26.35
21.85
23.48
22.43
22.12
22.30
22.12
22.45
21.58
20.92
23.32
23.27
23.58
22.27
2~.5~
22.28
2.4.03
23.i8
22.98
23.10
23.53
24.28
23.00
22.87
23.97
23.35
22.98
24.12
23.87
22.48
24.15
23.67
22.70
22.85
24.87
23.87

22 Aug 97
25 Aug 97
26
26
27
28
28
29
29
30
02
03
04
05
05
07
08
09
10
10
11
12
30
30
30
01
02
03
05

Au~ 97
Aug 97
Aug 97
Aug 97
Aug 97
Aug 97
Aug 9’7
Sep 97
Sep 97
Sep 97
Sep 97
Sep 97,
Sep 97
Sep 97
Sep 97
Sep 97,
Sep 97
Sep 97
Sep 97
Sep 97
Sep 97
Sep 97
Ott 97
Ott 97
Ott ’97
Ott

06,0ct
07 Ott
07
07
08
08
09
09
10
13
13
14
15
16
17
18
19
20
21
22
22
23
23
24
24
26
26
27
27

Ott
Ott
Ott
Ott
Ott
Ott
o c+
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott

97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97

16:20
10:25
09:45
14:46
10:10
10:16
18:45
10:12
11:58
17:41
10:21
10:07
13:31
08:48
18:15
10:52
10:26
10:20
10:34
17:07
10:29
10:36
12:32
14:02
15:47
10:57
11:59
09:05
12:09
12:30
08:59
12:40
21:29
08:01
09:45
08:08
11:44
07:58
08:50
18:03
09:53
09:46
09:39
09:39
13:46
17:09
10:14
09:43
09:59
17:58
09:57
21:24
10:18
17:09
03:27
15:30
oo:~4
10:43

\
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1.

1

2- MQLs

23.63
23.40
23.50
22.62
23.33
23.52
2~.80
22.78
22.83
22.98
23.52
23.10
23.35
22.95
24.20
24.48
24.53
21.75
23.65
22-82
23.72

23.19
0.808

100

Ac FFFIC:
Val~

96.46
96.39
96.33
96.76
96.61
96.62
96.14
96.27
96.$6
96.32
96.26
96.08
96.48
96.09
96.34
96.15
96.39
95.94
96.69
96.67
96.48
96.56
96.60
96.65
96.81
96.38
96.40

Qa

28
29
30
31
02
03
03
04
06
07
10
11
11
12
13
13
14
14
15
15
16

Me
SD
#

ZNc
m
02
02
04
05
05
05
06
07
08
11
12
13
13
14
18
19
20
21
21
22
22
-25
26
26
27
28
29

-Li.6

Ott
Ott
Ott
Ott
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov

an

of p

L
e

Aug
Aug
Aug
Aug
Aug
Aug
Auk
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug

97 09:19
97 09:47

97 10:50
97 10:39
97 18:31
97 09:43
97 13:41
97 09:43
97 15:41
97 09:32
97 09:26
97 09:35
97 18:50
97 09:42
97 09:28
97 14:13
97 09:25
97 19:19
97 13:13
97 16:03
97 22:45

oints

97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97

Iim.!L
19:22
“22:48
08:27
08:33
17:09
23:09
09:43
08:34
08:50
08:49
09:05
08:55
15:59
08:36
08:50
08:47
08:52
08:52
17:22
08:47
14:57
09:02
08:22
13:23
08:47
08:53
17:22

.

.. ..-.

I



96.51
96.73
96.61
96.24
96.08
96.22
96.66
96.76
96.19
96.30
96.23
96.34
96.90
95.94
96.14
96.49
96.27
96.53
96.13
96.80
96.79
96.29
96.81
96.90
97.10
96.53
97.36
9?.06
96.68
96.75
96.87
97.00
96.93
96.95
96.96
96.52
96.38
96.67
96.77
96.’?3
97.02
96.80
96.95
96.40
96.63
96.45
96.41
97.07
96.78
96.14
96.65
96.52
96.85
95.90
96.85
96.27
96.91
97.04

29 Aug 97
29 Aug 97
30 Aug 97
02 Sep 97
03 Sep 97
04 Sep 97
05 Sep 97
05 Sep 97
07 Sep 97
08 Sep 97
09 Sep 97
10 Sep 97
10 Sep 97
11 Sep 97
12 S(?P 97
30 Sep 97
30 Sep.97
30 Sep 97
01 Ott 97
02 Ott 97
03 Ott 97
05 Ott 97
06 oct 97
07 Ott 97
07 Ott 97
07 Ott 97
08 Ott 97
08 Oct”97
09 Ott 97
09 Ott 97
lococt 97
13 Ott 97
13 Ott 97
14 Ott 97
15 Ott 97
16 Ott 97
17 Ott 97
18 Oc% 97
19 Ott 97
20 Ott 97
21 Ott 97
22 Ott 97
22 Ott 97
23 Ott 97
23 Ott 97
24 Ott 97
24 Ott 97
26 Ott 97
26 Ott 97
26 Ott 97
27 Ott 97
28 Ott 97
29 Ott 97
30 Ott 97
31 Ott 97
02 Nov 97
03 Nov 97
03 Nov 97

os:49
10:35
16:18
08:59
08:45
12:03
07:25
16:53
09:29
09:04
08:57
09:11
15:44
09:06
09:13
11:10
12:39
14:24
09:34
10:37
07:42
10:46
11>07
07:36
11:17
20:06
06:38
08:22
06:45
10:21
06:35
07:27
16:41
08:30
08:23
08:16
08:17
12:23
15:46
08:51
08:20
08:36
16:36
08:34
20:02
08:55
15:47
02:05
14:08
23:01
09:21
07:56
08:24
09:27
09:16
17:08
08:20
12:18

\
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3

.

17 Nov 97 08:59 IPA Es P~e r #12

97.48 04 N(.3V 97 08:20

96.72 06 Nov 97 08:54

96.93 06 NOV 97 14:18

96.95 07 Nov 97 08:09 ,

96.18 10 Nov 97 08:04
96.83 11 Nov 97 08:12
96.87 11 Nov 97 17:27
97.08 12 Nov 97 08:20
96.48 13 Nov 97 08:05
96.65 13 Nov 97 12:50
96.93 14 Nov 97 08:02
97.00 14 Nov 97 17:56
96.68 15 Nov 97 11:50
96.92 15 Nov 97 14:40
96.43 16 NOV 97 21:23

96.59 Hean
0.324 SD

100 # of points

Val~
550.52
5Q4-48
522.82
516.81
528.68
539.71
553.04
524.63
578.00
518.01
547.07
537.74
512.51
539.02
531.96
517.24
548.58
534.90
543.17
532.07
531.30
533.98
527.30
520.55
532.76
496.87
526.44
521.41
515.72
516.72
528.75
531.84
538.28

Date
01 Au2 97
02 Aug 97
03 Aug 97
04 Aug 97
05 Aug 97
05 Aug 97
06 Aug 97
06 Aug 97
07 Aug 97
08 Aug 97
11 Aug 97
12 Aug 97
13 Aug $7
13 Aug 97
14 Aug 97
18 Aug 97
19 Aug 97
20 Aug 97
21 Aug 97
21 Aug 97
22 Aug 97
22 Aug 97
25 Aug 97
26 Aug 97
26 Aug 97
27 Aug 97
28 Aug 97
28 Aug 97
29 Aug 97
29 Aug 97
30 Aug 97
02 Sep 97
03 Sep 97

TiJrKL
10:06
20:45
00:11
09:50
09:55
18:32
00:32
11:05
09:57
10:13
10:12
10:28
10:18
1’7:22
09:59
loilz
10:10
10:15
10:14
18:45
10:10
16:20
10:25
09:45
14:46
10:10
10:16
“18:45
lo:iz
11:58
17:41
10:21
10:07

.

#“

f



.

u
.
J!2hL
52,8.73
528.11
53.5.13
567.17
505.09
528.30
515.95
522.59
543.99
510.37
475.15
524.08
477.42
.504.89
512.77
51%.16
520.07
512.41
520.97
555.46
494.93
500.81
487.67
502.34
512.34
515.44
462.62
~96-70
486.99
490.93
494.96
472.87
507.41
512.68
479.03
494.85
492.50
463.53
479.39
503.93
472.55
485.02
499.01
501.91
460.84
488.31
482.08
486.44
486.21
502.91
477.56
497.95
461.14
517.65
496.94
509.42
477.07
501.41

—.—

04
05
05
07
08
09
10
10
11
12
30
30
30
01

:3
05
06
07
07
07
08
08
09
09
10
13
13
14
15
16
17
18
19
20
21
22
22
23
23
24
24
26
26
27
27
28
29
30
31
02
03

u
06
07
10
11

Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Ott
Oet
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
‘Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Ott
Nov
Nov
Nov
NOV
Nov
Nov
Nov
Nov

.,..,

97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97

.. . ..~

13:31
08:48
18:15
10:5”2
10:26
10:20
10:34
17:07
10:29
10:36
12:32
14:02
15:47
10:57
11:59
09:05
12:09
12:30
08:59
12:40
21:29
08:01
09:45 ,
08:08
11:44
07:58
08:50
18:03
09:53
09:46
09:39
09:39
13:46
17:09
10.:14
09:43
09:59
17:58
09:57
21:24
10:18
17:09
03:27
15:30 ““
00:24
10:43
09:19
09:47
10:50
10:39
18:31
09:43
13:41
09:43
15:41
09:32
09:26
09:35

m? ,..,,,...,,:>,,~,-k-:..:.,...
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486
507
475
465
474
534
486
519
478

m
25.

M
—

.96

.8-7

.57

.71

.13

.67

.17

.26
.27

m
294
100

11

12
13
13
14
14
15
15
16

He
SD
#

Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov
Nov

an

of p

97
97
97
97
97
97
97
97
97

oints

c CHI SQUW
&~
19.29 02 Aug 9.7
23.03 02 Aug 97
21.16 o~ Aug 97
12.48 05 Aug 97
34-61 05 Aug 97
33.21 05 Aug 97
21.74 06 Aug 97
26.50 07 Aug 97
27.82 08 Aug 97
24.02 11 Aug 97
17-65 12.Aug 97
19.59 13 Aug 97
16.62 13 Aug 97
16.05 14 Aug 97
21.04 18 Aug 97
15.96 19 Aug 97
27.06 20 Aug 97
16.96 21 Aug 97
20.95 21 Au& 97
18.$4 22 Aug 97
22.59 22 Aug 97
14.91 25 Aug 97
15.72 26 Au~ 97
15.28 26 Aug 97
14.22 27 Aug 97
18.52 28 Aug 97
11.62 28 Aug 97
22.41 29 Aug 97
23.18 29 Aug 97
16.96 30 Aug 97
12.54 02 Sep 97
18.13 03 Sep 97
15.90 04 Sep 97
25.46 - 05 Sep 97
19.40 05 Sep 97
23.59 07 Sep 97
18.97 08 Sep 97
13.14 09 Sep 97
23.Io 10 Sep 97

18:50
09:42
09:28
14:13
09:25
19:19
13:13
16:03
22:45

mnfL
19:33
22:58
08:38
08:43
17:20
23:19
09:53
08:45
09:01
09:00
09:16
09:06
16:09
08:47
09:00
08:58
09:03
09:02
17:33
08:58
15:08
09:13
08:33
13:34
08:58
09:04
17:32
09:00
10:46
16:28
09:09
08:55
12:19
07:36
17:03
09:39
09:14
09:08
09:22

\
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29.09
10.08
14.31
22.38
19.84
30.30
19.25
21.07
10.87
13.37
12.48
23.07
15.49
20.00
13.62
20.10

6.65
15.94
20.96
11.91
16.98
11.43
19.35
19.78
26.73
14.39
10.73
11.03
19.63
21.21
25.29
16.81
36.90

8.60
11.94
29.68

8.26
24.81
14.33
16. !39
15.18
17.40
15.56
25.99
16.61
15.06
19.33
19.13
14.87

17.01
18.35
17.81
13.96
26.38
20.93
19.03
25.76
18.51

10 Sep 97
11 Sep 97
12 Sep 97
30 Sep 97
30 Sep 97
30 Sep 97
01 Ott 97
02 Ott 97
03 Ott 97
05 Ott 97
06 Ott 97
07 Ott 97
07 Ott 97
07 Ott 97
08 Ott 97
08 Ott 97
09 Ott 97
09 Ott 97
10 Ott 97
13 Ott 97
13 Ott 97
14 Ott 97
15 Ott 97
16 Ott 97
17 Ott 97
18 Ott 97
19 Ott 97
20 Ott 97
21 Ott 97
Zz:oct 97
22 Ott 97
23 Ott 97
23 Ott 97
24 Ott 97
24 Ott 97
26 Ott 97
26 Ott 97
26 Oc% 97
27 Ott 97
28 Ott 97
29 Ott 97
30 Ott 97
31 Ott 97
02 Nov 97
03 Nov 97
03 Nov 97
04 ylov 97
06 NOV 97
06 NOV 97
07 Nov 97
10 Nov 97
11 Nov 97
11 Nov 97
12 Nov 97
13 Nov 97
13 Nov 97
14 Nov 97
14 Nov 97

15:54
09:17
09:23
11:20
12:50
14:35
09:45
10:47
07:53
10:57
11:18
07:47
11:28
20:17
06:49
08:33
06:56
10:32
06:46
07:37
16:51
08:41
08:33
08:27
08:27
12:34
15:56
09:02
08:31
08:47
16:46
08:44
20:12
09:05
15:57
02:~5

14:18
23:12
09:31
08:07
08:35
09:37
09:26
17:18
08:31
12:29
08:31
09:04
14:28
08:20
08:14
08:23

. 17:38
08:30
08:16
13:01
08:13
18:06

\

.-. ..:*

I

..Y’q-.m — . . T-V-7?JT-V---- . . . -. ..!,. ., r
-.. .-. -.

,.



. .

J7 Nov 97 09:04 IPP TARI,ES Pag e #16
“.

15.12 15 ~OV

23.73 15 Nov
14.39 16 NOV

97 12:00
97 14:50
97 21:33

18.86 Mean
5.751 SD

100 # of points

,

5 21 5 60.00 22.38 24.30 20.50 39.010 242.00 0.921168
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Parameter: 3H BACKGROUND
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Total
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Parameter: 3H EFFICIENCY
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.
parameter: 3H FIGURE OF HERIT (En2/B)

Total Foi.ntS:100 Valid Points:100 Mean: 278.21 SD: 15.557
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parameter: 3H CHI-SQUARE
points:100 Valid Points:100 Mean:
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Parameter: 14C BACKGROUND
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j?arameter: 14C EFFICIENCY
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.
~~rajneter: 14C FIGURE OF MERIT (E”2/B)
Total,Points: 100 Valid Points:100 Mean : 510.35 SD: 25.298
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Parameter: 14C CHI-SQUARE
Points:100 Mean : 18.86 SD: 5 751Valid
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SAMPLE MO EFFIC . zSIE

NuMBER or FACT. ~~
MS CPM/DPM

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

BIANK 0.930 284.73

CONTROL ().936 282.78

NNDUPLICATE NA NA

SPIKE 0.935 278.84

NNNAMD NA NA

970815-002= 0.934 276.44

GROSS
ACTMTY

(CPM)
========

19.30
502.78

NA
496-97

m
24-25

GIL30N
Tc-99 (TemSpec)
===== == --- ------

DILUTION
FACI’OR

(ml)
===== ===

0.500
0.000
0-000-->

““0.000
0.000

WEIGHT

FRACTION

(g) .
===== ====

0-000
0.000
0-070

0-000

0-070

DATE COUNTED:2X-AUG-1997

DATE CAL~TED: 02-SEP-1997
QA FILE-PE-1141

ANALYST:D~/SPW

NET

ACTIVITY

(pCi/L)
===== ====

4.61e+05
NA
NA
NA
m

.

NET cOUNTING

ACTIVZTY CERTI=_
(pCi/g) (+;-)

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

m 5-70e+03

NA NA

3-26e+03 4.05e+Ol

NA NA

9.08e+O0 1.22e+Ol

qf.l?b

.

I

1

,- ..,.,-, .,.: . ,.—ma.. ,Q,. . .. . ,. ,,,”..>,.?, , ---—-~-—.- -- - . - -
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SAMPLE COUNTING TIMZ IN UNITS OF MINUTES:

PACKARD 2550TR LIQ. SCINTI~TION COKJNTER %S 1, 2, OR 3:

DESIRED WEIGHT FRACTION UNITS (l=g, 2=filter) :

DATE COQNTED:29-AUG-1997
DATE C?CLCULATED:02-SEP-1997

QA FILE-PE-1141
AFWYST:D~I/SPW

INTE_ CONTROL CHART PROGRAM NUMBER:
ENTER : 0 FOR 160600 3 FOR 160601 (W’ mode)

1 FOR 162010
2 FOR 162011

60.0 .

.......

IhTHINAL CONTROL CHART BATCH NUMBER:

MEASURED CONTROL VALUE, CORRZCTED FOR DECAY:

UPPER CONTROL LIMIT IN UNITS OF DPM/~:

LOWER CONTROL LIMIT IN UNITS OF DPM/ML:

*ACTIVITY OF THE SAMHX THAT W7S DUPLICATED:

*AHMTY OF THE S.B2@LE THAT WAS SPIIQZD:

m WAS DUPLICATED, PERCENT DIFFERENCE:

970815-002 WILS SPIKED, PERCENT RECOVERY:

IQ?OWNAH~TY Ol?CONTROL, DECAY CORRE(Z’ED:
STANDARD:# RI-128-W

REFERENCE DATE: 01-JAN-19B7

2

1

1

0

4

1032.59 DPM/ML

1073-70

783.70

NA (pCiig)

9.08e+O0 (pCi/g)

NA ERR I

98.74 %

1023.56 DPM/~ “ “

E

AnaLIS report:
ACTUAL AMOUNT SPIKE PERCENT

UNITS RESULT SPIKED RESULT RECOVERY
======== ====. ... ==..= ==. ===== =.= ==..= ===

DPM 1.41 511.78 506.72 98.74

,.

20/20 License ti4828, Prog~~-valid.ation #:SOP160063 .R4-T2LG, 09/28/94 DFH
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SAMPLE MD EFFIC . tSIE

,. NuMBER or FACT. =~
MS CPM/DPM
== ------ ============== ----- -

BLANK 0.930 284.73

CONTROL o.936 282.78

NNDUPLICATE NA NA

SPIKE 0.934 276.70

mlm~ NA NA

970815-002% 0.935 277.82

DATE COUN=D:29.-AUG- 1997

DATE W~fiD:02-SEP-1997
#A FILE-PE-1141

ANALYST:D~/ SPW

.’

GILSON .
TC-99 (TeV&3pec)
------ -==--- ----

GROSS DILUTION

ACT~ FA~OR
(CPM) (ml)

===== === ===== ===

19.30
s02.78 0.500

NA 0.000

493-58 .-. 0-000

NA “’”- “0.000

23.52 0.000

WEIGHT

FRACTION

(9)
====== ==

0.000
0.000
0.070

0.000

0.070

ACT~Ty
(pCi/L)

=---- ---=

4-61e+05
NA
NA
NA
NA

COUNTING

ACT~Ty CER~~
(pCi/g) (+;-)

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

N,zi 5.70e+03

NA m

3.24e+03 4.04e+Ol

NA NA

3.81e+O0 1.21e+Ol

J . . .

—. .,... ...... .,+,..-, . ., ,.<—.,.,,-,. ---- - -.—- -..— —.-—-
7--f-..,. .. . .%>.. : , ,..,f .,.. /.. -..: - .,, . , :-A, ?-., ,.
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QA DATA SHEET
-’ ===== ===== ===

SAMPLE COUNTING T- IN UNITS OF MINUTES:

PACKARD

DESIRED

DESIRED

2550TR LIQ - sCINTI~TION COUNTER #s 1, 2, OR 3:

AcTmTy ~TS (l=pCi, 2=uCi, 3=dpm) :

WEIGHT FRACTION UNITS (1=9, 2=filter) :

INTERXXL CONTROL CHART PROGRAM NUMBER:
ENTER : 0 FOR 160600 “ 3 FOR 1606G1 (LL mode)

1 FOR 162010
2 FOR 162011

.-..-..

INTERI?AL CONTROL CHART BATCH NUl@ER:

MEASURED CONTROL VALUE , CORRECIZD FOR DECAY :

UPPER CONTROL LIMIT IN UNITS OF DPM/ML :

LOWER CONTROL LIMIT IN UNITS OF DPM/ML :

*AffMTY OF THE SAMPLE THAT l?= DUPLICATED:

*ACTMTY OF THE SAMPLE THAT WX SPIKED :

NA WAS D~LICATED , PERCENT DIFFERENCE:

970815-002 WAS SPIIOZD, PERCENT RECOVERY:

KNOWN AffIVXTY OF CONTROL, DECAY CORRECTED:
STANDARD:# R1-128-w

REFERXNCE DATE: 01-JAN-1987

DATE COUNTED :29-AUG-1997
DATE CALCULATED: 02-SEP-1997

QA FILE -P13-1141
ANALYST :DIW/SPW

60.0

2

1

1

0

1032.59 DPM/ML

1073.70

783.70

m (pCi/g)

3.81e+O0 (pCi/g)

NA ERR
f

98.30 %

1023.56 DPM/ML

E

AnaLIS report:

ACTUAL AMOUNT SPI= PERCENT
UNITS RZSDLT SPIKiD RESULT RECOVERY -
===== === —-------==s= ======== ---------------- ===== ===

DPM 0.59 511.78 503.68 98.30

1 20/20 License $4828, Program validation #:SOP160063. R4-T2LG, 09/28/94 DFH
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SAMPLE b lzFFIC. tsIE

).
NUMBER or FACT. VALUE

MS CPM/DPM
========= == ====== -----

BLANK 0.937 284.73

CONTROL 0.936 282.78

NNDUPLICATE m NA

) SPIKE “ 0.936 281-04

NNNAm NA NA

97081S-002MS 0.937 284.78

GROSS
ACTIVITY

(CPM)
====== ==

19.30
502.78

NA
512.97

NA
23.75

Tc-99 (Teva.SpeC)
=----- ====== ====

DILUTION
FACTOR

(ml)
====== ==

0.!500
0.000
0.000

,“--- “0.000
0-000

WEIGHT

3?RRCTION

(g)
=====--.- ----

0.000
0.000
0.069
0-000
0.069

DATE COUNTED:29\-AUG-1997

DATE C7HULATED:02--SEP-1997
QA FIIZ-PE-1141
ANALYST:Dl@SPW

ACTIVITY
(pCi/L)

======= ==

4-62e+05
NA
NA
ml
NA

.

COUNHNG

ACT13ZCTY CERTAINTY

(pCi/g) (+/-)
==----- -= ===2====

NA 5.70e+03
NA m

3.43e+03 4.19e+Ol
NA NA

4.29e+O0 1.24e+Ol

I

I

I

.. .--”. - ,..-., -W..v . . . . . . .. . ,., ,., 7% ,. . .. -- -.— ---- ----- - - --
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SAMPLE COUNTING TIME IN UNITS OF

QA DATA SHEET
----- —_______——-_-—_______

BmQUTEs :

PACKARD 2550TR LIQ. SCINTI~TION C~R #S 1, 2, OR 3:

DESIRED ACTMTY mTS (l=PCi/ 2=uci~ 3=@m) :

*. DESIRED WEIGHT FRACTION uNITS (l=g, 2=filter) :

INTERWAL CONTROL CHART PROGRAM NUMBER:
ENTER : 0 FOR 160600 3 FOR 160601 (I.&Jmode)

1 FOR 162010
2 FOR 162011

..= .

INTERNU CONTROL CHART BATCH NUMBER:

!
MEASURED CONTROL V7U.DE, COmCT’ED FOR DE~y:

UTPER CONTROL L~T IN UNITS OF DPM/ML :

LOWER CONTROL LIMIT IN UNITS OF DPM/ML :

v
“AHMTY OF THE SIU4PLE THAT W= DUPLICATED:

NA W7LSDUPLICATED, PERCENT DIFFERENCE:

\
970815-002 WAS SPI?3ZD, PERCENT RECOVERY:

lQ70WNllm~~ OFCONTROL, DECAY CORRECTED:

STANDARD:# FU-128-W
REFERENCE DATE : 01-JAN-1987

?

DATE COUNTED:29 -AUG-1997
DATE CALCULATED: 02-SEP-1997

QA FILE -PE-1141
ANALYST :D~/SPW

60.0

2

1

1

,.
0

4

1032.85 DPM/ML

1073.70

783.70

m (pCi/g)

4.29e+O0 (pCi/g)

NA ERR I

102.16 %

1023..56 DPM/ML “

E

AnalZS report:

ACTUAL AMOUNT SPIKE PERCENT

UNITS RESULT SPIlOZD RJ2.SbLT RECOVZRY
===== === ===== === ===== === ===== === ===== ===

DPM 0.66 511.78 523.48 102.16

20/20 License *4828, Program ‘validation $$:SOP160063 .R4-T2LG, 09/28/94 DFH
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#
.“

I

.’

SAMPLE MD EFFIC . tSIE

NUMBER or FACT. VALUE

)’ MS cPM/DPM
============== == ======

BLANK ;o.937 284.73

CONTROL 0.936 282.78

NNDUPLICATE NA NA

SPIKE 0.936 281.54
lNN~~NA~

970815 -002~ 0.937 289.21

GROSs
AC’l?~

(CPM)
===$=====

19.30
502.78

NA
504.75

NA
24.33

TC-99 (TevaSpec)
----------------

DILHON

FACTOR
(ml)

===== ===

0.500
0.000
0.000

.;..-.0-000
0.0.00

WEIGHT

FRACTION

(g)
=========

0.000
0.000
0.069
0.000
0.069

DATE COU’NTED:29-~G-1997

DATE UXL~TED:02~SEP-1997
QA FILE-PE-1141

ANALYST:D~/ SPW

NET

ACTMTY

(pCi/L)
======= ==

4.62e+05
NA
NA
NA
NA

.

NET COUNTING

ACTJ3=TY CER~
(pCi/g) (+/-)

-----= ===. ===Z”====

m 5.70e+03

NA NA

3.37e+03 4.15e+Ol

NA NA

7.59e+O0 1.25e+Ol

<
f

? .
.,

. .

*

.“

.

?>- -.-C -.. . . . . . . . .,. > ..,:- . ,— ,: -.,:-. *?:+W7A-. ‘.., > “. J ~ .. >.,. .
-— —.?y----- —-- .-., ,. ......... . :



.

I .

f14w?_
QA DATA SKEET
——----------—.’ _____________

b

s-IX COUNTING TIME IN UNITS OF ~NUTES:

PACKARD 2550TR LIQ. SCINTI=TION CO-R #S 1, 2, OR 3:

DESIRED ACT~~ ~TS (l=PCil 2=uci~ 3=@m} :

DESIRED WEIGHT FRACTION uNITS (l=g, 2=filter) :

INTERNAL CONTROL CHART PROG- NUMBER:
ENTER : 0 FOR 160600 3 FOR 160601 (LL mode)

1 FOR 162010
2 FOR 162011

;= ..

INTERNAL CONTROL CHART EATCH NUMBER:

MEASURED CONTROL VALUE, CORRX~ FOR DECAY:

UPPER CONTROL LIMIT IN

LOWLR CONTROL LIMIT IN

*A~~TY OF THE SAMPLE

*ACTMTY OF THE SAMPLE

UNITS OF DPM/~:

UNITS OF DPM/ML:

THAT WAS DUPLICATED:

THAT WAS SPIIOZD:

NA WAS DUPLICATED, PERCENT DIFFERENCE:

970815-002 WAS SPI~D, PERCENT RECOVERY:

~OWN A~MTY OF CONTROL, DECAY CORRECTED:
STANDARD:+ R1-128-W

..

RXFERENCE DATE: 01-JAN-1987

E

DATE COUNTED:29 -AUG-1997
DATE CALCULATED: 02-SEP-1997

QA FILE -PE-1141

-YST :D~/SPW.

,

60.0

2

1

1

0

4

1032.85 DPM/ML

1073.70

783.70

m (pCi/g)

7.59e+O0 (pCi/g)

NA ERR /

100.33 %

1023.56 DPM/Kf.J .

AnaLIS report:

ACl?UAL AMOUNT SPIKE PERCENT
UNITS RESULT - SPIIOZD RESULT RECOVSRY .
===== === -—-—---- ________--—-—--- ________ ===== === ===== ===

DPM 1.16 511.78 514.63 100.33

20/20 License %4828, Progr~-valitition #:S0P160063. R4-T2LG, 09/28/94 DFH
.
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1.
,.

DescriptiveStatistiti:

I

I

Column Size Missing
Cdl 4 0
C012 4 0

Column Medh, 250A
Col 1 5.940 4.050

al 2, 12.300 12.150

ColumnK-S Distance
Cd 1 0.272 0.337
Col 2 0.208 0.606

Me= Std Dev

6.192 2.555

12.300 0.183

Std. Error
1.278
0.0913

Friday, septemk 12,

I&uge M=
5.270 9.080
0.400 12.500

75”Z’OTsum
8.335 24.770

12.450 49.200

p Value

1997,09:3$:52

Min
3.810

12.100

SUMof SquaresCo~Idm@k~~ KIIU~~~
“ 172.975 4.~ ‘.fi .

605.260 0.291 2.916E+-3-300

/

,

. .

-V. -.7-~ . . . . ...— ------ -.. ,.-. -.., ..,, ,.

—---- . . . . . . . . . . .

- ,. . . ..- --- -— —YZ’- ,.
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1. “ “

Descriptive Statistics:

Column Size Missing
Cd 1 2 0
C012 2 0

Column Median 25%
Cd I 31.200 28.100
Cd 2 8.940 8.900

ColumnK+ Distsume
Cd 1 0.260 0.481
Cd 2 0.260 0.481

Friday, September 12, 1997,09:40:12

Mean Std Dw Std-Error Range Max
3L200 4.384 3.100 6.200 34.300
8.940 0.0566 0.0400 0.0800 8.980

.-
75”/0 sum Sumof SauaresCotildeneeSkewness

Mb
28.100

8.900

I@tfMis
34.300 62.400 1966.160 39.389undciinedundedined
8.980 17.880 159.850 0.508unddinedundfied

P Value
.

.. ....>
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. .

Descriptive Statistia:

Column S-he Mksing

I Cdl 2 0
Ccl12 2 0.

Column Median. 25°A
Cd 1 31.200 28.100

Cd 2 8.940 8.900

i
ColutiK$ Di~m
Cd 1 0.260 0.481

al 2 0.260 0.481

i

Man
31.200

8.940

75”/0:
34.300

8.980

P Value

.

Friday, Septemkr 12, 1997, 09:{0:12

Std Dev Std. Error Rauge M= Min
4.384 3.100 6.200 34.300 28.100

0.0566 0.0400 0.0800 8.980 8.900

sum Sum Of Squares Contlden&ke-= IGntOsis

62.400 1966.100 39.389 undefinedm~d

17.880 159.850 0.508 undeiinedudefi.d

,

f

.

~~ -- -— . >.. !..,, ,,- :,-’=.--”.’ .~~;>~ .7,--—-
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MDIOCKEMICA.L ANALYSIS
LABORATORY PREPARATION SHEET FOR LIQUIDSCRTITLLATIONCOUNTKNG ~

_k_~-%.t (-):@ 3 GXml T= P*ebp DOdlinc: I I

QA Fik #: ?.?s -tlvl PmpJwLaiyu lr12rl~bJw.—

RojaSJ*. D =i J T, “

.-
Consrol Number: 16~~o= ,

Ch_RoomRe=’d: ~ f a? I ?zf9~. w== JD: DLily check by: .

comments:

SUP=VISOR
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,.

RADIOCHENiICALANALYSIS
LABOIUToRy PREPWnON SmET FOR LIQUID SCINTILLA~ON COUNTING

o~.t ttik I ‘3 ~ ri $0 ti Pachgeh- I I

QAF31ek “q’l!s”/7v/ PIY@u&dyu: I J by
.

Pnjatf&: I cooxd Numbcc16

.
Ct.ROOmRec’d: 1 1 %_ -~ DailyChA by

—.—

ComxtDate I I @_ MiuowaveFdamIJc:—— —

lnmT.m.mmtOcOw. J I.— — PLU=3U= Nuo.tba=

1 I I 11
●SualcfIDt: *PREP (Csrc&): .Lad Ash he! rmv PdubO ~ S-k j

Sample ID: COOIIJ1*PI=P.Diltin(h@icure*: g,jif,* m) Positiork#

Blink 948fl/:-tllk %!!)/m X/d@’
Control ( J“$~- L. ) %-/ /#l k J Z-99a. + d. )-

1 ..... - I I II

I

II I 11
comments

*
SUPERVISOR APPROVAL

—tiw~

..

—-—.—-— ...-. -,.—— ,. ,,-..7,.,.4.. Z,.. -cT.? .. . ,. .. . . . . . . . .- t.,, ------ ?.<c.:
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a

25’ Cldcl ’71 ~o:17
Tc-99/Teva UG

?aoe %1

“-Protocol %: 3 User : K25 Radiochemistr

Time: 60.00

Data Mode: DPM Nuclide: TC_TEVA_UG Quench Set: TC_TEVA

Background Subtract: Manual

LL UL LCR 2SZ BKG

Region A: o.o -. 293 T: 0.0 0.00

Region B: 6.0 – 273 0.0 0.00

Region C: 293 - 2000 0 0.0 0.00

Quench Indicator: tSIEIAEC
Ext Std Terminator: Count

.

Packard Liquid Scintillation 2550TR-#2 SN 103999

Luminescence Correction On
Heterogeneity Monitor On

Color Quench Correction On
)

P# PID S# “TIME
3 25 1 60.00
3 25 2 60.00
3 25 3 60.00
3 25 4 60.00
3 25 5 60.00
3 25 6 60.00
3 25 7 60.00
3 25 0 60.00
3 25 9 60.00
3 25 10 ,60.00
5 25 11 “60.00
3 25 1-2 60.00
3 2 13 60.00

‘ CPMA DPMI CPMB S1S tSIE EFF . FLAG LIJM
2431.38 2595.97 2406.70 152.34 284.90 0.’?36599

J+
o ZJ

19.30 20-61’ 17.85 70.471 284.73 0.936573

/

10 Sk

502.78 537.C&H .490.12 87.43.5 282.78 0.936239 #+ 1(X

24.33 25.977 22.53 72.983 2B9.21 0.937122
\

Iz-b>

504.75 539.27 491.00 86.254 281.54 0.’935996
0;>:

~-oQi

23.75 25.36
)

22.17 77.440 284.78 0.936580

512.97
10-pa

548.10 501.22 88.418 281.04 0.935892 I-Ma

18.65 20.06~ 17.43 72.708 268.35 0.929806 ‘- ‘- - ’97~
494.68 528.24 481.05 87.242 2B4.09 0.936470

I

ok

24.25 25.96] 22.55 81 .394 276.44 0.934274\~ 5 -M

496.97 531.30 484-88 84.414 278-84 0.935387$ o-m

23.52 25.15
)

22.37 77.881 277.82 0.934974- “ , 6 ‘O,

493. 5B 528.23 481.28 B4.541 276.70 0.934408 0 -a*

/

f

.“
.



4 ‘p d.q~~-,ao. .1

07 ~uQ 9.7*’ 16:02 TOTAL QCTIVITY REC User : K-25 Site Radiochem.

~“rotocol S:lo.- ,.

Time: 20.00

Data Mode: DF’fl
Nuclide: TOTACT UG Quench Set: TOTAL UG

Background Subtract: None

LL “ UL LCR ~s% BKG

Region R: 0.0 - 2000 0 0.0 0.00

6.0 - 273 -’0 0.0 0.00.
Regi~n B:

293 - 2000 0 0.0 0.00
Region C:

Duench Indicator: tSIE/AEC
Ext Std Terminator: Count

Packard Liquid Scintillation Counter 2550 4+2
Luminescence Correction On
Heterogeneity Monitor On
Color Quench Correction On

P# PID
10 28
10 28
10 28
10 28
10 2s
10 28

?

St+ TIME cPrlCl

1 20.00 26.55

2 20.00 24.65

3 20.00 2’3.35

4 20.00 25.20

5 20.00 25.35

6 20.00 26.20

.

CPMB CPMC DPM1 tSIE ~FF FLAG LUM

16.60 7.15 2B.08 225.77 .944 590

16.60 5.BO 26.OB 2S2.77 .945
-20 ~:dd~

16.B5 6.55 31.66 149.71 .921 54 ~Fl>:l

15.35 “ 7.55 26.74 212.35 .942 30 ]Hz):m

17.35 7.00 26.BB 214.62 .943 2B ]fl@J

16.75 6.90 27.7B 214.96 .943 zb IWIO:I(+J

.

f

?

..—— —. , . .... > . ... .. ....-”. . . .-, - ....--3%77. ./=....,..... - ..— ~.. .~y...,.,,., .—-



#

“.1
), “.

SAMPLE MD EFFIC . tSIE

I
NUM8ER or FACT. VALUE

MS CPM/DPM
-———-- _____====.==== == --——-- -----

BLANK 0.924 271.07

CONTROL 0.931 290.30

NNDUPLICATE NA NA

SPIKE 0.929 284.06

GROSS
ACT~

(CPM)
===== ===

22.50
495.02

NA
501.83

~ b“ or
P.

DATE COUNTED: 02,-SEP-1997
DATE C?LLCULATED:04LSEP-1997

QA FILE-PE-1141
ANALYST:D~/SPW

Tc-99 (TevaSpec) .
-—____________—--------—-_-—----

DILUTION WEIGHT COUNTING

FACI’OR FRACTION ACTMTY A~MTY CERTAINTY

(ml) (9) . (pCi/L) (pCi/g) (+/-)
—----—__----— ___ ========= ====== === ====== === =Z=d”zss=

0.500 0.000 4.57e+05 NA- 4.02e+03

0.000 NA NA NA NA

0.000 0.070 NA 3.32e+03 2.89e+Ol
F- NN970815-002MD NA NA

~ :~ - ~ NA NA NA NA

970815-002MS 0.929 283.09 26.80 0.000 0.070 m 2.81e+Ol 8.90e+O0

/

-.



4

QA DATA SHEET
.’ ----------— ==

SA,WILE COUNTING TIME IN UNITS OF MINUTES:
.

PAC~ 2550T’R LIQ.
sCINTI~TION CO-R #S 1, 28 OR 3:

DESIRED ACTm~ UNITS (l=pCi, z=UCi, ~=@m) :

DESI~ WEIGHT FRACTION UNITS (l=g, 2=filter):

XNTE- CONTROL CHART PROG~ NUMBER:
ENTER : 0 FOR 160600 3 FOR 160601 (LL ~Ode)
—.

z FOR I.6201O

2 FOR 162011

,+. .

INTE~ CONTROL CHART BATCH NUM8ER: -

MEASURED CONTROL VALUE, CORRECTED FOR DECAY:

UPPER CONTROL LIMIT IN UNITS OF DPM/~:

LOWER CONTROL LIMIT IN UNITS OF DPM/~:

*ACTMTY OF THE SAMPLE THAT WIU3DUPLICATED:

*ACTIWITY OF THE ~LE TXAT WIU3 SPI~ :

970815-002 WAS DUPLI~TED , PER~~ DIFFERENCE:

970815-002 W- SPIKED; PERCENT RECOVERY:

KNOWN ACTM~ OF CONTROL, DECAY CO--:
STANDARD:# RI.-128-W

REFERENCE DATE : 01-JAN-1987

DATE COUNTED:02-SEP- 1997

DATE CALCULATED :04 -SEP-1997

C@ FIJ-=-PE-1141 “

ANALYST :DQ4/SPW

120.0
.-

3

1

1

0

4

1015.12 DPM/ML

1073.70

783.70

NA (pCi/g)

2.81e+Ol (pCi/g)

NA ERR f

99:89 %

1023-56 DPM/~

E

AnaLIS report:
ACTUAL AMOUNT

. .
UNITS R2sSULT SPIKED
=======. =s===?=== ========

DPM

-.
20/20 License ~4828, PXOg%am Validation

..—---- .Y, .7. ‘ ........... . ..

4-37 511.78

SPII03 PERCENT

RESULT RECOVERY

====$=s?== =Z==$=l===

515.57 99.89

g:SOP160063. R4-T2LG, 09/28/94 ‘=

,...7...,..<=-..,..J...;4,~ ..,..”.7-— ..,,,, —— --—---



DATE COUNTED:02<SEP- 1997
DATE CALCUXATED:04 -SEP-1997

QA FILE -PE-1141
ANALYST :DKM/SPW

Tc-99 (TevaSpec)
===== ===== ===..=

SAMPLE MD EFFIC. tSIE GROSS DILUTION WEIGHT

NUMBER or FACT. VALUE ACTMTY FA~R FRAffION

MS CPM/DPM “ (CPM) (ml) (g)

COUNTING

ACT3371TY ACITVITY CERTAINTY
(pCi/g)(pCi/L) (+/,:)

===== ==== == ==== == ====== ======= ======= = ====i=-------- ----____== === ===== ==== =.==== ===

BLANK 0.924 271.07 22.50

CONTROL 0.931 290.30 495.02 0.500 0-000 4 .57e+05 NA 4.02e+03

NNDUPLICATE NA m NA 0.000 0-000 m NA NA

SPIKE 0.929 284-09 499.15 0-000 0-070 NA 3.30e+03 2.89e+Ol

NNNAM) NA NA
~ .;&-

0.000 0.070 m NA m

970815-002W3 0.928 280.53 27.64 0.000 0.070 * 3.43e+Ol 8.98e+O0



A

.

)’ .“ “
~.

QA DATA SHEET
.’ -----------======= = .

.
1 , SAWLE COUNTING TIME IN. UNITS OF EStNOTES :

PA~ 2550TR IIIQ . SCINTI~TION COUNTER *S 1, 2, 0R3:

DESIRED ACT~ UNITS (l=pCi, 2=uCi, 3=dpm) :

1 DESIRED WEIGHT FRACTION UNITS (l=g, 2=fi2ter) :

INTE= CONTROL CHART PR&~ NUM8ER :

ENTER: 0 FOR 160500 3 FOR 160601 (U mode)

1 FOR 162010
2 FOR 162011

.;-”+- .

INTERNAL CONTROL CHART EATQ3 NUMBER:

ME?U3DRED CONTROL vAJLUE, CORRECTED FOR DECAY:

UPPER CONTROL LIMIT IN

LOWER CONTROL LIMIT IN

&
*ACTMTY OF THE SAMPLS

*ACTMTY OF T%E2 ~LE

UNITS OF DPM/ESL:

UNITS OF DPM/ML: .

THilTWAS DUPLIC?L~:

THAT WAS SPIIOZD:

NA WAS DUPLICATED, PERCENT DIFFER3ZNCE:

I
970815-002 WAS SPI~ , PERCENT RECOVERY:

~OwN ACT~TY OF CONTROL, DE~Y CORRECTED:

STANDARD:# R2-128-W

REFERENCE DATE : 01-JAN-1987

E

DATE COUNTED: 02-SEP-1997
DATE ~TED:04-sEP-1997

QA FILE-PE-1141
ANALYST L~Q1/SPW

120.0

3

1

1

0

4

1015.12 DPM/ML

1073.70

783.70

NA (pCi/g)

3 .43e+til (pCi/9) .

99.13 %

1023.56 DPM/ML

. . . I
AnaLIS report:

ACTUAL AMOUNT SPIKS PERCENT

UNITS RESULT SPIKED RESULT RECOVERY

===== === --__--—- _____ ___-— --- --- _______ - ===== === ===== ===

DPM 5.33 511.78 512.69 99.13

20/20 License #4828, Program-validation #:SOP160063. R4-T2ti, 09/28/94 .DFH

-. .-—--- --, .---r 7 ...,,. . . . . . . . ., ”,, --..7 ,, 7 ,7.. . . . . . . . . . . . . . . . . . . . . . . ,. -.., .,>.?.. --— -=, .
.——— - . ..-



1. .
.

f
.

sAl@LE MO EFFIC . tSIE

NUMBER cm FACT. VAL~

MS CPM/DPM

==. ====.s == s=!===. =====

BLANK 0.924 271.07

CONTROL 0-931 290.30

DUTLICATE 0.929 283-09

SPIKE 0.929 284.09

970815 -002MD 0.928 280-53

970815 -002MS 0-928 280.53

GROSS

A~~

(CPM)
.==== ===

22.50
495.02
26.80

499.15
27.64
27.64

DATE COUNTED: 02-SEP-1997
DATE CAIXOIATED:04-’SEP-1997

QA FILE-PE-1141

ANALYST:DKM/SPW

Tc-99 (TevaSpec)
===== ===== ===== =

.

DILUTION
FACTOR

(ml)
===== =.=

0-500
0:000
0:000

:-” ().-000. ..-

0.000

WEIGHT
FRACTION

(g)
========.

0.000
0.070
0.070
0.070
0 .“070

ACTIVITY

(pCi/L)”
=.==== ===

4.57e+05
NA
m
NA
N?i

COUNTING

ACI’I?.TIYCERTAINTY
(pCi/g) (+/-)

====== ?=== ====&= ==

NA 4.02e+03
2.81e+Ol 8.90e+O0
3.30e+03 2.89e+Ol

3.43e+Ol 8-98e+O0

3.43e+Ol 8.98e+O0

#

[



‘i
.

.’

~ DATA SHEET
#. ===== ===== ===

DATE COQ’NTE’D:02-SEP-1997

DATE ~~TED:04-SEP-1997
QA FILE-PE-1141 -

AltALYST :D~/SPW

SAMPLE COUNTING T- IN UNITS OF MXNUTES:
120.0 .

I

PA- 2550TR LIQ.
SCINTI~TION COUNTER #S 1, 2,0R 3:

3

DESIRED ACT~Ty UNITS (l=pCi, 2=UCi, 3=@) :

! DESIRED WEIG~ FRA~ION UNITS (l=g, 2=filtex):
1

INTE- CONTROL CHART PROG= NUMBER:
ENTER : 0 FOR 160600 3 FOR 160601 (IJJmode)

I.FOR 162010
2 FOR 162011

INTERNAL CONTROL CHART EATCH NUMBER:

MEILS~ CONTROL vALUE, CORRECTED FOR DECAY:

KIPPER CONTROL LIMIT IN

LOWER CONTFiOL LIMIT IN

)
*A~MTY OF THE SAMPLE

UNITS OF DPM/-:

UNITS OF DPM/W:

THAT WX DUPLI~TED:

*ACTHm OF z!FDZSAMPLE THAT WAS SPI=:

970815-002 WAS DUPLI@TED, PERCENT DIFFERENCE:

)
970815-002 WAs sPIm, PERm RECO_RY:

KNOWN A~~TY OF CONTROL, DE~Y COq~:
STAND~:# R1-128-W

REFERENCE DAi”E: 01-JAN-1987

1

1

0

1015-12 Dp~/=

1073-70

783.70

3.43e+Ol (pCi/g)

3.43e+Ol (pCi/g)

19.86 %

99.13 %

1023-56 DPM/=1

AnaLIS report:
ACl13AL ~~ SPIa PER=

UNITS RESULT SPIlOZD m9uLT RECOVERY

======== ======?==
======== S==l=$=l=l=====s=s==

DPM 5.33 511.78 s12.69 99.13

.
20/20 License ~4828* pro9r~ ~alibtion ‘:s0p160063 -R4-T2m’

og/28/94 DFA

——.. [.., GXm%$if- . .. . ..
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&-/ J,L-
02 Se~ 97 18:19 ALPH&BETR - 1.21 Faae #1

Protocol 4+: 4 Tc-99/TEVA UG User : K-25 Radiochemistry

Ti~e: 120.00

Data!bde:D?K Nutlide:TC_TEV1l-lK Ikench Set: Tt_7EW
-.. . -.

Background5Ubtract: nanual

u IJL LCR 2S2 BK6

Region9: 0.0- 293 0 0.0 0.00

Region B: 6.0 - 293 0 0.0 0.00

Region C: 293-2000 0 0.0 0.00

Duexhlnditaio:: iSIEIAEC
E:t Std Terminator: Count

?atkard Liquid Sciotillatkm2550/TR 40223!
LuminescenceCorrection On
Heterogeneity Honitor On
Color QuenchCorrection On
Coincidence Tise(ns): 18
Delay Before Bursi(ns): Koraal

F# s# F’IE TIME CPKA
41 27 120.00 22.50

4_ 9 27 120.clcl 495.C12
4Z 27 12Q.GO 27.64
44 27 120. c)o 495’. i5
4 5 27 lzo.o~ 26.S0
46 27 12CI.CG 501. s:.

.

/

CF’MC iSiE EFF FLAG LUM
9.74 271.C7 0.92396” 12

10.li 290 .3(2 c).9zlcl~ ,1
9.5s 2eo.5z ,0.927f3A s

10.22 2s4.09 o.92?23~f”k c)

1(3.(>8 287. ..09 0.92?8~ 7
9.G5 284.06 CI.9292p-5@Z O

/

. .

#-
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To: Valerie MacNair

cc: Steve Sarten
Subject: Ni Results from Ni cathodes stripped from Ti Base

.
sample # 002752A July 24, 1998

Ni cathode was sectioned off in 9 equal portions. Sections were counted using a Ludlum 2224 with a alphalbeta

scintillation detector. The counted section was marked and a 100 cm 2 area cut from the quadrant and cut into
small pieces. Twenty ml of HN03 was added tothe samples and heated untildissolved.Water was added and
thesolutionevaporated down to 15 ml at 60 degrees C to reduce the nitticacidconcentration.The sample was

? quantitatively rinsed into a 100 ml volumetric flash and dilutedto 100 ml withdistilled water. One ml of the solution
was removed and added to 12 ml of a liquid scintillation cocktail and counted for 100 minutes in the Packard 2700
TR counter.

Sample # Sample weight Net CPM Bq/g

1
2
3
4
5
6
7
8
9
10

3.3925
3.3682
2.5815
3.3963
3.0158
2.9657
3.4928
3.8090
3.5318

.< 3.5426

8.74
10.50
7.19
8.20
7.02
8.64
16.89
19.16
13.99
9.21

4.52
5.46
4.89
4.23
4.08
5.11
8.48
8.82
6.95
4.33

5.69 (4.66)

. SamDle B (from the backside of Base) Sampled and counted as in A.
VULI .JLu

Sample #

1
2
3
4
5
6
7
8

\. 9
10

Sample Weight.

3.7675
2.9325
3.6843
3.0726
3.3547
3.3039
3.7473
3.1548
2.6881
4.1284

Cementation 1 3.1269

) Cementation 2 (a) 2.8363
1.00 ml sample

Cementation 2 (b)
0.50 ml sample

Cementation 2 (c)
2.00 ml

Net CPM

8.01
8.60
9.31
8.62
9.14
8.02 ..
8.75
7.34
8.10
11.69

1,852

1,219

617.7

2,461

July ZY, IYY5

Bq/g

3.73
5.15
4.43
4.68
4.54
4.05
3.89
4.97
5.29
4.97

4.46

2,306

1,674

1,696

1690

Page 1
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Tc-99 Results from Ni Cathode: Lab. # O02752A Ju@ Z3, 1998

Model 2224 alphalbeta scintillator 100 cm2 ties
SN 125601 Cal. Date : 12-11-97
Alpha eff. : 18.5% Beta eff. : 11.4’%

Area #

J

1

2

3

4

5

6

7

8

9

259 251 246 274 238 217 232

245 ~~5 252 247 231 247 229

243 261 250 253 z25 256 238

257 240 220 234 260 233 232

210 233 236 245 265 268 243

234 249 227 Q60 244 255 264

216 250 251 246 269 252 237

jj7 Q41 270 ’236 247 247 244

244 z29 236 263 ~56 242 262

233 247 246

240242 217

“241 276 240

240 242 220

254 226 242

239 247 232

246 238 250

259 244 254

2z9 233 251

244.3

237.5

248.3

237.8

242.2

245.1

245.5

246.9
.

244.5

AVEFWGE 243.6
<

Bkg. 231 251 240 ~~~ Q]9 245 212

~~o 262 .254 240 231 254 234

f

256 236 235 237.9

246 227 231
. .

Net CPM 5.7

DPM 50.0

Bq 0.83 ‘“

Bq&am 0.37
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Tc-99 Results from Ni Cathode: Lab. # 002752 E July23,1998 “

Mode12224alphrJbeta scintillator 100cm2 Mea
SN 146728 Cal. Date : 4-24-98
Alpha eff. : 20.6’% Beta eff. : 13.0%

Area #

1

~
\)

3

4

) 5

6

7
)

8

9

Bkg.

397 444 412 414 425 402 419 383 427 418 413.2

436 426 396 419 408 410 392 390 425 444 413.7

420 392 368 442 457 401 419 422 397 379 408.9

402 417 396 366 413 385 434 401 420 420 404.5

404 404 423 416 414 437 366 402 400 419 407.4

375 435 396 442 395 427 409 418 394 399 408.1

386 374 421 404 393 432 429 381 403 411 402.7

3~4 408 404 435 443 400 390 363 387 426 404.2

392 418 406 411 390 426 441 401 393 399 407.0 ‘ ‘

AVERAGE 407.7

f

335 317 342 360 338 334 347 312 305 276 326.6

NetCPM

DPM

Bq

Bq/gram

81.1

6~4.2

10.40

4.66
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Tc-99Results from Ni Cathode: ~
Thicker Material

Model 2224 alphaheta scintillator
SN 125578 Cal. Date: 5-26-98

Lab. # O02858A

100 cm2 Aea

Alpha eff. : 20.l% Beta eff. : 9.lIXO

I

Area #

1

2

3

4

5

6

7

8

9

Bkg.

~

i

707 715

755 768

688 641

771 743

746 713

695 698

772 799.C

762 769

7478 787

<

Qgo 271
747-- 271

760 689

724 690

661 670

753 718

765 775

670 644

771 768

7~(3 770

768 738

289 268
282 260

698

723

646

760

769

689

820

751

763

242
281

745 687 699 702

746 714 756 741

636 655 649 679

739 710 726 755

724 746 744 718

709 707 702 687

738 765 806 800

771 777 .751 768

764 776 784 765

AVEIUGE

279 240 274 273
258 285 278 276

July 30, 1998

633

707

672

751

760

689

779

737

259
275

Net CPM

DPM

Bq

Bq/mun

702.8

737.4

659.7

742.6

746.0

689.0

781.8

757.6’

767.4

732.0

270.0

.462.0

5,076.9

84.6

37.9
2.981 g from cathode dissolved in 20 ml HN03: Diluted to 1()()ml, 1 ‘rn~counted in LSC.

B “ Sample 1:30 net cpm Sample 27.8 netcpm Background= 21.5cpm .-

Ave:28.9netcprn or 30 dpm/ml= 1,020dpm/g or 17.OBq/g. I
A@te= 60.4 net cpm =64 dpm = 1.06 Bq/ml Catholyte = 14.7 cpm = 15 dpm = 0.25 13q/ml

4
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24 Jul_-lgg13 22:28 - ALPHA/BETA - 1-.08

. protocol %: 2

Page +

Tc-99 User : Tc-9$

“ Time: 100.00 + ooz7sL?A-
DataMode: CPM Nuclide: HhNUAL

BackgroundSubtract:None

LL UL LCR 2s2

Region A: 0.0- 200 0 0.0
RegionB: 11.0- 200 0 0,0
Region C: 0.0- 0,0 0 0.0

Quench Indicator: tSIE/AEC
Ext $td Terminator: Count .

TC-99 in Ni solution

s# TIME CPMA

1 100.00 30.12
2 100.00 31.88
3 100.00 28.57
4 100.00 29.58
5 100.00 28.40
6 100.00 30.02
7 100.00 ‘38 .27)
8 100.00 40.54~
9 100.00 35.37>

10 100.00 30.59
11 100.00 891.06
12 100.00 21.38

SYSTEM NORMALIZED

BKG
0,00
0.00
0.00

DPM1 S1S FLAG
59.725 $.74

59.729 /0.s

60.555 z 19

56.369 g.zo

58.850 ~oL

59.629 $.6+

59.241 I&. 29

56.433 17.16

60.557 83.7 q

;O. s’s

C14 IPA DATA~PROCESSED - 27-Ju1-1998 06:27
C14 Eff (0-156 keV) = 95.99 %

H3 IPA DATA PROCESSED - 27-Ju1-1998 06:28
H3 Eff (0-18.6 keV) = 67.60 %

BKG IPA DATA PROCESSED - 27-3u1-1998 07:29
Bk9 (0–18.6 keV) = 15.43 CPm
Bkg (0-156 keV) = 23.50 CIXi

C14 E-2/B (1-156 keV) = 523.08

H3 En2/B (1-18.6 keV) = 302.99

—.. ..—.- ... . . , -—.. -. — >,.,,,.... . . . .. . . ..,..,,....W . . . .. ~. .-.w
-——- --- .,, ,!, ,

I
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Nuclide:tlANUAL

29 Jul 1998 21:55 ALPHA/BETA - 1.08

Protocol i+: 2
Pa-S*#

Tc-99 User : Tc-9C

J
Time: 60.00
Data tlode:CPH
BackgroundSubtract:None

LL UL

) RegionA: 0.0 - 200
RegionB: 4.0 - 200
Region C: 0.0 - 0.0

LCR 2s%
o 0.0
0 0.0
0 0.0

QuenchIndicator: tSIE/AEC
Ext Std Terminator: Count

) Tc-99 in Ni solution

Xi.@&=: CPMA
22.09

3+=% 2 60.00 1864.61

J’ {3-lz&$7 3 60.00 1880.37

[

4 60.00 639.01
2.9363 5 60.00 1240.56

& 60.00 2482.43—
3.7@.75 7 60.00 29.27

BKG
0.00
0,00
0.00

DPM1 S1S FLAG
66.061 f3fl*J

1

68.677 ~-j Iw
67.654

60.415 I
2,~3z~ 8 60.00 29.86 59.594 ~

} 3.&.3+3 9 60.00 30.57 57.166 3
3.C7ZC10 60.00 29.88 57.922 d

3.3s47 11 60.00 30.40 56.436 5-
3.3@3712 60.00 < 29.28 56.838 L
3.7473 13 60.00 30.01 55.792 7
3./59+ 14 60.00 28.60 58.374 f’

@%&& 15 60.00 29.36 56.462 y
~ 16 60.00 32.95 54.734 Io

17 60.00 20.42 63.590 @
+

. .
38.o~

) -7/J- 9.76

f
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JO Aug 1998 18:13 ALPHA/BETA - 1.08 Pa=

Protocol 3: 2 TC-99 User : Tc-’

Time: 60.00
OataHocle:CPH Nuclide: MANUAL

) Background subtract: None

LL UL LCR 2s1
RegionA: 0.0 - 200 0 O,(I
RegionB: 4.o - 200 0 0.O

Region C: 0.0- 0.0 () (1.O

J
Quench Inditator: tSIE/AEC

ExtStd Terminator:Count
TC-99in Ni solution

) s% TIME CF’MA
1 60.00 51.50
~ 60.00 49.30

BKG
0.00

0.00

0.00

DPM1 S1S FL(%G
64.137 00 zJ5-~4
63.128 .—



. 5 (30 .00 21.46
.“
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17 SLP 1998 18:43 ALPHA/BETA - 1.08 . Page #-

Protocol #:lo Tc-99/U-238:a/b 3,0Y~d ‘ User : M=

Tine: 60.00 2*O A cuw~ G.4b!dAi

J DataHode:CPH Nuclide: MANUAL .

Background Subtract: None

LL UL LCR 2s% BKG
RegionA: 0.0 - 250 0 0,0 0.00
RegionB: 100- 500 0 0.0 0.00

} RegionC: 0.0 - 0.0 0 0.0 0.00

OuenchIndicator:tSIE/AEC
ExtStdTerminator:Count

Alpha/Betaanalysisof Tc-99:U-238

x~ =+’2; TIME CPMA CPME3 DPM1 S1S FLAG
60.00 25.89 14.90 97.547 S+c k Ai I WY

~b> 2 60.00 32.92 14.88 82.998 14
/.7S-

y.z~ 3 ::.:; 33.13 14.90 83.623 /0
2.0[

y.25r 4 35.14 15.64 83.383 fc
2.57

b 7.3* 5
.2.Jf

60:00 33.28 14.48 83.353 ID
a.o*-

c.3D 6 60.00 34.19 16.12 84.404 lE
2.3 I

7.PS 7 60.00 33 77 15.45 86.125 IF 2,1$

6.ZC 13
—-

60.00 32 .17 15.10 “ 82.493 Zk 1.74

A-.4-L 9 60.00 31.31 13.63 79.366 ~~
~,~- o

+.el 10 60.00 30.70 14.16 82.285 z= / J.~~
/.71

) Z1211 60.00 33.01 14.92 82.646 ZD l,qll
g.~~ 12 60.00 34.85 15.07 81.352 2E 2.+7
+.45 13 60.00 30.32 13.88 81.812 2F 1.23 /

~6 0.00 =.80 13.54 1/2 .64 /9K~ .
.

\
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I ALPHA/BETA - 1.08 Page #
Z1 oct 1998 18:21 ...-—

—-..——-
protocol #J 6

Tc-99/Ni User : RSMRP

lime: 60.00
DataHode:Dp~

Nuc]ide: TC-99/NI QuenchSet: TC-99 llC

BackgroundSubtract: None

LL UL LCR 2S% BK6

RegionA: 0.0- 293 0 0,0
0.00

RegionB: 2.0- 293 0 0,0
0.00

RegionC: 0.0- 0.0 0 0.0
0.00

QuenchIndicator: tSIE/AEC
Ext Std Terminator: Count

Ni in Nitric Acid:Nominallg/2SmL
coincidenceTifne(ns):18
DelayBeforeBurst(ns):Noruial

. ...

E
-F
i:

tSIE %Eff
452.85 94.17 ..

326.05 93.21
26~-oo 9~.69
2?7 04 ‘92.34-- .
193.79 91.83
175.40 90.98
157.38 91.14
145.19 90.27
135.44 89.72
125.28 89.06

“116.84 88.24

SMPL_ID TIME CPMA CPMB DPMI tSIE

1 TC-4$(X);XL4MK1 60.00 29 .2? 29.26 3z.63 127.55

~ iloCOdj- ccdf~ol 60.00 10341.6 10319.3 10983.6 451.20
~ U, ?A Je CAIT-q-10-6 Adc

it7> l-d
z rL-r.& 60.00 37 .77 27 .72 45. f37 57.445 <,-~ ~
-.

...- ....— . . . ... . .. ..- ..- .7-=: m >,...,.., ...4... . ..-
,-.

. .. . ... . . . . . , .. , .
—---- . . ..+ —..
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U51OO- WLOW @ackground Counting System -- SmearAna&is

ode: 10/15/96 Alpha aclhity aclion level (OPM):

Counling Unil id 1 ,. Bela aclivilyaalion level (DPM)

Data tite name: [IoSlJ002.Xi.D] SMEAIW32 Cerkiintylevel Ior MDA and flags:

Balch Endgd: 10/15/S6 1647 High Voltage Setling:

CrosslnlkCorrection: Nol Applied

20.00

2CQ.00

95.OCYXI

1350

/

!,;
,,~.
?,.
,’,:
-...

ij
,. lT-’~-/,u <’< (;, H , z
,:.
i ,,.... 4,r3,c
.:.‘.

,,‘,‘,, r3,E,F.—. --— -----—----—-”----

J/-c” Art/ A

,, fl
#l:{ c

(!“
.,
+,
!-

>!:
!,*
!,,

,,
\ ‘.

.
I
I

Application Flevision: 2.1.4

Application Version: Slandard

13alchID:NiCATHODE SHAVINGS l@5 & 10-15

‘ags ::’ ~

Alpha Activity

hrriet IIPM 10

--i-1 0.907 1.17 <MDA .

2 II 0.605 , 1.13 <MDA 4.27 II 27.88 4.91 41- 12.88

3 0.000 1.05 <MDA 4.27 25.17 4.79 CAL 12.88
-—.--. —------

4 0.605 1.13 <MDA 4.27 32.14 5.08 ~.L -ZiV

s -0.302 1.00 <MDA 427 17.43 4.45 cAL 12.88

6 -0.302 1.00 <MDA 4.27 27.50 4.9!9 :AL 12.88

Alpha efficiency log Iile: Th230ab

Alpha Efficiency: 33.07%

Alpha 108f?la crOSSb!k 16.54%,

Alpha Background (CPM): 0.6

Alpha Correction Faclor: 1.000

Bela eflicierrcylog file: Tc99ab

Bela Efficiency:25.82%

Bela inlo Alpha Crosstalk: 3.71%

Bela Background (CPM): 4.3

Bela Correction Faclor: 1.000

Counl Alpha Bela Completion

ime (rein) CPM CPM Dale - Ttme

10.00 0.300 6.20 10/15/9615:5’

10.00 0.200 7.20 10/15/9816:0

10.00 0.000 6.50 10/15/98 16:1(

10.00 0.200 8.30 10!15/9816:2

Io.ou -o.lrxr 4.50 10/15/98 16:3’

10.00 -0.100 7.10 10/15/9816:4’

-.
~-;Acy #’l flECLJI/d C-
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From: LabI
Senk 11. mai 199908:25
TO: Steve, Sarten
cc: Dianna Walker
Subject FW Tc-99 And Nickel Anolyte/Catt?olyteLStarter Plate Results

. .

I left off the Nickel results from the 1st e-mail. Here they are!

Samole ID Tc-99

) Anolyte 5/7/99 3:00 PM 2.68 Bq/mL

Catholyte 5fl/99 3:00 PM <0.06 Bq/mL

Acolyte 5i8199 6:30 AM 2.70 Bq/mL

Catholye 5/8/99 6:30 AM
I

cO.06 Bq/mL

Anolyte 5/? 0/99 6:30 Atd 2.54 Bq/mL

Catholyte 5/10/99 6:30 AM <0.06 Bq/mL

Starter P!ate-right side 1.83 Bq/g

StarterPlaWe% side 1.59 Bqlg

Page 1

l~ickel (Dpm

104,300

&4,800

90,400

67,800

S6,300
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Steve Sarten

From: Lab
Sent: 7. mai 199908:39
To: Steve Sarten
cc: Dianna Walker
Subject: Tc-S9 Results on Anolyte/Catholytes May 5-6

Smm!e }C T’~+~ (Ec/q~)

Anolyte 5/5199 3:30 PM 2.17

Catholyte5/5/99 3:30 AM <().()6

Anolyte 5/6/99 6:15 AM 2.27

Catnolyte 5/6199 6:15 AM <0.06

Anoiyte 5t’6/99 2:30 PM 2.44

Catholyte 5;6/99 2:30 PM <().06

‘.
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Steve Sarten

)
From: Lab
Sent: 6. mai 199908:34
To: Steve Sarten
cc: Dianna Walker
Subject: Tc-99 Results on Anolyte/Catholyte 5/4-5/99

9elow are the final results (long count) of samples analyzed yesterday with a shorter sc~eening ccti= ::-=x

Samole ID T@9 @~/mL)

Anoiyte 5/4/99 3:30 PM 2.02

) Anolyte 5/5/99 6:30 AM 2.08

CaL?olyte 5/5/99 6:30 WI 0.11

Page 1

. . .. ... .. . -, .,..,!—--- .. . ..



..
-----

Steve Sarten

From: Lab
Sent: 5. mai 199914:52
To: Steve Sarten
cc: Dianna Walker
Subject: Tc-99 Screen Results on 5/4-5/5 Anolytes

“.

These resultsare from a 15 min count instead of the usual hour ccunt ~ime. This will give ycu an idea C: :rI~
approxiniate Tc-99 activity.

Samcle ID Tc-99 (Ba/mL~

Anolyte 5/4199 3:30 PM 1.95
--

Anolyte 5151996:30 AM 1.99

Catholyte 5/5/99 6:30 AM 0.13

Callifyou have any questions.

Harold x248
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Steve Sarten .—

From: Lab
Sent: 5. mai 199910:07
To: Steve Sarten
cc: Dianna Walker
Subject Tc-99 Resutls for Anolytes 4/30 thru 5/4

“.

Samrie ID Tc-99 (bc/mL)

Anolyte 4/30/99 3:30 PM 2.16

Anolyte 5131996:15 AM 2.14

Anolyte 5/3/99 3:30 PM 2.10

Anolyte 5/4/99 6:15 AM 1.95

Page 1
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Steve Sarten

From: Lab
Sent 3. mai 199912:35
To: Steve Sarten
cc: Dianna Walker
Subject: Anolyte Tc-99 Results

SamDie 10 Tc-99 (balmL~

Anolyte 4/2S129 3:30 PM 2.53

Anolyte 4/30/99 6:15 AM 2.51
1

--
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Steve Sarten

From: Lab
) Sent: 27. april 199911:19

To: Steve Sarten
cc: Dianna Walker
Subject Nickel plating solution Analytical Lab Results

Samr31e Description Tc-99 (Ba/mL\

Charcoal H20 4/24/99 0.17

Anolyte 4/23/99 3:30 PM 5.61.

Catholyte 4/23/99 3:30 PM <0.06

Anolyte 4/24/99 6:30 Atvl 5.53

Anclyte 41%V99 11:30 AM 4.15

Catholyte #l 4/24/99 0.06

Anolyte 4/26/99 6:30 AM 2.09

Catholyte 4/26/99 6:30 AM <0.06

CAT#l L plate 2.73 Bqlg

CAT#l R piate 3.29 Bq/g

I Ls! us know if you have questions.

Harold

Page 1
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Steve Sarten

From: Lab
Sent: 23. april 199913:53
To: Steve Sarten
cc: Dianna Walker
Subject: Tc-99 Results on Anolyte Samples

Results from recent Anoiyte samples:

Smmle Description Tc-99 fbc/mL)

Anolyte 4/21/99 3:30 PM 5.56

Anolyte 41W99 6:30 AM 5.52 --

Resultsbelow are short counts results to give you an idea of your approximate Tc-99 activity:

Anoiyte 4.22/99 3:30 PM 5.65

Anolyte 4/23/99 7:00 AM 2.65

Cethoiyte #l 4/23/99 7:30 AM <MDA

Will ccwnt hhis later batch to give you a more definitive activity on Monday.

Harold

Page 1
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Steve Sarten

From: Lab
J Sent: 22. aprii 199909:06

To: Steve Sarten
cc: Dianna Walker
Subject: Anolyte Analytical Results

Steve,
se!~~ are the psult~ of ~everaj an~lyt~ batches:

Sam~le oescrip~on Tc-99 (ba/mlJ

! Anolyte-8efore 4/17/997:OOAM 14.41

Anolyte-After 4/17/9911 :30AM 15.15

.4nolyte-Before 4/19/99 6:30AM 15.22

Anclyte 4/19/993:30PM 14.78

Anoiyte 4120199 EOOAM 15.50

Anolyte 4/20/993:30PM 15.83

Anoiyte 4/21 tS9 6:30AM 15.29

holyte 4/21/9!2 10:OOAM 15.35

If you have any questions, Let Elbert or me know.

Harold

Page 1
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Steve Sarten

From: Lab
Sent: 6. april 199913:09
To: Steve Sarten
cc: Dianna Walker
Subject: Tc-99 Results for Anolyte/Catholyte 4/6/99 Samples

Dianne,
Please foward a Hard copy oftheseresultstoSam Fritts.

Samole # Tc-99
)

Anolyte-Before 416/99 15.2 bq/mL
Anolyt*After “ 15.4 bq/mL
Catholyte#H “ 1.7 bq/mL
Cathoiyte#2 “ 0.8 bq/mL

Thanks,

. .

.-

Harold Waddle

Page 1
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Steve Sarten

From: Lab
J Sent: 5. aprii 199914:33

To: Steve Sarten
Subject: Anolyte/Catholyte Results from 4-5-99

Steve,
I Repofied below are the Tc-99 Results from sample brought in 4/5/99 AM: “ ‘

Sample

Anolyte

Catholyte #l
)

Catholyte #2

Anolyte-Before

Anoiyte-After

Tc-99

15.5 bq/mL

1.2 bq/mL

0.7 bq/mL

15.2 bq/mL

15.3 bq/mL

Let me know if you have any questions about the results.

Harold

1
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Steve Sarten

From: Lab
Sent: 2. aprii 199908:16
To: Steve Sarten
Subject Nickel Starter Plate Tc-99 Results for RFA#O04630

Steve,
Below are the results you so anxiously await. The QC ran did vety well. The blanks that were used were

batched along with these samples. We normally use an older blank and it was in close proximity to these wvo ceI.v
blanks. The spike on #l Right sample had a 95.8’3!oTc-99 reccwery.

Sample Description Tc-99 Results

) M Right 29.8 bqlg
#l Left 22.1 bqlg

%2 Right 7.8 bqlg
%2 Left 8.1 bqlg

Elbert is out today for Good Friday. If you have any questions, please call.

HaroldWaddle

. .

,
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Steve Sarten

From: Lab
I

Sent: 24. mars 19991 !):51
To: Steve Sarten
cc: Tom Muth; Valerie MacNair
Subject: Tc-99 in Anolyte and Anodes

I Concentrations of Tc-99 in Anolyte from 3-22-99

Anolyte 3-22-99 A.M. 15.5 Bq/ml

Anode # 1 3-20-99 A.M. 578.3 Bqlg

and Anodes W, #3, & #5 from 3-20-99 “areas fcllcws:

--
Anode # 3 3-20-99 AM. 654.1 Bqlg

Anode # 5 3-20-99 A.M. 544.9 Bq/g

The table of elemental concentrations in the above samples is in your mailbox.
Call me if you have any questions.

Elbe~ Cafiton

Analytical Services

Page 1
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Steve Sarten

From: Lab
=enc 19. mars 199912:22
To: Steve Sarten
cc: Tom Muth; Valerie MacNair
Subject: Anolyte/catholytes

Enclosed are the results to Tc-99 in aniyyte and cathoiyte for 3-17-99.

3-1 7-!39 A.M.

Anolyte 16.34 5q/ml
Catholyte # 1 0.03 Bq/mi
Catholyte # 2 0.06
Catholyte # 3 0.12
Catholyte # 4 0

.,

-.

3-i7-W P.JM.

Catholyte # 1 1.77 Bq/ml
Catholyte# 2 0.26 Bq/ml
Cathoiyte# 3 ().34&jmj
Catholyte# 4 0.22 Bq/mi
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Steve Sarten

From: Lab
I Sent: 18. mars 199917:25

To: Steve Sarten
cc: Tom Muth;.Valerie MacNair
Subjecti Tc concentrations in solutions from 3-13 thru 3-1 7AM

1 Steve,
Enclosed are the concentrations of Tc-99 in anclytes/catholytes and starter sheets.

3-13-99 A.M.

) Anolyte 13.5 Bq/ml
Catholyte 1 0
Catholyte 3 0.05 Bq/ml
Catholyte 4 0

3-15-99 A.M.

I Acolyte 15.25 Bq/ml
Catholyte # 1 0
Catholyte # 2 0.009 Bq/ml
Cathclyte # 3 0.030 Bq/ml
Catholyte # 4 0

3-16-S9A.M.

Anolyte
Catholyte # 1
Catholyte # 2
Catholyte # 3
Catholyte # 4,

Ss 1
2 ,q SJ.cj

A ,~ Ss

Pilot Sample
Nickel Starter

15.93 Bq/ml
0.33 Bq/ml
0.10 Bq/ml
0.12 Bq/ml
0.01 Bq/ml

0.96 Bqlg - c1 ~~fl 0“(

56.70 Bqlg
40.06 Bq/g

1.95 Bqlg
30.07 Bqlg

3-17-99 A.M.

Anolyte 16.30 Bq/ml
Czuhoiyte #l o
Catholyte # 2 0.05 Bq/ml
Catholyte # 3 0.09 Bq/ml
Catholyte # 4 0

Page 1
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Steve Sarten

From: Lab
Sent: 15. mars 199915:37
To: Steve Sarten
cc: Tom Muth; Valerie MacNair
Subject: Comparison of Tc-99 in Ni using LSC and LB5100

Steve,
The Tc-99 determined by the two procedures are as follows:

Approximately 1 gram of Ni was removed by drilling into each of four sheets, spread uniformly in a piacctiet and
counted for 10 minutes in the LB5100 alphdbeta counter.
The samples were then transferred to individual beakers. 10 ml of concentrated HN03 was added to each and
heated to dissolve the Nickel. After dissolution, distilled water was added and evaporated to reduce the NC2 --
concentration. The final volume was made up to 25 ml with distilled water and m.wed thoroughly. One .mlwas
removed from each flask and added to a 15 ml aiiquot of scintillation mcktail and counted for 60 minutes.

Cathode LSC L951OO

# 1 (1.0037g Ni) 14.21 Bqlg 1.09 Bqlg
# 2 (1 .0011 g Ni) 30.48 Bq/g 3.27 Bq/g
# 3 (1.0127 g Ni) 22.45 Bqlg 2.04 Bq/g
# 4 (1.0013 g Ni) 13.36 Bqlg 1.77 B@g
%4 (1.0013g Ni) 12.99 Bq/g — Duplicate

Page 1



..- ..——

Steve Sarten

From: Lab
Sent: 15. mars 199915:04
To: Steve Sarten
cc: Tom Muth; Valerie MacNair
Subjec& Tc-99 in Catholytes/Anolytes

Steve,

Enclosed are the results for anolyteskatholytes from 3-12-99 A.M.

Virgin Ni (1.0045 g/25 ml HN03) 2 ml 38.82 dpm

Catholyte # 02 3-12-99 A.M.
Anolyte (before) 3-12-99 A.M.
Anolyte (after) 3-12-99 A.M.

Catholyte # 01 3-12-99 A.M.
Catholyte # 1 3-12-99 A.M.
Catholyte # 2 3-12-99 A.M.
Catholyte # 4 3-12-99 A.M.

1 ml 359.3 dpm 5.34 Bq/ml
1 ml 858.1 dpm 13.7 Bq/ml
1 ml 846.9 dpm 13.5 Bq/ml

1 ml 401.2 dpm 6.0 Bq/ml
1 ml 63.9 dpm 0.42 Bq/ml
1 ml 107.1 c!pm 1.15 Bq/ml
1 ml 79.3 dpm 0.68 Bq/ml

Catholyte # 3 + 100 dpm Tc spike 178.0 ctpm

Page 1
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Steve Sarten

From: Lab
Sent: 3. mars 199910:09
To: Steve Sarten
Subject: Anolyte/Catholyte analyses for Tc-99

Ccmcentrations for Tc-99 in Anolyte and Catholyte, and Cathodes are shown in the following table.

2-26-99 PM Bc#ml

Anolyte 9.24
Catholyte -1 0.05
Catholyte -2 0.19
Cathoiyte -3 0.05
Catholyte -4 0.52

2-27-99 AM Bqlmi

Anoiyte 9.27
Catholyte -1 0.12
Cathoiyte -2 0.18
Catholyte -3 0.05
Catholyte -4 0.00

2-27-S9 PM Bq/ml

Anolyte 10.32
Catholyte -1 o.~q

Catholyte -2 0.39
Catholyte -3 0.15
Catholyte -4 0.05

2-28-99 AM Bqiml

Anoiyte 10.87
Catholyte -1 0.10
Catholyte -2 0.18
Cathoiyte -3 0.09
Catholyte -4 0.00

2-28-S9 PM Bq/ml

Anolyte 11.05
Cathoiyte -1 0.14
Catholyte -2 0.30
Catholyte -3 0.18
Catholyte -4 0.00

3-i-99 At’vl Bqlinl

Anolyte 11.10
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Catholyte -1 0.03
Catholyte-2 0.20
Catholyte-3 0.20

I Catholyte-4 0.08

3-2-99 AM Bq/ml

Anolyte 12.18
Catholyte -1 0.66

I Catholyte -2 0.50
Catholyte -3 0.33
Catholyte -4 0.00

Anolyte - Before 31.33
Anoiyte - After 14.86

I

3-1-99 Bqlg

Cathode # 1 20.55
Cathode#2 17.52
Cathode# 3# 7.41
Cathode#4 6.82
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Steve Sarten

From: Lab
Sent: 1. mars 199909:19
7#o: Steve Sarten
S~bject: Anolyte-Cathoiyte Concentrations

Steve, The concentrations of Tc-99 in Anolyte and Catholytes for 2-25-99
PM and 2-26-99 AM are as follows.

2-25-99 5:30 PM Tc-99 Bq/ml

holyte 8.43

Catholyte -1 0.44
Catholyte -2 0.21
Catiolyte -3 0.08
C.aholyte -4 0.06

AnolyIe

Catholyte-1
&?tholyte-2
Catholyte-3
Catholyte -4

Anolyte i3eiore
Acolyte After

Cementation # 3 (1 .75 g)
(f ml 0F28 ml)
(2 ml of 28 ml)

8.27

0.09
0.09
0.12
0.02

8.08
8.55

Bqlg
2,500
2,130
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Steve Sarten

From: LabI
Sent: 26. februar 199909:34
To: Steve Sarten
cc: Valerie MacNair
Subject: Tc-99 in Anolytes-Catholytes

.

I Steve, the concentrations in ‘tie Anolytes and Cathciytes for 2-24-99 PM and 2-25-99 ~ are Given :S!CW:

2-24-S9 5:30 PM Tc-99 (Bq/ml)

Anolyte 6.96
Catholyte -1 “ 0.32
Catholyte -2 0.24
Catholyte -3 0.09
Catholyte -4 0.03

--

-.. . . .

2-25-S9 6:00 AM Tc-99 (Bq/ml)

Anolyte 7.64
Catholyte -1 0.42
Catholyte -2 0.30
Catholyte -3 0.08
Cathclyte -4 0.04
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Steve Sarten

From: Lab
Sent: 25. februar 199914:31
To: Steve Sarten
cc: Valerie MacNair
Subject Anolyte-Catholytes

The following values were determined for Tc-99 in Ni materials:

Sample # Bq/miorgram

4L-1 new membrane (1 .0343 g Ni) 7.80
4L-1 “ “ dup. 8.45
4L-2 “ “ (1 .04~5 g Ni) 8.06 --

Anolyte 2-23-99 (6:00 am) 7.04
Catholyte -1 2-23-99 (6:00 am) 1.56
Catholyte -2 “ “ 4.59
Catholyte -3 “ “ 0.99
Catholyte -4 “ “ 1.07

Anoiyte and catholyterecountedusing Ultima Gold afb cocktail

Anolyte 6.92
Catholyte -1 1.56
Cathoiyte -2 4.65
Catholyte -3 1.04
Catholyte -4 1.11

Water from pump 0.05

Ni from 4L before Washing

iNi from 4L after Washing

Anolyte
Catholyte -1
Catholyte -2
Catholyte -3
Catholyte -4

Anolyte
Catho!yte -1
Catholyte -2
Catholyte -3
Catholyte -4

2-23-99 PM collection
2-23-99 PM collection

“ ““ 0.57
“ ““ 0.14
m “ “ 0.08

2-24-99 AM Collection
“ n “
“ “ “
“ W “
“ “ m

8.38

6.88
0.23

6:73
0.01
0.12
0.03
0.03

5.81
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Steve Sarten

From: Lab
Sent: 22. februar 199912:33
To: Steve Sarten
cc: Valerie MacNair
Subject: Tc-99 concentrations in Anolyte and Catholyte solutions

The concentrations in the Anolyte and Catholyte samples from 2-18-99 and 2-19-99 a~e”as follows:!

Anolyte 5:50 PM 2-18-99: 5.87 6q/ml

Catholyte 1 5:50 PM 2-18-99: 0.01 13q/ml

Catholyte 2 0

Catholyte 3 0.01 Bq/ml --

Catholyte 4 0 .. . ..

Anoiyte 5:30 AM 2-19-99 6.34 Bq/ml

Catholyte 15:30 AM 2-19-99 0.28 Bq/ml

Catholyte 2 0

Catholyte 3 0

Catholyte 4 0

Anolyte PM 2-19-99 6.80 Bq/ml

Catholyte 1 PM 2-19-99 0

Catholyte 2 0

Catholyte 3 0

Catholyte 4 0

Ni-l L 12.5 Bqlg
Ni-l R 9.7 Bq/g

Ni - 2L 6.7 Bqlg
Ni - 2R 9.4 Bqlg
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