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DISCLAIMER
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UnitedStatesGovernment.NeithertheUnitedStatesGovernmentnoranyagency
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REMOTE IGNITABILITY OF HIGH LEVEL RADIOACTIVE WASTES
AT THE IDAHO CHEMICAL PROCESSING PLANT

INTRODUCTION

The Idaho Chemical Processing Plant (ICPP), owned by the United
States Department of Energy (DOE) and operated by Westinghouse
Idaho Nuclear Co. Inc. (WINCO), was used to reprocess nuclear fuel
from government owned reactors to recover the unused uranium-235.
These processes generated highly radioactive liquid wastes which
are stored in large underground tanks prior to being calcined into
a granular solid.

The Resource Conservation and Recovery Act (RCRA) and state/federal
clean air statutes require waste characterization of these high
level radioactive wastes for regulatory permitting and waste
treatment purposes. The determination of the characteristic of
ignitability is part of the required analyses prior to calcination
and waste treatment.

q

The high radiation fields (typically i to 50 rem/hour for a 15 ml
sample size) require the use of a shielded facility for sample
handling. Commercial ignitability instruments are not operable by
personnel using master slave manipulators and the flash is not
visible through thick, yellow-colored cell windows. Therefore to
perform this analysis in a radiologically safe manner, a remoted
instrument was needed.

The remote ignitability Method and Instrument will meet the 60
deg. C. requirement as prescribed for the ignitability in method
1020 of SW-846. The method for remote use will be equivalent to
method 1020 of SW-846.

Discussion

• The Remote Analytical Laboratory (RAL) at the Idaho National
Engineering Laboratory (INEL) is involved in selected RCRA analyses
of high level radioactive waste samples. The requirement for
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characterization of the wastes at the ICPP dictated the need for a

remote ignitability determination. It was determined that an
operable remote ignitability instrument was not commercially
available. The remote sample preparation using Master Slave
manipulators and viewing method operation through yellow-colored,
three foot thick, leaded glass windows adds complexity to the
remote ignitability analysis. The remote ignitability instrument
had to meet the following requirements for remote operations:

1. Have an approved Flash/No-Flash system meeting the
requirements of applicable standards.

2. Ability to detect Flash/No-Flash remotely.

3. Be able to use a small sample size ( 2 ml or 4 ml).

4. Meet physical size limitations for cell installation.

5. Have capabilities for remote sample handling.

6. Alleviate problems with flammable gas build up in a
confined area (RAL Hot Cell).

7. Be resistant to chemical makeup of the samples.

8. Have no cross contamination with other samples.

9. Have a way to control and set the temperature of
instrument remotely.

I0. Have the means to ignite the analysis flame.

ii. Have the ability to detect the analysis flame
operation.

12. Be able to actuate the fuel nozzle slide smoothly .

13. Have a technique for cleaning the sample cup remotely
using manipulators.

The search for a suitable flash point tester led to the selection
of a closed cup flash point system, ERDCO Rapid Tester Model RT-I
(See figure i). It was chosen because of successful use on
slightly radioactive samples, its small physical size and small
sample size (2 ml to 4 ml). It was able to meet some of the
requirements for remote operation or could be modified to meet
those criteria. A concern about fire safety was brought up about
having a pressurized container of flammable butane in the cell. To
alleviate this concern we added a Sierra mass flow controller to

control incoming fuel flow from a gas bottle located outside the
hot cell. Using the mass flow controller also allowed the incoming
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fuel to be turned off by the ignitability system controller and
made it possible to insure consistency of the analysis flame. With
all of the above criteria considered, the Rapid Tester still
required extensive modifications to be capable of being operated
remotely with manipulators.

b

MECHANICAL MODIFICATIONS

REMOTE HANDLING

The test cup, RT-14858-600 stainless steel (for all ERDCO part
numbers see figure 2), was replaced with a specially fabricated
three piece cup because of the difficulty with remotely cleaning
the one piece original design. The new cup combines an aluminum
base for holding the heater cartridges (RT-14865) and a temperature
sensing platinum RTD (resistance temperature detector), a stainless
steel sample cup holder and a stainless steel sample cup with
handle. The heat transfer between the three pieces is enhanced by
a heat transfer compound from Wakefield Engineering (part # 120-2).
All of the original tolerances and dimensions were maintained in
the fabrication of the new test cup assembly to meet original
dimensional requirements to maintain method integrity.

The Cup Insulator (RT-14789), Receptacle (RT-14788) and Gasket (RT-
14978) were retained to accommodate the newly made sample cup
assembly.

The Lid and Shutter Assembly (RT-14880) was retained but highly
modified. The handle for holding the assembly in place was removed
and a De=Sta=Co clamp (De=Sta=Co part No. 202-SS ) added to hold
the assembly down. The clamp is also used to lift the shutter
assembly remotely for sample cup removal and cleaning. Combining
the two operations was accomplished by adding two small pulleys to
the new aluminum chassis and then connecting a stainless steel
cable from the De=Sta=Co clamp to a bracket on the lid and shutter
assembly. This combination simplified remote opening of the lid
and shutter assembly. The shutter handle was removed and an
electrical stepper motor with mounting brackets added. The stepper
motor actuates the shutter assembly and lowers the fuel nozzle into
the sample. The stepper motor assembly actuates the fuel nozzle at
a uniform speed over a 2.5 second interval to meet ERDCO's
flash/no-flash operation procedure. The fuel control knob, fuel
hose(SF-5012A) and Fuel Tank Assembly (RT-14867) were removed.
A piece of 1/8" O.D. Stainless Steel tubing was welded to the fuel
nozzle assembly to simplify the hook up of the Teflon tubing used
to bring the fuel inside the cell. The fuel to the fuel nozzle is
controlled by a mass flow controller. The tubing connections were
made with Swagelok stainless steel fittings. The fuel was changed
from butane to propane. The propane is furnished by a modified
valve hooked to a 14.1 oz. propane cylinder (typically used for gas
camping lanterns or stoves). The larger cylinder requires less
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frequent changing and is more readily available. The larger
cylinder due to its higher pressure required a regulator to be
installed ahead of the mass flow controller to keep the flow from
pulsing at the low 8 SCCM (standard cubic centimeters per minute)
flow rate the analysis flame requires.

The electronics were removed from the ERDCO chassis (RT-14821) and
a new electronic controlling system developed. As a general
practice, as many electronic components as possible are removed
from the RAL Hot Cell for easier maintenance and to reduce the

probability of failure when exposed to high radiation fields. The
ignitability system consists of the following modules (see figure
3):

i. In cell module.

2. Mass Flow Controller.

3. Instrument Electronic controller.

4. Propane tank and regulator.

All of the modules are outside of the cell except for the in-cell
module. The actual ERDCO chassis was down sized to 9 1/2" long X
6 1/4" wide X 5 1/2" high including the stepper motor bracket. An
additional aluminum chassis ( 9 1/2" long X 3 1/4" wide X 13" high)
was added to accommodate the high voltage spark module and
terminal connections required when the system was remoted.

P

ELECTRONIC MODIFICATIONS,

The major additions/modifications in electronics were as follows:

i. A High Voltage spark ignition system using two tungsten
electrodes to ignite the analysis flame.

2. Thermocouple detection of the analysis flame.

3. Stepper motor for actuation of the flame
nozzle slide.

4. Piezo film detector for Flash/No-Flash determination.
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5. A mass flow controller for flame control.

6. A new electronic system added to control the
ignitability instrument's operation.

The block diagram shown in Figure 4 shows the basic components of
the flash point test unit control electronics. The interaction
among these component parts will be described followed by a more
detailed description of each of the components. The software
program will be described relative to its several control
functions.

SYSTEM OPERATION

The embedded controller used in the system is a single board
computer equipped with an eight channel, ten bit analog-to-digital
converter (ADC), an eight bit, high current driver ports two
programmable input/output (I/O) ports (A and B), two serial ports
plus other features not used in this application. The controller
reads the temperature of the sample block, the low preset
temperature and also the high temperature preset value through the
ADC. The analog conditioning board (ACB) generates these analog
signals. The low and high set points are adjusted by the use of
trimmer potentiometers located on the ACB. The flame detection
circuitry is also located on this board and is fed into one of the
channels of the ADC. The barometric pressure is available through
the ACB but is not utilized in the controller program.

A portion of port A is configured as an output and is used to drive
the stepper motor controller integrated circuit located on the ACB.
The stepper motor controller integrated circuit controls the linear
actuator used to open and close the shutter located on the sample
containment lid. The remaining portion of port A is used to
illuminate the status light-emitting diodes (LEDs) located on the
front panel of the controller enclosure.

The sensor used to detect the occurrence of a flash in the sample
cup interfaces to the ACB. When a flash occurs the sensor voltage
sets a flag that is recognized by the embedded controller.

The OPTO-22 Relay Board is an off-the-shelf mounting board
compatible with many popular solid-state relays. The relays are
used to ignite and control the flow of the propane gas for the test
flame and to control the temperature of the sample block. All
relays are actuated by the embedded controller through the high o
current driver port.
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MEDDED CONTROLLER

Microprocessor/Memory

e

The Z-World Engineering, Little Giant single board computer
consists of a ZIS0 microprocessor running at 9.216 Mhz with a
partial wait state• It includes 32k bytes of EPROM and 32k bytes
of static RAM. Four serial ports are available but only one is
used. This serial port is an RS232 interface through which the
development system communicates with the controller at a rate of
9600 baud. Under normal field operation this serial port is not
us_d.

The controller is programmed using the Dynamic C programming
language• The program can be wri%ten using an IBM PC compatible
development system• The program can then be downloaded to t_e
controller or stored on an EPROM for nonvolatile storage. The
compiled program for the controller is contained in an on-board
EPROM along with the device driver libraries necessary to talk to
the ports and components included on the single board computer•

Port A

Port A on the controller board is configured as an output port and
controls the pulses to the motor controller integrated circuit
which in turn controls the linear actuator• Bits 3, 4, 5 and 6 are
used to light the low current (2 ma.) LED indicators, i.e. "TEST IN
PROGRESS" "FLASH OCCURRED", "TEMP " and "PRESSURE" respectively# • •

The "HEATER" LED indicator is wired to high current output 3 which
also controls the relay that provides current to the heater in the
sample block•

High Current Driver Port

Three of the eight high current drivers are used to drive solid
state relays on the four position mounting board• The high current
capability of the port is not needed for this application since the
relay inputs are transistor transistor logic (TTL) compatible.
Relay 2 switches a Channel Products spark igniter on and off to
light the propane flame used in the flash point test. Relay 3 is
used to modulate the current to the sample block heater• "Out i"
which is bit 0 of the high current driver port interfaces directly
to the Sierra gas flow control box to turn the propane gas on and
off.
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Port B

Port B bits 0 through 3 are configured as inputs. Bit 0 is used to
detect the pressing of the "START" button on the front panel of the
control box. Bit 1 is used to detect the "FLASH DETECT" signal.f

This signal is the output of a flip-flop on the Analog Conditioning
Board that is set when a flash occurs in the sample cup. Bits 2
and 3 are spare inputs.

Port B bits 4 through 7 are configured as outputs. Bit 4 is used
to enable the "FLASH DETECT" flip-flop. It is enabled just prior
to the flash point test to preclude extraneous noise from possibly
setting the flip-flop and causing an erroneous "FLASH DETECT"
signal. Bits 5,6 and 7 are spare outputs.

Eight Channel ADC

ADC channels 0 through 4 are used to input the various temperature
values and set points associated with the flash point test.
Channel 0 is interfaced to the sample temperature, which is the
temperature of the sample block where the heaters are located. The
sensor is a two wire RTD that is embedded in the aluminum portion
of the sample block above and between the two heater cartridges.
The sample temperature is the conditioned signal coming from the

l RTD. Channel 1 reads the signal representative of the Preset Low
Temperature which is the temperature the controller initially
controls to, on power up. It is also the standby temperature at
which the sample block is maintained after a flash point test
sequence is completed.

The Preset High Temperature is read on Channel 2 of the ADC. This
voltage represents the flash point test temperature. The
controller will maintain the sample block at this temperature just
prior to performing the flash point test.

Channel 3 is used to read the voltage output of the absolute
pressure sensor. Originally this was to provide the value
representative of the barometric pressure. However, because of the
problems of heat transfer between the sample cup and the sample
block it was decided by Analytical Chemistry to maintain the flash
point temperature at 60 degrees Centigrade, ignoring the difference
attributable to barometric pressure. The ICPP is located at an
elevation of about 5000 feet, with an average barometric pressure
of 620 mm Hg. This translates to conducting the actual test at 56
degrees Centigrade. By setting the instrument to conduct the
actual test at 60 degrees Centigrade, we are erring on the
conservative side and are assured that the actual test is done at

, a minimum of 60 degrees Centigrade. This also compensates for any
heat transfer problems between the heating block and the sample
cup.
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The information read through Channel 4 of the ADC is an indication
of the presence of the flame at the sample cup lid. It is not
designed to provide a temperature reading but rather an indication
of the presence of heat. This allows a verification of the
presence of the propane flame up until the time of the actual flash
point test, precluding a test occurring without a flame present.

The embedded controller board contains a +5 volt dc regulator which
supplies +5 volts dc to the on-board logic circuits as well as the
ACB. It is generated from the external +12 volt power supply.

ANALOG CONDITIONING BOARD

Preset Temperatures

The PRESET LO TEMP potentiometer is located on the top edge of the
Analog Conditioning Board. It has a range from 0 to 2.0 volts that
is directly compatible with the input to the digital panel meter
mounted in the front panel of the control box. This potentiometer
also feeds an amplifier that provides a 0 to 2.5 volt signal to the
ADC through channel I.

The PRESET HI TEMP potentiometer is also located on the top edge of f
the ACB but has a reduced span for increased resolution. Its
voltage range is approximately 0.4 to 0.8 volts. It also feeds an
amplifier that boosts the voltage to a maximum of 2.5 volts to be L
compatible with the ADC. The PRESET HI TEMP signal is connected to
channel 2 of the ADC.

RTD Conditioning

A i000 ohm RTD is used to sense the temperature of the sample
block. The excitation voltage is derived from an Analog Devices
AD584L voltage reference which is extremely stable to within 25
ppm. The signal from this RTD is conditioned and sent to the front
panel display via the DISPLAY SELECT SWITCH to display sample
temperature. It also is interfaced to the ADC through channel 0.
The signal is offset from zero for the display and the ADC via an
adjustment potentiometer, RI0.

Flash Detector

The detector used to detect the sample flash is a small piece of a
kynar based piezo film manufactured by ATOCHEM North America. It
is essentially noise free, yet responds vigorously when stressed.
Because of physical size constraints imposed by the use of the •
ERDCO Rapid Tester design, a custom detector had to be designed and
constructed. Shielded, twisted pair 28 awg wire was attached to
the piezo film by means of silver epoxy. A polystyrene holder was

Page 12



machined and the kynar piezo film was epoxied into place within it,
being careful not to epoxy the center portion of the film. This
whole assembly was epoxied onto the underside of the lid to the
sample cup. When a flash occurs, an approximately i0 to 13 volt
pulse is generated by the piezo film. This is well above the noise

• threshold of the system and is easily detected. This pulse is
conditioned and used to set a flip-flop on the ACB that can be read
by the control microprocessor. A discriminator voltage is set for
the detector by adjusting the FLASH DET THRESHOLD potentiometer
located on the top edge of the ACB.

Infrared and optical sensors were originally installed as flash
detectors, but noise generated by the linear actuator and the
sample block heaters made it very difficult if not impossible to
reliably detect the occurrence of a flash.

Linear Actuator Control

The linear actuator is powered from the +12 volt power supply
voltage. The driver is a custom Philips integrated circuit (IC)
designed to drive four phase stepper motors directly. Three data
bits from the controller send the IC direction, set and trigger
information to drive the actuator which in turn opens and closes
the shutter covering the sample cup. The complete open and close
cycle takes approximately 2.5 seconds as specified in the flash
point test methods. This cycle time is determined by the software
program.

• Flame Iqnition

Experimentation indicated that use of a spark for generating a
flash in a sample was not as effective nor consistent as an open
flame. Therefore, the propane flame was necessary in the flash
point test unit design. The propane flame is controlled by a
Sierra mass flow controller to a flow of about 8 SCCM. The propane
is turned off until the software sets the appropriate output bit
and turns on the gas. At that time the relay to turn on the high
voltage spark is activated and the spark arcs between two tungsten
electrodes located on a ceramic block in close proximity to the
flame orifice. The spark continues until the software determines
that the flame is lighted at which time the high voltage control
relay is deactivated.

Flame Detection

Once the flash point test flame is burning, the flash point test
can be executed. To assure that the flame is burning just prior to
the test and as a means of knowing when the high voltage ignition
spark can be shut off, a thermocouple has been installed in close
proximity to the flame on the lid of the sample cup. An
instrumentation amplifier looks at the thermocouple voltage,
amplifies it and sends it to the ADC via channel 4. The software
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determines whether the flame is lighted by comparing the
thermocouple voltage with a predetermined constant obtained through
experimentation.

Sample Block Heater

The sample block is heated to the preset temperature by two 50 watt
cartridge heaters that are inserted into the aluminum portion of
the sample block. They are parts obtained from ERDCO, the
manufacturers of the Rapid Tester model RT-I and are i/4" x l" in
size. The heaters are 120 Vac types and are modulated with the
pulse from the embedded controller through a solid state zero
voltage turn-on relay.

LCD DisDIaV

The LCD front panel display module has an input range of 0 to 2 Vdc
and is connected to the wiper of a three position rotary ceramic
wafer switch. The PRESET HI TEMPerature, the SAMPLE TEMPerature or
the PRESET LO TEMPerature can be displayed by selecting the desired
position on this front panel "DISPLAY SELECT" switch.

INSTRUMENT OPERATION
r

The ignitability instrument was designed to test a liquid sample to
determine whether or not it will "flash" at the specified
temperature of 60 degrees Centigrade. This temperature is
normally corrected for difference in vapor pressure due to
barometric pressure. These corrections reduce the specified test
temperature to approximately 56 degrees centigrade at the ICPP.
The design of the sample cup for remote hot cell usage creates a
temperature difference between the temperature of the heated block
and the temperature of the sample cup. Therefore, to assure that
the sample is properly tested the set point temperature is adjusted
to 60 degrees C. Set point adjustments as well as temperature
calibrations can be made by qualified personnel.

DESCRIPTION OF TEST PROCEDURE

When the Flash point Test Unit is initially powered the shutter is
initialized to the closed position and all relays and indicators
are turned off. It comes up in a mode to control the temperature
of the sample block at 50 degrees C. At least ten minutes is
necessary for the heat from the control block to permeate the *
sample cup. The temperature of the control block is monitored by
selecting the "SAMPLE TEMP" position of the DISPLAY SELECT switch
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on the front panel. The LED indicator labeled "TEMP" will flash if
the temperature is not stable. This temperature will be maintained
until the "START" button is pushed, whereupon, the light within the
button will be illuminated and the temperature set point will be
changed to the high temperature of 60 degrees C. The control block

, temperature will rise to this new value where it will be maintained
indefinitely.

When the temperature has stabilized at 60 degrees C, the operator
may insert the sample through the hole provided in the sample cup
lid. At least a one minute interval should be allowed before

testing the sample to allow time for the sample to come to
temperature. The operator may want to insert the sample after the
flame is lit since the temperature drops off slightly during the
lighting process. The flame used to test the flash point of the
sample is lighted by pushing the "START" button again. This
action will turn on the gas solenoid and the mass flow controller
and will also generate an electrical spark that will light the gas.
When the gas is lit, the flash point test unit recognizes this by
monitoring a thermocouple voltage which then turns off the
electrical spark. While the spark is being generated the light
within the "START" button will blink on and off at about a

one/second rate. The control block is not heated during this
interval. Once the gas is lit, the temperature is again controlled
at the 60 degree C set point. It will maintain this temperature
with the flame burning until the next push of the "START" button.
This action causes the actual test of the sample to be performed by
stepping the linear actuator located on the sample block assembly,
causing it to open and close the shutter over the sample cup. The
mechanical coupling of the shutter causes the flame to dip down
momentarily into the sample cup. If a flash occurs, it is detected
by the custom fabricated piezo film detector located on the lid of
the sample cup. The piezo film detector generates a substantial
voltage which is transmitted to the control unit. The LED on the
front panel is lighted indicating that a flash occurred. The LED
will remain on until the "START" button is pressed again.
Regardless of whether a flash occurred or did not occur, the flash
point test unit shuts off the mass flow controller and the gas
solenoid and returns the set point to the lower temperature of 50
degrees. The operator may now begin the cycle again if necessary
by pushing the "START" button.

Regardless of the current mode of operation, pressing the "RESET"
button on the front panel will immediately put the flash point test
unit into the power-up mode of maintaining temperature of the

J sample cup at 50 degrees C.

Whenever any cables are connected or disconnected the flash point
test unit must be powered off to preclude damage to the
electronics.
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CONCLUSION

A remotely operable ignitability instrument has been developed and
tested. This instrument will give WINCO analytical the capability
to do a Remote Flash/No-Flash test for waste characterization on
highly radioactive samples at the ICPP. The modifications to the
ERDCO Rapid Tester were extensive and required many additions to
the original instrument. The modifications added some complexity
to the original instrument but allows analysis in a remote hot
cell. The three piece sample cup assembly brings about both
problems and benefits. One problem is it requires longer
temperature stabilization times between samples. A benefit is that
two sample cups can be fabricated and one cleaned while the other
one is being used to run a sample. The custom electronics
controller and flame detection system should add a certain amount
of reproducability between different operators. The instrument
will also save personnel radiation exposure since the analysis
would have been done in a glove box if the remoted version had not
been developed. This helps WINCO minimize radiation exposure to
its personnel. Due to restrictions on generation of mixed
hazardous waste the instrument has not yet been tested in the RAL
Hot Cell. Final improvements and check out are progressing at the
RAL.
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