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I APPENDIX B - SUPPORT STUDIES 

Exmrimental Design Overview 

Figure B-1 shows a flow-diagram overview of the experimental design used for the MAWS project. Th 
appendix describes support studies that either have been performed or are currently being performed to 
support the MAWS Bench-Scale Treatability Study. 
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The following tasks will be performed at the Lockheed Analflcal Laboratory (LAL): 

Stage 1 - Physical-Only Seuaration 

Physical-only separations studies in Stage 1 will focus on a qualitative and quantitative 
characterization of the distribution of uranium relative to specific soil size fractions. Stage 1 
treatability testing amounts to bench-scale testing of small aliquots of the FEMP soils. The physical 
and chemical data obtained during the initial analysis will be used in a matrix of bench-scale tests 
designed to determine whether physical-only soil washing techniques will be effective in providing 
significant volume reductions of the FEMP soils. If the physical-only techniques are successful, no 
chemical testing will be performed. If the physical-only techniques are of limited success, a matrix of 
physicalkhemical bench-scale tests will be performed. 

The first series of tests during Stage 1 will use the sieve data and analflcal data obtained in the initial 
analysis to determine if any of the soil size fractions can be separated as "clean" without further 
processing. If size fractionation alone is a possible remedy solution, a volume reduction will be 
calculated and recorded. Based on existing information (Lee and Marsh 1992), it is unlikely that 
simple size fractionation will provide significant volume reduction. 

The second series of tests during Stage 1 will take several splits from individual 25-pound aliquots 
and process them in a bench-top attrition scrubber unit at various retention times and at the various 
rpm settings. After scrubbing, the soil will be wet sieved and the size fractions will be dried in a 
drying oven. When dry, three splits will be taken of the fractions and containerized. The soil in 
containers will be analyzed for uranium concentrations by laser phosphorimeter . 

This data will be used to determine if the attrition scrubber was successful in reducing additional size 
fractions to below 35 pCi/g and, if so, at what rpm and retention time. This data will be used to 
calculate a volume reduction and will be recorded. 

Stage 1 - Phvsical/Chemical Seuaration 

The physicalkhemical separation tests will use an oxidized bicarbonate/carbonate extraction fluid. 
This chemical extractant has been used successfully in the uranium mining industry for over 30 years. 
It is very selective for uranium. If this extractant is not effective on FEMP soils, other leaching 
agents (e.g., acids) will be evaluated. 
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Two series of leach tests will be conducted. In one series, the leach solution will be used in 
combination with an attrition scrubber. As described above, tests will be run at various retention 
times and rpm settings. 

After scrubbing, the soil will be separated from the leach liquors and rinsed of residue leach liquor 
prior to being wet sieved. The extractant solution and rinse solutions will be analyzed using the laser 
phosphorimeter. Since we know the volume of extractant solution added to the soil by means of 
subtraction, we can calculate the uranium concentration of the extractant fluid minus the wet sieve 
solution. 

The size fractions collected above will be dried in a drying oven. When dry, splits will be taken of 
the fractions and containerized. The soil in the containers will be analyzed by laser phosphorimeter, 
and the uranium concentration of the soil will be calculated. Additionally, splits of each size fraction 
will be taken for confirmatory analysis at LAL. This data will be used to determine if the attrition 
scrubber in combination with the extractant fluid was successful in reducing additional size fractions 
to below 35 pCi/g and, if so, at what rpm and retention time. These data will be used to calculate a 
volume reduction and will be recorded. 

The second series of tests will evaluate chemical leaching effectiveness without an attrition scrubber. 
These tests will be conducted using various leach solution concentrations, retention times, and 
temperatures. The soil will be separated from the leach liquors and analyzed as described above. 

Stage 2 - Phvsical/Chemical Testing 

Stage 2 treatability testing incorporates the findings of Stage 1 physical separation and chemical 
extraction testing. The primary function of Stage 2 testing in the experimental design is to serve as a 
transition phase between Stage 1 testing and on-site Stage 3 testing. In this stage, tests will be 
conducted with equipment similar in scale to that used in the on-site testing system. These tests will 
be used to verify the performance of process units and to identify and resolve material processing 
issues. 

Stage 2 testing will use the 500-pound batch samples of feed soil. These samples are composites of 
the individual aliquots which are representative of the soil as a whole and therefore, the batch soils 
are fully characterized. These batch samples will be mixed with the washing solution as defined in 
Stage 1 testing to form a thick slurry. The slurry will be delivered to a pilot-scale attrition scrubber 
at a rate consistent with the retention times defined in Stage 1 testing. The action of the slurry within 
the attrition scrubber will dislodge uranium particles and precipitate coatings from the sand- and silt- 
sized particles. 
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Upon exiting from the attrition scrubber, the slurry will be diluted and will pass over a vibrating 
screen (mesh size to be determined in Stage 1) and the "cleaned" soil fraction will be separated from 
the contaminated fine-grained material. The soil slurry will then enter a hydrocyclone sized to make 
an appropriate size cut. The underflow from the cyclone, plus the oversize from the vibrating screen 
will be dewatered and delivered to holding containers. An autosampling system will be used to 
collect representative soil samples for analysis. Again, laser phosphorimetry techniques will be used 
to determine if the coarse soil material meets the 35 pCi/g criteria and is able to be classified as 
"clean," if not, the soils will be diverted away from the "clean" soils and delivered to the melter 100 
kg studies. The fine-grained soil fraction will be separated from the uranium-laden solution in the 
post-conditioning unit and aliquots of the process solution will be analyzed for uranium concentration. 
All process splits will be collected, split into aliquots, and analyzed for uranium concentration by 
laser phosphorimetry . 
Additionally, selected duplicate aliquots will be analyzed at LAL to verify the findings of the in-house 
laser phosphorimeter. Those process splits which are found to be below 35 pCi/g release criteria will 
have TCLP tests performed on them to demonstrate that no hazardous components were added to the 
soils during the soil washing process. 
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SECTION B2 

VITRIFICATION SUPPORT STUDIES 

Soil wash concentrates (i.e., the contaminant-enriched fraction) from the laboratory studies will be 
shipped to VSL for use in the vitrification laboratory studies which will involve blending them with 
Pit 5 wastes. The vitrification study will be conducted in overlapping layers of increasingly large 
glass production rates. Data from ongoing OU-1 vitrification treatability studies will be used along 
with other relevant information to direct a composition variability study using crucible melts (about 
500 g each). Suitable compositions will be tested on a 10 kg/day vitrification system and then 
progress to 100 kglday system testing. Data from these tests will be used to finalize the design of the 
300 kg/day system that will be installed at the FEMP. Major composition changes or other operating 
parameter changes will first be tested through the three laboratory scales before passing to on-site 
testing. This step approach is more efficient both in testing time and costs since both of these factors 
increase with the scale of the test. 

The following sections provide a summary of the vitrification support studies. 

B2.1 Chemical Characterization of Soil Fines 

Soil will be separated into three fractions -- coarse, middle, and fine. Soil from the middle fraction 
will be fed to the melter by gravimetric means. Coarse and fine fractions will be leached, and the 
leachate will be sent to the water treatment. 

B2.2  Vitrification Crucible Tests 

A glass composition variability study will be designed for combinations of soil-wash concentrates, 
OU-1 sludges, and media from the water treatment system loaded with concentrated radioactive 
waste, with and without addition of chemical additives. At least twenty crucible melts, of about 500 
g each, will be prepared on this basis and all of the glasses will be subjected to the glass 
characterization regimen outlined in Subsection 4.3.1.7. Approximately ten glasses will be made 
from combinations of soil-wash fines and OU-1 sludges, four from spent ion exchange media and 
OU-1 sludges, and five from all three waste streams, and one with OU-1 sludge and purchased sand. 
The OU-1 sludge and sand mix will be used as a basis to judge the other glass mixes. 

B2.3  Joule-Heated Melter Tests - 1 0  kg/day 

Based on the results of the glass composition variability study using crucible melts a series of feed 
compositions will be selected for the 10 kg/day joule-heated melter tests. Six such tests will be 
conducted in order to acquire detailed process data including throughput rates, cold cap formation, 

I .  
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foaming events, and off-gas characterization. At least one test will be carried out with a surrogate 
non radioactive feed. 

B2.4 Joule-Heated Melter Tests - 100 kg/day 

A melter capable of producing approximately 100 kg/day of vitrified waste will be installed at VSL. 
A total of four runs will be performed on the 100 kg/day melter vitrification system installed at 
Catholic University. The first two of these will use non-radioactive surrogate feeds for initial system 
tests. The second two runs will involve actual FEMP waste materials. These runs will provide the 
critical large-scale process data that will be necessary in the development of process controls and 
operating protocols for the 300 kg/day unit that will be installed at the FEMP. Process data will 
again include throughput rates, cold cap formation, and foaming events, as well as off-gas system 
performance evaluation. These data, collected on a series of units, will provide the basis for scale up 
to the larger pilot-scale and full-scale units if this approach proves to be optimal for the FEMP. 

Laboratory vitrification activities will be directed toward the development of optimum compositions 
for vitrification of sludge/soil concentrate blends and definition of the operational process parameters. 
The characterization data obtained for the waste samples will be used for selecting the blends and 
calculating the raw-mix recipes. Previous experience and glass composition-property correlations that 
have been developed will be utilized while preparing these formulations. A further essential 
components is feed-back data from the glass characterization studies which will be used to refine the 
glass composition studies. 

A flow diagram illustrating the sequential steps in glass preparation and glass characterization is 
shown in Figure A-2. As described previously, the MAWS program involves a stepwise scale up of 
the melter systems culminating in the 300 kg/day on-site unit. However, the general approach is as 
illustrated in Figure A-2. 

ERAFS l\VOLl :ENVIRO\OU 1 W33WAWSBNCH.2 B2-2 Rev. No.: 2 
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Revision: 01 

Date: 02/23/93 
OPERATING PROCEDURE 

Leach Svstem 

1.0 PURPOSE AND SCOPE 

1.1 The purpose of this standard operating procedure (SOP) is to instruct personnel in the 

operation of the leach system. 

20 APPUCABIUN 

2 1  This procedure applies to all Lockheed employees in all work activities involving the leach 

system. 

3.0 RESPONSIBILITIES 

3.1 The soil wash system supervisor is responsible for ensuring that all personnel assigned 

the task of leach operation are familiar with this SOP, that they have been trained in this 

SOP, and that a controlled copy of the SOP is available to them. 

3.2 All personnel operating the leach system are responsible for following this SOP. 

4.0 PROCEDURE 

4.1 Equipment 

1. 

2 6 leach tanks 

3. . 3 volumetric feeders 

4. 1 overflow tank 

5. Miscellaneous piping and fi ings 

leach feed tank and pump 

1 
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4.2 Process Description 

As shown in the attached Leach Circuit diagram, the leach circuit is comprised of a Leach 

Feed Tank and six (6) Leach Tanks. Cyclone overflow discharges to the Leach Feed 

Tank. Reagents are introduced and metered to the Leach Feed Tank which react with the 

uranium causing it to dissolve. The slurry is then pumped at a controlled rate to No. 1 

Leach Tank. 

1. Ooeration of the leach feed tank 

The leach feed tank is an open topped steel vessel, 4 feet in diameter by 6 feet 

high with a nominal capacity of 530 gallons. At the nominal flow rate of 8.8 gpm. 

it has an effective residence time of 48 minutes. 

The purpose of the leach feed tank is to preheat slurry prior to leach and to 

provide buffer storage between the classificationlwashing circuit and the leach 

circuit. It will absorb surges in flow from both the upstream and downstream 

processes and thus allow for more continuous operation without accidental spills. 

Solids suspension and slurry blending are provided by a top entering radial flow 

agitator powered by a 1/3 hp motor. The agitator motor is interlocked to the level 

probe to prevent its operation when slurry levels falls to approximately 10' above 

the turbine. The purpose of this interlock is to protect the agitator shaft from 

being damaged due to high out of balance forces when the agitator motion is not 

dampened by the slurry. 

The slurry is heated using electrical heating wrap located on the side of the tank. 

Temperature is automatically controlled at 104OF. . 

The leach feed pump transfers slurry from the leach storage tank to leach tank 

No. 1. The pump is a Tee1 Model 3P551, 1.5' x 1 .S centrifugal type. 

Operatlnu Notes 

The Leach Feed Storage Tank should require very l i l e  operating attention. 

However, the operator should take note of the normal mixing motion on the free 

surface so that he will recognize when problems occur. Problems may include 

2 
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sanding or partial sanding of the tank. or an impeller becoming disengaged from 

the shaft. 

Level and temperature control are performed automatically, however, these 

parameters must be checked periodically. Should the level control loop fail, the 

operator must dosely monitor the tank level and make adjustments to the Leach 

Feed Pump accordingly. 

Ommion of Leach Tanks 

There are six (6) leach tanks arranged so that slurry cascades by gravrty from 

leach tank No. 1 to leach tank No. 2 etc., before exiting the leach circuit at leach 

tank No. 6. Each tank is a covered top steel vessel, 4 feet in diameter by 6 feet 

in height. At the nominal flow rate of 8.8 gpm, the leach circuit has a residence 

time of 4 hours. 

The purpose of the leach tanks is to dissolve uranium in a solution containing 

sodium carbonate (NaCO,) and ammonium bi-carbonate (NH,COJ. Potassium 

permanganate (KMnO,) is also added as an oxidizing agent. 

Leach reagents, ammonium bicarbonate (NH,COJ. sodium carbonate (NaC0,) 

and potassium permanganate (KMnO,) are metered into first leach tank. 

The reagents used in the leach circuit must be carefully utilized to ensure safe 

and efficient operation. The reagent system consists of three (3) variable speed 

volumetric feeders complete with feed hoppers. Dry chemical is loaded into the 

hopper from where it is metered into the leach feed tank. 

The leach reactions occur more quickly and to a greater degree at elevated 

temperatures. Sluny must therefore be maintained at a temperature of 104OF 

using electrical heaters. 

Solids suspension and slurry blending are provided by a top entering radial flow 

agitator powered by a 1/3 hp motor. 

3 
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ODeratlna Notes 

The leach tanks should require very l i l e  operating attention since automatic 

control loops maintain correct temperature and reagent addition. However, the 

operator should take note of the normal mixing motion on the free surface so that 

he will recognize when problems occur. Problems may include sanding or partial 

sanding of the tank, or an impeller becoming disengaged from the shaft. 

AU operating parameters must be checked periodically to ensure that automatic 

systems are functioning properly. Should the reagent control loop fail, the 

operator must closely monitor the REDOX potential and pH and make manual 

adjustments accordingly to the reagent feed rate settings. 

3. ODeratina Parameters of Leach Svstem 

Feed Slurry Characteristics: 

Particle Size 

% Solids 

Flowrate 

Process: 

Leach Temperature 

Leach pH 

Leach REDOX potential 

Leach Residence Time 

Operating Schedule 

% Extraction 

Plant: 

Number of Units 

Leach Feed Tank Size 

Tank Capacty 

- < 30 microns 

- 17% 

- 8gPm 

- 1W0F 

- 8.5 - 9.5 

- 500 mV 

- 5 h ~  

- continuous 

- 99% + 

- 6  

- 
- 530 gallons (effective) 

4' dia x 6 Leach Feed 
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4.2 Start-Uo Procedure for Leach Circuit 

Start-up of the leach circuit is only allowed after verdying that the classdying/washing 

circuit is operating and that the centrtfuge dewatering circuit is ready to start up. 

1. Check the reagent systems to ensure adequate supply of reagents are present 

in each feed hopper and are ready to operate in automatic mode. 

2 Visually inspect all items of equipment to ensure they are ready to operate. 

Specific checks of the following should be made: 

- all drain valves closed 

- no leakage 

- maintenance is not in progress 

- all personnel are clear of machinery 

3. Obsewe the flow into the Leach Feed Tank. If the tank was empty prior to start- 

up, start the agitator when sluny has covered the impeller to a depth of 

approximately l W .  Once the Leach Feed Tank is at normal operating level with 

the agitator running, start the Leach Feed Pump following these steps: 

a) 
b) Open the suction valve 

c) Open the discharge valve 

d) Startthe Pump 

e) 

Place the Leach Feed Tank level controller in AUTO 

Ensure flow has been initiated. 

ODeratlna Notes 

1. If you attempt to activate the agitator when slurry level is too low, an 

interlock will prevent its starting. Retry activation when slurry level rises. 

2 A level control loop will maintain a constant level in the Leach Feed Tank 

by changing the valve position.of the bypass valve. The valve position 

can be manually adjusted by setting the level controller to 'Manual'. 
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4. Observe the How into Leach Tank No. 1. If the tank was empty prior to 

start-up. activate the agitator when slurry has covered the impeller to a 

depth of lW. Activate the heater. Start leach agitators and heaters in 

tanks 2 through 6 in succession as described above. 

5. It the leach tanks were empty, it will take approximately 4 hours to 

completely fill the circuit. Venfy that reagent feeders are operating, 

4.3 Samollna and Data Loadnq 

The following sampling and data logging procedures must be followed to ensure efficient 

operation of the plant. 

1. Every hour, remove a sample from each leach tank using the sampler provided 

and place in a 100 ml beaker. Measure pH and REDOX potential using the 

EH/pH meter. Record these values in the log sheet. 

2 Every, hour, cut a sample from the cyclone overflow using the sampler provided, 

determine the specific gravrty of the slurry using a Marcy Density scale. Record 

these values in the log sheet. 

Take a further sample cut and place in a sample container which is clearty 

labelled with the date and time. 

3. Every hour, cut a sampler from the No. 6 Leach Tank overflow stream as it 

discharges into No. 1 Centnfuge and place in a sample container which is clearly 

labelled with the date and time. 

4.4 Reaaent Svstem 

The leach operator is responsible for the correct operation of the reagent feeders and 

loading of hoppers as required to ensure a continuous supply of reagent. 

Sodlum Carbonate (NaC03 

Sodium Carbonate (NaCO,) or 'Soda Ash' is supplied in 50 Ib bags and is stored in the 

chemical storage area (to be determined by Fermco). As required, NaCO, will be added 

to the NaCO, feeder. 

' . . 
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Ammonlum BI-Carbonate lNH,COJ 

Ammonium Carbonate NH,CO, is supplied in 50 Ib bags and is stored in the chemical 

storage area (to be determined by Fermco). As required, NH,CO, will be added to the 

NH,CO, feeder. 

Potasslum Permenoanate (KMnOJ 

Potassium Permanganate (KMn0,) is supplied in S-gallon drums and is stored in the 

chemical storage area (to be determined by Fermco). As required, KMnO, will be added 

to the KMnO, feeder. 

4.5 Leach Svstem Process Controls 

NaCO, and NH,CO, AddRlon 

The addition of NaCO, and NH,CO, is controlled by analyzing pH (acidity) of the sluny 

as measured in leach tank No. 2 The pH analyzer is located on top of leach tank No. 

1. The normal operating setpoint is 9.0. 

A controller compares the setpoint to the measured value and then increases or 

decreases the reagent addition rate. 

f i: , ., . 
, I t,:: 3: . 

KMnO, AddRlon 

The addition of KMnO, is controlled by the REDOX potential of the sluny as measured 

in leach tank No. 2 The EH analyzer is also located on top of leach tank No. 1. The 

normal operating setpoint is 500 mv. 

A controller compares the setpoint to the measured value and then increases or 

decreases the reagent addition rate. 

Leach Feed Tank Level Control LOOP 
The Leach Feed Tank level is controlled by modulating a by-pass valve. Tank level is 

measured by an ultrasonic probe and compared to a setpoint. The by-pass valve 

opening is increased or decreased to maintain a constant level and thereby prevent the 

tank from overflowing or allowing the pump to run dry. 

7 
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Successful operation of the leach circuit can be measured by the degree of dissolution 

of uranium usually expressed as a percent. A large number of external factors can affect 

the results obtained and include type and grade of soil, effective pretreatment, and 

particle sue distribution. 

Variables under control of the operator are as follows: 

1. Addaion rate of NaCO, and NH,CO, 

The target pH, as measured in Leach Tank No. 2 is 8.5 - 9.5. If the reagent 

consumption of soil being treated is high, pH can drop in Leach Tanks 2 through 

5 giving poor extraction. The operator must therefore adjust the pH setpoint 

based on the pH as measured manualty in the entire leach train. 

2 Addaion rate of KMnO, 

The target EH is 500 MV, as measured in Leach Tank No. 2 If the soil being 

treated requires greater oxidation, slurry REDOX potential can drop as it 

progresses through the circuit giving poor resutts. As with pH control, the 

operator must be aware of the EH throughout the leach train and adjust the 

setpoint for EH control. 

3. TemDerature Monitorina and Annunciation 

The operator must ensure the temperature of the slurry is maintained at 1 0 4 O F .  

Malfunctioning of heaters should be reported immediately. An annunciatorhed 

light will light at control panel above leach feed tank and all leach tanks. 

4.6 Shutdown Procedure 

Temooraw Shut-Down 

Following any shut-down of the ClassificationMlashing Circuit the following steps should 

be followed to ensure an unhindered re-staft of the Leach Circuit. This procedure should 

not be used for the final or emergency shut-down. 

1. Stop the leach feed pump and switch the Leach Feed Tank level controller to 

'Manual'. 

8 
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2 Close the suction valve and attach a 'h' fresh water hose to the flush connection. 

Open water to the hose. Open the valve on the flush connection located on the 

suction pipe. 

3. Restart the pump on a manual speed setting of 50% and allow to run for 3 

minutes or until clear water is observed flowing into Leach Tank No. 1. 

4. Close the valves on the flush connection and on the hose (fresh water). 

Disconnect hose. 

5. Place reagent feed controllers (3) on manual and turn off. 

Extended Shut-Down Procedure 

The following steps shall also be performed for a prolonged shut-down. Note that the 

centrifuge circuit must continue to operate during this procedure. 

Once flow from the cyclone has ceased, place the Leach Feed Tank level control 

loop on manual and stop the agitator. 

Start the Leach Feed Pump and use a hose to wash all solids from the tank. 

When only clear water is observed discharging into No. 1 Leach Tank, 

discontinue hosing and stop the pump. 

Connect the drain valves of the adjacent leach tanks using a T flexible hose. 

Continue drawing slurq to centrrfuge circuit until all tanks are empty. Hose any 

remaining solids from the tanks. 

Stop the agitator when sluny falls to a level approximately lo' above the impeller. 

Place all chemical feeders in MANUAL and turn off. This step prevents 

inadvertent addition of chemicals. 

9 

- 
024 



4267 

5.0 ENVIRONMENT SAFETY AND HEALTH 

5.1 Reuuirements 

All activities shall be conducted in accordance with applicable Lockheed and FEMP ES8H 

policies and procedures 

5.2 Pecsonnel Protective EauiDment (PPQ 

Safety glasses, steel toed boats, anti C's, and chemical resistant gloves shall be worn by 

leach operators. While loading chemical feed hoppers (approximately once per day), the 

operator shall wear a dust/mist respirator and rubber gloves. 

Personnel protective equipment shall be provided by FEMP. 

6.0 RECORDS 

6.1 ODeratina Parameters 

Operating parameters shall be recorded on a regular basis as specified in Section 4.3 

Sampling and Logging.' These records shall be maintained by the soil washing system 

operations manager. 

6.2 Maintenance Loq 

A log shall be kept of the maintenance (both routine and repair) performed on leach 

system equipment. The record shall be maintained by the soil washing system 

operations manager. 

6.3 ODeratina Loq 

The soil washing system operations manager shall keep all project logs. Additionally, 

weekly project activlty and production reports sewe as a record of gravlty plant 

operations. 

7.0 AlTACHMENTS 

7.1 Leach Circuit Diaaram 
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ATTACHMENT 2 

PHYSICAL SEPARATION SYSTEM 

ERAFS l\VOLl: WVIRO\OU 1 W33MAWSBNCH.2 Rev. No.: 2 



Revision: 0 

Date: 2/23/93 

OPERATING PROCEDURES 

Phvsical Seuaratlon System 

1.0 PURPOSE AND SCOPE 

1.1 The purpose of this standard operating procedure is to instruct personnel in the operation 

of the physical separation system. 

2.0 APPLICABIUN 

2.1 This procedure applies to all Lockheed employees in all work activities involving the 

physical separation system. 

3.0 RESPONSIBILITIES 

3.1 The soil wash system operations supervisor is responsible for ensuring that all personnel 

assigned to the task of centrifuge operations are familiar with this procedure, that they 

have been trained in this SOP, and that a controlled copy of the SOP is available to them. 

3.2 All personnel operating the centrifuges are responsible for following this SOP 

4.0 PROCEDURE 

4.1 Equipment and Supplies 

1. Paddle mixer 

2. 

3. Screw Conveyor 

4. Triple deck gyratory screen. 

5. 

6. Attrition scrubber 

7. Double deck gyratory screen 

8. Cyclone feed tank and pump 

9. Two Hyrdocyclones 

10. Soil 'collection drums 

Paddle mixer discharge tank and pump 

Flat double deck vibrating screen 

1 
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11. Drum handling equipment 

4.2 Process Description 

1. Paddle Mixer 

The paddle mixer is used to mix soils and water for further processing. The 

primary purpose of the mixing is to break up clay lumps, wash soil from coarse 

particles (e.g.. rock greater than 3/8 inch), and form a slurry of consistent density. 

The mixer is operated on a batch basis and can accommodate approximately 

four 55gallon drums of soil. Water is added to achieve a 50% solids slurry. 

Slurry densrty is measured using a Marcy scale. 

The soil slurry and coarse material are withdrawn from the mixer separately. 

These two Streams are withdrawn separately to achieve an effective separation 

of organic matter (e.g., roots, grass, etc.). The slurry is withdrawn using a valve. 

The coarse material is withdrawn by raising one end to the mixer hydrauiically 

and opening a hydraulically controlled gate at the end of the mixer. 

2. Paddle Mixer Discharcre lank and Pump 

Slurry is discharged from the paddle mixer into a tank at a controlled rate and is 

pumped via the vertical spindle pump to the triple deck gyratory screen. The 

design of the vertical spindle pump allows for dry operation. 

3. Screw Convever 

The screw conveyor transports coarse material from the mixer to the flat vibrating 

screen. The screw conveyor consists of a rotating screw and closed trough to 

contain the solids. 

4. . Triple Deck Gvratow Screen 

Slurry is fed to the triple deck screen. Organic matter is caught as slurry passes 

through the 4#, 50#, and 100# 24' inch screens. The organic matter is fed, via 

gravity, into a drum and eventually fed to the vitrification process. The screen 

underflow is fed, via gravity, to the cyclone feed tank. 

The screen gyrates and shakes on spring mounted and rubber insulated legs off 

the base. This action allows intertwined loose materials to free themselves of 
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each other and if of passable size fall through screedfilter. The action also 

causes the organics to be moved against the wall of screen tray and the organics 

tend to intertwine and rope themselves allowing the screen tray to maintain a 

balance of cleanliness over the screen area The roped organics will mass until 

the bulk is tall enough to fall over the screen tray perimeter and into the open 

channel discharge into the soil collection drums. 

5. Flat Deck Vibrating Screen 

Coarse material is fed to the flat deck 3/8 inch screen via the screw conveyer. 

The greater than 3/8' material is fed, via gravity to drums and returned to FEMP 

for stockpiling. The less than 3/8' material is fed, via gravity, to an attrition 

scrubber for further washing. 

6. Attrition Scrubber 

The attrition scrubber is designed to remove surface films or coatings from 

individual soil grains, breaking up clays and cementations. In the attrition 

scrubber, soils are subjected to shear forces generated by opposing pitch 

impellers. The resulting currents of the soil causes soil grains to collide against 

each other, breaking up softer materials and removing coatings from harder 

grains. 

7 .  Double Deck Gvratina Screen 

The soil exiting the attrition scrubber is fed, via gravity, to a double deck 50 # 

and loo# 18 inch screen. The oversize material is fed to a 55-gallon drum. The 

undersized material is fed to the cyclone feed tank. 

8. Cvclone Feed Tank and Pump 

The cyclone feed tank consists of a 4' diameter x 6' steel tank complete with a 

2 Hp radial flow agitator. The purpose of this tank is to receive screened slurry 

and act as a buffer storage prior to cyclone separation. 

The cyclone feed pump is a horizontal centrifugal type pump. The purpose of 

this pump is to feed the cyclones. Pumping rate is controlled by a by-pass valve 

to maintain a constant flow-rate, 
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9. Hvdrocvclone 

Soil is pumped to the cyclone from the cyclone feed tank. The cyclone underflow 

is fed via gravity to a 55-gallon drum. The cyclone overflow is fed to the leach 

feed tank. 

The hydrocyclone makes a size cut. This 'Cut pOinr is defined as a point where 

50% of a particular size above the cut point will report to the underflow and 50% 

of a particle size will report to the overflow. feed slurry enters the hydrocyclone 

tangentially under pressure. As a result of the high centrifugal forces, particles 

coarser that the 'cut poinr migrate into a primary Vortex adjacent to the wall and 

move down toward the discharge spigot with a SI'nall Volume of water. Particles 

finer than the 'cut poinr migrate into a secondary upward moving vortex in the 

center of the hydrocyclone and exit into vortex finder into the overflow spout. 

10. Soil Collection Drums 

The overflow from the gyratory and flat vibrating screens are fed, via gravity, into 

55gallon drums. The cyclone underflow is also feed, via gravity, to a 55-gallon 

drum. The volume of product in these drums must be monitored to prevent 

overflow. 

1 1. Drum Handlincl Equipment 

Drums will be moved using a forklift with a drum grappler anachment or manually 

' operated drum handler. 

4.3 Stan-Up 

1. Visually inspect all items of equipment to ensure that they are ready to operate. 

Specific checks of the following should be made: 

all drain valves are closed 

no leakage 

maintenance is not in progress 

all personnel are clear of machinery. 

2. Ensure that all collection drums are in place and are empty. 

4 
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3. Fill the mixer with 60 gallons of water per 55-gallon drum of soil. 

4. Start the agitator mechanism. 

5. Using the drum handler, dump one to four drunis of soil into the mixer. There is 

. a 3’ grating on the mixer. Any oversize particles must either be forced through 

the grating of the mixer. If this is not possible. the oversize panicles will be 

placed in a drum for stockpiling. 

6. Allow the soil and water to mix for 15 minutes then remove a sample for density 

measurement. Should the density be above 50%. add water and resample after 

ten minutes. 

After 60 minutes, the soil will be thoroughly repulped and is ready for funher 

processing. Stop the agitator mechanism. 

7. Start the No. 1 gyratory screen and open water spray to the screen. 

8. Start the Tank Pump. 

9. Open the valve located on the mixer and allow slurry to flow at a controlled rate 

to the Tank pump. Continue draining the mixer making periodic adjustments to 

the mixer drain valve. 

10, Ensure the Cyclone Feed Tank agitator is operating. Place the Cyclone feed 

flow control to AUTO and start the Cyclone Feed Pump. 

1 1. Once the mixer has drained, close the drain valve and start the screw conveyor, 

the flat vibrating screen, the attrition scrubber, and the screw conveyor. Open 

water to the screen sprays. 

12. Open the gate valve located at the end of the mixer and discharge solids to the 

screw conveyor. Slowly raise the mixer to control the rate of discharge to the 

conveyor. 
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13. At all times monitor the volume of product in drums and replace when necessary. 

14. The level of the Cyclone Feed Tank must be monitored to prevent overflow. If 

necessary. increase the flow rate set point of the Cyclone Feed Pumps flow 

controller. 

4.4 Chanae-Out of Soil Collection Drums 

1. Three soil collection drums must be monitored during operation of the physical 

separation system: cyclone underflow discharge drum: triple deck gyrating 

screen overflow discharge drum; and the flat vibrating and double deck gyrating 

screen overflow discharge drum. 

2. The cyclone underflow discharge drum will be changed out approximately once 

every hour during operation. The following steps should be followed: 

a 

b. Remove the drum. 

C. 

d. 

When the drum is 3/4 full, turn off the cyclone feed pump. 

Replace with an empty drum. 

Turn on the cyclone feed pump. 

3. The triple-deck gyrating screen overflow drum will be changed out at the end of 

each batch discharged from the paddle mixer. 

a. At the end of each batch discharged from the paddle mixer turn off the 

slurry feed pump. 

b. Ensure that all material has passed through the screens. 

C. Remove the full drum. 

d. Replace with an empty drum. 

4. The drum receiving coarse material from the flat vibrating screen and the double 

deck gyrating screen will need to be changed out at the end of every second 

batch. 
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a At the end of every other batch ensure that all material has passed 

through the screens. 

b. Remove the drum. 

C. Replace with an empty drum. 

4.5 Shut-Down 

1. After each batch, the screens, screw conveyor. attrition scrubber, and tank pump 

can be stopped. The tank pump must be flushed with water prior to stoppage. 

2. Clear all debris from the screens and shaker once stopped. 

3. For extended shutdowns, wash out the mixer, screw conveyor and all screen 

underpans. Open the Attrition Scrubber drain valve and wash all solids. 

5.0 ES&H 

5.1 Requirements 

The centrifuge dewatering system shall be operated in compliance with applicable 

Lockheed and FEMP ES&H procedures and policies. 

5.2 Personnel Protective Epuipment 

Safety glasses, steel toed boots, anti C’s, and disposable gloves (latex type) shall be 

worn by operators. Certain activities, such as handling drums will require additional PPE 

such as heavy leather gloves. Hard hats will also be required when drums are loaded 

into the paddle mixer. 

6.0 RECORDS 

6.1 ODeratinq Parameters 

Operating parameters such as density of feed to the cyclone and density of the slurry in 

the paddle mixer shall be recorded and logged. 
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6.2 Maintenance Loq 

A log shall be kept of the maintenance (both routine and repair) performed on the 

physical separation system. The log shall be maintained by the soil wash systems 

operations manager. 

6.3 Ooeratina Loq 

The soil wash system operations manager shall keep a daily operations log. Additionally, 

weekly project activity and production repons serve as a record of the centrifuge 

dewatering system. 

7.0 AnACHMENTS 

7.1 Physical separation Circuit Diagram 

. .  _ .  . .  . 
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Revision: 0 STANDARD OPERATING PROCEDURE 

Date: 02/23/93 Centrifuae Dewaterlnq Svstem 
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3.0 

4.0 

PURPOSEANDSCOPE 

1 .l The purpose of this standard operating procedure is to instruct personnel in the operation 

of the centrifuge dewatering system. 

APPUCABIUTY 

2 1  This procedure applies to all Lockheed employees in all work activities involving the 

centnfuge dewatering system. 

AESPONSlBlUTlES 

3.1 The soil wash system operations supetvisor is responsible for ensuring that all personnel 

assigned to the task of centnfuge operations are familiar with this procedure, that they 

have been trained in this SOP, and that a controlled copy of the SOP is available to them. 

3.2 All personnel operating the centrifuges are responsible for following this SOP. 

PROCEDURE 

4.1 EuuiDrnent and Sumlies 

1. Three centnfuges 

2 Three centnfugal pumps 

3. Two repulp tanks 

4. Water supply tank 

5. Clean soil discharge drum 

6. Miscellaneous Piping and Fittings 

1 
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4.2 Process Oescriotion 

The purpose of the centnfuge countercurrent washing and dewatering system is to 

separate uranium bearing solution from solids and to wash the solids of residual uranium. 

As shown in the attached centrifuge dewatering circuit diagiam, the leached sluny is 

pumped from leach tank No. 6 by gravlty pipeline to No. 1 centrifuge feed tank. Slurry 

is then pumped to No. 1 centnfuge where solids are separated from the liquid phase. 

Solids are discharged to No. 2 centnfuge feed tank and the uranium bearing solution 

flows to the pregnant solution tank. 

In No. 2 centnfuge feed tank, solids from No. 1 centrifuge are repulped with solution from 

No. 3 centnfuge. The resultant slurry is pumped to No. 2 centrifuge where solids are 

once again separated from the liquid phase. Solids are discharged to No. 3 centrifuge 

feed tank and uranium bearing solution flows to the pregnant solution tank. 

In No. 3 centrifuge feed tank, solids from No. 2 centnfuge are repulped with 

recyCied(treated) water. The resultant slurry is pumped to No. 3 centrrfuge for a final 

separation of solids from liquid. The leached and washed solids now should contain only 

low concentrations of uranium. Solution flows to No. 2 centrrfuge feed tank. 

1. Centrtfuge Feed Tank 

The Centrifuge Feed Tank is a conical bottom steel vessel 3 feet in diameter and 2-9' 

high with a nominal capaclty of 150 gallons. At the target flow rate of 8.8 gpm the tank 

provides a retention time of 16 minutes. 

The purpose of the feed tank is to provide buffer storage for the centrifuge and, to repulp 

solids being discharged from the upstream centnfuge. Slurry mixing is provided by top 

entering radial flow agitators powered by 1/3 hp motors. 

Operatlng Notes The centnfuge feed tanks should require very little operator attenth 

However, me operator should take note of the normal mixing motion on the free surface 

so that he will recognize when problems occur. Problems may include sanding, partial 

sanding or blockage of the feed by-pass lines. 
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2 Centrlfuges 

The feed sluny to be separated is introduced into.the conveyor feed zone through an 

axially mounted feed tube. It then discharges from ports located around the periphery 

of the feed zone into the bowl. 

As solids separate out of the sluny, they are carried by centnfugal force to the wall of the 

bowl. The solids are then moved along the bowl wall by the conveyor, up the incline or 
beach. The solids then discharge through ports into the casing. 

Clarified liquid flows to the front of the bowl where it discharges through ports in the plate 

dam. This plate dam can be shifted in position to vary the depth of the liquid in the bowl 

(known as the ‘pond depth’). The dam positions are numbered. When the dam port 

canying the highest number registers with the hub port, the pond is at its maximum 

depth. 

The centrifuge consists af: 
A bowl, rotated about a horizontal axis, in which a sluny may be subjected to 

centrifugal forces. 

A screw conveyor, rotating about the same axis as the bowl but at a lower RPM. 

to move the sedimented solids to one end of the bowl for discharge through 

proper ports. 

A casing which collects the discharge of solids from one end and liquid from the 

other end, and diverts them in separate streams away from the machine. 

A frame which supports the bowl and casing assemblies. 

A drive by which the bowl is rotated in a clockwise direction, as viewed from the 

pulley end, through Ip belts, from an outboard motor. 

A gear box which is connected to the bowl hub opposite to the drive end, and 

drives the conveyor through a spline bushing at a speed lower than the bowl 

speed. 
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Provision is made to feed the slurry to be centnfuged into the bowl through an axial feed 

tube. Centrifugal force separates the slurry into its solid and liquid phases. The solids 

are sedimented against the bowl shell. The liquid level flows through openings in what 

is known as the 'plate dam' into the casing. 

Relative motion between the conveyor and the bowl produces a screw action within the 

bowl. This action conveys the separated solids to the end of the bowl opposite the liquid 

discharge. The conveyed solids then pass into the casing through the solids discharge 

Po= 

On many applications a torque arm is mounted on the gear box pinion. This arm trips 

a toque control unit when the conveyor is overloaded or jammed. When the torque 

control trips, the conveyor rotates at the same speed as the bowl, preventing any material 

from being discharged. A microswitch is supplied which may be used to shut off the feed 

and actuate an alarm. 

Successful operation of the Centrifuge Dewatering Circuit can be measured by the 

amount of dissolved uranium remaining in the solids produced by the circuit. To achieve 

low dissolved uranium values, the amount of moisture in the solids discharging from each 
centrifuge must be minimized. A number of uncontrolled factors such as particle size 

distribution will affect the ultimate moisture content. Variables under control of the 

operator are as follows: 

Effect of Varying Pond Depth 

The degree of sedimentation of solids which takes places in the centrrfuge bowl for any 

specific application is a function ot  

1. 

2 
The average retention time of the liquid phase in the bowl, and, 

The effective centrifugal force acting on the slurry. 

These factors can be controlled, within limits, to obtain the optimum results by making 

certain adjustments to the Centrifuge. 
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The bowl is equipped with an adjustable plate dam which may be set to control the liquid 

holding capacity over a relatively wide range. The greatest pond depth in the bowl will 

resuIt in the maximum clantication of the liquid discharge and the maximum entrainment 

of mother liquor in the solids discharge for any given a given slurry. (This is represented 

by the use of a dam port, carrying the highest number, which is nearest the axis.) 

Conversely, the shallowest pond depth in the bowl will result in a reduced clarification of 

the liquid discharge and the maximum dryness of the solids discharge for any given 

throughput rate of a given slurry. Therefore, if maximum clardying efficiency is of prime 

importance and the free moisture content of the solid discharge is secondary, the 

deepest pond setting should be used. The shallowest pond setting is used when the 

maximum dryness of the solids discharge is of prime imponance. For easily sedimented 

solids, a clarified liquid discharge and maximum dryness of solids may be possible at 

even the shallowest pond setting, at the required throughput rate, and at operating 

temperature. 

Effect of Speed Variation 
The centrifugal force of a centrifuge bowl is a function of the product of the bowl diameter 

and the square of the rotational speed (RPM). Since the diameter of the Centrifuge is 

fbted, the centnfugal force of the machine can be varied only by changing the rotational 

speed of the bowl. Normally, for clarification work, the maximum bowl speed is used: 

however, when it is desired to classdy, that is, to remove solid particles over a specific 

sue and densrty, and to retain the smaller particles in suspension in the liquid discharge, 

it may be necessary to reduce the bowl speed below maximum. This bowl speed 

reduction can be done by changing the driving motor pulley to one of smaller pitch 

diameter. This procedure should be carried out only by qualified maintenance personnel. 

3. Centrltuge Product Drum 

The discharge from the No. 3 centrrfuge will be collected in a 55-gallon drum. This soil 

will be below the 35 pCi/gm engineering design goal for total uranium. The drum will 

have to be collected when full (approximately one every hour) and replaced with an 

empty drum. 



4. Pregnant Solution Storage Tank 

The Pregnant Solution Storage Tank is a 3-8' x 2 - 1 4  x 3-7' high steel vessel with an 

effectiwe volume of 250 gallons. At an expected inflow rate of 5.4 gpm, residence time 

is 16 minutes. Its purpose is to provide buffer storage between the Centnfuge Dewatering 

Circuit and the Water Treatment plant. 

5. Pregnant Solutlon Pump 

The Pregnant Solution Pumps is a 1.5' x 1.5' Tee1 model 3P552 horizontal centnfugal 

pump. Its purpose is to pump pregnant solution to the Water Treatment Plant. 

6. Operatlng Parameters 

Centrifuae Feed Tank 

Number of Units 

Feed Slurry Density 

Feed Rate 

Retention Time 

Tank Volume 

Tank Size 

Agitator 

Centrifuae 

Number of Units 

Mode of Operation 

Feed Rate 

Feed Sluny Denslty 

Concentrate Flow 

Solids Produced 

Moisture Content 

- One per centnfuge (3) 

- 1.116, 17% solids 

- 8.8 gpm 

- 16 minutes 

- 150 gallons 

- 3' dia x 2'9', conical bottom 

- Single radial flow, 1/3 hp 

- 3  

- Countercurrent Wash 

- 8.8 gpm 

- 1.116, 17% solids 

- 7.8 gpm 

- 753 Ibs/hr 

- 20% 

4.3 Start-uo Procedure 

Start-up of the Centrifuge Dewatering Circuit is allowed to operate after verification that 

the Leach Circuit is operating and there is sufficient volume available in the Pregnant 

Solution Tank. 
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1. Visually inspect all items of equipment to ensure they are ready to operate. 

Specific checks of the following should be made: 

- all drain valves closed 

- no lezkage 

- maintenance is not in progress 

- all personnel are clear of machinery 

2 Ascertain the level in the Centrifuge Feed Tanks. If the tanks are at normal 

operating level. omit the following step. 

3. Fill No. 2 and No. 3 Centrrfuge Feed Tanks to their normal operating level with 

water using the appropriate valves. Start the agitators. 

4. Start each centnfuge using the following procedure: 

a) Hold the START button until the centrifuge reaches full speed. 

b) Press the RUN button to place overload heaters in the motor circuit. 

5. Start each centrifuge feed pump beginning with No. 1 Centrifuge Feed Pump 

using the following procedure: 

a) Place all Centnfuge Feed Tank level controllers to AUTO. 

b) Open suction valves. 

c) Open the discharge valves. 

d) Turn pumps on. 

e) Observe the return or bypass flowing back into the Feed Tank to venfy 

the pump is functioning property. 
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6. Visually inspect the solids discharge from each of the centrifuges once steady 

state operation is established. If the product appears too wet, make adjustments 

(e.g., pond depth and speed variation) as described in Section 4.2 

4.4 Overload Release 

The conveyor is protected from damage by means of an overtoad release mechanism 

which trips out at a predetermined torque limit on the conveyor. Several types of 

overload release mechanism are used, depending on the machine supplied. The 

standard mechanism is described below. If the machine is supplied with special 

equipment, such as backdrive or pressure transmitter assembly, the overload release 

mechanism is described in a supplementary bulletin supplied with the machine. 

The operation of all types of overload release mechanisms depends on the principle that 

the force applied to the release mechanism is proportional to the load imposed on the 

conveyor when moving solids through the bowl. The standard overload release 

mechanism uses a torque arm which contacts a resilient pad on the torque lever. This 

lever operates a compression link which, in running position, is held against the stop pin 

by spring force between the male spring compression link and the torque control 

adjustment nut on the female spring compression link. 

When an overload occurs on the conveyor, the torque arm will force the link upward. The 

torque arm will then rotate past the torque lever, and the conveyor will turn at the same 

speed as the bowl and will no longer move solids out of the discharge ports. In order 

that solids will not continue to accumulate in the bowl and become tightly packed, 

anangement is made for the motion of the link to trip a limit switch, which is connected 

to cut off the feed. When such tripping occurs, proceed as follows: 

a Stop the centrifuge. 

b. Turn the toque arm clockwise by hand to make sure the conveyor is not blocked 

by foreign material. If the arm turns without obstruction and the gear box does 

not fotate. reset the torque control by snapping the torque lever Counter- 

dockwise until the link again resets against the stop pin. 

i ; !  
. .. . . .  : . . .  . 

a 
- 045 



Restart the machine. The bowl will usually free itself of solids during the period of 
acceleration when centrifugal force is at a lower value than at full speed. If the torque 

lever does not trip under these conditions, it indicates that the solids have been cleared 

and the slurry feed can be turned on again. 

If the conveyor is blocked, the gear bow will rotate when the torque arm is turned 

clockwise by hand. If rotation of the gear box does not occur or if the torque atm trips 

out immediately following the return of the machine to service, the bowl will have to be 

deaned. 

4.5 Toraue Control Adiustment 

The torque setting should be accomplished as described below, by maintenance 

personnel: 

a Apply a 75-pound hand spring scale to the upper end of the torque lever. Pull 

on the spring scale and note the force required to trip the torque arm. Adjust the 

torque control adjustment nut to change this force. Repeat this procedure until 

the toque ann trips only at a force 5 pounds above maximum. 

b. A stop nut pin locks the stop nut and prevents tightening beyond the maximum 

pound setting for the gear box. 

C. If the torque lever trips at the maximum setting, operate at a lower speed. 

d. Manually trip the torque arm snubber linkage at least once a week to insure that 

it will operate when needed. 

e. Never block the torque mechanism in an attempt to prevent tripping out. 

4.6 Process Control 

Centrtfwe Feed Rate 

Centrifuge feed rate is controlled by the level in its corresponding feed tank through the 

modulation of a bypass valve located in the Centrifuge Feed Pump discharge pipe. This 

valve will open or close in response to changes in flow to the centnfuge dewatering circuit 
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allowing less or more sluny to flow to the centrifuge. This control loop will therefore 

prevent the feed tanks from overflowing or allow the pump to run dry. 

Feed Density 

Centriluge feed densty to No. 1 and No. 2 Centrifuge is not controlled automatically. m e  

Classification/Washig Circuit operator must therefore ensure that a correct solid/liquid 

ratio is maintained in the cyclone overflow to prevent excessive flow of solution through 

the downstream operations. 

No. 3 Centrifuge feed densrty is measured by a densrty gauge located in the No. 3 

Centrifuge Feed Pump discharge pipe. A controller compares the measured value to a 

setpoint and then opens or closes an automatic water valve to maintain correct densrty 

in the feed tank. 

Interlocks 

Each centrifuge feed pump is interlocked to its corresponding centnfuge to prevent slurry 

being pumped to a non-operating machine. 

To prevent ovemowing of centrduge feed tanks, the No. 1 and No. 2 centrifuge feed 

pumps and the leach feed pumps are interlocked to the level sensor of the tank they will 

directly affect. Should a pump fail to start, check to ensure that the level of a tank is not 

too high using the following interlock guide: 

Pump 

Leach Feed 

No. 1 Centrifuge 

No. 2 Centrifuge 

Tank Level Interlock 

No. 1 Centrifuge Feed 

No. 2 Centnfuge Feed 

No. 3 Centrifuge Feed 

4.7 SamDlina and Data Loaainq 

1. Each hour, remove a sample from each of the centrifuge feed tanks using the 

sampler provided. Using a Marcy Density scale, determine the densrty of the 

sluny and record the results on the log sheet. (See procedure for use and 

calibration of a Marcy Density Scale.) 

. . . -  . .  . . 
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2 Each hour, take a sample from the No. 3 Centnfuge solid discharge and place 

it in a sample container. Clearly label the container with the time and date. 

3. Each hour, take a sample of the pregnant solution from the discharge pipe at the 

Pregnant Solution Tank anu place it in a sample container. Clearly label the 

container with the time and date. 

4.8 Shut-down Procedure 

Temooraw Shut-Down 

During a temporary shutdown due to lack of feed or a malfunction within the centrifuge 

circuit, all equipment can be left operating or alternatively the centrifuges can be stopped 

by pressing the OFF button on each machine. All pumps and agitators must remain in 

operation. Should a high tank level prevent the operation of a pump, by-pass the 

interlock and restart the affected pump. Ensure the interlock is reinstalled once normal 

operation commences. 

Extended Shut-Down Procedure 

Shutdown procedure for a prolonged stoppage is as follows: 

1) Place the No. 6 Leach Tank level controller on manual and fully open the bypass 

valve. Open the flush valve to the No. 1 Centrifuge and flush for 2 minutes. Stop 

No. 1 centrifuge. 

2) Place the No. 2 Centnfuge Feed Tank level control to MANUAL 

3) Close the bypass valve to 50%. stop agitator and observe the level in this tank. 

Continue closing valve by visually observing the flow and the tank level. 

4) When the tank is almost empty, use a hose to completely wash down the tank. 

This action will also flush solids from pipelines and the centrifuge. 

5)  Stop the Centnfuge Feed Pump. 

6) Stop No. 2 Centrifuge. 



... . 

Perform steps a) through d) on No. 3 Centnfuge Feed Tank. 

Restart No. 2 Centrifuge Feed Pump and run until tank is empty. 

Stop No. 2 Centrifuge. 

Stop No. 3 Centrifuge. 

Open all pump suction drain valves. 

Clean centrifuge bowl using the following steps: 

Lock out the centrifuge. 

Remove the belt guard and rotate the bowl forwards and backwards 

while flushing with water. 

Open the upper casing and flush out casing. 

5.0 ENVIRONMENT SAFETY AND HEALTH 

5.1 ReQUhTIentS 

The centnfuge dewatering system shall be operated in compliance with applicable 

Lockheed and Fermco ES&H policies and procedures. 

5.2 Personnel Protective Eauioment 

Safety glasses, steel toed boots, anti Cos, and disposable gloves (latex type) shall be 

worn by operators. Certain activities, such as handling soil collection drums will require. 

additional PPE such as heavy leather gloves. Hearing protection (e.g., ear plugs or 

earmuffs) will also be required if noise levels exceed 85 dBA. 

Personnel protective equipment shall be provided by Fermco. 

12 
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6.0 RECORDS 

6.1 

6.2 

6.3 

ODeratina Parameters 
Operating parameters shall be recorded as described in Section 4.7 'Sampling and Data 
Logging.' 

Maintenance Loq 

A log shall be kept of the maintenance (both routine and repair) performed on the 
centrifuge system. This log shall be maintained by the soil wash system operations 
manager. 

ODeratina Loq 

The soil washing system operations manager shall keep a daily operations log. 
Additionally, weekly project activity and production repons serve as a record of the 

centrifuge dewatering operations. 

9.0 AlTACHMENTS 

9.1 Centrifuge Dewatering Circuit Diagram 

13 
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APPENDIX D 

SAMPLING AND ANALYTICAL METHODOLOGIES 
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1.0 PURPOSE 

This procedure descxih the characterization of feed materials such as soil, sludge 
or fly ash in terms of its thermogravimetric properties, carbon conten& specific gravity 
and particle size distribution. This procedure also provides the means for obtaining 
verifiable, reproducible, documented data from all tests performed. 

2.0 APPLICABILrrY 

This procedure applies to all VSL personnel trained and authorized to handle 
radioisotope-containing samples. Activities covered by this procedure include: 

(a) Therrnogravimeuic analysis 
(b) Analysis of total carbon or total organic carbon 
(c) Specific gravity determination 
(d) Particle-size analysis - sieving 
(e) Sample accounting for traceability 

3.0 SAFETY 

3.1 Hazards 
3.1.1 Chemical Hazards 

The definition of a hazardous chemical is given in Section 8.3 of the CUA 
Chemical Materials Safety Manual, adapted from the OSHA Hazard Communication 
Standard. The CUA Chemical Materials Safety Manual is hereafter referred to 3s the 
CCMSM. This Standard and its application to CUA facilities are described in Sections 
8.1 of the CCMSM with the exceptions noted in Section 8.28. 

3.1.2 Radioactive Hazards . 

The radioactive isotopes present in the sample (sludge, soil or fly ash) are the 
source of radioactive hazard. 

3.2 Hazard Mitigation 
3.2.1 Identification of Hazards 

The identif~cation of chemical hazards should include M education program 
(Section 8.2 of the CCMSM). This program should include familiarization with the 
CCMSM as a whole, including the toxic propemes of chemicals according to Sections 
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8.22, 8.23, 8.24 and 8.25 of the CCMSM, other hazards of chemicals classified under 
Sections 8.9, 8.10, 8.11, 8.12, 8.13, and 8.14 of the CCMSM, chemical handling and 
storage procedures (see paragraph 3.22  below), and emergencies (see paragraph 3.2.3 
below). The education program will ais0 include familiarization with the CUA Chemical 
Hygiene Program (CCHPP) when the document describing this Program is finalized and 
approved for distribution by the University. 

Other elements of hazard identification include the proper use of labels (Section 
8.4 of the CCMSM) and of Material Safety Data Sheets (Sections 8.25, 8.26, and 8.27 
of the CCMSM). Workplace chemical lists should be compiled, maintained, and made 
available for employees in accordance with Section 8.31. In addition, a copy of the 
CCMSM should be kept in the laboratory and its use should be included in the education 
p r o m  cited above. The same should apply to the CUA Chemical Hygiene Program 
(CCHP) when the document describing this Program is finalized and approved for 
distribution by the University. 

3.22  Handling and Storage of Chemicals 

Handling of chemicals should be conducted according to Section 8.6 of the 
CCMSM. Storage of chemicals should follow Section 8.8 of the CCMSM. Special 
precautions should be taken in handling and storage of incompatible chemicals, solvents, 
compressed gases, and ndioactive materials according to Section 8.10, 8.12, 5.13, and 
8.14 of the CCMSM, respectiveiy. 

Waste disposal of hazardous chemicals should follow procedures established by 
the CUA Environmental Safety Office according to Section 8.16 of the CCMSM. 

3.2.3 Emergencies 

Chemical spills should be dealt with according to Section 8.17 of the CCMSM. 
Fire and fire-related emergencies should be controlled according to Section 8.21 of the 
CCMSM. Cases of personal contamination should be treated according to Section 8.19 
of the CCMSM, cases of injury and illness according to Section 8.18, and cases requiring 
minor first aid according to Section 8.20. 

3.2.4 Radioactive Hazard Mitigation 

All rules for control and monitoring of personnel exposure and environmental 
radiation are described in Chapter 3 of the radiation safety manual of The Catholic 
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University of America. Application of these rules is the responsibility of each user 
working in the resuicted area (moms 37 to 40 of Hannan Hall) and the project managers, 
under the guidance of Dr. Warren E. Keene, Radiation Safety Offxer of CUA. 

3.3 Personnel Protection 

Personnel protection from hazardous chemicals should consist of two elements. 
The first is f ami l ih t ion  and compliance with the insauctions of the CUA Chemical 
Materials Safety Manual (CCMSM), including identification of hazards (see paragraph 
3.2.1 above), handling and storage of chemicals (see paragraph 3.2.2 above), and dealing 
with emergencies (see Paragraph 3.2.3 above). The second element is familiarization and 
compliance with the CUA Chemical Hygiene Program (CCHP) when the document 
describing this Prognm is finalized and approved for dismbution by the University. The 
overall chemical hygiene program (section 8.34 of the CCHP), based on the OSHA 
Regulation on Occupational Exposure to Hazardous Chemicals in Laboratories, should be 
followed. In detail, exposure reduction measures (Section 8.35 of the CCHP) will include 
environmental monitoring (8.35.1). inspections, maintenance and housekeeping (8.35.2), 
use of protective apparei and equipment (8.35.3), posting of signs and labels (8.35.4) and 
dealing with accidents and spills (8.35.5). Ventilation of both general labontory spaces 
and of special areas and local devices such as chemical fume hoods and giove boxes 
should follow the insauctions of Section 8.36 of the CCHP. Employees should take pan 
in the safety information and mining program which exists in the University according 
to Section 8.37 of the CCHP, and should be informed about the medical proberam 
provided by the University in cases of work with hazardous substances according to 
Section 8.39 of the CCHP. Responsibility for chemical hygiene rests with a l l  employees. 

In addition to compliance with the general insauctions described in the CUA 
radiation safety manual, the following d e s  apply to the protection of personnel working 
in the restricted m a  of the Vitreous State Laboratory: 

1) All personnel working in the resmcted area shall routinely undergo radiation 
safety ttaining given by the radiation safety officer of CUA or in off-campus 
comes approved by the CUA RSO (see Section 4.1). 

2) The restricted area should remain locked and only workers assigned to this area 
and project managers should have access to this section. All other persons who 
need temporary access to the radioactive laboratory shall be accompanied by 
authorized personnel. 
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4.0 

Film badges shall be worn by operation personnel upon entering the resmcted 
arts. Ring badges and disposable gloves shall be worn when handling ndioactive 
rylaterial. 

Shoe covers arc to be worn in the melter mom at all times. 

Any radioactive spill must be cieaned up immCdiateiy, checked after cleaning with 
a survey meter, and the radiation safety officer shall be notiiied as soon as 
possible so that wipe tests may be performed. Immediately notify RSO of any 
unenclosed spills greater than about 100 d: phone x 5206, home (703) 671-1659. 

All samples shall be labeled with sample name, date and notebooWpage of record 
indicating sample preparation. Ail new materials shall be entered into the 
inventory control file. Any material not in c m n t  use must be returned to the 
storage area in Room 40. 

Respirators are to be worn as backup protection for operations involving the 
possible release of contaminated dust 

Repairs to equipment involving hazvdous operations should not be performed 
unless under the direction and in the presence of one or more of the following: R. 
Mohr, H. Hojaji, L Muller, W. Keene, P.B. Macedo. If alone and a hazardous 
situation occws do only what is necessary to prevent a funher hazard, and report 
the problem promptly to your supervisor. 

Refer to previous section 3.2.3 for emergency response. No* Bob Mohr (202) 
234-5953, Hamid Hojaji (301) 365-0999, Isabelle Muller (703) 534-5420 or Pedro 
Macedo (301) 229-0408 to obtain assistance. Notify Campus security and or the fire 
department of fire or serious accident Security, x 5111. Fire and emergency, dial 9 for 
outside line, then 911. 

REQUIREMENTS 

4.1 Training 

All radioactive resmcted are3 workers shall be trained both by the laboratory 
supervisor regarding their specific duties and by the CUA radiation safety officer. 
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QR EQUIPMENTIMATERIAL IUNUFA-ODEL 

1 Furnace DeltecNDT-28- 12 
! 

Documents 1OCFR19 and lOCFR20 are available to a l l  restricted are3 workers. 
Each restricted area worker must attend a course in radiation safety given by or approved 
by the CUA RSO. 

1 

1 

1 

Training on each technical method and equipment used in radioactive counting is 
given by the laboratory supervisor andor by a mined and experienced person designated 
by the laboratory supervisor until the technician shows competence to use that method 
without direct supervision. 

Furnace Deltech/DT-28-06 

Laborvory box furnace Neytech 

Balance, l00g SartoriUsB 120s 

5.0 PREREQUISlTEs 

5.1 EquipmentNaterials List 

Thmogravimetric Analysis: 

1 

1 

1 

1 

Balance. 12kg Mettler/PL1200 

Crucible. Pt-Au 430g 

Crucible. Inconei. 500g 

Fmhy crucibles. 4oog 

Fmhy crucibles, 1.4kg 

Disposable latex gloves or 

Disposable vinyl gloves 

Glovebox 

TPI-FC 

061 
a 



VSL Technical Procedure Date: 10192 
Procedure for Characterization of Physical 
Propm'es and Carbon Content of Wastes Glass Rev #I Page 8 

Carbon Content Analysis: 

Note: Rtfer to the ASTM procedures in the appendix for the rest of the apparatudeqlliprnent 
required in the specific graviry and particle-size analysis. For the calibration of the above lisred 
equipment refer to the prerequisites secrion of the Glass Preparanon and Minimelter procedure. 
TPI-GP. WVN. 

6.0 Operational Procedures 

6.1 Thexmogravimemc Analysis of Soils, Sludges and Fly Ash 

Note: The analysis should normally be performed .in a platinum crucible (Pt-Au 
or Pt-Rh) but clay or inconel crucibles may be used at the direcnon of the Project 
Manager. If using a platinum crucible, 
contact with the hot crucible. 

1. sampling 

Soil and fly ash 
contents of the 

are sampled by 
soil or fly ash 

ensure that no metallic objects come into 

the method of quartering. Spread out the 
from its bucket on a large plastic sheet 

TPI-FC 
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Drying Time 

18 hrs 

4 hrs 

4hrs 

4 hrs 

(obtain approval from Project Manager whether this can be done outside 
or inside the glovebox or laboratory hood, if outside the glovebox, wear 
the proper mask to avoid inhalation of hazardous particles), mark off 
quarters, and take scoopfulls from each quarter collecting the desired 
sample volume. The samples obtained may contain large rocks, stones, soil 
aggregates, roots or vegetation. Consult the Project Manager whether these 
components are to be included or discarded from the samples for analysis. 

For sludges, thoroughly mix the sludge in the drum until homogeneous to 
ensure that a representative sample is taken. 

2. Weigh a clean dry crucible and record the weight in labontory notebook, 
VSL #289-92. 

3. Place crucible into a plastic bag, pass into glovebox and transfer into itthe 
soil, sludge or fly ash to be analyzed. . -  

4. Remove the crucible with sample from the glovebox, weigh and record the 
weight Calculate the weight of the total sample removed and record this 
value in its corresponding "Daily Removflremnent and Chain-of- 
Custody Record", (Form VSL #19) compiled in labontory notebook VSL 
#328-92. 

5. Place the crucible with the sample into a furnace. 

6. Drying of the samples is done in stages given in the table M o w  unless 
otherwise specified by the Project Manager. 

TPI-FC 
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7. At each drying stage, 

Set the furnace to the selected temperature and hold for the 
specified period of time. 

At the conclusion of each drying time, shut off the furnace and 
allow the sample to cool inside the furnace. 

When the furnace has cooled to around 2OO0C, (except for the first 
stage) remove the sample from the furnace and place in a 
desiccator to cool to mom tempenme. 

Remove the sample from desiccator, weigh, and record the total 
mass of dry sample plus crucible. 

Calculate and record the percent weight loss of the sample after 
drying. 

8. After each drying stage, it may be necessary to take a sample of the dried 
material for analysis, e.g. 5 grams for chemical analysis, (per instruction 
of Project Manager). In this case, weigh and record the final mass of 
sample plus the crucible before proceeding to the next drying stage. 

9. After completing the last drylng stage, the dried material is transferred 
from the crucible to a clean sealable plastic jar and label indicating sample 
name (see section 7.0 below), and reference VSL Labontory Notebook 
NUmber. 

6.2 Analysis of Carbon Content 

The measurement of the carbon content of sludge, flyash or soil samples is done 
using the Dohrmann DC-80 Carbon Analyzer attached with the 183 Boat Sampling 
Module (BSh4). This system is capable of measuring the total carbon (TC), total organic 
carbon (TOC), and the inorganic carbon (IC) contents of wastewater, slurries, sludges and 
solid samples. Refer to the DC-80 Carbon Analyzer Equipment Manual and the Opention 
Manual of the Boat Sampling Module for additional information on the features and 
operation of the system 

TPI-FC 
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1. Start-up and calibration 

Before attempting operation, verify and check the following: 

- the IR detector has been on for at least 2 hours, for temperature 
stabilization. Ultimate stability is attained after 24 hours. 

- the carrier gas (oxygen) is flowing at the detector "out" port in the range 
of 180-220 Wmin. This is checked using a soap film bubble meter. See 
Appendix E, page 10-1 of the DC-80 Manual. 

- the TOC/POC mode switch on the DC-80 unit is in the TOC position. 

- the detector/ppm switch on the DC-80 unit is in the ppm position. 

- .the disperser at the bottom of the sparger of the BSM is well submerged 
in acidified (with phosphoric acid, to pH 2) deionized water. 

- the mist uap of the BSM should not be more than half filled with water. 
Empty out if necessary. 

- inspect the tin/copper scrubber for presence of water. Replace if 
necessary. 

(a) Turn on the combustion furnace of the Boat Sampling Module @SM) by 
switching the power on located on the front panei of the module. Wait for about 
15 minutes for furnace to stabilize at 800°C, factory preset temperature. 

(b) Turn on the white power switch of the DC-80 un i t  The readout will display 
"-'I (indicates no printer connected) and the red indicator (error) is lit. Pressing 
the start button twice dears the readout to 0.0000 and lights up the green (ready) 
indicator. . 

(c) When the green LED indicator on the kont panei of the BSM becomes lit, the 
furnace is stable at about 800°C. (Venfy this tempenture by following -the test 
procedure specified on page 5 of the BSM Operation Manual). 

(d) With the furnace at the desired operating temperature, advance the piatinum 
boat into the furnace to bake for about 2 minutes. This eliminates any 
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carbonaceous material residing in the boat Then, retract the boat until it is at the 
hatch port 

(e) Place tufts of quartz wool in the sample boat, then bake as described in step 
d. The wool helps promote even vaporization of sample while in the furnace. 

(0 Calibrate the system by injecting 40 uL of Potassium Hydrogen Phthalate 
(C,,H,O,K, KHP) standard containing 2000 ppm C. This standard is prepared by 
dissolving 425 mg of KHP in 100 mL deionized water and 0.1 mL of concentrated 
phosphoric acid (refer to Appendix A, page 6-1 of the DC-80 Manual). Record 
this calibration data in logbook VSL #329-92. 

2. Sample prematment 

a) Samples containing particulates, such as slurries and suspensions, must be 
trcated for the solids to pass through the needle of the syringe or the tip of a 
micropipette (consult the Project Manager if the particulates are to be included in 
the analyses). When the particulates must be included in the analyses, pulverize 
the sample using a mortar and pestle, or a Tissuemizer or any kind of 
homogenizer, if available. Samples which can not be pulverized must be analyzed 
as solid samples. After homogenization, proceed to acidify the sample. 

b) For solid samples, pulverization results in greater homogeneity which allows 
efficient vaporization of the sample in the furnace. Weigh about 50 mg of the 
pulverized sample and add in 5 mL of deionized water in a 20 mL vial. 
Thoroughly mix the solution, then proceed to acidify the sample. 

c) Acidify the sample with a few drops of concentrated phosphoric or sulfuric acid 
to pH 2-3, if analyzing for TOC. (For TC malyses, no acidification is necessary. 
Proceed to sample analysis.) 

d) Sparge the acidified sample for 6 minutes in the sample sparging staaon of the 
BSM. 

3. Sample analysis 

a) Check the system calibration by injecting 4OuL of 2000 ppm C KHP standard. 
Recalibrate the system if necessary. (Refer to page 3-5 to 3-9 of the DC-SO 
Manual). 

. .  . .  
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b) Situate the sample boat at the hatch port 

c) Lift the hatch and transfer the sample to the boat using a micropipette or 
syringe. (Samples can also be transferred via the septum syringe port of the race 
tube near the hatch pon) Ensurc complete transfer of sample from the syringe or 
micropipette by touching the needle or pipet tip to the quartz wool. If the boat was 
recently retracted from the furnace, allow at least 30 seconds for cooling before 
injecting the sample into i t  

d) Close the hatch and wait for 1-2 minutes to allow detector baseline to stabilize. 

e) Ekss the START button of the DC-80 hnit and advance the boat into the 
furnace at about 2 inches per second. 

f) Wait 2-8 minutes for the analysis to finish. When the detector signal is 
essentially back to original base line, the analysis terminates automatically and 3 

beeping sound is activated. If the red (error) light did not come on, the analysis 
is successful. Record the reading on the display panel in logbook VSL #329-92. 
If the red light comes on, the analysis is erroneous. Refer to pages 3-9 and 3-10 
in the DC-80 Manual for comments on error messages. 

g) Retract the boat back to the hatch port when the analysis is finished. Allow the 
boat to cool down for at least 30 seconds before injecting mother sample. 

h) Do at least 5 mals per sample. 

i) Correct the panel reading given in ppm C (by volume) to ppm C (by weight) 
in solid samples by correlating the amount of carbon and the concentration of the 
standard used in the calibration, to the reading obtained on a known weight of 
sample. (Refer to the sample calculation on pages 9 and 10 of the BSM Operation 
Manual). 

j) Calculate the average of the corrected values and the standard deviation. Record 
all results in logbook VSL #329-92. 

6.3 Specific Gravity 

The specific gravity of soil, sludge and fly ash is determined by following ASTM 
D854-83 - Standard Test Method for Specific Gravity of Soils (see Attachment III 
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in the Appendix). To determ.int the specific gravity of glass, the glass sample is 
crushed to pass No. 10 (2.00 mm) sieve, and then ASTM D854-83 followed. 

6.4 Panicle Sue Analysis 

Particle size analysis of soil, sludge and fly ash is done using the ASTM D422-63 
- Standard Test Method for Particle-Size Analysis of Soils, and ASTM D421-85 - 
Standard Practice for Dry Preparation of Soil Samples for Particle-Size Analysis 

and Determination of Soil Constants (see Attachments II and I, respectively, in the 
Appendix). 

b 

7.0 Specimen ControUTraceability 

Thermomvimemc Analvsis: When a sample of sludge is taken from the drum or soil or 
fly ash is taken from its bucket for thmogravimemc analysis, the sample removed is 
recorded in their comsponding "Daily removal/trcatment and chain of custody form", 
(Form VSL #19), compiled in the loose leaf binder, VSL #328-92. This sample removal 
is also documented in the users laboratory notebook, VSL #289-92 or VSL #300-92. 
After undergoing the final drying stage, the dried material is transferred to a container 
with a label indicating its sample name and the process the sample underwent For 
example, FEl-D450 in the label, will stand for: 

FE1- FexnaId E%t 5 
D1150 - D for Dried, 1150 for 1150°C drying temperature 

The label will also include the reference VSL laboratory notebook number and page 
where the process was recorded. This container with the dried sample is stored in the 
Fernald processed sample storage are3 temporarily located in room 39. 

Carbon Contenc All samples for analysis of carbon content (TOC or TC) will be logged 
in the logbook VSL #329-92 with a description of the sample, name, originator and its 
reference VSL laboratory notebook #. Any pretreatment process that the sample undergoes 
e.g. grinding or pulverization, or dissolution in water, shall be recorded in the logbook 
and the processed samples shall be labeled to reflect its name and reference logbook 
(VSL #329-92) and page number. All leftover and processed samples are saved and stored 
temporarily near the Dohrmann Carbon Analyzer while the originator or the responsible 

, ., 
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person is notified. All samples arc to be returned to the originator who must sign out the 
samples in the log book, VSL #329-92. 

Soecific GraviDt: Sampling of materials for specific gravity test and its documentation is 
the same as stated above. Processed samples are not saved and arc directly disposed of 
to a Fernald waste container. 

Partide Size Analvsis: Sampling of materials for particle size analysis and its 
documentation is the same as stated above. After sieving the samples, the fractions 
retained and passing each of the sieves used arc collected and placed in a container with 
a label indicating the sample name and the sieve used, FEa-Sbxxx (a=l for Pit 5, 2 for 
Pit 6, 3 for Clearwell, 4 for Fly ash RMIC 877, and 5 for FIy ash Rh4IC 878. For soils, 
FEa is replaced with their RMIC #. b=P for fraction passing, R for hction retained; 
-=the mesh or sieve number.) For example, FE1-SP200 in the label will stand for: 

FE1- Fernald Pit 5 
SP200 - Sieved Passing R O O  mesh size sieve 

or 815-SR10 

815 - Fernald Soil with RMIC #815 
SRlO - Sieved Retained at #10 mesh size sieve (passed the next coarser 

sieve used in the analysis) 

The labei has to include the reference laboratory notebook VSL # and page where the 
process was recorded. The samples generated from particle size analysis are stored in the 
Fexnald processed samples storage area temporarily located in room 39. 

8.0 Record Keeping 

The following is a list of laboratory notebooks and forms currently in use where 
all data and activities pertaining to all of the analyses performed on Fernald samples 
described above are recorded. 

1. 
2. 

VSL #289-92 - Thermopvimemc analysis 
VSL #300-92 - Specific gravity and particle size analysis 

TPI-FC 
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VSL Technical Procedure 
Procedure for Charactenmion of Physical 
Properties and Carbon Content of Wastes Glass Rev #I 

Date: I0192 

Page 16 

3. 

4. 

6. 
7. 
8. 

VSL #328-92 (Loose Leaf Binder) - Daily RemovaKhatment and Chain-of- 
custody m o d  
VSL #329-92 - Carbon content UOCrrC) analysis logbook 

VSL #305-92 - Detector calibration n c o d  
VSL #326-92 - Sampie for radioactive counting logbook 
VSL Form #19 - Daily Removal/Trtatment and Chain-of-custody form 

5. VSL #306-92 - G m  Counting R C O ~  

9.0 References 

1) Radiation Safety Manual of the Catholic University of America; Warren Keene, 
RSO, Washington, DC, January 1992 

2) 1991 Annual Book of ASTM Standards, Section 4, 
Philadelphia, PA, 1991 

Volume 04.08, A S W  

3) Dohrmann DC-80 Total Organic Carbon Analyzer Equipment Manual, Edition 11, 
July 1986, P/N 915-121 

4) Installation and Operation of the 183 Boat Sampling Module, 
Analytical Inc., P/N 915-240, January 1991 

Rosemount 

10.0 Appendix 

List of Attachments 

Attachment I - ASTM D421-85 - Standard Practice for Dry Preparation of Soil 
Samples for Particie-Size Analysis and Determination of Soil 
Constants. 

Attachment II - ASTM D422-63 - Standard Test Method for Particle-Size 
Analysis of Soils. 

Attachment III - ASTM D854-83 - Standard Test Method for Specific 
Gravity of Soils. 

I .  . .  
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Standard Pracffcs for 
Dry Preparation of Soil Samples for Particle-Size Analysis and 
Determination of Soil Constants' 

1. scope 
1.1 This pracliat coven the dry preparation of soil ym- 

p i a  as received lrom the field for particle-size anaIysis and 
the determination of the soil consrants 

I .Z l%is sfadmi may involve ho=ardour mareriais. oper- 
afionr. and equipment. This stanabd dcm not purport to 
d r e s s  ail of the May probiems anaiared wiih its use. It is 
the responsibiiity qfwhoever uses [his standard io c o d  and 
establish appropriare safiry and neairh pranices and deter- 
mine the applicabiiity of reguiarory limiiations prior to use. 

2. Referenced Docamencs 
1.1 Afl.U S!nndord: 
D 22 17 Ractict for Wet Reparation of Soil Samples for 

M d e - S U e  Analysis and Detcnnioation of Soil 
Constand 

E 1 1  Specificatioo for Wirc-cloth Sieves for Tcstiog 
p u d  

3. .siificafm ind use 
3.1 This practice can be used to prepare samples for 

particle-size and planicity tests where it is daired to deta- 
mine test values oa airdried samples, or where it is known 
that air drying d w  not have an effm 00 test muits dative 
to samples prcparrd in accordance with Praaice D 2217. 

4.1 Baiance, d t i v c  to 0.1 g 
4.2 .Uonar and Rwber-Covered Pestle. suhbie for 

brcaking up the -tiom of soil particles 
4.3 Skves-A wries of sieves, of square m a b  wove0 wire 

doh, conforming to Specificauoo E 11. The sieves required 
arc as foilom: 

4.4 &mpler-A riffle sampler or sample sp~ttcr, for 
quartering the sampla 

5. sunpiing 
5.1 Expose the soil sample as received from the fieid to the 

88 . ,  

air at morn temperature until dried thoroughly. Break up the 
aggrcSations thoroughly io the m o m  with a mbbcravcruj 
pestle. Select a rrprncntative sample of the amouot required 
to pcrfimn the desired tau by tbe mcthod of quarreriog tx 
by tbe use of a sampla. The amouou of material q u i d  to 
perform the individual tcsu arr as follows 

Y.1.1 Partic1eSi:e Analysis-For the PaniCfe-Sire a d -  
ysis material pesing a No. 10 (2.OO-arrn) sieve k q u i d  in 
amounts equal to I I5 g of sandy soils and 65 g ofeirber nh 
or ciay soils 

5-12 Tesrs f i r  Soil Consratus-For the teas for soil 
constants material passing the No. 40 (425-pm) sieve b 
required io total amouot of 220 g docated as follows 

C- 
100 
I5 
IO 
30 
b5 

6. Repmation of Test Sunpk 
6.1 Select that portion of the &-dried sample vlarcd for 

purpolc of tms and mas of the total 
test sampk u o c o d  f orhygrascopic Goisturr. ~ q x m t e  
the M sample by sieving with a No. IO (2.OQ-rnm) sen. 
Grind that h a i o n  retained on thc No. 10 sieve in a mortar 
witb a nrbkr-covered pcstle until the aggregations of soil 
partides arc broken up into tbe separate gnk Then 
vparatr the ground soil into two hacrioos by sicring with a 
No. losieve 

6 2  Wash that fraction d n e d  after the vcond Sieving 
tieC of ai 60e matexi4 dry, and Record this m a s  as 
the mass of coarsc material. Sieve tbe coacy material after 
a i o g  aashed and dried, 00 the Na 4 (4.75-am) sieve and 
read tbe m a s  retained 00 the No. 4 sieve. 

7. Tat Sample for puticlcsin A d y s i s  
7.1 Thoroughly a i x  togetha thc 6auions passing tbe No. 

IO (LWrnm) sieve io both sieving opratioos and by the 
mecbod ofquanering or the use of a sampkr, viect a portion 
weighing approxirnady 1 I5 g for sandy soils and approxi- 
m a t e  65 g for silt and day soil for parCicle-sizc anal- 

8. Teu Sample far soil Gmstam 
8.1 Scpvate the remaining portion ofthe ma- pasing 

the No. 10 (2Wmm) Sicvt ioto faro pvts by means of a No. 
40 (4-m) scvt the firdoa maioed on tbc No. 
4 0 k  Use the fracrian p a s i n g t k  No. 40 si- for tbc 
detumimtion of the ConSaIm 

0711 
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h. 0.m am9 A10) n Y. 
rn o.m 124 5.16 127 19.0 

I \ \ \  A 

-E- 
n. 1 3  2 6  3.15 
mn 33 66 E . 2  

& brought to the tempcrattur that k ~xpccted to J 

during the hydrometer test. For crampie. if thc sedin 
tion cylinder is to k p i a d  in ttn water ba&. the distil 
demincral i  water to k used shall bc brought 1 
umperatu~ of the controlled wta bath. or. if the sed 
tation cylinder is uscd in a room with conuollcd ten 
am. the water for the test shall bc at the temperature 
mom. The basic temperature for the hydromcta test i: (m. Small  variation^ of ~CIII~~~~~UIC do not inrr 
dif?irrncts that are of Sigdhace and d 
p e n t  the usc of mrrccTions dnived as pnscnw. 

91 .-. 074-  
. .  . .  . . .  . -  
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5. Test simple 
sample for mechanical analysis as 

outlined in Ractice "% 421. During thc -tion procc- 
dum the sample is divided into two portions. One portion 
contains only partides retained 00 the No. 10 (2.00-mm) 

the No. 10 sieve. The m a s  of airdrid soil sclccud for 
purpose of tests, as prescribed in Racticc D421, shall bc 
Suficient to yield quantities for mechanical analysis as 
follows 

5.1.1 The size of the portion d o e d  on the No. IO Sieve 
daII depend on the maximum size of particle, according to 
the following schedule: 

5.1 Prepare the 

sieve while the other portion conlains only particks pa!Lsing 

Nominal DiunMoc 
troa- A- M h m -  

ia (mm) MadPonioag 

H (9.51 nlo 
Y. (19.0) lax, 

I (25.4) zoo0 
IH (38.1) 3400 
2 (s0.8) ym 
3 (763) wr)o 

5.1.2 The sire of the portion passing the No. 10 icve shall 
k approxhatciy 1 15 g for sandy soils and appmXimatdy 65 
g for silt and day soils. 

5.2 Provision is made in Scctioo 5 of M a  D 421 for 
e g h i n g  of the airdry soil vlsted for purpos of tcsu, the 
separation of the soil 00 tk NO. 10 SCW by d r y - Q e V i ~  a d  
washing, and the weighing of the washed and dried M o n  
deed 00 the No. 10 %eve. From thest two maPC5 the 
percentages retained and-ng the No. 10 scve can be 
calculated in accordana with 12. I.  

8-A d#lr (M rhe mm nluu and the thomugbma of 
PulVCrizauoo o f  the do& may be M by wiighiog Ibt 
W n t x  Ihc NO. 10 Sieve and addingtbis va~w to Cbe massoftbcsmbcd 

' M O m 1 4 r i e d  portion m a i d  oo rhc NIX IO* 

I 

m S  X C T O I  
CW A 

d RG 4 -WaterEam 
/ 

2-in. (SO-mrn). Isin. (37.5-mrn). I-in. (t5.0-mm). 
(19.Gmm). %h (9.5-mm). No. 4 (4.75-mm). aod No. 10 
aieva, or as many as may k needed depending on * 
sample. or upon the specifications for the material 
tea. 

6.2 Conduct tbe sieving operation by means of a lad 
and vertical m d o n  of the sbe, accompanied by a p r d  
action in Order to krrp the sample moving continuousiy @ 
thc surha of the sicve In no Qy turn or manipJr 
hagmenu in the smpic though the sieve by hand. G o b d  
sicving until not  more than I m a s %  of the d u e  00' 
Zicve pazces (hat scve duhg 1 min of sieving W W  

by using the hand m&od d=og as dcsCribcd above 

amf'og to tk rrqukmats of 3.1. At the cod 
weighing tht sum of the mapes m a i n 4  on 11) the M 
used should equal drrcdy tbc on'ginal m a s  of thc qW[icf 
sicrnd 

mccbanical sieving is I J 4  M the thoroughnas of** 

63 Deramine the mas d e b  fracron on a 

- ~. .. 
. . . . . . .. .. . -  . . . .  . .  . .  
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7. ~ e d o r t h  of GmWC Comafoo for Hydroma 
Ilcdloo 

7.1 Equrtioor for percentages of soil remaining in luspca- 
as ghm in 14.3, arc tused on the use of dkilled or sdizfd water. A dispersing agent is WLd in the water. 

w e .  and the Jpedlic gravhy of the ~tsulting liquid is 
e y  gmur than that of distilled or dcminaalid 
rrta. 
7.1.1 Both mil hydrometers arc calibrated at 68T  (20T). 

variations in tcmpaaturr born this standard tempen- 
produce inacnrmck io tbe lctual hydromen madiogr 
mouot of the inaaTura~y imcases Y the variatioo 
thestandard temperature iacrrascr 

7-12 Hydrornevn am gradwed by the manufaam to 
at tbe bottom of the meniscus formed by the liquid 

on tbe stem. Since it k not possiibk to SCCUZIC readings of soil 
d o n s  at the bonom of tbc menirur rudings must be 
~ r m  at t h e w - d  a a m c c ! ~ ~  
7.13 The net amountof tbc commioos for the & 

enumeratcd is designated as the composite correction. 
& may k determined apcrimcntally. 

73 For convenience, a Braph or table of composite 
d o n s  for a saie of I" tempram diffcrrnca for the 
mgc of atpecred test tempa?nua may k prepared and 
UUd as needed. Mcanrmnent of the composite corrcetioos 
may k made at two temperanrrrs spanning the range of 

test tempcranucs. and Q)cfeccions for the intermZ- 
diZiimpcratures caicuhted assumjog a stmight-tine ~ i a -  
oonJlip knvern the two OM valuts 
v7.3- IO00 mL of liquid composed of distilled or 
dcmincralized water and -g agent io the same 
proportion as will prevail in the sedimentation (hydromaa) 
e% Place the liquid in a scdirnmtation cyclinder and the 
cylinder in the constant-temmturc waier bah. sei for one 
ofthe two temperatures to be Llfcd When the tempenim of 
l e  liquid becomes corrnaot inVrt the hpdromeier. and 
a f k  a short interval to permit thc bydromcra to come to the 
vmpcraturc of the liquid, read tk hydrometer a t a o f  
kAokcus formed 00 the stcm. For hydrometer 15 1 H the 
composite commioo is the diikcaa between this d o g  
lad one; for hydrometer 152H it is the difference between 
Ibc =ding and zero. Bring the hiquid and the hydrometer b 
ck other temperature to be d and secure the composite 
amenion as More. 

8. Hygroscopic Moisture 
8.1' When the sample is we& for the hydrometer trsf 

rei& out an auxiliary portion offitno 10 to 15 g in a small 
mttal or @an container. dry thc ample to a c o m t  m a s  in 
raownat230+9'F(110=5'Craodmighagain.Record 
kmana.  

9- hPmiW Of Soil SPmpk 
9. I whca the soil is m d y  of tbc day and silt Sizes. *gh 

out a sample of airdry soil of appoximatdv 50 When the 
a mostly and the ample &add k d UmatdY 100 
C 

IC mlutio6 
9.2 P ' k  rhc nmpk in the 2-e and 

ULmbf  d i u m  hexrm 
Stir until &-soti is thornuu7- Morw to 
last  16 h 

9.3 At the cad of the soaking paid. dirpcnr rh 
furrha, using kthcr dmnu rgpu~\ur A or B. I 
a m t u s  A is wc6 transfer the - watci slurry 
kaka into rhc specid dispamon cup shown h 
washing my &ue from tbe beak- into tbc 
distiilcd or drminmlitcd water (Note 9). Add di 
demincmlized water, if ~ldccslty, Y) that Lhe ccrp 
than half fuU Stir for a pcriod of 1 mio. 

I 
H 

~ ~ J T E  G A  w¶ke * q c  h 8 apo*mirnl dcv#lc farh 
io rbc ruhiag omtion. or&r dcvim indude cbr 1 

bonlelad8 bourirb m u k a p n d  108 peuuritod dis 
tlot 

9.4 If Stirring appaatw B (Fig 3) is used, m 
cover cap and oonaart the cup to a comprersed air s 
m ~ o f P N b & r h O S C A a i r g a g e m u n k o n  
betweerr the cup and tbe cooml valve. Opcn tbe 
valve so that tbc gage indicates I psi (7 kPa) prcpu 
IO). Transfer tbc mil - water slurr). h m  the be3kr 
air-jc! disprsioo cup by washing 4th disc 
demineraiired wtcr. Add distiilcd or demineralized 
occusary, 50 th?t the total volume io the cup is 250 
no more. 

Nol€ I o - T b c i a i t L l a i r ~ o f o C F u i p s ~ l l i f U l u , p  
wiI - wlurmimuchrn entering che air-ja ctumbrrpbco th 
is olndmrd lo lk disprpon cup. 

9.5 plaoc tbc mer cap on the cup and open 
control valve until the gage pressure is 20 psi ( 1.: 
D~spcne the soll according io the follouing rhedule 

DlspclpMRryx 
a 0  

5 
IO 
I5 

Soils containing largc prccntagcs of tniu need bc d 
for only 1 min. Afirr the dispmioo period reduce 1 
p r c s ~ r r  to I pi preparatory to uandcr of soil - Bate 
to the sedimentation cylinder. 

10. Hydrometer Tcrt 
IO. 1 Immcdiazciy after disperiion vansfer the sod 

slurry to the ghrs sedimentation cytindcr. and add ( 

or dcminaalired aayr until the final volume is loo( 
10.2 UZing tbc palm of the hand over the open= 

cylinder (or a rubber stopper io thc open end). n 
cylinder upside doaa and back for a period of I 
complete the-0 of the J~rry (Note 11). At rbc 
I mio ut tbc ejinda in a convenient location at 
hydrometer rcaiimp at the foIloaing intuvals o 
(measured from the brining of sedimentation), or E 
as may k n&ded dcpading on tbc sample ortbesp 
tioo for the rrmakl under test 2 5. IS. 30, 60, 2 
1440 min Lftbcoontronad waterbah isuscd, them 
tation cylinder Bould k placcd in the baa bcrwecn 

m 11-Tk I l l l lak af mrnr dar& rhir minmc sbr 

a d  5 - i O  

. 
mma.-m-edaatodmat. 
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10.3 Whcn it is Wrcd to lake a hydrometer d n &  
cudully irucrt the hydrometer about 20 IO 2S s before the 
reading h due to approximately 1bc deptb it will have wbcn 
Ihc d n g  U taken. As soon as tbe d i n g  is ukea, curfuily 
m o v e  the hydrometer and place it with a spioning motion 
io a graduate of d a n  dinilkd or demineralized water. 

10.4 After each reading take the tcrnpcraturc of' the IUS- 
pension by insrrting the tbcnnomevr into the suspension. 

11. Sieve Aarlpu 
11.1 After taking the final hydrometer d i n g  transfer 

thc suspmsioa to a No. 200 (75jrm) sieve and wasb with 
water until the wash water is clear. Transfer the material on 
m o .  200 sieve to a suitable container, dry io an oven at 
230 f 9 1  (110 5 5 . 0  and make a sieve analysis of the 
portion mained usiog as maoy sieva as daired or required 
for the material. or upon the specification of'the material 
under tcn. 

CAUNUTIONS . 4 . w  REWRT 
-__-- 

12. Sieve . U y s i s  Values for the Portion Comer t h n  the 

12.1 Calculate the perantage passing the No. IO sieve by 
dividing the mas passing the No. IO sieve by the m a s  of soil 

No. 10 (2M)-mm) Sieve 

(2.OQmm) sicvc and multiplying the llJult by 100. Thir 
value is the weight W in the quatioo for pucentagc 
nmaioiog io nrspcnsioo. 

14.3 The percentage of soil remaining in suspension at Ibc 
level at which the hydromercr is measuring thc density of tbe 
suspcosioo may k calculatttd as follows (Note 13): Far 
hydrometer 1- 

%E I3-Tbc krkncd ponion of Ihc equation fa hydromw 
I 5  I H U coasmn~ for a & o f  d i n g s  aod may bc cahlated fim and 
Ihm rnultiplii by tbr portion in the parentheses 

For hydrometer 152H- r '  
P * (Ro/H7 x 100 

w h m  
\a = comctioo factioo to be applied 10 tbc readiog d 

hydrometer 152H. (Values shorn on the scale m 
computed k o g  a specific gravity of 2.65. Correction 

94 'i 
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p a i o n  ap 

jding to tk 
$ings&Uk 
ion thebadr 

)d had senled 
ig the density 

irrfacc of tk 

I 

I 9s 

1 .ow 
1 .om 
1 .om 
1- 
1.m 
1 .a6 

1 .om 
1 .OD) 
1 .m 
1 .m 
i.mo 

1m1 
1.012 

1&4 
1.013 

1 . m  

1me 
1.017 

1 m s  
1 .a0 

1.001 
1 .op 
1 .gP 
1.pZ4 
1 .ms 
1 .p28 
1 .cm 
1 .ma 
1 .op9 
1 .mo 
1 .on 
1 .m2 
1 .as3 
1 .ow 
1.- 
1.038 
1 .an 
1 .ala 

1 . m  

Iu 
1cO 
lsd 
1u 
1 U  
1- 

9417 
u.4 
142 
119 
13.7 

13.4 
13.1 
1 2 9  
126 
123 

121 
11.8 
11.5 
11 3 
11.0 

10.7 
10.5 
102 
10.0 
9.7 

9.4 
92 
8.9 
8.6 
8.4 

B1 
7.8 
7.6 
7.3 
7.0 
6.8 
6 5  
62 

0 
1 
2 
3 
4 
I 

6 
7 
8 
9 
10 

11 
12 
13 
14 
IS 

16 
17 
18 
19 
20 

n 
P 
23 
24 
2s 
26 
27 
28 
29 
30 

163 
16.1 
16.0 
1 S.a 
15.8 
1 SA 

153 
IS2 
1 SA 
14d 
14.7 

1 4 5  
14 3 
142 
14.0 
13.8 

13.1 
135 
133 
132 
13.0 

129 
127 
125 
124 
1 U  

120 
119 
11.7 
11.5 
11.4 

J1 I 
fl 
53 
Y 
3 

s 
37 
1 
39 
a 
41 
42 
0 
44 
45 

16 
47 
48 
49 
50 

51 
Y 
53 
54 
55 

56 
57 
YI 
59 
60 
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# 

lrithmctic d e  as the ordinate. When the hydrometer 
inalysis is not made on a portion of the toil, the prrparation 
If the graph is optional, sncc values may k secured dirrclly 
rom tabulated data. 

8. Report 
18.1 The report shall indude the following 
18. I. I Maximum size of panicles. 
18.12 Pmrotagr pasing (or retained on) each neve, 

rhich may be tabulated or presented by plotting on a graph 
Note 16). 

18.1.3 Description of sand and gavei panicles: 
1 8.1.3.1 Shape-muoded or angular. 
18.1.3.2 Hardness-hard and durable. soft or weathered 

18.1.4 Spajfic gravity, if unusually high or low. 
18.1.5 Any difficulty in dispernng the fraction pssing the 
lo. IO (2.OOmrn) sieve. indicating any change in type and 
mount of dispcrzing agent and 

18.1.6 The dispcrnon device uscd and the lengrh of the 
ispenion paid 

NOTE I b T h i s l a b u l a a o n o f g r a p h ~ u I b c g n d a t i o o d ~  
unpktstcd ffpuricks Lrgrrharr rhav conuloed in t h c p m g k w ~ r r  
moved Wort mung, the rrpon W so giwng Ibr amount and 
w m u m  pp. 

18.2 For materials tcsai for compliance with definite 
efications, the Fractious d e d  for in such spcaficitions 
lall be reportal. The fi;wrioas smaller than the No. 10 sieve 
id be read fmm the graph. 
18.3 For materials for whicb compliance with definite 

mifications is not indicated and when the soil is composed 
most entirely of panrda pafsing the No. 4 (4.75-mm) 
me, the read h m  the graph may k m r t e d  as 
lllOWs: 

nd friable, 

( I )  Grrrdmn1n5krrmdmpoadoaNa4rrrr ¶ 
(1) LabprpqNa4oMiDd~00Namoerr 1 

(0) 6M mod prmllg.sa. 4 OCII lod m v d  00 

(b)  Msdium d p a n g  So. 10 PM and mad on 

1 

1 

1 

No. 10- 

No. 40 M 

200- 
(e) fine mad. m o g  No. 40 PCII and muad OD No. 

(3) WI sz& 0.074 u) 0.005 mm 1 
(4 )  *nrrJmrDrrIh.no.mmm 1 

18.4 For mattrials for which compliance with dcfimlu 
spmfications is not indicated and when the soil conmm 
material retained on the No. 4 acve suffrnent to requirc 1 
sicve a d y s i s  on that ponion. the results may k reponed a 
follows mote 17): 

CoDaQ aulh dmm 0.001 mm 1 

SIEVE WALYSIS 

. . . . .  . . . . .  . 
. . _ . . . . . . . . . . "  

HYDROMETER ANALYSIS 

o n  
. .  . .  .. . . 
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QP 
Standard Te8t Method for 
Specific Gravity of Soils' 

1. scope 
1.1 Tliis test method covers dcramiaarioa of the specific 

~ravity of soils by means of a pycnometer. Wben the sod b 
composed of panicks larger than tbc No. 4 (4.7S-mrn) sieve, 
the mahod outlined in Test Method C 127 shall k followed. 
When the soil b composed of partides both larger and 
smaller than the No. 4 sieve. the sample lhall k separated on 
the No. 4 sieve and the appropriate test method used on each 
portion The spcdfic gravity value for the soil shall k the 
weighted average of the two Vaua (Note 1). When the 
spedfic gxavity value is to k used in c;rlculations in 
COnneCtioo with the hydrometer portion of Mcthod D 422. it 
b intended that the spccific gravity tcst k made on that 
portion of the soil which passes the No. 10 (?.OO-mm) Jicve. 
N m  1-Tk weigbtd a- e pviy should k ahlaud 

using tbe foilowing equation: 

I 
R, P, +- 

IOOG, loot, 

= we~&tcd avuage @c gram of & comuaxd of 
pvcicler larger and smalkl tlvn the No. 4 (4.75-mm) 
sieve. 

'-s= - 
* 
G- 

R, = prnntofJoiipycickrrnrincdoatkNo.4sicvc. 
P,  = p r a r r t o f s o o i l p Y t i d a ~ t h c N o . 4 ~  
GI = lppyrm speci.6~ gnvity d d  Wdes r e r a i d  on the 

No. 4 6evc udccamincd by T s t  Method C 127, aod 

dcvrminedby this- metbaL 
GZ = s p d f i ~ ~ ~ i ~ 0 f ' s 0 o i l p y t i d s ~ ~ t k N 0 - 4 & V C ~  

12 The valuustatcd in accqmb& mmic unitsarc to be 
rrgardedaStheStalldard 

1.3 TIru st&d does not p l u p ~  io addrerj h e  Jcr/er>, 
problems assariaced with its use- It is the respmibdity of ifre 
user of this standard to establish appropriate Jo/crv and 
hedth pmrices and &mine the awlkbiiity of rPgulolory 
limitations prior to use. 

2 Ref- Docamems 

2.1 ASIM~an&r&: 

. .  
1 70 . .  . 



.hac: a; - weight of pycnometer and water, g 
r; - weight of pycnometer. g 
t; r, 
I 0-4 tcmmturr of water, 'C. md - any 0th- desired tempera- 'C. 

parr C T h i r  mrrbod provid6a prodwe thu is am# amwnicnt 
b t 8 b O n e  d n l -  - ' 'om ritb lk nmc 
v e t a .  It sequally .pplierbk to a so& dctcmim tioo. Bringiw 

4 0  w, and w, am lakelb rsquirs CaDZidmMc oimehismucb 

d o  w, and rr; be bucd on prua at tbc same tcmmIwc. V d u s  

e p p o m c t a  and mtmo U) =me dcsguaud tempnnuc whcn 

o~oveniCmu, 9bkofar;dgkls W, forvarioustcmpa- 
ols likely to pmad arhen weights W, arc ukm. IC is impomot that 

b thr &tin density of wam II tcmpnrura from 18 to W C  arc 
im io Table 1. 

7. s u n P h ! l  
7.1 The soil to be uscd in specific gxavity test may conrain 

ia natural moisture or k ovendriai The waght of the test 
~ p l e  on an ovendry bazis shall k at least 25 g when the 
rolumdc flask is to k used, and at lean 10 g when the 
nopprrd bottle is to k uxti 

7 2  Samples Containing ~Varwd ,Uoiswe~Whcn the 
nmplc contains its natual moisnrrr. the weigbt of the sod. 
W, on an ovendry basis shall k &ermined at the end of 
tk tm by evaporating the watd in an oven maintained at 
230 * 9 1  (110 k5-O (Note 5). Samples of day qils 
containing their n a n d  moisture content shall be dispersed 

171 
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8. Procedure 
8.1 Race the sample in the pycnometer, talring cue  not u) 

losc aoy of tbe sooil in case the wight of the nmpk has k e a  
dctermioed. Add distilled water to fill the vdumcuic flask 
about thru-fourhs full or the stoppered bottle about half 
full. 

8.2 Remove entrapped air by either of the following 
mahods (I) subject the cootcnu to a p a r d  vacuum (air 
prrsarrr not excrrding 100 mm Hg) or (2) boil gently for at 
kyt 10 min while occasionally rolling the pycnometer to 
lsrisr in the removal of the air. SubJect the coofens 10 
reduced air pressure either by connecting the pycnometer 
dirrctly to an aspirator or vacuum pump, or by use of a bcil 
jar. Some soils boil violently when subjccfai to d u d  ax 
pres- It will be ncceSSary in those uses to reduce the air 
prmure at a dower rate or to use a larger flask Cool samples 
that arc h a t e d  io room tcmpcraturt. 

8.3 Fill the pycnometer wtb distilled water. d u n  the 
outside and dry wth a d u n ,  dry cioth. Deterne  tbc weight 
of the pycnometer and antenu.  Wb and the vmperaturc in 
dcgrea CciSius. T, of the contents as dtrnbcd in Secuon 6.  

9. CnlcnIatioo and Report 

water P a tcmpcraturc T, as foflows 

whm:  
W, = wcigbt of sample of ovendry soil. g 
W, = weight of pycnometer filled with water at temperature 

W, = weight of pycnometer tilled with warn and soil at 

T, = tcmpcraturc of the contents of the pycnometer when 

9.1 a d a t e  the specific p v i t y  of the 30il. based on 

Specific gmviry. G at T, = W,/[ W, + ( R; - Rb)J 

T, (Note 7). g, 

tcmpcraturt T, g, and 

Weight Wb w a ~  dmrmiocd 'C. 

081 



IO. Rccirioo and Biu 

10.1 Criteria for judgiag the acszptabiiity of spcific 
PVitY t a t  d t s  obtaiaed by this tcsl m a h o d  on material 
paning the No. 4 (4.7Smm) sieve arc given as follows mote 
8): 

' 4 2 6 7  

11. Kqwords 
11.1 specificgravity 

I72 
.-- 082 

- 
. .  . .  . . -  I .  . .  
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Lockheed KPA Analytical Method (for use on-site at Femald) 

Uranium in Water, SoiUSediment, and Air Fitters 
by Pulsed-Laser Phosphorimeby 

Working Linear Range: 
Reporting Limit 
Reporting Units Water, mgR; Solids 
Matrid=: Water, soiUsediment 

Greater than 50 ngR, infinite with dilution 
50 ngR Watw TBD for other matricies 

- 1 .o 

1.1 

Scooe and Aoollcatlon 

The method covers the determination of uranium in water and soiVsediment in the range 
of NmgR or greater. Samples with uranium levels above the laser phosphorimeter 
dynamic range may be diluted to bring the concentration to a measurable level. The 
minimum detectable concentration is approximately 50 ng UR of water. The nominal 
sensitihty that may be obtained by this exact method for the other media requires 
additional performance data 

1.2 

- 2 0  Method Summaq 

The method applies to Analytical Support Level C. 

21 The method is based on the use of commercially available laser phosphorimeters to 
analyze uranium in the sample media 

22 The method is useful for the analysis of water either directly, following dilution, or following 
wet-ashing as required by the sample media 

- 3.0 Interferences 

3.1 Possible interference modes in uranium assays will consist of four types: 

3.1.1 Absorption (Inner Filter Effect): Absorption of ultraviolet excitation light (337 nm) is more 
severe than visible excitation because many prevalent compounds have pi-bonding and 
absorb strongly in that region. Ferric iron and oxy-anions such as nitrate and organic 
acids are examples. Visible excitation (425 nm) may be absorbed by yellow solutions: 
e.g., chromate. Interferences may cause reduced signals and low results. 

3.2 1 

3.1.3 

3.1.4 

Lumiphors: Many organic substances, such a humic acids and organic degradation 
products from incomplete ashing, emit luminescence of varying lifetimes after excitation. 
Such effects are handled accmding to the manufacturefs instructions. 

Quenching: Shortened triplet-state lifetime and reduced phosphorescence intensities of 
the excited uranyl complex result when quenching occurs. Reliable result can not be 
obtained when quenching exceeds 80 to 90%. Reducing agents, such as alcohols. 
halides except fluoride, and metals with electronic energy levels overlapping those of 
uranyl ion, are strong quenching agents. Examples are silver, lead, iron (II), manganese 
(11), and thallium. Results from single time-gated instruments are particularly sensitive to 
even mild quenching agents such as AI (11), Mg (II), Ca(ll), and Sr(1l). See the 
manufacturer's literature for more specfic information. 

Competing Reactions: For the method to perform well. the uranyl ion must be protected 
from various intermolecular mechanisms that rapidly quench the uranyl luminescence. 
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4.1 

4.2 

Complexation fulfills this need, an examples of effective agents are phosphoric acid, 
polyphosphates for uranium analysis is patented by Scintrex. Ud; they are very acid 
sensitive. Nitric acid as low as one molar concentration suppresses complexation of 
uranyl ion with phosphoric add which permits increased quenching effects Uraplex is 
a stronger complexing agent and is effective in samples containing up to two molar nitric 
acid. 

The analyst must praaics standard laboratory safety procedures as outlined in the 
laboratory-specific hygiene plan as specified by OSHA regulation 29 CFR Part 191 0.1450. 
Any hazardous waste generated during the procedure, or samples determined to be 
hazardous, will be disposed of in accordance with applicable federal, state, and local 
regulations. 

Because hazardous chemicals are used during the method, procedures for handling low 
level radioactive materials, acids, and/or solvents must be practiced. Personal protective 
equipment must include goggles for eye protection, gloves for skin protection, and lab 
coat or apron for dothing protection. 

Sample size, container, and preservative requirements are detailed in Section 6.7 and 
Appendix K of the FEMP SCQ. and they are summarized in Appendix A, Table 6-1. 

6.1 Laser phosphorimeter. meeting the following criteria: 

6.1.1 Detection limit The detectable level for uranium must be 50 mg/L or less. 

6.1.2 Dynamic range: The phosphorirneter must handle an analytical range from 50 to 20.000 
ng/L Samples with higher concentrations may be diluted. 

6.1.3 Instrumental precision: The precision of repetitive measurements must be within 15% 
R.S.D. 

6.2 Beakers, pipettes, funnels, and volumetric flasks: Class A volumetric glassware is used 
for standard preparation unless otherwise specified. If samples containing less than 100 
ngR uranium are to be analyzed, digestion vessels (both Teflon and glassware) if used, 
should be leached in hot, dilute nitric acid to reduce sample contamination from IeacQable 
uranium. Liquid scintillation vials, for example, should be hot-acid leached for at least 3 
days before use in digestions. 

6.3 

6.4 

6.5 

6.6 

Ceramic or Vycor containers (casseroles). 

Dving oven: Gravtty convection type is recommended, having thermostatic controls to 
maintain desired temperature and able to reach at least 125 C and able to maintain 
temperatures within +/-5 C. 

Hot Plate 

Muffle furnace: Able to reach a! least 150°C and able to maintain temperatures within 
+/-15 C. 

- 08-5 



6.7 

6.8 

6.9 

- 7.0 

7.1 

7.2 

7.3 

8.0 

8.1 

- 

8.2 

8.3 

8.4 

8.5 

8.6 

8.7 

8.8 

- 9.0 

Analytical balance: Scale readability of +/- 0.01 g. 

Centrifuge capable of SO00 rpm with timer. 

necaic hot platdmagnetic stim Apparatus should have built in stirrer and stepless 
temperature controls that can be changed as heating requirements demand. 

Rout&lePfmmllhMaintenance 

Perform routine preventive maintenance for the laser phosphorimeter according to the 
rnanufachrrds directions. 

All instrument maintenance must be documented in the instrumentkpecific maintenance 
logbook, as speCmed in Section 13 of the SCQ. 

Examine Class A glassware before each use for scratches and cracks and replace as 
necessary. 

p.#ro#rrs 

Chemicals muSt be reagent grade, meeting American Chemical Society (ACS) 
specifications. In all cases, acids or bases are added to water. 

Water: All references to water, unless othennise specified. assume the use of ASTM Type 
II mer. 

Nitric acid (HNOd, 16 M: Concentrated. 

Nitric acid (HNOd, 1 M: Dilute 60 mL of concentrated HN03 to 1 L with water. 

Nitric acid (HNOd, 3 M: Dilute 189.5 mL of concentrated HN03, to 1 L with water. 

Uranium complexant. The source of phosphoric acid, if used, must be selected with care 
because it has varying levels of uranium impurtty. Reagents supplied by laser 
phosphorimeter manufacturers are recommended because of lower uranium background. 
Use of URAPLM can produce better precision and lower detection limits because of the 
longer phosphorescence lifetimes of the uranyl complex as well as stronger complexes 
for resistance to quenching. 

Uranium standard: From NET, or NIST-traceable, or from another nationally recognized 
agency. 

Hydrogen peroxide (H202), 30%: Reagent. 

C a l i i P r o c e d U r e s  

Follow the manufacturer's instructions to calibrate the laser phosphorimeter. 

9.1 The laser phosphorimeter must be calibrated annually over the entire calibration range. 

9.2 The calibration must be venfied weekly or prior to each use with three standards, one 
each a! the extremes and another a! the center of the concentration range. 

9.3 A single point calibration check must be made with each batch of samples. 
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10.1 

10.1 

- 

10.1.1 

10.1.2 

10.1.3 

10.2 

10.2 1 

10.22 

10.23 

10.24 

10.3 

10.3.1 

10.3.2 

10.3.3 

10.3.4 

10.3.5 

10.3.6 

Samples may be analyzed with any of three levels of pretreatment The Choice depends 
on desired d e t d o n  limit, what is known about the sample source, and the content of 
quenchers and lumiphors. General guidelines below are followed by specific sample 
media preparation steps. 

Direct Clear water from municipal supplies or streams can usually be analyzed without 
dilution. Follow the insauctions provided by the phosphorimeter manufacturer. 

Diiution: If the desired lower level of determination permits a large dilution, this may be 
the only sample treatment necessary. Both quenching agents and lumiphors can be 
diluted to levels of negligible effect. Analyze the dilution according to the instructions 
provided by the phosphorimeter manufacturer. 

Ashing: 
substances can be decomposed 

Most quenching agents are etcher volatilized or oxidized, and lunimiting 

Water: If sample cannot be analyzed directly or by dilution, wet ash the sample as 
follows. 

Transfer desired aliquot of sample to a beaker and add at least 10% by volume of 
concentrated nitric acid Record volume of sample used. 

Record comment if presence of any undissolved material is noted. 

Carefully evaporate the sample solution to dryness. Caution: Rapid boiling will cause 
spattering and poor precision. 

Note: Substantial organic material will require addition of hydrogen peroxide as a second 
oxidant. The nitric acidoxidant may need to be replenished to complete the ashing. 

Dissolve residue with 1 M nitric acid and warm: transfer to volumetric flask and dilute to 
the desired final volume using 1 M nitric acid. Record final volume. 

Glass Fiber Filters 

Remove filter from shipping envelope or bag and hold filter over 125 mL platinum dish 
while cutting it into pieces about 1' by T with a cleaned pair of scissors. Transfer any 
material remaining inside bag to platinum dish. 

Place dish with sample in muffle furnace. Ash sample for about 16 hours at 500 C +/- 
15 C. 

Remove dish and allow to cool. 

Completely dampen the sample wm a minimum amount of but no more than 10 mL of 
concentrated HN03 

Add 15 mL of concentrated HF in 5 mL portions. Evaporate on hot plate until moist 
residue remains. Remove dish and allow to cool. 

Add 10 mL of concentrated HF and evaporate until residue is almost completely dry. 



Remove dish and allow to cool. 

10.3.7 

10.38 

10.99 

10.3.10 

10.3.11 

10.3.1 2 

10.3.13 

10.3.14 

10.3.15 

10.4 

10.4.1 

10.4.2 

10.4.3 

10.4.4 

10.4.5 

10.4.6 

10.4.7 

.! 6- , ! 

Add 10 mL of concentrated HN03 and evaporate until sample is lightly fuming and just 
moist Remove d i  and allow to cool. 

Repeat above step (step 10.97). 

Moisten residue on sides and bottom of dish WIUI 3 M HNO . Scrape residue from sides 
and bottom of dish, and break it up with a Teflon rod. &!!&I down sides of dish and 
Teflon rod thoroughly using 3 M HN03 

Return dish to hot plate and evaporate until about 5 mL of solution remains. 
Remove dish and allow to cool. ' 

Fitter sample using a funnel and Whatman No. 42 fitter paper into 50 mL volumetric flask. 

Wash out dish using three small portions (less than 5 mL each) of 3 M HN03 

Wash down filter and residue with three small portions (less than 5 mL each) of 3 M 
HN03 

Make up contents of volumetric flask to 50 mL with 3 M HN03 stopper, and mix 
thoroughly. 

Continue with Sample Analysis, Section 1 1  .O 

SoiVSediment 

Dry sample at 100 C /- 5 C until visible dry. 

Note: Use FEMP procedure FM-CON4190 to determine percent moisture (soils) or 
percent solids (sediment), if requested. 

Weigh an appropriate amount of the dried soiVsediment sample to meet the required 
sensitivrty and transfer to casserole. Record exact (dry) weight used. 

Heat casserole containing sample in oven. Muffle for 2 hours at 200 C +/- 15 C. Remove 
and cool. 

Transfer sample to 250 mL beaker, rinsing casserole with 10 mL ponions of 16 M HN03 
to a final volume of 60 mL of nitric acid. 

Carefully add 30 mL each of 16 M HN03 and digest on a hot plate with some stirring for 
an additional hour. 

Remove from hot plate and cool to room temperature. Slowly add 20 mL of 16 M HN03, 
and heat on hot plate with some stirring until solution h a s  evaporated to liquid volume of 
approximately 10 mL 

Add 50 mL of water, and digest on hot plate with stirring for 10 minutes to dissolve 
soluble salts 

Cool and centrifuge sample at 5000 rpm for 5 minutes. Pour off liquid into 100 mL 
volumetric flask with minimum of 3 M HNOg Wash residue with 3 M HN03 

- 088 



If any residue remains, repeat steps 10.43 through 10.4.7, combining filtrates in the 100  
mL volumevic flask. 

10.4.8 Make volume up to 10 mL with 3 M HNO,. Proceed to Sample Analysis Section 1 1 .O 
Sample may require additional dilution before analysis, 

11.0 Samde Anahrsls - 
Analyze the solution according to the instructions provided by the laser phosphorimeter manufacturer. 

- 120 Calculatlons 

121 Refer to the laser phosphorimerer manual for appropriate calculation, which varies 
depending on the instrwnent model and brand 

122 Final results are automatically calculated by computerized instruments. 

- 13.0 Data Packaae Delhrerables 

Data package deliverables are determined by the Analytical Support Level and are outlined in the FEMP 
SCQ or speafied in the project specific Sampling and Anatysis Plan or the analytical laboratory services 
contract 

- 14.0 Qualltv Control Redrernents 

Quality Control requirements am determined by the Analytical Support Level and the project specific plan. 
A specific discussion of each type of QC sample is presented in the SCQ. 

Reuuirement 

Blank 
LCS 
Duplicate 

Anafvtical Suooon Level C and D 

FreuuenrY Acceotance RanQe Conecrive Action 

1 120 
1 120 
1 120 

< MDA Quallfy data 
70 - 130% Quallfy data 
0 - 20% RPD Q u a i  data 

or per batch or fraction thereof - per matrix 

Where LCS Laboratory Control Sample 
MOA Minimum Detectable Amount 
RPD Relative Percent Difference 

15.0 References 

Standard Tesr Memod for Trace Uranium in Water by Pulsed-Laser Phosphorimerry, (Draft) ASTM Standard 
D19.04.005RO. 1992' 

- 

Uranium in water, soillsediment, and air filters by Pulsed-Laser Phosphorimetry, Femald Laboratory 
Analyacal Method FM-RAD-0120. ' 
'This procedure differs from the above referenced procedures with respect to digestion of soils in 
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HN03/HF. The Femald and ASTM methods call for heated concentrated HN03PF digestion. This 
method will remove occluded uranium from refractory silicates and surficial contammation. Use of HF 
ensures removal of occluded uranium from refractory siliies Since exisring data or Femald soils and 
Lockheed's analysis of Femald soils indicates that the contamination is surficial use of HF is not necessary 
to obtain accwate measurements of total uranium. Consequentty this procedure calls for a heated HN03 
digestion. 

. ._ , .. .. . %. 

. .  . 
" . -1 

r; . h 
. .. 

.. ' 
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,. ' .  3 . .  
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VSL Technical Procedures Date: 10/92 

REV #: 1 Page 4 Analysis Procedures 

1.0 PURPOSE 

These procedures describe methods, materials, equipment and special conditions required 

to perform chemical analyses of liquid and/or solid samples. These procedures provide the 

means for obtaining verifiable, reproducible, documented data from tests and experiments. 

2.0 APPLICABILlTY 

An indispensable part of the work Carried out in our laboratories is chemical analysis. 

Various instruments are available for this purpose including a Spectrametrics DC plasma spectro- 

photometer (DCP), a Dionex Model 20101 ion-chromatograph, Inductively Coupled Plasma Mass 

Spectrometer (ICP-MS) and two Perkin Elmer Models 330 and 323 spectrophotometers. 

Work with the DCP and DIOJSEX devices is performed in our "Analytical Laboratory". 

The other two instruments mentioned above, as well as other chemical analysis tools, are used 

in our "General Chemistry Laboratory". Analysis on ICP-MS is performed in Mass 

Spectrometry Laboratory. 

These procedures apply to all employees trained and authorized to perform chemical 

analysis of liquid and/or solid samples in the VSL Analyticai Facilities. Specific activities 

covered by these procedures include: a) acceptance of samples for analysis; b) preparation and 

handling of stock standard solutions and other reference materials; c) preparation of liquid and/or 
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solid samples for various types of analysis; d) calibration and operation of (i) the DC plasma 

emission spectmphotometeq (ii) the ion exchange chromatograph; (iii) the inductively coupled 

plasma-mass spectrometeq (iv) the Perkin Elmer 330 spectrophotometer; e) release and 

assurance of reiiability of analytical results; f )  record keeping; g) data processing of analytical 

data. 

These procedures wil l  be implemented by personnel from the VSL. 

3.0 S A F E T Y  

3.1 HAZARDS 

The definition of a hazardous chemical is given in Section 8.3 of the CUA Chemical 

Materials Safety Manual, adopted from the OSHA Hazard Communication Standard. The CUA 

Chemical Materials Safety Manual is hereafter referred to as the CCMSM. This Standard and 

its application to CUA facilities are described in Sections 8.1 of the CCMSM, with the 

exceptions noted in Section 8.28. 

3.2 HAZARD MlTIGATION 

32.1 Identification of Hazards 

The identification of chemical hazards should include an education program (Section 8.2 

of the CCMSM). This program should include familiarization with the CCMSM as a whole, 
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including the toxic properties of chemicals according to Sections 8.22, 8.23, 8.24 and 8.25 of 

the CCMSM, other hazards of chemicals classified under Sections 8.9, 8.10, 8.11, 8.12, 8.13 

and 8.14 of the CCMSM, chemical handling and storage procedures (see paragraph 3.2.2 

below), and emergencies (see paragraph 3.2.3 below). The education program will also include 

familiarization With the CUA Chemical Hygiene Program (CCHP) when the document describing 

this Program is finalized and approved for distribution by the University. 

Other elements of hazard identification include the proper use of labels (Section 8.4 of 

the CCMSM) and of Material Safety Data Sheets (Sections 8.5,8.26 and 8.27 of the CCMSM). 

Workplace chemical lists should be compiled, maintained, and made available for employees in 

accordance with Section 8.31. In addition, a copy of the CCMSM should be kept in the 

laboratory and its use should be included in the education program cited above. The same 

should apply to the CUA Chemical Hygiene Program (CCHP) when the document describing 

this Program is finalized and approved for distribution by the University. 

32.2 Handling and Storage of Chemicals 

Handling of chemicals should be conducted according to Section 8.6 of the CCMSM. 

Storage of chemicals should follow Section 8.8 of the CCMSM. Special precautions should be 

taken in handling and storage of incompatible chemicals, solvents, compressed gases, and 

radioactive materials according to Sections 8.10, 8.12, 8.13, and 8.14 of the CCMSM, 

respectively. Unstable chemicals according to Section 8.9 should be excluded from the 

VI-AL 
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analyticai fkcilities except in cases where the introduction of such a material is sanctioned by the 

laboratory manager in writing. In such a case the manager shail specify the maximum quantity 

of the material and the maximum period it may be stored before being discarded. Shock- 

sensitive chemicals according to Section 8.11 should never be introduced into the laboratory 

under any circumstauces. No work requiring the use of restricted areas according to Section 

8.15 should be performed within the analytical laboratories, except on temporary basis and only 

if adequate modifications have been made to the facilities and the specific procedures have been 

established. This includes all operations involving radioactive materials. 

Waste disposal of hazardous chemicals should follow procedures established by the CUA 

Environmental safety Office according to Section 8.16 of the CCMSM. No radioactive waste 

shall be disposed of by analytical laboratories. All processed samples and their overflow should 

be returned to the originator of the samples for disposal. Any solid radioactive waste generated 

during operations is to be collected in separate containers and transferred to CUA Radiation 

Safety Office (RSO). 

3.2.3 Emergencies 

Chemical spills should be dealt with according to Section 8.17 of the CCMSM. Fire and 

fire-related emergencies should be controlled according to Section 8.21 of the CCMSM. Cases 

of personal contamination should be treated according to Section 8.19 of the CCMSM, cases of 

injury and illness according to Section 8.18, and cases requiring minor first aid according to 

- 1 0 1  
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Section 8.20. All emergencies involving radioactive materials should be reported immediately 

to the RSO and dealt with according to the procedures outlined in the Radiation Safety Manual 

distributed by the RSO. 

3.3 PERSONNEL PROTECTION 

P e r s ~ ~ d  protection should consist of two elements. The first is familiarization and 

compliance with the instructions of the CUA Chemical Materials Safety Manual (CCMSM), 

including identification of hazards (see paragraph 3.2.1 above), handling and storage of 

chemicals (see paragraph 3.2.2 above), and dealing with emergencies (see paragraph 3.2.3 

above). The second element is familiarization and compliance with the CUA Chemical Hygiene 

Program (CCHP) when the document describing this Program is finalized and approved for 

distribution by the University. The overall chemical hygiene program (Section 8.34 of the 

CCHP), based on the OSHA Regulation on Occupational Exposure to Hazardous Chemicals in 

Laboratories, should be followed. In detail, exposure reduction measures (Section 8.35 of the 

CCHP) will include environmental monitoring (8.35.1), inspections, maintenance and 

housekeeping (8.35.2), use of protective apparel and equipment (8.35.3), posting of signs and 

labels (8.35.4), and dealing with accidents and spills (8.35.5). Ventilation of both general 

laboratory spaces and of special areas and local devices such as chemical fume hoods and glove 

boxes should follow the instructions of Section 8.36 of the CCHP. Employees should take part 

in the safety information and training program which exists in the University according to 

. L ._ 
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Section 8.37 of the C m .  All personnel involved in handling of radioactive materials should 

be approved by the RSO and should Participate in Radiation Safety Training Program provided 

by the RSO. Certain laboratory operations may require approval from the laboratory manager 

prior to implementation according to Section 8.38 of the CCRP. Employees should be informed 

about the medical program provided by the University in cases of work with hazardous 

substances according to Section 8.39 of the CCHP. Responsibility for chemical hygiene rests 

with all employees. Specific chemical hygiene responsibilities as applied to the analytical 

facilities are Specified in Section 8-40 of the CCHP. Analytical laboratories personnel workers 

should be familiar with the basic rules and procedures for working with chemicals included in 

Section 8.41 of the CCHP and should work in full compliance with these rules and procedures. 

Animal work, whether involving chemicals of high chronic toxicity according to Section 8.41.5 

of the CCHP or not involving chemicals of this type, should not be carried out in the analytical 

facilities. 

4.0 R.EQUIR.EMENTS 

4.1 TRAINING 

All analytical laboratory personnel are trained in the understanding and use of the 

technical methods that they will use by the laboratory supervisor or by a trained and experienced 

person designated by the laboratory supervisor. Upon completion of training for a method, a 

technician is qualified to use that method independent of direct supervision. 
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4 3  CONTROL OF STANDARDS 

Stock Standard Solutions 

(1) All the instrumental analysis in the Analytical Laboratory are performed on relative basis 

by comparison with known standards. 

Sufficient stock of concentrated Standard Solutions should be kept in the Analytical (2) 

Laboratory to allow at least 30 days of continuous work. (This means about 200 ml of 

solution containing approximately loo0 ppm of specimen.) 

The term "concentrated solution" means the solution contains lo00 t 20% pprn of the (3) 

analyte in question. No stock of more diluted standard solutions is allowed to be kept in 

the laboratory for a period exceeding 24 hours. Diluted solutions containing one or more 

of the following elements: Si, Fe, U, Th should be freshly prepared every 8 hours. 

(4) Stock of standard solutions to be analyzed by atomic emission/absorption techniques 

should be purchased from major commercial sources. No use of solutions is allowed 

beyond exph ion  dates, if such dates are provided by the manufacturer or when the 

volume in the bottle falls below 1/8 of the total volume. 

(5) Standard Solutions of anionic species for ion chromatography should be purchased from 

the National Institute for Standards and Technology in the form of loo0 pprn solutions. 

All standard solutions of cations shall be analyzed relative to NIST standards on a 

::. 

monthly basis and a limit of f 5% will be acceptable. 
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6.0 OPERATIONAL PROCEDURES 

SAMPLE PREPARATION 

6.1.1 Repamtion of Samples for Analysis 

Only liquid sampIes can be analyzed. 

With liquid samples, proceed as per procedure in section 6.1.2 below. 

Solid samples have to be converted into liquid form as per procedure in section 6.1.3 

below. 

6.13 G e n e d  Solution Analysis 

Procedue 

Depending on what elements and ions are expected to be present, solutions are analyzed 

using a DC plasma spectrophotometer (DCP), and a Dionex ion exchange chromatograph. 

Generally, the DCP is used for Zr, Zn, P, Si, Ti, B, Mn, Fe, Co, Ca, AI, Cu, Mo, Ce, Sr, K, 

Na, Li, Mg, Ni, Nd and Cr analysis, and the Dionex to analyze anions such as F-, C1-, N02-, 

Br-, PO4- ,  N03- and SO4-. 

Qualitative handling of the solutions should be performed utilizing calibrated volumetric 

tools. These inciude volumetric flasks of various sizes and automatic dispensing pipettes (see 

Table in this section) with disposable tips (having fixed or variable volumes). To assure the 

accuracy of the volumetric tools, the following routine procedure should be applied: 

. 
* 1 0 6  
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Device 

50 microliter 

100 microliter II 

1 250 microliter 
1 500 microliter 

1 4 milliliter 

1 5 milliliter 

1 10 milliliter 

1 0.025-10 milliliter 

Volumetric flasks 
CPMP) 

Table 

Manufacturer I Model# I Calib.Rea. 11 

Eppendorf 3 130 I 

Eppendorf 3 130 I 
~~~ 

E p pe n d o rf I4700 I 
~ II 

I 4700 I 

Eppendorf I 4700 I II 
I I 

Eppendorf 4700 I 

Oxford Macroset I 

Oxford Macroset I 

Oxford Macroset I 

various 

11 

N.A. 

I: Calibration check performed every month according to the procedure described in 
section 6.1.4. 

11: Calibration check performed according to the procedure described in section 6.1.4 
every six months. 
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- volumetric flasks : visually examine every volumetric flask prior to use. If there 

is any mechanical damage to the flask or any permanent, visible solid residue 

inside, the flask should be discarded. Carefully Mse the flask after use with DI 

water to avoid deposition of solids. 

- dispensing pipettes : gravimetric check of the calibration is required every month 

as per procedure in section 6.1.4). If the calibration cannot be adjusted, the tool 

should be replaced. If an adjustment has been performed, the calibration of the 

instrument should be immediately rechecked before it is returned to general use. 

The calibration check reports should be Ned into the folder and kept in the 

Analytical Laboratory. 

6.1.3 Glass and Sludge Dissolution for Analysis 

Note: Deviations fiom the metho& described below may occur and are recorded in the Anaiysis 

Procedures Laboratory Notebook 

Dissolution of Glass, Sludge, Soil and Other Solids 

(1) Weigh an amount of of solid as determined by the laboratory supervisor. In the cases 

of dry solids the solid should be previously ground into very fine powder and dried 

overnight at 105°C. Record the weight of the sample and transfer to a 125-ml narrow- 

mouth polyethyiene bottle. 

. 
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Add several ml of one or more concentrated acids selected from the List of HF, HCl, 

HN03 and H$O, by the laboratory supemisor and record the volumes of each acid. 

Leave in sand bath for 2 to 3 hours at (70 & 10)OC. 

In the case that dissolution is not complete, add further volumes of one or more acids 

selected h m  the list given in paragraph 2 by the laboratory supervisor and resume the 

heating at (90 & 10)OC. Repeat as needed to produce complete dissolution. Record ail 

details. 

If the glass is completely dissolved, add DI water to bring volume to 100 ml, and analyze : 3  

the solution as per procedure in section 6.1.2. 

6.1.4 Calibration of Pipettes 

Method: Gravimetric using an analytical balance. 

Frequency: Monthly except Rainin pipette which is six monthly. 

Required Accuracy: As specified in individual procedures or as per instructions of the Project 

Manager. 

(1) Obtain a "Pipette Calibration Check Record" form and supply requested information on 

pipette to be calibrated (e.g. manufacturer, model #, etc.). 

Tare out the weight of a 20 ml plastic vial on the balance. 

Pipet out deionized water from the pipette to be calibrated into the plastic vial. Record 

(2) 

(3) 
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nominal capacity, actual capacity (weight displayed on the balance), and percent error 

u n k  the appropriate columns. 

Repeat steps (2) and (3) 5-15 times. For variable volume pipettes perform the measure- 

ment for 2-5 volume settings. 

Calculate the percent errof as follows: 

(Actual capacity) - (Nominal capacity) 

% ERROR = x 100 

(Nominal capacity) 

Examine resdts and report deviations from required accuracy to the Laboratory 

Manager- 

Sign and date and file form in the ‘Calibration Records’ 

6.2 SOLUTION ANALYSIS WITH DC PLASMA 

6.2.1 Solution Analysis with DC Plasma Emission Spectrophotometer (Water 
Matrix Only) 

A volume of at least 5 ml of the solution is required for analysis. 

Using a 2% HN03 solution as the matrix, prepare a Hi Std solution containing all of the 

elements of interest. The concentrations of elements in the Hi Std should somewhat (but 

no more than twice) exceed the expected concentrations of elements in the solution. 

Use a 2% HN03 solution as the Zero Std (Blank). 

TPI-AL 
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(4) Transfer the samples to be analyzed and the standard solutions to centrifuge tubes. At 

least two sets of standards will be required. Maximum of up to 32 samples can be ana- 

lyzed per run. 

(5) Load the automatic sampler carousel with the samples and the standard solutions 

according to the foilowing sequence: 

Position #1 
Position #2 
Position #3 - #12: Samples (maximum) 

: Zero Standard (always) 
: High Standard (always) 

For higher positions the sequence can be repeated or terminated by the use of a zero 

standard followed by a hi standard. 

Note: There is a marimwn of up to 10 samples allowed benveen two adjacenr sets of 

st&r&. If certain series of samples consist of solurions having wide differences in 

concemarion ranges f i r o r  of 5 or more) and a cross-commination is likely to occur, 

the samples can be separated by the zero srandard. In that evem, the zero standard has 

to be conridered as a sample. 

(6) To perform the analysis and to obtain the report of the results, follow the procedure in 

Section 6.3.2 below. 

(7) If the sample (or samples) contain elements which have to be analyzed in a single 

element mode, perform the multiple element mode analysis first. 
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6.23 DC Plasma Emission Spectrophotometer Operating Procedure 

Manufacturer: Spectrametrix Inc. 
Model # spectra span rn-B 

(1) Start-up procedure (to be performed daily or every 8 hours of continuous operation and 

recorded in the "DCP Maintenance" LN). 

(a) Make sure that the plasma power supply switch (PLS) and the argon switch are 

in the OFF position. Set RUN/READY switch to RUN. 

Remove the shield covering the jet assembly. 

If the instrument was operated recently, wait a few minutes to give the electrodes 

sufficient time to cool. 

Replace all consumable elements of the jet assembly (i.e. ceramic sleeves, 

graphite anodes, and the stainless steel cathode). 

Turn argon gas ON on the tank and the regulator. 

To see if all the electrodes are properly set up, switch the RUN/READY switch 

to READY. All three electrodes should meet, with the cathode in the center of 

the far anode, making it bow slightly. If it is not in this READY position, move 

the cathode back and forth with the cylinder adjusting nut until the conditions 

above are satisfied. 

Turn the RUN/READY switch to RUN, and turn the gas switch off. 

Check if the aspiration hose and the waste hose are worn down; if they are, 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 
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change both of them, not just one, as this may variably affect the rate of inflow 

and rate of outflow and excessive moisture develop inside the atomizing chamber. 

Carefully rep@ the shield and protective cover. (i) 

(2) To Light the Spectrajet 

Make sure that the RUN/READY switch is on RUN. 

Turn up the argon gas switch. 

Make sure to have the proper gas pressures: 

20 psi nebulizer 

50 psi sleeves 

Turn the RUN/READY switch to READY. 

Push the PLS button. 

Set the peristaltic pump switch on and have DI water aspirating, as well as the 

pump clamp engaged. 

Once a constant sound is heard, watching the electrodes through the shield, flip 

the RUNREADY switch to RUN. The flame should appear and have the 

characteristic inverted "Y" appearance. If only a partial flame appears, or if no 

flame appears, quickly turn the RUNREADY switch back to READY, wait 5 

seconds, and once again flip the switch to RUN. If, again, flame is not there or 

is not complete, try two more times, and if no success is achieved, flip to 

1 2 3: , , 
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READY, turn PLS button off, gas switch off, and readjust the electrodes. If after 

this the flame does not light, consult the manual. 

(3) Element Programming 

At this point, choose the elements desired among the twenty elements on the 

cassette. TO do this, flip the black switches corresponding to the elements in your 

high std up. The rest of the switches must be down. 

Now push in the light above the first black switch that is turned up. The LED 

display will now show information corresponding to that element. 

Set all the PMTs according to the temporary list posted. 

Now look at the first lit element. To check whether the correct high std value 

happens to be already entered from the last run, press DIS HI. The LED display 

will show the high std concentration for that element from the last run. If a 

change is desired, press C (to clear), enter the desired high std on the keyboard, 

and press ENT HI. Now the correct high std has been entered. Again to check, 

press DE3 HI. 

To enter the correct low std, do as above, except with DIS LO, and ENT LO. 

Now push in the light above the second black switch that is up, and to the above 

procedure for the element. After the last element is completed, the DC Plasma 

is programmed to the high and low standards entered. 

TPI-AL 
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(4) Alignment of The Flame 

(a) 

@) 

Visually inspect the flame - should have a stable, "straight-up" appearance. If not, 

adjust electrodes. 

Listen for an unusually high whistling sound - if present, adjust the gas flow to 

each anode and cathode with a small screwdriver. Caution should be exercised as 

this changes the shape, the focus, and the temperature of the flame. 

Look at the reflection of the flame on the entrance slit. The "Y" should have a 

sharp, in-focus appearance. If not, consult the trouble shooting section of the 

manuaI. 

The central point of the "Y" should be just below the third slit from the bottom, 

just illuminating the very bottom of the slit. To move the "Y" horizontally or 

vertically, use the silver set of hobs  on the front part of the electrode assembly. 

(5) Alignment of the Cassette 

(a) 

@) 

(c) 

Depending on the cassette used have a 10 ppm Cu or Ca solution aspirating. 

Turn up the Cu or Ca element switch, as well as the light above it. 

Turn the MODE switch to 1, the DIAG switch up, the REPEAT switch to 0, the 

AVG ONLY up and down, RST. 

Put the TIME setting high enough to read about 5000 on the LED display. 

Tune in the plasma position. 

AVG only up and down, RST. 

(d) 

(e) 

( f )  

TPI-AL 
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(6) Standardization 

(a) Divide the high and low standards to the appropriate test tubes on the carousel, 

with enough left in the flasks for calibration. 

(b) Aspirate high std solution. 

(c) Push NR button. 

Optimize the Cu or Ca wavelength - turn the "vertical" and "horizontal" dials 

until the LED display is as high as it can get. Use the fine adjustment dials for 

this, as gentle rotation produces the best results. 

Once the cassette is aligned according to the Cu or Ca wavelength, switch the. 

MODE switch to INT, TIME to 8, and REPEAT to 3. 

Other settings should be: 

PRKNT UP BKGRD down 
DIAG down STDDEV up 
X M n  UP LED down 

CASSETTE 1 
TEST CURRENT on PMT 
AVGONLY down RST momentarily pressed 

INTSTD down ALLCHAN up 

Turn off the Cu or Ca element switch and turn on the light to one of the other 

elements in your run. 

AVG ONLY up and down, RST. 

Aspirate DI water. 

TPI-AL 
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(d) Once the A/R button goes off, HI STD button automatically comes on. Once this 

button goes off, the high std is calibrated. 

Have the low std (or blank) aspirating, for at least a minute since no carry-over 

from the previous high std is desired. 

(e) 

(0 Push LO STD button. 

(g) 

(h) 

Once this button goes off, the low std is calibrated. 

A printout on the high standard will show how accurate the high std was. If these 

are not satisfactory, both stds should be made new, and the DC Plasma 

restan-. 

(i) Aspirate DI water. 

(7) Computer Programming 

(a) Insert a disk with the printed side up and the notch toward the outside. Close the 

disk drive opening. 

Turn on the computer unit and the terminal. 

The computer monitor should appear; if not, turn on the reset button in the back 

of the computer unit. 

(dl Type: DCP DATA 

(b) 

(c) 

(e) Type in the date and the whole program, paying attention to the HS INT (number 

of samples in each block) in the parameter section, as well as the correct values 

for the high stds. 



' 4 2 6 1  

VSL Technical Procedures Date: I0/92 
Anaiysis ptocedures REV#: 1 Page 24 

(8) Running Samples 

(a) Insert the stainless steel aspiration tube into the sampler arm and push the Return 

button on the terminal. The computer will now take over and run the samples 

according to the scheme programmed. 

(b) 

(c) 

Watch for the steel tube being lowered directly into each tube on the carousel! 

Once the run is completed, the carousel will be reset into its starting position, 

calculations and the final printout should follow. 

(d) Take the steel aspiration tube out of the sampler arm and aspirate with DI water 

(9) Single Element Mode 

(a) 

(b) 

(c) 

Replace multi-element cassette with single element cartridge. 

Use the first channel for all single mode elements. 

Refer to the "Handbook of the Spectral Lines of Elements for DC PlasmdEchelle 

Systems" and select the best line for the particular element of interest. 

Standardize the instrument with the standard solutions of that element (ref to para. 

6 above) 

Run Samples as described in paragraph 8. 

(d) 

(e) 

(10) Shutdown Procedure 

(a) 

(b) 

Take the aspiration tube out of DI water and aspirate air for about one minute. 

Press the pLs button so light is off. 
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(c) Flip the RUNIREADY switch to READY 

(d) Shut the argon gas off at the tank. 

(e) Wait until the lines are bled, the regulator show 'O', then flip the gas switch off 

or down. Then shut the argon gas off at the regulator. 

( f )  

(g) 

Turn the peristaltic pump switch off, and lower the pump clamp assembly. 

Set all PMT settings to '1'. 

(h) Shut down the computer unit, the terminal, and the cooling water pump! 

(11) Daily Maintenance (Record in "DCP Maintenance " LN) 

(a) Repiace all consumable elements of the jet assembiy and align electrodes. 

(b) "Peak" the system with Cu or Ca solution. 

Weekly Maintenance (Record in "DCP Maintenance" LN) 

(a) Replace all plastic hoses. 

(b) 

(c) 

(d) 

(e) 

( f )  

(12) 

Rinse complete aspiration system with DI water. 

Rinse, clean and oil all ceramic rollers. 

Replace systems cooling water with fresh DI water. 

Clean the nebulizer using DI water and compressed air. 

Replace all consumable elements of the jet assembly 

(g) Alignelectrodes 

(h) 

(i) 

"Peak" the system with Cu or Ca solution and align optics 

Seal all connections with teflon film tape 
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(i) Check channel's electronic function 

6.3 ANALYSIS WITH ION EXCHANGE CHROMATOGRAPHY 

6.3.1 Solution Reparation and Analysis 

About 2 mI of solution are required for analysis. 

Prepare the standard solution containing all the anions of interest, matching approximate- 

ly the expected concentrations of anions in the sample to be analyzed. 

Refa to procedure in section 6.3.2 and perform the analysis of the standard solution 

first. Note if there is any change in retention time for each of the various anions by 

comparing the chromatogram with the most recent one. Then, perform the analysis of 

the sample. 

To obtain the results, Proceed as follows: 

(a) 

(1) 

(2) 

(3) 

(4) 

identify the peaks of the appropriate anions by comparison with the standard 

output. 

measure the height of the peaks 

if no change in retention times has been observed (para. (3) above), obtain the 

results from the calibration cuzve (para. (5) below). If the retention times have 

changed, either compare the standard output with the sample output or construct 

the new calibration curve. 

@) 

(c) 

(5) Calibration curve is a graph showing the concentration of a particular anion species (in 
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ppm) against the appropriate peak height (in mm) which should be performed every 6 

months. 

6.33 Dionex Chromatograph Ion Exchange Operating Procedure 

Manufacturer: Dionex 
Model # 2010i 

(1) operation Instructions for System Components 

Before beginning operation, prime the eluent manifold with the desired eluents (including 

regenerent and water, if used). After changing or refilling an eluent reservoir, reprime 

the corresponding eluent valve. 

Procedure: 

(1) Press STOPBTART to stop the pump. 

(2) 

(3) 

(4) 

Attach an empty 10 ml syringe to the luer adaptor on the priming valve. 

Turn the small handle on the priming valve to align with the syringe. 

If desired, fill the eluent reservoirs and connect them to the eluent 

bulkhead connectors on the pump. 

Note: Prime only one valve af a time. 

Select an eluent (press the switch ’ON). Use the syringe to draw liquid (5) 

. .. 
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from the reservoir, through the liquid lines and the eluent manifold, into 

the syringe. This flushes out any air or liquid trapped previously in the 

liquid line. 

Turn off the eluent valve just flushed. Remove and empty the syringe. 

Repiace the syringe, select the next eluent, and repeat Step 5. 

Note: When making an eluent change while the pump is running, first 

select the new eluent, wail 1-2 secondr, then turn off the old eiueru. This 

preverus the formarion of bubbles in the eluent manijold during the 

(6) 

(7) 

. change. 

(8) Repeat Steps 5 and 6 for the remaining eluents (if used). 

(5) Priming The Pump 

The pump rarely loses prime when in continuous, routine use. However, if an 

eluent reservoir empties during operation, or if the pump has not been used for a month 

or more, it may be necessary to reprime the pump before resuming operation. 

CAUTION 

Bypass all columns before priming the pump to 
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avoid accidental system overpressing and possible 

column damage. 

- ~- ~ ~~- 

Turn the knob on the pressure transducer housing counterclockwise approximately 

one-half turn. This opens the pressure transducer waste valve. 

Select one eluent (turn on the valve). 

Set FLOW SELECT to 1.0 mumin. 

Set LOCAUREMOTE to LOCAL. 

Set the LOCAL PRESSURE LIMIT SELECT to zero (00 x 10 psi) and the HIGH 

PRESSURE Lm4lT SELECT to 500 (5 x 100 psi). 

Fill the 20 ml syringe with isopropyl alcohol. Connect the syringe to the priming 

valve luer adaptor. 

Turn the small handle on the valve to align with the syringe, opening the internal 

valve. 

Press START/STOP to start the pump. 

Slowly push the alcohol through the pump with the syringe. Ensure that alcohol 

is pushed through both heads by watching the Delivery Status LEDs: each LED 

must light at least once while pushing the alcohol through the pump. 

Note: Avoid pushing any air trapped in the syringe through the pump. This will 

result in the loss of prime. 
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(10) Set FLOW SELECT to 4.0 mYmin and flush the pump with eluent for 2 minutes. 

(11) Turn the handle on the priming valve to the right of the open position, closing the 

valve. 

(12) Set FLOW SELECT to the desired flow rate. 

(13) Turn the knob on the pressure transducer housing clockwise to close the waste 

valve. 

CAUTION 

Overtightening may damage the pressure trans- 

ducer housing or the valve seal. 

(14) Place the columns in line and set the pressure limits. 

(15) Wait for the READY LED to light, indicating that the pump flow-control system 

is operating, before beginning an analysis. 

(iii) Selecting The Pressure Limits 

The low and high pressure limits automatidy stop the pump in the event 

of system malfunction (e.g., overpressuring or a leak downstream from the 

pump). After priming the pump, select a high pressure limit 50-100 psi above the 

normal system operating pressure. The pump has an automatic safety high 

pressure limit of 1900 psi, above which it will not operate. Select a low pressure 

limit 100-200 psi beiow the normal system operating pressure. 
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Note: rite low pressure limit may be inactivcrred, as during priming, by sem-ng 

the LOW PRESSURE LIMIT SELECT switches to zero. 

During an analysis, Valve A is OFF, directing eluent flow through the injection 

valve to the separator, the suppressor (if used), and finally, through the detector cell to 

Waste.  

Turn Valve A On during on-line regeneration of the suppressor column. This 

reverses the flow through the suppressor and bypasses the injection valve, the separator, 

the cell, and all interconnecting tubing. See the Column manual for comple'te suppressor 

regeneration instructions. (Note: this procedure does not appiy forfiber type suppressor 

which is self-regenerating.) 

Periodically empty the waste container to prevent overflow. Take appropriate 

precautions when handling the strong acid andor base waste from suppressor 

regeneration. 

(ii) Making An Injection 

The Advanced Chromatography Module is equipped with a 50 pl sample loop. 

Load sample into the sample loop through the SAMPLE PORT by the following method: 
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(1) Flush Sample Loop. Attach a syringe to the SAMPLE PORT. Insert the end of 

the tubing from the #2 bulktread fitting into a small container of deionized water 

or eluent. Set the LOAD/IMEcT switch to LOAD and draw at least 10 loop 

volumes (e.g., 0.5 mi for a 50 ul loop) of liquid into the syringe, flushing the 

sample loop completely. 

Load sample. Wipe off the end of the tube, then insert it into the sample 

container. Draw at least 10 loop volumes of sample into the syringe, filling the 

loop completely. Subsequent repetitive injections require only 5 loop volumes of 

sample. 

(2) 

(3) Inject Sample. After the detector baseline is stable, offset it to zero, and set the 

LOAD/IMECT switch to INJECT. . 
(c) Conductivitv Detector 

(i) Start-up 

After installing the detqctor, or whenever the detector power has been off, follow 

this start-up procedure to reset the detector microprocessor. 

(1) Check that aII cables are correctly c o ~ e ~ t e d  and that the detector is plugged into 

the power strip. 

Check that the power switch on the power strip is 'ON'. 

Turn on the POWER switch. 

Set the LOCAUREMOTE switch to LOCAL. 

(2) 

(3) 

(4) 

. .  
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(5) Turn 'OFF' the AUTO-OFFSET. 

(6) Turn 'OFF' TBE cell, then tum it to 'ON'. 

(ii) Routineoperation 

Check that CELL is on. Turn off the AUTO-OFFSET during system equilibra- 

tion. Select an OUTPUT RANGE which will allow the baseline to be monitored on the 

recorder. After the chromatographic system is equilibrated, and the baseline is stable, 

select the OUTPUT RANGE sensitivity required for the analysis. Set TEMPERATURE 

COMPENSATION to the desired value (see Section iv). Then turn AUTO-OFFSET 

'ON' just before beginning an analysis. The baseline may be reset to zero at any time 

by momentarily turning off AUTO-OFFSET then turning it back on. 

(iii) Eluents 

In general, eluents used with conductivity detection should have conductivities less 

than 50 $3 for optimum detector sensitivity. In Ion ChromatographyTM, highly con- 

ductive eluent ions are removed from the eluent stream or converted to less conductive 

forms by the suppressor before entexing the cell. 

(iv) Temperature Compensation Optimization 

The TEMPERATURE COMPENSATION setting for most eluents is approximate- 

ly 1.7 %/"C. Optimize the Temperature Compensation setting for each column set and 
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eluent batch to minimize temperature-caused variations in the measured conductivity. 

This is especially important when operating at high sensitivities. The optimum setting 

for any eluent is determined as follows: 

Instail a 30 cm (12 in) length of 0.5 mm ID tubing between the suppressor outlet 

(or Port #3 on Valve A) and the d' inlet. 

Prepare a beaker of room-temperature water and one of boiling water. Place the 

tubing from Step 1 in the room-temperature water. 

Install the columns. 

Set TEMPERATURE COMPENSATION to 2.0 %/"C. 

Begin pumping the eluent through the system. 

Select an OUTPUT RANGE which keeps the baseline on scale. 

After the system reaches equilibrium, and the baseline is stable, set the OUTPUT 

RANGE to 30 pS. Turn on AUTO-OFFSET. Position the recorder pen about 

halfway up the paper. 

Record the baseline for 1 tp 2 minutes. 

Remove the tubing from the room-temperature water and place it in the boiling 

water for 1 to 2 minutes. Note the recorder baseline shift. If the baseline shifts 

positive, the TEMPERATURE COMPENSATION setting is too low. If it shifts 

negative, the setting is too high. 

Place the tubing in the room-temperature water and allow the baseline to 
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restabilize for 1 to 2 minutes. 

(11) Based on the results of Step 9, increase or decrease the TEMPERATURE 

COMPENSATION setting by 0.5 %/"C for the first trial and by 0.1 %/"C for 

successive trials. 

(12) 

(13) 

Repeat Steps 9 and 10 until the recorder baseline shift is at a minimum. 

Disconnect the tubing and reconnect the suppressor to the cell inlet as it was 

originally. 

(14) Close the column compartment, covering the valve compartment. 

I 

Performing Analysis 

(a) InitialOperation 

If a new column is installed, verify that the system is operating correctly by 

duplicating the test chromatograms sent with the columns. This also provides an 

opportunity to become familiar with operating the system before beginning actual 

analySeS. 

(1) Read Paragraph 1 above. It contains detailed operating instructions for 

each component. 

From the test chromatogram sent with each separator column, determine 

the eluent, flow rate, and full-scale setting used to analyze the test stan- 

dard. 

(2) 

. .  1 2 9  
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Prepare the eiuent and suppressor regenerant (if required) specified on the 

test chromatographs and CONI- them to the pump eluent manifold 

system. 

Select the flow rate indicated on the test chromatogram and allow the 

system to equilibrate with the eluent to be used in the analysis. 

Normalty, at least 20 column volumes of eluens are required for complete 

equilibration. 

Set the conductivity detector TEMP COMP to 1.7. 

The value I.? is the nominal Temperature Coeficiens of the "standard 

anion eluent R. Use this value with any eluent for the purposes of this test. 

During acncal anaiysis, use the experimentally determined eluent 

temperature coeficient for optimum pelfonnance. 

Turn on the recorder. Set the conductivity detector OUTPUT RANGE to 

a value that keeps the recorder pen on scale and monitors the base line. 

Once the baseiine is stable, select the detector output range indicated on 

the test chromatogram. 

Load the sample loop with the standard solution shipped with the columns, 

offset the baseline, and inject the sample. 

Compare the chromatogram obtained with the test chromatogram. 

Calculate the efficiency and line resolution of the peaks indicated on the 
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test chromatogram. The calculated values should agree within 20-25 % of 

those on the test chromatogram. 

Note: Slight diferences are due to instnunem variarions and /or diferences in 

temperature and eluem strength porn test condirions. 

(b) Routineoperation 

Routine operation consists of injecting samples using the procedure described in 

the paragraph above. 

(c) Short-term Shutdown 

Following completion of the daily operation, the system is normally set to stand- 

by state until operation is resumed. 

(1) Turn off the pump, and recorder. Set the conductivity detector RANGE 

to '10k' ps and turn 'Off CELL. 

(2) Leave the POWER 'On'. 

Note: If the power is turned 'O_g., the conductiviry detector m u t  be reser when 

operation is resumed. 

(d) Prolonged Shutdown 

Use the following shutdown procedure if the system will not be used for two 

weeks or more. 

(1) Prepare columns for storage. 

CAUTION 
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Improper storage of columns may result in 

permanent degmdation and loss of performance. 

(2) Remove the columns from the system, couple the column lines together, 

and flush the system with deionized water for 30 minutes at 9.9 mYmin. 

Turn off the POWER switch. (3) 
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SOLUTION ANALYSIS WlTH ICP-MS 

6.4.1 Solution Reparation and Analysis 

Obtain the run information sheet and labels for the run from the Data Processing 

laboratory and obtain the samples from the Leach laboratory 

Prepare the standards required to be used in the run according to the instructions given 

on the run idormation sheet using the automatic pipette, 20 d’ scintillation vials and 

polymethylpentane volumetric flasks. 

Add about 8 mls of the WASH solution (2% HNQ with deionized water) and about 8 

mls of the ZERO solution (1 % HNQ prepared by dilution of 70% HN03 with deionized 

water) to the required number of scintillation vials for the run. 

Anange the vials in the order given on the run information sheet and label them with the 

sticky labels provided. 

Perform the analysis according to procedure in section 6.5.2 below. 

6.43 Inductively Coupled Plasma-Mass Spectrometer Operating Procedure 

Manufictwer VG Instruments 
Model #: PQI 

A. TurninP on of Instrument 

(1) 

(2) 

Open the two valves marked “Gas Supply” and “Pressure Buildup” on the argon cylinder. 

Ensure that the supply of argon is sufficient for one day’s work by checking that the 
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liquid level m a r k  in the central indicator on the cylinder is at least one quarter of the 

way up between the two points marked "N". 

Open the air by turning the black valve completely counterclockwise and then clockwise 

back again one quarter of a turn. 

Turn the intensity knob clockwise on the Txacor-Northern MCA of the instrument until 

the let& TN-7200 are of acceptable brightness. 

Ensure that the TIME switch on the Quadrupole Control panel is set to "EXT". 

Turn on the electric switch of the surge protection unit under the computer. 

Place about 100 mls of deionized water in a 120 ml urine sample cup and place the cup 

in the position allocated for it in the start-up and tuning rack of the autosampler. 

Set the start-up and tuning rack in the rightmost position of the autosampier tray. 

Ensure the cap has been removed from the cup. 

Turn on the autosampler. 

Load file #6 into the autosampler control keypad by hitting the "EDIT" key, the "6" key 

and then the "ENTER" key twice. 

Press the "START" k y  and the probe will enter the cup containing the deionized water. 

Load the peristaltic PVC tubes on to the head of the peristaltic pump and turn the pump 

on. 

Wait about one minute while deionized water is pumped through the instrument. 

Turn off the peristaltic pump. 

. .  _. . . 
< . ;  :. 
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(16) Turn on the computer and printer. 

(17) At the prompt "C:\> " type "ICPMS" and strike "ENTER" key. 

(18) After about 2 minutes the ICPMS options will appear on the screen and then load the 

instrument control program by striking the F1 key. 

(19) Turn on the plasma of the instrument as follows: 

WARNING: FAILURE TO EXACTLY FOLLOW THIS PROCEDURE 

MAY LEAD TO MELTING OF THE TORCH AND TO EXTENSIVE 

DAMAGE TO TBE INSTRUMEN". 

Depress the three green buttons marked "COOL," " A m "  and WEB" on the 

MS81 gas control panel. 

Adjust the flow rates of the gases to: 

(i) 12 lit/min for the cooling gas 

(ii) 2.5 lit/min for the auxiliary gas 

(iii) 0.7 Wmin for the nebulizer gas 

Wait at least 5 minutes. 

Switch off the nebulizer gas. 

Wait until the flow indicator in the gas control panel flashes. 

Depress the red button marked "POWER" on the plasma radio frequency (RF) 
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generator. 

IMMEDIATELY ignite the plasma by depressing the red button marked 

"IGNITE" on the gas control panel. 

If the plasma does not form within 5 seconds depress the "IGNITE" button again. 

If the plasma still does not form IMMEDIATELY depress the yellow button 

marked "STANDBY" located on the plasma RF generator and consult with the 

project manager. 

IMMEDIATELY after the plasma is formed depress the green button marked 

"NEB" on the gas control panel. 

Tum the peristaltic pump on again in order to pass deionized water into the plasma. 

Hit the F4 key on the computer keyboard labelled "ICP CONTROL" followed by the F6 

key labelled "TORCH POSITION". 

Once the torch has moved forward hit the "Esc" key. 

Hit the F5 key labelled "SAMPLE INTERFACE" followed by the Fl  key labelled 

"EXPANSION PUMP". 

Wait until the expansion pres- reads "OK" and then hit the F3 key labelled 

"EXTRACTION ON/OFF" . 

If the computer indicates that extraction lens 2 is not activated hit the F4 key labelled 

"EXTRACTION 1/2". 

Check that the expansion pressure reads "OK", then wait about one minute and then hit 
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(32) 

(33) 

the F2 key labelled "SLDE VALVE". 

Ensure that the pressure reading on the Edwards vacuum controller gauge is below 5 x 

106 mbar. 

If any problem exists call the Project Manager. 

Hit the Esc key and then hit the F6 key labelled "QUAD STATUS" in order to switch 

on the quadrupole analyzer. The value 106.5 should appear on the mass indicator of the 

quadrapole control panel of the instrument. 

Hit the F7 key labelled "DETECT MODE" followed by the F1 key labelled 1HT 

ON/OFF". 

Check that the rate meter on the plasmaquad preamplifier panel shows a response of less 

than 50 Hz when the ratemeter is set to 100 Hz FSD. If the response is greater than 50 

Hz call the project manager. 

Hit the "Esc" key followed by the "Q" and "Y" keys in order to return to the main 

ICPMS driver menu. 

Wait half an hour for the instrument to warm up. 

Initialization of Analvsis Run 

Load the start up and tuning rack of the autosampler with a urine sample cup containing 

about 100 mls of deionized water and the vials containing the tuning solution (TSO), the 

marker solution N O )  and the WASH solution placing them in the positions marked on 
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the rack. 

Set the startup and tuning rack in the rightmost position of the autosampler tray. 

Load file #5 into the autosampler control keypad by striking the "EDIT" key, followed 

by the "5" key and then the "ENTER" key twice. 

Press the "START" key and the probe will enter the cup containing the deionized water. 

Set the quadrupole analyzer to 115 m u  by turning the TIME switch on the Quadrupole 

control panel from "EXT" to "0.1 " and adjusting the coarse and fine mass control dials. 

Press the "START" key again and the probe will enter the vial containing the tuning 

solution. 

Set the attenuation of the ratemeter in the Plasmaquad preamplifier panel to a full scale 

reading of 100 KHZ. 

If the signal is greater than 20 KHz the response is acceptable otherwise call the project 

manager to tune the instrument. 

Return the TIME switch to "EXT". 

Press the "START" key again on the autosample control keypad and the probe will enter 

the WASH solution. 

wait at least 3 minutes. 

Meanwhile load the peak jump isotope ratio program into the computer by carrying out 

the following: 

(a) Hit the F6 key labelled "PY ACQUIRE". 
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(b) 

Once the program is loaded hit the F9 key labelled "CALIB PARAM". 

Hit the F1 key Wed "PRINT INT" and then hit the "Y" key. 

Hit the F3 key labelled "PJ MARKER". 

Enter the name of the appropriate element menu and the message "waiting for marker 

sample" will appear. 

Press the "START" key again on the autosampler control keypad and the probe will enter 

the marker. 

Hit the F2 key labelled "IR PJ". 

wait at least 2 minutes. 

Hit the F5 key labelled "ACQUIRE S A M P "  in order to perform the marker run. 

Once the run is completed hit the F4 key labelled "MASS CAL" and then type "P" as 

the mass calibration type. 

a t  the "Esc" key. 

Performance of Analysis Run 

Hit the F1 key labelled "QUEUE ACQUIRE". 

Enter the name(s) of the appropriate analysis fde(s). 

Wait until the red light above the floppy disk drive A in the computer goes out and insert 

the first floppy diskette of the run and close the floppy diskette drive door. 

After the autosampler has been initialized, as indicated by an appropriate message on the 
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computer screen, press the "START" key on the autosampler control keypad and the 

probe will enter the WASH solution. 

wait at least 5 minutes. 

Press the "START" key again and the probe will enter the wine sample cup containing 

deionized water. 

wait at least 5 minutes. 

Press the "START" key again and the probe will move to the HOME position. 

Remove the startup and tuning rack from the autosampler. 

Set the five analysis rack into the autosampler. 

Load the racks with the first 70 samples of the analysis run as follows: 

(a) 

(b) 

Place the first sample in the forward left hand comer of the left most rack. 

Place the second sample behind it and continue placing samples in this way until 

the first column of Seven sample locations is filled with vials. 

Repeat steps ll(a) and 11@) for the next seven vials in the next column to the (c) 

right and continue filling the racks in this way moving to the right of the autos- 

ampler until all 70 sample locations are filled with vials. 

Ensure that the caps have been removed from all of the sample vials. 

Hit any key on the computer keyboard two times. 

Wait about 30 seconds until the computer loads the controller of the autosampler. The 

message "ANALYSIS" will appear on the output display of the autosampler controller 
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keypad and the run will begm. 

Wait while the analysis is pedormed automatically. 

Replace the floppy diskette with another one when the message "COULD NOT WRlTE 

THE FILE" appears on the computer screen and hit the "RETURN" key of the computer 

so that the analysis run can continue. 

After all the samples in the first autosampler tray (maximum 70 have been analyzed, 

replace the samples in the racks with the next samples to be analyzed by repeating steps 

(11) and (12). 

Queue a new procedure by performing steps (1) and (2). 

Repeat steps (17) and (18) until all the samples in the run have been analyzed. 

D. Termination of A nalvsis Run 

Remove all sample racks from the tray of the autosampier. 

Switch the autosampler off, wait 10 seconds and then switch it on again. 

Set the startup and tuning rack back into the rightmost position of the autosampler tray. 

Remove the vials containing the tuning solution (TSO) and marker solution (MSO) from 

the rack so that only those containing the WASH solution and deionized water remain. 

Load file #7 into the autosampier control keypad by pressing the "EDIT" key foilowed 

by the "7" key and then the "ENTER" key twice. 

Press the "START" key and the probe will enter the vial containing the WASH solution. 
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wait about 5 minutes. 

Press the "START" key again and the probe will enter the deionized water. 

Bt the "Q" key followed by the "Y" key in order to obtain the ICPMS main driver 

Program. 

Hit the F1 key labelled "TNSTR CONTROL" to load the instrument control program. 

Hit the F1 key labelled "PUMPING STATE" and then answer the question on the screen 

by hitting the "Y" key. 

Disegard the message on the screen and hit any key to continue. The instrument will 

be turned off except for the plasma. 

Hit the "Qs: key followed by the "Y" key and then repeat this step again in order to 

obtain the C:\> prompt on the computer screen. 

Type PARK <CR> and turn off the computer. 

Press the "START" key on the autosampler control keypad and the probe will return to 

the HOME position. 

wait about 3 minutes. 

Turn off the peristaltic pump. 

Depress the switch marked "STANDBY" on the radio frequency generator in order to 

extinguish the plasma. 

(19) Wait about 3 minutes until the front panel of the torch box cools to around room 

temperature. 
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Switch off all the gases by depressing the buttons marked "NEB", "AUX" and "COOL" 

on the MS781 gas panel of the instrument. 

Release the peristaltic PVC tubes from the pump head. 

Dim the Tracor-Northern MCA in the instrument by turning down the button marked 

"INTENSITY". 

Turn off the autosampler. 

Turn off the surge protector below the computer. 

Close off the air supply by turning the black valve completeiy clockwise. 

Close off the argon by closing the two valves marked "Gas Supply and "Pressure 

Buildup" on the argon cylinder. 

Collect all diskettes and printouts and transfer them to the Data Processing Laboratory. 
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6.5 ANALYSIS Wl"H PERKIN ELMER 330 SPECTROPHOTOMETER 

63.1 Solution Reparation and Silicon Analysis 

Device ll QtY I 
1 Spectrophotometer 

1 Balance 

Manufacturer Model 

Perkin Elmer I 330 1 -  I l l  

I: Calibrated with every analysis 

II: Calibration accuracy: 4 1 mg 
' Calibration frequency: monthly 

ID: Calibration accuracy: f 5 %  
Calibration frequency: monthly 

Mettlex AElOO 11 

Labsystems Digital rn 
Oxford Macro Set Transf. rn 
Clay Adams Selectapette III 

Smtrouhotometer Parameters 

Ceil: 1 cm x 1 cm x 4.5 cm (quartz) 
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Scan range: 840 nm - 620 nm 

Peak wavehgth: 812 nm 

Basewavelength: 660nm 

Back correction range: 860 nm - 605 nm 

Blank: DIwater 

Silicon Standards: freshly prepare a set of silicon standards by dilution of an NBS - 
-_ - traceable commercial standard in deionized water in order to 

produce one set of standards which covers the range of concentra- 
tions of Si to be used. ...... 1 

-- I 

10% Ammonium molybdate: dissolve 2.5 g of Baker reagent grade ammonium molyb- 

sulfuric acid dropwise while solution is stimng, dilute to 
25 mi with water. 

date in water, add 2.8 ml of concentrated reagent grade - -  
x 

._ . - .. , 

12.5% TarCaric acid: dissolve 3.125 g of reagent grade tartaric acid in water and dilute to 25 
mi with water. 

ANSA-bisulfite reducing agent: 

Solution A: dissolve 3.125 g of reagent grade sodium bisulfite in 17.5 mL of water. 

Solution B: dissolve 0.25 g of reagent grade anhydrous sodium sulfite in 5 mL of warm water 
and add 0.05 g of reagent grade 1-amino, 2-naphthol and 4-sulfonic acid 
(Eastman #360). 

- Mix solution A with solution B and dilute to 25 mi with water. 

*Note: ANSA-bisulfite reagent should be stored in a cool dark place and prepared fresh 
every 2-4 weeks. All reagents should be prepared with deionized water using 
piasticware and stored in plastic bottles. 

TPI-AL 
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procedure 

Prepare each sample by adding to a 25 mi plastic volumetric flask 

(a) recommended aliquot of sample (as per instructions of Laboratory Manager). 

@) Deionized water to neck of flask. 

(c) 0.2 ml of 10% ammonium molybdate, shake well and wait 9-10 minutes. 

Add 1 ml of 12.5% tartaric acid, shake and wait 2 minutes. 

0.2 ml of ANSA bisulfite reducing agent, dilute to 25 mi, shake well and wait 40 
minutes. 

Perform the colorimetric measurement on the run of standards and samples as per 
procedure in section 6.5.2. Include at least one set of standards per run of samples 
determined. 

If concentrations of samples fail outside range of standards dilute the samples 
appropriately repeat the analysis. 

PERIUN ELMER 330 SPECTROPHOTOMETER START-UP AND OPERATING 
PROCEDURE 

Remove cover. 

Remove pen cover. 

Install appropriate cell holder. 

Put in &nple/reference compartment 2 identicai cells filled with pure soivent. 

Close sample compartment door completely. 

Turn on line filter. 

Turn power on. The instrument will calibrate itself for about 13 mins. 

TPI-AL 
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When the abscissa display stops at 500 nm and the recorder pen goes to 100% 
transmittance, turn off power to the D2 lamp immediately. Do not turn off D2 lamp if 
measuring under 350 nm. 

wait 10-20 minutes. 

Press "ABS". 

Press "SCALE" (e.g. 0-0.02). 

Press "A, - X, SCAN" (according to element specifications). 

Press "BACK CORR" (according to element specifications). 

Align recorder pen with any vertical line on chart paper. 

Press "AI - X, SCAN". 

Press "SCAN". 

Wait for cycle to be completed. 

Remove cell from sample compartment, wash the cell with the sample to be analyzed and 
place sample in cell. 

Place sample cell in sample compartment. 

Close compartment door. 

Press "WAVELENGTH MAX" and press "GOTO A". 

Input the appropriate values of the lower and upper scales to bring the peak into scale 
and press "SCALE". 

Press "XI - x, SCAN". 

Press "SCAN". 

Analyze data as in the data processing section. 

1 .. . 
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6.5.3 Procedure for Spectrophotometer Accuracy VeFification 

Equipment and Supplies 

QtY Device Manufacturer 

1 Spectropho- Perkin Elmer 

1 Balance Mettler 

2 Pipettes Clay Adams 

tometer 

0.1-1 ml 

5-10 ml Oxford 

Model 

3 3 0  

AElOO 

Selectapette 

Macro Set 
Transf. 

Calib. 
Rea. 

I1 
I11 

I11 

Calibration Notes: I: Calibrated with every analysis: II: Calibration accuracy: f 1 mg. Calibration 
frequency: monthly; m. Calibration accuracy: f 5 % .  calibration frequency: 
monthly. 

Spectrouhotometer Parameters 

Cell: 1 cm x 1 cm x 4.5 cm (quartz) 

Scan range: 220 nm - 600 nm 

Peak wavelengths: 257 nm, 350 nm 

Base wavelengths: 235 nm, 313 nm 

Back correction range: 200 nm - 620 nm 

Blank: 0.001nHC104 

'. . 
. .  ' ._ . : . 

I . .  , '  
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PROCEDURE FOR SPECTROPHOTOMETER ACCURACY VERIFICATION 

0.1 M HClO; 

1 gA &Cr,@: 

inglacialaceticacid 

Dissolve 0.1 g of Potassium Dichromate of 99.9% purity or better (such 
as NBS Standard SRM136 or SRM935 Potassium Dichromate) in 100 rnl 
of deionized water. 

procedure 

Note: n2is procedure should be peg'ionned monrhly. 

(1) Prepare the following six standards in 100 ml flasks: 

3 1 4 II 

(2) For each standard bring the final volume to the 100 ml mark on the flask neck with 
deionized water and shake thoroughly. 

(3) Perform the colorimetric measurement as per procedure in section 6.5.2. 

(4) Compare the measured absorbance values with those found in the NBS Special 
Publication Manual 260-54 Table 6 page 26 ("Standard Reference Materials" 
Certificaiton and Use of Acidic Potassium Dichromate Solutions as an Ultraviolet 
Absorbance Standard"). Log in results in the "Spectrophotometer Calibrations" L. N. 
and report to the Project Manager if the results fail outside a range of & 5% of the NBS 
values. 

TPI-AL 
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7.0 Control of Samples and Release of Results 

Accetance of S d  

(1) Any sample entering the Analytical Laboratory Mass Spectrometry laboratory, in order 

to be analyzed, should be recorded in the Log-in/Log-out book. The recording is the sole 

responsibility of the originator of the sample. In addition, every sample should be 

accompanied by the standard "Request for Analysis" form, which provides adequate 

information about the sample (Format in procedure TPI-SH) 

After the completion of the analysis, any results in the form of printouts, compilations, 

tables, graphs, etc., as well as a l l  of the remaining specimens (unless ordered by the 

originator to be discarded), should be transferred to the originator. The person receiving 

(2) 

the results should acknowledge this in the L.og-in/Log-out book. Any data remaining on 

the magnetic media should be transferred for further processing as explained below. 

(3) Steps of Data k e s s i n g :  

(a) Receive DCP disk from DCP operators. 

(b) 

(c) 

Transfer data files onto disk with data processing programs. 

Run processing programs to put data into files which are in a semi-matrix 

form (Le. data printed in a chart). 

Data such as pH and Si Colorimetry should be taken from lab notebooks 

and entered manually. 

Print data in chart format. 

(d) 

(e) 

. . .  . 

. .  
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( f )  

(g) Destroy DCP files when processing is complete. Store data in chart 

Give printouts to originator of samples. 

format on data file diskettes. 

PI-AL 
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8.0 DATA PROCESSING 

This section inciudes a brief description and listings of computer programs used for data 

acquisition, data analysis, and data management. 

1) Analytical Laboratoa 

A) Data Acquisition 

The Analytical Laboratory uses a set of programs for recording and processing data from 

the DC Plasma Spectrophotometer. This set consists of a three part package. These three parts 

can be briefly described as follows: The first part records instrument readings, the second part 

performs any necessary calculations, and the last part prints out the results. 

The first part of the package allows the operator to describe the conditions under which 

the instrument is being operated. The computer has only minimal control of the spectrophotome- 

ter and hence quires a fairly detailed description. After the description is entered, it will be 

recorded in a disk file. The first section of the program will next operate a carousel which 

presents samples to the instrument and record the readings made by the instrument on these 

samples into a disk file. When all samples have been measured control will be passed to the 

second part of the package. 

The heart of the system is the second part of the package. The purpose of this part is 

PI-AL 
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to use the instrument readings in the disk file to calculate a calibration curve for each sample 

and use this calibration to estimate a concentration for each sample. This calculation is based 

on fact that recalibration (or reslope) standards are mixed in with the samples on the carousel. 

Each sample is thus one of a small block of samples (typically three or four) surrounded by 

reslope standards. The instrument readings from the standards on either side of the block are 

used to construct the curve for that block of samples.' The instrument readings on a sample and 

the calibration curve for that sample's block are used to calculate that sample's concentration. 

In the final stage of the calculation, the dilution factor for that sample is used to convert the 

measured sample concentration into the actual concentration of the sample before dilution. All 

of these results including standard deviations are placed in a final disk file. These final disk files 

can be used by subsequent programs if desired. When the final data tile has been written the 

second part will pass control over to the third part. 

The third part of the program set will read the final disk file and print a report of the 

sample concentrations with standard deviations. It will also make some elementary checks of 

the results and flag some conditions known to introduce e m n  in the analysis. Notable among 

these conditions is the case where the solution analyzed has a concentration higher than the high 

standard for the element. 

Each of these packages was developed in order to ensure that all measurements and 

calculations in the analysis lab were made in a defined way. The automation of the calculations 

is particularly valuable in that errors of transcription and methodology are minimized. 

TPI-AL 
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The following programs are currently being used: 

DCPDATA: Controls DCP equipment and calculates the 

averages of the concentrations. 

REPRINT: This progrm reprints results of DCP. 

OXIDE: This program calculates the percentage of 

oxides from PPM amounts. 

RERUN: This program recalculates results of DCP test from data files on disk. 

B) Data Analysis and Data Management 

Various software manipulations must be performed in order to properly store the 

information gathered through the data acquisition programs on permanent storage disks and 

obtain data outputs in the desired format. DCP represent element 

concentrations and standard deviations expressed in ppm. 

Raw data from the 

(1) A weeldy schedule originating in the leaching laboratory and containing sampling 

information is sent to the Analytid Laboratory along with analysis request forms. This 

schedule is returned to the Data Processing Department along with a floppy disk containing raw 

data files from the DCP as well as results from the DIONEX if applicable. Similar tests are 

run together and given a reference name which is specified in the schedule sheet. 

(2) Using the Reference name, raw data files are copied onto a scratch pod disk 
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(SPD). Names prefixed with a "D" denote Nes h m  the DCP. The suffix "D" and others 

with the exception of C, L, M and N indicate dilution files for DCP. 

(3) The raw data t r a n s f d  onto the scratch pod disk must be properly channeled 

into the permanent storage data disks and also used to produce printouts of results in the desired 

format. Two sets of programs are used for this purpose depending on whether samples from 

a single test or multiple test were run in the DCP. 

To process the raw data, the data disk must have files containing all the initial pertinent 

information about a test run. These fles are created using INDEX. 

(4) The foilowing programs are used for data management: 

FASTDATA: This program combines DCP Nes into a single fde that shows the concentra- 

tion for each element and sample for a given test trial. 

Leach test data processing programs are described in the technical procedure TPI-LT. 

(2) General emistrv Laboratory 

Colorimetric Analysis: 

Analytical methods for Colorimetric Analysis of Si, Fe and U have been in use in our 

laboratories for a considerable length of time. Detailed procedures for these tests are included 

in Section 6.5. Colorimetric data obtained from the Perkin Elmer Model 3 spectrophotometer 

TPI-AL 
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is translated into concentration data using a computer program called BLUEJ. This program 

uses absorption data of standards to calculate a calibration curve for the element being analyzed. 

The absorption data fiom the sample is used with this calibration curve to calculate concentra- 

tion. The result is given in ppb. 

9.0 ASSURANCE OF RELIABILITY OF ANALYTKCAL RESULTS 

Assurance of Reliability of Analytical Results 

The entire! personnel of the Analytical Laboratory is required to be familiar with and to 

obey strictly al l  the individually relevant procedures included within the "Analytical 

Laboratory Procedures Manual". 

The final decision about acceptability of the results produced by the Analytical 

Laboratory is always the sole and exclusive responsibility of the originator of the sample. 

Internal acceptability criteria of the results produced by the Analytical Laboratory are as 

follows: 

(a) for Single point measurements: originator's decision 

(b) for single-train measurements: originator's decision 

(c) for repiicate-train measurements: 

exceeding 3 standard deviations ('3u' test). 

scattering of average for every train not 

TPI-AL 
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(4) The analysis should be repeated in each one of the following cases: 

(a) 

(b) 

if so requested by the originator 

if a discrepancy of more than 50% is found between the actual and the 

expected (supplied by the originator) content of a certain analyte in the sample. 

if the results do not meet internal acceptability criteria (para. 3 above). 

if any form of analytical instrumentation malfunction is discovered. In this case 

immediate corrective action should be undertaken and internal investigation 

performed in order to evaluate to what extent and for how long such a malfunc- 

tion has affected (if at all) the former analyses. If the discovery of a fault in the 

(c) 

(d) 

analytical system places in doubt results obtained and reported prior to such 

discovery, the originator(s) of the samples in question should be immediately noti- 

fied. 

10.0 RECORDKEEPING 

The following record books should be kept and maintained in the Analytical Laboratory: 

Log-in/Log-out book to record sample admittance and release of results from the 

laboratory. 

(1) 

This book should consist of the following headings: 

TPI-AL 
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(a) 

(b) 

(c) No. of Samples 

(d) Originator 

(e) 

Log-in Date - the date the sample was given to the Analytical Laboratory 

File Name - sample designation 

Run Name - given if samples of different designations 

within the same batch (run) 

Log-out Date - the day the results were received by the originator 

Person Receiving the Results - an originator or a person acting on his 

behalf 

are analyzed 

( f )  

(g) 

(2) Maintenance/Troubleshooting book for DCP Spectrophotometer. 

This book should contain information on daily maintenance /troubleshooting or corrective 

action performed. 

(3) Dionex IC book 

This book, in addition to the maintenancdtroubleshooting information (as described in 

paragraph 2 above), should contain the following records: 

(a) Calibration chromatograms and curves 

0) Summary of analytical results (the table showing sample designation along with 

the concentrations of the analyzed anions) 

(4) MaintenandTmubleshooting Book for ICP-MS 

This book should contain information on daily maintenancdtroubleshooting or corrective 

TPI-AL 
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action performed. 

(5) Calibration of Pipettes 

All records of calibration data for pipettes, percentage of error detected should be 

maintained. 

(6) Colorimetry Data 

Si& colorimetry data, verification of spectrophotometer accuracy and the spectral records 

obtained should be documented in addition to maintenancdtroubleshooting log book of spectro- 

photometer. 

0 OtherRecords 

Any round  rob^ tests performed should be documented in a record book. Any general 

analysis performed in addition to above instrumental analysis should also be recorded in a 

separate book. 

All the above laboratory record books are subjected to periodic surveillances as part of 

the Quality Assurance Program. 

TPI-AL 
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PROCEDURE FOR 
ANALYSIS OF TCLP EXTRACTS 

1 .0  Scope 

This procedure describes the analytical methods for analyzing 
the TCLP extract samples. The TCLP extract samples are prepared 
in the VSL Solution Chemistry (PCT/TCLP) laboratory using the VSL 
procedure (VSL-8.1.ANL) based on EPA TCLP Method 1311. These 
extract samples are received in the VSL analytical laboratory for 
analysis of inorganic contaminants listed in Table 1. 

This procedures describes the steps involved in the 
preparation of samples, quality control operations, preparation of 
reference standards, analysis on DC Plasma Spectrophotometer, data 
calculation and reporting. 

2 . 0  Applicability 

This procedure applies to all employees trained and authorized 
to perform this analysis in the VSL. 

This analysis method provides data useful for evaluating the 
toxicity of a solid. A solid waste exhibits the characteristic of 
toxicity if, using this analytical method, the extract from a 
representative sample of the waste contains any of the contaminants 
listed in Table 1 at a concentration equal to or greater than the 
respective value given in that Table. 

i 
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Selenium 

Silver 

Table 1 - Maximum Concentration of Contaminants for the Toxicity 
Characteristic 

1.0 

5 . 0  

Contaminant I Regulatory Level (mg/L) 

Arsenic 5.0 

Barium 100.0 

Cadmium 1.0 

Chromium 5.0 

Lead 5.0 

3 . 0  SAFETY 

This analytical method must be performed in accordance with 
all applicable quality assurance requirements of the laboratory 
performing the analysis and using the data. 

This procedure may involve hazardous materials, operations, 
and equipment. All personnel who are authorized to perform this 
procedure must consult and establish appropriate safety and health 
practices and determine the applicability of regulatory 
limitations prior to use. 

3 . 1  Hazard Identification 

All samples received at CUA-VSL and handled at VSL 
laboratories are treated as potentially hazardous. At VSL one 
encounters both chemical and radioactive hazardous materials. 

The "hazardous chemicals", referred to in this procedure, are 
defined in Section 8.3 of the CUA Chemicals Materials Safety Manual 
(CCMSM) . A copy of CCMSM is available in every VSL laboratory. 

TPI-TCLP . AL 
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Procedures for identifications and handling of hazardous materials 
as applied at VSL are prescribed in sections 8.22, 8.23, 8.24 and 
8.25 of CCMSM and in sections 8.9, 8.10, 8.11, 8.12, 8.13 and 8.14 
of the CCMSM. 

A major element of hazard identification is the proper use of 
labels. At VSL, labeling of chemicals and other hazardous 
substances is done in accordance with Section 8.4 of the CCMSM, as 
well as in accordance with Materials Safety Data Sheets (MSDSs) 
provided by the manufacturers of the chemicals and other hazardous 
materials. Every VSL laboratory maintains the "work place chemical 
list". The list is made available to employees in accordance with 
Section 8.31 of CCMSM. 

3 * 2  Handling and Storage of Chemicals 

Handling of chemicals should be conducted according to Section 
8.6 of the CCMSM. Storage of chemicals should follow section 8.8 
of the CCMSM. 

Special precautions should be taken in handling and storage of 
incompatible chemicals, solvents, compressed gases and radioactive 
materials in accordance with Sections 8.10, 8.12, 8.13, and 8.14 of 
the CCMSM respectively. 

3.3 Emergencies 

The following are considered laboratory emergency cases: 

-chemical spills, to be dealt with according to section 8.17 of the 
CCMSM. 

- fire and fire-related accidents, to be controlled according to 
section 8.21 of the CCMSM. 

- personal contamination, to be treated according to section 8.19 
of the CCMSM. 

- injury, to be treated in accordance with section 8.18 of CCMSM. 

Cases requiring minor first aid should be treated in accordance 
with section 8.20. 

3 * 4  Radioactive Hazard Mitigation 

TPI-TCLP . AL 
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Control and monitoring of personnel exposure and environmental 
radiation at VSL are performed in accordance with Chapter 3 of the 
Radiation Safety Manual (RSM) of the Catholic University of 
America. Application of the rules prescribed by RSM is the 
responsibility of each user working in the restricted area (rooms 
37 to 40 of Hannan Hall) and the project managers. 

Dr. Warren E. Keene, CUA - Radiation Safety Officer (CUA-RSO) 
and Dr. Isabelle Muller, VSL Radiation Safety Officer (VSL-RSO) are 
responsible for ensuring that the work is done safely and in a 
manner consistent with applicable regulations. 

4.0 Requirements 

4.1 Training 

Training on TCLP extracts analysis procedure and equipment 
used in the analytical laboratory is given by the laboratory 
manager and/or by a trained and experienced person designated by 
the laboratory manager until the technician shows competence to use 
the method independently of direct supervision. 

5.0 Equipment and Supplies 

5 . 1 Standards 
(1) All the analysis of TCLP extracts in the Analytical Laboratory 

are performed on relative basis by comparison with known stan- 
dards. 

( 2 )  Sufficient stock of concentrated Standard Solutions should be 
kept in the Analytical Laboratory to allow at least 30 days of 
continuous work. (This means about 200 ml of solution contain- 
ing approximately 1000 ppm of specimen.) 

The term "concentrated solution" means the solution contains 
1000 20 ppm of the analyte in question. No stock of more 
diluted standard solutions is allowed to be kept in the 
laboratory for a period exceeding 24 hours. Diluted solutions 
should be freshly prepared every 8 hours. 

( 3 )  

(4) Stock of standard solutions to be analyzed by DCP/Dionex 
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techniques should be purchased from major commercial sources. 
No use of solutions is allowed beyond expiration dates, if 
such dates are provided by the manufacturer or when the volume 
in the bottle falls below 1/8 of the total volume. 

All standard solutions of cations shall be analyzed relative 
to NIST standards on a monthly basis and a limit of k 5% will be 
acceptable. 

5.2  Equipment 

Qualitative handling of the solutions should be performed 
utilizing calibrated volumetric tools. These include volumetric 
flasks of various sizes and automatic dispensing pipettes (see 
Table in this section) with disposable tips (having fixed or 
variable.volumes). To assure the accuracy of the volumetric tools, 
the following routine procedure should be applied: 

- volumetric flasks : visually examine every volumetric 
flask prior to use. If there is any mechanical damage to 
the flask or any permanent, visible solid residue inside, 
the flask should be discarded. Carefully rinse the flask 
after use with DI water to avoid deposition of solids. 

- dispensing pipettes : gravimetric check of the calibra- 
tion is required every month as per procedure in section 
below). If the calibration cannot be adjusted, the tool 
should be replaced. If an adjustment has been performed, 
the calibration of the instrument should be immediately 
rechecked before it is returned to general use. The 
calibration check reports should be filed into the folder 
and kept in the Analytical Laboratory. 

TPI-TCLP.AL 
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10 

1 

~ ~~ 

Device Manufactu Model # Calib. 

Auto pipettes 
rer Req . 

50 microliter Eppendorf 3 13 0 I 

100 microliter Eppendorf 3 13 0 I 
200 microliter Eppendorf 4700 I 
1000 microliter Eppendorf 4700 I 

250 microliter EDDendOrf 4700 I 

I. Calibration check performed every month according to the 
following procedure 

11. Calibration check performed every six months. 

5 . 3  Calibration of P i p e t t e s  

Method: Gravimetric using an analytical balance. 

Frequency: 
Required Accuracy: As specified in individual procedures or as per 
instructions of the Laboratory Manager. 

Monthly except Rainin pipette which is six monthly. 

(1) Obtain a "Pipette Calibration Check Record" form and supply 
requested information on pipette to be calibrated (e.g. 
manufacturer, model #, etc.). 

TPI-TCLP.AL 
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Tare out the weight of a 20 m l  plastic vial on the balance. 

Pipet out deionized water from the pipette to be calibrated 
into the plastic vial. Record nominal capacity, actual 
capacity (weight displayed on the balance) , and percent error 
under the appropriate columns. 

Repeat steps (2) and (3) 5-15 times. For variable volume 
pipettes perform the measurement for 2-5 volume settings. 

Calculate the percent error as follows: 

% ERROR = x 100 
(Actual capacity) - (Nominal capacity) 

(Nominal capacity) . , ,. 

Examine results and report deviations from required accuracy 
to the Laboratory Manager. 

Sign and date and file form in the 'Calibration Records' 

Analysis Procedure 

Sample/Standard Preparation and Quality Control 

following quality control operations have to be performed in 
TCLPlanalytical laboratory before and during the analysis: 

(a) A minimum of one blank (extraction fluid) for every 10 
extractions that have been conducted in an extraction vessel shall 
be employed as a check to determine if any memory effects from the 
extraction equipment are occurring. 

(b) A matrix spike shall be performed for each waste glass 
unless the result exceeds .the regulatory level and the data is 
being used solely to demonstrate that the waste property exceeds 
the regulatory level. If more than one sample of the same waste is 
being tested, a matrix spike needs to be performed for every twenty 
samples and the average percent recovery applied to the waste 
characterization. 

(c) Matrix spike levels should be made at the appropriate 
regulatory threshold limits (See Table 1). However, if the 
expected extract contaminant concentration is less than one half 
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the threshold limit, the spike level may be one half the 
contaminant concentration but not less than the quantitation limit 
or a fifth of the threshold limit. 

From the 1000 ppm stock standard solutions prepare the spiking 
solutions in the required concentration ranges according to Table 
2. For example, solution #1 is prepared by pipetting 5 ml of 1000 
ppm As, 5 ml of 1000 ppm Cr, and 1 ml of 1000 ppm Se into a 
volumetric flask and bringing to 100 ml with deionized water. Each 
of the three spiked sample are then prepared by adding 2 ml of 
spike solution to 18 ml of sample solution (i.e. 1:lO dilution of 
the spike solution by the sample solution). 

Spike Solution #1 

As 5 1: 10 5 0  5 20 1000 
Cr 5 1: 10 5 0  5 2 0  1000 
Se 1 1: 10 10 1 100 1000 

Spike Solution #2 

A9 5 1: 10 5 0  2 0  1000 
Ba 100 1: 10 1000 1 1000 
Cd 1 1: 10 10 100 1000 
Pb 5 1: 10 5 0  2 0  1000 

Spike Solution #3 

H9 0.2 1: 10 2 0 . 2  I 500 1000 

Note: The reference standard solutions to be used for analyzing 
the spiked TCLP extract samples should have higher concentrations 
than the spiked concentration ranges. For e.g., to analyze a 
sample spiked with 5 ppm Arsenic the reference standard should have 
a concentration range of 7 ppm. Prepare the reference standard 
solutions from the stock standard solutions after taking the spiked 
concentrations into consideration. 
see (1) below. 

The purpose of the matrix spike is to monitor the adequacy 
of the analytical methods used on the TCLP extract and to determine 

(e) 
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whether matrix interferences exist in analyte detection. If the 
matrix spike recoveries are less than SO%, then the analytical 
methods are not performing adequately or use of the methods is 
inadequate. Use of internal calibration quantitation methods, 
modification of the analytical methods, or use of alternate 
analytical methods may be needed to accurately measure the 
contaminant concentration in the TCLP extract. 

(f) Matrix spike recoveries are calculated by the following 
formula : 

A-B 
C 

Percent recovery = - x 100% 

where A = the concentration of the spike sample. 
B = the concentration of the unspiked sample, and 
C = the spike level 

(g) The use of internal calibration quantitation methods 
shall be employed for a contaminant if: (1) Recovery of the 
contaminant' from the TCLP extract is not at least 50% and the 
concentration does not exceed the regulatory level, and (2) The 
concentration of the contaminant measured in the extract is within 
20% of the appropriate regulatory level. The following steps are to 
be followed: 

(i) The method of standard additions shall be employed as the 
internal calibration quantitation method for each metallic 
contaminant. 

(ii) The method of standard additions requires preparing 
calibration standards in the sample matrix rather than reagent 
water or blank solution. It requires taking four identical 
aliquots of the solution and adding known amounts of standard to 
three of these aliquots. The fourth aliquot is the unknown. 
Preferably, the first addition should be prepared so that the 
resulting concentration is approximately 50% of the expected 
concentration of the sample. The second and third additions should 
be prepared so that the concentrations are approximately 100% and 
150% of the expected concentration of the sample. All four 
aliquots are maintained at the same final volume by adding reagent 
water or a blank solutions, and may need dilution adjustment to 
maintain the signals in the linear range of the instrumental 
technique. All four aliquots are analyzed. 

TPI-TCLP . AL 
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Mercury 

mercurv 
Metals, except 

(iii) Prepare a plot, or subject data to linear regression, of 
instrumental signals or external-calibration-derivedconcentrations 
as the dependent variable (y-axis) versus concentrations of the 
additions of standard as the independent variable (x-axis). Solve 
for the intercept of the abscissa (the independent variable, x- 
axis) which is the concentration in the unknown. 

28 NA 28 5 

18 0 NA 180 36 

(iv) Alternately, subtract the instrumental signal or 
external-calibration-derived concentration of the unknown (unspi- 
ked) sample from the instrumental signals or external-calibration- 
derived Concentrations of the standard additions. Plot or subject 
data to linear regression of the corrected instrumental signals or 
external-calibration-derived concentrations as the dependent 
variable versus the independent variable. Derive concentrations 
for unknowns using the internal calibration curve as if it were an 
external calibration curve. 

(h) The sample must be analyzed within the following time 
periods (in days) : 

- I 

NA = Not applicable 

If sample holding times are exceeded, the values obtained will 
be considered minimal concentrations. Exceeding the holding time 
is not acceptable in establishing that a waste does not exceed the 
regulatory level. Exceeding the holding time will not invalidate 
characterization if the waste exceeds the regulatory level. 

(i) A volume of at least 5 ml of the solution is required for 
analysis. 

(1) Using a 2% HNO, solution as the matrix, prepare a Hi Std 
solution containing all of the elements of interest. The 
concentrations of elements in the Hi Std should somewhat (but 
no more than twice) exceed the expected concentrations of 
elements in the solution. 
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(k) Use a 2% HNO, solution as the Zero Std (Blank). 

(1) Transfer the samples to be analyzed and the standard solutions 
to centrifuge tubes. At least two sets of standards will be 
required. Maximum of up to 32 samples can be analyzed per run. 

(m) Load the automatic sampler carousel with the samples and the 
standard solutions according to the following sequence: 

Position P1 : Zero Standard (always) 
Position #2 : High Standard (always) 
Position #3 - 812: Samples (maximum) including 

spiked sample and extraction 
fluid blank. 

For higher positions the sequence can be repeated or termi- 
nated by the use of a zero standard followed by a hi standard. 

Note: There is a maximum o f  u p  t o  10 samples allowea between 
two a d j a c e n t  sets o f  standards.  I f  c e r t a i n  series of samples 
c o n s i s t  of s o l u t i o n s  having wide d i f f e r e n c e s  i n  concentration 

- r a n g e s  ( f a c t o r  o f  5 or more) and a cross-contamination i s  
l i k e l y  to occur,  the  samples can be separated by t h e  zero 
standard.  I n  t h a t  event,  t h e  zero standard has to be consid-  
ered a s  a sample. 

If the sample (or samples) contain elements which have to be 
analyzed in a single element mode, perform the multiple 
element mode analysis first. 

(i) Anlysis of the extracts is to be performed on DC Plasma 
spectrophotometer using the following DCP operating procedure. 

6 .2  DC Plasma Emission Spectrophotometer Operating Procedure 
Manufacturer: Spectrametrix Inc. 
Model #: Spectra Span 111-B 

Note: Refer to section 6.2.2 (pages 18 through 26) of VSL 
standard analytical procedure TPI-AL Rev # 1 of 
10/92. This is a routine procedure for operating the 
DC Plasma Emission Spectrophotometer and is part of 
the analytical procedure manual. 
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7 . 0  S p e c h e n  Control/Traceability 

Samples are received from the TCLP Laboratory and are 
accompanied by a Request for Analysis form (see TPI-SH for format). 
The samples are logged in the sample inward register in the 
analytical laboratory. After the analysis is performed the results 
are sent to the Laboratory Manager of TCLP laboratory for data 
evaluation. VSL procedure TPI-SH deals with the sample 
traceability forms and other formats for recording the data. 

8 . 0  Data Processing 

The Analytical Laboratory uses a set of programs for recording 
and processing data from the DC Plasma Spectrophotometer. This set 
consists of a three part package. The first part records instru- 
ment readings, the second part performs any necessary calculations, 
and the last part prints out the results. The details of this 
routine computerized data processing are contained in section 8.0 
of the VSL standard analytical procedure TPI-AL, Rev # 1 of 10/92. 
This data processing operation is part of the routine procedure for 
analyzing samples on DC Plasma Emission Spectrophotometer contained 
in the procedure TPI-AL, Rev # 1 of 10/92. 

From the analytical data of the spiked samples calculate the 
percentage recovery as in step (f) of section 6.1. Compare the 
contaminant concentrations in the TCLP extract with the thresholds 
identified in the appropriate regulations (Table 1). 

9.0 References 

Method 1311 Toxicity Characteristic Leaching Procedure, 

The Catholic University of America Chemical Materials Safety 

The Catholic University of America Chemical Hygiene Program, 

Radiation Safety Manual of The Catholic University of America, 

Federal Register, v. 55, No. 61, 1990 

Manual , January 1989 

in preparation 

January 1980, W.E. Xeene 
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100 SCOPE 

PROCEDURZ FOR PCT TESTS 

PRODUCT CONSISTEBICY TEST (PCT) 

This test procedure evaluates the relative chemical 
durability of both homogeneous and devitrified glasses by measuring 
the concentrations of the chemical species released 
from crushed glass to the test solution at 9 0 ° C .  

This test procedure can specifically be used to evaluate 
whether the durability of glasses has been consistently controlled 
during production. 

This test procedure can specifically be used to evaluate 
whether the radionuclide release properties of nuclear waste 
glasses have been consistently controlled during production. 

2 0 0  APPLICABILITY 

This procedure applies to all employees trained and authorized 
to perform this test in the VSL. 

This test method provides data useful for (1) evaluating the 
chemical durability of glasses, (2) evaluating the radionuclide 
release properties of nuclear waste glasses, and (3) evaluating 
whether the glass durability or radionuclide release properties 
have been consistently controlled during long-term production. 
Accordingly, its applicability is widespread throughout 
manufacturing, research, and development. It can be used for 
specification acceptance. 

This test method may be applicable to the evaluation of the 
chemical durability of glasses and the radionuclide release 
properties of nuclear waste glasses in natural environments. ( 7 1  

3 . 0  SAFETY 

This test method must be performed in accordance with all 
applicable quality assurance requirements of the laboratory 
performing the test and using the data. 

This procedure may involve hazardous materials, operations, 

TPI-PCT 



VSL Technical Procedures 
PCT Test Procedures Rev #O 

10192 
Page 3 of 23 

and equipment. All personnel who are authorized to perform this 
procedure must consult and establish appropriate safety and health 
practices and determine the applicability of regulatory 
limitations prior to use. 

3.1 Baoard Identification 

All samples received at CUA-VSL and handled at VSL 
laboratories are treated as potentially hazardous. At VSL one 
encounters both chemical and radioactive hazardous materials. 

The '@hazardous chemicals", referred to in this procedure, are 
defined in Section 8.3 of the CUA Chemicals Materials Safety Manual 
(CCMSM). A copy of CCMSM is available in every VSL laboratory. 
Procedures for identifications and handling of hazardous materials 
as applied at VSL are prescribed in sections 8.22, 8.23, 8.24.and 
8.25 of CCMSM and in sections 8.9, 8.10, 8.11, 8.12, 8.13 and 8.14 
of the CCMSM. 

A major element of hazard identification is the proper use.of 
labels. At VSL, labeling of chemicals and other hazardous 
substances is done in accordance with Section 8.4 of the CCMSM, as 
well as in accordance with Materials Safety Data Sheets (MSDSs) 
provided by the manufacturers of the chemicals and other hazardous 
materials. Every VSL laboratory maintains the tfwork place chemical 
list". The list is made available to employees in accordance with 
Section 8.31 of CCMSM. 

3.2 Handling and Storage of Chemicals 

Handling of chemicals should be conducted according to Section 
8.6 of the CCMSM. Storage of chemicals should follow section 8.8 
of the CCMSM. 

Special precautions should be taken in handling and storage of 
incompatible chemicals, solvents, compressed gases and radioactive 
materials in accordance with Sections 8.10, 8.12, 8.13, and 8.14 of 
the CCMSM respectively. 

3 . 3 Emergencies 

The following are considered laboratory emergency cases: 

-chemical spills, to be dealt with according to section 8.17 of the 
CCMSM. 
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- fire and fire-related accidents, to be controlled according to 
section 8.21 of the CCMSM. 

- personal contamination, to be treated according to section 8.19 
of the CCMSM. 

- injury, to be treated in accordance with section 8.18 of CCMSM. 

Cases requiring minor first aid should be treated in accordance 
with section 8.20. 

3.4 Radioactive Haaard Mitigation 

Control and monitoring of personnel exposure and environmental 
radiation at VSL are performed in accordance with Chapter 3 of the 
Radiation Safety Manual (RSM) of the Catholic University of 
America. Application of the rules prescribed by RSM is the 
responsibility of each user working in the restricted area (rooms 
37 to 40 of Hannan Hall) and the project managers. 

Dr. Warren E. Keene, CUA - Radiation Safety Officer (CUA-RSO) 
and Dr. Isabelle Muller, VSL Radiation Safety Officer (VSL-RSO) are 
responsible for ensuring that the work is done safely and in a 
manner consistent with applicable regulations. 

3.5 Safety Applicable to PCT Procedure 

All appropriate precautions for operation of pressurized 
equipment must be taken. To ensure safe operation, the leach 
containers should be designed to withstand the vapor pressure of 
water at the test temperature with an appropriate safety factor. 
The thermal expansion of water must be taken into account when 
filling the leach containers. Between filling at 4OC and testing at 
100°C water expands by 4 volume percent. Overfilling may lead to 
pressures inside the container that exceed the design limits, 
and could lead to the failure of one or more parts of the vessel. 

4.0 Requirements 

4.1 Training 

Part of the sample preparation for PCT tests is done in the 
radioactive restricted area. All restricted area workers shall be 
trained both by the laboratory supervisor regarding their specific 
duties and by the radiation safety officer of campus. Each 
restricted area worker must attend a course in radiation safety. 
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Training on PCT procedure and equipment used in the PCT 
laboratory is given by the laboratory manager and/or by a trained 
and experienced person designated by the laboratory manager until 
the technician shows competence to use the method independently of 
direct supervision. 

4 . 2 Dei initions 
leachant - The solution that is being used, or is intended for 
leachate - The solution resulting from a leach test[3] 
ASTM Type I water - Purified water with a maximum total matter 

use in leaching.[3] 

content of 0.1 mg/L, and a minimum electrical resistivity of 
16.67 Mn*cm at 25OC, and no detectable soluble silica (consult 
ASTM D 1193). (11 

open system tests - A system is open if, during the process under 
consideration, transfer of matter either into or out of the 
system takes place, e.g. 0, and/or CO, diffusion into or out of 
the leach vessel. (61 

closed system tests - A system is closed if during the process 
under consideration no transfer of matter either into or out 
of the system takes place. (61 

set of samples - Those which have been tested simultaneously in 
the same oven. 

sample blank - A cleaned test vessel which has been filled with 
the same amount of leachant as the sample vessels but 
contains no glass sample 

5.0 Equipment and Supplies 

5.1 Description of Equipment and Supplies 

Qty Device 
G d i b .  

Manufacturer Model Req . 

1 Balance Sartorius LC 6200s I 

9 Oven Blue-M Stabil-Therm I1 
OV-490AIOV-490A-3 

1 pH meter Corning 245 I11 

1 Graduated Cylinder IV 
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I 

2 

I: 

I1 : 

111: 

IV: 

V: 

VI : 

Pipettes Oxford/Eppendorf 
(1.0 and 5-10 ml) 

V 

Thermometers Various -20 to 150 OC, VI 
+ 1 o c  - 

Syringes with SS 
needles 

N.A.  

Stainless steel Whitey #304L-HDF4-150 N.A.  
sections PSS-4-P 

#SS-4-VC0-4 
#SS-4-VC0-1-4 

Cajon PSS-4-VCO-3-47A 
Swagelok #SS-4OO-C 

Three- layer Hami 1 ton 76006 N.A. 
rubber septa 

Syringe filter Gelman 4497 N.A.  

Racks for holding stainless steel containers N . A .  

Calibration accuracy: +lo0 mg 
Calibration frequency: monthly 

Temperature monitored daily with thermometers that are 
positioned as recommended by the manufacturer and meet 
NIST Specification, Monograph 150. 

Calibration accuracy: +/-0.05 pH units 
Calibration frequency: daily or every 25 measurements. 
See VSL-LT 

Calibrated before first use. 

Calibration accuracy: ~f 5% 
Calibration frequency: monthly 

Meeting NIST Specification, Monograph 150 

Leach Vessels - 304L stainless steel leach vessels of 150 mL 
capacity designed to take internal pressures of at least 75 psi 
without leaking. The stainless steel vessels require a rubber disk 
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septa in order to remain sealed. 

Mechanical Convection Oven - A laboratory oven suitable for 
operation up to 26OOC and capable of maintaining k 2.OoC throughout 
the entire interior of the oven at the test temperature. 

Temperature Measurement - Thermistor probe and/or 
thermocouple with a facility for continuous monitoring of the 
temperature of the convection oven during the test duration. 

Balance - a balance which will provide the following 
sensitivity: 0.25% of the largest and smallest masses to be 
measured including the mass of the reagents, sample, leachant, 
leachate, leach vessel, and any required combinations. 

Weight Calibration Set - NIST Class S-type weight 
calibration set ranging between 100 mg - 1 kg, or equivalents, 
traceable to NIST. 

Crushing Device - Any mechanical or manual crushing device 
which will avoid steel contamination in the crushed glass specimen. 
Grinding devices made of tungsten carbide, agate, sapphire, or 
dense alumina are acceptable. 

Sieves - A nest of 3 inch, 5 inch, or 8 inch U. S. Standard 
ASTM stainless steel or brass sieves. The nest shall include the 
covers and pan, including the No. 100 (149 pm) and No. 200 (74 pm) 
sieves. 

Flasks - Class A or calibrated volumetric labware. 
Pipettes - Calibrated and precleaned pipette tips. 
Syringes and Syringe Filters - Precleaned syringes and 0.45 

pm syringe filters (for example Gelman #4497). 

Sample Vials - Presterilized sample vials and caps. 
pH Meter - pH meter with an accuracy of k 0.2 pH units. 

Milli-Q Water Purification System - Water purification 
system for producing ASTM-Type I water. 

Ultrasonic Cleaner - Size to be compatible with cleaning of 
High Pressure A i r  or Freon Pressurized Canister - To dry 

several leach vessels simultaneously. 

TPI-PCT 



426? 

VSL Technical Procedures 10/92 
PCT Test-Procedures Rev BO Page 8 of 23 

sieves after washing; a drying oven is an acceptable alternative. 

5.2 Calibrations 

Note: See VBL-LT for detailed calibration procedures. 

Calibrations - Initially calibrate all instruments used in 
this test. Perform periodic calibrations during use of the 
instrument to minimize possible errors due to instrumental drift. 

Calibration and Standardization Schedule: 

Thermistor or thermocouple - Calibrate annually with NIST 
Standards or ice/boiling water. 

Balance - Have the balance calibrated on a monthly basis. 
pH meter - Initially and after completion of a set of 

measurements with commercial buffer solutions that bracket the 
solution pH being measured. 

5.3 Standards 

Reference Glass - A reference glass of choice, similar in 
composition to the glass being tested, is to be run in triplicate 
along with each batch of glasses tested. 

Multi-element Solution Standard - A reference solution of 
choice, containing the major elements of the composition of the 
leachate being tested, is to be submitted along with each batch of 
leachates for multi-element analysis. The reference solution 
standard should be traceable to NIST, or a comparable equivalent 
used, and should have a certified shelf life. 

pH Buffers - commercial pH buffers to bracket the measured pH 
range of the leachant and leachate. 

5.4 Reagents and Standards 

leach vessels. 
Reagent Grade Acids - Reagent grade HNO, for cleaning of 

High Purity Acid - High purity concentrated HNO, for 
acidification of leachates. 
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Solvents - Ethyl Alcohol 95% pure and reagent grade acetone. 
ASTN Type I Water - Type I water shall have a minimal 

electrical resistivity of 16.67 M Ohm cm at 25OC (consult ASTM 
D1193). 

The source water shall be passed through Milli-RO1S System 
which contains 6 cartridges (Ful-Flow, Teel, Lifegard, Rogard Pre 
filter and Milli-Ro-20 Spiral-Wound Reverse Osmosis) and Milli-Q 
System that consists of five cartridges (Lifegard, Super-C, two of 
Ion-Exchanger, and Millipore DI-12). Pass the purified water 
through an in-line conductivity cell to verity its purity. 

. ,  5 . 5  Choice and Cleaning of Leach Vessel 

3 
1 

Stainless Steel Vessels - Stainless steel vessels made of 
304L are to be used in all tests. 

Preparation of Vessels: 
C 
H 

Identification of Vessels - A unique identifying number 
should be permanently etched on each leach vessel. 

Identification of Vessel Cleaning History - Each batch of 
cleaned leach vessels will be labeled with a unique batch 
number. A log book of the leach vessel number and date the 
cleaning is completed shall be kept. 

Cleaning of New Stainless Steel Vessels - New 304L stainless steel 
vessels shall be cleaned by the following procedure: 

(a) Clean the vessels and lids (without the gaskets) 
ultrasonically in reagent grade acetone for 5 minutes. 

(b) Clean the vessels and lids ultrasonically in 95% ethanol for 
5 minutes. 

(c) Rinse the vessels and lids 3 times with ASTM Type I water. 

(d) Rinse the vessels and lids in 0.16M HNO, (1 w t &  HNO,) and 
heat on a hotplate 90°C for 1 hour. 

(e) Rinse the vessels 3 times with ASTM Type I water. 

(f) Submerge the vessels and lids in fresh ASTM Type I water for 
* 
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1 hour. 

(9) 

(h) Fill the vessel 80090% full of ASTM Type I water. 
lid and leave in a 90°C oven for a minimum of 16 hours. 

Rinse with fresh ASTM Type I water. 

Close the 

(i) Remove the vessels from the oven, take an aliquot of the 
wter and measure the pH (consult ASTM D1293). 

(1) If the pH is not in the range 5.0-7.0, repeat steps (f) 
through (i) . 

(k) If the 5.0-7.0 pH range cannot be achieved by 3 repetitions 
of steps (f) through (i) then repeat the cleaning and testing 
procedure starting at Step (d) 

(1) Dry vessels and lids at 90°C for a minimum of 16 hours, and 
store inside a clean container until needed. 

Cleaning of rubber septa: 

(a) 

(b) Clean each rubber septa ultrasonically in 95% ethanol in 

Handle the rubber septa only with clean tongs. 

1 minute. 

(c) Clean each rubber septa under flowing ASTM Type I water 
for 3 minutes. 

Cleaning of Used Stainless Vessels - Used stainless steel 
containers shall be cleaned according to the following procedure: 

(a) Remove as much as possible of the glass inside the 
container to a 20 ml vial, add leachate solution, then label the 
vial. Flush the container using flowing tap-water for 2 minutes, 
brush the inside using plastic brush for 2 minutes, and rinse in 
tap-water. 

(b) Fill each container with 120 ml 30 w t %  NaOH, seal, then 
place in a 150 OC oven for at least 16 hours (overnight is 
recommended) . 

(c) Remove one of the lids from the sealed container, empty, and 
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flush the container with flowing tap water for 2 minutes (both 
inside and outside the container). Remove the other lid from the 
container. 

(d) Place containers in a large plastic bottle, fill with tap 
water and place the open bottle in a 90 OC oven for one hour. 

(e) Drain containers and check the inside of each container for 
the remaining glass using a pen flashlight. If glass is found, 
repeat steps (a) through (d). Otherwise, proceed to next step. 

(f) Place the containers in a large plastic bottle filled with 
1.5,wt% HNO,(take 85.7 ml 70% HNO, and dilute to 4000 ml) and place 
the open bottle in 90 OC oven for 16 hours. 

(9) Drain the containers and rinse them with DI water 3 times. 
Place the containers in 1 w t %  HN03 (take 57.1 ml 70% HN03 and 
dilute to 4000 ml) at 90 OC for 1 hour. 

(h) Rinse each container with DI water 3 times and dry for one 
hour at 90 OC oven. 

(i) Rinse with DI water 3 times. 

(1) Reassemble containers and fill about 90% full with DI water 
and place them into oven overnight. 

(k) Measure the solution pH. If the pH is in the range of 5 to 
7, send 20 ml for analysis of Si and Fe. 

(1) If the pH is out of above range, repeat steps (b) to (9). 

If the Si concentration is more than 3 ppm, repeat steps (b) 
to (9) 

(m) D r y  vessels, lids, and gaskets at 90°C for a minimum of 16 
hours and store inside a clean container until needed. 

6.0 Test Procedure 

6.1 Sample Preparation: 

equipment and stored in clean container. 
(a) Sample Handling - All glass must be handled with clean 
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(b) Choice of Appropriate Sample - Samples of monolithic glass 
may either be fabricated individually or taken from large samples 
of glass. Choose representative monolithic sample,free of surface 
contamination. If contamination is suspected flush the sample 
surface with ASTM Type I water and dry before crushing. 

(c) Choice of Sample Mass - The reference ratio of leachant 
volume to sample mass ( V , , , J k )  is 10 k 0.1 &/go The volume of 
leachant is constrained by the volume of the leach vessel chosen. 
For example, a maximum volume of 100 mL and a sample mass of 10 g 
is recommended when using 150 mL vessels. Smaller amounts may be 
used, e-g. 4 g in 40 mL of leachant contained in a 40 mL vessel. 
Less than 1 g of specimen is not recommended. 

Number of Sample Replicates - A minimum of three reDlicate (d) 
samples shall be used to provide estimates of experimental 
variability. 

(e) Crushing and Sieving Glass - If the sample has dimensions 
larger than %I@, wrap the sample in a clean plastic bag and break it 
into smaller fragments with a hammer. For radioactive glass it may 
be necessary to use a steel mortar and pestle but caution must be 
exercised not to transfer steel particulates to the glass due to 
the known interactions of steel and glass in solution. 

(f) Transfer glass fragments into a clean manual or mechanical 
grinder of choice. If a mechanical grinder such as a Tekmarm 
Grinding Mill is used with a tungsten carbide blade, grind in short 
bursts of approximately 5 seconds due to the brittle nature of the 
tungsten carbide blade. Do not use mechanical grinders with 
stainless steel blades unless they are 304L or 316L stainless steel 
due to the known interactions of lower carbon containing steels and 
glass in solution. 

(9) Clean brass or stainless steel sieves, catch pan and lid 
before and after every use by flushing them with deionized water 
from all directions. Dry immediately with high pressure air, or in 
an oven. Do not use solvents and/or high temperatures as the mesh 
has a protective film to inhibit corrosion. 

(h) Visually inspect the sieves for holes or tears before every 
use. Transfer crushed glass to the clean nest of sieves placing 
the fragments on a coarse sieve, e.g. 40 mesh in order to protect 
the finer sieves of 100 mesh (149 micron) below. The 200 mesh (74 
micron) sieve should be under the 100 mesh sieve with a catch pan 
below. 

TPI-PCT 
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(i) Place the lid on the nest of sieves and sieve for at least 
5 minutes. 

(j) Remove the 100 mesh sieve containing +lo0 mesh glass 
fraction. Then remove the 200 mesh sieve containing the -100 to 
+200 mesh fraction. 

(k) Tap the 200 mesh sieve lightly over colored paper. For 
example if the glass is light colored paper, tap the sieve on dark 
paper. For dark glass, e.g. black nuclear waste glass, tap the 
sieve on white paper. If a significant amount of powder appears on 
paper, repeat steps (d) through (f) until no glass passes through 
the 200 mesh sieve. 

(1) Transfer the -100 to +200 fraction of the sieved glass into 
a clean container labeled with the sample identification. The date 
and the name of the person preparing the sample should also appear 
on the container. 

(m) If additional material is needed, recrush the +lo0 mesh size 
fragments or repeat step (a). When new glass fragments have been 
prepared repeat steps (c) through (9) 

Enter sample identification, date, and name of the person 
preparing the sample on a sample log book. 

6 .2  Washing the 100-200 Mesh Glass: 

(a) Place approximately 35-40 grams of sieved glass in a clean 
200 mL glass beaker. Do not exceed the 20 mL mark on the beaker. 

(b) Forcibly add 25-30 mL of ASTM Type I water from a squirt 
bottle to the glass. During this addition, the squirt bottle 
should be moved in a circular motion so that the wash stream 
agitates all the glass. 

(c) Allow the glass-water mixture to settle 15 seconds then 
decant off the water. 

(d) Repeat steps (b) to (c) . 
(e) Repeat step (b). 

(f) Prepare the ultrasonic cleaner by filling with water to 
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0 . 5 " .  
2 minutes. 
water from the beaker and discard. 

Place the beaker f r o m  step (e) in the ultrasonic cleaner for 
After removing the beaker from the cleaner, decant the 

(h) Forcibly add 25-30 mL of absolute alcohol from a squirt 
bottle to the glass. During this addition, the squirt bottle 
should be moved in a circular motion so that the wash stream 
agitates all the glass. 

(i) Place the beaker f r o m  step (h) in the ultrasonic cleaner 
for 2 minutes. After the 2 minutes decant the alcohol from the 
beaker. 

(1) Repeat step (i) two more times. 

(k) Put the beaker full of cleaned glass in a 90°C oven 
overnight to dry. Glasses can be stored in a clean, sealed and 
labeled container until they are to be used. Before use the 
crushed glass must be redried at 90°C overnight so that the powders 
do not contain adsorbed water when weighed. 

(1) Enter sample identification, date, and name of the person 
performing the sample washing on a sample washing log book. 

6.3 Preparation of Standard Glass 

(a) 

(b) 

(c) 

Standard Glass Handling - same as for sample glass. 
Standard Glass Sample Size - same as for sample glass. 
Number of Standard Glass Replicates - same as for sample 

glass. 

(d) Crushing, Sieving, and Washing of Standard Glass - same as 
for sample glass. 

6.4 Procedure 

6.4.1 Number of Sample Replicates - All tests for each glass 
should be carried out at least in triplicate. 

6 . 4 . 2  Number of Standard Glass Replicates - A standard glass 
test shall be run at least in triplicate as part of each %etga of 
samples. 

TPI-PCT 
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6.4.2.1 A #*setn of samples is considered to be those which 
are tested simultaneously in the same oven. 

6.4.3 m e r  of Vessel Blaaka - A blank is considered to be 
a cleaned test vessel which has been filled with the same amount of 
ASTM Type I water as the sample vessels but contains no glass. For 
each I*set#* of samples, two blanks from the same batch of cleaned 
vessels shall be used, If more than one batch of cleaned vessels 
is used in a "set" of samples, then two blanks from each batch of 
vessels will be used. Three blanks are recommended for tests in 
ground water and other leachants which have high concentrations of 
glass components. 

6.4.4 Leaching Procedure - Each sample, standard, and blank 
shall be tested according to the following procedure: 

6.4.4.1 Calibrate the pH meter. Collect a sufficient amount 
of fresh ASTM Type I water from the Milli-Q Water Purification 
System to fill all the leach vessels in the "settt of samples, 
including standards, and blanks being tested. Ensure that the Type 
I water meets the minimum electrical resistivity of 16.67 M fl cm at 
25OC. Record the resistivity of the water collected on each 
sample, standard, and blank. Determine the pH of an aliquot of 
ASTM Type I water collected. Use the water collected within 3-6 
hours as slow absorption of gaseous species from the air can cause 
the initial conductivity and pH of type I water to slowly drift 
with time (consult ASTM D1125). Record the initial measured pH, 
the temperature at which the pH was measured, the pH values of the 
calibration solutions used, and the identification number of the pH 
meter used. Discard the aliquot of ASTM Type I water used for the 
pH measurement. 

6.4.4.2 Check the balance calibration. Weighthe empty vessel 

6.4.4.3 Place the desired amount of prepared glass in the 
clean leach vessel. Replace the lid and reweigh the vessel, lid 
and sample, Record this composite weight. The difference between 
the two vessel weighings should be recorded as the weight of the 
glass. 

with the lid. Record the vessel number and the initial weight. 

6.4.4.4 Add ASTM Type I water equivalent to 10 times the mass 
of glass added as calculated in 6.4.4.3 so that (Vd/mdd) = 10 k 
0.1 mL/g. Swirl to wet the glass. Close and seal the leach 
container with a wrench and reweigh, For  
blanks add the same amount of water but no sample. 

Record the total weight. 
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6.4.4.5 Shake each container thoroughly and place sample 
vessels horizontally into the preheated 90°C oven. The 7 day 
recommended test period starts at this the. Record that date and 
time (d:h:min). 

6.4.4.6 Leave sample vessels in oven at test temperature 
between 16-24 hours before testing the tightness of the lids. 
Quickly retighten loose lids while the vessels are hot, weigh and 
record the weights again, and return immediately to oven for the 
remainder of the test duration. If the weight loss of a vessel is 
more than 1% of the total weight of its leachant, ASTM Type I water 
can be added to the vessel then retighten the vessel to continue 
the test. The sample should be discarded if the weight loss is 
more than 10% of its total leachant. 

6.4.4.7 The testing period shall be controlled to within plus 
or minus 1% of the total time period of the test. 

(a) One day before sampling stand the vessels vertically 
with the rubber septum at the top in a rack in the 
oven . 

(b) On the day of sampling remove the loaded stainless 
steel containers from the oven. Try not to shake the 
containers. Weigh the container and record the weight. 

(c) Unscrew the top using a wrench. 
(dl while the vessel is still close to the test temperature 

remove about 4 ml of leachate from each container using 
a polypropylene syringe with a stainless steel needle 
which is inserted through the rubber septum. Detach the 
stainless steel needle from the syringe and attach the 
0.45 pm syringe filter to the syringe. Filter the 
leachate through the filter into a clean vial. The 
sampling should be performed as soon as the vessel is 
removed from 90°C oven in order to obtain leachate 
concentrations which closely represent the 9 0 ° C  
equilibrium under the test conditions; this is very 
important for future data modelling. 

6.4.4.8 Pipette 1 . 0  ml of the sampled leachate to a vial 
prefiled with 20.0 ml 1% HNO, solution which made from high-purity 
nitric acid and ASTM Type I water and label appropriately for 
analysis. 

6.4.4.9 Pour the remaining 3 ml of the sampled leachate into 
a 4 ml plastic cup placed in a water bath at room temperature and 
measure pH. (It is very difficult to determine a reliable 90°C pH 
value. The leachate is, therefore, quenched to room temperature to 
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a obtain stable pH reading, which can be easily translated into 
90°C pH value with the help of the geochemical code PHREEQE). 
Record pH measurement and temperature. 

6.4.4.10 Inject enough fresh ASTM Type I water into the 
container using another clean polypropylene syringe with a 
stainless steel needle which is inserted through the rubber septum 
to recover the original weight of the vessel before sampling. 

6.4.4.11 When sampling is finished, replace and tighten the 
stainless steel cap with a wrench. Weigh the container again and 
record the weight. 

6.4.4.12 Return the containers to the oven and position them 
horizontally to continue the test. 

6.4.4.13 Take 1 mL of the leachate used in the pH measurement 
and add 20 mL ASTM Type I water. Label this as back-up solution, 
and retain it until the primary solution 

6.4.4.14 Measure cation and anion concentrations of glass 
leachates, standard glass leachates, blanks, and multielement 
solution standards us.ing equipment calibrated with standards 
traceable to NIST if suitable standards exist. Report the 
precision and accuracy of the analytic techniques used. Although 
results should normally be accurate to within k lo%, this will not 
be possible when concentrations in the solution approach detection 
limits. The detection limits for each analysis should preferably 
accompany the reported results. 

6.4.4.15 For radioactive glasses, submit appropriately 
acidified aliquots for all desired radiochemical analyses. 

6.4.4.16 Analysis of the solids on the filter or the 
remaining solid glass sample is optional. If solids analysis are 
not desired the filter and solid glass sample may be discarded. If 
solids analysis is desired, record the appearance of the specimen 
powder, e.g., visible changes in color, agglomeration, and 
gelatinization. Wash the specimen powder from the leach container 
with pure water onto a clean watch glass and dry at 90°C. A 
temperature of 90°C will only drive off adsorbed moisture and not 
water of hydration. After drying, store in a clean container or 
analyze. 

is analyzed. 

TPI-PCT 



VSL Technical Procedures 
PCT Test Procedures Rev PO 

10192. 
Paqe 18 of 23 

7.0 Specimen Control/Traceability 

Samples are received from the Glass Preparation Laboratory by 
logging out the samples on the glass log form maintained in the 
Glass Preparation Laboratory. The receiver signs, dates, and 
enters in the glass log form the PCT lab notebook number and page 
number where the sample receipt will be recorded. The traceability 
with the Glass Preparation Laboratory is thus maintained. VSL 
procedure TPI-SH deals with the sample traceability forms and 
other formats for recording the data. 

8.0 Calculation and Reporting 

8.1 Use of Wultielement Standard - Calculate the average and 
standard deviation of the analytical results of the multicomponent 
standard. If the average values agree within 10% of the standard 
values then the analysis is considered acceptable. 

8 . 2  Use of Blanks - Blanks are used to check if sources of 
contamination are present due to incorrect vessel cleaning or 
contamination. Corrections of up to 1% of any contaminant element 
is subtracted from the leachate concentrations for all samples 
using the data from the replicate blanks from the same batch of 
cleaned vessels. If corrections of >1% of any contaminant element 
occur, all the tests performed using vessels from that vessel 
cleaning batch must be repeated. 

8.3 Calculations of Leachate Concentrations - Leachate 
concentrations, especially those for the major soluble elements in 
the glass (Li, B, Na, K, and Si) are calculated for the test 
glasses and the standard glass. 

8.3.1 Calculate the final leachate volume (V,) for each test 
including blanks. The amount of water loss is equal to the weight 
l o s s  that occurred during heating. 

8.3.2 Calculate the average blank concentration in 
appropriate units for each element, i, for each series of tests, 
from the following equation: 

where 
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Vi 

T 

a v e r a g e  b l a n k  
concentration 

c o n c e n t r a t i o n  
observed in the m* 
blank replicate 

final volume of 
leachate measured in 
t h e  m Ih blank 
replicate 

initial volume of 
leachate in blank 

total number of 
replicate tests 
performed 

8.3.3 Calculate the corrected leachate concentration of each 
replicate from the following equation: 

where 

cli (n) = leachate concentration for the im element in the n* 
replicate corrected for any volume change in the 
leachate during the test and for the average blank 
concentration. 

ci (blank) = a v e r a g e  b l a n k  
concentration 

c o n c e n t r a .t i o n 
observed in the n* 
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sample replicate 

final volume of 
leachate measured in 
the n* sample 
rep 1 icate 

initial volume of 
leachate in the nm 
sample replicate 

If cli(n) and Ci(n) differ by more than 14% for boron, 17% for 
silicon, and 26% for sodium due to either volume changes or high 
concentrations in the blanks the data should not be used. 

8.3.4 Calculate the average corrected leachate concentration 
for element i from the equation: 

where 

ci (average) = the average corrected leachate concentration of 
element i observed in the test. 

8.3.5 Calculate the standard deviation for the corrected 
leachate concentrations for various elements. 

8.4 Reporting and Deviations - All data should be recorded in 
a laboratory data book, a floppy disk and a hard disk. Deviations 
from the test method and the expected effect on the results should 
be discussed. 

8.5 Precision and Bias 

8.5.1 Precision: 

The data used to generate the measures of precision is the 
result of intra- and inter-laboratory round robins. These measures 
are typical of the methods applied to the glasses and standards 
used in the round robins, and are not all inclusive with respect to 
other types of glasses. The measures of precision were determined 
in accordance with procedures in ASTM Practice E691. These 
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measures are designated as follows: 

Repeatability: the standard deviation for within-laboratory 
determinations. 

Reproducibility: the standard deviation for 

PCT Within-Laboratory Precision: 

Approved Reference Glass ARM-1 (a simulated borosilicate 
nuclear waste glass). Within-Lab relative standard deviation for 
B was 2.3% and for Si was 1.8%. 

between-laboratory determinations. 

PCT Between - Laboratory Precision: 
Approved Reference Glass ARM-1 (a simulated borosilicate 

nuclear waste glass). Between-laboratory standard deviation 
(including within laboratory and between laboratory %RSD) for B was 
12% and for Si was 10.2% for laboratories with varying analytical 
capabilities. 

NIST Reference Glass SRM 623 (a borosilicate g l a s s ) .  
Between-laboratory standard deviation (including within laboratory 
and between laboratory %RSD) for B was 19.8%. 

8.5.2 Bias: 

The average corrected leachate concentrations for the 
standard glass allow assessment of long term bias or variability of 
the test, e.g. how reproducible the experimental variables such as 
oven temperature, sieving, leachate analyses, etc. are over time. 
Use of a standard glass provides the basis for both 
within-laboratory and between-laboratory data comparisons. 
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9.0 

1. 
2. 
3. 
4. 
5. 

6. 

7. 

9. 

10. 

11. 

12. 

13. 

REBEREXCES and NOTES: 

Standards: 
D 1193 Specification for Reagent Water [l] 
D 1193 Standard Test Methods for pH of Water (11 
D 1125 Test Methods for Electrical Conductivity and 
resistivity of Water (I] 
E 691 Standard Practice for Conducting an Interlaboratory 
Study to Determine the Precision of a Test Method [2] 

Other Documents: 
Nuclear Waste Materials Handbook: Test Methods ( 3 1  
Product Consistency Test Round Robin Conducted by the 
Materials Characterization Center-Summary Report [4] 
Product or Consistency Test (PCT) for DWPF Glass [5] 
Nuclear Waste Glass Product Consistency Test (PCT) Method [ 171 

Annual Book of ASTM Standards, Vol 11.01 
Annual Book of ASTM Standards, Vol 14.02 
DOE/TOC-11400, Revision 7, July 31, 1986. 
Pacific Northwest Laboratory, PNL-6967, September 1989. 
Part I. Test Development and Protocol, DPST-87-575, Savannah 
River Laboratory, Aiken, SC 29808, July 30, 1987. 
American Geophysical Union, Dictionary of Geological Terms, 
1976. 
J.W. Shade and D.M. Strachan, Am. Ceram. SOC. Bull 65 [12] 
1568-1573, 1986. 
This does not preclude using natural groundwater in place of 
ASTM Type I Water if data on glass performance under 
repository relevant or other natural conditions is desired. 
A nuclear-grade resin mixture of the strong base cation 
exchanger in the hydroxide form with a one-to-one cation to 
anion equivalence ratio, such as that available from the 
Millipore Corp, Bedford, Ma 01730; Barnstead Co., 225 
Rivermoor St., Boston, MA 02131; Illinois Water Treatment Co., 
854 Cedar St., Rockford, IL 61105; or Vaponics, Inc., 200 
Cordage Park, Plymouth, NA 02360, is suitable. 
An in-line filter such as those made by the Millipore Corp., 
Bedford, MA 01730; Gelman Instrument Co., 600 S. Wagner Road, 
Ann Arbor, MI 48106; and Schleicher and Schuell, Inc., 540 
Washington St., Keene, NH 1003, has been found satisfactory. 
G.L. McVay and C.Q. Buckwalter, Effect of Iron on Waste-Glass 
Leaching, "J. Am. Ceram. SOC., 66, 170-174 (1983). 
The SA/V of the sample/leachant system shall be examined in 
the range in which the parameter (SA/V)*(time in days) is 2100 
cm-I day to avoid short term test fluctuations. For 100-200 

. .  . ,. ' . .  

TPI-PCT 



VSL Technical Procedures 
PCT Test Procedures Rev PO 

10/92 
Page 23 of 23 

14. 

1s. 

16. 

17. 

mesh particles of density of '2.75 g/cc this converts to a 
(m/V) of 0.1 at 7 days or 0.7 (g/cc)*day. The 7 day 
recommended test duration, therefore, does not preclude longer 
test durations. 
If presterilized sample vials are not available for the 
leachates at the termination of the leaching test, boil 
polyethylene specimen bottles and caps for 1 hour in ASTM Type 
I water. Allow the specimen bottles to remain in the water 
overnight but reduce the temperature so that boiling has 
stopped. Remove the bottles and caps and dry in an oven at 
8OOC. 
Other acidification concentrations can be used if these are 
found to be more compatible with the acidification 
concentrations used in your analytic facility for cation 
analysis. 
Precision and bias cited from references 4 and 5 are for 
Version 1.0 and 2.0 of the PCT which did not require sample 
washing. Better precision has been observed when samples are 
washed but sample bias remains the same (C.M. Jantzen and N.E. 
Bibler, in preparation). 
C. M. Jantzen and N. E. Bibler, "Nuclear Waste Glass Product 
Consistency Test (PCT) Method, Version 3. O " ,  Savannah River 
Laboratory. 
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1.0 PURPOSE 

This procedure describes methods, materials, equipment and special conditions required 

to perform heat treatment, microstructural characterization, and melt viscosity characterization 

of nuclear waste glass. This procedure provides the means for obtaining verifiable, 

reproducible, documented data from tests and experiments. 

2.0 APPLICABmTY 

This procedure applies to all employees trained and authorized to perform heat treatment, 

microstructural characterization, and melt viscosity characterization of nuclear waste glass. 

Specific activities covered by this procedure include: (a) specimen preparation for heat 

treatment; (b) selection of container for heat treatment; (c) temperature measurement and 

control, thermocouple calibration; (d) control of redox state; (e) establishment of time- 

temperature schedule for heat treatments; ( f )  preparation of specimens for optical microscopy; 

(g) preparation of specimens for SEM examinations; (h) optical microscopy and 

photomicrography; (i) SEh4 examination and associated analytical procedures, namely: 

1) X-ray EDS characterization, semi-quantitative and quantitative analysis, and 

elemental mapping. 

X-ray WDS characterization, semi-quantitative and quantitative analysis, and 2) 

elemental mapping. 

3) Imaging techniques and photomicrography. 

TPI-GC 
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4) Image enhancement and processing. 

5) Phase identification isolation and quantification through image analysis. 

(j) documentation work, logging of images, photomicrographs, and analytical results in 

laboratory notebooks; (IC) viscometer spindle calibration; 0) rotating spindle viscometer 

operation; (m) viscometer muffle furnace and temperature controller operation; (n) viscometer 

spindle cleaning procedure; (0) viscosity data analysis software. 

This procedure w.iU be implemented by personnel from the VSL. 

3.0 SAFETY 

3.1 HAZARDS 

The definition of a hazardous chemical is given in Section 8.3 of the CUA Chemical 

Materials Safety Manual, adopted from the OSHA Hazard Communication Standard. The CUA 

Chemical Materials Safety Manual is hereafter referred to as the CCMSM. This Standard and 

its application to CUA facilities are described in Sections 8.1 of the CCMSM, with the 

exceptions noted in Section 8.28. The types of radioactive material encountered during heat 

treatment and specimen preparation for microstructural characterization include liquid, solid, and 

fine particulate. Materials used for viscosity determinations are generally monolithic glass bars 

but will from time to time include fine particulate samples. 

. .  . .  
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3 2  HAZARD MITIGATION 

33.1 Identification of Hazards 

The identification of radioactive hazards shall be facilitated through an education program 

including the Radiation Health Physics course referred to in Section 4.1 and other specific 

directives. 

All materials received by personnel in the heat treatment and microstructural 

characterization program shall be properly labeled and identified, if radioactive, by approved 

yellow radioactive hazard labels. A geiger counter shall be used regularly to monitor levels of 

radiation in the work area and identify any sources of radiation. 

Viscosity measurements involve the use of hot, molten radioactive glass and all 

appropriate precautions should be exercised. Heat resistent gloves and tongs shall be used for 

handling furnace covers, spindles, crucibles, etc. Eye protection shall be worn at all times. A 

face mask is recommended during removal of the crucible from the furnace due to the potential 

for shattering. Personnel must ensure that the above-furnace exhaust system is operating over 

the course of all measurements. 

Cleaning of the viscometer spindle involves the use of hydrofluoric acid (HF) solutions 

and personnel shall familiarize themselves with the particular hazards associated with that 

material (see Section 5.0). Acid resistent gloves, face protection, and aprons must be worn 

during this procedure. Personnel shall ensure that HF antidote gel is available near the work 

area before commencing work with HF. 

TPI-GC 
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3.2.2 Handling and Storage of Chemicals 

Examination of liquid materials (solutions and suspensions) is not part of the 

microstructural or viscometric characterization program and shall not be carried out in areas 

designated for heat treatment, preparation, and examination of specimens. The only place where 

radioactive liquids will be encountered is in the cutting and polishing operations performed on 

solid specimens. All such work shall be carried out in a sealed glove box connected to an 

exhaust line through a HEPA filter. All solid materials resulting from such work shall be 

washed thoroughly in clean solvents and detergent solutions and dried prior to removal from the 

glove box to insure that no radioactive particulates or liquids are removed from the glove box 

with the samples. All radioactive wastes and materials contaminated with radioactivity during 

specimen preparations shall remain in the glove box until they can be removed for disposal or 

decontaminated using approved procedures. 

Solid materials handled in this work shall not produce levels of radioactivity which create 

a serious danger to the personnel handling them. All standards set forth in the radiation safety 

manual of CUA by the radiation safety officer shall be adhered to at all times by those handling 

radioactive materials of any type. Cutting, grinding, polishing or pulverizing of solid radioactive 

materials shall only be carried out in a glove box using approved procedures. 

Examination of particulate radioactive materials shall only be done if levels of 

radioactivity are low enough to permit handling without special precautions or if the particulates 

can be embedded in mounting resins or otherwise immobilized to prevent dispersion of such 

TPI-GC 
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materials in the environment and their ingestion or inhalation by handling personnel. Such 

embedding and immobilization and any further preparation likely to produce additional 

radioactive liquids or particulates shall be done in the glove box using the procedures outlined 

above for solid materials. Viscometric measurements made on initially particulate samples 

requires loading of the crucibles in a glove box and closing the crucible before removal to the 

viscometer furnace. The crucible should remain lightly covered until the sample has become 

molten. 

3.2.3 Emergencies 

Any accident which appears likely to release radioactivity in such a form that it can be 

ingested or inhaled by personnel, contaminate their person or clothing, or be dispersed in the 

environment shall be reported to supervisory personnel immediately and dealt with using 

approved techniques. The release must be confined and all contaminated items removed for 

decontamination or disposal by approved methods. 

3.3 PERSONNEL PROTECTION 

Personnel protection shall be effected through education in and familiarization with the 

hazards of and proper methods of handling radioactive materials. Approved radiation film or 

TLD badges shall be worn by personnel at all times when they are in areas where exposure to 

radioactivity above background levels is likely to occur, and these badges shall be collected and 

TPI-GC 
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processed monthly. A geiger counter or other approved means of detecting and monitoring 

levels of radiation shall be available to confirm that levels of radiation in the workplace are 

within acceptable limits and check for possible contamination of objects and surfaces in areas 

where radioactive materials are handled. 

4.0 REQUIREMENTS 

4.1 TRAINING 

All glass characterization laboratory personnel are trained in the understanding and use of 

the technical methods that they will use by the laboratory supervisor or by a trained and 

experienced person designated by the laboratory supervisor. Upon completion of training for 

a method, a technician is qualified to use that method independent of direct supervision. 

5.0 REFERENCES 

Safe Handling: of Radioactive Materials, National Bureau of Standards Handbook 92, National 
Committee on Radiation Protection Report No. 30, U. S. Government Printing Office: 
Washington, D. C., 1964. 

Basic Radioloeical Health, Course Manual, Health Physics Society, Baltimore-Washington 
Chapter, 1988, (or most recent edition). 

Scanniny Electron Microscopv and X-rav Microanalvsis, Goldstein, et al., Plenum Press: New 
York, 1981. 

The Electron Microscoue Handbook, M. W. Ladd, Ladd Research Industries, Burlington, 
Vermont: 1973. 

Scanning Electron Microscoov. A Student's Handbook, Michael T. Postek, Ladd Research 
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Industries, Burlington, Vermont: 1980. 

Advanced S canning Electro n Microscouv and X-nv M icroanalv . sis. Newbury, et al., Plenum 
Press: New York, 1986. 

Scann in? Electron Microscouv. X -rav Microanalvsis. and Analvtical Electron Microscoov. A 
Laboratorv Workbook, Lyman et al., Plenum Press: New York, 1990. 

Princiules of Analvtical Electron Microscopv, Joy et al., Plenum Press: New York, 1986. 

Oueratine and Maintenance Instructions, 11-1 180 Isornet Low Soeed Saw, A. Buehler Co.: Lake 
Bluff, Ill., 1987. 

ODerahnP and Maintenance Instructions, 69- 1000 Minirnet Polisher Grinder, A. Buehler Co.: 
Lake Bluff, Ill. 1985. 

550015 600 Svs tem Oueration Manuals, Tracor-Northern (Noran Instruments, Inc.): 
Middleton, WI, 1986 and updates. 

JEOL JSM-35C ODerator's Manual Japan Electron Optics Ltd.: Tokyo, Japan 1978 and updates. 

Radiation Safety Manual of the Catholic Universitv of America, January 1980, W. E. Keene 
RSO. 

Brookfield Viscometer Oueration Manual, Brookfield Engineering Laboratories Inc., S toughton, 
Mass. 02072. 

Imuroved A D U ~  tus for Rapid Measurement of Viscositv of Glass at High Temperatures, R. L. 
Tiede, J. Am. Ceram. SOC., paper presented at 61st Ann. meet., May 20, 1959. 

Phvsical ProDerties of MukicomDonent Borosilicate Glasses: A S tudy of Viscosity. Processing 
and Durabilitv, E. E. S a d ,  Ph. D. Dissertation, The Catholic University of America, 1988. 

OccuDational Health Guideline for Hvdropen Fluoride, U. S. Dept. of Labor, OSHA, Sept., 
1978. 

Hvdrofluoric Acid Dermal EXDOSUE, Vet. Hum. Toxicol. 2, 243 (1989) 

Comuarative Effectiveness of ToDicd Treatments for Hydrofluoric Acid Bums, W. M. Bracken 
-- et al. Journal of Occupational Medicine, 2, 733 (1985). 
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1 

6.0 PROCEDURE 
6.1 MELT VISCOSITY DETERMINATION 

6.1.1 Equipment and Supplies 

~ ~ ~ 

Spindle Brookfield N.A. 
extensions 

Multimeter Keithley 177 rn 
1 

1 

Model # 

~ 

Compensator Omega N.A. 

Thermocouple Chromel/Alumel N.A. 
type K 

S ynchralectic 

1 

4 

2 

Self-Tune Plus 

Platinum 

. Thermocouple Pt/Pt-Rh type S rv 

Crucibles Engelhard Platinum 
(#1,2,3,4) 
Crucibles VWR Alumina 

Thermometer Fisher 

Calib. 
Req. 

I 

~ ~ ~ _ _ _  ~~~ 

Standard Cannon s2000 
Viscosity Oil 

Standard NBS SRM711 
Reference 
Material 

I 

N.A. 

I1 

y a r s .  IV. Calibration: Every 40 uses/as necessary. 
TPI-GC 
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6.1.2 OPERATING PROCEDURE 

Viscositv Measurement 

Calibrate the spindle using the procedure given in Section 6.1.3.2. 

Weigh out accurately 85-11Og of the glass sample into a platinum crucible and place it 
in the furnace. 

Turn on the power and set the controller temperature to 1150°C unless specified 
otherwise by the Project Manager. 

After attaining the set temperature, allow the furnace temperature to stabilize (about 7-30 
minutes). 

Immerse the calibrated spindle into the melt and attach the spindle hook to the 
viscometer. Ensure that the spindle is completely immersed in the melt and the spindle 
tip is about 1 cm above the bottom of the crucible. 

Insert the Pt/Pt-Rh thermocouple such that the tip of the thermocouple is at the top ofthe 
glass melt. Allow furnace temperature to stabilize. 

Turn on the Viscometer and set it to.the lowest rotation speed. 

Allow the system to attain equilibrium (at least 60 seconds), and record the reading on 
the viscometer and the rotation speed in RPM. 

Proceed to the next higher rotation speed of the viscometer and continue as in step (S) 
until either 50 RPM is reached or the viscometer reading is off scale. 

Record the temperature indicated by the Pt/Pt-Rh thermocouple. 

Set the viscometer RPM to the lowest value and set the furnace to the next temperature 
of interest. Ensure that the furnace temperature has stabilized as in step (4). 

Repeat steps (7) through (1 1) until all measurements on the sample are completed. 

Remove the Pt/Pt-Rh therriocouple from the crucible. 

At the end of the viscosity run continue as in Section C. 

Cleanin? of the Spindle and Platinum Crucible 

Place cool platinum crucible (with used glass inside) upside down in an alumina crucible. 

. .. . 
I . .  .. . . . .  ; _. .- 
: , .: 

\ 

TPI-GC 

-. 2:r 3 



VSL Technical Procedures 
Glass Characrerization Rev #: 1 

Dare: 9/92 
Page 14 

(2) Place alumina crucible in the Del-Tech furnace and raise temperature to 1150°C for 20 
minutes, to allow the glass to drip off the platinum crucible. 

Remove crucibles from furnace and let cool. Label alumina crucible. 

Don safety equipment and place the spindle and crucible in an HF bath for 48 hours. 

Dip the spindle and crucible into the neutralizing solution, rinse thoroughly, and allow 

(3) 

(4) 

(5) 
to dry. 

C. Finishing the Viscosity Run 

Turn the viscometer off and set the furnace temperature to approximately 1150°C. 

Raise the spindle above the surface of the melt to allow excess glass to drip off for about 
20 minutes. 

Turn furnace off. Allow to cool. 

Remove platinum crucible and spindle from furnace. 

Proceed to clean the spindle and platinum crucible according to the procedure given in 
section B. 

Calibrations 
6.1.3.1 Calibration of the Viscometer 

Weigh out accurately 120 f 5g of the standard SRM-711 glass into a quartz crucible and 
place it in the furnace. 

Proceed as in section A, steps (3) through (12). 

Calculate the measure viscosity as in section 6.1.4 below for each temperature of the 
standard materials studied. 

Calculate the percentage error for each of the measured viscosity readings as compared 
to the nominal values. 

Examine the results and report deviation from the required accuracy of 
Project Manager. 

7% to the 

Report the results in the viscosity calculation file. 

"PI-GC 
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(1) 

(2) 

I (3) 

6.1.3.2 Calibration of the Spindle 

Place the standard oil (Cannon Instrument Company S2000 viscosity oil) in a platinum 
crucible. 

Insert the spindle in the oil as described in step (5)  of section A. 

Turn on the viscometer and record the viscometer readings at the various rotation speeds 
as in section A from step (7) to (9). 

Observe if there exists any eccentricity of the spindle and if necessary replace it. 

Measure the oil temperature using a partial immersion thermometer and note it down. 

6.1.4 Samde Control/Traceability 

All persons submitting samples to the viscometry/conductivity laboratory sign in their 
sample in the viscometry sample logbook. 

If sample is not used immediately, it is stored in the viscosity/conductivity lab. If sample 
is radioactive, it is stored behind lead shielding. 

Used samples (contained in their alumina crucibles) remain the viscosity/conductivity lab 
until retrieved by the persons submitting these samples. Radioactive samples are stored 
behind lead shielding. 

6.1.5 Computerized Data Analysis 

(1) Calculate the value of the constant K, using the nominal value of the viscosity of the 
standard oil and record it in the viscosity calculation file. 

(2) From the results of the calibration of the spindle perform a least squares tit on the 
equation: 

+ n K,o+ K, = 0 

where r is the viscometer reading, 
K, and K, are instrument constants 

n = shear viscosity of material under investigation 

-_ 
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(3) 

(4) 

(5) 

w = rotation speed 

and calculate the value of K1. 

From the viscosity measurements, using the value of K, derived from the spindle 
calibration, determine values of n and K2 from the above equation by performing a least 
squares fit on the data at each temperature. 

Using the data obtained in Step 3, perform a 3 - parameter least squares fit of the 
equation. 

L o g n =  A + B  
T-To 

Where A, B and To are fitting parameters. 

Record all  the raw and analyzed data in the viscosity calibration file. 

Procedure for Running the Viscosity 
Data Reduction Programs 

Procedure 

Note: C CR > indicates the "enter" key on the keyboard. 

Turn the computer, monitor, and printer on. 

Type C:<CR>. 

CD\QBASIC C CR > . 

TypeVISCO <CR>. 

Answer all the prompts and input the data as requested. 

Repeat the calculation with different values of To, varyin 
variance is a minimum. 

To in step of lo", until th 

On answering no to the prompt of whether to perform another calculation, a printout of 
the latest set of data will be obtained and the program will be exited. 

Turn off the computer. 

TPI-GC 
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1 Computer 

11 1 I Keyboard 

IBM or any 
Compatible 

/I I Printer 

AnyIBM NA 
compatib 
le 

Visco Software I/ I Package 

lment List 

Manufacturer I Model 1 Calib. 
Req. 

corn pat ib 
le 
equivale A n T  

Any 
corn patib le 
Systems 

Compatible I NA I NA 

Laser EpsonorHP 1 NA I NA 

6.1.6 Record KeeFing 

(1) 
in use are: 

Viscometry data is recorded by hand in the appropriate notebook. Notebooks currently 

Fernald Viscosity & Conductivity 
Viscosity & Conductivity - Glass Simulation 
Calibration/Testing 
West Valley: Viscosity 
Argonne 

(2) 
by persons retrieving used samples. 
the 

Results of the computerized analyses are posted on the v/c 

v/c lab. Results are also stored by sample name in the v/c 

lab door for collection 
A notebook containing all results is stored in or near 

lab computer. 

TPI-GC , 
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6.2 Microstructural Characterization of Glasses 

6.2.1 Heat Treatment of Glass Samples 

6.2.1.1 Equipment and Supplies 

Crucibles 

95% Platinum/S% NA 
Gold Crucible 

1 I Crucible tongs NA 

Notes : I. Calibration to be carried out every six months or on 
every replacement with a new thermocouple. Calibration 
Accuracy: & 10OC. 

6.2.1.2 Procedure 

Note: If the sample is radioactive steps 1-4 are to be carried out in the left hand glove box in 
Room 38 

1. Place the glass sample in a plastic bag. 

2. Break the glass into pieces small enough 'to enter the crucible by shattering the sample 
with a hammer. 

. .. 

- 21.8 TPI-GC 
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3. 

4. 

5.  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

If the sample comes in a crucible, remove pieces of the shattered crucible before 
continuing. 

Transfer the glass pieces into the crucible by hand using a double pair of gloves. 

Turn on the Lindberg Furnace. 

Insert the thermocouple into the furnace through the hole in the door. 

Set the controller on the front of the furnace to reach a temperature of 1100°C. 

Wait for about 15 minutes for the temperature to reach 1100°C and stabilize. 

Remove the thermocouple from the door of the furnace and open the door. 

Place the crucible containing the glass sample into the oven, locate it in the proximity 
of the inserted thermocouple and close the door. 

Replace the thermocouple in the furnace through the hole in the door. 

Press the RECORD Button on the digital thermometer. 

Wait for the required amount of time while the glass is remelted at 1100°C (Minimum 
1 hour). 

Press the VIEW button on the digital thermometer to check that the maximum and 
minimum temperatures fell in the range of 1125 to 1075°C. If not, consult the Project 
Manager. 

Adjust the Lindberg Furnace controller to achieve the required temperature for h a t  
treatment (this is generally in the range of 600 to 1000°C). 

When the required temperature for heat treatment is reached record the time in the 
appropriate laboratory notebook. 

Press the RECORD button on the digital thennometer. 

Let the crucible remain in the furnace for the required time as determined by the Project 
Manager. 

When the heat treatment is complete press the VIEW button on the digital thermometer 
to ascertain that the maximum and minimum temperatures did not vary by more than & 
10°C from the required temperature for heat treatment. 

Consult the Project Manager if deviations are more than 10°C in the above step. 

TPI-GC 
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22. 

23. 

24. 

25. 

26. 

Ensure that the temperature of the annealing furnace is maintained between 460 and 
560°C. 

Remove the thermocouple from Lindberg Furnace. 

Open the door of the furnace and remove the crucible using crucible tongs. 

Transfer the crucible to the annealing furnace and securely latch the door of the 
annealing furnace. 

Let the crucible containing the sample remain in the annealing furnace for a minimum 
period of 1 hour. 

Remove the crucible from the annealing furnace using crucible tongs and allow the glass 
sample in the crucible to cool to room temperature. 

6.2.1.3 CALIBRATION OF DIGITAL THERMOMETERS AND THERMOCOUPLES 

Note: The Gold Furnace, controller and associated thermocouple, the Keithley 177 
calibrated Microvoltmeter, and NIST calibrated Type S Measuring Thermocouple are 
needed for this procedure. During the calibration procedure, 3 thermocouples will be 
inside the Gold Furnace at the same time. These are the control thermocouple 
(connected to furnace controller), the NIST thermocouple and the test thermocouple 
(thermocouple being calibrated). 

1. 

2. 

3. 

4. 

5. 

6. 

Insert the control and NIST thermocouples in the furnace to immersion depths where the 
cross-section of the furnace possesses a uniform axial temperature profile. 

Immerse reference junction of NIST thermocouple in icdwater bath. 
unmelted ice is always present in contact with the reference junction during the entire 
calibration procedure. 

Be sure that 

Insert the test thermocouple into the same end of the furnace as the NIST thermocouple. 
It should be parallel to the NIST thermocouple and inserted to the same depth. 

Connect the NIST thermocouple to the microvoltmeter. 

Connect the test thermocouple to the digital thermometer or controlling device it is being 
calibrated with. The two will always be calibrated as a unit. If the thermometer is a 
multi-channel unit, it is best to connect the test thermocouple to the channel it will be 
used with. 

If a thermocouple is being calibrated on its own, connect it to the same microvoltmeter 

TPI-GC 
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7. 

8. 

9. 

10. 

11. 

12. 

13. 

as the NIST thermocouple. Alternate between the two when taking readings. Place a 
thermometer at the voltmeter terminals and record the ambient temperature with each 
voltmeter reading. Use this to correct for room temperature error with the aid of 
standard tables. 

Set the funace temperature to the desired value and turn on the power. 

Wait about 10 minutes until the temperature equilibrates. 

Take 3 readings each from the test and NIST thermocouples at 5 minute intervals. 

If more than one thermocouple is to be tested place the next thermocouple to be tested 
in the furnace, allow the temperature to equilibrate and repeat step 8. 

Set the furnace to the next desired temperature and proceed with steps 7 through 9. 

Repeat the calibration for a total of 4 temperatures that include the temperature range 
required. 

At each temperature setting compare the temperatures corresponding to the readouts from 
the reference thermocouples and test use the calibration table for the NIST thermocouple 
to convert its microvoltmeter readings into temperatures. Use standard tables (e.g. in 
Omega temperature handbook) if necessary, to convert test thermocouple readings to 
temperatures (Le. if the test thermocouple is not being calibrated with a digital 
thermometer as a unit. If the two temperature measurements deviate by more than 10°C 
consult the Project Manager. 

6.2.2 Preparation of Samples €or Microscopic Examination 

6.2.2.1 Equipment and Supplies 

221 
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Thermoplastic cement, 
hot plate, sample mounting 
Fixtures for saw, 1" dia. 

stubs 
aluminum or brass polishing 

Lubricants: 

Dia-cut 
Kerosene or isocut fluid, or Lapping oil on Nylon; use only 
lapping oil on texmet 

De-ionized water 

GrindinglPolishing Media: 

30pm Grid-abrade 
12pm Grid-abrade 
6pm Grid-abrade 
15pm diamond paste on Texmet or preferably nylon (perforated texmet may better in 
some cases) 
6pm diamond pasted paste on Texmet 
lpm diamond paste on Texmet 
0.05pm gamma alumina on microcloth 

Cleaning supplies: 

Ultrasonic cleaner, solution of Mr. Clean, tap water, deionized water, Methanol, 
acetone, tissue wipers. 

Sample coating supplies: 

Carbon electrodes, conductive paint. 

6.2.2.2 Procedure 

A. CU'rTTNG A N D  POLISHING 

Note: AU cuning and polishing of mdioactive samples must be performed in the hvo 
interconnected glove boxes located in Room 38. 

1. If the sample is in a LECO clay crucible 

(a) Cement the crucible containing the glass sample using thermoplastic cement to the 
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glass plate side of the sample holder. 

Attach the mounted sample to the sample holding arm of the Buehler Isomet Saw. 

Adjust the weights on the sample holding arm to produce moderate pressure of 
the sample against the saw blade. 

Position the sample over the blade of the saw so that the cut will be made in the 
region of the sample from which the slice is to be taken. 

Turn the power on and adjust the speed of rotation of the saw blade to produce 
the desired rate of cut. 

Ensure that there is sufficient quantity of Dia-cut lubricant for the blade in the 
reservoir. 

Gently lower the arm of the saw by hand until sample contacts the rotating blade. 

Cut through the entire sample but do not allow the blade to pass through the glass 
plate to which it is cemented. 

Lift the arm of the saw and repeat the cutting process after repositioning the 
sample for the desired thickness (2 or 3 turns of the micrometer screw). 

Remove the slice and free it of all fragments of clay. 

Proceed to Step 3. 

2. 

3. 

4. 

5 .  

If the sample is in a 95% Platinum - 5% gold crucible-- 

(a) Turn the crucible upside down and tap it gently so that the sample drops out of 
the crucible. 

Cement the sample using thermoplastic cement to the glass plate side of the 
sample holder. 

Proceed as in steps 1 @) through 1 (j). 

@) 

(c) 

Wash the slice and remainder of the sample together with the sample holder in clean 
water and wipe dry to remove any fine particles before taking out of the glove box. 

Remove the remainder of the sample from the mounting plate by placing it on a hotplate 
to meit the thermoplastic cement. 

Store the remainder of the sample in an appropriately marked bag. 
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6. Mount the glass slices on a 1" diameter aluminum or brass polishing stub using 
thermoplastic cement. 

7. Polish the glass slices using the Buehler Minimet Polisher. 

8. Samples my also be embedded in epoxy or other resin using 1" or 1 and 1/4" O.D. 
molds. Mix the resin according to directions, and coat the mold with a light coating of 
petroleum jelly or mold release agent. After curing and before polishing on the Minimet 
a 3/16" hole must be drilled at dead center in the rear face of the embedded sample (use 
lathe in shop) to within 1/4"-3/8" of front face. 

Note: Each step of the polishing process should be carried on as long as required to remove the 
scratches from previous step. A typical polishing procedure is given below: 

Grind the glass sample on a 30pm diamond Grid-abrade using water as the 
lubricant. Set the polisher to a speed setting of 6 and time setting of 5 and apply 
maximum pressure. Continue this process until the surface of the sample shows 
full contact with the grid surface. 

Clean the glass sample in an ultrasonic cleaner first using a solution of Mr. Clean 
and water for 30 seconds to 1 minute and then using water alone. 

Repeat step 7 (a) using a 12pm Grid-abrade, half pressure, speed setting of 5 and 
time setting of 5. Repeat 2-4 times until scratches from the previous step are 
removed. 

Carry out the cleaning process as in step 7 (b). 

Repeat the grinding/polishing process in step 7 (a) using a 6pm Grid-abrade, half 
pressure, a speed setting of 5 and a time setting of 5. Repeat 1-2 times to 
remove any scratches. 

Clean the glass sample as in step 7 (b). 

In the following steps, when kerosene oil or isocut are called for, use only 
enough to produce a small ring of fluid at the perimeter of the polishing pattern. 

Polish the sample using 15pm diamond paste on Nylon with Lapping oil as the 
lubricant. Do not use kerosene or Isocut on Texmet. It may be used on Nylon. 
Apply full pressure, use a speed setting of 5-9, and a time setting of 5. Repeat 
as necessary until scratches from the previous step are removed. 

Clean the sample with methanol or acetone using tissue wipers, and then in the 
ultrasonic cleaner using Mr. Clean and water or Ultramet solution. Again rinse 
with tap water in the ultrasonic cleaner before going to the next step. 
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B. 

1. 

2. 

3. 

4. 

5.  

6. 

7. 

8. 

Repeat the polishing process in step 7 (h) using 6pm diamond paste on nylon with 
Lapping oil as the.lubricant. Apply full pressure, speed 5 and a time setting of 
9. Repeat till scratches from the previous step are removed. 

Clean as in step 7 (i). 

Repeat the polishing process in step 7 0') using 1 pm diamond paste on Texmet 
with lapping oil as the lubricant. Apply full pressure, speed setting of 5 and a 
time setting of 9. Repeat till scratches from the previous step are removed. 

Repeat the cleaning process given in step 7 (i). 

Repeat the polishing process in step 7 (j) using 0.05pm gamma alumina on 
microcloth with deionized water a lubricant. Use a speed setting of 5 and a time 
setting of 4. Repeat till scratches from the previous step are removed. 

Repeat the cleaning process given in step 7 (i). 

Rinse the sample finally with tap water in the ultrasonic cleaner and wipe dry 
before removing the sample from the glove box. 

COATING WITH CA RBON 

Note: I: If the evaporator system is in the shut down condition open the supply and 
return cooling water valves. 

11: Specimens should be prepared for coating by painting the edge of the 
specimen and any remaining thermal cement with conductive paint so that 
a-continuous conduction path will exist between the sample surface to be 
observed and the mounting stub. 

Close the vent on the belljar. 

Close the roughing valve. 

Close the high vacuum valve. 

Open the foreline valve. 

Close the mechanical pump vent. 

Start the mechanical pump. 

Switch on the thermocouple gauge and note the foreline pressure. 

Wait for the foreline pressure to reach 100 millitorr or less and then switch on the 
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9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

diffusion pump. 

Wait for 15 minutes. 

Switch on the high vacuum gauge and verify that the pressure is in 10' torr range. 

Vent the belljar by opening the belljar vent valve. 

Cautiously unseat the belljar from the base plate and lift it clear of the work area. 

Loosen the spring-loaded electrode holder and swing it aside. 

Insert a 1/8th inch flat-ended carbon electrode in a stationaxy electrode holder and 
tighten. 

Insert a 118th inch carbon electrode with a sharpened point in the spring-loaded electrode 
holder and swing the holder back into its operating position adjusting the location of the 
sharpened carbon to meet with the flat surface of the opposite carbon electrode. 

When proper positioning has been achieved tighten the sharpened carbon in its holder and 
tighten the holder. 

Release the restraint on the spring-loaded electrode holder allowing the carbons to come 
into contact. 

Place the samples to be coated directly under the point of contact. 

Place the polished brass plate adjacent to specimens. This is to be used as an estimator 
for the coating thickness. 

Lower the belljar and make sure it is firmly sealed against the base plate by applying 
downward pressure by hand from the top. 

Close the belljar vent. 

Close the foreline valve. 

Switch on the thermocouple gauge to monitor belljar pressure. 

Open the roughing valve. 

Wait for pressure in the belljar to drop to 10 millitom or less. 

Close the roughing valve. 

"PI-GC 
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27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

Open the foreline valve. 

Switch the thermocouple gauge to read foreline pressure. 

Open the high vacuum valve slowly (Do not allow the foreline pressure to rise above 50 
I d i t O K ) .  

At the same .time monitor the high vacuum gauge and try to keep the pressure below lo3 
torr by controlling the rate of opening of the high vacuum valve. 

When the high vacuum valve is fully opened wait at least one minute until the pressure 
on. the high vacuum gauge reads well below 104 torr. 

Ensure that the current control knob top of the evacuator is fully counter clockwise. 

Turn on the Filament Transformer Switch on the lower panel of the vacuum system and 
advance the current control until a dull red glow is visible at the contact point of the 
carbons. 

Allow the system to outgas at this current setting for about 1 minute. 

Advance the current control knob while monitoring the system current on the top panel 
meter until the current reaches about 30 amps. (Avoid looking directly at the point of 
contact between carbons. Some slight sparking is normal when sufficient evaporating 
current has been reached.) 

Evaporate for 15 to 30 seconds until reflection on the polished brass plate dims slightly. 

Turn the current control fully counter clockwise and wait for a minute for the system to 
cool slightly. 

Switch off the Filament Transformer. 

Close the high vacuum valve and vent the belljar. 

Remove specimens, replace belljar and evacuate the system as in steps 20-3 1. 

To Leave the Svstem in Ouerating Condition Ensure that: 

(a) Belljar vent and roughing valve are closed. 

(b) High vacuum valve is open. 

(c) Foreline valve is open. 
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To Shut down the Svstem: 

(a) 

(b) Wait for 15 minutes 

(c) 

(d) Close the foreline valve 

(e) 

(0 

Switch off the diffusion pump 

Close the high vacuum valve 

Turn off the supply and return cooling water 

Turn off the mechanical pump 

(g) 

(h) Switch off all gauges 

Open the mechanical pump vent 
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6.2.3 Procedure for Operation of the Scanning Electron Microscope 

Manufacturer: E O L  
Model: JSM-35(C) 

X-RAY ANALYZER AND MAG E ANALYSIS SYSTEM 

Manufacturer: Tracor Northern (TN) 
Model: TN5500 

A. 

1. 

2. 

3. 

4. 

OPERATION PROCEDURE FOR SEM 

Note: The main power key switch for the SEM i always left ON. When the instrument 
is not in use the white switch at the lower right on the front panel of the 
instrument is left in the "unattended operation" position. 

Press the white toggle switch down from the "unattended operation" position to the 
normal position. 

Mount the specimen in the appropriate stage and thread the stage onto the specimen 
exchange rod. 

Withdraw the rod fully into the specimen exchange cap until it locks in place. 

Introduce the mounted specimen into the SEM through the airlock as follows: 

Go to standby setting as below: 

(i) Ensure SEI-BE1 switch is in the middle position, and no lights on SEI unit 
are ON 

(ii) 

(iii) 

Put the specimen exchange cap on the airlock chamber. 

Push the red button next to the airlock chamber. 

Wait until the light in the button goes OFF. 

Ensure that Gun Filament knob is turned all the way counter-clockwise 

Ensure that HY is shut off 

Set the specimen stage control knobs to the following positions: (Tilt: 0 degrees, 
x: 7.5, Y: 12.5, Rotate: 000) 

TPX-GC 
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( f )  Open the sliding door'all the way. 

(g) Push the specimen into the specimen chamber until the stage seats fully on the 
tapered mounting post. 

(h) Unscrew the rod, and withdraw it to the locked position. 

(i) Close the sliding door. 

(j) Push the red button, remove the airlock chamber specimen exchange cap and 
store on its holder. 

(lc) Cover the airlock with the protective dust cover. 

5.  Select the working distance-15mm for high resolution work and 39mm for routine work 
and x-ray analysis. 

6. Turn on the high voltage switch. 

7. 

8. 

Select the KV required (Normally 25 KV is selected for most routine and x-ray work). 

Turn SEI-BEI switch to SEI. Two red lights on the SEI unit come on. 

9. Set the condenser lens knob according to the KV as below: 
readjustment may be required) 

(guidelines only-- 

KV - 
30 KV or higher 
20 KV - 29 KV 
10 KV - 19 KV 
1 KV - 9 KV 

Lens Position 

2:oo 
1:oo 
12:oo 
1o:oo 

10. Advance the brightness and contrast knc-s on the display monitor to at least half-scale. 

11. Switch magnification to minimum (10 or 20). 

12. Push in "Rapid 2" and select "Line Profile" by turning the switch (a,*,-) to (" 
- l') . 
Note: If you do not see the line on the screen adjust the "Brightness" below the screen 

and then "Brightness" on SEI 

TPI-GC 



VSL Technical Procedures 
Glass Characrerization Rev #: 1 

Dare: 9/92 
Page 31 

I 13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

B. 

1. 

Increase Gun Filament control until the filament is saturated. Watch the movement of 
"Line Profile". 

Note: i) If the movement of line profile is too little, increase the "contrast" on the 
SEI unit. 

ii) The lifetime of a filament will be shortened if the Gun Filament knob is 
turned beyond the saturation point. 

Adjust "Gun Bias" until "Load Current" is around 1OOpA. Readjust the filament 
saturation. When lOKV or lower is used, use the maximum load current which is less 
than 100pA. 

Adjust the two upper "Beam Alignment" knobs and bring the signal line upwards on the 
monitor as much as possible. (Gun tilt alignment). 

Adjust the "Medium" objective lens knob until the "Line Profile" has sharp peaks. 
(Focusing the image). 

Adjust the "Brightness" and "Contrast" knobs on the SEI unit until the magnitude of the 
line Profde is about 1% inch and the bottom of the line Profile is about the middle of the 
monitor screen. 

Turn the switch (a,.,-) to "0" (picture). An acceptable image should be observed on 
the monitor. If there is no image or the contrast of the image is too low, adjust the 
CONTRAST on the display monitor. 

Go to 20x magnification at 15mm working distance (or lox at 39mm.) Check the 
position of the oval shaped image on the monitor screen. Adjust the two lower "Beam 
Alignment" knobs until this oval image is approximately at the center of the screen. 
Readjust the two upper "Beam Alignment".knobs for the maximum brightness. 

Note: This step is usually necessary only after changing a filament. 

An acceptable image should be observed on the monitor. In order to lessen the noise 
level at "Rapid 2", turn the condenser lens knob 1-2 settings counter-clockwise. In order 
to obtain a sharper image at a magnification higher than lOOOOx, turn the condenser lens 
knob 1-2 settings clockwise. 

Examine the image on the monitor and identify features of interest. 

PROCEDURE FOR OBTAINTNG A PHOTOGRAPH ON SEM 

Select the area to be photographed. 
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2. Focus the image carefully by going to higher magnification and using the "Rapid 1" (10 
times higher magnification for low magnification 2-3 time higher magnification for high 
magnification. For magnification above 20000x focus should be done at the 
magnification in use. 

3. 

4. 

R e m  to the desired magnification for photographing. 

Push in the "Wave Form Monitor" and "Slow 1" buttons. If nothing appears on the 
screen, adjust "Brightness" knob below the screen. 

5. Adjust the "Brightness" and "Contrast" knobs on the SEI unit. Set the wave form 
between the top line (white) and the bottom line (black) for the maximum contrast. If 
the soft contrast is preferred, set the signal between the top line and the second line from 
the bottom (grey). 

6. Push in the "Normal" button in order to return to the image. 

7. Insert film in the camera. 

8. Push "Photo" and wait for light in "Photo" button to go off. 

9. Process the film. 

C. 

1. 

2. 

3. 

4. 

5 .  

STIGMATOR ADJUSTMENT FOR MAGNIFTCATION ABOVE 2000x ON SEM 

Rock the fine focus knob back and forth between under and over focus conditions. 
Observe that the flow (or striation) of the image will be in the directions at right angles 
to each other as one goes from under to over focus. 

Adjust the focusing just to the focus where the flow cannot be seen. This focus is 
somewhere midway between under and over focus. 

Increase the "Magnitude" knob of the stigmator by half a turn, then adjust the 
"orientation" knob until the image becomes sharper. 

Adjust the "Magnitude" and the "Orientation" controls in order to make the image 
sharper and repeat this procedure until no improvement in image quality is apparent. At 
this point going to under or over focus should produce only an uniform smearing of the 
image rather than perpendicular directions of flow. 

Adjust the "Fine" objective lens knob for the sharpest image. 
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D. 

1. 

2. 

E. 

TO APPLY CORRECTION FACTOR FOR MAGNIFICATION WHEN THE 
SPECMEN SURFACE IS NOT FLAT 

Note: The working distance remains constant while any of the specimen stage 
movements are made (x and y translation, tilting and rotation), for a specimen 
with a relatively flat surface. Therefore, the magnification is always calibrated. 
In cases when a specimen has no flat surface proceed as follows: 

In the case that a specimen has a roughness up to about 3mm, adjust the fine-z on the 
specimen stage such that the area of interest ia at the same level as the top of the 
specimen holder which is the calibrated level. 

In cases when the area of interest on a specimen is either much higher or lower than the 
calibrated level, (more than 3mm roughness), apply a correction factor to the 
magnification as below: 

a) Measure the vertical distance between the area of interest on a specimen and the 
top level of the specimen holder which is the calibrated level 

b) Read the correction factor from Figure 2 of section SEMINST-5 of the JSM-35C 
Scanning Microscope Operator’s manual 

PROCEDURE FOR X-RAY ANALYZER AND IMAGE ANALYSIS SYSTEM tTN) 

Note: Normally the TN computer is left ON at all times. When not in use,. the 
SYQUEST cartridges are removed, and the Monitor and Video Copy Processor 
(VCP) are left OFF. (The rear panel switch of the VCP is left on at a11 times). 

To Start the TN Svstem: 

1. Insert Master Cartridge in Drive 1, close the door, wait until the light on 
the front panel turns from red to green. 

2. Turn on the Monitor. 

3. Turn on the front panel power switch of the VCP. 

4. Ensure that the VCP is configured for analog RGB operation, Frame 
Mode, and Monitor Mode. 

5.  If data is to be stored insert appropriate disks in Drives 2, 3, and/or 4. 

6. If the TN system does not come ON, carry out the following steps: 

.. . . . . .  . .  ...;.*.. . . :: ;. .. . , i: . .. 
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a) Ensure that the Printer in ON LINE 

b) Press the RESET Switch 

c) If still no response is obtained, turn the main power switch off, 
wait for 15 seconds, and turn it on again 

d) If still no response is obtained, contact the Project Manager 

0 .X-ray Analysis 

1. 

2. 

3. 

4. 

Ensure that the specimen is at a working distance of 39mm. 

Insert the x-ray detector (EDS) to the position marked 45.7mm. 

Center the object of interest in the field of view on the SEM unit. 

Set up Pulse Processing as below: 

a) 

b) 

c) 

d) 

Press the SET UP on the Soft-pad. 

Use the Omni control knob to select the desired program. 

Press the "Enter Dialogue" soft key. 

If the spectrum is to be obtained in the haif memory for a voltage 
range of 0-10 Kev, select 2048 for the number of channels. If the 
spectrum is to be obtained for a voltage range of 0 to 20 Kev 
select 4096 channels. 

e) Press the "RETURN" key. 

f )  Select the amplifier count rate: for maximum resolution use 
"LOW," for minimum acquisition times use "MED," or "HIGH." 

g) Press RETURN. 

h) When "Set up Complete" appears on the screen, press the "RUN" 
button on the soft-pad. 

5.  Set up the Pulse Height Analyzer (PHA) as below: 

a) 

b) 

On the TN press the ACQUIRE button on soft-pad. 

Select Program 1 (Display PHA status). 
I .  . .  
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c) Press the RUN key on the soft-pad. 

d) Check the deadtime displayed and adjust the condenser lens current 
on the SEM until deadtime reads about 30%. 

e) Press the EXIT soft key. 

f )  Refocus the image if necessary. 

6. Acquire an x-ray spectrum as below: 

a) Position the beam on the object of interest (SEM). 

Note: If the object of interest is smaller than about 5pm in diameter or 
thickness, the spectrum collected will not be exclusively from the object 
of interest, but will include some of the adjoining matrix as well. 
Operator's discretion is required in interpreting such a spectrum. 

b) Press the ACQUIRE key on the soft-pad. 

c) Enter the parameters for spectrum acquisition. 

d) When "Set up complete" appears on screen, press the RUN key on 
the soft-pad. 

e) Note that spectrum acquisition will begin. Accumulated spectral 
data will be displayed and updated during acquisition. 

f )  To halt the acquisition prematurely press the STOP key on the 
soft-pad. 

g) Note that acquisition will terminate automatically when the 
condition set in step 6 (c) is satisfied. 

h) Identify peaks by pressing the MARKERS soft-key and the Z- 
SELECT soft key. Use omni control on keyboard to scm the 
periodic table. 

7. To print the spectrum on C.ITOH printer carry out the following steps: 

a) Press the OUTPUT key on the soft-pad. 

b) Select the PLOT SPECTRUM program. 

c) Select plot size (one half page is usual). - 235 
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d) Press RETURN. "SET Up COMPLETE" should appear. 

e) Set paper on printer at top of the page. 

8 Press the RUN button on the soft-pad. A spectrum will be printed 
out on the printer. 

8. For microanalysis carry out the following steps: 

a) Select the area to be analyzed. 

b) Collect the spectrum in the first half of memory. 

c) Load the SQ program. 

d) Identify elements present. 

e) Set up definitions. 

f )  Select elements to be analyzed. 

g) Input the conditions of analysis. (Refer to the Tracor-Northern 
Operating Manual). 

h) Type the command "QUANTIFY" followed by RETURN. 

i) Results of analysis will be printed on the C.ITOH printer when 
complete. 

iii) IMAGE ANALYSIS: 

To acauire a Video Tmape on the TN Svstem: 

1. Press the upper sector of the "ENABLE" rocker switch on the trackball 
box. 

2. Load the VISTA program. 

3. Use the following soft-key sequence: 

- Acquire 
- Video 
- Image 1 (or 2) as desired 
- Select Resolution (128, 256, 512) 

. .  

236 
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F. 

The image will now be acquired and displayed. 

To determine an AREA Fraction 

1. Display the image to be analyzed. 

2. Use the soft key sequence "Process," "Gray," "Segment." 

3. Attach the cursor to one extreme of the video level of the feature or phase 
of interest. 

4. As the cursor is moved, video levels on the image between the cursor and 
the "attach" point will be colored in. Continue until the entire feature or 
phase is just colored in. 

5 .  Read the percent of the image colored in directly off the display. 

TO ACOUTRE X-RAY MAPS: 

1. Use the soft-key sequence "SETUP," X-RAY." 

2. Input the parameters for x-ray map acquisition. 

3. Redefine any regions of interest that may result in ambiguous results. 

4. Acquire maps using the soft-key sequence: "Acquire," "Maps (x-ray), " 
"64" (or "128" for higher resolution.) 

5 .  Maps will be displayed as acquired, one line at a time. 

SHUT DOWN PROCEDURE 
For SEM unit 

1. Set the SEI detector to OFF position. 

2. Set the magnification knob to maximum. 

3. Set the Scan Generator knob to Slow 2. 

4. Set the CONTRAST and BRIGHTNESS knobs on the display monitor to 
minimum. 

Turn the Gun Filament knob fully counter-clockwise. 5.  

6. Switch off the Accelerating voltage. 



7. Switch the SEM unit to "unattended operation" by pushing the white 
button up. 

For the TN svs tern 

1. 

2. 

3. 

4. 

5.  

6. 

7. 

Press the "Drive 1" button, wait until the flashing red light on the unit 
goes out. 

Remove disk. 

If a disk is present in Drive 2, repeat steps 1 and 2 above for it. 

Remove floppy disks (if any) from drives 3 and 4. 

Turn off the monitor. 

Turn off the Video Copy Processor at the front panel switch. 

Leave the computer ON. 

I 

SECTION 7.0 

SPECIMEN CONTROL/TRACEABILITY 

Specimens for glass characterization are obtained from the Glass Preparation Laboratory. 
Samples are recorded in W C M ,  UTh or Misc Radioactive glass logs while leaving the Glass 
Preparation Laboratory. The recipient of the glass dates and signs the log and records the 
receipt in Log in the Electron Microscopy Laboratory. Samples prepared for SEM observation 
are stored in the SEM lab after observations are completed 

SECTION 8.0 

DATA ANALYSIS 

Microstructural characterization studies consist of observing the crystal phases and carrying 
out the semi-quantitative analysis by Energy Dispersive Spectrometry. Output from this study 
consist of SEM micrographs of the crystal phases and spectra of the bulk glass and the phases. 
The observations made of the phases along with supportive micrographs and printed spectra 
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entered in the laboratory notebook maintained by the Project Manager. Data Analysis consist 
mainly of identifying and quantifying the crystal phases and confirming the identification with 
the EDS spectra. Technical literature, and textbooks in mineral chemistry are used for the 
identification of the crystalline phases. 

SECTION 9.0 

RECORD KEEPING 

Details of heat treatment and sample preparation for Scanning Electron Microscope are 
recorded in the laboratory notebook "Heat Treatment and SEM Sample Preparation". Glass 
microstructural data and observations are recorded in a separate laboratory notebook. Formats 
for recording the crystalline phases observed are included in the Appendix at the end of this 
section. 

TPI-GC 
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Qtv Device 

1 Controller 

Tube Furcace 

Split Furnace 

Controller 

Xultimeter 

Compensator 

The -?no c oup 1 e 

MELT CONDUCTIVITY DETERMIIIATION 

Eauiment and S u m l i e s  

Manufacturer Model 

Love 4 9  

VSL 

ATS Inc. 3320 

Eurotherm aiap 

Kei thly 177 

Omega 

Th~rm0cou;le 3rotec:ior. tubes 

P br~cikLe u.s Cuazsz 

2r .x ib l . s  - =ngeAzazd .. 

Standard Sef. M a t .  NBS 

Conductivi  cy Probe VSL 

The-mometer Fisher 

I-wedance analyzer H e w l e r t  Packard 

/# Cal.P.ec 

N.A 

I 

I 

N.A. 

I1 

I 

C h r o m e l /  
Alumel type K III 

Pt / Pt - R h  -. Ljae S - - 
at 1 .. ... 

SRM7l.1 

Pt I 

4194X I 

Calibratlcn freque,?cy: 
Caiibratzon accuracy +- 7% (see l a t e r  ir, t h i s  procedure)  

Every six nonths cz  sooner if r equre i  
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-URE 

A .  C o n d u c t i v i t v  Measurement 

(1) Perform instrument compensation using shorted azd open terminals.  

( 2 )  Measure a precision r e s i s t o r  i n  the range of t h  glass r e s i s t a n c e ,  
t h e  value t o  be within 1% of the quoted v a l u e .  

( 3 )  Perform instrument compensation using shorted ezd ope3 probe. 

( 4 )  Weigh out enough glass t o  make up - 8 5  m l  of melt (based on t h e  
dens i ty ) 

( 5 )  Melt the sample a t  the upper temperature s p e c i f i e d  by t h e  Project 
Manager 

( 6 )  Lower t h e  probe electrodes into the melt ( t h e  electrode immersion 
depth i s  -0.75 an) 

( 7 )  Measure the resistance of the melt at a frequezzy of 100 H t  

Lower the temperatme and repeat step ( 7 )  a t  -5OOC inte--ais over  
r --.e *- t~inperzrrure rs.-.ge s 7 e c i f i e d  k2* the ? ro jcc= !.:szaqer 

3 a i s e  t h e  tzmperature and repeat step (1) ac -::O”C 
inte-rvals over  the measurement range 

Zalctllate t h e  inel: r e s i s c i v i t y  using the rnaasczd r e s i s c a n c e  z z c  
c e l l  c o n s t t z t .  

F i t  the d a t a  to a Fulcher equation. All da:s points snouid b e  
w i t h i n  20°C of the corresponding r e s i s t i v i t y  data  point obtained 
from the Fulcner fit. 

Cleaninu of the Probe and P1atin.m Crucible 

R a i s e  the probe above t h e  melt and let the excess glass d r i p  i n t o  
tne c r u c i b l e  

? l a c e  tke probe ir. a sealed can cool t o   roc^ tenperature 

A f t e r  the probe has cooled, place i t  i n  an HF bath t o  remove the 
remaizing class 

,-,; I .After the glass has bee2 remved d i p  the p r 3 e  in n e u t r a l i z i n g  
so lu .= ion ,  rinse i: with deionized water and ii1ls-d co dry 
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( 5 )  Allow the furnace to cool to room temperature 

(6) Remove the crucible and place it in a furnace at up to 1500°C 

( 7 )  After the glass temperature has stabilized pc-x out the glass into 
a clay crucible for disposal 

( 8 )  Place the platinum crucible in a sealed container to cool 

( 9 )  After the platinum crucible has reached room twerature place it in 
an HF bath to remove the remaining glass 

(10) After the glass has been removed dip the crcible in neutralizing 
solution, rinse it with deionized water and allow it to d r y  

C .  Calibration of the Conductivity Measurement Svstem 

(1) Perform instrument compensation using shorted and open terminals. 

( 2 )  Measure a precision resistor in the range of the glass resistance, 
the value to be within 1% of the quoted value. 

( 3  1 Perfom. instrument compensation using shortei and open probe .  

M ~ a s u z e  the  coxnplex impedance of NaCl solutizxs of . 0 1 ,  .I and . S  
n o m a l i t y  at 100, 200, 400 1000, 2000, lO,OC:, 4 0 , 0 0 0 ,  ana i O 0 , O O O  
H z .  

5 i Meesurs the tenperature- of the  solutions usiz; a the-mcsetsr. 

: S i  The prabe immersion depth shall be 0 . 7 5  cm. 

( 7 )  Plot the real versus the imaginary impedance a t  each frequency and 
extrapolate to infinite frequency to obtain Z ( - ) .  

( 8 )  Calculate the solution conductivities, a ,  using the relations due 
to Stogryn (IEEE TRAN on MICROWAVE THEORY and TECH, Aug 1971 p 7 3 3 -  
7 3 6 ) .  

3 ;  C a l c u l a t e  the c e l l  c m s t m t  ( L / A )  f r o m  the rzLacion: 
L/A = X(-)Q. 

- -  : L O )  P e r f o m  procedures A. ( 4 ) - ( 1 0 )  using SRM 711 g l a s s  

_.-  
1:) The cifferencc between. reported and calculatzi resistivLt:es of S?.!! 

711 shall be wichin 2 15%. 

VSL-7.0-ANL 
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SECTION 1 

TASKS TO BE PERFORMED 

This task-specific Health and S a f q  Plan was prepared as a supplement to the f o d  sitewide Health and 
Safiety Plan for the Fernald EnvironmentaI Management Project (FEMP) site. Personnel from 
Westinghouse Environmental Management Company of Ohio (WEMCO) and GTS Duratek will use this 
Health and Safeqr Plan while conducting the bench-scale treatability study operational mks as described 
herein. The contents of this task-specific Health and Safety Plan are consistent with Title 29 Code of 
Federal Regulations (CFR) 1910.120, Huzzard0u.s Waste 0perufiun.s and Emergency Response and the 
FEMP Site He& and safery Plan (June 1990). 

The activities covered by this Health and Safety Plan are part of the Minimum Additive Waste 
Stabilization (MAWS) Program being conducted at the FEMP site. The bench-scale treatability study, 
which represents an initial MAWS Program activity, is part of a system which demonstrates the 
integration of soil washing, ion exchange, and vitrification processes in order to stabilize multiple waste 
streams while minimizing additives, pro& generated waste, and stabilized waste volume. 

The bench-scale treatability study is divided into two phases. Phase I on-site activities consist of the 
following: (a) treatment of soils by a TRUclean soil wash system, @) operation of a water treatment 
system for treatment of the soil wash water, and (c) operation of a Duramelterm vitrification system. 
Phase II on-site activities consist of a demonstration of the fully-integrated system. Only Phase I (a), (b), 

and (c) activities are covered by this task-specific Health and Safety Plan. RUST Engineering has  
prepared a Health and Safety Plan to cover activities related to the Plant 9 modifications, instdlation of 
the soil wash system, water treatment system, and the Duramelterm. A subsequent Hedth and Safety 
Plan will be prepared to cover Phase II activities. 

Subsections 1.1 through 1.11 comain a checklist of standard actions that may or may not occur during 
each of the major tasks associated with Phase I (a), (b), and (c) bench-scale treatability study activities. 

1.1 Collect and Place Contaminated Soil in Drums and Move Drums to 

Plant 9 Storage Area 

- X Disturb Surface Soil - X Involve Radioactivity 

- X Use Heavy Equipment 
X Disturb Subsurface Soil - Disturb Containerized Material - 

1-1 
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1.2 Transfer Contaminated Soil from the Drums to the Soil Washing 
Unit 

- Disturb Surface Soil J- Involve Radioactivity 
__ Disturb Subsurface Soil J- Disturb Containerized Material 
J- UseHeavyEquipment 

1.3 Operate the Soil Washing Unit 

- Disturb Surface Soil J- Involve Radioactivity 
- Disturb Subsurface Soil - Disturb Containerized Material 
- Use Heavy Equipment 

1.4 Transfer Cleaned Soil and Concentrated Contaminated Soil to 
Containers for Storage 

- Disturb Surface Soil Involve Radioactivity - Disturb Subsurface Soil - Disturb Containerized Material 
J- Use Heavy Equipment 

1.5 Operate the Water Treatment System 

- Disturb Surface Soil - X Involve Radioactivity 

- Use Heavy Equipment 
Disturb Containerized Material - Disuub Subsurface Soil - 

1.6 Collect and Place Contaminated Sludge in Drums/Tank Trailer from 
Waste Pit 5 and Move Drums/Tank Trailer to Plant 9 Storage Area 

Disturb Surface Soil - X Involve Radioactivity 
Disturb Subsurface Soil - Disturb Containerized Material 
Use Heavy Equipment X_ Use Dredge 

- 
- 

1-2 
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1.7 Transfer Contaminated Sludge from the Drums/Tank Trailer to the 
Vitrification Unit 

- DisturbSurfaceSoil -X, Involve Radioactivity 
- Disturb Subsurface Soil L Disturb Containerized Material 
J- UseHeavyEquipamt 

1.8 Addition of Chemical Additives to Vitrification Feed Materials 

- DisturbSurfaceSoil J,- Involve Radioactivity - Disturb Subsurface Soil L Disturb Containerized Material 
Use Heavy Equipment 

1.9 Operate the Vitrification Unit 
\ 

- DisturbSurfaceSoil -X, Involve Radioactivity 
- Disturb Subsurface Soil - Disturb Containerized Material 
- Use Heavy Equipment 

1.10 Transfer Empty Sludge Contaminated DrumdTank Trailer Back to 
Plant 9 Storage Area 

- Disturb Surface Soil Involve Radioactivity 
- Disturb Subsurface Soil - Disturb Containerized Material 
A Use Heavy Equipment 

1.1 1 Transfer Stabilized Glass Waste Marbles to Containers for Storage 

- Disturb Surface Soil - X Involve Radioactivity 
- Disturb Subsurface Soil - Disturb Containerized Material 

Use Heavy Equipment 

P\OU-I\PO-33\HSP-MAWS 
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SECTION 2 

SITE HISTORY 

The FEMP site has over 350,000 d of pit wastes, over 2,000,000 d of potentially contaminated soils 
on site, and associated water that needs to be remediated. Vitrification is an amactive remediation 
almnative for some site soils because organic contaminants are completeiy oxidized to carbon dioxide 
and water while radionuclides, heavy metals, and other inorganic contaminaats are dissolved into the glass 
matrix which has a very low leach rate. However, the sludges in the waste pits do not make good glass 
because they do not contain sufficient silica-bearing compounds. The soils make a good glass but their 
melting point is too high for economical operation. Based on preiiminary results from laboratory studies, 
the pit wastes behave as a flux that lowers the soil melting point and together the pit wastes and soils 
make a good glass. 

’ 

The MAWS Program is designed to take advantage of the fact that the pit wastes and soils make a good 
glass and related synergism to develop an efficient, minimum cost remediation process for soils, sludges, 
and other wastes found at the FEW site. Specifically, MAWS will integrate soil washing (to separate 
contamrnated soils from clean soils), vitrification of mixed waste streams, and ionexchange to remediate 
water from the soil washing process and the vitrification off-gas scrubber. Spent ionexchange media will 
either be regenerated or combined with the other waste streams and vitrified. 

The bench-scale treatability study for the MAWS Program will be performed by Operable Unit (OU) 1 
which is responsible for the six waste pits, the Clearwell, the Bum Pit, and the associated soils. The 
sludges which will be fed to the MAWS bench-scale demonstration will come from wastes existing within 
OU-1. For this bench-scale study, feed soils will be taken €rom locations other than hazardous waste 
management units (Le., only soils which are not contaminated with Resource Conservation and Recovery 

Act RCRA] hazardous waste will be used). 

The process equipment for the MAWS bench-scale demonstration will be installed in the southeast open 
bay of Plant 9 at the FEMP site and are identified in Figure 2-1. The three major subsystems of the 
demonstration treatment process will be: 

1) Vitrification system 
2) Soil wash system 
3) Ion-exchange water treatment system 

The vitrification system capacity will nominally be 300 kg/per day of equivalent dry fedglass  product, 
but expected process optimization may result in a major increase in throughput. The soil wash system 
will be capable of handling 0.25 cubic yards of soil per hour. The ionexchange water treatment system 

2- 1 
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will be sized to treat 100 gallons per minute (gpm) (70 gpm nominal) of contaminated water. Support 
facilities will include incoming and in-process material storage area, a staging area for feed makeup 
materials, a meIter feed mixing station, and an off-gas treatment system. 

The bemh-scale process demonstration of the MAWS Program will take piace entirely within the 
boundaries of the FEMP site and will demonstrate the integrated technologies to achieve a net volume 
redudon of wastes for OU-I. This demonstration will provide data to confirm OU-1 treatment 
alternative selection and to support technical feasibility prior to the Record of Decision which is scheduled 
for December 1994. 

p:\ou- 1 \PO-33\HSP-MAWS 
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SECTION 3 

TASK-SPECIFIC HAZARD ASSESSMENTS 

An assessment of the tasks to be conducted during the bench-scale treatability study indicates that 
physical, radiological, and chemical hazards will or may be present during operational activities. Table 
3-1 lists the anticipated hazards associated with each of the eleven major work tasks identified in 
Subsections 1.1 through 1.11. 

3.1 Physical Hazards 

During all work tasks, personael will be exposed to a variety of slip, trip, and fall hazards. These 
hazards inciude uneven ground surfaces, stairs, and elevated surfaces in the trailers which contain the soil 
washing, water treatment, and vitrification units. 

During soil excavation and container tilling operations, heavy equipment (e.g., a front-end loader or 
backhoe) will be used. The use of this equipment and associated service vehicles represents potential 
hazards to the equipment operator as well as to the personnel adjacent to the work site. Site workers 
could be struck directly or indirectly as a result of equipment use or breakdown. Forklifts will be used 
to move drums and containers of contaminated and clean soil. Site workers could be struck during the 
operation of these vehicles. 

During transfer of soil and sludge to the soil wash unit and viaifier, workers could be struck by moving 
or falling drums. Also, during operation of the soil wash unit and vitrifier, the operator and support 
personnel may be exposed to elevated noise levels. 

During the soil washing, ion exchange, and vitrification processes, workers could be exposed to pinch 
points and failing objects associated with the process equipment. Also, during the vitrification process, 
workers could be exposed to skin contact burns from the vitrification unit shell, piping, and all other 
associated equipment where heat transfer takes place. 

P\OU- l\Po-33\HSP-MA WS 
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Table 3-1 - Hazards Associated with the Bench-Scale 
Treatability Study for the Minimum Additive Waste Stabilization 

Work Tasks 

1.1 collect and place 
Comarmnated soil 
indrumsand 
move drums to 
Plant 9 storage 
Area 

1.2 Transfer 
Comarmnated soil 
h m t h e d r u m s t o  
the soil washing 
unit 

1.3 Operate the soil 
washing unit 

1.4 Transfer cleaned 
soil and 
concentrated 
contaminated soil 
to containers and 
move to Plant 9 
Storage Area 

1.5 Operate the water 
treatment system 

1.6 Collect and place 
contaminated 
sludge in 
drums/tank trailer 
from Waste Pit 5 
and move 
drums/tank trailer 
to Plant 9 Storage 
Area 

Slip, trip, fall; moving 
heavy equipment and 
service vehicles 

Slip, trip, fall; moving 
heavy equipment; falling 
drums 

~ 

Slip, trip, fall, noise, 
pinch points, and falling 
objects 

~~ 

Slip, trip, fall; moving 
heavy equipment 

Slip, trip, fall, noise, 
pinch points, and falling 
objects 

Slip, trip, fall; moving 
heavy equipment and 
service vehicles 

Radiologid Hazanls 

Low levels of 
P-hg g- 
radiation. Potential 
inhalatiodingestion of 
radioactive particulates 

Low levels of 
penetrating gamma 
radiation. Potential 
inhalationhgestion of 
radioactive particulates 

Low levels of 
penetrating gamma 
radiation. Potential 
inhalatiodingestion of 
radioactive particulates 

Low levels of 
penetrating gamma 
radiation. Potential 
inhalatiodingestion of 
radioactive particulates 

Low levels of 
penetrating gamma 
radiation. Potential 
inhalatiodingestion of 
radioactive particulates 
and liquid 

Low levels of 
penetrating gamma 
radiation. Potential 
inhalatiodingestion of 
radioactive particulates 

Chemid 
Hazards 

Note 3 

Note 3 

Note 3 

Note 3 

Note 1 

.... 

3-2 
Doc. Colurol No.: OlSAlll69201 

90% S u b m i d  Rev. No: 0 



4267 

Radiological Hazards 

Table 3-1 (Continued) 

Chemid 
Hazards 

Work Tasks 1 PhysicaIHazards 

Low levels of 
penetrating gamma 
radiation. Potential 
inhalatiodingestion of 
radioactive particulates 

Low levels of 
penetrating gamma 
radiation. Potential 
inhalatiodingestion of 
radioactive particulates 

1.7 Transfer 
comarmnated 
sludge from the 
drums/taak trailer 
to vitrification unit 

Note 1 

Note 1 
Note 2 

1.8 Additionof 
chemical additives 
to vitrification 
feed materials 

1.9 Operate the 
vitrification unit 

1.10 Transfer empty 
sludge 
contammted 
drumsltank trailer 
back to Plant 9 
Storage Area 

1.11 Transfer stabilized 
glass waste 
marbles to 
comainers and 
move to 
designated storage 
area 

Slip, trip, fall; moving 
heavy equipment and 
falling drums 

Slip, trip, fall, noise, 
pinch points, falling 
objects, and skin contact 
burns 

Slip, trip, fall; moving 
heavy equipment and 
service vehicles 

Slip, trip, fall; moving 
heavy equipment and 
service vehicles 

Slip, trip, fall; moving 
heavy equipment and 
service vehicles 

I 
1 

Low levels of 
penetrating gamma 
radiation. Potential 
inhalatiodingestion of 
radioactive particulates 

Low levels of 
penetrating gamma 
radiation. Potential 
inhalatiodingestion of 
radioactive particulates 

Note 1 
_ .  

Note 1 

Low levels of 
penetrating gamma 
radiation. Potential 
inhalatiodingestion of 
radioactive particulates 

1) Based on the Waste Pit 5 Characterization Investigation Study (weston 1987) previous 
sampling of Waste Pit 5 contents indicated the presence of several organic and inorganic 
contaminants (Le., barium, acetone, arsenic, cadmium, chromium, methylene chloride. and 
PCBS). 

2) Based on the GTS Duratek Input for MAWS Work Plan (September 1992). potential 
chemical additives to vitrification feed materials are sodium monoxide, boron oxide, and 
calcium oxide. 

Once soil locations have been identified, potential chemical hazards will be evaluated. 3) 
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3.2 Radiological Hazards 

The feed soils for the soil wash unit will not contain RCRA hazardous waste. Table 3-2 lists the primary 
hazard and exposure limits for the anticipated radionuclides to which workers may be exposed. Workers 
may ingest or inhale radioactive particulates from soil excavation/soil washing operations or be splashed 
with radioactive liquid/fXter media following water trearment operations. 

Based on the Waste Pit 5 Characerbion Investigation Study (Weston 1987). several radionuclides 
(cesium, neptunium, plutonium, radium, ruthenium, strontium, technetium, thorium, and uranium) were 
identified in the sludge material. The sludge material from Waste Pit 5 and the contaminated fraction 
exiting the soil washing system will be used as feed materials for the vitrification system. Based on the 
radiological contaminants and exposure limits listed in Table 3-2, Thorium-232 will be the limiting 
radionuclide concentration used for personnel monitoring during sludge handling operations. 

3.3 Chemical Hazards 

During the 1987 Weston study of the waste pits at the FEMP, a variety of organic and inorganic chemical 
constituents were identified in the contents of Waste Pit 5. Inorganic chemicals in the pit contents were 
generally observed at collcemeations comparable to soils found throughout the eastern United States, but 
arsenic and barium were observed at elevated concentrations. These chemicals may pose an 
inhalatiodingestion hazard to personnel involved in the collection and placement of contaminated sludge 
in drums/transferring contaminated sludge to vimfication unit or being splashed with liquid containing 
chemical contaminants during these operations. 

While it is recogmzed that these chemicals have been placed in the pit, it is not believed that the 
Permissible Exposure Limit(s) (PELS) will be exceeded during the field work activities. The 
concentration levels are low based on the 1987 Weston study of Waste Pit 5 contents, except for the 
arsenic and barium constituents. 

During the vitrification process, chemicals may need to be added to the feed materials. Potential 
additives are sodium monoxide, boron oxide, and calcium oxide. These chemicals may pose an 
inhalatiodingestion hazard to personnel involved in the adding/mixing operations. During the 
addinglmixing process, the oxide powder dust should be kept A5 Low As Reasonably Achievable 
(ALARA). Workers shall follow the manufacturer's material safety data sheets (MSDS) recommendations 
for material handling. MSDSs shall be provided by GTS Duratek upon receipt of chemicals and attached 
as an addendum to the Health and Safety Plan. Laboratory studies will determine which, if any, of these 
chemicals are needed for the on-site vitrification process. Each time a new chemical product is brought 
on site for the project, a MSDS must accompany it and WEMCO IRS&T must be notified. 

P\OU- l\w-33\HsP-MAWS 
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The chemical additives for the vitrification process will be stored in Plant 9 in a chemical storage cabinet 
away fmm reactive sources. The chemicals will be transported from the cabinet to a loading hopper 
designed to feed the additives into the vitrifier, which will also be located in Plant 9. The chemicals will 
be added manuaily to the hopper system. 

3-5 
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Table 3-2 - Radiological Hazards Table 

NOTES: 
The exposure limit values are given for individual radionuclides. For known mixtures pf 
radionuclides, the sum of the ratio of the observed concentration of a particular 
radionuclide and its corresponding limit for all radionuclides in the mixture must not 
exceed 1.0. 

Derived Air Concentration (DAC). 

I/ 

&I 

SOURCE: 

United States Department of Energy (DOE) Order 5480.11, "Radiation Protection for 
Occupational Workers," DOE, July 20, 1989. 
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Table 3-3 lists the primary hazard and exposure limits for the chemicals of concern for the contaminated 
sludge handling and vitrification pr0c.e~ operations. 

Table 3-3 - Chemical Hazards Table 

Potentipl conta- -(s) Exposure Limit?’ 

Acetone Inhalation/Ingestion 750 ppm 

Aroclor-1248 (PCB) Skin Absorption O.OO1mg/mJ 

Aroclor-1254 (PCB) Skin Absorption 0.5 rng/mJ (Skin) 

Arsenic (irganic) Ingestion 0.010 mgh’ 

Barium (soluble) Ingestion 0.5 mg/mJ 

Cndmium (Dust) Ingestion 0.005 rng/mJ 

c l l r o m i u m ( I I ) a n d ~  IngestiodContact 0.5 rng/mJ 
compounds 

Methylene Chloride* Inhalation/lngestion 

10 mg/mJ 

Sodium Monoxide ~~ I Inbalatiorkgestion 1 Not$ 
~ ~~~~~~ -~ ~~ 

Notes: 
l f  The Exposure Limit Values are given for individual chemicals. The Exposure Limit is 

based on a timeweighted average concentration for a normal 8-hour work day and a 40- 

hour work week, to which nearly all workers may be repeatedly exposed, day after day, 
without adverse effect. 

-y No exposure limit@) are published by Occupational Safety and Health Service agencies. 
Follow manufacturer’s MSDS recommendations. 

8 Detection of this constituent may have been attributable to laboratory contamination. 
____ 

Sources: National Institute for Occupational Safety and Health Pocket Guide to Chemicd 
Hazards, United States Department of Health and Human Services, June 1990. 
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SECTION 4 

MONITORING 

4.1 Goals 

Prior to initiating soil excavation and drum filling activities, air monitoring will be conducted by 
WEMCO Radiological Safety and Industrial Hygiene personnel, as required at the time of work permit(s) 
issuance, to ensure that exposure limits are not exceeded. Radioactive contamination monitoring will be 
performed to minimhe the spread of contamination when soil media or sludge material is disturbed or 
Cleaned. 

4.2 Monitoring Equipment and Frequency of Monitoring 

4.2.1 , Airborne Radioactive Particulates 

A represemative air sample in the immediate breathing zone or general area of a worker actively involved 
in excavation, soil/sludge container filling, soil washing, water treatment, and vitrification operations will 
be collected to determine the concentration of long-lived airborne radioactive particulates to which 
workers are exposed. The sample will be collected using portable, battery-powered air pumps with 37 
mm diameter membrane filters. The air sample filter will be checked for gross radioactivity to verify 
the adequacy of respiratory protection. A daily air sample which indicates that personnel may have been 
exposed to greater than 40 DAC-hours in one week without respiratory protection will trigger dose 
assessment by WEMCO Radiological Safety, Dosimetry Subsection. 

4.2.2 Radioactive Surface Contamination 

When personnel are excavating soil and filling soil/sludge containers, .surveys of removable radioactive 
surface contamination will be performed by WEMCO Radiological Safety personnel in the work area. 
Direct reading insauments and/or field swipe surveys will be used on excavation equipment and 
containers. Alpha, beta, and gamma detectors will be used by a WEMCO Radiation Technician to 
monitor excavated soil/sludge. External surfaces of the soil wash, water treatment, and vitrification units 
will also be monitored for removable radioactive contamination. 
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4.2.3 Radiation Survevs 

Prior radiation surveys will be used by WEMCO Radiological Safety personnel to establish general area 
radiation levels. Radiation surveys will be conducted periodically during operational activities by 
WEMCO Radiological Safety personnel. Portable radiation monitoring devices will be calibrated and 
mamtamd in accordance with WEMCO Standard Operating Raceduces. 

. .  

4.2.4 Potential Chemical Hazard3 

Exposure to significant chemical vapor concentrations is not expected during the collection and placement 
of coDfaminared sludge into drums from Waste Pit 5/transfer contaminated siudge from drums to 
vitrification unit. However, WEMCO Industrial Hygiene @r) personnel will use a Photoionization 
Dete!ctor (P!D)/Fiameionization Detector (FlD) to monitor the air near the breathing zone of the workers 
involved in the contaminafed sludge handling operations. The frequency that the PID/FID meter 
measurements will be made are based on curreat readings and on the recommendation of the IH 
technician. 

WEMCO M personnel will concluct personal air sampling in the immediate breathing zone area of 
workers actively involved in the collection and placement of contaminated sludge into drums from Waste 
Pit 5/transfer contaminated sludge from dnuns to vitrification unit to determine the workers' exposure 
to methylene chloride, arsenic, and barium. In addition direct reading instruments, such as Driger tubes 
shall be used to detect the presence of methylene chloride. 

4.2.5 Thermoluminescent Dosimetry 

Thermoluminescent dosimeters (TLDs) will be worn by all field personnel during all field aspects of the 
bench-scale treatability study. 

4.2.6 Phvsical Hazards 

Noise levels associated with the soil excavation, container filling activities, soil washing, water treatment. 
and vimfication operations will be monitored by a WEMCO IH representative. Worker hearing 
protection will be required if noise levels exceed 85 A-Weighted Decibels (dBA) over my length of time. 
WEMCO IH personnel will determine the need for worker hearing protection. 

Heat/cold stress can be a major hazard, especially for those workers wearing protective clothing. 
Depending on the ambient temperature and the work being performed, headcold stress monitoring of 
personnel may be required and will be directed by the GTS Duratek Field Supervisor. Attachments B 
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Notes: 

1‘ “Frisking“ for alpha contamination and bedgamma contamination using hand held alpha 
scintillator and Geiger Mueiler detectors respectively. 
“Intermittent” is as deemed necessary by the WEMCO Radiological Safety and/or IH 
Technician, or at a minimum of once a day. 

Full-face air purifying respirator with High Efficiency Particulate Air (HEPA) or organic 
vapor, acid gas, fume m i d g e s  (Health Physics Review). Disposable protective clothing, 
such as TyveWSarauex coveralls and a step+ff decontamination, will also be required 3t 

2 

1 21 Above background. 
- 9  

I any time Air Purifying Respirator (APR) are used. 
2‘ 1 ppm above background. 
6/ Supplied air respirator. 

and C provide guidance for heat/cold stress monitoring and prevention. Heat/cold stress monitoring of 
personnel will be performed by WEMCO M personnel. 

4.3 Field Action Limits Guidelines 

Table 4-1 presents the field action limit guidelines for radiological and chemical contaminants that may 
be enwuntered in the work environment during field activities. 

Table 4-1 - Field Action Limit Guidelines 

Alpha Prober‘ Re-Job and 
hemitten$ 

Intermittent? 

LIMIT 

>25,OOO cpm 

Detection to 10 ppd’  

10-25 ppm 

ACTION 

A P P  

~ ~~ 

Withdraw 

Withdraw 

SARY 

Withdraw 

P\OU- 1 \p0-33\HSP-MAWS 

. , i 
r: ..... 3. ‘: k?..;’ ., : 

4 3  
Doc. C o n v ~ l  No.: OlSAl1169201 

90% Submiaal Rev. No: 0 



SECTION 5 
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PERSONAL PROTECTIVE EQUIPMENT 

The following Personal Protective Equipment (PPE) is required to be worn by personnel who perform 
the work tasb described in Subsections 1.1 through 1.11: 

Table 5-1 - PPE Associated with the Bench-Scale Treatability 
Study for the Minimum Additive Waste Stabilization 

WORK TASKS 

1.1 Collect and place 
contarrrmated soil in 
drums and move 
drums to Plant 9 
Storage Area. 

1.2 Transfercontaminated 
soil from drums to the 
soil washing unit 

PCYl-EFlTIALEDEmD 
HAZARD 

Eye injury 

Head injury 

Foot injury 

Hand injury 

Back injury 

Body contamination 

Inhalation of airborne 
particulates during excavation 
and drum filling operations 

Eye injury 

Head injury 

Foot injury 

Hand injury 

Back injury 

Body contamination 

Inhalation of airborne 
par t idates  during soil transfer 
operations 

P\OU- 1 \PO33\HSPMA WS 
5- 1 

PERSONAL PROTECTIVE 
EQUIPMENT 

safety glasses 

Hard hat 

Steel-toed bootslshoe covers 

Leather-palm gloves 

Back support beit 

Disposable Tyvek over 
controlled area coveralls 

Full-face air purifying 
respirator with HEPA- filter 
cartridges 

Safety glasses 

Hard hat 

Steel-toed bootslshoe covers 

Leather-palm gloves 

Back support belt 

Disposable tyvek over 
controlled area coveralls 

Fuil-face air purifying 
respirator with HEPA filter 
cartridges 
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Table 5-1 (Continued) 

WORK TASKS 

1.3 Operate the sod 
washing unit 

1.4 Transfer cleaned soil 
andconcenrrated 
contamtnated soil to 
comainers for storage 

1.5 Operate the water 
treatment system 

POTENTIAUEXPECTED 
HAZARD 

Eye injury 

Head injury 

Foot injury 

Body contamination 

Hearing loss 

Eye injury 

Head injury 

Foot injury 

Hand injury 

Body contamination 

Inhalation of airborne 
particulates during soil transfer 
operations 

Eye injury 

Head injury 

Foot injury 

Body contamination 

Hearing loss 

5-2 

PERSONAL PROTECTIVE 
EQUIPMENT 

safety glasses 

Hard hat 

Steel-toed bootdshoe covers 

Controlled area coveralls 

Ear plugdmuffs, if noise 
levels exceed 85 dBA over 
any time period 

Safety glasses 

Hard hat 

Steel-toed boots/shoe covers 

Leather-palm gloves 

Disposable tyvek over 
controlled area coveralls 

Full-face air purifying 
respirator with HEPA filter 
cartridges 

Safety glasses 

Hard hat 

Steel-toed boots/shoe covers 

Controlled area coveralls 

Ear plugs/muffs. if noise 
levels exceed 85 dBA over 
anv time oeriod 
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WORK TASKS 

1.6 Collect and place 
co maminated sludge in 
dnups/tank trailer 
from Waste Pit 5 and 
move dnuns/tank 
trailer to Plant 9 
Storage Area 

1.7 Transfer contaminated 
siudge from the 
dnuns/tank trailer to 
vitrification unit 

Table 5-1 (Continued) 

POTENTlAWEXPECTED 
HAZARD 

Eye injury 

Head injury 

Foot injury 

Hand injury 

Back injury 

Body contamination 

Inhalation of airborne 
particulates 

P:\OU- I\PO-33\HSP-MAWS 
5-3 

PERSONAL PROTECTIVE 
EQUIPMENT 

Eye injury 

Head injury 

Foot injury 

Hand injury 

Back injury 

Body contamination 

Inhalation of airborne 
particulates 

Doc. Control No.: O l S A l l 1 6 ~ 0 1  
90% Submiad Rov. No: 0 

safety glasses 

Hard hat 

Steel-toed boots/shoe covers 

Chemical protective gloves 
(IH Review) 

Back support belt 

Disposable Tyvek over 
controlled area coveralls 

Full-face air purifying 
respirator with radioactive 
material HEPA Nter and 
organic vaporlacid gas 
combination cartridges 

Safeq glasses 

Hard hat 

Steel-toed bootdshoe covers 

Chemical protective gloves 
(IH Review) 

Back support belt 

Disposable Tyvek over 
controlled area coveralls 

Full-face air purifying 
respirator with radioactive 
material HEPA filter and 
organic vaporkid gas 
combination cartridges 
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WORK TASKS 

1.8 Addition of chemical 
additives to 
vitrification feed 
materials 

1.9 Operate the 
vitrification unit 

1.10 Transfer empty sludge 
contaminated 
drumsitank trailer 
back to Plant 9 
Storage Area 

POTENTLQUEXPECSED 
HAZARD 

Eye injury 

Head injury 

Foot injury 

Hand injury 

Body contamination 

Inhalation of airborne 
particulates 

Eye injury 

Head injury 

Foot injury 

Body contamination 

Hearing loss 

PERSONAL PROTECTIVE 
EQUPMENT 

Eye injury 

Head injury 

Foot injury 

Hand injury 

Back injury 

Body contamination 

Doc. Comrol No.: OlSAl1169201 

Safety goggles, if full-face 
respirator is not worn. 
Hard hat 

Steel-toed boots/shoe covers 

Chemical protective gloves 
(M Review) 

Disposable Tyvek over 
controlled area coveralls 

Full-face air purifying 
respirator with radioactive 
anterial HEPA filter and 
organic vapor/acid gas 
combination cartridges 

safety glasses 

Hard hat 

Steel-toed bootslshoe covers 

Controlled area coveralls 

Ear plugs/muffs, if noise 
levels exceed 85 dBA over 
any time period 

safety glasses 

Hard hat 

Steel-toed bootslshoe covers 

Chemical protective gloves 
(IH Review) 

Back support belt 

Disposable Tyvek over 
controlled area coveralls 
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WORK TASKS 

1.11 Transfer stabilized 
glass waste marbles to 
comainers for storage 

Table 5-1 (Continued) 

POTENTIAUEXPECIED 
HAZARD 

Eye injury 

Head injury 

Foot injury 

Hand injury 

Body contamination 

PERSONAL PROTECTIVE 
EQUIPMENT 

safely glasses 

Hard hat 

Steel-toed bootslshoe covers 

Leather-palm gloves 

Disposable Tyvek over 
controlled area coveralls 

Additional PPE may be specified by WEMCO Industrial, Radiological, Safety and Training (IRS&n 
personnel. 
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SECTION 6 

WORK SITE SAFETY REQUIREMENTS 

6.1 Equipment Safety 

Excavation and Wwntainer moving equipment will be inspected prior to each day’s use in order to 
ensure that all safety featUtes (e&, kill switch and backup alarm) are operational. A record/log of the 
equipment safety inspeaions shall be documented and made available upon request by WEMCO and 
PARSONS representatives. Only authorized and qualified personnel will be allowed to operate this 
equipment. 

Safety features of the soil wash, water treatment, and vitrification units (e.g., guards and danns) will be 
inspected prior to system startup to ensure that they are operational. These features will also be inspected 
periodically during system operation. All hazardous parts of the units (e.g., electric, moving parts) will 
be clearly marked. 

6.2 W o k  Area Safety 

A rope andor caution tape barrier with posted safety requirements will be maintained around the 
excavation area, sludge drum filling area, soil washing, water treatment, and vitrification units work 
areas. One or more safety watch personnel may be stationed in the work area to ensure that no 
unauthorized personnel accidentally enter the work site when drums of soil/sludge are being tilled and 
emptied into the soil wash unit andor viaifier system. 

During the daily work activities, a GTS Duratek Field Supervisor or Job Foreman shall be at the Waste 
Pit 5 and/or MAWS work location at all times while work is in progress. The Field Supervisor or Job 
Foreman shall have an emergency communication radio at the job site at all times. Communications to 
WEMCO’s emergency response personnel shall be by radio. 

Site personnel working around moving equipment (i.e., back-hoe, forklifts, and trucks) shall wear 
clothing easily noticeable by the equipment operator (Le., orange day-glow vest) to minimize the potential 
of being struck. Pinch points on all equipment which constitutes a hazard to the site personnel during 
operations shall be guarded. 

During the MAWS bench-scale treatability study operations in Plant 9. RUST Engineering will also be 
conducting Plant 9 construction modifications. RUST, GTS Duratek, and WEMCO personnel will 
communicate on a daily basis to coordinate work activities to ensure all health and safety concerns are 
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communicated and addressed. All conflicts in work activities will be resolved by the WEMCO Project 
Engineer responsible €or the project. 
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SECTION 7 

SITE CONTROL 

7.1 Access 

The field tasks associated with this bench-de  treatability study will occur entirely inside a controlled 
area (Plant 9) of the FEMP site. Controlled ateas of the FEW site are maintained in accordance with 
the Radiologid connols Requirements Manual (RM400!9) which requires the following: 

The wearing of dosimetry 

Radiation s a f q  training 

Lfitations on entry for personnel with open wounds or recent medical tests with radionuclides 

Radiological area postings 

Proteaive clothing 

Limitations on food, beverages, and tobacco 

General d e s  for work 

Contamination control 

Monitoring and showering requirements upon exiting from the Controlled Area and Radiological 
Areas 

A Radiation Work Permit with the specifications of this task-specific health and safety plan will be 
required for work in the area. 

Per the requirements of 29 CFR Part 1910.120, an exclusion zone (defined by a barricade rope) will be 
established around the immediate excavation and soil/siudge container filling area and the soil wash, water 
treatment, and vitrification units. The exclusion zone is an area of high potential hazard due to physical. 
chemical, andor radiological dangers. Access to the exclusion zone will be restricted to trained and 
qualified personnel who must enter to perform their job duties. Radiological Safety will establish controls 
consisting of step-off pads at the controlled area exit point. This contamination reduction zone will be 
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used for monitoring at the step-off pad and for removal of disposable PPE. Only limited equipment 
decontamination will be allowed at the work site. 

(Ra-226, Eta-228, Th-228, Th-230, 
Th-232, and Sr-90) 

(Beta - Gamma Emitters) 

Airborne Radioactivity Area 

Respirator Area 

7.1.1 Radioloclical Postinas 

>2,000 dpm dl00 cmz removable 
> 10,OOO dpm ad100 cm2 fixed plus removable 

> 10,OOO dpm fl+100 cm2 removable 
>5O,OOO dpm fl+l00 cm2 fixed plus removable 

Potential for 0.8 DAC hours per shift. 

> K O  DAC hours in a single shift 
hours per shift averaged over 1 calendar quarter: 
and > 50,000 dpm d100 cm2 removable or 
100,000 @+I00 cm2 removable. 

> 2  DAC 

Radiological areas will be posted in accordance with Radiohgid conrrols Requirements Manual (RM- 
OOO9). Table 7-1 provides a brief su-1 of posting requirements applicable to radionuclides likely 
to be encountered during removal action activities. 

Table 7-1 - Posting Requirements 

Radiation Area I 2 . 5  mrem/hr and < 100 rnrem/hr 

source: Radioiogicd Conrrols Requirements Manual (RM-0009), May 13, 1992. 
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Bioassay Samples 

Personnel involved in this project are required to participate in a routine periodic urine assay program. 
Any circumstance which could have resulted in an intake of any radioactive materials by inhalation, 
ingestion, or absorption shall immediately be reported to a supervisor. The supervisor shall immediately 
report the Cimunstance of possible radioactive materials intake to the WEMCO Radiological Safety 
Section for evaluation. The involved employees shall report to the Urine Sampling Station at the end of 
their shift to complete an lncident Investigation Report (Form FMPC-ES&H-1458) and submit an incident 
urine sample. The involved employees shail also report to the Urine Sampling Station at the start of their 
next shift to submit a follow-up urine sample. 

If air sample analyses indicate that airborne radioactivity levels were sufficient to deliver more than 8 
DAC-hours to an individual, in-vivo monitoring andor other bioassay measurements will be performed 
on that individual as deemed appropriate by the WEMCO Dosimetry Subsection. Air samples, which 
indicate that personnel may have been exposed to greater than 40 DAC-hours in one week, will trigger 
dose assessment by the WEMCO Dosimetry Subsection. Employees are responsible for complying with 
additional requiremems as specified by the WEMCO Radiological Safety Section. 

. L 

Medical Monitoring .. , 7.3 

In accordance with 29 CFR 1910.120 requirements, all bench-scale treatability study field personnel are .. ... 
required to participate in a medical monitoring program which consists of the following items: 

e 1 ...- 

1) A baseline medical examination 
2) Annual medical examination 
3) 
4) 

Required medical examinations after potential exposures 
WEMCO respirator clearance for users 

Each individual shall be subject to a medical surveillance approval by the WEMCO Director, Medical 
Services. The approval statement shall certify that each individual is medically qualified to perform the 
work and is physically fit to wear PPE. 

7.4 Training Requirements 

All personnel assigned to the tasks will, as a minimum, meet the following requirements: 

1) Documented review of the health and safety plan for this work, including site-specific hazards 
and procedures 
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WEMCO radiation s a f e q  training 

WEMCO annual respiratory training and quauticuive fit test or equivalent approved by WEMCO 
IH 

Site mcieiu criticality training 

Portable fire extinguisher, General Safety, You and Occupational Safety and Health 
Administration (OSHA), and Energy Control Procedurk Awareness training 

Forty-hour OSHA training (per 29 CFR 1910.120) 

Eight-hour annual refresher training, as necessary 

Eight-hour supervisory training (for supervisors) 

2Mour  supervised field experience for general site workers or 8-hour supervised field experience 
for occasional site workers 

The completion of this training shall be documented by the site training personnel. 

7.5 Safety Meetings 

A safety meeting, which must be documented, shall be conducted prior to the start of each day’s work. 
This safety meeting will cover the following applicable subjects: 

Work operations 
PPE 
All monitoring data 
Hazard communications 
Monitoring tests and results 
Decontamination 
Task organization 
Physical stress 
Emergency procedures 
communications 
General safety 
Housekeeping 
Problems encountered 
Problems anticipated 
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SECTION 8 

EXPOSURE SYMPTOMS 

Exposure to low levels of radiation does not produce acute exposure symptoms. Such exposures may 
cause delayed ef€ects such as cancer. Since any radiation exposure may involve some degree of risk, 
exposures are to be kept ALARA. Personal radiation exposures will be monitored by TLDs worn by all 
personnel conducting field woik tasks. 
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SECTlON 9 

SITE ENTRY PROCEDURES 

Prior to the initiation of the bench-scale treatability study field activities and/or the beginning of daily 
work activities, the WEMCO Project Engineer or GTS Duratek Field Supervisor will ensure that the 
following activities have been conducted: 

Obtain the necessary work permits (e.g., radiation, excavation, and penetration) for field 
operations. 

Conduct safety inspection of all excavation and support equipment and soil wash, water treatment, 
and vitrification units. 

Establish radio contact, Location, and start and stop times with FEMP Control Center 

Conduct pte-work plan and safety meeting prior to each day’s work activities; exciusion zone, 
contaminaton reduction zone. and break areas will be identified. 

Discuss alternate communication signals (if applicable). 

Perform respirator check-out and inspection prior to use. 

Inspect and calibrate all devices to be used for monitoring. 

Assign all personnel who will be working in the exclusion zone (per 29 CFR 1910.120 
requirements) to a buddy system. 

Test eyewash station and maintain clean, approved liquid in it. 

Verify location and operation of all emergency equipment. Emergency equipment items are listed 
in Subsection 12.5. 

Entrance to the exclusion zone will be controlled by the WEMCO Project Engineer or GTS Duratek Field 
Supervisor. Also, a checklist shall be used and signed daily by the G T S  Duratek Field Supervisor to 
verify that all prework requirements have been met prior to work activities beginning. 

P\OU- I\W-33\HSP-MAWS 
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SECTION 10 

DECONTAMINATION 

An exclusion zone will be established around the soil excavation and sludge drum filling work areas in 
order to control the potential spread of comamination from soil excavation and container filling activities. 
As stated in Subsdon 7.1, a concamhation reduction zone will be established at each work area for 
removal of any disposable personal protective clothing and cleaning of contaminated equipment. 
Personnel will enter and exit the posted work area through a step-off pad. At the exit point, personnel 
will m o v e  any disposable protective ciotlling and monitor themselves and any outgoing equipment for 
contamination. All personnel and outgoing equipment will be monitored for contamination in accordance 
with WEMCO Standard Operating Procedure SP-P-35429, Rev. 0 (6/28/91), "Unrestricted Release of 
Materials." Action limits (above background) on equipment of 20 dpd100 cm2 alpha (removable), 300 
dpd100 cm2 alpha (total: fixed plus removable), and 1,OOO dpd100 cm2 betalgamma (total: fixed plus 
removable) will initiate decontamination activities for unrestricted use. 

. 

. 

Any detectable alpha contamination and greater than 100 cprn beta-gamma (above background) 
contamination on any personnel will be reported to WEMCO Radiological Safety, who will assist in 
dewmamination in accordance with WEMCO Standard Operating Procedure SP-P-35-017, Rev. 0 
(3/30/89), "Procedure for Personnel Decontamination." Any equipment that cannot initially be 
decontaminated will be contained and transported to the FEMP Site Decontamination Facility. If the 
equipment cannot be decontaminated to acceptable levels it will be disposed as radioactive waste in 
accordance with approved site policies and procedures. 

10-1 
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SECTION 11 

WASTES 

Waste expected to be generated during work activities includes disposable personal protective clothing, 
deconumbtion solution and material, comainers the soil wash chemicals and vitrification additives came 
in, filter residue, spent filter media, duds from the vitrification process, spent electrodes, and refractory 
bricks. Oversized sludge material from Waste Pit 5 which cannot be used will be returned to the pit. 
Potentially contaminated waste material will be collected, segregated, and placed in drums or other 
containers. Disposable protective clothing will be placed in plastic bags and disposed as compactible, 
potentially contaminated waste. Liquid waste from decontamination efforts will be collected, stored, and 
disposed in accordance with applicable WEMCO procedures. 

Waste dnuns or containers will meet the requirements of 49 CFR Parts 171-178.40 CFR Pyts 264-265 
and 300. Hazard warning labels will be applied immediately to all waste containing drums as specified 
by WEMCO mauagement/supervison and OU-3 Compliance. 

Doc. Control No.: OISA11169201 
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SECTION 12 

CONTINGENCY PLANS 

All contingency plans shall be consistent with the FEMP Emergency Plan (PL-3015). 

12.1 Incidents or Injuries Involving Possible Intake of Radiological 
or Chemical Substances by Employees 

Any circumstance which could have resulted in an intake of a radioactive material or other hazardous 
substances by inhalation, ingestion, or absorption shall be reported to the GTS Duratek Field Supervisor. 
The supervisor shall immediately report the possible radioactive material or hazardous substance intake 
to the Radiological Safety Section for evaluation. The involved employee(s) shall report to the Medical 
Services Section to submit biological samples and complete and Incident Investigation Report. Typically, 
samples are required at the end of the shift and at the start of the subsequent shift. If the exposure 
involves uranium, a urine sample is required. Appendix A contains a copy of an Incident Investigation 
Report. 

12.2 Re-Emergency Planning 

During the training and pre-work safety meetings, employees involved in this task will be trained and 
reminded of the provisions of the plant emergency procedure, alarm signals and communications, 
evacuation routes, emergency reporting, and the importance of maintaining continual communication with 
FEMP Emergency Preparedness personnel via two-way radio or cellular phone. 

12.3 Lines of Authority 

The WEMCO Field Supervisor, or hidher designated representative, has the primary responsibility for 
the prevention of and the initial response to emergency conditions, in addition to directing emergency 
response actions at the work site until relieved by the WEMCO Assistant Emergency Duty Officer 
(AEDO), or the Emergency Response Team. In the event an emergency does occur, the individual 
involved in or observing the condition shall immediately notify the following personnel in order of 
availability: the WEMCO Project Engineer/GTS Duratek Field Supervisor; the commun/cxions center; 
the AEDO; the WEMCO Health and Safety Officer; the Project EngineerIOU Manager. 

The AEDO is responsible for ensuring that corrective actions have been implemented, appropriate 
personnel notified, and reports completed as required. Personnel shall report unsafe conditions observed 
at the work site to the WEMCO Project EngineedGTS Duratek Field Supervisor or to the WEMCO 
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Health and Safety Officer, who will stop work activity in the affecred area until the hazardous condition@) 
can be remedied. 

12.4 Evacuation 

In the event an evacuation of the work area is required, the WEMCO Project Engineer/GTS Duratek 
Field Supervisor will be responsible for notifying all personnel involved. All personnel will proceed to 

the rally point as designated by the WEMCO Project EngineerEieId Supervisor. The FEMPdesignated 
rally points for the standard plant operations are shown on Figure 12-1. The designated rally point for 
the work area (Plant 9) is Rally Point 3. When the WEMCO Project Engineer is informed that an dl- 
clear condition has been achieved, persoanel will be released from the rally point. 

In the event of an emergency which necessitates an evacuation of the Exclusion Area, the 3-3. 3-3 alarm 
signal shail be sounded over the plant alarm system; a voice message will €allow over the Emergency 
Message System (EMS) instructing employees to go to their designated rally point. Personnel shall 
immediately proceed to the rally point. Personael will follow inStructions given by the rally point 
coordinator and participate in the accountability process. When an all-clear condition has been achieved, 
personnel will be released from the rally point. It is conceivable that the plant alarm signal, or EMS, 
will not be audible in the work area. For this reason, communications with the FEMP communications 
control center via two-way radio or cellular phone will be maintained at all times by the WEMCO Project 
Engineer. 

12.5 Emergency Equipment 

The following safeq equipment will be available €or use by removal action workers: 

1) Fireextinguisher 
2) Portable eyewash station 
3) Absorbent 
4) Spill drums 
5 )  Two-way radio or telephone 
6) Respirators 
7 )  CleanLup materials 
8) Local evacuation alarm 

Doc. Conn~l  No.: OlSAll16!?201 
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a. , 

Figure 12-1 - FEMP Rallv Points 
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12.6 Emergency Notification 

All emergencies, including spills or leaks, shall be reported immediately. Emergencies can be reported 
by telephone dialing Extension 6511 or by contacting the communications center via two-way radio. 
Emergencies can also be reported by pulling a fire alarm pull box (if one is located in the work area(s]) 
if telephone or radio is not immediately available. Any additional information pertaining to an emergency 
shall be reported to the responding pefionnel to assist in defining appropriate response to the emergency. 

12.7 Fire, Explosion, or Medical Emergency 

In the event of a fire, explosion, or medical emergency, the communication center shall be notified 
immediately by two-way radio, by manual fire alarm, or by calling Extension 65 1 1. The communication 
center operator will activate the emergency response team and dispatch them to the emergency location. 
If a fire is in the incipient stage and perceived controllable without endangering oneself, personnel may 
use available fire extinguishers. If it is not in the incipient stage, personnel in the immediate area shall 
evacuate to a safe position and await instructions. 

If medical attention is required, and the nature of the injury or illness is minor, the affected personnel 
shall be taken to the FEMP Medical Department Facility (Building 53) located as shown on Figure 12-2. 
A map which illusuates the path from the work area to the F E W  Medical Department Facility will be 
posted in the work area. The FEMP ambulance will be called to transport individuals who have suffered 
major injury or illness. 

12.8 Spill Control Contingency Plan 

Spills, regardless of their size or the classification of the liquid, shall be reported immediately. 
Emergencies can be reported by telephone by dialing Extension 65 1 1 or by contacting the communications 
center via two-way radio. The Emergency Response Team and AEDO will respond to the spill according 
to the FEMP Spill Control Contingency Plan. 

12.9 Additional Information 

12.9.1 Hosnitals 

The FEMP Medical Department Facility (Building 53) is the primary choice for treatment of on-site 
injuries. The FEMP ambulance will transport the injured workers to the nearest hospital. if necessary. 
FEMP maintains an emergency response capability that includes an ambulance and Emergency Medical 
Technicians. 

p:\ou- l\Pa33\HSP-MAWS 
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Figure 12-2 - Location of FEW Medical Department Facility 
PAOU- l\p033WSP-MAWS Doc. Comml No.: OlSA11169201 
htt (11113 L39pm) 12-5 90% Submitul Rav. No: 0 

289 



426'7 

12.9.2 Emeraencv Teleohone Numbers 

EMERGENU RESPONSE 
Industrial Hygiene 
Radiation Safety 
Fire and Safety 
Assistant Emergency Duty Officer 
Ambulance 
Hospital 
Fire 

Radio 
Frequency 

x6511 Control 
x6207 357 F2 
x6889 355 F2 
x6235 303 F2 
x6431 or x6295 202 F2 
x6511 
x6511 
x6511 

P\OU- 1 \PO.33WSP-MA WS 
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SECTION i 3  

CONFINED SPACE ENTRY 

A Confined Space Entry permit may be required for the activities associated with the bench-scale 
treatability study for the MAWS. Entry into vitrification unit would constitute a confined space entry. 
This could occur for maintenance of the refractory brick, cleaning of the internal chamber, or removal 
of duds. 

If a confined space entry permit is needed the GTS Duratek Field Supervisor shall notify the WEMCO 
Facility Owner and M personnel in addition to initiating and completing a FMPC Work Permit and 
request for a Confined Space Entry Permit for any entry into a confined space. The Facility Owner will 
ensure that the confined space requiring entry if properly prepared, labeled, and in a safe condition before 
authorized personnel enter. The IH representative shall conduct air quality testing inside the confined 
space in order to specify precautions or proper PPE requirements, ensures that the FMPC Work Permit 
has been filled out and signed by the Facility Owner and the GTS Duratek Supervisor when a confined 
space entry permit is requested, and issues the confined space entry permits. 

Ail site personnel involved in a wnlined space entry shall be familiar with the hazards associated with 
conlined space entries and have attended the necessary training. The completion of this training shall be 
documented by the site training personnel. No site personnel shall be allowed to enter a confined space 
umil all permits are properly completed, signed, annospheric testing conducted, and permission has been 
given by all responsible parties. 

All confined space entries shall be in accordance with WEMCO Industrial Hygiene and Safety Manual 
Procedure M&S-M45, Revision 0 (February 13, 1989), "Control of Entering and/or Working in a 
Confined Space" and WEMCO Procedure FMPC-516, Revision 2 (April 23, 1991). "Control of Permits 
for Accomplishing Hazardous Work. " Attachment D contains a copy of a FMPC Work PermitKontined 
Space Emry Permit. 

P\OU- I\PO-33\HSFMAWS 
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SECTION 14 

APPROVAL AND COMPLIANCE STATEMENT 

14.1 Provisions 

This task-specific Health and S a f q  Plan was produced for the FEMP and addresses health and safety 
aspects of all work related to the bench-scale treatability study for the Minimum Additive Waste 
Stabilization. Personnel who perform the tasks listed in Subsections 1.1 through I. 11 must read, 
understand, and agree to abide by the procedures and requirements set forth in both this Health and Safety 
Plan and any subsequent amendments. Site workers are required to sign the attached approval and 
compliance Health and Safety Plan Acknowledgement Form, Figure 14-1. 

14.2 Amendments to Plan 

This Health and Safw Plan is based on information available at the time of preparation. Unexpected 
conditions may arise which require reassessment of safety procedures. Unplanned activities and/or 
changes in the hazard SMNS shall require a review of, and may result in changes to, this plan. Changes 
in the anticipated hazard status or unplanned activities are to be recorded as an amendment to this plan. 
Amendments must be approved by the plan author, Engineering Department Manager, and WEMCO 
IRS&T must be notified in writing of plan amendments. 

Compliance with the provisions of this Health and Safety Plan may be audited through announced or 
unannounced site visits. All provisions of this Health and Safety Plan are to be implemented. Resons 
for field actions/cfianges, when they are necessary, should be fully documented. 

\ 
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HEALTH AND SAFElY PLAN ACKNOWLEDGEMENT 

I have been informed and understand and will abide by the procedures set forth 

FORM 

in the Health and Safety 
Plan and Amendmentp for the OU-1 Bench-Scale Trearabiliry Study for the Minimum Additive Waste 
Stabilization at the FEMP site. 

sitmm!? resenting - Date 

I 

Figure 1 4 1  - Health and Safety Plan Acknowledgement Form 
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ATTACHMENT A 

INCIDENT INVESTlGATlON REPORT 
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FMPC 

INCIDENT INVESTIGATION REPORT 
EMIIAONMENT. SAFETY A N 0  HEALTH OEPAAT'MENT 

Employee's Signature: Date: 

Thla S d o n  to ba Campletad by 810 Auay 

I I 
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ATTACHMENT 6 

GUIDANCE FOR HEAT STRESS MONITORING AND PREVENTION 
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GUIDANCE FOR COLD STRESS MONITORING AND PREVENTION 
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COUI  STFIESS TULE 1. R a g a r i v e  C I i n d  Preenurions of H! wrhrrmh' 

1. 

Core 

37.6 
37 
36 

jS 
w 
i3 
32 
il 

x 
29 

2a 

27 

26 
2s 

14 
22 
21 
20 
IS 

17 
9 

~ 

99.6 
98.0 
96.3 

95.0 
93.1 

91.4 
89.6 
si.3 

96.0 
84.1 

51.4 

80.6 

7x3 
7 . 0  

75.2 
71.5 
69.3 
68.0 
64' 

6i.5 
4.' 

Source: 
"1990-199 L ThreshoLd Limit Values for Chemical Substances and Physical 
Agents and Biological Exposure Indices .'' 1990. 

American Canference of Governmental Industrial Hygienists, 

Reproduced vith permission. 
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ATTACHMENT D 

FMPC WORK PERMITKONFlNED SPACE ENTRY PERMIT 
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b STAlTlNG O A E  S TtME 

O A W  nwa. 
c ExPinArioN oArE A r a w  
O A T E  m e :  

I 
'SECTION 0 - PERSONAL PROTECTIVE EOUIPHENT REOUIRED 

EaUlPYENT . lYESlNO1 SPCSn 
F a u  Shirtd I l l  

SECTION 8 - TYPES PERMITS REOUIRED * ~ ~ K R ~ O V S U ~ S W - ~ - C J W W I  

a zS8ESTOS 

@ RAOIATION 

a CHl%IcAL HAZAROOUS MAIZRIAL 

a CONFINED SPACE ENTRY 
(Cow to ae amadd) 

(Cow to ao a m m a )  (7 OPEN FLAMGWELDING 

h a  Soiasn Suit 

SECTION F - CONFINED SPACE ENTUY PERMIT vdfiolornomo:crsan r?-otrrs 
ATMOSPWERIC CAS TESTING RESULTS 

OXYGEN CONTENT CoMausneLE GAS TOXICITY 
nHE 1 REaOtNGS Fir*€ I WAOINGS TIME I aE.4OlNGS 

I I I 

I I 

SECnON E - CHEHICAUHAZAROOUS MATERIAL PERMIT 
T Y N  OF UATuIlAk I - OP YATERi4SE I 

6. A llame retardant taro nas bsan susoenaed 
unaerneain wore. I :  

, I I 

PRECAUTIONS TAKENINEEDED YESlNO ONA 
1. Forced vmtilation reauirea 
2 WON rmuirm siaaina or laaacr 

I 
PRECAUTION TAKEN YES1 No IONA 

I 1. =auioment ana/or lines have been drained. 

2 'la~ves have been closed and locred (wnen feasible) 

t Area isolated 
4. Safery snower is ooeraote close to womsite 
5. Soeciai clotning or orner DmtBCtivB eauioment required 
6. Special precautions: 

iusned. purged. or neutralized 

and danger ragged 

I 1  

3. Ground Fault Interuocing omcecrion reauirea I 1  

4. Adwuaie/orooer illumination reauirw 1 ;  

I SIano~y nonfied wnat action to lane I i  
8. k f e r y  line and nomass reauirbo I 1  

7. Nonsou*ing 1001s reautred I 
a Psnoaic gas tasting reduired 1 ,  

STANOW-YORKU coyyII1(uno)c 

Y.CIYin8Tnumoms 

9. ~ t n ,  Saiery insmaor snit be omant aurinq me ourninq aneration. 1 ! i 
10. Firs 8 Safew lnsoector fnall be oresent to moniior wnen tne 1 I I 

I I 

- 
clSlLllT O W N K R s  SlCIwmL: lnYr PtRYn ISSIJLO O A T E  

SECTION H - WORK AUTHORlZATlON REVIEWED A N 0  

Q)puMsoR(ycnu1Ga UOWINRL: BIOCE NO; OAIF: 
FOUNO ACCEPTABLE FOR USE 
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