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DEMONSTRATION RESULTS REPORT 
Thorium De-nitration Pilot Project 

1.0 EXECUTIVE SUMMARY 

This report provides a detailed description of a project to develop and demonstrate a safe, 
environmentally benign, and effective means of converting thorium nitrate penta-hydrate solids 
stored in depots of the U.S. Army Defense Logistics Agency @LA) to a less-voluminous, and 
chemicdy stable form for continued stockpile storage. M e r  a bench-scale process development 
program was completed, approximately 2,000 pounds of thorium nitrate fkom the Curtis Bay, 
Maryland depot were shipped to the Perma-Fix of Florida pilot-scale test facility in Gainesville, 
Florida. These materials were split into five nominally equivalent batches for de-nitration batch 
testing. An experimental test plan was developed to use the five batch tests to thoroughly evaluate 
the de-nitration process and its reasonable permintations, and to characterize products and 
byproducts. 

The basic de-nitration process is a simple neutralization and precipitation reaction in which thorium 
nitrate is dissolved in de-mineralized water and then reacted with sodium hydroxide. The result is 
precipitation of thorium hydroxide as a settleable and filterable solid in a sodium nitrate solution. 
The thorium hydroxide is settled and filtered to produce a filter cake, which is then thermally dried at 
low temperature (<300 OF) to produce a dry powder product which according to X-ray diffraction 
analysis is at least partially converted to thorium oxide. The residual thorium in the sodium nitrate 
byproduct is present at very low concentrations and appears to be mostly in insoluble form at the pH 
of the reaction end point, 1 1 .O or hgher. 

The basic de-nitration process was successfblly demonstrated in Batch Tests 1 and 2.  Batch Test 4 
confirmed the successful results of Batch Tests 1 and 2 and demonstrated the effectiveness of 
demineralized water rinsing to improve product quality. Batch Test 5 evaluated the relative merits of 
recycling the sodium nitrate byproduct back into the de-nitration process. Batch Test 3 
demonstrated that the precipitation step is sensitive to upsets, and requires close control of the rate 
of sodium hydroxide additions. 

The test results presented and evaluated in the balance of this report lead to the following 
conclusions: 

All of the batch tests showed that the basic chemistry of de-nitrating thorium nitrate with 
sodium hydroxide is sound and reliable. 

Carehl control of the reaction rate during the precipitation step is key in achieving a clean 
and easy separation of the thorium hydroxide solids from the sodium nitrate solution. 

0 If a primary goal is to minimize residual sodium nitrate in the thorium hydroxide solids, 
then serial demineralized water rinsing of the solids is necessary. 
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The enhanced de-nitration process as demonstrated in Batch Test 4 achieved a 69.9 percent 
thorium yield in the filter cake solids. The serial demineralized water rinses were effective 
in improving cake solids quality at the expense of washing out fine thorium hydroxide 
particles in the rinseate. These solids were easily recovered from the rinseate by gravity 
settling, resulting in complete capture of thorium from the process heels. 

When the proper rate of the precipitation reaction is exceeded, the resulting thorium 
hydroxide solids exhibit poor settling and filtration characteristics, resulting in excessive 
losses of thorium into the process heels. Drying such batches and then re-suspending the 
dry solids appears to be an effective means of recovery. Also, back titrating with nitric acid 
appears to be an effective means of re-dissolving poorly settling solids to allow the 
precipitation process to be re-started. 

The benefits of recycling sodium nitrate solution back to the de-nitration reaction do not 
outweigh the problems associated with that option. 

The final packaged volume of dried thorium hydroxide was 44% of the original packaged 
volume. 

The engineering assessment presented in Sections 7.0 and 8.0 describes the process flow and 
equipment envisioned for hll-scale operations, and evaluates the comparative costs of siting the 
conversion facility on the Curtis Bay, Maryland Site or an alternate “brown-field” site in a leased 
building on the former K-25 Site at Oak Ridge, Tennessee. The two cases were very close in overall 
cost with total project costs of between $3 ~ 16 and $3.34 per pound of thorium nitrate feed material, 
with the Oak ]Ridge option being the lower cost option. Since the leased facility will be operated 
under the tenant’s state issued radioactive materials license, the cost structure will be consistent with 
commercial treatment facilities. However, performing the full-scale treatment on an access- 
controlled site, within a government reservation provides the maximum protection for the public. 

A market survey demonstrated that the thorium product in whatever form has limited market 
potential at the present time. Most of the classic industrial or consumer applications of thorium have 
been replaced with alternate materials, indicating that treated product will likely have to be returned 
to stockpile storage within the custody of DLA. The sodium nitrate byproduct can be made clean 
enough to be recycled for agricultural use as a fertilizer diluent, or dried for use as an ingredient in 
pyrotechnic materials. 
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2.0 INTRODUCTION 

Beginning in May 1997, a team composed of Perma-Fix Environmental Services, Inc., Performance 
Development Corporation, and Teledyne Brown Engineering planned and performed a pilot-scale 
demonstration of a chemical de-nitration process for possible future use in converting thorium nitrate 
into a more stable, reduced volume form. The work was performed for Lockheed Martin Energy 
Systems, Inc. under Subcontract Number 3OK-HDT33V. This report describes how the pilot-scale 
demonstration was planned, performed and dommented, and evaluates the results obtained. 

2.1 Background 

The U. S. Army Defense Logistics Agency (DLA), Defense National Stockpile Center (DNSC) 
currently maintains approximately 21,000 drums of thorium nitrate hydrate (TNH), totaling 
approximately 7 million pounds of thorium nitrate crystals in two depot locations in the continental 
United States. A site at Curtis Bay, Maryiand stores most of the inventory, while mother site in 
Hammond, Indiana stores the remainder. In response to environmental, health and safety concerns 
of stakeholders and regulatory authorities, the DLA is investigating their options for converting the 
thorium nitrate crystals into a chemical and physical form which reduces environmental and health 
risks while reducing storage volume required to maintain the thorium in the DNSC. DLA also has 
the goal of consolidating all of the thorium stockpile at one of the sites. For purposes of this study, it 
is assumed that the f'mal storage site will be at Curtis Bay, Maryland. However, the choice of final 
storage location is completely within the discretion of the DLA. Earlier pilot-scale demonstrations 
investigated how thermal conversion technologies might be applied to meet the DLA's goals. This 
project demonstrated one of the n o n - t h e d  conversion technologies which may have application. 

2.2 Project Objectives 

The over-riding objective of the pilot demonstration project was to hl ly  develop a safe and effective 
low temperature de-nitration process and demonstrate that process at a pilot scale. Other objectives 
for the pilot-scale demonstration included the following: 

Develop a safe and effective means of removing thorium nitrate fi-om its ori@ containers 

Evaluate and refine methods for control of the process 

Characterize raw materials, products, and byproducts 

Evaluate radiological control characteristics of the process 

Evaluate the market potential for products and byproducts 
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From the pilot-scale results described in this report, it will be possible to scale the process up to a 
full-scale commercial operation to address the entire 7,000,000 pound inventory in a reasonable 
period of time. 

2.3 Project Plan Planning and Execution 

The project plan for this pilot-scale demonstration involved two phases; (1) preliminary bench- scale 
tests, and (2) pilot-scale batch tests. In the preliminary bench tests, the basic chemical and physical 
attributes of the process and its various feeds, intermediates and final products were evaluated. 
Competing control schemes of the precipitation reaction were tested, evaluated and refined. Settling 
and Filtration tests provided feedback for evaluating the liquidsolid separation attributes of 
precipitated thorium hydroxide solids. Commercial polymeric additives for liquidholid separation 
and dry product binding were also evaluated during the preliminary bench-scale tests. 

The lessons learned in the preliminary bench scale tests were used to develop the basic process 
scheme for the early pilot-scale batch tests, and to conceptualize potential process enhancements for 
testing in the later batch tests. The pilot-scale test facility was designed utilizing data €ram the bench 
testing, and was installed inside a quonset hut, inside a building at the Perma-Fix of Florida facility, in 
Gainesville, Florida. 

Detailed Operating Procedures for all equipment and systems of the Pilot-scale Test Facility were 
developed, reviewed, and approved prior to first use. In addition, Batch Test Instruction packages 
were developed for each batch test. These instruction packages provided step-by-step guidance for 
performance of each batch test, and provided data sheets for recording of measurements performed 
during the test. Also, a narrative log of test activities was kept for all batch tests. 

Although the DLA thorium nitrate inventory contains source material from the United States, 
France, and India, all of the material used in the preliminary bench tests and the pilot-scale batch tests 
originated in the United States. Nine (9) drums of thorium nitrate from the Curtis Bay Depot, and 
one (1) drum that had been in the custody of Lockheed Martin Energy Systems in Oak Ridge, were 
shipped to Gainesville for use in the test program. Small samples from the Oak Ridge drum were 
provided early by Lockheed Martin for use in the preliminary bench scale tests. 
The pilot-scale test program was organized into five ( 5 )  batch tests, with each batch being composed 
of the contents of two drums of thorium nitrate. Table 2-1 provides a summary of each batch test 
performed, and the experimental objective tested during each test. 

This experimental scheme evaluated the basic precipitation, settling, filtration, and product rinsing 
operations incorporated into the process, and provided repetitive testing of the basic process. 

Data collection around the process, and sampling of process streams were performed, during each 
batch test, to ensure that sufficient data was collected to allow calculation of material balances. 
Also, bench-scale tests to evaluate precipitation, settling, filtration, and serial rinsing were performed 
in parallel with each pilot-scale batch test using samples collected from the batch. 
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Table 2-1 
Summary of Pilot-scale Batch Tests 

Batch Test 
Number 

1 

Batch Size Experimental 
(Lbs of Thorium Nitrate) Objective 

389.81 Evaluate Basic Precipitation Process 

2 

I 3 I 385.27 I Add Serial Rinsing to the Process 

410.34 1 Evaluate Basic Precipitation Process 

~ 

4 

5 

- I Total I 1,958.67 I 

385.52 

387.73 

Add Serial Rinsing to the Process 

Add Liquid Byproduct Recycle to the Process 

The pilot-scale tests took thorium to a low-temperature dried product. The incremental benefits of 
calcining the dried product were evaluated at bench-scale using samples of dry product from the 
pilot-scale dryer. Section 3 .O provides more information regarding the process configuration used 
during the pilot-scale tests. 
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3.0 PROCESS DESCRIPTION 

The thorium de-nitration process tested during this project is a variant of the sol-gel process which 
was used in the 1970’s at the DOE Feed Materials Processing Center 0;MPC) at Fernald, Ohio. 
Thorium nitrate hydrate crystals are dissolved in demineralized water, and the thorium nitrate is 
neutralized with sodium hydroxide to produce a thorium hydroxide precipitate and a sodium nitrate 
supernate. Liquid-solid separation and rinsing steps are used to improve the separation between the 
thorium hydroxide and the sodium nitrate. The thorium hydroxide is concentrated in this process, 
and then dried and repackaged. The steps of the process are as follows: 

1. 
2. 
3. 
4. 
5. 
6 .  
7. 
8. 
9. 

10. 

Removal of thorium nitrate crystals &om packaging 
Weighing and dissolving thorium nitrate in hot demineralized water 
Heating and mixing while precipitating thorium using sodium hydroxide 
Gravity separation of sodium nitrate mother liquor from the thorium hydroxide sludge 
Optional serial rinsing of the thorium hydroxide sludge blanket 
De-watering and rinsing of thorium hydroxide product 
Drying of thorium hydroxide filter cake 
Filtration and ion exchange polishing of secondary process liquid streams 
Recovery of process heels 
Packaging of dried product 

Each of these process steps, with some minor modifications were performed during each of the five 
batch tests. Figure 3-1 is a Process Flow Diagram, showing the major process equipment and the 
flow of raw materials, reagents and products. Major process streams in Figure 3-1 are numbered. 
These stream numbers refer to specific columns of data in the Material Balance Spreadsheets 
(Tables, 6-2,6-3, and 6-4). The steps of the process are hrther described below. 

3.1 Removal of Thorium Nitrate Crystals from Packaging 

The packaging encountered during the pilot-scale batch tests typically consisted of an outer steel 
drum, either 55-gallons or 35-gallons in capacity. Inside the steel drum was a black plastic drum 
with a loose-fitting lid, completely enclosed by a sealed clear plastic bag. In some cases this bag 
contained a small amount ( estimated at less than one gallon) of white powder, assumed to be lime. 
Inside the black plastic drum, was one or two concentric waxed haft paper drums, with an internal 
clear plastic bag liner between the thorium nitrate crystals and the paper drums. The thorium nitrate 
crystals were typically fused into a solid monolith inside the container. In some cases, the inner kraft 
paper packages were found to be damp and deteriorated. In some cases, the internal packaging was 
under a slight internal pressure, which was released when the lid of  the outer steel drum was 
unsealed. 
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The drums were opened manually by two crew members dressed in anti-contamination clothing and 
air-line respirators. Drum opening took place inside a special enclosure with a negative pressure 
ventilation system. The ventilation air stream from this enclosure was filtered through pre-filters, 
HEPA filters, and Granular Activated Carbon filters, before being exhausted to the ambient air. A 
variety of manual methods were evaluated during the test program, but the most effective method 
was as follows: 

. 

1. 

2. 

3 .  

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11 .  

12. 

13. 

14. 

15.  

Remove the lid of the outer steel container -- 

Invert the entire package and lift off the steel container 

Remove the outer steel container and its lid fiom the enclosure to prevent their 
contamination. Survey and decontaminate them as necessary to allow reuse of the steel 
container. 

Return the package to its original upright position. 

Cut away the first plastic bag 

Remove the lid of the black plastic drum 

Cut away the tops of the remaining plastic bags and remove the lids fiom the internal kraft 
paper drum(s) 

Invert the black plastic drum and all its internal packages in one movement 

Remove the outer plastic bag, the black plastic drum and any outer kraft drum encountered 

Cut the bottom out of the inner kraft drum with a reciprocating saw 

Lay the inner krafl drum on its side and split the side with a reciprocating saw 

Peel away the kraft drum to expose the thorium nitrate monolith 

Using an electric demolition hammer, break up the monolith into chunks 

Collect and consolidate all of the thorium contaminated packaging materials and repackage 
for crushing as radioactively contaminated debris 

Move the thorium nitrate chunks to the dissolving vessel. 

The main advantage of this method is that all operations are done dry, thus maintaining positive 
control over the downstream water balance of the precipitation process. Also, secondary wastes 
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generated from the unpacking process remain dry, preventing the generation of acidic leachates in 
the waste matrix that could cause a failure of the RCRA paint filter test, and corrosive attack on 
secondary waste packaging. 

The main disadvantage of this method is that the package must be overturned at least twice during 
the unpacking operation. Although two workers can manage to overturn the thorium nitrate drums, 
a mechanical overturning device should be incorporated into the full-scale plant design. Also, the use 
of a reciprocating saw to cut the kraft paper drums has the potential to create airborne thorium 
contamination when the thorium nitrate crystals are found to be dry. Thispotential problem was not 
observed during the pilot-scale tests because all of the thorium nitrate was fused into monoliths and 
was damp. StiI1, a better cutting tool is needed; perhaps shears. With an overturning device, and 
better cutting tools, the drum opening could be done in a close-fitting enclosure through glove ports, 
thus eliminating the need for &-line respirators and anti-contamination clothing. A further 
enhancement of the dry removal method described above is the elimination of the monolith 
demolition step and the downstream handling of the chunks (Steps 13 and 15). The dissolver vessel 
described in Section 7.0 will have powered choppers capable of chopping up the entire monolith. In 
Phase 11, the monolith of thorium nitrate will be mechanically conveyed into the dissolver where the 
choppers will break it up. 

3.2 Weighing and Dissolving Thorium Nitrate in Hot Demineralized Water 

,- It is important to weigh the thorium nitrate hydrate in each batch so that the appropriate amount of 
dilution water can be added to produce a starting solution strength of approximately 270 gm/L 
thorium. A scale accurate to at least 1 .O pounds i s  necessary. During the pilot-scale batch tests, a 
calibrated platform scale reading to 0.0 1 pounds accuracy was used to weigh all of the thorium feed 
material. The chunks of thorium nitrate hydrate were placed in tare-weighed buckets and weighed 
on the platform scale. After the weights had been recorded in the operating log, the buckets were 
emptied into the pre-heated dilution water in the reactor and then the buckets were rinsed with a 
small amount of demineralized water. This method was very effective in providing the necessary 
mass balance information fiom wbich the reaction stoichiometry could be estimated. In the MI-scale 
system, weigh cells on the reactor or an upstream dissolving vessel will be used to obtain weights of 
all materials fed into the process. 

3.3 Heating and Mixing While Precipitating Thorium Using Sodium Hydroxide 

M e r  the thorium nitrate hydrate was dissolved, sodium hydroxide was added in two stages to 
precipitate the thorium and to neutralize the free nitric acid, which was imported into the process as 
an impurity in the thorium nitrate feed material. Ih the first stage, approximately 2/3 of the 
stoichiometric requirement was fed in the form of a 25% sodium hydroxide solution, with the fmt 
half of that increment being added quickly (essentially slug fed) and the second half being slowly 
metered until exhausted. In the second stage, approximately 1/3 of the stoichiometric requirement 
was slowly metered into the reactor in the form of a 10% sodium hydroxide solution until a final pH 
of 1 1 .O was achieved. 
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Before any sodium hydroxide was added, the reactor was brought up to a reaction temperature of 
180 "F by non-contact heating provided by hot water circulated through the reactor jacket. A 
reaction temperature of between 180 and 190 O F  was maintained throughout the precipitation step. 

The reactor vessel was a modified plowshare dryer with a variable speed drive. The horizontal mixer 
shaR was used to gently agitate the reaction liquor throughout the dissolving and precipitation 
processes. Various mixer speeds were tried, but a speed of 10 rpm was found to be best for gentle 
agitation. 

The five batch tests performed showed that the most critical phase of the precipitation process takes 
place in the pH range from 1.5 to 2.0. In Batch Test 3 and to a lesser extent in Batch Test 5 ,  we 
passed through this stage too quickly, with the result being the formation of sticky, gelatinous, 
thorium hydroxide precipitates which had poor settling and filtering characteristics. In each of these 
tests, the starting pH was in the range of 0.71 to 0.92 and at the end of the slug addition of 25% 
caustic soda, the pH was between 2.06 and 2.08. In Batch Tests 2 and 4, starting pH was in the 
range of 0.41 to 0.54 and at the end of the slug addition, the pH was between 1.79 and 1.86. Batch 
Tests 2 and 4 produced thorium hydroxide solids (filter cake) which were much more granular in 
nature and much less gelatinous than the corresponding solid product from Batch Tests I ,  3 and 5 .  
Batch Test 4 filter cake had no perceivable gelatinous characteristic. The filter cake fiom that test 
was non-sticky, and resembled table sugar which had been dampened and pressed into a block. 
Most of our ditficulties during Batch Tests 3 and 5 were the result of over shooting the critical pH 
range with the slug addition of caustic soda, and that was partly due to the variability in the purity of 
the raw thorium nitrate received from the DLA. The variations in starting pH can be attributed only 
to the differences in acid content of the thorium nitrate raw material. 

The titration performed in Batch Test 1 followed the optimum pH curve, but gelatinous solids were 
produced. This was due to an operational error in which the reactor mixer was left at high speed 
after the dissolving step and was not slowed down until well past the critical pH range. The 
problems with Batch Test 1 were the result of high mechanical shear imparted to the reactor slurry 
during critical phases of the titration. Because of this mistake, Batch Test 2 was a repeat of the 
Batch Test 1 experiment, without the mistakes. 

From the titration curves of Batch Tests 2 and 4 we discovered that the rate of caustic soda addition 
can be increased substantially after a pH of 4.0 has been achieved. If non-gelatinous, good-settling, 
thorium hydroxide solids have been produced by the pH 4.0 point, the precipitation process is very 
resistant to production of gelatinous solids during the remainder of the titration. Our design fur 
Phase I1 described in Section 7.0 of this report will eliminate the slug addition, and will use 
multiplexed pH sensors and a programmable logic controller to follow a prescribed titration curve, 
eliminating the potential for over shooting the critical precipitation pH range. 

3.4 Gravity Separation of Sodium Nitrate Mother Liquor from the Sludge Blanket 

After the end point pH of 1 1 .O was reached, the mixer was shut down, and the thorium hydroxide 
solids were allowed to settle, forming a sludge blanket on the bottom of the reactor. Typically, the 
sludge blanket consisted of a relatively dense layer of milky white solids. The supernate, or mother 
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liquor, was crystal clear but had a yellow-green tint. The speed of settling and the relative 
thicknesses of the sludge blanket and the supernate layer were good indicators of how well the solids 
would filter in downstream separation processes. M e r  settling was complete, the supernate layer 
was skimmed off to drums for intermediate storage and sampling. 

3.5 Serial Rinsing of the Thorium Hydroxide Sludge Blanket 

In Batch Tests 3 through 5, one or more serial rinses were perfbrmed in the reactor after the mother 
liquor had been decanted. The goal of this activity was to wash residual nitrate and sodium out of 
the sludge blanket before the de-watering step. Demineralized water produced on site was used for 
each rinse. The desired amount of demineralized water was metered into the reactor, and the 
agitator was restarted to mix the rinse water with the sludge. Then, the agitator was shut down and 
the sludge blanket was allowed to settle again to its original volume. Then, rinsate was skimmed off 
and stored in drums in the same manner as the mother liquor. This process was repeated for each 
rinse step performed in the reactor. 

. 

3.6 Dewatering and Rinsing of Thorium Hydroxide Product 

A standard plate and frame filter press was used to de-water the sludge blanket and provide 
additional rinsing. The press was fed by pumping from the reactor to the press using an air-dmen 
double diaphragm pump. If a demineralized water rinse was performed in the filter press, it was 
added to the reactor to rinse down the reactor internals, the transfer hoses, and the pump as the rinse 
water was pumped into the press. 

Press filtrate was discharged through a bag filter and into drums for settling of entrained thorium 
hydroxide solids. The bags used in the bag filter had 5.0, 3.0, and 1.0 micron filter ratings, but we 
found that none of these ratings was adequate to capture all of the solids washed out of the filter 
press. Filtrates and rinsates from the filter press were stored separately from the mother liquor. 

Significant quantities of thorium hydroxide solids settled in the receiving drums. For test purposes, 
these settled solids were considered to be process heels. In our calculations of the thorium yield 
values quoted later in this report, we considered thorium hydroxide in the heels to be losses, and did 
not include this material in the calculated yield. In the full-scale process, the basic process can be 
improved to minimize losses of thorium solids into the heels, and the small amount of solids lost to 
the heels can be recovered. 

At the end of the filter press run, the press was opened and the cake was dropped into a tare- 
weighed metal hopper. The hopper was weighed to obtain the net weight of the wet filter cake. 
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3.7 Drying of Thorium Hydroxide Filter Cake 

In the pilot-scale tests, the same plowshare dryer used earlier as a precipitation reactor was also used 
to dry the press filter cake. The cake was manually loaded into the dryer, and the access port was 
sealed. The agitator was operated at a speed in the range of 20 to 50 rpm. Low pressure saturated 
steam in the temperature range of 250 to 290 O F  was circulated through the jacket to provide the 
heat for drying. Overhead vapors leaving the dryer passed through a condenser and then through an 
accumulator vessel before discharging through the HEPA filters to the atmosphere outside the 
building. Non-contact cooling water from an outdoor cooling tower was circulated through the 
condenser for cooling. Recovered condensate consisted of water contaminated with low 
concentrations of thorium, sodium and nitrate. The drying process was terminated when a visual 
inspection showed the thorium hydroxide solids to be an apparently dry powder. 

3.8 Filtration and Ion Exchange Polishing of Secondary Process Liquid Streams 

Three secondary liquid streams were produced from each pilot scale batch test; (1) mother liquor, (2) 
filtratehimate, and contaminated condensate. Mother liquor and filtratehimate were bag filtered at 
the time of collection. Each of these streams fiom a batch test were combined with similar streams 
from earlier batch tests in stainless steel tote containers and held until all five batch tests were 
completed. Then, each specific liquid stream was treated in an ion exchange run, in an effort to 
further reduce total thorium without changing the sodium nitrate concentration. 

The ion exchange resin selected for these test runs was SW-500R"", an aminophosphonic chelating 
resin supplied by ResinTech, Inc. This resin has a demonstrated capability to remove multi-valent 
cations from sodium rich brines. Manufacturer instructions for use o f  this resin included operation 
with pH over 8.0 and temperature in the range of 158 to 176 O F .  All three liquid streams had initial 
pN over 8.0, but due to extended storage, the liquids were no longer hot. To heat these streams 
prior to the ion exchange mn, the contents of the tote container were pumped back into the 
plowshare reactor and re-heated. Typically, the heated water from the reactor was slowly pumped 
through a cartridge filter and two ion exchange columns in series and then discharged into a tote. In 
a full-scale system, the liquid streams that could not be recycled back into the process would be 
treated while they were still hot to alleviate the need fox re-heating. 

3.9 Recovery of Process Heels 

Process heels during the pilot scale tests consisted of settled sludge blankets fiom the bottom of 
liquid receiving drums and solids collected in bag filters. The heels in the receiving drums originated 
from either the mother liquor, the reactor rinses, or from the press filtrate or rinsate. During the pilot 
scale test program, heels were recovered by drying them in the dryer. The product from this method 
of recovery is completely converted to thorium hydroxide, but it contains a higher concentration of 
residual sodium nitrate than the product resulting fiom serial rinsing. 

Improved control of the precipitation process in the hll-scale should result in a reduction in heels 
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produced, and they should be recoverable by recycling them back to the reactor at the end of a 
precipitation run. By recycling heels in this manner, the solids recovered would benefit from the 
rinses performed in the filter press, thus reducing their residual sodium nitrate concentrations. 

3.10 Packaging of Dried Product 

After each dryer run was terminated, the steam supply was isolated and cooling water was pumped 
through the dryer jacket to cool down the thorium hydroxide solids to a temperature of less than 1 10 
O F .  Then, a trap door in the bottom ofthe dryer was opened and the solids were discharged into a 
tare-weighed, plastic-lined, 33 -gallon high density polyethylene (HDPE) drum hermetically sealed to 
the discharge flange. The lid of the HDPE drum was placed loosely on top of the dnun and the 
product was allowed to cool to room temperature. The drum was weighed again to determine the 
net weight of thorium hydroxide product in the package. When cool, the plastic bag was closed 
with a horse-tail closure and the drum lid was sealed. Each 33-gallon HDPE dnun of product was 
placed in one of the original steel 55-gdlon drums for shipment back to DLA’s Curtis Bay, Maryland 
site. 
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4.0 PRELIMINARY BENCH SCALE TESTING 

While design, procurement, and installation of the pilot-scale test facility were being performed, a 
bench-scale testing program was conducted to characterize the thorium feed material, and to develop 
the basic de-nitration process and the process control parameters to be used later in the pilot-scale 
batch tests. These tests were performed with samples from the Oak Ridge drum provided by 
Lockheed Martin Energy Systems, Inc. The results of these tests were used to develop the basic de- 
nitration process used in Pilot Batch Tests 1 and 2, and to conceptualize process improvements 
which were tested in Pilot Batch Tests 3, 4, and 5. Some of the specific bench tests performed were 
as follows: 

4.1 Thorium Nitrate Dissolving Tests 

Aliquots of thorium nitrate were dissolved in demineralized water and in mother liquor produced 
from earlier bench tests. These tests confirmed that thorium nitrate hydrate solubility in the 
anticipated dissolving liquids would not be a limiting factor in the bench-scale tests. 

4.2 De-nitration Stoichiometry and Control Parameters 

Aliquots of thorium nitrate were dissolved as in 4.1 above, and subjected to titration at temperatures 
or 160 and 200 OF. A titration was performed using 50% sodium hydroxide to a final pH of 1 1 .O. 
Viscosity of the titrated solution was measured at pH 5.57 and 1 1 .O. Also, temperature 
measurements were made to evaluate how strong the exothermic reaction would be. 

A back-titration from pH 1 1 .O back to a pH of 1.92 was performed using thorium nitrate solution as 
the titrant, This was to provide data on how the pH could be brought down in the event of 
overshooting the sodium hydroxide reaction end point. In the pilot scale tests, back-titration with 
thorium nitrate solution was never attempted. In Batch Test 5 back-titration with concentrated nitric 
acid was performed. More details will be provided in Section 5.5 of this report. 

In titrating from a starting pH of 1.32 to a final pH of 10.2, the temperature of the thorium nitrate 
solution rose from 76.0 "F to 113 O F .  This small temperature rise showed that the exotherm could 
not be relied upon to raise the thorium nitrate solution to the 190 O F  target established for the Fernald 
sol-gel process. 

Experience fiom these tests showed that Fernald's final target pH of 6.0 would be inadequate for the 
purpose of maximizing precipitation of thorium. To convert essentially all of the thorium to 
insoluble thorium hydroxide, it proved necessary to establish an end point for the reaction at pH= 
1 1 .O. These tests also showed that the degree of control when using 50 % sodium hydroxide was 
poor, resulting in wide pH swings. Subsequent bench tests showed that a two-stage titration with 25 
% sodium hydroxide initially, and 10 YO later was optimum. 
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4.3 Gravity Thickening Tests 

The precipitation methods developed in 4.2 above were used to produce precipitate slurries at the 
two reaction temperatures previously discussed and with mother liquor recycled as dissolving 
solution. Aliquots of precipitate slurry fiom each of these tests were subjected to gravity settling 
with and without cationic polyelectrolyte settling aids. Settling curves were developed and 
evaluated. The results indicated that the temperature dXerence between 160 and 200 O F  is 
insignificant as a process control parameter. The main factors in producing a settleable precipitate 
are end point pH and the rate of pH rise. Settling aids had no perceptible-effect. 

4.4 Vacuum Filtration Tests 

The settled solids produced in 4.3 above were subjected to bench scale vacuum filtration to evaluate 
how well filtration would effect a separation between the sodium nitrate and thorium hydroxide 
reaction products. The same pH and temperature ranges were used, and filtration aids were 
evaluated. Once Gain, end point pH and the rate of pH rise appeared to be the only factors having a 
significant effect upon filtrate thorium content. Filtering rate seemed to be strongly influenced by the 
rate of pH rise and the degree of fine control during the precipitation step. 

4.5 Oven Drying Tests 

Filtered solids fkom 4.4 above were subjected to low temperature drying in a laboratory oven to 
evaluate the relative drying characteristics of the thorium hydroxide product fiom the various earlier 
test combinations. The results of these tests showed no perceptible difference in the drying 
performance of thorium hydroxide solids produced at differing temperatures, solids produced after 
recycling mother liquor, or solids treated with settling or filter aids. 
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5.0 PILOT DEMONSTMTION BATCH TESTS 

The pilot-scale testing was performed as 5 discrete batch tests which were designed to demonstrate 
the basic de-nitration process and fkther investigate process enhancements. These enhancements 
were designed to improve the quality of the thorium product and the sodium nitrate byproduct. Each 
batch test is described in detail below. 

5.1 Batch Test No. 1 - Evaluation of the Basic Precipitation Process 

The results of the Preliminary Bench-Scale Tests were used to develop the Batch Test Instructions 
for use in Batch Test No. 1. The main goals for this batch test were to demonstrate the precipitation, 
thickening, filtration and drying steps of the process on approximately 400 pounds of thorium nitrate 
feed material. 

5.1.1 Test Narrative 

The recoverable thorium nitrate from two randomly selected drums were removed from their original 
packaging on November 18, 1997, and transferred to buckets for weighing. The recovered thorium 
nitrate used in Batch Test No. 1 totaled 389.81 pounds. A grab sample of the raw material was 
collected and split into three aliquots given the sample designations BT1-OOla, by and c. These 
samples were submitted for analysis of total metals, % nitrate, gross alpha and beta, alpha 
spectroscopy, gamma spectroscopy, X-ray difiaction, and the DOT oxidizer Test. The data from 
these samples was used to characterize the feed thorium nitrate for all 5 Batch Tests. 

Beginning early on the morning of November 19, 1997, the thorium nitrate feed material was 
dissolved in the reactor in 52.8 gallons of demineralized water at a temperature of approximately 145 
"F, The agitator speed was set at 103 rpm. The dissolving step produced a thorium nitrate solution 
with a 17.3 % thorium concentration (Sample No. BTI-002b) and a nitrate concentration of 16.6 % 
(Sample No. BT 1 -002a). In anticipation of the exothermic reaction, the initial stages of the sodium 
hydroxide addition were performed at lower than target temperatures. Over a period of 9 minutes, 
30.6 gallons of 25 YO sodium hydroxide were added to the thorium nitrate solution in the reactor. 
During this period, the agitator speed was inadvertently left at 103 rpm. ,During the in i t ia l  phase of 
sodium hydroxide addition, the solution pH increased from an instrumentally measured reading of - 
0.13 @ 93°C to 1.90 @ 89°C. A hot plate was used to heat all pH grab samples to approximately 
the same temperature before readings were taken and recorded. 

Over the next hour, the temperature of the hot water circulated through the reactor jacket was 
increased until the reactant temperature had increased to 177 "F. The agitator speed problem was 
discovered and the speed was reduced from 103 rpm down to the range of 10 to 20 rpm. At this 
stage, injection of 10 % sodium hydroxide was begun using a small air-driven double-diaphragm 
pump. Control of pumping rate at the low end of the pump's speed range was difficult, and as a 
result the rate of addition was significantly below target. A total of 37.0 gallons of 10 % sodium 
hydroxide was added over the next four and one-half hours, while reactant temperature was 
maintained in the range of 18 1 to 197 "F. Final pH of the reacted slurry was 1 1.03. 
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Periodically during the precipitation reaction, grab samples of the reactant mixture were collected 
and observed to evaluate the settling characteristics of the solids. All of these samples showed finely 
dispersed small white particles of precipitate which did not settle well. Settling rates were 
comparable to the worst settling rates experienced during the preliminary batch tests. Vacuum filter 
tests showed filtration to be slightly better than settling rates. A sample of the reaction product 
slurry was collected and split into aliquots designated Sample Nos. BT1-004a, b and c. These 
samples were analyzed for sodium, nitrate, total thorium, gross alpha and beta, and gamma 
spectroscopy. 

Because of poor settling characteristics but marginally better filtration characteristics, it was decided 
to bypass the gravity thickening step and feed the reactor slurry directly to the filter press, attempting 
to separate the solids and liquids in the press. The entire inventory of the reactor was pumped 
through the filter press over a period of approximately 30 minutes. Merward, approximately 8.5 
gallons of demineralized water was used to rinse down the inside of the reactor and flush the hoses 
and pump. This rinse water was also pumped through the filter press. Filtrate leaving the filter press 
was pumped through a 5 .O micron bag filter and discharged into three holding drums. The filtrate 
accumulated in the drums was milky white in color and had a high solids content, but was not as 
thick as the feed material. The filtrate in the receiving drums was allowed to settle overnight. 

. In the morning of November 20, 1997, the filtrate drums were each found to have developed a 
clear layer of yellow-green tinted water above a thickened white sludge blanket. The percentage of 
original water column height represented by the clear layers varied fiom 32 to 40 percent. Samples 
of the clear supernate were collected and designated Samples BT1-007a, b, and c. These samples 
were analyzed for sodium, nitrate, and total thorium. The sludge layers in the bottom of the drums 
were designated process heels and transferred to a tank for storage until they could be processed for 
recovery. 

The a t e r  press was opened and the filter cake discharged into a plastic-lined, tare-weighed hopper. 
A well-formed white filter cake was found in all of the plate cavities. However, the cake was wet 
and sticky, like a heavy lard. It was necessary to use a plastic paddle to scrape the cake off of the 
fabric and into the hopper. The hopper was weighed to determine the net weight of the wet cake, 
which was 2 18.3 pounds. Samples of the wet cake were collected from the hopper and designated 
Sample Nos. BT1-006a7 b, c, d, and e. These samples were analyzed for sodium, nitrate, moisture, 
thorium, gross alpha and beta, and gamma spectroscopy. 

The cake was manually shoveled from the hopper into the dryer and the agitator was started and run 
at a speed of 20 rpm. Low pressure steam at an inlet temperature ranging between 262 and 290 "F 
was circulated through the dryer jacket, resulting in an internal temperature between 195 and 240 O F .  
It took approximately 3 hours of drying to bring the thorium product to apparent dryness. The 
steam flow was shut off and cooling water was pumped through the jacket to cool down the product. 
It took approximately 20 minutes to cool the thorium hydroxide solids down to a temperature of 110 
OF. The dried thorium hydroxide was discharged into a drum and the drum was weighed. The net 
weight of dried thorium hydroxide product produced was 82.5 pounds. Samples were collected 
from the drum and designated BT 1 -0O8a, b, c, d, e, and f. These samples were analyzed for sodium, 
nitrate, thorium, UTS metals, moisture, X-ray Diffraction, gross alpha and beta, gamma 

~ 
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spectroscopy, and the DOT oxidizer Test. An additional set of samples, designated BTl-OOga, b, c, 
d, and e, were collected and stored for later use in bench-scale calcining tests. M e r  calcining tests, 
samples of the calcined material with the same sample designation were submitted for analysis of 
thorium, nitrate, and UTS metals. 

Contaminated condensate water from the accumulator was sampled prior to being transferred into a 
stainless steel tote container for storage. The samples, designated BTl-005a and b, were analyzed 
for sodium, nitrate, and thorium concentration. 

5.1.2 Results Evaluation 

Overall, Batch Test No. 1 was a learning experience in which most of the lessons learned were from 
the mistakes made during the precipitation stage of the process. Taking credit for only the thorium 
hydroxide captured as filter cake and dried, the thorium yield was only 24.71 %. The remainder of 
the thorium came to reside in the process heels, from which it was later recovered. The nitrate 
content of the dried thorium hydroxide product was 14.96 %. The low yield and low product quality 
is a direct result of the poor settling and filtration characteristics of the thorium hydroxide solids 
produced in the precipitation step. The mistakes leading to these undesirable characteristics are 
listed in decreasing order of importance, as follows: 

Leaving the agitator at 103 rpm during the first stages of sodium hydroxide addition. This 
exposed the fine precipitates of thorium hydroxide to high mechanical shear during in the 
critical pH range of 1.5 to 2.0 units. 

Erratic metering of sodium hydroxide. The metering pump was over-sized, resulting in poor 
control of metered feed rates. 

Batch Test No. 1 was judged to have been a failure, requiring that the test parameters be repeated in 
Batch Test No. 2, with process changes to address the Illistakes of the first test. 

Table 5-1 summarizes the time increments required for various steps of the de-nitration process 
during Batch Test No. 1 and estimated times for the process steps carried to Phase 11, and corrected 
to eliminate the mistakes of Batch Test 1 .  The time intemals shown for Batch Test No. 1 include 
only the described activity, and do not include time consumed investigating problems, collecting 
data, sampling materials, and deciding upon the next action. The batch size in Batch Test No. 1 was 
2 drums. In the Phase II column, the batch size is assumed to be 16 drums. Although it takes 22.25 
hours for the batch to be processed, it moves through the process in three stages on three successive 
days as follows: 

* Stage 1 - 8.25 hours, unpacking and dissolving of thorium nitrate 

Stage 2 - 8.5 hours, precipitation, decanting and dewatering of thorium hydroxide 

Stage 3 - 5.5 hours, drying, cool down and product packaging 
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As soon as a batch moves fiom Stage 1 to Stage 2, the next batch can begin Stage 1,  and so on 
through the three stages. 

Dryer Cool Down & 
Discharge to Packaging 

Total Processing Time 

Table 5-1 
Summary of De-nitration Process Steps 

Based on Batch Test No. 1 Results 

0.33 hours 1 . 0 hours 

11.73 hours 22.25 hours 

Process Step Description Batch Test No. 1 Projected Phase II 
Time for 2 Drum Batch * Time for 16 Drum Batch 

Unpack TNH Drums 3.5 hours 8.0 hours 

Dissolve Thorium Nitrate 0.75 hours 0.25 hours 

Add Slug of 25 % NaOH 0.15 hours Not Applicable 

Slow Addition of 25 % NaOH Not Applicable 2.0 hours 

Slow Addition of 10 % NaOH 2.5 hours 4.0 hours 

Solids Settling Not Applicable 1 .O hours 

Supernate Decanting Not Applicable 0.5 hours 

Sludge Dewatering 0.5 hours 1.0 hours 

1 .O hours 0.50 hours Filter Cake Transfer to Dryer 

* Time intervals do not include investigative and operations development activities, only the 
time required to actually perform the described task 

5.2 Batch Test No. 2 - Evaluation of the Basic Precipitation Process 

The results of the Prel inary Bench-Scale Tests and Batch Test No. 1 were used to develop the 
Batch Test Instructions for use in Batch Test No. 2. The main goals for this batch test were to 
incorporate the lessons learned into a demonstration of the precipitation, thickening, filtration and 
drying steps of the process on approximately 400 pounds of thorium nitrate feed material. 
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52.1 Test Narrative 

The recoverable thorium nitrate from two randomly selected drums were removed from their original 
packaging on December 1 , 1997, and transferred to buckets for weighing. The recovered thorium 
nitrate used in Batch Test No. 3 totaled 410.34 pounds. 

Beginning early on the morning of December 2, 1997, the thorium nitrate feed material was dissolved 
in the reactor in 52.8 gallons of demineralized water at a temperature of approximately 130 O F .  The 
agitator speed was set at 50 rpm. Hot water temperature in the reactor jaGket was increased to 180 
"F over the next 2 % hours. The dissolving step produced a thorium nitrate solution with 17.8 % 
thorium concentration (Sample No. BT2-00lb) and a nitrate concentration of 20.4 % (Sample No. 
BT2-00 1 a). Table 6-2 presents validated analytical results and material balance calculations in the 
same tabular format. The agitator speed was reset to 10 rpm. Over a period of 10 minutes, 32.6 
gallons of 25 % sodium hydroxide were added to the thorium nitrate solution in the reactor. During 
the initial phase of sodium hydroxide addition, the solution pH increased from an instrumentally 
measured reading of 0.41 @ 95°C to 1.80 @ 95°C A hot plate was used to heat all pH grab samples 
to approximately the same temperature before readings were taken and recorded. 

Over the next hour, the temperature inside the reactor was maintained steadily in the 19 1 to 192 "F 
range, while pH increased from 1 .SO to 1.86 @ 95 "C, due to addition of approximately 7.0 gallons 
of 10 % sodium hydroxide. The agitator speed was maintained at 10  pi. The injection rates were 
considerably steadier than in Batch Test No. 1, but there were still some control difficulties. Over 
the next 3 ?h hours, approximately 47.0 gallons of 10 % sodium hydroxide were added, to reach a 
total of 54.0 gallons added and a final pH of 10.94 @ 94.5 "C. 

Periodically during the precipitation reaction, grab samples of the reactant mixture were collected 
and observed to evaluate the settling characteristics of the solids. Precipitated solids were first 
observed at a pH of approximately 1.86, very early in the addition of 10 % sodium hydroxide. From 
this time until the final pH of 10.94 was reached, all grab samples showed good settling rates, and 
clear yellow-green tinted supernates. A sample of the clear supernate analyzed at an on-site 
laboratory indicated that the supernate retained only 0.04 % of the original thorium. 

After the final pH was reached, the agitator was shut down, and the solids were allowed to settled in 
the reactor for approximately 1 hour. Gravity thickening of the reactor product resulted in 
approximately 45 % of the batch volume being recovered as clear yellow-green supernate (mother 
liquor), and 55 % as a thick milky white sludge blanket. A sample of the clear supernate was 
collected and split into aliquots designated BT2-004a and b. These samples were analyzed for 
sodium, nitrate, chloride, and thorium concentration. The supernate was pumped off through a 5.0 
micron bag filter and into holding drums. 

The sludge blanket was rinsed by adding 50 gallons of demineralized water to the reactor and gently 
mixing with the agitator for 10 minutes at a speed of 10 rpm. The agitator was shut down and the 
sludge blanket was allowed to settle overnight. 

In the morning of December 3, 1994, the sludge blanket thickness had returned to slightly less than 
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its original volume. The agitator was restarted at a speed of 10 rpm to stir up the sludge blanket and 
prepare it for fdtration in the plate and frame filter press. Samples of the filter press feed slurry were 
collected and designated BT2-003a, b, and c. These samples were analyzed for sodium, nitrate, 
moisture, thorium gross alpha and beta, and gamma spectroscopy. Over a seven minute period the 
entire sludge blanket was pumped into the press and the filtrate was discharged into holding drums. 
The filtrate was a thin milky suspension with a slight yellow-green tint. The solids in the filtrate 
settled quickly to the bottom of the holding drums. The supernate and settled solids from the 
holding drums was pumped back into the reactor, and for a period of 10 minutes, the supernate was 
circulated from the reactor through the press and back to the reactor. This was done in an effort to 
maximize the solids capture efficiency of the filter press. Finally, the filtrate was discharged back 
into holding drums. After entrained solids settled out of the filtrate, the clear layer was pumped 
through a 1 .O micron bag filter and into clean drums. Only trace solids were left in the filtrate at this 
stage. These solids settled to form a thin non-continuous layer on the bottoms of the holding drums. 
Samples of the clear layer fi-om the filtrate holding drums were collected and designated BT2-006a, b 
and c. These samples were analyzed for sodium, nitrate, chlorides, and thorium. 

The sludge layers in the bottom of the mother liquor and filtrate holding drums were designated 
process heels, consolidated, and transferred to a drum for storage until they could be processed for 
recovery. 

The filter press was opened and the filter cake discharged into a plastic-lined, tare-weighed hopper. 
A well-formed white filter cake was found in all of the plate cavities. Although this cake retained the 
color and texture of lard, it was much dryer, much denser, and much less s t i c e  than the cake 
produced in Batch Test No. 1 .  Most of the cake fell off the fabric in one large piece, with very little 
need for scraping of the fabric with the plastic paddle. The large pieces of cake broke into smaller 
chunks in the hopper, further demonstrating the overall dryness of the cake. The hopper was 
weighed to determine the net weight of the wet cake, which was 3 12.4 pounds. Samples of the wet 
cake were collected fiom the hopper and designated Sample Nos. BT2-005a, b, c, d, and e. These 
samples were analyzed for sodium, nitrate, moisture, thorium, gross alpha and beta, and gamma 
spectroscopy. 

The cake was manually shoveled fiom the hopper into the dryer and the agitator was started and run 
at a speed of 50 rpm. Low pressure steam at an inlet temperature ranging between 225 and 235 O F  
was circulated through the dryer jacket, resulting in an internal temperature between 209 and 21 1 O F .  

It took approximately 2 hours and 40 minutes of drying to bring the thorium product to apparent 
dryness. The steam flow was shut off and cooling water was pumped through the jacket to cool 
down the product. It took approximately 27 minutes to cool the thorium hydroxide solids down to a 
temperature of 105 OF. The dried thorium hydroxide was discharged into a drum and the drum was 
weighed. The net weight of dried thorium hydroxide product was 194.5 pounds. 

Samples of the dried product were collected fiom the drum and designated BT2-007a, b, e, d, e, and 
f. These samples were analyzed for sodium, chloride, nitrate, moisture, thorium, UTS metals, X-ray 
diffraction, gross alpha and beta, gamma spectroscopy, and the DOT oxidizer test. An additional set 
of samples, designated BT2-008a, b, c, d, and e, were collected and stored for later use in bench- 
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scale calcining tests. After calcining tests, samples of the calcined materid with the same sample 
designations were submitted for analysis of thorium, nitrate, moisture, UTS metals, and X-ray 
diffraction. 

Contaminated condensate water from the accumulator was sampled prior to being transferred into a 
stainless steel tote container for storage. The samples, designated BT2-009a, b and c, were analyzed 
for sodium, chloride, and thorium concentration. 

5.2.2 Results Evaluation 

Batch Test No. 2 was a success, finally accomplishing the goal of demonstrating the precipitation, 
gravity thickening, press filtration, and drying operations of the basic de-nitration process. Taking 
credit for only the thorium hydroxide captured as filter cake and dried, the thorium yield was 62.1 %. 
The remainder of the thorium came to reside in the process heels, from which it was later recovered. 
The nitrate content of the dried thorium hydroxide product was 4.5 %. This test showed that slow 
mixing speeds, and better control of the rate of sodium hydroxide additions result in a thorium 
hydroxide precipitate that settles and filters well. The fates of thorium, sodium, and nitrates in Batch 
Test No. 2 are presented in tabular form in the material balance of Table 6-2. 

The results of Batch Test No. 2 were evaluated and found to have successhlly demonstrated the 
basic de-nitration processes, but resulted in a dried thorium hydroxide product which still contained 
4.5 % nitrate content. At the time of the pilot-scale tests, it was not known whether the presence of 
this much free nitrate would cause the product to be classified as a DOT oxidizer. Testing of the 
Batch Test No. 2 dried product according to 49 CFR 173 Appendix F later showed that it was not a 
DOT Division 5.1 oxidizer. 

With the basic process demonstrated, the next batch tests were focused on improving product quality 
by serial rinsing of the precipitated thorium hydroxide solids. Rinsing in the reactor and in the filter 
press were incorporated into the Batch Test Instructions for all subsequent tests, to evaluate how 
pure the dried product could be made. 

Table 5-2 summarizes the time increments required for various steps of the de-nitration process 
during Batch Test No. 2 and estimated times for the process steps carried to Phase 11, and adjusted 
for lessons learned in Batch Test No. 2. The time intervals shown for Batch Test No. 2 include only 
the described activity, and do not include time consumed investigating problems, collecting data, 
sampling materials, and deciding upon the next action. The batch size in Batch Test No. 2 was 2 
drums. In the Phase I1 column, the batch size is assumed to be 16 drums. Although it takes 22.75 
hours for the batch to be processed, it moves through the process in three stages on three successive 
days as follows: 

Stage 1 - 8.25 hours, unpacking and dissolving of thorium nitrate 

e Stage 2 - 9.0 hours, precipitation, decanting, rinsing and dewatering of thorium hydroxide 

Stage 3 - 5 . 5  hours, drying, cool down and product packaging 
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As soon as a batch moves from Stage 1 to Stage 2, the next batch can begin Stage 1, and so on 
through the three stages. 

Process Step Description 

Table 5-2 
Summary of De-nitration Process Steps 

Based on Batch Test No. 1 Results 

Batch Test No. 2 
Time for 2 Drum Batch * 

--Projected Phase IC 
Time for 16 Drum Batch 

Unpack TNH Drums 

Dissolve Thorium Nitrate 

3.5 hours 8.0 hours 

0.75 hours 0.25 hours 

Add Slug of25 % NaOH 

Slow Addition of 25 % NaOH 

0.15 hours Not Applicable 

Not Applicable 2.0 hours 

I 2.67 hours I 4.0 hours 
-~ - 

Sludge Drying 

Slow Addition of 10 % NaOH 

Solids Settling 

Rinsing, Settling, & Decanting 

Sludge Dewatering 

Filter Cake Transfer to Dryer 

3.25 hours 4.0 hours 

1.0 hours 1 .O hours 

1 .O hours 1.0 hours 

0.5 hours 1.0 hours 

1.0 hours 0.50 hours 

* Time intervals do not include investigative and operations development activities, only the 
time required to actually perform the described task. 

Dryer Cool Down & 
Discharge to Packaging 

Total Processing Time 

5.3 Batch Test No. 3 - First Attempt at Serial Product Rinsing 

0.50 hours 1.0 hours 

14.32 hours 22.75 hours 

The successfid process control methods demonstrated in Batch Test No. 2, and serial rinsing steps 
were incorporated into the Batch Test Instructions for Batch Test'No. 3. 
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5.3.1 Test Narrative 

The recoverable thorium nitrate from two randomly selected drums were removed from their original 
packaging on December 3, 1997, and transferred to buckets for weighing. The recovered thorium 
nitrate used in Batch Test No. 3 totaled 385.27 pounds. 

Beginning early on the morning of December 4, 1997, the thorium nitrate feed material was dissolved 
in the reactor in 52.8 gallons of demineralized water at a temperature of approximately 110 O F .  The 
agitator speed was set at 50 rpm. Hot water temperature in the reactor jacket was increased to 190 
O F  over the next 2 Yi hours, resulting in a final temperature of 183 O F  inside the reactor. 

The precipitation reaction was started in the same manner that had been used in Batch Test 2, but the 
early sampling during the precipitation step indicated that the settling and filtration characteristics 
were poor. In fact, the Batch Test 3 solids were worse than the Batch Test 1 solids. Although, 
sampling of the various process streams was performed in the same manner as in the previous two 
Batch Tests, these samples were archived, but never were sent out for analysis. The remainder of 
this test narrative is presented below in qualitative term to describe the lessons learned in Batch Test 
No. 3 .  In terns of the original goals set for Batch Test 3, the test would have to be judged as a 
failure. However, the lessons learned in response to the process upset provide valuable insight for 
modification of the basic process. 

At the beginning of the precipitation process, the agitator speed was reset to 10 rpm. Over a period 
of 15 minutes, 3 1.6 gallons of 23.4 % sodium hydroxide were added to the thorium nitrate solution 
in the reactor. During the initial phase of sodium hydroxide addition, the solution pH increased from 
an instrumentally measured reading of 0.92 @ 93°C to 2.06 @ 95°C. A hot plate was used to heat 
all pH grab samples to approximately the same temperature before readings were taken and 
recorded. 

Over the next 6 % hours, the temperature inside the reactor was maintained in the 185 to 210 O F  

range, while pH increased fiom 2.06 to 1 1.02 @ 94 "C, due to addition of approximately 35.5 
gallons of 9.2 % sodium hydroxide. The agitator speed was maintained at 10 rpm, except for times 
when the agitator was shut down for inspection or sampling of the reactant mixture in the reactor. 
The injection rates were as steady as in Batch Test No. 2, except for the times when injection was 
discontinued for inspection or sampling. 

Periodically during the precipitation reaction, grab samples of the reactant mixture were collected 
and observed to evaluate the settling characteristics of the solids. Precipitated solids were first 
observed at the conclusion of the 23.4 % sodium hydroxide addition, at a pH of approximately 2.06. 
In Batch Test No. 2, the pH at the end of the slug addition of 25 % sodium hydroxide was 1.80 and 
precipitation was not observed until a pH of 1.86. Batch Test No. 3 started with a much higher 
initial pH than was observed in the two previous tests. These variations in starting pH are 
attributable only to variations in the quality of the thorium nitrate feed materials. A likely 
explanation is that individual drums of thorium nitrate contain differing concentrations of residual 
nitric acid. If this is true, the feed materials used in Batches 1 and 2 had substantially more free nitric 
acid than the drums used in Batch Test No. 3 .  The initial slug addition of 23.4 % sodium hydroxide 
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in Batch Test No. 3 appears to have overshot a crhh.l initialization point of the precipitatiodpH 
control curve. As the precipitation process continued, periodic grab samples showed settling rates 
that were apparently better than Batch Test No. 1, but were worse than Batch Test No. 2. After the 
final pH was reached, the agitator was shut down, and the solids were allowed to settled in the 
reactor overnight. 

Early on the morning of December 5, 1997, strap measurements of the contents of the reactor 
showed that approximately 60 % of the batch volume was composed of a clear yellow-green 
supernate (mother liquor), and 40 % as a thick mdky white sludge blanket. The supernate was 
pumped off through a 1 .O micron bag filter and into holding drums. 

The sludge blanket was rinsed by adding 35 gallons of demineralized water to the reactor and gently 
mixing with the agitator for 10 minutes at a speed of 10 rpm. The agitator was shut down and the 
sludge blanket was allowed to settle. Over the next 3 hours, several attempts were made to filter out 
clear liquids using a pump suction wand covered with a bag filter element. The goal of this decanting 
method was to remove some of the interstitial liquid in the sludge blanket as well as the decantable 
supernate layer. These attempts failed. The bag filter attachment was removed and the wand was 
used to pump down the recoverable clear rinse layer. Very little liquid was removed by this method. 

F i d y ,  the entire sludge blanket was pumped through the filter press with some degree of success, if 
judged based upon recovered liquid. Approximately 50 gallons of liquid were recovered, which 
suggests that 15 gallons of that was interstitial liquid Erom the sludge blanket. However, the back- 
pressure acting against the pump built up rapidly, indicating filter cloth blinding. When the filter 
press was opened, only half of the cavities had cake, and that was very wet and sticky. The rest of 
the cavities contained unconcentrated feed sludge, which drained into the cake hopper. There was 
some loss of liquids to the floor, requiring some extensive cleanup. By the time the cleanup was 
done, it was too late in the day to do any M e r  processing. The metal lid was placed over the cake 
hopper, and all equipment was shut down and the quonset hut locked up for the weekend. 

It was decided that thermal conditioning of these gelatinous solids might improve our ability to rinse 
and de-water the thorium hydroxide. Early on December 8, 1997, all of the gelatinous filter cake and 
milky filtrate heels were transferred into the dryer, and these solids were dried to the point of 
apparent dryness. This dryer run took all day. 

On December 9, 1997, two more demineralized water rinses were performed on the dryer product in 
the dryer. These were designated Rinses 2 and 3, Rinse 1 was the one performed before the sludge 
was fed to the filter press on December 5, 1997. In Rinse 2, a volume of 25.0 gallons of 
demineralized water was added, and 12.4 gallons were recovered when the clear layer was decanted. 
In Rinse 3, a volume of 29.0 gallons of demineralized water were added, and 27.2 gallons of clear 
liquid were recovered. In both rinses, the recovered liquid was clear except for a slight turbidity due 
to white colloidal solids. The lack of yellow-green tint indicated that most of the attributes of the 
mother liquor had been removed. 
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After the Rinse 3 clear liquid was recovered, the remaining sludge blanket was dried in the dryer by 
the same methods used in Batch Tests 1 and 2. The dry thorium hydroxide solids discharged to the 
drum had a net weight of 2 13.2 pounds. This concluded Batch Test 3. 

5.3.2 Results Evaluation 

Batch Test No. 3 was a failure from the viewpoint of hrther demonstrating the basic de-nitration 
process, but it did provide usehl information and experience in recovery from process upsets. The 
value of thermal digestion by drying and subsequent re-slurrying and rinse steps was demonstrated. 
Batch Test No. 3 also revealed the unexpected variability in the quality of the thorium nitrate feed 
materials, and the sensitivity of the precipitation process to variations in free nitric acid content and 
starting pH. In cases where the starting pH is above 0.5, great care should be taken with the early 
sodium hydroxide additions. Between pH 0.5 and 1.8, extra time for precipitation of desirable solids 
is needed. Haste at this stage of the precipitation process, assures downstream problems with 
liquidholid separation. In Batch Test 3, the initial slug of 23.4 % sodium hydroxide overshot the 
critical pH range. 

As a result of Batch Test No. 3 ,  it was decided that only half of the 25 % sodium hydroxide solution 
should be added in the initial slug and that the other half should be metered in over an extended 
period of time. This modification was incorporated into Batch Test No. 4. 

5.4 Batch Test No. 4 - Second Attempt at Serial Product Rinsing 

The results of the pervious three batch tests were reviewed and the lessons learned were 
incorporated into the Batch Test Instructions for use in Batch Test No. 4. The main goals for Batch 
Test No. 4 were the same as the pre-test goals for Batch Test No. 3,  namely, to repeat the 
precipitation success of Batch Test No. 2 with the added process enhancement o f  serial rinsing of the 
thorium hydroxide product. 

5.4.1 Test Narrative 

The recoverable thorium nitrate fiom two of the remaining drums of feed material were removed 
fiom their original packaging on December 9, 1997, and transferred to buckets for weighing. The 
recovered thorium nitrate used in Batch Test No. 3 totaled 385.52 pounds. 

Beginning early on the morning of December 10, 1997, the thorium nitrate feed material was 
dissolved in the reactor in 52.8 gallons of demineralized water at a temperature of approximately 145 
O F .  The agitator speed was set at 50 rpm. Hot water temperature in the reactor jacket was increased 
to 180 O F  over the next 2 YZ hours. The dissolving step produced a thorium nitrate solution with 16.8 
% thorium concentration (Sample No. BT4-00lb) and a nitrate concentration of 27.5 % (Sample 
No. BT4-00 1 a). Table 6-3 presents validated analytical results and material balance calculations in 
the same tabular format. The agitator speed was reset to 10 rpm. Over a period of 30 minutes, 15.6 
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gallons of 25 % sodium hydroxide were metered into the thorium nitrate solution in the reactor. 
During the initial phase of sodium hydroxide addition, the solution pH increased &om an 
instrumentally measured reading of 0.54 @ 95°C to 1.79 @ 95°C. Over the next hour, another 15.0 
gallons of 25 % sodium hydroxide solution were metered in, and the pH remained steady in the range 
of 1.70 to 1.87, with no clear upward or downward trend. A hot plate was used to heat all pH grab 
samples to approximately the same temperature before readings were taken and recorded. 

Over the next six hours, the temperature inside the reactor was maintained steadily in the 18 5 to 198 
"F range, while pH increased from 1.74 to 11.02 @ 95 "C, due to addition-of approximately 32.8 
gallons of 10 % sodium hydroxide. A new bellows pump for feeding sodium hydroxide resulted in 
much better control than in any of the earlier tests. The agitator speed was maintained at 10 rpm. 

Periodically during the precipitation reaction, grab samples of the reactant mixture were collected 
and observed to evaluate the settling characteristics of the solids. Precipitated solids were first 
observed at a pH of approximately 2.04, very early in the addition of 10 % sodium hydroxide. From 
this time until the final pH of 1 1.02 was reached, all grab samples showed good settling rates, and 
clear yellow-green tinted supernates. 

After the final pH was reached, the agitator was shut down, and the solids were allowed to settle in 
the reactor. Although settling rates were good, due to the late hour it was decided to let the solids 
settle overnight. On the morning of December 1 1, 1997, the sludge blanket and supernate ( mother 
liquor) were observed and their volumes calculated. Gravity thickening of the reactor product 
resulted in approximately 67 % of the batch volume being recovered as clear yellow-green supernate, 
and 33 % as a thick milky white sludge blanket. A sample of the clear supernate was collected and 
split into aliquots designated BT4-004a and b. These samples were analyzed for sodium, nitrate, and 
thorium concentration. The supernate was pumped off through a 1 .O micron bag filter and into 
holding drums. A skimmer attachment on the decant hose was used to help minimize the amount of 
sludge blanket solids lost to the holding drums during the decanting operation. 

A series of demineralized water rinses were performed to demonstrate the product quality benefits of 
serial rinsing. Each of the first three rinses were performed by decanting any free liquid layers above 
the sludge blanket, and then adding 25 gallons of demineralized water to the reactor and gently 
mixing with the agitator for 10 minutes at a speed of 10 rpm Then, the sludge blanket was allowed 
to settle to its original volume, and the next rinse was performed by the same methods. The fourth 
rinse was performed in the same manner, except that the sludge blanket and rinse water were 
separated in the filter press. Then, a fifih rinse was performed by pumping 25 gallons of 
demineralized water into the reactor, to rinse down the reactor internds, the pipes, hoses and transfer 
pumps, and then pumping the rinse water through the filter press. 

All rinsates and filtrates were discharged into marked holding drums. Table 5-3 below summarizes 
the volumes of rinse water recovered versus the amounts added at each rinse stage. 
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Table 5-3 
Summary of Batch 4 Rinses 

Volume (Gal.) 

27.89 

24.90 1 

21.30 I 
141.47 I 

The fact that more water was recovered than was added is compelling evidence that interstitial water 
from the sludge blanket was first replaced by rinse waters, and then the rinse waters were effectively 
separated from the solids in the filter press. 

The solids in each of the rinsate holding drums were allowed to settle and the clear supernates were 
sampled and analyzed for nitrate concentration in the host site’s laboratory. Each rinse was shown to 
reduce the nitrate concentration to approximately half of the starting concentration. Nitrate in the 
thorium hydroxide solids were reduced from a starting concentration of 8.4 YO to a final 
concentration of 0.21 %. Since the press rinse occurred after the other four rinses, its effectiveness 
was somewhat masked by the low starting concentration. Optimization tests at some fbture date 
may show that two press rinses using between 30 and 40 gallons each may produce as much benefit 
as the five rinses tested here. Not only would the total volume of rinsate for downstream disposition 
be reduced by a factor of 30 YO, but the time required for rinsing would be cut by a factor of 4. 

When the sludge blanket and rinse water from Rinse 4 were fed into the filter press, samples of the 
filter press feed slurry were collected and designated BT4-0031, b, and c. These samples were 
analyzed for sodium, nitrate, moisture, and thorium. Over an eighteen minute period the entire 
sludge blanket was pumped into the press, the filtrate was recirculated back to the reactor for ten 
minutes of that time, and then the filtrate was discharged through 1 .O micron bag filters into holding 
drums. The filtrate was a thin milky suspension with no perceptible yellow-green tint. Only trace 
solids were le& in the filtrate at this stage. These solids settled to form a thin non-continuous layer 
on the bottoms of the holding drums. Samples of the clear layer fi-om the filtrate holding drums 
containing Rinse 5 were collected and designated ST4-006a, b and c. These samples were analyzed 
for sodium, nitrate, chlorides, and thorium. 

The sludge layers in the bottom of the mother liquor and filtrate holding drums were designated 
process heels, consolidated, and transferred to a drum for storage until they could be processed for 
recovery. 
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The filter press was opened and the filter cake discharged into a tare-weighed hopper. A weil- 
formed white filter cake was found in all of the plate cavities. This cake was dry and crumbly, with 
none of the stickiness seen in the earlier batch tests. All of the individual cakes separated easily from 
the fabric and fell into the hopper from their own weight, leaving a clean filter cloth behind. The 
large pieces of cake could be easily broken by hand into smaller chunks, with the cleavage planes 
showing a consistently dry and granular structure. No portion of the cake had a gelatinous texture. 
The hopper was weighed to determine the net weight of the wet cake, which was 302.1 1 pounds. 
Samples of the wet cake were collected from the hopper and designated Sample Nos. BT4-005a, by 
cy d, and e. These samples were analyzed for sodium, nitrate, moisture, and thorium. 

The cake was manually shoveled from the hopper into the dryer and the agitator was started and run 
at a speed of 50 rpm. Low pressure steam at an inlet temperature ranging between 228 and 273 O F  

was circulated through the dryer jacket, resulting in an internal temperature between 200 and 2 18 O F .  

It took approximately 2 hours and 20 minutes of drying to bring the thorium product to apparent 
dryness. The steam flow was shut off and cooling water was pumped through the jacket to cool 
down the product. It took approximately 26 minutes to cool the thorium hydroxide solids down to a 
temperature of 105 "F. The dried thorium hydroxide was discharged into a drum and the drum was 
weighed. The net weight of dried thorium hydroxide product was 169.14 pounds. 

. Samples of the dried product were collected from the drum and designated BT4-007% b, c, d, e, and 
f. These samples were analyzed for sodium, nitrate, thorium, and UTS metals. An additional set of 
samples, designated BT4-008a, b, c, d, and e, were collected and stored for later use in bench-scale 
calcining tests. M e r  calcining tests, samples of the calcined material with the same sample 
designations were submitted for analysis of thorium, nitrate, moisture, and UTS metals. 

- 

Contaminated condensate water fkom the accumulator was sampled prior to being transferred into a 
stainless steel tote container for storage. The samples, designated BT4-009a, b and c, were analyzed 
for sodium, nitrate, and thorium concentration. 

5.4.2 Results Evaluation 

Batch Test No. 4 was an unqualified success, accomplishing the goal of demonstrating repeatability 
of the basic de-nitration process demonstrated in Batch Test No. 2, fUrther enhanced by serial rinsing 
to improve thorium product quality. Taking credit for only the thorium hydroxide captured as filter 
cake and dried, the thorium yield was 69.9 %. The remainder of the thorium came to reside in the 
process heels, from which it was later recovered. The nitrate content of the dried thorium hydroxide 
product was 1.6 %. This test showed that carehl control of the early stages of the precipitation 
process resulted in granular thorium hydroxide solids that settle quickly and filter well, to produce a 
very high quality granular filter cake. The fates of thorium, sodium, and nitrates in Batch Test No. 4 
are presented in tabular form in the material balance of Table 6-3. 

.- 
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With the basic process and demineralized water rinsing demonstrated, it was decided that the next 
batch test would be planned to add internal recycle loops to the Batch Test No. 4 process to recycle 
condensate and mother liquor in the early stages of the process. If successfbl, these secondary 
byproduct recycle options would help to close the material balance and minimize the overall volume 
of liquid byproducts. 

Table 5-4 summarizes the time increments required for various steps of the de-nitration process 
during Batch Test No. 4 and estimated times for the process steps carried to Phase TI, and adjusted 
to incorporate lessons learned from Batch Test No. 4. The time intervalsahown for Batch Test No. 
4 include only the described activity, and do not include time consumed investigating problems, 
collecting data, sampling materials, and deciding upon the next action. The batch size in Batch Test 
No. 4 was 2 drums. In the Phase TI column, the batch size is assumed to be 16 drums. Although it 
takes 22.25 hours for the batch to be processed, it moves though the process in three stages on 
three successive days as follows: 

Stage 1 - 8.25 hours, unpacking and dissolving of thorium nitrate 

9 Stage 2 - 9.5 hours, precipitation, decanting and dewatering of thorium hydroxide 

Stage 3 - 4.5 hours, drying? cool down and product packaging 

As soon as a batch moves from Stage 1 to Stage 2, the next batch can begin Stage 1, and so on 
through the thee stages. 
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Table 5-4 
Summary of De-nitration Process Steps 

Based on Batch Test No. 1 Results 

Rinsing in the Filter Press (2 
rinses) 

Filter Cake Transfer to Dryer 

Sludge Drying 

Process Step Description 

2.0 hours 1.0 hours 

1 .O hours 0.50 hours 

2.33 hours 3 .O hours 

Unpack TNH Drums 

Dissolve Thorium Nitrate 

Dryer Cool Down & 
Discharge to Packaging 

Total Processing Time 

Add Slug of 25 % NaOH 

0.50 hours 1 .O hours 

23.91 hours 22.25 hours 

Slow Addition of 25 YO NaOH 

Batch Test No. 4 
Time for 2 Drum Batch * 

Projected Phase II 
Time for 16 Drum Batch 

3.5 hours -- 8.0 hours 

0.75 hours 0.25 hours 

0.50 hours Not Applicable 

1.0 hour I 2.0 hours 

Slow Addition of 10 % NaOH I 5.0 hours I 4.0 hours I -. 

Solids Settling 1.0 hours 1 .O hours 

Supernate Decanting 0.3 3 hours 0.5 hours 

Rinsing in the Reactor (3 5.5 hours Not Applicable 
rinses) 

* Time intervals do not include investigative and operations development activities, only the 
time required to actually perform the described task. 

5.5 Batch Test No. 5 - Byproduct Recycle Test 

The results of Batch Test No. 4 were reviewed and the lessons learned were incorporated into the 
Batch Test Instructions for use in Batch Test No. 5. All aspects of Batch Test No. 4 were 
incorporated for Batch Test No. 5. In addition, contaminated condensate fiom the condensate 
accumulator was to be used to dilute the sodium hydroxide, and mother liquor fiom storage was to 
be used in place of demineralized water for dissolving thorium nitrate. If successfbl, recycling 

Thorium De-nitration Pilot Project -3 1- September 25,1998 



condensate and mother liquor would help to minimize the volume of secondary byproduct liquids and 
boost their nitrate content to make commercial recycle more attractive. 

5.5.1 Test Narrative 

The recoverable thorium nitrate from the last two drums of feed material were removed from their 
original packaging on December 10, 1997, and transferred to buckets for weighing. The recovered 
thorium nitrate used in Batch Test No. 5 totaled 387.73 pounds. 

On December 15, 1997, the sodium hydroxide solutions for use during the precipitation step were 
prepared using contaminated condensate from the condensate accumulator. Late in the afternoon of 
December 15, 1997, the thorium nitrate feed material was dissolved in the reactor in 52.8 gallons of 
mother liquor (sodium nitrate solution) at a temperature of approximately 145 T. The agitator 
speed was set at 50 rpm. Due to the late hour, the reactor was shut down and the thorium nitrate 
solution was allowed to cool overnight. 

Beginning early in the morning of December 16, 1997, preparations were made for the precipitation 
step. Hot water was circulated through the reactor jacket to bring the thorium nitrate solution back 
up to operating temperature. It took approximately one hour and 50 minutes to bring the 
temperature back to 180 OF. The dissolving step produced a thorium nitrate solution with 19.0 % 
thorium concentration (Sample No. BT5-001b) and a nitrate concentration of 24.6 YO (Sample No. 
BT5-00la). Table 6-3 presents validated analytical results and material balance calculations in the 
same tabular format. The agitator speed was reset to 10 rpm. Over a period of 23 minutes, 10.0 
gallons of 24.6 % sodium hydroxide were metered into the thorium nitrate solution in the reactor. 
During the initial phase of sodium hydroxide addition, the solution pH increased from an 
instrumentally measured reading of 0.71 @ 93°C to 1.75 @ 93°C. Over the next 5 minutes, another 
3.0 gallons of 24.6 YO sodium hydroxide solution were metered in, and the pH rose to 1.83 @ 93 "C. 
The injection rate was reduced and another 20 gallons of 24.6 % sodium hydroxide was added over a 
period of 1 hour and 50 minutes. The pH at the end of the 24.6 % sodium hydroxide addition was 
2.09 @ 93 "C. A hot plate was used to heat all pH grab samples to approximately the same 
temperature before readings were taken and recorded. Up to this time, the rector internal 
temperature was maintained in the range of 175 to 182 O F .  A few smdl white lumps of solids began 
to appear at the mid-point of the last increment of24.6 % sodium hydroxide addition. 

Over the next one hour and ten minutes, the temperature inside the reactor was maintained steadily in 
the 182 to 190 O F  range, while pH increased from 2.09 to 6.96, due to addition of approximately 4.8 
gallons of 1 1.7 % sodium hydroxide. The new bellows pump was used for control of sodium 
hydroxide injections. The agitator speed was maintained at 10 rpm. Grab samples from this period 
showed that the solids forming in the reactor had poor settling characteristics such as those produced 
in Batch Test No. 3. Rechecking the pump calibration revealed that sodium hydroxide had been fed 
at approximately 3 times the planned feed rate. This appears to have been caused by calibration error 
or air-locking of the pump at the time the stroke of the pump was set. 

Injection of sodium hydroxide was suspended, and the decision was made to attempt to re-dissolve 
the precipitates by back-titrating with concentrated nitric acid obtained from the host site's 
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laboratory. A total of 6.0 liters of nitric acid were added over a period of one hour and 10 minutes, 
which reduced pH from 6.96 to 2.08 @ 93 "C. This operation appeared to re-dissolve all of the 
visible solids in the reactant mixture. During the back-titration, a fairly voluminous foam developed 
on the liquid surface, but dissipated after pH dropped below 3.0. 

Injection of 1 1.7 % sodium hydroxide was resumed and continued over the next 5 hours. At the end 
of that time, another 26.3 gallons of 1 1.7 % sodium hydroxide had been added and the pH had been 
raised fi-om 2.08 to approximately 1 1 .O @ 93 "C. Settling tests conducted on grab samples collected 
periodically fiom the batch in process showed that a small degree of settle-ability had been restored 
due to the re-dissolving and re-precipitation operations. m e r  the final pH was reached, the reactor 
was shut down, and the sludge blanket was allowed to settle in the reactor overnight. 

On the morning of December 17, 1997, the sludge blanket and supernate ( mother liquor) were 
observed and their volumes calculated. Gravity thickening of the reactor product resulted in 
approximately 23.8 % of the batch volume being recovered as clear yellow-green supernate, and 76.3 
% as a thick milky white sludge blanket. A sample of the clear supernate was collected and split into 
aliquots designated BT5-004a and b. These samples were analyzed for sodium, nitrate, and thorium 
concentration. The supernate was pumped off through a 1 .O micron bag filter and into holding 
drums. A skimmer attachment on the decant hose was used to help minimize the amount of sludge 
blanket solids lost to the holding drums during the decanting operation. 

A series of demineralized water rinses were performed to evaluate the effectiveness of serial rinsing 
in reducing the relatively high nitrate concentration in the sludge blanket resulting fiom recycle of 
mother liquor in the precipitation step. Each of the first two rinses were performed by decanting any 
free liquid layers above the sludge blanket, and then adding 50 gallons of demineralized water to the 
reactor and gently mixing with the agitator for 10 minutes at a speed of 10 rpm. Then, the sludge 
blanket was allowed to settle to its original volume, the supernate was skimmed and pumped to a 
holding drum, and the next rinse was performed by the same methods. After decanting the rinse 
water from the second rinse, the sludge blanket was pumped into the filter press in its densest form. 
Then, the third and fourth rinses were performed in the filter press using 25.0 gallons for each rinse. 

- 

All rinsates and filtrates were discharged into marked holding drums. Table 5-5 below summarizes 
the volumes of rinse water recovered versus the amounts added at each rinse stage. 

The fact that approximately the same volume of rinse water was recovered as was added indicates 
that compaction of the sludge layer in the filter press did not occur to any great degree. Also, the 
large amount of solids in the various holding drums indicated wash out of significant thorium 
hydroxide solids from the press. These solids did not settle well in the holding drums, resulting in 
losses of this material into the process heels. 

The solids in each of the rinsate holding drums were allowed to settle and the clear supernates were 
sampled and analyzed for nitrate concentration in the host site's laboratory. Each rinse was shown to 
reduce the nitrate concentration to approximately half of the starting concentration. Nitrate in the 
thorium hydroxide solids were reduced to a final concentration of 2.7 % in the wet filter cake. 
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Table 5-5 
Summary of Batch 5 Rinses 

When the sludge blanket remaining after Rinse 2 was decanted from the reactor, and was fed into the 
filter press, samples of the filter press feed slurry were collected and designated BT5-003a7 b, and c. 
These samples were analyzed for sodium, nitrate, thorium and moisture. 

Press filtrates fiom the end of Rinse 2, and from Rinses 3 and 4 were discharged through 1 .O micron 
bag filters into holding drums. The filtrate was a thin milky white suspension with no perceptible 
yellow-green tint. The solids in all of the holding drums were allowed to settle overnight. 

On the morning of December 18, 1997, thickness measurements of the supernate and sludge layers in 
the holding drums were performed. These measurements showed that the solids in the drums 
holding mother liquor, and Rinses 1 and 2 (performed in the reactor) settled well. However, the 
supernates in the holding drums from Rinses 3 and 4 (performed in the filter press) had finely 
dispersed colloidal solids in the form of a general turbidity. This turbidity made it impossible to 
detect the true thickness of the sludge layer in these drums. Samples of the dear layer fkom the 
holding drum containing Rinse 2 were collected and designated BT5-006aY b and c. These samples 
were analyzed for sodium, nitrate, and thorium. 

The sludge layers in the bottom of the mother liquor, rinsate, and filtrate holding drums were 
designated process heels, consolidated, and transferred to a drum for storage until they could be 
processed for recovery. 

The filter press was opened and the filter cake dischwged into a tare-weighed hopper. A well- 
formed white filter cake was found in all of the plate cavities. However, this cake was wet and 
sticky, similar to the filter cake characteristics from Batch Test No. 1. The dryness of the filter cake 
was better in the first plate cavities than in the last. The hopper was weighed to determine the net 
weight of the wet cake, which was 233.92 pounds. Samples of the wet cake were collected from the 
hopper and designated Sample Nos. BT5-005a, by c, d, and e. These samples were analyzed for 
sodium, nitrate, moisture, and thorium. 
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The cake was manually shoveled from the hopper into the dryer and the agitator was started and run 
at a speed of 30 rpm. Low pressure steam at an inlet temperature ranging between 250 and 272 O F  
was circulated through the dryer jacket, resulting in an internal temperature between 214 and 216 O F .  

It took approximately 4 hours of drying to bring the thorium product to apparent dryness. The 
steam flow was shut off and cooling water was pumped through the jacket to cool down the product. 
It took approximately 30 minutes to cool the thorium hydroxide solids down to a temperature of 100 
O F .  The dried thorium hydroxide was discharged into a drum and the drum was weighed. The net 
weight of dried thorium hydroxide product was 108.98 pounds. 

Samples of the dried product were collected from the drum and designated BT5-007a, b, c, d, e, and 
f. These samples were analyzed for sodium, chloride, nitrate, thorium, and UTS metals. An 
additional set of samples, designated BT5-008a, b, c, d, and e, were collected and stored for later use 
in bench-scale calcining tests. After calcining tests, samples of the calcined material with the same 
sample designations were submitted for analysis of thorium, nitrate, moisture, and UTS metals. 

Contaminated condensate water from the accumulator was sampled prior to being transferred into a 
stainless steel tote container for storage. The samples, designated BT5-009a, b and c, were analyzed 
for sodium, nitrate, and thorium concentration. 

5.5.2 Results Evaluation 

Batch Test No. 5 was successll in answering some basic questions regarding recycle of mother 
liquor, but the precipitation difficulties and the low yield make it an unprofitable option for the full- 
scale process. Taking credit for only the thorium hydroxide captured as filter cake and dried, the 
thorium yield was 37.2 %. The remainder of the thorium came to reside in the process heels, fi-om 
which it was later recovered. The nitrate content of the dried thorium hydroxide product was 1.33 
%. The fates of thorium, sodium, and nitrates in Batch Test No. 5 are presented in tabular form in 
the material balance of Table 6-4. 

Once again, difficulties were encountered in the precipitation step. Early in the precipitation step, 
gelatinous solids were produced which exhibited poor settling characteristics. An attempt was made 
to reverse the precipitation process by re-dissolving the solids with concentrated nitric acid. This 
attempt was probably terminated prematurely. The nitric acid appeared to re-dissolve the visible 
solids, but the pH was only reduced to 2.08, which is still above the precipitation initialization point 
observed in earlier tests. Although the re-dissolving operation should be viewed as a qualified 
success, it probably would have been better to add an additional 1 .O to 2.0 liters of concentrated 
nitric acid to obtain a re-start pH of less than 1.5. 

Serial rinsing was successful in removing the extra nitrate fiom the sludge blanket. Liquid phase 
nitrate concentrations were reduced fkom 14.9 % in the reactor product before mother liquor 
separation to 2.1 % at the end of Rinse 4. The wet filter cake had 2.7 % nitrate and the dried 
thorium product had 1.3 % nitrate. 

Thorium De-nitration Pilot Project -35- Septemkr 25,1998 



Although a high quality thorium product was produced, the problems posed by recycle ofmother 
liquor far outweigh the benefits. 

Table 5-6 summarizes the time increments required for various steps of the de-nitration process 
during Batch Test No. 5 and estimated times for the process steps carried to Phase 11, and adjusted 
to incorporate lessons learned from Batch Test No. 5 .  The time intervals shown for Batch Test No. 
5 include only the described activity, and do not include time consumed investigating problems, 
collecting data, sampling materials, and deciding upon the next action. The batch size in Batch Test 
No. 5 was 2 drums. In the Phase I1 column, the batch size is assumed to he 16 drums. Although it 
takes 22.25 hours for the batch to be processed, it moves through the process in three stages on 
three successive days as follows: 

Stage 1 - 8.25 hours, unpacking and dissolving of thorium nitrate 

Stage 2 - 9.5 hours, precipitation, decanting, rinsing, and dewatering of thorium hydroxide 

Stage 3 - 4.5 hours, drying, cool down and product packaging 

As soon as a batch moves from Stage 1 to Stage 2, the next batch can begin Stage 1, and so on 
through the three stages. 
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Table 5-6 
Summary of De-nitration Process Steps 

Based on Batch Test No. 1 Results 

Process Step Description Batch Test No. 5 
Time for 2 Drum Batch * 

Projected Phase II 
Time for 16 Drum Batch 

~ 

Unpack TNH Drums I 3.5 hours I 8.0 hours 

Dissolve Thorium Nitrate 

Add Slug of 25 % NaOH 

0.83 hours 0.25 hours 

0.58 hours Not Applicable 

* Time intervals do not include investigative and operations development activities, only the 
time required to actually perform the described task 

Slow Addition of 25 % NaOH 

Slow Addition of 10 YO NaOH 

Stop at pH 6.96 & Back-titrate 
to pH 2.08 

Slow Addition of 10 % NaOH 5.17 hours 

Solids Settling 10.0 hours 

1.33 hour 

1.17 hours 

1.0 hours 

5.6 

Serial rinsing was performed in Batch Test No. 4 and in Batch Test No. 5, and it was simulated on 
the bench using materials sampled from Batch Test No. 2 .  Each of these batch tests used essentially 
the Same serial rinsing methods, with the only difference being the number of rinses, and the filtration 

Comparative Evaluation of Serial Rinsing 

2.0 hours 

4.0 hours 

Not Applicable 

Not Applicable 

1.0 hours 
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Supernate Decanting 

Rinsing in the Reactor (2 
rinses) 

Sludge Dewatering 

Rinsing in the Filter Press (2  
rinses) 

Filter Cake Transfer to Dryer 

Sludge Drying 

Dryer Cool Down & 
Discharge to Packaging 

Total Processing Time 

0.17 hours 0.5 hours 

5.5 hours Not Applicable 

0.5 hours 1 .O hours 

0.67 hours 1.0 hours 

1.33 hours 0.50 hours 

4.0 hours 3.0 hours 

0.5 hours 1.0 hours " 

36.25 hours 22.25 hours 



characteristics of the solids produced by the de-nitration process. Figure 5-1 presents graphs of the 
nitrate content of the solid phases and the rinsate for the simulated serial rinsing of Batch Test No. 2 
and the pilot scale rinsing of Batch Test No. 4. Batch Test No. 5 data is not presented in graphical 
form, because it does not represent the de-nitration process in a process configuration which is 
meaningful for Phase I1 operations. The serial rinses generally show a factor of 2 reduction in solids 
phase nitrate content for each rinse step, whether the rinsing was performed in the plowshare reactor 
by the wash, settle and decant method, or by flush rinsing in the filter press. This is shown in the 
graph for Batch Test No. 4. In this test, Rinses 1,2, and 3 were performed in the reactor. Rinse 4 
was started in the reactor, but was finished in the filter press. Rinse 5 wasperformed entirely in the 
filter press. What is not shown by the graphs is that Rinses 1,2  and 3 required an average of 90 
minutes each to complete, whereas the filter press rinses of Rinse 4 and 5 required only 30 minutes 
total. Based on these results, it appears that three serial rinses, all performed in the filter press will 
provide the best balance of rinse performance versus processing cost. 

5.7 Comparative Evaluation of Low Temperature Drying and Calcining 

Low temperature drying as it was applied during the pilot demonstration batch tests did not 
consistently produce a low moisture thorium hydroxide product. Final moisture of the dried thorium 
product varied between 9.2 % and 23.5 %. This wide range was due to the nature of the pilot scale 
equipment and the methods used to dry the thorium hydroxide filter cake. Filter cake was manually 
loaded into the dryer, and then the vessel was sealed and heated with non-contact steam at 
temperatures between 240 and 280 "F, and pressures between 10 and 20 PSIG. There was no 
instrumental method of measuring the moisture removed. When it was suspected that the product 
was dry, the mixer shaft was halted, and an access port was opened. The solids were visually 
observed and evaluated on a tactile basis. If the product did not appear dry, the port was closed and 
hrther drying was performed. The inspection and drying activities were repeated until the product 
appeared to be dry based upon visual and tactile evaluations. Then, the steam generator was shut 
down and cooling water was pumped through the jacket to cool the product, Finally, the batch was 
discharged fkom the bottom of the dryer into a plastic lined polyethylene d m .  An instrumental 
means of measuring humidity in the vent pipe of the dryer would have provided a better means of 
deciding when to halt drylng operations. 

Another problem contributing to the erratic dryer performance was the lack of a dry carrier gas to 
augment transport of the water vapor out of the head space of the dryer and into the downstream 
condenser. This condition forced us to rely on the vapor pressure of the moisture to provide mass 
transport to the water vapor. By injecting a small flow of nitrogen or dry air into the dryer to canry 
away the water vapor, dryer performance could have been greatly improved. Also, the dryer 
manufacturer suggests that a partial vacuum be applied to the dryer to further augment the drying 
process. 

The design for Phase I1 will include a dryer operating at approximately 0.5 atmospheres absolute, 
with a 10 CFM purge stream of dry compressed air injected into the dryer through its shaft seals. 
Also, a humidity sensor in the vent line between the dryer and the vent condenser will be used to 
determine when drying is complete. ' 
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The X-ray dieaction analyses performed during the pilot test program reveal useful information 
regarding the thorium product quality options that should be considered for Phase 11. Four samples 
of thorium material were analyzed by Southwest Research Institute. The following discussion 
summarizes the results, which can also be found in their April 15, 1998 report located in Appendix A 
of this report. 

Thorium Nitrate Raw Material (Sample No. BT1-001C): “This sample is about 95% 
crystalline. The only identifiable crystalline species in the sample was Th(NO,), * 5H20. 
Please note that there were several unidentifiable peaks in the powder pattern.” 

Batch Test No. 1 Dried Thorium Hydroxide Product (Sample No. BTl-008C): “This 
sample is about 80 % crystalline. The sample appears to be poorly crystalline as shown by 
the wide peaks. The crystalline portion of the sample consists of 50% thorianite (ThO,), 45 
% nitratine (NaNO,), and about 5% Na,NO,.” 

Batch Test No. 2 Dried Thorium Hydroxide Product (Sample No. BT2-007D): “This 
sample is about ’75% crystalline. The sample is poorly crystalline as indicated by the wide 
peaks. The only identifiable crystalline species in the sample was thorianite (Tho,).” 

Batch Test No. 2 Simulated Calcined Thorium Product (Sample No. BT2-008C): “This 
sample is about 90% crystalline. The sample appears to be poorly crystalline as shown by the 
wide peaks. The crystalline portion of the sample consists of 85% thorianite (Tho,) and 15% 
nitratine (NaNO,).” 

Comparing the dried and calcined samples from Batch Test No2  , it can be concluded that calcining 
will improve the crystalline integrity of the product and drive off some nitrates and additional water. 
However, Batch Test No. 4 showed that good filtering thorium hydroxide solids followed by 
effective drying can reduce both residual nitrate and moisture. The drying process improvements 
described above will serve to reduce residual moisture to approximately the same as the calciner. 
The only incremental improvement that calcining will produce is breakdown of hydroxides to oxides, 
and evolution of nitrates in the form of nitrogen dioxide. It is our opinion that the small 
improvements in moisture and nitrate content afforded by calcining do not offset the greater 
permitting and NEPA costs, operating costs, safety hazards and environmental insult caused by 
calcining, and therefore we do not recommend it for Phase 11. 

§.S Heels Recovery 

During the week of January 4, 1998, the process heels that had been accumulated during the pilot- 
scale batch test program were recovered by direct drying in the plowshare dryer. These heels include 
thorium hydroxide sludges stored in drums or tanks, and the contents of bag filter socks that had 
been stored in buckets. In the heels recovery effort, the heels were divided into three batches 
designated as Batch Tests 6,7 and 8. Each of these batches were dried in the dryer using the same 
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methods as were used for drying filter cake in the previous 5 pilot-scale batch tests. When holding 
drums or tanks were emptied, they were rinsed down with demineralized water and the rinsate was 
added to the appropriate batch in the dryer. 

5.8.1 Test Narrative 

In Batch Test 6, 168.8 1 pounds of wet solids from bag filter socks were dried, producing 78.57 
pounds of dry thorium hydroxide solids. These solids were package for return to DLA. 
Approximately 6.9 gallons of contaminated condensate was recovered fram the condensate 
accumulator. 

In Batch Test 7, 5 drums of liquid heels were pumped into the dryer. The pH of the slurry was 
checked and found to be approximately 6.0. The remaining 10 % sodium hydroxide (12.2 gallons) 
and an additional 3 gallons of 50 % sodium hydroxide were needed to increase the pH to 10.0. This 
was done to ensure that the de-nitration reaction went to completion. Then the batch was dried to 
produce 158.06 pounds of thorium hydroxide solids whch were packaged for return to DLA. 

In Batch Test No. 8, seven drums of liquids were inspected and found to have clear supernate layers. 
This clear liquid was pumped to the appropriate stainless steel tote for storage. The remaining heels 
were pumped into the dryer and dried to produce 329.17 pounds of recovered thorium hydroxide 
solids. 

During the week of January 19, 1998, decontamination of equipment was completed, and 
decontamination water and mop water from floor cleaning were consolidated into a dryer run 
designated Batch Test No. 9. Unused samples from the laboratory were returned and combined in 
this batch. The pH of the combined liquids in the batch was above 10.0, so drying was begun 
without any pH adjustments. It took 28.5 hours over a three day period to take ths  batch from a 
very wet state to dryness. The solids resulting from this dryer run were packaged for return to DLA 
as a low quality thorium hydroxide product. 

5.8.2 Results Evaluation 

These batch test had no research or development value, but were performed to recover thorium 
hydroxide heels into a dry packaged form for return to DLA and log term storage at the Curtis Bay, 
hfaryland depot. 

5.9 Cation Exchange Batch Tests 

After all batch tests of the de-nitration process were completed, the clear liquid byproduct streams 
were consolidated into 3 specific types and stored separately in stainless steel totes. These three 
liquid byproduct streams were: 

Thorium De-nitration Pilot Project -41- September 25, 1998 



* Supernate (Mother Liquor) 
* FiltrateNnsate 

Contaminated Condensate 

During each of these cation exchange m s ,  the liquid feed stream was treated through two ion 
exchange columns piped in series, each containing SIR-500TM aminophosphonic chelating resin 
supplied by ResinTech, Inc. At the beginning of each test run, the liquid stream to be treated was 
pumped from tote storage into the plowshare dryer and heated to the temperature range specified by 
the resin manufacturer, 158 to 176 O F .  The pH was checked to make surcthat it was above 8.0, and 
adjusted if necessary. 

5.9.1 Test Narrative 

In Liquid Batch Test No. 1, the entire inventory of contaminated condensate from the condensate 
accumulator was pumped into the plowshare dryer, mixed and sampled. These samples were 
designated CLB 1-00 1 a, b and c, and were analyzed at an off-site laboratory for sodium, nitrate, and 
thorium concentrations. After sampling, the batch of  condensate in the dryer was heated to feed 
temperature and then pumped at a controlled rate (within the manufacturer’s loading specifications) 
through the cartridge filter and the two cation exchange units plumbed in series. Samples of effluent 
from each column were collected at approximate 15 minute intervals and analyzed in the Perma-Fix 
Laboratory to compare feed and effluent quality. The thorium concentrations for these samples are 
summarized in Table 5-7. By comparing the thorium concentrations of accumulator condensate with 
those for condensate in the dryer, it can be seen that insoluble thorium particulate matter was washed 
from the internal surfaces of the pump, the hoses or the dryer into the condensate. A sample of the 
mixed condensate in the dryer was subjected to laboratory filtration using a 0.7 pm filter. This 
filtration test was effective in removing 88.84 % of the thorium present, indicating that it was mostly 
in an insoluble form. The cation polishing removed enough residual thorium from the condensate to 
bring the overall removal efficiency of the filtratiodion exchange polishing process into the range of 
89.5 to 95.5 %. At the end of the ion exchange run, the effluent from Cation Unit No. 2 was 
sampled and designated as CLB 1-002q b and c. These samples were analyzed at an off-site 
laboratory for sodium, nitrate, and thorium concentrations. The analytical results for the samples 
designated CLB1-001 and CLBl-002 are summarized in Table 5-10. 

In Liquid Batch Test No. 2, the entire inventory of filtrates and rinsates from the storage tote was 
pumped into the plowshare dryer, mixed and sampled. These samples were designated CLB2-OOla, 
b and c, and were analyzed at an off-site laboratory for sodium, nitrate, and thorium concentrations. 
After sampling, the batch of condensate in the dryer was heated to feed temperature and then 
pumped at a controlled rate (within the manufacturer’s loading specifications) through the cartridge 
filter and the two cation exchange units plumbed in series. Samples of effluent from each column 
were collected at approximate 15 minute intervals and compared to samples of feed materials. The 
thorium concentrations for these samples are summarized in Table 5-8. Comparing the various feed 
streams shows that the filtrates and rinsates were not contaminated with particulate matter during 
transfer to the dryer. A sample of the feed liquid in the dryer was subjected to laboratory filtration 
using a 0.7 pm filter. This filtration test was effective in removing 45.2 % of the thorium present, 
indicating that a substantial portion was in an insoluble form. The cation polishing removed enough 
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residual thorium from the frltrate/rinsate feed liquid to bring the overall removd efficiency into the 
range of 99.7 to 99.9 %. At the end of the ion exchange run, the effluent fiom Cation Unit No. 2 
was sampled and designated as CLB2-002q b and c. These samples were analyzed at an off-site 
laboratory for sodium, nitrate, and thorium concentrations. The analytical results for the samples 
designated CLB2-001 and CLB2-002 are summarized in Table 5-10. 

In Liquid Batch Test No. 3, the entire inventory of supernate (Mother Liquor) fiom the storage tote 
was pumped into the dryer, mixed and sampled. These samples were designated CLB3 -00 1 a, b and 
c, and were analyzed at an off-site laboratory for sodium, nitrate, and thorium concentrations. After 
sampling, the batch of condensate in the dryer was heated to feed temperature and then pumped at a 
controlled rate (within the manufacturer’s loading specifications) through the cartridge filter and the 
two cation exchange units plumbed in series. Samples of effluent fiom each column were collected 
at approximate 15 minute intervals and compared to samples of feed materials. The thorium 
concentrations for these samples are summarized in Table 5-9. Comparing the various feed streams 
shows that the supernate was not contaminated with particulate matter during transfer to the dryer. 
A sample of the feed liquid in the dryer was subjected to laboratory filtration using a 0.7 pm filter. 
This filtration test was effective in removing 35.8 % of the thorium present, indicating that a 
substantial portion was in an insoluble form. The cation polishing removed enough residual thorium 
fi-om the supernate feed liquid to bring the overall removal efficiency into the range of 76.9 to 82.8 
%. At the end of the ion exchange run, the effluent fiom Cation Unit No. 2 was sampled and 
designated as CLB3-002a, b and c. These samples were analyzed at an off-site laboratory for 
sodium, nitrate, and thorium concentrations. The analytical results for the samples designated 
CLB3-001 and CLB3-002 are summarized in Table 5-10. 

One factor that may have impacted the performance of the cation exchangers in Liquid Batch Test 
No. 3 was contamination of the storage tote with oily residues. Due to a communication problem, a 
dirty tote was used to store supernate. This problem was first noticed when an oil slick was 
observed on top or the supernate in the tote. Absorbent diapers were used to absorb the floating oil, 
but there was no other treatment performed in advance of the cation exchange run. 

Initially, the effluent from Cation Unit No. 2 showed a great reduction in the yellow-green tint of the 
supernate. However after about 30 minutes into the run, the strength of the yellow-green tint of the 
eauent returned to its original feed condition. This was interpreted as evidence of exhaustion of the 
cation units. The run was halted and Cation Unit No. 1 was taken out of service. Cation Unit No. 2 
was moved to the original location of Cation Unit No. 1, and the spare cation column was installed in 
place of Cation Unit No. 2. The treated supernate was pumped back into the dryer and the run was 
started again. Once again, the color of the effluent was significantiy reduce in the resin beds. After 
50 minutes however, the yellow-green color again broke through the resin beds, indicating probable 
breakthrough of thorium as well. The run was continued to completion, because there were no more 
spare cation exchanger columns. 

The cartridge filtration and cation polishing combined to remove enough residual thorium fiom the 
condensate to bring the overall removal efficiency into the range of 78.1 to 82.8 %. The data 
indicates that early in the treatment run, Cation Unit No. 2 became exhausted and therefore provided 
negligible removal efficiency. It is suspected that exhaustion of the resin was due to surface fouling 
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due to the oil contamination arising from the dirty tote used for storage. Overall, the cartridge filter 
and cation units still accounted for a 78 to 83 YO removal efficiency. If they had not become fouled, 
it appears that the overall removal efficiency would have been well over 90 %. 

All removal efficiencies referenced in this section are calculate by dividing the effluent thorium 
concentration by the thorium concentration in the unfiltered sample collected from the plowshare 
dryer, multiplied by 100. 

5.9.2 Results Evaluation 

The results of the cation exchange tests show that the SfR-5OOTM aminophosphonic chelating resin is 
effective in polishing soluble thorium from the liquid byproduct streams produced during the de- 
nitration and thorium drying processes. Also, a string-wound cartridge filter was found to be 
effective in removing insoluble thorium from these Liquid streams. In Liquid Batch Test I 
(contaminated condensate) and Liquid Batch Test 2 (filtratelrinsate), the product purity was 
consistently in the range of 0.29 to 0.64 pCi/ml. Variability in the percent removal efficiency was 
due mainly to the starting thorium concentration of the feed liquids. In Liquid Batch Test 3, the 
results were inconclusive due to apparent fouling of the resin by oily contaminants. This would not 
be a problem in a MI-scale treatment project. 

Theoretically, all of the thorium should be in insoluble fonn. Perhaps an ultra-filter operation would 
be as effective in polishing liquid byproducts to remove thorium as the cartridge filter and cation 
exchange units were in combination. 
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Table 5-7 
Summary of Liquid Batch Test No. 1 Results. 

Feed Stream Descriptions Feed Liquid Removal 
Concentration & Activity Efficiency 

Th (ppm) Th (pCi/ml) (%.) 

11.4 1-.3 N/A 

59.1 6.4 NIA 

6.9 0.7 88.84 

t 
Accumulator Condensate 

Condensate in Dryer 

I Lab Filtered Condensate (0.7 pm) 

Effluent Thorium Concentration & Activity versus Time 

Column 
Concei 

Effluent 
trations 

Sample 
Elapse Time 

Column 2 Effluent Total 
Concentrations Removal 

Efficiency 

Th (ppm) Th (pCi/ml) ("/I 
5.8 0.64 89.9 

3.7 0.41 93.6 

I 89.5 

Th (pCi/mi) 

1.1 

8.4 0.93 

6.1 0.67 

6.6 0.73 5.8 I 0.63 I 90.1 

a . 5  c0.38 5.2 I 0.57 I 91.0 

I 71min. 3.7 2.6 1 0.29 1 95.5 0.41 

0.65 86 min. 

116 min. 

5.9 

5.0 0.55 4.7 0.52 91.9 

4.8 I 0.52 91.8 5.6 0.62 
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Table 5-8 
Summary of Liquid Batch Test No. 2 Results. 

Feed Stream Descriptions Feed Liquid Removal 
Concentrations Efficiency 

I 

I Filtratefinseate fromTote Container I 3,193 I 383 I N/A 

I Filtratemnseate from Dryer 1 2,911 1 340 1 N/A 

Thorium De-nitration Pilot Project -46- September 25, 1998 



Table 5-9 
Summary of Liquid Batch Test No. 3 Results. 

Sample I Elapse Time 

.-.. 

Column 1 Emuent 
Concentrations 

Feed Stream Descriptions 

180 min. 

198 min. 

Supernate (Mother Liquor) from 
Tote Container 

11.5 1.4 9.6 1.1 81.3 

-41.3 1.4 11.3 1.3 77.9 

I Supernate from Dryer 

I Lab Filtered Supernate (0.7 pm) 

Feed Liquid 
Concentrations 

Th (ppm) Th (pCi/ml) 

79.2 9.7 

49.9 1 6.1 

33.3 I 3.9 

Removal 
Efficiency 

NIA 

~ 

NIA 

35.8 

Emuent Thorium Concentration & Activity versus Time 
I I I 

Total Removal I Eficiency 
Column 2 Emuent 

Concentrations 
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Table 5-10 
Summary of Off-site Laboratory Analyses 

Cation Exchange Tests 
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5.10 Radiological Control Summary 

The demonstration project was performed at the Perma-Fix of Florida facility located in Gainesville, 
Florida and was performed under their Florida State Radioactive Materials License 2589-1. Project 
radiological engineering, radiological training and field radiological controls were provided by 
Teledyne Brown Engineering. The host organization provided support radiological administrative 
functions applicable to license control. These functions included Radiological Work Permits, 
dosimetry, internal dose assessment, smear counting and site access control. 

5.10.1 In-Processing Reauirements 

. Personnel in-processing was controlled by the host facility and Teledyne Brown Engineering. In- 
processing included site access, i.e., drug screening and individual company empioyment 
requirements, Hazardous Waste Operator (I-ZAZWOPER) 29 CFR 19 10.120 training, Radworker 11 
training, initial bioassay, respirator training, respirator fit testing, project operations training, and 
radiation work permit briefing. All personnel were required to have successfully completed all of the 
above requirements prior to entry into the controiled work area. Also, periodic safety briefings were 
performed during the course of field operations. 

5.10.2 Area Setur, and Enpineerine Controls 

The project was conducted within the Nelson Building at the Perma-Fix of Florida facility, and was 
confined to a metal quonset hut set up inside the Nelson Building. Within the quonset hut, individual 
tents wee constructed around areas of potentially high contamination and high airborne activity 
areas. All walls of the quonset hut, the floor and specific equipment were covered with HerculiteTN 
or shrink wrap to minimize contamination of these surfaces during operations. A worker undress 
and entrylexit area was built witbin the quonset hut to ensure workers were away from the work area 
during undress and exit at the step-off pad. Three individual HEPA ventilation systems were used 
during operations which were flow balanced to ensure ventilation air flow into the hut. These units 
not only provided general area ventiiation but were also used to provide negative pressure at specific 
potentially high airborne activity areas during operations. This specific ventilation was provided for 
the thorium material removal/packaging tent, filter press tent, and for the plowshare unit feed hopper 
and vent condenserlaccurnulator areas. The ventilation system for the thorium material 
removdpackaging tent contained a granular activated carbon (GAC) absorption system for capture 
of radon during drum opening operations. This ventilation design provided and overd negative 
pressure condition inside the quonset hut and also ensured that any high airborne activity that might 
be generated during operations would be contained within the quonset hut. 

- 

5.10.3 Proiect-Stwcific Radiological ODerating Data 

Initial radiological control conditions for the quonset hut were established and workers were given a 
gre-job briefing by radiological personnel prior to signing the Radiation Work Pennit. Work 
commenced with the opening of drums of thorium nitrate inside the thorium material removal/ 
packaging tent. 
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Separate ventilation suctions were strategically positioned at the potentially hgh airborne activity 
work areas. This specialized ventilation and tent arrangement allowed workers to wear air purifying 
respirators in the common areas of the quonset hut while airline respirators were worn inside the 
thorium material removab'packaging tent and the filter press tent only. By using this engineering 
controlled ventilation arrangement and establishing specific area requirements for respiratory 
protection, work was allowed to progress at a good pace while minimizing potential for internal 
radioactivity deposition. This is documented by the fact that there were no personnel skin or 
clothins contamination incidents during operations nor was there any internal dose as indicated by 
bio-assay results of the work force. 

Personnel working inside the thorium material removaVpackaging tent were dressed in double 
layered protective clothing and airline respirators. Workers outside this tent were dressed in single 
layer protective clothing and air purifying respirators. The drums were opened inside the tent next to 
a ventilation intake hood which was positioned at the open face of the drum. Air samples and swipes 
were taken during this activity to monitor radiological levels and to ensure high levels of 
contamination were not spread outside the tent. 

During the demonstration operations, the work force provided as a minimum, a daily cleanup of the 
work area to maintain radioactive contamination levels low. Thus radioactive airborne activity was 
also maintained low. The highest radioactive contamination that was encountered during the 
demonstration operations was 20,000 d p d l  OOcm2 a inside the thorium materials removallpackaging 
tent with and average radioactive contamination level of 2,000 dpm/100cm2 a. The average 
radioactive contamination level inside the main work area of the quonset hut was -400 dpm/100cm2 
a and was normally maintained at <Minimal Detectable Activity (MDA) which was 10 dpm/lOOcm* 
a by Liquid Scintillation Counter (LSC) analysis which was specifically calibrated for natural 
thorium. Due to the large amount of dry thorium nitrate powder that was handled during the 
demonstration, cleanup of the work area was a vital activity in maintaining radioactive contamination 
and airborne activity levels low. These housekeeping activities were instrumental in preventing the 
workers from receiving any internal dose or from having any skin or clothing contamination or 
radioactive release incidents. The exit area of the quonset hut was maintained at <MDA a levels of 
radioactive contamination and all material exiting the areas was surveyed for clean release or covered 
with protective bags at the step-off pad. All personnel exiting the quonset hut were surveyed by 
hand held instruments for contamination. The release criteria established for the demonstration 
project was <MDA a contamination release. 

The highest radiation levels that were encountered during the project was a dose rate of 50 
milliremh y on contact with a drum of final thorium hydroxide product. The highest general area 
dose rate inside the thorium materials removaVpackaging tent during material removal operations 
were 10 milliredhr y with and average general area dose rate in the main work area of the quonset 
hut <2 milliremh y. All areas outside the radiation area boundary of the quanset hut were 
maintained at <2 milliremh y . 

After completion of the process operations, the work area was demobilized and returned to pre- 
existing conditions. Major materials and capital equipment were decontaminated and surveyed for 
disposition per the Penna-Fix of Florida Radioactive Materials License limits. Some were 
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decontaminated to unrestricted use levels. Others which could not be decontaminated to unrestricted 
use levels were disposed of as radioactive waste or packaged in accordance with the host facility’s 
procedures and stored for hture use or disposition. All waste materials were shipped to a licensed 
radioactive waste processing facility for ultimate disposal at a radioactive disposal site. 

5.10.4 Results Evaluation 

Good radiological engineering, and aggressive radiological controls, with a allowance for worker’ s 
comfort and ease of job performance resulted in a highly desirable radiological outcome. Tlus fact is 
best demonstrated by reviewing the final radiological project data. The project Man-Rem dose was 
0.350 Rem with the highest individual worker dose of 100 millirem over a three month period. 
There was zero internal dose received by the work force, no skin or clothing contamination incidents, 
and no release incidents of radioactive contamination. Furthermore, the greater automation to be 
incorporated in full-scale process designs should reduce the above referenced exposure rates by a 
factor of 2 or 3.  Much of the dose documented during the pilot-scale demonstration was due to 
direct handling of thorium materials and long hours of operation due to the research and 
development nature of the project. 
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6.0 LABORATORY ANALYTICAL RESULTS AND MATERIAL BALANCES 

The samples collected fiom each pilot-scale batch test were stored at the Penna-Fix of Florida 
facility until a preliminary evaluation of the test’s process success was perfbrmed. Based upon the 
preliminary evaluation, a decision was made whether or not to send the samples out for laboratory 
analysis. Through this decision process, it was decided not to analyze any of the samples from Batch 
Test No. 3. Also, as an economy measure, the slate of requested analyses was tailored to the data 
needs for that test. For instance, analytical questions that were answered adequately in Batch Tests 
No. 1 or No. 2, were not repeated in later tests. The analytical laboratories involved in this project 
and their contributions are summarized in Table 6- 1. Overall coordination and technical guidance of 
the laboratory analytical program was performed by Teledyne Brown Engineering. 

Table 6-1 
Summary of Laboratory Analytical Services 

Laboratory 

Teledyne Brown Engineering 
Environmental Services 
50 Van Buren Ave. 
P.O. Box 1235 
Westwood, NJ 07675- 123 5 

Southwest Research Institute 
6220 Culebra Road 
P.O. Drawer 285 10 
Sari Antonio, TX 78228-05 10 

QST Environmental 
P.O. Box 1703 
Gainesville, FL 32602-1703 

Perma-Fix Environmental 
Services, Inc. Laboratory 
2010 N.W. 67& Place 
Gainesville, FL 32653 

Analytical Parameters 

Gross alpha, Gross beta 
gamma isotope activity 
alpha isotopes activity 

Thorium 
Ignitabiltiy 0 0 0  1) 
Crystalline Structure 

RCRA metals CUTS list) 
sodium 
nitratehitrite-N 
chloride 

Thorium 232 
Nitrate 
Moisture 

~ Methods 

Direct count alpha and beta 
1 gamma spectroscopy 
alpha spectroscopy 

’ Radiochemical Thorium 
DOT Oxidizer Test 
X-ray Diffraction Analysis 
X-ray Fluorescence Analysis 

TCLP extraction, ICP-MS 
wet chemical 
wet chemical 
wet chemical 

1 Liquid Scintillation Count 
1 UVNis Spectro-photometry 
1 gravimetric 

Laboratory analytical reports for all designated samples fiom the pilot-scale batch tests are presented 
in Appendix A. Appendix B contains analysis reports of sample splits provided to Lockheed Martin 
Energy Systems, Inc. and analyzed by their contract laboratories. Material balances were calculated 
for Batch Test Nos. 2, 4 and 5 ,  and the results are presented in Tables 6-2, 6-3 and 6-4, respectively. 
Each column in these tables is referenced to a stream number and description in Figure 3-1. The 
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upper rows of data in the table are calculated flows and concentrations based upon a combination of 
analytical data, stoichiometric assumptions and calculations. Available analytical data for comparison 
to these calculated values are listed for each column in the lower rows of each table. Of the three 
mass balances presented, the data for Batch Test No. 4 is closest to the process that would be carried 
forward into full-scale thorium de-nitration in Phase 11. Data for this test is summarized in Table 6-3. 

To answer the question of whether the raw thorium nitrate or any of the thorium hydroxide products 
would be ignitable (DO0 1) as defined by RCRA and Department of Transportation (DOT) Division 
5.1, samples were analyzed by the DOT Oxidizer Test, prescribed in 49 CFR 173, Appendix F. This 
test evaluates the degree to which a material will propagate combustion of a combustible material 
(sawdust) when thoroughly mixed and ignited. The intensity of combustion is judged by comparison 
with standards composed of mixtures of sawdust with potassium bromate (Packing Group I), 
potassium perchlorate (Packing Group 11), and ammonium persulfate (Packing Woup 111). Samples 
of raw thorium nitrate @Tl-OOlC), dried thorium hydroxide from Batch Test No. 1 (BT1-008C) 
and dried thorium hydroxide from Batch Test No. 2 (BT2-007D) were tested by Southwest Research 
Institute, They found that the thorium nitrate raw material and sawdust blend would not ignite, and 
that neither of the thorium hydroxide/sawdust blends burned more strongly than the standard 
mixtures. Therefore, neither the thorium nitrate nor its thorium hydroxide conversion products with 
nitrate residuals as high as 14.1 % are classified as Division 5.1 DOT oxidizers. Therefore, none of 
these materials would be considered ignitable (DO0 1) under RCRA. Table 6-5 summarizes these test 
results in comparison to the residual nitrate content of the samples. Since the Batch Test No. 4 dried 
product had only 1.6 % residual nitrate, that product would not be classified as a DOT oxidizer or a 
RCRA DO0 1 ignitable material, if it were to become a solid waste. As a stockpile material, RCRA 
definitions do not apply to either the thorium nitrate or the thorium hydroxide. Since a calcined 
product (thorium oxide) would have slightly lower residual nitrate content, it can be concluded that 
the oxide would not be classified as a DOT oxidizer or a RCRA DO01 material either. 

Table 6-6 is a summary of the chemical composition of primary feed and product materials and 
secondary byproduct materials based upon the demonstrated process from Batch Test No. 4. Table 
6-7 is a summary of the radiochemical composition of these streams. 
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Table 6-3 
Batch les t  4 Material Balance Summary 

Theoretical Mass Balance Based Upon Volume and Mass of Reactants 

! 
IMass Flow Rate (Ibm/batch) I 365.5 1 437.: 1 822.6 1 309.0 1 286.0 1 1.417.6 1 512.8 1 537.1 I 208.3 I 535.3 1 210.1 

Warer Content (Ibm) 
Warer Content (%) 
Warer Content (Ibm) 
Warer Content (%) 

horiurn Contern (lbmj 

horium Concentration (pprn) 
156.9 19.0 1 0.0-1 0.0 0.0 0.0-1 156.9 17.6-1 - - 1  143.8 26.8-1 ""/ ';:::/ 0.0 0.0 

10.4 
I I I n 

I 

Nitrate Contem (lbrn) 167 7 0.0 167.7 0.0 0.0 167.7 ~ li7.7 1 43.0 0.0 19.0 16.0 
Nitrate Concentration (%) 43.5 0.0 20.3 0.0 0.0 - 8.0 0.0 3.6 7.6 
Nitrate Concentration (ppm) -I - 

horiurn Concentration (%) 
honurn Concentration (ppm) 

ltrate Concentration (%) 

Nitrate Concentration (mg/L) 

Sodium Concentration (Yo) 1 
Sodium Concentratton (ppm) j 
Sodium Concentration (mg/L) 1 
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Table 6-3 
Batch Test 5 Material Balance Summary 

IC 2 3a 3b 3c 

Recycled Thorium Nitrate 25% 10% Nitric 
Supernate Solution Caustic Caustic Acid 

Theoretical Mass Balance Based Upon Volume and Mass of Reactants 

H Mass Flow Rate (Ibmhatch) 417.6 
I 

109.0 82.2 790.9 i 1463.59 82.6 

13.8 - 87.4 133.4 9.9 

i 
387.7 1 23.4 463.3 874.4 233.9 

29.2 

374.4 313.4 18.7 1.581.0 347.9 

35.4 33.3 1.6 136.2 32.4 

0.0 0.0 0.0 13.2 0.0 

282.3 278.8 5.6 1.043.2 275.8 
75.4 88.3 30.0 66.0 79.3 

1,077.8 

85.3 

17.5 

668.1 
62.0 

I I_ olume Flow Rate (ACFM) 

lids Concentration (%) 

ater Content (lbrn) 
ater Content ("i) 

,st. 40 1 ,  11 5;:; 1 @(meas: 

84.2 0.0 

61.2 23.4 390.1 474.8 
15.8 100.0 84.2 54.3 

- 
47.4 

0.0 

382.7 
91.6 

8.9 

140.1 
59.9 

8.7 

1,185.1 
81 .O 

69.6 1 92.2 

26.8 0.0 694.0 
24.6 I 0.0 87.8 1 

0.0 

82.6 
100.0 

I I I 
I I 

0.0 0.01- 0.0 0.01- 0.0 0.01- 157.8 0.0 
0.0 

142.9 
13.3 

0.0 53.6 
27.2 

I 
58.6 58.6 0.0 94.19 
53.8 71.3 0.0 6.4 

47.5 

3.4 3.4 70.6 107.4 
3.2 4.2 8.9 7.3 

66.0 

157.8 0.0 . 0.0 157.8 
40.7 1 -  0.0 1 0.0 1 18.1 

168.7 0.0 I 53.4 
43.5 11.5 

222.0 
25.4 

25.5 
6.1 

6.4 
2.7 

158.6 
14.7 

62.2 
5.8 

_E 

Nitrate Content (bm) 
Nitrate Concentration ( O 6 )  

Nitrate Concentralion (pDm) 

: 
3.0 
1.3 

9.5 
2.3 

Analytical Data From Samples Collected During the Pilot Test 

BT5-007 1 BT5-008 1 PFLab 1 BT5-009 !Sample Identification Number 1 BT5-001 PFLab 1 PFLab I I I BT5-004 I 1 I PFLab 6T5-006 BT5-003 PFLab PFLab ET5005 

27.2 

I 8.9 13.8 
horium Concentration (*&) 1 38.0 1 -  
horium Concentration (ppm) 380,000.0 - 

12.8 14.6 - 
146,400.0 - 
188.214.0 - 

56.9 - 

24.6 - 
245.808.0 - 
390.157.0 - 

214.9 - 

6.8 * 

67.900.0 - 
78,000.0 - 

21.1 - 

odium Concentration (%) 14.1 1 8.7 - !  
odium Concentration (ppm) - 
odium Concentration (mgli) - 
odium Content (Ibm) ! 



Table 6-5 
Comparison of DOT Oxidizer Test Results 

(49 CFR 173, Appendix F) 

Sample Designation 

Thorium Nitrate 
( Sample BT1-001C) 

Batch Test 1 Dried 
Thorium Hydroxide 
(Sample BTI-008C) 

Batch Test 2 Dried 
Thorium Hydroxide 
(Sample BT2-007D) 

B m  Time Residual Nitrate -. DOTECRA 
(Min./sec) ("A) Classification 

Did Not Burn 43.5 N/C 

23:OO 14.96 NIC 
25: 19 14.96 NIC 

N/C I 
4056 4.5 
43 :42 4.5 

N/C Means not classified as a Division 5.1  Oxidizer. -- The sample mixture did not burn as 
intensely as any of the standard mixtures. 
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Table 6-6 

Chemical Characterization of Primary and Secondary Material Streams 

Sodium ---- 1.2 2.0 4.7 

Nitrate 42.3 1.6 2.6 10.8 

Water 15.8 14.1 <1.0 49.3 

Primary Thorium Materials I 
Calcined Thorium Process Heels Before 

Product (%) Recovery (YO) 
Cons ti tuen t Feed Thorium Dry Thorium 

Concentrations Nitrate (YO) Product (%) 

I Thorium I 38.0 64.8 79.4 27.2 

Secondary Byproduct Materials 

Polished 
Filtrate/Rinseate 

Constituent 
Concentrations 

Polished 
Condensate 

Raw Polished Raw 
Supernate Supernate Filtrate/Rinseate 

(Mother Liquor) (Mother Liquor) 

Thorium <0.5 ppm 85.4 pprn 4.7 ppln 10.4 pprn a . 5  ppm 234.0 ppm 

35.3 ppm 1 3 5 . 3  ppm 4.7 % 4.7 % 1.2 % 1.2 % Sodium 

Nitrate 14.5 % I 14.5 % 3.2 % 3.2 % 13.7ppm 1 9.1 ppm 

Water 88.0 Yo 88.0 % 95.6 Yo 95.6 Yo 99.9% 99.9% 

'8- T F  h n  De-nitration Pilot Project September 25, 1998 



' 1.220.1 E-01 I2.9+0.1 E-01 
-~ -~ ~~ ~~ 

I 

0.6 2 0.2 E-02 1.2 t 0.1 E-01 1.5 0.1 E-01 1.1 50.1 E-01 

3.4 2 0.5 E-02 4.0 2 0.5 E-02 6.3 & 0.6 E-02 3.5 3- 0.4 E-02 

---- ---- 2.05 E-02 3.77 E-03 

3.4 & 0.3 E-02 5.8 0.6 E-02 3.3 2 0.3 E-02 4.0 5 0.4 E-02 

1.1 2 0.1 E-02 1.9 & 0.2 E-02 1.1 20.1 E-02 1.3 2 0.1 E-02 

Table 6-7 
Radiochemical Characterization of Primary and Secondary Material Streams 

Sample Number BT1-001d BTl-004a BT2-005a 1 BT2-007a BT2-003a 

Rinsed Filter Press 
Feed Slurry 

Constituent 
Activity 

Feed Thorium 
Nitrate 

hCilam) 

Gross alpha 1.7 2 0.1 E-01 dry 3.1 f. 0.1 E-01 I 2.6 2 0.1 E-01 

Gross beta 1.3 & 0.'1 E-01 dry 

Ac-220 3.2 t 0.3 E-02 dry 

Cd- 109 

Pb-2 12 2.9 2 0.3 E-02 dry 

Ti-209 

U-23 4 

1.0 2 0.1 E-02 dry 

<9.5 E-07 wet 

Th-230 

Th-232 

3.1 5 0.6 E-03 wet 

5.3 5 0.5 E-02 wet 

Th-234 

Th-228 5.4 4 0.5 E-02 wet 
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7.0 FULL SCALE DE-NITRATION PROCESS 

The fbll-scale thorium de-nitration process proposed for Phase 11 operations conforms to the process 
flow described for Batch Test No. 4, except that all demineralized water rinsing will take place in the 
plate and fiame filter press. The process flow diagram is shown in Figure 7-1. The full-scale facility 
is envisioned to provide a nominal treatment capacity of 5,640 pounddday, allowing the 7,000,000 
pound inventory to be processed over a 5-year period. The process is divided administratively into 
six separate trains or process units, as listed below. 

* Feed Preparation Train 
Reagent Preparation Train 
De-nitration Train No. 1 
De-nitration Train No. 2 
Product/Byproduct Shipping Train 

* Facility Support Train 

Considering the flow path of thorium through the facility, it first passes through the Feed Preparation 
Train and the splits between two parallel de-nitration trains. Each of these trains are discussed in 
detail in the remainder of this section. The estimated costs of process equipment are summarized in 
Table 9-1. 

7.1 Feed Preparation Train 

The Feed Preparation Train is the point where containers of thorium nitrate will be received, opened, 
emptied, and readied for reuse or disposal. The thorium nitrate will be removed from the containers 
using a dry process, as described in the following step-wise presentation. 

Steps of Drum Opening 

1. Drums will enter the drum opening booth via a conveyor. 

2. Remove the lid ofthe outer steel container. 

3. Invert the drum using a hydraulic drum inverter. 

4. Remove the outer steel container using a hydraulic drum grapple. 

5. Remove the black plastic drum using the hydraulic drum grapple 

6. Remove the outer steel container and its lid along with the black plastic drum fiom the 
enclosure to prevent their contamination. Survey and decontaminate them as necessary to 
allow reuse of the steel container. 

7. Invert the package to its original upright position using the hydraulic drum inverter. 
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8. Remove the lid from the black plastic drum from the enclosure to prevent contamination. 

9. Cut away the plastic bag fiom the outer kraft drum. 

10. Remove the lid to the outer kraft drum. 

1 1. Invert the krafl drum using the hydraulic drum inverter. 

12. Remove the kraft drum using the hydraulic drum grapple. 

13. Rotate the inner kraft drum 90" using the hydraulic drum inverter, placing the drum on its 
side. 

14. Split the sides of the kraft drum using a reciprocating saw or power shears. 

15. Peel away the kraft drum to expose the thorium nitrate monolith. 

16. The thorium nitrate monolith will be transferred into the dissolver vessel by an engineered 
conveyance. 

17. Collect and consolidate all of the dry thorium contaminated packaging material and convey it 
to the secondary waste processing system. 

The removal will take place in a drum opening booth which will be divided into two sections 
separated by a plastic strip curtain. The first section will be a low contamination zone in which the 
outer steel container will be removed to prevent external contamination. These clean reusable 
containers will be closed, removed from the booth, sarveyed, and staged for reuse in overpacking 
dried thorium hydroxide product containers. 

Since the pilot-scale analytical results show that none of the feed materials, products or byproducts 
of the process exhibit a RCRA hazardous characteristic, the inner packaging materials will be 
classified as debris, subject only to regulation as a low-level radioactive solid waste. Therefore, these 
packaging materials will be separated from the thorium nitrate solids in the second, high- 
contamination zone of the drum opening booth, shredded in a knife shredder, granulated in a 
granulator, and discharged into surplus original steel drums. These drums will be closed, sealed, and 
then crushed in a hydraulic-powered drum crusher to minimize their disposal volumes. A single 55- 
gallon drum should hold the granulated debris fiom 8 original packages. The compacted drum pucks 
will be overpacked in appropriate containers for land-disposal in a licensed LLRW repository. The 
volumetric compaction ratio anticipated for a steel drum filled with shredded container debris from 8 
original packages is expected to be approximately 50 %. 
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- The %sed monolith of thorium nitrate will be conveyed directly from the drum opening enclosure 
into the dissolver vessel by way of an engineered conveyance, probably a shrouded weigh belt 
conveyor discharging by gravity through a feed hopper into the top of the dissolver. The monolith 
will drop into the dissolver, where the appropriate amount of dilution water will be added, and 
mechanical choppers incorporated into the dissolver design will chop the monolith into small chunks 
which dissolve quickly. The main agitator of the dissolver will be used to complete the dissolving 
process. 

Inside the dissolver vessel, the thorium nitrate solids will be dissolved in dilution water, either 
demineralized water or recycled condensate. A priority will be placed upon reusing condensate and 
only adding demineralized water to make up any shortfall. At a target concentration of 270 gmL 
thorium in the dissolver product solution, 4 drums TNH will be dissolved in 879.8 pounds (105.5 
gallons) of water, producing a final vohxne of the dissolver product of approximately 134.4 gallons. 

7.2 De-nitration Train No. 1 

Each batch of dissolver product solution will be pumped through dedicated piping to one of two 
identical de-nitration trains. It will be stored in one of two 600-gallon feed preparation tanks. It will 
require approximately four dissolver batches (1 6 TNH drum equivalents) to make one batch in a feed 
preparation tank. Since dissolving progresses quickly, one feed preparation tank batch in each de- 
nitration train can be produced per day, for a total daily production rate of 32 TNH drum 
equivalents. The sizing basis for each train is 16 TNH drum equivalents per day of operation. While 
one feed preparation tank is being filled, the other is feeding its batch into the precipitation reactor. 
In the feed preparation tank, the batch is held, mixed and brought up to reaction temperature. 
Samples of each batch will be taken and analyzed for pH and thorium concentration. If necessary, 
dry thorium nitrate will be taken directly from the drum opening booth to the feed preparation tank 
to make adjustments of these critical control parameters. Additions of water or nitric acid may also 
be made as necessary. 

- 

When a batch of thorium nitrate feed solution is properly adjusted, it will be pumped into the 
precipitation reactor where the de-nitration reaction will take place. In this reactor, the batch will be 
gently mixed and maintained at reaction temperature while thorium is precipitated by reaction with 
sodium hydroxide. The precipitation reactors will be of the conical type which are agitated by a 
tapered helical auger which rotates at variable speed in forward or reverse and moves along an 
orbital path around the inside of the cone. This mixing action gives rapid mixing and turnover of the 
reactor contents with low mechanical shear. The screw flights will be notched to provide safe 
clearance for three pH analyzers inserted into each reactor vessel. These three analyzers will be 
multiplexed to a programmable logic pH controller which will be programmed to follow an optimum 
pH curve to produce large precipitate particles with good settling and filtering characteristics. 

The precipitation reaction will take place over a full operating shift, and part of another shift as 
necessary. This is the only process operation which may require more time than one shift per day. 
The precipitation reaction will be halted when the pH of the batch has reached 1 1 .O. Then, the batch 
will be transferred into a cone-bottom supernate separation tank in which the thorium hydroxide 
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solids will form a dense sludge blanket in the cone bottom of the separator. The clear supernate will 
be skimmed off and pumped to a supernate holding tank, 

The sludge blanket will be pumped from the bottom of the supernate separator directly into a plate 
and fiame filter press. Filtrate discharging fTom the filter press will accumulate in a cone-bottom 
filtrate separator tank where solids will be allowed to settle. After the thorium hydroxide solids have 
been de-watered to separate filtrate from the solids, one or more rinses with denlineralized water will 
be performed to wash residual sodium nitrate from the filter cake. The binsate will also be 
discharged to the filtrate separator tank. After settling, the clear filtratdrinsate layer will be skimmed 
off and pumped to a Filtrate Holding Tank. 

After the filter cake has been washed, the press will be automatically opened and the cake will be 
dropped onto an enclosed conveyor belt which will transport the cake directly into a low temperature 
thermal dryer. This dryer will operate under a partial vacuum and will be purged with a small stream 
of dry compressed alir to aid in the transfer of water vapor out of the head space of the dryer and into 
a vapor condenser. A humidity sensor in the exhaust air line between the dryer and the vapor 
condenser will be used to indicate when the thorium hydroxide solids have been sufficiently dried. 
With this system, residual moisture contents of less than 0.5 % should be achievable. This dryer will 
be operated in batch mode to ensure that residual moisture targets are met. When the batch in the 
dryer has reached desired dryness, the dry thorium hydroxide solids will be discharged into a plastic- 
lined high density polyethylene primary container by way of a cooling screw. A seal flange at the end 
of the cooling screw will prevent loss of airborne contaminants while the primary container is being 
filled. The cooling will prevent heat damage to the container and plastic; liner. When full, the 
internal plastic liner will be gathered into a “horse-tail” and sealed with tape. Then, the lid will be 
placed loosely on the container until the contents have cooled to ambient temperature. The lid will 
be sealed and the container will be moved to the producthyproduct shipping unit. 

Overhead vapors from the supernate separator and the precipitation reactor will pass through a 
water-cooled non-contact condenser. The overhead vapors fiom the dryer will pass through another 
condenser of the same type. The two-phase flow exiting each of these condensers will discharge into 
a single condensate accumulator tank where condensate droplets will fall out of the non-condensable 
air stream. This recovered condensate will be recycled to the dissolver tank for reuse in dissolving 
feed TNH. 

7.3 De-nitration Train No, 2 

De-nitration Train No. 2 is an exact duplicate of De-nitration Train No. 1. 
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7.4 ProductByproduct Shipping 

In the producthyproduct shipping unit, product and byproduct shipments are staged, documented, 
loaded and shipped. Any additional overpackmg of containers is performed in this unit. At a 
minimum, sealed high-density polyethylene primary containers of thorium hydroxide product will 
overpacked in appropriately sized steel outer containers. 

Clear supernate and filtratelrinseate streams will be pumped from the holding tanks in de-nitration 
units 1 and 2 into a blend tank in the product/byproduct shipping unit. The blending of these liquid 
byproduct streams will be performed based upon samples taken fkom the upstream tankage and the 
byproduct specifications required by the outside recyclers. 

A polishing unit will be used to reduce the trace thorium concentrations of the blended byproduct 
stream, at the time of tanker loading. Although cartridge filtration and cation exchange were 
successhl in the pilot-scale demonstration, it is likely that most of the quality improvement was 
provided by filtration processes. Use of an ultra-filtration unit to remove thorium particles to 0.01 
microns without producing spent regenerant streams appears to be the best polishing approach. 

7.5 Reagent Preparation Train 

In this process stream, low-chloride 50 % sodium hydroxide solution will be received and diluted in 
two tanks. One tank will be used to make and store 25 % sodium hydroxide. The other tank will be 
used for 10 % sodium hydroxide. These solutions will be metered into the precipitation reactor 
under pH control. 

7.6 Facility Support Train 

The facility support train consists of the potable water system and the demineralizer system used to 
produce demineralized water for dissolving sodium hydroxide and feed TNH, and for rinsing in the 
filter press. The demineralizer system will consist of a standard acid regenerated cation unit, a 
sodium hydroxide regenerated anion Unit, a demineralized water tank, and a neutralization system for 
spent regenerant solutions. Because. potable water will be used, and because this system will be 
located outside the radiation control area, the neutralized spent regenerants and any discarded ion 
exchange resins will be regulated as non-radiological, non-hazardous wastes. 

One or more HEPA-based negative pressure ventilation systems will provide ventilation control of 
process equipment, the drum opening booth and the building where the facility is located. The 
ventilation system serving the drum opening booth will be equipped with a granular activated carbon 
(GAC) filtration units for capture of radon gas. It is envisioned that GAC units will be checked daily 
for evidence of radon breakthrough. When a GAC Unit becomes exhausted, it will be taken out of 
service and allowed to decay in storage before being returned to service. Any GAC media that must 
be discarded, will be stabilized with a cement grout and poured into appropriate containers for off- 
site disposal at a LLRW repository. 
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9.7 Facility Siting 

Siting for the thorium de-nitration facility will be considered on the basis of two separate cases; on- 
site at the Curtis Bay, Maryland depot, and off-site. Any off-site facility must have a radioactive 
materials (RAM) license issued by the Nuclear Regulatory Commission (NRC) or an agreement 
state. It is possible that a mobile RAM license could be used at either site. 

For the purposes of the life-cycle cost estimates in Section 8.0, the off-site location is assumed to be 
a facility operated under lease at the former K-25 Site in Oak Ridge, Tennessee. That site is now 
known as the East Tennessee Technology Park (ETTP). 
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8.0 LIFE CYCLE COST OF FULL SCALE TREATMENT 

The costs of full scale treatment have been estimated for the two facility siting cases described in 
Section 7.7. These cost estimates include capital, operating labor, utilities, material packaging, 
transportation and disposal. In this section of the report, the base case will be treatment at Curtis 
Bay in a purpose-built building, and the alternative will be treatment at the ETTP at Oak Ridge, 
Tennessee. 

8.1 Capital and Siting Cost Estimate 

. Table 8-1 provides a summary of the capital costs estimated for the base case and any cost 
differentials associated with the alternative. Items 1 through 34 of the table are the capital and 
equipment costs whch are the same for the base case and the alternative. I tem 35 through 43 are 
the capital and siting costs which differ for the two siting cases. Although siting the Phase I1 project 
in a purpose-built building on the Curtis Bay Site appears to have a small capital cost, the other siting 
costs of the base case option make it appear to be approximately $1,237,500 more expensive than 
the alternative. Most of this cost differential is in the pre-project NEPA process and the post-project 
decontamination and decommissioning of the purpose-built building at the Curtis Bay site. The 
alternative case has significantly lower NEPA process costs because the East Tennessee Technology 
Park has already been through the NEPA process under the Re-industrialization Initiative. That 
initiative considered that a tenant would establish a commercial waste treatment operation on the site 
and would receive shipments of waste for treatment, and that the treated materials would be shpped 
off-site for final disposition. The NEPA Process for the origin sites would be fairly easy and 
inexpensive for the alternative case, because shipping risks and socioeconomic impacts for waste 
shipping operations are well understood and accepted by communities hoping to eliminate local 
stockpiles of objectionable materials. A finding of no significant impact (FONSI) or a categorical 
exemption will likely be applicable. However, the base case for on-site treatment at one of the DLA 
sites will be much less acceptable to the local stakeholders, thus resulting in higher NEPA costs. The 
transportation costs are the only other costs which are significantly impacted by choice of project 
site. As can be seen in Section 8 .5 ,  the alternative case has only about $229,456 additional shipping 
costs above the base case. Based on cost trade-offs between siting and transportation costs favoring 
the alternative case, the alternative case appears to be the overall lowest cost option. 

8.2 Labor Costs 

The labor costs for the project are based upon the same crew makeup in both the base case and the 
alternative. The project stafting approach is summarized in Table 8-2. Assuming 5 years of activity 
with one 10 hour/day shift and 5 days per week, there will be 13,000 man-hours per equivalent 
person. The total labor costs for the staffing level shown in Table 3-2 is approximately $10, 
968,800. The labor costs are expected to be the same for both cases. 
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8.3 Reagent and Utility Costs 

The only reagents required for the thorium de-nitration process are demineralized water and SO% 
sodium hydroxide solution. The demineralized water will be consumed in the reactions at a rate of 
approximately 0.50 gallons per pound of TNH feed material (approximately 3,200 gallons per day). 
Also, up to 800 gallons per day of demineralized water will be used for equipment and area 
decontamination, bringing the total usage to approximately 4,000 gallons per day. Demineralized 
water will be produced at the treatment site fiom site utility water, using ion exchange columns 
leased from a supplier like Culligan Water Services. Regeneration ofthe resin most likely will be 
performed by the supplier at an off-site location. In this scenario, the supplier will maintain a supply 
of regenerated resin columns at the site, and take exhausted columns to their own site for 
regeneration. With this approach, no spent regenerant streams will be sent to the sewer. At an 
estimated cost of $25 per 1,000 gallons, the total costs for demineralized water will be approximately 
$130,000. 

Sodium hydroxide will be brought to the facility in 22,500 Ib tanker loads. The total anticipated 
usage of 50 % sodium hydroxide solution is 3,277,848 lbs (268,500 gallons). On a dry weight basis, 
the usage will be 1,638,924 lbs. At a price of $420 per dry ton, the total cost of 50 % sodium 
hydroxide will be approximately $345,000. 

The utilities to be used will include potable watedsanitary sewer, propane, and electric power. 
Potable water usage for the facility will include the 4,000 gallons per day fed to the demineralizers, 
and approximately 80 gallons per day per crew member for potable purposes and showers (1,040 
gallons per day), resulting in a total usage of 5,040 gallons per day. At a rate of $10/1,000 gallons 
for water and sewer, the utility water cost is expected to be less than $50/day or $65,000 for the 
duration of the project. 

Propane or natural gas will be used as fuel for a 150 BHP packaged boiler to generate low pressure 
saturated steam. This cost estimate is based upon propane as a kel. Approximately 120 gallons of 
liquified propane were used in processing approximately 1,959 pounds of TNH during the five pilot- 
scale batch runs. We estimate that another 60 gallons of propane were used in drying the process 
heels At a heating value of 91,500 BTU/gallon, a total of 16,470,000 BTU of he1 were expended, 
or 8,407 BTUAb of TNH. At a price of $10.50 per million BTU, the total fuel cost for the project is 
expected to be approximately $60,200. 

The electrical power load for the building and process equipment is summarized in Table 8-3. The 
total load is estimated at 3,572 megawatt-hour. At a price of $67.50 per megawatt-hr, the total 
power cost is estimated at $241,000. 

8.4 Packaging 

Table 8-4 compares the volumes of the inner containers of the original. packaging and the final 
packaging demonstrated during the pilot-scale tests. The original inner containers were 30 gallon 
waxed kraft paper drums. The final inner containers were tapered high density polyethylene drums 
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of 33-gdon capacity. At the conclusion of the pilot-scale demonstration, the contents of 10 original 
drums were converted to thorium hydroxide with an average residual moisture content of 17.4 
percent. This product was repackaged in 4 of the polyethylene drums, resulting in a demonstrated 
bulk density of approximately 68.9 lbshbic  foot. Final storage volume was $4 % of the original 
volume. It is believed that bulk densities of between 80 and 90 lbskubic foot could be achieved by 
producing a dried product that is consistently less than 10 percent moisture, and by vibrating the 
container as it is being filled. Also, containers that have been filled can be placed in accessible 
staging areas, overnight for additional settling. Then these containers can be brought back to the 
dryer discharge to have more material place in them. - 

The four product containers from the pilot-scale demonstration were actually filled with multiple 
horse-tailed bags containing the dry powder product fiom the nine dryer mm. The air trapped in the 
bags certainly reduced the demonstrated bulk density. In Phase 11, only one liner per container 
would be used, and vibrating the container would reduce the interstitial void spaces, making densities 
of 80 to 90 Ibs/cubic foot achievable, without adding a binder that would compromise product 
quality. 

For Phase 11, the final storage volume assuming drum packaging is expected to be approximately 33 
percent of the original. Box packaging may make it possible to have a final volume of approximately 
25 percent of the original volume. The advantage of drum storage is that the outer steel drums from 
the original packaging could be used, thus reducing original packaging waste sent to disposal and 
alleviating the need to purchase outer containers. If boxes are used, they would all have to be 
purchased, and all of the original packaging would become secondary waste for disposal. 

8.4.1 Drum Option Costing 

For the drum option, it is assumed that no new steel outer drums would have to be purchased, but 
7,824 high density polyethylene 33-gdon drums and plastic bag liners would have to be purchased 
The total cost per package is estimated at approximately $40, resulting in a total packaging cost of 
approximately $3 12,960. 

8.4.2 Box Oution Costing 

For the box option, it is assumed that all boxes will be 820 newly purchased B-12 boxes with a 
nominal holding capacity of 42 cubic feet. Bag liners conforming to the dimensions of the box will 
be used. At an estimated cost per package of $550 each, the resulting total packaging cost is 
estimated to be $45 1,000. 

8.5 Transportation Costs 

Transportation Costs for the base case and the alternative are summarized in Table 8-5. In the base 
case, shipping of TNH from Curtis Bay storage to the treatment facility and the shipping of TOH 
back into storage would be done as an on-site transfer. Therefore, no additional shipping cost is 
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included for these activities in the base case. The Hammond, Indiana inventory would be shipped to 
Curtis Bay for treatment and the product would remain in storage on the Curtis Bay site. 

In the alternative case the TNH from both DLA sites would be shipped to a treatment facility to be 
located in an existing radiologically contaminated building on the K-25 Site near Oak Ridge, 
Tennessee. All thorium product would be shipped fiom Oak Ridge to the Curtis Bay depot for long 
term storage. 

In both cases, the liquid sodium nitrate byproduct will be shipped for recycle use as fertilizer. 
Specific outlets have not been identified for both cases. In the alternative case, an outlet has been 
identified in the Ohio River Basin. This company is agreeable to pay a price of $0. lO/pound of 
nitrogen for the sodium nitrate byproduct. Subsequent inquiries may identify other outlets and 
provide some limited price improvement. In the base case, alternative outlets closer to Curtis Bay 
must be identified. If the sodium nitrate was dried to a moisture content of no more than 10 %, 
another division within the U.S. Army could be an outlet. The current process scheme does not 
include byproduct drying. 

The disposal options are the same in both cases, with the only difference being the mileage between 
the treatment site and the disposal site. The secondary wastes from this project will be low-level 
radioactive waste only, and will not be regulated under RCRA. The three candidate disposal sites 
considered in Table 8-5 are the Chem-Nuclear Landfill at Barnwell, South Carolina, the Waste 
Control Specialists Landfill near Andrews, Texas, and the Envirocare of Utah facility near Clive, 
Utah. 

Assuming that secondary waste disposal is performed at Envirocare, the total transportation costs 
are $654,371 for the base case and $979,412 for the alternative case. The cost difference is 
$325,041. 

8-6 Secondary Waste Disposal 

In both cases, approximately 2,933,500 pounds of compacted secondary waste having a volume of 
41,900 cubic feet will be generated and shipped for disposal. Although the Chem-Nuclear facility at 
Barnwell is closest to the candidate treatment sites, their disposal rates per cubic foot are 
approximately 10 times the disposal rates at Envirocare of Utah or Waste Control Specialists. For 
comparison purposes, the estimated rates far incineration of rad-trash at the GTS-Duratek 
incinerator at Oak Ridge were considered. The cost ranking based on estimated rates are shown 
below. 

Waste Control Specialists, Andrews, Texas 
Envirocare of Utah, Clive, Utah 
Chem-Nuclear, Barnwell, South Carolina 
GTS-Duratek, Oak Ridge, Tennessee 
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8.7 Cost Summary 

Table S-6 provides a cost roll-up for the two siting cases. This summary assumes that all secondary 
waste is compacted and shipped to Envirocare of Utah for disposal. The Alternative is nearly 
$1,237,500 less expensive than the base case. At a total project cost of $22,110,572, the unit cost 
per pound of TNH fed to the process will be approximately $3.16 per pound, whch compares well 
with the current commercial value of thorium nitrate of approximately $12.50 per pound. 
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Table 8-1 
Summary of Estimated Capital Costs 

I 
Base Case Estimated Capita) & Siting Costs 

Equipment Description Unit Cost I Total Cost 

and air discharge system 

Shredder equipped with motor and sound 
enclosure 

55/85 gallon drum compactor with motor, control 
and optional packer head 

15,000 15,000 

Drum Opening Booth equipped with glove ports 
and 2 hydraulic drum inverters 

40,000 40,000 

10,000 gal. Polyethylene storage tanks with 
astator for reagents 

20,000 I 10,000 

Stainless steel dissolver 

Precipitation reactors, stainless steel with motor 
and controls 

142,000 

20,000 

670,000 

100 Ft3 stainless steel condenser for condensate 
from the precipitators 

5,000 10,000 

300 Ft3 stainless steel condenser for condensate 
from the dryer 

15,000 30,000 

500 Gal. stainless steel condensate accumulator 

Supernate transfer pumps 2,000 I 4,000 

Dryer, stainless steel, jacketed with choppers 210,000 420,000 
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Cooling Screw and packaging station I 25,000 I 50,000 

23 1 6,000 Gal. Blend tank, polyethylene 6,000 6,000 

24 1 Blend T d e r  Pump 

25 2 Bag Filter Housings 

26 1 Ultrafilter Unit 

27 3 12,000 Gal. Nitrate Byproduct Storage Tanks 

28 1 F3yjmduct Transfer Pump 

29 1 Air compressor and dryer 

30 1 Packaged cooling tower 

31 1 Steam generator package unit, 150 BHP 

32 2 4,000 CFM Pre-filterMEPA ventilators 

33 2 1,600 pound GAC Filters for Radon Capture 

34 1 lot Lnterconnecting piping, valves & fittings 

2,000 2,000 

3,100 6,200 

250,000 250,000 

12,000 36,000 

2,000 2,000 

15,000 15,000 

10,000 10,000 

50,000 50,000 

20,000 40,000 

10,000 20,000 

30,000 30,000 

Thorium De-nitration Pilot Project 

Subtotal Process Equipment 
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2,124,200 
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35 1 

36 1 lot 

10,000 sf Butler Building with incoming electrical 500,000 500,000 
power supply, and WAC. 

End-of-Project Building Decommissioning & 420,000 420,000 
Demolition 

37 

38 

39 

40 

41 

42 

43 

-~ 

80 tons off-site smelting of contaminated Building Metal 9,000 720,000 

12,000 cu. ft. Envirocare disposal of Contaminated Concrete 30 360,000 
Debns Transport and Disposal 

with regulators and stakeholders 
6 years Costs to obtain pennits and licenses and interface 300,000 1,800,000 

Origin Site NEPA Activities 100,000 100,000 1 lot 

1 lot Treatment Site NEPA Activioes 300,000 300,000 

100,000 600,000 6 years 

6 years DLA costs to Provide Site Support 250,000 1,500,000 

Liability Insurance & Bonding 

Subtotal Base Case Siting Costs 

Total. Base Case Capital and Siting Costs 

6,300,000 

8,424,200 



36 1 lot 

37 1 lot 

38 250 cu. ft. 

41 I 1 lot 

42 I 6years 

43 1 6years 

Alternative Estimated Capital & Siting Costs 
(Replacement for Item 35 through 41 above) 

Equipment Description 

Use charges for 15,000 square feet of permilt&, 
licensed, insured, and closure bonded off-site 
building space @, $j/sq. ft./montb 

End-of-Project Building Decommissioning & 
Demolition (Floor scabbling & dust stabilizatian 
only) 

Off-site smelting of Contaminated Building Metal 
(Covered by Item 35 and facility's closure bond) 

Envirocare disposal of Stabilized Contaminated 
Concrete Dust from Floor Scabbling (Transport 
and Disposal) 

Unit Cost 
($1 
75,000 

100,000 

0 

30 

Costs to obtain permits and licenses and interface 
with regulators and stakeholders (Covered by Item 
3 5) 

0 

~ 

Origin Site NJ3PA Activities 100,000 

Treatment Site NEPA Activities 

DLA costs to Provide Site Support (Not 
Applicable) 

Subtotal Alternative Case Sitinn Costs 

Total Alternative Case Capital and Siting Costs 

Total Cost 
($1 

4,500,000 

100,000 

0 

7,500 

0 

100,000 

30,000 

0 

0 

4,737,500 

6,861,700 
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- ... . 

Labor Category 

Project Manager 

Project Engineer 

Table 8-2 
Project Staffing Basis 

Number of Equivalent Persons 

1 

1.25 

Operations Supervisor 

Senior Operations Technicians 

Operations Technicians 

Warehousemen 

Secretarial Support 

Total Equivalent Persons 

1 Senior Technical Advisor I 
- - ~~ 

1 

2 

6 

2 

2 

17.2 

I Shipping Coordinator I 1 

Total HPXVA 

20 HP 

Running Amps 

27 

Service 

50 HP 

6 H P  

100 HP 

30 HP 

50 HP 

Dissolver Motor 

Precipitator Motors (Main) 

Precipitator Motors (Auxiniary) 

Dryer Motors (Main) 

68 

9.6 

130 

40 

65 

Dryer Motors (Chopper) 

Lighting 

Building Services 

- - 

Process Area W A C  

20 KVA 24 

60 KVA 75 

Drum Opening Booth W A C  I 30 HP I 40 

Main Exhaust Fan 30 HP 
~ I 40 
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Table 8-4 
Summary of Packaging Options 

Inner Packaging Total Demonstrated 

300 Gallons 
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...~. 

..... 

From/To 

Curtis Bay/Curtis Bay 

HammondCurtis Bay 

Table 8-5 
Comparison of Transportation Options 

Totai Wt. cost  Total Wt. cost  
---.. --I-- 7,459,s 5 0 $0 

----- I---- 2,520,336 $78,908 

Thorium Nitrate Hydrate Shipping 

I Base Case I Alternative 

Curtis Bay/Curtis Bay 

Oak RidgelCurtis Bay 

Subtotal TOH Shipping 

----e ----- 4,654,572 $0 

4,654,572 $159,613 

4,654,572 $0 4,654,572 $159,613 

--..-- ----- 

Curtis Bay/Oak Ridge I ----- I ----- I 7,459,550 I $256,776 

Base Case 

Total Wt. cost  

WammondOak Ridge 1 ----- I . ----- I 2,520,336 I $87,238 

Alternative 

Total Wt. cost  

- -~ ~ 

Subtotal "NE Shipping I 9,979,886 1 $78,908 I 9,979,886i i344,014 

Oak Ridgd3 50 mile radius 

Subtotal Byproduct 
Shipping 

Thorium Hydroxide Product Shipping 

29,574,434 $164,100 

29,574,434 $164,100 29,574,434 $164,100 

----- ----- 

From/To 
I Base Case I Alternative - 1  
I Total Wt. 1 Cost 1 Total Wt. 1 cost  I 

From/To 

Curtis Bay1350 mile radius 1 29,574,434 I $164,100 I ----- ..---- 
- -~ 1- 
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Table 8-5 (Continued) 
Comparison of Transportation Options 

Thorium Nitrate Hydrate Shipping 

Base Case Alternative 
Frommo 

I t Total Wt. I cost  Total Wt, I Cost 

Oak Ridge/Ba.rnwell, SC 1 -..I-- I 2,933,506 I $61,115 

Oak Ridge/Andrews, TX I I -.-_-- I 2,933,506 I $207,790 

Table 8-6 
Summary of Total Projected Costs for Phase II 

Utilities $366,200 
~ 

Sampling & Analysis $1,000,000 I - 

$1,000,000 

Packaging (Drum Basis) $312,960 I $3 12,960 
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9.0 ENVIRONMENTAL IMPACT CONSIDERATIONS 

The thorium de-nitration process demonstrated in this project is an environmentally benign approach 
featuring the following attributes. 

0 Zero-Discharge of liquid wastes to surface waters or publicly owned treatment works 
(POTWs). 

Thorium product converted to a low-volume, low-hazard form and repackaged into 
compatible double containers for long-term storage or safe shipment. 

A total of approximately 41,900 cubic feet, 2,933,506 pounds of secondary waste generated, 
which is over 97 percent composed of original packaging debris. Only 3 percent of the 
secondary waste volume is generated from processing operations. 

The liquid sodium nitrate generated as a byproduct of the de-nitration process can be 
polished by ultra-filtration to allow unrestricted recycle as a fertilizer additive. Another 
potential recycle use is as an ingredient in pyrotechnic materials used by the U. S. Army. 

The process operates at low temperature and ambient pressure, thus preventing the 
development of airborne oxides of nitrogen. The nitrates stay in the liquid phase, thus 
alleviating the need for re-capture in a wet scrubber, which typically has only an 85% capture 
efficiency. 

HEPA filtration and activated carbon absorption hold particulate and radon gas emissions 
fiom the facility to a minimum. 

Radiation dose to workers will be well below established regulatory guidelines and will be 
kept as low as reasonably achievable (ALARA) through engineering controls, procedures and 
administrative controls. 

Because the nitrate materials are not exposed to high heat, the potential for fires or 
explosions is very low. 

Shipping of raw materials, byproducts, and secondary wastes in either case is low. In the 
base case, total one-way shipments are estimated at 278 over a 5 year period, for less than 5 
loads per month. The alternative requires 530 one-way shipments over a 5 year period for 
less than 9 loads per month. 
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10.0 MARKET SURVEY REPORT 

As part of this pilot-scale demonstration project, Teledyne Brown Engineering, Inc. conducted a 
thorough market survey which had two primary objectives; (I), to identifl potential commercial 
outlets for thorium product, either in nitrate, hydroxide, or oxide form and (2), to identifl potential 
recycle outlets for the sodium nitrate byproduct. A copy of the market survey report is included in 
Appendix C. The investigations conducted by Teledyne Brown showed that today’s recycle market 
for thorium in any of its chemical forms is extremely limited. The commercial value of thorium sold 
in the existing domestic market is approximately $12.50/pound. Based upon these findings, it is 
assumed that most of the thorium converted in the Phase I1 project will have to be returned eo 
storage at one of the DLA depots, assumed to be Curtis Bay, Maryland. 

Teledyne Brown was able to identifl one potential user of the sodium nitrate byproduct within the 
contractor network supporting the U.S. Anmy. This application is as a dry oxidizing agent in 
pyrotechnic formulations. A copy of MIL-S-322C, the m y ’ s  specification for sodium nitrate has 
been obtained and can be found in Appendix C. They also confirmed that agricultural applications of 
recycled sodium nitrate appeared viable. 

Since Teledyne Brown completed the market survey, additional inquiries have been made to further 
evaluate the potential for agricultural recycle of polished sodium nitrate solution. A fertilizer blender 
in the Ohio River Valley has reviewed the quality data for the polished sodium nitrate solution from 
the pilot-scale demonstration and has offered to buy it for approximately $0.10 per pound of 
nitrogen. He plans to use it as a diluent for blending down higher concentration nitrate fertilizer 
solutions. This supplier should be viewed as a benchmark for the feasibility of agricultural reuse. 
Other outlets may be identified which are geographically closer to the treatment site, and may offer 
better pricing scenarios. 
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Appendix A 

Laboratory Analysis Reports 

Subcontracted Laboratories 
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Appendix B 

Laboratory Analytical Reports 

Split Samples Analyzed by Lockheed Martin Energy Systems, Inc. 
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Appendix C 

Thorium Materials Market Survey 
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S O U T H W E S T  R E S E A R C H  I N S T I T U T E  
6220 CULE6RA"ROAD -POST OFFICE DRAWER 28510 0 SAN ANTONIO TEXAS. USA 78228-0510 1210)  684-51 1 '  0 TELEX 244846 

Chemistry and Chcmical Engincering 
Dcpartment ofhalytical and Environmental Chcmistry 

February 18, 1998 

Mr. Rocky Foster 
Teledyne Brown Engineering 
Cummings Research Park 
300 Sparkman Drive NW 
Huntsville, Alabama 35805-1912 

Subject: Results of Analysis for Samples Received 02/02/98 
SwFU Project 01-1 143-001 Work Order #12956 

Dear Mr. Foster: 

Enclosed please find the results for the six samples received on the above mentioned date 
for the analysis of total thorium. 

Should you have any questions, please feel free to contact me at (210) 522-5428 or by fax 
at (210) 522-5938. 

Best Regards, 

Mike D m m  
Inorganic Manager 

Unit 

Manager 

cc' Mr Tom Yarbough, Permafix Environmental 
Mr Ben Crocker, Performance Development Corporation 

MID: cjm 

S A N  A N T O N I O ,  T E X A S  

HOUSTON TEXAS DETROIT.  MICHIGAN WASHINGTON DC 



- -  - 
CLIENT: TELEDYNE BROWN ENGINEERING 
SDG: 101920 (CLB3-002B) 

THORIIUM (Th) ANALYSIS 



SOUTIMEST RESEARCH TIT 
SAMPLE ANALYSIS FOR TOTAL THORIUM 

Lab Name: 

Lab Code: 

Matrk: 

Southwest Research Institute 

SWRT 

Solid 

Client: Teledyne Brown Engineering 

Bate Received: 02/02/98 

Project No.: 01-1143-001 

I I Lab Sample 1 

Detection Limit: 0.5 mg/Kg 



- ..... 

S O U T H W E S T  R E S E A R C H  I N S T I T U T E  
6220 CULEBRA ROAD 0 POSTOFFICE DRAWER 28510 0 SAN ANTONIO. TEXAS, USA 78228-0510 0 (2101 684-5111 TELEX 244846 

Chcmistxy and Chemical Engineering 
Department of Analytical end Environmental Chemistry 

February 6, 1998 

Mr. Rocky Foster 
Teledyne Brown Engineering 
Cummings Research Park 
300 Sparkman Drive NW 
Huntsville, Alabama 35805-1912 

Subject: Results of Analysis for Samples Received 12/23/97 
SwRI Project 01-1 143-001 Work Order #127?1 

Dear Mr. Foster: 

Enclosed please find the results for the fourteen samples received on the above mentioned 
date for the analysis of total thorium. 

Should you have any questions, please fe1 fiee to contact me at (2 10) 522-5428 or by fax 
at (210) 522-5938. 

Best Regards, 

Mike Dammann 
Inorganic Manager 

Quality Assurance Unit 

&# Manager 

cc: Mr. Tom Yarbough, Permafix Environmental 
Mr Ben Crocker, Performance Development Corporation 

MJD: cjm 
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S O U T m S T  RESEARCH INSTITUTE 

Duplicate 
RPD 

S W L E  ANALYSIS FOR TOTAL THORIUM 

100566 19.0% 
100566 2.1% 

Lab Name: Southwest Research Institute 

LabCode: SwN 

BTS-007D 
BT5-009B 

Matrix: Liquid 

100577 53.8% J 

100578 47.5 /’ 

Client: Teledyne Brown Enpeer.  

Date Received: 12/23/97 

Project No.: 0 1 - 1 143-00 1 

Detection Limit: 0.5 rng/Kg 



S O U T H W E S T  R E S E A R C H  I N S T I T U T E  
6220 CULEBRA ROAD 0 POST OFFICE DRAWER 28510 0 SAN ANTONIO, TEXAS. USA 78228-0510 0 (210) 684-51 1 1  0 TELEX 244846 

Chemistry and Chemical Engineering 
Depamnent of A n a l p a l  and Environmental Chemistxy 

April 15, 1998 

Mr. Rocky Foster 
Teledyne Brown Engineering 
Cummings Research Park 
300 Sparkman Drive N W  
Huntsville, Alabama 35805-1912 

Subject : Results of Analysis for Samples Received 12/10/97,03/20/98 
S w N  Project 01-1143-001 Work Order #12681, 13246 

Dear Mr. Foster: 

Enclosed please h d  the results for the twenty samples received on the above mentioned 
dates for the analysis of total thorium and XRD. X-ray diffraction (XRD) was done on all 
requested samples. Any detectable aystal l ine species are reported, if a library pattern match was 
obtained. A small amount of each sample was carefully ground to a nominal 100 mesh particle 
size and run utilizing a random mount orientation. Please note that XRD will only pick up 
compounds that are crystalline in nature and that quantitation is very crude. A discussion of each 
s q l e  is presented below. The samples were also run for major elemental determinations using 
energy dispersive spectromeny (EDS) in a scanning electron microscope, to determine the major 
constituents allowing the exclusion of phases that do not exist due to a lack of one or more major 
components. 

XRD INTERPRETATION: 

BTl-WIC, SWRI SYSTEM ID 99786 
This sample is about 95% crystalline. The only identifiable crystalline species in the sample was 
Th(No3),5H20. Please note that there were several unidentifiable peaks in the powder pattern. 

BT1-OSC, SWRI SYSTEM ID 99792 
This sample is about 80% crystalline. The sample appears to be poorly crystalline as shown by 
the wide peaks. The crystailine portion of the sample consists of 50% thorianite (ThOJ, 45% 
nitratine (NaNO,), and about 5% Na3N0,. 

BT2-007D, SWRI SYSTEM ID 99800 
This sample is about 75% crystalline. The sample is poorly crystalline as indicated by the wide 
peaks. The only identifiable crystalline species in the sample was thorianite (Tho&. 

S A N  A N T O N I O ,  T E X A S  

HOUSTON, TEXAS e DETROIT, MICHIGAN 0 WASHINGTON, DC 



Teledyne Brown Engineering 
Mr. Rocky Foster 

Page 2 April 15,1998 

BT2-OOSC, SWRI SYSTEM ID 104141 
This sample is about 90% crystalline. The sample appears to be poorly crystalline as shown by 
the wide peaks. The crystalline portion of the sample consists of 85% thorianite (Tho9 and 15% 
nitratine (NaN03). 

Should you have any questions, please feel k e  to contact me at (210) 522-5428 or by fax 
at (210) 522-5938. We do not have a purchase order at this h e ,  so we will invoice without one. 

Best Regards, 

Mike Dammann 
Inorganic Manager 

Quality Assurance Unit 

cc: Mr. Tom Yarbough, Permafix Environmental 
Mr. Ben GrQcker, Performance Development Corporation 



- TOTAL THORIUM 
ANALYSIS 



SOUTHWEST RESEARCH I N ~ ~ I ~ U T E  

BT1-007B 
BT1-008C 

SAMPLE ANALYSIS FOR TOTAL THORIUM 

99791 10.9 
99792 47.5% 

Lab Name: Southwest Research Institute 

LabCode: SwRI 

Matrix: Liquid 

clim: Teledyne Brown Engineering 

Dates Received: 12/10/97,03/20/98 

Project No.: 01-1 143-001 



CLASS FICATION AND 
PACKING GROUP 

ASSIGNMENT OF DIV. 
5.1 MATERIALS 



SOUTHWEST RESEMCH INSTITU 
SAMPLE DATA SHEET FOR 'TEE 

CLASSIFICATION AND PACKING GROUP 
ASSIGNMENT OF DIVISION 5.1 lkLATEmS 

Lab Name: Southwest Research Institute 

LabCode: SwRI 

Matrix: Liquid 

Client: Teledyne Brown Engineering 

Date Received: 12/10/97 

Project No.: 01-1 143-001 

N/C= not classified as a Division 5.1 substance 



X-RAY DIFFRACTION 
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1: 7.907 
2: 8.797 
3: 9.489 
4: 12.159 
5: 15.553 
6: 16.399 
7: 17,697 
8: 18.507 
9: 22.696 
10: 24.492 
11: 25.654 
12: 26,810 
13: 27.999 
14: 29.000 
15: 29.753 
16: 31.349 
17: 32.097 
18: 33.092 
19: 33.946 
20: 35.259 
21: 35.755 
22: 37.169 
23: 37.506 
24: 38.452 
25: 39.296 
26: 40.350 
27: 41.455 
28: 42.710 
29: 43.043 
30: 43.697 
31: 43,942 
32: 44.748 
33: 45,257 
34: 45.943 
35: 46.805 
36: 47.308 

38: 49.270 
39: 49.554 
40: 50.106 
41: 50,598 
42: 51.045 
43: 51,654 

37: 47,748 

11.1726 
10.0440 
9 -3129 
7.2733 
5.6928 
5.4010 
5.0078 
4.7905 
3.9148 
3.6316 
3.4697 
3,3226 
3.1842 
3.0765 
3.0004 
2.8512 
2.7864 
2.7048 
2.6387 
2.5434 
2.5093 
2.4170 
2.3960 
2.3392 
2.2909 
2.2335 
2.1765 
2.1154 
2.0998 
2.0698 
2.0589 
2 .) 0237 
2 . 0020 
1.9737 
1.9394 
1.9199 
1.9033 
1.8480 
1.8380 
1.8191 
1.8025 
1.7878 
1.7681 

7.924 
8.771 
9.457 
12 164 
15 . 542 
16 .) 392 
17.694 
18.508 
22 (. 691 
24 -484 
25.661 
26.826 
27 . 997 
28.988 
29.756 
31.349 
32.088 
33.084 
33.944 
35.271 
35.760 
37.164 
37.503 
38.455 
39.293 
40.350 
41.463 
42.728 
42,998 
43 -741 
43.943 
44.754 
45 -264 
45,935 
46.808 
47.318 
47.741 
49.270 
49.547 
50.109 
50.608 
51,038 
51.665 

11.1482 
10.0738 
9.3440 
7.2702 
5.6968 
5.4032 
5.0086 
4.7901 
3.9156 
3.6328 
3.4687 
3.3208 
3 A044 
3.0778 
3.0001 
2.8511 
2.7872 
2.7055 
2.6389 
2.5426 
2.5089 
2.4173 
2.3962 
2.3390 
2.2911 
2 -2335 
2.1761 
2.1145 
2.1019 
2.0678 
2.0588 
2.0234 
2.0018 
1.9741 
1.9393 
1.9195 
1.9035 
1.8480 
1.8383 
I. 8190 
1.8022 
1.7880 
1.7678 

36 
51 
55 
63 
55 
2 

10 0 
7 

116 
5 
16 
10 
7 
12 
4 

159 
14 
4 
9 

29 
7 
8 
10 
72 
4 
7 
8 
3 
3 
4 
5 
11 
17 
15 
23 
36 
57 
52 
46 
15 
13 
14 

8 

40 2.2 
29 1.6 
31 1.7 

1073 58.4 
1316 71.6 
498 27.1 
907 49.4 
570 31.5 
1170 63.7 
82 4.5 
379 20.6 
110 6.0 
380 20.7 
325 17.7 
130 7.1 
1302 70.9 
355 19.3 
98 5.3 
95 5.2 
612 33.3 
76 4.1 
210 11.4 
750 40.8 
715 38.9 
172 9.4 
51 2.8 
193 10.5 
130 7.1 
292 15.9 
129 7.0 
87 4.7 
170 9.3 
583 31.7 
186 10.1 
177 9.6 
205 11,2 
1805 98.3 
63 3.4 
202 11.0 
203 11.1 
32 1.7 
92 5.0 
66 3.6 

58 
11 
9 

333 
385 
12 5 
2 04 
17 5 
2 62 
19 
88 
27 
93 
103 
31 
291 
91 
24 
22 
142 
19 
70 
197 
160 
42 
13 
46 
33 
85 
58 
22 
46 
146 
44 
40 
45 

413 
11 
62 
47 
9 

22 
17 

13.9 
2.6 
2.2 

79.9 
92.3 
3 0 . 0  
48.9 
42.0 
62.. 8 
4.6 
21.1 
6.5 

22.3 
24.7 
7.4 
69.8 
21.8 
5.8 
5.3 

34.1 
4.6 
16.8 
47 - 2  
38.4 
10.1 
3.1 
11.0 
7 -9 
20.4 
13.9 
5.3 
11.0 
35.0 
10.6 
9.6 
10.8 
99.0 
2.6 
14.9 
11.3 
2.2 
5.3 
4.1 

1.305 
0.341 
0.261 
0.279 
0.263 
0,226 
0.202 
0.272 
6.202 
0.209 
0 -209 
0.221 
0.220 
0.285 
0.215 
0.201 
0.231 
0.220 
0.208 
0 -209 
0.225 
0.300 
0.236 
0.201 
0.220 
0.229 
0.215 
0.228 
0.262 
0 A05 
0.228 
0.244 
0.225 
0.213 
0.203 
0,198 
0,206 
0.157 
0.276 
0.208 
0.253 
0.215 
0.232 



# 2Theta d 2Theta a Bkgrd Peak I% Area I% FWHM* 

44: 52.088 1.7544 52.091 1.7543 7 37 2.0 12 2.9 0.292 
45: 52.494 1.7418 52.483 1.7421 6 37 2.0 13 3 - 1  0.316 
46: 53.690 1.7058 53,671 1.7064 11 54 2.9 12 2.9 0.20n 

47 11.3 0.21 47: 54.647 1.6781 54.646 1.6782 19 210 11.4 
48: 55.604 1.6515 55.585 1.6520 5 105 5.7 31 7.4 0.26b 

417 100.0 0.204 59 1837 100.0 49: 56.997 1.6144 56,988 1.6147 
50: 57.456 1.6026 57.474 1.6022 17 33 1.8 8 1-9 0.218 

12 2.9 0,284 51: 57.838 1.5929 57.786 1.5942 11 38 2.1 
52: 58.600 1.5740 58.606 1.5739 4 158 8.6 40 9.6 0.228 
53: 59.242 1,5585 59.220 1.5590 5 52 2.3 14 3.4 0.242 

-----------I--------__l___________l_____---------------------------------------- 

--------------------l_________________l_---------------------------------------- 

* Intensity values are based on total raw counts. 



Current S/M parameters: 

PDF Subfile to Saarch ................ INORGAWS 
Chemistry Filter ..................... MIKE.CBM {No) 
Search FOCUS on ...................... Xajor Phase(s) 
Preferred orientation in Sample ...... pso 
Search only High Quality Phases ...... No 
Exclude Questionable Phases .......... No 
Exelude HETALLICS from INORGANS ...... No 

2-Theta Error W i n d o p p  ................. .12 
Sensitivity to huttching Intensity .... 5 
Sensitivity to Matching 2-Theta ...... 5 
sraximum Number of Hits to S a m  ....... 40 
Rubber-Ruler Search . .%lasticity .... 0 
m i r e d  100% L i n e  in Srched Range ... No 





1: 8.594 
2: 11.954 
3: 12.248 
4: 13.349 
5: 18,160 
6: 27.252 
7: 27.602 
8: 27.799 
9: 29.551 
10: 31.602 
11: 32.101 
12: 35,558 
13: 39.150 
14: 42.657 
15: 45.056 
16: 45.700 
17: 46.745 
18: 48.099 
19: 48.598 
20: 53.206 
21: 54.102 
22: 54.647 

10.2809 
7.3978 
7.2204 
6.6272 
4.8811 
3.2698 
3.2291 
3 -2067 
3.0204 
2.8289 
2.7861 
2 . 5227 
2.2991 
2.1179 
2.0105 
1.9837 
1.9417 
1.8902 
1.8719 
1.7202 
1.6938 
1.6782 

8 , 599 
11 .) 982 
12.245 
13.340 
18 -224 
27.270 
27 . 606 
27.787 
29 (. 563 
31.602 
32.093 
35.588 
39.153 
42 -696 
45.086 
45.704 
46.707 
48.131 
48.596 
53.260 
54.107 
54.610 

10.2746 
7 -3806 
7.2224 
6.6321 
4 .) 8641 
3.2676 
3.2287 
3 -2080 
3.0192 
2.8289 
2.7867 
2.5206 
2.2989 
2.1160 
2.0092 
1.9835 
1.9432 
1.8890 
1.8720 
1 .Tu35 
1.6936 
1.6792 

56 
94 
93 
81 

4 
38 
42 
46 
32 
12 
16 
3 
2 
11 
34 
26 
37 
17 
13 
35 
29 
34 

6 1.9 14 6.7 
52 24.8 109 34.3 
66 31.4 111 34.9 
59 28.1 125 39.3 
12 5.7 6 1.9 
161 76.7 318 100.0 
184 87.6 301 94.7 
174 82.9 282 88.7 
210 100.0 85 26.7 
49 23.3 73 23.0 
95 45.2 86 27.0 
17 8.1 7 2.2 
54 25.7 22 6.9 
29 13.8 11 3.5 
63 30.0 166 52.2 
104 49.5 205 64.5 
46 21.9 81 25.5 
66 31.4 27 8.5 
26 12.4 9 2.8 
32 15.2 83 26.1 
84 40.0 146 45.9 
60 28.6 132 41.5 

0.386 
1.887 
1.514 
1.907 
0 .OS0  
1.778 
1.472 
1.459 
0.364 
1.341 
0.815 
0.371 
0.367 
0.341 
2.371 
1.774 
1.585 
0.368 
0.312 
2.334 
1.564 
1.980 



PDF Subfile to Search ................ I IUORWS 

Search Focus on ...................... Major PhaSe(s) 
Chemistry Filter ..................... M I K E . C B  (Yes) 

Preferred Orientation in Sample ...... No 
Search only Sigh Quality Phases ...... No 
Exclude Questionable Phases .......... No 
Exclude METALLICS from INORGANS ...... NO 

2-Theta E r r o x  Windm ................. .12 
Sansitivity to Matching Intemaity .... 5 
Sensitivity to Matching 2-Theta ...... 5 
Maxinnun Mzmber of Hits to Save ....... 40 
Rubbar-Ruler Search - %Elasticity .... 0 
Required 100% Lina in Srched Range ... No 
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Search Parameters: ------I- ----------- Scan Parmeter-: I--I---ppIp-I__-_____ 

Filter length(pts1 = 9 
Noise level(sigmas) = 1.0 
Intensity cutoff(%) = 2-100 
2-Theta Zero (degs) = 0 

I I  
I I  
I I  
I I  

Radiation = CU-1.54059 
Scan Range = 5- 60 
Step Size = .05 
Count Time = 3 sec. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Peak-Position Centroid-Position Peak & Area are without Bkgrd -------------- ----------------- ................................. 

# 2Theta d 2Theta d Bkgrd Peak E% Area I% FwHM* 

1: 7.506 11.7676 7.558 11.6871 29 15 8.7 6 1.9 0.360 
2: 11.951 7.3995 11.960 7.3940 134 74 43.0 165 51-7 2.007 
'3: 12.800 6.9107 12.800 6.9105 123 115 66.9 253 79.3 1.980 
4: 13.549 6.5300 13.550 6.5298 122 83 48.3 165 51.7 1.789 
5: 26.855 3.3172 26.887 3.3133 40 106 61.6 250 78.4 2.123 
6: 27.302 3.2639 27.313 3.2626 28 172 100.0 319 100.0 1.669 
7: 27.598 3.2295 27.589 3.2306 27 168 97.7 319 100.0 1.709 
8: 28.046 3.1789 28.021 3.1818 35 121 70.3 265 83.1 1.971 
9: 31.457 2.8416 31.482 2.8394 9 38 22.1 69 21.6 1.634 

52 30.2 91 28.5 1.575 10: 32.199 2.7778 32.187 2.7788 6 
11: 44.903 2.0170 44,933 2.0157 50 59 34.3 135 42.3 2.059 
12: 45.202 2.0044 45.213 2.0039 41 7 50.6 188 58.9 1.945 

14: 46.296 1.9595 46.268 1.9606 46 70 40.7 155 48.6 1.993 
55 32.0 118 37.0 1.933 15: 53.553 1.7098 53.584 1.7089 23 

16: 53.852 1.7010 53.861 1.7008 21 '72 41.9 135 42.3 1.68k 
17: 54.600 1.6795 54.585 1.6799 22 58 33.7 135 42.3 2.095 

_--------II---------___I______p_________---------------------------------------- 

13: 45.951 1.9734 45,948 1.9735 42 85 49.0 185 58.0 1.959 

--------------------________l^______l___---------------------------------------- 

* Intensity values are based on total r a w  counts, 



Currant S/W parameters: 

PDF Subfile to Search ................ I N O R W S  
Chemistry Filter ..................... KlKZ.cHM (Yes) 
search Focus on ...................... Major Phase(s) 
Preferred Orientation i n  Sample ...... No 
Search only High Quality Phases ...... No 
Exclude Questionable Phases .......... No 
Exclude METALLlCS from INORGANS ...... No 

2-Theta Error Window ................. -12 
Sensitivity to Katching Intensity .... 5 
Sensitivity to Matching 2-Theta ...... 5 
Maximum Number of Hits to Save ....... 40 
Rubber-Ruler Search . %Elasticity .... 0 
Rewired 100% Line in Srched Range ... No 



C
ou

nt
s V

I 
-4

 
0

 
u
1 

0
 

0
 

I 
I 

Iu
 

u1
 

0
 

0
 

I 

I C C C -F
 c 01
 

0
 

3,
 

3
 



* on - 7 for Doubtful Quality or Won-ambient patterns; + for Indkxed patterns with space-Grow, Unit Cell k lkinaity. 
vol - reduced-cell polruas; aX - measured density if calculated is not available. 

Current S I I  paramstera: 

PDF Subfile to Search ................ INORGANS 
Chemistry Filtar ..................... HIICE.CEU (Yes) 
Search Focus 011 ...................... Major Phase(8) 
Preferred orientation in Sample ...... No 
Search only High Quality Phases ...... No 
Exclude Questionable Phases .......... No 
Exclude METALLICS from INORGANS ...... No 

2-Theta Error Window ................. .12 
Sensitivity to &tching Intensity .... 5 
Sensitivity to Matching 2-Theta ...... 5 
lkaxirmmr MMbsr of Hits_to save ....... 40 
Ruhbar-Ruler Soarch . ssElasticity .... 0 
Required 100% Line in Srched Flange ... No 



Peak-Position Centroid-Position Peak 6c Area are without Bkgrd -------------- --------I-------- 
# 2Theta d 2Theta d Bkgrd Peak 1% Area I% FwwM* 

1: 8.400 10,5173 8.401 10.5166 103 29 3.6 33 2.8 1.024 
2: 8.897 9.9307 8.897 9.9317 101 33 4.1 54 4.6 1.473 
3: 12.345 7.1639 12.329 7.1734 114 29 3.4 52 4.4 1.733 
4: 27.451 3.2465 27.451 3.2465 51 574 71.8 567 48.3 0.889 
5: 27.752 3.2120 27.763 3.2107 48 7 5 0  93.9 1111 94.6 1.333 
6: 27.949 3.1898 27.940 3.1907 34 799 100.0 1175 100.0 1.324 
7: 28.145 3.1680 28.144 3.1681 34 688 86.1 788 67.1 1.031 
8: 31.707 2.8198 31.750 2.8160 25 172 21.5 341 29.0 1.784 
9: 32.053 2.7901 32.068 2.7889 17 244 30.5 380 32.3 1.402 
10: 32.201 2.7776 32.204 2.7774 16 255 31.9 381 32.4 1,345 
11: 32.300 2.7694 32.293 2.7699 19 257 32.2 365 31.1 1.278 
12: 45.455 1.9938 45.457 1.9937 47 223 27.9 201 17.1 0.811 
13: 45,853 1.9774 45.871 1.9767 28 351 43.9 619 52.7 1.587 
14: 46.001 1.9714 46.004 1.9713 33 380 47.6 603 51-3 1.428 
15: 46.396 1.9555 46.374 1.9564 34 316 39.5 603 51.3 1.71" 

17: 54.847 1.6725 54.825 1.6731 63 276 34.5 431 36.7 1.405 
18: 56.955 1.6155 56.984 1.6147 61 43 5.4 34 2.9 0.712 
19: 57.554 1.6001 57.528 1,6008 49 39 4.9 44 3.7 1.015 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16: 54.401 1.6852 54.413 1.6848 50 302 37.8 488 41.5 1 - 4 5 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Intensity values are based on total raw counts, 



X-RAY FLUORESCENCE 
ANALYSIS 







Spectrum: JFS572 Ranye:20 keV 
Total Coun 

01-1 143-01 
CLIENT ID: BT2-007D 
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, 
ENWRONMENTAL 

June 9, 1998 

Mr. Torn Yarbough 
Permafix Environmental 
1940 N.W. 67 Place 
CJainesville,Florida 32653 

Dear Mr. Yarbough: 

Enclosed with this letter are data reports for samples analyzed by QST for the Project: Teladyne 
Brown. As you requested these are copies of the reports faxed to you on May 21,1998 by 
Suzanne Woodward. 

Please contact Hugh Prentice at 333- 1606 with any questions concerning these reports. 

Sincerely; 

Virginia C. O’Brien 

P.O. Box 1703. Gainesville. FL 32602-1703. Phone 3529332033 18. FAX 352-333-6622 

Formerly Environmental Science & Engineering. Inc. 
A C I L C O R P  C O M P A N Y  



QST Environmental DATE 0 5 / 1 5 / 9 8  STATUS : PAGE i 

SAMPf,E ID'S 
PARMETERS 

UNITS 

DATE 
urn 

CHLORIDE 
MGjL 

SODIUM.TOTAL 
UG/L 

NITROGEN.NOZiN03 
MG/L As N 

ANTIMONY, TOTAL 
w;/L 

ARSENIC,TOTAL 
uO/L 

DARIUM, T O T U  
W / L  

HERYLLIUM, TOTAL 
X / L  

CADMIUM, TOTAL 
VG/L 

CtIROMIUM, TOTAL 
uC/L 

LEN), TOTAL 
uG/L 

MERCURY 
N / L  

NICKEL,TOTAL 
uG/L 

SELENIUM, TOTAL 
W/L 

uC/L 

UG/L 

SILVER , TOTAL 

THALLIOM,TOTAL 

SMRET 
METHOD 

940  

82035  
6 0 1 0 - 0  

6 3 0  

1097  
6020-G 

1002 
6020-G 

1007  
6 0 2 0 - 0  

1012 
6 0 2 0 - 0  

1027 
6020-G 

1034 
6020-G 

1051 
6020-G 

71900 

325.3-G 

3 5 3 . 2  .G 

7 4 7 0 - 0  
1067 

6020-G 
1147 

6020-G 
1 0 7 7  

6020-G 
1059 

60204 

PROJEBCT NONBER 1297373 0201 
FIELD GROUP !TBTDW 
M I L  

BTI-OO7C 
! TBTDH 

1 

11/20/97 
09 : 3 5  

HA 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NHQ 

NRQ 

NRQ 

NRQ 

NRQ 

NHQ 

NRQ 

ALL 

BTI - 0 0 5 8  
! TBTDW 

2 

11/20/97 
09:oo  

NRQ 

4 3 7 0  

2 2 . 1  

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRO 

NRQ 

BTI-0010A 
! TBTDW 

3 

11 /20 /97  
0 9 : 4 6  

NRQ 

45800000 

3 0 9 0 0  

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

WnQ 

NKQ 

PROJECT NAME T E W Y N E  BROWN: TIiORIUM DEMO 
PROJECT W A G E R  
LhR COOWlNATQR R I C I W  ROBINSON 

BTI-OU7A 
! TBTDW 

4 

11/3.0/97 
08!31 

NHQ 

5 5 0 0 0 0 0 0  

35600  

HRQ 

NRQ 

NRQ 

NHQ 

NRQ 

NRQ 

mQ 

MQ 

NRQ 

EIRQ 

NRQ 

NRQ 

B T I - 0 0 2 R  
! TBTDW 

5 

11/19/97 
09:oFi 

NRQ 

NRQ 

59500 

BT2-001R 
! TBTDW 

ti 

12/02 f 97 
10:25 

NRQ 

NRQ 

7 1 8 0 0  

BT2- 006C 
! TBTDW 

7 

12/03/97 
15:20 

536 

29300000 

m t i n o  

NRQ 

NRQ 

NRQ 

NRO 

NRQ 

NRQ 

NHQ 

NRQ 

WftQ 

NRQ 

NRQ 

NRQ 

0 T 2  - 004A 
! TBTDW 

9 

1 2 / 0 3 / 9 7  
10: SO 

1100 

51800000  

27100  

NRQ 

NRQ 

WQ 

NRQ 

NRQ 

mQ 

NRQ 

NRQ 

NRQ 

MQ 

NHQ 

NRQ 

AT2 - 009h  
! TBTDW 

9 

12/03/97 
21:15 

NRQ 

10400 

363 

HHQ 

HRQ 

NRQ 

NRQ 

NRQ 

WQ 

ma 

NRQ 

NRQ 

NRQ 

WQ 

NRQ 

B T ~  - O O ~ A  
! TBRN 

10 

12/10/97 
10: 33  

NRQ 

NRQ 

70200 

BT4 -0fl4A 
! 173TDw 

11 

12/11/97 
0 9 : 1 2  

NRQ 

58100000 

37300 

MQ 

NRQ 

NHQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NtQ 

NRQ 

BT4 - 0 OCA 
I TBTW 

12 

12/11/91 
18:26 

WQ 

3170000 

2530 

WQ 

NRQ 

NRQ 

NRQ 

NRQ 

MRQ 

NHQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 



SAMPLE ID'S 
PAPAMETERS 

UNITS 

DATE 
TIKG 

SODIUU.TOTAL 

NI'IXOGEN. NO2 +NO3 

rnIMONY.TOTAL 
UG/L 

NLSENI C , TOTAL 
LJG/L 

UARIUM , TOTAL 
W L  

m/L. 

UG/L 

WG/L 

MG/L AS N 

BERYLLIUM, TOTN, 

CMMIUH, TOTAL 

CHROM I LTM, TOTAL 
UG/L 

LEAD, TOTAL 

MERCURY 

NICKEL, TOTAL 

SELENIUN, TOTAL 

SILVER, TOTAL 

UG/L 

UG/L 

UG/L 

VG/L 

CG/L 

vc/ L 
TKhLLIUM, TOTN. 

STORET 
HETllOD 

82035 
6010-G 

630 
353.2-0 

1097 
6020-G 

1002 
6020-G 

1007 
6020-G 

lo12 
6020-G 

1027 

1034 
6020-G 

1051 
6020-G 
71900 

7470-G 
1067 

6 0 2 0 - G  
1147 

6020-G 
1077 

6020-C 
1059 

6020-G 

6 0 2 0 - ~  

QST Environmental DATE 05/15/98 STATUS : PAGE 2 
PGOJECF NUMBER 1297373 0201 
F1El.D GROUP !TBTDW 
ALL 

BT4 - 0 09h 
I TBTDW 

13 

1 2 / 1 2 / 9 1  
10 : 52 

35300 

15.1 

NRQ 

mo 

NR(I 

NRQ 

NRQ 

f-m2 

NRQ 

NRQ 

mo 

NRQ 

MRQ 

MQ 

ALL 

BTS - 00 1A 
E TBTDW 

24 

12/12/97 

NRQ 

8 6 1 0 0  

NRQ 

URQ 

HRQ 

MRQ 

NRQ 

WRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NHQ 

HRQ 

BTS - 004A 
!TBTDW 

1s 

12/12/97 

78000000 

42500 

NRQ 

NRQ 

NRQ 

NRP 

NRQ 

NRQ 

NRQ 

mQ 

NRQ 

NRQ 

NRQ 

NRQ 

P R O J E f f  NAHE TELADYNE BROWN: THORIUM DEMO 
PRWECF W A G E R  
LAB COORDINATOR RICHARD KOBINSON 

BT5 - 0 0 6 A  
I TRTDW 

1 6  

12/12/97 

23900000 

15000 

NRQ 

NRP 

NRQ 

NRQ 

NRQ 

N KQ 

m5 

NRO 

NRQ 

NRC 

NRQ 

NRQ 

BT5- OC9A 
!TEITDW 

17 

12/12/91 

14200 

15.0 

NRQ 

mY 

mQ 

MIQ 

mQ 

m5 

NRQ 

NKP 

hTQ 

NHQ 

NRQ 

mQ 

C L P I  -0om 
I mnw 

1 0  

01/13/90 
0 9 : 4 9  

NRQ 

NRQ 

CLBL - 0 01C 
I mmw 

19 

01/13/98 
0 9 : 4 9  

2 4 8 0 0  

13.7 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRO 

NRQ 

mu 

NRQ 

NKQ 

CLd1-002A 
! TBTDW 

20  

01/13/98 
1 1 : 5 2  

NRQ 

NRo 

C I B J - 0 0 2 C  C L 3 2 - 0 0 1 A  CLB2-001C 
I TBTW 

21 

01/13/98 
17:s3 

30000 

9.09 

NRQ 

ma 

NRQ 

NRQ 

NRQ 

MQ 

NRQ 

NRQ 

NRC 

NRQ 

NRQ 

NRQ 

! TBTDW 
2 2  

01 /14 /9R 
0 8 : 0 5  

M(Q 

HRQ 

! TBTDW 
23 

01/19/98 
08:05 

25500000 

i r1600 

MQ 

NRQ 

NRQ 

NRQ 

MQ 

NRQ 

NRQ 

NRQ 

NRQ 

NKO 

NRQ 

NRo 

CLB2 - 002A 
! TBTDW 

24 

01/19/98 
15:oo 

mQ 

NRQ 

I 

C 

C 
c 



SAMPLE ID'S 
PARAMETERS 

UNITS 

DATE 
TIME 

SODIUM, TOTAL 
UG/L 

NITROGEN. N021N03 
MG/L AS N 

lWr IMONY , TOTAL 
UG/L 

AJiSENIC, TOT& 
UG/ t  

BARIUM, TWTRL 
UG/L 

EERYI,I,IVM, TOTAL 
uG/L 

CNMIUM, TOTAL 
UG/L 

CHROMIUM, TOTAL 

L F m ,  'TOTAL 

MERCURY 

NICKEL, TOTAL 

W/L 

UG/L 

uO/L 

UGIL 
SELENIW,MTRL 

VG/ L 

UG/L 
SILVER, TOTAL 

THhttIUM, TOTAL 
UG/L 

STORET 
METHOD 

82035 
6010-G 

630 
353.2-0 

109 7 
6020-G 

1002 
6020-G 

1007 
6020-G 

1012 

1027 
6 a 2 0 - ~  

6020-G 
1034 

6020-C 
1051 

6020-G 
71900 

7470-G 
1067 

6020-G 
1147 

6020-G 
1077 

6020-G 
1059 

6020-G 

QST Enviroimmental DATE 05/15/98 STATUS : PAGE 3 
eRoacr NUMBER 1297373 0201 PROJECT NAME TELADYNE BROW: THORIUM DEMO 
FIELD CROUP !TBTDW PROJECT W A G E R  
ALL ' ALL LAB COORDINATOR RICHARD ROBINSON 

CLB2-002C CLBJ-001A CLB3-001C CLB3-002A cL83-002C 
? TBTOW 

2 5  

01/19/98 
15:Ol 

25700000 

43600 

NR Q 

NRQ 

NRQ 

WQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

KRQ 

!TBTDW !"DW 
26 27 

01/15/98 01/15/99 
0 7 ~ 2 4  07:24 

NRY 38000000  

NRQ 31300 

NRQ 

NRQ 

NRQ 

WQ 

WQ 

NRQ 

NRQ 

NRQ 

NRQ 

!'rWDW !TBl"UW 
28 29 

01/15/98 01/15/98 
is:sa 15:59 

NRQ 40800000  

NRQ 27500 

NRO 

NRQ 

NRQ 

NRQ 

NRQ 

NHQ 

NRQ 

NUQ 

NRQ 

NRQ 

NRQ c 
t 

1 

E 
f 
6 
-. 



QST €nvironmental DATE 05/15/96 STATUS : PAGE P 

SAMPLE ID'S 
PARAMETERS 

UNITS 

DATE 
TIHE 

wrinow 
%/KG - DRY 

%/XG-DRY 
RRSENIC 

RARIUM 

RERYLLIUM 

CN)MIIIM 

CHROMIUM 

I,EhS) 

MERCURY 

NG/UG-DRY 

MG/ KG - DRY 

%/KG -DRY 

MG/KG -DRY 

MG/KG-DRY 

MC/KC- DRY 
NICKEL 

s ELENI UM 

SILVEK 

MG/KG-DRY 

ffi/KG-DRY 

MG/ KG - DRY 
TllALLIUn 

MC>/KG-DRY 
NITKOG , NO2 4 N 0 3 ,  SED 

MOIS'R7RE 

S031!M 

CiiLOXIDE. SED 

TCLY YXTRAC'IION-METALS 

MG/KG - DRY 

'%WET kiT 

MG/ KG - DRY 
LR;/G-DRY 

STORET 
METHOD 

1098 
6020-G 

1003 
6020-G 

1008 
6020-G 

1013 
6020-G 

1028 
6020-G 

1029 
6020-G 

1052 
6020-G 
71 921 

7471-e 

6020-G 
1140 

6020-G 
107% 

6020-G 
34480 

6020-G 
633 

353.2k-G 
70320 

ASTH-G 
934 

6010-C 
99120 
TITR 
97160 

1068 

131 1M-G 

PROJECT NUMBER 1297373 0201 
FIELD GROUP !TATDS 
ALL 

DT1-001A 
! TBTDS 

1 

11/18/97 
12 15H 

c0.036 

~0.073 

< O .  364 

0 . 0 7 0  

c0.015 

~ 0 . 3 6 4  

c0.146 

<0.364 

0.385 

0.027 

c0.007 

95600 

0. os 

MQ 

NRQ 

NRQ 

ALL 

RTl-0040 
! TBTDS 

2 

11/ 19 / 97 
17:50 

NRQ 

MQ 

NRQ 

NKQ 

NRQ 

MQ 

NRO 

NRQ 

NRQ 

NRQ 

MQ 

NRQ 

47100 

0.05 

47600 

NRQ 

NRQ 

BT1-006A 
! TRTnS 

3 

11/20/97 
11:oo 

NRQ 

mQ 

NRQ 

NRQ 

WQ 

NRQ 

NRQ 

NKQ 

MQ 

NRQ 

NRQ 

NRQ 

9590 

0 . 0 5  

37200 

mO 

NRQ 

P n m r r  NAKE TELADYNE BROW: THORIUM DEMO 
PROJECT MANAGER 
IAl3 COOORDINATOR RICHARD ROBINSON 

BT1-OOAB 
! TBTDS 

4 

11 / 2 0 / 9'1 

20:45 

NRQ 

NRQ 

NRQ 

NMO 

NRQ 

NRQ 

mu 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

33800 

0.05 

79500 

NA 

NRQ 

BT1-0080 
! TBTDS 

5 

11/20/97 
2 0 : 4 8  

NRQ 

NRQ 

NRO 

NRQ 

NRO 

FRQ 

NRQ 

mQ 

NRO 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

KRQ 

NRQ 

01/21/90 

8T2 - 0038 
! TBTDS 

6 

12/03/97 
11 zoo 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRV 

NRQ 

NRQ 

NRQ 

NRv 

NRQ 

NRO 

8570 

0.05 

26500 

NRQ 

NRQ 

Br2 - OOSB 
1 TBTDS 

7 

12/03/97 
15: 30 

NRO 

NRQ 

NRQ 

NRQ 

NHQ 

MQ 

MQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

6090 

0.05 

20200 

MQ 

NRQ 

BT2 --0078 
I T'BTDS 

8 

12/03/97 
21:23 

NRQ 

NRQ 

NRP 

MQ 

NRQ 

NRO 

NRQ 

WQ 

NRQ 

mQ 

PJRQ 

NRQ 

10100 

0.05 

31203 

525 

NRQ 

BT2 - 007C 
! TBTDS 

9 

12/03/91 
21c2.1 

NRQ 

WQ 

WQ 

NRQ 

NRQ 

WQ 

NRQ 

NRQ 

NRQ 

NRO 

NRQ 

MQ 

MQ 

NRQ 

NRQ I' 901 0 

NRQ NRV 

01/21/90 NRO 

RT4 -0058 
! TBTDS 

11 

12/11/97 
19:03 

NRQ 

NRQ 

WQ 

NKQ 

NRQ 

NRQ 

WQ 

h%Q 

NRQ 

NRQ 

NRQ 

NRQ 

2040 

0 . 0 5  

7510 

NRO 

MQ 

13~4 - 0 0 7 ~  
! TBTDS 

12 

12/12/97 
12: 12 

NxQ 

NRQ 

MCQ 

NRQ 

NRQ 

NRQ 

M1Q 

NHQ 

NRQ 

mi? 

NRQ 

NRQ 

3690 

0.05 

12400 

NRQ 

NRQ I 



SAMPLE ID'S 
P W T E R S  

UNITS 

DATE 
'r IME 

ANTIMONY 

ARSENIC 

BhRIUt4 

RERYLLIUM 

CAnM I UM 

CIIRRDMIUM 

L B M  

VIRCTIHY 

NICKEL 

HG/KG-DRY 

f f i /KG-ORY 

MG/KG-DRY 

MG/M - DRY 

MI KG - DRY 

W/KG - DRY 

MG/ KG -DRY 

FX;/KG- DRY 

MCIKG-DRY 

MD/ KG- DRY 
SELF31 UW 

SILVER 

THALLIUM 
W2/ KG- DR Y 

IK;/KG-DRY 

WKG-DRY 
NITRW.NOZtN03,SED 

MOISTURE 

SODIUM 
5UBT WT 

MG/K(3 - DRY 
TCLP EXTRACTION-METALS 

STORET 
PIETHOD 

io98 
6020-G 

1 0 0 3  
6020 -G 

l0OE 
6020-G 

1013 
6 0 2 0 - G  

l 0 Z B  
6020-C 

LO29 
6020-C 

1052 
6020-G 
71521 

1066 
6020-0 

1 1 4 8  
6020-G 

1 0 7 8  
6020-G 

3 4 4 8 0  
6020-G 

633 
353.2H-0 

70320 
AS1M-G 

934 
6010-G 

7 7 1 6 0  
1311M-CI 

7171-C 

PRCAECT NUMBER 1297373 0201 
FIELD GROUP ITRTDS 

ALL 

RTS - 0036 
I TBTDS 

14 

12/12/97 

mQ 

NRQ 

NRQ 

NRQ 

NRO 

NRQ 

NHO 

mV 

KRQ 

NRO 

m2 

NRQ 

8 7 6 0  

0 . 0 5  

20400 

M W  

BTS-0058 
f T%TUS 

15 

1 2 / 1 2 / 9 7  

NRQ 

NRQ 

NRQ 

mQ 

HRQ 

NRQ 

NRQ 

MQ 

WQ 

NRQ 

NRQ 

NRQ 

6190 

0.05 

13000 

NRQ 

PROJECT MANAGER 
LAEI COORDINATOR RICIVIRD ROBINSON 

/ PROJECT NAHE TELADYNE 0ROWN: THORIUM DEMO 

RT5- 0 0 7 8  
1 TBTDS 

36 

1 2 / l . ? / 7 7  

NRQ 

NRQ 

NRQ 

NRO 

NKQ 

NRQ 

NHO 

HRQ 

=Kl 

NRO 

NRQ 

WQ 

3000 

0 . 0 5  

27300 

MQ 

BT5 - 007C 
! TMP DS 

1 7  

1 2 / 1 2 1 9 7  

NRQ 

NRO 

HRQ 

NRQ 

NRV 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRO 

NRQ 

NRQ 

NRO 

01/21/98 

BTl-009B 
I mms 

18 

02/26/96 
15 : 02 

<O. 050 

co.099 

c o . 4 9 7  

0.041 

<o. 0 2 0  

* . s a  

c o . 1 9 9  

0.563 

c o .  199 

'J .013 

c o . 0 1 0  

34900 

0 . 0 5  

MQ 

BT2-OO8A 
! T0'tDS 

1 9  

0 2 / 2 6 / 9 0  
15:05 

NRQ 

ma 

HRO 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

mQ 

NRQ 

NRQ 

i e w o  

0.05 

NRQ 

HRQ 

B f 4 - 0 0 8 A  BT OOBA 
ITBTDS k B T D S  

20 21 

02/26/98 02/26/98 
15:09 15:13 

HRQ NRQ 

HRQ NRQ 

5 9 7 0  18000 

0 . 0 5  0 . 0 5  

NRQ "0. 
0 3 / 1 3 / 9 8  NRQ 

7 



QST Environmental DATE 05/21/98 STATUS : FINAL ?AGE 1 
PROJECT NLMBER 1297373 0201 PROJECT NN'IE T E W W 5  BROWN: THORIUM DEMO 

SAMPLE ID'S 
PARAMETERS 

UNITS 

DATE 
TIME 

ANTIMONY 
MG/KG-DRY 

ARSENIC 
MG/KG- DRY 

BARIUM 
MG/ KG- DRY 

BERYLLIUM 
MG/KG-DRY 

CADM I IM 
MG/KG-DRY 

CHROMIUM 

LEAD 

MERCURY 

MG/KG-DRY 

MG/KG-DRY 

MG/KG-DRY 

MG/ KG - DRY 
NICKEL 

SELENIUM 
MG/ KG- DRY 

MG/KG- DRY 
SILVER 

TEALLIUM 

NITXOG,NO2+N03,SZD 

MOISTURE 

MG/KG-DRY 

MG /KG- DRY 

%WET .WT 
SODIUM 

MG/KG- DRY 

UG /G- DRY 
CHLORIDE.SED 

TCLP EXTRACTION-METALS 

FIELD GROUP !TBTDS 
ALL ALL 

BT1- O O l A  
STORET !TBTDS 
m T H O D  1 

11/18/97 
12:58 

1098 c0.036 
6020-G 
1003 ~0.073 

1008 cO.364 
6020-G 

6020-G 
1013 0.078 

1028 co.015 

1029 cO.364 

1052 cO.146 

6020-G 

6020-G 

6020-G 

6020-G 
71921 0.047 
6020-G 
1068 cO.364 

1148 0.385 

1078 0.027 

34480 c0.007 

633 95600 

6020-G 

6020-G 

6020-G 

6020-G 

353.2M-G 
70320 0.05 

9 34 NRQ 

99120 NRQ 

97160 NRQ 

ASTM-G 

6010-G 

TITR 

131l.M-G 

PROJEm MANAGER 
LAB COORDINATOR RICHARD ROBINSON 

BT1- 0048 
! TBTDS 

2 

11/19/97 
17:50 

BRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

MQ 

47100 

0 .05  

47600 

NRQ 

MQ 

BTl - 0068 
! TBTDS 

3 

11/20/97 
11 : 00 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

fmQ 

NRQ 

WRQ 

9590 

0.05 

37200 

NRQ 

NRQ 

BT1-0086 BT1-008D 
!TBTDS !TBTDS 

4 5 

11/20/97 11/20/97 
20:45 20:48 

NRQ NRQ 

NRQ NRQ 

NRQ NRQ 

NRQ NRQ 

NRQ NRQ 

NRQ NRQ 

NRQ NRQ 

NRQ MQ 

NRQ NRQ 

NRQ NRQ 

NRQ NRQ 

NRQ NRQ 

33800 NRQ 

0.05 NRQ 

79500 NRQ 

NA NRQ 

M Q  01/21/98 

BT2-0038 
! TBTDS 

6 

12/03/97 
11 : 00 

BRRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

MCQ 

NRQ 

NRQ 

NRQ 

8570 

0.05 

26500 

NRQ 

NRQ 

BT2-0056 
! TBTDS 

7 

12/03/97 
15:30 

NRQ 

NRQ 

NRQ 

NiZQ 

NXQ 

NRQ 

NRQ 

NJRQ 

NRQ 

NRQ 

NRQ 

NRQ 

6090 

0 . 0 5  

20200 

NRQ 

NRQ 

~ ~ 2 - 0 0 7 ~  
! TBTDS 

8 

12/03/97 
21:23 

NRQ 

mQ 

KRQ 

k%Q 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

10100 

0.05 

31200 

525 

NRQ 

A method was not performed for % moisture. Tne molsture content f o r  these samples was assumed to be negllglble. 



SAM?LE ID’S 
PARAMETERS 

UNITS 

DATE 
TIME 

QST Environmental DATE 05/21/98 STATUS : FINAL PAGE 2 
PROJECT NUMSER 1297373 0201 PROJECT NAUE TELADYNE BROWN: THORIUM DEMO 
FIELD GROUP !TBTDS PROJECT MANAGER 
ALL ALL LAB COORDINATOR RICHARD ROBINSON 

BT2-007C BT4-003B BT4-005B BT4-007B BT4-007C BTS-0033 
STORET !TBToS !TBTDS !TBTDS !TBTDS !TBTDS !TBTDS 
METHOD 9 10 11 12 13 14 

12/03/97 12/11/97 12/11/97 12/12/97 12/12/97 12/12/97 
21124 11:29 19:03 12 : 12 12:13 

NITROG,NOZ+N03,SED 633 NilQ 6040 2040 3690 NRQ 8780 

MOISTURE 70320 NRQ 0.05 0.05 0.05 NRQ 0 . c 5  
MG/KG-DRY 353.2M-G 

%WET WT ASTM-G 

MG/KG - DRY 6010-G 

I 

SODILW 934 NRQ 9040 7510 12400 NRQ 20400 

TCLP EXTRACTION-METALS 97160 01/21/98 NRQ NliQ NRQ 01/21/98 NRQ 
1311M-G 

BT5-00% BTS-007E 
! TBTDS ! TBTDS 

15 16 

12/12/97 12/12/97 

6190 3000 

3.05 0 . 0 5  

13000 21300 

hT.Q NRQ 

- _ _ _ _  
A method was not performed f o r  Z moisture. The moisture content for these samples vas assumed to be negligible. 



/ 
PST Environmental DATE 05/21/98 STATUS : FINAL PKGE 3 

P R O J E C T  NUMBER 1297373 0201 
FIELD GROUP !?BTDS 
AJJL ALL 

SAMPLE I D ' S  
P-TERS 

UNITS 

DATE 
TIME: 

ANTIMONY 

ARSENIC 

BILRIIJM 

MG/ KG -DRY 

MG/ KG- DRY 

MGIKG- DRY 
BZRYLLILTM 

MG/ KG- DIiY 
CADMIUM 

MG/ KG- DRY 

MG/KG- DRY 
CHROMIUM 

tEAD 

MERLCJRY 
MG IKG-  DXY 

MG / KG- DRY 
NICKEL 

MG/KG- DRY 
SELENIUM 

MGJKG-DRY 
SILVER 

MG/ KG-DRY 
TH+LILIM 

MG/KG- DRY 
NITROG,h'OZ*N03,SED 

MG/ KG - DXY 
%WET WT 

MOISTURE 

TCLP EXTRACTION-METALS 

STORET 
METHOD 

1098 
6020-G 
1003 

6020-G 
1008  

6020-G 
1013 

6020-G 
1028 

6020-G 
1029 

6020-G 
1052 

6020-G 
71921 
6020-G 
1068 

6020-G 
1148 

6020-G 
1078 

6020-G 
34480 
6020-G 

633 
353.2M-G 

70320 
ASTM-G 
97160 

1311M-G 

BT5- 007C 
! TBTDS 

17 

12/12/97 

NRG 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

MQ 

NRQ 

M Q  

NRQ 

NRQ 

NRQ 

MQ 

NRQ 

01/21/98 

PROJECT NAME TELADYNE ERO'HN: THORIUM DSMO 
PROJECT MANAGER 
L A 8  COORDINATOR RICWARD ROBINSON CC 

BT1- 009B 
! TBTDS 

18 

02/26/98 
15:02 

~ 0 . 0 5 0  

c0.099 

< o .  497 

0.041 

< o .  020 

4.58 

c0.199 

0.016 

0.563 

c0. 199 

0.013 

c o .  010 

34900 

0.05 

NRQ 

BT2- OO8A 
! TSTDS 

19 

02/26/98 
15:05 

NRQ 

NRQ 

NRQ 

Mi) 

M Q  

NRQ 

MQ 

NRQ 

MQ 

NRQ 

NRR 

NRQ 

18500 

0.05 

NilQ 

BT4-008A 
!'rnTDS 

20 

02/26/98 
15 : 09 

NRQ 

NRQ 

EmQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

EmQ 

NRQ 

NRQ 

NRQ 

5970 

0.05 

03/13/98 

5 

21 

02/26/98 
15:13 

NRQ 

NRQ 

NRQ 

MQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

NRQ 

18000 

0.05 

NRQ 

A method was not performed for  0 moisture. The moisture content for these samples was assumed to be negligible. 



QST Environmental DATE 05/21/98 STATUS : FINAL PAGE 1 

SAMPLE ID'S 
PAFdMETERS 

UNITS 

DATE 
TIME 

ANTIMONY,TOTAL 
UG/L 

ARSENIC. TOTAL 
VG/L 

BARIUM, TOTAL 
UG/L 

UG/L 
CADMIUM. TOTAL 

UG/L 
CHROMIUM, TOTAL 

UG/L 
LEAD, TOTAL 

UG/L 
MERCURY,TOTAL 

UG/L 
N1CKEL.TOTA.L 

UG/L 
SELENIUM, TOTAL 

UG/L 
S1LVER.TOTA.L 

UG/L 
THALLIUM, TOTAL 

UG/L 

. BERYLLIUM,TOTAL 

PROJECT NUMBER 1297373 0201 
FIELD GROUP !TBTDSL 
ALL w 

STORET 
METHOD 

1097 
6020-G 
1002 

6020-G 
1007 

6020-G 
1012 

6020-G 
1027 

6020-G 
1034 

6020-G 
1051 

6020-G 
71900 
6020-G 
1067 

6020-G 
1147 

6020-G 
1077 

6020-G 
1059 

6020-G 

BTI- 0 OED 
! TBTDSL 

5 

01/21/98 

1.5 

4.1 

1160 

2.2 

0.2 

79.6 

23.1 

0.386 

32.7 

12.7 

0.2 

r0.1 

PROJECT NAME TELRDYNE BROWN: THORIUM DEMO 
PROJECT MANAGER 
LAB COORDINATOR RICIiARD ROBINSON 

BT2-007C BT4-007C 
!TBTDSL !TBTDSL 

9 13 

01/21/98 01/21/98 

co.5 20.5 

cl.0 cl.0 

52 0 635 

co.2 co.2 

0.2 0.2 

5.3 6.1 

10.5 5.3 

co.200 co.200 

2.0 3.7 

c2.0 c2.0 

0.1 co.1 

<0.1 <0.1 

BT5-007C 
! TBTDSL 

17 

01/21/98 

22.8 

3.2 

2770 

14.3 

0.9 

84.7 

23.7 

0.626 

26.4 

26.1 

0.4 

<O.l 

BT4 - 0 08A 
! TBTDSL 

20 

03/13/98 

co.5 

c1.0 

146 

co.2 

co.1 

4.1 

0.6 

co.200 

1.1 

c2.0 

GO.1 

<0.1 



QST Environmental DATE 05/15/98 STATUS : PAGE 1 

SAMPLE ID‘S 
PARAMETERS 

VN ITS 

UATE 
TIM’ 

ANTIMONY,TOTAL 
UG/L 

ARSENIC. TOTAL 
oc/L 

HARIIM, TOT& 
UG/L 

BERYLLIUM, TOTAL 
M / L  

“!IUH,TOTAL 
UG/L 

CHUOMIUM,TOTAL 
=/e  

LEAD, TOTAL 

UG/L 

UO/L 

m/1* 

U G I L  

IG/L 

UGIL 

MERCURY, TOTAL 

NICKEl,, TOTAL 

SEIS34IWl, TOTAL 

SILVER,TOTAL 

THALLIUM, TOTAL 

STURET 
H E M O D  

1097 
6020-G 

1002 
6020-G 

1007 
6020-G 

1012 
60204 

1027 
60204 

1034 
60204 

1051 
6020-G 
71900 
6020-c 

1067 
6020-G 

1147 
6020-0 

1077 
6020-G 

1059 
6 0 2 0 4  

ALL 

€IT1 - O O B n  
lTBTDSL 

5 

01/21/98 

1.5 

4.1 

1160 

2.2 

0 . 2  

79.6 

23.1 

0.386 

32.7 

12.7 

0.2 

< O . l  

ALL 

BT2-007C 
I?-a’fDSL 

9 

01/21/98 

co.5 

< 1 . 0  

520 

co.2 

0.2 

5.3 

10.5 

<0.200 

2.0 

c2.0 

0.1 

C 0 . i  

PRChlECT NAME TELADYNE BROWN: THORIM DEW 
P R W E C T  M F E R  
LhB COORDINATOR RICHARD ROBINSON 

RT4 -007C 
! TDTDSL 

13 

01/2 1/98 

co.5 

<l.O 

635 

c0.2 

0.2 

6.1 

5 . 3  

co . 2 0 0  

3.7 

c2.0 

< O . l  

<0.l. 

RTS - O O l C  
lTRTDSL 

17 

01/21/98 

22.0 

3.2 

2770 

14.3 

0.9 

84.7 

23.7 

0 , 6 2 6  

26.4 

26.3 

0.1 

< O . l  

BT4 - 0 0 8 A  
! TBTDSL 

20 

03/13/98 

co.5 

c1.0 

14 6 

c o  2 

<0.1 

1.1 

0.6 

<o. 200 

1 . 1  

cz.0 

c o . 1  

c o . 1  

P 
i 
0 

7 



FAX 
TO: 

2010 N.W. 67TH PLACE 
GAINESVILLE, FL. 32653 

(352) 373-6066 
fax (352) 338-7922 

Ben Crocker 

FAX#: I (423) 425 - 1248 

I---- I 

FROM: I Tom Yarbrough 

DATE: 1 0210 5/98 - 

SUBJECT: Calcining Test Results i 
PAGES: 1 2 

IJW (Including cover) 
h 
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THORIUM (PERMA-FIX) ------ SEE OFFICIAL LAB REPORT 

PROJ SUB SMPL ID CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMKl16 

KWMKI 16 
KWMKI16 
KWMKll6 
KWMK116 
KWMK116 
KWMK116 
KWMKll6 
KWMK116 
KWMK116 
KWMKl16 
KWMK116 
KWMKll6 
KWMK116 

KWMK116 

KWMKll6 

KWMKI 16 
KVVMK116 
KWMK116 
KWMKI 16 
KWMKI 16 
KWMK116 
KWMKll6 
KWMKl16 
KWMKl16 
KWMKI 16 

W K f  16 

THORIUM1 

THORlUMl 
THORIUM1 
THORlUMl 
THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 
THORIUM1 
THORIUM1 
THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 

THORIUM1 

THORIUM1 

THORlUMl 
THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 
THORIUM1 
THORIUM1 
THORIUM1 
THORIUM1 
THORlUMl 

THORtUMl 

A980480119 BTI-002C 

A9804801 19 
A980480119 
A9804801 19 
A9804801 19 
A980480 11 9 
A9804801 19 
A9804801 19 
A9804801 19 
A9804801 19 
A9804801 19 
A9804801 19 
A9804801 19 
A9804801 19 

BT1 -002C 
BT1-002C 
BT1-002C 
ET1 -002C 
BT1-002C 
BT1-0026 
BTI -002'2 
BT1-002C 
BTI -002C 
BT1-002C 
BT1-002C 
BT1-002C 
871 -002C 

A980480119 BT1-002C 

A9804801 19 BT1-002'2 

A980480119 BT1-002C 
A9804801 19 BTI-OO2C 
A9804801 19 BT1-002C 
A980480119 BT1-002C 
A9804801 f 9 ET1 -002C 
~~a0480119  BTI-002~ 
A980480119 BT1-002C 
A980480119 BT1-002C 
A9804801 19 BT1-002C 
A980480119 5T1-002C 

A980480119 BT1-002C 

ICPMS2008 

ICPMS2008 
lCPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
lCPMS2008 
iCPMS2008 
CPMS2008 
ICPMS2008 
1CPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 

IONCHROM 

HG7470 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPECWP 
GAMS PEC-WP 
GAMSPEC-WP 

Thorium 

Antimony 
Arsenic 
Barium 
Beryllium 
Cad m i u rn 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thafliurn 
Vanadium 
Zinc 

Nitrate 

Mercury 

Actinium228 
Cadmium-IO9 
Cesium-134 
Cesium-13? 
Cobalt-57 
Cobalt40 
Potassium40 
Protactinium-234m 
Thorium234 
Uranium-235 

TOTALACT-WP Total Activity 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 

230000 

200 
1000 
1000 
200 
300 
500 
500 

5000 
1000 
200 
200 
200 

2000 

34 0000 

20 

2.14E7 
2.06E7 

NA 
NA 

!' NA 
NA 
NA 
NA 

3.59E6 
NA 

2 . 4 ~ 8  

mglL 

uglL 
uglL 
ug1L 
uglL 
uglL 
ug/L 
uglL 

uglL 
ug/L 
ug/L 
uglL 
uglL 

ug l i  

mglL 

uglL 

150000 pCilL 
800000 pCilL 

pCi/L 
pCVL 
p@VL 
pCVL 
pCVL 
pCVL 

pCVL 
370000 pCVL 

500000 pCi/L 
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THORIUM (PERMA-FIX) ---- SEE OFFICIAL LAB REPORT. 

PROJ SUB SMPL ID CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFONC UNIT 

KWMKl16 

KWMK116 
KWMKI 16 
KWMK116 
KWMKI 16 
KWMKl16 
KWMK116 
KWMKll6 
tWMK116 
KWMKll6 
KWMK116 
KWMKI 16 
KWMKll6 
M K 1 1 6  

KWMKI 16 

KWMKll6 

KWMKll6 
KWNlKl16 
KWMKl16 
KWMK116 
KWMK116 
KWMKI16 
KWMKl16 
KWMKl16 
KWMK116 
KWMK116 

THORIUM1 

THORlUMl 
THORIUM 1 
THORIUM1 
THORlUMl 
THORIUM1 
THORIUM1 
THORlUMl 
THORIUM1 
THORIUM1 
THORIUM1 
THORlUMl 
THORlUMl 
THORlUMl 

THORlUMl 

THORlUMl 

THORIUM1 
THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 
THORlUMl 
THORIUM1 
THORlUMl 
THORlUMl 
THORIUM1 

A9804801 20 BT2-001 C 

A9804801 20 
A980480120 
A9804801 20 
A9804801 20 
A980480120 
A980480120 
A980480120 
A980480120 
A980480120 
A980480120 
A9804801 20 
A980480120 
A9804801 20 

6T2-001C 
BT2-OOlC 
BT2-001C 
BT2-001C 
BT2-001C 
BT2-001 C 
BT2-001 C 
6T2-001 C 
BT2-001 C 
BT2-001C 
BT2-OOlC 
BT2-001 C 
BT2-001C 

A980480120 6T2-001C 

A980480120 BT2-001C 

~9804aoi20 
A980480120 
A980480120 
A980480120 
A980480120 
A980480120 
A980480120 
A960480120 
A980480120 
A980480120 

BT2-001 C 
BT2-001 C 
BT2-001 C 
BT2-001C 
BT2- 00 1 C 
BT2-001C 
BT2-001 C 
BT2-001 C 
8T2-00 1 C 
BT2-OO1C 

lCPMS2008 

ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS200B 
ICPMS2008 
ICPMS2008 
tCPMS2008 
ICPMS2008 
lCPMS200B 
ICPMS2008 
ICPMS2008 

IONCHROM 

HG7470 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-Wf' 
GAMSPEC-WP 
GAMSPEGWP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 

Thorium 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

Nitrate 

Mercury 

Actinium-228 
Cadmium-109 
Cerium-144 
Cesium-134 
Cesium-I37 
Cobalt-57 
Cobalt40 
Potassium40 
Protactinium-234m 
Thorium-234 

< 
< 
< 
< 
< 
< 
< 
< 
C 

< 
< 
< 
< 

< 

260000 

200 
1000 
1000 
200 
300 
500 
500 

5000 
1000 
200 
200 
200 

2000 

410000 

20 

2.47E7 
7.25E6 
1.59E5 

NA 
NA 
NA 
NA 
NA 

3.78E6 

! N A  

mglL 

ug/L 
uglL 
uglL 
ug/L 
ug/L 
ug1L 
uglL 
uglL 
ug/L 
ug/L 
ugtL 
uglL 
uglL 

mglL 

uglL 

150000 pCi1L 
810000 pCilL 
110000 pCilL 

pCVL 
pCi/L 
pCiiL 
PCllL 
pCVL 
pCilL 

390000 pCilL 
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THORIUM (PERMA-FIX) ----- SEE OFFICIAL LAB REPORT. 

PROJ SUB SMPL ID CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMK116 

KWMKl16 

KWMK116 

KWMKt 16 
KWMKl16 
KWMKl16 
KWMK116 
KWMK116 
W K 1 1 6  
KWMKl16 
KWMKll6 
W K 1 1 6  
KWMKl16 
KWMKI 16 
KWMKl16 
KWMKl16 

W K I  16 

KWMKI 16 

KWMK146 
KWMK116 
KWFAKl46 
W K I  16 
W K 1  16 
KWMKl16 
W K l 1 6  

THORIUM1 

THORIUM1 

THORIUM1 

THORIUM1 
THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 
THORlUMl 
THORIUM1 
THORIUM1 
THORIUM1 
THORlUMl 
THORlUMl 
THORlUMl 
THORIUM1 

THORlUMd 

THORlUMl 

THORlUMl 
THORIUM? 
THORIUM 1 
THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 

A9804801 20 BT2-001 C 

A980480120 8T2-001C 

A980480 12 1 BT4-00 1 C 

A980480121 
A980480121 
A980480121 
A980480121 
A980480121 
A9804801 21 
A980480121 
A980480121 
A9804801 21 
A9804801 2 I 
A9804801 21 
A980480121 
A980480121 

BT4-001 C 
BT4-001 C 
BT4-001 C 
BT4-001 C 
8T4-001 C 
BT4-0016 
BT4-001C 
BT4-001C 
BT4-001C 
BT4-001 C 
BT4-001 C 
BT4-001 C 
BT4-001C 

A980480121 BT4-001C 

A980480121 BT4-001C 

A980400121 BT4-0016 
A980480121 BT4-001C 
A980460121 BT4-001C 
A980480121 BT4-OOlC 
A980480121 5T4-OOIC 
A980480121 BT4-001C 
A980480121 BT4-0016 

GAMSPEC-WP 

TOTALACT-WP 

ICPMS2008 

ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
lCPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 

IONCHROM 

HG7470 

GAMSPECWP 
GAMSPEC-W 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 

Uranium-235 

Total Activity 

Thorium 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thaltium 
Vanadium 
Zinc 

Nitrate 

Mercury 

Actinium-228 
Cadmium-109 
Cesium-134 
Cesium-437 
Coball-57 
Cobalt40 
Potassium40 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 

NA 

2.83E3 

260000 

200 
1000 
1000 
200 
300 
500 
500 

5000 
1000 
200 
200 
200 

2000 

350000 

20 

2j44E7 
2.35E7 

NA 
NA 
NA 
NA 
NA 

pCilL 

540000 pCilL 

mglL 

uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
UglL 
ug l i  
ug1L 
uglL 
uglL 
ug l l  
uglL 

m g l i  

uglL 

160000 pCilL 
760000 pCi/L 

pCUL 
pCUL 
pCi/L 
pCilL 
PCUt 
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THORIUM (PERMA-FIX) ------ SEE OFFICIAL LAB REPORT. 

PROJ SUB SMPL ID CUST SMPL ID TEST ANALME PREFIX RESULT QUAL CNFDNC UNIT 

KWMKll6 
KWMKI 16 
KWMKl16 

KWMKll6 

KWMKll6 

KWMKl16 
KWMKl16 
KWMKl16 
KWMKll6 
KWMKll6 
KWMK116 
KWMKll6 
KWMKll6 
KWMKll6 
KWMKl16 
KWMKl16 
KWMKll6 
KWMK116 

KWMK116 

, KWMK116 

KWMKIlG 
KWMK116 
KWMKl16 
KWMK116 
KWMK116 

THORIUM1 
THORIUM1 
THORIUM1 

THORlUMl 

THORlUMl 

THORfUMl 
THORIUM1 
THORIUM 1 
THORlUMl 
THORlUMl 
THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 
THORlUMl 
THORlUMl 
THORlUMl 
THORlUMl 

THORlUMl 

THORIUM1 

THORIUM1 
THORIUM1 
THORIUM1 
THORIUM1 
THORlUMl 

A9804801 21 BT4-001 C 
A980480121 BT4-001C 
A9804801 21 BT4-001 C 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 

Protactinium-234m 
Thorium-234 
Uranium-235 

A980480121 BT4-00lC 

A980480122 BT5-001C 

A980480122 
A980480122 
A980480122 
A9804801 22 
A980480 122 
A980480122 
A9804801 22 
A9804801 22 
A980480122 
A980480122 
A980480122 
A980480122 
A980480122 

BT5-001C 
BT5-OO1C 
BT5-001 C 
BT5-001 C 
BT5-OQ1C 
BTS-001 c 
BT5-001 C 
BT5-001 C 
BT5-001C 
BT5-001 C 
BT5-001 C 
BT5-001 C 
BT5-001 C 

A880480122 BT5-001C 

A980480122 BT5401C 

A980480122 BT5401C 
A980480122 BT5-001C 
A980480122 BT5-001C 
A980480122 BT5-001 C 
A980480122 BT5OOlC 

TOTALACT-WP 

ICPMS2008 

ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMSZOOB 
fCPMS2008 

IONCHROM 

HG7470 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WF' 
GAMSPEC-WP 
GAMSPEGWP 

Total Activity 

Thorium 

Antimony 
Arsenic 
Barium 
Beryltium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

Nitrate 

Mercury 

Actinium-228 
Cadmium-109 
Cesium-1 34 
Cesium-1 37 
Cobalt-57 

< 
C 

< 
< 
< 
< 
< 
< 
< 
< 
< 

< 

NA 
6.38E6 

NA 

2.84E8 

260000 

290 
1000 
1000 
200 
300 
500 
500 
5000 
1000 
200 
200 
200 

13000 

4 10000 

! 20 

2.51E7 
6.60E6 

NA 
NA 
NA 

pCilL 
420000 pCilL 

pCilL 

540000 pCilL 

mglL 

ugJL 
uglL 
uglL 
uglL 
ugJL 
ug/L 
uglL 
ug l l  
uglL 
uglL 
ug/L 
uglL 
uglL 

uglL 

160000 pCUL 
790000 pCilL 

pCilL 
pCilL 
pCVL 
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THORIUM (PERMA-FIX) ------ SEE OFFICIAL LAB REPORT. 

PROJ SUB SMPL ID CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMKll6 
KWMKI 16 
KWMKI 16 
KWMKi 16 
KWMKl16 

W M K l t 6  

KWMKZ 16 

KWMK116 

KWMK116 
KWMKli6 
KWMKl16 
KWMKll6 
KWMKI 16 
KWMKl16 
KWMK116 
KWMK116 
KWMK116 
KWMKI 16 
KWMK116 
KWMKl.16 
KWMKl16 

KWMKI 16 

KWMKl16 

KWMK116 

THORlUMl 
THORIUM1 
THORIUM1 
THORIUM1 
THORlUMl 

THORIUM1 

THORlUMl 

THORlUMl 

THORIUM1 
THORIUM1 
THORlUMl 
THORlUMl 
THORlUMl 
THORIUMl 
THORlUMl 
THORlUMl 
THORIUM? 
THORIUM1 
THORIUM1 
THORIUM1 
THORIUM1 

THORIUM1 

THORIUM1 

THORlUMl 

A980480122 BT5-001C 
A960460122 BT5-001C 
A980480122 5T5-001C 
A980480122 BT5-001C 
A980480122 5T5-001C 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 

Cobalt-60 
Potassium40 
Protactinium-234m 
Thorium-234 
Uranium-235 

A960480122 BT5-001C 

A980480123 BT2-005d 

A980480123 BT2-005d 

A9804601 23 
A980480123 
A980480123 
A980480123 
A980480123 
A980480123 
A980480123 
A980480123 
A960480123 
A980480123 
A980480123 
A980480123 
~9804~0123  

BT2-005d 
BT2-005d 
BT2-005d 
BT2-005d 
BT2-005d 
872-005d 
BT2-005d 
BT2-005d 
BT2-005d 
BT2-005d 
BT2-005d 
87'2-005d 
BT2-005d 

A980480123 BT2-005d 

A980480123 BT2-005d 

A980480123 BT2-005d 

TOTALACT-WP 

lCP6010 

ICPMS2006 

ICPMS2008 
lCPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2006 
ICPMS2008 
1CPMS2008 
ICPMS2008 
ICPMS2008 
1 C P M S 2 00 8 
ICPMS2008 
lCPMS2008 

JONCWROM 

HG7471 

KARL-FISCHER 

Total Activity 

Sodium 

Thorium 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

Nitrate 

Mercury 

Moisture 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 

NA 
NA 

4.31E6 
4.12E6 
3.85E4 

2.68E8 

21200 

780000 

2 
10 
10 
2 
3 
5 
5 

50 
10 
2 
2 
2 

! 20 

36000 

0.2 

465000 

pCilL 
pCilL 

2800000 pCi/L 
380000 pCi/L 

19000 pCilL 

520000 pCi1L 

26-Mar-98 RPT: RESULTS 9 A Page 5 of 23 



THORIUM (PERMA-FIX) ----- SEE OFFICIAL LAB REPORT. 

PROJ SUB SMPL ID CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMKI 16 
KWMKll6 
KWMKll6 
KWMK116 
KWMK116 
KWMK116 
KWMKl16 
KWMKll6 
KWMK116 
WMK116 

KWMKl16 
KWMK116 

KWMKll6 

KWMK116 

KWMK116 

KWAilKll6 
KWMK116 
KWMKI 16 
KWMKI 16 
KWMKl16 
KWMK1 l6 
KWMK116 
KWMK116 
KWMK11S 
KWMKl16 
KWMKl16 

THORIUM1 
THORlUMl 
THORIUM1 
THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 
THORlUMl 
THORIUM1 
THORIUM1 

THORlUMl 
THORIUM1 

THORlUMl 

THORlUMl 

THORIUM1 

THORlUMl 
THORlUMl 
THORlUMl 
THORlUMl 
THORlUMl 
THORlUMl 
THORlUMl 
THORlUMl 
THORIUM 1 
THORlUMl 
THORIUM1 

A9804801 23 
A980480123 
A9804801 23 
A980480123 
A980480123 
A980480123 
A980480123 
A980480123 
A980480123 
A980400123 

BT2-005d 
BT2-005d 
BT2-005d 
BT2-005d 
BT2-005d 
BT2-005d 
BT2-005d 
BT2-005d 
812-005d 
BT2-005d 

A980480 123 BT2-005d 
A980480123 BT2-005d 

A9804801 23 BT2-005d 

A980480124 BT4-005d 

A980480124 BT4-005d 

A9804801 24 
A980480 124 
A9804801 24 
A980480124 
A980480124 
A980480124 
A980480124 
A980480124 
A980480124 
A980480124 
A980480124 

BT4-005d 
BT4-005d 
BT4-005d 
BT4-005d 
BT4-005d 
BT4-005d 
BT4-005d 
BT4-005d 
BT4-005d 
BT4-005d 
BT4-005d 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 

Actinium-228 
Cadmium-109 
Cesium-1 34 
Cesium-I 37 
Cobalt-57 
Cobalt-60 
Potassium40 
Protactinium-234m 
Thorium-234 
Uranium-235 

GRUSSAB-WP Alpha activity 
GROSSAB-WP Beta activity 

TOTALACT-WP Total Activity 

ICP6010 Sodium 

lCPMS2008 Thorium 

ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
iCPMS2008 
ICPMS2008 
ICPMS2008 

Antimony 
Arsenic 
Barium 
Beryllium 
Cedmium 
Chromium 
Lead 
Nickel 
Selenium 
Sliver 
Thallium 

< 
< 
< 
< 
e 

e 
< 
< 
e 

< 
< 

3.24E4 
2.05E4 

NA 
NA 
NA 
NA 
NA 
NA 

5.01 E3 
NA 

3.20E5 
1.33E5 

3.73E5 

7600 

870000 

2 
10 
10 

j' 10 
3 
5 
5 

50 
10 
2 
2 

660 pCi@ 
2800 pCi/g 

pCilg 
pCilg 
pCi/g 
PC&I 
pC ilg 
pCilg 

1300 pCilg 
pCilg 

13000 pCilg 
6000 pCilg 

3800 pCilg 
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THORIUM {PERMA-FIX) ------ SEE OFFICIAL LAB REPORT 

PROJ SUB SMPL 10 CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMK116 
KWMK116 

KWMKI 16 

KWMK116 

KWMKI 16 

KWMKI 16 
KWMK716 
KWMKl16 
KWMKll6 
KWMKl16 
KWMKl16 
KWMKJ 16 
KWMKI 16 
KWMKl16 

KWMK116 
KWMKI 16 

KWMK116 

KWMKl16 

KWMK146 

KWMK116 
KWMK116 
KWMK116 

THORIUM1 
THORlUMl 

THORiUMl 

THORIUM1 

THORlUMi 

THORLUMI 
THORlUMl 
THORlUMl 
THORIUM1 
THORlUMl 
THORlUMl 
THORlUMl 
THORIUM1 
THORlUMl 

THORIUM I 
THORIUM1 

THORIUM1 

THORIUM1 

THORlUMl 

THORlUMl 
THORIUM1 
THORlUMY 

A980480124 BT4-005d 
A980480124 BT4-005d 

A980480124 BT4-005d 

A980480124 5T4-005d 

A980480124 5T4-005d 

A980480124 
A9804801 24 
A9804801 24 
A9804851 24 
A9804801 24 
A980480124 
A980480124 
A980480124 
A980480124 

BT4-005d 
BT4-005d 
BT4-005d 
BT4-005d 
BT4-005d 
BT4-005d 
BT4-005d 
BT4-005d 
BT4-005d 

A980480124 BT4-005d 
A980480424 BT4-0056 

A980480124 BT4-005d 

A980480125 BT5-005d 

A980480125 BT5-00% 

A980480125 BT5-005d 
A980480125 BT5-005d 
A980480125 BT5-005d 

lCPMS2008 Vanadium 
ICPMS2008 Zinc 

IONCHROM Nitrate 

HG7471 Mercury 

KARL-FISCWER Moisture 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-W 
GAMSPEC-WP 
GAMSPEC-WP 
GAMS PEC-WP 

Actinium-228 
Cesium- 134 
Cesium-137 
Cobalt-57 
Co ball-60 
Potassium40 
Protactinium-234m 
Thorium-234 
Uranium-235 

GROSSAB-WP Alpha activity 
GROSSAB-WP Beta activity 

TOTALACT-WP Total Activity 

ICP6010 Sodium 

ICPMS2008 Thorium 

ICPMS2008 Antimony 
ICPMS2008 Arsenic 
lCPMS2008 Barium 

< 2 
< 20 

12000 

< 0.2 

253000 

3 96E4 
NA 
NA 
NA 
NA 
NA 
NA 

9.42E3 
NA 

4.33E5 
1.57E5 

4.79E5 

12300 

640005 

< 2 
c 10 
< 10 

640 pCilg 
pCi1g 
pCi/g 
pCilg 
pCilg 

pCilg 
1100 pCilg 

pCilg 

pCilg 

14000 pCilg 
6250 pCi1g 

4100 pCilg 
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THORIUM (PERMA-FIX) --I- SEE OFFICIAL LAB REPORT. 

PROJ SUB SMPL iD CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFONC UNIT 

KWMKll6 
KWMK116 
KWMK116 
KWMKll6 
KWMKl16 
KWMKll6 
KWMKl16 
KWMKI 16 
KWMK116 
KWMKl16 

KWMKll6 

KWMKI 16 

KWMKll6 

KWMK116 
KWMKll6 
KWMKll6 
KWMKl16 
M K 1 1 6  
KWMKll6 
KWMK116 
W K t  16 
KWMKl16 
KWMKl16 

KWMKl16 
KWMKl16 

THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 
THORIUM1 
THORlUMl 
THORlUMl 
THORIUM1 
THORlUMl 
THORIUM1 

THORlUMl 

THORIUM1 

THORIUM 1 

THORlUMl 
THORIUM1 
THORIUM1 
THORlUMl 
THORIUM1 
THORIUM 1 
THORlUMl 
THORlUMl 
THORlUMl 
THORIUM1 

THORlUMl 
THORIUM1 

A980480125 
A980480125 
A9804801 25 
A980480125 
A980480125 
A980480125 
A9804801 25 
A980480125 
~9804ao i  25 
A9804801 25 

BT5-005d 
BT5-005d 
BT5-005d 
6 T 5 - 0 0 5 d 
BT5-005d 
BT5-005d 
BT5-005d 
BT5-005d 
BT5-005d 
BT5-005d 

A9804801 25 BT5-005d 

A980480125 BT5-005d 

A980480125 BT5-005d 

~9804eoi25 
A980480125 
A980480125 
A980480125 
A980480125 
A9804801 25 
A980480125 
A980480125 
AB80480125 
~ g e o a o i 2 5  

B T 5 - 0 0 5 d 
BT5-005d 
BT5-005d 
BT5-005d 
BT5-005d 
BT5-005d 
ET5-005d 
BT5-005d 
BT5-005d 
BT5-005d 

A980480125 BT5-005d 
A980480125 BT5-005d 

ICPMS2008 
ICPMS2008 
IC P M S 2 0 0 8 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2006 
ICPMS2008 

Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

6ONCHROM Nitrate 

HG7471 Mercury 

KARL-FISCHER Moisture 

GAMSPEC-W 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
CAMSPEC-WP 

Actinium-226 
Cadmium-1 09 
Cesium-134 
Cesium-1 37 
Cobalt-57 
Cobalt40 
Potassium40 
Protactinium-234m 
Thorium-234 
Uranium-235 

GROSSAB-WP Alpha activity 
GROSSAB-WP Beta activity 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 

2 
3 
5 
5 

50 
10 
2 

2 
2 

20 

38000 

0.2 

209000 

2.13E4 
1.83E4 

NA 
NA 
NA 
NA 
NA 

' NA 
3.18E3 

NA 

2.59E5 
8 72E4 

520 pCi/g 

pCilg 
pCilg 
PCi44 
pCilg 
P C h  
pCilg 

900 pCilg 

2000 pCilg 

Pcvg 

11000 pCi1g 
4600 pCilg 
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THORIUM (PERMA-FIX) ----- SEE OFFiClAL LAB REPORT 

PROJ SUB SMPL ID GUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMKll6 

KWMKl16 

KWMKll6 

KWMKI 16 
KWMKl16 
KWMK116 
KWMKll6 
KWMK116 
KWMKl16 
KWMKll6 
KWMK116 
KWMK116 
KWMKl 16 
KWMK116 
KWMK116 

KWMKIlG 

KWMK196 
KWMK116 
KWMKI16 
KWMK116 

KWMKS 16 

KWNIK116 
KWMKI 16 

THORlUMl 

THORIUM1 

THORlUMl 

THORIUM1 
THORlUMl 
THORlUMl 
THORIUM1 
THORlUMl 
THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 
THORIUM1 
THORlUMl 
THORlUMl 

THORIUM1 

THORIUM1 
THORlUMl 
THORIUM1 
THORlUMl 

THORIUM1 

THORIUM1 
THORIUM1 

A980480125 BT5-005d 

A980490201 BT2-007e 

A980490201 BT2-007e 

A980490201 
A980490201 
A980490201 
A980490201 
A980490201 
A980490201 
A980490201 
A980490201 
A980490201 
A980490201 
A980490201 
A980490201 

BT2-007e 
BT2-007e 
BT2-007e 
BT2-007e 
B T 2 - 0 0 7 e 
BT2-007e 
BT2-007e 
BT2-007e 
BT2-007e 
BT2-007e 
5T2-007e 
BT2-007e 

A980490201 BT2-007e 

A980490201 BT2-007e 
A980490201 BT2-007e 
A980490201 BT2-OO7e 
A900490201 BT2-007ti 

A980490201 BT2-007e 

A980490201 BT2-007e 
A980490201 BT2-007e 

TOTALACT-WP 

ICP6010 

iCPMS2008 

ICPMSTCLP 
ICPMSTCLP 
lCPMSTCLP 
IC PM STC L P 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 

IONCHROM 

TCLPEXN-NV 
TCLPEXN-NV 
TCLPEXN-NV 
TCLPEXN-NV 

TCLPHG 

TCLPSE 
TCLPSE 

Total Activity 

Sodium 

Thorium 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Silver 
Thallium 
Vanadium 
Zinc 

Nitrate 

Extraction fluid number 
Percent Solids 

Sample Weight 
PH 

Mercury 

Selenium 
Selenium 

< 
< 

< 
< 
< 
< 

< 
< 
< 
< 

< 

< 
< 

3.35E5 

32000 

490000 

200 
1000 
710 
20 
30 
50 
50 
39 
20 
20 
20 

390 

58000 

2 
100 

! 5.87 
100.01 

20 

400 
400 

3400 pCVg 

m g l b  

ug/g 

uglL 
uglL 
ug1L 
uglL 
uglL 
uglL 
uglL 
ug1L 
ug/L 
uglL 
uglL 
uglL 

ug/g 

none 
% 

none 
9 

ug/L 

uglL 
uglL 
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THORIUM (PERMA-FIX) ------ SEE OFFICIAL LAB REPORT 

i 

PROJ SUB SMPL ID CUST SMPL ID TEST ANALYTE 
~ ~ 

PREFIX RESULT QUAL CNFONC UNIT 

KWMK116 
KWMKl16 
KWMKll6 
KWMKll6 
KWMKlt6 
KWMKl16 
KWMKll6 
KWMKll6 
KWMK116 
KWMK116 

KWMKll6 
KWMKI 16 

KWMK116 

KWMKll6 

KWMK116 

KWMKl16 
KWMKl16 
KWMK116 
KWMKl16 
KWMKl16 
KWMKl16 
KWMKl16 
KWMKll6 
UWMK116 
KWMK116 
KWMKl16 

THORIUM 1 
THORIUM1 
THORIUM1 
THORlUMl 
THORIUM1 
THORIUM 1 
THORlUMl 
THORlUMl 
THORIUM1 
THORiUMl 

THORIUM1 
THORIUM1 

THORIUM1 

THORlUMl 

THORIUM1 

THORlUMl 
THORlUMl 
THORlUMl 
THORlUMl 
THORIUM1 
THORlUMl 
THORlUMl 
THORIUM1 
THORlUMl 
THORlUMl 
THORlUMl 

A98049020 1 
A980490201 
A980490201 
A980490201 
A980490201 
A9B0490201 
A980490201 
A980490201 
A980490201 
A980490201 

BT2-007e 
BT2-007e 
BT2-007e 
BT2-007e 

012-007e 
8T2-007e 
BT2-007e 
BT2-007e 

BT2-007e 

8T2-007e 

A980490201 BT2-007e 
A980490201 BT2-007e 

A980490201 BT2-007e 

A960490202 BT4-007e 

A980490202 BT4-007e 

A980490202 
A9804 90202 
A980490202 
A980490202 
A980490202 
A900490202 
A980490202 
A980490202 
A980490202 
A980490202 
A980490202 

BT4-007e 
BT4-007e 
BT4-007e 
BT4-007e 
BT4407e 
BT4-007e 
8T4-007e 
BT4-0076 
BT4-007% 
BT4-007e 
BT4-007e 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 

Actinium-226 
Cadmium-1 09 
Cesium-134 
Cesium- 137 
Cobalt-57 
Cobalt-60 
Potassium40 
Protactinium-234m 
Thorium-234 
Uranium-235 

GROSSAB-WP Alpha activity 
GROSSAB-WP Beta activity 

TOTALACT-WP Total Activity 

ICP6010 Sodium 

ICPMS2008 Thorium 

1CPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Silver 
Thallium 
Vanadium . 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

5.73E4 
3 77E3 

NA 
NA 
NA 
NA 
NA 
NA 

7.33E3 
NA 

1.36E5 
6.63E4 

5.76E5 

13900 

27000 

200 
1000 
100 

I '  20 
30 
50 
50 

300 
20 
20 
20 

710 pCilg 
4000 pCi/g 

pCilg 
pCifg 
pCilg 
pCi/g 
pCilg 
pCilg 

1500 pCi/g 
pCifg 

7300 pCilg 
3700 pCilg 

4000 pCi/g 

mg/kg 

uglg 

uglL 
uglL 
uglL 
ug/L 
uglL 
ug/L 
ug/L 
uglL 
uglL 
ug/L 
uglL 
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THORIUM (PERMA-FIX) ------ SEE OFFICIAL LA3 REPORT. 

PROJ SUB SMPL ID CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMK116 

KWMKI 16 

KWMK? 16 
KWMKl16 
KWMK116 
KWMKll6 

KWMK116 

KWMK116 
KWMKll6 

KWMKl16 
KWMK116 
KWMK116 
KWMKll6 
KWMKI16 
KWMKl16 
KWMKl16 
KWMK116 
W K 1 1 6  
W K 1 1 6  

KWMKl16 
KWMKi 16 

KWMK116 

KWMK11S 

THORlUMl 

THORIUM1 

THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 

THORIUM1 

THORIUM1 
THORlUMl 

THORIUM1 
THORlUMl 
THORlUMl 
THORIUM 1 
THORlUMl 
THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 
THORlUMl 

THORIUM1 
THORIUM1 

THORIUM1 

THORlUMl 

A980490202 BT4-007e ICPMSTCLP Zinc 

A980490202 BT4-007e 

A980490202 BT4-007e 
A980490202 BT4-007e 
A980490202 BT4-007e 
A980490202 Bi4-007e 

A980490202 BT4-007e 

A980490202 8T4-007e 
A980490202 BT4-007e 

A980490202 
A980490202 
A980490202 
A950490202 
A98 0490202 
A980490202 
A980490202 
A950490202 
~ 9 a ~ 9 0 2 0 2  
A980490202 

BT4-007e 
BT4-007e 
BT4-007e 
BT4-007e 

BT4-007e 
BT4-007e 
0T4-007e 

BT4-007e 

3T4-007e 
BT4-007e 

A980490202 BT4-007e 
A980490202 BT4-007e 

A980490202 BT4-007% 

A980490203 BJ5-007e 

IONCHROM Nilrate 

TCLPEXN-NV Extraction fluid numbei 
TCLPEXN-NV Percent Solids 

TCLPEXN-NV Sample Weight 
TCLPEXN-NV pH 

TCLPHG Mercury 

TCLPSE Selenium 
TCLPSE Selenium 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMS P E C - W  
GAMSPEC-WP 
GAMSPEC-W 

Actinium-228 
Cadmium-109 
Cesium-1 34 
Cesium-1 37 
Coball-57 
Cobalt40 
Potassium40 
Protactinium-234m 
Thorium-234 
Uranium-235 

GROSSAB-WP Alpha activity 
GROSSAB-WP Beta activity 

TOTALACT-WP Total Activity 

ICP6010 Sodiwm 

< 200 

22000 

1 
100 

3 11 
100 07 

< 20 

< 400 
< 400 

7.05E4 
4.57E4 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.95E5 
2.38E5 

6.84E5 

29200 

uglL 

W g  

none 
% 

none 
9 

ug/L 

ug/L 
uglL 

770 pCVg 
3800 pCilg 

pCilg 
pCilg 
pCilg 
p C ilg 
pCilg 
pCilg 
PC?J 
P W  

'15000 pCllg 
6400 pci/g 

4200 pCUg 

m g w  
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THORIUM (PERMA-FIX) - SEE OFFICIAL LAB REPORT. 

PROJ SUB SMPL ID CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMK116 

KWMKll6 
KWMK116 
KWMKll6 
KWMK116 
KWMKll6 
KWMKll6 
KWMK116 
KWMKll6 
KWMKI 16 
KWMKl16 
KWMKlIG 
KWMKll6 

KWMKll6 

KWMK116 
KWMKl16 
KWMKl16 
KWMKl16 

KWMKl16 

KWMK116 
KWMK116 

KWMKl16 
KWMK116 
M K 1 1 6  

THORlUMl 

THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 
THORlUM 1 
THORIUM1 
THORIUM1 
THORIUM1 
THORlUMl 
THORlUMl 
THORIUM1 
THORlUMl 

THORIUM1 

THORlUMl 
THORlUMl 
THORlUMl 
THORlUMl 

THORlUMl 

THORIUMl 
THORlUMl 

THORlUMl 
THORlUMl 
THORlUMl 

A980490203 BT5-007e 

A980490203 
A980490203 
A980490203 
A980490203 
A980490203 
A980490203 
A980490203 
A980490203 
A980490203 
A980490203 
A980490203 
A980490203 

BT5-007e 
BT5-007e 
BT5-007e 
BT5-007e 
BT5-007e 
BT5-007e 
ST5-007e 
BT5-007e 
BT5-007e 
BT5-007e 
BT5-007e 
BT5-007e 

A980490203 BT5-007e 

A980490203 BT5-007e 
A980490203 BT5-007e 
A980490203 BT5-007e 
A980490203 BT5407e 

A980490203 BT5-007e 

A980490203 BT5-007e 
A900490203 BT5-007e 

A980490203 8T5-007e 
A980490203 BT5-007e 
A980490203 BT5-0079 

ICPMS2008 

ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICP MSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 
ICPMSTCLP 

IONCHROM 

TCLPEXN-NV 
TCLPEXN-NV 
TCLPEXN-NV 
TCLPEXN-NV 

TCLPHG 

TCLPSE 
TCLPSE 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 

Thorium 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Silver 
Thallium 
Vanadium 
Zinc 

Nitrate 

Extraction fluid number 
Percent Sotids 

Sample Weight 
PH 

Mercury 

Selenium 
Selenium 

Actinium-228 
Cadmium-109 
Cesium-134 

< 
< 

< 
< 
C 

< 
< 
< 
< 
C 

< 

< 
< 

570000 

200 
1000 
84 0 
20 
50 
50 
50 

300 
20 
20 
20 

210 

70000 

1 
100 

2.02 
75.42 

20 

400 
400 

!' 

4.39E4 
2.61 E4 

NA 

ug/g 

uglL 
ugfL 
uglL 
uglL 
uglL 
uglL 
ug/L 
ugiL 
uglL 
ug/L 
uglL 
uglL 

ugh 

none 
YO 

none 
9 

ugiL 

uglL 
UglL 

580 pCilg 
2700 pCi/g 

pCilg 
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THORIUM (PERMA-FIX) ------ SEE OFFICIAL LAB REPORT. 

-~ ~- 

PROJ SUB SMPL ID GUST SMPL ID TEST ANALYTE PREFlX RESULT QUAL CNFDNC UNlT 

KWMK116 
KWMKl16 
KWMKI 16 
KWMK116 
KWMKI 16 
KWMKll6 
KWMKl16 

KWMK116 
KWMKlt6 

KWMK116 

KWMKI 16 

WMK116 
KWMK116 
KWMKl16 
KWMKl16 
KWMK116 
KWMKl16 
KWMK116 
KWMKt 16 
W K 1 1 6  
t(wMKl16 
KWMKi i 6  
KVVMKl16 
KWMKi16 
KWMK116 

KWMK116 

THORIUM4 
THORIUM1 
THORlUMl 
THORIUM1 
THORIUM1 
THORlUMl 
THORIUM1 

THORlUMl 
THORlUMl 

THORlUMl 

THORIUM1 

THORIUMI 
THORlUMl 
THORIUM1 
THORlUMl 
THORlUMl 
THORIUM1 
THORIUM? 
THORIUM! 
THORIUMI 
THORlUMl 
THORlUMl 
THORlUMl 
THORlUMl 
THORIUM1 

THORIUM1 

A980490203 BT5-007e 
A980490203 5T5-007e 
A980490203 BT5-007e 
A980490203 BT5-007e 
~980490203 5T5-007e 
A980490203 BT5-007e 
A980490203 5T5-007e 

A980490203 5T5-007e 
A980490203 BT5-007e 

A980490203 5T5-007e 

A98049021 1 BT2-009~ 

A98049021 1 
A98049021 1 
A98049021 1 
AY80490211 
A98049021 1 
A98049021 1 
A98049021 1 
A98049021 1 
A98049021 1 
A98049021 1 
A98049021 4 
A98049021 I 
A98049021 1 
A98049021 1 

A98049021 1 BT2-009~ 

GAMSPEC-WP Cesium-137 
GAMSPEC-WP Cobalt-57 
GAMSPEC-WP Cobalt-60 
GAMSPEC-WP Potassium40 
GAMSPEC-WP Protactinium-234m 
GAMSPEC-WP Thorium-234 
GAMSPEC-WP Uranium-235 

GROSSAB-WP Alpha activity 
GROSSAB-WP Beta activity 

TOTALACT-WP Total Activity 

ICP6010 Sodium 

ICPMS2008 
lCPMS2008 
CPMS2008 
ICPMS2008. 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
1CPMS2008 
1CPMS2008 
lCPMS2008 
iCPMS2008 
ICPMS2008 
ICPMS2008 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thallium 
Thorium 
Vanadium 
Zinc 

OCPMS2008 Thorium 

NA 
NA 
NA 
NA 
MA 

5.32E3 
NA 

3.80E5 
1.55E5 

5.11E5 

20 

< 20 
< 100 
< 100 
< 25 
< 30 
< 50 
< 50 
< 500 
< !' 100 
< 20 
C 20 

NA 
< 20 
< 200 

530 

pCilg 
pCilg 
pCi/g 
pCilg 
pCilg 

1200 pCi/g 
pCilg 

11000 pCi1g 
5000 pCily 

3500 pCilg 

mg1L 

uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
uylL 
UglL 
uglL 
uglL 
ug1L 
uglL 
ug1L 
uglL 

mglt 
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THORIUM (PERMA-FIX) ---- SEE OFFICIAL LAB REPORT. 
~~ 

PROJ SUB SMPL ID CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMKl16 

KWMKl16 

KWMK116 
KWMK116 
KWMK116 
KWMKI16 
KWMK116 
KWMKI 16 
KWMK116 
KWMKl16 
KWMKll6 
KWMK116 

KWMKl16 

KWMK116 

KWMKl16 
KWMK116 
KWMKll6 
KWMKl16 
KWMK116 
KWMKll6 
W K l 1 6  
KWMKll6 
KWMKl16 
KWMK116 
KWMK116 

THORlUMl 

THORlUMl 

THORlUMl 
THORlUMl 
THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 
THORlUMl 
THORIUM1 
THORIUM1 
THORIUM1 

THORlUMl 

THORIUM1 

THORIUM1 
THORlUMl 
THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 
THORIUM1 
THORlUMl 
THORlUMl 
THORlUMl 
THORlUMl 

A980490211 6T2-009~ 

A98049021 1 BT2-009~ 

A98049021 1 
A98049021 1 
A98049021 1 
A9804902 1 1 
A98049021 1 
A98049021 1 
A98049021 1 
A98049021 I 
A980490211 
A98049021 1 

BT2-009~ 
BT2-009~ 
6T2-009~ 
BT2-009~ 
BT2-009~ 
BT2-009~ 
BT2-009~ 
BT2-009~ 
BT2-009C 
5T2-009C 

A98049021 1 BT2-009~ 

A980490212 6T2-006a 

A980490212 
A98049021 2 
A980490212 

A980490212 
A980480212 
A980490212 
A98049021 2 
A980490212 
A980490212 
A980490212 

~gaoa0212 

BT2-006a 
BT2-006a 

BT2-006a 
BT2-006a 
BT2-006a 
BT2-006a 
BT2-OOga 
BT2-006a 
BT2-006a 
BT2-006a 

Bl2-0068 

IONCHROM Nitrate 

HG7470 Mercury 

GAMSPEC-WP 
GAMSPEC- WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 

Actinium-228 
Cadmium-109 
Cesium-134 
Cesium-1 37 
Cobalt-57 
Cobalt-60 
Potasslum-40 
Protactinium-234m 
Thorium-234 
Uranium-235 

TOTALACT-WP Total Activity 

ICP6010 Sodium 

ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMSSMIB 
ICPMS2008 
ICPMS200B 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thallium 

< 

< 
< 
< 
C 

< 

C 

< 
< 
< 
< 

1300 

20 

9 21E4 
6.42E4 

NA 
NA 
NA 
NA 
NA 
NA 

1 .%E4 
NA 

9.77E5 

30700 

20 
100 
100 

, 20 
30 

210 
50 

500 
100 
20 
20 

mglL 

uglL 

1700 pC1lL 

pCdL 
PCllL 
PCllL 
PCllL 
PCllL 
pCJL 

PCIlL 

6700 pCi1L 

3200 pCi1L 

9700 pCi1L 

mglL 

uglL 
ug1L 
ug1L 
uglL 
uglL 
uglL 
uglL 
uglL 
ug1L 
uglL 
ug/L 
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THORIUM (PERMA-FIX) ----- SEE OFFICIAL LAB REPORT 

PROJ SUB SMPL ID CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMKl16 
KWMKll6 
KWMKI 16 

KWMKll6 

KWMKl16 

KWMKI 16 

KWMK116 
KWMKI 16 
KWMKl16 
KWMK116 
W M K f  16 
KWMKl16 
KWMKI 16 
KWMKll6 
KWMKl16 

KWMKl16 

KWMK116 

KWMKll6 
KWMK116 
KWMKl16 
KWMKI 16 
KWMKI 16 
KWMKI 16 
KWMKl16 

THORIUM1 
THORlUMl 
THORIUM1 

THORlUMl 

THORlUMl 

THORIUM1 

THORIUM1 
THORlUMl 
THORIUM1 
THORIUM1 
THORlUMl 
THORIUM3 
THORIUMl 
THORlUMl 
THORIUM1 

THORIUM1 

THORIUM1 

THORIUM1 
THORlUMl 
THORIUM1 
THORIUM1 
THORIUM? 
THORlUMl 
THORlUMl 

A98049021 2 BT2-006a 

A98049021 2 BT2-006a 

A980490212 BT2-006a 

A98049021 2 BT2-006a 

A980490212 BT2-006a 

A98049021 2 BT2-006a 

A98049021 2 
A98049021 2 
A980490212 
A980490242 
A98049021 2 
A980490212 
A980490212 
A980499212 
A980490212 

BT2-006a 
BT2-006a 
BT2-006a 
BT2-006a 
BT2-006a 
BT2-006a 
BT2-006a 
BT2-006a 
8T2-006a 

A980490212 BT2-006a 

A980490213 BT4-009~ 

A980490213 BT4-009~ 
A98049021 3 BT4-009~ 
A98049021 3 BT4-009~ 
A98049021 3 BT4-009~ 
A960490213 BT4-009C 
A98049021 3 BT4-009C 
A98049021 3 BT4-009~ 

ICPMS2008 Thorium 
ICPMS2008 Vanadium 
ICPMS2008 Zinc 

ICPMS2008 Thorium 

IONCHROM Nitrate 

HG7470 Mercury 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMS P E C-WP 

Actinium-228 
Cesium-134 
Cesium-137 
Cobalt-57 
Cobalt40 
Potassium40 
Protactinium-234m 
Thorium-234 
Uranium-235 

TOTALACT-WP Total Activity 

Sodium ICP6010 

ICPMS2008 Antimony 
ICPMS2008 Arsenic 
ICPMS2008 Barium 
lCPMS2008 Beryllium 
ICPMS2008 Cadmium 
lCPMS2008 Chromium 
ICPMS2008 Lead 

< 
< 

< 

< 

< 
< 
< 
< 
< 
< 
< 

NA 
20 

200 

0.10 

94000 

20 

6.49E3 
NA 
NA 
NA 
NA 
NA 
NA 

11.81 E3 
1.76E2 

7.55E4 

40 

5 20 
100 
100 
20 
30 
50 
50 

uglL 
ug1L 
uglL 

mglL 

mglL 

ug/L 

620 pCi/L 
pCilL 
pCi/L 
pCi/L 
pCilL 
pCi/L 
pCi/L 

1200 pCilL 
330 pCilL 

3100 pCi/L 

mglL 

ug/L 
ug/L 
uglL 
vglL 
uglL 
uglL 
ug!L 
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THORIUM (PERMA-FIX) --I-- SEE OFFICIAL LAB REPORT. 
~ ~ ~~ ~ ~ 

PROJ sue SMPL ID CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMKt 16 
KWMK116 
KWMKl16 
KWMK116 
KWMKll6 
KWMKl16 
KWMK116 

KWMKll6 

KWMKll6 

KWMKl16 

KWMKll6 
KWMK116 
KWMKI 16 
KWMKll6 
KWMK116 
KWMKl16 
KWMK116 
KWMKt 16 
KWMK116 
KWMKl16 

KWMKl16 

KWMK116 

KWMK116 
KWMK116 

THOR1UM1 
THORlUMl 
THORIUM1 
THORIUM1 
THORlUMl 
THORIUM 1 
THORIUM1 

THORIUM1 

THORlUMl 

THORIUM 1 

THORlUMl 
THORlUMl 
THORlUMl 
THORIUM1 
THORlUMl 
THORlUMl 
THORIUM1 
THORlUMl 
THORtUM1 
THORlUMl 

THORIUM1 

THORIUM 1 

THORIUMI 
THORIUM1 

A980490213 BT4-009~ 
A960490213 BT4-009~ 
A98049021 3 BT4-009~ 
A98049021 3 BT4-009~ 
A98049021 3 BT4-009C 
A96049021 3 BT4-009~ 
A98049021 3 BT4-009C 

A98049021 3 BT4-009C 

A98049021 3 BT4-009c 

A98049021 3 BT4-009C 

A98049021 3 
A9804902t 3 
A96049021 3 
A98049021 3 
A98049021 3 
A98049021 3 
A98049021 3 
A98049021 3 
A98049021 3 
A98049021 3 

BT4-009C 
BT4-009~ 
BT4-009C 
BT4-009~ 
BT4-009~ 
BT4-009C 
BT4-OOQC 
BT4-009C 
0T4-009~ 
BT4-009~ 

A98049021 3 BT4-009~ 

A980490214 8T2-006~ 

A980490214 BT2-006~ 
A980490214 BT2-006~ 

ICPMS2008 Nickel 
lCPMS2006 Selenium 
ICPMS2008 Silver 
ICPMS2008 Thallium 
IcPMszoo8 Thorium 
ICPMS2008 Vanadium 
ICPMS2008 Zinc 

ICPMS2008 Thorium 

IQNCHROM Nitrate 

HG7470 Mercury 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-W 
GAMSPEC-WP 

Actinium-228 
Cadmium-109 
Cesium-134 
Cesium-1 37 
Cobalt-57 
Cobalt-60 
Potassium40 
Protactinium-234m 
Thorium-234 
Uranium-235 

TOTALACT-WP Total Activity 

ICP6010 Sodium 

ICPMS2008 Antimony 
ICPMS2008 Arsenic 

500 
100 
20 
20 

NA 
20 

200 

350 

240 

20 

8 . 0 8 ~ 4  
1.50E4 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.79E5 

3570 

20 
100 

uglL 
uglL 
uglL 
ugll. 
ug/L 
uglL 
ug1L 

mglL 

mglL 

uglL 

1300 pCilL 
5200 pCilL 

pCi1L 
pCilL 
pCiiL 
pCi/L 
pCilL 
pCilL 
pCi/L 
pCi/L 

9700 pCi/L 

mglL 

uglL 
uglL 
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THORIUM (PERMA-FIX) --- SEE OFFICIAL LAB REPORT 

PROJ SUB SMPL IO CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMKl16 
KWMKl16 
KWMK116 
KWMK116 
KWMKi 16 
KWMK116 
KWMKl16 
KWMK116 
KWMKl16 
KWMKll6 
KWMKl16 
KWMKll6 

KWMKl16 

M K 1 1 6  

KWMKI 16 

KWMKl16 
KWMKll6 
KWMKl16 
KWMKl16 
KWMKI 16 
KWMK11G 
KWMKl16 
lKWMK116 
I(WMK116 
KWMKll6 

KWMK1 16 

THORIUM1 
THORlUMl 
THORIUM7 
THORIUM1 
THORIUM1 
THORlUMl 
THORIUM1 
THORIUM1 
THORlUMl 
THORIUM1 
THORIUM1 
THORlUMl 

THORIUM1 

THORIUM1 

THORIUM? 

THORtUMl 
THORlUMl 
THORIUM1 
THORIUM1 
THORIUM1 
THORlUMl 
THORIUM1 
THORIUM1 
THORIUM1 
THORIUM1 

THORIUM1 

A98049021 4 
A98049021 4 
A980490214 
A9804902 14 
A9804902 14 
A98049021 4 
A980490214 
A980490214 
A980490214 
A980490214 
A980490214 
A9804902 14 

BT2-006~ 
BT2-006~ 
BT2-006~ 
BT2-006~ 
BT2-006~ 
B T 2 - 0 0 6 c 
BT2-006~ 
B T 2 - 0 0 6 c 
BT2-006~ 
BT2-006~ 
BT2-006~ 
BT2-006C 

A980490214 BT2-006~ 

A980490214 BT2-006~ 

A980490214 BT2-006~ 

A980490214 
A980490214 
A980490214 
A980490214 
A980490214 
A980490244 
A98049021 4 
A980490214 
~ ~ 8 0 4 9 0 2 1 4  
A98049021 4 

BT2-006C 
BT2-006~ 
BT2-006~ 
BT2-006C 
6T2-006~ 
BT2-006C 
BT2-006~ 
BT2-006~ 

0T2-006c 
BTZ-OO~C 

A980490214 5T2-006~ 

ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
iCPMS2008 
ICPMS2008 

Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thallium 
Thorium 
Vanadium 
Zinc 

ICPMS2008 Thorium 

IONCHROM Nitrate 

HG7470 Mercury 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WF' 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-W 
GAMSPEC-WP 

Actinium-228 
Cadmium-109 
Cesium-134 
Cesium-137 
Cobalt-57 
Cobalt430 
Potassium40 
Prataclinium-234m 
Thorium-234 
Uranium-235 

TOTALACT-WP Total Activity 

< 
< 
< 
< 

< 

< 
< 
< 
< 

< 
< 

< 

100 
20 
30 
50 
50 

500 
I00 
20 
20 

NA 
20 

200 

0.24 

1 1000 

20 

9.07E4 
3.72E4 

NA 
NA 
NA 

! NA 
NA 
NA 

8.54E3 
NA 

7.94E5 

uglL 
ug/L 
ugl i  
ug/L 
ugl i  
ug/L 
ugl i  
uglL 
ug/L 
uglL 
ug l i  
ug/L 

mg/L 

mg/L 

ug/L 

1600 pCi!L 
5300 pCi/L 

pCilL 
pCilL 
pCi/L 
pCik 
pCilL 
pCilL 

2600 pCi/L 
pCi/L 

8800 pCilL 
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THORIUM (PERMA-FIX) ----- SEE OFFICIAL LAB REPORT. 

PROJ SUB SMPL ID CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMKll6 

KWMK116 
KWMK116 
KWMKI 16 
KWMKll6 
KWMKll6 
KWMKti6 
W K 1 1 6  
KWMKll6 
KWMK116 
KWMKll6 
KWMKl16 
KWMKl16 
KWMKl16 
KWMKl16 

KWMKl16 

KWMK116 

K\MMK116 

KWMKI 16 
KWMK116 
KWMK116 
KWMKtl6 
KWMKl16 
KWMKl16 
KWMK116 
KWMK116 

THORIUM1 

THORIUM1 
THORlUMl 
THORIUM1 
THORIUM1 
THORlUMl 
THORIUM1 
THORIUM 1 
THORIUM1 
THORIUM1 
THORIUM1 
THORIUM1 
THORlUMl 
THORlUMl 
THORlUMl 

THORIUM1 

THORlUMl 

THORIUM1 

THORIUM1 
THORIUM1 
THORIUM1 
THORIUM1 
THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 

A98049021 5 BT5-009~ 

A9804902 15 BT5-009~ 
A9804902 t 5 BT5-009~ 
A980490215 BT5-009C 
A980490215 BT5-009~ 
A980490215 BT5-009~ 
A98049021 5 BT5-009~ 
A980490215 BT5-009~ 
A98049021 5 BT5-009c 
A98049021 5 BT5-009C 
A98049021 5 BT5-009C 
A98049021 5 BT5-009~ 
A960490215 BT5-009~ 
A980490215 BT5-009~ 
A96049021 5 BT5-009C 

A98049021 5 BT5-009~ 

A98049021 5 BT5-009~ 

A96049021 5 BT5-009~ 

A980490215 
A98049021 5 
A98049021 5 
A98049021 5 
A98049021 5 
A96049021 5 
A98049021 5 
A98049021 5 

ICP6010 

ICPMS2008 
ICPMS2008 
ICPMS2OOB 
ICPMS2008 
ICPMS2008 
iCPMSZOO8 
ICPMS2008 
ICPMSZOOB 
ICPMS2008 
ICPMS2008 
ICPMS2008 
lCPMS2008 
ICPMS2008 
ICPMS2008 

ICPMS2008 

IONCHROM 

HG7470 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 

Sodium 

Ant tmony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thatlrum 
Thorium 
Vanadium 
Zinc 

Thorium 

Nitrate 

Mercury 

Actinium-228 
Cadmium-I09 
Cesium-I34 
Cesium-137 
Cobalt-57 
Cobalt40 
Potassium40 
Protactiniurn.234m 

< 
< 
< 
< 
e 

< 
< 
< 
c 

< 

< 
< 

< 

40 

20 
100 
100 
20 
30 
50 
50 

500 
100 
23 
20 

NA 
20 

200 

250 

1500 

20 

9.97E4 
8.b4E4 1 

NA 
NA 
NA 
NA 
NA 
NA 

1800 
IO000 

mg1L 

ug1L 
ug1L 

uglL 
uglL 

uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
ugtL 
UQlL 
uglL 
ug1L 

mgiL 

mgIL 

UQlL 

pCi/L 
pCUL 
pCi/L 
pCilL 
pCilL 
pCilL 
pCi1L 
PWL 
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THORIUM (PERMA-FIX) SEE OFFICIAL LA5 REPORT 

PROJ SUB SMPL ID CUST SMPL IO TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMKl16 
KWMK116 

KWMKl16 

KWMK116 

KWMKI 16 
KWMK116 
KWMKl16 
KWMKl16 
WMK116 
KWMKi 16 
KWMK116 
KWMKl16 
I(WMK116 
KWMK116 
KWMKl16 
KWMKl16 
KWMKl16 
W K I  16 

KWMKl16 

KWMK116 

KWMKl16 

KWMKl16 
KWMK116 
KWMKl16 

THORIUMI 
THORIUM: 

THORIUM1 

THORIUM! 

THORlUMl 
THORlUMl 
THORIUM1 
THORlUMl 
THORlUMt 
THORlUMl 
THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 
THORlUMl 
THORlUMl 
THORIUM1 
THORIUM 1 

THORlUMl 

THORlUMl 

THORIUMI 

THORIUM1 
THORIUM1 
THORlUMl 

A98049021 5 BT5-009~ 
A98049021 5 BT5-009~ 

A98049021 5 BT5-009c 

A980490216 BT5-006~ 

A9804902 16 
A580490216 
A98049021 6 
A98049021 6 

A980490216 
A980490216 
A980490216 
~ga04902i6 
A980490216 
A980490216 
A98049021 6 

A980490216 
A980490216 
A980490216 

A58049021 6 63-5-006~ 

A980490216 BT5-006~ 

A980490216 5T5-006~ 

A980450216 BT5-006~ 
A98049021 6 BT5-006~ 
A980490216 BT5-006~ 

GAMSPEC-WP 
GAMSPEC-WP 

TOTALACT-WP 

lCP6010 

ICPMS2008 
ICPMS2008 
iCPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
lCPMS2008 
lCPMS2008 
ICPMS2008 
ICPMS20UE 
ICPMS2008 
1CPMS2008 
ICPMS2008 
1CPMS2008 

ICPMS2008 

lONCHROM 

HG7470 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 

Thorium-234 
Uranium-235 

Total Activity 

Sodium 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thallium 
Thorium 
Vanadium 
Zinc 

Thorium 

Nitrate 

Mercury 

Actinium-228 
Cesium-134 
Cesium-I37 

< 

< 
< 
< 
< 

< 
< 
< 
< 
< 

< 
< 

1.43E4 
NA 

9 97E5 

24900 

20 
100 
100 
20 
30 
51 
50 

500 
900 
20 
20 

NA 
20 

200 

7.0 

80000 

180 

5.62E3 
NA 

3.50E2 

4500 pCilL 
pCilL 

9800 pCill 

mg1L 

UglL 
uglL 
uglL 
uglL 
ug/L 
ug1L 
uglL 
ug1L 
uglL 
uglL 
ug1L 
uglL 
uglL 
ug l l  

mg/L 

mglL 

u g l i  

520 pCilL 
pCilL 

160 pCi/L 
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THORIUM (PERMA-FIX) ----- SEE OFFICIAL LAB REPORT. 
I 

PROJ SUB SMPL ID CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMKll6 
KWMKl16 
KWMKll6 
KWMKl 16 
KWMKll6 
KWMKll6 

KWMK116 

KWMKllS 

KWMK116 
KWMK116 
KWMKl16 
KWMKll6 
KWMKll6 
KWMKl 16 
KWMK116 
KWMKl16 
KWMKl16 
KWMKI I 6  
KWMKl16 
KWMKl16 
KWMK116 

KWMK116 

KWMK116 

KWMKI 16 

THORlUMl 
THORlUMl 
THORIUM1 
THORlUMl 
THORlUMl 
THORIUM1 

THORIUM1 

THORiUMl 

THORlUMl 
THORkUMl 
THORlUMl 
THORlUMl 
THORIUM1 
THORlUMl 
THORlUMl 
THORlUMl 
THORIUM1 
THORlUMl 
THORlUMl 
THORlUMl 
THORl UM 1 

THORIUM1 

THORlUMl 

THORIUM1 

A980490216 BT5-006~ 
A980490216 BT5-006~ 
A980490216 BT5-006~ 
A980490216 BT5-006~ 
A980490216 ET5-006C 
A980490216 ET5-006~ 

A980490216 BT5-006~ 

A980490233 CLB1-002d 

A980490233 CL01-002d 
A980490233 CLBl -0026 
A960490233 CLB1-002d 
A980490233 CLB1-002d 
A980490233 CLBl -002d 
A980490233 CLBl -002d 
A980490233 CLBI-002d 
A980490233 CLB1-002d 
A980490233 CLB1-002d 
A980490233 CLBl-002d 
A980490233 CLB1-002d 
A980490233 CLB1-002d 
A980490233 CLB1-002d 

A980490233 CLB1-002d 

A980490233 CLB1-002d 

A980490233 CLBl-002d 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 

TOTALACT-W P 

ICP6010 

ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2006 
lCPMSZOO8 
ICPMS2008 
ICPMS20o8 
ICPMS2008 
ICPMS2006 
lCPMSZW8 
ICPMS2008 
ICPMS2008 
ICPMS2008 

ICPMS2008 

IONCHROM 

HG7470 

Cobalt-57 
Cobalt-60 
Potassium40 
Protactinium-234m 
Thorium-234 
Uranium235 

Total Activity 

Sodium 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thallium 
Thorium 
Zinc 

Thorium 

Nitrate 

Mercury 

C 

< 
< 
C 

< 
< 
< 
< 
c 

c 

C 

< 

C 

C 

NA 
NA 
NA 
NA 

5 . 1 ~ ~ 3  
2.34E2 

7.07E4 

40 

20 
100 
100 
20 
30 
50 
50 

500 
100 
20 
20 

NA 
i' 200 

0.1 

530 

20 

PCllL 
pCilL 
pCi/L 
pCi/L 

910 pCilL 
190 pCilL 

3000 pCilL 

mglL 

uglL 
uglL 
uglL 
uglL 
uglL 
uglL 
ugfL 
uglL 
uglL 
uglL 
uglL 
uglL 
ug/L 

mglL 

mglL 

uglL 
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THORIUM (PERMA-FIX) ---- SEE OFFICIAL LAB REPORT. 
~ ~~ 

PROJ SUB SMPL ID CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMKl16 
KWMKl16 
KWMKI 16 
KWMK116 
KWMKl16 
KWMKl16 
KWMKl16 
KWMKl16 
KWMKll6 

KWMKll6 

KWMKll6 

KWMK116 

KWMKl16 

KWMKI 16 
KWMK116 
KWMK116 
KWMKl16 
KWMKl18 
KWMKI 16 
KWMK116 
iW?~4K116 
KWMKl16 
KWMK116 
KWMK116 
KWMKl16 
KWMKl16 

THORIUM1 
THORlUMl 
THORIUMI 
THORIUM1 
THOHlUMl 
THORlUMl 
THORl UM 1 
THORlUMl 
THORIUM1 

THORIUM1 

THORlUMl 

THORIUM1 

THORlUMl 

THORIUM1 
THORlUMl 
THORIUM1 
THORlUMl 
THORlUMl 
THORIUM1 
THORlUMl 
THORIUM1 
THORIUM1 
THORlUMl 
THORIUM3 
THORIUM1 
THORlUMl 

A980490233 
~gao490233 
~ga0490233 
A980490233 
A980490233 
A980490233 
A980490233 
A980490233 
A980490233 

CLBl-002d 
CLB1-002d 
CLB1-002d 
CLBVOO2d 
CLBl-002d 
CLB1-002d 
CLBl-002d 
CL81-002d 
CLB4-002d 

A980490233 CLBI-002d 

A980490233 CLB1-002d 

A980490234 CLB2-002d 

A980490234 CLB2-002d 

A980490234 
A980490234 
A980490234 
A980490234 
A980490234 
A980490234 
A980490234 
A980490234 
A980490234 
A980490234 
A980490234 
A980490234 
A980490234 

CLB2-002d 
CLB2-002d 
CLB2-002d 
CLB2-002d 
CLB2-002d 
CLB2-002d 

CLB2-002d 
CLB2-002d 

CLB2-002d 
CLB2-002d 
CLB2-002d 
CLB2-002d 
ChB2-002d 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 

Cesium-I34 
Cesium-I 37 
Cobalt-57 
Cobalt-60 
Potass~um-40 
Prolaclinium-234m 
Radium-226 
Thorium-234 
Uranium-235 

TOTALACT-WP Total Aclivily 

TOTALRA-ENV Total Radium Alpha 

ICP6010 Sodium 

ICPMS2008 Thorium 

ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
lCPMS2008 
1CPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2008 
lCPMSZOO8 
ICPMS2008 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thallium 
Thorium 
Vanadium 

< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.60E3 

220 

28500 

0.1 

20 
100 
100 
20 
30 
50 

" 50 
500 
100 
20 
20 
NA 
20 

pCilL 
pCilL 
PCIIL 
pCi/L 
pCilL 
pCilL 
pCilL 
pCi1L 
pCi1L 

1700 pCilL 

40 pCilL 

mglL 

mg1L 

uglL 
uglL 
uglL 
ug1L 
ug1L 
uglL 
uglL 
ugl l  
ugIL 
ug1L 
UglL 
uglL 
uglh 
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THORIUM (PERMA-FIX) ----- SEE OFFICIAL CAB REPORT. 

PROJ SUB SMPL ID CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMKl16 

KWMKI 16 

KWMKI 16 

KWMK116 
KWMKll6 
KWMKl16 
KWMKl16 
KWMKI 16 
KWMKl16 
KWMK116 
KWMK116 
KWMK116 
KWMK116 

KWMKl 16 

KWMKl16 

KWMK116 

KWMK116 

KWMKl16 
KWMKl16 
KWMKl16 
KWMK116 
KWMK116 
KWMK116 

THORIUM1 

THORlUMl 

THORlUMl 

THORlUMl 
THORlUMl 
THORIUM1 
THORIUM1 
THORIUM1 
THORIUM1 
THORIUM1 
THORIUM1 
THORIUM1 
THORlUMl 

THORlUMl 

THORIUM1 

THORlUMl 

THORIUM1 

THORlUMl 
THORIUM1 
THORlUMl 
THORlUMl 
THORlUMl 
THORlUMl 

A980490234 CL62-002d 

A980490234 CL82-002d 

A980490234 CLB2-002d 

A980490234 
A980490234 
A960490234 
A900490234 
~ g a 0 4 ~ 1 2 3 4  
A980490234 
A980490234 
A980490234 
A900490234 
A980490234 

CLB2-002d 
CL82-002d 
CLB2-002d 
CLE32-002d 
CL82-002d 
CL82-002d 
CL62-002d 
CLB2-002d 
CLB2-002d 
CLB2-002d 

A900490234 CLB2-002d 

A980490234 CLB2-002d 

A980490235 CLB3-002d 

A980490235 CLB3-002d 

~ge0490235 C L B ~ - O O ~ ~  
A980480235 CLB3-002d 
A980490235 CLB3402d 
A900490235 CLB3402d 
A980490235 CLB3-002d 
A980490235 CLB3-002d 

ICPMS2008 Zinc 

IONCHROM Nitrate 

HG7470 Mercury 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
CAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 

Actinium228 
Cesium-134 
Cesium-I37 
Cobalt-57 
Coball-60 
Potassium40 
Protactinium-234m 
Radium-226 
Thorium-234 
Uranium-235 

TOTALACT-WP Total Activity 

TOTALRA-ENV Total Radium Alpha 

ICP6010 Sodium 

ICPMS2008 Thorium 

ICPMS2008 Antimony 
ICPMS2008 Arsenic 
ICPMS2008 Barium 
ICPMS2008 Beryllium 
ICPMS2008 Cadmium 
ICPMS2008 Chromium 

C 

< 100 

90000 

20 

2.01E3 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.87E3 

400 

44400 

< I 0.1 

< 20 
< 100 
< 100 
< 20 
< 30 
< 50 

uglL 

mglL 

ugiL 

560 pCi/L 
pCilL 
pCilL 
pCilL 
pCi l l  
pCilL 
pCilL 
pCilL 
pCilL 
pCilL 

1800 pCilL 

54 pCi/L 

mgk 

mglL 

uglt 
uglL 
uglt 
uglL 
uglL 
ug/L 
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THORIUM (PERMA-FIX) ----I SEE OFFICIAL LAB REPORT. 

PROJ SUB SMPL ID CUST SMPL ID TEST ANALYTE PREFIX RESULT QUAL CNFDNC UNIT 

KWMKI 16 
KWMKI 16 
KWMKI 16 
KWMK116 
KWMKl16 
KWMKll6 
KWMKl16 
KWMK116 

KWMKl16 

KWMKI 46 

KWMKl16 
KWMK116 
KWMKI 16 
KWMKl16 
KWMK116 
KWMK116 
KWMK116 
KWMKl16 
KWMK116 
KWMKI 16 

KWMKl16 

KWMK116 

THORIUM1 
THORlUMl 
THORIUM 1 
THORIUM1 
THORlUMl 
THORIUM1 
THORIUMI 
THORIUM1 

THORIUMI 

THORlUMl 

THORlUMl 
THORIUM1 
THORIUM1 
THORIUM? 
THORIUM1 
THORlUMl 
THORlUMl 
THORlUMl 
THORlUMl 
THORlUM’I 

THORIUMI 

THORIUMl 

A980490235 
A980490235 
~ga0490235 
A980490235 
A960190235 
A960490235 
A980490235 
A980490235 

CLB3-002d 
CLB3-002d 
CLB3-002d 
CLB3-002d 
CLB3 002d 
CLB3-002d 
CLB3-002d 
CLB3-002d 

A980490235 CLB3-002d 

A980490235 
~9a0490235 
A980490235 
A980490235 
A980490235 
A980490235 
A980490235 
A980490235 
A980490235 
A980490235 

CLB3-002d 
CLB3-002d 
CLB3-002d 
CLB3-002d 
CLB3-002d 
CLB3-002d 
CLB3-002d 
CL83-002d 
CLB3-002d 
CLB3-002d 

A980490235 CLB3-002d 

A980490235 CLB3-002d 

ICPMS2008 
ICPMS2008 
ICPMS2008 
ICPMS2006 
IC I’M S 2 00 8 

ICPMS2008 
ICPMS2008 
ICPMS2008 

Lead 
Nickel 
Selenium 
Silver 
Thallium 
T tioriuni 
Vanadium 
Zinc 

IONCHROM Nitrate 

HG7470 Mercury 

GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMS P E C-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 
GAMSPEC-WP 

Cesium-134 
Cesium-137 
Cobalt-57 
Cobalt-60 
iodine-129 
Potassium40 
Protactinium-234m 
Radium226 
Thorium-234 
Uranium-235 

TOTALACT-WP Total Activity 

TOTALRA-ENV Total Radium Alpha 

< 50 
< 500 
< 100 
< 20 
< 20 

NA 
< 20 
< 200 

130000 

76 

NA 
3.00E3 

NA 
NA 

1.39E3 
NA 
NA 
NA 

3.91 E3 
1.91E2 

9&E3 

900 

uglL 
ug/L 
ug/L 
LICJIL 
ug!L 
ug/L 
ug/L 
ug/L 

1nglL 

uglL 

pCi/L 
270 pCi/L 

pCi/L 
pCilL 

93 pCilL 
pCilL 
pCVL 
pCilL 

920 pCilL 
160 pCV1 

1900 pCi/L 

110 pCi/l 

26-Mar-9% RPT:RESCLLTSlA Page 23 of 23 



LIMS' 05.02.024 
03/26/98 10:33 

Customer Snp1,Id: BT1-002C 

UNCIASSIFIED 
AS0 Operating ESLIMS 

P. 0. BOX 2009 Oak R1dge.m 37831 
Official Report 

Project. K-WM-Kl16 THORIUM1 STREAMZ 

Customer' F R VAN RYN JR BLDG 1037, MS 7349 (423)574-1907 

Matrix: LIQUID 

Location: PERMA-FIX 

Prococol: NONE 

Sample Description: THORIUM GRAB 

Chain of Custody No: TELEDYNE 

Charge Number: PN892605 
Sampler(s) : 

Ccstomer Corments: See Radcon before opening samples 
Lab Comments: 

Date/Time Sampled: 
Date/Time Received: 
Date/Time Needed: 

Date/Time Completed: 
Date/Time Approved: 

Sample Status: 
Sample Approver: 

?age: 1 of 
Lab Smpi Id: A98048011 

12/11/97 09:lO:OO 
02/17/98 13:45:00 
03/25/98 23:59:59 
03/25/98 16:03:55 
03/25/98 16:03:55 
APPROVED 

c c < c <  Inorganic >>>>> 
Test: HG7470 

Rpt Basis: As-Received 
T e s t  R e q  Cnt: 01 
Analysis Meth: SW846-7470 

Approver: W E READY 
QC Batch/File: 

Analyte Analyte NE 
7439976 Mercury 

T e s t :  ICPMS2008 
Rpt Easrs: As-Received 

Analysis Meth: EPA-200.8 R4.4 

QC Batch/File: 

Test Req Cht: 01 

Approver: D G AILEY/Lab Supervisor 

-1vte Id Analvte Name 
2291 Thorium 

Test: ICPMS2008 
Rpt. Basis: As-Received 

Test Req Cnt: 02 
Analysis Meth: EPA-200.8 R4.4 

QC Batch/File: 
Approver: D G AILEY/Lab Supervisor 

AnalVtE! 
7440360 
7440382 
7440393 
744 04 17 
7440439 
7440473 
7439921 
7440020 
7782492 
7440224 
7440280 
7440622 
7440666 

- Id Analvte Name 
Antimony 
rYsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thal.1 iwn 
Vanadium 
Zinc 

Test Name: 
Prep Method/Date: 

Test Status: 
HT Deadline: 

Date/Time Analyzed: 
Lab Group: 

cus t Dilution 
a @ Factor 
L 100 

Test Name: 
Prep Method/Date : 

Test Status: 
HT Deadline: 

Dare/Time Analyzed: 
Lab Group: 

msc  Dilution - H T e e  FactOr 
5000000 

Test Name: 
Prep Method/Date: 

Test Status: 
HT Deadline: 

Date/Tme Analyzed: 
Lab Group: 

cus t Dilution - HT E Factor 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

Mercury in Liquid Waste/Extracts/Waters by CVAAS 

APPROVED 
01/08/98 23:59:59 
02/24/98 07:OO:OO 
MYWSTl 

Detect ion EPA - Limit Result &al- Confidence Unit 
e20 ug/L 

Elements by EPA 200.8 ICPMS 

APPROVED 
06/09/98 23:59:59 
03/11/98 11:31:00 
IYPMsl 

EPA . Detection 
Limit Result Confidence 
II - 
230000 mg/L 

Elements by EPA 200.8 ICPMS 

APPROVED 
06/09/98 23:59:59 
03/12/98 14:04:00 
I Y m 1  

Detection 
Limit Result 

_I - 
<200 
e1000 
e1000 
e200 
e300 
csoo 
csoo 
45000 
ClOOO 
e200 
<200 
<too 
c2000 

EPA 
Qu& Confidence unit 

ug/L 
ug/L 
ug/L 
ug/L 

. ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
U¶/L 

Comments: THIS SAMPLE W A S  MATRIX QC SAMPLE. 
Digested spike recovery for zinc was outside 75-125% method limit. 

UNCLASSIFIED 



LIMS 05.02.024 
33/26/98 10:33 

C C C C C  None > > > > >  
Test: IONCHROM 

Rpt Basis: As-Received 

Analysis Meth: ASO-Y/P65-2810 

QC Batch/File : 

Test Req Cnt: 01 

Approver: R J MCELHANEY/Chemist 

Ana1v:e Analyte Name 
14797558 Nitrate 

< C  C C <  Radiochemical >>>>> 
Test: GAMSPEC-WP 

Rpt Basis: As-Recelved 

Analysis Meth: SO-ACD-160067 

QC Batch/File: QC98055037/wP-5317 

- Test Req Cnt: 01 

Approver: E E CLARK/Lab Supervisor 

Analyte 
14331830 
14109321 
13967709 
10045973 
13981505 
10198400 
13966002 
N2006 
15065108 
15117961 

Analyte Name 
Actinium-228 
Cadmium-109 
Cesium-134 
Cesium-137 
Cobalt -57 
Cobalt-60 
Potassium-40 
Protactinium-234m 
Thorium-234 
Uranium-235 

UNCLASSIFIED 
AS0 Operating ESLIMS 

P. 0. Box 2009 Oak Ridge,TN 37631 
Official Report 

Test Name: 
Prep Method/Date : 

Test Status: 
HT Deadline: 

Date/Time Analyzed: 
Lab Group: 

Cast Dilution 
HT e & Factor 
L 1 
- 

Test Name: 
Prep Method/Date: 

Test Status: 
HT Deadline: 

Date/Time Analyzed: 
Lab Group: 

Cust - H T a Z  

h 
h 

Ion Chromatography-Water/Leach (Ruilding 999 

APPROVED 
01/08/98 23:59:59 
02/23/98 07:OO:OO 
MYCHMI 

Detection E PA 
Limit Result Confidence 

310000 mg/L 

Gamma Spectrometry by 160067 
ASO-ACD-160092 32/25/98 15:OO:OO 
APPROVED 
08/24/98 23:59:59 
03/18/98 12:OO:OO 
RICRADl 

Comments: Th-232, Ra-228, Th-228, Ra-224. Pb-212 and T1-208 were requested by th 
e customer. 
Th-232 calculated result was 1.05eB + / -  1.6e7 pCi/L 
Pb-212 calculated result was 2.22e7 + / -  9.8e4 pCi/L 
T1-208 calculated result was 6.97e6 + / -  6.7e4 pCi/L 
Ra-228, Th-228, Ra-224 were analyzed for but not detected. 
3/24/98 kal 

Cd-109 (88.03 keV) shares peaks with Ac-228 and Pb-212. A peak intarf 
erence correction was performed. 3/25/98 AML 

Detection 
Limit Result 

2.14E7 
2.06E7 
NA 
NA 
NA 
NA 
LIA 
NA 
3.59E6 
NA 

Test: TOTALACT-WP 
Rpt Basis: As-Received 

Analysis Meth: SO-ACD-160063 

QC Batch/File: QC98055038/WP-5317 

Test Req Cnt: 01 

Approver: E E CLARK/Lab Supervisor 

Analyte g Analvte Name 
N931 Total Activity 

Page: 2 cf 2 
Lab Smpl Id: A980480119 

E PA 
a Confidence 

1.5e5 pCi/L 
8.Oe5 pCi/L 

pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 

3.7e5 pCi/L 
pCi/L 

TeSK Name: Total Activity using LSC by 160063 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 06/09/98 23:59:59 

Date/Tim.e Analyzed: 03/03/98 16:29:00 
Lab Group: RKRABl 

CuSt  Detect ion EPA _ _ _  - 
Limit Result pual Confidence a - HT*G % - 

2.46E8 5. OES pCi/L 

Footnotes: 
h - Daughter of uranium isotopes, reported for comparison purposes only 

***** END OF REPORT ***** 
UNCLASSIFIED 



LIMS 05.02.024 
03/26/96 10:33 

Customer Smpl Id: BT2-001C 

UNCLASSIFIED 
AS0 Operating ESLIVS 

P. 0. Box 2009 Oak Ridge,TN 37831 
Official Reporr 

Project: K-WM-Kl16 THORIUM1 STREAM2 

Customer: F R VAN RYN JR, ELDG 1037, MS 7349 (4231574-1907 

Matrix: LIQUID 
Sample Description: THORIUM GRAB 

Location: ?ERMA-FIX 
Chain of Custody No: TEtEDYNE 

Charge Wumber. PN892605 
Protocol: NONE 

Sampler ( s )  . 

Customer Comments: See Radcon before opening samples 
Lab Comments: 

Date/Time Sampled: 
Date/Tirne Received: 
Date/Time Needed: 

Date/Time Completed: 
Date/Time Approved: 

Sample Status : 
Sample Approver: 

Page; i of 2 
Lab Smpl Id: A980480120 

12/02/97 10:25:00 

03/25/98 23:59:59 
03/25/98 16:06:05 
03/25/96 16:06:05 
APPROVED 

02/17/9a i3:45:00 

c c < c c  Inorganic >>>>> 
Test: HG7470 

Rp: Basis: &-Received 
Test Req a t :  0 1  

Analysis Meth: SW846-7470 

QC Batch/File: 
Approver: W E READY 

-- Analvte Id Analvte Name 
7439976 Mercury 

Test: ICPMS2008 
Rpt Basis: &-Received 

Analysis Metn: EPA-200.8 R 4 . 4  

QC Batch/Frle: 

Test Req Cnt: 01 

. Approver: D G AILEY/Lab Supervisor 

Test Name: 
Prep Method/Dar;e: 

Test Status: 
HT Deadline: 

Date/Time Analyzed: 
Lab Group: 

Cust Dilution 
HT Lim Factor 
L 100 
- 

Test Name: 
Prep Method/Date: 

Test Status: 
HT Deadline: 

Date/Time Analyzed: 
Lab Group: 

Cus t Dilution 
HT Factor lvte Id Analvte - 

,291 Thorium 5000000 

Test: ICPMS2008 
Rpt Basis: As-Received 

Analysis Meth: SPA-200.8 R4.4 

QC Batch/File: 

Test Req Cnt: 02 

Approver: D G AILEY/Lab Supervisor 

Analvte 
7440360 
7440382 
7440393 
7440417 
7440439 
744 04 73 
7439921 
7440020 
7782492 
7440224 
7440280 
7440622 
7440666 

Id Analvte Name 
Antimony 
Arsenic 
Barium 
Beryl 1 ium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

- 

Test Name: 
Prep MethodIDate: 

Test Status: 
HT Deadline: 

Date/Time Analyzed: 
Lab Group: 

Cust Dilution 
HT &i~ e Factor - 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

Mercury in Liquid Waste/Extracts/Waters by C V W  

APPROVED 
12/30/97 23:59:59 
02/24/98 07:OO:OO 
M-XUSTl 

Detection EPA - Limit Result Qual Confidence 
c 2 0  ug/L 

Elements by EPA 200.8 ICPMS 

APPROVED 
05/31/98 23:59:59 
03/11/98 11:48.00 
IYw¶s1 

Detect ion EPA 
Limit Result Qual Confidence - 

260000 mg/L 

Elements by EPA 200.8 ICPMS 

APPROVED 
05/31/98 23:59:59 
03/12/98 14 29:OO 
IYPMs1 

Detection 
Limit Result 
I_ 

c200 
<loo0 
ClOOD 
c200 

c300 
c500 
c500 
<so00 

c1000 
c200 
c200 
c200 
c2000 

EPA 
Confidence 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

UNCLASSIFIED 



LIMS 05.02.024 
03/26/98 io:33 

< < C < C  None >>>>> 
Test: IONCHROM 

Rpt B a s i s :  As-Received 

Analysis Meth: ASO-Y/P65-2810 

QC Batch/File: 

Test Req Cnt: 0 1  

Approver: R J MC%LHANEY/CheKist 

Analyze Analvte Name 
14797558 Nitrate 

c c < < c  Radiochemical > > > > >  
Test : GAMSPEC-WP 

Rpt Basis: As-Received 

Analysis Meth: ASO-ACD-160067 

QC Batch/File: QC98055037/UP-5317 

Test Req C m :  0 1  

App'rover: E E CLARKILab Supervisor 

Analvtc Id 
14331830 
14109321 
14762788 
13967709 
10045973 
13981505 
10198400 
1396 6002 
N2006 
15065108 
15117 96 1 

Analyte Name 
Actinium-228 
Cadmium-109 
Cerium-144 
Cesium-134 
Cesium-137 
C o b a l t  -5 7 
Cobalt - 6 0 
Potassium-40 
Protactinium-234m 
Thorium-234 
Uranium-235 

UNCLASSIFIED 
AS0 Operating E S L I W  

P .  0. BOX 2009 Oak Rsdge,TN 37831 
Official Report 

P a g e :  2 of 2 

L a b  Smpl Id: A980480120 

Test Name: Ion Chromatography-Water/Leach (Building 995 
Prep Method/Date: 

Test Status: ATPROVED 
HT Deadline: 12/30/97 23:59:59 

Date/Time Analyzed: 02/23/98 07:OO:OO 
Lab Group: MYCHMl 

cusc Dilurion Detection E PA - - -  HT L r m  Fn - Factor ~ Lsmlt Result Confidence 
2., 1 410000 mg/L 

Test Name: G a m  Spectrometry by 160067 
Prep Method/Dace: ASO-ACD-160092 02/25/98 15:OO:OO 

Test Status: APPROVED 
HT Deadline: 08/24/98 23:59:59 

Date/Time Analyzed: 03/24/98 12:OO:OO 
Lab Group: R W 1  

Cust Detection 
Result 
2.4737 
7.25B6 
1.59E5 
NA 
NA 
NA 
NA 
NA 
NA 
3.78E6 
NA 

- Limit - I g 

h 

Comments. Th-232, Ra-228, Th-228. Ra-224, Pb-212 and T1-208 were requested by th 
e customer. 
Th-232 calculated result was 1 19e8 + / -  1.5e7 pCi/L 
Pb-212 calculated result was 2 40e7 + / -  9.5e4 pCi/L 
T1-208 calculated result was 8.00e6 + / -  7.4e4 pCi/L 
Ra-224 calculated result was 2.57e7 + / -  6.5e5 pCi/L 
T1-201 calculated result was 2.96e5 + / -  1.EeS pCi/L 
Ce-141 calculated result was 8.38e5 + / -  4.2e5 pCi/L 
Ce-139 calculated result was 4.56e4 + / -  4.5e4 pCi/L 
Ra-228, Th-228 were analyzed for but no: detected. 
3/24/98 kal 

Cd-109 (88.03 keV) shares peaks with Ac-228 and Pb-212. A peak interf 
erence correction was performed 

Ce-144 (133.54 keV) and Ce-139 :165.85 keV) share peaks with T1-201. 
No peak contribution or correction was performed by the software. 
3/25/90 AHL 

Test: TOTALACT-UP 
Rpt Basis: &-Received 

Analysis Meth: ASO-ACD-160063 

CC Eatch/File: QC98055038/WP-5317 

Test Req Cnt: 01 

Approver: E E CLARK/Lab Supervisor 

Analvte Id Analyce Name 
N931 Total Activity 

Test Name: 
Prep Method/Date: 

Test Status: 
HT Deadline: 

Date/Time Analyzed: 
Tab Group: 

Cust 
=E'& E A  

lotnotes : 
h - Daughter of uranium isotopes, reported for conparison purposes only 

EPA 
Confidence 
1.5eS pCi/L 
8.le5 pCi/L 
1.le5 pCi/L 

pCi/L 
pCi/L 
pCi/L 
pCi/L 

pCi/L 

pCi/L 

PCI/L 

3.9%5 pci /L 

Tocal Activicy using G C  by 160063 

APPROVED 
05/31/98 23:59:59 
03/03/98 16:29:00 
RKRAD1 

Detection EPA 
Result Confidence Unit Limit - 
2. 83E8 5.4E5 pCUL 

***** END OF REPORT ***** 
UNCLASSIFIED 



AIMS 05.02 024 UNCLASSIFIED 
13/26/98 10:33 AS0 Operating ESLIMS 

P. 0 .  Box 2009 Oak Ridge.TN 37831 
Official Report 

Customer Smpl Id. BT4-001C Project: K-WM-Kllh THORIUM1 STREAM! 

Customer: F R VAN RYN JR a m  1037, MS 7349 (423)574-1907 

Page: 1 of 2 
Lab Smpl Id: A9804BC121 

Matrix: LIQUID 

Location: PERMA-FIX 

Protocol: NONE 

Sample Description: THORIUM GrZRB 

Chain of Custody No: TPLEDYNE 

Charge Number: PN8926CS 
Sampler(s) : 

Date/Time Sampled: 12/10/97 10:34:00 
Date/Time Received: 02/17/98 13:45:00 
Date/Tirne Needed: 03/25/98 23:59:59 

Date/Time Completed: 03/25/98 16:07:00 
Date/Time Approved: 03/25/98 16:07:00 

Sample Status: APPROWD 
Sample Approver: 

buscorner Comments: See Radcon before opening samples 
Lab Comments: 

c < c c  Inorganic >>>>> 
Test: HG7470 

Rpt Basis: As-Received 
Test Req Cnt: 01 
Analysis Meth: 81846-7470 

QC Batch/File: 
Approver: W E READY 

Analwe Id Analyte Name 
7439976 Mercury 

Test ICFMS2008 
Rpt Basis: As-Received 

Analysis Meth: EPA-200 8 R4 4 

QC Batch/File: 

Test Req Cnt: 01 

Approver: D G AILEY/Lab Supervisor 

Analyte Name 
291 Thorium 

Test: ICPM52008 
R ~ K  Basis: As-Received 

Analysis Meth: SPA-200.8 R4.4 

QC Batch/File: 

Test Req Cnt: 02 

Approver: D G AILEY/Lab Supe-wisor 

Analyte g 
744 036 0 
7440382 
7440393 
1440417 
74404 39 
7440473 
7439921 
7440020 
7782492 
7440224 
7440280 
7440622 
7440666 

Malvte a 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Tha 1 lium 
Vanadium 
Zinc 

Test Name: Mercury in Liquid Waste/Extraccs/Xaters by OIAAS 
Prep Method/Date: 

Test Status: APPROVSD 
HT Deadline: 01/07/98 23:59:59 

Date/Time Analyzed: 02/24/98 07:OO:OO 
Lab Group: MYWSTl 

CUSt Dilution Detection EPA 
I HT &i& E Factor - Limit Result Qual Confidence 
L 100 c20 ug/L 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 06/08/96 23:59:59 

Date/Time Analyzed: 03/11/98 11:53:00 
Lab Group: I Y p M s l  

cu9 t Dilution Detection EPA 
Limit Result Qual Confidence U& - g L A  a FaCKDr 

5000000 260000 mg/L 

Test Name: Elemmts by EPA 200.8 ICPW 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 06/08/96 23:59:59 

Date/Time Analyzed: 03/12/98 14:47:00 
Lab Group: IYPMSl 

cus t Dilution 
HT Lim & Factor - 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

1000 
1000 

Detection 
Limit Result 
7 

c200 
ClOOO 
c1000 
c200 
c300 
<so0 
c500 
csooo 
c1000 
<200 
<200 
c200 
e2000 

EPA 
Confidence 

ug/L 
ug/L 
ug/ L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

UNCLASSIFIED 



LIMS 05.02.024 
03/26/90 10:33 

< < < < <  None >>>>> 
Test: IONCHROM 

Rpt Basis: As-Received 

Analysis Meth: ASO-Y/P65-2810 

QC Batch/File: 

Test Req Cnt: 01 

Approver: R 3 MCELHENEY/Chemist 

imalvte Id Analyte Name 
14797558 Nitrate 

cc<cc Radiochemical >>>>, 
Test: GAMSPEC-WP 

Rpt Basis: As-Received 

Analysis Meth: SO-ACD-160067 

QC Batch/File: QC98055037/WP-5317 

Test Req Cnt: 01 

Approver: E E CLARl(/Lab Supervisor 

Analyte 2 
14331830 
14109321 
13967709 
10045973 
13981505 
10198400 
13966002 
N2006 
15065108 
15117961 

Analyte Name 
Actinium- 228 
Cadmium-109 
Cesium-134 
Cesium-137 
Coba It - 5 7 
Cobalt- 6 0 
Potassium-40 
Protactinium-234m 
Thorium-234 
Uranium-235 

UNCLASSIFIED 
AS0 Operating ESLIMS 

P. 0 .  Box 2009 Oak R1dge.W 37831 
Official Report 

Page: 2 cf 2 
Lab S m p l  Id. A 9 8 0 4 8 C 1 2 1  

Test Name: Ion Chromatography-Water/Leach (Building 99 
Prep Method/Dace: 

Test Status: APPROVED 
FIT Deadline: 01/07/98 23:59:59 

Date/Tirne Analyzed: 02/23/98 07:OO:OO 
Lab Group: P-IYCHMl 

cast Dilution Detection E PA - HT && Factor - Limit. confidence Unit 
L 1 350000 mg/L 

Test Name: Gamma Spectrometry by 160067 
Prep Method/Date: ASO-ACD-160092 02/25/98 15:OO:OG 

Test Status: APPROVED 
HT Deadline: 08/24/98 23:59:59 

Date/Time Analyzed: 03/24/98 12:OO:OO 
Lab Group: RI(ILAD1 

Cust Detection 
Ere - Limit Result 

2.44E7 
2.3537 
NA 
NA 
NA 
NA 
NA 
NA 
6.3BE6 
NA 

h 

E PA 
Qual Confidence Unit 

1.6e5 pCi/L 
7.6e5 pCi/L 

pCi/L 
pCi/L 
PCl/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 

4.2eS 

COmnents: Th-232. Ra-228, Th-226, Ra-224, Pb-212 and T1-208 were requested by th 
e customer. 
Pb-212 calculated result was 2.50e7 + / -  l.Oe5 pCi/L 
T1-206 calculated result was 7.91e6 + / -  7.3e4 pCi/L 

Ra-228. Th-228, Th-232, and Ra-224 were analyzed for but not detected. 
3/24/98 kal 

Cd-109 (88.03 keV) shares peaks with Ac-228 and Pb-212. A peak interf 
erence correction was performed. 

The sensitivity for this sample had to be changed to 10 in order for t 
he software to process the peaks found. 3/25/98 AI% 

Test: TOTALACT-WP 
Rpt Basis : As-Received 

Analysis Meth: ASO-Am-160063 

QC Batch/File: QC98055036/WP-5317 

Test Req Cnt: 01 

Approver: E E cLnnx/Lab Supervisor 

Analyte Analvte Name 
N931 Total Activity 

Test Name: Total Activity using LSC by 160063 
Prep Method/Dste: 

Test Status: APPROVED 
HT Deadline: 06/08/98 23:59:59 

Date/Time Analyzed: 03/03/98 16:29:00 
Lab Group: RKRADl 

c u s  t Detection E PA 
E Limit Result a Confidence Unit - 

2.84E8 5.4E5 pCi/L 

ootnotes : 
h - Daughter of uranium isotopes, reported f o r  comparison purposes only 

e**** END OF REPORT ***** 
UNCLksS IFIED 



LIMS 05.02.024 
03/26/98 10:33 

Customer Smpl Id. BTS-001C 

Customer: F R VAN RYN JIZ 

Matrix: 
Sample Description: 

Locat ion : 
Chain of Custody No: 

Protocol : 
Charge Number: 

Sampler is1 : 

VNCLASSIFIED 
AS0 Operating ESLIMS 

P. 0. Box 2009 Oak Ridge,TN 37831 
Official Report 

Project: K-WM-KI16 TiIORIUMl STREAM2 

BLSG 1037, MS 7343 (423)574-1907 

LIQUID 
THORIUM GRAB 
PERMA-FIX 
TELEDYNE 
NONE 
PN8 92 6 05 

Date/Tirne Sampled: 
Date/Tirne Received: 
Dafe/Time Needed: 

Date/Time Completed: 
Date/Time Approved: 

Sample Status: 
Sample Approver : 

Customer Comments: See Radcon before openrno samples 
Lab Comments: 

Page: 1 of 2 
Lab Smpl Id: A980480122 

12/16/97 08:45:00 
02/17/98 13:45:00 
03/25/98 23:39:59 
03/25/98 16:07:00 
03/25/98 16:07:00 
APPROVED 

CCCCC Inorganic >>>>> 
Test: HG7470 

Rpt Basis: &-Received 
Test Req Cnt: 01 
Analysis Meth: SW846-7470 

QC Batch/File: 
Approver: W E READY 

Analyte 3 ?.nalyte Name 
7439976 Mercury 

Test: ICPMS2008 
Rpt Basis: As-Received 

Analysis Meth: EPA-200.8 R4.4 

QC Batch/F*le: 

Test Req Cnt: 01 

Approver: D G AILEY/Lab Supervisor 

yte Id Analvte Name 
J291 Thorium 

Test: ICFMSZ008 
iipt Basis : &-Received 

Analysis Meth: EPA-200.8 R4.4 

QC Batch/File: 

Test Req Cnt: 02 

Approver: D G AILEY/Lab Supervisor 

AnalVte Id Analvte Name 
7440360 Antimony 
7440382 Arsenic 
7440393 Barium 
7440417 Beryllium 
7440439 Cadmium 
7440473 Chromium 
7439921 Lead 
7440020 Nickel 
7782492 Selenium 
7440224 Silver 
744 028 0 Thallium 
7440522 Vanadium 
7440666 Zinc 

Test Name: 
Prep Method/Date: 

Test Status: 
UT Deadline: 

DatefTine Analyzed: 
Lab Group: 

Cust Dilution 
HT &.& & Faccor 
L 100 
- 

Test Name: 
Prep Method/Date: 

Test Status: 
€I" Deadline: 

Darre/Time Analyzed: 
Laf, Group: 

Dilution 
Lim - Fn - Factor 

5000000 

Test Name: 
?rep Method/Date: 

Test Status: 
HT Deadline: 

i)ate/Time Analyzed: 
Lab Group: 

cus t Dilution - HT 2 Factor 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

Mercury in Liquid Waste/Extracts/Waters by CVAAS 

APPROVED 
01/13/98 23:59:59 
02/24/98 07:OO:OO 
MYWSTl 

Detection E PA 
I_ Limit Result Q& Confidence Unit 

c20 ug/L 

Elements by EPA 200.8 ICPMS 

APPROVED 
06/14/96 23:59:59 
03/11/98 11:59:00 
I Y P M s l  

Detect ion EPA - Limit Result & Confidence Unit 
260000 mg/L 

Elements by EPA 200.8 ICPMS 

APPROYED 
06/14/98 23:59:59 
03/12/98 14:53:00 
IYPMsl 

Detection - Limit R e s u l t  
290 
<loo0 
c1000 
c200 
2300 
2 5 0 0  
2500 
<SDOO 
ClOOO 
<zoo 
c200 
2200 
13000 

EPA 
Confidence 

ug/L 
ug/L 
uq/L 
U9/L 
u g h  
ug/L 
ug/L 
U d L  
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

UNCLPSSIFIED 



>INS 35.02.024 
03/26/98 10:33 

ccccc None >>>>>  
Test: IONCHROM 

Rpt Basis: As-Received 

Analysis Meth: ASO-Y/P65-2810 

QC Batch/File : 

Test Req Cnt: 01 

Approver: R J MCELHANEY/Chemist 

Analyte Analvte Name 
14797558 Nitrate 

c c c c c  Radiochemical > > > > >  
Test: GAMSPEC-WP 

Rpt Basis: &-Received 

Analysis Meth: ASO-ACD-160067 

QC Batch/File: QC98055037/WP-5317 

Test Req Cnt: 01 

Approver: E E CLARK/Lab Supervisor 

Analyte Id 
14331830 
14109321 
13967709 
10 045 973 
13981505 
10198400 
13966002 
N2006 . 
15065108 
15117961 

Analyte Name 
Accinium-228 
Cadmium-109 
Cesium-134 
Cesium-137 
Cobalt-57 
Cobalt - 6 0 
Potassium-40 
Protactinium-234m 
Thorium-234 
Uranium-235 

[INCLASSIFIED 
AS0 Operating ESLINS 

P. 0. Box 2009 Oak Ridge,TN 37831 
Official Report 

Page: 2 of 2 
Lab Smpl Id: A980483122 

Test Name: Ion Chromatography-Water/Leach (Building 9 9 9  
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 01/13/98 23:59:59 

Date/Tirne Analyzed: 02/23/98 07:OO:OO 
Lab Group: MYCHMl 

cus t Dilution Detection EF.4 - HT 3 Factor Limit Result u Confidence Unit 
L 1 410000 mg/L 

Test Name: Gamma Spectrometry by 160067 
Prep Method/Date: ASO-ACD-160092 02/25/98 15:OO:OO 

Test Status: APPROVED 
HT Deadline: 08/24/98 23:59:59 

Date/Time Analyzed: 03/20/98 12:OO:OO 
Lab Group: RKRADl 

h 
h 

cus t Detection 
- HT*E e Limit Result 

2.51E7 
6.60E6 
NA 
NA 
NA 
NA 
NA 
4.31E6 
4.12E6 
3.85EQ 

Comments: Th-232, Ra-228, Th-228, Ra-224, Pb-212 and Tl-208 were requested by th 
e customer. 
Th-232 calculated result was 1.07e8 + / -  1.4e7 pCi/L 
Pb-212 calculated result was 5.82e6 + / -  5.3e4 pCi/L 
Tl-208 calculated result was 8.12e6 + / -  7.2e4 pCi/L 
T1-201 calculated result was 2.87eS + / -  2.le5 pCi/L 
Ce-141 calculated result was 6.17e5 + / -  3.5e5 pCi/L 
Ce-139 calculaced result was 5.74e4 + / -  4.2e4 pCi/L 
Ra-228, Th-228, Ra-224 were analyzed for but nor detected. 
3/24/98 kal 

Cd-109 (88.03 keV1 shares peaks with Ac-228 and Pb-212. A peak interf 
erence correction was perfomed. 

Ce-139 (165.85 keV) shares a peak with T1-201. 
No peak romribution or correction vas performed by the software. 

3/25/98 AML 

Test: TOTALACT-WP 
Rpt Basis: As-Received 

Test R e q  C n t :  01 
Analysis Meth: ASO-ACD-160063 

QC Batch/File: QC9805503B/WP-5317 
Approver: E E CLARK/Lab Supervisor 

Analyte Analvte Name 
N931 Total Activity 

EPA 
Confidence Unit 
1.6eS pCi/L 
7.9e5 pCi/L 

pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 

2.8e6 pCi/L 
3. Be5 pCi/L 
1.9e4 pCi/L 

Test Name: Total Activity using LSC by 160063 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 06/14/98 23:59:59 

Date/Time Analyzed: 03/03/98 16:29:00 
Lab Group: RKRADl 

cus t Detection EPA 
H T G f n  e Limit Result Confidence Unit - 

2.68E8 5.2E5 pCi/L 

Footnotes: 
h - Daughter of uranium isotopes, reported for comparison purposes only 

***** END OF REPORT ***** 
UNCLASSIFIED 



,IMS 05 02 024 UNCLASSIFIED 
13/26/98 10 34 AS0 gperating ESLIVS 

P 0. Box 2009 oak Ridge,- 37831 
Official Report 

CusPomer Smpl Id BT2-005d Pro)ect K-WM-Kl16 THORIUM1 STREAM8 

Customer F R VAN RYN JR a L N  1037, ws 7349 (423)574-1907 

Page: 1 of 3 
Lab Smpl Id: A980480123 

Matrix: SOLID 
Sample Description: TH3RIUM 3EMO 

Loca:ion: ?ERMA-FIX 

Protocol : NONE 
Charge Number: PN892605 

Chain Of Custody NO: TELEDYNE 

Sampler ( S I  : 

Date/?ime Sampled: 12/03/97 15:33:00 
Dace/Time Received: 02/17/98 13:45:00 
Date/Time Needed: 03/25/98 23:59:59 

Date/Time Completed: 03/25/98 16:31:23 
Date/Time Approved: 03/25/98 16:31:23 

Sample Status: APPROVED 
Sample Approver: 

hstomer Comments: 
Lab Commenrs: 

: c < c c  Inorganic >>>>> 
Test: HG7471 

Rpt Basis: As-Received 
?est Req Cnt: 01 
Analysis Meth: SW846-7471 

QC Batch/File: 
Approver: W E READY 

Analyte Id Analyte Name 
7439976 Mercury 

Test: ICP6010 
Rpt Basis: As-Received 

Analysis Metn: SW846-6010A 
Approver: R M WILKES/Chemist 

QC Batch/File: CC98084005/Q98078D 

Test Req h t :  01 

yte Id Analvte 
5235 Sodum 

Test Name: Mercury in Solid Waste/Soil/Sludge by C ~ A S  
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 12/31/97 23:59:59 

Date/Time Analyzed: 03/17/98 09:30:00 
Lab Group: MYWSTl 

Cust Dilution Detection EPA 
HT && g Factor . Result Confidence Unit - 
L 1 c0.2 ug/g 

Test Name: Elements by EPA 6010A ICP-AES 
Prep Method/Date: SWB46-3050A 03/17/98 16:30:00 

Test Status: APPROVED 
HT Deadline: 06/01/98 23:59:59 

Date/Time Analyzed: 03/19/98 17:49:00 
Lab Group: IYICP2 

cust Dilution Detection EPA 
Limit Result Confidence Unit - HT && 9 Factor - 

4079 21200 m d k g  

Comments: Results obtained from - 1 7  subsample and may not be representative of sample 
in the container from which the subsample was taken. Results are reported on a wet 
sample basis. 

Test: ICPMS2008 
Rpt Basis: As-Received 

Test Req Cnc: 01 
Analysis Mech: EPA-200.8 R4.4 

QC Bacch/File: 
Approver: D G AILEY/Lab Supervisor 

Analvte Analyte Name 
7440291 Thorium 

Test: ICPMS2008 
Rpt Basis: As-Received 

Test Req Cnt: 02 
Analysis Meth: EPA-200.8 R4.4 

QC Batch/File: 
Approver: D G AILEY/Lab Superrisor 

Analyte 
7440360 
7440382 
7440393 
744 04 17 
744 043 9 
7440473 

7921 

Analwe Name 
Antimony 
Arsenic 
Barium 
Beryl 1 ium 
Cadmium 
Chromium 
Lead 

Test Name: Elements by EPA 200.8 ICPMS 
Prep MethoWDate: 

Test Status: APPROVED 
HT Deadline: 06/01/98 23:59:59 

Date/Time Analyzed: 03/23/98 14:29:00 
Lab Group: IYPMSl 

Cust Dilution Detection EPA - HT && Factor Limit Result Qx& Confidence 
500000 780000 W Y  

Test Name: Elements by EPA 200.8 ICPMS 
Prep Nethod/Date: 

Test Status: APPROVED 
HT Deadline: 06/01/98 23:59:59 

Date/Time Analyzed: 03/23/98 19:41:00 
Lab Group: IYPMS1 

Cust Dilution - HT a Factor 
100 
100 
100 
100 
100 
100 
100 

Detect ion 
Limit Result 

c 2  

<lo 
e10 
e2 
c3 
<S 
e5  

UNCLASSIFIED 



LIMS 05.02.024 
03/26/98 10:34 

Analvte Id Analyte Name 
7440020 Nickel 
7782492 Selenium 
7440224 Silver 
7440280 Thallium 
7440622 Vanadium 
7440666 Zinc 

Test: PREP3050 
Rpt Basis: As-Received 

Analysis Meth: SW846-3050A 

QC Batch/File: QC98072028 

Tesc Req Cnt: 0 1  

Approver: R M WILKES/Chemis: 

: c c c c  None > > > > >  
Test : IONCRGM 

Rpt Basis: As-Received 

Analysis Meth: ASO-Y/P65-2810 

QC Batch/File: 

Test Req Cnt: 01 

Approver: R 3 MCELHANEY/Chemist 

Analyte Id Analyte Name 
14797558 Nitrate 

Test: KARL-FISCHER 
Rpt Basis: As-Received 

Test Req Cnt: 01 
Analysis Meth: ASTM-D1533-88 

QC Batch/File: QC98071019 
Approver: C A CHAMBERS/Lab Supervisor 

Analyte Id Analyte 
N544 Moisture 

< c c c  Radiochemical >>>>> 

Rpt Basis: As-Received 

Analysis Meth: ASO-ACD-160067 

QC Batch/File: QC98055034/WP-5318 

Test: GAMSPEC-WP 

Test Req Cnt: 01 

Approver: E E CLARK/Lab Supervisor 

Analvte 
14331830 
14109321 
13967709 
100459 7 3 
13981505 
10198400 
13966002 
N2006 
15065108 
15117961 

Analyte Name 
Actinium-228 
Cadmium-109 
Cesium-134 
Cesium-137 

Coba 1 t - 6 0 
Potassium- 4 0 
Protactinium-234m 
Thorium-234 
Uranium-235 

Cobal t - 57 

UNCLASSIFIED 
AS0 Operating ESLIMS 

P. 0. Box 2009 Oak R1dge.m 37831 
Official Report 

C U S C  Dilution Detection 
Result - Limit - - HT E Factor 

100 c50 
100 c i o  
LOO <2 
103 c2 
100 c2 
1 c o  <20 

?age: 2 of 3 
Lab Smpl Id: A98C48012? 

Test Name: Prep by 3050 (Soil/Sludge/Sol;d) 
Prep Method/Date: 

Test Staius: APPROED 
HT Deadline: 

Date/Time Analyzed: 03/17/98 16:3_P:OO 
Lab Group: IYICP2 

Test Name: Ion Chromatography-Water/Leach (Building 9 9 9 5 )  
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 12/31/97 23:59:59 

Date/Time Analyzed: 02/26/98 13:30:00 
Lab Group: MYCHMi 

cus t Dilution Detection EPA - HT Lim Factor - Limit Result Qual Confidence e 
L 1 36000 I d 9  

Test Name: Karl Fischer Reagent Moisture Analysis 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 

Date/Time Analyzed: 03/06/98 07:OO:OO 
Lab Group: MYWSTl 

cus t Dilution Defection EPA - hl: E Factor - Limit Result Qual Confidence Unit 
1 465000 u9/g 

Te9t Name: Gama Spectrometry by 160067 
Prep Method/Date: ASO-ACD-160092 03/07/98 13:50:00 

Test Status: APPROVED 
HT Deadline: 09/03/98 23:59:59 

Date/Time Analyzed: 03/09/98 08:OO:OO 
Lab Group: RKRADl 

Cust Detection 
Limit Result 

3.24E4 
2.OSE4 
NA 
NA 
N& 
NA 
NA 
NA 
5.01E3 
NA 

- HT Llm Fn MDA - - -  - 

h 

EPA 
Confidence Unit 
6.6e2 pCi/g 
2. Be3 pCi/g 

pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 

1.3e3 pCi/g 
pCi/g 

Comments: Ra-228, Ra-224, Th-232, Tn-228, Pb-212, and T1-208 were analyzed at 
the customer's request. 
Th-232 calculated result was 9.11~4 +/ -  5.2e4 pCi/g 
T1-208 calculated result was 1.24e4 + / -  3.3e2 pCi/g 
Pb-212 calculated result was 2.73e4 + / -  4.le2 pCi/g 
Ra-228, Ra-224, Th-228:these isotopes were analyzed fo r  but not 
detected. 
3/18/96 kal 

UNCLASSIFIED 



L1X.S 05.02.024 
03/26/98 10:34 

Test: GROSSAB-WP 
- Rpt Basis: As-Received 
: Req Cnr: 01 
ysis Meth: ASO-ACD-160082 

QC Batch/File: QC98055036/WP-5318 
Approver: E E CLARK/Lab Supervisor 

Analvte Analyte Name 
12587461  Alpha activity 
12587472 Beta actrvicy 

Test: TOTALACT-WP 
Rpt Basis: --Received 

Analysis Meth: SO-ACD-160063 

-QC Batch/File: QC90055035/WP-5318 

Test Req Cnt: 01 

Approver: E E CLARK/Lab Supervisor 

Analyte g Analvte Name 
N931 Tocal  Accivity 

P. 0. 

UNCLASSIFIED Page: 3 of 3 
AS0 Operating ESLIMS Lab Srnpl Id: A980480123 
Box 2009 Oak Ridge.TN 37831 

Official Report 
Test Name: Gross Alpha/Bera Act. by 160060 

Prep Method/Date: ASO-ACD-160068 03/11/98 10:30:00 
Test Status: APPROVED 
HT Deadline: 09/07/98 23:59:59 

Dat@/Time Analyzed: 03/16/98 12:OO:OO 
Lab Group: RKii.aD1 

Cust Detect ion EPA - riTLimm Limit Result Qg& Confidence Unit 
_s 

3.20E5 1.3E4 pCi/g 
1.33E5 6.OE3 pCi/g 

Test Name: Tocal Activity using LSC by 160063 
Prep MethodIDate: ASO-ACD-160084 03/07/98 L2:30:00 

Test Status: APPROtrED 
HT Deadline: 09/03/98 23:59:59 

Dafe/Time Analyzed: 03/09/90 14:26 :00  
Lab Group: R W 1  

cus t Detection EPA 
Result Q& Confidence Unir 
3.73E5 3.8e3 pCi/g 

Limit - - HTL&& 

'ootnotes : 
h - Daughter of uranium isotopes, reported for comparison purposes only 

***** END OF REPORT ***** 
UNCLASSIFIED 



LIMS 05.02.024 
03/26/98 10:34 

Customer Smpl Id: BT4-005d 

UNCIASSiFIEP, 
AS0 Operating ESLIMS 

P. 0. Box 2009 Oak Ridge,TN 37831 
Official Report 

Projecc: K-WM-Ki16 THORIUMi STREAM8 

Page: 1 of 3 
Lab Smpl Id: A980480124 

Customer: F R VAN RYN JR BLDG 1037, MS 7349 (423)574-1907 

Matrix: SOLID 
Sample Description: THORIUM DEMO 

Location: PERMA-FIX 
Chain of Custody No: TELEDYNE 

Charge Number: PN892605 
Protocol : NONE 

Sampler ( s )  : 

Customer Corrsnents: 
Lab Comments : 

Date/Time Sampled: 12/11/97 19:06:00 
Date/Time Received: 02/17/90 13:45:00 
Date/Time Needed: 03/25/98 23:59:59 

Date/Time Completed: 03/25/98 16:32:57 
Dat.e/Time Approved: 03/25/98 16:32:57 

Sample Status: APPROVED 
Sample Approver: 

< < < C <  inorganic >>>>> 
Test: HG7471 

Rpt Basis: &-Received 
Test Req Cnt: 01 
Analysis Meth: SW846-7471 

QC Baech/File: 
Approver: W E READY 

Analyte Analvte Name 
7439976 Mercury 

Test: ICP6010 
Rpt Basis: &-Received 

Analysis Meth: SW846-6010A 
Approver: R M WILKES/Chemist 

QC Batch/File: QC98084005/Q98078D 

Test Req Cnt: 01 

Analvte Id Analyte Name 
7440235 Sodium 

Test Name: Mercury in Solid Waste/Soil/Sludge by CVAAS 
Prep Method/Date: 

Test Status: APPROVED 
IIT Deadline: 01/08/98 23:59:59 

Date/Time Analyzed: 03/17/98 09:30:00 
Lab Group: MYWSTl 

Cus t Dilution Detection EPA 
3 Factor - Limit cI_ Result a Confidence Unit 

L 1 co.2 ug/g ~ 

Test Name: Elements by EPA 6010A ICP-AES 
Prep Method/Date: SW846-3050A 03/17/98 16:30:00 

Test Status: APPROVED 
IIT Deadline: 06/09/98 23:59:59 

Date/Time Analyzed: 03/19/98 17:49:00 
Lab Group: IYICP2 

CUSt Dilurion Detection EPA 
- HT 3 Factor c__ Limit Result Confidence Unit 

4944 7600 mg/kg 

Comnents: Results obtained from -1gm subsample and may not be representative of sample 
in the container from which the subsample was taken. Results are reported on a wet 
sample basis. 

Test: ICPMS2008 . 
Rpt Basis: As-Received 

Analysis Meth: EPA-200.8 R4.4 

QC Batch/File: 

Test Req Cnt: 01 

Approver: D G AiLEY/Lab SupeNlSOr 

Analyte g Analyte Name 
7440291 Thorium 

Test: ICPMS2008 
Rpt Basis: As-Received 

Analysis Meth: SPA-200.8 R4.4 

QC Batch/File: 

Test Req Cnt: 02 

Approver: D G AILEY/Lab Supervisor 

Analyte Id 
7440360 
7440382 
7440393 
7440417 
744 0439 
7440473 
7439921 

Analvte Name 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 

Test Name: Elements by €PA 200.8 ICR% 
Prep Method/Date: 

Test Status: APPROW 
€IT Eeadline: 06/09/98 23:59:59 

Date/Time Analyzed: 03/23/98 1 4 : 5 2 : 0 0  
Lab Group: IYPMSi 

Cust Dilution Detection E PA 
Limit Result pual Confidence Unit __. HT & & Factor - 

500000 870000 ug/g 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Date: 

Test Status: APPROVED 
€IT Deadline: 06/09/98 23:59:59 

Date/Time Analyzed: 03/23/98 20:06:00 
Lab Eruup: IYPMSl 

C u S t  Dilution 
HT &&I Factor 
.__ 

100 
100 
100 
100 
100 
100 
100 

Detect ion 
Limit Result - 

<2 
<10 
<lo 
<10 
e3 
<S 
<5 

UNCLASSIFIED 



J M S  05.02.024 
13/26/98 10:34 

P. 0 .  

-.i= g Analyte Name 
1020 Nickel 

,2492 Selenium 
7440224 Silver 
7440280 Tnallium 
7440622 Vanadium 
7440666 Zinc 

Test: PREP3050 
Rpt Basis: As-Received 

Analysis Meth: SW846-305OA 

QC Batch/File: QC98072028 

Test Req Cnt: 01 

Approver: R M WILKES/Chemist 

<<<<  None >>>>> 

Rpt Basis As-Received 

Analysis Meth ASO-Y/P65-2810 

QC Batch/File 

Test. IONCHROM 

Test Req Cnt 01 

Approver R J MCELHANEY/Chemist 

Analvte a Analvte Name 
14797558 Nitrate 

Test KARL-FISCHER 
Rpt Basis As-Received 

Test Req Cnt 01 
Analysis Metn ASTM-D1533-88 

C-aatch/File QC98071019 
Approver C A CHAMBERS/Lab Supervisor 

Analvte Id Analne Name 
N544 Moisture 

c c c c  Radiochemical >>>>> 

Rpt Basis: As-Received 

Analysis Meth: &SO-ACD-160067 

QC BatchjFile: GC98055034/WP-5318 

Test: GAMSPEC-WP 

Test Req Cnt: 01 

Approver: E E CLAi iK/Lab  Supervisor 

Analyte g 
14331830 
13967709 
10045973 
13981505 
10198400 
13966002 
N2006 
15065108 
15117961 

Analvte Name 
Actinium-228 
Cesium- 134 
Cesium-137 

Cobalt-60 
Potassium-40 
Protactinium-234m 
Thorium-234 
Uranium- 2 3 5 

Cobalt-57 

UNCLFSS i ?I ED 
As0 Operating ESLIMS 

Official Report 
Box 2009 Oak Rzdge,TN 37831 

Cust Dilution Detection 
I HT J.& Factor - Limit Result 

100 <50 
100 c10 
100 c2 
100 c2 
100 <2 
100 c2 0 

Page. 2 of 3 
Lab Smpl Id: A980480124 

Test Name: Prep by 3050 (Soil/Sludge/Solid) 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 

Date/Time Analyzed: 03/17/98 16:30:00 
Lab Group: IYICP2 

Test Name: Ion Chromatography-Water/Leach (Building 9995) 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 01/08/98 23:59:59 

Date/Time Analyzed: 02/26/98 13:30:00 
Lab Group: MYCIIMl 

Cust Dilution Detection EPA - ET &&I E Factor - Limit Result Q& Confidence 
L 1 12000 ug/g 

Test Name: Karl Fischer Reagent Moisture Analysis 
Prep Method/Date: 

HT Deadline: 
Test Status: APPROVED 

Date/Time Analyzed:, 03/06/98 07:OO:OO 
Lab Group: mWSTl 

C U S K  Dilution Detection E PA - HT J.& E Factor - Limit Result Confidence Unit 
1 253000 u9/9 

Test Name: Gamma Spectrometry by 160067 
03/07/98 13:50:00 Prep Method/Date: ASG-ACD-160092 

Test Status: APPROVED 
HT Deadline: 09/03/98 23:59:59 

Date/Time Analyzed: 03/09/98 08:OO:OO 
Lab Group: RKRADl 

h 

Detection - MDA Limit Result 
3.9634 
NA 
NA 
NA 
M 
NA 
NA 
9.42E3 
NA 

EPA 
Confidence a 
6.4e2 pCi/g 

pCi/g 
Pcl/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 

1.1e3 pCi/g 
pCi/g 

Comments: Ra-228, Ra-224, Th-232. Th-228, Pb-212, and T1-208 were analyzed a t  the customer's request. 
Th-232 calculated result was 1.20e5 + / -  5.9e4 pCl/g 
Pb-212 calculated result was 4.12e4 + I -  3.7e2 pCl/g 
Tl-208 calculated result w a s  1.59e4 + / -  3.5e2 pCl/g 
Ra-224, Ra-228, Th-228 were analyzed for but were not detected. 
3/18/98 kal 

UNCLASSIFIED 



LIMS 05.02.024 
03/26/98 10:34 

Test: GROSSAB-WP 
Rpt Basis: &-Received 

Analysis Meth: ASO-ACD-160082 

QC Batch/File: QC98055036/WP-5318 

Test Req h t :  01 

Approver: E E CLARK/Lab SuperJisor 

Analvte 9 Analyte 
i2587461 Alpha accivity 
12587412 Beta activity 

Test: TOTALACX-WP 
Rpt Basis: As-Received 

Analysis Meth: ASO-ACD-160063 
Test Req h t :  01 

Approver: E E CLARK/Lab Supervisor 
-QC Batch/File: QC98055035/WP-5318 

Analyte la Analyte Name 
N931 Total Activity 

UNCLASSIFIED Page: 3 of 3 
As0 Operating ESLIXS Lab Smpl Id: A980480124 

P. 0. Box 2009 Oak R1dge.m 37831 
Official Report 

Test Name: Gross Alpha/Beta Act. by 160060 
Prep Method/Date: ASO-ACD-160068 03/11/98 1 0 : 3 0 : 0 0  

Test Status: APPROVED 
HT Deadline: 09/07/98 23:59:59 

Date/Tme Analyzed. 03/16/98 12:OO:OO 
Lab Group: R W l  

CUSt Dec ection EPA 
gTTQ _I Limit Result Confidence Unit 

t 4.3365 1.4E4 Pci/g 
1. 5765 6.2E3 PCl/Ci 

Test Name: Total Activity using LSC by 160063 
Prep Method/Date: ASO-ALQ-~CO~.~ 03/07/38 12:3c:oo 

Test Status: APPROVED 
HT Deadline: @9/03/98 23:59:59 

Date/Time Analyzed: 03/@9/98 14:26:00 
Lab Group: RKRADl 

cus t Detection EPA 
Limir Result Confidence - H T a t ' n  E+ ~ 

d 4.7935 4.le3 PCi/Ci 

Footnotes: 
d - Spike control limits do not apply, sample activity exceeds the activity of the spike 
h - Daughter of uranium xotopes, reported for  comparlson purposes only 
t - Acceptable spLke recovery limits for non-aqueous matrices are 509-150% 

**e** END OF REPORT ***** 
LNCLASSIFIED 



LIMS 05.02.024 
03/26/98 10:34 

UNCLASSIFIED 
AS0 Operating ESLIMS 

P. 0. Box 2009 Oak Ridge,m 37831 
Official Report 

Project. K-WM-K316 THORIuf-il  STREAM8 

BLDG 1037, MS 7349 (423)574-1907 

Page: 1 of : 
Lab Smpl Id: A980480125 

Customer Smpl Id. BT5-005d 

Customer: F R VAN RYN JR 

Matrix: 
Sample Description: 

Location: 
Chain of Custody No: 

Protocol : 
Charge Number: 

Sampler Ls) : 

SOLID 
THORIUM DEMO 
PERMA- F iX 
TELEDYNE 
NONE 
PN8 92 6 05 

Date/Time Sampled: 12/18/97 09:54:00 
Date/Time Received: 02/17/98 13:4f:00 
Date/Time Needed: 03/25/98 23:59:59 

Date/Time Completed: 03/25/98 16:35:03 
Date/Tirne Approved: 03/25/98 16:35:03 

Sample Status: APPROVED 
Sample Approver: 

,%sterner Comments: 
Lab Comments: 

c c c c c  Inorganic >>>>> 
Test: HG7471 

Rpt Basis: As-Received 
Test Req Cnt: 01 
Analysis Meth: SW846-7471 

QC Batch/File: 
Approver: W E READY 

Test Name: Mercury in Solid Waste/Soil/Sludge by O J W  
Prep Method/Dare: 

Test Status: APPROVED 
IIT Deadline: 01/15/96 23:59:59 

Date/Time Analyzed: 03/17/98 09:30:00 
Lab Group: MmSTl 

Cust Dilution De:ection EPA 
Result Confidence Unit Limit - I HT Lim & Factor 

L I. c 0 . 2  ug/9 

Analyte a Analvte Name 
7439976 Mercury 

Test: ICP6010 
Rpt Basis: As-Received 

Test Req Cnt: 01 
Analysis.Meth: SW846-6010A 
. Approver: R M WILKES/Chernist 

QC Batch/File: QC98084005/Q98078D 

Test Name: Elements by EPA 6010A ICP-AES 
Prep Method/Date: SW846-3050A 03/17/98 16:30:00 

Test Status: APPROVED 
HT Deadline: 06/16/98 23:59:59 

DatejTirne Analyzed: 03/19/98 17:49:00 
Lab Group: IYICP2 

Cust Dilution Deteccion 
Limit - Q E Factor 

4373 

EPA 
Lyte Id Analvte Name 
.I235 Sodium 

Comments: Results obtained 
in the container 
sample basis. 

Test. ICPMSZOOB 
Rpt Basis As-Received 

Test Req Cnt: 01 

Result Qual Confidence 
12300 m d k 3  

from - 1 9  subsample and may not be representative of sample 
from which the subsample was taken. Xesults are reported on a wet 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Date: 

Test Status: APPROVED 
Analysis Meth: EPA-200.8 R4.4 

QC Batch/File: 
Approver: D G AILEY/Lab Supervisor 

HT Deadline: 06/16/90 23:59:59 
Date/Time Analyzed: 03/23/98 15:09:00 

Lab Group: I Y P M s i  

CUS t Dilution Detection EPA 
Analyte 3 Analvte Name 
7440291 Thorium 

Result && Confidence Unit - Limit - - liT &&I 9 Factor 
500000 640000 ug/g 

Test: ICFMS2008 
Rpt Basis: &-Received 

Test Req Cnr: 02 
Analysis Meth: EPA-200.8 R4.4 

QC Bacch/File: 
Approver: D G AILEY/Lab Supervisor 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 06/16/98 23:59:59 

Date/Time Analyzed: 03/23/98 20:24:00 
Lab Group: IYPMSl 

Cus t Dilution Detection E?A - HT &i~ a Factor - Limit Result Confidence 
100 c2 ug/9 
100 <10 ug/g 
100 
100 
100 
100 
100 

Analvte Analvte Name 
7440360 Anta.mony 
7440382 Arsenic 
744 03 93 Barium 
7440417 Beryllium 
7440439 Cadmium 
7440473 Chromium 
l”39921 Lead 

<10 
<2 
<3 
c5 
CS 

UNCLASSIFIED 



LIMS 05.02.024 
03/26/98 10:34 

Analyte g Analvte 
7440020 Nickel 
7782492 Selenium 
7440224 Silver 
7 4 4 02 8 0 Tnal 1 ium 
7440622 Vanadium 
7440666 Zinc 

Test: PREP3050 
Rpt Basis: As-Received 

Analysis Meth: SW846-305OA 

QC Batch/File: QC98072028 

Test Req Cnt: 01 

Approver: R M WILKES/Chemist 

C C C C C  None > > > > >  
Test: IONCHROM 

Rpt Basis: As-Received 

Analysis Meth: ASO-Y/P65-2810 

QC Batch/File: 

Test Req Cnt: 01 

Approver: R J MCELHANEY/Cnemist 

Analyte ;a Analyte Name 
14797558 Nitrate 

Test: KARL-FISCHER 
Rpt Basis: As-Received 

Test Req Cnt: 01 
Analysis Meth: ASTM-D1533-88 

QC Batch/File: QC98071019 
Approver: C A CHAMBERS/Lab Supervisor 

Analvte Analyte Name 
N544 Moisture 

ccccc Radiochemical >>>>> 
Test: GAMSPEC-WP 

Rgt Basis: As-Received 
Test Req Cnt: 01 
Analysis Meth: ASO-ACD-160067 

QC Batch/File: QC98055034/WP-5318 
Approver: E E CLARK/Lab Supervisor 

Analyts a 
14331830 
14109321 
13967709 
10045973 
13981505 
10198400 
13966002 
N2006 
15065108 
15117961 

Analvte Name 
Actinium-228 
Cadmium-109 
Cesium-134 
Cesium-137 
Cobalt-57 
Cobalt-60 
Potassium-40 
Protactinium-234m 
Thorium-234 
Uranium-235 

.LJNCLAsS I S XED 
AS0 Operating ESLIMS 

P 0. Box 2009 Oak Ridge.TN 37831 
Official Report 
Cust Dilution Detection 

- HT Q f" Factor LIT1 t Result 
io0 e50 
100 <lo 
100 <2 
100 <2 
100 c2 
100 <20 

Page: 2 of 3 
Lab Smpl Id: A98048Ci25 

Test Name: Prep by 3050 (Soil/Sludge/Solidl 
Prep Method/Date. 

Test Status: APPROVED 
ET Deadline: 

Dare/Time Analyzed: 03/17/98 1 6 : j O : O O  
Lab Group: IYICP2 

Test Name: Ion Chromatography-Water/Leach 1Buildir.g 99951 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 01/15/98 23:59:59 

Date/Time Analyzed: 02/26/98 13:OO:OO 
Lab Group: MYCHMl 

m s  t Dilution Detection E PA 
I ~ T  % E Factor Result Qual Confidence - 
L 1 38000 U d 3  

Test Name: Karl Fischer Reagent Moisture Analysis 
Prep Method/Date: 

Test Status : APPROVED 
HT Deadline: 

Date/Time Analyzed:, 03/06/98 07:OO:OO 
Lab Group: MYWSTl 

cust Dilutior, Detection E PA 
E & Factor Limit Result Confidence Unit 

1 209000 ug/g 

Test Name: Gamma Spectrometry by 160067 
03/07/98 13:50:00 Prep Method/DaLe: ASO-ACD-160092 

Test Status: APPROVED 
HT Deadline: 09/03/98 23:59:59 

Date/Time Analyzed: 03/09/98 08:OO:OO 
Lab Group: RKRADI. 

cus t Detection 
&.In& Limit Result 

2.13E4 
1.8334 
NA 
NA 
m 
NA 
NA 
p.ua 
3 .18E3 
NA 

h 

Ccmments: Ra-228, Ra-224, Th-232. Th-228, Pb-212, and T1-208 were analyzed at 
the customer's request. 
T1-208 calculated result was 1.24e4 + / -  3.0e2 pCi/g 
Pb-212 calculated result was 2.81e4 + / -  3.4e2 pCi/g 
Ra-228, Ra-224, Th-232, Th-228 were analyzed for but not detected. 
3/18/98 k a l  

UNCLASSIFIED 



IMS 05.02.024 
3/26/?8 10:34 

Test: GROSSAB-WP 
..... . .. Rpt Basis: &-Received 

*. Req Cnt: 01 
p i s  Meth: ASO-ACD-160082 

p C  Eiacch/File: QC98055036/WP-S318 
Approver: E E CLARK/Lab Supervisor 

Analme Id Analyte Name 
12587461 Alpha activity 
12587472 Beta activity 

Test TOTALACT-WP 
Rpt Basrs As-Received 

Analysis Meth. ASO-ACD-160063 

QC Batch/File QC98055035/WP-5318 

Test Req Cnz 01 

Approver 2 E CLARK/Lab Supervisor 

Analyte Id Analyte Name 
N931 Tocal Activity 

UNCLASSIFIED 
AS9 Operating SSLIMS 

P. 0. Box 2009 Oak R1dge.m 37831 
Official Report 

Test Name: Gross Alpha/Beta Act. 
Prep Method/Date: SO-ACD-160068 

Test Status: APPROVED 
HT Deadline: 09/07/98 23:89:59 

Date/Tirne Analyzed: 03/16/98 12:OO:OO 
Lab Group: RKRAD1 

Page: 3 of 3 
Lab Smpl Id: A980483125 

by 160060 
03/11/98 10:30:00 

CUSt Detection EPA - HT & =A - Limit Result Confidence Unit 
2.59E5 1.134 PCl/9 
8.72E4 4.6E3 PCi/9 

Test Name. Total Actrvity using LSC by 160063 
Prep Method/Date: ASO-ACD-160084 03/07/98 12.30:OO 

Test Status: APPROVED -- 
ElT Deadline. 09/03/98 23:59:59 

Date/Tirne Analyzed: 03/09/98 1 4 : 2 6 : 0 0  
Lab Group: R W 1  

Cust Detection EPA 
Result Qual Confidence - HTaz Limit 
3.3935 3 . 4 ~ 3  pci/g 

3otnotes : 
h - Daughter of uranium isotopes, reported for comparison purposes only 

e**** END OF REPORT 
UNCLASSIFIED 



LIMS 05.02.024 
03/26/98 10:34 

Customer Smpl Id: aT2-007e 

mCLASS I FIED 
AS0 Operating ESLIMS 

P. 0. Box 2009 Oak Ridye,TN 37831 
Official Report 

Pro2ect : K-WM-Kl16 THORIUM1 STRE&!llB 

Page: 1 of I 
Lab Smpl Id: A980490202 

Customer: F R VAN RYN JT( a m  1037, MS 7349 (423)574-1907 

Matrix: SOLID 
Sample Description: THORIUM DEMO 

Location: PERM?-FIX 

Protocol: NONE 
Chain of Custody No: TELEDYNE 

Charge Number: PN892605 
Sampler(s) : 

Date/Time Sampled: 12/03/97 21:26:00 
Date/Time Received: 02/17/98 13:45:00 
Date/Time Needed: 03/25/98 23:59:59 

Date/Time Complered: 03/26/98 08:26:27 
Date/?ime Approved: 03/26/98 08:26:27 

Sample Status: APPROVED 
Sample Approver: 

Customer Comments: See Radcon before opening sample 
Lab Comments: 

c_- _-____ - 
c c < < c  Inorganic >>>>> 

Test: ICP6010 
Rpt Basis: As-Received 

Walysis Meth: SW846-6010A 
Approver: R M WILKES/Chernist 

QC Batch/File: QC98084006/998079E 

Test Req Cnt: 01 

Analvte g Analvte Name 
7440235 Sodium 

Test Name: Elements by EPA 6010A ICP-AES 
Prep blethod/Date: SW846-3050A 03/17/98 16:30:00 

Test Status: APPROVED 
HT Deadline: 06/01/98 23:59:59 

Date/Time Analyzed: 03/20/98 13:43:00 
Lab Group: IYICPZ 

Cust Dilution Detection 
Limit - HT Factor - 

7047 

Comments: Results obtained from -1gm subsample and may not be representative of sample 
in the container from which the suDsample was taken. Results are reported on 
a wet weight sample basis. 
Secondary 20 fold dilution prior to analysis 

Test: ICPMS2008 
Rpt Basis: &-Received 

Analysis Meth: EPA-200.8 R4.4 

QC Batch/File: 

Test Req Cnt: 01 

Approver: D G AILEY/Lab Supervrsor 

Analvte Id Analvte Name 
7440291 Thorium 
_I__- __c- 

Test: ICPMSTCLP 
Rpt Basis: As-Received 

Test Req C a t :  01 
Analysis Meth: SW846-6020 

QC Batch/File: QC98084009/C980324A 
Approver: D G AILEY/Lab Supervisor 

Analyce 
7440360 
7440382 
744 03 93 
7440417 
7440439 
7440473 
7439921 
7440020 
7440224 
7440280 
7440622 
7440666 

- Id Analyte Name 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
N i c k e l  
Silver 
Thall ium 
Vanadium 
Zinc 

€PA 
Result Qual Confidence Unit 
32000 mg/kg 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Date: 

Test Status: APPROVED 
!-IT Deadline: 06/01/98 23:59:59 

Date/Time Analyzed: 03/23/98 16:57:00 
Lab Group: IYWS1 

cus t Dilution Detection EPA e Factor - Limit Result Qual Confidence 
100000 4 9 ~ 0 0 0  ug/g 

Test Name: Elements in TCLP Extracts by ICPMS 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 08/23/98 23:59:59 

Date/Time Analyzed: 02/27/98 12:35:00 

cus t 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

Lab Group: 

Dilution 
Factor 
1000 
1000 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

IYPMsl  

Deteccion 
Limit Result 

<200 
ClOOO 
710 
<20 
c30 
<so 
c50 
c39 
c20 
e20 
<20 
390 

EPA 
Confidence Unit 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/t 

UNCLASSIFIED 



L I S  05.02.024 
03/26/98 13:34 

Test : 
Rpt Basis: 
t Req Cnt: 

-lysis Meth: 
Approver : 

QC Batch/File: 

Test: 
Rpt Basis: 

Test Req Cnt: 
Analysis Meth: 

Approver : 
QC Batch/File: 

P&-P3 0 5 0 
As-Received 
01 
SW846-3050A 
R M WILKES/Chemist 
QC98072028 

TCLPHG 
&-Received 
01 
SW846-7470 
W E READY 

Analvte g Analyte Name 
7439976 Mercury 

Test: TCLPSE 
Rpt Basis: As-Received 

Test Req Cnt: 01 
Analysis Meth: SW846-7740 

QC Batch/File: 
Approver: W E READY 

Analvte ,IcJ Analyte Name 
7782492 Selenium 

'oot notes : 
d - Dilution is due to sample matrix 
e - Results should be considered estimated 

: < *-. ..... .. None >>>>> 
Test: IONCHROM 

Rpt Basis: As-Received 

Analysis Meth: ASO-Y/P65-2810 

QC Batch/File: 

Test Req Cnt: 01 

Approver: R 3 MCELHANEY/Chemist 

-- Analvte Id AnalVte Name 
14797556 Nitrate 

Test: TCLPEXN-NV 
Rpt Basis: As-Received 

Test Req Cnt: 01 
Analysis Meth: SW846-1311 

QC Batch/File: QC98054014 
Approver: C A HUBBUM 

: < c c c  Radiochemical >>>>> 
Test : CAMSPEC-WP 

Rpt Basis: &-Received 

Analysis Meth: ASO-ACD-160067 

QC Batcn/File: QC98055034/WP-5318 

Test Req Cnt: 01 

Approver: E: E CLARK/Lab Supervisor 

Analvte Id Analvte Name 
14331830 Actinrum-228 
14 10 93 2 1 
13967709 Cesium-134 

'5973 Cesium-137 

-- 
Cadmium - 10 9 

UNCLASSIFIED Page: 2 ef 3 
AS0 Operating ESLIMS Lab Smpl Id: A980490201 

P. 0 .  BOY 2009 Oak Rxdge,TN 37831 
O f f i c i  a1 Report 

Test Name: Prep by 3050 (Sorl/Sludge/Solld) 
Prep MethodlDate: 

Test Status: APPROVED 
HT Deadline: 

Date/Time Analyzed: 03/17/98 16:)O:OO 
Lab Group: IYICP2 

Test Name: Mercury In TCLP Extract by Cold Vapor AA 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 03/24/98 23~59~59 

Date/Time Analyzed: 02/26/98 07:OO:OO 
Lab Group: MYWSTl 

cus t Dilution Detection E PA 
Limit Result Confidence EIT. Q Factor - 

P 1 <20 ug/L 

Test Name: Selenium In TCLP Extract by GFAA 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 06/01/98 23:59:59 

Date/Time Analyzed: 03/20/98 07:OO:OO 
Lab Group: ENWSTl 

CuSt Dilution Detection E?A - HT && E Factor Limit Result Qu& Confidence Unit 
de 200 c400 ug/L 

Test Name: Ion Chromatography-Water/Leach (Building 9995) 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 12/31/97 23:59:59 

Date/Time Analyzed: 02/26/98 13:30:00 
Lab Group: MYCHM1 

cus t Dilution Detection EPA - HT & Factor - Lzmit Result QI& Confidence Unit 
L 1 58000 Ud.3 

Test Name: T U P  Extn for NonVolatiles 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 12/17/97 23:59:59 

Date/Time Analyzed: 02/23/98 08:40:00 
Lab Group: MYWST1 

Test Name: Gamma Spectrometry by 160067 
03/07/98 13:50:00 Prep Method/Date: ASO-ACD-160092 

Test Status: APPROVED 
HT Deadline: 09/03/9B 23:59:59 

Date/Time Analyzed: 03/09/98 08:OO:OO 
Lab Group: RKRADl 

cus t Detect ion €PA 
HT Lim a ' *  Limit Result Qual Confidence && - 

5.7334 7.1e2 pCi/g 
f 3.77E3 4.Oe3 pCi/g 

NA pCi/g 
NA pCi/g 

UNCLASSIFIED 



LIMS 05.02.024 
03/26/98 10:34 

Analvte Analvte 
13981505 Cobalt-57 
10198400 Cobalt-60 
13966002 Potassium-40 
N2006 Protactinium-234m 
15065108 Thorium-234 
15117961 Uranium-235 

U N C W S  IFIED 
AS0 Operating ESLIMS 

P. 0. Box 2009 Oak Rrdge,TN 37831 
Official Reporr 

Detection cus t 
Result 
NA 
NA 
NA 
NA 
7.33E3 
NA 

- - HTQZ Limit 

h 

Page: 3 of 3 
Lab Smpl Id: A98049~201 

EPA 
Qual Confidence Unit 

p c i ,  
pCi/q 
pCi/g 
pCi/g 
pCi/g 
pci/g 

1.5e3 

Comments: Ra-228, Ra-224. Th-232, Th-228, Pb-212, and T1-208 were analyzed at 
the customer's request. 
Th-232 calculated result was 1.90e5 + / -  3.5e4 pCi/g 
Pb-212 calculated result was 5.85e4 + / -  4.3e2 pCi/g 
T1-208 calculated result was 1.89e4 + / -  3.5e2 pCi/g 
Ra-228, Ra-224, Tn-228 isotopes were analyzed f o r ,  but were not 
detected. 
3/18/98 kal 

Test: GROSSAB-WP 
Rot Basis: As-Received 

Analysis Meth: ASO-ACD-160082 

QC Batch/File: QC98055036/WP-S318 

Test Req Cnt: 01 

Approves: E E CLARK/Lab Supervisor 

Analyte Id Analvte 
32587461 Alpha activity 
12587472 Beta activity 

Test: TOTALACT-UP 
Rpt Basis: As-Received 

Test Req Cnt: 01 
Analysis Meth: ASO-ACD-160063 

QC Batch/File: QC98055035/WP-5318 
Approver: E E CL.ARK/Lab Supervisor 

AnalMe Analyte N- 
N931 Total Activity 

Test Name: Gross Alpha/Beta Act. by 160060 
Prep Method/Date: SO-ACD-360068 03/11/98 10:30:00 

Test Status: APPROVED 
HT Deadline: 09/07/98 23:59:59 

Date/Time Analyzed: 03/16/98 12:OO:OO 
Lab Group: RI(RAD1 

Cust Decection EPA 
Limit Result Confidence Unit 
I_ 

MOA 
1.3635 7.3E3 pcug 
6.6334 3.7E3 pCi/g 

Test  Name: Total Activity using LSC by 160063 
Prep Method/Dare: ASO-ACD-160084 03/07/98 12:30:00 

Test Status: APPROVED 
IIT Deadline: 09/03/98 23:59:59 

Date/Time Analyzed: 03/09/98 14:26:00 
Lab Group: RKRADl 

Cust Detection EPA 
h T m &  Limit Result Qual Confidence Unit - 

5.76E5 4.Oe3 pCi/g 

Footnotes : 
f - Tentatively identified isotope (TIII 
h - Daughter of uranium isotopes. reported for ccmparisan purposes only 

***** END OF REPORT ***** 
UNCLASSIFIED 



.IMS 0 5  02 024 UfjCLASS IFIED 
3/26/98 10 34 AS0 Operating ESLIMS 

P. 0. Box 2009 Oak Ridge,TN 37831 
Official Report 

Customer Smpl Id. aT4-007e Prolect. K-WM-Kl16 THORIUM1 STREAMllE 

Customer. F R VAN RYN JR B L X  1037, M S  7349 (423)574-1907 

?aye: 1 of 3 
Lab Smpl Id: A980490202 

Matrix: SOLID 
Sample Description: THORIUM DEN0 

Location: PEW-FIX 

Protocol: NONE 
Chain of Custody No: TELEDYNE 

Charge Nurrber: PN892605 
Sampler i s )  : 

Date/Time Sampled: 12/12/97 12:14:00 
Date/Time Received: 02/17/98 13:45:00 
Date/Time Needed: 03/25/98 23:59:59 

Da.te/Time Completed: 03/26/98 00:26:27 
Date/Trme Approved: 03/26/98 08:26:27 

Sample Status: APPROVED 
Sample Approver: 

ustomer Comments: See Radcon before opening sample 
Lab Comments: 

< < < C  Inorganic >>>>> 
Test: ICP6010 

Rpt Basis: As-Received 

Analysis Meth. SW846-6010A 
Approver: R M WILKES/Chemist 

QC Batch/File: QC98084006/Q98079E 

Test Req Cnt: 01 

Analyte Id Analvte Name 
7440235 Sodium 

Test Name: Elements by EPA 6010A ICP-RES 
Prep Method/Date: SW846-305OA 03/17/98 16:30:00 

Test Status: APPROVED 
HT Deadline: 06/10/98 23:59:59 

Date/Time Analyzed: 03/20/98 13:43:00 
Lab Group: IYICP2 

cus t Dilution Detection €PA - HT E FacKor - Limit Result Confidence 
8834 13900 W k Y '  

Comments: Results obtained from -1gm subsample and may not be representative of sample 
in :he container f r o m  which the subsample was taken. Results are reported on 
a wet weight sample basis. 
Secondary 29.99999 fold dilution prior to analysis 

Test: ICPMS2008 
Rpt Basis: As-Received 

T̂ .-t Req Cnt: 01 
sis Meth: EPA-200.8 R4.4 
Approver: D G AILEY/Lab Supewisor 

QC Ba:ch/File: 

Analyte Malvte Name 
7440291 Thorium 

Test : ICPMSTCLP 
Rpt Basis: As-Received 

Test Req Cnt: 01 
Analysis Meth: SWE46-6020 

QC Batch/File: QC98084009/C980324A 
Approver: D G AILEY/Lab Supervisor 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 06/10/98 23:59:59 

Date/Time Analyzed: 03/23/98 15:21:00 
Lab Group: IYPMSl 

@2st Dilution Detection EPA - HT Q & Factor Limit Result Q& Confidence Unit 
10000 27000 w 9  

Test Name: Elements in TCLP Extracts by ICPMS 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 08/23/98 23:59:59 

Date/Time Analyzed: 02/27/98 13:OS:OO 
Lab Group: IYPMSl 

Analvte 
7440360 
7440382 
7440393 
7440417 
7440439 
7440473 
7439921 
7440020 
7440224 
7440280 
7440622 
7440666 

- Id Analyte Name 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Silver 
Thallium 
Vanadium 
Zinc 

CuSt - H T G Z  
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

Dilution 
Factor 
1000 
1000 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

- Detection - Limit Result 
e200 
ClOOO 
c100 
e20 
e30 
c50 
<so 
e300 
c20 
c20 

<20 
<200 

EPA 
QI& Confidence Unit 

uy/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

UNCLASSIFIED 



LIMS 05.02.024 
03/26/98 10:34 

Test: PREP3050 
Rpt Basis: As-Received 

Analysis Meth: SW846-3050A 

QC Batch/File: QC98072028 

TesC Req Cnt: 01 

Approver: R M WILKES/Chenust 

UNCLASSIFIED Page: 2 of 3 
AS0 Operating ESLIMS Lab Smpl Id: A980490202 

P. 0. Box 2009 Oak Ridge,TN 37831 
Official Report 

Tesc Name: Prep by 3050 ISoil/Sludge/Solid) 
Prep Method/Date: 

Deadlice: 
Test Status: APPROVED 

Dace/Time Analyzed: 03/17/98 16:30:00 
Lab Group: IYICP2 

Test: TCLPHG 
Rpt Basis: As-Received 

Test Req Cnt: 01 
Ar.alysis Meth: SW846-7410 

Approver: W E READY 
QC Batch/File: 

Analyte Analvte Name 
7439976 Mercury 

Test :  TCLPSE 
Rpt Basis: As-Received 

Test Req C n t :  01 
Analysis Meth: 81846-7740 

QC Batch/File: 
Approver: W E READY 

Analyte Id Analyce Name 
7782492 Selenium 

oomotes: 
d - Dilution is due to sample matrix 
e - Results should be considered esiirnated 

cccc None >>>>> 

Rpt Basis: As-Received 
Test: IONCHROM 

Test Req Cnt: 01 
Analysis Meth: ASO-Y/P65-2810 

QC Batch/File: 
Approver: R J MCELHANEY/Chemist 

Analyte g Analwe Name 
14797558 Nitrate 

Test: TCLPEXN-NV 
Rpt Basis: As-Received 

Test Req h t :  01 
Analysis Meth: SW846-1311 

QC Batch/File: QC98054014 
Approver: C A HUBBUCH 

cc< Radiochemical >>>>> 

Rpt Basis: As-Received 
Test: GAMSPEC-WP 

Test Req Cnt: 01 
Analysis Meth: ASO-Am-660067 

QC Batch/File: QC98055034/WP-5318 
Approver: E E CLARK/Lab Supervisor 

Analvte Id Analvte Name 
14331830 Actinium-228 
14109321 Cadmium-109 
13967709 Cesium-134 
10045973 Cesium-137 

Test Name: Mercury In TCLP Extract by Cold Vapor A.4 
Prep Method/Date : 

Test Status: APPROVED 
?IT Deadline: 03/24/99 23:59:59 

Date/Time Analyzed: 02/26/98 07:OO:OO 
Lab Group: MYWSTl 

cus t Dilution Detection EPA - HT Factor Limit Result Confidence Unit 
P 1 c20 ug/L 

Test Name: Selenium In TCLP Extract by GFAA 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 06/10/98 23:59:59 

Date/Time Analyzed: 03/20/98 07:OO:OO 
Lab Group: MYiiSTl 

CJSt Dilution Detection EPA - HT &i~ Factor - Limit Result Qual Confidence Unit 
de 200 c400 ug/L 

Test Name: Ion Chromatography-Water/Leach (Building 9995 
Prep Method/Date: 

T e s t  Status: APPROVED 
?IT Deadline: 01/09/96 23:59:59 

Date/Time Analyzed: 02/26/98 14:OO:OO 
Lab Group: M Y C i i l  

CUst Dilution Detection EPA 
a Factor I_ Limit Result Q&. Confidence 

L 1 22000 ug/g 

Test Name: TCLP Extn for NonVolatiles 
Prep Method/Date: 

Test Status: APPROVED 
UT Deadline: 12/26/97 23:59:59 

Date/Time Analyzed: 02/23/98 08:40:00 
Lab Group: Mi'WST1 

Test Name: Gamma Spectrometry by 160067 
Prep Method/Date: SO-ACD-160092 03/07/98 13:SO:OO 

Test Status: APPROVED 
HT Deadline: 09/03/98 23:59.59 

Date/Time Analyzed: 03/09/98 09:OO:OO 
Lab Group: RKRADl 

cus t De t ecC ion E?A 
Limit Result Qu& Confidence Unit - H T @ E  _I_ 

7.05E4 7.7e2 PCl/9 
4.5714 3.8e3 Pci/g 
NA Fcl/g 
NA P-/g 

UNCLASSIFIED 



LIMS 05.02.024 
03/26/98 10:34 

AnalYte 9 Analyte Name 
581505 Cobalt-57 
98400 Cobalt-60 
96 6 0 02 Potassium4 0 

N2006 Protactinium-234m 
15065108 Thorium-234 
15117961 Uranium-235 

UNCLASSIFIED 
AS0 Cperat ing ESLIVS 

P. 0. Box 2009 Oak Ridge,TN 37831 
Cfficial Report 

CUS: Detect ion - H T & &  % - Limit Result 
NA 
NA 
NA 
NA 
NA 
NA 

Comments: Ra-228, Ra-224, Th-232, Th-228, Pb-212. and T1-208 were analyzed at 
the customer's request. 
Th-232 calculated result was 2.54eS + / -  5.2e4 pCi/g 
Pb-212 calculated result was 1.57e4 .+/- 2.2e2 pCi/g 
T1-208 calculated result was 2.34e4 + / -  3.7e2 pCi/g 
Ra-228, Ra-224, Th-228 isotopes were analyzed f o r ,  but were not 
detected. 
Ce-141 calculated result was 1.17e3 + / -  l.le3 pCl/g 
3/18/98 kal 

Test: GROSSAB-WP 
Rpt Basis: As-Received 

Analysis Meth: ASC-ACD-160082 

QC Batch/File: QC98055036/UP-5318 

Test Req Cnt: 01 

Approver: E E CLARK/Lab Supervisor 

Analyte Id Analme 
12587461 Alpha activity 
12587472 Beta activity 

Test. TOTALACT-WP 
Rpt Basis: As-Received 

Test Req Cnt: 01 
Analysis Meth: ASO-ACD-160063 

Approver: E E CLARK/Lab Supervisor 
'atch/Frle: QC98055035/WP-5318 

Analvte Id Analvte Name 
N931 Total Activity 

?age: 3 of 3 
Lab Smpl Id: A980490292 

EPA 
Q& Cocfidence Unit 

pCi/F; 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
PCl/9 

Test Name: Gross Alpha/Beta Act. by 160060 
Prep Method/Date: ASO-ACD-160068 03/11/98 10:30:00 

Test Status: APPROVED 
HT Deadline: 09/07/98 23:59:59 

Date/Time Analyzed: 03/16/98 12:OO:OO 
Lab Group: RKRAD1 

cus t Detection E PA - H T * &  e - Limit - Result Qual Confidence Unit 
S. 9535 1.5E4 pCi/g 
2.38E5 6.453 pCi/g 

Test Name: Total Activity using LSC by 160063 
Prep Method/Date: ASO-ACD-160064 03/07/98 12:30:00 

Test Status: APPROVED 
HT Deadline: 09/03/98 23:59:59 

Date/Time Analyzed: 03/09/98 14:26:00 
Lab Group: R-1 

CuSt Detection EPA - HT%Z =A Limit __. Result Confidence Unit 
6.84ES 4.2e3 pCi/g 

***f* END OF REPORT ***** 
UNCLASS IF XED 



LIMS 05.02.024 
33/26/98 10:34 

Customer Smpl Id: BT5-007e 

UNCLASSIFIED 
AS0 Operating ESLIMS 

P. 0 .  Box 2009 Oak Ridge.TN 37831 
Official Report 

Project: K-WM-Kl16 T H O R X W l  STREAMLlQ 

Customer: F R VAN RYN JR BLDG 1037, MS 7349 (423)574-1907 

Matrix: SOLID 
Sample Description: mORIUM DEMO 

Location: PERMA-FIX 
Chain of Custody NO: TELEDYNE 

Charge Number: PN892605 
Protocol: NONE 

Sampler(s1 : 

Date/Time Sampled: 
Date/Tirne Received: 
Date/Time Needed: 

Dace/Time Completed: 
Date/Time Approved: 

Sample Status : 
Sample Approver: 

Customer Comments: See Radcon before opening sarr.ple 
Lab Comments: 

Page: 1 of 1 
Lab Smpl Id: A98049020: 

12/18/97 15:19:00 
02/17/90 13:45:00 
03/25/98 23:59:59 
03/26/98 08:27:07 
03/26/98 08:27:07 
APPROVED 

ccccc Inorganic >>>>> 
Test: ICP6010 

Rpt Basis: As-Received 

Analysis Meth: SW846-6010A 
Approver: R M WILKES/Chemist 

QC BatcWFile: QC98084006/Q98079E 

Test Req C n t :  01 

Analvte g Analyte 
7440235 Sodium 

Test Name: Elements by EPA 6010A ICP-AES 
Prep Method/Date: SW46-3050A 03/17/98 16:30:00 

Test Status: APPROVED 
HT Deadline: 06/16/98 23:59:59 

Datt/Time Analyzed: 03/20/98 13:43:00 
Lab Group: TYICPZ: 

CuSt Dilution Detection EPA - HT & Factor - Limit Result Qual Confidence E 
9591 29200 mg/kg 

Comments: Results obtained from -1gm subsample and may not be representatlve of sample 
in the container from which the subsanple was taken. Results are reported on 
a vet weight sample b a s i s .  
Secondary 30 fold dilution prior to analysis 

Test: ICpMs2008 
Rpt Basis: As-Received 

Analysis Meth: EPA-200.8 R4.4 

QC Batch/File: 

Test Req Cnt: 01 

Approver: D G AILEY/Lab Supervisor 

Analvte Analvte Name 
7440291 Thorium 

Test: ICPMSTCLP 
Rpt Basis: As-Received 

Test Req Cnc: 01 
Analysis Meth: 51846-6020 

QC Batch/File: QC98084009/C980324A 
ApprOVeK: D G AILEY/Lab SuperVi3Or 

Analvre JcJ 
7440360 
7440382 
7440393 
7440417 
744 043 9 
744 04 73 
7434921 
7440020 
7440224 
7440280 
7440622 
7440666 

Analyte Name 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Silver 
Tha 11 ium 
Vanadium 
Zinc 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 06/16/98 23:59:59 

Date/Time Analyzed: 03/23/98 17:02:00 
Lab Group: IY?MSl 

Cust Dilution Detection EPA 
Limit Result Confidence - HT & Factor - 

100000 570000 u d g  

Test Name: Elements in TCLP Extracts by ICPUS 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 08/23/98 23:59:59 

Date/Time Analyzed: 02/27/98 13:17:00 
Lab Group: IYPMSl 

CUSt 
a G  
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 

Dilution 

1 0 0 0  
1000 
100 
l o o  
100 
100  
100 
100 
1 0 0  

100  
100 
1 0 0  

Fn Factor - -  
Detection 
Limit Result 

c200 
cl000 

8 4 0  
c20 
<50 
c50 
cso 

c300 
c20 
c20 
c20 
210 

EPA 
Confidence 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
u g h  
ug/L 

UNCLASS IFXED 



L I S  0 5 . 0 2 . 0 2 4  
03/26/98 1 0 : 3 4  

Test : 
Rpt Basks : 
t Req Cnt: 
-ysis Meth: 
Approver : 

QC Batch/fiie: 

Test : 
Rpt Basis: 

Test Req Cnt: 
Analysis Meth: 

Approver : 
QC Batch/File : 

PREP3050 
As-Received 
01 
SW846 -3050A 
R M WILKES/Chernist 
QC98072028 

TCLPHG 
As-Received 
a1 
5 1 8 4 6 - 7 4 7 0  
W E READY 

&nalyte Id Analyte 
7 4 3 9 9 7 6  Mercury 

' Test: 
Rpt Basis: 

Test Req Cnt: 
Analysis Meth: 

Approver : 
QC Batch/File: 

TCLFSE 
As-Received 
01 
SW846 - 7 7 4  0 
W E READY 

Analyte 
7 7 8 2 4 9 2  

Analvte Name 
Selenium 

Footnotes: 
d - Dilution is due to sample matrix 
e - Results should be considered estimated 

c < < c c  None >7>>z 
Test. IQNCIIROM 

Apt Basis: As-Received 

Analysis Meth ASO-Y/P65-2810 

QC Bacch/File: 

Test Req Cnt: 01 

Approver: R 3 MCELHANEY/CherniSt 

Walyte Id Analvte Name 
1 4 7 9 7 5 5 8  Nitrate 

Test. TCLPEXN-NV 
Rpt B a s i s .  As-Received 

Test Req Cnt: 01 
Analysis Meth: SW846-1311 

QC Batch/Fiie: QC98054014 
Approver C A HCBBUCiI 

UNCLASSIFIED 
AS0 Operating ESLIMS 

P. D. Box 20D9 Oak Ridqe.TN 3 7 8 3 1  
Official Reporc 

Test Name: 
Prep Method/Date: 

Test Status: 
HT Deadline: 

Date/Time Analyzed: 
Lab Group : 

Test Name: 
Prep Method/Date: 

Test Status: 
KT Deadline: 

DaKe/Time Analyzed: 
Lab Group: 

Cust Diiut ion 
HT &&I Factor 
P 1 
- 

Test Name : 
Prep MethoWDate: 

Test Status: 
€IT Deadline: 

Date/Time Analyzed: 
Lab Group: 

Cust Dilution 

de 200 
HT @J 5 Factor - 

Test Name: 
Prep Method/Date: 

Test Status: 
€IT Deadline: 

Date/Time Analyzed: 
Lab Group: 

cus t Dilution 
HT && g Factor 
L 1 
- 

Test Name: 
Prep Method/Date: 

Tesr Status: 
HT Deadline: 

Date/Time Analyzed: 
Lab Group: 

Page: 2 of I 
Lab Smpl Id: A980490201 

Prep by 3050 lSoil/Sludge/SoLidl 

APPROVED 

03/17/96 16:30:00 
IYICP2 

Mercury In TCLP Extract by Cold Vapor AA 

APPROVED 
03/24/98 2 3 : 5 9 : 5 9  

MYWSTl . 

oz /26 /98  07:oo:oa 

Detection EPA - Limit Result Qp& Confidence 
c20 u g / L  

Selenium In TCLP Extract by GfAA 

APPROVED 
06 /16 /98  23 :59 :59  
0 3 / 2 0 / 9 8  0 7 : O O : O O  
MYWSTl 

Detection EPA 
Result f&& Confidence U n a  

<400  ug/L 

Ion Chromatography-Water/Leach (Building 9945)  

APPROVED 
0 1 / 1 5 / 9 8  23:59:53 
0 2 / 2 7 / 9 8  12:OO:OO 
MYCIIMl 

Detection €PA 
Limit Result Qual Confidence Unit 
7 

7 0 0 0 0  w / g  

TCLP Extn for NonVolatiles 

APPROVED 
01/01/38 23:59 :59  
0 2 / 2 3 / 9 8  0 8 : 4 0 : 0 0  
KYwsTl 

Comments: TCLP - Insufficient sample to extract 100 g .  7 5 . 4 2 g  sample extracted 
in 2 0 0 0  ml extraction fluid in error. Result corrections must be made 
by the user of this data. Sample should have been extracred in 1508 mlextraction fluid. 2 - 2 4 - 9 8  CA Hubbuch 34856 

UNCLASSIFIED 



LiMS 05.02.024 
03/26/98 10:34 

< < < e <  Radiochemical >>>>> 
Test: GAMSPEC-WP 

Rpt Basis: As-Received 

Analysis Meth: ASO-ACD-160067 

QC Batch/File: QC98055034/WP-5318 

Test Req Cnt: 01 

Approver: E E CLARK/Lab Supervisor 

Analvte Id 
14331830 
14 109321 
13967709 
10045973 
13981505 
10198400 
13966002 
N2006 
15065108 
15117961 

Analyte 
Actinium-228 
Cadmium-109 
Cesium-134 
Cesium-137 
Cobalt - 57 
Cobalt -6 0 
Potassium-40 
Protactinium-234m 
Thorium-234 
Uranium-235 

UNCLASSIFIED 
AS0 Operating ESLIMS 

P. 0. Box 2009 Oak Ridge,TN 37831 
Official Report 

Page: 3 of 3 
Lab Smpd Id: A980490203 

Test Name: Gamma Spectrometry by 160067 
?rep Method/Date: ASO-ACD-160092 03/07/98 13:SO:OO 

Test Status: APPROVED 
HT Deadline: 09/03/98 23:59:59 

Date/Time Analyzed: 03/09/98 08:OO:OO 
Lab Group: RlCRADl 

CdSt Detection - m e &  e __ Llmlt Result 
4.39E4 
2.61E4 
NA 

-- NA 
NA 
NA 
NA 
NA 
5.32E3 
NA 

h 

E PA 
Confidence Unit 
5. Be2 pCi/g 
2.7e3 pCi/g 

pCi/g 
Pcl/g 
Pci/g 
pCi/g 
pCi/g 
Pcl/g 

1.2e3 Pci/g 
PCi/g 

Comments: Ra-228, Ra-224, Th-232, Th-228, Pb-212, and T1-208 were analyzed at 
the customer's request. 
Th-232 calculated result was 9.63e4 + / -  4.3e4 pCi/g 
Pb-212 calculated resul: was 5.27e4 + / -  3.6e2 pCi/g 
T1-208 calculated result was 1.81e4 + / -  3.2e2 pCi/g 
Ra-228, Ra-224, Th-228 isotopes were analyzed for, but were not 
detected. 
3/18/98 kal 

Test: GROSSAB-WP 
Rpt Basis: As-Received 

Analysis Meth: ASO-ACD-160082 

QC Batch/File: QC98055036/W?-5318 

Test Req Cnt: 01 

Approver: E E CLARK/Lab Supervisor 

Analvte Analyte Name 
12587461 Alpha activity 
12587472 Beta activity 

Test: TOTALACT-WP 
Rpt Basis: &-Received 

Test Req Cnt: 01 
Analysis Meth: SO-ACD-160063 

QC Batch/File: QC98055035/W?-5318 
Approver: E E CLARK/Lab Supervisor 

Analyte Id Analvte Name 
N931 Total Activity 

Test Name: Gross Alpha/Beta Act. by 160060 
Prep Method/Date: ASO-ACD-160068 03/11/98 10:30:00 

Test Status: APPROVED 
HT Deadline: 09/07/9E 23:59:59 

Date/Time Analyzed: 03/16/98 12:OO:OO 
Lab Group: RKRADS 

CUSC Detection EPA 
r n a m  Limit Result Confidence - 

3 .  8OE5 1.1E4 Pcl/g 
1.5585 5.OE3 pCi/g 

Test Name: Total Activity using LSC by 160063 
03/07/98 12:30:00 Prep Method/Date: ASO-ACD-160084 

Test Status: APPROVED 
HT Deadline: 09/03/98 23:59:59 

Date/Tme Analyzed: 03/09/98 14:26:00 
tab Group: RKUADl 

c u s  t Detection EPA 
Limit Result Qual Confidence Unit !iTua E 

5.llE5 3.5e3 Pcl/g 

Footnotes : 
h - Daughter of uranium isotopes, reported for comparison purposes only 

a**** END OF REPORT ***** 
UNCLASSIFIED 



LIMS 05.02.024 
03/26/98 10:35 

Customer Smpl Id: BT2-009c 

Customer: F R VAN RYN JR 

Matrix: 
Sample Description: 

Locat ion : 
Chain of Custody No: 

Protocol : 
Charge Number : 

Sampler(s) : 

UNCLASSIFIED 
AS0 Operating ESLIMS 

P. 0. Box 2009 Oak Ridge,TN 37831 
Official Report 

Project: K-WM-Kl16 THORIUM]. S-13 

BL!X 1037, MS 7349 (423)574-1907 

Page: 1 of 3 
Lab Smpl Id: A980490211 

LIQUID 
THORIUM DEMO 
PERMA-FIX 
TELEDYNE 
NONE 
PN8 926 0 5 

Date/Time Sampled: 12/03/97 21:17:00 
Date/Time Received: 02/17/98 13:45:42 
Date/Time Needed: 03/25/98 23:59:59 

Date/Time Completed: 03/25/98 16:32:53 
Date/Time Approved: 03/25/98 16:32:53 

Sample Status: APPROVED 
Sample Approver: 

Customer Comments: See Radcon before opening sample 
Lab Comments: 

c<<<< Inorganic >>>>> 
Test: HG7470 

Rpt Basis: As-Received 
Test Req Cnt: 01 
Analysis Meth: SW846-7470 

QC Batch/File: 
Approver: W E READY 

Analyte Id Analvte Name 
7439976 Mercury 

Test: ICP6010 
Rpt Basis: As-Received 

Test Req Cnt: 01 
Analysis Meth: SW846-6010A 

. Approver: R M WILKES/Chemist 
QC Batch/File: QC98094007/Q98077C 

lvte Id Analyte Name 
1235 Sodium 

Comments: PREPARED BY SW846-3010A 

Test: ICPMS2008 
Rpt Basis: &-Received 

Analysis Meth: SPA-200.8 R4.4 . 

QC Batch/File: 

Test Req Cnt: 01 

Approver: D G AILEY/Lab Supervisor 

Analvte Id Analvxc Narc 
7440360 Antimony 
744 0 382 
7440393 
7440417 
7440439 
7440473 
7439921 
7440020 
7782492 
7440224 
744028 0 
7440291 
7440622 
7440666 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thallium 
Thorium 
Vanadium 
Zinc 

Test Name: 
Prep Method/Date: 

Test Status: 
HT Deadline: 

Date/Time Analyzed: 
Lab Group: 

cus t Dilution - HT && Factor 
L 100 

Test Name: 
Prep Hethod/Date: 

Test Status: 
HT Deadline : 

Date/Tirne Analyzed: 
Lab Group: 

mst Dilution 
'a && fr! Factor 

20 

Mercury in Liquid Wasfe/Extracts/Uacers by CvN 

APPROVED 
12/31/97 23:59:59 
02/24/98 07:OO:OO 
MYWSTl 

Detection EPA - Limit Result Confidence Unit 
c20 ug/L 

Elements by EPA 6010A ICP-AES 
SW84 6 - 3 0 1 OA 03/18/98 12:OO:OO 
APPROVED 
06/01/98 23-5959 
03/18/98 17:28:00 
IYICP2 

Detect ion EPA - Limit Result Q& Confidence Unit 
20 mg/L 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 06/01/98 23:59:59 

Date/Time Malyzed: 03/12/98 15:41:0O 
Lab Group: IYPMSl 

cus t Dilution 
HT && Factor - 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

Detect ion 
Limit Result - 

c20 
<loo 
<loo 
c20 
c30 
<so 
c50 
-500 
ClOO 
c20 
<20 
NA 
c20 
c200 

EPA 
e Confidence 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 



LIMS 05.02.024 
03/26/38 10:35 

Test: I~PMSZOO~ 
Rpt Basis: As-Received 

Test Req Cnt: 02 
Analysis Meth: EPA-200.8 R4.4 

Approver: D G AILEY/Lab Supervisor 
QC Batch/File: 

Analyte Id. Analyte 
7440291 Thorium 

Test: PREP3010 
Rpt Basis: As-Received 

Test Req Cnt: 01 
Analysis Meth: SW846-3010A 

Approver: R M WILKF.S/Chemist 
QC Batch/File: QC98064022 

c c c < c  None >>>>> 
Test: IONCHROM 

Rpc Basis: &-Received 

Analysis Meth: ASO-Y/P65-2810 

QC Batch/File: 

Test Req Cnt: 01 

Approver: R J MCELHANEY/Chemist 

Analyte Analvte Name_ 
14797558 Nitrate 

cccce  Radiochemical >>>>, 
Test: GAMSPEC-WP 

Rpt Basis: As-Received 

Analysis Meth: ASO-ACD-160067 

QC Batch/File: QC98055037/WP-5317 

Test Req C n t :  01 

Approver: E E CLAPX/Lab Supervisor 

Pnalyte ;d 
14331830 
14109321 
i3967709 
10045973 
13981505 
10198400 
13966002 
N2006 
15 0 6 5 108 
15117961 

Analyte N a m e  
Actinium-228 
Cadmium-109 
Cesium-134 
Cesium-137 
Cobalt - 57 

Potassium-40 
Protactinium-234m 
Thorium-234 
Uranium-235 

Cobalt - 6 0 

UNCLASSIFIED Page: 2 of 3 
AS0 Operating ESLIMS Lab Smpl Id. A9E049021i 

P. 0. Box 2009 Oak Ridge,TN 37531 
Official Report 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Dace: 

Test Status: APPROVED 
HT Deadline: 06/01/98 23:59:59 

Date/Tirne Analyzed: 03/20/98 14:07:00 
Lab Group: IYPMSl 

cus t Dilution Detection EPA - HT &&r~ Factor - Limit Result I&& Confidence Unit 
10000 530 mg/L 

Test Name: Prep by 3010 (Total Elements) 
Prep Method/Date: 

HT Deadline: 
Test Status: APPROVED _ _  

Date/Time Analyzed: 03/18/98 12:OO:OO 
Lab Group: IYICP2 

Test Name: Ion Chromatography-Uater/Leach (Building 9995) 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 12/31/97 23:59:59 

Date/Time Analyzed: 02/23/98 07:OO:OO 
Lab Group: MYCHMl 

Cust Dilution Detection EPA 
HT & Factor Limit Result Confidence - - 
L 1 1300 mg/L 

Test Name: Garrma Spectrometry by 160067 
Prep Method/Date: 'ASO-ACD-160092 02/25/98. 15:OO:OO 

Test Status: APPROVED 
FIT Deadline: 08/24/98 23:59:59 

Date/Time Analyzed: 03/20/98 12:OO:OO 
Lab Group: RKRADl 

a s  t Detection - H T 3 5  __. Limit Result 
9.2134 
6.42&4 
NA 
NA 
NA 
NA 
NA 
NA 
1.58E4 
NA 

h 

Cormnents: Th-232, Ra-228, Th-228, Ra-224, Pb-212 and T1-208 were requested by th 
e customer. 
Th-232 calculated result was 2.48e5 + / -  1.6e5 pCi/L 
Pb-212 calculated result was 9.95e4 -/- 1.Oe3 pCi/L 
T1-208 calculated result was 3.44e4 + / -  8.8e2 pCi/L 
Ra-228, Th-228, Ra-224 were analyzed for but not detected. 
3/24/98 k a l  

E PA 
Qual Confidence Unit 

1.7e3 pCi/L 
6.7e3 pCi/L 

pCi/L 
pCi/L 
pCi/L 
pci/L 
pCi/L 
pCi/L 

3.2e3 pCi/L 
pCi/L 

Cd-109 (88.03 keV) shares peaks with Ac-228 and Pb-212. A peak interf 
erence correction was performed. 3/25/90 AML 

UNCLASS IF i ED 



LIiW OS. 02.024 
03/26/98 10:35  

Test: TOTALACT-WP 
Rpt Basis: &-Received 

TSis Meth: ASO-ACD-160063 

QC Bacch/File: QC98055038/WP-5317 

. *..... . 
.'.. r Req C n i :  0 1  

Approver: E E CLARK/Lab Supervisor 

Analyte Id Analyte Name 
N931 Total Accivity 

LVCLASSIFIED ?age: 3 of 3 
Lab Smpl Id: A980490211 AS0 Operating ESLXHS 

P. 0. Box 2009 Oak Ridye,TN 37831 
Official Report 

Test Name: Total Activity using LsC by 160063 
Prep Method/Date: 

Test Status: APPROVED 
MT Deadline: 06/01/96 23:59:59 

Date/Time Analyzed: 03/03/98 16:29:00 
Lab Group: R W 1  

Cust Detect ion EPA 
Limit Result Confidence Unit 
I_ 

ST& 
d 9.77P5 9.7E3 P C I / L  

Footnotes: 
d - Spike control limits do not apply. sample activity exceeds the activity of the spike 
h - Daughter of uranium isotopes, reported for comparison purposes only 

***** END OF REPORT ***** 
UNCLASSIFIED 



LIMS 95.02.024 
03/26/98 10:35 

Customer Smpl Id: BT2-006a 

UNCLASSIFIED 
AS0 Gperacing ESLIMS 

P. 0. BOX 2009 Oak Ridge.TN 37831 
Official Report 

Project: K-WM-Kl16 THORIUM1 STREAttS13 

Customer: F R VAN RYK JR BLDG 1037, MS 7349 1423)574-1907 

Matrix: LIQUID 

Location: PERMA-FIX 

Protocol: NONE 

Sample Description: THORIUM DEMO 

Chain of Custody No: TELEDYNE 

Charge Number: PN892605 
Sampler(s) : 

Date/Time Sampled: 
Date/Time Received: 
Date/Time Needed: 

Date/Time Completed: 
Date/Time Approved: 

Sample Status: 
Sample Approver: 

Customer Comments: See Radcon before opening sample 
Lab Comments: 

Page: 1 of 3 
Lab Smpl Id: A980490212 

12/03/97 15:22:00 
02/17/98 13:45:42 
03/25/98 23:59:59 
03/25/98 16 : 31:23 
03/25/96 16:31:23 
APPROVED 

< c c c <  Inorganic > > > > >  
Test: HG7470 

Rpt Basis: As-Received 
Test Req Cnt: 01 
Anaiysis Meth: SW846-7470 

QC Batch/File: 
Approver: W E READY 

Analyte Id Analvce Name 
7439976 Mercury 

Test: ICP6010 
Rpt Basis: As-Received 

Analysis .Meth: SW846-6010A 
. Approver: R M WILKES/Chemist 

QC Batch/File: QC98084006/Q98079E 

Test R e q  Cnt: 01 

Analyte g Analvte Name 
7440235 Sodium 

Comments: PREPARED BY SW846 3010A. 
Secondary 2 fold dilution prior t o  analysis 

Test: ICPMS2008 
Rpt Basis: As-Received 

Analysis Meth: EPA-200.8 R4.4 

QC Batch/File: 

Test Req Cnt: 01 

Approver: D G AILEY/Lab Supervisor 

Analyte 
744 03 6 0 
7440382 
7440393 
7440417 
744 04 3 9 
7440473 
7439921 
7440020 
7782492 
7440224 
7440280 
744 029 1 
7440622 
7440666 

- Id Arialyre Name 
Antimony 
Arsenic 
Barium 
Beryl 1 ium 
Cadmium 
Ctuomium 
Lead 
Nickel 
Selenium 
Silver 
Thallium 
Thorium 
Vanadium 
Zinc 

Test Name: 
Prep MethodDace: 

Test Status: 
HT Deadline: 

Bate/Time .9nalyzed: 
Lab Group: 

Cust Dilution 
HT p.~ & Factor 
L 100 
- 

Test Name: 
Prep Method/Date: 

Test Status: 
HT Deadline: 

Date/Time Analyzed: 
Lab Group: 

cus t l?i lut ion 
HT 9 Factor - 

40 

Mercury in Liquid Waste/Extracts/Waters by CVAAS 

APPROVED 
12/31/97 23:59:59 
02/24/98 07:OO:OO 
MYWSTl 

Detection EPA - Limit Result Qual Confidence Unit 
<20 ug/L 

Elements by EPA 6010A ICP-AES 
SW846-3010A 03/18/98 12:OO:OO 
APPROVED 
06/01/98 23:59:59 
03/20/98 13:43:00 
IYICP2 

Detection EPA 
Limit Result Qual Confidence - 

30700 mg/L 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 06/01/98 23:59:59 

Date/Time Analyzed: 03/12/98 16:OO:OO 
Lab Group: IYPMSl 

Cus t Dilution 
HT && Factor - 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

Detection 
Limit Result 

<20 
<loo 
c100 
< 2 0  
<30 
210 

c 5 0  

<so0 
< l o o  
< 2 0  

e20 
NA 
<20 
<zoo 

EPA 
Qual Confidence Unit 

ug/L 
uy/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

UNUNCLASSIFIED 



'IMS 05.02.024 
13/26/98 10:35 

Test: ICPMS2008 
Rpt Basis : As-Received 
Req mt: 02 

. jsis Meth: EPA-200.8 R4.4 

QC Batch/File: 
Approver: D G AILEY/Lab Supervisor 

Analyte Id Analyte Name 
7440291 Thorium 

Test: 
Rpt Basis: 

Test Req Cnt: 
Analysis Meth: 

Approver : 
QC Batch/File: 

PREP301 0 
As-Received 
01 
SW846-3010A 
R M WILKES/Cfiemist 
QC98 064 022 

c c c c  None >>>>> 

Rpt Basis: As-Received 
Test: IONCHROM 

Test Req Cnt: 01 
Analysis Meth: ASO-Y/P65-2810 

QC Batch/File: 
Approver: R J MCELHANEY/Chemist 

Analvte Analyte Name 
14797558 Nitrate 

cccc Radiochermcal >>,>> 

Qpt Basis: As-Received 
Test: GAMSPEC-WP 

Req Cnt: 01 
1. 91s Meth: SO-ACD-160067 

Approver: E E CLARK/Lab Supervisor 
QC aatch/File: QC98055037/WP-5317 

Analve Analyte Name 
14331830 
13 96770 3 
10045973 
13 98 1505 
10198400 
13966002 
N2006 
15065108 
15117961 

Comments : 

Act inium-228 
Cesium-134 
Cesium-137 

Cobalt - 60 
Potassium-40 
Protactinium-234m 
Thorium-234 
Uranium-235 

Cobdl t - 57 

Pager 2 of 3 
Lab Smpl id: A980490212 

UNCLASSIFIED 
AS0 Operating ESLIMS 

P .  0. Box 2009 Oak Ridge,TN 37831 
Official Report 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 06/01/98 23:59:59 

Date/Time Analyzed: 03/20/98 15:19:00 
Lab Group: IYPMSl 

cus t Dilution Detection E PA 
- HT Lim f5! Factor - Limit Result QL& Confidence Unit 

100 c o .  10 mg/L 

Test Name: Prep by 3010 (Total Elements) 
Prep Method/Date: 

Test Status: APPROVED .-- 

HT Deadline: 
Date/Time Analyzed: 03/18/98 12:OO:OO 

Lab Group: IYICP2 

Test Name: Ion Chromatography-Water/Leach (Building 99951 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 12/31/97 23:59:59 

Date/Time Analyzed: 02/23/98 09:00:03 
Lab Group: MYCHM1 

cus t Dilution Detection E PA - HT E Factor - Limit Result Q& Confidence Unit 
L 1 94000 mg/L 

Test Name: Gamma Spectrometry by 160067 
Prep Method/Date: ASO-ACD-160092 02/25/98 15:OO:OO 

Test Status: APPROVED 
IIT Deadline: 08/24/98 23:59:59 

Date/Time Analyzed: 03/20/98 12:OO:OO 
Lab Group: RKRADl 

h 
V 

cus t Detection 
Result 
6.4933 
NA 
NA 
NA 
NA 
NA 
NA 
1.81E3 
1.76E2 

- Limit - e 

Th-232, Ra-228, Th-228, Ra-224, Pb-212 and T1-208 were requested by th 
e customer. 
Pb-212 calculated result was 2.52e3 + / -  2.2e2 pCi/L 
T1-208 calculated result was 7.97e2 +/ -  2.3e2 pCi/L 
Th-232, Ra-228, Th-228, Ra-224 were analyzed for but not detected. 
3/24/98 kal 

EPA 
Qu& Confidence 

6.2e2 pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 

1.2e3 pCi/L 
3.3e2 pCi/L 

UNCLASSIFIED 



51% 05.02.024 
03/26/98 10:35 

Test: TOTALACT-WP 
Rpt Basis: &-Received 

Analysis Meth: ASO-ACD-160063 

QC Batch/Flle: QC98055038/WP-5317 

Test Req Cnt: 01 

Approver: E E CLARK/Lab Supervisor 

-- Analvte Id Analyte Name 
N931 Total Activity 

Page: 3 of 3 
Lab Smpl Id: A980490212 

UNCLRSS IF i ED 
AS0 Operating ESLIMS 

P. 0. Box 2009 Oak Ridge,TN 37831 
Official Report 

T e s t  Name: Total Activity using U C  by 160063 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 06/01/98 23:59:59 

Date/Time Analyzed: 03/03/98 16:29:00 
Lab Group: RKRAD3 

CUSt Detection EPA - HTmE =A Limi t Result & Confidence unit 
7.55E4 3.le3 pCi/L 

Footnotes : 
h - Daughter of uranium isotopes, reported for comparison purposes only 
v - Result is less than MDA. confidence level is less thar. 95% 

***** END OF REPORT ***** 
UNCLASSIFIED 



LIMS 05.02.024 UNCLASSIFIED 
03/26/98 10:35 AS0 Operating ESLIMS 

P. 0. Box 2009 Oak Ridge,TN 37831 
Official Report 

Cuscomer Smpl Id: BT4-009c Project: K-WM-Kl16 THORIUM1 STREAMS13 
_... .. . 

Customer: F R VLV RYN J3 BWX; 1037, MS 7349 (423)574-1907 

Page 1 of 3 
Lab Smpl ;d: A980490213 

Matrix: LIQUID 

Location: PERMA-FIX 
Chain of Custody No: TELEDYNE 

Protocol: NONE 
Charge Number: PN892605 

Sample Description: THORIUM DEMO 

Sampler ( 5 )  : 

Date/Time Sampled: 12/12/97 10:52:00 
Date/Time Received: 02/17/98 13:45:42 
Date/Time Needed: 03/25/98 23:59:59 

Date/Time Completed: 03/25/98 16:34:36 
Date/Time Approved: 03/25/98 16:34:36 

Sample Status: APPROVED 
Sample Approver: 

hustomer Commencs: See Radccn before opening sample 
Lab Comments: 

C C C C C  Inorganic >>>>a  

Test: HG7470 
R ~ K  Basis: As-Received 

Test Req Cnt: 01 
Analysis Meth: SW846-7470 

QC Batch/File: 
Approver: W E READY 

Analyte Analvte Name 
7439976 Mercury 

Test: ICP6010 
Rpt Basis: As-Received 

Analysis Meth: SW846-5010A 
Apprwer: R M WILKES/Chemast 

PC Batch/File: QC98084007/Q48077C 

Test Req Cnt: 01 

- 
yte Id Analwe Name 
,1235 Sodium 

Comments: PREPARED BY SW846-3010A 

Test: ICWS200B 
Rpt Basis: As-Received 

Test Req Cnt. 01 
Analysis Heth: EPA-200.8 R4.4 

QC Batch/File: 
Approver: D G AILEY/Lab Supervisor 

Analyte 
7440360 
7440382 
7440393 
744 04 17 
7440439 
744 04 73 
7439921 
7440020 
7782492 
7440224 
7440280 
7440291 
7440622 
7440666 

AnaLyte Name 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Si lver 
Tha 11 ium 
Thorium 
Vanadium 
Zinc 

Test Name: Mercury in Liquid Waste/Extracts/Waters by CVAAS 
Prep Method/Date: 

Test Status: APPROVED 
UT Deadline: 01/09/9e 23:59:59 

Date/Time Analyzed: 02/24/98 07:OO:OO 
Lab Group: MYWSTl 

CuSf  Dilution Detection EPA 
HT a pn Factor Result Qual Confidence % - 
L 10 0 ~ 2 0  ug/L 

Test Name: Elements by EPA 60lOA ICP-AES 
Prep Uethod/Date: SW846-3010A 03/18/98 12:OO:OO 

Test Status: APPROmD 
HT Deadline: 06/10/98 23:59:59 

DateITime Analyzed: 03/18/98 17:28:00 
Lab Group: IYICP2 

CuSt Dilution Detection EPA 
I HT Lim Factor - Limit - Result Confidence 

20 4 0  mg/L 

Test Name: Elements by EPA 200.8 I C m  
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 06/10/98 23:59:59 

Date/Time Analyzed: 03/12/98 16:06:00 
Lab Group: IYPMSl 

Cust Dilution 
E Factor 

100 

100 
LOO 
100 
100 
100 
100 
100  
100 
100 
100 
100 
100 

100 

Detection 
Limit Result - - 

c20 
el00 
ClOO 
c20 
e30 
<so 
<so 
c500 
c100 
c2 0 

NA 
c20 
<200 

620 

EPA 
Confidence 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
u g h  

UNCLASSIFIED 



,IMS 05.02.024 
13/26/98 10: 35 

Test: 
Rpt Basis: 

Test Req Cnt: 
Analysis Meth: 

Approver : 
QC Batch/Frle: 

ICPMS2008 
As-Received 
02 
EPA-200.8 R4.4 
D G AILEY/Lab Supervisor 

Analvte Analyte Name 
744 02 91 Thorium 

Test: PREP3010 
Rpt Basis: As-Received 

Analysis Meth: SW846-3010A 

QC Barch/File: QC98064022 

Test Req Cnt: 01 

Approver: R M WILKES/Chemist 

< < C C  None >>>>> 

Rpt Basis: As-Received 

Analysis Meth: ASO-Y/P65-2810 

QC Batch/File: 

Test: IONL~OM 

Test Req Cnt: 01 

Approver: R J MCELHANEY/Chemist 

Analvte g Analvte Name 
14797558 Nitrate 

c c c c  Radiochemical > > 5 > >  

Rpt Basis: As-Received 

Analysis Meth: ASO-ACD-160067 

QC Barch/File: QC98055037/WP-5317 

Test : GAMSPEC-WP 

Test Req Cnt: 01 

Approver: E E CLRRK/Lab Supervisor 

Analvte g 
14331830 
14109321 
13967709 
10 04 5 97 3 
13981505 
10198400 
13966002 
N2006 
15065108 
15117961 

Analyte Name 
Actinium-228 
Cadmium-109 
Cesium-134 
Cesium-137 
Cobalt -57 
CObal t - 6 0 
Potassium-40 
Protactinium-234m 
Thorium-234 
Uranium-235 

UNCXASSIFIED ?age: 2 of 3 
AS0 operating ESLIYS Lab Smpl Id: A980490213 

P. 0. Box 2009 Oak Ridge.TN 37831 
Official Report 

Test Name: Elements by EPA 200.8 ICPMS 
Prep MethodIDate: 

Test Status: APPROVED 
HT Deadline: 06/10/98 23:59:59 

Date/Time Analyzed: 03/20/98 14:24:00 
Lab Group: IYPMSl 

cus t Dilution Detection EPA 
Limit Result Confidence Unit 
I_ 

ET 3 Factor - 
10000 350 mg/L 

Test Name: Prep by 3010 (Total Elements1 
Prep Method/Date: 

Test Status: APPROVED __ 
HT Deadline: 

3ate/Time Analyzed: 03/18/98 12:OO:OO 
Lab Group: IYICP2 

Test Name: Ion Chromatography-Water/Leach (Building 9995) 
Prep Method/Date: 

Test Status: APPROV€D 
HT Deadline: 01/03/98 23:59:59 

Date/Time Analyzed: 02/23/98 09:OO:OO 
Lab Group: MYCHMl 

Cust Dilution Detection EPA 
- HT 9 fn Factor Limit Result e Confidence Unit 
L 1 240 mg/L 

Test Name: Gamma Spectrometry by 160067 
02/25/98 15:OO:OO Prep Method/Date: ASO-ACID-160092 

Test Status: APPROVED 
HT Deadline: 08/24/98 23:59:59 

Date/Time Analyzed: 03/20/98 12:OO:OO 
Lab Group: RKRADl 

Detection 
Limit Result 

8.08E4 
1.50E4 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

cus t 

- H T Q Z  E - 

Comments: Tn-232, Ra-228, Th-228, Ra-224, Pb-212 and T1-208 were requested by th 
e customer. 
Th-232 calculated result was 1.71eS + / -  6.5e4 pCi/L 
Pb-212 calculated result was 5.02e4 + / -  8.2e2 pCi/L 
T1-208 calculated result was 1.56e4 + / -  5.8e2 pCi/L 
Ra-228, Th-228, Ra-224 were analyzed for but not detected. 
3/24/98 kal 

Cd-109 (88.03 keV) shares peaks with Ac-228 and Fo-212. A peak interf 
erence correction was performed. 3/25/98 AML 

EPA 
e Confidence Unit 

1.3e3 pC1/L 
5.2e3 pCi/L 

pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 

UNCLASSIFIED 



LIMS 05 0 2 . 0 2 4  

03/26/98 10:35 

' Test : TOTALACT-WP 
Rpt Basis: --Received 
t Req Cnt: 01 

-ysis Meth: SO-ACD-160063 

QC Batch/File: QC9805503B/WP-5317 
Approver: E E CLARK/iab Supervisor 

Analyte Analvte Name 
N931 Total Acrivity 

UNCLPSSIFIED 
AS0 Operating ESLIMS 

P. 0 .  Box 2009 Oak Ridqe,TN 3 7 8 3 1  
Official Report 

Test Name: 
Prep Method/Date : 

Test Status: 
HT Deadline: 

Date/Trrne Analyzed: 
Lab Group: 

Cust 
- e 

Page: 3 of 3 
Lab S q l  Id: A980490213 

Tocal Activity using LSC by 160063 

APPROVED 
06/10/98 23:53:59 
03/03/90 16:ZY:OO 
RKFADl 

Detection EPA 
I_ Limit _I Result Confidence Uait 

9.79E5 9.7e3 pCi/L 

***** END OF REPORT ***** 
iMCLASSIFIED 



LIMS OS.  02.024 
03/26/98 10:35 

Customer Smpl Id: BT2-006c 

UNCLASSIFIED 
AS0 Operating ESLIMS 

P. 0. BOX 2009 Oak Ridge,TN 37831 
Official iteport ' 

Project: K-WM-Kl16 THORIUM1 STREAMS13 

Page. 1 of 3 
Lab S n p b  Id: A990490214 

Customer: F R VAN RYN JR BLDG 1037, MS 7349 (423)574-1907 

Matrix: LIQUID 

Location: PERMA-FIX 

Protocol: NONE 

Sample Description: THORIUM DEMO 

Chain of Custody No: TELEDYKT 

Cnarqe Number: PN892605 
Sampler(s1 : 

Dace/Time Sampled: 12/11/97 18:28:00 
Date/Time Received: 02/17/98 13:45:42 
Date/Time Needed: 03/25/98 23:59:59 

Date/Time Completed: 03/25/98 16:32:57 
Date/Time Approved: 03/25/98 16:32:57 

Sample Status: APPROVED 
Sample Approver: 

Customer Comments: See Radcon before opening sample 
Lab Comments: 

ccecc Inorganic >>>>> 
Test: HG7470 

Rpt Basis: As-Received 
Test Req Cnt: 01 
Analysis Meth: 61846-7470 

QC Batch/File: 
Approver: W E READY 

Analyte g Analvte Name 
7439976 Mercury 

Test: ICP6010 
Rpt Basis: As-Received 

Analysis Meth: SW846-6010A 
Approver: R M WILiCES/Chemist 

QC Batch/File: QC98084007/Q98077C 

Test Req Cnt: 01 

Analyze g Analyte Name 
7440235 Sodium 

Cormen:s: PREPARED BY SW846-301OA 

Test: ICPMSZOOB 
Rpt Basis: As-Received 

Te8t Req Ox: 01 
Analysis Meth: EPA-200.8 R4.4 

QC Batch/File: 
Approver: D G AILEY/Lab SupeKVisor 

Analyte 
7440360 
7440382 
7440393 
7440417 
744043 9 
7440473 
7439921 
7440020 
7782492 
7440224 
7440280 
7440291 
7440622 
7440666 

- Id Analyte Name 
Antimony 
Arsenic 
Barium 
Beryl 1 ium 
Cadmium 
Chromium 
Lead 
Nickel 
Se leniurn 
Silver 
Thallium 
Thorium 
Vanadium 
Zinc 

Test Name: Mercury in Liquid WaSte/EXtraGts/WdterS by LVAAS 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 01/08/98 23:59:59 

Date/Tirne Analyzed: 02/24/96 07:OO:OO 
Lab Group: MYWSTl 

CuSt Dilution Detection EPA - HT Lim Factor Limit Result Confidence Unit 
L 100 c2 0 ug/L 

Test Name: Eiements by EPA 6010A ICP-AES 
Prep Method/Date: SW846-3010A 03/18/98 12:OO:OO 

Test Status: APPROVED 
HT Deadline: 06/09/98 23:59:59 

Date/Time Analyzed: 03/18/98 17:28:00 
Lab Group: IYICP2 

cust Dilutaon Detection EPA 
E E Factor ___. Limit Result Confidence Unit 

20 3570 mg/L 

Test Name: Elements by EPA 200.8 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 06/09/98 23:59:59 

Date/Time Analyzed: 03/12/98 16:12:00 
tab Group: IYPMSl 

Dilution 

100 
100 
100 
100 
100 
100 
100 
100 
100  
1 0 0  
100 
100 
100 
100 

CUst 
H T  Factor 
I 

Detect ion 
Limit Result - 

c20 
<loo 
e100 
c20 
c30 
c50 
c50 
c500 
e100 
c20 
e20 
NA 
c20 
<200 

ICPMS 

EPA 
Qual Confidence Unit 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/ L 
ug/t 
ug/L 

UNCLASS IF I ED 



LIMS 05.02.024 
03/26/98 10:35 

Test : 
Rpt Basis: 
: Req Cnt: 
ysis Meth: 
Approver : 

QC Bacch/File: 

I CPMS2 0 0 8 
As-Received 
02 
EPA-200.8 R4.4 
D G AfLEY/Lab Supervisor 

Analyte Analvte Name 
7440291 Thorium 

Test: PREP3010 
Rpt Basis: As-Received 

Test Req Cnt: 01 
Analysis Meth: SW846-3010A 

Approver: R M WILKES/Chemist 
QC Eatch/File: QC98064022 

<<<<< None >>>>> 
Test: IONCWROM 

Rpt Basis: Aq-Received 

Analysis Meth: ASO-Y/P65-2810 

QC Batch/File: 

Test Req Cnt: 01 

Approve?: R J MCElXANEY/Chemist 

Analvte Id h l y t e  Name 
14797558 Nitrate 

c<<c  Radiochemical >>a>> 

R p t  Basis. As-Received 
Test : GAMSPEC-WP 

Req k t :  01 
. 51.9 Meth: ASO-ACD-160067 

Approver: E E CLARK/Lab Supervisor 
QC Batch/File: QC98055037/WP-5317 

Analyte 
14331830 
14 109321 
13967709 
10045973 
13981505 
10198400 
13966002 
N2006 
15065108 
15117961 

Analvte Name 
Actinium-228 
Cadmium-109 
Cesium-134 
Cesium-137 
Cobalt-57 
Co ba 1 t - 6 0 
Potassium-40 
Protactinium-234m 
Thorium-234 
Uranium-235 

UNCLASSIFIED ?age: 2 of 3 
Lab Smpl Id: A980490214 AS0 Operating ESLIMS 

P. 0. Box 2009 Oak Ridge,TN 37831 
Official Report 

Test Name: Elements by EPA 200.8 ICPMS 
Prep MethodfDate: 

Test Status: APPROVED 
HT Deadline: 06/09/98 23:59:59 

Date/Time Analyzed: 03/20/98 15:25:00 
Lab Group: IYPMSl 

cus t Dilution Detection EPA 
Limit Result QL& Confiderre 
_I_ 

HT a a Factor - 
100 0.24 mg/L 

Test Name: Prep by 3010 (Total Elements1 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 

Date/Time Analyzed: 03/18/98 12:CO:OO 
Lab Group: IYICPZ 

Test Name: Ion Chromatography-Water/Leach IBuilding 9995) 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 01/08/98 23:59:59 

DaLefTime balyzed: 02/23/98 07:OO:OO 
Lab Group: MYW1 

Cust Dilution Detection EPA - HT E Factor - Limit - Result Confidence Unit 
L 1 11000 mg/L 

Test Name: G a m  Spectrometry by 160067 
Prep Method/Date: kO-ACD-160092 02/25/98 '15: 00 : 00 

Test Status: APPROVED 
HT Deadline: 08/24/98 23:59:59 

Date/Time Analyzed: 03/20/98 12:OO:OO 
Lab Group: RKRADi 

Cust Detection - H T & Q  Moa _I_ Limit Result 
9.07E4 
3.7234 
NA 
NA 
NA 
NA 
NA 
NA 
8.54E3 
NA 

h 

Comments: Th-232. Ra-228, Th-228, Ra-224. Pb-212 and T1-208 were requested by th 
e customer. 
Th-232 calculated result was 2.32e5 + / -  l.le5 pCi/L 
Pb-212 calculated result was 6.61e4 + / -  8.2e2 pCi/L 
T1-208 calculaced result w a s  2.42e4 + / -  7.7e2 pCi/L 
Ra-228, Th-228, Ra-224 were analyzed for but not detected. 
3/24/98 kal 

EPA 
Confidence Unir 
1.6e3 PCi/L 
5.3e3 p C i / L  

pci/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi / L 

2.6e3 pCi/L 
pCi/L 

Cd-109 188.03 keV) shares peaks with Ac-228 and Pb-212. A peak inlrerf 
erence correction was performed by the software. 3/25/90 ?.ML 

UNCLASSIFIED 



LIMS 05.02.024 
33/26/98 10:35 

Test: TOTALACT-WP 
Rpt Basis: &-Received 

Test Req Cnt: 01 
Analysis Meth: ASO-ACD-160063 

Approver: E E CLARK/Lab Supervisor 
QC Batch/File: QC98055038/WP-5317 

Analme Analyte Name 
N931 Total Activity 

UNCLASSIFIED Page: 3 of 3 
Lab Smpl Id: A980490214 AS0 Operating ESLIMS 

P. 0 .  Box 2009 Oak Ridge,TN 37831 
Official Report 

Test Name: Total Activity using LSC by 160063 
Prep Method/Date : 

Tesc Status: APPROVED 
AT Deadline: 06/09/98 23:59:59 

Date/Time Analyzed: 03/03/98 16:29:00 
Lab Group: RKRADl 

Cust Detect ion E PA 
HT L i m  Fn KOA Limit Result Qual Confidence - - -  - 

7.9485 8 . 8 e 3  pCi/L 

Foot notes : 
h - Daughter of uranium isotopes, reported f o r  comparison purposes only 

***** EN3 OF REPORT ***** 
UNCLASS 1 FIED 



LIMS 05.02 024 UNCLASSIFIED 
03/26/98 1D:35 As0 Operating ESLIMS 

P. 0 Box 2009 Oak Rldge,TN 37831 
Official Report 

Customer Smpl Id BT5-OO9c Prolect K-WM-KllG THORIUM1 S T m S 1 3  

Customer: F R VAN RYN JR BLDG 1037, MS 7349 (423)574-1907 

Page: 1 of 3 
Lab Smpl Id: A980490215 

Matrix: LIQUID 

Location: PERMA-FIX 
Chain of Custody No: TELEDYNE 

Protocol: NONE 
Charge Number: PN892605 

Sample Description: THORIUM DEMO 

Sampler Is )  : 

Customer Comments: See Radcon before opening sample 
Lab Comments: 

Date/Time Sampled: 12/18/97 15:25:00 
Date/Time Received: 02/17/38 13:45:42 
Date/Time Needed: 03/25/98 23:59:59 

Date/Time Completed: 03/25/90 16:35:03 , 
Date/Time Approved: 03/25/98 16:35:03 

Sample Status: APPROVED 
Sample Approver: 

c c c c c  Inorganic >>3>>  

Test: HG7470 
Rpt Basis: As-Received 

Test Req Cnt: 01 
Analysis Meth: SW846-7470 

QC Batch/File: 
Approver: W E READY 

Analyte g Analyce 
1439976 Mercury 

Test: ICP6010 
Rpt Basis: As-Received 

Test Req Cnt: 01 
AnalySlS Meth: SW846-6010A 

' Approver: R M WILKES/Chemist 
QC Batch/File: QC98084007/Q98077C 

A n a l m e w  
~235 Sodium 

Comments: PREPARED BY SW846-3010A 

Test: ICPMS2008 
Rpt Basis: As-Received 

Test Req Cnt: 01 
Analysis Meth: EPA-200.8 R4.4 

QC Batch/€ile: 
Approver: D G AILEY/Lab Supervisor 

Analvte Id 
7440360 
7440382 
7440393 
744 04 17 
7440439 
744 04 73 
7439921 
7440020 
7782492 
7440224 
7440280 
7440291 
7440622 
7440666 

AnalYtP Name 
Antintony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thallium 
Thorium 
Vanadium 
Zinc 

Test Name: Mercury in Liquid Waste/Extracts/Waters by CVAAS 
Prep Method/Daee: 

Test Status: APPROVED 
HT Deadline: 01/15/98 23:59:59 

Date/Time Analyzed: 02/24/98 07:OO:OO 
Lab Group: MYWST.1 

Cust Dilution Detection E PA - HT Factor L i m i t  I_ Result Qual Confidence 
L 100 c20 ug/L 

Test Name: Elements by EPA 6010A ICP-AES 
Prep Methad/Date: SW846-3010A 03/18/98 12:oo:oo 

Test Status: APPROVED 
UT Deadline: 06/16/98 23:53:59 

Date/Time Analyzed: 03/18/98 17:28:00 
Lab Group: IYICP2 

cus t Dilution Detection EPA - HT && Factor - Limit - Result Qual Confidence 
20 40 W / L  

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Dace: 

Test Status: APPROVED 
HT Deadline: 06/16/98 23:59:59 

Date/Time Analyzed: 03/12/98 16:18:00 
Lab Group: IYPMSl 

Cust Dilution 
HT 3 Factor - 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

Detection 
Limit Result 

I_ - 
e20 
<loo 
<loo 
<20 
c30 
<SO 
<SO 
c500 

<loo 
23 
e20 
NA 
<20 
<200 

EPA 
Confidence Unit 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
U d L  
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

UNCLASSIFIED 



LIMS 05.02.024 
13/26/98 10:35 

Test: ICFMS2008 
Rpt Basis: As-Received 

Analysis Meth: EPA-200.8 R4.4 

QC Batch/File: 

Test Req Cnt: 02 

Approver: D G AILEY/Lab Supervisor 

Analvte 2 Analyte Name 
7440291 Thorium 

Test: PREP3010 
Rpt Basis: As-Received 

Analysis Meth: SW846-3010A 

QC Batch/File: QC98064022 

Test Req Cnt: 01 

Approver: R M WILKES/Chemist 

C C C C C  None >>>>> 
Test: IONCHROM 

Rpt Basis: As-Received 

Analysis Meth: ASO-Y/?65-2810 

QC Batch/File: 

Test Req Cnt: 01 

Approver: R J MCELHANEY/Chemist 

Analvte a Analvte Name 
14 7 975 58 Nitrate 

c < < < c  Radiochemical >>>>> 
Test: GAMSPEC-WP 

Rpt Basis: As-Received 

Analysis Meth: ASO-ACD-160067 

QC Batch/File: QC98055037/WP-5317 

Test Req Cnt: 01 

Approver: E E CLARK/Lab Supervisor 

Analyte 2 
14 33183 0 
14109321 
13967709 
10045973 
13981505 
10198400 
13966002 
N2006 
15065108 
15117961 

Analvte Name 
Actinium-228 
Cadmium-109 
Cesium-134 
Cesium-137 
Cobs1 t - 57 
Cobalt -6 0 
Potassium-40 
Protactinium-234m 
Thorium-234 
Uranium-235 

Page: 2 of 3 
AS0 Operating ESLIMS Lab Smpl Id: A980490215 

mc;Ass I PIED 

?. 0. Box 2009 Oak Ridge,TN 37831 
Official Report 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Date: 

Test Status: APPROVZD 
HT Deadline: 06/16/98 23:59:59 

Date/Time Analyzed: 03/20/98 14:36:00 
Lab Group: IYPMSl 

cus t Dilution Detection EPA 
- HT && Q Factor Limi t Result & Confidence 3 

10000 250 rog/L 

Test Name: Prep by 3010 ITotal Elements) 
Prep Method/Date: 

Test St.atus: APPROVED 
HT Deadline: 

Date/Time Analyzed: 03/18/98 12:OO:OO 
Lab Group: IYICP.? 

Test Name: Ion Chromatography-Water/Leach (Building 99951 
Prep Method/Date: 

Test Status: APPROVED 
FIT Deadline: 01/15/98 23:59:59 

Date/Time Analyzed: 02/23/98 07:OO:OO 
Lab Group: MYCHMl 

Cust Dilution Detection €PA 
HT && Factor Limit Result e Confidence Unit - 
L 1 1500 mg/L 

Test Name:.Gamma Spectrometry by 160067 
Prep Method/Date: ASO-ACD-160092 02/25/98 15:OO:OO 

Test Status: APPROVED 
HT Deadline: 08/24/98 23:59:59 

Date/Time Analyzed: 03/20/98 12:OO:OO 
Lab Group: RKRADl 

cus t Detection 
Limit Result 

9.87E4 
8.04E4 
NA 
NA 
NA 
NA 
NA 
NA 
1.4334 
NA 

- H T a =  - 

h 

Comments: Th-232, Ra-228, Th-228, Ra-224, Pb-212 and T1-208 were requested by th 
e customer. 
Th-232 calculated result was 2.37e5 + / -  1.3e5 pCi/L 
Pb-212 calculated result was 1.02e5 i/- 9.7e2 pCi/L 
T1-208 calculated result was 3.24e4 + / -  8.4e2 pCi/L 
Ra-228, Th-228, Ra-224 were analyzed for but not detected. 
3/24/98 kal 

Cd-109 (88.03 keV) shares peaks with Ac-228 and Pb-212. A peak znterf 
erence correction was performed by the software. 3/25/98 AML 

€PA 
Confidence && 
1.8e3 pCi/L 
1.Oe4 pCi/L 

pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 

4.5e3 pCi/L 
pCi/L 

UNCLASSIFIED 



.IMS 05.02.024 
13/26/98 10:35 

Test TGTALACT-WP 
Rut Basis: --Received 

191s Meth ASG-ACD-160063 

QC Batch/File QC98055038/WP-5317 

Req Cnt 01 

Approver: E E CLARK/Lab Supemisor 

Analyte Jd Analvte Name 
N931 Total Activity 

UXCIJGSIFIED Page: 3 of 3 
AS0 Operating ESLIMS 

P. 0. Box ZOO? Oak Ridge,TN 37831 
Lab Smpl Id: A983433215 

Official Repor: 
Test Name: Total Accivicy using LSC by 160063 

Prep Method/Date: 
Test Status: APPROVED 
KT Deadline: 06/16/98 2 3 : 5 9 : 5 9  

Date/Time Analyzed: 03/03/98 16:29:00 
Lab Group: RKRADl 

cus t Detection €PA - U T & &  e L i m i r .  Result Confidence 
9.97E5 9. Be3 pCi/L 

ootnotes : 
h - Daughter of uranium isotopes, reported for compaxson purposes only 

* * * * *  END OF REPORT * * * e *  
UNCLASSIFIED 



LIMS 05.02.024 
03/26/98 10:35 

Customer Smpl Id: BTS-006c 

UNCLASSIFIED 
AS0 operating ESLIMS 

P. 0. Box 2009 Oak Ridge,TN 37831 
Official Report 

Project: K-WM-K116 THORIUM1 STREMG13 

Page: 1 of 3 
Lab Smpi Id: A980490216 

Customer: F R VAN RYN d i  ELDG 1037, MS 7349 (423)574-1907 

.Natrix: LIQUID 
Sample Description: THORIUM DEMO 

Location: PERMA-FIX 
Chain of Cuscody No: TELEDYNE 

Protocol: NONE 
Charge Number: PN892605 

Sampler ( s )  : 

Customer Comments: See Radcon before opening sample 
Lab Comments: 

Date/Time Sampled: 12/18/97 09:32:00 
Date/Time Received: 02/17/98 13:45:42 
Date/Time Needed: 03/25/98 23:59:59 

Date/Time Completed: 03/25/98 16:35:03 
Dace/Time Approved: 03/25/98 16:35:03 

Sample Status: APPROVED 
Sample Approver: 

E < < < <  Inorganic >>>>>  
Test: HG7470 

Rpt Basis: As-Received 
Test Req Cnc: 01 
Analysis Meth: SW846-7470 

Approver: W E READY 
QC Batch/File: 

Analyte Id Analyte Name 
7439976 Mercury 

Test: ICP6010 
Rpt Basis: As-Received 

Test Req Cnt: 01 
Analysis Meth: SW846-6010A 

. AppKOVer: R M WILKES/Chemist 
QC Batch/File: QC98084007/Q98077C 

Analvte g Analyte Name 
7440235 Sodium 

Comments: PREPARED BY SW846-3010A 

Test. ICPMS2008 
Rpt Basis: As-Received 

Analysis Neth: EPA-200.8 R4.4 

GC Batch/File: 

Test Req Cnt: 01 

Approver. D G AILEY/Lab Supervisor 

Analvte 
7440360 
7440382 
7440393 
7440417 
7440439 
7440473 
7439921 
7440020 
7782492 
7440224 
7440280 
7440291 
7440622 
7440666 

- Id AnalyteNS 
Antimony 
Arsenic 
B a r i u m  
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Selenium 
Silver 
Thallium 
Thorium 
Vanadium 
Zinc 

Test Name: 
Prep Method/Date: 

Test Status: 
HT Deadline: 

Date/Time Analyzed: 
Lab Group: 

cust Dilution - HT @ a Factor 
L 100 

Test Name: 
Prep Method/Date: 

Test Status: 
HT Deadline: 

Date/Time Analyzed: 
Lab Group: 

cus t Dilution 
E a & FactOK 

20 

Mercury in Liquid Waste/Exrracts/Waters by CVAAS 

APPROVED 
01/15/98 23:59:59 
02/24/98 07:OO:OO 
MYWSTl 

Detection EPA 
Limit Result Qual Confidence 

180 uq/I. 

Elements by EPA 6010A ICP-AES 
SW846-3010A 03/18/98 12:OO:OO 
APPROVED 
06/16/98 23:59:59 
03/18/98 17:28:00 
IYICPZ 

Detection EPA 
I_ Limit Result Confidence Unit 

24900 mg/L 

Test Name: Elements by EPA 200.8 
Prep Method/Dace: 

Test Status: APPROVED 
HT Deadline: 06/16/98 23:59:59 

Date/Time Analyzed: 03/12/98 16:24:00 
Lab Group: IYPMSl 

cust Dilution 
HT && E Factor 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

Detect ion 
Limit Result 
I - 
c20 
ClOO 
ClOO 
<20 
~ 3 0  
51 

<so 
e500 
e100 
e20 
c20 
NA 
c20 
e200 

ICPMS 

EPA 
Confidence Unit 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
Ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

UNCLASSIFIED 



LIMS OS. 02.024 
03/26/98 10:35 

Test: ICPMs2008 
Rpt Basis: &-Received 
t Req Cnt: 02 

*ysis Meth: EPA-200.8 R4.4 
Approver: D G AILEY/Lab Supervisor 

GC Batch/File: 

Analyte Analyce Name 
7440291 Thorium 

Test: PREP3010 
Rpt Basis: --Received 

Analysis Meth: SW846-3OlOA 

QC Batch/File: QC98064022 

Test Req C n t :  01 

Approver: R M WILKES/Chemist 

C < < < <  None >>>>> 
Test: IONCHROM 

Rpt Basis: As-Received 

Analysis Meth: ASG-Y/P65-2810 

QC Batch/File: 

Test Req Cnt: 01 

Approver: R J MCELHRNEY/Chemist 

Analyte Analvte Namq 
14797558 Nitrate 

:<<<e Radiochemical >>>>> 
Test: GANSPEC-WP 

r Rpt Basis: As-Received 
Req Cnt. 01 

. ys ls  Meth: ASO-ACD-160067 

QC Batch/File: QC98055037/WP-5317 
Approver: E E CLARK/Lab Supervisor 

Analyte g 
14331830 
13967709 
10045973 
13981505 
10198400 
13966002 
N2006 
15065108 
15117961 

Analyte Name 
Actinium-228 
Cesium-134 
Cesium-137 

Cobalt-60 
Potassium-40 
Protactinium-234111 
Thorium-234 
Uranium-235 

Cobs IC - 5 7 

Coments: Th-232, Ra-228, Th-228, Ra- 
e customer. 

Faqe 2 of 5 
Lab Smpl Id. A980490216 

UNCLASSIFIED 
AS0 Operating ESLIMS 

P. 0. Box 2009 Oak Ridge,TN 37831 
Official Report 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Date: 

Test Scatus: APPROVED 
HT Deadline: 06/16/98 23:59:59 

Date/Time Analyzed: 03/20/98 15:31.00 
Lab Group: IYPMS1 

cus t Dilution Detection EPA 
Result Confidence U s  
__I 

Limit - HT & a Factor - 
100 7.0 rr.g/L 

Test Name: Prep by 3010 (Total Elements1 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 

Date/Time Analyzed: 03/16/98 12:OO:OO 
Lab Group: IYICPZ 

Test Name: Ion Chromatography-Water/Leach (Building 99951 
Prep Method/Date: . 

Test status: APPROVED 
HT Deadline: 01/15/98 23:59:59 

Date/Time Analyzed: 02/23/98 07:OQ:OO 
Lab Group: MycHMi 

cus t Dilution Detection EPA 
g L& & Factor - Limit Result QL& Confidence 
L 1 BOO00 mg/L 

Test Name: G a m  Spectrometry by 160067 
Prep Method/Date: ASO-ACD-160092 02/25/98 1 5 : O O : O O  

Test Status: APPROVED 
HT Deadline: 08/24/98 23:59:S9 

Date/Time Analyzed: 03/20/98 12:OO:OO 
Lab Group: RKRADL 

CuSt Detection 
Limit Result 

5.62E3 
NA 
3.50E2 
NA 
NA 
NA 
NA 
S.l.EE3 
2.3432 

- Lim Pn MDA - -  - 

h 

L ,  Pb-212 and T1-2 vere requested by th 

EPA 
Qu& Confidence unit 

5.2e2 pCi/L 
pCi/L 

1.6e2 pCi/L 
pCi/L 
pCi/L 
pCi/L 
PCi/L 
pCi /L  
pCi/L 

9.1e2 
1.9e2 

Ra-224 calculated result was 4.68e3 + / -  3.0e3 pCi/L 
Pb-212 calculated result w a s  2.53e2 + / -  2.0e2 pCa/L 
T1-208 calculated result was 3.03e2 +/ -  1.9e2 pCi/L 
Ra-228, Th-228, Th-232 vere analyzed for but not detected. 
3/24/98 kal 



LIMS OS. 02.024 
33/26/98 10:35 

Test : TOTALACT-WP 
Rpt Basis: --Received 

Analysis Meth: ASO-Am-160063 

QC Batch/File: QC98055038/wP-5317 

Test R e q  Cnt: 01 

Approver: E E CLARK/Lab Supersisor 

Analvte Id Analyte Name 
N931 Total Activity 

Page: 3 of 3 
AS0 Operating ESLIMS bab s m ? l  Id: ~98049naifi 

;INCLASSIFIED 

P. 0. Box 2009 Oak Ridge.?N 37631 
Official Report 

Test Name: Total Actlvity using LSC by 160063 
Prep Nethod/Date: 

Test Status: APPROVED 
HT Deadline: 06/16/98 23:59:59 

Date/Time Analyzed: 03/03/98 16:29:00 
Lab Group: RKRADl 

CJSt Detection EPA - H T U S  Limit Result Qual Confidence Unit - 
7.07E4 3.0e3 PCl/L 

'oatnotes : 

h - Daughter of uranium isotopes, reported for comparison purposes oniy 

***** END OF REPORT ***** 
UNCLASSIFIED 



LIlrrS 05.02.024 UNCLASSIFIED 
03/26/98 1 0 ~ 3 5  AS0 Operating ESLIMS 

P. 0 sox 2009 Oak Rldge,TN 37831 
Official Report 

Customer Smpl Id: CLB1-002d Project K-WM-Kl16 THORIUM1 STREAMS14 
- 

Customer: F R VAN RYN JR BLDG 1037, Ms 7369 14231574-1907 

Matrix: LIQUID 

Location: PERMA-FIX 

Protocol: NONE 

Sample Description: THORIUM DEMO 

Chain of Custody No: TELEDYNE 

Charge Nunioer: PN892605 
Sampler Is) : 

Date/Tme Sampled: 
Date/Time Received: 
Date/Time Needed: 

Date/Time Completed: 
Date/Time Approved: 

Sample Status: 
Sample Approver : 

Customer Comments: See Radcon before opening sample 

-- Lab Comments: 

Page: 1 of 3 
Lab Smpl Id: A980490233 

01/13/98 17:53:00 
02/17/90 13:45:08 
03/25/90 23:59:59 
03/25/98 16:36:57 
03/25/98 16:36:57 
APPROVED 

C C C C C  lnorgani c >>>>> 
Test: HG7470 

Rpt Basis: As-Received 
Test Req Cnt: 01 

Analysis Meth: SW846-7470 

QC Batch/File: 
Approver: W E READY 

Analyte Analvte Name 
7439976 Mercury 

Test: ICP6010 
Rpt Basis: As-Received 

Analysis Meth: SW846-6010A 
Approver: R M WILKES/Chemist 

QC Batch/File: QC98084007/Q98077C 

Test Req Cnt: 01 

yte Id Analvte Name 
.0235 Sodium 

Comments: PREPARED BY SW846-3010A 

Test: ICPMS2008 
Rpt Basis: As-Received 

Analysis Meth: EPA-200.8 R4.4 

GC Batch/File: 

Test Req Cnt: 01 

Approver: D G AIL.EY/Lab Supervisor 

Analyte 
744036 0 
7440382 
7440393 
7440417 
7440439 
7440473 
7439921 
7440020 
7782492 
7440224 
7440280 
744 02 91 
7440666 

- Id Analyce Name 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Se 1 enium 
Silver 
Thallium 
Thorium 
Zinc 

Tesc Name: 
Prep Method/Date: 

Test status: 
IiT Deadline: 

Date/Time Analyzed: 
Lab Group: 

Cust Dilution 
HT factor 
L 100 
I 

Tesc Name: 
Prep MethodlDate: 

Test Status: 
HT Deadline : 

Date/Time Analyzed: 
Lab Group: 

cus t Dilution 
E && E Factor 

20 

Mercury in Liquid Waste/Extracts/Waters by CVARS 

APPROVED 
02/10/98 23:59:59 
02/24/98 07:OO:OO 
MYWSTl 

E PA Deteccion 
I_ Limit Result Q& Confidence Unit 

e20 U d L  

Elements by EPA 6alOA ICP-AES 
SW846-3010A 03/18/98 12:OO:OO 
APPROVED 
07/12/98 23 :59 :59 
03/18/98 17:28:00 
IYICPZ 

Detection EPA 
Limit Result Confidence Unit 

40 mq/ L 
- 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Date: 

Test Status: APPROVFD 
KT Deadline: 07/12/98 23:59:59 

Date/Time Analyzed: 03/12/98 16:30:00 
Lab Group: IYPMSl 

cus t Dilution - HT && Factor 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

Detection 
Limit Result 

__I _I_ 

c20 
el00 
< t o o  
c2 0 
c30 
4 0  
4 0  
4 0 0  
el00 
c20 
4 0  
NA 
c200 

EPA 
Confidence Unit 

ug/L 
ug/L 
ug/L 
ug/L 
u g h  
ug/L 
u g h  
ug/ L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

UNCLASSIFIED 



LIMS 05.02.024 
03/26/98 10~35 

Test : 
Rpt Basis: 

Test Req Cnt: 
Analysis Meth: 

Approver : 
QC Batch/File: 

ICPMs2008 
As-Received 
02 
EPA-200.8 R4.4 
D G AILEY/Lab SuperJisor 

Analyte g Analyte Name 
7440291 Thorium 

Test: PREP301C 
Rpt Basis: As-Received 

Analysis Meth: SW846-3010A 

QC Batch/File: QC98064022 

Test Req Cnt: 01 

Approver: R M WIiiCES/ChemisC 

C C C C C  None >>>>> 
Test: IONCHROM 

Rpt Basis: As-Received 

Analysis Meth: ASO-Y/P65-2810 

QC Batch/File: 

Test Req Cnt: 01 

Approver: R 3 MCEL.HANEY/Chemist 

Analwe a Analvte Name 
14797558 Nitrate 

c c c c c  Radiochemical >>>>> 
Test: C;AMSPEC-WP 

Rpt Basis: As-Received 

Analysis Meth: SO-ACD-160067 

QC Batch/File: QC98055037/WP-5317 

Test Req Cnt: 01 

Approver: E E CLARK/Lab Supervisor 

Analvte 
13967709 
10045973 
13981505 
10198400 
13966002 
N2006 
13982633 
15065108 
15117961 

Analvte Name 
Cesium-134 
Cesium-137 
Cobalt - 57 

Potassium-40 
Protactinium-234m 
Radium-226 
Thorium-234 
Uranium-235 

Cobalt - 60 

Page. 2 of 3 
AS0 Operating ESLIMS Lab Smpl Id: A9804902j3 

LTCLASSIFIED 

P. 0. Box 2009 Oak Ridge,TN 37831 
Official Report 

, Test Name: Elements by EPA 200.8 IC?% 
Prep Method/Date: 

Tesc Status: APPROVED 
HT Deadline: 07/12/98 23:59:59 

Date/Time Analyzed: 03/20/98 15:36:00 
Lab Group: IYPMSl 

Cus t Dilution Detection EPA 
- HT & fn Factor Result Confidence 

100 co.1 rr.g/L 

Test Name: Prep by 3010 (Total Elements) 
Prep Method/Date: 

Test Status: APPROVED __ 
HT Deadline: 

Date/Time Analyzed: 03/18/98 12:OO:OO 
Lab Group: IYICP2 

Test Name: Ion Chromatography-Water/Leach (Building 99951 
Prep Method/Date. 

Test Status: APPROVED 
HT Deadline: 02/10/98 23:59:59 

Date/Time Analyzed: 02/23/98 09:OO:OO 
Lab Group: MYCHMl 

Cus t Dilution Detection E PA 
HT a Factor Limit Result Qual Confidence E 
L 1 530 mg/L 
- 

Test Name: 
Prep Method/Date: 

Test Status: 
HT Deadline: 

Date/Time Analyzed: 
Lab Group: 

Comments: Th-232, Ra-228, Ac-228, Th-228. Ra-224, Pb-212 and T1-208 were 
requested by the customer. These isotopes were analyzed for but not 

Test : TOTALACT -WP 
Rpt Basis: As-Received 

Analysis Meth: ASO-ACD-160063 

QC Batch/File: QC98055038/WP-5317 

Test Req Cnt: 01 

Approver: E E CLARK/Lab Supervisor 

-- Analvte Id Analvte Name 
N931 Total Activity 

Test Name: 
Prep Me:hod/Date: 

Test Status: 
HT Deadline: 

Date/Time Analyzed: 
Lab Group: 

cus t 
- H T g "  E 

Gama Spectrometry by 160067 
ASO-Am-160092 02/25/98 15:OO:OO 
APPROVED 
08/24/98 23:59:59 
03/20/98 12:OO:OO 
RKRADl 

Detect ion 
Limit Result 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

E PA 
Qual Confidence 

pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/I. 
pCi/L 
pCi/L 
pCi/L 
pCi/L 

detected. 3/24/98 kal  

Total Activity using LSC by 160063 

APPROVED 
07/12/98 23:59:59 
03/03/98 16:29:00 
RKRADl 

Detection E PA - Limit Result e Confidence 
2.60E3 1.7e3 pCi/L 

UNCLASSIFIED 



LIMS 05.02.024 
03/26/98 10:35 

' Tesc. TOTAWA-ENV 
. R p t  Basis : &-Received 

't Req Cnt. 01 
lysis Meth. EPA-903.0-904.0 
Approver. S W BURCHAM/Data Reviewer 

QC Batch/File: QC98076026 

Analvte E Analyte Name 
N1730 Total Radium Alpha 

UNCLASSIFIED Page. 3 of 3 
Lab Smpl Id: A980490233 ;Is0 Operating ESLIW 

P. 0 Box 2009 Oak R1dge.m 37831 
Official Report 

Test Name: Total Radium Alpha/Beta Activlty (Env Samples) 
Prep Method/Date: ASO-TP-7211 03/17/98 07.00.50 

T e s t  Status. APPROVED 
HT Deadline. 

Date/Time Analyzed: 03/17/98 11:OO:OO 
Lab Group: RUIiADl 

Cust Detection EPA - H T G Z  e Resulr nual Confidence a 
39 220  40 PCl/L 

8**** END OF REPORT ***** 
UNCLASSIFIED 



LIMS 05.02.024 
03/26/96 10:36 

Customer Smpl Id: CLB2-002d 

UNCLASSIFIED 
AS0 Operating ESLIVS 

P. 0. Box 2009 Oak Ridge,TN 37831 
Official Report 

Project: K-WM-Kl16 THORIUM1 s T R m i 4  

Page: 1 of 3 
Lab Smpl Id: A980499234 

Customer: F R VAN RYK JR BLM; 1037, MS 7349 !423)574-1907 

Matrix: LIQUID 
Sample Description. THORIUM DEMO 

Location: PERMA-FIX 
Chain of Custody No: TELEDYNE 

Charge Number: PN892605 
Protocol : NONE 

Sampler ( S I  . 

Date/Tirne Sampled: 01/14/98 17:53:00 
Date/T:-e Received: 02/17/98 13:45:08 
Date :ime Needed: 03/25/98 23:59:59 

Date/Time Completed: 03/25/98 16:37:12 
Date/Time Approved: 03/25/98 16:37:12 

Sample Status: APPROVED 
Sample Approver: 

Customer Comments: See Radcon before opening sample 
Lab Commencs: 

-- - 141__1111 I ___ 

<<cc< Inorganic >>>>> 
Test: XG7470 

Rpt Basis: As-Received 
Test Req C n t :  01 
Analysis Meth: SW846-7470 

QC Batch/File : 
Approver: i; Z READY 

Analvte Id Analyte Name 
7439976 Mercury 

Test: ICP6010 
Rpt B a s i s :  As-Received 

Analysis Meth: SW846-6010A 
Approver: R W WILKZS/Chemist 

QC Batch/File: QC98084007/Q98077C 

Test Req Cnt: 01 

Analyte Analyte N a m e  
7440235 Sodium 

Comments: PREPARED BY SW846-3010A 

Test: Ic~MS2008 
Rpt Basis: As-Received 

Test Req C n t :  01 
Analysis Meth: EPA-200.8 R4.4 

Approver: D G AILEY/Lab Supervisor 
QC Batch/File: 

Analvte Analyce Name 
7440291 Thorium 

Test: ICPMS2008 
Rpt Basis: As-Received 

Analysis Meth: EPA-200.8 R4.4 

QC Batch/File: 

Test Req Cnt: 02 

Approver: W G AILEY/Lab Supervisor 

Analyte 
7440360 
7440382 
7440393 
744 04 17 
7440439 
744 0473 
7439921 
7440020 

Analvte Name 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 

__I- 

Test Name: Mercury in Liquid Waste/Extracts/Waters by CVAAS 
Prep Method/Date: 

T e s t  Status: APPitOVED 
HT Deadline: 02/11/98 23:59:59 

Date/Time Analyzed: 02/24/98 07:OO:OO 
Lab Group: MYWST1 

Cust Dilution Detection EPA - HT && pn Factor - Limit Result Confidence unit 
L 100 c20 ug/L 

Test Name: Elements by €PA 6010A ICP-AES 
Prep Method/Wate: SW846-3010A 03/18/98 12.00:00 

Test Status : APPROVED 
HT Deadline: 07/13/98 23:59:59 

DateITime Analyzed: 03/18/98 17:28:00 
Lab Group: IYICP2 

CuSt Dilution Detection EPA 
- HT Factor _I__ Limit Result Confidence 

20 28500 m g / L  

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Dace: 

Test Status: APPROVED 
HT Deadline: 07/13/98 23:59:59 

Wate/Time Analyzed: 03/20/98 15:42:00 
Lab Group: IYPMSl 

CUSt Dilution Detection EPA 
Limic Result Confidence Unit - HT & Factor 

I 

100 co.1 mg/L 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 07/13/98 23:59:59 

Date/Time Analyzed: 03/12/98 16:36:00 
Lab Group: IYPMSl 

Cust Dilution - H T k f n  Factor 
1 0 0  
100 
100 
100 
100 
100 
100 
100 

Detect ion 
Limit Result ___ 

c20 
< l o o  
< l o o  
c20 
<30 
c50 
c50 
c500 

EPA 
Confidence a 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/z 
U9/L 

UNCLASSIFIED 
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UNCLASSIFIED 
AS0 Operating ESLIMS 

P. 0. BOX 2009 Oak Ridge.TN 37831 
Official Report 

Page: 2 of 3 
Lab Smpl Id: A980490234 

' m a a t e  Id Analvte Name 
2492 Selenlum 
,0224 Silver 

7440280 Thallium 
7440291 Thorium 
7440622 Vanadium 
7440666 Zinc 

Test. PREP3010 
Rpt Basis As-Received 

Analysis Mech SW846-3010A 

QC Batch/File QC98064022 

Test Req Cnt 01 

Apprcs.x?r: R M WILKES/Chemxst 

c c c c c  None >>>>> 
Test: ZDNCHROM 

Rpt Basis : As-Received 
Test Req Cnt: 01 
Analysis Meth: ASO-Y/P65-2810 

QC Batch/File: 
Approver: R J MCELHANEY/Chemist 

Analvte Analyte Name 
14797558 Nitrate 

c c c c  Radiochemical > > 7 > >  

Rpt Basis. As-Received 
Test GAMSPEC-WP 

Test Req Cnt: 01 
Ar-lySis Meth ASO-ACD-160067 

Approver E E CLARK/Lab Supervisor 
;Itch/File QC98055037/WP-5317 

Analyte g 
14331830 
13967709 
10045973 
13981505 
10198400 
13 966002 
fi.72006 
13982633 
15065108 
15117961 

Analyte Name 
Acc mium- 228 
Cesium-134 
Cesium-137 
Cobalt - 57 
Cobalt - 60 
Potassium-40 
Protactinium-234m 
Radium226 
Thorium-2 34 
Uranium-235 

cus t Dilution Detection EPA 
&& % Factor - Limit Result Qua& Confidence Unit 

100 ClOO U4/L 
100 
100 
100 
1 0 0  
100 

c20 
<20 
NA 
c2 0 
el00 

Test Name: Prep by 3010 (Total Elements) 
Prep Method/Date: 

Test Scatus: APPROVED 
HT Deadline: 

Date/Time Analyzed: 03/18/98 12:.00:00 
Lab Group: IYICPZ 

Test Name: Ion Chromatography-Water/Leach (Building 9 9 9 5 )  
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 02/11/98 23:59:59 

Dace/Time Analyzed: 02/23/98 07:OO:OO 
Lab Group: MYcHMl 

cus t Dilution Detection EPA 
Limit Result Confidence U n i t  - E Lim f" Factor 

L 1 90000 mg/L 

Test Name: Gamma Spectrometry by 160067 
Prep Method/Date: SO-ACD-160092 02/25/98 1S:OO:OO 

Test Status: APPROVED 
HT Deadline: 08/24/98 23:59:59 

Date/Time Analyzed: 03/20/98 12:OO:OO 
Lab G r o u p :  RKRAD1 

Cust Detection 
Result 
2.01E3 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

- Limit - F F T * S  E - EPA 
Confidence Wit 
5.6e2 pCi/L 

pCi/L 
pCi/L 
pCi/L 
pCi/L 

pCi/L 
pCi/L 
rCi/L 
pCi/L 

PCi/L 

Comments: Th-232, Ra-228, Th-228. Ra-224. Pb-212 and TI-208 were requested 
by the customer. 
Ra-228. Th-228. Ra-224, ?A-232, Pb-212 and T1-208 were analyzed 
for but not detected. 
3/24/98 kal 

Test: TOTALACT-WP 
Rpt Basis: --Received 

Analysis Meth: ASO-ACD-160063 
Test Req Cnt: 01 

Approver: E E CLARK/iab Supervisor 
QC Batch/File: QC98055038/WP-5317 

Analvte Id Analvte 
N931 Total Activity 

Test Name: Total Activity using LSC by 160063 
Prep Mechod/Date: 

Test Status: APPROVED 
HT Deadline: 07/13/98 23:59:59 

Date/Time Analyzed: 03/03/98 16:29:00 
Lab Group: RKRADl 

Cust Detection EPA 
Result Oua]. Confidence Unit 
6.8733 1.8e3 pCiIL 
I_ 

Limit - H T L i m s  - 

UNCLASSIFIED 
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03/26/98 10:36 

' Test: TOTALRA-ENV 
Rpt Basis: &-Received 

Analysis Meth: EPA-903.0-904.0 

QC Batch/File: QC98076026 

Test Req C n t :  01 

Approver: S W BWCHAM/Data Reviewer 

Analyte 3 Analyte Namp 
N1730 Total Radium Alpha 

UNCLASSIFIED Page: 3 of 3 
Lab Smpl Id: A9B049C234 AS0 Operating ESLIMS 

P. 0. Box 2009 Oak Ridge,'IN 37831 
Cffiilal Report 

Test Name: Total Radium Alpha/Beta Activity (Env Sampies) 
Prep Method/Datc: ASO-TP-7211 03/17/98 07:OO:OO 

Test Status: APPROVED 
HT Deadline: 

Date/Time Analyzed: 03/17/98 11:OO:OO 
Lab Group: RURADl 

CuSt Detection EPA 
g * E  E Limit Result Q& Confidence Unit 

5.0  400 54 pCi/L 

***** END OF REPORT ***** 
UNCLASSIFIED 



LIMS 05.02.024 ONCLASS iFIED 
03/26/98 10 36 AS0 Operating ESLIMS 

P 0 .  Box 2C09 Oak Ridge,TN 37831 
Official Report 

Customer Smpl Id: Cm3-002d Pr0;ect. K - i J M - K l 1 6  THORIUMi STRzAMsl4 

Customer F R VAN R W  JR BLDG 1037, MS 7349 (423)574-1907 

Matrix: LIQUID 

Location: PEW-FIX 
Chain of Custody No: TELEDYNE 

Protocol: NONE 
Charge Number: PN892605 

Sample Description: THORIUM DEMO 

Sampler (s) : 

Customer Comments: See Radcon before opening sample 
Lab Comments: 

Date/Time Sampled: 
Date/Time Received: 
Date/Time Needed: 

Date/Time Completed: 
Date/Time Approved: 

Sample Status: 
Sample Approver: 

Page: 1 of 3 
Lab Smpl Id: A980490235 

01/15/98 15:59:00 
02/17/98 13:45:08 
03/25/98 23:59:59 
03/25/98 16:37:12 
03/25/98 16:37:12 
APPROVED 

<c<<c Inorganic >>>>>  
Test: ~ ~ 7 4 7 0  

Rpt Basis: As-Received 
Test keq Cnt: 01 
Analysis Meth: SW846-7470 

QC Batch/File: . 
Approver: W E READY 

Analyte id Analvte Name 
7439976 Hercury 

Test: ICP6010 
Rpt Basis: As-Received 

Analysis Meth. SW846-6010A 
Approver: R M WILKES/Cnemist 

QC Batch/File: QC98084007/Q98077C 

Test Req Cnt: 01 

lyte Id Analyte Name 
i o 2 3 5  SodLum 

CuSt Dilution 
HT pn Factor 
L 100 
- 

Comments: PREPARED BY SW846-3010A 

Secondary 10 fold dilution prior to analysis 

Test Name: 
Prep Method/Date: 

Test Status: 
HT Deadline: 

Date/Tiff.e Analyzed: 
Lab Group: 

Cus t Dilution 
&& & Factor 

200 

Test: ICPMS2008 
Rpt Basis: As-Received 

Analysis Meth: EPA-20C.8 R4.4 

QC Batch/File: 

Test Req Cnt: 01 

Approver. D G AILEY/Lab Supervisor 

Anaivte Analvte Name 
7440291 Thorium 

Test: ICPMS2008 
Rpt Basis: As-Received 

Test Req Cnt: 02 
Analysis Meth: EPA-200.8 R4.4 

QC Batch/File: 
hpprover: D G AILEY/Lab Supervisor 

AnalVre 2 Analvte Name 
7440360 Antimony 
7440382 Arsenic 
7440393 Barium 
7440417 Beryllium 
7440439 Cadmium 
7440473 Chromium 

9921 Lead 
- 

Test Name: 
Prep Method/Date: 

Test Status: 
HT Deadline: 

Date/Time Analyzed: 
Lab Group: 

Mercury in Liquid Waste/Extracts/Waters by CVA?G 

APPROVED 
02/12/98 23:59:59 
02/24/98 07:OO:OO 
MYWSTl 

Detection E PA - Limit Result Qual Confidence 
76  ug/L 

Elements by EPA 6010A ICP-AES 
SW846-3010A o3/ia/98 12:oo:Oo 
APPROVED 
07/14/98 23:59:59 
03/18/98 17:28:00 
IYICP2 

Detect ion EPA 
Limit Result Qual Confidence Unit 

44400 mg/L 
- 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 07/14/98 23:59:59 

Date/Time Analyzed: 03/20/98 15:48:00 
Lab Group: iYPMSl 

Cus t Dilution Detection EPA 
HT Lim Factor Limit Result Qu& Confidence Unit - - 

100 co.1 mg/L 

Test Name: Elements by EPA 200.8 ICPMS 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 07/14/90 23:59:59 

Date/Tirne Analyzed: 03/12/98 16:42:00 
Lab Group: IYPMSl 

Cus t Dilution 
Lim Factor - 

100 
100 
100 
100 
100 
100 
100 

Detect ion 
Limit Result - 

e20 
<loo 
ClOO 
c20 
c30 
c50 
c 5 0  

EPA 
Q& Confidence 

ug/L 
ug/L 
U d L  
ug/L 
ug/L 
ug/L 
ug/L 

UNCLASSIFIED 
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03/26/98 10:36 

Analyte 
7440020 
7702492 
7440224 
7440280 
7440291 
7440622 
7440666 

- Id Analyte ~ a m e  
Nickel 
Selenium 
Silver 
Thall ium 
Thorium 
Vanadium 
Zinc 

Test: PREP3010 
Rpt Basis: &-Received 

Analysis Meth: SW846-3010A 

QC Batch/File: QC98064022 

Test Req Cnt: 01 

Approver: R M WILKES/Chemlst 

<cccc None >>>>>  
Test: IONCHROM 

Rpt Basis: As-Received 

Analysis Metln: ASO-Y/P65-2810 

QC Batch/File: 

Test Req Cnt: 01 

Approver: R J MCELHANEY/Chemist 

Analyte Analvte Ea= 
14797558 Nitrate 

:cc<< Radiochemica 1 >>>>> 
Test: GAMSPEC-WP 

Rpt Basis: As-Received 

Analysis Meth: ASO-ACD-160067 

QC Batch/File: QC98055037/WP-5317 

Test Req Cnt: 01 

Approver: E E CL.ARK/Lab Supervisor 

Analyte g 
13967709 
10045973 
13981505 
10198400 
15 04 6 8 4  1. 
13966002 
N2006 
13982633 
15065108 
15117961 

Analyte Name 
Cesium-134 
Cesium-137 
Cobalt-57 

Iodine-129 
Potassium-40 
Protactinium-234m 
Radium-226 
Thorium-234 
Uranium-235 

Cobdl t - 6 0 

UNCLASSIFIED 
AS0 Operating ESLIMS 

P. 0. Box 2009 Oak Ridge,TX 37831 
Offxcial Report 

Dilucion Detec:ion 

l o o  c500 
100 ClOO 
100 <20 
100 c20 
100 NA 
100 c20 
100 c200 

Cust 
I HT &? E Factor Limit Result - 

Page: 2 of 3 
Lab Smpl Id: A980490235 

EPA 
Confidence Unl; 

ug/L 
U¶/L 
ug / L 
ug/t 
ug/L 
ug/L 
ug/L 

Test Name: Prep by 3010 (Total Elements) 
Prep Method/Date: 

Test Status: APPROVED 
HT Deadline: 

Date/Tirne Analyzed: 03/18/98 12:OO:OO 
Lab Group: IYICP2 

Test Name: Ion Chromatography-Water/Leach (Building 99951 
Prep MethodiDate: 

Test Status: APPRO'JZD 
HT Deadline: 02/12/98 23:59:59 

Date/Time Analyzed: 02/23/98 07:OO:OO 
Lab Group: MYCHMi 

cust Dilution Detection EPA ' 

Limit Result Qual Confidence a HT Factor 
L 1 130000 mg/ I, 

- - 

Tes: Name: Gamma Spectromecry by 160067 
Prep Method/Date: SO-Am-160092 02/25/98 1 5 : O O : O O  

Test Status: APPROVED 
HT Deadline: 08/24/98 23:59:59 

Date/Time Analyzed: 03/20/98 12:OO:OO 
Lab Group: RKRAD1 

cus t Detect ion EPA - K T L i m E  _I Limit Result Qual Confidence Unit 
NA pCi/L 

h 

Comments: Th-232, Ra-228. Th-228, Ra-224. Pb-212 and T1-206 were requested by th 
e customer. Th-232, Pb-212, T1-208, Ra-228, Th-228, Ra-224 were 
analyzed for but not detected. 
3/24/90 kal 

1-129 was repor:ed by the gamma software. The peaks found were at 29. 
61 and 33.60 keV. 

The 84.21 keV U-235 peak shares peaks with several of the requested is 
otopes. Other peaks for those isotopes were not identified. The 185. 
72 keV peak for U-235 vas also identlfied. The software attributed bo 
th peaks to U-235 and reported an average of the two peaks. 
3/25/98 AML 

3.00E3 
NA 
NA 
1.3933 
NA 
NA 
NA 
3.91E3 
1.91E2 

2.7e2 pCi/L 
pCi/L 
pCi/L 

9.3el pCi/L 
pCi/L 
pCi/L 
pCi/L 

9.2e2 pCi/L 
1.6e2 pCi/L 

UNCLASSIFIED 
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P. 0. 

Test: TOTAUACT-WP 
Rpt Basis: As-Received 
t Req Cnt: 01 

- y S l s  Meth: ASO-ACD-160063 
Approver: E E CLARK/Lab Supervisor 

QC Batch/Flle. QC98055038/WP-5317 

Analvte Analme Name 
N?31 Total Activity 

UNCLASSIFIED Page: 3 of 3 
Lab S q l  Id: A98049C235  AS0 Operating ESLIM5 

Offlcial  Report 
Box 2009 Oak Ridge,TN 37831 

Tesc Name: Total Activity using LSC by 160063 
Prep Method/Dace: 

Test Status: APPROVED 
iiT Deadline: 07/14/98 23:59:59 

Date/Tirne Analyzed: 03/03/98 16:2?:00 
Lab Group: RI(RAD1 

cus t Detection EPA - HT 9 =A - Limit Result Qu& Confidence Unit 
9.84E3 1.9e3 pCi/L 

T e s t :  TGTALRA-ENV 
Rpt Basis: As-Received 

Analysis Meth: EPA-303.0-904.0 

QC Batch/File: QC98076026 

Test Name: Total Radium Alpha/Beta Activlfy (Env Samples) 
03/17/96 07 : D O :  O D  Prep Method/Date: ASO-TP-7211 

Test Req Cnt: 01 Test Stacus: APPROVED .-. 
HT Deadl ine :  

Approver: S W BURW/Daca Reviewer Date/Time Analyzed: 03/17/36 11:Oo:OO 
Lab Group: RURADi 

cus t Detect ion EPA - - Result Q& Confidence Limit - HTua % Analyte Id Analyte 

N1730 TQtal Radium Alpha 31 900 110 pCi/L 

Footnotes : 
h - Daughter of uranium isotopes, reported for comparison purposes only 

*****  END OF REPORT **e** 
UNCLASSIFIED 
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Thorim Materials Teledyne Brown 
Market Survey Engineering 

1.0 Executive Summary 

The U.S. Army Defense Logistics Agency @LA) currently has approximately 7,000,000 pounds 
of thorium nitrate tetra-hydrate ("1, stockpiled in 21,000 containers, varying in size from 30- 
gallon drums to 85-gallon overpacks. Approximately 90 percent of the material is located in 
Curtis Bay, Maryland, with the remainder located in Hammond, Indiana. Approximately 3,500 
of the drums contain mantel grade thorium, wbile the remainder contains nuclear reactor grade. 

To volumetrically reduce the size of the stockpile, the DLA has contracted private companies to 
demonstrate TNT conversion processes. Each selected conversion process were applied to 
approximately 2,000 pounds of TfrTT in which it was converted to a more stable and less 
voluminous form for long-tenn retrievable storage. To support the demonstration projects, the 
DLA also contracted a thorium materials market survey be performed to identify the potential 
market outlets for the final end-use product and conversion process by-product materials. 

The thorium materials market survey has determined that thorium is in an oversupply situation 
world-wide with a prediction of an overall decline in non-nuclear use. Thorium demand remains 
depressed as industrial consumers express concerns with the potential liabilities, the costs of 
complying with environmental monitoring and regulations, and cost increase at approved waste 
disposal sites. The domestic industrial market has recognized the decline in the need for thorium 
by the fact that monazite, the primary source of the world's thorium, has not been domestically 
mined since the end of 1994. Essentially all of the thorium compounds, metal, and alloys 
currently used by the domestic industry are derived fiom imports, company stocks, or material 
sold from United States Government stocks. 

Sodium nitrate is a TNT conversion process by-product and has a market that is in a stable 
supply situation. The thorium materials market survey revealed a potential application for use of 
all of the sodium nitrate generated by the TNT conversion process. The U.S. Army has displayed 
an interest in the sodium nitrate for use by their pyrotechnics and ordnance sector for use in 
mortars production. 

1.1 Purpose of Survey 

To identify and quantify the potential markets for thorium and conversion process by-product 
materials on a domestic and world wide market basis. The market survey also identified 
potential consumers, past volume which has been consumed, and a prediction of market growth, 
decline or stability for thorium and conversion process by-product materials. 

- ..... 

1 
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1.2 Methodology Summary 

The market survey’s methodology was first to research literature and documentation available for 
thorium and conversion process by-product materials use in the United States and throughout the 
world. The survey obtained documentation from the United States Nuclear Regulatory 
Commission (NRC), Fernald Environmental Management Project (FEMP), US. Geological 
Survey (USGS), Department of Energy (DOE) and, from searches from throughout the internet. 
The initial literature research provided background information on the current status of material 
use and consumption and provided direction for further research and corporation contacts. The 
survey then identified organizations that were licensed to use thorium by the Nuclear Regulatory 
Commission and we contacted all of the identified organizations. We contacted by telephone the 
identified companies and received their input for this survey analysis. The market survey also 
obtained the description of a previous survey for the sale of stockpiled thorium by the DOE 
which provides support to the findings of this market survey. 

’DeDartment of Energv Thorium AttemDted Sale Process 

In April of 1991 a notice was published in the Commerce Business Daily (CBD) by the DOE 
offering thorium for sale to the private sector. There was no response to the first publishing. In 
May of 1991 the CBD notice was reissued and was sent to 46 firms who were licensed to handle 
>150 kgs of thorium. Only 4 f m  responded, and, of these, only two expressed interest in 
purchasing thorium. The only interest these firms had was in thorium metal and some of the 
oxides and nitrates in the inventory at the Feed Materials Production Center (FMPC). The 
Fernald Environmental Management Project (FEMP) has been a repository for thorium material 
within the DOE complex since the mid 1960s. The thorium was residual inventory from early 
government-sponsored breeder reactor research and was obtained in anticipation of a nuclear fuel 
demand that has never materialized. Thorium at the EM€’ was stored in five buildings, rated 
from “Fair“ to “Good” condition, and in various containers, rated fiom “Poor” to “Excellent” 
condition. The thorium material was stored in approximately 14,730 containers and varied in 
assay and purity. This attempt by the DOE to liquidate their stockpiled inventory was 
unsuccessful. This was due to the fact that the potential purchaser required the funding for 
sampling, purity analysis, physical and visual inspection of containers of each lot of thorium be 
paid for by the government.. This inspection required excessive funding from the government 
and thus promoted the DOE to declare the thorium material as waste and as excess to the needs 
of the federal government. The failure of this sale of thorium in 1993 by the federal government 
supports the findings of this survey that an oversupplied situation of thorium currently exists 
throughout the world. 

2 
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2.0 Thorium and Sodium Nitrate Market Discussion 

Thorium production, which is p r i m d y  a bypruduct of the processing of heavy-mineral sands for 
titanium, zirconium and tin is only a small portion of the thorium that is consumed world-wide. 
A majority of the thorium that is produced is discarded as waste. Thus, there is a large imbalance 
world-wide between thorium production and consumption. The non-nuclear domestic uses for 
thorium has decreased substantially over the past seven years. Domestic demand is forecast to 
remain at current depressed levels unless low-cost technology is developed to dispose of the 
radioactive residues. Manufactures have successfully developed acceptaMe substitutes for 
thorium-containing incandescent lamp mantles, paint and coating evaporation materials, 
magnesium alloys, ceramics, and investment molds. Yttrium compounds have replaced thorium 
compounds in incandescent lamp mantles and a magnesium alloy containing lanthanides, 
zirconium, and yttrium can be substituted for magnesium-thorium alloys in aerospace 
applications. The traditionally small markets in thorium compounds, welding electrodes, and 
lighting are expected to remain the leading consumers of thorium compounds through the end of 
the decade. Thorium’s potential for growth in non-nuclear applications is limited by its natural 
radioactivity. 

Another potential use for thorium is in an experimental (theoretical) energy amplifier system, 
theorized by physicist Dr. Carlo Rubbia. This energy amplifier system, if successful (an 
accelerator will generate subatomic particles that will bombard thorium fuel), may be the future 
for thorium. 

Sodium nitrate, otherwise known as nitratine or soda niter, is one of the few nitrate minerals that 
is available on the mineral markets. Nitrates are not coinmonly found due to their general ease in 
dissolving in water. In fact, some solid nitrate crystals even become liquid by removing water 
from the moisture in the air, a process called deliquescence. Sodium nitrate is deliquescent and is 
very soluble in water and thus care should be taken to preserve valuable specimens in air tight 
containers with desiccant. Most nitrates are found in arid, desert regions such as around the 
Persian Gulf or found as efflorescences on dry cave or mine walls. Nitrates are similar to 
carbonates. The nitrogen is surrounded by three oxygens and forms a tight flat triangular NO3 
ion group just like the carbonate triangular C03 ion group. Thus nitrates are placed in the 
Carbonate Class of minerals. 

2.1 Thorium Applications 

Thorium is a naturally-occurring, radioactive metal. Small amounts of thorium are present in all 
rocks, soil, above-ground and underground water, plants, and animals. These small amounts of 
thorium contribute to the weak background radiation for such substances. Soil commonly 
contains an average of about six parts of thorium per million parts of soil. Thorium oxides 
(oxide, dioxide and hydroxide) are radioactive, heavy, white crystalline powder and are currently 
available in the United States in stocks of different particle sizes with punties of up to 99.99%. 

3 



Thorium Materials Teledyne Brown 
Market Survey Engineering 

Thorium has had many different applications throughout it's history. Due to its high melting 
point of 1,750 O C ,  its ability to emit a brilliant white light when heated to incandescence, and its 
high-strengths characteristics, thorium has been uniquely qualified to be used in a variety of 
industrial applications. 

Use of thorium oxides as a radiopaque medium for x-ray imaging in eertain medical. diagnostic 
procedures began around 1930, but was practically discarded after 1945 because hannful late 
effects from its use were noted. Thorium can be used as a fuel for generating nuclear energy, 
used to make high temperature ceramics, gas lantern rnantles, flame spraying, x-ray contrast 
medium, and as a catalyst. It is used as a metal in the aerospace industry and in nuclear reactions. 

2.1.1 Nuclear Applications 

Thorium, like uranium, is a nuclear fuel, but the use of thorium €bel, unlike the use of uranium, 
has nearly been forgotten. While &um technology in Light Water Reactors @WR) has been 
demonstrated to be dependable for over 30 years and is well understood today, the use of thorium 
technology has lagged behind uranium's ever since the demise of the Fort St. Vrain commercial 
High Temperature Gas-Cooled Reactor (HTGR) and the U.S. government cancellation of the 
Clinch River Breeder Reactor research program. 

Although natural thorium cannot be used to produce a nuclear chain reaction by itself, it can, 
under irradiation, be converted into the fissile fuel uranium ("5). Therefore, tborium ("Th) has 
potential use in nuclear reactors. Use of thorium in addition to uranium would expand the 
nuclear fuel supply base. Advanced converter reactors using thorium would not generate 
plutonium. Plutonium produced during nuclear power generation and its recycling raises nuclear 
proliferation concerns. 

For the above reasons, there were many studies in the 1960s and 1970s to determine the 
feasibility of using thorium in nuclear power reactors. Studies were focused toward potential 
applications on High Temperature Gas-Cooled Reactor (HTGR), Light Water Breeder Reactor 
(LWBR), and Gas-Cooled Fast Breeder Reactor (GCFR). Also, the U.S. government considered 
a modified Canadian Deuterium Uranium (CANDU) reactor capable of consuming thorium. In 
the United States, the best known designs using thorium in the reactor a r e  were the LWBR, 
designed by the Bettis Atomic Power Laboratory at Shippingport, Pennsylvania, and the HTGR, 
developed by the General Atomic Corporation in San Diego, California. 

The only US. commercial thoriuduranium fueled HTGR was the Fort St. Vrain reactor near 
Loveland, Colorado. The reactor, with a capacity of 330 m e ,  owned by the Public Service 
Company of Colorado (PSC), began full operation in early 1979. The operation of the Fort St. 
Vrain reactor, the full-scale commercial HTGR, however, became unsuccessful due to a 
combination of economic factors and lingering mechanical problems that resulted in over two 
years of delays in starting, followed by intermittent operations with a persistently low capacity 
factor. 
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With the development of large uranium reserves in North America in the 1970s and 1980s, 
followed by ample supplies of low-cost uranium, utilities were reluctant to invest in a new 
thorium-fueled reactor (HTGR), especially one that had not been operated under industrial 
conditions. Subsequently, all new HTGR orders previously placed were canceled. Eventually, 
the Fort St. Vrain power plant itself was permanently shutdown in 1989, after a mere 10 years of 
operation. 

In 1983, the U.S. government canceled the Clinch River Breeder Reactor (375 MWe) program 
that would have required reprocessing plutonium. Since then, there havehen few government 
research efforts on the thorium fuel cycle technology and no commercial development of 
thorium-fueled reactors. 

Present technology allows plutonium from spent fuel to mix with natural uranium, enrichment 
tails, or depleted uranium to form a mixed oxide fbel through reprocessing, an oxide fuel that is 
then recycled back to an LWR. The recent trend of interest in LWR Mxed Oxide Fuel (MOX) is 
increasing in Europe and Japan mainly because of its uranium enrichment savings as well as its 
being a partial solution to the actinide containing waste disposal. Unlike the Americans, the 
Europeans and the Japanese also have been actively pursuing reprocessing and recycling of fuel 
products in connection with FBR and L m R ,  such as Super Phoenix (France) and SNR-300 
(Germany) programs. Japan and India continue to be active in research on the development of 
thorium-fueled breeder reactors. 

Thorium can be used in almost any sort of reactor in forms of metal slugs, molten salt, oxide 
compounds, or carbide compounds. Another type reactor suitable for thorium fuel cycle, other 
than the HTGR and LWBR, would be the rather exotic Molten-Salt Breeder Reactor (MSBR). 
The MSBR is an advanced breeder concept which is suited for utilizing thorium for nuclear 
power generation. Unlike conventional reactors, the MSBR has no external coolant in the reactor 
core and the fuel salt itself is circulated through a heat exchanger, which transfers the heat 
produced from fission to a secondary salt for steam generation. This on-line processing scheme 
makes the MSBR achieve the highest breeding ratio among all thermal breeder reactor. 

Recently in the world nuclear community, a new philosophy based on the following three 
principles has been proposed: (1) thorium utilization, (2) molten-salt fuel concept, and (3) 
separation of fissile-breeder and power generating function. Such a philosophy is known as 
“Thorium Molten-Salt Nuclear Energy Synergetic” (TMRZNS-ES) and is observed in the 
typical 155 MWe Small Molten-Salt Power Station (FUJI-II) in Japan, According to the 
proposal, the THRIMS-NES can effectively provide the essential improvement in issues ofd 
resources, safety, power-size flexibility, anti-nuclear proliferation, and economy while also 
securing the simple operation, maintenance, and rational breeding fuel cycle. If its 
commercialization would become successful, the improved thorium fuel cycle would provide 
energy to the Third World nations (e.g., Brazil and India) that would be cleaner, concentrated, 
and reduce proliferation risk 

5 



Thorium Materials Teledyne Brown 
Market Survey Engineering 

There is currently no market in the United States for thorium for use as a breeder reactor fuel. 
Germany and Japan reprocess and recycle nuclear fuel products and Japan, India, and Brazil 
continue to research the development of thorium-fueled breeder reactors. However, as long as 
low-cost uranium is available, there will be no market for the use of thorium as a commercial 
nuclear fuel. 

2.1.2 Non-Nuclear Applications 

Non-energy uses accounted for essentially all consumption. Problems associated with thorium’s 
natural radioactivity represent a significant cost to mine, process, manufacture, and use. Thus, 
alternative, non-radioactive materials are preferred and the use of thorium is decreasing both in 
the U.S. and the world. 

Thorium oxide (thoria) has he  highest melting p i n t  of all metal oxides, 3,300 “C. This property 
contributed to its use in several refractory applications. High temperature uses are in ceramics 
parts, investment molds, and crucibles. 

Thorium nitrate is used in the manufacture of mantles for incandescent “camping” lanterns; 
including natural gas lamps and oil lamps. Thorium mantles provide an intense white light that 
is adjusted towards the yellow region by a small addition of cerium. Thoriated mantles are not 
produced domestically due to the development of a suitable thorium-free substitute, Thorium 
fluoride is used in the manufacture of carbon arc lamps for movie projectors and searchlights to 
provide a high-intensity light. 

Thorium nitrate also is used to produce thoriated tungsten welding electrodes and tungsten 
filaments. Thoriated tungsten welding electrodes are used to join stainless steels, nickel alloys, 
and other alloys requiring a continuous and stable arc to achieve precision welds. 

The nitrate form is also used to produce thoriated tungsten elements which are used in the 
negative poles of magnetron tubes. Thorium is used because of its ability to emit electrons at 
relatively low temperatures when heated in a vacuum. Magnetron tubes are used to emit 
electrons at microwave frequencies to heat food in microwave ovens and in radar systems to 
track aircraft and weather conditions. 

Thorium is used in other types of electron emitting-tubes, elements in special use light bulbs such 
as airport running lights, non-silica high-refractivity glass, radiation detectors, computer memary 
components, catalysts, photo conductive films, target materials for x-ray tubes, and fuel cell 
elements. Thorium is also used in the manufacture of metal alloys for the aerospace industry, 
pharmaceuticals, and as a radiopaque medium for x-ray imaging. 

6 



Thorium Materials Teledyne Brown 
Market Survey Engineering 

In metallurgical applications, thorium is alloyed primarily with magnesium. Thorium metal has a 
high melting temperature of 1,750 T and a boiling point of about 4,790 "C. Magnesium- 
thorium alloys are lightweight and have high strength and excellent creep resistance at elevated 
temperatures. Thorium-free magnesium alloys with similar properties have been developed and 
are expected to replace most of the thorium-magnesium alloys presently used. Small quantities 
of thorium is used in dispersion-hardened alloys for high-strength, high-temperature applications. 

2.2 Future Applications for Thorium 

The market survey performed research into potentially new product developments and 
applications outside the nuclear fuel sector which may have a use for thorium. The survey did 
identify approximately nine potential new products and / or applications which are currently 
under development by the Southwest Research Institute. However, the Southwest Research 
Institute would not release descriptions of these new products or applications to the market 
survey team due to proprietary information restraints. It was made known to the team that 
although the performance of these new products had not been tested for use with thorium, but it 
was technically reasonable to be expect that thorium should work in all nine of these 
applications. 

- 

2.3 Sodium Nitrate Applications 

Sodium nitrate has many different industrial applications in explosives or pyrotechnics, 
fertilizers, the manufacturing of ceramics, glass and charcoal briquettes, and in metal treatments. 
Sodium nitrate is a common component of ceramics and glass batches which require fine 
oxidizing conditions to aid in the removal of batch impurities. The low melting point of NaN03 
acts as a flux to accelerate melting by decreasing the energy necessary to melt the batch 
ingredients. Sodium nitrate serves as an oxidizer to assist in the combustion of briquettes. The 
lighter the composition of filler materials in the briquettes-sawdust, lignite coal, wood bark, 
etc.-the greater the requirement for oxidation. In metal treating, sodium nitrate acts as a steel 
tempering medium, as a heat treatment of aluminum alloy, and in the annealing of copper. In the 
secondary recycling of lead, sodium nitrate removes impurities while acting as a scavenger. The 
application of sodium nitrate in pyrotechnics and fertilizers are further discussed below. 

Pyrotechnics Applications 

Sodium nitrate serves as a secondary oxidizer in many slurry water gel, emulsion, and dynamite 
formulations. It enhances the stability of finished explosive products because (of its 
comparatively low hygroscopicity. It offers a high-energy yield, high density, and low 
combustibility. 
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0 Fertilizer Additive Applications 

Commercial grades of sodium nitrate are used for fertilizer, Nitratine is an important source of 
nitrates for fertilizer and other chemical uses including fireworks. Nowadays, fixed nitrogen 
from the air has all but replaced nitratine as the main source of nitrogen. An interesting side note 
is that discarded specimens of nitratine were said to have been thrown into a garden and this is 
how the importance of nitrates in good plant growth was first discovered. 

The largest known and currently the only commercially exploited source of natural nitrates in the 
world is the caliche ore deposits in northern Chile. The geological, origin of the caliche ore 
deposits in northern Chile is unclear but it is thought that the formation is the result of either 
deposits of sediments from an ancient inland sea or minerals resulting from the gradual erosion 
of the Western side of the Andes Mountains. The concentrations of minerals in the caliche ore 
vary, but averaged 7.66% sodium nitrate and 376.0 ppm iodine in 1994 at the sites the Company 
was exploiting at that time. The caliche ore is used in the production of sodium nitxate, iodine, 
sodium sulfate, and potassium nitrate. 
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Aerospace alloys 
Nuclear applications 

3.0 Historical Consumption 

3% 
1% 

The U.S. Department of the Interior Bureau of Mines reports total domestic consumption in 1991 
at less than 100 metric tons and in 1996 of 4.9 metric tons. The reflects the downwards trend of 
consumption of thorium The U.S. market for thorium metal and compounds was about 
$300,000 in 1996. The markets for thorium in the rest of the world are about the same as in the 
United States. The problems of storing the large amounts of waste generated as a byproduct of 
processing for rare earths has eliminated the use of thorium-bearing monazite in many countries. 
The following table shows the approximate distribution of thorium by end use: 

I Percentage Import Thorium Materials & Source 
Monazite: Australia 89% 
Malaysia 11% 
Thorium Compounds: France 99% 

J 

Canada, Switzerland, and United Kingdom 1% L 

End Use Percentage 
Welding electrodes 62% 

- 

3.1 Thorium Consumption . Domestic Consumption 

The use of thorium in the United States had decreased significantly since 1990. Handling and 
storage problems associated with thorium, combined with the increasing regulatory environment 
and public perception of hazards, have affected its use. Increased costs to monitor and dispose of 
thorium have also caused domestic processors to switch to thorium-fiee materials. Real and 
potential costs related to compliance with State and Federal regulations, proper disposal, and 
monitoring of thorium’s radioactivity have limited thorium’s commercial value. It is forecast 
that thorium’s use will continue to decline unless a low-cost disposal process is developed. 

Domestic consumption of refined thorium products decreased in 1996, according to the US. 
Geological Survey (USGS). Thorium production is primarily fkom rare-earth thorium-phosphate 
mineral, monazite, a by-product of processing heavy-mineral sands for titanium and zirconium 
minerals or tin minerals. Thorium compounds were produced from monazite during processing 
for the rare earths. Only a small portion of the thorium produced was consumed, most was 
discarded as waste. The following table shows the current imported sources for thorium 
monazite and thorium compounds. 

.- ... . 
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The following table shows the domestic consumption and import/export statistics. 

('1 ~ e s s  than "/z unit 

* Worldwide Consumption 

The major monazite-producing countries were Brazil, China, India, Malaysia, and Sri Lanka. All 
imports into the U.S. with radiation contents of 500 parts per million thorium and/or uranium 
need special permits. One of the greatest world wide potential use for thorium exists in energy 
applications, as a nuclear fuel or subatomic fuel, in an industry that accepts radioactivity. In the 
long term, high disposal costs, increasing regulations, and public concerns related to thorium's 
natural radioactivity are expected to continue to depress its future use. The following table 
indicates which non-domestic countries have imported thorium products from out of country 
sources: 
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Country Quantity (Metric Tons) 
World Total 97,945 

Belgium 75 
Chile 95,602 

West Germany 2,139 
India 1 

3.2 Sodium Nitrate Consumption 

Sodium nitrate is white or gray or sometimes has tints of red-brown or yellow. It is associated in 
location with gypsum, halite and other arid region minerals and has characteristics of 
deliquescent and being slightly sectile. Sodium nitrate is very soluble in water and gives a yellow 
flame test result. Sodium nitrate has notable Occurrences in Chile, Bolivia, Peru, Humboldt Co., 
Nevada, San Bernardino Co., California and New Mexico, USA. It is consumed by the many 
different industries throughout the world, most notably it is used in pyrotechnics in black 
powder, as a fertilizer, the manufacturing of ceramics, glass and charcod-briquettes, metal 
treatments, in curing of meats, and as a color fixative of meats. The domestic import for 
consumption from foreign countries of sodium nitrate in 1996 is illustrated in the following 
table: 
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4.0 Specific Buyers 

During the performance of this task, the market survey team identified potential buyers of the 
fmal thorium product and the conversion process by-product materials. These potential buyers 
formally showed interest with the materials in that they requested samples of the final products 
produced from the conversion process. Until they can determine the purity of the final products 
and the conversion process has been performed, they will not pursue a formal purchase. The two 
f m  whom have shown interest are: 1.) a private domestic f m  that currently uses thorium 
nitrate from a non-domestic source for the production of welding electrodes and, 2,) a federal 
contractor for the U.S. b y  that uses sodium nitrate as pyrotechnics for use in the production of 
mortar devices. The following is a written description of the interested parties, their needs and 
the necessary requirements that will have to be met to ensure a sale is secured. 

Allegheny Teledyne Advanced Materials 

Allegheny Teledyne Advanced Materials is owned by Allegheny Teledyne, Inc. and is a sister 
company of Teledyne Brown Engineering. The company specializes in powder metallurgy for the 
refractory metals tungsten and molybdenum, and has it’s executive offices located in Huntsville, 
Alabama. The company is widely recognized manufacturer of tungsten carbide intermediate and / 
or finished products. Their tungsten products are used in high-temperature furnaces, electrical 
contacts, vacuum bulbs and thoriated inert gas welding electrodes. The company has previously 
purchased thorium nitrate from the DLA, but found the material to be very difficult to work with. 
They informed the survey that the thorium nitrate was extremely hardened in it’s current 
packaged form and that it took them a very long time to convert the material to a useable form. 
They current supplier of thorium is a corporation in Canada and the last quoted price from this 
non-domestic source was $12.50 per pound. Allegheny Teledyne Advanced Materials would be 
willing to negotiate a purchase of material from the DLA if the material was in a useable form 
and at a competitive price. To secure a sale of the thorium to this client, the final product would 
have to be in a high purity form and in a fine granular form which is best used by their process. 

Crane AAA is a federal contractor to the U.S. Army with location in Crane, Indiana. They 
provide research and development services within the Energetics and Warhead Division (EWD) 
located at the Picatinny Arsenal in New Jersey. The company provides research, development, 
and testing of pyrotechnic compositions and devices from the initial concepts to pilot lot 
production. The company, through an interface of the Chief of Operations, U.S. Amy’s 
Pyrotechnics and Ordnance Sector, has communicated to the market survey team a means for 
using the TNT conversion process by-product material, sodium nitrate, in it’s mortar production. 
The company has requested a 125 Ib. sample of dry sodium nitrate for analysis and field 
demonstration in their mortar program. The material must meet military specification for sodium 
nitrate “MIL-S-322C.” This request is made under the inner federal government transfer of 
material from the DLA to the US. Army’s Pyrotechnics and Ordnance Sector. The market 
survey is following up this request to obtain qualification of the TNT conversion process’s by- 
product material, sodium nitrate, under this program. 
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Year 
Ending 
A l l l l d  
Amount 

5.0 Defense Logistics Agency Sales Projections 

1999 2000 2001 2002 2003 

Thorium Sales Projections 

Annual 
Amount 

4 

TO BE COMPLETED LATER 

Year Ending 1999 2000 2001 2002 2003 I 

e Sodium Nitrate Sales Projections 

TO BE COMPLETED LATER 
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Attachment 1-1 

Contacts 



The following United States companies were contacted by telephone to obtain their current status 
as associated with use of thorium for product manufacturing. These companies were also asked 
information pertaining to any use of thorium by their affiliated companies on the world wide 
markets. The results and information obtained from this survey is reflective of the survey 
performed by the Department of Energy in 1991 and described earlier in the survey. 

Corporation 
CEICO Chemical, New York, NY Sells < 100 kilo / year 

Infinity Industries, 
Incomorated 
Mallinckrodt, Incorporated 
Nuclear Fuel Services, 
Incorporated 
Reactor Experiments, 
Incornrated 
Surepure Chemetals, 
Incomorated 

Ronkonkoma, NY 

St. Louis, NO 
Erwin, TN 

Sunnyvale, CA 

Florham Park, NJ 

No longer uses thorium 

No remonse 
Uses very little 

Uses very little 

Broker and now sells 

United Mineral & Chemical Lyndhurst, NJ I No longer uses thorium 
Comoration I 
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Attachment 1-2 

Reference Documents 



Reference Documents 

1. Department of Energy, Energy Information Administration, The Role of Thorium in Nuclear 
Energy, by Mr. Taesin Chung. 

2. US. Geological Survey, Thorium, by James B. Wendrick, Thorium Commodity Specialist. 

3. India Nuclear Society, Proceedings of the Indo-Japan Seminar on Thorium Utilization, 
(Bombay, India, 1991). 

4. U.S. Bureau of Mines, Thorim-Annual Review, (Washington, DC, July 1995). 

5 .  National Lead Company of Ohio, The Thorium Production Technology, prepared under 
contract with U.S. Atomic Energy Commission (1958). 

6 .  U S .  Geological Survey, Nuclear Fuels Chupter in United States Mineral Resources, (1996). 

7. U.S. Bureau of Mines, Thorium9 Chapter in Mineral Facts and Problems, Bulletin 675, 
(1985). 

8. Department of Energy Correspondence 1.) WEMCO: OC: 230-91, E). Yaeger to J, Scheider, 
“Comments: Invitation for Bid - Depleted UF4, December 5, 1991, 2.) WEMCO: PM&A 
(PS): 92-123, C .  D. Conover to E. D. Savage, “Potential Sale of Thorium,” February 18, 
1992,3.) WEMCO: EC&QA (RA): 92-105, E. D. Savage to C. D. Conover, “Potential Sale 
of Thorium,” March 6 ,  1992,4.) DOE: OC:DP-273, C. G. Halsted to T. J. Rowland, 
“Thorium Sale,” March 5, 1993. 
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ataad for &IO-. 20 minutes f o  permit equa1f;ldtion 32 thr tempet-atuxx. 
u i t b  a sulfuric acid &tube k p e l i o g  dev ice ,  &.a ca-e-ful adjuutnent,  
EO that the lparcnry fr, b u t h  tuba8 8x1 at  t h e  e r n e  l d M l  and that in the . 
wading tube i t  is at the 19.65 mark l a a  percentage of n i t r o g e n  in 
potasalm nffrata) .  
volume occApitd lay t h e  a h  eq~iivdent to the v01w.e of n i t r i a  cud& gas 
I i h r a t e d  from exactly 1 gn of potessiun: nit rate.  Thin mrk is u3uaU.y 
made on II sulLp of guuued paper attached to the compnsating t u k e .  

ALLOW t b e  gas to 

. 
#&e a Pari; i n  the compensating t u b e  to ahou the 

Note i: In order ta avoid m y  doubt regamling the p*dy;bv.o,Q tbs  
pot&-SsLW. Litrate,. it is dcdrable  to check tns st&xkAlzatios & t a k e &  
by the use of pStaaoCw nitrate by maam of the &salu te  nethad.  If the 
agmNrnant: i e  wftbin one-or two-hudreths of 1 perce”t, the p o t a s s i u m  
n i t m t e  cbc b4 ocnside-d a8 of satisiactory quall’y aa.4 usad io. 
subsaqusznt p e r l d l c  atmdardiiattlane. .It kau boar. f o u d  by actuzl 
e x p e r h 2 t a t i b n  that t h e  s o l u b i l i t y  af nitric cxide in arxlfwi3 eoid of 
th0 atmerrpr?. pr~scrL3e5 is sa small that M correcticn ne& bt appl i ed  
to bring the value in agreement with t h e  w r k  s e t  by t h o  &@&lite nethod. 

Note 2 :  If the nitrometar La standardizcd by both  the abaolutte and 
potagsim nitrate methods,  the results nay mot be i.3 agremnt  by 0.01 
to 0.31: p e r c e n t  nitmgsc dua to eqansLon of the byma barcQb?.tbr m ~ l & .  
Such Ciffertnce may be rcmawd by.epplyinp the brae8 scale Cblr?6ctian 
cor raspndlng  tu the teu?.ratwu. 

4.4.5.2 P r o c r d w  --Ct.urh a po;zian of about 3 gn of the e o d f m  
nitrate so ths r  ’it w i U  pas0 through a U. S. Standard Ko. 100 sfeve and 
dry for 2 hours a t  a02 
h a t s l y  0 .85  gk af  the dried rmpb an6 tramfer ft to the cup of a 
s r a n d a r d h d  f ive-part L?i+xxn6tOr ibuPonr or a q d v a l m t  f , 

acid coolmd to approxinately U l O F .  (5OC.I. 
b a t t l e  i n t o  thn a$kWpeta~ c t p  with 5 x l  of rho s;ilt.Ftrrio add.  
the m e r c ~ l - y  r-98srvaFr suffident1y to t r u f n t a b  a r o t w o d  preeecro  h the  
g a n s m t h g  b-. 
cock s u f f f c f s n t l y  . to  draw the ach! mixturr in73 the g e w u t l n g  be&. 
biakc succeseive 4 nl rinsings v f t h  the rest of the rulfiric acid mti l  
i: has a l l  bean dram in. 
o p a ,  and a d j u s t  the mew- zwservoir just lor e~cugh to uainralt a 
slightly reduaed p u s w e  in the &enaratLq b-13. 
until cost cf tha gaa has beau genoratod. 
wtfl  the l e v e l  of t h e  nnrcury 
of t k  Laver shoulder, t h e n  close the  lower crropaock and c h k o  V i g m u e l y  

adjust the o,ercury rssarvair until the mercury i n  t h e  generating bill3 i 8  
at m r o x h t e l y  tho  am^ height as the cn?rcury in the Fesurvoir .  
will bring the p ~ S 8 u r - e  insh4k the gsrrewt* bulb t o  8pprarWtely 
one rtnaaphrre, and the rolubil!.w of t h e  n i t r i c  oxide gas i n  the sUlfur5c 
seLd u L 3  he nornsal. 

sop. (130 f. a5C. 1. Aacurat6~y u s i g h  apjxox- 

Messur-o i n t o  
a a d ? .  g d u t t  25 ‘d U€ ~Ztr~gan-free 94.5 t 0,s p w a t  suLC%.ie 

6 3 h  OUT the neighing 
Louez 

Open v ide  the upper stopcock a d  open the lover Stop- 

Close the upper sropcock, leavfng the l w e r  one 

Smk4 t.h bulS g 4 s t b  
Loplor the mercury x u s m f r  

the g:eaerat!.ng b u U  f r  a t  t h c  height 

fer a ninute:,, q q ~ a c e  the m 00 t h e  rack,  spsn the lexer 8sopcock.and 

T h i s  

Clast the lawzz stop- and sMta t b  bulb ‘ roaU I minut*. P.Lg0rcJ.a Lrt--e3ILJyLI;B4et, 
\ n 

9 ! .  - 
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Nn * Kaxn+LiVj of K h e  atnadard a d i d .  

crb = T ~ Z Q V  or' a l i q u c t  of ota3dard hsce In ml. 

Kb 3 K 2 n n a l i t y  cd the standard baca. 

c = N&r of nftmgen atans LT the f m a .  

u = Waight of banple in gram c m c t a d  for wisture. 

f = F C I ~ U ~  weight of the nitrate  being dprta.mined. 

Q.4.6 CUararee - Transfar 4 uefghed 26 ga p a e i o n  of a d m  
n i t r a t e  to a beeakw and d f 5 8 0 l W  in hot dFat iUcd  water. Add 5 ml of 
W g  m d  an sxoegs of silver n i t r a t a  s o l u t i o n  and 8th. 
aollrtiun to  rem^^ any chlorides whhiah may have been pr'eclpi%tod. 
to the solution 10 ml of 30 percent formaldehyde o a l u t i o n  ant! h u a t  on 
tha wafer bath icop.1/3 hour. Chlorate is thus re&uceC to chlorLde and 
preafpftated by the axcoss X i 1 - r  n i b a t e .  FiLttor o f f  :he precipi ta te  
on .a tarad f i l rarbg  crucisic whf& has pm-~lously been dried  at 212 + 
So€. (100 t 3 V . J  and which has a noninal rnaxfnm p o x  d i d c t e r  of 4 . j  
to 5.0 mfc%ns. Pry the crucibls a d  precipitate  fa r  5 h o ~ ~  at 212 
+ SQF, (100 2 3 O C . ) .  Cool in a desiccator d weigh. CaIcuLate to ' 

perctz?=Eagc of potussium chiorata as fpUova: 

Filter t h e  
A d d  

- 
Y 

! 





4 -4.9 S c l f f a t e s  - By -eane a€  a ~fpet, ,tranofer to u beaker 
2cO ml of t h e  solutfon vreepamd w a?+cified i n  11.4.11. 
HCA f o  make the ealut lox  8ll .ghCly acid, and hsat t o  Sailirg. Slouly  add 
10 m l  o f  a 10 p e m n t  e a l u t h c  of BaCL2 acd continua boiling ,For.~everal 
minutes.  
t i r v d  f f l t e r f q  c w o i b l e  of fine poroeity, having a nominal  nrximun 
pare d’ianater of U . S  to 5 . 0  microna. .  Haah ulrh hor d i s t i l l a d  vatan. 
I g r d t a ,  C W Q ~  in a dasiccator arid uelgh.  Calculate the incrausa in 
m i g h t  to percontsgw of s0df.u~ a l i l f a t r  as f o l h s :  

ACd pufflcient 

S e t t l a  the pr+dp12ar$ cn a steam bath aad then f i l t e r  in a 

P e r c e n t  s o d i m  acl 

k ? l E Z  : 

A = Ue,ighf of pree  

B = Y a l g h t  of c m c  

U = Wdight in w e s  of s a n p l r  represuntad by The sl iqwt.  

4.4.10 Chlorides - A E  accurrtyely veighrrd 25 gn p o r t i o n  of 
sodWn nirrate a h a l l  ba t s a a s f ~ a C  t o  a 600 d. beaker .  
be &hoe1v~d 1s 800 ml of h o t  
=st* and 6 ml a5 amcontratad n i e i c  a c i d  added. 
of ap mxfnately 0.U silvex? citrate sdlct ton shal l  be added to the 

Ths solution s b l l  be heated to 
b o i l f n p  on a bot plate w i t h  ecaxAa3nl at irr i ry:  and boiUng rrdewta?y 
for appraxiately 2 minutes +-th wnstat  $ t h i n g .  
contents s h a l L  be rmoPed fron t h 8  h o t  p l a t e .  The precipitate shall be 

p4IPiroible to f i l ter  the s o l u t i o n  as u p s o f f i d  and t e s t  the.filtMte) 
arsd one b p  a€ t h e  supernaraat l lqu ld  ahaU ba added to one drop o f  a 
03t percent solutibn Qf s o d h  chhride an a black porcelain Spat plate. 
Lf no prec ip i ta te  occurs on rbe s p t  p l s t r ,  a sawad 25 ml portl0t.i of 
silveo n i t m t e  r o i u t i n ~  e U  
a b n e ,  -6 the egot: teat repsatxd.  
solutian rhall be cbnthucd a t  the spot t e s t  wpeatxd as r p c i f L e d  
above uti1 a precipitate of silver chloride is obtained. 
solution s h a l l  bs flltcred thr3ugh a t a r e d  p p a  sintarGd ghss ’crucible 

8nd u i t h  the riC of B U c t i C A (  t h  fi1tr.t. s h a l l  bo Eollected f n  a 1000 
ml f i l t e r i n g  flark.or 6430 nl beaker. 
c W 1  km trSLRSfbl*rtd q-t i tat ively to the filtering eructble with t h e  
a i d  of five 20 ml p o r t f a  of ?:LCO n i t r i o  rcLd colutfcn a d  one 20 nl 
partim of dlnrlllad varer, 
in an oven at 230 2 PF. ( l l C  SOO. 1 f a r  3 h m s .  The crmcible shall 
be coolad in a desiccator a d  &&bed. 
wdim a h l o r i d e ,  i n  the sampl. shall bo aalculated IS fall-: 

Tbbs sample a h k l  
appoox i~uta ly  186oP. (85OC.)  d i x + i l l a d  

Twccty-flve i z f X S L i t e r s  

solut I an with the aLd of a p i p o t .  

Ths &akm &?d 

allowed to se t t l e  (if the p-Lpitate &ea not aettle nad iLy  it ie . _. 

‘ad* to the rurpl., b o i l e d  ug indicated 
Tbe addition of sllver ni*rate 

Tho srrpetPGata3t 

havfnp 8 n O U I h d  W d l D Z l l  QOn Likx38t.r Of b- t0 6 .o niCFOM, 

The si1yQy c’rlwidc pmCQftate 

The prucLble ztcd contants shall be d r i e d  

The percent chlorides, a0 
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5 . 3  . Karking - L h l w s  othervise specified in t h e  c m t p a o t  
or d e r ,  swirkkirag shall bu in a c c o h n c e  with Stsnd.Fd MIL-STD-129 
and Coda of' Fsd-1 R a p l a t i o n  "U9 C?R 71-90." 

6. NOTES 

6.1 I n t e n d e d  uac - TIm ~0d1';n: n i k a t c  c o v w d  uy rhc- 
r p U O f f i C d t i O 3  i s  i n t e d e d  for use bz the roanufac3crs of pyrst*ohaio 
cmqocritions and f o c c o 6 k r y  ~ f x t u r r s .  

6 . 2  W e r i ? 4  data - Pnxwemeoc CocLtrenrs ehould spec i fy  tho 
f o L l m f r y  : 

( a )  T i t l e ,  nunbor and date of t h l s  specification. 
(bl G r a d e  and c h a a  of mtsrirl (BW l L . 2 ) .  
( c )  Quantiry *quire4 iri p 0 ~ d 8 .  
( 6 )  Type and capacity of cuntaiaarr in which the 

sodfun nl+mate 1 3  to be Z u r n h h e d ,  if other than 
M specifice is Gection 5 .  

( e )  Appl icable  l e v c l a  of packing, and marking with 
ryuirements ix detai l ,  If othsr than as specified 
i.3 taction 5 .  

r taoroc .  
( f )  xnatrxtians regarding avaflabllity of i n a p e t i o n  

6.3 
spectfioation hats  bean -ked 
addi t iom,  etc.) fmx the previous i ssue  bave been nadc. 

whatsoever far any inaccxacim fa those n8TatiobE.- 
ors a m  a u t f o n e d  t o  cvalcnte the *quimmcnts of thfs doomeat bawd 
00 the -tire content as writtea i r r s s p c t i v c  af the marginah notat ime 
and r c h t l a h i p  t h e  last p r e v i a w  $ 8 6 ~ ~ .  ' 

Changes flwn prvviola isaua - The out'side margins of this 
to i n d i c a t e  vhert changes (drlrtions, 

Thin has ,?em 

Bidders end wd&ct- / 
I 
I 
I 

dona as a convenieaea anly sr,d the k v e r w a n t  aai~rpes 00 fiabiUty I 
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REVIEW COMMENT IUCCORU (IICR) 

Document Title: Demonstration Results Report 
Thorium De-nitration Pilot Prqject 

Reviewed By: LMER 

Reference 

General 
Page 1,y 1 

General 
Page 2 1 2  

Date: July 3 1, 1998 

Reviewer’s Comments 

The report should answer this question: Can the 
process be designed for flexibility and 
optimizing unit ops at full scale ... to establish a 
defensible operations time line and justiQ a 
jump step from this demo scale to production 
operations? Scaling from 200 lbs/day to 200 to 
300 lbskour ... 
... The tests illustrated inherent problems in 
pursuing that (thorium hydroxide) pathway. 
The precipitation of Th (OH), through the 
addition of NaOH can be a difficult step to 
control and the pH end point hard to achieve. 

Page 1 of28 

Document No, Document Revision: 
N/A 0 

Response by: Ben R. Crocker (M&EC) 

RESOLUTION 

Date: 9/2/98 

Yes, the process can be designed for full scale operation at 200 to 
300 Ibshour from the data obtained during this demonstration 
project. This represents a scale up factor of only 8 to 12 times 
the demonstration scale. 

The pH control difficulties resulted from two factors which can 
easily be handled in the design of the full-scale de-nitration 
system: 

(1) the lack of direct reading pH metering and caustic injection 
control. During the pilot scale, all pH measurements were 
performed manually on samples withdrawn from the reactor. For 
the full-scale reactors, we plan to install pH sensors in the reactor 
which will provide feedback data to an automatic pH controller 
with programmable logic to follow ,a prescribed titration curve 
€or the de-nitration step. 

(2) the caustic feed pumps were over-sized requiring the feed 
rates to be turned down to less than 10 % of capacity. This type 
of problem is in the nature of pilot projects and does not reflect 
an insurmountable control problem. 

82797-016 



REVIEW COMMENT RECOIU) (RCR) 

Iocurnent Title: Demonstration Results Report 

Xeviewed By: LMER 

Thorium De-nitration Pilot Project 

Date: July 3 1 ,  1998 - 
No. 

3. 
- - Reference 

Cen. 1 2  

Reviewer's Comments 

The final products in the 5 batches consisted of 
Joorfy crystalline thorium product and NaNB, 
Nith significant moisture. 

Page 2 of28 

Document No. 
N/A 

Document Revision: 
0 

Response by: Ben R. Crocker (M&EC) Date: 9/2/98 

RESOLUTION 

We do not believe that the DLA is in search of perfect crystals. 
We do believe they are concerned with moisture content and 
minimizing residual nitrate. Our rinsed and dried product fiom 
Batch Test No. 4 had only 1.6 % residual nitrate, a concentration 
which we believe is low enough for safe storage or disposal. 
Your concern over final moisture content is valid. Our erratic 
product moisture content was due to two factors: 

(1) lack of an instrumental means of measuring humidity in the 
vapor space of the dryer. We stopped the drying process when 
the product appeared to be dry by visual and tactile observation 
methods. In the full-scale dryer a humidity control loop will be 
incorporated into the design. 

(2) lack of a carrier gas stream to efficiently transport water vapor 
out of the dryer. We have been in contact with Littleford, the 
dryer manufacturer. They have recommended that we operate the 
dryer at a partial vacuum and that we introduce dry air or 
nitrogen into the dryer to improve transport of water vapor out of 
the dryer to the vapor condenser. With the vacuum aioiie they 
predict moisture content of less than 2.0% by weight. With the 
purge stream, the residual moisture can be reduced to 0.5% or 
less. 



Reference 

Document No. 
NfA 

General 
Page2, 7 2  

Document Revision: 
0 

Reviewer’s Comments 

Only one run was really successhl, with the rest 
resulting in sticky products or other problems. 
The team gave it a real try, but the issue of 
whether the flowsheet is fundamentally flawed 
exists. 

REVIEW COMMENT RECORD (RCR) 

Document Title: Demonstration Results Report 

Reviewed By: LMER 

No. 

4. 

Thorium De-nitration Pilot Project 

Date: July 3 1 ,  1998 

We disagree with this conclusion. Our purpose was never to 
perform five identical repetitions of the same process 
configuration. Our plan was to evaluate the performance of the 
basic de-nitration process as represented in Batch Tests 1 and 2. 
When that was successfully accomplished we planned to test 
serial rinses with demineralized water in Batch Tests 3 and 4. 
Finally, Batch Test 5 was to evaluate the process with serial 
rinsing and the added complexity of recycling sodium nitrate 
byproduct back to the dissolving step. We consider only Batch 
Test 3 to be a failure. All other batch tests contributed 
knowledge which in aggregate provides the level of process 
knowledge necessary to scale up the process and perform it in 
Phase I I .  

The only problem we see with the flowsheet is with the amount 
of thorium solid that ends up in the heels and must be recovered. 
Batch Test 4 showed only 30 % of the solids lost to the heels. 
With the pH control improvements:described earlier in these 
comments, we expect that rate to improve in Phase 11. Our plan 
to use a membrane-type tubular ultra-filtration unit to recover 
small thorium particulate down to 0.01 micron should be an 
inexpensive but effective way of recovering small thorium solids 
from the heels. 

82797-016 



REVIEW COMMENT RECORD (RCR) 

Iocument Title: Demonstration Results Report 
Thorium De-nitration Pilot Project 

teviewed By: LMER Date: July 3 '1, 1998 

recaptured to complete the total product. It was 
pointed out that rinsing of the filter cake 
improved it: However, it also served to jncrease 

Page 4 of28 

Document No. Document Revision: 
NIA 0 

Response by: Ben R. Crockes (M&EC) Date: 9/2/98 

RESOLUTION 

This is a factual statement of the results we obtained in the Phase 
I Pilot Tests. In our response to comment Nos. 2 and 4, above, 
we described how we plan to minimize carry over of fine thorium 
solids by improving the pH control of the precipitation process 
and to efficiently recover those solids using tubular ultra- 
filtration technology. One other enhancement to the precipitation 
process that will improve the size and recoverability of thorium 
hydroxide precipitates is a change in the type of reactor to be 
used. Rather than using a plowshare reactor during the 
precipitation step, we plan to use a conical screw agitated 
precipitation reactor. These reactors use a tapered helical screw 
agitator on an orbital a m  to provide iow-shear mixing. A typical 
vendor brochure is provided as Attachment 1. 

!' 

82797-016 



REVIEW COMMENT RECORD (RCR) 

Document No. 
NIA 

locurneut Title: Demonstration Results Report 
Thorium De-nitration Pilot Project 

Document Revision: 
0 

Reviewed By: LMER Date: July 31, 1998 - 
NO. 

6.  

- 

- 

Reference 

General 
Page 2 , 1 3  

Reviewer’s Comments 

The use of the ploughshare unit as the furnace at 
.emperatures of - 280°F fails to achieve the 
iecessary temperature to remove NaN03 and 
xystallize to make Tho,. The product that 
desults from the ploughshare operation are a 
3oorly crystalline Tho, that is associated with 
he sodium nitrate (two phase Material). This 
Fact was clearly shown by a comparison of two 
samples, one from the ploughshare (-280°F) 
init the other from bench scale heating to 
IOOOOF which yielded 54.2% and 73.3% 
horium, respectively. 

Page 5 of28 

~~ ~~ ~~ ~~ ~~ 

Response by: Ben R. Crocker (M&EC) Date: 9/2/98 

RESOLUTION 

Our response to Comment No. 3 describes how the moisture 
content of the thorium hydroxide can be reliably reduced to less 
than 0.5 % by use of vacuum and dry air or nitrogen purge. We 
believe this achieves the product stability needed for long term 
storage if it is combined with multiple containment final 
packaging such as that demonstrated in our pilot tests. The 1.6 YO 
residual nitrate has no consequence since; (1) the product is not a 
DOT oxidizer, (2) the nitrate would not impact future efforts to 
use the product, and (3) would not cause deterioration of the 
sealed high density polyethylene containers and liners used for 
primary containment packaging. The percentages cited in the last 
sentence of the comment paragraph are from the product from 
Batch Test 2. Serial rinsing in Batch Test 2 was minimal 
compared to Batch Test 4. In Batch Test 4, the plowshare product 
was 64.8 % and the calcined sample was 79.4 %. The difference 
between Batch Tests 2 and 4 was that rinsing reduced nitrate 
from 4.5 % in Batch Test 2 to 1.6 % in Batch Test 4. Also, Batch 
Test 4 was drier that Batch Test 2 (14.7% and 23.5 % 
respectively). Although the dry thorium hydroxide is not in a 
high integrity crystalline form, it has only slightly less bulk 
density than the oxide form. We do not believe that the extra 
cost and ES&H risk posed by a calcining operation is justified by 
the small improvement in product quality that would be gained. 
Also, a thorium oxide crystal will be much harder to re-dissolve 
for anyone who wanted to purchase the product for recycle. With 
high temperature calcining the Phase I1 project will be driven in 
the direction of waste disposal rather than product recycling. 

82797-016 



REVIEW COMMENT RECORD (RCR) 

Document Title: Demonstration Results Report 
Thorium De-nitration Pilot Project 

Reviewed By: LMER Date: July 31, 1998 

No. 

7. 
- Reference 

General 
Page 2,q 4 

Reviewer's Comments 

... The values of initial pH measured on the five 
 batches are below 1, and these data are not 
reliable in this extremely low range. Large scale 

1 would be more difficult. Obtaining a reliable 
, pH measurement during neutralization of a large 
batch is difficult because of the inertia of the 
'system while it is homogenizing. The method 
1to obtain a reliable pH reading is to let enough 
,time for equilibrium after each addition; this is 
'not a good way for a process that must treat a 
'large amount per day. 

Page 6 of28 

Document No. 
N/A 

Document Revision: 
0 

Response by: Ben R. Crocker (M&EC) Date: 9/2/98 

RESOLUTION 

We believe that the use of the conical reactor with tapered helical 
auger mixing, coupled with on-line pH measurement and control 
will provided the reliability needed. This reactor design provides 
rapid mixing without high shear. We anticipate that up to three 
independent pH sensors will be inserted through the conical shell 
and will provide real-time pH measurement. The helical auger 
blades with be notched so that the auger rotation will not damage 
the pH sensors. Each pH instrument will retract into a housing 
for automatic flushing and calibration. The signal from each pH 
sensor will be input to a programmable logic controller (PLC) 
which will compare the readings, and automatically adjust the 
feed rate of caustic soda. With these changes, the equilibration 
time will be minimized, the accuracy of pH measurements will be 
improved, and control will be greatly enhanced. Remember, the 
ploughshare unit was a cylinder laying on its side, and it had no 
in-tank pH measurement or control. The pH readings were done 
manually on samples collected from the reactor. 
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General 
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Reviewer’s Comments 

’his analytical characterization of some key 
,cations in the process was satisfactory; 
owever, the mass balance for the entire process 
5 poor. It is not possible to figure out absolute 
ita1 secondary waste generated during the 
emonstration. In the best case, high weight 
ercent of NaN03 appeared in the final product. 

Page 7 of28 

Response by: Ben R. Crocker (M&EC) 

RESOLUTION 

Date: 9/2/98 

~~~ ~ ~ 

We disagree with this conclusion. The material balances are not 
perfect, but the theoretical and the analytical typically differ by 2 
% or less, which is well within the accuracy needed to scale up a 
process. The “hop-scotch” analytical approach we used during 
the pilot scale project was a good balance between the need for 
data and the need to stay within a project budget. The analytical 
data provided by this approach provided analytical benchmarks at 
the necessary points in the process to altow a full understanding 
of the chemical transformations taking place, and to verify that 
the process proceeds in agreement with the theoretical reactions. 
Much of the variability seen in this project is reflected in the 
variability of thorium content in the feed material. The 
dissolving step was performed the same way every time, but the 
actual thorium concentration of the resulting solution varied 
significantly from the theoretical, indicating that some non- 
thorium materiaIs (probably residual nitric acid) were present in 
the raw material as a diluent. Variations in residual nitric acid 
would also explain the variability ifi the starting pH of the 
thorium nitrate solution. 

82797-016 
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General 
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Reviewer’s Comments 

Reproducible production of filterable solids by 
controlled caustic addition was not proven. The 
process was unforgiving in the pilot operation, 
not producing the “right Product” if the caustic 
was not added at the “right rate” ... 

Page 8 of28 

Document No. Document Revision: 
NIA 0 

Response by: Ben R. Crocker (M&EC) 

RESOLUTION 

Date: 9/2/98 

Batch Test 4 reproduced the precipitation success of Batch Test 2 
and actually improved upon it. The filter cake from Batch Test 4 
was denser, and was not sticky, probably due to the serial rinsing. 
We believe that most of the difficulties with gelatinous solids 
were caused by the amount of caustic added during the fast 
caustic addition which occurred between pH of 0.3 and 2.0. 
When starting pH trended into the 0.8 to 0.9 range, instead of 0.3 
to 0.4, our fast addition appears to have overshot a critical phase 
of the precipitation. This is what happened to Batch Tests 1 ,3  
and 5. In Batch Test 5 we used concentrated nitric acid to back- 
titrate from pH 6.0 back down to pH 2.0, demonstrating a method 
of recovery from the production of gelatinous solids. In Phase Ii, 
we will operate under pH control and will establish a much more 
efficient and controlled rate of caustic edition, which eliminates 
the risk of gelatinous solids formation in the critical pI-1 range 
from 1.5 to 4.0, Above pH 4-0 the precipitation process is much 
less sensitive to upsets, allowing faster addition rates. 

02797-01 6 
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General 
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Demonstration of the rinsing operation for pilot 
operation was not proven to be controllable/ 
repeatable. The thorium gel may prevent 
satisfactory rinsing in the filter, as projected in 
the scale up. The rinsing operation must allow 
for migration of the nitrate salts out of the gel. 

Page 9 of28 

Response by: Ben R. Crocker (M&EC) Date: 9/2/98 

RESOLUTION 

The success of the rinsing operations can only be judged in 
reference to the acceptable levels of residual nitrate in the 
product. Serial rinsing in Batch Test 4 reduced nitrate from 8.0 
% in the reactor sludge blanket to 0.9% in the rinsed filter cake 
exiting the filter press. Drying the filter cake raised the residual 
nitrate back to 1.6 % due to water removal. Simulated calcining 
raised it back to 2.6 % by the removal of residua1 water and 
conversion of hydroxide to oxide. We believe that a residual 
nitrate concentration of 1.6% is acceptable for long term storage, 
disposal, or commercial recycle. The rinsing efficiencies in 
Batch Test 5 showed a similar trend except that calcining took 
the dried solids from 1.3 % to 9.7 % nitrate due to the greater 
amount of residual water removed during calcining. Remember, 
that in Batch Test 5, the nitrate content of the process at every 
stage was enriched due to the recycle of sodium nitrate solution 
back into the thorium dissolving step, an idea that will not be 
used in Phase 11. Our conclusion is that serial rinsing in the filter 
press as demonstrated in Batch Test 4 and confirmed in Batch 
Test 5 is as effective as it needs to be. The DOT powder train 
tests were performed on product from Batch Tests 1 and 2 which 
had residual nitrate contents of 14.96 % and 4.5 % respectively. 
Each of these samples passed the DOT oxidizer test. If these 
high nitrate streams (representing essentially un-rinsed thorium 
product) are not oxidizers, then the 1.6 to 2.6 % residual nitrate 
of the rinsed thorium product appears to be adequately protective 
of DLA's interests. 

82797-016 
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 an average of 14. 1% moisture (Table 6-5) in 
the dry thorium product was still lei? in the 

1 material. Also, Material is really excessively 
1 fine. The 1 .O micron filters did not function in 
removal of thorium fine particle from the press 

~ filtrate. 

 difficulties in managing this process are 
l documented in the narratives where removal of 
the filter cake presented problems which 
'demanded shoveling of the cake from the filter. 

Document No. Document Revision: 
NIA 0 

Response by: Ben R. Crocker (M&EC) 

RESOLUTION 

Date: 9/2/98 

See our response to Comment No. 3 for a description of how the 
use of vacuum and dry air or nitrogen purge flow will reduce 
final product moisture content to 0.5 %. See our response to 
Comment No. 4 for a description of how we plan to use tubular 
ultra-filtration to recover small thorium particulate down to 0.01 
microns. 

In the pilot-scale batch tests, we used manual methods for 
handling filter cake in two locations; (1) when using a paddle to 
wipe sticky filter cake off of the filter fabric, and (2) when using 
a shovel to transfer filter cake from the hopper into one of the 
side access ports of the plowshare drier. It is not unusual to have 
to use a paddle to assist filter cake to fall off of the fabric-covered 
plates. However, the nan-sticky filter cake produced in Batch 
Test 4 released cleanly and fell out of the press as soon as its 
cavity was opened, leaving virtually no residual solids on the 
fabric. Even if paddle assist proves necessary, the doses to 
personnel from this activity are coqistent with ALARA. 

Use of a shovel to transfer cake from the hopper to the dryer is an 
activity unique to the pilot-scale demonstration. In Phase IJ, this 
transfer will be done by an appropriately engineered conveyance. 
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Reviewer’s Comments 

Document No. 
NfA 

Section 2.1 and elsewhere 

Document Revision: 
0 

The template used for this evaluation was to 
ship the thorium product back to Curtis Bay. 
This should be defined as a basis for 
analysis/performance assumption only, and 
subject to change. 

Section 2.2, line 2 

Suggest use of low-temp vs. ‘non-thermal’ 

Agreed. 

Agreed. 

82797-0 16 
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16. 

The method selected for drum unpacking seems 
to be poorly adapted to this program. A wet 
method of thorium dissolution is preferable with 
either pH or nitrate electrodes used to determine 
the concentration (Le. weight) of the thorium 
which is important for the process (Section 3.2 
pg. 9). Although some drum material can be 
removed dry, wetting some of the materials 
should not cause the RCRA paint filter test to 

Good recognition of the advantages and 
disadvantages of the approach used in removing 

Page 12 of28 

Document No. Document Revision: 
N/A 0 

Response by: Ben R. Crocker (M&EC) Date: 9/2/98 

RESOLUTION 

We still believe that a dry method is preferable to a wet one. 
Passing the paint filter test is not the only consideration. 
Corrosion of secondary waste compaction equipment and 
containers is also important. In order to remove corrosive TNH 
residues and solutions from the packaging debris it is likely that 
too much water would have to be used. If the residues on the 
packaging debris are left dry, all of the packaging debris and any 
residues it contains could be compacted, overpacked, and the 
resulting packages would not be corroded by the small amount of 
dry material remaining in the compacted matrix. 

We plan to remain with the dry method described in the draft 
report except that we will not use demolition hammers to break 
up the fused monolith. Instead, it will be dumped directly into 
the dissolver where the appropriate amount of dissolving water 
will be added and then the monolith will be chopped up with the 
mechanical choppers installed in the dissolver. 

We will edit and revise this passage as appropriate to reflect the 
deletion of demolition hammering as described in our response to 
Comment No. 15. 

d797-016 
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Page 3 

Reviewer’s Comments 

Section 3.2, line 2 

Explain why is it important to know the weight 
to 0.1 lb. 0.25 YO accuracy is a lot to ask for at 
these weights. 

Section 3.3, Page 9 

In-tank pH monitoring is needed for this 
operation. The plowshare mixer equipment 
limited the ability to test this approach and hIIy 
realize the benefits. 

Page 13 of28 

Document Revision: I 0 
Document No. 

N/A 
~ ~~ ~ ~~ ~~~ ~~~ ~-~~ 

Response by: Ben R. Crocker (M&EC) Date: 9/2/98 

RESOLUTION 

This is a valid comment. Weights to the nearest pound are 
adequate. The platform scale used during the pilot tests provided 
a digital read out to the second decimal place, for weights of 500 
pounds or less. In the pilot tests it was important to know the 
total weight so that an adequate amount of dilute caustic could be 
prepared before the start of each batch test. We were also 
looking for discrepancies between a calculated theoretical 
thorium concentration and the actual concentration after the 
dissolving step as an indicator of the nuniber of waters of 
hydration present. These goals will not apply to full-scale 
operation, hence less accuracy is appropriate. 

We agree that in-tank pH monitoring and control is needed to 
improve the reliability of this process in the precipitation step. A 
different reactor configuration and mixing method also would 
help. Our responses to Comments 2,4, 5 (including Attachment 
1) and 7 describe in detail the pH control system and the reactor 
proposed to be used in Phase 11. 1, 

82797-016 
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No. Reference Reviewer’s Comments 

Provide the statistical analysis of this 
characterization scheme.. . 

Specific Section 5.1.1, Page 15 
Page 5 

This is the first place that describes how pH 
followed during NaOH addition. Need to 
mesent this earlier in unit Drocess description. 

Page 14 of28 

Document No. Document Revision: 
N/A 0 

Response by: Ben R. Crocker (M&EC) Date: 9/2/98 

RESOLUTION 

We did not use a statistical basis for characterization of the raw 
material, because all material came from the same source 
(domestic), the same process as evidenced by drum markings 
(BSD-AE-57-47), and the same Lot (71). Batch numbers were 
between 1014 and 1028. We used one grab sample to represent 
the raw material in the interest of concentrating our analytical 
efforts and budget on intermediate and final product and 
byproduct streams. We also, performed more sampling in Batch 
Tests I and 2 than in the latter tests because it was not necessary 
to answer the same question multiple times. We only analyzed 
for the differences between batches and operations, not for the 
similarities. 

Agreed. A paragraph describing the caustic soda titration 
performed in the precipitation step will be added to Section 3.3. 

a2797-016 
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Document Title: Demonstration Results Report 
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Reference Reviewer’s Comments 

Specific Section 5.1.1, Page 15 
Page 5 

Samples are taken for analysis, but results of 
same not presented (unless it’s later in report). 
These results should be collated, presented, and 

Reviewed By: LMER 

22. 

Date: July 3 1, 1998 

Specific Page 16 
Page 5 

Do not refer to the dried filter cake product as 
thoria (Tho,). This has not been established, 

23. Specific Section 5.1.2, Page 17 
Page 5 

The Th yield is low and nitrate content of the 
product is high ... Also, it may not be possible to 
adequately flow water through this gel ... 

Page 15 of 28 

Document No. Document Revision: 
N/A 0 

Response by: Ben R. Crocker (M&EC) Date: 9/2/98 

RESOLIJTION 

We chose to present analytical results in the lower half of the 
Material Balance Tables (Tables 6-2,6-3, and 6-4 for Batch Tests 
2 ,4  and 5 ,  respectively), where these data points serve as 
benchmarks for comparison with the theoretical calculated values 
presented in the upper half of each table. The narrative text for 
each batch test provides summary data for key analytical 
parameters, However, the analytical parameters cited in the text 
imply that some analyses were performed but not reported. 
These are erroneous references, which will be corrected in the 
final revision of the results report. 

Although the Southwest Research Institute XRD results report 
dated April 15, 1998 (See Appendix A of the draft results report) 
identifies the thorium product as poorly crystalline thorianite 
(Tho,), we will refer to the Droduct as thorium hydroxide. 

Please see our answer to Comment No. 10. The Results 
Evaluation subsection in the Section 5 Batch Test Reports 
beginning with 5.1.2 on page 17, ahd ending with 5.5.2 on page 
30 evaluate the results of each batch test separately. Section 7.0 
takes these findings and proposes a full-scale design which 
addresses the problems and deficiencies, and capitalizes on the 
successes of the pilot test program in aggregate. Section 7.0 will 
be edited to provide more detail on the type of reactor and the pH 
control system to be utilized in Phase 11. 

82797-016 
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Reference Reviewer's Comments RESOLUTION 

Specific Section 5.2.1, Page 18 
Page 5 

We will correct in final edits. 

Wrong table #, Table 6.2, not 6.1 

Document No. 
N/A 

Document Revision: 
0 

]Reviewed By: LMER Date: July 3 1, 1998 I Response by: Ben R. Crocker (M&EC) Date: 9/2/98 I 

!' 
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Document Title: Demonstration Results Report 

Reviewed By: LMER 

Thorium De-nitration Pilot Project 

Date: July 31, 1998 - 
Reference 

Specific 
Page 5 

Reviewer’s Comments 

Suggest tables are needed to show: (1)  
operations times for each step for each batch; 
and (2) water balance with thorium content 
identified 

Describe in some detail how pH was measured, 
DI added, and predicted accuracy of caustic and 
DI input weight measurements. 

Page 17 of28 

Document No. Document Revision: 
N/A 0 

Response by: Ben R. Crocker (M&EC) Date: 9/2/98 

RESOLUTlON 

We will provide tables summarizing the time increments of each 
operation. Tables 6-2, 6-3 and 6-4 summarize the material 
balances including the water balance. When measuring pH of 
grab samples from the reactor, the sample tap was flushed and 
the flush material added to the drip bucket, which was emptied 
back into the reactor periodically. An aliquot of the sample was 
poured into a 50 ml beaker which was placed inside a 250 ml 
beaker of boiling water on an electric hot plate. A mercury 
thermometer was inserted into the sample beaker and both 
beakers were covered with watch giasses to retain the heat. The 
pH probe was recalibrated at ambient temperature each morning. 
When the temperature of the sample returned to approximateiy 5 
degrees C above the operating temperature, the watch glasses 
were removed, and the pH probe was inserted. Zero and 
temperature correction were reset at measurement temperature 
and the reading was taken. As soon as the watch glasses were 
removed, the temperature of the sample would begin to fall. 
Usually, the temperature had returned to the operating 
temperature by the time the reading was taken. Operating 
temperature was generally between 90 and 95 degrees C. 
Demineralized water was added through a totallizing flow meter 
accurate to 0.1 gallons, with the difference between the starting 
and ending readings being the total volume delivered. Caustic 
was metered into the reactor from a metering pump drawing 
solution from pre-mixed drums of 25 % and 10 % strength. In all 
five batch tests 100 % of the 25 % solution was added. Then 10 
% caustic was added until a pH of 1 1 .O was achieved. 

82797-016 
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Document Title: Demonstration Results Report Document No. Document Revision: 
Thorium De-nitration Pilot Project N/A 0 

2eviewed By: LMER Date: July 3 1, 1998 Response by: Ben R. Crocker (M&EC) Date: 9/2/98 

No. 1 Reference Reviewer’s Comments 

Table 6.2 

Col. la. The pentahydrate is the basis for the 
theoretical quantity of Th from the listed 
thorium and nitrate masses relative to the total 
mass. The hydrate water is never accounted for, 
which can lead to a discrepancy in the water 
balance .... Distinguishing between ‘filtration 
step recovery’ vs. ‘reaction yield’ is very 
important. 

RESOLUTION 

We will correct Col. l a  to account for the water of hydration. 
This is the only column of data in the table that does not account 
for water of hydration. Therefore, the error does not cascade 
through the calculation from one column to the next. The 
discrepancy between theoretical thorium and analyzed thorium 
concentration at Col. 2 is either the result of analytical inaccuracy 
or a diluent in the raw material that is unaccounted for by the 
analyses. The variability in starting pH from one batch to another 
leads us to suspect that residual nitric acid is bound up in the 
thorium nitrate mass in Col. la. In the draft report, we calculated 
yield based on the filtration step recovery method. This resulted 
in lower overall percentage yields. A heels recovery process 
having its own recovery yield would be needed to close the 
thorium material balance. 

Columns 4 & 6a 

Explaidinterpret the difference in thorium mass 
here. 17.9 ppm in the supernate is not enough 
to account for this difference. 

Columns 6e & 7 equal 6c, but the missing 
thorium mass shows up again in I 1, so 
apparently thorium was in the heels. 

Comparing the analyzed concentration of thorium shown for 
sample BT1-00 1 with the theoretical concentration in column 1 a 
(38.0 % and 40.7 o/u respectively), we can conclude that although 
the XRD analysis indicates thorium nitrate pentahydrate, that 
there are diluents in the matrix of the raw material, probably 
nitric acid. If 38.0 % thorium is assumed to be correct, then the 
nitrate content should be only 40.6 %I versus 42.3 % as measured 
in Sample BT1-00 1. 

Column 11 was calculated by difference between the starting 
Column l a  and column 7. Using 38 % thorium content of the 
raw material, Colunin 11 would have a thorium content of 52.2 
pounds instead of 63.3 pounds. 

42797-014 
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Document Revision: 
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Reference 

Specific 
Page 6 

Specific 
Page 6 

Specific 
Page 6 

Specific 
Page 6 

Reviewer’s Comments 

Page 19 

Do not use “thoria” term. Describe location of 
temperature measurement instrument, suspected 
interferenceshias if any and accuracy of 
temperature data. 

Section 5.4.1, Table 6.3 

Same observations as for T6.2 (Comment No. 
26) 

Two p23s that were slightly different (iast line 
on p24 on one and repeated for other), despite 
having same date. 

T5.1 

Include the nitrate concentrations/contents 

Page 24 

A plot of product nitrate content in both rinseate 
and product versus rinse step would be useful to 
illustrate the effectiveness of # of sequential 
rinse steps in lowering nitrate content. 

Response by: Ben R. Crocker (M&EC) Date: 9/2/98 

KESOLUTION 

We will change terminology to thorium hydroxide solids. 

The steam temperature was measured by an in-line temperature 
gauge which had an accuracy off 3.0 O F .  The reactor 
temperature was measured by a temperature gauge inserted into a 
thermowell in the side of the ploughshare reactor below the level 
of the batch materials. 

Same answer as Comment No. 26. 

Extraneous page 23 will be deleted in final. 

Table 6-3 adequately sumnarizes the nitrate content of the 
rinseate and the rinsed materials. We will provide graphs to 
better illustrate the effectiveness of rinsing, but we do not plan to 
include that information in Table 5- 1 .  

We will provide the requested graphs in a separate section 
dealing with the effectiveness of rinsing. 

82797-016 
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Document No. 
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locument Title: Demonstration Results Report 
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Document Revision: 
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Xeviewed By: LMER 

No. 

33. 
- - 

34. 

- 
35. 

36. 

- 
37. 

~ ~~ 

Date: July 3 1 ,  1998 

Reference Reviewer’s Comments 

Same comments as for T6.2 & 6.3 

3x the planned rate! Was this calibration error 
only for this batch? This error makes all the 

ut define when it 

Same comment about including concentration 
info and adding a plot. 

Specific Section 5.7.1 
Page 7 

Plots of this data may be helpful. 

Specific 
Page 7 

Table 5.3 

If the “filtered feed condensate” is the feed for 
the IX column, why is the Col 1 effluent 
concentration higher than the filtered feed 
condensate concentration? Clarification needed. 

RESOLUTION 

Same answer as Comment No. 26. 

This was due to a calibration error, and does not constitute a 
reason for suspecting other batches. The new metering pump 
was first used in Batch Test Number 4, which did not suffer from 
the calibration error of Batch Test Number 5, or from the erratic 
metering rates of earlier batch tests. The results of Batch Test 
Number 4 show that the reaction rate can be adequately 
controlled to produce thorium hydroxide solids which filter well. 

We will provide the requested graphs in a separate section 
dealing with the effectiveness of rinsing. 

We believe that tables 5-3, 5-4, and 5-5 adequately present the 
information. !’ 

The term “Filtered Condensate from Reactor” refers to bench 
scale filtration performed by the Perma-Fix Lab on a single grab 
sample collected from the reactor before the ion exchange run 
was started. The time referenced data is for samples collected 
from the effluent of Column 1 and Column 2 at a specific point 
in time. We will attempt to clarifjl in the text and tables. 
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Document Revision: 
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38. 
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39. 
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Reference 

Specific 
Page 7 

Specific 
Page 7 

Reviewer’s Comments 

Section 6.0, Table 6.1 

It is interesting to note that a sample of the 
original ThN did not burn and is not classified 
as a Division 5.1 substance per Southwest 
Research results presented Appendix A for 5.1 
Materials. Discuss context for stockpile 
management. 

Table 6.S 

The measured content €or the feed was 38% and 
42.3 wt % for thorium and nitrate, respectively, 
not 40.7 and 43.5%. For thorium nitrate 
pentahydrate, it is 40.7 and 43.5 %, which is 
assumed to be the basis for the theoretical 
calculations. If the measured concentration is 
accurate, other materials are in the feed (e.g., the 
moisture content is 0.1 wt %> and not as much 
Th is in the feed as was assumed for the mass 
balances. The heels are not accounted for in 
these concentrations, which would increase the 
Th content significantly for these secondary 
materials. 

RESOLUTION 

We will add a paragraph in Section 6.0 as requested. 

~~ ~~ _ _ _ _ _ _ _ _ _ _ _  

We will base Table 6-5 on the measured rather than the 
theoretical calculations as follows: 

Southwest Research Institute characterizes the form of the raw 
material as thorium nitrate pentahydrate based on sample BT1- 
OOlC, but states that other identifiable peaks were present. Based 
on the thorium and nitrate concentration discrepancies, delineated 
in this comment, we will assume that the diluent is residual nitric 
acid trapped in the solid matrix. 

We will add a column to the “Primary Thorium Materials” 
portion of Table 6-5 to account for the heels. 

82797-016 



mvmw COMMENT RECORD (RCR) 

Document Title: Demonstration Results Report 
Thorium De-nitration Pilot Project 

Reviewed By: LMER Date: July 3 1, 1998 

No. 

40. 
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41. 
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43. 

Reference 

Specific 
Page 7 

Specific 
Page 7 

Specific 
Page 7 

Specific 
Page 8 

Reviewer’s Comments 

Section 7.0, Page 47 

Consider rinsing in the filter, as suggested 
earlier, assuming water can flow sufficiently 
through filter cake. 

Section 7.1, Page 49 

Suggest that dissolving from drums would be 
better than the proposed hands-on break up, if 
can achieve target concentration. 

Section 7.2, Page 49 

The precipitation reactor should have an in-tank 
pH probe and mixers sufficient to carefully 
monitor pH with NaOH addition. 

~~~~ 

Section 5.1.2, bullet 

Explain why the agitator speed is important to 
go with the data indicating this. 

Page 22 of28 

Document No. 
NIA 

Document Revision: 
0 

Response by: Ben R. Crocker (M&EC) Date: 9/2/98 

RESOLUTION 

We agree that rinsing should be done only in the filter press, as 
described in Section 7.2, page 49. 

This issue has been addressed in our response to Comment No. 
15. 

We agree. We will revise this section to reflect the design 
enhancements described in our response to Cornrnent Numbers 2, 
4, 5 and 7. 

Leaving the agitator at high speed unnecessarily exposed the 
precipitated solids to a high shear environment thus contributing 
to the production of fine solids which did not filter well. Batch 
Tests 2 and 4 demonstrated good filtration ability for batches in 
which shear was kept low and pH control was kept within 
optimum parameters. A sentence will be added to the bulllet to 
explain. 

d797-0 16 
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44. 
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45. 
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46. 

47. 

Reference 

Specific 
Page 8 

Specific 
Page 8 

Specific 
Page 8 

Specific 
Page 8 

Reviewer’s Comments RESOLUTION 
c 

Section 5.2.1 and similar sections to follow 

It is hard to sort out how long each run took or, 
of greater interest, how long it would have taken 
if done without the interruptions inherent in 
pilot scale operations. X hours for this and Y 
hours for that are mentioned but a bottom line 
for each run (or a summary at the end) would be 
helpful. 

We agree. A summary table will be added to capture this 
information. 

5.2.2, 1 St sentence 

A product with the consistency of lard, 70 % 
recovery, etc is not an unqualified success ... 
Suggest rephrasing in correct context. 
~ 

Page 20, lSt line 

Define ‘vield’ as is used here. 

We agree. Will rephrase. 

Agreed. See our response to Comment No. 26. We will provide 
a definition at an appropriate location in the report. 

!’ 

Page 20, 2nd paragraph 

[t is not a DOT oxidizer. The issue has to do 
with addressing whether it is stable for long- 
term storage and disposal, e.g., what do alpha 
particles do to it? 

We do not understand the logical basis of this comment. Alpha 
particles will be present in any thorium product produced by any 
process. What linkage is there between the presence of alpha 
bearing materials and the nitrate concentration in the product? 
Nitrate content only inipinges on the chemical resistance of the 
packaging, and any special precautions required to manage the 
material if it were a DOT oxidizer. 
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Page 8 

Reviewer’s Comments I RESOLUTION I 
Page 2 1, middle The sentence in question merely points out that starting pH was 

highly variable, and attributable only to the chemical 

dilution water from the same source was used in every test. A 

the range of 1 .5 to 2.0, and less so up to a pH of 4.0. Above pH 
4.0, the process is much less sensitive to upsets, allowing faster 
addition rates. This discussion will be added to the report in an 
appropriate location. 

Define the critical pH range 

Section 5.7.1, end of 1” paragraph 

Define removal efficiency - the numerator and 
denominator* Are the values for IX for that 
alone or cumulative? 

The values for removal efficiency presented in the text and in 
Tables 5-3,5-4 and 5-5 are calculated on an accumulative basis 
using the “Condensate in Dryer” concentration as the 
denominator and the specific effluent concentration as the 
numerator. 

Section 5.7.1 

Based on the data presented, most of the 
residual Th is removed by the filtration and the 
ion exchange does not appear to be worthwhile. 
However, this may depend on the answer to the 
above comment. Expand discussion. 

We agree that most of the benefit of treatment is derived from the 
filtration step, however Liquid Batch Test No. 2 shows 
significant removal of Th in the ion exchange unit. For Phase II, 
we propose to use a tubular ultra-filter in place of the bag 
filtration step and the ion exchange step. For particles down to 
0.01 microns, this unit should provide high capture efficiency for 
thorium hydroxide solids. An ion exchange unit could be used 
on the ultra-filter effluent if additional polishing is needed, 
however we do not call for one in the Phase I1 concept (Section 
7.0). 
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Table 5-3 

Define Column 1 and Column 2 

Table 6-2 and similar (or Table 6-6) 

Information on the concentration of Ra and its 
daughters are needed for the effluent streams. 

It is preferable to have All of the batch test 
results summarized in tabular form and not just 
the selected favorable results (Le., Table 6-2,6- 
3,6-4 only give results for batch tests number 2, 
4 and 5). The results of the two ‘failure’ tests (1 
& 3) should also be included or qualified clearly 
as to why they were not presented. 

~~ 

Section 8.5,3‘“ paragraph 

Define the radiological content in tabular form 
with back-up analysis. If not, how is it known 
that there is a market without characterizing the 
radiological contents? 

Page 25 of28 

Document No. Document Revision: 
NJA 0 

Response by: Ben R. Crocker (M&EC) 

RESOLUTION 

Date: 9/2/98 

We will reconfigure these tables to be more easily understood. 

This information based on LMER analyses will be added to 
TabIe 6-6. 

The approved Pilot Scale Test Plan for this project committed to 
performing only three material balance investigations. That is the 
purpose of Tables 6-2,6-3 and 6-4. Batch Test Number 1 was 
not a failure, but it was not as successfbl as Batch Test Number 
2. The three batch tests developed into material balances 
provided the most useful illformation for evaluating the basic de- 
nitration process and its reasonable permutations. Analytical data 
for Batch Test Number 1 is included in the Appendix, but 
including it in the bulk of the repor# would only add a layer of 
confusion to the report. The samples collected for Batch Test 
Number 3, the only true ‘failure’ test were not analyzed, per the 
approved Pilot Scale Test Plan. 

This project budget was not sufficient to completely resolve all 
issues relating to recycle and release of the byproduct materials. 
Table 6-6 (5-10 instead) will be expanded to capture the, 
activity, thorium, and radium data that was measured. 
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We will provide a summary table at an appropriate location in the I 
report. 
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The appendix has a Section for x-ray 
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Page 27 of28 

Document No. 
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Document Revision: 
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Response by: Ben R. Crocker (M&EC) Date: 9/2/98 

RESOLUTION 

lgnitability was determined by Southwest Research Institute by 
performing the DOT oxidizer test. We will provide a summary 
in the text. No other ignitability tests were performed. 

We will add this information in an appropriate location. 

We did not ask for the results to be reported with lab QNQC 
data. We do not intend to go back to the labs for additional 
information, LMER may contact them directly if you choose. 

We did not ask for radium analyses, therefore they were not 
reported. We will incorporate radium data produced by LMER. 
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RESOLUTION 

Table 8-6 is a summary table providing rolled up costs from 
Tables 8-1 through 8-5. All listed items except for depot drum 
preparation, NEPA and sampling/analysis are covered in the 
other tables. We will add lines to the existing tables to cover 
these issues. NEPA is such a nebulous activity as to be 
unpredictable. Therefore, we will plug in a guess, and you can 
modi& it as you see fit. In the alternative case, NEPA review has 
already been performed for the East Tennessee Technology Park 
as part of the Re-industrialization Initiative, so the destination 
NEPA cost are insignificant. Origin site NEPA will be 
considered to be a FONSI or a categorical exemption for 
shipments leaving the site. For on-site treatment, NEPA would 
be much more complicated as the modified cost tables will 
reflect. 
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1.0 SUMMARY 

The Defense Logistics Agency (DLA) manages the storage of about 3,580 
tons of crystalline thorium nitrate (ThN) contained in 21,609 overpack drums 
of various sizes. Contact with moisture from over thirty years of storage has 
caked the material into solid monoliths typically contained in three or four 
plastic and steel drums. The current state of this material poses a potential 
hazard, which could adversely impact human health and safety and/or the 
environment. _. 

To reduce or eliminate this potential hazard, DLA through the U.S. 
Department of Energy (DOE) and their contractor, Lockheed Martin Energy 
Systems, Inc., (LMES) was seeking a means of converting the ThN to a stable 
thorium oxide form with a reduced mass and volume. This final form would, 
with minimum effort, be recoverable for eventual use as a feed in the 
manufacture of thorium products or be acceptable for placement in a 
repository. 

Recovery Dynamics, LLC (Recodyne) developed an approach to convert the 
ThN to thorium oxide. The ThN is dissolved in water and then converted to 
thorium oxalate by precipitation with oxalic acid. The solids are filtered off and 
calcined at a temperature greater than 600 "C. Although the precipitation of 
thorium oxalate and its conversion to the oxide has been extensively studied 
and practiced on a commercial scale in the past, the poor chemical and 
physical state of the ThN precludes direct application of the technology 
without additional information from pilot testing. A demonstration was thus 
required in which a pilot plant would convert one ton of DLA ThN to thorium 
oxide. The results of the pilot plant would be used to confirm the feasibility of 
ThN conversion and provide the bases for full-scale plant design and 
estimation of life cycle costs. 

The pilot plant was set up and operated at a commercial facility licensed to 
possess and handle nuclear materials. Ten drums of ThN from the DLA 
inventory were processed over a three-week period. Key steps in the 
conversion process that were demonstrated included: 1 ) separation with water 
of ThN from its packaging, 2) precipitation and filtration of thorium oxalate, 3) 
calcining thorium oxalate to the oxide and 4) evaporation of spent nitrate 
liquor to a solid secondary waste. 

The pilot demonstration results confirmed the feasibility of converting DLA 
ThN to thorium oxide by oxalate precipitation. The ThN was removed easily 
from its container by a stream of hot water. The thorium in the resulting liquor 
was precipitated to the oxalate with an efficiency of greater than 99.9%. The 
thorium oxalate filtered well once the precipitation time was extended to 12 
hours. Conversion to thorium oxide was accomplished in a rotary kiln 
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to 90 - 95% with increases in kiln temperature and/or residence time. 
Consolidation tests on the resulting thorium oxide powder showed that it could 
be pressed into a dense tablet with the addition of a binder such as graphite. 

The performance of the pilot plant was used as the bases for the preliminary 
design of a full-scale plant. Plant capacity was based on a total of 3,580 tons 
of ThN processed over a period of 5 years. The process would be located at 
an existing commercial facility possessing a nuclear materials license. The 
process has been designed for the zero discharge of wastewater. Thus, 
secondary wastes from the process that would require LLVV disposal include 
sodium nitrate solids resulting from the evaporation of spent nitrate liquor as 
well as the ThN overpack drums. 

The converted thorium oxide product would be shipped back to DLA for long- 
term storage. Of the licensed facilities that have expressed interest in the full- 
scale processing, two have indicated their capability to provide long-term 
storage of the entire thorium oxide inventory. This alternate approach 
warrants further investigation, since eliminating the transportation and storage 
of thorium product by DLA may provide substantial benefits with respect to 
regulatory approval of the project. 

The preliminary design of the process is provided in this report and includes 
an equipment list, process flow and instrumentation diagrams and mass and 
energy balances. A project time line for the construction and start up of the 
full-scale process was developed showing an 18-month duration, Time line 
activities include detailed engineering, secondary waste qualification, hazard 
analysis, equipment procurement and installation, developing operating 
procedures and performance testing. 

Life cycle costs were estimated for the full-scale system. A fixed capital cost 
of $5,318,635 was estimated that includes the purchase of equipment, 
installation and engineering. Annual manufacturing costs including 
transportation, labor, utilities and secondary waste disposal was estimated at 
$7,026,41 5. For the 5-year project, total cost including decommissioning was 
estimated at $40,768,507. A breakdown of these costs on a percentage basis 
is as follows. 

Fixed Capital - 13% 
LLW disposal - 17% 
Direct labor - 1 1 Yo 
Product transport - 7% 

Decommissioning - 4 Yo 
Other Manuf. Cost - 48% 
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2.0 INTRODUCTION 
.- ,.. .. 

-. ... . 

The DLA manages the Defense National Stockpile Center (DNSC) storage of 
about 3,580 tons of crystalline ThN contained in 21,609 overpack drums of 
various sizes. ThN is very soluble in water and therefore has a high potential 
for environmental mobility following an accidental spill. Contact with moisture 
from over thirty years of storage has caked the bulk of the material into solid 
monoliths typically contained in small fiber drums overpacked in two larger 
drums. Chemical analysis of ThN samples taken during a previous pilot test 
project showed concentrations of arsenic, chromium, leadand silver which, if 
present throughout the ThN stockpile, would total over 19 tons of combined 
heavy metals. The current state of this material suggested that a potential 
hazard existed which could adversely impact human health and safety and/or 
the environment. 

To reduce or eliminate this potential hazard, DLA through the U.S. DOE and 
their contractor LMES, Inc. is seeking a means of converting the DNSC ThN 
to a stable form with a reduced mass and volume. This final form would, with 
minimum effort, be recoverable for eventual use as a feed in the manufacture 
of thorium products or be acceptable for placement in a repository. With 
respect to the chemistry, the oxide thoria (Tho,) is considered the most stabfe 
form of thorium reasonably attainable from ThN. To produce thoria, a thorium 
salt is usually subjected to a thermal process in which the anion is converted 
to a gas and driven off at high temperature. 

Recodyne developed an approach to convert the ThN to thorium oxide via 
aqueous precipitation of an intermediate thorium compound. Besides 
reducing or eliminating the need to control nitrogen oxide emissions, the 
conversion of ThN to an aqueous feed facilitates easy removal from its 
packaging, since the caked material should dissolve readily in a stream of hot 
water. Although precipitation of thorium salts and their conversion to Tho, 
has been successfully operated on a pilot or commercial scale in the past, the 
poor chemical and physical state of the DLA ThN precludes their direct 
application without obtaining additional information from pilot testing. A 
demonstration was thus required in which a pilot plant would convert 1 ton of 
DLA ThN to Tho, over a two week period. The results of the pilot plant would 
be used to confirm the feasibility of ThN conversion and provide the bases for 
full-scale design and estimation of life-cycle costs. 

Bench-scale tests with synthetic solutions of thorium nitrate and silver 
indicated that thorium could be selectively precipitated as the peroxide leaving 
the heavy metals in solution. A relatively complex process was thus initially 
proposed for the Demonstration which not only had the capabrlity to convert 
the ThN to the oxide, but also to isolate and convert the heavy metals to a 
form that had commercial value as a silver concentrate. It was suspected, 
however, that the analytical results obtained in previous studies and which the 
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peroxide precipitation process was based on, were high biased such that the 
actual concentration of heavy metals in the ThN was much lower than 
reported. In subsequent discussions with LMES, it was agreed that a much 
simpler conversion process utilizing the intermediate precipitation of thorium 
oxalate could be demonstrated if the heavy metals were not present or would 
otherwise not cause the final thorium oxide product to be considered 
characteristically hazardous. Recodyne had considered this approach in its 
development of the original demonstration proposal; however, it had been 
discounted, since review of the chemistry indicated that the bulk of the silver 
and lead would precipitate along with the thorium. Since Recodyne had 
intended to confirm at bench scale the chemistry of the proposed process with 
the actual ThN to be used in the demonstration test, an opportunity existed to 
further analyze the ThN composition and determine if switching to oxalate 
precipitation was feasible. 

The oxalate precipitation and thorium oxide calcination steps were tested in 
the laboratory on a composite sample of the DLA ThN. The sample was 
diluted down to 110 g/L thorium and oxalic acid (H2C20,.2H,0) added. The 
resulting precipitate was filtered, washed and calcined in a muffle furnace at a 
temperature of 800°C to form thorium oxide. Analysis of the filtrates by Direct 
Coupled Plasma - Atomic Emission Spectrometry (DCP-AES) indicated that 
essentially all of the thorium was precipitated by the oxalate addition 1-PPM in 
filtrate). None of the four heavy metals were detected. Based on these 
positive results, generation of a final wastewater meeting NRC criteria for free 
release was also considered a possibility. 

The possibility was further examined by determining if the radium left behind 
after thorium precipitation could be reduced to an acceptable level by the 
standard technique of co-precipitation on barium sulfate. A single stage 
precipitation with barium chloride and filtration of the resulting barium sulfate 
provided a 99.9% removal of radium. A two-stage bariu 
was thus included in the pilot plant flow sheet as an option with the 
expectation that radium activity could be reduced to less than 50 pCi/L. 
Regulatory approval, however, for the free release of wastewater from a 
radioactive process has a degree of uncertainty that preclude it as the sole 
approach to nitrate liquor disposal. The final step in the pilot demonstration 
was therefore based on a zero discharge to be achieved by evaporation of the 
nitrate wastewater to dryness. 

sulfate precipitation 

To finalize the pilot plant flow sheet, potential hazards associated with the 
Tho, product were also examined. The Tho, product generated from the 
composite sample was leached with acetic acid as specified by the Toxicity 
Characteristic Leach Procedure (TCLP). The four heavy metals were not 
detected by DCP-AES analysis indicating that the final Tho, product would 
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.... . .  not be considered as characteristically hazardous. The other concern with the 
thorium product was its physical nature and the associated requirements for 
storage in a repository. The future handling and long term storage of the 
Tho, product as an unconsolidated material, particularly a fine powder, could 
pose a significant risk of becoming an airborne hazard. Preliminary bench- 
scale tests indicated that the product could be pressed into tabiets with the 
addition of a binder such as lime. A tablet press was added to the pilot plant 
operation to demonstrate the feasibility of this approach. 

Based on these positive bench-scale results, it was decided that the 
conversion process to be demonstrated would be based on the intermediate 
conversion of ThN to thorium oxalate. The following Results Report describes 
the pilot plant, its operation and the results obtained from the conversion of 
approximately 2,000 Ib. of DLA ThN to Tho,. lnciuded in the Report is an 
Engineering Study (ES) which provides the design bases and a preliminary 
process flow diagram and mass/energy balances for the full-scale system. 
The life cycle cost for constructing, operating and decommissioning a full- 
scale system for converting the entire DLA inventory was estimated based on 
this design. Potential health and environmental issues regarding the full-scale 
operation were also examined. 

-- 
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3.0 PILOT DEMONSTRATION RESULTS 

3.1 

Based on the evaluations conducted by Recodyne and LMES, it was decided 
that 10 drums of ThN with a MD-1 configuration would constitute a 
representative sample from the DLA inventory. This configuration consisted 
of 200 LB of ThN contained in a 20 gallon fiberboard drum that is overpacked 
in a 30 gallon fiberboard drum followed by a 35 gallon plastic or fiberboard 
drum and finally, by a 35 gallon steel drum. Over 70% of the ThN inventory 
with respect to its weight and drum type are contained in the MD-1 
configuration. Of the 10 drums shipped, nine were of this configuration while 
the tenth container had four overpack drums: a 30 gallon fiber, 35 gallon fiber, 
55 gallon plastic and finally a 55 gallon steel drum. 

The 10 drums were shipped directly to a licensed facility where, under 
Recodyne supervision, each was opened and a kilogram grab sample taken 
off the top of each inner fiberboard drum. Each of the fiber overpack drums 
were enclosed in a plastic bag that had to be cut open before the sample 
could be taken. A positive pressure was released upon opening each drum 
that emitted a noticeable amount of gas into the workplace area. A grab 
sample of ThN was taken from each drum. A composite was made by 
dissolving 200 g of ThN from each of the 10 grab samples in water. The 
aqueous composite had a density of 1.431 g/ml and a measured thorium 
concentration of 256 g/L, which as Th (N03),.5H20, accounted for over 99% 
of the ThN sample weight. 

The key steps to converting ThN to Tho, were: 1) separation with water of 
ThN from its packaging, 2) precipitation and filtration of thorium oxalate, 3) 
calcining thorium oxalate to Tho,, and 4) neutralization and evaporation of 
spent nitrate liquor to a solid secondary waste. Other steps in the process 
that were part of the demonstration included volume reduction of the ThN 
packaging by compaction, water scrubbing of kiln off-gas, pressing Tho, into 
tablets, radium co-precipitation on barium sulfate and HEPA filtration of 
workspace air. A box flow diagram of the demonstration process is shown in 
Figure 1. 

Process Chemistry 

Due to its high solubility (754 g Th (NO,), 0 5H,O per liter of solution @ 20°C), 
the ThN cake is easily dissolved when exposed to a stream of hot water. The 
amount of water added was set to achieve liquor having a lOO-g/L thorium 
content. Oxalic acid (H,C,O4e2H,O) was added to the ThN liquor in an 
agitated tank at about I .25 times the stoichiometric amount to precipitate 
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Figure 1: BOX FLOW DIAGRAM OF THE PILOT DEMONSTRATION PROCESS 
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thorium oxalate as shown in the following chemical equation. The reaction 
also generates nitric acid, which was neutralized with sodium hydroxide. Thus, 
the major component of the final wastewater stream is dissolved sodium 
nitrate. 

The final thorium oxide (The),) product is obtained by thermal decomposition 
of the thorium oxalate at a temperature in the range of 600 to 900°C, as 
shown in the following equation. 

800 C 
Th (C204), 02H20 + 0, -+ Tho2 + 2H,O + 4C0, 

The removal of radium in the liquor prior to its discharge as wastewater was 
also tested. As shown in the following equation, radium removal was 
accomplished by co-precipitation on barium sulfate. 

3BaCI, + AI, (SO,) + 6H,O + 3BaS0, -I- %AI(OH), f 6HCI 

3Ra(NO,),+- AI,(SO,) + 6H,O -+ 3RaS0, -I- 2AI(OH), + GHNO, 

3.2 Operations Summary 

The pilot plant was designed as a series of batch operations. The batch size 
was based on the 200 LB of ThN contained in one of the 10 MD-1 containers. 
The required 2,000-LE3 of ThN was thus converted to ten batches of ThN 
liquor in about 13 days. Details of the processing are provided in an 
Operation Log given in Appendix A. A process flow diagram for the pilot plant 
is shown in Figure 2 with the corresponding theoretical mass balance given in 
Table 1. 

Drum receivins. unpacking and washout of ThN 

The overpack drums were separated from the inner ThN containers by placing 
the entire package on a drum dump located inside the enclosed washout 
station. The overpack drums were clamped onto the drum dump so that when 
the drum was tilted, the inner ThN container would slide out. This container 
was opened and positioned by the drum dump such that a stream of hot water 
was directed at the contents from outside the enclosure. The thorium nitrate 
went into solution with little effort. Key field observations and measurements 
for process scale-up included: 
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FIGURE 2: PILOT PLANT PROCESS FLOW DIAGRAM 
M R  PACK DRUUS 

4 - 
r----- HEPA 

I 
I 

4 I 
I 

I 

I 

I--- I - - - - - -  
DAW RECEMNC 
k UNPACWING 

STATION 
I--- 
COMPACTION STATION 

-.I 1 ----__I 
MoRtWI NlnUiE 
WASHOUT STATION 

r- 

SPENT 
W H  WAPER 

BOA0 
~ D S  

Ro PRTClP 
FILTER hORiUM O W T E  

025 CUBIC FT 
FILTER P m S  

S 
- - _  

Y 1ST STAGE w u u  PREClP 
HOLD TANK 
250 w 

FILTERS 

WASTE WATER 
HOLO TMiK 
200 GAL 

7 

t - 
RETURN TO- 

OLASTORAGE M 
U 
IHoRtw 

OXIDE 
I I 

ROTARY KILN '0 WFi SHOP 
EVAPORATOR 

11 



TABLE 1: PILOT PLANT MASS BALANCE 

I I I I I i I I I I I I I I I 
TOTAL I LE 1 200 I 338 1 476 I 1,014 1 114 1 1.i28 I 260 I 868 1 0.40 1 0.30 I 2.92 148 1 1.014 I 676 I 92.6 1 476 

r I I I I 1 I I I I I 
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Opening the drums and cutting the plastic bags were done prior to 
placing the drum onto the drum dump and removal of the inner 
container was achieved with the use of the drum dump, 

For each drum of ThN, the entire wash out operation took less than one 
hour to complete. For the wash water delivery of 5 gpm at IO-psig 
pressure, there was little or no breakup of the inner ThN fiber drum. 

The mass balance specified 88 gallons of water would be used to wash 
out 200 LB of ThN. The drums were visually empty after applying 60 
gallons of water. 

The 35 gallon steel overpack drums were found to be in good physical 
shape and survey measurements found exterior surface contamination 
to be below free release limits. 

The actual weight of ThN contained in the 10 drums totaled 2,046 LB. 

Thorium oxalate precipitation and pressure filtration 

The ThN liquor generated from the washout operation was pumped into an 
agitated ZOO-gallon tank where powdered oxalic acid was added. Liquor 
volumes were measured by calibrating the liquid level in the tanks to a 
corresponding control volume. initially the precipitation was carried out at 
90°F for one hour. Under these conditions the resulting thorium oxalate slurry 
did not filter well in the 0.25-ft3 plate and frame filter press. After the first 
batch the thorium oxalate precipitation time was increased to 12 hours. This 
resulted in a significant increase in thorium oxalate filterability. Subsequent 
review of the literature supports this effect (a). Other key field observations 
and measurements included: 

1) To filter each batch of thorium oxalate slurry required about 10 drops of 
the filter press. With a press capacity of 0.25 
of press cake generated for every 200 LB of ThN feed. 

this represents 2.5 ft3 

2) The press was filled with cake in about 15 minutes. 

3) With the longer precipitation time, the cake handled well discharging off 
the plates with minimal effort. 

- ..... 
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Thorium oxalate calcination 

The press cake from the filter was fed to a rotary kiln equipped with a 5" 
Monel tube that was adjustable with respect to rotational speed and pitch. 
The unit had three heating zones and was capable of operating at 1 ,OOO°C. 
The kiln was operated at 800 "C for 8 of the 10 batches drums and one each 
at 600 "C and 900 "C. A hopper-feeder with an adjustable speed screw was 
designed to accept the filter press discharge and feed the kiln at a measurable 
rate. 

The thorium product (ThP) generated in the rotary kiln discharged into an 
eight-gallon drum. A portion of the ThP was set aside for feed to the tablet 
press. When full the eight-gallon drums were placed back into the original 
over-pack drums in which the thorium nitrate was received. Key field 
observations and measurements included: 

Operation of the kiln at 800 to 900°C was without problems. The ThP 
was a free flowing, white powder with some lumps. At the higher 
temperature the powder had a yellow tint. Visual observations while 
handling the material indicated that it was not prone to dusting. 

The ThP powder generated by the kiln at 600°C was lumpy and 
moisture was apparently still present. The lower temperature also 
caused plugging problems in the rotary kiln because the ventilation trap 
collected too much moisture. 

Conversion of a batch of thorium oxalate press cake took 
approximately 10 hours of rotary kiln operation. On a ThN basis this 
represents a throughput of 20 LB per hour. On a thorium oxalate basis 
this represents a throughput of 16 LB of press cake per haur. 

The ThP produced from the 2,046 LB of ThN processed weighed 1,088 
LB and represents a mass reduction of 53.2%. Field measurements of 
the final product weights are given on the last page of Appendix A. 
Conversion of ThN to ThP generated 6 over pack drums containing 
eleven 8-gallon drums and one 12-gallon drum full of material. The 
total volume of product was 100 gal, which represents a volume 
reduction of 50% from the original ThN volume of approximately 200 
gallons. Container survey sheets on these drums are found in 
Appendix €3. 
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Pressinq thorium product tablets 

Consolidation of the ThP was demonstrated with a small tablet press. Tablets 
were made in two sizes, 1/4" diameter by 1/8" thick for the 800 "C powder and 
5/8" diameter by 1/8" thick for the 900°C powder. Three binders: lime, 
graphite and stearic acid, were each tested at two different dosages. The test 
matrix is detailed in Appendix 6, Thorium Oxide Tablet Testing. A simple 
qualitative drop test was used to evaluate the integrity of the tablets. The 
tablets discharged from the press from a height of about &feet and dropped 
into a bucket. If the tablets maintained their shape after impact and did not 
splinter or otherwise fall apart, the binder dosage was considered adequate. 
Key field observations and measurements include: 

Pressing the 8OOOC powder with a 5% dose of graphite resulted in a 
high integrity tablet with no apparent tendency to splinter or powder. 
The pellets also did not form powder when physically handled. Tablets 
with graphite made with the 900°C powder were considered adequate 
but not as good as those made from the 800°C powder. Poor physical 
characteristics precluded the making of tablets from the 600°C powder. 

The use of lime and stearic acid as binders was also successful. The 
required dosage for lime was high at 20%. A 5% stearic acid addition 
produced a tablet that did not fracture from the initial impact. However, 
these tablets did have some breakage into powder when physically 
handled. kt was estimated that a 10% stearic acid addition would 
produce a tablet with the integrity of the graphite tablets. 

The bulk density of the graphite tablets at either size was measured at 
2.0 g/mL or 124.5 LB per cubic foot. 

Filtrate neutralization and sodium nitrate evaporation 

The filtrate from the press contained nitric acid generated in the oxalate 
precipitation step. Sodium hydroxide was added to neutralize the filtrate and 
convert the acid to sodium nitrate. The nitrate solution was reduced to a solid 
secondary waste in a batch evaporator. 

Radium co-precipitation and filtration 

Radium was removed from the press filtrate in a 200-gallon agitated tank. 
Aluminum sulfate and barium chloride were added to co-precipitate radium on 
barium sulfate. After passing this slurry through a pressure filter, the resulting 
filtrate was returned to the agitated tank for a second radium co-precipitation. 
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After the second barium sulfate filtration, the nitrate liquor was discharged to a 
wastewater hold tank. A portion was typically sent back to the front of the 
process and reused as washout water. Key field observations and 
measurements included: 

I ) Solids generated in the barium sulfate precipitation and neutralization 
steps were excessive resulting in the bag filter overloading. Excess 
solids were most evident when excess oxalic acid was added in the 
oxalate precipitation step and the amount of nitrate-liquor recycled to 
the wash out step approached two thirds of the total. With no liquor 
recycle and 1.25 times excess oxalic acid, solids generation was also 
minimal. With a solubility of 37 g/L, it was concluded that the excess 
solids were sodium oxalate. With two thirds wastewater recycle and 
the excess oxalic acid added in the precipitation step, 40 LB of sodium 
oxalate would be produced in the neutralization step at a concentration 
of 44.5 g/L (108 gal liquor). No excess solids were precipitated once 
the stoichiometric excess of oxalic acid was maintained at 1.25 and the 
wastewater recycle was limited to one-third the total volume. 

Off-gas scrubbinq and--HEPA filtration 

The off-gases generated by the kiln were passed through a wet scrubber 
containing 100 gal of water. The scrubber was operated throughout the 
demonstration with no discharge, Le., with 100% recirculation of solution. A 
sample was taken daily of scrubber solution for analysis of thorium and the 
heavy metals. Exhaust from the scrubber was discharged to the facility’s 
ventilation system. 

Exhaust air from room ventilation, the washout station, filter press and the 
scrubber was discharged to the HEPA filtration system. These filters were 
part of the facility’s air treatment system and thus were not available to 
determine if any thorium particulate was present. 

LLW Packaqinq and Disposal 

The empty ThN containers with the exception of the 35 gallon and 55 gallon 
steel overpack drums were combined with the sodium nitrate solids and 
volume reduced directly in a €3-25 compactor box. The 1 ton of ThN was 
contained in nine 35-gallon drums and one 55-gallon drum for a total volume 
of 49 @. The conversion to thorium product generated about 20 ft3 of 
compacted secondary LLW waste or 41 % of the original volume. On this 
basis conversion of the 3,500-ton stockpile would yield 2,600 yd3 of LLW 
waste. 
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3.3 Analytical Data Summary 

Batch No. 
Thorium Thorium Oxalate Thorium Final Waste Scrubber 

Nitrate Liquor slurry Oxalate Water Solution 
Filtrate 

1 0.99 0.02 0.37 7.45 7.26 
2 0.98 0.02 0.27 5.52 7.99 

0.04 0.01 7.82 7.81 3 0.07 
4 0.76 0.01 0.16 6.92 7.66 
5 0.35 0.01 0.01 6.58 7.81 
6 0.40 0.01 0.06 7.50 7.76 
7 0.16 0.01 0.01 7.16 7.80 
8 0.19 0.01 0.01 7.10 7.05 
9 0.47 0.01 0.07 7.06 7.84 
10 0.21 0.01 0.01 6.41 7.29 

Averaae 0.458 0.01 5 0.098 6.952 7.627 

~~. ~~~ ~~~ ~~ ~~ ~ ~~~ ~ ~ 

During the pilot demonstration test a set of process samples were collected 
from each batch to confirm the mass balance shown in Table I and to 
determine the performance of the various unit operations. The pH of the 
aqueous streams were measured in the field and the results shown in Table 2. 
Samples of the following aqueous streams were collectedin triplicate and 
preserved for later metals analysis (up to 6 months) by adding 1-2 ml of 
concentrated nitric acid. 

1) ThN liquor 
2) Thorium oxalate fittrate 
3) Final wastewater 
4) Wet scrubber solution 

TABLE 2: FIELD MEASUREMENTS OF PROCESS STREAM pH 

Samples of the thorium oxalate filter cake and of the Tho, powder and tablets 
were also collected from each batch. Besides thorium, the final wastewater 
samples and the wet scrubber solution were analyzed by DCP for the heavy 
metals, silver, lead, chromium and arsenic. Detailed laboratory results are 
given in Appendix C. 

The final wastewater and the wet scrubber water were analyzed by DCP for 
the four heavy metals. The instrument detection limits (IDL) in PPM for lead, 
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chromium, silver and arsenic are 0.01, 0.002, 0.004, and 0.08, respectively. 
However, these limits are for optimal conditions with analytical standards. 
Quantitative limits for these metals in wastewater typically range from 0.1 to 1 
PPM. Lead, chromium and silver could be detected at the 1 PPM level in both 
the wastewater and the scrubber water without difficulty. These metals were 
not detected in any of the samples. Arsenic, however, was not measurable at 
these levels. A series of 2-PPM arsenic spikes were added to the samples 
and the arsenic standards that had been matrix matched for sodium nitrate 
content. The DCP was capable of differentiating the 2-PPM increase in the 
standards but not in the samples. This lack of sensitivity was attributed to 
thorium. Concentrations of up to 155 PPM and 78 PPM were measured in 
wastewater and scrubber water, respectively. The relatively high thorium 
concentrations caused an interference that prevented quantitative 
measurement of arsenic at these low levels. 

The thorium results for the four aqueous streams are summarized in Table 3. 
The excellent precipitation efficiency indicated by the low residual thorium 
concentrations in the oxalate filtrate are similar to that obtained in the 
preliminary laboratory testing, Le., 1 PPM or less. The wastewater samples, 
however, showed much higher thorium concentrations of up to 1 13 PPM. 
This was surprising, since the only difference between the filtrate and the 
wastewater batches were the intermediate barium sulfate precipitation and the 
caustic neutralization steps. DCP analysis of spiked filtrate samples did not 
reveal the presence of any interference. Review of the actual sampling times, 
however, indicated that there was a 4 to 6-hour lag time between generation 
of the filtrate and sampling which can explain the discrepancy between the 
filtrate and wastewater thorium results. Thorium solids that had passed 
through the filter press in the filtrate could have settled out in the tank causing 
the sample not to be representative. These same solids could have also 
passed through the bag filter and into the wastewater hold tank which was 
sampled shortly after it was filled. it is noteworthy that there was a downward 
trend in wastewater thorium concentration from batch to batch suggesting that 
as the new filter cloths in the press became impregnated with fine solids their 
filtration efficiency increased. 

The discrepancy in the two sets of DCP thorium results was further examined 
by comparison to the radiochemical results. Accu -Labs Research, Inc. using 
radiochemical techniques analyzed each wastewater sample. Besides 
measuring the radium-228 level for the purpose of determining the 
effectiveness of the radium removal step, Accu-Labs measured the activity of 
a number of radionuclides including thorium-232. These results are shown in 
Table 4 along with the DCP thorium results for comparison. Detailed 
radiochemical results are shown in Appendix C. 
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TABlE 3: THORIUM ANALYTICAL RESULTS FOR PILOT PROCESS STREAMS 

Stream No. 1 Stream No. 4 Stream No. 8 
Batch Th in Batch ThN liquor, Oxalate filtrate, 
No. Kg g/L PPM 

1 37.4 150 €1 
2 38.3 103 <1 
3 37.9 92 8 
4 37.7 142 <I 
5 37.7 96 <I 
6 37.7 100 1 
7 38.1 92 < I  
8 37.9 99 2 
9 37.7 99 4 
10 37.9 93 < I  

- 
Stream No. 12 
Wastewater, Wet scrubber 

PPM solution, 

113 7 
6cZ 15 
84 6 
59 9 
22 26 
25 78 
9 27 
36 23 
41 16 

28 16 

PPM 

- 

TABLE 4: RADIUM AND THORIUM RESULTS FOR FINAL WASTEWATER 

Batch Waste DCPTh, DCP 

vol., gal. wt., g 
No. water PPM Calc.Th 

1 178 113 76 
2 178 ___ 60 40 
3 176 84 56 
4 182 59 41 
5 168 22 14 
6 148 25 14 
7 150 9 5.1 
8 153 36 21 
9 140 41 22 
10 170 16 10 

~~ 

ACCU- Accu- Averageb Accu-Labs 
Labs Labs Th wt., g Ra-228, 

Th-232, Calc. Th pCi/L 

82 55 65”IO 1.1E6 
47 31 35”4.5 7.0e5 
53 35 45”lO 1.2E6 
53 37 39’2.0 8.3E5 
20 13 13”0.5 1.4E6 
155 87 50”37 1.1E6 
32 18 12”6.5 9.2E5 
27 I 6  1 9”2.5 1 .OE6 
31 16 193.0 5.6E5 
7 4.8 7.4”2.6 1.9E6 

PPMa w.9 g 

a Original results given in pCi/L were converted to PPM by the conversion 
factor: 1.095E5 pCi per g Th-232. 

Average thorium mass from DCP and radiochemical determinations, A, with 
half the difference between the two results, d, expressed as: A d  
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The wastewater thorium results are indicative of highly efficient oxalate 
precipitation. Though the '' range for the average thorium weight derived from 
the two measurements was 3.7% to 72%, the differences with respect to the 
thorium content of secondary waste are not significant. Applying the highest " 

range of 72% to the highest average thorium weight of 65 g gives an upper 
value for thorium in the wastewater batch of 112 g. Comparing this thorium 
loss to the amount input to each batch of about 39,500 g, the minimum 
oxalate precipitation efficiency was 99.72%. This lower efficiency would result 
in a thorium content in the sodium nitrate solids of 0.13 wt.%, which is 
acceptable for LLW disposal. Comparing the minimum thorium loss to 
wastewater of 5 g gives a precipitation efficiency of 99.99%. On a cumulative 
basis about 300 g thorium reported to the wastewater which would represent 
a thorium content in sodium nitrate waste of only 0.03 wt. %. 

Also shown in Table 4, the radium co-precipitation performed poorly with 
residual activities all above 500,000 pCi/L. From the previous bench-scale 
results reported in the Demonstration Test Plan the PhN liquor will have a Ra- 
228 activity of about 850,000 pCi/L. This was based on gross beta and Ac- 
228 measurements of 1,000,000 and 850,000 pCi/L, respectively. Ra-228 is 
strictly a beta emitter and should be in equilibrium with its daughter Ac-228. 
This was confirmed by treating the ThN liquor with barium to co-precipitate 
radium. A residual Ra-228 activity of 750 pCi/L was measured which 
corresponded to gross beta and Ac-228 activities of 810 and 1,500 pCi/L, 
respectively. In the pilot plant radium co-precipitation and liquor neutralization 
were conducted in the same tank which may have caused the poor removal. 
A long-term study at a uranium mill determined that under basic conditions 
(pH approaching 9 3 ,  the co-precipitated radium is released back to the liquid 
phase (b). 

While it may be possible to demonstrate adequate radium removal with further 
testing, the relatively high thorium concentrations shown in Table 4 preclude 
the release of wastewater without further treatment. In the demonstration test 
each batch of wastewater was converted to a sodium nitrate salt for disposal 
as a solid secondary waste. With this approach the need to discharge 
wastewater is eliminated. 

Laboratory analyses of the thorium input (Th oxalate cake) and output (ThP) 
was also conducted. The moisture content of the filter cake was higher than 
expected though well within the range of typical filter press performance, i.e., 
filter cake having a 50 to 65% solids content. As shown in Table 5, Loss on 
Ignition (LOI) and bulk density was measured on a sample of ThP from each 
of the batches. The LO1 was measured on samples dried at 110°C to 
determine moisture content. The dried samples were weighed before and 
after ignition at 1 ,OOO°C for 12 hours in a muffle furnace. A high LO1 is 
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.,..5.. 

Batch Th oxalate Rotary kiln Bulk 1 No. cake, % Temp., density, 

indicative of unreacted anhydrous thorium oxalate and apparently is 
correlated with a low bulk density. Using the difference in mole weight 
between oxalate and molecular oxygen, the thorium oxalate content in the 
product was calculated from the LO1 results and are shown in the last column 
of Table 5. LMES analyzed ThP samples from Batch No. 5 and No.10 by 
XRD and obtained similar results. Batch No. 5 ThP contained a mixture of 
thorium oxide and oxalate while Batch No. I O  consisted of crystalline thorium 
oxide only. 

Lola, Calc. Th 
% Oxa late , 

TABLE 5: BULK DENSITY AND LO1 FOR THORIUM PRODUCT 

1 
moisture "C g/ml wt.% 

44 800 1.196 12.7 36 

, . -. 

a LO1 determined by heating sample to I ,000"C in a muffle furnace. 

As indicated from the calculated thorium oxalate content, conversion 
efficiency in the rotary kiln was highly variable. There was essentially no 
conversion to Tho, on Batch No. 7 run at the low temperature of 600OC. The 
calculated thorium oxalate content was over 100% indicating that waters of 
hydration were still present. Increasing the calcination temperature to 900°C 
improved conversion to 98% Tho,. The best conversion of 94.5% was 
achieved in the last run (Batch No. I O )  when the run time was increased by 
50%. 

A composite of Tho, product made from the 8OOOC runs was submitted to 
Barringer, Inc. for TCLP metals analysis. QC standards for analysis followed 
the appropriate SW-846 or EPA methodology. The TCLP regulatory levels 
and the detection levels are listed in Table 6. The analytical results given in 
Appendix C show that none of the heavy metals were detected in the TCLP 
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extract at the limits shown in Table 6. The thorium product is therefore not 
characteristically hazardous. 

TABLE 6: TCLP REGULATORY LEVELS AND DETECTION LIMITS 

I Analvte 1 Resulatorv Level I Detection Limit 
Arsenic 5.0 0.5 
Barium 100.0 0.1 - 
Cadmium 1 .o 0.03 

__I___._ II ......... 

1 Chromium 15.0 10.1 
........... 5.0 

0.2 0.002 
I Selenium I 1.0 10.5 

I 0.05 l.ll__._.ll_ Silver I 5.0 

A sample of the scrubber liquor was taken after processing each batch. The 
relative volatility of arsenic, lead and chromium would suggest that the off-gas 
from the rotary kiln would be the likely pathway for these metals, if they were 
present in the ThN. Though the heavy metals were not detected, thorium was 
found in the scrubber water at levels ranging fram 7 to 78 PPM indicating 
small amounts of thorium were emitted from the rotary kiln. Since the 100 
gallon volume of scrubber solution was operated in a 100% recirculation mode 
the maximum 

An acceptable mass balance on thorium was obtained for the demonstration 
test. In Table 7 the thorium input as calculated from the DCP results and ThN 
tank volumes is compared to the input and output of thorium derived from 
weight measurements of ThN and ThP in the field. The weight percent 
thorium in ThN was based on thorium nitrate pentahydrate while the thorium 
output was based on the ThP weight adjusted down by the percent LO1 to 
determine thorium as thorium oxide. With the exception of Batch No.4, the 
two measurements of thorium input are in agreement with a " range of 0.4% to 
2.7%. The larger discrepancies between the inputs and the thorium output 
are due to the hold-up of material in the pilot plant between batch runs. 
Based on the weight measurements and LO1 for ThP, the difference in the 
cumulative amount of thorium in and out of the process totaled 3 LB or 0.36% 
of the total thorium input or output. 
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TABLE 7: THORIUM MASS BALANCE RESULTS FOR DEMONSTRATION TEST 

Batch ThN liquor 
volume, 

ThN liquor“ ThN batch 
by DCP, input by 
g/L Th DCP and 

vol., 
LB Th 

150”5.0 83.7 
103”O.l 1 82.3 

ThN batch input ThP output 
by wt., based on wt. 

And LOI, 
LB Th 

78.2 
I 84.3 73.6 

Thorium total, L6 873 833 830 

a Average of two analytical determinations, A, with half the difference between 
the two results, d, expressed as: A”d 
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4.0 ENGINEERING SURVEY 

The demonstrated equipment capacities and performance of the pilot plant 
was used as the bases for specifying the full-scale design. Plant capacity is 
based on a total of 3,580 tons of thorium nitrate to be processed in five years 
with an operating efficiency of 82%, i.e., 300 operating days per year. This 
translates to a 24-hour operation 7 days per week with two major shutdowns, 
annually. Based on the predominant container configuration, the processing 
rate of 4,800 LB/day ThN will require that 24 drums be emptied daily. 

For the purpose of this engineering survey and study it is assumed that the 
full-scale process will be located at an existing commercial facility licensed by 
the NRC. The design is based on the use of existing utilities, buildings, 
support services and shipping, receiving and storage facilities. 

4.1 Technical Justification for Pilot Sizing 

The capacities and sizes of the pilot equipment were well within acceptable 
scale-up ratios. Recodyne successfully started up a process involving 
uranium leaching, solvent extraction, precipitation and filtration with scale-up 
ratios ranging from 100 to 200. Typical pilot plant to commercial scale-up 
ratios for liquid and solid reactants, as reported in the literature, range 
between 20 and 25Q (c). In Table 8, capacity and size ratios are tabulated for 
the full-scale plant based on the processing schedule given above. The ratios 
do not exceed 11 indicating that the sizing of the pilot plant was within 
acceptable levels of risk for scale-up. 

4.2 Full Scale Design Bases 

The results of the pilot demonstration, as described in the Operations 
Summary and the Analytical Data Summary sections, were used as the 
design bases for the full-scale system. Design criteria for each operation were 
established as follows: 
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TABLE 8: SCALE-UP RATIOS BASED ON THE PILOT PLANT 

Equipment parameter 

ThN drum unpacking 

Washout station 

Daily capacitykize 

Pilot Full-scale 
600 LB 4,800 LB 
3 drums 24 drums 
55-aallon drums 55-aallon drums 

Drum dump 1 30 drum/dav 1 30 drum/day 
Oxalate precip tank 
Pressure filter 
Rotary kiln 

Filtrate hold tank 

200 gal 1,100 gal 
7.5 ft3 60 ft3 
384 LB 3,860 LB 
5” dia. Tube 
100 aal 1.100 aal 

12” dia tube 

Neutralization tank I 200 aaI 11,100aal 
Pumps 
Wastewater evaporator 

18 gpm 30 gpm 
1,440 gal 2,880 gal 

Scale-up 
Ratio 

8 
8 
1 
1 
5.5 
8 
10 
2.4 
11 
5.5 
3 
2 

Drum Receivinq and Unpackinq 

The design of full-scale drum receiving and unpacking was based on the 10 
drums of ThN used in the demonstration test. Of the 10 drums, nine were in 
the MD-1 configuration representing over 70% of the ThN inventory. The 
conversion plant will begin processing ThN in this configuration for the first full 
year of operation to build up an inventory of 35-gallon steel drums for use as 
ThP containers. The remaining ThN inventory is contained in a variety of 
drum configurations including 85-gallon overpack drums. Since they contain 
larger quantities of ThN, only six to eight of these larger drums will need to be 
unpacked to satisfy the 4,800 LB/day feed rate. The design criteria for 
receiving and unpacking are summarized below. 

1) Sufficient space and equipment to handle a three-month supply of ThN 
is required. For the MD-1 containers, this represents about 2,160 35- 
gallon drums occupying 50% of a 5,500 ft2 area with 5 drums to a pallet 
stacked three high. 

2) The gas pressure inside the drums will be released with a punch device 
and the off-gas contained and vented to the air filtration system before 
unpacking the drums. 

3) To minimize material handling and secondary LLW volume, the inner 
drum in contact with the ThN will be separated from all overpack 
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drums. If not contaminated, inner overpack drums will be compacted 
separately and disposed of as ram-radioactive solid waste. 

4) As demonstrated, the washout station is capable of handling the inner 
overpack drums if they cannot be separated easily from the ThN. In 
this case all inner drums will be compacted, combined with sodium 
nitrate solids and packaged as secondary waste for shipment to a LLW 
disposal facility. 

The outer 35-gallon and 55-gallon overpack steel drums will be 
inspected, surveyed and released to on-site storage for use as final 
product containers. Damaged drums or those with fixed Contamination 
will be compacted and packaged for disposal. 

5) 

ThN Washout 

A 100 g/L Th concentration in the ThN liquor was established as a setpoint for 
the oxalate precipitation. Since there was uncertainty as to the amount of 
water actually required to physically remove ThN from its container, the pilot 
plant was designed to test wastewater reuse as a portion of the washout 
water. Test results showed, however, that the amount of water required to 
washout ThN was less than that required to maintain the thorium setpoint 
concentration in ThN liquor. Wastewater recycle is thus not necessary for the 
full-scale design. By not reusing wastewater the possibility of sodium 
contamination in the thorium product is also eliminated. 

The size and operating conditions of the full-scale wash out station will be 
identical to the demonstration test unit. Wash water will be delivered at a 5 
gpm rate under 10 psi pressure to remove the ThN without breaking up the 
fiber drum. The design criteria for ThN washout are summarized below. 

1) The volume of wash water is specified as the amount required to 
generate a ThN liquor with a 100 g/L thorium concentration. 

2) Two washout stations of the size used in the demonstration are 
required to remove 4,800 LBlday ThN from its containers. The wash 
water is delivered at a pressure of 10 psi and at a rate of 5 gpm. 

3) After washing out the ThN, the drum along with any of the inner 
overpack drums exposed to the washout are compacted and packaged 
for LLW disposal. 
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Oxalate Precipitation and Filtration 

The precipitation of thorium oxalate and its subsequent conversion to thorium 
oxide suitable for fuel manufacture has been studied extensively and 
documented in the scientific literature. Precipitation temperature, ThN 
concentration, acidity, and rate of precipitation have been shown to have 
significant effects on the filtering characteristics of thorium oxalate and the 
resulting particle morphology of the thorium oxide powder obtained in the 
calcination step. Though the demonstration process was not specifically 
designed to produce thorium oxide suitable for fuel fabrication, the filtration 
characteristics of the oxalate cake are important for obtaining efficient 
separation of the oxalate solids from the ThN liquor. in the demonstration test 
the filtration of the thorium oxalate was improved by increasing the 
precipitation time from 1 hour to 12 hours. This increase resulted in a filter 
cake that was easily removed from the press and fed to the calciner. 
The 12-hour duration for oxalate precipitation has been maintained in the full- 
scale design. 

The capability to conduct the precipitation at elevated temperature (50 - 70OC) 
has also been included in the full-scale design. Though not an objective of 
the demonstration test, producing thorium oxide with a particle morphology 
conducive to fuel fabrication could be a future objective of the full-scale 
project. The literature indicates that besides improving the oxalate filtration 
characteristics, elevated precipitation temperatures can have a significant 
effect on the surface area, bulk density and particle size of the calcined 
thorium oxide powder (a). In turn, these variables can impact the 
performance properties of fuel pellets made from the thorium oxide. 

Sizing of the oxalate precipitation and filtration equipment is largely dependent 
on the ThN throughput and the amount of wash water required for removing 
ThN from its containers. As in the demonstration test, this wash water volume 
has been set to generate a volume of ThN liquor having a thorium 
concentration of 100 g/L. For a throughput of 4,800 LB/day, 2,400 gal of ThN 
liquor will thus be generated regardless of the time required for precipitation. 
The filter must provide a minimum filtration rate of 1.7 gpm allowing the 
reactor to be emptied in 8 hours so that a new batch of ThN liquor can be 
made up during the next shift This filtration rate is equivalent to 6,792 LB/day 
of thorium oxalate cake at 55% solids or on a volume basis 63 ft3. To 
minimize operator contact with thorium oxalate, the pressure filter used in the 
full-scale design should have an automatic cake discharge. Details of the 
design for thorium oxalate precipitation and filtration are summarized below. 

I) Oxalate precipitation and filtration will be conducted in a batch mode. 
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2) For a throughput of 4,800 LB/day, 2,400 gal of ThN liquor needs to be 
precipitated with a 10% excess of oxalic acid and a residence time of 
12 hours. Reactor agitation should be sufficient to keep oxalate solids 
suspended. 

3)  The precipitation tanks are constructed of stainless steel and are 
outfitted with steam jackets to allow the precipitation to be carried out at 
a maximum temperature of 70°C. 

A pressure filter with automatic cake discharge is specified with a 
capacity to separate 63 ft3/day of thorium oxalate solids from the ThN 
liquor. Maximum operating pressure for filtration is 100 psi. The filter is 
equipped with automatic air drying and water wash cycles. 

4) 

Thorium Oxalate Conversion to Oxide 

At 800'C adequate conversion of thorium oxalate to the oxide was only 
obtained in the demonstration test when the residence time in the rotary kiln 
was increased by 50%. Calcination temperature also had a significant effect 
on conversion efficiencies with essentially no conversion evident at 600°C 
while over 90% conversion was obtained at 900°C. The sensitivity of these 
effects on conversion efficiency suggests that the kiln was being overloaded 
with water fed in with the oxalate filter cake, since the literature indicates that 
the oxalate will convert to the oxide at temperatures as low as 400°C. To 
insure adequate performance in the full-scale process, i.e., over 95% 
conversion to oxide, the design has been upgraded to a two-stage operation 
similar to that used on a production scale by National Lead Company at 
Fernald, OH in the 1950's (d). 

In a two-stage operation the wet cake from the pressure filter is process in a 
continuous dryer before being fed to the rotary kiln. Besides reducing the 
heat requirement of the rotary kiln, variations in filter cake characteristics such 
as moisture content will be dampened out to provide a more consistent feed to 
the kiln. The dryer will be capable of operating at a temperature of 150°C. 
Based on the literature this temperature will generate a thorium oxalate 
powder with a maximum of two waters of hydration (a). The filter cake 
throughput of 6,792 LB/day at 55% solids requires the dryer to evaporate 
water at a rate of 130 LB/hr. 

The dried thorium oxalate is converted to the oxide in a rotary kiln operating at 
a temperature of 800°C. On a dry weight basis the full-scale unit will be 
required to convert 160 LB/hr of thorium oxalate to the oxide. To ensure that 
the product will meet a 95% or greater thorium oxide specification, the 
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residence time in the kiln has been increased by 50% to match the conditions 
used in the demonstration test for batch I O .  Operation of the kiln will be 
based on routine measurements of bulk density and LO1 which have been 
correlated to thorium oxide content by XRD or other instrumental analysis 
during performance testing of the process. Details of the two-stage design 
are summarised below. 

1) The filter cake from the pressure filter is to be dried at a temperature of 
150°C. 

2) To dry the thorium oxalate generated from a 4,800 LB/day ThN 
throughput, the dryer must be capable of evaporating water at a rate of 
130 LB/hr. 

3) A rotary kiln capable of operating in a temperature range of 700 to 
1 ,OOO°C is required to convert 160 LB/hr of thorium oxalate to oxide. 

4) The rotary kiln will be sized to provide a solids residence time of 40 
minutes in the tube heating section, which is equivalent to the time 
used in Batch 10 of the demonstration test. 

Thorium Product Packaging and Storaae 

In the current design thorium oxide powder discharged from the rotary kiln will 
be packaged in 35-gallon steel drums previously used as overpack drums for 
ThN. Full drums will weigh about 500 LB each. These drums are overpacked 
in 55-gallon steel drums and then shipped back to DLA for storage. An 
alternative to this approach would be the long-term storage of the product at 
the processing facility thereby eliminating transportation and subsequent 
storage by DLA. At least two licensed facilities that are candidates for full- 
scale ThN conversion have the capability to provide long-term storage of the 
thorium oxide product. 

1) The 35-gallon steel drums currently in use as overpack drums for the 
ThN will be used as product containers for the thorium oxide. 

2) Once full the 35-gallon drums will be overpacked in 55-gallon steel 
drums in preparation for shipment back to DLA. Each drum will weigh 
about 500 LB. 
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Nitrate Wastewater 

The full-scale design is based on a facility requiring zero discharge of 
wastewater from the conversion process. Zero discharge was obtained in the 
demonstration test by evaporating the wastewater down to a solid in the 
facility’s on-site evaporator. To prevent nitric acid generated in the oxalate 
precipitation from evaporating along with the water, 50% sodium hydroxide 
solution was added to pH 7 to convert the acid to sodium nitrate. The sodium 
nitrate liquor contained thorium in the range of 10 to 100 PPM and radium-228 
activities over one uCi/L. For the full-scale system about 2,400 gpd of 
wastewater will be evaporated to generate 36 ft3 of sodium nitrate solids with 
a moisture content not exceeding 10%. Before evaporation wastewater will 
be routinely measured for thorium content and gross alpha/beta activity. A 
maximum of 100 PPM thorium in the wastewater has been set as an action 
level for troubleshooting the oxalate precipitation and filtration operations. As 
in the demonstration the sodium nitrate solids will be combined with the inner 
ThN drums from the washout stations and compacted before shipment to a 
LLW disposal facility. 

I ) The filtrate from the pressure filter is neutralized with sodium hydroxide 
to pH 7.0 to convert the nitric acid formed in the oxalate precipitation to 
sodium nitrate. 

2) Zero discharge is achieved by evaporating the sodium nitrate 
wastewater. The resulting sodium nitrate solids are combined with the 
inner ThN drums, compacted and packaged for disposal at a LLW 
facility. 

3) About 2,400 gpd of wastewater will require evaporation to generate 36 
ft3 of sodium nitrate solids. 

Off-qas scrubbina and HEPA filtration 

Airborne Contaminants consisting of thorium particulate, nitrogen oxides and 
thoron gas, the short-lived daughter of radium-224 will be emitted from the 
process. The rotary kiln is considered the major source of thorium particulate 
and nitrogen oxide emissions. The rotary motion of the kiln will cause 
particles to become suspended in the gas stream. Nitrogen oxides are 
produced from any residual nitric acid not washed out of the oxalate filter 
cake. Due to radioactive decay thoron gas is continuously emitted from solids 
and liquids containing thorium. Process streams with high concentrations 
such as ThN liquor and thorium oxide product are of particular concern. 
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Contaminants will be controlled by workspace ventilation, equipment 
enclosures, a wet scrubber and a HEPA filter system. 

A room Ventilation rate of 7 air changes per hour will be maintained to 
allow operators to work in the process areas without a separate 
breathing air supply. 

All major pieces of equipment will be enclosed and vented to the HEPA 
filtration system to further minimize operator exposure. 

All process off-gas and ventilation air will be treated by HEPA filtration 
to minimize (ALARA) particulate emissions from the plant. The filters 
will have a 99.97% removal efficiency for 0.3-micron particles. 

Before discharge to HEPA filtration, a wet scrubber will be used to treat 
off-gas from the rotary kiln. The major treatment objective of the 
scrubber is to reduce particulate loading so that the change-out of 
HEPA filters is minimized. The scrubber will also provide limited 
removal of gaseous contaminants such as NO,, 

Off-gas streams containing high levels of moisture, i.e., those from the 
oxalate dryer and the wastewater evaporator will be combined with the 
process room ventilation air to minimize the possibility of water droplet 
formation and subsequent clogging of the HEPA filters. 

General Desiwn Considerations 

Based on previous experience in the design and operation of radiochemical 
processing plants, the following general criteria will be incorporated in the 
design of the full-scale system. 

1) Though chloride concentrations of 25 PPM are expected in the ThN 
liquor, austenitic stainless steels of the 304 or 316 type will provide 
satisfactory corrosion resistance as a material of construction for most 
equipment and piping. Nickel based alloys will be used for the tube in 
the rotary kiln and for the sodium nitrate evaporator. Tanks made of 
polypropylene can be used for nitrate solutions below 40°C. 

2) The plant will have secondary containment to control spills and to allow 
the washdown of floor areas and equipment. 

3) Unit operations will be enclosed and sufficiently automated to minimize 
operator exposure to high activity process streams. 
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4.3 Additional Research and Development 

Significant requirements for additional R&D design the full-scale conversion 
plant are not anticipated. To support a fire hazard analysis of the process, the 
potential for ThN to act as an oxidizer may require additional bench-scale 
testing. Improvements to or alternatives to barium co-precipitation for radium 
removal could be further investigated. Isolation of radium may provide 
additional options for secondary waste disposal depending upon the licensing 
and regulatory constraints of the specific facility where processing is being 
considered. 

A potential future use for the thorium oxide produced in the process is as 
reactor fuel. To fully evaluate this potential the magnitude and variability of 
impurities in the ThN inventory and the impact of the conversion process 
needs to be examined. Since only 10 drums of ThN were tested in the 
demonstration, a second objective of this assessment would be to evaluate 
the effects of variations in the ThN composition on the performance of the 
conversion process itself. A statistically valid sampling of the inventory 
population would involve the random selection of between 30 and 60 ThN 
drums. Random selection could be based on an assigned grid location of 
drums over the entire inventory or on a random selection of drums by lot. 

The ThN samples would be analysed for thorium content and impurities of 
concern particularly with respect to reactor fuel such as neutron-absorbing 
rare earths and uranium. Depending upon their composition, selected ThN 
samples would be converted to thorium oxide on a bench-scale to determine 
the effect of the conversion process on impurity levels and to evaluate the 
effect, if any, of the ThN composition on the conversion process. This testing 
could also evaluate the benefit of using high purity water for the ThN washout. 
Rather than producing deionized water, the current design could be modified 
to use steam for the evaporation of the sodium nitrate liquor. Sufficient steam 
condensate of high purity would thus be available for ThN washout and for 
washing the oxalate filter cake. 
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5.0 ENGINEERING STUDY 

- .... 

- ..... 

This engineering study is based on the demonstration test results summarized 
by the above design criteria, previous design experience and input from 
equipment vendors. The only significant difference in equipment configuration 
from the pilot plant was the change from a one-step to a two-step oxalate 
conversion operation. From the design bases a preliminary process flow 
diagram (PFD) with a mass and energy balance was developed for one ThN 
batch per 8-hour shift as shown in Figure 3. The overall mass and energy 
balance for the PFD is given in Table 9. A corresponding Piping and 
Instrumentation Diagram (P&ID) was then developed from the PFD as shown 
in Figure 4. Instrumentation was based on the major control variables of 
volume, temperature and pH. The design was then used in the analysis of the 
life-cycle conversion costs. The total includes estimates of fixed capital 
investment, annual manufacturing costs and plant decommissioning after 
conversion is complete. Finally, a timeline was generated on the major tasks 
required to construct and start up a licensed plant. 

A rough equipment layout was developed to determine room ventilation 
requirements. It was determined that a 5,000-ft2 area was sufficient space for 
the process equipment. With a ceiling height of 18 f l ,  a ventilation rate of 
10,500 acfm is required to provide 7 air changes per hour. Air exhaust from 
the process room is discharged by a blower to a HEPA filtration system with 
media having a tested removal efficiency of 99.97% for 0.3-micron size 
particles. 

5.1 Detailed Process Description 

The initial steps in the process are a series of batch operations designed to 
provide a continuous feed of thorium oxalate to the calcination operation. The 
base schedule has been set to process eight MD-1 drums of ThN per batch, 
three batches per day operating 300 days a year. At this rate the entire 
stockpile is converted to thorium oxide in five years of processing 

Each container of ThN is separated from its various overpack drums in an 
unpacking station. To meet the required 4,800 LB/day ThM throughput, 1,600 
LB or 8 MD-1 containers of ThN need to be unpacked per 8-hour shift. The 
station has an enclosure equipped with a drum punch and an exhaust vent. 
The drum punch is designed to penetrate the overpack drum lids and release 
the gas that has built up inside the drums. After releasing the pressure, the 
lids are removed and a hoist is used to separate the overpack drums from the 
ThN container. A conveyor is used to transport the ThN container to the 
washout station. If the inner overpack drums cannot be separated easily from 
the ThN container they all will be conveyed to the washout station which is 
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TABLE 9: MASS & ENERGY BALANCE FOR ThN PROCESS 
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equipped to handle drums up to a 55-gallon size. All drums put through the 
washout station will be volume reduced prior to shipment to a LLW disposal 
facility. 

ThN drums are placed inside one of two enclosed washout stations operated 
in parallel, The drums are positioned by a drum dump, such that a stream of 
heated water can be directed at the ThN content from outside the enclosure. 
Design of the washout station is identical to that used in the demonstration 
test which was essentially a glove box equipped with a drum dump and a 500- 
gallon sump. A screen to catch any debris that may fall out of the drum or 
pieces of the fiber drum itself covers the sump. The enclosure for the ThN 
washout station is constructed of stainless steel and Plexi-GlasTbl. The 
unpacking and washout stations are both ventilated to the HEPA filtration 
system to minimize personnel exposure to airborne thorium and thoron gas. 

The ThN liquor generated in the washout operation is discharged from the 
sump into one of three agitated 1,100-gallon precipitation reactors. A I ,  I 00- 
gal reactor was selected as an adequate size (27% freeboard) when splitting 
the liquor volume into three 800-gal batches or one batch per shift. The 
excess freeboard provides up to an additional 15% water volume for washing 
out ThN from the drums. The required precipitation time is obtained by having 
three reactors operated in parallel with the batch precipitated during the first 
and second shift operations filtered during the third shift operation. Each 800- 
gallon batch takes 3 shifts or 24 hours to complete. The following batch 
sequence of steps for each reactor is staggered by 8 hours so that all steps 
are being conducted simultaneously over the three reactors. 

1) First 8 hours: a) Fill reactor with ThN liquor 
b) Begin agitation 
c) Bring liquor to temperature 
d) Add oxalic acid 
e)  Begin 12-hour precipitation 

2) Second 8 hours: 9 Complete precipitation 

3) Third 8 hours: g) Complete slurry filtration 

Oxalic acid is added manually with a bag breaking and feeding station. Bags 
are opened and dumped into a hopper that is connected to a conveyor to feed 
the mixing tank. 

The sizing of the filtration equipment is also minimized by the three-reactor 
design. The maximum hold-up of thorium oxalate slurry (800 gal over 8 
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hours) is provided by each reactor in the third shift of its batch sequence. A 
pressure filter with 7 ft2 of filtration area and disposable filter media to 
automatically discharge cake was selected to meet the design criteria. The 
filter is constructed with two horizontal compartments, an upper chamber for 
slurry and a lower chamber for filtrate. The two chambers are separated by 
the filter media. During the filtering cycle the upper chamber is towered 
against the lower chamber and a seal is formed on the perimeter of the 
compartments. Slurries are pumped into the upper chamber and through the 
filter media and the filtrate is collected in the lower chamber, then drained out. 
The cake increases in depth until the pressure in the upper chamber reaches 
the set maximum pressure of 50 psi. The cake is washed with fresh water that 
is discharged to a I ,100-gallon jacketed hold tank where it is heated to 50°C 
and reused as washout water for the next batch of ThN. The filter cake is then 
dried by pressurized air fed into the upper chamber. The upper chamber is 
then lifted and the filter cake is discharged using a conveyor belt or re-roller 
drive pulling the media through. New media is automatically replaced and a 
new filtration cycle is automatically restarted. The equipment is PLC 
controlled. A chute discharging cake solids to a 12‘’ by 16” opening is used to 
convey solids to the oxalate conversion operation. 

To meet the two-stage heating requirement outlined in the design criteria, the 
cake from the pressure filter is fed to a continuous dryer operated at a 
temperature of 150°C. Based on previous experience, a paddle dryer design 
was chosen for this application. The dryer consist of a trough with counter- 
rotating screws mounted inside that are steam heated. The filter cake is 
introduced into one end of the trough and are continually mixed and heated by 
the rotating screws. A screw conveyor receives the dried oxalate solids at the 
discharge end of the dryer and conveys them to a rotary kiln. 

The design of the rotary kiln for full-scale processing was based on scaling up 
the demonstration test unit with a 5” diameter tube and a heating section 60” 
long. Based on the scale-up ratio of 10 for oxalate throughput, i.e., from 16 
LB/hr to 160 LB/hr dry wt basis, the full-scale rotary kiln will have a 12” 
diameter tube and a heating section 8’ long. To meet the design criteria, 
length of the heating section has been increased to 12’ to provide 50% more 
residence time. The product has a Tho2 specification of 95% or greater which 
will be maintained by adjusting temperature and, if necessary oxalate feed 
rate. 

The heating section of the tube is folJowed by a cooling section 8’ long. Off- 
gas from the kiln is discharged at a rate of 6,000 cfm to the wet scrubber by a 
dedicated blower. The rotary kiln discharges oxide product into a hopper from 
which 35-gallon drums are filled. The product drums are sealed and moved to 
a product storage area. Off-spec product containing unreacted oxalate can be 
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returned to the kiln for additional processing via the filter cake hopper feeding 
the paddle dryer. 

An 1 ,I 00-gallon holding tank receives the filtrate discharge from the pressure 
filter. The filtrate is fed to an 1100-gallon agitated tank where the nitric acid 
generated in the oxalate precipitation is neutralized with the addition of 
sodium hydroxide. The resulting wastewater is sent to a 1,100-gallon 
wastewater hold tank then fed to an evaporator to be volume reduced. The 
evaporator utilizes natural gas for heating. Crystallized sodium nitrate solids 
are transferred to the compaction station where they are combined with the 
overpack ThN drums. 

The process operations described above have been used as a basis for 
developing a preliminary shift schedule for operating personnel. In Table 10 a 
shift timeline was developed for personnel conducting the required tasks to 
operate the process. Each shift will require 7 persons to operate and monitor 
the process. Additionally, a Production Manager will work during the day shift 
to provide engineering support, reporting functions and overall supervision of 
the operation. A Laboratory Technologist will also work on the day shift to 
analyze process and product samples. 
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TABLE I O :  SHIFT TIME LINE 

Operator 1 Ilshlft 

Operator 2 l/shift 

Hourly Task 
11 21 31 41 51 61 71 E 

Fill reactor with ThN liquor 
Begin agitation and heating Begin precip. overpack drums 
Obtain ThN from inventory 

Add oxalic acid - - - - - - - - - - - - - - -Washout ThN drums- - - - - - - - - - - - - - 
- - - - - - - - - - - - - - -  Washout ThN drums- - - - - - - - - - - - - - 

Compact 

Compact 

Operator 3 l/shift 
UnpackThN drums overpack drums 

. . . . . . . . . . . . . . . . . . . . .  Filtration, neutralization, evaporation, and scrubber system - - - - - - - - - - - - - - - - - - - - - - 

Production Manager l/day 1 . . . . . . . . . . . . . . . . . . . . . . . . . .  Process engineering, reporting, and supervision - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Operator 4 Ilshift 

Operator 5 llshift 

3 shifts = 1 day 

Paddle dryer, rotary kiln, and product packaging and storage - - - - - - - - - - - - - - - - - - - - - 
- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Paddle dryer, rotary kiln, and product packaging and storage - - - - - - - - - - - - - - - - - - - - - 
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5.2 Life Cycle Cost Analysis 

The cost analysis for the life of the full-scale project is based on estimates of 
the fixed capital cost to construct and start up the process, annual operating 
or manufacturing costs and after processing is complete, the cost of 
decommissioning. For this preliminary cost estimate, direct and indirect 
capital costs were based on standard factors applied to the cost of purchased 
equipment. The list of purchased equipment is shown in Table 11 with costs 
obtained from vendors as budgetary quotes based on the supplied design 
criteria. Components of the fixed capital cost are listed in Table 12. 

Annual operating or manufacturing costs are listed in Table1 3. Direct 
production cost of chemicals and materials, transportation, utilities and 
secondary waste disposal were estimated directly from the design bases and 
the mass baiance. Fixed charges, plant overheads, general expenses and 
other expenses such as maintenance were based on standard factors. Labor 
costs were estimated based on the operating schedule given previously in 
Table 10. Additional labor costs for the Radiation Safety Officer and an 
Administrator tasked with inventory contra!; product/waste shipping and 
documentation are included under general expenses. 

Plant decommissioning costs at the end of the project consist of labor and 
disposal of plant equipment. The cost was estimate by personnel at the 
facility where the demonstration test was conducted and was based on the 
estimated weight of full-scale equipment. This decommissioning cost is 
incorporated into Table 14 which shows the life cycle cost for the entire 
project. 

5.3 Project Time Line for Full Scale Start-up 

A time line of activities required for construction and start up of the full-scale 
conversion process is shown in Figure 5. These activities include detailed 
engineering, licensing, construction and performance testing. The 18-month 
duration is considered to be a reasonable estimate being based on recent 
experience at two existing facilities involving the full-scale processing of 
metallurgical residues containing uranium and thorium. Each activity is briefly 
described below. 

Detailed Engineering 

Complete, engineered PFD’s, P&ID’s and general arrangement drawings of 
equipment and structures will be completed during this activity. The PFD’s 
are utilized as the basis far filling aut equipment specification sheets. The 
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I screen and sump tank # I  

Table 11 : Process Equipment Cost for ThN Process 
I Equipment Item 1 Capacity I ManufacturerlSupplier I Model I cost* 

1 lThN washout station enclosure, 1 500 gal I Inert Systems I 120M0011 I $ 15,000 
304 SS 

* NOTE: Some Cost are Estimates shipping $ 198,210 
Total Equipment Cost $1,519,610 
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Table 12: Fixed Capital Cost 

DIRECT COST 

]INDIRECT COST 
$ 486,275 1 

Total Fixed Capital Cost $ 5,318,635 

NOTE: Some Cost are Estimates 
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Table 13: Annual Manufacturing Cost 

- 
Power & Utilities & Amount cost 

Natural Gas $0.02/cu.ft. 35,500,000 cu ft $ 710,000 

Water $0.003/gal 4,200,000 gal $ 12,600 
Electricity $O.OG/KWH 1,500,000 kWh $ 90,000 

Direct Production Cost 
Chem icals 8 Materiak BQn mt 

Oxalic Acid 1280 500 $ 640,000 
Sodium Hydroxide, 50% 345 626 $ 215,970 

Filter Media $1.50/vd 20.000vd $ 30.000 
$ 

Transoortation of Feed material $/load loa ds/vear cosf 
From Curtis Bay $ 1,838 103 S 189,314 
From Hammond $ 825 44 S 36,300 

$ 
!A2m $/hr hr/vear CQSf 

Operating Labor $ 12.50 41,600 $ 520,000 
Operating Supervision 8 17.50 8,320 $ 145,600 
HP Tech $ 13.00 12,480 $ 162,240 
Lab Tech s 15.00 2,080 $ 31,200 
Management $ 35.00 2,080 $ 72,800 

Fixed Charges $ 
Insurance 1% Fixed Capital $ 53,186 
Storage $1.75/sq .ft 5000 sq. fi $ 8,750 
Facilities Usage (lease, licensing, etc.) $55,OOO/month 12 months $ 660,000 

Plant Overhead Cost $ 
loverhead 35% Labor & Maint. 363.374 1 

General Expenses $ 
Administrative expenses 25% Labor $ 232,960 
I nierest 5 Yo Fixed Capital $ 265,932 

$ 
TOTAL Manuf. Cost per year 

885,970 

225,6 14 

931,840 

8 12,600 

2,586,189 

721,936 

363,374 

498,892 

7,026,415 
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Table 14: Life Cycle Cost 

Decommissioning Cost 
Survey, Release & disposal $2.00/lb 
Labor - 4months 

Operating Labor 
Operating Supervision 
HP Tech 
Lab Tech 
Management 

Storage - 4 months 

TOTAL Project Cost 
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Figure 5: Projected Time Line for Full Scale Start-up 
Months 

17 Activity Name 

Detailed Engineering and 
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9 Installation I 
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55 



sheets are submitted to vendors for firm price bids. Instrumentation and 
control packages are developed from the detailed P&ID’s and submitted to 
vendors for bids. All necessary support services including laboratory analysis 
will be determined in this activity. Analytical instrumentation required to 
support process monitoring efforts and product specifications will be 
determined. It is anticipated that routine thorium analysis of process streams 
by ICP or DCP will be conducted. The use of outside laboratories particularly 
during the performance testing activity will also be determined. For example it 
is anticipated that conversion efficiencies for thorium oxide product can be 
routinely monitored by simple measurements of bulk density and 101. The 
validity of these measurements will be confirmed during the performance 
testing activity by an outside laboratory using XRD. 

A preliminary hazard analysis identifying potential hazards, their 
consequences and probability of occurrence to plant personnel, the public and 
the environment is conducted to support the licensing activity. With a focus 
on potential impacts to the public and the environment, engineering and 
administrative controls needed to minimise or alleviate potential hazards are 
identified and incorporated in the process design. 

Secondarv waste aualification 

The secondary waste from the process is the combined sodium nitrate solids 
and the inner ThN drums both having been compacted. The composition of 
the waste both radiological and chemical, the type and size of packaging to be 
employed, and the mode of transportation must be submitted to the disposal 
facility for qualification. 

Licensinq Amendment 

An amendment to the existing facility’s nuclear material license will be 
required to construct and operate the process. The amendment application 
will document in detail the following information. 

a) Process description and chemistry 
b) Preliminary PFD’s and P&ID’s 
c) Mass and energy balances 
d) Preliminary hazard analysis 
e) 
f )  

Emission estimates and control equipment description 
Composition and quantities of products and wastes from the process 
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Equipment Procurement 

Equipment bids will be evaluated and vendors selected. Vendors will submit 
equipment drawings for approval before initiating fabrication. 

Final Hazard Analysis 

As in the preliminary analysis the materials, chemical reactions and operating 
conditions for each piece of equipment are organized in a-matrix format. A 
What-IflChecklist methodology will be used for the hazard analysis. The 
process is divided into logical nodes or worksheets according to unit 
operations and functional boundaries. Each worksheet has a P&ID for the 
node as well as informatian on the materials contained, their taxicity, 
radioactivity and pertinent physical characteristics such as quantity, 
concentration and phase condition. For each node potential problems or 
deviations, consequences and their severity, planned safeguards and the 
expected probability of each consequence are evaluated. Recommendations 
for additional safeguards are implemented as engineering modifications. 

Fire Hazard Analysis 

A separate fire hazard analysis will also be conducted. By process node all 
combustible and/or flammable materials will be identified and quantified. All 
sources of heat and flame in the process are identified and evaluated with 
respect to their fire hazard potential by comparing their surface temperatures 
to the autoignition temperatures of the combustibte/flammable materials. Fire 
scenarios are then developed along with the appropriate protection measures. 

Health and Safetv Plan 

A specific HSP will be developed for the conversion process. The Plan will 
address dose assessment, work area monitoring, documentation and review, 
contamination control, exposure control, respiratory protection and 
environmental monitoring. 

Procedure Manual 

A manual of all operating procedures will be developed. A general outline for 
each procedure is given below. 

1 .O Introduction 
2.0 Operating Instructions 

2.1 Start Up Procedure 
2.2 Operator’s Responsibility 
2.3 Shutdown Procedure 
2.4 Emergency Shutdown 
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3.0 Hazard Identification & Safety 
3.1 Personnel Protective Equipment 
3.2 Industrial Hazards and Safety 
3.3 Chemical Hazards and Safety 
3.4 Radiological Hazards and safety 

Installation 

Equipment will be set in place based on the general arrangement and 
structure drawings. Piping and electrical installation will follow. All equipment 
and piping will be hydrostatically tested before start up. 

Start up and Performance Testinq 

Process start up is not expected to take more than four weeks. The bulk of 
the time is required for performance testing. As shown in Table 15, samples 
of the process streams will be taken routinely on a shift basis and analyzed to 
determine process performance. Key performance parameters include ThN 
washout volume, oxalate precipitation efficiency, oxalate filter cake percent 
moisture, oxide content of thorium product and thorium emissions from the 
stack. It is anticipated that measurements of Ra-228, Tho, and TCLP metals 
will always be conducted by outside labs with the appropriate W Q C  
procedures. Particulate emissions including thoriu 
will be routinely measured over the life of the plant. Estimates of NOx 
emissions will be confirmed during performance testing. It is anticipated that 
the process laboratory will have the capability to analyze for all parameters 
with the exception of Ra-228, Tho, and TCLP metals and NOx. These 
analytes will be accomplished by outside laboratories identified during the 
detailed engineering activity. 

in the stack discharge 

An internal QNQC program for in-house analysis will be developed. As part 
of this program and particularly during performance testing interlaboratory 
comparisons will be made. Sample splits will be sent to outside labs as a 
check on the accuracy of in-house analysis. 
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TABLE 15: PROCESS STREAM ANALYSIS FOR PERFORMANCE TESTING 

Analyte ThN 

Thorium xx 
Ra-228 xx 
Gross xx 
alpha/beta 
PH xx 
Percent 
moisture 
LO1 
Tho, (XRD) 
TCLP metals 
Bulk density 
Nitrates 
Nox 
Particulate 

liquor 
Filter Dried Tho, Waste Stack LLW 
cake oxalate product water 

xx xx xx 
xx 

xx xx 

xx xx xx 
xx xx xx xx 

xx xx 
I xx 

xx xx 
xx 

xx 
xx 
m u  

Process Optimization 

Once the plant has reached steady state conditions optimization of process 
operations can begin. Small defined changes to the major process variables 
affecting throughput and/or product quality are conducted over an 8 to 12 
week period. This evolutionary operation (EVOP) approach is conducted in 
the framework of a factorial experimental design that determines the 
significance of the independent process variables on throughput and product 
quality. 

. .- . 
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6.0 ENVIRONMENTAL CONSIDERATIONS 

The demonstration results were evaluated in the context of previous 
experience in the design and operation of radiochemical processing 
operations to provide a preliminary assessment of environmental issues for 
full-scale processing. Air emissions from the process consist of thorium 
particulate, nitrogen oxides and thoron gas, and a short-lived daughter of 
radium-224. There are no liquid discharges from the proGess since 
wastewater is converted to a solid before disposal as a secondary waste. 

6.1 Air Emissions 

The major air emissions from the process that were identified in the design 
and operation of the pilot plant as thorium, nitrogen oxides and thoron gas. 
Thorium in the form of particulate and aerosols will be emitted predominantly 
from the drying and calcination of thorium oxalate and from the drum washout 
of ThN. Nitric acid not washed out of the oxalate filter cake will also generate 
nitrogen oxide emissions in the calcination step. Thoron gas (radon-222) will 
be emitted from unpacking ThN drums, ThN washout, and oxalate 
precipitation and wastewater evaporation. 

Thorium emissions from the full-scale process were estimated using an 
emission factor derived from actual experience with radiochemical facilities 
having similar process operations and air pollution controls. The emission 
factor of 0.0000015 unit weight thorium per unit weight af thorium throughput 
was applied to the 3.024 MM LB of thorium inventory to yield an estimated 
total of 4.5 LB or 4.5 mCi of thorium activity emitted over the 5-year lifetime of 
the plant, 

The quantity of nitrogen oxide emissions was estimated from a 90% wash 
efficiency for the thorium oxalate cake by the pressure filter and a 70% NOx 
removal efficiency by the wet scrubber. For the full-scale operation 
generating 2,190 LB of nitrates per day, this translates to a daily emission rate 
of 2 LB NOx. 

Thoron emissions are not an environmental concern due to their short half-life. 
However, these emissions must be controlled by room and vessel ventilation 
to ensure that thoron levels do not build up to unacceptable levels in the 
workplace. 
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6.2 Primary and Secondary Waste Disposal 

The demonstration test confirmed that the thorium oxide product could be 
consolidated into tablets with the addition of a binder such as graphite. This 
consolidation would satisfy the requirements for long term storage of the 
material in a repository. The current full-scale process design, however, has 
been based on the alternative approach in which the unconsolidated product 
is contained in 35-gallon steel drums that are overpacked in 55-gallon steel 
drums. -- 

Secondary waste consist of ThN overpack drums, HEPA filters, personal 
protection equipment (PPE) and sodium nitrate solids. The sodium nitrate 
solids will have a radium-228 activity of about 7,000 pCi/g and a thorium 
activity of about 114 pCi/g. The overpack drums, filters and PPE will be 
compacted and have an estimated total activity not exceeding 100 pCi/g. 

6.3 Potential Environmental Impacts 

The potential impacts of processing the ThN at an existing licensed facility 
would be minimal. The plant would require about 5,000-sq. ft. of floor space 
and can be installed in an existing building. Air emissions from the plant 
include combustion products from the gas-fired boiler, rotary kiln and 
evaporator. An additional 6 LB/day of nitrogen oxides are emitted from the 
wet scrubber. There is no wastewater discharged from the plant. All solid 
wastes and products generated by the process are shipped off-site for 
disposal or long-term storage. Secondary containment is incorporated in the 
design of the plant to control any solid or liquid spills. 

6.4 Environmental Assessment Information 

Information required for environmental assessment is the same as required for 
a nuclear materials license amendment. Key information includes: 

1 ) Description of proposed action 

2) Description of MaterialsNVastes 

3) Wastewater treatment system 

4) Control EquipmenffSpill prevention 

5) Air emissions 
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6) Environmental effects 

7) Waste generation and handling 

These items have been discussed in the above engineering study and would be 
further detailed in the license amendment package submitted to the government 
agencies responsible for regulating the specific facility. 
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APPENDIX A 



Operation Log 

Project: Thorium Treatment Demonstration Project 
Location: F.W. Hake & Associates 
Date: February 16, 1 998 - March 1 1, 1998 

Date 
211 6/98 
211 7/98 
211 8/98 
211 9/98 

2/29/98 

2/21/98 

2/22/98 

212 319 8 

2/24/98 

212 519 8 

2/26/98 

2/27/98 

2/28/98 

Operation _._.__I 
Unload equipment 
Setup equpt. 
Setup & hydro I__ test 
Drum #1 

Drum #2 

Drum #3 

Drum #4 

Drum #5 

Drum #7 

Drum #8 

Cam ments 
Used Hake union workers - slow unloading 
Quick disconnects helped speed up things 
Fixed a driD on outlet of TK-130. Cleaned-baa filter. 
55 gal over pack. 0 gal Recycle. 125 Ib Ox acid. For # I  
Finkhed cake dumps on #1 

I____._. 7 --I_._._ 

Neutralization & 1 Ra precip of #1 
0 gal Recycle. 125 Ibs Ox acid. For #2 

Finished Rg'precip on #1 
Emptied waste water for #-I 
Finished cake dumps on #2 

Finished Ra precip on #2 
Emptied waste water for #2 
52 gal Recycle. 130 Ibs Ox acid. For #3 
Finished cake dumps on #3 
Neutralization & I" Ra precip ____._.. of #3 
Finished Ra precip on #3 
Bag filter filled 3 bags of solids for #3 
52 gal Recycle. 130 Ibs Ox acid. For#4 
Emptied waste water for #3 
Finished cake dump on #4 
49 gal Recycle. 139 Ibs Ox acid. For #5 
Bag filter filled 2 bags of solids for #4 
Finished Ra precip on #4 
Emptied waste water for ##4 
Finished cake dumps on #5 

Opened door 
Customers visited 
0 gal Recycle. 114 Ibs Ox. Acid. For #6 
(Dumped #6 & did Oxalate precip. Only) _._.. 

Finished Ra precip on #5 
Emptied waste water for #5 
Finished cake dumps on #6 
Neutralization & I" Ra precip of #6 

Finished Ra precip on #6 
Emptied waste water for #6 
Finished cake dumps on #7 
Neutralization & 1'' Ra precip of #7 
26 gal Recycle. 114lbs Ox. Acid. For #8 

Few cake dumps on #2 - 

Neutralization & 1'' Ra precip of #2 .- 

Neutralization & Is' Ra precip of #5 - 

0 gal Recycle. 1OOlbs Ox. Acid. For #7 
I 



.-.. ... Date 
3/02/98 

3/03/98 

3/04/98 

3/05/98 

3/06/98 
3/07/98 

Operation 
Drum #9 

_____ 
Drum # I O  

Decon 
Decon 

Decon 
Decon 
Decon 
Decon 

Comments 
Finished cake dumps on #8 
Finished all Ra precip on #8 
Emptied waste water for #8 
0 gal Recycle. 114 Ibs. Ox. Acid. For #9 
Finished cake dumps on #9 
Neutralization & 1" Ra precip of #9 
55 gal Recycle. 114 Ibs. Ox. Acid. For # I O  
Finished Ra precip on #9 
Emptied waste water for #9 
Dumped most of the cake on #10 
Finished cake dumps on #10 
Finished all Ra precip on #10 
Emptied waste water for #10 
Processed lime through filter press and Rotary Kiln 
Took off fittings & valves 

Hake d e a n  
Hake - shrink wrapped Rotary Kiln, scrubber & glove 
box. Removed equipment form safe shop 



Thorium Nitrate Demonstration Test Sampling 

Sample # consist of three numbers: 
Drum# - P&lD# - Code 

-Drum#] Actual Drum # 
A 7 1-26 
B 71-29 
C 71-27 
D 71-23 - 

E 71 -25 
F 71-19 
G 71-22 
H 71-24 .. 

1 71-21 

~pimq 
104a Thorium Nitrate liquor 
104b Thorium Oxalate Solution 
108 Wet filter cake 
121 Thorium Oxalate Filtrate 
138 
123 Final Waste Water 
125 Thorium Oxide Powder 
126 Thorium Oxide Tablets 
135 Wet Scrubber Solution 

Liquid after first Radium Precip. 

I Code I 
R1 Recodyne #-l - 500rnL 
R2 Recodyne #2 - 500mL 
R3 Recodyne #3 - 500mL 
P Process Control Testing 
L1 
L2 LMES - 250mL plastic 

LMES - 250rnL amber glass 

4 71 -20 



Thorium Nitrate Demonstration Project 

Sample # Date Time Tank Vol. Tank Temp pH Weight 
(sal) (deg f) (9) 

A- 104a- R1 211 9/98 10 55 AM 67 90 0 99 5030 
A- 104a- R2 211 9/98 10 56 AM 67 90 0 96 516 5 
A- 104a- R3 211 9/98 10 57 AM 67 90 I 02 524 0 

Day # 1 DRUM (A) # 71 -26 

Density 
1245 5 g/L 

I A- 108- R1 I 211 9/98 I 4 35 PMl I I 
A- 121- R1 2/20/98 9 53 AM 165 78 0 46 
A- 121- R2 2/20/98 954AM 165 78 0 31 
A- 121- R3 2/20/98 9 55 AM 165 78 0.33 

311 5 

448 0 
465 5 
504 5 

A- 123- R1 2 2  1 I98 3 15 PM 178 98 7 46 
A- 123- R2 212 1 198 3 13PM 178 98 7 45 
A- 123- R3 2/21/98 3.14 PM 178 98 7 45 

Initial weight of ThN drum 294 

457 5 
455 0 
456 0 

Weight of empty drum 92 
Weight of ThN 202 

A- 125- R1 211 9/98 6:21 PM 1472 332.5 
6:20 PM 1472 262.5 A- 125- F2 211 9/98 

A- 125- R3 2/19/98 6:22 PM 1472 316.5 

Weight of Tho2 powder & drum 126 
Weight of empty drum 24 

Weight of Tho2 Powder 102 

920.5 glL 
Clumpy 

Chemical 

2*1M g 

A- 135- R1 2/20/98 1221 PM 100 80 

A- 135- R3 2/20/98 1219 PM 100 80 
A- 135- R2 2/20/98 12:20 PM 100 80 

Chemical 

2*1M g 

7.63 472.0 
7.51 455.5 
7.72 452.0 

Sodium Hydroxide ] 50 111 gal 
Fresh Water (gal) I 185+88 =I73 - Recycled 0 Cake Wash 

NOTES 
Recodyne -Add 2.5mL HN03 per 500rnL of sample 

55 gal overpack drum 
* Initially used 55 gal of water to dissolve ThN 

* Empty sample jar is 59.0 g 
500mL sample jars filled - 400mL liquid & 

Site - Memphis, TN (central time zone) 
1472F=800C 

Added 30 gal of water while adding Ox Acid 

-200 mL solid 

Specific Gravity of F.W. Hake's Water 996.5 glL 
pH= 7.05 

Water (gal) 
6) 6 11) 6 
7) 6 12) 6 
8)  6 13) 6 

IO) 6 Total 88 
9) 10 

Samples Taken By: 



Thorium Nitrate Demonstration Project 

Chemical 
Oxalic Acid 
Barium Chloride 

Day # 2 DRUM (B) # 71-29 

Yo conc. Amt. Added 
99.5 125 Ibs 
100 2*194a 

Density 
8- 104b- R1 1 2120198 I 1:37 PMI 1021 94 I 0.021 370.511191.0 glL 

(Ibs) 
262 

Weight of ThN 207 

Weight of Th02 powder & drum 117 
Weight of empty drum 24 

-- Initial weight of ThN drum 
Weight of empty drum 55 

Weight of Tho2 Powder 93 

NOTES 
Recodyce - Add 2.5mL HN03 per 500mL of sample 

Cake broke through on #2 - cleaned gaskets 

Took out 22 gal from Rad. Precip. to run with next batch 

Over shot NaOH 

- added extra rinse water 

(tank over full) 

- added a CUD of Ox Acid to neutralize filtrate 

Recycled 0 Cake Wash Water (gal) 
1) 10 6) 6 * left 4 gal in cone of ThOx tank 

2) 7 7) 6 to mix with drum C 

3) 6 8)  6 
4) 6 9) 9 
5) 6 Total 62 

Samples Taken By: 



Thorium Nitrate Demonstration Project 

Sample # Date Time Tank Val. Tank Temp pH 
(sal) (deg F) 

Day # 3 DRUM (C) # 71-27 

Weight 
(g) 

C- 104a- R1 2/22/98 9.35AM 115 1 02 0.05 501.5 
C 104a- R2 2/22/98 9 37 AM 115 102 0.07 467.0 

Total 58 

Density 
1188 5 g/L 

Samples Taken By: 

C- 104a- R3 2/22/98 9:36AM 115 102 0 09 473.03 

I C- 108- R1 I 2/22/98 I 11.58 AMI I 
C- 121- R1 2/22/98 4.18 PM 152 82 0.01 
C- 121- R2 2/22/98 4 17PM 1 52 82 0.01 
C- 121- R3 2/22/98 4 16PM 152 82 0.01 

337 5 

436.0 
485 0 
498.0 

C 123- R1 2/24/98 11.28 AM 176 78 7.79 482 5 
C- 123- R2 2/24/98 11 29AM 176 78 7.84 501.5 
C- 123- R3 2/24/98 11:30AM 176 78 7.83 474 0 

C 125- R1 2/22/98 5 00 PM 1472 380 5 
c- 125- R2 2/22/98 501 PM 1472 324.0 
C- I 2 5  R3 2/22/98 5 02 PhA 1472 316 0 

Bulk Density 

1105 g/L 

C- 135- R1 2/22/98 4:47 PM 100 84 7 80 
C 135- W 2/22/98 4:46 PM 100 84 7 79 
C 135- R3 2/22/98 4.45 PM 100 84 7.85 

496 5 
499.0 
431 5 

Chemical To cone. Amt. Added 
Oxalic Acid 99.5 130 Ibs 

Aluminum Sulfate 100194 6 2*149 g 
Sodium Hydroxide 50 13 gal 
Fresh Water (gal) 36+58 =94 

Barium Chloride 100 2*194g 

Recaltbrated lab pH probe off by +0.4 
Rad precip. Tank, 165 gal after added NaOH 



Thorium Nitrate Demonstration Project 

Day # 4 DRUM (D) # 71-23 

Density 
D- 104b- R1 I 2/23/98) 1051 AMI 1101 90 I 0.01 I 466.511208.5 gtL 

*D-Bag Filter Solids 2/25/98 1O:OO AM 
"D-Cake Wash H20 2/24/98 1:30 PM 

initial weight of ThN drum 260 
Weight of empty drum 56 

Weight of ThN 204 

(ibs) 
NOTES 

Recodyne - Add 2.5mL HN03 per 500mL of sample 

Weight of Tho2 powder & drum 121 
Weight of empty drum 24 

Weight of Tho2 Powder 97 

Recycled 52 Cake Wash Water (gal) 
1) 6 6) 
2) 6 7 )  
3) 6 8) 
4) 6 9) 
5) 6 10) 

Recycled 52 gal of waste water 
* Let Th OX precip. Tank mix overnight 
* Rinse water is milky sometines 

Added 10 gal water to scrubber (2-24-98) 
* Rad precip. Tank, 187 gal after added NaOH 

Recalibrated pH meter in TK-121 (2-24-98) 

pH of Hake's "tap" water inside shop A is 6.96 

6 
6 
4 
6 
6 

* left 3 gal in cone of ThClx tank 
to mix with drum E 

Total 58 

Samples Taken By: 



Thorium Nitrate Demonstration Project 

Sample # Date Time Tank Vol. Tank Temp pH 
(gal) (deg F) 

Day # 5 DRUM (E) # 71-25 

Weight 
(9) 

107 1 oa 0.33 517.0 E- 104a- R1 2/24/98 6:44 PM 
E- 104a- R2 2/24/98 6:43 PM 107 1 oa 0.35 448.0 
E- 104a- R3 2/24/98 6:42 PM 107 i oa 0.35 452.0 
E- 104a- L1 2/24/98 6:40 PM 107 i oa 0.35 331.5 

6:41 PM 107 108 0.35 206.5 E- 104a- L2 u2419a 

Density 
11 73.5 g/L 

E- 108- R I  I 2/25/98 I 10:32 AMI 
E- 108- L1 1 21251981 10:33AMI 

345.0 
234 5 

I E- 138- P 2/27/98] 9:50 AM I 151 I 88 I 6.441 441 4 I 

E- 121- R1 2125198 4:27 PM 157 ao 0.01 
E- 121- R2 2/25/98 4:26 PM 157 ao 0.01 
E- 121- R3 2/25/98 4:25 PM 157 ao 0.01 

51 1.5 
512.0 
461.5 

Bulk Densitv 

E- 123- R1 a2719a 11:55AM 168 a5 6.58 
E- 123- R2 2127198 1156 AM 168 85 6.60 
E- 123- R3 2/27/98 1157 AM I 68 a5 6.57 
E- 123- L1 2/27/98 1158 AM 168 85 6 57 
E- 123- L2 2/27/98 11:59AM 168 85 6.57 

498.0 
463.0 
508.5 
320.5 
208.5 

2/26/98 323 PM 1472 341 .o E- 125  R1 
1472 290.0 E- 125- R2 2/26/98 3.24 PM 

E- 125- R3 2/26/98 3:25 PM 1472 308.0 
2/z6iga 3:26 PM 1472 174.5 E- 125- L1 

Total 58 

1070.5 glL 
A Tan powder 

Samples Taken By: 

2/25/98 5:14 PM 100 86 7.81 E- 135- R1 
E- 135- R2 2/25/98 5:13 PM 100 a6 7.81 
E- 135- R3 2/25/98 5:lO PM 100 86 7-81 
E- 135- L1 2/25/98 511 PM 100 86 7.81 
E- 135- L2 2/z519a 5:12 PM 100 86 7 a i  

496.0 
415.5 
435 0 
284 5 
180 5 

% conc. Amt. Added Chemical 
Oxalic Awd 99.5 130 Ibs 
Banum Chloride 100 2*194g 
Aluminum Sulfate 100l94.6 2'149 g 
Sodium Hydroxide 50 12gal 
Fresh Water (gal) 36+58 =94 

Recycled 49 gal of waste water 

Sampled F.W Hake water 2-25-98 
' Added 8 gal of water to scrubber (2-25-98. 4 00 PM) 

167 gal in TK-121 after added NaOH 

+ 36 gal fresh water = 85 gal ThN into s o h  



Thorium Nitrate Demonstration Project 

Chemical 
Oxalic Acid 
Barium Chloride 

Day # 6 DRUM (F) # 91-19 

% conc. Amt. Added 
99.5 114 Ibs 
100 2'1940 

Density I F- 104b- R1 I 2/27/98 I 9:oi AM( 1111 82 I 0011 503.011177.5 glL 

Sodium Hydroxide 
Fresh Water (gal) 

1 F- 138- P I 2/28/98 1 950 AM I 1481 92 1 7.531 355.51 

" 
50 12 gal 

87+58 =I45 

(Ibs) 
Initial weight of ThN drum 263 NOTES 
Weight of empty drum 59 

Weight of ThN 204 
Recodyne - Add 2.5mL HN03 per 500mL of sample 

* No recycled waste water used (87 gal fresh) 
Weight of Tho2 powder 8 drum 127 
Weight of empty drum 24 

Weight of Tho2 Powder 103 

(Aluminum Sulfate 1 100/94.6 12*149 a I 

Oxalate cake is very wet 
Rad precip. Tank, 148 gal after added NaOH 

* Very little solids build up in bag filter 
Started filling sample bottles only 113 full 
Second drum of Tho2 oowder is orettv &white 

6) 
7) 6 lo mix with drum G 

6 * left 4 gal in cone of ThOx tank 

8)  6 
9) 6 

10) 4 Total 58 

Samples Taken By: 



Thorium Nitrate Demonstration Project 

Sample # Date Time Tank Vol. Tank Temp pH Weight 
(gal) (deg F) (9) 

212719a 5 52 PM 107 102 0 16 312.0 G- 104a- R1 
G- 104a- R2 x m a  551  PM 107 102 0 16 336 0 
G- 104a- R3 212719a 550 PM 107 102 0 16 349 0 

Day ## 7 DRUM (G) ## 71-22 

Density 
1235 0 g/L 

I 

( I W  
Initial weight of ThN drum 260 

G- 108- R1 I 2/28/98 I 11.15 AMI 

G- 121- R1 2/28/98 3.37 PM 140 80 0 01 
G- 121- R2 2/28/98 3.36 PM 140 80 0 01 
G- 121- R3 z 2 a m  3:35 PM 140 80 0 01 

Weight of empty drum 54 
Weight of ThN 206 

290 0 

300 0 
377 0 
347 0 

NOTES 
Recodyne -Add 2.5mL HN03 per 500mL of sample 

G- 123- R1 3/1/98 1057 AM 1 150 90 7 16 352 0 
G- 123- R2 3/1/98 10:56 AM 1 150 90 7 16 306 0 
G- 123- R3 3/1/98 10.58 AM 1 150 90 7 16 389 0 

G- 125- R1 31 1 I98 12 40 PM 1112 273 0 
262.5 

- G- 125- R3 3/1/98 12 42 PM 1112 259 0 

G- 135 R1 212aiga 357 PM 100 a0 7 80 312 0 
G- 135- R2 2/28/98 3 56 PM 100 80 7 80 317 0 
G- 135- R3 212a198 3 55 PM 100 80 7.80 285.5 

G- 125- R2 311 I98 1241 PM 1112 

No recycled waste water used (89 gal fresh) 

Bulk Density 

11 71 glL 

Weight of Tho2 powder & drum 
Weight of empty drum 

137 
2a 

* 11 12 F = 600 C 
Rad precip. Tank, 152 gal after added NaOH 

Weight of Tho2 Powder 109 Scrubber overflowed (2-28-98.1:OO PM) 
- Water was left on and scrubber valve was open 

* 600 C - Tho2 powder is lumpy, golf ball size 

Second hatf of Tho2 powder was dred at 800 c 
Chemical Yo CO~IC. A&. Added - Liquid dripped out the end af the kiln's vent tube 

Oxalic Acid 99.5 100 Ibs 
Barium Chloride 100 2*1949 - 800 C powder is pretty & white 

Sodium Hydroxide 50 12gal 
Fresh Water (gal) a9+59 =148 

Recycled 0 Cake Wash Water (gal) 
5 6) 6 left 6 gal in cone of ThOx tank 

to mix with drum H 
1) 
2) 6 7) 6 
3) 6 8) 6 

6 9) 6 4) 
5) 6 IO) 6 Total 59 

Samples Taken By: 



Thorium Nitrate Demonstration Project 

Sample # Date Time Tank Vol. Tank Temp pH Weight 

Density 
H- 104b- R1 I 3/1/98[ 9:15 AM( 1151 82 I 0.01 I 308.51 1188.0 g/L 

(gal) 

1 H- 138- P I 3/2/98 I 3:OO PMI 1491 1 I O (  6.871 285.51 

(deg F) (El) 

'H-Ra Precip Slurry #1 3/2/98 2:45 PM 
'H-Ra Precip Slurry #2 3/2/98 4:15 PM 

Initial weight of ThN drum 260 NOTES 
Weight of empty drum 

(Ibs) 

55 
Weight of ThN 205 

92 
14 

Weight of Tho2 Powder 78 

Recodyne -Add 2.5mL HN03 per 500mL of sample 

Recycled 26 gal of waste water 

Added 10 gal of water to scrubber (32-98) 
1652 F = 900 C 

* Tho2 powder at 900 C had less clumps 

Weight of Tho2 powder & drum 
Weight of empty drum 

+ 61 gal fresh water = 87 gal ThN into soh. 

Recycled 26 Cake Wash 

color: mostly white with a little 
Little solids build up in bag filter 

Water (gal) 

lighl : yellow 

6) 
7 )  6 to mix with drum I 

6 * left 3 gal in cone of ThOx tank 

8) 6 
9) 6 

I O )  7 Total 61 

Samples Taken By: 



Thorium Nitrate Demonstration Project 

Sample # Date Time Tank Vol. Tank Temp pH Weight 
(sal) (deg F) (9) 

1- 104a- R1 3/2/98 4:12 PM 100 102 0 47 355.5 
I- 104a- R2 3/2/98 4’11 PM 100 102 0 47 357.5 
I- 104a- R3 3/2/98 4:lO PM 100 102 0 47 320.5 

Day # 9 DRUM ( I )  # 71-21 

Density 
1190 5 glL 

1 I- 108- R1 3/3/98 I 1050 AMI 455 0 

I- 121- R1 3/3/98 4:05 PM 128 78 0 07 281 .O 
I- 121- R2 3/3/98 4:04 PM 128 78 0.07 290 5 
I- 121- R3 3/3/98 4:03 PM 128 78 0 07 300 0 

I I I 

Initial weight of ThN drum 260 

stopped up 

Weight of empty drum 56 
Weight of ThN 204 

I- 123- R1 3/4/98 1157 AM 140 86 7 06 347.0 
I- 123- R2 3/4/98 11.56AM 140 86 7.06 332.0 
I- 123- R3 3/4/98 1158 AM 140 86 7.06 386.5 

I- 125- R1 3/4/98 1O:OO AM 1472 255.5 
I- 125- R2 3/4/98 10 01 AM 1472 225.5 
I- 125- R3 3/4/98 10 02 AM 1472 232.0 

Weight of Tho2 powder & drum 104 
Weight of empty drum 14 

Weight of Tho2 Powder 90 

Bulk Density 

1149.0 glL 

Recvcled 0 Cake 

I- 135- R1 3/3/98 3.32 PM 100 84 7 84 
I- 135- R2 3/3/98 3.31 PM 100 84 7.84 
I- 135- R3 3/3/98 3 30 PM 100 84 7.84 

!Wash 

306.0 
289.0 
276.0 

NOTES 
Recodyne ~ Add 2.5mL HN03 per 500mL of sample 

* No recycled waste water used (87 gal fresh) 
Sample valve on TK-104 (Th Ox precip tank) 

Took pictures on the process 
Little solids build up in bag filter 

stopped up 

Water 
6) 6 left 3 gat in cone of ThOx tank 

to mix with drum J 7) 6 
8) 6 
9) 6 

IO) 5 Total 59 

Samples Taken By: 



Thorium Nitrate Demonstration Project 

Sample # Date Time Tank Vol. Tank Temp pH Weight 
(gal) (deg F) (9) 

J- 108- R1 3/4/98 I 10:45 AM I 

I J- 138- P I 3/5/98 I 2:21 PMI 1701 1081 6.321 283.51 

Bulk Oensitv 

J- 108- L1 3/4/98 I 10:46 AM I 

'J-Ra Precip Slurry #I 3/5/98 1:45 PM 173 
'J-Ra Precip Slurry #2 3/5/98 3:45 PM 170 

Initial weight of ThN drum 
Weight of empty drum 

Weight of Th02 powder & drum 
Weight of empty drum 
""Weight of lime for cleaning 

NOTES 
259 
54 

Weight of ThN 205 
240 

24 

Weight of Tho2 Powder 186 

Remdyne -Add 2.5mL HN03 per 500mL of sample 
LMES - Solids. 2009 S Liquid. 250mL 
* Recycled 55 gal of waste wafer 

* Sample valve on TK-104 (Th Ox precip tank) 

* Recycled filtrate after cake 5 

+ 32 gal fresh water = 87 gal ThN into s o h  

30 stopped UP ____.___ 

cake 6-1 1 were easier to dump 
did not have to scrape to clean 

* Tho2 pretty white powder 
* Had solids loading in bag filter 
'"Used 30 Ibs of lime to clean out Rotary Kiln, 
this was put into the produd drum 

Recycled 0 Cake Wash Water (gal) 
1) 6 6) 6 
2) 6 7) 6 
3) 6 8) 6 
4) 6 9) 6 

218.5 

Samples Taken By: 



- ..... 

71-21 

71 -20 

7 1-22 

71 -26 

71 -27 

71-29 

Weight of Final Product 
Drum No.) Capacity 1 Gross Wt.* I Tare Wt. I Net Wt. 

(inner Pail) (Ibs.) Of Pails (lbs.) (Ibs.) 
8 gal. 97 12 a5 
8 gal. 111 12 99 

8 gal. 112 12 100 
8 gal. 105 12 ,93 

Net Weight of Drum. 184 

Net Weight of Drum: 193 
8 gal. 93 12 81 
8 gal. 105 12 93 

Net Weight of Drum: 174 
12 gal. 127 14 113 
8 gal. 95 12 83 

8 gal. 90 12 78 
8 gal. 110 12 98 

Net Weight of Drum. 196 

Net Weight of Drum: 176 
8 gal. 113 12 101 
8 gal. 106 12 94 

Net Weiuhf of Drum: 195 
1118 

Total Ibs Thorium Product 1088 
lime for cleaning 30 

Note: These weights are from Recodyne 
measurments from pilot processing 





ENDIX B 
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Tho2 Tablet Testin 

m 
(C)  

800 

600 

900 

800 

BASELINE 
Tablet Sire Binder 

Diameter 
(inch) 

114 

5/8 
518 
5/8 
518 
518 
518 

518 
5/8 
518 
518 
518 
518 

114 
1 I4  
1 I4 
1 I4 
1 I4 
1 I4 

Thickness 
(inch) 

1 I8 CaO 

ADDITIONAL 
1 /4 
114 
114 
1 I4 
1 I4 
1 I4 

114 
114 
1 I4 
1 I4 
1 I4 
1/4 

1 I8 
1 I8 
118 
1 I8 
118 
1 I8 

* Pellet press damp cake 
518 1 I4  

CaO 
Graphite 

Stearic Acid 
CaO 

Graphite 
Stearic Acid 

CaO 
Graphite 

Stearic Acid 
CaO 

Graphite 
Stearic Acid 

CaO 
Graphite 

Stearic Acid 
CaO 

Graphite 
Stearic Acid 

Graphite 

** As time permits 311 6 thickness will be tested for each 

% 

20 

10 
2 
2 

20 
5 
5 

10 
2 
2 
20 
5 
5 

10 
2 
2 
20 
5 
5 

2 

Very lumpy powder 
did not make pellets 

Powder filled up holes good 
but all pills split when they fell 

GOOD Bulk Density 
202g/IQOmL 

Pellet holes too small far powder to 
fill up the  holes 

BEST Bulk Density 
2OOgl1 OOmL 

Did not attempt, cake too wet & sticky 

Time did not permit this test 



fmcslmlle 
T R  A N S M I T T A  1 

b: Kathym 
fu (423) 975-5569 

n: Activities of product dnuns 
data: 4/24/98 
plgll: 7, including this GOVET shttt. 

Sorry for the delay, thtngs have been #BZY over k e .  Attachad are copies of radiological surveya 
for thc drums wntabhg dn: fid pro&ucc. I have the aGtiVjites fbr the drams, they are as fdlows: 

h # 2 7  654rnCi 
DNm#22 S8.4mCi 
Drumff29 69.1 mCi 
Dnun#2l 59.4mCi 
Drum#20 66.OmCi 
Dnun#26 43.0mCi 

The makc and model of the mmpBCtar and evaporator are as foilova: 

Model 
M-WB1964320 

Compactor 
Make Modtl 
Container Products Corp. &.lo0 

This is all the info 1 a n  provide at this point. I &el tiee to Eaflifyou kavc anyquestions. 



PIOINK W HHKk CbbUUIHTES 901 942 2Zl3 P.OD@? 

FRANK W. HAKE ASSOCIATES 

CONTAINER SURVEY SHEW 

- hp''?8CHNICiAN: L . DAEE: kj-4-g RWP NUMBER: j8 -017 . DESCRIPTIO& 

TIME, _1< kj ITEM 8URVEYED;wi iMPd7 GERIAL NUMBER: 2 7  + 
SEAL NUMBER: &A 

RADIATION SERIAL CONTAMINATION SERIAL 
NUMBER INSTRUMENT NUMBER INSTRUMENT 

L-76&> ?T-d? L-131 l6fa7 
-2-q 24 2 qzcz r o . ~ ~ ~  

C o M A 1 m  OATA 

WUQHT: 2x3 VOLUME: 4.2- 
PACKED IN ACCORDANCE Wll?i ATTACHED CHECK SHEET. 
(FOR GE: By PERMANENT GE REPRESENTATlVE ONLY) u / e  

AJ[ & SRIFIED 8Y: 

M R T  OUE DATE: kj [ &. INTERNAL COW. LEVELS: 

FORM: CS-J 



FWNK W HRKE ASSOCIRTTES 331 942 2237 P.0307 

FRANK W. HAKE ASSOCIATES 

CONTAINER SURVEY SHEET 

9.2 WEIQdT; 20s voL!.fMe: 
PACKED IN ACCORDANCE WITH ATTACHED CHECKSHEET. N/e 
(FOR GE: Fy PERMANENT OE REPRESENTAWE ONLY) 
VERFIEO BY: 

CERT. DUE DATE. 

. 

AJ(R 

BACK TOP 

Y--\ I 

I 

30 

...- 35 

35’ @ I 
j 402- 

FORM: CS-3 



QPR-24- 1998 8 7  : 5;i 

RADIATION 
INSTRUMENT 

SERIAL CONTAMiNATION 
NUMBER INGTRUMENT 

SERIAL 
NUMBE;? 

eONTAlHRR DATA 

WEIGHT: 2 s4 
PAClQO IN ACCORDANCE WITH A7'TACHED CHECK SHEET: 
(FOR 6E: BY PERMANENT GE REPRESENYATNE 0 
VERIFbEU BY: 

CWT. DUE DATE: #$& INTERNAL CONT. 



-1 942 2207 P. 85/07 

FRANK W. HAKE ASSOCIATES 

d- 

JvElCPT -277.3 VOLUME. q* L 

VERlPlEO BY N h -  

P4CKED IN ACCORDANCE WITH AYTACHED CHECKSHEET: 
(FOR GE BY PERMANENT DE REPRESENTATIM ONLY) 

CERT 3UE DATE 1yI% iNTERNAt CONT. LEVELS: 

Nfd- 

)u /e M A )  . 

TOP BACK 

L r--'-l\ -- 

.. I2 t a? 
t- .---- 

I 
I 

.\ 
)r----- -- 

2-0 .-.- 
;J 

__._..e- 4 361 
-. -1 

-.. - .  - ---- -. .C. 

.. 
I 

....... I... .. 
.----. I 

...- -... 

-. ....... 

FORM: CS.3 



RADlAndN 
INSTRUMENT 

FRANK W HAKE RSSCCIATES 961 342 2207 P.0WO7 

FRANK W. HAKE ASSOCIATES 

CONTAINER SURVEY SHEEP 

.- DATE 4-t4jf RWP NUMBER: %-e tt- DE6C?RlF'TiON~ b th DVGHNICIAN 
TIME Ib ? 0 REM SURV€YED;D~%YI'A~ SERIAL NUMBER: .- Tfi SEAL NUMBER; 4 

SERIAL CONTAMINATION 
NUMBER INSTRUMEM 

SERIAL 
NUMSER 

WEIGHT: 7 &q VOLUME: 9 . 2  
PACKED IN ACCORDANCE WITH ATACHED WECK SHEET: 
(FOR CE: BY PERMANENT GE REPRESENfATIVE ONLY) 
MRlFlED BY: AI f& 
CERT. OUE DATE: !e INTERNAL CONT. LEVELS: 

TOP BACK 

4 !& 
(WW 

N I* 



981 942 22137 P.07107 rwiw w WIV; CbbLLrHTES 

FRANK W. HAKE ASSOCIATES 

RADIATION SERIAL CONTAMINATION SERIAL 
INSTRUMENT NUMBER INGTRUMENT NUMBER 

r s7  am 2 7 b S " L  Le 177 s o 3  f 
TY7-A I C\2G.5 - (5  

CONTAINER M I A  

WEIGm ? 24 VOLUME: 4 4  2. 

F A C e D  IN ACCORDANCE WITH ATTACHED CHECK SHEET: 
(FOR OE: BY PERMANENT EE REPRESENTATIVE ONLY) 
VERIFIED EX, 

u ! rQ 

(WW) 
CERT. DUE DATE: hi& IMERNAL COW. LEVELS: &I14 

2 7  TOP 

pi- 
t 

FRONT 

BACK 

---. 

/--- ---\ i 

.-.-..-..l. ** 
TOTFIL P. En 





APPENDIX C 





Page 1 of 2 

ThN 
Pilot Demo 
Sample ## 

SAMPLING LAB RESULTS 

1st 2nd Average Density Moisture Lead Arsenic Chromium Silver 
result result ThglL glml % mglL mglL mglL mglL 
Th glL Th glL 

..F 

!Wet Filter Cake I 



Page 2 of 2 

ThN I Ra 228 I Th 2321 Th I Bulk IMoisturel L.O.I. I Lead I Arsenic IChromiu I Silver 
Pilot Demo pCilL pCilL glL Density % % mglL mglL mglL mglL 
Sample # 

Not measurable due to interference 



kcu-Labs" Research. Inc. 
33 Table Mountain Drive Golden, Colorado 80403-1650 

(303) 277-9514 FAX (303) 277-9512 

Date: 05/01/98 
Page 1 - A 

Mr Dan Dilday 
Recovery Dynamics 
2 0 0  E a s t  Main 
6th Floor  
Johnson City, TN 37604  

CASE NAFUUlTIVE: 

Lab Job Number: 021492  RECOOl 
Date Samples Received: 03/11/98 

The fo l lowing  samples w e r e  rece ived  a t  t h e  l abora to ry :  

9 a - ~ 4  62 7 

9a-~462 9 

9a-~4631 
9a-~463 2 
9 a - ~ 4  6 3 3 
9 a-~46 3 4 

9 a - ~ 4  63 6 

9a-A462 a 

9 8 -A4630 

98-A4635 

Water 
Water 
Water 
Water 
Water 
Water 
water 
Water 
Water 
Water 

. 

The samples w e r e  rece ived  wi th in  EPA recommended ho ld ing  
t i m e s  and i n  good condi t ion .  The r a d i o a c t i v i t y  s c r e e n  w a s  
performed a t  sample log in ,  i f  requi red ,  and a l l  r e s u l t s  w e r e  
w i t h i n  accep tab le  l i m i t s .  I f  r equ i t ed ,  a pH screen confirmed 
t h a t  a l l  samples w e r e  p reserved  t o  accep tab le  pH l e v e l s .  
Samples w e r e  analyzed wi th in  holding t i m e s  as p r e s c r i b e d  by 
t h e  a n a l y t i c a l  method. Exceptions t o  t h e s e  s t a t emen t s ,  
a d d i t i o n a l  information and any a n a l y t i c a l  anomalies are noted  
below. 

The temperature  of t h e  samples upon a r r i v a l  w a s  14 degrees  C .  

S e c t i o n s  A ,  B and C of t h i s  r e p o r t  con ta in  a t o t a l  of 

Trudy L: S c o t t  
Laboratory Manager 

An Environmental Laboratory Specializing in: 

Organic Chemistry M e t a i s  Analysis  . Inorganic Chemistry - Radiochemistry 



1. 

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

RADIOcEclEMxsTRY DEPAR- 
M E B O D  REFERENCES uTILl[zED BY AGCU-LABS RESEARCH, INC. 

U.S. Environmental Protection Agency, 1979, "Radiochemical Analytical P r d u r e s  for 
Analysis of Environmental Samples", Report No. EMSL-LV-0539-1, Las Vegas, W. 

American Public Health Association, American Water Works Association, Water Pollution 
Control Federation, 1989, "Standard Methods for the Examination of Water and 
Wastewater", 17th ed., Washington, D.C,, Am. Public Health Association. 

U.S. Environmental Protection Agency, 1976, "Interim Radiochemical Methodology for 
Drinking Water" , Report No. EPA-600/4-75-008, Cincinnati, OH. 

U.S. Environmental Protection Agency, Eastern Environmental Radiation FacZty, 
"Radiochemistry Procedures Manual", EPA 520/5-84-006, Aug. 1984. 

Misaqi, Fazlelleh L., "Monitoring Radon-222 Content of Mine Waters Informational 
Report lQ26", U.S. Department of Interior, Mining Enforcement and Safety 
Administration, Denver, Colorado, 1975. 

"Radioassay Procedures for Environmental Samplesv9, 1967, USDIEIEW, Sec. 7.2.3. 

"Handbook of Analytical Procedures", USAEC, Grand Junction Lab, 1970, p. 196, 

"Prescribed Procedures for Measurement of Radioactivity in Drinking Water", EPA- 
(joo/4-80-032, August 1980, Environmental Monitorhg and Support Laboratory, Office 
of Research and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio 
45268. 

"Methods for Determjnation of Radioactive Substances in Water and Fluvial Sediments", 
'U.S.G.S. Book 5 ,  Chapter A5, 1977. 

"Acid Dissolution Method for the Analysis of Plutonium in Soil", EPA- 
March 1979, U,S. ETA Environmental Monitoring and Support Laboratory, Las Vega, 
Nevada, 1979. 

"Procedures for the Isolation of Alpha Spectxometrically re Plutonium, Uranium and 
Americium", by E.H. Essington and B.J. Drennon, Los Alamos National Lab, private 
communication. 

"Isolation of Americium from Urine Samples", Rocky Flats Plant, Health Safety and 
Environmental Labaratones, Zaboratory Procedure, WS and EL-7, reVised Q1/21/83. 

Volchok, H.L., ed., 1982, "EML Procedures Manual", WASL-300-Ed. 2.5 @E 
83010805); Environmental Measurements Laboratory, U.S. D.O.E. 376 Hudson Street, 
New YorkNY 10014. 



METEIOD REFERENCES 
coI+rlmum 

14. "Tritium by Vacuum Sublimination", Health Protection DepartmenVSavannah River Plant, 
S.C. , DPSOPREF-271-5-257, Approved 10/24/88. 

15. "The Environmental Survey Manual, Appendix D", US DOE, D-OEEH-0053, Vol. 3 or 
4, August 1987, pg. D-722. 

16. "1992 Annual Book of ASTM Standards Vol. 11.01 & Vol. 11-02 Water", ASTM, 
Philadelphia, PA 19103-1187. 

17. Volchok, H.L., and dePlanque G., "Radiochemid Determination of Technetium-99", 
-, 25th Edition, 1982 E-Tc-01-01. 

18. WaJker, C.R., Short, B.W. and Spring, H.S., "The Determination of Technetium-99 by 
Liquid Scintillation Counting, Radioelement Analysis Progress and Problems, October 
9-11, 1979, p. 101-110. 

19. Sullivan, T., Nelson, D. and Thompson E., "Deterrnination of Technetium-99 in Barehold 
Waters using an Extraction Chromatographic Resin (l)," Workshop on Extraction 
Chromatography, 37th Annual Conference on Bioassay, Analytical and Environmental 
Radiochemistry, 7(1991) 1-4. 

Reese, T., "Sequential Separation of Thorium, Uranium, Neptunium, Plutonium, 
Americium and Curium", Thesis, Colorado School of Mines, 1983. 

20. 

21. Cleveland, J.M., "The Chemistry of Plutonium", Americium Nuclear Society, 1979, p. 
142-158. 

22. US EPA, Office of Research & Development, Environmental Monitoring Systems 
Laboratory - Las Vegas, Las Vegas, NV 89193-3478. 

EPA Method 913.0. "The Detennination of Radon in Drinking Water by Liquid 
Scintillation Counting" , Draft Version, May 1991. 

23. 

24. American Public Health A d t i o n ,  Amexican Water Works Asscciation, Water Pollution 
Control Federation, 1995, "Standard Methods for the Examination of Water and 
Wastewater", 19th ed., Washington, D.C., American Public Health Association. 

25. "1994 Annual Baok of ASTM Standards, VoI. 11-01 and Vol. 11.02 Water", A S m ,  
Philadelphia, PA 19103-1 187. 



METHOD REFERENCES 
CONTINUED 

26. "Health and Environmental Chemistry: Analytical Techniques, Data Management, and 
Quality Assurance", LA-lQ3OO-M, Vols. I, E, III, IV Manual, Margaret A. Gautier, d., 
Los Alamos National Laboratory, Los Alamos, NM 87545. 

"1983 Ann& Book of ASTM Standards", ASTM, Philadelphia, PA 19103-1187, Method 
#3357. 

27. 

28, "Collected Radiochemical Procedures (Radiochemistry Group CNC-1 l)w, LA-1721, 4th 
Ed., UC-4, Chemisbry, April, 1975, Jacob Khenberg and Helen Smith, ed,, Los Alamos 
Scientific Laboratory, Los Alamos, NM 87545. 

29. "pn>eRdures for radiochemical Analysis of Nuclear Reactor Aqueous Solutions", PB-222 
154, May 1973, H.L. Krieger and S .  Gold, National Environmental Research Center, 
office of Research and Development, U.S. Environmental Protection Agency, Cincinnatti, 
OH 45268. 

30. "EML Procedures Manual", 27th ed. 1990, N.L. Chieco, D.C. Bogen, E.O. Knutson, 
ed.; Environmental Measurements Laboartory, U.S. D.O.E., 376 Hudson Street, New 
York, NY 10014. 



Date: 0 5 / 0 1 / 9 8  
Page 1 - B 

Accu-Labs" Research. Inca 

REPORT OF ANALYSIS 

Mr Dan Dilday 
Recovery Dynamics 
2 0 0  East Main 
6th Floor 
Johnson C i t y ,  TN 37604 

ALR Designation: 
Client Designation: 
Sample Location: 
Location 11: 
Date/Time Collected 

L a b  Job Number: 021492 RECOOl 
Date Samples Received: 03/11/98 

98-A4627 
A-12 3 -R2 

02/21/98 15: 13 

.. 

General Chemistry (results in m g / h  unless noted): 
Barium, Total 22 

Radiochemistry (results in pCi /L  unless noted): 
Gross Alpha, total 63000 +/- 17000 
Gross Beta, total 200000 +/- 54000 
Radium-228, total 1100000 +/- 130000 
Thorium-228, t o t a l  96000 +/- 24000 
Thorium-230, total 3500 +/- 2800 

9000 +/- 3500 Thorium-232, total 
Uranium-233+234, total 40 +/- 130 

Uranium-238, total 43 +/- 76 
Gamma Spectrometry (peaks identified, N . F .  = NOT FOUND) 
Potassium-40 @ 1460 Rev (pCi/L) 
Thallium-208 @ 583 KeV (pCi/L) 25000 +/- 2600 
Thallium-208 @ 860 KeV (pCi/L) 25000 +/- 8700 
Lead-212 @ 238 KeV (pCi/L) 81000 +/- 7600 
Actinium-228 338 KeV (pCi/L) 2000000 +/- 740000 
Actinium-228 @ 911 KeV (pCi/L) 1900000 +/- 390000 
Actinium-228 @ 968 KeV (pCi/L) 2000000 +/- 380000 

- 
Uranium-235, total 19 +/- 93 

150000 +/- 14000 

ALR Designation: 9 a-~4 62 8 
Client Designat ion: B-123-R3 
Sample Location: 
Location 11: 
Date/Time Collected 02/22/98 15:20 

General Chemistry (results in mg/L unless noted): 
Barium, Total 21 

Radiochemistry (results in pCi/L unless noted): 
Gross Alpha, total 24000 +/- 5500 
Gross B e t a ,  t o t a l  110000 +/- 26000 
Radium-228, total 700000 +/- 81000 
Thorium-228, total 42000 +/- 12000 
Thorium-230, total 270 +/- 2200 



Date: 05/01/98 
Page 2 - B 

Accu-Labs" Research. Inc. 

Mr Dan Dilday 
Recovery Dynamics 

ALR Designation: 
Client Designation: 
Sample Location: 
Location 11: 
Date/Time collected 

REPORT OF ANALYSIS 

Thorium-232, total 
Uranium-233+234, total 
Uranium-235, total 
Uranium-238, total 
Gamma Spectrometry (peaks identified, N.F. 
Potassium-40 @ 1460 KeV (pCi/L) 
Thallium-208 @ 583 KeV (pCi/L) 
Thallium-208 @ 860 KeV (pCi/L) 
.Lead-212 @ 238 KeV (pCi/L) 
Actinium-228 @ 338 KeV (pCi/L) 
Actinium-228 @ 911 KeV (pCi/L) 
Actinium-228 @ 968 KeV (pCi/L) 

L a b  Job Number: 021492 RECOOl 
Date Samples Received: 03/11/98 

98-A462 8 
B-12 3-R3 

02/22/98 15:20 

5100 +/- 2500 
-15 +/- 110 
-25 +/- 75 
-1.2 +/- 55 
= NOT FOUND) 
62000 +/- 8000 
11000 +/-  1300 
12000 +/- 6800 
38000 +/- 3800 
790000 +/- 29000 
800000 +/- 17000 
820000 +/- 16000 

ALR Designat i o n  : 
Client Designation: 
Sample Location: 
Location 11: 
Date/Time Collected 

98-A4629 
c-123-83 

02/24/98 11:30 

Genera1 Chemistry (results in mg/L unless noted): 
Barium , Total 46 

Radiochemistry (results in p C i / L  unless noted): 
Gross Alpha, total 
Gross Beta, total 
Radium-228, total 
Thorium-228, total 
Thorium-230, total 
Thorium-232, total 
Uranium-233+234, total 
Uranium-235, total 
Uranium-238, total 
Gamma Spectrometry (peaks identified, N.F. 
Potassium-40 @ 1460 KeV (pCi/L) 
Thallium-208 @ 583 KeV (pCi/L) 
Thallium-208 @ 860 KeV (pCi/L) 
Lead-212 @ 238 KeV (pCi/L) 
Actinium-228 @ 338 K ~ V  (p~i/L) 

46000 +/-  19000 
250000 +/- 70000 
1200000 +/- 140000 
99000 +/- 26000 
610 +/- 2300 

63 +/- 120 
-15 +/- 75 

5800 +/- 2800 

-3-9 +/- 48 

22000 +/- 20000 

12000 +/-  12000 
2 ~ 0 0 0 0 0  +/- ioooaoo 

= NOT FOUND) 

31000 +/-  3780 
49000 +/ -  14000 



Date: 05/01/98 
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Mr Dan Dilday 
Recovery Dynamics 

ALR Designation: 
Client Designation: 
Sample Location: 
Location 11: 
Date/Time Collected 

Actinium-228 Cj 911 KeV (pCi/L) 
Actinium-228 968 KeV (pCi/L) 

Accu-Labs" Research. Inc- 

REPORT OF ANALYSIS 

L a b  Job Number: 021492 RECOOl 
Date Samples Received: 03/11/98 

9 8- A4 62 9 
C-12 3-R3 

02/24/98 11: 30 

2700000 +/- 560000 
2900000 +/- 570000 

ALR Designation: 
Client Designation: 
Sample Location: 
Location XI: 
Date/Time Collected 

9 8-A463 0 
D-123-R3 

02/25/98 15:26 

-General Chemistry (results in mg/L unless noted): 
Barium, Total 32 

Radiochemistry (results in pCi/L unless noted): 
Gross Alpha, total 22000 +/- 5900 
Gross Beta, total 130000 +/- 36000 
Radium-228, total 830000 +/- 94000 
Thorium-228, t o t a l  200000 +/- 44000 
Thorium-230, total 10000 +/- 4000 
Thorium-232, total 5800 +/- 2400 
Uranium-233+234, total 17 +/- 130 

Uranium-238, total 1200 +/- 290 
Uranium-235, total 21 +/- 93 

Potassium-40 @ 1460 KeV (pCi/L) 100000 +/- 11000 
Gamma Spectrometry (peaks identified, N.F. = NOT FOUND) 

Thallium-208 C! 583 KeV (pCi/L) 14000 +/- 1700 
Thallium-208 @ 860 KeV (pCi/L) 13000 +/- 5600 
Lead-212 I! 238 KeV (pCi/L) 51000 +/- 4800 
Actinium-228 @ 338 KeV (pCi/L) 1300000 +/- 460000 
Actinium-228 @ 911 Rev (pCi/L) 1200000 +/- 250000 
Actinium-228 @ 968 KeV (pCi/L) 1300000 +/- 250000 



Date: 05 /01 /98  
Page 4 - B 

Accu-Labs" Research- Inc 

M r  Dan Dilday 
Recovery Dynamics 

ALR Designation: 
Client Designation: 
Sample Location: 
Location 11: 
Date / T ime Co 1 le et ed 

REPORT OF ANALYSIS 

Lab Job Number: 0 2 1 4 9 2  RECQOl 
Date Samples Received: 03/11/98 

9 8 -A4 6 3 1 
E- 12 3 -R3 

02/27/98 11:57 

General Chemistry (results in mg/L unless noted): 
Barium, Total 33 

Radiochemistry (results in pCi/L unless noted): 
Gross Alpha, total 39000 +/- 12000 
Gross Beta, total 250000 +/- 74000 
Radium-228, total 1400000 +/- 160000 
Thorium-228, total 140000 +/- 47000 
Thorium-230, total 2300 +/-  3300 

Uranium-233+234, total 16 +/-* 120 
Uranium-235, t o t a l  59 +/-  92 
Uranium-238, total -3.6 +/-  5 0  

Potassium-40 @ 1460 KeV (pCi/L) 270000 i/- 18000 
Thallium-208 @ 583 KeV ( p C i / L )  26000 +/- 3100 
Thallium-208 @ 860 KeV (pCi/L) 28000 +/-  8500 
Lead-212 @ 238 KeV (pCi/L) 100000 +/-  9800 
Actinium-228 @ 338 KeV (pCi/L) 3500000 +/- 1300000 
Actinium-228 @ 911 KeV (pCi/L) 3300000 +/-  680000 
Actinium-228 @ 968 KeV (pCi/L) 3400000 +/- 670000 

Thorium-232, t o t a l  2200 +/- 2200 

Gamma Spectrometry (peaks identified, N . F .  = NOT FOUND) 

ALR Designation: 
Client Designat i o n  : 
Sample Location: 
Location 11: 
D a t e / T i r n e  Collected 

98-A463 2 
F-123-R3 

02/28/98 11:27 

General Chemistry (results in mg/L unless noted): 
Barium, Total 19 

Radiochemistry (results in pGi/L unless noted): 
Gross Alpha, total 40000 +/- 11000 
Gross Beta, total 170000 +/- 47000 

Thorium-228, total 65000 +/- 20000 
Thorium-230, total 1100 +/- 2600 
Thorium-232, total 17000 +/- 6500 

Radium-228, total llOOO0O +/- 120000 

Uranium-233+234, total -75 +/- 110 



D a t e :  05/01/98 
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Accu-Labs" Research, Inc, 

Mr Dan Dilday 
Recovery Dynamics 

ALR Designation: 
Client Designation: 
Sample Locat ion : 
Location 11: 
DatelTime Collected 

REPORT OF ANALYSIS 

Uranium-235, total 
Uranium-238, total 
Gamma Spectrometry (peaks identified, N.F. 
Potassium-40 @ 1460 KeV (pCi/L) 
Thallium-208 @ 583 KeV (pCi/L) 
Thallium-208 @ 860 KeV (pCi/L) 
Lead-212 @ 238 KeV (pCi/L) 
Actinium-228 @ 338 KeV (pCi/L) 
Actinium-228 @ 911 KeV (pCi/L) 
Actinium-228 C! 968 KeV (pCL/L) 

Lab Job Number: 021492  RECOOl 
Date Samples Received: 03/11/98 

9 8-A4 6 3 2 
F-123-R3 

- 

02/28/98 11:27 

16 +/- 83 
0.0 +/- 5 0  

= NOT FOUND) 
110000 +/- 14000 
23000 +/- 2700 
33000 +/- 11000 
83000 +/- 8600 
1400000 +/- 510000 
1300000 +/- 280000 
1400000 +/- 270000 

ALR Designation : 
Client Designation: 
Sample Location: 
Location 11: 
Date/T ime Co 1 lected 

9 8 -A4 63 3 
G- 123-R3 

03/01/98 10:58 

General Chemistry (results in.mg/L unless noted): 
Barium, Total 38 

Radiochemistry (results in pCi/L unless noted): 
Gross Alpha, total 32000 +/- 8500 
Gross Beta, total 170000 +/- 45000 
Radium-228, total 920000 +/- 110000 
Thorium-228, total 71000 +/- 17000 
Thorium-230, total 3300 +/- 2600 
Thorium-232, total 3500 +/- 1800 
Uranium-233+234, total 85 +/- 140 
Uranium-235, total 4.7 +/- 87 
Uranium-238, total -16 +/- 47 

Potassium-40 @ 1460 Rev (pCi/L) 1300 +/- 26000 
Cesium-137 C! 661 KeV (pCi/L) 210000 +/- 8800 

Thallium-208 @ 860 KeV (pCi/L) -4800 +/- 12000 
Lead-210 @ 46 KeV (pCi/L) 37000 +/- 7200 
Lead-212 @ 238 KeV (pCi/L) 630 +/- 780 
Actinium-228 @ 338 KeV (pCi/L) -5600 +/- 6300 

Gamma Spectrometry (peaks identified, N . F .  = NOT FOUND) 

Thallium-208 @ 583 KeV (pCi/L) 1200 +/-  1200 



Date: 0 5 / 0 1 / 9 8  
Page 6 - B 

Mr Dan Dilday 
Recovery Dynamics 

ALR Designation: 
Client Designation: 
Sample Location: 
Location 11: 
Date/Time Collected 

Actinium-228 @ 911 KeV (pCi/L) 
Actinium-228 @ 968 KeV (pCi/L) 

Accu-Labs" Research, Inc. 

REPORT OF ANALYSIS 

Lab Job Number: 021492  RECOO1 
Date Samples Received: 03/11/98 

98-A4 63 3 
G-123-R3 

20000 +/-  42000 
8800 +/- 9100 

ALR Designation: 
Client Designation: 
Sample Locat ion : 
Location 11: 
Date/Time Collected 

9 8-A4634 
H- 123 -R3 

03/02/98 16:27 

General Chemistry (results in mg/L unless noted): 
Barium, Total 36 

Radiochemistry (results in pCi/L unless noted): 
Gross Alpha, total 
Gross Beta, total 
Radium-228, total 
Thorium-228 , total 
Thorium-230, total 
Thorium-232, total 
Uranium-233+234, total. 
Uranium-235, total 
Uranium-238, total 
Gamma Spectrometry (peaks identified, N . F .  
Potassium-40 @ 1460 KeV ( p C i / L )  
Thallium-208 @ 583  KeV (pCi/L) 
Thallium-208 @ 860 KeV (pCi/L) 
Lead-212 @ 238 KeV (pCi/L) 
Actinium-228 @ 338 KeV (pCi/L) 
Actinium-228 @ 911 KeV (pCi/L) 
Actinium-228 @ 968 KeV (pCi/L) 

34000 +/- 10000 
180000 +/-  51000 

71000 +/- 19000 
4000 +/- 3100 
3000 +/- 2000 

-14 +/- 83 

= NOT FOUND) 
91000 +/- 8500 
16000 +/- 2000 
19000 +/- 5600 
54000 +/- 5200 
1100000 +/- 420000 
llOQOOO +/- 230000 

1000000 +/- 120000 

-59 +/- 110 

-8.5 +/- 49 

1100000 +/- 220000 



Date: 05/01/98 
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Mr Dan Dilday 
Recovery Dynamics 

ALR Designation: 
Client Designation: 
Sample Location: 
Location 11: 
Date/Time Collected 

Accu-Labs" Research, Inc. 

REPORT OF ANALYSIS 

L a b  Job Number: 021492 RECOOl 
Date Samples Received: 03/11/98 

98-A4 635 
1-123-R3 

03/04/98 11:58 

General Chemistry (results in mg/L unless noted): 
Barium, Total 26 

Radiochemistry (results in pCi/L unless noted): 
Gross Alpha, total 
Gross Beta, total 
Radium-228, total 
Thorium-228, total 
Thorium-230, total 
Thorium-232, total 
Uranium-233+234, total 
Uranium-235 , total 
Uranium-238, total 
Gamma Spectrometry (peaks identified, N.F. 
Potassium-40 @ 1460 KeV (pCi/L) 
Thallium-208 @ 583 KeV (pCi/L) 
Thallium-208 @ 860 KeV (pCi/L) 
Lead-212 @ 238 KeV ( p C i / L )  
Actinium-228 @ 338 KeV (pCF/L)  
Actinium-228 @ 911 KeV (pCi/L) 
Actinium-228 @ 968 KeV (pCi/L) 

24000 +/- 6500 
93000 +/- 26000 
560000 +/- 65000 
71000 +/- 18000 
-710 +/- 2000 
3400 +/- 2000 
41 +/- 120 
67 +/- 95 
-0.5 +/- 55 

12000 +/- 1900 

= NOT FOUND) 
70000 +/- 10000 

14000 +/- 18000 
46000 +/- 5000 
900000 +/- 330000 
860000 +/-  180000 
920000 +/- 180000 

ALR Designation: 
Client Designation: 
Sample Location: 
Location If: 
Date/Time Collected 

9 8-A4 6 3 6 
J-123-R3 

03/05/98 17:17 

General Cheaiatry (results in mg/L unless noted): 
Barium, Total 37 

Radiochemistry (results in pCi/L unless noted): 
Gross Alpha, total 46000 +/- 13000 
Gross Beta, total 330000 +/- 94000 

Thorium-228, total 190000 +/- 40000 
Thorium-230, total 3000 +/- 2500 
Thorium-232, total 810 +/- 970 

Radium-228, total 1900000 +/- 210000 

Uranium-233+234, total 47 +/- 120 



Date: 05/01/98 
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Mr Dan Dilday 
Recovery Dynamics 

ALR Designation: 
C l i e n t  Designation: 
Sample Location: 
Location 11: 
,Date/Time Collected 

Aecu-Labs” Research. Inc. 

REPORT OF ANALYSIS 

Lab Job Number: 021492  RECQOl 
Date Samples Received: 03/11/98 

9 8-A4 6 3 5 

3- 1 2 3 -R 3 

03/05/98 17:19 

Uranium-235, total -14 +/- 76 
Uranium-238, total -16 +/- 44 
Gamma Spectrometry (peaks identified, N.F. = NOT FOUND) 
Potassium-40 @ 1460 KeV (pCi/L) 190000 +/- 19000 

Thallium-208 @ 860 K e V  (pCi/L) 22000 +/- 13000 
Lead-212 @ 238 KeV (pCi/L) 110000 +/- 11000 

Thallium-208 C! 583 KeV (pCi/L) 29000 .+/- 3700 

Actinium-228 @ 338 KeV (pCi/L) 2400000 +/- 870000 
Actinium-228 @ 911 KeV (pCi/L) 2300000 +/- 470000 
Actinium-228 @ 968 KeV (pCi/L) 2400000 +/- 480000 

NOTES: 
Gross Alpha results are based on an Aw241 absorption curve. 
Gross Beta results are based on a Cs-137 absorption curve. 
V a r i a b i l i t y  o f  the radioactive disintegrat ion process (counting error)  a t  the  95% confidence leve l  
i s  1.96 sigma and the Level of significance may exceed that  of the reported ana ly t ica l  resu l t .  

Scheduled sample disposal/return date: May 31, 1998. 

Trudy L. ‘Scott 
Laboratory Manager 
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QA/QC Report for ALR Job Number 021492 

PARAMETER 
DETECTION DATE OF TIME OF 
LIMIT ANALY s I s ANALYSIS ANALYST 

Lab Sample Number: 98-A4627 
Client Sample ID: A-123-R2 

Total Digestion 
Gamma Scan (liquids) 
Barium , Total 
Gross Alpha, total 
Gross Beta, total 
Radium-228, total 
Thorium-228, total 
Thorium-230, total 
Thorium-232 , total 
Uranium-233+234, total 
Uranium-235, total 
Uranium-238, total 

Lab Sample Number: 98-A4628 
Client Sample ID: B-123-R3 

Total Digestion 
Gamma Scan (liquids) 
Barium, Total 
Gross Alpha, total 
Gross Beta, total 
Radium-228, total 
Thorium-228, total 
Thorium-230, t o t a l  
Thorium-232, total 
Uranium-233+234, to ta l  
Uranium-235, total 
Uranium-238, total 

NA 
NA 

0.01 mg/L 
98 pci/L 
190 pCi/L 

1500 pCi/L 
3300 pCi/L 
1400 pCi/L 
180 pCi/L 
140 pCi/L 
100 pCi/L 

78 pCi/L 

NA 
MA 

0.01 mg/L 
92 pCi/L 
190 pci/L 
120 pCi/L 
i600 pCi/L 
3400 pCi/L 
1400 pCi/L 
170 pCi/L 
130 pCi/L 
86 pCi/L 

3/19/98 
3/24/98 
3130198 
4/ 3/98 
4/ 3/98 
3/26/98 
4/ 2/98 
4/  2/98 
4/ 2/98 
4/  2/98 
4/  2/98 
4/  2/98 

3/19/98 
3/24/98 
3/30/98 
4/ 3/98 
4/  3/98 
3/26/98 
4/ 2/98 
41 2/98 
4 /  2/98 
4 1  2/98 
41 2/98 
4/ 2/98 

10: 50 
16: 36 
10: 37 
12 : 00 
12 : 00 
18:OO 
12:oo 
12 : 00 
12 : 00 
12 : 00 
12 : 00 
12 : 00 

10: 50 
16:36 
10: 37 
12 : 00 
12 : 00 
18 : 00 
12:oo 
12 : 00 
12 : 00 
12 : 00 
12 : 00 
12 : 00 

DA 
WP 
MG 
MW 
MW 
CG 
LN 
LN 
LN 
LN 
LN 
LN 

DA 
WP 
MG 
MW 
MW 
CG 
LN 
LN 
LN 
LN 
LN 
LN 

METHOD 

MCAWW Section 4.1.3 
References 1, 8, 13, 23 
200.7 
References 1, 2, 3 , .  4) 6, 7, 8 
References 1, 2, 3 ,  4, 6, 7 ,  8 
References 1, 2, 3 ,  8 
References 4,  7, 13 
References 4, 7,  13 
References 4,  7 ,  13 
References 8, 11, 13 
References 8, 11, 13 
References 8 , 11 , 13 

MCAWW Section 4.1.3 
References 1, 8, 13, 23 
200.7 
References 1, 2, 3, 4, 6, 7 ,  8 
keferences 1, 2, 3, 4, 6, 7 ,  8 
References 1, 2, 3 ,  8 
References 4, 7 ,  13 
References 4, 7, 13 
References 4, 7 ,  13 
References 8 ,  11, 13 
References 8, 11, 13 
References 8, 11, 13 
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QA/QC Report for ALR Job Number 021492 

PARAMETER 
DETECTION DATE OF TIME OF 
LIMIT ANALYS I § ANALYSIS ANALYST METHOD 

Lab Sample Number: 98-A4629 
Client Sample ID: C-123-R3 

Total Digestion 
Gamma Scan (liquids) 
Barium, Total 
Gross Alpha, total 
Gross Beta, total 
Radium-228, total 
Thorium-228, total 
Thorium-230, total 
Thorium-232, total 
Uranium-233+234, t o t a l  
Uranium-235, total 
Uranium-238, total 

Lab Sample Number: 98-A4630 
Client Sample ID: 0-123-R3 

Total Digestion 
Gamma Scan (liquids) 
Barium, Total 
Gross Alpha, total 
Gross Beta, total 
Radium-228, total 
Thorium-228, total 
Thorium-230, total 
Thorium-232, total 
Uranium-233+234, total 
Uranium-235, total 
Uranium-238, total 

NA 
NA 

0.01 mg/L 
91 pci/L 
180 pCi/L 
87 pci/L 
1600 pCi/L 
3400 pCi/L 
1500 pCi/L 
160 pCi/L 

82 pci/L 
120 pci/L 

NA 
NA 

0.01 mg/L 
85 pCi/L 
200 pci/L 
110 p c i / L  
1500 pCi/L 
3200 pCi/L 
1300 pCi/L 
180 pCi/L 
130 pCi/L 
93 pci/L 

3/19/98 
3/24/98 
3/30/98 
4/ 3/98 
4/  3/98 
3 / 2 6.1 9 8 

4/ 2/98 
4/ 2/98 
4/ 2/98 
4/ 2/98 
4/ 2/98 

4/  2/98 

3/19/98 
3/24/98 
3130198 
4/  3/98 
4/ 3/98 
3/26/98 
4/ 2/98 
4/ 2/98 
4/ 2/98 
4/  2/98 
4 /  2/98 
4/ 2/98 

10: 50 
16:36 
10: 37 
12 : 00 
12 : 00 
18: 00 
12 : 00 
12 : 00 
12: 00 

12: 00 
12 : 00 
12 : 00 

10: 50 
16:36 
10: 3 7  
12 : 00 
12 : 00 
18:OO 
12 : 00 
12 : 00 
12 : 00 
12:OO 
12 : 00 
12 : 00 

DA 
WP 
MG 
MW 
MW 
CG 
LN 
LN 
LN 
LN 
LN 
LN 

DA 
WP 
MG 
MW 
MW 
CG 
LN 
LN 
LN 
LN 
LN 
LN 

MCAWW Section 4.1.3 
References 1, 8, 13, 23 
200.7 
References I, 2, 3, 4, 6, 7, 8 

References 1, 2, 3, 4, 6, 7, 8 
References 1, 2, 3, 8 
References 4, 7, 13 
References 4 ,  7, 13 
References 4, 7, 13 
References 8, 11, 13 
References 8, 11, 13 
References 8, 11, 13 

MCAWW Section 4.1.3 
References 1, 8, 13, 23 
200.7 
Yeferencee 1, 2, 3 ,  4, 6, 7, 8 
References 1, 2, 3, 4, 6, 7 ,  8 
References 1, 2, 3 ,  8 
References 4, 7, 13 
References 4, 7, 13 
References 4, 7, 13 
References 8, 11, 13 
References 8, 91, 13 
References 8, 11, 13 
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PARAMETER 

QA/QC Report for A L R  Job Number 021492 

DETECTION DATE OF TIME OF 
METHOD LIMIT ANALYSIS ANALY S I S W A L Y  ST 

Lab Sample Number: 98-A4631 
Client Sample ID: E-123-R3 

Total Digestion 
Gamma Scan (liquids) 
Barium, Total 
Gross Alpha, total 
Gross Beta, total 
Radium-228, t o t a l  
Thorium-228, total 
Thorium-230, t o t a l  
Thorium-232, total 
Uranium-233+234, total 
Uranium-235, total. 
Uranium-238, total 

Lab Sample Number: 98-A4632 
Client Sample ID: F-123-R3 

Total Digestion 
Gamma Scan (liquids) 
Barium, Total 
Gross Alpha, total 
Gross Beta, total 
Radium-228, total 
Thorium-228, total 
Thorium-230, total 
Thorium-232, total 
Uranium-233+234, t o t a l  
Uranium-235, total 
Uranium-238, total 

NA 
NA 

0.01 mg/L 
92 pCi/L 
190 pci/L 
100 pci/L 
2300 pCi/L 
4000 pCi/L 
2000 pCi/L 
170 pCi/L 
120 pci/L 
84 pCi/L 

NA 
NA 

0.01 mg/L 
94 pCi/L 
180 pCi/L 

1800 pCi/L 
3600 pCi/L 
1700 pCi/L 
170 pCi/L 

83 pCi/L 

110 pCi/L 

120 pCi/L 

3/19/98 
3/24/98 
3/30/98 
4/ 3/98 
4/ 3/98 
3/26/98 
4/ 2/98 
4/ 2/98 
41 2/98 
4/  2/98 
4 1  2/98 
4 1  2/98 

3/19/98 
3/24/98 
3/30/98 
4/ 3/98 
4 1  3/98 
3/26/98 
4 1  2/98 
4/ 2/98 
4 1  2/98 
4 /  2/98 
4/ 2/98 
4/ 2/98 

10: 50 
16: 36 
10: 37 
12 : 00 
12 : 00 
18:OO 
12 : 00 
12 : 00 
12:oo 
12 : 00 
12 : 00 
12 : 00 

10: 50 
16:36 
10: 37 
12 : 00 
12 : 00 
18 : 00 
12 : 00 
12 : 00 
12 : 00 
12 : 00 
12 : 00 
12 : 00 

DA 
WP 
MG 
MW 
MW 
CG 
LN 
LN 
LN 
LN 
LN 
LN 

DA 
WP 
MG 
MW 
MW 
CG 
LN 
LN 
LN 
LN 
LN 
LN 

MCAWW Section 4.1.3 
Reference8 1, 8, 13, 23 
200.7 
Reference6 1, 2, 3,  4,  6, 7, 8 
References I, 2 ,  3,  4,  6, 7 ,  8 
References 1, 2 ,  3, 8. 
References 4, 7, 13 
References 4, 7, 13 
References 4, 7, 13 
Reference6 8, 11, 13 
References 8 ,  11, 13 
References 8, 11, 13 

MCAWW Section 4.1.3 
References I, 8 ,  13, 23 
200.7 
References 1, 2, 3, 4, 6, 7, 8 
keferences 1, 2 ,  3,  4, 6 ,  7, 8 
References 1, 2, 3 ,  8 
References 4, 7, 13 
Referencee 4, 7, 13 
References 4, 7, 13 
References 8, 11, 13 
References 8, 11, 13 
References 8, 11, 13 
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QA/QC Report for ALR Job Number 021492 

PARAMETER 
DATE OF TIME OF DETECT ION 

LIMIT ANALYSIS ANALYSIS ANALYST 

Lab sample Number: 98-A4633 
Client Sample ID: G-923-R3 

Total Digestion 
Gamma Scan (liquids) 
Barium, Total 
Gross Alpha, total 
Gross Beta, total 
Radium-228, total 
Thorium-228, total 
Thorium-230, total 
Thorium-232, total 
Uranium-233+234, total 
Uranium-235, total 
Uranium-23%, total 

Lab sample Number: 98-A4634 
Client Sample ID: H-123-W 

Total Digestion 
Gamma Scan (liquids) 
Barium, Total 
Gross Alpha ,  total 
Gross Beta, t o t a l  
Radium-228, total 
Thorium-228, total 
Thorium-230, total 
Thorium-232, total 
Uranium-233t234, total 
Uranium-235, total 
Uranium-233, total 

NA 
NA 

0.01 mg/L 
120 pCi/L 
180 pCi/L 
31 pCi/L 
1400 pCf/L 
3200 pCi/L 
1300 pCi/L 
180 pCi/L 
130 pCi/L 
91 pCi/L 

NA 
NA 

0.01 mg/L 
120 pci/L 
180 pci/L 
120 pci/L 
1600 pCi/L 
3500 pCi/L 
1500 pCi/L 
170 p C i / L  
130 pCi/L 
88 pCi/L 

3/19/98 
3/24/98 
3130198 
4/  3/98 
4/ 3/98 
3/26/98 
4/ 2/98 
4/ 2/98 
4/ 2/98 
4/ 2/98 
4/ 2/98 
4/ 2/98 

3/19/98 
3/24/98 
3/30/98 
4/ 3/98 
41 3/98 
3/26/98 
4/ 2/98 
4/ 2/98 
4/ 2/98 
4/ 2/98 
4/  2/98 
4/  2/98 

10: 50 
16:36 
10:37 
12 : 00 
12 : 00 
18:OO 
12 : 00 
12 : 00 
12 : 00 

12 : 00 
12 : 00 
12 : 00 

10: 50 
16:36 
10: 3 3  
12 : 00 
12 : 00 
18: 00 
12 : 00 
12 : 00 
12:oo 
12 : 00 
12 : 00 
12: 00 

DA 
WP 
MG 
MW 
MW 
CG 
LN 
LN 
LN 
LN 
LN 
LN 

DA 
WP 
MG 
MW 
MW 
CG 

LN 
LN 
LN 
LN 
LN 
LN 

METHOD 

MCAWW Section 4.1.3 
References 1, 8 ,  13, 23 
200.7 
References 1, 2, 3, 4, 6, 7, 8 
References 1, 2, 3, 4, 6, 7, 8 
References 1, 2, 3 ,  8 
References 4, 7, 13 
Reference5 4, 7, 13 
References 4, 7, 13 
References 8 ,  11, 13 
References 8, 11, 13 
References 8, 11, 13 

MCAWW Section 4.1.3 
References 1, 8, 13, 23 
200.7 
References 1, 2, 3, 4, 6, 7, 8 
geferences 1, 2 ,  3, 4, 6, 7, 8 
References 1, 2, 3 ,  8 
References 4, 7, 13 
References 4, 7, 13 
References 4, 7, 13 
References 8, 11, 13 
References 8 ,  11, 13 
References 8, 11, 13 



Date: 05/01/98 
Page 5 - C 

PARAMETER 

QA/QC Report for ALR Job Number 021492 

DETECT ION DATE OF TIME OF 
LIMIT ANALYSIS ANALYSIS ANALYST METHOD 

Lab Sample Number: 98-A4635 
Client Sample ID: 1-123-R3 

Total Digestion 
Gamma Scan (liquids) 
Barium, Total 
Gross Alpha, total 
Gross Beta, total 
Radium-228, total 
Thorium-228, total 
Thorium-230, total 
Thorium-232, total 
Uranium-233+234, total 
Uranium-235, total 
Uranium-238, total 

Lab Sample Number: 98-A4636 
Client Sample ID: 5-12.3-R3 

Total Digestion 
Gamma Scan (liquids) 
Barium, Total 
Gross Alpha, total 
Gross Beta, total 
Radium-228, total 
Thorium-228, total 
Thorium-230, total 
Thorium-232, total 
Uranium-233+234, total 
Uranium-235, total 
Uranium-238, total 

NA 
NA 

0.01 mg/L 
99 pci/L 
190 pCi/L 
97 pci/L 
1500 pCi/L 
3400 pCi/L 
1400 pCi/L 
170 pCi/L 
130 pCi/L 
89 pCi/L 

NA 
NA 

0.01 mg/L 

190 pCi/L 
100 pci/L 
1400 pCi/L 
3200 pCF/L 
1300 pCi/L 
160 pCi/L 
120 pci/L 
82 pCi/L 

97 pCi/L 

3/19/98 
3/24/98 
3/30/98 
4 1  3/98 
4/  3/98 
3/26/98 
4/ 2/98 
4/  2/98 
4/ 2/98 
4/ 2/98 
4/ 2/98 
4/ 2/98 

3/19/98 
3/24/98 
3/30/98 
41 3/98 
4/ 3/98 
3/26/98 
4 /  2/98 
4/  2/98 
4/ 2/98 
4/ 2/98 
4/ 2/98 
4 1  2/98 

10: 50 
16:36 
10:37 
12 : 00 
12 : 00 
18:OO 
12:oo 
12 : 00 
12 : 00 
12 : 00 
12:oo 
3.2 : 00 

10:50 
16 : 36 
10:37 
12 : 00 
12 : 00 
18: 00 
12 : 00 
12 : 00 
12 : 00 
12 : 00 
12 : 00 
12 : 00 

The reference summary for the Radiochemistry Methods is attached. 

DA 
WP 
MG 
MW 
MW 
CG 
LN 
LN 
LN 
LN 
LN 
LN 

DA 
WP 
MG 
MW 
MW 
CG 
LN 
LN 
LN 
LN - 
LN 
LN 

MCAWW Section 4.1.3 
References 1, 8, 13, 23 
200.7 
References 1, 2 ,  3, 4 ,  6, 7, 8 
References 1, 2, 3, 4 ,  6, 7, 8 
References 1, 2, 3, 8 
References 4, 7, 13 
References 4, 7, 13 
Reference6 4, 7, 13 
References 8, 11, 13 
References 8, 11, 13 
References 8, 11, 13 

MCAWW Section 4.1.3 
Reference6 1, 8, 13, 23 
200.7 
Reference6 1, 2, 3 ,  4, 6 ,  7 ,  8 
References 1, 2,  3, 4, 6, 7, 8 
References 1, 2,  3, 0 
Reference6 4, 7,  13 
References 4, 7, 13 
References 4, 7, 13 
References 8, 11, 13 
References 8, 11, 13 
Reference6 8, 11, 13 

Approved by : Date : s-I0$f 
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LABORATORIES, INC 
GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 

10 - Jul - 9 8 
Page : R- 1 
Job: 9825513 
S t a t u s :  Final 

RECOVERY DYNAMICS, LLC 

Sample Id: Comp-A,B,C,D-l25-R1 
Lab Id: 982551-1 Pro j e c t  : 
D a t e  Sampled: NA Matrix: Solid 

Anal yt e Fraction Method Concentration MDL Analyzed 
D a t e  

Arsenic TCLP 6010A u mg/l 0.5 9-Jul-98 
Barium TCLP 6010A u mg/l 0.1 9-JUl-98 
Cadmium TCLP 6010A u mg/l 0.03 9-Jul-98 
Chromium TCLP 6010A u mg/l 0.1 9-Jul-98 
Lead TCLP 6010A u mg/l 0.3 9-Jul-98 
Mercury TCLP 7470A u mg/l 0.002 9-Jul-98 
Selenium TCLP 6010A u mg/l 0.5 9-Jul-98’ 
Silver TCLP 6010A u mg/l 0.05 9-JUl-98 

Meeting The Analytical Challenges Of A Changing World Since 1961 



RRINGER LABORATORIES, INC 1 0 - JUl - 9 
Q- 15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 Page : 

Job: 982551E 
Status: Final 

I 
RECOVERY DYNAMICS, LEC 

QUALITY CONTROL REPORT 

Arsenic Barium Cadmium Chromium Lead 
TCLP TCLP TCLP TCLP TCLP 

Sample Id mq/l mq/l ms/l mq/l mq/l Blank U U U U U 

LCS (True) 5.00 10.0 2 . 0 0  5.00 
LCS (Found) 4.93 10.1 0.97 2.02 4.95 
LCS % R e c  98.7 1 0 1  9 6 . 7  101 93.1 

Spike % R e c  106 1 0 2  97.1. 99.6 99.4 

1 ” O O  

U 
U 

RPD NC 1.5 NC 9 . 5  NC 

0 . 3  
0 . 3  

U 
U 

Duplicate U 3.3 
Dupl i ca t e U 3.3 

SamDle Id __ 
Blank 
LCS (True) 
LCS (Found) 
LCS % Rec 
Dupl ica t e 
Dup 1 i ca t e 
RPD 
Spike % Rec 

Me r c u r y 
TCLP 
mq/l 

U 
0 . 0 0 5 0  
0.0048 
96.8 

U 
U 
NC 

7 9 . 0  

Selenium 
TCLP 
ms/l 

U 
5 . 0 0  
4 - 95 
9 8 . 9  

U 
U 

NC 
98.6 

Silver 
TCLP 
mq/l 

U 
1-00 
0 . 9 7  
96.6 

U 
U 

NC 
100 

Meeting The Analyticul Chullenges Of A C‘hunging World Since 1961 
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10 - J u ~  - 98 
Page : Q - 2  

Attn: 
Project: 

ReceiGed: 25-Jun-98 0 9 : 3 5  
PO # :  

Job: 9825513 Status: Final 

Abbreviations: 

Units: 
m g / l  : milligrams per liter 

Quality codes: 
U : Undetected 
NC : Not Calculated 

Meeting The Analytical Chullenges Of A Changing World Since 196 I 



MINGER LABORATORIES, INC 
. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 

Kathy H i l l  
RECOVERY DYNAMICS, LLC 
200 E. Main Street 
6th Floor 
Johnson City, T N  37604 

1 0 - Jul - 9 8 
Page : Q - 3  

Attn: 
Project: 

Received: 25-Jun-98 09:35 
PO # :  

Job : 982551E Status: Final 
QUALITY CONTROL DATA SHEET 

Received by: kz Via: Fed Ex 

Sample Container T y p e :  1L pl 
Additional Lab Preparation: N o n e  

Method 

6010A 
6010A 
6010A 
6010A 
6010A 
7470A 
6010A 
6010A 

----_I 

Preservative 
Analysis 

Init Dates 
- - - - - - - - -  

1 4 o c  
14OC 
14 OC 
14OC 
14OC 
14OC 
14OC 
14OC 

I - - I - - - - - .- - -- I - - - - - I ._ - 
JH 07/09 
J-H 07/09 
J H  07/09 
J H  07/09 
J H  07/09 
AW 07/09 
J H  07/09 
JH 07/09 

Note: TCLP performed. 

Barringer Laboratories, Inc. will return or dispose of your samples 
30 days from the date your final report is mailed, unless otherwise 
specified by contract. Barringer Laboratories, Inc .  reserves t h e  right 
t.o return samples prior to the 30 days if radioactive levels exceed 
our license. 
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0 

#I. Thorium Nitrate crystals in the overpack drums. 

#2. Dissolving the Thorium Nitrate with hot water inside the glovebox. 



#4. Thorium Product drying as it passed through the tube of the rotary kiln. 



I 

#5. Thorium Product powder after being dried at 800°C. 

J 
#6. X' x '/8. Tablets: 800°C Thorium Product combined with 5% graphite as a binder. 
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COMMENTS / RESPONSE 

Pilot Demonstration Results Report for 
Conversion of Thorium Nitrate to Thorium Oxide 

September 1998 

Prepared for: 
Lockheed-Martin Energy Systems 

Prepared by: 
Recovery Dynamics 

I 



tOUGH 
)RAFT 
3EFERENCE 
Section 2.0, 
)age 4 

Section 3.0, 
)age 7 

COMMENT 
ON DRAFT RESULTS REPORT 

I) Paragraph 1. Not clear that ThN is a “strong” oxidizing agent, although it 
s an oxidizing agent. Is it known that ThN will fail the characteristic test for 
gnitability or reactivity? Has the test been done or does someone think ThN 
will fail this test. Either nitrate or radioactive plumes to groundwater are of 
:oncern to EPA, so elimination of soluble ThN may be enough justification. 

2) Paragraph 2. Technically, not correct to refer to thoria as the most 
sense. .educed form of thorium, in a chemical thermodynamic 

I) Unable to read box flow diagram in Figure I. 

2) Paragraph 2. Th(N0&*SH20 used for thorium nitrate and in paragraph 
1, the number of H20 is only 4. The penta-hydrate is the best model per 
analytical data. 

3) Paragraph 4. The general unit for solubility is g/L 

4) Expand description of “20 gallon wood drum” (vs. fiberboard drum) 

5) Expand description of nature/composition of drum gas analysis 

RESPONSE 
IN RESULTS REPORT 

1) See section 4.3 

2) See section 2.0 

1) Re-printed 

2) Consistently used 5 H20 

3) Convert to g/L 

4) The lids of these drums appeared to 
be wooden which was misleading. The 
20-gallon drums were fiberboard. 
5) The drum gas was not analyzed as 
originally stated. A discussion of NOx 
emissionsl’in the same trip report 
describing the drums was 
misinterpreted. 

2 



Section 3.1, 
Page 7 

Section 3.2, 
Page 9 

n the first four batch conversions, a I .31 to I .39 times the stoichiometric 
amount of oxalic acid was used to precipitate thorium oxalate. Between 1.22 
o 1.25 times the stoichiometric amounts were used for batches 5, 6, 8 & I O .  
3nly 1.06 was used for batch 7. The suggestion of using I .25 may be more 
han needed. Only a slight excess of oxalic acid may be needed (1.10 to 
t .I 5). Per the process used, the acidic filtrate would be neutralized with 
VaOH to a pH of about 7 and excessive oxalate would be precipitated as 
sodium oxalate. As pointed out, the solubility of sodium oxalate in water is 
mly  about 37 ppm at ambient temperature. 
1) Some sub-structure is needed here. Discussing each flow sheet step 
and each product stream, and using the same headings would be a useful 
approach. 

2) Page 9. A) Ra equation not balanced 
B) The equation for the ppt. Radium with barium chloride and aluminum 
sulfate is not balanced. At H7: 
3BaCI2 + AI2(SO4)3 + 6H20 P 3BaS04 + 2AI(OH)3 -t 6H' f 6CI- 
3Ra'2 + AI2(S0& + 6HOH 1 3RaS04 + 2AI(OH)3 + 6H' 
Aluminum hydroxide is fairly insoluble in the pH range 4 to 8. It would be 
gelatinous and would co-precipitate with barium and radium sulfate. 
Furthermore, gelatinous aluminum hydroxide is also and excellent sorbent for 
many cations and might also play an important role in removing the radium. 
Aluminum hydroxide is amphoteric, at pHs below 4, it is soluble as AIt3 and at 
pHs above 8, it forms the soluble complex AI(OH)4. According to thermo- 
calculations performed for this review, both barium and radium sulfate would 
be very insoluble in the pH range of 4 to I O .  The problem with radium 
removal at high pHs (9) probably had more to do with the role of the 
aluminum. 

3) Bottom of page 9. The statement 'a third less water' needs to be 
clarified. 

The target for the pilot test was I .25 
times. The pilot did show that as low as 
1.06 worked as well. An excess of 1 . I O  
to I .I 5 is considered for the full scale 
processing. 

1) Used sub-headings related to flow 
sheet 

2) A) Balanced equation. 
B) Balanced equation. 

I: 

3) See section 3.2 

3 



Section 3.2, 
3abe 1 1 

Section3.2, 
page 12 

I) Table 1. Use of the quadrahydrate immediately throws off the material 
3alance by 2.5% since the amount of Th is based on 200 Ib of starting 
naterial and will depend on which hydrate. Sect. 3.0 indicated the material is 
:he pentahydrate. This 0.435 Ib of 0.5% of the thorium winds up in the filtrate 
going to the evaporator, but if round-off to nearest Ib, then this shows up as 
3, which causes significant round-off error. Similarly, mass balance closes 
pretty well for Th at each step, but 95 Ib. of thoria contains 83.49 Ib. of 
thorium, which rounds off as 83 Ib. Thorium 
2) Table I. Mass Balance: Where is the BaRa stream. Stream 2 + 13 
should equal 12. It does not. This should be set up to facilitate mass 
balance determinations. 
1) Instead of the very crude bulk density calculation made, perform a 
density measurement, which is cheap and fast. 

2) Provide more back up about extending processing time (in this case, 1 hr 
to 12 hrs.). Such extension requires much larger equipment to handle the 
same throughput. 

3) Near Bottom page 12. State whether the product that collected on the 
gas stream filters was quantified. If so, estimate how much 
partitioned/carried through. 

4) The thorium oxalate precipitations were conducted at ambient 
temperature. It is well known in the literature that the temp. of precip. is one 
of the most important parameters in determining the type precipitate formed. 
Precip in the range of 50 to 80°C provides a precipitate. That is easier to 
filter. Also, the average particle sire of the thorium oxide powder is larger. 
Also, it was re-discovered in the batch conversions that the rate of precip is 
important. By increasing the time of precip. From 1 hr to 12 hrs, a precipitate 
was obtained that was easier to filter. It would be of interest to know how 
much time actually is needed. From ORNL experiences and from 
information found in the literature, other operating parameters such as 
thorium nitrate concentration, acidity, rate of precipitation, digestion, degree 
of aaitation also have important impacts on the filtering characteristics of the 

1) Used penta hydrate for mass 
balance. 

2) Added RaBa stream. 
Streams add up. 

1) Density measurement of ThN 
material was not specified in the test 
plan. 
2) See section 3.2 

3) See section 3.2 

4) See section 3.2 

L' 

4 



Section 3.2 

Section 3.2, 
page 23 

horium oxalate precipitate and the crystal morphology and particle size of 
he Tho2 powder obtained in the calcination step. Optimizing these type 
iararneters can reduce the production scale time line, optimize reduction of 
airborne particles and volume reduction. The reasons for using the process 
Jarameters that were used should be stated. 

5) The Tho2 should be called ‘thorium conversion product’ or equivalent 
since analytical data was not generated/provided to determine the final 
woduct compound. 

1) Item 4. The total thorium oxide volume is 100 gallons. The total 
Zontainer vo\ume must be larger because they are overpacked. Also, what is 
the density of the Thos? 

2) Reference to the kiln product as Thoz should be avoided at this point as 
quality of product not presented in report yet and the 600°C product quality 
iNas suspect/high in oxalate. 

3) The calculated,mass reduction to convert Th(NO&* 4H20 to Th02from 
the chemical formulas is 52.2% the reported mass balance found 52.4%. 
The estimation of the volume reduction based only upon the number and size 
of the containers in and out - which is very crude approach. A comparison of 
bulk densities from the original and the resulting product is much preferred 
considering the value added on this project for tracking volume 
reductionlstorage. etc. 

4) There was no mention of the particle size range of the conversion 
products - only that the product was free flowing and was not prone to dust. 
Particle size measurements would add to the quality of the information 
needed to bracket emergency dispersal issues and control air borne risk 
during processing. 

5) Referred to as thorium product (ThP) 

1) See section 3.2 

2) Referred to as thorium product (ThP) 

3) Bulk density measurement of ThN 
material was not specified in the test 
plan. 

4) Particd size measurement of 
Thorium Product was not specified in 
the test plan 

5 



Section 3.2 

Section 3.2, 
page 14 

5) Process control on operating the rotary kiln was finally achieved during 
the last batch of thorium oxalate (which was converted to the oxide). There 
are a number of reports in the literature that address this topic and reasons 
For the methodology used in the demo should be documented. There is a 
number of heating steps that could be employed to assure complete 
conversion and particle size control. One recommendation in the report is to 
dry the precipitate at 150°C to remove the free water and some of the water 
of hydration (hexa to dihidrate) before feeding it into the rotary kiln. 
Subsequent heating could be conducted in steps to allow the phase 
transformation to occur more slowly. increasing the temperature rapidly 
through the phase transformation temperatures can result in a Tho2 product 
of smaller particle size. Rapid release of water vapor, C02 and CO can 
cause larger particles and agglomerates to break into smaller particles, which 
constitutes a less desirable product in this process. 

6) The best tablets were prepared with 5% dose of graphite at 8OO0C. It 
should be stated that the density was 2 glmL. 

7 )  Bottom onto page 14. Specify the density of the tablets and the bulk 
density of a container of pellets. Specify or estimate how much stearic acid 
is required to make it work. 
1) In the aluminum sulfate - barium chloride precipitation step to remove the 
radium, the oxalate precipitation filtrate was neutralized with sodium 
hydroxide. After the solids were removed by filtration, a portion of the filtrate 
was sent back to the front of the process and reused as washout water. This 
solution would have a high concentration of sodium nitrate and introduced 
possible sodium contamination of the subsequent batches of thorium oxalate 
precipitate. Sodium can be removed by administering an adequate number 
of washing steps. A better option would have been to use the evaporator 
condensate as washout water. It would be of interest to know how much 
sodium was introduced into the conversion products. The ability to keep the 
product thorium free of impurities is desirable. 

5) Methodology based on reference 
:a) pg. 399 - PFD shows one step 
salcination from thorium oxalate to Tho2 
powder. 

6) See section 3.2 

7) See section 3.2 

'I) See section 3.2 

i' 

6 



Section 3.2 

Section 3.3, 
page 14 

2) The solubility of sodium oxalate at ambient temperature in water (pH 7 )  is 
about 37 mg/L; at 95°C it is about 63 g/L. Again, it would have been better to 
use the evaporator condensate rather than the wastewater liquor, which 
contained sodium nitrate, for use as thorium nitrate washout water. 

3) Expand the discussion of the bag filter problems with the removal of 
radium. 

4) Item 1. Provide the technical basis to the statement “the solids were 
considered to be sodium oxalate”. 

5) item 2 20 cu. ft. from 1 ton? Mixed units. 

6)  Expand discussion: Estimation of the volume of secondary wastes; the 
drums were compacted and the wastewater was evaporated. The ton of ThN 
received was estimated having a volume of 200 gal. (P13). The amount of 
LLW generated from 1 ton was estimated at 20 ft3, which is about 150 gal. I 
ton ThN @ 200 gal. (@I50 gal. Of secondary waste (75%) or sodium nitrate 
solids and compacted ThN drum packaging yielded -2/3 yd3 of LLW from I 
ton; that is 2400 yd3 of LLW for the full 5300-ton stockpile. 
Analytical data summary: The report does not indicate the methods 
followed for sample preparation or analysis. The analytical instrument used 
does not allow detection limit low enough to fulfill the SOW requirements of 
LDWUTS limits. The results as provided do not allow for qualification of the 
wastewater generated according to RCRA, EPA in SW846 does not approve 
the instrument used. 

2) For the full-scale process, the 
Nashout water includes the wash water 
‘rom the pressure filter and not the 
Nastewater. 

3) See section 3.2 

4) See section 3.2 

5) See section 3.2 

6) See section 3.2 

The sampling and analysis of 
wastewater was specified in the Test 
Plan. 
The evaluation of wastewater according 
to SW-84@ was not in project scope. It 
was our understanding based on 
attachment No. 1, supplied by LMES at 
our meeting on Sept. 3,1997, the 
analysis of Thon product was to be 
adequate to show compliance with 
TCLP regulatory levels. There are no 
SOW requirements for analysis at LDR / 
UTS limits. 

7 



Section 3.3, 
page 15 

1) Paragraph 2. The reference to high backgrounds is not explained 
sufficiently. I t  is such that the expected quantitative limit for arsenic was e5 
ppm, perhaps I ppm, but that the “background noise” level raised this 
quantitative limit to about 5 ppm for some samples. The “normal” (i.e., dilute 
water) instrument detection limit (IDL) and quantitative limits should be given 
for these species, either here or in Appendix C. The relatively high thorium 
concentrations interfered with these analyses and caused the “high 
background” referred to. This should be explained and stated explicitly, as 
well as the effect on the quantitative limits. 
2) Table 2. A) Needs a column showing how much thorium was used in 
each batch. The average variation of these numbers was about “3%. 
?. 38.094 kg 6. 38.156 kg 
2. 34.886 kg 7. 37.264 kg 
3. 39.963 kg 8. 39.389 kg 
4. 36.355 kg 9. 37.362 kg 
5.38.762 kg I O .  37.236 kg 
Total 377.457 kg = 832.1 5 Ibs. 
377,45711 / 321.12 glmol = 1626.13 mol 
1626.13 mol H 552.121232.1 2=897,87Og or 

Considering the ‘3% variance, the range would be 1920 to 2039 Ibs. 
B) Label each line with run numbers. Specify which stream numbers in the 
flow sheet are associated with column headings. 

1979.5 lb~.Th(N03)4*4H20 

C) Each row represents a different drum and batch of ThN. A separate 
column in the table should be added to clarify this. 

0)  Table 2 needs a column with batch numbers. 

3) Data in Appendix A does not provide the volume of scrubber solution. In 
most cases the tank was full. In one case it was not full. This volume 
information is needed to determine thorium in the scrubber solution. 

1) See section 3.3 

2) A) A column was inserted showing 
stream No. 1, which is the thorium in 
the batch. 

The kg of thorium is calculated based 
on the penta hydrate. 

B) A row of stream numbers and a 
column of batch numbers were added 
to the table. 
C) A row of stream numbers and a 
column of,batch numbers were added 
to the table. 
E) A row of stream numbers and a 
column of batch numbers were added 
to the table. 
3) A full scrubber tank is 100 gallons. 
The half-full tank was 50 gallons. This 
information is included in the data 
tables in the appendix. 
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I Section 3.3 4) The analytical numbers for thorium in the various streams are found in 
Appendix C. Are the ones for the wastewaters and scrubber solutions 
average values? 

5) A better sampling method for liquid samples would have been to pull a 
sample and filter half of it through a 0.2 micron filter to remove any 
suspended, fine thorium particles; add the acid to the filtered and unfiltered 
samples. Analysis of these samples would reveal the soluble and insoluble 
thorium. The odds are a large fraction of the thorium in the liquid samples 
was insoluble and could be removes by filtration such as by cross-flow 
filtration. Expand lesson learned on this subject in report and apply to full- 
scale work. 

6) In discussion section concerning the analytical results in Table 2, it was 
pointed out that for batch -l the thorium concentration in the oxalate filtrate as 
below the detection limit, however, the concentration of thorium in the 
wastewater was 113 mg/L. How could this be? If there was no thorium in 
the oxalate filtrate, it is impossible to have thorium in the wastewater. What 
probably happened had to do with sampling and timing of sampling. To start 
with, one would not expect to find soluble thorium oxalate in the filtrate. It is 
likely that some time had elapsed before the thorium oxalate filtrate was 
sampled which allowed the filtrate to clear (or suspended fine particles had 
settled to the bottom of the tank). The pumping and mixing involved in the 
barium chloride and aluminum sulfate precipitate step could have re- 
suspended these particles. If this were the case, it is still surprising at the 
high thorium value because the aluminum hydroxide gel should have 
removed these particles along with the barium, radium sulfates particles. 
Followed the sampling process described in the previous paragraph above 
will make future results more informative. Considering how much thorium 
was being worked with in this facility, another possibility might be sampling 
contamination. 

4) No, only single analyses were 
performed for the wastewater and 
scrubber water. 

5) The sampling and analysis method 
established in the Test Plan was 
followed. 

6) See section 3.3 

!' 
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Section 3.3 

Section 3.3, 
?age 16 

r) Results were received from duplicate and triplicate analyses; on that 
iasis the “ values should be providedlused. For example, for batch # I  the 
ThN concentration was given as 150. The two analytical numbers obtained 
or the sample were 155.2 and 145.2 for an average of 150.2 glL. A better 
ialue for the Table would be 150.25. This provides the reader with a better 
dea of the uncertainty of the number. For batch #2, the two values were 
102.9 and 102.7 a/L or 102.8.1 g/L. In the table on page 2 of Appendix C . .  
inly one numberk given. Is thisnumber an average value? 
I) Table 3. A) The Safe Drinking Water Act from €PA has a Ra 226/228 
imit of e5 pCilL, to compare with the level found in their wastewater (@ 
I,OOO,OOO pCi/L). 
3eta particles and photon activity = 4 mrem 
3ross alpha = 15 pCilL 
Combined Ra 226/228 = 5 pCi/L 
Barium = 2 mg/L 
B) The radium results (Table 3, page 16) indicate that radium is present in 
the wastewater. The high levels of these results (>500,000 pCilL) are 
explained (page 16,17) by the pH of the neutralization steps and the solubility 
of the sulfates. This section references preliminary lab results. If these 
results are important they should either be shown or more clearly referenced. 
Was Ra-228 analyzed for in any of the other aqueous streams? Needed to 
close mass balance. 

C) In Table 3 the totals of thorium in the final wastewater as determined by 
the two analytical methods were close, 299.1 g as determined by DCP and 
312.8 g as determined by Accu-Labs. However, in looking at the calc. Th, it 
is of interest to consider the “ values. 
1. 5521 g 
2. 31’75 g 
3. 3517 g 
4. 37”15 g 
5. 13’73 g 
The “ range is 38 to 100%. This range should be statedlaccuracies 
addressed. The” values for the Ra-228 average about 12%. 

6. 87”33 g 
7. 18”90 g 
8. 1611 g 
9. 16”90 g 

I O .  5’60 g 

7) The “ values are given in the 
appropriate tables. 
No, only single analyses were 
preformed for the wastewater and 
scrubber water. 

1) A) See section 3.3 

B) See section 3.3 
The Ra,Ba stream was added to close 
the mass balance. 

C )  The “ values are included in the 
table. 
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Section 3.3 

Section 3.3, 
page 17 

2) In the 2"g paragraph discussing interference problems, explain why were 
some matrixes spike samples not run to evaluate the presence and 
importance of the interference. 

3) Correlation between DCP and Accu-Labs Th-232 numbers are not 
particularly good, DCP gives generally higher results than does Th-232. 

4) The sodium hydroxide neutralization/barium chloride and aluminum 
sulfate precipitation step did drastically reduce the soluble oxalate in the 
wastewater filtrate because of sodium oxalate being precipitated. If the 
higher oxalate concentration is a problem with DCP analysis of the thorium 
oxalate filtrate, this should have been thought of and determined beforehand 
with oversight stated. 

' 

5) Sampling and analysis: It is noteworthy that even in the worse case, only 
a small fraction of the initial thorium (0.08%) was found in the wastewater. 
(0.3 kg out of 389.6 kg). It is useful to understand the fraction of thorium in 
the wastewater that is soluble or insoluble particulate. Also, determine how 
much thorium is in the scrubber solutions. A column giving the pH of each 
wastewater sample would be useful information. 
1) The discussion was not clear. Is the conclusion that the DCP results are 
reasonably accurate? Describe in the context of whether or not Ra 
precipitation is required and effects on Th solubility in the effluents. 

2) Paragraph I. This discrepancyloversight between laboratory set-up 
design and pilot set-upltesting caused a loss of useful aqueous waste 
management pilot scale performanceldesign data. Address how the full- 
scale design is impacted. 

3) Table 4. Some suggestions: Better definition of the columns is needed 
in text. 1'' 3 col. Pretty clear. Col4 apparently calculated from col. 2& 3 and 
is the calculation referred to in text. Cot. 5 & 6 not clear. This come from 
gravimetric weighing of material and then calculating Th content assuming 
the species (inferred). The DCP is suspect, based on the filtrate results from 

2) See section 3.3 

3) See section 3.3 

4) See section 3.3 

5) See section 3.3 

I) See section 3.3 

2) See section 3.3 

3) See section 3.3 



Section 3.3 T3, but these results indicate fair agreement. 
Example Batch # I  : 
How much Th was used? 
The average value was 150.2 g/L, 67 gal H 3.785 Ugal H 150.2 g/L = 
38,094 g or 38.1 kg or 84 Ibs. Th 
However, the analytical high number from the Appendix C was 155.2 g/L and 
the low number was 145.2 glL. 
The high value equates to 39.37 kg or 86.8 Ibs. Th and the low value to 
36.83 kg or 81.2 Ibs. Th. 
The range of Th in the form of ThN is between 81.2 and 86.8 Ibs. The 
product wt. of ThO2was 102 Ibs. (see Appendix A). If the product were Thon, 
the calculated Th would be 232.041263 H 102 = 90 Ibs. Or 40.8 kg. Table 5, 
on page 18 shows the product was not pure Thop so the calculated value for 
the Th product (90 Ibs.) is incorrect. Unless the product composition is 
known, the amount of Th can not be accurately calculated from the weight of 
the product. 

4) Paragraph 3. Not enough transition between paragraphs and T4 and 
T5, so that it is unclear what In and Out mean. One sentencelphrase- 
changing subject from ThN liquor to calcine operation at beginning is all that 
is needed. Do not refer to the product as Tho*. Rather use another term, 
such as, “calcine product”. State in last sentence of para. that these 
calculated valued are”.. . and are listed in the last column of Table 5.” 

5) Thorium mass balance results. 
Mass ThN received: 2046 Ibs. 
Calculated Th from liquor: 
Field Th received: 860 Ibs. 
Field Th produced: 856 Ibs. 
From the mass balance, it appears that about 4 Ibs. Of thorium might have 
been combined with some wastewater stream, the calculated process 
recovery is 99.535%. 

859.7 Ibs. Of Th 
872.7 Ibs. 

4) Input and output columns renamed. 
More discussion involved in transaction 
between tables. 
The product is referred to as thorium 
product (ThP) instead of Th02. 

5) See section 3.3 

\’  
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Section 3.3, 
2age 18 

Section 3.3, 
page 19 

1) Table 5. How was the moisture content of oxalate cake determined? 
Was total batch mixed well before taking a sample? Was sample heated at 
150°C to a constant weight? Provide details. Need more detail about how 
LO1 was determined. How was the contribution of hydration (water) in the 
LO! results handled? There is some discrepancy in the correlation of the 
bulk density and the calculated Th oxalate wt % for the mid-wt YO oxalate 
batch. 

2) The best and complete conversion of thorium oxalate to thorium oxide 
was the last batch (#I 0). The lack of complete conversion for the other 
batches makes it difficult to use these results for a highly defensible process 
mass balance analysis. 

3) Figure 3. The “Th OUT” symbol should be changed. Not clear on plot 
and not present in the legend. The system holdup confuses the mass 
balance on batch by batch basis and cumulative and overall mass balances 
are the keys. Suggestion: add these cumulative results in T4 

1) Is’ Paragraph. A) What evidence is there that drying will result in 
consistent conversion efficiencies above %YO? The drying step is broken 
down into two significant equipment units - address why the rotary calciner 
cannot be designed for drying and calcination, as was the pilot basis. The 
two-stage approach is consistent with literature, which indicated a regime of 
‘heating and holding temperature’ would result in best product. Explain on 
the limitation of ‘one short rotary kiln heating’. 
B) It was recognized variations in product output and that calcination of the 
Th oxalate at 800°C had been incomplete and not produced the wanted 
product. At this point, additional analyses such as XRD could have been 
employed for the 800°C material versus 1000°C (loss on ignition) product too 
as certain directly the identity of the intermediate (800°C) product. In fact, 
XRD analysis of the 600°C batch would have revealed some Thon present 
since we would expect conversion to be initiated at temperatures as low as 

1) See section 3.3 

2) See section 3.3 

3) Figure 3 no longer necessary. 
See Table 5. 

1) A) See section 4.2 

\’  

B) See section 4.2 
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Section 3.3 3OO0C, which is contrary to the assumption that the batch was still the 
oxalate. An additional advantage to be obtained by either wet analyses for 
Th or XRD of the Th oxalate cake is that is serves to identify the specific Th 
oxalate phase i.e. whether a hexa-hydrate or dehydrate, which is an 
important factor in conversion. A final note on this subject pertains to XRD 
data that was not available to Recodyne at this report time. This data reports 
on the XRD analyses of sample batch 5, which consisted of two phases 
Th02and Th oxalate, and a second sample from batch 10 that was well 
crystallized Tho2. These data strongly suggests a need to re-evaluate the 
calcination protocol in order to consistently produce the wanted product. 

2) Another increase in time of 50%, this is a rather significant piece of 
equipmenUoperation. Discuss basis for not needing more tests at various 
times, and at higher temps. 

3) Paragraph 2. Is the “synthetic leach liquor’’ referred to the TCLP 
extract?. . .if so, prefer the term “TCLP extract” . Suggestion” TCLP extract 
concentrations be listed in a table in the text along with UTS limits, so the 
reader can observe that the detection limit referred to is not above the UTS 
limit. 

4) The final product to ensure the “purity” of the Thop made was not 
analyzed which is a significant issue. No XRD or chemical analysis 
performed. The composite that was tested for TCLP was sent to a lab, which 
did not have low enough detection limits for lead and selenium. 

TCLP results (mglL) 
Arsenic ~ 0 . 5  5.0 
Barium CO. 1 7.6 
Cadmium <0.03 0.19 
Chromium eo. I 0.86 
Lead c0.3 0.37 
Mercury co.002 0.2 
Selenium c0.5 0.16 
Silver c0.05 0.30 

UTS limits (mglL) 

2) See section 4.2 

3) Synthetic leach liquor referred to a 
TCLP extract. 

4) See section 3.3 



Section 3.3 I---- 
Section 4.0, 
page 20 
Section 4.1, 
page20 

Section 4.2, 
page 21 

I Section 4.2, 

I 

The analysis of the scrubber solution after each batch was performed, the 
average results is: 

Barium (mglL) 31 
Gross Alpha (pCi/L) 37,000 
Gross Beta (pCilL) 188,000 
Ra-228 (pCi/L) 1,071,000 
Th-232 (pCilL) 5,600 
Th-228 (pCilL) 104,000 
These data as presented show levels too high to be discharged; the level of 
barium present, depending upon the regulation, might render this waste 
mixed. Discuss. 
2”‘ Paragraph. If this is an assumption, state as such. 

Average Concentration 

Table 6. Improve discussion and/or provide examples why scale-up of 17X 
on calciner is with in good design practice. Filter scale-up also appears 
uncertain to a degree because the proposed filter type is different than that 
tested. Providing a specific basis would improve credibility. 
Drum receiving & unpacking - # 5. Explain basis for the “fixed 
contamination .&el drums” compacted and packed for disposai with the 
damaged drums. 
I) Oxalate precip & filtration - # 2. State that the three 1100 gal tanks are 
operated in batch precipitation => 4800 ibs. ThN/3300 gal => 174 g ThN/L => 
84 g Th/L. Compared favorably with target concentration of 100 - 150 g Th/L 
from feed drum. 

2) # 3. Discuss need forlagainst mixing capability in the tank. 

3) # 4. Improve the description of the automatic filtration unit (at this point in 
the report). 
4) Nitrate wastewater - # I. Discuss basis for wastewater neutralization 
and, if necessary, what is the degree of difficulty in using something that will 
neutralize or get rid of nitrate without introducing troublesome cations. i.e. 
ammonium hvdroxide vs. NaOH. 

Assumed this was in reference to 
wastewater not scrubber solution. Full- 
scale process does not utilize barium 
precipitation. 

See section 4.0 

See section 4.1 & 4.2 

See section 4.2 

1) See section 4.2 

2) See section 4.2 

3) See section 4.2 

4) See section 4.2 
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Section 5.1, 
page 24 

Section 5.1, 
page 26 - 35 

Section 5.1, 
page 36 
Section 5.0, 
overall 

I) lst Paragraph. Refer to the literature for temperature specification. The 
?ffects of bulk density on calcination temperature are an econ. Trade-off - 
3er simple calculationlreferencing available data, could effect 33% additional 
iolume reduction. The design basis for the processing equipment should be 
>resented as a range to be evaluated that allows processing flexibility and 
xoduct optimizations. A table showing literature based temperature ranges 
at duration's (based on effect on product quality would add value in 
specifying 800°C - 1000°C upper range. 

2) 2"d Paragraph. Add or discuss the merits for the Ventilation system 
including a condenser to remove moisture and mist before the HEPA filter. 
The off gas stream has a demister. The air stream could have significant 
humidity. 
Figures 5 & 6. Define how the oxalic acid is being transferred from the bag 
breaking and feed station to the precip tank. Is oxalic acid being dissolved 
and fed as solution? Solid? Manually added to tank? 
Table 5.4. Provide energy balance. 

Note: This is a final catchall section and will be improved during the official 
draft review. 

1) Address storage and inventory control to accommodate processing a 
total of - 22,000 drums at full scale. 

2) Define hot water delivery pressure limits that accomplish effective 
dissolution but do not destroy the inner drumladd to contamination. 

3) ThN sample was composited across the 10 feed drums. Discuss 
resource/effort/methods recommendations to sample additional drums to 
assess variability from lot to lot on an inventory basis. 

I) See section 4.2 

2) See section 4.2 

See section 5.1 

Energy balance provided. 

1) See section 4.2 

2) See section 4.2 
I' 

3) See section 4.3 



Section 5.0 4) The thoria product would ideally be used in a fuel cycle, whereby using 
je-ionized water allow for minimizing impurities. identify or at least generally 
address the mass balance effect on the product, costs and design trade-offs 
associated with providing DI water (Le. using standard IXlCulligan units with 
regeneration off-site). 

5) Discuss applicability of C02 being given off during the decomposition of 
the oxalate to invoke CAA requirements. 

6) There needs to be measures put into place to control the evolution of NOx 
when the drums are opened (air pollution and worker exposure 
considerations). 

7) Expand on production scale S&A material balance controllQNQC per 
lotkosts basis. 

8) Address whether the original radium content of ThN solution was 
analyzedlbenchmarked to allow for completing an accurate mass balance. 

9) Provide information as to what investigations have been made to find 
existing commercial facilities that are: 
A) Interested in participating in full-scale processing and have the general 
rad material handing licenses; 
B) Have RCRA Part B permits or can get them (modified) in a reasonable 
time frame. 
C) Have the infrastructure to support storage, handling, equipment repair, 
and transportation. 

10) Discuss how the stated surge volumes (holding tank capacity) allow for 
recycling off-spec products and handling process upset and emergency 
shutdown conditions. 

11) Address the possibility of the inner drums sticking inside the outer drum 
and disposition of the 55-gallon drums 

I) See section 4.3 

5) COa emissions are not applicable to 
CAA requirements. 

6) See section 4.2 

7) See section 5.3 

8) See section 3.3 

9) Beyond project scope, however, 
three licensed facilities have expressed 
interest in full-scale processing. 

I' 

I O )  See section 5.1 

I I) See section 5.1 
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Section 5.0 

Section 6.0 

12) Define the target thorium end product specification and aqueous by- 
y-oduct specification and key parameters to be controlled from batch-to- 
batch to ensure consistent end product specification compliance. 

13) Define production time line basis in detail per unit op for one train and 
two trains of equipment. The availability target for the dryer and calciner 
operations (alloy needed at 1000°C) is reasonable but typically the operation 
time line is the cost diver over the period of several years of operation. The 
investment is selected process dual trains of equipment could be justified . 
based on utilizing shift operations most effectively. The unit operations for 
precipitation and calcining could be off set. 

14) Describe use of in-line process monitors (ion,,pH, humidity, and., .> to 
better automate the process and controls. 

15) Describe use of analytical laboratories that can provide consistent, 
reliable data with complete QNQC documentation. 

16) Describe need to analyticaVmaterials laboratories to provide 
phase/chemistry information on the products to validate the chemistry of the 
system. 

17) Describe scope and schedule of the initial year of performance testing 
(process validation - i.e. product spec requirements, procedures, throughput, 
waste stream quantification, permitting, optimization) and production 
operations. 

48) Section 5.5 The assumptions for the basis of Table 1 (annual 
manufacturing costs) are not dearly defined. This would require that on 
average almost I I people per shift (32 people per day) for 300 days per year 
to operate a full-scale system (76,800 houdyear of labor)? This averages 
$25.46/hr ($24.751hr full G&A) - not realistic. Provide basis. 

Will review next draft - important data. 

12) See sections 4.2 & 5.1 

13) See section 5.3 

14) See section 4.2 and P&lDs 

15) See section 5.3 

16) See section 5.3 

17) See section 5.3 

!' 

1 See section 5.5 

Section 6.0 cornoleted. 
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TCLP 

TCLP Regulatory Levels 
L%KdYE I&velunjos 
arSeniC 5.0 mgL 
barium 100.0 m 
cadmium 1.0 mg/L 
chromium (total) 5.0 mgR, 
l d  5.0 mg/L 
mercury 0.2 mg/L 
selenium 1.0 mg/L 
silver 

d3L!&!E 
arsenic 
barium 
cadmium 
chromium 
kad 
nickel 
selenium 
silver 

5.0 mgR, 

Cold Vapor AA Method 
Result Units Analvte 

mercury co.02 m a  

GFAA Method 
L%L!d!& Pesulr Yni& 
selenium PI+ 



* .  . 

Analysis metods used include: 
CVAA - cold vapor atomic absorption 
GFAA - graphite furnace atomic absorption 
ICPAES - inductively coupled plasma-atomic emission spectroscopy 
ICPMS - inductively coupled plasma-mass spectrometry 

ICPMS has a lower detection limit for most elements than does IcP&S. 




