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ABSTRACT

For several years, Oak Ridge National Laboratory (ORNL) has been supporting the
Defense Logistics Agency–Defense National Stockpile Center with stewardship of a thorium
nitrate (ThN) stockpile. The effort for fiscal year 2002 was to prepare a sampling and analysis
plan and to use the activities developed in the plan to characterize the ThN stockpile. The
sampling was performed in June and July 2002 by RWE NUKEM with oversight by ORNL
personnel. The analysis was performed by Southwest Research Institute of San Antonio, Texas,
and data validation was performed by NFT, Inc., of Oak Ridge, Tennessee.

Of the ~ 21,000 drums in the stockpile, 99 were sampled and 53 were analyzed for total
metals composition, radiological constituents (using alpha and gamma spectrometry), and
oxidizing characteristics. Each lot at the Curtis Bay Depot was sampled. Several of the samples
were also analyzed for density. The average density of the domestic ThN was found to be 1.89 ±
0.08 g/cm3. The oxidizer test was performed following procedures issued by the United Nations
in 1999. Test results indicated that none of the samples tested was a Division 5.1  oxidizer per
Department of Transportation definition.

The samples were analyzed for total metals following the U.S. Environmental Protection
Agency methods SW-846-6010B and 6020 (EPA 2003) using a combination of inductively
coupled plasma–atomic emission spectroscopy and inductively coupled plasma–mass
spectroscopy techniques. The results were used to compare the composition of the eight
Resource Conservation and Recovery Act metals present in the sample (arsenic, barium,
cadmium, chromium, lead, mercury, selenium, and silver) to regulatory limits. None of the
samples was found to be hazardous for toxicity characteristics.

The radiological analyses confirmed, when possible, the results obtained by the
inductively coupled plasma analyses. These results—combined with the historical process
knowledge acquired on the material and the results of previous tests—classified the ThN as low-
level radioactive waste for disposal purposes. This characterization was necessary to continue the
efforts associated with disposition of the material at the Nevada Test Site, Mercury, Nevada.

With the current work presented in this report, the analytical characterization phase is
completed for this source material stockpile.
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1.  INTRODUCTION

The Defense Logistics Agency– Defense National Stockpile Center (DLA–DNSC) has
stewardship of a stockpile of thorium nitrate (ThN) that has been in storage for decades, and Oak
Ridge National Laboratory (ORNL) has been supporting the DLA in its effort to dispose of the
stockpile. After the historical data gathered by the DLA were reviewed (see Sect. 2), it was
apparent that the characterization of the material was insufficient to support a determination of
acceptable disposal options. In addition, improvements in analytical chemistry methods and
analyses could be used to produce more accurate data. Therefore, the main objective for fiscal
year 2002 was to develop and implement a sampling and analysis plan for a more complete
characterization of the material.

Although ThN is a radioactive material, it can be accepted for disposal at the Nevada
Test Site (NTS) only if it is not classified as a mixed waste, meaning both radioactive and
hazardous as defined by the U.S. Environmental Protection Agency (EPA). Under the guidelines
of the Resource Conservation and Recovery Act (RCRA), the Land Disposal Restriction Program
regulates the disposal of wastes to prevent the disposal of untreated wastes in or on the land if
treatment or immobilization alternatives exist. EPA has established treatment standards to protect
the human population and the environment when the treated waste is disposed of on land. These
standards mandate the use of a specific treatment technology or require that the treated waste
meet specified concentration limits for hazardous constituents.

To be regulated as a hazardous waste, a material must first be determined to be a solid
waste. Section 261.2 of RCRA defines solid waste as “any discarded material that is not
excluded by Section 261.4(a) or that is not excluded by variance granted under Sections 260.30
and 260.31.” A solid waste is a hazardous waste if it is a listed waste or if it exhibits a hazardous
waste characteristic. It is a listed waste if it is named in one of the four lists (F, K, P, and U)
developed by EPA (The Hazardous Waste Consultant 1996). The ThN does not appear on any of
these lists and, therefore, is not a listed waste. A solid waste is hazardous if it exhibits any of the
four characteristics of hazardous waste established by EPA—ignitability (D001), corrosivity
(D002), reactivity (D003), and toxicity (D004 to D043) — and is not excluded from regulation.

In 40 CFR 261.21(a), where the characteristic of ignitability for a solid waste is defined,
the first three elements do not pertain to the ThN because it is a material already existing in an
oxidized form. Only the fourth component of the definition could apply to the ThN, and it
became the rationale for performing the UN oxidizer test (UN 1999) to determine if the material
was a Division 5.1 oxidizer per definition by the U.S. Department of Transportation (DOT).

The ThN is not defined as D002 corrosive because it is not a liquid waste or “other
corrosive” material [RCRA 261.22(a)(2)]. The ThN is not classified as D003 reactive because it
does not contain reactive sulfides, unexploded ordnance and other explosive devices, explosives,
or reactive cyanides; and it is not water reactive. In addition, based on the process knowledge of
ThN manufacture (Hermes et al. 2002, Appendix D), organic compounds are not present in the
stockpile material. Thus, the possibility of being classified as a D012 to D043 characteristic
waste is eliminated. In 1994, during the first demonstration conducted to assess the possibility of
transforming the ThN to thorium oxide, Allied Technology Group performed the analyses for
organic constituents on three lots of ThN, one from each origin (Feizollahi and Cook 1996;
Hermes et al. 1996). No organic constituents were detected, confirming the process knowledge.
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The only remaining possibility for the ThN to be defined as a RCRA waste would be
classification as a D004 to D011 waste—corresponding to the eight RCRA metals: arsenic,
barium, cadmium, chromium, lead, mercury, selenium, and silver, respectively. Even though the
historical data showed that the ThN did not contain any of these metals at levels above the
regulatory limits, the current analyses included these parameters.

To meet the NTS waste acceptance criteria (WAC), the material to be disposed of must
be analyzed for the following characteristics (DOE 2002): density, moisture, organic content,
nuclides content, and hazardous constituent composition.

Density measurements were performed as part of the sampling and analysis effort to
fulfill the requirement of the WAC. The 99 drums that were opened did not show any liquid
phase present in the upper part of the material, although droplets of condensation were found on
the inner plastic in some drums. The percent moisture of the material was measured by the
laboratory as well as the nuclides content and the hazardous constituent composition. In a second
effort at the DLA depot in Curtis Bay that took place in April 2003, two drums were selected and
emptied to verify that there was no liquid in the bottom of the drum.

During the sampling program, it was observed that at least two drums of the MD-1
configuration (domestic origin) at Curtis Bay had lost their lid or the lid was bulging because of a
pressure buildup. An analysis of the gas in the headspace was performed, and CO2 and NOx
compounds were found to be the primary constituents. An investigation of the potential sources
of these gases concluded that they formed from the reaction of the slaked lime
[Ca(OH)2]—which had been added to the drums during repackaging operations—with the nitric
acid (HNO3) contained in the material (Hylton et al. 2003). To confirm the data obtained on the
gas analysis, a second effort was conducted in April 2003 to sample and analyze ten more drums
to verify the hypothesis of the gas formation and to assess the potential pressure of some drums.
The results are presented in Sect. 9.

This report describes the gathering of analytical data on the ThN. Section 2 presents
historical data on the composition of the thorium nitrate material. Section 3 describes the
rationale used to determine the number of samples to test. Part of the statement of work (SOW)
that was issued for the analytical contract is presented in Sect. 4, and Sect. 5 summarizes the
visual observations made during the June/July 2002 effort. Section 6 presents the data received
from the analytical laboratory, including the qualifiers affixed by the data validation process
assessing the quality of the data generated by the laboratory. The data are statistically examined
and compared with relevant regulatory limits in Section 7. The data quality objectives are
evaluated in Sect. 8. Section 9 covers the effort deployed in April 2003 to assess the domestic
(MD-1) drum pressurization. The original data forms received from the laboratory as well as the
validation reports are presented in the appendices, as well as the qualification of the analytical
laboratory.
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2. HISTORICAL DATA ON THE
COMPOSITION OF THORIUM NITRATE

The DLA kept numerous files regarding the ThN stockpile, and included among the
documentation were analytical records. The historical data on the ThN composition have been
compiled, and the additional information provided by these data is given in this section. Tables
1–3 present a statistical evaluation of the data and contain the average, the confidence, and the
minimum and maximum values for each population, combining all lots for that population (i.e.,
76 lots from Lindsay, 20 lots of French origin, and 14 lots of Indian origin).

The ThN from France and India had been analyzed by the originating country and by a
U.S. laboratory to confirm those data. The data provided by the French administration were
analyzed by the Commissariat a l’Energie Atomique (CEA). The Indian laboratory was Rare
Earths Ltd.; however, the U.S. laboratory that confirmed these data was not identified.
Additional analyses were performed by the New Brunswick laboratory for the material of Indian
origin. The ThN from Lindsay has been analyzed only by the New Brunswick laboratory. 

Some general comments can be made regarding the data produced by the laboratories:

1. The data provided by the foreign countries and the U.S. laboratory were very close to each
other, while the data obtained by the New Brunswick laboratory appeared to be different.
The methodology used for analysis by the foreign countries and the U.S. validator
laboratory were not specified. The New Brunswick data were based on spectroscopic
analyses, and many values in the tables were estimated; this may explain some of the
discrepancies observed. For example, the aluminum concentration in the Indian ThN was
found to be negligible by the Indian and U.S. laboratory, but the New Brunswick lab
estimated the aluminum concentration at ~600 mg/kg.

2. For each country of origin, each lot had been sampled and analyzed. The data obtained are
homogeneous, as seen in Tables 1–3. This information is important for the current effort of
sampling and analyzing because it strongly supports the hypothesis that the populations are
homogeneous within the material from each country of origin. This hypothesis was based on
the fact that the process for the ThN fabrication was controlled to deliver a material of
known quality. As a result, the sampling and analysis plan developed for the stockpile
produced results that reflect the entire population and provide confirmatory data for the
existing process knowledge.

3. The analyses focused on the compounds found in the purity specifications for the ThN. At
the time, there were no RCRA laws and there are very few data on the metals of concern in
that law. Only the New Brunswick laboratory provided estimates for some RCRA metals,
but the numbers have to be considered suspect because of the way they were obtained.

The Lindsay’s ThN appears to be less pure than the foreign materials; however, the only
available analyses are from New Brunswick laboratory and are mostly estimated. From these
results, the concentration of Fe+Ni+Cr (~61.7 ppm) was found to be above the specification level
of 50 ppm. Also, the sum of alkalies, Na+K+Li (574 ppm) was above the maximum (500 ppm)
allowed in the specification. Only two RCRA metals were analyzed for. The chromium
concentration was ~3 mg/kg and lead was ~ 0.2 mg/kg.
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Table 1. Historical data obtained for the ThN of domestic origin
[Units are mg/kg except where noted]

Analytea Average Confidence Minimum Maximum Specification
ThO2 - NB (%) 46.085 0.000703 45.642 46.348 >46.0% ThO2
230Th - NB 0.35256 0.00046 0.1 0.49
SO3 - NB 145.455 0.69096 10 600 <250 ppm SO3

U- NB 0.687 0.0048 0.2 4.7
Al* - NB 39.605 0.4134 10 500 <50 ppm Al
B - NB 1.2822 0.0034 0.6 3
Be* - NB <1 <1 <1
Bi* - NB 1 <1 1
P - NB 20.187 0.128 1 150 <50 ppm P2O5

Na* - NB 547.37 1.237 100 1100
K* - NB 26.125 0.13887 20 100
Fe* - NB 50.1316 0.21404 20 150
Ca* - NB 52.17 0.2384 10 170
Mg* - NB 39.5395 0.18708 15 120
Si* - NB 33.2237 0.21259 10 200 <50 ppm Si
Cd - NB 0.1 1.10E!11 0.1 0.1
Co - NB <1 <1 1
Cr* - NB 2.9737 0.0171 1 10
Cu* - NB 2.0139 0.0098 1 10
Mn* - NB 2.0423 0.0064 1 4
Ni* - NB 8.6579 0.042 2 30
Pb* - NB 1.1892 0.005 1 5 <10 ppm Pb
Sn* - NB 3.5417 0.0699 1 50
Zn* - NB 17.5 0.12715 10 120
Li* - NB 0.53731 0.00095 0.5 1
Gd - NB 5.9616 0.10609 0.7 120
Dy - NB 4.62603 0.04993 0.7 48
Sm - NB 1.8463 0.00931 0.8 6.2
Eu - NB <0.2 <0.2 <0.2
Cl - NB - <10 ppm Cl
F - NB - <10 ppm F
Ti - NB - <50 ppm Ti
Fe+Ni+Cr - NB 61.7632 <50 ppm
Ba+Ca+Mgb -
NB

91.7095 <500 ppm

Na+K+Li - NB 574.03231 <500 ppm
aEntries marked with an asterisk are estimated values. The “NB” indicates that the analyses were performed

by the New Brunswick laboratory.
bNo barium data available.
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Table 2. Historical data obtained for the ThN of French origin
[Units are mg/kg except where noted]

Analytea Average Confidence Minimum Maximum Specification
Moisture-H2O -
CEA (%)

7.854 0.0332 5.97 12.41

ThO2 - CEA (%) 46.33 0.002 46.1 46.5 >46.0% ThO2

ThO2 - US (%) 46.47 0.003 46.09 46.82 >46.0% ThO2

SO3 - US 0.00313 0.0000042 0.0025 0.0035 <250 ppm SO3

SO3 - CEA Traces 0 Traces <250 ppm SO3

Cl - US 0.00053 0.00000061 <0.0005 0.0006 <10 ppm Cl
Cl - CEA 0.00054 0.0000031 Traces 0.001 <10 ppm Cl
P2O5 - US <0.001 <0.001 0.001 <50 ppm P2O5

P2O5 - CEA 0.002 0.000002 0.0015 0.002 <50 ppm P2O5

F - US 0.00072 0.0000033 0.0005 0.001 <10 ppm F
F - CEA 0.00063 0.0000024 Traces 0.0009 <10 ppm F
Na - US 0.029 0.00007 0.02 0.04
Na - CEA 0.02468 0.00015 0.007 0.046
K - US 0.004 0.000084 0.001 0.03
Li - US 0.001 0.001 0.001 0.001
Na+K+Li - US 0.034 <500 ppm Na+K+Li
Fe - US 0.0028 0.00001 0.002 0.004
Ni - US 0.001 <0.001 0.001
Cr - US 0.001 <0.001 0.001
Fe+Ni+Cr - US 0.0048 <50 ppm Fe+Ni+Cr
Fe+Ni+Cr - CEA 0.00292 0.0000105 0.0018 0.0043 <50 ppm Fe+Ni+Cr
Ba - US 0.001 <0.001 0.001
Ca - US 0.005 <0.005 0.005
Mg - US 0.001 <0.001 0.001
Ba+Ca+Mg - US 0.007 <500 ppm Ba+Ca+Mg
Ba+Ca+Mg - CEA 0.00632 0.000017 0.005 0.0075 <500 ppm Ba+Ca+Mg
Al - US 0.001 <0.001 0.001 <50 ppm Al
Al - CEA 0.001 0.001 0.001 <50 ppm Al
Si - US 0.00135 0.0000059 0.001 0.002 <50 ppm Si
Si - CEA 0.00165 0.000013 0.001 0.0032 <50 ppm Si
Ti - US 0.0019 0.000005 <0.001 0.002 <50 ppm Ti
Ti - CEA 0.003 0.003 0.003 <50 ppm Ti
Total ReO2 - US 0.003275 0.0000148 0.0015 0.0045 <50 ppm ReO2

Total ReO2 - CEA 0.002537 0.000017 0.001 0.005 <50 ppm ReO2

Pb - US 0.001 0.001 0.001 <10 ppm Pb
Pb - CEA 0.00039 0.0000024 0.0001 0.0007 <10 ppm Pb

aThe material was analyzed by both the French laboratory of the Commissariat a l’Energie Atomique
(indicated with “CEA”) and the U.S. Government’s laboratory (“US”).
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Table 3. Historical data obtained for the ThN of Indian origin
[Units are mg/kg except where noted]

Analytea Average Confidence Minimum Maximum Specification
ThO2 - India (%) 48.049 0.0037 47.61 48.27 >46.0% ThO2
ThO2 - US (%) 48.032 0.0112 46.64 49.18 >46.0% ThO2
ThO2 - NB (%) 47.475 0.005805 46.996 48.567 >46.0% ThO2
230Th - NB 0.7331 0.0024 0.43 0.91
SO3 - US 0.05357 0.00097 0.01 0.2 <250 ppm SO3
SO3 - India 0.2231 0.00106 0.075 0.355 <250 ppm SO3
Cl - US 0.02179 0.00016 0.01 0.037 <10 ppm Cl
Cl - India Traces <10 ppm Cl
P2O5 - US 0.00821 0.000096 0.001 0.015 <50 ppm P2O5
P2O5 - India 0.000607 0.0000025 0.0004 0.0009 <50 ppm P2O5
P* - NB <10 <10 <10 <50 ppm P2O5
Na - US 0.00104 0.0000043 0.0007 0.0015
Na* - NB 7.3636 0.04965 3 10
K - US 0.0012 0.0000041 0.001 0.0015
K* - NB <5 <1 <10
Li - US 0.0002 0 0.0002 0.0002
Fe2O5 - US 0.00682 0.000072 0.001 0.01
Fe2O5 - India 0.00066 0.0000055 0.0001 0.00098
Fe* - NB 28.077 0.2218 10 50
CaO - US 0.032714 0.00039 0.0015 0.05
Ca* - NB 6.6667 0.0395 5 10
MgO - US 0.03235 0.0004 0.0005 0.05
Mg - NB 6.154 0.04547 2 10
Al2O3 - US 0.005 1.0E!12 0.005 0.005 <50 ppm Al
Al2O3 - India Traces <50 ppm Al
Al* - NB 638.4615 2.506 500 800 <50 ppm Al
SiO2 - US 0.04 0.00023 0.02 0.05 <50 ppm Si
Si* - NB 336.36 1.293 300 500 <50 ppm Si
TiO2 - US 0.003929 0.000024 0.002 0.005 <50 ppm Ti
TiO2 - Inida 0 <50 ppm Ti
Total RE - US 0.006929 0.000069 0.001 0.01 <50 ppm ReO2
Total RE - India 0.01 3.9E!12 0.01 0.01 <50 ppm ReO2
Alkali salts - US 0.01 1.95E!12 0.01 0.01
Ce - India Traces
CaO+MgO+SiO2+
alkali salts - India

0.10721 0.001837 0.054 0.5

U - NB 0.6923 0.00787 0.2 2.2
B - NB 7.4846 0.02039 4.3 9
Be* - NB <1 <1 <1
Bi* - NB <1 <1 1
Cd - NB <0.1 <0.1 <0.1
Co - NB <1 <1 <1
Cr* - NB 1 <1 1
Cu* - NB 19.231 0.0446 10 20

aEntries marked with an asterisk are estimated values. The material was analyzed by the U.S. Government’s
laboratory ( “US”), the New Brunswick laboratory (“NB”), and a laboratory in India (“India”).
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The Indian ThN is richer in Th than the domestic material. The analyses from New Brunswick
laboratory are not consistent with the ones provided by two other laboratories, rendering the
interpretation of the data difficult. The results from New Brunswick laboratory were not only
estimated but also resulted from methods with very high detection limits. The data obtained from
the two other laboratories show that the material is pure and passed the specification. From the
New Brunswick laboratory, the estimated concentration for chromium is ~1 mg/kg and for lead is
~2.6 mg/kg.

The French material is not as rich as the Indian, but richer than the domestic material for
thorium. In addition, there were measurements provided by the CEA of the moisture content of
the French material, a parameter that was not given by the other laboratories. Three of the RCRA
metals were analyzed for and were found at almost negligible concentrations: 0.001 mg/kg for
Cr, Ba and Pb. This material appeared to be very pure. 

Except for 230Th, no radiological data are presented. Thus, the radiological data were of
significance in the 2002 analytical characterization effort.

Specifications regarding the thorium nitrate were found in “special instructions for
thorium nitrate (SI-112).” This information was developed with the help of the U.S. Department
of Agriculture to provide guidance to the then DNSC personnel having to process and handle the
ThN material. The document contains a list of maximum concentrations allowed for four purities
of ThN. This information is compiled in Table 4.

The data and information presented in this chapter support the fact that the ThN material
is not a waste product but the result of a chemical process that resulted in a homogeneous
product that was purchased and stored by the DNSC.
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Table 4. Specifications for the purity of the ThN depending upon its use
[Units are mg/kg except where noted]

Grade I
Stockpile

grade

Grade II
Mantle
lump

Grade III
Alloys, missiles,

crystal

Grade IV
Atomic energy

applications
ThO2 min. (%) 46.00 46.00 46.00 46.00
ReO2 max. 50 50 25 25
P2O5 max. 50 25 25 25
Cl max. 10 10 10 10
F max. 10 - - 10
Si max. 50 - - 50
SO3 max. 250 0.5–1% 100 100
Pb max. 10 - - 10
Fe+Ni+Cr max. 50 - - -
Ba+Ca+Mg max. 500 500 - 300
Na+Li+K max. 500 1000 - 500
Fe max. - 50 50 30
SiO2 max. - 100 100 -
MgO max. - - 10 -
CaO max. - - 100
Heavy metals max. - 20 20 -
Al max. 50 - 50 50
Ti max. 50 - 50 50
U max. - - - 2
B max. - - - 1
Cd max. - - - 2
Sm max. - - - 1
Eu max. - - - 1
Gd max. - - - 1
Dy max. - - - 1
230Th max. - - - <1 ppm of the

Th content
water solubility soluble soluble soluble soluble
Free H2O max. (%) 2 2 2 2
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3. RATIONALE USED FOR DETERMINING THE
NUMBER OF SAMPLES TO TEST

In the previous chapter, it was confirmed that the ThN material was a homogeneous
medium. Equation [8] in Chap. 9 of SW-846 (EPA 2003), which uses statistical data collected
from previous analyses, was not applicable in this case because there is no threshold value for the
thorium concentration. Similarly, there are no hazardous elements present in ThN for which
threshold values exist. Therefore, since a large number of drums is involved, the common
method of taking the cubic root of the total number of drums for determining how many to
sample was used. This method is used by Bechtel Jacobs at ORNL for determining the number of
samples to analyze prior to disposal of ORNL wastes at Envirocare or NTS (Bechtel Jacobs
2000a,b,c).

The number of drums to sample for material of each origin was calculated by applying
the cubic-root method. The results are compiled in Table 5. Considering that the sampling could
require extensive safety precautions and be costly, a second sampling could not be considered,
even if an inadequate number of samples was taken. Therefore, a conservative approach would
be to sample a sufficient number of drums to address the statistical needs as well as to provide a
margin for error, and then keep the extra samples archived, using them only if needed. In
summary, a conservative approach would be to sample 50% more drums than necessary.

Table 5. Number of drums to sample by country of origin

U.S. France India

Total number of drums
Cubic root of total number
Number of drums to analyze
Number of drums to sample

18,924
26.6
27
40

1,901
12.39
13
20

760
9.13

10
15

In a first approach, a true random number of drums to sample was generated using
atmospheric noise for the material each origin. The software required a total number of integers
as well as the smallest and largest values possible. It then generated the list of random numbers.
After reporting these random numbers in the layouts of the depots, it was found that accessing
the randomly selected drums would require moving all the drums from their position to get the
selected ones, thus requiring considerable labor and time for the workers inside the warehouses.
The radiation field in the warehouses where the material is stored is as high as 80 mR/h and
presents a risk for the workers in that environment. Radiation measurements collected in 1996
show surface radiation dose to be nominally 70–80 mR/h at the surface of the domestic drums
and nominally 100 mR/h at the surface of the drums from France and India.

Therefore, based on the principles of ALARA (As Low As Reasonably Achievable) and
to reduce radiation exposure to personnel (radiation exposure may be controlled by reducing time
spent in the area, maximizing distance between the source and the individual, and by providing
shielding), a second approach was chosen for selecting the drums to sample and analyze.
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Because the material is homogeneous, any drum from one lot has the same chemical
composition as the others in that lot. Therefore, choosing a specific drum is of lesser importance
than protecting the workers. For the ThN from Curtis Bay, it was decided that one drum from
each lot that would be easily accessible from the aisles inside the warehouse would be retrieved,
opened and sampled. This process resulted in the collection of 63 samples of domestic origin, 14
samples of French origin, and 14 samples of Indian origin. Also, this approach resulted in more
samples being collected than would have been collected using  the statistical approach. 

However, because of the homogeneity of the material, only the number of samples that
was necessary for the statistical approach was sent for analysis. The intent was to statistically
analyze the data obtained on the first set of samples sent to the laboratory and evaluate if there
was a need for further analyses on the samples that were archived at the Curtis Bay Depot. The
data proved that the material was as homogeneous as expected, and, therefore, the archived
samples were not analyzed.

The average lot size at the Curtis Bay site is ~250-300 drums. Hammond has 50 lots with
an average of 45 drums per lot. To avoid additional cost resulting from the smaller number of
drums per lot, 6 lots were combined to form a lot equivalent to the ones at Curtis Bay. Therefore,
the drums at Hammond would be equivalent to 8 lots from Curtis Bay for the number of drums
contained in each lot. Additionally, to confirm that the material was in the form of a monolith,
more drums were opened for observation but not sampled.

Finally, combining both depots, the plan called for the collection of 99 samples; and a
statement of work and request for proposal were issued for the work to be done by a contractor.
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4. ANALYTICAL STATEMENT OF WORK

This section presents the SOW provided to the analytical laboratory in May 2002.

4.1 INTRODUCTION AND BACKGROUND

The DNSC-DLA has custody of 3500 tons of ThN stored in ~21,000 drums at depots in
Hammond, Indiana (in one building, 25 wt % of the stockpile), and Curtis Bay, Maryland (in
three buildings, 75 wt %). The ThN stockpile managed by the DNSC has been declared surplus
to the public needs. ORNL is assisting the DLA in providing the technical basis for decisions
concerning its stewardship and disposition. Some of the drums require upgrades to meet DOT
requirements. Long-term storage at the current locations is not compatible with the DLA
strategic plan for excess material. One option being considered is disposal of the stockpile at
NTS. Therefore, NTS WAC become drivers for the analyses that are described in the SOW.

4.2 DESCRIPTION OF SAMPLING EFFORT

4.2.1 Number of Samples for Analyses

In the DLA stockpile of ThN, the number of drums of domestic origin is 18,924; 1,901
drums are from France, and 760 are from India. The cubic-root method was applied to calculate
the number of drums to sample (Table 6).

Table 6. Number of ThN storage drums to open, sample, and
analyze by country of origin

U.S. France India
Total number of drums
Number of lots at Curtis Bay
Number of lots at Hammond
Number of drums to open at Curtis Bay
Number of drums to open at Hammond
Number of drums to sample at Curtis Bay
Number of drums to sample at Hammond
Number of drums to analyze at Curtis Bay
Number of drums to analyze at Hammond

18,924
63
50
63
15
63
8

23
8

1,901
14
0

14
0

14
0

13
0

760
14
0

14
0

14
0

10
0

4.2.2 Samples to Be Sent to the Laboratory

At Hammond, samples from the following lots are to be sent to the laboratory: 7, 11, 23,
39, 30, 38, 47, and 48. At Curtis Bay, 23 samples from drums of domestic origin will be sent for
analyses: lot numbers 2, 3, 9, 11, 12, 14, 15, 17, 18, 20, 22, 28, 29, 30, 36, 37, 44, 45, 48, 52, 58,
61, and 65. At Curtis Bay, samples from 13 drums of French origin will be sent for analyses: lot
numbers 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, and 14. At Curtis Bay, samples from 10 drums of
Indian origin will be sent for analyses: lot numbers 3, 4, 5, 6, 7, 9, 11, 12, 13, and 14.
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4.2.3 Sample Designation

A label will be affixed at the time of collection to each bottle to indicate

• site name (Curtis Bay or Hammond),
• drum identification,
• unique sample number,
• date and time of collection, and
• reference to the page number of the notebook where the entries for the sample were made.

The unique sample number will appear in the following format: A–B–NN–DD–MM–Z, where

A = site location—(C) for Curtis Bay and (H) for Hammond;
B = origin of the drum—(D) for domestic, (I) for India, and (F) for France;
NN = lot number;
DD = day of sampling;
MM = month of sampling;
Z = bottle number for the drum (1 to x).

4.3 DATA QUALITY OBJECTIVES

The sampling and analysis process is designed to generate objective data of known
quality to support a decision regarding the regulatory status and management requirements of the
ThN stockpile. The data quality objective (DQO) process is utilized to establish the quality and
quantity of data required to satisfy decision-making needs. The data generated will be compared
and validated by comparison with limits required by RCRA and by the NTS WAC. The DQO
process addresses several quality indicators that support the generation of data of known quality.

4.3.1 Representativeness

Each lot from the stockpile will be sampled. The ThN is not a heterogeneous waste; it
was manufactured to be within a precise range of purity. Within each lot, the process used to
make the ThN was exactly the same; therefore, the material within each drum of each lot is
representative of that lot.

4.3.2 Accuracy

Overall sampling accuracy refers to the closeness of sample results to the true value for
the population being sampled. Sampling each lot increases the accuracy of the determination of
the material composition. Analytical accuracy is measured in the laboratory by spiking samples
with known concentrations of surrogates and comparing them with measured results. This
method is one of the quality assurance/quality control (QA/QC) parameters checked during the
review of analytical data.
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4.3.3 Precision

Estimates of analytical precision are obtained by duplicate analyses of individual
samples. Analytical precision is evaluated during the QA review of the data.

4.3.4 Completeness

Completeness is defined as the ratio of total useable points from the set of total data
points collected, analyzed, and available. In this project, the completeness is expected to be at
least 75%.

4.3.5 Comparability

Analytical data generated by the same analytical procedures are comparable, provided
that relevant, specified QC elements (such as detection limits, initial and continuing calibration
performance, accuracy, precision, and matrix interference acceptance criteria) are met or
exceeded.

4.4 SAMPLE ANALYSES

4.4.1 Required Analyses

The analyses to be performed on the ThN material and the required analytical methods
are compiled in Table 7. No deviation is allowed. The seller shall provide in its bid its standard
turnaround time for receiving results.

4.4.2 Metals /Inorganic Test

The list of metals of first interest is as follows: Ag, As, Ba, Be, Cd, Cr, Ni, Pb, Sb, Se,
Th, Tl, U, V and, Zn. In addition to that mandatory list, the project is also interested in the
following elements: Al, B, Ca, Co, Cu, Fe, Mg, Mn, Mo, Na, Si, Sr and, Zr. Because of the
expected matrix interferences, large dilutions are anticipated. However, the laboratory must
report the RCRA elements (Ag, As, Ba, Cd, Cr, Pb, and Se) with a detection limit after dilution
to allow a comparison with the RCRA limits. The detection limits after dilution should not
exceed 50 mg/kg for Ag, As, Cr, or Pb; 10 mg/kg for Se or Cd; and 1000 mg/kg for Ba.

To confirm the detection limit achievable in the thorium matrix, the seller shall provide
the results obtained with a surrogate containing a standard of thorium at the same concentration
as that in the sample, spiked with all the other elements at the concentrations at which they are
reported. This control is independent of all the regular QC associated with EPA Method
SW-846-6020. Analyses shall follow EPA Method SW-846-6020. Any deviation from the
standard method shall be reported and documented. The method for sample preparation shall be
reported.

Moisture content as well as the pH of the sample shall be measured and reported. All the
QA/QC requested in SW-846 shall be met. Data delivery shall include all documents: raw data,
calculations, dilutions, and final forms. Data should be presented as a Contract Laboratory
Program (CLP) package. Both an electronic and  printed versions of the raw data are required.
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Table 7. Requirements for ThN samples

Analytical
parameter Analytical method

Sample
containera

Sample
quantityb Preservation Holding time

Metals /
inorganics

SW-846-6020, -7471 500-mL wide-
mouth HDPE
bottle

Fill sample jar
completely or 1
core sample

None Mercury 28 d,
other metals
180 d

Oxidizer test UN
ST/SG/AC.10/11.Rev. 3

500-mL wide-
mouth HDPE
bottle

Fill sample jar
completely or 8
core samples

None Indefinitely

Radionuclides
(thorium,
uranium)

Gamma spectroscopy
(method consistent with
EPA 901.1 method)

500-mL wide-
mouth HDPE
bottle

Fill sample jar
completely or 1
core sample

None Indefinitely

Archived Any test deemed
necessary

500-mL wide-
mouth HDPE
bottle

Fill sample jar
completely or 2
core samples

None Indefinitely

aHigh-density polyethylene
bA core sample is defined as having a height of 2 in. and a diameter of 1.5 in.

The samples shall be analyzed for mercury according to EPA Method SW-846-7471 by
using cold vapor atomic absorption analysis. As for the other metal analyses, all the QA/QC
included in the method should be met. If a deviation occurs, it shall be reported and documented.
The same data delivery package required for the other metals is required for mercury.

4.4.3 Oxidizer Test

This test is critical for the project, and the seller shall ensure that it is run according to all
the directives provided in the “Classification Procedures, Test Methods and Criteria Relating to
Oxidizing Substances of Division 5.1,”  issued by the UN and published in the Recommendations
on the Transport of Dangerous Goods—Manual of Tests and Criteria (UN 1999).

The test has to be performed on the material “in the form in which it will be transported.”
For the monolithic samples, no grinding is to be performed. A chunk of material weighing about
15 or 24 g should be extracted from the monolith and used for the test (1:1 and 4:1 ratios). The
test results will vary depending upon the moisture content of the sample and on the amount of
humidity in the room in which the experiment will take place. Therefore, the sample shall be
prepared just before testing. The elapsed time between the time it was removed from the
container and the time it was tested shall be reported in the analysis report as well as the relative
humidity and temperature in the room that day. The same approach shall be taken for the samples
in the form of pellets or powder. Each time the sample container is opened, it shall remain open
for a minimum amount of time and must be tightly closed afterward.
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4.4.4 Radiological Characterization

The material analyzed is almost pure ThN; therefore, it is anticipated that 232Th and its
daughter products will be present. A gamma scan of the sample shall be performed and the
radioactive elements present shall be identified and quantified. The procedure used shall be
consistent with EPA Method 901.1. The sample preparation and the methods for counting the
samples shall be documented. Raw data as well as calibration data shall be provided.

4.4.5 QA/QC Requirements

For the analytical methods conducted in accordance with EPA methods, all the QA/QC
requirements included in each method shall be met, or documentation explaining the reasons for
not meeting them shall be provided in the case narrative of the data package. The QA/QC
parameters (blanks, spikes, duplicates, and serial dilution) shall be reported in the appropriate
CLP forms.

For the UN oxidizer test (Sect. 4.4.3), it is required that five replicates of each
sample/cellulose mixture be performed. The test report shall indicate both the mass of sample
tested and the number of pieces in the 15 or 24 g tested. The measurements with the reference
substance (potassium bromate) shall be performed for each batch of samples received. Because it
is anticipated that the samples will be delivered in three batches, three complete tests with the
reference shall be performed. It is also requested that every day when samples are run, one
replicate of the three reference samples of potassium bromate and cellulose (ratios of 3:7, 2:3,
and 3:2) be measured and compared with the initial tests done with five replicates. These data
shall be reported in the analysis report.

4.4.6 Data Delivery

For the metals and mercury analyses, a full CLP-like package, including sample
preparation, raw data, dilutions, calculations, QC parameters, and results forms, is required. Both
paper and electronic versions are required.

For the radiological data, a listing of the peaks found and their concentrations shall be
provided. The report shall list which radioelements were identified with their respective
minimum detectable activities (MDAs), the window of energy selected for each radioelement,
and the counting time. For the oxidizer test, the report shall include the requirements as set in
Sect. 34.4.1.4 of the UN test method. A complete description of the experimental setup should be
provided (e.g., wire characteristics, description of the cellulose used, and air stream velocity of
the location used.) The burning times per sample for each of the five replicates shall be reported
as well as any observation made during the test. The report shall also provide the results obtained
for the reference material associated with each sample. The relative humidity and temperature of
the room shall be recorded and reported for each test.
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5. VISUAL OBSERVATIONS MADE
WHILE OPENING THE DRUMS

One goal of the sampling effort in June 2002 was to verify the condition of the ThN
material after being stored for about 40 years. This information was needed for the NTS
requirements concerning the presence of free liquid and the particle size of the material. All the
lots at Curtis Bay from the three countries of origin had been opened and visually inspected. At
Hammond, a total of 15 drums were opened and visually inspected.

Three possible tasks were performed on the 106 drums that were opened: (1) opening the
drum and observing the packaging and material condition—referred to as VI in the summary
tables; (2) opening the drum, observing the packaging and material condition, and sampling for
analysis—referred to as ISA in the tables; and (3) opening the drum, observing the packaging and
material condition, and sampling for archive—referred to as ISS in the tables. In all cases, all the
layers of internal packaging were opened to reach the material.

A full report describing the information gathered can be found in a companion report
(Hylton et al. 2003). Table 8 summarizes the findings for the presence of moisture and pressure
in the drums opened. It is important to clarify that the term “moisture” refers to droplets of
condensation found on the inside of plastic bags; there was never enough liquid present to take a
sample, and the only test possible was to wipe a pH paper strip and verify that the pH of the
drops was acidic.

The measurements of three gases were done using a field instrument, “Miniwarn” from
Draeger. It provided readings of the NO and NOx contents—limited to 50 ppm—as well as the
methane (CH4) content, as a percent of the lower explosive limit (LEL). These data are semi-
quantitative and are superceded by the quantitative data acquired in April 2003 based on GC and
GC-MS techniques.
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6. ANALYTICAL  RESULTS

Southwest Research Institute (SWRI) performed the analytical work. One criterion used
for selecting the analytical laboratory was the accreditations and certifications that the laboratory
had for working with samples for DOE or samples that would be sent for disposal at the NTS.
SWRI is audited on a routine basis by the DOE Office of Environmental Management, National
Analytical Management Program, Environmental Management Consolidated Audit Program. A
copy of the Continuing Qualification Audit report from November 2001 is provided in Appendix
A. The audit shows that there is no major problem with the laboratory’s operations. SWRI
provided two data packages, the first containing the data for the eight samples from Hammond
and the second containing the data from Curtis Bay (see Appendix B). In addition to the analyses
from the SOW, SWRI was asked to analyze some samples for uranium and thorium by alpha
spectrometry and to measure the density of a few samples of domestic material from Curtis Bay.
The data received were compiled in tables for easier comparison. The tables also include the
validation qualifiers that were attributed by validators from NFT, Inc. in Oak Ridge. The
validation reports are presented in Appendix C.

6.1 OXIDIZER TEST

According to the UN oxidizer test method,

“The substance, in the form in which it will be transported, should be inspected
for any particles less than 500 µm in diameter. If that powder constitutes more
than 10% (mass) of the total, or if the substance is friable, then the whole of the
test sample should be ground to a powder before testing to allow for a reduction
in particle size during handling and transport.”

This requirement is made to insure that the aliquot collected for the test is representative of the
whole sample since the test is highly dependant on the particle size. If the sample contains more
than 10%,  the UN considers that the sample is not homogeneous and therefore requires it to be
ground so the aliquots used for testing (24 g for the test using a 4:1 ratio of sample to cellulose
and 15 g for the second one using a 1:1 ratio of sample to cellulose) will be representative.

The assistance of an ORNL specialist in regulation was sought to explain the definition
of friable. His answer is provided in the memorandum reproduced below:

DATE:  24 June 2002
TO:  Jim Terry
FROM:  Harry Quarles
SUBJECT:  Thorium Nitrate 

QUESTION
What is the definition of "friable" as this word is used in paragraph 34.4.1.2.6 of the United
Nations Manual of Tests and Criteria in the Recommendations on the Transport of Dangerous
Goods? 



ORNL/TM-2003/54

25

BACKGROUND
You are interested in the definition of friable because it relates to being an oxidizer which relates
to being a RCRA hazardous waste. I trace out these relations below.

As discussed in my memo to you of 11 June 2002, the RCRA definition of characteristic
hazardous waste at issue for thorium nitrate uses a DOT definition of oxidizer. The controlling
DOT regulation is located at 49 CFR § 173.127 (not 49 CFR 173.151 as is currently incorrectly
referenced in RCRA; see my memos to you of 19 and 31 October 2000). The DOT regulation
refers in turn to a UN Manual of Tests and Criteria.

The relevant part of the DOT regulation [49 CFR § 173.27(a)(1)] reads

 . . . oxidizer (Division 5.1) means a material that may, generally by yielding
oxygen, cause or enhance the combustion of other materials. (1) A solid material
is classed as a Division 5.1 material if, when tested in accordance with the UN
Manual of Tests and Criteria, its mean burning time is less than or equal to the
burning time of a 3:7 potassium bromate/cellulose mixture.

The UN Manual of Tests and Criteria referred to above [published in the United Nations
Recommendations on the TRANSPORT OF DANGEROUS GOODS, 3rd revised edition, 1999] is
number 34.4 Test methods for oxidizing substances. Use of the method requires grinding of a
sample of the material to be tested keying on small particles. Whether grinding is required is
controlled by paragraph 34.4.1.2.6 which states in its entirety:

The substance, in the form in which it will be transported, should be inspected
for any particles less than 500 µm in diameter. If that powder constitutes more
than 10% (mass) of the total, or if the substance is friable, then the whole of the
test sample should be ground to a powder before testing to allow for a reduction
in particle size during transport.

The UN Manual does not, however, give a definition of friable.

DETERMINATION OF WORKING DEFINITION OF FRIABLE
The dictionary definition (Webster's Ninth New Collegiate Dictionary 1991) of friable is “easily
crumbled or pulverized.” Based on this definition, I formulated an interpretation of the meaning
of paragraph 34.4.1.2.6, specifically of the first two clauses in the second sentence. The
paragraph is addressing materials that will have lots of small particles during transport.

A material can get lots of small particles two different ways. It could start out with lots of small
particles (>10% <500 µm in diameter) as stated the first clause of the second sentence of
paragraph 34.4.1.2.6, or it could generate them during transport through friability [crumbling]
caused by the hustle and bustle of forces acting on it during shipping, as I think is the intended
meaning of the second clause of the second sentence of the paragraph. The number of small
particles to be concerned with is >10% <500 µm in diameter; if there are less small particles
than this then the first clause of the second sentence of the definition does not apply, and
grinding of the material is not required. It follows reasonably, then, that if the material is friable
only to the extent that <10% <500 µm in diameter particles would be created by forces during
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transport, then grinding should also not be required. Similarly, if greater than this amount of
particles is created during transport from crumbling and pulverization, then the material would
require grinding by the first clause of the second sentence of paragraph 34.4.1.2.6, and therefore
also should require grinding by action of the second clause of the second sentence of the
paragraph.

Therefore, I concluded that paragraph 34.4.1.2.6 is requiring grinding if 1) the material has lots
of fine particles, or 2) if it will form lots of fine particles during transport.

SEEKING A REGULATORY DEFINITION
On 13 June 2002, I telephoned Mr. Oliver Kervella who is the Head of Transport Division
Dangerous Goods of the UN Economic Commission for Europe (telephone number
41.22.917.2456) to inquire about a definition of "friable" as used in the UN Manual. He told me
that there was no published regulatory definition, and then read me a dictionary definition
consistent with the one I reported above. He referred me to Mr. Charlie Ke at the US
Department of Transportation whom he said was involved in the method's development.

I telephoned Mr. Ke (202-366-4545 ext 4495) and he returned my call on 17 June 2002. He
confirmed that there was no published regulatory definition of friable, and told me that he been
instrumental in development of the UN method. I told him of my interpretation, i.e., that
paragraph 34.4.1.2.6 was concerned with existing small particles, or small particles that could
be created in transit through crumbling or friability in transit. He agreed. I further stated that
therefore I concluded that if <10% <500 µm in diameter particles would be created by forces
received in typical transport then the material was not "friable" under paragraph 34.4.1.2.6; and
that if >10% <500 µm in diameter particles would be created then it would be friable. 

He agreed in principle and added the following qualification. He said that if less than 5%
<500 µm in diameter particles would be created in transport then the material would clearly not
be friable per paragraph 34.4.1.2.6; and if more than 10% <500 µm in diameter particles would
be created then the material would clearly be friable per paragraph 34.4.1.2.6. He said that
between 5% and 10% would be a gray area, and that perhaps the cutoff should be made closer to
5% than 10% "for safety concern."

ANSWER
Given that there is no formal regulatory definition of "friable" as this word is used in paragraph
34.4.1.2.6 of the United Nations Manual of Tests and Criteria, a reasonable definition is

A material is friable if >10% <500 µm in diameter particles would be created during typical
transport; it is not friable if <5% <500 µm in diameter particles would be created during typical
transport; and it is likely not friable if <10% <500 µm in diameter particles would be created
during typical transport, but setting the limit closer to 5% provides a greater margin of safety.
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For the domestic ThN, the issue would be the formation of fine particles during
transportation. Initially, the laboratory tried to place the loose material from the plastic bags of
domestic samples on a m 35 (0.5-mm) sieve to determine the percentage of powder. However,
very little of the material passed through the sieve, indicating that the particle size of the material
was larger than 0.5 mm.

In view of these results, and in accordance with the regulatory expert’s advice, the
following rationale was used for assessing the friability of the domestic material. In
determinating the amount of fines that got generated during the transportation of the analytical
samples from Curtis Bay, Maryland, to San Antonio, Texas, where the analytical laboratory is
located, a miniature replication of how the sample could behaved during the real transportation
from Curtis Bay to Mercury, Nevada, would be tested. It was also a worse case scenario since
there was more than one chunk of material in the container that would create more friction than
inside the drum containing a monolith of material.

The laboratory was asked to weigh both the material received intact and the material
present as powder after transportation to the laboratory. This conservative approach considered
the total weight of the loose material as the percentage of powder instead of the fraction that was
less than 0.5 mm in diameter as called for in the UN method. This procedure prevented the need
for sieving the material, which would have created additional risk of exposure to airborne
particulates by laboratory personnel (ALARA principle), would have involved additional time
and cost. 

Using the total powder assumption, none of the domestic samples consisted of a fraction
larger than 6.8 wt % powder. Therefore, none of the samples were friable according to the UN
criterion. Data supporting this conclusion are presented in Table 9.

In view of these results, the samples were tested as they will be transported, meaning that
the laboratory carved the chunk they received to one or two pieces that would be of the weight
needed for the ratio of sample to cellulose.  

The samples from India were found in the form of cubes or gravel having a size of
1–2 in. in diameter/larger dimension and were tested in the form they will be transported in. The
laboratory used the same carving technique than for the domestic material to obtain the piece of
sample of the correct weight for testing.

The samples from France were the only one in a powder form. A particle size analysis
was performed on three lots and showed that the material is quite coarse, with 0 wt % being
smaller than 38 µm, 2–7 wt % being in the range of 38 to 180 µm, and 93–98 wt % being larger
than 180 µm. The material was homogeneous with no big chunks present; therefore, it was tested
as received at the laboratory considering that in this case the size of 500 µm was not applicable
because of the homogeneity of the material represented “the substance in the form in which it
will be transported.”

Fifty-three samples were sent for analysis: 8 domestic samples from Hammond and 22
domestic samples, 13 French samples, and 10 Indian samples from Curtis Bay. The laboratory
tested them following the Recommendations on the Transportation of Dangerous
Goods—Manual of Tests and Criteria (UN 1999).

The SOW requested that the laboratory perform one complete set of standards (five
replicates) at the beginning, middle, and end of the sample testing and perform one set of
standards (one replicate only) on each day a sample was tested. The laboratory complied with all
the requirements of the SOW and provided information for each sample regarding temperature,
humidity, and elapsed time during which the samples were exposed to air before testing.
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Table 9. Justification for the qualification of nonfriability for the domestic ThN

Sample ID

RWE
ThN
(g)

SWRI
Bulk

weight
(g)

Loose
weight

(g)

Total
weight

(g)
%

powder
HD0807061-2002a 1,427 1,365.7 46.30 1,412.00 3.28
HD1010061-2002 1,749 1,600.58 86.52 1,687.10 5.13
HD2307061-2002 1,122 1,103.79 13.00 1,116.79 1.16
HD2907061-2002 1,147 1,001.55 50.39 1,051.94 4.79
HD3007061-2002a 1,040 969.69 59.37 1,029.06 5.77
HD3810061-2002 1,091 1,075.61 4.69 1,080.30 0.43
HD4710061-2002a 1,485 1,409.04 59.68 1,468.72 4.06
HD4810061-2002a 1,027 1,203.06 68.73 1,271.79 5.40
CD0212071-2002 1,149 1,135.65 18.65 1,154.30 1.62
CD0311071-2002 1,137 1,110.37 32.54 1,142.91 2.85
CD1111071-2002 1,003 955.15 55.50 1,010.65 5.49
CD1212071-2002 1,682 1,647.02 31.72 1,678.74 1.89
CD1412071-2002 1,220 1,177.03 34.85 1,211.88 2.88
CD1511071-2002 1,042 989.70 59.12 1,048.82 5.64
CD1710071-2002 1,199 1,142.20 0.75 1,142.95 0.07
CD1809071-2002 1,042 1,020.13 14.84 1,034.97 1.43
CD2010071-2002 1,224 1,189.05 32.84 1,221.89 2.69
CD2210071-2002 1,261 1,222.90 31.64 1,254.54 2.52
CD2801071-2002 1,234 1,194.86 30.60 1,225.46 2.50
CD2909071-2002 1,219 1,142.08 49.97 1,192.05 4.19
CD3028061-2002 1,392 1,401.29 0.00 1,401.29 0.00
CD3601071-2002 1,382 1,362.29 13.70 1,375.99 1.00
CD3710071-2002 1,173 1,132.89 28.96 1,161.85 2.49
CD4412071-2002 1,036 1,009.18 30.68 1,039.86 2.95
CD4528061-2002 1,359 1,340.42 6.46 1,346.88 0.48
CD4827061-2002 1,492 1,419.78 51.28 1,471.06 3.49
CD5210071-2002 1,354 1,322.26 35.20 1,357.46 2.59
CD5812071-2002 1,088 1,016.80 75.11 1,091.91 6.88
CD6109071-2002 1,129 1,116.26 14.26 1,130.52 1.26
CD6509071-2002 1,054 1,009.42 38.15 1,047.57 3.64

aThese samples were broken manually to assess their friability.
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The laboratory tested each ThN sample five times at 1:1 and 1:4 sample-to-cellulose
ratios. As specified in the procedure, the power was to be applied to sample-cellulose mixtures
for a maximum of 3 min, even if the “burning” had not ended. To be conservative, the laboratory
chose to keep the power on for 4 min. The time at which each burn concluded was recorded for
those samples that had burn times of less than 4 min. If any sample-cellulose mixture continued
to burn longer than 4 min, the test was concluded and “>4 min” was recorded. Because of  the
lower amount of cellulose in the 1:4 samples (6g cellulose and 24 g sample), most had a burn
time of >4 min. The mean burn time of each sample at each ratio was calculated and compared
with the mean burn time of the three ratios of the potassium bromate and cellulose reference
material to determine the classification. For the values that burned in more than 240 sec, the
value of 240 was used for the statistical calculations. None of the ThN samples had a mean burn
time less than that of the 3:7 reference mixture. All ThN samples were classified as “Not
Division 5.1” by the laboratory. The following observations were recorded by the laboratory:

• Domestic ThN: Although the sample-cellulose mixtures burned, there were signs of an
oxidizing reaction. The burns were slow and controlled, unlike the reference material. While
the cellulose burned, the ThN became molten and evolved orange fumes.

• Indian ThN: Behaved very similarly to domestic ThN.
• French ThN: Unlike the other ThN samples, the French samples were all powder, unlike the

solid pieces of the domestic and Indian origins. The French material exhibited flame
retardant characteristics. At the 1:1 ratio, a typical burn started with a delayed onset of flame
production; dense yellowish orange fumes evolved, and the flame luminosity was often low.
In some cases, the piles consolidated, expanded, or split, or they simply lifted off the
filament. The self-disorganizing behavior of these effects gave different burn rates. Although
the burn times recorded were shorter than the domestic and Indian burn times, most exceeded
2 min, resulting in mean burn times that still exceeded that of the 3:7 reference burn. These
outcomes occurred only with the 1:1 ratio. The French material in the 1:4 ratio gave results
essentially identical to the results from the domestic and Indian samples (>4 min or >240 s).

Table 10 summarizes the results obtained for the standards that are mixtures of
potassium bromate and cellulose at ratios of 3:7, 2:3, and 3:2 of potassium bromate to cellulose.
Table 11 presents the oxidizer test results for the domestic Hammond samples, the domestic
Curtis Bay samples, the French samples, and the Indian samples. The average, standard
deviation, and error were calculated for each group of samples and are recorded in each table.

6.2 DENSITY MEASUREMENTS FOR THE DOMESTIC ThN FROM CURTIS BAY

Seven domestic samples from Curtis Bay were tested for density using a modified
American Society for Testing and Materials (ASTM) D5057 method—modified because the
solubility of the material in water made measuring the displacement of water impossible. The
laboratory filled a container having a known volume with fine sand and weighed it (in triplicate)
to measure the density of sand. A single piece of ThN having a mass ranging from 15 to 25 g was
placed in the container, and the container was filled with sand to reach the same known volume.
The volume of the piece of ThN was calculated from the density of the sand and the weight of
sand displaced. The density results are compiled in Table 12.
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Table 10. Results of the oxidizer test for the standards
[Burn times are given in seconds]

Date Test no.
3:7 KBrO3/

cellulose
2:3 KBrO3/

cellulose
3:2 KBrO3/

cellulose
7/14/2002
7/14/2002
7/14/2002
7/14/2002
7/14/2002
7/15/2002
7/17/2002
7/18/2002
7/30/2002
7/31/2002
8/1/2002
8/6/2002
8/7/2002
8/8/2002
8/13/2002
8/15/2002
8/16/2002
8/19/2002
8/20/2002
8/22/2002
8/23/2002
8/27/2002
8/28/2002
8/28/2002
8/28/2002
8/28/2002
8/28/2002
9/3/2002
9/5/2002
9/10/2002
9/11/2002
9/12/2002
9/18/2002
9/18/2002
9/18/2002
9/18/2002
9/18/2002

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

102.93
89.22

117.37
106.63
117.59
109.19
136.81
104.03
143.91
143.91
130.78
108.25
154.75
99.44

107.16
118.81
91.54
91.60

120.93
109.50
117.65
108.41
85.90
82.94
70.72

116.16
97.53

114.41
91.34

137.25
88.78

111.47
89.25

110.28
109.03
101.44
86.75

77.35
51.65
85.59
60.03
78.40
71.93
63.62

111.06
129.22
73.44
78.78
67.47
87.03
65.78
48.91
47.44
44.91
63.20
56.29
61.90
50.68
70.66
44.62
41.65
42.16
41.72
43.29
55.63
33.91
38.91
39.21
35.63
43.91
33.56
45.03
48.54
36.72

21.53
9.75

10.32
10.22
22.31
8.90

17.34
9.50

15.75
14.28
16.07
13.32
15.38
12.04
11.69
9.68

10.25
13.5
3.87

14.15
14.85
17.5
7.15

11.41
6.84

10.59
9.78

11.41
8.82

10.6
8.15

10.94
9.65
9.32

10.06
10.72
14.5

Average (seconds) 108.74 58.64 11.95
Standard deviation 18.80 21.39 3.84

Error (±) 6.25 7.11 1.26
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Table 12. Density measurements of domestic ThN

Sample
Density
(g/cm3)

CD201007
CD111107
CD151107
CD021207
CD221007
CD290407
CD482706
CD371007
CD610907

1.931
1.870
1.876
1.929
1.869
1.787
2.014
1.695
2.013

Average
Error (±)

1.89
0.08

6.3 METAL ANALYSES

Fifty-three ThN samples were analyzed for mercury using EPA Method SW-846-7471A.
The samples were diluted in 4 vol % nitric acid for assays of the remaining metals. The samples
were analyzed for Al, As, Cu, Pb, Mg, Se, Ag, and U by inductively coupled plasma–mass
spectroscopy (ICP-MS) (EPA Method SW-846-6020) and for the remaining metals by
inductively coupled plasma–atomic emission spectroscopy (ICP-AES) (SW-846-6010B). Results
are reported on a dry-weight basis. Several ICP-AES runs were performed, each with its own
calibration and QC controls. Thorium was run separately; Ca, Fe, Na, and V were run together;
and the remaining elements (Sb, Ba, Be, B, Cd, Cr, Co, Mn, Mo, Ni, Si, Sr, Tl, Zn, and Zr) were
run as a group. Mercury was run using cold vapor atomic absorption (CVAA). Because of the
elevated thorium concentration in the samples, some elements had to be manually calculated to
correct for thorium interference: Cd, Cr, Mn, Sb, Si, Tl, Ca, Fe, and V. The data were validated
according to EPA guidance, and data qualifiers (Q) for metals validations were applied as
follows:

U The analyte was not detected above the reported detection limit.
J The analyte was identified; the associated numerical value is approximated.
UJ The analyte was not detected above the reported detection limit, and the associated

detection limit is approximated because of quality deficiency.
= Data that, as a result of the validation process, have been determined to meet QA/QC

requirements and are considered to be a valid result greater than the reporting limit
are presented with an equal sign, indicating that no qualifier is necessary.

Results of the metal analyses for the ThN samples are presented in Table 13. For the
domestic samples from Hammond, almost all the analytes were found to be below the detection
limit. However, in two samples, small amounts of sodium were detected: 2440 mg/kg in sample
HD1010061-2002 and 2480 mg/kg in sample HD3810061-2002. In two other samples, trace
amounts of lead were detected: 0.72 mg/kg in sample HD2907061-2002 and 1.5 mg/kg in sample
HD4710061-2002. The results for thorium vary from 42.0 to 43.4 wt %.
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The results of the domestic samples from Curtis Bay showed barium in 3 of the 22
samples at a maximum concentration of 647 mg/kg. Manganese was found in one sample at a
concentration of 11.6 mg/kg. Silicon was found in one sample at the concentration of 38 mg/kg.
Thallium was found in one sample at the concentration of 11.4 mg/kg, and sodium was found in
one sample at the concentration of 156 mg/kg. The concentration of thorium was within the
range of 42.8 to 51.8 wt %.

The French ThN product is less pure than the products from the two other countries of
origin. Two of the 13 samples contained chromium at the maximum of 16.3 mg/kg. Lead was
present in 11 of the 13 samples with concentrations up to 15 mg/kg, and nickel was found in four
samples at a maximum concentration of 9.4 mg/kg. Sodium and uranium were present in all
samples, with sodium concentrations ranging from 171 to 819 mg/kg and uranium concentrations
ranging from 7.8 to 46.3 mg/kg. The thorium concentration ranged between 43.4 and 52.9 wt %.

For the Indian ThN samples, aluminum was found at the maximum concentration of
467 mg/kg in nine of the ten samples analyzed. Barium was found in four samples at the
maximum of 19.6 mg/kg. Copper was found in nine samples at a maximum concentration of 14.1
mg/kg. Lead was found in only one sample at the concentration of 5 mg/kg. Silicon was present
in nine samples at a maximum concentration of 120 mg/kg. Sodium was detected in one sample
at the concentration of 119 mg/kg. The thorium concentration was between 45.0 and 53.3 wt %.

6.4 RCRA METALS

The toxicity characteristic leaching procedure (TCLP) extraction was not requested in
the SOW. In slightly acidic solutions (as the TCLP extraction solutions are), the extraction would
have resulted in a dissolution almost identical to the one performed for the sample preparation
for the metals analyses. Also, if a TCLP extraction were requested, the laboratory would provide
only the eight RCRA elements for a cost higher than a total analysis. Therefore, instead of
obtaining data for the TCLP extraction, ORNL used the results of the total analysis and divided
them by 20 to reproduce the dilution performed in the TCLP test, where 100 g of material are
extracted in 2 L of extraction fluid. The calculated concentrations of the RCRA metals are found
in Tables 14–17. None of the samples from any origin was found to contain RCRA metals at
levels above the regulatory limits.

6.5  RADIOLOGICAL ANALYSES: ALPHA SPECTROMETRY

The SOW requested a gamma spectrometry analysis for each sample. Because NTS has
strict action limits for 230Th, alpha spectrometry analyses were also requested on 18 of the 53
samples. The results are provided on an “as received” basis. The data were validated following
EPA guidelines, and data qualifiers (Q) were assigned as follows:

U The analyte was not detected above the reported detection limit.
J The analyte was identified; the associated numerical value is approximated.
UJ The analyte was not detected above the reported detection limit, and the associated

detection limit is approximated due to quality deficiency.
NJ The analyte was presumably present at an estimated quantity.
= Data, that, as a result of the validation process, have been determined to meet the QA/QC

requirements and are considered to be a valid result greater than the reporting limit are
represented with an equal sign (“=”), indicating that no qualifier is necessary.
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Table 14.  Calculated concentration of the RCRA metals for the domestic ThN from Hammond
[Units are mg/L]

Sample

Element (and RCRA concentration limit)

Arsenic
(5)

Barium
(100)

Cadmium
(1)

Chromium
(5)

Lead
(5)

Mercury
(0.2)

Selenium
(1)

Silver
(5)

HD0807061 Conc.
Q

0.225
U

0.225
U

0.225
UJ

0.455
U

0.0225
U

0.001
U

0.225
U

0.0225
UJ

HD1010061 Conc.
Q

0.23
U

0.23
U

0.23
UJ

0.46
U

0.023
U

0.0015
U

0.23
U

0.023
UJ

HD2307061 Conc.
Q

0.235
U

0.235
U

0.235
UJ

0.47
U

0.0235
U

0.0025
U

0.235
U

0.0235
UJ

HD2907061 Conc.
Q

0.23
U

0.23
U

0.23
UJ

0.46
U

0.036
=

0.002
U

0.23
U

0.023
UJ

HD3007061 Conc.
Q

0.23
U

0.23
U

0.23
UJ

0.465
U

0.023
U

0.0025
U

0.23
U

0.023
UJ

HD3810061 Conc.
Q

0.235
U

0.235
U

0.235
UJ

0.475
U

0.0235
U

0.0025
U

0.235
U

0.0235
UJ

HD4710061 Conc.
Q

0.22
U

0.22
U

0.22
UJ

0.44
U

0.075
=

0.002
U

0.22
U

0.022
UJ

HD4810061 Conc.
Q

0.25
U

0.25
U

0.25
UJ

0.5
U

0.025
U

0.0025
U

0.25
U

0.025
UJ

For the domestic ThN from Hammond (Table 18) the collected data show a good
comparison between the thorium results from the alpha spectrometry ( 44.6, 40.3, and 40.5 wt %)
and the ICP-AES (39.5, 40.1, and 39.4 wt %, respectively). However, the correlation is not as
good for the uranium content, mainly because the concentrations are very low and the error at
these levels is high. The ICP-AES data for uranium indicate that the analyte was not detected at
about 0.5 mg/kg. The alpha spectrometry results indicate that in one sample it was undetected at
a level of 1.83 mg/kg, and it was detected in two samples but at levels too low to be quantified
reliably (5.72 mg/kg and 2.48 mg/kg). The results for the domestic ThN from Curtis Bay are
compiled in Table 19, for the French ThN in Table 20, and for the Indian ThN in Table 21.

6.6 RADIOLOGICAL ANALYSES: GAMMA SPECTROMETRY

The results for these analyses are compiled in Tables 22–25.  The EPA qualifiers are the
same as those used for the alpha spectrometry analyses.  Because of the age of the material, the
spectra obtained were very complex and had numerous peaks. These abundant peaks created
interference and made the interpretation of the spectra difficult.
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Table 15.  Calculated concentration of the RCRA metals for the domestic ThN from Curtis Bay
[Units are mg/L]

Sample

Element (and RCRA concentration limit)

Arsenic
(5)

Barium
(100)

Cadmium
(1)

Chromium
(5)

Lead
(5)

Mercury
(0.2)

Selenium
(1)

Silver
(5)

CD021207 Conc.
Q

0.535
U

0.27
U

0.27
UJ

0.535
U

0.055
U

0.003
U

0.535
U

0.055
UJ

CD031107 Conc.
Q

0.495
U

2.28
=

0.245
UJ

0.495
U

0.0495
U

0.003
U

0.495
U

0.0495
UJ

CD111107 Conc.
Q

0.49
U

0.245
U

0.245
UJ

0.49
U

0.049
U

0.0015
U

0.49
U

0.049
UJ

CD121207 Conc.
Q

0.485
U

0.24
U

0.24
UJ

0.485
U

0.049
U

0.003
U

0.485
U

0.049
UJ

CD141207 Conc.
Q

0.5
U

0.25
U

0.25
UJ

0.5
U

0.05
U

0.002
U

0.5
U

0.05
UJ

CD151107 Conc.
Q

0.49
U

32.35
=

0.245
UJ

0.49
U

0.049
U

0.004
U

0.49
U

0.049
UJ

CD171007 Conc.
Q

0.585
U

0.29
U

0.29
UJ

0.585
U

0.06
U

0.003
U

0.585
U

0.06
UJ

CD180907 Conc.
Q

0.43
U

0.215
U

0.215
UJ

0.43
U

0.043
U

0.0025
U

0.43
U

0.043
UJ

CD201007 Conc.
Q

0.49
U

14.75
=

0.245
UJ

0.49
U

0.049
U

0.002
U

0.49
U

0.049
UJ

CD221007 Conc.
Q

0.44
U

0.22
U

0.22
UJ

0.44
U

0.044
U

0.003
U

0.44
U

0.044
UJ

CD280107 Conc.
Q

0.48
U

0.24
U

0.24
UJ

0.48
U

0.048
U

0.0015
U

0.48
U

0.048
UJ

CD290407 Conc.
Q

0.465
U

0.23
U

0.23
UJ

0.465
U

0.0465
U

0.0035
U

0.465
U

0.0465
UJ

CD302806 Conc.
Q

0.43
U

0.215
U

0.215
UJ

0.43
U

0.043
U

0.002
U

0.43
U

0.043
UJ

CD360107 Conc.
Q

0.41
U

0.205
U

0.205
UJ

0.41
U

0.041
U

0.0025
U

0.41
U

0.041
UJ

CD371007 Conc.
Q

0.525
U

0.265
U

0.265
UJ

0.525
U

0.055
U

0.003
U

0.525
U

0.055
UJ

CD441207 Conc.
Q

0.45
U

0.225
U

0.225
UJ

0.45
U

0.045
U

0.0025
U

0.45
U

0.045
UJ

CD452706 Conc.
Q

0.48
U

0.24
U

0.24
UJ

0.48
U

0.048
U

0.002
U

0.48
U

0.048
UJ

CD482706 Conc.
Q

0.5
U

0.25
U

0.25
UJ

0.5
U

0.05
U

0.002
U

0.5
U

0.05
UJ

CD521007 Conc.
Q

0.485
U

0.24
U

0.24
UJ

0.485
U

0.0485
U

0.002
U

0.485
U

0.0485
UJ

CD581207 Conc.
Q

0.45
U

0.225
U

0.225
UJ

0.45
U

0.045
U

0.002
U

0.45
U

0.045
UJ

CD610907 Conc.
Q

0.52
U

0.26
U

0.26
UJ

0.52
U

0.05
U

0.0025
U

0.52
U

0.05
UJ

CD650907 Conc.
Q

0.465
U

0.23
U

0.23
UJ

0.465
U

0.0465
U

0.003
U

0.465
U

0.0465
UJ
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Table 16.  Calculated concentration of the RCRA metals for the French ThN from Curtis Bay
[Units are mg/L]

Sample

Element (and RCRA concentration limit)

Arsenic
(5)

Barium
(100)

Cadmium
(1)

Chromium
(5)

Lead
(5)

Mercury
(0.2)

Selenium
(1)

Silver
(5)

CF010807 Conc.
Q

0.43
U

0.215
U

0.215
UJ

0.43
U

0.043
U

0.0025
U

0.43
U

0.043
UJ

CF020807 Conc.
Q

0.485
U

0.24
U

0.24
UJ

0.485
U

0.595
=

0.0025
U

0.485
U

0.0485
UJ

CF030807 Conc.
Q

0.535
U

0.265
U

0.265
UJ

0.535
U

0.215
=

0.002
U

0.535
U

0.055
UJ

CF040807 Conc.
Q

0.54
U

0.27
U

0.27
UJ

0.54
U

0.385
=

0.002
U

0.54
U

0.055
UJ

CF060807 Conc.
Q

0.515
U

0.26
U

0.26
UJ

0.515
U

0.11
=

0.0025
U

0.515
U

0.05
UJ

CF100207 Conc.
Q

0.505
U

0.25
U

0.25
UJ

0.505
U

0.465
U

0.003
U

0.505
U

0.05
UJ

CF110207 Conc.
Q

0.455
U

0.23
U

0.23
UJ

0.455
U

0.125
=

0.0025
U

0.455
U

0.0455
UJ

CF130807 Conc.
Q

0.48
U

0.24
U

0.24
UJ

0.48
U

0.3
=

0.002
U

0.48
U

0.048
UJ

CF140307 Conc.
Q

0.44
U

0.22
U

0.22
UJ

0.44
U

0.75
=

0.0025
U

0.44
U

0.044
UJ

CF160807 Conc.
Q

0.515
U

0.26
U

0.26
UJ

0.515
U

0.05
U

0.003
U

0.515
U

0.05
UJ

CF170807 Conc.
Q

0.425
U

0.21
U

0.21
UJ

0.425
U

0.125
=

0.0025
U

0.425
U

0.0425
UJ

CF190807 Conc.
Q

0.52
U

0.26
U

0.26
UJ

0.815
=

0.375
=

0.002
U

0.52
U

0.05
UJ
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Table 17.  Calculated concentration of the RCRA metals for the Indian ThN from Curtis Bay
[Units are mg/L]

Sample

Element (and RCRA concentration limit)

Arsenic
(5)

Barium
(100)

Cadmium
(1)

Chromium
(5)

Lead
(5)

Mercury
(0.2)

Selenium
(1)

Silver
(5)

CI030707 Conc.
Q

0.56
U

0.285
=

0.28
UJ

0.56
U

0.055
U

0.0025
U

0.56
U

0.055
UJ

CI040307 Conc.
Q

0.45
U

0.225
U

0.225
UJ

0.45
U

0.045
U

0.002
U

0.45
U

0.045
UJ

CI050307 Conc.
Q

0.455
U

0.23
U

0.23
UJ

0.455
U

0.0455
U

0.0025
U

0.455
U

0.0455
UJ

CI060307 Conc.
Q

0.505
U

0.255
U

0.255
UJ

0.505
U

0.05
U

0.0025
U

0.505
U

0.05
UJ

CI070307 Conc.
Q

0.515
U

0.715
=

0.255
UJ

0.515
U

0.05
U

0.0015
U

0.515
U

0.05
UJ

CI090307 Conc.
Q

0.48
U

0.24
U

0.24
UJ

0.48
U

0.048
U

0.002
U

0.48
U

0.048
UJ

CI110207 Conc.
Q

0.475
U

0.24
U

0.24
UJ

0.475
U

0.25
=

0.001
U

0.475
U

0.0475
UJ

CI120207 Conc.
Q

0.49
U

0.98
U

0.245
UJ

0.49
U

0.049
U

0.0025
U

0.49
U

0.049
UJ

CI130207 Conc.
Q

0.57
U

0.285
U

0.285
UJ

0.57
U

0.055
U

0.003
U

0.57
U

0.055
UJ

CI140207 Conc.
Q

0.505
U

0.275
=

0.25
UJ

0.505
U

0.05
U

0.002
U

0.505
U

0.05
UJ

Table 18. Alpha spectrometry results for the domestic samples from Hammond
[Units are pCi/g except where noted]

Nuclide/element
HD0807061 HD4810061 HD3007061

Activity Q Activity Q Activity Q
234U
235U 
236U
238U

1.86
0.0769
0.133
1.91

J
UJ
UJ
UJ

0.505
0.311
0.568
0.568

UJ
UJ
UJ
UJ

1.32
0
0.835
0.835

J
UJ
UJ
UJ

Total U 3.98 1.38 2.09

Total U (mg/kg) 5.72 1.83 2.48
228Th
230Th
232Th

54600
4470

49000

=
=
=

46800
3550

44200

=
=
=

49200
3570

44500

=
=
=

Total Th 108070 94550 97270

Total Th (wt %) 44.6 40.3 40.5
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Table 20.  Alpha spectrometry results for the French samples from Curtis Bay
[Units are pCi/g unless indicated]

Nuclide/element

Blank CF020807 CF100207 CF190807

Activity Activity Q Activity Q Activity Q
234U 0.94 7.83 = 4.07 = 14.48 =
235U 0.14 0.73 = 0.12 U 1.42 =
236U 0.3 0.33 J 0.52 J 0.46 J
238U 0.35 8.65 J 2.45 J 14.23 J

Total U 1.73 17.54 7.16 30.6

Total U, mg/kg 1.12 26.09 7.35 43.02
228Th 124 43080 = 44580 = 46530 =
230Th 174 300700 = 49950 = 38740 =
232Th 61 41220 = 43530 = 45440 =

Total Th 359 114370 138060 130710

Total Th, wt % 0.0559 37.5 39.6 41.4

Table 21.  Alpha spectrometry results for the Indian samples from Curtis Bay
[Units are pCi/g unless indicated]

Nuclide/element

Blank CI030707 CI040307 CI090307

Activity Activity Q Activity Q Activity Q
234U 0.94 0.66 U 0.35 U 0.51 U
235U 0.14 0 U 0.03 U 0.13 =
236U 0.3 0.37 J 0.1 UJ 0.03 UJ
238U 0.35 0.22 UJ 0.02 UJ 0.1 UJ

Total U 1.73 1.25 0.51 0.77

Total U, mg/kg 1.12 0.66 0.09 0.36
228Th 124 47330 = 48180 = 49880 =
230Th 174 7532 = 7632 = 7450 =
232Th 61 44770 = 44580 = 48530 =

Total Th 359 99632 100392 105860

Total Th, wt % 0.0559 40.8 40.6 44.2
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Table 25.  Gamma spectrometry results for the Indian samples from Curtis Baya

[Units are pCi/g]

Nuclide
CI030707 CI040307 CI050307 CI060307 CI070307

Activity Q Activity Q Activity Q Activity Q Activity Q

  232Th
 Series

208Tl 13220 J 13130 J 13140 J 11880 J 11580 J
212Bi 39170 J 39390 J 38780 J 37000 J 36920 J
212Pb 15830 J 13780 J 14180 J 10980 J 30150 J
224Ra 553500 NJ 558900 NJ 561000 NJ 473600 NJ 480100 NJ
228Ac 40240 J 38880 J 38380 J 36160 J 36030 J
228Th 47650 J 48480 J 51300 J 42160 J 43920 J

235U
series

211Bi 217 NJ 257 NJ 243 NJ 206 NJ 321 NJ
219Rn 12740 NJ 15700 NJ 16870 NJ 11020 NJ 11250 NJ
231Pa 945 NJ 58400 NJ 775 NJ 1001 NJ ND  
227Th ND  ND  ND  ND  ND  
231Th 216700 NJ 221500 NJ 218400 NJ 189900 NJ 190900 NJ
233Ra 1952 NJ 1773 NJ 1725 NJ 1691 NJ 1554 NJ
235U 41.7 NJ ND  ND  ND  ND  

   237

 Series

229Th ND  575 NJ 665 NJ 501 NJ 633 NJ
233Pa ND  ND  ND  ND  ND  
237Np 2441 NJ ND  3386 NJ 1796 NJ ND  

238U
series

214 Pb ND  ND  ND  51.3 J 94 J
226Ra ND  850 NJ 427 U 685 NJ 316 U
234mPa 8262 NJ 10650 NJ 10440 NJ 8045 NJ 7928 NJ
234Th 331 NJ 334 NJ 396 NJ 283 NJ 311 NJ

Other 
Series

40K 3046 NJ 3466 NJ 3147 NJ 2771 NJ 3130 NJ
94mNb ND  ND  ND  ND  ND  
137 Cs ND  ND  ND  ND  ND  
146 Pm 3782 NJ 3979 NJ 3848 NJ 3468 NJ 3348 NJ
155Eu 195500 NJ 68930 NJ 195900 NJ 179500 NJ 55330 NJ



Analytical Characterization of the Thorium Nitrate Stockpile

58

Table 25. (continued)a

[Units are pCi/g]

Nuclide
CI090307 CI110207 CI120207 CI130207 CI140207

Activity Q Activity Q Activity Q Activity Q Activity Q

  232Th
 Series

208Tl 12190 J 13750 J 12740 J 13140 J 12760 J
212Bi 36800 J 39710 J 40610 J 40360 J 38880 J
212Pb 14280 J 12060 J 17200 J 12260 J 14020 J
224Ra 505000 NJ 567800 NJ 536700 NJ 554300 NJ 521500 NJ
228Ac 37070 J 39700 J 38450 J 38340 J 38380 J
228Th 45200 J 50500 J 48980 J 47770 J 49670 J

235U
series

211Bi 245 NJ 188 NJ  NDa   NDa  382 NJ
219Rn 15560 NJ 12860 NJ 14710 NJ 16490 NJ 15810 NJ
231Pa  NDa  58150 NJ 983 NJ 930 NJ 968 NJ
227Th 205 NJ  NDa   NDa   NDa   NDa  
231Th 201900 NJ  NDa  213300 NJ 217500 NJ 207800 NJ
233Ra 1864 NJ 1785 NJ 1749 NJ 2015 NJ 1519 NJ
235U  NDa   NDa   NDa  51.6 NJ  NDa  

   237

 Series

229Th 831 NJ 1098 NJ 959 NJ 721 NJ 961 NJ
233Pa  NDa   NDa   NDa   NDa   NDa  
237Np  NDa   NDa  1867 NJ  NDa   NDa  

238U
series

214 Pb  NDa   NDa  249 J 71 J 91.9 J
226Ra 156 U 617 J 347 J  NDa  339 U
234mPa 7792 NJ 7948 NJ 8865 NJ 8723 NJ 5949 NJ
234Th 286 NJ 348 NJ 308 NJ 383 NJ 340 NJ

Other 
Series

40K 3157 NJ 3231 NJ 3120 NJ 2966 NJ 2929 NJ
94mNb  NDa   NDa   NDa   NDa   NDa  
137 Cs  NDa  51.9 J  NDa   NDa   NDa  
146 Pm 3372 NJ 3896 NJ 3831 NJ 3791 NJ 3574 NJ
155Eu 60110 NJ 78130 NJ 195200 NJ 81100 NJ 60510 NJ

aND = not detected

The laboratory flagged the peaks that appeared to be interference instead of real hits with
the qualifier “I” (for interference).  This flag indicated that SWRI believed that either the isotope
was not present or that the activity of the isotope was overestimated due to an overlap of another
isotope line. Normally, these results would have been left out of the report, but the laboratory
wished to be very conservative in its reporting.  Therefore, SWRI reported that the software
found the lines and that the lines were deemed to be interference. The laboratory outlined the
following specifics as to the rejection of the isotopes:

• 40K — The laboratory does not believe that any 40K was in the samples, although a photo
peak at the only energy for 40K (1460 keV) was identified in the gamma spectra. No
potassium was found by the ICP analysis of the sample, so 40K is probably not present. The
line found in the spectrum is actually from 228Ac at 1459 keV, but because there is only one
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40K line, it is impossible to quantify the actual 40K present; hence the laboratory flagged the
data on the forms with an “I,” basing its judgement on the reliable data obtained by ICP.

• 146Pm — The laboratory does not believe that any 146Pm was in the samples. This nuclide
has the following peaks, in KeV, and abundances (%): 146 (0.22), 454 (66), 590 (0.43), 633
(1.12), 736 (22.8), and 747 (17.7).  In most spectra, peaks were identified at 146, 454, and
590 keV.  Because the 454-keV peak has the highest abundance and no interference, the
software identified 146Pm as being present.  The laboratory rejected this finding because the
146-keV line has an interfering peak for 228Ac and because the higher abundance peaks at
736 keV and 747 keV were not found.

• 155Eu: SWRI does not believe that 155Eu was in the samples. This nuclide has the following
usable peaks, in keV, and abundances (%): 27.5 (0.32), 45 (1.32), 60 (1.13), 86 (30.7) and
105 (21.2). The 60-, 86-, and 105-keV lines were identified in the spectra. The 86-keV line
has  interference from 228Th at 84 keV.  SWRI rejected this isotope because the 45-keV line
was not detected. 

In general, no unusual isotopes were detected in the background spectra, and for those
that were identified, their activities were subtracted from the sample results. The nuclide 40K was
present in the background spectra at about 126 pCi/sample in 15-h count. Based on a nominal
sample size of 30 g, this would have added (if the background correction was not performed)
about 4.2 pCi/g.

During the data validation process, the data validator changed the “I” flag from the
laboratory to “NJ,” which means “presumably present at an estimated quantity.”  The rationale
for this qualifier is that EPA does not have another qualifier that would better describe the
situation for these samples.
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7.  STATISTICAL  EVALUATION OF THE COLLECTED  DATA

7.1 OXIDIZER TEST

Standard deviation (F) is the parameter that fixes the width of the normal distribution of 
results and includes a fixed fraction of the values making up the curve. In a population having a
normal distribution, 95% of the values are within ± 2F, and 99% are within ± 3F. Figure 1
depicts the individual results for the standard 3:7 KBrO3:cellulose reference sample compared
with the individual results for the ThN samples at the mixing ratio of 4:1 ThN:cellulose. In
Fig. 1, the confidence limits of average ± 2 standard deviations (“!2Sx”,“ �2Sx”) are warning
limits and average ± 3 standard deviations (“!3Sx”“,�3Sx”) are control limits. As seen in Fig. 1,
all the results obtained for ThN are above the control limit line, except for one French sample.
These results indicate that the ThN should not be classified as a DOT Division 5.1 oxidizer.

Fig. 1. Graphic representation of the oxidizer test results.

In Table 26, the average results obtained for each category—domestic Hammond,
domestic Curtis Bay, French, and Indian—are shown with the error associated with the average.
The data are represented graphically  in Fig. 2.
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Table 26. Summary of the results obtained for
the oxidizer test

Sample tested

Average
burn time

(sec)
3:7 KBrO3 /cellulose
2:3 KBrO3/cellulose
3:2 KBrO3/cellulose
4:1 domestic Hammond/cellulose 
1:1 domestic Hammond/cellulose
4:1 domestic Curtis Bay/cellulose
1:1 domestic Curtis Bay/cellulose
4:1 French/cellulose
1:1 French/cellulose
4:1 Indian/cellulose
1:1 Indian/cellulose

109 ± 6
59 ± 7

12.0 ± 1.3
194 ± 21

>240
200 ± 7
>240

180 ± 12
>240

200 ± 13
>240

Fig. 2. Comparison of the average burn times obtained for the standards and the
samples at a 4:1 sample/cellulose ratio.
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7.2  RCRA METALS

The validated data were used to compare the chemical composition of the ThN with the
RCRA regulatory threshold at a 90% confidence limit (as requested in NTS WAC Appendix B).
For this comparison, the “less than” results were transformed to a value equal to half the
detection limit in the calculation of the statistical parameters. Duplicate analyses were also
included in the statistical treatment. Four statistical parameters (average, standard deviation,
error, and coefficient of variance) were generated for the eight RCRA metals (arsenic, barium,
cadmium, chromium, lead, mercury, selenium, and silver.)

The coefficient of variance is the standard deviation divided by the average. When its
value is calculated to be  <1.25, the data may be assumed to be approximately normally
distributed. This condition is necessary for the formation of the 90% confidence limit. As seen in
Table 27, the coefficients of variance for the four categories satisfy this condition except in the
results for barium in the domestic samples at Curtis Bay. Barium was detected in some samples,
although it was undetected in most cases. This finding suggests that an alternate distribution
profile may exist for barium. Because the measured concentrations were far below the regulatory
limit, a data transformation followed by a statistical evaluation was not deemed necessary.

The average concentration for each RCRA metal and its associated error are also
compiled in Table 27. To ease the representation of the values found in comparison with the
RCRA limits, the data were compiled in eight graphics (Figs. 3–10) representing each of the
RCRA metals. In Figs. 3–10, the averages with error bars and regulatory limits for the RCRA
metals are presented  for each of the four categories — domestic Hammond, domestic Curtis
Bay, French, and Indian. An error bar is visible on the chart for barium at Curtis Bay (Fig. 4); the
other bars are not visible because they are too small to show on the graph. The results shown in
the charts indicate that the stockpile of ThN is not characteristically hazardous when compared to
the RCRA standard.

7.3 TOTAL COMPOSITION

The average concentration for each metal and its associated error are shown in Table 28.
As for the RCRA metals, the “less than” results were transformed to a value equal to half the
detection limit in the calculation of the statistical parameters.  These results are on a dry basis
(i.e., they were calculated for the material dried at 105°C until constant weight is achieved).

7.4 ALPHA SPECTROMETRY

The average activities for uranium and thorium isotopic analyses and the error for the
averages are given in Table 29. Figure 11 indicates that the results for uranium are often not
significantly different from zero. The analytical precision is usually poor when sample
concentrations are near the minimum detectable concentration or activity. Because of the high
activity measured for thorium, the statistical parameters are meaningful and can be compared.
Figure 12 shows that average isotopic activities for thorium from the four categories (domestic
Hammond, domestic Curtis Bay, French, and Indian) do not differ from each other significantly.
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Table 27.  Statistical calculations of the RCRA metalsa

 [Concentrations given in mg/L]
Sample Arsenic Barium Cadmium Chromium Lead Mercury Selenium Silver

Domestic samples from Hammond
HD0807061 0.113 0.113 0.113 0.228 0.011 0.001 0.113 0.011
HD0807061Dup 0.112 0.112 0.112 0.224 0.011 0.001 0.112 0.011
HD1010061 0.115 0.115 0.115 0.230 0.012 0.001 0.115 0.012
HD2307061 0.118 0.118 0.118 0.235 0.012 0.001 0.118 0.012
HD2907061 0.115 0.115 0.115 0.230 0.036 0.001 0.115 0.012
HD3007061 0.115 0.115 0.115 0.233 0.012 0.001 0.115 0.012
HD3810061 0.118 0.118 0.118 0.238 0.012 0.001 0.118 0.012
HD4710061 0.110 0.110 0.110 0.220 0.075 0.001 0.110 0.011
HD4810061 0.125 0.125 0.125 0.250 0.013 0.001 0.125 0.013

Average 0.115 0.115 0.115 0.232 0.021 0.001 0.115 0.012
Standard deviation 0.004 0.004 0.004 0.009 0.022 0.000 0.004 0.000
Error 0.003 0.003 0.003 0.005 0.013 0.000 0.003 0.000
Coefficient of
variance

0.038 0.038 0.038 0.038 1.013 0.254 0.038 0.038
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Table 27.  (continued)a

[Concentrations given in mg/L]

Sample Arsenic Barium Cadmium Chromium Lead Mercury Selenium Silver
Domestic samples from Curtis Bay

CD021207 0.268 0.135 0.135 0.268 0.028 0.002 0.268 0.028
CD031107 0.248 2.280 0.123 0.248 0.025 0.002 0.248 0.025
CD111107 0.245 0.123 0.123 0.245 0.025 0.001 0.245 0.025
CD121207 0.243 0.120 0.120 0.243 0.024 0.002 0.243 0.024
CD141207 0.250 0.125 0.125 0.250 0.025 0.001 0.250 0.025
CD141207Dup 0.245 0.122 0.122 0.245 0.025 NA 0.245 0.025
CD151107 0.245 32.350 0.123 0.245 0.025 0.002 0.245 0.025
CD171007 0.293 0.145 0.145 0.293 0.030 0.002 0.293 0.030
CD221007 0.220 0.110 0.110 0.220 0.022 0.002 0.220 0.022
CD180907 0.215 0.108 0.108 0.215 0.022 0.001 0.215 0.022
CD201007 0.245 14.750 0.123 0.245 0.025 0.001 0.245 0.025
CD280107 0.240 0.120 0.120 0.240 0.024 0.001 0.240 0.024
CD280107Dup NA NA NA NA NA 0.001 NA NA
CD290407 0.233 0.115 0.115 0.233 0.023 0.002 0.233 0.023
CD302806 0.215 0.108 0.108 0.215 0.022 0.001 0.215 0.022
CD360107 0.205 0.103 0.103 0.205 0.021 0.001 0.205 0.021
CD371007 0.263 0.133 0.133 0.263 0.028 0.002 0.263 0.028
CD441207 0.225 0.113 0.113 0.225 0.023 0.001 0.225 0.023
CD452706 0.240 0.120 0.120 0.240 0.024 0.001 0.240 0.024
CD482706 0.250 0.125 0.125 0.250 0.025 0.001 0.250 0.025
CD521007 0.243 0.120 0.120 0.243 0.024 0.001 0.243 0.024
CD581207 0.225 0.113 0.113 0.225 0.023 0.001 0.225 0.023
CD610907 0.260 0.130 0.130 0.260 0.025 0.001 0.260 0.025
CD650907 0.233 0.115 0.115 0.233 0.023 0.002 0.233 0.023
CD650907Dup 0.224 0.112 0.112 0.224 0.022 NA 0.224 0.022

Average 0.240 2.162 0.120 0.240 0.024 0.001 0.240 0.024
Standard deviation 0.019 7.094 0.010 0.019 0.002 0.000 0.019 0.002
Error 0.007 2.482 0.003 0.007 0.001 0.000 0.007 0.001
Coefficient of
variance

0.080 3.281 0.080 0.080 0.087 0.234 0.080 0.087
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Table 27.  (continued)a

[Concentrations given in mg/L]

Sample Arsenic Barium Cadmium Chromium Lead Mercury Selenium Silver
French samples from Curtis Bay

CF010807 0.215 0.108 0.108 0.215 0.022 0.001 0.215 0.022
CF020807 0.243 0.120 0.120 0.243 0.298 0.001 0.243 0.024
CF030807 0.268 0.133 0.133 0.268 0.108 0.001 0.268 0.028
CF040807 0.270 0.135 0.135 0.270 0.193 0.001 0.270 0.028
CF060807 0.258 0.130 0.130 0.258 0.055 0.001 0.258 0.025
CF090807 0.248 0.123 0.123 0.265 0.145 0.000 0.248 0.025
CF110207 0.228 0.115 0.115 0.228 0.063 0.001 0.228 0.023
CF130807 0.240 0.120 0.120 0.240 0.150 0.001 0.240 0.024
CF140307 0.220 0.110 0.110 0.220 0.375 0.001 0.220 0.022
CF170807 0.213 0.105 0.105 0.213 0.063 0.001 0.213 0.021
CF190807 0.260 0.130 0.130 0.408 0.188 0.001 0.260 0.025

Average 0.244 0.122 0.122 0.257 0.147 0.001 0.244 0.024
Standard deviation 0.020 0.010 0.010 0.050 0.108 0.000 0.020 0.002
Error 0.010 0.005 0.005 0.025 0.053 0.000 0.010 0.001
Coefficient of
variance

0.081 0.081 0.081 0.193 0.735 0.338 0.081 0.082
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Table 27.  (continued)a

[Concentrations given in mg/L]

Sample Arsenic Barium Cadmium Chromium Lead Mercury Selenium Silver
Indian samples from Curtis Bay

CI030707 0.280 0.285 0.140 0.280 0.028 0.0013 0.280 0.028
CI040307 0.225 0.113 0.113 0.225 0.022 0.0010 0.225 0.023
CI050307 0.228 0.115 0.115 0.228 0.023 0.0013 0.228 0.023
CI060307 0.253 0.128 0.128 0.253 0.025 0.0012 0.253 0.025
CI070307 0.258 0.715 0.128 0.258 0.025 0.0008 0.258 0.025
CI090307 0.240 0.120 0.120 0.240 0.024 0.0010 0.240 0.024
CI100207 0.238 0.120 0.120 0.238 0.250 0.0005 0.238 0.024
CI120207 0.245 0.490 0.123 0.245 0.024 0.0012 0.245 0.025
CI130207 0.285 0.143 0.143 0.285 0.028 0.0015 0.285 0.028
CI140207 0.253 0.275 0.125 0.253 0.025 0.0010 0.253 0.025

Average 0.250 0.187 0.125 0.250 0.035 0.0011 0.250 0.025
Standard deviation 0.020 0.129 0010 0.020 0.032 0.0003 0.020 0.002
Error 0.012 0.075 0.006 0.012 0.018 0.0002 0.012 0.001
Coefficient of
variance

0.080 0.693 0.078 0.080 0.909 0.270 0.080 0.069

aNA = not analyzed for.

Fig. 3. Calculated average concentration of arsenic in TCLP.



ORNL/TM-2003/54

67

0

20

40

60

80

100

H CB F I RCRA

[B
a]

, m
g/

L

0

0.2

0.4

0.6

0.8

1

1.2

H CB F I RCRA

[C
d]

, m
g/

L

0

1

2

3

4

5

6

H CB F I RCRA

[C
r]

, m
g/

L

    Fig. 4. Calculated average
concentration of barium
in TCLP.

    Fig. 5. Calculated average
concentration of cadmium
in TCLP.

    Fig. 6. Calculated average
concentration of chromium
in TCLP.
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    Fig. 7. Calculated average
concentration of lead
in TCLP.

    Fig. 8. Calculated average
concentration of mercury
in TCLP.

    Fig. 9. Calculated average
concentration of selenium
in TCLP.
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    Fig. 10. Calculated average
concentration of silver
in TCLP.

Table 28. Average total composition of the ThN material
[Units are mg/kg]

Element

Origin
Domestic
Hammond

Domestic
Curtis Bay French Indian

Aluminum 11.6 ± 0.3 24.1 ± 0.7 24.4 ± 1.0 144 ± 74
Antimony 4.7 ± 0.1 4.8 ± 0.1 4.9 ± 0.2 5.0 ± 0.2
Arsenic 2.32 ± 0.06 4.8 ± 0.1 4.9 ± 0.2 5.0 ± 0.2
Barium 2.32 ± 0.06 47 ± 56 2.4 ± 0.1 5.0 ± 2.4
Beryllium 2.32 ± 0.06 2.40 ± 0.07 2.4 ± 0.1 2.5 ± 0.1
Boron 4.7 ± 0.1 4.8 ± 0.1 4.9 ± 0.2 5.0 ± 0.2
Cadmium 2.32 ± 0.06 2.40 ± 0.07 2.4 ± 0.1 2.5 ± 0.1
Calcium 23.3 ± 0.6 24.1 ± 0.7 24 ± 1 25 ± 1
Chromium 4.7 ± 0.1 4.8 ± 0.1 6.2 ± 1.7 5.0 ± 0.2
Cobalt 2.32 ± 0.06 2.40 ± 0.07 2.4 ± 0.1 2.5 ± 0.1
Copper 2.32 ± 0.06 2.40 ± 0.07 2.4 ± 0.1 9.1 ± 1.5
Iron 23.3 ± 0.6 24.1 ± 0.7 24.4 ± 1.0 25.0 ± 1.1
Lead 0.5 ± 0.3 0.48 ± 0.02 5.8 ± 2.2 1.0 ± 0.8
Magnesium 11.6 ± 0.3 24.1 ± 0.7 24.4 ± 1.0 25.0 ± 1.1
Manganese 4.7 ± 0.1 5.1 ± 0.6 4.9 ± 0.2 5.0 ± 0.2
Mercury 0.021 ± 0.004 0.025 ± 0.002 0.022 ± 0.004 0.022 ± 0.003
Molybdenum 2.32 ± 0.06 2.40 ± 0.07 2.4 ± 0.1 2.5 ± 0.1
Nickel 2.32 ± 0.06 2.40 ± 0.07 3.6 ± 1.1 2.5 ± 0.1
Selenium 2.32 ± 0.06 4.8 ± 0.1 4.9 ± 0.2 5.0 ± 0.2
Silicon 11.6 ± 0.3 13 ± 2 12.2 ± 0.5 72 ± 22
Silver 0.23 ± 0.01 0.48 ± 0.02 0.49 ± 0.02 0.50 ± 0.02
Sodium 650 ± 749 53 ± 9 365 ± 96 61 ± 14
Strontium 4.7 ± 0.1 4.8 ± 0.1 4.9 ± 0.2 5.0 ± 0.2
Thallium 4.7 ± 0.1 5.1 ± 0.5 4.9 ± 0.2 5.0 ± 0.2
Thorium 429125 ± 3131 470227 ± 8269 486538 ± 15162 489800 ± 15911
Uranium 0.23 ± 0.01 0.48 ± 0.02 25 ± 6 0.50 ± 0.02
Vanadium 4.7 ± 0.1 4.8 ± 0.1 4.9 ± 0.2 5.0 ± 0.2
Zinc 2.32 ± 0.06 2.40 ± 0.07 2.4 ± 0.1 2.5 ± 0.1
Zirconium 4.7 ± 0.1 4.8 ± 0.1 4.9 ± 0.2 5.0 ± 0.2
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Table 29. Average activities obtained by alpha spectrometry
[Units are pCi/g unless indicated]

Nuclide/element

Origin
Domestic

 Hammond
Domestic
Curtis Bay French Indian

234U 1.23 ± 1.15 0.84 ± 0.18 8.79 ± 8.89 0.51 ± 0.26
235U 0.13 ± 0.27 0.30 ± 0.23 0.76 ± 1.10 0.05 ± 0.11
236U 0.02 ± 0.17 0.37 ± 0.23 0.44 ± 0.16 0.17 ± 0.30
238U 1.10 ± 1.20 0.29 ± 0.10 8.44 ± 9.93 0.11 ± 0.17
Total U 2.48 ± 2.27 1.80 ± 0.59 18.43 ± 19.80 0.84 ± 0.63
Total U, mg/kg 3.34 ± 3.51 1.01 ± 0.30 25.49 ± 30.08 0.37 ± 0.48

228Th 50200 ± 6735 46218 ± 1151 44730 ± 2916 48463 ± 2189
230Th 3863 ± 886 4290 ± 239 39587 ± 16803 7538 ± 154
232Th 45900 ± 4533 45818 ± 1151 43397 ± 3562 45960 ± 3756
Total Th 99963 ± 12056 96325 ± 2405 127713 ± 20443 101961 ± 5728
Total Th, wt % 41.8 ± 4.1 41.7 ± 1.1 39.5 ± 3.3 41.9 ± 3.4

Fig. 11. Average uranium isotopic activities.
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Fig. 12. Average thorium isotopic activities.

7.5  GAMMA SPECTROMETRY

The average gamma activities measured in the samples and the error associated with the
average are presented in Table 30. The nuclides that could be of concern for the project and their
action-level activities are listed in Table 31. The nuclide data were obtained from Table E-1 in
Nevada Test Site Waste Acceptance Criteria (DOE 2002).

The activities for the nuclides of concern at NTS were calculated from the average data
found in Tables 29 and 30 and were compared with the action levels. The measured density of
the domestic ThN from Curtis Bay (1.887 g/cm3) was used to convert the activities, measured in
picocuries per gram, so that they could be compared with the action levels which are  expressed
in becquerels per cubic meter). The results are presented in Table 31. Both 230Th and 232Th are
found to be above their respective action levels. The alpha data were used for these two nuclides.
The nuclides 231Pa , 237Np, and 226Ra are close to their respective action levels.  However  these
nuclides were flagged as estimated during the data validation process. The laboratory indicated
that there was interference causing “isotope presence and/or quantitation questionable.” The
other radionuclides are significantly below their respective action levels.
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Table 30. Average activities obtained by gamma spectrometry
[Units are pCi/g]

Nuclide

Origin

Domestic Hammond Domestic Curtis Bay French Indian

208Tl 10617 ± 561 11613 ± 181 11806 ± 341 12762 ± 351

212Bi 29222 ± 8603 30551 ± 3360 35982 ± 1023 38861 ± 750

212Pb 12566 ± 4072 14995 ± 2129 9789 ± 755 15218 ± 2870

224Ra 431375 ± 28251 478165 ± 10115 469464 ± 18062 531236 ± 17926

228Ac 30481 ± 3926 33818 ± 1103 34566 ± 834 38280 ± 746

228Th 38076 ± 2473 42647 ± 1285 42269 ± 2205 47665 ± 1537

211Bi 102 ± 25 125 ± 10 1596 ± 156 257 ± 33

219Rn 10101 ± 567 11784 ± 773 12001 ± 1352 14265 ± 1121

231Pa 10568 ± 23374 16404 ± 8461 21059 ± 11425 13672 ± 13816

231Th 174833 ± 7558 186737 ± 3860 191629 ± 6502 189320 ± 32719

233Ra 40655 ± 35304 9040 ± 8804 1571 ± 63 1775 ± 84

235U 26 ± 8 35 ± 1 NDa — 47 ± 4

229Th 567 ± 74 673 ± 48 683 ± 61 771 ± 110

237Np 1743 ± 80 1854 ± 121 1639 ± 63 2373 ± 401

214Bi NDa — NDa — 517 ± 73 NDa —

214Pb NDa — NDa — 531 ± 41 107 ± 39

226Ra 489 ± 69 527 ± 40 747 ± 135 477 ± 118

234mPa 7396 ± 674 7124 ± 521 7655 ± 544 8503 ± 705

234Th 256 ± 38 296 ± 15 282 ± 25 335 ± 20

40K 2626 ± 154 2784 ± 40 2784 ± 82 3088 ± 98

94mNb 21 ± 2 24 ± 2 NDa — NDa —

137Cs NDa — 25 ± 2 38 ± 3 NDa —

146Pm 3030 ± 180 3164 ± 253 3254 ± 110 3699 ± 120

155Eu 89998 ± 45972 108783 ± 19958 73161 ± 18977 112185 ± 34692
aND = not detected
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Table 31. Comparison of the activity of the ThN with the WAC from NTS
[Units are Bq/m3]

Nuclide

Origin

Domestic Hammond Domestic Curtis Bay French Indian 
NTS WACa

action level

229Th 3.96E+07 4.70E+07 4.77E+07 5.38E+07 4.10E+09

230Th 2.70E+08 3.00E+08 2.76E+09 5.26E+08 9.60E+07

232Th 3.20E+09 3.20E+09 3.20E+09 3.21E+09 8.10E+08

231Pa 7.38E+08 1.15E+09 1.47E+09 9.55E+08 1.40E+09

234U 8.59E+04 5.86E+04 6.14E+05 3.56E+04 1.90E+10

235U 9.08E+03 2.09E+04 5.31E+04 3.49E+03 1.20E+10

236U 1.40E+03 2.58E+04 3.07E+04 1.19E+04 1.20E+11

238U 7.68E+04 2.02E+04 5.89E+05 7.68E+03 5.90E+10

237Np 1.22E+08 1.29E+08 1.14E+08 1.66E+08 7.00E+08

137Cs 3.14E+06 1.75E+06 2.65E+06 3.14E+06 3.40E+11

226Ra 3.41E+07 3.68E+07 5.22E+07 3.33E+07 3.60E+07

a From Table E-1 in Nevada Test Site Waste Acceptance Criteria (DOE/NV-325-Rev. 4) U.S.
Department of Energy Nevada Operations Office, February 2002.
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8. DATA QUALITY OBJECTIVES

8.1 REPRESENTATIVENESS

EPA requires “that representative samples of waste be collected and defines
representative samples as exhibiting average properties of the whole waste” (SW-846, Chap. 9).
The ThN stockpile is formed by four groups of different origins, and the ThN project has treated
them as four different populations because they were produced by slightly different processes.
However, regardless of the origin, the material was the result of a chemical process that was
applied to produce a commercial product having a defined targeted composition. This material is
different from a waste or even an ore; it was purified to meet the specifications for that final
material. The process used was the same, and the only difference that may occur within one
origin is the difference between batches during production. The sampling effort collected
samples from all the lots within each group. Both the historical data and the results collected
during the sampling and analysis effort show that the material is homogeneous even between
lots. Therefore, the samples collected are representative of the entire stockpile.

8.2 ACCURACY

Sample accuracy is usually achieved by using a simple random selection. In this project
each lot was considered homogeneous because it originated from a series of batches having the
same characteristics (e.g., materials were processed during the same time frame, processing
chemicals had the same origin). The various lots were treated as the source of heterogeneity for
the population. After the number of drums to sample (see Sect. 3) was selected, a random
selection by computer software was performed.

For each point of origin, a true random number of drums to sample was generated. The
numbers identified were then reported in the layouts of the depots. The drums selected were
matched with the lot numbers they were issued.  However, for maintaining exposure as low as
reasonably achievable for workers performing the task, it was not possible to retrieve the exact
drum selected by the software; too much drum handling would have caused too much radiation
exposure to the workers. It was therefore decided that instead of a specific drum, one drum from
the lot it belonged to, easily accessible from the aisles of the warehouse, would be sampled.

At the Curtis Bay Depot each lot was sampled, resulting in more samples collected than
determined using statistics.

8.3  PRECISION

As stated in SW-846, “the sampling precision is most commonly achieved by taking an
appropriate number of samples from the population.” Equation 8 in Chap. 9 of SW-846, which
uses statistical data collected from previous analyses, was not applicable in this case because
there is no threshold value for the thorium concentration. Similarly, there are no hazardous
elements present in ThN for which threshold values exist. Therefore, because many drums were
involved, the method of taking the cubic root of the total number of drums was used to determine
the number to sample. This method is used by Bechtel Jacobs at ORNL for determining the
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 number of samples to analyze prior to disposal of ORNL wastes at Envirocare or NTS (Bechtel
Jacobs 2000a,b,c) and provides a conservative approach given that this project was dealing with
a pure material and not a heterogeneous waste.

The lot sizes at Curtis Bay are between 250 and 300 drums each, and the average lot size
at Hammond is 45 drums. The 50 lots at Hammond were divided into 8 groups of 6 or 7 lots,
each group having an equivalent number of drums as the lots at Curtis Bay. Thus the added cost
of testing each lot at Hammond was avoided. Table 32 shows the results of applying the cubic-
root method to calculate the number of drums to sample for each point of origin. Considering that
the sampling event required extensive safety precautions and was costly, a second sampling
could not be considered—even if an inadequate number of samples was taken. Therefore, a
sufficient number of drums was sampled to address not only the statistical needs but also a
margin for error. Extra samples were archived and used only if the need arose. In summary, the
conservative approach was to sample 50% more drums than necessary.

Table 32. Number of drums to sample by country of origin

U.S. France India

Total number of drums
Cubic root of total number
Number of drums to analyze
Number of drums to sample

18,924
26.6
27
40

1,901
12.39
13
20

760
9.13

10
15

8.4  COMPLETENESS

The data received from SWRI were evaluated according to the EPA guidelines for data
validation. None of the data was rejected by the data validator; therefore, all the data are usable
and the completeness is 100%.

8.5  COMPARABILITY

It was possible to compare some of the data that were collected by different techniques.
The comparisons are presented in Table 33. In the tables, the ICP results have been transformed
to express a composition on an as-received basis, allowing the comparison with the rad data that
were provided on a as-received basis. The comparison is good when the elements are present in
sufficient quantity, but when the concentrations are close to the detection limit, the correlation is
not satisfactory.

Because the instruments used for the analyses were properly tuned, all the QA/QC
controls were found to be within acceptable limits as set for per the relevant EPA methods, and it
showed that the instruments were “in control” during the analyses; therefore, the results obtained
are comparable.
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Table 33. Comparison of data obtained by different techniques

Sample

235U activitya

(pCi/g)
Total U
(mg/kg)

228Th activity
(pCi/g)

Total Th
(wt %)

alpha gamma alpha ICP alpha gamma alpha ICP
Hammond samples

HD0807061
Q

0.0769
UJ

38.4
NJ

5.72 0.42
U

54600
=

40400
J

44.6
=

39.5
=

HD1010061
Q

30.5
NJ

0.42
U

38510
J

38.7
=

HD2307061
Q

23.7
NJ

0.44
U

32600
J

39.4
=

HD2907061
Q

24
NJ

0.42
U

41430
J

39.1
=

HD3007061
Q

0
UJ

12.2
UJ

2.48 0.43
U

49200
=

38400
J

40.5
=

40.1
=

HD3810061
Q

ND 0.43
U

39890
J

39.1
=

HD4710061
Q

ND 0.41
U

34800
J

39.7
=

HD4810061
Q

0.311
UJ

ND 1.83 0.45
U

46800
=

38580
J

40.3
=

39.4
=
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Table 33. (continued)

Sample

235U activitya

(pCi/g)
Total U
(mg/kg)

228Th activity
(pCi/g)

Total Th
(wt %)

alpha gamma alpha ICP alpha gamma alpha ICP
Domestic Curtis Bay samples

CD021207
Q

ND 1.0
UJ

44210
J

42.9
=

CD031107
Q

ND 0.92
UJ

39870
J

42.7
=

CD111107
Q

1.22
=

40.3
NJ

1.24 0.90
UJ

44040
=

39390
J

39.6
=

42.6
=

CD121207
Q

35.9
NJ

0.87
UJ

38750
J

43.4
=

CD141207
Q

ND 0.90
UJ

42000
J

45.3
=

CD151107
Q

0.4
=

33.6
NJ

1.14 0.92
UJ

46190
=

38690
J

40.3
=

43.7
=

CD171007
Q

ND 1.01
UJ

39350
J

43.6
=

CD180907
Q

ND 0.80
UJ

41380
J

43.7
=

CD201007
Q

0
U

33
NJ

1 0.90
UJ

46500
=

48150
J

42.5
=

42.8
=

CD221007
Q

0.11
U

ND 0.06 0.78
UJ

50810
=

41850
J

45.4
=

43.1
=

CD280107
Q

0.28
U

32.6
NJ

1.72 0.89
NJ

45900
=

40520
J

41.6
=

43.1
=

CD290407
Q

0.37
=

30.3
NJ

0.77 0.86
UJ

45910
=

45260
J

41.5
=

43.2
=

CD302806
Q

ND 0.80
UJ

41180
J

43.1
=

CD360107
Q

ND 0.77
UJ

36940
J

42.4
=

CD371007
Q

0.04
U

ND 0.67 1.0
UJ

45410
=

40420
J

42.3
=

42.6
=

CD441207
Q

ND 0.83
UJ

39780
J

43.1
=

CD452706
Q

ND 0.90
UJ

45450
J

43.2
=

CD482706
Q

0.28
U

ND 1.46 0.95
UJ

45740
=

42940
J

42.0
=

40.3
=

CD521007
Q

ND 0.88
UJ

47310
J

43.4
=

CD581207
Q

39.6
NJ

0.88
UJ

50780
J

41.7
=

CD610907
Q

0
U

ND 1.0 0.91
UJ

45460
=

46870
J

40.2
=

43.2
=

CD650907
Q

ND 0.82
UJ

43310
J

45.0
=
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Table 33. (continued)

Sample

235U activitya

(pCi/g)
Total U
(mg/kg)

228Th activity
(pCi/g)

Total Th
(wt %)

alpha gamma alpha ICP alpha gamma alpha ICP
French samples

CF010807
Q

ND 12.8
J

44500
J

41.1
=

CF020807
Q

0.73
=

ND 26.09 19.7
J

43080
=

44980
J

37.5
=

43.0
=

CF030807
Q

50.2
NJ

15.3
J

48780
J

41.7
=

CF040807
Q

ND 28.9
J

45110
J

42.5
=

CF060807
Q

ND 9.5
J

34910
J

42.6
=

CF090807
Q

ND 43.1
J

37180
J

43.4
=

CF100207
Q

0.12
U

ND 7.35 29.0
J

44580
=

45270
J

39.6
=

42.8
=

CF110207
Q

ND 16.2
J

50330
J

42.6
=

CF130807
Q

ND 32.1
J

42330
J

45.3
=

CF140307
Q

ND 22.7
J

37640
J

41.8
=

CF160807
Q

ND 6.5
J

39730
J

43.1
=

CF170807
Q

ND 26.5
J

41270
J

43.4
=

CF190807
Q

1.42
=

ND 43.02 21.7
J

46530
=

36340
J

41.4
=

41.0
=
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Table 33 (continued)

Sample

235U activitya

(pCi/g)
Total U
(mg/kg)

228Th activity
(pCi/g)

Total Th
(wt %)

alpha gamma alpha ICP alpha gamma alpha ICP
Indian samples

CI040307
Q

0.03
U

ND 0.09 0.79
UJ

48180
=

48480
J

40.6
=

46.9
=

CI050307
Q

ND 0.85
UJ

51300
J

46.5
=

CI060307
Q

ND 0.93
UJ

42160
J

44.5
=

CI070307
Q

ND 0.94
UJ

43920
J

42.2
=

CI090307
Q

0.13
=

ND 0.36 0.89
UJ

49880
=

45200
J

44.2
=

44.2
=

CI110207
Q

ND 0.91
UJ

50500
J

45.1
=

CI120207
Q

ND 0.93
UJ

48980
J

44.4
=

CI130207
Q

51.6
NJ

0.94
UJ

47770
J

44.4
=

CI140207
Q

ND 0.93
UJ

49670
J

44.7
=

a ND = not detected
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9.  DOMESTIC DRUMS PRESSURIZATION

On April 7 and 8, 2003, another inspection took place at the Curtis Bay Depot for
obtaining more information on the MD-1 (30-gal drums from domestic origin) pressure build-up
for industrial safety purposes and specific NTS acceptance requirements associated with the
MD-1 drum type. The NTS WAC document requires (in Sect. 3.1.7) that “LLW gases must be
packaged at a pressure that does not exceed 1.5 atmospheres at 20°C.” Also, in Sect. 3.1.8,
“Chemical stability and compatibility must be demonstrated to ensure that no reactions occur and
significant quantities of harmful gases, vapors, or liquids are not generated.” A complete
description of the phenomenon explaining this gas generation is found in Hylton et al. (2003). 

9.1  MECHANISMS OF GASES FORMATION

The solidified thorium nitrate was formed from a crystallization technique.  The
objective was to have the thorium solidified as a nitrate matrix, so excess nitric acid was
necessary.  Thus, some nitric acid remained in the thorium nitrate matrix. Over time, the nitric
acid seeped from internal packaging and reached slaked lime that was placed there to neutralize
the acid (Hylton et al. 2003).

Equation [1] shows the chemical reaction that occurs when nitric acid reacts with
calcium hydroxide. Initially, the water that is formed would be present as hydrate molecules on
the calcium nitrate product rather than a free liquid.

[1]Ca(OH)  +  2HNO   Ca(NO  +  2H O2 3 3 2 → )2

Equation [1] also shows that gaseous products would not be expected; however, Eqn. [2] shows
that carbon dioxide would be formed if nitric acid reacted with calcium carbonate. 

[2]CaCO  +  2HNO    Ca(NO )  +  CO  +  H O3 3 3 2 2 2 →

Since historical records indicate that slaked lime (i.e., not calcium carbonate) was used
in the drums, a mechanism for the presence of calcium carbonate in the drums would have to be
defined for the reaction shown in Eq. [2] to explain the presence of CO2. Two potential
mechanisms have been identified.

The first potential mechanism for calcium carbonate to be present in the slaked lime is
that it was present in the slaked lime when the slaked lime was originally purchased. The purity
of the slaked lime that was used by the drum repackaging vendor is not known, but the vendor
probably did not use slaked lime of high purity. The second potential mechanism for the presence
of calcium carbonate in the slaked lime would be by direct reaction of carbon dioxide (in air)
with the calcium hydroxide as shown by Eqn. [3].

[3]Ca(OH)  +  CO   CaCO  +  H O2 2 3 2 →
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In view of these reactions, one can expect to find the following major gases in the headspace of
the drums: O2, N2, and CO2. NOx could also be present because it exists as vapor pressure when
nitric acid is present, but it is not anticipated to be a major component.

9.2 SELECTION OF THE DRUMS TO SAMPLE AND OBSERVATIONS ON THE
DRUMS SELECTED

The ORNL team inspected the top layer of drums and made a selection from those
(limited to the aisle-ways access) that appeared to have internal pressure. This methodology was
followed to maximize the chances to bound pressure conditions and ensure more chance to
collect gas from the headspace for analysis. Table 34 contains the pressure data obtained on the
selected drums and lists the samples collected and the analytical laboratories that received them.
It should be emphasized that when the ThN will be transported for disposal at the NTS site, the
drums will be packed in ISO containers, and the ISO containers will be vented with HEPA filter
systems. Therefore, the data  presented here are for information only.

Table  34. Measurement of the headspace pressure  present in selected drums

Lot
number Drum number

Headspace pressure
(psi) Canister sent to

4
6
6
8
14
21
27
31
33
44
63

55
83
84
18
244
176
79
34
117
262
60

12
0.5
5
9
2

16
4

7.5
7.5
9
3

Y-12 and SWRI
SWRI
SWRI
Y-12 and SWRI
SWRI
SWRI (2 canisters)
Y-12 and SWRI
SWRI
Y-12 and SWRI
SWRI
SWRI

The following observations were made during the opening of the drums.

• Lot 8, drum 18 had 9 psig in the headspace, which is more than enough to collect 2 samples. 
That drum had the Y-12 sample taken first, followed by the 2.4-L canister for SWRI. The
results obtained by SWRI showed that the gas collected was regular air indicating a sampling
problem; therefore, the SWRI analysis was not reported in the tables.
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• Lot 21, drum 205 was an inner bag sample taken from the open drum. The bag resisted little
when pushed, but it did appear somewhat inflated. The analysis results indicated that the gas
was regular air, and it is reasonable to think that the bag equilibrated with ambient
conditions.

• Lot 21, drum 176 was a bulged drum. The headspace pressure was 16 psig, and SWRI was
sent two gas samples. There is good correlation between the results for these two samples.

• Lot 63, drum 60 had an internal pressure of 3 psig. The analysis results indicate that the
canister was empty, albeit the NucFil team thought they did open the sample’s valve.
Because of sampling uncertainty, the results for that sample are not provided in the table of
results.

• Lot 27, drum 79 had a headspace pressure of 4 psig and had a duplicate sample collected.
The pressure typically went down by 2–3 psig after each sample was taken based on
intermediate pressure data observations.

The headspace of the selected drums were sampled and analyzed for major and minor
constituents  SWRI received all the samples for testing by GC and GC-MS, and ACO at Y-12
received 4 samples for analysis by GC-MS for cross reference with the results provided by
SWRI. A 1-L tedlar bag was also filled out of every drum tested for semi-quantitative analyses
with field instruments used in industrial hygiene.

9.3 ANALYTICAL RESULTS OF THE GAS HEADSPACE COMPOSITION

The samples sent to Y-12 (ACO) were analyzed by GC-MS only while SWRI used a
combination of different techniques. Oxygen and nitrogen were run via Gas Chromatography
Thermal Conductivity Detection (GC-TCD) using a gas loop injection. Hydrogen, carbon
monoxide, carbon dioxide and methane were run via Gas Chromatography Pulsed Discharge
Helium Ionization Detection (GC-PD-HID). Nitrogen oxides (NOx) were run via Ion
Chromatography (IC) after absorbing some of the gas into a basic solution and analyzing the
solution for NO2/NO3.  An analysis using GC-MS was also performed to obtain the trace gas
constituents present.

The result obtained by both laboratories are compiled in Table 35 for the major elements
and Table 36 for the minor constituents. The laboratory was asked to determinate and identify all
the minor constituents that the instrument could detect. The gaseous composition of dry air is
also provided in Table 35. The results obtained by the two laboratories are quite different for the
concentration of NOx and O2.  The results obtained at ORNL that are presented later in this
chapter confirm the data obtained by SWRI.  

The data on the analytical composition of the headspace gas confirm the mechanism
advanced for the formation of the gas buildup by the increase of CO2 and NOx and the decrease
of O2 and N2 from the normal composition of air. The amount of hydrocarbons and hydrogen
present are much lower than the LEL (lower explosive limit) values for these gases: the LEL for
ethane is 3 vol %, for methane is 5 vol %, for ethene is 3.1 vol %, and for hydrogen is 4 vol %.
The minor constituents are present at the trace level, micrograms per liter, and none of these are
on the EPA RCRA list for being characteristically hazardous (D018-D043).
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Table 35.  Analysis of the major constituents present in the drum headspacea,b

Sample
number

CO2
vol
(%)

NOx
vol
(%)

N2
vol
(%)

O2
vol
(%)

CO
(mg/L)

H2
(mg/L)

CH4
(mg/L)

ethane
(mg/L)

ethene
(mg/L)

ACO - Lot  4
Drum 55

35.98 18.79 44.09 0.02 6500 180 30 — —

SWRI - Lot 4
Drum 55

39.5
(38.6)

0.1578 45.8
(43.0)

11.2
(10.2)

1051 21.5 28.7 1.45 6.05

SWRI - Lot 6
Drum 83

40.9
(40.8)

0.0929 44.7
(45.2)

ND
(ND )

886 ND 25.8 1.39 4.99

SWRI - Lot 6
Drum 84

42.2
(42.4)

0.1383 47.1
(45.4)

9.81
(9.3)

1030 ND 27 1.5 6.2

ACO - Lot 8
Drum 18

34.05 16.13 47.88 0.16 11800 200 40 — —

SWRI - Lot 14
Drum 244

41.4
(41.3)

0.1035 61.9
(50.6)

ND
(ND)

986 ND 42.7 ND 5.54

SWRI - Lot 21
Drum 176

44.6
(45.4)

0.2867 36.5
(35.2)

12.2
(11.9)

1360 18.2 16.4 0.99 5.38

SWRI - Lot 21
Drum 176

42.8 0.2540 31.5 9.75 1270 20.4 16.6 1.02 5.91

ACO - Lot 27
Drum 79

39.96 18.95 39.11 0.24 12500 170 30 — —

SWRI - Lot 27
Drum 79

42.2
(43.9)

0.1446 41.6
(44)

ND
(ND)

1170 ND 35.9 1.5 6.28

SWRI - Lot 31
Drum 34

44.3
(43)

0.1225 38.9
(46.9)

9.85
(12.2)

1220 18 32 1.48 6.33

ACO - Lot 33
Drum 117

45.25 16.89 36.38 0.06 9600 200 20 — —

SWRI - Lot 33
Drum 117

31.9
(30.5)

0.0974 48.2
(45.5)

12.9
(11.9)

831 ND 28.1 ND 5.42

SWRI - Lot 44
Drum 262

35.5
(36)

0.0979 51.8
(49.6)

11.2
(10.4)

1210 18.6 31.1 1.06 6.21

Gaseous
composition
of dry air

0.035 Tr 78.084 20.947 0.25 0.53 1.7 Tr Tr

aND = not detected, Tr = traces.
bResults in parentheses are those of duplicate analyses made by the laboratory.
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9.4 FIELD TYPE MEASUREMENTS ON THE SAMPLES
COLLECTED IN TEDLAR BAGS

The tedlar bags containing headspace gases collected from some pressurized MD-1
drums from Curtis Bay were shipped to ORNL for analysis. Upon receipt, the content of the bags
varied from partially full (~ ½) to empty. Analyses were performed on the available samples
using a Draeger Miniwarn instrument commonly used for industrial safety purpose to monitor the
gases present in air. This instrument is equipped with catalytic sensors  for CH4, NO, NO2 and
O2, that provide semi-quantitative data.

The instrument was first calibrated with fresh air from the room and the reading was:
0 % LEL CH4, 0 ppm NO, 0 ppm NO2, and 20.9% O2.  Measurements were then made on the
gases contained inside the bags. In some bags, the concentration of NO2 exceeded the range of
measure of the instrument—50 ppm.  Therefore, dilutions of the gases with clean room air was
necessary to obtain a concentration within the measuring range. The results of the measurements
are compiled in Table 37.

Table 37.  Gases analyses using a Draeger Miniwarn instrument

Sample ID
Dilution

used %LEL CH4  NO (ppm) NO2 (ppm) vol % O2

G04-055-B-HS-030407 3.5 21 8.7 46 13.5

G06-084-B-HS-030407 1 16 6 19.8 14.7

G08-018-B-HS-030407 5 25 15 70 10.4

G21-176-B-HS-030408 3.5 31.5 24.5 149 11.1

G27-079-B-HS-030407a 3.5 17.5 5.2 2.5 17.7

G31-034-B-HS-030407 1 17 5.5 6.7 17.3

G33-117-B-HS-030407 3.5 21 5.2 18 15.6

G44-262-B-HS-030407 3.5 24.5 19.2 93 12.1

G63-060-B-HS-30407 EMPTY
a Sample G27 may have been containing too little gas: the results for that sample are suspect.

The results obtained are quite reproducible in measuring the % LEL CH4 , with a
measured average of 19 ± 2 % LEL . With a LEL for methane of 5.53 vol %, this measured value
corresponds to a concentration of 105 ppm of CH4.  This value is comparable to those found by
the analytical laboratories, considering the limitations of this instrument.
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Most combustible gas detectors measure the contaminant by combustion at a catalytic
detector, with the heat produced used as a measure of the “explosivity” of the contaminant in air. 
The meter responds differently to different chemical mixtures in air.

Another limitation of this type of sensor is that if the concentration of oxygen in air is
different from the normal condition (20.9%), the data obtained may result in underestimating the
explosive hazard of the gas mixture. The response of the meter depends on its ability to burn the
combustible gas. If there is not enough oxygen to support the combustion, the meter would read
0% LEL, even if high levels of combustible gas were present.  As shown in Table 37, the level of
oxygen measured is low (10–17%) and one can expect that the combustible gas data are impaired
because of it.

The concentration of NO was found to vary from 5 to 24 ppm, while the concentration of
NO2 was found within the range of 2 to 149 ppm. These values are lower than those found by
SWRI but still in the same range. The data obtained by Y-12 are substantially higher and cannot
be explained by the physical mechanisms that appear to be present. Oxygen concentration was
found in the range of 10.4 to 17.7 vol %. These values are closer to those found by SWRI, 9.8 to
12.9 vol %, while those obtained by Y-12 are substantially lower, in the range of 0.02 to 0.24 vol
%. In view of these results, the data from Y-12 should not be considered reliable.
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10.  CONCLUSIONS

The characterization of the ThN stockpile was achieved by analyzing 53 samples that
included 30 samples of domestic origin (8 from Hammond and 22 from Curtis Bay), 13 samples
of French origin, and 10 samples of Indian origin.

The observation of the material confirmed that it does not contain free liquids; only small
droplets of condensation were found on the sides of the packaging.

The samples were analyzed for total composition by using a combination of ICP-AES
and ICP-MS and for radiological composition by both gamma and alpha spectrometry. The
samples were also tested to determine whether the material was an oxidizer per the DOT
definition. The data from the total analysis of the ThN material provided information on the
purity of the material as well as the possibility of its being characteristically toxic per EPA
definition. The ThN was found to be pure with a maximum impurities being less than 2500
mg/kg or 0.25 wt %. These results confirmed the historical data existing on the material.

The concentration of thorium was found to be between 42 and 51.8 wt % for the
domestic origin, between 43.4 and 52.9 wt % for the French origin, and between 45 to 53.3 wt %
for the Indian origin. Sodium was found to be the largest impurity found in the domestic material
stored at Hammond with a maximum concentration of ~2500 mg/kg. The domestic material from
Curtis Bay did not show such high levels of sodium; the maximum of at 156 mg/kg was found in
only one sample. Barium was the second largest impurity found in three samples of the domestic
material with a maximum of 647 mg/kg. Lead, thallium, manganese, sodium, and silicon were
also measured in some samples at very low concentrations. The French ThN contained sodium
and uranium in all the samples analyzed at maximum concentrations of 819 and 46 mg/kg,
respectively. Chromium, lead, and nickel were found in some samples at concentration lower
than 16 mg/kg. The Indian material contained aluminum at the maximum concentration of 467
mg/kg in nine of the ten samples analyzed. Other impurities detected  in the total metals analyses
were barium (max. 19.6 mg/kg), copper (max. 14 mg/kg), lead (max. 5 mg/kg), silicon (max. 120
mg/kg), and sodium (max. 119 mg/kg). Assuming that all that concentration of RCRA elements
could be leached in a TCLP test, the results that would have been obtained in a TCLP test would
be 20 times lower than the total concentration measured and presented in this report.

From these results, it was proven that the ThN material from all origins was not
characteristically hazardous because of toxicity according to RCRA criteria.

The material was also analyzed for radiological content. Gamma spectrometry was used
on all samples; alpha spectrometry was used on about a third of them. The results obtained by
alpha spectrometry confirmed the ICP analyses for the thorium content of the samples. However,
because uranium was undetected or was detected near the detection limit, the comparison
between the two techniques is not as good for uranium content. The gamma spectra were too
complex to interpret  because of the large amount of interference caused by radioisotopes such as
228Ac, which has a very large number of peaks. The radiological analyses indicated that the
activities for 230Th and 232Th are above the action levels in the NTS WAC and that the activities
for 231Pa, 237Np, and 226Ra are close to their respective action levels. It should be noted however,
that the laboratory estimated that  231Pa and 237Np activities were probably caused by interference
from another radioelement (probably 228Ac) and that the validation process characterized these
data as “estimated.”
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The samples were tested according to the  UN document Recommendations on the
Transportation of Dangerous Goods—Manual of Tests and Criteria. (UN 1999) to determine
whether any met the criteria for being a DOT Division 5.1 oxidizer. None of the 53 samples
tested was found to have a mean burn time less than that of the 3:7 reference mixture KBrO3 to
cellulose. Therefore, no sample is a Division 5.1 oxidizer as per the DOT definition.

The mechanism of gas formation that was found to have occurred in some domestic
drums at Curtis Bay (MD-1 drums) is understood and was confirmed by the analytical data
collected.
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APPENDIX A

Continuing Qualification Audit Report of Southwest
Research Institute Made by the Department of Energy’s

Environmental Management Consolidated Audit Program
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APPENDIX B

Analytical Data from Southwest Research Institute
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INORGANIC DATA VALIDATION REPORT 
by 

NFT, Incorporated – Oak Ridge, Tennessee 
 
 
DATA VALIDATION FOR:  Metals by SW846 Method 6010B, 6020, 7471A  
 
SDG NUMBER:     208093 
 
LEVEL OF VALIDATION:  Forms Plus Raw Data (FR) Deliverables 
 
SITE/PROJECT:     Hammond/Defense National Stockpile Center Thorium Nitrate Inventory 
 
CONTRACT LAB/SOW #:    SwRI/05421.01.006 
 
DATA VALIDATOR:    Eng Tan 
 
DATE VALIDATION COMPLETED:     9/24/02 
 
PEER REVIEWER:      
 
DATE REVIEW COMPLETED:    
 
DATA COMPLETENESS:  100% 
 
MATRIX:      Thorium Nitrate monolith (solid) 
 
 

CLIENT ID LABORATORY ID 

HD0807061-2002 208093 
HD1010061-2002 208094 
HD2307061-2002 208095 
HD2907061-2002 208096 
HD3007061-2002 208097 
HD3810061-2002 208098 
HD4710061-2002 208099 
HD4810061-2002 208100 

 
 
This data package has been reviewed and the quality assurance and performance data summarized.  Data review 
and validation was performed according to guidance provided in USEPA SW-846 Methods 6010B, 6020, 7471A 
and the NFT, Incorporated standard operating procedure NFT-SMO-022, “Inorganic Data Verification and 
Validation”.    
 
Definition of data validation qualifiers: 
 
U The analyte was not detected above the reported detection limit. 
J The analyte was identified; the associated numerical value is approximated. 
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UJ The analyte was not detected above the reported detection limit, and the associated detection limit is 
approximated due to quality deficiency. 
R The data is not usable for its intended purpose.  (Note:  the analyte may or may not be present). 
 
Data that, as a result of the validation process, have been determined to meet QA/QC requirements and are 
considered to be a valid result greater than the reporting limit are presented with no qualifier, or may be shown with 
a “=”, indicating that no qualifier is necessary. 
 
I. DATA DELIVERABLES 
 
All required data deliverables for definitive data were provided in the data package. 
 
II.  TECHNICAL HOLDING TIMES 
 
Criteria: 
  Metals:  180 days  (Soil - 4°C; Water – pH <2 with HNO3) 
  Mercury: 28 days (Soil - 4°C; Water – pH <2 with HNO3) 
 
Eight ‘monolith’ samples of domestic origin were collected from the ‘Hammond’ site between 6/7/02 and 6/10/02 
and received by the  laboratory on 6/13/02.  Cooler temperature was 22 °C.    The CoC request analyses for total 
metals by ICPMS, mercury by CV and Th/U by Gamma Spectroscopy.  However, the samples were analyzed  for 
ICPAES metals 8/29-30/02;  ICPMS on 8/29/02;  CVAA on 7/5/02.  ICP  samples were extracted on 8/5/02 and 
CVAA (Hg) on 7/5/02. The chain of custody, analysis run logs, sample preparation logs, and case narrative were 
reviewed.  No holding time exceedances was noted but samples were not chilled for transport.  No action was 
taken. 
 
Technical Holding Time Exceedances 

 
Sample ID 

 
Analyte 

 
pH/Temperature 

 
Days Exceeding HT 

 
Qualifier for Detects 

 
Qualifier for 
Nondetects 

All All Temperature NA None None 
 
 
 
III. INITIAL AND CONTINUING CALIBRATION 
 
Criteria: 

Frequency: Initial calibration daily 
Continuing calibration once every two hours or 10% 
QC Criteria: Percent Recovery (%R):  All analytes, except mercury & cyanide:90-110% 

     
ICPAES:  Was used to analyse for the following metals:  Sb, Ba, Be, B, Cd, Ca, Cr, Co, Fe, Mn, Mo, Ni, Si, Na, Sr, 
Tl, Th, V, Zn. Zr (20 metals).  Several runs were performed  to achieve this analysis, each with its own calibrations 
and QC controls.  Th was run on its own; Ca, Fe, Na, and V was run as another set; and the rest of the metals (15) 
comprised its own set.  Some target analytes were also re-run.  A blank and a one point standard concentration of 
the analytes were run as the initial calibration of the instrument.  Several ICVs and CCVs were checked for 
compliance %Rs of all analytes were all within limits of 90 – 110%.  No action was needed. 
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ICPMS:  Instrument was tuned before start of analysis using Mg, Rh, and Pb and obtaining data for 10 replicates.  
The %RSD for the isotopes analyzed were <5%;  mass calibration within 0.1 amu of True value; and peak width of 



 
 
specified isotopes were < 0.75 amu. Four analytical runs were performed to analyze the 8 target metals and the 
ICVs, and CCVs for all analyses met recovery criteria of 90-110%.  No action needed. 
 
CVAA:  Instrument calibrated  with 1 blank and 6 standard concentrations of mercury.  The correlation coefficient 
of the standard curve was 0.999, thus met criterion for acceptability.  The %R for the ICV was within 90 – 110 and 
the CCVs were within 80 – 120%.  No action needed. 
 
Calibration %R Exceedances 

 
Analyte 

 
ICV/CCV 

 
%R 

 
Affected Samples 

 
Qualifier for 
Detects 

 
Qualifier for Nondetects 

 
None 

 
 

 
 

 
none 

 
J 

 
UJ 

 
The following equation was used to verify calculations: 
 

100 x 
T
F = %R  

 
where:  %R = percent recovery 

F = actual concentration found in ICV and CCV 
T = true concentration in ICV and CCV 

 
 
 
IV. LABORATORY BLANK RESULTS 
 
Criteria: 
Frequency: Initial calibration blank after ICV 
Continuing calibration blank after CCV 
Preparation blank with every batch digested 
QC Criteria: No contaminants should be detected in any laboratory blank 
 
ICPAES:  No contaminants was detected in any instrument blanks (ICB, CCB) and the Preparations blank.  All 
results were <IDL.  No action needed.   
 
ICPMS:  As above for ICPAES 
 
CVAA:  As above for ICPAES 
 
Analytes detected in Blank Samples 

 
 
Blank ID 

 
 
Analyte 

 
Maximum 
Conc./Units 
 

 
 
Action (5X) Level 

 
 
Affected Samples 

 
Qualifier Applied  

None      
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V. INTERFERENCE CHECK SOLUTION (ICS) 
 
Criteria: 

Frequency: Beginning and end of each analysis run or a minimum of twice per 8 hour shift, 
whichever is more frequent 

QC Criteria: • %R  of the ICSAB solution must fall within ±20% difference of the true value 
•  if results > IDL are observed for elements not present in ICS solution, the 
possibility of false positives may exist 
• if negative results are observed for elements not present in the ICS solution, the 
possibility of false negatives may exist   

    • Al, Ca, Fe, and Mg are accepted if sample concentration ≤ ICSA concentration 
 
ICPAES:  The intent of the ICS in ICP analysis has not been followed by the laboratory.  The ICSA solution did 
not contain any of the inteferents that were necessary to check for verifying the laboratory’s interelement and 
background correction factors.  There was no analytes present in the ICSA solution.  The ICSAB solution contained 
spiked levels of target analytes.  This QC analysis is very much like that of the LCS QC analysis.  For all intent and 
purposes, no ICSs was run.  The recoveries of spiked analytes were all within +/- 20% of the true values.  No action 
taken. 
 
ICPMS.  See above for ICPAES 
 
CVAA:  ICS analysis not needed. 
 
ICS %R Exceedances and Possible False Positive/Negative Results 

 
Analyte 

 
% Recovery 

 
False 
Positive/Negative 

 
Affected Samples 

 
Qualifier for 
Detects 

 
Qualifier for 
Nondetects 

None      
 
The following equation was used to verify calculations: 
 

100 x 
T
F = %R  

 
where:  %R = percent recovery 

F = actual concentration found in ICS sample 
T = true concentration in ICS sample 

 
The calculation check list summarizes the calculations to verify percent recoveries (%Rs) were calculated correctly. 
 
VI. LABORATORY CONTROL SAMPLE (LCS) 
 
Criteria: 
Frequency: One LCS with each batch  
  (Note:  A LCS is not required for mercury and cyanide analysis in aqueous matrices). 
QC criteria: Aqueous LCS:  %R must be between 80-120% (except for Sb and Ag) 

Solid LCS: Limits may be provided by LCS supplier, or are based on laboratory control 
charting. 

 

 
 4 



 
 
ICP:  %R for all 20 analytes met control limits of 80 – 120%.  No action needed. 
 
ICPMS:  %R for all 8 analytes  met control limits except for Se, which exceeded the upper control limit.  However, 
the second LCS did not show this error.  Since the Se results were all <IDL,  no action was needed. 
 
CVAA:  %R for Hg was within limits.  No action needed. 
 
 
LCS %R Exceedances 

 
Analyte 

 
Criteria Failed 

 
Affected Samples 

 
Qualifier for Detects 

 
Qualifier for Nondetects 

 
Se 

 
%R 

 
All 

 
J 

 
None required 

 
The following equation was used to verify calculations: 
 

100 x 
T
F = %R  

 
where:  %R = percent recovery 

F = actual concentration found in LCS 
T = true concentration in LCS 

 
 
VII. DUPLICATE SAMPLE ANALYSIS 
 
Criteria: 
Frequency: One duplicate with each batch 
QC criteria:  Relative Percent Difference (RPD) must be within ±20% for aqueous samples (±35% for soils) for 

sample values ≥5X CRDL or reporting limit (RL); and ±CRDL/RL (±2X CRDL/RL for soils) for 
sample values <5X CRDL/RL, including the case when only one of the sample values is <5X 
CRDL/RL. 

 
 
Sample HD08070612002 was selected as the duplicate sample for all 3 analyses. 
 
ICP:  %RPD for the only detected analyte, Th was 0.03%, showing excellent precision.  No action needed. 
 
ICPMS:  All target analytes were non detects.  No action needed.  
 
CVAA:  Mercury was not detected in the samples.  No action needed. 
 
Duplicate RPD Exceedances 

 
Analyte 

 
RL/Units 

 
Sample 
Conc. 

 
Duplicate 
Conc. 

 
RPD 

 
Affected Samples 

 
Qualifier 
Applied 

None       
 
The following equation was used to verify calculations: 
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( ) 100 x 

2
D+S
DS

 = RPD
−

 

 
where:  RPD = relative percent difference 

S = sample result 
D = duplicate result 

 
 
 
VIII. SPIKED SAMPLES 
 

Frequency: One spike sample with each batch 
QC criteria:  %R between 75 - 125% for sample concentration ≤ 4X spike concentration  

 
Sample HD08070612002 was selected as the predigestion spike sample for all 3 analyses. 
 
ICPAES:  Sample was spiked with all 20 target analytes.  Two analytes failed to meet the control limits of 75 –
125% Recovery.  They were Fe (130 %); and V (133 %).  However, both Fe and V were < IDL in all samples and 
no qualification was necessary.  Th was not spiked and the laboratory performed a post digestion spike with Th, Fe, 
and V.  The results showed recoveries that were within 5% of the spiked values.  No was action taken. 
 
ICPMS:  All spiked analytes of this analysis met  the control limit of 75 – 125%.  No action needed. 
 
CVAA:  %R for Hg met control limit of 75 – 125%.  No action needed. 
 
Spiked Sample Exceedances 

 
Analyte 

 
SSR 

 
SR 

 
SA 

 
%R 

 
Affected Samples 

 
Qualifier Applied 

None       
 
The following equation was used to verify calculations: 
 

100 x 
SA

 SR- SSR =Recovery  Percent  

 
where:  SSR = spiked sample result 

SR = sample result 
SA = spike added 

 
 
IX. ICP SERIAL DILUTION 
 
Frequency: One serial dilution with each batch 
QC criteria: Percent Difference (%D): ≤ 10% for sample concentrations above 10x IDL (SW-846 criteria) 
 
ICPAES:  Sample HD08070612002 was selected as the sample for ICP Serial Dilution analyses.  The 5X dilution 
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showed that all target analytes, except for Th and Hg, were below the IDL of the method.  Since all these analytes 
in the original sample were below the IDL, no comparison could be performed.  No action needed.  It is not known 
why Thorium was not analyzed. 
 
ICPMS:  See above for ICPAES. 
 
CVAA:  This analysis was not needed. 
 
 
ICP Serial Dilution %D Exceedances 

 
Analyte 

 
%D 

 
Affected Samples 

 
Qualifier Applied 

None    
 
The following equation was used to verify calculations: 
 

100 x 
I

| S- I| = %D  

 
where:  %D = relative percent difference 

I = initial sample result 
S = serial dilution result 

 
 
X. SAMPLE RESULTS VERIFICATION 
 
Some reported laboratory results were recalculated for confirmation and no errors were found.  
 
XI. OVERALL ASSESSMENT OF DATA 
 
Eight thorium nitrate ‘monolith’ samples were collected, received, extracted and analyzed within holding times.  29 
target analytes were measured by 3 analytical methods (ICPAES, 20;   ICPMS, 8;   CVAA, 1).   
 
The analyses and validation process followed procedures that have been promulgated by the EPA for environmental 
and waste samples.  However, although the thorium nitrate stockpile is to be discarded, the characterization of this 
waste did not or could not follow the prescribed procedures.  The analysis of these samples may be better described 
as trace metal analysis for chemical product specification.  Several analytical iterations were performed which if 
used for the characterization of environmental or waste samples is probably unnecessary.  Therefore, the 
‘validation’  of these samples did not strictly adhere to the data validation guidelines provided by responsible 
organizations, especially in cases of deviations from normally accepted practices of performing QC analyses for the 
analytical procedures employed.  Below is a summary of the validation process and the findings, the details of 
which can be found in the body of this report. 
 
 The calibrations of the instruments used for the analyses were demonstrated to meet acceptable criteria and thus 
provided evidence that the instruments were capable of performing the analyses for which they were intended.  No 
contamination of target analytes was found in any of the instrument or  preparation blanks.   
The Interference Check Sample analysis for ICP did not follow the ‘usual’ method for analysis.  No interfering 
analytes was present in the ICSA solution which in ‘normal’ situations would have required the addition of Al, Ca, 
Fe, and Mg.  The analysis of this ICSA solution is akin to the analysis of a ‘blank’ sample.  The ICSAB solution 
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contained all ICP target analytes except for Th and Na and the recoveries of the analytes were within +/- 20% of 
their true values.  This analysis is similar to that of a LCS.   Due to the high quantities of Th in the samples, the 
laboratory manually calculated the values of affected analytes (Ca, Fe, V, Cd, Cr, Mn, Zr) based on the Th 
concentrations in the samples before reporting the results.   
The recoveries of target analytes in the LCS were all within limits except for Se in one LCS (144% cf upper limit of 
125%).  However, this recovery was within limits in the other LCS (107%) and the value of Se was below the IDL. 
No qualification was necessary. 
Duplicate analysis showed excellent precision in the Th results but the rest of the analytes were non-detects and 
could not compared in the usual manner. 
The pre-digestion spike analysis met control criteria for all analytes except for Fe and V which slightly exceeded 
the upper limit of 125% by 5% and 8%, respectively.  Thorium was not spiked in the pre-digestion sample but was 
spiked in the post-digestion sample together with Fe and V in accordance with the requirement that any analyte that 
failed the pre-digestion spike analysis be reanalyzed in a post-digestion sample.  The results showed that all 3 
analytes met the control limits. 
The laboratory performed a Serial Dilution analysis on a sample and since the original sample did not show any 
target analytes above the IDL (except for Th), no comparison between the samples could be made.  It is not known 
why the laboratory did not report the Th results so that a Serial Dilution comparison could be made. 
Thorium was detected in all samples at approximate 42% of the total weight of the samples.  Sodium and Pb were 
detected in 4 samples in approximately 6,000 and 3 ppm, respectively and all other analytes were < IDLs. 
 
In conclusion, no conditions adverse to data quality were identified resulting in the estimation or rejection of any 
data.  The data are acceptable as reported at 100% ‘completeness’. 
 



  RADIOCHEMISTRY DATA VALIDATION REPORT 
 
 
 
DATA VALIDATION FOR:   Isotopic U/Th;  γ-Spec  
 
SDG NUMBER:     208093 
 
PROJECT:      Hammond/Defense National Stockpile Center Thorium Nitrate 

Inventory 
 
CONTRACT LAB:     Southwest Research Institute 
 
LABORATORY SOW:    05421.01.006 
 
VALIDATED BY:   Eng Tan 
 
DATE VALIDATION COMPLETED:  September 26, 2002 
 
MATRIX:    Thorium Nitrate (monolith) 
 

 
   

CLIENT ID LABORATORY ID 

HD0807061-2002 208093 
HD1010061-2002 208094 
HD2307061-2002 208095 
HD2907061-2002 208096 
HD3007061-2002 208097 
HD3810061-2002 208098 
HD4710061-2002 208099 
HD4810061-2002 208100 

 
 
 
  
 
This data package was reviewed against the data validation manual, Bechtel Jacobs LLC., BJC-ES-01, 
Radiochemical Data Verification and Validation, Rev.0 and NFT Inc. Validation/Verification, 
Radiobioassay, October 9, 2000.  
 
 
 
 
 
 
 

 
 1 



I. DATA DELIVERABLES 
 
Action:  Samples are traceable upon inspection of verification report, CoCs, etc.  Qualify samples not 
traceable as rejected.   
 
Samples Deficiencies 
  
  
  
  

 
Eight Thorium Nitrate monolith samples were collected between 6/7 – 10/02, shipped at ambient 
temperature (22 C) and received by laboratory on 6/13/02.  Analysis requested was Gamma spectroscopy 
for Thorium and Uranium. 
 
 
II.  TECHNICAL HOLDING TIMES AND ANALYSIS 
 
Criteria: 

Preservation:  pH< 2 (liquids only) 
Holding Times:  180 days (Gross Alpha/Beta); Not Applicable (all Others) 

 
Technical Holding Time Exceedances 

Analyte Criteria Failed Affected Samples Qualifiers for Detects Qualifiers for Nondetects 
     
     
     
     

 
Samples were not chilled but was received intact.  All analyses were completed within 90 days of 
collection.  No action taken. 
 
III. CALIBRATION AND BACKGROUNDS 
 
Criteria: 

Frequency: Initial calibration (IC) and calibration verification (CV) vary for each method 
QC Criteria: Calibration and standard traceability vary for each method 
 

 
Calibration and Background Exceedances 

Analyte Criteria Failed Affected Samples Qualifiers for Detects Qualifiers for Nondetects 
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Alpha spectrometers/gamma spectrometers: 
Efficiency/background/energy calibrations were performed periodically according to laboratory QA 
program. Data and charts kept on file in laboratory.  Daily calibrations and background determinations 
were not provided in data package. No action taken. 
 
 
IV. BLANK RESULTS 
 
Criteria: 

Frequency: 1 per 20 samples 
QC Criteria: Blank activities < MDC or 2σ counting uncertainty 

Blank detects with 0 ≤ ND < 1.96 qualified as J or R 
Blank detects with 1.96≤ ND < 2.58 qualified as J 
Blank detects with 2.58 ≤ ND not qualified 

 
 Analytes detected in Blank Samples 

Analyte Activity±TPU 
pCi/g 

MDA 
pCi/g Criteria Failed Affected Samples Qualifier   

U-238 1.91 ± 0.46 0.32 ND < 1.96 HD0807061 U  

 0.84 ± 0.32 0.32 ND < 1.96 HD3007061 U  

Th-230   ND > 2.56 All None  

Th-232   ND > 2.56 All None  

       

 
Alpha Spectroscopy:  Blank analysis showed that U 238, Th-230 and Th-232 were greater than their 
MDAs.  When compared with the results of the samples that were > MDA, U-238 values were all not 
significantly different than the blank value.  These values were qualified as undetected (U).  However, 
when the Th-230 and Th-232 values were compared, the differences were significantly different.  No 
qualification of these data was needed.  
  
Gamma Spectroscopy:  No blank sample was analyzed or needed.  No action taken. 

 
 
V. LABORATORY CONTROL SAMPLES 
 
Criteria: 

Frequency: 1 per 20 samples 
QC Criteria: -1.96 ≤ ND ≤ 1.96 not qualified 

-2.58 < ND < -1.96 or 1.96 < ND < 2.58 qualified as J, UJ, or U 
ND < -2.58 or ND > 2.58 qualified as J, UJ, U, or R 

 
LCS Exceedances 

Analyte Criteria Failed Affected Samples Qualifier for Detects Qualifier for Nondetects 

     

 
Alpha Spectroscopy:  The laboratory spiked the samples with natural Uranium and Thorium 232.  Criteria 
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for acceptability is the recovery of the spiked analyte as compared with the true values.  All values were 
within 75 – 125% of the true values except for U-235 which slightly exceeded the lower limit of 
acceptability, i.e. 73% .  Qualify all U-235 data as estimated. 
  
 
VI. DUPLICATES 
 
Criteria: 

Frequency: One per batch of up to twenty samples 
QC Criteria: ND ≤ 1.96 not qualified 

ND > 1.96 qualified as J, U, or R 
 

Duplicate Exceedances 
Analyte Criteria Failed Affected Sample Qualifiers for Detects Qualifiers for Nondetects 

U234 RPD All 3 samples 
analyzed J UJ 

U235 RPD All 3 samples 
analyzed J UJ 

U236 RPD All 3 samples 
analyzed J UJ 

U238 RPD All 3 samples 
analyzed J UJ 

 
 
Duplicate analysis was performed on sample HD0807061-2002 for all analyses. 
 
Gamma Spectroscopy:  The reported results consisted of analytes of the Th232, U235, U237, U238 and 
other miscellaneous radionuclides, for a total of 17 radionuclides.  For the purpose of this validation, only 
the radionuclides, Th-228 and Th-234 were compared.  The precision of duplicate analysis was excellent 
in that the calculated ND was < 1.96 indicating that the results did not differ at the 5% level of 
confidence.  No qualifiers was needed. 
 
Alpha Spectroscopy U/Th:  The laboratory calculated the precision as the RPD and the results showed 
that for Uranium,  all isotopes measured (234,235,236, 238) were > 20% (the limit being +/- 20%).  
Qualify all uranium isotopes as estimated. 
The RPD for Thorium isotopes (228,230,232) were all < 20%.  No qualifiers needed. 
 
VII. MATRIX SPIKE 
 
Criteria:  

Frequency: One per batch of up to twenty samples 
QC Criteria: -1.96 ≤ ND ≤ 1.96 not qualified 

-2.58 < ND < -1.96 or 1.96 < ND < 2.58 qualified as J, UJ, or U 
ND < -2.58 or ND > 2.58 qualified as J, UJ, U, or R 

Note:  May not be required for methods where a carrier or tracer is used.  May not be 
feasible for solid and some liquid analyses. 
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Matrix Spike Exceedances 

Analyte Criteria Failed Affected Samples Qualifier for Detects Qualifier for Nondetects 

     

 
No matrix spike analysis was needed for either gamma or alpha spectroscopy analysis.  For the latter, the 
chemical yield analysis represents this QC analysis (see below). 
 
 
VIII.  CHEMICAL YIELD - TRACERS AND CARRIERS 
 
Criteria:  

Frequency: Not applicable 
QC Criteria: 20% ≤ Chemical yield (CY) ≤ 105% 
Note:  Sample results shall not be qualified based solely on chemical yield 

 
Chemical Yield Exceedances 

Analyte Criteria Failed Affected Samples Qualifier for Detects Qualifier for Nondetects 

U232 %R All 3 samples 
analyzed J UJ 

     

     

     

 
 
Gamma Spectroscopy:  This section is not applicable. 
 
Alpha Spectroscopy:  For Uranium analysis the tracer used was U-232.  The %recovery of this tracer for 
all analyses, was greater than the control limit of 105%.  The recoveries were about 120%.  Qualify all 
uranium data as estimated. 
For the Thorium analysis, the tracer used was Th-229.  The recoveries of this tracer in all analyses met 
control limits (20 – 105%) and were between 60 –70%.  No action needed. 
 
 
IX. OVERALL ASSESSMENT OF DATA 
 
Eight Thorium nitrate monolith samples were collected and analyzed by gamma spectroscopy for gamma 
emitting nuclides and alpha spectroscopy for isotopes of Uranium and Thorium.  Although the samples 
were not chilled for transport, no qualification of data was deemed necessary.  Initial calibration and daily 
calibration data were not provided in the data package.  Normally , the initail calibration data are not 
provided for all data packages but are supplied to the project prior to sample analysis.  However, the daily 
calibration checks should be provided with each data package to verify that the instruments were capable 
to analyzing samples according to QA requirements.  In this validation, no action was taken on this.  All 8 
samples were analyzed by gamma spectroscopy, but only 3 (HD0807061-2002; HD3007061-2002; 
HD4810060-2002) were analyzed for uranium and thorium isotopes.  In all analyses, the sample 
HD0807061-2002 was used as the duplicate in the QC analysis.  This validation effort consists of a 
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review of the data presented for completeness and QC acceptability.  A limited number of calculations 
were performed to verify the accuracy of reported data but analysis of the data as they pertain to expected 
values was not attempted.  The acceptability of data in meeting the data quality objectives of the project is 
not implied.  A short account of the analyses is given below: 
 
Gamma Spectroscopy: 
All 8 samples were counted for 30 minutes and the identified lines in the spectra reported.  The 
spectroscopist reviewed the data and based on professional judgement and QA acceptance criteria, 
qualified certain identified radionuclides as impacted by interference.  Under normal circumstances, the 
laboratory would not report these nuclides, but for this project, the laboratory felt it appropriate that the 
decision of accepting the presence of a nuclide should be left to the project.  The laboratory flagged all 
such nuclides as ‘I’, denoting interference.  For this validation, this qualifier ‘I’ has been changed to ‘NJ’ 
to signify, ‘presumably present at an estimated quantity’.  The ‘dead time’ during the counting process 
was about 30% for all samples.  Although the software does correct for dead time, samples with a large 
dead time should be reanalyzed.  Due to this, the results are estimated.  
 
Alpha Spectroscopy: 
Extracts of 3 samples plus a duplicate were separated for Uranium and Thorium analysis.  As expected, 
higher activities of thorium than uranium were found.  QC analysis showed that for the thorium analysis, 
control criteria were met while uranium slightly exceeded the control limits.  This could be due to lower 
activities found in the uranium fraction and that the counting times were not long enough.  Due to these 
facts, uranium data were qualified as estmated and thorium data did not require any qualifiers.  The 
laboratory also provided the calculated weight of thorium and uranium based on the specific activities of 
the isotopes as a comparison to the ICP data.  An assessment of this comparison is not attempted in this 
validation. 
 



 
 

INORGANIC DATA VALIDATION REPORT 
by 

NFT, Incorporated – Oak Ridge, Tennessee 
 
 
DATA VALIDATION FOR:  Metals by SW846 Method 6010B, 6020, 7471A  
 
SDG NUMBER:     208093 
 
LEVEL OF VALIDATION:  Forms Plus Raw Data (FR) Deliverables 
 
SITE/PROJECT:     Curtis Bay/Defense National Stockpile Center Thorium Nitrate Inventory 
 
CONTRACT LAB/SOW #:    SwRI/05421.01.006 
 
DATA VALIDATOR:    Eng Tan 
 
DATE VALIDATION COMPLETED:     November 4, 2002 
 
PEER REVIEWER:    Richard Westmoreland     
 
DATE REVIEW COMPLETED:    
 
DATA COMPLETENESS:  100% 
 
MATRIX:      Thorium Nitrate (solid: monolith, powder, cube) 
 
 

CLIENT ID LABORATORY ID 

See attached   
  
  
  
  
  
  
  

 
 
This data package has been reviewed and the quality assurance and performance data summarized.  Data review 
and validation was performed according to guidance provided in USEPA SW-846 Methods 6010B, 6020, 7471A 
and the NFT, Incorporated standard operating procedure NFT-SMO-022, “Inorganic Data Verification and 
Validation”.    
 
Definition of data validation qualifiers: 
 
U The analyte was not detected above the reported detection limit. 
J The analyte was identified; the associated numerical value is approximated. 
 

 1 



 
 
UJ The analyte was not detected above the reported detection limit, and the associated detection limit is 
approximated due to quality deficiency. 
R The data is not usable for its intended purpose.  (Note:  the analyte may or may not be present). 
 
Data that, as a result of the validation process, have been determined to meet QA/QC requirements and are 
considered to be a valid result greater than the reporting limit are presented with no qualifier, or may be shown with 
a “=”, indicating that no qualifier is necessary. 
 
I. DATA DELIVERABLES 
 
All required data deliverables for definitive data were provided in the data package. 
 
II.  TECHNICAL HOLDING TIMES 
 
Criteria: 
  Metals:  180 days  (Soil - 4°C; Water – pH <2 with HNO3) 
  Mercury: 28 days (Soil - 4°C; Water – pH <2 with HNO3) 
 
Forty five (45) solid samples were received by the laboratory on 7/17/02.  These samples were collected from the  
Curtis Bay site of domestic (22 monolith samples), France (13 powder samples) and India (10 cube samples) origin. 
The dates of collection of the samples were between 6/27/02 to 7/12/02 for domestic samples; 7/02 – 08/02 for 
French samples; and 7/02-03/02 for Indian samples.  There were discrepancies noted by the laboratory between the 
data on the CoC and on the sample labels, the actual samples received and samples noted on the CoC as sent, etc.  
The laboratory contacted the project with these findings and it is assumed for this data validation that a resolution 
had been arrived at between the project and the laboratory.  For further details, see ‘Electronic Mail 
Communications’ of the data package. 
Nine samples were analyzed for Mercury 1 to 2 days past the Holding time of 28 days.  This infraction was not 
considered serious enough to qualify the data; the technical holding time criterion has only been established for 
aqueous matrices.  No action was taken.   
Holding times for the other analyses (metals by ICP-AES and ICP-MS) were within established guidelines of 180 
days.  No action needed. 
All samples were received by the laboratory intact, but with no custody seals, and at ambient temperature (22 °C).  
No action was taken. 
 
Technical Holding Time Exceedances 

 
Sample ID 

 
Analyte 

 
pH/Temperature 

 
Days Exceeding HT 

 
Qualifier for Detects 

 
Qualifier for 
Nondetects 

      
 
 
 
III. INITIAL AND CONTINUING CALIBRATION 
 
Criteria: 

Frequency: Initial calibration daily 
Continuing calibration once every two hours or 10% 
QC Criteria: Percent Recovery (%R):  All analytes, except mercury & cyanide:90-110% 
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ICPAES:  Was used to analyse for the following metals:  Sb, Ba, Be, B, Cd, Ca, Cr, Co, Fe, Mn, Mo, Ni, Si, Na, Sr, 



 
 
Tl, Th, V, Zn. Zr (20 metals).  Several runs were performed  to achieve this analysis, each with its own calibrations 
and QC controls.  Th was run on its own; Ca, Fe, Na, and V was run as another set; and the rest of the metals (15) 
comprised its own set.  Some target analytes were also re-run.  A blank and a one point standard concentration of 
the analytes were run as the initial calibration of the instrument.  Several ICVs and CCVs were checked for 
compliance %Rs of all analytes were all within limits of 90 – 110%.  No action was needed. 
 
ICPMS:  Was used to analyze for the following metals:  Al, As, Cu, Pb, Mg, Se, Ag,U (8 metals).  Instrument was 
tuned before start of analysis using Mg, Rh, and Pb as standards.  The %RSD for the isotopes analyzed were <5%;  
mass calibration within 0.1 amu of True value; and peak width of specified isotopes were < 0.75 amu. Several 
analytical runs of various combinations of the target analytes were performed to analyze the 8 target metals and the 
ICVs, and CCVs for all analyses met recovery criteria of 90-110%.  No action needed. 
 
CVAA:  Instrument calibrated  with 1 blank and 6 standard concentrations of mercury for the 3 runs.  The 
correlation coefficients of the standard curves were >0.995, and thus met criterion for acceptability.  The %R for 
the ICVs and CCVs were within 90 – 100%, well within the limits of 80 – 120%.  No action needed. 
 
Calibration %R Exceedances 

 
Analyte 

 
ICV/CCV 

 
%R 

 
Affected Samples 

 
Qualifier for 
Detects 

 
Qualifier for Nondetects 

 
None 

 
 

 
 

 
none 

 
J 

 
UJ 

 
The following equation was used to verify calculations: 
 

100 x 
T
F = %R  

 
where:  %R = percent recovery 

F = actual concentration found in ICV and CCV 
T = true concentration in ICV and CCV 

 
 
 
IV. LABORATORY BLANK RESULTS 
 
Criteria: 
Frequency: Initial calibration blank after ICV 
Continuing calibration blank after CCV 
Preparation blank with every batch digested 
QC Criteria: No contaminants should be detected in any laboratory blank 
 
ICPAES:  Ca was detected in a  preparation blank at 2.555 mg/Kg and B was detected in a CCB at 23.4 ug/L.  
However, none of these analytes was detected in any sample above the detection limit.  No action needed.   
 
ICPMS:  No analytes were detected in any of the blanks.  No action needed. 
 
CVAA:  No Hg was detected in any of the instrument or preparation blanks above the Detection Limit.  No action 
needed. 
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Analytes detected in Blank Samples 

 
 
Blank ID 

 
 
Analyte 

 
Maximum 
Conc./Units 
 

 
 
Action (5X) Level 

 
 
Affected Samples 

 
Qualifier Applied  

None      

 
 
 
V. INTERFERENCE CHECK SOLUTION (ICS) 
 
Criteria: 

Frequency: Beginning and end of each analysis run or a minimum of twice per 8 hour shift, 
whichever is more frequent 

QC Criteria: • %R  of the ICSAB solution must fall within ±20% difference of the true value 
•  if results > IDL are observed for elements not present in ICS solution, the 
possibility of false positives may exist 
• if negative results are observed for elements not present in the ICS solution, the 
possibility of false negatives may exist   

    • Al, Ca, Fe, and Mg are accepted if sample concentration ≤ ICSA concentration 
 
ICPAES:  The intent of the ICS in ICP analysis has not been followed by the laboratory because of the unique 
nature of this project.  The ICSA solution did not contain any of the inteferents that were necessary to check for 
verifying the laboratory’s interelement and background correction factors.  There was no analytes present in the 
ICSA solution.  The ICSAB solution contained spiked levels of target analytes.  This QC analysis is very much like 
that of the LCS QC analysis.  For all intent and purposes, no ICSs was run.  The recoveries of spiked analytes were 
all within +/- 20% of the true values.  No action taken. 
 
ICPMS.  See above for ICPAES 
 
CVAA:  ICS analysis not needed. 
 
ICS %R Exceedances and Possible False Positive/Negative Results 

 
Analyte 

 
% Recovery 

 
False 
Positive/Negative 

 
Affected Samples 

 
Qualifier for 
Detects 

 
Qualifier for 
Nondetects 

None      
 
The following equation was used to verify calculations: 
 

100 x 
T
F = %R  

 
where:  %R = percent recovery 

F = actual concentration found in ICS sample 
T = true concentration in ICS sample 

 
The calculation check list summarizes the calculations to verify percent recoveries (%Rs) were calculated correctly. 
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VI. LABORATORY CONTROL SAMPLE (LCS) 
 
Criteria: 
Frequency: One LCS with each batch  
  (Note:  A LCS is not required for mercury and cyanide analysis in aqueous matrices). 
QC criteria: Aqueous LCS:  %R must be between 80-120% (except for Sb and Ag) 

Solid LCS: Limits may be provided by LCS supplier, or are based on laboratory control 
charting. 

 
ICPAES:  %R for all 20 analytes met control limits of 80 – 120% except for Mo (120.5%) and Sr (121.6%).  
However, these analytes were not detected in any sample above the detection limit. No action needed. 
Although an LCS spiked at the instrument into a Th solution of concentration similar to that of the samples was 
analyzed and the results showed acceptable recoveries (59.9% - 123%), this analysis was not a ‘usual’ type of QC 
sample and is not addressed in this validation. 
 
ICPMS:  %R for all 8 analytes  met control limits.  No action was needed. 
 
CVAA:  Solid LCSs were analyzed for QC purposes.  The %R for all 3 LCSs for the 3 analyses were 71%, 82% 
and 88%.  The control limits for aqueous LCSs are 80 – 120%R.  No definite limits are imposed on solid LCSs.  
According to the laboratory, the recoveries of Hg found were within the limits given by the manufacturer of the 
standard LCS.  No action taken. 
 
 
LCS %R Exceedances 

 
Analyte 

 
Criteria Failed 

 
Affected Samples 

 
Qualifier for Detects 

 
Qualifier for Nondetects 

     
 
The following equation was used to verify calculations: 
 

100 x 
T
F = %R  

 
where:  %R = percent recovery 

F = actual concentration found in LCS 
T = true concentration in LCS 

 
 
VII. DUPLICATE SAMPLE ANALYSIS 
 
Criteria: 
Frequency: One duplicate with each batch 
QC criteria:  Relative Percent Difference (RPD) must be within ±20% for aqueous samples (±35% for soils) for 

sample values ≥5X CRDL or reporting limit (RL); and ±CRDL/RL (±2X CRDL/RL for soils) for 
sample values <5X CRDL/RL, including the case when only one of the sample values is <5X 
CRDL/RL. 

 
 
ICPAES:  Three duplicate samples were run, one for each analytical run.  In all 3 duplicate analyses, Th was 
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detected above the Reporting Limit and the RPD were all < 35% (12%, 4.8%, 0.3%).  No qualification for Th was 
necessary. 
In one sample duplicate, in addition to Th, Al, Ba, Cu, and Si were detected and they were all > Reporting Limit.  
The precision measurement %RPD for the analytes all met control criteria (Al 2.1%; Ba 2.8%; Cu 0.8%; Si 1.8%).  
No action was necessary  for these analytes. 
In another sample duplicate analysis (CD14120712002), in addition to Th, Mn and Zn were detected in the 
duplicate sample above the RL while they were not detected in the original sample.  The RPD therefore could not 
be calculated.  (If calculated by assuming that the non detects were at their Reporting limit values, then the RPD for 
Mn will be 25% and Zn, 98%).  However, since Mn and Zn were not detected in the original sample and the values 
of these analytes in the duplicate sample were < 5 times Detection Limit, applying the criterion that the absolute 
difference between the original sample value and the duplicate sample value is < 2 times the RL (CRDL), then both 
analytes met the criterion for acceptability.  No action was necessary. 
 
ICPMS:  All target analytes were non detects except for Al and Cu in one pair (out of 3) of duplicate samples.  
However, the RPDs met control criterion.  No action needed.  
 
CVAA:  Three pairs of duplicates were run, a pair for each analytical run.  No mercury was found in any of the 
samples above the detection limits.  No evaluation of duplicate precision could be made.  No action needed. 
 
Duplicate RPD Exceedances 

 
Analyte 

 
RL/Units 

 
Sample 
Conc. 

 
Duplicate 
Conc. 

 
RPD 

 
Affected Samples 

 
Qualifier 
Applied 

None       
 
The following equation was used to verify calculations: 
 

( ) 100 x 

2
D+S
DS

 = RPD
−

 

 
where:  RPD = relative percent difference 

S = sample result 
D = duplicate result 

 
 
 
VIII. SPIKED SAMPLES 
 

Frequency: One spike sample with each batch 
QC criteria:  %R between 75 - 125% for sample concentration ≤ 4X spike concentration  
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ICPAES:  Three samples were spiked with all 20 target analytes. Six analytes (Fe, Mn, Cr, V, Be, Cd) failed to 
meet control limits of %Recovery. Of the 6 failed analytes, Mn, Cr and Be showed recoveries > 125%.  In these 
cases, all non detects were not qualified and all detects were qualified as estimated.  The rest of the failed analytes 
showed recoveries between 30 – 75% and all detects were qualified as estimated (J) and non detects as detection 
limit uncertain (UJ).  Th was not spiked in the original sample because of the massive quantities of this metal 
present.  The laboratory did a 1000 fold dilution of the sample before spiking with Th and used this as an indication 
that Th could be recovered.  Although the original sample concentrations of Th were > 4 times the spike 



 
 
concentrations, the %Recoveries for all 3 sample analyses were within the control limits (106%, 103%, 88%).  No 
action was taken. 
 
ICPMS:. Three samples were spiked with all 8 target analytes and  4 analytes (Al, Mg, Ag, U), failed to meet 
control limits and were all between 30 – 75% recoveries.  Qualify all detects as estimated (J) and non detects as 
detection limit uncertain (UJ). 
 
CVAA:  %R for Hg of all 3 runs, were 87%, 98%, and 96% and met control limit of 75 – 125%.  No action needed. 
 
Spiked Sample Exceedances 

 
Analyte 

 
SSR 

 
SR 

 
SA 

 
%R 

 
Affected Samples 

 
Qualifier Applied 

       
 
The following equation was used to verify calculations: 
 

100 x 
SA

 SR- SSR =Recovery  Percent  

 
where:  SSR = spiked sample result 

SR = sample result 
SA = spike added 

 
 
IX. ICP SERIAL DILUTION 
 
Frequency: One serial dilution with each batch 
QC criteria: Percent Difference (%D): ≤ 10% for sample concentrations above 10x IDL (SW-846 criteria) 
 
ICPAES:  Three samples were selected and run for ICP Serial Dilution analyses.  The 5X dilution showed that all 
target analytes, except for Th, Al, Ba, Cu, Si were below the IDL of the method.  The % Difference for the 3 Th 
analyses were well within the control limits of 10% (4.8%, 5.1%, 0.3%).  The rest of the analytes in the original 
sample before dilution were all < 10 times the IDL and therefore no comparison could be performed.  No action 
needed. 
 
ICPMS:  See above for ICPAES. 
 
CVAA:  This analysis was not needed. 
 
 
ICP Serial Dilution %D Exceedances 

 
Analyte 

 
%D 

 
Affected Samples 

 
Qualifier Applied 

None    
 
The following equation was used to verify calculations: 
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100 x 
I

| S- I| = %D  



 
 
 
where:  %D = relative percent difference 

I = initial sample result 
S = serial dilution result 

 
 
X. SAMPLE RESULTS VERIFICATION 
 
Some reported laboratory results were recalculated for confirmation and an error in the reported detection limit of 
sample Lab ID 209454 (CF9080712002) for mercury was found.  The reported detection limit was 0.00 mg/Kg 
when it should be 0.04mg/Kg. No other problems was encountered. 
 
XI. OVERALL ASSESSMENT OF DATA 
 
Forty five thorium nitrate samples from Curtis Bay (domestic, French, and Indian origin) were collected, received, 
extracted and analyzed within holding times except for mercury for some samples.  The exceedence in holding 
times for these samples were < 2 days and were not considered as necessitating qualification of data.  29 target 
analytes were measured by 3 analytical methods (ICPAES, 20;   ICPMS, 8;   CVAA, 1).   
 
The analyses and validation process followed procedures that have been promulgated by the EPA for environmental 
and waste samples.  However, although the thorium nitrate stockpile is to be discarded, the characterization of this 
waste did not or could not follow the prescribed procedures.  The analysis of these samples may be better described 
as trace metal analysis for chemical product specification.  Several analytical iterations were performed which if 
used for the characterization of environmental or waste samples is probably unnecessary.  Therefore, the 
‘validation’  of these samples did not strictly adhere to the data validation guidelines provided by responsible 
organizations, especially in cases of deviations from normally accepted practices of performing QC analyses for the 
analytical procedures employed.  Below is a summary of the validation process and the findings, the details of 
which can be found in the body of this report. 
 
 The calibrations of the instruments used for the analyses were demonstrated to meet acceptable criteria and thus 
provided evidence that the instruments were capable of performing the analyses for which they were intended.  No 
contamination of target analytes was found in any of the instrument or  preparation blanks except for Ca and B but 
did not affect the data.   
The Interference Check Sample analysis for ICP did not follow the ‘usual’ method for analysis.  No interfering 
analytes was present in the ICSA solution which in ‘normal’ situations would have required the addition of Al, Ca, 
Fe, and Mg.  The analysis of this ICSA solution is akin to the analysis of a ‘blank’ sample.  The ICSAB solution 
contained all ICP target analytes except for Th and Na and the recoveries of the analytes were within +/- 20% of 
their true values.  This analysis is similar to that of a LCS.   Due to the high quantities of Th in the samples, the 
laboratory manually calculated the values of affected analytes (Ca, Fe, V, Cd, Cr, Mn, Sb, Si,Tl,) based on the Th 
concentrations in the samples at 1000 ppm before reporting the results.   
The recoveries of target analytes in the LCS were all within limits except for Mo and Sr in one LCS which were 
only slightly above the upper control limit of 120%.  However, the values of both analytes were below the IDL. No 
qualification was necessary. 
Duplicate analysis showed excellent precision in the Th results and no impact on data was found due to the results 
of the other analytes. 
The pre-digestion spike analysis met control criteria for all analytes except for Fe, Mn, Cr,V, Be, Cd, Al, Mg, Ag, 
and U.  These elements were qualified as noted in the text.    Thorium was not spiked in the pre-digestion sample 
but was spiked in the post-digestion sample (1000 fold dilution) together with the elements that failed the pre-
digestion spike analysis in accordance with the requirement that any analyte that failed the pre-digestion spike 
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analysis be reanalyzed in a post-digestion sample.  The results showed that Th recovery  met the control limits. 
The laboratory performed a Serial Dilution analysis on 3 samples and no impact on data was observed.  The 
recoveries of Th were good in these analyses. 
Thorium was detected in all samples at approximately half  the total weight of the samples.  Most analytes were not 
detected above the Detection limits but some differences were noted among the analytes from different sources.   
 
In conclusion, no conditions adverse to data quality was identified resulting in the rejection of any result.  The data 
are acceptable as reported at 100% ‘completeness’. 
 



  RADIOCHEMISTRY DATA VALIDATION REPORT 
 
 
 
DATA VALIDATION FOR:   Isotopic U/Th by α-Spec;  γ-Spec  
 
SDG NUMBER:     208093 
 
PROJECT:      Curtis Bay/Defense National Stockpile Center Thorium Nitrate 

Inventory 
 
CONTRACT LAB:     Southwest Research Institute 
 
LABORATORY SOW:    05421.01.006 
 
VALIDATED BY:   Eng Tan 
 
DATE VALIDATION COMPLETED:  November 6, 2002 
 
REVIEWED BY:   Richard Westmoreland 
 
MATRIX:    Thorium Nitrate (monolith, powder, cube) 
 

 
   

CLIENT ID LABORATORY ID 

See attached  
  
  
  
  
  
  
  

 
 
 
 
This data package was reviewed against the data validation manual, Bechtel Jacobs LLC., BJC-ES-01, 
Radiochemical Data Verification and Validation, Rev.0 and NFT Inc. Validation/Verification, 
Radiobioassay, October 9, 2000.  
 
 
Definition of data validation qualifiers: 
 
U The analyte was not detected above the reported detection limit. 
J The analyte was identified; the associated numerical value is approximated. 

 
 1 



UJ The analyte was not detected above the reported detection limit, and the associated detection limit 
is approximated due to quality deficiency. 

R The data is not usable for its intended purpose.  (Note:  the analyte may or may not be present). 
NJ The analyte was presumably present at an estimated quantity. 
Data that, as a result of the validation process, have been determined to meet QA/QC requirements and 
are considered to be a valid result greater than the reporting limit are presented with no qualifier, or may 
be shown with a “=”, indicating that no qualifier is necessary. 
 
 
I. DATA DELIVERABLES 
 
Action:  Samples are traceable upon inspection of verification report, CoCs, etc.  Qualify samples not 
traceable as rejected.   
 
Samples Deficiencies 
  

 
All data deliverables were present in data package. 
 
 
II.  TECHNICAL HOLDING TIMES AND ANALYSIS 
 
Criteria: 

Preservation:  pH< 2 (liquids only) 
Holding Times:  180 days (Gross Alpha/Beta); Not Applicable (all Others) 
 

Forty five (45) solid samples were received by the laboratory on 7/17/02.  These samples were collected 
from the  Curtis Bay site of domestic (22 monolith samples), France (13 powder samples) and India (10 
cube samples) origin. The dates of collection of the samples were between 6/27/02 to 7/12/02 for 
domestic samples; 7/02 – 08/02 for French samples; and 7/02-03/02 for Indian samples.  There were 
discrepancies noted by the laboratory between the data on the CoC and on the sample labels, the actual 
samples received and samples noted on the CoC as sent, etc.  The laboratory contacted the project with 
these findings and it is assumed for this data validation that a resolution had been arrived at between the 
project and the laboratory before sample analysis.  For further details, see ‘Electronic Mail 
Communications’ of the data package. 
Fifteen samples were analyzed for U and Th by alpha spectroscopy while 45 samples were analyzed by 
gamma spectroscopy.  
Holding times for these analyses were met and no action was needed. 
All samples were received by the laboratory intact, but with no custody seals, and at ambient temperature 
(22 °C).  No action was taken. 
 
Technical Holding Time Exceedances 

Analyte Criteria Failed Affected Samples Qualifiers for Detects Qualifiers for Nondetects 
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III. CALIBRATION AND BACKGROUNDS 
 
Criteria: 

Frequency: Initial calibration (IC) and calibration verification (CV) vary for each method 
QC Criteria: Calibration and standard traceability vary for each method 
 

 
Calibration and Background Exceedances 

Analyte Criteria Failed Affected Samples Qualifiers for Detects Qualifiers for Nondetects 

     

     

 
 
 
Alpha spectrometers/gamma spectrometers: 
Efficiency/background/energy calibrations were performed periodically according to laboratory QA 
program. Data and charts kept on file in laboratory.  Daily calibrations and background determinations 
were not provided in data package. No action taken. 
 
 
IV. BLANK RESULTS 
 
Criteria: 

Frequency: 1 per 20 samples 
QC Criteria: Blank activities < MDC or 2σ counting uncertainty 

Blank detects with 0 ≤ ND < 1.96 qualified as J or R 
Blank detects with 1.96≤ ND < 2.58 qualified as J 
Blank detects with 2.58 ≤ ND not qualified 

 
 Analytes detected in Blank Samples 

Analyte Activity±TPU 
pCi/g 

MDA 
pCi/g Criteria Failed Affected Samples Qualifier   

U-234 0.94 ± 0.334 0.32 ND < 1.96 or <MDA All  15 samples 
except  U  

   ND > 2.56 
CF1080712002 
CF19080712002 
CF2080712002 

None  

Th-228   ND > 2.56 All None  

Th-230   ND > 2.56 All None  

Th-232   ND > 2.56 All None  

 
Alpha Spectroscopy:  Blank analysis showed that U 234,  Th-228, Th-230 and Th-232 were greater than 
their MDAs or 2σ counting uncertainty.  When compared with the results of the samples that were > 
MDA, U-234 values were all not significantly different than the blank value or were <MDA for all 
samples except for the 3 samples noted above.  These 12 sample values were qualified as undetected (U) 
and the 3 samples with ND> 2.56 did not require any qualifiers.  However, when the Th-228, Th-230 and 
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Th-232 values were compared, the differences were significantly different.  No qualification of these data 
was needed.  
  
Gamma Spectroscopy:  No blank sample was analyzed or needed.  No action taken. 

 
 
V. LABORATORY CONTROL SAMPLES 
 
Criteria: 

Frequency: 1 per 20 samples 
QC Criteria: -1.96 ≤ ND ≤ 1.96 not qualified 

-2.58 < ND < -1.96 or 1.96 < ND < 2.58 qualified as J, UJ, or U 
ND < -2.58 or ND > 2.58 qualified as J, UJ, U, or R 

 
LCS Exceedances 

Analyte Criteria Failed Affected Samples Qualifier for Detects Qualifier for Nondetects 

     

 
Alpha Spectroscopy:  The laboratory prepared and analyzed two aqueous samples spiked with natural 
Uranium and Thorium 232 for one of the LCS samples and only natural Uranium for the second.   Criteria 
for acceptability is the recovery of the spiked analyte as compared with the true values.  All values were 
within 75 – 125% of the true values. No qualification of data was necessary. 
 
 Gamma Spectroscopy:  No LCS sample was analyzed or needed.  No action taken. 
 
 
VI. DUPLICATES 
 
Criteria: 

Frequency: One per batch of up to twenty samples 
QC Criteria: ND ≤ 1.96 not qualified 

ND > 1.96 qualified as J, U, or R 
RPD ± 20% 
 

Duplicate Exceedances 
Analyte Criteria Failed Affected Sample Qualifiers for Detects Qualifiers for Nondetects 

U236 (Alpha) RPD All 15 samples 
analyzed J UJ 

U238 (Alpha) RPD All 15 samples 
analyzed J UJ 

Ac-228 (Gamma) RPD All sample of 
domestic origin J  

     

 
 
Gamma Spectroscopy:  Three samples, one sample per generator, were analyzed in duplicate 
(CD02120712002; CF1080712002; CI11020712002). The reported results consisted of radionuclides that 
have been identified and quantitated by the gamma spectroscopy software.  The laboratory also reported 
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the radionuclides that in their opinion suffered from spectral interference and were either not present or 
present in lesser quantities than that reported.  These radionuclides were indicated by the letter ‘I’.  For 
the purpose of this validation, only the radionuclides that were definitely identified and quantified were 
compared.  The precision of duplicate analysis  was calculated by the laboratory as the RPD.  Control 
limits for precision are +/- 20% and the Normalized Difference between the duplicate results were also 
calculated.  It was determined that only Ac-228 of duplicate sample CD02120712002 had an RPD >20% 
(27.8%) and a ND >1.96 (4.76).  The duplicate precision calculated for Ac-228 for the other 2 duplicate 
sample pairs were well within the control limits.  Although one could argue that this ‘domestic’ sample 
contained ‘interferents’ to the quantitation of Ac-228 not present in the other two sample types (French 
and Indian), this is considered not likely.  However, to be conservative, all Ac-228 results of domestic 
origin (CD) were qualified as estimated (J).   No other qualifiers based on duplicate analysis was 
necessary. 
 
Alpha Spectroscopy U/Th:  The sample analyzed in duplicate was CI 3070712002.  The laboratory 
calculated the precision as the RPD and the results showed that for Uranium (234,235,236, 238), U-235 
for both original and duplicate samples, was not detected above the MDA.  The RPD for U-234 was 3%, 
and U-236 and U-238 were 52% and 43% respectively (the limit being +/- 20%).  Qualify all U-236 and 
U-238  isotopes as estimated (J/UJ) 
The RPD for Thorium isotopes (228,230,232) were all < 20%.  No qualifiers needed. 
 
 
VII. MATRIX SPIKE 
 
Criteria:  

Frequency: One per batch of up to twenty samples 
QC Criteria: -1.96 ≤ ND ≤ 1.96 not qualified 

-2.58 < ND < -1.96 or 1.96 < ND < 2.58 qualified as J, UJ, or U 
ND < -2.58 or ND > 2.58 qualified as J, UJ, U, or R 

Note:  May not be required for methods where a carrier or tracer is used.  May not be 
feasible for solid and some liquid analyses. 

 
 
Matrix Spike Exceedances 

Analyte Criteria Failed Affected Samples Qualifier for Detects Qualifier for Nondetects 

     

 
No matrix spike analysis was needed for either gamma or alpha spectroscopy analysis.  For the latter, the 
chemical yield analysis represents this QC analysis (see below). 
 
 
VIII.  CHEMICAL YIELD - TRACERS AND CARRIERS 
 
Criteria:  

Frequency: Not applicable 
QC Criteria: 20% ≤ Chemical yield (CY) ≤ 105% 
Note:  Sample results shall not be qualified based solely on chemical yield 
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Chemical Yield Exceedances 
Analyte Criteria Failed Affected Samples Qualifier for Detects Qualifier for Nondetects 

     

 
Gamma Spectroscopy:  This section is not applicable. 
 
Alpha Spectroscopy:  For Uranium analysis the tracer used was U-232.  The %recovery of this tracer for 
all analyses, was not greater than the control limit of 105% (laboratory control limits was 70 –130%).  
The recoveries for all samples were within the control limits of 20 – 105%.  No qualification of uranium 
data needed. 
For the Thorium analysis, the tracer used was Th-229.  The recoveries of this tracer in all analyses met 
control limits (20 – 105%).  No action needed. 
 
 
IX. OVERALL ASSESSMENT OF DATA 
 
Forty five Thorium nitrate (monolith, powder, cube) samples were collected and analyzed by gamma 
spectroscopy for gamma emitting nuclides and alpha spectroscopy for isotopes of Uranium and Thorium. 
Although the samples were not chilled for transport, no qualification of data was deemed necessary.  
Initial calibration and daily calibration data were not provided in the data package.  Normally , the initial 
calibration data are not provided for all data packages but are supplied to the project prior to sample 
analysis.  However, the daily calibration checks should be provided with each data package to verify that 
the instruments were capable of analyzing samples according to QA requirements.  In this validation, no 
action was taken on this.  All 45 samples were analyzed by gamma spectroscopy, but only 15 samples 
were analyzed for uranium and thorium isotopes. This validation effort consists of a review of the data 
presented for completeness and QC acceptability.  A limited number of calculations were performed to 
verify the accuracy of reported data but analysis of the data as they pertain to expected values was not 
attempted.  The acceptability of data in meeting the data quality objectives of the project is not implied.  
A short account of the analyses is given below: 
 
Gamma Spectroscopy: 
All 45 samples and 3 duplicate samples were counted for 30 minutes and the identified lines in the spectra 
reported.  The spectroscopist reviewed the data and based on professional judgement and QA acceptance 
criteria, qualified certain identified radionuclides as impacted by interference.  Under normal 
circumstances, the laboratory would not report these nuclides, but for this project, the laboratory felt it 
appropriate that the decision of accepting the presence of a nuclide should be left to the project.  The 
laboratory flagged all such nuclides as ‘I’, denoting interference.  For this validation, this qualifier ‘I’ 
(laboratory qualifier) has been changed to ‘NJ’ (data validation qualifer) to signify, ‘presumably present 
at an estimated quantity’.  The ‘dead time’ during the counting process was about 30% for all samples.  
Although the software does correct for dead time, samples with a large dead time should be reanalyzed.  
Due to this, the results were qualified as estimated.  
Sample CD44120712002 incorrectly showed the MDA for Bi-212 as 306000 pCi/g which resulted in the 
laboratory qualifier U.  The MDA should have been reported as 306 pCi/g. 
The laboratory should have qualified Ra-224 of sample CD45270612002 with an ‘I’ so as to be consistent 
with the qualification of this radionuclide throughout the other samples.  This is also true for Pa-234m of 
sample CD22100712002, CD65090712002. 
 
NB:  Gamma spectroscopy analyses were performed during the month  of September 2002 but the 
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sampling date for all samples was entered as January 1, 1980.  The reported results were all decay 
corrected to the sampling date and reported as such.  This is approximately a 22 year difference but the 
decay correction will not impact ‘long lived’ radionuclides but will certainly do so with ‘short lived’ 
ones, such as Cs-137, Pm-146, Eu-155.  Technically, there is no reason to reject the data, but based on 
DQOs, it might be required.  However, both sets of data, decay corrected and non corrected are available 
in the gamma spectroscopy report and the laboratory can easily correct this, if so desired. 
 
Alpha Spectroscopy: 
Extracts of 15 samples plus a duplicate were separated for Uranium and Thorium isotopes by column 
chromatography, precipitated, filtered and mounted for counting.  As expected, higher activities of 
thorium than uranium were found.  QC analysis showed that for the thorium analysis, control criteria were 
met while uranium in some cases slightly exceeded the control limits.  This could be due to lower 
activities found in the uranium fraction and that the counting times were not long enough.  Due to these 
deviations, uranium data were qualified as estmated and thorium data did not require any qualifiers.  The 
laboratory also provided the calculated weight of thorium and uranium based on the specific activities of 
the isotopes as a comparison to the ICP data.  An assessment of this comparison is not attempted in this 
validation. 
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