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Introduction 

In March 1999, staff at Lockheed Makn  Hanford Company (LMHC) were asked to make a presentation 
to the Defense Nuclear Facilities Safety Board (DNFSB) about the safety of the waste tanks at the 
Hanford Site and the necessity for further tank sampling. Pacific Northwest National Laboratory pro- 
vided a statistical analysis of available tank data to help determine whether additional sampling would in 
fact be required. The analytes examined were total alpha, energetics, total organic carbon (TOC), oxalate 
as TOC and moisture. These analytes serve as indicators of the stability of tank contents; if any of them 
fall above or below certain values, further investigation is warranted (Dukelow et al. 1995). 

PNNL performed an analysis of the data collected on these safety screening analytes with respect to 
empirical distributions and the established Safety Screening Data Quality Objectives (SS DQO) 
thresholds and Basis for Interim Operations (BIO) limits. Both univariate and bivariate analyses were 
performed. Summary statistics and graphical representations of the data were generated. 

Data Extraction 

The majority of the sample data were downloaded from the Tank Waste Information S y s t e a a n k  Char- 
acterization Database (TWINSA‘CD) on January 5, 1999, and the energetics data were downloaded on 
February 2, 1999. A data file was created for each analyte. For each data file, every record type was 
screened out except for Primary, Duplicate, and Min-Det-Limit. It was necessary to extract only those 
records believed to accurately represent the compositions of the tanks. Therefore, the downloaded data 
were filtered through a data processing system to identify samples with appropriate data quality charac- 
teristics based on a set of S-plus scripts written by Charles LoPresti to support another FY 1998-99 task. 

Data Processing 

The initial data processing goal was to build two-way data tables structured so that rows corresponded to 
a sample such as core segment or sub-segment (also known as “loc.id”) and columns corresponded to 
analytes. In the table, each cell contained a single measurement value for a given analyte in appropriate 
units for a given sample. Each cell’s data value was determined by taking the mean of replicate concen- 
trations from both Primary (P) and Duplicate (D) samples remaining after data screening and units con- 
version. Two sets of data files were built: one for solid samples and one for liquid samples. In cases 
where the concentration of an analyte was less than the detectable value, the minimum detectable value 
was used. For more information on how the data were processed, contact Sharon Cebula at PNNL. 

1 
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Safety Screening Analytes 

The analytes of interest are total alpha, energetics (exothenns, transition l), TOC, oxalate as TOC, and 
moisture (% H20). 

The concentration of total alpha is measured by the number of microcuries of gross alpha per gram of 
waste. For samples in which a gross alpha measurement was unavailable, total alpha was estimated 
by adding the concentrations of Am-241, Pu-239, Pu-240, and Pu-239/240 (which has been converted 
to a concentration in pCi/g). 

Energetic concentrations from transition 1 were used in the report, where the concentration refers to 
the number ofjoules per gram of “wet” waste. 

The TOC concentration represents the number of micrograms of TOC per gram of waste. 

The oxalate as TOC concentration was calculated by multiplying the oxalate concentration times the 
conversion factor of 24/88. The oxalate as TOC concentration is also measured in pg/g. 

The amount of moisture is measured by the weight percentage of water in the sample. 

Table 1 lists the number of waste samples collected (including those for which dad were not available, 
referred to as NA) for each of the selected analytes along with the number of quantified sample values 
and NA’s in the database. There are 454 liquid samples and 1994 solid samples. The last row contains 
the number of tanks represented by quantified values. There are a total of 137 tanks represented by these 
quantified values. A list of the number of samples from each tank for each analyte is provided in 
Table A.l of the Appendix A. 

Table 1. Number of Samples for Each Analyte 

2 



HNF-4507, Rev. 0 

SS DQO Thresholds 

BIO limits 
. 

Univariate Analysis 

Total Alpha Energetics TOC Oxalate as TOC &O 
Solids 41 pCi/g 480 J/g 30,000 pg/g 30,000 pg/g None 

Liquids 61.5 pCi/g 480 J/g 30,000 pg/g 30,000 pg/g None 
Solids 107 pCVg 1200 J/g 45,000 pg/g 45,000 pg/g GO% 

Liquids 107 pCi/g 1200 J/g 45,000 pg/g 45,000 pg/g G O %  

A univariate analysis was performed to investigate the analytes of interest individually. The histograms 
provided in Figures B.l through B.10 of Appendix B are graphical displays of the distributions of the 
sample data. On the horizontal axis is the analyte measurement and on the vertical axis is the frequency 
(or count) of the number of samples at a given measurement level. The numbers on the right-hand side of 
the histogram represent the corresponding percentages of the total count. For example, approximately 
27% of the liquid TOC observations are in the first bar, 25% in the second bar, 26% in the third bar, etc. 

In the legend are selected summary statistics that might be of interest. These statistics are defmed below. 

N: 

Min: 

I ”  Qu.: 

Median: The middle or average of the 2 middlemost observations (also known as the Znd Quartile). 

3rd Qu.: 

The number of quantified sample records. 

The smallest sample measurement of the analyte. 

The first quartile, or the value such that 25% of the observations are at or below it. 

The third quartile, or the value such that 75% of the observations are at or below it. 

Max: The largest sample measurement of the analyte. 

NA’s The number ofNA’s in addition to the N sample records. 

The designated SS DQO thresholds and the BIO limits thresholds designated by the technical point of 
contact, Brett Simpson (Lockheed Martin), are listed in the subtitles of the plots. These thresholds are 
summarized in Table 2. Measurements above the total alpha, energetics, TOC, and oxalate as TOC, SS 
DQO thresholds indicate further investigation is needed. Measurements of these same analytes above the 
BIO limits listed (or below in case of H20) indicate possible concern. The SS DQO thresholds and BIO 
limits are represented on the histograms by dotted lines and solid lines, respectively. These lines may not 
have been plotted if their locations were “off scale.” 

Table 2. Threshold Levels Set by LMHC Technical Point of Contact 

3 
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Summary of Univariate Results 

The histogram of the total alpha liquid measurements indicates that 374 (96%) of the samples are below 
0.1 pCi/g. The largest concentration is at 3.996 pCi/g, which is well below the SS DQO threshold of 
61 pCi/g. Of the solid samples, 1405 (98%) samples are below 10 pCi/g. Four (0.28%) of the samples 
are above 41 pCi/g, the SS DQO threshold. The largest concentration is 91 pCi/g. 

The histogram of the energetics liquid measurements indicates that 168 (90%) of the sample values are 
between 0 and 200 J/g. There are 4 (2%) samples over the SS DQO threshold of 480 J, the largest at 
577 J/g. For the solid samples, 8 (1%) of the samples are above the SS DQO threshold. Two of these 
eight samples have measurements above the designated BIO limit of 1200 J/g. The largest measurement 
for the solid samples is at 1882 J/g. 

Inspection of the histogram for the liquid TOC samples indicates that 219 (91%) of the samples have con- 
centrations less than 7000 pg/g. There are 6 (2%) samples with concentrations above the SS DQO 
threshold of 30,000 pdg, the largest at 41,880 pg/g. Of the solid TOC samples, there are 13 (1%) above 
the SS DQO threshold. Five (0.4%) concentrations are also above the established BIO limit of 
45,000 pg/g. 

The liquid oxalate as TOC samples are all well below the SS DQO threshold of 30,000 ug/g. In fact, 276 
(89%) of the samples have concentrations below 250 pg/g. Of the solid oxalate as TOC samples, 1219 
(97%) of the concentrations are below 10,000 pg/g. However, there are 4 (0.3%) samples with concentra- 
tions above the SS DQO threshold. The largest concentration is 36,790 pg/g, which is below the estab- 
lished BIO limit. 

The histogram of the liquid HlO samples indicates that all samples have a weight percentage over 20%. 
The smallest weight percentage is at 26.95%. Of the solid samples, 199 (1 1%) samples have weight 
percentages below 20%, the established BIO limit. 

The histograms described above provide a comparison of the distributions of the sample data for a given 
analyte with respect to the specified SS DQO thresholds and BIO limits. The occurrence of a single 
analyte measurement above its threshold (or below in the case of HzO) in a tank is not always a concern, 
usually there is no problem unless a combination of analytes in a tank is above (below) the set of 
thresholds. For example, a sample with less than 20% H20 is not of great concern if there is less than 
480 J/g of energetics. However, a sample that contains less than 20% H20 and more than 480 J/g of 
energetics is a concern. This issue is addressed in the next section. 

4 
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Bivariate Analysis 

Bivariate techniques were applied to the sample data in order to view measurements of two analytes 
simultaneously. Of specific interest are the interactions of the energetics (Ug) and TOC (pg/g) concentra- 
tions with the percent water density. 

Plots of energetics (J/g) vs. H20 (%) have been generated for solid and liquid samples in Figures B.11 and 
B.12. The region in which a sample contains less than 20% H20 (BIO limit) and more than 480 J/g of 
energetics (SS DQO threshold) is boxed off in the upper left hand comer with a dotted line. Tanks with 
samples in this region would require further investigation. For the solid samples, there are two samples 
that lie near this region. A sample from tank U-105 has 19.82% H20 and 478.71 J/g of energetics. A 
sample from tank BY-104 has 20.71% H20  and 484.13 J/g of energetics. The liquid samples do not have 
any points in this area. The region in which a sample would contain less than 20% H20 and more than 
1200 J/g of energetics (BIO limit) is boxed off in the upper left-hand comer with a solid line. Tanks with 
samples in this region might be of serious concern. Neither the liquid, nor the solid samples have points 
in this region. 

Similar plots, shown in Figures B.13 and B.14, were created for TOC (pg/g) vs. H20 (%). The plot of 
TOC (pg/g) vs. H20 (%) for the solid samples has one point in the dotted region established by the TOC 
SS DQO threshold and H20 BIO limit. A sample from tank C-202 has 5.14% H20 and 36,700 pCi/g of 
TOC. The liquid data does not have any points in this region. Neither of the plots have points in the 
region established by the TOC and H20 BIO limits. 

Conclusion 

The univariate and bivariate analyses summarize information on the empirical distributions of the sample 
data with respect to the established SS DQO thresholds and BIO limits. Any extrapolation of these 
results to the entire Hanford population of 177 tanks (sampled and unsampled) must assume the samples 
are representative of the larger population in some sense. This issue was not addressed in this analysis. 

Reference 

Dukelow, G. T., J. W. Hunt, H. Babad, and J. E. Meacham. 1995. Tank Safety Screening Data Quality 
Objective, WHC-SD-WM-SP-004, Rev. 2, Westinghouse Hanford Company, Richland, Washington. 
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Appendix A 
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Appendix A 

Table A.1. Number of Samples From Each Tank 

A. 1 



HNF-4507, Rev. 0 

Table A.l. (cont'd) 
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Table A.l. (cont’d) 
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Table A.l. (cont’d) 
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Appendix B 

LIQUID TotaLAlpha 
SS DQO threshold = 61.5 uCVg 610 limit = 107 uCi/g 

lSlC.l.O.W1121 
6.9% 

..................... ........................ 1.3% 

................... 
5.6% 

................... .- 0% 

0 1 2 3 4 

Concentration uCi/g 

Figure B.1 Total Alpha for Liquid Samples 
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Figure B.2 Total Alpha for Solid Samples 
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LIQUID Exotherm 

0 I00 200 300 400 500 600 

Energy Jlg 

Figure B 3  Energetics for Liquid Samples 

B.3 



HNF-4507, Rev. 0 

SOLID Exotherm 
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.Figure B.4 Energetics for Solid Samples 
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LIQUID TOC 
SS DQO threshold = 30000 ug/g BIO limit = 45000 ug/g 
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Figure B.5 TOC for Liquid Samples 
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SOLID TOC 
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Figure B.6 TOC for Solid Samples 
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LIQUID 0xalate.As.TOC 
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Figure B.7 Oxalate for Liquid Samples 
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Figure B.8 Oxalate for Solid Samples 
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Figure B.9 H20 for Liquid Samples 
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Figure B.10 H20 for Solid Samples 
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Figure B.11 Energetics vs. H20 for Liquid Samples 
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Figure B.12 Energetics vs. H20 for Solid Samples 
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Figure B.13 TOC vs. H20 for Liquid Samples 
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Figure B.14 TOC vs. H20 for Solid Samples 
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