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EXECUTIVE SUMMARY 

This tank characterization report summarizes the information on the historical uses, current 

status, and sampling and analysis results of waste stored in double-shell underground storage 

tank 241-AN-106. This report supports the requirements of the Hanford Federal Facility 

Agreement and Consent Order, Milestone M-44-09 (Ecology et al. 1996). 

Tank 241-AN-106 is one of seven double-shell tanks in the 200 East Area AN Tank Farm 

on the Hanford Site. The tank went into service in 1981, and received water from 

tank 241-AN-101. In 1983, the tank received concentrated phosphate waste and 

noncomplexed waste from tank 241-AW-102. In 1984, the tank received a small volume of 

unknown waste. In 1993, waste was transferred from tank 241-AN-106 to tank 241-AP-102. 

In September 1994, tank 241-AN-106 received double-shell slurry feed waste from 

tank 241-AW-106. As of May 31, 1995, no additional recordable transfers into or out of the 

tank had been made (Hanlon 1996b). 

A description of tank 241-AN-106 and its status are summarized in Figure ES-I and 

Table ES-1. The tank has an operating capacity of 4,390 kL (1,160 kgal), and it presently 

contains 1,570 kL (415 kgal) of waste classified as double-shell slurry feed (Hanlon 1996b). 

The waste is estimated to be composed of 64 kL (17 kgal) of sludge and 1,510 kL (398 kgal) 

of supernatant liquid (Hanlon 1996b). The average tank temperature between July 1983 and 

March 1996 was 23.7 °C (74.6 °F), with a minimum of 14 °C (58 °F) and a maximum of 
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Figure ES-1. Profile of Tank 241-AN-106. 
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tank 241-AY-101 waste. The April 4 sample, numbered 6AN-95-l, was acquired at a depth 
of 13.5 m (44.3 ft) which corresponds to a sample elevation of 3.58 m (11.8 ft) from the 
tank bottom. The April 5 sample, numbered 6AN-95-2, was taken at a depth of 16.5 m 
(54.0 ft) which corresponds to a sample elevation of 0.61 m (2.0 ft) from the tank bottom. 
Although these sample numbers are identical to those of the first two samples drawn from 
riser 22A during the November 1995 sampling event, these are indeed separate samples. 

The samples were received at the 222-S Laboratory on the same day they were sampled. 
Equal volumes of the two samples were mixed to form a composite supernate sample 
(Beck 1995). The composite was combined with waste samples from tank 241-AY-101 and 
used to study the following: (1) mixing/compatibility with tank 241-AY-101 waste, (2) 
boildown characteristics, and (3) density characteristics of the combined waste (Beck 1995). 
The samples from tank 241-AN-106 were not analyzed independently before being mixed 
with tank 241-AY-101 waste samples. Section 4.7 summarizes the results from this study. 

The waste in tank 241-AN-106 was derived from waste in tank 241-AW-106 and from the 
242-A Evaporator 94-1 Campaign. Le (1994) and DiCenso et al. (1994) report the 
composition of the waste in tank 241-A W-106 prior to the addition of the campaign 94-1 
product. The final product from campaign 94-1 was characterized as samples V97, V108, 
and Vll 1 (Miller 1996). Appendix A summarizes the analytical results from these two 
waste sources and, using certain assumptions, attempts to predict the composition of the 
current contents of tank 241-AN-106 based on these sources. The information in Appendix 
A is provided as background information only; no decisions regarding the waste in 
tank 241-AN-106 should be based on the data in Appendix A. Appendix A contains 
estimates of total inorganic carbon (TIC), TOC, hydroxide, cyanide, ion-chromatography 
anions, metals, radionuclides, and selected organic compounds in the tank 241-AN-106 
waste. Section 5.2 compares the results from Appendix A with the results of the November 
1995 samples. 
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4.0 ANALYTICAL RFBULTS 

4.1 OVERVIEW 

Section 4.0 provides the analytical results of the grab samples taken from tank 241-AN-106. 
The sampling and analysis were performed according to the sampling and analysis plan 
(Conner 1995), which includes requirements for the safety screening DQO. This section 
contains a summary of the requested analytes and analytical results and a discussion of each 
analysis. Table 4-1 shows the table locations for each set of analytical results . 

Table 4-1. Analytical Data Tables. 

Total alpha activity Table 4-2 

Bulk density Table 4-3 

Thermogravimetric analysis Table 4-4 

Differential scanning calorimetry Table 4-5 

TOC Table 4-6 

Overall tank means were calculated for total alpha activity, bulk density, weight percent 
water, and TOC. To derive an overall mean, the mean for each grab sample was calculated 
by averaging the result and duplicate values, then the mean for each riser was calculated by 
averaging the four grab sample means within a riser. Finally, the overall tank mean was 
calculated by averaging the two riser means. 

The overall mean for a given analyte is considered a detected value only. if 50 percent or 
more of the individual sample/duplicate results are detected. Similarly, the relative standard 
deviation (RSD) of the mean was calculated only for the three sample characteristics 
(density, weight percent water, and TOC) that had 50 percent or more of the individual 
results detected. For those results that were less than the detection limit, the value of the 
detection limit was used in the calculation of the mean concentrations and standard 
deviations. The means and standard deviations so calculated are biased estimates of the true 
population means and standard deviations. The magnitude of the bias is unknown. 

The RSD (mean) is defined as the standard deviation of the mean divided by the overall 
tank mean, times 100. It was computed using standard analysis of variance (ANOVA) 

4-1 
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statistical techniques. Appendix B has a detailed explanation of the statistical analysis of the 
tank 241-AN-106 analytical results. 

The four quality control parameters assessed on the tank 241-AN-106 samples were standard 
recoveries, spike recoveries, duplicate analyses, and blanks. Section 5.1.2 summarizes the 
results. Sample and duplicate pairs with quality control results that deviate from their 
specified limits are footnoted in the data summary tables. 

4.2 TOTAL ALPHA 

Total alpha analyses were performed by direct analysis according to procedure LA-508-101, 
Rev. D-2. All sample aliquots were dried on a counting planchet and measured for alpha 
activity using an alpha proportional counter. 

The highest detected total alpha result of any sample was 0.00173 µCi/mL , and the overall 
tank mean was < 0.00684 µCi/mL. Table 4-2 shows the total alpha activity data for 
tank 241-AN-106. 

Table 4-2 shows a number of less-than values that are larger than some of the detected 
values. This phenomenon is rooted in how less-than values for counting data are calculated 
(Jones 1995), and it stems from the following two factors. 

• The background count rate is determined once each eight-hour shift. If a 
sample has a count rate not statistically significantly different from the 
background count rate, the sample is assigned a less-than value. The less-than 
value is proportional to the square root of the sum of the background and 
sample count rates; the higher these count rates, the higher the non-detect 
value. 

• The less-than value is inversely proportional to the sample mass; the smaller 
the mass of a sample that generates a non-detect value, the larger the less-than 
value. Therefore, a small sample that generates a non-detect value can 
generate a less-than value that is greater than a larger sample that generates a 
small, but statistically significant, detected value. 

4.3 BULK DENSITY 

The bulk density of each sample was determined using procedure L0-160-103, Rev. B-0. 
Table 4-3 shows sample numbers, risers, density results, and mean. Although the 
tank 241-AN-106 sampling and analysis plan (Conner 1995) did not call out duplicate 
determinations for density, the laboratory did perform duplicate density determinations on 
samples S96T000140 and S96T000156. 

4-2 
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Table 4-2. Total Alpha Activity Results for Tanlc 241-AN-106.1 

136 22A 0.00116 < 0.00141 < 0.001283 < 0.00231 < 0.00684 

137 < 0.000786 0.00116 < 0. 0009733 

138 0.00173 < 0.00141 < 0.0015'73 

140 < 0.00503 < 0.00582 < 0.00542 

153 21A < 0.00253 < 0.00257 < 0.00255 < 0.01136 

154 < 0.00325 < 0.00253 < 0.00289 

155 < 0.0633 < 0.00513 < 0.0342 

156 < 0.00495 < 0.00662 < 0.00578 

Relative standard deviation of the overall mean = n/a 

Notes: 
n/a = not applicable 
1Esch (1996a) 
2A11 sample numbers begin with S96TOOO. 
3The standard recovery was below the 80 to 110 percent recovery range defined in DOE (1995). 

Table 4-3. Density Results for Tanlc 241-AN-106.1 

136 22A 1.18 n/a 1.18 1.19 1.19 

137 1.17 n/a 1.17 

138 1.18 n/a 1.18 

140 1.21 1.22 1.22 

153 21A 1.16 n/a 1.16 1.18 

154 1.18 n/a 1.18 

155 1.19 n/a 1.19 

156 1.18 1.20 1.19 

Percent relative standard deviation of the overall mean = 0.63 % 

Notes: 
n/a = not applicable 
1Esch (1996a) 
2All sample numbers begin with S96TOOO. 
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4.4 THERMAL ANALYSES 

As requested by the safety screening DQO, TGA and DSC were performed on the samples 
(Dukelow et al. 1995). The following sections discuss these results. 

4.4.1 Thermogravimetric Analysis 

In TGA, the mass of a sample is measured while its temperature is increased· at a constant 
rate. A gas, such as nitrogen or air, is passed over the sample _during heating to remove any 
released gases. A decrease in the weight of a sample represents a loss of gaseous matter 
from the sample through evaporation or through a reaction that forms gas phase products. 

Weight percent water by TGA was performed under a nitrogen purge using procedure 
LA-560-112, Rev. B-1, for a Mettler™ instrument and procedure LA-514-114, Rev. C-1, for 
a Perkin-Elmer™ instrument. Table 4-4 shows the sample results. The overall average for 
the tank was 76.6 weight percent water with an overall RSD of 1. 10 percent. 

4.4.2 Differential Scanning Calorimetry 

In DSC analysis, heat absorbed or emitted by a substance is measured while its temperature 
is increased at a constant rate. While the substance is being heated, a gas, such as nitrogen, 
is passed over the waste material to remove any gases being released. The onset temperature 
for an endothermic (characterized by or causing the absorption of heat) or exothermic 
(characterized by or causing the release of heat) event is determined graphically. 

Analyses by DSC were performed under a nitrogen atmosphere using procedure LA-514-113, 
Rev. C-1, for a Mettler™ Model 20 differential scanning calorimeter, and procedure 
LA-514-114, Rev. C-1, for a Perkin-Elmer™ instrument. All results were endothermic. 

Table 4-5 shows DSC results. Only one transition was observed. The sample weight, 
temperature at maximum enthalpy change, and the magnitude of the enthalpy change are 
provided for the transition. The transition represents the endothermic reaction associated 
with the evaporation of free and interstitial water. 

4.5 TANK HEADSPACE FLAMMABILITY 

Vapor samples were taken from the tank 241-AN-106 headspace prior to grab sampling to 
satisfy the safety screening DQO. The samples were analyzed using a combustible gas 
meter, and the flammable vapor content was determined to be O percent of the LFL, 
indicating no flammability concerns. In addition, the concentrations of ammonia gas (0 parts 
per million [ppm]) and TOC vapor (0 ppm) were measured (Esch 1996a). 
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Table 4-4. Thermogravimetric Analysis Results for Tank 24 l-AN-106. 1 

-·~·-···· 1364 22A 35 to 127 78.71 78.35 78.53 76.5 
(35 to 137) 

13'74 35 to 143 76.86 77.26 77.06 
(35 to 119) 

1384 32 to 204 76.56 75.48 76.02 
(26 to 207) 

14()4 35 to 135 75.32 73:71 74.52 
(35 to 130) 

1534 21A 35 to 105 77.76 77.92 77.84 76.7 
(35 to 115) 

1545 27 to 497 79.37 77.14 78.26 
(22 to 497) 

1555 24 to 497 75.92 76.21 76.06 
(31 to 497) 

1564 35 to 115 74.23 74.64 74.44 
(35 to 115) 

Percent relative standard deviation of the overall mean = 1.10% 

Notes: 
Temp. = temperature 

1Esch (1996a) 
2All sample numbers begin with S96TOOO. 
3The range in parentheses is for the duplicate. 
4Fercent water by thermogravimetric analysis using a Mettler™ instrument. 
5Percent water by thermogravimetric analysis using a Perkin-Elmer™ instrument. 
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Table 4-5. Differential Scanning Calorimetry Results for Tanlc 241-AN-106.1 

:i;,:i:::::i:i:;:;~ll:i:i--ii:i:i:i:i: :i:i;:i:i:i:::i:i:ifflii:i:;:i:::-:i:i:ii:: :i:i:::i:•, ii:i:i:;: i:i:i:i;m.;;1 1:iiiii: ii:::::j]))::::= ::::rn::ii:i:i::::;f. ;@:1rn:;;:;~;;;;1::;:::.:::~:;I::@ 

S96T0001364 22A 1 11.33 113.5 1859 

2 

S96T00013'74 1 

2 

S96T0001385 1 

2 

S96TOOO 14()4 1 

2 

S96T0001534 21A 1 

2 

S96T0001544 1 

2 

S96T0001554 1 

2 

S96T0001564 1 

2 

Notes: 
1Esch (1996a) 
21 = sample result, 2 = duplicate result 
3 AH equals a change in enthalpy. 

12.03 

12.49 

12.03 

23.77 

23.13 

24.96 

26.03 

12.81 

14.68 

18.54 

13.88 

13.51 

12.78 

12.17 

14.36 

4DSC performed using a Perkin-Elmer™ instrument. 
'DSC performed using a Mettler™ instrument. 

4.6 TOTAL ORGANIC CARBON 

114.4 1956 

113.2 1931 

113.6 1807 

113.8 1415 

131.9 1091 

119.1 1587 

116.5 1719 

114.2 1865 

115.6 1755 

116.4 1734 

110.3 1771 

115.2 1931 

115.5 1757 

104.8 1637 

116.8 1722 

TOC analyses were performed in an attempt to verify the waste type in tanlc 241"'.AN-106. 
Because the TOC analyses were not performed in support of tank safety issues, TOC was 
determined for only two grab samples, 6AN-95-1 (S96T000131) (sampled through riser 22A 
just below the waste surface) and 6AN-95-8 (S96T000152) (sampled through riser 21A near 
the tanlc bottom). Procedure LA-344-105, Rev. C-0, was used for the determination. 
Table 4-6 shows the TOC results by sample number, riser, and mean. 
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Table 4-6. Total Organic Carbon Results for Tank 241-AN-106. 1 

131 22A 5,370 4,760 5,070 4,390 15.3 

152 21A 3,740 3,700 3,720 

Notes: 
1Esch (1996a) 
2All sample numbers begin with S96TOOO. 
3Percent relative standard deviation of the overall mean 

4.7 APRIL 1995 GRAB SAMPLE RESULTS 

Tank 241-AN-106 supemate was grab sampled in April 1995 to support a waste compatibility 
and boildown study with tank 241-AY-101 supemate (Beck 1995). In the Beck (1995) study, 
supemate samples from tanks 241-AN-106 and 241-AY-101 were combined and used to 
study the following: (1) mixing/compatibility with 241-AY-101 supemate, (2) boildown 
characteristics, and (3) density characteristics of the combined waste. The boildown and 
density characteristics of the tank 241-A Y -101 supemate alone were also determined but are 
not discussed in this document. 

In the mixing/compatibility study, supemate from the two tanks was combined to yield 
volume percents (defined as a percent of tank 241-AN-106 waste in the total waste volume) 
of 25, 30, 35, 44, and 50 percent. Free hydroxide was determined for each combination. 
Table 4-7 shows the results of these determinations. 

Table 4-7. Free Hydroxide Concentration in Mixtures of Supernate from 
Tanks 241-AN-106 and 241-AY-101. 1 

OH- Concentration (M) 

OH- Concentration (µg/mL) 

Notes: 
M = moles/L (molarity) 
'Beck (1995) 

< 0.01 0.046 0.088 

< 170 780 1,500 

4-7 
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3,150 3,210 
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A linear extrapolation of the hydroxide content to 100 percent tank 241-AN-106 supemate 
yields a concentration of 11,200 µg/mL hydroxide. This value is consistent -with the 
calculated value 15,800 µg/mL hydroxide from Appendix A. 

No major color changes, heat generation, foaming, precipitations, or obvious density 
differences were observed after mixing 25:75 and 30:70 ratios of tank 
241-AN-106:241-AY-101 supernates. The mixed supernates were light yellow in color. 
Differential scanning calorimetry was performed on aliquots of the mixtures. No exotherms 
were observed in scans conducted to 500 °C. The only endotherm observed in each scan 
was attributed to water loss. 

A boildown study of a 30:70 mixture of tank 241-AN-106:241-AY-101 supernates was 
performed. Three nominal pressures were used during the course of the boildown study: 
10, 7.3, and 4.3 kPa (75, 55, and 32 torr) . During volume reduction, the still pot 
temperatures ranged from 48.4 to 54.8 °Cat 10 kPa (75 torr), from 43.2 to 48.8 °Cat 
7.3 kPa (55 torr), and from 37.0 to 41.2 °Cat 4.3 kPa (32 torr) . The boildown was 
conducted to an endpoint equivalent to a 76 percent waste volume reduction (WVR). The 
initial supernate mixture was described as cloudy at 48 °C; no cloudiness was reported at 
room temperature. During the boildown, some initial solution foaming was noted at 10 
percent WVR; thereafter the solution boiled and formed large, non-persistent bubbles with no 
foaming or bumping. The solution continued to darken during boildown. At 39 percent 
WVR, particulates became visible in the solution, and by 50 percent WVR, a large amount 
of solids had precipitated. The final product at 76 percent WVR was a thick, orange-yellow, 
pourable sludge containing visible granular material and some clumps of stiff, non-pourable 
sludge. 

Solution/slurry densities were determined for the mixture boildown at various percent WVRs. 
The results were 1.12 g/mL (0 percent WVR), 1.20 g/mL (50 percent WVR), 1.35 g/mL 
(70 percent WVR), and 1.55 g/mL (76 percent WVR). Densities were measured at sample 
temperatures between 25 and 30°C. 

4-8 
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5.0 INTERPRETATION OF CHARACTERIZATION RESULTS 

This section discusses the overall quality and consistency of the current sampling results for 
tank 241-AN-106 and assesses these results against program requirements. 

5.1 ASSESSl\.fENT OF SAMPLING AND ANALYTICAL RESULTS 

Sampling and analysis factors that may impact data interpretation are summarized. These 
factors are used to assess the overall data quality and consistency and to identify any 
limitations in data use. Given the limited scope of the analyses, most of the usual 
consistency checks were not possible. 

5.1.1 Field Observations 

A vertical profile of the tank supemate was taken from two widely spaced risers as required 
by the safety screening DQO (Dukelow et al. 1995). A horizontal and vertical comparison 
of the analytical results between the two grab samples was possible, thereby providing an · 
estimate of the distribution of waste constituents in the supemate (see Section 5.3). 

Two samples were taken from a sample elevation of approximately 13 cm (5 in.) in an 
attempt to collect a sludge sample (Esch 1996a). The sludge portions were not analyzed 
because the samples contained too little solid material for analysis ( < one gram). Failure to 
obtain any sludge solids may indicate one of the following: (1) there was no sludge to 
sample, or (2) the sludge layer was too thin for the sampler to adequately penetrate and 
sample. Hanlon (1996b) indicates that tank 241-AN-106 contains 64 kL (17 kgal) of sludge 
layer as determined by sludge weight measurements. This converts to a sludge depth of 
16 cm (6 in.). 

To understand why the grab sampler may not have been able to sample a 13-to-16-cm thick 
sludge layer, it is helpful to understand the grab sampler's construction. The grab sampler 
used in the November 1995 sampling event was constructed of a stainless-steel bracket that 
held a 125 mL sample bottle (WHC 1995d). A torpedo-shaped, 17-cm (6. 75-in.) high, 
stainless-steel sludge weight was attached to the bottom of the bracket. The entire distance 
from the bottom of the sludge weight to the mouth of the sample bottle was approximately 
25 cm (9.8 in.). To sample a sludge layer approximately 16 cm thick, the sampler would 
have to be tipped on its side. With no in-tank video feedback to guide such a sludge 
sampling operation with the grab sampler, it is not surprising that very few solids were 
collected from the sludge layer. 

The field blank was acquired in the tank headspace through riser 22A on November 29, one 
week after the last grab samples were obtained from the tank. Although the field blank 

5-1 
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showed no contamination from the sampling process, the blank' s value for indicating 
contamination during the sampling process is reduced because it was not acquired at the same 
time as the other grab samples. 

5.1.2 Quality Control Assessment 

The usual quality control assessment includes an evaluation of the appropriate standard 
recoveries, spike recoveries, duplicate analyses, and blanks performed in conjunction with 
the chemical analyses. All pertinent quality control tests were conducted on the 1995 grab 
samples and reported in Esch (1996a). The Hanford Analytical Services Quality Assurance 
Plan (DOE 1995) establishes the specific accuracy and precision criteria for the quality 
control checks (Conner 1995). 

Of the four standard recoveries conducted with the total alpha activity analyses, one was 
slightly below the target level of 80 to 110 percent recovery (79.22 percent recovery). This 
standard was within the statistical process control limits for the method, and no reruns were 
requested because the sample results were considered acceptable. Also, the analytical results 
were far below the safety screening action limit, and any deviation was not substantial 
enough to affect the criticality evaluation. All spike recoveries were within the specified 
criterion. The precision (estimated by the relative percent difference, which is defined as the 
absolute value of the difference between the primary and duplicate samples, divided by their 
mean, times one hundred) between all sample pairs for all analytes were within the limits. 
Finally, no sample exceeded the criterion for preparation blanks; therefore, contamination 
was not a problem for any analysis. 

In summary, all but one quality control result were within the boundaries specified in the 
sampling and analysis plan, and this exception (the low total alpha standard recovery noted in 
the previous paragraph) did not substantially impact data validity or use. 

5.1.3 Data Consistency Checks 

Comparing different analytical methods is useful in assessing data consistency and quality. 
Examples of data consistency checks include the calculation of mass and charge balances, the 
comparison of sulfur and phosphorus concentrations (as measured by inductively coupled 
plasma spectroscopy) to sulfate and phosphate results (as determined by ion 
chromatography), and the comparison of total alpha and total beta activities to the sums of 
their individual emitters. Because of the lack of radionuclide data (other than total alpha 
activity) and chemical data, no data consistency checks of these types were possible. 

Although standard data consistency checks were not possible, some results from the 
November 1995 grab samples, the April 1995 grab samples, and the calculated composition 
from Appendix A may be examined to compare peripheral data at a high level to see if the 
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data is consistent. The comparison of these results must be tempered with the understanding 
that (1) results other than those from November 1995 are from a mixture of -supernate wastes 
from tanks 241-AN-106 and 241-A Y -101 (Beck 1995) or are estimated from mathematical 
combinations from several sources (see Appendix A), and (2) the statistical error limits of the 
Beck (1995) and Appendix A data are unknown. Therefore, these checks are for information 
only. 

From Table 4-3, the overall mean density for the November 1995 supernate samples is 
1.19 g/mL. The density of the V97 sample from the 242-A Evaporator 94-1 · Campaign was 
also reported as 1.19 g/mL, but the density of the AW-106 supernate was unknown, 
therefore a combined density could not be determined from these two waste sources. 
However, the density of a 30:70 241-AN-106:241-AY-101 supernate mixture was determined 
to be 1.12 g/mL (Beck 1995), and the density of 241-AY-101 supernate is 1.08 g/mL (Esch 
1996b). From these two values the density of tank 241-AN-106 was estimated to be 
1.21 g/mL. Although the November 1995 analytical density (1.19 g/ml) and the estimated 
density (1.21 g/mL) were determined from different waste formulations, the density values 
appear to be consistent with each other. 

For the November 1995 samples, Table 4-4 reports an overall mean of 76.6 weight percent 
water. Beck (1995) does not report any weight percent water values, but Table A-3 gives an 
upper estimate of 77. 9 weight percent water from mass balance considerations. The 
77.9 weight percent value is remarkably consistent with the 76.6 weight percent value. 

The DSC results from Section 4.4.2 indicate a single endotherm caused by water loss was 
observed for the November 1995 samples. Beck (1995) reports a similar observation for 
DSC performed on the 30:70 241-AN-106:241-AY-101 supernate mixtures. The Beck 
(1995) results appear to corroborate the observation that the fuel in tank 241-AN-106 
supernate is not sufficient to generate exothermic reactions. 

The overall mean total alpha result from Table 4-2 is < 0.00684 µCi/mL; no total alpha 
estimates are available from Beck (1995) or the "Combined" column of Table A-1. 
However, the total alpha result from the "V97" column of Table A-1 is < 0.023 µCi/mL. 
This value seems consistent with that observed for November 1995 samples. The estimated 
value of < 0.000519 µCi/mL plutonium from the "Combined" column of Table A-1 also 
supports the criticality evaluation as defined by the mean total alpha value from Table 4-2. 

The overall mean value for TOC from Table 4-6 is 4,390 µg C/mL. Table A-1 reports a 
value of 2,090 µg C/mL in the "Combined" column. The 95 percent confidence limits on 
the 4,390 µg C/mL result are +2,890 µg C/mL (standard deviation of the 
mean = 672 µg C/mL, t = 4.30 at the 95 percent level, two degrees of freedom). The 
value of 2,090 µg C/mL is inside the confidence interval. (The uncertainty on the 
2,090 µg C/mL value is unknown; therefore, a more rigorous statistical comparison of the 
two values is not possible.) 
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In addition to the TOC estimate shown in Table A-1, Appendix A indicates that a number of 
volatile and semi-volatile organic compounds were identified in the waste streams that made 
up the supernate waste in tank 241-AN-106, for example, acetone, butanol, 2-hexanone, 
tributyl phosphate, tridecane, and tetradecane. However, the concentrations of the identified 
organic species forms only a fraction of the TOC value. The organic components were 
determined using gas chromatography/mass spectrometry and purge-and-trap or methylene 
chloride extractions (Miller 1996). Only those organic compounds that are sufficiently 
volatile or are easily extracted will be detected. Because much of the organic carbon was not 
detected using these methods, one possible interpretation is that most of the organic carbon in 
the tank 241-AN-106 supernate is probably in the form of complexing agents or fragments 
thereof. Such forms of organic carbon are not volatile and will extract poorly from the 
supernate. 

Finally, a comparison may be made between the hydroxide content of tank 241-AN-106 
supernate from Beck (1995) and that shown in the "Combined" column of Table A-1. The 
supernate mixture hydroxide concentration data in Table 4-7 was linearly extrapolated to 
100 percent tank 241-AN-106 supernate to yield a concentration of 11,200 µg/mL hydroxide. 
This value is consistent with the calculated value of 15,800 µg/mL hydroxide from 
Appendix A. 

In summary, the November 1995 sample results and other analytical information presented in 
this section appear to be reasonably consistent. 

5.2 COMPARISON OF HISTORICAL WITH ANALYTICAL RESULTS 

Because of significant changes in the tank waste volume since September 1994, and because 
April 1995 grab samples were composited and mixed with grab samples from 
tank 241-AY-101, no direct comparisons between the November 1995 sample event and other 
sampling events were possible. 

5.3 TANK WASTE PROFILE 

During the November 1995 sampling event, grab samples were acquired at four different 
waste depths from two different risers for a total of eight grab samples (Conner 1995). The 
supernate sample depths were selected not at random but to sample the surface and 
intermediate volumes of supernate at approximately equally spaced intervals. In an attempt 
to obtain sludge material, two sample~ (6AN-95-4 and 6AN-95-8) were collected at 13 cm 
(5 in.) as measured from the tank bottom (see Table 3-3). Hanlon (1996a) estimated that 
1,520 kL (401 kgal) of supernatant overlay 64 kL (17 kgal) of sludge at the time the 
November 1995 samples were taken. The grab sampler was not able to obtain sludge which 
may indicate that a consolidated sludge layer approximately 13 cm thick covers the tank 
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bottom. Because the sampler could not adequately sample the sludge layer, the sludge layer 
composition could not be determined. 

The visual descriptions of the samples indicated that less than one gram of solids was present 
in the bottom sample of each riser. The remaining six supernatant samples appeared to be 
the same except that the upper two samples from riser 21A showed a trace of gray­
brown/orangt?brown solids. No solids were observed in the other samples (see Section 3.2). 
Horizontally, the descriptions were identical except for the two samples with gray-
brown/ orange-brown colored solids. 

Random effects statistical analysis of variance (ANOV A) models were fit to the weight 
percent water and bulk density data from the 1995 grab samples. The results from these 
models may be used to judge the vertical and horizontal variability in mean analyte 
concentration. The ANOV A generates a p-value that is compared to a standard significance 
level (ex = 0.05). If a p-value is less than 0.05, then the sample means are significantly 
different from each other. Conversely, if a p-value is greater than 0.05, then the sample 
means are not significantly different from each other. Appendix B contains the details of the 
ANOVA for tank 241-AN-106 analytical data. 

The results of the ANOV A indicate that neither weight percent water (p-value = 0. 79) nor 
bulk density (p-value = 0.57) had significant concentration differences between the two 
risers (horizontal variability). There was no significant difference (p-value = 0.22) in the 
mean bulk density among samples within a riser. However, there were significant 
differences (p-value = 0.02) in mean weight percent water among samples within a riser 
(vertical heterogeneity). In the sample mean column of Table 4-4, it appears that the water 
concentration is decreasing as a function of depth. This may be attributed to an increasing 
amount of dissolved solids in the grab samples or to a larger fraction of undissolved solids 
that have a lower weight percent water than the supernate. The lowest percent water results 
are in the grab samples that were taken directly above the sludge layer. 

Table 3-2 tabulates the contact dose rates for the samples, and Section B.4 provides a 
statistical analysis of these data. The statistical analysis shows a statistically significant 
increase in sample dose rate with increasing sample depth. Such a trend implies that the 
concentrations of the beta/gamma-emitting radioactive constituents in the tank supemate also 
increase with waste depth. One explanation for the vertical trend is that radionuclides are 
being leached into the supernate from the sludge layer on the tank bottom; a second 
explanation is that the radionuclides are slowly precipitating from the supernate and onto the 
sludge heel. 

In summary, the available evidence based on the tank transfer history, sludge level 
measurements, and the visual description of the samples taken near the tank bottom imply 
that a sludge layer resides on the tank bottom. The statistical results suggest that the 
supernate layer exhibits a slight vertical heterogeneity in percent water content. The tank 
shows a definite increase in sample dose rate and in beta/gamma-emitting radionuclides with 
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sample depth. Horizontally, the supemate appears to be fairly homogeneous. Because the 
sludge layer could not be sampled adequately, its ·composition is unknown. The increase in 
beta/gamma-emitting radionuclides with the depth of supemate may indicate the sludge layer 
has a higher radionuclide concentration than the supemate layer. 

5.4 COMPARISON OF TRANSFER HISTORY WITII ANALYTICAL RESULTS 

The HTCE predictions for tank 241-AN-106 are no longer valid. ·The predictions were 
generated when the tank contained approximately 87 kL (23 kgal) of concentrated phosphate 
waste. Since that time, a 1,510 kL (400 kgal) transfer of waste from tank 241-AW-106 was 
received. Therefore, comparisons between the HTCE values and the analytical results were 
not performed. 

Although the HTCE predictions are no longer valid, Appendix A does provide a very limited 
comparison between the analytical results and the calculated composition of tank 241-AN-106 
supemate. The 241-AN-106 supemate calculated composition is based on the analytical 
results of tank 241-AW-106 supemate, the 242-A Evaporator 94-1 Campaign final product 
results, and the transfer history of the two tanks. Section 5.2 compares the tank 241-AN-106 
analytical results to the calculated supemate composition in Appendix A. 

S.S EVALUATION OF PROGRAM REQUIREMENTS 

The grab samples from tank 241-AN-106 were taken to meet the requirements of the safety 
screening DQO (Dukelow et al. 1995). Those requirements and a comparison between the 
analytical data and defined concentration limits are discussed in this section. Total organic 
carbon was determined for a subset of the grab samples in an attempt to verify the 
tank 241-AN-106 waste classification. These results are discussed in Section 5.5.2. 

S.S.1 Safety Evaluation 

The safety screening DQO requires a vertical profile of the tank waste from two widely 
spaced risers. This requirement was met for the tank supemate; the sludge layer could not 
be sampled adequately for analysis. Data criteria in the DQO are used to assess the safety of 
the supemate waste in tank 241-AN-106. If waste characteristics of concern are outside the 
criteria, further analyses may be warranted to assure tank safety. These criteria have been 
established for four waste characteristics: energetics, water content, total alpha activity, and 
flammable gas concentration. 

The safety screening DQO has established a notification limit of -480 J/g (dry weight basis) 
for exothermic reactions detected during the DSC analysis. No exothermic reactions were 
found in any tank 241-AN-106 sample. Large amounts of moisture reduce the potential for 

5-6 



WHC-SD-WM-ER-569 . Rev. 0 

propagating exothermic reactions in the waste. Reported results for all samples were above 
70 weight percent water; the overall tank mean was 76.6 weight percent water with a percent 
relative standard deviation of the mean of 1.1. 

The criticality safety issue can be assessed from the total alpha activity data. No reported 
result above detection limits from the sampling event was greater than 0.00173 µCi/mL total 
alpha activity, and the largest nondetected result was < 0.0633 µCi/mL. The overall mean 
was < 0.00684 µCi/mL. This was well below the notification limit of 1 g/L, or 
61.5 µCi/mL, as specified in the safety screening DQO (see footnote 2, Table 5-1). 

The DQO notification limit for flammable gas concentration is 25 percent of the LFL. The 
combustible gas meter used to measure flammable gas concentrations in the tank reported 
results as a percent of the lower explosive limit (LEL). Because the National Fire Protection 
Association defines the two terms identically, the terms may be used interchangeably (NFPA 
1995). Combustible gas meter readings taken at the time of sampling showed the 
concentration of flammability gases was O percent of the LPL (Esch 1996a). 

In summary, the November 1995 grab sampling event met all the requirements of the safety 
screening DQO for the tank supernate and headspace; none of the safety screening DQO 
criteria were exceeded. Because the sludge layer could not be adequately sampled, no 
assessment with regard to the tank safety DQO can be made for the sludge layer. Table 5-1 
lists the safety issues, the characteristics of concern and their notification limits, and the 
corresponding analytical results. 

Another factor in assessing the safety of the tank waste is the heat generation and waste 
temperature. Heat is generated in tanks from radioactive decay. The temperature data (see 
Section 2.4.2) indicate the tank waste high-temperature extreme was recorded when waste 
was added in September 1994. Because the temperature extreme occurred at the time that 
the thermally warm evaporator product was transferred from tank 241-AW-106 to 
tank 241-AN-106, the conclusion is that heat generated from the radioisotopes in the waste is 
being dissipated adequately. 

Tank 241-AN-106 is not currently classified as a Watch List tank; however, three other tanks 
in the 241-AN tank farm are on the flammable gas Watch List (tanks 241-AN-103, -104, and 
-105). Estey and Guthrie (1996) indicate that, for all tanks exhibiting gas release events, the 
depth of the nonconvective (sludge) layer in the tank times the specific gravity of the 
supernate layer is greater than 5.8 m (19.2 ft). Tanks 241-AN-103, -104, and -105 exceed 
this value. However, no tank with a product of sludge layer thickness times supernate 
specific gravity less than 3.8 m (12.5 ft) exhibits gas release event behavior. 
Tank 241-AN-106 has a sludge layer approximately 13 cm (5 in.) deep and a supernate 
density of 1.19 g/mL. Using the density to approximate the supernate specific gravity, this 
yields a sludge depth times specific gravity product of 0.15. A value of 0.15 suggests that 
tank 241-AN-106 should be grouped with the non-gas release event tanks. 

5-7 



WHC-SD-WM-ER-569 Rev. 0 

Table 5-1. Safety Screening Data Quality Objective Decision Variables and Criteria. 

--1• • 1 
F errocyanide/Organics Total fuel -480 Jig No exothermic 
(Energetics) content reactions 

Organics Percent water 17 weight percent 76.6 weight percent1 

Criticality Total alpha 1 g/L2 (61.5 µCi/mL) < 0.00684 µCi/mL1 

Flammable gas Flammable gas 25 percent of the LFL 0 percent of lower 
flammability limit 

Notes: 
1The mean value is the overall tank mean for the supemate. 

2Although the actual decision criterion listed in the DQO was 1 g/L, total alpha was measured in 
µCi/mL rather than g/L. To convert the notification limit for total alpha into the same units as the 
laboratory, it was assumed that all alpha decay originated from 239J>u. Then, by using the specific 
activity of Zl9J>u (0.0615 Ci/g), the decision criterion may be converted to µCi/mL as shown: 

(.!...!) ( 1 L ) (0.0615 Ci) ( 106 µ~) = 615 µCi 
L 1C>3mL lg lCi mL 

Agnew et al. (1996) notes that 88 percent of the flammable gas Watch List tanks have 
greater than 0.64 weight percent TOC in their sludges or concentrates. This suggests that 
tanks on the flammable gas Watch List will generally have a non-convective sludge layer 
approximately 4 m deep with a TOC value of 0.64 weight percent or greater and a supernate 
layer with a specific gravity of about 1.41. Tank 241-AN-106 has a very shallow sludge 
layer (with an unknown TOC value) and a supernate density of only 1.19. Therefore, 
tank 241-AN-106 is predicted to be a poor candidate for the flammable gas Watch List. 

5.5.2 Verification of Tank Waste Cl~ification 

The TOC analyses were performed in an effort to verify the waste type in tank 241-AN-106. 
Determining the waste type is important so that only compatible waste types are combined 
during transfers of waste into and within the double-shell tank system (Fowler 1995). 
Because the TOC analyses were not performed in support of tank safety issues, TOC was 
determined on only two grab samples (see Section 4.6 and Table 4-6). Unfortunately, 
without further characterization of the waste, the TOC value of 4,390 µg C/mL could 
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support a designation of either dilute complexed or dilute noncomplexed waste. Complexed 
waste is ariy waste that yields a TOC value of ~ 10,000 µg C/mL when concentrated almost 
to the point at which sodium aluminate precipitates (Fowler 1995, Hanlon 1996b). 
Information about the concentrations of aluminum, sodium, IC anions, carbonate (total 
inorganic carbon), and hydroxide are required to establish a waste designation 
(Allison 1984). 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1 CONCLUSIONS 

The waste in tank 241-AN-106 has been sampled and analyzed for safety screening according 
to the requirements listed in the Tank Safety Screening Data Quality Objective (Dukelow 
et al. 1995). The tank was grab sampled in April 1995 for process control purposes and in 
November 1995 for safety screening. The safety screening DQO required analyses for 
percent water, energetics, total alpha activity, and flammable gas to assess tank safety. Total 
organic carbon was determined in an attempt to verify the classification of the tank waste. 
All samples were analyzed at the 222-S Laboratory. 

The November 1995 grab sampling event met the requirements of the safety screening DQO 
for the tank supernate and headspace; no safety screening DQO criteria were exceeded. No 
exothermic reactions were observed in the DSC analysis. The average percent water value 
by TGA was 76.6 percent. The total alpha activity overall mean was < 0.00684 µCilmL, 
well below the DQO notification limit of 61 .5 µCi/mL. Finally, the concentration of 
flammable gas in the tank headspace was O percent of the LFL. The sludge layer, which 
constitutes only four percent of the waste volume in tank 241-AN-106, could not be 
adequately sampled; therefore no assessment can be made for the sludge layer regarding the 
tank safety DQO. . 

Although no heat load estimates were available, it appears heat generation is not a problem 
because the tank exhibited its upper temperature extreme when waste was added to the 
tank in September 1994. 

The mean TOC value for the supernate based on two November 1995 grab samples is 4,390 
µg C/mL and could support a designation of dilute complexed or dilute noncomplexed waste. 
The additional information required to establish the waste designation are the concentrations 
of aluminum, sodium, the IC anions, carbonate (total inorganic carbon), and hydroxide. 
Based on analyses of samples from tank 241-AW-106 and the 242-A Evaporator 94-1 
Campaign, which are the two major sources for the waste in tank 241-AN-106, the bulk of 
the organic carbon in the tank waste is likely to consist of organic complexing agents and 
their breakdown products. If the bulk of the TOC consists of complexing agents, then the 
waste would be designated as dilute complexed. 

The analytical results and tank surveillance data show the waste in tank 241-AN-106 as 
consisting of approximately 1,510 kL (398 kgal) of supernate with a tank heel of · 
approximately 52 to 64 kL (14 to 17 kgal) . The statistical results suggest that the supernate 
layer exhibits a slight vertical heterogeneity in weight percent water content. The tank shows 
a definite increase in the concentration of beta/gamma-emitting radionuclides with sample 
depth. Horizontally, the supernate appears to be fairly homogeneous. 
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The available evidence based on the tank transfer history, sludge level measurements, and the 
visual description of the samples ta.ken near the tank bottom imply that a sludge layer resides 
on the tank bottom. Evidence from sludge weight measurements and the attempts to· grab 
sample the sludge layer indicates that the sludge layer is about 13 to 16 cm (5 to 6 in.) deep. 
The increase in radionuclide concentration with depth implies that the sludge layer is likely to 
have a greater radionuclide concentration than the supemate. 

Mixing compatibility and boildown studies were conducted on mixtures of tank 241-AN-106 
supemate from the April 1995 sampling event and supemate from tank 241-AY-101. Mixing 
25:75 and 30:70 ratios of tank 241-AN-106:241-AY-101 supemates generated no major color 
changes, heat generation, foaming, precipitations, or obvious density differences. The 30:70 
and 50:50 mixtures of tank 241-AN-106:241-AY-101 supemates had free-hydroxide values of 
0.046 M (780 µg/mL) and 0.197 M (3,350 µg/mL) respectively. Differential scanning 
calorimetry scans to 500 °C of aliquots of the 25:75 and 30:70 mixtures revealed no 
exotherms; the only endotherm observed was attributed to water loss. A boildown of a 
30:70 mixture of tank 241-AN-106:241-AY-101 supemates yielded a final waste volume 
reduction of 76 percent. The final product of the boildown had a density of 1.55 mg/L and 
was a thick, orange-yellow, pourable sludge containing visible granular material and some 
clumps of stiff, nonpourable sludge. 

Three tanks in the AN tank farm are on the flammable gas Watch List, but tank 241-AN-106 
is not. The three AN tank farm tanks on the flammable gas Watch List have significant 
nonconvective sludge layers and supemate-specific gravities greater than 1.41. In contrast, 
tank 241-AN-106 has a very small sludge layer and a supemate layer with a density of only 
1.19 g/mL. 

6.2 RECO:MMENDA TIONS 

Because tank 241-AN-106 is in active service, the tank contents are subject to change during 
future tank farm operations. Future operations will likely require analysis of the contents of 
tank 241-AN-106 for compatibility, and it is recommended that the existing grab samples be 
archived to avoid future expense in sampling the tank supemate. Additional analysis of the 
archived samples should provide most of the information required for any future tank farm 
operations involving tank 241-AN-106. However, this recommendation would be invalid if 
the contents of tank 241-AN-106 changed because of future additions of waste to the tank. 
Future additions of waste would change the composition of the waste and would require new 
samples be ta.ken to address any future tank waste safety and compatibility issues. This 
recommendation also would be invalid if the samples remained in archival storage for more 
than one year because there would be no guarantee that the samples would remain 
representative after a long storage period. 
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When the supernate contents of tank 241-AN-106 are completely emptied from the tank, and 
as program funding and priorities allow, the· sludge heel in the tank should be auger sampled 
to complete the safety screening of the tank contents. Completion of the safety screening of 
the tank heel will confirm the safety status of the tank. 
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APPENDIX A 

CALCULATED COMPOSITION OF TANK 241-AN-106 SUPERNATE 

A.I INTRODUCTION 

The waste in tank 241-AN-106 was generated in 1994 as a combination of supernate that was 
in tank 241-AW-106 and the final product from the 242-A Evaporator 94-1 Campaign. The 
supernate in tank 241-AW-106 was sampled in December 1993; the analytical data for that 
sample are reported in DiCenso et al. (1994). The final product from the 94-1 campaign was 
characterized as samples V97, V108, and Vlll (Miller 1996). 

The values from the tank 241-AW-106 and 94-1 campaign data sets were combined to 
estimate the contents of tank 241-AN-106 (see Table A-1). Table A-1 contains the following 
information: "AW-106," the results from the tank 241-AW-106 December 1993 sample; 
"V97," the results of the 94-1 campaign product; "Combined," the computed results from the 
two data sets; and "AN-106 Overall Mean," the results from the tank 241-AN-106 November 
1995 grab samples. Section A.4 outlines the assumptions used to produce the values in the 
"Combined" column of Table A-1. 

Because of uncertainties in assumptions underlying the computed composition data, the data 
in this appendix are for background information only; no decisions regarding the safety, 
handling, or treatment of the waste in tank 241-AN-106 should be based on the data reported 
in Appendix A. 

A.2 TANK 241-AW-106 SAMPLE RESULTS 

Table A-1 column "AW-106" contains an estimate of the tank 241-AW-106 supernate 
composition prior to the start of the 242-A Evaporator 94-1 Campaign (DiCenso et al. 1994). 
The estimate is based on an analysis of 20 supemate samples taken from tank 241-AN-106 in 
December 1993 and has been arithmetically corrected to account for the addition of 
tank 241-A W-102 supernate and water to tank 241-A W-106 prior to the start of the 94-1 
campaign (Le 1994). The tank 241-AW-102 data are based on an analysis of eight samples 
taken from different depths down a single riser (Le 1994). The radionuclide and organic 
compound values in Table A-1 differ slightly from those listed in Table 2-3 of DiCenso et al. 
(1994) because the radionuclide and organic compound data in the DiCenso table were not 
corrected for the addition of tank 241-AW-102 supernate and water. In addition to the 
organic compounds listed in Table A-1, 2-hexanone (0.031 µg/mL), tridecane (5.3 µg/mL), 
and tetradecane (4.4 µg/mL) were detected in tank 241-AW-102 supernate but not in 
tank 241-AN-106 supernate. 
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Table A-1. Tank 241-AN-106 Analyte Concentration Estimates 
Based on Tank Transfer History. (3 sheets) 

Supemate volume (kL) 
. ..-.•. ::::::::::::::::::::•:-:•:•:•:-:.;.:;:•:•:•: • : •: •:•:•:•:•:;:->: • :•:•:•:•:•:• :❖:•:•:;:;:•:-:-:•:•:;:;::::::>:•:;:•:•:-

:i::::::::::ffi.y{tsi!:::m.:~1~•::::::::::•: 
Density 

n/a 
Water 

Aluminum 1,080 

Arsenic 

Barium 

Cadmium 

Calcium 

Chromium 

Iron 
n/a 

Lead 

Magnesium 

Manganese 

Mercury 

Selenium 

Silver 

Sodium 27,100 

1.192 g/mL 

n/a 

4,030 

5.85 

<0.25 

1.82 

9.29 

99.1 

1.77 

<7.00 

<5.32 

<0.25 

<0.005 

0.168 

2.82 

94,000 

n/a 

3,220 

n/a 

75,600 

Zinc n!a' 2.17 n/a 

Ammonium 89.6 <8,000 <6,000 

A-4 

1.19 g/mL 

76.6 wt% 

n/a 

n/a 
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Chloride 960 
n/a n/a 

Cyanide 37.8 

Fluoride 4,780 5,230 5,110 

Hydroxide 6,340 19,400 15,800 
n/a 

Nitrate 24,600 81,500 65,800 

Nitrite 6,070 22,000 17,600 

Phosphate 454 2,610 2,020 

Sulfate 2,720 6,550 5,500 

::::::::::::::l:::l:i:i:i:i1iii1::::::1:::11111::::::::::::J:i:JJ:::J11::i::1:::J::::;iJi: :iliiii 11111::;1 11:1~• 1:11::::::::::::1i1
:
1:J: 1:!

11!ll1

iil • :1:1 :::: :::::iiiliii i i :Jil11iliiiliiilllii!i: !1,::::::::::1:::11:::~tmi!::::::i:::::i:J: 

Total inorganic carbon 308 5,910 4,370 n/a 

TOC 728 2,6005 2,090 4,390 

Acetone 4.0 µg/mL n/a n/a 

Butanol 0.055 µglmL 1.7 µg/mL5 1.2 µg/mL n/a 

Tributyl phosphate n/a 8.4 µg/mL5 n/a 

:::::i:::i:::i:::::i::i::n1;;111;:::;:':1:;:'::::::1:1:rn:;:::;:;:::::::::;:;rJtt• :::::::::::::::::::::::::::::;:::::::::;11• ::::::::::::::::::: ::::::;:::::::::::;ma:::::::::::::::::::: ::::::::::::::::::::::;11• :::::::::::::::::::::: 
<0.00684 Total alpha <0.023 

n/a n/a 
Total beta 133 

3H 0.00778 0.00493 0.00571 

14c 0.0000368 0.000164 0.000129 

60Co <0.00499 <0.0248 <0.0193 n/a 

79Se 0.0000245 0.000126 0. 00009 81 

90Sr 0.0293 0.0420 0.0385 

94Nb <0.00559 n/a n/a 
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Table A-1. Tank 241-AN-106 Analyte Concentration Estimates 
Based on Tank Transfer History. (3 sheets) 

0.00970 0.0278 0.0228 

t06Ru/t06Rh <0.371 < 1.34 <l.07 

113Sn <0.0340 n/a n/a 

1291 < 0. 0000209 <0.0000339 <0.0000303 

t34cs 0.284 0.284 0.275 

137Cs 30.0 96.1 77.9 

t44Ce <0.185 n/a n/a 

1S4Eu <0.0150 <0.0742 <0.0579 

1ssEu <0.0476 <0.181 <0.144 

226Ra <0.146 n/a n/a 

Uranium (total) 10.4 µg/mL 21.9 µg/mL 18.7 µg/mL 

23Bpu n/a <0.000956 n/a 

2391240pu 0.000167 <0.000652 <0.000519 

241Am < 0.0000670 <0.00181 <0.00133 

2431244cm n/a <0.00181 n/a 

Notes: 
n/a = not available 

1From DiCenso et al. (1994) 
2Evaporator sample number V97, from Miller (1996) 
3See accompanying text for discussion of how these values were generated. 
4From Section 4.0, this document 
5Determined using evaporator sample Vl 11 
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The charge balance may be computed by summing the equivalent charge for the anions and 
cations, then taking the ratio of the cation and anion equivalent charges. The closer to unity 
the ratio is, the more consistent the data set. Table A-2 summarizes the charge balance 
information using data from the "Combined" column of Table A-1; only analytes with a 
concentration greater than or equal to 1000 µg/mL were used to perform the charge balance. 
As shown in Table A-2, aluminum is assumed to exist as aluminate, TIC as carbonate, and 
TOC as acetate; chloride and potassium are included as ions likely present in the supemate 
but for which the concentrations are unknown. The resulting charge balance ratio 
(cation/anion) for the data set is 1.07. Considering the assumptions underlying the data set, 
this is remarkably close to the ideal value of one, and indicates that most major analytes have 
been accounted for. 

Table A-2. Charge Balance for Combined Analytical Data. 

- ---- -
Aluminum AlO2 3,220 26.982 -1 119 

Chloride c1- n/a 35.453 -1 n/a 

Fluoride p- 5,110 18.998 -1 269 

Hydroxide OH- 15,800 17.007 -1 930 

Nitrate NO3 65,800 62.005 -1 1,060 

Nitrite NO2 17,600 46.006 -1 383 

Phosphate p~- 2,020 94.971 -3 7 

Sulfate s~- 5,500 96.058 -2 29 

TIC co~- 4,370 12.011 -2 182 

TOC acetate- 2,090 24.022 -1 87 

Total: 3,070 

Potassium n/a 39.098 +1 n/a 

Sodium 75,600 22.990 +1 3,290 

Total: 3,290 

:=::::::::::[:=::11=:rrn:::=::::::::::f]]!'f!:::::::11::J:::::::::::rn::1:::]J::::1 blfig;: l it.ffi ::(~tffiffllffi9!il~::::1;QZ:;,j,;,;,;::::=;::i:;:i:;:::;:;:;:::i:i::m::;m:mi::mi::;:::;:;:;mim;:;m:mi::i:::::imi:i:;::::i;i;:::iii;i:i::;::i;:: 

Notes: 
n/a = not available 

1Table A-1 •Combined• column 
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Once the major analytes are determined, it is useful to perform a mass balance using the 
major analytes as the contributors to the sample mass. What is not accounted for by the 
major analytes then determines an upper estimate for the water content in the material. 
Table A-3 shows the results of the mass balance calculations; the same assumptions applied 
to Table A-2 were applied to Table A-3. The resulting mass balance indicates that an upper 
estimate for water in tank 241-AN-106 supernate is 77.9 weight percent. Considering the 
assumptions underlying this value, the 77.9 weight percent value agrees remarkably well with 
the overall mean value of 76.6 weight percent from Table 4-4. 
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A.3 EVAPORATOR CAMPAIGN 94-1 SAMPLE RESULTS 

Waste characteristics and analytes determined for sample V97 include density, tot.al inorganic 
carbon, hydroxide, cyanide, ion-chromatography anions, metals, and radionuclides. Volatile 
organic carbon was determined using sample V108 and TOC using sample Vll 1. Analyses 
were performed using the 222-S Laboratory's standard quality assurance protocols; Miller 
(1996) reports the quality control results, and those are not included in Appendix A. For 
additional information, such as sample preparation and analytical method, refer to Miller 
(1996). The results reported in column "V9T'' are the average of a sample and duplicate 
determination for each analyte or property (the tritium results are an average of four 
determinations). 

Because TOC and semi-volatile organic compounds were determined on sample Vlll, a 
comparison of the results is warranted. The TOC average value for this sample is 2,600 µg 
C/mL. In addition to the butanol and tributyl phosphate results reported in Table A-1, a 
number of tentatively identified compounds were observed. These compounds included 
several aliphatic acids such as propanoic, butanoic, hexanoic, and heptanoic acids, and a 
number of unknown compounds. The largest reported concentration for any organic 
compound was an estimated 67 µg/mL. Combining the results of all semi-volatile organic 
compounds detected falls far short of the TOC value of 2,600 µg C/mL. There are at least 
two possible explanations for this discrepancy: (1) most organic carbon is in a form that 
extracts poorly from the aqueous sample prior to analysis by gas chromatography/mass 
spectrometry, and/or (2) the organic carbon is insufficiently volatile to be determined by gas 
chromatography. Organic carbon in the form of ethylenediaminetetraacetic acid (EDTA), 
hydroxyethyl-ethylenediaminetriacetic acid (HEDTA), or large subfragments of those 
compounds frequently extract poorly and have boiling points too high for gas 
chromatography. 

A.4 METHOD AND ASSUI\fYI'IONS FOR GENERA TING COMBINED RESULTS 

The "Combined" column of Table A-1 was generated using the equation: 

Combinedi 
(AW106i X 440 kL) + (V97i X 1,160 kL) 

= 
(440 + 1,160 kL) 

where Combinedi is the calculated combined result for constituent i, AWJ06i is the 
concentration of constituent i from the tank 241-AW-106 results, and V9~ is the 
concentration of constituent i from the campaign 94-1 V97 sample results. The value of 
440 kL is the supernate volume that was in tank 241-AW-106 when the campaign 94-1 
product was added to the tank (Hanlon 1994). The value of 1,160 kL is the volume of 
campaign 94-1 product added to tank 241-AW-106 (Guthrie 1994). 

A-7 
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The following assumptions were used in the model for the combined waste contents. 

1. The tank 241-AW-106 supemate composition estimate shown in Table A-1 accurately 
reflects the contents of the tank when the 242-A Evaporator 94-1 Campaign product 
was added to the tank. 

2. The densities of the tank 241-AW-106 contents and the 242-A Evaporator 94-1 
Campaign product were identical so that the supemate volumes are additive. 

3. The 242-A Evaporator 94-1 Campaign final product mixed completely with the 
tank 241-AW-106 supemate prior to transfer to tank 241-AN-106, but it had no 
interaction with the sludge layer in tank 241-AW-106. 

4. Tank 241-AN-106 contained approximately 15 kL (4 kgal) of supemate prior to the 
transfer of waste from tank 241-AW-106 (Hanlon 1994). The contribution of this 
supemate heel to the II Combined II results was considered negligible. 

The first assumption is not likely to be correct; tank 241-AW-106 was used as the receiver 
tank for the 242-A Evaporator, and waste was cycled in and out of the tank several times 
during the 242-A Evaporator 94-1 Campaign (Guthrie 1994). The errors in the second 
assumption are probably outweighed by errors associated with the other assumptions. 

The third assumption is difficult to assess. The degree of mixing will be related to the 
amount of convection that occurred as the 94-1 product was added to the tank, the density 
differences between the 94-1 product and the tank contents, and the amount of convection 
and diffusion mixing that occurred while the 94-1 product sat in tank 241-AW-106 for three 
months before being transferred to tank 241-AN-106. In view of these uncertainties, it is 
possible that mixing was complete prior to transfer to tank 241-AN-106, but the actual 
degree of mixing is unknown. Any interaction of the 94-1 product with the sludge layer in 
tank 241-AW-106, such as dissolution and transfer of constituents from the sludge layer to 
the supemate, is also unknown. 

The fourth assumption should create little error in the "Combined" estimate because the 
15 kL supemate heel in tank 241-AN-106 constituted only about one percent of the total 
waste volume after the waste transfer to the tank. 

A.5 COMBINED DATA CHARGE AND MASS BALANCES 

Having considered the limitations of the assumptions underlying the combined data set, it is 
still worthwhile to determine whether the data are consistent. One way to check the 
consistency is to perform charge and mass balance checks. 
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Table A-3. Mass Balance for Combined Analytical Data. 

Aluminum Al~ 3,220 2.186 7,040 

Chloride c1- n/a 1 n/a 

Fluoride p- 5,110 1 5,110 

Hydroxide OH- 15,800 1 15,800 

Nitrate NO3 65,800 1 65,800 . 

Nitrite NO2 17,600 1 17,600 

Phosphate p~- 2,020 1 2,020 

Sulfate s~- 5,500 1 5,500 

TIC co~- 4,370 5.00 21,800 

TOC acetate- 2,090 2.46 5,130 

Anion mass total: 146,000 

Potassium K+ n/a 1 n/a 

Sodium Na+ 75,600 1 75,600 

Cation mass total: 75,600 

Mass total: 221,000 

Missing mass: 779,000 

Est. wt% H20: 77.9 

Notes: 
n/a = not available 

1Table A-1 "Combined" column 
2Gravimetric factor = gram-formula weight of assumed species + gram-formula weight of analyte 
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APPENDIX B 

STATISTICAL RESULTS FOR DOUBLE-SHELL TANK 241-AN-1061 

B.1 INTRODUCTION 

Appendix B provides the mean concentration and its associated variability for weight percent 
water, density, and TOC for the eight grab samples from tank 241-AN-106. This appendix 
also provides an analysis of variance (ANOV A) that shows the dependence of sample dose 
rate on sample depth. 

The eight grab samples (bottle-on-a-string) were taken from each of two risers at specified 
depths. Dose rates were determined on these samples in the field prior to shipment to the 
222-S Laboratory where the samples were chemically analyzed. Table B-1 shows the sample 
numbers, sample elevation, and analytical results for the samples. Analysis of variance 
techniques were used to analyze the following three properties of the samples: weight 
percent water, density, and TOC. Table B-2 summarizes the results from the ANOVA 
analysis and includes the mean concentration and its associated variability for the three 
properties. Section B.4 presents the sample dose rate data and the ANOVA for those data. 

1This appendix is adapted from Cromar (1996). 
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Table B-1. Weight percent Water, Density, and TOC Results for Tank 241-AN-106. 

11•••11t••· 
22A S96T000131 3.81 (150) n/a n/a 5370 (4760) 

S96T000136 3.81 (150) 78.71 (78.35) 1.18 n/a 

S96T000137 2.03 (80) 76.86 (77.26) 1.17 n/a 

S96T000138 0.51 (20) 76.56 (75.48) 1.18 n/a 

S96T000140 0.13 (5) 75.32 (73. 71) 1.21 (1.22) n/a 

21A S96T000152 0.13 (5) n/a. n/a 3740 . (3700) 

S96T000153 3.81 (150) 77.76 (77.92) 1.16 n/a 

S96T000154 2.03 (80) 79.37 (77.14) 1.18 n/a 

S96T000155 0.51 (20) 75.92 (76.21) 1.19 n/a 

S96T000156 0.13 (5) 74.23 (74.64) 1.18 (1.20) n/a 

Notes: 
n/a = not applicable 

1Sample elevation is measured from the tank bottom. 
2Numbers in parentheses are for the duplicate. 

Table B-2. Tank 241-AN-106 Summary Statistics. 

Water Weight Percent 76.59 1.10 

Density g/mL 1.18 0.63 

TOC 

Note: 

µg C/mL 4,393 15.31 

1Percent relative standard deviation of the me.an is calculated as 100 x standard deviation of the me.an 
divided by the me.an. 
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B.2 STATISTICAL ANALYSIS FOR PERCENT WATER, DENSITY, AND TOC 

A crossed-effects statistical model (Snedecor and Cochran 1980) was used to describe the 
structure of the data as follows. 

where i = 1, 2, j = 1, 2, 3, 4, k = 1,2 

µ 

D-J 

- laboratory result from the 1(111 duplicate of the j1h depth of the ilb riser from 
the tank 

- the grand mean 

- the effect of the ilb riser 

- the effect of the jib depth 

- the interaction of the ilb riser with the jib depth 

- the analytical variability associated with the 1(111 duplicate in the jib depth · 
from the ilb riser. 

Analysis of variance techniques were used with the above model to analyze the data. The 
variables ~' D;, and RDii were assumed to be random effects. It is assumed that ~' D;, 
RDii, and Ai.ik are uncorrelated and normally distributed with means zero and variances <r(R), 
a2(D), a2(RD), and a2(A), respectively. Estimates of <r(R), <r(D), a2(RD), and a2(A) were 
obtained using restricted maximum likelihood estimation (REML) techniques. This method 
applied to variance component estimation is described in Harville (1977). The statistical 
analysis package S-PLUS2 was used to obtain the REML results (Statistical Sciences 1993). 

2S-PLUS is a registered trademark of MathSoft, Inc. , Cambridge, Massachusetts. 
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Because TOC analyses were not performed on all the samples (orily one depth per riser), the 
statistical model for the ANOV A changes. The statistical model that describes the structure 
of these TOC data is as follows. 

where yij 

µ 

Li 

Aij 

-

-
-

-

i = 1,2, j = 1,2 

laboratory result from the jib duplicate of the ilb location from the tank 

the grand mean 

the effect of the ilh location 

the analytical variability associated with the jib duplicate from the i111 

location 

The location variable Li is assumed to be a random effect. In addition, Li and Aij are 
assumed to be uncorrelated and normally distributed with means zero and variances cr(L) and 
a2(A), respectively. Estimates of cf(L) and cf(A) were obtained using REML techniques. 
This method applied to variance component estimation is described in Harville (1977). The 
statistical analysis package S-PLus• was used to obtain the REML results (Statistical 
Sciences 1993). 

B.3 RESULTS FOR PERCENT WATER, DENSITY, AND TOC 

The estimate of the mean concentration, µ, and the standard deviation of the mean, <J;., were 
obtained from the ANOV A results. For the weight percent water and density data, the 
standard deviation of the mean, <J;., is the square root of a linear combination of the variance 
estimates cr(R), i2(D), cr(RD), and cf{A). For the TOC data, the standard deviation of the 
mean, <J;,., is the square root of a linear combination of the variance estimates cr(L) and 
cr(A). The mean concentration and the relative standard deviation of the mean, in percent, 
are listed in Table B-2. The relative standard deviation of the mean, in percent, is 100 times 
the standard deviation of the mean divided by the mean. 

The variance components determined from the ANOVA are listed in Table B-3. An F-Test 
was performed to determine whether each variance component {cf{R), cf{D), cr(RD), and 
cr(L)) was significantly different from zero. The statistical tests use the mean square terms 
from the ANOV A results. The p-values are the attained level of significance of the statistical 
test. A p-value less than 0.05 indicates that the variance component is significantly different 
from zero at the 0.05 level of significance. If the variance component is significantly 
different from zero then the mean analyte concentrations are significantly different from each 
other. The p-values from the F-Tests are shown in Table B-4. The ANOVA tables with the 
expected mean squares for the three sample properties are shown in Tables B-5 through B-7. 
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Table B-3. Tank 241-AN-106 Variance Component Estimates. 

Weight percent water 2. lOE-30 2.68E+OO 7.81E-19 5.47E-01 

9.80E-05 1.00E-04 

8.58E+05 9.34E+04 

Table B-4. Variance Component Hypothesis Test Results. 

NS (0.57) 

i:::i:i:!Ii:i:Ml~!i::Eliilg::=::ili:::i:1:: 
Jttf t\J :::i'.ffl~):f f]J]] 

NS (0.48) 

Notes: 
NS = Not Significant 
SIG = Significant 

Table B-5. Analysis of Variance Table for Weight Percent Water. 

:1:1:1:1:::::1:::1:1::::s111::::::;:::::::::::: :::::::::111:1:1H::::1:a11::m iiii::1:,:: ::::i1• ::i11i:1:::1 :11111:11:111:1::1:::1:1:::1:111::::::11=1::1:11uii::m :::;;;:::::;::;:11:::1::::;::::::::1::11:1:1:1::~::::1[: 

Riser 1 0.055225 0.055225 cr(A)+2cr(RD)+8cr(R) 

Depth 3 33.826250 11.275417 cr(A)+2cr(RD)+4cr(D) 

Riser * Depth 3 1.857325 0.619108 cr(A)+2cr(RD) 

Error 8 4.649400 0.581175 cr(A) 

Notes: 
DF = degrees of freedom 
SS = sum of squares 
EMS = expected mean square 
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Table B-6. Analysis of Variance Table for Density. 
=·=:•:•········· ❖:•:-:-:-:-::;:❖ ... : ·-:-·-·-·--.·❖·-· • • • • • ·:···•:::::::;:::::::: ·.-. . • •• - -. '• • ·=:- • • . ·-·-·-:-:-:-:-:-:-: ... . ..... :-: . ...... •,· -.- ·-·-·-·-············-·-·.· .... -.- ....... -.·-·-•.·.·-·-·-·,•-·.•-·-·-· -·········•:-:-:-:-:-:-:-:-:-:-:-:-:-:.;.:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:,:-·-: 

J:1:•:•:r:::::::$ 9.y fi1{::J:•:::::::::::::=: ,'JI:1.i::!::• ::!Ii~M:::m:::11::::: •• ':{Jc\.lgpi!Sq~ f·••:1 ::r:::::1:::
1
:1:::

1

:l::1!:i:::I:::::::::::a,11:::m :::• i :::::j:;:::::::.:1:::::::i:::=:::1::i: 

Riser 1 0.0000893 0.0000893 a2(A)+l.14a2(RD)+4.57a2(R) 

Depth 3 0.0018350 0.0006117 <r(A)+ 1.2a2(RD)+2.4_a2(D) 

Riser * Depth 3 0.0006750 0.0002250 <r(A)+ l.2a2(RD) 

Error 

Notes: 

2 0.0002500 0.0001250 <r(A) 

DF = degrees of freedom 
ss = sum of squares 
EMS = expected mean square 

1The EMS expressions and computations of the variance components and p values are more 
complicated for the density data than for weight percent water because the density data are 
"unbalanced," that is, duplicate density determinations were not performed for every sample. 

Table B-7. Analysis of Variance Table for Total Organic Carbon. 

IJi
1
IJi::::1•:1:1:•:•:s.!• f •:•1••1:::::1:•:•::::: J•::::11::j•H1••!•1iflJ::m iJ!sll:J:I!• 1:1:•- 11•••- ••:1[ 1Jl•J:1::1••1•1•1•1•:1•:1•::1••::1::••::::::Jl1•••ooll111tl:l11

111:1J:ilJliJ:J:J:iJil!J!iJ•l
1

JJJjlil!Jjl!j•l1!JjJl•:::1J 

Riser 1 1809025 1809025 a2(A)+2a2(R) 

Error 2 186850 93425 <r(A) 

Notes: 
DF = degrees of freedom 
SS = sum of squares 
EMS = expected mean square 

B.4 STATISTICAL ANALYSIS AND RESULTS FOR SAMPLE DOSE RATE 

A one-way ANOV A was used to statistically examine the grab-sample contact dose rate data. 
Table B-8 shows the grab sample numbers, sample elevations, and contact dose rates for the 
data set. 
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Table B-8. Sample Numbers, Sample Elevation, and Dose Rates 
for Tank 241-AN-106 Samples.1 · ___ , _ _ , _ 

22A 6AN-95-l S96T000131 3.81 (150) 250 

6AN-95-2 S96T000132 2.03 (80) 

6AN-95-3 S96T000133 0.51 (20) 

6AN-95-4 S96T000135 0.13 (5) 

21A 6AN-95-5 S96T000149 3.81 (150) 

6AN-95-6 S96T000150 2.03 (80) 

6AN-95-7 S96T000151 0.51 (20) 

6AN-95-8 S96T000152 0.13 (5) 

Notes: 
1Esch (1996a) 
2Sample elevation is measured from the tank bottom. 

The following model was used to describe the structure of the data. 

where: i = 1,2,3,4; j = 1,~ 

Yii = dose rate measurement for the i111 sample from the j111 riser 

µ = the grand mean 

Di = the effect of the ilh sample elevation 

eii = residual error 

200 

600 

1,000 

300 

250 

500 

800 

This model assumes no effects arise from the riser that is sampled. This is a reasonable 
assumption based on the ANOV A results for the weight percent water, density, and TOC 
data and based on a visual examination of the dose rate data. · 
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Table B-9 shows the results of the one-way ANOV A. As with the · ANOV A of the weight 
percent water, density, and TOC, a p-value was calculated and compared to 0.05; the p-value 
of 0.0038 from Table B-9 indicates that sample elevation is a significant factor in sample 
dose rate. To determine which samples differed significantly from each other, two multiple 
comparison tests were performed, Scheffe's Least Significant Difference test and Tukey's 
Studentized Range test. The two tests allow the sample analyte means to be sorted into 
significantly different groups. A value of 0.05 was chosen as the level of significance for 
comparing the dose rate means. Table B-10 presents the results of the dose rate groupings as 
determined by these two tests. Sample means with the same letter are not significantly 
different. Note that Tukey's test tends to generate more conservative groupings than the 
Least Significant Difference test. 

Table B-9. Analysis of Variance Table for Sample Contact Dose Rate. 

:::::;:::: :;::;:::::::::::s;wt;:::::::::::::::::::::,:::: :::::iii::::: :::::H :::m::ss::::::::: :::::::::::itt;;;:s,o;;::::::::::::, :::::::p.:::;varu~:::::::: :::::;::iP:::iv.i~; :::::::: 

Model 3 576250 192083.33 0.0038 

Error 4 27500 

Corrected Total 7 603750 

Notes: 

Notes: 

DF 
ss 

= degrees of freedom 
sum of squares 

Table B-10. Groupings of Sample Dose Rate vs. Sample Elevation. 1 

3.81 275 A 

2.73 225 A 

0.51 550 B 

0.13 900 C 

A 

A 

A 

B 

1a (level of significance) = 0.05, degrees of freedom = 4, mean squared error = 6875 
2Number of measurements for each mean = 2 
3Mean values with the same letter are not significantly different. 
"Critical value of T = 2. 78, least significant difference = 230.21 
5Critical value of Studentiz.ed range = 5.757, minimum significant difference = 337.54 
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