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DQO analyses were directed, the ICP results, with the exception of nickel, are considered for

information purposes only. These results were obtained from the data package and may not meet

all of the quality control requirements normally applied to ICP analyses where the analyte was
specified such as nickel.

Table 5-1. Summary of Common Observations for Risers 2 and 3 and Riser 6

-95-AUG-003 95-AUG-016
95-AUG-017 Core 58
Core 59

Core 59 and 95-AUG-017
White, Dry, Crumbly

95-AUG-003
Brown, Dry, Crumbly

Brown, Wet, Cohesive

95-AUG-017 and Core 59, no free
water observed; weight loss believed
to be from the dehydration of
aluminum hydroxide

95-AUG-003 free water was detected

Large first transition suggesting
free water

No segment level data to observe
vertical heterogeneity

ICP results for 95-AUG-016
suggest vertical heterogeneity

Horizontal heterogeneity exists between riser 2 and 6 and riser 3 and 6

A statistical test known as the analysis of variance (ANOVA) was conducted on the analytes
shown in Table 5-2 to determine the existence of horizontal heterogeneity across the tank.. The
model associated with the ANOVA tests is known as a one-way model. The model is:

where

Yi=p+S5+A;

the j™ analytical result in the i core sample
the deviation from the mean attributed to the location of the core sample i (spatial
variability)
the deviation from the mean attributed to sample j in core sample i
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of analyses performed, and the observed heterogeneity (in both vertical and horizontal
directions), confirmation of the presence of Hot Semiworks waste is not possible.

5.4 COMPARISON OF ANALYTICAL AND TRANSFER HISTORY INFORMA1 DJN

A comparison of the historical transfer based tank content information to the sampling and
analytically derived tank content information was performed and is presented as Table 5-6. The
first column presents the analytes included in the comparison. Because of the limited suite of
safety screening analyses, only 16 analytes had both historically and analytically derived
estimates of concentration. The second and third columns respectively present the HTCE and
analytically derived estimates for analyte concentration. These data were extracted from Tables
2-5 and 4-2. With exception to water, which is presented as weight percent (wt%), all chemical
constituents are presented in units of parts per million (ppm) which is the same as pg/g. The
radiological constituent concentrations are presented in units of pCi/g. It must be noted that only
total alpha was measured on the waste samples. An assumption was made for the purposes of
comparison that all alpha radiation was generated by Pu. In addition, the P and total CN-
measured on the samples were converted to PO, and Fe(CN),*, respectively, to allow additional
data points for comparison. The fourth column presents the relative magnitude of the difference
between the two estimating methods. This difference is presented in the form of a ratio between
the HTCE estimate and the analytically derived estimate. The comparison ratio was calculated
as follows:

Higher Estimate

Comparison Ratio =
Lower Estimate

A negative sign in front of the ratio implies that the HTCE estimate was lower than the sampling
derived estimate. The last two columns on the table present the HTCE based and the sampling
based inventories.

Of the 16 analytes included in the comparison, only 4 analytes differed by less than a factor of
2.5 and nearly half the analytes (7) differed by greater than a factor of 4. Exactly half of the
analytes (8) were predicted in higher concentrations by the HTCE relative to the sampling based
estimate and half were estimated lower. The three most notable discrepancies between the two
estimation methods were Ni, Fe(CN),*, and *Sr. The HTCE estimated that Ni would be only a
minor constituent of this tank’s waste (3,020 ppm). However, the sampling and analysis found
Ni to be present as one of the most prevalent elements in percentage quantities (2% or 20,700
ppm). The HTCE also predicted that appreciable amounts of ferrocyanide would be present
(6,760 ppm) but the sampling and analysis found very little (208 ppm). This discrepancy is
explained by the ferrocyanide aging process (Lilga et al. 1993, 1994). The most glaring
difference was the *°Sr estimate. The HTCE predicted only 0.41 nCi/g whereas the sampling and
analysis found approximately 4,160 pCi/g. The **Sr estimates differed by a factor of 10,200.
This is likely from the presence of Hot Semi-Works waste that was not predicted by the Tank
Layering Model.
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5.5 EVALUATION OF PROGRAM REQUIREMENTS -

The sampling and analysis of core samples taken in 1994 and auger samples taken in 1995 were
performed to meet the requirements of ferrocyanide and safety screening DQOs. Evaluation of
data in terms of operational, environmental, or process development requirements is not possible.

5.5.1 Safety Evaluation

Data criteria identified in the safety screening DQO (Babad and Redus 1994) and the
ferrocyani DQO (Meecham et al 1994) are used to assess the safety of the waste in Tank 241-
C-111. ‘

The ferrocyanide DQO requires samples for Tank 241-C-111 to be taken from two widely spaced
risers. Four sampling efforts (obtaining 3 core and four auger samples) were required to obtain
sufficient sample material to complete analyses. Samples obtained from risers 2, 3, and 6 are
from opposite sides of the tank and meet the widely spaced riser criteria. Differential scanning
calorimetry analyses were endothermic with one exception: core 58 exhibited an exothermic
reaction of -41.1 J/g, with a -34.5 J/g value for the duplicate (the results given are based on a wet
weight). The respective corresponding dry weight results were -60.1 J/g and -50.4 J/g. This
clearly satisfies the criterion for ferrocyanide tanks :quiring energetics to be less than -481 J/g
(-115 cal/g). The average moisture content for this tank is 21.2%. The ferrocyanide safety limit
for moisture content is dependent on fuel content. Current estimates of fuel content as
Na,NiFe(CN), , based on the average cyanide measurement of 37.6 pg/g from Table 4-2, is
0.01% (dry basis) and falls into the "safe" region of less than 8 WT% fuel for ferrocyanide tanks
(Meacham et al. 1994). Since cyanide is known to degrade, the Na,NiFe(CN), inventory (10,451
kg) that was estimated to have been placed in the tank (Borsheim and Simpson 1991) was
compared to the inventory estimate based upon the sampling and analysis data of 28.1 kg. These
calculations indicated that the tank is currently considered safe and that most of the original
ferrocyanide that was placed in the tank has been degraded. Calculations illustrating these points
are shown below: '

Current - 316.7 g Na,NiFe(CN)
Fuel =31SBECN . 8 /TN ! = 0.01 we% (Dry Basis)
Content g waste 10° pg 156 g CN 1 - 211 (Wt“/oHZO)’

C;""l"’ 0.0010 g Na,NiFe(CN); 13g-waste 1000 mi
el = Ds. . .

Inventory

216,000 L-waster ——8_ = 28.1 kg
g-waste ml-waste L 1000 g
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The tank headspace has been characterized but the vapor sampling and analysis data and its
interpretation are include in a separate report (Huckaby, 1995). The analysis of Tank 241-C-
111 does not fully address the safety screening requirements because Core 59 Segment 1 and 95-
AUG-017 was below the minimum notification limit for water content for an organic safety issue
tank (Babad and Redus 1994). However, all of the other moisture measurements and the average
water content were above the notification limit and the tank has a minimal fuel content.
Historical tank content information, in combination with sampling and analysis data, indicate
that safety issues regarding fuel level, water content, heat, and criticality are not violated.

5.5.2 Operational Evaluation .

Tank 241-C-111 contains no supernatant and is therefore not a candidate for operational
analyses.

5.5.3 Environmental Evaluation |

Tank 241-C-111 was not characterized to designate the waste or evaluate environmental
compliance issues. It was characterized to 1eet specified requirements regarding safe
management and storage of the waste and worker safety. Specific organic (volatile or semi-
volatile) analyses were performed on the t  k in 1994 (Huckaby 1995). The 1994 core samples
of the waste in the tank show that notable concentrations of chromium and lead with some
uranium are present.

5.5.4 Process Development Evaluation

Analyses of the sludge in the tank for metal constituents are important for evaluating the disposal
waste form that will be produced in the vit ication process and for identifying components that
may affect the treatment and disposal process. Because the sludges may be blended, washed, and
treated before disposal, there are no specific criteria at this time for the parameters measured. No
analyses were performed on water soluble ictions of the waste; therefore, no solubility
information was obtained. Physical properties, solubilities, chemical constituents, etc., needed
for the disposal programs will be defined in the appropriate DQOs..
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6.0 CONC USIONS Al _ RECOMMENDATIONS

Three sets of samples have been taken of the waste in Tank 241-C-111. The three sets of
samples consist of a supernate sample obtained in 1975, three push-mode core samples taken in
April of 1994, and four auger samples taken in January and March of 1995. Only the two more
recent sets of samples were used for characterization of the tank waste since the supernatant from
which the 1975 sample were taken has since been transferred out of Tank 241-C-111. The 1994
and 1995 samples were ferrocyanide tank and safety screening samples. These sampling events
were performed in accordance with the Tank 241-C-111 Tank Characterization Plan (Bell 1994,
Schreiber 1994, and Schreiber 1995). Sampling and analysis procedures are discussed in detail
in the Tank Characterization Reference Guide (De Lorenzo et al. 1994).

The core sample recoveries of the three core samples was poor. The two cores (58 and 60) taken
from riser 6 collected on 17% of the expected waste and core 59 (riser 3) captured nearly 0% (1.7
g) of the waste anticipated. The poor recoveries prompted another round of sampling using the
auger sampling method. The first two auger samples collected from this tank (95-AUG-002 an
95-AUG-003) also did not obtain large quantities of sample prompting yet another round of two
augers (95-AUG-016 and 95-AUG-017). Only auger 95-AUG-016 captured an appreciable
amount of sample material. The data available are consistent with expected characteristics of the
three waste types (PUREX Cladding waste, ferrocyanide scavenged waste, and first cycle
bismuth phosphate waste) predicted to be in the tank based upon historical process knowledge.
The data also suggest the presence of a fourth waste type, Hot Semi-Works waste, that was
known to have been placed in the tank but was no longer predicted to remain by the Tank
Layering Model.

The surface level of tank 241-C-111 was measured from three different risers. These
measurements indicate that the waste surface differs by approximately 30 cm (1 ft ) from one
side of the tank to the other with an approximate gradient of 1.41 cm per m (0.17 in. per ft.). A
contour map and surficial diagram of the surface was developed based upon the three surface
level measurements. The waste volume estimated for the tank based upon the three
measurements did not differ significantly from the estimate of 216 kL (57 kgal) reported in
Hanlon (1995). Therefore, the: Hanlon estimate has been validated and used in this report.

The sampling and analysis data were compared to the historical tank content estimates (HTCE)
(Brevick et al. 1995). Of the 16 analytes included in the comparison, only 4 analytes differed by
less than a factor of 2.5 and nearly half the analytes (7) differed by greater than a factor of 4.
Because of the disparities between the two estimation methods and the apparent presence of a
waste type (Hot Semiworks waste) not predicted by the Tank Layering Model nor included in the
HTCE, it is recommended that the HTCE not be used for this tank. Instead, the sampling and
analysis based tank content estimates (Table 4-2) should be considered the best source of
information on the waste.
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JIX A. ANALYTICAL RESULTS FROM AUC™R *™
CORE SAMPLING OF
TANK C-111
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APPENDIX B
ANALYTICAL RESULTS
FROM 1975 SAMPLING OF

SINGLE-SHELL TANK 241-C-111
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APPENDIX C

ANALYTICAL M™THODS
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QUALITY CONTROL RESULTS
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CO"™ AND AUGER SAMPLES |
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