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This report prepared especially for Archive TIR on 4/10/00 

Some of the reports herein may contain data that has not been reviewed or edited. The data 
will have been reviewed or edited as of the date that a Tank Interpretive Report (TIR) is 
prepared and approved. The TIR for this tank was approved on April 6,2000. 

Tank: 241-U-102 

Sampling Events: 
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2U-99-5 

Reports: 
Tank Interpretive Report 
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Data Dictionary to Reports in this Document 

Report Field Description 

Tank Interpretive Report 
..... ............................................................ 

Interprets information about the tank answering 
a series of seven questions covering areas such 
as information drivers, tank history, tank 
comparisons, disposal implications, data quality 
and quantity, and unique aspects of the tank. 
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Tank Interpretive Report For 241-U-102 

Tank Information Drivers 

Question I :  What are the information drivers applicable to this tank? What type of information does 
each driver require from this tank? (Examples of drivers are Data Quality Objectives, Mid-Level 
Disposal Logic, RPP Operation and Utilization Plan, test plans and Letters of Instruction.) To what 
extent have the information and data required in the driving document been satisfied to date by the 
analytical and interpretive work done on this tank? 

The information drivers for tank 241-U-102 include the Tank Safety Screening Data Quality 
Objective (Dukelow et al. 1995). the Data Quality Objective to Support Resolution of the Flammable 
Gas Safety Issue (Bauer and Jackson 1998), the Data Quality Objectives for Generic In-Tank Health 
and Safety Vapor Issue Resolution, (Osborne et ai. 1995), the Data Quality Objective to Support 
Resolution of the Organic Solvent Safety Issue (Meacham et al. 1997), the Memorandum of 
Understanding for the Organic Complexant Safety Issue Data Requirements (Schreiber 1997), the 
Data Quality Objectives for the Waste Compatibility Program (Fowler 1995), the Data Quality 
Objectives for Tank Farms Waste Compatibility Program (Mulkey, Miller, and Jackson 1998), and 
the Historical Model Evaluation Data Requirements (Simpson and McCain 1997). The extent to 
which these information drivers have been satisfied is discussed below. 

Safety Screening DQO: Does the waste pose or contribute to any recognized potential safety 
problems? 

The data needed to screen the waste in tank 241-U-102 for potential safety problems are documented 
in Tank Safety Screening Data Quality Objective (Dukelow et al. 1995). These potential safety 
problems are exothermic conditions in the waste, flammable gases in the waste and/or tank 
headspace, and criticality conditions in the waste. A full vertical profile of the tank waste, taken 
from two risers separated as widely as practicable, is required for the Safety Screening analysis. 
The push mode core sampling method was used to obtain cores 143 and 144 from tank 241-U-102 
per the requirements of Hu (1996b). Because of the hardness of the waste, both cores 143 and 144 
were incomplete. After initial unsuccessful attempts to collect full cores 143 and 144 from 
risers 19 and 9, respectively, a second attempt was made to collect segment 6A from riser 19. The 
sampler was empty. The waste at the bottom of the tank was too hard to penetrate in the push mode. 
Approximately 1 to 1 ‘/z segments of each core remained unsampled at the bottom of the tank. This 
can be seen graphically in the “Core Profiles” Standard Report. 

Results obtained using differential scanning calorimetry (DSC) indicated that two of the 1996 core 
samples obtained from tank 241-U-102 exceeded the safety screening decision threshold of 480 J/g 
evaluated on a dry weight basis. Samples from core 143, segment 2, upper and lower half, exhibited 
mean DSC dry weight results of 534 J/g and 618 J/g, respectively (Hu 1999b). The upper limits to a 
one-sided 95 percent confidence interval on the mean for the samples from core 143, segment 2,  
were 872.46 J/g dry weight from the upper half and 658 J/g dry weight from the lower half. As 
discussed in the “Organic Complexant Safety Issue MOU” section, the reactive systems screening 
tool (RSST) was used to screen the sample exhibiting the highest DSC result. The duplicate sample 
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from core 143, lower half exhibited a DSC result of 624 J/g. The sample exhibited very weak 
propagating reactions. In addition, the mean weight percent water for core 143, segment 2 upper 
and lower half were 50.9 weight percent water and 49.7 weight percent water, respectively. The 
total organic carbon (TOC) contents on a dry weight basis of the samples from core 143, segment 2, 
upper and lower half were 15,000 pg/g and 16,300 pg/g, respectively The maximum average 
exotherm from the 1999 grab samples was from sample 2U-99-5 decanted sludge sample. The 
sample pair exhibited mean DSC results of 62.1 J/g dry weight, and the maximum upper limit to the 
95 percent confidence interval on the mean for that sample-duplicate pair was 80.9 J/g dry weight. 
The analytical data indicate that energetics are not a concern for tank 241-U-102. 

As requested in Hu (1996a), samples of the headspace of tank 241-U-102 were obtained for 
measurement. Prior to obtaining the core samples, the headspace was measured for flammability. 
The results were reported as 0 percent of the Lower Flammability Limit (LFL) (Hu 1999b). 

The threshold limit for criticality, based on the total alpha activity, is 1 g/L. Assuming that all alpha 
activity is from 239Pu, and, using the maximum sample density of 1.88 g/mL, 1 g/L of 239Pu is 
equivalent to 32.7 pCi/g of alpha activity. The maximum total alpha mean result from the 1996 core 
samples was 0.634 pCi/g, from core 144, segment 1, lower half. The 95 percent confidence interval 
upper limit on the mean for that sample-duplicate pair was 0.697 pCi/g. The maximum mean total 
alpha result from the 1999 grab settled solids samples was obtained from sample 2U-99-5 sludge and 
exhibited a mean of 0.588 pCi/g, with a 95 percent confidence interval upper limit on the mean of 
0.624 pCi/g. Therefore, criticality is not a concern for this tank. 

The requirement of the Tank Safety Screening Data Quality Objective (Dukelow et al. 1995) that a 
profile of the tank waste be acquired from two risers separated as widely as practicable was fulfilled. 
According to Reynolds et al. (1999), the sampling and recovery from tank 241-U-102 were less than 
optimal, but were adequate to satisfy the requirements of Dukelow et al. (1995). 

Flammable Gas DQO: Does a possibility exist for releasing flammable gases into the headspace of 
the tank or releasing chemical or radioactive materials into the environment? 

The requirements to support the flammable gas issue are documented in the Data Quality Objective 
to Support Resolution of the Flammable Gas Safety Issue (Bauer and Jackson 1998). The Flammable 
Gas Data Quality Objective (DQO) has been extended to apply to all tanks. Analyses and 
evaluations will change according to program needs until this issue is resolved. Final resolution of 
the flammable gas safety issue is expected by September 30, 2001 (Johnson 1997). 

As stated in the safety screening DQO section, the headspace vapor measurements performed in 
1996 and 1999 all show results well below the action limit of 25 percent of the LFL. 

Tank 241-U-102 is equipped with a standard hydrogen monitoring system (SHMS) for the collection 
of vapor-phase data that support resolution of flammable gas issues. The SHMS monitors hydrogen 
continuously. From the installation date (May 1998) through June 1999, 2 hydrogen gas release 
events (GREs) were documented for tank 241-U-102 based upon SHMS data. The maximum 
volume of hydrogen released from tank 241-U-102 in a single GRE was 1.47 m3 during 
August 28, 1998 to August 31, 1998. The maximum concentration of hydrogen during a GRE 
measured by the SHMS was 760 ppm on May 3, 1999. Recent interim stabilization activities have 
resulted in an increased hydrogen concentration in the tank domespace. As of March I ,  2000, the 
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maximum hydrogen measured in tank 241-U-102 was 2,170 ppm, not associated with a GRE 
(McCain 2000). All readings have been well below the SHMS action level of 6,250 ppin of 
hydrogen. These releases are documented in Results of Vapor Space Monitoring of Flammable Gas 
Watch List Tankr (McCain 1999). 

The results of headspace monitoring by installed SHMS equipment and by grab samples indicate 
that, with the present work controls in place, the flammable gases in tank 241-U-102 do not present a 
recognized safety hazard. 

Hazardous Vapor Screening DQO: Do hazardous storage conditions exist associated with gases and 
vapors in the tank? 

In 1997, samples of the tank 241-U-102 headspace vapor were collected and analyzed by the Special 
Analytical Support vapor team per the requirements of Buckley (1997) and Osborne et al. (1995). 
The results are documented in the Tank Vapor Sampling and Analysis Data Package for Tank 
241-U-102 Sampled December 18, 1997(Duchsherer et al. 1998). A number of analytes were 
detected at levels above their respective Vapor Program Required Quantitation Limits, notably 
ammonia (660 ppmv), nitrous oxide (1 100 ppmv), and hydrogen (1100 ppmv). The ammonia 
concentration exceeded the limits for breathing air. It should be noted, however, that the sample was 
not taken in the worker's breathing zone, but in the tank headspace. 

Organic Solvent Safety Issue DQO: Does an organic solvent pool exist that may cause a fire or 
ignition of organic solvents in entrained waste solids? 

The data needed to address the organic solvent screening issue are documented in Data Quality 
Objective to Support Resolution of the Organic Solvent Safety Issue (Meacham et al. 1997). The 
DQO requires that headspace samples be analyzed for total nonmethane organic compounds. Vapor 
samples were taken from tank 241-U-102 December 18 1997, and the total nonmethane organic 
vapor concentration calculated from the concentration of individual compounds by gas 
chromatography/mass spectrometry was about 5.2 mg/m' at a temperature of 25°C and 
1 atmosphere of pressure (Duchsherer et al. 1998). These samples were collected in SUMMA'" 
canisters . 

The organic program has determined that even if an organic solvent pool does exist, the consequence 
of a fire or ignition of organic solvents is below risk evaluation guidelines for all tanks (Brown et al. 
1998). The organic solvent issue is expected to be closed for all tanks in 2000. 

Organic Complexant Safety Issue MOU: Does the possibility exist for a point source ignition in 
the waste followed by a propagation of the reaction in the solid/liquid phase of the waste? 

The data required for the organic complexant issue are documented in Memorandum of 
Understanding for the Organic Complexant Safety Issue Data Requirement (Schreiber 1997). 
Differential scanning calorimetry and TOC analyses were performed to address the organic 
complexant issue. 

As discussed in the safety screening DQO section, two of the 1996 core samples obtained from tank 
241-U-102 exhibited DSC results that exceeded the safety screening decision threshold of 480 J/g 
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evaluated on a dry weight basis. None of the samples from the 1999 grab sample exceeded the 
safety screening decision threshold. 

The maximum mean TOC value from the 1996 core samples was 17,800 pg/g in core 144, 
segment 1, drainable liquid, which on a dry weight basis was 2.45 weight percent (Steen 1998). The 
maximum TOC results from the 1999 grab samples came from sample 2U-99-2 decanted sludge 
sample. The mean TOC value was 11,400 pg/mL (7,680 pg/g), which equaled 1.46 weight percent 
on a dry basis (Steen 1999). All values from the core and grab samples were well below the organic 
complexant action level of 4.5 percent dry weight. 

The organic DQO requires that the single sample with the highest DSC results be tested with 
adiabatic calorimetry testing. The highest single DSC value observed was 624 J/g dry weight from 
the duplicate samples of core 143, segment 2, lower half. The reactive systems screening tool was 
performed on this sample, which exhibited very weak propagating reactions (Bechtold 1996). 

The data suggest that a propagating reaction in the waste is unlikely. The organic complexants 
safety issue was closed for all tanks in December 1998 (Owendoff 1998). 

Compatibility DQO: Will safety problems be created as a result of mixing waste in interim storage? 
Do operations issues exist which should be addressed before waste is transferred? 

The requirements of the Tank Farms Waste Transfer Compatibility Program (Fowler 1999b) include 
the safety considerations and decision rules for criticality, corrosion, emissions, energetics, and 
flammable gas accumulation. The operational issues of heat generation of commingled waste, 
segregation of complexant waste, and high phosphate waste are addressed in Data Quality Objectives 
for Tank Farms Waste Transfer Compatibility Program (Fowler 1995). 

Saltwell pumping of tank 241-U-102 to tank 241-SY-102 began on January 20, 2000, and is 
projected to continue intermittently over the next 1-2 years. A compatibility assessment using the 
1999 grab sample results was completed prior to the start of saltwell pumping. The analytical results 
are reported in Steen (1999), and assessed in Fowler (1999~).  All requirements for transfer were 
met. In addition, assurance that tank 241-U-102 would remain within specifications for fuel content 
and distribution was demonstrated in Fowler (1999a). The time to reach 25 percent of the LFL in 
tank 241-SY-102 (55 days) if the ventilation system was shut down was presented in Hu (1999a). 
Table 1-1 lists the compatibility issues, the compatibility requirements for the issues, and the 
analytical results from the compatibility grab samples obtained in 1999. 

5 



HNF-SD-WM-ER-618, REV. 1 

Table 1-1. W 

Criticality 
Flammable gas accumulation 

Energetics 

TRU segregation 

Corrosion control 

Phosphate waste 

;te Compatibility Data Quality 01 
Program Requirement ‘ 
Pu < 0.001 g/L, pH > 8 
SpG < 1.3 or commingled 
waste < 1.41 

Exotherm/endotherm ratio < 1 

no separable organic phase 
TRU < 100nCi/g 

If NO, < 1.0 M: 
Then 0.01 M < OH < 8.0 M 
and 0.01 1 M 5 NO, 5 5.5 M 

If 1.0 NO, 5 3.0 M: 
then 0.1 x NO, 5 OH < 10 M 
and OH + NO, 2 0.4 x NO, 

For NO, > 3.0 M: 
then 0.3 M 5 OH < 10 M 
and OH + NO, 2 1.2 M 
and NO, 5 5.5 M 
If PO, > 0.1 M, then do not 
mix with high salt (Na > 8.0 
M) waste 

1.48 (Worst case for tank 
241-SY-102 after transfer 
SpG = 1.33 calculated) 
Exotherm/endotherm ratio for 
111 samples < 1 

3.28 nCi/g 
[sum of 239’240Pu and %lAm) 
‘40, = 3.19 M 
YO, = 3.17 M 
3H = 1 .7M 

PO., = 0.0297 M 

~~~ 

Notes: 

‘Mulkey et aL(1999) 
’“Means and Variances” Standard Report 
Assumes all 239n4aP~ is 239Pu and uses a specific activity of 0.0615 Ci/g. 3 

Vapor Space Phenomenology: Is the vapor space homogeneous? How does the composition of 
headspace change with time? How do atmospheric changes and interactions with interconnected 
(cascading) tanks affect headspace concentrations? 

It is not known directly if the vapor headspace in tank 241-U-102 is homogeneous. However, the 
headspaces of three tanks which exhibit relatively cool waste temperatures and measurable quantities 
of vapors of interest (tanks 241-B-103, 241-TY-103, and 241-U-112) were sampled and analyzed for 
hydrogen, carbon dioxide, ammonia, and selected organic vapors (Huckaby et al. 1997). Tanks with 
relatively cool waste temperatures were chosen because they presented the “worst case” of non- 
homogeneity. The low thermal gradient between the waste surface and the headspace vapors in a 
cool tank produces less convection and mixing than in a tank with a relatively warm or hot waste 
surface. After sampling from 2 different risers at 4 different depths at a time when the waste 
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temperature was at or near the temperature of the headspace vapors, it was found that the headspaces 
of all 3 tanks were homogeneous for all intents and purposes. Tank 241-U-102 exhibits cool 
temperatures and measurable quantities of a variety of headspace vapors. The results and 
conclusions of the study indicate that, unless a reason for heterogeneity exists, such as a GRE, or the 
opening of a large riser in the tank, the headspace in tank 241-U-102 is most likely homogeneous. 

Tank 241-U-102 is passively ventilated and has its own filtered breather riser. As barometric 
pressure falls, the tank may exhale air, waste gases, and vapors. Barometric pressure typically rises 
and falls on a diurnal cycle, producing in passively ventilated Hanford waste storag an average daily 
exchange of air equal to about 0.46 percent of each tank headspace (Huckaby 1994). Changes in the 
concentration of tank headspace due to barometric pressure changes are consequently very slow. 
The ventilation rate of tank 241-U-102 was measured using a tracer gas. The gas was injected into 
the tank headspace and its concentration measured as a function of time. Huckaby et al. (1998) 
reported average ventilation rates of 2.7 m’/hr to 4.8 m’/hr (96 ft’/hr to 168 ft’/hr). The tank was 
also found to exchange headspace vapors with tank 241-U-103 through the cascade line at estimated 
rates of 1.6 m’/hr to 12.6 m3/hr (57 ft3/hr to 445 ft3/hr). 

Historical Model DQO: Is the waste inventory generated by a model based on process knowledge 
and historical information (Agnew et al. 1997a) representative of the current tank waste inventory? 

The purpose of the historical evaluation is to determine whether the Hanford defined waste (HDW) 
model, based on process knowledge and historical information (Agnew et al. 1997a), agrees with 
current descriptions of tank inventories based on sampling. Historical DQO issues 
(Simpson and McCain 1997) have largely been replaced by the Best-Basis Inventory assessment (see 
Question 7). The following discussion of the historical DQO evaluation is presented for information. 

The historical DQO identifies the waste type of interest for tank 241-U-102 as 242-T Evaporator 
saltcake (SMMT2). The SMMT2 saltcake occupies approximately 80 inches of the tank height and 
was sampled by segments 3,  4, 5, and 6 of cores 143 and 144. In the evaluation, a gateway analysis 
is performed by comparing analytical results with DQO-defined concentration levels for the key 
analytes in the SMMT2 saltcake. If the analytical results are 2 1 0  percent of the DQO-defined 
levels and the sum of the analyte masses 2 8 5  percent of the sum for the historical waste stream, the 
waste type and layer identification are considered acceptable for use as comparisons to the HDW 
model (Simpson and McCain 1997). 

The key analytes for SMMT2 saltcake are sodium, aluminum, chromium, percent water, nitrate, and 
sulfate. A comparison of the analytical results from cores 143 and 144 segments 3, 4, 5, and 6 
exhibited close agreement for the key analytes. Table 1-2 lists the key analytes and their 
Concentrations from the core segments thought to comprise the SMMT2 saltcake in the tank. As can 
be seen in Table 1-2, all key analytes exhibited concentrations 2 10 percent of the values listed in 
the historical DQO, and 5 of the eight core segments exhibited a total analyte mass of 2 85 percent 
of the total of the historical DQO values. 
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Table 1-2. Comparison of Tank 241-U-102 SMMT2 Saltcake Key Analyte Mean Concentrations with 

Notes: 
‘Failed the 85 percent total mass criterion, i.e., key analytes did not comprise 2 85 percent of 
the total mass. 
‘Simpson and McCain (1997) 
3Acid digestion results. 

Heat Load Estimate: A factor in assessing tank safety is the heat generation and temperature of the 
waste. Heat is generated in the tanks from radioactive decay. The heat load estimate based on the 
process history was 2.93 kW (10.000 Btu/hr) (Agnew et al. 1997a). The heat load estimate based on 
the tank headspace temperature was 1.67 kW (5,710 Btu/hr) (Kummerer 1995). The tank heat load 
based on the Best-Basis Inventory (See Standard Report “Best-Basis Inventory [Radioactive]”) was 
3.47 kW (11,800 Btu/hr). These estimates are helow the limit of 7.6 kW (26,000 Btu/hr) that 
separates high and low heat load single-shell tanks (Goetz 1999). Table 1-3 presents the 
radionuclides that are predominant in the production of heat, along with specific activity and 
contribution to heat load. 
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Strontium-90 

Cesium- 137 

Total 

2.22E+05 0.00669 1.49E+03 

4.19E+05 0.00472 1.98E+03 

. - 3.47E+03 

Notes: 'Includes daughter isotopes. 

Bounding Concentration Limits: Sample results from tank 241-U- 102 were screened against 
current bounding concentrations limits used to develop the authorization source term in accordance 
with HNF-SD-WM-PROC-021, Rev. 3, Section 18.0, Tables 4-1 and 4-2 (Adams 1999). One solid 
sample result from the analysis of vanadium was found to exceed the bounding concentration limit, 
which used an estimated density of 1.6 g/mL to calculate the limits. When the density from the 
adjacent segment in the same core was used to recalculate the bounding concentration limits for the 
subsamples or composites, there were no changes affecting the number of samples exceeding the 
bounding concentration limit for vanadium. Liquid samples from the analysis of ammonia and 
cesium-137 were found to exceed the bounding concentration limits. Since the analytical data do 
represent tank waste and there appears to be little quality assurance problems with the data, 
notifications were made for further study concerning those samples exceeding the bounding 
concentration limits. 

Tank History 

Question 2: What is known about the history of this tank as it relates to waste behavior? 

The U Tank Farm was constructed during 1943 and 1944 in the 200 West Area. The U Tank Farm 
contains twelve 100-series tanks and four 200-series tanks. Built according to the first-generation 
design, the U Tank Farm was designed for non-boiling waste with a maximum fluid temperature of 
104 "C (220 OF). Tank 241-U-102 is the second in a cascade series of three tanks that includes 
tanks 241-U-101 and 241-U-103. Each tank in the cascade series is set 0.305 m (1 ft) lower in 
elevation from the preceding tank. The cascade overflow height is approximately 4.9 m (16 ft) from 
the tank bottom and 0.61 m (2 ft) below the top of the steel liner. Tank 241-U-102 has a capacity of 
2,006 kL (530 kgal), a diameter of 22.9 m (75.0 ft), and a liner height of 5.8 m (18 ft) as measured 
from the tank bottom centerline (Goetz 1999). 

Agnew et al. (1997b) provides a history of the waste in the tank. Tank 241-U-102 first received 
metal waste (MW) from T Plant via the cascade line in the second quarter of 1946 and was full by 
the first quarter of 1947. Waste cascaded from tank 241-U-101 until the second quarter of 1954. In 
the second and fourth quarter of 1953, the third quarter of 1955, the third and fourth quarters of 
1956, and the first quarter of 1957, MW from the tank was sent to U Plant for uranium recovery. 
The tank received MW from U Plant in the fourth quarter of 1955 and the second quarter of 1957, 
and in the third quarter of 1956, the tank received MW from tank 241-U-101. The tank was sluiced 
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in the third and fourth quarters of 1955. The heel was sluiced and the tank declared empty in the 
first quarter of 1957. The tank received waste from tanks 241-SX-102 and 241-SX-Ill. The tank 
received supernatant from tanks 241-C-104, 241-TX-108, 241-TX-106, 241-TX-118, 241-SY-102, 
241-U-107, and 241-U-101 between the second quarter of 1978 and the first quarter of 1979. 
Supernatant from tank 241-U-102 was sent to tanks 241-S-110, 241-U-111, and 241-SY-102 between 
the first quarter of 1974 and the third quarter of 1979. The tank received evaporator waste from 
tank 241-TX-106 during the second quarter of 1975. During the fourth quarter of 1977 and the first 
quarter of 1978, the tank received nitric acid and potassium permanganate solution waste from 
evaporator operations. In the fourth quarter of 1992, saltwell liquid waste was pumped from the 
tank to tank 241-AW-106 (CHG 2000a). 

The tank was removed from service and declared inactive in 1979. The tank was partially isolated in 
1982. An anomalous liquid observation well (LOW) indication of the liquid level above that of the 
supernatant and solids level was resolved in mid-January 1999 when it was discovered that the riser 
supporting the LOW probe was fitted with an adaptor. The length of the adaptor was not accounted 
for when the LOW was calibrated, effectively adding 5.35 inches to the LOW liquid level height 
(CHG 2000~) .  The incorrect readings did not affect the waste volume or the waste phase distribution 
for the tank. 

Saltwell pumping of the tank began January 20, 2000, and will take 1 to 2 years to complete. As of 
February 1, 2000, tank 241-U-102 contained 369 kgal(l397 kL) of non-complexed waste and is 
listed as sound. The tank is not on the Watch List (Public Law 101-510 1990). 

Tank Comparisons 

Question 3: What other tanks have similar waste types and waste behaviors, and how does 
knowledge of the similar tanks contribute to the understanding of this tank? 

According to Agnew et al. (1997a) tank 241-U-102 currently contains 242-S Evaporator saltcake 
(SMMS2), and SMMT2. The tank also contains a small Reduction Oxidation (REDOX) sludge (Rl) 
heel that roughly fills the dished tank bottom. Agnew et al. (1997a) calls this sludge layer Metal 
Waste (MW), but it is thought to be R1 because most, if not all, of the MW was sluiced out of the 
tank in the third quarter of 1955 and the fourth quarter of 1956. Tank 241-U-102 is the second or 
middle tank in a cascade of three that includes tanks 241-U-101 and 241-U-103. Because of the 
cascade, the contents of the three tanks were essentially the same until the mid-1950s. However, 
following the removal of metal waste from the U Tank Farm, the tanks in the cascade operated 
individually to receive and transfer waste. Selected tanks in other tank farms, especially S, T ,  SX, 
and U, have waste types similar to those in tank 241-U-102. 

Analytical data from different segments from tanks 241-S-101, 241-S-102, 241-SX-106, 241-U-105, 
241-U-108, and 241-U-109 were determined to be representative of SMMS2 waste. Analytical 
results from these tanks provide insight into the composition of the SMMS2 layer in tank 241-U-102. 
These comparisons are of particular value for estimating the compositions of tanks such as 
241-U-111, which is expected to contain significant quantities of SMMS2 waste and for which 
limited core sample data are available. Analytical data from different segments from tanks 
241-TX-102, 241-TX-103, and 241-TX-105, are of use to provide insight into the composition of the 
SMMT2 layer in tank 241-U-102. Analytical data from different segments from tanks 241-S-101, 
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241-S-107, 241-S-111, 241-SX-104, and 241-SX-108 may provide insight into the composition of the 
R1 sludge layer. 

Disposal Implications 

Question 4: Given what is known about the waste properties and waste behaviors in this tank, what 
are the implications of the waste properties and behaviors to the waste retrieval/processing 
methodologies and equipment selection? 

Given what is known about the waste types and behaviors in tank 241-U-102, several items should 
be considered in regard to waste retrieval. Portions of the waste, most notably in the bottom of the 
tank, are considerably harder than other portions. The waste in tank 241-U-102 retains ammonia 
and other flammable gases. The levels of fissile material should be taken into consideration when 
planning waste transfers. 

The liquid waste in tank 241-U-102 contains high levels of dissolved salts that may precipitate under 
certain conditions. A compatibility assessment was performed in preparation for saltwell pumping 
which specified measures required to safely transfer supernatant and drainable liquids to the 
double-shell tank system (Fowler 1999~).  Analysis of the waste in the tank revealed that 
precipitation of solids in the transfer line should be considered when assessing dilution and 
pumpability requirements. Dilution recommendations for pumping tank 241-U-102 (Reynolds 1999) 
were to dilute the waste 1 part water to 1 part waste, which will give the greatest possible dissolution 
of the non-phosphate solids. It was also recommended to pump the waste from the tank with that of 
other U Farm tanks in order to keep the velocity in the discharge piping high to promote movement 
through the line of any solids that do form. 

As of February 1, 2000, supernatant makes up approximately 12.4 kgal (46.9 kL) of the waste in 
tank 241-U-102. The remaining waste in tank 241-U-102 is mostly a moist to dry saltcake, and a 
thin layer of sludge. Push mode core methods were used to retrieve samples. Sample recoveries 
were good until the sampler encountered the hard waste at the bottom of the tank. Approximately 
1 $5-2 segments at the bottom of each core remain unsampled. This indicates that the saltcake may 
require softening to be retrieved, or retrieval equipment should be designed to remove hard solids. 

Another concern for tank 241-U-102 is the possibility of retained gas in the liquid and solid waste 
layers. Although SHMS data showed that the tank headspace has remained below the alarm point of 
6,250 ppmv, flammable gas issues should be carefully considered before waste retrieval methods are 
implemented. 

Sample results showed that the tank waste has low total alpha concentrations, alleviating criticality 
concerns during retrieval and processing. The flammable gas concentrations in the tank headspace 
ranged from 0 to 6 percent of the LFL. The vapors of tank 241-U-102 were within health hazard 
threshold limits for all analytes measured except ammonia (CHG 2000b). Note, however, that the 
ammonia was not measured in the worker’s breathing zone, where the 25-ppmv limit actually applies 
(NIOSH 1995). The vapors were measured during steady-state conditions: the waste may behave 
differently during retrieval operations such as sluicing, mixing, or pumping. In addition, the 
mobility of the vapors from the domespace to the tank farm environs is not known well under these 
conditions. 
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Assessments that could be conducted to better address disposal implications include evaluating 
potential impediments to pretreatment and estimating the number of glass logs that tank 241-U-102 
waste will produce. These assessments are beyond the scope of the current effort. 

Scientists Assessment of Data Quality and Quantity 

Question 5: Given the current state of understanding of the waste in this tank on the one hand and 
the information drivers on the other; should additional tank data be sought via samplinglanalysis 
from a strictly technical point-of-view ? Can the waste behavior in this tank be adequately 
understood by other means (eg. archive samples, tank grouping studies, modeling) without additional 
sampling and analysis? If so, what characteristics of the tank waste lend themselves to a non- 
sample alternative? Is the quality of the data from this tank adequate from afield sampling and 
analytical laboratory point-of-view? Are there any clarifications or explanations needed for the data 
tables andfigures? 

Sampling and Analysis 

All appropriate DQO and waste issues have been addressed for this tank and accepted by the River 
Protection Project. No additional sampling and analyses are necessary to satisfy current 
requirements for this tank. Additional sampling may be necessary to better understand the physical 
characteristics of the waste from a disposal perspective. Issues related to permits, retrieval of the 
saltcake, and retrieval of the sludge are not completely described or explained by the current 
analytical information. Given the schedule for Phase I1 disposal, this additional analytical/physical 
information has a moderate priority from a strictly technical point of view. This additional 
information on the behavior of the waste may be adequately understood by sampling tanks with 
similar waste types. None of the Disposal DQOs has been applied to this tank. 

Data Quality 

The samples collected in the 1996 core sampling event, the 1999 grab sampling events, and the 1995 
vapor sampling event were analyzed with approved and recognized sampling and laboratory 
procedures and in accordance with the tank sampling and analysis plan (Hu 1996a) (Hu 1996b), 
(Sasaki 1999), and the vapor characterization plan (Buckley 1997), respectively. The laboratory 
procedures for the core sample analysis can be found in the standard report “Analytical Methods and 
Procedures.” Quality control (QC) parameters assessed in conjunction with tank 241-U-102 samples 
included standard recoveries, spike recoveries, duplicate analyses, and blanks. Appropriate QC 
footnotes were applied to data outside QC parameter limits. Analytical results and data quality are 
discussed in the tank 241-U-102 data packages (Steen 1998 and Steen 1999). 

The vast majority of QC results were within the boundaries specified in the sampling and analysis 
plans. Small discrepancies noted in the analytical reports and footnoted in the “Analytical Results” 
standard report should not impact the data validity or use. Quality control failures and remedies for 
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the analytical procedures performed on the 1996 core samples (Steen 1998) and the 1999 grab 
samples (Steen 1999) are presented below. 

Minor quality control failures were noted for the 1996 core samples. High relative percent 
differences (RPD) >20 percent were noted for the DSC analysis, as well as some differences in the 
thermograms for some samples and duplicates. The high RPDs were attributed to the 
non-homogeneous nature of the samples. Reruns showed slight improvement for one sample, and no 
further reruns were requested. Standard recoveries for the DSC were satisfactory. 
Thermogravimetric analyses (TGA) exhibited high RPD values. Reruns exhibited RPD values < 20 
percent. Standard recoveries for TGA were within limits. Serial dilutions and preparation blanks 
for the inductively coupled plasma spectrophotometry (ICP) exhibited values outside of the required 
limits. The low serial dilution values can be attributed to the low concentration of the analytes with 
respect to the detection limit. The preparation blanks showed results above the detection level, but 
the results were inconsequential with respect to the sample results. The contamination did not 
impact data quality. Approximately one half of the samples analyzed by ion chromatography (IC) 
exhibited high RPD values. No reruns were requested because of the difficulty in obtaining 
representative samples in the non-homogeneous matrix. Six subsamples had spike recoveries outside 
of the 75 percent to 125 percent for several of the analytes. Standard recoveries for the IC analysis 
were all within specifications. As in the case of the ICP analysis, the IC and the total inorganic 
carbon/total organic carbon (TIC/TOC) analysis exhibited several preparation blanks above the 
detection limit. The high blank results should not impact data quality. The pH analysis was 
questionable because of the lack of a calibration buffer with pH above 12.5 and because pH electrode 
performance is not optimal at high pH values. The strontium-90 analysis showed contamination of 
the preparation blanks above the detection limit. However, the contamination was low compared to 
the level of the samples and did not affect data quality. No other analytical procedures performed on 
the 1996 core samples exhibited quality control problems. 

Minor quality control problems were also noted for the 1999 grab samples (Steen 1999). The pH 
analytical results greater than 12.5 should be considered estimates because of the lack of a calibration 
buffer with pH greater than 12.5 and because the performance of the pH electrode degrades at high 
pH levels. The analysis for ammonia exhibited one RPD > 20 percent, most likely due to the 
proximity of the result to the detection limit. A high RPD was reported for the IC analysis, because 
of sample non-homogeneity and a low spike recovery for nitrate was reported, because of the large 
difference between the spike concentration and the high concentration of the sample. The TIC/TOC 
analysis showed a high RPD value and a low spike recovery. No improvement was noted upon 
reanalysis. High RPD values were noted for two total alpha analyses, most likely due to the low 
concentrations in the samples. No reanalysis was requested. Low levels of contamination were 
found in the method blanks for the strontium-90 analysis. The levels were too low to affect data 
quality and no corrective action was performed. No other analytical procedures performed on the 
1999 grab samples exhibited quality control problems. 

Data anomalies were observed in the results for nickel and potassium. Reagents and equipment 
(potassium hydroxide and nickel crucibles) caused the contamination or potential contamination of 
the samples with potassium and nickel. Because of the suspect nature of these data, they were 
excluded from the calculated means for the tank. Other data were flagged as possible high outliers, 
but the discrepancies were accounted for by the presence of complexants in the tank liquid or by the 
internal consistency of the data (Hulse 1999). 
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Hydrostatic head fluid (HHF) was used during the 1996 core sampling event (Steen 1998). The 
hydrostatic head fluid used to obtain core samples is water spiked with lithium bromide. Lithium is 
measured by ICP, and bromide is measured by IC. The presence of lithium bromide in the tank 
samples is an indication of intrusion into the tank samples by the HHF. A calculation is performed 
for segments with elevated lithium and bromide results to correct the weight percent water based on 
the lithium and bromide results. If the HHF intrusion based on analytical results is greater than 50 
weight percent water by thermogravimetric analysis (TGA), the data are considered not 
representative of the tank waste and are excluded from the “Means and Variances” standard report. 
Three of the core samples exhibited lithium results greater than the detection limit (core 143, 
segments 5A and 6, and core 144, segment 6A). The results from the bromide analysis were all less 
than the detection limits for the particular samples. None of the results from the 1996 core sampling 
effort were contaminated by greater than 50 weight percent of TGA, and no data were removed from 
the calculated means for that reason (Hulse 1999). 

Clarification and Explanation of Data Tables and Figures 

“Description of Tank” standard report: the supernatant volume and the total waste volume of the 
tank shown in this standard report differs from the Hanlon (2000) volume. This is because the 
volumes shown in the “Description of Tank” standard as well as in the “Best Basis Inventory 
Derivation” were based on the volumes listed in Field and Vladimiroff (ZOOO), Agnew et al. (1997a), 
and surveillance databases. For additional discussion, refer to question 7, “Best-Basis Inventory 
Derivation.” It should also be noted that the volumes of the different waste phases in the tank will 
be changing over the time period that the tank is undergoing interim stabilization. Accurate volumes 
will be determined only after after interim stabilization is complete and the waste has settled. This 
will take approximately 1 to 2 years to complete, depending on the continuity and efficiency of 
pumping. 

Unique Aspects of the Tank 

Question 6: What are unique chemical, physical, historical, operational or other characteristics of 
this tank or its contents? 

The waste types in tank 241-U-102 are relatively well defined and understood. The same waste 
types can be found in a number of other tanks, particularly in the U, S, and SX tank farms. Based 
upon visual observations of the extrusion photographs, the waste is mostly a medium gray to dark 
gray sludge or saltcake with varying consistencies. The sampler was unable to penetrate the waste 
below the sixth segment of both cores 143 and 144. 

The photographs of the tank 241-U-102 interior taken June 8, 1989, show the waste surface as an 
opaque, gray to black liquid covering approximately 314 of the waste surface, with grayish-white 
solids appearing above the remaining 1/4. The saltwell was pumped to tank 241-AW-106 in the 
fourth quarter of 1992, and therefore the photographs from 1989 are probably not representative of 
the present appearance of the tank interior and its contents. Interim stabilization began 
January 20, 2000. As of February 1, 2000, the tank contained 12.4 kgal(46.9 kL) of supernatant 
and 369 kgal (1397 kL) of total waste. 
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Best-Basis Inventory Derivation 

Question 7: What is the source data used to derive this tank’s Best-Basis inventories by mass (kg) 
and activity (Ci) for  the standard list of 2.5 chemicals and 46 radionuclides? 

The Best-Basis Inventory (BBI) effort involves developing and maintaining waste tank inventories 
comprising 25 chemical and 46 radionuclide components in the 177 Hanford Site underground 
storage tanks. These best-basis inventories provide waste composition data necessary as part of the 
River Protection Project process flowsheet modeling work, safety analyses, risk assessments, and 
system design for waste retrieval, treatment, and disposal operations. 

Development and maintenance of the best-basis inventory is an on-going effort. The inventories for 
certain tanks are changing as the result of waste being transferred into or out of the tanks. The 
process of updating the inventories for these tanks is being performed on a quarterly basis. Single- 
shell tank 241-U-102 is presently undergoing interim stabilization. The inventory of this tank will be 
updated quarterly until the interim stabilization criteria are met. A re-evaluation of the best-basis 
inventories for tank 241-U-102, as of February 1, 2000, was performed and is documented in the 
following text. The following information was used in this evaluation: 

0 Statistical means based on analytical data from the April 1996 push mode core 
samples and May 1999 grab samples from tank 241-U-102 (See “Means and 
Confidence Intervals” Standard Report). 

Templates T2 Saltcake, S2 Saltslurry, and R1 Sludge, based on input from analytical 
results from other tanks and HDW (Agnew et al. 1997a). 

Waste volumes and types based on process history (Agnew et al. 1997a and 1997b), 
tank surveillance (CHG 2000c), waste tank summary report (Hanlon 2000), and on 
input from tank cognizant engineers. 

0 

0 

The following Table 7-1 represents how the available data are used to derive Best-Basis Inventories 
for tank 241-U-102. Three waste phases were identified for the tank: supernatant, saltcake, and 
sludge. Inventories were computed for each phase separately, and then summed to obtain the overall 
inventory. 
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Waste Phase 

Supernatant 

Saltcake 

Sludge 

Total Tank 

Notes: 
'T2 saltcake template was chosen to represent all of the supernatant, saltcake, and sludge liquid because 
SMMT2 is the predominant waste type in the saltcake (Agnew et al. 1997a). 

'The volumes of the saltcake, sludge, and interstitial liquid were from Field and Vladimiroff (2000). 
The total volume of the tank waste was from CHG (2000~). The volume of the supernatant is the total 
volume minus the volumes of the saltcake and the sludge. The SMMS2 and SMMT2 fractions of the 
saltcake were calculated from values in Agnew et al. (1997a), as noted below. 

The SMMS2 and SMMT2 fractions were calculated using the respective fractions listed in 
Agnew et al. (1997a). After subtracting the saltcake interstitial liquid from the total saltcake volume, 
the volumes of the solid phases were calculated. SMMT2 occupies approximately 68 percent of the 
saltcake solids volume; SMMS2 occupies approximately 32 percent. The SMMT2 template is used 
for all tank liquids because SMMT2 saltcake is the predominant solid in the tank waste. 

The sample densities were a mean of sample results for the associated waste phase or waste form, or 
were taken from the associated template. 

Templates are based on sampling data from tanks that contain the same waste type as tank 
241-U-102, supplemented with Hanford Defined Waste (HDW) model data (Agnew et al. 1997a). A 

16 



HNF-SD-WM-ER-618, REV. 1 
multiplier is used to scale the template vector to the sample data using the sample weight percent 
H,O and density. A more detailed description of template data is found in Tran (1999). 

Waste phases in Table 7-1 were based on the tank layer model (Agnew et ai. 1997a), extrusion data, 
the waste tank summary report (Hanlon 2000). and the process history of the tank. Further evidence 
of a supernatant layer was provided by in-tank photos, grab samples, and surveillance by level 
detectors. Extrusion observations and segment analyte concentrations show a saltcake and drainable 
liquid. Waste types (SMMT2 and SMMS2 saltcake, R1 sludge) were based on the tank layer model 
presented in Agnew et al. (1997a). Although not shown as a distinct waste type when the samples 
were extruded, R l  sludge was added as a phase because it is expected based on past 241-U-102 
waste transactions. Note that Agnew et al. (1997a) identified this layer as metal waste. When 
establishing the volumes of the different waste phases in the tank, it was assumed that the sludge 
layer occupied the dished bottom of the tank, plus about 11 inches of the tank height. The 1996 core 
samples were analyzed on the segment and composite basis, but only the segment data were used for 
the Best-Basis calculations. Because the tank has been inactive since 1979, with the exception of 
saltwell pumping in 1992 and the current interim stabilization saltwell pumping began January 20, 
1999, sample data from 1996 push mode core samples and the 1999 grab samples were both 
representative of the waste in the tank. 

The analytical means were derived by averaging the individual sample primary and duplicate results 
to obtain a sample mean. Sample means from the same segment were averaged together to obtain a 
segment mean, and finally the segment means were averaged to obtain the overall mean for the waste 
phase. The calculations of all analytical means were performed using a restricted maximum 
likelihood (REML) method. The model and the sample means are presented in the Standard Report 
“Means and Confidence Intervals.’’ Sample data were available for all of the 25 best-basis 
nonradioactive chemical species for the liquid and saltcake waste phases. Sample data for 
radionuclides were available for americium-241, cesium-137, cobalt-60, europium-154/155, 
strontium-90, plutonium-239/240, uranium isotopes, and total alpha activity. Not all waste phases 
contained data for the listed radionuclides. 

Prior to performing the Best-Basis Inventory, the available concentration data were placed in a 
hierarchy according to completeness, accuracy, and ability to represent the tank contents. The data 
hierarchy was: 1996 core sample data, 1999 grab sample data, and template data. For the 
supernatant and the SMMT2 and SMMS2 saltcake and liquids, the preferred concentration data were 
taken from the 1996 core sampling effort. The concentration data for the R1 sludge solids were 
taken from templates. The liquids estimated to be contained interstitially in the sludge were 
inventoried using the SMMT2 liquid template because the SMMT2 saltcake is the most abundant 
waste type in the tank. The solid portion of the sludge was evaluated using the R1 sludge template. 
The data hierarchy was overridden when the preferred concentration data contained a value less than 
the detection limit and the corresponding value in the next data set was above the detection limit, 
when the preferred data reported a larger undetected value than the next data set, or when the 
preferred data did not report the desired analyte. 

The associated density values for the inventory calculations were all means of the density or specific 
gravity values for the respective waste type, or they were taken from a template for the respective 
waste type. 
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The associated volume of the supernatant was determined as presented in the notes for Table 7-1, 
and is expected to change as saltwell pumping proceeds. Saltwell pumping began January 20, 2000 
and is expected to continue for 1-2 years. A final waste volume will be determined after saltwell 
pumping has been completed and the waste in tank 241-U-102 has stabilized. The volume of the 
saltcake and sludge is as explained in note 2 for Table 7-1. 

All inventory calculations were performed using the Best-Basis Inventory Maintenance (BBIM) Tool. 
The updated best-basis inventory values for tank 241-U-102 can be found in the “Best-Basis 
Inventory (Non-Radionuclides)” and “Best Basis Inventory (Radionuclides)” Standard Reports. Once 
the best-basis inventories were determined, the hydroxide inventory was calculated by performing a 
charge balance with the valences of other analytes. This charge balance approach is consistent with 
that used by Agnew et al. (1997a). The inventories for uranium isotopes were calculated using total 
uranium values. The inventories for americium, plutonium, and other alpha-emitting isotopes were 
calculated using total alpha activity. 
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