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EXECUTIVE SUMMARY

Single-Shell Tank 241-S-104 is a radioactive waste tank most recently sampled in July
and August of 1992. Sampling and characterization of the waste in Tank 241-S-104
contributes toward the fulfillment of Milestone M-44-05 of the Hanford Federal Facility
Agreement and Consent Order (Ecology, EPA, and DOE, 1993). Characterization will also
provide support for the Tank Farm Operations, safety programs and design of retrieval,
pretreatment, and disposal systems.

Tank 241-S-104, located in the 200
West Area S Tank Farm, was constructed in
1951 and went into service in 1953 by —_— .
receiving REDOX Plant waste. Throughout the e T \
service life of the tank, REDOX process
associated waste made up the majority of the
waste received. Primarily REDOX plant
effluent wasreceived, however, small amounts

Waaste Profile of Tank 241-S~-104

of salt waste, laboratory waste, hot 42 1o N"_»:T:'M
condensate, and coating removal waste were l

discharged to the tank. It is the first tank in a

cascade with Tanks 241-S-105 and 241-S- Curnt Waste Veremas e b o

106. The tank has an operational capacity of Supermatant aud voluma: 3790 L (1kaad
2.87E+06 L (758,000 gallons), and currently " Sludge Volume:  1.11E06 L 263 xgad

contains 1.11E+06 L (294,000 gallons) of
non-complexed waste, existing primarily as sludge. Approximately 1.06E+05 L (28,000
gallons) of drainable interstitial liquid and 3,790 L (1,000 gallons) of supernate remain. The
tank is not classified as a Watch List tank; however, it was declared an assumed leaker in
1968, having lost nearly 9.08E+04 L (24,000 gallons) of waste. The tank was primary
stabilized in 1979 and interim stabilized in 1984, with intrusion prevention completed in 1988.
There are no Unreviewed Safety Questions associated with Tank 241-S-104.

The waste in Tank 241-S-104 is primarily precipitated salts, some of which are
composed of radioactive isotopes. The most abundant analytes in the solids include
aluminum, calcium, nickel, sodium, uranium, carbonate, nitrate, and nitrite. The water
digested solids results demonstrated that the chromium and selenium concentrations were
greater than their Toxicity Characteristic regulatory thresholds. The most abundant analytes
in the liquid portion of the waste include aluminum, sodium, hydroxide, nitrate, nitrite, and
sulfate; the chromium and lead concentrations in the liquid phase exceeded their Toxicity
Characteristic regulatory thresholds. The primary radionuclide in the liquid is '3’Cs, while %°Sr
and '3’Cs are the major radionuclides in the solids. Comparisons to established limits of
concern for selected analytes can be made by referring to the Tank Characterization Reference
Guide (De Lorenzo et al., 1994).

The results of the analyses have been compared to the dangerous waste codes in the
Washington Dangerous Waste Regulations (Ecology, 1991). This assessment was conducted
by comparing tank analyses against dangerous waste characteristics ("D" waste codes) and
against state waste codes. It did not include checking tank analyses against "U", "P", "F",
or "K" waste codes since application of these codes is dependent on the source of the waste
and not on particular constituent concentrations. The results indicate that the waste in this
tank is adequately described in the Dangerous Waste Permit Application for the Single-Shell
Tank System; this permit is discussed in the Tank Characterization Reference Guide (De
Lorenzo et al., 1994).

LATA-TCR-9414, Rev. O i
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1.0 INTRODUCTION

In July and August 1992, Single-Shell Tank 241-S-104 was sampled as part of the
overall characterization effort directed by the Hanford Federal Facility Agreement and Consent
Order (Ecology, 1989). Sampling was also performed to determine proper handling of e
waste, to address corrosivity and compatibility issues, and to comply with requirements of
the Washington Administrative Code (Ecology, 1991). This Tank Characterization Report
presents an overview of that tank sampling and analysis effort, and contains observations
regarding waste characteristics. It also presents expected concentration and bulk inventory
data for the waste contents based on this latest sampling data and background historical and
surveillance tank information. Finally, this report makes recommendations and conclusions
regarding operational safety.

1.1 PURPOSE

The purpose of this report is to describe the characteristics the waste in Single-Shell
Tank 241-S-104 (hereafter, Tank 241-S-104) based on information obtained from a variety
of sources. This report summarizes the available information regarding the chemical and
physical properties of the waste in Tank 241-S-104, and using the historical information to
place the analytical data in context, arranges this information in a format useful for making
management and technical decisions concerning waste tank safety and disposal issues. In
ac tion, conclusions and recommendations are presented based on safety issues and further
characterization needs.

Specific objectives reached by the sampling and characterization of the waste in Tank
241-S-104 are:

° Contribute toward the fulfillment of the Hanford Federal Facility Agreement and
Consent Order (Tri-Party Agreement) Milestone M-44-05 concerning the
characterization of Hanfor Site high-level radioactive waste tanks (Ecology,
EPA, and DOE; 1993).

° Complete safety screening of the contents of Tank 241-S-104 to meet
characterization requirements of the Defense Nuclear Facilities Safety Board
(DNFSB) Recommendation 93-5 (Conway, 1993).

. Provide tank waste characterization information to the Tank Waste Remediation
System (TWRS) Program Elements in accordance with the TWRS Tank Waste
Analysis Plan (Bell, 1994).

1.2 SCOPE

A broad description of the tank and its historical background are presented first. This
allows an estimation of the contents of Tank 241-S-104 based on historical process
information and detailed transaction records. Next, the results of the sampling and analysis
effort are summarized and interpreted both qualitatively and statistically. The information

LATA-TCR-9414, Rev. O 1-1
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obtained from historic sources is then compared with the actual waste measurements to
arrive at fini waste inventory and concentration estimates. Finally, conclusions and
recommendations are ven based on the current knowledge of waste inventory and tank
status.

1.3 ASSUMPTIONS

The concentration and inventory estimates derived for this report are considered by the
authors and by the Westinghouse Hanford Company Characterizatior rogram to be the most
accurate, defensible, technically valid, and contemporary data concerning =~ 1k 241-S-104.
This Tank haracterization Report incorporates all available previous sampling,
characterization, and transfer data concerning Tank 241-S-104. In addition, estimates of the
current * 1k contents based on process knowledge and waste transaction records provide
important cross-checks and corroboration of the inventory estimates derived from recent
analytical dai  Given that the analytical data is valid and defensible, this report is therefore
the definitive characterization of the contents of Tank 241-S-104.

The term "analytical results” is used in this report to denote sample results from the
most recent sampling event. Characterization data from these samples are used as the basis
for the analytical section of this report, Section 5.0. The historical characterization of this
tank, Section 2.4, is based on the available "historical results” prior > the 1992 sampling.

Tank 241-S-104 no longer receives waste. This tank is an assumed leaker; interim
stabilization and intrusion prevention work have been completed. The characterization of Tank
241-S-104 is considered accurate and representative of the tank contents as of the date of
preparation of this report: September 1994, '

LATA-TCR-9414, Rev. O 1-2
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2.0 HISTORICAL TANK INFORMATION

The purpose of this section is to describe Tank 241-S-104 based on historical
information. It is divided into five parts. A brief description and historical background of the
tank comprise the first part, followed by the current tank status, a summary of the process
sources that contributed to the tank waste, and an estimation of the contents of Tank 241-S-
104 based on historical information. The final part details the surveillance data taken on the
tank.

2.1 TANK HISTORY

Tank 241-5-104 consists of a carbon steel tank within a reinforced concrete shell and
dome. As described in the Historical Tank Content Estimate for the Southwest Quadrant of
the Hi ord 200 West Area (Brevick et al., 1994), it has a diameter of 22.9 m (75 ft.), an
operating depth of 7.0 m {23 ft.), and a capacity of 2.87E+06 L (758,000 gallons). The
basic design of Tank 241-5-104 is shown in Figure 2-1. Instruments access iank 241-S-104
through risers and monitor the pressure, temperature, siudge level, and other bulk tank
characteristics (Bell, 1994). The position of these risers is found in Figure 2-2.

The 241-S Tank Farm was built in 1950 and 1951. It is located at the southern end
of the 200 West Area. Figure 2-3 details the Hanford Site’s 200 West Area and the location
of the 241-S Tank Farm. Tank 241-S-104 is located on the eastern side of the second row
of the 241-S Tank Farm. .

Tank 241-S-104 is the first, or primary, tank in a "cascade” connecting it to Tanks
241-S-105 and 241-S-106. A castade was a system in which a number of tanks were
connected in series by pipes. The pipes were located at the top of the tanks’ working depths.
Waste added to the primary tank in a cascade would flow to the next tank without overfilling
the primary tank. By using a cascade, fewer connections needed to be made during waste
har ing operations. This method reduced waste handling requirements, personnel exposure,
and the chance of a loss of tank integrity from waste overflow. Another advantage of using
the cascade system was waste volume reduction from the disposal of clarified liquid waste.
Entrained solids and pregipitates would settle in the primary tank (in this case, Tank 241-S-
104), and the clarified liquids would flow through the cascade on to the secondary tanks (S-
105 and S-106). This practice led to the rapid accumulation of solids in the primary tank, and
allowed the disposal of clarified liquid from the secondary tanks into cribs. '

Tank 241-S-104 went into service in 1953, receiving REDOX process ({reduction
oxidation) waste (Anderson, 1990). This waste was produced during the extraction of
plutonium in the REDOX process. The REDOX wadste cascaded to Tank 241-S-105 and on
to Tank 241-S-106. This cascade line was not used after 1956. Waste from Tank 241-S-
104 has been discharged to various tanks and to cribs. Tank 241-S-104 received its last
waste additions in 1965. After losing 24,000 gallons of waste, the tank was declared an
assumed leaker and taken out of service in 1968 (Brevick et al., 1994). Four dry wells were

LATA-TCR-9414, Rev. O 2-1
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1 4" Thermocouple Probe
2 4" | Capped
3 4" rather Filter
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drilled and most of the r*'2ernate was removed in 1970. A P-10 pump was installed in 1974
and salt well pumping 3s completed in 1976. In 1978, a jet pump was installed (Welty,
1988). The tank was primary stabilized in 1979 (Welty, 1988), and later interim stabilized
in December 1984 (Swaney, 1994). Primary sti ilization involved the removal of most of the
supernate and much of the interstitial liquid in the tank. Removing liquids minimizes the risk
of waste leaking out of the tank. Interim stabilization, in this case, was an administrative
designation with requirements similar to primary stabilization. Intrusion prevention was
completed on Tank 241-S-104 in 1988. Intrusion prevention involves the completion of the
physical effort required to minimize the potential for liquids to be inadvertently added to an
inactive storage tank.

2.2 TANK STATUS

Tank 241-S-104 currently contains 1,110,000 L 34,000 gal.) " v e. [ this
volume, 106,000 L {28,000 gal.) is interstitial liquid, and 3,790 L {1,000 gal.) is supernate
liquid (Hanlon, 1994). Tank 241-S-104 is passively vented to the atmosphere through a
breather filter (Bergmann, 1991). All monitoring systems are currently in compliance with
documented standards (Hanlon, 1994). Current temperature data indicates that the highest
temperature in the tank is 41.7 °C (107 °F). Tank 241-S-104 is listed as a low heat load tank
(Hanlon, 1994), thus any heat generated within the tank is readily dissipated through
conduction and natural convection. Waste levels and tank temperatures are further discussed
in Section 2-5.

The current designation of the tank contents is non-complexed waste. Thisis ageneral
term to describe waste that does not have a high content of carbon complexants or organic
carbon. Tank 241-S-104 is not a Watch List tank, nor does it have Unreviewed Safety
Questions associated with it. The tank is an assumed leaker, has been interim stabilized, and
has undergone intrusion prevention (Hanion, 1994).

2.3 PROCESS KNOWLEDGE

Tank 241-S-104 began its service life in 1953 with an addition of REDOX (reduction
oxidation) process waste. This waste was produced during the extraction of plutonium and
uranium in the REDOX process. The tank aiso received small amounts of REDOX process
associated wastes: salt waste, laboratory waste, hot condensate containing moderate level
of radionculides, coating waste, and centrifuge cake waste in muitiple transfers (Anderson,
1990). All of these wastes were produced at the REDOX plant. Tank 241-S-104 reached
maximum operating level during the second quarter of 1953, so any further additions caused
‘the waste to cascade to Tank 241-S-105. -

The wastes in Tank 241-S-104 began to self-boil in early 1954. I[n that same year,
surface condensers were instailed. The surface condensers allow us to concen 3ate wastes
by disposing of vapor condensate to cribs {Brevick et al., 1994).

Coating waste from the REDOX plant continued to be added in 1955 (Jungfleisch,

1984a). Use of the cascade system was stopped in 1956, possibly due to increasing
temperatures caused by an accumulation of high radioactive wastes from the REDOX Plant.

LATA-TCR-9414, Rev. O 2.5
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Figure 2-4. Waste Volume History of Tank 241-S-104.,
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2.4.2 Historical Sampling Estimation

Analytical data from two historical sampling events of Tank 241-S-104 are available.
Sample T-4184, taken in 1974, was described as yellow with 10% solids (Wheeler, 1974).
This appears to be a supernate sample. Since supernate was removed from Tank 241-S-104
in transfers and salt well pumping after 1974, is sample is likely not representative of the
sludge that makes up nearly all of the tank waste. The analytical data for Sample T-4.184 will
thus not be further discussed in this report.

A sludge sampling from 1976 described the sludge in Tank 241-S-104 as grayish in
color and sticky, with the consistency of stiff dough or putty {Horton, 19786). These results
were used to develop an estimate of the tank’s total contents. This estimate is compared to
the estimates based on process history in Table 2-2. Note that there are very little
characterization data available from this sampling event.

2.5 SURVEILLANCE DATA

2.5.1 Surface Level Readings

To determine the surface level of the waste, Tank 241-S-104 is equipped with a
manual tape gauge. The manual tape uses a conductivity probe which is lowered by a hand
crank until contact is made with the waste surface and an electric circuit is completed. The
measurement is later manually recorded on the Computer Automated Surveillance System.

Surface level readings are currently being taken quarterly. The most recent manual
tape reading was 2.85 m (112.25 inches) taken in July, 1994 (Rios, 1994). As is expected
from aninterim stabilized out-of-service tank, the wastelevel in Tank 24 1-S-104 has remained
very consistent for several years.

2.5.2 Internal Tank Temperatures

To measure local tank temperatures, a probe with 14 thermocouples assembled in a
pipe (called a thermocouple tree) is inserted into Tank 241-S-104. The thermocouple tree
monitors the waste temperatures at various levels in the tank. Thirteen of the 14
thermocouples on the thermocouple tree are currently in service.

Temperature readings for Tank 241-S-104 since 1991 are plotted in Figure 2-5. Each
plotted temperature is the highest of the readings recorded by the thermocouples on the
thermocouple tree. The highest temperatures in the tank appear to be 1.5 - 2.3 m (60 - 90
inches) from the bottom. There were no temperature readings available before 1991. This
is likely because either no temperature readings were taken, or temperature data sheets were
misplaced and thus not available when the database was later compiled. Temperatures are
taken biannually, and the last available temperature reading for Tank 241-S-104 was 41.7°C
{107°F) taken on July 2, 1994. Figure 2-5 illustrates that temperatures have been stable
since 1991, ranging between 39°C and 45°C.
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Figure 2-5. Tank 241-S-104 Historical Temperature Data.
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3.0 TANK SAMPLING OVERVIEW

The sampling of Tank 241-S-104 was conducted as part of an overall plan to
characterize the waste: n all of the underground storage tanks on the Hanford Site. The
results of these analyses will provide support for Tank Farm Operations, the various other
safety programs, design of retrieval, pretreatment, and disposal systems, and fulfillment of
milestones contained in the Tri-Party Agreement (Bell, 1994).

3.1 DESCRIPTION OF SAMPLING EVENT

Samples were collected by push mode core sampling on July 29 and 30, 1992 from
riser 3 (Core 42), July 31 from riser 7 {Core 43), and August 2 from riser 2 (Core 44). Each
core contained 6 segn its. An additional segment, 6R, was taken for Core 42. For a
diagram of riser location, refer to the executive summary of this document. Table 3-1 shows

list of tank farm and sample numbers with the date of sampling and location. Tables 3-2
and 3-3 show the Westinghouse Hanford Company’s 222-S Laboratory and Pacific Northwest
Laboratory sample numbers corresponding to the various composite and segment sample
numbers that are used in Appendix A. In Tal : 3-2, the heading "% Water" is inciuded
because the samples were used exclusively for the % water determination. Whereas most
other physical analyses were performed prior to homogenization, % water was determined
after homogenization and prior to separation of the sample into the solid and liquid fractions
in preparation for performing the metal, ion, and radionuclide analyses.

The core samples from Tank 241-S-104 were obtained using a core sampling truck that
has sampling equipment mounted on a rotating platform. A stainless steel sampler was used
to obtain a 48 cm (19 inch) long and 2.5 cm (1 inch) diameter core of waste (maximum
volume of 187 milliliters When the segment was captured within the sampler, it was sealed
in a stainless steel liner within a shipping cask to prevent sample liquid from being lost.

Each sampler segment was remotely removed from the drill string and sealed within
a stainless steel liner, and then placed inside a lead shielded shipping cask. The segment
number was recorded and the casks were then transported to the 222-S Laboratory. All the
segments were received by the laboratory on August 7, 1992. A chain of custody form was
filled out for each segment. ”

The samples were extruded at the 222-S Laboratory between August 11 and
September 11, 1992 in r-eparation for inorganic and radiochemical analyses.

Twenty-seven composite and segment samples were shipped to the Pacific Northwest
Laboratory. The samples received included sub-samples of the composites, segments from
the three cores, a field blank, and a 222-S Hot-Cell blank.

For a further description of core sampling procedures, see the 7Tank Characterization
Reference Guide (De Lorenzo et al., 1994).
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4.0 SANMPLE HANDLING AND ANALYTICAL SCHEME

4.1 WASTE DESCRIPTION

The samples obtz...:d from coresi pling activities in Tank 241-S-104 were a mixture
of air, liquids, and solids. After extrusion from the sampler, photographs were taken of the
sample with appropriate jar numbers and color comparator chart posed in the same
photograph. Visual characteristics of extruded samples were recorded in the appropriate log
book, paying careful attention to sample volume, liquid/solid ratio, color, consistency, and
homogeneity. The following is a description of the contents of each core segment {Kocher,
1993). In order to maintain consistency in reporting observations that are by nature
subjective, the following is taken nearly verbatim from the laboratory narrative.

Core 42
Segment 1: Sample recovery was about 75% (214.13 g), including 23.99 g of quubids.

Segment 2: Sample recovery was 100% (253.85 g) with no drainable liquids. The
consistency of the sample was like wet mud, gray in color, and homogeneous.

Segment 3: The sampler valve was partially open. Approximately 100 g of tank waste
adhered to the outside of the sampler and-inside the sleeve. The waste was washed
out of the sleeve with Q-water. A total of 223.96 g of solids were recovered from the
sample. There were no drainable liquids.

Segment 4: The sampler was completely full of thick, gray solids (274.45 g). There were
no drainable liquids.

Segment 5: Sample recovery was 60% (197.86 g) with no drainable liquids. The segment
was lighter in color on the bottom and darker and “liquidy” on the top. Except for a
gradual increase in normal paraffin hydrocarbon concentration from bottom to top, the
segment was homogeneous. The segment was very dry and the volatile organic
analysis sample was difficult to acquire without airspace.

Segment 6: The sampler valve was left open. The sample was 1/3 full of light gray solids
{96.95 g). There were no drainable liquids. After sampling for weight percent water,
segment 6 was blended with 6R (below).

Segment 6R: Sampler recovery was about 10% (60.07 g), with no drainable liquids. The
solids were a light gray, very thick and only slightly moist. The waste was
homogeneous though with more normal paraffin hydrocarbon at the top of the
segment. Approximately 100 milliliters of liner liquid that appeared to be normal
paraffin hydrocarbon was collected and discarded.
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Core 43

Segment 1: Sample recovery was 75% (187.25 g) and contained about 30 milliliters of
draina e liquids (32.93 g). Approximately 25 g of solids were at the very surface
followed by appro»  ately 50 milliliters of liquid. After this, there were solids to the
top of e sample. Solids were liquidy, especially in the midc The solids appeared
homo¢ 1eous throughout. A differential scanning calorimeter/thermogravimetric
analysis was taken from the solids at the top. The solids possessed the consistency
of but - and were gray-brown in color.

Segment 2: Sample recovery was 100% (266.578 g), with no drainable liquids. The waste
was « vy, thicker  the bottom than at the top, appeared to be completely
homot 1eous, and possessed the consistency of wet mud. Gas bubbles accounted
for about 2 % of the total volume.

Segment 3: The valve was left halfway open. Sample recovery was 100% (248.03 g) with
no dra able liquids. Approximately 50 g of solid material escaped out of the sampler
before the extruder tray was put into place. The sample was scraped off the top of
the extruder table and placed in jar F-2049. Approximately 150 g of solids were
washed out of the : npler sleeve. The sample was homogeneous and gray, with a
mud-like consistency.

Segment 4: Sample recovery was 100% (287.28 g), with no drainable liquids. The waste
was very thick - a consistency like plaster of paris. ¢ lids were completely
homo¢ 1eous and dark gray in color.

Segment 5: Sample recovery was 80% (276.83 g), with no drainable liquids. The segment
mater was thicker at the bottom and gradually got thinner toward the top. The

differential scanning calorimetry and thermogravimetric analy —'s samples were taken -
from both the bottom and the top. The volatile organic an. /sis sample contained

material from the bottom and the top. The sample was light gray at the bottom and
dark gray at the top.

Segment 6: Sample recovery was about 33% (198.28 g), with no drainable liquids. The
segment contained gray, homogeneous solids, with the consistency of setting plaster
of paris.

Core 44

Segment 1: The sampler contained 50% solids (203.27 g} and 50% liquids (76.87 g). The
sample consistency was much | e wet mud but viscous enough to retain the
cylindrical shape of the sampler. The solids appeared completely homogeneous and
brown/gray in color. There was some different, crusty material near the top of the
segment. This material was placed in vial F-2033. '

Segment 2: Sample recovery was 100% (267.71 g) and contained no drainable liquids. The

solids were homogeneaqus, grayish/brown, wet, and possessed the consistency of wet
mud.
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Segment 3: Sample recovery was 100% (293.40 g) with no drainable liquids. The solids
were completely homogeneous except for the fact that the percentage of interstitial
liquid was greater at the top end than at the bottom end - approximately 10% at the
bottom and 40% at the top with an even and gradual increase in water from bottom
to top. The color of the solids appeared dark gray and the consistency was dependent
upon the percent water content present but generally was like wet mud.

Segment 4: Sample recovery was 100% (265.22 g) with no drainable liquids. The segment
possessed about 10% interstitial liquid. Sample was very thick and completely
homogeneous and possessed the consistency of modeling clay.

Segment 5: Sample recovery was about 33% (176.58 g) and contained no drainable liquids.
The sample was homogeneous, gray, and very thick, like modeling clay.

Segment 6: _imple recovery was about 50% (172.22 g) with no drainable lic _Hlids
appeared to contain about 12% moisture. The material was light brown/tan, crackly
and rigid like plaster of Paris, but not as adhesive. There were light and dark areas on
the surface of the solids. While the light and dark areas were not very pronounced,
the solids were not perfectly homogeneous. There was a 9 inch void at the bottom
of the sampler.

4.2 HOLD TIME CONSIDERATIONS

For a description of hold time considerations see the Tank Characterization Reference
Guide (De Lorenzo et al., 1994).

4.3 SAMPLE PREPARATION

When a sample contained more than 25 milliliters of drainable liquid, the liquid was
analyzed separately from the solids. When the volume of the liquid was less than 25
milliliters, a determination was made whether the liquid sample was actually normal paraffin
hydrocarbon. When it was found to be norm: paraffin hydrocarbon, it was drained off.
When the quantity of liquid is not normal paraffin hydrocarbon, it was retained with the
sample for eventual homogenization. For a further discussion of sample preparation
procedures, see the Tank Characterization Reference Guide (De Lorenzo et al., 1994).

4.4 ANALYTICAL METHODS

This section lists the analytes and the respective analytical procedures that were used
to characterize the waste in Tank 241-S-104. Procedures for physical, and rheological
analvses are listed in Table 4-1. Procedures for inorganic and radiochemical analyses are
liste in Table 4-2. Procedures for organic analyses are listed in Table 4-3. Two composites
from each core were analyzed in accordance with the complete baseline case core composite
scenario detailed in Winters et al. (1990) and as amended by Hill (1991). Several of the
analytical tests performed on the composites were also done on the segments, but only for
those analytes:of importance to a brogram. Since the drainable liquids obtained were not
enough to perform all the analyses requested, only highest priority analyses were performed
and no duplicate analyses were run on the liquid composite.
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Exceptions are allowed for specific analytes or procedures:
) % water is always run in duplicate

o 90gr, 79ge, 99T¢, 129, Py, and Am have a tracer or carrier added to each
sample, no additional matrix spikes are required,

° Gamma energy analysis and pH do not require a spike,

° a matrix spike for Np is requested on each sample.

4.4.3 Organic Constituent Analysis

All organic analy: of tt s¢ »les from © 1k 241-S-104 were performed at the
Pacific Northwest Laboratory. A U.S. Environmental Protection Agency Contract Laboratory
Procedure type organics speciation analysis was performed on the core composites. No levels
of organic compounds above the Contract Required Quantitation Limit were found in any of
the samples, and they were not expected to contribute to the sample matrix. The organic
analyses performed were volatile and semi-volatile organic analyses, total organic halides, and
extractable organic halides. Duplicates were performed for all of these analyses. Table 4-3
lists the analyses and procedure numbers, and Table 3-3 lists the core and segment numbers
used for the organic analyses.

4.5 MODULE SPECIFIC ANALYSES

The characterization program for Tank 241-S-104 was intended to satisfy criteria set
by the Tank Waste Remediation System (TWRS). The TWRS sample characterization
objectives are to provide adequate description of physical, chemical, and radiological
properties of Hanford Site tank wastes to support resolution of Unreviewed Safety Questions,
other safety issues surrounding the Watch List tanks, and the design of retrieval,
pretreatment, and final disposal systems (Bell, 1994). For this specific tank, analyses to
provide sufficientinformation to confidently determine whether constituent concentrations are
within safe operating limits were performed.
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5.0 ANALYTICAL RESULTS AND WASTE INVENTORY

The chemical, radiochemical, and physical results associated with Tank 241-S-104 are
presented within this document as indicated in Table 5-1. The samples from which these
results were derived were collected from 7-29-92 through 8-2-1992. This sampling event
was the most recent regarding Tank 241-S-104 and reflects the most accurate
characterization of the tank waste available at the present time.

Table 5-1. Analytical Data Presentation Tables.

I A'n'alysis. ‘ I " Tahnlatad Racnite —I

Metals I Table A-1
Anions ‘ T Tab 2
Radionuclides Table A—B
Physical Properties and Miscellaneous Chemical Data Table A-4
Volatile Organics Table A-5
Semivolatile Organics - o Table A-6
Tank Characterization Report Results for the Liquid Table 5-9
and Solid Phases of 241-S-104

In cases where a duplicate analysis was performed on a sample, the data presented
in the Appendix A tables were obtained by calculating an average concentration value from
the initial and duplicate results. If an analyte was detected by the original but not by the
duplicate sample evaluation, or vise-versa, only the single positive result was reported. When
both sample runs failed to detect an analyte, the detection limit preceded by a less than (<)
sign was recorded as the sample result.

The Appendix A tables treated the liquid and solid laboratory sample data separately.
Where applicable, the solid data was further divided according to preparation procedure. A
representative tank concentration for each analyte was determined for both matrices and
reported in Table 56-9. Most of these values were derived according to a statistical model
(Jensen, 2394) and were accompanied by a standard deviation of the mean estimate. When
more than one preparation procedure was utilized to evaluate an analyte, the representative
tank concentration was obtained from the procedure vyielding the highest vaiues. When the
statistical model could not be applied due to insufficient data, representative tank
concentrations were obtained by calculating simpie averages. If all available sample analyses
failed to detect a particular analyte, the tank concentration of the analyte was reported to be
less than the highest recorded detection limit. Detection limit values were not utilized in any
of the calculations from which representative tank concentration values and standard
deviation estimates were derived. ’
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5.1.2 Anions

The most abundant anion in both the liquid and solid phases of the waste was reported
to be nitrate. However, judging from the liquid phase hydroxide concentration and the
historical data, it is reasonable to assume that the solid phase contains a substantial amount
of hydroxide salts, and possibly oxides as well. Ammonia was not present in the tank above
detection limits. Historical estimates for nitrate, nitrite, carbonate, and sulfate (Brevick, 1994)
were compared in Table 5-3 to the analytical results acquired from the sample analyses of
Tank 241-S-104. A historically derived hydroxide value was available, but since hydroxide
in the form of precipitated salts could not be accounted for by the laboratory analyses, a
comparison would be meaningless. As previously mentioned, the historical estimates pertain
to the entire contents of the tank without regard to separate liquid and solid phases, and the
an: ‘tical res ts used for comparison were obtained by adding the liquid and solid total tank
inventory values. K

Table 5-3. Comparison of Analytical and Historical Results for 241-S-104 Anions.

‘...’ Estimates From Historical Rala tfve ‘Percen .
2+ | Laboratory Results Estimate g Ty
A ' : oy : Difference
G (kg) (kg) =
Carbonate 7,200 4,750 41%
Nitrate 356,000 101,000 112%
Nitrite 48,400 8470 140%
. Sulfate (IC) 6,440 952 148%

'RPD = Difference between Laboratory Results and Historical Estimates divided
by their average.

After calculating theoretical values for phosphate and sulfate from both the liquid and
solid phosphorous and sulfur data derived from Inductively Coupled Plasma (ICP) analyses, the
results were compared to the corresponding data obtained by ion chromatography (IC). The
comparison is displayed in Table 5-4. Except in the case involving liquid phase phosphate
results, ion chromatography revealed higher sulfate and phosphate concentrations than the
ICP analyses. The phosphate and sulfate anions apparently exist in a soluble form and in
small concentrations.

Table 5-4. Comparison of ICP and IC Results for Phosphate and Sulfate.

LATA-TCR-9414, Rev. O

R Liquid Phase Solid Phase
~ Analyte IC Result ICP Result IC Result ICP Result -
e (rg/g) (rg/g) (ug/g) (rglg)
Phosphate < 0.781 19.2 1,450 286
Qulfata ! 18 ’00N 1 230 2270 1,416

5-3
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6.0 ANALYTICAL RESULTS INTERPRETATION

6.1 TANK WASTE PROFILE

The waste in Tank 241-S-104 consists of sludge which is approximately 34.3% water
by weight. Additionally, the sludge is covered by approximately 1,000 gallons of supernate.
- Sodium, aluminum, chromium, and nitrate were the major constituents in the liquid phase of
the waste. With respect to the solid phase of the waste, Al, Ca, Cr, Fe, Mn, Ni, Si, Na, and
U were all detected in concentrations exceeding 1000 ug/g; however, sodium and aluminum
were by far the most abundant. The most abundant anion in the solid phase of the waste was
reported to be nitrate. However, judging from the liquid phase hydroxide concentration and
the historical data, it is reasonable to assume that the solid contains a substantial amount of
hydroxide salts. The '3’Cs isotope was the largest contributor to the radioactivity of the liquid
wastg.7 Activity originating from the solid phase ' the waste was predominantly due to %°Sr
and Cs.

6.2 WASTE SUMMARY AND CONDITIONS

6.2.1 Projected Tank Heat Load

Temperature information for Tank 24 1-S-104 was given in section 2.5.2. The amount
of heat resuiting from radioactivity in the tank was calculated in Table 6-1. Detection limits
for some of the analytes were included in the calculation in order to obtain the most
conservative estimate possible. The heat load for Tank 241-S-104 is 3,910 watts. The
temperature of the tank generaily ranges between 103 and 112¢F. Since an upper
temperature limit is exhibited, it may be concluded that any heat generated from radioactive
sources throughout the year is slowly dissipated.

6.2.2 Regulatory Limits

For the liquid and solid phase of the sample, none of the average concentrations of the
Toxicity Characteristic Leaching Procedure Metals defined in the Code of Federal Regulations,
40 CFR Part 261 exceeded their specified limits. However, the pH of the liquid phase at 13.5
and at 12.9 for the solid phase is above the Resource Conservation and Recovery Act pH limit
of 12.5, established for corrosivity {EPA, 1990).

6.2.3 Leak Inventory Estimate

Tank 241-S-104 was designated an assumed leaker in 1968 after losing approximately
90,800 L {24,000 gallons) of waste. An estimated inventory for the constituents in this lost
waste has been generated based on the 90,800 L {24,000 gallon) leak volume. To derive the
inventory, only the analytical liquid data was utilized. Table 6-2 presents the estimated
amount of each analyte in the leaked waste. This inventory is useful to estimate possible
contamination to the environment surrounding the tank.

LATA-TCR-9414, Rev. O 6-1









WHC-SD-WM-ER-370 REV 0O

6.3 PROG \MELEMEN SPECIFIC ANALYSES

The sampling and analysis of Hanford Site waste tanks is driven by the need to satisfy
the characte ition requirements of the various Tank Waste Reme ation System (TWRS)
program elern its. These characterization needs are implemented a..J documented through
the Data Quality Objective (DQO) process, and expressed in a series« program specific DQO
documents. The data needs are summarized in the TWRS Tank Waste Analysis Plan (Bel,
1994).

This Tank Characterization Report is the final step in the characterization of Tank 241-
S-104. According to the process and issue based data requirements, the inventory estimates
and waste properties contained in this report can be applied to the data requirements of the
various progri 1elements. Containedin T )le 6-3 is a summary of wl :h program data needs
are fulfilled through this characterization « the waste in . ank 241-S-104, based on a review
of the stated sdmpling and analysis requirements. In the future, the applicability of Tank
Characterization Report results to each TWRS program element will be documented in tank
specific .unk haracterization Plans, prior to the tank sampling.
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Table 7-4. Special Analyte List.

Aluminum Nitrate

Bismuth Nitrite

Calcium Phosphate

Chromium Carbonate

Iron Fluoride

Silicon Chloride

Sodium Total Organic Carbon
1 Zirconium : Cyanide

Using the hierarchical structure of the core composite data, estimates of the spatial
variance { S)), compositing variance (0%(C)), and analytical measurement variance (g?(A))
were obtained for each analyte. The spatial variance is a measure of the variability between
cores. The compositing variance measures the variability between composite samples within
ti  san The analyti ~ measurement variance measures the difference between the
analytical results from the sample and duplicate samples.

To test the significance of the variance components, an analysis of variance (ANOVA)
was calculated (Jensen, 1994). The mean square error terms in the ANOVA table were used
to test the spatial and composite variability. The estimates of each component variability
along with the p-values {significance level) are given in Table 7-5. A p-value less than 0.05
indicates that 02(S) or 0(C) are significantly different from zero at the 0.05 significance level.
The only major analyte not included in this statistical analysis was water, as no statistics were
conducted on it. '

The p-values from the tests on ¢?(S) were statistically significant for 10 out of 34
analytes tested. The 10 analytes in which differences in concentrations were found represent
less than 1% of the tank contents. This indicates that the solid portion of the tank contents
is relatively homogeneous.

The p-values from the tests on o?(C) were statistically significant for 7 out of 34
analytes tested. The 10 analytes in which differences in concentrations were found represent
approximately 15% of the tank contents. This indicates that the compositing error is not
unusually large.

7.3  ANALYTICAL ERROR ESTIMATION

An attempt is always made to quantify the different sources of error possible during
the chemical analysis of a sample. When these errors are summarized, they give a strong
indication of data reliability. 'If one or more of the error estimates are outside the acceptable
limits, the accuracy of the concentration estimate is drawn into question. Possible s- ces
of error are sample contamination, matrix interferences, analytical method error, ana poor
instrument calibration.

Analytical error is composed of two parts, random and systematic. Table 7-6 gives
both the analytical and systematic error estimates for Tank 241-S-104, organized by analyte.
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8.0 CONCLUSION AND RECOMMENDATIONS

8.1 SAFETY ISSUES

Characterization of Tank 241-S-104 supports the classification of the tank as non-
Watch List. Given the current tank inventory of fissionable radionuclides and organic or
exothermic waste constituents, no credible potential exists for further loss of tank integrity
or release of radioactivity due to in-tank processes. Tank 241-S-104 is an Assumed Leaker;
however, the liquid volume and waste level in the tank have remained relatively constant since
1968 (Anderson, 1990; Hanlon, 1994). Tank 241-S-104 is within established operating
safety requirements, as defined by applicable Data Quality Objectives.

Thermocouple data support the conclusion that there are no significant heat-generating
processes within the tank waste; there is no credible risk of self-boiling or excessive heating
of the current tank contents. Given the generally stable waste properties, and taking into
account the still questionable tank integrity, the continued storage of the waste in Tank 241-
S-104 poses no unreasonable risk to personnel, the public, or the environment.

8.2 FURTHER CHARACTERIZATION NEEDS

Characterization of the solid and liquid contents of Tank 241-S-104 has been
performed in this report. While the current characterization is quite extensive, further
sampling and analysis of the contents of Tank 241-S-104 is suggested for the following waste
properties:

° An analysis of the tank vapor space would allow final resolution of any safety
concerns regarding the presence of flammable or noxious fumes.

° Since Tank 241-S-104 has a substantial amount of R and R-associated waste,
further characterization to narrow the limits of uncertainty would be warranted,
either in Tank 241-S-104, or in a tank with a similar process history and waste
matrix.

8.3 CONCLUSIONS
This tank characterization report supports the tank classification as a non-Watch List

tank. Therefore, continued operation of Tank 241-S-104 poses no unreasonable risk of
radiation exposure, gaseous emissions, or liquid reledases to the environment.
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A.3 Col Headings

A.3.1 The "Analyte" lumn coi 1ins, in addition to the name of the analyte or physical
characteristic, informa n about the method of measurement, and ir he case of the metals,
information about the method of digestion. The method of digestior ; listed for the metals,
because unlike the other analytes, different digestion procedures ai typically used for the
same metal. '

Possible digestion methods are: d - direct; a - acid digestion; - water leach; and f -
potassium hy oxide fusion, followed by acid digestion.

The analyte and me d are presented as follows: "method.a ilyte,” or, (in the case
of a metal) "method.digestion.analyte." For example, the specific cc..zentration of 2°Sr was
measured wit a beta proportional counter and is listed "BPC.%°Sr." A specific concentration
of Pb was determined by the inductively coupled plasma method which was preceded by acid.
digestion, and is listed as "ICP.a.Pb."

A.3.2 The "Laboratory Sample Identification™ column lists the samp!-- for which the analyte
was measured; this identification number is different from the number .ssigned to the samples
at the tank farm. Sampling rationale, locations, and descriptions of sampling events are
contained in Section 3.0.

A.3.3 "Analytical Data Result" is the specific concentration of the analyte determined at
different sampling points. No quality control data such as matrix sf es, serial dilutions, or
duplicate analyses are listed. This information may be obtained fron. the 241-S-104 data
package (WHC-SD-WM-DP-031, Rev 0). Data which was qualified as estimated (denoted by
"J" or-"UJ" in the data package) will be enclosed in parentheses, i.e., (395) ug/ml.
Unqualified data will be entered in standard form.

A.3.4 The "Range of Values" column lists the highest and the lowest values for a particular
analyte.

A.3.5 The Mean is derived as discussed in Section 5.0

A.3.6 Columr 6 "Standard Deviation (Mean)" is computed for those results greater than the
detection limit, as discussed in Section 5.0.

A.3.7 Colum 7, "Projected Inventory," is the product of the concentration of the analyte and
the volume of the waste in the tank (106,000 L liquid, or 1.11E + O8L of solid). Appropriate
conversion factors are use to obtain the desired result of kilograms of mass or Curies of
radiocactivity.
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