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EXECUTIVE SUMMARY

This tank characterization report summarizes the information on the historical uses, present
status, and the sampling and analysis results of the waste stored in double-shell underground
storage Tank 241-SY-101. The tank has been sampled numerous times over its service life.
For the purposes of this report three sampling time frames were selected. The sampling time
frames include November 1990, May 1991, and December 1991. These results from

a1 "rsesofthe kwa we usedtoce =~ =277 © " tion report, which  ports

Hanford Federal Facility Agreement and Consent Order* Milestone M-44-08.

Tank 241-SY-101 is located in the SY Tank Farm in the Hanford Site’s 200 West Area. The
tank was designed for use as a concentrated waste holding tank and went into service in 1977
with the receipt of double-shell slurry from the 242-S Evaporator/Crystallizer. In addition to
periodic transfers of double-shell slurry, the tank has received concentrated complexant waste
originally from B Plant and a small amount of water. Although the tank remains in service,
it no longer receives waste due to its inclusion on the Flammable Gas Watch List and an
associated unreviewed safety question. The tank has an operational capacity of 4,320
kiloliters (kL) (1,140 kilogallons [kgal]) and currently contains 4,160 kL (1,100 kgal) of
waste. A description and status of the tank ére summarized in Tables ES-1 and ES-2, and

Figures ES-1 and ES-2.

'Ecology, EPA, and DOE, 1994, Hanford Federal Facility Agreement and Consent Order, as amended,
Washington State Department of Ecology, U.S. Environmental Protection Agency, and U.S. Departm : of
Energy, Olympia, Washington.

ES-1
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The sampling of Tank 241-SY-101 occurred before the data quality objective (DQO) rocess
was implemented. When the analytical results are compared with the Tank Safety Screening
Data Quality Objective®, the total fuel content limit (based on dry weight) of

481 joules per gram (J/g), measured by differential scanning calorimetry, is exceeded in
about half thc; segments from the Windéw C sampling time frame and in 18 out of 21

segments from the Window E sampling time frame (see Section 3.1).

The tank heat load is 11,800 watts (40,300 British thermal units per hour [Btu/hr]), which is
below the safety limit of 14,600 watts (50,000 Btu/hr) for this tank. The moisture content,
total alpha, and total organic carbon levels also satisfy the safety criteria. The flammable gas
concentrations in the tank dome space are presently below thé lower flammability limit
(LFL), and have exceeded the LFL in the past on only a few events of short duration. The
gas inventory of Tank 241-SY-101 has been kept at historically low levels, as measured by

slurry growth.

’Babad, H., and K.S. Redus, 1994, Tank Safety Screening Data Quality Objective, WHC- SD-WM SP-004,
Rev. 0, Westinghouse Hanford Company, Richland, Washington.

ES-3
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1.0 INTRODUCTION

This tank characterization report presents an overview of double-shell Tank 241-SY-101 and
its waste contents. It provides estimated concentrations and inventories for the waste
components based on the latest sampling and analysis activities and background tank
information available. Tank 241-SY-101 was sampled numerous times in 1990 and 1991.
This tank characterization report for Tank 241-SY-101 describes the results of three sampling
time frames: November 1990, May 1991, and December 1991. These samples were
obtained following separate gas release events. This report supports the requirements of the
Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1994).

1.1 PURPOSE

This report summarizes the information about the use and contents of Tank 241-SY-101.
When possible, this information will be used to assess issues associated with safety,
operations, environmental, and process development activities. This report also prov es a
reference point for more detailed information about Tank 241-SY-101.

1.2 SCOPE

Safety evaluations on the chemical reactivity of the crust material in Tank 241-SY-1( were
performed during the November 1990 sampling time frame. During the May 1991 sampling
time frame, the analytical effort examined the vertical homogeneity of the waste in

Tank 241-SY-101. Samples from every segment were analyzed for the main chemic.
components. The focus of the analytical effort shifted to a more in-depth study of fewer
samples in the December 1991 sampling time frame. The December 1991 analysis

evaluated the physical properties of the waste. Consequently, only two segments were
analyzed for chemical constituents, whereas a broader spectrum of analysis was performed on
each of the composite samples.

The waste in Tank 241-SY-101 was not sampled and analyzed to satisfy any data quality
objective (DQO). The DQO process was introduced on the Hanford Site after the sampling
and analysis for this tank had been completed. Section 5.5 discusses the relation of the
Flammable Gas DQO (LeClair 1995) to Tank 241-SY-101.

Throughout the report, the terms convective and non-convective are used to describe layers
within the Tank 241-SY-101 waste. In the convective layer, the temperature of the waste is
chiefly uniform throughout the layer and is not depth dependent. In the non-convective
layer, the temperature of the waste changes as a function of depth. Figure 1-1 illusti es
how these layers relate to the tank waste and the changes in temperature following a gas
release. '

It should be noted that the analytical results used from the three sampling time frames were
obtained from Tank 241-SY-101 prior to the installation of a mixer pump, which may have
combined the convective and non-convective layers into a single slurry.

1-1
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2.0 HISTORICAL TANK INFORMATION

Tank 241-SY-101 is in active service, although administrative controls placed on this Watch
List tank limit waste transfers to and from the tank. The most current volume status of the
tank is provided in reports that are routinely updated. This chapter includes tank design
information, waste transfer history, and waste temperature and level surveillance infi mnation.

2.1 TANK STATUS

Tank 241-SY-101 is a double-shell underground storage tank containing 4,160 Kkiloliters (kL)
(1,100 kilogallons [kgal]) of concentrated complexant waste (Hanlon 1995). The w. @
temperature profile at the time of samplii i “'cates that the waste existed in the tank in
three well-defined layers: (1) the crust layer, (2) the convective layer, and (3) the non-
convective layer. Tank 241-SY-101 is in service; however, operation has been restricted due
to its placement on the Flammable Gas Watch List and an associated unreviewed saf /
question (USQ). The structural integrity of the tank is classified as sound. All mon >jring
systems are currently in compliance with established standards (Hanlon 1995). The highest
temperature within Tank 241-SY-101 occurred on December 15, 1994, and was measured at
48.7 degrees Celsius (°C) (120 degrees Fahrenheit [°F]). Waste levels and tank
temperatures are further discussed in Section 2.4.

Tank 241-SY-101 has been the most active Hanford Site tank for displaying the cyclical
accumulation and release of gases. An unreviewed safety question regarding the gas :leases
was declared in March 1990 and this tank has been on the Flammable Gas Watch Li since
January 1991. A pump, installed in 1993 to mix the tank contents, has kept large v 1mes of
flammable gases from accumulating within the waste (Hanlon 1995) (see Section 2.3).

2.2 TANK DESIGN

Tank 241-SY-101 is one of three double-shell tanks that comprise the SY Tank Farm in the
Hanford Site’s 200 West Area. The basic tank design is shown in Figure 2-1. Furtl r
information about the SY Tank Farm may be found in the Tank Characterization Reference
Guide (De Lorenzo et al. 1994). The location of the SY Tank Farm is shown in Figure 2-2.

2-1
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Figure 2-2. Location of SY Tank Farm.
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Figure 2-3. Tank 241-SY-101 Riser Configuration.

Tank 241-8Y-101 No. | Dia. | Description and Comments

1A 4" |ENRAF 854 ATG Level Gauge

1B 4" |Velocity-Density-Temperature Tree
1C | - 4" IFIC Level Gauge

5A | 42" l Mqltipo‘rt Riser Assembly,

5B 42: Camera Assembly

7A | 12" [Vessel Exhaust Port

11A| 4" |Spare

11B| 4" |Tank Pressure Port

12A] 42" |Mixer Pump

13A| 12" [ENRAF Radar Gauge

14A 4" Velocity-Densitv—Température Tree
15A | 4" |Dropleg Nozzle

16A | 4" |Gas Monitoring Probe

17A | 4" [Manual Tape

17B| 4" |Multifunction Instrument Tree

' 17C| 4" }Multifunction Instrument Tree

241-SY Tank Farm 22A| 4" |Gas Monitoring Probe

=z

Sources. Anderson 1992
U.S. DOE 1994
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1 450

Figure 2-4. Waste Volume History of Tank 241-SY-101.
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A waste mixing pump was installed in Tank 241-SY-101 in July 1993 to mitigate the gas
retention problem. The mixer pump allows a continual release of gas, preventing
accumulation and a large GRE. Pump testing was completed in 1994 and its long-te 1
operation began. Operation of the pump has maintained the gas inventory in

Tank 241-SY-101, as measured by slurry growth, at historically low levels. The waste
surface level has remained between 1,012 centimeters (cm) (398 5 inches {in.]) and 1,015 cm
(399.7 in.) (Hanlon 1995).

2.3.1 Waste Transfer History

This section presents the transfer history of Tank 241-SY-101 and describes the process
wastes that made up these transfers. The information in this section is taken from an internal
memo detailing a study of the tank’s fill history (Sir~ son 1984) and a later paper cc :erning
Tank 241-SY-101 (Babad et al. 1992). Table 2-2 details the transfer history of

Tank 241-SY-101. The "Volume" entries in Table 2-2 indicate the cumulative volume of
transfers of a specific waste type over the indicated time period.

Table 2-2. Transfer Hlstory of Tank 241- SY 101.1

4/77 DSS 242-S Evaporator 1,044 - (276)
11/77 |cc Tank 241-SY-102 via 242-S 1,384 (366)
6/78 CC Tank 241-SX-106 505 (133)
8/78 cC Tank 241-U-111 225 (59.5)
10/80 DSS 242-S Evaporator 876 (231)
9/84 - 5/88 Water Water Lancing 30.3 (8)
Notes:

kL = kiloliter.

kgal = kilogallon.

DSS = Double-shell slurry.

CC = Complexant Concentrate waste.

'Data derived from Simpson 1984 and Babad et al. 1992.

The first waste received was double-shell slurry from the 242-S Evaporator/Crystallizer.
Double-sh¢  slurry is the most concentrated product that the Hanford Site evaporators
produced (Strode et al. 1988). This waste, concentrated beyond the aluminate precipitation
boundary, is highly viscous. The degree of evaporation is limited only by the ability of the
slurry to be pumped. Double-shell slurry has high concentrations of hydroxide, nitrate, and
aluminate (Babad et al.-1992).
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Waste layers in the tank were initially defined from vertical temperature profiles. That is,
the crust exhibits thermal insulating properties relative to the liquid layer beneath; the
convective layer lies beneath the crust; and a non-convective layer of liquid and settled solids
particles lies below the convective layer. An examination of historical temperature records
shows that during GREs waste temperatures demonstrate an axial reversal of their profile for
a time as the waste "rolls over" (Alleman et al. 1993). This reversal is depicted in

Figure 2-5 with temperature data gathered during the October 24, 1990, GRE

(Barker et al. 1991). Data gathered from the beginning of the GRE are plotted from three
elevations within the waste: (1) in the upper part of the convective region

(thermocouple 19), (2) in the lower part of the convective region (thermocouple 10), and

(3) in the non-convective region (thermocouple 5).

Historical * "a provided by Tank Farm Surveillance were limited to data from March to
November 1994. The minimum temperature was 21.4 °C (70.5 °F) at t1 mocouple 22 in
riser 17B on June 26, 1994; at the time of the reading this thermocouple was in the vapor
space about 4.5 cm above the waste. The maximum temperature was 48.7 °C (120 °F) at
thermocouples 7, 8, 11, 12, 13, 15, and 16 in riser 17C on November 5, 1994. The average
temperature for the time period was 44.2 °C (112 °F). Data from identical elevations in
Figure 2-5 are plotted in Figure 2-6 using the 1994 data. The data tend to converge a number
of times during mixing pump operations, especially in the latter part of the year.

After the pump was installed, it went through a prolonged testing period during which it was
operated for short bursts. It was approximately one year after the pump was installed before
it was operated for a long enough period to mix the contents of the tank sufficiently to result
in waste temperature convergence.

2.4.3 Tank 241-SY-101 Photographs

Figure 2-7 presents photographs taken within Tank 241-SY-101 during April 1989. The tank
waste surface shows substantial differences in surface texture, uniformity, and elevation.
Two probes shown in the photograph that penetrate the waste are splattered, as are the tank
wall surfaces. These splash marks may be the result of an energetic disturbance of the waste
and illustrate some of the dynamic history of the tank (Brager 1993). Another plausible
explanation to the markings is that there may have been a considerable amount of splashing
during transfers into the tank.

2-13
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Figure 2-6. Tank 241-SY-101 1994 Temperature Data.
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3.0 TANK SAMPLING OVERVIEW

A stratum is a contiguous portion of a tank’s contents that has similar properties throughout.
A stratum may be represented by a single segment or a portion thereof, or several contiguous
segments. Three strata were identified in Tank 241-SY-101 prior to the installation of the
mixing pump: (1) a crust, (2) a convective slurry stratum, and (3) a non-convective sludge
stratum.

The crust (stratum 1) is the uppermost cohesive layer within the tank. A crust y be solid
or semi-solid and may have liquid on top and/or below. The convective layer, or stratum 2,
is so named due to its temperature profile; the temperature of the waste is reasonably
uniform throughout this region of ~ : tank, except for a few days immediately after a gas
release event (GRE). The non-convective layer (stratum 3) is that region of waste tl
appears, from thermocouple data, to be thermally non-convective; that is, the temperature of
the waste chan; . as a function of depth.

This chapter describes the acquisition and handling of the waste samples for
Tank 241-SY-101 that took place between November 1990 and December 1991.

3.1 DESCRIPTION OF SAMPLING (Windows A, C, and E)

ink 241-SY-101 was sampled several times in 1990 and 1991 following separate releases of
an accumulated quantity of hydrogen and other gases in turbulent mixing events. Gas
venting inside the dome is a phenomenon that 1 : historically occurred approximately every
90 to 100 days. The gas releases associated with the sampling endeavors discussed in this
report occurred on October 24, 1990, May 16, 1991, and December 4, 1991.

Each gas release triggered a planned sampling activity aimed at physically and chemically
characterizing the tank waste. As soon as the post-venting safety criteria were met, a time
frame during which sampling was deemed safe was declared open. The November .| 90
open time frame was identified as Window A; e May 1991 time frame was design :d
Window C; and the December 1991 open time frame was designated Window E.

Table 3-1 lists the sample locations by riser along with the sample numbers and date of

sampling for the Windows A, C, and E open time frames. Figures 3-1 and 3-2 present a

visual representation of the sampling locations, numbered segment locations, and assumed
iyering within the tank during the sampling time frames.
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Figure 3-2. Tank 241-SY-101 Numbered Segment Locations and In-Tank Layering.
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Riser 22A Sludge Weight Sample R9226 - The sludge weight sampler penetrated the crust by
approximately 1 cm (2.5 in.), which does not allow for material to enter the sampler. Upon
visual examination at the laboratory, it was determined that a small amount (0.18 g) of
sample adhered to the exterior of sampler. This sample was recovered for thermal analysis
only. -

Di~~- 124 Sludge Weight Sample R9218 - Tank Farm Operators observed via an in-tank
video camera that the sludge weight sank through the crust and disappeared from view.
Therefore, the sample was expected to be quite moist.

Upon examination in the laboratory, all outer surfaces of the sludge weight were covered
with a thin film of wet, olive gray sample mate = . There were also several droplets of
liquid and semi-liquid material. The total weight of the sample recovered was 6.0 g.

1 order to recover additional sample, the sampler was washed with deionized water, 1d the
rinsate was collected. It was determined (by weighing the sampler prior to and after rinsing)
that an additional 9.9 g of sample was collected in 103 g of water (total rinsate weight
113 g). The rinsate was centrifuged and separated as centrifuged liquid and centrifuged
solid.

Riser 11A Sludge Weight Sample R9258 - The upper surfaces of the riser 11A sludge weight
were clean and shiny, with the exception of a few rust-colored smudges that were too small
in amount to recover. The cone at the bottom of the sludge weight contained one large
chunk (1 cm diameter and 2 cm long) of material, with the color and consistency of cement
(Herting et al. 1992a). The outer surface of the cone was coated with material resembling
the large chunk. The chunk (3.3 g) and exterior surface material (0.6 g) were recovered for
chemical and thermal analyses.

Riser 16A Sludgr “eight Sample R9256 - The outer surface of the riser 16A sludge weight
cone was coated with material similar to the riser 11A sludge weight. The inside of the cone
was clean with the exception of one side (it appears that the sampler laid on its side on top of
the crust), which was coated with the same material as the exterior. All the sample (3.0 g)
was collected for thermal and chemical analyses.

Auger Sample

T e second sampling method utilized to acquire waste from the tank consisted of auger
sampling. This device was designed to collect primarily solid samples. Any liquid collected
is held within the solid material by capillary forces or may enter the hollow auger center
‘tube. This sampler uses an auger to drill into the waste material to recover a sample on the
flutes of the auger. A full sample was removed from Tank 241-SY-101 with this method in
one out of four cases (Herting et al. 1992a).
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The crust composes the top portion of waste (segments 1 through 3). Prior to sampling,
approximately 30 L (8 gal) of water was dripped down the outside of the drill string. The
intent of this procedure was to reduce the possibility for sparking or heating the crust
material. ..le integrity of the crust samples was deemed compromised by the addition of
water; however, the addition was necessary for safety reasons.

Segment 1 was expected to contain 5 cm (2 in.) of crust material. However, upon ex 1sion
in the hot cell, only a liquid phase (15 mL) was recovered. A portion of centrifuged
supernatant liquid was submitted for limited analysis.

Segment 2 was expected to be a full 48 cm (19 in.) segment of crust material. Upon
extrusion, 11 cm of a mud-like, cohesive solid was recovered, along with about 40 mL of
liquid. The total volume (solid plus liquid) of 55 mL is far short of the 240 mL expected for
a full sampler. A portion of the liquid was centrifuged and submitted for limited chemical
analysis, which demonstrated that the liquid was similar to the liquid in segment 1. " e
solid fraction was treated as a unique waste layer and was later submitted for analysis as
composite 5.

Segment 3 contained a full 240-mL sample of liquid, but no significant amount of solids.
Analysis of the centrifuged liquid indicated that the sample was substantially diluted,
presumably by the water used inside of the drill string to maintain hydrostatic head p ssure.
A fraction of the liquid was sent to Pacific Northwest Laboratory (PNL) for volatile organic
analysis.

Due to the water dilution issues that occurred in the first three segments, it is not possible to
accurately define a boundary between the crust and the convective stratum that underlies the
crust.

Based on the laboratory observations made during extrusion, the segment samples wi
categorized as compromised/diluted crust samples from segments 1 through 3; convective
layer samples from segments 4 through the top of segment 14; and non-convective layer
samples from segment 14 bottom through segment 22. Segment 16 was resampled due to
drill string concerns. Both the original and duplicate samples were sent to the labor. »ry for
analysis (Herting et al. 1992a).

Segment 12 was completely empty. When the sampler was mounted on the extruder, it was
noted that the ball valve was in the open position. Apparently, the valve had failed to close
when the sampler was removed from the tank.

A second core (core 23) from riser 22A was taken on June 4, 1991, nine days a 1 e first
from the same region. This second core consisted of three segments from the bottom of the
tank. The three samples from this second sampling time frame are designated 20A, 21A,
and 22A, and the sample locations correspond with segments 20, 21, and 22 of the first core,
respectively.

Table 3-2 summarizes the Window C cores 22 and 23 sample recovery.
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From thermocouple data, one would have incorrectly predicted the interface between the
convective and non-convective layers to occur near segment 11. It is worth noting that the
visual inspection of extruded segments found the actual interface to occur at segment 14.

The flow diagram shown in Figure 3-3 describes the generic sample breakdown for the
Window C and Window E samples submitted for analysis.

3.3 SAMPLE ANALYSIS (Windows A, C, and E)

Analysis and characterization of the Window C cores were performed according to Analytical
Chemistry Plan for Tank 241-SY-101 Core Sample (Herting 1991) and 101-SY Tank Waste
Characterization Test Plan (Crawford 1991). Analytical Plan and Test Plan for hemical
Analysis and Characterization of the Window "E" Core of Tank 241-SY-101 (Jewett 1992)
guided the analysis of the Window E core. Rheological and physical tests, organic a1 yses,
and certain radionuclide analyses were performed at the PNL 325 Laboratory. Noble metal
analyses were completed at Westinghouse Savannah River Company. All other analyses
were done at the WHC 222-S Laboratory.

The analytical effort for the Window C core sample was directed largely at examining the

vertical homogeneity of the waste in Tank 241-SY-101. Samples from every segment were

analyzed for : main chemical components. The analytical results showed that the waste

was homogeneous within each of the major waste layers, convective and non-convective, a:
at there were differences between the two layers.

In Window E, the focus of the analytical effort shifted to a more in-depth study of f rer
samples. This analysis included an evaluation « the physical properties of the waste.
Consequently, only two segments were analyzed for chemical constituents, whereas a broader
spectrum of analysis was performed on each of the composite samples (Herting et al. 1992b).
A further description of sampling procedures is rovided in the Tank Characterization
Reference Guide (De Lorenzo et al. 1994).

All data from the 222-S Laboratory were recorded and verified by Process Development
Support and Analytical Chemistry on analytical cards, data sheets, and controlled notebooks.
The data were subsequently released to Process Chemistry Laboratories for tabulatio and
issuance of a final report.

iquids from segments 1, 2, and 3 of the Window C core 22 were centrifuged and submitted
)r gamma energy analysis.

Segments 4, 5, 7 through 11, 13, and the top of segment 14 were subsampled for d ‘erential
scanning calorimetry (DSC), and thermogravimetric analysis (TGA). Selected segments were
subsampled for rheology and physical tests from the homogenized bulk liquids and solids.
Selected samples were centrifuged, heated or diluted, and divided into centrifuged solid and
liquid phases.
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The samples routinely precipitated during handling, making the acquisition of a
representative sample difficult. Segment 6 was used as a test case to determine the be way
to obtain a representative sample of waste. The samples were subjected to various
procedures for determination of the best handling method for a liquid/solid sample in a
delicate chemical equilibrium. However, in the best interests of time and in the best
judgment of the chemists in charge, a decision was made to heat all the remaining seg ent
samj s, and perform the liquid/solid separations at tank temperature. Figure 3-4 des ibes
the procedures. The procedures chosen were those used in handling of fractions 3 and 4.

Samples taken from the bottom of segment 14 through segment 22A for the Window C core
involved homogenization and direct sampling of the homogenized tank solids.

Five composite samples were formed from the segment samples from Winc v C.

Composite 1 was formed from segments 4 through 8, and composite 2 was derived from
segments 9, 10, 11, 13, and the top of 14. Samples were acquired from the bulk composites
for semivolatile and cyanide analyses. Centrifuged solid samples were then acquired by
heating the composite sample and centrifuging. Dilute liquid samples were obtained by
decanting from the top of the sample, diluting the supernate, and then centrifuging.

Composite 3 was a combination of the bottom of segment 14, and segments 15 through 8.
Composite 4 was formed from segments 19 thr¢ th 22. These composites were divided into
six bulk subsamples then heated and centrifuged. The supernate was then dilute and
dispensed into three separate samples each. Composite 5 was derived from the solid phase
of segment 2.

Compared to the Window C samples, the analysis of individual segments from the Window E
core sample was very limited. Samples were taken from every segment immediately ‘ter
extrusion for DSC and TGA.

Rheology samples were also acquired immediately after extrusion (to minimize agitation of
the sample) but only from segments 3, 8, 13, 15, and 19. All other samples, includ g
additional DSC and TGA samples, were taken : er the samples were homogenized.

Five composite samples were made from the Window E segments, similar to the five
composites for Window C. The composites were created by combining proportional amounts
(by weight) of several homogenized segment samples into one sample. The segments were
combined to make the composites as follows: composite 1 - segments 3 through 8 (top of
convective layer); composite 2 - segments 8 through 14 (bottom of the convective layer);
composite 3 - segments 16 through 18 (top of non-convective layer), composite 4 -

segments 19 through 21 and 22R (bottom of non-convective layer); and composite 5 -
segment 2 (crust layer diluted with water) (Herting et al. 1992b).
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Several analyses were performed on samples to evaluate the hazardous or toxic chemic s in
the waste. These include arsenic, selenium, mercury, cyanide, chromium (VI), noble metals,
and semivolatile organics.

Appendix E lists all procedure numbers and methods used to evaluate the waste in
Tank 241-SY-101. Additional information on analytical methods can be obtained in the Tank
Characterization Reference Guide (De Lorenzo et al. 1994).

3 1986 SAMPLING TIME FRAME

Three bottle-on-a-string samples were acquired in 1986. Results from this sampling event
are tabulated in Appendix C. For a description of routine sampling procedures, see t| Tank
Characterization Reference _.iide (De Lorenzo et al. 1994).
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4.0 ANALYTICAL RESULTS AND WASTE INVENTORY

4.1 O.n . EW

This chapter summarizes the sampling and analytical results associated with

Tank 241-SY-101, Windows A, C, and E. Data from Statistical Analysis of

Tank 241-SY-101 Data (Welsh 1995) are used. This statistical analysis included data from
the three sampling time frames.

The chemical, radiochemical, physical, and organic results associated with the tank are
presented within this document as in cated in Table 4-1. The samples from which these
‘results were derived were collected on November 18, 1990 (Window A); May 20 and

June 4, | )1 (Window C); aa ~ ' 14 to 16 and 19, 1991 (Window E). These
sampling time frames were the most recent regarding Tank 241-SY-101 and reflect the most
accurate characterization of the tank at the present time. A detailed description of the
sampling process was presented in Chapter 3.0.

Table 4-1. Analytical Data Presentation Tables for Double-Shell Tank 241-SY-101.

Estimated Layer Chemical Composition Data Summarv Table 4-2

| Estimated Overall Waste Concentration and Inventory Table 4-3
. Window C and E Analytical Data Appendix A
ndow A Analytical Data Appendix B

The Appendix A tables present the data acquired from Windows C and E liquid, solid, and
bulk composites, along with segment analyses. Data from all digestion methods are listed.
These tables are to be used only as information concerning the individual sample sources and
concentrations. The segment data, which are used to determine the vertical distribution of
the waste component, can also be found in the Appendix A tables. However, since { : mixer
pump was installed in July 1993, the vertical distribution of the waste is no longer an issue.
It is assumed that the waste has been blended into a slurry that is fairly homogenous
throughout the tank.

Tables 4-2 and 4-3 present the statistical combination of Windows C and E composite data
that are to be used to determine the estimated concentration of the analytes in

Tank 241-SY-101 at the time of sampling. The statistical values used in these tables were
derived from Welsh (1995).

4-1
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All samples exhibited non-Newtonian behavior w 1 the exception of the convective la= ¢
samples from Window C. These same non-Newtonian samples, except segment 19 from
Window E, displayed a time-dependent behavior and were labeled as a thixotropic flu

T :otropy is exhibited by certain gels that go into the liquid state when stirred or shaken

a return to the hardened state upon standing. The Window E, segment 19, displaye
thixotropic behavior only at the highest temperature tested (i.e., 80 °C [176 °F]). The
convective layer segment samples from Window C contained approximately 83 wt% liquid.
Their viscosity is also highly temperature dependent. However, the viscosity levels of these
“wet" samples were, in most cases, at least one order of magnitude lower than the "d: "
Window E segment samples and did not exceed 80 centipoise (cP). This caused the
convective layer samples from Window E to behave rheologically more like the non-

con' tive layer samples than their Window C counterparts. Figures 4-1 and 4-2 depict the
rheological behavior for both the thixotropic non-Newtonian and Newtonian sample types.

Note that at the higher shear rates the non-Newtonian case has a level and behavior similar to
the Newtonian case. In conclusion, the significant factors at a given shear rate are the
percent solids present and the temperature of the sample. It would be expected that a small

lution of a non-convective layer sample would result in rheological properties similar to the
Window C core convective layer sample.

4.3.5 Adiabatic Calorimetry

Samples from Windows C and E were used for adiabatic calorimetry tests. Adiabatic
calorimetry reveals the temperature and extent at which a sample will self-heat due to a
thermally induced exothermic decomposition reaction. The samples were pretreated by
drying at 90 to 100 °C (194 to 212 °F) for 48 hours to drive off moisture and volatile
organic species. A bomb calorimeter instrument produces a pseudo-adiabatic condition by
active instrumental heater compensation for sample heat losses. A dried sample is heated at
a constant rate (1 °C/minute [33.8 °F/minute]) while the time, sample temperature,
calorimeter bomb pressure (initial pressure is 70 pounds per square inch gauge [psif  and

eater energy output are monitored. The initial sample weight and final sample we t are
also recorded. These data allow the calculation of the rates of energy and gas production
from the decomposition reactions.

Figure 4-3 plots temperature versus time and illustrates a variable gradient with respect )
time for a constant heating rate. A derivative of this curve is shown in Figure 4-4.
Figure 4-4 is plotted on a logarithmic scale with temperature and reveals the exother found
1 the DSC data. The sudden drop in the curve at 80 °C (176 °F) denotes the shift in
heating rate. At 180 °C (356 °F), the curve rises dramatically as the temperature increases,
indicating the occurrence of exothermic reactions. Prior to this point, a dip in the ¢ ve
beginning at 140 °C (284 °F) marks an event that triggers the reaction. Evidence suggests
that this endothermic event is a melt of nitrate and nitrite salt oxidants (some volatilization of
residual and hydration moisture may also occur).
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Figure 4-3. Adiabatic Calorimetry Results: Time versus Temperature.
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6.0 CONCLUSIONS

The contents of Tank 241-SY-101 were sampled in 1990 and 1991 to address flammable gas
safety concerns. Although the decision criteria listed in Tank Safety Screening Data Quality
Objective (Babad and Redus 1994) were not in force at the time of these sampling events, a
comparison of the analytical results to the safety thresholds indicates that a majority of the
segments contained exothermic reactions exceeding the 481 J/g limit. The percent water and
total alpha concentrations were below the limits. In addition, the estimated tank heat load of
40,300 Btu/hr was below the critical level of 50,000 Btu/hr established for Tank 241-SY-101
(Harris 1994). :

[-SY-101 currently does not exhibit the historical phenomenon of a large buildup of
n the slurry (and consequent slurry _ » 1), followed by a gas re 1se ‘ent

ation has been relieved through the installation of a mixer pump. This pump allows
ounts of gas to be slowly released and prevents the episodic release of large

of gas.

The 1991 samplings were performed before the installation of the mixer pump. Prior to the
mixer pump operation, three distinct layers existed in Tank 241-SY-101. It is unlikely that
these tyers remain today. Therefore, the data from 1990 and 1991 may not represent the
current distribution of waste in the tank. It is also important to note that all three of the
samplings occurred immediately after a GRE. When a gas release occurs, a sudden outburst
of waste from the bottom of the tank accompanies the discharging gas, causing some mixing
of the convective and non-convective layers. The extent of the mixing of the layers after a
GRE is indeterminable. However, it is possible that, because of the mixing caused by a gas
release, the data from the three samplings may resemble the current makeup of the waste to
some extent. Regardless of the former or present distribution of the waste, the tank contents
remain unchanged, and the analytical results from the 1990 and 1991 sampling events remain
vi d.

Tank 241-SY-101 currently consists mostly of double-shell slurry and saltcake. The alytes
in the largest concentrations were sodium, nitrate, and nitrite, along with lesser quant es of
aluminum, hydroxide, total organic carbon, and many smaller constituents. The maj
radionuclide was *’Cs, and water comprised 35 percent of the waste.

6-1
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APPENDIX A
DOUBLE-SHELL TANK 241-SY-101
ANALYTICAL RESULTS

WINDOWS C AND E
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A.3 COLUMN HEADINGS

The "Analyte" cc mn contains, in addition to the name of the analyte or physical
characteristic, information about the method of measurement, and where applicable,
information about the method of digestion.

Digestion methods will be denoted for the analytes that were digested by more an one
method. Digestion methods used are abbreviated: a - acid digestion; w - water ‘ach; d f-
potassium hydroxide fusion, followed by acid digestion. Analytes may also be measured
direc  on an undigested sample and these are abbreviated: d - direct.

The analyte and method are presented as follows: "method.analyte," or (where applicable)
restion.analyte.” For example, the specific concentration of Lead (Pb) was
: by t* ° luctively coupled plasma method which w: preceded by acid ¢ :ion,
and is listed as "ICP.a.Pb."

Column two describes the core and segment that each sample was derived from. The :tters
indicate the sample type followed by a colon. The numbers that follow the colon indicate the
composite or segment from which the sample was obtained. Occasionally these numbers are
followed by a lower case t or b. In these cases, the sample was divided between a top and
bottom portion of the segment.

The "Sample Number" column lists the laboratory sample from which the analyte was
measured; this identification number is different from the number assigned to the samples at
the tank farm. Sampling rationale, locations, and descriptions of the sampling time frames
are contained in Section 3.0.

"Result" is the specific concentration of the analyte determined at different sampling points.
No quality control data such as matrix spikes, serial dilutions, or duplicate analyses are
listed. This information may be obtained from the Window C data package

(Herting et al. 1992a) an the Window E data package (Herting et al. 1992b).

The number listed is an average between the primary sample and its duplicate sample.
Where more than one duplicate was performed the primary sample was averaged with all the
duplicates. '

Numbers that are preceded by a less than symbol (<) indicate the analyte was noted, ut
was below the analytical instrument’s calibrated detection limit for the sample.

A-7




















































































































































































































































































66-V

Table A-7A. Tank 241-SY-101 Analytical Data: VOLATILE ORGANIC

Chloromethane 1,2-Dichloropropane
Bromomethane cis-1,3-Dichloropropene
Vinyl Chloride Trichloroethene
Chloroethane Dibromochloromethane _I
Meth' ne Chloride ' 1,1,2-Trichloroethane
Acetone Benzene

Carbon Disulfide trans-1,3-Dichloropropene
1,1-Dichloroethane ' ' Bromoform
1,1-Dichloroethene (total) 4-Methyl-2-pentanone
Chloroform . - | Tetrachloroethane
1,2-Dichloroethane . 1{1,1,2,2-Tetrachloroethane
2-Butanone Toluene
1,1,1-Trichloroethane Chlorobenzene

Carbon Tetrachloride ‘| Ethylbenzene

Vinyl Acetate Styrene
Bromodichloromethane Xylene (total)

0 'A%y ‘60-dd-INM-AS-OHM
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Table A-8B. Tank 241-SY-101 Analytical Data: SEMI-VOLA'

ORGANIC

GC/MS.Benzene, 1,1,1’-sulfonylbis[4- |E 1295A/1295B/1296A 25,200

!GC/MS.Phosphine oxide, triphenyl E Soil 1295A/1295B/1296A/1296B/ 1.10E+05
1203-2/1307-2

C Soil 1060/1060D/1061/1061D/1062/ {92,600
_ 1062D/1063/1063D

GC/MS.Phosphine oxide, dipheyl E Soil 1296A 16,000

GC/MS.Dodecane E Soil 195A/1295B/1296A/1296B/ 44,900
1203-2/1307-2

GC/MS.Tridecane E Soil 1295A/1295B/1296A/1296B/ 1.40E+05
1203-2/1307-2 .

GC/MS.Teratdecane E St 1295A/1295B/1296A/1296B/ 1.03E+05
1203-2/1307-2 '

GC/MS.Pentadecane E Soil 1295A/1295B 8,950

IGC/MS. Phosphine oxide, triphenyl  |C Soil  |1061/1061D/1063/ 63D 7,230
IGC/MS .Hexanedioic acid ester C Soil 1061/1061D 1,600
2GC/MS.2-Fluoro-4-Nitrophenol C Soil 1061/1061D 2,900 N
Notes:

'Assumed to be from lab renovation in 325 building.

2Assumed to be a nitration product of acid surrogate 2-fluorphenol.

0 "A9Y ‘60-dd-IWM-dS-OHM
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APPENDIX B
'DOUBLE-SHELL TANK 241-SY-101
AMATYTIC'T RES™™ TS

1990 WINDOW A CRUST SAMPLES

B-1
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APPENI | C
OUBLE-SHELL TANK 241-SY-101

HISTORICAL ANALYTICAL RESULTS

1986 BOTTLE-ON-A-STRING SAMPLE
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APPENDIX D
DOUBLE-SHELL TANK 241-SY-101
CONVECTIVE AND NON-CONVECTIVE SEGMENT PHOTOGR PHS

WINDOW C
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APPENDIX E
DOUBLE-SL...LL TANK 241-SY-101
ANALYTICAL METHODS AND PROCEDURES

WINDOWS C AND E
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APPENDIX F
TYPICAL THERMODYNAMIC SCA S OF

TANK 241-SY-101 SAMPLES
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