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COMPARISON OF ORGANIC CONSTITUENTS FOUND IN THE CONDENSED AND
VAPOR PHASES OF TANKS 241-BY-108, 241-BY-110, AND 241-C-102

SUMMARY

Results from vapor and condensed-phase sampling of tanks 241-BY-108, 241-BY-110, and
241-C-102 were reviewed and compared in this report. Both vapor and condensed-phase
samples from tanks 241-BY-108 and 241-C-102 indicate the presence of organic solvent.
The organic solvent remaining in these tanks are predominantly the heavier fractions of
normal paraffin hydrocarbons (NPHs) (i.e., dodecane, tridecane, and tetradecane) and
tributyl phosphate (TBP). As was found for the organic solvent in tank 241-C-103, the flash
point for the 241-BY-108 and 241-C-102 organic solvent is well above current tank
temperatures.

Differences between the measured headspace organic vapor concentrations and the organic
vapor concentrations estimated from condensed-phase data indicate that the tank headspaces
are not in equilibrium with the organic solvent detected in the waste. Non-equilibrium is the
result of air flow through these tanks from passive ventilation. This is important because an
equilibrium difference allows calculation of effective organic pool size in the tanks.

Calculations based on estimated tank ventilation rates and headspace characterization data
indicate that tanks 241-BY-108 and 241-C-102 contain significant amounts of organic solvent
(i.e., more than a 1 m? pool). Tank 241-BY-110 core samples did not contain measurable
quantities of NPHs or TBP, though the semivolatile NPHs were observed in tank headspace
samples. The total effective surface area of organic solvent in tank 241-BY-110 is estimated
to be less than | m?; consequently, this tank was not anticipated to contain a significant
amount of solvent.

An additional observation from the comparison of vapor and condensed-phase sample data is
that headspace vapor sampling can detect the presence of organic solvent, even if a surface
pool does not exist. Analyses of condensed-phase samples from tank 241-BY-108 show no
organic solvent in the top 50 cm of waste. However, the sample segments below 50 cm
show NPH and some TBP. This is significant in that vapor sampling can detect solvent
which is on the surface or entrained in the waste.
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1.0 INTRODUCTION

Historical production of weapons grade plutonium at the Hanford Site involved various
organic liquid chemical separation processes. Organic extractants and solvents associated
with these separation processes are known to have been sent to the high level radioactive
waste storage tanks at the Hanford Site. Their presence in the tanks has been determined to
be a safety issue.

The 241-C tank farm is known to have directly received Plutonium Uranium Extraction
(PUREX) Plant organic waste (Sederburg and Reddick 1994). This waste contained the
extractant TBP used in the PUREX process, in a solution of semivolatile diluents. Different
diluent mixtures were used during the 16 year life of the PUREX process, but for chemical
inertness, the semivolatile NPHs were the preferred, and most common, diluent constituents.
Waste transfers from the 241-C tank farm during the late 1950s and early 1960s apparently
resulted in the transfer of much of this waste to the 241-BY tank farm. Schultz (1968)
reported the presence of a layer of TBP and NPHs floating on other waste in tank
241-BY-112. The organic waste in tank 241-BY-112 was apparently removed by steam
distillation during the In Tank Solidification (ITS) process (Huckaby and Bratzel 1995a). A
similar organic liquid was reported by Anderson (1969) as a 25-cm to 35-cm deep layer in
tank 241-C-102 in 1969. Waste transfers from tank 241-C-102 to tank 241-C-103 in 1975
are thought to have transferred the bulk of the NPHs and TBP to tank 241-C-103, and left
residual quantities in tank 241-C-102 (Carothers 1988).

Tank waste auger and core samples have identified semivolatile NPHs in tanks 241-BY-108
and 241-C-102, as well as TBP. Vapor samples from the headspaces of these tanks also
indicate they contain NPHs and TBP. This report examines the data from the vapor and
condensed-phase samples and comments on apparent agreements and disagreements of these
data.

2.0 SAMPLE DESCRIPTION

2.1 VAPOR PHASE SAMPLES

The primary vapor-phase data used in this report are based on samples collected using the
Vapor Sampling System (VSS). Validation of the VSS for tank headspace sampling has been
described by Mahon et al. (1996) and Huckaby et al. (1996). Details of its use to sample
tanks 241-BY-108, 241-BY-110, and 241-C-102 are given in WHC 1995a, 1995b, and
1995c¢, respectively.
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Organic vapor samples were collected in SUMMA! canisters and triple sorbent traps (TST).
SUMMA™ canisters were analyzed by Pacific Northwest National Laboratory (PNNL), and
TSTs were analyzed by Oak Ridge National Laboratory (ORNL). Analyses involved sample
conditioning steps unique to each laboratory, but all analyses were based on gas
chromatography for chemical separation and mass spectroscopy for identification and
quantitation of constituents.

Vapor-phase TBP results are believed to be biased low. Adsorption of TBP by both the
stainless steel components of the VSS and by the glass fiber filters used to remove
radioactive particles from the sample air is believed to have interfered with quantitative
transfer of TBP vapors in the VSS. Furthermore, the stainless steel SUMMA™ canisters are
inappropriate for sampling TBP. Jenkins et al. (1995a) reports preliminary testing performed
to address TBP sample transfer.

Tank headspace characterization summary reports containing information on the sampling
events, sample analyses, and references for the analytical reports have been issued for each
of the three tanks discussed here (Huckaby and Bratzel 1995b, 1995c, and 1995d).

2.1.1 Tank 241-BY-108

The headspace of tank 241-BY-108 has been sampled five times since March 1994. The
initial samples, collected in March 1994, contained very high levels of organic vapors, and
indicated that tank 241-BY-108 might contain appreciable quantities of NPHs and TBP.
More extensive vapor sampling in October 1994 confirmed this, and provided quantitative
concentrations for many individual organic vapors (Huckaby and Bratzel 1995b). Of the
approximately 80 waste tanks that have been vapor sampled to date, only tank 241-C-103 has
been found to have a higher level of organic vapors than tank 241-BY-108. Vapor samples
from tank 241-BY-108 were also collected in January, March, and September 1996 as part of
a study to assess temporal headspace composition changes. Results from the January 1996
sampling event have been published (Huckaby et al. 1996), but only preliminary results are
available from the March 1996 event, and no results are yet available from the September
1996 event.

The dominant organic vapors detected in tank 241-BY-108 are the NPHs, semivolatile
branched and cyclic alkanes, and their associated degradation products. TBP was not
detected; rather, a hydrolysis product of TBP, 1-butanol, was the single most abundant
organic compound. Table 2-1 lists mean vapor-phase concentrations of the NPHs and TBP
reported by PNNL and ORNL. Huckaby and Bratzel (1995b) have summarized the March
1994 and October 1994 sampling events, and have compiled the analytical results.

"Trademark of Molectrics, Inc., Cleveland, Ohio.
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Table 2-1. Tank 241-BY-108 Organic Compounds in Vapor Samples (Mean Values)

n-Nonane . 0.14 0.19
n-Decane 0.09 0.21
n-Undecane : 0.48 0.48
n-Dodecane 0.81 0.80
n-Tridecane 0.64 0.73
n-Tetradecane 0.22 0.97
n-Pentadecane n.d. 0.33
n-Hexadecane n.d. 0.005
Tributyl Phosphate n.a. n.d.
n.a. = not applicable

n.d. = not detected

2.1.2 Tank 241-BY-110

Headspace samples from tank 241-BY-110 were collected in November 1994. The level of
organic vapors in tank 241-BY-110 was found to be higher than for most other tanks, though
much lower than that of tank 241-BY-108. The calculated equivalent pool size for tank
241-BY-110 is less than 1 m? (Cowley and Postma 1996). The semivolatile NPHs, related
branched and cyclic alkanes, and many volatile species that have been attributed to the
degradation of NPHs and TBP account for nearly all detected organic vapors. Like tank
241-BY-108, the concentration of organic vapors in tank 241-BY-110 is substantially higher
than in the tank to which it is connected (via cascade piping). This indicates the vapors are
indeed evolved by the waste in tank 241-BY-110.

Table 2-2 lists mean vapor-phase concentrations of the NPHs and TBP reported by PNNL
and ORNL. Huckaby and Bratzel (1995c) have summarized the November 1994 sampling
event and compiled the analytical results.
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Table 2-2. Tank 241-BY-110 Organic Compounds in Vapor Samples (Mean Values)

n-Nonane 0.035 0.030

n-Decane 0.032 0.024
n-Undecane 0.053 0.042
n-Dodecane 0.071 0.079
n-Tridecane 0.058 0.130
n-Tetradecane 0.028 0.045
n-Pentadecane n.d. 0.017
n-Hexadecane n.d. 0.022
Tributyl Phosphate n.a. n.d.

n.a. = not applicable
n.d. = not detected

2.1.3 Tank 241-C-102

Tank 241-C-102 was sampled for gases and vapors in August 1994, Samples contained high
levels of the semivolatile NPHs and volatile organic species associated with the degradation
of NPHs and TBP. Tank 241-C-102 was observed to have the third highest total organic
vapor concentration, being only less than that in tanks 241-C-103 and 241-BY-108.

Table 2-3 lists mean vapor-phase concentrations of the NPHs and TBP reported by PNNL
and ORNL. Agreement between the PNNL SUMMA™ canister and ORNL TST results is
very good. Note that ORNL TST results given by Huckaby and Bratzel (1995¢) incorporate
an early ORNL reporting error, and ORNL values given in Table 2-3 are those of Jenkins

et al. (1995b).

Because tanks 241-C-101 and 241-C-103 were ventilated via their cascade piping connections
with the tank 241-C-102 headspace at the time of vapor sampling, the tank 241-C-102
headspace composition was a function of the composition and breathing rates of tanks
241-C-101 and 241-C-103. Huckaby and Bratzel (1995d) examined headspace
characterization data from these three tanks and concluded that while the data could not be
used to confirm the tanks were exchanging gases and vapors, the data did indicate little
significant transfer of semivolatile organic species was occurring. However, the headspace
of tank 241-C-103 has much higher concentrations of the semivolatile NPHs than tank
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241-C-102, and transfer of these via the cascade line may alter the relative distribution of
NPHs in the headspace of tank 241-C-102.

Table 2-3. Tank 241-C-102 Organic Compounds in Vapor Samples (Mean Values)

n-Nonane 0.15 0.14

n-Decane ' 0.64 0.54
n-Undecane 1.62 1.40
n-Dodecane 1.62 1.80
n-Tridecane 1.46 1.30
n-Tetradecane 0.50 1.02
n-Pentadecane 0.017 0.13
n-Hexadecane n.d. 0.11
Dibutyl Butylphosphonate n.a. 0.00093
Tributyl Phosphate n.a. 0.054
n.a. = not applicable

n.d. = not detected

2.2 CONDENSED PHASE SAMPLES
2.2.1 Tank 241-BY-108

Auger samples extending to a depth of approximately 50 cm were collected from two
locations of the waste crust of tank 241-BY-108 in August 1994. These were subjected to an
organic solvent extraction and the extract analyzed for semivolatile organic compounds, but
no organic compounds were detected (Campbell et al. 1995).

Rotary mode core samples from tank 241-BY-108 were collected in July and August 1995.
Analyses for semivolatile NPHs and TBP were performed by the Westinghouse Hanford
Company (WHC) 222-S Laboratory on two of the three core samples. Neither NPHs nor
TBP was detected in the first segment of either core, but both were found in lower sections.
Table 2-4 lists the mean concentrations of organic compounds found in the core samples;
more detailed results are given by Baldwin et al. (1996).
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Table 2-4. Tank 241-BY-108 Organic Compounds in Core Sample (Mean Values)

n-Nomane ' 0.988 0.008 0.004
n-Decane 3.42 0.024 0.012
n-Undecane 23.5 0.150 0.078
n-Dodecane 58.8 0.345 0.179
n-Tridecane 71.3 0.387 0.200
n-Tetradecane 55.1 0.278 0.144
n-Pentadecane 224 0.105 0.055
Tributyl Phosphate 0.0745 0.00028 0.00014

2.2.2 Tank 241-BY-110

Nine core samples were collected from tank 241-BY-110 from July to October 1995
(Simpson et al. 1996). All samples were visually inspected for separable organic liquid
phase, but none were detected. Analyses for the NPHs and TBP were performed using gas
chromatography with flame ionization detection. The procedure involved spiking samples
with n-hexadecane as a quality assurance verification of analyte recovery. None of the target
analytes were reported above the detection limits, indicating no significant quantities of
organic solvent in this tank. However, because of a data reduction error, the surrogate
n-hexadecane was reported as a detected waste constituent in the Tank Characterization
Report (Simpson et al. 1996).

2.2.3 Tank 241-C-102

Tank 241-C-102 was auger sampled in August 1992. No separable organic liquid phase was
detected in the drainable liquid obtained from the auger sample. The auger sample was
divided into upper and lower fractions, which were analyzed separately for NPHs and TBP
(Campbell et al. 1995). Analytes were identified using a gas chromatograph with mass
spectroscopic detection, and quantitated using a gas chromatograph with flame ionization
detection.

Tables 2-5 and 2-6 list the organic compound concentrations measured in the upper and
lower sections, respectively. Results given in Tables 2-5 and 2-6 indicate that while the
concentration of NPH in the upper fraction is only about half that in the lower fraction, the
distribution of individual NPHs is the same. The similarity between the last columns of
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Tables 2-5 and 2-6 suggests that the NPH and TBP mixtures in the two sample fractions are
essentially the same.

Table 2-5. Tank 241-C-102 Organic Compounds in Upper Fraction of Auger Sample

n-Decane 107 | - 0.75 0.015
n-Undecane 553 3.54 0.068
n-Dodecane 2050 12.0 0.23
n-Tridecane 3500 19.0 0.37
n-Tetradecane 1760 8.9 0.17
Tributyl Phosphate 2060 7.7 0.15

Table 2-6. Tank 241-C-102 Organic Compounds in Lower Fraction of Auger Sample

n-Decane 232 1.6 ‘ 0.015
n-Undecane 1320 8.4 0.080
n-Dodecane 4450 26.1 0.25
n-Tridecane 7520 40.8 0.39
n-Tetradecane 3650 18.4 0.17
Tributyl Phosphate 2740 10.3 0.097
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3.0 COMPARISON OF VAPOR AND CONDENSED
PHASE SAMPLING RESULTS

3.1 TANK 241-BY-108

Mean concentrations of organic compounds from tank 241-BY-108 core samples are given in
Table 2-4 in three types of units: mass of constituent per mass of sample; moles of
constituent per mass of sample; and moles of constituent per total moles of identified organic
compounds. The last of these, the mole fraction of identified organic constituents, can be
used to estimate the vapor composition above an orgariic solution consisting of the listed
compounds. Assuming activity coefficients for these constituents in the actual waste matrix
to be approximately equal, Raoult’s law can be used with estimated pure component vapor
pressures and the condensed-phase organic mole fractions to estimate the partial pressures of
individual constituents. Table 3-1 gives estimated organic vapor concentrations derived from
core sample data along with actual tank headspace vapor characterization data. For each
constituent listed, the condensed-phase organic mole fraction (second column) is multiplied
by its pure component vapor concentration (third column) to obtain a calculated vapor
concentration (fourth column). Pure component vapor concentrations were calculated using
Antoine’s equation® with constants from Dean (1992), Dreisbach (1959), and Schultz and
Navratil (1984).

The last three columns in Table 3-1 show the best agreement between vapor and condensed-
phase organic compound data occurs for the least volatile constituents (n-pentadecane and
n-tetradecane) and is worst for the more volatile constituents (n-nonane and n-decane).
Specifically, the n-nonane concentration in the tank headspace is more than a factor of 100
lower than predicted by the limited Raoult’s law calculation, while the headspace
n-pentadecane concentration in TST samples is very close to its predicted value. A plausible
explanation for this observation is that the more volatile constituents have been depleted from
the organic waste at the surface because of preferential evaporation. This would imply that
estimation of organic waste composition from vapor-phase data may overestimate the fraction
of low volatility constituents within the waste.

The observed headspace concentrations are significantly lower than that estimated from a
Raoult’s law calculation using pure component vapor pressures and condensed-phase organic
mole fractions. This is reasonable because passive ventilation of the tank prevents
establishment of equilibrium between the vapor and condensed-phases. Also, based on
characterization of the vapor-phase, there are many other volatile and semivolatile
constituents in the waste that were not included in the Raoult’s law calculation, and the
omission of these causes an over-estimation of the NPH vapor concentrations.

“Antoine’s equation is a three-parameter correlation that approximates the vapor pressure of a
pure compound as a function of temperature.
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Table 3-1. Tank 241-BY-108 -- Comparisons

n-Nonane 0.004 5630 23 0.14 0.19
n-Decane 0.012 1700 20 0.09 0.21
n-Undecane 0.078 564 44 0.48 0.48
n-Dodecane 0.179 174 31 0.81 0.80
n-Tridecane 0.200 52 10 0.64 0.73
n-Tetradecane 0.144 15 2.2 0.22 0.97
n-Pentadecane 0.055 4.4 0.24 n.d. 0.33
g;iobs‘glﬁte 0.00014 5.9 0.00083 na, n.d.

n.a. = not applicable

n.d. = not detected

! Pure component concentrations were calculated at 25 °C (the estimated waste
surface temperature in tank 241-BY-108) with Antoine equation constants given by
Dean (1992) for n-nonane and n-decane, by Dreisbach (1959) for other alkanes, and
by Schultz and Navratil (1984) for TBP.

Vapor samples from the January and March 1996 sampling events were found to contain
much lower levels of organic vapors than samples from October 1994. This is apparently
attributable to the fact that the headspace of tank 241-BY-108 was purged with ambient air in
August 1995. At that time, a portable exhauster was installed and operated on tank
241-BY-108 in support of rotary mode core sampling operations. That the headspace vapor
concentrations in January 1996 were still much lower than their pre-August 1995 levels
indicates that the evolution of vapors from the waste is only slightly faster than the removal
of vapors via air exchange with the atmosphere. Consistent with this

explanation is the observation that vapor concentrations were measured to be higher in the
March 1996 samples than in the January 1996 samples. This slow recovery of the headspace
is also consistent with the lack of NPHs and TBP in samples from the waste surface of tank
241-BY-108 (auger samples from the top 50 cm and the first segment of each core contained
no NPHs or TBP).
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Despite indications that the NPHs and TBP reside well below the waste surface in tank
241-BY-108, the level of organic vapors in tank 241-BY-108 identify it as having a total
effective surface area of organic liquid waste greater than 1 m?. Even data from the January
1996 vapor sampling event identifies tank 241-BY-108 as exceeding the 1 m? criterion,
despite the fact that the headspace organic vapor concentration had been greatly reduced by
active ventilation in August 1995 (Huckaby 1996).

3.2 TANK 241-BY-110

While the semivolatile NPHs were identified in vapor samples from tank 241-BY-110, they
were not detected in any of the nine core samples. This indicates the presence of only a
small amount of solvent, and also suggests that the solvent is not pervasively mixed with the
tank waste solids. Though neither the quantity nor location of the organic liquid in tank
241-BY-110 can be determined from vapor sampling data, calculations do indicate that the
total effective surface area of an organic solution of NPHs and TBP in tank 241-BY-110
would be less than 1 m* (Huckaby 1996).

3.3 TANK 241-C-102

Analogous to Table 3-1 for tank 241-BY-108, Tables 3-2 and 3-3 compare data on NPHs and
TBP from the two fractions of the auger sample from tank 241-C-102 with headspace
characterization data. Actual headspace concentrations are lower than that predicted from
condensed-phase data, presumably because the vapor and condensed-phases are not at
equilibrium. The measured and predicted distributions of NPH vapors are similar, however,
in that n-undecane and n-dodecane vapor concentrations are higher than others.

As with the comparison of tank 241-BY-108 data, Tables 3-2 and 3-3 indicate better
agreement between predicted and measured vapor concentrations as the volatility of the
compound decreases. For example, dividing the NPH vapor concentrations predicted from
upper-fraction auger sample data (i.e., values given in the fourth column of Table 3-2) by the
ORNL TST headspace results (i.e., values given in the last column of Table 3-2) gives 50
for n-decane, 29 for n-undecane, 24 for n-dodecane, 16 for n-tridecane, and 2.8 for
n-tetradecane. This may be due to the depletion of the more volatile components (e.g.,
n-decane) from the waste surface.

10
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Table 3-2. Tank 241-C-102 Upper Section -- Comparisons

n-Decane 0.015 1800 27 0.64 0.54
n-Undecane 0.068 600 41 162 1.40
n-Dodecane 0.23 186 43 1.62 1.80
n-Tridecane 0.37 56 21 1.46 1.30
n-Tetradecane 0.17 17 2.9 0.50 1.02
g;i)"s‘;:g; . 0.15 6.3 0.95 na. 0.054

n.a. = not applicable

! Pure component concentrations were calculated at 25.8 °C (the estimated tank
241-C-102 surface temperature) with Antoine equation constants given by Dean
(1992) for n-decane, by Dreisbach (1959) for other alkanes, and by schultz and
Navratil (1984) for TBP.

Historical data were used to predict that tank 241-C-102 probably contains NPHs and TBP in
the waste, and both auger and vapor samples confirm this. The tank has been identified as
one of seven that has a total effective surface area of NPHs in solution with TBP of greater
than 1 m? (Huckaby 1996).

TBP was found in both fractions of the auger sample, and at approximately the same
concentrations. TBP was detected in vapor samples from tank 241-C-102, but because the
sampling methods may have affected the measurement, the reported value of 0.054 ppmv is
thought to be lower than the actual value. Consequently, the agreement between the vapor
and condensed-phase samples of TBP is only that it was detected in both.

11
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Table 3-3. Tank 241-C-102 Lower Section Comparisons

n-Decane 0.015 1800 ) 27 0.64 0.54
n-Undecane 0.08 600 48 1.62 1.40
n-Dodecane 0.25 186 47 1.62 1.80
n-Tridecane 0.39 56 22 1.46 1.30
n-Tetradecane 0.17 17 2.9 0.50 1.02
g;g’s‘;tg;w 0.097 6.3 0.61 na. 0.054

n.a. = not applicable

! Pure component concentrations were calculated at 25.8 °C (the estimated tank
241-C-102 surface temperature) with Antoine equation constants given by Dean
(1992) for n-decane, by Dreisbach (1959) for other alkanes, and by Schultz and
Navratil (1984) for TBP.
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