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Background

From the 1940s to the 1990s, approximately 210,000 m? (55 million gal)
of radioactive byproduct from plutonium processing was deposited in
177 underground storage tanks on the US Department of Energy’s
Hanford Nuclear Reservation in Washington State. The majority of the

storage tanks have exceeded their design lives, and many of them are = —_F-'Eaﬁ.f(;ﬁd.sne Doub|e_Sh e” Tank

suspected or known to be leaking. The composition of the waste varies |2 .
among the tanks and is known to be approximate. In addition to highly i Farm Under ConStrUCU()n
caustic concentrated inorganic compounds, many tanks contain i

radioactive and organic mixed waste. The fugitive emissions from these

tanks may pose a safety hazard due to flammability and an occupational

exposure hazard due to the presence of toxic chemicals.

Objectives

The primary objective is to develop an analytical methodology for
characterization of volatile organic compounds (VOCSs) collected from
headspace of underground waste storage tanks. Since the analytical
procedure is to be used on a routine basis with a relatively short turn-
around time, an autosampler has been incorporated in the analytical
system. Federal and Washington State regulatory programs govern the
management of the tank waste, the analytical results have to meet data
quality objectives (DQO) for regulatory requirements for hazardous
and radioactive air emissions sampling and analysis. In addition, the
DQO process has to identify the regulatory drivers that include:

» The analytes which are needed to address regulatory air emission gl - e
issues. Analytes include those which are known or potentially =
present in vapor phase,

¢ Which analytes to test via sampling and laboratory analyses, and -
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e The appropriate analytical methods that provide acceptable —
detection capability and quality.




Sample Collection

The In Situ Vapor Sampling System (ISVSS) was used to collect
VOCs in SUMMA™ canisters from the waste tanks. The ISVVS
is portable and consists of two principal sections: the sample
head assembly and a cart-mounted sampling manifold. The
sample head assembly, which houses transfer lines connected
to SUMMA canisters, is lowered into the tank’s headspace to
obtain vapor samples. The sampling manifold draws tank
headspace vapor through the sample head assembly and
measures the volume of gas drawn through the sampling
system.

Instrumentation and Analysis

Sequentially, a fixed volume (20 to 200 ml) of tank headspace sample
and a fixed volume (100 ml) of a multi-component internal standard
are withdrawn from the SUMMA canisters by an autosampler (Entech
7032-L) for analysis. The VOCs in the vapor sample are concentrated
by a preconcentration system (Entech 7100). The preconcentrator
consists of three cryogenic traps (glass beads, Tenax™ TA, and
Silonite coated tubing). In addition to cryogenic focusing of VOCs, the
preconcentrator also provides water management (microscale purge
and trap) and carbon dioxide removal (purging Tenax trap sub-
ambiently). Subsequently, the VOCs were transferred to a gas
chromatograph (GC) column (60 m x 0.25 mm ID, 5% diphenyl-
dimethyl polysiloxane) and analyzed by gas chromatography/mass
spectrometry (Agilent model 5973 Mass Detector/6890 GC). The GC
oven temperature is programmed as follows: hold at 0°C for 10 min,
then heated to 230°C at 4° C/min.
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Accuracy of the Analytical Methodology Stabilit ofCC:libration Curves Over 12 Months
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Conclusion

A method for the analysis of volatile organic compounds collected in SUMMA™ canisters has been developed and applied to characterize samples of headspace
gasses collected from underground nuclear waste storage tanks at the DOE Hanford Site, in Richland, WA. The analytical system consists of an autosampler, a
preconcentrator, and a gas chromatograph/mass spectrometer. In addition to performing analyses automatically, the system provides water and carbon dioxide
management. The method developed in this project demonstrates a number of highly beneficial attributes for the difficult analyses of trace gases. A large
number of compounds (60 target analytes), from very polar to very volatile were validated. Those target analytes are typical of the major compounds found in the
Hanford underground storage tanks. Target analytes include alkanes, alkenes, halogenated alkanes and alkenes, chlorinated alkenes, alkyl alcohols, alkyl
ketones, alkyl nitriles, alkylated aromatics, and chlorinated aromatics. Performance was characterized based on recovery, reproducibility, stability, linearity of the
calibration, and method detection limits. Extremely low detection limits (< 0.6 ppbv) were established for a majority of the analytes (3 out of 60), based on 200 ml
of sampling volume. Recoveries for a majority of target analytes were above 80 % over a period of 4 months, and the reproducibilities (%RSD) were less than
1.6% near the method detection levels for all analytes. The accuracy for representative target analytes were 7% RSD. Calibration curves, with linearities (R?) of
greater than 0.946, were established at six concentrations ranging from 4 ppbv to 120 ppbv for all analytes. The calibration curve remains stable (less than 15 %
deviation from the average response factors) over a period of 12 months, indicating the analytical method is rugged, and can be applied to routine monitoring of
headspace tank samples. The method was applied to the analysis of a total of 50 samples collected from the headspaces of 12 underground storage tanks.
Quality control procedures were implemented to monitor sampling and analytical method.




Presentation Data

Reproducibility of Analytical Methodology (%6RSD) Linearity of Calibration Curves
CAS CAS
Target Analyte Number | 4 ppbv | 10 ppbv| 20 ppby 30 ppby 60 ppb Selected Target Analyte Number Minimum and Maximum of R 2
n-Propane 74-98- 23.67 2.17 4.72 3.54 2.26 5.52 n-Propan 74-98 1.000
Methyl chloride 74-87-3] 11.74 4.29 3.86 4.05 3.40 5.20 Methyl chloridd 74-87- 1.000
n-Butane 106-97-§ 13.22 3.28 3.58 2.99 2.37 4.74 n-Butand 106-97 0.999
Dichloromethane 75-09-4 19.54 2.53 3.44 2.49 2.43 4.71 Dichloromethan 75-09 1.000
n-Hexane 110-54-3 16.82 2.89 8.15 1.74 2.28 9.94 n-Hexand 110-54] 1.000
Chloroform 67-66-3| 16.93 3.33 4.23 3.42 3.64 4.26 Chloroforr 67-66- 0.997
Benzene 71-43-4 17.64 3.28 5.35 1.76 0.77 5.45 Benzen 71-43] 0.996
n-Heptane 79-01-4 19.18 5.77 6.50 0.60 0.96 5.68 n-Heptan 142-82 1.000
Toluene 108-88-3 18.82 7.39 5.11 0.54 0.82 5.05 Toluend 105-88. 0.968
182322 21.21 | 8.02 3.93 2.11 3.61 1.86 108-38-3
m,p-Xylene 106-42- . . . . . . a4
n-Nonane 111-84- 1669 | 888 | 326 | 141 | 089 | 575 mnp,\i(gr'g‘: lffll_‘824_ Do
1,1,2,2-Tetrachloroethane 95-4716 18.74 7.26 4.60 1.30 2.29 2.75 112 5-Terachloroetha 93 0.958
n-Decane 124-18-5 18.08 8.60 3.70 3.00 3.07 2.24 P -

Hexachloro-1,3-butadiene 87-6813 17.97 | 7.16 2.11 5.08 2.79 1.82 n-Decan 124-18 0.962
Acetaldehyde 75-07-d 20.96 | 10.36 | 10.80 | 5.09 528 | 14.06 Hexachloro-1,3-butadie 87-6 0.946
Methanol 67-56-1] 25.53 | 11.74 | 7.97 205 | 1099 | 8.13 Acetaldehyd 75-07 0.998
Acetone 67-64-1 2.84 6.36 | 14.81 | 7.60 8.37 2.80 Methano 67-56- 0.962
2-Propanol 67-63-0 21.72 | 13.24 | 12.06 7.34 5.33 4.22 Acetong 67-64- 0.999
Propanenitrile 107-12-0 11.07 8.77 10.80 3.06 1.04 1.91 2-Propand 67-63 0.962
2-Butanone 78-93-d 22.88 | 12.50 | 16.40 5.25 3.59 2.08 Propanenitril 107-12 0.999
1-Butanol 71-36-3] 19.79 6.24 10.43 | 11.38 14.17 0.95 2-Butanon 78-931 0.999
2-Hexanone 591-78-F 26.87 | 10.71 7.36 2.99 2.70 8.07 1-Butano 71-36- 0.948
2-Octanone 111-13-f 12.43 8.28 5.20 8.86 5.40 7.70 2-Hexanon 591-78 0.995
*Based on the average of response factors measured at concentrations of 4, 10, 20, 30, 60, and 120 | f 2-Octanong 111-13 0.947

multiple calibration curves (3-5 replicates over a period of 12 months) Correlation Coefficients based on 3 to 5 initial calibration curves
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Accuracy of the Analytical Methodology
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