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 Ref: EPR- EP 
 
March 2008 
 
TECHNICAL MEMORANDUM  
 
SUBJECT: Discussion of TCE isotope data –MS4 Missile Site  
 
TO:  David Rathke – EPA  
 
FROM: Mike Wireman;  Regional Ground Water Expert 
 
INTRODUCTION 
 
TCE has been detected in ground water in the White River Formation below and downgradient (east) from 
the former Atlas “D” Missile Site 4 (MS4), located in Laramie Cy, WY. Concentrations of TCE in ground 
water exceed 3000 ug/l immediately beneath MS4 but decline rapidly downgradient of the site. 
Concentrations are less than 1000 ug/L immediately east of the site and are less than 100 ug/l two miles east 
of the site. TCE has been detected in monitoring wells located 6 miles east of MS4 (concentration less than 
10 ug/l) and also occurs in low concentrations (10 -20 ug/L) in the City of Cheyenne’s public water supply 
wells located about 10-12  miles from MS4. The Cheyenne PWS wells are completed in the Ogallala Fm. 
which overlies the White River Fm. The US Army Corp of Engineers (USACOE) has conducted a rigorous 
remedial investigation at MS 4, aimed in part at assessing the nature and extent of TCE contamination 
associated with operational practices at MS4 (USACOE, 2005) 
 
A key question is whether the TCE detected in the Cheyenne PWS wells is from a commercially 
manufactured compound (solvent) used at MS4.  To help assess this question samples were collected from 
six ground water wells for analysis of stable chlorine and carbon isotopes of TCE. Determining and 
comparing the ratios of stable carbon, chlorine and hydrogen isotopes of TCE is potentially useful for 
distinguishing between different DNAPL sources and to link plumes with specific sources (Hunkeler, et al., 
2004) and perhaps allow for “fingerprinting” specific commercial chlorinated solvents. This approach is 
based on the observation that isotopic ratios for carbon, chlorine and /or hydrogen differ between 
manufacturers and, to a lesser extent, between production batches. Data obtained from these analyses can be 
useful for (1) determining whether stable carbon and chlorine isotope ratios remain constant during 
dissolution, transport and fractionation of chlorinated ethenes, (2) linking TCE plumes to their sources and 
(3) distinguishing TCE produced by dechlorination from manufactured TCE.  
It is important to point out the limitations of associated with the using data for stable isotopes ratios of Cl, C 
and H to fingerprint TCE compounds.  First, analytical methods for determining values for stable chlorine, 
carbon and hydrogen isotopes of TCE are still undergoing development. There is no “standard method” that 
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can be used to help assure consistency and reproducibility. Second, the use of stable isotope data for TCE in 
characterizing TCE plumes is also limited by the incomplete data base for commercially manufactured TCE 
compounds and the differing degrees of distinct differences between manufacturers and compounds 
associated with different stable isotopes ( δ37Cl, δ13C and δ 2H). Third, the use of δ13C data is constrained by 
the significant isotopic fractionation of carbon during anaerobic biodegradation of PCE. Fourth, there is little 
information and data related to fractionation of stable TCE isotopes during transport and transformation 
processes other than biodegradation (Hunkeler, et al., 2004) 
 
STABLE ISOTOPES OF CHLORINATED SOLVENTS 
 
Stable isotope analysis has been recognized for some time as a valuable tool in the characterization of the 
sources and subsurface behavior of inorganic contaminants (Skouakar-Stash et al., 2003). Analysis of stable 
isotope data may have similar value in the assessment of subsurface transport and fate of organic compounds. 
Research completed during the past five years indicates that the stable isotopic signature (as defined by the 
isotopic ratios for 37Cl, 13 C and 2H) for manufactured TCE may be compound specific and may differ 
depending on whether the TCE is manufactured or produced by degradation of PCE.  A significant amount of 
recent research has focused on development of analytical methods for determining δ37Cl, δ13C and δ 2H 
values for specific commercial compounds of TCE (Hunkeler & Aravena, 2000; Skouakar-Stash et al., 2006; 
Skouakar-Stash et al., 2003; and Hunkeler, et al., 2004). The research is resulting in the establishment of a 
growing database of values for δ37Cl, δ13C and δ 2H for specific commercial TCE compounds. Comparing the 
isotopic signature of TCE from contaminated sites to the signatures for specific manufactured compounds 
may help link TCE plumes in ground water to a specific source. 
 
Shouakar-Stash, et al, (2006) summarizes ranges for values of δ37Cl for TCE from numerous studies – values 
range between -2.54 ‰ and + 4.08‰.  Shouakar-Stash, et al. (2003) reported data for stable isotopes of TCE 
from five different manufacturers (Table 1). Values for δ37Cl ranged between -3.19 ‰ and + 3.90  ‰,  values 
for δ13 C  between -31.57 ‰ and -27.37 ‰ and values for δ 2H  between +466.9 ‰  and + 681.9 ‰. Shouakar-
Stash, et al. (2003) presents plots of δ37Cl vs. δ13 C; δ37Cl vs. δ 2H and δ13 C vs. δ 2H as figures 2, 3 and 4 
respectively. Based on the relationships shown on these plots the authors conclude that: (1) manufacturers 
have distinct ranges of δ37Cl values for their compounds and the most likely reason for the variation is due to 
isotopic fractionation during the processing of source brines to produce Cl2 gas and (2) based on data reported 
in Beneteau (1999) and results from their own study, PCE, TCE and TCA have no similar δ13 C value 
associated with the manufacturer, however each compound has a characteristic isotopic range regardless of 
the manufacturer. 
 
It is clear from recent research results that the link between stable isotopic signature of TCE (δ37Cl, δ13 C, 
 δ 2H) obtained from aqueous ground water samples and specific commercial TCE compounds and / or 
manufacturers is not yet developed to the point where clear identification is possible. Recent research is 
promising in that there seem to be distinct ranges of δ37Cl values and δ13 C for different their compounds and 
manufacturers. As analytical methods and techniques improve, isotopic data bases grow and field scale 
research efforts are reported the usefulness of isotopic analysis will increase.   
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Table 1 – Stable isotope data for manufactured TCE (from Shouakar-Stash, O., Frape, S.K., & Drimmie, R.J., 2003) 
 

Commercial TCE 
 

Mean δ 13C (‰) (2) Mean δ 37Cl (‰)(3) 

TCE DOW 92 -31.57 3.55 
TCE DOW 95 -29.33 3.90 
TCE PPG 93 -27.37 -2.79 
TCE PPG 95 -31.12 -2.70 
TCE ICI 93 -31.01 2.71 
TCE StanChem 93 -29.19 -3.19 

(2)– n ranges from 3-7 
(3)– n ranges from 4-5 

 
 
TCE ISOTOPE SAMPLING AT MS-4    
 
Aqueous samples were collected from six MS 4 monitoring wells in 2007 (Table 2) (RMC, 2007). Five of the 
six wells are known to be developed in the White River Fm, while the completion details of the Finnerty well 
are unknown. The samples were sent to the University of Waterloo in Ontario for isotope analysis. The 
analysis was funded by the US EPA. The wells were chosen based on their location and TCE concentrations. 
Three of these wells (MW-03, MW-04, MW-30) are located on the former missile site and the remaining 
three are located from four to six miles east of the site. Table 2 summarizes the TCE concentration and 
isotope data for these wells. The values for both isotopes fall within the range for reported values. Values for 
δ13 C ranged from -26.38 to -28.06 for the samples from the three wells near the source. The δ13 C values 
from samples from well MW31 and the Finnerty well (2 -6 miles dwngradient) were very close. Values for 
δ37Cl, range from0.86 to 1.14(‰) and indicate that samples from the three downgradient wells are more 
enriched in 37Cl than samples from the three wells near the source. 
  
Figure 1 is a plot of δ37Cl vs. δ13 C for samples from MS 4 wells and for the six commercial TCE compounds 
reported in Shouakar-Stash, et al., (2003). The MS 4 samples plot relatively close together and away from the 
commercial TCE compounds. The δ37Cl values for the MS4 samples are significantly different than those for 
the commercial TCE compounds. This does not indicate that the TCE compound in the MS 4 samples is one 
of the six compounds included in Fig. 1. 
 
Table 2 – TCE concentrations and stable isotope values for selected MS 4 wells 
 

Monitoring well TCE 
Concentration 
(ug/l) 

δ 13C (‰) δ 37Cl (‰) 

MW03 1750 (02/05) -28.06 0.97 
MW04 610 (02/05) -26.38 0.87 
MW30 600 (02/05) -27.67 0.86 
Cow Camp 17.9 (01/05) BLOQ 1.06 
MW31 36.9 (03/05) -27.48 1.09 
Finnerty  2.5 (02/05) -27.38 1.14 
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CONCLUSIONS 
 

1. This memo discusses stable TCE isotope data only in the context of comparing the δ37Cl and δ13 C 
values to the values reported in the literature. The analysis of stable isotope data is constrained by 
limitations in analytical methods, the relative lack of field scale research and still emerging 
understandings relative to the link between TCE isotopic signature and a specific compound or 
manufacturer. 

 
2. The values for δ37Cl and  δ13 C for TCE in the ground water samples from MS4 fall within range 

reported in literature 
3. There is apparently no data or information on what TCE compound was used by the Air Force at 

MS4. 
4. The δ37Cl vs. δ13 C data from MS 4 samples does not match δ37Cl vs. δ13 C data from the six 

commercial compounds included in Shouakar-Stash, et al., (2003). 
5. The δ37Cl vs. δ13 C values for the six MS 4 samples plot as a group with little variance in δ37Cl 

values and moderate variance in δ13 C values. This is an indication, though not conclusive, that the 
TCE in all six samples is from the same compound. 

 
 
Selected References  
Beneteau, K.M, Aravena, R., Frape, S.K., 1999, Isotopic characterization of chlorinated solvents: laboratory 
and field results, Organic Chemistry. 30 
 
Hunkeler, D., Aravena , R., 2000, Determination of Compound Specific Carbon isotope Ratios of 
Chlorinated Methanes, Ethanes and Ethenes in Aqueous Samples, Environmental Science Technology 
 
Hunkeler, D., Chollet, N., Pittet, X., Aravena, R., Cherry, J.A., Parker, B.L., 2004, Effect of variability and 
transport processes on carbon isotope ratios of TCE and PCE in two sandy aquifers, Journal of Contaminant 
Hydrology 74  
 
Hunkeler, D., Aravena , R., Berry-Spark, K., Cox, E.,  2005, Assessment of Degradation Pathways in an 
Aquifer with Mixed Chlorinated Hydrocarbon Contamination Using Stable Isotope Analysis, Environmental 
Science Technology 
 
RMC, 2007, Final Technical Memorandum Groundwater Well Sampling, Former Atlas D Missile Site 4, 
Laramie County, WY. Prepared for the US Army Corp of Engineers, Omaha District 
 
Shouakar-Stash, O., Frape, S.K., & Drimmie, R.J., 2003, Stable hydrogen, carbon and chlorine isotope 
measurements of selected chlorinated organic solvents, Journal of Contaminant Hydrology 
 
Shouakar-Stash, O., Frape, S.K., & Drimmie, R.J., 2006, Compound specific chlorine isotope ratios of TCE, 
PCE, and DCE isomers by direct injection using CF-IRMS, Applied Geochemistry 21 
 
US Army Corp of Engineers, 2005. Final Expanded Site Inspection Addendum Report, Former Atlas “D” 



5 
 

Missile Site 4, F. E. Warren Air Force Bases, Laramie County, WY 
 
Van Warmerdam, E.M., Frape, S.K., Araven, R., Drimmie, R.J., Flatt, H., Cherry, J.a., 1995, Stable chlorine 
and carbon isotope measurements of selected organic solvents, Applied Geochemistry 10  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Printed on Recycled Paper 
  


