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The purpose of this presentation is to provide an overview of data collected to this point of 
contaminated wells at SWMU 039 and assess the possibility of monitored natural attenuation being 
a remediai aiternative to an engineered remedy. As stated in the USEP A Region IV naturai 
attenuation document, at a minimum, the following needs to demonstrated for the consideration 
of natural attenuation: 1) site characterization presented and supported, 2) remedial action for the 
source to be provided, 3) a long term monitoring plan provided, 4) a comparison of the natural 
attenuation remedy to an engineering remedy, 5) the enumeration of institutional controls that are 
currently operational and enforceable for the site and 6) determination of the carbon source and 
it's sustainability for chlorinated solvent degradation. Along with source treatment, natural 
attenuation of the groundwater may reduce the concentration of contaminants to the remediation 
goals/levels determined to be protective of human health and ecological environment in a 
reasonable time frame. 

In the review of data collected at SWMU 039, two primary of contaminant plumes have been 
identified in the groundwater. One type is a fuel hydrocarbon plume composed of benzene, 
ethylbenzene, toluene and xylene (BETX) and the other type is chlorinated aliphtalic which 
includes tetrachlorethene, trichlorethene, dichloroethene and vinyl chloride (pCE, TCE, 
DCE, VC). Because it is more difficult to predict the long-term behavior of chlorinated 
hydrocarbon plumes than fuel hydrocarbon plumes, it is important to have a thorough 
understanding of the natural attenuation mechanisms. An understanding of the interaction between 
the chlorinated hydrocarlJons, natural carbon present and inorganic electron acceptors (ie. 
dissolved oxygen, nitrate, sulfate) is needed for quantification of biodegradation. 

In pursuit of that understanding, there are three points of evidence that can be used to support 
biological degradation of ci"lcriJlated solvents: 
1. Observed reduction in contaminant concentrations along the flow path down gradient from the 
source of contamination. 
2. Documented loss of contaminant mass at the field scale. 
3. Microbioiogicai iaboratory or fieid data that support the occurrence of biodegradation and yield 
rates of biodegradation. 

To determine that the three points of evidence exists, the nine step process, as outlined in the 
handout, is to be implemented and followed to completion. Step one (review available data, and 
develop a preliminary conceptual model) and step two (screen the site, and assess the potential for 
natural attenuation) have begun. Concurrently all past SWMU 039 monitoring well groundwater 
and DPT groundwater, geological cross sections and representative groundwater flow maps have 
been reviewed. Additionally, the first round of monitoring natural attenuation parameter data has 
been tabulated and plotted. We will begin to refme the monitoring natural attenuation data 



collection parameters and processes while refining the preliminary conceptual model in an attempt 
to better demonstrate the potential for monitored natural attenuation at SWMU 039. 
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supports the natural reduction and removal of the dissolved contaminant plume. 

Figure 2 outlines the steps involved in the natural attenuation demonstration. Figure 2 also shows the 
important regulatory decision points in the process of Implementing natural attenuation. Predicting the 
fate of a contaminant plume requires the quantification of solute transport and transformation processes. 

Quantification of contaminant migration and attenuation rates and successful implementation of the 
natural attenuation remedial option requires completion of the following steps: 

, 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

B. 

9. 

Review available site data, and develop a preliminary conceptual model. 

Screen the site, and assess the potential for natural attenuation. 

Collect additional site characterization data to support natural attenuation, as required. 

Refine the conceptual model, complete premodeling calculations, and document 
indicators of natural attenuation. 

Simulate natural attenuation using analytical or numerical solute fate-and-transport 
models that allow incorporation of a biodegradation term, as necessary. 

Identify current and future receptors, and conduct an exposure-pathway analysis. 

Determine whether source treatment will be remediation, removal, containment or a 
combination of these. 

If natural attenuation (after source treatment) is acceptable, prepare a long-term 
monitoring plan. 

Present findings to regulatory agencies. 

Review Available Site Data, and Develop a Preliminary Groundwater Flow and Transport 
Conceptual Model 

Existing site characterization data should be reviewed and used to develop a site-specific conceptual 
model. The preliminary conceptual model will help identify any shortcomings In the data and will allow 
placement of additional data collection points in the most scientifically advantageous and cost-effective 
manner. A site-specific conceptual model Is a three-dimensional representation of the ground-water flow 
and solute transport system based on available geological, biological, geochemical, hydrological, 
climatological, and analytical data. This type of conceptual model differs from the conceptual site models 
that risk assessors commonly use that qualitatively consider the location of contaminant sources, release 
mechanisms, transport pathways, exposure points, and receptors. The groundwater system conceptual 
model, however, facilitates identification of these risk-assessment elements for the exposure pathways 
analysis. After development, the conceptual model can be used to help determine optimal placement of 
additional data collection points (as necessary) to aid in the natural attenuation investigation and to 
develop the solute fate-and-transport model. 

Contracting and management controls must be flexible enough to allow for the potential for revisions to 
the conceptual model and thus the data collection effort. In cases where littie or questionable site-specific 
data are available, all future site characterization activities should be designed to collect the data 
necessary to screen the site to determine the potential for remediation by natural attenuation. The data 
collected in support of natural attenuation can be used to design and support other remedial measures. 

Table 1A. lists a standard set of methods, while Table 1 B. lists methods that are under development 
and/or consideration for the soil and ground water analytical protocol for natural attenuation of chlorinated 
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Table 2: Analytical Parameters and Weighting for Preliminary Screening 

Analyte Concentration In Most Interpretation Points Awarded 
Contaminated zone 

Oxygen- < 0.5 mg/L Tolerated; suppresses reductive dechlorination at higher concentrations 3 

Oxygen- > 1 mg/L Vinyl chloride may be oxidized aerobically, but reductive dechlorination -3 
will not occur 

Nitra1e- < 1 mg/L At hioher concentrations may comDete with reductive Dathwav a1 hiaher 2 
concentrations .. . - -

Iron (II)" > 1 mg/L Reductive pathway possible; vinyl chloride may be oxidized under Fe(III)- 3 
reducing conditions 

Sulfate- < 20 mg/L At higher concentrations may compete with reductive pathway 2 

Sulfide- > 1 mg/L Reductive pathway possible 3 

Methane- <0.5 mg/L vinyl chloride oxidizes 0 

Methane- > 0.5 mg/L Ultimate reductive daughter product. vinyl chloride accumulates 3 

Oxidation reduction <50mV Reductive pathway possible 1 
potential' (ORP) <-100 mV Reductive pathway likely 2 

pH' """ ~<PH<9 Optimal range for reductive pathway 0 
(5)pH>9'\ Outside optimal range for reductive pathway -2 

TOC (total organic > 20 mg/L Carbon and energy source; drives dechlorination; can be natural or 2 
carbon) anthropogenic 

Temperature > 20°C At T > 200C, biochemical process is accelerated 1 

Carbon Dioxide- > 2 times background Ultimate oxidative daughter product 1 

AlkalinHy > 2 times background Results from interaction of carbon dioxide with aquifer minerals 1 

Chloride' > 2 times background Daughter product of organic chlorine 2 

Hydrogen >1 nM Reductive pathway possible; vinyt chloride may accumulate 3 

Hydrogen <1nm Vinyl dlloride oxidized 0 

Volatile fatty acids >0.1 mg/L Intennediates resulting from biodegradation of aromatiC compounds; 2 
carbon and tinergy source 

BTEX' > 0.1 mg/L Carbon and energy source; drives dechlOrination 2 

Perchloroethene Material Released 0 
T..:_~'_. __ ... ____ 

Materiai rei eased 0 ,., .... ,"V'Vlt:UIlt:IIt: 

Daughter product of perchloroethene 'it' 

Dichloroethene- Material released or daughter product of trichloroethene 0 
Daughter product of trichloroethene 2' 
if amount of cis·12--dichJoroethene is greater than 800.4 of total 
dichioroethene, it Is likely a daughter product of trichloroethene; 1, 1-DCE 
can be chemical reaction product of TeA 

Vinyl chloride- Material released 0 
Daughter product of dichloroethene 'it' 

ElhenelElhane > 0.01 mg/L Daughter product of vinyl chloride/ethene 2 
> 0.1 mg/L 3 

Dichloroethane Daughter product of trichloroethene 2 

Chloroethane- Daughter product of vinyl chloride under reducing conditions 2 
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Analyte Concentration In Most Interpretation Points Awarded 
Contaminated zone 

Material Released 0 
1.1.1-Trichloroethane-

Chloroform Material Released 0 
Daughter product of Carbon Tetrachloride 2 

Carbon Tetrachloride Material Released 0 

Dichloromethane Material Released 0 
Daughter product of chloroform 2 

B Required Analysis 
b Points awarded only if it can be shown that the compound is a daughter product (i.e .• not a constituent of the source NAPL). 
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