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Figure 3. Site and Sample Location Map, Rulison, Colorado, Site  
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separated (dried) at the wellhead. DOE will work with the gas well operator to collect samples of 
the produced water from the gas–liquid separator and/or accumulation tank. The produced water 
samples will be analyzed for tritium, the main radionuclide of concern at the Rulison site. 
Additional samples may be collected and analyzed if tritium is detected above the screening level 
or action level (Table 1). Table 1 provides the laboratory analytical methods and laboratory 
detection limits, with the screening levels and action levels for the site.  
 
3.1.2 Natural Gas 
 
Natural gas samples will be collected from producing natural gas wells having a bottom-hole 
location or an estimated drainage area that is within the area designated for natural gas sampling 
shown on Figure 3. The primary components of natural gas that can contain tritium are methane 
and water vapor. The tritium present as tritiated methane was believed to be depleted as 
concentrations decreased during production testing of the reentry well, which removed and flared 
two chimney volumes of gas from the detonation zone. Tritium present as tritiated water vapor 
can effectively be monitored by analyzing produced water samples. Natural gas will be sampled 
and analyzed to confirm that no tritiated methane, if present, is migrating from the detonation 
zone. Table 1 provides the laboratory analytical methods and laboratory detection limits, with the 
screening levels and action levels for the site.  
 

Table 1. Rulison Area Natural Gas and Produced Water Sample Screening Levels 
 

Analyte 
Sample 
Matrix 

Laboratory 
Method 

Laboratory 
Detection Limit 

Screening 
Level 

Action 
Level 

Tritium 
Natural gas 

Lab 
Specific 

10 TUa 100 TUa 200 TUa 

32 pCi/L 320 pCi/L 640 pCi/L 

Produced water EPA 906.0 400 pCi/L 1000 pCi/L 15,000 pCi/Lb 

Notes: 
a A tritium unit (TU) is equal to 3.19 picocuries per liter (pCi/L) in water at a standard temperature (0 °C) and pressure 

(1 atmosphere). 
b The EPA standard for tritium in drinking water is 20,000 pCi/L  
 
Abbreviations: 
pCi/L = picocuries per liter 
TU = tritium unit (1 tritium atom in 1 × 1018 hydrogen atoms) 
 
 
3.1.3 Other Fluids and Solids 
 
The drill cuttings and fluids used during drilling and hydrofracturing are being sampled and 
analyzed under the industry Sampling and Analysis Plan. DOE recognizes the importance of this 
sampling to document the presence or lack of contaminants at a newly drilled location and to 
document that fluids introduced by drilling and completion processes do not introduce 
radionuclides that could give a false indication of test-related contaminants. DOE does not 
currently plan to replicate the industry sampling during well installation.  
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3.2 Gas Well Sampling Frequency 
 
The sampling frequency for wells near the site is based on the wells’ cumulative natural gas 
production. Production rates are initially high, approximately 50 MMCF/month at the start, 
declining to approximately 15 MMCF/month by the end of the first year of operation. Production 
rates typically decline to approximately 5 MMCF/month by the end of the second year 
(Figure 4). It is conceptualized that natural gas entering the well early in the production cycle is 
not only from the zone near the well, but also from the more permeable hydrofractures that 
propagated relatively far from the well along the more permeable preexisting fractures of the 
natural fracture trend. Production in the latter stages of the well’s production cycle is then 
dominated by gas migrating relatively short distances from the rock matrix to the more 
permeable preexisting fractures of the natural fracture trend.  
 
The sampling frequency established by DOE provides for more frequent sampling when a well is 
initially brought online and less frequent later in the production life of the well. This provides 
more sampling during the period when the area of influence of the well is expanding rapidly and 
less sampling when the extent of the area of influence has stabilized. Sampling every 50 MMCF 
to 100 MMCF would be equivalent to quarterly sampling during the well’s first year of 
operation, semiannually during the well’s second year of operation, and annually during the 
well’s third and fourth years of operation. The frequency would decrease to biannually during 
the well’s remaining years of operation, with adjustments for extended shut-in periods. The 
recommended sampling frequencies are provided as a guideline to optimize sampling of multiple 
wells at different times in their production life; actual sampling may be conducted more or less 
frequently depending on weather conditions, the operational status of the well, number of wells 
to be sampled, and coordination with industry sampling. Figure 4 shows a typical cumulative 
production curve for a natural gas well near the site with the planned sampling events plotted on 
the production curve. 
 

 
 

Figure 4. Typical Production Curve for Natural Gas Well Near Rulison Site 
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3.3 Laboratory Analyses and Data Validation 
 
The analytical laboratory will use accepted procedures that are based on the specified methods to 
analyze the samples (natural gas and produced water) for tritium (Table 1). The required 
minimum detectable concentration (MDC) for the specified laboratory method is provided in 
Table 1. Commercial laboratories provide analytical services in accordance with the Department 
of Defense (DoD) Department of Energy (DOE) Consolidated Quality Systems Manual (QSM) 
for Environmental Laboratories (updated annually) to ensure that data are of known, 
documented quality (DoD/DOE 2017). The QSM provides specific technical requirements, 
clarifies DOE requirements, and conforms to DOE Order 414.1C, Quality Assurance. The QSM 
is based on Volume 1 of The NELAC Institute Standards (September 2009), which incorporates 
International Organization for Standardization (ISO)/International Electrotechnical Commission 
(IEC) Standard 17025:2005(E), General requirements for the competence of testing and 
calibration laboratories. The QSM provides a framework for performing, controlling, 
documenting, and reporting laboratory analyses (DoD/DOE 2017). The laboratory results will be 
validated in accordance with the Section 8.0, “Standard Practice for Validation of Environmental 
Data,” in the Environmental Procedures Catalog (LMS/POL/S04325). Table 1 provides the 
laboratory analytical methods and laboratory MDCs, with the screening levels and action levels 
for the site. 
 
3.4 Screening Levels and Action Levels 
 
The screening levels and action levels for the site have been revised using information obtained 
from the Screening Assessment of Potential Human-Health Risk from Future Natural-Gas 
Drilling Near Project Rulison in Western Colorado prepared by Desert Research Institute 
(Daniels and Chapman 2012). They are concentrations that have been agreed to with COGCC 
and that if exceeded would not necessarily indicate an impact to human health or the 
environment, but would indicate that additional evaluation is necessary or would require a 
response. Responses may include verification sampling, stakeholder notification, or 
implementation of corrective measures. The COGCC will be notified if a verified sample result 
has exceeded a screening level or action level. Any corrective measures will be discussed and 
agreed to with the COGCC prior to implementation.  
 
3.5 Data Evaluation and Reporting 
 
Data collected under the DOE and industry sampling plans will be evaluated as it becomes 
available. Results from DOE sampling will be included in gas well monitoring reports, provided 
to stakeholders, and maintained on the DOE Office of Legacy Management website 
(https://www.lm.doe.gov/rulison/Sites.aspx). Industry sample results are available at the COGCC 
website (http://cogcc.state.co.us/library.html#/areareports) under Piceance Basin, Project 
Rulison. Additional data and information acquired about future wells drilled near the site 
(e.g., geophysical logs, production histories, or unexpected interactions between wells) will be 
used to evaluate the current site conceptual model. 
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