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Abstract: Residential fracking is being planned for Broomfield, Colorado. The project consists of 84 wells 

on six pads. Setback distances to homes and a future water reservoir are one-quarter mile or less.  

Consequently, a citizen-led initiative is in progress to quantify the wide variety of risks that face our 

community. A population study was conducted that shows that roughly 13,000 residents live within one 

mile of an oil & gas pad and about 90,000 residents live within two miles. 

 

 Our approach was to perform a classic risk analysis. Requirements for the risk analysis are identified. 

Risks are defined to be statistically independent, quantified based on the product of probability of hazard 

occurrence and probable impact, and mitigated based on an analysis of Operator Best Management 

Practices. Requirements are verified as being satisfied. 

 

  Unique benefits of this risk analysis are that requirements are carefully defined, a numerical  impact 

scale is provided, calculations are based on referenced data sources, risks that the Operator identified to 

the Securities Exchange Commission are quantified, Best Management Practices are analyzed to 

determine which actually mitigate risk, a risk update network is defined, and the idea of background risks 

is described. The result of this risk analysis is that while individual risks for a single well are near 

negligible, the cumulative risk for the proposed 84 wells is substantial. Best Management Practices, as 

stated, are deemed to be largely ineffective in reducing risk. 

 

Detailed calculations are omitted pending our further refinement and imposition of relevant mitigations. 

We look forward to a collaborative effort. The following document describes in detail those items that we 

have considered. We are prepared to consider additional input provided and evidence that comes to light 

in the future. This is a preliminary document that shows what a risk analysis should contain. 

 

1. Introduction and Summary: Recently1, Extraction Oil & Gas (XOG) agreed to do a risk analysis, 

while stating "As part of the Operator's application to the City, Operator agrees to provide a risk 

management plan, which will include identification of potential risks, methods of risk avoidance and 

controls that implement techniques to prevent accidents and losses and reduce the impact or cost after the 

occurrence of identified potential events". 

 

According to the Colorado Oil and Gas Conservation Commission, the size and proximity of oil & gas 

fracking to residential neighborhoods for the proposed Broomfield project is "unprecedented". The 

COGCC further commented that "everything must go right". To understand the gravity of the proposed 

project, here is data from the Broomfield Geographic Information Systems (GIS) Division 

for the number of houses within a mile and two mile radius of each of the Extraction well pads. Information 

(Figure 1) on the average number of people per household (2.6) and growth rate (2.6%/year) shows that 

11,289 people will be living within 1 mile of a pad and 81,065 people will be living within 2 miles of a 

pad. These numbers significantly underestimate the actually number of people, who don't live nearby, in 

close proximity on a near daily basis including schools, businesses, government offices and hospitals. 

 

Among other important questions, what does Extraction propose2 as "Air Quality Mitigation Devices 

(AQMDs)" to protect this populace from air pollution, explosions, flaring, pipeline leaks and explosions, 

sabotage, and other sources of volatile organic compounds? Does Extraction propose to provide 

monitoring devices and AQMDs in the form of gas masks? 

                                                 
1 https://drive.google.com/file/d/0B6G0KFwvQuFvVEhzZWEyMFBHQ0U/view, accessed 10/06/2017 
2 Final Extraction CDP, July 27, 2018, Page 923 

https://drive.google.com/file/d/0B6G0KFwvQuFvVEhzZWEyMFBHQ0U/view


Note: Adams, Boulder, Broomfield, and Weld county data is included 
 

Figure 1: Populace at Risk 

 

This paper provides requirements, with analytical work toward a citizen-led risk analysis, providing 

context. Risks produced by residential fracking include well blowout, pipeline explosions, decreased 

property value, health issues due to air pollution and water contamination, light pollution, industrial traffic, 

stress, and noise. That these risks accompany residential fracking is not debated. What is required to 

manage risk is a definition residential fracking dangers to health, safety, and welfare. 

 

2. Problem Statement: What is the cumulative risk associated with a proposed setback distances for pads 

with multiple wells and associated risk mitigation, and how does each category of risk compare to a 

"background risk" level? This risk analysis differs (Figure 2)  from the draft document of August 2017. 

 

 

Figure 2: Changed Focus 

 

3. Evidence Quality: A goal of this citizen-led risk analysis is to use the best possible evidence to 

substantiate probabilities of risk occurrence and probable impact. Not all evidence is created equal. 

Desirable characteristics of evidence: it should be current; specific to the operator, or at least the industry; 



large in sample size, documented by a credible source, and be consistent with related evidence from 

differing sources. In order of preference, the following evidence sources are relevant: 

• Statistics on Extraction incidents 

• Statistics on Colorado incidents 

• Statistics on U.S. Onshore incidents 

• Derived probabilities of occurrence from Extraction's Broomfield operation 

◦ Noise pollution 

◦ Light pollution 

◦ Wildfire threat 

◦ Property tax loss 

◦ Burrowing Owls 

• Engineering Estimates: this "basis of estimate", typical for technical proposals explains the 

probability of occurrence and probable impacts, while differentiating risks by drilling phase 

 

Significant challenges are: obtaining pedigreed data, use of analysis tools, and a deep knowledge of oil 

and gas drilling process. To this end, requirements for such a RA are defined and verified as having been 

completed. The remainder of the paper summarizes requirements and analysis effort that provides the risk 

analysis 

 

4. Identified Risks: Three sources of risks are identified, with risks restructured to assure statistical 

independence and fit the scope of identified data sources 

• As part of the XOG filing with the Securities Exchange Commission (SEC), a large number of 

risks to investors were documented. Of these, a subset are identified as risks to the residents of 

nearby neighborhoods. 

• Charles Taylor risk register 

• Citizen-identified risks that City Staff added to the 20 August 2018 letter from the City and County 

of Broomfield to Extraction. 

 

5. Requirements: a primary result of this paper is a specification of requirements for risk analysis. This 

citizen-led risk analysis satisfies these requirements. These requirements form the basis for further 

discussion with Extraction. 

 

RA – 1: The Operator shall be required to submit to the City and County of Broomfield a Risk Analysis 

(RA) before drilling begins. 

 

RA – 2: Risks shall be linked to those identified by the Operator in the Risk Management Plan and the 

Form S-1, Securities Registration Statement, submitted to the Securities Exchange Commission.. 

 

RA – 3: A single, worst-case scenario analysis for each risk, shall be deemed mathematically and 

statistically acceptable; for example, the proposed Livingston pad. Results for this scenario shall be 

extrapolated to other proposed pads. 

 

RA – 4: The QRA shall justify realistic setback distances for multi-well pad horizontal drilling near 

reservoirs and residential neighborhoods. 

 

RA – 5: The number of wells, lifetime of the pad, pad separation, geology, weather, and population density 

shall be considered in defining the probability of occurrence and probable impact. 

 

RA – 6: Risks related to pipelines, gathering lines, and on-site equipment shall be addressed. 

 



RA – 7: Assumptions shall be clearly stated and justified; for example, additional risks with multi-well 

pads as compared with the same number of geographically isolated pads. 

 

RA – 8: Risk shall be defined, as is standard throughout the industry, as the product of the probability of 

a hazard occurring and the probable impact. 

 

RA – 9: Data inputs shall be referenced and references shall be made available. 

 

RA – 10: Drill down from results to data shall be provided as rationale. 

 

RA – 11: The QRA shall include the following risks to health, safety, and welfare: blowout and explosions, 

air pollution, water contamination, truck noise, light pollution, health risks (including cancer, asthma and 

other respiratory conditions), property values, loss of tax revenue due to depressed property values, natural 

disasters, and SEC risks identified by the Operator. 

 

RA – 12: Associated risk mitigation (for example, pipelines, electric equipment, rapid site preparation, 

and landscaping) and ongoing continuous monitoring of work in progress and the associated risks to 

reduce surprises and costly remedies shall be considered in the analysis. 

 

RA – 13: Both individual and cumulative risk shall be analyzed versus setback distance, the number of 

wells on a pad, water reservoirs in proximity, and population density. 

 

RA – 14: Positive correlations, where one risk makes others more likely, shall be addressed. 

 

RA – 15: Uncertainties due to small sample size and large data variance shall be addressed. 

 

RA – 16: Risks shall be related to common, clearly understood, basic risks that a community faces in 

every day life. For example, the risk of accidents that lead to emergency room visits. 

 

RA – 17: The operator shall compare and contrast results obtained with those produced by a study using 

well-respected tools in widespread use in the QRA community. For example, a study done using 

SAFETI/PHAST software. 

 

RA – 18: Risks shall be linked to insurance and bonding obtained by the operator. 

 

RA – 19: Risks due to enhanced completions, landscaping (wildfire risk), pipelines, electric equipment, 

and other mitigation shall be addressed. 

 

RA – 20: Reporting shall consist of  weekly risk analysis reports on Thursday COB at start of project until 

the end of 1st year of production.  After that, monthly risk analysis reports for the next 3 years and one 

report every quarter till the end of production. 

 

RA - 21: Bayesian inference, or a comparable statistical methodology, shall be employed to update risk 

as more information becomes available; for example, more air pollution than anticipated. 

 

RA – 22: Risks shall be shown for multiple phases of operations. At minimum, the well preparation phases 

and post flowback operations shall be differentiated. 

 

6. Approach:  Risk analysis is the gas & oil "gold standard" for assessing, mitigating, and managing risk. 

Risk is the product of probability of hazard and probable impact. Risks are assessed for the number of 

wells on a pad, the number of pads, and for associated setback distances. Risks are mitigated and then 

combined to produce cumulative risk. Risk magnitude is further assessed based on a background risk level. 



An impact scale (Figure 3) assigns impact probabilities, at setback distances of interest, to the range of 

impacts encountered. 

 

 

Figure 3: Probable Impact Scale 

 

Goal is to derive requirements for a risk analysis based on cumulative risk for the number of wells on a 

single pad and for the entire six pads. Risks are normalized to the lifetime of the hazard, nominally 30 

years. Risk analysis consists of four steps: 

 

• Risk Computation: based on hazard probability and probable impact 

• Risk Scaling: propagated exponentially to setback distances to assess impact. Risks are adjusted 

for drilling phase, time of day, and the fraction of the well lifetime 

• Risk Accumulation:  the probability of one or more risks produces a  cumulative risk. 

• Risk Mitigations:  are assessed based on Extraction BMPs and levied based on analysis. 

 

6.1 Risk Factor Computation: factors are discussed and sample calculations are provided for all 

identified risks at a nominal setback distance of 1320'. Numerical analysis is omitted pending our further 

refinement and imposition of relevant mitigations. We look forward to a collaborative effort. The 

following document describes in detail those items that we have considered. We are prepared to consider 

additional input provided and evidence that comes to light in the future. This is a preliminary document 

that shows what a risk analysis should contain. 

 

• Cement or Casing Failure (C): This water pollution risk depends on the hazard probability (H), 

the probable impact (I), the number of wells (w), the number of years that the risk persists (y), and 

the distance to a water source or residence (d). This is correlated with, and is defined to include, 

well barrier and well integrity risks. 

 

C = [ (1 -  ( 1 – H)^ (w * y) ] * I 

 

The maximum risk, at the well pad for H = .03%/well/year and a pad containing 84 wells, with a 30 year 

lifetime, and a .7 impact factor, 

 



Note that this does not include spills, which according to COGCC Spill Analysis. In 2017 there were 614 

Reportable Spills and 54,035 Active wells. Probability of spill in Broomfield for 84 wells over 30 years: 

      Sp = 1 - ( 1 – H ) ^ (#w*#y) * I = 10% 

 

Impact would be low (.1) as spills are often only on operator's property, but not always. 

 

 

• Blowout (B): COGCC Form 22 Accident reports include fires, explosions, and loss of well 

control  This air pollution, physical injury, and property damage risk depends on the hazard 

probability (H), the probable impact (I), the number of wells (w), the number of years the risk 

persists (y), and the distance to a water source or residences (d). This is correlated with and is 

defined to include well barrier and well integrity risks. The impact depends on the Blowout 

Level.  This under-estimates the true risk because wells on a pad are in close proximity to one 

another and a blowout in one has been shown to cause nearby wells to also explode. 

 

B = [ (1 -  ( 1 – H)^ (w * y) ] [I ] 

 

For 2006 through 2015, 116 fires and explosions were reported for oil & gas wells in Colorado. During 

this time3, there were approximately 40,500 active wells, on average. The rate of occurrence is 116/42500 

= .0027 = .27%  for 10 years. Extrapolate to 30 years and 84 wells. The probable impact is high (I = 1.0) 

 

 

 Multi-Well Pad Blowout Correlation: To see the impact of a blowout on a multi-well pad, consider two 

cases: a) isolated wells and b) compactly configured wells, with every well being with six feet of another. 

Suppose the blowout rate is 1/10,000 over the life of a well. 

 

For 10,000 isolated wells, we'd expect one or more blowouts. That is, the probability of at least one 

blowout is ~100%. The probability that all wells fail is nearly 0. Assuming wells on a pad have 

uncorrelated blowout risks under-estimates the true risk. 

 

• Benzene (Z): This air pollution and carcinogenic risk depends on the hazard probability (H), the 

probable impact (I), the number of wells (w), the number of years the risk persists (y), and the 

distance to residences (d). This is correlated with and is defined to include cancer risks. 

 

Z = [ (1 -  ( 1 – H)^ (w * y) ] * I 

 

The maximum risk (Impact = 1.0), at the well pad for H = .001% / well / year for a pad containing 84 

wells, with a 30 year lifetime, 

 

 

• Traffic (T): This noise risk, due to truck traffic depends on the fraction of the day, the fraction of 

well lifetime, and the probable impact (I): Ambulance delays due to truck traffic were assessed in 

an independent study and found, worst case intersection and direction, at the busiest time of day, 

to be on average only 16 seconds. Traffic light control reduces this to a negligible delay. 

 

T = [ Fraction of day * Fraction of well lifetime ] * I 

 

                                                 
3 https://cogcc.state.co.us/documents/data/downloads/statistics/CoWklyMnthlyOGStats.pdf, accessed 06/02/2018. 

 

https://cogcc.state.co.us/documents/data/downloads/statistics/CoWklyMnthlyOGStats.pdf


If truck noise exceeds the ambient noise background 8 hours / day (9 PM to 5 AM),   H = .333. Since well 

preparation time is related to the number of wells, assume that on average preparation time is four weeks 

/ well and that there are 84 wells. Then y = 4 * 84 = 336 ~ 6.5 years. 

At the well pad, impact = .2 

 

 

• Traffic Accidents – Fatal (F): The increase in heavy truck traffic on Boulevards and roads in 

Broomfield and the surrounding communities leads to an increased risk of fatal truck collisions. 

The fatal traffic accident risk depends on the number of truck trips per day which varies by project 

phase, and the probable impact (I): Per the National Highway Traffic Safety Administration 

(NHTSA) 2016 Fatal Traffic Crash Data4, there were 4,317 fatalities in crashes involving large 

trucks with 83% of fatalities being an occupant of the other vehicle or nonoccupant in 2016. There 

were also 116,000 people injured in crashes involving large trucks (in 2015 which was the last year 

data was collected for that category). There were 287,895 million vehicle miles traveled (vmt) for 

large trucks in 2016. Assuming traffic peaks at 120 trucks per pad per day during the peak of 

operations and about 20 trucks per pad per day for other vicinity pads not at the peak period, the 

cumulative truck traffic for all pads would be around 200 trucks per day during the development 

phase lasting 2-3 years. This risk depends on the hazard probability (H), the probable impact (I), 

and the number of years the risk persists (y) 

 

F = [ (1 -  ( 1 – H)^ y ] [I ] 

 

Fatalities per vmt for 2016 is 4,317/2.87895E+11. Assuming 200 one-way truck traffic trips per day of 30 

miles each every day for a year in Broomfield and surrounding communities where Broomfield residents 

drive, the annual vmt is 2,190,000 miles. The annual hazard probability (H) is equal to (4,317 fatalities * 

2,190,000 vmt/year) / 2.87895E+11  = .0328 

 

The risk is a fatality so the impact = 1.0. 

 

 

• Traffic Accidents – Injury (J): The majority of accidents involving trucks do not result in 

fatalities, but rather result in personal injury. The calculation for injury is based on the same 

information as Fatal Traffic Accidents with the substitution of injury data in place of fatality.   

  

J = [ (1 -  ( 1 – H)^ y ] [I ] 

 

Personal injury per vmt for 2016 is 116,00/2.87895E+11. Assuming 200 one-way truck traffic trips per 

day of 30 miles each every day for a year in Broomfield and surrounding communities where Broomfield 

residents drive, the annual vmt is 2,190,000 miles. The annual hazard probability (H) is equal to (116,000 

injuries * 2,190,000 vmt/year) / 2.87895E+11  = .882 

 

The risk is injury to a resident so the impact = 0.6 

 

• Pad Noise (N): This noise risk, due to noise at the fracking site (especially backup beeping) 

depends the fraction of the day, the fraction of well lifetime, and the probable impact (I). 

 

N = [ Fraction of day * Fraction of well lifetime ] * I 

 

If pad noise exceeds the ambient noise background 11 hours/day (per Operator Agreement Exhibit B - 

Item 31 Noise Mitigation, quiet time is 8pm - 7 am).   Fraction of the day = .458. Since well preparation 

                                                 
4 https://www.nhtsa.gov/press-releases/usdot-releases-2016-fatal-traffic-crash-data, accessed 08/27/2018. 

https://www.nhtsa.gov/press-releases/usdot-releases-2016-fatal-traffic-crash-data


time is related to the number of wells, assume that on average preparation time is four weeks / well and 

that there are 84 wells. Then fraction of well lifetime = 4 * 84 = 336 ~ 6.5 years. Impact is assessed as 

low 

 

• Odor (O): This olfactory risk, due to chemicals in fracking fluid, flowback fluid, oil, and gas, 

occurs primarily during the drilling flowback, and early production of a well. It depends on the 

fraction of the day, the fraction of well lifetime, and the probable impact (I): 

 

O= [ Fraction of day * Fraction of well lifetime  ] * I 

 

If odors occur all day and persist over 5 years ( drilling, fracking, flowback, and early production), and 

the impact is low: 

 

• Light Pollution (L): This visual risk, due to bright lights on the drilling rig during site preparation 

depends on the fraction of the day, the fraction of well lifetime, and the probable impact (I): 

 

L = [ Fraction of day * Fraction of well lifetime  ] * I 

 

If bright lights exceed the ambient light background 12 hours / day (dusk to dawn), H = .5. Since well 

preparation time is related to the number of wells, assume that on average preparation time is four weeks 

/ well and that there are 84 wells. Then y = 4 *84 = 6.5 years. 

 

 

• Stress (S):  This risk of anxiety and stress, due to residents in close proximity (< 1 mile) of 

residential fracking depends on the fraction population claiming stress, the fraction of well lifetime 

inducing stress (drilling, fracking, flowback, and early operations), and the probable impact (I): 

 

S = [ Fraction of day * Fraction of well lifetime  ] * I 

 

Based the judgments of volunteers collecting signatures for Proposition 301 and Proposition 97, about 10% 

of the population has ties to oil and gas and did not indicate that residential fracking would cause them 

stress. About 30 % of those polled were unaware of the issues. The remaining 60% indicated some level 

of stress, ranging from projections of worsening traffic to plans to leave the area. No doubt, stress levels 

will increase when operations begin. For now, probability of occurrence = .6 and The probable impact 

is .3 corresponding to notable impacts with minor consequences. H = .5. 

 

 

• Real Estate (R): This property value risk, due to residential neighborhood disruption during site 

preparation depends on the property value decrease per well (P), the number of wells, the number 

of years the risk persists (y), and the distance to residences (d). This under-estimates the true risk 

because it does not account for property appreciation that may occur during the years when the 

site is being prepared. This does not include the risk for property tax loss which is considered a 

separate risk 

 

R = [1- ( 1 -  P) w * y ] * I 

 

If property decreased by 1% per year for 19 wells (Livingston pad only) during pad preparation, lasting 

1.5 years, and impact is low:  I =  .2 

 

• Municipal Tax Loss (M): This property devaluation risk, due to homes loosing taxable value 

during site preparation depends on the property value decrease per well (P), the number of wells 

(w), the number of years the risk persists (y) versus the well lifetime (L), average property value 



(V), and the number of affected homes (N), the tax rate (t), the mill levy (M), and the impact (I). 

This dollar value is divided by the annual property tax collected (C) in Broomfield This under-

estimates the true risk because it does not account for property appreciation that may occur during 

the years when the site is being prepared. This does not include the risk for property tax loss which 

is considered a separate risk 

 

M = [ P*w* (y)* V*N*t *M] * I / C 

 

If the average decrease in home value is 1%/well/year and the average home price is $600,000 and the 

number of homes is 2,000 (Anthem Ranch and a few in Wildgrass). 

 

Severe Injury (I) and Fatality (F): Contradicting Extraction claims that the industry is "very safe", severe 

injury rates in the oil and gas industry (Figure 4) were higher than any other industry in 2015 and 2016. 

The severe injury rate5 was 148.9 per 100,000 

 

Industry Severe Injuries Average Annual 

Employment Rate 

Rate per 100,000 

workers 

Support Activities for 

Oil and Gas Operations 

349 234403 148.9 

.1489% probability 

Figure 4: Severe Injury rates (2015-16) 

 

Extrapolating this two-year rate for a total of six years of drilling (84 wells on 6 pads) and an estimated 

50 on-site personnel during this time, with a probable impact of .8 

 

 

 Risk of one or more serious injuries during drilling phases. Note that the six year drilling period and the 

50 onsite personnel are engineering estimates. 

 

OSHA death rates6 are similarly disturbing, with 100 deaths/year per 300,000 workers, this is .033% per 

year death rate, with a probable impact of 1.0 risk of one or more deaths during drilling phases 

 

• Pipelines (P): Following is an estimate of pipeline length based on Extraction's pipeline drawing 

dated 02/21/2018 for pipeline south of Hwy 7 and based on the drawing from the 06/16/2017 study 

session for pipeline north of Hwy 7 connecting to the Coyote pad for pipeline only within 

Broomfield City limits: 

• Livingston to Northwest A = 2.3 miles 

• Northwest A to Interchange A = 1.3 miles 

• "T"  near Huron/Northwest Pkwy to Hwy 7 = 1.5 miles 

• United Connection = 0.1 miles 

• Hwy 7 to Coyote Pad = 3.0 miles 

  TOTAL = 8.2 miles 

 

Pipeline Risk7: Two risks are cited. These are risks of serious injury and injury or environmental damage. 

Appendix B provides supplemental data for pipeline (gas, oil, water) diameters, pressures and flow rates 

• Serious Incidents: include a fatality or injury requiring overnight hospitalization, impact = 1. Risk 

is  .Probability of Occurrence: 

 

                                                 
5 https://www.eenews.net/stories/1060053892, accessed 8/17/2018 
6 https://www.osha.gov/archive/oshinfo/priorities/oil.html 
7 https://hip.phmsa.dot.gov/analyticsSOAP/saw.dll?Portalpages: 

https://www.eenews.net/stories/1060053892
https://hip.phmsa.dot.gov/analyticsSOAP/saw.dll?Portalpages


 P1 =  incident rate/1,000miles * # pipes*years* miles/1000 * I 

 

For incident rate = .011/year/1,000 miles , 3 pipes, 30 years, 8.2 miles, 

 

Similarly, for Injury and Environmental Damage with impact = .7 

 

Rate = .75/year/1,000 miles, 3 pipes, 30 years, 8.2 miles/1000 miles 

 

 

SEC Risks8 (X): Securities Exchange Commission risks are identified that negatively impact cost, 

schedule and performance. For each risk, a quote from the Extraction SEC Form S-1 is included.  A 

bankruptcy or failure (due to price collapse) of the oil and gas company such as Extraction would leave 

uncapped and unsafe abandoned wells and pipelines. Risks to cost will often negatively impact schedule 

(work slowdown) and performance (shortcuts). Likewise, risks to schedule necessarily impact cost (time 

is money) and impact performance (shortcuts). Finally, risks to performance impact cost (fixes) and 

schedule (time to fix). Note that many of the Best Management Practices (BMPs) end with the disclaimer 

"to the extent financially feasible". For these reasons, and the fact that these wells will be in production 

for 30 years, the SEC risk factors identified below are included in the risk analysis. 

 

Categories: Financial (f), Drilling(d), Resources (r), Laws (l) 

 

F-1 Price volatility: "An extended or further decline in commodity prices may adversely affect our 

business, financial condition or results of operations" 

 

F-2 Cash Flow: "the failure to obtain additional financing could result in a curtailment of our operations 

relating to development of our properties, which in turn could lead to a decline in our reserves and 

production, and would adversely affect our business, financial condition and results of operations." 

 

F-3 Debt: " if we are unable to repay our indebtedness under the revolving credit facility, the lenders could 

seek to foreclose on our assets." 

 

F-4 Cash Generation: "Any drilling activities we are able to conduct on these potential locations may not 

be successful" 

 

F-5 Reduced Demand: "changing demand for oil and gas services and products may have a material 

adverse effect on our business, financial condition, results of operations and cash flows." 

 

F-6 Credit Risk: "inability or failure of our significant purchasers to meet their obligations to us or their 

insolvency or liquidation may materially adversely affect our financial condition and results of 

operations." 

 

F-7 Urban Areas: we may incur additional expenses, including expenses relating to mitigation of noise, 

odor and light that may be emitted in our operations, expenses related to the appearance of our facilities 

and limitations regarding when and how we can operate." 

 

F-8 Uninsured Risks: We are not insured against all risks. Losses and liabilities arising from uninsured 

and underinsured events could materially and adversely affect our business, financial condition or results 

of operations.".  ..." including the risk of fire, explosions, blowouts, surface cratering, uncontrollable flows 

of natural gas, oil and formation water, pipe or pipeline failures, abnormally pressured formations, casing 

                                                 
8 SEC Form S-1 Risk Factors, pages 18 - 39 



collapses and environmental hazards such as oil spills, natural gas leaks, ruptures or discharges of toxic 

gases." 

 

F-9 Economic Conditions: "could impact the price at which we can sell our production, affect the ability 

of our vendors, suppliers and customers to continue operations and ultimately adversely impact our results 

of operations, liquidity and financial condition" 

 

F-10 Interest Rates: "could materially and adversely affect our ability to achieve our planned growth and 

operating results." 

 

D-1 Unproductive reservoirs: "we cannot assure you that all prospects will be economically viable or that 

we will not abandon our investments." 

 

D-2 High Risk: "Drilling for and producing oil and natural gas are high risk activities with many 

uncertainties that could adversely affect our business, financial condition or results of operations." 

 

D-3 Multi-year Operations: "actual drilling activities may materially differ from those presently 

identified." 

 

D-4 Horizontal Drilling: "Risks that we face while drilling include, but are not limited to, failing to land 

our well bore in the desired drilling zone, not staying in the desired drilling zone while drilling horizontally 

through the formation, not running our casing the entire length of the well bore and not being able to run 

tools and other equipment consistently through the horizontal well bore. Risks that we face while 

completing our wells include, but are not limited to, not being able to fracture stimulate the planned 

number of stages, not being able to run tools the entire length of the well bore during completion 

operations and not successfully cleaning out the well bore after completion of the final fracture stimulation 

stage. In addition, our horizontal drilling activities may adversely affect our ability to successfully drill in 

one or more of our identified vertical drilling locations." 

 

D-5 Extreme Weather: "exploitation and development activities and equipment could be adversely 

affected by extreme weather conditions, such as winter storms, which may cause a loss of production from 

temporary cessation of activity or lost or damaged facilities and equipment" 

 

D-6 Seismic Indicators: "use of 3-D seismic and other advanced technologies requires greater predrilling 

expenditures than traditional drilling strategies, and we could incur losses as a result of such expenditures. 

As a result, our drilling activities may not be successful or economical." 

 

D-7 Adverse Weather: "increases in the costs of, and delays in, drilling or completing new wells, power 

failures, temporary shut-in of production" 

 

D-8 Water Availability: "If we are unable to obtain water to use in our operations from local sources, we 

may be unable to produce oil, natural gas and NGL economically, which could have an adverse effect on 

our financial condition, results of operations and cash flows." 

 

D-9 Wildlife Protection: "could cause us to incur increased costs arising from species protection measures 

or could result in limitations on our exploration and production activities that could have a material adverse 

impact on our ability to develop and produce our reserves." For example, recent destruction, by Extraction, 

of Burrowing Owl habitats. 

 

R-1 Manpower: "Any delay or inability to secure the personnel necessary for us to continue or complete 

our current and planned development activities could have a negative effect on production volumes or 

significantly increase costs, which could have a material adverse effect on our results of operations" 



 

R-2 Transportation and Processing Facilities: "we could be forced to shut in some production or delay or 

discontinue drilling plans and commercial production following a discovery of hydrocarbons." 

 

R-3 Third-Party Reliance: "failure to adequately perform operations, breach of the applicable agreements 

or failure to act in ways that are favorable to us could reduce our production and revenues, negatively 

impact our liquidity and cause us to spend capital in excess of our current plans, and have a material 

adverse effect on our financial condition and results of operations." 

 

R-4 Resource Unavailability: "could delay or cause us to incur significant expenditures that are not 

provided for in our capital budget, which could have a material adverse effect on our business, financial 

condition or results of operations" 

 

R-5 Personnel Loss: "could have a material adverse effect on our business, financial condition and results 

of operations. 

 

R-6 Limited History: "our operating history is limited and the results from our current producing wells are 

not necessarily indicative of success from our future drilling operations." 

 

R-7 Pace of Technology: "If one or more of the technologies we use now or in the future were to become 

obsolete, our business, financial condition or results of operations could be materially and adversely 

affected." 

 

R-8 Security Threats: "could lead to losses of sensitive information, critical infrastructure or capabilities 

essential to our operations and could have a material adverse effect on our reputation, financial position, 

results of operations". 

 

R-9 Loss of Computer Information: "If any of such programs or systems were to fail or create erroneous 

information in our hardware or software network infrastructure, possible consequences include our loss 

of communication links, inability to find, produce, process and sell oil and natural gas and inability to 

automatically process commercial transactions or engage in similar automated or computerized business 

activities. Any such consequence could have a material adverse effect on our business." 

 

L-1 Forced Pooling: " procedures that make forced pooling more difficult to accomplish, could result in 

increased compliance costs and adversely affect our business, financial condition and results of 

operations." 

 

L-2 Laws and regulations: " impose numerous obligations applicable to our operations including the 

acquisition of a permit before conducting drilling and other regulated activities; the restriction of types, 

quantities and concentration of materials that may be released into the environment; the limitation or 

prohibition of drilling activities on certain lands lying within wilderness, wetlands and other protected 

areas; the application of specific health and safety criteria addressing worker protection; and the 

imposition of substantial liabilities for pollution resulting from our operations." 

 

L-3 Climate Change Laws: "increasing concentrations of GHGs in the Earth’s atmosphere may produce 

climate changes that have significant physical effects, such as increased frequency and severity of storms, 

floods and other climatic events; if any such effects were to occur, they could have an adverse effect on 

our exploration and production operations." 

 

L-4 Regulatory Initiatives: "existing or any future studies, depending on their degree of pursuit and any 

meaningful results obtained, could spur efforts to further regulate hydraulic fracturing." 

 



L-5 Ballot Initiatives: "that impose more stringent limitations on the production and development of oil 

and natural gas, we may incur significant costs to comply with such requirements or may experience 

delays or curtailment in the pursuit of exploration, development, or production activities, and possibly be 

limited or precluded in the drilling of wells or in the amounts that we are ultimately able to produce from 

our reserves" 

 

L-6 Rules on Methane: "to control methane and VOC emissions from certain hydraulic fracturing wells, 

which could result in significant costs, including increased capital expenditures and operating costs, and 

could adversely impact or delay oil and natural gas production activities, which could have a material 

adverse effect". 

 

SEC Risk Analysis: Figure 5 summarizes SEC risks. Hazard, Impact, and Risk are shown in fractional 

form. Rationale for risks are engineering estimates. Columns for mitigation are not provided, because, by 

Extraction's own admission, these SEC Risks are beyond their control. 

 

Risk Factor Hazard Impact Risk Rationale 

Financial 0.99 0.1 0.1 Price volatility & reduced demand dominate this 

risk: occurrence is nearly certain over 30 years. 

Drilling 1 0.1 0.1 High risk drilling, 30 year operations, extreme and 

adverse weather dominate this risk. Endangered 

species (burrowing owl) habitat already disrupted 

Resources 0.99 0.1 0.09 All risks, especially personnel loss and resource 

availability make this high probability, low impact 

Laws 0.99 0.2 0.198 Ballot initiatives will bring change and likely 

restructure operations 

SEC Risk (X) 0.402 0.2 0.0804=8% [1 – ( 1-.09)(1-.1)( 1-.09)(1-.198)] 

 

Figure 5: SEC Risk Summary 

 

• Natural Disasters in Colorado: Risk Assessment9s are provided for Avalanche, Drought, 

Earthquake, Wildfire,  Flood,  Landslides, Hail, Tornadoes, High Winds. Risks of natural 

disasters that are relevant to the Broomfield project are earthquake, wildfire, flood, and 

tornadoes. 

 

Earthquake Risk: The USGS database shows that there is a H = 1.70% chance of a major earthquake 

within 50km of Broomfield, CO within the next 50 years. This risk is scaled for the 30 year well lifetime 

(f = .6) and the impact is assessed as I = .6 moderate: 

 

Eq =  f * H*I 

 

 

Wastewater-induced earthquakes10 from fracking in nearby Weld County are not considered, nor are 

earthquakes due to the drilling process. Hence, the risk is underestimated. 

 

Wildfire Risk (Wf): is based on an engineering estimate because no relevant statistical data was found. 

The six pads are in four geographic locations, each of which is surrounded by native grass, shrubs, and 

                                                 
9 hermes.cde.state.co.us/.../Natural_hazards_risk_assessment_for_the_state_of_Colorad... 
10 https://seekingalpha.com/article/4004979-possible-black-swan-event-earthquake-damage-cushing-oil-storage-tanks 



low vegetation. Coupled with drought conditions that occur frequently, the chance of a wildfire that 

caused a fire at well pad, even though berms are in place and vegetation in the immediate are is cut 

short, is assessed at H = .5% per pad per year. The impact is moderate, given that firefighters are on the 

scene (I = .5). 

 

Wf =  [ 1 - ( 1 – H)#areas* years* I 

 

Flood Risk (Fl): probability of occurrence a flood that impacts one or more well pads is assessed based 

on the data in the Colorado National Disasters11 report as a hazard probability of  H = .2% per year per 

well pad. Impact is assessed as moderate (I = .6). The resulting risk is 

 

Fl= H * (# years) * (#pads) * I 

 

Tornado Risk (Tn): Colorado has one of the highest occurrences of tornado events in the United States. 

However, it ranks fairy low in damages, injuries, and deaths. Of the 1,161 events recorded between 1955 

and 1995, records show only 2 deaths, 157 injuries, and $67 million in damages. The area of Colorado is 

104,185 square miles. The Broomfield fracking proposal encompasses an area of about 5 square miles. 

The hazard is the ratio (5/104185 area) * (1161 events) *(30/40 years). The probable impact is moderate 

(I = .6) 

 

 Tn = area ratio * #events * years ratio * I 

 

 

Natural Disaster Risk Summary: combining these four natural disaster risks, which are dominated by 

risks of wildfires and floods, gives a cumulative risk from natural disasters of: 

 

R = 1 - ( 1 - .066) * ( 1 -  .226) * ( 1 - .216) * ( 1 - .025) =  .415 = 41.5% 

 

6.2 Independent Risks: Risks are defined to be statistically independent of one another; that is, that one 

risk does not influence another. This is the current state-of-practice in the RA consulting profession12. 

Similarly, wells are considered statistically independent of one another. Each risk for each well is 

considered a "separate universe", in the words of a RA expert I spoke with. 

  

  Risks depend on setbacks from residences and reservoirs, the number of wells on a pad, the lifetime of 

the wells, and mitigations that are implemented by the operator. These risks have been defined to be 

statistically independent. They are uncorrelated: occurrence of one event does not increase or decrease the 

occurrence of another risk.  Risk compounding, the probability that one or more uncorrelated risks will 

occur, is calculated according to the formula 

 

R = 1  -  ( 1- r 1 ) * ( 1 -  r 2 ) * , , , , * ( 1 – r n  ) 

 

Similarly, the risk that one or more uncorrelated risks will occur among a number of wells (w) is: 

 

R = 1  -  ( 1- r )  w 
 

If risks are given per year (y), the risk that one or more uncorrelated risks will occur during one or more 

years is: 

R = 1  -  ( 1- r )  y 

 

                                                 
11 hermes.cde.state.co.us/.../Natural_hazards_risk_assessment_for_the_state_of_Colorad.. 
12 Discussions with DNV GL personnel, based on the PHAT and SAFETI software on 8/9/2017 



Some risks, such as noise an light pollution, occur only during well preparation. In these cases,   fractional 

durations apply: Well Prep time / Well lifetime. 

 

 

7. Results: Sample risks are summarized (Figure 6) and a cumulative risk is computed. 

 

7.1 Citizen Risk Analysis: Risk Summary 

            

         Legend:  n = # wells,   y = #years,    H = hazard prob%,   I = %prob Impact,   R =  Risk prob% 

Risk H I R  Computational factors Comment 

Fire/Explosion/Blowout 49.4 100 49.4 H/10y, n ,y Colorado fire/explosion data 

Pipeline (P1, P2) 56 70 38.7 H/1000m,y, # pipes, #miles Reportable Event I = .7 

Chemical Exposure 0.03 100 2.5 H, n, y Benzene 

Surface/soil 52.9 70 37 H.,n, y Cement/casing failure 

Odor 20 20 4 Fraction/day, y  

Noise Pollution 10 20 2 Fraction/day, y  

Light Pollution 10.5 20 2.1 Fraction/day, y  

Stress 13 30 3.9 Pop. fraction, drilling time  

Traffic on Roads 7.2 20 1.44 Fraction/day, y  

Traffic Fatality Increase 9.5 100 9.5 H,y,I  

Traffic Accident Increase 98.3 60 59.9 H,y,I  

Natural Disasters 69.3 60 41.5 H, #pads, years ratio Earthquake, wildfire, flood, tornado 

Serious Worker Injuries 20 90 18 Injury rate, n, drilling time OSHA: not a safe industry 

Worker Fatality 9.4 100 9.4 Fatality rate, n, drilling time OSHA data 

Property Values 68 20 13.6 Decrease/y, drilling y, loss rate Livingston Pad only 

Loss of Tax Revenue 13.3 20 2.65 value,n ,y, tax rate, # homes Doesn't account for appreciation 

SEC Financial 99 10 9 30 years Price volatility, reduced demand 

SEC Drilling 1 10 10 30 years High risk, endangered species 

SEC Resources 99 10 9 30 years Personnel loss, resource available 

SEC Laws 99 20 19.8 30 years Ballot initiatives, CO law 

 

Figure 6: Risk Table 

 

 The data for risk analysis is summarized in a series of plots. A pie chart (Figure 7) shows risk composition. 

The cumulative risk and individual risk categories are shown (Figure 8) 

 



 

Figure 7: Pie Chart for Risk Composition 

 

Figure 8: Cumulative Risk and Risk Categories 

 

7.2 Verification Matrix: this engineering product (Figure 9) shows how and where risk analysis 

requirements are satisfied. This citizen risk analysis satisfies all requirements. 

Catastrophic

High

Low

Medium



Figure 9: Verification Matrix 

 

7.3 Background Risks: What constitutes an unacceptable level of risk?  Characterizing a risk as 

"acceptable" is disingenuous because the risks from residential fracking come with no rewards for the 

community. The idea of "tolerable risk" has been bandied about, but this notion doesn't seem appropriate: 

why should we tolerate it?. 

 

A new idea is "background risk". The concept requires identifying the day-in-day-out risk that people 

living in a community can't help but experience. This is broadly-based risk we live with. It is analogous 

to "ambient noise" which is that level of background noise that is irreducible. A difference is that 

background risk is a long term average with no daily of significant geographic variability. 

 

Background risk (Figure 10) provides a compelling metric: risk from residential fracking should not 

appreciatively increase risk above background risk. This threshold has the added advantage of being 

computable based on readily-available statistics. For example, a reasonable measure of background risk 

for serious worker injury is the risk of going to the emergency room.  The distribution of fracking risks 

and emergency rooms visits exhibits similar trends: both have a relatively large number of low-impact 

events and a much smaller incidence of high-impact events. Hence, risk of going to the emergency room 

is a candidate for establishing a background risk for certain types of risks. Other risks have different 

background levels. These are defined in the Table below. Note that these are particularized to Broomfield. 

 

Risk   % Background Risk % Ratio 

Blowout/Explosion/Pad Fire  ER visits   

Noise Pollution  Ambient Noise Level   

Light Pollution  Ambient light level   

Truck Traffic on specified roads  Average Truck traffic   

Water Use  Average water use   



XOG business instability  Typical business stability   

Water Pollution  Current water quality   

Air Pollution  Ambient levels   

Asthma attacks  Average reported number   

Home Price decrease  Expected home appreciation   

Loss of Tax Revenue  Expected tax revenue   

 

Figure 10: Background Risk 

 

8. Risk Mitigation: according to the 27 July 2018 Comprehensive Drilling Plan, Risk Management 

Section, Extraction cites numerous Best Management Practices (BMPs) as contributors to risk mitigation. 

These BMPs are assessed for applicability: do they really reduce risk?  Does the BMP prevent the hazard 

from occurring? Factors considered are: 

• Valid (V): Does BMP reduce the probability of occurrence of a risk or probable impact? If so, it 

is deemed valid, we will provide an engineering estimate of its influence on both probability of 

occurrence and probable impact. 

• Applicability (A): does the BMP actually lessen the specific risk to which they are allocated, or 

are they general; for example, #55 Risk Assessment is applied to all risks, but actually applies to 

none. 

• Data (D): can evidence be provided that proves that Extraction has effectively used the BMP in 

reducing a risk? 

• Escape Clause (E): many BMPs have hedge phrases that allow the Operator to unilaterally choose 

whether to enforce a BMP at any time; for example, "to the extent that it is economically feasible". 

Any BMP that contains a clause of this type must be disallowed. Phrases that allow the BMP to be 

postponed or discontinued due to financial, schedule, or performance challenges must be 

disallowed 

• Preventative (P): for a BMP to reduce risk, it must reduce the probability of occurrence of the 

risk. BMPs that provide mitigation after an event has occurred must be disallowed. 

• Legitimate (L): is it a real BMP, as cataloged by the API13, or is it a BMP created or modified by 

Extraction? 

• Impact (I): several BMPs do not decrease the probability of occurrence, but rather decrease the 

impact after the risk has occurred. 

 

Insight: Extraction and other Operators in the Oil and Gas Industry have relied on BMPs, created by the 

industry for the industry, as a panacea for addressing investor and community concerns. Realistically, 

BMPs are fluff and must be analyzed carefully to determine whether they are meaningful risk mitigation 

practices. 

 

Refer to Exhibit A, Applicability of BMPs to Risk Mitigation, for a complete list of the proposed BMPs 

from the 27 July 2018 CDP and the estimated resultant impact. Many of the BMPs analyzed are redundant 

or are standard industry practice and therefore already accounted for in the initial risk calculations. 

 

9. Risk Update: An update strategy is provided by a hierarchical network (Figure 11). Evidence is input 

at the lowest set of nodes (for hazards and impacts) and propagated upward as shown to produce the 

overall risk. Evidence is derated over time and may be overridden if it is deemed fully obsolete. Drill 

down from overall risk to evidence is fully supported and provides an explanation for results obtained 

 

                                                 
13 API.org, accessed 8/18/2018 



 

Figure 11: Network for Risk Propagation and Update 

 

10. Discussion: This paper derives requirements for a  Citizen's Risk Analysis based on "hands-on" 

analysis work to explore the computational complexity and the desired form of anticipated results. Risk 

mitigations, and the impact of BMPs on the resultant risk, is addressed. An update to this citizen risk 

analysis will provide a computation of mitigated risk. 

 

 



Exhibit A

1

BMPs Listed as 
Mitigation Methods

Mitigation Measures that Would Reduce 
Risk Beyond Typical Industry Operations

Valid (V) Mitigation 
Method? (Does the 
BMP provide 
additional 
Mitigation Above 
Standard Available 
Data that 
Probability is Based 
on?)

Codes:
Applicability (A)
Data (D)
Escape Clause (E)
Preventative (P)
Legitimate (L)
Impact After 
Occurrence (I)

Vapor Cloud 
Explosion

Fire/ 
Explosion

Lightning Well Blowout, 
Uncontrollabl
e Flows

Aquifer/Well 
Water 
Contaminatio
n

Surface Water 
Pollution

Chemical 
Exposure in 
Residential 
Area

Corrosion 
Leading to 
Material Loss

Mechanical 
Failure 
Leading to 
Material Loss

2 Quiet Technology Reduces fracturing fleet noise. Specifications 
from liberty for noise levels are 60 dBa at 
500ft and 50 dBa at 1000 ft

Y A - Well Completion 
Phase
(Well completions 
compared to old 
technology)

3 Use of Pipelines No trucks for oil, gas, and produced water 
eliminates, but adds risks associated with 
those pipelines. Allows temporary tanks.

N Data in original 
analysis is based on 
use of pipelines with 
fewer truck trips

Fewer trucks, 
but pipeline 
risks

Fewer trucks, 
but pipeline 
risks

Location of 
Pipes to water 
sources?

Does use of 
pipeline 
decrease 
emissions?

No (No tanks 
to begin with)

No (No tanks 
to begin with)

7 Inspections City has the right to inspect. If operator 
disagrees with findings, OA Section 22 allows 
30 days to remedy followed by written 
notice, up to 15 days to resolve or seek 
mediation. However, if necessary to protect 
health, safety, welfare, or environment, legal 
action is allowable.

N Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

8 Containment Berms 1. Steel rim berms to contain 1.5 times max 
volume; 2. Secondary containment for tanks; 
3. Earthen berm required for site up-gradient 
within 500 feet of surface water

N (1 and 2 are industry 
standard. 3 only 
applies when operator 
build a well-site up-
gradient, within 500 
feet of surface water)

No decrease No decrease No decrease No decrease No decrease No decrease No decrease

9 Closed-Loop Pitless 
Systems for the 
Containment and/or 
Recycling of Drilling 
Fluids

COGCC requires use of pitless systems. 
Therefore, no additional mitigation above 
state required.

N No decrease No decrease No decrease No decrease No decrease No decrease

10 Anchoring Required to comply with FEMA and COGCC N No decrease
11 Burning No open burning on site. N
12 Chains No traction chains on city streets. N
13 Chemical Disclosure 

and Storage
There are 23 chemicals not permitted beyond 
state requirements.

Y P - Reduces impact of 
23 specific chemicals, 
but does not reduce 
probabiliy of spill

No (Would 
decrease 
severity of 
contamination
)

No (Would 
decrease 
severity of 
contamination
)

No (Would 
decrease 
severity of 
contamination
)

16 Discharge Valves Discharge valves are secured and inside 
secondary containment. Would at most 
elimiate spills due to a failed valve.

Y - for tampering

N - for all others as 
this is standard 
practice

No decrease No decrease No decrease No decrease No decrease No decrease

17 Fugitive Dust 
Suppression

Dust shall be mininized. Possibly extra dust 
suppression info in required grading, 
drainage,  dust mitigation, and erosion 
control plans

Maybe Yes

18 Electric Equipment All permanent production and  equipment 
during DRILLING PHASE must be electric 
(compressors, motors, pump jacks)

Y - Drilling Phase 
Only for Drill Rig
Y - For Production 
equipment 
emissions 
(compressors, 
motors, pump jacks)

A - Limits emissions of 
equipment only, not 
well emissions

No decrease 
to well 
emissions

No decrease 
to well 
emissions

No decrease 
to well 
emissions

19 Emergency 
Preparedness Plan

Requirements of emergency preparedness 
plan does not lessen the probability of an 
adverse event. It does have the potential to 
improve response time.

N I - Does not reduce 
probability of risk

No decrease No decrease No decrease No decrease No decrease No decrease No decrease No decrease

20 Air Quality Minimization of Emissions Y L - Do measures 
reduce emissions to 
lower than typical 
industry emissions?
E - Many requirements 
are to extend feasible.
D - Does Data exist 
showing the methods 
are effective?

21 Reduced Emission 
Completions 
(Commonly known as 
Green Completions)

Operator shall employ reduced emission 
completions which comply with federal and 
state requirements.

? E - When necessary for 
safety; minimize 
releases

22 Exhaust Exhaust vented up N
23 Fencing Permanent perimeter fencing may be 

required
Y E - Only if required

24 Flammable Material Ground within 25 feet of combustible 
materials to be kept clear and conform to 
COGCC 600 series

N No decrease No decrease No decrease No decrease No decrease

25 Flares and Combustion 
Devices

To the extent flares, thermal oxidizers, or 
combusion devices are utilized, they must 
operate at 98% efficiency, no visible 
emissions (with exceptions), operated with 
flame present, and auto ignite.

N Per Rule 912, "The 
unnecessary or 
excessive venting or 
flaring of natural gas 
produced from a well 
is prohibited". Flaring 
should be minimal and 
meet industry 
standard 98% 
efficiency.

No decrease No decrease No decrease No decrease

26 Water Quality 
Monitoring Plan

Y E - to extent 
practicable and other 
hedgewords

29 Maintenance of 
Machinery

Routine maintenance 300 feet from water 
body. Fueling must occur over impervious 
material.

N Standard industry 
practice.

No decrease

30 Mud Tracking Ensure vehicles do not track mud on City 
streets. If mud is tracked and cannot be 
immediatey removed, City must be notified.

N Standard industry 
practice.

No decrease



Exhibit A

2

BMPs Listed as 
Mitigation Methods

2 Quiet Technology

3 Use of Pipelines

7 Inspections

8 Containment Berms

9 Closed-Loop Pitless 
Systems for the 
Containment and/or 
Recycling of Drilling 
Fluids

10 Anchoring
11 Burning
12 Chains
13 Chemical Disclosure 

and Storage

16 Discharge Valves

17 Fugitive Dust 
Suppression

18 Electric Equipment

19 Emergency 
Preparedness Plan

20 Air Quality

21 Reduced Emission 
Completions 
(Commonly known as 
Green Completions)

22 Exhaust
23 Fencing

24 Flammable Material

25 Flares and Combustion 
Devices

26 Water Quality 
Monitoring Plan

29 Maintenance of 
Machinery

30 Mud Tracking

Human Error 
Leading to 
Material Loss

Faulty Design 
Construction 
or Repair

Flood Storage Tank 
Collapse/rupt
ure, Pipeline 
failure

IT System 
Failure 
Leading to 
Material Loss

Surface/Soil 
Contaminatio
n

Property 
Infringement/
Trespassing

Loud Noise an 
Vibrations

Odor Insurance 
Lapse, 
Cancellation, 
or Voiding

Ice/Snow/ 
Freeze, 
Extreme 
Weather

Radiologial 
Exposure

Abandoned 
Wells

Earthquakes Use of 
Nitrogen

Well 
Completion 
Noise levels: 
60 dBa at 
500ft and 50 
dBa at 1000 ft

Yes 
(Eliminates 
accidents due 
to truck 
loading)

No (No tanks 
to begin with)

Negative 
Impact - With 
the use of 
Pipelines 
come 
increased risk 
of  Rupture.

No (No tanks 
to begin with)

Yes (Reduces 
contamination 
at the loading 
site and from 
truck spills).

Negative 
Impact 
(Increase 
probability of 
pipeline 
failure)

Does use of 
pipeline 
decrease 
emissions?

Does use of 
pipeline 
improve 
insurance?

Reduces 
accidents due 
to truck 
traffic, but 
increases 
pipeline 
explosions 
(dethawing 
frozen 
pipelines)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

Increase in 
Awareness 
(not decrease 
in probability)

No decrease No decrease No decrease

No decrease No decrease

No decrease No decrease No decrease
No decrease

No decrease
No (Would 
decrease 
severity of 
contamination
)

No (Would 
decrease 
severity of 
contamination
)

No (most are 
odorless, but 
would reduce 
severity of 
inhalation)

No decrease No decrease No decrease Yes

No (Dust 
should not be 
contaminated)

Yes - ONLY 
Reduction of 
Noise during 
Drilling Phase 

Yes - ONLY 
Reduction of 
Diesel Exhaust

No decrease No decrease No decrease No decrease No decrease No decrease No decrease No decrease No decrease

No
Yes, if 
required

No decrease

No decrease



Exhibit A

3

BMPs Listed as 
Mitigation Methods

Mitigation Measures that Would Reduce 
Risk Beyond Typical Industry Operations

Valid (V) Mitigation 
Method? (Does the 
BMP provide 
additional 
Mitigation Above 
Standard Available 
Data that 
Probability is Based 
on?)

Codes:
Applicability (A)
Data (D)
Escape Clause (E)
Preventative (P)
Legitimate (L)
Impact After 
Occurrence (I)

Vapor Cloud 
Explosion

Fire/ 
Explosion

Lightning Well Blowout, 
Uncontrollabl
e Flows

Aquifer/Well 
Water 
Contaminatio
n

Surface Water 
Pollution

Chemical 
Exposure in 
Residential 
Area

Corrosion 
Leading to 
Material Loss

Mechanical 
Failure 
Leading to 
Material Loss

31 Noise Mitigation Will use BMP 2 Quiet Fleet and BMP 18 
Electric equipment. Will follow COGCC 800 
Series. Mitigate noise to extent possible. No 
pipe unloading 8 pm - 7 am. Will use the 
greater of residental land use or 4dBa above 
baseline.

N Sound levels of 4dBa 
higher than baseline 
are erroneus as 
baseline data was 
invalid

32 Flowlines Flowlines to meet provisions of COGCC Rule 
1100 Series

N Standard industry 
practice.

No decrease No decrease

33 Recordation of 
Flowlines

Requirement of recording flowlines with City 
Clerk and Recorder

N Documentation 
requirement only

No decrease No decrease

34 Removal of Debris Removal of debris in a timely manner.  No 
burning is redundant of BMP 11

N Redundant as BMP 11 
already requires not 
open burning on well 
sites.

36 Plugged and 
Decommissioned Well 
Testing

Operator shall assess well integrity prior to 
and following fracturing of any new well

N I - Does not reduce 
probability of risk

No decrease

37 Stormwater Control 
Plan

Must comply with stormwater control 
regulations

? Is industry standard 
similar to Broomfield?

39 Trailers Permitting of construction trailers, temporary 
residential trailers, and security trailers N

Who is living in the 
residential trailers?

40 Transportation and 
Circulation

Complies with City Land Use Code. Restriction 
of non-essential traffic during peak traffic 
periods

N

41 Wastewater and Waste 
Management

Fluids shall be contained and disposed of 
properly. Use BMP 8 and BMP 37. No disposal 
in Broomfield which is BMP 45.

N
Redundant based on 3 
other BMPs

Redundant

42 Water Supply Comply with Colorado DNR and other 
applicable State Regulations

N Standard industry 
practice.

No decrease No decrease

44 Insurance Operator agrees to provide liability and 
insurance 

N

45 Injection Wells No injection wells in Broomfield N No injection wells 
does not decrease 
probability of risks as 
risks are not based on 
injection wells.

No impact

48 Odor Operator to prevent odors to extent possible. 
Minimize odors. No use of masking 
fragrances.

N E - BMP states only 
required to extent 
possible.

50 Well Integrity Valves should remain visible. Operator shall 
take bradenhead pressure reading as 
requried by COGCC.

N Standard industry 
practice.

No decrease

51 Fires and Explosions Any event involving fire, explosion, or 
detonation shall be reported to the City 
within 24 hours.

N Reporting requirement 
does not decrease 
probability of risk.

No. Reporting 
of incident 
does not 
decrease 
probability.

No. Reporting 
of incident 
does not 
decrease 
probability.

No. Reporting 
of incident 
does not 
decrease 
probability.

No. Reporting 
of incident 
does not 
decrease 
probability.

No. Reporting 
of incident 
does not 
decrease 
probability.

52 Spills Operator must notify City of any reportable 
spill.

N Reporting requirement 
does not decrease 
probability of risk.

No. Reporting 
of incident 
does not 
decrease 
probability.

53 Bradenhead 
Monitoring

Accoradance with COGCC Rules N COGCC Industry 
requirement.

No decrease

55 Risk Assessment Circular Requirement N Risk Assessment is 
part of Risk 
Management.

Redundant Redundant Redundant Redundant Redundant Redundant Redundant Redundant Redundant

56 Automatic Safety 
Protetive Systems and 
Surface Safety Valve

All new wells will have a Surface Safety Valve 
(SSV) prior to commencement of the 
Production Phase.

Y A - Only impacts 
production phase. 

No decrease to the 
most risky phases 
(drilling and 
completion).

No. No impact 
to Drilling and 
Completion 
Phase.
Yes. Remote 
shut-in during 
production 
phase.

No. No impact 
to Drilling and 
Completion 
Phase.
Yes. Remote 
shut-in during 
production 
phase.

No. No impact 
to Drilling and 
Completion 
Phase.
Yes. Remote 
shut-in during 
production 
phase.

No. No impact 
to Drilling and 
Completion 
Phase.
Yes. Remote 
shut-in during 
production 
phase.

No. No impact 
to Drilling and 
Completion 
Phase.
Yes. Remote 
shut-in during 
production 
phase.

No. No impact 
to Drilling and 
Completion 
Phase.
Yes. Remote 
shut-in during 
production 
phase.

No. No impact 
to Drilling and 
Completion 
Phase.
Yes. Remote 
shut-in during 
production 
phase.

No. No impact 
to Drilling and 
Completion 
Phase.
Yes. Remote 
shut-in during 
production 
phase.

No. No impact 
to Drilling and 
Completion 
Phase.
Yes. Remote 
shut-in during 
production 
phase.

57 Possible Berms, Bales, 
or Sound Walls

City can request additional berms, bales, or 
soundwalls.

N Redundant to BMP 31 
Noise Mitigation

No. 
Redundant to 
BMP 31
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BMPs Listed as 
Mitigation Methods

Human Error 
Leading to 
Material Loss

Faulty Design 
Construction 
or Repair

Flood Storage Tank 
Collapse/rupt
ure, Pipeline 
failure

IT System 
Failure 
Leading to 
Material Loss

Surface/Soil 
Contaminatio
n

Property 
Infringement/
Trespassing

Loud Noise an 
Vibrations

Odor Insurance 
Lapse, 
Cancellation, 
or Voiding

Ice/Snow/ 
Freeze, 
Extreme 
Weather

Radiologial 
Exposure

Abandoned 
Wells

Earthquakes Use of 
Nitrogen

31 Noise Mitigation

32 Flowlines

33 Recordation of 
Flowlines

34 Removal of Debris

36 Plugged and 
Decommissioned Well 
Testing

37 Stormwater Control 
Plan

39 Trailers

40 Transportation and 
Circulation

41 Wastewater and Waste 
Management

42 Water Supply

44 Insurance

45 Injection Wells

48 Odor

50 Well Integrity

51 Fires and Explosions

52 Spills

53 Bradenhead 
Monitoring

55 Risk Assessment

56 Automatic Safety 
Protetive Systems and 
Surface Safety Valve

57 Possible Berms, Bales, 
or Sound Walls

No decrease

No decrease

No decrease

Redundant

No decrease No decrease

No decrease

No decrease No decrease

Redundant Redundant

No decrease No decrease

No impact

No. Operator 
has not 
demonstrated 
ability to 
eliminate 
odors.

No. Reporting 
of incident 
does not 
decrease 
probability.

No. Reporting 
of incident 
does not 
decrease 
probability.

Redundant Redundant Redundant Redundant Redundant Redundant Redundant Redundant Redundant Redundant Redundant Redundant Redundant Redundant

No. No impact 
to Drilling and 
Completion 
Phase.
Yes. Remote 
shut-in during 
production 
phase.

No. No impact 
to Drilling and 
Completion 
Phase.
Yes. Remote 
shut-in during 
production 
phase.

No. No impact 
to Drilling and 
Completion 
Phase.
Yes. Remote 
shut-in during 
production 
phase.

No. No impact 
to Drilling and 
Completion 
Phase.
Yes. Remote 
shut-in during 
production 
phase.

No. No impact 
to Drilling and 
Completion 
Phase.
Yes. Remote 
shut-in during 
production 
phase.

No. No impact 
to Drilling and 
Completion 
Phase.
Yes. Remote 
shut-in during 
production 
phase.

No. No impact 
to Drilling and 
Completion 
Phase.
Yes. Remote 
shut-in during 
production 
phase.

No. 
Redundant to 
BMP 31

No. 
Redundant to 
BMP 31

No. 
Redundant to 
BMP 31

No. 
Redundant to 
BMP 31


