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Flotek: Drilling Down to Zero

 
Summary 
Flotek Industries Inc. (“FTK”, “Flotek” or the “Company”) is primarily a supplier of specialty 
chemicals to oil and gas exploration and oilfield service companies. Flotek began trading on the 
NYSE in 2007 under the ticker “FTK”. Flotek’s “crown jewel” and primary driver of revenue and 
profitability is their suite of "Complex-nano Fluid®" products ("CnF") used primarily by operators 
engaged in hydraulic fracturing in the United States. FTK markets CnF as the industry leading suite 
of superior, environmentally responsible surfactants that significantly enhances oil production 
from horizontal well completions. Flotek claims oil production uplift of 30-70%,1 states that 
operators have cost themselves $70 billion in revenue in Texas plays alone by not using CnF,2 and 
touts an independent study claiming production uplift of nearly 60% for wells using the product.3 

FourWorld has analyzed the independent reports issued by Flotek, conducted a series of studies 
analyzing the efficacy of CnF and performed in-depth due diligence of the Company. To assist in 
our analysis, FourWorld hired RK Trading LLC (“RK Trading”) and Sylvania LLC (“Sylvania”), two 
Houston based consulting firms with substantial experience in horizontal completions and 
performance measurement. Our primary conclusions are as follows: 

 The independent studies commissioned by Flotek were based on incomplete data and 
failed to consider key variables in the oil production process. 

 The impact of CnF on well productivity is indistinguishable from zero when using a full 
data set. 

 Flotek has experienced 85% attrition of CnF end users (i.e. oil and gas operators) over 
the last four years. 

 All other things being equal, if CnF were repriced to the level of other generic 
surfactants, revenues would fall $60-90 million per annum (2016 estimated total 
revenue is $297 million) and adjusted EBITDA would be negative $50-$80 million per 
annum (2016 estimated adjusted EBITDA is $12.5 million). 

                                                           
1 Flotek press release dated February 23, 2015. 
2 “Operators have lost revenue potential of $70 billion; yes, billion with a B from not using CnF in their wells in just 
the Eagle Ford and Permian basins alone.” John Chisholm, FTK Chairman and CEO, Johnson Rice & Company Energy 
Conference. September 28, 2015. Transcript from Bloomberg. 
3 Flotek press release dated January 27, 2016. 

FourWorld Capital Management LLC (“FourWorld”) is an SEC registered investment advisor based in New York, 
New York. The views expressed in this research paper represent the opinions of FourWorld. As of the publication 
date of this presentation, FourWorld, and FourWorld managed accounts, have a direct or indirect short position 
in Flotek Industries Inc. (“Flotek”) stock, and therefore stand to realize significant gains in the event that the price 
of Flotek stock declines. Following publication of this presentation, we intend to continue transacting in the 
securities covered herein, and we may be long, short, or neutral at any time hereafter regardless of our initial 
recommendation. The consulting firms hired by FourWorld, and referenced in this paper, are receiving a fee that 
is based on the performance of FourWorld’s positions in Flotek stock, and, independent of FourWorld, may have 
a direct or indirect short position in Flotek stock. 
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Background Information 

Hydraulic Fracturing, Surfactants and Complex nano-Fluids (“CnF”) 

In the process of hydraulic fracturing (“fracking”), a well is drilled, casings and liners (i.e., pipes) 
are cemented into place and then perforated with directional explosives or opened through tiny 
ports. Fracturing fluids are then pumped down the well under extreme pressure to crack open 
the rock, which allows oil to flow out. Fracturing fluids are roughly 99.5% sand and water and 
0.5% specialty chemicals. CnF is a specialty chemical known as a surfactant. It is used with a 
concentration of roughly 1.3 gallons of CnF per thousand gallons of water (0.13%). Surfactants 
are used to reduce surface tension (e.g., soaps and detergents are common surfactants). Generic 
surfactant products are manufactured by the likes of Baker Hughes (BHI) and NalcoChampion 
and sold to oil and gas operators by companies like Halliburton (HAL) and Schlumberger (SLB) at 
prices in the $3 to $6 per gallon range, with gross margins of 15 to 20%. This is in stark comparison 
to the price of CnF, which Flotek sells for $12-15 per gallon (2-4x generic products) with gross 
margins over 40%. FTK sells CnF directly to operators via the Flotek Store and also distributes 
products through service providers (i.e., HAL, BHI, SLB), who generally repackage CnF and sell it 
to operators under a white labelled trade name (i.e., product name, such as HAL’s “OilPerm 
FMM-2” and “GasPerm 1100” or BHI’s “Flo-back Prime”).  

Flotek’s History, Business Segments and CnF Reliance 

According to the Company’s 2016 Annual Report, Flotek was originally incorporated in British 
Columbia in 1985. In 2001, Flotek moved the corporate domicile to Delaware and completed a 
reverse merger with Chemical and Equipment Specialties Inc. (“CESI”), including a 120 to 1 
reverse stock split, creating an OTC traded company (OTCBB: "FLTK”) with a market cap of 
approximately $15 million. In 2003, the Company “purchased what would become the CnF 
technology for about $100,000 and a few thousand shares of Flotek's stock”4 (Flotek’s stock price 
in 2003 was $0.30 to $0.50 with a market cap of $3 to $8 million). This would prove to be 
fortuitous timing, as over the next ten years, CnF would grow to become the “flagship of Flotek’s 
technology portfolio” as the fracking boom took off in the United States. On the brink of collapse 
in 2009, FTK issued new equity (at $1.27 per share) and restructured its debt, including the 
exchange of a $36 million convertible note and a new $40 million term loan. Since completing its 
restructuring in early 2010, FTK’s stock price (and market capitalization) has gone from $1.27 
($30 million) to a high of $32.66 ($1.75 billion) on June 19, 2014, to its current price of $13.18 
($747 million) as of December 2, 2016.5 

Flotek has four business units, the largest and most profitable of which is Energy Chemistry 
Technologies ("ECT") which primarily sells specialty chemicals (mostly CnF) to the oil and gas 
industry at gross margins over 40%. The table below shows key statistics by segment. 

                                                           
4 John Chisholm, Chairman and CEO of Flotek on the Q4 2014 Flotek earnings call. Transcript from Bloomberg. 
5 Stock price and market capitalization figures based on Company 10-Ks and Bloomberg data. 
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ECT is FTK's primary driver of revenue and profit. For the last twelve months (“LTM”) ended 
September 30, 2016, ECT generated 62% of consolidated revenue, 74% of consolidated gross 
profit, and $32.7 million of income from operations versus a consolidated loss of $55.1 million 
(includes a $40.4 million write-down in inventory and long-lived assets for the Drilling 
Technologies and Production Technologies segments in Q1 2016). CnF currently represents 
approximately 70% of ECT sales. We understand that CnF is actually responsible for a higher 
percentage of sales, as lower margin products are bundled with CnF and sold as a package.  

The Consumer and Industrial Chemical Technologies (“CICT”) unit primarily sells chemical 
products to the flavor and fragrance industries at a gross margin of approximately 22% and is the 
only other significant contributor to revenue and profit. For the twelve months ended September 
30, 2016, CICT generated 25% of consolidated revenue, 16% of consolidated gross profit and 
$10.5 million of income from operations. FTK’s other two business units, Drilling Technologies 
and Production Technologies, combined account for less than 15% of consolidated revenue and 
had a loss from operations of $55.3 million. FTK has stated they “continue to consider a wide 
range of options” for these businesses that are “less essential” as they evolve “to an enterprise 
with a more acute focus on chemistry technology, primarily in the energy arena.”6 

                                                           
6 Flotek Q3 2016 earnings call and the Flotek presentation at the IPAA OGIS Conference in San Francisco on 
September 27, 2016. Transcripts from Bloomberg. 
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By all measures, Flotek is heavily reliant on the success of CnF. If CnF were repriced to the top of 
the range for generic surfactants ($6 per gallon, which we estimate is $2 per gallon below the 
manufacturing cost of CnF), at current CnF sales volume, ECT revenues (all other products being 
equal) would drop by $60 to $90 million per annum.7 This revenue loss would result in an 
estimated adjusted EBITDA of negative $50-$80 million and a consolidated operating loss of $80 
to $100 million per annum. With SG&A plus R&D at approximately $105 million per annum, we 
have seen no evidence that would lead us to believe that Flotek could cut enough expenses to 
offset this loss of revenue. The table below shows key financial statistics by quarter since Q4 2015 
and estimates for FY 2016 from Bloomberg. 

 

 

 

Bronte Capital Report, SEC Inquiry and the Flotek Special Technical Committee 

In November of 2015, Bronte Capital Management Pty Ltd (“Bronte”) questioned production data 
that FTK used in its marketing materials. Bronte pointed out that production data generated from 
FTK’s FracMAXTM software (FracMAXTM was Flotek’s patented iPad application used as a sales 
tool to demonstrate the impact of CnF) was inconsistent with official production data from the 
State of Texas. Bronte showed that the official production data for the non-CnF wells were 
reduced by 40% before comparing with CnF wells, resulting in the misleading conclusion that CnF 
                                                           
7 FTK’s presentation at the Jefferies 2016 Energy Conference showed CnF volume of 2.5 million gallons in Q3 2016. 
Repricing from $12-15 per gallon to $6 per gallon equates to a drop of $15 to $22.5 million per quarter in CnF sales, 
or $60 to 90 million per annum. 

Readers should consider whether Flotek is viable under these conditions. 

FTK’s financial 
position can 

not withstand 
a $60 to $90 

million 
revenue hit 
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wells significantly outperformed non-CnF wells.8 After conceding the data error highlighted by 
Bronte (which raised material questions about the efficacy of both CnF and FracMAXTM as a data 
management tool), FTK formed a Special Technical Committee ("STC") of the Board to handle, 
among other things, a related SEC inquiry and to evaluate the performance of CnF. The last 
mention of FracMAXTM by the Company was at an industry conference in April 2016, when John 
Chisholm stated “we continue to make progress on a new version of the Company's proprietary 
measurement software and expect to discuss progress on FracMax 2.0 in the future.”9 

To our knowledge, Flotek has never released the names of the Special Technical Committee 
members. FTK's January 19, 2016, press release stated the STC was to consist of five independent 
members of the Board of Directors.10 FTK’s Board of Directors has seven members, including John 
Chisholm, the Chairman and CEO of Flotek. We note that Mr. Ted Brown joined FTK's Board as an 
independent member in November 2013, when he was also a senior executive at Noble Energy 
Inc. (“NBL”). Since 2008, Mr. Brown was responsible for the northern region of NBL’s US division, 
which included the Denver-Julesburg Basin ("DJ Basin") in Colorado, until he retired from NBL on 
January 31, 2015. According to FTK’s website, Mr. Brown continues to serve on the Executive 
Committee of the Colorado Oil & Gas Association. A later statement by John Chisholm on the July 
27, 2016, Q2 earnings call stated that the STC was “made up of folks inside Flotek and outside 
Flotek.” Interestingly, the only member of the STC that we can find publicly disclosed is a hedge 
fund manager specializing in micro-cap stocks, who is not on the FTK Board of Directors. His 
membership was disclosed in a footnote of the selling stockholders table from the August 2016 
registration statement for shares offered just weeks earlier in a private placement (at a 5% 
discount).11   

Following the Bronte disclosure, the STC hired MHA Petroleum Consultants, LLC ("MHA") 
primarily to assist in its charge of independently validating the effectiveness of CnF. MHA was 
tasked with reviewing CnF's performance in the DJ Basin in Colorado, the Permian Basin in Texas 
and New Mexico, and the Eagle Ford in Texas. 

 
The “Independent” MHA Reports 

Flotek released MHA’s first study addressing the performance of CnF in the DJ Basin on January 
27, 2016, and released two studies analyzing the influence of CnF on Texas completions on July 
27, 2016. In each case, MHA compared the productivity of wells completed with CnF to the 
productivity of wells completed without CnF in the same geographic area, i.e. a simple control 

                                                           
8 Bronte Capital report entitled “Flotek: a plea for accuracy” available at http://brontecapital.blogspot.com/. 
9 Flotek presentation at the IPAA OGIS in New York on April 12, 2016. Transcript from Bloomberg. 
10 “The Company’s Board of Directors subsequently formed a Special Committee consisting of five independent 
members of the Board of Directors to conduct an independent review of the issues as well as any other relevant 
issues that may arise in connection with the shareholder litigation or SEC inquiry.” Flotek Press Release, January 19, 
2016. Available on company website. 
11 Flotek Industries, Inc. prospectus dated August 11, 2016, p.5 (footnote 11). Available at www.sec.gov. 

http://www.sec.gov/
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study. MHA provides the following explanation of their evaluation strategy in their study of the 
DJ Basin (bold emphasis added):12 

“In a study such as this, there are numerous additional factors, beyond the presence or 
absence of the CnF additive, which will have an influence on the productivity of a given 
horizontal well relative to other similar wells. These include factors such as the length of 
the horizontal well, the thickness of the reservoir, the geologic formation into which the 
well was drilled, the ratio of gas and oil in the produced fluid, the size and design of the 
hydraulic stimulation, and the date during which the well was completed. While it was not 
possible to completely remove the influence of these other factors from our analysis and 
to isolate completely on the impact of using CnF, it is the opinion of MHA that by 
segregating our evaluation into the three focus areas, the analysis was predominately 
centered on the effect that CnF had on well productivity. This is because generally, within 
a specific focus area, drilling occurred during the same time period, wells were drilled 
utilizing similar lateral lengths, the ratio of produced gas and oil was relatively consistent, 
reservoir thickness did not vary significantly, and the development was confined to a small 
number of operators helping to minimize variations in hydraulic fracture design and 
implementation.” 

 
According to the explanation above, MHA relied on spatial and temporal proximity among 
completions - as well as sample size - to mitigate the influence of factors that are known to affect 
the productivity of horizontal completions. Our research indicates that this approach produces 
highly misleading results. There is significant variation in lateral length and location-specific 
field productivity in the populations of wells located in the three focus areas of the DJ Basin. A 
study that considers the influence of these key variables indicates that the impact of CnF on 
well productivity is indistinguishable from zero. By omitting these key factors, we believe any 
study would overstate the efficacy of CnF. 

Within the DJ Basin, MHA considered three focus areas ("Area 1," "Area 2," and "Area 3"), and 
concluded that CnF uplift, calculated using “the most meaningful comparison parameter…the 
normalized 12-month cumulative oil volume per foot of gross perforated interval,”13 to be 46.9% 
in Area 1, 18.3% in Area 2, and inconclusive in Area 3 (MHA concluded Area 3 was “inconclusive” 
because two performance measures were negative and two were positive, as seen in the table).  

                                                           
12 MHA study entitled “Effectiveness of CnF on Improving Horizontal Well Performance Greater Wattenberg Area – 
DJ Basin; Colorado,” p.4., January 25, 2016. 
13MHA study entitled “Effectiveness of CnF on Improving Horizontal Well Performance Greater Wattenberg Area – 
DJ Basin; Colorado,” p.6., January 25, 2016. 
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MHA Conclusions – DJ Basin Study14 

 
 

Since MHA itself determined that Area 3 was inconclusive, we focused our analysis on Area 1 and 
Area 2. As stated in the MHA report, the classification of wells MHA used to arrive at these 
estimates was based on the FracFocus data base.  

FracFocus 

FracFocus.org ("FracFocus") is the national hydraulic fracturing chemical registry and is widely 
accepted by the industry as a standard source for finding chemical data on oil and gas wells 
(Flotek and MHA use this as a primary data source). The site provides a public database that 
includes information about chemicals used in 25 states and over 117,000 wells.15 Each well in the 
US is assigned an API number. Operators are required to report chemicals used in the well’s 
fracture treatment on a state by state basis by API number.16 With a list of API numbers and a list 
of CnF trade names (i.e. product names), a user can distinguish wells completed with CnF from 
wells that did not use CnF. A small subset of wells don't report trade names but list actual 
chemicals, which can also be used to identify CnF. For purpose of our analysis, wells that used a 
product identical in chemical identical in chemical make-up to Flotek’s patented makeup are 
treated as CnF. 

State Government Agencies: Production and Well Design Data 

Production data and the length of the gross production interval (the part of the wellbore that is 
fracked) ("GPI") are also publicly available from the state authorities by API number. This makes 
it possible to calculate oil production per foot GPI, the standard output metric in the fracking 
industry. In Colorado, GPI and production data can be found or calculated using Colorado Oil & 
Gas Information Services (“COGIS”), which is the Colorado state database run by the Colorado Oil 
& Gas Conservation Commission ("COGCC"). We, like MHA, combined data from FracFocus with 
data from COGIS to conduct control studies on the efficacy of CnF in Area 1 and Area 2 of the DJ 
Basin.17 MHA did not provide enough information to perfectly replicate their study, so we pulled 

                                                           
14 MHA study entitled “Effectiveness of CnF on Improving Horizontal Well Performance Greater Wattenberg Area – 
DJ Basin; Colorado”, p.1., January 25, 2016. 
15 While reporting lags vary by state and operator, the overall average reporting time frame is 79 days from the 
fracking end date according to the FracFocus website. We found the larger operators in the major oil producing 
states tend to report more promptly. 
1623 states have mandatory reporting on FracFocus and Wyoming and New Mexico require disclosure but do not 
make the use of FracFocus mandatory; however, we have found that most operators use FracFocus as a best practice 
and therefore also report heavily on FracFocus in New Mexico and Wyoming. 
17MHA sourced this data through IHS Enerdeq Browser, which sources its data from COGIS. 
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data for wells completed from November 1, 2012 when FracFocus 2.0 – which improved data 
consistency and quality – was introduced. We required at least 12-months of production18 to be 
included in our study, which means the latest well start date in our data set is in mid-2015 with 
12 months of production that went into mid-2016. 

We also used FracFocus to conduct end user / operator usage studies across all reported wells, 
both horizontal and vertical, in all major oil producing regions in the US. FracFocus allowed us to 
analyze CnF usage (by month) for all operators in the US over the past four years (since November 
1, 2012). We also ran the same study using only horizontal well completions. 

 
FourWorld’s Conclusions 

1. The independent study of the DJ Basin commissioned by Flotek used an incomplete list of 
CnF trade names.  

• As shown in the table above, the MHA data set in Area 1 and Area 2 consisted of 698 wells 
that met MHA’s 12-month production criteria. FTK provided MHA with a list of CnF trade 
names to use to identify which wells use CnF products. Our data set in Area 1 and Area 2 
consisted of 604 wells with acceptable production data in Area 1 and Area 2. 19,20 In our 
sample, we find seven trade names we believe are CnF products vs the five provided to 
MHA by Flotek for the DJ Basin study. The two missing trade names are “OilPerm FMM-
1” and “FDP-S1007-11”. Additionally, we found a small number of wells listed in FracFocus 
under a partial trade name, “OilPerm.” All three are white labeled products from 
Halliburton (HAL). The 2 missing trade names and the partial trade name accounted for 
132 wells, or 22%, of the 604 wells in our data set.21 

• OilPerm FMM-1 accounted for the largest number of misclassified wells at 97 out of 132. 
OilPerm FMM-1 is one of Halliburton’s suite of Formation Fluid Mobility Modifiers (FMM). 
A list of the ten FMM product variations disclosed on the Halliburton website are detailed 
in Appendix C. The Material Safety Data Sheet (MSDS) available from Halliburton for each 
FMM variation discloses its chemical components and concentrations. Five of the ten 
FMM variations contain citrus terpenes with the CAS no. 68647-72-3 or CAS No. 94266-

                                                           
18 Some wells have “shut-in” months during which oil production is halted. These are reported as shut-in by the 
operator to COGIS and labeled as shut-in by COGIS in their downloadable files. We allow for one shut-in month in 
the first 12 months of production data. So a well could have 11-months of production plus a shut-in month and still 
be a valid well. We normalize all wells to 12 months to mitigate the effect of a shut-in month. Our data set of 604 
wells has a total of 68 (11%) “shut-in” wells. Please see Appendix F for API’s and sample data for the 604 wells. 
19 FourWorld identified 676 wells in Area 1 and Area 2 with a start date after November 1, 2012. The wells from 
Encana Oil & Gas Inc and PICO Niobrara LLC, a total of 6 wells, were removed due to the insignificant sample size 
and lack of any non-CnF wells from them to compare to (they were CnF wells only). 37 wells were removed for lack 
of sufficient production history. 29 wells were removed because they were not in the Niobrara formation, a filter 
applied by MHA. For all assumptions used to compile our filtered data set, please see Appendix E 
20 MHA stated that the length of the gross perforated interval (GPI) was readily available for only 76% of the wells 
included in their analysis, which implies 24% of well GPI data was missing from their averaging calculations. The 
FourWorld data set has GPI data for all 604 wells.  
21 There were more than eight trade names present in Area 1 and Area 2, but the wells failed to meet the filters for 
our final valid data set, so there is a chance MHA misclassified additional wells. 
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47-4 that are unique to CnF products.22 OilPerm FMM-1 is one of the five FMM variations 
containing citrus terpenes, as is OilPerm FMM-2, which is a CnF trade name that Flotek 
provided to MHA, as noted in the MHA study. Both FMM-1 and FMM-2 have the same 
concentration of citrus terpenes (5-10%) listed on their respective MSDS sheets. 23  

• FDP-S1007-11 is also a Halliburton product and showed up in 30 of the 132 misclassified 
wells. While FDP-S1007-11 did not show up in the list of trade names that Flotek provided 
to MHA for the DJ Basin study, it was supplied by Flotek to MHA in the Texas reports 
published just six months later.  

• OilPerm is the general name for a family of Halliburton surfactant products. OilPerm has 
a number of variants, some of which contain CnF (evidenced by the presence of citrus 
terpenes) and some of which do not. It is likely that the operator left off the specific 
OilPerm variant indicator (e.g., OilPerm “B”, OilPerm “FMM-1”) when reporting to 
FracFocus. However, the presence of citrus terpenes on the FracFocus file indicates this 
is one of the OilPerm variants containing CnF. Without knowing to look for “OilPerm” and 
the presence of citrus terpenes, it is possible to misclassify these CnF wells as non-CnF 
wells. “OilPerm” showed up in 5 wells in our 604 well data set. 

• If the same percentage of misclassified wells in our data set were misclassified in the MHA 
data set for Area 1 and Area 2 of the DJ Basin, then MHA would have misclassified 
approximately 153 of the 698 wells. This is significant because MHA’s entire analysis was 
based on a simple comparison of production for wells tagged as using CnF and wells 
tagged without using CnF. As we demonstrate later in this report, correcting the trade 
names affects the results in a very meaningful way. 

 
*Trade names that were not provided to MHA by Flotek. 

• The operator with the most wells that used CnF products with the missing trade names 
was Noble Energy (NBL). We note Ted Brown, the Noble executive responsible for fracking 

                                                           
22 A CAS number is a unique numerical identifier assigned by Chemical Abstracts Service (CAS) to every chemical 
substance described in the open scientific literature. CAS numbers are disclosed in FracFocus and MSDS files. 
23 The MSDS files for OilPerm FMM-1 and FMM-2 are available in Appendix D.  
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operations in Colorado when most of the wells in the study were fracked, is an 
independent member of the FTK Board of Directors.24 66 of the 323 Noble wells (20.4%) 
in our Area 1 and Area 2 data set had CnF trade names that were missing from the trade 
name list in MHA’s DJ Basin study. The MHA study states, “MHA was provided with a 
listing of CnF trade names from Flotek.”25 This implies that either FTK did not provide 
MHA with all of the CnF trade names in the DJ Basin, or Flotek did not know the trade 
names for the products causing the largest disparity (OilPerm FMM-1 and FDP-S1007-11) 
despite having the former head of NBL’s DJ Basin operations on its Board of Directors. It 
is worth noting that Flotek provided MHA with three other Halliburton CnF products in 
Area 1 and Area 2 (OilPerm B, GasPerm 1100, OilPerm FMM-2).26 The following table 
shows NBL wells by trade name in our Area 1 and Area 2 data set and highlights the 
missing trade names comprising over 20% of all NBL wells. 

 
*Trade Names that were not provided to MHA by Flotek.  

                                                           
24 According to Flotek, the STC consists of five independent members of the Board of Directors. The Board has 
seven members. John Chisholm is not an independent member of the board and is not on the STC, therefore 
leaving just six possible choices, of which five were chosen. 
25 MHA study entitled “Effectiveness of CnF on Improving Horizontal Well Performance Greater Wattenberg Area – 
DJ Basin; Colorado”, p.4., January 25, 2016. 
26CnF trade names can be compiled by analyzing publicly available information. Sylvania compiled a list of over 20 
CnF trade names by analyzing publicly available information across all major oil basins. 
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2. Production data used by MHA contained discrepancies 

• Sylvania identified numerous wells with missing monthly production reports (MPR) during 
the process of collecting and analyzing production data. 62 wells (10.3%) of the 604 wells 
that made it into our filtered data set, completed by three out of the five operators 
represented in the data, had at least 1 month missing MPR in the first 12 months of well 
production. NBL had the highest number and percentage of missing reports.  

Operator Total Wells Wells Missing MPR % of Total Wells 
Noble 323 57 17.7% 
Bonanza Creek 93 4 4.3% 
Carrizo 31 1 3.2% 
Bill Barrett 43 0 0.0% 
Whiting 114 0 0.0% 
Total: 604 62 10.3% 

• Sylvania worked with the COGCC to identify wells with missing monthly production 
reports (MPR) and resolve discrepancies. MHA may not have included those wells in its 
sample or it would have had wells with missing production. This is a potential explanation 
of the minimal variation that we observe between the results reported by MHA and the 
results that we report by applying MHA’s methodology to what we believe is a reliable 
and significant sample set. 

 
3. An objective evaluation of the evidence shows that the impact of CnF on well productivity is 

indistinguishable from zero 

• Two perspectives incorporating all of the evidence produced to date concerning the 
relationship between production and the use of CnF lead to the same conclusion: The 
measurable impact of CnF on production cannot be distinguished from zero.  

o First, a simple contingency table that incorporates two features of Weld County 
completions (location and length of the well) reveals the flaw in the methodology 
employed by MHA that led to the conclusion that CnF use is associated with increased 
production; 

o Second, a careful evaluation of our data, using visualization and widely accepted 
statistical tools, indicates that horizontal well productivity in Weld County is related 
to location, well depth, the length of the well bore, and the amount of sand and water 
used in completions, but is not related to CnF use. 

A corrected list of trade names affords a different view of DJ Basin completions 

• The relationship between CnF use and well productivity in the DJ Basin as reported by 
MHA and estimated by FourWorld is described in the table below. Our estimates of 
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production are very close to the estimates presented by MHA when we use the list of 
trade names provided to MHA by Flotek, suggesting that differences between our results 
and MHA’s results are not due to production data. The correction produces a moderate 
revision in the relationship between production and CnF use in Focus Area 1, and a larger 
revision in Focus Area 2. 

• The t-statistic associated with corrected estimate of improvement in Focus Area 1 is 7.08, 
while the corresponding statistic in Focus Area 2 is 0.38. The first difference is meaningful 
using any reasonable measure of performance, while the second is not. We focus the 
balance of this summary on Focus Area 1. Analysis of production data from both Focus 
Areas is presented in the White Paper from RK Trading and Sylvania, available on the 
FourWorld website and attached herein as Appendix H. 

Focus Area 1 CnF Wells Non CnF Wells Improvement 
MHA Report 16.6 11.3 5.3 
MHA Method, Our Sample 16.3 11.0 5.3 
Corrected, Our Sample  15.3 10.7 4.6 
    
Focus Area 2 CnF Wells Non CnF Wells Improvement 
MHA Report 11.0 9.3 1.7 
MHA Method, Our Sample 11.7 9.6 2.1 
Corrected, Our Sample 10.9 10.6 0.3 

 

 

The problems with the MHA Weld County study are easy to see and suggested by MHA’s 
own commentary 

• MHA’s explanation of their evaluation strategy in their study of the DJ Basin describes 
numerous factors that influence production. The table below focuses on two: the length 
of the horizontal completion and the location where a well is drilled. Visual inspection of 
a color-coded map for well productivity reveals “sweet spots” in both Focus Areas.27 We 
concentrate on Focus Area 1 below, but note that the conclusions reached are consistent 
for Focus Area 2 as well. The sweet spot in Focus Area 1 has production that is 7.2 BBLs 
per foot GPI (73 percent) larger than anywhere else in the field.28 

                                                           
27 We identified the sweet spots by inspecting the map for the location of super-productive wells, then confirmed 
that the productivity could not be attributed to other features of the completion, including operator, GPI, sand, 
water or the use of CnF. The GAM picked out these same locations, located on a SW-NE azimuth in both Focus Areas.  
Two sweet spots were identified in Focus Area 2 on roughly the same azimuth as in Focus Area 1 sweet spot. These 
are separate as there is very little overlap among operators in Focus Area 2 production, unlike Focus Area 1. The gap 
in Focus Area 2 separates NBL’s operations from those of Bonanza Creek. See White Paper for detail. Including the 
sweet spot as an explanatory variable enhances the precision of our estimates, but is in no sense critical to our 
judgement about the efficacy of CnF. 
28 See Table 5.3.1 in the White Paper for details. 

18.3% uplift 
becomes 2.8% in 

Area 2 
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The data also indicates that doubling the length of a lateral well in Focus Area 1 from 
3,500 ft to 7,000 ft decreases expected production by 2.8 BBLs per foot GPI. The tables 
below partition the Focus Area 1 data based on these two variables. 

 

Table 1: Production and CnF Well Count by Location and GPI 
 Inside Sweet Spot Outside Sweet Spot 
GPI > 6,000 ft 15.7 

(0 / 7) 
8.9 

(30 / 111) 
GPI < 6,000 ft 17.1 

(97 / 118) 
13.3 

(18 / 31) 
 
The lower left cell of Table 1 indicates that short laterals (average of 3,700 feet) in the 
sweet spot produced an average of 17.1 BBLs per ft GPI. The top right cell of Table 1 
indicates that long laterals outside of the sweet spot yielded an average of 8.9 BBLs per 
foot GPI. The numbers in parentheses indicate the number of wells in each group that 
were completed with CnF and the number of overall wells in the group. 

The majority of CnF 
wells were 

completed in the 
sweet spot with a 
GPI length below 

6000 feet (97 out of 
145 CnF  in Area 1) 
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• Table 1 indicates that wells treated with CnF are disproportionately represented in the 
left column and the lower left cell. Our evidence indicates that these wells were likely to 
be productive because of their location and length, and not because the wells were 
treated with CnF. 

Table 2: CnF Uplift by Location and GPI 
 Inside Sweet Spot Outside Sweet Spot 
GPI > 6,000 ft NA 0.04 

GPI < 6,000 ft -0.72 -1.91 

• Another view of the data is presented in Table 2 above. The table calculates the uplift 
associated with CnF use for each type of well, first by operator (i.e., NBL, WHI, CRZO), 
then averaged across operators. The results indicate that CnF showed no outperformance 
in either location at either lateral length.29 In other words, using the largest subsection 
from the table (the 118 wells located inside the sweet spot that are under 6,000 feet), if 
you calculate the difference in production in CnF wells versus non-CnF wells for each 
operator and then average the results, CnF wells underperformed non-CnF wells by 0.72 
BBLs per ft GPI, or approximately -4.2%. Across operators in either Focus Area 1 or Focus 
Area 2, the results are the same: the uplift associated with using CnF is noise, with a 
mean of zero. 

• The charts bellow illustrate that shorter wells are more productive (BBLs per foot GPI) 
than longer wells for every operator, that wells in the right location are more productive 
for every operator, and that the influence of CnF on performance is random when 
considered operator-by-operator, by operator and well length, or by operator and 
location.  The rows and columns of the table above represent systematic influences.  The 
distribution of CnF use throughout the table is “noise”, with no measurable influence on 
production. (Note: names marked with an asterisk in a graph mean that a difference is 
statistically significant.) 

                                                           
29 The upper left cell is empty because we don’t have the CnF, non-CnF pairs required to populate it. 

CnF did not show any 
uplift once you 

correct for operator, 
well length and 

location 
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Shorter wells are more productive than longer wells for every operator 

Sweet spot wells are more productive for every operator 
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CnF well performance is random, with some operators positive and others negative 

CnF well performance is random, with some operators positive and others negative 
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The White Paper from RK Trading and Sylvania develops a model of well productivity 
motivated by these observations. Fundamental relationships are identified through statistical 
comparisons similar to those presented above. The relationships are tested with econometric 
models, some of which make it possible to consider detail inside of the sweet spot. In every 
model, the estimated contribution of CnF to production is less than 1 BBL per ft GPI (typically 
less than 0.5 BBLs per ft GPI) and not statistically different from zero. CnF has no measurable 
impact on production. 

Key results for Focus Area 1 are summarized in the table below. In the table, Impact is the 
variation in production due to the influence of a variable, measured in BBLs per ft GPI. 
Variables are listed in order of their estimated influence on production.30  All of the variables 
marked as being statistically significant in the table have parameter estimates that reject the 
null hypothesis of zero influence on production at 1 percent or better.  Three of the four 
flagged as being statistically significant reject the null hypothesis at 1/10 of 1 percent.31 The 
one variable in the table that has no measurable influence on production is CnF.  

                                                           
30 Average production in Focus Area 1 is 13.2 BBLs per ft GPI, ranging from 3.2 BBLs to 34.0 BBLs.   
31 For those who may have forgotten the meaning of statistical significance, the chance of observing any one of these 
parameter estimates in a world where there is no true relationship between the test variable and production is less 
than 0.001, or one-in-one thousand. 

CnF well performance is random, with some operators positive and others negative 



   

18 
 

Parameter Estimates for the GAM for Focus Area 1 
Variable Impact Significant p-value 
Location (latitude and longitude) 10.0 Y 10-14 
Sand and Water 6.0 Y 0.01 
Operator – Noble 4.4 Y <0.001 
GPI 2.8 Y < 0.001 
CnF -0.4 N 0.53 

• By far the most important variable identified by the analysis is location in the field. 
Productivity along the fringe of Focus Area 1 is less than productivity in the heart of the 
developed area by ~10 BBLs per ft GPI. The test statistic associated with location rejects 
the null hypothesis at 10-14. The sweet spot identified by the econometric model is 
consistent with what you see when you simply look at a map of production. 

• The second most important variable is the joint influence of sand and water, which 
explains production variation of as much as 6 BBLs per ft GPI. The test rejects the null 
hypothesis at 1 percent. This estimate is consistent with data reported throughout the 
industry. 

• Operator identity is next on the list. Noble’s wells produced an average of 4.4 BBLs per ft 
GPI more than Carrizo wells, once we account for the influence of all other variables on 
production. The test statistic rejects the null at 1 percent. Whiting also outperforms 
Carrizo, by an estimated 1.3 BBLs per ft GPI, but the difference is not statistically 
significant. 

• Doubling GPI (lateral length) from 3,500 ft to 7,000 ft decreases expected production by 
2.8 BBLs per ft GPI. The test statistic rejects the null hypothesis at 1 percent. 

• The one variable included in the model which had no measurable impact on production 
is CnF. 

Summary of Results for All Models and Methodologies 

The tables below summarize the results of all of the methodologies presented above, as well 
as the estimated contribution of CnF to production, once you account for the influence of 
well characteristics on production in Focus Area 1 and Focus Area 2. 

Summary of CnF Performance by Study in Focus Area 1 
Methodology CnF Wells Non CnF Wells Improvement 

MHA Report 16.6 11.3 5.3 

MHA Method, Our Sample 16.3 11.0 5.3 

Corrected Trade Names, Our Sample  15.3 10.7 4.6 

Predicted by well characteristics 15.2 10.7 4.5 

 

The perceived 
improvement 
seen by the 

methodology used 
by MHA is 

explained by well 
characteristics 

other than CnF. 
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• The MHA report states that CnF use is associated with an uplift in Focus Area 1 production 
of 5.3 BBLs per ft GPI, or 46.9% (first row of the table). Our data set yields the same result 
if we use the methodology employed by MHA and the list of CnF trade names that Flotek 
provided to MHA (second row). Expanding the list of CnF trade names (which we believe 
to be more accurate) and applying MHA’s methodology to our data produces estimated 
uplift of 43%, or 4.6 BBLs per foot GPI (third row). The robust regression and GAM 
methodologies employed by our consultants indicate that well characteristics (operator, 
location, GPI, sand and water) explain 4.5 BBLs out of the 4.6 BBLs per foot GPI 
improvement observed in Focus Area 1 (last row).  

• The table below summarizes the estimated contribution of CnF to 12-month production 
per ft GPI for the different regression and GAM approaches. The estimated contribution 
of CnF using these models is between -0.40 and 0.10 BBLs per ft GPI, or -3.7% to 1.0%, in 
Focus Area 1. 

Estimated Contribution of CnF to Production in Focus Area 1 
Methodology Variables CnF Uplift (BBLs) Percent Uplift 

Robust Regression Operator, GPI 0.10 1.0% 

Robust Regression Operator, GPI, Location, Sand, Water -0.35 -3.3% 

GAM Operator, GPI, Location, Sand, Water -0.40 -3.7% 

 

Summary of CnF Performance by Study in Focus Area 2 

Methodology CnF Wells Non CnF Wells Improvement 

MHA Report 11.0 9.3 1.7 

MHA Method, Our Sample 11.7 9.6 2.1 

Corrected, Our Sample 10.9 10.6 0.3 

Predicted by Well Characteristics 10.9 10.5 0.4 

 

• The MHA report states that CnF use is associated with an uplift in Focus Area 2 production 
of 1.7 BBLs per ft GPI, or 18.3% (first row). Using the methodology employed by MHA and 
the list of CnF trade names provided by Flotek to MHA on our data set produces a similar 
result of 21.9% (second row). Applying the methodology employed by MHA to our data 
set but expanding the list of CnF trade names reduces the estimated uplift to just 2.8%, 
or 0.3 BBLs per foot GPI (third row). The robust regression and GAM methodologies 
employed by our consultants indicate that well characteristics (operator, location, GPI, 
sand and water) explain substantially all of the improvement in Focus Area 2 (last row).   

Correcting the 
trade names 

reduced the uplift 
to just 3%, but 

even this 
outperformance is 
explained by well 

characteristics 
other than CnF. 
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• The table below summarizes the estimated contribution of CnF to 12-month Focus Area 
2 production per ft GPI for the different regression and GAM approaches. 

Estimated Contribution of CnF to Production in Focus Area 2 
Methodology Variables CnF Uplift (BBLs) Percent Uplift 

Robust Regression Operator, GPI -0.20 -1.9% 

Robust Regression Operator, GPI, Location, Sand, Water -0.16 -1.5% 

GAM Operator, GPI, Location, Sand, Water -0.08 -0.8% 

• The estimated contribution of CnF using these models is between -0.08 and -0.20 BBLs 
per ft GPI, or -1.2% to -0.8%, in Focus Area 2. 

• RK Trading and Sylvania document the stability of these models, on an operator-by-
operator basis and across locations, and demonstrate that the conclusions are not 
sensitive to either the way that a model is specified or the definitions of key variables, 
including production. 

• A similar approach is applied to data from the Permian Basin. The results all say the same 
thing: the estimated impact of CnF on production cannot be distinguished from zero.32  

 
4. 85% of CnF end users (i.e. oil and gas operators) have stopped using the Flotek product in 

horizontal and vertical well completions 

• We conducted a detailed study of operators who have used CnF with data from FracFocus. 
Operators purchase CnF products either directly from FTK, or from service providers (e.g. 
HAL, BHI, SLB) who purchase CnF from the Company, repackage it, and sell it as part of 
their well completion services. When studied at the operator level, the magnitude of the 
end user turnover appears significantly higher than the Company suggests in recent 
disclosures. We observe that many large operators with ample resources to test different 
well completion fluid systems are no longer using CnF in their wells. 
 

 

Our independent list of CnF trade names33 allows us to identify 334 operators who used CnF 
(“Total CnF Operators”) in at least one well completion since November 1, 2012.34 For this study, 
we included both horizontal and vertical well completions in order to capture as many operators 
                                                           
32 We encourage you to read the full econometric studies in the White Paper from RK Trading and Sylvania available 
on the FourWorld website and attached herein as Appendix H. 
33 A list of the top ten most common trade names is provided in Appendix C. 
34 As noted previously, we include both horizontal and vertical completions in order to capture as many customers 
of CnF as possible and give Flotek the benefit of the doubt in our study. 

Readers should consider the circumstances under which a large, sophisticated operator, who 
continues to frack new wells, would stop using CnF. 
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and well completions using CnF as possible. (We also conducted a study using only horizontal 
wells that shows the same trends and a higher attrition rate. This study is summarized at the end 
of this section). We are able to look through the service providers (HAL, SLB, etc.) to the operators 
by using FracFocus. Based on Flotek’s statements at conferences and earnings calls, we believe 
the Company relies on Flotek Store data for their customer metrics and does not look through 
service providers to the ultimate consumers of their products – providing only a partial picture 
of CnF end users. 

We classify the operators in our study into the following groups: 

• “Active CnF Operators”: operators who completed any well within 180 days of November 
16, 2016 (the end date of the study) AND used CnF in a well within 90 days of their last 
well. These operators have active well completion operations and are still using CnF. 

• “Shutdown Operators”: operators who have not completed a wells since May 20, 2016 
(180 days before the study period end) but used CnF in a well within 90 days of completing 
their last well. These operators were still using CnF when they ceased fracking operations, 
either by choice, bankruptcy, or some other reason. 

• “Turnover Operators”: operators who have not used CnF within 90 days of their last well, 
regardless of whether they are still fracking today or not. These operators decided to stop 
using CnF in their wells. 

Based on the methodology listed above, we conclude that 84.7% (283 out of 334) of the 
operators who have used CnF since November 1, 2012, stopped using the product in their wells. 
The customer classifications are as follows: 

• 51 (15%) are “Active CnF Operators” that are currently completing wells and using CnF 
in at least one of them. 

• 147 (44%) are “Turnover Operators” that used CnF in a well, but then completed 
additional non-CnF wells at least 90 days later without using CnF in a well again. We 
interpret this to mean they chose to stop using the product in well completions. 

• 136 (41%) are “Shutdown Operators” that used CnF in a well but then ceased all 
fracking operations within 90 days. We interpret this to mean they may have stopped 
using CnF for a reason other than the product itself. Nonetheless, these are lost volumes 
and revenues for Flotek. 
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• According to our study, Flotek can claim only 51 “Active CnF Operators”, which is 15% of 
the total end users who used CnF over the last four years. Of these 51 unique operators, 
we calculate that the top 3 (Pioneer, Noble, and PDC Energy) currently account for greater 
than 75% of total CnF sales volumes and revenues. This is supported by research analyst 
reports that put the top two customers at greater than 50% and the top three customers 
at greater than 75% of total 3Q 2016 CnF sales35, though we note that analysts’ reports 
generally include HAL in the top two customers, where our study looks through service 
providers like HAL to the end operators (i.e. NBL). It is well known that PXD is FTK’s largest 
customer.36 We understand that FTK recently gave PXD a volume based pricing discount. 
It is clear that FTK has a severe customer concentration problem; a loss of any of these 
key customers would be material to Flotek. 

• The chart below illustrates customer additions and losses per quarter, according to our 
study, and clearly demonstrates the significant customer losses Flotek has sustained over 
the last four years. 

 
*Q4 2016 data is incomplete due to FracFocus reporting lag 

• In order to get a more complete picture of CnF end users, we utilized FracFocus to analyze 
the CnF usage history of individual operators. We find that Anadarko (APC), Chesapeake 
(CHK), EOG Resources (EOG), Devon (DVN), Aera Energy, and ConocoPhillips (COP), 
among many others, have discontinued the use of CnF in their wells. This means that 

                                                           
35 Source: IBERIA Capital Partners reports. Coker & Palmer reports. 
36 “I also want to take a moment to congratulate Scott Sheffield, Chairman and Chief Executive at Pioneer Natural 
Resources on his pending retirement. Scott has been a personal friend and a key supporter of Flotek, something for 
which I will be forever grateful.” John Chisholm, Flotek’s Q3 2016 earnings call. 

19 operators 
used CnF in a 
well for the 
first time in 

2016, while 69 
operators 

stopped using 
CnF in well 

completions in 
2016 
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six of the top ten operators in FracFocus (ranked by total well count since November 1, 
2012) stopped using CnF in their well completions. We think this is important because 
these operators have the resources to conduct their own studies.  

• Of the 4 remaining operators from the top ten in FracFocus, XTO Energy (XTO) used CnF 
in less than 5% of wells since Q1 2013, Apache Corp (APA) used it in a single well in 
September 2016 for the first time in over a year, but has not used it any wells reported 
since.37 Occidental Petroleum (OXY) showed no wells using CnF after November 2015 until 
using it just three times in 2H 2016 for a purpose, it appears, other than enhanced oil 
recovery in a horizontal fracturing completion.38  The remaining operator in the top ten is 
Pioneer (PXD), who uses it regularly and is Flotek’s largest customer, accounting for 
approximately 30 - 40% of CnF revenues.  

• Over the study period, the attrition in CnF end users is 84.7%, or 283 Lost Operators out 
of 334 Total CnF Operators.  

• Removing Shutdown Operators (136) from Total CnF Operators (334) implies a turnover 
in CnF end users of 74%, or 147 of 198 non-Shutdown Operators. 

• Below is a sample chart for Anadarko from our study. For customer charts covering the 
top 20 operators by number of well completions, see Appendix G. 

 

                                                           
37 This well appears to a vertical well (total water volume of 157k gallons) in Oklahoma. APA had not used CnF in 15 
months and used it in only 14 wells out of 2,087 wells since November 1, 2012. Furthermore, APA has not used CnF 
in subsequent wells, including wells in Texas. 
38 These wells are vertical wells with an average total water volume under 100k gallons. Estimated CnF volume is 
250 gallons and estimated revenue is approximately $3000 for all three wells combined. 

STOPPED 
USING CnF 
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Lost Operator Study – Horizontal Wells Only – Summary of Results 

• When we restrict the study outlined above to horizontal well completions only (defined 
as well completions with a total base water volume reported to FracFocus over 500,000 
gallons39), the attrition rate increases to 87.4%. 

• Eliminating vertical wells from the study reduces the number of Total CnF Operators from 
334 to 183, which implies 151 operators (45%) only used CnF in vertical well completions. 
In total, these 151 operators completed 837 vertical wells that used a total of 64.6 million 
gallons of water, according to FracFocus data. For comparison 64.6 million gallons is less 
than the water consumed by just 4 PXD wells in 2016. The revenue opportunity from an 
average vertical well is just a fraction of an average horizontal well, since CnF is used in 
proportion to water volume. Assuming a generous loading factor of 1.5 gallons of CnF 
per 1,000 gallons of water and a price of $15 per gallon for CnF, the wells from these 
151 operators would have represented $1.5 million in total revenue to Flotek. 

• For the 183 operators who completed a horizontal well with CnF since November 1, 2012, 
we conclude that 87.4% (160 out of 183) of them stopped using the product in their wells. 
The customer classifications are as follows: 

o 23 (13%) are “Active CnF Operators”  

o 98 (54%) are “Turnover Operators” 

o 62 (34%) are “Shutdown Operators” 

• In addition to the 6 operators mentioned in the more general study above, 3 (XTO, APA, 
OXY) of the remaining 4 operators in the top ten are deemed Turnover Operators, if you 
eliminate vertical wells from the study. XTO’s last horizontal well completion using CnF 
was in January 2015. The 67 wells XTO completed with CnF since then were all vertical 
completions and used a total of 14.7 million gallons of water, which is less than the water 
used in a single PXD well. For comparison, the average Pioneer CnF well used 16.9 million 
gallons of water in 2016.40 OXY and APA have not used CnF in a horizontal well completion 
since February 2015 and May 2015, respectively, according to our study of FracFocus 
data. Only PXD remains as an Active CnF Operator ranked in the top ten by total well 
count since November 1, 2012. 

• Over the study period, the attrition in CnF end users is 87.4%, or 160 Lost Operators out 
of 183 Total CnF Operators. 

• Removing Shutdown Operators (62) from Total CnF Operators (183) implies a turnover in 
CnF end users of 81%, or 98 of 121 non-Shutdown Operators. 

                                                           
39 We use a conservative assumption of 0.5 million gallons of water to determine a vertical well from a horizontal 
well. For comparison, the average well, in our database of over 70k from FracFocus, used 4.2 million gallons of water 
- ranging from 2.7 million gallons in 2014 to 7.3 million in 2016. Pioneer uses over 16 million gallons of water on 
average per horizontal well completion in 2016, as shown in the water usage section of this paper. 
40 See the table entitled “Water Usage in CnF Wells (based on FracFocus)” in the water usage section of 
this paper for more detail. 



   

25 
 

 

 

5. We believe FTK’s statements about new CnF customers ignores the quality of the customer 
base and masks the number of large operators who have chosen to stop using CnF in well 
completions. 

• Flotek is touting new CnF customers while ignoring customers they have lost. For 
example, at the Jefferies 2016 Energy Conference in Houston on November 30, 2016, John 
Chisholm stated, “We continue to see market penetration from our core CnF 
chemistries…we believe the second half of 2016 provides additional opportunities for 
growth. We have added more new customers in the third quarter compared to the second 
quarter and compared to the first quarter of 2016. Furthermore, Chisholm adds, 
“adoption [of CnF chemistries] has quickened [in 2016] and will continue to do so into 
2017.” In the company’s 3Q 2016 earnings presentation, John Chisholm stated “the base 
of CnF users broadened meaningfully in the third quarter.”  

• Our study of CnF end users using FracFocus shows that Flotek’s stated customer additions 
and number of total customers are not an accurate measure of the quality of the 
customer base. We demonstrate that FracFocus may be used to identify a transition from 
high quality, high revenue potential operators to much smaller, low revenue potential 
operators. As highlighted previously, our study using FracFocus data shows 19 operators 
tried CnF in at least one well in 2016, however 69 operators stopped using CnF in well 
completions by our definition. As we discuss below, we see similar customer turnover 
trends using FTK’s own data. 

• The charts below from FTK’s presentation at the Jefferies 2016 Energy Conference 
illustrate unique CnF customer additions and total CnF customers within the Flotek Store, 
by quarter. 

Readers should consider, if a horizontal well completion costs approximately $5 to 8 million  
and CnF costs approximately $0.01 to $0.03 million per well completion (depending upon CnF 
loading concentration and water usage), the likelihood of whether any of these sophisticated 
operators would stop using CnF if they realized any material uplift in oil production. 
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• Flotek claims they have added 159 unique customers since Q1 2014. They also claim to 
have approximately 50 current customers. We find no evidence that Flotek explained 
what happened to the other 109 customers, who represent 69% of the unique CnF 
customers since 2014 (recall our operator study using FracFocus showed end user 
attrition of approximately 85% since November 1, 2012). Flotek also states the 159 added 
customers is “clearly understated” because “distributors… continue to purchase CnF that 
is sold to potentially dozens of additional customers. For example, Halliburton, a major 
customer for years, likely provides the chemistry to a cluster of customers that are not 

As of Q3 end, FTK 
claims to have 

added a cumulative 
159 unique CnF 

customers 

As of Q3 2016, FTK 
claims 50 active 

customers  

Is FTK implying 
they’ve lost 109 

customers? 
From Flotek’s 
Jefferies 2016 

Energy Conference 
Presentation on 

11/30/16 
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captured in this count”.41 These customers are not reflected in FTK’s numbers because 
FTK does not look through service providers (distributors like HAL, SLB, BHI) to the end 
user of the product, the operator. In our view, it is much more likely that a service provider 
could be experiencing high levels of churn of CnF end users, but FTK would not be 
including this in their calculations; all FTK sees is the service provider or what has been 
sold through the Flotek store. Our customer study uses FracFocus data reported at the 
operator level. Our study shows FTK 256 CnF operators stopped using CnF in well 
completions since Q1 2014 versus the 109 lost customers implied in FTK’s presentation 
materials. 

• Although Flotek does not highlight customer losses in their presentation, their own 
“Unique CnF Customers” chart implies significant customer losses each quarter. The chart 
below shows the customer additions per quarter claimed by Flotek, but adds the 
customer losses implied from the “Unique CnF Customers” claimed by Flotek. It appears 
that Flotek may be aware that they have been losing more customers than they have been 
adding recently, despite public statements indicating otherwise. FTK claims that their data 
does not look through service providers, which may be masking the true number of 
operators who have been completing new wells without using CnF. 

 

                                                           
41 John Chisholm at the IPAA OGIS San Francisco Conference on September 27, 2016. Transcript on Bloomberg. 

FTK claims ~50 active 
customers, footing to our 
estimate of 51, however, 
we assume that we use 
different parameters to 

calculate unique 
customers. 
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• According to Flotek’s own numbers, the company lost approximately 43 customers in 
2016 but only gained about 32. Based on our conclusions, we believe Flotek should have 
presented their total customers to shareholders as we do in the chart above. We question 
Flotek’s claim that “the adoption pace [of CnF] was quickened and should continue to do 
so into 2017.”42  
 

 

• We cannot directly connect Flotek’s statements on customer additions to our operator 
study due to FracFocus reporting latency and the diminished view of operator use from 
Flotek using only Flotek Store data. But FracFocus data through Q3 2016 does show that 
the 19 operators who used CnF for the first time in 2016 did so in a total of 50 wells out 
of the 285 they completed in 2016.43 The 69 operators that we conclude stopped using 
CnF in their wells in 2016, cumulatively completed 1,476 wells this year. 
 

 

• Of these operators, only four – Clayton Williams, Midstates Petroleum, Murphy 
Exploration and Parsley Energy – have fracked more than 100 wells of any kind since 
FracFocus 2.0 was introduced.  Clayton Williams, Murphy and Parsley used CnF in just two 
wells each. As the table above shows, Midstates used CnF in 19 out of 40 wells so far this 
year, but has not fracked a well with CnF since August 2016. Over the study period of 
almost 4 years, Midstates fracked a total of 383 wells of any type. In comparison, 
Anadarko, who stopped using CnF in their wells, completed 3,459 wells over the study 
period and has already fracked 297 wells this year. As discussed above, we believe the 
lack of broader acceptance outside the top three operators and the repeated loss of end 

                                                           
42 John Chisholm, FTK Q3 2016 Earnings call. Transcript from Bloomberg. 
43 Per data from the FracFocus database, the revision date indicated by FracFocus was November 16, 2016. 

Readers should consider the effect on Flotek sales if the Company reported the number of 
operators who previously fracked wells with CnF but no longer use the product in subsequent 
completions. 

All 19 new 
operators 

completed 2,012 
wells combined 
since 11/1/12. 
Anadarko, who 

stopped using CnF, 
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3,459 wells during 
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users with sufficient resources to test the efficacy of CnF is preventing FTK from adding 
large customers that could move the needle. 

• We believe the revenue potential from the customers being added by FTK is minimal and 
FTK’s statements regarding meaningful client additions and accelerating adoption are 
misleading. 

 

  

Readers should consider whether high end-user turnover has resulted in the loss of higher 
revenue potential operators, leaving the Company exposed to severe customer concentration 
risks. 
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6. Increased water volume in modern fracking completions has masked the substantial loss of 
the end users of CnF products. 

• Water usage in fracking has increased immensely in the past few years (i.e., sophisticated 
operators are pushing more and more frac fluids into horizontal completions). As noted 
above, CnF is used in proportion to water (typically in concentrations of 1.0 - 1.5 gallons 
per thousand gallons of water). Consequently, as a handful of existing customers rollout 
enhanced well designs that call for much larger water volumes, CnF usage rises by default, 
which, we believe, has helped mask the losses in CnF volumes from the large churn of end 
users.  

• To illustrate this, the slide below is from Pioneer’s Q3 2016 earnings presentation, which 
shows PXD uses 67% more water per foot of perforated lateral length in 2016 (version 
3.0) wells than 2013-2014 (version 1.0) wells. At the same time, the lateral length of PXD’s 
wells has increased by up to 2,000 feet since 2013. This means PXD wells are using up to 
20 million gallons of water today versus fewer than 9 million gallons just 2-3 years ago. 

 

 

 
 
 
 
 

PXD wells are longer 
and use more water 
per perforated foot. 

revenues and ~35% of 
CnF revenues. 
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• Using the FracFocus database, we calculated the total amount of water used in CnF wells 
by all operators, the top 3 CnF users each year, all CnF users outside the top 3, as well as 
Pioneer and Noble individually (two of FTK’s largest end users) from 2014 to 2016. The 
table below summarizes the results.  

 

 

 

 

• We observe the following: 

o Total gallons of water used in CnF wells grew less than 10% a year while the number 
of CnF wells fracked fell by 40% per year during the same period. This implies the 
average CnF well used 2.5 million gallons of water in 2014, but used 8.6 million 
gallons in 2016, a 244% increase in water usage per CnF well in just two years. 

o The top 3 CnF end users in 2016 (PXD, NBL, PDCE) accounted for 60% of the CnF well 
count and used over 80% of the total water used in CnF wells. This composition is 
dramatically different than just two years ago, when the top 3 end users (NBL, APC, 
PDCE) accounted for only 24% of the CnF well count and used just 39% of the total 
water used in CnF wells. It is worth noting that APC (a top 3 user in 2014) stopped 
using CnF in May 2015. Based on well count and water usage, the customer 
footprint seems to have contracted, further concentrating in just a few, very large 
customers. 

o The average PXD CnF well used almost 17 million gallons of water in 2016, up 48% 
from the year before. The same trend is seen for NBL. PXD alone now accounts for 
half of the total water used in CnF wells. That figure is 72% when you combine PXD 
and NBL. 

o CnF end users outside of the top 3 accounted for 40% of the CnF well count, 
consumed only 19% of the total water volume, and used just 3.9 million gallons of 

Concentration of 
Top 3 growing 

immensely  

CnF is not seeing 
broadening 

adoption 

Wells using CnF 
fell 41% YOY 

CnF well count and 
portion of well 

count for Outside 
Top 3 plummeting 

PXD and NBL water 
usage, water per well 

and portion of total CnF 
well count all growing. 
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water per CnF well, implying this group consists of primarily smaller operators trying 
the product in very few, less sophisticated well designs. 

• On November 30, 2016, John Chisholm stated, “Even in the worst cyclical downturn in 
our lifetime, Flotek’s chemistry business has held its own, continued to grow and is 
poised for even greater growth in the months ahead...” “Over the past three years, in an 
environment more conducive to contraction than expansion, Flotek has added over 150 
unique clients to its chemistry client base…”44 

• Flotek claims that the resilience of CnF is evidenced by consistent annual sales volumes 
and revenues since 2014. Company disclosures show CnF volumes and revenues were 
approximately 7.7 million gallons ($130 million) in 2014, 9 million gallons ($115 million) 
in 2015 and 9.5 million gallons ($120 million) forecast in 2016.45 On the surface, the 
consistent total water volume per annum used in CnF wells seems to support this claim. 
However, the composition of that water usage tells a much different story. 

• We question whether the “resilience” claimed in Flotek’s presentations is due to the 
broadening CnF customer base as Flotek claims, or is simply a result of the 2-3x increase 
in water volume required by modern fracking completions from a three existing 
customers, who now account for the majority of CnF wells and use over 80% of all the 
water. 

 
 

See the enclosed appendices for additional detail, modeling assumptions and support for these 
conclusions, along with a white paper from industry experts RK Trading and Sylvania. These 
materials are also available at the FourWorld website. 

 

Disclosure: FourWorld reached out to MHA Petroleum and Flotek, but calls and electronic 
communications were not returned. 
 

  

                                                           
44 Jefferies 2016 Energy Conference. Transcript and presentation from Bloomberg. 
45 Jefferies 2016 Energy Conference. Transcript and presentation from Bloomberg.  



   

33 
 

Legal Disclaimer 
FourWorld Capital Management LLC (“FourWorld”) is an SEC registered investment advisor based in New York, New 
York. FourWorld provides investment advisory services focused on tax, legal and regulatory event driven investing. 
The views expressed in this research presentation (“Presentation”) represent the opinions of FourWorld and/or 
certain affiliates and the investment funds it manages that hold shares in Flotek Industries Inc. (“Flotek”).  
 
This Presentation is for informational purposes only, and it does not have regard to the specific investment objective, 
financial situation, suitability or particular need of any specific person who may receive this Presentation, and should 
not be taken as advice on the merits of any investment decision. This Presentation expresses our research opinions, 
which we have based upon interpretation of certain facts and observations, all of which are based upon publicly 
available information and FourWorld analysis, and all of which are set out in this Presentation.  
 
Use FourWorld’s research is at your own risk. You should do your own research and due diligence, with assistance 
from professional financial, legal and tax experts, before making any investment decision with respect to securities 
covered herein. FourWorld disclaims any and all liability as to the completeness or accuracy of the information and 
for any omissions of material facts. FourWorld disclaims any obligation to correct, update or revise this Presentation 
or to otherwise provide any additional materials. Neither FourWorld nor any of its affiliates makes any representation 
or warranties of any kind – whether express or implied – as to the accuracy, timeliness, completeness of the 
information contained herein and the recipient agrees and acknowledges that it will not rely on any such information. 
 
As of the publication date of this presentation, FourWorld (possibly along with or through our members, partners, 
affiliates, employees, and/or consultants) along with our subscribers and clients have a direct or indirect short 
position in Flotek stock, and therefore stand to realize significant gains in the event that the price of Flotek stock 
declines. Following publication of this presentation, we intend to continue transacting in the securities covered herein, 
and we may be long, short, or neutral at any time hereafter regardless of our initial recommendation. All expressions 
of opinion are subject to change without notice, and FourWorld does not undertake to update this report or any 
information contained herein. FourWorld, subscribers and/or consultants shall have no obligation to inform any 
investor or viewer of this report about their historical, current, and future trading activities. The consulting firms hired 
by FourWorld, and referenced in this paper, are receiving a fee that is based on the performance of FourWorld’s 
positions in Flotek stock, and, independent of FourWorld, may have a direct or indirect short position in Flotek stock. 
 
FourWorld may buy or sell or otherwise change the form or substance of any of its investments in any manner 
permitted by law and expressly disclaims any obligation to notify any recipient of this Presentation of any such 
changes. There may be developments in the future that cause funds managed by FourWorld to engage in transactions 
that change the beneficial and/or economic interest in Flotek. 
 
The opinions expressed in this report are not investment advice nor should they be construed as investment advice 
or any recommendation of any kind. Any investment involves substantial risks, including complete loss of capital. Any 
forecasts or estimates are for illustrative purposes only and should not be taken as limitations of the maximum 
possible loss or gain. You should assume these types of statements, expectations, pro forma analyses, estimates, and 
projections may turn out to be incorrect for reasons beyond FourWorld’s control. 
 
This Presentation may contain, or incorporate by reference, forward-looking statements which reflect FourWorld’s 
views with respect to, among other things, future events and financial performance. Forward-looking statements are 
subject to various risks and uncertainties and assumptions. There can be no assurance that any idea or assumption 
herein is, or will be proven, correct. If one or more of the risks or uncertainties materialize, or if FourWorld’s underlying 
assumptions prove to be incorrect, the actual results may vary materially from outcomes indicated by these 
statements. Accordingly, forward-looking statements should not be regarded as a representation by FourWorld that 
the future plans, estimates or expectations contemplated will ever be achieved. 
 
The securities or investment ideas listed are not presented in order to suggest or show profitability of any or all 
transactions. There should be no assumption that any specific portfolio securities identified and described in this 
Presentation were or will be profitable. Under no circumstances is this Presentation to be used or considered as an 
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offer to sell or a solicitation of an offer to buy any security, nor does this Presentation constitute either an offer to 
sell or a solicitation of an offer to buy any interest in funds managed by FourWorld. Any investment in the FourWorld 
funds is speculative and involves substantial risk, including the risk of losing all or substantially all of such investment. 
 
The document is the property of FourWorld and may not be published or distributed without the express written 
consent of FourWorld. 
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Appendix A – White Paper from RK Trading and Sylvania, LLC 

The following is a White Paper from RK Trading and Sylvania LLC entitled “Well Productivity, Completion 
Design and CnF: Horizontal Wells in Weld County, CO” 
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The authors of this paper will receive a fee that is based on the performance of an investment 
managed by FourWorld Capital Management LLC, a New York based hedge fund, in Flotek stock 
and may also have an independent position in that stock. 
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Abstract 
 

We consider the relationship between oil production and completion parameters for a set of 
604 horizontal wells located in Weld County, Colorado.  We document statistically significant 
relationships between production and location, the length of the well bore, TVD, and the 
amount of sand and water used in a completion, and demonstrate that the use of CnF, a 
proprietary flowback surfactant, has zero marginal impact on production in the sample 
considered here.  This property of CnF is apparent in simple regressions incorporating only 
operator identity and the length of the wellbore, and estimated consistently by a sequence of 
models that introduce additional variables related to production.  The variables with the largest 
impact on production are, in order of magnitude, location, the amount of sand and water used 
in a completion, operator identity and length of the well bore. Model R2 are in the range of 50 
percent to 70 percent. 
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1.0 Summary 
 
We present a framework for measuring the productivity of horizontal oil well completions, 
which account for a significant and increasing fraction of US oil production, and use data from 
FracFocus (an industry data base) and state drilling records to characterize the influence of 
geology and completion design on well productivity.  Direct comparisons, regression analysis 
and Generalized Additive Models (“GAM’s”) allow us to measure the relationship between 
production and explanatory variables that we identify through visualization. These include the 
gross fractured length, total vertical depth, and location of the wellbore, as well as the amount 
of sand and water used to complete the well.  We use the models to investigate the influence 
of Complex nano-Fluid (“CnF”), an additive that is incorporated into fracturing fluids, on well 
productivity. 
 
FracFocus is an important source of information about fracturing fluid systems used in 
horizontal well completions.  Twenty-three states and the Federal BLM either require or 
recommend that operators who develop horizontal wells report the content of fracturing fluids 
to FracFocus.1  The database describes the amount of different materials present in the frac 
fluid, expressed as a percentage of total frac fluid mass, including sand, water, and chemical 
additives.   Combining the data from FracFocus with information about well characteristics from 
state completion and production records affords a profile of individual well productivity that is 
linked to well characteristics. 
 
The rapid development of the horizontal completion industry in the US has been associated 
with an evolution in completion design, as operators and service companies learn through trial 
and error about the productivity of well design features.  The data employed here, investor 
materials from different operating companies and engineering literature all suggest the rapid 
evolution of completion designs.  A recent Centennial Resources SEC filing indicates the 
significance that operators attach to completion parameters. 

 
We have an evolving completion strategy that involves methodical adjustments of 
parameters, experimentation with different designs on adjacent locations with similar 
rock characteristics, and constant monitoring and re-evaluation of results … Our current 
base completion design is a hybrid fracture stimulation, a combination of slickwater and 
cross-linked gel, targeting approximately 150 foot stage length, 50 feet cluster spacing, 
40 barrels of fluid per foot of lateral length and 1600 – 1900 lbs of white sand per foot of 
lateral length.2 

 
Our objective is to identify and measure the relationship between well productivity and both 
control parameters that may be influenced by an operator, and exogenous variables that 
describe the environment where a completion occurs. We are able to observe only a fraction of 
                                                      
1 Coverage of the data base is described in Kate Konschnik and Archana Dayalu, HF Chemicals 
Reporting: Summary of Frac Focus Data Analysis, Harvard Law School, Septmber 29, 2015.   
2 Centennial Resources S1 (IPO) filing dated June 22, 2016 p 93.   
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the information that is incorporated into a completion design (more about this later). Our 
measurement strategy exploits the fact that wells completed at a particular point in time, in a 
given location, by a particular operator are likely to share many characteristics that are not 
observable to a third party.  This strategy makes it easier to identify the influence of variables 
that we can observe. 
 
The evaluation of well productivity that is discussed here uses data from Weld County, 
Colorado, which is located in the DJ Basin.  We use information about well location and total 
vertical depth, which represent lithology (i.e. properties of the rock), as well as design features 
including the length of the wellbore, and the amount of sand and water used in the completion, 
to develop a model that explains between 50 percent and 70 percent of the observed variation 
in output from a set of 604 wells. The relationships that we identify are consistent with 
intuition, as well as information reported by third parties about factors that influence 
horizontal well productivity. 
 
We use this analytical framework to measure the influence on well productivity of one specific 
completion design feature that is within the control of the well operator.  Complex nano-fluid 
or CnF is a flowback surfactant that is used to enhance the flow of oil from horizontal wells. 
Materials distributed by Flotek, who manufactures and distributes the product, allege that the 
use of CnF can increase output from horizontal completions by 30 – 70 percent.3    
 
We demonstrate that the measurable contribution of CnF to well productivity in our sample of 
604 wells in the DJ Basin is zero.  This result is consistent across locations and operators.   
 
In one sense, our results conflict with conclusions about the influence of CnF on production 
reported by MHA Petroleum Consultants of Denver, who were hired by Flotek to evaluate the 
efficacy of CnF.  MHA asserted in a report to the Flotek Board, delivered January 25, 2016, that 
“The results presented demonstrate that for Focus Areas 1 and 2, the wells which used the CnF 
additive showed a significant increase in both 12-month and ultimate oil production 
productivity parameters”.  
 
We resolve the apparent inconsistency between our results and the results presented by MHA 
by appealing to two features of the MHA study. One is that MHA appears to have used a faulty 
“key” to interpret the data in FracFocus, which identifies chemical additives included in frac 
fluids using trade names (e.g. “StimOil”), but does not indicate whether those products contain 
CnF.4 MHA interpreted the information in FracFocus using a key that was supplied to MHA by 

                                                      
3 Press release dated February 23, 2015.  “Our data suggest that a remediation or restimulation 
treatment of a well using a tailored CnF chemistry design can reinvigorate production by 30-
70% and, in some cases, return the well to its original production profile.  More important, it 
can do so at a fraction of the cost of drilling and completing a new well”.   
4 It is also possible to identify products containing CnF using CAS identifiers associated with 
specific citrus terpenes. 



 4 

Flotek.5  We have compiled independently a list of trade names for products that we believe 
incorporate CnF, which is materially different from the list of trade names that was supplied to 
MHA by Flotek.  The difference in the content of the two lists affects the conclusions about the 
relationship between production and the use of CnF in Weld County completions.6 
 
Even if we agreed with MHA that a particular group of wells treated with CnF were more 
productive than another group of wells not treated with CnF – which is bound to be true in 
some cases – we would still have cause to consider carefully a claim that “the use of the CnF 
additive made a significant difference in well performance when compared with wells in the 
same vicinity that did not use CnF”.7 We illustrate the second source of discrepancy between 
our results and those reported by MHA with an example that is developed more fully below.  
 
Completion intervals in the sample of 604 wells examined here range from 2108 feet to 9612 
feet.  Long completions are less productive than short completions for every operator in every 
location, independent of whether the wells were completed with CnF.8 The production data in 
the first column of Table 1.0.1 indicate that short completions treated with CnF underperform 
short completions that were not treated with CnF by 1.0 BBL of production per ft of gross 
perforated interval (“GPI”) during their first 12 months of operation. The data in the second 
column of the table indicate that the relationship between CnF use and productivity is a mirror 
image among long completions. The gain associated with using CnF is positive in one case and 
negative in the other. 
 
       Table 1.0.1: CnF Use, Completion Length and Production9 
 

 Short Long Average 
No CnF 13.8 

(N = 61) 
8.8 

(N = 101) 
10.7 

(N = 162) 
CnF 12.8 

(N = 365) 
9.8 

(N = 77) 
12.3 

(N = 442) 
Gain -1.0 

(N = 426) 
1.0 

(N = 178) 
1.6 

(N = 604) 
 
                                                      
5 MHA Report dated January 25, 2016 pp 4 -5.   
6 The list of trade names reported by MHA and our alternate list of trade names are presented 
in Appendix A. 
7 MHA report to the Flotek Board titled “Effectiveness of CnF on Improving Horizontal Well 
Performance: Permian Basin, Texas and New Mexico”, dated July 22, 2016.  Emphasis added. 
8 Production increases with the length of the lateral, but production per foot of gross 
perforated interval declines. 
9 Short wells have completion intervals of less than 6,000 ft.  Production is cumulative 12-
month output per foot of gross perforated interval. This is a standard measure of performance, 
used both here and in the MHA report. 
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The situation is quite different when we look across the columns.  The cost of moving from 
short completions to long completions is 5.0 BBLs per ft GPI in the first row and 3.0 BBLs per ft 
GPI in the second row.  Moreover, the column differences are associated with t-statistics of at 
least 6.18, while the largest t-statistic for a row difference is 1.83.   
 
There is of course no reason to expect that CnF performs differently in long completions and 
short completions.  The message in Table 1.0.1 is rather a caution about generalizing from a 
simple comparison. Our analysis indicates that the relationship between production and the 
length of the completion interval is consistent, measurable and statistically significant across 
operators and locations.  The marginal performance of wells treated with CnF is random, on 
average equal to zero and not statistically different from zero. These properties of the data are 
apparent in Table 1.0.1, and in a simple regression involving nothing more than operator 
identity, the length of the completion interval and CnF use.  The same properties are estimated 
consistently in more sophisticated models that address other characteristics of production.   
 
The data in the last column of Table 1.0.1 suggest that CnF improves performance because the 
marginal penalty associated with longer completions happens to be greater in the top row of 
the table, which represents wells not treated with CnF, than in the bottom row of the table for 
this sample of wells. Evidence presented below (see Table 5.1.1, for example) indicates that this 
feature of Table 1.0.1 is a result of influences other than the presence of CnF in frac fluid.   
 
The length of the completion interval plays an important but not definitive role in explaining 
observed variations in well productivity. Location, operator identity, well depth and the 
application of sand and water in the fracturing process also explain observed variations in 
production.  Our conclusions about “what matters” – location, operator, well depth, length of 
the wellbore, sand and water but not CnF - are not sensitive to the definition of production, 
sample size or the way that we measure explanatory variables or their influence.  Simple 
comparisons, visualizations of production and completion parameters, and various econometric 
models all lead to the same conclusion. 
 
These results generalize beyond Weld County.  We demonstrate that data presented by MHA in 
a series of three reports to the Flotek board provide evidence of nothing more than a random 
relationship between well productivity and the use of CnF when evaluated with standard 
statistical tools.  The application of our analytical tools to a group of 120 wells completed in the 
Bone Spring formation in the Permian Basin indicates that the marginal impact of CnF on 
production is zero there as well.   
 
 
2.0 The MHA Reports 
 
MHA delivered three reports on the relationship between horizontal well productivity and CnF 
use to the Flotek board between January 2016 and July 2016.  The three studies address the 
relationship between CnF use and well performance in the Weld County, CO section of the 
DJ Basin, the Eagle Ford play of South Texas, and the Permian Basin of West Texas.  In each 
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case, MHA identified a set of geographic Focus Areas, and compared the average cumulative 
12-month production from a group of wells treated with CnF to the average cumulative 12-
month production from a group of wells not treated with CnF.   
 
MHA did not offer any assessment of statistical reliability in any of its studies.  We have 
computed t–statistics and p-values using data taken directly from the three reports. The 
evidence presented in Table 2.1 indicates that producer experience with CnF documented by 
MHA is consistent with random behavior, if we treat the results from each Focus Area as a 
single trial. 
 
Table 2.1: Summary of Evidence Presented By MHA10 
 

 
Play 

Number of 
Focus Areas 

Number of 
CnF Wins 

Average 
Gain 

 
t-statistic 

 
p-value 

DJ Basin, Colorado 3 3 26.2 2.22 0.16 
Eagle Ford, Texas 15 6 15.6 0.82 0.43 
Permian, Texas 14 8 4.1 0.49 0.63 
Total 32 17 11.5 1.16 0.25 

 
Specifically, the 17 cases of outperformance in 32 trials that is described in the last row of 
Table 2.1 are what one would expect from a coin toss.  None of the t-statistics reported in the 
table would lead to a rejection of the null hypothesis of zero outperformance in a clinical trial.  
The 11.5 percent average gain associated with CnF use that is described in the last row of the 
table reflects one observation with 263 percent outperformance based on 6 wells in the Eagle 
Ford play of South Texas.  If we omit that observation - the next biggest gain for any Focus Area 
sample is 58 percent – average outperformance declines from 11.5 percent to 3.2 percent.  The 
t-statistic for overall outperformance declines to 0.58, which is associated with a p-value of 
0.57.  Median outperformance is 3.0 percent for the sample as a whole, which is very close to 
mean outperformance measured without the single outlier. 
 
We would interpret the collective evidence offered by MHA to indicate that the appropriately 
measured average difference in production between wells completed with CnF and wells 
completed without CnF is 3.2 percent, which cannot be distinguished from zero.  This would 
NOT be viewed as evidence indicating that wells treated with CnF produce more oil than wells 
not treated with CnF in any conventional interpretation of the data.  
 
  

                                                      
10 The performance metric employed in Table 1.1 is 12-Month Production per foot of Gross 
Perforated Interval, which MHA characterizes as the most informative production metric 
considered in its reports.  The Number of Cases statistic in the table incorporates only Focus 
Areas where production data were available.  A larger number of Focus Areas were considered 
in the Texas studies, but the candidate wells did not have  
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3.0 The Weld County Data 
 
3.1 FracFocus 
 
FracFocus.org ("FracFocus") is the national hydraulic fracturing chemical registry.   It is a public 
database that is the industry-standard reference for materials used to fracture oil and gas wells. 
Twenty-three states and the Federal BLM either require or recommend that operators who 
hydraulically fracture wells report the composition of frac fluids to FracFocus, which currently 
contains records describing more than 100,000 completions.11   
 
We use FracFocus to measure several completion parameters.  One is the amount of water 
used in the completion, which affects both the delivery of sand to the fracture and the amount 
of pressure applied to the source rock.  The unit of measure adopted here is gallons of water 
per foot of gross perforated interval or GPI.   We also use FracFocus to identify the 
concentration of sand in the fracturing fluid, measured as a fraction of the overall mass of the 
frac fluid.  Water volume and sand concentration are widely recognized as exerting a strong 
influence on well productivity. 
 
FracFocus also allows us to identify chemical additives used in the frac fluid, which typically 
make up less than 1.0 percent of the frac fluid by mass.  91 percent of the wells in our sample 
incorporate CMHPG, CMC, or CMG.  These additives are used to increase the viscosity of the 
frac fluid, allowing sand to be held in suspension while it is transported from the surface to the 
fracture.  
 
Our final use of FracFocus is to determine whether a particular well was completed with CnF, 
which is a flowback solvent / surfactant marketed by Flotek.  Additives incorporated into frac 
fluids are typically described in FracFocus by their trade names (e.g. “OilPerm B” or 
“Stimoil FBA M”), which do not indicate whether that additive contains CnF.  To determine 
which wells contain CnF, we require a list of trade names.  MHA listed five trade names in their 
report to the Flotek board dated January 25, 2016.  We have identified an additional three 
trade names that were associated with the completions in our sample.  All of these are listed in 
Appendix A. 
 
Each well in the US is assigned a unique API number, which is referenced in the FracFocus 
record and may be used to link different sources of information.  
 
3.2 Production Data 
 
We identified a set of candidate wells using the methodology described by MHA.  The Colorado 
Oil and Gas Conservation Commission (“COGCC”) maintains a set of records for wells completed 
                                                      
11 Wyoming and New Mexico have mandatory disclosure rules but do not require operators to 
use FracFocus.  We have found that disclosure to FracFocus in these jurisdictions is nonetheless 
routine. 
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in that state, using a system known as COGIS. Our samples for Focus Area 1 and Focus Area 2, 
where MHA developed the results used to support its claim of superior performance for wells 
treated with CnF, were created by identifying all horizontal wells fractured in those locations 
during the period beginning November 1, 2012 and ending June 30, 2015.12  The start date 
corresponds to the release of FracFocus 2.0, which marked a significant increase in the quality 
of the FracFocus database.  The end date is determined by the requirement that 12 months of 
production data be available as of the cut-off date for this study.  
 
The raw oil production data extracted from COGIS were examined for discrepancies.  For each 
candidate well, we visually inspected the monthly production profile for obvious data entry 
errors.  We also identified missing production reports, and checked water volumes reported by 
COGIS and FracFocus for discrepancies, then followed up with COGCC to resolve conflicts. This 
exercise yields a set of 604 wells completed in the Niobrara formation.  267 of the wells are 
located in Focus Area 1. 337 wells are located in Focus Area 2. 
 
MHA did not provide the API numbers for the wells used in its studies, or the dates that delimit 
its sample.  We are therefore unable to identify exactly the overlap between our data and their 
data.  But both the method of construction and the correspondence in summary statistics that 
is documented below suggest a high degree of overlap. 
 
Production statistics reported here are total 12-month oil production per foot GPI, adjusted for 
days online.13 To be included in the sample, a well would have to produce in at least 11 of the 
12 months in question.  If a well is shut in for part of a month, adjusted production is calculated 
as Adjusted = Raw*(NDays/Actual Days) where NDays is the number of calendar days in that 
month. The estimated production for each calendar month is then normalized to 365 / 12 days.  
If a well was shut-in for a full month, production for the missing month is set equal to the 
average of the other 11 months.  All of the results reported here were reproduced using raw 
data as well as adjusted data.   Our conclusions are not sensitive to the definition of production, 
or the time horizon used to measure production.14 
 
The location of wells in Focus Area 1 and Focus Area 2 are described in Figure 3.2.1. Operators 
of the 267 wells located in Focus Area 1, which is to the northeast in the figure, are Carrizo (31), 

                                                      
12 MHA obtained its production data from IHS, which accesses COGIS.  Focus Area 1 and Focus 
Area 2 correspond to particular township and range locations that are described in the MHA 
report.  Candidates for our sample include all wells completed in those locations during the 
time period specified in the text. 
13 The use of this metric is consistent with MHA’s view that “the most meaningful productivity 
parameters calculated in our analysis were the two parameters which were expressed in terms 
of the ratio of oil volume to the gross perforated interval length in the horizontal well (barrels 
per foot)”.  Report dated January 25, 2016, p 4. 
14 All of the tables from this report, calculated using raw production for wells with a full 12 
months of production data, are available from the authors. 
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Noble (122) and Whiting (114).  Focus Area 2, located to the southwest, contains wells 
operated by Bill Barrett (43), Bonanza Creek (93) and Noble (201). 
 

Figure 3.2.1  
 
3.3 Discrepancy in the List of Trade Names 
 
As noted above, the analysis presented by MHA in its January 2016 report to the Flotek Board 
of Directors is based on a list of trade names that we believe to be incomplete.  The 5 trade 
names used by MHA and our alternate list of 8 trade names are presented in Appendix A.  The 
difference in classification schemes results in the reassignment of 23 percent of the wells in the 
sample from the non-CnF group of wells to the group of wells completed with CnF.   The impact 
of this reassignment on the relationship between average production and CnF use is presented 
in Table 3.3.1 and Table 3.3.2.   
 
  
 
 Table 3.3.1: 12-Month Production and CnF Use in Focus Area 1 
 

Focus Area 1 CnF Wells Non CnF Wells Improvement 
MHA Report 16.6 11.3 5.3 
MHA Method, Our Sample 16.3 11.0 5.3 
Corrected, Our Sample  15.3 10.7 4.6 

 
 
  Table 3.3.2: 12 Month Production and CnF Use in Focus Area 2 
 

Focus Area 2 CnF Wells Non CnF Wells Improvement 
MHA Report 11.0 9.3 1.7 
MHA Method, Our Sample 11.7 9.6 2.1 
Corrected, Our Sample 10.9 10.6 0.3 

 
In both cases, reclassification reduces the observed difference in production between wells 
completed with CnF and completions that did not involve CnF.  The impact of the 
reclassification is greater for wells located in Focus Area 2 than for wells located in Focus 
Area 1.  With our classification, wells located in Focus Area 1 that were treated with CnF yielded 
an incremental 4.6 BBLs (43 percent) of oil per foot of GPI during the first 12 months of 
production.  Wells completed with CnF in Focus Area 2 outperformed the wells that did not use 
CnF by 0.3 BBLs (3 percent) of oil per foot of GPI.  The observed difference in Focus Area 1 is 
associated with a t-statistic of 6.91, while the difference in Focus Area 2 is associated with a t-
statistic of 0.38. 
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The evidence in Table 3.3.1 and Table 3.3.2 suggests that our sample of wells resembles closely 
the group of wells analyzed by MHA. In both Focus Areas, we calculate uplift associated with 
CnF use that is similar to what MHA reported if we use the same list of trade names.  The 
evidence presented in Table 3.3.2 implies that MHA would have reported a gain of 3 percent 
from CnF use in Focus Area 2, instead of the 18 percent that was reported, had they used the 
proper key. 
 
The relationship between CnF use and production in the revised data as documented in these 
tables is consistent with the overall pattern reported by MHA, in that a simple comparison of 
output suggests that CnF is linked to increased production in one case but not the other.  We 
view this situation as an invitation to “look under the hood”. 
 
 
4.0 Interpreting the Data 
 
4.1 CnF Use and Production 
 
Our sample of 604 wells from the DJ Basin exhibits evidence of a random relationship between 
CnF use and well productivity, consistent with our interpretation of the overall evidence 
presented by MHA.  This characteristic of the data is illustrated in Table 4.1.1 and Figure 4.1.1. 
 

Figure 4.1.1 
 
The uplift in production from the use of CnF suggested by the differences in Table 4.1.1 and 
Figure 4.1.1 are positive in three cases, negative in two cases and break-even in the last.  Only 
one difference is statistically significant at the five percent level: 184 wells completed by Noble 
using CnF in Focus Area 2 outperformed 163 completions that did not involve CnF by 1.7 BBLs 
per ft GPI.  (This is documented in the last row of the table.) Noble had a different experience in 
Focus Area 1, where 106 wells completed with CnF underperformed 16 wells completed 
without CnF by 1.4 BBLS per ft GPI.   
 
If we increase the threshold probability used to determine statistical significance from 5 
percent to 10 percent, we identify two cases with a gain of 1.7 BBLs per ft GPI and one with a 
loss of 1.9 BBLs per ft GPI.  Overall, the performance documented in the table and the figure is 
consistent with sampling variation. 
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Table 4.1.1: CnF vs Production by Operator (N completions in parenthesis) 
 

 CnF No Difference t-statistic p-value 
Carrizo 14.9  

(N = 12) 
12.4  
(N = 19) 

2.5 1.51 0.15 

Noble I 16.5  
(N = 106) 

17.9 
(N = 16) 

-1.4 0.73 0.48 

Whiting 10.7 
(N = 27) 

9.0 
(N = 87) 

1.7 1.78 0.08 

Bill Barrett 9.3  
(N = 36) 

8.8  
(N = 7) 

0.5 0.57 0.57 

Bonanza Creek 10.7 
(N = 77) 

12.6  
(N = 16) 

-1.9 2.02 0.06 

Noble II 11.2 
(N = 184) 

9.6 
(N = 163) 

1.6 2.10 0.05 

 
 
4.2 Completion Interval Length and Production 
 
The situation is different when we consider the relationship between production and the length 
of the gross perforated interval or GPI, as evidenced by Figure 4.2.1 and Table 4.2.1. Long wells 
are less productive than short wells for every operator in both Focus Areas. The t-statistic 
associated with the difference in mean production rejects the null hypothesis of equality at the 
2 percent level in three of six cases, which are marked with an asterisk next to the operator’s 
name in the graph.  In two cases where it is not possible to reject the null – Carrizo and Bonanza 
Creek - we have only 1 and 3 long completions, respectively.  
 

Figure 4.2.1 
 
The evidence in Table 4.2.1 and Figure 4.2.1 is not dispositive, but it all points in the same 
direction and is consistent with the notion that longer completions are less productive than 
short completions in this sample.  Measurements based on econometric models that treat GPI 
as a continuous variable, which are presented below, sustain this view.   That evidence is 
stronger statistically, even on an operator-by-operator basis, because we don’t throw away 
information by partitioning the data into cells, as is the case in Table 4.2.1.  A negative 
relationship between GPI  and production per foot of GPI for DJ Basin wells has been 
documented elsewhere using a much larger sample of completions.15   
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Table 4.2.1: GPI vs Production by Operator (N completions in parenthesis) 
 

 GPI > 6,000 GPI < 6,000 Difference t-statistic p-value 
Carrizo 12.9  

(N = 1) 
13.4  
(N = 30) 

0.0 NA NA 

Noble 10.9  
(N = 15) 

17.5  
(N = 107) 

6.6 10.76 < 0.01 

Whiting 9.0  
(N = 102) 

12.9  
(N = 12) 

3.9 2.58 0.02 

Bill Barrett 8.3  
(N = 19) 

10.0  
(N = 24) 

1.7 1.53 0.13 

Bonanza Creek 9.5  
(N = 3) 

11.1  
(N = 90) 

1.6 1.43 0.27 

Noble 9.6  
(N = 38) 

11.4  
(N = 163) 

1.8 3.10 < 0.01 

 
 
4.3 Completion Length, CnF and Production 
 
The perception of a random relationship between CnF use and production is enhanced if we go 
one step further and acknowledge the relationship between production and GPI when 
considering the impact of CnF on productivity.  Table 4.3.1, Table 4.3.2, and Figure 4.3.1 all 
describe the relationship between CnF use and production by operator, contingent on 
completion length.  The left panel of Figure 4.3.1 is associated with short wells, while the right 
panel is associated with long wells.  There are 9 cases in the overall sample where a specific 
operator completed wells of roughly the same length, both with CnF and without CnF. Within 
this group, performance is random. Wells completed with CnF are more productive than other 
wells in 4 of 9 cases and less productive in 5 of 9 cases. In a single case – Noble completions of 
more than 6,000 ft GPI in Focus Area 2 – the data reject the null hypothesis of equal 
production, in favor of the alternative that wells treated with CnF are more productive, at a 5 
percent level of significance. If we relax the test threshold to 10 percent, we are left with three 
cases of performance that is statistically different from zero.  Two of these are negative. 
 

Figure 4.3.1  
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Table 4.3.1: CnF Use and Production for wells with GPI < 6000 ft 
 

 CnF Else CnF Uplift t-stat p-value 
Carrizo 15.0  

(N = 11) 
12.4  
(N = 19) 

2.6 1.52 0.15 

Noble I 17.1  
(N = 97) 

21.8  
(N = 10) 

-4.7 2.18 0.06 

Whiting 12.5  
(N = 7) 

13.4  
(N = 5) 

-0.9 0.33 0.75 

Bill Barrett 10.0  
(N = 24) 

NA 
N = 0 

NA NA NA 

Bonanza Creek 10.8  
(N = 74) 

12.6  
(N = 16) 

-1.8 1.96 0.06 

Noble II 11.5  
(N = 152) 

10.7  
(N = 11) 

0.8 0.79 0.45 

 
 
Table 4.3.2: CnF Use and Production for wells with GPI > 6000 ft 
 

 CnF Else Uplift t-stat p-value 
Carrizo 12.9  

(N = 1) 
NA NA NA NA 

Noble I 10.6  
(N = 9) 

11.5  
(N = 6) 

-0.9 1.21 0.25 

Whiting 10.1  
(N = 20) 

8.7  
(N = 82) 

1.3 1.27 0.22 

Bill Barrett 8.0  
(N = 12) 

8.8  
(N = 7) 

-0.8 0.85 0.41 

Bonanza Creek 9.5  
(N = 3) 

NA NA NA NA 

Noble II 10.0  
(N = 32) 

7.5  
(N = 6) 

2.5 2.88 0.01 

 
This simple look at the data suggests that increased GPI has a systematic, negative impact on 
well productivity while the marginal contribution of CnF to output is much more random.   The 
perception is reinforced by the regression results presented in Table 4.3.3.16  The regression 
model is Production ~ Operator + GPI + CnF.  Operator effects are not reported in the table.  
The completion parameter estimates indicate that increasing the length of the completion 
interval by 1,000 ft decreases expected 12-month production by 1.30 BBLs per ft GPI in Focus 
Area 1 and 0.40 BBLs per ft GPI in Focus Area 2.  The t-statistics associated with these 

                                                      
16 The model is estimated in R using the robust regression function RLM, which implements an 
M-estimator that controls for outliers.   
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estimates, 6.94 and 3.99 respectively, indicate that the parameter values are significantly 
different from zero.  The estimated uplift from using CnF is 0.10 BBLs per ft GPI in Focus Area 1 
and -0.20 BBLs per ft GPI in Focus Area 2.  Neither estimate associated with the uplift realized 
by using CnF is statistically significant. 
 
Table 4.3.3: Regression Analysis of Production vs CnF and Completion Interval with Operator 
Control 
 

Parameter Focus Area 1 Focus Area 2 
Number of Observations 267 337 
Completion Interval (GPI) -1.30 -0.40 
t-statistic 6.94 3.99 
CnF 0.10 -0.20 
t-statistic 0.16 0.37 

 
We demonstrate below that the regression models documented in Table 4.3.3 omit significant 
information about the source of variability in Weld County completion productivity.  But the 
parameter estimates and message delivered by the test statistics endure.  Doubling the 
completion interval from 4,000 ft to 8,000 ft, a phenomenon that we observe in the data, 
decreases expected production by ~ 1.5 – 5.0 BBLs per ft GPI.  The measurable impact of CnF on 
production cannot be distinguished from zero, and is typically estimated at a fraction of 1 BBL 
per ft GPI. 
 
5.0 Visualization of Production and Completion Parameters 
 
5.1 Production and GPI 
 
We develop more detailed results for Focus Area 1 and summarize our results for Focus Area 2. 
Focus Area 1 is more productive on average, more variable, and has a more balanced 
distribution of CnF use than Focus Area 2.  This makes it a better candidate for analysis. 
 
Figure 5.1.1 describes the relationship between GPI and production for firms operating in Focus 
Area 1.17  These are the same data that are described in Table 4.2.1.  We consider them again 
to highlight the relationship between production and GPI within the group of wells treated with 
CnF, and within the group of wells not treated with CnF.  The graph also affords some additional 
perspective on the experience of individual operators. 
 

Figure 5.1.1 
 

                                                      
17 The number of firms included in the sample for a particular figure fluctuates with the identity 
of the variables that are included in the figure because of missing data.  The most restrictive 
variable, in terms of the number of observations with available data, is typically TVD.   
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The most active operators in Focus Area 1 are Noble (122 wells) and Whiting (114 wells).  
Carrizo is a much smaller player (31 wells).  There is a clear negative relationship between the 
length of the GPI (x-axis) and production per unit of GPI (y-axis) in wells completed by these 
operators.  Long wells are less productive than short wells.  The relationship holds within the 
group of wells that were completed with CnF (blue points) and within the group of completions 
that did not incorporate CnF (red points).  It also holds for individual operators.  Noble has wells 
at both ends of the GPI spectrum, although most of the Noble completions are shorter.  The 
negative relationship between GPI and production per unit of GPI is also apparent within the 
group of wells completed by Whiting, which dominate the middle of the graph where  
6000 ft < GPI < 8000 ft. 
 
A significant feature of the data from Focus Area 1 is the range of observed production, which 
varies from 3.3 BBLs per foot GPI to 34.0 BBLs per foot GPI.  The large range is not a 
consequence of a few outliers, although there is a “tail” at the upper range of production where 
12-month productions exceeds 25 BBLs per ft GPI. It is rather evidence of a meaningful 
variation in the factors that influence production. 
 
Table 5.1.1 describes the relationship between production and GPI for all wells in Focus Area 1, 
and for the subset of wells treated with CnF and the subset of wells not treated with CnF. The 
differences documented in the table are large and statistically significant in every case. For the 
group as a whole, a shift from completions of less than 6,000 feet (149 wells with average GPI 
of 3682 ft) to completions of more than 6,000 feet (118 wells with average GPI of 7171 feet) 
decreases production by 7.0 BBLs per foot GPI or 43 percent.  A difference of this magnitude 
warrants consideration by both operators and third party observers attempting to understand 
production. 
 
Table 5.1.1: GPI, CnF and Production for wells in Focus Area 1 
 

 GPI < 6000 GPI > 6,000 Uplift t-stat p-value 
All 16.3  

(N = 149) 
9.3  
(N = 118) 

7.0 12.92 < 0.01 

CnF  16.6  
(N = 115) 

10.3  
(N = 30) 

6.3 7.96 < 0.01 

Else 15.3  
(N = 34) 

8.9  
(N = 88) 

6.4 5.47 < 0.01 

 
Neither operators nor CnF use are represented uniformly across the sample space described in 
Figure 5.1.1. But there are a meaningful number of observations in most of the cells that we 
have used to describe the data. Test statistics support the claim that long completions are less 
productive than short completions, for operators who completed wells in Focus Area 1, within 
the group of wells completed with CnF and within the group of wells not completed with CnF. 
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5.2 Production and TVD 
 
A second feature of the production data from Focus Area 1 is illustrated in Figure 5.2.1.18 
Deeper completions tend to be less productive than shallow completions for both short wells  
and long wells.  This is indicated by the fact that the colors in Figure 5.2.1 tend to become 
“hotter” (i.e. more red) as we move from left to right in the figure, for both short completions 
(at the bottom of the figure) and long completions (at the top of the figure).  The interaction 
between completion length and TVD that is described in Figure 5.2.1 is related to location, 
although this is not apparent in the figure. 
 

Figure 5.2.1 
 

There are 33 wells in the sample with 12-month production in excess of 20 BBLs per ft GPI.  
Noble accounts for 27 of these, Whiting 4 and Carrizo 2.  Nearly all of these wells appear in the 
lower left quadrant of Figure 5.2.1, which is associated with shorter completions at shallower 
depth.  Three wells with production in excess of 20 BBLs per ft GPI had GPI > 6,000 ft.  All were 
completed by Whiting. 
 
5.3 Production and Location 
 
The high productivity wells in Focus Area 1 that are discussed in the preceding paragraph share 
another common feature that is illustrated in Figure 5.3.1 and Figure 5.3.2.  All of these wells 
are located within the polygon that appears in Figure 5.3.1.19  The 125 wells located in the 
polygon had average 12-month production of 17.0 BBLs per ft GPI, while the 142 completions 
located outside of the polygon had average 12-month production of 9.8 BBLs per ft GPI.  The 42 
percent difference in production is associated with a t-statistic of 13.01.   
 

Figure 5.3.1  
 
A group of high production wells indicated by dark colors is apparent on a SW to NE azimuth 
within the Figure 5.3.1 polygon.20 This same group of wells is identified in another manner in 
Figure 5.3.2.  In the figure, residuals from the regression of Production on CnF and GPI, with an 
indicator variable to control for operator identity, are plotted against latitude and longitude. 
(This is the regression summarized in Table 4.3.3).  The residuals, which represent variation in 
                                                      
18 The sample size of 263 associated with Figure 5.2.1 is determined by the availability of TVD 
information. 
19 The polygon is defined by the location of completions with 12-month production in excess of 
20 BBLS per ft GPI.  Its vertices correspond to latitude {40.71, 40.71, 40.8, 40.80, 40.73} and 
longitude {-103.99, -103.81, -103.81, -103.84, -103.99}.  We developed a specification using the 
convex of hull of points with yields of at least 20 BBLs per ft GPI, which produces the same 
results but is much more difficult to draw. 
20 Completions in the polygon tend to be short, but the GAM results and evidence in Table 1.1 
indicate that there is a location effect independent of GPI. 
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production not accounted for by the length of the completion interval, the operator or CnF, 
show a clear location effect.  We identify a productive trend with approximately the same 
azimuth in Focus Area 2. 
 
The “sweet spot” that is described in Figure 5.3.1 and Figure 5.3.2 plays a big role in explaining 
the overall variation in Focus Area 1 production.  We want to be sure that it is not a proxy for 
some other variable.  Table 5.3.1 demonstrates that the sweet spot is not an operator effect.  
Completions in the sweet spot are much more productive than completions elsewhere in Focus 
Area 1 for every operator. 
 
Table 5.3.1: Production vs Location and Operator   
 

 Sweet Spot No Uplift t-stat p-value 
Carrizo 14.6  

(N = 20) 
11.1  
(N = 11) 

3.5 2.60 0.02 

Noble 17.6  
(N = 98) 

13.0  
(N = 24) 

4.6 4.36 < 0.01 

Whiting 15.7  
(N = 7) 

9.0  
(N = 107) 

6.7 5.12 < 0.01 

 
Table 5.3.2 demonstrates that the sweet spot is not a proxy for CnF use.  Completions in the 
sweet spot are much more productive than completions elsewhere in Focus Area 1 if we restrict 
our attention to wells completed with CnF, or focus on completions that did not involve CnF. 
 
Table 5.3.2: Production vs Location and CnF Use 
 

 Sweet Spot No Uplift t-stat p-value 
All 17.0 

(N = 142) 
9.8 
(N = 125) 

7.2 13.01 < 0.01 

CnF 17.1  
(N = 97) 

11.6  
(N = 48) 

5.5 6.85 < 0.01 

No 16.7  
(N = 28) 

8.9  
(N = 94) 

7.8 6.35 < 0.01 

 
Table 5.3.3 demonstrates that the sweet spot is not a proxy for GPI.  Completions in the sweet 
spot are much more productive than completions elsewhere in Focus Area 1, independent of 
whether we are considering long laterals or short laterals.  There are relatively more short 
laterals in the sweet spot, but sweet spot wells are also much more productive than other wells 
within the set of long completions. 
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Table 5.3.3: Production vs Location and GPI 
 

 Sweet Spot No Uplift t-stat p-value 
GPI > 6000 ft 15.7  

(N = 7) 
8.9  
(N = 111) 

6.8 5.27 < 0.01 

GPI < 6,000 ft 17.1  
(N = 118) 

13.3  
(N = 31) 

3.8 3.80 < 0.01 

 
All of the differences documented in Table 5.3.1, Table 5.3.2 and Table 5.3.3 are large from an 
economic perspective and statistically significant.  There is a clear location effect in the Focus 
Area 1 production data. 
 
5.4 Production vs Sand and Water 
 
Figure 5.4.1 describes the relationship between production and the concentration of sand in 
frac fluid. The relationship is noisy compared to the relationship between production and 
completion length or the relationship between production and location. But it is clearly not 
something that we should ignore.  Figure 5.4.1 suggests an operator effect: The typical sand 
concentration in a Noble well exceeds that of a Whiting well.  Wells completed by Noble with a 
sand concentration of less than 10 percent, which appear on the left edge of the graph, are less 
productive than those completed by Noble with a concentration of more than 10 percent, 
although the difference is small (0.2 BBLs per ft GPI) and not statistically significant.  A similar 
statement applies to wells completed by Whiting. 
 

Figure 5.4.1 
 

Figure 5.4.2 describes the relationship among production, sand concentration and water 
volume.  The production data have been filtered to remove the effects of location and GPI.21    
The dark points in the figure are the productive completions.  These generally fall on a line 
indicating a tradeoff between water volume and sand concentration.  A simultaneous increase 
in sand concentration and water volume is associated with increased production, as evidenced 
by the violet hexagons to the northeast of the line.  The green hexagons southwest of the line 
indicate that decreasing water volume and sand concentration simultaneously causes 
production to fall. 
 

Figure 5.4.2 
 
Sand and water jointly explain production variation of 6 – 8 BBLs per ft GPI, which is more than 
any variable except location, but the relationship between these variables and production is not 
estimated precisely.  (This statement is explained below when we consider GAM results).  We 
suspect that this is due at least in part to the many features of the completion design that we 
                                                      
21 “Production” in Figure 5.3.1 is the residual from a GAM projection of production onto 
latitude, longitude and GPI.  
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cannot observe.   The pumping rate and density of perforations in the wellbore – see the quote 
from Centennial above - are two parameters that affect the interaction between frac fluid and 
the rock.  Neither is observable to us.  Introducing these variables into this framework would 
likely sharpen our insight. 
 
6.0 Production and Completion Parameters 
 
The evidence presented above indicates that the productivity of wells completed in Focus 
Area 1 is related systematically to a number of completion characteristics.  We have 
documented large, measurable, statistically significant relationships between productivity and 
GPI, and productivity and location.   The visualizations suggest that TVD, sand and water are 
also related to well productivity.  None of these factors has anything to do with CnF. 
 
6.1 Regression Model 
 
A direct and simple method for separating the influence of the different variables that are 
related to productivity is a linear regression.  Parameters estimated from a robust regression 
model are presented in Table 6.1.1.22   The estimates are consistent with both the visualizations 
and the tabular evidence presented above.   
 
Table 6.1.1: Parameter Estimates from a Robust Regression Model of Focus Area 1 Production 
 

Variable Units Estimate t-statistic p-value 
Noble  Indicator 2.82 3.16 < 0.01 
Whiting Indicator 0.13 0.12 0.90 
CnF Indicator -0.35 0.54 0.59 
Sweet Spot Indicator 2.86 3.08 < 0.01 
TVD 100 ft -0.07 1.58 0.11 
GPI 1000 ft -0.80 3.53 < 0.01 
Sand 1 Percent of Frac Fluid 0.38 2.30 0.02 
Water 100 gallons per ft GPI 0.28 1.70 0.09 

 
The R2 of the regression is 51 percent for the group of 252 completions used in estimation.23  
The t-statistics indicate that the parameter estimates for Location (the sweet spot), GPI, and 
Noble are significantly different from zero at 1 percent.  The parameter estimate for sand 
concentration is significant at 2 percent.  Neither TVD nor water volume reject the null 

                                                      
22 This is an M estimate as implemented in R through the RLM function.  An operator effect is 
included in the model.  The estimates for Noble and Whiting are relative to a Carrizo 
benchmark. 
23 The reported R2 is a pseudo-R2 for the M estimator.  The sample size has been reduced to N 
= 252 because of the availability of location data, and our desire to use the same sample in the 
linear regression and the GAM. 
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hypothesis of zero explanatory power at 5 percent.  The estimated impact of CnF use on 
production cannot be distinguished from zero. 
 
Table 6.1.2: Production Variation Suggested by Parameter Estimates   
 

   Production Shift 
Parameter Significant? Variation BBLs per Ft GPI Percentage of Mean 
Noble Y NA 2.8 21 
Whiting N NA 0.2 1 
Sweet Spot Y NA 2.9 22 
GPI Y 3500 ft 2.8 21 
TVD N 500 ft 0.4 3 
Sand Y 4 percent 1.5 11 
Water N 600 gallons 1.7 13 
CnF N NA -0.4 -3 

 
Table 6.1.2 describes the regression results in economic terms.  For each input variable, we 
have specified a range of variation that is consistent with the data from Focus Area 1, and 
calculated the implied variation in output implied by the parameter estimates from the 
regression model.  The production shift associated with variation in the underlying variable is 
presented in both absolute terms and relative to average Focus Area 1 production of 13.1 BBLs 
per ft GPI.  We have flagged the parameter estimates that are statistically significant at 5 
percent. 
 
The regression results indicate that the parameters with the biggest impact on well productivity 
are location, GPI, and Noble, each accounting for a production swing of about 2.8 BBLs or 21 
percent of average 12-month production.  Sand concentration and water volume exert a 
weaker influence, around 1.7 BBLs each or 13 percent of average annual production.  The other 
variables, including CnF, have no apparent relationship to production. 
 
Noble accounts for the largest number of completions in both Focus Area 1 and Focus Area 2, 
and more than 50 percent of the completions in the overall data.  The superior performance 
documented here is repeated in Focus Area 2, and suggests a benefit of experience. 
 
6.2 Generalized Additive Model 
 
The linear model is simple and transparent, but it ignores a considerable amount of information 
that is available to us.  A Generalized Additive Model or GAM allows us to describe the 
relationship between production and location in much greater detail, model interactions 
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between completion parameters, and identify non-linear relationships.24  The most important 
benefit of a GAM is a more refined description of the relationship between location and 
production than is available from the Sweet Spot polygon description that is illustrated in 
Figure 5.3.1.   The GAM creates a topographical map with contours that represent the local 
variation in production that is apparent in Figure 5.3.2, allowing us to both quantify that 
phenomenon and sharpen our estimates of other parameters. The GAM also affords some 
insight into the joint influence of sand and water on production by allowing us to consider these 
variables jointly. 
 
We have latitude and longitude information for 252 completions in Focus Area 1. The result of 
estimating a GAM with this data is described in Table 6.2.1.  The “test statistic” presented in the 
table is a t-statistic in the case of the parameters for operator, CnF and GPI, and an F-statistic 
for parameters (tensors) representing location as defined by latitude and longitude, and the 
joint influence of sand and water.   
 
Table 6.2.1: Parameter Estimates from a Generalized Additive Model of Focus Area 1 
Production 
 

Variable Units Estimate Test statistic p-value 
Noble  Indicator 4.4 4.07 < 0.01 
Whiting Indicator 1.3 1.32 0.46 
CnF Indicator -0.40 0.63 0.53 
Location NA NA 7.65 10-14 
GPI 1000 ft -0.80 3.58 < 0.01 
Sand & Water NA NA 2.81 0.01 

 
One notable feature of the estimates reported in the table is the stability of the parameters 
describing the influence of GPI and CnF on production.  The estimates reported in Table 6.2.1  
are strikingly similar to the regression estimates reported in Table 6.1.1 and Table 4.3.3.   GPI 
has a statistically significant negative impact on production per ft GPI, which we estimate 
consistently at -0.8 BBLs per 1000 ft of completion interval in models that consider the role of 
other variables in production.  The impact of CnF on production cannot be distinguished from 
zero, and is typically estimated at less than 1 BBL per ft GPI in absolute value. 
 
A second notable feature of Table 6.2.1 is the magnitude of the test statistic for the location 
tensor, which explains considerably more variation than the “sweet spot” indicator variable 
used in the regression model.  Latitude and longitude alone explain 54 percent of the observed 
variation in 12-month production per ft GPI.  There has also been a notable increase in the 
estimated operator effect for both Noble and Whiting vs what we observe in the regression 

                                                      
24 Generalized Additive Models are discussed in Simon Wood , Generalized Additive Models: An 
Introduction in R, 2006.  We use the mgcv implementation in R to estimate the models 
presented here. 
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model, although only the Noble variable is statistically significant.  Allowing production to vary 
within the sweet spot, where all three producers completed some wells (recall Table 5.3.1), 
results in a different perspective on operator efficiency. 
 
Figure 6.2.1, Figure 6.2.2 and Figure 6.2.3 describe the relationship between production and 
location, using latitude and longitude instead of the sweet spot polygon. Figure 6.2.1 is 
presented exclusively to aid in the interpretation of the other two plots, and illustrate the 
amount of smoothing that was imposed in the estimation process to prevent over-fitting. The 
polygon created through visual inspection of the data has been imposed on the contour plot in 
Figure 6.2.2 and the hex plot in Figure 6.2.3.   The difference between these two plots is that 
the contour plot represents the marginal impact of latitude and longitude on production while 
the hex plot illustrates the average relationship between production and those same 
variables.25 
 
The GAM identifies the same sweet spot that we selected through visualization.  The difference 
between the visualization and the contour plot is that the output data used to visually identify 
the sweet spot are unfiltered, whereas the data used to construct the contour plot have been 
corrected for other influences, such as GPI, CnF and any potential operator effect. 
 

Figure 6.2.1 and Figure 6.2.2 
 
The contours in Figure 6.2.2 and color scale in Figure 6.2.3 both indicate variation of ~10-12 
BBLs per foot GPI between the heart of the sweet spot in the southeast of Focus Area 1 and the 
less productive areas on the northern fringe.  The circular contour at the center of the polygon 
in Figure 6.2.2 is associated with incremental production of 6 BBLs per ft GPI.  Each contour 
represents 2 BBLs per ft GPI of variation in 12-month production.  This 10-12 barrel per foot GPI 
variation in production between the heart of the sweet spot and the northern and western 
fringes of Focus Area 1 is 3-4 X the variation associated with the sweet spot variable in the 
regression model, which treats all production within the sweet spot as a unit. Inspection of the 
raw data, using either Figure 6.2.2 or Figure 5.3.1, reveals a large number of wells on the N-S 
azimuth where these contours are located.26  This feature of the contour plot is informed by a 
large number of observations. 
 

Figure 6.2.3 
 
The productive trend running from southwest to northeast is also apparent.  One feature of the 
data revealed by Figure 6.2.1 and Figure 6.2.2 that is not apparent in the simple map presented 
in Figure 5.3.1 is a super-productive margin on the eastern boundary of the developed area.  
There is considerably less data here.  We would require more observations to determine 
whether the effect is real. 
                                                      
25 Figure 5.2.3 illustrates the same phenomenon in yet another manner. 
26 Both plots disguise a large number of wells completed in close proximity in the most 
productive part of the field. 
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A second term that represents the joint influence of sand and water is described in Figure 6.2.4.  
The tensor associated with these two variables generates an F-statistic of 2.81 that rejects the 
null hypothesis at 1 percent.  The contours for sand and water illustrate the tradeoff between 
these two variables that is apparent in much of the horizontal completion data that we have 
considered, which includes other locations that are not discussed here.  Each contour 
represents 1 BBLs per ft GPI of 12-month production.  The range of variation that is described in 
the upper right quadrant of Figure 6.2.4 is 6 – 8 bbls per ft GPI, which is roughly double the 
combined influence of sand water suggested by the regression model as presented in 
Table 6.1.2. The R2 of a model containing only these two tensors is 66 percent. 
 

Figure 6.2.4 
 
The economic implications of the GAM are summarized in Table 6.2.2. The full model has an R2 
of 68 percent.  The GAM results are consistent with the linear regression model, the 
visualizations, and the basic statistics presented above.   
 
Table 6.1.2: Production Variation Suggested by Parameter Estimates   
 

   Production Shift 
Parameter Significant? Variation BBLs per Ft GPI Percentage of Mean 
Noble Y NA 4.4 33 
Whiting N NA 1.3 10 
Sweet Spot Y NA 10-12 83 
GPI Y 3500 ft 2.8 21 
Sand & Water Y 4 percent 6-8 53 
CnF N NA -0.4 -3 

 
TVD does not appear in Table 6.2.1 or Table 6.2.2, despite the strong relationship between TVD 
and production that is apparent in Figure 5.2.1.  We tested for the influence of TVD, both 
independently and through the location tensor, and found no incremental effect.   This is likely 
due to a lack of data, as we are able to observe an incremental contribution from TVD in the 
case of some operators when we check for stability by re-estimating the model on an operator-
by-operator basis. 
 
The GAM results may reflect some over-fitting, and their utility is constrained by features of 
individual fracs that are unobservable.  The GAM results are nonetheless useful, in that they 
demonstrate the consistency of different approaches to estimation, and the stability of the 
parameters describing the relationship between production and GPI, and production and CnF. 
The primary determinant of well productivity is location, followed by completion parameters 
including GPI, sand and water.  Individual operator effects are important. The use of CnF in frac 
fluid appears to be irrelevant. 
 



 24 

 
6.3 Stability 
  
We have devoted considerable effort to parsing the data in order to assure ourselves and the 
reader that the results presented here are not attributable to a few outliers or an important 
omitted variable. The robust regression model and GAM were computed operator-by-operator.   
The reduction in sample size reduces the precision of parameter estimates and the power of 
test statistics, but the results are consistent.  There is a strong relationship between production 
and location, and a strong location between production and GPI, both of which are statistically 
significant.27  We find no evidence in the data that CnF enhances production. 
 
Visualizations (case studies) for the individual operators and additional analysis reveal some 
other features of interest.  For example, TVD is able to explain meaningful variation in 
production for individual operators who complete wells in a more confined area.  There is 
nothing in any data that we have considered which suggests that the sample considered here is 
anomalous. 
 
 
7.0 Focus Area 2 
 
The data from Focus Area 2 are different from the data from Focus Area 1 in several important 
respects.  Production in Focus Area 2 is lower on average and much less volatile than 
production in Focus Area 1.   The contrast is evident in Figure 7.0.1. In addition, the use of CnF 
is much more prevalent in Focus Area 2.  82 percent of our Focus Area 2 completions were 
treated with CnF, vs 56 percent in Focus Area 1. Finally, there is less geographical overlap in 
completions, which makes it more difficult to distinguish operator effects and location. 
 

Figure 7.0.1 
 
The structure of the data is consistent between the two fields, as evidenced by the GAM output 
that is summarized in Table 7.0.1.  Location is the most important determinant of production.  
Latitude and longitude explain 30 percent of overall variation in Focus Area 2 production.  The 
GAM contour plot picks out two production sweet spots that are apparent in the data, and 
describes variation of 8 BBLs per ft GPI between the most productive and least productive parts 
of the field.  Productivity declines sharply on the margins of the field. The test statistic 
associated with the tensor that describes the location effect rejects the null hypothesis at 10-14. 
 
Longer completions are less productive than shorter completions. The estimated impact of a 
1000 ft increase in GPI on production is 0.35 BBLs per ft GPI in Focus Area 2, which is about half 
the value of that parameter in Focus Area 1.  The t-statistic associated with the GPI parameter 
estimate in the GAM is 3.18.   Estimated parameter values are consistent across specificatons. 
 
                                                      
27 Test statistics fail to reject the null for location and GPI in the case of Carrizo where N = 32. 
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Table 7.0.1: Parameter Estimates from a Generalized Additive Model of Focus Area 2 
Production 
 

Variable Units Estimate Test statistic p-value 
Noble  Indicator 0.63 1.65 0.10 
Bill Barrett Indicator 2.42 2.75 0.01 
CnF Indicator -0.15 0.30 0.76 
Location NA  6.40 10-12 
GPI 1000 ft 0.35 3.18 < 0.01 
Sand & Water NA  1.57 0.14 

 
The sand and water contours have a reasonable appearance, and indicate variation of 5-6 BBLs 
per ft GPI, but are not statistically significant in their own right.   This is likely a consequence of 
the fact that we observe less experimentation with input parameters in Focus Area 2, which has 
been in production for a much longer period of time than Focus Area 1.  The presence of CnF in 
frac fluid has no measurable influence on production. 
 
Bonanza Creek serves as the benchmark for the operator effect, which is smaller than what we 
observe in Focus Area 1.  Regressions for individual operators give no hint of instability. 
 
8.0 Closing the Loop 
 
8.1 Intuition 
 
The difference between the results presented here and the conclusions suggested by 
considering a sample average are summarized in Table 8.1.1, using data from Focus Area 1.  The 
rows of the table correspond to completion length.  The columns correspond to location, as 
represented by the sweet spot polygon.  In each cell, we present average production for the  
type of well defined by the cell, the number of completions of that type in Focus Area 1, and 
the number of completions of that type that incorporate CnF.  For example, the upper left cell 
indicates that 7 long completions carried out in the Focus Area 1 sweet spot had average 12-
month production of 15.7 BBLs per ft GPI, and that none of those completions involved the use 
of CnF. 
 
       Table 8.1.1: Location, Completion Length, Production and CnF 
 

 Sweet Spot No 
GPI > 6,000 ft 15.7 

(0 / 7) 
8.9 

(30 / 111) 
GPI < 6,000 ft 17.1 

(97 / 118) 
13.3 

(18 / 31) 
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The feature of the data that produced the result documented by MHA in Focus Area 1 is found 
in the lower left cell.  97 of 118 short completions carried out in the sweet spot involved the 
use of CnF.  These wells yielded an average of 17.1 BBLs of oil per ft GPI.  Two-thirds of the 
wells in Focus Area 1 that used CnF were short completions in the sweet spot.  The evidence 
presented in Table 5.1.1 indicates that the relative productivity of short wells should not be 
attributed to the use of CnF.  The evidence presented in Table 5.3.2 indicates that the uplift 
associated with operating in the sweet spot is not attributable to CnF.  The only reasonable 
interpretation of the evidence in Table 8.0.1, in light of the data considered here, is that wells 
treated with CnF in Focus Area 1 were productive because of their (short) completion length 
and where they were located. 
 
Another view of the data, organized in a similar fashion, illustrates the same point.  In 
Table 8.1.2, we have calculated the uplift associated with CnF use for each type of well, first by 
operator, then averaged across operators.  Consider, for example, the -0.72 that appears in the 
lower left cell. We compute the average production difference between Noble wells completed 
with CnF and Noble wells completed without CnF, within the group of sweet spot completions 
with GPI <  6,000 ft. The exercise is repeated for Carrizo wells and Whiting wells.  Averaging 
these gains produces the -0.72 BBLs per ft GPI reported in the table.   Entries in the other cells 
are computed in a similar fashion.  The upper left cell is empty because we don’t have the CnF, 
non-CnF pairs required to populate it.   
 
       Table 8.1.2: Location, Completion Length, Production Uplift from CnF Use 
 

 Sweet Spot No 
GPI > 6,000 ft NA 0.04 
GPI < 6,000 ft -0.72 -1.91 

 
The results of this exercise look similar on an operator-by-operator basis, carried out in Focus 
Area 1 or Focus Area 2.   
 
8.2 Summary of Model Results 
 
The ability of a GAM to predict production from wells treated with CnF using well 
characteristics that are independent of CnF is described in the bottom row of Table 8.2.1.  The 
GAM predicts 12-month production of 15.2 BBLs per ft GPI for wells treated with CnF and 10.6 
BBLs per ft GPI for wells not treated with CnF, vs observed values of 15.3 BBLs and 10.7 BBLs 
respectively, when CnF is excluded from the GAM.28  The robust regression described in Table 
6.1.1, which uses the sweet spot indicator variable rather than the more flexible GAM 
specification, yields fitted values of 15.2 BBLs per ft GPI and 10.2 BBLs per ft GPI when CnF is 

                                                      
28 This is the model that is discussed in Section 6.2.  Parameter estimates are presented in 
Table 6.2.1. 
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excluded from the regression.  The robust regression described in Table 4.3.3 that uses only GPI 
and operator identity yields fitted values of 15.1 BBLs per ft GPI and 10.2 BBLs per ft GPI. 
 
All of these models yield the same message as Table 8.1.1 about the variation in production 
between Focus Area 1 wells that were treated with CnF and comparison wells considered by 
MHA or us.  Wells treated with CnF in Focus Area 1 were in fact more productive than 
comparable wells, but the difference in performance is explained by observable well 
characteristics rather than the presence of CnF in frac fluid. 
 
 Table 8.2.1: 12-Month Production and CnF Use in Focus Area 1 
 

Focus Area 1 CnF Wells Non CnF Wells Improvement 
MHA Report 16.6 11.3 5.3 
MHA Method, Our Sample 16.3 11.0 5.3 
Corrected, Our Sample  15.3 10.7 4.6 
Predicted by well characteristics 15.2 10.7 4.5 

 
The estimated marginal contribution of CnF to production from these different approaches to 
evaluation is summarized in Table 8.2.2.  The first model indicates marginal uplift of 1 percent.  
The last three approaches all suggest –3 percent.  None of the estimates is significantly 
different from zero. 
 
  Table 8.2.2: Estimated Contribution of CnF to 12-Month Production in Focus Area 1 
 

Method Variables CnF Uplift 
Robust Regression Operator, GPI 0.10 
Robust Regression Operator, GPI, Location, Sand, Water -0.35 
GAM Operator, GPI, Location, Sand, Water -0.40 
Compare and average Operator, Location, GPI -0.38 

 
Comparable results for Focus Area 2 are presented in Table 8.2.3 and Table 8.2.4.  A GAM that 
does not incorporate CnF predicts 12-month production of 10.9 BBLs per ft GPI for wells treated 
with CnF and 10.5 BBLs per ft GPI for wells not treated with CnF, vs observed values of 10.9 
BBLs and 10.6 BBLs respectively.  A robust regression that uses sweet spot indicator variables 
rather than the more flexible GAM specification yields fitted values of 10.4 BBLs per ft GPI for 
non-CnF wells and 10.9 BBLs per ft GPI for wells treated with CnF.  A robust regression that 
incorporates only GPI and operator identity yields fitted values of 10.4 BBLs per ft GPI and 10.8 
BBLs per ft GPI. 
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Table 8.2.3: 12 Month Production and CnF Use in Focus Area 2 
 

Focus Area 2 CnF Wells Non CnF Wells Improvement 
MHA Report 11.0 9.3 1.7 
MHA Method, Our Sample 11.7 9.6 2.1 
Corrected, Our Sample 10.9 10.6 0.3 
Predicted by Well Characteristics 10.9 10.5 0.4 

 
The marginal contribution of CnF to 12 Month production is estimated at ~-0.15 BBLs per ft GPI 
by the three regression specifications, and 0.54 BBLs per ft GPI by the simple “compare and 
average” approach that produces the results in Table 8.1.2. 
 
  Table 8.2.4: Estimated Contribution of CnF to 12-Month Production in Focus Area 2 
 

Method Variables CnF Uplift 
Robust Regression Operator, GPI -0.20 
Robust Regression Operator, GPI, Location, Sand, Water -0.16 
GAM Operator, GPI, Location, Sand, Water -0.08 
Compare and average Operator, Location, GPI 0.54 

 
In all of these models, location, sand and water explain the vast majority of observed variation 
in production. As noted above, the R2 from GAM of Focus Area 1 production that involves only 
location is 54 percent.  Adding sand and water increases the R2 to 66 percent.  The incremental 
contribution of operator identity and CnF is to increase the model R2 to 68 percent. 
 
Operator identity is linked closely to location: the R2 of the “stripped down” regression model 
that considers only operator identity is 48 percent.  We are able to distinguish location from 
operator identify in Focus Area 1 using the GAM or a more more elaborate regression model 
only because Carrizo, Noble and Whiting operate in close proximity, with well locations that 
overlap. 
 
The role of location, sand and water in the analysis presented here is to explain why MHA 
identified CnF uplift of 47 percent in Focus Area 1, and would have identified uplift of 3 percent 
in Focus Area 2 had they interpreted FracFocus correctly.  The estimated impact of CnF on 
production is estimated consistently, independent of the other variables, even in the simple 
specification where we consider the role of the operator and the length of the perforated 
interval. 
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9.0 Conclusions 
 
We believe that the results documented here are meaningful in at least two respects.  One is 
that we are able to identify visually and measure econometrically relationships between 
production and completion parameters that are consistent across operators and locations.  This 
aspect of the study is somewhat remarkable given the range of parameters that we cannot 
observe, which would certainly include stage length, cluster spacing and the pumping rate.  We 
attribute our ability to extract information from the sample to the fact that many of these 
variables would have evolved only slowly during the time period in question. We can 
nonetheless see in the residuals from the econometric model a pattern that we interpret as 
evidence of a systematic search for optimal values of at least one unobservable parameter 
(residuals increase systematically from negative values to positive values in several different 
episodes). 
 
The second meaningful feature of the results presented here is the consistent estimate that we 
obtain for the impact of CnF on production.  A wide variety of models, implemented across 
locations and operators, produce estimated CnF slope coefficients that are less than 1 in 
absolute value and not significantly different from zero.   
 
We contrast this stability with the conclusions suggested by a simple comparison of mean 
production across wells completed with CnF and without CnF, as documented by MHA.    The 
interpretation of the data offered by MHA would suggest that CnF has a tremendous (42 
percent) impact on well productivity in Focus Area 1, with only a slight (3 percent) impact on 
production in Focus Area 2, once we classify wells correctly.  The lack of stability suggested by 
these parameters is evident in the other studies that MHA prepared for Flotek, which produce 
estimates of the relationship between CnF use and production that are essentially random. 
 
The stability of our results extends to other locations.  We have developed an analysis of well 
productivity in the Bone Spring formation of the Permian Basin, using the same approach 
implemented here, that identifies a systematic relationship between completion parameters 
and well productivity.  That study also indicates that the incremental impact of CnF on well 
productivity is zero. 
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Appendix A 
Trade Names for Additives Containing CnF 

 
 

 Supplier Number of Wells MHA ? 
OilPerm B Halliburton 150 Y 
GasPerm 1100 Halliburton 102 Y 
OilPerm FMM-1 Halliburton 97 N 
OilPerm FMM-2 Halliburton 48 Y 
FDP-S1007-11 Halliburton 30 N 
DWP-937 CWS 6 Y 
OilPerm Halliburton 5 N 
StimOil FBA M Flotek 4 Y 
Total CnF  442  
Total Non-CnF  162  
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Appendix B – Database Compilation 

FourWorld compiled the master database by doing the following: 

1. Downloaded all well data into Microsoft Access from FracFocus, following instructions outlined on the 
site (http://fracfocus.org/data-download). 

2. Performed database processes in Microsoft Access for all FracFocus disclosures made after the 
introduction of FracFocus 2.0 to determine, query and organize: 

a) Terpene Wells: Each chemical recorded in FracFocus is designated with a unique Chemical 
Abstracts Service Number (“CAS Number”). CAS numbers are recorded in FracFocus for 
all chemicals used in each well. CAS numbers beginning with 68647 and 94266 indicate 
the presence of citrus terpene – the key ingredient included in all of Flotek’s CnF products. 
Wells with CAS numbers beginning with 94266 or 68647 were found and labelled as 
potentially containing CnF. 

b) All Wells: Isolated all unique wells in the United States. 

3. Exported Access query results to Excel and removed duplicates. 

a) Duplicate wells were defined as those with matching start date, API and total base water 
volume. 

4. Screened terpene wells using a list of CnF trade names verified by Sylvania to verify the presence of 
CnF. Wells that contained citrus terpene but no Trade Name matching our list were further scrutinized 
and removed from our well database if no additional information indicating the presence of CnF was 
found. 

a) Downloaded FracFocus pdf file for all wells with ambiguous or generic trade names.  For 
many of these wells, a corrected CnF trade name was found and added manually. 

b) Wells where a CnF trade name was unable to be found and chemicals indicative of CnF 
were not present were isolated and removed from our well database.  These wells were 
not used in any study conducted by FourWorld. 

c) Trade names with typos were corrected to consolidate for analysis. 

5. Downloaded the “All Production Reports Received by Year” data files from 2012 to 2016 from the 
COGCC website (http://cogcc.state.co.us/data2.html#/downloads) for all wells in Weld County CO, 
and combined with FracFocus data. Wells with missing production months were identified and 
rectified with COGCC. 

  

http://fracfocus.org/data-download
http://cogcc.state.co.us/data2.html
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Appendix C – CnF Trade Names 

In order to find CnF wells, contents of all wells were screened against a list of trade names verified by 
Sylvania. The 10 trade names occurring most frequently within our list of CnF wells are included in Table 
1. 

This trade name list was created using the following sources: 

1. MHA Reports: trade names provided by FTK to MHA 

2. Material Safety Data Sheets (“MSDS”): these documents give detailed information about the 
nature of chemicals sold by chemical manufacturers. These documents must be made publicly 
available by chemical manufacturers, and can be found relatively easily on manufacturer 
(Halliburton) or MSDS aggregation websites. We determined which products contain CnF by 
comparing the contents listed on MSDS for white labelled products with those from MHA’s 
CnF trade name list. 

• Table 2 lists Trade Names from Halliburton’s suite of “OilPerm” products, and 
includes a column showing those we found to be CnF, which was determined 
using MSDS sourced from Halliburton’s website. 

3. CnF Patents: we compared white-labelled products with Flotek’s patents for CnF. Per this 
analysis, Citrus Terpenes (CAS number 68647 or 94266) were found to be a good preliminary 
proxy for CnF. 

4. FracFocus download and pdf files 

• Used to identify products containing citrus terpenes 

• Supplier information used to examine if 6 products supplied through Flotek, the 
Flotek Store, or CESI 
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Appendix C - Continued 
 

Table 1 

 
 

Table 2 

 
  

Inconclusive – Does not 
appear in any wells in 
FracFocus. Indicated 

application is a “wetting 
agent” (not a surfactant) 

on the MSDS sheet. 
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Appendix D – MSDS Sheets 

The following pages include MSDS Sheets for Halliburton’s OilPerm FMM-1 and OilPerm FMM-2 
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Appendix E – Analysis of DJ Basin 

We compiled data for our analysis of the DJ Basin by doing the following: 

1. Downloaded all horizontal well APIs for Weld County, CO, which contains all three MHA Focus 
Areas for their study of the DJ basin, using the “Facility Inquiry” tool on the COGCC website 
(http://cogcc.state.co.us/data.html#/cogis) 

2. Identified the townships in MHA’s Focus Area 1 (“FA1”) and Focus Area 2 (“FA2”) from the MHA 
Report dated January 25, 2016 

 FA1 consists of 4 townships: T9N-R59W, T10N-R59W, T9N-R58W, T10N-R58W 

 FA2 consists of 6 townships: T5N-R64W, T6N-R64W, T5N-R63W, T6N-R63W, T5N-R62W, 
T6N-R62W  

3. Downloaded the entire FracFocus machine-readable database from the FracFocus website 
(http://fracfocus.org/data-download) and downloaded the pdf files for any wells in FA1 & FA2 
not in the FracFocus machine-readable database download file 
(https://fracfocusdata.org/DisclosureSearch/Search.aspx) 

4. Calculated the gross perforated interval (GPI) for all wells in FA1 & FA2 using the well information 
record from COGCC. Where GPI was not provided directly by COGIS, it was calculated using the 
methodology below. Any wells where GPI was unable to be calculated were omitted from our 
study (676 wells found with full GPI data). 

 GPI calculation is the result of “Liner BTM” or “PB Depth” subtracted from “Liner Top” or 
“Last Perf” data listed on COGIS 

 We calculate the difference between linear length and linear feet of GPI using the 
following methodology: 

1. To calculate the distance between the first perforation and liner top, subtract 
“Bottom of 1S / Casing” from “Liner Top” or “Last Perf” 

2. To calculate the distance between the last perforation and liner bottom, subtract 
“Liner BTM” or “PB depth” from “Bottom of Liner” 

3. To find difference between liner length and linear feet of GPI sum values from 1 
and 2 above 

 We calculate the average difference between linear length and linear feet for each 
operator, and subtract this value from liner length to get linear feet of GPI in instances 
where GPI is not provided on COGIS 

5. Downloaded the “All Production Reports Received By Year” data files from 2012 to 2016 from the 
COGCC website (http://cogcc.state.co.us/data2.html#/downloads) 

6. Identified wells in FA1 & FA2 with missing production months and rectified with COGCC 

http://cogcc.state.co.us/data.html
http://fracfocus.org/data-download
http://fracfocus.org/data-download
https://fracfocusdata.org/DisclosureSearch/Search.aspx
https://fracfocusdata.org/DisclosureSearch/Search.aspx
http://cogcc.state.co.us/data2.html
http://cogcc.state.co.us/data2.html
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 For example, we identified 59 Noble Energy wells with at least 1 month production data 
missing. COGCC has since corrected and updated the database 

7. Using the data collected above, we compiled a master data set with the chemical information 
from FracFocus and the production data / well information from COGCC for all Niobrara wells with 
at least 11 months of production data in the first 12 months of operation located in FA1 & FA2 

 FourWorld identified 604 Niobrara wells (listed in Appendix F) that meet our criteria in FA 
1 & FA2. API numbers for these wells can be found in Appendix F. From a population of 
676 wells, the following wells were removed: 

1. 37 wells with less than 11 months of production data 

2. 29 non-Niobrara wells (a constraint used in the MHA report) 

3. 6 wells belonging to two operators with no non-CnF wells: Encana Oil & Gas (5) 
and PICO Niobrara (1) 
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Appendix F – Well APIs with Sample Data and Maps 

  



   

68 
 

Appendix F - Continued 
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Appendix F - Continued 
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Appendix F – FourWorld Area 1 and Area 2 Data Set: Well Locations vs MHA Focus Area Overlay 

Figure 1 (below) shows the 604 valid wells as designated by FourWorld. Coordinates for each well are 
listed on COGCC and FracFocus. We have included an overlay of a map used in MHA’s January 27 study. 
FA1 consists of townships T9N-R59W, T10N-R59W, T9N-R58W, and T10N-R58W, shown in Figure 2. FA 2 
is made up of townships T5N-R64W, T6N-R64W, T5N-R63W, T6N-R63W, T5N-R62W, T6N-R62W, as 
illustrated in Figure 3. 

 

Figure 1 

 = CnF Wells with Trade Name Correctly Identified by MHA 

 = Non-CnF Wells 

 = CnF Wells where Trade Name would have been Misidentified by MHA  
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Appendix F – FourWorld Area 1 and Area 2 Data Set: Well Locations 

Figure 2 

 

Figure 2 (above) shows all 267 FA1 wells with complete chemical, production, and well data in the 
Niobrara formation located within townships T9N-R59W, T10N-R59W, T9N-R58W, and T10N-R58W. 

 

Figure 3 

Figure 3 (above) shows all 337 FA2 wells with complete chemical, production, and well data in the 
Niobrara formation located within townships T5N-R64W, T6N-R64W, T5N-R63W, T6N-R63W, T5N-R62W, 
and T6N-R62W. 
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Appendix F – Area 1 Data Set: Sample Wells 

The following pages depict sample groupings of wells for FA1 & FA2, respectively, with charts included to 
demonstrate data compiled by FourWorld to conduct our analysis. Sample sets were taken from township 
T9N-R59W in FA1, and township T5N-R64W in FA2 Using COGCC’s mapping tool, we include a directional 
drill overlay for each set of wells. Yellow lines are used to show CnF directionals in Figure 5 and Figure 
7;blue lines are used for non-CnF directionals. Well heads are noted by red circles, with purple circles 
showing the well bottom. 

Seven (7) Wells in T9N-R59W of FA1 have been prepared to demonstrate data analyzed by FourWorld. 
Figure 4 (below) illustrates the location of these wells within FA1. Figure 5 (see next page) shows each 
well directional, or horizontal drilling path, and includes sample data used in our analysis. 

Figure 4

 

  

T9N-R59W Sample 
(7 Wells) 

 

Township T9N-R59W 
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Appendix F – FourWorld Area 1 and Area 2 Data Set: Data Compiled for Sample Wells  

Figure 5 

  

05-123-38782-0000 

05-123-38780-0000 
05-123-38778-0000 

05-123-38781-0000 

05-123-38776-0000 
05-123-38779-0000 

05-123-38777-0000 
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Appendix F - Area 2 Data Set: Sample Wells 

Four (4) Wells in T5N-R64W of FA2 have been prepared to demonstrate data analyzed by FourWorld. 
Figure 6 (below) illustrates the location of these wells within FA2. Figure 7 (see next page) shows each 
well directional, or horizontal drilling path, and includes sample data used in our analysis. 

Figure 6

 

T5N-R64W Sample 
(4 Wells) 

 Township T5N-R64W 
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Appendix F - Area 2 Data Set: Data Compiled for Sample Wells  
Figure 7 

  

05-123-37200-0000 

05-123-37201-0000 

05-123-37202-0000 

05-123-37203-0000 
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Appendix G – Top 20 Operators by Well Count Since 11/01/2012  (Includes Horizontal and Vertical Wells) 

 

 

 

 

 

Stopped Using 
CnF in Horizontal 

Completions 

Stopped Using 
CnF in Vertical 
Completions 

Stopped Using 
CnF in Horizontal 

Completions 

Stopped Using 
CnF in Vertical 
Completions 
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Still Using CnF In 
Vertical 

Completions 

Stopped Using 
CnF in Horizontal 

Completions 

Stopped Using 
CnF in Horizontal 

Completions 

Stopped Using 
CnF in Vertical 
Completions 
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Vertical well (based on 
low water volume) in 

Oklahoma. APA had not 
used CnF in 15 months 
and used it in only 14 

wells out of 2,087 wells 
since November 1, 2012. 
APA has not used CnF 

in subsequent wells. 

Stopped Using 
CnF in Horizontal 

Completions 

Stopped Using 
CnF in Vertical 
Completions 

Stopped Using 
CnF in Horizontal 

Completions 
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Vertical wells (based on 
low water volume). 

Estimated CnF volume of 
less than 250 gallons and 
revenue of ~$3,000 for all 

three wells combined. 

Stopped Using 
CnF in Horizontal 

Completions 

Stopped Using 
CnF in Horizontal 

Completions 

Stopped Using 
CnF in Vertical 
Completions 
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STILL USING CnF 

Stopped Using 
CnF in Horizontal 

Completions 

Stopped Using 
CnF in Vertical 
Completions 
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Stopped Using 
CnF in Horizontal 

Completions 

Stopped Using 
CnF in Vertical 
Completions 

Stopped Using 
CnF in Horizontal 

Completions 

Stopped Using 
CnF in Vertical 
Completions 
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Stopped Using 
CnF in Horizontal 

Completions 

Stopped Using 
CnF in Horizontal 

Completions 

Never Used CnF 
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Still Using CnF? 
Only CnF well 

since Jan 2015. 

Stopped Using 
CnF in Horizontal 

Completions 

Stopped Using 
CnF in Vertical 
Completions 

Stopped Using 
CnF in Vertical 
Completions 
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Stopped Using 
CnF in Horizontal 

Completions 

Never Used CnF in 
Vertical 

Completions 

Stopped Using 
CnF in Vertical 
Completions 

Stopped Using 
CnF in Horizontal 

Completions 
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STILL 
USING CnF 

Stopped Using 
CnF in Horizontal 

Completions 

Never Used CnF in 
Vertical 

Completions 


