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Executive Summary 

At the request of Kerr-McGee Oil & Gas Onshore LP (KMOG), I have been asked to review a 12/8/23 K.P. 
Kauffman Company, Inc. (KPK) letter report to the ECMC and to assist in determining if bradenhead gas 
present in the Johnson 32-30 bradenhead could have been derived from the production interval of the 
adjacent Johnson 7-30A well, 157 feet away.  

Data presented in this report will demonstrate that gas samples from both bradenheads are analytically 
indistinguishable from one another and that they could not have been derived from underlying 
production gas intervals completed in commingled Niobrara, Codell, and J sand production zones. The 
conclusion is based on 34 gas sample data records for samples collected in all the neighboring 
commercial gas wells within a ¼ mile radius of the Johnson 32-30 well. On the basis of other published 
data, this report further demonstrates that gas composition in bradenhead gas samples from both wells 
is fully consistent with a Sussex Formation source.  

Additional well construction data, structure contour data, pressure gradient data, and annular cement 
records are also presented. Those data demonstrate that stray gas could only have migrated from the 
highly pressurized open annular region around the Johnson 32-30 well into the open annulus of the 
adjacent Johnson 7-30A well and not the other way around. 

Stable Isotopes - Johnson 32-30 bradenhead gas sample data vs. published data  

To address the source of bradenhead gas samples, such as that collected by KPK from the Johnson 32-30 
well, it is customary to compare analytical results with samples obtained from underlying produced gas 
samples in the same well, and samples collected from other bradenhead and production gas sources in 
wells from the surrounding area. Unfortunately, production gas samples from the Sussex interval in the 
Johnson 32-30 were never collected, and there are no other producing Sussex wells that can be sampled 
for comparison anywhere near section 30, T2N R66W. Therefore, this section of the report will first 
introduce concepts used to interpret analytical stable isotope data using relevant published Denver 
basin and related gas data (Sherwood et al., 2013; Dolan et al., 2007). Analytical results are then 
subsequently presented to demonstrate that bradenhead gas samples from the Johnson 32-30 
bradenhead are most likely sourced from the Sussex Formation. 

Because Sussex and Shannon formations (Exhibit 1) are the shallowest producing intervals in the 
stratigraphic column for this area of the Denver Basin (Nelson and Santus, 2011), their maximum burial 
temperatures will always be lower than that of any geologic formations below them. Oil, gas, and 
condensates derived from shallower buried organic matter in source rocks will have a lower thermal 
maturity signature than the deeper source rocks below them (earth temperatures increase with 
increasing depth). Stable isotopes analyses of carbon in hydrocarbon gases are among the most useful 
geochemical indicators of source rock maturity.  

Exhibit 2A is a copy of Figure 6 published in the Sherwood 2013 report coauthored by Dr. Dolan, founder 
of Dolan Integration Group (DIG). DIG Laboratory uses this type of graph as part of their standard 
reporting format as presented in the KPK report on page 4. This type of graph, first published in 1988 
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(Chung et al., 1988) has since become a standard method for comparing stable carbon isotope ratios of 
multiple samples. Thin, semi transparent lines in the graph represent individual samples. Those lines are 
derived by connecting sample data points representing the stable isotope composition of carbon on the 
y axis and the inverse (reciprocal) of the carbon number of the gas constituent analyzed on the x axis (C1 
= 1/1 or 1 for methane, C2 = ½ or 0.5 for ethane, C3 = 1/3 or 0.33 for propane, and C4 = 1/4 for butane). 
Lines connecting data points with more negative stable isotope ratios represent gases derived from less 
thermally mature source rocks, whereas lines connecting data points with more positive stable isotope 
ratios represent gases derived from more thermally mature source rocks. The heavy colored lines 
represent average stable isotope data for samples derived from differing gas formations in the 
stratigraphic column. Note that the green line represents the average gas composition of Sussex gas 
samples which are the least thermally mature in the basin.  

Exhibit 2B superimposes the line issued by DIG in their report to KPK for the Johnson 32-30 12/13/19 
sample (page 4 of report) on those of Exhibit 2A. The Johnson 32-30 sample line is nearly directly 
superimposed on the line representing the average Sussex gas composition in the basin (dotted black 
line on deep green line). This result refutes the statement in the KPK report that “the characteristics of 
the gas on the Johnson 32-30 are more closely aligned to those of the NB-CD-J [Niobrara-Codell-J Sand] 
than SX-SH [Sussex-Shannon]” (end p.6). The average composition of gases from commingled Niobrara –
Codell gas samples are higher up among the set of lines with more positive isotope ratios in the graph as 
represented with the heavy orange line. 

 As discussed, gas samples from the Sussex Formation will have the lowest thermal maturity index of any 
of the deeper commercially produced gas samples. This occurs because “production gases from the 
Codell through Sussex have been generated and accumulated in situ, with no apparent migration from 
distant source areas” (Sherwood and others, 2013). The article goes on to demonstrate that the range of 
stable isotope ratios derived from samples at any stratigraphic interval is also critically dependent on the 
location of the sample.  

A second graphical method used to represent gas samples derived from source rocks of different  
thermal maturities is based on plotting stable isotope ratios for carbon in propane versus those in 
ethane (Dolan et al., 2007). Their maturity index combines both those stable isotope ratios to generate 
an isotope proxy (VREiso) of more traditional methods that quantify thermal maturity based on the 
microscopic examination of organic matter (vitrinite Ro) in shale and coal samples. Application of the 
method for Denver Basin gas samples is a significant contribution to the Sherwood 2013 article. Similar 
graphic displays of VREiso are included in every Dolan Integration Group report issued to clients with the 
analytical stable isotope results they provide. One of those is also included in the KPK report. 

Stable isotope ratio data for two Sussex produced gas samples were selected for discussion in the KPK 
report. Those Sussex sample data come from two adjacent producing well locations that are 11.1 miles 
southeast (T1N67W Section 34) of the Johnson well 32-30 well (T2N R68W Section 30). No produced gas 
data were provided for Sussex samples in the immediate vicinity of the Johnson wells. Exhibit 3A shows 
that both gas samples are derived from source rocks having even lower thermal maturities than Sussex 
samples from the Denver basin illustrated by Sherwood and others. The KPK report appears use these 
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data to suggest that bradenhead gas data from the Johnson well 32-30 cannot be derived from the 
Sussex Formation. However Exhibit 3B illustrates, on the basis of the DIG report on page 4 of the KPK 
report, that the relative location of Johnson 32-30 line falls exactly within the range of Sussex points on 
the plot presented in the Sherwood and others 2013 report (follow dashed green arrow between plots). 
Bradenhead gas samples from the Johnson 32-30 well do not fall within the higher maturity range of NB-
CD-J gas as the KPK report claims.  

Stable Isotopes - Johnson 32-30 bradenhead gas sample data vs. bradenhead and produced gas 
sample data from wells within a ¼ mile radius 

Although no Sussex formation data are available for wells in this area of the basin, there are abundant 
gas data available for samples from all the producing gas formations within a ¼ mile radius of the 
Johnson 32-30 well (Table 1). The KPK letter report neither provides nor discusses stable isotope data of 
any produced gas samples from wells in the immediately adjacent to the Johnson wells. This section of 
the report will demonstrate that gas from producing horizons in this immediate area of the basin cannot 
be the source of stray thermogenic gas in bradenhead gas samples from either the Johnson 32-30 or 
Johnson 7-30A wells as suggested in the KPK report. Exhibit 4 illustrates the location of wells where 
either bradenhead or produced gases or both were sampled by KMOG and analyzed by Isotech 
Laboratory, Champaign IL.  

 
Table 1. Produced and bradenhead gas sample data available from gas wells within a ¼ mile radius of the Johnson wells. 

 

KMOG gas composition data are available for 18 bradenhead gas samples and 14 produced gas samples 
from wells within a 1¼ mile radius of the Johnson wells. Nine samples come from commingled NBCD 
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intervals, 3 samples come from commingled JNBCD, 1 sample comes from commingled DKJCD intervals, 
and 1 sample comes from commingled JNBCDSXSH intervals (codes illustrated in Exhibit 1). Fourteen of 
the samples were analyzed using Isotech’s offline method (very high precision) whereas the remaining 
samples were analyzed using their online method that has approximately the same analytical precision 
as data from DIG laboratory. Only bradenhead gas sample data are available for both adjacent Johnson 
32-30 and 7-30A wells in the center of the sampled wells within section 30.  

Exhibit 5 illustrates the data from produced and bradenhead gas samples for all wells within a ¼ mile 
radius of the Johnson wells on another propane vs. ethane stable isotope cross plot. For reference, a 
portion of the VREiso index line near a VREiso of 0.8, is included on the plot (refer to Exhibit 3). Sample 
data for both Sussex Seltzer 1 and Wagner 1 well samples presented in the KPK report are also included 
for reference on this exhibit.  

The cross plot demonstrates that produced gas sample data from wells within a ¼ mile radius of the 
Johnson 32-30 well are clustered within a compositional region that does not correspond to that of 
bradenhead samples from either of the Johnson wells. Furthermore, all of the Johnson well bradenhead 
gas samples have stable carbon isotope ratios that are distinctly more negative than those of the 
produced gas samples. This is consistent with the expected lower source rock maturity signature of 
Sussex gases at any given location. The gas sample data from the 1 Gladys Sawdey well, the only well 
with commingled Sussex and Shannon production gases, falls in a region where the stable carbon 
isotopic composition is also more negative than that of deeper producing intervals.   

Stable isotope ratios of carbon in ethane and propane from both Johnson 32-30 samples, collected on 
12/13/19 and on 4/16/20, have almost exactly the same values. Those corresponding values are 
analytically indistinguishable from Johnson 7-30A well gas sample. Therefore, gas in the bradenheads of 
both wells sampled at the time likely had the same low thermal maturity stray thermogenic gas source.  

Other relevant geologic and engineering data  

The KPK report makes a number of unsupported claims to propose that stray gas in the Johnson 32-30 
well was derived from the Johnson 7-30A well. Additional data presented in this section demonstrate 
that the exact opposite it far more likely.  

The KPK report attributes groundwater aquifer flow direction in this area to suggest that produced gas 
from the Johnson 7-30A well was the source of gas in the Johnson 32-30 bradenhead. Such an argument 
may be true if dealing with migration of a dissolved hydrocarbon phase, but does not apply to migration 
of a free gas phase through a porous, water saturated matrix at elevated pressures. Free gas in the 
saturated subsurface is buoyant and will always find a way to migrate either directly vertically or in a 
generally updip direction.  

The structure contour map presented in Exhibit 6 shows that, in this area, the Fox Hills Marker dips to 
the SE. Therefore, the preferred free gas migration pathway will always be towards the NW, away from 
the Johnson 32-30 and towards the Johnson 7-30A, not the other way around. Furthermore, this report 
has already demonstrated that gas composition in the Johnson 32-30 bradenhead is analytically 
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indistinguishable from that in the Johnson 7-30A bradenhead. Neither of those bradenhead gases could 
have been derived from underling production intervals deeper than the Sussex Formation.  

Exhibit 7 illustrates several additional features relevant to addressing the source of gas in both Johnson 
wells. The most remarkable feature evident from the diagram, and not discussed in the KPK report, is 
that there was only 10 feet of cement placed in the annular space above the top of the perforated 
Sussex interval in the Johnson 32-30 well. It is hard to imagine that such a thin layer of cement would be 
sufficient to prevent gas from invading the annulus at some time. For example, all water wells in County 
are required to have a minimum 20 feet of grout across the annulus of surface conductor casing just to 
prevent surface water from infiltrating a well. The Johnson 7-30A well, in contrast, had 658 feet of 
cement covering the annular space above the top of the Sussex Formation in the Johnson 7-30A well. 
That makes it highly unlikely as the source of gas in the Johnson 32-30 well. 

Historic bradenhead gas pressure data also make it unlikely that the stray gas would migrate from the 
Johnson 7-30 well to the Johnson 32-30 well. When the first bradenhead gas sample was collected from 
the Johnson 7-30 well on 9/12/19, prior to plugging and abandoning the well on 10/14/2019, the 
bradenhead pressure was recorded as 171 psi. Earlier, on 3/14/18, ECMC records show that the 
pressure on the Johnson 7-30 bradenhead was reported to be 115 psi, but no samples were collected at 
that time. However, when the first bradenhead gas sample was collected from the Johnson 32-30 well 
on 12/13/19, the pressure on the bradenhead was 460 psi. or 2.7 times higher than the highest 
bradenhead pressure recorded in the adjacent 7-30 well.  

The KPK report also states that elevated bradenhead pressures could not have been derived from the 
completed interval in the Sussex well because the production gas pressure at the Sussex interval was 
only 25 psi. at the time. However, such a statement ignores the distinct possibility that a casing leak in 
the open, uncemented annular space would have charged the shallow subsurface with gas. For example, 
460 psi equates to an equivalent gas column height of 460 psi/0.433 psi/ft or, 1062 feet. That depth is 
within the 650 foot to 2700 foot interval estimated to correspond to the casing leak depth at the 
Johnson 32-30 well. Such a depth is also deeper than the depth to the surface casing shoe in the 
Johnson 7-30A well. High pressure gas charging, originating from the pressurized open annular space of 
the Johnson 32-30 well, is consistent with gas migration into the uncemented annular space of the 
Johnson 7-30A well. 

Gas pressures ranging from of 115 psi to 171 psi in the Johnson 7-30A well correspond to an equivalent 
gas column height in a water saturated matrix of between 267 to 398 feet. That is one third to one half 
the distance of the surface casing depth in the well of 748 feet. This begs the question as to whether or 
not gas pressures recorded in the Johnson 7-30A well prior to abandonment represented residual 
pressures remaining in response to high pressure gas injection from the open annulus at the neighboring 
Johnson 30-32 well. An effective gas column height would have to be taller than 748 feet or greater than 
321 psi, to displace a column of water and penetrate the base of the surface casing shoe at the Johnson 
7-30A well. Based on pressure considerations alone, therefore, it is not likely that gas at lower pressures 
in the Johnson 7-30 well could have invaded the open annular space of the Johnson 32-30 well.  
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Conclusion 

Geochemical gas data presented in this report make it evident that bradenhead gases in both Johnson 7-
30A and Johnson 32-30 wells are analytically identical in stable isotope composition. Neither of the 
bradenhead gases can be derived from underlying producing gas intervals deeper than the Sussex 
Formation in this area of the basin. Furthermore, well construction, historic gas pressure, and structural 
geologic constraints are inconsistent with the idea that the Johnson 7-31A well could have been the 
source of gas in the Johnson 32-30 bradenhead. If anything, the reverse is true. Gas from the Sussex 
Formation completed in the Johnson 32-30 well was ultimately the most likely source of gas in the 
Johnson 7-30A well.  
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Exhibits 

 
Exhibit 1: Stratigraphic column (adapted from Neslons and Santus 2011), generalized thermal maturity with depth (red 
arrow), and stratigraphic codes used in this report. 
- 

 
Exhibit 2. Chung plot of stable carbon isotope data published in Sherwood et. al, 2013 (A) and that presented in DIG 
laboratory report to KPK for the Johnson 32-30 bradenhead gas sample collected on 12/13/19 (B). 
- 
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Exhibit 3.Stable isotope ratios carbon in ethane and propane from the Johnson 32-30 well fall exactly within the thermal 
maturity range reported for Sussex gas samples in the Denver Basin. 
- 

 
Exhibit 4. There are numerous produced and bradenhead gas sample data available from commercial gas wells within a ¼ 
mile radius of the Johnson wells (BHD = bradenhead sample, PRDC = produced gas sample). 
- 

KPK Report, p.4Sherwood et al. 2013

Sussex samples
KPK report

A B
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Exhibit 5. Bradenhead gas samples from the Johnson 32-30 and Johnson 7-30A wells cannot be derived from underlying gas 
production intervals in this area of the basin.   
- 

 
Exhibit 6. Depth to the Fox Hills Marker (FHM), feet above mean sea level. Contour interval = 20 feet.  
- 
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Exhibit 7. Summary ECMC well bore diagrams with relevant features discussed in this and the KPK report. 
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