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Bulk Volume Oil (BVO) was calculated from core porosity (Phi) and core oil saturation (So), and 

plotted against measured core permeability (K), for Turonian/Coniacian sandstones of the northern 
Denver Julesberg Basin and southern Powder River Basin. The distribution of rock/fluid properties from 
approximately 80 analyzed wells provides useful information about Codell and Frontier reservoir 
characteristics. In general, the relationship between K and BVO varies directly, or inversely, depending on 
proximity to the hydrocarbon source area, and reservoir quality. In hydrocarbon source areas, reservoir 
with K < 0.01 millidarcies typically demonstrates an inverse relationship with BVO, possibly indicating a 
degree of ex-migration of hydrocarbon via higher K components of the reservoir package. Up-dip of 
hydrocarbon source areas, reservoir with K > 0.1 millidarcies is characterized by a direct relationship 
between K and BVO. The semi-log slope and degree of scatter in this relationship provide a measure of 
relative reservoir uniformity and completeness of charge (i.e. hydrocarbon trap quality). The relationship 
between K and BVO holds across a broad range of reservoir characteristics and facies, and is applicable 
to Codell and Frontier sandstones and associated facies. 

 
The type area for this study is the northern DJ Codell play located in southeast Wyoming, the 

southwest Nebraska Panhandle and adjacent areas of northern Colorado. Codell rock types in this area 
are mostly comprised of bioturbated sandstone/siltstone and “laminated” storm-rippled sandstones. While 
Phi differences are not easily discerned, K is typically greater in the laminated facies. In the mature 
source area in central and western Laramie County, Wyoming, K typically varies from approximately 
0.005 to 0.05 millidarcies and porosity is 10 to 15% bulk volume. Up-dip, east of the hydrocarbon 
“kitchen”, K typically increases by an order of magnitude and Phi by approximately 5%, relative to down-
dip reservoir. 

 
 Down-dip and up-dip, the correlation of BVO to K is robust in the type area. Semi-log “slopes” 
range from approximately 1 to 10, with low standard error. Steeper slopes are seen down-dip, while 
shallower slopes are more characteristic of up-dip well data. Up-dip migration of hydrocarbon through and 
into laminated facies provides the most likely explanation for the shallower up-dip slopes. Minimal (to 
zero) hydrocarbon charge is evident in up-dip bioturbated facies, while higher K laminated facies appear 
to be more fully charged. The recent Codell production at East Silo Field in Laramie County, and 
additional development activity, provide an example of this phenomenon in a transitional area between 
down-dip and up-dip end member states. 
 
 Other transitional relationships, across down-dip/up-dip geographic areas with variable 
hydrocarbon source maturity, are shown to exist for Wattenberg Codell and northernmost DJ Frontier 
(Goshen and Platte Counties, WY). In part because of common fracture occurrence in the Wattenberg 
area, the BVO relationship to K is not as “tight” as is seen in the type area. As such, the Wattenberg area 
could benefit from additional analysis, but general patterns of hydrocarbon prospectivity have been 
established in up-dip areas with good reservoir quality, as well as in tighter facies in mature areas. 
 
 The up-dip increase in BVO, relative to K, at Springer Field in Goshen County, WY, is a clear 
example of the existence of this relationship in Frontier reservoir. Frontier sandstone deposition was 
believed to have been dominated by tidal processes in this area, and so reservoir facies and distribution 
differ from those of the Codell. Nevertheless, similar ranges of K and Phi, and similar relationships of 
these rock properties with BVO, are seen in the Frontier as are seen in the Codell. Examination of the K-
BVO relationship for the Turner/Wall Creek for 14 wells in the southern Powder River Basin confirms this 
conclusion. 



 
 In summary, the basic analysis of standard and readily available core data has been shown to 
provide important insights into Codell and Frontier reservoir production results. Moreover, the results of 
this study are applicable to further analysis of depositional and petroleum systems, as well as 
hydrocarbon exploration in Codell and Frontier reservoirs. 


