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INTRODUCTION

The purpose of this report is to make available in digital form the computer spreadsheets that were created for a play assessment of in-place gas in tight and near-tight reservoirs, Wind River Indian Reservation, Wyoming, in part A of this report (Johnson and others, 1998). This assessment is a portion of a previous assessment of the Wind River Basin (Johnson and others, 1996; Crovelli and others, 1996). These spreadsheets are the digital equivalent of the tables released in part A, Open-File Report 98-240A, with a brief explanation. However, in this report the 17 play spreadsheets include an additional panel (a part of a spreadsheet), panel 4, that presents an example of the volume of gas that would be recoverable at a given recovery factor. If the spreadsheets are copied from the diskette, it is necessary to transfer all of the 18 spreadsheets on diskette 1 into a single folder before opening the aggregation spreadsheet called WR-agg. The reason for this necessity is that the WR-agg spreadsheet is linked to the 17 play spreadsheets. The computer and software requirements are the following: IBM-PC compatible computer with at least 4 Mbyte of hard disk storage available; Windows 95, Microsoft Word 7.0 for Windows 95, and Microsoft Excel 7.0 for Windows 95; or compatible versions. Any use of trade, product, or firm names in this publication is for descriptive purposes only and does not imply endorsement by the U.S. Government.
PROBABILISTIC METHODOLOGY

Probabilistic methodology was developed for an assessment of the total in-place gas volume in a given study area. A study area is subdivided into a set of geologic plays, and the separate plays are analyzed. Every play is partitioned geologically into parts, called subplays, which have similar hydrocarbon-volume attributes; for more detail see part A of this report, Johnson and others (1998). Each subplay is assessed individually, and then all of the subplays of a play are aggregated to make an assessment of the play. Finally, all of the plays are aggregated for an assessment of the total in-place gas volume in the Wind River Indian Reservation.

Each subplay is assessed individually using a reservoir engineering equation (Garb and Smith, 1987). The hydrocarbon-volume attributes are (1) area of subplay (In the spreadsheets, the term “Closure” at the head of the second column means the area of the subplay), (2) thickness of reservoir rock, (3) effective porosity, (4) trap fill, (5) hydrocarbon saturation, (6) original reservoir pressure, (7) reservoir temperature, and (8) gas compressibility. The hydrocarbon-volume attributes jointly determine the volume of the hydrocarbon accumulation within the subplay. The following reservoir engineering equation is used to calculate the in-place volume of gas in cubic feet:

Gas in-place:  
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= area of subplay (square miles) 

= reservoir thickness (feet) 

= effective porosity (percent) 

= trap fill (percent) 

= hydrocarbon saturation (percent) 

= original reservoir pressure (psi) 

= reservoir temperature (degrees Rankine) 

= gas compressibility factor (dimensionless)

The equation consists of a product of factors that are functions of the hydrocarbon-volume attributes. The geologic variables 

, T, and Z are each taken to be linear functions of reservoir depth D (feet) in the form  a · D + b. For 
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 the parameter a is the pressure gradient (psi/ft), and parameter b is the average ground level atmospheric pressure (psi). For T the parameter a is the temperature gradient (degrees Rankine/ft), and parameter b is the average ground level temperature (degrees Rankine). The parameters a and b for Z are discussed and determined in Johnson and others (1998).

To obtain a point estimate (a single value) of the in-place gas of a subplay, point estimates are made of the six attributes A, H, P, F, 

, and D which may vary from subplay to subplay within a play. The parameters a and b for each of the variables 

, T, and Z (i.e., three pairs of a and b) are estimated for a play, and the one set of parameter values is used in all subplays of the play. The point estimate of the in-place gas of a subplay is taken to be a mean estimate.

To obtain an interval estimate (a range of values) of the in-place gas of a subplay, estimates are computed for the ranges of the six attributes A, H, P, F, 

, and D. The range of an attribute is taken to be F5 minus F95, i.e., range = F5 – F95, where F5 denotes the 5th fractile and F95 denotes the 95th fractile. However, initially one set of estimated range percentages is made for a play and applied in all subplays of the play. The range percentage of an attribute is defined to be




range percentage = 


which represents the range expressed as a percentage of the mean. The range percentage is similar to the coefficient of variation which uses the standard deviation in place of the range. Both measures of relative variation are particularly applicable where the variability is a function of the magnitude of the measurements, namely, relative to the means. Thus, for each subplay, the range is computed from the relationship




range = 


Assuming a normal distribution for each attribute, the standard deviation is determined to be




standard deviation = 


where 3.29 is the number of standard deviations in a normal distribution range of F5 – F95.

The attributes are treated as independent continuous random variables in order for the methodology to be tractable. The simplifying assumption of independence is made though some dependency exists, for example, between saturation and porosity. The probabilistic methodology used to process the geologic data is an analytic method derived from probability theory. The analytic probabilistic methodology is developed by the application of the laws of expectation and variance. The methodology systematically tracks through the geologic model and computes all of the means and variances of the appropriate random variables. An estimate of the standard deviation of the in-place gas of a subplay is computed and varies from subplay to subplay. The lognormal distribution is used as a probability model in order to generate probability fractiles.

All of the means, standard deviations, and fractiles of the subplays of a play are aggregated to make an assessment of the play. Finally, all of the plays are aggregated by applying a separate methodology for an assessment of the total in-place gas resources in the study area. This probabilistic methodology for gas resource assessment lends itself as an ideal application for spreadsheet software. The spreadsheet for making an assessment of a play is called GRASS: Gas Resource Assessment Spreadsheet System. The second spreadsheet for aggregating a set of plays is called GRASSAG: Gas Resource Assessment Spreadsheet System for Aggregation. The probabilistic formulas that are used for calculations of the columns in the GRASS and GRASSAG spreadsheets can be found in Crovelli and Balay (1996).

SPREADSHEETS

The Gas Resource Assessment Spreadsheet System (GRASS) was used to make an assessment of 

in-place gas in low permeability or tight and near-tight reservoirs, Wind River Indian Reservation, Wyoming, in part A of this report (Johnson and others, 1998). The study consisted of individually assessing 17 plays using GRASS, and then aggregating the play estimates to assess the entire Wind River Indian Reservation using GRASSAG. Therefore, a total of 17 GRASS spreadsheets were created for the Wind River Indian Reservation assessment. Each GRASS spreadsheet is comprised of four panels. Panel 1 of the GRASS spreadsheet for a play consists mainly of input geologic data. Panel 2 gives the intermediate calculations. Panel 3 generates estimates of the in-place gas resources for the subplays and the play. As explained in detail in Crovelli and Balay (1996), estimates of the recoverable gas resources are arrived at by applying a recovery percentage to the in-place gas resource estimates. Panel 4 is an added illustrative hypothetical example of the recoverable gas resource estimates for the subplays and the play. Because this assessment is a portion of the Wind River Basin assessment, the original subplays not in the Wind River Indian Reservation were deleted which explains the reason for some missing subplay numbers.  

The GRASSAG spreadsheet computes the aggregation of the 17 plays to obtain estimates of the in-place gas resources for the Wind River Indian Reservation. The aggregation spreadsheet called WR-agg is linked to the 17 play spreadsheets so that the estimates of the in-place gas resources for the plays are automatically passed on and updated in case any changes are made within the plays. The initials P.P.C. (and PPC) denote that the aggregation was performed under the assumption of perfect positive correlation. Similarly, Indep. (and Ind.) denotes that the aggregation was performed under the assumption of independence.

The file names of the 17 play spreadsheets consist of a “G”, representing GRASS, followed by the play codes. The play codes were used to efficiently identify the plays in the play spreadsheets and refer to the plays in the WR-agg spreadsheet. Complete geologic descriptions of the plays can be found in Johnson and others (1998). The file names, including the play codes, and abbreviated descriptive names of the 17 play spreadsheets are the following:

1. Gtfu1, Waltman present

2. Gtfu2, no Waltman

3. Glance1, Lance > 1.1

4. Glance2, Lance 0.73-1.1

5. Gmeet1, Meeteetse > 300 F

6. Gmeet2, Meeteetse > 1.1

7. Gmeet3, Meeteetse 0.73-1.1

8. Gkmv1, Marine Kmv > 300 F

9. Gkmv2, Marine Kmv > 1.1

10. Gkmv3, Marine Kmv 0.73-1.1

11. Gkmv4, Nonmarine Kmv > 300 F

12. Gkmv5, Nonmarine Kmv > 1.1

13. Gkmv6, Nonmarine Kmv 0.73-1.1

14. Gcody3, Cody 0.73-1.1

15. Gfront1, Frontier > 300 F

16. Gfront2, Frontier > 1.1

17. Gfront3, Frontier 0.73-1.1

A second set of the 17 play spreadsheets is given on diskette 2. In these spreadsheets the subplays of the plays are sorted by depth, and the estimates of in-place gas resources on panel 1 are subtotaled by depth. The Wind River Indian Reservation in-place gas resources by depth (500 ft intervals) of the 17 plays are displayed together in the spreadsheet called Totals on diskette 3. Resources are also summed across plays by depth to obtain total resources by depth; then cumulative totals are calculated by depth.
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