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The results of all three approaches are presented for a

Haynesviile gas shale well. The explicit models of
Metliods 1 and 2 are tested for consistency wilh core
data. Although Method 2 suggests using TOC to
establish a correlation with prite to obtain an improved
prediction ofgrain density, this paper dernonstrates that
geochemrcal logs generall-v provide a more robust
prediction of pvrite because they measure sulfur
directly.

INTRODUCTION

This paper compares tluee shale gas interpretation
response equation based "inverse methods." The
methods differ in the munber of equations (logging tool
measurernents) and the number of unknowns. When
there are as many equations as unknorvns. frequently
the system of equations and unknowns is called
deterministic and generally an exact solution can be

obtained. The solution is exact in the sense that the

solution exactly- reconstructs each of the response

equations to agree precisely with the corresponding
logging tool measurement. When there are more

equations than unknowns, the best solution is generally
one that minimizes the error bet$,een the actual and
reconstructed logs. Freedman et al. (2011) notes more
generally that conventional inverse methods used in the
industr) todav t1pical1y involve the constrained
minimization of a u.'eighted sum of squared deviations
bet\I'een a set of measurements and a set of equations.
The equations are either empirically or theoretically
derived and relate reserv'oir properties to be predicted
(e.g., porositv. saturatiorr and clay volume) to
measurements (e. 9., resistivify-, nuclear. and acoustical).
Constraints are imposed, such as 0 <= porosity (rlv) <=
maximurn porosity. The goal of the interpreter is to
determine ph_vsicall-v meaningfirl vahres for all
parameters used to describe the response equations.

such as hydrocarbon fluid densiry or grain density, so

ABSTRACT

This paper reviervs and compares three recently
published approaches for simplicity. vatiditl and
parameter sensitivi['" The first two approaches are

based on deterministic models; the third approach uses

a response equation technique in r.vhich models are

defined by means of tool response equations and

ilrterpretation constraint equations. The fust approach
assuules that the .weight fraction total organic carbon
(TOC) is available from an external source, the rock
grain densiry' is known, and total water saturation is
constant. This enables the use of a single equation
based upon the bulk density log to solve for total
porositv fiom which the gas filled porosit-v can be

obtained willl the assumption of constant water
saturation. The second approach assrrnes that the
fonnation consists of two constituents: porous mineral
matrix and porous kerogen. It makes use of the fact that
in gas shale, kerogen generally contains oil-wet
porositv" so that constant kerogen porositl., completely
gas sahrated, is imposed. The I'olurnes of porous
nilneral rnatri\ porous rnineral kerogen, :urd porous

mineral porosig' can be obtained by using the sonic ald
densifv logs rvith an assrrmed knonn rock grain densiry-

and assuming the porous mineral matrix gas satuation
is a constant. The assumption of constant porous

mineral gas saturation can be relaxed by iteratively
using the resistivitl log to update the assumed value of
the hydrocarbon saturation.

This paper shows that Methods 1 and 2 can be

replicated by using a response equation based statisticat
optimization technique. This technique requires some

simple constraints. such as constant kerogen porosity or
constant gas saturation. Moreover. the constant
saturation assumptions can be easily removed, and it is
possible to calibrate to core grain density and gas filled


