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Every few years, the topic of correct inputs for use in the volumetric equation re-
emerges. Our first recollection is from the 1997 SPE Hydrocarbon Evaluation and 
Economics Symposium when a dozen or so attendees remained after a session to 
discuss a logical flaw in a technical paper. All of those present agreed that they 
had been doing volumetric estimates incorrectly, due to their choice of distribu-
tions, and vowed to correct the situation. More recently, in the spring and sum-
mer of 2007, SPE’s Reserves and Economics Technical Interest Group had a lively 
discussion on the same topic that ended without resolution and with extensive 
misunderstanding, in part because of perceived repetition of arguments. Now 
with the recent release of new reserves definitions and disclosure rules from the 
US Securities and Exchange Commission and comparisons with the Petroleum 
Resources Management System developed by SPE and other organizations, we 
may see more companies using probabilistic methods to estimate hydrocarbons 
in place, resources, and reserves, so we believe that it would be useful to reiterate 
the conclusion of those present at that 1997 meeting in Dallas.

The crux of the issue is: What is the correct mathematical basis for establishing 
appropriate uncertainty distributions as inputs to a probabilistic analysis of the 
volumetric equation? More specifically: Should the input distribution for each 
reservoir parameter be based on either

1. The range of values seen in the well data for that parameter, or,
2. The range of uncertainty in the reservoir average for that parameter?

A Simple Model
For illustrative purposes, consider using the volumetric equation in the form: oil 
initially in place (OIIP)=7758Ahφ(1−Sw)/Bo. The following discussion would 
also apply to other forms of the equation, such as using gross rock volume and 
net-to-gross ratio, for example.

The total area of the reservoir, A, is 1,920 acres and 24 wells have been drilled 
on the basis of 80 acre spacing. The net pay, h, varies between 11 and 165 ft in the 
wells drilled to-date (Table 1) and statistical analysis of the net pay in the 24 wells 
shows that the average (mean) net pay is 81.5 ft. For the full calculation of OIIP, 
we would also need to consider uncertainties in area, porosity, water saturation, 
and the oil formation volume factor, but we will focus on net pay here.
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TABLE 1—WELL RESULTS FOR NET PAY

Well  h (ft) Well h (ft) Well h (ft) Statistics

 1 42 9 112 17 102 Sum 1,956 ft
 2 71 10 120 18 165 Count 24
 3 68 11 11 19 72 Mean 81.5 ft
 4 129 12 106 20 68 SD* 40
 5 54 13 63 21 101 SEM** 8.16
 6 48 14 61 22 32 Max. 165 ft
 7 111 15 145 23 54 Min. 11 ft
 8 54 16 134 24 33  

  *Standard deviation (SD)
**Standard error of the mean (SEM) = SD/√(count)
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Deterministic Analysis
If we wished to make a determination of the best estimate 
of the total OIIP in this reservoir, we can determine the bulk 
(net pay) volume from the product of the area (1,920 acres) 
and the average net pay (81.5 ft), which is 156,480 acre-ft. 
This observation should be obvious: volume is computed by 
multiplying the area by the average thickness.

Probabilistic Analysis
Probabilistic output from the equation

OIIP=7758Ahφ(1−Sw)/Bo

requires uncertainty distributions for each of the five input 
parameters (noting that sometimes gross rock volume and 
net-to-gross ratio are used as inputs instead of A and h). In 
our simple example, we are focusing on net pay, h, and would 
like to derive an estimate of the uncertainty in bulk volume 
(A×h). So we need to determine the correct distribution of h.

First, it is worth noting that Monte Carlo analysis involves a 
large number of iterations, each of which is a single determinis-
tic calculation of OIIP using the volumetric equation. Nothing 
magic in this, but obviously each deterministic calculation 
performed within the Monte Carlo analysis must be based on 
realistic input data to generate a realistic estimate of OIIP.

The range of values for h is shown in Table 1, and has a 
minimum of 11 ft, a mean of 81.5 ft, and a maximum of 
165 ft. We could “fit” a probability density function to these 
data points and that would reflect the range of values seen in 
the well data for that parameter (option 1 in our introduc-
tion). Alternatively, we could use a distribution based on 
the uncertainty in the mean value (option 2), which can be 
described by a normal distribution also with a mean 81.5 ft 
but with a SD (known as the SEM) of 8.16. This would be 
a much narrower distribution, with a total range (approxi-
mated by ±3 SDs) from 57 to 106 ft.

If we use these two distributions, we will find that option 1 
would indicate a range of uncertainty in the bulk volume for 
the whole reservoir from less than 21,120 acre-ft (1920×11) 
to over 316,800 acre-ft (1920×165), while option 2 would 
lead to a range of uncertainty of 109,248 to 203,712 acre-ft. 
So which one is correct?

On the basis of option 1, for the bulk volume to be 21,120 
acre-ft, the average net pay over the whole reservoir would have 
to be 11 ft. This is untenable given the results of the 24 wells, 
since every well bar one has found more than 11 ft of net pay 
and some wells have found much more. Similarly, it is evident 
that a value of 316,800 acre-ft would require an average net pay 
over the whole reservoir of 165 ft, which is also untenable. 

Since the equation A×h requires the use of average h to 
correctly estimate the volume, it follows that a calculation 
of uncertainty in A×h must be based on an uncertainty dis-
tribution in average h. The same logic applies to the other 
reservoir parameters used in the volumetric equation.

More Data
As a reality check, consider infill drilling to 20 acre spacing 
in the same reservoir. We now have 96 well data points for 
the reservoir. Since the infill wells would generally be expect-
ed to find net pay values that are somewhere in the range of 
values seen in the adjacent wells, the overall distribution of 
net pay, including its mean and SD, will not change by much. 
However, our new estimate of the mean should be a “better” 
estimate of the actual average net pay over the reservoir, i.e. 

have less uncertainty, and this will be reflected in a smaller 
value for the SEM.

Imagine now that we have 10,000 wells in this reservoir. 
The distribution of net pay values (option 1) will still look 
roughly the same, but the range of uncertainty in our esti-
mate of the mean (option 2), and hence the uncertainty in 
our estimate of OIIP, must have improved significantly.

Less Data
This is where it gets trickier and, as is usual in our business, 
requires some careful judgment. The problem, of course, 
is the lack of a statistically valid sample, but what has not 
changed is the theoretical basis for the input parameters to 
the volumetric equation. We still need an estimate of the 
mean for each parameter and a distribution of our estimated 
uncertainty in that mean.

Let’s say that we have only drilled the first three wells, 
all drilled in a poorer part of the reservoir and with net pay 
values of 42, 71, and 68 ft, respectively. Where we had a lot 
of data, using the sample distribution (as reflected in the SD 
of the well values) instead of the distribution of uncertainty 
in the mean (based on the SEM) led to an overestimate of 
the range of uncertainty in the mean. With few data points, 
the opposite can happen and the range of uncertainty will 
be underestimated. The three wells have an average of 60.3 
ft and, by chance, a relatively narrow range from 42 to 71 ft. 
We know from the results of the 24 wells that the average net 
pay for this reservoir is actually outside this range, at 81.5 ft. 
The key point is that using the sample distribution (of these 
three wells) is just as invalid in this situation as it was where 
we had a lot of data.

What we would need to do is to look at any regional data 
and consider the environment of deposition of the reservoir 
so that we could establish a realistic distribution of net pay 
over the reservoir, ideally based on contouring of trends, and 
then use that best-estimate geological model to compute a 
value for the average net pay. Then we should run sensitiv-
ity cases investigating alternative models and/or contouring 
options from which we can determine a range of possible 
values for average net pay (noting that there are software 
packages available that can do all the computations for us, 
based on some input constraints).

Conclusion
A probabilistic analysis of the volumetric equation in the form 

OIIP=7758Ahφ(1−Sw)/Bo

or in other comparable forms, requires distributions of 
uncertainty for each parameter which, apart from A (or gross 
rock volume), reflect the average value of that parameter over 
the area (or volume) for which OIIP is being calculated. In 
the above example, this is the entire reservoir. To be more 
precise, the requirement is for the average net pay over the 
area of the reservoir, the average porosity over the bulk vol-
ume, and the average oil saturation over the net pore volume. 
These computations are often dealt with through the applica-
tion of 3D geological models.

Since the equation requires the use of averages for reser-
voir properties as input, it is the uncertainty in the reservoir 
average that must be the basis for a probabilistic analysis. It 
is mathematically incorrect to use distributions of the well 
data values and such an approach will lead to an invalid 
distribution of OIIP. JPT
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