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The indications are that the critical gas saturation is low for the high 
permeability, oolitic limestone of the Rockwell Field, and that at 2800 psia 
the gas-oil ratios would begin to rise and cause a lower recovery efficiency. 

11. Maximum Efficient Rate (MER). Many studies indicate that 
the recovery from true solution gas-drive reservoirs by primary depletion is 
essentially independent of both individual well rates and total or reservoir 
production rates. Kelly, Tracy, and Roe22 have shown that this is true 
even for reservoirs with severe permeability stratification where the strata 
are separated by impermeable barriers and are hydraulically connected only 
at the wells. The Gloyd-Mitchell zone of the Rodessa Field (see Chapter 3, 
Sec. 7) is an example of a solution gas-drive reservoir which is essentially not 
rate sensitive, i.e., the recovery is unrelated to the rate at which the reservoir 
is produced. The recovery from very permeable, uniform reservoirs under 
very active water drives may also be essentially independent of the rates at 
which they are produced. 
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EAST LOVING DELAWARE 
HISTORY AND STATISTICS OF GORS 

PRODUCTION 
GAS OIL PRODUCING MEDIAN 

DATES MCF BBL GOR GOR 
7/90 - 9/90 583,791 312,683 1,867 1,584 
1/91 - 3/91 1,133,452 442,511 2,561 2,457 
7/91 - 9/91 1,314,457 359,141 3,660 3,600 
1/92 - 3/92 1,276,299 294,102 4,340 4,243 
7/92 - 9/92 1,168,789 225,428 5,185 4,748 
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Fundamentals of Reservoir Engineering 
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Copyright 1953 
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of uncertainty. In the early life of a reservoir, moreover, special 
care must be taken that reliable average pressures are chosen, and 
that reliable gas-production figures are available because the differ
ences in terms in Equation 149 are small during the early period 
when reservoir pressure is near its original value. 

90. Average Gas-Oil Ratios 

For material balance and other calculations, it is necessary to 
know amounts of gas produced. In the material-balance equation, 
the produced gas shows up as a cumulative gas-oil ratio rather 
than as a gas volume. The expression of gas production by gas-oil 
ratios is more common than by gas cumulative figures. Very often 
current producing gas-oil ratios are available and it is desirable to 
convert them to a cumulative gas-oil-ratio basis. The present dis
cussion is concerned with the handling of such gas-measurement 
quantities. 

Producing, or instantaneous, gas-oil ratio signifies a current rate. 
I t is by definition the current rate of gas production divided by the 
current rate of oil production. I t is expressed usually as standard 
cubic feet of gas per barrel of stock-tank oil. Such ratios are given 
as a result or a few hours' testing or as a result of several days of 
testing. The symbol R will be used to designate current producing 
gas-oil ratio over whatever testing period may be applicable. 

To obtain an average producing gas-oil ratio for several wells or 
for all wells in a field, one cannot take an arithmetic average value 
of the ratios. For example, two wells with gas-oil ratios of 2,000 
and 8,000 would not necessarily have an average ratio of 5,000. 
They would only if both wells were producing the same amounts 
of oil. An average producing gas-oil ratio must be obtained by di
viding total current gas production from all wells involved by total 
current oil production from all wells involved. Thus, if the 2,000-
ratio well produced at the rate of 100 bbl. per day and the 8,000 
ratio well at the rate of 50 bbl. per day, the average value of J? 
for the two wells would be: 

R, 
2,000 X 100 + 8,000 X 50 

= 4,000 cu. f t . per bbl. •avg 
150 
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For a large number of wells the average ratio is figured as: 

= — = — (154) 

where Ri and <2ov signify, the individual ratios and stock-tank oil 
production rates and the sign ^ means the addition of such quan
tities for all the wells in question. 

The total gas produced in an interval of time is equal to the 
producing gas-oil ratio during that period of time multiplied by 
the oil-production rate during the interval. To find the cumulative 
gas produced up to a certain time on a reservoir, therefore, one 
needs the current ratio at various periods and the amount of pro
duction during each period. 

If A N represents cumulative stock-tank production, then the 
production over a short interval of time is its derivative, or d (AN). 
The product of the gas-oil ratio at this interval and the production 
is equal to the gas produced in the interval, or: 

Gas produced in interval = R X d(AN) (155) 

The cumulative gas produced from zero time up to a certain time t 
is the integral of Equation 155 or: 

Cumulative gas = f R X d(AN) - " (156) 
J 0 

Expressed another way, this k_tiie^rea Ljrnder the curve of R 
plotted against tl^cumula^ve jjroduction Ajy. This is shown in 
Fig. 142. """" " ~ " 

The cumulative gas-oil ratio, expressed by the symbol R c, is de
fined as all the gas produced and kept from the reservoir up to a 
certain time divided by the cumulative oil produced at that same 
time. Therefore: 

/
R X d(AN) — gas reinjected 

o 
R c = — (157) 

AN 

In the case where no gas is reinjected, the cumulative gas-oil ratio 
is simply the area shown in Fig. 142 divided by AN. 

In averaging individual gas-oil ratios, therefore, at a specific 
time, the important thing to remember is that they must be 
weitrht.ed according- to the production which they represent. In 
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averaging current producing gas-oil ratios at successive times to 
get a cumulative ratio, the important thing to remember is that 
the current ratios cannot be weighted on the basis of the time 
they represent but on the basis of the cumulative production they 
represent. In other words a graph of the gas-oil ratio, R, versus 

CUMULATIVE GAS • J Rx 4(an) » AREA UNDER CURVE 
'a 

R 

tr 
6. R 

O 
z 
0 
z> 
a 
o 
a. 

CUMULATIVE STOCK TANK PRODUCTION 

FIG. 142. 

time does not give average or cumulative gas-oil ratio. A knowledge 
of R versus cumulative production is necessary as indicated by 
Equation 157. 

91. Computing Original Oil in Place 
From Gas Produced 

In section 90 i t was pointed out that the area under a plot of 
the producing gas-oil ratio versus cumulative oil produced would 
be equivalent to the total cumulative gas produced from a reser
voir. This is a true statement regardless of the mechanism of 
production. Furthermore, at the termination of the producing life 
of a reservoir the total area under the plot will be essentially 
equivalent to the total amount of gas which was originally avail-
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(505) 827-5900 

GOVERNOR 

ANITA LOCKWOOD 
CABINET SECRETARY 
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HINKLE, COX, EATON, 
COFFIELD & HENSLEY 

Attorneys at Law 
P. O. Box 2068 
Santa Fe, New Mexico 87501 

RE: CASENO. 10692 
ORDER NO. R-9501-B 

Dear Sir: 

enclosed herewith are two copies of the above-referenced Division order recently entered in the 
subject case. 

Sally E. /eichtle 
Administrative Secretary 

cc: BLM - Carlsbad 
Donna McDonald - OCD 
Alvin Tapia - OCD 
George Geran 
Tim Goudeau 
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