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FOREWORD ' 

. 'On September 10, 1969', ,=q nuclear explosive - LIZ'$- 
with a nominal yield of 40 kilotons was detonated at project Rulison 8,246 feet below the 
surface of the Mesaverde formation of the Rulison field, Garfield County, Colorado. 

The Rulison R-EX well was directionally 
drilled to  intercept the fracture system created by the  nuclear explosive and a  successful^ . 

penetration of the fracture zone near the top of the cavity was made in July 1970 and the 
well completed for productiori testing. Testing of the nuclear 'stimulated well was'begun in 
October 1970 and after .four intermittent flow periods the well was shut in April 23, ,197 1 ,  
and pressure observations at varying intervals of time have continued through September 27, 
i w i .  

Scope of Investigation This report is an interpretation of 
observations made in the Rulison R-EX well 

during production testing, during shut-in periods between production tests, and during the 
shut-in period following the last production test. Using these test .data and a mathematical 
model constructed .and operated by Computer Technical Services, Inc., Dallas, Texas, 
interpretations of the test data have been made jointly by that  firm and DeGolyer and 

o MacNaughton. The object of these studies was to determine the permeability of the fracture 
zone, the permeability of the unstirnulated reservoir rock, and the long-term capability of 
the well to produce gas. ' 



. Gas volumes in 'this report are expressed at 
s tahard conditions of.14.73 pounds per square inch absolute and 60.degrees'.~ahrenheit. 

Authority This report is prepared a t  the request of Mr. 
C. W. Leisk, Chairman and President' of 

Austral Oil Company Incorporated. 

Source of Information Information used in this study was furnished 

by Austral Oil Company Incorporated. All 
information furnished was accepted as represented. 
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.PRODUCTI'ON TESTING ' . 

Production testing of the nuclear stimulated 

well began October 4, 1970, at various rates in order to calibrate the U.S. Public Health 
Service off-site suiveillance program and continued until October 7, 1970, at which time the 
well was shut in. ~b data were observed between October 7 and October 26, ,1970, as the 

' 

drilling rig which was used to  complete the well was being removed from the well site. 
~roduct'ibn testing-resumed October '26 and cpntinued at rates from 1 1 to  15 million cubic 
feet per day until November 2, 1970, at wh.ich time the well was shut in. Pressure and 
temperature observations were recorded during this shut-in period through November 30., . . 
1970. The well was reopened Decem%er 1 and produced a t  rates approximating 5 million 
cubic feet per day' until December 20, on which date the well was again closed in. Pressure 
and temperature observations were again made in.the shut-in period from that date through 
February 1. The well was reopened for a third production test beginning February' 2 and 

. . continued at rates which declined from 1'0.4 million cubic feet per day at the beginning of 
the test to slightly unde* 1 milli6n dubic feet per day a t  the conclusion of the test dn April 

23, 1971. Pressure .and temperature measurements have been observed at various times . 

during the subsequent shut-in period, the last subsurface pressure measurement being made 
' September 27,1971. . 

. . 

During the production testing, . data 
concerning surface wellhead pressures; temperatures, separator gas gravity, gas, condensate, 
and water production were recorded. In addition, subsurface pressure and temperature 

\ 

measurements were made a t  various times as conditions permitted. 

Observations were made at 2,059 times during 

. the period between the opening o f  the well on October 4, 1970, and the latest subsurface 
pressure measurement on September 27, '1 971. These data. have been arranged in one-day 
time peiiods and the measured gas production reduced t o  dry-gas production by subtracting 
the vdlume of water produced. The mol fraction dry gas in the totai  stream of production is 
also reported. ~ h e s e  data are shown in Table 1'. 

Observations of static and flowing subsurface 

. . pressure in the flow string .at the beginning of the second and the third.production tests 

, indicated no pressure drop due t o  friction between the cavity and the flow string. 
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The' composition of the reservoir gas prior to 
the nuclear detonation is shown in Table 2. 

Twelve samples of gas produced during the 
production testing were collected and analyzed by Teledyne Isotopes: The analyses of these 
samples are reported in Table 3. 

The analyses of the gas samples taken indicate 
that the hydrogen concentration in the produced gas declines linearly with cumulative 
production, however, the carbon dioxide concentration declined to a.minimum value as 

indicated by the sample taken February 27, 1971, then increased. Since all of the hydrogen 
in t h e  produced gas was at  the time of the nuclear explosion, the hydrogen" 
concentration represents the ielative concentration of cavity gas veisus time. The carbon 
dioxide concentration did not decline commensurately with the hydrogen concentration so 

' it must be concluded that addition4 carbon dioxide was evolving either from solution.in 
water oi from the carbonates in the reservoir rock:These observations indicated the need 
for a mathematical model that would adequately treat these:phenomena. 

The water production as compared to the . 
volume of dry gas produced progressively increased throughout the production testing until 
at the end of the third production test it amounted td some 56 percent of the flow from the 
well. It has been variously estimated that some 17 to 34 thousand barrels of water were in 

- - - -  
the cavity at the beginning of production festing.+A total of 20,244 barrels-was-produced; - - 
- ---- - -  - - --  

The volume bf water produced dictated' a need for the model to properly treat 
volumetrically with the volume of production and also to. account for the enlarged storage 
capacity of the cavity as the result of the vaporization of water. 

It was not possible to measure the 
temperature of the cavity. Temperatures were observed in the flow string of the well as high 
as 438 degrees Fahrenheit. A change in the relationship between the water produced per 
unit of gas production versus cavity pressure occurred at about 400 pounds per square inch 
absolute. This corresponds t o  the vapor pressure of water a t  445 degrees Fahrenheit. It was 
concluded from this that a temperature of 445 degrees Fahrenheit is representative of the 
cavity temp erature. , 



DESCRIPTION of MATHEMATICAL MODEL 

The mathematical model constructed and 

operated by Computer ~ichnical  Services, Inc., to simulate the perfoGance of the Rulison 
R-EX well is a onedimensional; single-phase, radial-flow model. The model consists of a 
series of blocks, or in this case, concentric ~ g s ,  each of which may be assigned'varying 
values of porosity, permeability, thickness, and temperature. The geometry used in this 
simulation consists of 28 blocks. The first 8 blocks were used to describe the cavity. The 
next 7 blocks simulated the fracture zonk. The remaining blocks were assigned values of the 
unstimulated porosity and permeability of the reservoir rock. 

. . 

Due to the known variations in temperature 
existing in the system, it was necessary to construct a temperature overlay feature which . 

would allow the introduction'of this variable into the solution. 

During the production testing.of the R-EX 
well, considerable variations in gas composition weie observed indicating that this 
phenomenon should be accounted for in the solution technique. 

A special routine was written to haridle the a 

gas compressibi1ity.factor as function of temperature, pressure, and varying gas composition. 
Corrections for the compressibility of nitrogen were incorporated based on the work of 
Eilerts, Carlson, and Mullens.' As for corrections for the compressibility of carbon dioxide 
based on the work of Olds, Sage, and Lacy,2 the method of applying these correction 
factors is described in "Petroleum Reservoir Engineering", by Arnyx, Bass, and Whiting; 
~c~rai- ill, 1960, Pages 26 1 ' -  270.   he routine also corrects for the effects of observed 

' 

water-vapor content on the gas compressibility factor. Due to the high critical properties of 
water and the large moi fractions of water in the produced gas, reduced temperatures for the 
mixture at certain observed pressures were calculated to  be less than 1.05. This is th.e lower 
Iimit of rkduced'temperature in available compressibility value correlations, and when this 
occurred the reduced temperature was set to  the minimum value. 

' 

I 

The routine just described was used for 
determining the compressibility factor for the gas in the cavity and the fracture system. 
Here the assumption is made that the produced gas composition represents the cavity gas 
and the mobile gas in the fracture systeni during the known producing history. 
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It was also necessary to develop a method for 
determining gas viscosity as a function of pressure,, temperature, and var)iing composition. 
The work of Can, Kobayashi, and ~ u r i o w s ~  was utilized for this determination. 

. . , Vaporization and condensation of water and 

the evolution of carbon dioxide were handled in the model by material balance methods and 
the net effect applied to the wet-gas production rate and the cavity pore volume. In other 
words, the net effect of vaporization or condensation of water and evolution of carbon 
dioxide occurring during each time period was subtracted from the wet-gas producing rate 
to obtain the net effective producing rate for the model calculations. In addition, the cavity ' 

volume was increased or decreased each tirnestep as vapor4ation or condensation occurred 
' 

to s&ulate the increase or decrease in volume of water in the cavity. 

Two versions of the mathematical model were 
used in 'this simblation. The n o h i 1  pressure solution case was used during the history-match 
portion of the simulation.  his' version solves for the potential or pressure in each block at 
each time per,iod when rate and composition are given. 

The matrix solution in the mode! was 

revranged to solve for the ratccase during prediction runs. A minimum flowing pressure is 
assigned to Block 1 a'nd a maximum rate calculated. The calculated rate is then used in the 

. . - .  . 

normal pressure case to solve for the pressure distribution -in- thedsystem. This- procedure- - -  
. -- - -  

allows the -system to-automatically.decliiie when prescribed rate conditions can no longer be 
.-- 

.~ . satisfied. 
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HISTORY MATCH 

' 

In order t o  attempt to match the observed . . 
pressure and data, the model was configured with the cavity radius of 74 feet, a 

cavity height of 270 feet, on the theory that radial flow would not exist below the point of 

detonation because of glazing. The outer radius of the fracture zone was taken to  be 220 
feet and the outer radius of the model 3,000 feet, so that the total area represented by the 
model was approximately 640 acres. 

The pay thickness and properties of the , 

unstimulated reservoir rock were taken from analyses of electrical logs of the stimulated 
interval. The pay thickness was taken to be 75 feet and the porosity 7.1 percent, which is 
equivalent to the arithmetic mean of the values in the stimulated interval. The permeability / 

. was taken to be .05 rniliidiircys, which was .the geometric mean permeability df the 
stimulated interval. The water saturation was' estimated t o  be 50 percent. 

The cavity temperature of 445 degrees 
Fahrenheit was decreased proportionately to the log of the radius until a value of 2 14 
degrees Fahrenheit was reached at the outer radius of the fracturezone. The temperature of 
the unstimulated reservoir rock was taken t o  6e 214 degrees, 

The hydrocarbon gas composition was 
smoothed and interpolated between analyses in order that daily gas composition could be.  
entered as input to the model. 

- 
Hydrogen and' carbon dioxide content of the 

cavity gas was smoothed, as shown in Figure 1, and input t o  the model on a daily basis. 

Pressure and production data in Table 1 were 

also used as input on a daily basis. 

Successive material. balance calculations 
during the early part of the production testing indicated the gas in place in the cavity to be 
2 10 million cubic standard feet, which is in close agreement with the void space of 1.5 
million cubic feet thought t o  be in the cavity. 
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  he' .first observed subsurface pressure was 
obtained 'kt the beginning of the first production test foll&ing the calibration flow period 
and was found to be 3,156 pcunds per square inch absolute. The.performance of the well to  
that point was matched with that pressure. and it required an initial reservoir pressure of 
3,25 1 pounds per square inch absolute to  effect the match. Using the values for pressure and 
temperature.cited in the foregoing, the gas in place in the fracture zone was takento be 176 
million cubic feet, and in the unstimulated reservoir rock lying outside of the fracture zone 
and within the 3,000-foot outer radius of the model the gas in place was 14,040 million 
cubic feet. 

In order to match the observed pressures 
during the various periods of it was nkcessary to  reduce the permeability of ' 

portions of the fracture zone to  a value of .00.1 miilidarcys and increase the permeability of 
the various blocks successively with time. .The values of permeability used are shown in 
 able' 4 and Figure 2. It was found that a permeability of -3 of a millidarcy at a radius of 88 /'500 ,;lb 

fe.et, which is the outer radius of the f ~ s t '  fracture .block, was sufficient to allow flow from 
the well in those amounts experienced. The permeability was increased only to the extent 

that was necessary to allow flow to occur and match the pressure observed during the 
production testing. The permeability distribution used at various time periods is shown in 
Table 4 and Figure 2. This phenomenon could be cauied by water filling the fractures at the 
beginning of the flow testing and being removed gradually as the well was produced. I t  was 
indicated that the fracture zone was not completely cleaned at the end of production 
testing. This phenomenon is frequintly observed- in conveptiomlly completed and - 
- -- --- - - -- - 

h ydrauLical1 y fractured oil and gas wells. 

During the production 'testing which ended 
with time period 202, there was produced some 430,243 thousiind cubic feet of dry gas. 
The model indicated that some 143,836 thousand cubic feet of water vapor had evolved and . 

32,821 thousand cubic feet of carbon dioqide had evolved. During the closed-in' period 
following the last production test, it was assumed no additional water vaporized or carbon 
dioxide evolved. 

After a preliminary match was obtained, the 
value of the unsthulated permeability was varied to determine, if possible, whether or not 
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the value of .05 millidarcys initially selected as a result of log interpretation was the best. 
value. Values of .01, -025, .04, and ..05 millidarcys. were used. It was found that prior to the 
time the well was shut in at time period' 202 the model was insensitive to the value of 
permeability for the unstimulated reservoir rock. A value of -04 millidarcys was, indicated to Y O N ~  

be the best value of those used in this phase of the history match. ~ h k  results of this are. ,,&;,dii 
included as Table 5 and Figure 3. ' \L 

The entire history match was repeated using a 
value of .04. :millidarcys for the permeability of the unstimulated reservoir rock. The 
resulting match of the observed and calculated pressures is shown as Figure 4. 

. . 
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PREDICTIONS 

Using. the geometry of the cavity and' fracture 
zone established in the history match; several prediction cases were run with the model in 
'order to assess the long-term prpductivity of the Ru1ison.R-EX well. The phenomenon of 
increasing permeability in the fracture zone during the production testing was. further 
s ~ d i e d .  The average o f '  the fracture zone, as shown in Table 4, was plotted 
versus cumulative production, as shown in Figure 5. The postulated ultimate permeability 
distribution ih the fracture zone is shown in Table 4.and also in Figure 2. A plot of average 
permeability veisus cumulative dry-gas production, as shown in Figure 5, was ex'trapolated 
to the average permeability of the postulated ultimate distribution and this plot indicates 
that such a condition would be reached at a cumulative dry-gas production of 600 million . 

cubic feet. 

Case 1 In this instance, the well was allowed to 

remain shut in until June of 1972 then 
opened. at a rate of 1 million cubic feet per day. During the shut-in period and subsequent 
producing' period the composition was allowed to change as a result of influx during the 
shut-in period and removal of cavity gas as well as influx of reservoir gas during the 
producing period: At the end of the shut-in period the cavity pressure had built up to 1,232 ' 

p o ~ n d s ' . ~ i r  square indh absolute. The permeability of the fracture zone was allowed to 
increase to. the ultimate distribution at a cumulative production of. 600. million cubic feet. 

. ... - - . . - - - When the well was put on production, as shown in Figure 6, it sustained a rate of 1 million 
cubic feet per day until the endof August 1974, from which time it declined 0ver.a 30-year 
period to a rate of 3 16 thousand cubic feet per day. The cumulative production during this 

- 30-year period was 5,943,829 thousand cubic feet to which must be added the 433,243 
' thousand cubic feet during the production testing for a total cumulative production of 

6,374,07 2 thousand cubic feet This represents a recovery of 44.2 percent of the gas in place 
under the 640 acres &presented by the model. . 

. . 
Of interest in connection with this prediction 

case is the hydrogen concentration in the produced gas versus time. Figure 7 is a plot of the . 

actual concentration and that projected during the shut-in period of the well and its 
?ubsequent producing period. During the production . testing, . the hydrogen concentration 

declined from 15 percent at the outset t o  0.23 percent at the end of production testing'and ' 



is calculated to decline during the shut-in period and 'the subsequent producing period until 
a value of 0.007 percent will be reached in August 1974, at which time the compositional 
change routine was discontinued. . . 

Cases 2 , 3  and 4 Both the history match.and prediction Case 1 
were run using a constaht pay thickness of 75 

feet. This implies perfect continuity in the Mesaverde formation throughout the 640-acre 
area studied in the modeling. I t  is a well' known fact that the Mesaverde formation is 
composed of elongate sand lenses, interbedded in shales, which are not continuous over 
great distances. Knutson, Maxwell and Millheim published their findings with regard to the 
sandstone continuity in the Mesaverde f ~ r m a t i o n . ~  In order .to investigate the effect of 
sandstone continuity on gas recovery from the Rulison R-EX well, three prediction cases 
weie run using .in Case 2 a constant pay thickness of 75 feet; in case 3 a pay thickness 
decreasing from 75 feet a t  the cavity radiu's to  1 foot at the outer radius of 3,000 feet, this 
according to the distribution found by Knutson, Maxwell and Millheim. The work of 
Knutson et a1 was concerned with studies of outcrops along the minor axis of the sand 
'lenses and therefore depicts the sand discontinuity more pessimistically than the actual. 
Consequently, Case 4 Was run using a distribution halfway between that of Case 2 and Case 
3 wherein the.pay thickness was decreased from 75 feet a't the cavity radius to 38 feet at the 
outer radius of 3,000 feet. In each of these instances the starting pressure was set at the 
initial pressure of 3,251 pounds per square inch, the reservoir gas composition is used, and 
in all other respects the model configuration is the same as Case 1. 

The results of Cases 2, 3 and 4 are shown in 
Figure 8. In Case 2 the well produced a t  a rate of 1 million cubic feet per day for 3 years 
and 9 months, declining thereafter to  329 thousand cubic feet per day after 30 years. The 
cumulative production at the  end o f  the 30 years was 6,330,436 thousand cubic feet which 
represents a recovery of 43.9 percent of the gas in place under the 640 acres included in the 
model. 

In  Case 3, which illustrates the most serious 
, 

discontinuity of sand, the well produced for 1 year and 7 months at 1 million cubic feet per. 
day, declining to an econokic limit of 50 thousand, cubic feet per day in 8 years. The 
cumulative production was 866,657 thousand cubic feet or 6 percent of the gas in place 
under the 640 acres. 
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.In Case 4 the well produdd for 2 years and 4 
months at 1 million cubic feet per day, declining t o  175 thousand cubic feet per day over a . . 

30-year period. Cumulative production was 4,133,7 12 thousand cubic feet or 28.7 percent 
of the gas in place under the 640 acres. 
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SUMMARY and CONCLUSIONS ' 

An interpretation of observations made in the 

Rulison R-EX well during' production testing, during shut-in periods between production 
tests, and during the shut-in period subsequent t o  the last 'of the production tests has been 
made using a mathematical model which represents the various aspects of the physical 
phenomena occurring in the well. A reasonable history match with the observed data has . . 

been obtained. The most reasonable value of the permeability of the unstimulated re servo^ 
rock was found to 'be .04 millidarcys, which agrees reasonably well with the geometric 

,,,' 
mean permeability o f  the stimulated inteival of .05 millidarcys as determined from log 
analysis. If the well were allowed t o  remain shut' in until June 1972, and then commenced 
t o  produce a t  1 million cubic feet per day, the hydrogen concentration would decline from 
the initial value to  about 111 5,000. o f  that. value by August 1974. ~ s s u r n i n ~  perfect 
continuity of the Mesaverde formation, the well would produce some 6.4 billion cbbic feet 
of gas over a 30-yeai period, or 44.2 percent o f  the gas in place under 640 acres. Because bf 

, . 

known discontinuity of the sandstones in the Mesaverde forrnatiori, it is more reasonable to  
conclude that  the well would produce some 4.1 billion cubic feet over a 30-year period or 
28.7 percent of the gas in place under the 640-acre area. 

Submitted, 

&,&a&*: 
' +p$R and MacNAllGHTO 

SIGNED: December 6, 1 97 1 
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TABLE 1 

. PROJE€T RULlSON 
PRODUC'IION and PRESSURE DATA 

DRY GAS . TOTAL WATER PRODUCED -- 
PRODUCTION - ~ c f  Cumulative Daily . Bbls/MMcf 
Cumulative Daily (Barrels) (Barrels) Dry Gas 

. Mo1 Cavity 
Fraction Pressure 
Dry Gas , Psia 

- '  

Time 
Period - Date - 

No data observed between October 7,1970'md October 26,1970 



P R O J E m  RULISON 

Mol cavity 
Fraction Pressurc 
Dry Gas Psia ' -- 

. . 
DRY-GAS TOTAL WATER PRODUCED 

Time P R O D U C ~ O N  - M d  Cumulatiw . Dally Bbls/MMcf 
Date -- - Period ~Cumuletivo E l y  (Barreh) (Barrels). Dry Gas 



PROJECT RULISON . 

Mol 
Fraction 
Dry Gas. 

DRY GAS TOTAL WATER PRODUCED . 
PRODUCWN - Mcf Curnulati ve Daily Bbk/MMcf 
Cumulative Dafly . (Barrels) , (BaneIs) Dry Gas 

Cavity 
Pressure 

Psia 
Time 

Date . Period - - 



PROJECT RULISON 

TOTAL WATER PRODUCED . - 
Cumulative Daily BblsIMMcf 

Mol Cavity 
Fraction Pressure 
Dry Gas Psia -- - 

DRY GAS 
The PRODUCTION - Mcf 
Period amulative Dally -- -- - (Barrels) '. (Barrels) Dry Gas Date - 

12-8-70 



PROJECT RULISON 

. . ' DRY GAS 
Time &ODUCTION - MCT 

Date . -- Period Cumulative D a i l y  - 
TOTAL WATER PRODUCED . -------- MPI Cavity 

Cumulative Daily BblslMMcf Fraction pressure 

--- .-- Dry Gas Psia (Barrels) (Barrels) Dry Gas 



PROJECT RULISON - 
. .  . . TOT.AL WATER PRODUCED , . . 

' '' .DRY GAS .:'. . 
, .. . -- Mol Cavity . . . .  
. T ~ . C  . ' ' ~do~umdA.-.hi~f' ." . Cumulat!ve .Daily Bbls/MMcf Fraction : Pkeisuie ' . . 

bite' Period. v;, ,(Barrels) (Wets)  Dry Gas Dry Gai . .Psis ' , ' 
.- . . . -  . . : - .. 



PROJECT RULISON ------ 

TOTAL WATER PRODUCED ..------, Mol Cavity 
Chrnulntlve' ,Dally . B b l s / M M c f  Fraction. PrGaure 

(Barrels) (Barrels)' ' Dry  as ~ r y . ~ a s '  . Psia --- -- -- -- --- 



PROJECT RULISON . ---- 
. . 

. . . DRY GAS . , T M A L  WATER PRODUCED 
'Time PRODUC~ON - M d  'Cumulatjve . . D a i l ~ - ~ b k / ~ ~ c f  

Da& . z e d  Cumulative Daily (I3arre.b). (Bme.1~) . Dry Gas - 
2-14-71 134 . 5,051 2 34 k.3 

307.686 , . 8,141 

Mol cavity 
Fraction Pressure 
Dry Gas , Pda 



PROJECT - RULISON 

DRY GAS 
PRODUCIION - Mcf Time - - -  

.Dutc ' - Period Cumuhtfve DaLly -. 

TOTAL WATER PRODUCED 
~urnulatfve ~ e f ) y  Bbls/MMcf 

Mol Cavity 
Fraction Pressure 
Dry Gas Psfn -- - (Barrels) (Barrels) ' Dry Gas --- - -- 

202 89.3 
' 11,730 
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Time PRODUCTION - Mcf - 
Dalc . Pcriod Q l m u l a t i v ~  Daily --- -- 

TOTAL. WATER PRODUCED - ~ o l '  
Cumulntive Daily B~ISJMMT Fraction 

(Barrels) (Barrels) Dry Gas Dry Gas -- -- --- -- 
Cavity 
Pressure 

Psin -- 

.' 346 

345. 

338 .  

3 20 

319 

312 

309 

308 

319 

3 16 

- 314- 

309 

304 

303 

2 96 

293 

289 
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. Time ' PRODL~~TION - Mcf plmulative Daily B b l s ~ c f  Fraction . Pressure 

Date . Period Cumulative Daily ( 1  - s Dry Gas , Dry Gas PPa - - 
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DRY GAS 
Timc PRODUCI1ON - Mcf 

Dutu -- Period CumulatCc f i l ly - - 

TOTAL WATER PRODUCED Mol Cavity 
Cumulative Dally B~IS/MMCT Raction Pressurc 

(Barrels) (Bamls) Dry Gas Dry Gas .Psi8 . --- -- 
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DRY GAS -- TOTAL WATER PRODUCED . Mol Cavity 
Tie PRODUCTION -Mcf. Cumulative Daily ' BblsFlMcf Fraction Pressure 

Date - Period Cumulative Daily (Bards) . (Banels) Dry Gas - -- - --- Dry Gas Psia --. 
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TOTAL WATER PRODUCED . Mol Qvity . 
(Irmulative Daily Bbls/hfMcf Fraction Ressure ' 

DR-Y GAS 
. . Time 

Date - Period - 
PRODUCTION - M d  

(Barrels) (Barrels) Dry Gas. -- Dry Gas Pda Cumulative Daity. 
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PROJECT RULISON 

DRY. GAS . TOTAL WA'IER PRODUCED 
Cumulative ' Daily BblslMMcf 

Mol Cavity 
Fraction Ressure 
D ~ G ~ S  . Pda . 

Time 
Date ... Period - - 

PRODUCTION - Mcf 
Cumulative Daily (Barrels) (Barrels) Dry Gas 



PROJECT RULISON 

DRY GAS TOTAL WATER PRODUCED --- Mot 
Cwnulative Daily Bbls/MMcf Fractlon 

(Barrels) (Banels) Dry Gas . -- - -- Dry Gas 

Cavity 
PRODUCTION - Mcf - 
Cumulative Daily 

, Time 
Period - Date - 

8 4 7 1  
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DRY GAS - TOTAL WATER PRODUCED. 

Time PRODUCTION - Mcf Cumulative Daily BbldMMcf 
Date -- . - Peiiod Cumulative . - -  Dally CB arrels) (BamIs) DIY Gas 

Mol Cavity . 
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Date - 
9-7-71 

Time 
Period - 

DRY GAS ..TOTAL WATER PRODUCED Mol 
PRODUCTION- Mcf Cumulative . Daily Bbls/MMcf Fraction - 
~urnula- (BaireIs) ' (RarrcIs) . Dry Gas Dry Gas . 

Cavity 
Pressure 

Psia 





PROJECT RULISON . 
COMPOSITION of RESERVOIR GAS 

(Sample from Federal "A" No. 29-95 on June 8,1966) 
* 

Component-. , 

Carbon Dioxtde 

Nitrogen 

Methane 

,Ethane 

Propane 

iso-Butane. 

nqentanb 

Hexanes 

Heptanes plus . 

*As reported by Core Laboratories, Inc. 

Mol* 
Percent 
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