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Project Rulison was a part of the Atomic Enargy Commission's Project Plawshare,
which was designed to develop peaceful uses of nuclear explosive technology. The joint
Atomic Energy Gommigsion (now Depanment of Energy) and Austral Off Company project
was a nuclaar gas stimulation experiment which fook place in Garfisld County near Rulison,
Colorado on September 10, 1869. The sxpeariment was conducted 1o 1eat the technical and
aconomic feasibility of detonating & puclesr explogive device in tight natyral gas bearing rogk
formations to increase naturat gas production,

During the experiment, 8 43 kiloton fission-type nuclear axplosive device was
datonated at a depth of 8,426 faat within the Wiliams Fork geoiogic formation in the
Mesaverde Group, which consists of thick sequences of tight, natural gas bearing sandstone
bodies with limited areal extent, The experiment was the deapest nuclear detonation aver
penfarmred in the United States. The nudean exglosion groducsd @ cuie of haclured 1ok
and a “chimney” of rock rubble around and above the datonation point. Because of
extensive data regarding the extent of the chimney and fractures created by the nuclear
mxplnsinn which was acquired hy drilling A re-antry well into the chimney, the United States
faderal government has prohibited all drilling below 8,000 feat within the "Lot 11" quarter-
quarter section of land containing the Project Rulison emplacement well (see attached
annotated well survey plat.) '

At the time of the experiment, there was a considerable amount of public concern
about the project by enviranmental protection groups. In the neary thirty yaars since the
project, the Grand Valley area sunounding Project Rullson has experienced dramatic growth
in both population and natural gas development, Bacause natural gas development is
acedrring within a few miles of Project Rutison, some members of the public are now
conearned thal natural gas wells could be drilled into rock formations contaminated with
residual radioactive materials from the nuclear detonation and release the materials,
threatening public health and safety.

Because of this concam, the Colorade Ol and Gas Conservation Commission
(COGCC) representatives have discussed Project Rulison with scientists fram the
Department of Energy and natural gas well operators in the Rulison area, and heve
performed B iterature search aboul Froject Rulison. The purpose of this sludy has been 10
determine what restrictions should be placed an the driling of natural gas wells inte the
Williams Fork Formation in the vicinity.
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When! an undergrouna nuclear device is detonsted, a sUpersanic shock wave moves
out radially, vaporizing, melting, crushing, cracking, and displacing the rock, After the initial
discharge of anergy, the shock wave becomes elastic and vaporized rock expands to form a
spherical cavity, Subsaquent hoat losaes, gas feak-off through the fracture system, and
vapor condensation reduce the presaure until the fractured rock above the cavity can no
longer be supported. Rock collapses into the cavity and forms a complex chirmney-rubble
zone, Collapse continues untit an arch forms with sufficient strangth to withstand the load of
the overlying rock, or until the rubbie zone in the chimney can suppart it,

The Department of Energy has collected data for cavity radius ard fracture radiys
fronn 821 undergraund nuckear tests in Nevada.® From this data, the various faatures of
postshot geometry can be readily caiculated as a function of detonation yield, depth of burial,
and physical properties of rock using empirical equations developed from this isrge amount
of data. For Projact Ruligon, the pradicted oevity radius waz a maximum of 108 feet, and the
predicied fracturing radius was a8 maximum of 580 feet

The Project Rulison nuclear explosive devics was detonatad on Septembar 10, 1660
in the Hayward #25-95 (R-E) emplacement well located in the NE%SE Y Section 25,
Township 7 South, Range 85 West, Bth P.M. in Garfisld County in the Williams Fark
Formation at a depth of 8.426 feet . Re.entry operations were performad through a separate
direclionaily drilled re-entry well, the Hayward #25-95 (R-EX) well, which had a surface
location 300 feet southeast of the emplacement wall. The re-antry well, which was
completed in July, 1970, was designed to production test the zones stimulated by the nuclesr
device dotonation.* ‘

The re-antry wall penetrated a fractured zone at & true vartical depth of 8,131 feat
below the surface of the emplacement well, and exprrirncad 2 camplete losa of drilling fluid
returns upen this encounter. Based on the rapid increase in panetration rate cbserved in the
re-entry well between the depths of 8,151 feet and 8,234 feet which was accompanied by
loss of drilling fluid returns, it is beliaved that effective communication with the chimney
fracture environment was achieved.” The fractures encountered by the ra-entry well
Indicate a fracturing distance of 275 foot vertically above the depth of the nuciaar
device detonation, .

' *Current Status of Projects Gasbugyy, Rulison, ¥nd Rio Blanco snd an Appraisal of Muclmar-Exposive
Fracturing Potential for the Near Futuma™ J,J, Stosur, July 1878
* Comments made by Peter Sanders, 0.5, Dapartriant of Enargy Envirenmental Restoration Geclogist at a
fuh}i\: maating in Batternent Mooa, Colarade on August 10, 1987,

“Tha Nuclaar Stimylation of a Nawral Gas Reservoir' W.G. Frank, Austral Qil Comipany Incorporated
* *Project Rulison Well Piugging and Site Abandonment Flan” United States Enargy Research and Davelopmart
Administration, Nevada Cparations Office, August, 19768
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Wellbora design provisions and plugging and abandonment operations have vartically
isolated the chimnay cavity and fracture zone to protect shalowsr geologic formations,
groundwater, and the surface.

An extensive series of shut in pressire build-up and production flow testing was
parformed to provide data to determine chimney cavity and fracture gaometry, parmeability of
the fracture zone and unstimulated reservoir rack, and the long term capability of the well to
produce gas. The well was flow tested at rates from 1 mitlion cubic fest of gas perday to 15
miflion ¢ubic feet of gas per day during threm reparate flow periode batween Ostober 1970
until April 1971. Pressure and temperature measurements were also recorded during a final
shut-in pariod which ended in September, 1971, During the production testing data
conceming surface wellhead presaures, temperatures, saparator gas gravity, and gas
vundensate and water production were recorded. |n addition, subsurface pressiure and
temperature measurements were made at various times as conditions pertnitted. During the
production testing samples of gas were collactad and-analyzed for compasition anatysis.?

The data gathered during the shut-in and production tests were entered ino a
sophisticated mathematical resefvoir model to simulate the performarice of the Rulison R-EX
ra-entry well. The model was constructed and operated by Computer Technical Servicas,
Inc., of Dallas Texas, and the interpretations of the test data were made jointty by that firm
and the respecied reservoir-engineering firm of DeGolyer and McNaughton.*

Uzing the reservoir modat 1o obtain a history match of the obsaerved pressure
and production data, the following perameters were calculated: *

Chimnay Cavity Radius 74 Faat
Outer Radius of the Fracture Zone 220 Feet

Another model calculation referenced in tha Linited States Atomic Enargy Commisaion
Nevada Operaticns Office Project Rulison Manager's Repent found the chimney cavity radius
to be 76 feet and the outer radius of the fracture zoneto be 213 feet. In addition, simple
pressure-voluma-tsmperature analysis of bottom-hole pressuves rmessured during the
second production flow test indicate a chimney cavity radius of approximately 76 fest, which
helps to confirm the accuracy of the model calculations.® The attached annotated well
survey plat depicts the calculsted chimney cavity radius, the fracture zons radius, and the
"Leot 11" quarter-quarter section reatricted from nutural gas driting. It Is IMportant to note that
the distance from the emplacement well to the nearest Lot 11 boundary exceeds double the
caleulated fracture zone radius. '

% “Fwport on Intarpratation of Toot Dota fram Projact Ruliaon in U Rullson Meid, Gameld County, Goigrada”,
DeGolyer and MeNaughton, December, 1971 )
# “Praject Ruifson Manager's Report’, United States Atamic Energy Cammission Nevada Operations Office, Apri
1073




_ The conclusion drawn from this information is that the chimney cavity and fracture
zone created by Project Rulison in the Williams Fork Formation are horizantally isolated
within the “Lot 11° quarer-quarte: section of tand containing the Projact Rulizon
emplacement weli,

The Calorado Ol and Gas Conservation Commiasion (COGCC) approved a requaat in
July, 1967 to allow 40 acre well density for the Willlams Fork Formation in the Mezaverde
Giroup for a 19 % square mile area about 1% mites to the wast of Project Rulison. This
decigion was based on engineering and geological information regarding the very limited
ability of natural gas to move through the VWilliams Fork Farmation, which is the farmation
whera the Project Rulison detonation oceutred. This information showed that the Williams
Fork formation consgists of lenticular sandstones with limited areal extent which results in
natural gas walls rraining less than 40 acrea. in February, 1895 the COGCC appoved a
request far 40 acre well density for the Williams Fark formation for & 52,000 acre area, and in
January, 1998 the COGCC approved a request for 20 acre wall density for the Williams Fork
furmation for two areas which totaled 4,300 acres, All of these areas are in the vicinity of
Froject Rulison, and hoth of these decisions were based on simitar engineering and geologic
information. The information considered in thase COGCC decisions also supports the
conclusion that radionuclide contaminated gas from Project Rulison would not
migrate laterally gutside of the “Lot 11" quarter-quarter section of land containing the
Project Rullzon empiacamant wall.

The radionuclides produced by the type of nuclear device used at Projact Rulison that
could potentially appear as cortaminants in naturel gas are Tritum, Kryptan-B5, and Carben-
14, which are primarily beta radlation emitters. Only about 5 percent of the tatal ‘Tritium
produced from the detonation is contained in the gaseous phase, and it is estimated that
about 40 percant would be trapped in the meited rock and about 55 parcant in water. Most of
Ui molten matertal and radioactive Masion products coltact in the bottom of the chimney in
the form of glasay siag,”

To place the amount of radistion orested by Project Rulison nlu perspective, If it were
assumed that all of the gas from Project Rulison contaiming radionuclides wers burned and
mixed with the air above the ground within ane mile of the wall {a very conservative
estimate), it could be calculated that the concentration of radinactivity in the alr would ba
marny times balow the levels allowed by the federal gevermnment, f a.person were to breathe
this air continuously for one year, the total amount of radiation which he would recaive would
be leas than 1/30th the amount they woukl receive from one chest x-ray, or less radiation

T Current Status of Projects Gasbuggy. Rulison, and ftio Blanco and an Appraizal of Nyclear-Explosive
Fracturing Potential for the Near Future® J.J. Stosur, July 1976




. than they would receive from flying from Las Vegas to New York in & jet airplane, itis also

the same amount of radiation a skier spending two weeks or seven weekands at 8 mountain
aki resort would be exposed to.

Using the values for subsurface pressyre and temperature obtained at the beginning
of the first production test, the gas in place in the chimrey cavity and fracture zone wags
calculated to be 178 million cubic feet. During the entirg theee pericds of production testing
fram Octobar 1970 until April 1671, a tatal of 430 million cubic feet was produced from the
Projact Rulison R-EX ra-antry weil. The analysis of the paz samples taken during the
production tests indicate that the hydrogen ges concentration dedined linearty with
cumulative production to approximatealy three parcant of its initial concentration, Since all of
the hydrogen gas contained in the praduced gas (not associated with the hydrogen atoms in
the natural yas molecuiar structura) was gancrated at the ime of the nuclear explosion, the
hydrogen concentration represents the relative remaining concantration of chimney cavity
and fracture gas.”

This data shows that the underground concestration of tho radicactive gae
created by the detonation was greatly dHuted down to approxknately 3 percent of ita
original concentration by flushing nearly 2 times the nakural gas valume of the
chimney cavity and fracture zone out of the re-entry well during the production tasts in
1970 and 1971.

Radionyclide analysis of the gas produced andd flared into the atmosphere fram the res
entry welt during the production tests in 1970 and 1971 also exhibited a groat deal of
reduction in the radionuclide concentrations In the gas during the proguction flow tests:™®

Radlonuclide Radionuclide Radionuclide
Concentration in Producad | Concantradion in Produced
Gas at Baginning of Gas at End of Production
Production Teats Towts
Octobar 1978 April 1971
pClice (Pico-Gurle per pCice (Pico-Curie per
Cubic Cantimetor) Cublc Cantimater)

Krypton-85 145 2.8

Tritiurm 188 . 3.3

Carban-14 .35 07

¥ *Projact Rulisan and the Economic Patantial of Nuclesr Gas Stimulation”, H.F, Coffer, G.W. Frank, and B.G,
Bray

® “Report on Interpretation of Tast Data from Projoot Rulison in the Rukson Field, Ganfleid County, Coigrado”,
DeCGotyer and McNaughton, December, 1971

' “Projact Rullson Manager's Report’, United States Atomic Enargy Commission Nevada Operatiens Office.

Apri 1973




tower limit of detection, confirming that there was no radiosactivity in the gas from the
producing wells. '

- Atthe time of the gas analysis results, the COGEC committed o providing notification
to the LS. Department of Energy Nevada Operations Office whaneves a natural gas well is
parmitted within a three mile radius of Projuct Rullson. The purpose of this notification is to
provide the DOE the oppartunity to take natura| gas samples to monttor the walls for
radistion activity.” As of May, 1998, twe new natural ges wells have been permitted and
drilled approximately 2% miles northasst of Project Rulieon, The DOE was notified and plans
to collect gas samplas during May, 1998. H the sampling of any gas well wers aver to detect
the presence of any radionuclides, the well could be ardered shut in by the COGGC and the
Bureau of Land Management (BLM) in their respactive jurisdictions. For the reasons stated
tnroughout this report, the: likalihood of this occuming is extramaly remote, howaver, the
sampling prograrm is a reasonable response to the public concern about Project Rylison,

- ""DOE Releasas Rulison Site Gas Analysis™ Urited States Department Of Energy News Relaase, October 10,
1997
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