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PROJECT RULISON
SUMMARY REPORT

POST-SHOT ACTIVITIES AND PROGRAMS

I. INTRODUCTION

Project Rulison was a Plowshare experiment'to"determine
the technical and. economic feasibility of using nuclear explosives
to stimulate the flow and recovery of natural gas from-the Mesa-.
verde formation in the Rulison Field, Garfield County, Colorado.
The successful detonation of the-40-kiloton explosive occurred on
September 10, 1969.

The contents of this report summarize the programs and
activities concerning the post-shot investigations only. Those
activities associated with the detonation phase have been summari-
zed in a separate document. This report has been developed by ex-
tracting from the referenced documents the essentials of purpose,
methods and conclusions reached by the various participants in the
program.

The litigation which arose in the course of the project
had a significant effect on the re-entry drilling and well testing
programs. Because of its importance, a discussion of these effects
has been included here..

‘ITI. LITIGATION

In August 1969, three separate lawsuits were filed in
Federal District Court, Denver, Colorado, seeking injunctions to
prevent the detonation of Project Rulison. The plaintiffs also
sought to prevent the re-entry and testing of the nuclear stimu-
lated well. ,

As a result of this litigation, and specifically with
respect to the post-shot activities, it became necessary to pre-
pare a document that could be introduced in court which would des-
cribe the planned re-entry and testing of the well. This d?iyment
1s NVO-61, Project Rulison Post-Shot Plans and Evaluations.

NVO-61 describes the equipment and procedures used in
effecting the re-entry and testing of the well. It also describes
the anticipated physical characteristics of the cavity, including.
the pressure, temperature and distribution of radionuclides in the
cavity. A predominance of the NVO-61 report is devoted to the at-
tendant programs for public health and safety assurance.



The Federal District Court allowed the planned re-entry
and testing of the well at Rulison to proceed. The Court, however,
retained jurisdiction in the matter and directed the defendants,
Austral 0il Company Incorporated and the Atomic Energy Commission,
to report to the Court the progress and observatlon of the acti-

vities on a timely basis.

In order to coordinate the reporting of the vast amount
of new data, the Atomic Energy Commission prepared NV-72, Project
Rulison Post-Shot Information Plan.(2) This report delineates the
responsibility of the AEC Classification and Technical Information
Division, Nevada Operatlons Office and supporting agencies and
contractors regarding the acquisition, control, reporting and dis-
semination of tabulated raw data for the re-entry and well testing
phase of Project Rulison. This directive also sets out scheduling
for the collection and the estimated time for appearance of the
data in the Open Files.

"ITI. RE-ENTRY DRILLING

The Summary of Re-Entry Operations(3) describes the pre-
paration and installation of all equipment for re-entry, the clean-
out of R-EX, the drilling of a directional hole and subsequent com-
pletion -of the re-entry well. The air ventilation system for on-
site safety purposes and control equipment for containment of the
well are also described. This report also sets forth the respon-
sibility of Austral 0Oil Company Incorporated, Los Alamos Scientific
Laboratory, Eberline Instruments Corporation and Slgnal Drilling -
Company.

Entry into the R-EX well was accomplished by first drill-
lng out two cement plugs and a bridge plug from inside the 7-5/8"
casing and 5-1/2" liner to a depth of 6,520 feet. The 5-1/2" liner
was milled out to a depth of 6,520 feet. A directional 6-3/4" hole
was drilled along the planned deviated path to a depth of 7,624'
and a new 5-1/2" liner was set and cemented at this depth. Drill-
ing continued below the 5-1/2" liner with a 4-3/4" hole to a depth
of 8,270' where circulation was lost. Drilling continued to a
depth of 8,354' without circulation. At this point a production
packer was set at a depth of 7,500' and 3-1/2" tubing string for
completion was run.

Attempts to flow test the well resulted in the well be-
coming plugged below the packer and remedial efforts were under-—
taken. Additional 5-1/2" casing was run to tie into the liner pre-
viously set, the open hole cleaned out to original depth, and a
3-1/2" liner set in open hole without being cemented. The well
was once again completed with production packer and 3-1/2" tubing.



, The following exhibits are included in the report: Sum-
mary of Re-Entry, General Condition of Casing, Sperry-Sun Direct-
ional Survey Report, and Platte Rental Tool Company Directional

Drilling 'Record.

IV. ON-SITE RADIATION MONITORING

A. Calibration Flaring

The results of the chemical and radiochemical analysis
of seven samples taken from the produced gas during calibration
flaring on August 1, 1970 and October 4-7, 1970, are presented
and discussed in the report, "Gas Analysis Results for Calibration

Flaring Samples".(4

The average gas composition observed in these samples
was 48.4% carbon dioxide, 32.8% methane, 15.7% hydrogen, 1.7%
ethane, 0.28% propane, and 0.23% butanes and heavier hydrocarbons.

The most significant radionuclide observed was tritium,
present in the gas at 176 picocuries/cubic centimeter (pci/cc).
Methane contained 82% of the gaseous tritium, hydrogen 11%, ethane
6% and the heavier hydrocarbons the balance. The krypton-85 con-
centration was 150 pci/cc, carbon-14 0.41 pci/cc, argon-39 1.4
pci/cc, argon=-37 10.7 pci/cc, and radon-222 0.03 pci/cc.

. Assuming a total of 960 curies of krypton-85 was mixed
uniformlg in the chimney with the chimney gas, a gas volume of
6.4 x 10° liters was calculated that could be contained in a spheri-
cal void of radius 23.5 meters (77') at a pressure of 200 atmos-
pheres (2930 psi) and 375°F.

Totals of the various radionuclides measured (based on
960 curies 85Kr) are also presented in the report.

B. First Production Test

The high-rate flaring (first production test) commenced
on October 26, 1970, and ended November 3, 1970. Total gas flared
during this phase was intended to provide information on the vol-
ume of natural gas present in the chimney as well as chimney dim-
ensions. The volume produced was 109 million standard cubic feet
of gas. ' :

vRadioactivity released to the environment included 418
curies of krypton-85, 619 curies of tritium, about 0.9 curies of
carbon-14 and approximately 0.00004 curies of mercuryf203(5).



Radiocactivity concentrations in the natural gas ranged from about .
145 picocuries/cubic centimeter (pci/cc) of krypton-85, 185 pci/cc
of tritium and 0.35 pci/cc of carbon-14 at the start of flaring

to about 125 pci/cc of krypton-85, 160 pci/cc of tritium and 0.30
pci/cc of carbon-14 at the end of flaring. Tritium, argon, carbon-
14 and mercury-203 are neutron activation products. The analysis
of the samples collected during this test period and subsequent
test periods excluded a determination of the argon-37, argon-=39
‘and radon-222 concentration.

An extensive on-site and off-site radiation. surveillance
effort failed to detect any radiocactivity in the environment other
than tritium and krypton-85. The concentrations of these isotopes
in air ranged from about 1 x 1076 to 1 x 1078 of their concentra-

tions in the gas.

o ~ T&. maximum exposure to any member of the public as a
result of the higi. rate flaring was calculated to be considerably
less than 0.1 millirem.

C. Second Production Test

The intermediate rate flaring (second ,.roduction test)
was intended to provide information on the gas flow c¢...racteristics
of that part of the Mesaverde sand stimulated by the nucle.. 2»xplo-
sion. Total .gas flared during this period commencing on Decembc
1 and ending December 20, 1970, was 100 million standard cubic feet

of gas.

Radiocactivity released to the environment included 321
curies of krypton-85, 385 curies of tritium, about 0.68 curies- of
carbon-14 and approximately 0.00003 curies of mercury-203(5). Con-
centrations of radiocactivity in the natural gas ranged from about
125 picocuries/cubic centimeter (pci/cc) of krypton-85, 150 pci/cc
of tritium and 0.28 pci/cc of carbon-14 at the start of flaring,
to about 90 pci/cc of krypton-85, 100 pci/cc of tritium and 0.23
pci/cc of carbon-14 at the end.

Extensive on-site and off-site radiation surveillance
efforts failed to detect any radiocactivity in the environment other
than tritium and krypton-85 and these isotopes in air ranged from
about 1 x 106 to 1 x 10”8 of their concentration in the gas.

It was concluded that the maximum exposure to any~membef
of the public as a result of the flaring was less than 1 millirem.



D. Third Production Test

The third production test (long term flaring) commenced
on February 2, 1971 and ended April 23, 1971. The intent of this
test was to provide information on the recovery of natural gas
from outside the chimney in the fractured region surrounding the
detonation point. Total gas flared was 228 million standard cubic
feet.

Radiocactivity released to the environment included 273
curies of krypton-85, 1491 curies of trltlum, about 0.84 curies of
carbon-14 and approx1mately 0.000028 curies of mercury-203(3) ., At
the start of flaring the radioactivity concentrations in dry gas
ranged from about 80 picocuries/cubic centimeter (pci/cc) of kryp-
ton-85, 90 pci/cc of tritium and 0.19 pci/cc of carbon-14 to 2.8
pci/cc of krypton-85, 3.3 pci/cc of tritium and 0.07 pci/cc of car-
bon-14 at the end of flaring. The concentrations of krypton-85
and tritium began to drop more rapidly, as predicted, after the
total gas flow reached 300 million cubic feet.

A The extensive on-site and off-site radiation surveil-

- lance efforts failed to detect any radiocactivity in the environment
other than tritium and krypton-85. The concentrations of these iso-
topes in the air ranged from about 1 x 10~/ to 1 x 1078 of their
concentrations in the gas. ‘

A preliminary analysis of exposure to members of the
public as a result of the entire series of production tests indi-
cated that the maximum dose received was much less than 0.04 milli-
rem.

'V. SPECIAL GAS ANALYSES

Early in 1970 gas samples were taken from the emplacement
wellhead at Progect Rulison for chemical and radiochemical labora-
tory analysis. This information was obtained in connection with
litigation conce¥rning the PrOJect Rulison post-shot well  test pro-
gram.

The five samples obtained from the wellhead equipment
atop the Rulison emplacement well (R-E) appeared to be less than
1l percent chimney gas. They were highly diluted with formation
gas with the remainder being oxygen depleted air. The samples were
very likely not representative of gas to be found in the main body
of the Rulison chimney, even when corrections for dilution were
made. It is pointed out in the analysis discussion that major un-
certainties arise if chemical and exchange reaction rates, sample



fractionation, time of injection into the emplacement well and mix-

ing phenomena are considered. Further, samples taken downhole or

at the wellhead after production testing had begun most likely would
differ considerably in composition from the values given in the re-

port. }
VI. WELL TESTING RESULTS AND EVALUATIONS

Production testing of the nuclear stimulated well was
accomplished in three separate flow_pgriods.(7) In 108 days of
actual flow approximately 455 million standard cubic feet (MMSCF)
of gas was produced. Subsurface pressure and temperature measure-
ments were made during most of the flow testing, the only except-
ion being those periods when gas velocity in the production tubing .
was too high to permit insertion of the recording instruments.
Analysis of the bottom hole pressures indicated no restriction to
flow through the penetrated fractures, confirming that an effect-
ive communication with the chimney had been established by the re-
entry wellbore.

A total of 12 gas samples were taken during the flow
tests. These samples were analyzed for the various methane series
hydrocarbons present and to determine the concentration of the two
primary diluents, carbon dioxide and hydrogen. Through the pro-
duction of approximately 375 MMSCF of gas, the concentrations of
both hydrogen and carbon dioxide declined in an essentially paral-
lel manner. At this point, however, the percentage of carbon dio-
xide began to increase, and was accompanied by a corresponding de-
crease in the methane component. Radiochemical analysis of the
gas samples for carbon-14 showed that carbon dioxide was generated
subsequent to the detonation and it was theorized that its evolution
from solution in water as the cavity pressure was decreased resulted
in the abnormal behavior of the total carbon dioxide concentration.

These same gas samples were also analyzed for krypton-85
and tritium. From the krypton-85 data, a cavity radius of 74' was
calculated. This compared very favorably with the pressure analy-
sis results and information developed by re-entry drilling. Also
from the krypton-85 data, the yield of the Rulison explosive was
calculated to be 43%8 kilotons. (8)

A total of approximately 20,000 barrels of water is esti-
mated to have been produced from the nuclear stimulated well during
the production testing. A significant change in the rate of water
production oQccurred as the chimney pressure approached 380-400 psia.
This was interpreted as the time when most of the water remaining
in the cavity reached its vapor pressure and flashed into steam. A
cavity temperature of 440-445°F is indicated from this event. Pre-
shot estimates of the cavity temperature were 350-500°F.



A l-dimension radial flow model was used to simulate the
well's performance . Incorporated by this model were the effects
of chimnéy temperature and varying gas composition. In addition,
simulation of the evolution of water vapor and enlargement of the
chimney volume available to gas as a result of the vaporization of
water plus the effects of evolution of carbon dioxide were also
taken into account.

After obtaining a satisfactory'history match of the ob-
served bottom hole pressure data, the model was used to make pre-.
dictions of well performance. Recoveries of 6.5 to 9.5 billion
cubic feet of gas were predicted over a period of 30 years. These
results compared reasonably well with recoveries predicted from
pre-shot reservoir analysis.

VII. PUBLiC HEALTH AND SAFETY EVALUATIONS

A. Production Teéting Dose Estimate Predictions

‘ The public health implications of the radioactivity re-
leases associated with Project Rulison production testin? were de-
veloped by the U. S. Public Health Service (u.s.P.H.5.){10)  Their
analysis indicated that the postulated doses resulting from ingest-
ion of foodstuffs (milk, vegetables, etc.) would be an order of
magnitude or more above doses from inhalation or drinking water.
The chronic dose, due to the residual tritium in the environment
after the peak production testing phase, was estimated to be an
order of magnitude greater than the acute dose during the three
week test period. The U.S.P.H.S. analysis indicated that Project
Rulison production testing operations could be conducted well with-
in the radiological safety guides of the Federal Radiation Council
and Atomic Energy Commission. The postulated dose to members of
the public was on the order of 0.1 millirem.

An analysis of the off-site radiological hazards associ-
ated with the proposed re-entry and testing operations for Project
Rulison was made independent of the U.S. Public Health Service pro-
gram described'above.(ll) In this assessment, dose estimates to
the surrounding population from inhalation and foodchain pathways
were made from source terms predicted for the Project Rulison op-
erations. From these dose estimates, the risks were calculated
for genetic loss, leukemia, cancer and non-specific life shorten-
ing for the individuals living in the vicinity of the Rulison site.
The risks presented are based on the maximum average estimated dose
via the foodchain taken at 20 millirem in one year. The results
of these calculations indicated no significant increase (less than
0.007%) in risk would be incurred.



VIII. HYDROLOGIC EVALUATIONS

A. Re-Entry Drilling Phase

The U. S. Geological Survey, in order to assure public
safety, established a water sampling network in western Colorado
to sample the hydrologic environment prior to and during the re-
entry drilling and gas production test phase of Project Rulison(12),

Samples were obtained between April 28 and July 28, 1970
(during re-entry drilling) from six selected streams, five springs,
five wells and eight precipitation collection stations, and were
analyzed for tritium, gross alpha and gross beta activity. The
analyses were made in laboratories of the Water Resource Division, -
U.S. Geological Survey, Denver, Colorado. '

The results of these analysés confirmed the absence of a
release of radiocactivity from the test well during the re-entry.
drilling phase.

B. Calibration Flaring'Phase

The period of time covered by this phase §epresented one
of the very low tritium values in precip:i.tation.(l3 Stream sam-
ples were a little higher in tritium, reflecting more nearly the

- average long term tritium background. Gross alpha and beta values
for the dissolved constituents showed little variation, as did the
tritium values. There was a greater variation in the gross alpha
and beta values for the suspended position of the sample. This
was to be expected because the radiocactivity would increase as the
amount of sediment increases. :

C. First Production Test Phase

During this phase all of the precipitation samples and
some of the stream samples. were routinely analyzed for tritium. (14)
Two of the stream samples, those collected at Plateau Creek near
Cameo, Colorado, and the Colorado River near DeBeque, Colorado,
were routinely analyzed for gross alpha and gross beta contents.
When above background values were noted for any of the samples ana-
lyzed, the sampling frequency was increased. Except for certain
stations close in to the test well, no above background samples-
were observed. :
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