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ABSTRACT
The Project Rulison nuclear experiment of 4OT£D kilotons yield
was detonated at a depth of 8,425 feet below ground level at the Rulison
site in Garfield County, Colorado, September 10, 1969. The experiment
was designed to stimulate natural gas production from a gas-bearing
formation of low permeability.

All zones below a depth of 6,129 feet in the Rulison exploratory
hole that yielded any water during drilling, or zones interpreted from
geophysical logs as being likely to contain water, were hydraulically
tested. The pressures recorded during the drill-stem tests of the
different zones indicated negligible or no fluid entry to the hole. No
fluid was recovered on any of the swab tests performed during the drill-
stem tests.

Studies of preshot and postshot hydrologic conditions indicate that
the detonation did not significantly or permanently affect wells, springs,
streams, shallow aquifers, or reservoirs in or near the Rulison site.
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INTRODUCTION

Historical Description of the Rulison Eventl/

"Project Rulison is a joint experiment sponsored by Austral 0il
Company Incorporated, Houston, Texas, the U.S. Atomic Energy Commission
and the Department of the Interior, with the Program Management provided
by CER Geonuclear Corporation of Las Vegas, Nevada, under contract to
Austral. Its purpose is to study the economic and technical feasibility
of using underground nuclear explosions to stimulate production of natural
gas from the low-productivity, gas-bearing Mesaverde Formation in the
Rulison Field.

"The nuclear explosive for Project Rulison was detonated successfully

-at 3:00 p.m. plus 0.11 seconds Mountain Daylight Time, September 10, 1969,

at a depth of 8,425.5 feet below ground level and was completely contained.

Preliminary results indicate that the Rulison device behaved about as

expected; i.e., with a yield of h0+22 kt. The wellhead of the emplacement

well, Hayward 25-95A, is at an elevation of 8,154 feet above mean sea

level (msl) and is located 1,976.31 feet east of west line and 1,813.19 feet

north of south line of Section 25, Township 7 South, Range 95 West of
6th P.M., Garfield County, Colorado, which corresponds to geodetic

coordinates of longitude 107°56'53" West and latitude 39°24'21" North."

l/ This statement is the official description provided by the U.S. Atomic

Energy Commission after the event.
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Objectives

In connection with evaluating the hydrologic effects of the
detonation at and near the Project Rulison site, the U.S5. Geological

Survey, on behalf of the U.S5. Atomic Energy Commission, performed the

following work: (1) provided hydraulic data from the Rulison explora-

tory hole (hole R-EX); (2) inventoried, examined, and collected water
samples from all wells and springs within a 10-kilometer (6.2-mile)
radius, and from selected wells and springs within a 20-kilometer
(12.4-mile) radius of the emplacement hole before the explosion; (3)
collected water samples from 21 surface-water sampling points in and

near the Rulison site before and after the explosion and chemically

analyzed them; (4) monitored fluctuations of water levels in wells

and of discharge of Battlement Creek during and following the shot;

~and (5) investigated hydrologic features or hydraulic structures that

may have been damaged as a result of the nuclear detomnation. Field
work for this report was terminated when the investigations of damage
complaints were completed and a set of postshot samples of water were

collected from streams and analyzed.

Background

Geologic setting

The Project Rulison site is on the southwest limb of the Piceance

Creek basin, a large northwest-trending structural downwarp in north-

western Colorado. Beds penetrated by the exploratory and emplacement

hole dip northeastward at 2° or less.
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The northern part of the Piceance Creek structural basin is
drained by the White River; the southern part of the basin is drained
by the Colorado River. The drainage in the vicinity of the Rulison
site is northward to the Colorado River.

The rocks underlying the Rulison site range in age from Quaternary
to Precambrian. Marine and nonmarine sedimentary rocks, approximately
18,000 feet thick, underlie the site. TFormations below the Mesaverde
Group of Late Cretaceous age, the deepest formations penetrated by the
exploratory and emplacement holes, are not described in this report.
Diagrammatic geologic sections through the Rulison project area, showing
the major geologic formations, are given on figure 1 (in pocket).

The drilling of the exploratory and emplacement holes at the Rulison
site penetrated the following formations, in descending order: alluvium
of Quaternary age, Green River and Wasatch Formations of Eocene age, an
unnamed unit of Paleocene age (probably correlative with the Fort Union
Formation of the northern Rocky Mountain region, as described by Donnell,
1961, p. 844), Ohio Creek TFormation of Paleocene(?) age, and Mesaverde
Group of Late Cretaceous age. The Mesaverde Group is of special interest
because the nuclear device was detonated within this group. Descriptions
of the formations in and near the test site follow:

Quaternary deposits.--The Quaternary deposits include mudflows,

talus accumulations, fan and pediment gravel, slump blocks, and the
alluvium of Battlement Creek and the Coloradc River. These deposits
generally range in thickness from 20 to 40 feet, but locally they may be
more than 100 feet thick (Yeend, 1969). Ground water occurs in many of

these deposits.
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Green River Formation.--In and near the Rulisen site the Green Rive

Formation contains four members. In descending order, the members are
Evacuation Creek, Parachute Creek, Garden Gulch, and Douglas Creek. At
the Rulison site, the Green River Formation is about 1,700 feet thick.
The formation is composed chiefly of shale and marlstone, with minor
amounts of sandstone, siltstone, and limestone. Sandy zones in the
lower part of the formation may be capable of yiélding minor quantities
of ground water at some locations in the area.

Wasatch Formation.--The Wasatch Formation consists principally of

brightly colored clay and shale, but sandstone lenses are common.
Locally, minor amounts of congloﬁerate, pébbly sandstone, limestone,
coal, and black carbonaceous shale occur in the formation. The
formation is approximately 3,900 feet thick at the Rulison site. The
lower boundary has not been defined because the lower part of the
Wasatch grades into the underlying unnamed unit of Paleocene age.

The thickness of the formation is greater than 3,900 feet if a thickness
of less than 500 feet is selected for the underlying unnamed unit. The
Wasatch generally is not a source of ground water in the Rulison area.

Unnamed unit of Paleocene age.--The unnamed unit of Paleocene age

consists of sandstone, shale, and a few thin beds of coal. The thickness
of the unit probably is less than 500 feet. The unit is not known to

yield water in the vicinity of the Rulison site.




Ohio Creek Formation.--The Ohio Creek Formation is approx-

imately 37 feet thick in hole R-EX. Thicknesses of as much as 76 feet
have been penetrated in drill holes at other places in the vicinity of
the Rulison site. The Ohio Creek Formation consists primarily of
conglomerate, sandstone, and siltstone. In some of the gas wells in
the vicinity of the Rulison site, the Ohio Creek Formation has produced
sufficient water to prevent air drilling of the formation; in other
wells, there was no water entry and air drilling was possible.

Mesaverde Group.--The Mesaverde Group under the test site consists

mainly of sandstone and interbedded shale approximately 2,500 feet thick.

The sediments were deposited in a near-shore environment that included

marine, flood-plain, and coastal-swamp conditions, which resulted in

=L lateral and vertical differences in lithology. The sandstone layers
are lenticular and many of them extend for distances of only a few
thousand feet. The Mesaverde Group reportedly does not yield water

in the vicinity of the Rulison site.

Hydrologic setting

Battlement Creek (fig. 2), a tributary of the Colorado River,

drains the Rulison site and extends from Battlement Mesa to the
Colorado River. Part of the water in Battlement Creek is diverted for
irrigation on alluvial slopes downstream from the Rulison site and part
infiltrates the stream alluvium and terrace deposits. The underflow in [
the alluvium appears as springs at several places downstream from the

Rulison site. A Geological Survey gaging station on Battlement Creek,
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about 4 kilometers (2% miles) downstream from the Rulison site, was
in operation from October 1956 to September 1965 and from March to
October 1969. The monthly and annual runoff during the period
October 1956 to September 1965 is presented in table 1. The daily
discharge in cfs (cubic feet per second) for the last full year of
operation (the 1965 water year) is listed in table 2. The monthly
and annual runoff of the Colorado River at the Geological Survey
station near Cameo, about 40 kilometers (23 miles) downstream from
the confluence of Battlement Creek, is presented in table 3. These
streamflow records show the volume of surface flow from and past
the Rulison area.

The ground-water resources in the Rulison area are confined
primarily to surficial deposits (e.g., flood-plain deposits and
terrace and fan gravel). Essentially all the wells and most of the
springs in the area derive their water from these deposits. The
underlying bedrock formations generally have low permeability and

yield little or no water.
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"~ Racords available.--October
JRecorgs Lo

~ pverage discharge.--9 vears,

Grand Valley, Colorado,

able 2.--Daily discharge of Battlement Creek near
October 1964 to September 1965

BATTLEMENT CREEK BASIN

f‘T

9.Y26. Battlement Creek near Grand Valley, Colo.

n.--Lat 39°26'10", long 107°58'40", in NEASEY sec.15, T.7 §., R.95 W., on left bank 300 fr downstream from ford, 4% miles

: _ catio
= and 5 miles southeast of Grand Valley.

Locn - —
upstream from mouth,

rainage arca.==-10.5 sq mi.

1956 to September 1965 (discentinued).

Gage. --Water-stage recorder and concrete control. Altitude of gage is 6,630 ft (from topographic map).

8.3 cfs (6,060 acre~ft per year). J;/

63 cis June 16 (gage heighc, 2.54 £i); minimun daily, 1.2 cfs Feb. 12-14.

Extremes, --Maximum discharge during year,
i 2.79 ft); mevinum page height, 2.96 fr May 26, 1958 (backwater

1956-065: Maximum discharge, 102 cfs June 7, 1957 (gage height,
from debris); minimum discharge not determined.
s, --Racords good except those for periods of ice effect or nt gage-height record, which are poor. Slight regulation by

RemaT!
Ho diversion above station.

Battlement Reservoir.

Rating table, except periods of ice effect (gage height, in feet,
and discharge, in cubic feet per second) .

1.4 1.0 2.1 15
1.6 3.1 b 1%
1.8 5.7 2.4 37
1.9 8.2 2,6 68
Discharge, in cubic feet per second, water year October 1964 to September 1963
Day Oct, Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.
1 1.8 2.4 2.4 2.4 1.6 1.4 2.8 10 25 30 11 &4
2 1.9 * 2.6 2.4 2,4 1.6 1.4 2.7 13 25 2R 12 &2
k] 2.0 24 2.3 2.4 1.6 1.4 2.1 *13 25 25 12 6.4
& 2.1 2.2 S 23 1.6 1.4 19 13 2B 25 11 5.2
3 23 2.2 2.2 2.2 16 *1.6 *1.6 12 29 25 G 5 3 7.2
6 2.3 22 2.2 2.2 1.6 1.6 1.6 13 33 24 2.8 T.4
7 2.6 2.2 2.2 2.2 1.6 16 1.7 9.8 w 43 23 3.2 6.7
8 2.8 2.2 2.2 21 1.5 1.6 1.7 9.8 48 22 A9 &.7
9 2.8 2.2 2.4 21 1.5 16 18 .5 48 21 8.5 G.4
10 3.1 2D 24 241 1.4 1.6 1.7 8.0 48 2% 8.5 6.2
11 3.3 2.1 2.3 21 1.4 1.6 1.6 A2 47 22 8.5 5F
12 # 33 22 2.3 20 1.2 1.6 1.6 10 51 w21 8.2 5.7
13 3.3 2.4 2.2 2.0 1.2 1.6 1.6 13 51 21 8.0 5.6
14 33 2.4 2.2 20 1.2 1.6 1.4 14 56 1% 80 5.4
15 3.2 2.4 2.2 2.0 1.4 1.6 16 13 58 19 7.7 5.2
16 3.0 2.4 2.4 1.9 1.4 1.6 20| 15 51 18 7.7 5.2
17 3.0 2.4 22 19 1.4 *1.6 23 w20 en | 1T 50 5.7 —t
1B 29 2.4 2.0 1.9 1.4 1.6 2.2 27 58 17 RS9 7.0
19 2.9 2.6 2.2 19 1.4 1.4 *31 29 50 17 82 6.7
20 2.9 2.6 2.2 19 1.4 1.4 4.4 27 58 17 7.7 6.2
21 2.9 2.7 2.2 1.8 1.4 1.6 48 30 58 17 7.2 5.7
22 2.9 26 21 1.8 1.4 1.6 46 33 * 58 16 7.2 5.0
23 29 2.6 27 1.6 1.3 1.7 4.6 30 58 £5 7.0 5.7
24 2.9 2.4 3.0 1.6 1.3 1.6 4.5 26 58 15 6.7 6.0
25 2.8 2.6 24 1.6 13 1.4 4.4 23 5R i35 6.7 6.0
26 2.8 2.6 2.1 1.6 1.3 16 4.2 19 54 14 6.4 6.0
27 28 26 2.2 1.4 13 1.7 3.9 18 47 13 5.4 6.2
28 2.4 2.4 1i8 1.6 1.4 1.7 3.6 18 40 12 6.2 6.7
29 2.3 2.4 16 1.6 - 1.8 41 1B 34 11 6.4 7.0
k] 2.4 * 2.4 i8 LB prewuses 2.0 6.7 19 32 11 w67 6.4
1 Sigs | espumusnss 26 1.8 |ccmcmceee o R 22 osesusesed i2 [T (R
Total B4.4 721 69.7 60,0 39.7 49.8 86.8 540.3 1409 593 256.1 18592
Hean 2,72 2.40 2.25 1.94 1.42 1.61 2.89 17.4 47.0 18.8 8,26 6.20
Ac-fr 167 143 138 119 79 99 172 1,070 2,790 1,160 508 369
Calendar year 1964: Max 63 Min - Mean 8,26 Ac-frt 6,000
Water year 1964-65: Max 61 Min 1,2 Hean 9,42 Ac-ft 6,810

Peak discharge {base, 40 cfs).--June 16 (0600) 63 cfs (2.54 ft).

* Discharge measurement made on this day.

Note.--5tape-discharge relation affected by ice Nov. &4, 5,
24-26, Apr. 11-15. No gage-height record Jan. 21 to Feb. 5, Mar.
periods) .

12, 14-20, 27, Dec. 7-9, 14-20, 29-31, Jan. 1, 2, Feb. 10-17, Mar, 18-22,
2-17 (stage-discharge relation affected by ice during part of

discharge of a stream whose channel

1
*/Cubic foot per second (cfs) is the rate of
and whose average velocity is 1 foot

is 1 square foot in cross-sectional area
per second.
Table from: Water Resources Data for Colorado, Fart 1, Surface Water Records,
1965. Prepared by Coleorado District office, Water Resources
Division, U.S. Geological Survey.
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Numbering system for hydrologic data points

The well, spring, and cistern location numbers used in tables are based
on the U.S. Bureau of Land Management system of land subdivision and show the
location of the site by quadrant, township, range, section, and position
within the section. A graphic illustration of this method of location for
a well is shown in figure 3. The first capital letter, "S", preceding the
location number means that the site is located in the area governed by the
sixth principal meridian. The second capital letter, "C" (also preceding
the location number), indicates the quadrant of the State in which the well
or spring is located. Four quadrants of the State are formed by the inter-
section of the base line and the principal meridian: A, indicates the
northeast quadrant; B, the northwest; C, the southwest; and D, the southeast.
The first numeral indicates the township; the second, the range; and the
third, the section in which the well or spring is located. The letters

following the section number indicate the location of the well or spring

within the section. The first letter denotes the quarter section; the

second, the quarter-quarter section; and the third, the quarter-quarter-
quarter section. The letters are assigned within the section in a counter=
clockwise direction, beginning with A in the northeast quarter. Letters are
assigned within each quarter section and within each quarter-quarter
section in the same manner. Where two or more locatioms are within the
smallest subdivisign, consecutive numbers, beginning with 1, are added

after the letter designation in the chromological order that the wells and
springs were inventoried. For example, SC6-93-16addZ indicates a well in
the SEZSEINEL sec. 16, T. 6 S., R.ﬁ93 W.; the 2 following the location
letters indicates that this weil was the second well inventoried in the

quarter-quarter-quarter sectionm.
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PROCEDURES AND RESULTS

preshot Hydrologic Studies

Hydraulic testing of the Rulison exploratory hole

Drilling of the Rulison exploratory hole R-EX was started November 9,
1967, and finished on March 8, 1968, after reaching a total depth of
8,500 feet below land surface. Air or air-mist was used as a drilling
fluid where the rock was sufficiently dry. Mud was used as the drilling
fluid in intervals where air drilling was not feagible (table 4)., Small
yields of water (none exceeding 4 gallons per minute) were found in part
of the Green River Formation and in the upper part of the Mesaverde Group
during the air drilling.

All zones in hole R-EX below the unnamed unit of Paleocene age that
yielded any water during drilling, or zones inﬁerpreted from geophysical
logs as being most likely to contain water, were evaluated by drill-stem
testing techniques. The general procedure followed in testiﬁgmﬁ;;;”

1. Perforate casing in the test interval.

2. 1Install test tool.

3. Swab test when tool was open.

L. Record pressures in the test interval.

5. Remove test tool.

6. Seal perforations with cement.

Pressures recorded during the testing of the different zones
indicated negligible or no fluid entry while the test tool was opel,
and no fluid was recovered during the swab tests. Graphs of the
pressures from the tests are shown on figures 4 and 5. Results of the

tests are summarized in table B

T 15
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Table &4.--Drilling fluids used in Exploratory Hole R-EX
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Approximate Drilling fluid Hydraulic
Geologic unit | depth to base and test
of unit (feet) interval (feet) intervals (feet)
Green River
Formation
Air
1,700 — or
B air-mist
0-4,013
Wasatch
Formation
Mud
Unnamed unit  \| n— 4,013-6,350
of Paleocene ,60 ‘
age
6,100 — - - A
Ohio Creek 6,150 — 6,129 6’; 2
Formation /// At e
6,350-7,076 _/7,066-7,080
~-7,196-7,198
Mesaverde — 7,312-7,320
Group Mud L 7,598-7,604
7,076-8,500(TD) }— 8,014-8,018
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The most permeable interval tested, and the one that gave the best
record of pressure changes, was from 7,196 to 7,198 feet. The shut-in
formation pressure for this interval was 2,875 psi, which is adequate to
support a column of fresh water 6,630 feet high. This indicates that
the water level in a welllcompleted in this interval would stand approx-
imately 566 feet below land surface, if any free-moving water exists in
the interval. The formation pressure for the other intervals could not
be measured reliably within a reasonable length of shut-in time. The
shut-in pressures measured could be due to movement of natural gas,
rather than water, into the well bore.

Samples of the fluid from the tubing immediately above the test tool
were collected following each test as the test tool was removed from the
hole. The fluid probably entered the tubing from the well bore after the
packer was released. Spectrographic, radiochemical, and chemical analyses
of the fluid recovered from the tubing, as well as the water (from tribu-
tary of Battlement Creek) used in hole construction, are presented in
tables 6 and 7. The high hydroxide values (125 to 334 mg/l) and high
calcium ion concentrations (172 to 375 mg/l) indicate that the fluid
recovered from the tubing had reacted with cement and was primarily con-
struction water. However, the presence of some formation water canmnot be
ruled out in view of variations in the sulfate, chloride, and sodium ions.
The tritium content of the fluid is higher than normal for most ground
water in the area, which indicates that the fluid was derived at least in

part from a surface source. (See tables 6, 7, and 10.)
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Table 6.--Spectrographic and radiochemical analvses of fluids recovered from tubing

above test tool after drill-stem tests, and of surface water used in

hole construction, hole R-EX

{Analyses by U.S. Geological Survey,

Unless otherwise noted, data are in micrograms per liter.)

Spectrographic analyses

(After Voegeli, 1969, p. 15)

Date below sample number is date of collection.

(1) (2) (3) (%) (5) (6)
Element 3-28-68 4-b-68 4-5-68 4-6-68 | 4-9-68| 12-24-68
Aluminum (A1) - -- -- - -- 65
Barium (Ba) 720 590 390 640 210 50
Beryllium (Be) <. < <.4 <. <.2 <.2
Bismuth (Bi) <18 <14 <17 <20 <8 <3
Boren (B) - - -- - -- 70
Cadmium (Cd) <90 <70 <85 <95 <40 <15
Chromium (Cr) 1 & 2 <1 5 1
Cobalt (Co) <2 <2 <2 <2 <2 <2
Copper (Cu) 90 850 1,100 75 7 1
Gallium (Ga) <10 <7 <10 <10 <4 <2
Germanium (Ge) <12 <10 <12 <13 <5 <2
Iron (Fe) 3 170 550 10 300 90
Lanthanum (La) <2 <2 <2 <2 <2 -
Lead (Pb) 5/11,000 1—"rZZ,OOO l—‘/35,000 1—/tCLO,OOO 50 <2
Molybdenum (Mo) 70 110 120 60 23 2
Nickel (Ni) 10 6 13 3 2 <2
Silver (Ag) 17 2 il 11 <2
Strontium (Sr) - - -- -- -- 200
Tin (Sn) <20 <15 <20 <20 <8 <3
Titanium (Ti) . 1 5 2 2
Vanadium (V) 1 <1 <1 <1 3 3
Ytterbium (Yb) <. <.1 <.1 <. <.1 --
Yttrium (Y) <. <.1 <.1 <. <.1 --
Zinc (Zn) -- -- -- - -- <10
Zirconium (Zr) <2 <2 <2 <2 <2 ND
Radiochemical analyses
Uranium-Extractable <. <.1 <.l < <.4 --
Gross beta (as Srso-Ysc;
pc/l) 70 57 62 57 28 --
Gross alpha (as U ;
equivalent) <. 9.8 <.4 6. <.4 --
Tritium, tritium units <170 620 410 240 460 <350
== Not determined.
<, Less than figure shown.
= By atomic absorption. Samples probably contaminated by drilling mud. (See p. 20.)
ND Specifically sought, not detected.
l. Zone tested, 8,014-8,018 feet below land surface, in Mesaverde Group.
2. Zone tested, 7,598-7,604 feet below land surface, in Mesaverde Group.
3. Zone tested, 7,312-7,320 feet below land surface, in Mesaverde Group.
4. Zone tested, 7,196-7,198 feet below land surface, in Mesaverde Group.
5. Zone tested, 7,066-7,080 feet below land surface, in Mesaverde Group.
6. Stream (tributary to Battlement Creek), SWINELSWX sec,25, T. 7 8., R. 95 W.,Garfield

County, Colo.).

2l
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i Table 7.--Chemical analyses of fluids recovered from tubing above test tool after driil:

stem tests, and of surface water used in hole construction, hole R-EX

g (Analyses by U.S. Geological Survey.

Date below sample number is date of collectionm.
Unless otherwise noted, data are in milligrams per iiter.)

?if (After Voegeli, 1969, p. 16)
(1) (2) (3 (%) (5) (6)
3-28-68 4-4-68 4-5-68 4-6-68 4-9-68 | 12-24-68
Silica (Siqz) 8.0 2.6 0.4 2.0 542 25
Aluminum (A1) 2.9 1.8 1.8 1.5 .7 <.1
Iron (Fe) .05 .14 .10 .02 .17 .02
Manganese (Mn) <.01 .01 .01 .01 <.01 <.01
Strontium (Sr) 3.9 3.0 3.9 2.8 .93 22
Calcium (Ca) 237 254 316 375 172 33
Magnesium (Mg) <.1 <,1 <.1 <.1 .1 6.4
Sodium (Na) 223 109 114 125 29 14
Potassium (K) 80 67 79 70 17 1.0
Lithium (Li) .20 .19 .23 .21 .03 <.01
Carbonate (an) 181 164 132 108 32 0
Chloride (Cl) 54 40 20 20 6.0 .8
Copper {Cu) L11 1.4 1.0 .16 .02 .01
Fluoride (F) 1.4 3.2 3.7 2.3 11 3
4 Hydroxide (OH) 180 141 245 334 125 -
Nitrate (NQ,) 1.8 1.3 1.1 .6 1.7 .0
Phosphate (PQy) .0 .0 .0 .0 .0 .00
Selenium (Se) .06 .05 .08 .07 .01 --
Sulfate (S0;) 196 116 112 118 41 8.0
Zinc (Zn) .57 1.2 1.9 1.4 .12 <.01
Boron (B) .72 .53 .48 .39 .08 .05
Dissolved solids
Res. on evap. at 180°¢ 1,550 1,220 1,340 1,400 498 157
Calculated 1,170 901 1,030 1,160 431 167
Hardness as CaC%
Total 597 638 794 940 431 109
Non-carbonate 0 0 0 0 10 0
Specific conductange
fwmhos/cm at 25°C) 3,880 2,900 4,080 4,950 1,940 263
pH 11.9 11.8 12.0 12.1 11.7 7.5
Percent sodium 41 25 22 21 12 22
Sodium-adsorption ratio
(SAR) 4.0 1.9 1.8 1.8 .6 .6
~-= Not determined.
< Less than figure shown.
1. Zone tested, 8,014-8,018 feet below land surface, in Mesaverde Group.
2., Zone tested, 7,598-7,604 feet below land surface, in Mesaverde Group.
3. Zone tested, 7,312-7,320 feet below land surface, in Mesaverde Group.
4, Zone tested, 7,196-7,198 feet below land surface, in Mesaverde Group.
5. Zone tested, 7,066-7,080 feet below land surface, in Mesaverde Group.
6. Stream (tributary to Battlement Creek; SWHNE%SW% sec. 25, T. 7 8., R. 95 W., Garfi

Co., Colo.).
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The pressures recorded during the drill-stem tests of the six
gones indicated little or no fluid entry to the hole. Although the
swab was run down the tubing to a point just above the packer during
each test, no fluid was recovered during any of the tests. The lack of
water inflow to the tubing during the tests, while the fluid pressures
in the formations were between 2,000 and 3,000 psi greater than pressures
in the tubing, indicates that the permeability of the formations is so

iow that movement of water in the formatioms is nil.

Preshot investigation of wells and springs

The purpose of the preshot investigation conducted March 20-April 3
and May 20-25, 1969, was to inventory the wells and springs, to document
their condition, and to collect water samples, prior to the detonation,
for chemical and radiochemical analyses. All known wells and springs
within a 10-kilometer (6.2-mile) radius of the emplacement hole were
inventoried, and selected wells and springs were inventoried within the
10-kilometer to 20-kilometer (12 .4-mile) radius. Two wells outside of
the 20-kilometer radius were also inventoried. Water samples were
analyzed for pH, specific conductance, and turbidity within 36 hours
of collection. Seventy-four of these partial analyses were made.
Water temﬁerature was determined at the time of collection.. Twenty-
three water samples were selected for complete chemical analyses in
U.S. Geological Survey laboratories, and 29 samples were selected for
radiochemical analyses. The remaining samples have been stored for

future use if needed.
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Additional springs within the area of interest were inventoried and

water samples collected a few days before the detomation. The

distribution of the 113 wells and springs inventoried is shown below.

Distribution of inventoried wells and springs

Wells

Colorado River valley
Plateau Creek valley

Total

Springs
Colorado River valley

Plateau Creek valley

Total

Less than 10 to 20 5

10 kilometers kilometers otal
38 31 69
0 = 7
38 38 76
25 7 32
0 5 5
25 J:2 37

Locations of these wells and springs are shown on figure 6 and listed in

tables 8 (wells) and 9 (springs).

Chemical and radiochemical analyses of

water from selected wells, springs, and cisterns are presented in table 10.
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Table 10.--Chemical analyses of water from selacted

wells, springs, and cisterns, Rulison project are

Location number:

(Adapted from Hurr and others,

See text for hydrologic data point numbering system.

10609, and Larson and Beetem, 1970.)

Garfield and Mess Counties, Colorado.
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gt:;i : 3322323 i; %3 8 <.01 <.01 56k 850 206 0 8.1 <220 L.0
e - - 5 - - 7.9 - -
Okdbb 5 3-26-69 iz 322 0 25
05dcd3-/ 5 3-21-6% 33 323 0 .01 <01 336 5 202 ? 7.7 <220 3.0
b 3 e = - sk - o 7.8 - -
~21-6 - 10 0
g?, F—// : 5—23-63 28 218 0 - -- 289 518 120 0 7.9 <g20 s
Do 5 10-19-69 o C : -- -- - o = = £ --
OTadb W 5-13-69 - 572 - - -- s == o . -
C‘Tdaby W 3-2L-69 Lo 505 .30 <.01 665 1,080 373 0 7.5 <220 11




Table 10.--Chemical analyses of water from selected wells, springs, and cisterns, Rulison project area, Garfield and Mesa Counties, Colorado.--Continued
(Adapted from Hurr and others, 1969, and Larson and Beetem, 1970.)

Location number: See text for hydrologic data point numbering system.

Well V - - Di lved S {£i Hardness
i SPiiné, Date e Alu- (4 Hene leuts Mag- |ci on] Sod- |Potas-|Lith- |Bicar- Car- | Sul- |Chlo- |Fluo- | Ni- Phos=- |. Sele- ::‘igd;e conﬁﬁ‘;;;ie as CaCO, . .Grns_:s beta_x .GmS_s alpha
Location s of 1.J..1ca e (;0111 g82= | iium l."lE- lonl A sinm ium |bonate |bonate| fate |ride ride trate |phate ‘EEF?\' %inc R Boren (residue (micromhos Cal~- Non- pH Tritium in plcor.:urle,s in mlcrc'vgrams
aumber cistern| collection (SLOE) (a1) e rest | (ca) sium | (gr)| (wa) (k) |(ui} |(Hco,) (co,) ] (so 3|(c1) (r) |[(wo ) {(eO ) “ 2} (se) (8) at 180°C) per cm cium CAL Tl per liter per llter
() (g) 3 3 4 a 4 o mag- bon~ (as S=0-¥0) (as U equivalent
(W,S,C) at 25 C) :
nesium ate
5c7-95-Chech 5 3-24-69 s -- 0.02 - - -- — e e e 370 o >~ - - - e - s s - 695 N » By B __ B
Do.2 5 by - A e wm == s T T T P A S S - % m 8. &= - -
10ab c 9-19-69 - -- .22 .- 2T 65 - - == =" 96 18 o -- == -- -- -- -- - - 252 ol 9 9.0 - - -
10ade? u 5-14-69 = -- <0 .- 3 z0 = ome  FROOST a6z 0 - - - e - " i g -- = L88 160 0 7.8 323 -- -
Do. W 9-19-69 -- -- 2.0 e 23 7.0 = e == - - - -- - - g= -- e B -- e - - a7 -- it i <5 -
10bda W 5-14-69 - - <0l -- -- -- -- -~ - -- k27 0 - g - o e i - = e — 710 ;. - 7.8 2500 . .
10bdb c 10-20-69 9.9 0.1 03 0.0l 35 1.30.26 12 1.9 <0.01 - T 11 8 0.1 0.8 .01 0.01 <0.01 <0.01 0.01 103 310 89 18 10.8 275 1.5 .
].Obdc—/ _— 10-20-69 20 <.1 .05 <01 29 9.6 .23 13 1.7 <,01 154 0 18 6 1 2 <.01 .01 <.01 <.01 .03 154 270 11k 0 8.2 315 Py o
12bad W 3-2-69 % <1 .02 <01 8k g b 22 .l .01 313 0 37 11 2 8.0 <.01 .02 .09 <01 .01 L0z 665 309 3 7.k <220 1.5 5.5
17aab W 3-19-69 0 2 .01 <01 25 23 b7 7 k.o .01 337 0 .6 3 3.8 <01 .03 2.6 <01 .15 364 595 158 0 7.9 <220 6.9 12
17aba W 3-19-69 -- wx W08 we=  BE -- T 369 0 ey e S - - . - — S G2z o - .7 . B N
18aad 5 3-25-69 -- - .06 -- -- - - -— == - Lok 0 s e i i -m - s - - s 1,180 — - 8.0 - = -
18adb W 3-18-69 27 6 .02 .01 60 €0 .92 1 6.2 .02 L0B o 38 30 .2 7.2 <.0L .03 2.0 <01 .15 855 1,260 398 63 7.8 <220 4.8 <.
18becd S 3-26-69 27 <.1 .0z .01 Bz 67 1.2 170 k.2 .03 k30 0 L37 Lo L 4.8 <.01 .01 .02 <.01 .07 1,100 1,200 LBz 122 7.5 <220 4.6 26
18dad W 3-18-69 -- -- .ok - - - - - -- -- 363 0 i - - s - i i - . . Bg1 _ - LY e - 20
18ebb W #5-13-69 - - <0l e= - - e i 375 0 S — - - - - . - =z - 892 — - 7.6 236 . .
Z0bba W 3-26-69 24 <.1 _-05 .02 48 38 S5 50 2.9 02 363 0 67 4.8 3 13 <.01 .01 :}_B <.01 .05 135 720 278 0 7.6 320 2l a.1
537-96-121:1:1:-1/ W 3-20-69 19 1 03 .01 140 g0 1.5 205 3.0 Nol 626 0 3598 18 o Loo<01 020 1.3 <01 .10 1,30 1,870 722 208 7.4 <220 6.5 32
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23cad W 3-25-69 i <1 .ok .02 110 28 8o 118 3.1 .02 313 D 171 16k 3 <.l <.01 1k 1.2 <01 .0l 781 1,200 391 13k T4 570 2,0 n
33ded 5 3-25-69 26 <1 .03 .01 105 63 .ok 180 WA .02 450 0 ke 16 .2 g6 <01 .00 .02 <.0L .28 1,1k0 1,200 923 2l 7.4 230 5.4 20
3lhbbe W 3-25-69 15 <1 .03 .15 125 $# 1.0 18 3.3 .02 352 0 188 z2kO .3 il 6L .01 .3 <01 .03 §53 1,420 k70 181 7.6 590 1.2 8.7
3lbed W A = 392 S - -- -- - - o e 1,0% -- s 7.6 ” . =
3hbde W 3-25-69 -- -- A7 e -- - cod -- e e 383 0 -- -- -= o b s -- -- - -- 1,2 = -- 7.5 - i -
3lkcaa s 3-1B-69 s — .06 - - -- ar wm me R 519 0 — = == - -- = - - o - 1,490 - -- 1.6 - - .
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scB-g5-2kace ] 9-19-69 20 <.l 01 <01 88 2.0 .0 2.k .9 <01 39 0 .5 3 1 5 <0l == w2 0z .02 6l 65 30 0 7.0 g5 - NP r S
SC8-96-1lacc W 3-18-69 27 <1 .01 <0l 69 o6 .6k 32 2.9 .02 365 0 56 2.k 2 1k <.01 o2 or <.00 .09 41b 670 280 0 7.6 <220 2.6 b7
11bbd W 3-18-69 - -- .01 -- -- - — = - == bi1 0 -- -- - - .- -= - - - - 7Ll 2 -- 7.5 i —_— o
12aac W 5-13=-69 -- - <01 ~= -- -- = = as == 304 0 i Lot == -- == o= i -- - == 782 == = 7.8 <220 4 -- -
Do. W 10-21-69 B <1 .06 <01 48 Boo1.1 56 3.7 .02 295 0 108 35 15 <.01 .01 A7 <0 .06 LB6 760 250 L5 7.7 <220 5.6 18
§09-93-19bda g o- hga - == " - S S 537 0 - e -- -- -- -- -- - - 933 1,280 L8l ek 7.6 <220 -- -
$C9-Qh-22ace W e m o= 3r w= m = = BT T 361 0 - - T = B85 . ro 7.8 <220 15 1h
- 22bab W 5-15-69 -- -- .02 .- -- -- -- L — = Lk3 0 -- - =i - =i we e - - o= 675 e g 7.6 618 — i
509-95-26baa W 5-15-69 -- -- .02 -- - - s 563 0 — = e - = s - - g .- 1,120 g2 s 7.8 306 = -
‘ 2 . 13 0 8
] 26daa S 3-25-69 0 <l <0 .01 sl 28 .60 32 6.9 .01 368 0 22 2.9 A 3.0 <.01 .01 .o <.01 .02 361 550 2 7.6 600 9 10
i Da. 5 9-20-69 -- - - L 33 sa,  mw e EE bl 0 -- -- - = -- -- - -- -- 509 522 325 0 7.7 367 s -
33dba 8 3-25-69 -- - g0l == = -- T 207 0 -- -- = =5 = == - - -- - g -- - 7.6 - s -
34adb S 3-25-69 -- -- .01 -- -- -- - iy - = 398 0 = - = =5 Lo e = a5 - m= 22 == == 7.7 - -- ==
3lhbdb W 3-25-69 8 24 01 <.01 57 36 .60 55 14 .01 Lo o] b1 5.9 R 8.5 AT .02 .13 <.01 .06 L65 760 291 0 7.5 470 oh 4z
35ddb 5 3-25-69 -- N -- gai e e =9 U7l 0 - -- -- -- -- -- -- -- -- -- 9k - = 7.4 = - -
Y :
Sample taken had passed through a domestic water softemer.
2
g Sample collected from tap at Bernklau home (SGG-Qh—33cba).
3"/ Before chlorination.
i
pi J After chlorination.
Y Sample collected from tap at gatterfield home (5€7-95-8ceb) .
&/

Samole collected from ditch supplying Moore cistern (SCT-95-10bdb).
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All the wells and springs inventoried derive their water from either

surficial deposits (e.g., flood-plain deposits, terrace and fan gravel,
mudflow and fan gravel, and landslide debris) or the Wasatch Formation.
Some of the wells drilled in the surficial deposits also penetrate the
underlying bedrock to shallow depth, but the bedrock probably does not
contribute significantly to the well yield. Only one well, SC9-95-35abc,
appears to derive its water exclusively from the Wasatch Formation. This
well is 765 feet deep and its bottom is about 1,500 feet above the top of
the Mesaverde Group. Most of the springs in the area are along the
contact between the Wasatch Formation and the surficial deposits, though
gome spring; may be along the contact of different strata within the

surficial deposits.

Chemical sampling of surface-water sites
A sampling network of 21 locations (fig. 7) was established to
provide the basis of evaluating possible changes in the tritium
concentrations attributable to the Rulison event. Table 11 gives the
location description of the sampling points. Table 12 is a tabulation
of chemical analyses of water samples collected as of November 1969

from the 21 locations.
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Hydrologic Studies at Shot Time

Aquifer response
By
E. H. Cordes

Tn order to study the response of ground-water reservoirs to the
Rulison detonation, two shéllow water wells in surficial deposits within
a few miles of 5GZ (surface ground zero) were instrumented (fig. &)

The close-in well, which is about 3,660 meters (12,000 feet) from
SGZ, was drilled in the SW} sec. 14, T. 7S., R. 95 W. with a cable-tool
rig for the CER Geonuclear Corporation. The well is on the east bank of
Battlement Creek about 30 feet from the stream. Figure 9 is a schematic
diagram showing the instrumentation and design of the well.

A 0-100 psia (pounds per square inch absolute) pressure transducer
was suspended in the CER Geonuclear well below an inflatable packing
element. The transducer was not cqmpgns§ﬁgq for accele;gtiogf_ The
center of the packer element was set at a depth of 10.67 meters
(35.0 feet) placing the tramsducer port at 11.07 meters (36.3 feet)
below the top of the casing (fig. 9). The signal from the transducer
was recorded with a light-beam oscillograph. Chart drive-speed for the
event was 0.25 inch per second. Recording was started about 10 minutes

before detonation through a clock driven timer. No zero-time reference

was recorded; thus, the arrival time of the shock wave is not known.
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FIGURE 9.--Instrumentation and design of the CER Geonuclear Corpora

well.
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During the 10 minutes of recording prior to detonation, the trans-
ducer functioned normally. When the pressure wave arrived at the site,
the recorder deflected full scale and ceased to record. The recorded
trace suggests that the magnitude of deflection exceeded the capacity
of the recorder. A net voltage change from the transducer of 16.08 milli-
volts was sufficient to drive the recorder to full scale deflection.

This is equivalent to a pressure increase of about 40 psia (approximately
28 meters or‘92 feet of water). Postshot examination of the transducer
indicates that the hydraulic pressure below the packer exceeded the
response limits of the transducer.

'j—“ The second monitoring well, about 6,100 meters (20,000 feet) from
SGZ, is on the W. B. Lemon ranch in the NW% sec. 7, T. 7 S., R. 95 W.

The well was drilled with a cable-tool rig through 100 feet of surficial

deposits to the top of the Wasatch Formation. The well was instrumented

above and below a casing packer (fig. 10).

A casing packer with a 0-100 psia transducer below was set at a
depth of 24.4 meters (80.1 feet) placing the transducer intake at a
depth of 24.7 meters (81.0 feet) below the top of casing. A second
transducer unit was suspended in the well just above the packer to study
the possible effects of casing distortion during passage of the shock
wave. Neither of these transducer units was compensated for acceleration.

The upper transducer unit is a differential type with a range of +3 psi.
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FIGURE 10.--Instrumentation and design of the Lemon well.
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Output signals from the bottom transducer were interfaced directly
to a Heiland M-200~120 galvanometer. Recording chart-speed during the
event was 0.083 inch per second. It is barely possible to resolve the
frequency of the pressure-wave perturbations at this chart speed. The
recorded signal showed a maximum frequency of about 8 cycles per second.
Arrival of the shock wave was recorded as a maximum pressure increase
of about 0.62 psia (43.6 centimeters or 1.4 feet of water). The
corresponding pressure below the set point on the negative cycle was
about 0.71 psia (50.0 centimeters or 1.6 feet of water). Both of these
pressure values were estimated from a calibration curve supplied by
the transducer manufacturer.

Qutput signals from the upper transducer were amplified on a
5-millivolt full scale range. Recording speed during the event was
4.7 inches per minute. In the early record of the wave form the
frequency of oscillation was & cycles per second. As the magnitude
of the disturbance diminished, the frequency decreased accordingly. A
maximum pressure increase of 0.298 psi (21.0 centimeters or 0.688 foot
of water) occurred after excitation of 1% cycles of the wave form. A
maximum decrease of 0.321 psi (22.6 centimeters or 0.742 foot of water)
was recorded on the negative half of the first cycle. The magnitude
of the pressure increase is not significant in terms of the probability

of causing well damage or aquifer deformation.
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A permanent offset (rise) of the preshot water level above the
packer was noted on the postshot record. This offset is in the direction
of increased pressure and represents a change in the length of the fluid
column above the upper transducer of 6.1 centimeters (0.2 foot). The
fluid volume change is approgimately 100 cc or about 0.0264 gallon. This
volume change may be evidence of casing compression and/or a
change in reference setting by stretching of the supporting cable.
Permanent leakage across the packer element is considered a remote
possibility.

Both responses recorded in the Lemon well had similar wave forms,
yet the £luid above the packer element presumably was isolated from the
ground-water system in the aquifer. The characteristic decay of the
oscillating free-water surface above the packer appeared exactly the same
as that of the ground-water system below the packer with the possible
exception of slight amplification. Most of the recorded signal probably
was due to acceleration of the transducers and not purely a pressure

phenomenon in the aquifer.

Stream and spring response
The flow of Battlement Creek recorded at the U.S. Geclogical Survey
gaging station, about- 4,200 meters (13,800 feet) from SGZ (fig. 2),
increased slightly immediately after the detonation. Figure 11 is &
copy of the recorder chart from the station for the period 0300 hours

to 2400 hours, September 10, 1969. At about 1630 hours, about 1 hour
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and 30 minutes after the detonation, the discharge of Battlement Creek
at the gaging station increased abruptly from 4.5 to 14 cfs, and then
began a gradual decline. Rain and hail fell im the Battlement Creek
basin from about 1715 hours to 1800 hours, and water from the storm
affected the stream discharge, obscuring the effects of the Rulison event.
At 1620 hours, September 10, the water in Battlement Creek in the vicinity
of the CER Geonuclear well (about 2,500 feet upstream from the gaging
station) was very turbid (grayish-black); at 0630 hours, September 11,
1969, the water was only slightly turbid at the same point. After
gseveral days, the stream again was clear.

Several detonation-produced effects on the drainage basin may have
caused the temporary increase of discharge of Battlement Creek. The
relative importance of the several possible'effects, such as sloughing

of stream banks, changing of stream gradients, or compaction of sediments,

is not known.
One early effect that might be expected on Battlement Creek would
be sloughing of the stream banks after detonation. Sloughing could cause
either a temporary increase or decrease in discharge depending on the
nature of the sloughing. Although some sloughing probably did occur,
as suggested by the high turbidity of the water, sloughing probably was
not the principal cause of the temporary increased rate of discharge.
For the most part, the brush-covered banks of Battlement Creek have gentle
slopes that are not conducive to sloughing. The stream gradient is steep
(elevation at the USGS gaging station is about 6,630 feet and the elevation | a

of the headwater area, a distance of about 5 miles upstream is about
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10,000 feet), and finer sediments are not readily retained on or adjacent
to the streambed owing to the high velocity of the water. Sediment does
accumulate behind numerous beaver dams on the stream. The disturbance by
the nuclear detonation of the sediments behind the beaver dams may have
influenced the rate of stream discharge and surely contributed to the
turbidity of the water.

Another temporary effect on streamflow could have been caused by
slight changes in the gradient of the stream. An increase in stream
gradient would result in increased discharge and a decrease in gradient
would result in decreased discharge. The temporary increase in discharge
probably cannot be-attributed to an increase in gradient, because large
changes in land-surface slope beyond a few hundred meters from ground zero
of nuclear explosion sites are rare.

The compaction of unconsolidated sediments along the stream and of
the sediments associated with the springs and seeps that feed Battlement
Creek probably is the prinicpal cause for the temporary increase in
discharge. The forces resulting from.the detonation of the nuclear
device compacted the sediments, at least temporarily, as shown in the
ground-water pressure responses. The compaction of the sediments probably
resulted in a temporary increase of discharge from springs and seeps, as
well as release of water from storage in the sediments along the stream.
Water thus released would have entered the tributaries and main stem of
Battlement Creek and caused a temporary increase in stream discharge, such

as that recorded at the gaging station (fig. 11).
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A temporary gaging station was installed on Battlement Creek just

below the Battlement reservoirs to monitor streamflow before, during,
and following the Rulison event. The recorder clock stopped a few hours
before the event, so the monitoring of streamflow was not entirely
successful. The gage height changed only 0.05 inch during the event,
which indicates that the change in discharge and the loss of water from
the reservoirs as a result of the event were insignificant.

The water in some springs was milky and turbid following the
detonation. After several days, the appearance of the water was normal.
The increased discharge of springs close to the detonation site generally
was short-lived; however, one rancher near the detonation site reported
that a spring on his property had an increased flow that lasted for a
few months. No springs were reported to have had a diminished flow.

The springs that supply the town of Grand Valley showed no change in

yield or quality as a result of the Rulison detonation.

Postshot Hydrologic Studies

Postshot hydrologic studies by the U.S. Geological Survey were
confined to resampling of selected surface-water sampling points
previously described and to the investigation of complaints of damage
to hydrologic features and hydraulic structures.

Resampling and analyses of water from surface-water sampling points
(fig. 7) indicated that the detonation of the Rulison device had no
effect upon the chemical characteristics of the surface water at or near

the site. Chemical analyses of the water are reported in table 12.
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After the Rulison event, the U.S. Atomic Energy Commission
received some complaints of damage to hydrologic features oOr hydraulic
strucutres. Some wells, springs, and cisterns were investigated by the
U.S. Geological Survey as a result of the damage complaints. Eleven
complaints were investigated and reported upon to the Atomic Energy
Commission. 8ix of the complaints were concerned with wells, three with
springs, and two with cisterns. Several of the complaints were about
suspected changes in water quality and they resulted in the resampling
of the water from a well or spring. Some of the complaints were con-

cerned with pumping-equipment failure. A few owners of cisterns that

obtain water from Battlement Creek or its tributaries reported a temporary

problem of bad taste and turbidity. In no case was there any indication

that the hydrologic features (stream or water-bearing formation) had been

permanently impaired as a result of the Rulison detonation.

SUMMARY AND CONCLUSIONS
Surficial deposits are the only sources of usable ground water

near the Rulison site. The surficial deposits are inconsequential at
the Rulison site and are far above the top of the rubble chimney and
fracture zone created by the detonation of the nuclear device (probably
at least 8,000 feet at the detonation site). Thus, hydraulic testing
in the exploratory hole was limited to deep, bedrock formations (those
below the unnamed unit of Paleocene age). The tests showed negligible
or no fluid entry to the hole, which indicates that ground-water flow

in the vicinity of the Rulison site is nil.
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In no case was there any indication that the streams or the water-

bearing formations in the vicinity of the site had been permanently
impaired as a result of the Rulison detonation.

Seismic effects of the Project Rulison nuclear detonation caused a
hydrostatic pressure pulse in the two monitored wells at distances of
3,660 meters (12,000 ft) and 6,100 meters (20,000 ft) from S5GZ. Postshot
evidence indicates that the pressure disturbance below the packer in the
nearby CER Geonuclear monitor well had exceeded the limits of the trans-
ducer ané, thus, the maximum response of the ground-water body to the
detonation is unknown. Output signals from the transducer below the packer
in the distant Lemon monitor well had a maximum frequency of about 8 cycles
per second. Arrival of the shock wave was recorded as a maximum pressure
increase of about 0.62 psia. The corresponding pressure change on the
negative cycle was about 0.71 psia. The output signals from the trans-
ducer above the packer in the Lemon monitor well had a frequency of s—
oscillation in the earlier part of the record of 4 cycles per second. A
maximum pressure increase of 0.298 psia came after excitation of 1% cycles
of the wave form. A maximum decrease of 0.321 psia came on the negative
half of the first cycle.

In response to the Projeet Rulison nuclear detonation, the discharge
of Battlement Créek recorded at the U.S. Geolqgical Survey gaging station
increased slightly immediately after the detonation. The discharge at

the gaging station 1 hour and 30 minutes after the detonation increased
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abruptly from 4.5 to 14 cfs, and then began a gradual decline. Precipi-
tation in the drainage basin, beginning nearly two hours after the
explosion, obscured any later effects of the Rulison event.

Analyses of water collected postshot from 21 surface-water sampling
points in and near the Rulison site indicated that the nuclear detonation
had no effect upon the chemical characteristics of the water. Analyses

of spring water collected postshot also indicated that the nuclear

detonation had no permanent effect upon the chemical characteristics

of the water.
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FIGURE 6.-- Locations of

SELECTED WELLS AND SPRINGS
IN THE RULISON PROJECT AREA

GARFIELD AND MESA COUNTIES, COLORADO
(After Hurr,and others,1969.)
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1971 ) GEQOLOGICAL SURVEY
Federal Center, Denver, Colorado 80225
RADIOCCHEMICAL ANALYSES OF WATER FROM SELECTED

STREAMS, WELLS, SPRINGS, AND PRECIPITATION COLLECTED
PRIOR TO REENTRY DRILLING, PROJECT RULISON

By

Paul T, Voegeli, Sr., and Hans C., Claassen

INTROPUCTION
" The U.S5. Geological Survey established a‘watér-sampling netwofk
in central and western Colorado on behalf of the U.S. Atomic Energy
Commission to saﬁple the hydrologic environment pridr-to and during
the reentry drilling and the gas-production test phase of Pfoject
Rulison, an experiment to stimulate gas production from a low yield
reservoir by a nuclear explosion., Sampiles obtained from selected
streams, wells, springs, and from precipitation are analyzed for
tritium, gross alpha, and gross beta activity. -The analyses are
made in laboratories of the U,5. Geological Survey, Dénver, Colorado,
This report contains data from analyses of samples from the
network collected prior to reentry drilling (started April 28, 1970),
including sample data obtained both pricr to and after the nuclear
detonation., The data are intended to give representgtive values
over approximately a l-year period and to show variations in natural

radioactivity.
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quélity of the data presented and to permit direct comparison between
data obtained by the Geological Survey and by other agencies,

Water samples will be collected from the sampling points (fig, 1)
until the flaring of gas, is discontinued, Stream and composite
precipitation‘samples will be taken to coinéide with the gas production
schedule: A sample will be taken to coincide with eaéh phase of high-
volume gas production and with each period of low-voluﬁe gas productibn
or shut-in period. In addition to the sampling during the gas-production
phése, stfeams will be sampled every 30 days after the start of reentry

{
drilling, Wells and springs will be sampled 30 days after the start of
reentry drilling and then every 60 to 90 dayé thereaftrer. If anomalies
are detected at any sampling point, the frequency of sampling will be
increased.
SAMPLE-~COLLECTION PROCEDURES

The low levels of natural radioactivity‘in environmental waters
make it important to collect samples in a manner that minimizes con-
tamination of the sample during and after collection, Sample-collection
procedures are described to permit evaluation of analytical data
supplied, The sampling technique used depends on whether a surface-
water, a ground-water, or a precipitation sample is collected and on
the type of analysis to be made. A description of these techniques

follows,
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boftles fitted with nonporous screw caps, The bottle is inverted and
immersed in water with the bottle neck down, It is then turned upright
and returned to the surface,

The first dip is ﬁsed as a rinse and discarded in such a manner
that the sampling point is not disturbed. The sample is collected in
the same manner as above, using the same bottle. The screw cap is
tightly affixed, the outside of the bottle is dried wifh a disposable'
gowel to avoid cross-contaminating the bottles, and the bottle is
labeled. The cap is sealed with vinyl tape to ensure that the sample
is not contaminated before arriving at thé laboratory.

Samples to be analyzed for grosé alpha énd gross beta radicactivity
are collected in the same manner as the tritium samples, using a 4-liter
polyethylene bottle with a polyethylene screw cap. This bottle is also
sealed with vinyl tape and the hottle labeled., The samples are filtered
in the laboratory through a 0.45-micron filter membrane, and separate

determinations of gross alpha/gross beta activities are made on the

sediment and the filtrate,

P~



Samples to be analyzed for tritium are collected in 32-ounce glass
bottles with nonporous screw caps, The sample is collected in a manner
that eliminates or at least minimizes contamination by air, If a
submersible pump is in use and a hose connection is available at the
well head, a hose is attached to the connection with the free end of)
the hose‘touching the inside bottom of the 32-ounce glass bottle., The
bottle is allowed to fill and flush for about 30 seconds, The free end
of ﬁhe hose is slowly withdrawn to minimize air entrainment in the waéer,
The bottle is then capped, sealed with tape, and labeled.

If no tap is available at the well head, a sampling point and
procedure is chosen which will provide‘é sample with the least prob-
ability of air contamination, Deviations frém the normal procedure are
noted on the bottle label,

Samples to bhe analyzed for gross alpha and gross beta radioactivity
are collected using the same procedures and criteria for choice of
collection point as the tritium samples, but the water is placed in a
l%-gallon pressure-filtration unit, The filtration unit is sealed and
nitrogen gas under a pressure of abou& 20 psi (pounds per square inch)
is applied, forcing the water through a 4-inch, 0,45-micron membrane
filter pad. The filter and the 4-liter polyethylene receiving bottle
are rinsed by the first few hundred miliiliters of water that come
through the filter, this rinse water is discarded, and then the 4-liter
polyethylene bottle is filled. Concentrated (about 12 molar) hydro-

chloric acid (reagent grade, in glass ampoules) is added to the sample
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Precipitation Samples

The procedure described below is followed in the collection of
each sample to be analyzed for both tritium and gross alpha/gross beta,
The procedure may vary according to site, type ot precipitatioﬁ, and
date of collection. Thé procedures that have been used in collecting
the samples discussed in this report are described below. Additional
procedures for collection of rain samples will be discussed in a
later report.

Procedure 1,--Snow samples are packed into 32-ounce glass bottles
which are then capped, sealed with tape, and labeled.

Procedure 2,--A polyethylene bag is half-filled with snow, labeled,
and sealed. After the snow has melted, the water is poured into the
appropriate bottles--a 32-ounce glass bottle for tritium analysis and a
4-liter polyethylene bottle for gross alpha/gross beta analysis. The

bottles are capped, sealed with tape, and labeled.

LABORATORY PROCEDURES
Water samples received for analysis at the Denver laboratory are
first assigned a laboratory number, Sample bottles are marked with
these numbers and all pertinent information supplied with the samples
is typed on the analytical transmittal sheet, The bottles are then
taken to the appropriate laboratory for analysis., A summary of the’

laboratory practices and procedures follows.
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scintillation counting. A small volume of the sample is distilled

to dryness. Using an aliquot of completely distilled sample eliminates
interference caused by dissolved solids as well as possible fraction-
ation effects. For counting, a 4,0-milliliter aliquot of the sample
distillate is mixed with 18.0 milliliters of a dioxane-base, liquid-
scintillation "cocktail" in a polyethylene counting vial, Laboratory
procedures are désigned to minimize air contact with tﬁe sample, The
vial is placed in a Beckman Model LS-100 or a Nuclear éhicago Mark I
liquid-scintillation spectrometer and the sample is counted for at
least 240 minutes,

Tritium standards of knoﬁn concentratioﬁ, obtained from the
National Bureau of Standards, and water with no tritium activity
(blank) , obtained from deep wells, are counted with each group of
samples. The activity computed for a sample iscalculated by
comparing the values of standards, blanks, and samples, The data
are adjusted for instrument noise, detection efficiency, and random
procedural errors.

A detection level for the set of samples is calculated using the
following procedure, Two times the theoretical standard deviation of

the mean of the counts of each sample is calculated by the equation

%

(raw counts)
C

25 = 2



raw counts represents the total number of counts registered
for that sample,
t is the total time the sample was counted.
An experimental two-sigma for each sample is then calculated by

the equation

where: 2s is the experimental standard deviation,
n is the number of times the sample was counted,

X is the mean counting rate of the sample,

Xi are the individual counting rates of the sample,

The larger of the two values (2g, 2s) is chosen as the probable
error (the 95 percent confidence level) for the sample, Samples for
use in the calculation of detection level are chosen by comparing the
counts-per-minute (cpm) values (Xi) of each sample with a wvalue of
1.2 times the average background cpm (note that 1.2 times average
background = average background +25 or 2s for the background). Only
those sample values which are less than 1.7 times average background
(Xi) are used in determination of the detection level.

The 2o or 2s values corresponding to the X£ values chosen are
tabulated in order of increaéing magnitude, summed, and the 95-percentile
value determined. This value is considered the detection level., A value
of about 200 to 400 tritium units or 640 to 1,280 pCi/1 (picocuries per
liter) has been determined by the above procedure to generally be the

detection level,



samples are both the tritium unit (TU), defined in Jacobs (1968) as
a concentration of one tritium atom in 10*® protium atoms, and the
activity unit of pCi/l (3.20 pCi/l = 1 TU). The tritium values are

reported to two significant figures.

Gross Aipha and Gross Beta

The gross alpha and gross beta radiocactivity values are obtained
by evaporating a suitable quan;ity of the water in a teflon
evaporating dish, transferring the resulting solids with small amounts
of distilled water onto a ringed planchet,'evaporating.to drynéss at
103—10500, and counting these plaﬁéhets in a thin-wipndow, flowing-gas,
proportional counter. Samples for which radioactivity values on sus-
pended materials are desired are filtered in the laboratory through a
0. 45-micron membrane filter, and the filter cake is dried at 103-105°C
before counting, Alpha and beta values are obtained from the same
planchet; The data are compared with a calibration curve obtained by
adding known amounts of Cs-137 or Sr-90 to synﬁhetic waters having
similar compositions to those of the waters being analyzed.

The detection level is determined according to procedures described
by Barker and Robinson (1963). They describe two cases as follows:

(1) If the net sample counting rate exceeds the background

counting rate by more than two standard deviations,
calculate the beta activity from the equation

1,000 (R-B)

—_——

EV



B = background counting rate in counts per minute
V = sample volume in milliliters
E = efficiency of instrument.

(2} If the net sample counting rate does not exceed the back-
ground counting rate by more than two standard deviations,
the result is reported as less than the minimum detection
level (MDL)}.

2,000 o_

MDL = BV

where o, the standard deviation of the met counting rate

and is calculated by the following equation:

% =|:BE * 't_i:] :

the standard deviation of background counting rate

where op

t

R sample counting time,

The units for reporting the alpha and beta data in this Teport
are chosen to allow comparison with data reported by other agencies,
These units, and the standards which were used for calibration, are
discussed below.

The gress alpha andlgross beta data are reported to two
significant figures for values greater than 1.0 pCi/l and one

significant figure for values less than 1.0 pCi/l_

10
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alpha.standard since 1957. The term "natural uranium" is defined in
the Code of Federal Regulations 10 CFR-ISO.ZO,SC as 3,000 kg (kilograms)
natural U =1 Ci (curie) natural U = (3.7 x 10'° disintegrations per
second P28} + (3.7 x 10*° disintegrations per second U23%4)

+ (9 x 108 disintegrations per second UP2%), Therefore the conversion
from radioactivity expressed as units of mass to units of radicactivity
as pCi/l is: lpCi/natural.U = 3 yg (micrograms) natural U; In this
report, the gross alpha data are presented both in units of mass

kg U/litgr) and in units of radioactivity (pCi/liter),

Gross Beta
Gross beta data can be reported in many ways; 5r-90 equivalent
and Cs-137 equivalent are most commonly used. The difference is only
in which isotope is used for calibration. Although Sr-90 is commonly
used as a gross beta standard by the U,S. Geological Survey, gross beta
values calibrated with Cs-127 are also tabulated‘in'this report to

facilitate interagency data comparison and evaluation.

RESULTS
The results of the anaiyses of the stream, well, spring, and
precipitation samples collected prior to reentry drilling at the
Rulison site are presented in tables 1 through 4. The data from samples
collected April 1-12, 1970, are included, 1In addition, results from
selected samples collected prior to April 1970 are included to provide
background data,

11
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