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ABSTRACT

The U. S. Environmental Protection Agency, Radiation and Indoor Environments National
Laboratory in Las Vegas, Nevada (R&IE), operates the radiological surveillance program and
monitors former nuclear test areas in Alaska, Colorado, Mississippi, Nevada, and New Mexico,
each year under the Long Term Hydrological Monitoring Program (LTHMP). The LTHMP is
designed to detect residual man-made radionuclides in surface and ground water resulting from
underground nuclear test activities. This report describes the sampling and analysis of water
samples collected from six former nuclear test sites in three western states during 2004: Projects
Shoal and Faultless in Nevada; Projects Rulison and Rio Blanco in Colorado; and Projects

Gasbuggy and Gnome in New Mexico. Monitoring results for Alaska and Mississippi are reported
separately. ‘

Radiological results for 2004 are consistent with results from previous years. No increase was seen
in either tritium concentrations or gamma-ray emitting radionuclides at any site. Tritium levels at
the sites are generally decreasing or stable and are well below the 20,000 pCi/L. guideline specified
in the National Primary Drinking Water Regulations; Radionuclides; Final Rule
(40CFR9/141/142), with the exception of samples from several deep wells adjacent to the nuclear
cavity at the Gnome site. As in previous years, the highest tritium value recorded for any sample,
3.0 x 107 pCi/L, was from, Well DD-1 (Project Gnome).
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\
1.0 INTRODUCTION

Under an Interagency Agreement with the Department of Energy (DOE), the Radiation & Indoor
Environments National Laboratory (R&IE), Office of Radiation and Indoor Air (ORIA), EPA,
located in Las Vegas, NV, conducts a Long-Term Hydrological Monitoring Program (LTHMP) to
measure radioactivity concentrations in water sources near the sites of former underground nuclear
explosions. The results of the LTHMP provide assurance that radioactive materials from the tests
have not migrated into drinking water supplies. This report presents the results for the samples
collected in February, March, May, and June of 2004, around the following test site areas:

® Project SHOAL Test Site, Churchill County, Nevada
Project FAULTLESS Test Site, Nye County, Nevada
Project RULISON Test Site, Garfield County, Colorado
Project RIO BLANCO Test Site, Rio Blanco County, Colorado
Project GASBUGGY Test Site, Rio Arriba County, New Mexico

Project GNOME Test Site, Eddy County, New Mexico

2.0 Sample Analysis

Radiochemical laboratory procedures used to analyze the samples collected for this report are
summarized in R&IE’s SOPs (see Appendix A and B). These include standard methods to identify
natural and man-made gamma-emitting radionuclides, tritium, plutonium, strontium, and uranium
in water samples. Two types of tritium analyses were performed; conventional and electrolytic
enrichment. The enrichment method lowers the minimum detectable concentration (MDC) from
approximately 300 pCi/L to 5 pCi/L. An upper limit of activity of 700 - 800 pCi/L has been
established for the tritium enrichment method because sample cross contamination becomes a
problem at higher levels.

It has been decided by EPA, that a maximum of 25 percent of all samples collected would be
analyzed by the low-level enrichment method. This decision was based on the time required for
analysis and an assessment of past results. Under the current sampling and analysis protocol for
the site, all samples are initially screened for tritium activity by the conventional method, and
selected samples are enriched. At this time, only sampling locations that are in a position to show
migration are selected for enrichment.

Sufficient sample is collected from new sampling locations to perform all routine analyses, and a

full-suite of other radiochemical determinations including assays for strontium, plutonium, and
uranium. ‘



Summary of Analytical Procedures

Type of Analytical Counting Analytical Size of Approximate
Analysis Equipment Period (Min) Procedures Sample  Detection Limit*
HpGe HpGe detector ~150 Radionuclide concen- 35L  Varies with radionuclides
Gamma® calibrated at 0.5 keV/ tration quantified from and detector used, if
channel (0.04 to 2 MeV gamma spectral data counted to a MDC of
range) individual detector. by online computer approx. 5 pCi/L. for "*"Cs.
Effi:iencies ranging from program.
15 t¢ 35%.
*H Autcmatic liquid 300 Sample prepared by 30 -40mL 300 to 700 pCi/L .
scintillation counter ’ distillation. '
*H+ Autc matic liquid 300 Sample concentrated 250 mL® 5 pCi/L
Enrichment scintillation counter by electrolysis following
distillation.

The detection limit is defined as the smallest amount of radioactivity that can be reliably
detected, i.e., probability of Type I and Type II error at 5 percent each (DOE 1981).
Gamma spectrometry using a high purity intrinsic germanium (HpGe) detector.

Sample distilled, then concentrated to ~5 mL by electrolysis.

2.1 Sampling at Project SHOAL, Nevada

History

Project SHOA ., a 12-KT nuclear test emplaced at 365 m (1,204 ft), was conducted on

October 26, 1963, in a sparsely populated area near Frenchman Station, Nevada, 28 miles southeast
of Fallon, Nevada. The test, a part of the Vela Uniform Program, was designed to investigate
detection of a nuclear detonation in an active earthquake zone. The working point was in granite
and no surface crater was created. The effluent released during drillback was detected onsite only
and consisted of 110 curies of *!'Xe and '**Xe, and less than 1.0 curie of 'L,

2.1.1 Sample Collection

Samples were collected on February 24-26, 2004. The sampling locations are shown in Figure 1.
All of the locations were sampled with the exception of Well H-3. The pump was inoperable.
The routine sampling locations included one spring, two windmills, and eleven wells of varying
depths. At least one location, Well HS-1, should intercept radioactivity migrating from the test
cavity, if it shculd occur (Chapman and Hokett 1991).
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2.1.2 Water Analysis Results

Gamma-ray spectral analysis results indicated that no man-made gamma-ray emitting radionuclides
were present in any samples above the MDC. Tritium concentrations at all locations except for

one were below the MDC. The only sampling location that had a tritium concentration above the
MDC was Well HC-4 of 368 + 151 pCV/L (see Table 1, below).
+

2.1.3 Conclusions

No radioactive materials attributable to the SHOAL nuclear test were detected in samples collected
in the onsite and offsite areas during 2004.

Analysis Results. for Water Samples Collected at the SHOAL Site - February 2004

TABLE 1

Sample Collection | Enriched Tritium Tritium® | Gamma Spectrometry®
Location Date pC/L+2SD (MDC) | pCi/L +2 SD (MDC) | pCi/L (MDC)
Hunts Station 2/24/04 ND 9.0) ND 4.8)
Flowing Spring | 2/24/04 7.2 & 144® (235) | ND (5.0)
Spring Windraill | 2/26/04 118 £ 145© (235) | ND 4.9
Well H-3 2/24/04 Pump inoperable
Well HS-1 2/25/04 153+ 1430 (235) | np (1.8)
Well HC-1 2/24/04 97.0+145®  (235) | ND (4.9)
Well HC-2 2/24/04 ND 8.7 ND (4.8)
Well HC-3 2/25/04 56.0+ 1449 (235 |[nND @.7
Well HC-4 2/26/04 368 + 151 35) | ~ND (5.0)
Well HC-5 2/26/04 ND 9.0) ND (4.9)
Well HC-6 2/26/04 7.0 £ 144® (235) ND 4.8)
Well HC-7 2/26/04 | ND 4.0 ND 4.9)
Well HC-8 2/24/04 ND 7.7 ND 4.8)
HC-3 Filter 2/25/04 Cs-137 (3.0)

(a) Indicate results are less than MDC (enriched or conventional method).
(b)  Value in parenthesis represents *’Cs MDC (pCi/L).

ND Non-detected.

MDC Minimum detectable concentration..



2.2 Sampling at Project FAULTLESS, Nevada
Histo‘ry

Project FAULTLESS was a "calibration test" conducted on January 19, 1968, in a sparsely
populated area near Blue Jay Maintenance Station, Nevada. The test had a yield of less than 1 MT
and was designed to test the behavior of seismic waves and to determine the usefulness of the site
for high-yield tests. The emplacement depth was 975 m (3,200 ft). A surface crater was formed,
but as an irregular block along local faults rather than as a saucer-shaped depression. The area is
characterized by basin and range topography, with alluvium overlying tuffaceous sediments. The
working point of the test was in tuff. The groundwater flow is generally from the highlands to the

valley and through the valley to Twin Springs Ranch and Railroad Valley (Chapman and Hokett,
1991).

2.2.1 Sample Collection

Samplirig was conducted on March 22-25,2004. Sampling locations are shown in Figure 2. They

include two springs and seven wells of varying depths. All sampling locations were collected with
the exception of HTH-2. The pump is inoperable and will be replaced prior to the next sampling in
2005 according to DOE. The Jim Bias Well has been deleted from the program in 2003.

At least two wells (HTH-1 and HTH-2) are positioned to intercept migration from the test cavity,
should it occur (Chapman and Hokett, 1991). All samples yielded negligible gamma activity.
These results were all consistent with results obtained in previous years. The consistently below-
MDC results for tritium indicate that, to date, migration into the sampled wells has not taken place
and no event-related radioactivity has entered area drinking water supplies.

2.2.2 Water Analysis Results

All gamma-ray spectral analysis results indicated that no man-made gamma-ray emitting
radionuclides were present above MDC. Tritium concentrations at all the locations were below the
MDC, with the exception of HTH-1 , results were 44 + 3.7 which is well below 20,000pCi/L

safe drinking water standard.

2.2.3 Conclusions

Tritium concentrations in water samples collected onsite and offsite are consistent with those of
past studies at the FAULTLESS site. No radioactive materials attributable to the FAULTLESS test

were detected in samples collected in the offsite areas. All samples were analyzed for the presence
of gamma-ray emitting radionuclides.
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Analysis Results for Water Samples Collected at the FAULTLESS Site - March 2004.

TABLE 2
Sample Collection | Enriched Tritium® Tritium® | Gamma Spectrometry®
Location Date pCi/L £2SD (MDC) pCi/L +2 SD (MDC) | pCi/L (MDC)
Hot Creek Ranch 3/24/04 ND @257y IND 4.8)
Blue Jay Springs 3/24/04 43 £157®  (257) ND 4.9
Blue Jay Maint 3/23/04 ND (257) | ND 4.8)
Station
Well HTH-1 3/23/04 44 £37 (6.2) ND “.9
Well HTH-2 3/26/04 Pump inoperable
Site C Base Camp | 3/25/04 96 +4.0@ 6.5) ND 4.9
Six Mile Well 3/23/04 ND 257y [ ND : (4.8)
Tybo Well 3/24/04 | 16.0+ 1579 (257) | ND (4.8)
Twin Springs 3/22/04 ND (6.3) ND 5.0
Ranch

(a) Indicate results are less than MDC (enriched or conventional method).
(b) Value in parenthesis represents *’Cs MDC (pCi/L).
ND Non-detected.

MDC Minimum detectable concentration.

2.3 Sampling at Project RULISON, Colorado

History

Co-sponsored by the U.S. Atomic Energy Commission (AEC) and Austral Oil Company under the
Plowshare Program, Project RULISON was designed to stimulate natural gas recovery in the Mesa
Verde formation. The test, conducted near Grand Valley, Colorado, on September 10, 1969,
consisted of a 40-KT nuclear explosive emplaced at a depth of 2,568 m (8,425 ft). Production
testing began in 1970 and was completed in April 1971. Cleanup was initiated in 1972, and the
wells were plugged in 1976. Some surface contamination resulted from decontamination of

drilling equipment and fallout from gas flaring. Contaminated soil was removed during the
cleanup operations.

2.3.1 Sample Collection

Samplirig was conducted on May 12, 2004, from all sampling locations at Grand Valley and
Rulison, Colorado. Routine sampling locations are shown in Figure 3. Sampling included the
Grand Valley municipal drinking water supply springs, water supply wells for six local ranches,

and two sites in the vicinity of surface ground zero (SGZ), including one test well and two surface-
discharge springs.
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2.3.2 Water Analysis Results

Tritium has never been observed in measurable concentrations in the Grand Valley City Springs.
All of the remaining sampling sites show detectable levels of tritium, which have generally
exhibited a stable or decreasing trend over the last two decades. The range of tritium activity in

site are shallow, drawing water from the surficial aquifer, and therefore, uhlikely to become

contaminated by radionuclide migration from the Project RULISON cavity (Chapman and Hokett
1991).

Analysis Results for Water Samples Collected at the RULISON Site - May 2004

TABLE 3

Sample Collection | Enriched Tritium Tritium® Gamma
Location Date pCi/L +£2 SD (MDC) | pCi/L + 2 SD (MDC) | Spectrometry®

pCil.  (MDC)
Battlement Creek | 5/12/04 3.1£47%  (6.9) ND (4.8)
City Springs 5/12/04 9+ 1609  (261) |ND (5.0)
Daniel Gardner 5/12/04 33+4.7 6.7) ND 4.5)
CER Test Well | 5/12/04 39+5.0 (7.0) ' ND - 4.8)
CER Test Well R | 5/12/04 21 +159® 261)
Patrick McCarty | 5/12/04 ND (261) ND 4.9
Potter Ranch 5/12/04 42 + 159@ (261) ND 4.8)
Douglas Sauter 5/12/04 _ 256 £163®  (261) | ND 4.9
Tim Jacobs 5/12/04 143161 (261) |ND (1.5)
Kevin Whelan | 5/12/04 | 33 2 4.7 6.7) | ND (1.7)
Casey Weldon 5/12/04 28+4.8 (7.1 ND (1.8)
Spring 300 yds | 5/12/04 126+161®  (261) | ND (5.0)
N.of GZ
Spring 500 ft 5/12/04 5941609  (261) |ND (4.5)
E. of GZ

(a) Indicate results are less than MDC (enriched or conventional method).
(b) Value in parenthesis represents *’Cs MDC (pCi/L).

ND Non-detected.

MDC Minimum detectable concentration.

R Rinse sample



2.3.3 Conclusions

augmented by, perhaps, a small amount of residual global “fallout tritjum” remaining from nuclear

testing in the 1950s and 1960s. All routine samples were analyzed for presence of gamma-ray
emitting radiorclides.

2.4 Sampling at Project RIO BLANCO, Colorado

History

Project RIO BLANCO, a joint government-industry test désigned to stimulate natural gas flow,
was conducted under the Plowshare Program. The test was conducted on May 17, 1973, ata
location between Rifle and Meeker, Colorado. Three explosives with a total yield of 99 KT were

Sampling was conducted on May 13-14, 2004, and locations are shown in Figure 4. The routine

monitoring because they were down gradient and would indjcate possible migration of
radioactivity from the cavity.

2.4.2 Water Analysis Results

Gamma-ray spectral analysis results indicated that no man-made gamma-ray emitting radionuclides
Were present in any offsite samples. Three of the 15 samples collected were above the MDC for

enriched tritium and none were above the MDC using the conventional method (see Table 4, page
12).

2.4.3 Conclusions

Tritium concentrations in water samples collected onsite and offsite are consistent with those of
past studies at the RIO BLANCO Site. No radioactive materials attributable to the RIO BLANCO
test were detected in samples collected in the offsite areas during May 2004. All samples were
analyzed for presence of gamma-ray emitting radionuclides, '

10
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Analysis Results for Water Samples Collected at the RIQ BLANCO Site - May 2004

TABLE 4

Sample Collection | Enriched Tritium Tritium® Gamma
Location Date pC/L+2SD (MDC) | pCi/L+2 SD (MDC) | Spectrometry®

pCi/L  (MDC)
B-1 Equity Camp | 5/14/04 ND 248) | ND (5.0)
Brennan Windmill | 5/13/04 109 + 153®@ (248) ND (4.6)
CER #1 Black 5/14/04 ND 48) | ND “.7)
Sulphur ’
CER #4 Black 5/14/04 ND (248) ND 4.8)
Sulphur
Fawn Creek #1 5/13/04 15+47 (7.2) ND 5.0
Fawn Creek #3 5/13/04 4741529 (248) | ND “.7)
Fawn Creek 500' | 5/13/04 150+ 154®  (248) | ND (4.5)
Upstream
Fawn Creek 6800' | 5/13/04. 114£153@  (248) |ND (4.8)
Upstream »
Fawn Creek 500' 5/13/04 15+4.9 7.7 ND 4.5)
Downstream
Fawn Creek 8400' | 5/13/04 72 £152¢  (248) | ND (4.3)
Downstream
Johnson Artesian 5/13/04 ND (248) ND “4.6)
Well
Well RB-D-01 5/13/04 4.1+5.6® 9.1 ND “4.8)
Well RB-D-03 5/13/04 21+56 (8.5) ND (4.6)
Well RB-S-03 5/13/04 ND (248) | ND (4.9)
Well RB-W-01 5/13/04 ND 248) | ND 4.7)
Well RB-D-01 R 5/13/04 ND (248)
WellRB-S-03 R | 5/13/04 ND " (248)
Well RB-D-03 R 5/13/04 ND (248)
Well RB-W-01 R 5/13/04 ND (248)

(a) Indicate results are less than MDC (enriched or conventional method).
(b) Value in parenthesis represents *’Cs MDC (pCi/L).

ND Non-detected.

MDC Minimum detectable concentration

R Rinse sample.

12




2.5 Sampling at Project GASBUGGY, New Mexico
History

Project GASBUGGY was a Plowshare Program test co-sponsored by the U.S. AEC and El Paso
Natural Gas Co., conducted near Gobernador, New Mexico, on December 10, 1967. A nuclear
explosive with a 29-KT yield was detonated at a depth of 1,290 m (4,240 ft) to stimulate a low
productivity natural gas reservoir. Production testing was completed in 1976 and restoration
activities were completed in July 1978.

The principal aquifers near the test site are the Ojo Alamo Sandstone, an aquifer containing non-
potable water located above the test cavity, and the San Jose formation and Nacimiento formation.

Both surficial aquifers contain potable water. The flow regime of the San Juan Basin is not well
known, although it is likely that the Ojo Alamo Sandstone discharges to the San Juan River 50
miles northwest of the Gasbuggy site. Hydrologic gradients in the vicinity are downward, but
upward gas migration is possible (Chapman and Hokett, 1991).

2.5.1 Sample Collection

Annual sampling at Project GASBUGGY was completed during June 15-18, 2004. All of the
routine sampling locations were collected except for Bubbling Spring which was dry (see
Figure 5) and EPNG-10-36 which was plugged in 2003.

2.5.2 Water Analysis Results

Tritium concentrations of water samples collected onsite and offsite are consistent with those of
past studies at the GASBUGGY Site.

Well EPNG 10-36 has yielded tritium activities between 100 pCi/L in 2000 to 0.05 + 4 in 2003. In
2003 Well EPNG 10-36 was plugged due to the severe deterioration of the well casing. DOE will
drill several wells in the near future, placed in strategic location designed to intercept migration of
radionuclides if they should occur. The migration mechanism and route are not currently known,
although an analysis by Desert Research Institute indicated two feasible routes, one through the
Printed Cliffs sandstones, and the other one through the Ojo Alamo sandstone, one of the principal
aquifers in the region (Chapman and Hokett, 1991).

Gamma-ray spectral analysis results indicated that no man-made gamma-ray emitting radionuclides
were present in any onsite and offsite samples above the MDC. Tritium concentrations at all
locations except for one were below the MDC. The only sampling locations that had a tritium
concentration above the MDC was Cave Springs of 12+ 6 pCi/L. (see Table 5, page 14).

13
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2.5.3 Conclusions

Tritium concentrations of water samp

past studies at the GASBUGGY Site.

les collected onsite and offsite are consistent with those of

Analysis Results for Water Samples Collected at the GASBUGGY Site - June 2004

TABLE 5
Sample Collection | Enriched Tritium Tritium® Gamma Spectrometry®
Location Date pC/L+28D (MDC) | pCi/L+2SD (MDC) | pCiL MDC)
Arnold Ranch 6/18/04 3.8+4.4@ (7.0 ND 4.9)
Spring
Bubbling Springs 6/15/04 No sample, spring dry
Cave Springs 6/16/04 12+ 6 9.6) ND ' 4.9
Cedar Springs 6/16/04 ND (264) ND 4.8)
La Jara Creek 6/16/04 ND (264) ND 4.7
Lower Burro 6/17/04 ND (264) | ND @.5)
Canyon
Pond N. of Well 6/17/04 73+£1629  (264) | ND (4.9)
30.3.32.343
Well EPNG-10-36 6/16/04 No Sample Well

Plugged

Jicarilla Well 1 6/17/04 ND (264) | ND 4.9
Well 28.3.33.233 6/16/04 ND (264) | ND 4.9
(South)
Well 30.3.32.343 6/17/04 ND (264) | ND 4.2)
(North)
Windmill #2 6/16/04 | 5.6+4.99 (8.0) ND (5.0)
Armold Ranch Well | 6/18/04 56+ 161@ (264) | ND (4.8)

(a) Indicate results are less than MDC (enriched or conventional method).
(b) Value in parenthesis represents *’Cs MDC (pCi/L).

ND Non-detected.

MDC Minimum detectable concentration.
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2.6 Sampling at Project GNOME, New Mexico
History

Project GNOME, conducted on December 10, 1961, near Carlsbad, New Mexico, was a
multipurpose test emplaced at a depth of 370m (1,216 ft) in the Salado salt formation. The
explosive yield was slightly-more-than 3-KT. Oil and gas are produced from the geologic units
below the working point. The overlying Rustler formation contains three water-bearing zones:
brine located at the boundary of the Rustler and Salado formations, the Culebra Dolomite which is
used for domestic and stock supplies, and the Magenta Dolomite which is above the zone of

saturation (Chapman and Hokett, 1991). The ground water flow is generally to the west and
southwest.

Radioactive gases were accidentally vented following the test. In 1963, USGS conducted a tracer
study involving injection of 20 Ci tritium, 10 Ci '*’Cs, 10 Ci *Sr, and 4 Ci "*'I in the Culebra
Dolomite zone; using Wells USGS 4 and 8. During remediation activities in 1968-69,
contaminated material was placed in the test cavity and the shaft up to within 7 ft of the surface.
More material was slurried into the cavity and drifts in 1979. A potential exists for discharge of
this slurry to the Culebra Dolomite and to Rustler-Salado brine. Potentially this may increase as

the salt around the cavity compresses, forcing contamination upward and distorting and cracking
the concrete stem and grout.

2.6.1 Sample Collection

Annual sampling at Project GNOME was completed during June 22-24, 2004. The routine
sampling sites, depicted in Figure 6, includes ten monitoring wells in the vicinity of surface GZ;
the municipal supplies at Loving and Carlsbad, New Mexico.

2.6.2 Water Analysis Results

No tritium activity was detected in the Carlsbad municipal supply or the Loving Station well. An
analysis by Desert Research Institute (Chapman and Hokett, 1991) indicates that these sampling
locations, which are on the opposite side of the Pecos River from the Project GNOME site, are not

connected hydrologically to the site and, therefore, cannot become contaminated by Project
GNOME radionuclides.

Tritium results greater than the MDC were detected in water samples from four of the 12 sampling
locations in the immediate vicinity of GZ. Tritium activities in wells DD-1, LRL-7, USGS-4, and
USGS-8 ranged from 1.12 + 0.16 x10° (LRL-7) to 3.04 x 107 (DD-1) pCi/L. Well DD-1 collects
water from the test cavity; Well LRL-7 collects water from a side drift; and Wells USGS-4 and

USGS-8 were used in the radionuclide tracer study conducted by the USGS. None of these wells
are sources of potable water.

In addition to tritium, "*’Cs and *’Sr concentrations were observed in samples from Wells DD-1,
LRL-7, and USGS-8, while *Sr activity was detected in Well USGS-4 as in previous years (see
Table 6). No tritium was detected in the remaining sampling locations, including Well USGS-1,
which the DRI analysis (Chapman and Hokett, 1991) indicated is positioned to detect any
migration of radioactivity from the cavity. All other tritium results were below the MDC.
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2.6.3 Conclusion

No radioactive materials attributable to the GNOME Test were detected in samples collected in the

offsite areas during June of 2004.

Analysis Results for Water Samples Collected at the GNOME Site - June 2004

TABLE 6
Sample Collection | Enriched Tritium Tritium Gamma Spectrometry®™
Location Date pCi/L+2SD (MDC) | pCi/L+2SD (MDC) | pCi/L (MDC)
Well 7 City 6/22/04 1.2+4.5@® (7.5) ND (CW))
Well 2 City 6/22/04 | ND (7.1) ND (4.9)
Well PHS 6 6/22/04 ND (244) | ND (5.0)
Well PHS 8 6/22/04 ND (244) | ND 4.9
Well PHS 9 6/22/04 ND 8.1) ND “4.9)
Well PHS 10 6/22/04 ND (244) | ND (5.0)
Well USGS 1 6/22/04 49+£57® .2) ND 4.6)
Well USGS 4 6/23/04 275+.04x10* (235) | ND (1.8)
Well USGS 8 6/23/04 438+.05x10* (235) | Cs-137 65104
(184)
J. Mobley Ranch 6/22/04 10 + 148@ (244) | ND 5.0)
Well DD-1 6/24/04 3.04+722x107 (244) | Cs-137
6.35+ 1.11x10°
Well LRL-7 6/23/04 112+ .16x10° (235) | Cs-137 21.1+3.8
.
Well DD-1 R 6/24/04 ND (244)
Well USGS 4 R 6/23/04 ND (244)
WellUSGS 8 R | 6/23/04 ND (244
Well LRL-7 R 6/23/04 ND (244)

(a) Indicate results are less than MDC (enriched or conventional method).
(b) Value in parenthesis represents *’Cs MDC (pCi/L).

ND Non-detected.

MDC Minimum detectable concentration.

R Rinse sample.
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GLOSSARY OF TERMS
Background Radiation

The radiation in man’s environment, including cosmic rays and radiation from naturally-occurring
and man-made radioactive elements, both outside and inside the bodies of humans and animals.
The usually quoted average individual exposure from background radiation is 125 millirem per
year in mid-latitudes at sea level.

Curie (Ci)

The basic unit used to describe the rate of radioactive disintegration. The curie is equal to 37
billion disintegrations (Fer second, which is the equivalent of 1 gram of radium. Named for Marie
and Pierre Curie who discovered radium in 1898. One microcurie (uCi) is 0.000001 Ci.

Isotope

Atoms of the same element with different numbers of neutrons in the nuclei. Thus 1>C, ®C, and
"C are isotopes of the element carbon, the numbers denotin%lthe a(.f) roximate atomic weights.
Isotopes have very nearly the same chemical properties, but have iFferent physical properties (for
example *C and "C are stable, '*C is radioactiveg.

Enrichment Method

A method of electrolytic concentration that inéreqses the sensitivity of the analysis of tritium in
water. This method 1s used for selected samples if the tritium concentration is less than 700 pCi/L.

-Minimum Detectable Concentration (MDC)

The smallest amount of radioactivity that can be reliably detected with a probability of Type I and
Type I errors at 5 percent each (DOE 1981).

Offsite
Areas exclusive of the immediate Test Site Area.

Type I Error

The statistical error of accepting the presence of radioactivity when none is present. Sometimes
called alpha error.

Type II Error

The statistical error of failing to recognize the presence of radioactivity when it is present.
Sometimes called beta error.
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Appendix A

\

Typical MDC Values for Gamma Spectroscopy
(100 minute count time)

Geometry* Marinelli Model 430G
Matrix Water Density 1.0 g/ml
Volume 3.5 liter Units pCi/L
Isotope MDC Isotope MDC

Ru-106 4.76E+01
Be-7 4.56E+01 Sn-113 8.32E+00
K-40 4.92E+01 Sb-125 1.65E+01
Cr-51 5.88E+01 I-131 8.28E+00
Mn-54 . 4.55E+01 Ba-133 - 9.16E+00
Co-57 9.65E+00 Cs-134 6.12E+00
Co-58 4.71E+00 Cs-137 6.43E+00
Fe-59 1.07E+01 Ce-144 7.59E+01
Co-60 5.38E+00 Eu-152 - 2.86E+01
Zn-65 1.24E+01 Ra-226 1.58E+01
Nb-95 5.64E+00 U-235 1.01E+02
Zr-95 9.06E+00 Am-241 6.60E+01
E
Disclaimer

The MDA’s provided are for background matrix samples presumed to contain no known analytes and no
decay time. All MDA’s provided here are for one specific *Germanium detector and the geometry of
interest. The MDA’s in no way should be used as a source of reference for determing MDA’s for any other

type of detector. All gamma spectroscopy MDA’s will vary with different types of shielding, geometries,
counting times and decay time of sample.
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Appendix B

Standard Operating Procedures for the Center for Radioanalysis & Quality Assurance

RQA-302
RQA-602
RQA-603
RQA-604
RQA-606

Standard Operating Procedures of Gamma-Ray Detector Systems

Tritium Enrichment Procedure

Standard Operating Procedure for ¥Sr and *Sr in Water, Air Filters and Milk
Standard Operating Procedure of Convention Tritium in Water

Analysis of Plutonium, Uranium and Thorium in Environmental Samples by
Alpha Spectroscopy

Standard Operating Procedures for the Center for Environmental Restoration, Monitoring
& Emergency Response

CER-203

Standard Operating Procedure for the Long-Term Hydrological Monitoring
Program
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Abstract

This report is a summary of environmental information gathered during a review of the documents
pertaining to Project Rulison and interviews with personnel who worked on the project. Project
Rulison was part of Operation Plowshare (a program designed to explore peaceful uses for
nuclear devices). The project consisted of detonating a 43-kiloton nuclear device on September
10, 1969, in western Colorado to stimulate natural gas production. Following the detonation, a
reentry well was drilled and several gas production tests were conducted. The reentry well was
shut-in after the last gas production test and was held in standby condition until the general
cleanup was undertaken in 1972. A final cleanup was conducted after the emplacement and
testing wells were plugged in 1976. However, some surface radiologic contamination resulted
from decontamination of the drilling equipment and fallout from the gas flaring during drilling
operations. With the exception of the drilling effluent pond, all surface contamination at the
Rulison Site was removed during the cleanup operations. All mudpits and other excavations were
backfilled, and both upper and lower drilling pads were leveled and dressed.

This report provides information regarding known or suspected areas of contamination, previous
cleanup activities, analytical results, areview of the regulatory status, the site’s physical
environment, and future recommendations for Project Rulison. Based on this research, several
potential areas of contamination have been identified. These include the drilling effluent pond and
mudpits used during drilling operations. In addition, contamination could migrate in the gas
horizon.

The drilling effluent pond at the Rulison Site was used to store nonradioactive drilling mud during
the drilling of the emplacement hole for the nuclear device. 1n 1994 and 1995, three pond-
sediment sampling events were conducted to evaluate the nature of this residual drilling fluid. The
sampling indicated the presence of up to seven percent, by weight, of diesel fuel and the presence
of chromium. The diesel fuel contained total petroleum hydrocarbon compounds in addition to
benzene, toluene, ethylbenzene, and xylene. Prior to the detonation of the nuclear device, the
sumps remaining from drilling the emplacement hole (with the exception of the drilling effluent
pond previously mentioned) were cleaned and filled with earth.

Two natural gas production wells are located within 5 kilometers (3 miles) of the Rulison Site.
Both wells are currently shut-in because current (1995) low gas prices make production
uneconomical. If contamination enters the gas horizons, it should appear in the water or gas from



one or both of these wells. Tritium is the most likely contaminant to be found in the natural gas
or groundwater from the production wells because it is the most mobile of the radionuclides
produced by detonation of the nuclear device.

Based on information provided in this report, the following tasks should be completed to close the
remaining information gaps for Project Rulison:

* Complete the human health baseline risk assessment

* Collect gas/water samples from the gas wells closest to the shot cavity
» Characterize the mudpit located by the reentry (RE-X) well

» Continue the Long-Term Hydrologic Monitoring Program

* Develop action plan in the event contamination is found.
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1.0 Introduction

1.1  Site Location

The Rulison Site islocated in Section 25, Township 7 South, Range 95 West (6th Principal
Meridian), Garfield County, Colorado, approximately 19 kilometers (km) (12 miles [mi])
southwest of Rifle, Colorado, and approximately 65 km (40 mi) northeast of Grand Junction,
Colorado (Figure 1-1). The site can be accessed by traveling west on 1-70 from Rifle, 22 km
(14 mi) to the town of Parachute. Then proceeding south from Parachute, up the Battlement
Creek Valley, approximately 13 km (8 mi) to surface ground zero (SGZ).

1.2  Objective

The objective of this preliminary site characterization report isto summarize the information
gathered during the recent literature search and interview process. The documents that have been
reviewed were gathered from the U.S. Department of Energy (DOE) resource centers and Central
Files and ranged from field personnel daily logs to issued reports dated from the projects
origination to current data from field activities. The personnel who were interviewed included
local residents and retired or current DOE and contractor employees who were present during the
testing. Information gathered from these sources has been evaluated to provide a clear picture of
the site, including physical characteristics, testing, cleanups, and potential contaminated aress.
This preliminary site characterization report will be used to identify potential DOE liahilities,
formulate baseline risk assessments, and develop field work plans which will be implemented
during the Phase I1-Field Site Characterization process.
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2.0 Rulison Site History

2.1 Overview

The Rulison Project was the second of three joint government/industry, gas-production
stimulation experiments conducted under the Plowshare Program, a project designed to develop
peaceful uses of nuclear explosions. Project Rulison was a joint project between the U.S. Atomic
Energy Commission (AEC) (currently known as the U.S. Department of Energy) and the Austral
Oil Company. Under this program, the feasibility of stimulating natural gas production in low-
permeability, gas-producing geologic formations with underground nuclear explosions was
studied. On September 10, 1969, a 43-kiloton nuclear device was detonated at a depth of

2,568 meters (m) (8,426 feet [ft]) below the ground surface. Redrilling of the former pre-shot
exploratory hole which was then converted into the reentry well (R-EX), designed for conducting
production testing of the stimulated zone, was located 300 ft southeast of the emplacement well
(R-E) and was completed in October 1970.

Production testing and data evaluation took place over a seven month period between

October 1970 and April 1971, and included four separate flow periods. Approximately 12.0 million
stock cubic m (455 million stock cubic ft) of natural gas were produced. The well was shut-in after
the last test and left in a standby condition until a general cleanup was undertaken in 1972. Cleanup
activities were conducted at the site from July 10 through July 25, 1972, to remove all extraneous
materials and equipment not required for gas production. A final cleanup was conducted after the
emplacement and testing wells were plugged in 1976. Neither the Austral Oil Company nor the
U.S. Energy Research and Development Administration (ERDA) developed any plans to
commercially produce the available natural gas. Accordingly, during the period of September 1,
1976, through October 12, 1976, the R-E and R-EX wells were plugged and abandoned, and the
equipment that remained after the 1972 general cleanup was decontaminated as necessary and
removed from the site (Eberline, 1977, p. 2). Some surface radiologic contamination resulted from
decontamination of drilling equipment and fallout from the gas flaring (DRI, 1988, p. 3.6.18);
however, except for the drilling effluent pond, all surface contamination was removed during site
clean-up operations.
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2.2  Facility Description

2.2.1 Known or Suspected Areas of Contamination

Based on the review of available documentation and field sampling activities, several known or
suspected areas of subsurface contamination are present. These include the drilling effluent pond
and the mudpits used during drilling operations. In addition, contamination may be present in
natural gas or water produced from nearby gas wells. Each of these locations is discussed below.

2.2.1.1 Dirilling Effluent Pond

The effluent pond at the Rulison Site was used to store nonradioactive drilling mud during the
boring of the emplacement hole for the nuclear device (Well R-E). The drilling fluids consisted of
a bentonitic drilling mud with additives (such as diesel fuel and chrome lignosulfonate) to improve
drilling characteristics. Most of the drilling mud was removed from the pond when the site was
cleaned up and decommissioned in 1972; however, some residual fluid was left in the pond. In
1994 and 1995, three pond-sediment sampling events were conducted to evaluate the nature of
this residua drilling fluid. The sampling indicated the presence of up to 7 percent, by weight, of
diesel fuel as well as the presence of chromium. The diesel fuel contains total petroleum
hydrocarbon compounds in addition to benzene, toluene, ethylbenzene, and xylene.

The DOE/Nevada Operations Office (DOE/NV) Nevada Environmental Restoration Project has
undertaken a voluntary removal action to clean up the contaminated pond sediments, following
which the pond will be restored to support an aguatic ecosystem. It is expected that pond
restoration will be completed during the summer of 1996.

2.2.1.2 Mudpits

A pre-shot bioenvironmental survey of the area around the Rulison Site was made early in 1969
by Battelle Memorial Institute (BMI) (AEC, 1973b, p. 50). The objectives were to characterize
the ecological setting of the project site and to identify any potential adverse consequences, as a
result of prior project activities, which might require preventive or remedia action.

The only significant bioenvironmental hazard identified during the pre-shot survey was the
possible danger of pollution of Battlement Creek by drilling wastes or other contaminants
resulting from drilling operations. Sump ponds used in drilling the R-EX and the R-E wells were
located very close to the channel of the East Fork of Battlement Creek (Figure 2-1).
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A sump failure occurred during the drilling of the pre-shot exploratory hole (Well R-EX) in
December 1967, which killed fish in the stream below the site and temporarily contaminated the
domestic and stock water supplies of some of the Morrisania Mesaresidents. The pre-shot
bioenvironmental survey report recommended that adequate precautions be taken to prevent any
further pollution of the Battlement Creek watershed during the final site preparation and
detonation phase. A water sampling plan for evaluating the effectiveness of these precautionary
measures was also outlined. Results of a pre- and postshot stream water sampling program
carried out by the Colorado Department of Health (Appendices B, C, and D) indicated these
precautions were successful. In addition, springs and wells in the vicinity of the Rulison Site were
sampled by the U.S. Geologica Survey (USGS) (Figure 2-2) both before and after the detonation.
While anincrease in flow from springs and flow in Battlement Creek was observed immediately
following the shot, the flow in all cases returned to pre-shot levels within a short time.

During a visit to the site between June 15 and 17, 1970, BMI and AEC personnel reported that oil
and water had been running into Battlement Creek from one of the old mud sumps located next to
the creek (Mason, 1970). Close examination of this area showed that most of the water was from
snow buried at the time the mudpit was constructed. Two samples of water coming from the old
sump were taken and submitted to the U.S. Public Health Service (USPHS) for analysis, and both
samples contained elevated levels of hydrocarbons. Although the levels of hydrocarbons were an
order of magnitude higher than the USPHS Drinking Water Standards, this was not considered a
problem at the time because of the dilution factor when the stream flowed into Battlement Creek.

Prior to the detonation, the sumps remaining from drilling of the emplacement hole, with the
exception of the drilling effluent pond previously mentioned, were cleaned and filled with earth
(AEC, 1973b, p. 50). During site decommissioning in 1976, all mudpits and other excavations
were backfilled and both the upper and lower drilling pads were leveled and dressed

(ERDA, 1977, p. 5).

2.2.1.3 Natural Gas Wells

Two natural gas production wells are located near the Rulison Site (Section 5.5.4). These wells
are the Federal 28-95, located 4.3 km (2.7 mi) west and the Federal 14-95 located 4.3 km

(2.7 mi) to the northwest of SGZ (Figure 2-2). These wells have changed possession several
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times since they were initially completed and have produced gas and minor amounts of water on
an intermittent basis. Both wells are currently shut-in because of low gas prices.

If any contamination enters the gas horizons, it would be expected to appear in the water or gas
from these wells. Since natural gas production from the Mesaverde Group is primarily from
fractures, and the dominant fracture strike in the Rulison area is northwest-southeast, then
contaminated natural gas or groundwater may be drawn by well production activity or by natural
gradients toward these production wells, principally the Federal 14-95. The highly anisotropic
nature of the fracturing in the Mesaverde limits the potential for contaminated gas or groundwater
production from wells that are or may be located in other directions from the Rulison Site.

Tritium is the contaminant most likely to be found in the natural gas or groundwater from the
production wells because it is the most mobile of the radionuclides produced by the nuclear
device. Theamount of tritium and other radionuclides produced by the explosion of the nuclear
device is il classified information.

2.2.2 Previous Cleanup

The decontamination effort at the Rulison Site was divided into two operations. the general
(initial) cleanup in 1972 and the final cleanup in 1976 (Eberline, 1977). The total amount of
tritium shipped from the Rulison Site as a result of both cleanup operations was estimated to be
0.781 curies (Ci). No other radionuclides were reported in either cleanup, and no buria of
radioactive solids occurred at the Rulison Site. All on-site equipment was removed during the
final cleanup with the exceptions of the R-E wellhead, a power pole with a fuse box, a telephone
line, a concrete slab, and a small monument over the emplacement well stating drilling restrictions
at the site (DRI, 1988, p. 3.6.5).

2.2.2.1 |Initial Cleanup Effort (July 10 through 25, 1972)

Prior to the initia cleanup, the site was in standby condition with all surface equipment intact
(Figure 2-3). During this cleanup, all items of equipment and material that were not required for
production testing were removed from the site. Following the cleanup, soil, water, and vegetation
sampling was conducted which is further discussed in Section 2.2.2.4.2. A release log was
maintained to describe each item and to record its radiological condition if it were to be released
for unrestricted use. There were 504 uncontaminated and decontaminated items logged and
released, and those items that could not be economically decontaminated were included in

2-6



25108,

A XA

Ome ol ——
tuke o] ]
Tl
- . , L] <
(Es PN & -
- ASper (] i
o So .-'"'---..ll--f
' I:I [} _.-"I
L
-1 Y
¥ ayd
| - i)
Te Poracnule 1|‘ - /((
M
. o Ing
s \</ ‘ence Maadwzy
*
T Slesre
= e gAngrgtar
-
W 'x.____ Efflu_i_-r.l_ .
£, holding g Hydracprbnn fom
- - lanus’_ cirderngaie E A

sloroge tonks 1

|'E|
- |
SR
- | .
A M o
USRI
i < BzpEn 7
S
o |

Lecked

Laz | flare steow
hunag ander rood

Melnl
— Tlaure 5 Jlldlr‘lr__'l

BpOratur
F-EX L

adis line )
o -_'I't'." ;

Srogedvssoved crena
——— dorbed wire TEnce
F— - ey forge

a 30 BC Mulers
— a4 Giount s cp= direction

Malg. Welheo? efuprenl, sepmofar, dop pons, elloe? ones, . .
a7 lma mgtal 2uid gs remoir on Sle 58 & Sagual 1973 = Creeb flaw direclion
%  Wellhesd

Godrce” tpar ma 1975

Figure 2-3
Rullsan Site at Complstion of Flare Teating,
April 1971, Garfield County, Colorado

-7



the material shipped to Beatty, Nevada, for burial at the Nuclear Engineering Company facility,
now known as U.S. Ecology. Decontamination operations were conducted in alarge, sheet-metal
pan using saturated steam and Steamzall®. The guideline limits for release of material were 1,000
counts per minute beta-gamma removable from any 100 sguare centimeters (cnv), and atotal of
0.4 millirad (mrad)/hour at 1 centimeter (cm) from the surface, through not more than a

7 milligram (mg)/cn? absorber. In practice, the actual removable contamination for released items
in each case was not above background (0.02 mrad/hour) of the site area. 1tems of equipment

and materials found to be clean, or that had been decontaminated, were removed to

the Austral storage yard at Rifle, Colorado. Itemsin this category included the flare stack and the
sections of 2-inch (in.) and 6-in. pipe that ran between the north gate and the separator.

On July 20, 1972, 11.36 cubic meters (m®) (3,000 gallons) of decontamination fluid containing
0.69 Ci of tritium were shipped by tank truck to the waste facility at Beatty, Nevada. On

Jduly 22, 1972, thirty-two packages of contaminated solid waste and six 55-gallon steel drums of
solidified liquid waste, both containing an estimated 0.073 Ci of tritium, were also shipped.

Upon completion of the 1972 cleanup, the following equipment was left on site (Figure 2-4):

* The high-pressure wellhead and pressure measuring equipment and instruments at the
R-E well remained. The wellhead was protected by a metal shed surrounded by a
6-ft high cyclone and barbed wire fence with a locked gate.

» The wellhead valves (Christmas tree), separator, and connecting piping at the R-EX well
were left configured for future gas production. One drip pan was in place around the
wellhead, and another was under the separator.

* Atool and instrument shed in the vicinity of the R-EX well was left.

* A large decontamination pan (old pipe rack pan) was left.

* Three 210-barrel water holding tanks and two 500-gallon hydrocarbdlawiganks, all
internally contaminated stayed. The water tanks contained a few inches of contaminated
sludge solidified with bentonite. The hydrocarbon tanks were drained completely dry.

* Telephone facilities and electric power on boards and poles remained.

* The area was fenced with barbed wire and posted.
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Some of the above items were, or were presumed to be, contaminated internaly. Items
contaminated internally with tritium were appropriately labeled. None of these items was
externally contaminated.

2.2.2.2 Final Cleanup Effort (September 1 through October 12, 1976)

The R-E and R-EX wells were plugged and abandoned during the final cleanup. Concurrently,
the surface equipment (itemized in the general cleanup) was dismantled, decontaminated,
documented in the release log, and removed from the site. The primary method of
decontamination was by cleaning in alarge, sheet-metal pan using saturated steam and Steamzall®
or detergent. The only contaminant of concern was tritium. The guideline limit for release to
unrestricted use was 5,000 disintegrations per minute (dpm)/100 cn? total activity and 1,000
dpnv100 cny® removable activity (ERDA, 1976). The release log listed 126 items for unrestricted
use. No item was above the ambient area background when surveyed at approximately 1 cm with
an HP-210 beta-gamma probe having less than a 7 mg/cm? absorber. Removable contamination
as determined by swipe sampling was in no case more than a small fraction of the guideline
(ERDA, 1977, p. 3).

On October 4, 1976, 0.166 Ci of tritium in waste water and drilling mud were pumped into the
Mesaverde formation of the R-E well at a depth of approximately 1,615 to 1,768 m (5,300 to
5,800 ft) for disposal. The potable aquifers above this depth were cemented off during well
drilling and casing installation.

Items having inaccessible surfaces (i.e., pipes) were initialy flushed with steam and cleaning
solutions until flush liquids were below detection sensitivity for tritium. Following a drying
period, an appropriate amount (not to exceed 1 liter) of distilled water was placed in contact with
the portion of the surface to be tested. A one cubic centimeter (cn®) aliquot of this water was
collected and analyzed for tritium. If the concentration exceeded 5,000 dpm/milliliter (mL), the
item was considered unfit for unconditional release. None of the decontaminated items exceeded
thislimit. The R-E wellhead equipment and metal shed were not contaminated and were released
after the survey.

The R-EX wellhead, separator, and connecting pipeline were internally contaminated. The

wellhead was disassembled so that the internal surfaces were accessible for steam cleaning. The
pipeline was cut into manageable lengths which were cleaned internally with a steam lance. The
separator was moved onto the decontamination pan where its pressure tanks were cut open with
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an acetylene torch so that internal surfaces were accessible for steam cleaning. The wellhead drip
pan, the separator drip pan, and the tool shed were not contaminated.

The three water holding tanks were moved onto the decontamination pan. The heater of each
was removed for decontamination and to obtain a large access port to the tank. Thirty 55-gallon
steel drums of solidified Sudge were mucked from the bottom of these tanks through the heater
openings. The heaters and internal surfaces of the tanks were decontaminated with de-tar solvent,
saturated steam, Steamzall®, and detergent. The two hydrocarbon tanks had been transferred to
Project Rio Blanco, and they were not included in the Rulison cleanup.

On October 8, 1976, as aresult of the final cleanup, sixty-eight 55-gallon steel drums of
contaminated soil and other solid waste containing atotal of 0.018 Ci of tritium were shipped to
Bestty, Nevada, for burial at the Nuclear Engineering Company facility. This waste originated
from mucking the tanks, soil removal of known spill areas, and from decontamination activities
associated with drillback and flaring operations. The total amount of tritium shipped for burial
from the Rulison Site as a result of both the general and final cleanup operations was estimated to
be 0.781 Ci. No other radionuclide was involved in either cleanup.

2.2.2.3 Plugging and Abandonment Operations

The R-E and R-EX wells were plugged concurrently with the final cleanup work. The R-EX well
was plugged first and the R-E well second. Both procedures required the use of a work-over
drilling rig with routine support activities. Radiological monitoring support was provided to
assure safety of personnel and containment of any radioactive material coming from downhole.

22231 R-EX Well

Thiswell was originaly the pre-shot exploratory hole used to perform pre-shot gas-production
tests, conducting geological and hydrological studies, and other studies for technical and safety
confirmation. Thiswell was aso used for reentry and production testing (ERDA, 1976, p. 5).
It was plugged pursuant to the plan (ERDA, 1976) (Figure 2-5). An unexpected return to the
surface of 300 barrels of drilling mud and water contaminated with low levels of tritium was a
potential source of contamination. However, this return was totally contained in tanks and was
later disposed of, along with other liquids, as previously noted.
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2.2.2.3.2 R-E Well

The R-E Well contained stemming gravel and the nuclear device emplacement and detonation
cable. There were severa physical problems related to the washing out of stemming material and
the removal of the cable (Figure 2-6). The original plan (ERDA, 1976) was modified by both
regulatory decisions and practical demands. During the destemming operation, the return line of
the wash-down fluid recirculating system was continuously monitored for gamma radiation with a
2-in. X 2-in. sodium iodide detector equipped with an alarm and recorder. A sample of the return
fluid was collected at least every 36.58 m (120 ft) of depth and analyzed for tritium by liquid
scintillation. Several samples of returned stemming material were analyzed for radioactive
particulate contamination using pulse-height analysis. No radioactive contaminant above natural
background was detected, and the well was satisfactorily plugged without a radiological incident.

2.2.2.4 Environmental Sampling and Survey Programs

Three environmental sampling programs were conducted. The first program was conducted after
completion of production testing in 1971 and consisted of collecting soil samples from around the
flare stack in aradia pattern. The second program was conducted in conjunction with the 1972
general cleanup. It included soil, vegetation, and water on and around the R-EX area, including
more samples around the flare stack. The third program was part of the final cleanup in 1976
which was involved with well plugging and abandonment. It included extensive soil sampling in
areas of known or potential contamination based on the results of prior sampling and operating
experience. This program also included sampling the creek above and below the site as well as
spring water at the site.

The three sampling programs adequately delineated the extent of soil and water contamination in
the site area after completion of plugging procedures on the R-E and R-EX wells. The only
radioactive nuclide in the environment of the site, other than those naturally occurring or resulting
from worldwide fallout, was tritium. The final survey of tritium concentration did not exceed the
guideline limit of 3 x 10 microCuries per millliter (uCi/mL) (3 x 20 picoCuries per milliliter
[PCi/mL]) of soil moisture (ERDA, 1976).

After the final cleanup was completed, a survey of the site was made at 1-cm distance on a
15.24-m (50-ft grid) by 3.05-m ([10-ft] grid over areas of known spills) using an HP-210
beta-gamma probe having less than a 7 nig/cm absorber. No reading was obtained greater than
the ambient background (0.02 mrad/hour) of the area.
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2.2.2.4.1 First Sampling Program

Thisfirst sampling program was conducted in April 1971 when the site was placed on standby
after completion of production tests. A total of 133 soil samples was taken at 70 sampling points
around the flare stack. All samples were well below the guidelines for tritium in soil moisture.
Figures 2-7 and 2-8 show the locations of each sampling point by azimuth and distance from the
flare stack and the tritium concentration in soil moisture per milliliter and per gram at the
indicated sample depths. Table 2-1 provides the same information in tabular form.

2.2.2.4.2 Second Sampling Program
This program was part of the general cleanup conducted in July 1972. It included the sampling of
soil, vegetation and water.

Soil Sampling

A square grid of soil sampling points was laid out on magnetic cardinal headings using the site
entrance gate post as the zero and primary reference point. Ten- and twenty-foot squares were
used, depending on the area use history and on the probability of soil contamination. Squares
were sometimes distorted to sample points of special interest such as storage tanks, pipeline runs,
the separator, and drip pan areas or to avoid obstructions such as cement pads. While the flare
stack was located on the square grid system, the area around it was sampled on aradia grid
referenced to the stack. Thisradial grid was used because contaminated fallout originated from
the stack as a center and because a radial sampling grid was used previously during postflare
operations, making a comparison more meaningful. A total of 192 sampling points was located
(see Figures 2-9 and 2-10). Most of these points were sampled at 2.54-cm and 30.48-cm (1- and
12-in.) depths. Fourteen points were sampled at 2.54-cm, 30.48-cm, 60.96-cm, and 121.92-cm
(1-, 12-, 24-, and 48-in.) depths. Two points were sampled at multiple depths to 2.44 m and
3.35m (96 and 132 in.), respectively, and a few were sampled at other selected depths. A total of
426 soil samples was collected for tritium analysis.

The depth increment for soil samples taken was 2.54 cm (1 in.) (i.e., the 2.54-cm sample was
from the surface to 2.54 cm, and the 30.48-cm [12-in.] sample was from 27.94 to 30.48 cm [11 to
12in], etc.). Soil sampleswere collected in standard 454-gram (16-ounce) cottage cheese
containers that held 61 to 68.6 c® (24 to 27 cubic in.) of sample. At undisturbed and
uncompacted sampling locations, an earth auger was used to bore holes up to 1.22-m (4-ft) deep.
For sampling at greater depths, and at disturbed and compacted locations, a powered backhoe
was used to dig required holes. After these holes were cleaned out, samples were taken from
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Table 2-1

Tritium in Rulison Soil Moisture Postproduction Test - April 23, 1971

(Page 1 of 4)

Grid Coordinates” Sampling Depth® e S a
_g_eg_i_rees, meters (feet) centimpetergs (in?:hes) pCi/ml pCi/g” (soil)
000°, 6.10 (20) 2.54 (1) 390 100|
000°, 6.10 (20) 7.62 (3) 980 250|
000°, 6.10 (20) 15.24 (6) 480 120]f -
000°, 6.10 (20) 0105.08 (0 to 2) 940 250}
000°, 6.10 (20) 5.08 to 10.16 (2 to 4) 540 130]f
000°, 6.10 (20) 10.16 to 15.24 (4 to0 6) 260 68f
000°, 6.10 (20) 15.24 t0 20.32 (6 to 8) 220 55|
000°, 6.10 (20)]  20.32 to 25.40 (8 to 10) 260 62|l
000°, 6.10 (20)]  25.40 t0 30.48 (10 to 12) 210 50[f
000°, 12.19 (40) 2.54 (1) 1,700 420|
000°, 12.19 (40) 010 5.08 (0 to 2) 400 94
000°, 12.19 (40) 5.08 t0 10.16 (2 to 4) 510 120}
000°, 12.19 (40) 10.16 to 15.24 (4 to 6) 750 180
000°, 12.19 (40) 15.24 10 20.32 (6 to 8) 660 150]f
000°, 12.19 (40)]  20.32t0 25.40 (8 to 10) 580 130]|
000°, 12.19 (40)|  25.40t0 30.48 (10 to 12) 510 110}f
000°, 24.38 (80) 2.54 (1) 180 44)f
000°, 24.38 (80) 010 5.08 (0 to 2) 350 8sf|
000°, 24.38 (80) 5.08 0 10.16 (2 to 4) 510 110
000°, 24.38 (80) 10.16 to 15.24 (4 to 6) 500 100}f
000°, 24.38 (80) 15.24 10 20.32 (6 to 8) 370 ssl
000°, 24.38 (80)]  20.32 t0 25.40 (8 to 10) 280 57
000°, 24.38 (80)]  25.40 to 30.48 (10 to 12) 210 46|
000°, 36.58 (120) 2.54 (1) 650 230}
000°, 36.58 (120) 010 5.08 (0 to 2) 410 110
000°, 36.58 (120) 5.08 to 10.16 (2 to 4) 340 71|l
000°, 36.58 (120) 10.16 to 15.24 (4 to 6) 290 68|l
000°, 36.58 (120) 15.24 t0 20.32 (6 to 8) 320 76
000°, 36.58 (120)]  20.32t0 25.40 (8 to 10) 250 |
000°, 36.58 (120)]  25.40 to 30.48 (10 to 12) 210 49]
000°, 60.96 (200) 2.54 (1) 130 43|
000°, 152.40 (500) 2.54 (1) 39 9.8
000°, 152.40 (500) 15.24 (6) 20 3.4y
000°, 304.80 (1,000) 2.54 (1) 19 4.1]l
000°, 304.80 (1,000) 15.24 (6) 12 2.7
030°, 6.10 (20) 2.54 (1) 510 130]|
030°, 12.19 (40) 2.54 (1) 140 34)|
030°, 60.96 (200) 2.54 (1) 79 18]
030°, 24.38 (80) 2.54 (1) 97 23|

Refer to footnotes at end of table.



Table 2-1

Tritium in Rulison Soil Moisture Postproduction Test - April 23, 1971

(Page 2 of 4)

Grid Coordinates’

Sampling Depthb

. c - o .
| degrees, meters (feet) centimeters (inches) pCi/m pCilg” (soil) "
[ 030°, 36.58 (120) 2.54 (1) 180 42|
060°, 6.10 (20) 2.54 (1) 760 210}
060°, 24.38 (80) 2.54 (1) 120 20]f
060°, 36.58 (120) 2.54 (1) 300 120[f
060°, 60.96 (200) 2.54 (1) 70 24
090°, 6.10 (20) 2.54 (1) 300 76l
090°, 12.19 (40) 2.54 (1) 160 44)f
090°, 24.38 (80) 2.54 (1) 130 36)f
090°, 36.58 (120) 2.54 (1) 260 82l
090°, 60.96 (200) 2.54 (1) 46 16|
090°, 152.40 (500) 2.54 (1) 2,400 630}
090°, 152.40 (500) 15.24 (6) 53 14
090°, 304.80 (1,000) 2.54 (1) 11 3.2|
090°, 304.80 (1,000) 15.24 (6) 13 3.3
120°, 6.10 (20) 2.54 (1) 3,800 g70|
120°, 12.19 (40) 2.54 (1) 2,100 550}
120°, 24.38 (80) 2.54 (1) 1,400 370}
120°, 36.58 (120) 2.54 (1) 190 56
120°, 60.96 (200) 2.54 (1) 380 55[f
150°, 6.10 (20) 2.54 (1) 130 29
150°, 12.19 (40) 2.54 (1) 710 160}
150°, 24.38 (80) 2.54 (1) 200 54/l
150°, 36.58 (120) 010 2.54 (0 to 1) 210 65|l
150°, 36.58 (120) 2.54105.08 (1 to 2) 180 53}
150°, 36.58 (120) 5.08 t0 10.16 (2 to 4) 220 62}
150°, 36.58 (120) 10.16 t0 20.32 (4 to 8) 290 87l
150°, 36.58 (120)]  20.32 to 30.48 (8 to 12) 420 110}f
150°, 36.58 (120)]  30.48 to 40.64 (12 to 16) 340 84l
150°, 36.58 (120)]  40.64 to 50.80 (16 to 20) 130 25|
150°, 36.58 (120)]  50.80 to 60.96 (20 to 24) 79 16|
150°, 36.58 (120)]  60.96 to 71.12 (24 to 28) 75 15}
150°, 36.58 (120)]  71.12 to 81.28 (28 to 32) 110 19]f -
150°, 36.58 (120)]  81.28 t0 91.44 (32 to 36) 110 22l
150°, 36.58 (120)] 91.44 to 101.60 (36 to 40) 87 19
150°,36.58 (120)| 101.60 to 111.76 (40 to 44) 62 14
150°, 36.58 (120)| 111.76 to 121.92 (44 to 48) 59 13
150°, 60.96 (200) 2.54 (1) 190 34
180°, 1.52 (5) 2.54 (1) 7,400 1600f
180°, 1.52 (5) 15.24 (6) 3,000 700}

Refer to footnotes at end of table.
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Table 2-1

Tritium in Rulison Soil Moisture Postproduction Test - April 23, 1971

(Page 3 of 4)

Grid Coordinates’ Sampling Depth® I P
degrees, meters (feet) centimZtergs (in‘::hes) pCi/mi PCi/g (soil) l
[ 180°, 6.10 (20) 2.54 (1) 2,800 620]

180°, 12.19 (40) 2.54 (1) 170 33
180°, 24.38 (80) 2.54 (1) 410 85|
180°, 36.58 (120) 2.54 (1) 1,500 300]f
180°, 60.96 (200) 2.54 (1) 79 8.7)
180°, 152.40 (500) 2.54 (1) 1,900 650]|
180°, 152.40 (500) 15.24 (6) 6 1.1,
180°, 304.80 (1,000) 2.54 (1) 57 14
180°, 304.80 (1,000) 15.24 (6) 6 1.2]
240°, 4.27 (14) 2.54 (1) 2,800 730|)
240°, 6.10 (20) 2.54 (1) 680 180]
240°, 12.19 (40) 2.54 (1) 270 62)f
240°, 24.38 (80) 2.54 (1) 130 28]l
240°, 36.58 (120) 2.54 (1) 34 7]
240°, 60.96 (200) 2.54 (1) 77 8.1l
270°, 6.10 (20) 2.54 (1) 1,600 410f
270°, 12.19 (40) 2.54 (1) 240 68jl
270°, 24.38 (80) 2.54 (1) 240 60|
270°, 36.58 (120) 2.54 (1) 230 53]
270°, 60.96 (200) 2.54 (1) 37 10
270°, 152.40 (500) 2.54 (1) 8 1.2]
270°, 152.40 (500) 15.24 (6) 26 _ 5.8
270°, 304.80 (1,000) 2.54 (1) 12 2.6
270°, 304.80 (1,000) 15.24 (6) 27 5.6(
300°, 6.10 (20) . 2.54 (1) 1,200 310
300°, 12.19 (40) 2.54 (1) 200 54)f
300°, 24.38 (80) 2.54 (1) 340 76)]
300°, 36.58 (120) 2.54 (1) 88 21ff
300°, 60.96 (200) 2.54 (1) 140 32
330°, 6.10 (20) 2.54 (1) 1,900 500
330°, 6.10 (20) 7.62(3) 5,700 1400}
330°, 6.10 (20) 15.24 (6) 6,800 1600f|
330°, 6.10 (20) 2.54 (1) © 1,400 350]|
330°, 6.10 (20) 5.08 (2) 790 200}
330°, 6.10 (20) 5.08 t0 10.16 (2 to 4) 1,900 480||
330°, 6.10 (20) 10.16 10 20.32 (4 to 8) 4,500 1100||
330°, 6.10 (20)]  20.32 t0 30.48 (8 to 12) 3,800 900]|
330°, 6.10 (20)|  30.48 to 40.64 (12 to 16) 3,100 7104
330°, 6.10 (20)]  40.64 t0 60.96 (16 to 24) 1,900 440|

Refer to footnotes at end of table.
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Table 2-1

Tritium in Rulison Soil Moisture Postproduction Test - April 23, 1971

(Page 4 of 4)
Grid Coordinates” Sampling Depth” o 4
 degrees, meters (feet) centimpetel?s (in‘::hes) pCi/ml pCilg” (soil)
330°, 6.10 (20)] 60.96 to 71.12 (24 to 28) 860 200]|
330°, 6.10 (20)]  71.1210 81.28 (28 t0 32) 190 43|
330°, 6.10 (20)]  81.28 to 91.44 (32 to 36) 250 57
330°, 6.10 (20)] 91.44 to 101.60 (36 to 40) 40 8.1
'330°, 6.10 (20)] 101.60 to 111.76 (40 to 44) 280 60|
330°, 6.10 (20)] 111.76 to 121.92 (44 to 48) 250 47
330°, 12.19 (40) 2.54 (1) 160 44
330°, 24.38 (80) 2.54 (1) 230 56

Source: Eberline, 1977

ERadial coordinates are in degrees and meters (feet) referenced to flare stack.

b
Sampling depth increments, when not otherwise indicated, are 2.54 cm (i.e., 2.54 cm is from 0 to 2.54 cm,
15.24 cm is from 12.70 to 15.24 cm, etc.) (1* [i.e., 1* is from O to 1*, 6" is from 5" to 6", etc.]).

e, . -
Picocurie per milliliter
d .
Picocurie per gram
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their side walls at measured depths. Access to sampling points under waste water storage tanks
was attained by drilling horizontally under each tank from atrench at its perimeter. Accessto
sampling points under drip pans was attained by cutting through the pan or by moving it to one
side.

Each sample was weighed wet, as collected, and was then dried in an electric oven for 15 hours at
180 degrees centigrade. After drying, the sample was again weighed. Wet and dry weights were
recorded for each sample, and the percentages of moisture were calculated. Where possible, a 5-
mL aliquot of soil moisture was distilled from each sample. The aliquots were analyzed by liquid
scintillation for tritium concentration in pCi/mL. From this, the concentration in picoCuries per
gram (pCi/g) was calculated. Results of these analyses are shown in Table 2-2.

Since no soil samples contained tritium above the concentration criterion of 3 x 10* pCi/g, no soil
was removed from the area.

Eight randomly located soil samples were collected for pulse height analysis by gamma
spectrometry. No radioisotopes other than those naturally occurring were detected.

Vegetation Sampling

A vegetation sample was taken at each cardinal point on a 152-m, a 305-m (500-ft, and a

1,000-ft) arc around the flare stack. Additional vegetation samples were collected at site grid

point N-14, W-2, and stack grid points 030°, 5' and 120°, 40'. These samples were collected
because of a leak from a water tank and a closenitgxo the flare stack. This was the area of
highest concentration as indicated by the post-flare sampling.

Vegetation samples were analyzed at Eberline Instrument Corporation's facilitiesqueyipue

after the cleanup operation. Each sample was weighed wet and dry, and an aliquot of moisture
was distilled from the sample. An aliquot of dry sample was oxidized and condensed to obtain the
bound tritium. The results of these analyses are shoWwahle 2-3.

Water Sampling

Prior to completion of the cleanup, water samples were taken from each of two local springs at
the site. One was located just off the southeast corner of the R-EX well pad, the other was on the
upper side of the road about 274 m (300 yards) didivinem the pad. Both samples were

analyzed by liquid scintillation, and no tritium was detected.
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Table 2-2

Tritium in Rulison Soil Moisture - July 1972

(Page 1 of 9)

. . a Sampling Depthb ey iC . d .
Grid Coolrdmates centimeters (inches) pCi/ml pCi/g (soil)

N-0, E-2 2.54 (1) 14 0.01
N-0, E-2 30.48 (12) (5) ND ND)

- N-1, E-2 2.54 (1) 3.2 0.007
N-1, E-2 30.48 (12) 14 5.2

N-2, E-2 2.54 (1) ND ND
N-2, E-2 30.48 (12) 13 2.9|
N-3, E-.7 2.54 (1) ND ND
N-3, E-.7 30.48 (12) 5.2 1.1
N-3, E-2 2.54 (1) ND ND|
N-3, E-2 30.48 (12) ND ND|
N-4, E-.7 2.54 (1) 3.8 0.4
N-4, E-.27 30.48 (12) ND ND
N-4, E-2 2.54 (1) ND ND|
N-4, E-2 30.48 (12) ND ND
N-5, E-.7 2.54 (1) 4.3 0.5
N-5, E-.7 30.48 (12) 4.9 0.95
N-5, E-2 2.54 (1) ND ND]
N-5, E-2 30.48 (12) ND NDJf
N-6, E-.7 2.54 (1) ND ND|
N-6, E-2 2.54 (1) 290}. 23]
N-6, E-2 30.48 (12) 4 0.8|
N-7, E-7 2.54 (1) ND NDI
N-7, E-.7 30.48 (12) 5.9 24t
N-7, E-2 2.54 (1) 3.9 0.1
N-7, E-2 30.48 (12) 8.3 1.8l
N-8, E-.7 2.54 (1) ND NDJ}
N-8, E-.7 30.48 (12) ND NDf
N-8, E-2 2.54 (1) ND ND|
N-8, E-2 30.48 (12) ND ND|
N-9, E-.7 2.54 (1) ND ND|
N-9, E-.7 30.48 (12) ND ND|
N-9, E-2 2.54 (1) 33 5.8]f
N-9, E-2 30.48 (12) 4.2 0.9|
N-10, E-.7 2.54 (1) 6.1 0.68|
N-10, E-.7 30.48 (12) ND ND|
N-10, E-2 2.54 (1) 2.8 0.08|]
N-10, E-2 30.48 (12) 100 24ff
N-11, E-2 2.54 (1) 190 2.8l
N-11, E-2 30.48 (12 41 0.94|
N-11.2, E-.2 2.54 (1) 310 25l
N-11.2, E-.2 30.48 (12) 38 olf
N-11.4, E-0 15.24 (6) 2,400 1,300
N-11.8, E-0 60.96 (24) 850 510}f
N-11.8, E-O 152.40 (60) 7,800 4,400}l
N-11.9, E-2.8 2.54 (1) 11 2.3
N-11.9, E-2.8 30.48 (12) 33 6.9
N-11.9, E-3.3 2.54 (1) 110 24
N-11.9, E-3.3 30.48 (12) 93 22
N-12, E-.7 2.54 (1) 600 62
N-12, E-.7 30.48 (12) 920 3204
N-12, E-2 2.54 (1) 21 1|

Refer to footnotes at end of table.
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Table 2-2

Tritium in Rulison Soil Moisture - July 1972

(Page 2 of 9)
. . a Sampling Depthb ey € ., d .
Grid Coordmatef centimeters (inches) pCi/mli pCi/g™ (soil)

N-12, E-2 30.48 (12) ND ND]
N-12.5, E-0 2.54 (1) 300 34
N-12.5, E-0 30.48 (12) 120 15
N-12.7, E-0 15.24 (6) 150 81
N-12.7, E-2.8 2.54 (1) 44 10}f
N-12.7, E-2.8 30.48 (12) ND NDJI
N-12.7, E-3.3 2.54 (1) 21 8.3
N-12.7, E-3.3 30.48 (12) 11 4.7
N-13, E-0 30.48 (12) 73 41
N-13, E-0 152.40 (60) 51 24
N-13, E-.7 2.54 (1) 87 9.3
N-13, E-.7 30.48 (12) 200 49|
N-13, E-2 2.54 (1) 51 2.4)]
N-13, E-2 30.48(12) 2.9 0.6/
N-13, W-3 2.54 (1) 57 27
N-13, W-3 30.48 (12) 13 6.2
N-13.7, E-.1 2.54 (1) 10,000 1,400|
N-13.7, E-.1 30.48 (12) 20,000 5,600]|
N-13.7, E-.1 60.96 (24) 21,000 5,800
N-13.7, E-.6 2.54 (1) 2,700 150)]
N-13.7, E-.6 30.48 (12) 5,100 1,600]|
N-13.7, E-.6 60.96 (24) 4,700 1,400
N-14, E-0 2.54 (1) 4,700 1,400]|
N-14, E-0 30.48 (12) 3,300 1,800}
N-14, E-2 2.54 (1) 22 0.3/l
N-14, E-2 30.48 (12) 3.3 0.7
N-14.2, E-.7 2:54 (1) 8,600 1,500
N-14.2, E-7 30.48 (12) 29,000 6,500
N-14.2, E-.7 60.96 (24) 35,000 11,000}|
N-14.2, E-.7 91.44 (36) 34,000 19,000l
N-14.2, E-.7 121.92 (48) 27,000 7,300{]
N-14.2, E-.7 152.40 (60) 26,000 14,000
N-14.2, E-.7 182.88 (72) 18,000 9,600l
N-14.2, E-.7 243.84 (96) 8,000 4,500
N-14.2, E-7 274.32 (108) 9,700 2,300
N-14.2, E-.7 304.80 (120) 5,600 1,400||
N-14.2 E-7 335.28 (132) 3,300 600ff
N-14, W-2 2.54 (1) 110 49f
N-14, W-2 30.48 (12) 51 7.7l
N-14, W-4 2.54 (1) 16 7.3|f
N-14, W-4 30.48 (12) 4.4 2.1)f
N-14.2, E-0 15.24 (6) 3,100 1,700
N-15, E-1 2.54 (1) 650 290]|
N-15, E-1 30.48 (12) 1,400 670l
N-15, E-2 2.54 (1) 300 140}|
N-15, E-2 30.48 (12) 11 sl
N-15, W-3 2.54 (1) 420 22ff
N-15, W-3 30.48 (12) 130 16l
N-16, E-1 2.54 (1) 270 120}
N-16, E-1 30.48 (12) 260 140|{
N-16, E-2 2.54 (1) 26 11|

Refer to footnotes at end of table.

2-25



Table 2-2

Tritium in Rulison Soil Moisture - July 1972

(Page 3 of 9)
. . a Sampling Depthb I o d
Grid Coordinates centimeters (inches) pCi/ml pCi/g (soil)
N-16, E-2 30.48 (12) 5.3 2.6}
N-17, E-1 2.54 (1) 160 75|
N-17, E-1 30.48 (12) 17,000 6,000
N-16.7, E-2 2.54 (1) 36 0.9|
N-16.7, E-2 30.48 (12) ND NDJf
N-17.8, E-2 2.54 (1) 710 370|
N-17.8, E-2 30.48 (12) 330 170||
N-18, E-1 2.54 (1) 11 5.3l
N-18, E-1 30.48 (12) 80 41
N-19, E-1 2.54 (1) 25 12
N-19, E-1 30.48 (12) 22 11
N-19, E-2 2.54 (1) 10 4.5
N-19, E-2 30.48 (12) 15 7.1
N-20, E-1 2.54 (1) 8.4 3.9|
N-20, E-1 30.48 (12) 280 130}
N-20, E-2 2.54 (1) 71 34|
N-20, E-2 30.48 (12) 10 4.6||
N-21, E-1 2.54 (1) 44 20|
N-21, E-1 30.48 (12) 73l 30l
N-21, E-2 2.54 (1) 56 25|
N-21, E-2 30.48 (12) ND NDI|
N-22, E-1 2.54 (1)] - 25 12|
N-22, E-1 30.48 (12) 100 434
N-22, E-2 2.54 (1) 8.4 3.94
N-22, E-2 30.48 (12) 23 12|
N-23, E-1 2.54 (1) 15 6.8
N-23, E-1 30.48 (12) 290 140l
N-23, E-2 2.54 (1) 6.6 3.9
N-23, E-2 30.48 (12) 3.4 1.7
N-24, E-1 2.54 (1) 59 26|
N-24, E-1 30.48 (12) 69 33l
N-24, E-2 2.54 (1) 450 220}t
N-24, E-2 30.48 (12) 6.9 3.6(
N-24, W-2 182.88 (72) 14 2.1
N-25, E-1 2.54 (1) 16 7.1l
N-25, E-1 30.48 (12) 15 7.3l
N-25, E-2 2.54 ()| 18 8.7|
N-25, E-2 30.48 (12) 22 11|
N-26, E-1 2.54 (1) 15 6.4}
N-26, E-1 30.48 (12) 39 19|
N-26, E-2 2.54 (1) 31 14|
N-26, E-2 30.48 (12) 34 17,
N-27, E-1 2.54 (1) 44 23]
N-27, E-1 30.48 (12) 51 24)|
N-28, E-1 2.54 (1) 390 180}
N-28, E-1 30.48 (12) 160 86|
000°, 6.10 (20) 2.54 (1) 180 a4
000°, 6.10 (20) 30.48 (12) 290 94
000°, 12.19 (40) 2.54 (1) 43 3.2

Refer to footnotes at end of table.
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Tritium in Ruliso

Table 2-2

n Soil Moisture - July 1972

(Page 4 of 9)
. . a Sampling Depth’ I d,
Grid Coordinates centim‘;tergs (in’::hes) pCi/mi pCi/g  (soil)
000°, 12.19 (40) 30.48 (12) 14 1.1
030°, 6.10 (20) 2.54 (1) 32 8.5
030°, 6.10 (20) 30.48 (12) 53 18]
030°, 12.19 (40) 2.54 (1) 22 1.1
030°, 12.19 (40) 30.48 (12) ND NDIf
060°, 6.10 (20) 2.54 (1) 10 3.5
060°, 6.10 (20) 30.48 (12) 14 4.3
060°, 12.19 (40) 2.54 (1) 100 12
060°, 12.19 (40) 30.48 (12) 11 0.75
090°, 6.10 (20) 2.54 (1) 84 4.9)f
090°, 6.10 (20) 30.48 (12) 27 8.6]|
090°, 12.19 (40) 2.54 (1) 32 3|
090°, 12.19 (40) 30.48 (12) 4.8 0.55
120°, 6.10 (20) 2.54 (1) 74 7.3
120°, 6.10 (20) 30.48 (12) 45 B
120°, 6.10 (20) 60.96 (24) 290 40l
120°, 6.10 (20) 121.92 (48) 81 42|
120°, 12.19 (40) '2.54 (1) 18 2lf
120°, 12.19 (40) 30.48 (12) 15 1.4]
120°, 12.19 (40) 60.96 (24) 140 28
120°, 12.19 (40) 121.92 (48) 380 73|
120°, 18.29 (60) 2.54 (1) 60 8.4
120°, 18.29 (60) 30.48 (12) 27 3.6)|
120°, 18.29 (60) 60.96 (24) 290 160|
120°, 18.29 (60) 121.92 (48) 290 61
150°, 6.10 (20) 2.54 (1) 28 2.3
150°, 6.10 (20) - 30.48 (12) 3.6 0.6
150°, 12.19 (40) 2.54 (1) 37 5.4
150°, 12.19 (40) 30.48 (12) 21 3.1l
210°, 6.10 (20) 2.54 (1) 170 7.1)f
210°, 6.10 (20) 30.48 (12) 220 48
210°, 12.19 (40) 2.54 (1) 11 0.46]
210°, 12.19 (40) 30.48 (12) ND NDJ
240°, 6.10 (20) 2.54 (1) 1,100 82
240°, 6.10 (20) 30.48 (12) 4,700 1,400(
240°, 12.19 (40) 2.54 (1) 60 7.6|
240°, 12.19 (40) 30.48 (12) 16 2
270°, 6.10 (20) 2.54 (1) 16 5.3
270°, 6.10 (20) 30.48 (12) 53 17,
270°, 12.19 (40) 2.54 (1) 22 0.93|
270°, 12.19 (40) 30.48 (12) ND ND|
300°, 0.91 (3) 2.54 (1) 230 100]|
300°, 0.91 (3) 30.48 (12) 780 400||

Refer to footnotes at end of table.
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Table 2-2
Tritium in Rulison Soil Moisture - July 1972
(Page 5 of 9)

. . . Sampling Depth® I d,
Grid Coordinates centimeters (inches) pCi/mi pCi/g (soil)
300°, 0.91 (3) 60.96 (24) 3,300 1,900]|
300°, 0.91 (3) 91.44 (36) 3,800 820|
300°, 0.91 (3) 121.92 (48) 5,700 1,300
300°, 0.91 (3) 152.40 (60) 6,400 3,200(|
300°, 0.91 (3) 182.88 (72) 4,400 2,500
300°, 0.91 (3) 213.36 (84) 2,900 1,400{
300°, 0.91 (3) 243.84 (96) 2,700 1,300
300°, 6.10 (20) 2.54 (1) 400 115
300°, 6.10 (20) 30.48 (12) 450 150)f
300°, 6.10 (20) 60.96 (24) 3,900 520
300°, 6.10 (20) 121.92 (48) 2,500 520
300°, 12.19 (40) 2.54 (1) 42 2.1
300°, 12.19 (40) 30.48 (12) 8.6 1.2
330°, 6.10 (20) 2.54 (1) 350 100||
330°, 6.10 (20) 30.48 (12) 600 180||
330°, 12.19 (40) 2.54 (1) 65 4.1
330°, 12.19 (40) 30.48 (12) 17 1.5
S-1,E-1] 2.54 (1) 6.5 0.04
S-1, E-1 30.48 (12) ND ND
S-1, E-2 2.54 (1) 10 0.006}f
S-1, E-2 30.48 (12)[ - ND NDJ{
S-1, E-3 2.54 (1) ND NOJ|
S-1,E-3 30.48 (12) ND NDJ|
8-2, W-.7 2.54 (1) ND NDI|
S-2, W-.7 30.48 (12) 7.3 1.2
S-3, E-0 2.54 (1) 1,500 810]|
S-3, E-0 30.48 (12) 66 11|
S-3, E-2 2.54 (1) ND ND]|
S-3, E-2 30.48 (12) ND ND|
S-3.8, E-1.4 2.54 (1) ND NDJ
S-3.8, E-1.4 30.48 (12) ND NDJ|
S-5,E-0 2.54 (1) ND NDJt
S-5, E-Q 30.48 (12) ND NDJf
S-5, E-2 2.54 (1) ND ND|
S-5, E-2 30.48 (12) ND NDJ|
S-5, E-4 2.54 (1) ND NDII
S-5, E-4 30.48 (12) 20 3.4
S-5.7, W-2 2.54 (1) 200 7.5
S-5.7, W-2 30.48 (12) - 2.9 0.56|
S-7, E-0 2.54 (1) ND NDI|
S-7, E-0 30.48 (12) ND NDJ|
S-7,E-2 2.54 (1) ND NDJj
S-7,E-2 30.48 (12) ND NDJf
S-7, E-4 2.54 (1) ND NDJ{
S-7,E-4 30.48 (12) ND ND|
S-7, E-6 2.54 (1) 70 29|l
S-7,E-6 30.48 (12)] ND NDJ

Refer to footnotes at end of table.
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Table 2-2

Tritium in Rulison Soil Moisture - July 1972

(Page 6 of 9)
. . a Sampling Depthb e 4C ., d .
Grid Coordinates centimeters (inches) pCi/ml pCi/g (soil)

S-7,E-8 2.54 (1) 770 13|

S-7, E-8 30.48 (12) ND NDIf

S-7, E-10 2.54 (1) 91 2.3|l

S-7, E-10 30.48 (12) ND NDf

S-7, E-12 2.54 (1) 6.7 0.17

S-7, E-12 30.48 (12) ND NDJ|
S-7.5, W-2.7 2.54 (1) 43 0.37|
S-7.5, W-2.7 30.48 (12) ND NDIf
S-8, W-1.5 2.54 (1) ND ND|
S-8, W-1.5 30.48 (12) ND NDJf
S-9, E-0 2.54 (1) ND ND|

S-9, E-0 30.48 (12) ND NDJf

S-9, E-2 2.54 (1) 100 41t

S-9, E-2 30.48 (12) ND NDIf

S-9, E-4 2.54 (1) ND ND

S-9, E-4 30.48 (12) ND NDJ|
S-9, E-6 2.54 (1) ND NDIi
8-9, E-6 30.48 (12) ND NDf

S-9, E-8 2.54 (1) ND ND|

S-9, E-8 30.48 (12) ND ND|

S-9, E-10 2.54 (1) 130 4.5
8-9, E-10 30.48 (12) ND NDJ|
S-9, E-12 2.54 (1) 110 2.1

S-9, E-12 30.48 (12) ND NDJ]
S-9.4, W-3.4 2.54 (1) 3,900 324
S-9.4, W-3.4 30.48 (12) 230 25|
S-10, W-1.5 2.54 (1) ND NDJf
S-10, W-1.5 30.48 (12) ND NDJ{
$-10.3, E-10.1 2.54 (1) ND NDJ|
S-10.3, E-10.1 30.48 (12) ND ND|
S-10.3, E-10.1 60.96 (24) ND ND}f
$-10.3, E-10.1 121.92 (48) ND ND
S-11, E-0 2.54 (1) - 610 11|
S-11, E-0 30.48 (12) ND NDJ|
S-11,E-2 2.54 (1) ND ND|
S-11, E-2 30.48 (12) ND ND}f
S-11, E-4 2.54 (1) 62 0.98|
S-11, E-4 30.48 (12) ND ND}f
S-11,E-6 2.54 (1) ND NDJ|
S-11, E-6 30.48 (12) ND ND}|
S-11, E-8 2.54 (1) ND NDIl
S-11, E-8 30.48 (12) ND NDJ|
$-11, E-10 2.54 (1) ND NDJ|
S-11, E-10 30.48 (12) ND NDIt
S-11, E-12 2.54 (1) ND NDI|
S-11, E-12 30.48 (12) ND NDIf
S-11, E-14 2.54 (1) ND ND|
S-11, E-14 30.48 (12) ND ND}|
S-11.2, W-4 2.54 (1) 280 21l
S-11.2, W-4 30.48 (12) ND NDJ|
S-11.7, E-3.1 2.54 (1) ND

Refer to footnotes at end of table.
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Table 2-2

Tritium in Rulison Soil Moisture - July 1972

(Page 7 of 9)
. . a Sampling Depth" ey i€ .y d .
Grid Coordinates centimeters (inches) pCi/mi pCi/g” (soil)
S-11.7, E-3.1 30.48 (12) ND ND|
S-11.7, E-8.7 2.54 (1) ND NDJf
S-11.7, E-8.7 30.48 (12) ND NDJf
S-11.7, E-8.7 60.96 (24) ND ND|
S-11.7, E-8.7 121.92 (48) ND NDJf
S-12, E-1 2.54 (1) ND ND|
S-12, E-1 30.48 (12) ND ND|
S-12, E-5 2.54 (1) 18 0.2 .
S-12, E-5 30.48 (12) ND ND
S-12, W-1.5 2.54 (1) 3.8 0.2
S-12, W-1.5 30.48 (12) ND NDI|
S-12.4, E-3.8 2.54 (1) ND NDI|
S-12.4, E-3.8 30.48 (12) ND NDI|
S-12.8, E-1.9 2354 (1) ND NDJ|
S-12.8, E-1.9 30.48 (12) " ND ND|
S-12.8, E-1.9 60.96 (24) ND NDI
S-12.8, E-1.9 121.92 (48} ND NDI|
$-13, E-0 2.54 (1) ND ND|
$-13, E-0 30.48 (12) ND NDIf
S-13, E-6 2.54 (1) ND ND}l
S-13, E-6 30.48 (12) ND NDJf
S-13, E-8 2.54 (1) 14 0.32]
S-13, E-8 30.48 (12) 84 - 6.3
S-13, E-10 2.54 (1) 1 0.01]|
S-13, E-10 30.48 (12) ND NDJf
S-13, E-12 2.54 (1) 'ND ND}f
S-13, E-12 30.48 (12) ND NDIf
S-13, E-14 2.54 (1) ND NDI|
S-13, E-14 30.48 (12) ND NDJ|
S-13.1, E-7.3 2.54 (1) ND ND|
S-13.1, E-7.3 30.48 (12) ND ND}Y|
S-13.1, E-7.3 60.96 (24) ND ND}|
S-13.1, E-7.3 121.92 (48) ND NDJ|
S-13.1, W-4.8 2.54 (1) 690 290}|
S-13.1, W-4.8 30.48 (12) ND NDI|
$-13.2, E-4.5 2.54 (1) ND NDI|
S-13.2, E-4.5 30.48 (12) ND NDI|
$-13.5, E-2.8 2.54 (1) ND NDI|
S-13.5, E-2.8 30.48 (12) ND NDJt
$-13.9, E-5.2 2.54 (1) ND NDI|
S-13.9, E-5.2 30.48 (12) ND NDI|
S-14, E-.8 2.54 (1) ND ND|
S-14, E-.8 30.48 (12) ND ND|
S-14, W-3.4 2.54 (1) 120] 1.1
S-14, W-3.4 30.48 (12) 45 8.5
S-14.2, E-3.4 2.54 (1) ND NDIl
S-14,2 E-3.4 30.48 (12) 12 1.6l
S-14.2, E-3.4 60.96 (24) ND NDI|
S-14.2, E-3.4 121.92 (48) ND ND|
S-14.6, E-5.9 2.54 (1) 20 0.1)|
S-14.6,E-5.9 30.48 (12) ND NIJ

Refer to footnotes at end of table.
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Table 2-2
Tritium in Rulison Soil Moisture - July 1972
(Page 8 of 9)
. . a Sampling Depthb s e o d .
Grid Coordinates centimeters (inches) pCi/ml pCi/g (soil)

S-14.6, E-5.9 60.96 (24) ND ND)
S-14.6, E-5.9 121.92 (48) ND NDf
S-14.7, E-1.6 2.54 (1) ND ND}f
S-14.7, E-1.6 30.48 (12) ND NDI|
S-15, E-12 2.54 (1) 26 " 0.03
S-15, E-12 30.48 (12) ND NDI|
S-15, E-14 2.54 (1) ND NDJ|
S-15, E-14 30.48 (12) ND ND}f
S-15, W-1.8 2.54 (1) 76 1.4
S-15, W-1.8 30.48 (12) 1,400 210]|
S-15.4, E-2.2 2.54 (1) ND NDJf
S-15.4, E-2.2 30.48 (12) ND NDIf
S-15.4, E-5 2.54 (1) 55 0.4
S-15.4, E-5 30.48 (12) ND NDJ|
S-15.4, E-5 60.96 (24) ND NDJf
S-15.4, E-5 121.92 (48) ND NDI|
S-15.4, E-6.6 2.54 (1) 480 7.6l
S-15.4, E-6.6 30.48 (12) ND NDJ|
S-15.4, E-8 2.54 (1) ND ND|
S-15.4, E-8 30.48 (12) 12 2.1
S-16, E-0 2.54 (1) ND ND|
S-16, E-0 30.48 (12) ND NDJf
S-16.1, E-3 2.54 (1) 520 16|
S-16.1, E-3 30.48 (12) ND ND|
S-16.2, E-4 2.54 (1) 48 1.3||
S-16.2, E-4 30.48 (12)]. ND ND}f
S-16.2, E-4 60.96 (24) ND NDJ|
S-16.2, E-4 121.92 (48) ND NDJ|
S-16.6, E-6.6 2.54 (1) 8.5 0.2
$-16.6, E-6.6 30.48 (12) 5.3 0.5(|
S-16.6, E-6.6 60.96 (24) 8.9 0.9/
S-16.6, E-6.6 121.92 (48) ND NDIf
S-16.6, E-8 2.54 (1) 5.9 0.24)
S-16.6, E-8 30.48 (12) 5.7 0.3
S-17, E-10 2.54 (1) ND NDJf
S-17, E-10 30.48 (12) ND NDI}
S-17, E-12 2.54 (1) ND NDJ|
S-17, E-12 30.48 (12) 46 2.4)f
S-17, E-14 2.54 (1) 190 5411
S-17, E-14 30.48 (12) ND ND|
S-17.1,E-1.8 2.54 (1) 89 1.2
S-17.1,E-1.8 30.48 (12) ND NDI|
S-18, E-6.5 2.54 (1) 11 0.1
S-18, E-6.5 30.48 (12) 14 1.3}
S-18.2, E-3.5 2.54 (1) 270 56|
S-18.2, E-3.5 30.48 (12) ND NDJ
S-19, E-8 2.54 (1) 11 0.67,
S-19, E-8 30.48 (12) ND ND|
S-19, E-9 2.54 (1) ND NDJ|
S-19, E-9 30.48 (12) ND NDJ|
S19.E-9 60.96 (24 ND ﬂ;ﬂ

Refer to footnotes at end of table.
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Table 2-2
Tritium in Rulison Soil Moisture - July 1972

(Page 9 of 9)
. . a Sampling Depth" ey i€ .,d .
Grid Coordinates centimeters (inches) pCi/mi pCi/g (soil)

S-19, E-9 121.92 (48) ND ND
S-19, E-10 2.54 (1) ND NDYf
S-19, E-10 30.48 (12) 50 4.9
S-19, E-12 2.54 (1) ND . NDj
S-19, E-12 30.48 (12) 5.8 0.28||
S-19, E-14 2.54 (1) ND NDJf
S-19, E-14 30.48 (12) ND NDYf
$-19.3, E-5.1 2.54 (1) 58 1.4
$-19.3, E-5.1 30.48 (12) 11 2.3)
S-20, E-12 2.54 (1) 12 0.56|
8-20, E-12 30.48 (12) 15 0.39)
S-20.4, E-6.8 2.54 (1) ND NODJf
S-20.4, E-6.8 30.48 (12) ND NDJf
S-21, E-14 2.54 (1) 19] 0.43|
S-21, E-14 : 30.48 (12) ND ND}}
S-21.5, E-8.5 2.54 (1) 300 2.2
$-21.5, E-8.5 30.48 (12) ND ND|
$-22.5, E-10.2 2.54 (1) 130 0.52]|
S-22.5, E-10.2 30.48 (12) ND NDIf
S-23.2, E-17 2.54 (1) 9.4 41|l
S-23.2, E-17 30.48 (12) ND ND|
S-23.5, E-12 2.54 (1) 13 0.54,
S-23.5, E-12 30.48 (12) 4.1 0.71
S-23.5, E-12 2.54 (1) 32 1.2
$-23.8, E-15.3 30.48 (12) ND NDIl
S-24.6, E-13.7 2.54 (1) 47,000 20,000l
S-24.6, E-13.7 30.48 (12) 860 140
S-24.6, E-17] 2.54 (1) 36 0.39]|
S-24.6, E-17 30.48 (12) 19 3.2
S-25.4, E-15.4 2.54 (1) 1,400 22
S-25.4, E-15.4 30.48 (12) 1,700 235

Source: Eberline, 1977

aCardinal coordinates referenced to entrance gate post scale; 1 unit equals 3.05 meters (10 feet).
Radial coordinates are in degrees and meters (feet) referenced to flare stack.

t’Sampling depth increments are 2.54 ¢m (i.e., 2.54 cm is from 0 to 2.54 cm, 30.48 is from 27.94 to 30.48 cm, etc.)
(1" [i.e., 1"is from O to 1", 12" is from 11" to 12", etc.)).

®Picocurie per milliliter

a, .
Picocurie per gram
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Table 2-3

Tritium in Vegetation - July 1972

Unbound” Bound® Totai
Grid Coordinates” Dry/Wet pCi/ml (H,0)
degrees, meters (feet) Ratio pCiImI'iI (H20)° pCiIgf (wet) (water from pCi/g (wet) | pCi/g (wet)
oxidation)

000°, 152.40 (500) 0.38 7 4.3 <31 <1.7 =43
000°, 304.80 (1,000) 0.42 7.2 28 <8.3 <1.4 ~ 2.8
090°, 152.40 (500) 0.23 45 3.5 <32 <15 ~3.5|
090°, 304.80 (1,000) 0.30 8.1 5.7 <33 <1.1 ~5.7|
180°, 152.40 (500) 0.22 75 58 <16 <0.9 ~ 58]
180°, 304.80 (1,000) 0.25 7.1 5.3 <11 <0.8 ~5.3]
270°, 152.40 (500) 0.19 55 45 <28 <0.8 ~ 45|
270°, 304.80 (1,000) 0.25 7.5 5.6 <14 <1.0 ~5.6)
030°, 1.52 (5) 0.13 170 150 190 5.3 160
120°, 12.19 (40) 0.27 64 47 97 3.6 51
*N-14, W-2 0.22 150 120 41 2.3 120f

Source: Eberline, 1977

*West of tank 3, referenced to entrance gate post.

®Coordinates are in degrees and meters (feet) referenced to flare stack.

b ;
Unbound; tritium in water that was removable by drying the sample in an electric oven for 16 hours.

cBound; tritium converted to water form by oxidizing the dried sample.

d_. . -
Picocurie per milliliter

eWater

i . N
Picocurie per gram
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A Hydrologic Program Advisory Group reviewed the hydrologic monitoring program proposed
for the Rulison Site at a meeting in December 1971. They found the program adequate and
recommended its immediate initiation. The U.S. Environmental Protection Agency (EPA),

Las Vegas, Nevada, has been conducting the monitoring program since that time (ERDA, 1977,
p. 33). Sampling locations are presented on Figure 2-11. Analytical results, to date, are givenin
Appendix A. Results of the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) Preliminary Assessment prepared by Desert Research Institute (DRI) for
the Rulison Site in 1988 recommended that the hydrologic monitoring program be continued and
periodically updated as new monitoring wells and hydrologic data become available (p. 3.6.21).

Unless otherwise specified, all samples collected for the hydrologic monitoring program are
analyzed for tritium. All samples are also analyzed for gross alpha and gross beta radioactivity
and are given agamma spectral scan. Gross chemistry analyses, comparable to the USGS
chemical water quality analyses, will be performed on all samples collected on the initial sample
run. Based on the results of those analyses, suspect samples will be analyzed for appropriate,
naturally occurring, and man-made isotopes. Splits of each collected sample will be retained by
EPA for this purpose until it is demonstrated that the need to retain them does not exist. Each
water source is sampled once a year, preferably in the early spring, weather permitting.

2.2.2.4.3 Third Sampling Program

The third sampling program occurred during September 1 to October 12, 1976, and was
associated with the plugging of the emplacement and production wells and abandonment of the
Rulison Site. It was designed to consider the history of the site and then to complete all
requirements for radiation contamination clearance. It primarily consisted of sampling soil at the
following locations:

* At two locations that exceeded the current guideline for tritium in the 1972 cleanup
* At the location of a known spill which occurred during the final cleanup

* In the vicinity of decontamination work

* Around the R-E wellhead location

In addition, the creek was sampled above and below the site, and the same two springs (one on
the site, one about 274 m [300 yards] down the road) were sampled.
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Sampling Point N-14.2, E-.7 (Refer to Figure 2-10)

In July 1972, the samples taken at 61- and 91.4-cm (24- and 36-in.) depths contained
concentrations of tritium at 35,000 and 34,000 pCi/mL, respectively, in soil moisture. The
guideline was 30,000 pCi/mL (ERDA, 1976). This contamination was the result of a known spill
from avalve that froze and broke during the 1971 to 1972 winter. This sampling point and the
area adjacent to the spill were sampled thoroughly. Results of analyses showed that intervening
time and weather had reduced contamination to negligible levels. The sample locations and
results of analyses are shown on Figure 2-12 and in Table 2-4.

Sampling Point S-24.6, E-13.7 (Refer to Figure 2-9)

The surface sample taken at this point in July 1972 contained 47,000 pCi/mL tritium in soil
moisture. Thiswas the result of a spill that occurred during production test operations. This
point and the adjacent area, including the separator location, were sampled. Results of analyses
showed that soil contamination at this location is now negligible. The sample locations and
results of analyses are shown on Figure 2-13 and in Table 2-5.

Accidental Spill Area

On September 1, 1976, the separator was being moved onto the decontamination pan. It was
dropped about half onto the pan, and liquid spilled from the separator onto the pan and onto the
soil southwest of the pan. An estimated 60 gallons spilled on the soil. The tritium concentration
in the separator liquid was about 230,000 pCi/mL. Soil visibly moistened by the liquid was picked
up, mixed with diatomaceous earth for additional drying, and was contained in plastic-lined,
55-gallon steel drums. Preliminary samples were taken, and more soil was picked up as indicated.
Figure 2-14 shows a sketch of the spill area after 15 drums of soil were removed.

On September 16, 1976, the area was divided into a 1.5-m (5-ft) grid locating 42 sampling points,
and a surface sample was taken at each point. Figure 2-15 shows that the contaminated area was
delineated and that the decontamination effort had been very effective. All points sampled were
less than the guideline; the highest concentration detected was 13,078 pCi/mL tritium in soil
moisture.

On September 21, 1976, five more drums of soil were removed from the area of highest concen-

tration as indicated by the contour boundary line on Figure 2-16. Samples were taken the length
and direction of the removed soil as shown aso on Figure 2-16.
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1 in, 2.54 ¢cm G 4
12 in 30.48 cm H 19
24 in. 60.96 ¢cm 1 55
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F G H
+ + +
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/ \\\
& S~ J K L
West wall "~ ~< + H * -
36 in.—ND S~o >y
48 in.-ND D
60 in.—ND S~ /
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Center wall S -th . £ (4 1)
36 in.—ND oulhwes
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60 in.—ND East wall 457 m (15 ft
36 in.—ND . ( ) — &
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onaeteciave NOT TO SCALE
A——-—Gnd point designation e
+ Sample location t_ﬁR
34 Tritium — stock
36 in.—70 \l

__Picocurie/milliliter
l 3H in soil moisture
Depth of sample

= — == Trenching -
Profile .
South—24.6, Eost-13.7 Surface soil under gravel
sample depth result sample location result
1 in. ND Northeast 1.22 m (4 ft)] ND |
12_in. 32 Southeast 1.22 m (4 ft)| ND location \j/
24 in. 52 Northwest 1.22 m (4 ft)| ND grid
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Source: Rulison Radiation Contamination Clearance Report, 1977
Figure 2-13

Soil Sampling, Rulison Separator Pan Area (previous pipe spill),

September 30, 1976, Garfield County, Colorado
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4203A07

Sample Locations
09/16/76 Ny 1

Decon Pan

7.62 to 10.16 centimeters (cm) /7 X
(3 to 4 inch [in.]) « 13 X 4
soil removed Y,

.30 meter N~ —— e —— X

1 X
1 foot
(r.oo)s:(nl1 % X

Units: picocurie/milliliter
3H in soil moisture X
Locofi 30.48 cm X
ocation | Surface (12 in.)
A 8,557 —-
7,093 —= X
18,786 | 27,718
3,435 —- NOT TO SCALE
589 ——
2,311 ——

MmO O O

LEGEND

ND Nondetectable
——Grid number

X1 Sample location (09/16/76) Sompling

YA Sample location (09/21/76) Iogroigon

3H Tritium

Site index

Note: Grid represents 1.52-meter (5~foot) intervals
Source: Rulison Radiation Contamination Clearance Report, 1977

Figure 2-16
Soil Sampling, Rulison Separator Spill after Removal of Five Additional Drums
of Soil, September 21, 1976, Garfield County, Colorado

2-44




Table 2-4

Tritium in Soil at Sampling Point N-14.2, E-.7 - October 1976

|| Sample Sampling Depth pCi/ml® in
Identification centimeters (inches) Soil Moisture

[[Location A Surface 15
||Location B Surface 795
I[Location C Surface 9l
[[lLocation D Surface 9|
[lLocation E Surface 18]
iLocation F Surface 71
lﬁ_ocation G Surface 267||
{ILocation H Surface 48
IN-14.2, E-7 Surface ND|
IN-14.2, E-7 60.96 (24) NDf
IN-14.2, E-7 91.44 (36) 19|
IN-14.2, E-.7 121.92 (48) 20}
Trench, South End 91.44 (36) 65|
Trench, South End 121.92 (48) 91
Trench, South End 152.40 (60) 112
Trench, Mid-Point 91.44 (36) 159)|
Trench, Mid-Point 121.92 (48) 160f|
Trench, Mid-Point 152.40 (60) 44|
Trench, North End 91.44 (36) 70|
Trench, North End 121.92 (48) 60|
Trench, North End 152.40 (60) 63

Source: Eberline, 1977

a.. . -
Picocurie per milliliter
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Table 2-5
Tritium in Soil at Sampling Point S-24.6, E-13.7 - October 1976

“ Sample Sampling Depth pCi/ml® in "
: Identification centimeters (inches) Soil Moisture
[[Location A Surface 11}
lLocation B Surface g
~ {lLocation C Surface el
[lLocation D Surface ND|}
[lLocation E Surface ND
"Location F Surface 359“
liLocation G Surface 4
"Location H Surface 19“
"Location | Surface : 55||
[ILocation J Surface 24)
|[Location K Surface 20||
[lLocation L Surface 50|
[s-24.6, E-13.7 2.54 (1) NDf
S-24.6, E-13.7 30.48 (12) 32|
S-24.6, E-13.7 60.96 (24) 52
S-24.6, E-13.7 91.44 (36) 134
S-24.8, E-13.7 (NE 1.22 m [4 ft]) Surface NDf
S-24.6, E-13.7 (SE 1.22 m [4 ft]) Surface ND||
S-24.6, E-13.7 (SW 1.22 m [4 ft]) Surtace ND|
S-24.6, E-13.7 (NW 1.22 m [4 ft]) Surface’ ' ND|
Trench Wall, East End 91.44 (36) - NDf
Trench Wall, East End 121.92 (48) ND
Trench Wall, East End 152.40 (60) ND|
Trench Wall, Center 91.44 (36) ND|
Trench Wall, Center 121.92 (48) 28}l
Trench Wall, Center 152.40 (60) ND||
Trench Wall, West End ' 91.44 (36) ND
Trench Wall, West End 121.92 (48) NDl
Trench Wall, West End 152.40 (60) NDI|

Source: Eberline, 1977

a_ . -
Picocurie per milliliter
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On September 23, 1976, a transect of sampling holes was dug as shown on Figure 2-17 to
determine a vertical profile of concentrations across the spill area. Results of these samples are
indicated on the figure.

On October 1, 1976, afinal comprehensive sampling of the spill areawas made. Three ditches
were dug with a backhoe across the area of interest to a depth of 152 cm (60 in.). The side walls
of each ditch were sampled at four locations at depths of 30, 61, 91, 122, and 152 cm (12, 24, 36,
48 and 60 in.). Figure 2-18 shows the locations and results of these samples. Table 2-6 tabulates
the same results. The figure and table indicate that the spill area had been successfully
decontaminated.

On October 4, 1976, 0.166 Ci of tritium in waste water and drilling mud were pumped into the
Mesaverde formation at a depth of approximately 1,615 to 1,768 m (5,300 to 5,800 ft) for
disposal. It should be noted that the potable aquifers above this depth were previously cemented
off during emplacement drilling.

Decontamination Work Area

The decontamination work area included the area around and under the decontamination pan as
well as the adjacent area used to convert low-level, tritiated water into steam for disposal. After
work in the area was completed, the soil was sampled at 25 points on the surface and at a 30-cm
(12-in.) depth, giving atotal of 50 samples. Results of sample analyses and the |locations are
shown on Figure 2-19. Theresults are also tabulated on Table 2-7. Note that all concentrations
of tritium in soil moisture were negligible except for two locations where the highest of four
samples was 10,953 pCi/mL, still well below the guideline. This anomaly is explained by the fact
that a small hole was punched through the pan at that location. A small amount of the
decontaminated liquid leaked to the soil before the hole could be repaired.

R-E Wellhead Area

No contamination had ever been detected in the recirculating fluid during the destemming
operation, nor were the wellhead or workover rig contaminated, therefore, there was little or no
potential for soil contamination around the wellhead. However, since this area had not been
previously sampled, soil samples were taken from the surface and from a 30-cm (12-in.) depth at
the four corners, 0.3048 m (1 ft) from the cement cellar, giving atotal of eight samples.
Locations and analytical results are shown on Figure 2-20, and the results are tabulated in

Table 2-8. Concentrations of tritium in soil moisture were negligible, as expected.
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4203A04

Decon Pan

X
x7 .
e,
TX=~1 -/
<13 X X 7,
d A
15.24—centimeter (cm) 4 X
(6=inch [in.]) soil removed w19 X / X
inside spill area boundary line / %
’ _ // TX-2 ¥
/‘,27')\\ /i_— x
/ >< — - )(
/ 7 )( TX-3
/31 X 7
TR s X
/ X
[ | X W TX-4
37 X I x
X / X
\ ; % X
\ X
N4 /
N y X LEGEND
% X ’ ND Nondetectable
T™X-5 .
% ~ —Grid number
1
% X LSomple location
- : X 3H Tritium
Metric equivalents X
inches (in.) | centimeters (cm)
12 in 30.48 cm %
18 in 45.72 cm
24 in 60.96 ¢cm NOT TO SCALE
Units: picocurie/milliliter
3H in soil moisture
Location{ Surface | 12 in.| 18 in] 24 in.
A 2,716
B 5,172
™X-1 96 ND ND 15 ‘
TX=2 | 446 33 | 27 | 21 Sampling
TX-3 85.7 ND ND ND : location
TX=4 | 21.7 | 22.2] ND | _ND grid
TX=-5 ND ND ND ND
Site index

Note: Grid represents 1.52-meter (5—foot) intervals

Source: Rulison Radigtion Contamination Clearance Report, 1977

Figure 2-17
Soil Sampling, Rulison Separator Spill,
September 23, 1976, Garfield County, Colorado
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4203A05
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Source: Rulison Radiation Contamination Clearance Report, 1977

ﬁgure 2-18
Rulison Separator Spill (Trenches),
October 1, 1976, Garfield County, Colorado
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Source: Rulison Radiation Contamination Clearance Report, 1977

Figure 2-19
Soil Sampling, Rulison R-EX Decon Pan Area,
October 7, 1976, Garfield County, Colorado
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Figure 2-20
Soil Sampling, Rulison R-E Wellhead Cellar Area,
October 7, 1976, Garfield County, Colorado
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Table 2-6
Tritium in Soil at Spill Area after Decontamination - October 1976
(Page 1 of 2)

Sample Sampling Depth pCi/ml® in
Identification centimeters (inches) Soil Moisture
South Trench #1, East Wall 30.48 (12) ND||
South Trench #1, East Wall 60.96 (24) NDf
South Trench #1, East Wall 91.44 (36) ND|
South Trench #1, East Wall 121.92 (48) NDl
South Trench #1, East Walll 152.40 (60) NDf
South Trench #1, S.E. Wall 30.48 (12) NDI
South Trench #1, S.E. Wall 60.96 (24) ND|
South Trench #1, S.E. Wall 91.44 (36) 116
South Trench #1, S.E. Wall 121.92 (48) 124
South Trench #1, S.E. Wall 152.40 (60) ND
South Trench #1, S. Drain Area 60.96 (24) 1,401
South Trench #1, S.W. Wall 30.48 (12) NDJ
South Trench #1, S.W. Wall 60.96 (24) ND|
South Trench #1, S.W. Wall 91.44 (36) NDl
South Trench #1, S.W. Wall 121.92 (48) ND
South Trench #1, S.W. Wall 152.40 (60) ND|
South Trench #1, West Wall 30.48 (12) 48]
South Trench #1, West Wall 60.96 (24) 9l
South Trench #1, West Wall 91.44 (36) 24|
South Trench #1, West Wall 121.92 (48) 10|
South Trench #1, West Wall 152.40 (60) 37
|Mid Trench #2, East Wall 30.48 (12) NDJ|
[[Mid Trench #2, East Wall 60.96 (24) NDl
IMid Trench #2, East Wall 91.44 (36) ND
[[Mid Trench #2, East Wall 121.92 (48) ND}l
[[Mid Trench #2, East Wall 152.40 (60) NDfl
IMid Trench #2, Center 30.48 (12) 38|l
~ [Mid Trench #2, Center 60.96 (24) 21
[[Mid Trench #2, Center 91.44 (36) 9
lWid Trench #2, Center 121.92 (48) ND
[[Mid Trench #2, Center 152.40 (60) ND
[[Mid Trench #2, West Wall 30.48 (12) 610
IMid Trench #2, West Wall 60.96 (24) 1,175
[[Mid Trench #2, West Wall 91.44 (36) 1,288
[[Mid Trench #2, West Wall 121.92 (48) 1,171
IMid Trench #2, West Wall 152.40 (60) 10|
[IMid Trench #2, West End Surface 18|
[[Mid Trench #2, West End 30.48 (12) 298
IMid Trench #2, West End 60.96 (24) 454
[[Mid Trench #2, West End 91.44 (36) 282
IMid Trench #2, West End 121.92 (48) 352

Refer to footnotes at end of table
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Table 2-6

Tritium in Soil at Spill Area after Decontamination - October 1976

(Page 2 of 2)
Sample Sampling Depth pCV/ml® in
Identification centimeters (inches) Soil Moisture
North Trench #3, East Wall 30.48 (12) NDJ|
[INorth Trench #3, East Wall 60.96 (24) NDJ|
fINorth Trench #3, East Wall 91.44 (36) ND|f
fINorth Trench #3, East Wall 121.92 (48) NDJf
[[North Trench #3, East Wall 152.40 (60) NDJ
[[INorth Trench #3, S.E. Wall 30.48 (12) 11
INorth Trench #3, S.E. Wall 60.96 (24) 23|
[INorth Trench #3, S.E. Wall 91.44 (36) 112}
INorth Trench #3, S.E. Wall 121.92 (48) 50|
[[North Trench #3, S.E. Wall 152.40 (60) 33|
fINorth Trench #3, S.W. Wall 30.48 (12) 10|
fINorth Trench #3, S.W. Wall 60.96 (24) NDf
INorth Trench #3, S.W. Wall 91.44 (36) NDf
-INorth Trench #3, S.W. Wall 121.92 (48) 51
INorth Trench #3, S.W. Wall 152.40 (60) ND|
[INorth Trench #3, West Wall 30.48 (12) 55
INorth Trench #3, West Wall 60.96 (24) 8
fINorth Trench #3, West Wali 91.44 (36) 10]f
[[INorth Trench #3, West Wali 121.92 (48) NDf
[[North Trench #3, West Wall 152.40 (60) ND| -

Source: Eberline, 1977

aPicocurie per milliliter
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Table 2-7
Tritium in Decontamination Work Area Soil
(Page 1 of 2)

Sample Sampling Depth pCi/ml* in
Identification centimeters (inches) | Soil Moisture
DP-1 Surface 5,202]f
DP-1 30.48 (12) 6,288|
DP-2 Surface 10,953“
DP-2 30.48 (12) 1,628]
DP-3 Surface 64.9]|
DP-3 30.48 (12) 2.9
DP-4 Surface 12.8]
DP-4 30.48 (12) 4.4
DP-5 Surface 16.1
DP-5 30.48 (12) 5.5
DP-6 Surface 56.7
DP-6 30.48 (12) NDJ|
DP-7 Surface 14.8]|
DP-7 30.48 (12) 2.8
DP-8 " Surface 4.9]
DP-8 30.48 (12) ND
DP-9 Surface NDJf
DP-9 30.48 (12) NDJ|
DP-10 Surface 5.9]
DP-10 30.48 (12) NDJ|
DP-11 Surface 6]l
DP-11 30.48 (12) 3.7
DP-12 Surface 10.9]]
DP-12 30.48 (12) 3.5
DP-13 Surface 8.2
DP-13 30.48 (12) 2.8)f
DP-14 Surface I\E"
DP-14 30.48 (12) NDJf
DP-15 Surface 4.5||
DP-15 30.48 (12) 5.8
DP-16 Surface 12.1)
DP-16 30.48 (12) 2.3
DP-17 Surface 25.4)
DP-17 30.48 (12) 9.5]|
DP-18 Surface 35.3]
DP-18 30.48 (12) o3)f
DP-19 Surface 35.7
DP-19 30.48 (12) 31.1
DP-20 Surface 54
DP-20 30.48 (12) 4.5
DP-21 Surface 17.1

Refer to footnotes at end of table )
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Table 2-7

‘Tritium in Decontamination Work Area Soil

(Page 2 of 2)

Sample Sampling Depth pCi/ml® in
Identification centimeters (inches) | Soil Moisture
DP-21 30.48 (12) 4.4]f
SP-1 Surtace 73|
SP-1 30.48 (12) 24.4)
SP-2 Surface 24.3
SP-2 30.48 (12) 7.4
SP-3 Surface 10.3)|
SP-3 30.48 (12) 5.4)
SP-4 Surface 17.8]}
SP-4 30.48 (12) 1.6}

Source: Eberline, 1977

a_. . _—
Picocurie per milliliter
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Table 2-8

Tritium in Soil at R-E Wellhead - October 1976

Sample Sampling Depth pCi/ml” in
Identification centimeters (inches) Soil Moisture
RE-1 Surface 4.9
RE-1 30.48 (12) ND
RE-2 Surface 5.7
RE-2 30.48 (12) ND
RE-3 Surface 6.7
RE-3 30.48 (12) 4.4
RE-4 Surface ND

RE-4 30.48 (12) ND

Source: Eberline, 1977

a_. . —
Picocurie per milliliter
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Surface Water

Surface water was sampled at the four locations mentioned: the creek above and below the site,
the spring on the site, and the spring down the road from the site. Tritium was not detected at a
detection sensitivity of 2 pCi/mL.

2.2.2.4.4 |Aerial Radiological Survey

An aerial radiological survey was conducted over the Project Rulison Site, 64 km (40 mi)
northeast of Grand Junction, Colorado, from July 6 through July 12, 1993. Parallel lines were
flown at intervals of 76 m (250 ft) over a 17-km? (6.5-mi?) area at a 61-m (200-ft) altitude
surrounding Battlement Creek Valley. The gamma energy spectra obtained were reduced to an
exposure rate contour map overlaid on a high altitude aerial photograph of the area. The
terrestrial exposure rate varied from 3.5 to 12.5 microroentgens per hour («R/hr) (excluding
cosmic) at 1 m (3 ft) above ground level. No anomalous or man-made isotopes were found
(EG&G, 1995, p. ii).

2.2.2.5 | Sampling Summary

A review of the history of operations at the Rulison Site, the analytical results of sampling
programs, and the results of the detailed radiological survey identified the extent of radioactive
contamination on the property. The only nuclide of concern was tritium in surface soil moisture.
A reasonable and conscientious effort was made to reduce contamination to an amount as low as
practicable. Tritium concentrations, where detected, were in most cases negligible and well below
the guideline (ERDA, 1976). Thereisno reason the Rulison Site should change from unrestricted
use, subject to applicable subsurface drilling restrictions as stated in Project Rulison Well
Plugging and Ste Abandonment Plan, NVO-174 (Rev. 1) and Project Rulison Well Plugging
and Ste Abandonment Final Report, NV O-187 (ERDA, 1976, p. 16; ERDA, 1977, p. 20).
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3.0 Review of Regulatory Status

3.1| Federal Regulatory Overview

In May 1976, an environmental impact assessment of the Rulison Site was prepared in accordance
with the requirements of Title 10 Code of Federal Regulations (CFR), Part 11, dated February
16, 1974, which detailed the procedures to be followed for ERDA implementation of the National
Environmental Policy Act of 1969 (ERDA, 1976). The purpose of this assessment was to present
a brief description of proposed activities for the Rulison well plugging and site abandonment
cleanup and an evaluation of whether an environmental impact statement needed to be prepared.

It was determined from the assessment that the requested action did not constitute a major federal
action which significantly affecting the environment, in the sense of the National Environmental
Policy Act (NEPA), Section 102(2)(c). At that time, it was determined that no adverse effects to
the environment had occurred (ERDA, 1976, p. 18).

In May 1986, Reynolds Electrical & Engineering Company, Inc., conducted a Hazardous Waste

Installation Assessment in which three “operational areas” were sampled, and a report was
produced. The descriptive name and actual location of these areas is stégur®i3-1 No

hazardous materials were detected in any of the samples collected at the Rulison Site

(Fauver, 1986, p. 30). The objective of the Hazardous Waste Installation Assessment Project was
to identify and evaluate inactive sites at DOE/NV installations where hazardous substances may
have been released into the environment. These “Installation Assessments” were the first phase of
the DOE/NV effort to satisfy DOE Order 5480/14, which required that fedeiigidaccomply

with the CERCLA.

A CERCLA Preliminary Assessment was prepared by the DRI for the Rulison $888n The
CERCLA/Superfund Amendments and Reauthorization Act provides that all EPA regulations and
criteria pertaining to inactive hazardous waste sites are applicable to U.S. Governii&s fac
Included among the provisions of these acts are requirements for a preliminary assessaoént of
facility and an evaluation based on the saraeand Ranking System (HRS) that is applied to
nonfederal facilities.
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— - Figure 3-1
Soil Sampling, Potential Hazardous Waste Release Sites
at the Rulison Test Site, September 1976, Garfield County, Colorado
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The 1988 preliminary assessment concluded that radiation was released to the environment during
Project Rulison production testing. The R-E and R-EX wells were plugged to prevent the escape
of radiation, and the explosive device was detonated 2,568 m (8,426 ft) below ground surface in
the Mesa Verde formation. Given the extremely low permeability of this formation, radionuclide
migration should be very limited; however, surface and subsurface water quality monitoring is still
being conducted near the Rulison Site. A preliminary HRS score for Project Rulison was
calculated to be 15.12, well below the score of 28.5 which is required for a site to be placed on
the National Priorities List. The only contributing score was from the air route due to the release
of radioactivity during gas production testing. An extensive on- and off-site radiation surveillance
effort failed to detect any radioactivity other than tritium and krypton in the environment.
Typically, the concentrations of these isotopes in the air were around one 10-millionth of their
concentration in the gas (DOE, 1984). Because the emplacement and re-entry holes have been
plugged, it is unlikely that further air releases will occur.

DOE Order 5440.1E, implementing NEPA, requires that the presence of environmentally
sensitive resources such as cultural resources, sensitive species, wetlands, and floodplains be
determined so that the appropriate level of NEPA documentation can be established and adequate
mitigation measures implemented. IT Corporation (IT) prepared severa reports documenting the
surveys conducted for these environmentally sensitive resources (1T, 1993a; I T, 1993b;

IT, 1993c).

3.2 | State Regulatory Overview

3.2.1| Property of Historic, Archaeological, or Architectural Significance

The Colorado Office of Archaeology and Historic Preservation instituted afile search on
December 22, 1992, and IT conducted a Class |1 Cultural Resources Field Survey on July 1, 1993
(IT, 1993a). The purpose of the investigation was to comply with federal mandates pertaining to
the historic preservation of cultural resources, including Section 106 of the National Historic
Preservation Act, as implemented by the Advisory Council on Historic Preservation, (Title 36
CFR Part 800; the Archaeological and Historic Preservation Act), Executive Order 11593, and
the American Indian Religious Freedom Act. The DOE regulations contained in Title 10 CFR
Part 1021 also require compliance with historic preservation mandates. The Project Rulison
survey was conducted on private lands under the auspices of State of Colorado Archaeological
Permit No. 93-48, the survey was conducted to evaluate the potential impacts that could occur as
aresult of performing site characterization or possible remedial activities at the Rulison Site.
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The survey resulted in one historic, isolated find consisting of a cast iron stove and one historic
monument, the Rulison Site SGZ. The Rulison Site SGZ monument (5GF1656) should be
considered eligible for nomination to the National Register of Historic Places along with three
other similar sitesin Colorado and New Mexico. The monument inscription at SGZ reads:

No excavation, drilling, and/or removal of subsurface materialsto a depth of 12,450 ft is
permitted within Lot 11, NE 1/4 SW 1/4 of Section 25, Township 7 South, Range 95 West,
6th Principal Meridian, Garfield County, Colorado, without U.S. Government
permission. U.S. Atomic Energy Commission and the Department of the Interior

(AEC, 1973a).

Based on the field survey results, it was determined that project field activities could proceed.
However, if any cultural material were to be uncovered during any field activities, it is
recommended that a qualified archaeologist be called in to assess the find. The U.S. Bureau of
Land Management (BLM), the Glenwood Springs Resource Area archaeologist, and the Office of
Archaeology and Historic Preservation should also be notified under those circumstances.

3.2.2 | Special Sources of Water

No water sources within this area are vital to the region. The East Fork of Battlement Creek is

used, in part, to irrigate land downstream from the Rulison Site (USGS, 1970, p. 7).

Groundwater resources around the Rulison Site occur in surficial deposits such as fan gravel and

terraces. These deposits are reportedly “the only sources of usable groundwater near the Rulison
Site” (USGS, 1970. p. 9). Available records do not indicate the existence of a sole-source aquifer
or a well-head protection area at this site. Refétigare 2-1which shows the wells in the

vicinity of the Rulison Site.
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4.0 | Surrounding Land Use

The Rulison Site is located a few miles outside of the White River National Forest and
approximately nine miles north of the Grand Mesa National Forest. No areas within the Rulison
Site are federal or state property (BLM, 1980 and 1986; USGS, 1987). Surface ground zero is
located on the approximately 16-hectare (40-acre) lot owned by Mr. Cary Weldon; however, the
U.S. Government retains control of the subsurface rights. The former drilling effluent pond is on
land jointly owned by Ms. Cristy Koeneke and Mr. Craig Hayward. The surrounding land is aso
privately owned. A map showing current ownership isincluded as Figure 4-1.

The surrounding land is currently used for recreational purposes (e.g., hunting and fishing) and
cattle grazing. During the summer months, a residence located approximately 427 m (1,400 ft)
from the former drilling effluent pond is occupied. Future use of thisland is likely to aso include
recreational and grazing applications.

The closest population center to the Rulison Site is the town of Parachute, which is located
approximately 12 km (8 mi) north of the site and has a recorded population of 660
(Rand McNally, 1993).
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5.0| Physical Environment

5.1 | Meteorology

West-central Colorado is generally classified as semiarid, with low precipitation and relative
humidity, warm summer temperatures, and abundant sunshine (Marlatt, 1973). Winds are
generally from the west, but fail to carry much moisture from the Pacific Ocean past mountain
barriers. The average annual precipitation for the Rulison Site is 50 cm (20 in.) and the
temperature ranges from -10 degrees Fahrenheit (°F) to +98°F (-23 degrees Celsius[°C]

to +37°C). Annual precipitation ranges from 25 cm (10 in.) at elevations of 1,524 m (5,000 ft)
above mean sea level (amd) to 64 cm (25in.) at 2,439 m (8,000 ft) amsl. Winter snowfall may
exceed 256 cm (100 in.) on plateau tops (Marlatt, 1973). The length of the growing season at
Parachute is 150 days (Brooks et al., 1933). Movement of air away from the Rulison Site is
controlled by the valley drainage winds and daily up-slope winds in both the Battlement Creek
Valley and the Colorado River Valley. Theregiona gradient wind generally blows east-northeast,
above the topographical features (DOE, 1984, p. 3).

The evaporative demand on the north slope of Battlement Mesais fairly low compared to that of
the area north of the Colorado River (Marlatt, 1973). Moisture has a chance to soak into the
volcanic soils; thus, the vegetative community is well developed. This enables the community to
support avariety of faunal species.

5.2 | Biota

5.2.1 | Sensitive Species Survey

The Rulison Site has the potential for supporting alarge number of wildlife species. Uplands,
wetlands, and surface water bodies offer numerous resources for the organisms that use the site.
Food resources for deer, rodents, birds, and canids are abundant. Acorns from the Gambel oak
and seeds from the conifers provide mast for herbivores which, in turn, are prey for the
carnivores. The beavers on the site feed primarily on aspen. Cover required for all wildlife
species is abundant and varied.

A Level | reconnaissance survey for sensitive species was conducted at the Rulison Sitein
June 1993 (1T, 1993b). For this survey, sensitive species included both federal- and state-listed
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threatened and endangered species and candidate species. Tables 5-1 through 5-3 list the various
species found on the Rulison Site during this survey.

In addition, suitable habitat and food resources for severa endangered and candidate bird species
were identified; however, none of these species were observed during the site reconnaissance.
Thetiger salamander (Ambystoma tigrinium), which is a State listed species, was observed in the
drilling effluent pond. However, communication with the Colorado Division of Wildlife indicated
that the tiger salamander is not a species of special concern in that area (Nessler, 1995).

5.2.2 | Vegetation

The habitats present at the Rulison Site are a combination of Rocky Mountain Montane and
Subalpine forest (Whitney, 1992). At lower elevations (2,290 to 2,440 m [7,500 to 8,000 ft]), the
dominant montane vegetation consists of quaking aspen (Populus tremuloides), Colorado blue
spruce (Pecea pungens), willow (Salix spp.), lodgepole pine (Pinus contorta), Gambel oak
(Quercus gambelii), Douglas fir (Pseudotsuga menzesii), mountain mahogany (Cercocarpus
montenus), service berry (Amelanchier alnifolia), and mixed mountain shrubs and grasses. The
plant species are suitable for grazing of cattle and horses. At elevations greater than 2,440 m
(8,000 ft), subalpine species such as sub-alpine fir (Abies lasiocarpa) and Engelmann spruce
(Picea engelmannii) become more prevalent in the vegetation.

5.3 | Topography

The siteislocated on the north slope of Battlement Mesa, on the upper reaches of Battlement
Creek, at an elevation of approximately 2,500 m (8,200 ft) (Figure 5-1). The valley is open to the
north-northwest and is bounded on the remaining three sides by steep mountain slopes, which rise
to elevations above 2,927 m (9,600 ft).

Table 5-1
List of Reptile and Amphibian Species Observed during the
Sensitive Species Survey of the Rulison Site, Colorado, June 1993

Scientific Name Common Name
Amphibians
Family: Ambystomatidae
Ambystoma tigrinum Tiger Salamander
Reptiles

Family: Colubridae
Opheodrys vernacis Smooth Green Snake
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Table 5-2

List of Bird Species Observed during the Sensitive
Species Survey of the Rulison Site, Colorado, June 1993

Scientific

Common Name

Family: Accipitridae
Aquila chrysaetos

Golden Eagle

Family: Scolopacidae
Calidris minutilla

Least Sandpiper

Family: Columbidae
Zenaida macroura

Morning Dove

Family: Trochilidae
Selasphorus platycercus

Broad-Tailed Hummingbird

Family: Picidae
Sphyrapicus varius
Colaptes auratus

Yellow-Bellied Sapsucker
Northern Flicker

Family: Hirundinidae
Tachycineta bicolor

Violet-Green Swallow

Family: Corvidae
Corvus corax

Common Raven

Family: Paridae
Parus atricapillus

Black-Capped Chickadee

Family: Troglodytidae
Troglodytes aedon

House Wren

Family: Muscicapidae
Regulus calendula
Catharus guttatus
Turdus migratorius

Ruby-Crowned Kinglet
Hermit Thrush
American Robin

Family: Emberizidae
Subfamily: Parulinae
Vermivora virginae
Dendorica petechia
Dendrocia coronata
Oporornis tolmiei

Virginia's Warbler
Yellow Warbler

Yellow-Rumped Warbler [Audubon’s form]

MacGillivray's Warbler

Subfamily: Emberizinae
Amophila ruficeps
Pooecetes gramineus

Rufous-Crowned Sparrow
Vesper Sparrow

Family: Passeridae
Passer domesticus

House Sparrow

5-3




Table 5-3
List of Mammal Species Observed during the Sensitive
Species Survey of the Rulison Site, Colorado, June 1993

Scientific Name Common Name

Family: Leporidae

Sylvilagus nuttalli Mountain Cottontail
Family: Sciuridae
Eutamias minimus Least Chipmunk
Marmota flaviventris Yellow-Bellied Marmot
Citellus lateralis Golden-Mantled Ground Squirrel

Family: Castoridae
Castor canadensis Beaver

Family: Procyonidae

Procyon lotor Raccoon
Family: Canidae
Canis familiaris Domestic Dog
Canis latrans Coyote

Family: Cervidae
Odocoileus hemionus Mule Deer

5.4 | Soils

The Rifle Area, Colorado, Soil Survey (USDA, 1980) indicates two soil types within the 161,880-
square meters (m?) (40-acre) site. These include Bucklon-Inchau association loams and
Cochetopaloam (Figure 5-2). The character of these soils was confirmed by field analysis of
numerous soil borings during the wetlands and floodplain investigation performed in June 1993
(IT, 1993c, p. 4-4). Neither of these soil types constitutes prime agricultural land (Carlson, 1993,
personal communication).

Numerous soil borings were taken and field-analyzed during the wetlands delineation. Hydric
soils were identified in areas identified as wetlands. These results correspond with the
U.S. Department of Agriculture, Soil Conservation Service soils mapping of the Rifle Area

Bucklon soils make up approximately 55 percent of the map unit and are found on the more steep,
convex parts of the landscape. It isashallow and well-drained soil. Permeability of the Bucklon
soil is slow above bedrock. The available water capacity is very low. Effective rooting depthis
about 0.25t0 0.51 m (10 to 20 in.). Surface runoff is medium, and the erosion hazard is severe.
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Inchau soils make up approximately 35 percent of the map unit and occur on the slightly concave
parts of the landscape. It isamoderately-deep and well-drained soil. Permeability of Inchau soil
Is moderate above bedrock, and available water capacity is moderate.

Cochetopa loam is a deep, well-drained soil, and is found on rolling to steep mountainsides and
aluvial fans. Elevation ranges from 2,134 to 2,896 m (7,000 to 9,500 ft). This soil isformed in
basaltic alluvium. Permeability is slow, and available water capacity is high. Effective rooting
depthis 1.5 m (60 in.) or more. Surface runoff is slow, and the erosion hazard is severe. High
clay content in the soil causes low soil strength and high potential for soil Sumping. The subsoil,
below a depth of approximately 0.2 m (24 in.), consists of stony clay with alow permeability.
The Rulison SGZ was constructed in the Cochetopa loam.

5.5 | Geology

5.5.1 | General Description

The Rulison Site is located within the Piceance Creek Basin. This northwest-southeast trending,
structurally downwarped basin, is delineated primarily by the distribution of the Mesaverde
Formation. The basin was structurally deformed by northeast-directed, Laramide-aged,
shortening and reactivated, high angle basement structures (CER, 1989; Dickenson and Snyder,
1978). The present basin axis (a synformal fold axis) is oriented approximately northwest-
southeast (Figures 5-3 and 5-4). This present axis is approximately the same as the paleo-
depositional axis of the Mesaverde Formation. The Rulison Site is located on the southwest limb
of the downwarp where the dip of the Mesaverde is about 2 to 3 degrees to the northeast.

5.5.2 | Surficial Geology

The surficial geology at the Rulison Site consists of Quaternary deposits comprised of talus
accumulations, mud flows, fan and pediment gravel, and the alluvium of Battlement Creek and the
Colorado River. These deposits range from 6 to 12 m (20 to 40 ft) in thickness, but locally may
be more than 30-m (100-ft) thick. Groundwater occurs in many of these deposits (Voegeli et al.,
1970).

Two soil-mapping units have been identified within the 161,880 m? (40 acres) surrounding the
effluent-pond location. These are the Bucklon-Inchau loams and Cochetopa loam described in
Section 5.4 (refer to Figure 5-2). The drilling-effluent pond was constructed in the Cochetopa
loam.
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5.5.3 | Subsurface Stratigraphy

The Piceance Basin contains Precambrian through Holocene stratigraphy. However, because the
R-E well only encountered rocks as old as the lower Cretaceous (Mancos Shale), this section will
only describe the stratigraphy from the Mancos Shale and above (Figures 5-5 and 5-6).

5.5.3.1 | Mancos Shale

The lower Cretaceous Mancos Shale is a marine shale with sparse lenses of sand. Towards the
upper half of the Mancos Shale, atransition to a regressive sequence begins that intertongues the
shales with the upper Cretaceous Iles Formation within the Mesaverde Group. Overlying the lles
Formation (290 m [900 ft]) the regressive transition continues up into the Williams Fork
Formation (1,067 m[3,500 ft]) which includes the Tertiary Ohio Creek member (15 m [50 ft])
(Lorenz and Rutledge, 1985). The Tertiary units continue with the Fort Union (152 m [500 ft]),
Wasatch (1,188 m [3,900 ft]) and Green River Formations (518 m [2,100 ft]). Quaternary basalt
flows, locally found in the Rulison area, and alluvial deposits (Pleistocene and recent)
unconformably rest on all units.

5.5.3.2 | Mesaverde Group

At Rulison, the Mesaverde Group is divided into two Formations: the lles and Williams Fork
(Figure 5-7). The Mesaverde represents a regressive phase from near-shore, deltaic marine
(Idles Formation) to non-marine coastal plain, to paludal and meandering river plain, to fluvia
environments (Williams Fork) (Lorenz, 1983; Lorenz, 1985; Johnson et al., 1987).

The Iles Formation is characterized by three sand members. the Cocoran and Cozzette
intertongued with the Mancos Shale, and the Rollins, a blanket sand that underlies the Cameo-
Fairfield Coal of the Williams Fork Formation. The Isles Formation represents a deltaic, shallow-
marine sequence (Lorenz, 1983).

Within the Piceance Basin, the thickest sections of the Williams Fork Formation are coincident
with the basin axis. The fluvial sand bodies throughout the Williams Fork are laterally extensive
and heterogeneous. This suggests that the basin was subsiding during deposition (CER, 1989).
In the vicinity of the Rulison Site, the basin axis is oriented east-southeast from which the fluvial
paleocurrent directions in the upper Mesaverde can be inferred. Sand-body shapes in the fluvial
sequences appear lenticular in cross-section; they are likely longer than the cross-section in the
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paleocurrent direction parallel to the basin axis. Asthe basin continued to subside throughout the
Tertiary, the axis of the basin became the deepest zone of the burial (Figure 5-8). Thisresulted in
high compaction and reduced porosity and permeability.

5.5.3.3 | Tertiary Stratigraphy

The Tertiary Wasatch and Green River Formations (refer to Figure 5-6) are mostly interbedded
shale, marlstone, limestone, and sandstone. Combined, the two formations are over 1,700-m
(5,600-ft) thick.

The Wasatch Formation consists of brightly colored clay and shale, but sandstone lenses are
common. Locally, minor amounts of conglomerate, pebbly sandstone, limestone, coal, and black
cabonaceous shale occur in the formation. The formation is approximately 1,188-m (3,900-ft)
thick at the Rulison Site. The Wasatch is not a source of groundwater in the Rulison area.

In and near the Rulison Site, the Green River Formation contains fours members. In ascending
order they are: Douglas Creek, Garden Gulch, Parachute Creek, and Evacuation Creek. At the
Rulison Site, the Green River Formation is about 518-m (1,700-ft) thick. The most notable unit
of the upper Green River, the Parachute Creek member, isan oil shale. Thisformation is
composed of mostly shale and marlstone with minor amounts of sandstone, siltstone, and
limestone. Sandy zones in the lower part of the formation may be capable of yielding minor
quantities of groundwater at some location in the area (Coffin et al., 1968; Voegeli et a., 1970).

5.5.4 | Natural Gas Production in the Rulison Area

In the Southern Piceance Basin, natural gasis found in sandstones of both the Wasatch and
Mesaverde Formations and in coals of the Mesaverde. The Rulison Site is on the outskirts of the
Rulison and Grand Valley gasfields, centered along the Colorado River, which produces gas from
both formations.

The closest commercial production wells to the Rulison Site are the Federal 28-95 located 4.3 km
(2.7 mi) west and the Federal 14-95 located 4.34 km (2.7 mi) to the northwest. The wells are
currently operated by Riata Energy, Inc. and Bonneville Fuels Corporation and were drilled in
1961 and 1962, respectively. Both wells produce gas from the Mesaverde Formation. Federa
14-95 had produced atota of 2.12 million m® (75 million cubic feet [MCF]) by 1988, and the
Federal 28-95 39.83 million m® (375 MCF) by 1993. Both wells produced up to 1993 and are
now presently shut in because of the declining gas market.
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The Mesaverde Formation contains a tremendous gas resource throughout the Piceance Basin.
However, because of its very low permeability, commercial development of the resource is often
marginally economical. For this reason, the Rulison area has been the center of government- and
institution-sponsored research to better understand Mesaverde production characteristics and
enhancement potential. The Rulison test in 1969 in the Hayward 25-95 well was the first
experiment to attempt to stimulate production of gas by fracturing the formation with a nuclear
device.

5.5.5 | Gas Reservoir Characteristics

The Mesaverde can be a prolific gas producer; however, it is often found to be “tight”, having low
porosity (<10%) and low permeability (<0.05 millidarcies) (CEB92). The highest production

from the Mesaverde is limited to zones where natural, open fractures are encountered. When
fractures are not encountered, fractures are artificially induced using hydraulic pressure
(Hydrofracs). The enhanced or new fractures are then propped open using sands or other
compounds. Artificially stimulated wells do not perform as well as wells that encounter natural
open fractures (CER, 1989).

Based upon intensive analysis of the core, high resolution geophysical logging methods, and well
interference tests, one dominant fracture set is present within the Mesaverde Group. These open
fractures strike northwest-southeast parallel to the local basirFausd 5-9. Wells that

intersect these fractures show the highest rates of gas production (CER, 1989). Fracture
development by artificial means tends to develop parallel to the dominant fracture set.

Gas produced from the Mesaverde is usually dry. However, water content within the reservoirs is
variable, and water can be produced from the formation along with the gas.

5.6 | Surface Water

5.6.1 | Streams, Springs, and Seeps

There are three major surface water features at the Rulison Site. First, Battlement Creek is a
rushing mountain stream that flows through the southwest corner of the site. Battlement Creek is
principally fed by snow melt, shallow groundwater, and springs, and its flow is regulated upstream
(south) of the site by Battlement Reservoir. Second, a smaller, spring-fed tributary of Battlement
Creek flows across the site east of Battlement Creek. Third, an artificially created
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drilling effluent pond is located at the center of the site. This pond was built to store drilling mud
as part of emplacement hole drilling for the nuclear device.

Battlement Creek and its tributaries provide the main control over surface waters at the Rulison
Site. The creek and the tributaries flow in a generally northwesterly direction toward the
Colorado River.

An unnamed tributary (locally known as “Hayward” Creek) transects the Rulison Site and is
adjacent to the effluent pond. Approximately 30 m (100 ft) below the effluent pond, this tributary
flows into a series of beaver pondsglre 5-10. This stream is impounded by the beaver dams,
creating a marshy, wetland complex through the middle of the site. Because of the topographic
slope of the area, Battlement Creek and its tributaries are generally confined to relatively narrow
stream channels except for the beaver pond area where the tributary channel widens because of
the slower flow resulting from a more shallow stream gradient.

Additionally, several springs exist near the Rulison Site and the drilling effluent pond. The current
source of water for the pond is from snow melt, groundwater, and a spring located approximately
300 m (915 ft) southeast of the pond, which replenishes the pond by surface flow via an inlet in
the eastern berm. The pond also has an overflow in the western berm although the water level is
seldom high enough for overflow to occur.

The Rulison drilling effluent pond is triangular in shape and covers approximately 1 acre. Itis
approximately 6-m (20-ft) deep (from top of the berm to pond bottom) and is located
approximately 400 m (1,300 ft) north-northwest of SGZ. The pond originally was used for
containment of surplus drilling fluids during the eag#ment hole diing operations. The pond

Is equipped with a spillway on the downslope side, 1.8 m (6 ft) below the crest. The present
owner of the property, Lee Hayward, son of Claude V. Hayward, has retained the pond for his
own use (AEC, 1973a, p. 5) and has converted the pond to a fresh-water trout pond. The pond is
fenced to prevent access by wildlife and livestock. Because the effluent pond is an artificial
impoundment that does not have the vegetative characteristics of a natural wetland, it has not
been designated as a “wetland” (1T, 1993c, p. 4-1).

5.6.2 | Wetlands

A wetlands, vegetation, and floodplains survey was conducted during June 1993 (IT, 1993c). An
initial wetlands and floodplains determination for the Rulison Site was made using information
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from aerial photographs, a USGS topographic map (7.5 minute Rulison quadrangle); a Rifle Area,
Colorado, Soil Survey (1980) map; and Flood Insurance Rate Maps (FIRM) for Garfield County,
Colorado, in conjunction with field surveys.

Floodplains and wetlands were delineated using the methods outlined in the Corps of Engineers
Wetlands Delineation Manual (U.S. Army Corps of Engineers, 1987), and the procedures
outlined in Title 10 CFR Part 1022, "Compliance with Floodplains in Wetlands Environmental
Review Requirements.”

A list of dominant plant species found in upland and wetland communities at the Rulison Site is
presented in Table 5-4.

The wetlands on the site are either associated with Battlement Creek or its tributary which
transects the site. Battlement Creek flows within a narrow, well defined path. The high flow rate
of Battlement Creek has scoured the channel, leaving a very rocky substrate supporting limited, if
any, vegetation within the channel. However, the wooded slopes adjacent to the Creek contain a
dense canopy of blue and Englermann spruce intermixed with quaking aspen. The understory
contains mountain maple, water birch, and mountain alder.

The tributary to Battlement Creek, which transects the site, has a similar wetland community.
These wetlands are due to adjacent springs feeding the tributary and beaver disturbance in the
center of the site. The two most common species in this area are the quaking aspen and mountain
maple in the canopy, with serviceberry and grasses in the understory and ground cover. Often,
the aspen form pure stands. 1n the center of the site, beaver have removed the canopy layer and
formed numerous ponds on several terraces. Associated with the terraces are saplings of quaking
aspen with adult spruces intermixed. Sandbar willow is aso common, recolonizing the wetter
areas with common choke cherry sprouting in the drier areas. Numerous emergent species, such
as grasses and sedges, were also observed colonizing the disturbed areas and on the beaver dams.

The center of the site also contains the man-made drilling effluent pond. This drilling effluent

pond was created during the original testing activity on the site and is contained within an earthen
berm that has little hydrophytic and no aquatic vegetation.
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Table 5-4

List of Dominant Plant Species - Rulison Site Wetland Survey

June 25 - 30, 1993

Scientific Nameb

Indicator Statusa

Common Name Regional National
Osmundaceae
Osmunda cinnamomea Cinnamon Fern NL FACW
Gramineae
Gramineae spp. Grasses NIS
Salicaceae
Salix exigua Sandbar Willow OBL FACW, OBL
Populus tremuloides Quaking Aspen FAC FACU, FAC
Betulaceae
Betula occidentalis Water Birch FACW FAC, FACW
Alnus tenuifolia Mountain Alder FACW FAC, FACW
Cyperaceae
Carex spp. Sedge NIS FACW, OBL
Juncaceae
Juncus effusus Soft Rush OBL FACW, OBL
Fagaceae
Quercus gambelii Gamble Oak NL UPL
Rosaceae
Prunus virginiana Common Chokecherry FACU FACU, FAC
Amelanchier alnifolia Western Serviceberry FACU UPL, FAC
Cowania mexicana Cliffrose UPL UPL
Purshia tridentata Antelope Brush UPL UPL
Aceraceae
Acer glabrum Rocky Mountain Maple FAC FACU, FAC
Cornaceae
Cornus stolonifera Red-Osier Dogwood FACW FAC, FACW
Pinaceae
Picea engelmannii Engelmann Spruce FACU FAC, FACU
Picea pungens Blue Spruce FAC FAC
Pinus edulis Colorado Pinyon UPL UPL
Typhaceae
Typha latifolia Broad-Leaf Cattail OBL OBL
Balsaminaceae
Impatiens capensis Jewelweed FACW FACW
Urticaceae
Urtica dioica Stinging Nettle FAC FACU, FACW

Source: IT, 1993c

8Indicator status derived from the U.S. Fish and Wildlife Service's National List of Plant Species that occur in Wetlands:

1988 National Summary (Reed, 1988).

Nomenclature conforms to that of Grays Manual of Botany (Fernald, 1950).

OBL
FACW
FAC
FACU
UPL
NL
NIS

Species not listed

Not identified to species

Obligate wetland plants that occur almost always in wetlands (>99%)
Facultative wetland plants that usually occur in wetlands (67-99%)

Facultative plants that are equally likely to occur in wetlands or nonwetlands (34-66%)
Facultative upland plants that usually occur in nonwetlands (1-33%)
Obligate upland plants that occur almost always in nonwetlands (>99%)
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Interviews with personnel who were present when the drilling effluent pond was constructed
indicated that the pond may have been built on a spring or the pond may have been built below the
local water table. Verbal reports by personnel who were present when the site was
decommissioned indicate that groundwater entered the pond faster than it could be removed. In
addition, the local surface expression of groundwater (springs) proximal to the Rulison Site
indicates that the depth to groundwater may be less than expected based on regiona information.

Finally, the pond-water level has remained stable after 26 years with only seasonal elevation
changes observed, indicating that recharge to the pond and discharge from the pond have reached
equilibrium with the local groundwater environment. The water level in the pond ranges from
approximately 1 to 3 m (3 to 10 ft) below the pond berm.

Based on this evidence and an inspection of the site hydrology (conducted on April 19

and 20, 1995), groundwater at the effluent pond is expected to be at arelatively shallow depth,
following the natural topographic slope. At the south end of the pond, the water surface is
anticipated to be equivalent to the groundwater surface. At the north end, the hydraulically down
gradient end of the pond, the water surface is anticipated to be above the groundwater surface
because of the damming action of the pond berm.

5.6.3 | Floodplains

No flood plains or flood-prone areas have been identified at the Rulison Site based on review of
the FIRM Index Map (FEMA, 1986) for Garfield County, Colorado, although a more detailed
map has not been published.

5.7 | Hydrogeology

5.7.1 | Occurrence of Groundwater

The groundwater resources in the Rulison area are confined primarily to aluvium and surficial
deposits (e.g., floodplain deposits and terrace and fan gravel). Essentially all the wells and most
of the springs in the area derive their water from these shallow sources. Water in the alluvium
occurs under both water-table and artesian conditions (Coffin et al., 1968, p. 8). Most of the
springs are located along the contact of different strata within the surficial deposits. The
underlying shale bedrock formations generally have low permeability and yield little or no water
(Voegeli et a., 1970, p. 9).

Marine and nonmarine sedimentary rocks, approximately 5,486.40 m (18,000 ft) thick, underlie
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the Rulison Site. The emplacement (R-E) and exploratory (R-EX) holes, see Figure 5-11
(ERDA, 1977, p. 3), penetrated the following formations, in descending order:

* Quaternary alluvium is as much as 42.67 m (140 ft) thick;

» Green River Formation composed chiefly of shale and marlstone is about 518.16 m (1,700
ft) thick;

* Wasatch Formation consisting principally of clay and shale with sandstone lenses is about
1,188.72 m (3,900 ft) thick;

* Anunnamed unit of Paleocene age consisting of sandstone, shale, and a few thin beds of
coal is about 152.40 m (500 ft) thick;

» Ohio Creek Conglomerate is about 11.28 m (37 ft) thick;

* Mesaverde Formation consisting mainly of sandstone and interbedded shale is about
762 m (2,500 ft) thick (Nork and Fenske, 1970, p. 5; Voegeli et al., 1970, pp. 5-7).

The Mesaverde Formation is of particular interest because the nuclear device was detonated
within this group at a depth of 2,568.24 m (8,426 ft) in hole R-E (Voegeli, 1969, p. 4; Voegeli
et al., 1970, p. 5; ERDA, 1977).

A small amount of water was found in an upper Mesaverde sandstone lens durirignthefdr

hole R-EX. Later tests of this zone and other zones thought to contain water in the Mesaverde
yielded no significant groundwater. Several deep drill holes in the Ohio Creek Conglomerate
above the Mesaverde Group in the Rulison gas field have produced water; hole R-EX produced
no water from the Ohio Creek Conglomerate. The Wasatch Formation contains some sandy
zones in the middle and the upper parts of the formation; however, these zones produced no
water in hole R-EX. The lower Green River Formation, about 1,524 m (5,000 ft) above the
detonation, has some sandy zones that produced water in sufficient quantities (none exceeding
0.73 ni /day [4 gallons per minute]) to make air drilling difficult (Voedg69, p. 7;

Voegeli et al., 1970, p. 15; DOE, 1984, p. 10).
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The Quaternary alluvial deposits are of particular importance since they provide most of the area’s
groundwater resources. The deposits include mudflows, talus accumulations, fan and pediment
gravel, slump blocks, and the alluvium of Battlement Creek and the Colorado River. The regiona
water table ranges from 1.83 to 48.77 m (6 to 160 ft) below the land surface (Voegeli et al., 1970,
pp. 25-28). The direction of groundwater flow in the alluvial deposits is expected to be
northward, consistent with topographic slope. Rocks below the aluvium dip two degrees or less
to the north and groundwater flow is expected to be northward also (Nork, 1969, p. 4; Voegdli et
al., 1970, pp. 25-28; Nork and Fenske, 1970, p. 7).

5.7.1.1 | Hydraulic Characteristics

Results of hydraulic testsin hole R-EX, shown in Table 5-5 (Voegeli et a., 1970, p. 19), indicate
that samples consist primarily of drilling fluid rather than formation water. This suggests that the
permeability of the formation is so low that little or no water movement occurs in the zones tested
(Voegeli et a., 1970, p. 23). Although no fluid was recovered on any of the swab tests
performed during the drill-stem tests, the complete absence of formation water cannot be ruled
out as attested to by regular variations in other ions such as carbonate, sulfate, chloride, and
sodium. The tritium content of the fluid indicates that it was derived from or contaminated by a
surface source rather than from formation water (V oegeli, 1969, p. 14; Voegeli et al.,

1970, p. 20).

Hydrologic tests were performed only in the Ohio Creek and Mesaverde rocks encountered in

drill hole R-EX. Preshot permesability for the Mesaverde Formation was first estimated at

0.5 microdarcys (..d) and then at 0.01 n.d, while postshot production data and reservoir
simulation studies indicated that actual matrix permeability was approximately 0.001 to 0.04 n.d
(Stosur, 1977, p. 709). Additional porosities and permeabilities for deep rocks in the Rulison gas
field are presented in DOE’s Multi-Well Experiment reports (Sattler, 1984; Hart et al., 1984;

CER, 1984; and Hart et al., 1987). Extensive pressure drawdown and build-up datafor R-EX are
reported by Austral and CER (1969, pp. 1-1-1X-3).

Pressures recorded by the USGS during the testing of all water-bearing zones below the unnamed
Paleocene unit indicate steep pressure build-up curves as a function of time, but yielded low fluid
recoveries. This could indicate fracture dominated permeability. The presence of linear features
on the land surface supports this theory. If thereis fracture flow, lateral flow rates could be much
higher than those previously predicted. The most permeable interval tested was from 2,193.34 to
2,193.95 m (7,196 to 7,198 ft). The shut in pressure for this interval was 2,875
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Summary of Hydraulic Tests, Hole R-EX

Table 5-5

(Voegeli et al., 1970)

Depth of Zone . )
Geologic Tested Below Date Caglng ¢ . Type of Flu.'d En_try Bottomhole K
Formation Land Surface Tested . Size Perforations Test Tool During Time Temp:erature Remarks
(inches) Tool was Open (°F)
(feet)
Ohio Creek 6,129 to 6,149 1-15-68 T%4s % in. to 2 in. M.F.E.1 Pressure charts 151 Recovered about 15 gallons of drilling
Formation 4 per ft indicated no fluid mud from top of test tool.
entry.
Mesaverde Group 7,066 to 7,080 4-8-68 5% % in. to %2 in. F.A.S.T.2 Pressure charts 196 Swabbed to 7,004 ft below land
2 per ft indicated no fluid surface. No fluid recovered.
entry. Recovered about 10 gallons of fluid
from top of test tool.®
Mesaverde Group 7,196 to 7,198 4-586-68 5% % in. to %2 in. F.A.S.T.2 Pressure charts 195 Swabbed to 7,134 ft below land
2 per ft indicated no fluid surface. No fluid recovered.
entry. Recovered about 240 gallons of fluid
from top of test tool.®
Mesaverde Group 7,312 to0 7,320 4-4&85-68 5% % in. to %2 in. F.A.S.T.2 Pressure charts 196 Swabbed to 7,250 ft below land
2 per ft indicated no fluid surface. No fluid recovered.
entry. Recovered about 15 gallons of fluid
from top of test tool.®
Mesaverde Group 7,598 to 7,604 4-384-68 5% % in. to %2 in. F.A.S.T.2 Pressure charts 197 Swabbed to 7,544 ft below land
2 per ft indicated no fluid surface. No fluid recovered.
entry. Recovered about 20 gallons of fluid
from top of test tool.®
Mesaverde Group 8,014 to 8,018 3-28-68 5% % in. to %2 in. F.A.S.T.2 Pressure charts 199 Swabbed to 7,929 ft below land
2 per ft indicated no fluid surface. No fluid recovered.
entry. Recovered about 30 gallons of fluid
from top of test tool.®

1.]0hnston Testers Multi-Flow Evaluator.
Johnston Testers Fracturing Acidizing Squeezing Tool.
Fluid likely to have entered the tubing after the packer was pulled loose.



pounds per square inch, which is adequate to support a column of water 2,020.82 m (6,630 ft)
high or 172.52 m (566 ft) below land surface (Voegeli et a., 1970; Nork and Fenske, 1970, p. 6).

Little information was obtained about the hydraulic properties of the rocks above 1,828.80 m
(6,000 ft) (Nork, 1969, p. 4; Nork and Fenske, 1970, p. 5). However, water-bearing
characteristics for the same geologic formations in the shallow groundwater aquifer system
dightly north (< 48.27 km [< 30 mi]) of the Rulison Site, presented in Table 5-6 (Coffin et al.,
1968, p. 3), are assumed to be representative of the water-bearing characteristics for the alluvium
and Green River Formation in the Rulison area.

The transmissibility of the aluvia fill differs from place to place. In places where the alluvium is
mainly sand and gravel, transmissibility may be as much as 1,242.08 m?day (100,000 gallons per
day [gpd]/ft). In places where the alluvium contains clay beds, the transmissibility may be as low
as 248.42 m?/day (20,000 gpd/ft). The average coefficient of storage probably averages about
0.20 (Coffin et al., 1968, p. 17). Thus, well yields depend largely on the lithology of the aluvium
at the well, and the location of the well with respect to local hydrologic boundaries.

Specific conductance of the water decreased from about 12,000 to 10,000 microhoms, which may
indicate alayering of the water and subsequent mixing when pumped (Coffin et al., 1968, p. 17).

Results of pumping and recovery tests in the Green River Formation indicate a range of
transmissibility from 12.42 to 24.84 mé/day (1,000 to 2,000 gpd/ft) (Coffin et al., 1968,
pp. 17-18) and a storage coefficient of 1 x 10° (Coffin et al., 1968, p. 21).

5.7.2 |Regional Hydrochemistry

A pre-shot inventory of wells and springs in the Rulison area was conducted by the USGS
between March 20 and May 25, 1969, to document the condition of wells and springs and to
collect water samples for chemical and radiochemical analysis. All known wells within a 9.65-km
(6-mi) radius of the Rulison emplacement hole, as well as selected wells and springs within a
16.09- to 32.18-km (10- to 20-mi) radius, are given in Appendix B (Hurr et al., 1969, pp. 3-9;
Voegdli et al., 1970, pp. 25-31). Figure 5-12 shows the location of the water-sampling pointsin
the network (Claassen, 1971, p. 3). Detailed location descriptions of sampling

Stes are presented in Voegeli et a. (1970, pp. 35-37).
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Table 5-6
Summary of the Water-Bearing Characteristics of the Geologic Formation
(Coffin et al., 1968)

System

Serics

Geolugic unit

Thickness

Physical character

Water quality

Hydrologic character

Watexr supply

Quaternary

Recent
anc
Pleistocene

‘Alluvium

0-140

Sand, gravel, and clay partly fill
major valleys as much 3s
140 feet: gcnerally less than
one-halt mile wide. Beds of
clay may be as thick as 70 feet:
gencrally thickest ncar the
center of valleys. Sand and
gravel contain stringers of clay
near souths of swall tributagies
to major strcams.

Near the headwaters of the m;oz
streams, dissolved-solidse
concentrations range from 250
to 700 ppe. The water is
generslly a calcium magnesium
bicarbonate type. In most of
the area, dissolved solids
cange from 700 to as much «s
25,000 ppm. Above 3,000 ppm
the water is generally a sodium
bicarbenate type.

Water is under arteajan pressure
where aand and gravel agre over-
lain by beds of clay. Well
yields will decresse with time
because valle tyow and
the valley walls act as
telatively impermeable bound-
aries. Calculated coefficients
of tcansmissibility range from
20,000 to 150,000 gpd per ft.
The coefficient of storage
averages 0.20.

Reported yralds
as much as
1,500 gpm.

Tectiary

Eocene

Green River Formation

Fvacuataon Creek
Menber

Intertonguing and gradational
beds of sandstona, uiltstone,
and marlstoner contalna pyro-
clastic rocks and a few con-
glomerate lenses. Forms
surface rock over most of the
area: thiny appreciably
westward,

¥Water rangee from 250 to 1,800
Ppm dissolved solids, It is
» mixad type water with no
dominant cation or anion.

Beds of sandstone are predomi-
nantly fine grained and are
poorly permaable. wWeter
soves primarily through
fractures. The part of the
member higher than valley
floors is moetly drained.

Reported to yield
a8 much as
100 gpm. Member
has not been
thoroughly
tested, and
larger yields
say be possible

Parschute Creek
Moember

500-1,R00

Kerogenaceous dulumitic marlstone
(v3) shale) and shale: contains
thin pyroclastic beds; frac-
tured to depths of at least
1,800 feet. Abundant saline
minerals in deeper part of the
basin.

Watex ranges in dissolved-solids
content from 250 to about
63,000 ppm. Below 500 ppm,
coalcium is dominant cation:
above 500 ppm, sodium is
generally dominant. Bicar-
bonate is genecally the
dominant anion reqgardless of
concentyatian., Fluoride
ranges from 0.0 to 54 ppm.

Qil shale is relatively
impormeasble. Water moves
through the fractures.
Calculated coefficients of
transmissibllity range f{rom
1,000 to 2,000 gpd per ft;
storage coefficient is about
0.00001.

Catimated poten-
tial yielde as
such as
500 gpm.

Garden Gulch
Member

0-900

Papery and flaky marlstons and
shale; contains some beds of
oil shale and, locally, thin
beds of sandstone.

Oue water analysis indicates
dissolved-solids concentration
of 12,000 ppm.

Relatively impermeable and
probably contsins few
fracturss.

Not known to
yield water to
wella.

Douylas Creek
Hember

0-800

Sandstone, shale, and limestone;
containa oolites and oatracods.
Throughout most of the area
the member is deeply buried.
Sandutone f{orms prosinent
cliffs along the basin margin
on the south and west; thins
toward the deeper part of the
basin where the member seems
to grade into 3 finer grained
facies.

The few anal s avallable
indicate that dissolved-sulids
content ranges from 3,000 to
12,000 ppm. The type is
either sodium bicarbonate or
sodium chloride.

Relatively low i)orn‘nbulty
and probably little
fracturad.

Maximum yield ie
unknown, but
probably less
than 50 gpm.

Anvil Points
Member

0-1,870

Shale, sandatone, and marlstone
grade within a short distance
westward into the Douglas
Creek, Garden Gulch, and Jower
part of the Parachute Creek
Members. Becds of sandstone
are fine grained.

Water ie generally of a magne-
sium sulfate type and may
tange in dissclved-solids
content from about 1,200 to
1,800 ppm.

beda of sandstone are poorly
permeable.

A fow walls tap-
ing beds of
sandatone
yleld less
thas 10 gpm:
maximum poten-
tial yield i»
unknown .
springs yield-
ing leas than
100 gpm 18w
from fractures.

Wasatch Formataon

300-5,000

Clay, shale,

lenticular sand-
stone; Jocally, beds of con-
glomerate and limestone
Beds of clay and shale are

the main constituents of the
formation, Contains gypsum.

ayglu- contributes sulfate to
oth surface-water and
ground-water supplies.

Beds of clay and shale
are relatively impermeable.
Beds of sandetons ace
poorly permeable.

Bot known to
yield water to
wells.
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The results of chemical analyses of groundwater (Hurr et al., 1969, pp. 12-13; Larson and
Beetem, 1970, pp. 14-15; Voegeli et al., 1970, pp. 32-33) and surface water samples (Larson and
Beetem, 1970, p. 8; Voegeli et a., 1970, p. 37) are given in Appendix C. The results of
radiochemical analyses of spring and well samples collected during re-entry drilling at the Rulison
Site (Voegeli and Claassen, 1971a, pp. 13-14; Voegeli and Claassen, 1971b, pp. 7-8), aswell as
radiochemical data obtained from stream samples in the Rulison area (V oegeli and Claassen,
1971a, p. 12; Voegeli and Claassen, 1971b, p. 6; Claassen and Voegeli, 1971, p. 4; Claassen,
1971, p. 4), are presented in Appendix D.

Tritium results are given in Appendix A (DOE, 1984, p. 24). Background levels of tritiumin
surface waters averaged 910 +/- 570 picoCuries per liter (pCi/L), well water samples averaged
640 +/- 450 pCi/L, and spring water samples averaged 770 +/- 770 pCi/L. Water samples
collected during flaring ranged from less than 400 to 1,600 pCi/L (Boysen, 1976, p. 31).
Numerous analytical results of water samples, as well as environmental and biological samples,
collected from the Rulison area are given in Boysen, (1976). Atmospheric levels of radiation, as
well as radiation exposures to off-site populations, are reported by the EPA (1974).

Prior to the completion of site cleanup, water samples were collected from two springs at the site,
one located just off the southeast corner of the R-EX well pad and the other on the upper side of
the road about 274.32 m (300 yards) downhill from the pad. No radioisotopes other than those
naturally occurring were detected (AEC, 1973, p. 12; Eberline, 1977, p. 5). Decontamination of
drilling equipment and radioactive fallout from gas flaring operations are also possible sources of
shallow aquifer contamination. Extensive soil sampling at the site was done to access surface
contamination resulting from radioactive fallout during gas flaring. Contaminated soil was
removed from the site and transported to a suitable disposal site (Eberline, 1977).

Source term concentrations were estimated by assuming that the radionuclides are completely and
uniformly mixed with a quantity of water equivalent to the volume of the cavity void space
anticipated to be formed by the detonation. Predictions of cavity dimensions are given in Table 5-
7 (AEC, 1969, p. 1; Nork and Fenske, 1970, p. 8). The cavity volume is calculated to be about
56,640 to 141,600 m* (2 x 10°to 5 x 10° cubic feet). In thiswater volume, tritium concentration
would be about 6 x 10" microCuries per milliliter («Ci/mL) to 2 x 10™* Ci/mL (Nork, 1969, p.
5); strontium-90 concentration would be about 4 x 102 ,.Ci/mL to 1 x 10" ..Ci/mL (Nork and
Fenske, 1970, p. 11). From the post-shot drilling data, it was estimated that the rubble-filled
chimney was approximately 106.68 m (350 ft) in height. Thisis greater than the
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Table 5-7

Physical Explosion Effects

Maximum Mean Minimum Units
Cavity Radius 108 90 72 feet
Cracking Radius 580 485 390 feet
Chimney Height 451 376 301 feet
gﬁ:ﬁ:{};"b‘gj é‘;;ce) 5.28 x 10° 3.05 x 10° 1.56 x 10° cubic feet
Chimney Volume 16.5 x 10° 9.57 x 10° 4.90 x 10° cubic feet

Source: Nork and Fenske, 1970

minimum 91.74 m (301 ft) that was predicted, but comparable with the associated cavity radii
dimensions determined from well test data (Reynolds, 1971, p. 1).

5.7.3 | Regional Flow System

The Rulison Site is on the southwest limb of the Piceance Creek basin, a large northwest- trending
structural downwarp in northwestern Colorado (Figure 5-13). The northern part of the Piceance
Creek basin drains to the White River; the southern part of the basin drains to the Colorado River.
The Rulison Site drains northward to the Colorado River (Voegeli, 1969, p. 4; Voegeli et al.,
1970, p. 4).

The principal surface hydrologic feature of the Rulison Site is Battlement Creek, a stream that
discharges to the Colorado River at Parachute, Colorado. Battlement Creek carries most of the
runoff to the river, while some runoff is diverted for irrigation use and some infiltrates the stream
alluvium and terrace deposits. The underflow in the alluvium appears as springs in several places
downstream from the Rulison Site (Voegeli, 1969, p. 7; Voegeli et a., 1970, p. 7). Rancherson
Morrisania Mesa obtain water for their domestic and livestock usage from shallow wellsin
alluvium and terrace deposits or from cisterns and ponds which obtain their water from
Battlement Creek and other small streams and springs (V oegeli, 1969, p. 10; Voegeli et al., 1970,
p. 5). Municipal groundwater resources in the Rulison area are confined primarily to aluvium and
surficial deposits (e.g., flood-plain deposits and terrace and fan gravel) (Voegdli, 1969, p.7).
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5.7.4| Impact of Test on Hydrology

Studies of pre-shot and postshot hydrologic conditions indicate that the detonation had no effect
on the physical, chemical, or radiochemical characteristics of wells, springs, streams, shallow
aquifers, or reservoirsin or near the Rulison Site (Voegeli et al., 1970, p. 48; AEC, 1973, p. 18).
The USGS aso sampled springs, rivers, and wells before and after reentry drilling and after each
of the three gas production tests with the same negative results (DOE, 1984, pp. 15-16).

The Rulison device was emplaced near the base of the Mesaverde Formation at a depth of

2,568 m (8,426 ft). Essentially all of the explosion-produced radionuclides were contained within
the Mesaverde Formation. Any mobile water in the Mesaverde Formation which becomes
contaminated with explosion nuclides, and is located below about 2,133.60 m (7,000 ft), is
expected to move downward or laterally, but not upward. Above 2,133.60 m (7,000 ft), any
contaminated mobile waters are expected to move laterally. Groundwater movement in this
formation is estimated to be a maximum of 0.3048 m (1 ft) per day. The most probable rate is
essentially negligible (Nork and Fenske, 1970, p. 2).

Six drill stem tests were run in the vicinity of the shot point. The USGS interpreted the chemical
character of fluids collected from tubing after each drill stem test in exploration hole R-EX as
indicating that "little mobile water occurs in the zones tested” (Voegeli, 1969, P.14). Three of
these tests, 2,153.72 to 2,157.98; 2,193.34 to 2,193.95; and 2,228.70 to 2,231.14 m (7,066 to
7,080; 7,196 to 7,198; and 7,312 to 7,320 ft) below land surface resulted in pressure build-up
curves that could be extrapolated to infinite time by the Van Everdingen method to estimate the
virgin aquifer pressures. Table 5-8 shows the extrapolated shut-in pressures along with the post
shot reservoir pressure compared to estimated hydrostatic pressures for the same depths.

The actual distribution of pressures above 7,066 feet are not well known. However, there can be
no general upward or downward movement of water in thisinterval, and lateral flow must
predominate. Below 7,066 feet pressures drop off rapidly and downward movement of water is
expected to a point within or below the 7,312 to 7,320 foot interval. Since the pressure increases
below thisinterval, a drain exists between 7,312 and about 8,442 feet where lateral flow islikely.

The three drill stem tests analyzed indicate relatively steep pressure build-up curves as a function
of time but low fluid recoveries. A possible explanation of this phenomenon isthat the
predominant permeability belongs to a fracture system. The presence of many linears on the
geologic map at the Rulison Site tends to substantiate this hypothesis. If thisisthe case, lateral

5-33



Table 5-8
R-EX Drill Stem Test Formation Pressures

Depth Estimated Shut-In Pressure Estimated Hydrostatic Pressure
(feet) (pounds per inch) (pounds per inch)
7,066 - 7,080 3,050 3,050
7,196 - 7,198 2,900 3,096
7,312 - 7,320 2,250 3,150
=~ 8,442 2,950 3,640

flow of water could occur at significant velocities in terms of usua groundwater flow rates.
However, since the interfracture blocks in the sandstone beds must also have some permeability,
all water would also have to flow through these low permeability blocks. The average water
velocity is therefore expected to be extremely low (Nork and Fenske, 1970, pp. 5-6).

If groundwater in the Mesaverde Formation isimmobile, all radioactivity will reside essentially in
place until artificially removed, and will eventually decay below detection levels. If the
groundwater in the Mesaverde Formation is mobile, very likely the velocity of movement will be
slow enough and chemical-exchange retardation high enough to prevent the transport of
radionuclides in greater-than-contaminant guideline (CG) concentrations for any significant
distances. Although distribution coefficient distribution coefficient (K,) values were not
determined for the Rulison Site, approximation for retardation of radionuclides may be
determined using values from other locations, given in Table 5-9 (Nork, 1969, p. 7; Nork and
Fenske, 1970, p. 13). Assuming a 0.31 nVday (1 ft/day) rate of flow, it is predicted that tritium
would move less than 1.61 km (1 mi) before decaying to a concentration less than 1 x 10° pCi/L
(AEC, 1973, p. 18; DOE, 1984, p. 14). Under the same conditions of movement but with
consideration of retardation effects (assuming K, = 10), strontium-90 would probably move less
than 1.62 km (1 mi) before decay to below one CG (Nork, 1969, p. 8; Nork and Fenske, 1970,
p. 14).

It is not clear what contaminant release scenario or scenarios were considered in the selection of

Long-Term Hydrologic Monitoring Program (LTHMP) sampling sites (refer to Figure 2-11). It
appears that rather than drilling a network of monitoring wells based on hydrologic data, the
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Table 5-9

Distribution Coefficients of Strontium-85 and
Cesium-137 for Various Materials
(Material suspended in 4 parts saturating solution for 72 hours.
Minimum particle diameter is 4,000 [Nork, 1969].)

Material

Basalt
(Amchitka)

Carbonate
(Yuceca Flat,
Nevada Test Site)

Salt
(Tatum Salt Dome)

Shaley Siltstone
(Gasbuggy Site,
Northern New Mexico)

Sandstone
(Gasbuggy Site,
Northern New Mexico)

Granite
(Shoal Site, Nevada)

Tuff
(Rainier Mesa,
Nevada Test Site)

Desert Alluvium

(Hot Creek Valley, Nevada)

Saturating

Medium Kd (M1/g)

Sz Cs

Sea Water 1.07 6.50
Prepared Water* 0.19 13.5

(Well)
Salt Saturated Water 0.19 0.02
GB-2 Well Water 8.32 309.

Y

GB-2 Well Water 1.37 102.
Deep Formation Water 1.7 34.3
Prepared Water* 260. 1020.

(Rainier Spring)

Deep Formation Water 50-2450 70-2640

*
Water prepared to have major chemical composition similar to that of

referenced water source.
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LTHMP groundwater sampling program has clearly focused on local domestic supply wells and
springs already in place as discussed in Section 2.2.2.4.2 Second Sampling Program, Water
Sampling (Chapman and Hokett, 1991, p. 36).

The alluvia deposits are separated from the emplacement horizon by great thicknesses of low
permeability formations, making transport of contaminants through the geologic media unlikely.
The most probable mechanism for contaminant transport to the shallow monitoring wells from the
shot point at a depth of over 2,438.40 m (8,000 ft) involves contaminant transport up the test
holes. However, the presence of alow-pressure horizon at a depth of about 2,194.56 m (7,200
ft) is presumed to behave as a sump between the shot depth and near-surface aquifers. This zone
will prevent vertical flow into the higher pressure zones above, diverting contaminants to lateral
flow along this hydrologic drain (Voegeli et a., 1970). In addition, the boreholes were plugged.
The possibility of surface contamination by fallout during gas flaring operations was addressed by
monitoring during flaring and presumably no longer poses a threat (Chapman and Hokett, 1991,
p. 36).

Clearly, if the borehole release scenario is verifiably impossible, there is no reason to monitor the
quality of the shallow aquifer. However, given that it isthe only scenario proposed that could
result in contamination of local supply aquifers, the LTHMP at Rulison is evaluated on the basis
that contaminant transport is only possible through the boreholes drilled for the test.

During September 1995, DOE installed two shallow wellsin the alluvial aquifer directly
downgradient of the emplacement shaft. These two witllisenncluded in the EPA’s annual
LTHMP. The purpose of these wells is to function as early warning detection devices (for the
alluvial aquifer) in the unlikely event that upward migration has occurred via the emplacement
shatft.
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6.0 | Recommendations

Based on the information provided in this report, the following tasks should be completed to fill
the information gaps that remain on this project:

» Complete the human health baseline risk assessment

* Collect gas/water samples from the gas wells closest to the shot cavity
* Characterize the mudpit located by the RE-X well

» Continue the Long-Term Hydrologic Monitoring Program

* Develop an action plan in the event contamination is found

6.1 Complete Human Health Risk Assessment

The human health baseline risk assessment for the hydrocarbon/heavy metal contaminants is in the
process of being prepared by DOE. Once it is completed it can be used to: (1) identify areas in
which additional information is needed, (2) to determine the relative importance of the proposed
tasks, and (3) to determine if a task is necessary.

6.2 | Collect Gas/Water Samples

One of the potential pathways for contamination from the shot cavity to reach a receptor is by
tritium migrating to one of the gas producing horizons. To check this, two wells have been
identified from which gas/water samples should be collected and analyzed for tritium. Permission
will have to be obtained from the owners of the wells and arrangements made to collect the
samples when the owners can be present.

6.3 | Characterize the Mudpit

During drilling of the soil borings in SeptemE995, dilling mud was discovered near the RE-X
well. The mud was contaminated primarily with total petroleum hydrocarbons (probably diesel
fuel). The Toxicity Characteristic Leaching Procedure metals analyses all came back nondetect.
The vertical extent of the mud was defined but not the lateral extent. Depending on the opinion
the Colorado State Department of Health takes regarding this information, additional
characterization and possible cleanup may be required at this site.

6.4 | Continue the Long-Term Hydrologic Monitoring Program

The Long-Term Hydrologic Monitoring Program should be continued and expanded to include
the two monitoring wells installed onsite near SGZ during 1995. Sampling of another five wells
emplaced to evaluate the impacts of the contaminated pond sedintieiaisevplice quarterly for
two years. Analyses will include total petroleum hydrocarbons and metals. At the end of the
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required two-year monitoring period, if no impacts from the hydrocarbon or metals have been
detected in the groundwater, the State may waive the monitoring requirement or request that
these five wells be monitored on an annual basis.

6.5 Develop an Action Plan

Finally, a plan should be developed to specify what actions need to be taken in the event that
contamination is found in any of the monitoring locations. At the present time, no plans exist that
identify what happens in the event that radiological contamination is found in any of the sampling
locations.

I mplementing these recommendations will reduce the amount of money to be spent on the site by
identifying exactly where it needs to be spent to fill data gaps and alleviate risks. It will also
reduce DOE liability by allowing the investigations to focus on those areas that pose the greatest
liability (if any).
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Appendix A
Project Rulison, Long-Term
Hydrologic Monitoring Program
Analytical Results, 1972-1994,
Garfield County, Colorado
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Rulison Tritium Results in pCi/L for 1972-1982

1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
34 3t 3 It W 3t 3 Mt 34 _3H* 3K _ 3Kt 3H Wt W 3Mt 3 Kt _3H 34t _ 3 3t

HAYWARD RANCH WELL 380+ <300 480+ 350+ 480+ 440+ 710+ 390+ 330+ 360+ 370+
' 230 13 12 210 230 350 1 1 10 8.4

SEARCY RANCH WELL 740 670¢ 800* 80+ 740+ 430+ 690+ 480+ 360¢ 250+ 3204
( SCHWAB) 240 250 16 13 270 M- 350 1 1 8.9 8.3

GARDNER RANCH WELL 770+ 420+ 510+ 510+ 610+ 310+ 390+ 650+ 310¢ 300+ 200+ 250+
240 240 12 15 2700 9.8° 230 350 9.8 10 8.8 7.7

SEFCOVIC RANCH WELL 580+ 420+ 520+ 880+ 300+ 310+ 290+ 320+
15 11 240 350 10 1 9.5 8.4

CER TEST MELL 770+ 800+ 610+ 540+ 350+ 560¢ 580+ 230+ 240+ 190+ 280+
240 250 15 16 1 240 350 8.9 9.6 .7 . 8.0

BERNKLAU RANCH WELL 250+ 320¢ 350+ 510+ 350¢
230 240 13 19 9.6

GRAND VALLEY CITY  270¢ 170+ 130+ 56+ a0+ N a6t s
SUPPLY (SPRING) 230 <300 1 9.6 <6 8.3 <20 6.8 6.6 6.1 5.8

POTTER RANCH SPRING ' 460+ 680+ 280+ 230+ 210+ 270+
240 350 9.5 9.4 8.2 7.6

SPRING (300 YDS. 510+ 740+ as0+ 480¢ 270+ 170+ 730+ 180+ 210+ 130+ 190+
N.M. OF 62) 230 250 13 16 9.3 , 11° 350 8.5 9,2 1.7 7.1
BATTLEMENT CREEK 860+ 510+ 580+ 300+ 250+ 330+ 850+ 240+ 140¢ 200¢ 190+
( SURFACE) 240 240 15 12 13 13- 350 9.1 8}2 8.5 7.1

.3H + Tritium analysis by conventional method.
3H* = Tritium analysis by enrichment method.

(U.S. DOE, 1984)
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Prolect Rulison, Long-Term Hydrological Monitoring Program
Analytical Results, 1983-1985

Conc.t2 Conc.t2 Conc.t2

0, o, o,
Collection Sigma CA’ of Collection Sigma % of Collection Sigma % of
g onc. o Conc. g Conc.
Date Tritium Guide? Date Tritium Guide Date Tritium Guide
(pCingy uide (pCi/) (pCi/)
Grand Valley, Colorado
City Spring 5/29/83 110+ 6 0.6 6/20/84 3.31+5.0"* <0.02 6/20/85 -6.2+7.7* <0.01
Albert Gardner Ranch Well 5/29/83 2607 1 6/21/84 2006 1 6/19/85 2008 1
Battlement Creek (surface) 5/30/83 2007 1 6/20/84 120+ 5 0.6 6/19/85 130+ 8 0.6
Spring 300 yards NW of GZ 5/30/83 - e 6/20/84 130+ 6 0.6 6/19/85 130+ 8 0.6
CER Test Well 5/30/83 6/20/84 110+ 6 0.6 6/19/85 210+9 1
Rulison, Colorado :
Lee Hayward Ranch Well 5/29/83 260+ 7 1 6/21/84 31017 2 6/20/85 28019 1
Potter Ranch Well 5/30/83 250+7 1 6/21/84 160+ 6 0.8 6/20/85 150+ 8 0.8
Robernt Searcy (G. Schwab) Ranch Well 5/29/83 17016 0.9 6/21/84 180+ 6 0.9 6/20/85 17019 0.9

Felix Sefcovic Ranch Well 5/29/83 3608 2 : 6/21/84 2407 1 6/20/85 210+8 1

'Picocurie per liter (pCi/t)
2Established by DOE Order as 90,000 pCi/e tritium.
* = Concentration is less than the minimum detectable concentration (MDC).
NA = Not applicable. Percent of concentration guide is not applicable either because
the tritium result is less than the MDC or because the water is known to be nonpotable.
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Project Rulison, Long-Term Hydrological Monitoring Program
Analytical Results, 1986-1988

-Grand Valley, Colorado

City Spring

Albert Gardner Ranch Well
Battlement Creek (surface)
Spring 300 yards NW of GZ
CER Test Well

Rulison, Colorado

Lee Hayward Ranch Well

Potter Ranch Well

Robert Searcy (G. Schwab) Ranch Well
Felix Sefcovic Ranch Well

'Picocurie per liter (pCi/t)

Collection

Date

6/15/86
6/15/86
6/15/86

6/15/86

6/15/86
6/16/86
6/15/86
6/15/86
6/15/86

2Established by DOE Order as 90,000 pCi/? tritium.

* = Concentration is less than the minimum detectable concentration (MDC).

Conc.t2

Sigma
Tritium
(pCin)*

260+ 12
140+ 8
90+9
98+8
190+ 8

% of
Conc.
Guide?

Collection

Date

7/27/87
7/27/187
7/27/187
7/27/87
7/27/87

7/27/87
7/127/87
7/27/87
7/27/187

NA = Not applicable. Percent of concentration guide is not applicable either because
the tritium result is less than the MDC or because the water is known to be nonpotable.

Conc.t2

Sigma % of
o Conc.
Tritium Guide
(pCi/t) :
-0.13+8.2" < 0.01
170+ 8 0.8
100+ 8 0.5
8718 04
160+ 9 0.8
220+ 8 1
120+ 8 0.6
160+ 9 0.8
170+ 8 0.8

Collection
Date

6/25/88
6/25/88
6/25/88
6/25/88
6/25/88

6/25/88
6/27/88
6/25/88
6/25/88

Conc.+2
Sigma
Tritium
(pCi/t)

-2+ 16"
170 £ 12
140 + 11
84 £ 11
160 = 12

250 + 12
140 + 11
150 + 11
160 + 11

% of
Conc.
Guide

< 0.01
0.86
0.70
0.42
0.79

1.24
0.71
0.76
0.82



Project Rulison, Long-Term Hydrological Monitoring Program

Analytical Results, 1989-1991

Conc.t2

Collection Sigma

Date

Grand Valley, Colorado

City Spring 6/13/89
Albert Gardner Ranch Well 6/13/89
Battlement Creek (surface) 6/13/89
Spring 300 yards NW of GZ 6/13/89
CER Test Well 6/13/89
Rulison, Colorado

Lee Hayward Ranch Well 6/13/89
Potter Ranch Well 6/13/89
Robert Searcy (G. Schwab) Ranch Well 6/13/89
Felix Sefcovic Ranch Well 6/13/89

'Picocurie per liter (pCi/t)
®Established by DOE Order as 90,000 pCi/¢ tritium.

* = Concentration is less than the minimum detectable concentration (MDC).

Tritium
(pCirn)

1.1+£6.8"
140+ 8
86+8
737
140+ 8

170+ 8
120+ 8
89+8
77+8

0.85
0.6
0.45
0.38

Collection
Date

6/19/90
6/19/90
6/19/90
6/19/90
6/19/90

6/19/90
6/19/90
6/19/90
6/19/90

NA = Not applicable. Percent of concentration guide is not applicable either because
the tritium result is less than the MDC or because the water is known to be nonpotable.

Conc. 1
Sigma
Tritium
(pCi/t)

99+4.1*
87+50
22122
18120
41+22

88+27
43 +2.1
41128
27126

% of
Conc.
Guide

0.05
0.43
0.11
0.09
0.21

0.44
0.22
0.21
0.13

Collection
Date

6/11/91
6/11/91
6/11/91
6/11/91
6/11/91

6/11/A1
6/11/91
6/11/91
6/11/A1

Conc. %1
Sigma
Tritium
(pCi/t)

0.78 £ 3.12*
1134
56+ 3
57+3
5721

187+ 4
1194
63+4
133+ 4

0.9
0.6
03
0.7
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Projebt Rulison, Long-Term Hydrological Monitoring Program

Analytical Results, 1992-1994

Conc. 2

. . % of . Conc. %2 % of
Collection Sl.g.ma Conc. Collection Sigma Tritium Conc.
Date Tritium Guide? Date (PCit) Guide
| pcCiny Bulde p
Grand Valley, Colorado
City Spring 6/9/92 0.43+t149" NA 6/16/93 -1.6+3.1" NA
Albert Gardner Ranch Well 6/9/92 98+3 0.1 6/16/93 80144 0.09
Battlement Creek (surface) 6/9/92 63+2 0.07 6/16/93 49138 0.05
Spring 300 yards NW of GZ 6/9/92 63+2 0.07 6/16/93 . 5714.2 0.06
CER Test Well 6/9/92 - 48 + 2 50.05 6/16/93 5142 0.06
Rulison, Colorado
Lee Hayward Ranch Well 6/9/92 160+ 3 0.18 6/16/93 116 £ 5.2* 0.02
Potter Ranch Well 6/9/92 672 0.07 6/16/93 14+29 0.002
Rothgery (Searcy) (Schwab) Ranch Well  6/9/92 7812 0.09 6/16/93 57 +4.1 0.06
Felix Sefcovic Ranch Well 6/9/92 572 0.06 6/16/93 100 +4.9* 0.11

'Picocurie per liter (pCirt)
2Established by DOE Order as 90,000 pCi/t tritium.
* = Concentration is less than the minimum detectable concentration (MDC).
NA = Not applicable. Percent of concentration guide is not applicable either because
the tritium result is less than the MDC or because the water is known to be nonpotable.

Collection
Date

5/29/94
5/29/94
5/29/94
5/29/94
5/29/94

5/29/94
5/29/94
5/29/94
5/29/94

Conc. £ 1 % of

Sigma Tritium Conc.

(pCi/t) Guide
-1.2+3.5" NA
82 +5.1 0.09
48+4.2 0.05
47 +4.0 0.05
84+46 0.09
100 £ 4.6 0.1
82+46 0.09
71+47 0.08
87+44 0.10



Appendix B
Records of Selected Wells and Springs,
Rulison Project Area
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Location number:
Date of inventory:

Depth of well:

‘Records of selected wells, Rulisom project area, Garfield and Mesa Counties, Colurado

See text for well-numbering system

(accuracy t 0.9 ft); reported depths sre given in feet.

Altitude of land surface: Altitude, estimated from 7%-minute quadiangle topographic

Date of inventory, water-level measurement, yield measurement.
Measured depths are given in feet and tenths below land surface

(Adapted from Hurr, and othere, 1969, and Larson and Beetem, 1970.)
Method of 11fc and type of power:

T, turbine; E, electric motor; NG, natural gas enpine.

Yield:
E, estimated.
Use of water:

All quantities are given in gallons per minute.

J, jet; N, none; P, piston; S, submersible;
R, reported;

D, domestic; I, irvrigation; Ind, industrial; N, nonc;

maps, is given in feet above mean sea level. S, stock.
Depth to water: Measured depths to water are given in feet and tenths below Well permit number: Permit on file at State Engincer's office under this
land surface; teported depths are given in feet below land surface. A "P" number.
indicates pumping level at time of measurement. Remarks: DC, depth well cased; Pf, perforated casing with interval shown;
OH, open hole with interval shown.
e Owner Date Year Depth Casing Al(i:ude Depth He:?od Yleld. Use Temper - T"::;d
vcation of to (gallons ature Well
’ or of com- Diameter land 1 fe of (me1li- )
number well Type water per of water permit Remanks
tenant inventory | pleted (feet) (inches) surface (feet) and tnute) water (°C) grams ber
{feet) ee power | Minute per liter)] "™
SC 5-92-33aac  W. Jewell 10-22-69 1962 35 Steel 5,690 6.5 J,E -- D,s .- -- P12707 lnventoricd postshiot .
SC 6-93-15cbd K. Johnson 3-26-69 1941 3% -- -~ 5,330 25 J,E - D 10 1 .- Outsid: 20-km radfus.
-16bcb  Kozy Kottage 3-27-69 1954 50 6 -- 5, 20 -- 60R D - -- R1148 Pump would not
Kourt start .

-16cdb  J. Layne 3-27-69 1963 L T Steel 5, 310 19 J,E 20R D,s - -- r18318 Pump wes nut
working. QOuner
uses city water.

-16cdd  W. Wood 3-27-69 1964 2h T Steel 5, 305 8 J,E 20R N - .- p20Ba7

-16dce  R. Swallow 3-27-69 1964 L1 7 Steel 5,315 18 -- 20R D -- -- PFYT33

-17bbd  W. Shafto 3-26-69 1956 38 5 Steel 5,290 18 J,B SE D 1 <1 N28 Problewms with
salt and coiro-

. sfon. HWHell
! cleaned out
about 1 yuin
ago .
-18adb A, Wooley 3-26-69 1965 k2 5 Steel 9,290 31 J,E 10R N -- - P25189
-18dac  Union Carbide 3-26-69 1957 0.5 96 Steel 5,270 10.6¢ T,E 1,500R Ind 15 15 -- Two t-inch
Corp. pumps in well.
-0cce E. Hull 3-26-69 -- 300 7 Steel 5,710 80 P,E -- ] 8 L --
SC 6-9h-23dca €. Saulsbury 3-2b-69 1966 9k -- -- 5,520 -- J,E YE D 10 <1 --

-26bce  N. Mead 3-24-69 1964 75 7 Steel 5,300 0 s,E ISR b,s 10 <1 P19365 -

-26cac  H. Boor 3-24-69 1953 210 15 Steel 5,360 88.8 T,NG 650R 1 -- - R13852 Well anmber 1.

-2{daa L. Dotson 3-2b4-69 1962 103 6 Steel 5, 300 - P,E - D,S 17 2 -- Owner reports
motor needs

. replacing.

-27dda  H. Boor 3-2h-69 1953 210 15 Steel 5,340 83.6 T,NG 650R 1 -- - R13851 Well number .

-3Ccda E. Becktell 3-20-69 1954 140 -- - 5,260 -- S,E - D 5 3 --

-31bbd G, Ems 3-20-69 1967 105 1 Steel 5,270 65 S,E LOR [} 3 <l --

-3tbca R, McDaniel 3-20-69 1965 130 T Steel 5,350 110 S,E 23R I,D,S 3 <1 -- DC, 130 feet.

-3lbcd  Seventh Day 3-20-69 1962 100 7 Steel 5,360 80 S,E 20R D b 3 P135Ch

Adventist



--Records of selected wells, Rulison project area, Garfield and Mesa Counties, Colorado--Continued

Owner Date Year Depth Casing AII:ZUde Depth He::Od Yteld Use Temper- TU::;d Hell
Locatéon or of com- °{l Diameter T land to 116t (gallons of f.t“‘. (of1li-| permit Remarks
number tenant inventory| pleted (::et) (inches) ype surface ;".' and per vater | °forater grams number
(Eeet) Ateet) _power miaute) ("c) rliter
5C 6H-yh-3lbde W, Massey 3-2L-69 1967 142 6 Steel 5, 380 70 S,E 8r D n <1 P32393 OH, 110-142 feet.
-sldac E. Robinson 3-20-69 196k 160 7 Steel 5,600 15 E 30R [} 10 <1 --
-31dbb 0. Gibbs 3-21-69 1969  54.0 9 Steel 5, 470 22.9 N - N .- - - New well,no pump.
SC  6-45-28cdd 0. Mahaffey 3-20-69 1963 180 5 Steel 5,485 120 S,k 2R D 8 2 P18113

~3bcba do. 3-24-69 1963 88.0 7 Steel 5,220 69.5 S,k 12R s .- .- P1B114

-35acd W, Arnett 3-27-69 -- 12.0  (u4BxL8) Wood 5,140 10.7 N -- N .- -- --

-36adb C. Gardner 3-26-69 - 33 7 Steel 5,220 . 3,B SE D 3 12 --

-36add R. Smith 3-24-69 1921 86 - - 5,280 - J,B -- D 1 3 --

-36dab - L. Dix 3-20-69 - 110.0 96 Concrete 5,280 kb0 3,8 .- D 8 <l --

SC 6-96-29daa  Sinclair Oil Co. 3-20-69 1959 L] ] Steel 5, 40 20 3,k I5R D,S 1% <1 --

-3ubda  Union 01l Co. 3-20-69 1951 88.0 8 Steel 5,445 65.9 s,B 10 S 12 <1 -- Formerly used for
frrigation. Re-
ported to yleld
about 250 gpm
when equipped
with 4-inch
turbine pump.

g) - th bdb do. 3-20-69 - 85.0 [} Steel 5,425 51.9 S,k <10R ] 7 <i -- Casing quite
rusty.

- 3hcad do. 3-20-69 1963  59.0 6 Steel 5, 340 39.0 S,E SE s 9 21 P17375

-3hcbd do. 3-20-69 - 121.b 6 Steel 3, 380 6.0 I1,t - N - -- --

-3hcdb do. 3-20-69 1963 B1.9 6 Steel 5,30 6.0 J,t 108 ] 11 <l P17316  Casing rusty but
pump in good
condition.

SC  (-yh- Gddd R. Bingman, Sr. 3-22-69 1945 140 1 Steel 6,480 100 PE -- D,S 6 1 --

- Tbab F. Sefcovic 3-22-69 1954 85 6 Steel 6,460 .- P,B 3R D,S 8 s <l .-

- Tbba J. Lemon 3-28-69 -- - 6 Steel - - .. .- N .- - - Pump out of hole.
SC 7-v9- 2¢be P, Baum 3-19-69 1969 295 1 Steel 5,860 130 s,z SE D 6 1 PFE667( 1) o

- 3ded H. Pfost b- 3-69 1959 125 T Steel 5,940 - S,E - N .- - - Pump set at
D0 feet.

- 3ddc  C. Moore b~ 3-69 1961 1%0 6 Steel 5,965 10 S,B SOR 1,D -- -- PF2713

- bece J. Savage 3-26-69 .- 122.5 5  Galv. fron 2,50 120.0 5,8 .- N .- -- - Pump pulled.

- Tadb J. Lawson 5-13-69 1960 100 1 Steel 5,1 0 J,z 1R D 16 - P5L480 bC, 63 feet.

- 7dab M. Zediker 3-24-69 1958 12.5 36 Concrete 5,120 1.8 P,E SE 1,D 11 <1 -

- 9adb J. Smith 5-20-69 1968 160 7 Steel 5,920 -- N .- N -- .- p28859

~-10acb L. Hayward - 3-69 1958 115 5 Galv. firon 6,050 90 J,E 10R D,s - -- P924

-10acc Sorensen 5-20-69 1966 160 7 Steel 6,100 80 N 20R N - .- P28863

-10adcl E. Schwab b- 3-69 1955 15 -- -- 6,140 32 .- - 1,0 -- - R6280

-10 adc2 do. 5-14-69 1954 134 6 Steel 6,140 13 s,E S0R 1,b - - -

-10 adc3 do. b- 3-69 - - - -- 6,140 .- 8,8 - - - - -

-10bda L. Hayward 5-14-69 1962 143 5 Steel 5,990 L3 s,B - D 11 -- --

-10dcd do. 5-20-69 - 160 1 Steel 6,300 81.0 N - N . -- p28861

-lzbad  B. Smith 3-22-69 1951 80 8 Steel 6,210 - s, - D,s 12 <1 --
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--Records of selected wells, Rulison project area, Garfield and Mesa Countles, Colorado--Continued

Lo Owner Date Year Depth Casing Alt;;ude Depth HE::OG Tield Use Temper- Tu;:;d Well
cation of to (gallons ature .
or of com- land 1ife of (mt111- ] permit Remarks
nuaber well | Diameter wster per of water
tenant inventory| pleted (feet) | (1nches) Type surface (feet) and inute) water (°C) grams numbér
. {feet) power | TRUte per 1ter
SC 7-95-1Taab  A. Mclane 3-19-69 1966 230 5 Steel 5,660 100 s,E IR D 1 1 P2B860 PE, 170-220 fevt;
OH, 220-230 feet.
-17aba D, Dupice 3-19-69 1966 240 5 Steel 5,600 160 s,E R D 13 10 p28862 Pf, 160-210 feet;
OH, £10-240 feet.
-18adb R. Nordstrom 3-18-69 1949 100 7 Steel 5, 380 0 S,k 8r ) 14 2 .- Ouncr reports
. watvr is rusty.

-18cbb  G. Rogers 5-13-69 1960 95 7 Steel 5,110 66 S,E 0E D 12 -- P55I17

-18ded M. Christianson 3-18-69 - -- 6 Steel 5,470 -- s,8 -- D 12 2 -

-20bbe  A. Gardner 3-26-69 1957 130 6 Steel 5,510 80 5,2 10E D,S 12 <1 --

SC T-96- lcce Lindauer - - - . - %,1%0 -- -- - N -- -- - Teaant repurls
that well is nu
good. It was
drilled fu too
flne and claycy
materlal.

- 2dbb  C. Alber 3-20-69 1900  29.3 2h Rock 5,195 15.1 J,E 8r s - -- NU39  Motor on pump re-
ported to huve
fafled Dec. 19€8.
It has not yet
becn repalied.

-l2bbb B, Lindauer 3-20-69 1948 57 6 Steel 5,140 32 J,B 10E [ 16 <1 --

-13abb ¥, Gray 3-24-69 1964 0.7 1 Stesl 5,080 kLR 3,z - [} .- - P16999

-13ebd  J. Saith 3-24-69 1959 14.6 2k Concrete 5,060 1.2 J,t SE [} 11 11 -

-23cad  Mountain Corp. 3-25-69 1959 13.9 23 011 drums 5,090 11.0 P,E 5E D 1 1 --

-3kbac A, DeMaestri - -~ .- .- -- ,999 . .- .- L} -- - --

-3ubbe do. 3-25-69 -- 11.0 (2kx24)  Concrete 4,995 8.9 J,E SE D 1 <1 -

-3kbcd  R. Ell{s 3-25-69 1961 23.2 1 Steel 4,990 9.8 J,E ‘5 D 11 12 --

-3kbde  C, Heyward 3-25-69 1963 25.% 1 Steel k&, 990 1.1 J,E 15R D 11 37 P16997

SC 8-96-1lacc  E. Kennon 3-18-69 - 50 8 - 5,760 38 s,t -- D,s 9 2 --

-11bbd L, Knox 3-18-69 1950 i0 36 None 5,600 6.0 1,B 6E ] 6 3 --

-lzeaac N, Dutton 5-13-69 19k9 165 6 Steel 6,100 134 P,E 2E D,S 13 -- -- bC, 165 feet.

SC 8-97-lkdad O, Mshaffey 3-26-69 196k  107.0 5 Steel 5,020 66.7 [ 3 1] S - -- P19065  Outside 20-km radius.

SC 9-9h-22ace  W. Micoll 3-25-69 1965 290 9 Steel 6,980 100 s,k SE D,$ 12 <1 P20032(?)

' -22bab W. Severson 5-15-69 1966 110 ki Steel 6,940 -- s,E 5 D,S 10 -- --

SC 9-95-26baa P, Right 5-15-69 1951 Ip) 5 Steel 6,320 5T J,B -- D 15 -- --

-34bdb M. Csmpbell 3-25-69 1900 L 6 Rock 5,99'0 - J,B -- D 10 <1 -- Pump in basemunt

of sture. Well
under streel
about 25 feet
north of store.
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--Records of selected wells, Rulison project srea, Garfield and Mesa Counties, Colorado--Continued

Altitude Method Temper-} Turbid-
Locat Lo Owner Date Year D::lh Casing of Det:h . of (Yl;:d Use ature ity Well
atron or of com- land 11£c |82 %0ms of Jof water ] (milli- perait Remarks
number well Diameter ‘water per
tenant inventory|pleted (feet) | (1aches) Type surface (feet) and inute) water {oc) grams number
cet) {teet) ee power| minute rliter)
SC 9Y-99-35abc  T. Young 5-20-69 1964 765 7 Steel 6,100 55 s,k SOE D -- - PF6238 DC, 765 feet.
PE, 175-
200 feet,
L05-510 feet,
and 565-
765 feet.
SC 10-95- 2 aab Unknown L. 3-69 - 35 - —- 6,240 - - - N -- - -- Pump bad. Tenant
hauling water.
- 2bsa H. Castle b. 3-69 1964 185 5 Steel 6,245 138 J,8 12R D -- -- P21409
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Location number:
Date of inventory:

measurement.

Records of selected springs, Rulison project area, Garfield and Mesa Counties, Colorado

(Adapted from Hurr, and others, 1969, and larson and Beetem, 1970.)

See text for spring-numbering system.

Altitude of land surface:
charge, estimated from 7%-minute quadrangle topo-

Date of inventory and yield

Altitude of point of dis-

Yield: R, reported; E, estimated.

Use of water: C, commercial; D, domestic; I, irri-
gation; M, municipal; S8, stock.

Improvements: B, box; N, none; P, pipe; U,
undetermined.

graphic maps, is given in feet above mean sea level. Temperature: Recorded to nearest 1%.
Altitude] Yield
Location Date of of land| (gallons|Use of]|Improve- Tempera-| Turbidity
Owner or tenant ture (milligrams Remarks
number inventory| surface per water] ments (°C) er liter)
(feet) | minute) P
SC 6-93-18aac |A. Wooley 3-26-69 5,340 1E c,D B,P 6 <1 Spring went dry
once or twice 6
or 7 years ago.
-20bdd |J. Todd, Sr. 3-26-69 5,400 -- D U 4 >150
SC 6-94-26aca |L. Farris 3-24-69 5,520 .- D ] 10 <1
-26adc [H. Boor 3-24-69 | 5,500 12R D U 7 <1
-31bbb |B. Potter 3-20-69 5,210 100E 1,Db B 13 <1
-32cca . Wells 3-21-69 5,770 -—- D u 8 <1
-33dbd |D. Winch 3-24-69 5,640 -- D U 5 <1
-34dcclJ. Smith 3-24-69 5,510 -~ D u 4 <1
SC 6-95-36aab [W. Lemon 9- 5-69 5,200 -- D,1 N 13 -~
~-36aabl do 9- 5-69 5,200 -- D,1 N 13 --
-36abd do 9- 4-69 5,200 -- D,1 N 12 --
-36abdl do 9- 5-69 5,200 -- D,1 N 13 --
-36cdd |G. Scarrow 3-21-69 5,480 -- D 4] 5 3
SC 7-94- 4acd |[M. Bernklau 3-24-69 5,920 -- D u 7 <1
- 4bdc {C. Bernklau 3-22-69 6,040 -- D U 5 <1
- 6abalE. Pettigrew 3-21-69 5,840 -- D U 3 21
- 6bba M. Gerst 3-20-69 5,800 -- D,S u 5 2 Supplies water to
four houses.
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Records of selected springs, Rulison project area, Garfield and Mesa Counties, Colorado--Continued

Altitude] Yield Tempera-| Turbidit
Location Owner or tenant of land) (gallons . (mil114 . k
number surface! per tyre m grams Remarks
(feet) | minute) (c) per liter)
SC 7-95- laba)G. Elliott 5,760 -- D u 6 <1

- lbaa|C. Clark 5,680 -- D ] 4 <1

- 2add|A. Hoagland 5,740 - D U 6 <1

- 2bcd|E. Forshee 5,580 .- U 4 4

- 3bdb{G. Knight 5,340 150E N -- - Contour ditch along
hillside collects
water from numer-
ous springs along
1/2 - 3/4 mile of
spring line.

- 4acd do. 5,340 5 9 3

- 4add do. 5,340 155 9 14 Irrigates with
sprinkler.

- 4dbb do. 5,340 70 10 9

- 5dcd|Town of Grand 5,340 125 12 <1 Twenty-one separate

valley ’ spring boxes
collect water
from numerous
springs along
1/2 mile of
spring line.

- 8ccb|{R. Eaton 5,300 47 9 2 Contour ditch along
hillside collects
water from two
separate springs.

-18aad do- 5,320 85 7 9

~18bcd|C. Gardner 5,120 -- 9 <1




Records of selected springs, Rulison project area, Garfield and Mesa Counties, Colorado--Continued

Altitude]| Yield Tei a-] Turbidic
Location Date of of land] (gallons|Use of| Improve- emper r ¥
Owner or tenant ture (milligrams Remarks
number inventory| surface| per water| ments (oc) er liter) .
(feet) | minute) P
SC 7-96-33dcd| W. Hammerick 3-25-69 5,040 16 p,S N 12 <1
-34cagLD. Knox 3-18-69 5,080 -- D U 10 2
-35deH 0. Murray 3-18-69 5,500 -- D u 4 4 Location number is
. for residence.
SC 8-95-24acclF. Wallace 9-19-69 | 10,200 -- -- u 7 1 Inventoried postshot.
SC 9-93-19bda €. Bruton 9- 4-69 7,180 715E D,s,1 B 9 -- Supplies water to
two houses.
SC 9-95-26dad city of Collbran| 3-25-69 6,040 -- M u 8 <1
-33dba Plateau Valley 3-25-69 5,720 -- M u 10 <1
School
-34adyR. Gibson 3-25-69 6,040 -- c,b 4] 7 <1 Supplies a motel
and the Civilian
Congervation
Center of the
U.S. Bureau of
Reclamation.
-35ddﬁ E. Chapman 3-25-69 6,150 -~ D,S U 2 <1




Appendix C
Chemical Analyses of Groundwater and Surface Water,
Project Rulison Area
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(Chemical analyses in milligrams per liter.)

) Hardness Dis-
Time | Teme vag-] B | ¢ as CaC04 solVed ii:j:itf
Altitude {moun | cal- 51 cor- | bors Toa= Ty solids . Tur- |Tric-
Station name (feet Date tain PEr="1 cium :e bon-~ o0 | cium o8] (resi- 8;‘ © _ | pH {bid- | ium
above msl day~ zgg;e (ca) :Hm;' ate zzg y| mes- §::: due ml(\:acr:t ity (T.U.)l/
light) & (Hco, ) 3 ne- | o at oot %5%)
! sium 1800c)|c™ @

Colorado River at New Castle 5,515 8-26-69 1225 19.0 T 14 161 0 235 103 534 898 7.3 (3 368
Colorado River at New Castle 5,515 . 10-19-69 1600 8.0 - .- - - -- - “- - - - <220
East Mamm Creek near Rifle 6,220 9-2-69 1500 27.0 51 60 6711 0 3Tk 0 1,050 1,40 8.1 -- <220 '
Middle Mamm Creek near Rifle 6,830 8-27-69 1235 19.5 by 21 261 0 197 0 237 450 7.9 8 <220
West Mamm Creek near Rifle 7,080 8-27-69 1145 13.5 62 31 360 0 282 0 369 648 7.6 L <220
Mamm Creek near Rifle 5,610 8-27-69 1300 27.5 51 93 538 0 510 28 1,3%0 1,820 7.7 %0 <220
Beaver Creek near Rifle 1 6,685 3-2h-69 -~ 1.0
Beaver Creek near Rifle 6,685 9-20-69 1209 10.0 36 8.0 173 0 124 0 149 282 8.1 15 <220
Cache Creek near Rulison 5,950 8-27-69 1025 13.5 21 4.5 101 0 T 0 81 171 7.0 5 263
Battlement Reservoir near Grand Valley 10,200 9- 3-69 1000 7.0 7.1 .8 35 0 21 0 53 60 7.0 -- 336
Battlement Creek near Morrisania 7,760 8-28-69 0815 9.5 10 2.5 55 0 36 0 Th 96 7.1 10 229
Battlement Creek near Morrisania 7,760 9-20-69 1355 9.5 12 2.6 59 0 41 0 41 100 7.4 2 <220
Tributary of Battlement Creek near

Morrisania 7,880 8-27-69- 1500 17.0 36 11 200 0 135 0 147 322 7.3 <l <220
’l‘rlburci_al;:nos Battlement Creek near 7,880 9-20-69 1400 16.5 36 11 208 0 135 0 178 338 8.0 T <220
Battlement Creek near Grand Valley 6,630 8-27-69 1425 8.0 17 5.0 89 0 63 0 110 150 6.8 2 258
Battlement Creek near Grand Valley 6,630 9-20-69 1320 11.0 .23 7.3 126 0 88 0 ' 10k 212 8.0 2 <220
Battlement Creek near Grand Valley 6,630 10-19-69 1420 4.0 -- .- - - - - - - - - <220
Spring Creek near Grand Valley 5,080 8-27-69 1610 22.0 29 38 334 0 229 0 471 79 7.9 1 <220
Colorado River near DeBegue &,940 8-26-69 1615 23.5 67 15 157 0 229 100 537 882 6.5 10 335
Colorado River near DeBeque k,9%0  9-20-69 1515 17.0 105 16 166 0 328 192 601 1,030 8.1 10 <220
Colorado River near DeBeque 4,940 10-19-69 1200 18.0 - - - -a -- - - - - -~ 288
Vega Reservoir near Collbran 7,906 8-26-69 1945 14.0 18 3.2 81 0 53 0 56 124 6.7 L 230
Plateau Creek near Collbran 7,10  8-27-69 0755 12.0 17 4.2 83 0 60 0 57 121 6.8 2 2w
Road Gulch near Collbran 7,400 8-28-69 1110 18.5 51 10 295 0 168 0 276 k75 7.9 15 <220
Buzzard Creek near Collbran 6,955 8-26-69 1830 22.0 51 25 338 0 230 0 383 565 7.8 10 b3
Buzzard Creek near Collbran 6,955 9-20-69 1800 14.5 76 18 322 0 264 0 335 580 8.2 2 <220
Brush Creek near Collbran 8,183 8-26-69 1905 16.0 51 13 248 0 181 0 201 350 7.9 10 263
Hawxhurst Creek near Collbran 6,560 8-26-69 1800 19.0 51 29 430 0 27 o 370 605 7.5 2 354
Hawxhurst Creek near Collbran 6,560 9-20-69 1655 14.5 716 30 hy3 0 313 0 kol 668 1.9 <1 2%
Kimball Creek near Collbran 6,880 8-26-69 1735 17.0 67 20 433 0 250 0 384 610 7.5 <1 <220
Kimball Creek near Collbran 6,880  9-20-69 163 12.5 105 20 481 0 345 0 k25 708 1.9 2 <20
Plateau Creek near Cameo 4,836 B8-28-69 0955 18.5 1%} 3B k11 0 259 0 485 780 8.1 2 <220
Plateau Creek near Cameo 4,83  9-20-69 1545 17.0 37 35 385 0 237 0 418 T12 8.1 8 <20
Plateau Creek near Cameo 4,836 10-19-69 1100 16.0 - — — - -— - - - - - 291

1y The tritium analyses were by liquid scintillation counting and the lowest detectable concentration by this method was 220 T.U.



Appendix D
Radiochemical Analyses of Spring,
Well, and Stream Waters,
Rulison Project Area
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Radiochemical analyses of water from selected springs in western Colorado

Location [Latitude N. [Longitude W. Tritium Gross alpha Cross beta
sample - = T Distance from Date I
3 -
Owner or tenant point_ |, ‘o : sl g ¢ £l ¥ s sl ::::.c:us::‘l‘:: of G+8/1 (pci/1 as  (PCL/1 Remarks
numberl/ HEHEE Bl Bl 8] B 2| 8 |“Giloecersy |cotlectiof PEL/I}TU | - as ] netorany [S5%% keat13ny
ecld|8l~| &1 2] 8] )R] a ure ur 1-90) [**
Mrs. Betty Potter 20 6 94 31 NW 39 29 20 107 56 12 5.7(9.2) 3-20-69 <700 <220 12 3.9 8.4 11 -
4-10-70 <1,300 <400 18 5.9 8.8 9.1
Carl Bernklau 21 79 &4 NW 39 28 09 107 53 45 5.1(8.2) 10-20-6% <960 <300 10 3.4 4.6 5.8 --
4-10-70 <960 <300 10 3.5 4.3 4.8
Town of Grand Valley 22 795 SSE 39 27 49 108 00 58 5.3(8.5) 3-21-69 <700 <220 21 6.8 3.0 3.7 Town of Grand Valley
9-20-69 <960 <300 -- -- - -- water supply.
10-19-69 <960 <300 -- - .- .-
4-11-70 <1,300 <400 20 6.7 3.0 3.4
Otis Murray 23 796 358E 39 23 23 108 04 28 6.8(11) 3-18-69 <700 <220 11 3.7 6.7 8.4 =
4-11-70 <1,300 <400 45 15 19 2%
Cecil Gardner 24 79518 N4 39 26 16 108 02 40 5.6(9.0) 3-26-6% <700 <220 26 8.7 4.6 5.8 -
4-11-70 <1,300 <400 31 10 5.2 6.0

l/Au shown on figure 1.

(Voegeli and Claassen, 1971a)



a

Sample

Owner or tenant mp:::t eoll::tlon pet/ v . ‘.::"u . ::m"l) Remarks

Mrs, Betty Potter 20 9% 5=30-70 <960 <300 -N 1.l- -

Carl Becnklau 3 9% & W 39 28 0% 107 53 45 5.1 8.2 $5-30-70 <960 <00 <6.3 <.l 3.2 3.8 .-

Town of Crand Valley 22 95 5 SE 39 27 49 108 00 S8 5.3 8.3 3-30-70 <960 <00 1.9 2.6 3.1 3.4 Towa of Crand Valley

water supply,

Otis Murcay 23 96 35 SE 39 23 23 108 04 2800 6,0 1 5-30-70 <960 <300 u 3.6 3.5 6.1 -

Cecil Gerdner 2% 95 18 MW 39 26 16 108 02 40 5.6 9.0 $-30-70 <960 <300 42 14 5,0 5.6 -

Fred Vallace 25 95 24 NE 39 21 04 107 56 26 3.8 6.1 3-29-70 <960 <00 <.é <2 2,1 2.7 -

(Voegeli and Claassen, 1971b)
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Rasdiochemical analyses of water from selected wells in western Colorado

Location {Latitude N. |Longitude W. Tritium Gross alpha Gross beta
1 I Distance from
Sample g Date (pCi/n
(hmer of tenant ?olnt” § g § ‘g E E g ::::-'c;aa:::: of pci/1] 1o (“ﬂl (PE:“ as (p(.!:/l Remarks
auzherZ : g g g § 8 3 (kilometers) |cCl1ection U natural)|0 natural) s;::g; Ca-137)
Lorman Mead 15 NW 39 29 50 107 51 &4 7.70112) 3-24-69 1,300 420 6.8 2.3 6.3 7.8 --
4-10-70 1,000 310 17 5.6 7.0 1.3
.ussell Bingham, Sr. 16 79 6SE 39 27 41 107 55 12 4.1(6.6) 3-22-69 <700 <220 5.0 1.7 <3.5 <4.3 --
10-20-69 <960 <300 <4.6 <1.3 2.1 2.7
4-10-70 <1,300 <400 4.8 1.6 3.9 4.5
lbert Gardner 17 79520NW 39 25 49 108 01 37 4.6(7.4) 3-26-69 960 300 9.1 3.0 <.4 .3 --
' 4-11-70 <1,300 <400 17 5.6 4.1 4.4
sinclair 0il Co. 18 696 29 SE 39 29 31 10807 23 11.1(17.9) 3-20-69 <700 <220 n 10 15 19 --
4-12-70 <1,300 <400 26 8.6 15 18
tillard Nicoll 19 9 94 22 NE 39 15 49 107 52 02 10.6(17.1) 3-25-69 <700 <220 14 4.8 15 19 --
. 4-11-70 <1,300 <400 3% 11 6.0 7.3
1/

~"As shown on figure 1.

(Voegeli and Claassen, 1971a)



Radiochemical snslyses of water from selected wells in western Colorado

[] itude W, [Disrance from Tritium Cross_alpha
Ownar or tenant :;:l:‘ i g 5 ; .:::u:" D::. pc1/t| v ws/1 Gt/ Remarke
jrusbe i ltlul .‘u‘hl" . collection ] n::urnl) L} n::unl) IS:-
Norman Mead 15 9% 26 MW 39 29 S50 107 31 & 7.7 12 5-30-70 <960 <300 <9.1 <3.0 9.3 11 -
Russell Bingham, Sr, 16 9 6 SE 39 27 41 107 35S 12 4.2 6.6 3-30-70 <360 <%0 9.8 33 4.1 4.4 -
Albert Gardner 17 95 20 W 39 25 49 108 01 37 4.6 1.4 35-30-70 <960 <300 13 4.3 3.7 6.4 -
Sinclatr 01l Co, 18 96 29 SK 39 29 31 108 07 23 11.1 17.9 3-30-70 <960 <00 FY 9.0 23 26 -
Willard Ricoll 19 9 22 NE 39 15 49 107 52 02 10.6 17.1 5-29-70 <960 <300 13 4.3 14 16 .-

(Voegeli and Claassen, 1971b)
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pauibehisimibng ShAl BN Ul WHlLs §BU— @ inb i Wb = e e

- Location atitude N.| Longitude W.] Distaace Tritium Dissclved Suspended
= from
sample | 2] . g surface Date Crosa alpha (pz:;:' bets Solide Cross alpha . c:;:- beta
Strcam oint ! Z|*Is]25] slols HI B B geound of pCi Remarks
woverd/]| Slel21E1 BIE1R | E|5|E |eoro, in forrectioectst] 1o | wourt s fcpcisran |Tan JFELE ] et an | potn ae | Tes | 0SUTE
E HH R &le E g 9 wiles natura}) | U natural)|sc-90/ Ce-137) U natural)] U natural) [Sr-90/ c._:’7)
_ elalal~] &1x12 2= kilometers ¥-90) Y-90)
Koaring Fork 1 @n 39 10 48 106 48 05 64 (103) 4- 6-70 <960 <300 7.8 2.6 2.3 2.9 <1 <0.4 <0.1 0.6 0.6 USCS gaging station
River near 9-0734.
Aspen
tolorado River 2 S 90 31 SW 39 Y4 06 107 32 2b 25(40) 8-26-69 1,100 350 .- -- -- .- .- .- .- .- USCS gaging station
at New Castle 10-19-69 1,100 350 -- .- .- .. - -- .. - 9-0876.
&- 6-20 1,300 3% 28 9.3 8.7 11 16 .9 .3 1.1 1.3
Leaver Creek ] 6 93 20 SE 39 )0 40 107 48 0} 10.6(17.1) 3-24-69 <700 <220 <2.6 <.9 2.5 3. - -- -- - - Sample collected
ncar Rifle between settling
pond end filter
plant, Rifle
water worke.
3 79 1 NE J9 28 20 107 49 55 7.6(12) 9-20-69 <960 <300 - .- -- -- .- - .- - USGS gaging station
4-10-70 <960 <300 6.9 2.3 3.4 .2 39 3.6 1.2 2.9 ) 9-0923.
Kimhall Creek 4 9 95 14 NE 39 17 00 107 57 11 8.4(14) 8-26-69 <360 <300 - .- -- -- .- - e - .
neay Collibran 9-20-6% <960 <300 - - .- .- - .- .- -
4-11-70 <1,)00 <400 1.2 2.4 1.6 9.4 10 .5 .2 s.8 6.4
Platcau Creek b 10 97 18 sw 39 11 00 108 16 10 23001 8-28-6% <960 <300 .. -- .- -- .- .- -- - USCS gaging stacion
near Cameo 9-20-69 <960 <300 .- .- .- -- .- -- - .- $-1050.
10-19-6% <960 <300 .- - .- .- -- -- -- .-
4- 6-70 <960 <300 2% 8.0 1.1 8.9 98 6.1 1.0 3.9 49
Colorade River b 8 97 2) Sw 39 20 22 108 11 35 164(21) 8-26-69 960 300 -- - - -~ -- .- -~ - Downstresm 2.7 miles
near DeBeque 9-20-69 960 300 - .. - - - .- - .- (6.3 kilometers)
10-19-69 <960 <300 .- .- .- .- -- -- .- .- from USCS gaging
&- 6-70 1,200 380 n 5.8 7.6 9.5 14 . .2 1.2 1.3 station 9-0917.
Y As shown on figure 1.

yNot surveyed.

(Voegeli and Claassen, 1971a)
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Radiochesical snalysns vl waiui biuw SCioLiew eis-

Location Latitude N, [longitude W.] Distance Tritive Dissolved Suspended
3 from
Sample | surface Date Cross alphs Gross bets Solids Qrose alphe
Stream point [ R 1] ¢ § e |oleleleale ground of oci/1 (21740 Wi/l
et § 1al 8158 |8 H sevo ollacttond o /| oy [Gua/d ae FUUGT) an o n Ge/t as JpCa/1 a0 Renarks
3 § - i ] i 11ee kilo- sacural] o $x-90/ o137 - astersl) naturel)
a i 218 1d1a L_I{I{ R X-%0)
Roaring Fork 1 /) 39 10 48 106 48 05 64 103 6- 1-70 <960 <300 .7 0.9 4.3 5.% 30 4.1 1.4 33 3.8 USCS gaging statiom
River nesr 6-25-70 <960 <300 .2 .7 3.5 A3 6 s .3 1.0 1.1 9-0734.
Aspan
Colorado River 2 5 90 31 sv 39 3 06 107 32 6 25 «0 6- 1-70 <960 <300 3.3 1.2 [ 3% ] 5.4 100 5.7 1.9 s 4.6 USGS gaging station
at New Castle 6-25-20 1,100 360 44 13 44 3.5 [ ] 3.6 1.9 46 3.2 9-0876,
Buaver Creek 3 7 9 1w 39 28 20 107 43 55 1.6 12 3-30-70 <960 <300 1.1 4 1.3 4.5 210 12 4.0 1.8 9.0 USGS geging station
aear Ritle 6-25-70 1,000 320 1.7 .6 2.7 3.4 n 1.8 .6 1.9 L8 ) 9-0923.
Kimball Creek & 9 9514 NL 39 17 00 107 ST 13 8.4 14 5-29-70 <90 <00 2.1 R 2.1 2.6 140 LX) 3.3 3.4 6.5 .-
nest Collbran 6-25-70 1,200 3% 1,2 R 1.2 3.4 Sk 4.3 1.3 .4 3.1
Placesu Craek ] 10 97 18s¥ 39 11 00 108 16 10 23 n 3-29-10 <960 <300 iR L3 $.3 6.5 330 7 .9 7.4 9.4 USCS geging statiom
near Cameo - 6-25-70 <960 <300 12 4.0 11 16 40 1.6 .3 2.2 1.3 9-1030,
Colorsdo River [ 8 97 2)sv 39 20 22 108 11 35 14 23 $-29-70 <960 <300 4.7 1.6 9.9 13 180 113 6.7 8.0 10 Dowvastresa 2 7 miles
neatr DeBeque 6-23-70 <360 <300 3.2 1.1 6.8 8.5 ”» S.6 | ] 3.8 47 (6.3 hilosaters)

tzon BSCS geging
station 9-0937,

(Voegeli and Claassen, 1971b)



Rediochemtcal analyses of water frow selected strasms in western Colorado

Locstion Latficude N, {Longitude W. Dl:nnct Tricium Plssolvad Suspended
. roa I
Semple | ¥ £ surface Date Gross slphs Gross bets Solida Crosa alpha I Gross bdets
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stetion 9-0937,

v As showvn oa figure 1,

,_/ Not surveyed,

(Claassen and Voegeli, 1971)
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Radiochemical analyses of water from selected stresms in westarn Colorado

location Distance Tritivm Lesol Suspended
Ssmple : g '::::“ Data Craas slphs Crosa bata Sollds Cross alphe Cress beta
Streas poiat 1> - of | ! 1,1
ausber £le :‘E. g l::::‘ collection) N 64./: (’c“l GE.I.Il (eC1/1 n “s/l o GO/ = thi.ll @CtL/1
pect w as s - as ng - [
g 5 ! - hiles ‘2:: haturad | nature s;_:{ o -Unl U satursl) | U setural) I';_:{ Ce-137)
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aear Cameo 11- 5-70 9% 3o 20 61 25 n » .9 .3 1.6 19 9-10%0
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‘/ As shown on figure 1,
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1/ Samples for tritium, gross alpha, and gross bets collectod and stored,

(Claassen, 1971, p. 4)
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Foreword

Within weeks after the ending of World War II, plans for the first nuclear test series
“‘Operation Crossroads’’ were underway. The purpose then, as now, was to develop new
weapon systems and to study the effects of nuclear explosions on military equipment. The
development of the nuclear testing program has been paralled by public opposition from both
an arms control and an environmental perspective. Much of the criticism is due to the symbolic
nature of testing nuclear weapons and from the radiation hazards associated with the early
practice of testing in the atmosphere. Recently, however, specific concerns have also been
raised about the current underground testing program; namely:

e Are testing practices safe?
e Could an accidental release of radioactive material escape undetected?
e Is the public being fully informed of all the dangers emanating from the nuclear testing

program?

These concerns are fueled in part by the secrecy that surrounds the testing program and by
publicized problems at nuclear weapons production facilities.

At the request of the House Committee on Interior and Insular Affairs and Senator Orrin
G. Hatch, OTA undertook an assessment of the containment and monitoring practices of the
nuclear testing program. This special report reviews the safety of the nuclear testing program
and assesses the technical procedures used to test nuclear weapons and ensure that radioactive
material produced by test explosions remains contained underground. An overall evaluation
considers the acceptability of the remaining risk and discusses reasons for the lack of public
confidence.

In the course of this assessment, OTA drew on the experience of many organizations and
individuals. We appreciate the assistance of the U.S. Government agencies and private
companies who contributed valuable information, the workshop participants who provided
guidance and review, and the many additional reviewers who helped ensure the accuracy and
objectivity of this report.

wz‘/fuﬂs«AJ

JOHN H. GIBBONS
Director

i



OTA Project Staff—The Containment of Underground Nuclear Explosions

- Lionel S. Johns, Assistant Director, OTA
Energy, Materials, and International Security Division

Peter Sharfman, /nternational Security and Commerce Program Manager*

Alan Shaw, International Security and Commerce Program Manager**

Gregory E. van der Vink, Project Director

Administrative Staff
Jannie Horne (through November 1988)
Marie C. Parker (through April 1989)
Jackie Robinson
Louise Staley

“Through February 1989.
**From March 1989.

vi



Workshop 2: Monitoring
Tuesday, Sept. 27, 1988
Environmental Research Center
University of Nevada, Las Vegas

Melvin W. Carter, Chair
Neely Professor Emeritus
Georgia Institute of Technoiogy

Lynn R. Anspaugh

Division Leader

Environmental Sciences Division
Lawrence Livermore National Laboratory

Bruce Church

Assistant Manager for Environmental Safety and

Health
Nevada Operations Office
U.S. Department of Energy

Charles F. Costa
Director
Nuclear Radiation Assessment Division

United States Environmental Protection Agency

Donald R. Elle

Chief, Technical Projects Branch

Health Physics and Environmental Division
Nevada Operations Office

U.S. Department of Energy

Bernd Franke
IFEU

Robert A. Fulkerson
Executive Director
Citizen Alert

Michael A. Marelli

Chief, Health Protection Branch

Health Physics and Environmental Division
Nevada Operations Office

U.S. Department of Energy

Darry! Randerson
Weather Service
Nuclear Office



-

Workshop 2: Monitoring
Tuesday, Sept. 27, 1988
Environmental Research Center
University of Nevada, Las Vegas

Melvin W. Carter, Chair
Neely Professor Emeritus
Georgia Institute of Technology

Lynn R. Anspaugh

Division Leader

Environmental Sciences Division
Lawrence Livermore National Laboratory

Bruce Church

Assistant Manager for Environmental Safety and

Health
Nevada Operations Office
U.S. Department of Energy

Charles F. Costa
Director
Nuclear Radiation Assessment Division

United States Environmental Protection Agency

Donald R. Elle

Chief, Technical Projects Branch -

Health Physics and Environmental Division
Nevada Operations Office

U.S. Department of Energy

Bernd Franke
IFEU

Robert A. Fulkerson
Executive Director
Citizen Alert

Michael A. Marelli

Chief, Health Protection Branch

Health Physics and Environmental Division
Nevada Operations Office

U.S. Department of Energy

Darryl Randerson
Weather Service
Nuclear Office



vifi

Contents

Page
Chapter 1. Executive SUMMAry ..........oememmmmtettiiniiit e 3
Chapter 2. The Nuclear Testing Program. ...............oooiiiiiiin ., 11
Chapter 3. Containing Underground Nuclear Explosions. ..o, 31
Chapter 4. Monitoring Accidental Radiation Releases..................oovveiiniiiiicninn, 59



Acknowledgments

OTA gratefully acknowledges the valuable contributions made by the following:

Lynn R. Anspaugh

Lawrence Livermore National Laboratory
Frederick N. App

Los Alamos National Laboratory

Nick Aquilina

U.S. Department of Energy

Charles Archambeau

CIRES, University of Colorado, Boulder
Stuart C. Black

U.S. Environmental Protection Agency
Carter Broyles

Sandia National Laboratory

Norman R. Burkhard

Lawrence Livermore National Laboratory

John H. Campbell
U.S. Department of Energy

Jim Carothers

Lawrence Livermore Nationai Laboratory
Melvin W. Carter

International Radiation Protection Consultant
Bruce Church

U.S. Department of Energy

Neville G. Cook

University of California, Berkeley

Charles F. Costa

U.S. Environmental Protection Agency

Jeff Duncan

Office of Congressman Edward J. Markey
Donald R. Elle

U.S. Department of Energy

Gerald L. Epstein

John F. Kennedy School of Government, Harvard University
Jack Evernden

U.S. Geological Survey

Anthony Fainberg

Office of Technology Assessment, U.S. Congress
Pete Fitzsimmons

U.S. Department of Energy

Janet Fogg

U.S. Department of Energy

Bernd Franke

IFEU

Robert A. Fulkerson
Citizen Alert

Larry Gabriel
Defense Nuclear Agency

David Graham

Moore College of Art

Jack W. House

Los Alamos National Laboratory
Billy C. Hudson

Lawrence Livermore National Laboratory
Evan Jenkins

U.S. Geological Survey

Gerald W. Johnson

University of California

Joseph W. LaComb

Defense Nuclear Agency

James K. Magruder

U.S. Department of Energy
Michael A. Marelli

U.S. Department of Energy

LTC Samuel D. McKinney
Defense Nuclear Agency

David N. McNelis

University of Las Vegas, Nevada
Paul Orkild

Lawrence Livermore National Laboratory
Edward W. Peterson

S-CUBED

Dorothy F. Pope

Defense Nuclear Agency

Darryl Randerson

Weather Service, Nuclear Office

Karen Randolph
U.S. Department of Energy

R.L. Rhodes

Diebold, Inc.

Patrick Rowe

REECo

Robert Shirkey

Defense Nuclear Agency
John O. Stewart

U.S. Department of Energy
Robert Titus

Weather Service, Nuclear Office
Dean R. Townsend

Fenix & Scission, Inc.
Chris L. West

U.S. Department of Energy

Barbara Yoers
U.S. Department of Energy

NOTE: OTA appreciates and is grateful for the valuable assistance and thoughtful critiques provided by the contributors. The
contributors do not, however, necessarily approve, disapprove, or endorse this report. OTA assumes full responsibility for the

repont and the accuracy of its contents.

vii



“Execu

— &
«

%

- >



eE e me EF RGO W s ssesuvens s

* HOW-SAEE IS SAFEENOUGH? ..........covveens

 HOWSAFEHASITBEEN? ....c.ovovennniinnnens

Table
Table Page
1-1. Releases From Underground TESES . ......ooouvvrriannnrececnnannreemrerennss 4




Chapter 1
Executive Summary

The chances of an accidental release of radioactive material have been made as remote as possible.
Public concerns about safety are fueled by concerns about the testing program in general and
exacerbated by the government's policy of not announcing all tests.

INTRODUCTION

During a nuclear explosion, billions of atoms
release their energy within a millionth of a
second, pressures reach several million pounds
per square inch, and temperatures are as high as
one-million degrees centigrade. A variety of
radioactive elements are produced depending on
the design of the explosive device and the
contribution of fission and fusion to the explo-
sion. The half-lives of the elements produced
range from less than a second to more than a
million years.

Each year over a dozen nuclear weapons are
detonated underground at the Nevada Test Site.!
The tests are used to develop new nuclear
weapons and to assess the effects of nuclear
explosions on military systems and other hard-
ware. Each test is designed to prevent the release
of radioactive material. The objective of each
test is to obtain the desired experimental infor-
mation and yet successfully contain the explo-
sion underground (i.e., prevent radioactive ma-
terial from reaching the atmosphere).

HOW SAFE IS SAFE ENOUGH?

Deciding whether the testing program is safe
requires a judgment of how safe is safe enough.
The subjective nature of this judgment is
illustrated through the decision-making process
of the Containment Evaluation Panel (CEP)
which reviews and assesses the containment of
each test.2 The panel evaluates the probability of
containment using the terms ‘‘high confidence,’”
‘‘adequate degree of confidence,’”’ and ‘‘some

doubt.”” But the Containment Evaluation Panel
has no guidelines that attempt to quantify or
describe in probabilistic terms what constitutes
for example, an ‘‘adequate degree of confi-
dence.’’ Obviously, there can never be 100
percent confidence that a test will not release
radioactive material. Whether *‘adequate confi-
dence’’ translates into a chance of 1 in 100, [ in
1,000, or 1 in 1,000,000, requires a decision
about what is an acceptable level of risk. In turn,
decisions of acceptable level of risk can only be
made by weighing the costs of an unintentional
release against the benefits of testing. Conse-
quently, those who feel that testing is important
for our national security will accept greater risk,
and those who oppose nuclear testing will find
even small risks unacceptable.

Establishing an acceptable level of risk is
difficult, not only because of the value judg-
ments associated with nuclear testing, but also
because the risk is not seen as voluntary by those
outside the testing program. A public that
readily accepts the risks associated with volun-
tary activities—such as sky diving or smoking—
may still consider the much lower risks associ-
ated with nuclear testing unacceptable.

HOW SAFE HAS IT BEEN?

Some insight into the safety of the nuclear
testing program can be obtained by reviewing
the containment record. Releases of radioactive
material are categorized with terms that describe
both the volume of material released and the
conditions of the release:

ICurrently, all U.S. nuclear test explosions are conducted at the Nevada Test Site.

2The Containment Evaluation Panel is a group of representatives from various laboratories and technical consuiting organizations who evaluate the
proposed containment plan for each test without regard 1o cost or other outside considerations (see ch. 2 for a complete discussion).
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Containment Failures: Containment fail-
ures are unintentional releases of radioactive
material to the atmosphere due to a failure of the
containment system. They are termed ‘‘vent-
ings,”’ if they are prompt, massive releases; or
“‘seeps,”’ if they are slow, small releases that
occur soon after the test.

Late-Time Seeps: Late-time seeps are small
releases that occur days or weeks after a test
when gases diffuse through pore spaces of the
overlying rock and are drawn to the surface by
decreases in atmospheric pressure.

Controlled Tunnel Purging: A controlled
tunnel purging is an intentional release to allow
either recovery of experimental data and equip-
ment or reuse of part of the tunnel system.

Operational Release: Operational releases
are small, consequential releases that occur

when core or gas samples are collected, or when
the drill-back hole is sealed.

The containment record can be presented in
different ways depending on which categories of
releases are included. Reports of total num-
bers of releases are often incomplete because
they include only announced tests or releases
due to containment failure. The upper portion
of table 1-1 includes every instance (for both
announced and unannounced tests) where radio-
active material has reached the atmosphere
under any circumstances whatsoever since
the 1970 Baneberry test.

Since 1970, 126 tests have resulted in radio-
active material reaching the atmosphere with a
total release of about 54,000 Curies (Ci). Of this
amount, 11,500 Ci were due to containment
failure and late-time seeps. The remaining
42,500 Ci were operational releases and con-
trolled tunnel purgings—with Mighty Oak (36,000
Ci) as the main source. The lower portion of the
table shows that the release of radioactive
material from underground nuclear testing since
Baneberry (54,000 Ci) is extremely small in
comparison to the amount of material released

Table 1-1—Releases From Underground Tests
(normalized to 12 hours after event®)

All releases 1971-1988:
Containment Failures:

Camphor, 1971% .. ... ... . 360 Ci
Diagonal Ling, 1971 .......................... 6,800
Riola, 1980 ... ... .0t 3,100
Agrini, 1984 ......... ... ... 690
Late-time Seeps:
Kappeli, 1984 . . ........ ... ccoiiiiiii 12
Tierra, 1984 ... ... . 600
Labquark, 1986 .................cco v, 20
Bodie, 19863 ............ .o 52
Controiled Tunnel Purgings:
Hybia Fair, 1974 .. ... ... .................... 500
HyblaGold, 1977 ... ... ... ... i 0.005
Minersiron, 1980 .. ........... ... ... 03
Huron Landing, 1982 .......................... 280
MiniJade, 1983 ... ... ... ... 1
MillYard, 1985 .. ... ... .. 5.9
Diamond Beech,1985 . .......................... 1.1
Misty Rain, 1985 . ............... ... ... 63
Mighty Oak, 1986 .. ..............coovnn... 36,000
Mission Ghost, 1987 .. ...... .. ... ... ... 3
Operational Refeases:
108 tests from 1970-1988¢ .. .................... 5.500

Major pre-1971 releases:

Platte, 1962 . . ... ..ottt 1,800,000 Ci
Bel, 1962 . ... ... . 1,900,000
Des Moines, 1962 ...................... 11,000,000
Baneberry, 1970 ............. ... ... ..., 6,700,000
26 others from 1958-1970 . .. .............. 3,800,000

Total: 25,300,000 Ci
Other Releases for Reference
NTS Atmospheric Testing 1951-1963: .. 12,000,000,000 Ci
1 Kiloton Aboveground Explosion: . ........ 10,000,000
Chernobyl (estimate): . ................... 81,000,000

3Q+12 values apply only to containment failures, others are at time of
release.

BThe Camphor failure includes 140 Ci from tunneli purging.

CBodie and Mission Ghost also had drili-back releases.

OMany of these operational releases are associated with tests that were not
announced.

SOURCE: Office of Tachnology Assessment, 1989.

by pre-Baneberry underground tests (25,300,000
Ci), the early atmospheric tests at the Nevada
Test Site (12,000,000,000 Ci), or even the
amount that would be released by a single
1-kiloton explosion conducted aboveground
(10,000,000 Ci).

From the perspective of human health risk:

If the same person had been standing at the
boundary of the Nevada Test Site in the area
of maximum concentration of radioactivity
for every test since Baneberry (1970), that
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person’s total exposure would be equivalent
to 32 extra minutes of normal background
exposure (or the equivalent of 1/1000 of a
single chest x-ray).

A worst-case scenario for a catastrophic
accident at the test site would be the prompt,
massive venting of a 150-kiloton test (the largest
allowed under the 1974 Threshold Test Ban
Treaty). The release would be in the range of 1
to 10 percent of the total radiation generated by
the explosion (compared to 6 percent released
by the Baneberry test or an estimated 10 percent
that would be released by a test conducted in a
hole open to the surface). Such an accident
would be comparable to a 15-kiloton above-
ground test, and would release approximately
150,000,000 Ci. Although such an accident
would be considered a major catastrophe today,
during the early years at the Nevada Test Site 25
aboveground tests had individual yields equal
to or greater than 15 kilotons.

SPECIFIC CONCERNS

Recently, several specific concemns about the
safety of the nuclear testing program have
arisen, namely:3

1. Does the fracturing of rock at Rainier Mesa
pose a danger?

The unexpected formation of a surface col-
lapse crater during the 1984 Midas Myth test
focused concern about the safety of testing in
Rainier Mesa. The concern was heightened by
the observation of ground cracks at the top of the
Mesa and by seismic measurements indicating
a loss of rock strength out to distances greater
than the depth of burial of the nuclear device.
The specific issue is whether the repeated testing
in Rainier Mesa had fractured large volumes of
rock creating a *‘tired mountain’’ that no longer
had the strength to successfully contain future

underground tests. The inference that testing in
Rainier Mesa poses a high level of risk implies
that conditions for conducting a test on Rainier
are more dangerous than conditions for conduct-
ing a test on Yucca Flat.* But, in fact, tests in
Rainier Mesa are buried deeper and spaced
further apart than comparable tests on Yucca
Flat.> Furthermore, drill samples show no evi-
dence of any permanent decrease in rock
strength at distances greater than two cavity
radii from the perimeter of the cavity formed by
the explosion. The large distance of decreased
rock strength seen in the seismic measurements
is almost certainly due to the momentary
opening of pre-existing cracks during passage of
the shock wave. Most fractures on the top of the
mesa are due to surface spall and do not extend
down to the region of the test. Furthermore, only
minimal rock strength is required for contain-
ment. Therefore, none of the conditions of
testing in Rainier Mesa—burial depth, sepa-
ration distance, or material strength—imply
that leakage to the surface is more likely for
a tunnel test on Rainier Mesa than for a
vertical drill hole test on Yucca Flat.

2. Could an accidental release of radioactive
material go undetected?

A comprehensive system for detecting radio-
active material is formed by the combination of:

e the monitoring system deployed for each
test;

e the onsite monitoring system run by the
Department of Energy (DOE) and:

e the offsite monitoring system, run by
Environmental Protection Agency (EPA),
including the community monitoring sta-
tions.

There is essentially no possibility that a
significant release of radioactive material

3Detailed analysis of these concerns is included in chs. 3 and 4.

“Approximately 90 percent of all nuclear test expiosions are vertical dril} hole tests conducted on Yucca Flat. See ch. 2 for an expianauon of the

various types of tests.

SThe greater depth of burial is due to convenience. It is easier to mine tunnels lower in the Mesa.
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from an underground test could go unde-
tected.

3. Are we running out of room to test at the

Test Site?

Efforts to conserve space for testing in
Rainier Mesa have created the impression that
there is a *‘real estate problem’’ at the test site.®
The concern is that a shortage of space would
result in unsafe testing practices. Although it is
true that space is now used economically to
preserve the most convenient locations, other
less convenient locations are available within
the test site. Suitable areas within the test site
offer enough space to continue testing at
present rates for several more decades.

4. Do any unannounced tests release radioac-
tive material?

A test will be preannounced in the afternoon
2 days before the test if it is determined that the
maximum possible yield of the explosion is such
that it could result in perceptible ground motion
in Las Vegas. An announcement will be made
after a test if there is a prompt release of
radioactive material, or if any late-time release
results in radioactivity being detected off the test
site. The Environmental Protection Agency is
dependent on the Department of Energy for
notification of any late-time releases within the
boundaries of the test site. However, if EPA is
not notified, the release will still be detected by
EPA’s monitoring system once radioactive ma-
terial reaches outside the test site. If it is judged
that a late-time release of radioactive mate-
rial will not be detected outside the bounda-
ries of the test site, the test may (and often
does) remain unannounced.

OVERALL EVALUATION

Every nuclear test is designed to be contained
and is reviewed for containment.” In each step of
the test procedure there is built-in redundancy

and conservatism. Every attempt is made to
keep the chance of containment failure as
remote as possible. This conservatism and
redundancy is essential, however; because no
matter how perfect the process may be, it
operates in an imperfect setting. For each test,
the containment analysis is based on samples,
estimates, and models that can only simplify and
(at best) approximate the real complexities of
the Earth. As a result, predictions about contain-
ment depend largely on judgments developed
from past experience. Most of what is known to
cause problems—carbonate material, water,
faults, scarps, clays, etc.—was learned through
experience. To withstand the consequences of a
possible surprise, redundancy and conservatism
is a requirement not an extravagance. Conse-
quently, all efforts undertaken to ensure a safe
testing program are necessary, and must con-
tinue to be vigorously pursued.

The question of whether the testing program
is ‘‘safe enough’’ will ultimately remain a value
judgment that weighs the importance of testing
against the risk to health and environment. In
this sense, concern about safety will continue,
largely fueled by concern about the nuclear
testing program itself. However, given the
continuance of testing and the acceptance of the
associated environmental damage, the question
of ‘‘adequate safety’’ becomes replaced with the
less subjective question of whether any im-
provements can be made to reduce the chances
of an accidental release. In this regard, no areas
for improvement have been identified. This is
not to say that future improvements will not be
made as experience increases, but only that
essentially all suggestions that increase the
safety margin have been implemented. The
safeguards built into each test make the
chances of an accidental release of radioac-
tive material as remote as possible.

6See for example: William J. Broad, ‘*Bomb Tests: Technology Advances Against Backdrop of Wide Debate,”” New York Times, Apr. 15, 1986,

pp. C1-C3.
7See ch. 3 for a detailed accounting of the review process.
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The acceptability of the remaining risk will
depend on public confidence in the nuclear
testing program. This confidence currently suf-
fers from a lack of confidence in the Department
of Energy emanating from problems at nuclear
weapons production facilities and from radia-
tion hazards associated with the past atmos-
pheric testing program. In the case of the present
underground nuclear testing program, this mis-
trust is exacerbated by DOE’s reluctance to
disclose information concerning the testing
program, and by the knowledge that not all tests
releasing radioactive material to the atmosphere
{whatever the amount or circumstances) are
announced. As the secrecy associated with the
testing program is largely ineffective in prevent-
ing the dissemination of information concerning

the occurrence of tests, the justification for such
secrecy is questionable.®

The benefits of public dissemination of informa-
tion have been successfully demonstrated by the
EPA in the area of radiation monitoring. Openly
available community monitoring stations allow
residents near the test site to independently
verify information released by the government,
thereby providing reassurance to the community
at large. In a similar manner, public concern
over the testing program could be greatly
mitigated if a policy were adopted whereby
all tests are announced, or at least all tests
that release radioactive material to the atmos-
phere (whatever the conditions) are an-
nounced.

8See for cxample: Riley R. Geary, **Nevada Test Site's dinty little secrets,”” Budletin of the Atomic Scientists, April 1989, pp. 35-38.






Chapter 2
The Nuclear Testing Program

The nuclear testing program has played a major role in developing new weapon systems and
determining the effects of nuclear explosions.

INTRODUCTION

In the past four decades, nuclear weapons have
evolved into highly sophisticated and specialized
devices. Throughout this evolution, the nuclear
testing program has played a major role in develop-
ing new weapon systems and determining the effects
of nuclear explosions.

THE HISTORY OF NUCLEAR
TESTING

On July 16, 1945 the world’s first nuclear bomb
(code named ‘‘Trinity’’) was detonated atop a
100-foot steel tower at the Alamogordo Bombing
Range, 55 miles northwest of Alamogordo, New
Mexico.! The explosion had a yield of 21 kilotons
(kts), the explosive energy equal to approximately
21,000 tons of TNT.2 The following month, Ameri-
can planes dropped two atomic bombs (*‘Little
Boy,”’ 13 kilotons; ‘‘Fat Man,”’ 23 kilotons) on the
Japanese cities of Hiroshima and Nagasaki, ending
World War II and beginning the age of nuclear
weapons.3

Within weeks after the bombing of Hiroshima and
Nagasaki, plans were underway to study the effects
of nuclear weapons and explore further design
possibilities. A subcommittee of the Joint Chiefs of
Siaff was created, on November 10, 1945, to arrange
the first series of nuclear test explosions. President
Truman approved the plan on January 10, 1946. The
Bikini Atoll was selected as the test site and the
Bikinians were relocated to the nearby uninhabited

Rongerik Atoll. Two tests (‘*Able"’ and "*Baker'’)
were detonated on Bikini in June and July of 1946 as
part of **Operation Crossroads,’’ a series designed to
study the effects of nuclear weapons on ships,
equipment, and material.* The Bikini Atoll, how-
ever, was found to be too small to accommodate
support facilities for the next test series and so
‘*Operation Sandstone’’ was conducted on the
nearby Enewetak Atoll. The tests of Operation
Sandstone (‘' X-ray,”’ ‘*Yoke,”" and *‘Zebra’’) were
proof tests for new bomb designs.

As plans developed to expand the nuclear arsenal.
the expense, security, and logistical problems of
testing in the Pacific became burdensome. Attention
turned toward establishing a test site within the
continental United States. The Nevada Test Site was
chosen in December 1950 by President Truman as a
continental proving ground for testing nuclear weap-
ons. A month later, the first test—code named
‘**Able’'—was conducted using a device dropped
from a B-50 bomber over Frenchman Flat as part of
a five-test series called ‘‘Operation Ranger.”” The
five tests were completed within 11 days at what was
then called the ‘*Nevada Proving Ground.™

Although the Nevada Test Site was fully opera-
tional by 1951, the Pacific continued to be used as a
test site for developing thermonuclear weapons (also
called hydrogen or fusion bombs). On October 31.
1952, the United States exploded the first hydrogen
(fusion) device on Enewetak Atoll.’ The test. code
named ‘*Mike,”” had an explosive yield of 10,400
kilotons—over 200 times the largest previous test.

'The Alamogordo Bombing Range is now the White Sands Missile Range.

2A kiloton (kt) was originally defined as the explosive equivalent of 1,000 tons of TNT. This definition, however, was found 1o be imprecisc for two
reasons. First, there is some variation in the experimental and theoretical values of the explosive energy reieased by TNT (although the majonty of values
lic in the range from 900 to 1,100 calories per gram). Second. the term kiloton could refer to a short kiloton (2x 10® pounds). a metric kiloton (2.205x 10°
pounds), or a long kiloton (2.24x 10 pounds). It was agreed, therefore, during the Manhattan Project that the term *“kiloton™ would refer to the refcase
of 10'2(1,000.000.000,000; calories of explosive energy.

3John Malik, **The Yields of the Hiroshima and Nagasaki Nuclear Explosions,”’ Los Alamos National Laboratory report LA-8819. 1985.

4The targe1 consisted of a fleet of over 90 vessels assembled in the Bikini Lagoon including three captured German and Japancse ships: surplus LS
cruisers, destroyers, and submarines; and amphibious craft.

5The first 1est of an actual hydrogen bomb (rather than a device located on the surface) was ' Cherokee'’ which was dropped from a plane over Bikini
Atoll on May 20, 1956. Extensive preparations were made for the test that included the construction of anificial istands (o house mcasuring equipmertt
The elaborate experiments required that the bomb be dropped in a precise location in space. To accomplish this, the Strategic Air Command held a
competition for bombing accuracy. Although the winner hit the correct point in every practice run, during the test the bomb was dropped 4 miles of f-target.

11~
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The test was followed 2 weeks later by the 500
kiloton explosion **King,"" the largest fission weapon
ever tested.

At the Nevada Test Site, low-yield fission devices
continued to be tested. Tests were conducted with
nuclear bombs dropped from planes, shot from
cannons, placed on top of towers, and suspended
from balloons. The tests were designed both to
develop new weapons and to learn the effects of
nuclear explosions on civilian and military struc-
tures. Some tests were conducted in conjunction
with military exercises to prepare soldiers for what
was then termed *‘the atomic battlefield.”

In the Pacific, the next tests of thermonuclear
(hydrogen) bombs were conducted under *‘Opera-
tion Castle,’’ a series of six tests detonated on the
Bikini Atoll in 1954. The first test, ‘‘Bravo,”’ was
expected to have a yield of about 6,000 kilotons. The
actual yield, however, was 15,000 kilotons——over
twice what was expected.® The radioactive fallout
covered an area larger than anticipated and because
of a faulty weather prediction, the fallout pattern was
more easterly than expected. A Japanese fishing
boat, which had accidentally wandered into the
restricted zone without being detected by the Task
Force, was showered with fallout. When the fishing
boat docked in Japan, 23 crew members had
radiation sickness. The radio operator died of
infectious hepatitis, probably because of the large
number of required blood transfusions.” The faulty
fallout prediction also led to the overexposure of the
inhabitants of two of the Marshall Islands 100 miles
to the East. In a simi'ar though less severe accident,
radioactive rain from a Soviet thermonuclear test fell
on Japan.® These accidents began to focus world-
wide attention on the increased level of nuclear
testing and the dangers of radioactive fallout. Public
opposition to atmospheric testing would continue to
mount as knowledge of the effects of radiation
increased and it became apparent that no region of
the world was untouched.’

Attempts to negotiate a ban on nuclear testing
began at the United Nations Disarmament Confer-

ence in May 1955. For the next several years efforts
to obtain a test ban were blocked as agreements in
nuclear testing were linked to progress in other arms
control agreements and as differences over verifica-
tion requirements remained unresolved. In 1958,
President Eisenhower and Soviet Premier Khrushchev
declared, through unilateral public statements, a
moratorium on nuclear testing and began negotia-
tions on a comprehensive test ban. The United States
adopted the moratorium after conducting 13 tests in
seven days at the end of October 1958. Negotiations
broke down first over the right to perform onsite
inspections, and then over the number of such
inspections. In December 1959, President Eisen-
hower announced that the United States would no
longer consider itself bound by the ‘‘voluntary
moratorium’’ but would give advance notice if it
decided to resume testing. Meanwhile (during the
moratorium), the French began testing their newly
acquired nuclear capability. The Soviet Union,
which had announced that it would observe the
moratorium as long as the western powers would not
test, resumed testing in September 1961 with aseries
of the largest tests ever conducted. The United States
resumed testing two weeks later (figure 2-1).1°

Public opposition to nuclear testing continued to
mount. Recognizing that the U.S. could continue its
development program solely through underground
testing and that the ratification of a comprehensive
test ban could not be achieved, President Kennedy
proposed a limited ban on tests in the atmosphere,
the oceans, and space. The Soviets, who through
their own experience were convinced that their test
program could continue underground, accepted the
proposal. With both sides agreeing that such a treaty
could be readily verified, the Limited Test Ban
Treaty (LTBT) was signed in 1963, banning all
aboveground or underwater testing.

In addition to military applications, the engineer-
ing potential of nuclear weapons was recognized by
the mid-1950’s. The Plowshare Program was formed
in 1957 to explore the possibility of using nuclear
explosions for peaceful purposes.!" Among the

SBravo was the largest test ever detonated by the United States.

7See **The Voyage of the Lucky Dragon.”” Ralph E. Lapp, 1957, Harper & Brothers Publishers, New York.
8 Arms Control and Disarmament Agreements,”” United States Arms Control and Disarmament Agency, Washington, DC, 1982 Edition. p. 34

9Since the large thermonuclear tests. all people have strontium-90 (a sister clement of calcium) in their bones, and cesium-137 (a sister element of
potassium) in their muscle. Also, the amount of iodine-131 in milk in the United States correlates with the frequency of atmospheric testing.

10See ** Arms Control and Disarmament Agreements.” United States Arms Control and Disarmament Agency, 1982 edition.
UThe name is from ‘. . . . they shall beat their swords into plowshares.’’ Isaiah 2:4.
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Figure 2-1—U.S. Nuciear Testing
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applications considered were the excavation of
canals and harbors, the creation of underground
storage cavities for fuel and waste, the fracturing of
rock to promote oil and gas flow, and the use of
nuclear explosions to cap oil gushers and extinguish
fires. It was reported that even more exotic applica-
tions, such as melting glaciers for irrigation, were
being considered by the Soviet Union.

The first test under the Plowshare Program,
“*Gnome,’’ was conducted 4 years later to create an
underground cavity in a large salt deposit. The next
Plowshare experiment, Sedan in 1962, used a 104
kiloton explosion to excavate 12 million tons of
earth. In 1965, the concept of *‘nuclear excavation’’
was refined and proposed as a means of building a
second canal through Panama.!? Three nuclear
excavations were tested under the Plowshare pro-
gram (‘‘Cabriolet,”” Jan. 26, 1968; ‘‘Buggy,”’ Mar.
12, 1968; and *‘Schooner,”” Dec. 12, 1968). Schoo-
ner, however, released radioactivity off site and, as
a consequence, no future crater test was approved.
Consideration of the radiological and logistical
aspects of the project also contributed to its demise.

1955 1960 1965

TTBY

Key: LTBT = 1963 Limited Test Ban Treaty

1970 1975 1980 1985

Estimates of the engineering requirements indicated
that approximately 250 separate nuclear explosions
with a total yield of 120 megatons would be required
to excavate the canal through Panama. Furthermore,
fallout predictions indicated that 16,000 square
kilometers of territory would need to be evacuated
for the duration of the operation and several months
thereafter.!3 Because it was also clear that no level
of radioactivity would be publicly acceptable, the
program was terminated in the early 1970s.

In 1974, President Richard Nixon signed the
Threshold Test Ban Treaty (TTBT) restricting all
nuclear test explosions to a defined test site and 1o
yields no greater than 150 kilotons. As a result, all
U.S. underground nuclear tests since 1974 have been
conducted at the Nevada Test Site. As part of the
earlier 1963 Limited Test Ban Treaty, the United
States established a series of safeguards. One of
them, **Safeguard C,’’ requires the United States to
maintain the capability to resume atmospheric
testing in case the treaty is abrogated. The Depart-
ment of Energy (DOE) and the Defense Nuclear
Agency continue today to maintain a facility for the

12The 1956 war over the Suez Canal created the first specific proposals for using nuclear explosions to create an alternative canal.
13Bruce A. Bolt, *‘Nuclear Explosions and Earthquakes, The Parted Veil'* San Francisco, CA: W.H. Freeman & Co., 1976, pp. 192-196.

TIBT = 1974 Threshold Test Ban Treaty
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Sedan Crater

atmospheric testing of nuclear weapons at the
Johnston Atoll in the Pacific Ocean.

LIMITS ON NUCLEAR TESTING

The testing of nuclear weapons by the United
States is currently restricted by three major treaties
that were developed for both environmental and
arms control reasons. The three treaties are:

1. the 1963 Limited Nuclear Test Ban Treaty,
which bans nuclear explosions in the atmosphere,
outer space, and underwater, and restricts the release
of radiation into the atmosphere,

2. the 1974 Threshold Test Ban Treaty, which
restricts the testing of underground nuclear weapons
by the United States and the Soviet Union to yields
no greater than 150 kilotons, and

3. the 1976 Peaceful Nuclear Explosions Treaty
(PNET), which is a complement to the Threshold
Test Ban Treaty (TTBT). It restricts individual
peaceful nuclear explosions (PNEs) by the United
States and the Soviet Union to yields no greater than

150 kilotons, and group explosions (consisting of a
number of individual explosions detonated sumulat-
enously) to aggregate yields no greater than 1.500
kilotons.

Although both the 1974 TTBT und the 1976
PNET remain unratified, both the United States and
the Soviet Union have expressed thetr intent to abide
by the yield limit. Because neither countny has
indicated an intention not to ratify the treaties. both
parties are obligated to refrain from any acts that
would defeat their objective and purpose = Cuonse-
quently, all nuclear test explosions compliant with
treaty obligations must be conducted underground.
at specific test sites (unless a PNE). and with vields
no greater than 150 kilotons. The test must also be
contained to the extent that no radioactive debns is
detected outside the territorial limits ot the country
that conducted the test.!®> Provisions do cxist
however, for one or two slight. unintentional breaches
per year of the 150 kiloton limit due to the technical
uncertainties associated with predicting the exact
yields of nuclear weapons tests.'®

14Art. 18, 1969 Vienna Convention on the Law of Treaties.
15An. 1, 1(b), 1963 Limited Test Ban Treaty.

16Statement of understanding included with the transmittal documents accompanying the Threshold Test Ban Treaty and the Peacetul “uclewr
Explosions Treaty when submiued to the Senate for advice and consent 1o ratification on July 29, 1979.
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OTHER LOCATIONS OF
NUCLEAR TESTS

U.S. nuclear test explosions were also conducted
in areas other than the Pacific and the Nevada Test
Site.

Three tests with yields of 1 to 2 kilotons were
conducted over the South Atlantic as ‘*Operation
Argus.”” The tests (‘‘Argus I’" Aug. 27, 1958,
“*Argus II,”” Aug. 30, 1958; and ‘‘Argus I11,"" Sept.
6, 1958) were detonated at an altitude of 300 miles
to assess the effects of high-altitude nuclear detona-
tions on communications equipment and missile
performance.

Five tests, all involving chemical explosions but
with no nuclear yield, were conducted at the Nevada
Bombing Range to study plutonium dispersal. The
tests, ‘‘Project 57 NO 1,”” April 24, 1957; **Double
Tracks,”” May 15, 1963; ‘‘Clean Slate I,"" May 25,
1963; “*Clean Slate II,”” May 31, 1963; and *‘Clean
Slate I11,”" June 9, 1963; were safety tests to establish
storage and transportation requirements.

Two tests were conducted in the Tatum Salt Dome
near Hattiesburg, Mississippi, as part of the Vela
Uniform experiments to improve seismic methods of
detecting underground nuclear explosions. The first
test ‘*Salmon,”’ October 22, 1964, was a 5.3 kiloton
explosion that formed an underground cavity. The
subsequent test *‘Sterling,”” December 3, 1966, was
0.38 kt explosion detonated in the cavity formed by
Salmon. The purpose of the Salmon/Sterling experi-
ment was to assess the use of a cavity in reducing the
size of seismic signals produced by an underground
nuclear test.!?

Three joint government-industry tests were con-
ducted as part of the Plowshare Program to develop
peaceful uses of nuclear explosions. The experi-
ments were designed to improve natural gas extrac-
tion by fracturing rock formations. The first test,
**Gasbuggy,”’ was a 29 kiloton explosion detonated
on December 10, 1967, near Bloomfield, New
Mexico. The next two were in Colorado: *‘Rulison’’
was a 40 kiloton explosion, detonated near Grand
Valley on September 10, 1969; and ‘‘Rio Blanco™

was a salvo shot of three explosions, each with a
yield of 33 kt, detonated near Rifle on May 17, 1973.

Three tests were conducted on Amchitka Island.
Alaska. The first (October 29, 1965), **Long Shot™”
was an 80 kiloton explosion that was part of the Vela
Uniform project. The second test, **Milrow,’” Octo-
ber 2, 1969, was about a one megaton explosion to
‘*calibrate’’ the island and assure that it would
contain a subsequent test of the Spartan Anti-
Ballistic Missile warhead. The third test, *‘Canni-
kin,”’ November 6, 1971, was the Spartan warhead
test with a reported yield of ‘‘less than five
megatons.”” This test, by far the highest-yield
underground test ever conducted by the United
States, was too large to be safely conducted in
Nevada.!8

Three individual tests were also conducted in
various parts of the western United States. **Gnome™’
was a 3 kiloton test conducted on December 10,
1961 near Carlsbad, New Mexico, to create a large
underground cavity in salt as part of a multipurpose
experiment. One application was the possible use of
the cavity for the storage of oil and gas. **Shoal™’
was a 12 kiloton test conducted on October 26, 1963
near Fallon, Nevada as part of the Vela Uniform
project. ‘‘Faultless’’ was a test with a yield of
between 200 and 1,000 kiloton that was exploded on
January 19, 1968, at a remote area near Hot Creek
Valley, Nevada. Faultless was a ground-motion
calibration test to evaluate a Central Nevada Supple-
mental Test Area. The area was proposed as a
alternative location for high-yield tests to decrease
the ground shaking in Las Vegas.

THE NEVADA TEST SITE

The Nevada Test Site is located 65 miles north-
west of Las Vegas. It covers 1,350 square miles. an
area slightly larger than Rhode Island (figure 2-2).
The test site is surrounded on three sides by an
additional 4,000 to 5,000 square miles belonging to
Nellis Air Force Base and the Tonopah Test Range.
The test site has an administrative center, a control
point, and areas where various testing activities are
conducted.

At the southern end of the test site is Mercury, the
administrative headquarters and supply base for

17For a complete discussion of the issues related to Seismic Verification see, U.S. Congress, Office of Technoiogy Assessment. Seu'rmc Verification
of Nuclear Testing Trearies, OTA-1SC-361, Washington, DC: U.S. Government Printing Office. May 1988.

18The predictions of ground motion suggested that an unacceptable amount (in terms of claims and doliars) of damage would accur to structures if

the test was conducted in Nevada.
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Figure 2-2—Nevada Test Site
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SOURCE: Modified from Department of Energy.

DOE contractors and other agencies involved in
Nevada Operations. Mercury contains a limited
amount of housing for test site personnel and other
ground support facilities.

Near the center of the test site, overlooking
Frenchman Flat to the South and Yucca Flat to the
North, is the Control Point (CP). The CP is the
command headquarters for testing activities and is
the location from which all tests are detonated and
monitored.

Frenchman Flat is the location of the first nuclear
test at the test site. A total of 14 atmospheric tests
occurred on Frenchman Flat between 1951 and
1962. Most of these tests were designed to determine
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the effects of nuclear explosions on structures and
military objects. The area was chosen for its flat
terrain which permitted good photography of deto-
nations and firebails. Also, 10 tests were conducted
underground at Frenchman Flat between 1965 and
1971. Frenchman Flat is no longer used as a location
for testing. The presence of carbonate material
makes the area less suitable for underground testing
than other locations on the test site.'¥

Yucca Flat is where most underground tests occur
today. These tests are conducted in vertical drill
holes up to 10 feet in diameter and from 600 ft to
more than 1 mile deep. It is a valley 10 by 20 miles
extending north from the CP. Tests up to about 300
kilotons in yield have been detonated beneath Yucca

19During an explosion, carbonate material can form carbon dioxide which, under pressure. can cause venting.
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Tast Debris on Frenchman Flat

Flat, although Pahute Mesa is now generally re-
served for high-yield tests.

Tests up to 1,000 kilotons in yield have occurred
beneath Pahute Mesa, a 170 square mile area in the
extreme north-western part of the test site. The deep
water table of Pahute Mesa permits underground
testing in dry holes at depths as great as 2,100 feet.
The distant location is useful for high-yield tests
because it minimizes the chance that ground motion
will cause damage offsite.

Both Livermore National Laboratory and Los
Alamos National Laboratory have specific areas of
the test site reserved for their use. Los Alamos uses
areas 1, 3, 4(east), 5. and 7 in Yucca Flat and area 19

on Pahute Mesa; Livermore uses areas 2, 4(west), 8.
9. and 10 in Yucca Flat, and area 20 on Pahute Mesa
(figure 2-2). While Los Alamos generally uses
Pahute Mesa only to relieve schedule conflicts on
Yucca Flat, Livermore normally uses it for large test
explosions where the depth of burial would require
the test to be below the water table on Yucca Flat.

The Nevada Test Site employs over 11,000
people, with about 5,000 of them working on the site
proper. The annual budget is approximately 31
billion divided among testing nuclear weapons
(81%) and the development of a storage facility for
radioactive waste (19%). The major contractors are
Reynolds Electrical & Engineering Co., Inc. (REECo0)
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Aerial View of Yucca Flat

Edgerton, Germeshausen & Greer (EG&G), Fenix &
Scisson, Inc., and Holmes & Narver, Inc. REECo has
5,000 employees at the test site for construction,
maintenance. and operational support, which in-
cludes large diameter drilling and tunneling, on-site
radiation monitoring, and operation of base camps.
EG&G has 2,200 employees, who design, fabricate,
and operate the diagnostic and scientific equipment.
Fenix & Scisson, Inc. handles the design, research,
inspection, and procurement for the drilling and
mining activities. Holmes & Narver, Inc. has respon-
sibility for architectural design, engineering design,
and inspection. In addition to contractors, several
government agencies provide support to the testing
program: the Environmental Protection Agency
(EPA) has responsibility for radiation monitoring
outside the Nevada Test Site; the National Oceanic
and Atmospheric Administration (NOAA) provides
weather analyses and predictions; and the United
States Geological Survey (USGS) provides geologi-
cal, geophysical, and hydrological assessments of
test locations.

TYPES OF NUCLEAR TESTS

Presently, an average of more than 12 tests per
year are conducted at the Nevada Test Site. Each test
is either at the bottom of a vertical drill hole or at the
end of a horizontal tunnel. The vertical drill hole
tests are the most common (representing over 90%
of all tests conducted) and occur either on Yucca Flat
or, if they are large-yield tests, on Pahute Mesa.
Most vertical drill hole tests are for the purpose of
developing new weapon systems. Horizontal tunnel
tests are more costly and time-consuming. They only
occur once or twice a year and are located in tunnels
mined in the Rainier and Aqueduct Mesas. Tunnel
tests are generally for evaluating the effects (radia-
tion. ground shock, etc.) of various weapons on
military hardware and systems. In addition, the
United Kingdom also tests at a rate of about once a
year at the Nevada Test Site.

It takes 6 to 8 weeks to drill a hole depending on
depth and location. The holes used by Livermore and
Los Alamos differ slightly. Los Alamos typically
uses holes with diameters that range from about 4
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Emplacement Tower for Vertical Drill Hole Test

1/2 up to 7 ft; while Livermore typically uses 8-ft
diameter holes and an occasional 10-ft diameter
hole.?0 Livermore usually places its experimental
devices above the water table to avoid the additional
time and expense required to case holes below the
water table. :

When the device is detonated at the bottom of a
vertical drill hole, data from the test are transmitted
through electrical and fiber-optic cables to trailers
containing recording equipment. Performance infor-
mation is also determined from samples of radioac-
tive material that are recovered by drilling back into
the solidified melt created by the explosion (figure
2-3). On rare occasions, vertical drill holes have
been used for effects tests. One such test, **Huron
King,”" used an initially open, vertical *‘line-of-
sight”” pipe that extended upwards to a large

Figure 2-3—Drill-Back Operation
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SOURCE: Modified from Michael W. Butler, Pastshot Drilling Handboc
Lawrence Livermore National Laboratory, Jan. 13, 1984,

enclosed chamber located at the surface. The chan
ber contained a satellite inside a vacuum to simula
the conditions of space. The radiation from tt
explosion was directed up the hole ar the satellit
The explosion was contained by a series of mecha
ical pipe closures that blocked the pipe immediate
after the initial burst of radiation. The purpose of
test was to determine how satellites might !
affected by the radiation produced by a nucle
explosion.

Tunnel tests occur within horizontal tunnels t
are drilled into the volcanic rock of Rainier
Aqueduct Mesa. From 1970 through 1988, the

201 jvermore has considered the use of 12 ft diameter holes, but has not yet used one.
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Huron King Test

have been 31 tunnel tests conducted in Rainier and
Aqueduct Mesas (figure 2-4). It may require 12
months of mining, using three shifts a day, to remove
the 1 million cubic feet of rock that may be needed
to prepare for a tunnel test.

Effects tests performed within mined tunnels are
designed to determine the effects of nuclear explosion-
produced radiation on missile nose cones, warheads,
satellites, communications equipment, and other
military hardware. The tunnels are large enough so
that satellites can be tested at full scale in vacuum
chambers that simulate outer space. The tests are
used to determine how weapons systems will
- withstand radiation that might be produced by a
nearby explosion during a nuclear war. Nuclear

effects tests were the first type of expenments
performed during trials in the Pacific and were an
extensive part of the testing program in the 1950s At
that time, many tests occurred above ground and
included the study of effects on structures and civil
defense systems. '

Effects tests within cavities provide a means ot
simulating surface explosions underground. A large
hemispherical cavity is excavated and an explosion
is detonated on or near the floor of the cavity. The
tests are designed to assess the capability of above-
ground explosions to transmit energy into the
ground. This information is used to evaluate the
capability of nuclear weapons to destroy such targets
as missile silos or underground command centers.
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Figure 2-4—Locatlons of Tunnel Tests in Rainier and Aqueduct Mesas
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ANNOUNCEMENT OF
NUCLEAR TESTS

The existence of each nuclear test conducted prior
to the signing of the LTBT on August 5, 1963, has
been declassified. Many tests conducted since the
signing of the LTBT, however, have not been
announced. Information concerning those tests is
classified. The yields of announced tests are pres-
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ently reported only in the general categories of eithe
less than 20 kilotons, or 20 to 150 kilotons. Th:
DOE's announcement policy is that a test will b
pre-announced in the afternoon 2 days before the tes
if it is determined that the maximum credible yiel:
is such that it could result in perceptible groun
motion in Las Vegas. The test will be post ar
nounced if there is a prompt release of radioactiv
material or if any late-time release results i
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radioactive material being detected off the test site.
In the case of late-time release, however, the test will
be announced only if radioactive material is de-
tected off-site.

Starting with Trinity, names have been assigned
to all nuclear tests. The actual nuclear weapon or
device and its description are classified. Conse-
quently, test planners assign innocuous code words
or nicknames so that they may refer to planned tests.
Early tests used the military phonetic alphabet
(Able, Baker, Charlie, etc.). As more tests took
place, other names were needed. They include
names of rivers, mountains, famous scientists, small
mammals, counties and towns, fish, birds, vehicles,
cocktails., automobiles, trees, cheeses, wines, fab-
rics, tools, nautical terms, colors, and so forth.

DETONATION AUTHORITY AND
PROCEDURE

The testing of nuclear weapons occurs under the
authority of the Atomic Energy Act of 1946 (as
amended in 1954), which states:

**The development, use, and control of Atomic
Energy shall be directed so as to make the maximum
contribution to the general welfare, subject at all
times to the paramount objective of making the
maximum contribution to the common defense and
security.’”’

The act authorizes the U.S. Atomic Energy
Commission (now Department of Energy), to “*con-
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duct experiments and do research and development
work in the military application of atomic energy.”’

The fiscal year testing program receives authori-
zation from the President. Each fiscal year, the
Department of Defense (DoD), Department of En-
ergy (DOE), and the weapons laboratories (Law-

rence Livermore National Laboratory and Los Alamos
National Laboratory) develop a nuclear testing
program. The Secretary of Energy proposes the
upcoming year's program in a letter to the President
through the National Security Council. The Nauonal
Security Council solicits comments on the test
program from its members and incorporates those
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comments in its recommendation letter to the
President. The Nevada Operations Office plans the
individual tests with the responsible laboratory.

Both Livermore and Los Alamos maintain stock-
piles of holes in various areas of the test site.?! When
a specific test is proposed. the lab will check its

inventory to see if a suitable hole is available or if a
new one must be drilled.

Once a hole is selected, the sponsoring laboratory
designs a plan to fill-in (or “stem’’) the hole to
contain the radioactive material produced by the
explosion. The USGS and Earth scientists from
several organizations analyze the geology surround-

21Each laboratory operates its Own drilling crews conunuously to maximize the economy of the drilling operation.
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ing the proposed hole and review it for containment.
The laboratory then presents the full containment
plan to the Containment Evaluation Panel (CEP) 2
to 3 months in advance of the detonation. The CEP
is a panel of experts that review and evaluate the
containment plan for each test.22 Each CEP panel
member goes on record with a statement concermning
his judgment of the containment. The CEP chairman
summarizes the likelihood of containment and gives
his recommendation to the manager of Nevada

Operations.

Following the CEP meeting, a Detonation Au-
thority Request (DAR) package is prepared. The
DAR package contains a description of the proposed
test, the containment plan, the recommendations of
the CEP, the chairman’s statement, a review of the

environmental impact, a nuclear safety study.> ¢
review of compliance with the TTBT. the public
announcement plans, and any noteworthy aspects o
the test. The DAR package is sent to the DOE Office
of Military Applicaton for approval. Although tes
preparations are underway throughout the approva
process, no irreversible action to conduct the test i
taken prior to final approval.

After the test has been approved. the Test Grouj
Director of the sponsoring Laboratory will ther
request ‘*authority to move, emplace. and stem"" the
nuclear device from the Nevada test site “"Tes
Controiler’" for that specific test. The Test Control
ler also has an advisory panel consisting of
Chairman and three other members. The Chairmat
(called the Scientific Advisor) is a senior scients

2See Ch. 3, "*Containment Evaluation Panel.”’

Z3The nuclear safety study prepared by DOE Safety Division contains safety considerations not related to containment, such as the possibihity <

premature or inadvertent detonation.

241n the case of tests sponsored by the Defense Nuclear Agency (DNA), the Scienufic Advisor is from Sandia National Laboratory.
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from the sponsoring laboratory.?* The three mem-
bers are all knowledgeable about the weapons-
testing program and consist of:

1. an EPA senior scientist with expertise in
radiation monitoring,

2. a weather service senior scientist knowledgea-
ble in meteorology, and

3. a medical doctor with expertise in radiation
medicine.

Once the test has been approved for execution by the
Test Controller’s panel, the Test Controller has sole
responsibility to determine when or whether the test
will be conducted. The Test Controller and Advisory
Panel members conduct the following series of
technical meetings to review the test:%

D-7 Safety Planning Meeting: The *‘D-7 Safety
Planning Meeting’’ is held approximately 1 week
before the test. This meeting is an informal review
of the test procedure, the containment plan, the
expected yield, the maximum credible yield, the
potential for surface collapse, the potential ground
shock, the expected long-range weather conditions,
the location of radiation monitors, the location of all
personnel, the security concerns (including the
possibility of protesters intruding on the test site),
the countdown, the pre-announcement policy, and
any other operational or safety aspects related to the
test.

D-1 Safety Planning Meeting: The day before the
test, the D-1 Safety Planning Meeting is held. This
is an informal briefing that reviews and updates all
the information discussed at the D-7 meeting.

D-1 Containment Briefing: The D-1 Containment
Briefing is a formal meeting. The laboratory reviews
again the containment plan and discusses whether all
of the stemming and other containment require-
ments were met. The meeting determines the extent
to which the proposed containment plan was carried
out in the field.2® The laboratory and contractors
provide written statements on their concurrence of
the stemming plan.

D-1 Readiness Briefing: The D-1 Readiness
Briefing is a formal meeting to review potential

weather conditions and the predicted radiation
fallout pattern for the case of an accidental venting.

The night before the test, the weather service
sends out observers to release weather balloons and
begin measuring wind direction and speed to a
height of 1,400 ft above the ground. The area around
the test (usually all areas north of the Control Point
complex) is closed to all nonessential personnel. The
Environmental Protection Agency deploys monitor-
ing personnel off-site to monitor fallout and coordi-
nate protective measures, should they be necessary.

D-Day Readiness Briefing: The morning of the
test, the Test Controller holds the *‘D-Day Readi-
ness Briefing.”’ At this meeting, updates of weather
conditions and forecasts are presented. In additon,
the weather service reviews the wind and stability
measurements to make final revisions to the fallout
pattern in the event of an accidental venting. The
fallout pattern is used to project exposure rates
throughout the potential affected area. The exposure
rates are calculated using the standard radiological
models of whole-body exposure and infant thyroid
dose from a family using milk cows in the fallout
region. The status of on-site ground-based and
airborne radiation monitoring is reviewed. The
location of EPA monitoring personnel is adjusted to
the projected fallout pattern, and the location of all
personnel on the test site is confirmed. At the end of
the meeting, the Scientific Advisor who is chairman
of the Test Controller’s Advisory Panel makes a
recommendation to the Test Controller to proceed or
delay.

If the decision is made to proceed. the Test
Controller gives permission for the nuclear device to
be armed. The operation of all radiation monitors,
readiness of aircraft, location of EPA personnel. eic..
are confirmed. If the status remains favorable and the
weather conditions are acceptable, the Test Control-
ler gives permission to start the countdown and to
fire. If nothing abnormal occurs, the countdown
proceeds to detonation. If a delay occurs. the
appropriate preparatory meetings are repeated.

241n the case of tests sponsored by the Defense Nuclear Agency (DNA), the Scientific Advisor is from Sandia National Laboratory.

2 Although the test has been planned to be contained, test preparations include provisions for an accidental release of radioactive material. Suct
provisions include the deployment of an emergency response team for each test.

2For example, readings from 1emperature sensors placed in the stemming plugs are examined to determine whether the plugs have hardened.
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Chapte

Containing Underground Nuclear Explosic

Underground nuclear tests are designed and reviewed for containment, with redundancy an
conservatism in each step.

INTRODUCTION

The United States’ first underground nuclear test,
codenamed ‘‘Pascal-A,”’ was detonated at the bot-
tom of a 499-foot open drill-hole on July 26, 1957.!
Although Pascal-A marked the beginning of under-
ground testing, above ground testing continued for
another 6 years. With testing simultaneously .occur-
ring aboveground, the release of radioactive material
from underground explosions was at first not a major
concern. Consequently, Pascal-A, like many of the
early underground tests that were to follow, was
conducted ‘‘roman candle’’ style in an open shaft
that allowed venting.2

As public sensitivity to fallout increased, guide-
lines for testing in Nevada became more stringent. In
1956, the weapons laboratories pursued efforts to
reduce fallout by using the lowest possible test
yields, by applying reduced fission yield or clean
technology, and by containing explosions under-
ground. Of these approaches. only underground
testing offered hope for eliminating fallout. The
objective was to contain the radioactive material, yet
still collect all required information. The first
experiment designed to contain an explosion com-
pletely underground was the ‘‘Rainier’’ test, which
was detonated on September 19, 1957. A nuclear
device with a known yield of 1.7 kilotons was
selected for the test. The test was designed with two
objectives: 1) to prevent the release of radioactivity
to the atmosphere, and 2) to determine whether
diagnostic information could be obtained from an
underground test. The test was successful in both
objectives. Five more tests were conducted the
following year to confirm the adequacy of such
testing for nuclear weapons development.

In November 1958, public concern over radioac-
tive fallout brought about a nuclear testing morato-
rium that lasted nearly 3 years. After the United
States resumed testing in September, 1961, almost
all testing in Nevada was done underground, while

atmospheric testing was conducted in the Chris
Island and Johnston Island area of the Pacific. ]
1961 through 1963, many of the underground
vented radioactive material. The amounts
small, however, in comparison to releases
aboveground testing also occurring at that time

With the success of the Rainier test, efforts
made to understand the basic phenomenoloj
contained underground explosions. Field e
included tunneling into the radioactive zone, la
tory measurements, and theoretical work to r
the containment process. Through additional
experience was gained in tunnel-stemming
esses and the effects of changing yields. The
attempts to explain the physical reason why u
ground nuclear explosions do not always frz
rock to the surface did little more than postula
hypothetical existence of a **mystical magical |
brane.”” In fact, it took more than a deca
underground testing before theories for the ph
basis for containment were developed.

In 1963, U.S. atmospheric testing ended wh
United States signed the Limited Test Ban ]
prohibiting nuclear test explosions in any en
ment other than underground. The treaty
prohibits any explosion that:

... causes radioactive debris to be present out
the territodal limits of the State under wil
jurisdiction or control such explosion is conduc

With the venting of radioactive debris
underground explosions restricted by treaty
tainment techniques improved. Although man
tests continued to produce accidental relea
radioactive material, most releases were only ¢
able within the boundaries of the Nevada Tes
In 1970, however, a test codenamed " Banet
resulted in a prompt, massive venting. Radic
material from Baneberry was tracked as far
Canadian border and focused concern about b
environmental safety and the treaty complia

1The first underground test was the United States” 100th nuclear explosion.
211 is interesting to note that even with an open shaft. 90% of the fission products created by Pascal-A were contained underground.

JAnticle 1,1(b). 1963 Limited Test Ban Treaty

~31-
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the testing program.* Testing was suspended for 7
months while a detailed examination of testing
practices was conducted by the Atomic Energy
Commission. The examination resulted in new
testing procedures and specific recommendations
for review of test containment. The procedures
initiated as a consequence of Baneberry are the basis
of present-day testing practices.

Today, safety is an overriding concern throughout
every step in the planning and execution of an
underground nuclear test. Underground nuclear test
explosions are designed to be contained. reviewed
for containment, and conducted to minimize even
the most remote chance of an accidental release of
radioactive material. Each step of the testing author-
ization procedure is concerned with safety; and
conservatism and redundancy are built into the
system.’

WHAT HAPPENS DURING AN
UNDERGROUND NUCLEAR
EXPLOSION

The detonation of a nuclear explosion under-
ground creates phenomena that occur within the
following time frames:

Microseconds

Within a microsecond (one-millionth of a sec-
ond), the billions of atoms involved in a nuclear
explosion release their energy. Pressures within the
exploding nuclear weapon reach several million
pounds per square inch; and temperatures are as high
as 100 million degrees Centigrade. A strong shock
wave is created by the explosion and moves outward
from the point of detonation.

Milliseconds

Within tens of milliseconds (thousandths of a
second), the metal canister and surrounding rock are
vaporized, creating a bubble of high pressure steam
and gas. A cavity is then formed both by the pressure
of the gas bubble and by the explosive momentum
imparted to the surrounding rock.

Tenths of a Second

As the cavity continues to expand. the internal
pressure decreases. Within a few tenths of a second.
the pressure has dropped to a level roughly compara-
ble to the weight of the overlying rock. At this point.
the cavity has reached its largest size and can no
longer grow.® Meanwhile, the shock wave created by
the explosion has traveled outward from the cavity,
crushing and fracturing rock. Eventually, the shock
wave weakens to the point where the rock is no
longer crushed, but is merely compressed and then
returns to its original state. This compression and
relaxation phase becomes seismic waves that travel
through the Earth in the same manner as seismic
waves formed by an earthquake.

A Few Seconds

After a few seconds, the molten rock begins to
collect and solidify in a puddle at the bottom of the
cavity.” Eventually, cooling causes the gas pressure
within the cavity to decrease.

Minutes to Days

When the gas pressure in the cavity declines to the
point where it is no longer able to support the
overlying rock, the cavity may collapse. The col-
lapse occurs as overlying rock breaks into rubble and
falls into the cavity void. As the process continues,
the void region moves upward as rubble falls
downward. The *‘chimneying’’ continues until:

e the void volume within the chimney completely
fills with loose rubble,
e the chimney reaches a level where the shape of
. the void region and the strength of the rock can
support the overburden material. or

e the chimney reaches the surface.

If the chimney reaches the surface. the ground sinks
forming a saucer-like subsidence crater. Cavity
collapse and chimney formation typically occur
within a few hours of the detonation but sometimes
take days or months.

4See for example, Bruce A. Bolt, Nuclear Explosions and Earthquakes San Francisco, CA. (W.H. Freeman & Co., 1976).

5See ‘*Detonation Authority and Procedures’” (ch. 2).

6See the next section, '‘How explosions remain contained," for a detailed explanation of cavity formation.
The solidified rock contains most of the radioactive products from the explosion. The performance of the nuclear weapon is analyzed when samples

of this material are recovered by dniling back into the cavity.
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Box 3-A—Baneberry

The exact cause of the 1970 Baneberry venting still remains a mystery. The original explanation post
the existence of an undetected water table. It assumed that the high temperatures of the explosion produced !
that vented to the surface. Later analysis, however, discredited this explanation and proposed an alternative sce
based on three geologic features of the Baneberry site: water-saturated clay, a buried scarp of hard rock. and an
fault. It is thought that the weak, water-saturated clay was unable to support the containment structure: the hard
strongly reflected back the energy of the explosion increasing its force: and the nearby fault provided a pat
that gases could travel along. All three of these features seem to have contributed to the venting. Whateverits ¢
the Baneberry venting increased attention on containment and, in doing so, marked the beginning of the presen
containment practces.

Photo credit. Department o

The venting of Baneberry, 1970.
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Photo credit: Harold E. Edgerton

Early phase of firebail from nuclear explosion.

WHY NUCLEAR EXPLOSIONS
REMAIN CONTAINED

Radioactive material produced by a nuclear ex-
plosion remains underground due to the combined
efforts of:

e the sealing nature of compressed rock around
the cavity,

the porosity of the rock,

the depth of burial,

the strength of the rock, and

the stemming of the emplacement hole.

Counter to intuition, only minimal rock
strength is required for containment.

At first, the explosion creates a pressurized cavity
filled with gas that is mostly steam. As the cavity
pushes outward, the surrounding rock is compressed
(figure 3-1(a)). Because there is essentially a fixed
quantity of gas within the cavity, the pressure
decreases as the cavity expands. Eventually the
pressure drops below the level required to deform
the surrounding material (figure 3-1(b)). Mean-
while, the shock wave has imparted outward motion
to the material around the cavity. Once the shock
wave has passed, however, the material tries to

return (rebound) to its original position (1
3-1(c)). The rebound creates a large compre
stress field, called a stress ‘‘containment c:
around the cavity (figure 3-1(d)). The physics «
stress containment cage is somewhat analogc
how stone archways support themselves. In the
of a stone archway, the weight of each stone p
against the others and supports the archway. |
case of an underground explosion, the rebot
rock locks around the cavity forming a stress
that is stronger than the pressure inside the ¢
The stress *‘containment cage’’ closes any frac
that may have begun and prevents new fra
from forming.

The predominantly steam-filled cavity even
collapses forming a chimney. When collapse o
the steam in the cavity is condensed through c«
with the cold rock falling into the cavity.
noncondensible gases remain within the
chimney at low pressure. Once collapse o
high-pressure steam is no longer present to
gases from the cavity region to the surface.

If the test is conducted in porous material. si
alluvium or tuff, the porosity of the mediun
provide volume to absorb gases produced t
explosion. For example, all of the steam gen
by a 150 kiloton explosion beneath the watet
can be contained in a condensed state with
volume of pore space that exists in a hemispt
pile of alluvium 200 to 300 feet high. Althougt
steam condenses before leaving the cavity
the porosity helps to contain noncondensible
such as carbon dioxide (CO,) and hydrogen
The gas diffuses into the interconnected pore
and the pressure is reduced to a level that is
to drive the fractures. The deep water table an
porosity of rocks at the Nevada Test Site fac
containment.

Containment also occurs because of the pr
of overlying rock. The depth of burial prov
stress that limits fracture growth. For exampl
fracture initiated from the cavity grows, gas
from the fracture into the surrounding m:
Eventually, the pressure within the fractu
creases below what is needed to extend the fr:
At this point, growth of the fracture stops and |
simply leaks into the surrounding matenial.

Rock strength is also an important asp
containment. but only in the sense that an ext
weak rock (such as water-saturated clay)
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Figure 3-1—Formation ot Stress “Containment Cage”
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Compressive residual stress
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1) Cavity expands outward and deforms surrounding rock. 2} Natural resistance to deformation stops expansion. 3) Cavity contracts
{rebounds) from siastic unioading of distant rock. 4) Rebound locks in compressive residual stress around cavity.

SOURCE: Modified from Lawrence Livermore National Laboratory.

support a stress containment cage. Detonation within
weak, saturated clay is thought to have been a factor
in the release of the Baneberry test. As a result, sites
containing large amounts of water-saturated clay are
now avoided.

The final aspect of containment is the stemming
that is put in a vertical hole after the nuclear device
has been emplaced. Stemming is designed to prevent
gas from traveling up the emplacement hole. Imper-
meable plugs, located at various distances along the
stemming column, force the gases into the surround-
ing rock where itis *‘sponged up’’ in the pore spaces.

How the various containment features perform
depends on many variables: the size of the explo-
sion, the depth of burial, the water content of the
rock, the geologic structure, etc. Problems may
occur when the containment cage does not form
completely and gas from the cavity flows either
through the emplacement hole or the overburden
material.® When the cavity collapses, the steam
condenses and only noncondensible gases such as
carbon dioxide (CO,) and hydrogen (H,) remain in
the cavity.® The CO, and H, remain in the chimney
if there is available pore space. If the quantity of
noncondensible gases is large, however, they can act
as a driving force to transport radioactivity through

the chimney or the overlying rock. Consequently
the amount of carbonate rnaterial and water in the
rock near the explosion and the amount of rror
available for reaction are considered when evaluat-
ing containment.'?

SELECTING LOCATION, DEPTH,
AND SPACING '

The site for conducting a nuclear test 1s. at first
selected only on a tentative basis. The final decisiot
is made after various site charactensucs have beer
reviewed. The location, depth of bunal. and spacin
are based on the maximum expected yield tor th
nuclear device, the required geometry of the test. an
the practical considerations of scheduling. conven
ience, and available holes. If none of the inventor
holes are suitable, a site is selected and 4 hol
drilled.!!

The first scale for determining how deep a
explosion should be buried was denved trom th
Rainier test in 1957. The depth, based on the cub
root of the yield, was originally:

Depth = 300 (yield)"

where depth was measured in feet and yweld i

8Lack of a stress ‘‘containment cage’’ may not be a serious problem if the medium is sufficently porous or if the depth of bunal 15 sutTicent
9The CO, is formed from the vaporization of carbonate material; while the H, is formed when water reacts with the iron in the nuclear device at

diagnostics equipment.

10The carbonate material in Frenchman Flat created CO, that is thought to have caused a seep during the Diagonal Line test (Nov. 24, 1971 Dragon
Line was the last test on Frenchman Flat, the area is currently considered impractical for underground testing largely because of the carbonate materti

11See ch. 2. *The Nevada Test Site,”” for a description of the areas each Laboratory uses for testng.
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Blanca containment failure, 1958.

kilotons. The first few tests after Rainier. however,
were detonated at greater depths than this formula
requires because it was more convenient to mine
tunnels deeper in the Mesa. It was not until
**Blanca,”’ October 30, 1958, that a test was
conducted exactly at 300 (yield)” feet to test the
depth scale. The containment of the Blanca explo-
sion, however, was unsuccessful and resulted in a
surface venting of radioactive material. As a conse-
quence, the depth scale was modified to include the
addition of a few hundred feet as a safety factor and

thus became: 300 (yield)"’ “plus-a-tew hundred-
feet.””

Today, the general depth of burial can be approx:.
mated by the equation:

Depth = 400 (yield)

where depth is measured in feet und »icld in
kilotons.!? The minimum depth of burial. however,
is 600 feet.!> Consequently, depths ot bunal van
from 600 feet for a low-yield device. to ahout 2100
feet for a large-yield test. The depth i1~ scaled 1o the

12:‘Public Safety for Nuclear Weapons Tests.”” United States Environmental Protection Agency, January, 1984.

13The 600-foot depth was chosen as a minimum after a statstical study showed that the tikelihood of a seep of radioactive matenial 1o the ~urtses "o
explosions buried 600 feet or more was about 1/2 as great as for explosions at less than 500 feet. even il they were buried at the samc < 4ic Jepthn

each case. .
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“‘maximum credible yield"" that the nuclear device
is thought physically capable of producing, not to
the design yield or most likely yield.!*

Whether a test will be conducted on Pahute Mesa
or Yucca Flat depends on the maximum credible
yield. Yucca Flat is closer to support facilities and
therefore more convenient, while the deep water
table at Pahute Mesa is more economical for large
yield tests that need deep, large diameter emplace-
ment holes. Large yield tests in small diameter holes
(less than 7 feet) can be conducted in Yucca Flat. A
test area may also be chosen to avoid scheduling
conflicts that might result in a test damaging the hole
or diagnostic equipment of another nearby test. Once
the area has been chosen, several candidate sites are
selected based on such features as: proximity to
previous tests or existing drill holes; geologic
features such as faults, depth to basement rock, and
the presence of clays or carbonate materials; and
practical considerations such as proximity to power
lines, roads, etc.

In areas well suited for testing, an additional site
selection restriction is the proximity to previous
tests. For vertical drill hole tests, the minimum shot
separation distance is about one-half the depth of
burial for the new shot (figure 3-2). For shallow
shots, this separation distance allows tests t0 be
spaced so close together that in some cases, the
surface collapse craters coalesce. The !/2 depth of
burial distance is a convention of convenience,
rather than a criteron for containment.! It is, for
examnple, difficult to safely place a drilling rig too
close 1o an existing collapse crater.

Horizontal tunnel tests are generally spaced with
a minimum shot separation distance of twice the
combined cavity radius plus 100 feet, measured
from the point of detonation (called the *‘working
point’’) (figure 3-3). In other words, two tests with
100 foot radius cavities would be separated by 300
feet between cavities, or 500 feet (center to center).
The size of a cavity formed by an explosion is
proportional to the cube root of the yield and can be
estimated by:

Radius = 55 (yield)"”,

where the radius is measured in feet and the yield in

kilotons. For example, an 8 kiloton explosion w«
be expected to produce an underground cavity
approximately a 110 foot radius. Two such
explosions would require a minimum separa
distance of 320 feet between cavities or 540
between working points.

Occasionally, a hole or tunnel is found tc
unsuitable for the proposed test. Such a situai
however, is rare, occurring at a rate of about 1 o1
25 for a drill hole test and about | out of 15 {
tunnel test.'6 Usually, a particular hole that is fc
unacceptable for one test can be used for another
at a lower yield.

REVIEWING A TEST SITE
LOCATION

Once the general parameters for a drill-hole
been selected, the sponsoring laboratory reque
pre-drill Geologic Data Summary (GDS) fron
U.S. Geological Survey. The GDS is a geol
interpretation of the area that reviews the three t
elements: the structures, the rock type, and the v
content. The U.S. Geological Survey looks
features that have caused containment problen
the past. Of particular concern is the presence of
faults that might become pathways for the relea
radioactive material, and the close location of
basement rock that may reflect the energy creat¢
the explosion. Review of the rock type check
features such as clay content which would ind
a weak area where it may be difficult for the hc
remain intact, and the presence of carbonate
that could produce CO, Water content is
reviewed 1o predict the amount of steam and H
might be produced. If the geology indicates less
ideal conditions, alternate locations may be
gested that vary from less than a few hundrec
from the proposed site to an entirely differenta
the test site.

When the final site location is drilled, dat
collected and evaluated by the sponsoring la
tory. Samples and geophysical logs. including d
hole photography. are collected and analyzed
U.S. Geological Survey reviews the data, cot
with the laboratory throughout the process
reviews the accuracy of the geologic interpreta

14In many cases the maximum credible yield is significantly larger than the expecied yicld for a nuclear device.
15As discussed later, testing in previously fractured rock is not considered a containment risk in most instances.
160m three occasions tunncls have been abandoned because of unanticipated conditons such as the discovery of a fault or the presence of 10

waler.
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Figure 3-2—Minimum Shot Separation tfor Drill Hole Tests

Y2 depth of burial

Yucea flats

—

Diagram to approximate scale

Scale illustration of the minimum separation distance (1/2 depth ot burial) for vertical drifl hole tests. The
depth of burial is based on the maximum credible yieid.

SOURCE: Office of Technology Assessment, 1389

To confirm the accuracy of the geologic description
and review and evaluate containment considera-
tions, the Survey also attends the host laboratory’s
site proposal presentation to the Containment Evalu-
ation Panel.

CONTAINMENT EVALUATION
PANEL

One consequence of the Baneberry review was the
restructuring of what was then called the Test
Evaluation Panel. The panel was reorganized and
new members with a wider range of geologic and
hydrologic expertise were added. The new panel was
named,the Containment Evaluation Panel (CEP);
and their first meeting was held in March, 1971.

The Containment Evaluation Panel presently
consists of a Chairman and up to 11 panel members.

Six of the panel members are representatives fron
Lawrence Livermore National Laboratory, Los Alamo
National Laboratory, Defense Nuclear Agency. San
dia National Laboratory, U.S. Geological Survey
and the Desert Research Institute. An additional 3t
S members are also included for their expertise 1
disciplines related to containment. The chairman ¢
the panel is appointed by the Manager of Nevad
Operations (Department of Energy). and pant
members are nominated by the member institutio
with the concurrence of the chairman and approv:
of the Manager. The panel reports to the Manager
Nevada Operations.

Practices of the Containment Evaluation Pang
have evolved throughout the past 18 years; howeve
their purpose, as described by the Containmer
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Figure 3-3—Minimum Shot Separation for Tunnel Tests

Rainier Mesa

Tunnel tests are typicatly
overpuried. Collapse chimneys
do not usually extend to surface.

Diagram to approximate scale

Scale illustration of the minimum separation distance (2 combined cavity radii pius 100 feet) for
horizontal tunnel tests. Tunnel tasts are typically overburied. Collapse chimneys do not usually extend

to the surface.
SOURCE: Office of Technology Assessment, 1989

Evaluation Charter, remains specifically defined as
follows:!”

1. evaluate, as an independent organization re-
porting to the Manager of Nevada Operations,
the containment design of each proposed
nuclear test;

2. assure that all relevant data available for
proper evaluation are considered,

3. advise the manager of Nevada Operations of
the technical adequacy of such design from the
viewpoint of containment, thus providing the
manager a basis on which to request detona-
tion authority; and

4. maintain a historical record of each evaluation
and of the data, proceedings, and discussions
pertaining thereto.

Although the CEP is charged with rendering a
judgment as to the adequacy of the design of the
containment, the panel does not vote. Each member
provides his independent judgment as to the pros-
pect of containment, usually addressing his own area
of expertise but free to comment on any aspect of the
test. The Chairman is in charge of summarizing
these statements in a recommendation to the man-
ager on whether to proceed with the test, based only
on the containment aspects. Containment Evalua-
tion Panel guidelines instruct members to make their
judgments in such a way that:

17Containment Evaluation Charter, June 1, 1986, Section 1L
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Considerations of cost, schedules. and test objectives
shall not enter into the review of the technical
adequacy of any test from the viewpoint of contain-
ment. '8

Along with their judgments on containment, each
panel member evaluates the probability of contain-
ment using the following four categories:!?

1. Category A: Considering all containment fea-
tures and appropriate historical. empirical, and
analytical data, the best judgment of the
member indicates a high confidence in suc-
cessful containment as defined in VIILF.
below.

2. Category B: Considering all containment fea-
tures and appropriate historical, empirical, and
analytical data, the best judgment of the
member indicates a less, but still adequate,
degree of confidence in successful contain-
ment as defined in VIILF. below.

3. Category C: Considering all containment fea-
tures and appropriate historical, empirical, and
analytical data, the best judgment of the
member indicates some doubt that successful
containment, as described in VIILF. below,
will be achieved.

4. Unable to Categorize

Successful containment is defined for the CEP as:

... no radioactivity detectable off-site as measured
by normal monitoring equipment and no unantici-
pated release of activity on-site.

The Containment Evaluation Panel does not have
the direct authority to prevent a test from being
conducted. Their judgment, both as individuals and
as summarized by the Chairman, is presented to the
Manager. The Manager makes the decision as to
whether a Detonation Authority Request will be
made. The statements and categorization from each
CEP member are included as part of the permanent
Detonation Authority Request.

Although the panel only advises the Manager, it
would be unlikely for the Manager to request

detonation if the request included a judgment by the
CEP that the explosion might not be contained. The
record indicates the influence of the CEP. Since
formation of the panel in 1970, there has never been
a Detonation Authority Request submitted for ap-
proval with a containment plan that received a *"C™
(**some doubt’’) categorization from even one
member.20 21

The Containment Evaluation Panel serves an
additional role in improving containment as a
consequence of their meetings. The discussions of
the CEP provide an ongoing forum for technical
discussions of containment concepts and practices.
As aconsequence, general improvements to contain-
ment design have evolved through the panel discus-
sions and debate.

CONTAINING VERTICAL
SHAFT TESTS

Once a hole has been selected and reviewed. a
stemming plan is made for the individual hole. The
stemming plan is usually formulated by adapting
previously successful stemming plans to the particu-
larities of a given hole. The objective of the plan is
to prevent the emplacement hole from being the path
of least resistance for the flow of radioactive
material. In doing so, the stemming plan must take
into account the possibility of only a partial collapse:
if the chimney collapse extends only half way to the
surface, the stemming above the collapse must
remain intact.

Lowering the nuclear device with the diagnostics
down the emplacement hole can take up to 5 days.
A typical test will have between 50 and 250
diagnostic cables with diameters as great as 13/8
inches packaged in bundles through the stemming
column. After the nuclear device is lowered into the
emplacement hole, the stemming is installed. Figure
3-4 shows a typical stemming plan for a Lawrence

18Containmens Evaluation Panel Charter, June 1, 1986, Section ML.D.
19Containment Evaluation Panel Charnter, June 1, 1986, Section VIL

20The grading system for containment plans has evolved since the carly 1970's. Prior 10 April, 1977, the Containment Evaluation Panel categonzed
tests using the Roman numerals (1-1V) where I-11I had about the same meaning as A-C and 1V was a D which eventually was dropped as a letter and

just became *‘unable 10 categonize.”’

21However, one shot (Mundo) was submined with an *‘unable to categonize’* categorization. Mundo was a joint US-UK test conducted on May 1.

1984,
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Figure 3-4—'Typical” Stemming Plan

1
Cable fanouts
gt Emplacement pipe
(if used)
Sanded Plug
gypsum )
concrete Fines
Coarse
Fines ” 4 Cabie gas blocks
) {
" m——————
(Plug to
true scaie)

(Diagram not to scaiej

Typical stemming sequence of coarse material, fina material, and
sanded gypsum plug used by Lawrence Livermore National
Laboratory for vertical drill hole tests.

SOURCE: Modified from Lawrence Livermore National Laboratory.

Livermore test with six sanded gypsum concrete
plugs.?? The plugs have two purposes: 1) to impede
gas flow, and 2) to serve as structural platforms that
prevent the stemming from falling out if only a
partial collapse occurs. Under each plug is a layer of
sand-size fine material. The sand provides a base for
the plug. Alternating between the plugs and the
fines, coarse gravel is used to fill in the rest of the
stemming. The typical repeating pattern used for
stemming by Los ALamos, for example, is 50 feet of
gravel, 10 feet of sand, and a plug.

All the diagnostic cables from the nuclear device
are blocked to prevent gas from finding a pathway
through the cables and traveling to the surface. Cable
fan-out zones physically separate the cables at plugs

so that the grout and fines can seal betwee
Frequently, radiation detectors are installed
plugs to monitor the post-shot flow of r
through the stemming column.

CONTAINING HORIZONT
TUNNEL TESTS

The containment of a horizontal wnne
different from the containment of a vertical ¢
test because the experimental apparatus is |
to be recovered. In most tests, the objecti
allow direct radiation from a nuclear expl
reach the experiment, but prevent the e
debris and fission products from destrc
Therefore, the containment is designed
tasks: 1) to prevent the uncontrolled re
radioactive material into the atmosphere fc
safety, and 2) to prevent explosive deb
reaching the experimental test chamber.

Both types of horizontal tunnel tests (eff
and cavity tests) use the same containmernit
of three redundant containment *‘vessels™
inside each other and are separated by plug
3-5).23 Each vessel is designed to indep
contain the nuclear explosion, even if t
vessels fail, If, for example, gas leaks from
into vessel I, vessel I has a volume large e
that the resulting gas temperatures and |
would be well within the limits that the |
designed to withstand. The vessels are org;
follows:

Vessel I is designed to protect the experir
preventing damage to the equipment and allc
to be recovered.

Vessel I1 is designed to protect the tunnel
so that it can be reused even if vessel I fails
experimental equipment is lost.

Vessel 11l is designed purely for conta
such that even if the experimental equipmer
and the tunnel system contaminated. rad
material will not escape to the atmosphere.

In addition to the three containment ves:
is a gas seal door at the entrance of the tunn
that serves as an additional safety measure
seal door is closed prior to detonation ant

22Although Livermore and Los Alamos use the same general siemming philosophy, there are some differences: For example, Livermor
gypsum concrete plugs while Los Alamos uses plugs made of epoxy. Also, Livermore uses an emplacement pipe for lowering the device dov
Los Alamos lowers the device and diagnostic cannister on a wire rope harness.

23See ch. 2 for a discussion of types of nuclear tests.
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Figure 3-5—Three Redundant Containment Vessels (Pian View)

Tunnel entrance

Three containment vessels for the Mighty Oak Test conducted in the T-Tunnel Complex.

SOURCE: Modified from Defense Nuclear Agency.

between it and the vessel III plug is pressurized to
approximately 10 pounds per square inch.

The plugs that separate the vessels are constructed
of high strength grout or concrete 10 to 30 feet thick.
The sides of the vessel II plugs facing the working
point are constructed of steel. Vessel II plugs are
designed to withstand pressures up to 1,000 pounds
per square inch and temperatures up to 1,000 °F.
Vessel III plugs are constructed of massive concrete
and are designed to withstand pressures up to 500
pounds per square inch and temperatures up to 500
°F.

- Before each test, the tunnel system is checked for
leaks. The entire system is closed off and pressurized
to 2 pounds per square inch with a gas containing
tracers in it. The surrounding area is then monitored

for the presence of the tracer gas. Frequently. the
chimney formed by the explosion is also subjected
to a post-shot pressurization test to ensure that no
radioactive material could leak through the chimney
to the surface.

The structure of vessel I, as shown in figure 3-6,
is designed to withstand the effects of ground shock
and contain the pressure, temperatures, and radiation
of the explosion. The nuclear explosive is located at
the working point, also known as the ' zero room.™
A long, tapered, horizontal line-of-sight (HLOS)
pipe extends 1,000 feet or more from the working
point to the test chamber where the experimental
equipment is located. The diameter of the pipe may
only be a few inches at the working point, but
typically increases to about 10 feet before it reaches
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Figure 3-6—Vessel |

Vessel 1

End of stemming

-——'——____— < Pypass drift
 SRERY A N — dri

e —— «—— HLOS drift
Mechanical
closureg
(TAPS)

Mechanical
closure
(GSAC)

Test chamber
End of stemming

Working point

Mechanical
closure
(MAC)

Key: GSAC =gas seal auxiliary Closure: MAC =moditied auxiliary
closure: TAPS =Tunnel and pipe seal

The HLOS Vessel | is designed to protect the experimental
equipment after allowing radiation to travet down the pipe.

SOURCE: Modified trom Defanse Nuciear Agency.

the test chamber.2* The entire pipe is vacuum
pumped to simulate the conditions of space and to
minimize the attenuation of radiation. The bypass
drift (an access tunnel). located next to the line of
sight pipe, is created to provide access to the closures
and to different parts of the tunnel system. These
drifts allow for the nuclear device to be placed in the
zero room and for late-time emplacement of test
equipment. After the device has been emplaced at
the working point, the bypass drift is completely
filled with grout. After the experiment, parts of the
bypass drift will be reexcavated to permit access to
the tunnel system to recover the pipe and experimen-
tal equipment.

The area around the HLOS pipe is also filled with
grout, leaving only the HLOS pipe as a clear
pathway between the explosion and the test cham-
ber. Near the explosion, grout with properties similar
to the surrounding rock is used so as not to interfere
with the formation of the stress containment cage.
Near the end of the pipe strong grout or concrete is
used to support the pipe and closures. In between,
the stemming is filled with super-lean grout de-
signed to flow under moderate stress. The super-lean
grout is designed to fill in and effectively plug any
fractures that may form as the ground shock
collapses the pipe and creates a stemming plug.

As illustrated in figure 3-6, the principal compo-
nents of an HLOS pipe system include a working

point room, a muffler, a modified auxiliary ¢
(MAC), a gas seal auxiliary closure (GSAC).
tunnel and pipe seal (TAPS). All these closu!
installed primarily to protect the experimental
ment. The closures are designed to shut off th
after the radiation created by the explosic
traveled down to the test chamber, but
material from the blast can fly down the pij
destroy the equipment.

The working point room is a box desig
house the nuclear device. The muffler is .
panded region of the HLOS pipe that is desig
reduce flow down the pipe by allowing exp
and creating turbulence and stagnation. The
(figure 3-7(a)) is a heavy steel housing that c«
two 12-inch-thick forged-aluminum doors de
to close openings up to 84 inches in diamet
doors are installed opposite each other, perpe
lar to the pipe. The doors are shut by high p
gas that is triggered at the time of deto
Although the doors close completely withi
seconds (overlapping so that each door fi
tunnel), in half that time they have met in the
and obscure the pipe. The GSAC is similar
MAC except that it is designed to provide a g:
closure. The TAPS closure weighs 40 tons |
design (figure 3-7(b)) resembles a large toil
The door, which weighs up to 9 tons, is hinge:
top edge and held in the horizontal (open) p
When the door is released, it swings down by
and slams shut in about 0.75 seconds. Any
remaining in the pipe pushes on the door mal
seal tighter. The MAC and GSAC will wi
pressures up to 10,000 pounds per square in
TAPS is designed to withstand pressures up |
pounds per square inch, and temperature
1,000 °F.

When the explosion is detonated radiatior
down the HLOS pipe at the speed of lig
containment process (figure 3-8(a-¢). trigger
time of detonation, occurs in the following s
to protect experimental equipment and
radioactive material produced by the explos

e After 0.03 seconds (b), the cavity create
explosion expands and the shock wavi
away from the working point and apf
the MAC. The shock wave collapses t
squeezing it shut, and forms a st
*‘plug.’* Both the MAC and the GSAC

240n occasion, the diameter of the pipe has increased 10 20 feet.
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Figure 3-7—Vessel | Closures

Pre-fire geometry

Eeepere

Weeg®

Mechanical closures
(MAC/GSAC)

%~ Mechanical closure

(TAPS)

Approximate ciosed FAC geometry

Fast acting closure

A) Mechanical Closures (MAC/GSAC)
B) Tunnel and Pipe Seal (TAPS)
C) Fast Acting Closure (FAC)

SOURCE: Modified from Defense Nuciear Agency.

the pipe ahead of the shock wave to prevent
early flow of high-velocity gas and debris into
the experiment chamber.

o After 0.05 seconds (c). the ground shock moves
past the second closure and is no longer strong

enough to squeeze the pipe shut. The stemming
plug stops forming at about the distance where
the first mechanical pipe closure is located.

e After 0.2 seconds (d), the cavity growth is
complete. The rebound from the explosion
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Figure 3-8—Tunnel Closure Sequence
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SOURCE: Modified from Defense Nuclear Agency.
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locks in the residual stress field, thereby
forming a containment cage. The shock wave
passes the test chamber.

e After 0.75 seconds (e), the final mechanical seal
(TAPS) closes, preventing late-time explosive
and radioactive gases from entering the test
chamber.

The entire closure process for containment takes
less than 3/4 of a second. Because the tests are
typically buried at a depth greater than necessary for
containment, the chimney does not reach the surface
and a collapse crater normally does not form. A
typical post-shot chimney configuration with its
approximate boundaries is shown in figure 3-9.

In lower yield tests, such as those conducted in the
P-tunnel complex, the first mechanical closure is a
Fast Acting Closure (FAC) rather than a MAC.B
The FAC (figure 3-7(c)) closes in 0.001 seconds and
can withstand pressures of 30,000 pounds per square
inch. The FAC acts like a cork, blocking off the
HLOS pipe early, and preventing debris and stem-
ming material from flying down the pipe. A similar
closure is currently being developed for larger yield
tunnel tests.

TYPES OF RADIATION RELEASES

Terms describing the release or containment of
underground nuclear explosions have been refined
to account for the volume of the material and the
conditions of the release. The commonly used terms
are described below.

Containment Failure

Containment failures are releases of radioactive
material that do not fall within the strict definition of
successful containment, which is described by the
Department of Energy as:

Containment such that a test results in no radioac-
tivity detectable off site as measured by normal
monitoring equipment and no unanticipated release
of radioactivity onsite. Detection of noble gases that
appear onsite long after an event, due to changing
atmospheric conditions, is not unanticipated. Antici-
pated releases will be designed to conform to
specific guidance from DOE/HQ.?

Containment failures are commonly described as:

Figure 3-9—Typical Post-Shot Configuration
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Tunnel shots are typically overburied and the collapse chimney
rarely extends to the surface.

SOURCE: Modified from Defense Nuciear Agency.

Ventings

Ventings are prompt, massive, unconuolled re-
leases of radioactive material. They are character-
ized as active releases under pressure, such as when
radioactive material is driven out of the ground by
steam or gas. ‘‘Baneberry,”” in 1970. v the last
example of an explosion that **vented.”

Seeps

Seeps, which are not visible, can only be detected
by measuring for radiation. Seeps are characterized
as uncontrolled slow releases of radioactive matenal
with little or no energy.

Late-Time Seep

Late-time seeps are small releases ot nonconden-
sable gases that usually occur days or weeks after 4
vertical drill hole test. The noncondensable gases
diffuse up through the pore spaces of the overlying
rock and are thought to be drawn to the surface by a
decrease in atmospheric pressure (called "“atmos-
pheric pumping’’).

25The P-tunne! complex is mined in Aqueduct Mesa and has less overburden than the N-tunnel complex in Rainier Mesa. Theretore. P tunnel s

generally used for lower yield tests.
26Section VIILF, Containment Evaluation Panel Charter.



Chapter 3—Containing Underground Nuclear Explosions & 47

Photo creat. Dand Graham

Fast acting closure.

Controlled Tunnel Purging

Controlled tunnel purging is an intentional release
of radioactive material to recover experimental
equipment and ventilate test tunnels. During a
controlled tunnel purging, gases from the tunnel are
filtered, mixed with air to reduce the concentration,
and released over time when weather conditions are
favorable for dispersion into sparsely populated
areas.

Operational Release

Operational releases are small releases of radioac-
tivity resulting from operational aspects of vertical
drill hole tests. Activities that often result in
operational releases include: drilling back down to
the location of the explosion to collect core samples
(called **drill back’’), collecting gas samples from

the explosion (called *‘gas sampling’’), and sealing
the drill back holes (called ‘‘cement back'’)

RECORD OF CONTAINMENT

The containment of underground nuclear explo-
sions is a process that has continually evolved
through learning, experimentation. and experience.
The record of containment illustrates the various
types of releases and their relative impact.

Containment Evaluation Panel

The Containment Evaluation Panel defines suc-
cessful containment as no radioactivity detectable
offsite and no unanticipated release of activity
onsite. By this definition, the CEP has failed to
predict unsuccessful containment on four occasions
since 1970:
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June 29, 1971, horizontal tunnel test,
less than 20 kilotons, radioactivity de-
tected only on-site,

November 24, 1971, vertical shaft test,
less than 20 kilotons, radioactivity de-
tected off-site.

Riola: September 25, 1980, vertical shaft test,
less than 20 kilotons, radioactivity de-
tected off-site.

March 31, 1984, vertical shaft test, less
than 20 kilotons, radioactivity detected
only on-site.

Camphor:

Diagonal Line:

Agrini:

These are the only tests (out of more than 200)
where radioactive material has been unintentionally
released to the aumosphere due to containment
failure. In only two of the cases was the radioactivity
detected outside the geographic boundary of the
Nevada Test Site.

There have, however, been several other instances
where conditions developed that were not expected.
For example, during the Midas Myth test on
February 15, 1984, an unexpected collapse crater
occurred above the test tunnel causing injuries to
personnel. In addition, the tunnel partially collapsed.
damaging experimental equipment. During the Mighty
Oak test on April 10, 1986, radioactive material
penetrated through two of the three containment
vessels. Experimental equipment worth $32 million
was destroyed and the tunnel system ventilation
required a large controlled release of radioactive
material (table 3-1). In the case of Midas Myth, no
radioactive material was released (in fact. all radio-
active material was contained within vessel I). In the
case of Mighty Oak, the release of radioactive
material was intentional and controlled. Conse-
quently, neither of these tests are considered con-
tainment failures by the CEP.

Vertical Drill Hole Tests

As discussed previously, vertical drill-hole tests
commonly use a stemming plan with six sanded
gypsum plugs or three epoxy plugs. Approximately
50 percent of the vertical drill hole tests show all
radiation being contained below the first plug. In
some cases, radiation above the plug may not signify
plug failure, but rather may indicate that radioactive
material has traveled through the medium around the

plug.

Table 3-1—Releases From Underground Tests
(normalized to 12 hours after event®)

All releasas 1971-1988:

. Containment Failures:

Camphor, 19712 .. ... 360 Ci
Diagonal Line, 1871 ........ ..ot 6.800
Riola, 1980 .. . ..cvi et 3,100
AGrni, 1984 . ... ... 690
Late-time Seeps:
Kappehi, 1984 .. ... ... . 12
Tiorra, 1984 ... ... s 600
Labquark, 1986 .. ... ...l 20
Bodie, 19863 ... ... ..ot 52
Controiled Tunnel Purgings:
Hybla Fair, 1974 .. .............. i 500
HyblaGold, 1977 ... ... oo 0.005
Miners dron, 1980 ... ... ... 0.3
Huron Landing, 1982 ... ... ... ... o 280
Minidade, 1983 .. ... 1
Mill Yard, 1985 . ... . e 59
Diamond Beech,1985 .. .. .. ... .. .. 11
Misty Rain, 1985 . ... ... 63
Mighty Oak, 1986 ... ............oooneiennn 36,000
Mission Ghost, 1987¢ . ... ...t 3
Operational Releases:
108 tests from 1970-1988% ... ........ ... ... 5.500

Total since Banebarry: 54,000 Ci
Major pre-1971 releases:

Platte, 1962 ... ... .o oiiii i 1,900,000 Ci
Bol, 1962 ... ..ot 1,900,000
Des Moinas, 1962 . ............. ... .. 11,000,000
Baneberry, 1970 ..................o 6,700,000
26 others from 1958-1970 . ............... 3,800,000

Total: 25,300,000 Ci
Other Releases for Referance
NTS Atmospheric Testing 1951-1963: .. 12,000.000,000 Ci
1 Kiloton Aboveground Explosion: ....... .. 10,000.000
Chernoby! (estimate):...................- 81,000,000

aR.+12 values apply only to containment tallures, others are at tme of
reieass.

PThe Camphor failure inctudes 140 Ci from tunnei purging

CBodie and Mission Ghost aiso had drill-back releases

dMany of these operational releases are associaled with t@sts thatwere not
anncunced.

SOURCE. Office of Technology Assessment, 1989

All three of the vertical drill hole tests that
released radioactive material through containment
failure were low yield tests of less than 20 kilotons.
In general, the higher the yield, the less chance there
is that a vertical drill hole test will release radioactiv-
ity.7

Horizontal Tunnel Tests

There have been no uncontrolled releases of
radioactive material detected offsite in the 31 tnnel
tests conducted since 1970. Furthermore. all but one
test, Mighty Oak, have allowed successful recovery

27Higher yield tests are more likely 10 produce a containment cage and result in the formation of a collapse crater. As discussed carlier in this chapter
**why nuclear explosions remain contained,” such features contribute to the containment of the explosion.
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of the experimental equipment. Mighty Oak and
Camphor are the only tests where radioactivity
escaped out of vessel II. In no test. other than
Campbhor, has radioactive material escaped out of
vessel III. Camphor resulted in an uncontrolled
release of radioactive material that was detected
only on site.

There have been several instances when small
amounts of radioactivity were released intentionally
to the atmosphere through controlled purging. In
these cases, the decision was made to vent the tunnel
and release the radioactivity so the experimental
results and equipment could be recovered. The
events that required such a controlled release are the
10 tests where radioactive material escaped out of
vessel I and into vessel II, namely:

Hybla Fair, October 28, 1974.

Hybla Gold, November 1, 1977.
Miners Iron, October 31, 1980.
Huron Landing, September 23, 1982.
Mini Jade, May 26, 1983.

Mill Yard, October 9, 1985.
Diamond Beech, October 9, 1985.
Misty Rain, April 6, 1985.

Mighty Oak, April 10, 1986.
Mission Ghost, June 20, 198728

In most cases, the release was due to the failure of
some part of the experiment protection system.

Table 3-1 includes every instance (for both
announced and unannounced tests) where radioac-
tive material has reached the atmosphere under any
circumstances whatsoever from 1971 through 1988.
The lower part of table 3-1 summarizes underground
tests prior to 1971 and provides a comparison with
other releases of radioactive material.

Since 1970, 126 tests have resulted in radioactive
material reaching the atmosphere with a total release
of about 54,000 Curies(Ci). Of this amount, 11,500
Ci were due to containment failure and late-time
seeps. The remaining 42,500 Ci were operational
releases and controlled tunnel ventilations—with
Mighty Oak (36,000 Ci) as the main source. Section

3 of the table shows that the release of radioactive
material from underground nuclear testing since
Baneberry (54,000 Ci) is extremely small in compar-
ison to the amount of material released by pre-
Baneberry underground tests (25,300,000 Ci), the
early atmospheric tests at the Nevada Test Site, or
even the amount that would be released by a
1-kiloton explosion conducted above ground (10,000,000
Ci).

From the Perspective of Human Health Risk

If a single person had been standing at the
boundary of the Nevada Test Site in the area of
maximum concentration of radioactivity for every
test since Baneberry (1970), that person’s total
exposure would be equivaient to 32 extra minutes
of normal background exposure (or the equiva-
lent of 1/1000 of a single chest x-ray).

A FEW EXAMPLES:

Although over 90 percent of all test explosions
occur as predicted, occasionally something goes
wrong. In some cases, the failure results in the loss
of experimental equipment or requires the controlled
ventilation of a tunnel system. In even more rare
cases (less than 3 percent), the failure results in the
unintentional release of radioactive material to the
atmosphere. A look at examples shows situations
where an unexpected sequence of events contnbute
to create an unpredicted situation (as occurred in
Baneberry (see box 3-1)), and also situations where
the full reason for containment failure stll remains
a mystery.

1. Camphor (June 29, 1971, horizontal tunnel test.
less than 20 kilotons, radioactivity detected only
on-site.)

The ground shock produced by the Camphor
explosion failed to close the HLOS pipe fully. After
about 10 seconds, gases leaked through and eroded
the stemming piug. As gases flowed through the
stemming plug, pressure increased on the closure
door behind the experiment. Gases leaked around
the cable passage ways and eroded open a hole.
Pressure was then placed on the final door. which
held but leaked slightly. Prior to the test, the
containment plan for Camphor received six “'I'’s
from the CEP.%

28The Mission Ghost reicase was due 10 a post-shot drill hole.
%0p. cit., footnote 20.
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2. Diagonal Line (November 24, 1971, vertical
shaft test. less than 20 kilotons, radioactivity de-
tected off-site.)

In a sense, the Diagonal Line seep was predicted
by the CEP. Prior to the test, Diagonal Line received
all “*A”" categorizations, except from one member
who gave ita **B." 30 It was a conclusion of the panel
that due to the high CO, content, a late-time (hours
or days after detonation) seepage was a high
probability. They did not believe, however, that the
level of radiation would be high enough to be
detectable off-site. Permission to detonate was
requested and granted because the test objectives
were judged to outweigh the risk. Diagonal Line was
conducted in the northern part of Frenchman Flat. It
is speculated that carbonate material released CO,
gas that forced radioactive material to leak to the
surface. Diagonal Line was the last test detonated on
Frenchman Flat.

3. Riola (September 25, 1980, vertical shaft test,
less than 20 kilotons, radioactivity detected off-site.)

Ironically, Riola was originally proposed for a
different location. The Containment Evaluation
Panel, however, did not approve the first location
and so the test was moved. At its new location, Riola
was characterized by the CEP prior to the test with
8 **A’'s. Riola exploded with only a small fraction
of the expected yield. A surface collapse occurred
and the failure of a containment plug resulted in the
release of radioactive material.

4. Agrini (March 31, 1984, vertical shaft test, less
than 20 kilotons, radioactivity detected only on-
site.)

The Agrini explosion formed a deep subsidence
crater 60 feet west of the emplacement hole. A small
amount of radioactive material was pushed through
the chimmney by noncondensible gas pressure and
was detected onsite. The containment plan for
Agrini received seven **A’’s and two **B’'s from the
CEP prior to the test. The **B"’s were due to the use
of a new stemming plan.

5. Midas Myth (February 15, 1984, horizontal
wnnel test, less than 20 kilotons, no release of
radioactive material.)

All of the radioactive material produced by the
Midas Myth test was contained within vessel [, with
no release of radioactivity to either the atmosphere
or the tunnel system. It is therefore not considered a
containment failure. Three hours after the test,
however, the cavity collapsed and the chimney
reached the surface forming an unanticipated subsi-
dence crater. Equipment trailers were damaged and
personnel were injured (one person later died as a
result of complications from his injuries) when the
collapse crater formed.! Analysis conducted after
the test indicated that the formation of the collapse
crater should have been expected. Shots conducted
on Yucca Flat with the same yield and at the same
depth of burial did, at times, produce surface
collapse craters. In the case of Midas Myth. collapse
was not predicted because there had never been a
collapse crater for a tunnel event and so the analysis
was not made prior to the accident. After analyzing
the test, the conclusion of the Surface Subsidence
Review Committee was:

That the crater is not an indication of some
unusual, anomalous occurrence specific to the U12T.04
emplacement site. Given the normal variaton in
explosion phenomena, along with yield, depth of
burial, and geologic setting, experience indicates an
appreciable chance for the formation of a surface
subsidence crater for Midas Myth.

Prior to the test, the Containment Evaluation
Panel characterized Midas Myth with nine ""A’’s.

6. Misty Rain ( April 6, 1985, horizontal tunnel
test, less than 20 kilotons, no unintentional release of
radioactive material.)

Misty Rain is unusual in that it is the only tunnel
test since 1970 that did not have three containment
vessels. In the Misty Rain test, the decision was
made that because the tunnel system was so large. a
vessel II was not needed.3? Despite the lack of a
vessel 11, the CEP categorized the containment of
Misty Rain with eight *A’’s,and one *B."'33 During
the test, an early flow of energy down the HLOS pipe
prevented the complete closure of the MAC doors.
The MAC doors overlapped, but stopped a couple
inches short of full closure. The TAPS door closed
only 20 percent before the deformation from ground
shock prevented it from closing. A small amount of

30Tbid.

31The injuries were due to the physical circumstances of the collapse. There was no radiation exposure.
32The drifts in the unnel system created over 4 million cubic fect of open volume.
330ne CEP member did not initialty categorize the test, afier receiving additional information concerning the test. he categorized the test withan A
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radioactive material escaped down the pipe and then
seeped from the HLOS pipe tunnel into the bypass
tunnel. Subsequently, the tunnel was intentionally
vented so that experimental equipment could be
recovered.

7. Mighty Oak (April 10, 1986, horizontal tunnel
test, less than 20 kilotons, no unintentional release of
radioactive material.)

During the Mighty Oak test, the closure system
near the working point was over-pressured and
failed. The escaped pressure and temperature caused
both the MAC and the GSAC to fail. The loss of the
stemming plug near the working point left the tunnel
an open pathway from the cavity. Temperatures and
pressures on the closed TAPS door reached 2,000 °F
and 1,400 pounds per square inch. After 50 seconds,
the center part (approximately 6 feet in diameter) of
the TAPS door broke through. With the closures
removed, the stemming column squeezed out
through the tunnel. Radioactive material leaked
from vessel [, into vessel 11, and into vessel I11, where
it was successfully contained. Approximately 83
percent of the data from the prime test objectives was
recovered, although about $32 million of normally
recoverable and reusable equipment was lost.>
Controlled purging of the tunnel began 12 days after
the test and continued intermittently from April 22
to May 19, when weather conditions were favorable.
A total of 36,000 Ci were released to the atmosphere
during this period.

IS THERE A REAL ESTATE
PROBLEM AT NTS?

There have been over 600 underground and 100
aboveground nuclear test explosions at the Nevada
Test Site. With testing continuing at a rate of about
a dozen tests a year, the question of whether there
will eventually be no more room to test has been
raised. While such a concern may be justified for the
most convenient areas under the simplest arrange-
ments, it is not justified for the test area in general.
Using the drill-hole spacing of approximately one-
half the depth of burial, high-yield tests can be
spaced about 1,000 feet apart, and low-yield tests
can be spaced at distances of a few hundred feet.
Consequently, a suitable square mile of test site may
provide space for up to 25 high-yield tests or over

300 low-yield tests. Even with testing occurring at a
rate of 12 tests a year, the 1,350 square miles of test
site provide considerable space suitable for testing.

In recent years, attempts have been made to use
space more econornically, so that the most conven-
ient locations will remain available. Tests have
traditionally been spaced in only 2-dimensions. It
may be possible to space tests 3-dimensionally, that
is, with testing located below or above earlier tests.
Additionally, the test spacing has been mostly for
convenience. If available testing areas become
scarce, it may become possible to test at closer
spacing, or even to test at the same location as a
previous test.

Area for horizontal tunnel tests will also be
available for the future. The N-tunnel area has been
extended and has a sizable area for future testing.
P-tunnel, which is used for low-yield effects tests,
has only been started. (See figure 2-4 in ch. 2 of this
report.) Within Rainier and Aqueduct Mesa alone.
there is enough area to continue tunnel tests at a rate
of two a year for at least the next 30 years.

‘Consequently, lack of adequate real estate will not

be a problem for nuclear testing for at least several
more decades.

TIRED MOUNTAIN SYNDROME?

The *‘Tired Mountain Syndrome'" hypothesis
postulates that repeated testing in Rainier Mesa has
created a ‘‘tired”’ mountain that no longer has the
strength to contain future tests. Support for this
concern has come from the observation of cracks in
the ground on top of the Mesa and from seismologi-
cal measurements, indicating that large volumes of
rock lose strength during an underground test.
Debate exists, however, over both the inference that
the weakened rock is a danger to containment. and
the premise that large volumes of rock are being
weakened by nuclear testing.

Basic to the concern over tired mountain syn-
drome is the assumption that weakened rock will
adversely affect containment. As discussed previ-
ously, only in an extreme situation, such as detonat-
ing an explosion in water-saturated clay. would rock
strength be a factor in contributing to a leak of
radioactive material.3® For example, many tests have

3¢ ontainment and Safety Review for the Mighty Oak Nuclear Weapon Effects Test, U S. Depaniment of Energy, Nevada Operations Office. NVO-311,

May 1, 1987.
35See carlier section **Why do nuclear tests remain contained?’”
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Photo credit: Department of Energy

Fracture on Rainier Mesa.

been detonated in alluvial deposits, which are
essentially big piles of sediment with nearly no
internal strength in an unconfined state. Despite the
weakness and lack of cohesiveness of the material,
such explosions remain well contained.

Compared to vertical drill hole tests. tunnel tests
are overburied and conservatively spaced. The
tunnel system in Rainier Mesa is at a depth of 1,300
feet. By the standards for vertical drill hole tests
(using the scaled depth formula®), this is deep
enough to test at yields of up to 34 kilotons; and yet
all tunne! tests are less than 20 kilotons.’? Conse-
quently, all tunnel tests in Rainier Mesa are buried
at depths comparatively greater than vertical drill
hole tests on Yucca Flat. Furthermore, the minimum
separation distance of tunnel shots (twice the com-
bined cavity radii plus 100 feet) results in a greater
separation distance than the minimum separation

distance of vertical drill hole shots (/2 depth of
burial) for tests of the same yield (compare figures
3-2 and 3-3). Consequently, neither material
strength, burial depth, nor separation distance
would make leakage to the surface more likely for
a tunnel test on Rainier Mesa than for a vertical
drill hole tests on Yucca Flat.

Despite the relative lack of importance of strength
in preventing possible leakage to the surface. the
volume of material weakened or fractured by an
explosion is of interest because it could affect the
performance of the tunnel closures and possible
leakage of cavity gas to the tunnel complex. Dispute
over the amount of rock fractured by an underground
nuclear explosion stems from the following two,
seemingly contradictory, but in fact consistent
observations:

1. Post-shot measurements of rock samples taken
from the tunnel complex generally show no change
in the properties of the rock at a distance greater than
3 cavity radii from the point of the explosion. This
observation implies that rock strength is measurably
decreased only within the small volume of radius =
165 (yield) 38 where the radius is measured in feet
from the point of the explosion and the yield is
measured in kilotons (figure 3-10).

2. Seismic recordings of underground explosions
at Rainier Mesa include signals that indicate the loss
of strength in a volume of rock whose radius 1s
slightly larger than the scaled depth of burial. This
observation implies that the rock strength is de-
creased throughout the large volume of radius = 500
(yield)ll’, where the radius is measured in feet from
the point of the explosion and the yield is measured
in kilotons (figure 3-11). The loss of strength in a
large volume seems to be further supported by
cracks in the ground at the top of Rainier Mesa that
were created by nuclear tests.

The first observation is based on tests of samples
obtained from drilling back into the rock surround-
ing the tunnel complex after a test explosion. The
core samples contain microfractures out to adistance
from the shot point equal to two cavity radii.
Although microfractures are not seen past two cavity
radii, measurements of seismic shear velocities

36Depth(ft) = 400 (yield(kn))!?

37+ Announced United States Nuclear Tests, July 1945 through December 1987," United States Depanument of Energy. NVO-209 (Rev.8). April, 1988.

38]f the radius of a cavity produced by an explosion is equal 1o 55 (yield)!”, a distance of three cavity radii would be equal to three 1imes this, or 165

(yield)'B.
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Figure 3-10—Radlus of Decrease in Rock Strength
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Seismic measurements and measurements taken from drill-back samples indicate a seemingly contradictory (but in fact consistent) radius

of decrease in rock strength.
SOURCE: Office of Technology Assessment, 1989.

continue to be low out 1o a distance of three cavity
radii. The decrease in seismic shear velocity indi-
cates that the rock has been stressed and the strength
decreased. At distances greater than three cavity

radii, seismic velocity measurements and strength
tests typically show no change from their pre-shot
values, although small disturbances along bedding
planes are occasionally seen when the tunnels are
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re-entered after the test. Such measurements suggest
that the explosion only affects rock strength t0 a
distance from the shot point to about three cavity
radii (165 (yield)'”).

The second observation, obtained from seismic
measurements of tectonic release, suggests a larger
radius for the volume of rock affected by an
explosion. The seismic signals from underground
nuclear explosions frequently contain signals cre-
ated by what is called ‘‘tectonic release.”’ By
fracturing the rock, the explosion releases any
preexisting natural stress that was locked within the
rock. The release of the stress is similar to a small
earthquake. The tectonic release observed in the
seismic recordings of underground explosions from
Rainier Mesa indicate the loss of strength in a
volume of rock with a minimum radius equal to 500
(yield)™.

Although the drill samples and the seismic data
appear to contradict each other, the following
explanation appears to account for both: The force of
the explosion creates a cavity and ‘fractures rock out
to the distance of 2 cavity radii from the shot point.
Out to 3 cavity radii, existing cracks are extended
and connected, resulting in a decrease in seismic
shear velocity. Outside 3 cavity radii, no new cracks
form. At this distance, existing cracks are opened
and strength is reduced. but only temporarily. The
open cracks close immediately after the shock wave
passes due to the pressure exerted by the overlying
rock. Because the cracks close and no new cracks are
formed, the rock properties are not changed. Post-
shot tests of seismic shear velocity and strength are
the same as pre-shot measurements. This is consis-
tent with both the observations of surface fractures
and the slight disturbances seen along bedding
planes at distances greater than 3 cavity radii. The
surface fractures are due to surface spall, which
would indicate that the rock was overloaded by the
shock wave. The disturbances of the bedding planes
would indicate that fractures are being opened out to
greater distances than 3 cavity radii. In fact, the
bedding plane disturbances are seen out to a distance
of 600 (yield)l/’, which is consistent with the radius
determined from tectonic release.

The large radius of weak rock derived from
tectonic release measurements represents the tran-
sient weakening from the shot. The small radius of

weak rock derived from the post-shot tests repre-
sents the volume where the rock properties have
been permanently changed. From the point of view
of the integrity of the tunnel system, it is the smaller
area where the rock properties have been perma-
nently changed (radius = 165 (yield)”) that should
be considered for containment. Because the line-of-
sight tunnel is located so that the stemming plug
region and closures are outside the region of
permanently weakened or fractured material, the
closure system is not degraded.

HOW SAFE IS SAFE ENOUGH?

Every nuclear test is designed to be contained and
is reviewed for containment. In each step of the test
procedure there is built-in redundancy and conserva-
tism. Every attempt is made to keep the chance of
containment failure as remote as possible. This
conservatism and redundancy is essential, however:
because no matter how perfect the process may be,
it operates in an imperfect setting. For each test. the
containment analysis is based on samples. estimates,
and models that can only simplify and (at best)
approximate the real complexities of the Earth. As a
result, predictions about containment depend largely
on judgments developed from past experience. Most
of what is known to cause problems—carbonate
material, water, faults, scarps. clays. etc.—was
learned through experience. To withstand the conse-
quences of a possible surprise, redundancy and
conservatism is a requirement not an extravagance.
Consequently, all efforts undertaken to ensure a safe
testing program are necessary, and they must con-
tinue to be vigorously pursued.

Deciding whether the testing program is safe
requires a judgement of how safe is safe enough. The
subjective nature of this judgement is illustrated
through the decision-making process of the CEP.
which reviews and assesses the containment of each
test.3 They evaluate whether a test will be contained
using the categorizations of ‘“high confidence,”
**adequate degree of confidence,”*and *‘some doubt.™
But, the CEP has no guidelines that attempt to
quantify or describe in probabilistic terms what
constitutes for example, an ‘‘adequate degree of
confidence.’” Obviously one can never have 100
percent confidence that a test will not release
radioactive material. Whether ‘‘adequate confi-

39The Containment Evaluation Panel is a group of representatives from various laboratories and technical consulting organizations who evaiuate the
proposed containment plan for each test without regard 10 cost or other outside considerations (see ch. 2 for a complete discussion).
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dence’' translates into a chance of 1 in 100, 1 in
1.000, or 1 in 1,000,000, requires a decision about
what is an acceptable risk level. In turn, decisions of

acceptable risk level can only be made by weighing .

the costs of an unintentional release against the
benefits of testing. Consequently, those who feel
that testing is important for our national security will
accept greater risk, and those who oppose nuclear
testing will find even small risks unacceptable.

Establishing an acceptable level of risk is difficult
not only because of value judgments associated with
nuclear testing, but also because the risk is not seen
as voluntary to those outside the testing program.
Much higher risks associated with voluntary, every-
day activities may be acceptable even though the
much lower risks associated with the nuclear test site
may still be considered unacceptable.

The question of whether the testing program is
‘‘safe enough'® will ultimately remain a value

judgment that weighs the importance of testing
against the risk to health and environment. In this
sense, concern about safety will continue, largely
fueled by concern about the nuclear testing program
itself. However, given the continuance of testing and
the acceptance of the associated environmental
damage, the question of *‘adequate safety* becomes
replaced with the less subjective question of whether
any improvements can be made to reduce the
chances of an accidental release. In this regard, no
areas for improvement have been identified. This is
not to say that future improvements will not be made
as experience increases, but only that essentially all
suggestions that increase the safety margin have
been implemented. The safeguards built into each
test make the chances of an accidental release of
radioactive material as remote as possible.
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Chapter 4

Monitoring Accidental Radiation Releases

Each test is conducted under conditions in which remedial actions could be effective should an
accidental release of radioactive material occur.

INTRODUCTION

Although nuclear tests are designed to minimize
the chance that radioactive material could be re-
-leased to the atmosphere, it is assumed as a
precaution for each test that an accident may occur.
To reduce the impact of a possible accident, tests are
conducted only under circumstances whereby reme-
dial actions could be taken if necessary. If it is
estimated that the projected radioactive fallout from
arelease would reach an area where remedial actions
are not feasible, the test will be postponed.

Responsibility for radiation safety measures for
the nuclear testing program is divided between the
Department of Energy (DOE) and the Environ-
mental Protection Agency (EPA). The Department
of Energy oversees monitoring within the bounda-
ries of the Nevada Test Site (NTS). The Environ-
mental Protection Agency monitors the population
around the test site and evaluates the contribution of
nuclear testing to human radiation exposure through
air, water, and food.

WHAT IS RADIATION?

The nuclei of certain elements disintegrate spon-
taneously. They may emit particles, or electromag-
netic waves (gamma rays or x-rays), or both. These
emissions constitute radiation. The isotopes are
called radionuclides. They are said to be radioactve,
and their property of emitting radiation is called
radioactive decay. The rate of decay is characteristic
of each particular radionuclide and provides a
measure of its radioactivity.

The common unit of radioactivity was the curie
(Ci), defined as 3.7 x 1010 decays per second, which
is the radioactivity of one gram of radium. Recently,
a new unit, the becquerel (Bq), has been adopted,
defined as one decay per second. Exposure of
biological tissue to radiation is measured in terms of
rems (standing for roentgen equivalent man). A
roentgen (R) is a unit of exposure equivalent to the

quantity of radiation required to produce one cou-
lomb of electrical charge in one kilogram of dry air.
A rem is the dose in tissue resulting from the
absorption of a rad of radiation muitiplied by a
‘*quality factor’” that depends on the type of
radiation. A rad is defined as 100 ergs (a small unit
of energy) per gram of exposed tissue. Recently
accepted international units of radiation are now the
gray (Gy), equal to 100 rads, and the sievert (Sv),
equal to 100 rems.

PRODUCTS OF A NUCLEAR
EXPLOSION

A nuclear explosion creates two sources of
radioactivity: the first source is the direct products of
the nuclear reaction, and the second is the radioactiv-
ity induced in the surrounding material by the
explosion-generated neutrons. In a fission reaction,
the splitting of a nucleus creates two or more new
nuclei that are often intensely radioactive. The
products occur predominantly in two major groups
of elements as shown in figure 4-1. The neutrons
produced by the reaction also react with external
materials such as the device canister, surrounding
rock, etc., making those materials radioactive as
well. In addition to these generated radioactivities,
unburned nuclear fission fuel (especially plutonium)
is also a radioactive containment. The helium nuclei
formed by fusion reactions are not radioactive.!
However, neutrons produced in the fusion reaction
still will make outside material radioactive. Depend-
ing on the design of the explosive device and its
percentage of fission and fusion, a wide range of
radioactive material can be released with half lives
of less than a second to more than a billion years.?
The debris from nuclear detonations contain a large
number of radioactive isotopes, which emit predom-
inantly gamma and beta radiation. Some of the more
common radionuclides involved in a nuclear explo-
sion are listed in table 4-1.

1Thss. incidentally, is why commercial fusion reactors (if they could be created) would be a relatively clean source of energy.
2The half-life is the time required for half of the atoms of a radicactive substance 10 undergo a nuclear transformation to a more stabie element.
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Figure 4-1—The Typical Bimodal Curve for
Fission-Product Yieid
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Products of a nuclear explosion occur predominantly in two major
groups of nuclides.

SOURCE: Modified from Lapp and Andrews, Prentice-Hall, Inc., 1972

An individual radioactive species follows the
half-life rule of decay—that is. half of the nuclei
disintegrate in a characteristic time. called a *'half-
life.”” However, a mixture of fission products has a
more complicated decay pattern. The general rule of
thumb for a nuclear explosion is that the total
activity decreases by a factor of 10 for every
sevenfold increase in time. In other words, if the
gamma radiation 1 hour after an explosion has an
intensity of 100 units, then 7 hours later it will have
an intensity of 10. Consequently. the time after the
explosion has a dramatic effect on the amount of
radioactivity. A 1 kiloton explosion in the atmos-
phere will produce 41 billion curies I minute after
determination, but this will decrease to 10 million
curies in just 12 hours.

Table 4-1—Common Radionuclides Involved in a
Nuciear Explosion

Radionuclide Half-Life

Uranium-238 . . ... .. 4,500,000.000 years
PIUONIUM-239 ... .. 24,300 years
Carbon-14 . ... ... .. . 5.800 years
Radium-226 . ... ... 1,620 years
CasiuMm-137 . ... 30 years
Strontium-80 . ... ... 28 years
Trtium . . ... 12.3 years
Keypton-85 . ... 10.9 years
lodine-131 ... . ... . 8 days
Xenon-133 . ... ... .. 5.2 days
lodine-132 . ... ... ... 2.4 hours

The type of release is also important in predicting
what radionuclides will be present. For example.
atmospheric tests release all radionuclides created.
Prompt, massive ventings have released a nonnegli-
gible fraction of the radionuclides created. Late-
time, minor seeps, like those since 1970, release only
the most volatile radionuclides. In an underground
explosion, radionuclides also separate (called " frac-
tionation'") according to their chemical or physical
characteristics. Refractory particles (particies that
do not vaporize during the nuclear explosion) settle
out fast underground, while more volatile elements
that vaporize easily condense later. This has a strong
effect on radioactive gases that seep slowly through
the soil from an underground explosion. [n an
underground explosion, nearly all the reactive mate-
rials are filtered out through the soil column. and the
only elements that come up through the soil 1o the
atmosphere are the noble gases. primarily krypton
and xenon.

CRITERIA FOR CONDUCTING
A TEST

Although every attempt is made to prevent the
accidental release of radioactive material to the
atmosphere, several safety programs are carried out
for each test. These programs are designed to
minimize the likelihood and extent of radiauon
exposure offsite and to reduce risks to people should
an accidental release of radioactive material occur.
The Environmental Protection Agency monitors the
popuiation around the test site and has established
plans to protect people should an accident occur.
EPA's preparations are aimed toward reducing the
whole-body exposure of the off-site populace and to
minimizing thyroid dose to offsite residents. particu-
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larly from the ingestion of contaminated milk.’ The
whole-body dose is the main concern. However,
deposition of radioactive material on pastures can
lead to concentration in milk obtained from cows
that graze on those pastures. The infant thyroid doses
from drinking milk from family cows is also
assessed.

The Department of Energy’s criteria for conduct-
ing a test are:

For tests at the Nevada Test Site, when consider-
ing the event-day weather conditions and the specific
event characteristics, calculations should be made
using the most appropriate hypothetical reiease
models which estimate the off-site exposures that
could result from the most probable release scenario.
Should such estimates indicate that off-site popula-
tons, in areas where remedial actions to reduce
whole-body exposures are not feasible, could receive
average whole-body dose in excess of 0.17 R/year
(170 mR/year), the event shall be postponed until
more favorable conditions prevail. In addition,
events may proceed only where remedial actions
against uptake of radionuclides in the food chain are
practicable and/or indications are that average thy-
roid doses to the population will not exceed 0.5
R/year (500 mR/year).’

These criteria mean that a test can only take place
if the estimate of the fallout from an accidental
release of radioactivity would not be greater than
0.17 R/year in areas that are uncontrollable, i.e.,
where ‘‘remedial actions to reduce whole-body
exposures are not feasible.”” Thus, tests are not
conducted when the wind is blowing in the general
direction of populated areas considered to be uncon-
trollable, except under persistent light wind condi-
tions that would limit the significant fallout to the
immediate vicinity of the NTS. Areas considered to
be uncontrollable by EPA are shown in figure 4-2.

The EPA and DOE have also defined a controlla-
ble area (figure 4-2), within which remedial actions
are considered feasible. Criteria for the controllabie
area, as defined by the DOE are:

. .. those areas where trained rad-safe monitors are
available, where communications are effective (where
the exposure of each individual can be documented),
where people can be expected to comply with

recommended remedial actions, and where remedial
actons against uptake of radionuclides in the food
chain are practicable.

The controllable area is the zone within approxi-
mately 125 miles of the test control point (see figure
4-2) for which EPA judges that its remedial actions
would be effective. Within this area, EPA has the
capability to track any release and perform remedial
actions to reduce exposure, including sheltering or
evacuation of all personnel (as needed); controlling
access to the area; controlling livestock feeding
practices, i.e., providing feed rather than allowing
grazing; replacing milk; and controlling food and
water.

In the case of the controllable area, a test may be
conducted if the fallout estumate implies that indi-
viduals in the area would not receive whole-body
doses in excess of 0.5 R/year and thyroid doses of 1.5
R/year. [f winds measured by the weather service
indicate that the cloud of radioactive debris pro-
duced by the assumed venting would drift over
controllable areas, such as to the north, the test is
permitted when EPA’s mobile monitors are in the
downwind areas at populated places. EPA must be
ready to measure exposure and to assist in moving
people under cover or evacuating them., if necessary.
to keep their exposures below allowable levels.

As a consequence of the geometry of the control-
lable area, tests are generally not conducted if winds
aloft blow toward Las Vegas or towards other nearby
populated locations. In addition, the test will not be
conducted if there is less than 3 hours of daylight
remaining to track the cloud.

Prior to conducting a test, detailed fallout projec-
tons are made by the weather service for the
condition of ‘‘the unlikely event of a prompt
massive venting.”’' Predictions are made of the
projected fallout pattern and the maximum radiation
exposures that might occur. An example of such a
prediction is shown in figure 4-3. The center line is
the predicted path of maximum fallout deposition
for a prompt venting, marked with estimated arrival
times (in hours) at various distances. Lines to either
side indicate the width of the fallout area. The two
dashed lines indicate the 500 mR/year area and the

3See “'Offsite Remedial Action Capability for Underground Nuclcar Weapons Test Accidents,”” U.S. Environmental Protecuon Agency,
Environmental Monitoring Systems Laboraiory—Las Vegas, NV, October 1988.

4In the case of an accident, however, the actual dose would be minimized because the milk would be replaced as much as possible.

SSee ‘‘Offsite Remedial Action Capability for Underground Nuclear Weapons Test Accidemts,”” U.S. Environmemtal Protecuon Agency.
Environmental Monitoring Systems Laboratory—Las Vegas, NV, October 1988.
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Figure 4-2—Controilable and Uncontrollable Areas
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The controliable area is the region within which remedial actions are considered feasible.

SOURCE: Modified from Environmental Protection Agency.

170 mR/year level. If 0.17 mR/year (the maximum postponed. Within the predictions shown in tigur
external exposure allowed during a 12-month period 4.3, the test could be conducted if EPA monitol
for an uncontrolled population) or more is predicted were prepared to be at each of the ranches. mine
to fall outside the controllable area. the test will be and other populated areas within the dispersic
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Figure 4-3—Projected Fallout Dispersion Pattern
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SOURCE. Modified from: “Public Safety for Nuciear Weapons Tests,” U.S.
Environmental Protection Agency, January 1984,

pattern to measure exposure and perform remedial
actions should they be necessary.

The preferred weather conditions for a test are a
clear sky for tracking, southerly winds (winds from
the south), no thunderstorms or precipitation that
would inhibit evacuation, and stable weather pat-
terns. During the test preparations, the Weather
Service Nuelear Support Office provides the Test
Controiler with predicted weather conditions. This
information is used by the Weather Service to denive
the estimated fallout pattern should an accidental
release occur. About one-third of all nuclear tests are
delayed for weather considerations; the maximum
delay in recent years reached 16 days.

PREDICTING FALLOUT
PATTERNS

The predicted fallout pattern from an underground
test depends on many variables related to the type of
nuclear device, the device’s material composition.
type of venting, weather conditions. etc. With so
many variables and so little experience with actual
ventings, fallout predictions can only be considered
approximations. The accuracy of this approxima-
tion, however, is critical to the decision of whether
a test can be safely conducted. Fallout predictions
are made by the Weather Service Nuclear Support
Office using up-to-date detailed weather forecasts
combined with a model for a *‘prompt massive
venting.”’ The model uses scaling technique based
on the actual venting of an underground test that
occurred on March 13, 1964. The test. named
“‘Pike,”” was a low-yield (less than 20 kilotons)
explosion detonated in a vertical shaft. A massive
venting occurred 10 to 15 seconds after detonation.®
The venting continued for 69 seconds. at which ume
the overburden rock collapsed forming a surface
subsidence crater and blocking further venting. The
vented radioactive debris. consisting of gaseous and
particulate material, rose rapidly to about 3.000 feet
above the surface.

The Pike scaling model has been used to calculate
estimates of fallout patterns for the past 20 years
because: 1) the large amount of data collected from
the Pike venting allowed the development of a
scaling model, and 2) Pike is considered to be the
worst venting in terms of potential exposure to the
public.’

The Pike model, however, is based on a very small
release of radioactive material compared to what
would be expected from an aboveground test of the
same size.3 The percentage of radioactive matenal
released from the Baneberry venting (7 percent from
table 3-1). for example, is many times greater than
the percentage of material released from the Pike
test. It would therefore appear that Baneberry
provides a more conservative model than Pike. This.
however, is not the case because Baneberry was not

5Pike was conducted in alluvium in Arca 3 of the iest site. The release was attributed 10 a fracture that propagated 1o the surface. Other factors
contributing to the releasc were an inadequatce depth of burial and an inadequate closure of the line-of-sight pipe.

7+ 1985 Analyses and Evaluations of the Radiological and Meteorological Data from the Pike Event,”” National Oceanic and Atmospheric
Administration, Weather Service Nuclcar Support Office, Las Vegas, NV, December, 1986, NVO-308.

8The exact amount of material released from the 1964 Pike test remains classified.

9See table 3-1 for a comparison of various reicases.
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a prompt venting. Baneberry vented through a
fissure and decaying radioactive material was
pumped out over many hours. Baneberry released
more curies than Pike; however, due to its slower
release, a higher percentage of the Baneberry
material was in the form of noble gases. which are
not deposited. The data suggest that much less than
7 percent of the released material was deposited.’?
Therefore, it is thought that Pike is actually a more
conservative model than Baneberry.

The sensitivity of the Pike model can be judged by
looking at the degree to which its predictions are
affected by the amount of material released. For
example, consider a test in which 10 percent of the
radioactive material produced by the explosion is
accidentally released into the atmosphere; in other
words, 10 percent of the material that would have
been released if the explosion had been detonated
aboveground. This also roughly corresponds to the
amount of material that would be released if the
explosion had been detonated underground at the
bottom of an open (unstemmed) hole. The 10 percent
release can therefore be used as a rough approxima-
tion for the worst case release from an underground
test. To evaluate the adequacy of the Pike model
predictions to withstand the full range of uncertainty
of an accidental release, the question is: what effect
would a release of 10 percent rather than, say 1
percent, have on the location of 170-mR and
500-mR exposure lines? As figure 4-4 illustrates,
changing the yield of an explosion by an order of
magnitude (in other words, increasing the release
from say 1 percent to 10 percent) increases the
distance of the 170-mR and 500-mR lines by
roughly a factor of 2. Therefore, assuming a worst
case scenario of a 10 percent prompt massive
venting (as opposed to the more probable scenario of
around a 1 percent prompt massive venting), the
distance of the exposure levels along the predicted
fallout lines would only increase by a multiple of 2.
The Pike model therefore provides a prediction that
is ar least within a factor of about 2 of almost any
possible worst-case scenario.

ACCIDENT NOTIFICATION

Any release of radioactive material is publicly
announced if the release occurs during, or immedi-
ately following, a test. If a late-time seep occurs, the
release will be announced if it is predicted that the

Figure 4-4—Yieid v. Distance

1.000 3
- Total 1st year Total 15t
I exposure exposur
r_ 500 mR 170 mf
100 p—
g F
.c—z. -
= [
g P
10 b=
-l
-
0 L faa v o e bega sl o s a0t
0 50 100

Distance (miles)

Variab

Yield x

Constant Pike Parameters
Wwind speed ~ 15mph
Vertical wind shear = 20°
Cloud rise = 5,000ft

Yieid (in kilotons) v. distance (in miles) for projected faitout

the Pike Modei. TYE indicates total first year exposure. Incre
the yield by a tactor of 10 roughly doubles the downwind dis
of the projected fallout pattern.
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radioactive material will be detected outside
boundaries of the test site. If no detection off-si
predicted, the release may not be announ
Operational releases that are considered ro
(such as small releases from drill-back operali
are similarly announced only if it is estimated
they will be detected off-site.

The Environmental Protection Agency is pre
at every test and is therefore immediately awa
any prompt release. The Environmental Prote:
Agency, however, is not present at post-test «
back operations. In the case of late-time releas
operational releases, the Environmental Prote:
Agency depends on notification from the De
ment of Energy and on detection of the release (

10Baneberry, however, had a limited data set of usable radioactive rcadings.
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it has reached outside the borders of the test site) by
the EPA offsite monitoring system.

Estimates of whether a particular release will be
detected offsite are made by the Department of
Energy or the sponsoring laboratory. Such judg-
ments, however, are not always correct. During the
drill-back operations of the Glencoe test in 1986,
minor levels of radioactive material were detected
offsite contrary to expectations. During the Riola
test in 1980, minor amounts of radioactive inert
gases were detected offsite. In both cases, DOE
personnel did not anticipate the release to be
detected offsite and therefore did not notify EPA.!!
Although the releases were extremely minor and
well-monitored within the test site by DOE, EPA
was not aware of the release until the material had
crossed the test site boundaries. Both cases fueled
concern over DOE’s willingness to announce acci-
dents at the test site. The failure of DOE to publicly
announce all releases, regardless of size or cir-
cumstance, contributes to public concerns over
the secrecy of the testing program and reinforces
the perceptions that all the dangers of the testing
program are not being openly disclosed.

Onsite Monitoring by the
Department of Energy

The Department of Energy has responsibility for
monitoring within the boundaries of the Nevada Test
Site to evaluate the containment of radioactivity
onsite and to assess doses-to-man from radioactive
releases as a result of DOE operations. To achieve
these objectives, DOE uses a comprehensive moni-
toring system that includes both real-time monitor-
ing equipment and sample recovery equipment. The
real-time monitoring system is used for prompt
detection following a test, the sample recovery
equipment is used to assess long-term dose and risk.

The heart of the real-time monitoring system is a
network of Remote Area Monitors (RAMs). For all
tests, RAMs are arranged in an array around the test
hole (figure 4-5). Radiation detectors are also
frequently installed down the stemming column so
the flow of radioactive material up the emplacement
hole can be monitored. In tunnel shots, there are
RAMs above the shot point, throughout the tunnel
complex. outside the tunnel entrance, and in each
containment vessel (figure 4-6). In addition to

RAMs positioned for each shot. a permanent RAM
network with stations throughout the test site is 1n
continual operation.

During each test, a helicopter with closed-circuit
television circles the ground zero location. Nearby.
a second helicopter and an airplane are prepared to
track any release that might occur. A third helicopter
and an airplane remain on stand-by should they be
needed. In addition, a team (called the "*Bluebird
Team'"), consisting of trained personnel in 2 four-
wheel drive vehicles outfitted with detection equip-
ment and personnel protection gear is stationed near
the projected fallout area to track and monitor any
release. Approximately 50 radiation monitoring
personne! are available on the Nevada Test Site to
make measurements of exposure rates and collect
samples for laboratory analysis should they be
needed. Prior to the test, portions of the test site are
evacuated unless the operation requires manned
stations. If manned stations are required, direct
communication links are established with the work-
ers and evacuation routes are set-up.

In addition to the real-time monitoring network.
air and water samples are collected throughout the
Test Site and analyzed at regular intervals. This
comprehensive environmental monitoring program
is summarized in table 4-2. The network of samplers
located throughout the Test Site includes 160
thermoluminescent dosimeters; over 40 air samplers
that collect samples for analysis of radioiodines.
gross beta, and plutonium-239: and about half a
dozen noble gas samplers. Each year over 4.500
samples are collected and analyzed for radiological
measurement and characterization of the Nevada
Test Site. All sample collection. preparation, analy-
sis, and review are performed by the staff of the
Laboratory Operations Section of REECO’s Envi-
ronmental Sciences Department.

In the case of a prompt, massive accidental release
of radioactive material, the following emergency
procedures would be initiated:

1. any remaining test site employees downwind
of the release would be evacuated,

2. monitoring teams and radiological experts
would be dispatched to offsite downwind
areas,

114n the case of Riola, the release occurred 1n the evening and was not reported until the following moming. As a resuit. it was 12'/2 hours before EPA

was notified.
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Figure 4-5—Typical RAMS Array for Vertical
Driil-Hole Shot
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In addition to the RAMs located down the drill hole, nine RAMs are
placed at the surface around the test hole.

SOURCE: Moditied from Department of Energy.

3. ground and airborne monitoring teams would
measure radioactive fallout and track the
radioactive cloud,

4. Federal, State, and local authorities would be
notified, and

5. if necessary, persons off-site would be re-
quested to remain indoors or to evacuate the
area for a short time.!2

Offsite Monitoring by the Environmental
Protection Agency

Under an interagency agreement with the Depart-
ment of Energy, the Environmental Protection
Agency is responsible for evaluating human radia-
tion exposure from ingesting air. water, and food that
may have been affected by nuclear testing. To
accomplish this, EPA collects over 8.700 samples
each year and performs over 15,000 analytical

Plug truck access rd.

measurements on water, milk, air. soil. humans.
plants, and animals.!’? The sampling system and
results are published annually in EPA’s ""Offsite
Environmental Monitoring Report. Radiation Moni-
toring Around United States Nuclear Test Areas.™

The heart of the EPA monitoring system is the
network of 18 community monitoring stations. The
community monitoring program began in 1981 and
was modeled after a similar program instituted in the
area surrounding the Three Mile Island nuclear
reactor power plant in Pennsylvania. Community
participation allows residents to verify independ-
ently the information being released by the govern-
ment and thereby provide reassurance to the commu-
nity at large. The program is run in partnership with
several institutions. The Department of Energy
funds the program and provides the equipment. The
Environmental Protection Agency maintains the
equipment, analyzes collected samples. and inter-
prets results. The Desert Research Institute manages
the network, employs local station managers. and
independently provides quality assurance and data
interpretation. The University of Utah trains the
station managers selected by the various communi-
ties. Whenever possible, residents with some scien-
tific training (such as science teachers) are chosen as
station managers.

There are 18 community monitoring stations
(shown as squares in figure 4-7) located around the
test site. The equipment available to each station
includes: !4

Noble Gas Samplers: These samplers compress
air in a tank. The air sample is then analyzed to
measure the concentration of such radioactive noble
gases as xenon and krypton.

Tritium Sampler: These samplers remove mois-
ture from the air. The moisture is then analyzed 1o
measure the concentration of tritium in the air.

Particulates and Reactive Gases Sampler: These
samplers draw 2 cubic feet of air per minute through
a paper filter and then through a canister of activated
charcoal. The paper filter collects particles and the
charcoal collects reactive gases. Both are analyzed
for radioactivity.

12Modified from **Onsite Environmental Report for the Nevada Test Site™ (January 1987 through December 1987), Daniel A. Gonzalez, REECo.,

Inc., DOE/NV/10327-39.

315 addition. EPA annually visits cach location outside the Nevada Test Site where a nuclear test has occurred.
14**Community Radiation Monitoring Program,”” U.S. Environmental Protection Agency. January 1984.
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Figure 4-6—Typical RAMs Array for Tunnel Shot (“Mission Cyber,” Dec. 2, 1988)
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A total of 41 RAMS (15 above the surface, 26 belowground) are used to monitor the containment of radioactive material from a horizo
tunnel test.

SOURCE: Modified from Department of Energy.

Thermoluminescent Dosimeter (TLD): When record of gamma radiation is obtained and chan,
heated (thermo-), the TLD releases absorbed energy in the normal gamma radiation level are easily se
in the form of light (-luminescent). The intensity of
the light is proportional to the gamma radiation Microbarograph: This instrument measures :
‘absorbed, allowing calculation of the total gamma records barometric pressure. The data are useful
radiation exposure. interpreting gamma radiation exposure rate recos

At lower atmospheric pressure, naturally occurr

Gamma Radiation Exposure Rate Recorder: A radioactive gases (like radon) are released in gre:
pressurized ion chamber detector for gamma radia- amounts from the Earth’s surface and their radio
tion is connected to a recorder so that a continuous tive decay contributes to total radiation exposurt
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Table 4-2—Summary of Onslite Environmental Monitoring Program

Collection Number

Sample type Description frequency of locations Analysis
Air .. Continuous sampling through ~ Weekly 44 Gamma Spectroscopy gross beta, Pu-239
gas filter & charcoal cartridge
Low-volume sampling through  Biweekly 16 Tritium (HTO)
silica gel
Continuous low voiume Weekly 7 Nobie gases
Potablowater .. ....... ... 1-liter grab sample Waekly 7 Gamma Spectroscopy gross beta tritium Pu-
239 (quarteriy)
Supply wells . ............ 1-liter grab sample Monthly 16 Gamma Spectroscopy gross beta, tritium Pu-
239 (quarterly)
Open raservoirs .. ........ 1-liter grab sampie Monthly 17* Gamma Spectroscopy gross beta,tritium Pu-
239 (quarterly)
Natural springs . .......... 1-liter grab sample Monthly 9° Gamma Spectroscopy gross beta.tritium Puy-
239 (quarterty)
Ponds (contaminated) . . . .. 1-liter grab sample Monthty 8" Gamma Spectroscopy gross beta, tritium Pu-
239 {(quarterly)
Ponds (effluent) . ... ... ... 1-liter grab sample Monthly 5 Gamma Spectroscopy gross beta.tntium Pu-

239 (quarterly)
External gamma radiation
levels ................. Thermoluminescent Semi- 153 Total integrated exposure over fieid cycle
Dosimeters annually

*Not ail of these locatons were sampied due to inaccessibiity or lack of water.

Phota credit: Dawvd Graham. 1988

Community Monitoring Station, Las Vegas, NV.
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Figure 4-7—Alr Monitoring Stations
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The monitoring stations are extremely sensi-
tive; they can detect changes in radiation exposure
due to changing weather conditions. For example,
during periods of low atmospheric pressure, gamma
exposure rates are elevated on the order of 2 to 4
uR/hr because of the natural radioactive products
being drawn out of the ground. To inform the public,
data from the community monitoring stations are
posted at each station and sent to local newspapers
(figure 4-8).

In addition to the 18 community monitoring
stations, 13 other locations are used for the Air
Surveillance Network (shown as circles in figure
4-7) to monitor particulates and reactive gases. The
air surveillance network is designed to cover the area
within 350 kilometers of the Nevada Test Site, with
a concentration of stations in the prevailing down-
wind direction. The air samplers draw air through
glass fiber filters to collect airborne particles (dust).
Charcoal filters are placed behind the glass fiber
filters to collect reactive gases. These air samplers
are operated continuously and samples are collected
three times a week. The Air Surveillance Network is
supplemented by 86 standby air sampling stations
located in every State west of the Mississippi River
(figure 4-9). These stations are ready for use as
needed and are operated by local individuals or
agencies. Standby stations are used 1 to 2 weeks
each quarter to maintain operational capability and
detect long-term trends.

Noble gas and tritium samplers are present at 17
of the air monitoring stations (marked with asterisk
in figure 4-7). The samplers are located at stations
close to the test site and in areas of relatively low
altitude where wind drains from the test site. Noble
gases, like krypton and xenon, are nonreactive and
are sarnpled by compressing air in pressure tanks.
Tritium, which is the radioactive form of hydrogen,
is reactive but occurs in the form of water vapor in
air. It is samplied by trapping atmospheric moisture.
The noble gas and tritium samplers are in continuous
operation and samples are recovered and analyzed
weekly.

To monitor total radiation doses, a network of
approximately 130 TLDs is operated by EPA. The
network encircles the test site out to a distance of
about 400 miles with somewhat of a concentration in
the zones of predicted fallout (figure 4-10). The TLD
network is designed to measure environmental
radiation exposures at a location rather than expo-

sures to a specific individual. By measuring expo-
sures at fixed locations, it is possible to determine
the maximum exposure an individual would have
received had he or she been continually present at
that location. In addition, about 50 people living near
the test site and all personne! who work on the test
site wear TLD's. All TLD’s are checked everv 3
months for absorbed radiation.

Radioactive material is deposited from the air
onto pastures. Grazing cows concentrate certain
radionuclides. such as iodine-131. strontium-90. and
cesium-137 in their milk. The milk therefore be-
comes a convenient and sensitive indicator of the
fallout. The Environmental Protection Agency ana-
lyzes samples of raw milk each month from about 25
farms (both family farms and commercial dairies)
surrounding the test site (figure 4-11). In addition to
monthly samples, a standby mulk surveillance net-
work of 120 Grade A milk producers in all States
west of the Mississippi River can provide samples in
case of an accident (figure 4-12). Samples tfrom the
standby network are collected annually.

Another potential exposure route of humans to
radionuclides is through meat of local amimals.
Samples of muscle, lung, liver, kidney. blood. and
bone are collected periodically from cattle pur-
chased from commercial herds that graze northeast
of the test site. In addition, samples of sheep. deer.
horses, and other animals killed by hunters or
accidents are used (figure 4-13). Soft ussuev are
analyzed for gamma-emitters. Bone and liver are
analyzed for strontium and plutonium: and blood/
urine or soft tissue is analyzed for tntium,

A human surveillance program is also carmed out
to measure the levels of radioactive nuclides 1n
families residing in communities and ranches around
the test site (figure 4-14). About 40 families living
near the test site are analyzed twice a year. A
whole-body count of each person is made to assess
the presence of gamma-emitting radionuclides.

GROUNDWATER

About 100 underground nuclear tests have been
conducted directly in the groundwater. [n addition.
many pathways exist for radioactive material from
other underground tests (tests either above or below
the water table) to migrate from the test cavities to
the groundwater. To detect the migration of radioac-
tivity from nuclear testing to potable water sources,
a long-term hydrological monitoring program is
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Whole Body Counter, Environmental Protection Agency.

managed by the Environmental Protection Agency
at the Department of Energy’s direction with advice
on sampling locations being obtained from the U.S.
Geological Survey. Whenever possible, water sam-
ples are collected from wells downstream (in the
direction of movement of underground water) from
sites of nuclear detonations. On the Nevada Test
Site, about 22 wells are sampled monthly (figure
4-15). The 29 wells around the Nevada Test Site
(figure 4-16) are also sampled monthly and analyzed
for tritium semiannually.

The flow of groundwater through the Nevada Test
Site is in a south-southwesterly direction. The flow
speed is estimated to be about 10 feet per year,
although in some areas it may move as fast as 600
feet per year. To study the migration of radionu-

clides from underground tests. DOE dnlled a test
well near a nuciear weapons test named ~"Cambhnc ™
Cambric had a yield of 0.75 kilotons and wus
detonated in a vertical drill hole in 1965 A 1est well
was drilled to a depth of 200 feet below the cavity
created by Cambric. It was found that most ot the
radioactivity produced by the test was retuined
within the fused rock formed by the cxplosion.
although low concentrations of radioactive matenal
were found in the water at the bottom of the cavily

A satellite well was also drilled 300 teet trom the
cavity. More than 3 billion galions of water were
pumped from the satellite well in an effort 1o draw
water from the region of the nuclear explosion The
only radioactive materials found in the water were
extremely small quantities (below the permitied

15§ee **Radionuclide Migration in Groundwater at NTS, " U.S. Department of Energy, September, 1987.
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Figure 4-8—Sample Press Release

Alamo, NV

July 11 to July 20, 1988
The Nevada Test Site
COMMUNITY RADIATION MONITORING REPORT

Dell Sullivan, Manager of the Community Radiation Monitoring Station in
Alamo, NV reported the results of the radiation measurements at this station
for the period July 11 to July 20, 1988. The averagc gamma radiation exposure
rate recorded by a Pressurized Ion Chamber at this station was 13.0
microroentgens® per hour as shown on the chart.

AVERAGE GAMMA RADIATION EXPOSURE RATE
RECORDED ON THE PRESSURIZED ION CHAMBER AT
ALAMO, NV, DURING THE WEEK ENDING JULY 20, 1988

This Week
Last Week £ 3
ot
Last Year{ . i
U.S.Backpuund? L Min. '("\
(‘) I 1 ] 1(!) I ! w 1+ ’ ] Ki

Microroentgens Per Hour

The averages of the 16 Community Monitoring Stations operated for the
Environmental Protection Agency, Department of Energy and the Desert
Research Institute varied from 6.2 microroentgens per hour at Las Vegas, NV
to 20.2 microroentgens per hour at Austin, NV. All of the rates for the past week
were within the normal background range for the United States as shown on the
accompanying chart. Environmental radiation exposure rates vary with
altitude and natural radioactivity in the soil. Additional information and
detailed data obtained from Community Radiation Monitoring Network
Stations, including an annual summary of the results from all monitoring
around the Nevada Test Site, can be obtained from Mr. Sullivan (702) 725-3544
or by calling Charles F. Costa at the EPA in Las Vegas (702) 798-2305.

"I:hg roent;en is a measure of exposure to X or gamma radiation. A microroentgen is 1
millionth of a roentgen. For comparison, one chest x-ray resuits in an exposure of 10,000 to

20,000 microroentgens.
¥ Sum of cosmic plus terrestrial dose rates in air in the U.S.(pp37,42, BEIR 111, 1980).

Example of community radiation monitoring report that is posted at each monitoring station and sent to the press.
SOURCE. Environmental Protection Agency.
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86 standby air surveillance stations are available and samples are collected and analyzed avery 3 months to m

SOURCE: Modified from Environmental Protection Agency.

level for drinking water) of krypton-85, chlorine-36,
ruthenium-106, technetium-99 and iodine-129.

Radioactive material from nuclear testing moves
through the groundwater at various rates and is
filtered by rock and sediment particles. Tritium,
however, is an isotope of hydrogen and becomes
incorporated in water molecules. As a result, tritium
moves at the same rate as groundwater. Tritium is

Montana North Dakota
o ° ° Minnesota
®
®
South Dakota
Wyoming
Nebraska
[ ]
. L]
Colorado Kansas Missouri @
. °
Oklahoma
[ 4
) °
New Mexico
]
®

Louisiana
Texas

aintain a data base.

therefore the most mobile of the radioactive materi-
als. Although tritium migrates, the short half-life of
tritium (12.3 years) and slow movement of the
groundwater prevents it from reaching the Test Site
boundary. No analysis of groundwater has ever
found tritium at a distance greater than a few
hundred meters from some of the old testsites. None
of the water samples collected outside the bounda-
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Figure 4-10—Locations Monitored With Thermoluminescent Dosimeters (TLDs)
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One hundred thirty locations are monitored with TLDs. All TLDs are checked every 3 months for absorbed radiation.

SOURCE: Modified from Environmental Protection Agency.

ries of the test site has ever had detectable levels of
radioactivity attributable to the nuclear testing
program. An independent test of water samples from
around the test site was conducted by Citizen Alent
(Reno, Nevada) at 14 locations (table 4-3).

Citizen Alert found no detectable levels of tritium
or fission products in any of their samples. With-
standing any major change in the water table, there
currently appears to be no problem associated with

groundwater contamination offsite of the Nevada
Test Site.

MONITORING CAPABILITY

The combination of: 1) the monitoring system
deployed for each test, 2) the onsite monitoring
system run by DOE, and 3) the offsite monitoring
system run by EPA, forms a comprehensive detec-
tion system for radioactive material. There is
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Figure 4-11—Milk Sampling Locations
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Samples of raw milk are coliected each month from about 25 farms surrounding the test site.

SOURCE: Modified from Environmenta! Protection Agency.
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Figure 4-12—Standby Milk Surveillance Network

All major milksheds west of the Mississippi River are part of the standby milk surveiliance network.

Samples are collected and analyzed annually.

SOURCE: Maodified from Environmental Protection Agency.

essentially no possibility that a significant release
of radioactive material from an underground
nuclear test could go undetected. Similarly, there
is essentially no chance that radioactive material
could reach a pathway to humans and not be
discovered by the Environmental Protection Agency.
Allegations that a release of radioactive maternial
could escape from the test site undetected are based
on partial studies that only looked at a small portion
of the total monitoring system.'® Such criticisms are
invalid when assessed in terms of the total monitor-
ing system,

The radiation monitoring system continues (0
improve as new measurement systems and tech-
niques become available and as health risks from
radiation become better understood. Assuming that

the monitoring effort will continue to evolve. and
that such issues as the migration of radioactive
material in groundwater will continue to be aggres-
sively addressed, there appear to be no valid crin-
cisms associated with the containment of under-
ground nuclear explosions. This is not to say that
future improvement will not be made as experience
increases. but only that essentially all relevant
suggestions made to date that increase the safety
margin have been implemented.

Public confidence in the monitoring system suf-
fers from a general lack of confidence in the
Department of Energy that emanates trom the
enivronmental problems at nuclear weapons produc-
tion facilities and from the radiation hazards associ-
ated with past atmospheric tests. In the case of the

16See for example., ** A review of off-site cnvironmental monitoring of the Nevada Test Site.”” Bemnd Franke, Health Effccts of Underground Nuciear
Tests, Oversight Hearing before the Subcommittee on Energy and the Environment of the Committee on Interior and Insular Affairs. House of

Representauves, Sept. 25, 1987. Senial No. 100-35, pp. 120-144.
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Figure 4-13—Collection Site for Animais Sampled in 1887
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Depending on availability, an assortment of animals are analyzed each year.
SOURCE: Modified from Environmental Protection Agency.
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Table 4-3—Clitizen Alert Water Sampling Program

Location Type of Sample
Springdalie Ranch Weli (hose)
Barley Hot Springs Stream

3 mi. south of Flourspar Canyon Amargosa River

Lathrop Welis Spigot at gas station
Point of Rock Spring, Ash Meadows  Pond

Devils Hole, Ash Meadows Pooi

Shoshone. CA Stream

Amargosa Junction Well (hose)
Goldfield Well (spigot at gas station)
Moore's Station Pond

Six Mile Creek Stream

Tybo and Route 6 (DOE facility) Well (tap)

Hot Creek and Route 6 Stream

Blue Jay Weil (hose)

SOURCE: Citizen Alert, 1588

underground nuclear testing program, this mistrust
is exacerbated by the reluctance on the part of the
Department of Energy to disclose information con-

cerning the nuclear testing program. and by the
knowledge that not all tests that release radioacuve
material to the atmosphere (whatever the amount or
circumstances) are announced. This has led to
allegations by critics of the testing program that:

... the Energy Department is continuing its misin-
formation campaign by refusing to disclose the size
of most underground tests, by hushing up or
downplaying problems that occur and by not an-
nouncing most tests in advance. thereby leaving
peopie downwind unprepared in the event of an
accidental release of radioactive materials.'’

Such concern could be greatly mitgated 1f a
policy were adopted such that all tests were an-
nounced, or at least that all tests that released any
radioactive material to the atmosphere (whatever the
amount or circumstances) were announced.

Figure 4-14—Locations of Families in the Offsite Human Surveillance Program
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About 40 tamilies from around the test site are brought in to EPA twice a year for whole-body analysis.
SOQURCE: Modified from Environmental Protection Agency.

17John Hanrahan, *‘Testing Underground.”” Common Cause. vol. 15, No. 1, January/February 1989.
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Figure 4-15—Well Sampling Locations Onsite
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22 wells on the Nevada Test Site are sampled monthly.

SOURCE: Modified from Department of Energy.
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Figure 4-16—Well Sampiing Locations Oftsite
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Related OTA Report

o Seismic Verification of Nuclear Testing Trealies.
OTA-ISC-361, 5/88; 139 pages. GPO stock #052-003-01108-5; $7.50.
NTIS order #PB 88-214 853/XAB.

and the National Technical Information Service, 5285 Port Royal Road. Springfield, VA 22161-0001 (703-487-4650).

NOTE: Reports are available from the U.S, Government Printing Office, Superintendent of Documents, Washington, D.C. 20402-9325 (202-783-3238):
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Office of Technolog}" Assessment

The Office of Technology Assessment (OTA) was created in 1972 as an
analytical arm of Congress. OTA’s basic function is to help legislative policy-
makers anticipate and plan for the consequences of technological changes and
to examine the many ways, expected and unexpected, in which technology
affects people’s lives. The assessment of technology calls for exploration of
the physical, biological, economic, social, and political impacts that can result
from applications of scientific knowledge. OTA provides Congress with in-
dependent and timely information about the potential effects—both benefi-
cial and harmful—of technological applications.

Requests for studies are made by chairmen of standing committees of the
House of Representatives or Senate; by the Technology Assessment Board,
the governing body of OTA; or by the Director of OTA in consultation with
the Board.

The Technology Assessment Board is composed of six members of the
House, six members of the Senate, and the OTA Director, who 1s a non-
voting member.

OTA has studies under way in nine program areas: energy and materials;
industry, technology, and employment; international security and commerce;
biological applications; food and renewable resources; health; communication
and information technologies; oceans and environment; and science, educa-
tion, and transportation.
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