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ABSTRACT

The U. 8. Environmental Protection Agency, Radiation and Indoor Environments National Laboratory in Lag Vegas,
Nevada (R&IE), operates the radiological surveillance program and monitors former nucleer test areas in Alaska,
Colorado, Mississippi, Nevada, and New Mexico, each year under the Long Term Hydrelogical 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 2005: Projects Shoal and Feultless in Nevada; Projects
Rulisen and Rio Blanco in Colorado; and Projects Gasbuggy and Gnome in New Mexica. Monitoring results for
Alaska and Mississippi are reported separately.

Radiological results for 2005 are consistent with resulls from previous ¥ears. No increase was seen in ejther {ritium
concentrations or gamma-ray emilting radionuclides at any site, with the exception of Well HC-3 af the SHOAL Site, A
small amount of ' Cs was detected in three samples collected from this well, which is well balow the zafe drinking
water standard of 135pCi/l (See Table 1) Tritium levels at the sifes are generally decreasiug or stable and are well below
ihe 20,000 pCi’l. guideline specified in the Natinnal Primary Drinking Water Repulations; Radionuclides; Final Rule
(A0CFRO1417142), with the exception of samples from several deep welis adjacent to the nuclear cavity at the Gnome
site. As n previous years, the highest tritium value recorded for any sample. 3 46 x 10° pCirL, was from, Well DD-{
{Project Gnome).
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1.0 INTRODUCTION

Under an ]nlt’.nag'em:j,_r Agreement with the Department of Energy (DGE), the Radiation & Indaor Environments MNationa]
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 LTHAMP provide assurance that radioactive materials
irom the tests have not migrated into drinking water supplies. This report presents the results for the samples collected
in February, March, May, and fune of 2005, around the follewing test site areas:

Project SHOAL Test Site, hurchill County, Nevada

Project FALI TLESS Test Site. Nye County, Nevada

Propect RULISON Test Site, Garfield County Colorado

Project RIO BLANCO Test Site, Rin Blanco County, Colorado

Project GASBUGGY Test Site, Rio Arriba County, New Mexico

Praject GNOME Test Site, Eddy County, New Mexico

2.0 Sample Analysis

Radiochemical laboratory procedures used to analyze the samples collected for this Feport are summarized in R&IE's
SOPs (see Appendix A and B). These include standard methods to identify natural and man-made BeRUna-emiiting
radionuclides, tritium, plutonium, strontium, and wranium in water samples. Two types of fritium analyses were
performed; conventional and electrolytic enrichment. The enrichment method lowers the mininmum detectahle

It has been decided by EPA, that a maximum of 25 pereent of all samples collected would be analyzed by the low-leve]
enrichment method. This decision was based on the time required for analysis and an assesstent of past results, Under

conventional method, and selected samples are enriched; At this time, only sampling Iocations that are in g 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 wranium,



Suinmary of Analytical Procedures

Type of Analytical Counting Analytieal Sizeof . Approximate
Anpalysis Equipment Period (Min} Procedures Sample  Detection Limit*
HpGe HpGe detector ~ 1540 Radionuclide concen- 3.5 Varies with radionuclides
Gamma®  calibrated at 0.3 keV/ tration quantified from and detector used, if
channel (0.04 to 2 MeV gamme spectral data counted to a MDC of
range) individual detector. by online computer approx. 5 pCivL for "Cs,
Efficiencies ranging from program,
15to 35%
H Alutomatic liquid o Sample prepared by~ 30 40 mL 300 to 740 pCiiL
scintillation counter distillation.
M- - Auntomatie Hquid 100 Sample concentrated 230 mL’ 5 pCiil.
Ennichment  scintillatien counter by electrolysis following
distiflation

" The detection limil is defined as the smallest amount of radioactivity that can be reliably detected, i, probability of
Type Iand Type I error at 5 percent each (DOE 1981},

Gamma spectrometry using a high purity intrinsic germaniom (HpGe) detector.

" Sample distilled, then concentrated ta -5 mL by electrolysis.

2.1 Sampling at Project SHOAL, Nevada
Histary

Project SHOAL, a 12-KT nuclear test emplaced at 365 m (1200 ft), was conducted on October 26, 1963, in a sparsely
populated area near Frenchman Station, Nevada, 28 miles southeast of Fallon, Nevada. The test, & part of the Yela
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 | 10 curies of " Xe and '®Xe, and less than 1.0 curie of "1,

' 2.1.1 Sample Collection

Samples were collected on February 14-17, 2005. 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
radieactivity migrating from the test cavity, if it should eccur (Chapman and Hokett 1991). Well HC-3 was sampled
in February 2005. A small amount of “'Cs was detected. It was suspected that eross contamination might have
occurred. In July 2005, the well was sampled a second time, all sampling equipment to be used was decontaminated
in accordance with the SOP CER-804,  After analysis was completed, detectable amount of *'Cs still existed. Once
again the sampling cable, tools, end all equipment was decontaminated in accordance with the outlined procedure. It
~was then decided that a third sampling would teke place, New sampling equipment, barrels, and collection containars
were cleaned prior to use. Analysis determined once again small amounts of ™Cs still existed. These results are
below the safe drinking water standards of 15pCi/L of *'Cs. In February 2006, this well will be investigated further
and re-sampled. A full set of chemistry will be performed.

[gs
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2.1.2 Water Analysis Results

Gamma-ray spectral analysis resulis iridicated that **’Cs was detected in Well HC-3. Tritium
concentrations at all locations except for two were below the MDC. The only sampling
locations that had a tritium concentration above the MDC was Well HC-4 of

26 =7 pCi/L and Well HC-3 of 11 £ 5.6 (see Table I, below).

2.1.3 Conclusions

No radioaclive materials attributable to the SHOAL nuclear test were detected in samples
collected in the offsite area during 2005,

Ansalysis Results for Water Samples Collected at the SHOAL Site - February 2005

TABLE |
Sample Coflection | Enriched Tritium Tritium™ Gamma Spectrometry™
Localion Date pCIL£28D (MDC) | pClL+£2SD  (MDO) pCifiL. {MBC)
Hurus Station /15105 8O + 160 261) | ND (4.9)
Flowing Spring 2/15/05 63 & b0 (261} ND (5.0)
Spring Windmill | 2/14/05 4.0+ 6,00 (9.8) ND (5.0)
Vell H-2 2/15/05 74 +160% {261) | ND (5.0)
Well H-3 211505 Pump inoperable
Well HS-1 2/14/05 558 6,09 ©n - ND {4.9)
Well HC-] 2/15/05 . 34 & | 50 (261) | ND 4.9
Well HC-2 2715105 4.6+ 7.0 (L1) ND (4.9}
Well HC-4 705 | 26+7 o) ND (.8)
Well HC-5 217105 : 1702158 | @e1) | nND (4.9)
Well HC-6 2/17/05 131£161" | (261) | ND {5.0)
Well HC-7 1705 131 £ 1610 {261) | ND (4.8)
Well HC-8 2/15/05 -11 = 1589 (2613 | ND (5.0
HC-3 Filter V16105 Cs-137 (8.6}
Well HC-3 2/16/05 -11.0+1 58 (261} 47423 (19)
Well BC-3 | 720005 1256 (88) 7.5:2.1(1.9)
Well HC-3 817105 . 5.042.0 (2.0)

{2) Indicate resuits are less than MDC (enriched or conventional method).
{b) Value in parenthesis represents "Cs MDC (pCHL).

ND Non-detected.

MDC Minimum detectable concentration,



2.2 Sampling at Project FAULTLESS, Nevada
History

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
iregular 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 highiands to the valley and through

the valley o Twin Springs Ranch and Railroad Valley {Chapman and Hokett, 1991).

2.2.1 Sample Collection

Sampling was conducted on March 14-16, 2005 Sampling locations are shown in Figure 2. They
include two springs and seven wells of varying depths. All sampling [ocations were collected,

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 consistenily below-
MDC results for tritium indicate that, to date, migration into the sampled wells has not taken place
and no event-related radicactivity has entered area drinking water supplies.

1.2.2 Water Analysis Results

All gamma-ray spectral analysis results indicated that nd man-made gamma-ray emitting
radionuclides were present above MDC. Tritium concentrations at all the locations vere below the
MDC,

2.2.3 Conclusiors

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 Samplés Collected at the FAULTLESS Site - March 2005,

TABLE 2
Sample Collection | Enriched Tritium® Tritium® Gamma Spectrometry®
Location Date pCiL =2 8D (MDC) pCi/L £2 8D (MDC) | pCifL (MDC)
Hot Creck Ranch 316705 3.8+ 5.4% 8.7 ND {(5.0)
Blue Jay Springs 3/16/05 170+ 165 (272) | ND (4.9)
Blue Jay Maint 315405 17041669  (272) | ND (4.8)
Station e i
-k;'r}I. HTTT l‘ o 115505 5.9= 54" 87 ND {3.0)
Well HHTH-2 B 32305 260+ 167" 272y | ND (1.5)
Site €* Base Camp | 31505 _ 91 x163%  (272) | ND (4.9)
Six Mile Well 3/16/05 -51.0x184% (272) | ND (5.0)
Tybo Well 3/16/05 -17.6£165%  (272) | ND (4.7)
Twin Springs 3/14/05 2.2+ 5.8% (9.6) ND (5.0
Ranch

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

ND Non-detected.

MDC Minimum detectable concentration.

2.3 Sampling at Praject RULISON, Colerado
History

Co-sponsored by the U.S, Atomic Energy Commission (AEC) and Australia Ol 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 02,568 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 cleamp operations.

2.3.1 Sample Collection

Sampling was conducted on May 11, 20053, from all sampling locations at Grand Valley and Rulison
Celorade. Routine sampling locations are shown in Figure 3. Sampling included the Grand Valley
municipal drinking water supply springs, watey supply wells for six local ranches, and fwo sites in

the vicinity of surface ground zero (SGZ), including one test well and two surface-discharge springs.

H



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 generatly exhibited a
stable or decreasing trend over the last two decades. The range of tritium activity in 2005, was from
26 = 7 pCy/L at the spring 500ft east of GZ 10 35 + 6 pCi/L at Tim Jacobs Ranch (see Table 3). All
eariched values were less than 0.25 percent of the DCG (20,000 pCi/L). The detectable tritium
activities are consistent with values found in current precipitation and, perhaps, & smail residual
componen remaining from clean-up activities at the site. This is supported by Desert Research
Institute analysis, which indicates thet most of the sampling locations at the RULISON site are
shallow, drawing water from the surficial aquifer, and therefore, unlikely to become contaminated by
radionuclide migration from the Project RULISON cavity (Chapman and Hoketi 1991).

Analysis Results for Water Samples Collected af the RULISON Site - May 2005

I TABLE 3
Sample Collection | Enriched Tritium Tritium™ Gamma
Location Date pCifL £ 2 SD (MDC) | pCifl. + 2 5D (MDC) Spectrometry™

pCL  (MDC)

Battlement Creek { 5/1 1/05 64£171%  (284) | ND (4.9)
City Springs 5/11/05 47+ 1739 (284) | ND .7
Daniel Gardner | 5/11/05 294172 (284) | ND (4.4)
CER Test Well | 5/11/05 58+172¢9  (284) |ND (5.0)
CER Test Well R | 5/11/05 88 1740 (284) [ ND (5.0)
Patrick McCarty | 5/11/05 S3£174®  (284) |ND 4.9
Potter Ranch 5/11/05 99+ 1709 (284) | ND 4.9
Morressiana Reh | 5/11/05 82+ 1748 (284) |ND (4.5)
Tim Jacobs 5/11/05 3557 (8.4 | - ND 1.9
Kevin Whelan 5/11/05 26+5.8 (9.0) ND {4.9)
Spring 300 yds 5/11/05 53£ 174" (284) | ND 4.7
N. of GZ
Spring 500 fi 5/11/05 26+£7.0 (1) ND (4.3)
E. of GZ {Casey
Weldon)

(a) Indicate resulis are less than MDC (enriched or conventional methad).
(b) Value in parenthesis represents "’Cs MDC (pCi/L).

ND Non-detectad,

MDC Minimum detectable concentration.

R Rinse sample
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2.3.3 Conclusions

‘Tritium concentrations in water samples collected onsite and offsite are consistent with those of past
studies at the RULISON Test Site. In general, the current level of tritium in shallow wells at the
RULISON site cannot be distinguished from the rain-out of naturally produced tritium augmented
by, perhaps, a small amount of residual global “fallout tritium” remaining from nuclear testing in the
1950s and 1960s. All routine samples were analyzed for presence of gamma-tay emitting
radionuelides.

2.4 Sampting at Project RIO BLANCQ, Colorado

History |

Project RIO BLANCO, a joint government-industry test designed to stimulste natural gas flow, was
conducted under the Plowshare Program. The test was conducted on May {7, 1973, at a location
between Rifle and Meeker, Colorado. Three explosives with & total vield of 99 kT were emplaced at
1,780, 1,920, and 2,040 m (5,840, 6,299, and 6,693 ft) depths in the Ft. Union and Mesa Verde
formatiens. Production testing continued until 1976 when cleanup and restoration activities were
completed. Tritiated water produced during testing was injected to 1,710 m (5,610 fi) in a nearby
gas well,

2.41 Sample Collection

Sampling was conducted on May 12-13, 2003, and locations are shown in Figure 4. The routine

- sampling locations included four springs, four surface, and five wells, three of which are located
near the cavity.- At least two of the wells (Wells RB-D-01 and RB-D-03) are suitable for monitoring
because they were down gradient and would indicate possible migration of radicactivity from the
cavity.’ ; -

2.4.2 Water Analysis Results

Gamma-ray spectral analysis results indicated that no man-made pamma-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 2005. All samples were analyzed
for presence of gamma-ray emitting radionuclides.

10
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Analysis Results for Water Samples Collected at the RIO BLANCO Site - May 2005

TABLE 4
Sample - Collection | Enriched Tritium Tritium™ Gamma
Location Date pCVL+28D (MDC) | pCifL+2 SD (MDC) | Spectrometry™
pCi/L.  (MDC)

B-1 Equity Camp | 5/13/05 2171 {an ND  (5.0)
Brennan Windmill | 5:12/05 -33 + 183W {305) | ND .7
CER #[ Black 5:13:08 g+ 186" 305) | ND {4.6)
Sulphr
CER #4 Black S 93 - 184" (305} | ND {4.4;
Sulphu
Fawn Creck 41 5/12:0% 105+ 1877 (305 | ND 4.9
Fawn Creek 43 5712405 52 + 186" (305} } ND (4.8)
Fawn Creek 500" 5/12/0% 14+ 187%  {305) | ND {4.4)
Upstream

1
Fawn Creek 6800° | 5/12/05 10921879  (305) | ND {4.2)
Upstream
Fawn Creek 500' 5/12/05 66 = 186 (305} | ND {4.9)
Downstream
Fawn Creek 8400' | 5/12/05 2764 (9.8) ND (6X0))
Downstream

I Johnson Artesian | 5/12/05 43 186"  (305) | WD 4.8)
Well
Well RB-D-01 5/12/05 0£60 (9.5) ND {4.0)
Well RB-D-03 5/12/05 53457 (9.3) ND (4.7)
Well RB-5-03 5/12/05 -109+£183® (305 | ND 4.7
Well RB-W-(1 5/12/05 -B1184® (305 | ND (5.0)
Well RB-DOIR 5712405 114 137™  (305)
Well RB-S5-03 R 5112105 62+ 1860 (305)
Well RB-D-03 R 5/12/05 47+ 184" (305)
Well RE-W-01R | 5£12/05 100+ 1879  (305)

(2) Indicate results ere 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.




2.5 Sampling at Project GASBUGGY, New Mexico

Histery

Project GASBUGGY was a Plowshare Program test co-sponsored by the U.S. AEC and E! 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 (4,232 f1) to stimulate a low
productivity natura} gas reservoir. Production testing was compleied in 1976 and restoration
activities were compleied in July 1978.

The principal aquifers near the test site are the Ojo Alamo Sandstone, an aquifer containing nen-
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 Cjo Alamo Sandstone discharges to the San Juan River 50 miles
northwest of the (iasbuggy 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 14-16, 2005. 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 Apalysis Resulis

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 iritium activities between 100 pCVL in 2000 i0 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 fisture, placed in strategic l6cation 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 Instituie 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 concenirations.at ail
locations except for three were below the MDC. The sampling locations that had a trifium
cencentration above the MDC were Cédar Springs of 19+ 6 pleL Lalara Creek 25 %6 pCi/LL and
Well 23 South 17 6 pCi/L (see Table 5, page 15).
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2.5.3 Conclusions

Tritium concentrations of water samples collected onsite and offsite are co

studies at the GASBUGGY Site.

nsistent with those of past

Analysis Results for Water Samples Collected at the GASBUGGY Site - June 2005

TABLE 5
Sarmple Collection | Enriched Tritium "Tritium® Gamma Spectrometry™®
Location Date pCiL+23D (MDC) | pCilL +2 8D (MDC) | pCilL (MDC)
Arnold Ranch 6715405 gLy (285) | ND (1.9}
Spring
Bubbling Springs 6/14i05 No sample, spring dry
Cave Springs 6/15/05 9.5 £6.7™ (11 ND {10}
Cedar Springs 6/16/03 19438 {9.0) ND 4.9)
LLa Jara Creek 6715405 2538 {8.0) ND (4.9
Lower Burro 6/15/05 26 £ 172% (284) | ND (5.0
Canyon
Pond N. of Well 6/16/05 32+ 1730 (284} ND (5.00
30.3.32.343
Well EPNG-10-36 6/16/05 No Sample Well

Pluggad

Jicarilla Well | 6/15/05 5.845.49 .0 - ND 4.9
Well28.333.233 | 6715005 | 1760 9.3) ND (5.0)
(South) y |
Well 20.3.32.343 6716405 No Sample Windmill
(North) disconnected |
Windmill #2 6/15/05 211729 . (284) | ND (4.8) “
Amold Ranch Well | 6/15/05 85171  (284) | ND 4.7 u

(a) Indicate results are less than MDC (énrichf:d or conventional method},
(b) Vslue 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 370mi (1,216 f) 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
ihe boundary of the Rustler and Salado formations, the Culebra Dolonsite which is used for domestic
and stock supplies, and the Magenta Dolomite which is above the zone of saturation (Chapmar and
Hokett, 1991) The ground water flow is generally to the west and southwest,

Radioactive gases were accidentrlly vented following the tesi, In 1963, USGS conducted a tracer
siudy involving injection of 20 Ci tritivm. 10 Ci "'Cs, 10 Ci *Sr, and 4 Ci "1 in the Culebra
Dolomite zone; using Wells USGS 4 and 8. During remediation activities in 1968-69, coniaminated
matetial was placed in the test cavity and the shafl up to within 7 ft of the surface. More material
was sjurried 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 disterting and cracking the concrete stem and
grout,

2.6.1 Sample Collection

Annual sampling at Project GNOME was completed during June 21-23, 2005. The routine sampling
sites, depicted in Figurs 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 detectéd 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
comnected hydrologically to the site and, therefore, cannot become contaminated by Project GNOME
radionuclides, : -

Tritium resuits greater than the MDC were detected in water samples from four of the 12 sampling
locations in the immediate vicinity of GZ. Ttitium activities in wells LRL-7, USGS-4, DD-1 and
USGS-8 ranged from 761 + 183 (LRL-7) 0 3.46 x 107+ 1.63 x 10%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 potahle water (See Table 6).

In addition to tritium, "*'Cs and ™St concentrations were observed in samples from Wells DD-1,
LRI-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, iacluding 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 2005.

Analysis Results for Water Samples Collected at the GNOME Siie - June 2005

TABLE 6

Sample Collection { Enriched Tritium Tritium Gamma Spectrometn®?

Location Date pCVL=28D {(MDC) | pCilL=28D (MDC) pCi/L (MDC)

Well 7 City 62205 4,5¢5 4% (8.8) ND 1.9

Well 2 City 672205 No sample-well plugged

Weli Pl ;s-a—- o 6:22/05 173=i 70" 274y | ND 4.9)

Well PHS 8 6/32/05 121169 (214} | ND £5.0)

Well PHS 9 623405 7.726.0° 9.7) ND (4.6)

Well PHS 10 6i23i05 63 + 168 (274) | ND 5.0)

Well USGS 1 6:21105 5.8 £1670 (274) | ND (44)

Well USGS 4 6/21/05 3.12x10%=517 (274) | ND (1.7

Well USGS 8 612105 3.65x10%555 (274) | 89+14 (1.9)

I. Mobley Ranch | 6/22/05 1065 (10) ND %))

Well DD-1 6/23/05 346x107ELE3XI0°  (274) | 6.12x10° +9.24x%10" (3980)
|| Well LRL-7 6/21/05 761+183® (274} | 2624.6 (1.9)

Well DD-1 R 6/23/05 86 1699 (274)

Well USGS 4 R 6/21/03 001679 (274)

Well USGS 8 R 6/21/05 110+169% (274)

WellLRL-7R | 6721/05 (171669 (274).

(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

Backgrounﬂ Radiation

The radiation in man’s environment, including cosmic rays and radiation from naturally-oceurrin
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 disinfegration. The curie is equal to 37 billion
disintegrations per second, which is the equivalent of | gram of radium, Named for Marie and Pierre
Curie who discovered radium in 1898. One microcurie (pCi) is 0.000001 Ci.

Isofope

Atoms of the same element with different numbers of neutrons in the nuclei. Thus C, *C, and "C
are isotopes of the element carbon, the numbers denoting the approximate atomic }veifg,hts. Isotopes
have very nearly the same chemical properties, but have different physical properties {for example
¢ and " are stable, M is radioactive).
Enrichment Method

A method of electrolytic concentration that increases the sensitivity of the analysis of tritium in
water. This method 1s used for selected samples if the tritium concentration is less than 800 pCi/L.

Minimum Detectable Concentration (MDC)

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

Offsite
Areas exclusive of the immediate Test Site Area,
Tjrpe I Error

The statistica! error of accepting the presence of radicactivity when none is present. Somatimes
called alpha error.

Type IL Efror

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



Appendix A
m
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
[sotope MDC Isotope MDC

Ru-106 4. 76E+01
Be-7 4.56E+0] Sn-113 8.32E+00
K-40 4.92E+01 Sb-125 1.65E+01
Cr-51 5.88E+0] [-131 3.28E+00
Mp-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-39 1.O07EH) Ce-144 71.59E+01
Co-60 5.38E+00 Eun-152 2.86E+01
Zn-65 1.24E+0] Ra-226 [.58E+01]
Nb-95 5.64E+00 U-235 [.01E+02
Zr-93 9.06E-+00 Am-24| 6.60E+01
m
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 determining MDA’s for any other
type of detector. All gamma spectroscopy MDA’s wiil vary with different types of shielding, geometries,
counting times and decay time of sample. .

21



RQA-302
RQA-602
ROA-603
RQA-604
ROA-6006

CER-203
CER-804

Appendix B

Standard Operating Procedures for the Center
for Radioanalysis & Quality Assurance

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 (Rev June 7. 2004)

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

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

Standard Operating Procedure for the Long-Term Hydrological Monitoring Program

Sampling Equipment Decontamination Procedures
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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 radiclogical survetllance program and monitors former nuclear
underground test areas in Alaska, Colorado, Mississippi, Nevada, and New Mexico, each year under the
Long Term Hydrological Monitoring Program (LTHMPY). The LTHMP is designed to detect residusl man-
made radionuclides in sarface 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 2006: Projects Shoal and Fanltless 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 2006 are consistent with results from previous years. No increase was seen in
either tritium concentrations or gamma-ray emitting radjoruclides at any site. Tritium levels at the sites are
generally decreasing or stehle and are well below the 20,000 pCi/L guideline specified in the National
Piimary Drinking Water Regufations; Radionuclides; Final Rule (40CFRO/141/142), with the exception of
samples from several deep wells adjacent o the nuclear cavity at the Gnome site. Three deepest wells at
this site Well USGS-#3, Well LRL-#7, and We!l DD-#1, were not sampled this year at the
recommendation of DOE.

Negative values for trifium

Negative values for tritium are obtained when the counts registered on the liquid scintillation counter for a
regular sample are less than the average counts obtained for the fossit water samples used as background
samples. The average background counts are deducted from the sample counts to correct for background
radiation affecting the detector in the scintillation counter. It is normal to get some negalive values for
samples with little or no tritium in them, since environmental samples are at background levels.

The incidence of negative results is slightly higher this year than in past years due to a change in the
scintillation cocktait used for counting. We are no longer able to use the Beckman Ready Safe
scintiltation cocktail used in previous years because a change in the formulsation has substantially raised
the background counts from around 3.5 to 12 counts per minute. The result is an unacceptable near
doubling of the detection limit and the 2-sigma error for the samples. All of the replacement scintillation
cockiails show a slightly greater varisbility in counting resulting in more instances where the average
background counts exceed the counts for the low activity samples. We are now nsing EcoLume liquid
scintitlation cocktail.

All samples were also analyzed for the presence of gamma-ray emitting radionuclides. None were
detected above minimum detectzble concentration (MDC) ses Appendix B, page 21.
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ACRONYMS AND ABBREVIATIONS

ARC U.S. Atomic Energy Commission
Bg/L Becquerel per liter
CERMER Ceater for Eavironmentsl Restoration Monitoring and Emergency Response
CRQA Center for Radivanalysis and Quality Assurance
DCG Derived Concentration Guide (20,800 pCi/L for Tritinm in Drinking Water)
DOE U.S. Department of Energy
DRI Desert Research Insiitute
EPA U.S. Envirommental Protection Agency
'FH gram
tritiom
‘H+ enriched tritinm
HpGe ~  high prrity germaniom gamma detector
1AG Interagency Agreement
ITC International Technclogy Corporation
b | Iodine-131
keV ‘ kilo electron volts {one thousand electron volis)
kg kilogram, 1088 grams
KT kiloion {one thousand toas TNT equivalent)
L liter
L THMP Long-Term Hydrologicsl Monitoring Program
] meter
MCL maximum contaminant level
MDA minimum detectable activity
MDD minimuom deteciable concentration
MeV one million electron volts
min minuate
ml, milliliter (one thoussndth of a liter)
MT megaton (one million tons TNT equivalent)
ORIA Office of Radiation and Indoor Air
pCi/L picocyries per liter = 10" curies per liter = 1/1,000,000,000,600 curies per liter
PHS U.S. Public Health Service ;
REECo - Reynolds Electrical & Engineering Company
R&IE Radiation and Indoor Environments National Laboratory, Las Yegas, NV.
S Strontium-9¢
SGZ surface ground zero
USGS U.S. Geplogical Survey
Blye Xenon-131

B3xe Xenon-133
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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, 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 radicactive materials from the tests have not migrated into drinking water
supplies, This report presents the resulis for the samples collected in February, March, May, and July of
2006, arcund the following lest site areas:

°® Project SHOAL Test Site, Churchit] County, Nevada.
L Project FAULTLESS Test Site, Nye County, Nevada.
@ Project RULISON Test Site, Garfield County, Colorado,
o Project RIO BLANCO Test Site, Rio Blanco County, Colorado.
° Project GASBUGGY Test Site, Rio Asriba County, New Mexico.
° Project GNOME Test Site, Eddy County, New Mexica.
Summary of Analytical Procedures
Typeof Analytical Counting Apnlytlcal Skeof  Approximate
Analysis Equipment Period {(Min)  Procedures Semple  Defection Limit "
HpGe HpGe detector ~150 Radionuclide concen-  3.5L  Varies with redionuctides
Gamma®  calibrated at 0.5 keV/ tration quantified from and detector used, if
channel (0.04 to 2 MeV ' gamina spectral data counted to a MDC of
range) individual detector. by online computer approx. 3 pCifk. for *'Cs.
Efficiencies ranging from program, :
15 to 35%,
H Automatic liquid 300 Sample prepared by 4ml 300 pCiL
scintillation counter. distillation,
‘H+ € Automatic Tiquid 300 Sample concentrated
Enrichment scintillation by electrolysis following 5mL  SpCilL
counter. distillation.

' The detection limit is defined as thr; smallest amount of radioactivity that can be reliably detected, i.e., probability of
"® Gamma spectrometry using a high purity intrinsic germanium (HpGe) detector.
& Sample distilled, and then concentrated to ~5 mL by electrolysis.
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2.0 Sample Analysis

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

" It was decided by EPA, that 8 maximum of 25 percent of all samples collected would be analyzed by the
Tow-level enrichment method. This decisicn was based on the time required for anatysis and an assessment of
past resulis. Under the current sampling and analysis protocol for the sites, all sarmples are initially screened
for tritium activity by the conventional method, and selected samples are enriched. At this time, only
sampling locations that are in & 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 inciuding assays for strontium, plutoniium, and uranium,

2.1 Sampling at Project SHOAL, Nevada

History

Project SHOAL, 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, Nevads. The fest, a
part of the Vela Uniform Program, was designed to investigate detection of a nuclear detonation in an active
earihquake 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 1,

2.1.1 Sample Collection

Samples were collected on March 13-16, 2006. The sampling locations are shown in Figure 1. All of the
locations were sampled with the exception of Well H-3, the pump remains inoperable. The routine sampling
locations included one spring, two windmills, and eleven wells of varying depths. At least one locaticn, Well
HS-1, should intercept radioactivity migrating from the test cavity, if it should occur (Chapman and Hokett,
1991). Three new monitoring wells have now been completed and are to be added to the LTEHMP program.
These wells are 10 be sampled for the first time in 2007. The olacement and positioning of these three wells
are intended to also intercept radioactivity from the test cavity. Well HC-3 was sampled in March 2006, by
the EPA, and an additional sample was collected in July 2006, by the Desert Research Institute (DRI), Reno,
NV. s

2.1.2 Water Analysis Results

Gamma-rey spectral analysis results indicated that *’Cs was detected in Well HC-3 onsite. The reading for
05 was 3.5 £ 1.7 pCVL, with the MDXC of 1.8 pCI/L. Tritium concentrations at all locations were below,
the MDC, except for Well HC-4, which had a reading of 266 + 8.9 pCi/L. enriched tritium method. This
however, is well below the safe drinking water standards of 20,000 pCi/L fer tritium.



Analysis Results for Water Samples Collected at the SHOAL Site - March 2006

TABLE 1
* Sainple Locatija: *+ ' Colégtion  Earichea TG " Teigin 5% 7 " Geming Specronisty <o
‘ . ~TpCiLE2SD . - MDC - pCiL£2 8D : =/ MDC- pCVL£2SD - MDC"

Hunts Station 3714106 32 + 136" (225) ND (4.5)
Flowing Spring Well  3/14/06 -1% + 136° (225) ND {5.0}
Spring Windmill -
Well 3/14/06 4.6 + 137* {225) ND {4.8)
Well H-2 3/14f06 I8 % 137 {225y NWD {4.9}
Well H-3 No sample pump inog,
Well HS-[ 3/13/06 -79 £ 135" (225) ND (5.0)
Well HC-1 3/14/06 4% = 135' (225) ND 4.7
Well HC-2 3/14f08 42 1+ 138° (225) ND 4.7
Well HC-3 It5fos 21x6.1 (9.5} 35217 {i.8)
Well HC4 I/16/66 266439 {8.9) ND 5.0y
Well HC-5 3/16/06 42+ 138" (225} ND (5.0)
Well HC-6 3/16/06 ' 147 £ 141* {226) ND (5.0)
Well HC-7 3/16/06 55x50" (8.1) ND {(4.8)
Well HC-8 3/16/06 50 & (38" (225) ND (4.8)
HC-3 (Filtes) 3715606 Gamma only  (3.0)

(8} Indicate results are less than MDC (enriched or conventional method), .

ND-Non-detected.

MDC-Minimum detectable concentration.

2.1.3 Conélusions

No radioactive materials attributable to the SHOAL nuclear test were detected in samples collected in the
offsite areas during 2006. All samples were analyzed for the presence of gamma-ray emitting radionuclides.
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2.2 Sampling at Project FAULTLESS, Nevada
History

Project FAULTLESS was a "calibration test" conducted o 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 Jocal
faults rather than as a saucer-shaped depression, The area is characterized by basin and range topography,
with alluvium overlying tufaceous sediments, The working point of the test was in tuff. The groundwater
flow is generally from the highiands to the valley and through the valley to Twin Springs Ranch and Railroad
Vailey (Chapman and Hokett, 1991). :

2.2.1 Sample Collection

springs and seven wells of varying depths, Al sampling locations were collected, The purnp in Well HTH-2
has now been replaced allowing the well to be sampled this year,

At least two wells (HTH-1 and HTH-2) are positioned to intercept migration from the test cavity, should i
occur {Chapman and Hoket, 1991, Additionally, three new wellg have been added to this site and were
sampled for the first time during February 2006, These wells are called Meonitoring Validation Wells, MV#1,
MV#2, MV#3, and are zlso positioned to intercept any fnigratien, Ail samples yielded negligible gamma
activity, These results were a] consistent with results obtained in previous years. The consistently below-
MDC results for tritium indicate that, to daté, migration into the sampled wells has not taken place and no
event-related radioactivity has entered areg of drinking water supplies

2.2.2 Water Analysis Results

All gamma-ray spectral analysis results indicateq that no man-made gamma-ray emitting radionuclides were
present above MDC. Tritium concentrations at all the locations were below the MDC, well below 20,000
pCI/L safe drinking water standard (see Table 2, page 7).



Analysis Resulis for Water Samples Collected st the FAULTLESS Site - February 2006

TABLE 2
Sample Locanog . - Colléction ;-] T e Ty Gﬂmma‘Spwunmehy
TR TEEOpOULE2SDAD e pCi: 25 Mpe pCiL T MDE
Hot Creek Ranch  2/15/06- - 69 £166°  (271) ND (4.9}
Blue Jay Springs ~ 2/15/06 21+ 165°  (271) ND %))
Blue Jay
Maintenance Station  2/13/06 32166 (271) ND (4.9)
Well HTH-1 214/06  -1.8259° (9.8} ND (4.9)
Well KTH-2 Y1406 -36+40° (6.8) ND (4.6)
Site CBase Camp-  2/15/06 55163  (271) ND {4.9)
Six Mile Wel} 215106 74 + 166 {2?1; ND (3.0)
Tybo Well 2415106 © a39x16t (271} wp G0
Twin Springs Ranch  2/13/06 24165 (271} ND (5.0
MV-#1 Well Y1406 -1314.1° (6.9) ND (1.8
MV-#2 Well 214/06 35253 (2.8) ND 0.6
MV-#3 Well 21406 3.4 £59* (9.8) ND (1.9)
(8) Indicate results are less than MDC (enriched or conventional method),
ND-Non-detected.

MDC- Minimum detectable concentration.

2.2.3 Conclusions

Tritium concentrations in water samples collected onsite and offsite are consistent with thase of past siudies
~ at the FAULTLESS site. No radioactive materials attributable to the FAULTLESS test were detected in

samples collected in the offsite areas during 2006. All samples were analyzed for the presence of gamma-ray
emitting radionuctides. :
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2.3 Sampling at Projecf RULISON, Colorado
History

Co-sponsored by the U.S. Atomic Energy Commission (AEC} and Australia 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-XT
nuclear explosive emplaced at a depth of 2,568 m (8,425 fi). 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 resulied from decontsmination of drilling equipment and fallout from gas flaring.
Contaminated soil wes removed during the cleanup operations including one test well and two surface-
discharge springs.

2.3.1 Sample Collection

Sampling was conducted on May 10, 2006, from all gampling locations at Grand Valley and Rulison,
Colorado. Routine ssmpling locations are shown in Figure 3. Sampiing inciuded the Grand Valiey municipel
drinking water supply springs, water supply wells for six focal ranches, end two sites in the vicinity of
surface ground zero (SGZ), including one test well and two surface-discharge springs.

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 detectible levels of tritium, which have generally exhibited a stabie or
decreasing trend over the last two decades, The range of tritium activity in 2006, was from 13 + 5 pCi/L at
Spring 300yds North of GZ, to 27+ § pCi/L, at the Potter Ranch (see Table 3). All enriched values were less
than 0.14 percent of the DOG (20,000 pCi/L}. The detectable tritium activities are consistent with vilues
found in current precipitation and, perhaps, a small residual component remaining from clean-up activities at
the site, This is supported by Desert Research Institute (DRI} analysis, which indicates that most of the
sampling locations at the RULISCN site are shallow, drawing water from the surficial aquifer, and therefore,
unlikely to become contaminated by radionuclide migration from the Project RULISON cavity, (Chapman
and Hokett, 1991), {se¢ Table 3, page 10), '



Analysis Results for Water Samples Collected at the RULISON Site - May 2006
TABLE 3

Sample Location ; Collecfig ‘ :
W& 5 Dst.e V“ kL 35*.1') ru 1 s
- PCYLEZSD T MDC

Batlement Creek  5/1006  26+52  (79)

ND (4.9)

City Springs 5110806 94 & (47 (239) ND 4.3)
Danie! Gardner 511006 94 = 1477 (239} ND (3.0)
CER Test Well 510/06 89 + 147" (239) ND (3.7)
Patrick McCarty  5/10/06 74 147° (239) ND (4.8)
Potter Ranch 5/10/06 27448 (7.9) ND (5.0
Morrisana Orcherd ~ 5/10/06 69 £ 147" (233} ND (1.5)
Tim Jacobs 5/10/06 15+ 147" (239) ND {2.0)
Spring 300yds N.
of Greund Zero 5/10/06 13248 (1.7) ND (4.8)
gfol"}.fdsg';% Bof  <homs ' 15+ 147° (239 ND (4.8)
K, Whelnn Ranch  5/10/06 4% 147 (239) ND {£.9)

(n) Indicate resittts are less thay MDC {enriched or conventional method),

ND- Nos-detected,

- MIDC- Minimum detectable concentration,
2.3.3 Conclusions

Tritium concentrations in water samples collected onsite and offsite are consistent with those of past studies
at the RULISON Test Site, In general, the current level of tritium in shallow wells at the RULISON site

10
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2.4 Sampling at Project RIO BLANCO, Colorado

History

Project RIO BLANCO, 3 Jjoint government-industry fest designed to stimulate natural gas flow, was
conducted under the Plowshare Program. The test was conducted on May 17, 1973, at a location between
Rifle and Meeker, Colorado. Three explosives with a total yield of 99-KT were emplaced at 1,780, 1,920,
and 2,040 m (5,340, 6,209, and 6,693 fi) depths in the Ft. Union and Mesa Verde formations. Production

testing continued until 1976, when cleanup and restoration activities were completed. Tritiated water
produced during testing was injected 1o 1,710 m (5,610 f) in a nearby gas well,

2.4.1 Sample Collection

Samipling was conducted on May 11-12, 2006, and locations are shown in Figure 4. The routine sempling
locations included four springs, four surface, and five wells, three of which are located near the cavity. At
teast two of the wells (Wells RB-D-01 and RB-D-03) are suitable for monitoring because they were down
gradient and would indicate possible migration of radioactivity from the cavity.

2.4,2 Water Anslysis Results

Gamma-ray spectral analysis resulis indicated that no man-made gamma-ray emitting radlonuclides were
present in any offsite samples. (see table 4, page 14),

12



Analysis Results for Water Samples Collected at the REO BLANCO Site " May 2006

Sample Locagpp'; - Collection Gamma Specirometry

; D&IB - & :_ ; ‘ - ,."—H ._ i i . Y
pCVLE2SD" MDC ‘pCil-£2SD. MDC. pCil%2SD  MDC

B-1 Equity Camp  5/12/06 ' 51£133* (218) ND (4.9)
Bremnan Windmill  5/12/06 20+£133° (218) WD {4.8)
CER #1 Black 5/12/06 51+133* {2i2) ND (4.0}
Sulphur
CER #4 Black 312406 125+134" (2i8Y ND (4.8}
Sulphur
Fawn Creek #1 51/08 17+132" (218} ND (4.9
Fawn Creek #3 5f11/06 £.8+132° {2i8) ND {5.0)
Fewn Creek 5000  5/11/06 78+ 433" (213) ND 4.7}
Upstream , .

Fawn Creek 6800°  5/14/06 411" (218} ND 5.0)
Upstream :
Fawn Creek 500' 511706 414+ 133" {21B) ND {4.7)
Dovwnsiream ’
Fawn Creek 8400 5/11/06 54+131° (218) ND {4.9)
Dovwmnstream »
Johnson Artesian 511406 130133 (213) ND (4.7
Well
Well RB-D-01 S11/06 -4.8 £ 46 (7.7} ND 4.9
Well RB-D-03 5112106 195+£133° (217) ND (4.8)
Well RB-S-03 5/11/06 3.1%5.5 8.2) ND (5.0)
Well RB-W-01 5712/06 3.9%£43" (9.2) ND (4.9)

{&) Indicate results are less than MDC {enriched or conventional method).
ND-Non-detected.
MDC-Minimum detectsble concentration.

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 attributsble to the R1O BLANCO test were detected in

samples collected in the offsite areas during May 2006. All samples were anzlyzed for presence of gamma-
ray emitting radionuclides.
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Figure 5. Gasbugpy Site.

14



2.5 Sampling at Project GASBUGGY, New Mexico
Hisiory

Project GASBUGGY was a Plowshare Program fest co-sponsored by the U.S. AEC and El Paso Natural Gas
Co., conducted near Gobemador, New Mexico, on December 10, 1967. A nuclear explosive with a 29-KT
yield was detonated at a depth of 1,280 m (4,240 R} to stimulate a low productivity natural gas reservoir.
Production testing was completed in 1976 and restoration dctivities were completed in July 1978,

The principal aquifers near the test site are the Ojo Alamo Sandstone, an aquifer containing non-potable
water located abave the test cavity, and the San Jose formation and Nacimiento formation. Both surficial
aquifers contain potable water. The flow regime of the San Jusn Basin is not well known, although it is likely
that the Gjo 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, 1981).

2,5.1 Sample Collection

Annual sampling at Project GASBUGGY was completed during July 12-14, 2006, All of the routine
sampling locations were collected including Bubbling Springs which yielded enough for tritium results,
(see Figure 5). Well EPNG-10-36 which was plugged in 2003 has been removed from the sampling plan.

2.5.2 Water Analysis Resulfs ‘

Tritium concentrations of water samples collected ansite and offsite are consistent with those of past studies
at the GASBUGGY Site. Prior to Well EPNG 10-36 it had yielded tritium activities between 100 and 560
PCV/L in each year since 1984, except in 1987. The sample collected in June 2003, yielded a tritium activity
of .005 + 4 pCi/L. The migration mechanism and route are not currently known, although an analysis by
Desert Research Institute indicated two feasible routss. 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). In either cass, fractures extending from the cavity may be the primary or a contributing
mechanism. The proximity of the well to the test cavity sugpests the possibility that the activity increases
may indicate mipration from the test cavity; however, in 2003 the weli was plugged, due to severe
deterioration. DOE will drill severa! wells in the near future, placed in strategic locations designed to
intercept migration of fadionuclides, if they occur. '

Gamma-ray spectral analysis results indicated that no man-made gamma-ray emitting radioruclides were
present in any onsite and offsite semples above the MDC, Tritium concentrations at afl locations except for
one were below the MDC. The only sampling location that had a tritium coneentration above the MDC was
Well 28.3.33.233.South which had a reading of 10 £4.3 pCi/L (see Table 5, page 16).
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Analysis Results for Water Samples Collected at the GASBUGGY Site - July 2006

TABLE 5
e f:.:ff‘__;.':.-. 5(_-:{_:.:.;?51:1?5.}-;-_ VIea Lm, frasag wes
Sample Collection  Enriched Trifium ; i 5
POVLE25D " MDC pCill£25D " MD
Arn:oid Ranch
Spring H12/06 19+ 46*  (7.5) ND 4.9
Bubbling Springs ~ 7/14/06 5B + 147" (240) ND 4.9)
Cave Springs /12406 116 + 148" (240} ND 4.9
Cedar Springs 7112406 58+ 147* (240) ND (4.8)
Le Jara Creek L2006 53 + 147 (240) ND {4.9)
Lower Burro 0 £ 146" (240 ND (5.0
Canyon 1206 _
Pond N. of Well 13506 24 £ 346" {240) ND (4.9)
30332343 .
Jicarilla Well 1 13106 60 46" (73 ND (5.0)
Well 28.3.33.233 12106
South 10 243 (6.7) ND (4.7
Well 30.3.32,343 13/06 :
North 24 + jd45¢ {240) ND (1.9}
Windmitl #2 712/06 ! 24 £ |46 (240) WD {4.8}
Ariold Ranch Well  #12/06 1% + 145" ND £5.0)
(2} Indicate results are kess than MDC {enriched or conventional methed),
ND Non-detected.

MDC Minimum detectable concentration.

2.5.3 Conclusions

16
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2.6 Sampling at Project GNOME, New Mexico

-History

Project GNOME, conducted on December 10, 196 1, near Carlsbad, New Mexico, was a multipurpose test
emplaced &t a depth of 370 m (1,216 ft) in the Salado salt formation. The explosive yield was slightly-more-
than 3-KT. Gii and gas are produced from the geologic unifs 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 Dokomite
which s above the zone of saturation (Chapman and Hokett, 1991). The ground water flow is generally to
the west and southwest. : 5 . )

Radioactive gases were accidéntally vented following the fest, In 1963, USGS conducted a tracer stady
involving injection of 20 Ci tritiuim, 10 Ci ''Cs, 10 Ci *Sr, and 4 Ci ™7 in the Culebra Dolomite zoae using
Wells USGS 4 and 8. During remediation activities in 1968-69, contaminated material was placed in the test
cavity end the shaft up to within-7 ft of the surface. More material wes slurrled into the cavity and drifts in
1979. A potential exists for discharge of this slurry to the Culebra Dolomite and to Rustles-Salado brine.
Potentially, this may inciesse as the salt around the cavity compresses, forcing contamination upward and
distorting and cracking the concrete stem &nd grout.

2.6.1 Sample Collection

Annual sampling st Project GNOME was completed during July 18-19, 2006. The routine sampling sites,
depicted in Figure 6, include ten monitoring wells in the vicinity of surface GZ and the municipal supplies at
Loving and Carlsbad, New Mexico.

2.6.2 Water Analysis Results

No tritium activity was detected in the Carlshad 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 activity greater than the MDC was detected in a water sample from one of the 10 sampling locations
in the immediate vicinity of GZ. The highest tritium concentration found onsite was 2.4 x10? pCifL. in Well
USGS# 4. Offsite Well PHS#6 results were 17 + 5,7 pCVL with MDC 9.0 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 and only, Well USGS#4 was sampled 2006, the remaining three were not at the recommendation of

DOE.
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Carlsbad City#7 T33s g3 [

ND

Loving City #7 V18/06 _ 781 ]48" (242} ND {4.5)
PHS ¢ 1806 17 £ 57 (5.0) ND {4.6)
PHS 8 78106 39+ 47 (242) ND 4.6)
PHS 9 718406 53£148°  (242) ND (4.9
PHS 10 1806 972460 (242) ND (4.9)
USGS Well #1 719/06 921 149* (242) ND {4.8)
USGS Well#4 - 7719106 24,300 2 423 (242) ND (1.9)
USGS Welt 48 Not Sampled 06
J.Mobley Ranch  7/15/06 43510 (a2 ND (5.0)
Weill DD-#) S Not Sampled 05
Well LRL-#7 Not Sampied 06

(a) Indicate results are Jess than MDC (enriched or cenventional method),

ND- Non-detocted :

MDC- Minimum detsctabe concentration,
Note: The ahoye sampling locations UGSG#8, Well LRL-#7, Well DD-#1 Wére hod {:olléctec[ Per request of DOE,

263 Conclusion
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GLOSSARY OF TERMS
Background Radiation
The radiation in man's erviranment, including cosmic rays and radistion from naturally-occmﬁg gng man-made
radicactive elements, both outside and inside the bodies of humans and animals. The usually quoted zverage 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 radivactive disintegration. The curie is equal to 37 billion disintegrations per
secend, which is the aquivalent of 1 grem of radium. Named for Marie and Pierre Curie who discovered radium in
1898. One microcurie (uCi) is 0.000001 Ci.
Isoiupe
Atoms of the same element with different numbers of neutrons in the nuclei. Thus 2¢, BC, and ¢ are isotopes of the
element carbon, the numbers denoting the approximate atomic weights. Isotopes have very ncarly the same chemical
properiies, but have different physical propesties {for example 12¢: and 1C are stable, C is radioactive).
Enrichment Method

A method of electrolstic concentration that increases the sensitivity of the analysis of tritium in water. This method is
used for selected samples if the tritium concentration is less than 800 pCirfL.

Minimum Detectable Concentration (MDC)

The smallest amount of radioactivity that can be reliably detected with a prohaﬁility of Type I and Type II errors at 5
percent each (DOE 1381).

Ofisite

Areas exclusive of the immediate Test Site Area.

Type L Error

The statistical error of aceepiing the presence of radioactivity when none is present. Sometimes called alpha error.
Type I 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 Speétroscopy
(100 minute count time) '

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

Ru-106 4. 76E+D§
Be-7 4.56E+01 Sn-113 B.32EH)0
K-40 4.92E+01 Sb-125 1.65E+01
Cr-51 5.88E+01 13} 3,28E+00
Mn-54 4,55E+01 Bs-133 9.16E+00
Co-57 9.65E+00 Cs-134 6.12E+00
Co-58 4.71E+040 Cs-137 6.43E+00
Fe-59 1.O7E+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 5.04E+00 U-233 LOIEH)2
Zr-95 2.06E+H00 : Am-24] 6.60E+H3]

Blsc]almer

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 *Germeanium detector and the geometry of’
interest. The MDA’s in no way should be used as a source of reference for determining MDA’s for any other
type of detector. All gamma spectroscopy MDA may vary with different types of shielding,

Beometries, counting times and decay time of sample.

Appendix B -
Standard Operating Procedares for the Center for Environmental Restoration, Monitoring &
Emergency Response

CER-203 Standard Operating Procedure for the Long-Term Hydrological Monitoring Program.

Standard Operating Procedures for the Center for Radioanalysis & Quality Assurance

RQA-302 Standard Operating Procedures of Gamma-Ray Detector Systems.

RQA-602 Tritium Enrichment Procedure.

RQA-603 Standard Operating Procedure for ®Sr and %S¢ in Water, Air Filters and Milk.

RQA-604 Standard Operating Procedure of Convention Tritjum in Water.

RQA-606 " Analysis of Plutonium, Uranium and Thorium in Environmental Semples by Alpha
Spectroscopy.
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