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Soil-gas helium concentrations in the Vicihity of
a uranium deposit, Red Desert, Wyoming

by G.M. Reimer and C.G. Bowles

Abstract

A survey of the hé1ium concentration in soil-gas was conducted in thg
Red Desert Area, Sweetwater County, Wyoming. The aree studied is directly
over a low-grade uranium deposit that may be suitable for recovery by in-
sjtu 1eachingvtechniques. The area was sampTed twice, once in December,
1977, and again in July, 1978. Wind was a significant factor affecting the
heliun concentrations. Wind gusts exceeded 110 km/hr (70 wph) during the
Decemher, 1977, sampling; wind gusts did not exceed 30 km/hr (20 mph) |
durihg the July, 1978, sampling. The average helium concentration for all
the July, 1973, soil-gas samples was about twice the average of the
Decenber, 1977, samples. Invaddition, a contour plot of the July, 1978,
soil-gas samples showed an area of -higher hé1ium values that corresponds to
the location of énomalies détectéd'by other exploration techniques, and may
be assecieted with the uranium deposit.

Introduction

A sﬁrvey of the helium_éoncentfation in soil-gas was conducted in the
Red Desert Area, Sweetwater County, Wyoming. Thelarea studied is directly
over a low-grade uranium deposft thaﬁ may‘bg'suitabie for recovery by in-
situ leachingvtechniQues. The.areq is déscribéd by Pacer and others
4 (1978),'and was the subject'of ggdphysica] and geochemical studies
'stnSored by Bendix Fie]d Enéineéring Corporation, Gfand Junction,
Colorado.  Soil-gas semples: for helium anaiysis.were toliected jnﬂDecember,
1977;~3nd July, 1978. -The samples wure»ana]yicd in the f{eid using the
U.S. Geological Survey's wobile hclidmvmass spectrometer (Reimer, 1976).
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Probe Descriptjon

The probes used in this study were slight]y modified from the probes
described previously (Reimer, 1976). The probes (fig. 1) were constructed
of hollow stainless steel tubing, C.8-¢m ocutside diameter and 0.16-cm
inside diameter. Carbon-stéel, or any other alloy, could be used and the
dimensions are not critical; the.probe should have sufficient strength for
its Tength to withstand pounding into the grodnd;

The probe tip is capped with a machine screw and five holes, 0.16 cm
in diametef, holes were drilled into the Base of the probe perpendicular to
the axis thus creating 10 entry ports for the soil gas. The area of the
entry ports was recessedvslight]y to assist in keeping soil from cloyging
the ports. A 0.10-cm diameter wire is inserted the Tength of the probe to
prevent.sci] from clogging the probe, and to decrease the dead-volume to.
‘iess than 2 cms. | ' |

© Two pouhding_co]lars; 3 cm in diameter and 6 cm in length, are silver-
soldered onto the probé to enable the probe to be driven into the ground.
The length of the probe under the bottom collar determines the sample
depth; the distance between the collars is sufficient for hammer wmovement.

The hammer is a split barbell type, weighing about 2 kg. itAis fitted
between the two pounding collars and cén be rémqved and used on other
- probes. . | |
| .The;top.of the,probg_is thféaded above.the upper pounding collér and
. accepts‘a.cap'that-protects the top‘of the nrobe énd keeps'the'insert wire
in place during ;ﬁe pdunding of the probe‘inio the ground.

The soil gas is collected by replacing fhé cap with a needle quide
containing é-r0bh9r°septum; Thevneedié guide is attachéd'to'thé top of the
probelby a éommon O;fing tubing adaptof for vacuum systems. .
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Figure 1.--Drawing of the soi

1-gas’ probe used for these studies. The
drewing is not to scale. '



The.gas i5 extracted using a hypodennic syringe with a side-hole
needle. The side-hole needle extends the life of the septum and can be

easily capped to prevent gas loss until the analysis is perfonﬁed.

Analytical Results
For the Red Desert surveys, helium analyses'were performed in

duplicate with the U.S Geonloygical Survey's mobile he}ium detector (Reimér,
1976) and modified inlet system (Reimer and Denton, 1978). Samples were
collected in a hypodérﬁic syringe through a probe at a depth of 1 meter.
The soil gas was retained in the hypodermic syringeS'until analysis, not
more than four hours later. Sensftivity was about 10 ppb (parts per
billion) helium-in-air for both studies. |

. The December, 1977, survey was conducted during high winds gusting io
110 km/hr; forty-seven samples were collected-in a grid pattérn over the
1.25-km2 area. The dJuly, 1978, survey was conducted when the Minds did not
exceed 30 km/hr;'fifty—four samples -were collected for this survey.
' Figures 2 and 3 show'fhevcontuured results of the Decembér, 1977, and July,
1978, survevs, resbectiVe]y. The contour interval is 10 ppb. The high
wihds had a_pronounced‘éffect on the concentration ahd distribution of
helium in soil-gas in the first stydy (fig; 2). The highest helium in
soil-gas valﬁes are located in an area about 200 meters southeast:of the
subsurface outline'of the ecbnanic-uranium ore (fig. 3). This anonaly
corresponds to-the arecas of highér‘radcn valves described in another study
(Pacer and others, 1978).
| The overall helium Vé]ues ére Tow -for this area cohparéd to soil-gas
»valugs for somelother areas a]so associated withvuranfum deposits (Reimer

and Adkissen, 1977; Brady and Rice, 1977). The aéerage soil-qas helium
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* Figurc 2.--Contour map of soil-gas helium concentraticns for December, 1977, Red
Desert area. The enclosed area is 0.9 by 1.7 km. Crosses indicate sample
Jocalities. The approximate location of the ore body is outlined by dots. The
contour interval is 10 ppb. No distinct contour pattern is present.
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Figure 3.--Contour map of soil-gas helium concentrations for July, 1978, Red Desert
- area. The enclosed area is 0.9 x 1.7 km.  Crosses indicate sample
localities. The approximate location of the ore body is outlined by dots. The
~contour interval is 10 ppb. A distinct contour pattern is present with the
"highest anomaly southeast of the center of the ore body. '



concentration with reSpect to air at 5240 ppb He, for the ﬁecember, 1977,:
study is 1+11 ppb compared to 15+9 ppb for the July, 1978, study. The
range of values was =20 to +20 ppb for the first‘study and 0 to +45 for the
léecond study. Although the avefages vary slightly, definite treﬁds are

absent in the first study, but present in the second.

Discussion

.Hind plays a major role in affecting thevconceﬁtration and
distribution of helium in'soil gas. Even é]lowing for seasonal effects,
such as soil moisture pr'temperature, the helium concentration, in general,
is Tower with higher winds. The magnitude of the effect is undoubtedly a
functicq of sqmp]ing depth an& soil conditions;} High winds prdbably act te
decrease the hélium concentration by a combination of three mecﬁanisms.
The first is direct dilution of the soil gas by the atmosphere, the wind
providing the force to push the étmospheré into the upper parts of the
soil. The second is a drying effect, vhereby the wind increases the
évaporation.rate of sdil moisture, removing thét'moisture which can both
contain helium and trap it in soil pore spaces.l The third mechanism is a
bernoulli effect where the wind creates a situation at the soil-air
interface. diawing the gas out of the soil. A]though the degree of
1nf1uencu from the 1nd141dua1 mechan1ams is not lnoun recovery is fairly
rapid (hours), perhaps soil moisture recovery requiring the longest time.
~. In addition, the influence of these mechanisms may.not be the same on every
| constituent'of the tota]-soil gas;f'The ﬁrédbminant effeét of'the high
winds would be for the - so1] gas compos1t1on to approach atmospheric
- cciiposition. - However, the so11 -gas’ helium va]ues wh1ch ara less than the

atmosphere'concentrat.on suggest a nonun1fonw 1nf’unncn by Lhe w1nd



The‘lpcétion of the_soil-gasAheTium ananaly shows a slight 200 m
displacement toward the southeast with respect to the 1oca€ion of the ore
body (fig. 3).. The topography suggests the néar—sur?aée ground water flow
to be in a southerly direction and this may be controlling the locaticn of
fhe soil-gas anomaly. This observation is analogous to another area
surveyed_in Weld Counfy, Colorado, where rapid grouhd-water movement causad
a 2-km displacement from the subsurface location of the ore bbdy (Reimer
and Otton, 1976). - o |

Some additional 6bservations need to be considered aé having a
possible influence on the location df the soil-gas helium anomaly. The
area of thevancmaly is adjacent to a slight topographic depreséion, This
feature can control the local direction‘of surface water flow. The soil in
that‘area.prcbabiy cdntaiﬁs more moisture thah the sﬁrroﬁnding,area and
could therefore yield higher soil-gas hélium values as was indicated by a
previous study (Reimer and Adkisson, 1977).

A second consideration is that this area of the Red Desert contains
many areas of uranium mineralization of noneconomic grade¢ These areas are
capab]é of being detected Ly a He]ium édrvey.and may be indicated by very

localized (one or two samples) anomalies.

Conclusion
A soi]-gas.heiium anomaly has'been located in aésociatidn with a‘fow-
grade Uranium-deposit-in the Red Desért-Area,lwyoming. Wind is a-faétor in
cohsideﬁing the.interpretation:of'thg heiium data. Ideally, Samp]esvshould

 be ccllééted'during a period of low, relatively constant winds. -
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