Noble Gas Tracing of Fluid Transport in Shale Reservoirs

Jason E. Heath?, W. Payton Gardner, Kristopher L. Kuhiman, David G. Robinson, Stephen Bauer
ljeheath@sandia.gov

3He, “He, 3Ar, “CAr,
2°Ne, #Ne, 7Kr, *Kr,

EﬁKr‘ 125xel 129xe' lllxe‘
132e, 139K, 135Xe, 22Rn

ion
data (gas, water, and oil production rates,
bottomhole pressure, and gas pseudo-
pressure in the top panels.

The bottom panels show some select data
from preliminary sampling results (early
data only) for the same wells and time
scales as the production data.

Likely contaminated samples (high O, and other atmospheric gases) are
overprinted with an “X”. Collected, but un-analyzed samples are marked with a
vertical gray line in the lower portion of these figures.
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Production (top) and Noble gas compositional (bottom) data for two shale gas wells
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Noble gas isotopic ratios (left) and totals (right) for both wells (Well 1 stars, Well 2 circles)

These data show that the 3H/*H ratio (red data) for the remaining uncontaminated
samples is quite different from atmospheric data (red line), but the °Ar/3®Ar ratio
(blue data) is quite similar to atmospheric data (blue line). Most of the ratios are
relatively stable in time, but the 8Kr/?°Ne ratio changes several orders of
magnitude during early production.

The mole fraction totals show the X, increases dramatically during early sampling
in well 1. The production data show the well was mostly producing water during
this early period (i.e., hydraulic fracture flowback water), and once significant gas
production began, the mole fraction of Kr increased several orders of magnitude.

These two figures show the large * *
variation of solubility of noble gases Wl ¥
in light (right) and heavy (left) oil. ﬂr\”\«‘\

Solubility is strongly a function of S ] :
species and temperature, with % ”ﬁ/‘“’ H
increased  solubility at  lower W
temperatures.
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properties of the noble gases also Kharaka & Specht (1988)

vary significantly across the range of
pressures and temperatures occurring in hydrocarbon reservoirs (Prinzhofer,
2013). Using noble gas isotope compositional data, we hope to dramatically
\increase the information collected at the wellhead from oil and gas wells.
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As additional production and e

noble gas compositional data are [
collected, we will be combining

these data in a Bayesian & §
framework (right). This will exploit § g
additional information possibly § ]
contained in the new data to ;é
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quantify and reduce uncertainty,
while possibly allowing earlier T T
predictions of relevant reservoir i
parameters, compared to typical
production data alone.

Time Since Injection

Noble gases may indicate characteristic change
points sooner than production data alone.
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