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Background Brine Chemical Composition Salt Precipitation and Acid Gas Generation
The US Department of Energy Office of Nuclear Energy is planning a borehole heater test in salt at the Waste Halite in bedded salt deposits is quite dry, from its low porosity (<1%). Brine produced from the salt may come Previous heater tests in salt have shown that significant "salt crust"” to precipitate around the heater, where
Isolation Pilot Plant (WIPP), near Carlsbad New Mexico. We plan to observe brine-migration related phenom- from several sources (Fig 4). Brine of variable composition will flow into the borehole, and the chemistry of the temperatures are above boiling. Mineralogical observations of the salt crust on the heater are consistent
ena in heated 4.75" diameter boreholes. We base our design on past heater tests, observing 1) thermal- brine will evolve as the water is removed and salts precipitate. with geochemical model predictions of salts in an evaporation experiment (Kuhlman et al. 2017). Laboratory
hydrological-mechanical (THM) coupling during heating and cooling events; 2) chemical brine composition; 4 e evaporation experiments are being conducted to provide validation datasets for EQ3/6 models at higher
and 3) any acid gas (i.e., HCl) generation. There are other aspects of the test not presented here, including Water Brine Inclusions Pore Fluid + Vapor Hydrated Minerals temperatures, relevant to interpreting samples collected from the field test.
acoustic emissions (AE), electrical resistivity tomography (ERT), and use of deuterated water (D,0) as a tracer. Source (intra-crystalline) (inter-crystalline) (intra-crystalline)
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Driving High Temp  Temp Gradient Stress/Pressure Vapor Pressure
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Figure 4: Brine types and migration mechanisms in bedded salt.
Brine composition of the salt is complex, showing variablility between fluid inclusions (intragranular brine),
" o brine in anhydrite and clay marker beds, and brine that has been concentrated by evaporation (Fig 5). Figure 7: Images of heaters during overcoring and removal at WIPP Room 8 (Kuhiman et al. 2017)
uhiman etal.
Pre-test EQ3/6 geochemical simulations of evaporation (Fig 6) predict solid phases that will precipitate and re- Acidic condensate has been observed in several salt heater tests (Kuhlman et al. 2017). Typically, at a cool
Figure 1: Borehole Heater Test Concept. Schematic of heated central (a) borehole and satellite boreholes (b). dissolve, and the concentration of dissolved species in solution. Fig 5 shows these data compared to lab evap- downstream location where steam condenses, HCl,, also condenses and results in very low pH (<1.5), because
oration obserations the condensate has no buffering capacity. Two mechanisms have been proposed for this acidification process.
What will we Measure? .
, _ _ , (orange & black lines). 1. Hydrous Mg-Cl salts can degas HCl,, when heated. 2. Another mechanism produces Cl, directly from the
The heated borehole test (Fig 1) aims to monitor water inflow, _ o o , , _
brine and gas composion, temperature, borehole closure, salt Ve Fave refiried our But.these also produce periclase (MgO), WhI.C.h IS liquid Phase, 5|'nce CI. partial pressure is elevated over
resisvity, and acoustic emissions through time. Water inflow will be e target test —_— typically not observed under expected conditions. the brine. Mow\g this gas ov.er cor.mde.nsed steam then
quantified by flowing N, gas through the borehole, measuring B 1’0 ana\; interval (MU-0) \\ ‘\\ leads to an acidic solution. Higher ionic strength seen
o , - yeee s \ TS during evaporation (Fig 6b) further enhances this
the humidity with a hygrometer. Temperature will be measured dense brines. We use ion ,/,/ ," \ J— . orocess.
with resistive temperature devices (RTDs), AE will be measured chromatography (IC) for /,/ /," '"“5\?\\___:\
with piezoelectric sensors, and resistivity will be monitored Stormont (1997) anions and inductively fluid / ,// e ’ anhydrite One of the goals of this field test is to collect brine and mineral composition data to determine the importance
using ERT. Figure 2: WIPP DRZ and planned borehole coupled plasma optical inglustons 7 marker of these two mechanisms in acid gas and acidic condensate generation.
Brine Production from Salt (THM coupling) :?gsgzg)sfz‘:it;;j;zpy Testing to Improve Technical Basis, Rebuild Experince
Salt deposits produce brine when intersected by a borehole. Unheated boreholes produce less brine than The ionic strength of.the /—:\_\;/ /" evaporation The pro.posed h.eater test will be usec.:I to CO”?Ct data for va.li.dation of numeric'al models on jche the.rmal-
heated boreholes (Fig 3a-b). Bedded salt deposits have non-halite layers (e.g., anhydrite, clay, polyhalite: Fig 3c), brines requires signif /// progress .hydraullc.-chemlcal nature of sz.alt during heaiang. Th.e con.dltlons expecte.d durm.g the test will pr.owde
which can produce much more brine than the pure halite layers. This test aims to avoid mapped non-salt icant dilution to remain < N Ian:com']aU'()n r.elevant to early-time beh?wo.r In a.rz?o!loactlve. Yvaste repository with heat-generating waste.
layers with a horizontal configuration. The borehole will be completed with packers to isolate it from the within the calibration N / o6 Colér ot al. 201 { e d|5t.”bUU0n of tempe.rature and b.rlne is an initial Condlt'Or\ for long-term performance assessment
distrubed rock zone (DRZ) surrounding the room (Fig 2). range of the instruments. calculations, used to confirm the predicted safety of the repository.
Isothermal brine flux through time in MU-0 ey N2 WIEESFtEUE:?Shy Diance o Gy & (m) Testing is also being conducted to get a
(a) st s rang e, ace sttt (c) Figure 5: Brine composition data new generation of salt researchers
S P T e ] key field tests were conducted 30 years
: ”&% “ ago; those researchers are retiring.
)
i . S The photo at right shows staff from
| SRR ypealsompigh [T T Sandia and Los Alamos at WIPP in
B e Feb. 2017 performing reconnaissance for
[T z | the heater test planning.
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