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Abstract

For an unconventional rock formation with poor porosity (< 10%) and ultra-low permeability (< 1 md), when geothermal energy is present,
micro fractures could help heat extraction through these fracture networks. However, once channeling occurs where operated by petroleum
extraction purpose previously, the effective of geothermal fluid transportation will be jeopardized. To prevent the channeling of fluids into
large aperture fractures and diminish the life of the system, a biopolymer gel agent was developed in the University of North Dakota to
selectively reduce the unfavorable flow capacity of fractures. The biopolymer blocking agent can reduce or eliminate channeling and divert hot
water through less conductive fracture pathways. This paper presents a new study from a view of geoscience and energy transition. In this
paper, a case study is summarized for a potential Deadwood Formation geothermal energy system in Williston Basin, USA, based on the
results of laboratory core flooding experiments, geological modeling and numerical simulation predictions for a goal of field application
feasibility recommendation. The core plugs from members of the Deadwood Formation were cracked based on the actual fractural orientation
and dimensions from four oil wells in the Deadwood Formation, North Dakota. The lithologies of these members were dominated by buff and
grey to brown sandstones and limestones, which deposited in shallow marine to a high-energy shoreline environment. Biopolymer gel with
major composition of hydroxyethyl cellulose and crosslinked with Hexamethylenetetramine and Resorcinol at three salinity scans from zero to
formation salinity (17% Total Dissolved Salinity) were developed and tested to estimate sever fracture-blocking efficiency up to the BHT of
160°C. Gel penetration and extrusion behaviors were quantified using Resistance Factor and Residual Resistance Factor metrics along with
permeability reduction. Furthermore, the geological model was constructed based on the structural geology of four wells in the target
formation. The characterization of the well geometries and fracture orientations was accomplished through geological modeling techniques.
The geological model was then subsequently upscaled to numerical simulation models for geothermal sweep efficiency prediction integrated
with laboratory experimental results. Based on the result, we believe that the aqueous biopolymer gel can expand the streamlines of heat flow
to increase heat extraction without excessive pressure depletion in the studied Deadwood Formation with heterogeneous strata and permeable
zones at BHT up to 160°C. Experience and insights we can conclude: (1) At various salinities scans, all gel formulations performed effectively
in severe fracture remediation (~1.57mm in width) over 60% sweeping efficiency; but less salinity for formulation synthetic is recommended
for produced water quality controlling. (2) Approximately 47% of heat loss could be avoided through gel treatment under formation salinity
and BHT conditions; (3) A high resistance factor (~500) of gel extrusion suggests significant blocking efficiency potential in the tested
geothermal core samples. (4) The predicted sweep efficiency incremental factor could be enhanced by up to 10% using horizontal well patterns.



(5) at very low flow rate (< 2 Gallon Per Minute), there is no obvious difference using gel treatment or water flooding due to a less degree of
fracture blockage.



