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As commercial and governmental interest in lunar resource utilization intensifies, helium-3 mining

has re-emerged as a frequently cited motivation for sustained human and robotic activity on the

Moon. Helium-3 is a rare isotope with applications in neutron detection (e.g., national security,

medical imaging), quantum computing, and as a proposed fuel for advanced nuclear fusion

concepts. However, the expected low concentrations of helium-3 in the lunar regolith raises

significant questions regarding the environmental consequences of its extraction at any

meaningful scale.

Analyses of samples returned by the Apollo and Chang’e missions indicate that helium-3 is present

in the lunar regolith at concentrations of only a few parts per billion. Because it is implanted by the

solar wind, helium-3 is concentrated primarily in the uppermost centimeters of the regolith, with

abundances decreasing exponentially with depth. As a result, any plausible extraction architecture

must process extremely large volumes of regolith to recover modest quantities of helium-3.

Proposed concepts range from shallow surface scraping to excavation of regolith to depths of up

to several meters, implying disturbance over vast surface areas.

In this work, I model the spatial extent of helium-3 mining required to meet a range of plausible

future helium-3 demand scenarios. These scenarios encompass continued use in neutron

detection technologies, emerging quantum computing architectures, and speculative

deuterium–helium-3 (D-He3) fusion energy systems.

The results demonstrate that while neutron detection and other low-demand applications require

comparatively limited surface disturbance, demand from quantum computing already implies

mining areas extending over tens to hundreds of square kilometers. Although substantially

smaller than fusion-driven scenarios—which imply surface areas several orders of magnitude

larger—quantum computing demand alone would generate surface disturbances which could be

detectable by Earth-based observers using mass-market telescopes, binoculars, or consumer-

grade imaging systems. Fusion demand would therefore overwhelmingly dominate the ultimate

spatial footprint of helium-3 extraction, but non-fusion applications cannot be considered

environmentally negligible.

Beyond the scale of disturbance, the environmental consequences of proposed extraction

methods remain poorly constrained. Many concepts rely on mechanical agitation, excavation, or



high-temperature processing of regolith, all of which may alter grain size distributions, maturity,

and optical properties of the lunar surface. If mining activities produce a persistent change in

surface albedo or spectral reflectance, large helium-3 mining fields could become visible from

Earth. Under fusion-driven demand scenarios, such alterations could plausibly render mining

regions visible to the naked eye, raising scientific, cultural, and policy concerns.

Given the extremely slow rates of natural weathering and regolith gardening on the Moon, any

anthropogenic surface modification associated with helium-3 mining would persist for timescales

well beyond humans. I conclude that targeted laboratory experiments, modeling studies, in situ

measurements, and independent monitoring of proposed helium-3 extraction attempts are

urgently needed to constrain the environmental impacts of helium-3 mining. Until such impacts

are better understood, a precautionary approach to large-scale lunar helium-3 mining is

warranted.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

