Technical Monograph: The Foundational
Contributions of G. Ya. Umarov to Global
Thermal Energy Science

1. Contextualizing the Pioneer: Giyas Yakubovich Umarov’s Role
in Energy History

In the early 1970s, the global energy research landscape underwent a profound transformation as
scientific communities began to recognize the necessity of large-scale, long-term seasonal storage of
thermal energy. During this pivotal era, Giyas Yakubovich Umarov emerged as a central figure,
anticipating the strategic shift toward utilizing geologic formations as natural reservoirs for heat and
cold. His work provided the necessary theoretical momentum at a time when the world was first
grappling with the "mismatch problem"—the fundamental disconnect between energy production and
seasonal demand.

As evidenced by his prominent citation in the 1978 Lawrence Berkeley Laboratory (LBL) Thermal
Energy Storage in Aquifers Workshop, Umarov is recognized as a lead architect of the "initial studies"
in this field. His research served as a critical bridge, synthesized from Soviet scientific traditions and
subsequently adopted by Western energy science. By establishing a rigorous framework for aquifer
storage before the advent of high-resolution computer modeling, Umarov provided the conceptual
scaffolding upon which the next decade of American and European energy programs would be built.
This professional identity was cemented through a seminal 1971 study that shifted the focus from
abstract thermal theory to the practicalities of subterranean energy management.

2. The 1971 Foundational Framework: Analytic and Semi-
Analytic Grounding

Umarov’s research in the early 1970s marked a strategic transition from theoretical physics to the
applied thermal modeling of geologic systems. In 1971, the collaboration between Rabbimov, Umarov,
and Zakhidov produced a foundational framework for aquifer storage that would dictate the trajectory of
the field. At a time when computational resources were limited, this work provided the first viable
roadmap for how water-saturated porous media could hold and release thermal energy over extended
cycles, proving the feasibility of such systems long before the 1976 shift to three-dimensional
simulations.

The key differentiator of the 1971 study was its reliance on "analytic and semi-analytic calculations."
While later researchers utilized sophisticated numerical simulations, Umarov’s analytic approach served
as the essential precursor and "ground truth" for the field. These initial calculations defined the
fundamental behaviors of heat within aquifers, directly influencing the later development of the
Lawrence Berkeley Laboratory’s "CCC" (Conduction, Convection, and Compaction) model. This state-



of-the-art numerical model, based on the Integrated Finite Difference Method, utilized the boundary
conditions established by Umarov to validate its complex simulations of heat and mass flow.

Core Pillars of the 1971 Umarov Study

Rescarch Strategic Contribution
Component
Analvtic Established the mathematical physics of heat transfer in saturated porous media,

yue serving as the validation baseline for the later CCC numerical model and Integrated
Calculations .. :

Finite Difference Method.

Economic Integrated cost-benefit analysis into thermal science, emphasizing that seasonal
Considerations storage must be commercially viable to achieve energy security.
Institutional Identified that technical success is dependent on legal frameworks, anticipating
Factors 1978 concerns regarding "water law systems" and the "Safe Drinking Water Act."

These early calculations set the essential boundary conditions—such as thermal recovery ratios and
permeability factors—that would become the standard for all subsequent international research in
thermal energy storage.

3. International Legacy: Umarov as a Catalyst for US
Department of Energy (DOE) Research

The strategic importance of Umarov’s work is best illustrated by its role in the 1978 Thermal Energy
Storage in Aquifers Workshop, sponsored by the U.S. Department of Energy (DOE). At this gathering,
chaired by Chin Fu Tsang of Lawrence Berkeley Laboratory, Umarov’s 1971 research was cited as the
"starting point" for the field, serving as a fundamental reference for American pioneers such as Tsang
and Marcelo Lippmann. For the LBL team, Umarov’s initial studies provided the conceptual certainty
required to move toward 3D numerical modeling and the eventual "practical realization" of these
theories, such as the feasibility study for air conditioning New York’s JFK International Airport using
stored winter cold.

Umarov's legacy also catalyzed a broader international effort. While providing the "ground truth" for
American researchers at LBL and Oak Ridge National Laboratory, his framework influenced European
pioneers, including Bernard Mathey and Andre Menjoz in Switzerland and Goran Hellstrom in Sweden.
This cross-continental scientific lineage demonstrates how foundational Soviet theory spurred a global
movement toward sophisticated simulations that accounted for variables like gravitational buoyancy and
aquifer compaction.

Cross-Continental Scientific Lineage

e 1971: The Umarov Foundation — Rabbimov, Umarov, and Zakhidov publish the first
comprehensive analytic study on hot water storage in aquifers, establishing the field's baseline.

e 1973-1975: Western Synthesis — Researchers such as Meyer, Todd, and Hausz expand on
Umarov’s initial work, incorporating specific Western economic and institutional variables.



e 1976: The Leap to Numerical Modeling — The LBL team (Tsang, Lippmann, et al.) utilizes
Umarov’s conceptual framework to develop the 3D "CCC" numerical model based on the
Integrated Finite Difference Method.

e 1978: Global Validation — The DOE-sponsored workshop chaired by Chin Fu Tsang formally
recognizes the 1971 study as the historical precursor to modern seasonal thermal energy storage
(STES) technology.

Umarov’s specific contributions to thermal storage provided more than just data; they provided the
conceptual baseline necessary to integrate subterranean storage into broader solar and thermal energy
applications.

4. Strategic Synthesis: Umarov’s Contributions to Solar and
Thermal Systems

Umarov’s research was fundamentally linked to the strategic goal of optimizing solar energy utilization.
He recognized that for solar energy to be viable, it required a mechanism to match supply with the
"mismatch problem," which the 1978 proceedings defined through three critical parameters: Time,
Location, and Magnitude. His work on thermal storage in aquifers provided the "missing link" that
allowed solar-derived heat to be captured in the summer and retrieved in the winter, effectively
addressing the intermittent nature of solar radiation.

Critical Takeaways of the Umarov Legacy

1. Baseline for Seasonal Storage: Umarov’s 1971 study is the universally recognized "starting
point" for modern research into long-term aquifer thermal energy storage.

2. Multidisciplinary Integration: By including "economic and institutional" factors in 1971,
Umarov anticipated the complex non-technical barriers, such as the legal implications of the Safe
Drinking Water Act and state water law systems, that dominated John A. Carver's 1978
discussions.

3. Validation of Numerical Success: The high recovery ratios (often exceeding 80%) predicted by
modern numerical models owe their theoretical validity to the analytic boundary conditions first
established conceptually by Umarov.

The impact of Umarov’s focus on "economic and institutional" factors cannot be overstated. His
inclusion of these variables was revolutionary for 1971, shaping the 1978 workshop’s approach to the
"Institutional Problems" inherent in utility-type regulation. Ultimately, Umarov's work facilitated a
vision of "grid independence"—a term George Pezdirtz clarified as a strategic objective that does not
imply "grid isolation," but rather a resilient, integrated energy posture. Umarov remains a fundamental
reference in the global effort to achieve this independence through stored thermal energy, bridging the
gap between theoretical heat transfer and sustainable, large-scale application.



