Scientific Contributions and Research Profile
of G.Ya. Umarov

Executive Summary

Giyas Yakubovich Umarov (G.Ya. Umarov) is identified in historical energy research as a
foundational figure in the development of long-term thermal energy management. His primary
contribution, established in seminal research conducted in 1971, involves the conceptualization
and theoretical validation of Aquifer Thermal Energy Storage (ATES). Umarov’s work is
cited as the definitive starting point for using confined aquifers as low-cost, seasonal reservoirs
for thermal energy, a technology essential for the viability of solar and nuclear energy systems.
His research utilized analytic and semi-analytic calculations to bridge the gap between energy
production and fluctuating seasonal demand, addressing both the technical and institutional
requirements of large-scale energy conservation.

Profile and Professional Context

The provided sources recognize G.Ya. Umarov as a pioneer in energy technology, specifically
within the realm of thermal storage systems. His work emerged as part of an early wave of
scientific inquiry (pre-1974) that sought to identify natural geological formations capable of
conducting and containing water for the purpose of storing heat.

e Core Identity: Researcher and co-author of foundational studies in seasonal energy
storage.

o Key Collaborative Association: Frequently associated with researchers Rabbimov and
Zakhidov (1971).

o Scientific Standing: His research is positioned alongside other early pioneers such as
Meyer and Todd (1973) and Hausz (1974) as the standard reference for the inception of
hot water storage in aquifers.

Primary Research: Aquifer Thermal Energy Storage
(ATES)

Umarov’s 1971 research introduced the concept of utilizing aquifers—geologic formations that
contain and conduct water—as long-term thermal energy vessels. This was a critical shift in
energy technology, moving away from expensive constructed tanks toward natural, subsurface
solutions.



1. Conceptual Innovation

Umarov was among the first to suggest that aquifers could solve the "mismatch problem" in
energy distribution. The mismatch occurs because energy production (especially from solar or
industrial waste) often peaks when demand is low.

2. Methodological Approach
Umarov’s early works were characterized by a rigorous multifaceted analysis:

e Analytic Calculations: Development of mathematical formulas to predict how heat
behaves within a porous system.

e Semi-Analytic Modeling: Early attempts to quantify the recovery-to-storage ratio of
thermal energy.

e Economic Analysis: Evaluation of the cost-effectiveness of using natural geological
structures versus artificial storage.

o Institutional Considerations: Inquiry into the legal and regulatory frameworks required
to manage subsurface thermal resources.

3. Technical Parameters

His research laid the groundwork for calculating physical effects that remain central to ATES
today:

o Effects of temperature on fluid viscosity, density, and heat capacity.

e Heat convection and conduction within the aquifer matrix (porous rock and trapped
water).

e Thermal front movements and potential for energy recovery.

Contributions to Solar and Nuclear Energy Integration

While Umarov’s direct research focused on the storage mechanism, the source context highlights
the essential role of his work in enabling the adoption of solar and nuclear technologies.

Sector Role of Umarov's Research

Provided the theoretical framework for "Seasonal Regeneration," allowing solar

Solar Ener . ; .

&Y lheat collected in summer to be stored and used for winter space heating.
Nuclear Established the feasibility of storing "Low Temperature Nuclear Heat" and reject
Power heat from thermal nuclear reactors for subsequent district heating applications.

Industrial  |Validated the use of industrial waste-heat storage, which requires high-capacity,
Energy low-cost seasonal reservoirs to be economically viable.




Legacy and Influence on Energy Technology

The 1978 Thermal Energy Storage in Aquifers Workshop at Lawrence Berkeley National
Laboratory identifies Umarov’s 1971 work as the theoretical bedrock for current international
projects.

Pioneering Status: The workshop literature explicitly labels his work as "Initial studies,"
distinguishing his conceptual phase from the subsequent phase of 3D numerical modeling
(e.g., the LBL "CCC" model) and field experiments (e.g., the Auburn University and
Campuget experiments).

Foundational Citation: His research remains the standard reference for the first
suggestion of hot water storage in aquifers, a technology now seen as a "promising
solution" for achieving global energy conservation goals.

Technological Successor: The development of modern Stirling engine applications and
solar thermal power generation (as discussed in the DOE overviews) relies on the
seasonal storage capabilities first validated by Umarov's calculations.

Summary of Reference Data

Based on the Source Context, G.Ya. Umarov is definitively linked to the following record:

Reference: Rabbimov, R.T., Umarov, G.Ya., and Zakhidov, R.A. (1971). "Storage of
Solar Energy in Sandy-Gravel Ground." Geliotekhnika (Applied Solar Energy).
Significance: Cited by the Lawrence Berkeley National Laboratory as the primary source
for the suggestion of aquifer-based hot water storage.

Classification: Included in military and technical reports (e.g., ADA357675) as a key
figure in energy technology research.



