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Analysis of the Optimal Separation Distance between Multiple Thermal
Energy Storage (TES) Cavems Based on Probabilistic Analysis

Dohyun Park, Hyunwoo Kim*, Jung-Wook Park, Eui-Seob Park, Choon Sunwoo

Abstract Multiple thermal energy storage (TES) caverns can be used for storing thermal energy on a large scale
and for a high-aspect-ratio heat storage design to provide good thermal performance. It may also be necessary to
consider the use of multiple caverns with a reduced length when a single, long tunnel-shaped cavern is not suitable
for connection to aboveground heat production and injection equipments. When using multiple TES caverns, the
separation distance between the caverns is one of the significant factors that should be considered in the design
of storage space, and the optimal separation distance should be determined based on a quantitative stability criterion.
In this paper, we described a numerical approach for determining the optimal separation distance between multiple
caverns for large-scale TES utilization. For reliable stability evaluation of multiple caverns, we employed a
probabilistic method which can quantitatively take into account the uncertainty of input parameters by probability
distributions, unlike conventional deterministic approaches. The present approach was applied to the design of a
conceptual TES model to store hot water for district heating. The probabilistic stability results of this application
demonstrated that the approach in our work can be effectively used as a decision-making tool to determine the
optimal separation distance between multiple caverns. In addition, the probabilistic results were compared to those
obtained through a deterministic analysis, and the comparison results suggested that care should taken in selecting
the acceptable level of stability when using deterministic approaches.

Key words Cavern thermal energy storage, Multiple rock caverns, Separation distance, Probabilistic analysis, Probability
of failure, Shear strength reduction method
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Table 1. Parameters and values used in this study

[

[e)

sl 7Hket v EAREES AR olAA =4

Parameter Value

Unit weight (kN/m®) 263
Poisson's ratio 0.33
Deformation modulus (MPa) Mean 7,600
cov 0.2

Cohesion (MPa) Mean 1.4
cov 0.1

Internal friction angle (°) Mean 39
cov 0.02

. Mean 1.0

Stress ratio
cov 0.1

COV = coefficient of variation
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Table 2. Dimensions of the single tunnel-shaped rock cavern for different aspect ratios

Width (m) Height (m) Aspect ratio Storage volume (ms)
41.00 41.00 1.00 84,050
33.00 51.00 1.55 84,150
29.00 58.00 2.00 84,100
26.00 64.50 2.48 83,850
24.00 70.00 2.92 84,000
22.00 76.50 3.48 84,150
20.50 82.00 4.00 84,050
19.50 86.50 4.44 84,337
18.50 91.00 4.92 84,175




B 2|5kt 159

(a) Aspect ratio = 1.00

(b) Aspect ratio = 2.92

Fig. 1. Numerical models used for assessing the stability of the single tunnel-shaped rock caverns with different aspect ratios
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Fig. 2. Probabilities of failure of the single rock cavern for
different aspect ratios
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Fig. 3. Factors of safety of the single rock cavern for different
aspect ratios
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Table 3. Separation distances between the twin tunnel-shaped rock caverns with an aspect ratio of 2.0

Separation distance between caverns (m) Riw
15 0.52
30 1.03
45 1.55
60 2.07
75 2.59
90 3.10
105 3.62

Raw = Separation-distance-to-cavern-width ratio
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Fig. 6. Numerical model used for assessing the stability of the twin tunnel-shaped rock caverns (W, = Separation distance

between the caverns)
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(Raw = Separation-distance-to-cavern-width ratio)
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Fig. 8. Distributions of the maximum shear strain induced
by cavern excavation for different separation distances
(Ra-w = Separation-distance-to-cavern-width ratio)
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