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Fig. 1  Geomorphology and urban distribution of Yan’an City
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Fig.2 The comprehensive stratigraphy of Yan’an City
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Fig.3 Geological section from Nianzhuanggou to Chuankou Village
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Tab.1 Function division of vertical underground space
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Fig.4 Vertical zonation of underground space (0 ~ —50m)
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Tab.2 Resources of vertical and lateral underground space

in Yan’an urban area
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Fig.5 Suitable zonation of 0 ~ — 10 m underground

space in Yan’an urban area
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Fig.9 Suitable zonation of lateral mountain development of Zaoyuan
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Evaluation of Underground Space Resources in Mountain Cities
and Their Development Models

——Taking Yan’an City as an Example

ZHANG Maosheng' , LI Tonglu>, CHENG Xiujuan' ,SUN Pingping' ,LI Qiang®,
QIAO Zhitian® ,ZHAO Quanli’

(1. Xi’an Center of Geological Survey, CGS, Key Laboratory for Geo-Hazards in Loess Area, Minisiry of Natural Resources, Xi’an 710054, China;

2. School of Geological Engineering and Geomatics, Chang’an University, Xi’an 710054, China)

Abstract; The development in mountain cities are impeded by topographical and geomorphological conditions and
most of them are arrested by insufficient construction land, traffic congestion and overloaded population, and now
serious shortage of surface space continue to plague economy in mountain cities. Nevertheless, special topography
and geo-environmental conditions in mountain cities are conducive to exploration into underground space, which
will have become a valuable resource in the development of mountain cities. Taking Yan’an City in the hilly and
gully areas of the Loess Plateau as an example, in this paper it introduced a concept of “underground downwards +
hillside lateral” for advocating a combined utilization of underground space in mountain cities. In view of the geo-
environmental conditions including topography, geotechnical and hydrogeological conditions and geohazard
occurrences, and considering cultural relic protection sites and urban functional facilities, as well as space layout
and economic concerns, the natural resources and exploitable resources in underground spaces within 376. 68 km’
of urban district of Yan’an were evaluated for knowledge. And the availability of underground space resources within
50 m below river valley and spaces in mountain massif within 1 km on both sides of valley roads was qualitatively
evaluated. Results showed that the quantity of natural space resources and the available resources in Yan’an was
about 18. 835 billion cubic meters and 17. 448 billion cubic meters, respectively; In the depth of 0 ~ —10 m,
-10 ~ =30 m, -30~ —50 m, the volume of underground space resources favorable to exploitation was 2. 325
billion cubic meters, 1.152 billion cubic meters and 144 million cubic meters, respectively; and correspondingly

the amount accessible ( sub-favorable) to exploitation was 418 million cubic meters, 6.244 billion cubic meters and
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7. 165 billion cubic meters, respectively. The bulk of space resources in valley massif within 1 km along both sides
of valley roads was 1. 229 billion cubic meters favorable to development, with a volume of 8. 150 billion cubic
meters accessible ( sub-favorable) to exploitation. Generally, there are abundant underground space resources.
Yan’an City’s surrounding rocks were classified as Class II — VI, among which the Class II — IV have fine
engineering properties and are suitable to underground space exploration. In this research, a coordinated
development plan characterized by combination of surface construction and underground space utilization in Yan’an
City was proposed and it could serve as a new model to solve the development problem of Yan’an as well as other

mountain cities which facing the similar issue of city expansion due to surface space restriction.

Key words: mountain city; underground space; Yan’an City; surrounding rock level; geological environment



