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Estimation of the Amount of Mining and Waste Rocks at Musan Mine
in North Korea Using a Historical Map and SRTM and Copernicus
Global Digital Elevation Models

Yongjae Chu (®" - Hoonyol Lee (2*

Abstract: The Musan mine, situated in Musan County, Hamgyong Province, North Korea, stands as a
prominent open-pit iron mine on the Korean Peninsula. This study focuses on estimating the mining and
dumping activities within the Musan mine area by analyzing digital elevation model (DEM) changes.
To calculate the long-term volume changes in the Musan mine, we digitized and converted the 1:200,000-
scale third topographic map of the Joseon published in 1918 and compared with interferometric synthetic
aperture radar (InNSAR) DEMs, including Shuttle Radar Topography Mission DEM (2000) and
Copernicus DEM (2011-2015). The findings reveal that over a century, Musan mine yielded around
1.37 billion tons of iron ore, while approximately 1.06 billion tons of waste rock were dumped. This
study is particularly significant as it utilizes a historical topographic map predating the full-scale
development of Musan mine to estimate a century’s mining production and waste rock deposition. It is
expected that this research provides valuable insights for future investigation of surface change of North
Korea where the acquisition of in situ data remains challenging.
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Fig. 1. The location and a Google Earth image of the Musan mine.
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Fig. 2. Historical map of the study area published in 1918. (a) Historical topographic map of Hoeryeong, 1:200,000 scale
with 50 m contours. (b) Musan mine area in the red box in (a). (c) 1:50,000 scale historical map of the same area
as (b) where 20 m contours are only available on the right (Jinwhadong map) and none on the left (Musan map).
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Fig. 3. The DEMs used in this study. (a) Copernicus DEM (2011-2015). (b) SRTM DEM (2000). (c) 1918 DEM derived
from a historical map. (d) Color-coded DEM changes of mining sites (yellow polygons) and dumping sites

(magenta polygons).
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in green, and the historical DEM in blue, with each corresponding to its respective profile.
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Fig. 5. Enlarged images of Fig. 3(d) for mining and dumping sites: (a—c) west storage areas from north to south, (d) the
north storage area, (e, f) mining areas, and (g, h) east storage areas from west to east.
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Table 1. Volume changes of the Musan mine calculated by DEM changes (km®)

Mined out Dump_east Dump_west Dump north
Period 1 (1918-2000) 344 180 175 106
Period 2 (2000-2015) 60 44 51 8
Total 404 224 226 114

Table 2. The estimated mass change of the Musan mine (x10° ton)

Mined out Dump_east Dump_ west Dump_north Estimated iron production
Period 1 (1918-2000) 1,169 340 332 199 298
Period 2 (2000-2015) 204 84 96 16 8
424 428 215
Total 1,373 306
1,067
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