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Executive Summary*

= The Pyongsan Uranium Concentrate Plant represents a critical component of North
Korea’s nuclear research and weapons development programs. Since the closure of the
Pakchon Pilot Uranium Concentrate Facility in the mid-1990s, it is the only verified
producer of uranium concentrate (yellowcake) in the country.

= The plant’s importance can be seen by its consistent receipt of scarce resources to
maintain, refurbish, or modernize it since at least 2003.

= Although the International Atomic Energy Agency (IAEA) has not been able to visit
the Pyongsan Uranium Concentrate Plant since 1992, satellite imagery and open
source material indicate that the plant is operational. They also indicate it has
worked to a relatively steady production tempo suggesting that, barring unforeseen
developments, the plant is highly likely to remain active for the foreseeable future.

= Indeed, expansion to the site’s waste processing infrastructure suggests the site is
being readied for increased yellowcake production.

= Given known North Korean industrial practices, observed waste storage practices, and
health and safety concerns raised by defectors and outside observers, there are likely
to be numerous health, safety, and environmental issues surrounding the operations
(and any decommissioning efforts) at the Pyongsan Uranium Concentrate Plant and
its related facilities.

» The dismantlement of the Pyongsan Uranium Concentrate Plant should be an
essential component to any meaningful future “complete, verifiable, irreversible
dismantlement” nuclear agreement between the United States and North Korea.

The Pyongsan Uranium Concentrate Plant (38.318369 N, 126.432360 E) is located in
Pyongsan-gun (*4tt, Pyongsan County), Hwangbuk (25, North Hwanghae Province),
approximately 100 kilometers southeast of the North Korean capital city of Pyongyang and
96 kilometers northwest of Seoul—the capital of South Korea. The plant is co-located with the
uranium ore producing January Industrial Mine, which supplies the plant. Since the closure
of the Pakchon Pilot Uranium Concentrate Facility (39.710361 125.568141) in the mid-
1990s,? Pyongsan is the only verified producer of uranium oxide (yellowcake) in the country.?
Although the information remains to be verified, various experts, defectors, and early South
Korean sources estimate that the yellowcake produced by the plant contains 80 percent
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triuranium octoxide (U,0,) by weight—the normally accepted range for yellowcake purity
is 70-90 percent.* According to Hans Blix, then-director general of the IAEA, North Korean
personnel told him during his May 1992 familiarization visit that the plant also produces
other products including vanadium, nickel, molybdenum and radium—all likely in small
quantities—in addition to uranium.’

After converting uranium ore to yellowcake on-site, the yellowcake is shipped to the
Yongbyon Nuclear Research Facility. Here, the yellowcake is further processed. According
to early-1990s testimony, including that by Chon Chi-pu (described in a 1992 KCTV
interview as the chief engineer of Yongbyon Fuel Rod Fabrication Plant) and Kim Tae-

ho (a defector who worked on a “wastewater disposal team” at Pyongsan), Pyongsan’s
yellowcake is used to produce fuel assemblies for the 5MWe and IRT reactors.® Today, it
appears that Pyongsan also provides the feedstock for the uranium hexafluoride (UF,) that
feeds the Yongbyon'’s Centrifuge Enrichment Plant.

As the country’s sole confirmed operational producer of yellowcake, Pyongsan occupies
a critical role in North Korea’s nuclear research and weapons programs.” Although it is
unclear if the subject was raised during the abortive Hanoi Summit of February 27-28,
2019, the dismantlement of the Pyongsan Uranium Concentrate Plant—and the detailed
accounting and safeguarding of its produced material—should be considered an essential
component to any meaningful future “complete, verifiable, irreversible dismantlement”
nuclear agreement between the United States and North Korea.

Uranium Concentrate Plant
June 13, 2020
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Slide 03: Overview Image of the Pyongsan Uranium Concentrate Plant, Tailings Pond, and January Industrial Mine
(mining complex) - June 13,2020 (Copyright © 2020 by Airbus)

For this report, during the past year, CSIS analyzed 100+ medium- and high-resolution
declassified and commercial satellite images of the Pyongsan Uranium Concentrate Plant,
its associated activities and local environs focusing upon changes in existing infrastructure
and new developments. The analysis of these images was combined with interview data
from regional, national and international experts, defectors, and open source information. It
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is believed that this resulting report provides a new and unique look into the subject and is
one of the most comprehensive collections of unclassified information and satellite imagery
presently available. Readers are cautioned, however, that due to the extremely closed nature
of society within North Korea and their active programs of camouflage, concealment, and
deception, accuracy in any work dealing with the country’s nuclear program is a matter of
relatives. Regardless, it is the authors’ hope that this paper provides a firm foundation upon
which further study of the subject may be developed. CSIS intends to periodically update
this report as new information and satellite imagery becomes available.
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1 | Facility Description

Satellite imagery locates the Pyongsan Uranium Concentrate Plant approximately 3.9
kilometers southeast of the center of the small city of Pyongsan on the north side of a
bend in the Nam-chon (i.e., Nam Stream). Taken as a whole, the Pyongsan site can be
divided into two essential areas: operations of the Pyongsan Uranium Concentrate Plant
itself and mining operations at the January Industrial Mine, located 600-meters to the
northeast on the southern slopes of Majang-san (7Fg4F, Majang Mountain).

The Pyongsan Uranium Concentrate Plant

According to the World Nuclear Association, the process to make yellowcake is as follows:

After mining, [uranium] ore is crushed in a mill, where water is added to produce
a slurry of fine ore particles and other materials. The slurry is leached with sulfuric
acid or an alkaline solution to dissolve the uranium, leaving the remaining rock
and other minerals undissolved . . . The uranium solution from the mines is then
separated, filtered and dried to produce uranium oxide concentrate, often referred
to as “yellowcake.”®

In satellite imagery, many of these processes will provide a unique signature that allows
their ready identification (for example, the tailings pond). For others, identification is more
challenging, but initial functions identified here have been assessed on factors such as
required production processes, building formats, and site flow, as well as other inferences.

Geographically, the Pyongsan Uranium Concentrate Plant can be broken down into three
major functional components: the main plant, support areas, and tailings pond. The
adjacent mining complex is described separately (below).

MAIN FACILITY

Excluding the nearby mining complex, the Pyongsan Uranium Concentrate Plant
encompasses a total of approximately 37.6 hectares: the main plant currently encompasses
approximately 24.2 hectares, the north support area approximately 1.1 hectares, and the
west support area 12.3 hectares. If the plant’s tailing pond—approximately 33.7 hectares—
is included, the entire Pyongsan Uranium Concentrate Plant operation encompasses
approximately 71.3 hectares.’ This compares to 38.6 hectares for the Pakchon Pilot
Uranium Concentrate Plant.

Joseph S. Bermudez Jr., Victor Cha, & Bonny Lee | 1



Typical conventional uranium mill

] s

! o sampiing ore delivered
¥ sulfuric acid from the mine
!\ .-.i sodium chlorate

tailings pile l' . ia (BN pre

=y TR h T':'.::"*ff: w_i
—_ Sy Sy Sy

- N salt solution
~ e e e e \ N Y . \
*\ classifiers (washing) \\\; ‘ﬁ, " i" ;4
. w"-afs.-----------------;\ ———

\ ‘- thickeners

yellow cake
tailings
€1a’ source: Us. Energy Information Administration
A conventional uranium concentrate plant (courtesy of U.S. Energy Information Agency)*
Yangam-ri
Pyonghwa-gu
Sinpa-san
Posan-ri
Panma
No'oh-dong
s
(Ol
Yangam-ri %
Shindae “39
)
p e
S
%
3
o
2 Jeokhae-ri
Imok-dong
Dogol

Topographic map of the Pyongsan Uranium Concentrate Plant area.

Pyongsan Uranium Concentrate Plant (Nam-chon Chemical Complex) | 2



Pyongsan Uranium Concen
June 13, 2020
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Slide 04: Overview Image of the main facility and support areas - June 13, 2020 (Copyright © 2020 by Airbus)

Most of the main plant’s 24.2 hectares are enclosed within a security wall and contain
approximately 100 structures. Until more detailed information becomes available, CSIS

has provisionally separated the main plant into six functional areas: headquarters and
administration, processing, waste storage and treatment, thermal plant, support, and railyard."

Pyongsan Uranium
Concentrate Plant
June 13, 2020
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Slide 05: The main plant and north support area - June 13, 2020 (Copyright © 2020 by Airbus)

The headquarters and administration area is located on the northwest side of the main
plant. It controls access to the main plant and consists of approximately 24 structures
(including four greenhouses), a parking/parade area, and several monuments. Aside
from typical headquarters and administration functions, this area likely houses security
and engineering offices. With the exception of some minor construction, this area has
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remained relatively unchanged since 2011. As is typical of large industrial facilities in
North Korea, grain is sometimes laid out to dry in the parking/parade area.

The processing area occupies the western section of the main plant and consists of
approximately 16 structures. Until more detailed information becomes available, CSIS
provisionally identifies the four largest as sampling and grinding, leaching and classifying,
solvent extraction and precipitation, and yellowcake production and packaging buildings.
Additionally, there are a number of smaller support buildings and ten large above-ground,
open-air settling tanks adjacent to the leaching and classifying building (often only six are
typically visible in satellite imagery since the building blocks the view of the remaining
four, two of which are very small). The general layout of this area has remained relatively
unchanged since the first commercial satellite image became available in 2003. There
have, however, been numerous minor changes to the existing infrastructure due to the
long-term maintenance and modernization project that began in 2007-2009, including a
few minor infrastructure additions (e.g., the construction of a second rail-served loading/
unloading building).

The waste storage and treatment area occupies the center and northeast sections of the
plant. It consists of approximately 37 structures including a rotary kiln facility (with a
4-meter-diameter by 54-meter-long rotary kiln, incinerator buildings, and a 126-meter-tall
stack for waste incineration), wastewater treatment building (Plant No. 404), rail-served
waste storage building, small incinerator/boiler building with a cooling/condensation
stack, two greenhouses, eight 12-meter-diameter fixed-top reagent/chemical storage
tanks, three smaller tanks, a motor vehicle maintenance and storage facility, and a number
of smaller buildings and two small silos/stacks.’? Here, liquid and solid waste is separated
into different streams for disposal, including incineration. The plant’s railyard (see below)
terminates in this area. Overall, the central rotary kiln facility and wastewater treatment
area have undergone numerous and significant changes since 2003. The most notable
during the past ten years have been:

= The modification of the large northeast open-air waste storage facility to again accept
liquid and solid waste from the sampling and grinding building. Most recently,
however, the northern half of the facility was either removed or covered and a road
built on top of it. This road leads from the sampling and grinding building to an
opening made in the east security wall. Concurrent with this, what appears to be road
base was laid leading east from this opening in the security wall to an existing road.
Subsequently, the opening in the east security wall was closed.

= The reroofing of numerous buildings and the completion of the roof on the rail-served
waste storage building.

= The construction and subsequent removal of a facility with 10 open-air settling tanks
and a support building.

= Ongoing work that may be centered upon reactivation of the rotary kiln—a proven
technology for the incineration of various industrial wastes.'

= Construction of two additional 12-meter fixed-top reagent/chemical storage tanks (for
a current total of eight).
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= The removal of one of two cooling/condensing stacks on the small incinerator/boiler
building on the south side of the waste storage building, and the subsequent addition
of two smaller double-wall silos/stacks south of the building.

Taken as a whole, these changes indicate a restructuring of the waste disposal processes
within the plant—a potential precursor of increased yellowcake production output
going forward.

In his 2006 book, the North Korean defector Kim Tae-ho describes the organization of
the plant:

The chemical factory, the nucleus of the Namch'on Chemical Complex, was built
on the bank of Namch'on River in P'yonghwa-ri, with a 400,000-ton processing
capability. It was made up of 12 sections, such as uranium ore crushing workshop,
precipitation workshop, extraction workshop, vanadium workshop, wastewater
treatment workshop, heat control workshop, exclusive line workshop, official
business workshop, life's essential goods workshop, and so on.™

Located on the south side of the plant, the coal-fired thermal plant provides steam—and
potentially emergency electricity—to many of the main plant’s buildings. It has undergone
significant changes (e.g., the removal of three of four conveyor belt lines, construction of
new support buildings, etc.) over the years. The thermal plant now consists of a rail-served
coal storage shed with adjacent coal storage pens (likely idle), a boiler building (connected
to the coal storage shed by a single conveyor belt), a 56-meter-high stack, and several
small buildings and storage tanks.

The remaining areas within the main plant are being used for miscellaneous support and
consists of approximately 16 structures (including three greenhouses) and small storage
tanks. These areas have seen minor changes since 2003.

SUPPORT AREAS

There are two dedicated support areas immediately adjacent to the Pyongsan Uranium
Concentrate Plant—one on the north side and the other on the west side. Both of these
were constructed during the mid- to late 1980s along with the main plant.

The north support area consists of approximately 12 buildings (including two
greenhouses), an electrical substation that feeds the main plant, and the main entrance
and checkpoint for the plant. Little has changed within this area since the 2010-2011
construction of two small buildings on either side of the entrance road and one on the
north side of the area.

The west support area consists of approximately 75 buildings (including 12 greenhouses),
vehicle maintenance and repair facilities, parts yards, open and covered storage buildings,
a small foundry, and a single-track industrial spur line with small locomotive and railcar
maintenance and repair facilities. Since 2003, this area has undergone minor changes that
are typical of such industrial support areas elsewhere in North Korea.

RAILYARD
The Pyongsan Uranium Concentrate Plant is connected to the national rail system by a
dedicated single-track industrial spur line that connects to the Pyongsan rail station and
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clarification yard (approximately 3.5 kilometers to the northwest). The plant and west
support area share a small railyard that has dedicated but small locomotive and railcar
servicing facilities and terminates within the plant in a three-track stub yard and a single
spur line feeding the plant’s coal storage shed.

Pyongsan Uranium Concentrate Plant
el June 13, 2020

Slide 06: Overview of the west support area - June 13, 2020 (Copyright © 2020 by Airbus)

Rail cars—primarily tank cars and gondolas, but sometimes box cars—have been present at
the rail facilities serving the Pyongsan Uranium Concentrate Plant in all imagery analyzed
for this report since 2003. The number of railcars present typically vary from 12 to 20 but
range from 2 to 27. One or two diesel locomotives (switchers) are generally present to
position the railcars around the plant and western support area.

The internal layout of the Pyongsan Uranium Concentrate Plant, observed rail movements,
and known North Korea railroad operating procedures indicate that the rail operations for
the plant are almost exclusively inbound for coal, chemicals, and supplies and outbound
for coal ash, waste chemicals, and other waste products. The outbound shipment of
yellowcake is also likely undertaken by rail due to the distance to the Yongbyon nuclear
facilities. The outbound shipment of the small quantities of vanadium, nickel, and other
products may be undertaken by either rail or truck.

At present, there is neither evidence of the inbound rail shipment of uranium-bearing ore
nor the means to efficiently handle any such rail shipments within the plant. However,

as the country’s only confirmed uranium concentrate plant, ore from other mines would
logically be processed here.

TAILINGS POND

Located to the south of the main plant and across the Nam-chon is a large tailings pond
(more accurately a lake) impounded by an approximately 200-meter-long dam. A slurry of
tailings and waste is pumped from the wastewater treatment building in the main plant to
the tailings pond via an approximately 380-meter-long pipeline. The pipeline is partially
suspended from two towers over the Nam-chon. At the northeast corner of the dam, a
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pumphouse then distributes the slurry into the tailings pond via moveable pipes laid on
the surface of the sediment or to a second pumphouse—also via pipes laid on the surface
of the sediment. This second pumphouse then distributes the slurry further south into the
eastern bays of the tailings pond.

Pyongsan Uranium Concentrate Plant,
Tailings Pond
June 13, 2020

Precipitated solid waste

Tailings pond

Second pumphouse Suspended l
; waste pipeline
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Copyrigh

Slide 08: The suspended waste pipe connecting the main plant to the tailings pond - June 13, 2020
(Copyright © 2020 by Airbus)

Although satellite imagery since 2003 clearly shows that the solid waste in the pond has
increased steadily over the years, an accurate volumetric measurement of the amount of
solid waste sediment is not currently practical as detailed and reliable information of the
valley’s topography prior to construction of the pond is not available. What is possible,
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however, is the measurement of the visible footprints of both the pond itself and the
accumulated solid waste sediment over the years.

When taking into consideration the deposited sediment, seasonality, rainfall, and
snowmelt, the footprint of the tailings pond has increased from approximately 23.8
hectares in January 2003 to approximately 33.9 hectares in June 2020. During the same
period, the visible footprint of the deposited solid waste increased from approximately

1.1 hectares in January 2003 to approximately 11.68 hectares in June 2020.% These
measurements do not include a small section of the southwest bay near Dogol (=Z). This
section of the pond has been separated from the main pond by earthen dams and over the
years has varied significantly in size and shape from approximately 0.6 to 1.4 hectares. The
exact purpose of this small section of the pond is unclear.

Although these initial gross order-of-magnitude measurements require further research,
they indicate that, despite occasional fluctuations due to the demands of the nuclear
program and maintenance and modernization projects, production has continued at a
relatively steady tempo from 2003 until the present.

Mining Complex (January Industrial Mine)

Adjacent to the Pyongsan Uranium Concentrate Plant is a mining complex known
variously as the January Industrial Mine,* or the Pyongsan uranium mine. The complex
itselfis located on the southern slopes of Majang-san (9H4F Majang Mountain),
beginning approximately 600 meters to the northeast of the plant.

The mining complex is distributed within an area of approximately 235 hectares. The complex
consists of five vertical shaft mines (of which three appear to be currently operational), tailings
piles, an ore processing facility, and a variety of smaller support activities. The ore processing
facility consists of primary and secondary crushers, filtering and grinding buildings, an ore
preparation building, and an approximately 515-meter-long pipeline to transport a slurry of
crushed uranium-bearing ore to the Pyongsan Uranium Concentrate Plant.

Kim Tae-ho describes three classes of uranium bearing ores within North Korea. Of which,
Ore No. 3 appears to be primarily used at the Pyongsan Uranium Concentrate Plant:

Uranium ores developed in North Korea are divided between Ore No. 2 and Ore
No. 3. Ore No. 2 is limestone. It had been mined in the Sunchon region in South
Pyongan Province but, by 1987, it had been exhausted. As for Ore No. 3, it is ore
mined in the Kumchon region in Pyongsan, [North] Hwanghae Province. The
scope and volume of the deposit is said to be substantial. In Ore No. 3, mainly
composed of low-heat coal [lignite?], rare metals such as uranium, 0.8 percent;
vanadium, 1.4 percent; and nickel, molybdenum, and radium are contained.?’

A summary of the more significant changes observed within the mining complex in
satellite imagery from 2003 until 2020 includes the following:

= Shaft A began operations during the early-1980s and continued until early-2015
when the headframe (i.e., the frame structure above the mine shaft used to raise
and lower workers, equipment, and ore) was removed. Although Shaft A is no longer
operational, the tailings piles below the shaft—which also serve the ore processing
facility—have steadily increased in size.

Pyongsan Uranium Concentrate Plant (Nam-chon Chemical Complex) | 8
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Slide 09: Overview of the mining complex (January Industrial Mine) - June 13,2020 (Copyright © 2020 by Airbus)

+ 2003-2014: Slow growth spreading out below the shaft and ore processing facility.

+ 2014-2017: Rapid growth extending the tailings pile up the small valley to the
north. After the closure of Shaft A, this growth has come from the processing of
ore from the other mine shafts.

+ 2017-present: Steady growth increasing the size of the tailings piles below the
shaft and ore processing facility and, most recently, extending a second level of
tailings up the valley to the north.

+ Shovels and trucks are often observed working on the tailings piles across most
satellite images.

= Shaft B also began operations during the early-1980s and remained in operation until
about late-2013 when it appears to have suspended operations. During 2003-2006,
grading activity on the west side of the tailings pile suggested that there may have
been a new mine shaft located here. Close examination of multiple satellite images,
however, shows no evidence of either a vertical or horizontal mine shaft at this
location. The activity observed was likely the result of grading or dragline operations
to more completely fill the lower end of the small valley in which the tailings pile
was located. As of April 2020, the Shaft B headframe remains in place, although the
operations are either suspended or at low levels.

= Shaft C appears to have begun operations during the late-1980s or early-1990s and
continued until sometime between 2009-2011. At that time, operations appear to
have dramatically decreased to minimal levels. The headframe, however, remained
in place. During 2015-2016, a new road was built connecting Shaft C more directly
to the ore processing facility. Since that time, minor but continued activity has been
observed on the tailings pile southeast of the headframe as it has gradually expanded.
As of April 2020, Shaft C appears to be operational.
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= Shaft D began operations during the late-1980s or early-1990s and continued until
sometime between 2007-2011. The headframe was then removed between early- to
mid-September 2015.

= During 2006, some very minor tailings were noted approximately 175 meters northeast
of Shaft D. These tailings have not changed since that time and are now partially
covered with vegetation. While the exact source and purpose of these tailings are
unknown, they may have been related to some minor exploratory or artisanal mining.

= Shaft E began operations during the late-1980s or early-1990s and continued until
sometime between August 2010 and March 2011. The headframe was partially
removed sometime between 2011 and 2013 and completely removed by July 2017.
During July 2018, a new headframe was observed over the shaft. Subsequent imagery
shows changes to the tailings pile and indications of road traffic.

= Sometime after the establishment of Shaft E, a large tailings/storage pile was
established approximately 625 meters to the south. Satellite imagery from 2003 until
2010 shows that this tailings pile remained relatively untouched. In 2011, however,
small sections of it were excavated. The pile then remained unchanged until late 2019
when major portions were excavated. The reasons for this excavation are unknown;
however, activity observed here may be related to efforts to recover small quantities
of uranium or other minerals.*

Aside from minor changes typical of mining operations throughout North Korea (e.g.,
construction and razing of small support buildings, greenhouses, propaganda placards,
etc.), no significant changes have been observed among the primary and secondary
crushers, filtering and grinding buildings, ore preparation, and support buildings.

Miscellaneous Infrastructure

A 150-meter-long footbridge for workers over the Nam-chon connects the west support
area to the village of Pyonghwa-ri (*§3}2]) and has been present in all satellite images
since January 23, 2003.

Located immediately east of the Pyongsan Uranium Concentrate Plant is a 150-meter-long
dam across the Nam-chon. This dam has been in place since at least the mid-1960s and
has undergone occasional repairs from 2003 to 2020. The dam provides irrigation water to
local farms and appears to have a small hydroelectric power plant for local usage. It does
not appear to directly support the Pyongsan Uranium Concentrate Plant.

Approximately 300-meters downstream of the dam, another footbridge over the Nam-
chon connected the mining complex to the area around the village of Yangam-ni (¥¥2]).
The footbridge is present in imagery from 2003 until 2016, when it was demolished and
replaced by a footbridge only 140-meters downstream of the dam. This later footbridge
was subsequently replaced in 2018 by a road bridge 170-meters downstream of the dam.

A winter ford across the Nam-chon was sometimes seen in use 500-meters downstream of
the dam from 2003 until 2018, when the road bridge was built. It also connected the area
around the village of Yangam-ni to the mining complex.
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Pyongsan Uranium Concentrate Plant
June 13, 2020

Slide 10: The footbridge connecting the village of Pyonghwa-ri to the west support area - June 13, 2020
(Copyright © 2020 by Airbus)
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Slide 11: A view of the Nam-chon dam as it existed on May 8, 1968. Declassified KH-4B image (CIA)

Joseph S. Bermudez Jr,, Victor Cha, & Bonny Lee | 11



Pyongsan Uranium Concentrate Plant
June 13, 2020

Slide 12: The Nam-chon dam and road bridge east of the main plant - June 13,2020 (Copyright © 2020 by Airbus)

At a macro level, the Pyongsan Uranium Concentrate Plant is connected to the national power
grid through the substation in the north support area on the northwest corner of the plant. It
is served by both paved roads and the national railroad system through a dedicated industrial
spur line that connects to the Pyongsan rail station and classification yard. The nearest
operational air facility is the Nunchon-ni Air Base, which is 29 kilometers to the southwest.?
There are five air defense artillery bases and a number of small military and paramilitary
barracks within a 5-kilometer radius of the plant. Additionally, the plant is covered by eight
S-75 (SA-2 Guideline) and two S-200 (SA-5 Gammon) surface-to-air missile bases.

Organization and Security Measures

The control and subordination of the Pyongsan Uranium Concentrate Plant is challenging
to percisely delineate. In May 1994, Kim Tae-ho, a defector who worked at the plant,
stated in several press conferences that although the plant was managed by the Ministry
of Atomic Energy Industry, it was under the direct control of the Second Economic
Committee of the Korean Workers’ Party’s Machine Industry Department. Specifically, it
was controlled by the Second Economic Committee’s Fifth Machine Industry Bureau.?

It is likely that the Academy of National Defense Sciences’ Nuclear Bureau and the State
Academy of Sciences and its Hamhung Branch support the research and operations at
the plant. The Ministry of Mining Industry (formerly Ministry of Extractive Industries) is
believed to operate the associated January Industrial Mine complex. However, it is likely
that the mining complex itself is also managed and under the direct control of the Fifth
Machine Industry Bureau.!

Due to its vital position within the nation’s nuclear program, security for the facility
(and the associated mining complex) is provided by some combination of the Ministry
of People’s Security, Ministry of State Security, and the Guard Command—all directly
subordinate to Kim Jong-un.??
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Workers and Staff

The number of workers, staff, and scientists employed at the Pyongsan Uranium
Concentrate Plant and the associated uranium mining complex is unknown.
Unfortunately, defector reports and outside estimates concerning these numbers have
varied considerably since the mid-1990s. For example, Kim Tae-ho, a defector who worked
at the plant, stated in 1994 that the plant employed approximately 8,000 workers in the
early 1990s.2 Ten years later, in November 2004, TV Asahi reported that the Pyongsan
Uranium Concentrate Plant had “some 3,000 employees, of which 75 percent are military
personnel.”?* This was again contradicted by a 2009 report in which South Korean
lawmaker Lee Mi-kyung, citing a Ministry of National Unification report, stated that North
Korea reportedly employs “3,000 workers throughout the country’s nuclear facilities,
including some 200 scientists and key research personnel.”” During 2013, a purported
defector allegedly familiar with mining operations at Pyongsan stated that “the large
uranium mine has approximately 3,000 workers.”?

Housing, education, and social facilities for workers, staff, and scientists employed at the
plant are located among the small towns (e.g., Chwi-gol [#]=], No-o-dong [= 25 ], Panma
[¥o}, Posal-li [24+2]], Pyonghwa-ri [*§&}2]], Yangam-ni [ 2]], etc.) in the immediate
vicinity and, of course, in the small city of Pyongsan (¥ 4t). Typical of these is the town
of Posal-li, 900 meters northwest of the plant, that has the obligatory memorials to the
Kim’s, several apartment complexes, at least one primary/secondary school, several
colleges or research institutes, and more.

Health and Environmental Issues

For at least 25 years there have been occasional open source reports concerning health,
safety, and environmental issues at the Pyongsan Uranium Concentrate Plant specifically,
and more generally within North Korea’s nuclear program.

One of the earlier reports concerning these issues at the Pyongsan Uranium Concentrate
Plant dates to 1994 when a South Korean report indicated that “many of the workers there
are exposed to radioactivity, complaining of vocational diseases such as liver ailment,
depilation and leucosis.”?’ Similar reports have appeared since then.?® In February 2013, a
purported defector stated that “the workers from the uranium mine in Pyongsan don’t live
as long as most people. It’s not only the miners’ children who have birth defects, but also
the children born to Party secretaries in the region.”?”® The same defector stated that the
“miners there are apparently exposed to radiation with minimal protection.”*°

The following year, Shin Chang-hoon, a research fellow at the Asan Institute in Seoul,
claimed that workers at both the Pyongsan Uranium Concentrate Plant and the nearby
uranium mines were exposed to heavy levels of radon, worked seven hours a day
wearing just basic dust masks, and that 60 percent of female workers were suffering
from infertility.>! These allegations mirror similar ones made concerning workers and
researchers at Yongbyon and civilians in the Punggye-ri area. In July 2018, the Database
Center for North Korean Human Rights (NKDB) reported: “We have obtained testimony
from those who have suffered health problems at the . . . uranium mine in Pyongsan
County, North Hwanghae Province . . . The problems range from muscle wastage and
chronic headaches to pediatric lymphoma, birth deformities, and even death.”*?
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However, due to the lack of access to Pyongsan, Yongbyon, and Punggye-ri, the accuracy of
all these reports remains to be verified.

Typical safety equipment used by North Korean miners (Rodong Sinmun)

In 2019, reports emerged concerning potential contamination of the Nam-chon from

an alleged broken pipe at the plant leaking a “black sludge” and leakage from the

tailings pond seeping into the groundwater and the Nam-chon during 2017-2019.%° Any
contamination of the Nam-chon is of concern to South Korea as the river flows south into
the Yesong-gang (Yesong River) across the Demilitarized Zone into the Han-gang (Han
River) estuary and the Yellow Sea—a vital fishing area for both Koreas.

South Korean intelligence officials stated that the black substance seen “leaking” into

the Nam-chon from the plant “could be simple sewage.”** However, as a result of public
anxiety over these reports, the South Korean government undertook testing of the Han-
gang, its estuary, and the west coast of South Korea.?> No abnormal radiation was detected
and all results were within acceptable parameters.3®

Aside from these reports, there are three more likely, and potentially more serious,
sources of concern regarding the leakage of waste byproducts from the Pyongsan Uranium
Concentrate Plant:

= The presence of a cofferdam at the tailings pond dam from May 2009 through October
2013 suggests that the dam may have experienced some type of structural issue that
could have resulted in waste leakage. While water is often seen pooled in the basin at
the base of the dam, this may simply be rainwater settling in a low point rather than
seepage from the dam.
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= Presently, there are no declassified high-resolution satellite images available showing
the construction of the tailings pond. Therefore, it is not possible to determine if
measures such as the construction of a subsurface core trench under the dam, or if
the pond was lined with a layer of clay or nonpermeable membrane covered with dirt,
were undertaken during construction to prevent seepage into the local groundwater
or the nearby Nam-chon. If the pond was not lined, which is not an unreasonable
assumption, then the risk of local groundwater contamination could be significant.

= As the water level in the tailings pond has risen over the years due to the increased
volume of waste, the exposed sides and beaches of the pond, which show no evidence
of being lined, have also been gradually covered by wastewater. This represents a
significant risk for the contamination of the local groundwater.

Known North Korean industrial practices, observed waste storage operations, and raised
health and safety issues present serious concerns regarding industrial health, safety,
and environmental issues at Pyongsan. Although these issues may present only a minor
concern to the North Korean government, they should be considered of significant
concern for any future nuclear diplomacy or a future unified Korea.

Of considerable concern is the health and well-being of the individuals who were exposed
to radioactive or hazardous chemicals while excavating ditches or moving pipes on the
precipitated waste in the tailings pond. The hazards of working with and around the waste
from uranium mining and milling are well known and are attested to by numerous nuclear
and health-related organizations around the world. For example, the U.S. Environmental
Protection Agency has stated that “If not managed properly, mining waste and mill

tailings can contaminate the environment . . . The tailings remain radioactive and contain
hazardous chemicals from the recovery process.”?’

Wider Uranium Resources

Although not generally discussed with regards to the Pyongsan Uranium Concentrate
Plant, some regional experts have speculated that the areas around Puram-ni (£¢3) and
Yongdok-san (954 may have been sites for early uranium ore exploration or served as
minor early sources of uranium ore.* These assertions remain to be verified.

The area around the village of Puram-ni lies 6.5 kilometers west-northwest of the Pyongsan
Uranium Concentrate Plant. Located around the village are a number of open-pit mines and
quarries that were connected up until the early 2000s by rail to the Pyongsan city rail facilities.

Yongdok-san (Yongdok Mountain) is located approximately 8.3 kilometers north-
northwest of the Pyongsan Uranium Concentrate Plant. Spread out in the foothills around
and on the slopes of Yongdok-san are a number of small surface and subsurface mines,
some of which were initially developed during the same general time period as the early
Pyongsan uranium mining complex. Only small-scale mining operations have been
observed in both these areas since 2003.

Early concerns that the January Industrial Mine was itself a uranium concentrate plant
appear to be misplaced. For example, a year after Hans Blix’s visit to the Pyongsan plant,
Yi Chang-kon, a researcher at South Korea’s Atomic Energy Research Institute (KAERI),
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stated that there is “a mine in Pyongsan, Hwanghae Province, from which good quality
uranium may be obtained. There are an exceptionally large number of buildings in this
vicinity. For merely a mine, there is no need for such a large number of buildings. It is thus
surmised that uranium reprocessing facilities may be there.”*

While not entirely accurate—mining complexes often do have large numbers of
structures—the mining complex described here is likely the January Industrial Mine,
which transports material to the Pyongsan plant via pipeline.

Yellowcake Production Estimates

The subjects of North Korean yellowcake production, concentrations of uranium in raw ore
deposits, and available uranium reserves at the January Industrial Mine, among others, are
ones of great confusion that are often compounded by a lack of reliable data and circular
verification. Almost all open source references ultimately (and sometimes unknowingly)
refer back to a few original sources—some of which are of limited value.*

Pyongsan Area
April 5, 2020
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Slide 13: Overview image showing locations of Puram-ni and Yongdok-san in relation to the Pyongsan Uranium
Concentrate Plant, April 5, 2020 (Courtesy of the European Space Agency)

A pioneering effort to break through this morass and estimate uranium concentrate
production at the Pyongsan Uranium Concentrate Plant, however, was undertaken by
Melissa Hanham et al. during 2018. They did so by using satellite imagery, applying known
research to estimate the number of counter-current decanters (CCD) at the plant, and
applying some of the more consistent open source information concerning North Korean
uranium concentrations. This effort produced a preliminary estimate of between 273 and
529 tons of uranium concentrate production per year depending upon concentrations and
number of operating CCDs. This estimate serves as the basis for further investigation into
the subject.”
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As noted above, many of these processes will provide a unique signature that allows

their ready identification (for example, the tailings pond) in satellite imagery. For others,
identification is more challenging, but initial functions identified here have been assessed
on factors such as required production processes, building formats, and site flow, as well
as other inferences.

1980s-2002

Even before North Korea began construction of its 5MWe nuclear reactor at Yongbyon

in 1979, North Korean engineers understood that a dedicated uranium concentrate
facility was required to produce the quantities of yellowcake necessary to operate such a
reactor as neither the Soviet Union nor China were willing to provide it. To develop this
capacity in the shortest timeframe, the decision was made to first convert an existing
ore processing facility at Pakchon into a pilot uranium concentrate plant. Then, once

the uranium concentrate process was validated, North Korean engineers would build an
industrial-scale plant elsewhere. The site chosen for this latter facility was 3.9 kilometers
southeast of the small city of Pyongsan (%4}) that subsequently became the Pyongsan
Uranium Concentrate Plant.*? Due to the secrecy attached to the nuclear program, the new
Pyongsan Uranium Concentrate Plant was assigned an internal cover designation of the
Nam-chon Chemical Complex as it is located on the northern bank of the Nam-chon.*

It is by this name that the facility is commonly referred to by North Koreans. This level
of secrecy resulted in the area and facility being restricted to small numbers of North
Koreans and closed to foreigners.* The sole known foreign exception to this restriction
was Hans Blix’s May 1992 familiarization trip.

The primary reasons for locating the plant in the Pyongsan area appear to include the
ready access to water and the presence of uranium-bearing ore in the area. A Russian
source indicates that the mining of uranium in the Pyongsan and Sunchon regions
preceded the construction of the 5SMWe reactor, dating back to the 1960s.*> According to a
South Korean expert in 1990, the “natural uranium mine in a hilly area north of Pyongsan”
was “producing quality ores with a 0.5 percent to 0.8 percent concentration” of uranium.*
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Pyongsan Area 9}

May 2, 1974

Slide 14: A declassified KH-9 satellite image from May 2, 1974, showing how the area where the Pyongsan Uranium
Concentrate Plant would be built looked prior to its construction. (CIA)
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Slide 15: A declassified KH-9 satellite image from May 2, 1974, showing a closeup of the area where the main plant
would be built and the adjacent agricultural dam. (CIA)

The uranium mining operations described above appear to refer to operations seen on the
southern slopes of Majang-san (#Fg4F Majang Mountain). The complex now known as the
January Industrial Mine begins approximately 600 meters to the northeast of the future
plant. As best as can be determined from declassified satellite imagery, these uranium
mining operations began sometime during the early 1980s. An image from September 17,
1983, shows new buildings in the area and ground scarring that would become the ore
processing facility, new roads, and the first two (of what would eventually become five)
vertical shaft mines. It is typical North Korean practice to name important mine shafts
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with a numerical designation and/or an honorific name (e.g., "No. 7 Hero Platoon Pit" or
"Youth Hero Mine"). However, the names of these two mine shafts are unknown. They will
be identified in this report for readability purposes as Shafts A and B, while subsequent
shafts wil be identified as Shafts C through E. This image also shows the sites of the future
Pyongsan Uranium Concentrate Plant and tailings pond as they looked approximately 11
years before construction began. At this time, the area consisted of agricultural fields and
a preexisting dam (38.317457 N, 126.437333 E) on the Nam-chon, immediately east of the
future plant.

Slide 16: A declassified KH-9 satellite image from May 2, 1974, showing a closeup of how the area of the ore processing
facility and Shafts A, B, and C looked prior to construction. (CIA)
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Slide 17: A declassified KH-9 satellite image from May 2, 1974, showing a closeup of where the tailings pond dam would
be constructed. (CIA)
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Slide 18: A close-up view from a declassified image from December 17, 1983, showing new buildings and roads had
been built and initial scarring in the area of Shafts A and B. (CIA)

According to the Institute for National Unification’s Chronicle of the North Korean Nuclear Issue
1955-2009, construction of the Pyongsan Uranium Concentrate Plant began on November

5, 1985. This assertion may be somewhat refined by a Landsat 5 image acquired on April

12, 1985, that appears to show ground scarring at the future sites of the Pyongsan Uranium
Concentrate Plant, west support area, and the uranium mining complex.*’

Pyongsan Uranium Concentrate Plant
April 12, 1985
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Slide 19: Although of medium resolution, a Landsat 5 image acquired on April 12, 1985, shows ground scarring from
early construction activity at the main plant and mining complex. (USGS)

The primary responsibility for construction at Pyongsan was reportedly entrusted to the
47th and 49th Engineer Brigades of the Ministry of Public Security’s 3rd Engineer Bureau.
These and other units of the bureau are considered elite having specialized equipment
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and receiving a higher level of resources.* Although subordinate to the Ministry of Public
Security, operational control of these units was apparently exercised by some combination
of the ministry, Second Economic Committee, and the Ministry of Atomic Energy Industry.*

To dispose of tailings and waste products from the uranium concentrate and other processes,
these same troops began construction of a tailings pond (38.313466 N, 126.430006 E) on
the south side of the Nam-chon. The primary focus of this work was the construction of an
approximately 200-meter-long dam (38.313516 N, 126.429942 E) across a small valley.>

Concurrent with the construction of the plant and tailings pond, work began on building a
railroad industrial spur line to the construction site for the new plant. Work also began on
construction of a support area on the west side of the plant and expansion of the nearby
mining operations into a mining complex that today includes five vertical shaft mines and
support facilities.

Although of medium resolution, a Landsat 4 image acquired on August 5, 1989, shows
buildings under construction within the main plant and west support area, construction
activity at the mining complex’s ore processing facilities, ground scarring at Shafts A-E,
and the initial construction at the tailings pond dam.! Also visible are the first indications
of a tailings pile being created south of Shaft E.

Pyongsan Uranium Concentrate Plant Activity at Shaft D
August 5, 1989
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Slide 20: Although of medium resolution, a Landsat 4 image acquired on August 5, 1989, shows activity throughout the
areas of the main plant, mining complex, and the new tailings pond. (USGS)

A medium-resolution Landsat 5 image acquired the following year on January 20, 1990,
shows water starting to collect behind a completed tailings pond dam.>? Due to a lack
of high-resolution commercial or declassified satellite imagery during its construction,
it is not possible to determine whether measures to prevent the seepage of waste water
and byproducts into the local groundwater or the nearby Nam-chon were taken. Such
measures would include installing a subsurface core trench under or in front of the dam
or lining the pond with a layer of clay or nonpermeable membrane covered with dirt
during construction.
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Slide 21: Another medium resolution Landsat 5 image acquired on January 20, 1990, showing that the tailings pond
dam had been completed and water was starting to collect behind it. (USGS)

To transport tailings and waste from the main plant’s wastewater treatment building
to the tailings pond, an approximately 380-meter-long overhead pipeline, which was
partially suspended from two towers over the Nam-chon, was constructed.

North Korea states that the Pyongsan Uranium Concentrate Plant “began its first-stage
operations in the second half of 1990 following partial trial operations.”>> Sustained
operations, however, were not achieved for several years and the Pakchon Uranium
Concentrate Pilot Plant (39.710361 125.568141) reportedly continued to operate until the
mid-1990s when it was shut down.>*

CHON CHI-PU

Chon Chi-pu is an interesting individual who would later appear at the six-party
talks and was a key individual involved in the construction of the Syrian nuclear
reactor at Al Kibar before it was destroyed by Israel in 2007. In one photograph
released by Israel, Chon is seen standing alongside Ibrahim Othman, the director
of the Syrian Atomic Energy Commission. In a video subsequently released by
the Central Intelligence Agency, Chon is described as the “head of North Korea’s
Nuclear reactor fuel manufacturing plant at Yongbyon.”>

According to Kim Tae-ho, the Pyongsan Uranium concentrate Plant officially began
operations on June 21, 1990.% This matches a 1992 KCTV interview with Chon Chi-pu,
chief engineer of Yongbyon Fuel Rod Fabrication Plant, who detailed the establishment of
the Pyongsan Uranium Concentrate Plant, its production process, and its relation to the
Fuel Rod Fabrication Plant.
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We have a medium plant which produces uranium ore concentrate from the
uranium ore excavated in Sunchon area. Then, based on the experience we have
attained from its operation, we built a new uranium ore concentrate production
base in Pyongsan area.

The ore concentrate plant built in Pyongsan area began its first-stage operation

in the second half of 1990 following partial trial operations. We are producing
nuclear fuel rods receiving all the uranium ore concentrate produced in the
Pakchon and Pyongsan areas. As for the uranium production processes, high-grade
uranium ore is selected from the ore that is excavated. After being powdered, acid
is used as a solvent, and following the ion exchange and sedimentation process,
ore concentrate is produced. Our plant receives the ore concentrate thus produced
and produces metal uranium following various processes, such as an acid
treatment process, nuclear purity refining process, metallurgic process, processing
and heat treatment process. Only after we cover the metal uranium with a shell
and go through the completion process, can we obtain the nuclear fuel rods for
burning in the atomic reactor.

“ION EXCHANGE %7

Chon Chi-pu’s mention of purification by “ion exchange” as part of the milling
process is intriguing as it indicates a particular separation process. There are three
primary processes for purifying uranium ore:

1. Solvent extraction with tributylphosphate. Knowledgeable individuals would
not call this "ion exchange" because there is no ion exchange in this
process. This, however, is a favored process for making nuclear grade
uranium. Because that purification happens somewhere else than Pyongsan,
it is nearly certain that Pyongsan does not use solvent extraction with
tributylphosphate.

2. Solvent extraction with amines. This is the favored process in conventional
uranium mills and uses either sulfuric acid or alkali carbonate. Chemically,
this is an "ion exchange" process, so an individual could refer to this as an
ion exchange process, however, knowledgeable individuals would usually
refer to this as a solvent extraction process because that's what determines
the equipment needed to undertake the separation.

3. Ion exchange. This would still use sulfuric acid or alkali carbonate. But
instead of doing solvent extraction, the sulfuric acid (or carbonate) leach
solution is passed through a column containing a solid material that
absorbs the uranyl sulfate (or uranyl carbonate) in an ion exchange process.
The solid is called an ion exchange resin, so the process is usually called
“lon exchange chromatography” or just “ion exchange.” If an individual
in the United States were to stand up and state that they were producing
yellowcake using an “ion exchange process,” this is what people would
assume they meant.
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Despite North Korean success in this area, in the early 1990s, North Korea suffered
several shocks. These shocks—collectively known as the Arduous March, include the
1991 collapse of the Soviet Union and subsequent loss of aid, the 1994 death of Kim II-
sung, and the multiyear period of repeated drought, famine, and economic collapse that
followed his death. The disruptions caused by the Arduous March are likely contributing
factors to the shutdown of the Pakchon Plant and may have constrained early operations
and development at Pyongsan.

In response to its commitments to both the Treaty on the Nonproliferation of Nuclear
Weapons (NPT) and the full scope safeguards agreement, on May 1, 1992, North Korea
provided the IAEA with a list of its nuclear facilities.>® Among the facilities disclosed
were two uranium concentration plants—the Pakchon Uranium Concentrate Pilot Plant
and the Pyongsan Uranium Concentrate Plant. Between May 11-16, 1992, IAEA Director
General Hans Blix visited both plants. At this time, the Pyongsan Plant was observed to
be in operation.* During Blix’s briefing on the Pyongsan Uranium Concentrate Plant,
North Korean nuclear experts identified the mining complex adjacent to the plant as the
Pyongsan Uranium Mine and explained that the uranium was found within anthracite
coal deposits at the mine.*® Later, defectors identified the Pyongsan Uranium Mine as the
January Industrial Mine.*!
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Slides 22-25: A series of ground images of the exterior of the Pyongsan Uranium Concentrate Plant taken at the time
of IAEA Director General Hans Blix’s familiarization visit during May 11-16, 1992. The images are in sequence looking
northwest, north, northeast, and east-northeast. (IAEA)

A medium resolution Landsat 5 image, acquired on April 10, 1996, provides an overall
view of the plant and tailings pond during the mid-1990s.%? The tailings pond is relatively
full of water (green with a likely algae plume) and what may be early signs of precipitated
solid waste visible at the northeast corner of the dam. While details of the mining
activities are not visible in this image, the tailings pile south of Shaft E has clearly grown.

Unfortunately, due to a lack of high-resolution commercial or declassified satellite imagery
between 1984 and 2002, little detailed information is known concerning the organization
and operations of the Pyongsan Uranium Concentrate Plant during this period. Due to
North Korea’s intransigence and subsequent withdrawal from the NPT on January 10,
2003, the TAEA has not been able to visit the Pyongsan plant since 1992, leaving only
satellite imagery and minor open source materials to monitor activity at the plant.®

2003

The earliest high-resolution (i.e., less than 1-meter GSD) commercial images that are
readily available of the Pyongsan Uranium Concentrate Plant and its associated activities
dates to January 23, 2003. This image shows the facility on a winter’s day 13 years after
production reportedly commenced. Although the image is somewhat difficult to read
due to deep winter shadows, various ongoing activities are visible throughout the plant,
support areas, uranium mining complex, and tailings pond.
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Slide 26: A medium-resolution Landsat 5 image from April 10, 1996, shows general activity throughout the plant and that
the water level in the tailings pond had risen to now familiar levels the year that first-stage operations began. (USGS)
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Slide 27: Overview of the Pyongsan Uranium Concentrate Plant - January 23, 2003 (Copyright © 2020 by MAXAR Technologies)

As noted above, until more detailed information becomes available, the Pyongsan
Uranium Concentrate Plant (excluding the nearby January Industrial Mine) may be
provisionally divided into four components: the main plant, north support area, west
support area, and tailings pond.

By January 2003, the main plant itself had reached its current size of approximately 24.2
hectares (most of which was enclosed within a security wall) and contained approximately
65-75 significant structures. As noted, until more detailed information becomes available,

CSIS has provisionally separated the main plant into six functional areas: headquarters and
administration, processing, waste storage and treatment, thermal plant, support, and railyard.**
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At this time, the headquarters and administration area consisted of approximately only
seven buildings (including two greenhouses), a parade ground, and large monument.

The processing area contained approximately 15 buildings. As noted, the conversion of
uranium ore to yellowcake requires numerous processes, including the crushing and
grinding of the ore, the addition of water to produce a slurry, and then the leaching of
that slurry to extract the required uranium. Both the uranium-containing and waste
solutions must be processed. Until more detailed information becomes available, the five
largest buildings are provisionally identified as the grinding and sampling, leaching and
classifying, solvent extraction and precipitation, and yellowcake production and packaging
buildings. For example, ore is brought on-site from the adjacent mine via pipe where it
feeds into the building identified by CSIS as the probable “sampling and grinding building”
In addition to being consistent with the initial processing of uranium ore, further
confidence in this identification can be gained from the presence of black exhaust dust
over the building. Notable within the area identified by CSIS as likely being involved with
yellowcake production and packaging is a rail-served loading/unloading building.

After the ground ore is screened and turned into a slurry, it is piped to the probable
“leaching and classifying building.” In addition to the piping, additional confidence of
this building’s purpose can be gained from the discoloration and damage seen on the roof
in imagery from 2003 to present day. According to experts interviewed by the author,

this is consistent with the use of sulfuric acid in the leaching process that can result in
the prolonged condensation on the underside of roof panels, which leads to their slow
disintegration. Underground pipes likely lead from this building to the identified “solvent
extraction and precipitation building” and the waste storage and treatment area.

i) :

Atypical North Korean rail-served coal storage shed (KCTV)
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The solvent extraction and precipitation building has fewer signatures, although the
connection of piping (from the probable leaching and classifying building and out to the
probable waste pipe) and its proximity to the probable leaching and classifying building
suggest that it is involved in the next steps of chemical processing. This reasoning also
supports the identification of the probable yellowcake production and packaging and
shipment facilities which are also in this area.

At the southern end of the site is a thermal plant consisting of a boiler plant (with four
boilers as indicated by the four small exhaust vents on the roof and a 56-meter-high
stack), rail-served coal storage shed, coal storage pens, and a few small buildings.

By 2003, the waste storage and treatment area contained approximately 31 significant
structures including those consistent with the treatment of waste product. These include
the following:

= An approximately 140-by-20-meter above-ground waste storage facility in the
northeast corner of the plant consistent with the storage of dirty water, gravel, etc.
produced by the grinding and sampling building;

An idle rotary kiln facility (with rotary kiln, storage tank, processing building,
incinerator, large approximately 126-meter-tall stack, and support building);

= Six 12-meter-diameter fixed-top reagent/chemical storage tanks;
= A motor vehicle maintenance and storage facility;

= An incomplete rail-served waste storage building;

= Two new 46-meter-high stacks/silos;

= A wastewater processing building (which processed waste and shipped it to the
tailings pond via an approximately 380-meter-long pipeline, partially suspended from
two towers over the Nam-chon);

= Several small storage tanks and support buildings; and

= An incomplete building.

The internal support areas contained approximately 21 small structures, storage tanks,
and four incomplete buildings. It is interesting to note that the overhead pipeline leading
from the main plant to the tailings pond runs diagonally over the coal storage pens for the
thermal plant.

Notable in the 2003 image is the small number of incomplete, partially razed, or idle
structures.® The underlying reasons for the status of these structures are unknown.

The north support area encompassed approximately 1.1 hectares containing five buildings,
including an electric substation, security office, and small support buildings. The west
support area encompassed approximately 12.3 hectares with 35-40 buildings and was
organized into a number of small activities (e.g., warehouses, open-air storage, vehicle
maintenance and storage, foundry, etc.). The main plant and west support area share a
small railyard that has dedicated but small locomotive and railcar servicing facilities and
terminates in a three-track stub yard within the main plant.
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Slide 28: The functional areas of the main plant and north support facility, as well as the suspended pipeline to the tailings
pond and the preexisting agricultural dam east of the plant - January 23,2003 (Copyright © 2020 by MAXAR Technologies)

— == iy, %

ongsan Uranium Concentrate Plant

Slide 29: The west support area (including rail facilities) - January 23,2003 (Copyright © 2020 by MAXAR Technologies)

Prior to 2003, the January Industrial Mine’s activities, northeast of the main plant,
expanded to approximately 235 hectares on the southern slopes of Majang-san. Within this
space, the mining complex included five active vertical shaft mines, tailings piles, an ore
processing facility, and a variety of smaller support activities around it. The ore processing
facility (38.323407 N, 126.437758 E) consisted of primary and secondary crushers, an

ore preparation building, and an approximately 515-meter-long pipeline connecting to

the Pyongsan Uranium Concentrate Plant to transport crushed uranium ore (likely in a
slurry form). All five mine shafts (identified for readability in this report as Shafts A-E) had
headframes (i.e., the frame structure above the mine shaft used to raise and lower workers,
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equipment, and ore) in place and adjacent working tailings piles. Additionally, a large
tailings/storage pile had been established approximately 625 meters to the south of Shaft E.

Table 1: Mine Shaft Locations

VERTICAL SHAFT LOCATION

A 38.32416 N, 126.43792 E
B 38.32640 N, 126.43881 E
c 38.32864 N, 126.44391 E
D 38.33171 N, 126.44763 E
E 38.32721 N, 126.45698 E
Tailings/Storage Pile 38.32717 N, 126.45715 E

» Pyongsan Mining C
v January 23, 2003

“% Uranium mining complex &
ore processing facilies B

) T s N
i Pyongsan Mining Complex,
Processing Facility and Shaft A
January 23, 2003

Primary and secondary
ore crushers

I} Overhead pipeline
L tomain plant
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Slide 31: The mine’s processing facilities, headframe at Shaft A, and associated tailings piles - January 23, 2003.
(Copyright © 2020 by MAXAR Technologies)
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Slide 33: The headframe and tailings piles at Shaft C - January 23, 2003 (Copyright © 2020 by MAXAR Technologies)
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Slide 35: The headframe and tailings piles at Shaft E - January 23,2003 (Copyright © 2020 by MAXAR Technologies)
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Pyongsan Mining Complex,
Tailings Pile south of Shaft E
January 23, 2003

At this time, the tailings pond covered approximately 23.8 hectares and the precipitated
solid waste had a visible footprint of approximately 1.1 hectares. The slurry of liquid and
solid waste pumped to the tailings pond arrived at a point just south of the northeast
corner of the dam and was initially allowed to naturally spill into the pond and fan out.
Subsequently, small ditches were sometimes excavated on top of previously deposited
solid waste to further distribute the waste slurry more evenly—first west along the dam
and then to the south and southwest. Visible in the image of January 23, 2003, is a small
pipeline on the west side of the dam that appears to be draining the basin below the dam.

Pyongsan Uranium Concentrate Plant,
Tailings Pond

January 23, 2003 : B “rommon o 8
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Slide 37: The tailings pond south of the Pyongsan Uranium Concentrate Plant - January 23, 2003
(Copyright © 2020 by MAXAR Technologies)
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Slide 38: A closeup of the tailings pond and dam showing the original waste outflow point, a small pipeline draining
the basin below the dam, and the footprint of the solid waste building in the tailings pond - January 23,2003
(Copyright © 2020 by MAXAR Technologies)

Taken as a whole, the Pyongsan Uranium Concentrate Plant encompassed a total of
approximately 37.6 hectares with 100-115 structures. If the plant’s tailing pond—
approximately 23.8 hectares—is included, this would increase to approximately 61.4 hectares.

Agrlcultural Dam
1 January 23, 2003

- Dam beginning to fail as
< indicated by the two breaches
s S S
& 2

Slide 39: The agricultural dam immediately east of the Pyongsan Uranium Concentrate Plant. What appear to be two
small breaches can be seen on the top of the dam - January 23, 2003 (Copyright © 2020 by MAXAR Technologies)

The small dam across the Nam-chon immediately east of the main plant was observed in
declassified imagery as far back as a KH-9 image from May 2, 1974. The dam is also clearly
visible in the high-resolution image from January 23, 2003. It spans approximately 155
meters and appears to have a small hydroelectric plant and irrigation sluice gate on its
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south side (38.317404 N, 126.438401 E). The dam does not appear to directly support the
Pyongsan Uranium Concentrate Plant. Rather, it appears to have been built to both support
local agriculture and provide a measure of flood control. The image from January 23, 2003,
shows that the dam is beginning to fail as indicated by two small developing breaches.

Aside from the dam, there are a number of separate, small unidentified activities located
around the plant, tailings pond, and mining complex. If and how these are related to the
operations of the plant is unknown.

Imagery of the Pyongsan Uranium Concentrate Plant from 2003 serves as a base for
assessing developments over the subsequent years.

2004-2013

Activity observed in imagery from April 29, 2005, and October 7, 2006, shows that a
greenhouse was added on the north side of the headquarters and administration area and
a building on the south side was expanded.®® More significantly, on the north side of the
leaching and classifying building, an approximately 100-meter-by-15-meter above-ground
structure consisting of six open-air settling tanks had been built. An overhead conveyor
belt system connecting the sampling and grinding building to the central building of the
rotary kiln facility was removed, and a roof was added to the central building.

ST i N : iy Coal storage bins =

Pyongsan Uranium T . ; Gl fied with water

Concentrate Plant ' : : :

October 7, 2006

Thermal plant and
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Slide 40: Overview of the western section of the main plant showing the headquarters and administration, processing,
and thermal plant areas. Notable are the new open-air settling tanks adjacent to the leaching and classifying building -
October 7, 2006 (Copyright © 2020 by MAXAR Technologies)
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Slide 41: The center section of the main plant showing the thermal plant and processing, yellowcake production and
packaging building, and waste treatment areas - October 7, 2006 (Copyright © 2020 by MAXAR Technologies)
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Slide 42: An overview of the eastern section of the main plant showing the northeast waste storage facility and parts of
the waste treatment area and support facilities - October 7, 2006 (Copyright © 2020 by MAXAR Technologies)

The image for October 7, 2006, also provides a clear, detailed view of the mine shafts, their
headframes, and tailings piles.
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Slide 43: The mine processing facilities, headframe at Shaft A, and associated tailings piles - October 7, 2006
(Copyright © 2020 by MAXAR Technologies)
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Slide 44: The headframe and tailings piles at Shaft B - October 7, 2006 (Copyright © 2020 by MAXAR Technologies)
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Slide 46: The headframe and tailings piles at Shaft D - October 7, 2006 (Copyright © 2020 by MAXAR Technologies)
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Slide 48 The tailings pile south of Shaft E - October 7, 2006 (Copyright © 2020 by MAXAR Technologies)

It is interesting to note that by October 7, 2006, the overhead pipeline leading from the
main plant to the tailings pond was rerouted so as to not pass diagonally over the coal
storage pens of the thermal plant. This image also provides a detailed view of the tailings
pond, the expanding footprint of the precipitated solid waste in the pond, and that the
pipeline delivering the waste to the tailings pond was in the process of being rerouted
from along the northeastern shore to now enter approximately 20 meters west of the
northeast corner of the dam. Also visible is that the two previously identified small
breaches in the agricultural dam (observed in 2003) had developed into a major failure,
with a breach measuring approximately 55 meters wide.
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Slide 49: A closeup of the tailings pond showing the rerouting of the pipeline that delivers waste and the expanding
footprint of the precipitated solid waste in the pond - October 7, 2006 (Copyright © 2020 by MAXAR Technologies)
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Slide 50: The agricultural dam has failed as seen by the 55-meter-wide breach - October 7, 2006
(Copyright © 2020 by MAXAR Technologies)

The most significant development during 2007-2009, however, was the commencement of

a long-term maintenance and modernization project to update the flow of waste disposal
and waste treatment. This modernization project has continued in one form or another until
May 2020. The first likely indications of this were observed in imagery from February 15,
2007, when the handling equipment along the length of the northeast waste storage facility
was removed and an overhead pipeline was installed. This pipeline runs 110 meters from the
facility to a low spot northwest of the plant in the middle of some agricultural fields. While
the most likely reason for this was to drain a leak from the overhead pipeline which leads

Joseph S. Bermudez Jr,, Victor Cha, & Bonny Lee | 41



from the ore processing facility to the sampling and grinding building, an argument can be
made that this was to empty the northeast waste storage facility, as seen by the subsequent
activity there. Concurrently, two openings were created on the facility’s west and south sides
to allow for the removal of any remaining solid waste.

Pyongsan Uranium Concentrate Plant [ "4
February 15, 2007 y

Overhead pipeline from
processing facility

New overhead pipeline to a low
spot in the agricultural fields

Slide 51: Although of marginal quality, this image shows the eastern section of the main plant and the new pipeline
leading away from the northeast waste storage facility - February 15,2007 (Copyright © 2020 by MAXAR Technologies)

The following year, imagery acquired on May 19, 2009, identified the construction of a new
open-air settling tank facility immediately to the east of the rotary kiln facility. This new
facility consisted of a single building connected to the incinerator and stack via an overhead
pipe and 10 open-air settling tanks (measuring approximately 65 meters by 30 meters overall).

A number of minor infrastructure developments then occurred between February 15,
2007, and May 19, 2009, including the addition of two small buildings. These consist of
the construction of one building (likely a guard position) in the north support area, which
slightly expanded the support area’s overall footprint; the razing of half of the existing
greenhouse; the construction of a new building in the headquarters and administration
area; the addition of two small settling tanks (measuring a total of six meters by 10
meters) at the leaching and washing building; the construction of a small building

among the yellowcake production and packaging buildings; and at the thermal plant, the
replacement of a small storage tank and removal of one of the four coal handling conveyor
belts connecting the coal storage shed to the boiler building.

Meanwhile, at the tailings pond, imagery from this period shows that the work to
reroute the waste pipeline had been completed and that an irregularly-shaped cofferdam
measuring approximately 85 meters by 50 meters had recently been constructed at the
center of the dam.®” Though the exact purpose of the cofferdam is unknown, it was likely
related to repairs being undertaken on the dam. The visible footprint of precipitated solid
waste had also increased.
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Slide 52: Although again of marginal quality, this image shows the eastern section of the main plant seen two years
later and the changes to the northeast waste storage facility and the newly constructed open-air settling tank facility.
Although partially hidden by clouds, the pipeline leaving the northeast storage facility is visible - May 19, 2009
(Copyright © 2020 by MAXAR Technologies)
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Slide 53: The Overview of the western section of the main plant showing the headquarters and administration,
processing, and thermal plant areas - May 19, 2009 (Copyright © 2020 by MAXAR Technologies)
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Slide 54: The center section of the main plant showing the thermal plant and processing, waste treatment and areas -
May 19, 2009 (Copyright © 2020 by MAXAR Technologies)
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Slide 55: The tailings pond showing the rerouting of the waste pipeline had been completed and the recent
construction of a cofferdam along the inside face of the dam - May 19, 2009 (Copyright © 2020 by MAXAR Technologies)

The image for May 19, 2009, shows that the breach in the agricultural dam had been repaired.

It was also during 2007-2009 that deterioration of sections of roofing on a number of
buildings became increasingly noticeable. This is particularly evident at the leaching and
classifying building where approximately 55m? of roofing was missing or deteriorating in
2009. As noted, this is consistent with the use of sulfuric acid in the leaching process that
can result in the prolonged condensation on the underside of roof panels. This can lead to
their slow disintegration, consistent with the state of these roof panels—several of which
were now missing on the east side of the building.®®
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Slide 56: The breach in the agricultural dam had been repaired - May 19, 2009 (Copyright © 2020 by MAXAR Technologies)

During the summer of 2010, the headquarters and administration area witnessed a major
renovation. The original monument was being razed to be replaced by a large parking/
parade area with two smaller monuments. The small pond immediately to the south

was filled and a building further to the south was expanded. On the north side of the
leaching and classifying building, two new above ground open-air settling tanks covering
approximately 47 meters by 10 meters were added, bringing the total number of tanks to
ten. The area of missing or seriously degraded roofing on the building had now increased
to approximately 72m?. A seventh fixed-top reagent/chemical storage tank was under
construction, adjacent to the six tanks already present. At the thermal plant, a second
conveyor belt between the coal storage shed and boiler building was being razed and a
small storage tank adjacent to the west side was removed. Concurrently, a small new
building was under construction in the north support area. At the small incinerator/
boiler building, on the south side of the rail-served waste storage building, one of the
two existing 46-meter-tall cooling/condensing stacks was razed, and a foundation for
what would eventually become two new double-walled silos/stacks immediately to the
southwest was under construction. Taken as a whole, these changes suggest a concerted
effort to increase yellowcake production.

At the tailings pond, the cofferdam remained in place and its configuration had not
changed. Ditches were now observed being excavated on the precipitated waste to redirect
the waste outflow towards the southwest bay of the pond, and the footprint of the
precipitated solid waste increased.
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Slide 57: The western section of the main plant showing the razing of the original monument and other changes in the
headquarters and administration and north support area - August 11, 2010 (Copyright © 2020 by MAXAR Technologies)
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Slide 58: The center section of the main plant showing the two new above ground open-air settling tanks, missing roof panels
on the leaching and classifying building, and other changes - August 11, 2010 (Copyright © 2020 by MAXAR Technologies)
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Slide 59: The eastern section of the main plant showing the pipeline connected to the northeast waste storage facility,
the seventh fixed-top reagent/chemical storage tank under construction, the removal of a cooling/condensing stack,
and other changes - August 11, 2010 (Copyright © 2020 by MAXAR Technologies)
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Slide 60: The tailings pond dam showing the cofferdam still in place along the inside of the dam, expanding
precipitated solid waste, and ditches being excavated on the precipitated waste to reroute the waste outflow stream -
August 11,2010 (Copyright © 2020 by MAXAR Technologies)

Imagery from September 26, 2011, shows a continuation of the activity that began the
previous year. Most notable were ongoing activities that centered around the sampling
and grinding building and northeast waste storage facility. These supported the long-term
project to update the flow of waste treatment and disposal of waste products, such as
gravel and water. Indications of these aims include the following:
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= Excavation activity on the north side of the sampling and grinding building where a
shovel appears to be removing waste gravel from the side of the building.

= The installation of a small overhead pipeline connecting the sampling and grinding
building to the northeast waste storage facility that would subsequently be used to
transport a slurry of liquid and waste gravel to the facility. At this time, the southern half
of the northeast waste storage facility was essentially empty and there were two large
openings in its walls, while the north side appears to still contain some solid waste.

= The removal of the remaining components of the overhead conveyor belt system on
top of the buildings and storage tanks attached to both the sampling and grinding
building and connecting to the northeast waste storage facility.

= The removal of the overhead pipeline that had been run from the northeast waste
storage facility to the agricultural fields to the northwest.

Elsewhere within the main plant, maintenance and modernization efforts continued.

The new parade ground/parking area in the headquarters and administration area was
completed. Continuing deterioration of roofs throughout the facility was observed but was
especially noticeable on the leaching and classifying building where the area of the missing
or seriously degraded roofing on the building had now increased to approximately 82m?. A
building on the west side of the rotary kiln facility that had remained idle since 2003 had a
roof installed and a new attached building added. It is not clear if this activity was related to
a long-term plan to reactivate the rotary kiln. Further to the south, a foundation had been
poured for a new building on the southwest corner of the rail-served waste storage building.
Within the area of the thermal plant, a third coal handling conveyor belt between the coal
storage shed and boiler building was removed—leaving only one. The reason for the removal
of the conveyor belts is unknown but likely due to a reduction in the number of operational
boilers. Finally, among the support buildings on the east side of the plant, the partial frames
of three buildings that had remained incomplete since 2003 were removed.
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Slide 61: The headquarters and administration and north support area showing the new parade ground/parking
area where the original monument used to be and a new building in the northeast corner of the west support area -
September 26, 2011 (Copyright © 2020 by MAXAR Technologies)
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Slide 62: The center section of the main plant showing activity throughout the area, including excavation activity on the
north side of the sampling and grinding building, the removal of the remaining components of the overhead conveyor
belt system at the sampling and grinding building, and activity around the rotary kiln facility - September 26, 2011
(Copyright © 2020 by MAXAR Technologies)
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Slide 63: The eastern section of the main plant showing the removal of the overhead pipeline from the northeast waste storage
facility to the agricultural fields to the northwest and the installation of a small overhead pipeline connecting the sampling
and grinding building to the northeast waste storage facility - September 26, 2011 (Copyright © 2020 by MAXAR Technologies)

At the tailings pond, the cofferdam first observed during 2009 remained in place until
sometime during mid-2013 when imagery from July 29, 2013, shows that the outer berms
had been removed. Imagery acquired three months later on October 14, 2013, shows the
final remains barely visible. There is no readily apparent explanation for this four-year
activity, although its location (adjacent to the center of the dam) and duration suggests
structural work on the dam itself.
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Slide 64: The tailings pond showing the cofferdam still in place along the inside of the dam, expanding footprint of the
precipitated solid waste, and ditches being excavated on the precipitated waste to reroute the waste outflow stream -
September 26, 2011 (Copyright © 2020 by MAXAR Technologies)
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Slide 65: The tailings pond dam showing that the outer berms of the cofferdam have been removed - July 29,2013
(Copyright © 2020 by MAXAR Technologies)
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Slide 66: The tailings pond dam showing the final remains of the cofferdam just visible and the footprint precipitated
solid waste now extends to the small peninsula separating the east and west bays - October 14, 2013 (Copyright © 2020
by MAXAR Technologies)

The image from October 14, 2013, also shows several other developments within the main
plant during the three months since the July 29 image. The first and most notable of these
was the continued deterioration of the roofing at the leaching and classifying building.
Approximately 112m? of the roof was now missing or significantly degraded. At the
northeast waste storage facility, the southern half was now empty but the northern half
appears to be partially filled with liquid and solid waste. Finally, seven of the ten open-air
settling tanks east of the rotary kiln facility were now dry.
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Slide 67: The western and central sections of the main plant showing the significant increase in the degradation of the
leaching and classifying building’s roof - October 14, 2013 (Copyright © 2020 by MAXAR Technologies)
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Slide 68: The eastern section of the main plant showing the changes to the northeast waste storage facility and the
open-air settling tanks east of the rotary kiln facility - October 14, 2013 (Copyright © 2020 by MAXAR Technologies)

During 2013, ROK intelligence officials estimated that North Korea had spent between
U.S. $2.8 and $3.2 billion on its nuclear development program, including expenses for
construction, transport, logistics, etc. Of this amount, they further estimated that the
North had spent $600-700 million on building its nuclear reactors, experimental light-
water reactor, reprocessing plant, and the Pyongsan Uranium Concentrate Plant. The
estimate of the amount spent to construct and operate the plant was not specified.®

2014-2017

A satellite image collected on May 2, 2014, shows that several new greenhouses were built
in a continuing effort to improve the quality of life for the staff and workers—one within
the courtyard of a building in the southern part of the headquarters and administration
area and two immediately east of the rail-served waste storage building. This pattern of
building additional greenhouses has continued until the present. This same image also
shows that the maintenance and modernization projects begun during the previous period
continued and, most significantly, that processing operations had likely been suspended.
This suspension is indicated by the following:

= Six of the eight open-air settling tanks on the north side of the leaching and
classifying building were dry and the remaining two appeared to be drying out.

= Nine of the ten open-air settling tanks at the facility east of the rotary kiln facility
were dry and the facility was in the early stages of being razed as indicated by the
razing of the associated support building.

= The building attached to the east side of the sampling and grinding building that
served as the terminus of the feed pipeline from the mine complex’s ore processing
building was razed and the feed pipeline had been disconnected.

= Continued excavation activity was also observed on the side of the sampling and
grinding building.
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The deterioration of the roofs on buildings throughout the facility was noticeable during
mid-2014. This was most evident at the leaching and classifying building where the
amount of the missing or seriously degraded roofing on the building had now increased
to approximately 354m? (some of this may have been in preparation for the replacement
of the roof later in the year). By September 13, 2014, however, satellite imagery shows
that North Korea had begun a significant project to address the serious problem of
deteriorating roofs throughout the plant with approximately 19 structures receiving new
roofs. By the end of the year, 21 buildings would be reroofed.”

The September 13 satellite image also shows that other aspects of long-term maintenance
and modernization projects continued during 2014. Among these developments were
= The start of a beautification project in the headquarters and administration area;

= The expansion of a small building on the south side of a building likely involved in
yellowcake production and packaging;

The razing of a support building on the north side of the leaching and classifying
building and east of the open-air settling tanks;

» Within the rotary kiln facility, the roof on the building on the west side of the rotary
kiln was now finished and the new building attached to it was externally complete;

= The roof of the rail-served waste storage building, which had remained only partially
complete since 2003, was being completed;

= Using foundations poured in 2011, a small building was completed on the southwest
corner of the rail-served waste storage building;

= The commencement of construction on the first of what would become two new small
double-wall silos/stacks was observed between the rail-served waste storage building
and wastewater treatment building;

= All eight open-air settling tanks at the leaching and classifying building were dry and
the razing of the ten open-air settling tanks and support building on the east side of
the waste treatment area was almost complete.

Three months later, an image acquired on December 30, 2014, shows that the open-air
settling tanks at the leaching and classifying building remained idle, the razing of the ten
open-air settling tanks was complete, the foundation for an eighth large fixed-top reagent/
chemical storage tank was under construction, and a greenhouse on the east side of the
waste treatment area had been completed.

While available imagery from early 2015 is limited, a March 5 image shows that the open-
air settling tanks on the north side of the leaching and classifying building remained

dry and covered with snow. Six months later, a September 9 image shows that the
processing of ore and production of yellowcake had likely resumed as the open-air settling
tanks at the leaching and classifying building were gradually refilling. Additionally, the
pipeline from the ore processing facility to the sampling and grinding building had been
reconnected and black exhaust dust was once again accumulating on the roof of the
sampling and grinding building, indicating that it was again operational.
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Slide 69: The headquarters and administration area and northwest section of the main plant showing the progress of
the ongoing roof replacement project, the dry open-air settling tanks on the north side of the leaching and classifying
building, and the razing of the building adjacent to the sampling and grinding building - September 13,2014 (Copyright
© 2020 by MAXAR Technologies)
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Slide 70: The north-central and northeast sections of the main plant showing the progress of the ongoing roof
replacement project, the dry open-air settling tanks adjacent to the leaching and classifying building, the pipeline
from the ore processing facility to the sampling and grinding building is disconnected, the drying out northeast waste
storage facility, and the final remains of the open-air settling tank facility east of the rotary kiln facility - September 13,
2014 (Copyright © 2020 by MAXAR Technologies)
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Slide 71: The southern section of the main plant showing the progress of the ongoing roof replacement project. Note the
finishing of the roof of the rail-served waste storage building - September 13, 2014 (Copyright © 2020 by MAXAR Technologies)
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Slide 72: The headquarters and administration area and northwest and central sections of the main plant showing the
dry open-air settling tanks on the north side of the leaching and classifying building, foundation for an eighth fixed-top
storage, and the new greenhouse - December 30, 2014 (Copyright © 2020 by MAXAR Technologies)

The construction, operation, and subsequent razing of the open-air settling tank east of the
rotary kiln facility during 2009 to 2014, while the original open-air settling tanks at the
leaching and classifying building continued to operate, suggests three likely explanations:

1. North Korea’s nuclear weapons program had a dramatically increased requirement
for yellowcake during the five-year period from 2009 through April 2014

2. This was undertaken in anticipation of the forthcoming suspension of processing to
allow for the replacement of roofs and other major maintenance projects
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3. A combination of both the above

This five-year period from 2009 to 2014 was followed by seven to twelve months during
which uranium processing operations were likely suspended. This suspension is indicated
by the rerouting of the ore supply pipe at the sampling and grinding building during April-
August 2014 and the dry open-air settling tanks at the leaching and classifying building
from April 2014 through mid-2015. Although no information is available, this year-long
period of large-scale maintenance and modernization and temporary suspension of
uranium processing operations would have been an opportune time for the refurbishment
or modernization of equipment within the larger production buildings.

The image from September 9, 2015, shows that other aspects of the maintenance

and modernization project had also continued. The beautification project within the
headquarters and administration area was nearing completion. The open-air settling
tanks adjacent to the leaching and classifying building were gradually being refilled.
Construction of the eighth large fixed-top reagent/chemical storage tank was now
complete. At the northeast waste storage facility, the breaches in the south half were
closed and the facility was once again beginning to store waste from the sampling and
grinding building. Finally, on the site formerly occupied by the ten open-air settling tanks
east of the rotary kiln facility, two large greenhouses were built.
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Slide 73: The headquarters and administration area and northwest section of the main plant showing the roof
replacements on the buildings in these areas, foundations for the new greenhouse, finishing stages of the
beautification project, and the gradual refilling of the open-air settling tanks on the north side of the leaching and
classifying building - September 9, 2015 (Copyright © 2020 by Airbus)

At the tailings pond, the level of waste sediment continued to accumulate and close off
the mouths of both the east and west bays. By September 9, 2015, it apparently became
more challenging to both evenly distribute and deposit the sediment further away from
the dam. To address these issues, a pumphouse was built at the northeast corner of the
dam sometime between October 5, 2016, and May 2, 2017, to provide additional pressure
to pump the waste further south and away from the dam. Subsequently, as the solid waste
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continued to accumulate on the north end of the tailings pond, the small ditches that were
previously being excavated to distribute the waste evenly were no longer alone adequate to
the task. Imagery from July 26, 2017, shows that while the excavation of ditches continued,
a new solution was also being put into effect. This solution included connecting what
appear to be lightweight pipes directly to the outfall from the pumphouse in an effort to
transport and distribute the waste even greater distances to the south.
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Slide 74: The central section of the main plant showing the roof replacements on the buildings in these areas. The pipeline
from the ore processing facility to the sampling and grinding building was now connected, and the open-air storage tanks
at the leaching and classifying building were being used again - September 9, 2015 (Copyright © 2020 by Airbus)
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Slide 75: The eastern section of the main plant showing the construction of two large greenhouses had begun on the
site of the former settling tank facility east of the rotary kiln facility and that the northeast waste storage facility was
beginning to be used again - September 9, 2015 (Copyright © 2020 by Airbus)
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Slide 76: By September 2015, the mouths of both the east and west bays had been closed by accumulated precipitated
solid waste. A small ditch is visible on top of the precipitated waste leading to the west bay - September 9, 2015
(Copyright © 2020 by Airbus)
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Slide 77: Visible in this 2017 image of the tailings pond are the new pumphouse and that the mouths of both the east
and west bays have been closed by the accumulation of precipitated solid waste - July 26,2017 (Copyright © 2020 by
MAXAR Technologies)

With the larger maintenance and modernization projects completed, an image from
July 26, 2017, now shows that a number of smaller but important projects were being
undertaken. These included the construction of a small building (likely a guard booth)
and greenhouse within the headquarters and administration area, the pouring of a new
building foundation between the coal storage shed and the thermal plant, the removal
of an overhead pipe leading from the center building to the incinerator and stack, the
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construction of two small buildings within the rotary kiln facility, and the continued
construction progress on the two double-wall silos/stacks between the rail-served waste
storage building and wastewater treatment building. On the east side of the plant, two
greenhouses were completed, two new support buildings were built or under construction,
and the northeast waste storage facility that had the openings closed-in was again being
used to store waste from the sampling and grinding building.

Pyongsan Uranium Concentrate Plant
July 26, 2017

Beautification project
completed

Slide 78: The headquarters and administration area and northwest section showing the construction of a small building
(likely a guard booth) and a new greenhouse - July 26, 2017 (Copyright © 2020 by MAXAR Technologies)
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Slide 79: The western section of the main plant showing the active use of the open-air settling tanks adjacent to the
leaching and classifying building, the addition of a new building among the yellowcake production and packaging
buildings, a new building foundation between the coal storage shed and the thermal plant, and two silos/stacks under
construction south of the rail-served waste storage building - July 26, 2017 (Copyright © 2020 by MAXAR Technologies)
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Slide 80: The center section of the main plant showing the two silos/stacks under construction, removal of an overhead
pipeline and new buildings within the rotary kiln facility, and the rapidly accumulating exhaust dust and excavation
activity at the sampling and grinding building - July 26, 2017 (Copyright © 2020 by MAXAR Technologies)
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Slide 81: The eastern section of the plant showing the removal of an overhead pipeline within the rotary kiln facility -
July 26,2017 (Copyright © 2020 by MAXAR Technologies)

While the above developments were taking place during 2009-2017, significant changes
had also occurred at the uranium mining complex with a number of shafts being
decommissioned or idle:

= Shaft A continued operations until early-2015 when the headframe was removed.

= Shaft B remained in operation until about late 2013 when it appears to have
suspended operations. The headframe, however, remained in place.
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= Shaft C continued operations until sometime between 2009-2011. At that time,
operations appear to have decreased to minimal levels. The headframe, however,
remained in place.

= Shaft D continued operations until sometime between 2007-2011. The headframe was
removed during early to mid-September 2015.

= Shaft E continued operations until sometime between August 2010 and March
2011. The headframe was partially removed sometime between 2011 and 2013 and
completely removed by July 2017.

= The large tailings/storage pile south of Shaft E remained relatively untouched until 2011
when small sections of it were excavated. It then remained unchanged through 2018.

= The large tailings piles immediately west and north of the ore processing facility
continued to grow steadily through 2013. Starting during 2014 and continuing
through 2017, they rapidly expanded up the small valley to the north.

2018-Present

A satellite image collected on July 4, 2018, shows that while newer maintenance and
modernization projects continued, they were less ambitious in nature and at a slower rate
than the previous four years. Among these were

1. The construction of a new building in the headquarters and administration area
2. Completion of a building between the coal storage shed and the thermal plant

3. Completion of the two double-wall silos/stacks on the small incinerator/boiler
building located between the rail-served waste storage building and wastewater
treatment building

4. The construction of a small building adjacent to the eight reagent/chemical fixed-
top storage tanks

5. The pouring of a foundation for a new building on the east side of the sampling and
grinding building

6. Partially filling the northeast storage facility with waste from the grinding and
sampling building

7. The pouring of a foundation for a new greenhouse in the support area on the east side
of the plant

At the tailings pond, the use of lightweight pipes attached directly to the outfall from

the pumphouse had helped somewhat to transport and distribute the waste; however, it
ultimately proved to be inadequate to the growing task. Therefore, construction began of
a second pumphouse. The foundation for this second pumphouse was first observed in
imagery collected on July 4, 2018. The foundation sits approximately 175 meters south-
southeast of the original pumphouse along the east shoreline, and the pumphouse would
become operational shortly afterward. Patterns of waste distribution on the tailings pile
indicate that waste slurry was subsequently being switched back and forth from being
directly pumped into the waste pond from the first pumphouse to being pumped from the
first pumphouse to the second pumphouse via a pipeline. The second pumphouse then
pumps the waste further to the south into the east bays of the tailings pond.
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Slide 82: The ore processing facilities and the former location of the Shaft A headframe, which has been removed -
September 9, 2015 (Copyright © 2020 by MAXAR Technologies)
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Slide 83: The headframe and tailings piles at Shaft B - September 13, 2014 (Copyright © 2020 by MAXAR Technologies)
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Slide 84: The headframe and tailings piles at Shaft C - May 19, 2009 (Copyright © 2020 by MAXAR Technologies)
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Slide 85: The headframe and tailings piles at Shaft D - September 9, 2015 (Copyright © 2020 by MAXAR Technologies)
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Slide 86: The headframe and tailings piles at Shaft E - May 26, 2017 (Copyright © 2020 by MAXAR Technologies)
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Slide 87: The tailings pile south of Shaft E - July 26, 2017 (Copyright © 2020 by MAXAR Technologies)
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Slides 88-90: A series of images showing the growth of the tailings pile north of the ore processing facility - 2013-2017
(Copyright © 2020 by MAXAR Technologies)
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Slide 91: The headquarters and administration area showing the newly completed building - July 4, 2018
(Copyright © 2020 by MAXAR Technologies)
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Slide 92: The western section of the main plant showing the active use of the open-air settling tanks adjacent to the
leaching and classifying building, the completion of a new building adjacent to the thermal plant, and the completion of the
two silos/stacks south of the rail-served waste storage building - July 4, 2018 (Copyright © 2020 by MAXAR Technologies)
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Slide 93: The center section of the main plant showing the completed two silos/stacks, the new building adjacent to
the fixed-top reagent/chemical tanks, and continuing excavation activity at the sampling and grinding building - July 4,
2018 (Copyright © 2020 by MAXAR Technologies)
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Slide 94: The eastern section of the main plant showing the foundation of a new building east of the sampling and
grinding building, the use of the northeast storage facility for storing waste from the grinding and sampling building,
and the foundation of a new greenhouse in the support area on the east side of the plant - July 4, 2018 (Copyright ©
2020 by MAXAR Technologies)
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Slide 95: The tailings pond showing the original pumphouse and the second pumphouse under construction. Also
visible are the lightweight pipes laid on top of the precipitated solid waste to direct the waste outflow - July 4,2018
(Copyright © 2020 by MAXAR Technologies)
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The image for July 4, 2018, also shows a newly erected headframe over Shaft E. The original
headframe here was partially removed sometime between 2011 and 2013 and completely
removed by July 2017.
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Slide 96: The new headframe installed at Shaft E - July 4, 2018 (Copyright © 2020 by MAXAR Technologies)

In a report issued by the International Campaign to Abolish Nuclear Weapons in 2020, it
was estimated that North Korea spent an estimated $620 million on its nuclear program
during 2018, and a similar amount is believed to have been spent during 2019.”* No
separate estimates, however, were made on the amount spent on operating the Pyongsan
Uranium Concentrate Plant and its associated facilities.
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Developments observed in satellite imagery collected between July 4, 2018, and September
13, 2019, confirm that the plant was operational and minor elements of the long-term
maintenance and modernization project continued. The open-air settling tanks at the
leaching and classifying building were largely full; however, damage to the roof of the
leaching and classifying building had once again become significant. Excavation activity
was again noted on the north side of the sampling and grinding building and a shovel was
still present. The westernmost building at the rotary kiln facility, which had remained
without a roof since at least 2003, had a roof installed. Portions of the tailings/storage pile
south of Shaft E was observed to have been excavated once again. The reasons for this are
unknown, though it may be related to the recovery of small quantities of uranium ore.
Finally, at the tailings pond, both pumphouses were operational and pipes were laid on top
of the precipitated solid waste. These extend both from the first pumphouse to the second
and onto the east bay, as well as from the first pumphouse directly to the west bay.

Earlier this year, imagery collected on March 22, 2020, showed ongoing activity. The
damage on the clerestory and roof of the leaching and classifying building had become
significant enough that sections of the roof in the northeast corner of the building had
once again been repaired or replaced. While operations here may have been suspended

to undertake these repairs, any such suspension does not appear to have been for any
significant length of time as ongoing activity at the adjacent settling ponds is noted. Both
a new building east of the sampling and grinding building and a greenhouse in the support
area on the east side of the plant were completed.

Continuing excavation activity was noted at the sampling and grinding building and some
piles were now being placed near the northeast corner of the leaching and classifying
building. This excavation activity appears to have been for the removal of ore waste from
inside the building. During January-March 2020, this waste was then spread out along
the northern security wall extending from the sampling and grinding building over the
northern (presumably razed) section of the northeast waste storage facility and then

out a new opening in the northeast corner of the security wall. It was then extended
approximately 160 meters to the east. Most recently, an image collected on April 14, 2020,
shows that the opening at the northeast corner of the security wall was closed. While the
activities observed at the sampling and grinding building and northeast waste storage
facility are likely for the removal of accumulated waste material from the interior of the
building and major equipment repairs or replacement, they could potentially be early
indicators of an intention to supply ore to the plant by truck sometime in the future.
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Slide 97: The center section of the main plant showing the roof added to the westernmost building of the rotary
kiln facility and a slight deterioration to the roof panels on the northeast corner and clerestory of the leaching and
classifying build - September 13, 2019 (Copyright © 2020 by MAXAR Technologies)

Pyongsan Mining Complex,
Tailings Pile south of Shaft E
September 13, 2019

ew excavation activity
on tailings pile

Slide 98: A view of the excavation activity at the tailings pile south of Shaft E - September 13,2019
(Copyright © 2020 by MAXAR Technologies)
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Slide 99: The tailings pond showing the pipes laid on top of the accumulated solid waste connecting the first and second
pumphouse and directing the waste flow to the east bay - September 13,2019 (Copyright © 2020 by MAXAR Technologies)

Pyongsan Uranium Concentrate Plant
March 22, 2020

e [/ Pipeline from ore
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Slide 100: The center section of the main plant showing the repairs undertaken on the roof and clerestory of the
leaching and classifying building, the open-air settling tanks in use, and the continuing excavation activity at the
sampling and grinding building - March 22, 2020 (Copyright © 2020 by MAXAR Technologies)
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Northern half of northeast waste storage
facility razed and what may be waste ore
from the sampling and grinding building
graded out along the north security wall and
outside the plant to the northeast. Southern
half or waste storage facility partially full
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Slide 101: The northeast waste storage facility showing the razing of the northern half and the graded out of gravel or
waste ore along the north security wall and outside the plant to the northeast. Also visible is the completion of a new
building east of the sampling and grinding building - March 22, 2020 (Copyright © 2020 by MAXAR Technologies)

";-_ k| 0

" Temporary opening in security
‘wall has been closed

Slide 102: The northeast section of the main plant showing continued excavation activity at the sampling and
grinding building, the graded area along the north security wall, the southern portion of the northeast waste storage
relatively empty, and the new greenhouse in the support area on the west side of the plant - April 14, 2020
(Copyright © 2020 by Planet)

Satellite imagery acquired on April 14, 2020, confirms that the Pyongsan Uranium
Concentrate Plant and its associated support areas, tailings pond, and January Industrial
Mine remain operational and are continuing to be maintained and updated.
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3 | Summary

Analysis of commercial medium- and high-resolution imagery from the 1970s to

present and declassified satellite imagery from the mid-1970s through the early 1980s,
combined with limited open source information and author interview data, indicates
that the Pyongsan Uranium Concentrate Plant and its associated support areas, tailings
pond, and uranium mining complex have been operational since the early to mid-1990s.
These facilities have been and are actively being maintained, refurbished, or modernized
throughout this period. Given the current level of development and activity observed at
the plant and its associated facilities, barring unforeseen developments, it is highly likely
to remain active for the foreseeable future.

This same body of data also indicates that the plant represents a critical component in
North Korea’s nuclear research and weapons programs as the sole verified producer of
uranium concentrate (yellowcake) in the country.”?
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4 | Research Note

This report is, in part, based upon an ongoing study of North Korea’s nuclear program and
infrastructure begun by Joseph S. Bermudez Jr. in 1988. Various parts of this study were
subsequently published by the author over the years.” The information presented here
supersedes or updates these and other previous works by the author on these subjects.
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