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The International Panel on Fissile Materials (IPFM) was founded in January 2006. It is
an independent group of arms-control and nonproliferation experts from seventeen
countries, including both nuclear weapon and non-nuclear weapon states.

The mission of the IPFM is to analyze the technical bases for practical and achievable
policy initiatives to secure, consolidate, and reduce stockpiles of highly enriched urani-
um and plutonium. These fissile materials are the key ingredients in nuclear weapons,
and their control is critical to nuclear disarmament, halting the proliferation of nuclear
weapons, and ensuring that terrorists do not acquire nuclear weapons.

Both military and civilian stocks of fissile materials have to be addressed. The nuclear
weapon states still have enough fissile materials in their weapon and naval fuel stock-
piles for tens of thousands of nuclear weapons. On the civilian side, enough plutonium
has been separated to make a similarly large number of weapons. Highly enriched ura-
nium fuel is used in about one hundred research reactors. The total amount used for
this purpose alone is sufficient to make hundreds of Hiroshima-type bombs, a design
potentially within the capabilities of terrorist groups.

The Panel is co-chaired by Alexander Glaser and Zia Mian of Princeton University and
Tatsujiro Suzuki of Nagasaki University. Its 30 members include nuclear experts from
Brazil, China, France, Germany, India, Iran, Japan, South Korea, Norway, Pakistan,
Russia, South Africa, Sweden, the United Kingdom, and the United States. Short biogra-
phies of the panel members can be found on the IPFM website, www.fissilematerials.org.

IPFM research and reports are shared with international organizations, national
governments and nongovernmental groups. The reports are available on the IPFM web-
site and through the IPFM blog, www.fissilematerials.org/blog.

Princeton University’s Program on Science and Global Security provides administrative
and research support for the IPFM. IPFM is supported by grants to Princeton University
from the John D. and Catherine T. MacArthur Foundation of Chicago and the Carnegie
Corporation of New York.
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China began producing highly enriched uranium (HEU) and plutonium for nuclear
weapons in the 1960s and is believed to have halted production the 1980s. Despite the
passage of thirty years there has been no official policy declaration in this regard. This
report uses newly available public information from Chinese sources to provide an im-
proved reconstruction of the history of China’s production of HEU and plutonium for
nuclear weapons. This allows improved estimates of the amount of HEU and plutonium
China has produced and of its current stockpiles.

HEU production and stockpiles

China started construction of the Lanzhou gaseous diffusion plant (GDP), also known
as Plant 504, in 1958 with assistance from Soviet experts. Moscow, however, with-
drew all its experts in August 1960 as relations between Beijing and Moscow were
deteriorating, forcing China to become self-reliant. In January 1964, Lanzhou began
to produce 90 percent enriched uranium (taken here as weapon-grade), which made
possible China’s first nuclear test, in October 1964. It appears that Lanzhou stopped
HEU production for weapons in 1980 and shifted to making low enriched uranium
(LEU) for civilian power reactors and possibly for naval reactors. It was shut down on
31 December 2000.

Construction of China’s Heping GDP (Plant 814) began in 1966; the plant began ope-
rating in June 1970. It is believed to have ended HEU production for weapons purposes
in 1987 and was turned to providing enriched uranium for naval reactors, research
reactors, and power reactors. The Heping plant is still operating.

Plausible operating histories for these plants and estimates for China’s consumption of
HEU in nuclear tests and as reactor fuel suggest China’s current inventory of weapon-
grade HEU is about 14 +3 metric tons, lower than previous estimates.*

Plutonium production and stockpiles

China produced plutonium for weapons at two nuclear complexes, Jiuquan (Plant 404)
and Guangyuan (Plant 821). Each has a single production reactor. China also used its
plutonium production reactors to produce tritium.

Construction of the Jiuquan plutonium-production reactor began in 1960. The reac-
tor achieved criticality in October 1966 and reached its design power in mid-1975.

* All tons are metric tons in this report.
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A great deal of effort went into increasing its plutonium-production rate, which rose
20 percent by 1979. During the 1980s, production decreased rapidly and the reactor
was closed by November 1986. Decommissioning began after 1990.

In 1968, Beijing decided to quickly build a second plutonium-production complex at
Guangyuan. Construction started in October 1969 and the reactor achieved criticality
in December 1973. The plutonium production rate increased by 30 percent by 1978.
The reactor was likely shut down in 1984. Decommissioning work began after 1990.

Taking into account the amount of plutonium consumed in nuclear tests and lost in repro-
cessing and fabrication, China’s current inventory of plutonium for weapons is estimated to
be about 2.9+0.6 tons, which is significantly larger than the previous estimate.
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China initiated its nuclear-weapon program in 1955 and began to construct its fissile-
material-production facilities in the late 1950s with assistance from the Soviet Union.
After Moscow withdrew all its experts in August 1960, however, China had to rely on
its own efforts. HEU production began in 1964 and plutonium production in 1966.'

Given Beijing’s concerns about the increasing tensions with the Soviet Union and the
growing military presence of the United States in the region, China in 1964 began
efforts to relocate its military- and heavy-industrial complexes to its southwestern and
northwestern hinterland areas. These “third-line” projects were located so as to pro-
tect them from Soviet or American attack; the more vulnerable “first-line” sites were
in China’s border and coastal areas, and the “second-line” sites were in central areas.
Chairman Mao Zedong considered the third-line construction campaign a key part of
the national defense strategy for war preparation. The third-line projects were therefore
required to be built quickly. The construction campaign stopped by the end of 1970s,
however, when China adopted its economic reform and open-door policies.

In March 1964, the Second Ministry of Machine Building Industry began site selection
for a new set of fissile-material-production facilities in the third-line area.? These facili-
ties were required to be “near mountains, scattered and concealed.”’ The Heping GDP
site was selected in November 1965, construction started in 1966." The plant began
operating in 1970.° To duplicate the Jiuquan plutonium-production complex, which
became operational in 1966, Beijing decided in that same year to build another plu-
tonium production facility (Plant 816) in caves under a mountain in Fuling district of
Chongqing. Construction on the plant started in February 1967 but was halted in the
early 1980s. The plant was never completed.’

Given the very slow progress of Plant 816, Beijing in 1968 decided to quickly build an-
other plutonium-production complex (Plant 821) to meet the urgent need for a backup
of the Jiuquan complex. Construction started on the Guangyuan reactor (Reactor 821)
in 1969 and the reactor went into operation in 1973.” China also decided in 1969 to
build a third-line uranium-enrichment plant in Hanzhong, Shaanxi (Plant 405)® but
this plant did not start operations until the 1990s, and it used imported Russian cen-
trifuges for civilian purposes. In addition, in 1970, China initiated Project 827, which
possibly included a tritium-production reactor and a power reactor built inside caves.
That project was terminated in the early 1980s without being completed.

The “military-to-civilian conversion” policy and nuclear-material-production facilities

In December 1978, the Third Plenary Session of the 11th Central Committee of the
Chinese Communist Party adopted a policy of economic reform and an open-door
policy for trade. Accordingly, China shifted its focus from military to economic devel-
opment, based on Deng Xiaoping’s judgment of “no large world wars within the next
twenty years” which replaced Mao’s “war preparation” strategy.

In April 1979, the Second Ministry proposed that the nuclear industry focus on
military-to-civilian conversion.” After 1981, the central government reduced invest-
ment in construction of nuclear infrastructure and decreased its production of HEU and
plutonium.” China’s nuclear enterprise had to find its own way to survive.
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The Second Ministry was reorganized and renamed the Ministry of Nuclear Indus-
try (MNI) in 1982 - and then further reorganized and renamed the China National
Nuclear Corporation (CNNC) in 1988. In August 1982, the MNI and the Commission
for Science, Technology and Industry for National Defense proposed the guiding princi-
ples for the nuclear industry. These principles, which the central government approved
in November 1982, included:

Assuring that military needs were met. Instead of quantity of production, China’s
nuclear industry was directed to focus on further improvement in technology,
increased quality of nuclear products, and improved weapons performance;

Rationalizing nuclear-infrastructure construction and uranium-mining projects.
This resulted in the suspension and finally termination of these projects, and the
separation of plutonium and production of HEU for weapons; and

Improving management, administration, and economic efficiency.

Meanwhile, the government began to increase investments in the civilian nuclear sector.
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Figure 1. Enrichment and reprocessing facilities in China. While China has not declared officially that it
has ended HEU and plutonium production for weapons, it appears that China shut down its plutonium-
production reactors by November 1986 and stopped reprocessing around 1987. It also ended HEU production
for weapons in 1987 and since then has produced LEU for naval and power reactors and small amounts of
HEU for research reactors. This history is summarized in Table 1.
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Facility Start-up Shutdown Initial and final capacity

Uranium enrichment plants Separative Work Units (SWU) per year

Lanzhou GDP 1964 HEU production ended 1980; | 0.1-0.25 million SWU/year

LEU production until

shutdown in 2000
Heping GDP 1970 HEU production for weapons | 0.11-0.23 million SWU/year

ended in 1987; since then

other uses

Plutonium production reactors Kg of plutonium per year
Jiuquan reactor 1966 Before November 1986 158-190 kg/year
Guangyuan reactor 1973 1984 (estimated) 158-205 kg/year
Reprocessing plants

Jiuguan intermediate pilot 1968 Early 1970s 60 kg/year
plant
Jiuguan reprocessing plant 1970 ~1987 Assumed to match production reactor
Guangyuan reprocessing plant | 1976 ~1987 Assumed to match production reactor

Table 1. History and estimated capacity of China’s facilities for producing fissile material for weapons.
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China has produced HEU for weapons at two complexes, the Lanzhou GDP (Plant 504)
and the Heping GDP (Plant 814 at Jinkouhe). China also used these GDPs to produce
HEU for its research reactors and LEU for its naval reactors. The Lanzhou GDP, which
began HEU production in January 1964 and switched to LEU production around 1980,
was closed in December 2000 and replaced by a civilian centrifuge enrichment plant
after 2001." The Heping GDDP, a third-line facility, began operating in 1970." It stopped
producing HEU for weapons in 1987. Since then, it continues operating, presumably
enriching uranium for non-weapon military uses, and possibly for civilian uses, i.e.,
in a dual use mode. "

In addition to the Heping GDP, Plant 814 is also operating a pilot centrifuge enrich-
ment plant near Emeishan, located about 3.6 miles from a larger commercial centrifuge
plant near that city. This plant is likely enriching for non-weapon military uses and
possibly civilian uses."

Currently, China operates a total of three civilian centrifuge enrichment plants at
Hanzhong in Shaanxi province (Plant 405), Lanzhou in Gansu province (Plant 504),
and Emeishan in Sichuan province (Plant 814) to produce LEU. The commercial SWU-
production capability as of the end of 2016 was estimated to be around 5.4 million
SWU/year."”

Lanzhou Gaseous Diffusion Plant

China initiated its nuclear-weapon program in 1955 with expectations of assistance
from the Soviet Union. A Chinese delegation went to Moscow in April 1956 to negotiate
Soviet assistance on establishing China’s nuclear industry.” An enrichment plant was
not requested initially because it would need a huge investment and consume a great
deal of electricity. China therefore decided to pursue the plutonium route to weapons
first.

During the talks, however, the Chinese delegation realized that an uranium-enrichment
plant was imperative in order to have a complete nuclear fuel cycle.” The Chinese repre-
sentatives also recalled references to a small American plant with a capacity to produce
about 5 kg of HEU per day (around 0.35 million SWU/year) costing about $500 mil-
lion, that they thought would be affordable to China. The Chinese delegation therefore
requested an enrichment plant as well. The Soviet delegation was at first surprised. After
two days, however, it agreed to supply China with GDP equipment that just had been
retired but was reusable with some modest repair.” The Chinese delegation immediately
obtained approval from Beijing. On 17 August 1956, the two capitals signed a formal
agreement on Soviet assistance to the Chinese nuclear program, including the GDP.

China’s financial crisis in 1956 led Beijing to reopen the question of whether to keep the
enrichment plant, or ask Moscow to enrich China’s natural uranium, or even postpone
the HEU route. Finally, in March 1957, China decided to keep a domestic enrichment
plant in its plan in order to have a complete nuclear fuel cycle and independent nuclear
force. The size of the plant was reduced significantly.”
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A site for the GDP was chosen in September 1957 beside the Yellow River near Lanzhou
in Gansu province. The site had previously been planned for an aircraft-production
plant. In October 1957, the Second Ministry approved the design.” Construction be-
gan in spring 1958 with help from the Soviet Union. In May 1958, Moscow informed
Beijing that it would deliver 13 batches of diffusers between September 1958 and 1959.
This would require the cascade hall and the auxiliary projects to be ready for installation
of those diffusers before the end of 1959.*

Nuclear cooperation between China and the Soviet Union began to break down in
June 1959, when Moscow refused to provide a model atomic bomb and other technical
documents. In late 1959, therefore, the leadership of the Second Ministry requested
a speedup of the construction of the GDP in order to learn as much as possible from
the Soviet experts before they left. On 18 December 1959, the construction of main
processing building was finished, and on 27 December, the first group of diffusers
was installed. In August 1960, however, while the plant was still incomplete, Moscow
withdrew all its experts.” China was left to move forward on its own with the HEU
production program.

Figure 2.1. Lanzhou uranium enrichment plant. Satellite image from 18 January 2015 (coordinates
36°08'53.30" N/103°31°24.49” E). Credit: DigitalGlobe. The GDP was closed on 31 December 2000. The first
Lanzhou centrifuge enrichment plant, CEP1 (0.5 million SWU/year) was commissioned in 2001; Lanzhou
CEP2 (about 0.5 million SWU/year) (officially, Lanzhou Centrifuge Commercial Demonstration Project) in
2010; and Lanzhou CEP 3 (a commercial centrifuge facility with a capacity of about 0.5 million SWU/year)
in 2012. The first phase of Lanzhou Centrifuge Project 4 (about 1.1 million SWU/year) started in 2016.
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Figure 2.2.  Site of the former Lanzhou gaseous diffusion uranium enrichment plant. The facility was
demolished in mid-2017. The satellite image is from 14 August 2017. Credit: Google Earth.

The construction of the enrichment plant was much further advanced than China’s first
plutonium-production reactor, which had just started civil-engineering construction in
March 1959. The Second Ministry therefore decided to suspend the construction of the
reactor and make the Lanzhou GDP its top priority. By November 1962, the assembly
and installation of all the cascades were complete.”

China also needed to produce its own uranium hexafluoride (UF;). Given that Moscow
refused in June 1960 to provide the production technology for UF,, the Second Minis-
try decided to build a pilot production facility at the China Institute of Atomic Energy
(CIAE) in a suburb of Beijing.* A simplified approach for producing UF; was designed
that produced about 3.4 kg of product from a test line in October 1960. The pilot facil-
ity — which had only two simple stoves, each 2 meters high and less than half a meter
in diameter — produced a total of 18.5 tons of UF, by October 1963.” This was the first
feed for the Lanzhou GDP. Meanwhile, construction began on a large UF, conversion
plant in April 1960 at the Jiuquan plant. After several trials the large plant was com-
missioned in November 1963. It delivered its first batch of UF, product to Lanzhou in
February 1964.*

The Lanzhou plant started up its first group of cascades in April 1963 and, on 14 January
1964, the GDP began to produce 90-percent-enriched uranium.” Meanwhile, in Decem-
ber 1962, the central government gave its approval for China’s first nuclear bomb test
in 1964.” To meet this deadline, the Lanzhou plant completed start-up of all its cascades
and went into full operation in July 1964.” The first HEU weapon core was fabricated
in May 1964 at a workshop in the Jiuquan plant, with a second core (as a backup) soon
after.”” China’s first nuclear test was conducted on 16 October 1964.”

China’s Fissile Material Production and Stockpile 9



HEU production

No available Chinese publications reveal the production capacity of the Lanzhou plant
for its early years. In 1971, Manhattan Project physicist, Ralph Lapp, estimated that at
start-up the Lanzhou plant might have produced about 136 kg/year of weapon-grade
HEU, based on the experience of the U.S. Oak Ridge GDP.” Production of 90-percent-
enriched HEU at this rate would be equivalent to an enrichment capacity of 23,000
SWU/year at a tails assay of 0.4 percent, or 26,000 SWU/year with 0.3 percent tails.

Lapp speculated that the Lanzhou GDP would have been able to double its annual
production by 1966 as its operators gained experience. In 1972, the U.S. Defense Intel-
ligence Agency estimated that Lanzhou was producing 150-330 kg/year of HEU.* This
production rate is equivalent to 26,000-56,000 SWU/year at a tails assay of 0.4 percent,
or 29,000-64,000 SWU/year for 0.3 percent tails.

China Today reported that the plant reached its original design capacity by mid-1975.*
This capacity is estimated to be 100,000 SWU/year.*

In August 1975, the “Program for Increased Output of Primary Products during the
Fifth Five-Year Plan,” which covered the period 1976-1980, was proposed for the dif-
fusion plant. Beginning in 1975, the plant increased its separation capacity through
improvement of separation membranes, raising production capacity by 26 percent.*By
1978, cascade flow rates had increased by 35-47 percent.”

After China adopted a policy of economic reform in 1978, it pursued a program of
military-to-civilian conversion of its nuclear facilities. On 7 October 1979, the Second
Ministry submitted to the central government a request to export enriched uranium
to other countries and received immediate approval from Deng Xaioping.” In 1981,
China began to supply LEU for the international market. This suggests that in 1980
Lanzhou likely stopped HEU production and shifted to producing LEU for civilian
power reactors or naval reactors or both.”

During the Sixth Five-Year Plan (1981-19835), the GDP increased its production capacity
further by optimizing cascade arrangements and using separation membranes with
higher separation efficiency, corrosion and vibration resistance, and longer lives.” The
Lanzhou enrichment plant reported that the capacity was double the original design
capacity by 1984. This was described as “one plant becomes two plants.”*

After 1985, the Lanzhou GDP continued to increase its enrichment capacity, in part by
installing higher-performance diffusers. Eventually, the capacity increased to 0.25 mil-
lion SWU/year, 2.5 times of its original design capacity.”” The facility was permanently
closed on 31 December 2000.* During 2001 and 2002, the facility was cleaned up and
prepared for decommissioning. Since then, it has been kept in a status described as
“sealed and maintenance.”* Demolition of the facility began in mid-2017 and appears
to have been completed in August 2017.

Based on the above information, the history of the Lanzhou GDP capacity is shown in
Figure 3.* Operating continuously at full capacity through 1979, after which HEU
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production ended, it could have produced 1.2 million SWU, sufficient to produce about
6.4 tons of 90 percent-enriched HEU (assuming a tails assay of 0.3 percent).
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Figure 3.  History of operating capacity of the Lanzhou plant from 1964 to 2000 (thousands of SWU/year).
The plant reached its original design capacity, estimated as 100,000 SWU/year, by mid-1975. It stopped HEU
production in 1980 and shifted to producing LEU. The design capacity was doubled by 1984, and eventually
increased to 2.5 times its original design capacity. It was shut down in 2000.

In 1996, China and Russia agreed to build an enrichment plant at the Lanzhou site
using Russian centrifuges. The plant is sited next to the GDP and began operations
in July 2001 with a capacity of 0.5 million SWU/year.” It produces only LEU for non-
weapon purposes.

In July 2010, at the same site, a second centrifuge plant, Lanzhou Centrifuge Project 2
(officially known as the Lanzhou Centrifuge Commercial Demonstration Project) was
commissioned.” This plant, which is equipped with Chinese made centrifuges, had a
capacity of about 0.5 million SWU/year. Lanzhou Centrifuge Project 3, with a capacity
of about 0.5 million SWU/year, was commissioned in December 2012, and Lanzhou
Centrifuge Project 4 with a capacity of about 1.1 million SWU/year in 2016.* In total,
the current centrifuge capacity at Lanzhou is about 2.6 million SWU/year, or about
10 times that of the shut-down GDP.
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Heping Gaseous Diffusion Plant

In November 1965, the site for a second uranium enrichment plant was selected on the
bank of the Dadu river in the Heping Yizu area of the Jinkouhe district of the city of
Leshan in Sichuan province. The Heping site was chosen because it is flat, surrounded
by mountains with access to water for cooling.” (Gaseous diffusion plants are very
energy intensive.)

The Heping GDP (Figure 4) was constructed in two stages: 1966-1968 and 1969-1972.*
The first unit began operating in June 1970.” It may initially have produced only LEU.

In about 1975, the Heping GDP reached its original design capacity of 110,000
SWU/year.” In 1972, the United States Defense Intelligence Agency estimated that this
plant could produce 750-2,950 kg of weapon-grade uranium per year, which would
correspond to about 145,000-569,000 SWU/year at a tails assay of 0.3 percent.”

Like the Lanzhou plant, the Heping facility expanded its capacity during the Fifth Five-
Year Plan. By 1980, the last year covered by that plan, it had increased its production
capacity to 1.5 times its original design capacity (described by officials as “one plant
becomes one and half plant”).* This suggests Heping might have achieved a capacity
of about 0.16 million SWU/year.*

| -:.5 j«

Figure 4.  Heping gaseous diffusion plant (Plant 814) at Jinkouhe. Satellite image from 28 September 2013
(coordinates 29°13'58.49 N, 103°03°49.95 E). Credit: DigitalGlobe. Located next to the Dadu river, the Heping
plant appears to have two enrichment buildings.
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Although Beijing did not publicly declare a cutoff, based on available information, it
is assumed the Heping plant ended its HEU production for weapon purposes in 1987.%
Since 1987, it is believed that the plant has produced LEU for naval reactors and power
reactors and possibly HEU for research reactors. Some Chinese media reported that
the plant would close in 2003.7 It survived, however, and its production capacity was
increased by almost half, to 0.23 million SWU/year, by 2004.*

Since 2007, the Heping plant also has operated a small pilot centrifuge plant with a
capacity of 0.25 million SWU/year near Emeishan — presumably to produce enriched-
uranium products for non-weapon military uses and possibly also for civilian use.”
Around 2013, a larger commercial centrifuge plant with a capacity of around 0.8 million
SWU/year began operation near Emeishan.*

Figure 5. The pilot centrifuge plant near Emeishan city. Satellite image from 5 October 2014
(coordinates 29°38'38.70"N/103°29°25.12" E). Credit: DigitalGlobe.
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The history of the Heping GDP’s estimated enrichment capacity is shown in Figure 6.”
Operating continuously at full capacity up to 1987, the Heping GDP would have pro-
duced 2.2 million SWU, sufficient to produce about 11.2 tons of weapon-grade HEU
(assuming a tails assay of 0.3 percent).
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Figure 6. Operating history of the Heping enrichment plant from 1970 to 2016 (thousands of SWU/year).
The plant reached its original design capacity of 110,000 SWU/year in 1975 and increased it to 1.5 times that
level by 1980. It is believed the plant ended HEU production for weapons in 1987. Since then, it has operated
to produce LEU for naval reactors and power reactors and possibly a small amount of HEU for research
reactors. Plant capacity was increased by another 45 percent to 230,000 SWU/year between 2001 and 2004.
It continues to operate today. The graph shows the production level at the end of each respective year.
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Other demands for uranium enrichment prior to 1987

Along with HEU production for weapons, which ended in 1987, China’s two enrich-
ment plants also would have supplied enriched uranium for research and naval reactors.

Enrichment of uranium recovered from irradiated fuel. China had a limited amount of high-
quality uranium ore and reportedly began in 1970 to use as feed for HEU production
uranium recovered from the irradiated fuel discharged from its plutonium-production
reactors.” As a result, China could have used roughly 0.2 million more SWU than
would be required to produce the same amount of HEU from natural uranium.*

Research reactor fuel. China has operated a number of HEU-fueled research reactors, most
of which have been converted to LEU-fueled reactors or closed (see Table 2). The two
highest-power research reactors that once used HEU fuel are the High Flux Engineer-
ing and Test Reactor (HFETR), which has a capacity of 125 megawatts thermal (MWt),
and the 5 MWt Min Jiang Test Reactor (MJTR). Both were converted to LEU in 2007. In
addition, since 1970, China has operated a Zero-Power Fast Neutron Critical Assembly,
which has a core of 50 kg of 90 percent uranium-235. It was built at the CIAE near
Beijing. In 1971, as a third-line facility, it was moved to the Nuclear Power Institute of
China (NPIC) in Chengdu and in 1986 back to the CIAE again.* As of 2015, this assem-
bly was reported to be in long-term shutdown status.®

The pre-1987 requirements of enrichment work for research reactor fuels (estimated as
no more than 0.1 million SWU) would be a few percent of the total enrichment work
that was available to make HEU.*

Currently, China operates only a few reactors that need HEU fuel, and future HEU use
in its research reactors will not be significant. The China Experimental Fast Reactor
(CEFR, 65 MWt), which reached criticality in July 2010, started up with an initial core
of about 240 kg of 64.4 percent enriched uranium provided by Russia and has oper-
ated infrequently and perhaps at low power. The CIAE expects to load the CEFR with
plutonium-uranium mixed-oxide (MOX) fuel before 2020.

China’s remaining major operational HEU-fueled research reactors include one Min-
iature Neutron Source Reactor (MNSR) at Shenzhen University (approximately 1 kg of
90 percent U-235), which is being converted, and a Pilot Reprocessing Plant Nuclear
Criticality Safety Experiment Facility. China has not released any information about
its stock of HEU for these reactors but could have produced a large stock since 1987 if
it wanted to do so, given that the Heping GDP and the pilot CEP of Plant 814, both
assumed to be for dual use, could each produce more than 1 ton of 90 percent enriched
HEU per year.
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Reactor

China Experimental Fast
Reactor

DF-VI Fast Neutron
Criticality Facility

Pilot Reprocessing Plant
Nuclear Criticality Safety
Experiment Facility

Miniature Neutron Source
Reactor
(MNSR-S2)

Miniature Neutron Source
Reactor
(MNSR-IAE)

Miniature Reactor Zero
Power Facility

High Flux Engineering
and Test Reactor

Min Jiang Test Reactor

Miniature Neutron Source
Reactor
MNSR-SD

Miniature Neutron Source
Reactor
MNSR-SH

HFETR Critical Assembly

Operator

China Institute of Atomic
Energy, Beijing

China Institute of Atomic
Energy, Beijing

China Institute of Atomic
Energy, Beijing

Shenzhen University,
Guangdong

China Institute of Atomic
Energy, Beijing

China Institute of Atomic
Energy, Beijing

Nuclear Power Institute of
China, Chengdu, Sichuan

Nuclear Power Institute of
China, Chengdu

Research Institute of
Geological Science, Jinan,
Shandong

Shanghai Institute for
Measurement and Testing
Technology

Nuclear Power Institute of
China, Chengdu

Characteristics
(before conversion)

240 kg 64.4% HEU
supplied by Russia

65 MWt/25 megawatts
electric (MWe)

50 kg 90% HEU
0.05 kWt

89.37% HEU,
critical mass 1.6 kg U-235
0 kWt

1kg 90% HEU
30 kWt

1kg 90% HEU
27 kWt

1kg 90% HEU
0 kwt

90% HEU
125 MWt; converted to
19.75% LEU

fueled by HFETR spent
fuels; 5 MWt

1kg 90% HEU
30 kWt

1kg 90% HEU
30 kWt

90% HEU
0 kWt

Status

Operational since
December 2010

Long-term shutdown

Operational since 2000

Operational since 1988,
being converted to LEU

Operational since 1984,
converted March 2016 to
12.5% LEU

Operational since 1984;
converted to LEU?

Converted in 2007,
operational

Converted in 2007,

operational

Closed in 2008

Closed in 2006

Converted in 2007,
long-term shutdown

Table 2.

China’s major research reactors that used HEU.”

Naval reactor fuel. China launched its nuclear-powered-submarine program in 1958. To
keep these submarines from competing with the nuclear-weapon program for HEU,
China decided to fuel them with LEU.”® This fuel was probably less than 5 percent
enriched.” A land-based prototype reactor began tests in May 1970 and became fully
operational in July 1970. The full-life test of its reactor core ended in December 1979
and the spent fuel was discharged in 1981.”

China’s first Type 091 Han-class nuclear-powered attack submarine (SSN) entered ser-
vice in 1974 and was retired in 2000. Its first Type 092 Xia-class nuclear-powered stra-
tegic ballistic-missile submarine (SSBN) was launched in 1982. China began to deploy
its second-generation SSN (Type 093 Shang-class) in 2006, and the second-generation
SSBN (Type 094 Jin-class) in 2014.” It has been reported that China currently has nine
nuclear submarines, including five SSNs and four SSBNs.”

16 China’s Fissile Material Production and Stockpile



To estimate China’s HEU stocks for weapons, it is necessary to subtract the enrichment
work required for naval-reactor fuel before 1987. Given that the Lanzhou GDP stopped
HEU production for weapons in 1980 and subsequently produced LEU for naval reac-
tors or civilian power reactors, it is necessary to estimate the SWU used for naval fuel
before 1980.

It is estimated that the Lanzhou and/or Heping would have produced LEU for about
10 naval reactor cores before 1980 to meet the demand for one core for the land-based
prototype reactor, five cores for the Han-class submarines, one core for the Xia-class
SSBN, and a few spares.” Each of these submarines has one 110 MWt pressurized-water
reactor (PWR).”

If the reactor cores are designed to have lifetimes of 10 years, it is estimated that each
fuel load of China’s naval reactors would require about 2.8 tons of 5 percent LEU.”
Thus, LEU production for 10 naval reactor cores would reduce the SWU available for
making HEU for weapons by about 200,000 SWU at a tails assay of 0.3 percent.”

Thus China’s two gaseous diffusion plants would have supplied roughly 500,000 SWU
to enrich uranium for non-weapon purposes (see Table 3). This would have left an
estimated 2.9 million SWU available for producing HEU for weapons, sufficient for
about 15 tons of weapon-grade HEU.

Finally, it should be noted that China’s new generation of naval reactors is likely to still
use LEU fuel. Some Chinese accounts mention that the NPIC, which is part of CNNC
and is mainly responsible for designing naval reactors, developed a second-generation
naval reactor in 2006.” This is consistent with an authoritative statement that the pro-
ject on the development and engineering of the new generation of naval reactor was
officially approved by 2005.” That time frame is also consistent with the delivery of the
first second-generation nuclear submarine to the navy in 2006.

Reportedly, CNNC's small ACP100 reactor is based on new naval-reactor technology.”
CNNC started work on the ACP100 in 2010 as a key project of the 12th Five-Year Plan.
The ACP100 reactor is a small, multi-purpose, modular PWR with a passive safety sys-
tem. In 2014, CNNC completed its preliminary design and, in April 2016, the design
passed an International Atomic Energy Agency general safety review.” The ACP100
reactor is described as a 310 MWt (100 MWe) small modular PWR, with the core and
cooling system integrated inside the pressure vessel. The reactor has a 60-year design
life. It is refueled every two years and uses 4.2 percent enriched LEU fuel.™

One NPIC expert stated in 2011 that the ACP100 development program would adopt
mature technology, including fuel assemblies, steam generators, control-rod drive
mechanisms, and main pumps mastered by NPIC.*” This suggests that China’s new
generation of naval reactors may still use LEU fuel.
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If China operates 10 naval reactors, and each reactor requires about 2.8 tons of 5 percent
LEU for a lifetime of 10 years, it would need 0.02 million SWU/year of enrichment
work. If the fleet of naval reactors is increased tenfold, it would need an enrichment
capacity of 0.2 million SWU/year. The Heping GDP, with its capacity of 0.23 million
SWU/year and the pilot CEP, which has a capacity of 0.25 million SWU/year are each
large enough to meet the needs.

In the past, it was thought that China might have used HEU to fuel a tritium-production
reactor.” Newly available information shows, however, that China produced tritium
for boosting the power of the fission primaries of its nuclear weapons mainly at its
natural-uranium-fueled Jiuquan plutonium-production reactor until it was closed in
the 1980s.*

It is not clear how China has produced tritium since it closed its plutonium-production
reactors. In 1970, China started Project 827, which included a heavy-water-moderated
tritium-production reactor, but the project stopped in the early 1980s and was never
completed. If China extracts tritium from the moderator of its two Candu heavy-water
reactors (728 MWe each), it could produce annually about 260 grams of tritium,* which
would be sufficient to supply China’s current nuclear arsenal.®

Consumption and losses of HEU produced for weapons

Some of the HEU produced for weapons was consumed in nuclear-weapon tests or went
into waste as process losses.

China has carried out 45 nuclear-weapon tests.” These may have consumed about 750 kg
of HEU or the equivalent of 0.15 million SWU.* Some HEU was lost as the material was
processed; about 90 kg of weapon-grade uranium, or the equivalent of 0.02 million
SWU, would have been lost if China’s process losses were about 0.5 percent, similar to
those in the United States.”

In addition, A.Q. Khan, the former head of Pakistan’s HEU program, claims that China
provided 50 kg of weapon-grade HEU to Pakistan in 1982." Many Chinese experts
doubt this.
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Military inventory of HEU

It is estimated that China could have a current inventory of about 14+3 tons of HEU for
weapons.” This new estimate is somewhat lower than the 2010 IPFM estimates and
significantly lower than other recent estimates.” The assumed 20 percent uncertainty
is due mainly to the range of possible tails assays. There is no official information about

tails assays in China’s gaseous diffusion enrichment program.

Activity

Enrichment work prior to 1987

Enrichment of irradiated uranium

Enrichment work used for non-weapon purposes

Research-reactor fuel

Naval-reactorfuel

Other removals

Process losses

Nuclear tests

Possible transfer to Pakistan

Total remaining available for weapons HEU

Million SWUs

produced or consumed

3.38

-0.2

-0.1

-0.2

-0.02

-0.15

-0.01

27

Table 3. China’s estimated uranium enrichment work until the end of HEU production for weapons.
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China has produced plutonium for weapons at two sites:

Jiuquan Atomic Energy Complex (Plant 404) in Jiuquan, Gansu province. This site
includes China’s first plutonium-production reactor and associated reprocessing
facilities.

Guangyuan plutonium-production complex (Plant 821), located at Guangyuan in
Sichuan province. This third-line site also included a plutonium-production reactor
and reprocessing facilities.

In the past, the original design power of the Jiuquan and Guangyan reactors was each
assumed to be about 250 MWt.” Authoritative publications that have recently become
available, however, state that each Chinese plutonium-production reactor had a design
power of 600 MWt.*

Production of plutonium for weapons has ended at both sites. Since 1983, however,
China has maintained a closed-fuel-cycle policy and is interested in separating pluto-
nium from the spent fuel of civilian power-reactors.” In December 2010, it began test-
ing a pilot civilian reprocessing plant with a capacity of 50 tons of spent fuel per year at
the Jiuquan complex. Since then, however, the plant has been shut down most of the time
because of technical problems. As of December 2015, according to China’s declaration to
the IAEA, it had separated 25.4 kilograms of plutonium.”

In early 2015, the government approved the construction of a 200 ton/year demon-
stration reprocessing plant at Jinta in Gansu province; CNNC started site preparation
for the project that July. CNNC also has been negotiating with France’s Areva over the
purchase of a commercial reprocessing plant with a capacity to reprocess 800 tons of
spent fuel per year.

Jiuquan complex

In January 1958, Jiuquan, in the Gobi Desert, was selected as the site for China’s first
plutonium-production complex. The Jiuquan plutonium-production reactor (Reactor
801) is a natural-uranium-fueled, graphite-moderated, water-cooled reactor.” In April
1958, Soviet experts began preliminary design. Construction began in March 1960.
Just after the concrete baseplate was poured in August 1960, however, the Soviet Union
withdrew its experts. At the time, China had not received the key reactor components.”
Beijing therefore decided to suspend construction of the reactor and concentrate
on completing the Lanzhou enrichment plant.

In June 1962, the Second Ministry approved resumption of construction of the Jiuquan
reactor and, in February 1965, the central government approved a speedup of the
project to meet the needs of the hydrogen-bomb development program. Installation of
the graphite core structure began in the spring of 1966, and the reactor went critical in
October 1966. In December 1967, the reactor achieved 0.5 percent of design power.”
After that, it increased power only gradually while upgrading equipment, finally reach-
ing its design power only in mid-1975."
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During the early years of operation, accidents occurred frequently, accounting for the
reactor operating below design power.” In January 1969, a serious accident caused
overheating and the meltdown of an aluminum channel liner and the fuel elements
in it. It took more than 20 hours for workers to deal with the problem under high-
radiation conditions. Incidents that led to damaged fuel elements and aluminum channel
liners were frequent for some time, often requiring shutdown of the reactor to discharge
irradiated fuel rods and change channel liners and the graphite tubes outside them.

After 1970, with improvements, the reactor achieved continuous operation, with no
need for stopping for fuel loadings and discharges or for changing channel liners or
graphite tubes.”” The reactor ran without an unscheduled shutdown until it went out
of service in early 1974 for tests, repair, and maintenance.'”

In October 1972, the water tank that supported the weight of the entire reactor core
was discovered to be leaking. A year later, in September 1973, the central government
approved the shutdown of the reactor for repair and maintenance. The reactor shut
down on 30 December 1973 for equipment repair and inspection. It took 103 days to
resolve the leak problem." After this work, reactor operation entered a long stable period,
with the reactor reaching its design power of 600 MWt for the first time in mid-1975."

In 1976, the Second Ministry established an increased production output goal in the
Fifth Five-Year Plan (1976 —-1980)."° The reactor’s power was raised through improve-
ments in the cooling system; the fuel burnup was increased; and reactor-days of opera-
tion increased from 288 to 324 days per year."” As a result of these measures, by 1979,
plutonium production had increased by 20 percent, realizing the “1.2 reactor” goal set
in the Fifth Five-Year Plan a year ahead of schedule.”

After adopting its policy of military-to-civilian conversion in 1981, the central
government reduced its requirements for the production of nuclear materials for weap-
ons."” Plutonium production at Jiuquan decreased rapidly thereafter.”” In 1982, the
Ministry of Nuclear Industry (MNI) confirmed the technical feasibility of converting
plutonium-production reactors to the dual mission of producing electric power as well
as plutonium."

China Today reported the conversion work started in September 1984, but it did not
specify if this meant the Jiuquan reactor, the Guangyan reactor, or both."* The Jiuquan
reactor was designed for dual use from the beginning, but was not set up to generate
electricity from the beginning."* It appears the Jiuquan reactor never operated in a
dual-use mode." It was closed down by November 1986."°

In August 1987, at a State Council meeting chaired by then-vice premier Li Peng, it
was decided officially to “close the reactor and stop reprocessing” (Ting dui ting hua)
and “maintain the plant as a base for civilian reprocessing.”""* After exploring various
options during the late 1980s and 1990s, a pilot civilian reprocessing plant was built in
the 2000s at the Jiuquan plant."”
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Decommissioning of the reactor began after 1990. By 2000, the first stage, including
the removal of internal structures of the cooling towers, had been completed."®

+ Civilian pilot
reprocessing-plant

4
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Figure 7. Jiuquan plutonium complex. Satellite image from 31 December 2012
(coordinates 40° 13’ 50.20”N/97° 21’ 49.41"). Credit: DigitalGlobe and Google Earth.

Reprocessing plants. China began to develop a military reprocessing capability in 1956
with assistance from the Soviet Union, based initially on the Soviet reprocessing tech-
nology, which involved the precipitation of sodium uranyl acetate. In 1958, the Chinese
government selected a reprocessing site at the Jiuquan complex.

After the USSR stopped providing aid in 1960, China began to re-evaluate the Soviet
technology. In 1962, Beijing decided to build a small pilot plant (also known as the
Small Plant) first and then a large military reprocessing plant (also known as the Large
Plant). In 1964, China finally decided to give up the Soviet approach and use the U.S.
PUREX technology in the plants.

Construction of the pilot plant began in 1965, and it began operation in September
1968. It had two production lines that could together process 0.4 tons of irradiated
uranium per day and operate for more than 250 days per year."” This meant that the
plant could separate about 60 kg of weapon-grade plutonium per year.” It separated
the plutonium for China’s first plutonium-based weapon test, conducted in December
1968.” It ended operations when the larger plant, also built near the reactor site, began
operating in April 1970.

The large plant and the small plant were developed in parallel because of the tense
international security environment in early 1960. In May 1964, Beijing decided to use
the PUREX technology for the large plant and in July 1965, approved a proposal to
build the plant within the Jiuquan complex. Construction of the large plant started in
April 1966. Because of the Cultural Revolution, completion of the plant was delayed
until early 1970, putting it more than one year behind schedule. The large plant started
plutonium-separation operations in April 1970."* It probably stopped around 1987.*
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Power of the reactor. The thermal power of the reactor is a key factor in determining its
plutonium-production rate. For the Jiuquan reactor, a design power of 600 MWt — or
even an increase by 20 percent to 720 MWt — is within the upper bound of the 840 MWt
estimate based on the size of the Jiuquan reactor’s six cooling towers. On the basis of
commercial satellite images, it appears that the Jiuquan reactor towers have a top diam-
eter of about 30 meters, which suggests a design power for each tower of 14-140 MW."*

The design of the Jiuquan reactor is likely to be similar to that of the EI-2 reactor at the
Siberian Chemical Combine in Seversk (formerly Tomsk-7) near Tomsk. The EI-2 reactor,
the first dual-purpose reactor constructed in the Soviet Union, started operation in
September 1958 - several months after Soviet experts began the preliminary design of
the Jiuquan production reactor in April 1958. The EI-2 reactor had a design power of
400 MWt (and an electricity-generating capacity of 100 MWe), later upgraded to 1,200
MWt. It also used cooling towers."

The new information that the two Chinese plutonium-production reactors had the
same design power is consistent with the facts that the Jiuquan and Guangyuan reac-
tors were described as “2.5 reactors” by the end of 1970s after the Jiuquan reactor and
Guangyuan reactor became “1.2” and “1.3” reactors, respectively (which indicated that
the two had the same original design power). Also, new information describes the
graphite stack of Reactor 816 (see following discussion) as having 2,001 fuel channels,”
the same number as the I-1 and EI-2 reactors at Tomsk-7."” In practice, Plant 816 was the
first dual-use (plutonium- and electricity-production) reactor in China."”

A number of authoritative Chinese publications state that the Jiuquan reactor reached
its design power by the first half of 1975, and the Guangyuan reactor in October 1974.
Later, during the Fifth Five-Year plan (1976-1980), both reactors increased their power
and realized the goal of together becoming “2.5 reactors.”

Plutonium production. The estimated cumulative plutonium production by the Jiuquan
reactor is based on the above information and the following assumptions:

From 1967 through 1973, the reactor power increased linearly from 0.5 percent of
design power to about 85 percent of the design power of 600 MWt.”” The capacity
factor during 1967-69 is assumed to be 40 percent, and the capacity factor during
1970-73 is assumed to be 80 percent (288 days per year);

The reactor was shut down for 103 days during January 1974-April 1974 for repair
and maintenance;

From April 1974 through June 1975, the reactor power increased linearly to the full
design power of 600 MWt with a capacity factor of 80 percent;

From July 1975 through 1979, the reactor linearly increased its plutonium-production
rate to 1.2 times the initial design production rate; and

From 1980 until shutdown in November 1986, the plutonium-production rate was
about half of that in 1979."
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With these assumptions, the Jiuquan reactor produced an estimated total of 2,200 giga-
watt-days (GWA) of fission heat and generated a total of about 2 tons of weapon-grade
plutonium.”
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Figure 8. Reconstructed history of production of weapon-grade plutonium by the Jiuquan reactor (kg/year).
The reactor reached its design power of 600 MWt in mid-1975. The plutonium-production rate was increased
by 20 percent by 1979. Under the military-to-civilian conversion policy, the reactor reduced plutonium
production in the 1980s and was shut down by November 1986.

Guangyuan Complex

Beijing decided in 1966 to build a duplicate of the Jiuquan complex in caves under a
mountain as a third-line project (Plant 816). Construction started in February 1967.
However, the extremely hard rock made the work of mining out the caverns very slow,
and the project was expected to take a long time to complete. With border conflicts with
the Soviet Union increasing in the late 1960s, and the occupation of Czechoslovakia by
Soviet troops in August 1968, Beijing decided to rush the building of an alternative
third-line plutonium production complex. Mao Zedong reportedly said that “we have
to go even by riding a donkey if there is no road, and take my royalties if there is no
money."”"”

In October 1968, the Second Ministry started site selection in Guangyuan in Sichuan
province. In February 1969, the central government approved Project 821." After a
fierce border conflict with the Soviet Union in March 1969 - the Chen-pao Island
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event — Beijing became seriously concerned about the possibility that Moscow might
conduct “surgical strikes” against China’s nuclear facilities.* In May 1969, Premier
Zhou Enlai approved the issuing of a “Joint Notice to Rush Construction of Project
821.” In August 1969, a joint design team began work at Guangyuan, and construction
started on 10 October 1969.

It is reported that Lin Biao, then Vice Chairman of the Central Committee of the Com-
munist Party of China, proposed in July 1969 to move the Jiuquan reactor to Sichuan.
The scientists of the plant argued that to move the reactor would be to destroy it. Zhou
ordered that the plant not be moved but rather that its production be increased.™

In November 1969, Beijing decided to divide the employees of the Jiuquan reactor into
three groups. While a small group remained at the plant to continue production, the
largest group relocated to the Guangyuan site, and the third went to the underground
Plant 816.

The Guangyuan reactor achieved criticality in December 1973 and its design power by
October 1974." It took only 10 months to achieve full design power because its opera-
tors had learned from the Jiuquan reactor. Also, the Guangyuan reactor had a simple
once-through cooling system, which drew cooling water from the nearby Bailongjiang
River and discharged heated water downstream.

During 1973-1976, the operators mainly focused on instrumentation, including
sensors for monitoring the flow and temperature of the water coolant, computer
controls, and the large cooling-water intake pump."”

Like the Jiuquan reactor, the Guangyuan reactor was a natural-uranium-fueled, graphite-
moderated, water-cooled reactor with a design thermal power of 600 MWt and an elec-
trical generating capacity of 100 MWe."* However, it should be noted that, while the
reactor was designed for dual use purposes, no turbogenerator or steam generator were
installed initially. It was converted in 1984.

In 1976, the Second Ministry ordered the two reactors to increase plutonium produc-
tion and reach a combined output of “2.5 reactors” during the Fifth Five-Year Plan.” By
increasing the power and U-235 burnup, the Guangyuan reactor increased its plutonium-
production rate by 30 percent by 1978, leading to it being dubbed the “1.3 reactor.”"
Together with Jiuquan’s “1.2 reactor,” the two reactors became “2.5 reactors” by the end
of 1970s."!

Newly available information suggests that, as part of the policy of military-to-civilian
conversion, the Guangyuan reactor likely started work to move to the dual mission
of plutonium and electric-power production in September 1984."> Some say that the
conversion was completed in 1986, but because of safety concerns after the Chernobyl
disaster, the reactor never operated.”” The reactor was likely closed in 1986."*
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It has been reported that in August 1987, the central government made a strategic
decision at the important Beidaihe meeting on the Guangyuan plant of “ending mili-
tary production and converting to civilian use.”* With parallel actions at the Jiuquan
complex, it appears that China officially ended its plutonium production for weapons
in 1987."¢

After the shutdown of the reactor, the Guangyuan plant began to shift to a primarily
civilian mission, including aluminum manufacture. The new enterprise was called the
CNNC Sichuan Wuzhou Industry Company.”” The second volume of the history of
Plant 821 (covering the years 1988-2006) discusses the plant’s transition to civilian
activities. During 1990 -2000, the plant also carried out the early stages of decommis-
sioning of its reprocessing plant. After 2006, Plant 821 was renamed the CNNC Sichuan
Environmental Protection Engineering Co., Ltd., which focuses on the decommissioning
of nuclear facilities and management of nuclear waste."*

The reprocessing plant at the complex started operation in 1976, reaching its design
capacity in 1977." It was presumably closed in 1987.

Reprocessing plant ) Reactor 821

Figure 9.1.  Satellite image overview of the Guangyuan plutonium-production complex. This image
was taken on 31 October 2015 (coordinates: 32° 29’ 44.27” N /105°35’ 24.48” E). Credit: DigitalGlobe and
Google Earth.
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Figure 9.2. The reactor 821 area. This image was taken on 31 October 2015 by a DigitalGlobe satellite.
Credit: DigitalGlobe and Google Earth.

L

Figure 9.3. The areaofreprocessing plant.This image was taken on 31 October 2015 by a DigitalGlobe satellite.
Credit: DigitalGlobe and Google Earth.
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Plutonium production. Cumulative plutonium production by the Guangyuan reactor is
estimated on the following assumptions:

e From December 1973 to October 1974, the reactor power increased to a design power
of 600 MWt with a capacity factor of 40 percent;"’

* From November 1974 to December 1976, the reactor power maintained a design
power of 600 MWt with a capacity factor of 80 percent;

e From January 1977 to December 1978, the plutonium-production rate increased
linearly by 30 percent and maintained that level until December 1979;

e From 1980 until shutdown for conversion in August 1984, the plutonium-production

rate was reduced by about half from that in 1979."

Under these assumptions, the Guangyuan reactor could have produced a total of about
1,600 GWd of fission energy and generated a total of 1.4 tons of weapon-grade plutonium.
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Figure 10. Reconstructed history of production of weapon-grade plutonium by Guangyuan reactor (kg/year).
The reactor reached its design power of 600 MWt by October 1974. The plutonium-production rate was
increased by 30 percent by 1978. Under the military-to-civilian conversion policy, the reactor reduced its
plutonium production in the 1980s and was likely shut down in September 1984.
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Summary of plutonium production

Together, the Jiuquan and Guangyuan reactors produced a total of about 3,800 GWt-
days of fission. If China used the reactors only for plutonium production, it would have
produced about 3.4 tons of weapon-grade plutonium. It has been reported, however,
that China used the reactors to produce tritium for weapons as well."> Assuming 4 to 8
grams of tritium per warhead, this would reduce China’s estimated production of weapon-
grade plutonium by 120-240 kg." This would reduce China’s estimated plutonium
production to about 3.2 tons.

The uncertainties of the above estimates mainly come from the assumptions concern-
ing the phase-out of plutonium production during the 1980s. There is no available
information on the specific reductions during the period. It has been assumed that the
reactors reduced their plutonium production rate by 50 percent. If one assumes a range
of 25 to 75 percent, the estimate could decrease or increase by 560 kg, resulting in a
17 percent uncertainty. Other uncertainties are with the reactor powers, capacity
factors, burnups, and levels of tritium production during specific periods. This could
increase the uncertainty to £20 percent. In that case, China produced 3.2£0.6 (2.6 to
3.8) tons of weapon-grade plutonium. This is significantly higher than the author’s
estimates in 2010 and other recent estimates.™

Consumption and losses of plutonium

Some of the plutonium produced was lost in reprocessing and fabrication processes.
Some was used in nuclear tests.

Reprocessing and fabrication losses. There is no information available about the recovery rates
of plutonium in China’s reprocessing facilities. According to the Russian experience,
more than 10 percent of the plutonium was lost in the high-level waste during the
1950s, and the losses were reduced to 3-5 percent by the mid-1960s.”** China’s case
might be similar. The Guangyuan plant focused on increasing its plutonium recovery
rate until the 1980s.”* The plutonium recovery rate at the civilian pilot reprocessing
plant at the Jiuquan complex has not been good. The design of that plant was based
primarily on the PUREX test facilities developed in the 1960s for the nuclear-weapon
program. It has a design capacity to process up to 400 kg of spent fuel per day (the same
as that of the small military facility).”” During its 2010 hot test, reprocessing operations
at the civilian pilot plant stopped after only 10 days due to problems with the large
amount of waste produced and the high percentage of material unaccounted for.**

An additional quantity of plutonium was lost during the fabrication of plutonium for
weapons. The US and Russia lost about 5 percent in fabrication.' As a conservatively
low estimate, if China lost 5 percent of its weapon plutonium during reprocessing and
fabrication, the quantity of plutonium lost could be about 160 kg.

Use in nuclear tests. China carried out about 38 nuclear tests after it began producing
plutonium. Most of these tests would have contained weapon-grade plutonium in a sim-
ple fission weapon, in a compact boosted fission weapon, or as the fission primary in a
two-stage thermonuclear weapon. A total of about 200 kg of plutonium would have been
used in these tests, assuming an average of 5 kg of weapon-grade plutonium per test.'”
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Plutonium inventory. Assuming 160 kg of plutonium lost in reprocessing and fabrication
and 200 kg in China’s nuclear tests, China’s current inventory of weapon-grade plu-
tonium would be about 2.9+0.6 tons (2.3-3.5 tons). This estimate is at the high end
of the U.S. Department of Energy’s estimated range in 1999 of 1.7-2.8 tons of weapon
plutonium." It also is higher than other recent non-governmental estimates.'

Unfinished plutonium-production projects

During the third-line construction campaign (from the mid-1960s to the end of the
1970s), China tried to build several underground reactors but never finished them:

Plant 816 in the Fuling district of Chongqing. This plant included a plutonium-
production reactor and the associated reprocessing facilities in caves.

Plant 827 near Yichang in Hubei province. China planned to build two heavy-water
reactors in caves, one for tritium production and the other for civilian nuclear power.
There also were plans to build a radiochemical research institute aboveground, focus-
ing on research and development on reprocessing the spent fuel of power reactors.

Project 820 at a nuclear research and experimentation center of Tsinghua University
(coded as “base 200”), located at Changping, a suburb of Beijing. This project was
supposed to construct a 50 MWe thorium molten-salt breeder reactor for electricity
generation and to serve as a candidate for an advanced naval power reactor.

Plant 816. In 1966, to back up the Jiuquan plutonium-production plant, Beijing decided
to build another plutonium-production complex (Plant 816), including a reactor and
associated reprocessing facilities in caves under a mountain at Baitaozhen in Fuling,
130 km from Chongqing city."* The plant was to be located inside the Jinzi Mountain
east of Wujiang River, a branch of the Yangtze River. The area is frequently shrouded by
a thick fog, which facilitates concealment of activities from reconnaissance satellites.
Construction started in February 1967. Like the Jiuquan reactor, Reactor 816 was to be
a natural uranium-fueled, graphite-moderated, and water-cooled reactor with a power
of 600 MWt with 100 MWe of electricity generating capacity.'**

The construction of Plant 816 progressed very slowly due to the difficult work of min-
ing out its caverns. This led to Beijing’s decision in 1968 to shift priority to building the
above-ground Guangyuan plant. Following its decision to shift from military to civil-
ian production, Beijing decided to suspend the unfinished project in June 1982 and to
end it in June 1984. By then about 85 percent of the civil engineering work had been
finished and more than 60 percent of the plant equipment had been installed.

The reactor was never loaded with fuel. The 150-meter high stack is still on top of the
mountain. The area of the man-made caves is 104,000 square meters. The main hall
has nine levels with a combined height of about 70 meters. Reportedly, the cave was
designed to withstand an air explosion of a 1-megaton hydrogen bomb or an 8-magni-
tude earthquake. More than 60,000 soldiers and scientists were involved in the plant’s
construction, and the total investment was about 740 million yuan, about $110 million
(2017 $). In the late 1980s, the plant was converted to non-nuclear civilian purposes,
including fertilizer production. Since 1993, the plant has been renamed as Chongqging
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Jianfeng Chemical Co., Ltd. The project was declassified in 2002 and part of the site was
opened as a domestic tourist attraction in 2010.

Figure 11.1. The area of Plant 816 near Baitaozheng, Fuling district of Chongging. This image was taken
on 24 March 2015 by a DigitalGlobe satellite (coordinates: 29° 33’ 15.92” N /107°30’ 20.32” E).

Credit: DigitalGlobe and Google Earth. The image shows the entrance to the underground nuclear facility.
The stack, which is about 150 m high, is still on the top of the mountain.
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Figure 11.2. Top of Plant 816 reactor core. Source: sina.com.cn.
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Plant 827. In 1970, Beijing started Project 827: the construction of two heavy-water
reactors — a military tritium-production reactor and a civilian power reactor — and a
radiochemical research institute near Yichang in Hubei province, a third-line area near
the Xiling Gorge, one of the famous three gorges of the Yangtze River. It was referred as
“two reactors and one chemical engineering project” (Liang dui yi hua).'" The project
has been described as an early effort to explore and develop nuclear power in China.'”’

Some accounts state that the production reactor was for plutonium production.'*
Available information suggests, however, that it was a military heavy-water tritium-
production reactor.”” There is no available information about the design power of this
production reactor. It is reported that during the 1970s, China studied the possibility of
building a natural-uranium heavy-water reactor of 137 MWt'* that could have served
as a production reactor. If so, the reactor could have met the tritium needs of China’s
weapon arsenal during the period.”

¥,

: :'.3'5' '}/ 1

Figure 12.  Plant 827 near Shaijingping area, Yichang, Hubei province. This image was taken on 11 November
2016 by a DigitalGlobe satellite (coordinates: 30° 50" 55.54” N /111°08’ 53.94” E). Credit: DigitalGlobe and
Google Earth. The unfinished project to build reactors in caves is not visible in this image.

To secure the electrical supply for Plant 827, in June 1970, local governments worked
intensively on their electricity-transmission system. In December 1970, construction
on Plant 827 started.” China planned to build the two reactors in caves and locate the
radiochemical research institute downstream beside the Yangtze River.” It should be
noted that this research institute was likely intended to do R&D on reprocessing the
spent fuel of power reactors.” In the early years, the project focused on road building,
electricity and water supply, and a communications system. By around 1973, the pro-
ject had built a dedicated railroad to Yichang, a paved road of about 97 km through the
remote mountain area, and a huge freight depot near Yichang.””
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To support the design of the heavy-water production reactor of Plant 827, a heavy-water
zero power reactor (HWZPR) was built at CIAE and went critical in June 1970.” From 15
May 1973 to 15 June 1974, the HWZPR conducted 59 criticality tests for a total of about
410 hours simulating a heavy-water production reactor fueled with natural-uranium
fuel. In the late 1970s, China changed its plans for Plant 827 and considered using
90 percent HEU in the production reactor. The CIAE redesigned its HWZPR by using
HEU fuels from the HFETR. The new critical assembly went critical in September 1978
and completed its physics experiments by the end of 1981.”” During this period, the
HWZPR conducted 200 criticality tests for about 1224.6 hours, simulating Plant 827’s
production reactor using HEU fuel.” The shift to using 90 percent HEU in the heavy-
water production reactor suggests that the Plant 827 reactor was intended mainly for
tritium production.

In 1977, there was a proposal to build a 125 MWe heavy-water power reactor in
Hunan province (the neighbor of Hubei province) as part of Project 827. This proposal to
relocate the reactor came after a decision in 1974 to resume construction of the Gezhou
Dam hydropower station on the Yangtze River in the Yichang area. The work on the
dam had been suspended in November 1972. After the dam was built, there was no
urgent need for a power reactor in the region. In addition, China’s decision to choose
light-water rather than heavy-water reactors for power might also have contributed to
the slow progress of Project 827 and finally its end."”

Meanwhile, on 8 February 1970, Premier Zhou emphasized that China needed to
develop nuclear power as well as weapons. Shanghai initiated Project 728 (based on
the date of Zhou's proposal) to study various types of power reactors. In 1974, Beijing
approved Project 728 to build a 300-MWe PWR based on China’s experience from its
naval-reactor program. Construction began on the 300 MWe PWR at Qinshan near
Shanghai in 1984.

Following its military-to-civilian conversion decision, in the early 1980s, Beijing
decided to suspend and end those third-line nuclear facilities still under construction.
Project 827 was ended around 1982. Its two heavy-water reactors were still at the design
stage. In the 1990s, China purchased two 728 -MWe Candu heavy-water reactors from
Canada.

Project 820. In November 1969, Beijing decided to construct a 50 MWe thorium molten-
salt breeder at “Base 200” of Tsinghua University.” It planned to build the reactor in
a cave. The plan was to spend about 100,000 yuan and start to supply electricity to
Tiananmen Square by 1 July 1970." The design was also a candidate for an advanced
naval power reactor. After considerable effort, however, the project was abandoned by
1979. It cost about 200 million yuan, and military engineers dug a big cave — 20 meters
wide, 30 meters high and more than 100 meters long — for the planned reactor."” In
1995, construction began on a prototype 10 MWe high-temperature gas-cooled reactor
(HTR-10) aboveground at Base 200. The reactor achieved criticality in 2000.
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Civilian plutonium production, stockpiles, and plans

China is actively pursuing a reprocessing policy for separating plutonium from the
fuel of its light-water power reactors and its planned sodium-cooled breeder reactors."
China has had a policy of “closing” its fuel-cycle with plutonium separation and use as
fuel since 1983. In December 2010, it began testing a pilot civilian reprocessing plant in
the Jiuquan complex with a capacity to process 50 tons of spent fuel and separating out
about 500 kilograms of plutonium per year. The plant has been shut down by technical
problems most of the time since then, however. As of the end of 2015, it had separated 25.4
kilograms of plutonium.™ China has built a pilot uranium-plutonium mixed-oxide
(MOX) fuel fabrication facility nearby, with a design capacity of 0.5 tons of MOX per
year. This pilot MOX plant is intended to supply fuel for China’s Experimental Fast
Reactor (CEFR). China’s Institute for Atomic Energy (CIAE), which operates the CEFR,
has had several research projects on the different stages of MOX fuel fabrication and
planned to load test rods of MOX into the CEFR for irradiation before 2017."* As of late
2017, MOX test fuel had not yet been loaded in to the CEFR.

In early 2015, the government approved the construction of a demonstration reprocess-
ing plant at Jinta in Gansu Province with a capacity of 200 tons heavy metal (tHM) per
year. CNNC started site preparation for the project in July 2015.™ It is supposed to be
operational in 2020.

Since 2007, CNNC has been negotiating with France’s AREVA over the purchase of
a commercial reprocessing plant with a capacity of 800 tons of spent fuel per year.
CNNC and AREVA have yet to reach an agreement, however, on the price. CNNC plans
to start construction in 2020 and, since the summer of 2015, has been considering
potential sites along China’s east coast. One of these sites, in Lianyungang in Jiangsu
province, waswithdrawn from consideration in August 2016 after a protest by thousands of
citizens."”

If China did succeed in building and operating its 200 tHM/year and 800 tHM/year
reprocessing plants at their design capacities, they would separate about 2 and 8 tons
of plutonium per year, respectively, and quickly create a civilian inventory of separated
plutonium much larger than China’s military stockpile.

CNNC also has active plans for sodium-cooled breeder reactors. Since 2010, the
CIAE has operated the China Experimental Fast-neutron Reactor (CEFR). It is a small
sodium-cooled, experimental reactor located about 40 km from Beijing with a power
capacity of 25 MWe (65MWt). The CEFR went critical in July 2010, 10 years after the
start of its construction, and by July 2011 was operating at 40 percent of its full power
and was connected to the grid. The reactor was online for only 26 hours during 2011,
however, producing the equivalent of one full-power hour. It was disconnected from
the grid during 2012 and 2013." During the four-day period 15-18 December, 2014,
the CEFR successfully completed a test at full power for 72 hours.”™ It continues to
operate intermittently at somewhat lower power levels for R&D purposes.™

34 China’s Fissile Material Production and Stockpile



CNNC had planned to start construction in 2017 on a 600 MWe demonstration
fast reactor, the CFR-600, at Xiapu in Fujian province with commissioning planned
for 2023.”" However, as of late 2017, no official permission had been issued for
reactor construction. CNNC also plans to develop a 1000 MWe CFR-1000."* Since
2008, CNNC has negotiated with Rosatom, Russia’s state nuclear power corporation,
over the purchase of a copy of Russia’s BN-800. Chinese experts argue that Russia’s
price is too high, however.
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China has not officially declared that it has ended HEU and plutonium production for
weapons. It appears, however, that China stopped its military plutonium production in
1987 and subsequently decommissioned its military plutonium-production complexes.
The Lanzhou enrichment plant ended HEU production around 1980 and continued to
produce LEU until it was closed in 2000. The Heping enrichment plant appears to have
stopped HEU production for weapons in 1987 and since then has been producing LEU
and HEU for military non-weapon use and possibly civilian use.

Newly available public information on the history of China’s HEU and plutonium
production permits updates of the 2010 IPFM estimates that China has stockpiles of
16+4 tons of weapon-grade HEU and 1.8 £0.5 tons of weapon-grade plutonium. The new
estimates are that China currently has about 14+3 tons of weapon-grade HEU and
2.910.6 tons of weapon-grade plutonium.

These new estimates do not change the earlier conclusion that China may have smaller
military stockpiles of HEU and plutonium than Britain, France, Russia, and the United
States.
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