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ABSTRACT 

China has kept information about its stocks of fissile materials and nuclear weapons 

secret. Based on new public information, it is believed China halted its plutonium production for 

weapons in 1987. This paper further reconstructs the history of China’s plutonium production at 

its two plutonium production complexes. Also the paper updates significantly estimates on 

China’s stockpile of plutonium for nuclear weapons. The new estimate is significant higher than 

other recent estimates. 

China has produced plutonium for weapons at two sites: 1) Jiuquan Atomic Energy 

Complex (Plant 404) in Jiuquan, Gansu province. This site includes China’s first plutonium 

reactor (reactor 801) and associated reprocessing facilities. 2) Guangyuan plutonium production 

complex (Plant 821), located at Guangyuan in Sichuan province. This “third line” site also 

included a plutonium reactor (reactor 821) and reprocessing facility. While China has not 

declared officially that it has ended HEU and plutonium production for weapons, it appears that 

China halted its HEU and plutonium production for weapons in 1987.1 

The Jiuquan plutonium production reactor reached criticality in October 1966, and 

reached its design power in the mid-1975.2 A great deal of effort went into increasing its 

plutonium production rate, which was increased by 20 percent by 1979. During the 1980s, after 

China pursued the “military to civilian conversion” policy, plutonium production decreased 

rapidly and the reactor was closed by November 1986. The Guangyuan reactor achieved 

criticality in December 1973 and its design power by October 1974. Subsequently, the plutonium 

production rate was increased 30 percent by 1978. However, under the “military to civilian 

conversion” policy, the reactor was shut down in 1984.  

Based on then-available information, this author estimated in 2010 that China could have 

a stockpile of about 1.8±0.7 tons of plutonium for weapons.3 Based on newly available public 

information, this study estimates China’s current stockpile as about 2.9±0.6 tons of plutonium for 

weapons. The new estimate for plutonium stockpile is at the high end of a U.S. Department of 

Energy estimated range, reported in 1999, of 1.7–2.8 tons of weapon plutonium4 and 

significantly higher than other recent estimates.5  

Jiuquan Plutonium Production Complex 

In January 1958, the 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.6 Construction began in March 

1960. Just after the concrete baseplate was poured, however, in August 1960, the Soviet Union 

withdrew its experts. At the time, China had not received the key reactor components. Given that 

the construction of the Lanzhou enrichment plant was much further advanced than the Jiuquan 
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reactor, the Second Ministry decided to suspend the construction of reactor, and make the 

construction of Lanzhou GDP its top priority. In June 1962, the Second Ministry approved 

resumption of construction of the Jiuquan reactor. In February 1965, the central government 

approved speedup of the project to meet the needs of the hydrogen bomb development program. 

The reactor went critical in October 1966. In December 1967, the reactor achieved 0.5 percent of 

design power7. Since then it had gradually enhanced its operation power until reaching its design 

power in mid-1975. 

During the early years, accidents occurred frequently, due to short of reactor operation 

experience, lax management, and rule violations.  Consequently, it caused the reactor’s power to 

fall below the design level.8 For a period, damaged fuel elements and aluminum channel liners 

were frequent, often requiring shut down of the reactor to discharge irradiated fuels and change 

channel liners and the graphite tubes outside them. After improvements, the reactor achieved 

continuous operation after 1970, not stopping for fuel loads and discharges or for changing 

channel liners and or graphite tubes.9 The reactor ran without an unscheduled shutdown until it 

shut down in early 1974 for tests, repair and maintenance.10  

 

In October 1972, a water tank that bears the weight of the entire reactor core was 

discovered to be leaking, a year later, in September 1973, the central government approved shut 

down of the reactor for repair and maintenance. The reactor shutdown on 30 December 1973 for 

equipment repair and inspection. It took 103 days to resolve the leaking problem.11 After this 

work, reactor operation entered a long stable period, with the reactor reaching its design power 

for the first time in mid-1975. 12  

During and after the last half of 1975, the plant conducted a great deal of scientific 

research experiments and technical innovation to increase its plutonium production rate. In 1976, 

the Second Ministry of Machine Building Industry required the enhancement of production 

output of the reactor as the goal of the Fifth 5-Year Plan (1976-1980). To achieve the goal, the 

plant undertook a number of major improvements, mainly including 1) increasing the reactor 

power through improvements in the cooling system; 2) increasing the burnup of the irradiated 

fuel without losing product quality; 3) increasing the capacity factor, i.e. the reactor operation 

days per year increased from the original 288 to 324 days per year.13 As a result of these 

measures, by 1979, plutonium production had increased by 20 percent, realizing the “1.2 reactor” 

goal set up for the Fifth 5-Year Plan a year ahead of schedule.14  

 

Since 1981, following the “military to civilian conversion” policy, the central 

government required a relatively large reduction of military nuclear materials production.15 Thus, 

entering the 1980s, plant 404 decreased rapidly its plutonium production.16 The new available 

information shows that the Jiuquan reactor was closed down by November 1986. 17 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.”18 After exploring various options during the late 1980s and 1990s, in 

the 2000s, a pilot civilian reprocessing plant was built at the plant 404 site. 19  Decommissioning 

of the reactor began after 1990. By 2000, the first the stage, including removal of internal 

structures of the cooling towers, had been completed.20 
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Figure 1: Jiuquan plutonium complex. Satellite image from 31 December 2012. Credit: Digital 

Globe and Google Earth, coordinates 40o 13’ 50.20”N/97o 21’ 49.41”  

 

 

The military pitot reprocessing plant (referred as Small Plant) at the Jiuquan complex 

began operation in September 1968. It had two production lines that could together process 0.4 

tons of spent fuel per day and operate over 250 days a year.21 It separated the plutonium for 

China’s first test of a plutonium-based weapon in December 1968. It ended operations when the 

larger plant, also built near the reactor site, began operating in April 1970. It likely stopped 

around 1987.22 

Power of the reactor. In the past, the original design power of the Jiuquan reactor was 

assumed about 250 MWt. 23However, based on a recent available authorities publication, it 

states each Chinese plutonium production reactor had a design thermal power of 600 MWt and 

100 MWe.24 However, it should be noted that while the Jiuquan and Guangyuan reactors were 

designed for dual-use from the beginning, they did not build to produce power from the 

beginning. 

The new information that each Chinese plutonium production reactor had a same design 

power is consistent to the facts that the Jiuquan and Guangyuan reactors were described as “2.5 

reactors” by the end of 1970s after Jiuquan reactor and Guangyuan reactor realized “1.2” and 

“1.3” reactor, respectively(which indicated both had a same design power). 

 

The design of Jiuquan reactor should be similar to that of EI-2 reactor at the Siberian 

Chemical Combine in Seversk (formerly Tomsk-7) near Tomsk, the first dual-purpose reactor 

constructed in the Soviet Union and started operation in September 1958—several months after 

Soviet experts began the preliminary design of the production reactor in April 1958. The EI-2 

reactor had a design power of 400 MWt (with 100 MWe for electricity generation) and later 

upgraded to 1200 MWt. it had a closed cooling system. 25 

 

Some may argue that China could never reach its reactor design power of 600 MWt. In 

fact, many Chinese authorities’ publications address that Jiuquan reactor reached its design 
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power by the first half of 1975, and Guangyuan reactor reached its design power in October 

1974. Later both reactors increased their powers during the fifth five-year plan (1976-1980) and 

realized the goal of “2.5 Reactors.” In fact, before 1970, a U.S. government official already 

assumed the Jiuquan reactor design power of 600 MWt.26  

 

Plutonium production. The cumulative plutonium production by the Jiuquan reactor is 

estimated 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 600MWt. 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 shutdown for 103 days during January 1974-April 1974 for repair and 

maintenance; 

 From April 1974 through June 1975, the reactor power increased linearly to 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. 27 

 

With these assumptions, the Jiuquan reactor produced an estimated total of 2,200 GWd of 

fission heat and generated a total of about 2 tons of weapon-grade plutonium.28 

Figure 2: Reconstructed history of production of weapon-grade plutonium by Jiuquan 

reactor (kilograms per year).    

 

 

0

20

40

60

80

100

120

140

160

180

200

P
lu

to
n

iu
m

 p
ro

d
u

ct
io

n
 r

at
e

 [
kg

/y
r] Reached design power 

Production reduction
in 1980s 

Realized "1.2 Reactor"



5 
 

Guangyuan Plutonium Production Complex 

After 1964, given the increasingly worsening relationship with Soviet Union and the 

growing military presence of the United States in the region, China began to construct a second 

set of plutonium and HEU production facilities in “third line” interior areas in case the first 

production facilities in border and coastal areas were destroyed. The “third line” facilities were 

required to be “near mountains, scattered and concealed (later in caves).”  In 1966 Beijing 

decided to build a duplicate to the Jiuquan complex in caves under a mountain as a “Third Line” 

project (Project 816).29Construction 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. (In fact, under the “military to civilian conversion” policy, the project 816 

ended in 1982 while the plant was still incomplete.)  

` Given the border conflicts with the Soviet Union had been increasing since the late 1960s 

and the occupation of Czechoslovakia by Soviet troops in August 1968 suggested that Moscow 

was willing to use force to resolve ideological differences,  Beijing decided to rush the building 

of an alternative ‘third line’ plutonium production complex. In October 1968, the Second 

Ministry started site selection in Guangyuan in Sichuan province. After a fierce border conflict in 

March 1969 – the Chen-pao Island 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”. 30 

Construction on the reactor started on October 10, 1969. The Guangyuan reactor 

achieved criticality in December 1973 and design power by October 1974.31 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 electrical generating capacity of 100 

MWe.32However, it did not build to produce power from the beginning. The Guangyuan reactor 

used the once-through cooling system which drew cooling water from the nearby Bailongjiang 

River and discharged heated water downstream.  

During the first stage (1973-1976), the Guangyuan plant mainly focused on resolving 

design and testing issues,33 including uses of detection devices for monitoring the flow and 

temperature of water coolant, application of computer system, and improvement of the large 

water-intake pump to meet the reactor needs of water.   

 

Facing the grim surrounding security situation, in 1976 the Second Ministry of Machine 

Building Industry required the reactor 801 and 821 to increase its plutonium production and 

reached the goal of “2.5 reactors” during the Fifth 5-Year Plan (1976-1980).34 By increasing the 

power and uranium-235 burnup, the plutonium production rate of the reactor 821 was increased 

30 percent by 1978, leading to it being dubbed the “1.3 reactor.”35 Thus, combined with Jiuquan’s 

“1.2 reactor,” the Jiuquan and Guangyuan reactors became “2.5 reactors” by the end of 1970s.36 

 

Based on new available information, following “military to civilian conversion” policy, 

the Guangyuan reactor likely started conversion work to the dual mission of plutonium and 

electric power production in Sept.1984.37 Some say that conversion was completed in 1986, but 

because of concerns of safety issues, it never operated. 38 The reactor was likely closed in 1986.39  
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It is reported that, in August 1987, the central government made a strategic decision at 

the important Beidaihe meeting on the Guangyuan plant of “ending military production and 

converting to civilian.” 40 With parallel actions at Jiuquan complex, it appears that China 

officially ended its plutonium production for weapons in 1987.41  

After the shutdown of the reactor, plant 821 began to convert to primarily a civilian 

mission, including aluminum manufacture. The new enterprise was called the CNNC Sichuan 

Wuzhou Industry Company.42 The second volume of the plant 821 history “Plant 821 (1988-

2006) discusses the plant’s journey to civilian activities. During 1990 -2000, the plant also 

carried out early-stage of decommissioning of its reprocessing plant. After 2006, plant 821 has 

renamed the CNNC Sichuan Environmental Protection Engineering Co., LTD, which focuses on 

decommissioning of nuclear facilities and management of nuclear wastes.43  

The reprocessing plant at the complex had started operation in 1976 and reached its 

design capacity in 1977.44 It presumably closed in 1987. 

In addition, some accounts assume China also tried to build another military plutonium 

production complex (Plant 827) in early 1970s.45 However, new available information shows that 

the production reactor associated with the plant 827 was a dedicated military heavy water tritium 

production reactor.46 

 

Figure 3: Guangyuan plutonium production complex. This image was taken on 31 October 

2015 by a Digital Globe satellite (coordinates: 320 29’ 44.27” N /1050 35’ 24.48” E) Credit: 

Digital Globe and Google Earth. 
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Plutonium production. Estimated cumulative plutonium production by the Guangyuan 

reactor is based on the following assumptions:  

 December 1973–October 1974, the reactor power increased to the design power of 600 

MWt with a capacity factor of 40 percent;47  

 November 1974-December 1976, the reactor power maintained a design power of 600 

MWt with a capacity factor of 80 percent; 

 January 1977 – December 1978, the plutonium production rate increased linearly by 30 

percent; and maintained the same production rate until December 1979; 

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

was reduced about half of that in 1979. 48 

Under these assumptions, the Guangyuan reactor could have produced a total of about 1600 

GWd of fission energy and generated a total of 1.4 tons of weapon-grade plutonium 

 

Figure 4: Reconstructed history of production of weapon-grade plutonium by Guangyuan 

reactor (kilograms per year).  
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current inventory of weapon-grade plutonium is estimated at about 2.9 ± 0.6 tons (2.3-3.5 tons). 

This is significant higher than other recent non-governmental estimates.51 
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during 1976-1980 was to increase the reactor operation days per year from the original 288 to 324 days 

per year (i.e. an increase in the capacity factor from about 79% to 89% (China Today: Nuclear Industry, 

p.214). 
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