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ABSTRACT

Understanding the size of China’s stocks of fissile materials is important to assess
China’s willingness to join a fissile material cutoff treaty (FMCT) and a multilateral nuclear
disarmament. China has kept information about its stocks of fissile materials and nuclear
weapons secret. The paper will assess China’s military inventory of highly enriched uranium
(HEU) by analyzing newly available information about China’s HEU production at its two
gaseous diffusion plants. The history of China’s HEU production and the status of the
production facilities are also discussed. The author concludes that China currently has
stockpiles of about 16+4 tons of HEU available for weapons. This new estimated value is at the
low end of most previous independent estimates, which range from 17-26 tons of HEU.

HISTORY OF CHINESE HEU PRODUCTION

China’s nuclear weapon program was initiated in 1955 as a result of US nuclear threats during
the Korean War and the crises over the off-shore islands in the Taiwan Strait. China began to
construct its fissile materials production facilities in the late 1950s, initially with assistance from
the Soviet Union. After the USSR withdrew its assistance in mid-1960, China completed mainly
by self-reliance those fissile material production facilities and started to produce HEU in 1964
and plutonium in 1966.2

China has produced highly enriched uranium (HEU) for weapons at two facilities:
Lanzhou gaseous diffusion plant (GDP) which began operating in January 1964 and provided
HEU for China’s first (October 1964) nuclear test; and Heping GDP, a “Third Line” facility that
began operating in 1975. While China has not declared officially that it has ended HEU
production for weapons, based on new public information, it is believed that the Lanzhou and
Heping GDPs stopped production of HEU in 1979 and 1987 respectively (Table 1).

*The author thanks the Carnegie Corporation of New York and the John D. and Catherine T.MacArthur
Foundation for financial support of this work.



Table 1: The enrichment plants that produced Chinese HEU

Site Isotope Separation Period of HEU Status

Technology Production
Lanzhou (Plant 504), | Gaseous diffusion 1964-1979 1980-1997 produced LEU
Gansu for civilian; Closed and

being decommissioned; 2001
converted to CEP for LEU.

Heping (Plant 814), Gaseous diffusion 1975-1987 Based on “military shift to
Leshan, Jinkouhe, civilian”, could be converted
Sichuan to other purpose including

fluorine production.

Lanzhou GDP

In 1958, China started the construction of its first GDP on the Yellow River in Lanzhou, Gansu
province. The construction was initially supported with Soviet technology and some equipment.
The Soviet Union withdrew all its experts in August 1960, however.? Given that the construction
of its plutonium production reactor was far behind that of the Lanzhou GDP, Beijing decided to
make the construction of Lanzhou GDP its “first priority.” The GDP began to produce its
weapon-grade HEU “on 14 January 1964 and was in full operation in July 1964. It provided the
HEU for China’s first nuclear test on 16 Oct. 1964.

After the GDP began operation, China continued to develop its understanding of the
technology. In the early 1970s, China began to increase the Lanzhou GDP’s output capacity with
further process improvement, reaching its original design capacity in 1975. China further
proposed in 1975 a renovation program to enhance the HEU production during the fifth five-year
plan (i.e. 1975-1980). The program included 1) increasing the flow rate of gases through the
diffusion barrier; 2) increasing the separation efficiency by reforming the separation membrane;
and 3) optimizing the configuration of the cascades.” By 1979 China had developed and
deployed a new type of separation membrane® and it was reported its design capacity had been
doubled by the end of 1970s, “One g)lant becomes Two.” ' In 1978 Lanzhou’s capacity was
reported as 180 000 SWU per year.

In 1980, soon after the adoption of China’s policy of “economic reform and opening,”
initiated in 1978, the Lanzhou GDP stopped HEU production and shifted to the production of
LEU for civilian reactors domestically and abroad.” In 1981, its LEU entered into the
international market.'® The plant’s capacity was further increased during the 1980s by cascade
improvements. By 1985, its diffusion technology reached the world-class level.™ It was reported
in 191829 that the Lanzhou GDP was operating at a capacity of approximately 300 000 SWU per
year.
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Figure 1: Lanzhou gaseous diffusion plant. Satellite image from 5 July 2004.
Credit: DigitalGlobe and Google Earth.

On 31 May1998 a “technology renovation” project was announced to replace China’s
gaseous diffusion technology with centrifuge enrichment. In 1999, it was announced that the
Lanzhou GDP would soon be decommissioned.*® A new centrifuge enrichment facility provided
by Russia with a capacity of 0.5 million SWU began operation in 2001. This new CEP is
producing LEU for civilian purpose.

Heping GDP

Given Beijing’s concern about the increasing worsen relationship with Soviet Union and the US
threats to target China’s nuclear facilities, in the late 1960s, China began to construct a second
set of plutonium and HEU production facilities in Southwest China, far from the coast and from
the border with the Soviet Union, which came into operation in the 1970s. This “Third Line”
program was intended to provide China with backup facilities in case the first production
facilities were destroyed.
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Figure 2: Heping gaseous diffusion plant. Satellite image from 20 Sept. 2008.
Credit: Credit: DigitalGlobe and Google Earth.

China built its second gaseous diffusion plant, the Heping GDP (also referred as Plant
814) under the Third Line Defense Program. The plant is located at the Heping Yizu area of the
Jinkouhe County in Sichuan province. The operating experience and expertise from Lanzhou
GDP had been applied to the Heping GDP. It is believed to have started operating around 1975.
Based on a commercial satellite imagery taken in September 2008(see figure 2), the plant had a
slightly larger processing building than that of Lanzhou GDP. No cooling tower has been
identified in the imagery. The plant might instead by using a once-through cooling system. It is
believed this plant stopped HEU production in 1987.' Later, based on China’s “military shift to
civilian” policy, this plant has converted to other purposes, including fluorine production.

ESTIMATING CHINA’S MILITARY HEU PRODUCTION

HEU Production at the Lanzhou GDP

Without knowing the official data of the operating history and the separative output of the GDP,
it is very difficult for an outsider to estimate its HEU production. Estimates based on overflight
imagery could have great uncertainties. In July 1963, the US Arms Control and Disarmament
Agency (ACDA) made an estimate of the capacity of the Lanzhou GDP based on the area of the
roof of the existing processing building, the size of the cooling towers of the GDP, the power of
a nearby thermal electric plant believed to be designed to supply the GDP and the capacity of the

4



transformer at the plant’s substation.™® All those facilities had been identified by overflight
photography. It was estimated that about 100 MWe could be supplied to the GDP.® This amount
of electric power was consistent with the calculated capacity of the cooling towers and with the
size of the existing building. It was estimated that, after the area of the processing buildings was
doubled it probably could produce about 1200-1500kg of weapon grade material per year.*’ In
practice, that existing processing building is never been expanded. However, based on that same
processing building, the US Defense Intelligence Agency (DIA) estimated in 1972 that the plant
was producing about 150-330kg of weapon grade material per year.™® If the electricity supplied
to the GDP can be determined, however, it would be possible to estimate the maximum capacity
of the plant. A modern GDP requires about 2500 kW-h of electricity per SWU. It is reported that
the Lanzhou GDP achieved world-class efficiency by 1985. If 100 MWe was being supplied to
the Lanzhou GDP, it could have had a capacity of 300,000-400,000 SWU/yr.

There is no official information about the separative output of the plant at this early stage.
Based on estimate made in 1971, the plant was at the beginning producing about 300 Ib of
weapon-grade HEU per year (i.e. 136kg)."® This would be about 22,000 separative work units
(SWU) per year at a tails assay of 0.5 per cent. By 1966, the output of the plant had probably
doubled because of gradual on-going “process improvements” (not physical expansion) that led
to greater efficiency. In 1972, the US Defense Intelligence Agency (DIA) estimated that
Lanzhou was producing 150 to 330 kilograms weapons-grade HEU annually.?® This is equivalent
to 24,000-53,000 SWU per year at a tails assay of 0.5 per cent or 30,000-66,000 SWU per year at
a tails assay of 0.3 per cent.

Based on the new information, it is estimated that the Lanzhou GDP would have
produced about 1.1 million SWU during 1964 to 1979 when it was producing HEU (see figure 4).
This would be sufficient to produce about 6 tons of weapon-grade HEU.#
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Figure 3: Lanzhou GDP SWU production during the period when it was producing HEU
(thousands of SWU/yr).
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Figure 4: Cumulative production of SWU at Lanzhou GDP (thousands of SWU).

HEU Production at the Heping GDP

In 1972, the US Defense Intelligence Agency estimated that this plant could produce 750-2950
kg of weapon-grade uranium per year.> This would correspond to about 120,000 - 470,000
SWU per year at a tails assay of 0.5 per cent, or 150,000-590,000 SWU per year at a tails assay
of 0.3 per cent. Since this estimate was made several years before the plant’s operation, it is not
clear whether it based on the existing building or on the assumption that the building would be
expanded as was done mistakenly for the Lanzhou GDP in the 1963 ACDA report.® In any case,
an estimate based only the roof area of the processing building would have great uncertainty.

Based on new public information, a reasonable guess can be made, however. One major
purpose of the Third Line program was to duplicate the first plutonium and HEU production
facilities so that China would have a backup system in case the first production system was
destroyed. Moreover, when Beijing decided to build the Third Line fissile material production
facilities, its first production facilities were just coming into operation and there was no reason
for Beijing to build significantly larger facilities just for backup purpose. In fact, the second
plutonium production reactor at Guangyuan, which was built as a third line facility, has the same
design power as the first one at Jiuquan.?* Using the reactor case as a guide, we assume that the
capacity of the Heping plant was not significantly larger than that of the Lanzhou plant. It is also
assumed that the Heping plant, like the Lanzhou plant, roughly doubled its capacity by the end of
the 1970s. This is consistent with a report on an unofficial Chinese website that the output of
Heping plant before it closed was around 200,000 to 250,000 SWU per year.?* Based on the new
information, it is estimated that the Heping GDP would have produced about 2.7 million SWU



during 1975 to 1987 when it was producing HEU (see figure 6). This would be sufficient to
produce about 14 tons of weapon-grade HEU.?®

Together, the Lanzhou and Heping gaseous diffusion plants would have produced roughly
3.8 million SWU, enough to make about 20 tons of weapon-grade HEU.
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Figure 5: Heping GDP SWU production during the period when it was producing HEU
(thousands of SWU/yr).
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Figure 6: Cumulative production of SWU at Heping GDP (thousands of SWU).

Enrichment Work Used for Non-weapon Purposes
The Lanzhou and Heping GDPs would have supplied about 0.7 million SWU of enriched

uranium for several non-weapon purposes as shown in table 2. * This corresponds to about 4 tons

of weapon-grade uranium ( 90% U235), assuming a tails assay of 0.3 percent.

Table 2: Enrichment work used for non-weapon purposes

1988

Activity Millions of SWUs consumed
Research-reactor fuel 0.20
Naval-reactor fuel 0.17
Tritium-production-reactor fuel 0.01
Enriching reprocessed uranium recovered from 0.15
the plutonium production reactors

Process losses 0.04
Nuclear tests 0.15
Provided to Pakistan? 0.01

Total

0.73




Military Inventory of HEU

The total SWUs produced by the Lanzhou and Heping GDPs could have produce roughly 20
tons of weapon-grade HEU. Subtracting the SWU consumption for enriching uranium for the
non-weapon purposes, China’s military inventory of weapon-grade HEU would be about 16 tons.
Assuming an uncertainty of 25 percent,?® China’s military inventory of weapon grade HEU
would be about 16+4 tons of HEU for weapons. This new estimate is significantly lower than
previous estimates, which range from 17-26 tons of HEU.?
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