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The focus of this paper is on detailing the magnitudes of the sources of radionuclides that may be available, or
have already been released to the Ob and Yenisey river systems. The emphasis is on the amounts of radioactivity
that have been discharged to the environment in the West Siberian Basin, that are potential source terms to the
Kara Sea via the Ob and Yenisey rivers. Russian estimates of what has been discharged to the Barents and Kara
Seas, including direct ocean discharges, are summarized to provide some perspective on contamination of the
Kara Sea.

All activities in the nuclear fuel cycle lead to the production of some form of radioactive waste. Most of the waste
streams produce low-level radioactive wastes (LLW), which account for by far the majority of the volume of
radioactive wastes produced in the nuclear fuel cycle. Such activities as uranium mining and milling, uranium
enrichment and fuel fabrication, and nuclear reactor operations produce this type of waste, sometimes with small
amounts of intermediate-tevel radioactive wastes. From a radioactivity basis however, the operation that handles
the highest concentrations of activity, known as high-level wastes (HLW), is the reprocessing of spent nuclear
reactor fuel. This operation was responsible for the release to the environment of the greatest amounts of
radioactivity, far exceeding all other sources. Figure 1 shows the locations of the various operations of the
Russian nuclear weapons complex.

A brief review of the location of uranium mining operation in the FSU indicates that very few deposits are located
near any of the major rivers (the Ob and the Yenisey) of primary concern in this study. Consequences are
expected to be long-term and at this time no source term from mining activities can be estimated with any
confidence with respect to releases to the Ob and Yenisey Rivers. The uranium enrichment sites in Russia are
shown in Figure 1 . There is no information available on any releases to the environment for these sites. It is
probable that any releases would have been small, and there is essentially no contribution to the Kara Sea via the
river systems in the West Siberian Basin.

The Russian plutonium production reactors at Mayak, the first to be put in operation, were operated with a once-
through cooling system. The Tomsk-7 and Krasnoyarsk-26 sites also operated one and two of these reactors
respectively. Since no information has been given on the amounts of radioactivity released due to the once-
through cooling of Russian production reactors, calculations were performed to estimate the releases. Using
radioactive release data measured at Hanford, and the data available on Russian production reactors, along with
assumptions on fuel cladding composition and trace elements in the cooling water, calculations were made to
estimate the releases from the Russian production reactors assuming they operated similarly to those at Hanford.
These calculations suggest that 300,000 curies, in current activity, were introduced to the Techa, Tom/Ob and
Yenisey river systems from reactor operations at these sites.

The former Soviet Union operated two major nuclear weapons testing sites, Semipalatinsk in Kazakhstan, and the
Novaya Zemlya islands in Russia. The combined explosive force of all the 715 Soviet nuclear detonations (467 at
Semipalatinsk, 132 at Novaya Zemlya, and 116 PNEs from 1949 to 1990) is approximately 500 megatons. The
combined explosive force of the 132 detonations at Novaya Zemlya is 470 megatons, or 94 per cent of the
combined explosive force of all Soviet nuclear detonations (Bradley, June 1992; Nilsen and Bahmer, 1994).
Although there has been a significant amount of information published recently on the Soviet weapons testing
program, few data have surfaced with respect to actual amounts of radioactive contamination entering surface
water systems. Releases from underground tests to surface waters have likely been quite small; releases from
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surface tests were diluted and carried great distances by winds. Releases from Russia's peaceful nuclear
explosions (PNEs) efforts were likely to be small to the Ob/Yenisey river systems - most PNE's were underground
and had relatively small nuclear yields. In the period of surface testing at Semipalatinsk, about 100 curies of
plutonium-239, strontium and cesium, carbon-14, and other long- lived isotopes per square kilometer of surface
entered the surrounding environment. This includes about 30 curies in Pavlodar region. From 1961-1969, about
38,000 curies of radioactive strontium and almost 50,000 curies of cesium were introduced into the Irtysh River
(Kazakhstanskaya Pravda, January 4,1992).

The three sites that were responsible for the reprocessing of the spent fuel produced by Russia's plutonium
production reactors are believed to constitute the dominant contamination source for the entire West Siberian
Basin. These sites, Mayak, Tomsk-7, and Krasnoyarsk-26, lie adjacent to the southern boundaries of the West
Siberian Plain and Western Siberian artesian ground-water basin. This area is larger than the combined drainage
basins of the Missouri, Mississippi, and Ohio Rivers. The sites are located within a few kilometers of the edge of
the basin in areas where precipitation and surface waters are sources of the ground waters of the basin.
Therefore, waste disposal practices at these sites may contaminate the basin ground water either directly from the
surface (ponds, rivers, or distributed surface contamination) or through ground water in rocks surrounding and
underlying the basin.

The release of radioactive materials to the environment in the West Siberian Basin from these sites are the largest
in the world. Some of the contamination has been released directly into rivers that are the primary means of
drainage of the basin, while other releases have been to lakes and underground formations that must migrate
small or large distances to reach the river systems that drain into the Kara Sea. Table 1 details the entire present
inventory of radioactivity that is believed to have been released to the environment in the West Siberian Basin, its
expected location, and where it was generated, and current migration status. These inventories are far larger than
the well known releases of radioactivity to the environment due to nuclear related accidents anywhere in the world.
Mayak, Tomsk-7, and Krasnoyarsk-26 [now called Ozersk, Seversk and Zheleznogorsk, respectively] are believed
to be responsible for the release of about 2 billion curies of radioactivity to the environment, constituting the
dominant contamination source for the entire basin. All other releases from nuclear fuel cycle activities in the West
Siberian region that could lead to radioactive contamination of the Kara Sea, with the exception of weapons
testing fallout, are insignificant by comparison.

The releases that are of primary concern are in three categories, ordered from immediate to longer-tern concern,
as follows:

radioactive waste discharges to surface-water systems connected by the Ob and Yenisey rivers directly to
the arctic,

• wastes discharged to lakes and reservoirs that must migrate to a nearby river system that leads to the Ob
or Yenisey rivers, and

• wastes injected into underground rock formations that may eventually migrateto the Ob or Yenisey rivers.

Of these discharges, about 450,000 curies are estimated to be in rivers, or in reservoirs on rivers that are
tributaries to the Ob River, and about 100,000 curies are estimated to be in the Yenisey River, at this time. The next
greatest concern is from radionuclkte migration from lakes and reservoirs, used as waste disposal sites, to rivers
that lead to the arctic. In this category, about 250 million curies exist, about equally divided between Mayak and
Tomsk-7, that may be migrating towards the Ob river. Although this is a far larger amount of contamination,
transport processes and decay time will significantly reduce the amount that may reach the Ob river. At this time,
insufficient information is available to predict with confidence these amounts. The contamination at the Mayak site
has been the most widely published and is clearly the best understood. Each of the major radioactive
contamination events at the site are described in detail, and Table 2 provides a summary of the current and

potential releases of radioactivity, in this case for 90Sr, to the Techa River {Parker March 1995). The third category,
contamination of aquifers from underground injection of wastes, represents the largest amounts of contamination,
and also the most complicated and lengthy transport process to reach the Ob and Yenisey rivers. A current
inventory of about 1.5 billion curies is estimated to have been injected underground between the Tomsk-7 and
Krasnoyarsk-26 sites on the Tom and Yenisey rivers respectively. Although studies are underway, estimates of
travel times are not yet available; it is expected that concerns are long-term in nature.
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The contamination already in the Ob and Yenisey rivers, together with a continued supply of radionuclides via
transport processes from nearby sources, provides a long-term source of contamination to the Kara Sea. Efforts
should be focused not only on what is currently in the major rivers of the West Siberian Basin, but also on transport
processes that may link these rivers with significantly larger amounts of radioactive contamination.

Russian scientists cite six sources for the radioactive contamination of the Kara and Barents seas; atmospheric
nuclear testing, releases from West European spent fuel reprocessing plants, fallout from Chernobyl, local fallout
from nuclear tests at Novaya Zemlya, waste discharges to the Barents and Kara Seas, and finally, contamination

from the Ob and Yenisey Rivers (Kuznetsov et al. 1994). They have estimated the total input of 9°Srand 137Cs
already in the Barents and Kara seas as shown in Table 3 (Vakulovsky et al., February 1993). Other Russian
studies estimated that from 1961 -1990,4,700 Ci of 9 0Sr were carried by the Techa and Iset rivers to the Ob and

then to the Kara Sea. The total amount of 90Sr in the Ob equaled 17,500 Ci, 75% of which was estimated to be

from fallout earned into the Ob from its drainage area, some 2.99 x 106 km2 (Kuznetsov et al. 1994). The current
inventory of solid wastes in the Kara sea has been reported to be about -137,000 curies, which as this time
appears to be contained in sunken submarine reactor compartments, metal objects, and vessels (Sjoeblom and
Linsley 1995).
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Table 1 Releases of Radioactivity to the Environment In the West Siberian
Basin

Current River System
Activity. Curies Affected

Tom-Ob

Yenisey

Site/Source

Tomsk-7/lnjection -1,000,000,000

Krasnoyarsk-26/lnjection 450,000,000

Tbmsk-7/Reservoirs
Mayak/Lake Karachai -
Reservoir #9

Mayak/Solid wastes

Mayak/Staroe Bobto -
Reservoir #17

Mayak/Techa river
reservoirs

Mayak/Production
reactors

Kr as noyarsk-26/P reduction
reactors

Semipalatinsk

Krasnoyarsk-26/Reservoirs

Tbmsk-7/Production
reactors

Mayak/Tank Explosion

Ob - Yenisey Rivers

Mayak/Wind erosion of -500 Techa - Ob
Lake Karachai

Nuclear power reactor operations -82 Ob

130,000,000

120,000,000

12,000,000

2,000,000

200,000

132,000

106,000

88,000

-50,000

37,000

-44,000

-33,000

Tom-Ob

Techa - Ob

Techa - Ob

Techa - Ob

Techa-Ob

Techa - Ob

Yenisey

Irtysh - Ob

Yenisey

Tom-Ob

Techa - Ob

Kara Sea

Status

Contaminant migration reported to
be minimal - due to depth of
discharges, contamination of Tom -
Ob unlikely in near future

Contaminant migration reported to
be minimal - due to depth of
discharges, contamination of
Yenisey unlikely in near future

Unknown • some migration
to Tom river possible

Already migrating into river
system

Likely insignificant contributor

Already migrating into river
system

Already migrating into river
system

Already migrating into river
system

Inventory is in Yenisey river and
has migrated at least 1,500 km

Derived from weapons testing,
likely migrating in river systems

Unknown - some migration
to Yenisey river possible

Inventory is in Tom river and
likely migrating

Small contributor to Techa river
contamination

Amount of Strontium
(30,000 Ci) and Cesium that
has migrated already to the
Kara Sea from the West
Siberian Basin

Likely insignificant contributor

Discharges to marshes at
Bebyarsk reactor site -
insignificant contributor
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Table 2 Sources and Estimated Releases of 9 °Sr to the Techa River

Present Releases Future Releases
Location

Asanov Marshes
Right Canal

Left Canal and
Reservoir #11)

Lake Karachai

Total

Cl/Yr

20-30
-10-15

-10-15

10-2

(75 airborne)

-20- 100

Location

Reservoir Cascade
(including Right &
Left Canals and
Reservoir #11)

Lake Karachai

Asanov Marshes

Cl/Yr

800

300

15-30

Total >1.000

Table 3 Inventories of Cesium and Strontium in the Barents and Kara Seas
excluding solid wastes

Source Ci of 1 3 7Cs Ci of 9 °Sr

Deposition 150,000 100,000
River flow 3,550 35,500
SellafieW input 200,000 45,000
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