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Introduction

In the morning of August 12h 2000. a Russian submarine aceident occurred in international waters
east of Rybatschi Peninsula in the Barents Sea about 250 km from Norwav. The submarine. a
Russian Oscar class 11 attack submarine, sunk to 116 meters depth at the position 690 36,99N, 37'
34,50E (figure 1). The subinarine "'Kursk" is 154 meters long. equipped with two pressurised water
reactors and the submerged displacement is 24000 tons. Each reactor has a thermal effect of 1.90
meg.aw att, or less than 10%, of a typical nuelear power plant reactor. The submarines in Oscar-1i
class is one of the laroest and most capable in the Russian Northern Fleet.

Kursk is a double hull construetion with 10 watertight compartmnents separated with hatches. The
auter hydrodyrnamic hull is made of 8 mm steel plates cowered witlh up to 80 mm rubber. The
purpose of the rubber is to prevent that other submarines or surface vessels recognise the submarine
by eliminating the eello from sonar signals. The inner pressure hull is made of 50 mm steel plates
and the distance between the two hulls varies from about 1-2 meters.
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Figure I. LXocation of Kursk (A:MAP data centre)

Expeditions to Kursk:::::::0 : :: :::S;09:::

.A reseue operation to)ok place durlinlg tllte Prliod 17 til 22 nd August. 200:0 xwitli the vessel "Seawayv
Eagle" . owned lby the Nor\ve-ian eompany Stolt Offshore. Ihe m]ain purose of tile expedition was
to open the rescue hateh in cornpartment no. *IX in an attempt to rescue parts of the crew, if anovane
wvere still alive. This work should. be done by uise of special educated Norwegian and British deep-
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water divers. From the Russian side the whole operation was adriinistered by the Russian Navy;
The Northern Fleet. In the night between the 2 0 th and 21 't August, they managed to open the rescue
hatch. Some air was coming out when opening the hatch. However, compartment IX was flooded
with water.

After the expedition with the Seaway Eagle, the Russian officials started to p]an a second
expedition to gain access for divers to enter the interior of Kursk. The main purpose was to recover
the bodies of the casualties. However, this expedition would also give possibilities for looking into
documents and instrumentation to seek the reason for the catastrophe. The expedition took place
during the period 2 0 th October to 7 th November 2000, this time the American firm "Halliburton"
and their vessel MSV "Regalia" took part in the operation. At both expeditions NRPA were asked
to assist the operators with regards to radiation safety for the divers and the general crew. Three
experts joined the first expedition and two experts joined the second expedition. A total of twelve
casualties were brought out of the submarine (from compartment IX) and on to Regalia. Debris
from the seabed and documents from the control room were also brought up.

Onboard both Seaway Eagle and Regalia, a mobile radiation-monitoring laboratory was set up. In
addition to different types of dose rate equipment, it contained two types of gamma spectroscopy
devices, the high resolution (2.0 keV for 7Cs) germanium detector (HpGe) and the sodium iodine
detector (Nal) with lower resolution (58 keV for 137 Cs) but higher efficiency. Two types of NaI
equipment were used; a 2" x 2" detector with an EasySpec multi-channel analyser and a 3" x 3"
detector with a Canberra series 10 multi-channel analyser.

Sampling and monitoring

Different types of sampling and monitoring activities were performed at the two expeditions, which
can be categorised as follows:
* Dose rate measurements
* Sediment sampling
* Water sampling
* Air and air filter measurements

At both expeditions, an underwater remote operating vehicle (ROV) did an initial survey around
Kursk with a dose rate meter mounted in a water- and pressure proof transparent box. A camera at
the ROV was pointing on the display and transferred the readings up to the surface vessel. The
purpose of this survey was to control the radiation levels to make sure that the working conditions
were safe for the divers. At the first expedition, the ROV were only allowed to survey the stern part
of the submarine, at the position of the reactor compartment (compartment no. VI) and backwards.
At the October recovery expedition the ROV went all around and on top of the submarine. The
distance from the dose rate meter to the submarine hull was estimated to 50-100 cm.

At the August expedition a dose-rate reading was performed after opening the rescue hatch. At the
recovery operation in October, dose rate readings were performed each time a piece of the outer or
inner hull was cut out to gain access to the interior of Kursk. When pieces of the inner hull (pressure
hull) were taken out, measurements were performed at the edge of the hole and also inside the
submarine by mounting the meter, and a camera, on a stick.

Measurements were performed on bits and pieces from Kursk which were brought on to the main
deck on Regalia (figure 2). Such pieces were debris lying on the seabed, pieces of the hull, pipe-
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work from between the two hulls and pieces ..rom the interior of Kursk. All environmental samples
did also undergo dose rate measurements on .fhe main deck hefore they were brought to the mobile
laboratory onboard.

All. dose rate measurements by the ROVs, from both expeditions, showed normal background levels
in the range 0.0-0,1 ugSv/hIour. The readings did not show any sign of leakage from the submarine.
Neither readings outside the reactor compa.tment nor close to visible cracks in the submarine,
showed any sign of inereasing levels. Dose-rate measurements by the divers. and also
rneasurements of bits and pieces on the maln deck, showed no elevated levels of radiation. All
readings were in the range 0.0 - 0.l. gSv/hour. At both expeditions the divers used personal
dosimeters during the whole operation. Readings from these batches showed low levels of radiation
dose.

Figure 2. Left: Dose rate measurements at Regalia, of a piece of the inner hull from Kursk. Right: A
Nal spectrum from a piece of the inner hull of Kursk (compartment V rlIl) is obtained.

A total of seventeen sediment samrrples were taken, three at the first expedition and 14 at the second.
In August, Russian officials permitted sediment sampling only next to the rear part of Kursk, while
samples were allowed to be taken all around the submarine in October. Six samples were taken on a
straight line on each side of Kursk. Each sample was about 30 meters from each other and taken at a
distance of approximately 3-6 meters from the hull of the submarine. The ROV took the sediment
samples by use of a hydraulic titanium arm. A special steel corer device was made at Regalia,
which made it possible for the ROV to pick up each corer from a rack of six corers. The diameter of
the steel corer was 70 mm with a depth of 400 mm. The ROV picked the corer out of the rack,
moved to the predefined sampling location and lowered it into the sediments once or twice to get
bulk samples from the sediment surface. The sediment depth was estimated to about 10-30 cm.
When the recovery operation was finalised two additional sediment samples were taken by use of a
grab sampler.

Several water samples were taken in close vicinity of Kursk. These included samples of surface
water, near surface water (16 m deep), bottom water and samples from inside the submarine.
Surface and near surface sampling were performed by utilising the water intake of Seaway Eagle
and Regalia. A Nansen water sampler device (5 litres) was used for bottom water sampling. Water
from inside the submarine was taken from the bottom of the rescue hatch and from inside
compartment IV and VIII. The sampling inside Kursk was performed by use of a manual drainage
pump with two flexible tubes on each side. One of the tubes were lowered down into the submarine,
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approximately 2 meters, while the other was placed in a 25 litres water can placed upside down. By
pumping, the diver replaced the water in the can by water from inside the submarine.

Selected samples of water and sediments from "Kursk" have been analysed by gamma
spectrometry. The results of these measurements did not show the presence of radionuclides leaked
from the submarine and did not indicate activity levels above normal. Table I shows the
concentrations of radionuclides in sediments, seawater and air filters after measurements by HiPGe
detectors at the laboratory at NRPA. Concentrations in the range 0.7 - 1.2 Bq/kg of 13 7Cs were
found in the sediment samples. These levels are "normal levels" in the Barents Sea and are
attributed to fallout from the Chernobyl accident and from the bombs tests in the fifties and sixties
(AMAP 1998; GrØttheim, 2000). Activity levels of 13lI, 134Cs or 60Co were not detected in any of
the samples. Two NaI spectrums obtained from screening measurements onboard Regalia are
shown below (figure 3). A spectrum from the screening of an air sample from inside Kursk
(compartment IV) is shown together with a water sample originating from compartment IV inside
the submarine. As shown in the figures, the dominating radionuclides were the naturally occurring
Kalium-40 and Bismuth-214.

Table 1. Activity concentrations of samples taken in close vicinity of Kursk.
Air filters

Sampling Period of Concentrations in air (Bq/m3)
locality measuring, date. I-131 Cs- 137 Cs-134 Co-60

SeawayEagle; SE in 2000
Regalia; REG

SE 20.08 - 21.08 < 0.0109 103 < 0.0109 10- < 0.0109 10- < 0.0109 l0o-

Sediments
Sample no. Date Concentrations in sediments (Bq/kg) d.w.

I-131 Cs-137 Cs-134 Co-60
Sed-lSE 20.08 < 0.7 0.7 +- 38% < 0.6 < 0.9

Sed-2SE 20.08 < 0.6 0.7 +/- 25% < 0.6 < 0.9

Sed-3SE 22.08 < 0.3 0.7 +/- 11% < 0.3 < 0.9
Sed-2REG 20.10 1.0 +/- 10%
Sed-4REG 20.10 1.0 +/- 20%
Sed-SREG 20.10 1.2 +/- 8%
Sed-6REG 20.10 0.9+/- 11%

Sed-7REG 20.10 1.2 +/- 8%

Water samples
Sample no. Date Concentrations in water (Bq/l)

I-131 Cs-137 Cs-134 Co-60
Seawater-1-SSE 20.08 < 0.5 < 0.5 < 0.5 < 0.5

Three samples of air from the submarine were collected. A sample was obtained when the rescue
hatch was opened in August, while two air samples were obtained from inside compartment no.
VIII and IV in October. These samples were measured onboard by use of HPGe and NaI-detectors.
No radionuclides originating from the reactors at Kursk were detected. An air sampling device,
sucking 140 m3/hour through a Whatman GF/A glasfiber filter, was used at both expeditions, placed
on deck. The filter (diameter 22 cm) was analysed by use of the HPGe detector. Again, no elevated
levels of radioactivity were found.
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Figure 3. NaI energy spectrum of air sample (left) and water sample (right) from inside Kursk
(compartment no. IV). Total number of counts is shown as a function of energy (keV).

Conclusions - future work

No indications of leakage from the submarine have so far been observed during these expeditions.
Elevated levels of radioactivity have not been detected in any dose-rate readings or at any of the
measurements of environmental samples taken close to Kursk. Furthermore, no increased levels
were measured on bits and pieces from the submarine or from water sampled inside the submarine.
A more comprehensive report covering experience and monitoring results from the two expeditions
will soon be published (Amundsen et al., in prep.). It also includes estimations of inventory, source
term and impact assessments of possible future releases from Kursk.

As long as Kursk is lying on the seabed it will be of importance to run a surveillance programme for
controlling the activity levels in the environment in the area. It is also necessary to conduct
modelling work on hypothetical leakage and spreading of radionuclides in the Barents Sea. Works
on these tasks are now underway (Gerdes et al., subm.; Amundsen et al., in prep.). Norwegian and
Russian authorities have agreed to co-operate on future expeditions in areas around Kursk for
surveillance purposes. It was agreed to establish a common database on results of environmental
monitoring in connection to the Kursk accident. In addition it will also be established a working
group on performing an impact assessment as a consequence of a hypothetical radioactive release
from the reactors in Kursk.
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