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Abstract. We study bottom circulation in
the Norwegian Sea in the region of nuclear
submarine wreck. A numerical model (INMOM)
with a high vertical and horizontal resolution in
the bottom layers is applied for the estimates of
bottom velocities and direction of currents as
well as their stability. The model revealed that
the currents in the bottom layer of the
Norwegian Sea are not strong. The fluctuations
of currents with periods of 5-6 days and 12
hours are several times greater than the mean
currents in the region, which are of the order of
1 cm/s excluding the region of the Bear Island
Trough.
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Introduction

Circulation in the Norwegian Sea has been studied in
many publications. They are mostly related to the sur-
face currents and intermediate depths. A review can be
found in [Filyushkin et al., 2018]. This research deals
with the bottom circulation in the Norwegian Sea re-
lated to the catastrophic sinking of nuclear submarine
“Komsomolets” 30 years ago. There are several pub-
lications related to this catastrophe and spreading of

currents in the region [Aleinik et al.,[1999| 2002} Fomin
et al.,[1996} Lukashin and Shcherbinin, 2007} Sidorova

and Shcherbinin, 2004].

Nuclear submarine “Komsomolets” sank in the Nor-
wegian Sea on 7 April 1989 at a point about 180 nauti-
cal miles southwest of Bear Island at a depth of about
1690 m approximately at 73°44’ N, 13°16' E [Vino-
gradov et al., [I996]. It is a potential hazard to the
environment due to the possible radioactive contamina-
tion from the reactor and the nuclear torpedo warheads.
There were plans to salvage the submarine totally, to
salvage the torpedo part, or to seal off the torpedo
part of the submarine. However, the current decision

to protect the nature from contamination is to leave
“Komsomolets” where it is [Blindheim et al., [1994].



Dangerous radioactive components, which may be
dissolved in seawater and spread in the sea, include
cesium-137 and strontium-90. Plutonium, which is al-
most not dissolved in water will settle in the sediments
and remain there for long. This research is an attempt
to analyze how radioactive elements would spread if a
leakage occurs. The study is based on numerical mod-
eling and moored measurements of currents. Previous
studies resulted in conclusions that the nuclear subma-
rine is a minor radioactive pollution problem because
the amount of radioactive material is relatively small,
the wreck sank at a very deep location, and the amount
of water for dilution is the whole sea [Blindheim et al.,
[1994]. The possible radioactivity will spread in the wa-
ter at great depths at isopycnic surfaces. Previous re-
searches revealed that the currents in the region are not
uniform but fluctuating [Fomin et al., [L1996]. Possible
radioactive pollution will remain in the deep water and
will be diluted slowly. It is not possible that polluted
deep water will ascent to the surface from a depth of
about 1700 m. The concentration of pollution in the
water will not be high even if a leakage occurs. The
residence time of the circulation system is estimated as
a few centuries [Blindheim et al., [1994].

In this study we apply a numerical model to esti-



mate the velocities of bottom currents in the region
of catastrophe and compare the simulation results with
the direct measurements of currents on moorings and
previous results.

The Model

We applied the Institute of Numerical Mathematics
Ocean Model (INMOM) to simulate the circulation in
the bottom layer of the Norwegian Sea [Diansky et al.,
2002} Marchuk et al., 2005} Zalesny et al., [2012]. This
model is based on the system of the so-called primitive
ocean hydrodynamics equations in spherical horizontal
coordinates. We apply the hydrostatic and Boussinesq
approximations and the vertical o-coordinate system.
The horizontal components of the velocity vector, po-
tential temperature, salinity, and fluctuations of the sea
surface height above the mean sea level are the prog-
nostic variables of the model. Seawater density is cal-
culated from the equation of state with the account for
water compression [Brydon et al., [1999]. The realiza-
tion of the model is based on the splitting method with
respect to the physical processes and, when possible,
with respect to the spatial coordinates [Marchuk et al.,

2005|. Application of this method makes the model



different from other well-known ocean models. The
thermo-hydrodynamic equations of the model are writ-
ten in a special symmetrized form so that it is possible
to split the operator of the full problem into a set of
simpler operators and construct spatial approximations
of the relevant groups of summands (in different equa-
tions). All the split discrete problems satisfy the energy
conservation law, which is valid for the initial differen-
tial problem. The simulation domain is between 00°00’
E and 40°00" E and between 69°00" N and 80°00" N,
or 400 by 220 computational grid nodes. The vertical
resolution was determined by the need to simulate the
circulation in the bottom layer. The vertical coordinate
of the INMOM sigma-model is determined by relation

zZ—¢
=H¢
where z is the traditional downward vertical coordinate,
H is the ocean depth at the given point, and ( is sea
surface height relative to its unperturbed state. The
application of sigma-levels is especially efficient for the
simulation of the bottom circulation and rough bottom
topography because it makes modeling bottom oceanic
domains possible at significantly variable depths within
one simulation [Diansky et al., 2002].

In our simulation, we selected 36 vertical levels: the

o



model resolution increased with depth for better sim-
ulation of the bottom currents. The lower 15 sigma-
levels were specified in the bottom layer. The distance
between them was about 40 m at the depth of the lo-
cation of the wreck; the vertical resolution depends on
the ocean depth, which varied between the coastal re-
gions and 4000 m. The ability of the INMOM model to
reproduce circulation with a high spatial resolution un-
der the condition of steep bottom topography is shown
in [Diansky et al., 2013].

The bottom topography was taken from the
GEBCO2013  database  (https://www.gebco.net/
data_and_products/gridded_bathymetry data/). The
horizontal resolution of the grid is 30 arc-second. The
initial conditions for the temperature and salinity field
were specified from the climatic monthly mean data
of atlas [Locarnini et al., R010]. The initial velocity
fields and sea surface height deviations were set zero
(state of rest). These data were also used to specify
the annual cycle of temperature and salinity at liquid
boundaries. The heat and salt fluxes at the surface
are supplemented by the relaxation additives to fit the
model temperature and salinity values to the climatic
data using the “nagging” method with a coefficient of

~ 50 m/yr [Diansky et al., [2002].


https://www.gebco.net/data_and_products/gridded_bathymetry_data/
https://www.gebco.net/data_and_products/gridded_bathymetry_data/

The results of simulations were compared with the
available field observations at several moorings in the
region. The measurements were also compared with
the data of the CTD/LADCP profilers, which measure
profiles of the thermohaline characteristics and current
velocities, respectively. Processing of the tempera-
ture and salinity data was performed using the stan-
dard SBE Data Processing programming code pack-
age (Sea-Bird Electronics, SBE 19plus SeaCAT Pro-
files CTD User Manual, Release Date 08/27/2016.
http://www.seabird.com /).

The results of model simulations are shown in [Fig]
lure 1] which presents the vectors of currents in the
bottom layer. The bottom currents were simulated for
two seasons in January and July. Both charts show that
bottom currents are quite low and generally there are
no jets of high velocity in the entire sea except for the
bottom stream of the bottom water from the Barents
Sea flowing from the Bear Island Trough. This stream
turns to the north around Spitsbergen. These conclu-
sions are consistent with the conclusions made on the
basis of direct measurements in the Bear Island Trough
in 2017 [Frey et al., 2017]. A chart of velocity vectors
in [Filyushkin et al., |2018] shows vectors of currents
at a depth of 1500 m based on the ARGO data. It is
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worth noting that at this depth individual jets can flow
into the Bear Island Trough. Hence, there is a possibil-
ity of the existence of compensating bottom currents
down the canyon. We also note that cold and dense
waters are not formed in the Barents Sea, but they can
be formed on the slopes of Spitsbergen.

Moored Measurements of Currents

In this paper we analyze the results of velocity mea-
surements on moorings deployed in the vicinity of the
wreck:

e Mooring 1 at 73°42.0' N, 13°10.5" E. The Potok
instrument was set at 1674 m over the ocean depth
equal to 1687 m. The measurements started on 27
July 1995 and continued up to 25 December 1996;

e Mooring 2 at 73°42.6' N, 13°06.0" E. The Potok
instrument was set at 1700 m over the ocean depth
equal to 1710 m. The measurements started on 28
July 1994 and continued up to 3 July 1995.

Time series of the zonal and meridional components
of the currents near the bottom measured on mooring

2 are shown in [Figure 2
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Velocity components fluctuate with a period of a few
days. The speed generally does not exceed 15 cm/s.
The mean velocities over the entire period of measure-
ments on both moorings are within 1 cm/s directed
to the northeast. This is confirmed by the progressive

vector diagram shown in based on the mea-
surements in August, 1995 at point 1. Water particles

displace over a distance not exceeding 100 km during
one month. This conclusion coincides with the conclu-

sions made by [Aleinik et al., [1999].

Higher frequency fluctuations of velocity can be seen
from the analysis of power spectra of these fluctuations.
Graphs of power spectra of the zonal and velocity com-
ponents of currents measured close to the bottom on
mooring are shown in [Figure 4 A prominent semidi-
urnal tidal peak is clearly seen on both graphs. The
periods of inertial and semidiurnal M, periods at this
latitude do not make possible their separation. In addi-
tion fluctuations with a period of 56 days give a con-
tribution to the fluctuations of the mesoscale range,
which can be caused by the internal dynamics of the
ocean in this region.
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Figure 3. Progressive vector diagram of currents in
the bottom layer at mooring at 73°42.0' N, 13°10.5' E
in August, 1995 at a depth of 1674 m over the ocean
depth equal to 1687 m.
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Figure 4. Spectra of zonal (black) and meridional
(red) components of velocity fluctuations at a depth of

1700 m over the ocean bottom at 1710 m at 73°42.6¢
N, 13°06.0" E.



Conclusions

Modeling simulation using the INMOM model with a
high vertical and horizontal resolution in the bottom
layers revealed that the currents in the bottom layer
of the Norwegian Sea are not strong excluding the re-
gion of the continental slope of Spitsbergen where a
jet of the Arctic waters flowing from the Bear Island
Trough turns to the north. The fluctuations of cur-
rents with periods of 5-6 days and 12 hours are sev-
eral times greater than the mean currents in the region
which are of the order of 1 cm/s. The results of the
model simulation with a high resolution model tuned
to simulate the bottom currents confirm the results of
previous research that the nuclear submarine on the
bottom of the Norwegian Sea is a minor radioactive
pollution problem because there is no leakage of the
radioactive substance. If unfortunately such a leakage
starts the deep location of the wreck will not produce
much harm because the amount of water for dilution
is enormous. The possible radioactive pollution will re-
main in the deep water and will be diluted slowly. It
is not possible that polluted deep water would ascent
to the surface from a depth of about 1700 m. The
currents in the region are not uniform but fluctuating;



hence polluted water will only slowly spread from this
region.
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