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= "'Mayak” Production Association and its
radioactive waste discharges to the aquatic
environment;

= Kyshtym accident (1957);
= Lake Karachay and its desiccation (1967);
= Techa river and its floodplain;

= Techa-Iset-Tobol-Irtysh-Ob river system,
influenced by discharges from the “"Mayak”
Production Association;

s Remediation activities in South Ural contaminated
areas.
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> The "Mayak" Production Association
(Mayak PA) is belong to the Russian State
Corporation on Atomic Energy —
ROSATOM and is located in the Northern
part of the Chelyabinsk Region near the
towns of Kyshtym and Kasli.

> The enterprise was established at the end
of the 1940s to produce and reprocess
weapon's grade plutonium.

> Although Mayak is still engaged in military
work, the production of weapon's grade
plutonium ceased in 1987 and the enter-
prise has increasingly directed its
technical potential towards non-military
applications.

: Chelyabinskmha
Kazakhstan

Tsukuba, 2016/03/12
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» Direct discharge of ILW to the
Techa River (1949-1956);

» Discharges of LW into Lake
Karachay from 1951;

» The Kyshtym accident in 1957;

» Wind transport of contaminated

sediments from Lake Karachay in
1967.
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~ A number of natural lakes and
ponds on the Mayak site have been
used as reservoirs for the
management of intermediate and
low-level radioactive effluent.

» These include Lake Karachay
(Reservoir 9) and Lake Kyzyltash
(Reservoir 2), the artificial ponds
(Reservoirs 3, 4 and 17) and the
artificial reservoirs created by
damming the Techa River
(Reservoirs 10 and 11).

Total inventory of radionulclides (primarily 137Cs and 9°Sr) in vicinity of Mayak PA.

Location Lake Reservoir EURT  Karachay Reservoir Reservorr Reservoir  Asanov
Karachay 17 area 2 3&4 10& 11 Swamp
Inventory 4 4007 747 0.75" 0.0067" 0.74° 1.9¢ 7.9 0.25¢

(PBq)
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» Discharges of ?9Sr and 13’Cs that occurred
during the period 1949-1957 have
contaminated 240 km? of the Techa River
flood-plain, with an area of 80 km?
contaminated at levels above 3.7 x 1010
Bg/km? (1 Ci/km?) and abandoned to
date.

> About 7 500 people evacuated from 20
settlements along the course of the
Techa in 1953-1960 received radiation
doses ranging from 35-1700 mSv.

» Discharges of ILW to the Techa river
between 1949 and 1956 in amount more
than 100 PBq are now considered as a
serious error in judgement.

r.Bagaryak

r.Sinara

Tsukuba, 2016/03/12
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> Routine discharge of ILW to the —_— o

Techa river occurred between 1949
and 1956; 1?0

» LW was discharged into a natural
pond, which subsequently became
part of the system of industrial
reservoirs as Reservoir 3;

» Discharge from R-3 entered into the

next reservoir R-4, which also vm
originally was small natural pond; {)% @
~ R-3 and R-4 functioned as / , A
sedimentation ponds for I Dl .
contaminated water; ;\ \
> In 1949-1956 more than 100 PBq E > | e
was discharged into R-3 //”%Kyzy;m& .8 _ Q'
Ay S =

Tsukuba, 2016/03/12
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~ The total releases of B-emitters are a | Aceiviey concentrations, kB
similar order of magnitude to those |
discharged from Sellafield to téhe Irish  |° +

Sea (130 PBq) between 1952 and 1992; |

~ However routine a-discharges from
Mayak were a factor of 500 lower than |
Sellafield discharges; |

S 1951

> Environmental monitoring of activity ,' Rl
levels in the Techa river started in B N
1951; | ,g"\;g

~ R-3 and R-4 played a very important = /,&ﬁ
role in the sedimentation of i
radioactivity discharged to Techa river; s | | A

» 68% of 2°Sr and 89% of the 13/Cs were i
retained in the bed of R-3 and R-4. |

Distance from

10 100 Reservoir 4 (km)

Tsukuba, 2016/03/12
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Lake Karachai was originally a small
shallow natural lake: in 1940s — 750
m long and 450 m wide;

Between 1951 and 2005 556 MCi
(B) (3.7 million m3 of ILW) has been
discharged into the Lake Karachay;

Radionuclide composition of ILW
included 29Sr, 20Yt, 134137Cg, 957,
95Nb, 144C€, 144Pr, 1255b, 106Ru, 60C0,
U, Pu, TUE;

Annual mean B-activity of LW was
1.2x10°-1.6x 1019 Bqg/L;

In 1993, the 29Sr activity
concentration in Lake Karachay was
70 MBqg/L, and the 13/Cs — 100
MBg/L

Tsukuba, 2016/03/12
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Radionuclide concentration in water
of Lake Karachay, MBq/L (uCi/L)

Radionuclide Year
1970 1975 1980 1985 1990 1993
Total o-emitters 0.13 0.010 0.037 0.32 0.22 0.63
(3.5) (0.27) (1.0) (8.5) (5.8) (17)
Total -emitters 410 230 160 670 700 230
(11000) (6200) (4200) (18000) (19000) (6100)
Sy 26 26 28 100 150 70
(700) (700) (750) (2800) (4000) (1900)
3ICs 240 92 63 360 350 100
(6400) (2500) (1700) (9600) (9400) (2800)
34Es 14 56 0.89 27 3.7
(370) (150) (24) (730) (100)
144Ce + '"*Pr 6.3 6.3 48 52 <|
(170) (170) (130) (140) (<30)
"%Ru 110 67 32 48 |8
(2900) (1800) (880) (1300) (500)
Tritium 2 0.74 0.63 |.6 0.37
(32) (20) (17) ’ (42) (10)

Tsukuba, 2016/03/12
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» A thermal explosion of a tank
containing high level liquid waste
occurred in September 1957
creating what has become known
as the Kyshtym accident.

~ Some 740 PBq was actually
released during the accident but
an estimated 90 % settled in the
immediate vicinity of the
explosion site.

~ 74 PBq of radioactivity was
released into the atmosphere and

dispersed by the wind to form the i

East Urals Radioactive trace.

ENVIRONMENTAL The Kyshtym accident

Shadrinsk

The Eastern Ural Radioactive
Trace — Sr-90 deposition.

Tsukuba, 2016/03/12
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= During the period from April 10 to
May 15th 1967, contaminated
sediments from Lake Karachai were
dispersed by the wind storm up to
distances of 50-75 km from the
Mayak PA site.

= An estimated 22 TBqg was associated
with this contamination event.

= (Cs-137 was the predominant long-
lived radionuclide constituting this
release and may have accounted for
75 % of the total radioactive
inventory.

Tsukuba, 2016/03/12
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INSTITUTE OF Water sampling, with simultaneous separation of
vonmenTaL - suspended matter and radiocesium concentrated on

selective fiber sorbent
I o 1 - power supply source
2 - remote device for the intake of
water samples

3 - water filtration system “Midiya”:
filters pore size 1 ym or less, filtration
speed up to 1000 I/h

4 - absorber: fiber sorbent,
selective to Cs, pumping speed up to
500 I/h

bzod dode,

Bobns
N . b, - LR S s el s

Filtration system and absorber developed
in RPA “Typhoon” by Nikitin A.
& Vakulovsky S.
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Results of monitoring of 29Sr in Tobol and
Irtysh rivers water in region of their
confluence (2004-2006):

o

1%

.

. .

14.01.04

¥

23.04.04 01.08.04 09.11.04

N

17.02.05 28.05.05 05.09.05 14.12.05 24.03.06 02.07.06  10.10.06

Date

After Nikitin A.L. et al.,, 2011

Tsukuba, 2016/03/12
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as the area of the Irtysh and Ob confluence

10000 - \
i Techa river
mouth |
1000 - Iset river )
ME mouth
g' [ Tobol river
'.’_;' o . mouth )
) f Irtysh river )
mouth

10

oEkatennburg

0 200 400 600 800 1000 1200 1400 1600 )
Distance from dam 11. km

After Nikitin A.I. et al., 2011
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SO oo Remedial measures taken in the

Remedial measures started in
1951.

Firstly, a series of dams were b
constructed to create an enclosed
series of lakes isolated from the
rest of the Techa river with canals
to the north and south to divert
the uncontaminated river water.

By 1960 about 7500 people were
evacuated from 22 villages in the
upper reaches of the Techa river.

An exclusion zone was created
around the MAYAK site including . Y
the lakes, reservoirs and the

Assanov marshes where significant

quantities of radionuclides are

retained.

March 1949 - August 1951

Berdyanish
ake

Since 1964

Tsukuba, 2016/03/12
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INSTITUTE OF 137Cs and 29Sr in water and bottom

—e— 51 concentration (Bg/l) in surface waters

P77 St concentration (kBg/mi) in sediments.

—e— "Y'Cs concentration (Bg/l) in surface waters
7771 "V'Cs concetrations (kBg/m’) in sediments.

- N.6\ N10 f/; N16 N18 NloNzo;mA mm_% %\Z _;mm
‘D R R ). :
| %% %/% L - % S —

100 %% /’, %/ , % , . /%,-0,1 1%4 /. —— /é.ga

> The concentration of both 137Cs and °9Sr in water is very high in the reservoirs,
and decreases significantly (factor of 102 for 137Cs and 103 for °9Sr) downstream
Techa River from Dam 11 to Muslyumovo, 47 km from the dam;

> In Reservoirs as well as in the Asanov Swamp the very high levels of 137Cs and
20Sr are retained in the sediments.

Tsukuba, 2016/03/12



~ Fukushima University

nstmoreor - Me@asures and restrictions taken in the

ENVIRONMENTAL

rmooaciviy - SOUthern Urals contaminated areas

» Further long-term measures were
introduced to reduce the exposure of
people living in settlements on the
banks of the Techa river.

» Floodplains were fenced off and the
access of people and livestock to these
areas was restricted.

> Restrlctlons on drinking water and

» Construction of wells and pipelines to
provide uncontaminated drinking water
started in 1953 and by 1954 all
inhabitants and cattle were provided
with water from other sources.

Tsukuba, 2016/03/12
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> However, some consumption of
river water is thought to have
continued until 1956 when
further measures were taken to
enforce the restrictions.

» These long-term measures are
still in place although there is
evidence that villagers do not
always follow the restrictions,
sometimes fishing in the river or
letting their animals graze on
the floodplains.

Tsukuba, 2016/03/12
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~ The priority for current and future actions is to
prevent further contamination reaching the
occupied areas by taking various remedial
measures within the restricted area.

~ However, consideration is also being given to
reducing exposures on the river banks down
stream through measures such as removal of the
top layers of sediment or by shielding the
contaminated sediment with crushed rocks.

Tsukuba, 2016/03/12
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Between 1967 and 1971, remedial work ~ [REREEREE

was carried out to cover the lake, to fill
in shallow areas and to recultivate the
area around the reservoir.

The shoreline was reinforced by banks
of rocks, and some 570,000 m3 of soil, .
12,000 m3 of gravel and 9000 m3 of rock &S
were dumped into or around Lake

Karachay.

This raised all the banks and
substantially reduced the water surface
area.

Further monitoring of the reservoir
included strict control of the water level:
if the water dropped below a minimum
permissible level, clean water was to be
added into Lake Karachay.

Tsukuba, 2016/03/12



~ Fukushima University

nsmueor - Remediation of Lake Karachay and

ENVIRONMENTAL

RADIOACTIVITY the sSurrou nding aréa

Despite these measures, Lake Karachay was still a source
of potential atmospheric contamination. Should, for
example, a whirlwind occur, it could disperse radionuclides
over large areas.

It was decided to cover the whole reservoir and immobilise
the loose bottom sediments.

From 1978-1986 a method was developed by which Lake
Karachay would be filled in with hollow concrete blocks and
crushed rocks.

From 1986, the operation to fill in the reservoir has
proceeded according to three stages.

Tsukuba, 2016/03/12
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= Stage I involved closing off the north-eastern part of the

lake (the area closest to the discharge pipes) and dividing it
with breakwaters.

= This reduces the loss of wind-driven spray from the

reservoir surface and has reduced the potential
consequences of a whirlwind.

This stage was completed during 1988-1990. The measures
have immobilised about 60 % of the bottom sediments and
about 70 % of all the radionuclides accumulated in the
reservoir.

Tsukuba, 2016/03/12
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» In stage 2 the reservoir area will be
completely filled, and recultivated to a
green field. This will eliminate the risk of
airborne contamination.

> The work on stage 2 is ongoing, and
Lake Karachay's shoreline has been
reduced.

~ Stage 3 will involve localisation and
purification of contaminated

groundwater |n the reserV()lr area- [: 1962, 051 km? [:l 1971, 0.36 km? - 1994, 0.15 km?

> By the end of 1993, the surface area of -
Lake Karachay had been reduced to Reduction in Lake Karachay
about 0.15 km2. Up to 80 % of the surface area

radionuclides accumulated in the
reservoir are localized in the filled part.

Tsukuba, 2016/03/12
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Dispersal of radioactive materials from Mayak PA to the
environment led to harmful effects on the environment itself,
restriction on land application, relocation of inhabitants from a
number of settlements and observed health effects on human
populations.

The radionuclide of main concern is 20Sr as it is remobilized from
soils and sediments to much greater extent than 137Cs and Pu.

Increased contamination of groundwater, in particular 2°Sr and ¢°Co,
from lake karachay is of serious concern.

To avoid the transport of contaminated water down the Techa river,
three huge reservoirs were constructed (1956-1963).

A rehabilitation program to fill in lake Karachay has been completed
in 2015. The surface area of the lake has been reduced from 0.51
km2to 0 in 2015.

Tsukuba, 2016/03/12
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THANK YOU VERY MUCH FOR YOUR
ATTENTION! QUESTIONS?

alexeikonoplev@gmail.com
T: +81 805 844 0962
http://www.ier.fukushima-u.ac.jp
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