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The analysis of the causes of radiation accidents at surface radioactive waste storage facilities
with emissions of tritium (*H) to the surrounding environment. It is defined the dynamics of
change *H concentration in observation boreholes of near surface radioactive waste storages. The
possible ways to prevent the occurrence of radiation accidents and response. Key words: radia-
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TIpoBeneHo aHani3 NPUYNH BUHUKHEHHS PaJiallifiHUX aBapiii Ha MPUIOBEPXHEBHX CXOBMILAX
panioaktuBHuX BigxoniB (PAB) 3 ewmiciero Tpurito (3H) B OTOYYyIOUYE NPUPOJHE cepeoBuine. Bu-
3HAYCHO JMHAMIKy 3MiHM KOHIeHTpauii "H y CBep/UIOBHHAX CIOCTEPEKECHHS MPHIIOBEPXHEBHX
cxoBuil PAB. 3anpornoHOBaHO MOJKIIMBI IIUISIXM TTONEPE/UKCHHST BHHUKHEHHS! paialiiiHuX aBapiit
Ta JikBigawii ix Hacuiakis. Kiowosi ciioBa: papianiiina aBapisi, eMicist TPUTItO, IPHIIOBEPXHEBE
cxoBuiie PAB, pafioakTHBHI BiiXoau, UUIIXK Mirpaii, 6e3neka, iHkeHepHi 6ap’epu, KOHTEHHEpH
Jutst 36epiranst PAB, 1110 BMIIILyIOTh TPUTIii.

TIpoBeneH aHanM3 NPUYMH BO3HHKHOBECHMS PAJMALMOHHBIX aBapHil HAa MPUIIOBEPXHOCTHBIX
XPAHIWIAIIAX PaIHOaKTHBHEIX 0TX010B (PAO) ¢ smuccueii Tputus (‘H) B OKpyKaromiyro cpeiy.
VeraHOBiIEHa AMHAMUKA U3MEHEHHUs KOHLEHTpaluu “H B CKBaKMHAX HAONIIOIIEHNS IPUTIOBEPXHO-
ctapiX XpaHwniy PAO. TIpe/utoxkeHO MyTH TPeIyNpekACHNs] BOSHUKHOBEHUS DPaInallHOHHBIX
aBapuil M JIMKBUIALMU MX TOCHeACTBUH. KilloueBble ci10Ba: paanalMOHHAs aBapHs, SMHCCHS
TPUTHS, TIPUIOBEPXHOCTHOE XpaHuuie PAO, paaroaKTHBHBIC OTXOMBI, IyTH MHIpaLuH, 6e30-
MacHOCTh, MH)KCHEPHbIe Oapbepbl, KOHTeHHephI 11t XpaHeHus PAO, coneprkaiine TpUTHii.

Revenues of tritium in the environ-  active waste (RW) in near-surface storage

ment surrounding from sources is caused  facility.
by natural and artificial processes. In this Tritium is dangerous to humans and
article the author examines the of reasons  surrounding environment through its
tritium emissions during storage of radio-  ability to be involved in biogeochemical
processes and substitute protium (‘H) on
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trittum (*H), that prolonged admission
into the body (for absorbed doses around
1 Gy) causes morphological changes and
disorders of the endocrine system and
blood-forming organs, cardiovascular
system, liver, etc., but does not accumu-
late significant doses [1].

Tritium migration paths from storage
can be used as an indicator of the possi-
ble release of other radionuclides in the
geological environment.

During conducting research the con-
sequence of radiation accidents near-
surface storage facility of *H emissions to
the surrounding environment, there was
determined the following causes of acci-
dents:

1. No pre-treatment and condition-
ing of radioactive wastes which contain
tritium, in the presence of necessary
amount of knowledge, research and prac-
tical developments on the physicochemi-
cal properties of tritium.

2. Lack of additional engineering
barriers and specially designed and tested
containers [2] for storage of this type of
wastes. Constructional material of near-
surface storages from concrete is a single
engineering barrier on the way of migra-
tion of *H.

Concrete as a structural material for
the storages of radioactive waste, found
its application in many enterprises around
the world. Its using is justified in the case
of «many-of-barrier» protection in the
storage of radioactive wastes, including
waste pre-treatment technology and con-
ditioning them in special containers. The
use of concrete as a structural material of
a single of engineering barrier, the author
declared as unfitted for storage radioac-
tive wastes which contain tritium. This is
confirmed also by experience of Canadi-

an, American, French, Hungarian, Latvi-
an, Russian and other researchers [1].

Scientific researching and develop-
ments of Ukrainian scientists of the pol-
lution the surrounding environment *H
partly be based on an analysis of the
consequences of radiation accidents at the
storage of radioactive waste Kharkov and
Kiev State Interregional Specialized En-
terprises State Corporation “Ukrainian
State Association “Radon” (Kharkiv
SISE and Kyiv SISE). Scenario of occur-
rence and progression accidents at stor-
age facilities of Ukraine like a similar
surface storage facility for other coun-
tries.

Dates of radiation accidents since the
beginning of operation of storages as in
Ukraine, as in France, Hungary and Lat-
via - 33+36 years. Project operating peri-
od of surface storages of radioactive
wastes to the moment of closure is 30
years.

In particular, groundwater storage fa-
cility zone of influence Center de la
Manche (city Cherbourg, France) the
tritium concentration reached (17+20)x
10°Bg/l  (1997-2002 years) followed
whith reduction to (7+13)x10°kBg/l
(2008 year) [3].

The concentration of tritium in the
groundwater zone of influence of near-
surface storage facility of Hungary
reached 2x10*Bqg/I (2008) (Fig.1) [4].

During work on the conservation of
near-surface storages of radioactive waste
at Baldone (Latvia) (held concreting
RAW which contain *H) in 1997 ob-
served increased to 2,0 x 105Bq/1 levels
of tritium contamination of groundwater.
For 11 years, the pollution decreased to
(7+8) x 10°Bq/l [5] (Fig.2).
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Fig. 1. Tritium contamination of groundwater in the area of the impact near-surface repository of
Hungary [4].

It should be noted that neither in
Hungary nor in Latvia the pre-treatment
and conditioning of radioactive wastes,
which contain 3H, were not performed.

Waste storage facility compartments were
placed in bulk. There was no separation
provided by RW nuclide composition and
half-life period.
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Fig. 2. Dynamics of tritium contents in observation wells (with maximum concentration) of near-
surface storage facility in Latvia built according BAPA (Latvia).
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Analysis of the causes of emis-
sions of *H from near surface
storage of radioactive wastes of
Ukraine.

In Kharkov SISE at the beginning
0f1997 the network of observation wells
were found significant excess (about 100
times) the specific activity of *H in com-
paring with the limit values for drinking
water (PC"™*™). The situation was classi-
fied as a local communal radiation acci-
dent [5].

Water form of tritium (HTO) is the
most active as biological form. HTO in
the aquifer fell from the storage of solid
radioactive wastes NeNe 19 and 20 of the
volume of 400 m’ each, which operated
in the period from 1962 to 1995. Now in
these storage facility are stored radioac-
tive wastes, such as hundreds of static
neutralizers containing *H total activity in
1995 - 2,7x10Bq, and in 2015 -
1,69><1014Bq. In 1995these storages were
conserved. RW were cemented and there
was completed an additional storage
layer covering the ground. However, the

1 AE+06

emission of tritium were always took
place after conservation.

Radiation monitoring of water sam-
ples first aquifer from 23 observation
wells was carried on a quarterly basis by
Radiation Safety Service of the Kharkiv
SISP.

According to the monitoring re-
searches the content of *H from samples
of observation wells in 4-8 times was
higher than the norms for drinking water
(3x10'Bg/l).

During 17 years of observation, triti-
um specific activity were decreased. At
the beginning of 1998, activity of *H in
the samples reached up to 1,26x10°Bg/l,
but in 2014 this value amounted to
0,16x10°Bg/l. There were slight seasonal
variations of measured values associated
with different power supply aeration zone
in different seasons.

Dynamics of tritium in observation
well number 31H of near-surface reposi-
tory Kharkiv SISP is shown in Fig. 3. The
dependence is based on statistics from
monitoring researches of the service of
radiation protection of enterprise.
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Fig. 3. Dynamics of tritium contamination of water well number 31H Kharkiv SISP.

93



ExoJsioriuni nayku N2 10-11

| HAYKOBO-TIPAKTUYHUI KYPHAA

20

H, i

On 10.19.2015, the aeration zone area
during storage of radioactive wastes had
almost reached the level of standards
fixed for drinking water [6], the peak of
tritium contamination of the aquifer
passed in 2008 had changed to decline.
The revenues of *H into aquifer offset by
its radioactive decay and eventually pol-
lution of the environment will only be
decreasing.

In water observation wells in Kyiv
SISE in the early 90-ies of last century of
upper quaternary aquifer was recorded
increasing in the content of tritium con-
centration which had reached tens of

millions of Becquerel per liter [7]. As a
result of depressurization of solid radio-
active waste storage, infiltration of pre-
cipitation into the storage facilities and
their contact with the solid radioactive
wastesit is *H leaching with water in the
geological environment, i.e. the for-
mation of HTO and steam-gas emissions
into the atmosphere (HT).

Fig. 4 (a, b) shows the specific activi-
ty of tritium in water wells number 6H,
and 5H; located near storage of solid
radioactive wastes NeNe 5, 6, 7 (dynamics
from the first year of operation).
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Fig.4. Dynamics of tritium contamination of water wells number 6H, (a) and number 5H; (b) on
the industrial site of Kyiv SISE.
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The data shown in Fig.4, enable to es-
timate the time of occurrence radiation
accident and its course, radiation re-
sistance artificial barrier and possible
consequences.

The total release of gaseous tritium
into the atmosphere from the storage of
solid radioactive wastes Kyiv SISE in the
conditions of radiation accident during
last 20 years can be estimated at an aver-
age of about 4x10'*Bq.

The total amount of tritium outside
storage NeNe 5, 6 and 7 Kyiv SISP is
estimated at about 1x10"°Bg, represent-
ing 0.5% of the estimated current activity
of disposed waste containing *H.

To avoid the danger radiation acci-
dents involving the emission of *H in the
environment, to storage facilities that are
operated and RW which has been placed
on technology “disposal” without pre-
treatment and conditioning which is pos-
sible under preventing ingress of atmos-
pheric precipitation to the storage of solid
RW containing tritium, or the work on
pumping water with tritium from these
storage facility, if there is water there.

The complex of works to remove ra-
dioactive wastes from the “emergency”
storages containing “H, their conditioning
and carrying them in special containers
will create additional engineering barrier
to the spreading of radionuclides.

Analysis of the dynamics of content
of tritium in observation wells in Fig.2,
Fig.3 and Fig.4 the dynamics and content
of tritium in observation well in Hungary
storage facility [1] for the first time the
author put forward the hypothesis that all
radiation accidents were happened after
the 33-36 years from the start of opera-
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tion of near surface storage RW, in the
post-project operation period of storage
facility.

Conclusion

The existing near-surface radioactive
waste storage facilities accordingly to the
construction project, were defined as
storage of dumping of radioactive wastes.
The use of construction materials storage
made of concrete is forced by the operat-
ing conditions of existing storages. How-
ever, its using as a single artificial barrier
is inadmissible because of concrete filtra-
tion properties to water that condenses in
the normal operation of the repository,
without pre-processing technologies and
conditioning RW of "H specifically de-
signed and tested containers for storage
of such type of radioactive wastes.

Researching and analysis of regulari-
ties of radiation accidents caused by
emissions of tritium from near surface
storage of radioactive wastes:

-enables assessment and forecast the
approximate time of the accident and the
potential radiation consequences;

-to prevent them and eliminating;
conduct complex operations under “Na-
tional Target Environmental Program of
Radioactive Waste Management” in the
part of containerization of RW;

-to develop the technology for remov-
al, conditioning RW containing’H, create
a separated storage of *H RW, improving
monitoring and dosimetry control of
staff;

-to develop a methodology for early
detection of tritium threats and dangers in
order to effectively making impossible
and prevent them.
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BHKOPHCTAHHSA #0OCPOTIIICY B
CTBOPEHHI CKAATHHX KOMIIOCTIB
AAS CIABCBKOT'OCIIOJAPCBKOI'O
BHPOBHHIITBA

IBamenko T.I'., HoBoceancohka JLLII.

Jlep>kaBHa €KOJIOTIYHA aKaAeMisl ITiCIISANIUIOMHOT OCBITH Ta yTIPaBIiHHS,
ByJl. MutpononuTta JIunkiseskoro, 35, 03035, Kuis,

CTBOpEHHSI CKJIAJJHOTO KOMIIOCTY 3
BHKOpHUCTaHHsM (hocorincy mependadae
MOJIIMIICHHsT 0aratb0X MO3MIIN IPYyHTO-
BOTO TIpoliecy - (i3WYHMX, XIMIYHHX i
610JIOTYHMX OCOOIMBOCTEIl: YTBOPEHHSIM
Cynb(ary aMoHit0, GOpPMyBaHHSIM aKTHB-
HHUX EKOJIOro-TpO(MIYHUX IPyN MIKpOOp-
TaHi3MiB, IIO MiJICHITIOITE (hepMEHTATH-
BHY aKTHBHICTb Y IUIaHi (OpMyBaHHS
BCHOTO IpyHTOBOrO Hporecy. Pocdorinc,
TIpY BHECEHHI B CKJIQJHHI KOMIIOCT, a
NOTIM B TPYHT, CIPHSE YTBOPEHHIO Ma-
JIOPO3UMHHUX CIONYK i3 BOYKKUMH MeTa-
JIaMH BUKOHYE TIPUPOTOOXOPOHHY POJIb.

AHaNi3yro4d J0CBIJ TOCHOIapIOBaH-
Hs Ta TpaHcdopMallii 3eMeIbHUX BiJHO-
CHH 3a OCTaHHI J{Ba/ISITh POKIB Ha YKpa-
THi, BYCHI AIIIM BUCHOBKY [1], 1m0 Bci
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C€KOHOMIYHI, TEXHOJIOrIUHi, IOPUANYHI
MEXaHI3MH, IO 3aCTOCOBYBAIHCS JUIS
30€peIKEHHSI POFOUOCTI 3€Mellb, HE Oyl
JOCTaTHbO e(eKTUBHUMHU. BTpara posro-
4oCTi 3eMeNb B YKpaiHi HaOyna i mpogo-
BKy€ HaOyBaTH II00aJIbHOIO XapaKTepy.
I3 mpoBeneHux pospaxyHkiB [1] Oa-
JIaHCY MOKHBHUX PEYOBUH Ta TyMyCy B
IpyHTax YKpaiHW, MOXXHa 3pOOWTH BH-
CHOBOK, IIO CIIBrOCIIBUPOOHUKAMHU 13
KO)KHUM POKOM HE JIOTPHMYETHCS OCHOB-
HHUH 3aKOH 3eMIIepoOCTBa — BHHECCHHS
MOKMBHUX PEYOBUH ITOBHHHO KOMIICHCY-
BAaTHCS IUIIXOM X MOBEPHEHHS B IPYHT.
SIk HacmigoK, MaeMo BiJx’e€MHUI OallaHc
MOKMBHUX PEYOBHMH Ta BiI'€MHHMIA 0Oa-

JIAHC TYMYCY B IpyHTax.
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Puc.1. Baranc eymycy 6 ipynmax Vipainu y 2000—2009 porax [1].
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