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In order to minimize the radioactive waste volume at the Ukrainian NPP (nuclear power plants) solid waste is burned and compressed
and liquid one evaporated. This dramatically increases their activity as well as their radiation doses during of operation process. In
accordance with the ALARA principle the technological solutions that reduce doses to personnel were proposed. First part of the
complex built on Zaporozhye NPP consists of processing waste incinerators and pressing facilities. The characteristics of the
radiation fields for varying geometries of this facility and isotopic composition of obtained waste was simulated using PENELOPE
and GEANT codes. Part of the results was performed using the software packages developed by the authors using point sources
method. During operations with burned waste pressed ash the wall thickness of buildings, where equipment is placed is needed, up to
40 cm of concrete. Thickness of the steel technological doors for these premises is required to be of about 12 cm. The alternate
design of technological doors (= 2cm of steel) by adding special gateway system is to be proposed.
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3 MeTOr MiHiMi3alii 00’eMy panioakKTHBHHX BinxoniB Ha ykpaiHcbkux AEC TBepai BiIXOIW CHANIOIOTH 1 MPECYlTh, a Pilki —
BUMAPOBYIOTh. lle 3HAUHO MiABHINYE iXHIO MUTOMY aKTHBHICTB i /103y ONpPOMIHEHHsS B IpoIeci nepepoOKu. Y BigIOBIOHOCTI IO
npunmuy ALARA Gyio 3anponoHOBaHO TEXHOJIOTIUHI PillIeHHs, SKi 3MEHIIYIOTh 1031 IepcoHaiy. [lepma yepra KoMIiekcy, sskuit
criopymxyethes Ha 3anopizbkiii AEC, ckiIaga€eThest 3 yCTaHOBOK CIIATIIOBAHHS 1 TPECyBaHHS BiIXOAiB. XapaKTepPUCTUKH pajialliiHuX
HOJIIB TIPH Pi3HUX TEOMETPIisAX IMX YCTAHOBOK i i30TOIMHOMY CKJIafi MepepoOIIOBaHNX BiAXOMIB Oy po3paxoBaHi 3a JOMOMOIO0
nporpam PENELOPE i GEANT. YactuHy pe3ysbTariB 0yJI0 OTPEMAHO 3a JOMOMOIO0 MPOrpaMHOro 3a0e3nedeHHs, po3pobaeHoro
aBTOpaMH Ha OCHOBI METOINy TOYKOBHX JUKepeld. Ilpm omepamisix i3 mpecoBaHOIO 30JI0I0 CIAJIEHUX BiIXOMAIB TOBIIMHY CTiH Yy
MPUMIIIEHHSAX, 1€ EKCIUTYyaTyeThCs YCTaTKyBaHHs, Oyno moTpiOHO 30umpmmTé 10 40 cM OetoHy. HeoOximHa TOBIIMHA CTalTbHUX
TeXHOJIOTIYHUX ABEpeH y INX MPUMIIMIEHHAX CKiafae 12 cM. 3anporoHoBaHO albTePHATHBHUN BapiaHT KOHCTPYKIT TEXHOTOTIHHIX
nBepeit (01m3pKo 2 oM cTaii), SKUH rmeperdadace CrelianbHy 3aXHCHY OTOPOXKY.

KJIFOYOBI CJIOBA: pajioakTHBHI BiJIXOJH, PaJiOaKTHBHI BiIXOJH SIKi CHATIOIOTHCS, PaIi0aKTHBHI BIIXOJH MPECYIOTHCS, PiJKi
PanioaKTUBHI BiIXOH, 03U OIIPOMIHCHHS
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C menpi0 MUHMMH3AIMH 00BEMa pPaJAMOAKTUBHBIX OTXOIOB Ha ykpaumHcKux ADC TBepaple OTXOIbI MOJABEPralOT CXKUTAHHUIO U
MIPECCOBAHMIO, A XKUAKHAE — YHAPUBAHUIO. JTO 3HAYMTEIHHO MOBBIAET UX YAENbHYIO aKTHBHOCTh U 03y OOTydYCHHS B IpoLecce
nepepaboTku. B coorBercTBnu ¢ mpuHImnoM ALARA ObutH IpeiokeHbl TEXHOIOTHYECKHE PEIIeHNs], KOTOPBIE COKPAIIAIOT 03B
nepconana. [lepBas odepenp KoMIuIekca, BO3BOJMMOro Ha 3anopoxckod ADC, COCTOHMT M3 YCTAaHOBOK CXKHTAHHS W IPECCOBAHUS
0TXO0JI0B. XapaKTEPUCTUKH PAAHANMOHHBIX MMOJEH Ul Pa3HbIX T€OMETPHH 3THUX YCTAaHOBOK M M30TOIHOTO COCTaBa MPHHUMAEMBIX
oTxo110B ObuTH paccuntansl ¢ nomomnipio nmporpaMM PENELOPE n GEANT. Yacts pe3ynpraToB OblIa HOJydeHa C UCIIOIb30BAaHHEM
IporpaMMHOro ob0ecredyeHus, pa3pabOTaHHOrO aBTOpAaMH Ha OCHOBE MeTOJa TOYEYHBIX MCTOYHMKOB. [lpu omepanmsx c
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MPECCOBAHHOM 30J10i1 COXKEHHBIX OTXOJIOB TOJIIMHY CTEH B MOMELICHHUSX, TJC SKCIUTyaTHPYETCs 000pyI0BaHKe, MOTPEeOOBAIOCh
yBenuuuth 10 40 cMm GetoHa. HeoOxoanmast ToMIIMHA CTaTBHBIX TEXHOJIOTUYECKUX ABEPEeH Ui ATUX MMOMEIIEHHH COCTaBIsAET OKOJIO
12 cm. IlpemyoxkeH anpTepHATHBHBIA BapHaHT KOHCTPYKIMH TEXHOJOTHYECKHX IBeped (mopsiaka 2 c¢M MO CTaid), KOTOPBIH
COJIIEPIKUT CIIEIMANTBHOE 3AIIUTHOE OTPAKICHHUE.

KJIFOYEBBIE CJIOBA: pannoakTHBHBIE OTXOMBI, CKHTACMbIe PaJNOAKTUBHBIC OTXOMBI, MPECCyEeMbIE PaldOAKTHBHBIE OTXOIBI,
KHUJIKUE PaTHOAKTHBHBIC OTXOIBI, TO3bI H3ITYICHUS

The complex of solid radioactive waste (RW) and liquid radioactive waste (LRW) reprocessing is intended for
higher productivity of utilization process of the RW stored at Zaporozhye nuclear power plant (NPP) warehouses and
minimization of the amount of RW produced as a result of the RW recycling. The amount of RW produced both in the
process of regular operation of a nuclear power plant and during carrying out of any repair work as well as during an
accident (any emergency) is considerable enough. In the sequel these volumetric RW are stored at the nuclear power
plant (NPP). The problem how to make the waste compact is the matter of topical interest for all the NPP in Ukraine.

As a rule to make solid RW compact they are pressed, and as for combustible waste, they are burned and then
pressed. Liquid RW are evaporated, and the combustible, such as oil, for example, are burned. Three units of a complex
for RW utilization, namely, units for burning and super-pressing, and also a fragmentation module, are planed to be put
into operation at the Zaporozhye NPP. To place the units for burning and super-pressing a special building is under
design and the fragmentation module will be disposed in the existing building of the storage site for solid RW.
According to the design, in the new building some import processing equipment, delivered under TACIS program, is
stipulated to be installed: a burning unit, with productivity of 30 kg/hour; a super-pressing unit, with pressing effort of
150 tons.

The aim of this work is to analyze radiation environment in the premises of RW processing complex both under
normal operation of the units, and when any emergency occurred. The layout of the basic burning unit elements is
shown on Fig. 1.

Fig. 1. General layout of the burning unit.
1 — load of RW to be burned, 2 — combustion furnace, 3 — ash unloading; 4 — gas cleaners; 5 — burned RW storage; 6 — service
premises.

RADIATIONS CHARACTERISTIC OF RW

Radio nuclide composition of RW and LRW consist of such nuclides: %7, *Nb, 124Sb, 65Zn, Sicr, PFe, SgCo,
HomA g 14Ce, *Mn, “Co, '*Cs, '¥'Cs. Spectrums of gamma radiation for all types of the waste taking into account
these nuclides were obtained by SpectrOJAT package [1]. To determine the flow density of beta-particles at the RW
exposed surface the total beta-ray spectrums for RW, ash, oil and pressed solid RW were calculated taking into account
isotopic composition of the radio nuclides contained in them. The calculation results are given in Fig. 2. The given data
show that the radio nuclides contained in oil, generate electrons with high enough energy due to the presence of '**Sb in
it. Obtained were used further for estimation of the dose rate in the premises of RW processing complex.

CALCULATION PROCEDURES
The RW processing complex at Zaporozhye NPP includes a combination of ionizing radiation sources of various
shape and composition, namely: cylindrical volume radiation sources in the form of steel barrels with volume of 170,
200 and 280 1; solid RW, inside a box with a “glovebox”, packed into packages of 15 kg, which when moving over a
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table, take the form of a cylinder with diameter of ~ 45 cm and height of ~3.5 m; the RW, being in a powdery-gaseous
state, filling up the cylindrical volumes of a boiler and of a bag filter. The radiation sources as a part of the RW
processing complex are exposed radiation sources and represent hybrid beta-gamma emitters.
When calculating the dose rate from the mentioned radiation sources, the following techniques and program codes
were used:
10 VOLUME M - The program complex
developed in KhNU, as well as the well known
MicroShield package based on the method of

c Ash volumetric or surface integration of point sources,
_Z allowing calculating gamma-quantum flows from the
5 0 7 sources of different shape provided that some
= protective constructions are present [2]. Often enough
2,10 Pressed HRW situations occur when a radiation source (RS) is
£ partially shadowed with a protective construction or
- any other radiation source. In this case the source

27 radiation is divided in two parts: direct radiation and

radiation transmitting through the shielding (Fig. 3).
0, Using MicroShield package one cannot calculate

a situation like this, but at the same time solution of
such problems is possible when using VOLUME_M
Fig. 2. Spectrums of beta particles of the major in-process RW (ash, ~ package. During the process of reload and
pressed solid RW, oil) transportation of the RW prepackaged in barrels (solid
RW for pressing, ash, briquettes) the barrel may fall
down and the radioactive waste may spill out on the
floor. The doze rates from the barrel’s content spilled
out (volume — 170, 200 and 280 1) depend both on the
RW composition, and on the shape (the geometrical
sizes) of the generated radiation source. For
calculation of the dose rate of the spilled out RW (ash,
solid RW) different model geometries of radiation
sources, such as: a semi-cylinder lying on a surface

and hemisphere were used.
L EMID Package. EMID program module [3] is
Shielding based on the use of empirical formulas and algorithms
of electrons transport. The package allows calculating
various characteristics both of electrons, and of a
Fig. 3. Geometry of a self-absorbing cylindrical volumetric matter when fast electrons are passing through
radiation source with partial shadowing heterogeneous structures. The package allows to
calculate the path range of electrons with different

spectral composition in various materials and to determine dose characteristics.

PENELOPE — the program code for carrying out calculations on transport of electrons and gamma-quanta
through various objects and mediua [4]. The code is used for calculations of the dose rate provided that protection is
heterogeneous. In the given paper some geometrical blocks describing geometry of the radiation sources: barrels,
furnaces, «glovebox” , super-pressing device components were created for the PENELOPE package.

SpectrOJAT — a package allowing to calculate spectral composition and intensity of gamma radiation from spent
nuclear fuel or any combination of radio-nuclides at any given moment of time [1]. A special feature of the package is
feasibility to calculate gamma-quanta spectrum with partition into any arbitrary specified energy intervals. Databases
for quantum yields of each radionuclide were generated on the basis of JEF2.2 package [5] with addition of the data
from JEF3.2 package [6].

MCNP - the program code developed by Los-Alamos National Laboratory [7] for Department of Energy in the
USA. MCNP program is widely used for the analysis of protective shielding in the nuclear industry of the USA. In the
present paper the MCNP was used for check and verification of the gained results.

Energy, MeV

RESULTS OF CALCULATIONS
Calculations of gamma radiation dose rate for the above mentioned radiation sources existing in the devices of the
RW processing complex were carried out at different points near them. Ash as well as pressed ash has the greatest
specific activity. For the radiation source in the form of cylinder (barrels of 170 and 200 1) dependences of the dose rate
on the distance at points laying at semi-height of the cylinder filled with ash whose density is 0.65 g/cm’, and pressed
ash with density of 2.2 g/em’, calculated using VOLUME and MCNP packages, are presented in Fig. 4. The dose rate
calculated using VOLUME package, exceeds the dose rate, calculated using MCNP package by 5+10 %. Attention
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should be paid to high values of the dose rate near surface of the objects under consideration. For safety improvement
during transportation of the barrels filled with ash and any other kinds of the RW on special carts it was offered to
install protective shields. The most effective in this case are shields made of lead. In comparison with a steel shield of
the same weight (1-cm of Pb and 1.45-cm of Fe) the dose rate behind the shield made of Pb is lower by ~1.3 times.
Fig. 5 presents dependences of the dose rate on the distance in presence of a Pb-shield with thickness of 1 cm for ash,
pressed ash as well as for solid RW and liquid RW. For the cases with complex geometry of radiation sources and
shielding elements in PENELOPE package a geometrical model was designed and calculations of the dose rate for

improvement of biological shielding characteristics were carried out in order not to exceed the norms of radiation
safety.

1000
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Fig. 4. Dependences of the dose rate on the distance for radiation
sources in the form of cylinders (barrels of 170 and 200 1) filled
with ash and the pressed ash.

Fig. 5. Dependence of the dose rate from the barrel with ash on
the distance in the presence of a 1-cm lead shield.

Fig. 6 illustrates geometrical models and arrangement of detectors (MCNP package) when calculating the dose
rate chart from 3 caissons in which the barrels are filled with ash.
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Fig. 6. Geometrical model for calculation of dose rate in the room where the ash channel caissons are placed.

The dose rate from each caisson was calculated, and then the dose loads were added together. As is evident from
the data presented in Fig. 4,5 the dose rate, generated by the 1-st container with ash, and especially with the pressed ash,
is great enough. This imposes some restrictions on quantity of containers with ash (pressed ash), that are temporarily
housed in buffer warehouses with reasonable parameters of biological shielding observed.

Fig. 7 represents distribution of the dose rate from 7 barrels with ash (disposed in a buffer warehouse) behind a
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concrete wall whose thickness is 40 cm. Figures on the insulated lines correspond to the dose rate in uZv/h, the sizes in
the figures are given in cm. Increase in quantity of the barrels, their arrangement near a wall or decrease of the wall
thickness would lead to excess of the admissible dose rate indoors behind the wall of the buffer warehouse.
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Fig. 7. Distribution of the dose rate from 8 barrels with ash indoors behind a
concrete wall with thickness of 40 cm. Figures on insulated lines indicate the
dose rate in uZv/h.

According to the norms of radiation
safety, a biological shielding in the form of
walls (made of concrete), and doors (as a
rule made of steel) should bar from
exceeding of the dose loads. At thickness of
a concrete wall of 40 cm, equivalent
thickness of a steel door ~10+12 cm as to
radiation protection (depends on geometry
of radiation sources arrangement).

Using ALARA principle, we offered
to restrict the free access zone by mounting
Rabitz fence. The Rabitz fence is mounted
at a distance providing non-excess of the
dose rate with essential reduction of the
doors thickness in the premise containing
radiation sources. It should be noted that
reduction of the doors thickness would not
lead to increase of the personnel body
burden due to decrease of time necessary for
opening and closing of the doors. Fig. 8
presents the layout of Rabitz fence at the

entrance and exit of a premise which houses a pressing device and a buffer warehouse for barrels with ash (the zone of
free access is shaded). Taking of such measures would provide the steel doors thickness of =1+2 cm to be sufficient.
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Fig. 8. Layout of Rabitz fence at the entrance and exit of a premise housing a pressing device and of the buffer warehouse for barrels

with ash

CONCLUSION

The radiation environment in the premises of the RW processing complex both under normal operation of the
units, and when any emergency occurred was analyzed. The design characteristics of the mentioned units specified by
their manufacturers, as well as operative norms and rules in Ukraine on the RW treatment were taken as the initial data

for the paper.



122

«Journal of Kharkiv National University», Ne1017, 2012 N.A. Azarenkov...

Al

For radiation sources of complex geometry and isotopic composition VOLUME_M package, allowing to calculate
protective properties and dose loads in real problems, was modified.

It was shown that when processing RW, treatment of such waste demands application of special accident control
measures (protective shields) because of essential increase of the RW specific activity.

Some measures for improving safety of the personnel work in the premises where the radiation sources are
disposed were offered. That allows essential improvement of the biological shielding design, in particular,
reducing thickness of the doors between premises.
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