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1.0 EXECUTIVE SUMMARY

A final report documenting Russian experience in ambient temperature cement-based waste

forms, in-tank waste treatment and grout/concrete decommissioning is provided in

Attachment 1. The report is titled “The Review of the Russian Experience on Inorganic

Binders for Waste Treatment and Tank Closure,” and contains technical information

concerning:

e An assessment of the properties of hardened cement materials that affect the performance
of hazardous and radioactive waste forms.

e A list of additives used to modify the properties of cement-based waste forms.

e The effect of elevated temperature on hydrated portland cement as a function of time and
temperatures up to 180°C.

e The effect of radiation exposure on hydrated cement materials as a function of radiation
dose up to 6E+09 Rad. Radiolytic gas generation data is also presented and discussed.

e The results of an experimental investigation on the properties of special grout
formulations developed as closure grouts.

e Descriptions of full-scale grouting for decommissioning vessels contaminated with
radioactivity.

e Inner tank space of the fuel storage unit on Lepse (service tanker/vessel for nuclear
submarines). (Monolith for strength and contaminant immobilization).

e In-place decommissioning of two nuclear submarine reactor compartments and
associated equipment at the Russian Navy Training Center in Paldisk, Estonia.
(Radiation shielding and contaminant immobilization)

e Description of in-tank waste solidification for a chemical tank using magnesium
phosphate cement.

The Russian experience in aqueous waste stabilization/solidification appears to be limited.
The examples discussed in the report are related to work conducted in the recent past or
intended for future programs. To date, the Russians have not closed any high-level waste
tanks. However, decontamination and repair of a large steel waste tank was discussed. The
tank was returned to service after the repairs. In informal discussions, V. A. Starchenko
stated that the Russians intend to empty and clean their high-level waste tanks and to then use
them as “vaults” for storage of radioactive debris and/or packaged waste/waste forms rather
than to fill the tanks with clean grout. Currently the Russians are planning for long-term
storage of the low-level waste and for geologic disposal of high-level waste.

The Russian experience in decommissioning large tanks/vessels is also limited to three
examples. One example involved pumping grout into the inner tank space in a Fuel Storage
Unit on a tanker that serviced nuclear submarines. The concrete was a relatively high-
strength concrete which was batched at a central plant and delivered to the docked tanker by
truck. The concrete was pumped into the inter tank space. Approximately 6 hours was
required to fill the 110 cubic meter void space.

The second example involved decommissioning two nuclear submarine reactor
compartments at the Russia Navy training center in Paldisk, Estonia. Two concrete mixes
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were used for “conservation” of these units. A highly fluid, pumpable concrete mix was
designed for filling the compartments. This concrete also contained Shungizit porous
aggregate which was intended to dissipate radiolytic gases formed in the high radiation fields
associated with the inside of the reactor compartments. A concrete sarcophagi was also
constructed over the reactor compartments as part of the “conservation” effort. This mix
contained less cement and no porous aggregate since the radiation field was much lower.

Finally, magnesium phosphate cement was used to solidify the radioactive ferrocyanide
sludge in a defective tank. The tank had a volume of 3200 cubic meters and it contained 70
cubic meters of sludge with a liquid to solid ratio of 2 to 1. The tank had no mixing
capabilities so the magnesium oxide and phosphoric acid were simply added on top of the
sludge. As a consequence, crust formed on top of the sludge after the first addition and
precluded subsequent additions of the magnesium oxide. However, the solidification of the
sludge was sufficient to stop the tank from leaking. Magnesium phosphate cement was
selected for this application because of the strong stabilization/fixation properties of the
resulting salts (barium, tin, zirconium and thorium phosphates are very insoluble).

The Russian regulatory requirements (in Russian) are provided in Attachment 2. These
regulations have been in effect since January 1, 2001. In general the Russian requirements
for cement-based waste forms are similar to the US Nuclear Regulatory Commission
requirements. An abridged English summary is provided in Attachment 3, in the form of
slides from a presentation on “Collecting, Reprocessing, Storage and Conditioning
(Treatment) of Liquid Radioactive Waste” by V. A. Starchenko.

The Russian waste form requirements include limits on radionuclides, leaching rates, referred
to as water resistance, compressive strength, radiation stability, resistance to thermal cycling,
and a durability requirement based on the strength of a sample immersed in water for 90
days. In addition to prohibiting waste with fire or explosive characteristics, wastes that can
react with the compounds in the cement to form toxic substances such as ammonium slats are
also prohibited. Complete dehydration of high-salt aqueous low-level waste solutions is
prohibited per the Russian regulations in order to prevent possible exothermic interaction of
the compounds in the dry residue. This sensitivity to management of dry salt waste is
applicable to treatment, storage and disposal of calcined waste at DOE facilities.

Strength is used as a measure of durability and performance. Additives used to improve
leaching include sodium silicate to reduce overall permeability, zeolites to improve cesium
leaching and organic polymers (polymer cements including latex-modified cements) to
reduce porsoity/permeability and thereby improve tritium leaching. Pozzolans were
discussed for improving matrix properties and alkaline additives were discussed as set
regulators specifically for borate wastes.

An interesting concept employed by the Russian grout formulators is to include a porous
aggregate, “Shungizit,” as a ingredient in waste forms and/or decommissioning grouts
exposed to high radiation doses. The purpose of the porous aggregate is to provide for gas
permeability through the aggregate. In addition, the matrix portion of these grouts/waste
forms is designed to have low permeability to water. This is achieved by a low water to
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cement ratio in the mix. This type of mix provides a means of venting the waste form so that
radiolytic gases do not accumulate while at the same time minimizing the contact between
the contaminants and leachate.

The final report on Russian Grouting experience provided an opportunity for international
cooperation and access to Russian grouting/waste form experience. The data on radiolytic
gas generation form grout mixtures was already used in evaluation of the source of hydrogen
and methane generation detected in the sampling ports around the SRS high-level waste
tanks in 2002. The concept of venting the radiolytic gases from a waste form by adding
porous aggregate is being considered for future cement-based TRU waste forms at SRS.

2.0 BACKGROUND

2.1 OBJECTIVE

The objectives of this work were to document the Russian experience on grouting for waste
forms and tank closures or other decommissioning applications. This task was designated as
Task H-4 in TFA Work Element 923, SRS TTP SR16WT51 Subtask H. The milestone
designation is 923-1.5-1.

The approach for obtaining the Russian experience in ambient temperature waste treatment
and in decommissioning tanks and other vessels was to issue a subcontract to the American
Russian Environmental Services, Inc. (ARES) for preparation of a report on the Russian
experience. ARES contracted the report to Daymos, Ltd. V. A. Starchenko from Daymos
was the project manager. N. I. Alexandrov and V. P. Popik were the principal investigators.
The final report from Daymos/ARES is attached.
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Summary.

Keywords: radioactive wastes, tanks for waste storage, radiation -
dangerous objects, cementation of radioactive wastes, portland cement
mixtures, radiation stability, radiolysis, radiolytical gases release, durability of
the cement compositions, leaching of radionuclides, large scale experience.

In this report it is given the review of results of researches carried out
in Radium Institute and in number of other Russian enterprises directed on
elaboration of high-performance concrete - conserving agents designed for
solidification of liquid radioactive wastes and for transfer into ecological -
safe state of HAW storage tanks and decommissioned radiation - hazardous
objects of nuclear power engineering. The existing Russian practical
experience in the indicated area is also briefly described.
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INTRODUCTION.

The present review is prepared in accordance with subcontract No
8D6266-EE/2001-01 concluded with corporation “ American Russian

Environmental Services, Inc.” The subcontract goal is to prepare a technical
report on Russian experience with the use of inorganic binders for treatment
of radioactive waste and for closing of waste tanks. For reflection of the
Russian experience on use of cement grouts for waste treatment and tanks

closure the following major subjects were determined, which should be
reflected in the report:

research of influencing of portland cement grouts composition on the

mechanical strength and radiation stability of the solidified cement

mixtures;

- studies of influencing of cement grouts composition on an yield of
radiolytic hydrogen at high radiation doses of compositions;

- estimation of capability to improve cement grouts at their contact with
groundwater due to introducing in them of the special additives;

- estimation of capability to decrease radionuclides leaching from cement
grouts due to addition of the components, which can decrease migration
rate of impurities in cement matrixes;

- practical experience on application of grouting methods for

decommissioning of objects of nuclear power engineering and Navy

nuclear radiation hazardous facilities;

key technical problems regarding of improvement of cement grouts

properties that might be resolved through an analytical and experimental

research program during the potential next stage of the project;

- filled in survey of enhanted grout needs for tank closure provided by the
SRTS customer.

The compositions on the basis of ordinary portland cement (OPC) and
some other inorganic binders (blast furnaces slag (BPS) and pulverized fuel
ash (PFA) are broad applying for solidification of low active liquid radioactive
waste (1). In Russia and in USA cement grouts are applied also to
conservation of radwaste tanks and other radiation - dangerous objects. The
important direction of cement grouts usage is their application as

May 13, 2002
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construction materials and biological protection in containers and dry storages

designed for long-term storage of burned up nuclear fuels.

For effective utilization in the mentioned above directions cement
grouts should have a series of particular properties:

- high radiation stability that is especially important at usage of cement

mixtures for decommissioning of objects with high level of irradiation (reactor

compartments of nuclear powered vessels, burned up nuclear fuel storage);

- the structure of the cured grout should provide release of radiolytic gases

without disturbance of monolith integrity;

- the structure of the cured grout should have low water permeability to
ensure low leaching rate of radionuclides from the object in environment
for all time of its long-term storage.

The special cement mixtures suitable for solidification of the liquid radwaste
should have a following complex of properties:

- high radiation stability, that will allow to solidify radwastes with enough high

level of activity;

- the structure of the cured cement mixture should have low water
permeability to reduce to minimum release of the radionuclides from
solidified radwastes in environment for all time of their long-term
storage;

- the cured cement compositions should have high frost resistance;

- the cured cement mixtures should have low speed of leaching of the basic
components of cement to provide high stability of the cured cement grout
at contact with groundwater;

- the composition of cement grouts used for radwaste solidification should
provide enough high mechanical strength at the high contents of soluble
salts in cemented waste.

The primary goal which was put at realization of researches of cement
mixtures with reference to treatment of liquid radwaste and decommissioning
of radiation - hazardous objects including waste tanks was concluded in
elaboration of cement mixture compositions which in the most degree satisfy
to the presented above requirements.

Previously the literature on structure and properties of cured cement

mixtures was studied with the purpose of selection of rational paths for
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looking up of cement mixtures composition possessing a given complex of
properties.

The main features of structure and properties of hardening cement

mixtures with reference to problems of radwaste treatment and

radiation-hazardous objects decommissioning.

The term "cement" usually implies portland cement or materials
containing portland cement. The cement produces by high temperature
calcination with a partial melting of materials having high content of calcium
oxide. The obtained product (clinker) is crushed up to rather high specific
surface (approximately 4000 cm?g) to activate cement The cement
hardening begins when this powder is mixed with water. At preparation of
hardening cement mixtures the watercement weight ratio is usually selected
within the limits of 0.25-0.6; the mixtures with smaller water<cement ratio
become rigid and lose plasticity whereas at the greater ratio mixtures can be
stratified and liberate water. The prepared mixtures must be used within 1-2
hours then their setting starts. The development of strength becomes
noticeable only in 1-2 days. Then the strength fast accrues.

In general all processes of cementation have a" window” %2 hours,
during which the prepared mixture should be used. In further it is necessary
to allow to cement to hydrate chemically without mechanical effects. The
decelerators and boosters of cement setting are known, but their long-time
influencing on properties of cement especially in conditions of irradiation is
not enough well established and their applying for cemetnation of radiation -
dangerous objects can not be recommended and therefore it is necessary to
work with cement mixtures in the mentioned above period (l).

Internal structure of cured cement mixtures.

In structure of the cured cement it is possible to mark three
characteristic features: a matrix of solid phases, both crystaline and
amorphous, system of pores of the different size and form and aqueous
phase located in pores. The model of a microstructure of cured cement is

shown) on fig. 1.

May 13, 2002
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ENTRANCE BUNDLES OF CRUMPLED SHEETS
FOILS, ETC- CALCIUM SILICATE
HYDRATES

Fig. 1. Model of a microstructure of cured cement.

The gel of calcium hydrosilicate (C-S-H) is the most important
component of solid phase of cured cement mixture as it contains main part of
micropores. C-S-H phase is almost amorphous. As it can be seen from fig. 1,
the phase of GS-H gel consists from elements, the centers of which are
grains of cement surrounded with products of its hydratation. Each element
has flaky structure; the random packaging of these units creates a grid of
micropores. It is not surprised that the most part of sorbtion potential of the
cured cement is determined with micropores of C-S-H gel. The conducted
researches show, that normally prepared samples of concrete, as a rule, do

May 13, 2002
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not contain pores with size > 1 micron and the main part of pores has the size
< 0.1 microns. These pores determine the diffusion characteristics of cement
mixtures in relation to radioactive ions therefore measured for them diffusion
constants are not property of cement matrix, but concern to system pores -
matrix. It is necessary to mark that in cured cement mixtures there are also
other kinds of pores. In space between hydrated and not hydrated fragments
of cement so<called capillary pores are formed. These pores have large
sizes than pores of C-S-H gel. Common and capillary porosity is reduced with
growth of degree of cement hydration, gel porosity increases a little because
the volume of C-S-H gel (2) is augmented.

C-S-H gel acts as a main factor controlling ¢H of cement mixtures at the
greater cure period. The Ca/Si ratio in C-S-H gel varies within the limits 1.8-
0.9. At Ca/Si ratio 1.8. where C-S-H gel coexists with Co.(OH)2 the
equilibrium pPH value practically equal to pH of saturated solution of calcium
hydroxide. At decreasing of this ratio concentration of calcium in aqueous
phase and PH are descended. The same decrease will be obtained as a result
of leaching, as the cement will lose the most soluble calcium compounds.
The pH of aqueous phase in pores of concrete has high importance for it
properties as material for conservation of radiation-hazardous objects, since
the high pH value promotes a decrease of solubility of a number of
radionuclides, in particular, of most dangerous long-lived %-emitters (3) and
favours to decrease of corrosion of carbon steel.

Usage of the additions for modification of properties of

cement mixtures.

Addition of different components for modification of properties of
cement mixtures is widely used in practice. In the table | some materials
frequently added in cement are presented and the effects which are obtained
with addition of such component are shown too (l).

Table I.
Materials adding in cement mixtures for improvement of their properties.
Material. Effectfrom the component.
Fly ash from coal combustion. Decrease permeability, increase

mixture fluidity, lower initial heat
evolution.

May 13, 2002
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Ground granulated blast furnaces Decrease permeability, lover
slag. internal Ej, and initial heat evolution
and increase mixture fluidity.
Natural puzzolans. Increase of sorption.
Microsilica. Decrease permeability, increase
sorption.
Superplasticizers. Reduce water content and
permeability.
CQ(OH)g. NaOH Condition borate waste and ensure
set.
Sodium silicate . Precipitate heavy metals, decrease
permeability.
Miscellaneous getters: chemical and Reduce solubility of specific
structural. radwaste species e.g. Ag* for iodine
conditioning.
Organic polymers. Decrease permeability, getter for
tritium.

It is possible to divide materials adding in cement into three groups.
One group including natural puzzolane materials, ash, microsilica and slag
can be called puzzolanic because these materials are activited with cement,
react with water and cement and become the integrated part of cement
matrix. The size of particles of these materials are usually less a little than
size of cement particles, so the formed matrix have a little more dense
packing of fragments than cement matrix and provides smaller permeability.
The siliceous fly ashes and slags have a high content of glass, which
concerns to main puzzolanic components (4, 5). In the short term materials
of this group are enough inert and more active part of mixture (cement or
Co(OH),) determine properties of mixtures in this period.
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Other materials in the table | are mainly modifying agents for matrix.
The cement is usually mixed with quantity of water which is sufficient to
receive fluidity of mixture appropriate to the application. But such fluidity
usually receives at excess of water over that is required for a chemical
hydration, it leads to porous and permeable matrix. Critical water-cement
ratio indispensable for  full hydration of portland cement is equal
approximately 0.24, but such mixture is too hard for practical usage. The
demanded fluidity can be reached at low water content by adding of
superplasicizers, which are the high-molecular polar organic compounds (for
example sulphonated melamin, naphthalene formaldegyde polymers or
lignosulfonates(6). As usual 0.2-2 % of plasticizer, depending on it type, is
diluted in mixing water. It enables to receive normal fluidity of mixtures at low
water content that give possibility to obtain less permeable product. The final
destiny of plasticizers in cement is not completely known. Probably initially
they are fast sorbed on the products of cement hydration with the subsequent
desorption and partial irreversible precipitation.

Calcium and sodium hydroxides are used for acid wastes
neutralization and to condition borates which have negative influence on
cement setting and even can make it impossible; addition of hydroxides
reduces borates influencing.

The applying of sodium silicate is described in the literature (7), but it
is not used widely in practice. This compound is soluble in water and
precipitates a wide range of metallic ions from solution usually in the
amorphous form, however nature of precipitations in cured cement matrixes is
poorly known.

Particular getters it is offered to use to reduce leaching components of
the radwastes badly sorbed by cement, for example of cesium and iodine (8).
For an iodine it is offered to use addition of silver or barium (9, 10). As getter
for cesium it is possible to use zeolites (Il). However capacity of such
components is limited because of chemical reaction between cement and
zeolites. Besides the zeolite capacity is decreased because of competition of
K* and Na* ions presented in cement (12). The final result of it & the
necessity to add in cement of high quantity of zeolite to lower Cs" leaching. It
results in a number of disadvanages: the mixture has high consumption of

May 13, 2002
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water and low compression strength. Thus the getters application is rather
specific and demands special consideration in each particular case.

The organic polymers also can be used for modification of cement
matrixes. In general it is necessary to concern with caution impregnation of
cement matrixes with organic polymers as the diffusion coefficients in
polymers are rather high and long-term stability of polymers to irradiation and
degradation under an environmental stress is either unsatisfactory or
unknown. The possible advantage of polymeric <cement matrixes can be
improvement of immobilization of tritium (13) .

Effect of elevated temperature and radiation.
As it was noticed above, major component determining long-term

properties of cured cement mixtures is C-S-H gel, which at ordinary
temperatures is metastable, but exists long, natural samples of such phase
with age 20*10° years (I) are known. At temperature 170-180 °C this phase
crystallize in autoclave during 16-24 hours. In result of gel crystallization {JH
of pore liquid is decreased on 1-2 units in comparison with C-S-H gel having
equivalent composition, besides a considerable change of this phase volume
can take place in result of crystallization. In the literature practically there are
no data on rate of crystallization of C-S-H gel at temperature below 100 e
but it is possible to suppose that the considerable temperature rise inside of
curing cement mixture is extremely undesirable because of hazard of C-S-H
gel crystallization.

The information, available in the literature, demonstrates that even the
high doses of absorbed ¥- radiation have not negative influence on the

properties of dry cement (14). The effect of irradiation on cured cement
mixture is appeared basically through radiolysis of water presented in it.

Main result of water radiolysis is release of gases and, first of all, of
hydrogen. Irradiation of cement mixture can also modify structure of it and
increases degree of it crystallinity (15)

The vyield of hydrogen at radiolysis of water in cement mixtures
depends on their composition, in particular, from composition of binders,
which was used at their preparation. So it was noticed that trend of hydrogen
yield for mixtures in which as binders were used ordinary portland cement
(OPC) and its mixture with blast furnace slag (BPS/OPC) and fly ash
(PFA/OPC)is: :BPS/O®C > OfC> prasofC.

May 13, 2002
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This in part may be attributed to differences of composition of aqueous
solutions in pores (16).

Presented above literature information on structure and properties of
cured cement mixtures allows to dedicate following main directions in
elaboration of optimal composition of cement mixtures designed for radwastes
treating and conservation of radiation-hazardous objects:

- usage of superplasticizers with the purpose to decrease quantity of water

which is necessary for obtaining cement mixtures with demanded fluidity and

low permeability;

- looking up of the addition components and filling materials ensuring to cured

mixtures a gas permeability enough for deleting of radiolytical gases at

preservation of their high water tightness;

- looking up of mixtures composition with a low yield of radiolytical hydrogen;

- research of possibility of using of the components sorbing radionuclides
for decrease their leaching from cement mixtures.

In this report the results of experimental researches carried out in these
directions are presented.

2. EXPERIMENTAL ENVESTIGATION OF PROPERT IES OF
SPECIAL CEMENT MIXTURES.

The main results of the carried out researches are reviewed below. In
the given section of the report the techniques of experimental researches are
briefly shown also. It is necessary to mark that during preliminary researches
22 cement mixtures of different composition were tested. The mixtures
possessing the most favourable combination of properties were selected for
further researches. The compositions of these mixtures are shown in the table
2.

Table 2.
Composition of investigated cement mixtures.

No of Main components of | Modifying Water : solid
mixture Mixture Components. Ratio

Material Content, | Material. | Content| (W/S)

% vol. % vol.

T Cement 66.0 S-3 0.7 0.24

Shungizit | 33.7 SDO 0.05

filling

May 13, 2002
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material
2 Cement 40.0 8-3 0.7 035
Shungizit |20.0 SDO 0.05
filling
material
Shungizit
sand 40.0
3 Cement 40.0 S-3 0.7 0.30
Shungizit 20.0 SDO 0.05
filling
material
Mordernite
sand 40.0
9. Cement 40.0 0.38
Quartz 60.0
sand
27. Cement 38.0 S-3 0.9 0.32
Shungizit 37.0
sand
Clinoptilo- | 5.0
lite
Sand 7.0
Microsilica

2.1. Experimental technigues.
2.1.1. Irradiation of cement mixtures.
2.1.1.1 The characteristics of the gamma -irradiation installation.
Irradiation of investigated cement mixtures was carried out on gamma
-irradiafon installation of V. G. Khlopin Radium Institute, which had following
basic parameters:
- Source of a gamma-radiation- Co - 60;
- Sizes of irradiation chamber:
height - 200 mm;

diameter-120 mm;
- Calculated dose rate of gamma-radiation - 150 rad / sek.

The real dose rate in the irradiation chamber was measured with usage
of chemical dosimetry method based on radiation oxidation of divalent iron
ions in sulphate media saturated oxygen of air, so-called Frank’s dosimeter
(17).

May 13, 2002
Page Al14



WSRC-TR-2002-00235, Revision 0
May 13, 2002
14 Page A15

2.1.1.2. Technique of cement mixtures irradiation.

Samples of cement mixtures were placed in glass cylindrical vessels with
inner diameter and height 21-22 mm and wall thickness | mm or in glass
ampoules with diameter 15 mm and length 90 mm with the same wall
thickness. Vessels with samples of mixtures destined for research of
composition and quantity of radiolytic gases were placed in titanium hermetic
capsule with wall thickness 0.5 mm.

2.1.1.3. Tests of mechanical properties of cured cement mixtures.

The determination of compressive strength were carried out according
to GOST 10180-90. The hydraulic press PD-10 (GOST 8905-73) was applied
to tests. The inaccuracy of measurements of load did not exceed 2 % rel.
Compressive strength (Rcom) of samples was calculated according to:

Rcom = F/A

Where: F - destructive load;

A — cross section area of sample.
The mechanical tests irradiated and not irradiated samples of the same

composition were done simultaneously.

2.1.1.4. Test of cement mixtures air permeability.

The device AGAMA-2R was used for evaluation of cement mixtures
air permeability. This device gave possibility to measure time which was
necessary to definite volume of air pass through testing sample into
evacuated chamber. As all tested samples had the identical geometrical sizes
for comparison of their air permeability the value of rate of air accumulation in
vacuum chamber was used.

2.1.1.5. Test of waterproof of cement mixtures.

Testing of waterproof of cured cement mixture samples was done in
according to GOST 12730.5-84 on which the measure of waterproof is the
water pressure (W) at which on a surface of test cylindrical sample there is
no yet wet spot. The increase of water pressure was made by steps 0.2 N Pa
during 1-5 min After each step the stop during 16 hours was made.

2.1.1.6. Research of cement mixtures structure changes at
irradiation.
For research of influencing of irradiation on structure of cement

mixtures the methods X-ray phase analysis and differential thermal analysis
were used.

X-ray phase analysis.
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For identification of crystalline phases in investigated samples the
powder method permitting to receive the information on chemical composition
and structure was used . For obtaining diffraction pictures the X-ray
diffractometer DRON-1,5 was used with copper anode X ray tube at anode V
=30kV and | = 25 mf. CuK o -radiation was filtered through Ni — foil.

The identification of crystalline phases was made by comparison of data
obtained from diffractograms, with data presented in catalogue 1CPD5 issued
by Integrated Committee of the Powder Diffraction Standards (USA).

Differential thermal analysis of cement mixtures.

The differential thermal analysis (D*t®) of cured cement mixtures was
carried out with help of derivatograph Q 1500 D of the Hungarian production.

During DTA it was fixed weight changes of grinded specimen of
investigated mixtures at controlling heating from 20 to 1000°C.

2.1.1.7. Research of quantity and composition of gases which are

evolving at irradiation of cement mixtures.

The chemical analysis of gas phase accumulating in capsules and
ampoules during irradiation of cement mixtures was made with gas
chromatographic method. The gas chromatograph "Tsvet-100" was used for
gas analysis. The conditions of chromatography and system of detecting
were selected recognizing that the main anticipated components of gas
phase evolving at cement mixtures irradiarion are: 0z Hz, CHs CO2. The
accuracy of definition of the contents of these components in samples of gas
was 5-10 %.

2.1.1.8. Research of leaching of radionuclides from cured cement
mixtures.

Raduonuclides (Pu-239, Am-241, Cs-137, Sr-90) were added in water
used for cement mixtures preparation as nitrates. Before beginning of
leaching experiments all specimens of cement mixtures were cured during 28
days.

The technique of experiments on definition of speed of leaching of
radionuclides from hardening compositions on the basis of cement
corresponded to the guidelines of IAEA (18) and GOST 291491 (19). The

distilled water was used as leaching liquid.
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The concentration of radionuclides in samples of leaching water was

determined radiometrically

on a-radiation for Pu-239 and Am-241, on

B-radiation for SF90 and on y=radiation for Cs-137. The accuracy of activity

measurement of samples was 5-10 % rel.

2.2. RESULTS AND THEIR DISCUSSION.

Influencing of gamma-radiation on mechanical properties, air
permeability and waterproof of cement grouts of different
compositions.

As it was already marked in the introduction, primary goal of

researches, the results of which are reviewed in this report, is looking up of

cement mixtures (concrete) compositions which properties meet to demands

to concrete - conserving agents used for conservation (closing) of radiation -

hazardous objects, including waste tanks. In this connection influencing of

gamma-irradiation on a mechanical strength, air permeability and waterproof

of concrete of different compositions was studied. The obtained results are
shown in the table 2.2.1

The table 2.2.1.
Influencing of gamma-radiation on mechanical properties, air

permeability and waterproof of concrete of different compositions.

No of Time of | Dose of | Compre- | Air perme- | Water-
concrete | curing, Gamma | ssive ability, proof
compo- |days -radia- |strength, |Cm¥sec. |W, tm.
sition tion, MPa.
Mrad.
1 28 266 435 0.037 12
90 855 41.6
180 1710 56.0
270 2565 45.9
690 6000 40.2
1c 28 27.5 0.022 12
90 25.0
180 20.1
270 29.7
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2 28 266 25.4 0.263 10
90 855 25.0
180 1710 28.0
270 2565 26.7
690 6000 33.9

2c 28 16.0 0.04 2
90 16.8
180 14.7
270 17.4

3 28 266 20.5 0.11 2
90 8565 21.0
180 1710 a4
270 2565 23.8
690 6000 19.4

3c 28 15.5 0.322 2
90 15.0
180 13.7
270 16.3

21 28 266 31.3 0.029 >12

90 855 34.9

180 1710 39.5
270 2565 38.8

21c 28 37.5 0.03 >12
90 35.0
180 39.2
270 39.0

As it is visible from the data of table 2.2.1., irradiation of compositions
1-3 at their curing during 28690 day (the absorbed dose 266-6000 [Yyad)
results in increase of compressive strength in comparison with control
samples of cement grouts curing in normal conditions (1c-3c). For
composition N 21 some decrease of strength marked at curing period 28-180
days under effect of gamma-adiation, however at the greater curing period
strength of sample hardening in normal conditions and under irradiation are

equalized. The obtained results allow to draw a conclusion that the gamma-
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irradiation of investigated compositions on the basis of portland cement with
dose up to 3000 - 6000 MRad will not render negative effect on mechanical

strength of the cured compositions.

Evolution of radiolytical gases at gamma-irradiation of

cement mixtures.

For definition of conditions ensuring safe long-term storage of
decommissioned radiation - hazardous objects, the knowledge of composition
and quantity of gases evolved at irradiation of cement mixtures used at their

closure is necessary.

With this purpose two series of experiments were conducted, the goal
of the first of which was estimation of composition of gases released at
gamma-irradiation of cement mixtures, and the goal of the second series was
determination of quantity of hydrogen evolved at irradiation of mixtures of

different compositions.

The results of analysis of gas phase in titanium capsules are shown in

the table 2.2.2.

The table 2.2.2.

Composition of gas phase in capsules at different radiation time.

Time, Dose of | No of Composition of gas phase in
days. Gamma- | concrete capsule, % vol.
radiation, | compo- Hz O2 CO2 | CH4
M rad. sition
0 1 < 0.0001 78.1 0.03 -
0 2 < 0.0001 78.0 0.02 -
0 3 < 0.0001 77.9 0.03 -
28 266.1 1 3.3 10.0 0.01 <01
2 0.1 18.6 0.1 0.02
3 12.0 13.1 0.01 0.2
36 342.1 2 0.1 18.6 0.1 0.02
64 608.2 2l 1.2 14.4 0.06 0.15
2 0.5 ey 0.02 0.16
3 8.5 15.6 0.03 1.1

The results of the analysis of gas phase composition in capsules have

shown that at irradiation of cement mixtures that evolution of hydrogen and
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small amounts of methane take place. Evolution of hydrogen is connected
with radiolysis of water containing in cement mixtures. Methane evolution is
the result of radiolysis of organic components (superplasticizer S-3 and
component SDO), added in mixtures during their preparation. Literature data
show that methane is one of the main products of radiolysis of complex
organic compounds (20). Apparently that at estimation of safety of long-term
storage of radiation - hazardous objects filled with cement mixtures, it is
possible to consider only hydrogen release, since quantity of other fire hazard
gas - methane is insignificant.

For more reliable determination of hydrogen quantity released at
gamma-irradiation of cement mixtures, the experiments on their irradiation in

soldered glass ampoules were done that eliminated a capability of leakage of
gases during irradiation. The obtained results are shown in table 2.2.3.
The table 2.2.3.
Evolution of radiolytic hydrogen at irradiation cement mixtures in glass

ampoules.
No of Irradiation Dose of Hydrogen
concrete time, days. Gamma- evolution rate,
composition radiation, Vm3 of mixture
WMrad. per hour.
1 5 47.5 0.018
15 142.6 0.106
29 275.6 0.064
2 5 47.5 0.034
15 142.6 0.012
29 275.6 0.058
9 5 47.5 0.025
15 142.6 0.01
29 275.6 0.01

As it is visible from the data of the table 2.2.3. the rate of hydrogen
evolution does not exceed 0.11 1/ m* of mixture per hour at dose rate 110 rad
| sek. Apparently that the evolution of radiolytiical hydrogen is necessary to
take into account as the dangerous factor only at conservation with the help
of cement mixtures of objects with high radiation level.
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Research of influencing of addition of boron carbide on release

of radiolytical hydrogen from cement mixture at irradiation.

At concreting of the objects containing fissile materials for maintenance
of nuclear safety it can be necessary to add in cement mixtures used for their
conservation matters — neutron poisons. One of the most known matters of
such type is the carbide of boron - SiC. In this connection the experiments on
influencing of addition of SiC in mixture No 2 on radiolytical hydrogen
release were made. With this purpose the irradiation of mixture No 2 with
addition of SiC in soldered ampoules was made. The powder of SiC in
quantity 50 g/kg of cement mixture was added in dry mixture of components
of composition No 2 before mixing with water.

The results of determination of quantity of radiolytical hydrogen
evoluted at irradiation of composition No 2 without and with addition of SiC
presented in table 2.2.4.

The table 2.2.4.
Influencing of addition of SiC on evolution of hydrogen at
irradiation of composition No 2.

Irradiated Weight | Irradiation Dose of | Hydrogen
Composition | of com- | time, days. | Gamma- | Evolution
position o
in radiation, | rate,
ampoule, Nirad. L/m? of
9 mixture per
hour.
No2 23 5 47.5 0.034
14.6 15 142.6 0.012
10.0 29 275.6 0.052
No2 + SiC 10.7 i 66.5 0.028
12.5 28 266.1 0.051
g b 70 665.3 0.053

As it is visible from the data of the table 2.2.4, the introducing of SiC in
composition of cement mixture practically has not effect on rate of hydrogen
evolution at gamma-irradiation of mixture.

Determination of quantity of radiolytical hydrogen

which is held back by concrete.

At irradiation of compositions on the basis of cement radiolytic
hydrogen is generating inside cement mixture and than goes out from mixture
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by diffusion through a system of cement mixture pores. It was possible to
expect that the part of radiolytical hydrogen will remain in mixture phase. In
this connection the research of content of hydrogen in samples of the
irradiated cement mixtures was carry out.

The results of experiments on definition of hydrogen contents in
samples of mixtures having compositions No 1, 2 and 3, irradiated 90 days
(gamma-radiation dose 855 Mrad), are presented in the table 2.2.5.

Table 2.2.5.
The residual contents of hydrogen in samples

of irradiated compositions.

Tempera- No of composition
ture of 1 2 3
Mixture : g g
Heating, Quantity of Hz Quantity of H2 Quantity of Hz2
fe. % from It % from I/t % from 1t
com- | of mixture.| com- of mixture.| com- | of mixture.
mon. mon. mon.
200 1.0 0.3 3.0 1.4 - -
250 - - - - 3.0 04
400 67.0 18.3 65.0 31.4 - -
500 99.0 26.9 100.0 48.4 37.0 53
700 100.0 271 - - 96.0 13:9
900 . - - - 100.0 14.5

From the data, presented in the table 2.2.5, it is visible that all studied
samples of the irradiated mixtures are containing significant amounts of
hydrogen, and at heating the output of the main quantity of hydrogen is
occurred at temperature 400 -500 °C for mixtures | and 2 and 500-700 °<€ for
mixture 3. The fact that at temperature 200-250 °C the output of hydrogen is a
little indicates that the binding strength of hydrogen with cement matrix is
higher than at it physical adsorption. The data of the table 2.2.5 allow to
suppose that the main part of hydrogen leave s from mixture at temperature at
which destruction of crystallohydrates obtained at hydration of cement takes
place. These crystallohydrates can retain hydrogen by formation of solid
solutions similarly to chalkstone (21). Probably also holding of hydrogen by
samples because of it including into closed micropores (22).
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Research of influencing of the additives on leaching rate of

radionuclides.

The results of experiments on influencing of addition into cement
mixtures of matters which are capable to sorb radionuclides, on rate of their
leaching are shown in the table 2.2.6.

The table 2.2.6.
Influencing of the addition of sorbents on leaching rate of Cs-137 and
Sr-90 from cement mixtures.

Leac- | Total fraction of a leached radionuclide, % from
hing initial quantity.
time, | Composition | Composition|Composition | Composition
days. | 1] 1]l \Y)
Cs- [ Srr90| Cs- | Sr-90 | Cs- | Sr-90 | Cs- | Sr-90
137 137 137 137
1 0.05 | <0.01| <0.01 | 0.15 0.26 | <0.01| <0.01 | 0.11
4 0.18 | <0.01| 0.05 0.15 G, 0.44 0.08 0.15
74 0.24 | <0.01| 0.12 0.28 0.92 0.72 0.08 0.19
13 0.50 | <0.01| 0.16 0.28 1.29 0.80 0.08 0.27
26 0.80 | <0.01| 0.16 0.28 2.28 0.84 0.08 0.33

The matters added to cement mixtures were:

- composition | — without addition;

- composition |l — natural zeolite — clinoptilolite;
- composition IlI- antimony phosphate;

- composition IV- tin phosphate.

The selection of these inorganic sorbents was determined by that they
are capable effectively to sorb radionuclides from solutions of miscellaneous
compositions, including solutions, close on composition to pore solutions of
cured cement mixtures (23, 24, 25).

As it is visible from the data of the table 2.2.6, the addition in cement

mixture of the mentioned above components has essential influencing on
leaching rates of Cs-137 and Sr-90.
The introducing in cement mixture of 10 % of clinoptilolite and tin phosphate
results in decrease of fraction Cs-137 leached during 26 day in 5 and 10
times accordingly. The addition of antimony phosphate lead to increase of
Cs-137 leaching.

In the case of Sr-90 the minimum leaching rate is watched for cement
mixture without any additives, the introducing in a structure of composition
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any of the tested components results in increase of leaching rate, which is

most significant in case of addition of antimony phosphate.

The results of the carried out researches have shown that the addition
in cement mixtures of matters which are capable to sorb radionuclides, can
reduce their leaching. However, the influencing of such components on
properties of cured cement mixtures has complex nature and in some cases
can result not in decrease, but even in increase of leaching rate which can
be connected with negative effect of additives on structure of cured cement
mixtures.

The results of done researches have shown that the composition of
portland cement mixtures has high influence on properties of these mixtures.
Changing composition of cement mixtures it is possible to obtain mixtures
possessing complex of properties in the most degree adequate to areas of
their applying.

In the present review we consider two fields of application of portland
cement mixtures:

- conservation (closure) of radiation - hazardous objects of atomic
engineering, in particular of waste tanks, reactor compartments of vessels
with nuclear energy installations etc.;

- solidification and preparing for long-term storage of the liquid radwastes.

The optimal complex of properties of cement mixtures designed for
applying in each of introduced above areas can be various.

So at usage of these mixtures for conservation of radiation - hazardous
objects with high radiation level the important value has a high gas
permeability of using mixtures because that allows to ensure going out of
radiolytical gases without disturbance of concrete monolith integrity. For
cement mixtures intended for solidification of the liquid radwastes middle and
low level of activity the requirements of low leaching rate of radionuclides and
high stability of mixture at affect of groundwater and other factors of
environment of radwastes storage are going on the foreground.

Considering from these positions results of researches of portland
cement mixtures it is possible to make following conclusions.

For conservation (closure) of radiation-hazardous objects with high
level of radiation for which the release of significant amount of radiolytical
hydrogen is possible, the most favourable combination of properties has the
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composition No 2, as it has a high gas permeability, that provides output of
hydrogen from massive of the cured composition without disturbance of it
integrity.

For conservation of radiation-hazardous objects with low radiation
level, for which quantity of emanation of radiolytical hydrogen is insignificant,
and for solidification of the liquid radwastes the preference is necessary to
give to composition No 21, which has a low permeability, low rate of
radionuclides leaching and highest stability to affect of groundwater from
studied compositions on the basis of portland cement

Evaluation of service time of the cured cement mixtures at long-

term storage under affect of gamma-radiation and factors of

environment.

The different factors of an environment of storage act on the cured
compositions utilized for conservation of radiation-hazardous objects or for
cementation of radwastes prepared to long-term storage. These factors
cause corrosion of cement mixtures that results in decreasing of their
durability. As the cured compositions should ensure safe long-term storage of
radiation-hazardous objects and cemented radwastes it is important to have a
capability of the evaluation of durability of cement mixtures in conditions of
their storage.

For estimation of demanded service time of the cured cement mixtures
which is necessary for ecological safe handling with conservated (closed)
radiation-hazardous objects and cemented radwastes it is possible to start
with following reasons.

The radionuclides which can be contained in radiation-hazardous
objects and radwastes can be divided into three groups
- short-lived nuclides with a half-life up to 2-3 years;

- the long-lived fission products, basic of which are Cs-137 and Sr-90,
having a half-life about 30 years;

- superlong-lived nuclides (actinides, Pd-107, Tc-99, F129) the half-life of
which reaches hundreds thousand and even millions years.

For nuclides of the first group for their practically full disintegration it is
enough several tens years and the reliability of cement mixtures on this period
does not cause doubts.
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For nuclides of the second group for practically full disintegration (the
decrease of activity in 100 000 times) it is necessary time about 500 years.

Nuclides of the third group for their disintegration need time measured
in millions of years that far leaves the frameworks of the most optimistic
estimations of durability of the cured mixtures on the base of portland cement.

Outgoing from above -stated, is reasonable to esteem cementation with
mixtues on the basis of portland cement as reasonable method for
maintenance of safe storage of the radwastes containing nuclides of the first
and the second groups for it is necessary that the durability of mixtures was
not less than 500 years. Apparently, that for estimation of suitability cement
mixtures for this purpose it is desirable to have possibility to predict their
durability in conditions of affect on them of gammaradiation and storage
environment. :

The analysis of reasons which can lead to decrease of strength and
impairment of other physicochemical properties of concretes has shown that
the Primery one. 15 #einteraction with groundwater and temperature regime of
storage. The negative influencing on durability of concrete can be done also
by irradiation, but this factor can become essential only for objects with high
level of radiation (absorbed dose more than 2000 Mrad).

Interaction with groundwater leads to leaching from concrete dissoluble
calcium compounds that results in change of structure of solid phases of
cement matrix and, as consequent of it, to decrease of strength and change
of other physicochemical properties of concrete. Besides the contact with
groundwater is a reason of leaching of radionuclides fromcement matrixes.

The negative influencing on durability of concrete can render also
periodic cooling it up to temperature at which freezing a liquid in pores of
cement matrix can take place that can lead to development of microcracks in
structure of concrete that results in decrease of it strength, acceleration of
leaching of components which are included in structure of concrete and
radionuclides too. This factor may be important when the cemented objects
are stored without weather protection in climatic conditions in which in winter
period the probably long-lived temperature fall is lower -18-20 °C. Such
situation is represented rather improbable. Besides the conducted special
researches have shown that designed cement mixtures have the class of frost
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resistance not below F=300 according to GOST 10060-87 that guarantees
preservation of properties of concrete on predictable period.

Thus as the main factor determining durability of concrete, used for
conservation of radiation-hazardous objects, including waste tanks , and br
solidification of the liquid radwastes, it is necessary to consider interaction of
concretes with groundwater.

As a parameter of properties of concrete at estimation of their
durability was chosen their compression strength because the change of this
parameter mirrors changes happening in structure of concrete.

Corrosion of the cured cement mixtures at interaction with

groundwater.

At contact of the cured cement mixtures with groundwater the leaching
of Ca(OH); takes place, rate of which is limited by Ca™ diffusion through
system of matrix - pores of cement mixture.

For estimation of service time of the cured mixtures on the basis of
cement it is necessary to have the information on leaching rate d calcium
from it. The data on leaching rate of calcium from mixtures No 2 and 21 are
shown in the table 2.2.7.

Table 2.2.7.
Leaching rate of calcium from mixtures No 2 and 21.
No of composition Time of leaching, days | Total fraction of leached
?? (OH),
2 3 0.0144
6 0.0203
10 0.00263
20 0.00371
30 0.00456
40 0.00526
50 0.00589
60 0.00645
21 3 0.000181
0.000235
10 0.00033
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20 0.000465
30 0.000572
40 0.00066
50 0.000738
60 0.00081

The diffusion coefficients of calcium in mixtures No 2 and 21, calculated on
the basis of the data of table 2.2.7. are equal:

For mixture No 2 -3.1*10"® m%/sec;

For mixture No 21— 3.8*10""® m%sec

These values of a diffusion coefficients of calcium in mixtures No 2 and 21
were used for estimation of service time of these mixtures at a contact with
groundwater.
. For calculation of speed of leaching Ca it is accepted:
- the package with the cemented radwaste has the form of barrels with
diameter 1 m which are located in storage as a dense packing thus the
volume of groundwater directly interacting with composition is equal to 0.215
m*m?® of cement mixture;
- the leaching rate of Ca. depends on speed of groundwater current in storage
therefore calculations were made for three speeds of water current : 1, 10,
and 100 m / years;
- for calculation of Ca leaching rate it was adopted the model, according to
which the cylindrical units of cement mixtures are completely filled up with
groundwater, which is contacting with mixture definite time dependent on
speed of water current in storage then it is substituted on a fresh portion of
groundwater and the procedure repeats,
- the concentration of Ceo in groundwater is small in comparison with it
concentration in pores of cement mixture that corresponds to maximum rate
of Ca leaching from mixture.

The solution of a diffusion equation for this case are known (25). In the
table 2.2.8. service time of mixtures No 2 and 21 calculated on the basis of

above presented reasons are shown.
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Table 2.2.8.

Calculated service time of compositions N 2 and 21 at different speeds of
water current in storage of cemented radwaste .
( The packages of cemented radwaste have the form of barrels with diameter

1 m).
No of composition Speed of water current , Service time of
m / year composition, years
2 1 2.5*10°
10 7.9*102
100 2.5102
21 1 7.0*10°
10 2.2*103
100 7.0*102

As it is visible from the table 2.2.8..estimated service time of
composition N 2 at speed of groundwater current in storage of radwastes up
to 10 m / years will exceed demanded value 500 years, however at more high
speed of groundwater in storage it stability to calcium leaching can be not
enough to guarantee safe storage of the cemented radwastes on given term.
Considerably best parameters has the composition No 21 for which even at
speed of groundwater current 100 m / years calculated service time is 700
years, that notably exceeds time (500 years) of radwastes storage containing
Cs-137 and Sr-90, demanded for practically full decay of these radionuclides.

Research of cementation of simulated radioactive pulps on MCC.

The researches on usage of cementation for solidification of radioactive
pulps was made on Mining-Chemical-Combine. The portland cement M 400
was used in these researches. Permissible quantity d pulps entered in
cement mixture is determined, which allows to obtain the cured cement grout
corresponding to the Russian requirements (RD 9510497-93 "Quality of
compounds, obtained at cementation of low and middle active liquid
radioactive wastes. Specifications. MINATOM of Russian Federation, 1993).

The Main results of carried out researches are presented below.

In the table 2.2.9 the data on influence of quantity of the pulp entered
into cement mixture on strength of cured mixture are shown. 10 % of
bentonite from weight of cement was entered into cement mixture as the
component for decreasing of leaching rates of radionuclides from cured
cement nixtures..
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The table 2.2.9
Influencing of quantity of pulp on strength of cured cement mixtures.

Composition of cement mixture. Weight water/ | Compressive
Cement / The contents, % weight. cementratio | Strength,
Bentonite Cement + Pulp MPo-

ratio Bentonite

10:0 100 0 0.7 18.0
9.1 100 0 1.0 14.5
9.1 90 10 1.0 17.0
9: 1 80 20 1.0 18.0
9:1 70 30 1.0 13.0
9: 1 60 40 1.0 3.0
9: 1 20 80 1.0 10

The data, showed in the table 1, demonstrate that satisfactory
compression strength, equal to 13 W\ Pa, have samples of cured cement
mixtures containing up to 30 % weight of pulp. Increasing of content of pulp
in cement mixture above this limit leads to sharp decreasing of compressive
strength and these mixtures does not fulfil conditions of the Russian
standards of safety (RD 9510497-93).

The conducted recommend for

researches have allowed to
solidification of radioactive pulps the following composition of cement mixture:

- binding — portland cement M400;

- bentonite - 10 % from weight of cement;

- radioactive pulp- about 30 % from weight of cement;
- water/cement ratio 1: 1.

The leaching rate of Cs-137 and Pu-239 was studied for cement
mixtures, compositions of which are s hown in the table 2.2.10
The table 2.2.10
Composition of cement mixtures for research of leaching rate of Cs-
137 and Pu-239.

N Composition of cement mixtures, weight %
Of | Cem-| Bento- Clino- Rad- Water/ | Radio- | Activity
sam | ent nite ptilolie | waste | cement | nuclide Cikg

ple pulp ratio

1 100 - - 35 1.0 Cs-137 | 2.0x10-3
2 90 10 - 33 1.1 Cs-137 | 1.8x10-3
3 95 5 - 34 1.1 Cs-137 | 1.9x10-3
4* 91 9 - 33 1.0 Cs-137 | 1.8x10-3
5 91 - 9 33 1.0 Cs-137 | 1.8x10-3
6 100 - - a5 1.0 Pu-239 | 1.3x10-2
ji 91 9 - 33 1151 Pu-239 | 1.3x10-2
e 91 9 - 25 1.0 Pu-239 | 1.2x10-2 |
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The notice - * in samples 4 and 8 the bentonite dried up to constant
weight at temperature 100 C was added.

The data on leaching rate of Gs-137 and Pu-239 from investigated
cement mixtures are presented in the tables 2.2.11 and 2.2.12.

The table 2.2.11.
Leaching rate of Cs-137 from cement mixtures (composition of
samples presented in table 2.2.10).

Contact Leaching rate of Cs-137 from samples of
time of cement mixtures, g!smzxday
sample 1 2 3 4 5
with water,
days.
15 8.5x10 1.3x10° 3.1x10° 1.6x10% 1.6x10
28 5.1x107 8.8x10* 1.8x10° 8.0x10° 5.0x10%
58 2.6x107 4.1x10* 8.2x10* 3.0x10° :
150 2.0x107 8.5x10™ 3.8x10° 8.0x10° &
190 1.0x10” 1.3x10°* . 2.5x10° -
265 1.0x107 1.0x10% > 1.0x10° .
350 1.0x107 R - . -

The table 2.2.12
Rate of Pu-239 leaching from cement mixtures

(composition of samples presented in table 2.2.10).

Contact Rate of Pu—239 leaching from
time of cement niﬁcme:eis. g;smzxday.
sample 6 7 8
with water,

days .

15 9.2x10° 3.3x10° 1.0x10°
48 2.1x10° 1.0x10°> | 4.0x107
140 2.0x107 | 2.0x107 1.0x107
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The results of the carried out experiments have shown that the addition
of clinoptilolite and bentonite, especially bentonite dried up to constant weight
at 100 °C, essentially decreases leaching rate of Cs-137 from cement
mixtures. In case of plutonium the influencing of bentonite addition on
leaching rate is not so significant.

The experiments, results of which presented above, were carried out
without exchange of contact solution that imitated emergency submergence of
radwastes storage.

Magnresium-phosphate cement for solidification of the liquid

radwastes and pulps directly in waste tanks.

In a number of cases there is a necessity of solidification of the liquid
radwastes or radioactive pulps directly in waste tanks in which the stirring is
very difficult or is impossible. The carried out researches have shown that for
this purpose it is perspective to use cements on the phosphate basis which is
forming at interaction of phosphoric acid with compounds of different metals,
in particular with caustic magnesite.

In work /27/ the main positions reflecting influence of chemical
composition of phosphate compounds on capability and on conditions of
development of astringent properties were formulated:

1. The phosphate cements are received at interaction of phosphoric acid
with powdery materials (oxides, hydroxides, phosphates etc.) in broad
range of their composition.

2. The intensity of development of astringent properties in system “ oxide -
phosphoric acid " is objective function of value of ionic potential (relation
of a charge to effective radius) cation of oxide.

3. The major factor determining a capability of obtaining of phosphate
cement is the right selection of ratio of reaction rate of phosphoric acid
with oxide (generation rate of germs of crystalls) and speed of gelation of
cement.

Application of cements of phosphate solidification for an immobilization
of radioactive waste is perspective from the point of view of strong fixation of
radionuclides in structure of cement mixture. The large group of mineral ion

exchangers is known on the basis of indissoluble salts of phosphoric acids
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/28/, such as phosphates of barium, tin, zirconium, thorium etc., which
effectively retain different radionuclides. It gives the basis to guess that after
immobilization of radioactive waste in phosphate cement there will be a
strong fixation of radionuclides.

On the basis of above-stated it was offered technique /28/ of
solidification of liquid radioactive wastes with applying as binding of
magnesium-phosphate cement.

In according to this technique in radioactive waste the concentrated
ortophosphoric acid and caustic magnesite must be sequentially added at
weight ratio radwaste pulp: ortophosphoric acid: caustic magnesite equal to
1:0,3:0,5 accordingly. After that the mixture is maintained during time which is
necessary for solidification. The plant tests /30/ on solidification of 70 m® of
radioactive ferrocyanide pulp directly in defective radwaste storage tank - AG
- 8301/1 having volume 3200 m® at radiochemical plant MCC was made. On
technological calculations for solidification of 70 m® of pulp having ratio solid
to liquid phase equal 1:2, it was required 25,8 t of concentrated phosphoric
acid and 42 t of caustic magnesite. The distinctive feature of technological
process of solidification was that in the tank the system of mixing was absent
that complicated process of solidification. As a result of it, after supply in the
tank of all quantity of phosphoric acid and the first portion (3,5 tons) of caustic
magnesite the dense layer of magnesium-phosphate cement was formed on
the surface of pulp that precluded entry of caustic magnesite into mixture of
pulp and phosphoric acid and because of that has not given capability to
finish process of solidification.

In laboratory conditions the researches were carried out to choice the
conditions of the introducing in waste tank of phosphoric acid and caustic
magnesite which would give a capability to make solidification in all volume
of waste. The results of these experiments show that for this purpose it is
necessary:

- concentration of phosphoric acid in waste must be 90-106 g/l;

- all demanded quantity of caustic magnesite should be entered in one
portion during possible short time;

- after the addition of magnesite the system must be stayed during 100 day

for solidification of the formed cement.
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In accordance with recommendations prepared on the basis of results
of laboratory researches, the following technological decisions were adopted:
- to add in tank calculated quantity of water for decreasing of density of

aqueous phase of pulp from 1.412 g/sm?to 1.32 g/sm® and decreasing of
phosphoric acid concentration from 196 g/l up to 106 g/l;

- the addition of all demanded quantity of magnesite carry out in one portion
during possible short time;

- after magnesite addition to add in tank 1.5t of phosphoric acid to
guarantee obtaining of magnesium -phosphate cement on the surface of
waste.

After carrying out of all these operations reaction mixture in tank was
stored during 100 days. The samples, which were taken after that, showed
that magnesium-phosphate cement monolith was formed in whole volume of
radwaste in tank.

The carried out works have allowed to solidificate 70 m® of radioactive
pulp that gave possibility to localize radionuclides in cured cement mixture
and to eliminate leakage of radionuclides from defective tank in ground
waters.

The installations for cementation of radioactive wastes developed in
Russian Federation.

The method of cementation is considered in Russian Federation now
as the main method for reprocessing of low and middle active radwastes. In
this connection the significant attention in Russia was paid to developing of
equipment for this purpose

To the present time the number of such installations is designed, the
brief description and the characteristics of which are presented below.

1. Installation of cementation on RTP “ATOMFLOT”.

The installation is designed for cementation of radioactive wastes
which are obtained at exploitation of atomic -powered icebreakers.

The radwastes of different chemical and phase composition can be
processed on this installation:

- saline solutions including brines and concentrate from the installation

of membrane cleaning;
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Cement mixtures obtained on the installation, are packaged in

protective concrete containers UNZK-150-1.5P with capacity 1.5 m>. Activity

of cement mixtures must be not more than 6 x 10 Ci/kg.

Structure of the installation.

The installation consists of five blocks:

- system of cement feed in the block of mixture preparation;

- system of radwastes preparing and ts feed in the block of cement

mixture preparation;

- block of cement mixtures preparation and discharging of it in the

container;

- system of containers transportation;
- the control system.

Characteristics of the installation.

; Concentration of salts in radwaste solutions, g/l Up t0200
2 pH of solutions 7-10
1 Specific activity of solution, Bg/l Upto 1.86x10’
4. Concentration of solid phase in pulp, g/l Up to 200
5. Specific activity of pulp, Bg/l Up to 2.22x10°
6. Consumption of cement, kg/hour 600-1200
{2 Consumption of the additions, kg/hour 60-120
8. Consumption of compressed air (6 atm.), kg/hour Up to 50
g. Yield of waste gases, kg/hour Up to 60
10. Specific activity of overflow gases, Bq/m* Not more than
3.7
11 Weight water-cement ratio 0.407
12. Weight fraction of salts in cement mixture, % Not less than 7
13.  Weight fraction of pulps solid phase incement mixture, 7-8.5
%
14. Degree of the container filling, % Not less than 85
15. Consumed electrical power No more than
32.5 kw

16. Temperature of air at exploitation 5-40°C

2. Installation for cementation of the ash from incineration of

combustible solid radwastes on Smolensk Nuclear Power Plant..

The installation of cementation is designed for cementation of the ash

which is obtained at incineration of solid combustible radioactive wastes. It
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contains up to 99 % of radionuclides from their quantity in an initial
combustible solid radioactive waste.

The installation includes:

- bunker for cement;

- vessel for water;

- vessel for collecting of ash with volume 200 I;

- the automotive protective container;

- auger feeder for ash;

- feeder for batching of cement;

- unit for mixing of ash, cement and water.

Characteristics of the installation.

Filled with ash the barrel located in the automotive protective
container, goes on the installation of cementation.. The barrel with ash is
connected to the cover having the electric drive with mixer and admissions
for cement and water.

The cement feeds from bunker with portions up to 70 kg.

The water feeds from vessel with portions up to 70 I.

The consumption of cement- 0.6 - 1.0 kg / hour.

Quantity of cement compound - 1.6 - 2.6 kg / hour.

Specific activity of cement compound - up to 1x1 0? Cilkg.

3. Installation of cementation liquid radwastes in building 101
NITL.

The installation is designed for cementation of liquid radwaste
concentrates. The solidification is made directly inside primary packaging
(barrel).

The installation can be utilized on objects, on which the volume and
regularity of liquid radwastes formation make stationary installation
economically inexpedient.

The portland cement M500 (GOST 10178-85) will be used for
cementation of liquid radwaste concentrates. The different synthetic and
natural inorganic sorbents ( nickel ferrocyanide on silicogel (NGA- “Celeks -
CFN’ TU 95-2385-92, bentonite'clay (GOST 7032-75), clinoptilolit,
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vermiculite etc.) in quantity 515 % from weight of cement can be applied as
sorbing additives.

The modular design is adopted for installation that allows to convey it
on different objects.

Characteristics of the installation.

T Installation capacity:
- on concentrate of liquid radwases , m3year 100
- on cement compound, m®/year: Up to 142
2. Concentration of salts in radwaste solutions, g/l Up to 200
3. Quantity of components on cementation of one barrel:
- concentrate of liquid radwastes , | 126
- cement, kg 180
- sorbing components, kg 10
4, Weight of barrel with cement compound, kg Up to 350
. Specific weight of cement compound, kg /| 1.8-2.0
6. Volume of barrel withcement compound, | 200
[ Radiochemical composition of liquid radwastes Co-60, Sr90,
Cs-137
8. Average chemical compos ition of liquid radwaste
concentrates : HCO3 25-35%
CH 18-25 %
S04-2 10-15 %
NO3- 1-2 %
Ca+2 8-12 %
Mg+2 1-5 %
Na + 8-12 %
K+ 4-8 %
NH4 + 0.1-0.3 %
Fe+3 1-3%
Petroleum TS0/t
PH 6.58.5
Density, g/l 1.045
9. Specific activity of liquid radwastes concentrate , Ci/l 1x10™
10. Consumed electrical power, kw Upto5
11. Operational mode of the installation Periodic
12. The design of installation Modular
13: Quantity of modules at transpotation 2
14. Overall dimensions, mm
Module 1 3500x1350x2000
Module 2 350026002000
19 Weight of the installation (net), kg
Module 1 1000
Module 2 2000
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4, Installation for cementation radwastes on Moscow NPO

“Radon”.

The modular installation of cementation with the vortex mixer designed

for processing of liquid radwastes concentrates, pulp of ion-exchange resins

and inorganic sorbents.

Cement compound obtained on the installation with activity not more

than 5x10* Ci/kg is packaging in steel barrels with volume 200 |.

The installation consists of following modules:
- preparation of cement mixture;
- transport;
- preparation of pulps;
- preparation of inorganic sorbents ;
- preparation of ionexchange resins;
- pumps-batchers;
- ventilation;
- control panel;

- electric switchboard.

Characteristics of the installation.

;. o Capacity on cement grout, m “/hour 1.5
2. Capacity on liquid radwastes (at (water/cement ratio— 1.0
0.75), m*hour
3. Concentration of salts in radwaste concentrates , g/l Up to 1000
4. Cementing material Portland cement
M400 and M500
8. Density of cement grout, kg / | 1.5-2.2
6. Rate of Cs-137 leaching, g/ sm*°xday 2x10~° —4x10°
P The sorbing additives Bentonite, natural
zeolites
8. Quantity of the sorbing additives, % of weight of 1-5%
cement grout
9. Quantity of superplasticizer, % of weight of cement 0.1-1.0%
grout
10. Water/cement ratio 04-0.8
11 Specific activity of reprocessed solutions, Ci/l Up to 1x10°
12. Operational mode Periodic or
continuous
13. Process control Manual or
automatic
14. Primary packaging Steel barrel

V=200 |
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15. Service life of the installation, years Not less than 10
16. Total mass, metric ton 20
a7 Consumed electrical power, kw 150

The modular installation of cementation with the vortex mixer provides
high quality of cement grout, has capability of fast change of its structure
depending on kind of reprocessed radioactive waste, allows to reprocess
waste with the considerable contents of solid suspended matters and enables
to lower quantity of secondary waste (decontamination water used for
washing of the mixing chamber).

S. Installation of cementation of liquid radioactive waste

“ATOMmash”.

The modular installation of cementation is designed for solidification of
concentrates obtained at evaporation of liquid radwastes, pulps of filtering
maretials and liquid organic waste of low activity level.

Cement grout with specific activity no more than1x10* Ci/kg obtained
on the installation is packaged in steel barrels with volume 200 I.

Characteristics of the installation.

1 Capacity on cement grout, m Yhour 1.0
3. Concentration of salts in radwaste concentrates , g/l Up to 200
4. Cementing material Portland cement
M400 and M500
S. Density of cement grout, kg / | 15-2.2
6. The sorbing additives Bentonite, natural
zeolites
y Quantity of the sorbing additives, % of weight of 1-5%
cement grout
8. Quantity of superplasticizer, % of weight of cement 01-10%
grout
9. Water/cement ratio 04-0.8
10. Specific activity of reprocessed solutions, Ci/l Up to 5x10*
1. Operational mode Periodic or
continuous
12. Process control Manual or
automatic
13. Primary packaging Steel barrel
V=200 1

In conclusion the basic characteristics of the installations of
cementation designed in Russia are presented below.
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Basic characteristics of the Russian installations of
cementation.
The Place of location of the installation
characteri- RTP RNC*NITI" Moscow ATOMmash
stics “ATOMFLOT" | Smolensk NPP SPA
of the “RADON"
installations
Composition Liquid Ash from Liquid Liquid Residues from
of the radwases with | incineration of | radwastes with | radwastes with | evaporation of
cemented salt content up combustible salt content up salt content up liquid
radwastes to 2004, solid to 200 77, pulp to 1000 gA, radwastes,
hydroxide pulps radwastes . of ion-exchange pulps of ion- pulps of
and pulps of resins and exchange resins filtrating
inorganic inorganic and inorganic materials,
sorbents sorbents sorbents liquid organic
Low level
radwastes
Capacity on Upto1.0 Upto26 Till0.13 Upto1.5 Upto1.3
cement — m Yhour Kg / hour m hour mhour m ¥hour
grout
Specific Up Il:)3 Upto § Up to . Up to4 Up 104
activity of 6x10 1.0x10 1.0x10° 5x10° 4x10°
cement grout,
Cilkg
Type of The protective Steel barrel Steel barrel Steel barrel Steel barrel
cement grout concrete V=2001 V=2001 V=2001 V=2001
package container
UNZK-150-
1:6P
Design Fixed location Fixed location The modular The modular The modular
features of in building with | in building with installation installation installation
the radiation radiation
installation protection. protection.
Development | Installation is The working The cold tests Installation is The working
stage mounted on documentation | of experimetal mounted on documentation
RTP is designed Installation Moscow NPO is designed
“ATOMFLOT” | andconfirmed | was carried out | “RADON" and | and confirmed
and now is in by regulatory now is in by regulatory
industrial autorities. industrial autorities.
testing exploitation
Enterprise- SverdNllchim - Gl RNC “NITI" Moscow NPO
Designer mash VNIPIET “RADON" “ATOMMASH"

3. LARGE SCALE EXPERIENCE OF APPLICATION OF CEMENTATION
METHODS FOR CONSERVATION OF RADIATION-HAZARDOUS
OBJECTS IN RUSSIA.
Up to the present time in Russia there is no experience on applying

of cementation for conservation (closure) of waste tanks. It is connected with

that waste tanks in which the main part of the accumulated radwastes is
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stored in Russia manufactured from corrosion-resistant stainless steel that
reduces to minimum hazard of affect of these wastes on environment.

The radiation-hazardous objects of nuclear fleet removed from
exploitation have significantly larger hazard to environment therefore on
conservation of these objects it is paid prime attention now.

To the present time the large scale works on conservation of two
objects of nuclear fleet were made:

- floating technical base “Lepse” (ship assigned to maintenance of atomic
ice breakers) of Murmansk marine shipping company;

- two reactor compartments of nuclear submarines in former training center

of the Russian Navy in Paldisk Estonia.

1. Cementation of intertank space of burned up fuels storage on
“Lepse”.

For adjustment of radiation conditions on “Lepse” in accordance with
the present Russian standards in 1990 it was accepted the decision to fill in
intertank space of burned up fuels storage on this ship with concrete -
conserving agent.

The monolith formed by concrete - conserving agent should become
an engineering barrier ensuring increase of strength of all construction and
also as immobilization barrier to prevent possible migration of radionuclides

from burned up fuels storage in environment.

1.1. Design of intertank space of burned up fuels storage on «Lepse».

The burned up fuels storage on “Lepse” represents located in the nose
of the ship rectangular compartment with metallic walls inside of which
there are placed two cylindrical tanks with burned up fuel assemblies.
Assemblies are placed in capsules arranged by concentric series and
intercapsule space is filled by water serving for cooling of capsules. The water
circulation is provided with special system. The tanks are closed by rotary
covers permitting selectively to open access to capsule and assembly which
must be overload.

Burned up assemblies storage has the internal sizes 4800x10150 mm
and walls with thickness 420 450 mm. The tanks having diameter 3600 mm

and height 3440 mm are made from stainless steel with thickness 10 mm.
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For creation of engineering barrier in intertank space it was necessary

to fill it with 102 n? of cement mixture. It was made with the purpose of

strengthening of storage in view of possible accidents at all technological

stages of the management of burned up assemblies and at long-term storage

in repository.

1.2. General requirements to materials of engineering and
immobilization barriers.
To the cured cement mixtures:

- to provide protection of metallic construcrions of burned up assemblies

storage from corrosion under affect of the external factors; do not accelerate

and do not instigate corrosion of available protective contours of storage;

- to be steady against long-lived radiation effect;

- to have high durability, the value of compressive strength of concrete -

conserving agent at the end of calculated storage time (500 years) should be

not less than 100 kg /cm? (10 Y\Pa.);

- to be non-toxic, flame safety and fireproof.

The mixtures prepared for conservation of radiation-hazardous objects
must:

- to have flow characteristics indispensable for full filling of space of the
complex configuration;

- the used mixtures should be not toxic, are explosion-proof and fireproof;

- mixtures and their rheological characteristics should provide a capability of
their mechanical preparation, transport, supply and stacking with usage of
equipment serially produced and used in building;

- the materials should be not deficient

1.3. General requirements to technology of conservation of the
object:

- the technology of object filling with cement mixtures should be completely
mechanized and remotely operated;

- the technological circuit for object cementation should be highly reliable;

- mounting of the part of technological circuit for packing of mixtures in
radiation-dangerous zone and process of packing of mixtures should
requires of minimum workers participation at carrying out of all
requirements and standards of radiation safety.
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1.4. Materials and technology for cementation of intertank space.

In accordance with data of radiation safety service of Murmansk
marine shipping company the integral radiation dose of concrete in intertank
space of burned up assemblies storage for estimated time of storage of
“Lepse” will not exceed 1x10® rad. Thus for this object it is not required
applying of special highly radiation stable concrete. Outgoing from this for
filling of intertank space on “Lepse” the concrete on the basis of portland
cement and customary fillers (sand, Breakstone) satisfying to GOST 10260-
80 was selected. Such concrete mixtures also fit to all, formulated above,
requirements: they are not toxic, are fire- and explosion-proof, the materials
to their preparation are accessible and mixtures preparation, transport, supply
and stacking can be made with usage of serially produced and widely
applicable in building equipment.

Due to modern achievements of concrete technology, it is possible to
receive not stratified homogeneous mixtures possessing high fluidity, capable
to stuff completely internal volumes of objects of the complex configuration.

At the same time, it, as a rule, demands of the heightened consumption
of cement. In this connection special attention was paid to limitation of
mixture temperature growth during cementation and subsequent curing of
concrete monolith to except thermal crackforming in concrete. On the basis of
the carried out experimental works for the solution of this problem it was
determined to do cementation of intertank space of burned up assemblies
storage on “Lepse” in October when climatic conditions near Murmansk allow
to receive concrete mixtures with temperature 5-10 °C without addition
cooling. This measure and usage for cooling of curing concrete of cooling
system of burned up fuel storage has allowed to limit temperature rise in
concrete no more than 3540 °C that completely eliminated hazard of
dangerous thermal stresses in concrete monolith.

For cementation of intertank space on “Lepse” the concrete mixture on
the basis of low aluminate portland cement was used the composition of
which is shown in the table 1.1.
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Table 3.1.
Composition of concretes used for cementation of intertank space of
burned up assemblies storage on “Lepse”

: : : The consumption
The naming of materials, Units of .
; materials on 1 m?3
parameters of concrete mixture | measurement

of
of

concrete

Portland cement:
of the mark: ‘400" |Kg 415 -

“500” Kg - 380
Sand Kg 650 740
Breakstone (size upto 20 mm) | Kg 975 1020
Water : cement ratio 0,48+0,5 0,42+0,45
Additives:
Superplasticizer S-3 S-3

Concrete mixtures were prepared on usual concrete plant and
transportation of concrete to “Lepse” was made with help of automobile
concrete mixers.

The system consisting of the “Wartington” concrete pump and
concrete line connected the pump placed on a coast with a receiving hutch on
“Lepse” was used for stacking of concrete. In total in intertank space was
pumped 110 m? of concrete, on what it was required about 6 hours.

The check tests have shown that the concrete monolith has no
defects, the compression strength of check samples of concrete in the age of
28 day was equal to 27.6mPa, Thus it is possible to draw a conclusion, that
the conservation of burned up assemblies storage on “Lepse” has passed
successfully.
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2 Decommissioning and preparing to safe storage during 50
years of reactor compartments nuclear submarines in training
center of Russian Navy in Paldisk Estonian Republic.

Training center of the USSR Navy in Paldisk was put into exploitation
in 1967. There were two real reactor compartments of nuclear submarines
and necessary power equipment, (steam generators, turbines etc.). The
nuclear power plants in training center were working up to 1989.

After finding by Estonia of the status of the independent state it was
raised the question about liquidation of training center of Russian Navy in
Paldisk. In accordance with intergovernmental Agreement between Russia
and Estonian Republic nuclear objects of training center must be
decommissioned and prepared to long-term (50 years) safe storage till 30
September, 1995.

In accordance with this agreement it was carried out complex of works
including:

comprehensive engineering inspection of the objects;

- elaboration and adjustment of the concept of decommissioning and
preparation to safe storage of nuclear objects of training center;

- elaboration of the project documentation for carrying out of the works and
technology of cementation of reactor compartments and other systems of
nuclear power plants;

- hermetic sealing of reactor compartments;

- conservation of reactors, equipment and systemsof nuclear power plants;

- building of protective shelters (sarcophagi).

The complex of buildings and facilities of a training center provided
realization of all technological operations indispensable for exploitation of
reactors and other systems of nuclear power plants in conditions maximum
approximated to real.

At exploitation of the installations the carrying out of the following
operations was required:

- storage and audit of fresh fuel assemblies, rods of management and

protective system etc.;
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- recharge of active zones of the reactors;

- replacement of separate components of reactors and equipment of the
steam generating installations;

- cooling of the burned up fuel assemblies;

- cooling of radioactive components of reactors and equipment of steam
generating installations;

- loading of cooled burned up fuel assemblies on an external transport;

- disposal of the radioactive equipment.

The systems of training center provided carrying out of all these
operations.

2.1. Comprehensive engineering inspection of the nuclear objects
of the Navy training center.

Comprehensive engineering inspection of nuclear objects of the Navy
training center was made to obtain the data necessary for designing of
technology and documentation for decommissioning of these objects. The
inspection was conducted in two stages. The first stage was done in January,
1994 for elaboration of the concept of decommissioning of nuclear objects
and second stage was made after discharge of nuclear fuel from rectors and
disposal of liquid and gaseous mediums from systems and equipment to
obtain the indispensable addition data for designing technology of objects
conservation and preparing of projectbudget documentation.

Engineering inspection included:

- estimation of actual condition of buildings, equipment and systems of
reactor compartments and other equipment of nuclear power plants;

- itemization of the design and technological solutions on equipment and
systems disassembly and their preparing to conservation and long-term
storage;

- full-scale measurements of overall dimensions of a reactor compartments
necessary for designing of protective shelters;

- radiation examination of reactor compartments, buildings and territory.

On the base of results of engineering inspection the following
conclusions were made:

- the dose rate of Y~ radiation on territory of training center is equal to 16 -
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23(—lR!h and corresponds to background values for the given terrain;

- technical condition of buildings and equipment is satisfactory;

- the radiation examination has shown, that in all placement, excepting
reactor compartments, there is no excess of background values 8- and y-
activity;

- y ~radiation dose rate in reactor compartments is equal to 0,1 - 23 mR/h.

The obtained results of engineering examination have allowed to accept the

optimal and economically reasonable solutions at elaboration of technology

and project documentation.

2.2. The concept of decommissioning and preparation to safe

storage of nuclear objects of training center

The modern concepts of decommissioning and preparation for long-
term storage of nuclear objects envisage their deep decontamination and
disassembly, including constructions with induced radiation. The realization
of the similar concepts is connected with formation big quantity of highly
active solid radioactive wastes and secondary liquid radioactive wastes.
Processing and solidification of these wastes are very complex, expensive
and long-timed processes requiring of creation of new productions.

In conditions of a nuclear training center in Paldisk the indicated
concept could not be used because of very short period of time which was
given on all works (nuclear objects of training center must be delivered to
Estonian party till September, 1995) and also because of the limited financial
capabilities of Russian party. All this dictated necessity of acceptance of new
more optimal solutions.

In view of IAEA principles of safety and technical criterions for
underground disposal of the radioactive wastes (serial of issues on safety, No
99, Vienna 1990, the section 3 “ Principles of safety ") was necessary to find a
solution answering to the following requirements:

- providing of safety ;

- liability before the future generations;

- consequences in the future: “ It is necessary to ensure a degree of
isolation of highly radioactive wastes at such level that there were absent
predictable kinds of risk for people health or consequence for an
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environment in the future, which would not be acceptable today ”.

For carrying out of the indicated conditions and requirements, on fifty
years period of reactor compartments storage in accordance with really
existing radiation situation, it was necessary to create a number of
engineering barriers precluding migration of radionuclides in environment and
eliminating unauthorized admittance of the people into reactor compartments.

The following system of rector compartm ents preparation to long-term
storage was adopted to realization:

- preparing of devices and systems of reactor compartments and steam
generating installation to conservation with the help of concrete -
conserving agents;

- creation immobilizing and engineering barriers inside reactor
compartments;

- building protective sarcophagi outside of reactor compartments designed
for protection of reactor compartments from extreme impacts natural and
technical origin within 50 years.

The preparation of devices and submarine inner ¢ pmpartments and
of steam generating installation to constitutes barriers for disassembly and
deleting of the uncontaminated equipment was done prior to sealing reactor
compartments. The hermetic sealing involved plugging  pipe lines, holes
in body of reactor compartments with grout prior to the Campartment test on
air-tightness. Besides these works dehumidifying of air inside reactor
compartments and deposition of outside protective coatings on bodies of
compartments were made.

In result of engineering inspection the list of equipment and devices of

reactor compartments must be conservated with help of special concrete

mixtures was determined.

On the basis of results of researches of properties of special portland
cement mixtures, presented in this review, for conservation of reactor
compartments the mixture No 2 was selected, in which as the main
components of mixture except of cement will be used finely divided shungizit
and shungizit sand. For giving high fluidity to concrete mixture in it the
superplasticizer S-3 was added, and for increase of concrete gas

permeability the component SDO was introduced.
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The composition of concrete, which were used for conservation of
reactor compartments and the creation of external shelters (sarcophagi) are
shown below.

Composition of concrete mixture No 2 for conservation of reactor
compartments (consumption of materials on 1 m? of concrete):

Portland cement of Pikalev plant M 500 - 726 kg

Shungizit filling material - 259 kg
Shungizit sand -621 kg
Water - 372 kg
Superplasticizer S-3 -54kg
SDO -0.4 kg

Mean density of concrete of 2000 kg / m?

For building external shelters the concrete of the following composition
was used (consumption of materials on 1 m? of concrete):

Portland cement of Pikalev plant of M 400 - 400 kg

Sand - - 512 kg
Breakstone (fraction no more than 10 mm) - 836 kg
Water - 246 kg
Superplasticizer S-3 - 6.0kg

Mean density of concrete of 2000 kg / m?.

All activities on conservation of the equipment of reactor compartments
and building of external shelters were finished to the end of September, 1995
and were adopted by the Estonian party which stated that the carried out
works guaranteed safety of decommissioned reactor compartments on
demanded period (50 years).

CONCLUSION.

The results of done researches have shown that the composition of
portland cement mixtures has high influence on properties of these mixtures.
Changing composition of cement mixtures it is possible to obtain mixtures
possessing complex of properties in the most degree adequate to areas of
their applying.



WSRC-TR-2002-00235, Revision (

49

In the present review we considered two fields of application of
portland cement mixtures:

- conservation (closure) of radiation - hazardous objects of atomic
engineering, in particular of waste tanks, reactor compartments of vessels
with nuclear energy installations etc.;

- solidification and preparing for long-term storage of the liquid radwastes.

The optimal complex of properties of cement mixtures designed for
applying in each of introduced above areas can be various.

So at usage of these mixtures for conservation of radiation - hazardous
objects with high-level of radiation the important value has a high gas
permeability of using mixtures because that allows to ensure going out of
radiolytical gases without disturbance of concrete monolith integrity. For
cement mixtures intended for solidification of the liquid radwastes middle and
low level of activity the requirements of low leaching rate of radionuclides and
high stability of mixture at affect of groundwater and other factors of
environment of radwastes storage are going on the foreground.

Considering from these positions results of researches of portland
cement mixtures it is possible to make following conclusions.

For conservation (closure) of radiation-hazardous objects with high
level of radiation for which the release of significant amount of radiolytical
hydrogen is possible, the most favourable combination of properties has the
composition No 2, as it has a high gas permeability that provides output of
hydrogen from massive of the cured composition without disturbance of it
integrity.

For conservation of radiation-hazardous objects with low radiation
level, for which quantity of emanation of radiolytical hydrogen is insignificant,
and for solidification of the liquid radwastes the preference is necessary to
give to composition No 21, which has a low permeability, low rate of
radionuclides leaching and highest stability to affect of groundwater from
studied compositions on the basis of portland cement. Estimation of possible
service time of composition No 21 showed that even in disadvantageous
condition (groundwater flow in repository up to 100 m/year) durability of it
must be more 500 years — the time which is necessary for practically full
decay of Cs-137 and Sr-90.
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The technologies of cementation of radiation-hazardous objects of nuclear

fleet was elaborated with accounting of results of carried out investigation.

This permitted to make up to date the large scale works on conservation with

help of concrete of two objects of nuclear fleet:

- floating technical base “Lepse” (ship assigned to maintenance of atomic
ice breakers) of Murmansk marine shipping company;

- two reactor compartments of nuclear submarines in former training center
of the Russian Navy in Paldisk, Estonia.

In the short review it is impossible to present all results obtained in
cement mixtures researches carried out in Russia. But presented results
permits to formulate key technical questions that can be the matter of
analytical and experimental investigations in the potential Part 2 of the
project:

- elaboration of new compositions of mixtures on the base of cement and
other inorganic binders for liquid radwastes solidification and for closure of
tanks and other radiation -hazardous objects;

- looking for additives to cement which can strongly retain in cement
matrixes the certain radionuclides (Cs-137, Sr90, Tc-99, F129, Np-237);

- investigation of radiation-chemical processes taking place at cement
mixtures irradiation to look up of the ways of decreasing of hydrogen
generation.
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HOpMauW W Npasunamu 8 obNacTu HCNONLIOBAHUA atomioi aneprud. Ortnecexue
yX313HKBIX BELWECTB, MaTepHanos, winenwi, npubopos, 060pyA0BaHUA W 06vekTo8
X P3aAwCAXTMBHBIM OTXON3M ONPeAenserca IKCNNYyaTUPYoulen opranviauven
obocHcemBaeTCA B NpOEXTE RAEPHOA YCTaHOBKHW,  P3AUAUNONHOIO WCTOMHWKD W
NYHKT3 XDAHEHHA. : :

17. Nepepaborxa XPO - TexHonorvyeckue onepauud nNo Ccokpaulenwa
0bbera. MIMEHEHWIO arperar-Horo COCTOAHKHA W (Mnu) NINKO-XHMHUECKHUX cooWCTB
XPO.

18. Nporpamma ofecnevyeHnA kavecrea - AOKYMEHTaNnsHO ocdopmnenibii

KOMNNEsC OPraHWIa-LUMOHHO-TEXHHYECKUX W ApYTWX MeponpuATHA no obecneuenuo

xauecTaa, NOIBONRAIOUWMX PYKOBOACTBY IXCANYaTMPYIOWER OpfaHu3auvu w(nunum)
Oprasniauwnn, BbINONHAUMX pabott ™ NPenoCTaBNAWNX *  yCnym
JKCNNYaTHPYIOLWER OPraHvuiauum, ybeautsca B TOM, uTO BCA NEeATEeNbLHOCTL,
BNUAICLIAA Ha RAEPHYO W PaAVaUMOHHY®D 6e30NacHOCTb, OCyUulecTBNAeTCA B
coorsercTauM € TpedoBaHuAMK (eaepantHbix HOPM w npasun 8 obnactu
MCNONBLIOBAHUA ATOMHOW JHEPIMH U APYrAX HOPMBTHBHBIX AOKYMEHTOB.

19. C6op XPO - cocpeaotoueHue PO 8 cneuwansho obopynosaiibix
eMKXOCTRY, : .

20. Ynaxosxa PAO - ynauosouuun xoMnnaexT (koHTenHep) C NOMELLEHHbIMMA B
Hero FAO. NOATOTOB-NEHHbIA ANA TPAHCNOPTHPOBAHUA, n (Mnu) XpaHEHWUA, W (1nw)
JaXOPCHEHWA. | : :

21. UlemeHTHpOBaHH®e PO - sxnouenue PO 8 UEMEHTHBIA MATPUUHBIA
matepwan. : . ,

22. Xpanenue XPQO - Bpementoe conepxanne YXXPO 8 eMKOCTAX
(xparvnnwax), ,00ecneunBaiowwmux JauMTy OT paauauvu w WIONALUMIO WPO, ¢
HaMepeHHeM NOCMelyIoWero HIBNeYeHnn WPO.

. 2. HA3HAYEHVE W OBNACTb NPUMEHEHWA :

2.1. HacroAwMiA AOKYMEHT YCTaHaBnueaer vpebosanna x obecne!enino
6esonacHocTu npi cb6ope, nepepaboTke, xpaneHuu W xoHauumonuposanun XPO na
AQepHBIX YCTAHOBKAX, PanUauUHOHHBbIX WCTOMHMKAX, B NYHKTax XpaHeHua AAEPHBLIX
M3TecHanoe W PaaAnO3XTHBHbIX gewecTs, XpaHunuuiax PAQ (pnanee - NyHXTH
XpaHeHuR) . :

2 2. Hacroaiua  AIOKYMEHT pacnpocTpaHAeTCA  Ha NpoexTUpyeMbie,
coOpymaembie, JIKCNNyaTHpyembie W BLIBO/\UMBIE W3  JKCNNyaTALMH nnepHse
yCTaHCBKU, PAAHALIMOKHBIE UCTOUHWKH W NyHKTbI XPAHEHWA NPpU cbope, nepepaborxe,
XpaHEHMK W KOHAUUMOHHPOBAHNWH XPO. :

2.3. HacToAW A SOXYMEHT HE pacnpocTnaHAeTCs Hal

. obpawenune ¢ KPO, ofpasyionca Npy aobeive w' oborawenun Qya '

panuoamuauux gewecram npymx noneiHblx WCHON3EMBIX,
. obpauenne cC WPO, HaxonneHHbiMW B NoBEepXHOCTHLIX BoACEMaX
06LexToB AAEpPHOrD TONNHMBHOMD UMKNA. t

-

3. OBUWMWE TPEEOBAHUA K OBECNEYEHWUIO BE30NACHOCTH NPW CBOPE,
ﬂEPEF_'AEOTKE. KOHAMLUMOHWPOBAHUK W XPAHEHWUU  XUAKWUX
PAQAOAKTMBHbBIX OTXOA08B :

3.1. Texnuuecxue CpeacTsa " OpraHWIaUUOHHbIE MEPbLI nosobecneyeHno

pazsaumonHon . Oelonacwocu  Npw c6ope, nepepaborxe, XpaHeHud W
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xonauuuonuposaiun PO na ANGPHON YCTAHODKE, PAAVAUNOHHOM UcTouMure W .

NYHKT@ XPAHEHWRA AOMXKHBI ONPEnENATHLCA WCXOGA W3 MAKCYMMIBHOW AONYCTUIAOW

axTuBHOCTH PO Ha 3Tux 06BEXTAX 1 CrODHVYMDATL PAAVAUADOHHOE BOINSNLTAMR
Ha pabBoriuxoB (nepconan), nacenenue W oxpyxawuwy® Cpeay  ypoowHur,
ycranosnexsbimn  Hopmamu panuoumonkoi Gesonacnoctv (HPE-29) w apyrumis
denepanbHeMU HOPMAMU W Npasunamu B obHnacTd WCNONLIOBAHMA ATOMHOW
JHEpPruM ¥ HCPMATUBHBIMK OKYMEHTAMM. .

3.2. B npoekte RACDHOW YCTAHOBKW, POAMAUMOHHOrO WCTOuHUKA 1 ~
xpaneHun ponxHel ObiTk NpeaycMOTpeHs! KOHKETHBIE TeXHUMECKWE cpenc
GelonacHoro c6opa, nepepaboTku, XPAHEHWA W KOHAWUNCHUDCBAHUA ok
pajpaboTaHHbie 8 COOTBETCTBUM C Tpe600aHMAMU HACTORWEND OXYMEHTa, fDyInx
denepantHbix HOPM W Npasun 8 0ONACTH "MCNONBIDOBIHUA ATOMHON IMeprum, W
HOPMATWUBHbBIX JOKYMEHTOB. : . : :

Mpu OTCYTCTBMH HEOoBXOAMMBIX HODMATAOHLIX NOXYMEHTID npennaraervie
KOHKPETHLIe TEXHWYECKHME peleHun ycmuasnunamt:ﬂ W Oﬁo:uca-,-uanrcn o
npoexkTe RAEPHOR YCTAHOBKW, PAAMIUNOHHOrO MCTOUHVKA W MYHKTS XxpaHeHun o
COOTBETCTBHM C IOCTUIHYTBIM YPODHEM HAYKH ¥ TeXHUKH.

* +33. Tpebosauwa «x YOMCTPYMOCBAHWK,  WITOTOBNEIMI0 W MOMTIXY
060py0BaHMA, NPEAHAIHAUEHHOrO  ANA cbopa, nepepalborku. xpawenua
“xonpvunonnposanua PO, NPOEXTMPODAKAK  COCTDRTCIBYIOWMX  cuCTeM
(anemMeHTOB) AIEPHBIX YCTAHOBOK, pAAUALMOMHLIX UCTOUHUKCD A AYHKTOR XDAHEHIA,
a TaKKe KNACCUAMKALMA CHCTEM (INEISHTOD) U 0G2pYAIBAHVA, NPELHAIHAUEHHBIX
ans c6opa, nepepaboTkv, XPAHEHUR W roHauLoHvpoBauA AFD, no HasuaueHwo.
snunanmo Ha OelonachoCTs @ NC XQPAKI20Y  BSINCIHRTME  LIM4  dhvHKUWA

Ge3onacHocTu, KaTeropuam CEACMOCTONZOCT:,  NOMAPO- ¥ DIPSIBOORACHILTY |

yCTanaBnuaanTCch (heACPANbHBIAM  HODMIAK W NPasWfamu B o'hnacTy
WCNONBLIOBAHUA  ATOMHON  JHEPIVW, PATNAMEHTUOYIOMMY  ofecneyerue
6e3jonacHocT  AAEPHLIX  YCT3HOBOK, DANAALAOHHLIY  MCTOOMEZZOB ¥ NyHKTCD
XPAHEHWUA W HACTOALLMM AOKYMEHTOM. : ;
34 YCIPONCTBO M HA/ACHNOCTL CUCTPW (aremeHTOB) dgepHod yCTaHORKY,
pnnnauuonnofo WCTOYMHMKD W NYHKTA XpAHEHUA, I‘I.CKYV!_‘HTBU“QQ paﬁ(,m no ‘.'.'Jeuy,
nepepaboTxke, XpaHeHuo W KOHAYUHCHYPORAHND MPC aonmew  pAnaTRCa
OGBLEKTAMA /IEATENLHOCTH IKCANYATUCYIILI CpraHviIausa ¥ ivnu) epranusauny:,
suinonusowmx  paboter M NPEANCTIRNAWNX  YENyrv IKCANYATHDYIOLLM
oprawniauusm, no obecneuvenwio xauecina B CCGIAETCHSAM C  RPOrpamaiou
obecneuenna  Kavecrea IXCANYATUPY'OWE?A  ODFAHYIAWMS,  TDeS0BAHUS MY
(henepansiibix HOPM W Npaaun B ofNAcTy: “GNCNLIONINUR ATOMHOR INC2IUML U
APYIUX HOPMATHBHBIX AOKYMEHTOB. : :
3.4.1. Nporpamma ofecreuexun kauzcr a3 pONKHA SeiTLRanpARNeHA Ha:
. opranniaunilo IGMHeKTUBHON  CHCTLAbl NEATOTOMA,  nNeDencaroTorsy,
[OOBLILEHNA KBANIDWKAUNK W ATTECTIUNA oA :0THUEER (nepcouana);

. annumnlaunio ofpasyreuwmxcs N0 no BENAMMHE ¥ AKTABMOCTH, MacCe
w obvemy, e

. XOWTDONb Kauecrsa NoCTARRREMOIC CBNDY0BAWA,  KOVRNEXTYIOUIVY
“inenwui u MaTepuanor; : _ . :

. nonyuenue QOCTOUZPHON ¥ MOTHCH WHODMALMN G XOTUSECTREHHOM 4
xauecTeeHHoM coctane WPC o wecTax ax ®paocaswa, 5002
neoepaboTkn, XpaHeH:A 4 FOH/VALY CHY:POO:IHV.E, g

hY

~
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OpraHdlaynio  xoHIpGnA  Kadecraa npcseeHun TexHONCr4eckux

npoueccos npu cGope, nepepabGotke, xpaHeHun W xoﬂmlunouupouauuu
XPO;

_ycrauoBsnexwe cuctembt kputepnes kauectsa PO, xotopwim PO

AonxHe  otBevats nocne cbopa, nepepaboikM, XpaHeHWA W
KOHAKUMOHUPOBAINA,

MCNONBIOBANME  METPONOriYecKH aTTecTOBANHLIX METOAWK KOHTPOARA

xayectea XXPO 1 ucnbiTanuit ynakoBok KOHAHUMOHWPOBaHHLIX OTXOA08;
OpraHuiauuio koHTpona xavecrea XXPO ¥ ynaxoBOK KOHAULMOHUPOBAHHBIX
01X0a08;

opraiuiaumio achhexTUBHOR CUCTEMBI JANUCEA U XpaHeHWA AOKyMeHTauum
npu cbope, nepepaGotke, xpaHeHWH W KkoOHOWMUMOHWpoBanuu PO,
BKITKOYEA naenTuduxaumolnyio MapKUpPOBKY yNaxkoBoK
KG, TIMUMOHKPOBaHHLIX 0TI0A0B,

34 2. B jasucumoctu or cranuu obpaujenwn ¢ XXPO npu ycranosnenuu

xputepues xavectsa XXPO pgonxHbl y4MTLIBATLCA OCHOBHbIE xapaktepucTikn XPO,
KoHTeAHepa u ynaxoski XPO. ’ 5 \

3.4.2.1. Xapaxrepuctuku PO:;

XHUMHYecxkui cocTas U halosoe CocToAHHE;

_BenHYHHa CYMM3PHOA aKTHBHOCTH,

pPanuoHykNuAHLIA  COCTae, BenuvuHE y,qenbuoﬁ anscha- wn Gera-
BKTHBHOCTH.

3.4.2.2. XapaxTepucTUki oTeepxaeHHbIX )KPO
3.4.2.2.1. BATYMHbIA KOMNAYHA!

. P3anvoHYKNMAHLIA COCTaBs, BENUuWMHA yaensHod anwga- w Gera-

aKTHBHOCTH, MOWHOCTH 3XBUB3NEHTHOW A03bI;

+ cofiepkanue cBo6oaHOR BOAL B uounayu.qe.

« BOAOYCTOWMMBOCTL;

+  TePMUYECKaN YCTORMUBOCTD,

« PaguauMoHHaA YCTOWYMBOCTL;
Gionoruyeckan yCTORYHBOCT.

3.4.2.2.2. LlemenrHbiiA KOMNayHA:

PagHONYKNMAHLIA cocTas, BenuuMna yaensiod ansha- W Gera-
axKTMBHOCTH, MOUHOCTL IXBMBINEHTHONR /103b1;
+ BOAOYCTOW4YMBOCTb,

—

‘'« MexaHW4eckan ﬂﬁD‘lHOCTb:
_ = panuayuoHHan YCTORYHBOCTD;

« TepMuyeckan yCTOWYMBOCTb.

.3.4.2.2.3. CrexnonoaoGHsle MatepHans;

-

panuouymunﬂum cocTas, _senuunna yfaenbHod anea- u Gera-

BKTMBHOCTH, MOWMOCTb IKBMBANEHTHOM NO3bi;

. coctas chocharisix MaTepuanos;

+ OQHOpPOAHOCTL OTBEP¥EHHOro Martepuana,

« Ternsosbifenexue,

- BOAOYCTOWMHBOCTS, s .

« TEpMHUYEcKan CTONKOCTL,

*  PanvalMolHan CTOMKOCTL,

« MexaHuMeckan NPoMNoCTs;

- Tennohumieckue  koucTanIbl  (Tennonposojiiocts,  kodduwmuyuenr
TepMHYeCcKoro pacluMpennn).

]
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e KOPPO3IUOHIAA CTOAKOCT, PaAMAUMOHHAA CTOWXOCTY, KOHEhM Iy it -
(reomeTpuyeckue paimepsi) - ANA METANNUYECKOrO KOHTeAHepa: ]
¢ NNOTHOCTS,  MOPWCTOCTs, BOAONPOHWUABMOCTS,  FA3ONPOMKUaemMaC.s
MOPOJIOCTORXOCTS, PaNMAUMOHHAA  CTOAKOCTh, " erofixocty g
MUKDOOPraluIMam, - nnecewt W rpubxaM,  MOXapoycrofuynoe:
xouqm_rypauun (reomerpuvecxue paimeps)) - ANA xenesoGero: ; |
. KOHWTeRHepa; ; . :
« MHbI@ X3paKTepWCTHKW, onpepenAiowMe WIONUPYOWYK cnocoGir -
KONTeRHepa. 3
3.4.2.5. XapaxTepucTuxu ynaxosxu XKPO: _
« PAAWMOHYXNMAMBIA COCTas, ' BENWYMHA YyAenbHOR anstha- u g
*  aKTHBHOCTH, MOWHOCTb IXBUBANEHTHOI A0IbI;
«  BENUMUHA CYMMapPHOW aXKTUBHOCTH,

; « OAMOPOANOCTS;
- MeXaWWueckas MpOMHOCTb  (CTaTwueckMe, AWMAMuveckme, ypapr-i.
Harpyaku); z

+  YCTOAYMBOCTS K TENNOBLIM HArPyIXaMHU W TEDMUNECKMM Uuknam;
« P3AUALUMOHHAA YCTOWYMBOCT. :
3.4.3. Cuctema xoHTponsa kavectsa XXPO u KOHARUMCHMpOBaHHLIX O1xc- 1. .

~ A0OnxHa BRIKYATh XKOHTpONb Ka3veciea: " .

. npouecca cbopa XXPO;

« PO, nanpasnaembix Ha nepepaborxy; '

« npouecca nepepaGortku PO, -

«  MaTPUUHBLIX M3TepHanos,

. npouecca orsepxaenus XPO;

« oreep¥aeHHbix XKPO;

+ YNakoBOK KOMAWUWOHWPOBAHHLIX OTXO/0B,

OGuem xonTPONA xavecTsa yCraHasnMBaeTCA B NPOEXTE AqepHOi yeTaloney
P3AMAUMONIOTo UCTOUHMKA W NYHKT3 XpakeHHa u aonxed obecneyupary, nony e :
noctosepHoi widopmauun o xapaxtepuctuxax XPO, Matpuunuix Matepiaii

orsepxaeHHbix XXPO 1 ynakosxkax kOHAHUMOHMPOBANNLIX-OTXO0g408, | '

: *3.4.4. B nporpamme ofecnevenna xavectaa QonxHu Guite ycramonnicrr

NOPRACK W Npoueaypb! PEerucTpauMu HapyweHWA KpUTEPHEs xayecrpa JI(j'() -

KOHAMUMOHUPOBAKHLIX OTXO/08, a Tawke opranulaywn cbopa, 86paGorku w anz:..

A3HHBIX O HapYLUEHWAX W NPUYHHAX HX BOIHUKHOBEHUA.

: Mo pe3ynsTatam aHanuia NpUYMH HapyweHWA AONXHW paipabaTtuipai: « -

NPHHMMATLCA KOPPEXTUPYIOWHE MEPbI N0 NPEAOTBPALLIEHHIO HE ROBTOpeHUA,

345, -O3xcnnyaTMpylOWan — OPfaHMIauMA  AONNHE  KoWTpOMMpLDA: |
addextuenocTs peanulayuu nporpaMmel OOeCrieveHuA. X3tectsa wua ssiriro
. YCTaHOBKE, PafiItaUMOHHOM MCTOMHWKE W B NYHKTE XPAHeHWF myvem nposep-.in:

NposepoK (MHCNeKUUH), BKNIOY3IWKX: :

« BepwKauMIO BEABHWA TEXHOMOMUMECKMX NPCUeccog npu €G- -

2 nepepaboTxe, KOHAWUWMOHMPOB3AHMW W XpaHeHWs XKPO g p:n: !
YCT3aHOBNEHHLIX NPOGXTOM NapaMerpos 8 COOTBETCIsuM ¢ Tpebospart: «; .
cdenepansHbix HOpM W npasun 8 o6NacTM WCNOMLIOBaHHA afy-*: ;-
aHepruM 1l YCNOBUAMM ABACTBMA NMUUBHIUM TOCYLAPCTBEHHOrO o p : .
perynuponanun 6e3onaciocTi NPH HCNONb3I0BAHHH BSOMHOA JHeprin,

« npooepxy paGoI1ocnocoGHOCTH CHCIEM YNPaBNEHME TaXHOMNOrH I >, - -

NpOUECCamMit H MX KOHTPONA;
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« NpoBepxy-cooTaeTcTexA xavecrsa XXPOwn ynamaox uonmquuowpouaunux 2
OTXOA08 KPUTEPUAM KIYECTBA.

" Mo scem BbiABNAEMBIM  NPW  NpoBepxax {uucnexuusx) cnwanu 5 5
. . T00TBETCTBHA QONXHL GbiTh NPHHATH KOPPEXTHPYIOUIME MEPDI,

3.5. Mpu cBope. nepepaforxe, xpaHeHwn W xXoHAuunoHupoeakuwu XPO
.xHO oBecneunsarsC: .

« nopagepxaHue 1peGyemoro yposHA Ge3onacHocTu npwu oﬁpau.leu.m c XXPO
XaK C UCTOMHWKAMU HOHKIWPYIOWErO HINYNEHHR,

«  WCKXMIOueHne HeobocHosaHHoro 06nyyenna paborHukos (nepconana);

. CBEfeHM&8 K PaIyMHO [AOCTUXUMOMY HWIKOMY YypoBHio cOnyuenva
pabarnuxos [nepco»«ana] M HacCeneHWa C y4YeroM CaHWTapHwx Npasun,
HOPM M . (HTHEHWIECKUX HOPMATHBOB, IKOHOMUMECKUX W COUHMANbHbIX
daxTopos;

. NPenoTBPALIEHUE BOIMOMHLIX 3BAPUA C P3AHAUMOHHBIMW NOCNEACTBUAMM
u ocnabnexHne ux NOCNEACTBWA B CNy4ae WX BOIHWKHOBEHWA,

. coxpaujenue obbema PO,

. nogrotosxa PO x xpauenwio W (MnW) QaxopoHeHwd nocne wx
KOMAWUWOHWPOBAHKA,

3.6. MpoexToM ANEPHOR YCTAHOBKW, PAM3UMOHHOIO HCTOMHWXA W NYHKTA

Henua  ponxHa  Gwms  ycTawosnewa  xnagcuduxauna NCMeLeHvn, '

2qHalHaueHHbiX ANA cOopa. nepepaloTku, XPAHEHHA W KOHAMUMCHWDOBAHWA

70, no B3pwiBO- W nowapHon GeionacHocTw 8 coorsercTeun c TpeSosanuAMU

1AePaNbHLIX HOPM W NPaBun B cONACTH HCNONLIOBAHWA ATOMHOW JHEPIHH.

KOHXpETHBIE TexHuyecxda pelweHHA W OPraHulauuoHHbIe Wepel  NO
ECNEYEHWIO BIPLIBOJAWMTE W  NPOTHBONOMAPHOW  3JAWMTHI NP c6ope,
-pepaboTke, XxpaHeHwun w xOHAWUKOHUpOBaHud PO ycranagaxeanTcs w
JOCHOBLIBAXTCA 8 NPOEXTe SAEPHOW YCT3HOBKW, PaAWaUMOHHOMO WCTOYHWKA W_
JHKT3 XPAHEHWA, :

3.7. NomeuleHua, npeanalnaventsia ANA c6opa, nepepaboTky, xpaHeHUs W
uauuuonnpoaanua PO, gonxainl 6wt 060pyA0BaHLI CUCTEMOW BEHTHNAUWW,
‘e|OTBPAW30UleA JIFTPAIHEHHE BOIAYWHOA cpead noMeUleHHid U CxpyXanowen
abl PAAHOAKTMEHBIMM BELECTEAMM W  NOANSPKMBAIOWER KTHMATHYECKHE
‘NOBMA, HEoBXOAWMbIE ANA  HOPManbHOA  axcnnyatayuu  oBCpyRoOBaHWA.
13NAEMBE W3 NOMELIEHHA J3rPRIHEHHLIA BOIAYX W W3 060pyAoBaHKA raisl nepeq
16pocom B8 atMociepy AONXHB NOABEPraTLCA CUHCTXE. 3

3.8. Npu cGope, nepepaborke, :pauemm M KOHAUUMOHWDOBIHMU MPO
KB ObiTe NpegycMoTpeHs: :

« TeXHWNECKMe CpeacTea W oprannaauuouuue mepsl no ofecnevenunio

dwrInyecxoi JauwmnTe PO,

« TEeXHWYecKue CpefCcTea W OpPraHWlIaAUUOHHHE Mepbl nNo npenornpamenmo

- npoteyex MPO W MWHBIX nNpoyeccos, NPUBOAAUMX K ROCTYNNEHWIO

PagMOHYKITIAOS B OKPYX3KUyIO—tpeqy B XONUYECTBe, NpessildllleM

npemens!, YCTaHOBNEHHbIE CIHWTAPHLMH NPABUNAMUK, HOPMAMU ¢

HIMEHAYECKUMU HOPMITUBAMM, denepansHbIMW HOPMAMK H r'paaunaun B8

. Q6NACTI MCNONBIOBAHAA ATOMHBA IHEPIUH;

+ P3aAWAUMOHHBLIM  KOHTPONL, BKIQYAKWHA! XOHTPONL  IAMPRIHEHHOCTH
NoBEPXHOCTEW NOMewwennid, 0G0PYA0BaHHA W 1py6ONpoOBOACSE, MOWHOCTH
IXBUBANEHTHOR 03, YNIENYHOR AKTUBHOCTH W PAANOHYKKAKOID COCTaBa

XPO.



.

WSRC-TR-2002-00235, Revision 0
Sk "' May 13, 2002
: ! \Page B11

Cpencrtea v o6bem panuayWMoHHOro KOHTPONA YCTaHaanwsawTca a npoexte
AAEPHON YCTAHOBXH, PAAW3UMOHHOIo WCTONMHWMKA ¥ NYHKTA XPAHEHWA B CooTBATCTAUM
c 1pe6oBaHMAMU CAHWTAPHBIX NPaoBuUN, HOPM kW FUMAEHUYECKUX Hopuaruéou,
deaepansHbIX HOPM W Npasun B 06NacTH ¥CNCNLIOBAHKUA ATOMHOW IHEPruw,

39. Npu cGope, nepepaGoTke, xpadenvit W FKCHLAYUMOHUPDOBAHMUM 5KPO
AONKHa GuiTh MCKNKHEHA BOIMOXHOCTL! Bs

+ HEKOHTPONMWPYEMOro WIMEHEHWA arperaTHOro COCTCAHMA WPQ. s ToMm

uucne o6palosanuve CCaKOB U QTNOMEHUW; 3

«  HEXOHTPONWPYEMOr0 BOJHWKHOSEHUA IKIOTEPMUHRCKUX DEANYUNA;

+  HEKOHTPONUPYEMOaro 00PalI0BANAR KCPPOINOHHO ATPECCABHMIX BewecTa,

3.10. Npu cbope, nepepaboTke, XpaHeHw4 W KOHAAUVOHWDODaHuw XPO,
cofepxawux AQepHO-oNachsie AeNAwvecs maTepuans:, Aomxi) Dure uexmouena
BOIMOXHOCTb BOIHMKHOBEHWA CUP. _ .

KOHCTPYKUUR ¥ reOMeTprYEeCcK4e paMmepsl 060pyA0B3aHYA, NPEAHAIHAYEHHOrO
ana c6opa, nepepaGoTkM, XpaHEHWA W KOMLUUAOHWDOBAHWA PO, copepmaumx
AflepHO-ONacHsle AeNALMECA M3Tepuansi, d TAKKe NCDRAOK NPOBEAeHUA pabor we
ACNXHBI NPUBOAAUTL K BOIHUKHOBEHWKO CLIP. 2

CopepxaHue ALAPHO-ONACHBIX AenAwwxca MaTepuanos ]
KoHAWUWOHUpOoBaHHbIX PO wn reomertouyeckas (opma WX YN3Kosok KonmiHb
HCTIOYATh BOIMOXHOCTL BOIHUKHoueHnA CLIP.

MoMelleHna, B KOTODbIX HaxcauTcA obopyaosanve, NpenHaiHauewnoe ana
cfopa, nepepaboTxi, XPAaHEHUA U-LIHAUUMOHIDOD3HUA XPO. coaepxaumx shenHo-
onacHble AENAUMECA marepuans!, foiwHul HuiTe OCHaWeHbl CUCTeMOA asapuitHon
curnanulauum CAC, xOTOpan AONXKHA IKCNNyATUPOBATLCA B PEXHMe nocraaHHOn

_ rorosHocTu oBHapyxexus CLIP. : : ;

O6ecneuenue apepHon Gezonackoctu npu cBope, nepepabone, xpaxenun
XOHAWUMOHWpoBaHuu XXPO, conepvauux ALCPHO-ONACHLIE L2NFL4ECA MaTepuUansl,
pernamenTupyeTca  diefepancHeiMu  HOLMAMW W NPA0KN2MKE g oSnactu
MCNONLIOBAHUA .aTOMHOW  JHEpruu, OnpeaensicwwMu  NPafuna ngepuon
GelonacHoOCTH. :

3.11. Npa cGope, nepepaforxe, XPaHeHAW W XOHAWUHOMADOBaHWK MPQ
AonkHa GeiTs NpegycMOTpeHa BOIMOMHOCTb AEI3XTHO3LUW lﬁonyaoaanun.
1py6onposonos, xouteiivepor u nomewenwi. OCopyaosakue, TpyGonposoast w
NOBEPXHOCTU NOMEWERWIA, NpeAHalHaYeHHbIe ANA c5opa. nepepaborky, XDAHEHUA U -
XOHAMUMONWPOBaKMA JKPO, ACHXMS 0SNAAATL XOPPOIMOHHOW CTOfiKCCTSIO 8,
arpeccuBHbIX CPefax, HWIXOW COopeupymuiest CNOCOTHOCTLI0 MO oTuoweHwo K
PAAVOAKTHEHLIM BELLECTBAM W NErKo Ae3IAKTHANDOBATLCR.

3.12. C6op, nepepadoTxka, XOAHEHWE ¥ KOHAWUWOHWDOSaHKE PO coamecTHo
C HEPaAMOAXTHBHLIMIA OTXOA@MHU HE2 PAJDSLIABTCA.

3.13. C6op, nepepaboTka, xpaHSHWE W KOHAWUUOHUDOB3HKE X(PO AoniHbI
AOKYMEHTMPOBATLCA 8 COOTBETCTEMM C nporpammon  obecnesenun xauecrsa.
Kawnan naptua (ynaxosxa) >XPOC wa ecex 3Jranax o6pawewus + nonwma
CONPOBOMAAATLCA [JOKYMEHTAUMEW, CONEDMAEW £ .QCHOBHLIE XapakvepucTukw, 8
TOM uMcne: - E : B

3.13.1.C60p XPO: - = : et

. wcTouHuk 00palosanua; -

«  KONW4EcTBO. ;

. XUMHYECKUW COCTaB 4 chaloeCe COCTORKUE,

«  BENWYAH3 CYMMAPHON aOKTABHQCZ™A,
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-~ NEPEYEHb COKPAULEHUNA

WPO - xuaxue paauoakiushbie oTX0fbl

PAO - pan@éumﬁuu’ué’mionu

C){C - cucTeMa aBapHitioi ct;manuaauuu

cup - cauonomepmuuatdmancn yennan peakuusn Aeneiva

YOKO - xpaHninULE XKHOKIX paavoaKTHBHbBIX oTX0A08
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1. ButymupoBanue WPO - swiueHWe PAO B GMIyMHBIA MarpuyHbId -
marepuan. ? : :

2. Bopoycron'inaeocie - cnocuﬁnocn,(omnayuna (ynakoBkH) coxpaHate
CBOW CBOWCTB3 ¥ yAepxuBaTs BrIKHENibIE g Hero pagHoHyxnnaL! NPW xoHTaxTe C
BOM0A. : -

3. Buinepwxa XPO - xpaieive (PO € uenbio CHWXEHWA PaaMOaKTUBHOCTH 1
Tennopbiienenus 3a cuer pacnana KOPOTKOKHBYLLIWX PanHORYKNUAOB. ;

4, nocruruytuﬁ ypoBeHs Hayku W TEXHUKH < KOMOMEKC HayuHbix W
TexHudeckux 31a1HA, 1ex110-1JOrM4ecKuX, NPOEKTHbIX ¥ KOHCTPYKTOPCKUX paipaboTok
:] onpeneqemloﬁ obnactu Hayku H TEXHUKW, KOTOpLI MOATBEPKASH HAYUHBIMU
wccnefoBaluaMu M NPaKTH4YeckuM onbitaM W orpaxei 8 HAYMHO-TeXHUUECKWUX
marepwanax. .

5. KomnayHa - MaTpUuHBIA MaTepvan ¢ BKNIOIEHHbIM B HETO PAQ.

6. Konauuuolnwnposaiune PO - onepauuw no MIrOTOBNEHUIO YNAKo:
orxojlof, NPUIOANBIX ana Gelonacnoro xparenua H (unu) TPAHCMOPTUPOBAHUA W
(wnw) Jaxopolenun. Konjiuumonuposanie Moxer Bulguarts nepeson - WPO @
c1abunbhyn: hopmy, noMeulenne WPO 8 koHTERNEPDL.

7. Kontednep AnA PAQ.- eMKoCTb, Wcnonb3yeman ANA cGopa, M (unw)
tpaucnOprupoaauuﬂ.  (UnK) XpPaHeHuR, H (Mnu) 3axopoHeHnA PAO.

8. Koppextupyrouine ‘Mepbl - AEATENbHOCTS, ¢ NOMOWs0  XOTOPO
ycTpanniorca HecooTBeTCTBUA W npenoTepaulaeTca ux nosTopeHue.

g, Marepuan MaTpPHUHBLIA - uepannoamuanuﬁ martepvan, ucnonbayembiit
ANA uMmobunuIaumui PO 8 MOHONWTHYIO CTPYKTYPY- .

MpumeuvaHue. MNpumMepamMu MaTpUUHbIX marepuanos RenaloTca Gutym,
uemenr, crexsionoobHbie Marepuansi. :

10. O6pawenne WPO - sce suabl AeATensHOCTH, CBRIAINLIE CO cGopom,
TPalCHopTUPOoBANUEM, nepepaGoOTKOW, KOHAHUWOHHPOBAHUEM, xpasenvem 1 (unu)
jaxoponelem XPO. . y

11. OGacne‘ieline KavecTsa npu oBpauieHun ¢ PAQ - ananupyeman W
cucTemMaTuueckt ocyulecT-snnemas AeATENbHOCTS, nanpasnennan #a 1o, 41obu! ece
paborsl 110 obpauieriio € PAO. enunioue Ha ANEpHYI0 ¥ PAAMaUMOHHY
6e3onaciocTs, NPOBOANNUCE B COOTBETCTBWHA C TpeGosannamMA hegepanbHbix HOPH
W hpasun B8 ofnactu Mcnonbiosanua aTOMHOWM NEpiU W ADYIHX HOPMATHBHLIX
JIOKyMeNTO8, 3 WX pelynbTarsl ynoeneTsopani npeabRsNeHHbIM TPeBoaaHWUAM.

12. OcrexnounLinanue WPO - nepesofl PAO® crexnonofiofsoe cocronnue.

13. Orsepxaenie WPO - nepesoa YKPO 8 10epA0e alPerdfioe CoCronHue ¢
Uenbio ymeHbwenHa B0IMOKHOCTH MUIPAUUK pPaQHONYKIMAOB B OKpyXaloulylo
cpeny.

14, OTxoAbl Kunkue pafMoaKTHBHLIS - PAO B BMAE Xugkwx NPOAYKTOD
(sojtibix  MNH opranmecuux] wnu nynen, coaepXawux gaguonykaugel
pacmopennoﬁ hopme wnv B BHAE pasecem. o

15. OTxofbl KHUAKHE pannoakTHBHbIe opraluyeckue - WPO s suae macen.
aMynNbCUA Macen 8 BOAE. pacrsopos netepreHTos, JxcTpareTon ¥7.n.

16. Orxoak! papvoaxTualeie - na noanexaulve aanseefwemy
Wcnons308ailitio Beuecisa 8 nioGom arperarHoM COCTORHMM, Mafepuanst, nanenun,
npuGopsl, ofopynosanve, obvexTsl Guonoriyecxkoro NPOMCXOMEEHURA, B KOTOPbLIX
cofepkanve pajMoNyKIMA0B npessiwaer ypoeiiv, ycranosneHHue gienepansHbiMit
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PannoHYRMAHLIA  COCT@s, BenwuHa ynenbuou anstha- n  Gera-
aKTUBHOCTH, 13Ta UX ONpefeneHun;

ThN KonTennepa (nns ynaxooxu JKPO);

Aara ynaxosku (ana ynaxosxu JKPO);

MOWMOCTL IKBHBANEHTHOW N03b! (ANA ynakosku MPO); .
nosepxiioctiioe Jarpasiignue xonTednepa (Ans ynakoskn HPQO);

waeHTHE XAUUONHLIA 3Hak ynakagsu (Ana ynaxoexu XXPO);

MEeCTO XpaHeHUA,

COOTOaTCTBMe KpUTepUAM KauecTea.

: 3 13.2. Nepepaborka YKPO:

.

ncrovuniue oGpalosanun;

meroas iepepalborki,

KOIHU1ECTARO,; -

XUMIecxkuil cocTan W (pajounoe cuclonnme;

BENHYHUHE CYMMapHOH akINBIHOCTH;

pagMoHyXMAHLI  COCTas, BenWuwna yaensHodw anbda- u  Gera-
aKTMBHOCTH, 13Ta UX ONpPeaeneHus:

THN kOHTennepa (AnA ynaxosxi JKPO)

aara ynaxosku (ana ynakosxu XPQO);

MOUHOCTB 3KBUBaANeNTHOH fo3st (4nA ynaxosxu JKPO);
noBepxHOCTHOE Jarpaalenve konreniiepa (nna ynaxosexw XXPO),
WMAeHTHE MXaUMoHHbIW JHax ynaxosky (ana ynaxoexu JXPO);
MEeCTO XpaHenua. :

3 13.3. Oreepxnenune HPO:

WCTOYHWK OGPSJOESHHH,

Metogs nepepaborku;

KO[IM4ecTao;

BENUYHHA CYMMapHOW aKTHBHOCTH,

Ppanuony AIMAOHLIA COCTas, Benwuuna  yaensHod anbgha- w Oera-
ax'manoc.u, ata ux onpenenemul

TMN KOHTERHepa;

narta ynaxkosku;

MOUHOCTH IkBHoaNcHTHoN o3k of ynakooku PO,
nosepxycCcrioe Jarpaitenne lDIIIEftIIepa;
WNEHTHUEUKILMONNBIN 113K YNAKODKH,

MEecCTo xpanemm

3 13.4. Konguuwonuposanue XPO:

ncTounik obpalosanun,

KONUYecTso;

MmeTofne nepepabortky;

METOA XSHAWUMOHWPOBAHNS,

BenuYiHa CYMMapHOW akTHBIIOCTH,

PaAMOHyKNMAMLIM  COCT33, BENWuWNA  yHenslion anbha- Qera-
AKTMBHOCTH, A13Ta UX ONpegenenun;

THUN U HCMEp KoHTeRHepa,

Aarta ynaxosku,

NOBEPXHOCTHOE 3Jarpaalielie xouTedilepa, MOWHOCTL JKBUBANeMTHoW
00361 OT YNAKOBKK W 3Ta WX onpefenexun,

HABHTHGUXALMONHBIA JHaX yNaKoBKK,

MECTO xpaHeHun.
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4. TPEEOBAHWA K OGECMEYEHWIO BE3OMACHOCTHU NPU CBOPE HUOKux -
PAOWOAKTUBHbIX OTXOQ08B .

4.1, C6op YXPO ponxen aenArecA 06AIATENLHLIM ITANOM NOATOTOBKK ux x
_nepepaﬁmxe. xpanenuo W xolfguuuoliuposanuio 4 obecneuyusars UCKNIoYeHug =
nocrynnenin  PagMoNyxMaos B OKpyxaioulylo cpeay  Bblwe  fipenengs,
ycraiosnenibix  CalUT3pHbIMK  NPaBUNaMK, HOPMaMW W TWIMeHKuYeckuuy
HopMaTHBaMu, dheiepantibIMW HOPMaMK U Npasunamu B 06NacT UCNONLIoBaNug
atomMion allepruu, nytem cocpenbrovenun JXPO B cneuuansHom oGopynosanuu

4.2, CGop YXXPO aonxen npoBoAMTLCA Palfienkiio B 33BMCUMOCTH OF: ;

. nepuosjia nonypacnafa pajuolyxnuios (Menee 15 cyrox, Gonee 1%

CyroK), 5 . 2

- Denvsulibl y1ensHol akTHHoCTH,

. KolyenTpaii anuha-akinelibix pajivonyknnioo;

. XWMWYECKOro cocrasa, 5 o

. (pa3oBoOro COCTOAHKA,

. npeanonaraemoro cnocoba nepepaGorku.

4.3. Opranuuecxie BIpsiBo- ¥ noxapoonackbie XXPO gonxHel Cobuparscy
otaensHo ot apyrux awaos XPO. .

4.4, Npu cGope neoprannyeckux PO pomxiibl coGiparsca paifefnsHo;

. Manoconessie BOHLIE PACTBOPH (C XOHUEHTPaUHen conen Mexee 1 r/n).

. BbLICOKOCONEssIe BOANILIE PacTBOps! (C KoHUeHTpauved conew Gosee 1 thn);

. UEenotlbie MeTannbl, HCNonbLloBaHHbIE B KaYecTee TennoHoCHTeng;

«  CHNblbIE OKMCNUTENK, '

. KOpPPO3UONHO-AKTHBHbLIE BEWECTaa;

_+  XHMWYECKW HeyCTOoHuHBbIe BellecTsa;

« nolnooOmeHHbie CMOlbl,

. 1epnUT, BEPMUKYNNUT U AP,

. THTaloosie copbenTsl;

«  WNaMbI,

45 CGop MPO pomken NpPOMIBOAMTECA C OANOBPEMEHHbLEY yyergy
ipeGosanuvi nn. 4. 1—4. 4 p nocnefoaATeNnsNOCTH, oGecne4nsanoulend Mﬂmuam
soamoxHoe oGnytenite paGonwkon (nepconana). MocnejloearensHoCTb onepaimi
no cGopy PO ycranaenusaerca # 000CHODbLIBAETCA B8 NPOGKTE " agepngi
yCTaHoBKM, PaAUaLIMOHIION0 MCTOUHKKE W NYHKTA XpaHeHua.

.4.6. CBopruku (emkoctu, xonternepst w 1.4.) PO ponkHbl pacfienaramnen
xax moxio Gnuxe k mecty obpa3osanuil 0Tx0008B.

4.7. JXPO, conepxaue TONbLKO PaaMoHyknAasl ¢ NEpHoAOM NOmypacnaga -
meliee 15 cyTok, flonxiist COOMPATLCA OTABNBHO W NOANEXAT BLIACPKKE & Mecrax
gpemMennoro xpanenvwn PO Ao chukenwa BenUYMIbE UX yAensHOW 3XMaHoCcTx y
geriyibl UX CYMM3)HON aKTHBIOCTH A0 JH3YeHWd, NPW KOTOPbIX P3AKoaKTUsHue
sewectoa, ocsoGoxaawica of pernamentaywu  Hopmamu  pagsayvossei
Geaonacnoctu (HPB-99). :

4.B. [Ina cGopa XPO ponxia GbiTe NpeAycMOTPeHa CUCTEMA CReuManskgi;
Kananuiauuvu (cnetxananuaayun). Ecnu xonuuectso 06paldyroumxcs PO we
npesviwaer 200 n/cyr, ana wux cGopa MOryr WCNonLlosartbCA  kam
(c6opumkn). TpeGosauma K  KkoHTelinepam (cGopHukam)  ycTaHasmusagren
HOopMaTHBHBLIMK AOKyMEHTaAMW. =
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49 C6poc XPO 8  xolaicteenno-dexansuyto Kananu3auuo,
NPOWIBOACTBEHHO-NHBHEBYID  K3HANWlauwo, B  NOBEPXHOCTHbLIE  BOAOEMLI,
nornowanuive AMBLL, KONoAUL!, CXBAxKUHbLI, Ha NonA DpOLU‘EHHﬂ. nonA dmnwpauuu w“
Ha NOBEPXHOCTL 1eMNW Janpeujaerca.

5. TPEBOBAHWA K OBECNEYEHWIO BE3ONACHOCTH NPU. NEPEPABOTKE
WHUAKUX PAOMOAKTUBHBLIX OTXOA0B

5.1. Nepepaborka PO non:::a obecneunsars ounucTKy xuakon (hais PO
11 KOHLEHTPHPOBAHKE PANIUOHYKNWACE B MEHBLLEM obvewme.

He ponycxaerca nonuoe obelsoxwnaanne BLICOXOCONEBLIX BOAHLIX pacTsopoa
WPO 8 cnydae BOIMOXHOMO JIKIOTEPMW4ECKOrD B813MMOfIENCTBUA KOMMOHENTOB
cyxoro ocratka XPO. ' :

KoHxpeTHbie Texnuyeckue Meroast W Cpeactsa nepepaborkn PO
yCTaHaBNWBawTCA W 0DOCHOBLIBATCA B  NpoexTe AnepHod  YCTANOBKW,
P3AWAUMOHHOIO MCTONHWKA M NYHXTA XPAHEHHA.

52. MNpu nepenave (TPaHCNOPTHPOBAHWM) CONEBLIX KOHUEHTPATOB (xy6oBbiX
ocrarkos) PO x MecTy ux xpaHerHa W oTeepH/IeHHA AOMKHbI ObiTh NPUHATH MEpPbI
no npeaoTapaiLennio 06paloBanKa OTNOXEHUI B 1pybonpoooaax v o6opyaceanum.

53.. Obpalywowwecs 8 pelynsiare nepepaborku PO coneswie
xomileHTpatsl, orpaboraswue copbenTbi, WNaMbl, OCIAXH ponxiisd  ObiTe
:ounuuuouupdaauu 8 CoOTREercTBvMM C 1peﬁosaﬁunmn HacToAuwlero AOKyMeHTa.

54, Ecnm KOHUBHTPAUWMA PaAWOHYKNWAOB W BPEAHBIX Bew.ecTo 8
obpalyowmxca B peynsrare nepepaborku PO gunwienHbix BOAAX HE Npesbiaer

SONYCTUMBIX XOHUEHTPaUMA, YCTAHOBNEHHLIX B COOTBETCTBMA C 1pebGoranuamu -

CaMMTApHBIX NDABMN, HOPM W MFKEHWYECKMX HOPMATHBOB, (PEAepaAnbHbIX HOPM W

npasun B 00NacTtu WCNONLIOBAKHA aTOMHOW JHEPIUM, TO OHW MOryT BbiTL -

HCNONLIOBAML ANA COGCTBENMBIX Hy®A B CucTeme 0GOPOTHOrO BOAOCHaOMEeIwN
ANEPHOW YCTAHOBKM, P3AWAUNOHHOM MCTOMHWKA W NYHKTa XP3HEHWA  WNwW
COPAcLIBATLCA B OTKDLITYIO (MAPOCETH 4EPEI MNPOMENYTONHYIO KOHTPONbHYIO
€MKOCTh. :

6. TPEGOBAHUS K OBECNEYEHWID BE3OMACHOCTU NPy XPAHEHWUW
MMUOKUX PAOMOAKTUBHbBIX OTXOA08

6.1. Npw xpanernn XXPO ponxaio obecneunsarsCca uCoUeHue:

. nechocuonannoro obnyuenun paborivkos {nepcouana.};

. Dﬁﬂy‘lﬁﬂlﬂl HAaceneHwA suie yc:auonnenmul npenenqn:

. NOCTYNNENMA PAAMOHYKNWAOB B OKPYX3IOUYIO cpeay Bblwe Npejlenocs,
yCTaHOBAEHHBIX (DeQepanbHbiMu HOPMAMU u npasunamu 8 obnactu
HCNONS108aHMA  3TOMHOR  JHEPriM W APYMiMK HOPMaTHBHLIMM
AOKYMEHTAMM, £ \ :

6.2. B npoexte ANEPHOR YCTAHOBKH, PanMaunOHHOTO UCTOUHMKE M NyHKTa
XDAHEHHR  AOMMHbI 6oty MPEAyCMOTpEHb!  TexWwuueckwe  Cpeacrea 7]
OpraHNWIaUNOHHbIE MEPBL NO Ge3onacHomy xpatenun KPO, 3 Taxe yCT3HOBNEHBI W
OBOCHOBaHH [ONYCTUMbiE 06bemMul WPO, nx PAAHOHYXNMAHLIA COCTaB, BenuYuHa
AXTUBHOCTU W CPOKW XpaHenua XPO. - * :

6.3. Xpawenne OGonswmx oGvemos WPO AONXHO OCYWECTBNATLCA 8
cneuvansHo obopyfioBanHbix . Xpawunuu@x  C CUCTEMOW 6apsepos,

2 imemmamAIed NOCTYNNENAE PAAMOHYKNWAOB 8 oxpykalouty}o cpeay 8bile
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npejienos, ycranosnemiuix hejiepansHeiMu HOPMAMM W NPaBUNaMu 8 obnaztm
WCNONL3ODANMA  aTOMHOR  JHeprMu W APYTHMMK HOPMATHOHBIMU  QOKYMEHTaMW, \
Texmuuecxue Gapbeps: ycranaonepalorcs w 000CHOBLIBAKTCA B npoexTe AaepHon
ycTaHoekw, paawaynoHioro WCTOMIUXA - M NYHKT@ XxpaWexun B Cogroercroum
TpeGOBaHNAMN HACTOHLIEIO AOKYMAHTA U ApYFUX hesrepansHbIX HOPM u npao»n a
06N3acTU HCNONLIOBAHWUA ATOMKECH JHEPIA.

6.3.1. KOHCTPYKUWA ¥ KOHCTPYKUAOHHBIE MATEPUANSI XIKO aonmub: :
NpefoTepaliaTL BLIXOJL POAMOHYKIVAOL O OKPY®QWULYIO cpefy emiwe
npenenos. yCTaHQBNEHHbIX (hef2PaNbHBIMW HOPMAaMU W npaeunamu «
0BNacTy MCNOMNLIOBAHUA ATOMIOW JHEPTVK,

. obecneunsats cpox cnyxGui JOKO wWe wmewee CDOKA 3xcnnyatauuw
ANEPHOM YCTIHOBKM, PALMALMOHHOMO WCIOUHWKA W NYHKTA XpaHenun, Ha

5 KOTOPOM OHO PAImewcHo. :

O6uvem emxkoctenn  XHO  ponxeH ofecneunBaTs  HeoHSxoavmy0
rexnonorwdeckylo' asiaepxky PO po  wx nepepaBorkn W (unu) pacnana
KOPOTKOXWBYWIMX PAAKOIYKINAOD. ;

6.3.2. EMKOCTH ANA XPANEHWURA WP 20MXHbl BbiTh OCHAUWEHDE

. Tpybonposoaamit apMartypoll anf npuema MPQ, HanpapneHua ux Ha
KOHAMUWOHMPOBAKUE, NONIHOMO DNOPOXKHEHAR,

. CPEACTBAMW KOMTPONA- TEXHONOMMNECIAX N2pAMAeTDoD (TemnepartyDbl,
NaBNeMwn, Yponua B8 AUKOCTHY, NKNMKOUAR  CUCTC WS Curuanu:auuu' o
NPEOLILCHUM BEPXNETO ¥[20NHA B EMXQCTV U XCHTPONA NpoTevex ¥I0 u)
eMKOCTH, : : & .

. PAAMAUMOHHBIM KOHTDONCGH, .

. NpPoGOOTEOPHBIMU VLTRONCTAAMK, poaponfIoWMyvK  NPOUIsoauTL OoTHOop

. npab no scemy 0ObeEMY €1IXOCTA] .

. YCTPOWCTBaMu ANRA INPC/NERNE TONWVHBI (RbICCTo:) OCafKa; :

. ycTpovcTpamu ANA AVCIN.*OIMZOBAHAR W Y/IONEHAR waama (ocapra) m
OTNOXEHWMN, 4 :

. oGopyaosaiinem v TpyGonponrcnamu QN3 ne,r.'\ena_uu pPacTeopos, wnaMcee,
copleHTOB ¥ CMON W3 O/IHCA ¢ LIXOCT# & DOVIYC. -

. tpyGonposconom neeensrs, 0 nesaMeRatn € FCIEDBHON emkocTen, C
AMaMeTpomM BONbLIMM, YZA Y NDKEMHOMO TRyilonocscaa;

. TexHOMOruuecxoll CIyBKO:H Nor PAIPEXAHVEM, CBAIAMMOA' C cucTemed

JEXHONOFMYECKX . CAYEOX W fipeporspaudiowed  ofpalgsanie
NOBLILEHHOIO ARBNEHUA 8§ CEADIAHOM OBLEMY BmRESIUL

. CpeacTBaMi KCOHTPONA EOROPefid. npeayroeasTensHof w  naapwiiHon
CUIHANWIAUNEN, :\stom_n'n_\uecuamu CPNACTP MKW NOXKNRTAISEWSHNS W NDKH
1eoBX0ANMOCTH NOKAPOTYLIEHWR,

. YCTPOWCTBIMH, HE £ONYCKAOUMMA  NOADEXAGHUE  eMKOCTH  13-33
[IODBILEHWHA B HUX ABNRHY A WK WX DAKYYMUDOR3HUA. - :

~ 6.2.3. B emxoCTRX ANR xpanenar MPO abicoxora ypOaun 3aKBHOCTH 10N¥HL!
6bLiTe AONONHWUTENBLAO MpPEAyCHAUTPHiHL TexHuucckw2 K21005 K cpeacTea ana

* npeaoTBpaLIEHUR: TR
. palorpesa v Beinapusanua XPC: o
. HAKONNEHHA BIPLILOOMNICHLIX r230050A3HBIX RCWECTR, .

6.3.4. KOHCTPYXUMA EMKQSTY ANR XLAHEHUA ¥ AONKH3 ROIBONATL NOUCK
MECT NPOTEYEK W3 EMXOCTY ¥ NLINONHEHUE B2 persoHT,
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6.3.5. tlepegana MFU HI 044 .S EMROCHT uind sp2 ZHLG AR g e e
AONXHA OCYLLECTBNATLCA € UCNONbLIOBAHMEM CTATHYECKOIO A3BNEHNA XHUAKOCTH HIlK
rala (6e3 npuMeHeHHA Hacocon). .

6.3.6. Momeweruna, npeaHasiasiennsie ANA palMeueHna emKocTed inA
xpaHenua PO, normwisl UMETh He Meree YeMm TPEXCNONHY0 mnpmuonnuino ]
o6nuuoBKy M3 HepxAseioujeri crany. O6uvam o06nuL0BaHHOrO NOMBUIENUA AOMXEH
BMeuaTh ace konuyecTso XKPO, HaxoARUMXCA B €MKOCTAX. ;

6.3.7. Ha TeppATOpUM BOKPYF NOMEWEHHIA C @MKOCTAMU ANA XpalieHua JKPO
ponkMbt GbiTh NPEayCMOTPENbl  KOHTPONbHO-HAGMIoAaTeNnbHbIe CKBAXWNILL  ANA
o16opa npo6 rpyHTcanix BoA. Konuuecrtso W pacnosioxenune HaGniopartenshbix
CXBAXHH yCTaHaBNKUB3ETCA B COOTBETCTBMM C HOPMATHBIILIMK LOKYMENTaMU.

6.1.8. B nomew;eHUAX, B KOTOPHIX HAXOAATCA EMKOCTH ANA XpaHeHwa JKPO,
AomxHbl ObITh NpeayCMOTPENbI. ; :

. - eurHATTHIaLMA NPOTEUeK Wl eMKOCTeN;

. cucrema cBopa v Bolspara nporevex;

«  BEHTUNAUMA;

< panuauMol il KONTPON.;

. CPeACTea ANA felakinBalHM.

6.3.9. BogHO-xMMUYECKHIA pexaiM B eMKOCTAX ANA XpaHeHHn PO ponxen
HCXNI0YaTh HHTEHCHEHBIE@ KOPPOIHOHLHLIE NpaLiecchl. : 4

6.3.10. MomeL A, B KOTOPbIX HAXOAATCA EMKOCTH C OPraHHieckiMu APO,
AONXHbI BbiTe cHabxeHbl yCTpPOACTBaMH noikapHOA CUrHaNKIauuu W CPeacTBamMi
noxaporywenua. CoamecTHoe xpaHexne B NOMeELeHHAX opraimieckux PO co
Cpenamu, COAepXauiiMu OKUCNUTENH, He A0NYCKaeTCa.

6.3.11. MpoexTom AAEPHORA YCT3II0BKK, PIANAUNOHHOIO HCTOUHNKE nyHxTa
xpaHenua AonxHul EuiTe NpeayCMOTpersl pelepslisie emkocTi ana xpanenua JKPO,
o6pajopaswmxca ' B pedynsrare asapui. MutuMansHblid  pesepelbii  obbem
emxocTei Ana xparerus PO gonxex GmTb 060CHOBaH B NPORKTE. Ha peaepsibie
eMKOCTH_ ANA  XpaHeHWA WPO W noMeulennna, B XOTOpbIX OHW HAxoARTCA,
PacnpoCTPaHAIOTCA Te ke TpeGoaanuAa, Y10 W Ha OCHOBHbLIE EMKOCTH ANA XpalieHnn
XPO. :

6.4. Xpanense manbix o00bemos WPO ponxio ocyujecranarscn 8
cneyuansHo o6opyaoBamtbix  NOMELEHHAX. Pacnonoxenne noMeuienn,
oGopyosaiue noMeuleHMi ANA XpPaHSHUA Manbix o6bemos PO u ycnosua MX
Xpalenus oMK COOTBETCTBOBATL TpeGoBalnAM OcHOBHBIX CAHWTAPHLIX NPaBUIL
ohacnuianna paaponnod bulonaciocin (0CNOrsL -99). 3

7. TPEEOBAHUA K OBECMEYEHIMIO BE3OMACHOCTH MPU OTBEPXIEHUA
KMIKUX PAOMOAKTUBHBLIX OTXOA0B : :

-7.1. TexnIncruwecknin npougccoreepxaenun XXPO aonxen obecneyusatb
nony4enue npoayxToa C nokalarensaudd Kavecrea, ycrauosnemtumu B HacTonAulem
poxymenTe. Kowkperuble Texnuuecxke Mevofst v cpeacTea oTeepxaeHua WKPO
ycrawasnuealotca W obocnosnizaorcA 8 npoexte AAEPHOW  YCT@HOBKM,
PaAMaUMOHHOMO MCTOUHUKA W NYHKT3 XPAHEHWA.

1.4 Oreepwaexve PO AOMKHO NpoW3IBOANTLCA MeTofamMu - -

UEMEHTHPOBaHWA, EATYMUPOBAHUA W OCTEKIIOBLIBAHHA.
MNpu suibope MeTona oTBEPKARIHWA WPO ponxiibl yMUTLIBATHCA:
. hUINYECKAR W XMMUIECKHE XAPAKTEPUCTHKH PO,
. CBOWCTE3 MaTpWU4HOro Matepwana;

May 13, 2002
Page B18



—

’ 17

. ppAfANRAraT kg crnnui 1T 2r 2HMA " (w4} ° 33050
KOHQsUndi .= Janboid Wiy .

[lonyckaetcA WcnonbiosaHue APyr4x METOl0B  OTBepXgenua JKPO
paipaGoraiiibix 8 COOTBETCTBNAW C AOCTUIHYTBM ypoBiem HayKkd ¥ TeXHuky. ] '

7.3. nNpouecc oteepkaenna PO  pankex 6uiTs  noxapo- w
pipbiacbelonacitbiM- W e  CONPOBOXAATRCA 06paloBanveM  JHauuTenbioro
xoniriecraa aTopuuHpix PAQ. :

7.4. Npu oTeepwnenv4 \)KPO METOAOM UEMEHTHPOBANWA  fonwib
BLINONIATLCA CNEAyIolLMe 0CHOBHbIE TPeGOBIHUA.

- 7.4.1. YcraHOBKa. UEMENHTHPOBAHUA AONXNA HaxoQUTLCA g oTensHoM
noMelelnu, CHaBXeNHoM CUCTEMON BEHTHMALAN. ;

7.4.2. icnonbayembre HeopraHuiecxue Baxylne (ueMeHT, NGpTRanauemenr,
WwnakonoprRanaueMent W Ap) AoNKHL- cfecneunsarth ,Ka4YeCTBo yeMeHTHON
Martpuusl B coorgeTcTany ¢ TpebosannaMu HacTonulero AOKyMeHTa.

7.4.3. B uementiyo Marpuuy He uoryT axniouateea PO, conepwauype
BeulecTsa, 83aUMOfENCcTayowme C UEMEHTCU C 0GpaioBaHueM TOXCHUHbIX BewecTs
(nanpumep, conu aMMOHKA).

7.44. C uenuvw npeagoispawjenssa painuoa B nomeuweluy yemenTiioro
KoMnayiaa npu ero pactpacosxe 8 xouteineps gomkist GbITe NPEAYCMOTpeHs!:

. KOHTPOMb paiMeuleHrA KOHTEeRHepa [/1A UEMEHTHOTO kounayHaa nop

cnWBHbIM NAaTpyGKOM; ] :

. KONTPOMb 3ANCNHEHWA EMKOCTH UEMENTHLIM KOMNayHOOM;

. YCTPOACTBO, WMCKniouawuiee BOIMOXKHOCTE  Painusa  sd  spemn
1paHcnopTHpPOBaHHA KOHTefiHepa C UEMEHTHbIM KOMN3yWioM orf mecra
13N0NHEHUA A0 MECTa BLIAEPXXA ANIA OTBEPKAEHHWA. :

7.4.5. OGopynosanve "ANA nepeveumsalns UeMEeHTHOM® tecra c JKPO
ponmwio obecneunsars nonyuehne [OMCTENHOTO UEMEHTHOMG xomnaynpna ¢
pasHoMepHbiM pacnpeaeneHiem PaAMOHYXT#A0B NO ero o6vemy.

7.46. MMpu ueMeHTUPOBANWH pormao  GuiTh _oGecneveno ynpasnexne
TexHonorMYeckMMU  napameTpamu  npcecca ‘W KOHTPORL 33 HuMII,
ofecneunpaouMMu  NonyveHue UEMEeHTHO KOMNayHA3 - €6  cneaylouMi
OCHOBHbIMW NOKAJaTENAMW Kayecrea:

Moxkalarens xaviecraa [onycTHMble Iayenus
Ynensnan akTMBHOCTb ”
xoMnayia: <3.7-10"0 Bwkr (1-107 Kisk)
LR 13-aKTHBHUCTL t3_?-1l]’ Li/kr (1-1U'Kaﬁ)
ansd)a-aKTMBHOCTb .
BonoycToRunBoCTb (ckopocTe
BLILeNaunBa-1iua : <1107 rlemicyT
papsoiykmpos no Cs-137 w Sr-
90) .
‘exannueckan NPoO4HOCTb TR = .
(npepen POY-HOCTH NP CKATUNW) -2 Ea'i!.tu'ci'cl.&2
PaguauuoHHan ycTon4HeoCTb WexaHuyeckan MNPOYMCTL He Mewee
; €0 xrclcm? nocne ob6nysenus posow 10°
T .(10°pan) :
YCTORUMBACTE K TEPMHUYECKUM Mexalvdeckan NPOYHECTL He Mewee
uMKniam 50 krc/ém’ nocne 30 ywxnos

33MOpPaNMBANNA W CTTaMganun (-40 ...

-

-~
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——~=340°C)
BeaocronkocTs MexaHuueckana NPOYHOCTE HE menee 3
50  xrc/em!  nocne  90-aHesHOro
NOIPYXEeHus i nony :

Tpe6oBanua X ueroNaM KOHTPOMA KauyecTBa UEMEHTHOrO XOMNayiina
ATaHABNUBAIOTCA HOPUSTHBHBIMK [OXYMEHTIMK.

" 75 MNpu ortaepxaenwn XPO  meroaoM GUTYMHPOBAHUA  ONXIIbI
BINOMHATLCA CNEMYIOWxe OCHOBHLIE FpefoBaHuA:

7.5.1. Ycrauosra ﬁuwuupbsauua [OMKHA HAXOAWTLCA B OTAenbHOM
OMeLeHHH, CHabXeH4Cu CUCTEMOW DBEHTHNAUWK, NOXApHOA CUrHanuWiauwewn W
;PEACTEAMMU NOMIPOTYLLEHHUR,

7.5.2. Ucnanelyeusid B Ka4eoTBa-MaTPUYHOrO Marepuana GUTYyM AONXeH
/AOBRETBOPATH CNEAY TLLIM OCHOBNBIM TPeCoBaHUAM: .

. Temneparypa scnuiwxu He nuxe 200°C:

. Temneparypa SCCNNAaMEHEHWA HEe HWKe 250°C;

. TeMneparypa C3MOBOCNNAMEHEHHA HE HWKE 400°C.

7.5.3. B Gurymiy0 Marpuuy He AONKHbLI BKNIOYATHCA WPO, xoMNOHEeHTbI
‘OTOPBIX BCTYNAKOT C HER B XMMHUYECKOR gianMoleicTB1e, CONPOBOXAAOULIEECH.

. JKkloTepMuueceiMy AhdexTamu;

. 06pa3osanueu TOKCHUHBIX MNW BIPBIBOONACHbIX BEWECTS,

- yxyawexwew z3uecraa obpaayoweroca xomnayHna.

7 54. Conepbie cOHUEHTPAThI, HANpasnaemsie 1a GuryMuposanve, AoNxXiisl
/AOBNETBOPATL CNEAYCWHM TPeOOBANMAM:

. KOHUEHTPau#A  CHNbHbLIX oxucnuTenei  (nurparst  TpexsaneHThbiX
METanoB, WapraHUeBOKWCNbIA Xanua W 7.n.) 8 XPO wne ponxxa
npegsiwars 5% Or Maccel Cyxoro oCTaTKka; :

. CcOOepXaHue HATPATa aMMOHWA B WPO He gonkHo npessiwats 12% or
Mac.bl CyXCro CCTaTka; :

. senuuuna pH PO ponxna HaxoanTbCA B Npeaenax 6,5-11.5;

. ynensHan acrmguocTs PO ne ponxna npesbiLaTs 3.7-10" Bwam® (1 K/
am’) f

7.5.5. JKXPO 1e JonxHbl COAEPXaTh OPraHWdyeckux BEUecTs, KoTopbie 8

/CNOBWAX NpoBeaeHKA rpouecca GuTyMupOBaHWA MOryT oBpalosarte nerkonery4ve
0eaMHEeHWA B KONWuacTeax, cnocobieix cO3AaTL BIPLIBOONACHYID KOHUEHTpauo B8
-ajoson haze. [flon=en 6ubiTe obecnevex XOWTpONe 33 conepxaHuem Takux
COeSAHEHWA B OTXOARLAX rA3AX. :

7.56. C uers<o npeaoTepalljeHW” painyea 8 nomeluyenun Gurymioro
«oMnayHaa Npu ero pacacoeke A0NKHbI BsiTh NpEAyCMOTpeHs:. :

+  KOHTPONb FaJueujeHuA KOHTewnepa ANA 6urymMHOro xomnayHaa noa .

CNUBHLIM NaTpy6roM; .
.« KOHTPONb 1374NHEHWA eMKOCTH GUTYMHBIM KOMNAYHACM,

« YCTPOWCIBO, wuCKNKQ4AKOUlee  BOIMOXHOCTL painuea BO DPEMA
TPAHCNOPTHICB3NUA KOHTEAHEP3 C OMTYMHBIM XOMNayHAOM oT Mecra
JANONHEHH] S0 MECTa BLIAEPHXH ANA OCTLIBANHKA. : :

7.5.7. Napauaipw npouecca OWuTyMMPOBAHWA AONKHLI obecne4ynsars

NOMy“EHUE FOMOTEHHCIO GUTYM-HOM0 KOMNAyHAA C PABHOMEPHBIM pacnpefeneHvem
‘b ero o6vemy paawcryxnuAoe. -

7.58. Mpu CurymupoBanuu AONXHO 6wiTe obecneuexHo ynpasnenue

-exMONOMMUYECKMMH  PapameTpamMu  npouecca W KoWtpons 33 HHMH,
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0BecneyAaa oMU NONYUCHr2 CUTYIAMUIG ACh & phAd o3 Wlady Caied Coan i,

noxalarenAamMw Kadecrea:

Nokalarens ka4ecTRA
YaenswHan aKTHEHOCTh
xoMnayHaa:
6era- aKTMDHOCTL
anba-akTUBHOCTL
BogoycTonumeoCTb (cxopocTh
BLILENAYN-BAHWA PASAOHYKVADD
no Cs-137 u Sr-90)

. Copnepxanve csobosn+on nnaru o
KoMnayHne 2
TepmMHHECKan yCTOLu20CTh

PaawayuoHan ycToi4BoCTb

Buonorvyeckasn yCTCAYHDOCTb
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flonycTvMbie Jnavenun .

<3.7-10" 6wkr (1:10° Kwir)
<3,7-10" Gwxr (1-10% Kwir)*

<1107 rlem? cyr
<31% -

1” scnbieku >200 °C
? nOCNNAMEHE MR 3250 °C:
1? camoBeChNamMenenua >400 °C

Yeenuuénue 0Dvena menece 10%
nocne obnysesua J030m 10° Mp (10°
pan)

A

. Orcyvcrane pocta rpubros

TpeGosanua x METOAAM  KOHTRONA xauectoa  Gwryunorg XoMnayHaa
ycrauaanuaamrcﬂ HOPMATHEHbLIMA ﬂOKYMEH'IaMﬂ.
7.6. Mpu orsepwgexuu NHPO MSTOAOM OCTEKIOELIZAHWA  OMKHbLI

BLINONHATLCA cneaylouue TpeSosaHun:

7.6.1. Ycranoeka OCTEKNOObLIBAHWA [AONXHA HAXOAUTLCA B OT/lentHOM
nomeleHum, cHabxenHomM CHCTEMNY BEHTHAALWA, . :

7.6.2. C uensio NnpesoTapauweHa painuoa crexnononofioro marepuana npw
ero pacdracosxe AOMKHbI FuiTs NpeaycMOTPeHSLI

.  XOHTPONb PajIMCLUeH#A KUHTENHEPa ANA CTEXNONOg0lHoro marepwana

nop cnueHbiM natpyGxom;

.  XPHTPONbL JanNONHEHWA EMKOCTH CTe xnonofobHLIM Matepuanom: =

. YCTPOWCTBO, nonovaKuiee

BOIMOKMOCTL  P3Iuoa 80 ‘Bpems

TPaHCNOPTUPOBAKAN KOHTEWHEPa C2 cTexnonoAobmsm Marepuanom or
MECTa ero 1anonHeHUA A0 MECTA BLI1EPMKY [LIA OCTWaanys,
7.6.3. KonueHTtpau«s nnyronua 8 PO He gonxHa npetstwarts 0,03 r/ am’.

7.6.4. . Mpn OCTEX CBLICAHHK

ponxen  ObiTe  Ofiecneven  kowTpons

KOHUEHTPAUMA PAAMOHYKTHACE W KOHUSHTRAUWR Ha, CO v Apysux razse, orxoasiwmx

Wl NEYH.

: 7.6.5. Xumudeckun coctan XKPO, ucnonslyemyie MaTepuans n napaMerpu
NPOUECCa OCTeKNOBLIBaIHA [IONXKHB  0HCCNeUURaTS. nonyuende romoreHKore

crexnononolHora Marepeana ¢ PasHOMEJHLIM "pIACNP2ACHCaM no ero obvemy

PaMOHYKIW0B. :

76.6. Mpn ocrex~cawipanuu AonxHO ObiTh OGemmeueno ynpasnewve
TEXHONOTMYECKMMIW  N3D3MeTpamA  NPOUeCCa W - KOMIDONL 338 HuamMw,
obecneunBaowuMi NoNy-erua CTexnonof26HOro MaTepWans co crneayloLvma

OCHOBHBIMW NOKAJATENAMA KQUCCTRA.



Moxalarens
xavecraa

Cocras

orsepxaeHtbix PO

OaHOopoARHOCTL

Tennoasigenexie

Bogoycron4usocTs

(cxopocTs Bbiena-

Yusaemoct
paaunoHy-
Knwaos no Ga'Y .
Si™, Pu)

—
Tepmuueckan
CTOWNKOCTL

PagwaunoHHan
C rowkocTb

‘Mexann4eckan

NPOYHOCTL:
MpoyHoCTL HA
cxatne

CpounocTs Ha warmb

Moayns 10nra

* Tennodwainyeckne

KOHCTaHTLI:
Koadhpuymenr
TepMU4ecKoro
PacwupeHua -

g -
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[lonycTmble JHaveHus

<24 - 27% mac. Na;O v okcwos OAN0BaNeHTHbIX
HYKNHAOB;

<20 - 24% wmac. Al;Oy W OKCHAO0B MIOrOBANEHTHLIX
nyknios, 8 TOM  uucne <. 02%  .raG
Tpancypanossix anementos; <50 -52% mac. P05

PasnoMepHOCTb cocraea 6noxka no
MaKpOKOMNOHENTar! 8 Npeagenax & 10%, orcyrcrone
suigenenua  gucnepchbix  pal, ccobennao  nNR
ane(pa-nanyuarenen. Konuuecreo aneda-
winyuarenen < 0.2% mac. s

< 5 xB1 /v’

10°%- 10°% rlem? cyv Cs'Y,

10 r/em? -cyT S
107 r/lem? cyt Pu

— .."
Orcyrcrane HIMeHeH CTIpPYKTYpbI i
BOAOCTONKOCTH 8 pelynsrare  xpanenisa  nApw
TeMnepartype A0 450°C '

HenamMenHoCTy CTPYKTYPbl W BOAOYCTORMMBOCTH NP
snavenwax: @) o ~ 10°Mp (10" pan) (no 8. -
wanysenwio), 6)10" - 10" a-pacnapos/cm’

(0,9-13) wrc/mm?
(0.9 -1,3) -10" H/M?
(4.1-4.7) xrctan?
(3.1 -4,7) 10" K’
> 5400 krcivm?

. (> 5.4-10'° HIW')

(8-15)-10* 1/°C

% —_———
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Koacppuument - Wimenenuns 8 npeaenax 0,7-1,6 Sl 8 wnTepaana

TennanposofHOCTH temneparyp 20-500 of >
(ajoobigeneHve He ponyctumMo : Ml

766. TpeGosawun K MeTOAaM KOHTPONR  Kauecrsa Crexnomaccs
yCTaHaBNIDAIOTCA HOPMATHONbIMK AOKYMEHTAMMU. .

8. TPEEOBAHWUA A OBECNEYEHWIO G6E30MNACHOCTH nePv
KOHAWLIMOHWUPOBAHWU KUOKUX PAOUOAKTUBHLIX oTxoaos

8.1. Konpuuuouupooanwe PO gonxio obecnewneate nepesog PO s
(hopmsl, Nnpurofitisie ANA nocnenyrulero TPaHCNOPTHPOBAHWA, W (1) Ipanermn, 1
(11nu1) 3axoponenna.

08.2. B 33BMCHMOCTII OT xapaKTepucrik YKPO w cnocobo8 NO¢aepyouiero
oGpauienn € KoNAHLHOHIPOBAHIbIMI JKPO, 8 TORt 4HCNE 1iX TPAHCNOPTHposanue,
(wnn) nepepaborxa, ¥ (1unn) xpanenue, 1 (1) JaxopoHenne, sonnuumupuua";‘e
JKPO ponwno 8kNKQHATL B cebn oany w3 crneayloupix ONepARE wan mx
CUIIOKYHIIOC'IB.’ . .

. palueuleHve MKPO 8 xoHTERHEPE,

. orsepxaenve APO u paimeulenve orsepwaenHuix XXPO 8 xowreiinepe;

. pajueuleHie ynaxosxu JKPO 8 gononnuTensHoOM xOHTenHepe,

8.3. B npoexTe AAepHOR YCTAHOBKM, P3aAHaUHOHHOIO WCTOYHKKE 4 nyHKTa
xpaHenua QonXibl GuiTh 060ocHOBaNL! NPUHATBIE B COOTBETCTBNM TheGosaHuamm
placronuwero AOKYMEHTa, Apyrux denepanbHbix HOPM W NPaskn g obnactu
CNONbLIOBaNHIA ATOMHOI AHEPriu MeTOAb! i CPeACTaa KOHAWUNOHVPORZHuA JKPO.

8.4. Mpu ycraHoBneHwda METOACS W cpeacTs XKOHAWUMOHNPSEanuA PO
AOon¥HbI y‘i“TblBaTbCHI

- . X3paKTepucTWKh YKPO, nopnexaumx xonnuumouuboaamuo;
. cnocobul nocneayruwero obpaulenna ¢ KOHANUUNOHLPOB3HMumy PO, 8
Tom uncne ux nepepabotka, w (wnu) TPaHCOPTMPOBAme, u (unu)
xpanenue, u (unu) 1aX0POHEHNE, :
. ycranoeneHHsie ANA NOCMeAylowero obpawenna ¢ PO xpurepin
xavecraa. .

- 8.5. PagvoHyknuAlbiA  COCTas, YAENbHAA aKTWBHOCTb meHnoa_
CyMMapHas BENWYWHA aKTWBHOCTH B ynaxoske PAO, MOWMHOCT: MBMaanenTHOW
[03bl H3  MOBEPXHOCTH KOHTEAHepa, 8enuuuHa P3AMOAKTUBHCIO 1arpRIHEHMA
HApy:xHOR FOSENXHOCTH xOQuTERHEN3 AONKHBL COOTBETCTBOBAaThL »DHTEMmm kavecTsa
PO gna nocneaylowero jtana obpauweHns C. Hns, Ynaxkoexa PAQ ponikka
fpenoTepawars Henpremnemoe pacnpocrpanenue PafNOHYKNHACE Bexpyxalowyo

cpeny.

8 6. YnakosKka KOHANUHOHWPOBaHHLIX PAO He nonxua conepman:
. CHALHBIX OKHCAWTENeH N XUMWAMECKH HEYCTOF MEbIX BEWECTE
. XOPPOINOHHO-3KTHBHBIX BEWECTS;

. AQODMTBIX, NATOrEHHBIX W MHAPEKUHOHHBIX seuyecrs;

WSRC-TR-2002-00235, Revision 0
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. OwWonormyacxkd axTMBHbLIX E2WECTB,

- NEerxosoCNNAaMEHANLMICA H BIPbIBO- H NOX3POONACHLIX BEWECTB,

.. pewecTs. cNOCO6HLIX K ASTOHAUWH HNU BIPLIBHOMY PAINOKEHWW,

. Bewecrts, BCTyNaWMx 8 JIXIOTEPMHUECKOE BIAUMOAENCTBuME c. soaown,
CONPOBOXAAKIWIEECR BIPLBOM,

.  BEWEeCTs, COAEPXAlUnX HNH CNOCOOHBIX rEHEpPUPOBATh TOKCHNHBLIE radbi,

Napb! KNK BOIFOHbLI. '

Copepxanue xuaxoctu 8 ynacosxe PAO He qonxkxo npesbiwars J3%.

8.7. Bm0OOp KOHCTPYKUMW KOHTEAHEP3 M XOHCTPYKUMOHHBIX MaTepuanos

xoHTenHepa gonwen ObiTe OCHOBAH Ha:

- (DUIMMECKUX M XMMUECKHT XBPAKTEPUCTHXAX PAO;

.~ cnocobax nocneayowiero 66PalLeHna € yNaxcexon PAO,
YyCTaHOBNEHHBIX ANA NCCneayluwero obpawenna ¢ PAO xpurepues
xavecTea. S

B.8. KoHCTpyKUWA xOHTEnHepa W KOHCTPYXUHMOHHbIE maTtepuans! xoHTEeHHEeDNA
AONXHbI 06ecneswsars CoxpaHerve ero UeNOCTHOCTH M pabGotocnocobHocTi, B8 TUM
uWCNe NPOMHOCTHBIX X3paKTepUCT#X B NEpHoA Nocneaylowero obpauieHuA C
ynaxosxon XXPO. ; ' ; z -

8 9 KOHCTpYKUWMOHHBIE M3Tepwans KOHTEAHEPAa W WCNONL3OB3HHLIE ana
NOXPLITUA €r0 NQBEPXHOCTEen Martepuans A0NXHB obecne4nBaTts 33WWTy OT
aTMocdiepHbiXx BOINENCTBUA W BOIMOMHOCTL NPOBEAEHHA neiaK“ruBat:lv;w

810. Npu wHanwumn 8 yraxoske PAQ KOPPOINOHHO-BKTMBHBIX BEWECTD
BHYTDEHHKE noBepxHOCTH xoHTenHepa AONxHbI ObiTh gGpabotans:
AHTHKOPPOIHOHHBIM NOKPBITUEM. 5 :

8.11. Ecnu' NpoexTOM RAEPHOW YCTaHOBKA, pPaanauUnoHHOro WCTOUYHMKA W
NYHKT3 XPaHEHWA He YCTAHOBNEHb! cnocob, MECTO M KOHKDETHbIE CPOXM
JaXOPOHEHWA KOHAWLUMOHWPOB3BHHBIX WPO. TO WCNONbIyeMbIA KOHTEHHEp AO0NXeH
COXPaHATL UENOCTHOCTL 8 TeueHue OXUA3AEeMoro nepuofla XpaHeHwA A0
JaxOpOHEeHWA W Npenorepauwlate Henpuwemnemoe pacnpocTpanexve pam-,qnymunun
w3 ynaxosxs PAQ. =" ? T

° Kourtenmwep nonweH obecne<»#BaTh BOIMOXHCCTE:

. wisnedenun ynaxosxu PAO W3 xpanunuuia 8 xoHue Nepuoaa XpaHeHws,

. pAIMEUICHHA  YNAKOBXA PAO B flononnvTentHbId xoHTERHER NPK
HeohxoaumMocTu;,

. TP3HCNOPTUPOBAHMA YNIxOBKW PAQ Ha 3axCpoHEHKWE,

. obpawenus ¢ ynaxosxoa PAQ npu 3axoporenuu.

8.12. Scnu ynaxosxa PAQ He COOTBETCTBYET YCTAHOBNEHHbLIM KPUTEPUAM

xayectsa PAQ ana TPaHCNOPTMRCBAHHUA, M (MNU) XPaHEHWA, W (unK) 3aXOPOHEHURA,
TO € Uenb® WCKIIOYEHWA HECOOTBETCTBUR  AOMXEH BbiTe  HCNONBLIOBAH
‘nononumenbnuﬁ KOHTEeHHEep.

8.13. Koutemweps: w ynakosxu. PAO. npeaHaHauenHuie anA
IONTOBPEMEHHOIQ, XP3HEHWA W (¥Nu) 3AXOPOHEHMSA, nopanexat cbalarensHow
CepTHUKALUA. : v

B.14. Xpa:2HWe KOHAWUXCHHPOBAHHBIX WPO aonXHO OCYLW.eCTBNATLCA B
cneynansHo o6opynosanHbIx XpaHunuuax ¢ CHCTEMOR 6apuepos,
npenoTepalaowed NocTynnex+e PaauoOHyxInaos 8 OXpYX3Kuwyx Cpeay Bbiwe
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6.0 Attachment C

Collecting, Reprocessing, Storage, and Conditioning Liquid
Radioactive Waste — Safety Requirements
Presentation by V. A. Starchenko
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