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Abstract 

of Soviet delegation materials "The main cathode 

of solving the problem of radioactive waste mana

gement from nuclear power stations and spent fuel 

reprocessing plants in the USSR** (CC/WG/7/30). 

The main directions of solving the problem of radio

active waste management from nuclear power stations and 

radiochemical plants, the aspects of gaseous waste management, 

liquid high-level waste storage in vessels and the problems 

of heat removal during storage of vitrified high-level 

wastes in surface storages are considered. 

It is assumed that localization of liquid radioactive 

wastes will be carried out in the USSR in 6 stages: 

at 
1 ~ stage - collection and initial concentration by means 

of precipitation, evaporation, ion-exchange; 

2 ~ stage - temporary storage of concentrates obtained 
at 

during the 1 ~ stage in stainless steel vessels* 

Used constructions of vessels are described; 

3^ stage - 'trification (for high-level liquid wastes), 

solidification with bitumen (fcr intermediate - and 

low-level liquid wastes); 

4 ^ stage - temporary storage of solidified wastes at the 

establishment site, where they were generated; 

&-£ stage - creation of centralized and regional burial 

grounds for the burial of the solidified wastes from UPS 

and radiochemical plants; 

6-£ stage - shipment of solidified wastes from NPS and 

radiochemical plants to the centralized or regional burial 

grounds in special containers. 

The main problems arising during fine decontamination 

of gaseous discharges from HPS and reprocessing plants are 

discussed: separation of long-lived fission products, first 

of all tritium, iodine isotopes and radioactive noble gases 

and absorption of aerosols* 

The migration problems of fission products in the 
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environment and technical aspects of their capture from 

gaseous discharges are considered* 

Bspecial attention is paid to the description of 

vitrified high-level waste storages and to the problems of 

removal of heat generated by radioactive decay* 
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The Main Methods of Solving the 

Problem of Radioactive Waste Managment 

from Nuclear Power Station and Spent 

Fuel Reprocessing Plants in the USSR 

Introduction 

Since organic fuel deposits are at great distance 

away from large industrial centres of our country, since 

it is rather difficult to exploit them and the resources 

of fuel are limited, a problem of speeding-up the construct

ion rate of nuclear power stations has been raised.Their 

competitive ability has been proven by the long-term ex

perience gained at the successfully operating nuclear pow

er stations. 

According to the USSR strategy of nuclear energy de

velopment thermal reactors of PWR and HPCR type with low-

-enriched uranium-235 as a fuel will be used mainly at 

the first stage. 

With an aim to reduce the mined natural uranium in 

the future it is planned to recover plutonium from spent 

fuel and to use it in fast reactors. 

A amount of liquid radioactive wastes (LRW) which 

contain all non-volatile radioisotopes generated during 
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a fuel cycle is produced at NPS and radiochemical plants. 

At the present time a safe isolation of these wastes from 

the biosphere for a long period has become one of the ur

gent problems, which substantially influences the atomic 

energy development rate. 

The given report deals with the main trends in solv

ing the localization problem of LRW from NPS and radioche

mical plants. 

The report consists of five parts: the first part 

deals with LRW classification and main technical considerat

ions concerning their localization. Methods of waste ma

nagement at NPS are considered in the second part, and 

those at radiochemical plants are discussed in the third 

one. In the fourth part the disposal of wastes into the 

geological formations is discussed; and the fifth part 

deals with the contamination monitoring and the environ

mental protection. 

1. LRW Classification and Main Principles of the 

Technical Policy Concerning their Localization. 

In accordiance with the USSR sanitary regulations 

liquid wastes are considered to be radioactive, if the 

concentration of radioactive materials in them exceeds 

the annual permissible ones allowed for water. 

Depending upon the contents of radioactive materials 

all liquid radio active wastes are subdivided into three 

groups: 



Table 1. 

Item 
No 

1. 

2, 

3. 

Radioactivity 
group 

High-level liquid wastes 

Intermediate-level liquid 

wastes 

low-level liquid wastes 

Specific beta-
-activity Ci/1 

above 1.10 

from 1,10"^ to 

ulOT1 

1.10"9- 1.10-5 

Based on the USSR technical policy the localization 

of LRW from KPS and spent fuel reprocessing plants is to 

at 1 — stage - collection and initial concentration by means 

be carried out in several stages: 

collection and initi 

of precipitation, evaporation, ion-exchange. 

2 — stage - temporary storage of concentrates obtained 

during the 1— stage in stainless steel ves

sels (intermediate stage). 

3-* stage - vitrification (for high-level liquid wastes), 

solidification with bitumen (for intermedi

ate- and low-level liquid wastes) or with 

cement (for non-industrial low-level wastes). 

4 — stage - temporary storage of solidified wastes at 

the establishment site, where they were ge

nerated. 

Technical decisions concerning repositories will be 

taken with an aim to make it possible in the future with

draw solidified wastes for monitoring, additional treat

ment and loading into shipping containers. 
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5 — stage - creation of centralized and regional burial 

grounds for the burial of the solidified wast

es from NPS and radiochemical plants. 

6— stage - shipment of solidified wastes from UPS and 

radiochemical plants to the centralized or 

regional burial grounds in special contain

ers. 

Special facilities and equipment will be provided 

when erecting NPS and radiochemical plants which enable 

the realization of the 1 — and 2 — stages immediately af

ter the start-up of the establishment".As the technology 

and equipment are improved at operating and newly design

ed NPS and radiochemical plants facilities for solidifi

cation of liquid wastes and store houses will be built 

for temporary storage of solidified wastes. (Realization 

of the 3 — and Ar^ stages). At the same time the practi

cal use of centralized or regional burial sites, for soli

dified wasteu both on the ground surface and in th& geo

logical formations will be studied; after that a conclu

sion will be made about a burial method of the solidifi

ed radioactive wastes. 

Since a different period of time is required to de

contaminate transplutonium elements and fission fragments, 

a question is under consideration nowdays weather it is 

reasonable to separate them and perform individual decon

tamination. 

Based on the above^in the USSR a separation techno

logy of transplutonium and fission elements has been de

veloped a probable usagf of isotopes of transplutonium 
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elements in science, medicine, industry is receiving a 

study, and it is supposed to estimate the prospects of 

transmutation of transplutonium elements in nuclear reac

tors and of other trends. 

In case of favourable hydrogeological conditions pre

vailing at a UPS or radiochemical plant site (availabili

ty of deep water-bearing levels with low speed of the wa

ter flow, which are sealed by impermeable beds abouve and 

below) an underground disposal of liquid low- and inter

mediate-level wastes are supposed to be performed after 

their pretreatment. A decision to realize an underground 

disposal method for every particular establishment will 

be made after a careful analysis of geological survey da

ta, an investigation of the interaction of pumped wastes 

with bed fluid, an assessment and prediction of the pump

ed waste behaviour, radioisotope migrations, bed temper

ature variation, possible earthquake and so on. 

Due to normal the decay of radioisotopes the locali

zation of liquid wastes by means of the underground bu

rial will provide the complete decontamination of low-

and intermediate-level wastes* 

In that case high-level liquid wastes will be treat

ed at a radiochemical plant by carrying out the procedur

es of stages 1-4 (see above). The use of the underground 

burial method for the localization liquid high-level wast

es* 
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2. Localization and Treatment of Liquid Radioactive 

Wastes from NPS. 

The problem of the liquid waste treatment is consi

dered for a station with the reactor HPCR-1000(for example, 

Leningrad ska j a NPS). 

There are the following sources of radioactive wast

es at such NPS: 

- facilities for maintaining water and chemical made 

of the reactor (an assembly for the by-pass decon

tamination of the circuit water, an assembly for 

the turbine condensate purification), 

- low-salt-contents water decontamination faciliti

es (water from spentfuel cooling ponds, possible 

Ceakages of the circuit water, oily condensates 

and others), 

- equipment for decontamination facilities, 

- a radiochemical laboratory. 

Liquid wastes are also generatec in the result of 

the decontamination of rooms, overalls, in sanitary sluic

es and so on. 

Two main groups of liquid wastes are generated dur

ing operation of these facilities: 

• high-salt-content waters with a salt concentrat

ion of ion of 0.5-5g/l, 

- pulps of auxiliary filtering materials and ion-

-exchange resins. 

According to the classification adopted in the USSR 

liquid wastes from NPS are considered to be low-* and in-
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termediate-level ones. They are characterized by variable 

chemical and radiochemical contents, by a wide range va

riation of suspension and salt concentrations, and by ir

regular arrival for treatment. As a rule principle of ma

ximum cycling of the decontaminated water its reusage in 

the reactor plant) is taken into account during the deve
st 

lopment of the decontamination technology of the 1s-

group wastes, that necessitates high decontamination of 

wastes from suspensions, salts and radioisotopes. 

A multistage treatment of high-salt-content radioac

tive waters is carried fi&t at the USSR operational JJPS, 

including waste collection and averaging in vessels, a 

hydrooxide precipitation, distillation in a multicase eva

poration set-up, condensate degassing from radioactive 

noble gases, its final decontamination from radioisotop

es, organic, suspended and ion impurities on activated 

carbon and ion-exchange resins, in the result of which 

their residual content becomes below permissible concen

trations. 

The main part of the decontaminated condensate ret

urns back to the reactor plant, and a certain amount is 

disposed into a reservoir as an unbalance, produced due 

to impossibility of using decontaminated water in sanita

ry sluices and a laboratoriy. 

As a result of the multistage concentration by eva

poration of- high-salt-content waters stillage residues 

are obtained, which contain actually all radioisotopes 

and salts (concentration is 500-800g/l). 
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Por one unit with HFCR-1000 reactor, the evaporator 

capacity provides the maximum delivery of high-salt-con

tent waters amounts up to 15t/h. 

The stillage residue obtained after evaporation and 

pulps of ion-exchange resins and auxiliary filtering ma

terials are delivered for temporary storage in vessels, 

i.e. store-houses for liquid-wastes. 

Since the liquid waste storage in vessels has a num

ber of disadvantages (possible unsealing of vessels and 

leakage of wastes, high consumption of stainless steel, 

probable replacement of failed vessels, and so on), this 

method is considered to be a temporary, intermediate stage 

in a complex of measures on the localization of liquid 

wastes from NPS. 

The following main localization trends of these wast

es from UPS were outlined after the investigations carri

ed out in the USSR of various methods of reprocessing and 

disposal of low- and intermediate-level wastes: 

- in case of favourable geological and hydrologic 

conditions in the region of the station site li

quid wastes can be injected into deeply located 

water-bearing beds of the earth-crust, 

- if there are no favourable conditions for the un

derground disposal, liquid wastes will be repro

cessed by means of evaporation and ion-exchange, 

and the obtained concentrates and pulps of ion-

-exchange resins and auxiliary filtering materials 

will be solidified by bituminization. 
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2.1..Underground Dis^oseil^ The method of the under

ground liquid waste disposal consists in a controlled and 

adjustable pumping of wastes into deep water-bearing beds 

of the earth-crust, safely isolated by permeable layers 

from other beds and from the surface. Liquid wastes are 

pumped through the system of injection wells* Liquid wast

es, injected into an underground bed (collecting-bed) 

through wells, force bed's water fiikjt of threshold space 

of rocks, replace it and are spread in radial direction 

from the well within the power of the water-bearing bod, 

used for underground burial. Liquid wastes, inject*.i in

to a collecting-bed, will stay there for a long time, the} 

flow only together with bed's waters and their flow rate 

must be equal to some fractions or units of Metre per 

year. 

Rocks of a collecting-bed are multicomponent miner

al sorbents for radioisotopes. Due to sorbition a partial 

decontamination of the initial phase and radioisotope ac

cumulation in a restricted volume of the collecting-bed 

will take place. 

An underground repository of liquid wastes is creat

ed in the result of pumping. 

To make the pumped liquid wastes compatible with the 

bed's water and to exclude colmatage of wells and an area 

about a face,wastes are treated prior to the disposal; 

pH is corrected, suspensions are removed, and in some cas

es components, able to form residue, are stabilized che

mically. 



10 

During waste burial from NPS the temperature in the 

bed increases by a few degrees above the background tem

perature of the bed, that will not cause "thermal conta

mination" • 

During such waste localization.ion-exchange resins 

and auxiliary filtering materials may be removed out of 

pulps by filtration and may be buried packed in cans as 

solid wastes or may be stored as pulps in special vessels. 

The advantage of the underground waste disposal is 

in the fact that contrary to other current commercial me

thods it provides "tj/enainal" waste burial. 

The long-term experience gained at the underground 

burial site of liquid wastes at the Scientific Research 

Institute of Atomic Reactors confirmed this technique to 

be a reliable and safe one. 

As has been shown by technical and economic estimat

es carried out for a large NPS, the cost price of the un-

derground burial of 1nr liquid is about 3Q% lower as com

pared with the reprocessing by evaporation and bitumini-

zation. 

2.2. Li&uid^Waste,,,?±tmi±n±zat±on. The bitumen soli

dification of radioactive waste coneentrateSj obtained af

ter evaporation and pulps instead of the storage in stain

less steel vessels has been developed and tested in a se

mi-commercial scale in the USSR. Though this technique 

does not permit the reduction of the waste volume as com

pared wi+.h the storage in vessels of liquid concentrates 
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obtained after evaporation, it improves the safety of the 

disposal into burial grounds of simple design. 

Moreover, this technique favours the dischange of 

Solidified products from NPS into centralized or regional 

burial gro.inds, construction of which may be considered 

practical in the future. Different burial techniques of 

solidified waste? from UPS are receiving an assessment 

in the USSR, however, no conlusions have been drawn come 

yet* If up to 50% of salts have been injected into bitu

men, the obtained bituir.dn compound is highly waterproof, 

has low leaching rate and does not change its structure 

during long-term storage when its activity is up to 10Ci/l. 

A two-stage bituminization plant with a capacity of 

2001/h has been tested with success at the Central Station 

of Radiation Safety: at the tirst stage liquid wastes are 

dried in rolling-dryers heated electrically, and at the 

second stage the obtained wet salts are mixed with bitu

men in a stirring mixing tank. 

A documentation has been developed for a rotor bitu-

mator with a wiped film and a capacity of 180 and 5001/h 

according to evaporated water, water is evaporated from 

a thin film made of a mixture of liquid wastes with bitu

men, flowing down ward along the hj9e)ted cylindrical wall, 

the final mixing of bitumen with salts takes place in the 

bottom section. The apparatus has a shaft with scrapers 

and an anchor agitator. 

The cost price of bituminizatio.i of 1m of liquid 

wastes and the bitumen compound storage is 25% less in 
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comparison with the storage of liquid concentrates in stain

less steel vessels. 

Experiments are carried out to replace bitumen with 

new materials, or to improve the properties of bitumen 

preparations. 

3. Localization of Liquid Wastes from Spent Fuel Re

processing Plants. 

Actually all artificial beta-, gamma- and alpha-ra

dioactive isotopes, generated at NPS (above 99*9%), are 

contained in fuel claddings. It is believed, that when 

fuel assemblies are stored at NPS or a radiochemical plant 

in special store houses for 3 years to allow the decay of 

short-lived radioisotopes and the reduction of the resi

dual energy release, they will not be hazardous for the 

biosphere, since radioisotopes are sealed reliably toge%-

ther with fuel, and a possible partial failure of fuel 

cladding will not cause gross release of radioisitipes 

into the environment. 

A great experience has been gained in this field both 

in the USSR and other countries. 

A problem of artificial radioisotopes handling is 

raised as a result of the chemical reprocessing of NPS 

spent fuel, which is aimed at extraction of both nonbumt-

aup uranium-235 and plutonium isotopes to use as fuel in 

fast reactors. 

It is supposed that spent fuel from a group of ther-
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mal reactors will be recovered at a radiochemical plant 

with the use of the extraction technology* 

Liquid high-, intermediate-and low-level wastes are 

produced during furl reprocessing, they amount respecti-

vely to 0.7-1; 3-5; 50-100nr per ton of recovered uranium. 

3.1. i^£;hzlf.vel_Was<te_Treatment^ The main quantity 

of fission products and transplutonium elements (TFS) is 

concentrated in the first refined solution during extrac

tion of the NFS spent fuel. This solution contains also 

up to 1.5% of uranium and 3% of plutonium. An estimated 

isotopic content of long-lived non-volatile fission pro

ducts left in the refined solution after the PWR-140 reac

tor fuel recovery with 3-year holding is given in table 

2, and the content of the TFE and their activity in the 

refined solution are given in table 3. 

A technology of complex recovery of spent fuel has 

been developed in the USSR, which may provide extraction 

of uranium, plutonium, plutonium and neptunium as well 

as generation of strontium, TPE and rare earth element 

(RES) concentrates from a refined solution. The demand 

for strontium isotopes and REE will determine a scale of 

thsir production to meet industrial requirements. Since 

their application in the future has not yet been determi

ned it is not the time to decide whether an additional 

extroction cycle to withdraw strontium and TPE is practi

cal* 
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The complete decontamination of fission and traneplu-

tonium elements due to normal decay of isotopes will take 

500-1000 and 1-10 million of years, respectively, that 

may necessitate their separation and individual localiza

tion. Due to this an additional extraction cycle may prove 

practical that will permit not only the separation of TPE 

from fission products, but also the extraction of uranium 

and plutonium left in a refined solution and their retern 

back to the start of the extraction process thus minimi

zing its content of alpha-active isotopes* 

In order to recover the nitric acid and reduce the 

volume,the refined solution is delivered after evaporat

ion for temporarystorage in vessels. 



Radiochemical Content of High-Level Wastes Generated during Irradiated Fuel 

Beprocessing and Held-up during 3 Tears. 

Isotopes Time < 
Hold-
Ci/l 

90 
90 
106 
106 
134 
137 
144 

144 
147 
125 
154 
151 
155 

29 
29 
17,5 

17,5 

18 
29,7 

36,3 

36,3 

55 
0,4 
0,36 

0,78 

0,565 

270,405 

of 

• 

10,7 

10,7 

6,5 
6,5 
6,7 

11,0 

13,4 

13,4 

20,3 

0,15 

0,14 

0,3 
• 0,2 

i 

Time of 
Hold-up 
5 years 
Ci/1 % 

25,67 25,9 

25,67 25,9 

0,57 0,58 

0,57 0,58 

4,04 4,1 

26,48 26,7 

0,0125 0.015 

0,0125 0,015 

14,98 15,15 

0,107 0,11 

0.176 0,17 

0',75 0,76 

0,088 0,09 

99,13 

Time of 
Hold-up 
10 years 
Ci/1 % 

20,12 

20,12 

0,0006 

0,0006 

0,206 

21,08 

— 

-

I.I 
0,108 

0,114 

0,7 
0,02 

63,45 

31,8 

31,8 

0,001 

0,001 

0,33 

33 
-

-

1.8 
1,01 

0,18 

I.I 
0,003 

Time of 
Hold-up 
50 years 
Ci/1 % 

9,42 

9,42 

-

— 

-

9,37 

— 

-

-

-

-

0,54 

-

28,75 

32,77 

32,77 

-

-

-

32,6 

— 

-

-

-

— 

1.9 
-

Time of 
Hold-up 
100 years 
Ci/1 % 

2,42 

2,42 

-

— 

-

3 
— 

— 

— 

-

— 

0,37 

-

8,21 

29 
29 
-

-

-

36', 5 

— 

— 

-

— 

— 

4,5 
-

Time of 
Hold-up 
500 years 
Ci/1 % 

0,I2«I0"3 0,6 

0.I2-I0"3 0,6 

-

- _ 

-

0,365.I0~3 1,9 

— _ 

— -

- — 

- — 

— — 

19-IO"3 97 

-

19,6.IO"3 



Table 5. 

Alpha-Activity of Transplutonium Elements in High-Level Wastes from Irradiated Fuel 

Reprocessing. (Fuel are Reprocessed after Holding during 3 years; 3 m of Wastes are 

Generated during Reprocessing of 1 ton of Irradiated Wastes)* 

Isotope Half-life Gi/1 Content Activity, Ci/m* depending upon the Holding Time of Wastes 
in g/t 
of fuel 0 years 10 years 50 years 100 years 500 years 

241 

243 Am 

242, Cm 

244, 
Cm 

458 years 3,26 

8500 years 0.17 

0.445 year 3.300 

17.6 years 83.6 

139 

50 

1,6 

16 

150 

(3) 

15 

430 

600 

150 

(3) 

0 

300 

450 

140 

(3) 

0 

42 

180 

130 

(3) 

0 

6 

140 

70 

(2.6) 

0 

0 

70 
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3*1.1 • storage, .in—Ves^e^Sj. Evaporated refined solu

tions with an uctivity of 1000Ci/l are delivered for sto

rage. Wastes are stored in stainless steel vessels, equip

ped with systems for heat removal produced during radio

isotope decays, and for air blowing to reduce the hydro

gen concentration resulted frou the solution radiolysis 

and also with a set of the required instrumention. 

Since the storage of solutions in vessels does not 

provide conditions for a complete decontamination of ra

dioisotopes and does not meet the requirements of the safe 

handling of wastes, this technique is considered to be a 

temporary and intermediate stage in a complex of measures 

on high-level waste localization prior to their solidifi

cation. 

3.1.2, Vitrification £f_Was<te£. Solidification by 

means of vitrification meets considerably the requirements 

of high safety during reprocessing of high-level liquid 

wastes. In addition to well-known advantages of the soli

dification techniques (waste volume is reduced, chemical 

resistance is increased and so on), it contributes signi

ficantly to the waste shipment to "terminal" burial sites. 

A one- and two-stage process flow diagrams of sili

cate and phosphate glass-like materials are developed in 

the USSR for the treatment of high-level liquid wastes. 

The 6ne-stage process consists in continuous dehydra

tion, calcination a*;;?, vitrification of liquid wastes to

gether with fluxing additions in electric furnace to main

tain the temperature, at which a current is fed through 
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the glass melt. 

The pperational experience of the pilot unit, consis

ting of an electric furnace and gas purification equipment, 

has shown on simulated solutions the possibility of forma

tion of commercial-scale shop of one-stage vitrification. 

According to the plan the vitreous mass will be incremen

tally poured from the furnace intometal cans which after 

precooling will be covered with lids and placed in boxes 

made of heat-resistant steel. After sealing and failure 

monitoring boxes with glass blocks will be transferred 

for a temporary storage into special store houses. The 

heat will be removed by air or water which is similar to 

the method used in the store houses for NPS spent fuel. 

At the first stage of the two-stage process the so

lution is calcinated in a fluidized bed, and at the second 

stage the calcinate is injected into glass in concrete 

crucible. 

This process has been tested at a large unit KC-

-100 using a simulated solution, containg 240g/l of so

dium nitrate, 120-130g/l of orthophosphoric acid, and 90-

-150g/l of molassis. 

Works on placing high-level liquid wastes into glass-

-metal, glass-ceramics, ceramics and metal-ceramic ->mbi-

nations is being carried out. 

3*2. Intermediate^ and Jpw-Lev/^L Wa£rtesA Intermediate-

and low-level wastes generated during spent fuel recovery 

at reprocessing plants are handled according to the main 

technological decisions pointed out in Section 2 of the 
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given report which deals with the management of liquid radio

active waives from NPS. 

Development and research work on tritium localization 

Cvo«l 

is performed in three directions: twalift oxidation, recirculat

ion, and underground burial of liquid wastes, containing tri

tium* 

4» foyfo Principle of Radiocat^ve Waste Disposal into 

Geological Formations. 

Disposal of radioactive wastes into deep geological for

mations is the most promising technique of their lon&-term 

isolation* For the sake of safety they must be so isolated 

that no radionuclide could migrate or gain an ability to mi

grate at a certain moment and leave the repository in any 

forms solid, liquid or gaseous* The repository rock must not 

react with the wastes to such an extent that a newly produc

ed product (solution, melt) might leave the repository* 

Wastes of various levels of radioactivity are acceptable 

for underground burial including those with long-lived and 

alpha-emitting Isotopes in different phase conditions solid, 

liquid and gaseous* Different methods of disposal may be used: 

pumping of liquids and gases into porous formations, pulp 

pumping into cracks formed as a result of hydrorttpturo, so

lidification of liquid wastes in store-vessels, isolation 

of solidified wastes In mines and cavities* 

Under favourable geological conditions a great amount 

of rocks of different origin may be used for burials magma-

tic, sedimentery, and metamorphic. All rocks, which can be 

used as a potential host medium, must be Investigated to achieve 

a better effect in using various geological formations, in 
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finding favourable combinations of a rock, waste type and 

disposal Method, and also for avoiding long-distance ship

ment of wastes. 

In many cases the type of wastes will determine the 

selection of a geological formation and a disposal method. 

For example, it is reasonable to pump liquid radioactive 

wastes into porous hydrated formations or to use the hydro-

raepture method. Spent c:llecting beds may be used to dis

charge gaseous wastes. Vessels, artificial or natural ones, 

should be available to store solid and solidified wastes. 

Apparently, it is economically advantageous to dispose wast

es into available disused pits and mines* 

A formation and a rock, into which wastes are disposed, 

is selected by comparing conditions and feature of a parti

cular rock type, a particular site, i.e. by comparing typi

cal and decisive requirements. The decisive requirements 

may be divided into two groups: a) common requirements in

dependent of the rock type, and b) particular requirements 

dependent upon the rock features and the bedding conditions 

at the burial site. 

The common requirements are as follows* 

1) Absence of circulating or able to migrate waters and 

solutions at the site; 

2) a potential seismic danger should be determined for a 

burial site (total area of seismically dangerous regions 

in the Soviet Union is about 29% of the whole territory); 

5) there should be no discovered or foreseen deposits, in-

eluding deep oil- and gas-beds; 
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4) a rock chosen as a host medium must have minimum permea

bility to water and gas. 

The particular requirements are determined for a rock 

chosen and for a certain repository site. 

Salt formations offer several advantages in comparison 

with other rocks as a medium for a long-term isolation of 

radioactive wastes. 

Salt deposits are characterized by great capacity and 

are widely spread all over the world. The salt beds are from 

several thick and the area occupied by them amounts to se

veral thousand square meters, Great deposits of rocksalt 

takeB the form of salt-domes with parent strikes often at 

the depi/U of 8 to 10 km. 

Salt formations have existed for long periods of the 

geological time despite the fact that they are able to dis

solve in water. However, halite never occurs in rocks which 

underwent great motamorphism since they were leached and 

destroyed due to high-temperature hydrolysis. 

Cue to the mechanical strength of rock-salt it is pos

sible to create large cavities of tens of hundreds of ibic 

meters in volume at the depth without timbering. On under

ground leaching the volume of cavities,is as a rule 200-500 

thousand m » but sometimes their volume exceeds 1000 thou

sand w (the compression strength limit of the reck salt 

is on the average 250-200, but may approach 600 kgo/cm ) . 

She thermal conductivity of the salt is the highest 

(16.10^ cftl/cm.s,degree) as compared with ovher widely oc

curring rocks and exceeds two times that for granite and 

4-5 times for sandstones. Shis characteristics is of substan

tial Importance for high-level fuel disposal. 
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However, a careful tudy of all factors, which have an 

effect on the storage reliability and safety, is required 

to make a final estimation if salt formations are good for 

a long-term disposal of radioactive wastes, to substantiate 

and erection of a store house in a certain halite rock, and 

to determine their strike area. 

In particular, the problem of genesis of some formations 

(sedimentary or abyssal) has not yet been solved for the 

rock salt* An uncertainty for predicting a salt rock permea

bility is caused, by the presence of gas and liquid inclusions 

andg>ares>channels filled with salt solution and gases often 

under high pressure. At the some time the geological condit

ions within one area of a geological formation development 

are so different, that the corrected parameters of the select

ed medium may be obtained only during the tests carried out 

in a certain range or directly in mines. 

As to geological formations and especially to salt-domes 

a problem of maximum energy capacity of the repository lo

cated in a particular geological and technic block of rocks 

is to be solved. 

She energy release of a large repository may exceed the 

energy and the power of the new tectonic processes, that 

may result in uncontrolled variations (to maintain the mosc 

easy tectonic processes for the plains in the pillar of 1000km' 

in cross-section and about 30 km in depth the annual energy 

consumption is 10-10' kw-h). 

5. Radioactive Contamination Monitoring and EnvironTnont.-n 

She environmental protection offers a number of special 

aspects not covered by the g^ven report. First of all, they 
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includes environmental protection principles, legislative 

standards and regulations, an environmental monitoring and 

carrying the measures on the protection and improvement or 

the environment. 

She main pi—itiples adopted in our country are as fol

lows* a temporary storage of radioactive waste concentrates 

to reduce their activity due to the radioactive decay and 

a search for a technique of a further safe isolation in dif

ferent geological * trmations. An uncontrolled release of 

radioactive wastes into the environment is not allowed. 

In case of the release of liquid or gas-aerosol wastes 

into the environment governmental regulations are strictly 

observed aimed at the restriction of the concentration and 

the total amount of the released radioactive materials. Ac

cording toJfcCKP recommendatior.3 a governing factor is a dose 

burden received by workers, individuals and population as a 

whole* When operating radioactive materials and, of course, 

handling wastes one must observe strictly legislative stand

ards and regulations. 

Another requirement is a continuous decreasing of do^o 

burdens and a radioactive waste release. These measure3 should 

be based on a comparative analysis of the removed hazard and 

the necessary expenditures. 

All Acta on radiation safety and environmental protect

ion in our country are revised ana reissued regularly, recent 

successes and the results of the scientific investigations, 

a gained experience, /OBP recommendations are being taken 

into account. 

At present the main regulating documents are "Radiav-

ion Safety Standards" issued in 1976 (RSS-76) and "Main Sa-
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nitary Begulations for Operation of Radioactive Materials 

and Other Ionizing Radiation Sources" (MSR-72-N 950-72). 

More detailed departmental regulations and instructions must 

agree with RSS-76 and MSR-72, 

According to the radiation safety standards there are 

three categories of exposed persons: A - workers, B - a li

mited part of population, C - a population of a region, re

public, country. Exposure critical organs are subdivided 

into three groups: 1s* group - the whole body, gonads, bone 

marrow; 2 » group - muscles, thyroid gland, adipose tissue, 

liver, kidney, spleen, gastrointestinal tract, lungs, eye's 

crystalline lens and other organs excluding those of the 

groups 1 and 3i 3"* group - bone tissue, integument, hands, 

forearms, ankles and feet, Main dose limits, tolerance and 

occupational levels for the persons of the A and B catego

ries are determined by RSS-76, where the quality factor of 

various types of radiation under permanent whole body irra

diation is also pointed out, 

To estimate an exposure dose received by persons living 

near atomic establishments or plants measurements of radio

active wastes, in-situ measurement of dose rate and assess

ment of the environmental radioactive pollution levels are 

carried out. Limits for annual intake of radionuclides have 

been set which determine the exposure of persons of the cri

tical groups of population. These limits are so low, that 

no somatic effects are possible, and the probability of ad

ditional genetic effects is not more than 10^ of that pro

duced by the natural irradiation level. 
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Of great importance is an accomodation of establishments 

where radioactive materials are handled with an aim to reduce 

the radioaction effect on the population* Accomodation regu

lations are provided not only by the above main documents, 

but also by the other particular ones. According to the aboveJ 

controlled area (sanitary-protective) is organized around 

establishments where workers are engaged in handling radio

active materials or sources. There should be no dwelling 

houses, and other buildings not pertinent to the atomic en* 

terprise in the controlled area. The radiation monitoring 

is carried out in this area, There is an observance area 

outside the controlled one, where doses may exceed the set 

limits. The radiation monitoring is also carried out here. 

The sizes of the controlled and observance areas are deter

mined by a calculation according to the radionuclide releas

es into the air. In some cases there is no need in a control

led area. There has been developed a detailed technique to 

calculate the size of the above areas. When selecting a place 

for a plant sanitary and hygene requirements are taken into 

account first of all that ensure prevention of hazardous 

effects on the environment and local population. Sites posi

tioned at the lee side of settlements, in thinly populated 

regions with a plain relief, with deep ground waters, well 

blown through by winds are prefered. A careful hydromctco-

rological survey is performed prior to the selection of the 

site. 

Based on the annual dose limit a maximum permissible 

release of radioactive wastes per a day is determined on. 

the controlled area boundary for each plant. To meet those 
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requirements the plants have gasholders and gas pur i f ica t ion 

systems, moreover, the flow diagram and construction are de

veloped with maximum-permissible release taken into account. 
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SURFACE STORAGE FACILITIES FOR VITRIFIED 

RADIOACTIVE WASTES 

Abstract 

Two types of storage facilities for vitrified nigh radio

active wastes provided with water and air cooling systems are 

considered. The results of thermophysical calculations for 

vitrified wastes having different physical properties are pre

sented. The design of storage facilities of vitrified wastes 

of reprocessing plant is described; economical evalution of 

various versions is given. 

Along with the development of methods for solidification 

of liquid radioactive wastes in the USSR and other countries, 

the possibilities of safe and reliable storage and disposal of 

solidified wastes are studied. Storage conditions for vitri

fied high radioactive wastes of reprocessing plants must pro

vide the heat removal of radioactive decay. In order to keep 

the temperatures of solidified wastes within the permissible 

limits, it is necessary to restrict container capacities for 

radioactive wastes or their specific heat release. 

The influence of specific heat releases and perm? ^ible 

temperatures for vitrified waste storage, as well as selected 

methods for waste cooling, on the degree of necessary reduc

tion of waste container capacities is studied. The effect of 

concentration degree of liquid wastes during vitrification on 

economy of different storage facilities is discussed. 
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The calculations were performed for vitrified wastes of 

5 t D/d reprocessing plant. The WER fuel elements are trans

ferred to reprocessing after two years cooling. The storage 

capacity is designed for 5 years. The concentration degree of 

liquid wastes during vitrification and hence specifio beat 

releases of vitrified products placed in the storage are va

ried over a wide range. The values of specific beat releases 

of solidified products are within 5*10^ - 10* W/m*. The volume 

of stored product varies inversely with specific beat releasee 

from 9400 nr up to 470 n?. The total heat release is 20 UW in 

filled storage of vitrified wastes. 

Permissible sizes of canisters for vitrified 

wastes with different physical properties 

The permissible sizes of canisters for beat-releasing 

products are determined by heat-releasing conditions and per

missible solf-beating temperatures of materials selected for 

fission product inclusion. In case of vitrified waste with 

specific beat releases within the Investigated limits for mo

re effective use of storage areas and increase of beat-relea

sing product volumes stored on one unit of area, the beat re

moval ia required by means of any beat transfer agents * water 

or air (1, 2, 3). In Fig. 1 the calculated results of permis

sible sizes (diameters) of containers for vitrified wastes 

and various beat removal conditions are presented. Good heat 

removal is provided by means of cooling water flow. In this 

case the sizes of canisters can be near to maximal ones 

(curve 1, fig. 1). However, the vitrified wastes in water-

cooled repositories should be controlled for many years, as 
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the chemical stability of best glass samples requires the 

absolute isolation from water for ten years. The use of 

tight stainless-steel containers for vitrified wastes makes 

possible to increase the storage safety, but considerably 

decreases the permissible dimensions of canisters (curve 2, 

fig. 1? due to air interlayer between the canisters and con

tainers. 

The air cooling of heat-releasing products leads to the 

decrease of canister dimensions. When direct contact of co

oling air with canister walls, this decrease is slightly 

below thap in case of water cooling (curve 3, fig* 1); howe

ver, it gives rise to radiation-chemical damage of vitrified 

product, which would require an installation of gas-cleaning 

system from radioactive dust. In order to avoid the necessity 

of filter use, the glass waste canister can be separated from 

air stream with a cooling tube. The additional barriers 

interposed in the heat stream (tube material and par

ticularly air clearance) reduce' further the permissible si

zes of canisters. Sometimes it proves to be inconvenient from 

technological point of view. 

The curves 1-4 presented in fig. 1 were obtained for 

vitrified wastes with maximal permissible storage temperature 

700*C and surfaoe temperature no more than 400°C. 

In fig. 1 the curves are shown for permissible dimensions 

for glass waste canisters with maximal storage temperature 

1000°C. 'Che curve 5 is obtained for air cooling with direct 

contact between ooolant and waste container. 

Curve 6 corresponds to water cooling with direct contact 

of ooolant and container. 
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Higher acceptable temperatures for storage of second 

material enable to increase the dimensions of canisters at 

a particular specific heat release and increase permissible 

specific heat releases of vitrified wastes at a definite 

canister dimensions. 

Designs of vitrified waste storage facilities 

Designs of vitrified waste storage facilities were de

veloped talcing into consideration the following starting 

points: 

1. The storage facility is located on earth surface abo

ve ground water level. 

2. She storage facility is adjacent to the waste vitri

fication plant and is connected with it by a transport passa

ge. 

3. The delivery of canisters with vitrified wastes from 

vitrification plant and their placing in the storage facility 

are performed by remote-controlled crane (lifting capacity 

5 t). 

4* Vitrified wastes are delivered for storage in canis

ters from high-temperature steel of X28 mark. 

5. Suction-and-exhaust ventilation station Is in the 

immediate vicinity of storage facility. 

6. As the heat release reduces, the compartments of sto

rage facility are in turn converted to burial ground operating 

conditions, but the possibility.of canister retrieval from the 

storage facility remains. 
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Air-cool yd storage facility 

She storage facility comprises five concrete compartments 

(fig. 2 and 3) where reinforced concrete ttibea for waste glass 

canisters are placed at some distance from each other forming 

a tube grate. Bach compartment is designed for being charged 

within a year. Charging of canisters in the wells is perfonaed 

through rectangular hatches in disaountable ceiling closed by 

concrete plugs. 

According to the first scheme air is blown through annular 

space between canisters and inner surface of the well. Air is 

supplied via channels in the floor of storage facility. After 

passing the wells, air heated to 150°C is collected in upper 

channels situated above the wells and is rejected into atmo

sphere after oleaning. 

During loading of canisters, the non-filled wells are cut 

off from tbtf system by placing removable plug in the heated 

air channel. 

According to the second scheme, cooling air washes outer 

surfaces of cooling tubes. Air is supplied to compartments 

and removed through individual channels. 

Air circulation in the first period of storage facility 

operation is accomplished by fans. Then, after drop of heat 

release from wastes the conversion to natural convection is 

possible (the use of exhaust pipe). This conversion can be 

done faster in the second case, as heated air is not cleaned 

by filters. 
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Water-cooled storage facility 

The storage facility represents a reinforced concrete 

structure (fig. 4 and 5) lined with stainless steel and 

filled with water (condensate). 

Glass waste canisters are placed in sealed containers of 

stainless steel. The containers are closed by protective 

reinforced concrete plugs and welded. 

Heat is removed by circulating water from a basin (first 

loop) through a heat exchanger. The water in the basin is 

heated to 90°C and is pumped to the heat exchanger* where it 

is cooled up to 70°C and is recycled to the basin. Heat re

moval is carried out by circulating water heated in the se

cond loop from 30 to 80°C. 

Hydrogen evolved due to water radiolysis is diluted to 

explosion-proof concentrations by air blown above the water 

surface and is released into atmosphere through a stack. 

Air is purified by filters with EP cloth at the basin 

inlet and at its outlet upstreem from the tpx. In spite of 

the fact that cooling water does not contact with canister 

surface emergency water cleaning is envisaged for 5% of one-

hour water circulation in the first loop, since it is impos

sible to eliminate completely water penetration inside the 

containers at the loss of sealing. 

Technical and economic evaluation 
of vitrified waste storage methods 

The evaluation is carried out by calculations for three 

alternative methods of cooling. 
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First version. Air cooling of vitrified wastes with di

rect contact of cooling air and walls of a canister contai

ning heat-releasing product. 

Second version. Air cooling of vitrified wastes through 

the walls of protective tubes. 

Third version. Water cooling of vitrified wastes through 

the walls of containers containing canisters. 

The results of capital cost calculation for construction 

of storage-burial facility of vitrified wastes are given in 

fig. 6. The least capital costs are obtained for construction 

of the storage facility cooled according to the third method 

due to a great storage compactness. The most capital costs 

are required for aonstruction of a storage facility according 

to the fjprst cooling method for products with specific heat 

release 4#104 W/nr, as up to this limit the compactness grea

ter than for the second method does not equilibrate the con

struction costs of filtering station. 

In all cases, the increase in waste concentration during 

vitrification leads to the decrease in costs* but for the se

cond method in the range of heat releases 2*10^ - 10' W/mr a 

small rise of costs is observed because of a higher specific 

consumption of construction material per unit of buried heat-

releasing product. 

Annual operating costs of storage facility maintenance 

are the least for the second method. The main fraction of 

costs is constituted by depreciation charges, costs of con

tainers and energy supply. For the first alternative, opera

ting oosts increase chiefly due to the necessity of filter 

replacement* 
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The most operating Co its have been obtained for water-

cooled storage facility, Ii* this case the main fraction of 

costs is constituted by the expenses on water cleaning, on 

the containers and by depreciation charges. 

According to the practices accepted in the USSR /4/, the 

storage methods are compared (fig. 7) by their capital costs 

adjusted to the present situation. As it is seen from fig. 7, 

adjusted costs of both air cooling methods differ little from 

one another, i.e. economic evaluation sannot be a determining 

fa* tor for the choice of heat removal method. This choice 

must be done from considerations of technology. 

Adjusted costs for water cooling in the considered range 

of specific heat releases of vitrified wastes are somewhat 

higher than those for air cooling, but, as the concentration 

of liquid wastes increases, a marked decrease of adjusted costs 

is observed which is promising for using this cooling method 

for products with specific heat release above 10' W/m . 

Economic evaluation has been done for one of the above-

mentioned products with a lower thermal resistance. Since for 

vitrified wastes with higher permissible storage temperatures 

container dimensions or specific heat releases can be increa

sed, economio aspects for storage of these wastes become more 

effective. 

Conclusions 

1. The calculation of permissible dimensions of canisters for 

vitrified wastes has shown that for wastes with specific heat 

release 5*1(r - 10* W/ar all the considered designs of storage 

facilities (air- and water-cooled) can be used. 
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However in the cc-se. of air cooling of heat-releasing 

products through cooling {pbes the acceptable canister dimen

sions are strongly limited at low thermal resistance and at 

specific heat release of vitrified wastes above 5*10* W/m . 

2. Economic evaluation of adjusted capital costs has 

shown that in the considered range of waste specific heat 

releases for both alternatives of air cooling have no signi

ficant difference and the choice of cooling scheme can be done 

according to considerations of technology. 

The increase of waste concentration degree in the process 

of vitrification and the increase of vitrified waste thermal 

stability results in the reduction of adjusted costs of waste 

storage* A small rise of costs in the range of specific heat 

releases 2*10* - 10* W/nr for storage facilities with air co

oling through the walls of cooling tubes is connected with 

design features of storage facility. 

The adjusted costs for water-cooled storage facility in 

the given range of specific heat releases are somewhat higher 

than those for air-cooled storages, but a rapid drop of costs 

is observed when the waste concentration degree is increased 

in the process of vitrification. It is evident that the water-

cooled storage facilities are advisable for specific heat re

leases of vitrified wastes above 10' W/m3. 
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of containers containing canisters* 



42 

mln. roubles/year 

0 

1 

1 iN 

! i 
1 1 r 

1 

1 ! 
! 1 

II 

I \ 

1 
! 
i 

i l l 
"\_i i 1 

' i i I 
i i 

1 ! 

1 ! 

11 

_ 

i 

I 

i 
i 
1 
1 
1 

| i 

n i! 

! i ! 
i i . 

Mi' ___ 

: _^^ 

! 

! 

! 

1 
1 
1 

1 I 

MI 
r \j^ 

*^~' 
1 ! ' 

' ! i 

! 

! 
! 

1 
1 

1 
I 
1 
1 
I 

1 
I 

$10* IQH 2 3 4 56 jQ\ m 

Fig. 7* The dependency of adjusted costs on specific 

heat release of vitrified wastes* 

I. Vitrified waste air cooling at direct con

tact of cooling air with the walls of 

canister containing heat-releasing product. 

31 • Vitrified waste air cooling through the 

walls of cooling tubes. 

HI.Vitrified waste water cooling through the 

walla of containers containing canisters. 



43 

s 

References 

1 . H.H.BepwrHH, n.B.3KMaK0B K #p. B cd ." ^•(•i>pcsal 

of fladiGQcUrt Wastes into Hit faound' IAEA 

'Proc. o/ii/mp. )/Unna , J967.. Vienna 4y6'?,p.44. 
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The discharge into the atmosphere of volatile 

fission-products from nuclear power stations and 

fuel reprocessing plants and the perspectives of 

their retention. 

The fine purification of gaseous wastes from radioolemonfcu 

discharged by nuclear power stations and fuel reprocessing 

plants is one of the most important problems associated with 

the realisation of world-accepted rate of nuclear power develop

ment* The significance and urgency of this problem are now 
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evident in spite of the fact chat among all industrial and 

commercial activities the protection of personnel, population 

and environment is afforded best in nuclear industry and 

nuclear power. Among the different problems arising in this 

connection, particular attention is given to questions concerning 

the removal of long-lived volatile fission products from off-

gases and primarily the elimination of tritium, iodine, radio

active rare gases and the capture of aerosols. 

The short-lived isotopes cf iodine and radioactive rare 

gases are, as a rule, components of the local atmospheric pollu

tion; they define radiation conditions only in the vicinity of 

nuclear facilities. Sue to decay, the radiation hazard from 

these isotopes is eliminated and their contribution to the 

irradiation dose over the large territories is negligible. 

Tritium, krypton-85 and iodine-129 as long-lived isotopes are 

distributed in the atmosphere on global scale, and further 

development of nuclear power demands a comprehensive study of 

possible consequences from environmental pollution by these 

radionuclides. The accumulation of fission gases in nuclear 

fuel depends on burn-up and type of this fuel. The fuel of 

thermal and fast reactors contains: tritium 200 and 2000 Ci/t, 

krypton-85 500 and 20000 Ci/t and iodine-129 10-15 Ci/t, 

respectively. Taking into account that the total nuclear power 

production will attain 4000-5000 millions KW by 2000, the 

expected build-up of tritium, iodine and kryptor. can be calcu

lated/1-4/. 

It is advisable to consider in short the problem of 

propagation of these elements in the environment and to evaluate 
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the possible changes with regard for the expected accumulation 

of tritium, iodine and krypton by the end of this century. 

Krypton-85 formed in the fuel cycle plants is not trapped 

now by special means and is practically released to the atmo

sphere. Reprocessing plants are the main sources of krypton 

releases to the environment. 

As a rare gas, krypton is very weakly sorbed by soils, 

poorly absorbed by ocean waters and is not assimilated by living 

organisms. The predominate process for removal of krypton-85 

from the atmosphere is provided by its radioactive decay (^T/2= 

10,6 years). 

At present, the most part of krypton-85 is essentially 

distributed in the troposphere of the northern hemisphere. Its 

concentration in surface air amounts to 20 pCi/nr. If the nucle

ar power is developed according to the planned rates, radiologi-

cal capacity of the atmosphere for krypton-85 equal to 1,5*10KOI 

will be exceeded by 2000. Annual discharge of krypton by that 

time will be about I,7#I0* MCi and specific activity of air for 

this isotope will reach I0~° Ci/nr. Under unfavourable weather 

conditions the local pollution in the vicinity of reprocessing 

plants can exceed 10-100 times the maximum permissible levels. 

The accumulation of krypton-85 in the atmosphere will result in 

the deterioration of situation on air-separation plants, where 

by 2000 the exposure of personnel can account for 10-15 mrem/year. 

The consumer of stable krypton will receive with each standard 

Iballoonjup to 15 mOi 0?Kr. 

While there exists now a technical possibility to ensure 

tightness of fuel element cans and so to localize the bulk of 
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krypton-85 in spent fuel elements by concentrating the purifi

cation of gaseous wastes from krypton on reprocessing plants, 

it is different with tritium. Owing to its extremely high 

penetrating ability, tritium can diffuse through the fuel cladding 

during reactor operation and release to the environment in the 

form of liquid and gaseous wastes from nuclear power plants and 

in the process of fuel recovery. The data obtained have shown that 

the residual contents of tritium in FBR-fuel in stainless steel 

cans amount only to hundredth parts of the total build-up. Hence, 

in order to prevent the tritium release to the atmosphere, the 

purification of gaseous discharges must be provided on both 

reprocessing plants and nuclear power stations. 

Tritium from nuclear power stations is spread on global scale. 

However, in contrast to the radioactive rare gases, tritium is 

easier oxidized; in the form of HTO-molecule it enters into the 

composition of water sharing the fate of the latter. A comparative

ly rapid penetration of tritium from the atmosphere into the 

environment in the form of liquid wastes results in non-uniform 

geographical distribution of It. In the summer of 1975» for example, 

the concentration of tritium in waters of the lower Danube ranged 

from 130 to 200 tritium units against a background concentration 

in atmospheric precipitation of the order of 10 tritium 

units. At the same time in surface waters, the tritium concent

ration came to 50 tritium units in the Black Sea and 60 tritium 

units in the Baltic Sea /5-7/ in atmospheric precipitation in tho 

USSR. Yet, despite non-uniform distribution, tritium is believed 

to be accumulated mainly in mixing layer of ocean waters. 
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The information about *'I content in the environment 

has been limited so far by the data on the areas of nuclear 

facilities and test nuclear grounds /8/. 

The concentration of iodine-129 in air over some cities 

in the USA constitutes 104- 109 atoms/m3. In air over the 

ocean it ranges from 10 up to 3*10 atoms/m . 

The investigation of the propagation of volatile radio

nuclides abound the sources thereof has shown that before global 

mixing these nuclides axe present in concentrations exceeding 

the background within hundreds kilometres from the pollutant 

, sources. At the mean distances about 100-120 km between the 

nuclear installations in some regions, a f,ield is set up which 

summarizes the discharges from separate installations;it may be 

responsible for hazardous regional radiation effects on the 

environment and population. 

As noted above, the reprocessing plants represent a main 

source of radioactive environmental pollution. Therefore, the 

problem of purification of gaseous wastes is considered everywhere 

ac an inherent aspect of reprocessing technology. Besides, the 

tendencies to restrict the discharge limits have been recently 

advanced on national and international scales. In the USA, for 

instance, it has been announced that the emission rates for 

krypton-85 would be limited by 50000 Ci/year»IO00 IflV. It means 

that the retention of krypton must provide a decontamination 

factor 10-20. To overcome the technical difficulties connected 

with the complete capture of iodine, tritium and krypton, the 

efforts of specialists from many countries will be required; 
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however, the main ways for solution of this problem are already 

outlined at present. The trapping procedures depend on the 

behaviour of these elements during reprocessing. It is known 

that the appreciable releases of fission gases are observed at 

decladding operations.Many factors determine the quantity of 

releases at various stages; so, the absolute quantity for each 

stage cannot be predicted in all cases. Operating experience 

indicates that in the process of mechanical cutting of LWR fuel 

elements, only negligible part of iodine, tritium and krypton 

is released. The main part of these gases is retained by 

the fuel and directed with it to dissolution; then the 

gases are distributed between the gaseous and aqueous 

phases /9/. 

The various forms of iodine present in fuel reprocessing 

plants complicate the problem of its retention. It is usually 

found in the following forms: molecular iodine, iodides, iodafcoo 

and iodo-alkyls (iodo-methyl, as a rule). Some quantity of iodine 

In the composition of initial solutions can reach extraction 

operations and then propagate between aqueous and organic phases 

which can lead to contamination of finite and intermediate 

products. Last circumstance contributes to iodine accumulation 

In washing solutions and to its subsequent uncontrolled discharge 

into the lines of low-level wastes. All aforesaid confirms the 

expediency of iodine retention before extraction. A quite effec

tive method for iodine elimination from solutions after the fuel 

dissolution consists in its removal by air flow (both in molecular 

form and in the form of iodoalkyls) with subsequent absorption 

from air-gas stream by solid absorbent or by solutions. Many forms 
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of solid absorbents are known; they are based on inorganic 

and organic substances containing different impregnators 

(silver and iodine nitrates and others), which assure effective 

retention of iodine: elementary - 99t95£» iodo-methyl - 99,90J&. 

The drawbacks of solid absorbents are their low specific capa

city and difficulties connected with regeneration (for repeated 

use), which is particularly important when reprocessing fast 

reactor fuel with high iodine coatent^*^In this respect, liquid 

absorbents deserve attention: inorganic salt solutions, for 

example, mercuric nitrate and organic dissolvents having a 

greater iodine specific capacity. However, they ere characterized 

by lower degree of iodine vapour retention than solid absorbents. 

Therefore, purification systems including two successive opera

tions: absorption by liquid absorbents and finite capture by 

solid ones, look more promising. At the same time, any method 

of capture is inevitably connected with the problem of safe 

storage of wastes containing iodine-129-

The problem of complete capture and subsequent burial of 

tritium is also of great concern. Tritium distribution between 

liquid and vapour-gas phases requires the development of new 

systems of retention. Vapour phase condensed in cooled traps 

can be collected in a snail volume, but liquid products conL.-iiitinr. 

tritium (condensates aftor evaporation of first cycle raffinaboo) 

occupy a considerable volume; therefore their burial appears 

problematical. At present the possibility of recycling tritium-

containing condensates (and nitric acid) in technological process 

iff studied intensively. 
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Tritium voloxidation with subsequent retention of gaseous 

fission products in minimum volume is considered as a possible 

method for tritium removal. This method is of interest for 

elimination of other volatile products:iodine, radioactive rare 

gases and, perhaps, carbon-14, although the problem of carbon-14 

is one of the least clear owing to the sources of its formation 

and to reliability of its determination. 

The only dangerous radionuclide of rare gases is krypton- 85 

So far the existent fuel reprocessing plants have not been 

equipped with krypton retention syBcems, designed for full power 

of plant. However, in the nearest future such systems, evidently, 

will be established at all plants. The principles on which are 

buied off-gas purifxcation systems for retention of radioactive 

rare gases are different for nuclear power stations and fuel re

processing plants. This is caused by differences in chemical and 

isotopic composition of gaseous discharges. Purification systems 

of nuclear power stations are designed for retention of short

lived radionuclides which in tu^n allows to use as principal 

technological means the systems of provisional gas retention 

established in the discharge transport line. The system provided 

fcr such a process must operate for a long time without periodical 

regeneration of retention means. Short-lived radionuclides of rare 

gases decay and localize in the system without decrease in its 

efficiency. At the nuclear power plants equipped with LWR these 

systems are devised on the base of radioactive raze gases 

adsorption on activated charcoal. As an example of such system, 

we can mention the plant operating at Eolskaya nuclear power 

plant, which permits to decrease 200 limes the activity of rare 
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gas radionuclides; this meets the requirements of radiological 

safety protection. 

For purification of gases released from reprocessing plants 

the processes of low-temperature rectification, low-temperature 

adsorption and method for selective absorption by fluorocarbons 

can be used. All the other known methods of radioactive rare gas 

absorbtion ere not considered as they cannot be used on industrial 

scale. 

The low-temperature rectification and adsorption processes 

are more advantageous not only because of effective retention but 

also because they ensure the separation of krypton and xenon. It 

is necessary to note that gaseous discharges of fuel reprocessing 

plant can be used as a source of stable xenon production, this 

4 

source is 10 times as rich in xenon as air. At a plant reproces

sing 5 t/day of nuclear fuel it is possible to produce 

1000 nr/year of expensive stable xenon,the demand for which 

increases continuously.. Utilization of stable xenon obtained 

from off-gases can considerably compensate the costs of equipment 

for retention and separation of rare gases. 

Among the methods of storing krypton-85 trapped in the process 

of gas purification the most promising are: pumping in special 

underground storages (geological strata), in tanks under pressure 

and also conversion in the form of clatrate compounds. 

The problem of volatile fission product trapping is closely 

related to the task of air-gas discharge purification from radio

active aerosols formed in large amounts at fuel reprocessing 

plants. By their nature these aerosols can originate from conden

sation and dispersion* They are present mainly in the form of salt 

mist and acid mist, the weight concentration of dispersed phase 
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being of dozens milligrams and in some cases of several grams 

per cubic meter of gas. The basic radioactivity of mists is 

accounted for the particles less than 1,0 jum in size. 

For protection of environment and plant territory against 

aerosol pollution, it is necessary to create a reliable conti

nuous purification system with decontamination factors ensuring 

permissible releases to the atmosphere. 

The experience of radioactive mist trapping has shown that 

the fibrous filters are the most reliable as they offer the 

necessary degree of purification and do not require special 

maintenance. 

At present, self-cleaning fibrous filters are developed and 

used* According to their function they are devided into prelimi

nary and fine filters. The process of filter self-cleaning is 

based on the fact that liquid particles precipitated on fibers 

under the action of various forces move in filtering layex* and 

are removed from it. The filter characteristics remain constant 

in time. 

The external and internal mechanisms of filtration with 

coarse and fine fibrous filters including the behaviour of liquid 

on fibers and in filtering layer and all changes of the layer 

which take place when liquid is in the filter as, for example, 

formation of secondary drops on ultrafine fibers, are well studied 

and described in the papers of soviet specialists. Self-cleaning 

filters with fine fiber-glass are developed for which the forced 

elimination of liquid Is not required. To overcome the capillary 

forces preventing the liquid from flowing, in fine filters the 

filtering layer is disposed vertically and its height is consi-
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derably greater than that of capillary liquid rise in filtering 

layer. These filters are fabricated in different modifications 

(wedge-type, cylindrical) with filtering layer surface of 1,5-5,6 ir/% 

they are used as long-term technological equipment /12-16/. 

The fuel reprocessing and fabrication involve operations 

accompanied by formation of great quantity of dry dust. In some 

instances this dust is an important produet which must be returned 

in technological process. In the last few years for cleaning the 

gases of dust, the gauze filters have found ever increasing use. 

These materials have a high collection efficiency for hard partic

les, and operate well at low and high temperatures (up to 500°C). 

The gauze filters possess a good strength and corrosion resistance, 

they are easy in fabrication and in contrast to metal ceramics 

filters have a much lower aerodynamic drag. 

In -the USSR, the- gauze filters are widely used for removal 

of dry radioactive dust from off-gases. The efficiency of filters 

operating in regime of self-filtration is 95-99% for mean particle 

size of less than Ipm, and 99»5-9919% for particlo size of 2,5-3jwa. 

Filtering gauzes are usually fabricated of heat-treated stainless 

wire -with the size of 0,09/0,055 mm and 0,064/0,052 mm.Permissible 

dust concentrations are 40-50 g/m< /17,18/-

Operating experience shows that it is wise to use the gauze 

filter for primary gas cleaning at high dust concentrations in 

gaseous discharges* 

The recent progress in research efforts and design studies 

allows to express assurance that the existing systems of aerosols 

and dust collection combined with complex schemes of volatile 
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products removal /iJJ-23/ wi l l make i t possible to protect en

vironment and people against pollution connected with operation 

of nuclear power s ta t ions , nuclear ins ta l la t ions and fuel r e 

processing plants which undoubtedly wil l promote the r e a l i z a t i 

on of envisaged r a t e of nuclear power development. 
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14. H.B. IleTpflHOB, E . $ . Câ OBCKHM. TKaHeBtie K BOJioKHHcrue 

$HJiiTpH. TeopHH, wmow Hccjie^OBaHufi, 3KCiwyaTaunH. Ctfop-

HHK flOKJiaflOB CHMno3Hywia, IIAII, BHCJia-IIapTeHHMK, 1975. 

15 . E . S . CaflOBCKHii. T.M. Badeprjraa, H.JI. Po3eHdjnoM, H.B. Ile?-

psHOB, JIAH CCCP, 202, & 4 , 886, 1972. 

1 6 . E . $ . Ca^OBCKHH. IIpOMHIMeHHOCrL H CailHTapHafl OHHCTKa r a 3 0 B . 

J& 3 , 14, 1975. 

17. A.C. Man̂ pHKO, H.JI. IleiicaxoB. "0 BbicoKOTeMnepaTypHoM H OKO-

pocTHOg $MBTpamiK a3po3cweM H MeTajuiyprHH peflranc w. ipeTimx 

MeTa^JiOB". ilBerHue MeTaJuiu, J£ I I , 1970.c.57 

18. A.C, Mannpiuco, H.JI. IMcaxoB. "HeKOTopue csoricTBa MeTajuio-

TKaHeii Kait pjn.TpyiouiHx MaTepnajioB ;yw odecntuiHBaiiiiH Texiio-

jionwecKKX ra30B", M., Hay*HHe Tpy;m rupejweTa, T . 40, 

c . 74, 1972. 

19. H.E, HaxyTHH, H.M, CMwpHOBa, B.M, ManapoB, r .A. JIOIUQKOD, 

r .A . JlayuiKHna, B.H, flpoiuKHCKHii. y^ajieime pajtuoaKTHBHoro 

K0«a H3 rasoB. ^eTBepTaa Mesflyiiapofliiafl KOHjepeimwH 00H no 
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OH THE STORAGE OP HIGH ACTIVE WASTES ARISING 

PROM WER SPENT PUEL REPROCESSING. 

The steady growth of nuclear power puts in the forefront the 

problem of radioactive waste disposal, and the specialists at all 

stages of fuel cycle are responsible for the solution of this prob

lem. 

Many difficulties are connected with the development of 

management means for high active liquid waste arising mainly 

from raffinates of head extraction reprocessing cycle. 

The experience obtained shows that the reprocessing of 1 ton 

of spent fuel burnt up to«» 30000 Mwi'd/t U gives about 3 w? 

of high active liquid waste containing 300 Ci/1 of B —active 

fission products and 0,6 Ci/1 of cL -emitters. The volumes of 

these soluti<.".s can be reduced by evaporation; simultaneously 

with this process nitric acid is regenerated and tritium is locali

sed in condensates* The concentration of solutions by evaporation 
3 

can reduce the waste volume to 1 or per 1 t U, but its activity 

increases up to 1000 Ci/1 for 6 —emitters and 2 Ci/1 for 

<JL -emitters. 

So, the reprocessing of 1 t of spent fuel resufes in 1 nr 

of liquid HAW. Taking into account that each million of nominal 

electrical power of WER corresponds to annual discharge of 40 

tons of spent fuel, tha overall power of nuclear plants 20 mini
's 

ons KW points to the accumulation of 800 nr of liquid HAW per year. 

The disposal of ths.se wastes through radioactive decay re

quires to store them for some hundreds years. Besides, it is known 

that HAW storage in liquid form is expensive, complicated and 

unreliable, because such storage necessitates to remove the heat 

due to radioactive decay and to blow the storage facility with 

http://ths.se
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air in order to dilute the hydrogen formed during radiolytic 

decomposition of solutions. As the service life of storage faci

lity is about 20-25 years, the need for construction of additional 

tanks instead of failed ones remains. In this case for the future 

construction and operation of storage facilities would pass to 

next generetions. 

Naturally, jmch a perspective leads to development of some 

alternative methods for liquid HAW management, particularly the 

vitrification which provides the inclusion of radioactivity into 

a solid matrix resistant to thermal, chemical and radiation impacts. 

Howevw at present, in spite of UVtensive search for effective 

methods of solidification, the storage of liquid wastes is widely 

used as an intermediate, but necessary measure. 

As a rule, HAW are stored in large metal tanks (from tpns to 

thousands cubic metres). During radioactive decay, so much heat is 

released, that in the case of irregular storage the spontaneous 

violent boiling of solutions may occur. Thus, the wastes are 

categorized in boiling wastes and non-foiling ones. The boiling 

wastes are to be stored in such a manner that the boiling process 

would not lead to explosion and activity spread. 

For oafety reasons, careful and constant supervision is requi

red as regards liquid level, temperature, gas phase composition, 

keeping from precipitation. For this purpose each tank is equipped 

with air cir-cular pumps and coolingcoils. Off-gases from storage 

facilities are diluted with blowing air to eliminate the formation 

of explosive concentration of hydrogen released during radiolytic 

decomposition of water. 

Storage tanks are constructed of stainless steel or steel-

lined reinforced concrete. Each tank is enclosed in a concrete 
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vault lined with steel which is designed for waste containment 

under unforeseen circumstances and for prevention from radio

activity leakage into the soil. 

The storage facilities have radioactivity leak detection 

system. At the stations for waste disposal there is a distribu

tion board wich enables to remotely direct the wastes from one» 

tank to another, required. 

However, all the safety provisions do not exclude the 

corrosive damage of tanks; hence the service life of tank does not < 

exceed 20-25 years, then it must be replaced. | 

It is known that the most heat released from the radioactive 

90 1V7 
wastes after 10-years storage is due to decay of •* Sr and -"Os. 

The removal of these isotopes along with transplutonium elements 

has also some advantages. The liquid radioactive waste free from 

90 1VI 

* Sr and ^ Cs may be located into the storage facilities for 

nonboiling wastes. 

One of the essential measures for interim HAW storage safety 

is constant control of the adequate dilution degree of gaseous 

wastes, which excludes the formation of explosive dangerous con

centration of hydrogen. 

The calculation of air volume to be delivered to tanks for 

hydrogen dilution may be represented as follows: 

- radiation-chemical yield of hydrogen at internal p> —irradiation 

of solution is taken as 0,5 M/100 eV; 

- tank volume 1000 nr; 

- activity of fission producte in solution 1000 Ci/1; 

- average energy of B» -particles in solution is assumed to be 

I MeV. 
On the basis of initial data, the dose absorbed by solution 
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per minute of storage in tank in equal to 2,2.10*' eV, which 

gives rise to formation of 414 1 of hydrogen for a minute. 100-fold 

dilution preventing the formation of explosive gas mixture neces

sitates additional air blowing with throughput 40 nr per minute. 

Off-gas cleaning system includes aerosol flitres; their 

efficiency enables the gas purification up to 0,012 mg/nr under 

normal operating conditions and up to 0,02 mg/nr in emergency 

cases. The tank is equipped with a condenser for trapping radio

active vapours. 

The interim storage facility must be located on a site where 

hardly permeable surface layer is 10 m thick above ground water 

table. 

The practical experience of HAW storage facilities shows that 

the safe storage can be proviled only following all the technical 

instructions given above, which requires considerable capital 

investments. 

To compare two methods for liquid HAW management (storage in 

tanks and vitrification), technical-economical evaluation of these 

methods was given, considering that the throughput of the plant 

is 5 t/d for W E R fuel. The calculation indicates that the capital 

investments !- the construction of vitrification facility amount 

to 15,1 rain roubles, annual operation costs for this facility 

account for 2010,0 thousands roubles. Started from 1500 nr wastes 

per year, the cost price of 1 nr vitrification would attain 1340,0 

roubles. 

The calculations of operation costs and cost prices for 

storage in tanks is about 12% higher than cost price of vitrifi

cation. Besides, the calculation shows, that the capital costs 

of HAW storage facilities (service life 20 years) exceed capital 
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costes of vitrification by a factor of 2,2. 

It should be noted however that the methods for vitrifica

tion of liquid HAW are insufficiently examined under industrial 

conditions; therefore actual cost of this method can vary to 

some extent. 

It should also be emphasised that the efficiency and safety 

of liquid waste storage as temporary method for HAW management 

can be optimized by preliminary isolation of cesium, strontium 

and transplutonium elements, the use of which also contributes 

to reducing the fuel cycle costs. 

Table 1. 

Annual operation costs and price costs for storage 

of 1 nr3 of HAW solution. 

Items Por first 5 years 
After 15 years and to 

the end of the storage 

Annual costs Price costs Annual costs Price costs 
in thousande of storage in thousande of storage 

of 1 m-* in roubles of 1 mr in 
roubles roubles 

roubles 

1 
Materials 3,0 2,0 

Energy consump
tion 

Labour costs 

Depreciation 
expenses 
(Amortisation) 

Maintenance 

Overhead and 
other expenses 

32,0 

50 

1609 

123 

3e,o 

21,0 

33 

1073 

82,0 

25,0 

5 

47 

1606 

493,0 

115,0 

4,0 

31,0 

1070 

329,0 

76,0 

total 1855,0 1236,0 2266,0 1510,0 
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Evaporators in the USSR 

To evaporate high-level liquid wastes (HLLW) a higher reli

ability equipment is used(3l—4/ e.g., an evaporator with an exter

nal annular heating chamber (fig. 1). The fixing of tubes in the 

heating chamber is accomplished on the outside of the annular 

ends, therefore to repair and eliminate leakages in such a cham

ber the whole evaporator need not be dismantled. The particular 

evaporator has a capacity of up to 5o nr/day. An evaporator with 

a conventional external heating chamber (fig.2) has been devel-

oped having a capacity of more than 50 nr/day. 
7 

When evaporating high-level liquid wastes 13 time concen- , 

trating is achieved. Nitric acid is regenereted for re-use. 

Tanks for High-Level Liquid Wastes 

in the USSR ( 5.5 ) 

High-level liquid wastes (HLLW) from evaporators are trans

ferred through a system of tubings to a HLLW storage, which is 

near the source of waste formation. A storage is a system of 

constructions that ensure safe storing HLLW at least for several 

decades. 

The storage design envisages the possibility of remote 

servicing the transfer of wastes into tanks and out of them, 

mixing, cooling and other operations; remote control of variables 

in tanks (temperature, pressure, acidity and waste level); 

reliable gas-exchange in tanks prevent from forming explosive 

air-hydrogen mixtures and dangerous gas pressure rise. 

The storage is situated in cone—rete canyons and consists 

of a group of tanks in the form of vertical cylinders. The volume 
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of each tank is several hundred cubic meters (to 1200 nr). 

A group tanke holds 7500 nr of HLLW. The schematic representation 

of a tank is shown in fig./3/. Tanks are fabricated from acid -

resisting stainless steel. In the event of leakage inner tanks 

are placed into outer ones also fabricated from stainless steel. 

Tanks are connected with one another by a system of tikbings in 

such away that when it is regirea it is possible to transfer 

wastes from one tank into another. Tanks have a cooling system 

that consists in tube heat-exchangers through which cooling 

water is circulated. The temperature of liquid wastes is main

tained below 50°0 to decrease evaporation of HLLW and tank cor

rosion. 
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