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Abstract

In this paper, based on preliminary experimental studies, an improved scheme for cleaning of laundry
water is offered which allows reuse of water and components of laundry solutions and produces low amounts of
secondary radioactive waste. The principal feature of the proposed process is that waste water from rinsing (60-
80% of the total volume) is processed by hyperfiltration, but waste water from the laundry (20-40% of the total
volume) is treated by ultrafiltration. Concentrates after reverse osmosis desalination of waste liquids (after
rinsing) contain a majority of laundry waste components, since a hyperfiltration membrane efficiently retains
salts and surfactant molecules. Desalinated water (permeate) after hyperfiltration is reused, further reducing the
volume of liquid wastes.

1. INTRODUCTION

A special laundry is needed on most nuclear power stations and other major nuclear facilities,
for cleaning clothing contaminated with radioactive materials. Cleaning of waste waters from such a
laundry presents a difficult task because of the following reasons:

• laundry solutions have a high salt content (greater than 5 g/1),
• surfactants cause foaming in evaporators, used for cleanup of radioactive liquids at nuclear power

stations,
• cleaning of the laundry solution by removing from it all components causes the loss of valuable

components of laundry solution.

Levels of radionuclides in "dirty" working clothes in nuclear power stations can reach high
values. Table I shows average values of contents of radionuclides in worker clothing in nuclear power
stations of Russia (information presented by main institute of Russia on Usage of Atomic Power
Stations — VNEAES).

TABLE I. AVERAGE VALUES OF CONTENTS OF RADIONUCLIDES IN THE WORKER
CLOTHING, RECEIVED IN SPECIAL LAUNDRY OF RUSSIAN NUCLEAR POWER STATIONS

Radionuclide
ZP(137Cs)
3+Mn
51Cr
60Co
59Fe
137Cs
134Cs

Specific content, Bk/kg
8,7-103

l,6-103

l,4-103

l,0-103

6,5-102

6,0-102

2,7-102

In atomic power stations the special laundry waste is cleaned in evaporators together with other
radioactive liquids. Distillation is an expensive way of cleaning water, since distillation of 1 m water
requires approximately 288 MJ heat energy. Atomic power stations have inexpensive sources of heat
(including steam for heating of evaporation apparatus), but in other radiochemical facilities,
distillation is uneconomical, so in these facilities, laundry wastes are cleaned other ways. Even for
atomic power stations, cleaning of laundry waste by distillation is undesirable, since surfactants cause
foaming in evaporators and reduce the efficiency of water treatment.



There are two possibilities for cleaning of special laundry waste:

• cleaning of radionuclides only from water,
• cleaning of all chemicals (including surfactants) from water.

The first option is possible, when waste from which radionuclides are removed, can be
discharged into the general sewerage of the town or region. The second one is more likely in large
cities, where discharges to sewage are strictly controlled.

In first case, for the cleaning of radionuclides from water, it is possible to use [1—3]: filtration
(to remove radionuclides on suspended particles), sorption on selective inorganic sorbents, a
precipitating reagent followed by filtration and/or ultrafiltration, and a method of selective
complexing following ultrafiltration.

In second case the main problem is the removal of surfactants. The methods used most often for
the cleaning of surfactants are [4]: biodegradation in settling ponds, sorption (as inorganic precipitates
using coagulation reagents, on ion-exchange resins, on charcoal) and flocculation. Also known [5] is
use of an ozonation for destroying surfactants and reverse osmosis for the deep cleaning of water from
all chemicals [4].

2. SPECIAL LAUNDRY OF MosNPO "RADON"

The contents of oc-nuclides in the "dirty" work clothes, entering the special laundry of MosNPO
"Radon", are low, in contrast with the atomic power stations. However, in this case clothes can be
contaminated with oc-nuclides and non-radioactive toxic chemicals (Hg, Be etc.). Concentrations of
radionuclides in water, discharged from laundry machines, depends on the radionuclide content in
"dirty" working clothes, but can reach significant values. For instance, during May 1998 to September
1998, maximum concentrations of radionuclides in laundry solutions reached values of oc-nuclides up
to 12,1 Bk/1 and oc-nuclides up to 340 Bk/1.

Not all worker clothing is contaminated by radionuclides, so the fraction of non-radioactive
water, discharged from washing machines of special laundry of MosNPO "Radon", is more than 40%
(Fig.l).

The special laundry of MosNPO "Radon" in the city Moscow, discharges into the city sewage
system so it is necessary to remove all toxic chemicals to safe concentrations, defined by different
specifying documents.

3. TREATMENT OF LAUNDRY SOLUTIONS BY ULTRAFILTRATION

Earlier [3] Kichik et al have shown that it is possible to decrease secondary radioactive waste at
special laundry of MosNPO "Radon", by reuse of the laundry solution, cleaned of radionuclides. For
cleaning of radionuclides from water, a method KOUF "coagulation and complexing with next
ultrafiltration" is used. It uses coagulants reagents, transforming radionuclides to a form, which
cannot pass through ultrafiltration membranes (as colloids and other forms). For example,
hexacyanoferrate Ni or Co is used for precipitation of 137jl34Cs, polyacrilic acid (PAC) - for
complexing 60Co, etc. The recovered surfactants are added to cleaning water, and returned to the
laundry.

When using the method proposed by Kichik et al [3], two problems appear: (1) an accumulation
of micro-organisms (growing of micro-organism colonies) in concentrate in the ultrafiltration facility
and tanks; and (2) difficulties in maintaining required chemical composition of laundry solutions.
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FIG.l. Share of different sewage, discharged from washing machines of special laundry ofMosNPO
"Radon" (May-September 1998).

Both problems are sufficiently serious, since accumulation of micro-organisms can bring about
clogging of passages in the membrane devices and membrane pores, unpleasant odors and,
biodégradation of polymeric material of the water cleaning facility. Maintenance of proper chemical
composition of laundry solution is necessary for efficient cleaning of worker clothes and footwear.
There are six different compositions of laundry solution which are used in the special laundry of
MosNPO "Radon".

A small investigation was conducted of changing the chemical composition of laundry solution
using ultrafíltration and studying the influence of micro-organisms in concentrates on the efficiency
of the ultrafíltration facility. The lay out of the experimental apparatus is shown in Fig.2.

All experiments were conducted on real laundry solutions of the MosNPO "Radon" special
laundry. Leaving the laundry, the solution from the washing machine 1 (volume of laundry solution
300-500 1) passes through a filter for removing particles more than 100 цт, is collected in tank 5 and
concentrated by processing in spiral ultrafiltration apparatus 7 (average size of membrane pore 5 • 10"8

m). The solution (permeate), passes through the ultrafiltration membrane, and is accumulated in tank
8. Four cleaning cycles of the laundry solution were conducted and concentrate was accumulated in
tank 5. Concentration of laundry solution (in tank 5) by a factor of 72 was achieved. The time lag
between processing different parts of the laundry solution was 13, 26 and 9 days, respectively.

The ultrafíltration apparatus was washed after completion of concentrating of the laundry
solution. The wash water was run in the reverse direction in the ultrafiltration apparatus in order to
clean the spiral ultrafíltration element of biological silts, which had accumulated in the inner space of
the ultrafíltration element. Water with the silt particles (from the ultrafíltration apparatus) was filtered
again and directed to the ultrafíltration apparatus.

Experimental results (Fig.3) show that the capacity of the spiral ultrafíltration apparatus
continuously decreases due to contamination by biological organisms. After flushing of the membrane
apparatus its capacity had regained 75-80% of its initial capacity.



FIG.2. Schematic diagram of pilot ultrafiltration facility for cleaning of laundry solution: 1 —
washing (laundry) machine, 2 — polyethylene container (40 I), 3,6 - centrifugal pump, 4 - filter with
hydrophobic stringy material (10 I), 5 - intermediate tank, 7 - spiral ultrafiltration apparatus, 8 -
permeate tank, 9 — manometer.
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FIG. 3. Variation of ultrafiltration apparatus capacity with time: 1—4 - cycles of concentrating
laundry solution, 5 - washing (workingpressure in the ultrafiltration apparatus 0,17-0,2 MPa).
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FIG. 4. Dependency of chemical content of laundry solution with time: 1—3 - cycles of concentrating
of laundry solution. Chemical content is defined as the weight of the dry remainder in the sample of
the laundry solution after evaporation of water at the temperature +110 "C.

Small changes in the concentration of the laundry solution (Fig.4) possibly explain precipitation
of part of the chemicals in the sediment, which mainly collected on surfaces, but partly settled on the
bottom of tank 5. The chemical content of the permeate is 3% to 35% of that of the concentrate. When
cleaning the laundry solution by ultrafiltration, the concentrate pH does not change or falls by 0.1—
0.15 pH units from the used value while the permeate pH does not change or increases by 0.1-0.3 pH
units compared to laundry solution.

Results of chemical composition analysis of concentrate and permeate (table II) have shown
that the chemical composition of laundry solution changes little during ultrafiltration and mainly
depends on use of different reagents by special laundry operations. It is seen that the ultrafiltration
membrane delays organic molecules, but ions, Ca2+, Mg2+sFe2+s3+' PO43". Ions Na+, K+, NH/ , Cl", NO3"
are not delayed by the ultrafiltration membrane. Concentrations of ions HCO-f and CO32" depend
strongly on pH of the laundry solution (so named "carbonate balance"). Accuracy of chemical
analysis of SO4 " ions did not allow a degree of cleaning of laundry solution by ultrafiltration to be
determined for these ions.

Experiments on ultrafiltration of laundry solution have shown that cleaning coloured work
clothing results in a coloured laundry solution. After ultrafiltration the permeate also has a colour,
though of a smaller intensity.

Electro-oxidization in a two-chamber tubular electrolyzer with a porous diaphragm (1 |um,
TiOi) was used for eliminating discoloration of the permeate of the laundry solution. Experiments
have shown that it is possible to decolorize laundry solution by oxidation of different organic
substances using oxychlorides and chlorine, which are formed on the anode. The optimum process
scheme is passing of coloured laundry solution through the cathode chamber, then through the anode
chamber of the electro lyzer.



TABLE II. CHEMICAL COMPOSITION OF LAUNDRY SOLUTION BEFORE AND AFTER
ULTRAFILTRATION (C — CONCENTRATE, P — PERMEATE)

Chemical content, g/1
pH

Permanganate
oxidation, mg/1

Surfactants, mg/1
Na',g/1
K ,mg/l

NH4 , mg/1
Mg , mg/1
Ca2 ,mg/l
Fesum, mg/1
Cl", mg/1

NO3", mg/1
SO4

2", mg/1
HCOj", g/1
CO3

2", g/1
PO4

3", g/1

1 cycle
C

4,24
7,38
411

6,1
1,82
12,0
6,0
14,6
24,1
0,56
62

1,34
2,4
1,93

<0,01
1,56

P
3,85
8,30
68

2,4
1,79
14,1
7,6
10,9
8,0

0,26
57

0,97
<0,l
2,37
0,12
1,38

2 cycle
P

2,93
7,35
133

7,4
1,01
48,1
10,4
25,3
20,5
0,20
27

21,10
3,8
1,77

<0,01
0,90

3 cycle
C

3,10
7,60
170

7,2
1,32
23,6
12,9
23,1
20,0
0,55
58

<0,01
1,0
1,47

<0,01
1,56

4 cycle
C

2 22
8,40
129

10,7
0,80
16,6
13,0
13,4
12,0
0,25
83

0,06
19,0
1,46
0,09
0,48

P
2,13
8,50
113

6,9
0,79
16,6
10,4
11,1
8,5

0,18
85

<0,01
40,0
1,40
0,13
0,45

To intensify the oxidation of organic substances, it is possible to increase the content of Cl-ions
in laundry solution by adding NaCl. Oxidation causes precipitate to fall out, so it is necessary to filter
the solution to obtain a clear liquid.

The experiments conducted have shown that the laundry solution can be reused after
ultrafiltration, if it is processed by electrooxidation, followed by filtration and washing substances are
added (surfactants). The main condition for reuse of laundry solution is a periodic disinfecting of
tanks and other apparatus to prevent development of micro-organisms. Finally, it is not possible to use
polymeric ultrafiltration membranes, since the majority of oxidizers can destroy the active fine-porous
layer of such an ultrafiltration membrane.

4. PRINCIPAL TECHNOLOGICAL SCHEME FOR TREATMENT OF WASTES OF MosNPO
"RADON" SPECIAL LAUNDRY

The other waste stream of the special laundry is the rinse water. This water is collected after the
rinsing of laundered work clothes. It has a chemical composition, close to the composition of running
water, and forms from 60% to 80% of all waste. This water is also subject to cleaning since it
contains surfactants and other toxic components of laundry solution, though in smaller amounts. The
chemical content of rinsing water of special laundry of MosNPO "Radon" is from 0,5 g/1 to 1 g/1.

The optimum way a cleaning water of low mineral content is reverse osmosis (or hyper-
filtration). This method removes from aqueous solutions any impurities (ion molecules, colloids), and
it is necessary in the event of special laundry waste. Reverse osmosis is well studied [6] and allows
concentration of aqueous solutions up to salt content of 30-60 g/1, depending on the hardware used
and composition of water being treated.

Therefore, when processing the waste rinse water by reverse osmosis it is possible to expect a
decontamination factor from 30 to 120.

Fig.5 shows the schematic diagram of the facility for treatment all waste of the MosNPO
"Radon" special laundry. It is planned that this facility will start operation in 2001.
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FIG. 5. Schematic diagram of installation for the treatment of radioactive water of special laundry.
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