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Abstract

Treatment of radioactive wastewater streams is receiving considerable attention in most countries containing nuclear
reactors. Among these countries is Egypt, which has two research nuclear reactors. The first research reactor
ETRR-1 is being operated since 40 years resulting in accumulation of large quantities of wastewater collected in
special drainage tanks SDTs. Previous attempts were aimed at the volumetric reduction of streams present in SDTs,
by reverse osmoses system. The proposed RO system previously succeeded in reducing the water volume present
in SDTs from 450 M3 to 50 M3 (during the period 1998 to 2000). The main drawbacks of the RO system is the
additional amount of secondary wastes (turbidity and emulsion filters media replacement, and the excessive
amounts of chemicals for the membranes cleaning, flushing, and storing), and a limited contaminant release in the
SDTs area, resulting in the decommissioning of the RO system. Meanwhile, the SDTs waste contents recently
reached 500 M3 , resulted from the inspection project of ETRR-1.

Recently an invention of a system for volume reduction of the wastewater streams present in SDTs has been
achieved. This system substantially utilized the air conditioning and ventilation techniques in water transfer from the
wastewater to air. This process is promoted by a mutual heating and humidification of a compressed dry air
introduced through SDTs (or in another tank). From the probable release of radioactive nuclides point of view, the
analysis of the evaporation of waste streams present in SDTs have been indicated that the proposed optimal
evaporating temperature is round 75 'C. The design curve of the daily volumetric reduction of the wastewater
streams versus the necessary volumetric airflow rates at different operating temperature has been achieved. The
evaporating temperature varied from 40 C to 95 C with a step of 'C. The obtained curve illustrates that the
required volumetric airflow rate utilized to evaporate one m3 /day (when maintaining SDTs at the temperature 75 C)
is less than go M3 /h. The assessments of the obtained curve have been indicated that this system is feasible and
viable, economic and has no secondary waste residuals. Recently, an experimental facility proposed to be
constructed to obtain the optimal operating parameters of the system, regarding to the probable emissions of the
radioactive nuclides within the permissible release limits.

1 - General

The management of the radioactive wastes has become a major concern particularly with regard to the
release of radioactive material to the environment and possible risk of contamination. The development of rational
and acceptable options for radioactive waste disposal requires a clear understanding of radiators protection
objectives and their application in planning, regulation, and licensing. Considerable progress has been made over
the past three decades within many countries utilizing nuclear reactor to develop strategies for management of
nuclear wastes. All wastes should be managed in such a way that high standards of conditioning are maintained and
that potential hazards originating from their disposal are reduced to levels that are as low as reasonable and well
below admissible levels [1].



2- Radioactive wastewater Volume Reduction

At present, the research development work for the treatment of the low and intermediate level of radioactive
wastes is concentrated on saving energy and rising efficiency. Evaporation, ion exchange, and filtration have been
widely used in the treatment of the liquid wastes 2].

The evaporative techniques include,
• Submerged combustion evaporator technology that was modified for treatment of low-level radioactive

liquid wastes 3],
• Thermal evaporator where the water vapor from the evaporation process is condensed, filtered, and can

be pumped through an ion exchange bed before transfer to retention basin. Meanwhile the non-
condensable portion of the vapor is filtered 4 and continuously monitored before venting to the
atmosphere [5].

• Infrared heated method, which is ideal for concentration of small amounts and low or medium radioactive
liquid wastes 6].

• Solar evaporation basins for low level radioactive wastes[7], and
• Solar evaporating ponds for low level radioactive wastes 8].

The ion-exchange method is costly process; therefore, it is used for purification of low radioactive waste
where the loss of radioactive materials is less than in the evaporation methods 9]. The ion exchange can use as a
polisher and for cesium removal up to 99.83% without interference from other species 11 0]. Meanwhile, precipitation
and flocculation processes give low degree of purification. Membrane processes offer intermediate purification at
reasonable cost [1 1 ]. Meanwhile, reverse osmosis and filtration is a novel process of the low-level radioactive waste
management 12], and have been widely used using different types of membranes. Freeze-drying is one of the new
methods 13].

3- Problem Identification
Treatment of radioactive waste streams is receiving considerable attention in most countries containing

nuclear reactors. Among these countries is Egypt, which has two research nuclear reactors. The first research
reactor ETRR-1 is being operated since 40 years resulting in accumulation of large quantities of wastewater in the
special drainage tanks SDTs. Previous attempts were aimed at the volumetric reduction of waste streams present in
SDTs, by reverse osmoses system. The proposed RO system previously succeeded in reducing the water volume
present in SIDTs from 450 M3 to 50 M3 (during the period 1998 to 2000). The main drawbacks of the RO system is
the additional amount of secondary wastes (turbidity and emulsion filters media replacement, and the excessive
amounts of chemicals for the membranes cleaning, flushing, and storing), and a limited contaminant release in the
SDTs area, result in the decommissioning of the RO system. Meanwhile, the SDTs wastewater contents recently
reached 500 M3 , resulted from the inspection project on the ETRR-1, which used an excessive amount of inorganic
detergents included EDTA, ammonia, and citric acid, which drained ultimately to SDTs.

M3. Fig.(1) Illustrates the ETRR-1 special drainage tanks. Two identical tanks each have a storage capacity of
300 As shown in the figure, each tank has a concrete cylindrical shape with upper and lower bonnets structure
with a steel lining at the basin and walls. The inner diameter of the tanks is 10 meters. The upper and lower bonnets
heights reach about 1.5 m each, while the cylindrical wall reaches about 38 rn height. A cylindrical concrete hatch of
1 m diameter and 2 m height is located at the top of the upper bonnet. The tanks are equipped with a set of drain
and air vent piping, and manholes.

ETRR-1 special drainage tanks wastewater, recent analysis is given in Table (1). In this table both the
identified radioactive nuclides and corresponding activity concentration are given.
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Fig. (1) Special drainage tanks and piping drawings.
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Table (1) ETRR-1 Special Drainage Tanks Wastewater Analysis

Activity analysis

Identified radioactive Activity concentration, Mass concentration
nuclides Bq/L
Na-22 3.9 ± 0.15
Co-60 49.3 ± 17 1.2 pg/L
Sb-125 76.6 ± 62 1.95 Pq/L
Cs-1 34 44.6 ± 23 0.93 pg/L
Cs-137 2683.6 ±15.6 0.83 ng/L
Ce-1 44 127.2 ± 0 < 0.01 pg/L

Organic analysis

Element to be analyzed Result Units

Sulphate 84.4 ppm
Chloride 53 ppm
Nitrite Not detected
Nitrate 350
Ammonia 0.55 ppm
Phosphate 1532.7 p g/L
TS 404
TDS 388 ppm
TSS 16 ppm
COD 6 ppm
pH 7.94
Conductivity 577 1 P /cm

Table 2) Average Meteorological Conditions at nshas Site.

Average Air temperature, T,, OC Relative Wet-bulb air Calculated Air Properties
humidity Temperature

Year Average Absolue Absolue (P % Taw C w M, 3 Ma/M3
months monthly maximum minimum kg, kg/m kg

/k9a
January 12.2 29.5 1.6 55 8.3 0.0049 0.0094 1.212
February 13.3 33.4 1.6 47 8.4 0.0045 0.0054 1.209 1
March 16.5 38.5 3.4 44 10.7 0.0052 0.0062 1.193
April 20.3 44.9 5.7 37 12.8 0.0056 0.0065 1.177
May 24 146 10.7 34 15.2 0.0064 0.0074 1.161
June 26.7 47.5 1 3 36 17.5 0.0080 0.0091 1.147
July 27.5 42.9 1 6 42 19.2 0.0098 0.0111 1.141
August 27.3 42 17.2 45 19.2 0.0103 0.0118 1.141
September 25.3 42.4 14.6 49 18.5 0.0100 0.0115 1.150
October 23.1 40.3 10.4 50 16.8 0.0089 0.0100 1.160
November 19 37.7 .7 53 13.8 0.0073 0.0087 1.179
December 14.1 30.4 1.3 55 9.9 0.0056 0.0067 1.202

4- Recent Innovated Method for Radioactive Wastewaters Bubbling Volume Reduction (RWBVR)

4-1 Physical bases 14]

The vapor emitted from the wastewater (or any substance) exerts pressure known as vapor pressure, and as
the temperature of the wastewater is raised, the vapor pressure increase because of increase of evaporation. When
the local vapor pressure above the wastewater becomes equal to the total pressure because of heat, boiling will
occur. For most solids at ordinary temperatures and pressures, the vapor pressure is small or negligible, noting that
the vapor pressure can become important even for metals at elevated temperature and reduced pressures.
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Conversely, when a solution of two or more volatile substances is heated, the resulting vapor will contain all
substances, although generally in properties different from the original solution. A higher percentage of the more
volatile vapor is normally evaporated first; this principle forms the basis of the process of desalination.

The air above the wastewater contains water vapor (moisture), is known as humid air. The maximum amount
of moisture content is dependent on the air temperature. It increases by the increase of the air temperature until the
saturation conditions, at which no more water vapor is released from the wastewater. The weight of water vapor
contained in a volume of air is defined as the absolute humidity. Meanwhile, the ratio between the actual water vapor
content and the saturated water vapor content, at the same temperature, is defined as relative humidity. If the
temperature of the air rises and no change occurs in the water vapor content of the air, the absolute humidity
remains the same but the relative humidity is lowered. Conversely, a fall in temperature increases the relative
humidity. However, a further decrease in temperature ultimately terminated the air to the dew point 100 relative
humidity).

Table 2) gives the average monthly meteorological conditions based on the observations data of the Helwan
meteorological station for the period of 1904 to 1954. It is worth mentioning that these data were used for Inshas site
in the design of ETRR-1's cooling tower 15].

4-2 Thermodynamic Bases of Gas-Vapor Mixtures 16]

The water vapor can be treated as an ideal gas with negligible error (under 02%), even when it is a
saturated vapor. So, the atmospheric pressure p can be determined through the vapor pressure p, and air pressure
Pa.

P = P. P,
The absolute humidity or specific humidity (humidity ratio) w, is the mass fraction of water vapor m, to dray air Ma.

w m, P, V�RT 0.622 p�
0.622 P' - (2)

M� p.VIR,,T pa P-P,
The relative humidity �p as defined as the air moisture content m,, relative to the maximum amount of moisture, that
air can hold mg,

M, P�VIR�T P,
(O = (3)

mg PgVIRT pg
Combining Equations 2) and 3), therefore,

(O = W. P - and 0.622 -( p pg (4)
(0.622 + w) pg , P - (P Pg

The enthalpy of the moist air H is the sum of the enthalpies of the dry air m,.h, and water vapor m,.h,

h = h� + w h9 (5)

Different processes can done on an air stream, like heating, cooling, humidification, dehumidification..etc. As
discussed the heating process resulting in lowering the relative humidity. In addition, humidification of an air stream
results in an increase of the relative and absolute humidity. The mutual heating-humidification process is
accomplished by spraying water in the air stream, a part of the latent heat of vaporization will come from air, and
therefore, heating of the air is performed. This process results in increasing the absolute humidity.

4-3 Radioactive Wastewaters Bubbling Volume Reduction (RWBVR) Theory

The innovated method for volume reduction of radioactive wastewater exhibited in the present work is to
evaporate the wastewater at relatively low temperature below the boiling temperature, in accordance with the
radioactive nuclides, analysis, volatility, and boiling points as required. This method makes use of the classical
methods of heating-humidification used in the air conditioning and similar to the heat and mass transferred in the
cooling towers. It can down by forcing a dry airflow to be bubble through a heated wastewater to transfer a part of its
mass to the bubbled air. The wastewater tank pool is heated to a controlled elevated temperature below the boiling
point. Then compressed air introduced through a set of nozzles at the bottom of the wastewater tank, directing it to
bobble through the wastewater. This allows the process of heat and mass transfer from the wastewater to the
bubbling air to be performed. The required heat for vaporization of the transferred mass from the wastewater to the
bubbling air (latent heat) can be supplied from radioactive nuclides residual heats or/and additional heating.



6- Radioactive Wastewaters Bubbling Volume Reduction (RWBVR) Calculations and Results

Using Equations (1) though (5), for the data listed in Table 2) at the Inshas site, one can calculate the
average monthly air vapor content (moisture). This is being varied between about g/M3 Up to 2 gIM3 of water
vapor, with a yearly average of 84 g/rn3 of water vapor.

When a dray air is forced to be bubble through the heated wastewater in SDTs, the mass and the heat
transferred to the air is maximized. Therefore, the air at the outlet of the SDTs can be assumed to be saturated air,
and its temperature is the same as the wastewater temperature 17]. Noting that at each wastewater temperature,
the water vapor content presences at the saturation conditions are different, and increases with the increase of the
SDTs controlled elevated operating temperature. Assuming that the SDTs are subjected to a continuous controlled
heating up to a temperature varied from 40 C up to 95 C, with temperature step of C. Reusing Equations (1)
though (5), one can calculate the specific humidity of the outlet air from the SDTs. Consequently, the masses of the
air and water vapor per kg of the saturated air can be calculated. In addition, the required air mass to evaporate 
cubic meter of water from the wastewater can be calculated and its hourly volumetric flow rate. The results of these
calculations are obtained by running a simple computer program. The obtained results are presented in Table 3),
and illustrated in Fig. 2).

It is noted from the table and the figure that as the temperature of the wastewater SDTs increase the
required air volumetric flow rate decrease. At the wastewater temperature of about 40 C, the required volumetric air
flow rate dramatically decrease tells the wastewater temperature of 60 C, wherein slowly decrease the rest of the
curve. The required air volumetric flow rate at the wastewater temperature of 60 C and 75 C are about 220 and 8
m 3/h. The latent heat required for vaporization of I kg of water is of the order of 2500 kj/kg, while kW.hr contains
3600 kj. Considering the heat losses and reheating the SDTs bubbling air to pass through a filter before release to
the atmosphere, one can satisfactory take the electric power consumption of kW.hr/kg of wastewater volume
reduction. Taking a price of 6 cents/kW.hr, can lead to a cost round 60 $/M3 of wastewater volume reduction.

Table 3) Calculated Air Quantity to Evaporate One Cubic Meter of Water from Wastewater SDTs

W M, /M3 M, /M3 ma M, m I
Temperature kg, /kg. kg kg kg kg/ h /h
Oc I 3H20 /1 M3 H20(24h) /I M3 H,0(24h)

40 0.0495 0.0510 1.0306 24169 1007.04 724.05
45 0.0660 0.0653 0.9901 17388 724.5 529.23
50 0.0875 0.0827 0.9452 12714 529.76 393.06
55 0.1163 0.1041 0.8945 9343 389.29 293.3
60 0.1547 0.1296 0.8375 6908 287.82 220.16
65 0.2077 0.1604 0.7725 5081 211.70 164.36
70 0.2815 0.1968 0.6990 3709 154.56 121.77
75 0.3906 0.2401 0.6147 2652 110.52 88.34
80 0.5596 0.2866 0.5121 1841 76.69 62.16
85 0.8533 0.3500 0.4102 1201 50.03 41.14
90 1.4590 0.4184 0.2868 699 29.14 24.30
95 3.4104 0.4979 0.1460 298 12.43 10.51
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6- Discussion

From the above analysis, the design curve of the proposed innovated method for radioactive wastewater
volume reduction of SDTs is viable and feasible. This method among the surveyed method is distinguished by the
simplicity, costless, and almost secondary waste less process. From the emission of radioactive nuclides point of
view, a condensed study on the analysis of the wastewater radioactive nuclides present in the SDTs, have been
carried out. Moreover, the most probable future radioactive nuclides that may accidentally occur are also studied.

Generally, the most important parameter in the thermal methods is the probable release of the radioactive
nuclides. Actually, the radioactive nuclides may exist as a chemical compounds. These compounds may evaporate
at a temperature lower than the original nuclides. Therefore, a study of the existing nuclides is considered. This study
handled the classified isotopes concerning the melting and boiling temperatures, number of existing isotopes, and
their minimum and maximum half-life, the number of their chemical compounds and the lowest temperature at which
the compounds decompose. Moreover, a list of the radioactive nuclides of ETTR-1 and ETRR-2, which may release
and their analysis [1 8] are listed in Table 4).
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The analysis of the abovernentioned table from the existing nuclides isotopes and half-life indicate that the
boiling of the Antimony penta-Chloride is at 79 C. Noting that the nuclide compounds decomposition may result in
higher boiling points. Therefore, the operating temperatures must be carefully chosen below this temperature. It is
worth mentioning that the exit temperature of the ventilating air system reached about 78.9 'C, which present in a
recent test results by the Westinghouse Hanford company using a simulated small-scale waste tank 17]. From the
site of nshas characteristics point of view and the structure of SDTs (the upper bonnet is made of concrete without
steel lining, a proposed operating temperature may be suitable as 65 C. This temperature may be suitable for the
expected events on the temperature variations in this site.

This recent innovated method may be the best of all methods that deals with the wastewater tanks that
generate a high quantity of residual heats 17, 19, and 20]. In Hanford site, air lift system circulating system to mix
the waste during storage, where air passes through it as bubbles 17]. By the recent method, a mutual cooling and
volume reduction can be performed by the same process. Moreover, in this case the airflow is the governing
parameter that can control the wastewater tanks temperature. In addition, it is distinguished by the secondary waste
less and low operating cost.

7- Future Work

In the second part of this work, an experimental setup proposed to be constructed to determine the main
optimal operating parameters. These parameters include wastewater level in the wastewater tanks level, airflow rate,
exact heat requirement, and optimal operating conditions. Moreover, the release of radioactive nuclides can
determined in accordance with the operating temperature, so, if it occurred the required treatment system can be
assigned.
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