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method have been used for balance and tightness
control of fire-fighting and supply water nets in the
Petrochemical Enterprises Ltd. at Plock. The first
step of the work was to sign a suspected, for
leaking, net region by balancing the flow rate in
main pipelines by means of tracer dilution
measurements. Fluorescent dye fluorescein has
been used as a tracer. Then exact leakages were
localized by means of the Doppler acoustic
correlation. In this way more than 150 km of
pipelines have been examined. Many pipeline
damage points as well as untight valves have been
pointed out and repaired.
An annual value of total load of pollutants carried
away by each industrial installation should be
accurately known. This is required by technologi-
cal regime rules and sewage management regula-
tions. Reforming V is a newly started Department
in the Petrochemistry Enterprises Ltd. at Piock,
and all its sewage streams should be measured and
a mean value of pollutant load should be deter-
mined. A dilution technique with the Br-82 nuclide
as a tracer has been used. Five sewage streams of
the flow rates have been measured. In each of them

the content of sediments, aromatics, oil products,
phenols, SO,,2', S2", Cl", NH3 and COD were deter-
mined by standard chemical analysis. Two series
of measurements (in May and September 1998)
were carried out in order to estimate the annual
mean load value for each pollutant listed above.

3. Tightness of a central heating system, especially in
big municipal agglomerations, influences very
much the exploitation costs. Water losses arise
very often in the course of a heat production
process in heat and electric power stations.
Tightness of the water circulation system in two
big heat and power stations supplying hot water to
the Warsaw central heating system (Siekierki and
Zeran) have been examined. The tracer balance
method has been used for estimation of the water
losses between the input and output of the
municipal hot water system in both the heat and
electric power stations. The fluorescent dye
Rhodamine B has been used as a tracer.
The presented above examples have proved that

the different methods based on the tracer flow rate
measurements are finding now more and more
interesting commercial applications.
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AFTER BIOLOGICAL TREATMENT OF WASTEWATFD
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In the petrochemical industry all the sewage
contains organic compounds that are treated in
biological chambers with an activated sludge. The
sediment is removed after the process in settler tanks
by sedimentation. The flow processes in a primary
clarifier - equalizer [1] as well as in a biological
reactor [2] and finally in a sedimentation basin [3,4]
with the application of tracers were investigated
recently. Based on these data it has been found that the
purity of the discharged water strongly depends on the
efficiency of a settler located directly after the biologi-
cal chamber. It was also observed that the output of
the total sediment contents of the effluent varies in
a wide range 30-200 mg/l. These phenomena are con-
nected with the nature of the sludge and the periodic
character of a scraper work.
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It has been suggested that it is necessary to change

the construction of the exit region of the settler to
eliminate this unacceptable effect.
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Fig. 1. The scheme of model settler. Fig.2. The general view of model installation.
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The application of a lamella plate settler was
proposed. A simple model of a settler with a capicity
of 2 m3 was constructed. The dependence of the
settling efficiency as a function of wastewater flow
rate, angle of lamella plate inclination and concentra-
tion of flocculants was investigated. A scheme of the
model is presented in Fig. 1.

The experiments were carried out under industrial
conditions in a petrochemical- wastewater treatment
station (Fig.2). Fluoresceine was used as a tracer of
the sewage. The residence time distribution of water
and the parameters of sludge sedimentation were
measured paralelly. Stabilization of the sediment
contents at a level of 50-60 mg/1 was observed inde-
pendently of the input sediment concentration.

The suggestions about optimization of the indus-
trial installation are proposed. Also a design of a new
settler construction with lamella application is pro-
posed.
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CONCENTRATION OF LIQUID LOW- AND MEDIUMACTIVE LEVEL
RADIOACTIVE WASTES (LLRW AND MLRW) USING MEMBRANE METHODS
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I § Radioactive wastes create serious hazard to human life
;O5 and environment. The process of decontamination
; Q_ includes the elimination of radioisotopes from wastes,
| volume reduction of the concentrate and immobiliz-
| ation in asphalt, concrete or glass. Different methods

and multistage processes are employed to reduce the
concentration of radionuclides in regenerated water to
the level permitted by sanitary standards for commu-
nal sewage (below 10 Bq/dm3, total for p and y
emitters). This process can be acomplished by
chemical precipitation, sedimentation, ion exchange,
thermal evaporation, as well as membrane permeation.
This last method is applied by the INCT to nuclear
technologies since 1985. During the 14 years the
following membrane processes have been examined
[1,2]: ultrafiltration (UF), "seeded" ultrafiltration
(SUF), nanofiltration (NF), reverse osmosis (RO) and
membrane distillation (MD).

Since the end of 1997 the INCT has been
participating in Strategic Governmental Programme
SPR-4 "Treatment of radioactive wastes and burned
nuclear fuel". The part of SPR-4 carried out in the
INCT has the aim: investigations of a purification/
concentration process on RO membranes and con-
struction of a pilot plant with an efficiency of
regenerated water (permeate) 1 m3/h. This pilot plant
creates a part of the decontamination line of LLRW
and MLRW in the Institute of Atomic Energy (IEA) at
Swierk and will be placed before an evaporator.

Some laboratory units were constructed and
modernizated: MF/MD - for microfiltration and
membrane distillation, 5RO - with five various reverse
osmosis modules, RO/DJ - for reverse osmosis +
deionization, F/UF - for pre-filtration and ultrafiltra-
tion, NF/RO - for nanofiltration and reverse osmosis,

and HPRO - for high pressure reverse osmosis with
2RO modules for high saline solutions [3].

The separation process of radioactive model sol-
utions and original LLRW and MLRW has been
examined on various RO modules with thin-film-
composite (TFC) polymeric RO membranes. The
membranes with a high value of the retention
coefficient for NaCl (>99.5%) were tested on their
resistance to the irradiation using an external 60Co
source and by an immersion in a solution containing
B7Cs. The results were positive for all the membrane
sources; TFC RO membranes may be employed to
separate LLRW with A < 3.7 x 1012 Bq/m3 [4].

Retention coefficients for a 2-stage purification
unit with 12 various RO modules produced by:
TriSep, TORAY and ROPUR (Japan) have been
calculated using a CAROL program. Best results were
obtained for the modules SU-720R (TORAY). Using
the same program the calculations were carried out for
4 various LLRW and main operating parameters for
the pilot plant (Im3/h) were calculated. On the basis of
these calculations a technical project of the pilot plant
was prepared: on two RO modules (8-inch, SU-720R)
LLRW will be purified, and the retentate from the 1st

purification stage will be concentrated on SU-810
(4-inch.) modules [5].

In November'98 all the main parts of the pilot plant
were put together and the pilot plan construction
began. At the end of March'99 the pilot plant should
be set in operation.
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