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A system has been designed and installed in order to confirm the eventual occurrence of leakages in the
cooling plates of a blast furnace refractory lining. The system injects a solution of T into the feeding
pipeline and determines, by means of liquid scintillation (LS) counting, the concentration of T in the
exhausting gases at the top of the blast furnace. The system was tested under different blast furnace
operating conditions, and allowed the detection and determination of leakages greater than 0.5 L/min.
Following necessary maintenance, the system also confirmed the satisfactory results of the corrective

actions.

Introduction

Blast furnace walls are cooled by the circulation of
water through Cu plates inserted into the blast fur-
nace refractory lining. Plates are fed by circular
pipelines, called distribution rings, installed at differ-
ent levels of the reactor. Because of normal corrosion,
plates wear away and can eventually perforate, allow-
ing the leakage of cooling water inside the blast
furnace.

When a given volume of leaking cooling water
intrudes into the material undergoing a melting
process in the blast furnace, it causes temperature
variations all along the reactor level where the
leakage is occurring. These temperature variations
create reactor control problems, specially regarding
homogeneity during the descent of the loading
material. In order to avoid this problem, it is con-
venient to have a method capable of detecting the
early stage perforation of cooling plates and to
determine the magnitude of the corresponding water
leakage.

The system reported here is based on the continu-
ous injection of a tritiated water tracer, into the
distribution ring. Due to the existing conditions of
circulation, the tracer mixes homogeneously with the
cooling water before reaching the reactor. The collec-
tion of condensed water samples from the exhausting
gases at the top of the blast furnace and their
measurement for T activity by the LS counting,
allows the leakage to be detected.
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Theory

The concentration of T activity in the cooling
system solution that circulates through the plates is
calculated using equation (1):
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where:

C =concentration of T activity in the cooling
system solution,

g, = flowrate of the T tracer injection,

C, =concentration of T tracer activity in the
injected solution,

Q, = flowrate of the cooling system water.

Equation (2) allows calculation of the total T
activity that flows into the blast furnace during a
period of time At:
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where:
q = flowrate of the plate leakage.

The concentration of T activity of the water vapor
carried by the exiting gases of the blast furnace is
calculated by equation (3):
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where:

Ou,0 =flowrate of the water vapor in the blast
furnace.

Equation (4) allows the calculation of the flowrate
of leakages from the plates as follows: ,
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Considering a 25% LS counting efficiency for the

T, the detection limit of T A, will be 60 cpm. Since

the volume ¥V, of water measured was 10 mL, the

value of the minimum detectable leaking flow can be
calculated using equation (5):

“

A
T/E =24dpm/cm® = 0.4 Bg/em®.  (5)
By substituting in equation (4) C, for the value
derived from equation (2) and C, by the value of
C,,., given in equation (5), the minimum detectable
leakage flowrate is calculated by equation (6):
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Considering the values:

Ay, =4 Ci = 148 GBq (total activity injected during
the test),
At = 180 min (time of injection),
Qo = 8 x 10° cm’/min (flowrate of water in the dis-
tribution ring), i
Ou,0=6 x 10* L/h (flowrate of water vapor),

the minimum detectable flowrate of water leakage
entering the blast furnace should be 23.3 L/h.

Because of the limitations imposed by radiological
safety rules, it was necessary to calculate the follow-
ing value to determine if it was possible to use the
quantity of T necessary to reach a desirable sensitivity
for the test:

DG A o3pgem’ ()
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As the acceptable limit for the disposal of T in
water is 1.11 x 10® Bg/em® (according to Brazilian
national regulation CNEN NE-6.05), the quantity of
T necessary for the desirabled sensitivity [cited in
equation (7)] can be used.

Considering that the water circulating in the cool-
ing distribution ring mixes at the exit with water with
a flux greater than 10° m*/h (coming from other areas
outside the blast furnace), the concentration C, of T
in the effluent is calculated using equation (8):

_0,C

C

C, < 4.9 Bg/em®. (8)

A maximum 4% of the water vapor released inside
the blast furnace, may be dissociated to its com-
ponents because of the existing physical and chemical
conditions (Cardozo, 1993). The calculation of
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gaseous T concentration found in the exhausting
gases was made as follows [equation (9)]:

A= ¢qC = 3.14 MBq/min, 9)
where:

Ap=rate of T release in the blast furnace.

The value ¢ used for this calculation was the
highest measured during the tests. The gaseous T
activity was calculated as follows [equation (10)]:

;004 4r

= 50.2 Bq/m’, (10)

gas
with Q. = 2500 m*/min. Since the obtained value
was lower than 7.4 kBg/m® (which is the maximum
gaseous T authorized for atmospheric release) there
was no impediment for its utilization.

Experimental

Prior to the testing, it was necessary to determine
the most convenient place to inject the tritiated water
tracer into the pipeline that feeds the distribution
ring. Once found, a valve and a pressure gauge were
installed in the selected position. A diaphragm-type
dosing pump capable of operating at a pressure of
10 kg/cm? and with a capacity of 3.5 L/h was used
for the injection (Fig. 2). The tritium solution was
prepared in a 10 L plastic container, with threaded
cap. The injection system is light and compact,
allowing an accurate control and an excellent stability
of the injection flux.

The system used to obtain samples of the exhaust
gases at the top of the blast furnace is composed by
a descending pipeline, a gas meter to measure the flux
of gas in the pipeline, a cooling system to condense
steam, and dry and wet bulb thermometers to deter-
mine the moisture remaining in the gas (Perry and
Green, 1984). The rate of exhaust gas water conden-
sation in the sampling system from the top of the
blast furnace was determined by the volume of
condensed water obtained during a fixed period of
time. In order to obtain a reference sample of con-
densed water free of T, the sampling procedure was
always initiated 30 min before the beginning of the
injection of T tracer into the distribution ring. All the
condensed vapor water samples from the exhausting
gases at the top of the blast furnace were distilled in
order to eliminate any C particles which might cause
quenching in the determination of the concentration
of T.

As the cooling water flow is not a constant but
varies every day, its value had to be determined for
each test. An aqueous solution of radioactive
bromine (*?Br) as a tracer was used to measure the
flowrate by its transit time, with the installation of
two y-detectors separated by a distance of 52 m. The
inner diameter of the pipeline in the sector selected
for the test was 12" (30.5 cm). The first detector was
installed at 25m from the injection point. This
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Fig. 1. Scheme and notation of the measurement process.

distance was enough to insure homogenization con- mined with reference to the centre of gravity of both
sidering that the Reynolds number was 5 x 10° and  detection peaks, using a two channel recorder.

that there were elbows in the pipeline. The transit The tritiated water tracer injection flowrate varied
time between the two measuring sections was deter- from 10 to 18.5mL/min and the activity concen-

water flow-rate meter

. feeding of the
dosing pump distribution ring

tritiated water solution

Fig. 2. System for the injection of tritiated water.
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tration was between 30 and 65 MBg/mL. The total
activity injected was kept between 70 and 200 GBq.
The flowrate of the gas exiting the blast furnace was
measured with the equipment normally used by the

o oo o steel plant. The total concentration of water in the

282 Fousdod exhausting gases was determined taking under con-
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sponse time of approx. 24h was needed to
obtain the results. This period can be greatly
reduced by the installation of a small laboratory
equipped with an LS counter in the steel work
facilities.

2. It was found to be impossible to use this method
in the lowest distribution ring since the lowest
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ring is located in a level of the blast furnace
where maximum temperatures are found. High
temperatures cause a chemical reaction between
carbon and water which makes the water
partially dissociate to oxygen and hydrogen.
Because the hydrogen (and consequently the T)
in this state cannot be condensed and retained
during the test sampling, the tritiated water
cannot be used as tracer when quantitative
results have to be obtained. However, this tech-
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nique can still be useful for qualitative purposes
or to confirm the presence of a leakage.
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