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Abstract 

The paper describes two separate radioactive tracer methods 
and a delayed neutron analyzer system. 
A process study in a ferrochrome smelter was based on the 
activation of large amounts of process input materials in 
special sample holders on the reflector of Triga Mark II 
reactor. 

82 
In a typical surface water study Br-solution has been 
injected in a waste water canal at a pulp and paper factory. 
The dilution mixing and flow of the tracer can be followed 
in the adjoining lake system for 6-8 days and up to a 
distance of 10 km. The tracer concentration has been measured 
directly without any sampling procedures. 
A delayed neutron analyzer for routine uranium ore analyses 
is presented. A polyethylene moderator block and seven 
parallelly connected BF3-detectors have been used in con
junction with a fast pneumatic sample transfer and irradiation 
system. 
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1. Activated process material tracer studies in a 
ferrochrome smelter ' 

When crude solid materials and various components of these 
materials are traced by using the radioactive tracer method 
the activity injection to the process will need a special 
attention. Grain size, density and shape distributions must 
be taken into account and often the only possibility is to 
use statistically representative amounts of actual input 
materials which are labelled according to the instrumental 
and process requirements. 
The process scheme of a ferrochrome smelter is shown in Fig.1, 
The input materials, concentrate pellets, lump ore, coke, 
dolomite and quartz are taken into the input silo of the 
preheater. The material flow into the kiln is continuous. 
The process temperature in the kiln is raised to 1100 °C. 
After the kiln the material is conveyed to the input silos 
of the electric furnace. The material flows continuously 
into the furnace. The molten ferrochrome and the slag are 
taken out of the furnace at two hour intervals. 
The input materials excluding coke were activated in sealed 
plastic tubes (length 70 cm, dia 10 cm) on the reflector 
of TEIGA Mark II reactor (250 kW). The average thermal flux 
in the sample tube was 4x10" 1/cm s and the samples were 
rotated 180° during the irradiation in order to avoid 
unnecessary inhomogeneous activation due to flux gradient. 
The tracer materials for the preheater kiln measurements 
are shown in Table 1. 
Pellets and ore lumps were cooled for one week after 

24 56 irradiation so that Na and y Mn activities produced in 
the reactions 2 5Na(n, tf ), 27Al(n,<x ) and 5 5Mn(n, ̂ ) would 

59 46 decay.some Pe and Sc activities were also detected but 
51 the specific activity was low in comparison to the Cr-

activity. 
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Table 1. 

Principal 
radioisotope 

Activity 
(mCi) 

5 1Cr 400 
5 1Cr 
2 4Na 
2 4Na 

1 4 0La 

400 
20 
25 
20 

Mass, average grain size, principal radioisotope 
and activity of the tracer materials injected into 
the preheater kiln 

«~« u" SlzHLrln 

concentrate 
pellets 3 20 
ore lumps 7 3 0 - 5 0 
dolomite 6 3 0 - 5 0 
quartz 3 1 0 - 2 5 
coke 0.15 0 - 3 

24 In dolomite and quartz sufficient amounts of Na were 
produced without any severe contamination due to other radio
isotopes. 
Coke was labelled with La. A coke batch was impregnated 
with a lanthanum solution. The batch was dried and then 
activated in the rotary specimen rack. 
The gamma spectra of the activated tracer materials are 
shown in Pig. 2. It can be seen that in studying one component 
the discrimination against other components can easily be 
achieved by using various counting windows in parallelly 
coupled single channel analyzers. 
The preheater kiln measurements were made by using collimated 
water cooled NaI(Tl)-detectors in fixed positions outside the 
kiln. The electric furnace measurements included an input 
measurement with a collimated detector and output measurements 
of metal and slug samples which were taken from the output 
tappings. 
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The results of this study has been presented in a recent 
conference '. It has been successfully demonstrated that 
TRIGA Mark II reactor (250 kW) can be used for the process 
material activation in studying process dynamics of heavy 
metal industry. 

2. Surface water tracer studies 

A Surface water project was started about two years ago. The 
object was to develop instrumentation, measuring methods and 
data handling procedures for waste water flow and dilution 
experiments which are needed when we intend to solve water 
pollution problems. 
About ten large scale radioactive tracer measurements have 

82 been carried out. In a typical case, 10 Ci of Br is 
injected into a waste water canal or precipitation 
vat of a pulp and paper factory. The tracer has been 
produced by irradiating KBr in the central thimble of our 
reactor. K-activity will be about 10 % of the total activity 
at the injection time. NH.Br has not been used because of the 

82 excessive formation of gaseour Br 2 ( Br). KBr has been 
shown to follow waste water reliably both in fresh and salt 
water. 
The irradiated capsules are transported to the injection 
place where the capsules are opened. KBr is discharged into 
the injection solution tank in which the tracer is dissolved. 
The tracer solution is then pumped during about 10 minutes 
to the waste water. The flow and dilution pattern in the 
adjoining lake system is measured in three dimensions by 
direct concentration measurements. Calibrated Nal(Tl) 
detectors (25x025 mm) are dipped into various water depths 
following a predetermined measuring route and time schedule. 
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op 
The detection limit in Br concentration measurements has 
been about 50 nCi/m when the counting time is 10 s. This 
low concentration is due to the favourable measuring 
geometry and low background. The background counting rate 
is reduced by a factor of 10 in respect to the ground level 
counting rate. 
Measurements are made from boats in summer and from ice in 
winter when either cars or snow scooters are used depending 
on the snow conditions. The tracer can be followed for 
6-8 days and up to a distance of 10 km. These figures will 
strongly depend on local conditions. Radiation protection 
measures will include informing local residents and 8? preventing fishing and other use of the area where Br-2 3 concentration is higher than 3x10 /uCi/m . Local household 
water sources are controlled using a control limit of 
1 /uCi/m3. 

3. Delayed neutron analyzer 

The construction of the delayed neutron moderator block is 
shown in Pig. 3. The axial sample transfer tube can be 
successively connected to the waste line, to the loading 
tube and to the fast transfer system leading to the 
irradiating station on the D-ring of our reactor core. The 
technical description of the analyzer is given in Table 2. 
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Table 2 

Delayed neutron analyzer 

Moderator block 

Sample transfer 

Sample capsules 

Detectors 

Counting electronics 

Counting efficiency 
Neutron flux in the 
irradiation station 
Response, irradiation 
time 60 s, cooling 
time 20 s, measuring 
time 60 s 

Polyethylene, 0 400 mm, height 500 mm, 
cylindrical Cd-shield 0 250 mm. 
Vertical sample tube connected to the 
fast pneumatic transfer system. Tube 
connections 1/2" (Nylo-Seal, Imperial 
Eastman). Manually operated by using 
compressed air. 
Heat sealed polyethylene, 0 8.5 mm, 
height 24 mm. No additional rabbit. 
7 BF,-detectors, Ab Atomenergi 5203-C 
overall length 370 mm. Detector ring 
center diam. 100 mm. Detectors are 
parallelly connected into one pre
amplifier. 
Main amplifier, single channel 
analyzer, timer and scaler. 
12 $> ( * AmBe-source). 
0th 6x10 1 2 1/cm2s 
0 f 1.2x1013 l/cm2s. 
Natural uranium: 200 counts/1 /Ug 
Thorium: 17 counts/1 /Ug 
Background: 100 counts, 40 counts 
with an additional shield 20 cm of 
H-JBO-T * 
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The dimensions of the moderator block was based on two 
group diffusion theory calculations by using a cylindrical 
detector-absorbator region. This approximation has been 
shown to be too.crude. The counting efficiency obtained with 
7 detectors can nearly be achieved with 4 detectors on the 
same ring when unused detectors are substituted with poly
ethylene rods. It has also been shown that the original idea 
of using only pulse height discrimination for ^-background 
reduction will not work when ore samples are analyzed. 
The next version of the analyzer system will include 4 
detectors and a cylindrical lead shield inside the moderator. 
An automatic operation possibility will also be added. 

Reference 

1. Kuoppamaki, R.t Kuusi, J. and Blomqvist, S., The Use of 
Activated Process Materials as Tracers in Smelter 
Process Studies, in the Symposium on the Use of Nuclear 
Techniques in the Basic Metal Industries, IAEA-SM/159, 
to be published. 

3-121 



.̂ AW MATERIAL SILOS 

I 

PREHEATER KILN 
10 t n / h 
Length 40m 
1.5 r/min 

Fig.1. The scheme of the smelter process 
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Fig. 2. Gamma spectra of the activated tracer 
materials ( 3" x 3* Na I ( T l ) - d e t . ) 
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Fig. 3. DELAYED NEUTRON DETECTS 
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