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Translators note.

There are several abbreviations whose meaning I do not know.
In these cases, I have chosen what seems the most appropriate

transliteration. Here is a comvlete list, with Russian originals:

AucH LISI (Leningrad Institute of Building Industry?)
mA K PDC (Pernitted daily concentration??)

cTC-5  CTC-5, cte )

FECM-€  BESN-6

KMT=1% RKNT-14 Names of

H=15" N-115 > technical

700 V=700 equipment

¢_ c88  F-588
nra/~2  Pe2/1-2 etc

yr-2 UG-2
noy-2 POU-2
08 -5 ov-5
ACO -3 ACO-3
TA -8 TA-8

y 3
K"/M Ki/m a unit of intensity
la Pa a unit of pressure.



Studying Air Exchange in Premises using Radiocactive Tracers.

A. A. Gusev (LISI), Dr. of Technical Sciences
and |
A. P. Kylatchanov (Yakutsk State University),

Candidate 'in Technical Sciences.

To create comfortable conditions and to estimate the
efficiency of insulation materials, we require data—on
the air regime of the premises. Special attention should
be paid tbwintegral air exchange, which is one of the most
important characteristics of the air regime.

Air exchange can be estimated by measuring the air
velocity in ventilation openings. This is not an accurate
method: it is impossible to characterise the.mix§¢13 of
inflowing and internal air,'to locate stationary zones,
it is hard to measure the natural zir exchange, the anemometer
at the channel entrance determines air velocity only with
e large error; and it is complicated to study non-stationary
processes, such és ventilation of means of transport while
in motion. There are also disadvantages in detecting
air exchange by measuring the heat output of heating
devices Q1, and subtracting from them the heat losses of
transmission Q2. The air exchange can be found only with
an error of about 1000/, since Q, and Q, are close in

magnitude.



The tracer gas meathod . . is more accurate [1]. An
increased concentration of a certain gas is created in the
premises, and the air exchange is found by its decrease.

However, because of the choice of samples and the small
sensitivity of gas—analyéers, the measurements take a long
time and are uneconomic. Mixture concentrations are reguired
that are much higher th?n PDC; and continuous recording of
data using chemical tracers is difficult.

The poséibilities of tracer gases are extended by fadioisotopes.
Their advantage lies in a considerably higher sensitivity to
mixtures (Fig. 1). Hence, without losing accuracy, the
experiment can be performed using a considerably smaller
tracer concentration than in other cases.

The more sensitive a technique is, the stronger i$§ the
signal of akrecording device caused by a given concentration.

With a strong signal, the relative errors are smaller. Hence,

the more sensitive a technique is, the more acéurate it is.

The connection between the Signal of a device N, the sensitivity S
and the mixture concentration q is described by the formula,

which follows from [2]:

k
N 2 y1/2
€ b= . 1 ®
q qs(i_)__::isl ) (1)
where eq and g; are the mean square relative errors in

measuring q and N (e tokes into account the effect of various
factors on N); +the sensitivity is introduced as the ratio
of the change of signel AN to the change of the mixture

concentration dg which has caused it.



Because of its high sensitivity, the accuracy of the radioisotope
technique is greater then that of the usuallmethods, even when
the latter are'performed under optimal conditions. This was
demonstrated by the experiments [3]. At the same time, as
can be seen from formula (10), the accuracy of air exchange
measurements depends on the accuracy of the measurements of
tracer cdncentration.

The radioisotope techmnique is fast, By varying the activity
of the mixture, the geometry, andbthe accuracy of the
measurements, the time of a single determination of concentration
can be reduced to one or two minutes. TFor this purposé the
nomogrem [4] is used. Comparison shows that the aﬁerage
time for a siﬁgle cencentratinn measurement by the
“heat-conductivity technique is 6 minutes, by the linear-
technique 8 minutes, and by the colorimetriechnique 15 minutes.
The radioisotope technique also has the advantage of not
taking air samples and analysing them, as well as the simnlicity
of automatic recording, which is particularly imvortant in
the study of non-stationary phenomena; for this we recommend
the registering device develoved in LIST.

There have been a number of papers on the study of air
exchange by the radioisotopes technique abroad [5-8]. Even
though they are undoubtedly interesting, they have certain
limitations. They provide no substantiated Qata on air
volume, or what is the source of inform:tion on air exchance,
or the effect of the determing factors on the signal of
the detector. Also, it is impossible to find in advance
the mass of tracer to be injected into the premises in order

to measure ,the air exchange with minimal activity.



These problems have been solved in LISI, where isotopes are
used to model ventilation, to control local extractions, %o
study ventilation currents and 2ir exchange in vremises, and
to forecast atmospvheric contamination of the plant areas by
industrial waste.

The method assumes a constant air flow through the test

volume, and a uniform dispgrsion of the tracer:

dL d
Fo =0 and =0, | (2)

where L is the air exchange and r a space coordinate.
Under the conditions (2) the signal N of the receiver,
proportional to the tracer concentration q at the instant <,

decreases according to the rule:

N = N_ exp(- /\AT), (3)
where NO is thé signal proportional to the initial concentration
Ay and P is the nmultiplier for air exchange in the vicinity
of the detector.

By a regression analysis [9], one finde the value of o
n _
i;[(rn - %) - Mln N, - ©)

= n ’ (4)
| Y (e, -7, - 117
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where Ni is the signal at tine 'ti; n is the number of

test points, and
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The dispersion of e is found by the formula:

n
14,7
2 = — , (5)
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where d; = 1n N, - C + [r-(<, - z;)].



85 and Xe133 , which are not absorbed

In [4] it is shown that Kr
by surfaces, are ovtimal. The receiver should give information
on air exchange from a large volume, and so K§5 is preferable, since
the maximal energy of its B-narticles is almost twice as great
as that of Xb133. The output of Y-quanta for Kr85 decay is
small (0.4 %6) , dispensing with special shielding. Suitable
receivers are cylindrical,gas-discharge counters CTC-S and CTC-6
and toral counters CBT-7 and CBT-9. ,
Calculations on the computer 3ESM-6 showed [10],{11]A that

85 reach a cylindrical counter from .-a cylindrical

B-particles from Xr
volume of radius R %90 cm and height from 1:3 to 1+4 times that

of the counter. They reach a toral counter from the adjacent
hemi—sphericél vqlume of radius Ro% 1+2m. Taking into account

the curves given in Fig. 3 , in order to exclude boundary effects
the counter éhould be placed at a distance of not less than 80-90cm
from any barriers.

When planning an experiment, one should establish the relation
between the error in measurement of /h and the determining factors.
The formula for the mean square error Ewn s with accuracy up to
terms of‘seéond order of smallness, caﬁ be deduced from expression
(3) after considering small changes in the arguments, and passing
over to finite incremenCs. Since the relative errors in
measurements of NO and N, while differing little from each other,

—

are conciderably larser than the relative error in measuring Cn?

we have
1.4 Ex
/A in

where e is the mean square error in measuring N.

E'sz

{ ’ (10)



The errors in gas-radiometry are uncorrelated, ané hence
Ey = (502 + €M2 + ea2)1/2 , (11)
where Eqs s and €, are the statistical, methodical, and
equivment-determined errors in measuring N.
The error Ea is caused by the fact that Kr85 does not decay
unformly, and is controlled by the activity and the time of
the measurement of its concentration. The error €y is, on the

whole, due to the non-uniform distribution of Kr85

around the
counter. It is not crucial - measures can be taken to mix
the tracer. Finally, €, is due to non-stability of the equipment.
Devices for measuring air exchange are 1mprecise; as was shown
by exveriments of the authors using Pearson's X2-criterion,
the role of g, can be ignored. Calculations show that 2t the
last test point, according to ATy By = (0-3-0-7)50.

To ensure the required accuracy of measurements, the initial

content of Kr85

in the premises should be large. A%t the same

time, however, it should be kevt small so as to avoid tracer

loss and exposing the staff. The equations mentioned above

make it vossible fo find suitable exverimental conditions. The
experiment should be planned by taking the maximal error €  which
remains tﬁe sane with reliability‘9596; say, and exceeds é;? twice.
If one takes into account the results of [4], then assuming
conservati%ely that ey % €, and using formulee (3), (10} (11),

we obtain
16 exp( ~Ty)

2.2, .2 ' (12)
S,«-‘Cn'ts/wo

4, =

where WCn is the duration of the experiment; t is the time %o

measure N ; S = No/qo.



The sensitivity values S for typical counters are given in
[10] and [11]. In the same references are found the dependence
of S on the radius and height of the counter, thickness of its
walls, maximal energies of the p-spectrum, etc.

Calculations show that a value of q, of the order of the
average admissible value (5-9.10-5 - 1’4.10‘4) Xi/m3 is
sufficient. The staff ?an remain on the premises, since the
possible doses fall within the limits of the natural background.
The tests are preceded by an analogous preliminary exveriment
of 5-6 minutes duration, whose purvose is to estimate -the
value of ,*.

The activity A which should be introduced into the bremises
is found by multivlying 9 by the cubic capacity V. For
"practical purvoses we recommend a nomogram (Fig.4). It is
constructed for S = 453 imp.cm3/decay, ie., less than the
computed 10 by 309% (allowance for a vossible increase in the
wall of the counter by 159 relative to the average one).

85 which should be

Example. To Qompute the zctivity of Xr
injected into vremises of volume 60m3 in order to measure
air exchange with an accuracy of up to 836 for an exveriment
of duration 15 min. The signel at the last point is taken
at 1 min. The tentative value of M is 35 1/hr.
3

Solution. From the nomogram qQ, = 77.10-5 Ki/m” , whence
A =46 mKi. |
The equipment in Fig. 5 was developed to carry out the

85 is placed into chamber 1

experiments. An amproule with Kr
(Fig. 52). On opening a tap of the cylinder 2, carrier gas
pushes out the piston 3, which breaks the ampoule. The
mixture is forced into cylinder 4 (from an inhaler KI-3M),

increasing the pressure up to 3.106 - 107 Pa. After



charging, the mixer 4 is disconnected and joined to the
distributing system of hoses. Using thece, the premises are

injected with a volume of gas VM’ producing a given concentration:

VAY

v.. = 9o¥V¢Pe

M —_— (13)
Acpa A )

where VC is the mixer volume; AC and Do are the activity of

‘the tracer gas and the absolute pressure in the mixer; Py is

atmospheric pressure.

L

If AC is unknown then one first finds the concentration of Kr85

in the mixer. A sample of volume VP with concentration U is
taken from the mixer and vlaced into a chamber of volume VK
with a counter. By measuring the signal MK from the tracer

gas in the chamber, and knowing S, one determines VMr'

Vy = VVpS | (14)
N
XK

When Kr85 was introduced into premises using the:
distributing system, VM was controlled by a flow-measuring
device based on thermoresistors KMT-14. TFor small premises
VM was taken frqm tv.2 mixer by a syringe through an intermedizte
capacity and injected directly intoc the premises.

The measuring unit (Fig. 5b) includes counters CTC-5 (CTC-6),
i2—-channel recorder, and a power unif. The output device is
a train oscillozraph N-115 (N-700). The electronic circuit
of the recorder channel is shown in Fig. 5c. To obtain numerical
data on the content of Kr85 a counting device F-588 (B-4) is
connected to the recorder.

By this methocd, tests were nerformed in various prenises
of cubic capacity 10-230 mo, ’Below we describe some of the

results from this work.



In 1972-1973, LISI, Giproniigaz (Saratov), and Yekutmezhraigaz
carried out a studly of tke air in buildings of Yakutsk with
netural ventilation. The kitchens used stoves PG2/1-2, PG-ZD, etc.
The outside temperature was minus 6-46° C, air exchange was
measured by 1-12 counters CTC-6, tempmeratures by
thermoresistive devices KMT-18, and the CO content by the
devices UG-2 and POU-2.

In the kitchens air excﬁange nultiplicities were 1°1-4+4 1/hr,
increasing by a factor of 1:6-2°5 with open small windows.

The inflowing and internal air was uniformly mixed : M for
different zones differed by up to 1036. The CO concentrations
were 3°+6-69 mg/mB , which exceeds PDC, and is due to a lower
air exchange than the normative one (see Table 1). This is
caused by hermetic sealing of the premises, and the appearance
at low temperatures cf ice in extracting pipes and "contiguous
caps™ on their ends. High concentrations were sometimes
observed with normal air exchange because of the large quantity
of CO in the fuel. The CO content in rooms while the stoves
were in operation‘exceeded PDC by a factor of 3-16.

The concentrations of harmful substances did not depend
on the poéition of stoves with reépect'to the extracting
channel because of the scattering of gaseous currents. This
also éxplains the small role of fans in extracting channsls.
Thus, a fan 0B-5, while increasing air exchange in a kitchen
of volume 23-2 m3 by 30-5095, decreased the quantity of CO
in this volume by the same small amount.

The efficiency of over-stove hools was found by injecting
Kr85 into the gaé main and comparing its concentration in the

premises with hoods and without them. For example, hoods of



cross-section 0¢22-0+49 m2 placed at a heiglit of 40-90 cm over the
stove, with three normally-working burners, decreased the contents
of mixtures at similar points by 1.7-2:1. Thus, hoods and a fan
in the cxtracting channel can be regarded as means of decreasing

air contaimination to some extent. A radical ameliorisation of its

quality can only be achieved by improving the gas-burning devices,
and by decreasing the CO content of the fuel down to the normative
one.

In exverimental premises of volume 22m3, equivped with natural
and mechanical extraction, one can consider the data from
comparative tests in measuring air exchange. The basis for
comparison is a method which is widely used vhen ventilation is
installed, which is based on measuring the air velocity in the
extrecting channel, using = Winged anemometer ACO-3(B),
thermoanemometer TA-8. Radio-tricer data were obtained using
Kr85, nine counters CTC-5 and the recorder described above. The
results are summarised in Table 2, which also gives the range of
air exchange multiplicities for various areas of the premises,
intezrnl air exchange I, and the relative error A\IL/L of its
measurement, |

The values of integral mechanical air exchange found by both
methods. agree within the limits of accuracy of the experiment. In
other resvects, the information obtained using the radio-tracer
method is much more impressive: with the possibility of measuring
natural air exchange and detecting the distribution of inflowing
air in the premises, and also greater accuracy in measuring
forced air exchange.

Conclusioﬁ.

The experience of LISI shows that radioactive tracers brovide

an efficient means of studying air exchange, and they can be

recommended for wide use in ventilation practice.
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Fig. 1 Minimal concentration of mixtures in air

detectable by various methods.
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concentration required to meacure the air exchange

multiplicity with edmissible accuracy for a given

duration of the experiment (counter gTe-6).
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Fig 5. Circuits for the develoned equipment.

a - installation for producing tracer ges;

- hermetic chamber
~ cylinder with carrier gas (CO,, N,, and Ar)
- piston © -
- mixer
- ampoule
6,7 - nuts

b - block dincram of measuring equinment;

TN N0

D —~ detectors
U -~ transformer
N - normaliser
I - inteasrator
BP - power unit
UPT - direct current rectifier
R ~ recorder

¢ - electronic circuit of the recorder channel
and power unit.
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* 2-ring stoves had their burners working

with nominal losd, while 4-ring stoves had

2 burners with nominal load, and 2 with

lower loads.

Table 1.

Anemometer technique

radio-tracer technigue

e exchange /e | 1, w/ne | AWT, % | po 1/0r [T, 00/me | AL/L,Y
* 70417 208 2:6-5-1 | 8145 62
forced
* 103417 165 2.9 -5.4 | 8849 102
natural L o 0-46 072 1341 77

* the values of M cannot be found

# W

the value of L cennot be determined since the wvelocity in

the air tract is below the sensitivity limit of TA-8 (0.1 m/s)

Table 2.



