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HEALTH PHYSICS SYSTEM SCHEME FOR THE
URANIUM PURIFICATION PLANT*

Miriam Meyer. Cron C Oliveira

Gian Maria A A Sordi and Alci'dio Abrão

ABSTRACT

A " « ' desc b ng the two u'anum puff cation p'Ocewes used >n the Chem.cal Engineering Division of the Instituto
de Ene-ga Atom ca we examned the possible hazards and methods to confoi o- eliminate them.

Snce t h e * pu'it-cat >on process p'tsen* seve-di stage* <n each one of them we have evaluated the hazards and w*
haue «ied to g ve adequate soiu"on» 10 p o ' e c bo'h pe>sonnei and installations fiom the porential radiation hazards.

1 Introduction

Th's w e k 'ias as object a description of the activates that the Health Physics and Dosimetry

Serv ce (SPRD) <s deveiopp>rtg 'n the Uramum Purification Pilot Plant of the Chemical Engineering Division

IDEQt of the Arormc Energy Institute OEA)

W'th th« mention to show the range and the 'mportance of the services rendered by u» in the
uranum operation areas, w e w " concisely describe the two uranium purification processes developped in
that 3'vs'On

We sta't f'om the supposition that a>' w c k w h radioactive substances can present three types of

haza'ds namely

a) external exposure
b) exte'ngl contamination

ct internal contamination

We try to evaluate .1 both of the purification processes the type or types of hazards and ways to

control or to e'im nate them

S.rtce these purification processes present sevcal stages m each one of them we have done the

evaluation of the hazards and we try to yve adequate solutions m a manner to protect from the potential

radiation hazard both to the human element and to the msta'ations Up to tow, there have already been

taken a lot of measures <n this sense and we can affirm that the result of our endeavour have been

worthwhile even though other measures may be necessary

The present and future test of this scheme that >s, giving satisfactory result», will orient us the
future measurement of protection

At rhe end of this work, we present a summary 01 the scheme of the Health Physic* System
established >n thu Pilot Plant

2 Uranium Purification Pilot Plant in I E A

The D E Q has installed two pilot uranium purification umts, one using a purification method
based m iomc exchange111 and the other based on the conventional method of extraction with nbutile

i ' ' P-oi.rvcd a* the Fi>»t la i 'n Amitncan Contereice on Phys cs <n Med'cne and Radiation Protection, SP Brasil 1972.
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fosphate (TBP) diluted These two umts have been installed wth the double purpose of training personnel

in the uramum purification technology and developpmg the transformation and purification technologies

for uranium compounds to Odtam nuclear grade substances fo> utilization fuel element*- fot research

reactors' ' 6 I The pilot un>t whose centrai process is the pu"f'cation of the uraml nitrate by means of ionic

exchange in columns of cat>onic resin, is at present stopped, havmg already marked more than a year

continuously co'ecting data It is a relatively small unit, with a capacity of 250 Kgof uranium a month,

under the form of amomum diu<anate The second umt does the urart'um purification by means extraction

of uran'l nitrate with TBPvarsol >n an environment of nitric acid, using three pulsed columns for the

extraction, washmg. and re extraction, with the aquous and organic stages in contact by opposing flow

This umts has a capacity to pu"fy 5 kg of u'amum m an hour In the two units the uranium solutions are.

in the last stage, transformed m amomum d>u>anate. by p'ecpiiat.on with amorna gas Presently, it is this

unit that is in operation*61 The D E Q has 42 workers, of wtveh 8 aie a!ways working in the plant

The two pilot plants, until now have used only uramum concentrate, that is. sodium diuranate

(SDU) derived from monazite sand chemical processing. be>ng ut'hzed as a subproduct m the industrial

installations of the Administração da Produção da Monazna APM1 ' * '

So that the reader can have a better idea of the Health Physics scheme, already tmplemented in the

two uranium purification pilot plant, we wM present next a diagram that summarizes the two chemical

methods that the p'lot plants apply Of course, th>s description g<ve us a view about the motion of uranium

m its different forms in the p'lot plant areas (see annexed diayrarn)

3. Analysis of the operations of major risks.

From the po-nt of view of Health Physics and only to f a c t a t e evaluation, we will divide the
D E Q in three sections:

a) Administration

b) Laboratories

c) Pilot Plant

The radiat'on leveis m sections A and B oscillate between 0.02 and 0,06 mR/h Showing us there

are no influences from the pilot p'ant Depending on the building matenai, size and room arrangements,

these levels are normal for our environment

In view of this, our attention passed to the pilot plant

In view of the large use of acids and a'caiis in the uranium purification process, all of the process is

interesting, but there are s<x operations that a'e of the b ggesi interest, namely

OP 1 Handling of the sodium diuranate (SDU) m fine powder form, during the opening of the
drums transfer to smaller containers (transparent plastic) and sample withdrawal which
is done 'or we'gttrng

OP 2 The SDU transport in aciiiic containers (25 kg of capacity) to supply of the dissolution
reactor

OP 3 Uranil nitrate wthdrawdl {m solution) for laboratory analysis

OP 4 Amonium diuranate lADUl handing .n a wet preop tated form and. the transport of

this in a uay to the hot house

OP 5 ADU weight1 ng and packaging placed in pohetilene bags withm cardboard cask

OP 6 SDU and ADU storage
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Appendix A shows us m a level plan of the D E Q reduced m a factor 1/100 the radiation levels

>n sections A and B as wen as the place of tne operations and of the monnorng points that we will

mention in the subsequent explanations (tables) for section C

4 Radiation external hazards

4 1 Exposition levels

Severa' monitor-ng points are defined m accordance with the operations of maior hazards

in table 1 besides the pomts. we put the mean values of the exposure <n mR/h presented during

1971

Table I

Exposure levels in the uranium purification pilot plant
in the I E A

POINT

A
B
C
D
E
F
G
H
I

mR/h

0.10
040
0 25
0 30
1 40
0 10
010
0.10
0 40

POINT

J
K
L
M
N
0
P
Q
R

mR/h

0.30
700
0 20
1.50
1.80
Ü.30
0,30
1.30
010

POINT

S
T
U
V
X
Y
W

z

mR/h

0.20
0 10
0 10
0 70
0 20
0,80
0.40
0 20

Tnese exposure leve's have been determined by use of a portable Geiger Mueller survey meter with

a wndow of 1 5 to 2 mg'cm1 >n thickness and a dead time of 200 ^sec The background radiation in the

plot plant was about 0 10 mR/h

As we can see tne exposure leve's TI our pilot plant are relatively low

These monitor ings are done daily with the pu>pose of control any alteration m the exposure levels

In those operations >n wh<ch the personnel exposure excede 2 mR/h or there is uranium m
powder we also mon-tore dm ng each opeoron to avod that the received dose is bigger than the
maximum perrmss'b'e estab'isned by the ICRP'1^ ^'

4 2 • Personal Dosimetry

This dosimetry is done through tne Mm badge The results give us a good idea about the beta and
gamma exposure levels, but not alpha, because the film envelope <s sufficient to absorb all alpha particles It
•s obvious that an external personal dosimetry for alpha particles <s not essential when the levels are so low
as in our case, because besides tne dose being low, the energy of the alpha partxles is not sufficient to pass
the epiderm However, even so n the future we will try. taking as model the Oak Ridge National
Laboratory dosimeter to introduce an exposure measurement of the alpha rad ia t ion '^

4 3 - Definition of personal permanence areas

Defmtion of the permanence a>eas for workers, is related to the obtained evaluation about the
exposure and internal and/or external contamination levels



Table 2 presents the number of workers and the annual exposure accumulated.

Table II

YEAR/EXPOSURE

1967
1968
1969
1970
1971

0,10 R

8
20
19
26
34

0,1 • 0,5 R

1
4
7
7
8

0,5 R

0
0
0
0
0

Once the hazards are evaluated we can determine:

1 Permanence zone for non professionals.

Th's >s defined as those places that the exposure or contamination hazards are practically
nonexistent in the pilct plant this should be the path for visitors

2 Continuous permanence zone for workei»

In this zone there is exposure and/or contamination hazard but it is well controled In the
pilot plant this should correspond to the places where uranium purified

3 Conditional permanence zone

The workers permanence to do special works is conditional on the constant presence of an
S P R D member At the present, this zone is formed by the places where the special
operations specified in chapter 5 occur, and also in the SOU and ADU storage room

4 Forbidden permanence zone.

Those are the zones where the hazards are imminent or already exist The workers
permanence is forbidden without express invitation This is only given after S P R D
automation Until now, this zone has only appeared in contamination cases

S. - External contamination hazard.

5.1 - Contamination of persons, clothes, areas, etc.

The person's chance of external contamination is associated with accidents in the pilot plant,
principally those resulting of the operations in which the workers mantain a close contact with the
radioactive substances

Until now the personnel contamination in the pilot plant have been rare Worker leaving the plant
a>e always monitored and in the end of each day they take a bath and the clothes are collected for
mum tot mg Clothes contamination is more frequent, and once detected the clothes are collected and the
uset is momtored

The determination of area contamination is also done through area monitoring withthe portable

survey meter already mentioned and mantained at a distance of 1 cm from the area.

The mean levels of radiation in the pilot plant are presented in Table 3 The background radiation

i s 1 5 0 C P M



Table I I I

Contamination levels in the ground of the
Uranium Purification Pilot Plant

POINT

A
B
C
D
E
F
G
H
1

CPM

150
150
225
150
300
300
150
300
300

POINT

J
K
L
M
N
0
P
Q
R

CPM

300
300
300
300
300
150
300
300
225

POINT

S
T
U
V
X

w
Y

z

CPM

450
300
150
225
300
225
300
450

100 CPM =4 ,4

5.2 • Decontaminations

From the limits for surface contaminations that probably will be adopted by the Comissão
Nacional de Energia Nuclear l 2 ) , we should have as maximum values given in the Table4, but as we
adopted the basic norm of the International Commission on Radiological Protection (ICRP) to mantain the
levels as low as practicable, we proceed to the decontaminationof any utensil, article, doming on ara that
presents levels higher than the normal

Table IV

Limits for surface contaminations

Surface Type

Inactive and low activity areas

Active areas Special clothes not normally
used in inactive areas .

Skin. .

Activity (pCi/cm2)

io-4

10-3

10-'

The pilot plant floor is decontamined once every weeks using a solution of HNO3 (0.02M)
followed by detergent soap; this is done whether the floor is not contaminated

About the clothes and the utensils, they ser aste disposal and decontaminations laboratory,
where decontamination is carried out

S.3 - Protective Clothing

To select protective clothing for the workers of the pilot plant we have considered several factors
a few of general character and others specific, namely:

a • worker contort during use
b - case of decontamination
c. • radioactive agent contamination, in the case, sodium diuranate, uranil nitrate, wastes



resulting from the chemical processing and amoniurr. diuranate

d presence of acid and aicalis.

For the pilot plant, two typas of clothes are being selected depending on whether or not the

worker >s connected to the operations that present radioactive hazards In this case, the clothes are made of

thick cloth and boots of thick leather, with elastic on each side and neopreme sole with double

reinforcement (fig 1)

In the case that the worker is to be connected with operations that present radiation hazards his

clothes consist of: 1) PVC lab coat (resistant to the acid and aicalis, besides giving protection against alpha

-ad'ation) sewn with nylon thread, long sleeve with elastic tasiener, and completely closed in the back

21 Rubber or PVC gloves, of several sizes, adequate for the type of operation done. 3) boots, already

described (fig 2)

For both types of clothes, when necessary, as for instance, to avoid head impacts or

contaminations provoked by possible aerial ducts leakage, that one meet in the plant and contains acids,

uraml nitrate solutions, etc. the worker uses a fiber helmet (fig 3)

6 Internal Contamination Hazards

6.1 Air Contamination.

Air monitor ing is been done, having in view evaluation of the possible air contamination, for those

operations defined as the major hazards

For equipment, a Millipore pump with filter of diameter 47 mm of the same mark was used

In each place the pump remained on 30 minutes with an out let of 0.5 feet3/minute

The Millipore Filter was counted in a Philips apparatus formed by a Geiger Mueller tube, a power

supply, a sealer and a rate meter

The G M tube of the own Philips is the model 18505 that has a window thickness between 1 5

and 2 0 mg/cit,J and has a useful diameter of 0 5 cm, giving in this manner the possibility of to measure

alpha particles with an energy larger than 3 5 MeV.

It happens however that the G M tube shielding is not very efficient and the background

radiation is too high, equivalent to more or less 1 x 10"' ° pCi/cm3 This is already above the maximum

permissible concentraion for na'ural uranium, that is, 6 x 1 0 " ' ' jiCi/cm3. In this manner we can only

obtam results relatives to this background radiation for the places considered of the major importance

Such results can be seen in TaDle 5

The monitoring places are in the appendix A

In view of this, we bought and installed an air borne continuously monitoring device, and now we

are cai'b'atmg it to obtain the answer in terms of concentration
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Table V

Radiation level, above the Back ground in the
air of the Pilot Plant.

Place

A,
A2

A,
A,
A5

A6

A7

1
Number of times

higher than the B G

2
10

1
1
2
4
1

At the same time, we are trying to improve the G. M tube and shielding, to see if we can lower the
background

6.7. • Urine Analysis.

6.2.1. - Internal Contamination Control by determining the Uranium content urine.

In spite of a lot of controversy, due to the large number of variables that enter in the uranium

quantity excreted, this type of analysis serves as support, reinforcing the other precautions taken Although

there is doubt concerning the correlation hetween the values in the urine and the exposure to the uranium

powder, the urine analysis serve as a forewarning, because high results drive us to verify the environment

conditions, and once on adequate program is established, the results go to indicate, within certain limits, if

the exposure has been higher than that considered as the maximum permissible ^ )

The first tests develop a uranium analysis method for urine, here in the I E A , date from 1968

The technique used is based on others already in use, although modified and adapted to our conditions in

the Chemistry Engineering Division ' * '

In this work we present for the first time, the results obtained for the unne of the personnel since

March 1971, the date since which the analyses have been done by S P R D personnel

« 2 2. - Toxicity and maximum permissible* concentrations,

Uranium presents chemical and radioactive toxicity Both of these are important, depending on

the solubility of the uranium in question

The critical organs for natural uranium are:

U(nat) soluble - critical organ: kidneys-Chemical toxicity
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U(nat) insoluble cm organ: lungs Radioactive toxicity

After intake, the uranium is eliminate, preferentially in the urine.

Based on recommended vaiues from different Health Physics Organizations and data reported in

several works'3 4 7 9 1 1 1 3 - 1 5 > , we adopt the following parameters:

Maximum level of uranium in the urine for follow up analysis (investigation level)

5Ofig U/1 unne

• Maximum level of uranium in the urine for immediate measures (action level)

100 jug U/l urme

6 2 3 Analysis method*5)

The selected analysis procedure is fluorimetric in view of its sensitivity117).

The method is based on the characteristic fluorescence of the uranium salts when exposed to the

ultra violet light The light intensity emitted is a linear function of the uranium quantity present in the

sample, in a range of 1 0 ' l 0 to 1 /.ig per container1191 The uranium fluorescence is intensified by his fusion

with solids as IMaF and LiF

The fluorescence intensity is measured in a fluorometer made by "Jarrel Ash" with a melting
mixture of two carbonates and one fluoride, namely, Na2CO3 , I<2CO3 e N H 4 F , in the mass rate
45 5 45 5 9 and give us quite reproducible results

To reduce the influence of the extinction provoked by certain elements, determination by the

direct analysis of urine <n small samples has been selected (0,1 ml of urine previously mineralizated)

followed by the adttion of a standard (two additions of 0 1 pig uranium) The uranium concentration in th°

sample is obtained as shows m the figure 4

Point 0 corresponds to the reading obtained through the analysis of the sample; the points 0,1 jug
and 0 2 ng represent the addition of two standard done in the original sample in the same container, in
sequence, conserving the same experimental conditions The x value shows us the uranium concentration
present in the sample, having eliminated as much JS possible, the several interferences.

Note that ot the reading we compare to the value of a blank made only with the fused flux.

.Ml the analysis are done in duplicate

The method has been shown to be satisfactory for the control in question, with reprodutible

results The experimental error n. works of this type of measurement is between 5 and 50%, our error is

about 25%

6.2.4. Results.

The results presented here ate prel • minary and come from urine analysis of 42 persons, during the
year of 1971

We have done in the start of the program a survey of the uranium level in the urine of all the

personnel, after we pass to do routine analysis only for the Plant personnel and other persons that are in

contact with the uranium and sporadicly, the rest of the personnel only for control

In the Table 6, the uranium quantities excreted in the urine by the personnel that work in the

D E Q are summarized
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TabttVI

U excrhttd in the urine by the personnel of DEQ

D E O

Sections

Plant
(8 persons)

Analitic
Laboratory
(23 persons)

Plant
Technical
Assistance
(10 persons)

Secretary
(1 person)

TOTAL

Sample

Number

45

71

34

3

153

Sample number put in the several intervals of U concentration
Oig/l)

0 10

5

29

10

3

47

11 20

7

14

8

0

29

2130

7

17

9

0

33

Note: Above 80 /jg U/l results = 0

31-40

14

2

4

0

20

-

41 50

2

5

3

0

10

-

5180

10

4

0

0

14

-

One note, as one hopes, the biggest levels are for the personnel that work in the Pilot Plant and
that it has not exceded the value of 80 jug U/1

If we observe the data from several countries'3-4-7-9-12-1315)- we note that most samples are in
the range of 0 to 10 fig of U/1 of urine Our values, meanwhile, in spite of having the biggest number of
samples in the range of 0 to 10 /.-g U/1, present several distributed in the following ranges up to 50 ng U/1.

Another fact is that if although there is not an official rotation among the Plant personnel, there is
rotation of work. In this manner, we avoid big values like those determined in other countries, sometimes
higher than 100 pg U/11 5 1

Only 14 analysis gave results in the interval of 50 to 80 iiq U/1, being that 10 belong to 5 of the
8 person that work in the Plant and the other 4 to 3 persons, over 23, that belong to the Analitical
Laboratory The detailed distribution is:

Plant:

2 persons with 3 analysis > 50 pg
1 person with 2 analysis > 50 pg
2 persons with 1 analysis > 50 /jg

Analitic Laboratory:

1 person with 2 analysis > 50 /jg
7 persons with 1 analysis > 50 /jg

TOTAL

TOTAL n°of
Analysis

6
2
2

. . . 10

TOTAL n°of

Analysis

2
2

TOTAL 4

Of these analysis, only 2 are subsequent to our starting use of masks, proving in this manner inn

efficiency of these masks
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6 3. Respiratory Protection

The operations that present the largest air contamination hazards are accomplished in closed
rooms with air exhaust pipes

These pipes draw in the ait for a cycle filters (fig 5) that absorve all the powder content in the air
before releasing to the air m the atmosphere

Concerning the worker, we have put in use two respiratory system, namely: a) mask with filter
against gases and radioactive powders; b) protection helmet with compressed air to breath

The mask is used for isolated operations, of short duration and which present the problems of
mjurions vapours and radioactive powders (fig 6)

The mask body (Panoramic S drager) is made of black neopreme, having an acoustic membrane
that permits communication an inner little mask covering the mouth and nose, Plexigum panoramic visor
and an in and out valve

The filter (B62OST DRAGER) is compound of obstacles that retain radioactive particles and acid
and organic vapours

The respiratory protection helmet with pressed air is used in the exhaust rooms where there is
ADU and/or SDU handling and also during reactor charge where the SDU dissolving is done

To use th>s type of equipment, we have to use extention of the compressed air from the Pilot Plant
to the exhaust rooms

Before entering the room, an air purification system has been introduced, with filter R 0500 and
filter with purger After the filter we have done a division of the pipes to the two rooms In each room a
compressed air suppnment valve has been installed. A third valve has been installed externally to the rooms,
and is used during the reactor charge In this manner, the wo'ker that uses the helmet connects his
extention to trm valve to receive the t itered air The helmet, done in fiberglass has its own regulating
system for the passing air The use of this protection helmet in indicated for a long duration operation and
the worker protection is complete Its use has been very efficient in the following operations:

a) SDU weighting and transference operation (fig 7)
b) Dissolution reactor loading with SDU (fig 8)
c> Packing of the ADU in small card board casks (fig 9)

For emnergency operations we maintain a protection mask with its own compressed air
suppriment The a<r charge has a mean duration of 50 minutes and the assembly has zr. alvm system that
warns the end of the air charge, giving time to the user to withdraw from the emmergency operation before
the end of the charge (fig 10)

7 - Conclusions.

Although the protection system that is already in a large part implemented for the environmental
and personal control in the a. ^s of the uranium purification pilot unit in the D E Q of the I E A r f ot the
final one, it has permitted an efficient control for the work conditions of the workers of that area. The
permissible leveis of radiation and the uranium presence in the urine are not being exceeded

The determination of the uranium in the urine of the pilot plant personnel is done in a routine
manner, although one has not selected a definitive method about the samples taking and their frequency
Nevertheless, the number of samples already taken and analyzed assure us that the environment conditions
of work, are under control and that the personnel is conscious about the potential radiation hazards end
operate wthm good protection norms

Equipment such as the airborne continuously momtorinp (fig 11), the hand and clothes
contamination detector and portable survey meter with zinc sulphe**.- cnstil (fig 12), all of them for alpha
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radiation are already been adquired and one finds them in the places of use, although not all of them are
turned on.

With partial implantation of the protection system, the personnel of the pilot plant are to have

protection clothes more functional and adequated for the type of work, such as plastic lab coat, gloves,

boots and mask. All this can be noted by urine analysis.

Of enormous importance, we want to emphasize in this work, that besides colaboration to create a

permanent control in the uranium working areas, maintaining all the places cleaned and decontamined, and

assuring tranquility to all personnel and supervisors, the presence of the health physics staff has had the

worth to create a profissional conscience in reference to environmental and !>lso personnel hygiene with

relation to the radiation for all the D.E.Q. personnel.

Concluding, the scheme implanted for health physics in the uranium purification pilot unities in
the O.E.Q. of the I.E.A., represents for us, a pioneer experience in the country, having now staff
specifically vained for this type of work, and that will endcvour to continue to improve this system which
is giving us positive results. It is obvious that we will not stop our endeavour to improve our technique and
to try to reduce the radiation levels even more.

PMrSCi 1.-.YSrfc.M DIAGRAM at THE URANIUM PURIflCiT ION
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FIGURE CAPTIONS

Figu-e 1 Person working in areas with small possibilities of radioactive hazards The figure shows the

control panel of the P'lot Plant

Figure 2 Table where the clothes used by worker that is in areas with radiation hazards, a:c seen

Figure 3 Worker with Helmet Observing the ADU precipitation reactor

Figure 4 Determination of Uranium content by the method of addition of standard

Figure 5 Cycle Filter for the safety room exhaust (SDU and ADU)

Figure 6 Use of the mask with filter, lab coat of PVC, in the transfer operation of ADU precipitated wet

for the drying tray >.

Figu"» 7 Use of rhe protection Helmet with compressed air suppriment in the SDU weighting and

transference operat on

Figure 8 Use of the protection Helmet duting the loading of the SDU dissolution reactor

Figu'p 9 Use of the protection Helmet in the ADU hot house withdrawal, packing and weighting

Figure 10 Protection mask with >ts own compressed air suppriment

Figure 11 Air borne continuously monitoring for alpha radiation

F>gurp 12 Hand and clotnes contamination detector (alpha and beta) meter (alpha, beta and gamma) and

clothes monitoring (alpha and beta)

Append'x A Monitoring places <n the Pilot Plant
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Figure 2
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F igure 3
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Figure 5
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Figur» 8
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Figure 10
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Figure 12
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RESUMO

Apcn desctvatmos os do>s proctstot dt punttcaçSo usados na Divisão da Enganftaria Quimca do Instituto d»
feneça A tomes, not txanvnamos os possiM* danos t os métodos adequados para controlé-los ou •liminá-lo» Como este*
p'oensot a t pu"f'caçio aprtstntam varias ttapat, t m cada uma nós avaliamos os dano* t ttntamos fointca« soluças*
adxwajat p»'« p>or«ger ambos passos» • insfumtntos, dos ptugos pottnetais da radiação
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