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WASTE_ DISPOSAL. PROBLEMS AT THE INSTITUTO DE EHERGIA ATÓMICA . 

Engo j©sé Maria Gosta Rodrigues 

Instituto de Energía AtStoiea, SSo Paulo, Sé P., Brazil 

O Autor apresenta uma avaliação preliminar d© problema dos 

resíduos radS-oativos lífuddos, no Instituto de Energia Atâniea. 

Vários tipos de resíduos produzidos n© presente ou espera­

dos em futuro proximo são descritos ou tentatívãmente avaliados. 

© sistema de drenagem natural, nesta área ê brëiîréménte de^ 

crtto e as vazões anuais indicadas, 

11 examinada a dispersão dos resíduos líquidos nas corren-̂  

tes práümas e siigerida a construção de uma estação de tratamento»; 

SOMMABŒ!;.:. • 

L*Auteur présente m e évaluation preliminaire de problème 

des effluents radioactifs liquides de l'Institut© de Eaergia Ato=̂  

mica. 

Différents -fcsrpes d'effluents produit actuellement du espé­

rés dans un futur prêche s©nt décrits et évalués approximative -

ment* 

Le système de drainage naturel est décrit brièvement, ©n a 

aussi indiqué les debits annuels» 

On a examiné la dispersion d'effluents liquids et on a sug 

géré la construction d'une station de traitement. 
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ABSTRACT 

A preliminary evaluatiom ©f tk© radioaetive llgmid waste 
problem at the Institut© de Energia Atomiea is hereby presented. 

Several types ©f wastes produced at present, ©r escpected 
in the near future, are herein described ©r tentatively evaluated. 

The natural drainage system of this area is als© briefly 
described and the annual flofBnrates indicated» 

Dispersl©n ©f radisaetive liquid wastes int© ihe available 
near-by streamis is e^mlned and the c®nstrueti©H ©f a treatment 
plant suggested* 

A) IHIROMGTIQH 

The aim ©f this paper is t© present a fiŝ st evaluati©n ©f 
the radioactive waste disposal pTOblems at the Instituto de Ener­
gia AtSmlca in SS© Faul©. Several facters contribute t© render 
this evaluation difficult* 

This Institute started operating ©niy a few years ag© and 
is still in the process ®f develoiment. Wsa^ fields of research 
in nuclear science remain ©pen, praetieally unt©úehéd by the 
scientific ©rganizati©n ©f the said Institute* 

Theire are plans f©r considerable expansion in the years 
t© e®me, where a staff ©f 50® people, including scientists , 
technical and administrative persQnnel, is being eensideredo 

Particularly in the fields ©f Huclear Engineering, Iteelear 
Metallurgy, Ghemical Engineering and leaet©r Physics, a'*large 
amount ©f work will be required to support the implementation of 
the Brazilian At©miG Energy Pr©g]ram« 

The utilizati©n of radiQÍs©topes in mediéal science, 
research and the profession as a whole, is spreading steadily, and 



industry in general is beginning to get, aequainted with and 
interested in the applioation of radioisotopes to its own uses. 

Furthermore, atomic teehisolo'Qr is a fast-changing one, 
rapidly and constantly improving as a result of the very consider­
able expenditures applied to research by the more developed 
countries. 

It seems difficult to evaluate today what will be the 
characteristics and intensity in the development of scientific and 
technologic activities at the Institute five or ten years hence. 

As a first step for a sanitary engineering evaluation, some 
sort of prediction must be maide if it is wished to project our 
present vaste disposal picture into the near future. 

We hope that our assumptions and considerations will allow 
for at least some design criterion to be achieved for a future 
waste-disposal plant or procedure. 

In the following considerations, only the radioactive 
contamination aspect will be considered, the chemical, organic, 
thermal or other pollution aspects being disregarded, 

B) RADiaAGHyE UQUIB WASTES 

Liquid wastes from the Radioehemistry Pivision 
Biere are three main sources of contaminated wastes 

originating in the normal Radioehemistry Division operations, 
neimelys 

1. Radioisotopes production 
2. Ion exchange laraniura purification pilot plant 
3. Research laboratories, 

1) Radioisotopes production 
In the radioisotopes production, the effluents from the 



151 
I ^ preparation process constitute the ma|0r prc>blëmi This raâio-

nuclide has been prodmcet at tahe iEnstitTiit© de Etoeirgia AtoMea by 

neutron activation of Te^^"^, irradiating Telluric Acid in the 

swimming pool reactor with a neutron flux of 2 x 10"̂ ^ n/see<.cm̂  at 

an average energy level of 2 Mev. 

TMs operation is peiiformed at |>resent eight hours a day 

for two consecîutive days each week» 

Figé 1 shows the monthly guantitles ©f irfadlated aeidi 

Fig« 2 and J, typical gamma spêètr©grams ©f thé eresldue, and 

Fjg. k the the©retlGal tétai gamma aetivi%- deeay pattern^ It is 

a very eeneentrated waste and must be clçisslfiêd as "h®t" or "high 

level waste" (over 1 mc/gal) until approximatif- l©*̂  hours ©f e©©i* 

ing time» 

The ©ther radioisotopes pr©ducéd by irradiation of liquid 
32 

s©luti0ns, like P-'̂  , d© not present a problem ©f waste disposal 

due to the short half-lives of the actiimted nuclides and to the 

small amounts produced to date» 

2) Ion exchange purî içati©n pil©t;piaat 

This is a small scale installati©n and the cpantity ©f 

effluents pr©duced is n©t large» The main residue fr©m the process, 

with the radium and other alpha endtter daughters of Uranium is 

retained and stored* Only a very l©w level liquid effluent is 

discarded inteiinittently, its volume being s© smaH that it could 

be considered as part of the radioehemistry research laborateries* 

•rostes» 

5) Research lab©rat©ries 

There are almost 5© laboratory sinks connected to the 

c©ntaminated waste drainage system at the SÎA» The présent fl©w 

is smallj however, with the pr©p©sed increase in the ntunber ©f 

research pers©nnel, it could be estimated at 5 m̂ /day» There is 



ia© point in trying to asss^ the e©fflp0siti©n and aeti-rtly ©f tMs • 

waste newj ¥6081186 ire kn©w that vèîy soen gpéãt m©dlf ieati®iis •»̂ 11 

©eeufo Tahle Í ^ ' refreduÊes the mere C0ffl|>iete inf©fnsation we 

were able t© find f©r. this "^e ©f labôratery waste atïôBg publ ia» 

ed literaturee 

At the moment thé liqaid waste flow is als© very small« 

l©wever, with the proposed èJépansion, new laboratory facilities 

will be installed and a fl©w rate similar t© that ©f the Radio-

chemistry Division will be a reasonably eacpeéteâ flgûreo Table 1 

als© presents inf©rmati©n regarding radioactive physical and 

ehemieal characteristics of this type ©f wasteo 

Li(|uld wastes from,the. Chetnigal, BçiglneeriaÉ:,.„Diyig'î  

The Chemical Engineering Divisien is ©©neemed Mth the 

tfeêhnolegical problems related t© the jjioduetioa ©f nuclear grade 

uranium and Th©rium from m©nazite sandSo In the future, burnt 

fuel pr©cessing and Plutonium separation may His© be ©b̂ jects ©f 

investigation and research. 

Monazite is processed in a plant operated by CNEN, als© 

l©Gated in Sã© Paul©> but n©t at the HA» 'Fiĝ _,g indieates 

schematically the flow sheet ©f this processò Final products. Torta 

II, a sluriy c©ntaining Th and U, and the ügO^â^ solutions are the 

starting raw materials f©r the two pilot plants that will be 

constructed at lEA f©r the s©lvent extraeti©n and purification of 

Th and U respectivelyo 

Figo 6 and T indicate the fl©w sheets of both processes, the 

( 4 ) KoAo B©lshakov - C©nference f©r Peaceful Uses ©f Atomic Energy 
Gehebra 1^8 = vol, I8 » Pil©t Plant for laboratory Liquid 
Wastes Dec©ntaminati©n 



TSable :i 

doatamiaaat 
Wastes of Wastes of Wastes of 
chemioal biophysical laundries 
laboratories laboratories 

ppm 

Sodium, Na 92 
Galeium, Ga hO 
Magnesium, Mg ; I8 
Ferric oxide 2.8 
Ammonia ..............*.... O . I 8 
Potassium, K 
Manganese, Mn. 
Bicarbonate ............... 8̂  
mtrates 99 
Chlorides ................. k6 
Chromâtes 0.6 
SviLphates 1̂ ^ 
Silica 106.5 
Siilpho-naphtenic aoides^ .. 38.2 
Oil and other organic subs­
tances ho 
Total quantity of different 
salts 622 
pH .0,.. ... 7.8 
Concentration of -
(X-fitters, curie/liter .. 1x10 
CoBcentratlon of aadj^ 
emmitters, eurie/liter .... 1x10 
Biochemical ojgrgen donand 
(BOB) ppm ,. 5-1© 

62 359 
8® 2 
18 1.2 

1,1 0.2 
33 11.2 

8.2 
67 79.2 
31 -96 241.5 

m 91.2 
L©6.5 106.5 
13.9 174 

160 

l©lf0 
a 

1x1© -9 

-7 1X10 

50©-350 

1756 
5.5 

1x10 r7 
-7 1x10 

250-300 

a) Salpho-naphtenic acldes are oomĵ dnfflits of the petr©leum-oll 
wetting agent used for washing su^aees contaminated with 
radioaetive elements. The petroleum-oil wetting ag^ts are 
obtained by treating high temperature oil-refinery products 
with sulfdaurlc acid. 



amounts and probable compositions of the wastes eŝ eéted. Most ofî 

the Badium and other alpha emitter daughters of fherium and Uranium 

•will be GO»precipitated td.th SÔ ^̂Ba and retained as filter ealEes, 

Which will be stored for further feproeesslng. 

The filtrates and wash waters from the Uraaitim pilet plant 

will amoiant to approximately 4,6 m^/day with 4® ppm uranium, almost 

free of radium» It is expected that the specific activity of this 

residue will be of the order of l©'^/4c/ml. The filtrates and wash 

waters from the Thorium Pilot Plant will also arttount to 4.6 m̂ /day 

with 10 ppm of Tho 

252 
However, due to the relatively Short-llves of the Th 

252 

datighters, the .purified element Th is br©ù#it rapidly to 

eqiailibrium with its descendants as indicated in lig»_8.. It is then 

eâ^ected that this waste will also have a speeiiftc activity of 10"^ 

^c/ml, considering the presence of the Thoriuia daughters. 
Liqi^d wastes; fi-pm, the Nuclear Metallurgy, jDJMŝ ^̂  

Liquid araste processed at the Huclear Metallurgy MvisiOn 

originates from cleaning, washing and decofttatftination routine 

operations, of equipment surface accessories, tools and persoittiel. 

The processes at the Nuclear Metallurgy División are relat­

ed to the fabrication of UO^, ThOg and Be© sintered pellets, and 

laminated fuel elements with Al\aminium cladding. HMre 9 indie­

ates the flow sheet for the fabrication of sintered ¥0g pellets. 

Similar processes are or will be used for Th^g and BeO, 

It can be seen that only solid materiMs are processed. 

However, due to the fineness of U^g powder, the hazard of 

atmosphere contamination by dusts shotild be considered¿ Also gases 

such as radon and thoron will escape in several phases of the 

process and will reach the atmosphere diiring operations, like 

charges and discharges of the equipment. Alpha emitters daughters 

of radon and thoron will be deposited on the surface of dusts and 
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impurities in the atmosphere and eventxially will settle on the 
floor or other surfaces, A decontamination routine operation is 
carried out by periodically washing the areas and facilities for 
these processes, Ttie waste waters produced in these operations 
will carry insoluble oxides of U and Hi that may be in colloidal 
suspension. However, the contamination by soluble compomds is 
very improbable. It is estimated that the wastes from the Nuclear 
Metallurgy Operation^' flow rate will be near 10 ra^/day. 

It is expected that the specific activity of this waste, 
after sedimentation, will be low (̂ lO"̂  ̂ c/ml). 

Other liquid wastes from lEA 
Ihe swimming pool reactor has a water purification system 

consisting of recirculation through beds of activated carbon and 
ion exchange resins. Corrosion products, activated by nemti*on flux, 
fission products that may eventually diffuse through the fuel 
elements cladding and radioisotopes that may escape from the 
Inside of the recipients where they are irradiated, may continuous­
ly contaminate the demineralized vra.ter of the reactor swimming 
pool, Hiese contaminants are continuously retained by the 'ion 
exchange resins. Periodically, these resins are regenerated and 
the spent regeneration solutions will carry Idie contaminants away 
and will constitute a radioaetive waste, 

Fjg, 10 shows a gamma spectrogram of a sample of this 
type of waste after a cooling period of about 5 months, showing 
clearly the presence of I'̂ '̂'". However, the amount of this waste,, 
which reaches 500 liters every 3 months, is insignificant. 

Another contaminated waste is that originating in laundiy 
operations. Table I also indicates typical characteristics of this 
waste. 

It is estimated that the lEA uncontarainated wastes from 
washing and cleaning routine operations, equipment cooling water 
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and sanitary sewage, after the proposed expansion, will not exceed 
200 ra^/dayo 

We can, for a preliminary study, use the figures indicated 
in Table 2. 

Table 2 

lype of waste Specific Activity Daily quantity 

Hot over l6~^ /d.c/ml 2 liters 

Cold 10'^> A > 10"^^ c/ml 25 Bp 

Utocontaminated 10-8 100-200 n? 

Table 3 shows an estimation of the future daily amounts of 
k 

radioactivity discharged, considering a cooling time of 10 hours 
for the Telluric Acid irradiated. 

M̂ /day 
Spec. act, 
/« /nil 

Total act. 
yWC /day 

Chemical Bagineering 
Division 
Radio Chemistry & Radio 
Biology Division 
1 ^ ^ ^ processing 
Nuclear Metall\xrgy Division 

10 
,002 

10 

10 

10 
10 
10 

-5 

-k 

I 

I 

10 

100 

1 

50 

1000 
20000 

10 

21 

-6 
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The lEA is located in the earapus of the University of São 

Patilo, ButantS District, on the left bank of the Pinheiros RiVer, 

as indicated in Fig. 11 . 
2 

The campus covers an area of approximately 3«8 km with a 

hilly topography and an altitude vaiying between 720 and BoO 

meters. It is limited on the northeast by the Jagoaré stream and 

on the southwest by the Pirajussara stream, both afluents of the 

Pinheiros River. 

The sub̂ -basin of the Pinheiros forms part of the socalled 

Upper Tiete basin, ̂ ieh is defined by its watersheds from the 
2 

springs to Pirapora Item, with nearly 5.0; km of drainage area. 

Average flow, based on 15 years of observation, is assumed 

to be 105 m^/sec. The Pinheiros sub-basin contribution of about 

,50 m /sec. is regulated by the Billings and Guarapiranga Reservoifs 

and diverted to the Gubatao Power Plant. Also more than 95?& of the 

balance from the Upper Tietê flow is pumped to the Billings 

Reservoir-; to be used in the same Power Plant. This is achieved by 

two pump stations located at Pinheiros, which was transformed into 

a channel and has imd its oourse reversed. 

From the Gubatao Power Plant, the waters from the Upper 

Tietê basin reach the Ocean through the Santos Est\iary, 

Considering that the maximum permissible concentrations in 

the water are based on the assumption of chronic exposition to 

radiation during a working life of 30 years, it is reasonable to 

take yearly average flows to calculate dillution capacities. With 

this criterion, we can adopt the following figures, indicated in 

Table 4. 

The University Campus has a drainage system of a separate 

type. Rain water is collected and conveyed to Jaguaré or Pirajussa 
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ra streams. Sanitary sewage is eollected and direõted to the Pl^ 

nhelros Sewage !Ereatnient Plant (in oonstructicai), the effluent 

being discharged into the Pinheiros. 

Digested sludges from this Treatm^at Plant will be pumped 

to sludge drying lagoons located at ¥ila dos Remédios, and the dry 

product may be used as fertilizer. Gases produced la the sludge 

digestion will possibly be used as fuel. 

«Eable k 

Average flow 

M^/sec. M^/day 

Jaguaré Stream 0.2 
k 

1.7 X 10 
Pinheiros Channel 70.0 6 X 10^ 

Billings Reservoir 100.0 8.6 X 10*̂  

Santos Estuary 120.0 107 

PREEJMIMARY AHALISIS OF TmmSEOSAL OF THE lEA RADIQAGUVE LIQOID 

WASTES IHTO THE IRLÃHD SURFACE WATERS 

Legal Aspects. Water Pollution Control in our country is regulated 

by the following applicable legislations: 

Federal Decree No 2k6k^ of July 10th, 195^ 

Federal Decree N? 50877 of July 29th, I96I 

Sao Paulo State Law N« 156I - A of December 29th, 1951 

Sao Paulo State Law m 2182 of July 23rd, 1955 

são Paulo State Law N? 3068 of July l4th, 1955 

são Paulo State Decree N» 2l*8o6 of July 2Tth, 1955 

Ibis legislation forbids the discharge of wastes into 

streams unless it can be demonstrated that the physical, chemical 
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and btólfigleal elaârasterâsiïies ©f the waters will hot m&ê!t êiltelr=» 

ation in such a way as to inèonvenience its actual or potential 

utilization. 

Water supervision is píovlâed by Federal and.State Public 

Health Authorities. 

In the legislation there is n© direct referense t© radiOs» 

active pollutionj however, it could be included in the general 

water pollution concept. 

Activities in the Atemic Field in this country are regulate, 

ed by Federal Law N? 4118 ©f August 2Tth, 19^2 and Federal Decree 

51T26 of February 19th, I965, that ©rganized the eKEN ^ Comissão 

Kaeiorial de Energia Huclear. 

In Tit. IÏ * Chapter I "©bjeetives and Attributions", Art. 

k from the Federal Ordinance says: ........ it is ©f the incurabency 

of the CHEN «,..... 

"V =• T© establish safetŷ  rules, and procedures, related to 

the use of ionizing radiations and auelear materials, and 

the installation and operation of plants that produce 

nuclear materials or use nuclear energy, and to.fisealize 

the^Qbservatjon of the said rules and procedures directly 

or in c0llaborati©n with ©ther g©vemment agencies"*. 

Public health aspects 

The International Committee ©f Raãiati©n Pr©tection has 

made recommendations for the following categories of expos\ire to 

ionizing radiations 

A. Occupational expcsure. 

B. Exposure of special groups. 

G. Exposíiré of the populati©n at large. 

Table 5 indicates the maximum permissible ©©ncentration of 
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radionuclides in rater, f o r eontinuous OGCupatioaal escposûfes. 

Table .3 

Mftiitatioñs Of water 

on 1P6 
If none of the radionuclides Sr^, 1 , 
,.129 T151 T3T,210 ^ 210 ,^211 „ 225 I I ̂  , Pb , Po , At , Ba f 

' 2 2 4 _ 226 „ 228 , 227 ™.252 
Ra , Ra , Ra , Ac Th and 

Th-nato are fresent 3 X 10"^ 

If none of the radionuclides Sr^, l̂ ''̂ , 
„210 „210 „ gg3 „ 226 '„ !Ë28 „ 25I 
Pb f Po , Ra Ra , Ra , Pa 

and Th=ñate are present 2 X 10*^ 

If none of the radionuclides Sr^, 1 ^ ^ ^ , 
210 226 228 

Pb , Ra , Ra. , are présent 7 X 10*^ 

PP6 P P ñ 
If neither Ea or Ea is present " 10-^ 

If no analysis of water is made ' 10-^ 

. Regarding the exposure of populations at large (Gategory 

C), the suggested limits are not considered defihitiye but are 

presented as a guide in planning nuclear energy programs. 

If the radionuclides or mixtures of radionuclides in 

consideration have the body or the gonads as critiê il organs, its 

is STiggested that a factor of .01 be applied to the values listed 

in table 5, In the other cases, a factor of .035 should be applied. 
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Ta.kiMg into consideration the recommendations in this 
preliminary evaluation, we shall use as Maximum Permissible 

•=•7 
eoncQitrations the values 2.5 x lO"ŷ e/ral for the felluric Acid 
waste and 10 for the mixture of the other radioactive wastes, 

Bie amount of water then required to dilute the activities 
indicated in T&ble 3 to the above concentrations will bes 

Ij. ' 
^ ^ •̂ ^ „ = 8.7 X 10-̂ ° ml/day = 8,7 x 10 day 

2.5 X 10"' 

^.^^Q^ = 1.06 . 10̂ 2 ^^^^^ ^ 1.06 X 10^ m^/day 
•'•̂  Total 1.15 X 10^ m^/day 

Comparing this figrare with those indicated in Thble 4, 
it can be seen •tíaat the discharge.of these waters into the Jaguaré 
stream will req.uire a treatment with a decontamination factor of 
2 

10 order of magnitude, and the discharge into the Pinheiros River 
is feasible once the followinĝ  relationship is observed? 

(C_ = water concentration 
( ®̂ 
^ of Telluric Acid, 

C„ ^. (C = water concentration Te CM , ) 
"ZZ, ' ^ ^' "^^^^^ S of mixed radio-nuclides MPC^ MCP^ ( 

(MPCm ) = mximum permissible 
( ®̂ 
(MFC concentrations ra 

• Uncertainty and other aspects. 

We have seeen that in a first evaluation of the radioaetive 
wastes expected In the near future from lEA, the required amount 
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flow ofsthe Piuhelros, ehanjïel» j;oweii;:êr, t̂ e,.foll̂ S?ing facts mst. 

bê duly considered? 

1) The absence of better elements to permit more precise 

' "'''fbre'casts on the problem̂  

2) The limited knowledge we possess at this time of the 

reconcentration mechanism of certain nuclides by the aquatic 

biota, and the associated hazard represented by iacreased internal 

exposition due to the possible contamination of food efeainSo 

3) It is desirable to study problems related to radioactive 

waste treatment and to train personnel, since this type of 

specialists will be required at the fature Atomic Power Plants and 

Fuel Processing Plants. 

In consideration of the above=mentioned reasons, we believe 

that the following eonclxisions co\ild be reached and used as 

criteria in the iraste disposal problems 

a) Hot effluents should be kept in cooling storage for an adequate 

period. 

b) Gold effluents should be collected in separate contaminated 

drainage systemsaand monitored. 

c) Treatment facilities in pilot plant scale, as suggested in fig. 

12, should be provided, as the development of the diverse 

aetivities might require. 

d) TJncontaminated and sanitary sewage sfeould be eolieeteâ in 

separated uncontamlnated drainage systems and monitored. 

e) Both drainage systems should convey their wastes to the same 

area or point where, having only one installation, all the 

waste handling activities, like kot stoi-age, treatment and 

monitoring, dispersion or permanent storage, could be centrally 
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©d with resulting opeiratlonal bepefits. 
') Dally discharge should comply with "Kie formulia 

0.7 Te « 166.6 M ̂  1 

\rtiere Te and M are curies of Tellwic acid vastei and other 
mixed radioactive wastes. 

file:///rtiere
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MONAZITE SAND T R E A T M E N T PROCESS 
SIMPLIFIED F L O W S H E E T 

Fig. S 

N o O H ' D I G E S T I O N 
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