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ABSTRACT

The Santa Quitéria Project is the major Braziliaanium mine project, nowadays. A peculiarity ofstproject

is the association of uranium with phosphate aediiming and processing of both by two differerteeprises.

A private company will be responsible for the pratitan of phosphoric acid and a state owned compéype
responsible for the production of yellow cake. All tapacity, the facility will generate 10% of Bibs total
annual phosphoric acid production and 1,500 tongtdw cake per year. The processing by which phosc
acid is produced generates phosphogypsum (PG)bgspeoduct. The ratio of phosphogypsum to phosphori
acid is around 5 to 1. After all the phosphate basn extracted and processed, it is expected tma¢ 87
million tons of phosphogypsum with 13 Bg/g“fRa will be produced. A prospective generic assessmas
carried out for evaluating the potential radioagtimpact of this PG stack on the workers and sudting
inhabitants. Two hypothetical farmer scenarios wagsigned to estimate the potential dose out opthgect
boundary and over the stack piles, after the shutdof the project. The annual exposure dose of amrkvas
also evaluated. As a result, the potential pubfid aorker doses exceeded the adopted level of dofes
1mSv.y* and 6 mSv.y, respectively. The simulation spotlighted the imance of the rainfall erosion index,
and consequently the stack shape for the envirotah@wontamination. The importance of planning the
decommissioning of the facility still in the plangi phase of the project to give support for thesifabty
studies was also highlighter. Although quite comatve, the prospective assessing of dose heraisdful to
aware and guide the decision makers on informatiwh data survey and taking avoiding action to totee
health, by changing the project in some way.
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1. INTRODUCTION

Mining like many other industries can cause enwmental impact. However, for the NORM
(Naturally Occurring Radioactive Material) industj to the impact caused by conventional ways is
added the radiological impact (Paschoa and God0y,2aschoa 2009, Verqueria et al 2002). In the
past, the lack of concern about the environmenttaadinknown of the NORM potential radiological
impact had led to generation of substantial amoohtwastes and to environmental contamination
(Pires do Rio et al. 2003, Lauria and Rochedo 2088hough, over the last three decades the
radiological impact caused by NORM industries hesome increasingly assessed, the environmental
and worker impacts are not yet entirely known (UESR, 2008). Currently there is increasing
awareness that NORM projects should not be stasiéitbut giving appropriate consideration to
potential radiological consequences. A prospe@iwaronmental impact assessment (EIA) should be
completed before a project is authorized to procesid development. The EIA identifies, predicts,
interprets and communicates information, and prepogreventive and mitigative measures, to
minimize impacts of a proposed action on the emwitent. Its purpose is to evaluate the
environmental implications (negative or positivejth the objective to judge the acceptability oé th
project and control those impacts to acceptablelsewvhile maintaining the viability of the project
(IAEA, 2005).



According to the Brazilian Institute of GeographydaStatistics (IBGE), the mining and mineral
transformations represent around 5.2% of Braziltanss Domestic Product (GDP) (IBGE 2007).
Depending on the industry, this sector of activitcasionally faces environmental challenges. Silva
(1997) reported that the Brazilian’s phosphateliest industry releases approximately 2,000 tohs o
uranium and its decay products into the environregaty year.

Phosphogypsum (PG) is a by-product of the phosgdhditzer processing, and it is the main residue
generated. PG is normally produced during the wetgss with sulfuric acid in a ratio of about 4.5

tons of PG per ton of phosphoric acid (Saad 19R&jlium remains with the PG, after the processing
of the phosphatic rock, while uranium and thoriwthdfv the phosphoric acid route. When radium is

present in high concentrations in PG, measuresldghmitaken to safeguard public health and the
environment.

Some two hundred and ten kilometers far from thealeza city, in the town of Santa Quitéria in the
state of Ceard, Brazil, lays a noteworthy uraniumt phosphate ore, located on a farmland owned by
the Brazilian Nuclear Industries (INB). See figdre

Figure 1. Location of Santa Quitéria Site

At present, Santa Quitéria site is the largest iBaazreserve of uranium. The concentration of
uranium in the Santa Quitéria ore (1200 mg®#/kg of ore) is around ten times higher than tHat o
commercialized concentrates of phosphate rock raigig from other phosphorus mines in the
country (Sauea and Mazzilli 2006, Santos et @620

In the Santa Quitéria Project, phosphoric acidxigeeted to be produced by the wet process — the
most widely used method in which the rock phospisateeated with acid producing phosphoric acid
and phosphogypsum, which is removed as a by-prod@ihet main stages of the milling process are as
follows: i) Ore dismantling; ii)Removal of Fined) iFlotation and iv)Phosphoric acid production. A
simplified way of production of phosphoric acidoslow described:

CaF(PQys+ 10 HSO, + 20HLO—> 6 HPO, + 10 CaSQ@2H,0 + 2HF

Considering that the ore components remains cangtesughout the life cycle of the industry, the
phosphate rock from the Santa Quitéria is expetttg@toduce 37 million tons of PG. The estimated



concentrations of?*Ra and?%b in the PG stack reach values around 13 Bq/g ldndq/g,
respectively, while the containing &fRa is estimated as 0.41 Bg/g (Fukuma 1999). Thessd of
radionuclides in the PG of Santa Quitéria Projeetlats higher than the levels found in other PG
stacks produced in Brazil (Sauea and Mazzilli 2@#htos et al. 2006).

Considering that the PG stark will be the main seuerm of the site, this research goals to astsess
potential environmental and occupational impact.

1. METHODOLOGY

A radiological environmental impact assessmentefRG stack was carried out using the RESRAD
OFFSITE 2.6 and RESRAD (onsite) 6.5 codes. The codie developed by the Argonne National

Laboratory with the help of the Oak Ridge Natiohaboratory, and have been extensively tested,
verified and validated in the area of exposure amrdvironmental risk assessment

(http://web.ead.anl.gov/resrad/RESRAD_Family/).

The available information about land use, peopti&t, habits and existing environmental local
parameters were included in the model. Thus, sdnigecRESRAD default values were changed, by
available local parameters (e.g. rainfall and avapetranspiration rates) or by parameters that best
went with the local characteristics. In such a waydraulic conductivity values were changed to
reflect local soil and phosphogypsum charactesstior the other needed parameters, the default
parameters of RESRAD were used.

The shape of the stack with 36000000 tons of PGesgtimated by comparison with the PG stark of
Kedainiai, which encompasses an area of 84 hectardsis 60 meters high, and is formed by
22000000 tons of PG.

The concentrations of the radionuclide daughtestudrt half-life were assumed to be in secular
equilibrium with its parent.

Three scenarios were developed for this exercise:
1.1. Acritical group located closeto the bordersof the site.

It was considered a farmer scenario, in which tlical group is located close to the border of the
site. Considering the habits of the local inhaligamwells supply their drink water and the cropd an
animal products are locally produced (figure 2).

The worst case scenario was simulated whereby rihendwater flows from the stack towards the
critical group location. The preferential directiof the wind is also from the stark to the critical

group location. All the exposure pathways were iwred. Accordingly, the exposure pathways are
external gamma, radon and dust inhalation, drinkager and plant, milk, meat, aquatic food and soll
ingestion.

1.2.  Occupation of the site by the local inhabitants, after the closur e of the site.

The RESRAD 6.5 code was used to simulate a scenfdccupation of the site, after the closure of

the mine and the abandonment of the site. Thecatigroup is located on the top of the PG stack.
This is also a farmer scenario, where the expopateways are external gamma, radon and dust
inhalation, drinking water and plant, milk, meajuatic food and soil ingestion.

1.2. Theworker scenario

The aspect of occupational safety is another factaonsider. The modeling using the RESRAD 6.5
code depicts a scenario in which the worker spg@adsof his work day (around four hours) directly
on the PG stack. For this simulation, the expogqathways are radon and dust inhalation, soil
ingestion and external gamma.
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Figure 2. Location of the critical group in relatito the PG stark.

2. RESULTS

Having taken into account all exposure scenarhs stmulation using the RESRAD Offsite 2.6 code
for the critical group located close to the sitedaos pointed out a value of dose for the critgralup
dose of around 2.5 mSv/year (figure 3).
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Figure 3 — Contribution of radionuclides to theatatose for the critical group located close the si
boundary



The main contributor for the total dose#®Ra, followed by**%Pb, and the main exposure pathway is

fish consumption, followed by radon inhalation. fitre contamination of the surface water and
consequently for the fish contamination.

The sensitivity analysisfers to the magnitude of the dependeatthe dose results on the value

of input parameter(s). This analygi@as carried out for all parameters using RESRADecdthe largest
and most consistent sensibility (over all paranzetmnalyzed) was to the rainfall erosion index.
Hence, according to the model, the dose increabgive increase of this index value.

For the occupancy of the area scenario by localliitants, the total dose reached the value of 300
mSvl/year, figure 4. At this case the main contobdor the dose i$*Rn, followed by**Pb. And,
then inhalation of radon is the main route of expes
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Figure 4 — The contribution of exposure pathwayhéodose for the occupancy of the site people.

For the worker scenario, the results showed thtital dose value of 6.5 mSv/year. The main

contributor to the dose wé¥Ra, and the most significant exposure pathway haxkternal gamma
exposure (figure 5).
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Figure 5 — Radionuclide contribution for total dderker Scenario



3. DISCUSSION AND CONCLUSION

For this assessment, the PG was the only souncedkradiation considered in the site, and even so,
the critical group dose was found to exceed thdipdose limit of 1 mSv/year, as established by the
new Basic Safety Standard (IAEA 2011) for plannegosition. According to the results, the disposal
and shape of the stack is of major concern, siheerainoff might be the main pathway for the
environment contamination. Based on that, studiesild be carried out to determine the parameters
related to runoff and the shape and disposal ofsthek. Also contention barriers for avoid the
environmental contamination by runoff should belstd.

The second or post-operational scenario revealgta dose for inhabitants who settle on the PG
stack, in case of the site abandon. It thereforeamhstrates the need to plan the decommissioning of
the site still in the phase of planning and incltitis subject in the studies of viability of theojact

and alternatives for the safe disposal or recyanBG.

The dose for workers might exceed the public dosé.|The workers must therefore be protected
from the occupational hazard. Even though the R@ksis part of a conventional phosphoric acid
facility, in view of the foreseen value of dose the Santa Quitéria Project, radioprotection
requirements should be applied and enforced.

In sum, this study emphasizes the importance oflwcing an environmental and occupational risk
assessment, before the beginning of facility opmmatconsidering the high doses in all three
scenarios. Since the area may eventually be reaftedthe closure of the facility, it is necesstoy
plan for waste management to prevent potentiallili@s. Planning for the decommissioning of the
area must occur in the initial design phase betfoeeconstruction of the facility, because meastoes
minimize risk and liabilities must be evaluated éimeir related costs included. It is crucial torpfar

all possible future liabilities, when consideringetfuture decommissioning of the Santa Quitéria
facility.

The data generated and presented in this simulatenbased on a conservative approach, for
example same parameters were RESRAD default anghttertainties were not considered. However,
the methodology is useful for estimating risks floe public and workers for the decision making

process related to the planning and sustainaloilitiie project.
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