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First contact with the situation

In 1997, a study was started to evaluate occupational exposures in the
Campos Basin, a region that at the time produced about 80% of the
national oil production.

In this phase, Geiger Muller was basically used and surface contamination
monitors and radiometric analysis

Were realized:
1. equivalent dose rate measurements across multiple sites;

2. Gamma spectrometry analysis of the material found stored in drums
and incrustations taken from unused tubes stored in an area on the
continent;

3. Measurements of concentration per unit volume of radon in air at
mainland and offshore installations;
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Spectrometry

The activity per unit mass of
radium-226 and radium-228 in
sludge and scale was determined
by gamma spectrometry using a
Canberra germanium detector,
model GL2015R. The system
resolution is 400 eV at 5.9 keV
and 700 eV at 122 keV.




Radon

Measurements of activity per unit
volume of radon in air were
performed with Genitron's
AlphaGuard PQ 2000PRO equipment,
which operates on the principles of
an ionization chamber, in pulse
mode. It can be used in diffusion
mode, acting as a passive detector, or
in flow-through-the-chamber mode.
Sampling intervals of 10 minutes
were used in diffusion mode.




Results of this phase

 Taxa de dose ofsshore
— Surface- 0,5 to 5 microSv/h
— 1 meter — Bkg —to 1 micro Sv/h

* Radon
— offshore lower than 1 Bg/m3
— Warehouse with drums - lower than 12 Bgq/m3

* Personal Monitoring
— Lower than 0,2 mSv



Results of this phase

SLUDGE

Activity per unit mass of radium-226
* Average 105 kBg/kg

* Maximum 340 kBq/kg

Activity per unit mass of radium-228
Average 78 kBqg/kg

Maximum 286 kBg/kg



Results of this phase

SCALE

Activity per unit mass of radium-226
* Average 470 kBa/kg

* Maximum 662 kBqg/kg

Activity per unit mass of radium-228
Average 23 kBqg/kg

Maximum 42 kBa/kg



Subsequently, a national survey was carried out at the
E&P facilities.

But how to do this? Many facilities spread across a
large country.

We started using the insitu range using detectors in
large areas and backpacks in smaller areas.

Then, about 1000 km were monitored, identifying
potential areas for more detailed study. Seeking to
identify areas of potential exposure of workers.



SPARCS (SPectral Advanced Radiological Computer System)




AT6101c

(SPECTRAL RADIATION SCANNER).
* backpack

* 512channels

e Neutron detector
e GPS
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Other results

This work took place in the period from 2003 to
2012 and had some very interesting
consequences that | will mention briefly.



Other results

NORM Survey in E&P
Information to workers - training
Radioprotection Plans

Control and recording of areas
Prevention Procedures

Waste management (storage)



Other results

Formation of the NORM Radiation Protection
Officer Team

mplementation of the Radioprotection Plan
nstallation of Portals for radiation detection (3)

Radon survey



And them...

* Terrestrial Gamma Tracking

— Estimation of population exposure to radioactivity in urban
areas

— Perform terrestrial tracking to determine the value of
Ambient Dose Equivalent, H*(10), in urban
agglomerations and population arrangements (IBGE
2016) for the purpose of determining the natural dose
rate and enabling the estimation of the dose in cases of
radiological accident or nuclear, producing
georeferenced maps.



IRD PLANAR NATURAL SOURCE SSYTEM

8 SOURCES: Background,K1,K2,U1,U2,Thl, UThl e UTh2
* 3 mindiameter o
50 cm thick e
2100 kg/m3,

3.53 m3°fvolume
7,41 tons of weight _
The central pool has a diameter of 4m and depth of 70c y

Minérios( kg) adicionados ao concreto

Source Concrete Uranium Monazite Sand Feldspar Pyrochlore
m Aggregate 6000
_ 2000 5000
_ 5400 1600
_ 6815 185
_ 6964 35,5

Thl 6972 28
- 6809 26 165
- 6899 81 20



PADS

First plane: identification label (TH1)and BKG alguns pads e a piscina




AT6101C

H*(10) (uSv/h)
Reference Inside vrhicle shielding factor
7cm

- Barreto Conti Oliveira

background 0,042+0,004 ND ND ND 0,046+0,004 0,068+0,005 0.048+0.005 1,42
0,170+0,001 0,156 0,153 0,143 0,164+0,009 0,120+0,007 0.088+0.006 1,36
_ 0,184+0,009 0,150 0,164 0,154 0,177+0,009 0,133+0,008 0.095+0.006 1,40
Thl 0,770+0,017 0,737 0,711 0,714 0,708%0,017 0,375+0,012 0.23340.011 1,61
_ 0,487+0,014 0,447 0,431 0,437 0,443+0,012 0,259+0,012 0,182+0,009 1,42
_ 0,296+0,011 0,254 0,261 0,253 0,273+0,010 0,189+0,009 0.132+0.007 1,43
- 0,314+0,012 0,287 0,288 0,278 0,293+0,013 0,186+0,009 0.121+0.007 1,54
- 0,692+0,019 0,615 0,609 0,624 0,613+0,016 0,335+0,012 0.236%0.009 1,42



SPARCS M1 results
H*(10) with standad deviation (nSv/h)
Reference levels in original units (uGy/h)

Reference 1 metro inside the shielding factor
7cm vehicle

- Barreto Conti Oliveira

60,9+1,6 ND ND ND 63,9+1,5 82,4+1,8 47,9+1,6 1,72
- 156,742,5 0,156 0,153 0,143 165,6%2,3 134,4+2,1 76,8+1,7 1,75
_ 172,742,6 0,150 0,164 0,154 170,5+2 4 148,442 4 84,6+1,8 1,75

609,1+4,3 0,737 0,711 0,714 591,444,3 398,1+2,6 215,3#1,8 1,85
- 431,643,8 0,447 0,431 0,437 420,243,7 295,543,3 158,5+2,5 1,86
_ 275,1£3,1 0,254 0,261 0,253 272,643,2 212,542,7 113,7#2,1 1,87
- 280,843,1 0,287 0,288 0,278 276,143,1 208,5+2,8 111,1+2,0 1,88
- 557,044,2 0,615 0,609 0,624 548,9#4,1 367,1+1,5 197,242,7 1,86



RESULTS : Angra dos Reis e Paraty

Overview of the tracked area: Costa Verde do Rio de Janeiro
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H*(10) nSv/h - Angra dos Reis and Paraty

: : geometric . . :
measurements
nSv/h nsv/h nSv/h nSv/h
526 86 163

109+12 111+1

Angra - Cidade
Angra Orla 765 108116 108+1 67 155
Paraty 602 101+11 100+1 71 147
Paraty Centro 615 105110 103+1 69 157
Vila Mambucaba 518 78+15 86x1 61 142
Mambucaba (Historica) 127 113+18 113+1 69 172
Praia Brava (1) 255 128+24 1161 72 153
Praia Brava (2) 272 126423 115+1 71 154
Piratininga 887 95113 9511 49 147

Fortaleza Santa Cruz 897 93+35 97+2 49 173




Radioactivity Map of Brasilia
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