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1. Introduction

NORM is an acronym formed by the first letters of the expression "Naturally Occurring
Radioactive Material". This type of material might be found in certain oil production sites and a
comprehensive procedure is required to properly identify, manage, transfer and treat these

materials.

The presence of radionuclides from natural series of Uranium and Thorium are common in oil

and gas exploration and production. The main characteristics of this occurrence are:

o There are usually no gamma equivalent dose rates with high values;
¢ Limited number of nuclides (mainly U and Th disintegration chains);
¢ Chains of long disintegration - long periods of decay;

¢ Inhalation and ingestion are the main concerns from the dose point of view.

The deposition of Radium (?*®Ra, #*°Ra, ??*Ra) occurs because of the a-decay from their
immediate parent (??Th, 2%°Th, 232Th). In addition, Ra prefers the aqueous phase, leading to
enhanced concentrations. Therefore, after production, the Ra will follow the aqueous produced
water stream. Radium is chemically similar to barium (Ba), strontium (Sr), calcium (Ca) and
magnesium (Mg), and it becomes incorporated into sulfate or carbonate deposition. Once

deposited inside equipment or produced at the surface, all three Ra show different behavior.
e 228Ra reaches secular balance with ?22Ac very quickly (within two days).

However, in a much slower process (about 10 years), 22Th, that was absent in deposits of
produced water, grows in (transient balance). With the arising of 222Th all NORMs chain until

208ph appear in about two weeks.

e 22Ra starts a secular balance (within two weeks) of short-lived NORMs (??2Rn, 2'®Po,
214pp, 214Bj and 2'*Po) of its own. The growth of 2'°Pb occurs in a much slower rate (about
100 years).

e 22*Ra appears in produced water or its deposits without its immediate parent 226Th. That is
why its concentration does not grow. It actually tends to disappear (within two weeks).
This implies that only in samples of fresh produced water ?**Ra may be detected. With the

reappearance of 222Th, ?*Ra will also reappear in more aged samples.

Radon (Rn) isotopes are noble gas elements and prefer the (natural) gas phase for transport to
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the surface. As %?°Rn only lives for a few minutes, by the time that this element reaches the
surface, it will have decayed. ???Rn with a half-life of about four days may appear in Liquid
Natural Gas (LNG) processing installations, in the upper part of the crude oil storage tanks or in
Natural Gas (NG) transmission lines. Ultimately, it will decay to ?'°Pb, but as ?*Rn owns a short-

life compared to 210Pb, no balance status will be reached.

In gas or oil fields, where stable Pb is present in produced waters, 2'°Pb may be incorporated in
any formed deposit as well. In this kind of deposit, ?'°Pb activity concentrations will be higher
than 2?°Ra activity concentration, indicating that an independent mechanism for Pb transport is

present.

The level of NORM accumulation can vary substantially from one facility to another, depending
on geological formation and operational conditions, and will also change over the lifetime of a
well. NORM cannot be differentiated immediately from other oilfield wastes, except by specific
measurement. The quantity of material does not necessarily define the amount of NORM
present or the radiological risk that it may represent. To determine whether or not a facility is
accumulating NORM, a periodic NORM survey with subsequent sampling and analysis needs to

be conducted.

2. Description of the Field

The FPSO FLUMINENSE, operated by MODEC, is located in the Bijupira and Salema fields.
The Bijupira and Salema fields, discovered in 2003, are located on the North Fluminense coast,
approximately 295 kilometers from the city of Rio de Janeiro, located in the Campos Basin, with

a water depth of around 400-870 meters.

3. Objective

This document presents the results of a radiometric survey carried out on board of FPSO
Fluminense operated by SHELL. The work scope included a complete radiometric survey of the

oil production and water separation plant, followed by the interpretation of the results.

4. References

NORMA CNEN NN - 3.01
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Diretrizes Basicas de Protecdo Radioldgica

NORMA CNEN NE - 3.02

Servigos de Radioprotecéo

NORMA CNEN NN - 8.01

Geréncia de Rejeitos Radioativos de Baixos e Médios Niveis de Radiacao
Lei N°10.308, de 20 de Novembro de 2001.

NR-37 — Seguranga e Saude em Plataformas de Petréleo

IOGP - Managing Naturally Occurring Radioactive Material (NORM) in the oil and gas
industry — Report 412 — March/2016

Diretrizes para gerenciamento de materiais radioativos de ocorréncia natural (NORM) /

Instituto Brasileiro de Petroleo, Gas e Biocombustiveis. — Rio de Janeiro: IBP, 2019.
Plano de Protecdo Radiolégica - FPSO Fluminense - Revisao 02 de 24/10/2022.
Plano de Gerenciamento de Residuos NORM - FPSO Fluminense - Revisao 03 de

21/03/2023.

5. Equipment

In order to carry out this radiometric survey for NORM presence, on the oil production and water
separation plant, it was used a Scintillator radiation meter (model: Ludlum 3001), which is
capable of distinguish the different radiations and energy that are emitted from the

homogeneous material.

The annual Calibration Certificate and equipment data can be found in Annex B of this Report.

6. Radiometric Survey

In this part of the procedure, the process involved in the monitoring task of the oil production

and water separation plant will be presented.

6.1. Equipment Checklist

@

© Copyright Jabarra Radioprotecao Jabarra Radioprotegdo LTDA



JAB-REL-SHE-FLU-007 JABARRA RADIOPROTEGAO LTDA Date: 05/22/2023

Revision: 0 NORM Survey Report Page: 7 of 20

Before carrying out the work, it is necessary to make a checklist of all the devices to be used in

the following tasks:

Radiation meter;
Test source for admeasuring the radiation meter;

Forms.

6.2.Radiation Meter Operation Test

The test of the radiation meter relays on the following steps:

1)
2)

3)

Check if the radiation meter battery is charged and the calibration certificate is updated.
Choose the monitoring mode in terms of reading speed (slow / fast) and select the scale
to be used (x0.1; x1.0; x10; x100).

Using the test source, “read” it in the standard condition to determine the standard value.
This standardization procedure should be performed only once, right after the calibration
of the radiation meter. The measurement of the standard condition should be made by
touching the radiation meter against the open test source, making 3 (three)
measurements and averaging them.

Standard condition is the measurement made at a given distance and position from the
detector in relation to the test source during the reading time.

Standard value is the measure of the exposure rate or equivalent dose rate in the
standard condition and should be used as a reference value for comparing the next
measurements,

Using the test source, perform the reading process in the standard condition;

Compare the reading performed with the standard value, if the deviation found is equal to
or less than 20% of the standard value, the equipment (radiation meter) is suitable for use.
Otherwise, the radiation meter must be sent for maintenance and new calibration, as it is
outside the acceptance range;

Record the reading as well as the data related to the equipment (radiation meter) on the

function/operation test form.

6.3.Radiometric Survey on Equipment

The radiometric survey of the equipment demonstrated in item 6 of this Monitoring Report must

follow the general steps described below:
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1) Check if the radiation meter battery is charged and the calibration certificate is updated.

2) Choose an appropriate scale, taking into account that the values read correspond to the
chosen scale.

3) Perform the Radiation Meter test, using the Cs-137 test source.

4) Check if the deviation between the measured value and the standard value is within the
range (x 20%).

5) Perform the background radiation measurement, approximately 2 (two) meters from the
equipment. At this stage, it is necessary to ensure that, when measuring the bottom, there
is no other radiation source that affects the monitoring result.

6) Take the respective readings along the entire length of the equipment / line, filling out the

7)

form provided.

Archive the measured readings in standard report format.

7. Results

The radiometric survey was performed on 3rd May, 2023. The table below presents the

maximum values found for equivalent dose rate in each of the equipment/lines.

Table 1 - Results of monitoring carried out at the production plant

05/03/2023

Radiation meter equipment:

Ludlum 3001 (Scintillator)
TAG Equipment Local PI&D
Surface | 1 meter | Background

(uSv/h) | (uSv/h) (uSv/h)
HBG-1050 Salema Inlet Heater Module 1 20-0103 0,07 0,07 0,07
16"-PF-B1-1001 Inlet HBG-1050 Inlet 20-0103 0,67 0,10 0,07
2"DC-A-5009 Closed Drain HBG-1050 20-0103 0,07 0,07 0,07
16"PF-A-1007 Outlet from HBG-1050 to MBD-1010 | 20-0103 0,07 0,07 0,07
MBD-1010 Salema Production Separator Module 1 20-0103 0,07 0,07 0,07
16"PF-A-1007 Inlet from HBG-1050 20-0103 0,07 0,07 0,07
2"PW-A-2003 PW Inlet from MBM-3610 to MBD-1010 | 20-0103 0,07 0,07 0,07
3"PW-A-2003 PW Inlet from MBM-3610 to MBD-1010 | 20-0103 0,07 0,07 0,07
4"DC-A-5001 Closed Drain MBD-1010 20-0103 0,47 0,08 0,07
4"DC-A-5002 Closed Drain MBD-1010 20-0103 0,07 0,07 0,07
HBG-1055 Bijupira Inlet Heater Module 1 20-0104 0,26 0,16 0,07
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Radiation meter equipment:
Ludlum 3001 (Scintillator)
TAG Equipment Local PI&D
Surface | 1 meter | Background
(uSv/h) | (uSv/h) (uSv/h)
16"-PF-B1-1000 Inlet HBG-1055 Inlet 20-0104 0,58 0,12 0,07
2"DC-A-5010 Closed Drain HBG-1055 Inlet 20-0104 0,10 0,07 0,07
16"PF-A-1009 Outlet from HBG-1055 to MBD-1015 | 20-0104 0,62 0,14 0,07
MBD-1015 Bijupira Production Separator Module 1 20-0104 0,09 0,07 0,07
16"PF-A-1009 Inlet from HBG-1055 20-0104 0,51 0,09 0,07
2"PW-A-2007 PW Inlet from MBM-3610 to MBD-1015 | 20-0104 0,07 0,07 0,07
3"PW-A-2007 PW Inlet from MBM-3610 to MBD-1015 | 20-0104 0,19 0,08 0,07
4"DC-A-5004 Closed Drain MBD-1015 20-0104 0,84 0,07 0,07
4"DC-A-5005 Closed Drain MBD-1015 20-0104 0,07 0,07 0,07
8"PW-A-2004 PW Outlet from MBM-1015 to MBD-3610 | 20-0104 0,59 0,11 0,07
HBG-1060 Test Inlet Heater Module 1 20-0105 0,07 0,07 0,07
10"-PF-B1-1002 Inlet HBG-1060 Inlet 20-0105 0,14 0,07 0,07
2"DC-A-5011 Closed Drain HBG-1060 Inlet 20-0105 0,08 0,07 0,07
10"PF-A-1011 Outlet from HBG-1060 to MBD-1020 | 20-0105 0,07 0,07 0,07
MBD-1020 Test Production Separator Module 1 20-0105 0,10 0,07 0,07
10"PF-A-1011 Inlet from HBG-1060 20-0105 0,07 0,07 0,07
2"PW-A-2011 PW Inlet from MBM-3610 to MBD-1020 | 20-0105 0,07 0,07 0,07
3"PW-A-2011 PW Inlet from MBM-3610 to MBD-1020 | 20-0105 0,07 0,07 0,07
4"DC-A-5007 Closed Drain MBD-1020 20-0105 0,50 0,08 0,07
4"DC-A-5008 Closed Drain MBD-1020 20-0105 0,07 0,07 0,07
4"PW-A-2008 PW Outlet from MBM-1020 to MBD-3610 | 20-0105 0,77 0,09 0,07
MBM-3610 Water Collection / Skim Vessel Module 1/2 20-0121 0,11 0,07 0,07
8"PW-A-2004 Inlet From Separators 20-0121 1,04 0,13 0,07
4"PW-A-2008 Inlet From Test Separator 20-0121 0,42 0,11 0,07
6"PW-A-2023 Bypass From Separators 20-0121 0,40 0,12 0,07
8"PW-A-2025 Outlet From MBM-3610 to ZBM-3620 | 20-0121 0,65 0,13 0,07
3"PW-A-2003 Sand Jet Line From MBM-3610 to MBD-1010 | 20-0121 0,10 0,07 0,07
2"DC-A-5075 Closed Drain MBM-3610 20-0121 0,09 0,07 0,07
2"PW-A-2013 Outlet From MBM-3610 to HBG-1110 | 20-0121 0,23 0,07 0,07
2"DC-A-5060 Closed Drain From MBM-3610 20-0121 0,23 0,07 0,07
ZBM-3620 Hydrocyclone Module 2 20-0122 0,46 0,13 0,07
8"PW-A-2044 Inlet From MBM-3610 20-0122 0,20 0,07 0,07
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Radiation meter equipment:

Ludlum 3001 (Scintillator)
TAG Equipment Local PI&D
Surface | 1 meter | Background

(uSv/h) | (uSv/h) (uSv/h)
8"PW-A-2045 Bypass Bypass 20-0122 0,22 0,07 0,07
8"PW-A-2047 Outlet from ZBM-3620 to MBM-3630 | 20-0122 0,97 0,17 0,07
2"PW-A-2046 Outlet to 2"DC-A 20-0122 0,10 0,07 0,07
12"PL-A-1112 Inlet from BGC first stage 20-0106 0,42 0,09 0,07
"PL-A-1113 Inlet from Basket Strainer to HBG- | 200106 | 0,59 | 0,11 0,07

2"PL-A-1188 Outlet Offspec tanks 20-0107 0,23 0,13 0,07
4"DC-A-5024 Closed Drain MBD-1125 20-0107 0,24 0,08 0,07
4"PW-A-2044 Outlet to 3"PW-A-2045 20-0107 0,24 0,09 0,07
3"PW-A-2045 Outlet to MBM-3610 20-0107 0,29 0,12 0,07

6"PL-A

Inlet

Circulation

20-0123

8"PW-A-2047 Inlet from ZBM-3620 to MBM-3630 | 20-0123 1,26 0,07 0,07
8"PW-A-2037 Outlet from MBM-3630 to HBG-3650 | 20-0123 1,15 0,23 0,07
4"DC-A-5050 Closed Drain MBM-3630 20-0123 0,56 0,12 0,07
4"DC-A-5049 Closed Drain MBM-3630 20-0123 0,23 0,12 0,07

0,13 0,07

4"PL-A

6"PL-A

Outlet

Inlet

Circulation

Circulation

20-0123

20-0123

0,12 0,07

0,13 0,07

4"PL-A

Qutlet

Circulation

20-0123

0,12 0,07

8"PW-A-2043 Inlet from MBM-3630 to HBG-3650 | 20-0123 0,30 0,25 0,07
10"PW-A-2033 Outlet Water Overboard 20-0123 0,61 0,14 0,07
8"PW-A-2099 Bypass Bypass 20-0123 0,44 0,14 0,07
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Radiation meter equipment:
Ludlum 3001 (Scintillator)
TAG Equipment Local PI&D
Surface | 1 meter | Background
(uSv/h) | (uSv/h) (uSv/h)
MBK-1140A Electrostatic Treater Module 3 20-0108 0,07 0,07 0,07
10"PL-A-1141 Inlet from MBD-1125 20-0108 0,16 0,07 0,07
10"PL-A-1129 Outlet to Crude Exchangers 20-0108 0,07 0,07 0,07
3"PL-A-1189 Outlet to Offspec Tanks 20-0108 0,07 0,07 0,07
3"PW-A-2014 Outlet to Oil Treater Water Pumps 20-0108 0,44 0,07 0,07
6"PG-A-1215 Outlet to FGC first stage 20-0108 0,07 0,07 0,07
4"DC-A-5026 Closed Drain MBK-1140A 20-0108 0,38 0,07 0,07
MBK-1140B Electrostatic Treater Module 3 20-0109 0,07 0,07 0,07
10"PL-A-1142 Inlet from MBD-1125 20-0109 0,33 0,07 0,07
10"PL-A-1132 Outlet to Crude Exchangers 20-0109 0,07 0,07 0,07
4"DC-A-5032 Closed Drain MBK-1140B 20-0109 0,16 0,07 0,07
3"PW-A-2015 Outlet to Oil Treater Water Pumps 20-0109 0,36 0,07 0,07
2"PL-A-1192 Outlet to Offspec Tanks 20-0109 0,07 0,07 0,07
6"PG-A-1218 Outlet to 8"PG-A-1215 20-0109 0,07 0,07 0,07
8"PG-A-1215 Outlet to FGC first stage 20-0109 0,07 0,07 0,07
PBA-1145A Qil Treater Water Pump Module 3 20-0108 0,07 0,07 0,07
3"PW-A-2014 Inlet from Electrostatic Treater 20-0108 0,07 0,07 0,07
2"PW-A-2012 Outlet to Crude / Crude Exchanger 20-0108 0,07 0,07 0,07
1"DC-A-5030 Clodsed Drain PBA-1145A 20-0108 0,07 0,07 0,07
PBA-1145B Qil Treater Water Pump Module 3 20-0108 0,07 0,07 0,07
3"PW-A-2015 Inlet from Electrostatic Treater 20-0108 0,08 0,07 0,07
2"PW-A-2018 Outlet to Crude / Crude Exchanger 20-0108 0,07 0,07 0,07
1"DC-A-5029 Clodsed Drain PBA-1145B 20-0108 0,10 0,07 0,07
PBA-1145C Oil Treater Water Pump Module 3 20-0108 0,07 0,07 0,07
3"PW-A-2016 Inlet from Electrostatic Treater 20-0108 0,11 0,07 0,07
2"PW-A-2017 Outlet to Crude / Crude Exchanger 20-0108 0,07 0,07 0,07
1"DC-A-5028 Clodsed Drain PBA-1145C 20-0108 0,07 0,07 0,07
2"PW-A-2019 Outlet to Crude / Crude Exchanger 20-0108 0,07 0,07 0,07
ABH-3410 Closed Drain Sump Tank Module 10 20-0124 0,28 0,07 0,07
6"DC-D-5051 Inlet from Closed Drains 20-0124 0,10 0,07 0,07
3"PW-A-2035 Inlet from MBM-3610 20-0124 0,07 0,07 0,07
6"PL-A-1160 Outlet to Closed Drain Sump Pumps | 20-0124 0,27 0,07 0,07
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Radiation meter equipment:
Ludlum 3001 (Scintillator)
TAG Equipment Local PI&D
Surface | 1 meter | Background
(uSv/h) | (uSv/h) (uSv/h)
PBE-3415A Oil Treater Water Pump Module 3 20-0124 0,07 0,07 0,07
4"PL-A-1161 Inlet from ABH-3410 20-0124 0,22 0,07 0,07
3"PL-A-1162 Outlet to MBM-3610 20-0124 0,15 0,07 0,07
4"PL-A-1154 Outlet to MBM-3610 20-0124 0,15 0,07 0,07
4"PL-A-1164 Outlet to Crude / Crude Exchanger 20-0124 0,07 0,07 0,07
PBE-3415B Oil Treater Water Pump Module 3 20-0124 0,07 0,07 0,07
4"PL-A-1160 Inlet from ABH-3410 20-0124 0,38 0,07 0,07
3"PL-A-1154 Outlet to MBM-3610 20-0124 0,09 0,07 0,07
4"PL-A-1154 Outlet to MBM-3610 20-0124 0,15 0,07 0,07
4"PL-A-1164 Outlet to Crude / Crude Exchanger 20-0124 0,07 0,07 0,07
PBE-1210 Flowline Circulation Pump Module 2 20-0147 0,07 0,07 0,07
10"PL-A-1143 Inlet from MBD-1125 20-0147 0,07 0,07 0,07
8"PL-B-1100 Outlet to Incoming Test Line 20-0147 0,07 0,07 0,07

8. Conclusion

In 2007, the International Commission on Radiological Protection (ICRP) recommended a public
dose (risk) limit of 1 mSv/y additional to the natural background dose (~2.4 mSv/year). Ordinary
gas and oil industry workers are treated as a member of the public with a limited exposure time
(2,000 h/year). These recommendations have been implemented in the International Atomic
Energy Agency (IAEA) Basic Safety Standards (BSS).

Taking in consideration that the Radiometric Survey is the first step to confirm the presence of
NORM, for this specific scope of work, any results that does not meet with the stablished criteria

should indicate the presence of NORM on the area/surface/equipment in question.

Section 7 of this report presents the results of the Radiometric Survey for all equipment selected
by offshore and onshore workers. Therefore, considering the measurements performed, as well
as the unit's history, several devices had an equivalent dose rate considerably higher than the

background radiation level (background), which indicates the presence of NORM inside.
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The P&IDs of the equipments of interest are marked to betters illustrate the survey, those
P&IDs can be found on ANNEX C of this report.

For the purpose of controlling exposures to ionizing radiation, as well as controlling the

generation of radioactive waste, the equipments in item 7 with an indication of the presence of

NORM is considered equipment of interest for collecting samples to characterize the waste.

In order to comply with the Brazilian CNEN 8.01 standard, the results of the collected samples

must confirm whether the concentration of activity found in the product is within the limit for

unconditional disposal or if the oily sludge must be treated as NORM.
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ANNEX A — Radiation Meter Calibration Certificate
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Laboratorio de Ciéncias Radiologicas

Instituto de Biologia Roberto Alcantara Gomes

Universidade do Estado do Rio de Janeiro

LR

Acreditado pela CGCRE / INMETRO
Certificado pelo CASEC/IRD/CNEN

@ CERTHFICADO DE CALIBRACAO

LCR - 0436/2022
Numero de Certificado

—SOLICITANTE

Nome: 1029 - Jabarra Servicos e Comércio Ltda

CNPJ: 09.066.134/0001-80

Endereco: Rua Madre Maria Victoria , N° 90, Charitas — Niteroi - RJ

—— IDENTIFICAC£O DO INSTRUMENTO DE MEDICAO / PADRAO

Tipo: Camara de ionizacao
Fabricante: PTW — Freiburg
Modelo: TN32002

Série: 4189

Rastreabilidade: Rastreado ao LNMRI/ IRD/ CNEN

Ultima calibracéo realizada em 04/11/2021 - Certificado LNMRI 1042/2021. ( de acordo com a norma ISO
4037-2, o intervalo de tempo entre calibracdes nio deve exceder 3 anos )

Tipo: Camara de ionizacéo
Fabricante: PTW — Freiburg
Modelo: N23361

Série: 292

Rastreabilidade: Rastreado ac LNMRI/ IRD/ CNEN

Ultima calibracdo realizada em 04/11/2021 - Certificado LNMRI 1043/2021. ( de acordo com a norma ISO
4037-2, o intervalo de tempo entre calibracdes néo deve exceder 3 anos)

~— IDENTIFICACAO DO INSTRUMENTO CALIBRADO

Tipo: Cintilometro

Fabricante: Ludlum Measurements Inc

Modelo: 3001
Série: 25019874

Sonda: Ludlum 44-2, n° de série PR-387429

LCR- Rua Sao Francisco Xavier 524 Pavilhédo Haroldo Lisboa da Cunha Sala 136 Térreo. Maracana. RJ
Tel: 2334-0725 / 26 / 27 - e-mail: labmetro.uerjigmail.com — site: www.labmetroonline.com.br
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PY7SN i
CERTIFICADO DE CALIBRACAO D OEC
% et c;f Acreditado pela CGCRE /INMETRO

Certificado pelo CASEC/IRD/CNEN

Laboratério de calibracdo acreditado pela Cgcre de acordo com a ABNT NBR ISO/IEC 17025, sob nimero CAL 0625

LCR. 0436/2022
Numero de Certificado

—— CONDICOES DA CALIBRACAO

Geometria: Eixo longitudinal do detector coincidente com o feixe de radiagao.
Ponto de referéncia: Centro geométrico do detector.

Fonte de radiacdo: 157Cs,

Faixa de temperatura: 18 a 26 ¢

Faixa de presséao: 970 a 1050 hPa.
Faixa de umidade relativa do ar: 30 a 75 %.

—— METODO E PROCEDIMENTOS DE CALIBRACAO

Método utilizado: Método de Calibragao em Campo de Radiagdo Conhecido (norma ISO 4037).

Fonte utilizada: 37Cs.

Procedimentos utilizados:

1- LABMETRO-PT-003- Calibracao de Monitores de Radiacao dos tipos: Geiger Miller, Proporcional, Cintilometro e
Camara de lonizacéo com Fonte Gama.

2- LABMETRO- PT-009- Avaliagdo da Incerteza de Medigao.

3- LABMETRO-DQ-081 — Modelo de Certificado de Calibragdo Gama

4- O equipamento foi calibrado em um campo de referéncia caracterizado em taxa equivalente de dose ambiente H*(10).

—— INFORMACOES ADMINISTRATIVAS

Ordem de servico LCR/Labmetro: 279-001/2022
Laboratério responsdvel pela calibragéo: Labmetro/LCR

— INFORMACOES

1- O Laboratério de Ciéncias Radiolégicas possui Certificacéo para Calibracéo de Instrumentos com Radiacéao Gamae X,
Calibracdo de Monitores de Contaminacéo Beta, Calibra¢do de Camara Pogo para Braquiterapia e Irradiagdo de Monitores
Individuais na Grandeza Hp(10) e com Radiaciao Gama e X, concedida pelo Comité de Avaliacao de Servicos de Ensaios e
Calibragao (CASEC) do Instituto de Radioprotecdo e Dosimetria (IRD) da Comissdo Nacional de Energia Nuclear (CNEN) de
acordo com as recomendagées do documento RT-LCI-001/2011 (Reguisitos técnicos para Certificagdo de Laboratorio de
Calibragéo de Instrumentos de Medigdo para Radiagdo Jonizante usados em Radioprotegdo).

2- Devido as caracteristicas do equipamento recomenda-se que o mesmo seja recalibrado periodicamente ou caso ocorra
quaisquer danos ou alteracdes que possam modificar sua resposta.

3- O presente certificado de calibracdo atende aos requisitos da norma NBR ISO/IEC 17025 e é valido apenas para o
instrumento de medicAo e condicdes especificadas acima, ndo sendo extensivo a quaisquer outros instrumentos. O
presente certificado de calibragdo s6 podera ser reproduzido por completo, ndo sendo autorizada cépia de partes do

mesmo.

4- De acordo com o documento RT-LCI-001/2011 a calibragdo foi realizada a 50 % de cada uma das escalas. Os valores
medidos devem se situar dentro de £10 % do valor de referéncia.

Laboratério de Ciéncias Radiologicas / Universidade do Estado do Rio de Janeiro Pagina 2/3
Laboratério integrante da Rede Metroradi - Servicos Tecnolégicos em Radioprotecéo e

Dosimetria SIBRATEC / MCTI
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# TR

i % CERTIFICADO DE CALIBRACAO LR

" & Acreditado pela CGCRE /INMETRO
Certificado pelo CASEC/IRD/CNEN

% 3
? egpagn ®

Laboratério de calibracgio acreditado pela Cgcre de acordo com a ABNT NBR ISO/IEC 17025, sob numero CAL 0625

LCR. 0436/2022
Numero de Certificado

— RESULTADOS

As incertezas padrio expandidas declaradas neste certificado foram calculadas de acordo com as recomendagotes do GUM
(Guia para a Expressao da Incerteza de Medicdo - Avaliacdo de Dados de Medicao, INMETRO), para um fator de

abrangéncia k = 2, com nivel de confianca de aproximadamente 95 %.

Valor de referéncia Medida do instrumento
Incerteza expandida
T::“ de ezml:;u Antes do ajuste Depois do ajuste U (%)
H%(10)
5,00 puSv/h 5,48 uSv/h Sem ajustes 5,8
25,0 uSv/h 26,8 uSv/h Sem ajustes 5,8
250 uSw/h 243 uSv/h Sem ajustes 5,8

OBS: O ajuste, quando necessdrio, ndo faz parte do escopo da acreditacéo do laboratério.

Data da calibragdo: 31 de maio de 2022
Data da emisséo do certificado de calibracéo: 03 de junho de 2022

Técnico Executor: Marcio Alexandre Costa Cruz

Certificado emitido por:

/ ' ,"
L AP

 ae T &

Validado em 06/06/2022
Responsavel: Pedro Costa

/7
[ an
A

7
Vanessa Mondafini de Castro

R ivel Téenico Radi P

P P

Laboratério de Ciéncias Radiologicas / Universidade do Estado do Rio de Janeiro Pagina 3/3
Laboratério integrante da Rede Metroradi - Servicos Tecnolégicos em Radioprotecéo e
Dosimetria SIBRATEC / MCTI
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Jabarra Radioprotecao

FOR-JAB-BRA-011 Pag: 1 de 1
Teste de Funcionamento de Medidores de
Radiagéo Reviséo: B
Medidor de Radiacédo Fonte Teste
Marca: Ludlum Radioisé6topo: Cs - 137
Modelo: 3001 Atividade: 220 KBq

Namero de série: 25019874

Numero de série: 59511

Certificado de Calibragao: 436/2022

Data da Atividade: 25/04/2011

Laboratério: LCR

Data de Emisséao: 31/05/2022

i J,,i.ﬁ“' 2

Foto da poslcib ('Ia' 's'ond;pafa medi

da padrao

Valor Padrao: 3. 09  (uSv/h)

Limite Superior: | 5 ()
Limite Inferior: 9 43
Valor
Data medido Responsavel Assinatura
5 (uSvih) :
0R/034/al 3 0OR Tolwn  EudGoo U/ZM
Jobsha] 332 | Pdu (o8
B33 | Lhods Lode W s
Uplaa| & T2 Tedin  Gugeoud {olro
3oroliga] 3 22 edro Gigenun o019
A\eU\Ny | 3, Lo ol T, J ﬂ@
04/0533| 3 14 Cduando Rrndoa A@
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///—3600 /BM—5620

PRODUCED WATER TREATING SKID HYDROCYCLONE
SIZE: 762 mm (30”) 0.D. x 1830 mm (6") OAL

DESIGN: 1862 kPag (270 psig) @ 60°C (140°F)
OPERATING: 952 kPag (138 psig) @ 41°C (105F)

CAPACITY: 345m3/hr (WATER) (52000 bpd)
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HBG— 3600 MBM—5650 PEBA—3050A /8

PRODUCED WATER COQLER FLOTATION CELL FLOTATION CELL PUMPS
DESIGN: HOT 1034 kPag (150 psig) @ 80°C {175°F) SIZE: 3353 mm {11'=0") 0D x 2590 mm (8'=6") T/T CAPACITY: 114 m3/h {500 gpm) @ AP= 345 kPg (50 psi)
COLD 1034 kPag (150 psig) @ 80C (175F) DESIGN: 690 kPag (100 psig) @ 86°C (150°7F) DRIVER: 22 kW (20 hp)
OPERATING: HOT 83 kPag (12 psig) @ 52°C (125F) OPERATING: 69 kPag (10 psig) @ 50°C (122°F) 2 x 100%
COLD 690 kPag {100 psig) @ 38C (100°F) CAPACITY: 345m®/h (52,000 opd)
DUTY: 4900 kW (16,7 MMBtu/h)
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HBG—1150(0OUT OF OPERATION)

SALES OIL

COOLER

DESIGN: HOT 1035 kPag (150 psig) @ 93'C (200°F)
COLD 1035 kPag (150 psig) @ 93°C (2007)
OPERATING: HOT 20 kPag (3 psig) @ 46'C (115F) IN, 38°C (100F)OUT

COLD 655 kPag (95 psig) @ 38'C (100°F) OUT, 30°C (86F) IN

HBG—1110A/B

CRUDE /CRUDE EXCHANGERS

DESIGN: HOT SIDE: 1379 kPag (200 psig) @ 93°C (200°F)
DESIGN: COLD SIDE: 1379 kPag (200 psig) @ 93°C (200F)

OPERATIN

G: HOT SIDE: 70 kPag (10 psig) @ 66°C (1507)

OPERATING: COLD SIDE: 552 kPag (80 psig) @ 56'C (133F)

HE

DWG. 20-0149
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4”—HM—A2-2509 —=

HBG—1115(0UT OF OPERATION)

CRUDE HEATER

DESIGN: HOT SIDE: 1380 kPag (200 psig) @ 149°C (3007)

DESIGN: COLD SIDE: 1380 kPag (200
OPERATING: HOT SIDE: 345 kPag (50

psig) @ 149°C (300F)
psig) @ 135°C (275°F)

OPERATING: COLD SIDE: 517 kPag (75 psig) @ 66°C (150°F)
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