




Ficha Catalográfica

S232i      Santana, Carolina de Lima.
      Investigação da dinâmica do óleo associado a derrames na Bacia 
de Campos / Carolina de Lima Santana. – 2026.
     132 f.

     Dissertação (mestrado) – Universidade Federal do Rio Grande –
FURG, Programa de Pós-Graduação em Oceanologia, Rio 
Grande/RS, 2026.
     Orientador: Dr. Fabricio Sanguinetti Cruz de Oliveira.
    
     1. Óleo 2. Falso-positivo 3. SAR 4. Modelagem 5. Bacia de 
Campos I. Oliveira, Fabricio Sanguinetti Cruz de II. Título.

CDU 551.46

Catalogação na Fonte: Bibliotecário José Paulo dos Santos CRB 10/2344











……………………………………………..… 

…………………………………………………………………………………..… 

....………………………………………………………..………………..… 

……………………………………..… 

....……...……………………………………………………..…..… 

....……………….……………………………………………………………...… 

………………………………………………………………………………………

…………………………………………………………………………



....………………………………...…..…………………………………..

………………………………………..… 

.……………………………………..… 

–

....……………………………………………………………………………………………… 

.....……………………………………………………………………….…..… 

...……………………………………………………………………………………..……...… 

……………….… 

..…………………



⁻ ....………………………………………………………………………...

....……………………………………………………………………………………………… 

......………………....… 

………………………………….…..… 

....……….… 

....……………..………



....………………………………………………………………………….………….. 



……………………………………………………………………………………………….… 

………………………………………………………………………………..… 

…………………………………………………………………………………..… 

………………………………………………………………………………..…… 

…………………………………………………………………… ……………… 

………… ………………………………………….… 



–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

https://knowledge4policy.ec.europa.eu/projects-activities/copernicus-marine-environment-monitoring-service-cmems_en
https://knowledge4policy.ec.europa.eu/projects-activities/copernicus-marine-environment-monitoring-service-cmems_en
https://www.bing.com/ck/a?!&&p=6fe897c28cec62143c667fd6005dd6970e94a5b10e16db134f79adaa20715475JmltdHM9MTc3MTgwNDgwMA&ptn=3&ver=2&hsh=4&fclid=0a47e7b5-0e12-62b8-2b60-f2c30f4363f5&u=a1aHR0cHM6Ly93d3cudGVtcG8uY29tL25vdGljaWFzL2FjdHVhbGlkYWRlL21hcGFzLWUtZGFkb3MtbWV0ZW9yb2xvZ2ljb3MtZG8tZWNtd2YtYWdvcmEtc2FvLWdyYXR1aXRvcy5odG1s&ntb=1
https://www.bing.com/ck/a?!&&p=6fe897c28cec62143c667fd6005dd6970e94a5b10e16db134f79adaa20715475JmltdHM9MTc3MTgwNDgwMA&ptn=3&ver=2&hsh=4&fclid=0a47e7b5-0e12-62b8-2b60-f2c30f4363f5&u=a1aHR0cHM6Ly93d3cudGVtcG8uY29tL25vdGljaWFzL2FjdHVhbGlkYWRlL21hcGFzLWUtZGFkb3MtbWV0ZW9yb2xvZ2ljb3MtZG8tZWNtd2YtYWdvcmEtc2FvLWdyYXR1aXRvcy5odG1s&ntb=1
https://www.bing.com/ck/a?!&&p=6fe897c28cec62143c667fd6005dd6970e94a5b10e16db134f79adaa20715475JmltdHM9MTc3MTgwNDgwMA&ptn=3&ver=2&hsh=4&fclid=0a47e7b5-0e12-62b8-2b60-f2c30f4363f5&u=a1aHR0cHM6Ly93d3cudGVtcG8uY29tL25vdGljaWFzL2FjdHVhbGlkYWRlL21hcGFzLWUtZGFkb3MtbWV0ZW9yb2xvZ2ljb3MtZG8tZWNtd2YtYWdvcmEtc2FvLWdyYXR1aXRvcy5odG1s&ntb=1


–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

https://www.bing.com/ck/a?!&&p=bf0af1d7e7a8be3189596d747cabdb68a23c548757301cd2b70547249cba185aJmltdHM9MTc3MTgwNDgwMA&ptn=3&ver=2&hsh=4&fclid=0a47e7b5-0e12-62b8-2b60-f2c30f4363f5&psq=ibamaSIGLA&u=a1aHR0cHM6Ly9wdC53aWtpcGVkaWEub3JnL3dpa2kvSW5zdGl0dXRvX0JyYXNpbGVpcm9fZG9fTWVpb19BbWJpZW50ZV9lX2Rvc19SZWN1cnNvc19OYXR1cmFpc19SZW5vdiVDMyVBMXZlaXM&ntb=1
https://www.bing.com/ck/a?!&&p=bf0af1d7e7a8be3189596d747cabdb68a23c548757301cd2b70547249cba185aJmltdHM9MTc3MTgwNDgwMA&ptn=3&ver=2&hsh=4&fclid=0a47e7b5-0e12-62b8-2b60-f2c30f4363f5&psq=ibamaSIGLA&u=a1aHR0cHM6Ly9wdC53aWtpcGVkaWEub3JnL3dpa2kvSW5zdGl0dXRvX0JyYXNpbGVpcm9fZG9fTWVpb19BbWJpZW50ZV9lX2Rvc19SZWN1cnNvc19OYXR1cmFpc19SZW5vdiVDMyVBMXZlaXM&ntb=1
https://www.bing.com/ck/a?!&&p=bf0af1d7e7a8be3189596d747cabdb68a23c548757301cd2b70547249cba185aJmltdHM9MTc3MTgwNDgwMA&ptn=3&ver=2&hsh=4&fclid=0a47e7b5-0e12-62b8-2b60-f2c30f4363f5&psq=ibamaSIGLA&u=a1aHR0cHM6Ly9wdC53aWtpcGVkaWEub3JnL3dpa2kvSW5zdGl0dXRvX0JyYXNpbGVpcm9fZG9fTWVpb19BbWJpZW50ZV9lX2Rvc19SZWN1cnNvc19OYXR1cmFpc19SZW5vdiVDMyVBMXZlaXM&ntb=1
https://www.bing.com/ck/a?!&&p=bf0af1d7e7a8be3189596d747cabdb68a23c548757301cd2b70547249cba185aJmltdHM9MTc3MTgwNDgwMA&ptn=3&ver=2&hsh=4&fclid=0a47e7b5-0e12-62b8-2b60-f2c30f4363f5&psq=ibamaSIGLA&u=a1aHR0cHM6Ly9wdC53aWtpcGVkaWEub3JnL3dpa2kvSW5zdGl0dXRvX0JyYXNpbGVpcm9fZG9fTWVpb19BbWJpZW50ZV9lX2Rvc19SZWN1cnNvc19OYXR1cmFpc19SZW5vdiVDMyVBMXZlaXM&ntb=1


–

–

–

–

–

–

–







De acordo com Xiao & Yang [2020], a presença do óleo na coluna d’água 























entre as latitudes 20°27’29’’ S e 22°59’29’’ S e as longitudes 

40°19’29’’ O e 42°00’49’’ O





https://scihub.copernicus.eu/












𝜕𝐶𝜕𝑡 + 𝑈. ∇𝐶 =  ∇ . (𝐾∇𝐶) + ∑ 𝑟𝑗𝑀
𝑗=1 (𝑥, 𝐶(𝑥, 𝑡), 𝑡)



𝐷𝑠(𝑧 = 0)2 ∫ ωk(ω)S(ω) dω∞
0

𝐷𝑠 ω é a S(ω) é o espectro de ondas.

𝑈𝑠 = 𝐷𝑠 cos 𝜗   𝑒    𝑣𝑠 = 𝐷𝑠 sin 𝜗
𝜗 = arctg (𝑤𝑥𝑤𝑦) 𝑤𝑥 𝑤𝑦 𝐷𝑠

–



∆𝑥 =   𝑑𝑥 ∗ √6 ∗ 𝐷10,000 ∗ ∆𝑡1,11 × 105  𝑐𝑜𝑠(𝑦) , ∆𝑦 =  𝑑𝑦 ∗ √6 ∗ 𝐷10,000 ∗ ∆𝑡1,11 × 105  𝑒 ∆𝑧 = 0
∆𝑡 𝑦 ∆𝑧 ∆𝑥∆𝑦

𝑑𝜎2𝑑𝑡 = 𝑆(𝑡)



𝜎2 𝑆(𝑡)





𝑆𝑅 =  Á𝑟𝑒𝑎 𝑠𝑜𝑏𝑟𝑒𝑝𝑜𝑠𝑡𝑎Á𝑟𝑒𝑎 𝑡𝑜𝑡𝑎𝑙 𝑒𝑓𝑒𝑡𝑖𝑣𝑎

𝐹𝑅 =  Á𝑟𝑒𝑎 𝑛ã𝑜 𝑠𝑜𝑏𝑟𝑒𝑝𝑜𝑠𝑡𝑎Á𝑟𝑒𝑎 𝑡𝑜𝑡𝑎𝑙 𝑚𝑜𝑑𝑒𝑙𝑎𝑑𝑎



𝐶𝑆𝐼 =  Á𝑟𝑒𝑎 𝑠𝑜𝑏𝑟𝑒𝑝𝑜𝑠𝑡𝑎Á𝑟𝑒𝑎 𝑟𝑒𝑎𝑙 + Á𝑟𝑒𝑎 𝑚𝑜𝑑𝑒𝑙𝑎𝑑𝑎
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influenced by the radar’s angle of incidence, causing its pulses to produce a 

                                                            𝜆𝐵 =  𝜆𝑅2𝑠𝑖𝑛𝜃                                                             (1)
where λB represents the Bragg resonant wavelength, λR is the 

wavelength of the radar itself, and θ is the angle of incidence. In this context, four 
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Santos Basin, extending between latitudes 20°27’29’’ S and 22°59’29’’ S and 

longitudes 40°19’29’’ W and 42°00’49’’ W, 



https://scihub.copernicus.eu/


detailed reports for each event were also supplied, including the oil’s API gravity, 

s’s

According to the ANP’s Superintendence of Operational Safety and Environment 



Case
Duratio

n (h)

Oil 

API

Oil

Name

Deflection 

by model

Wind 

Halved

(m/s)

Angle 

Factor 

(º)

Drift 

Factor 

(%)

Oil 

Discharg

e (m3)

M01 120 20.7 Lloyd Yes 0 45 2 15,36

G01 120 21.5 Neptune Yes - 25 2 15.36

M02 120 20.7 Lloyd Yes 10 45 2 15.36

G02 120 21.5 Neptune No - 25 2 15.36

M03 120 20.7 Lloyd Yes 0 45 3 15.36

G03 120 21.5 Neptune Yes - 25 3 15.36

M04 120 20.7 Lloyd Yes 10 45 3 15.36

G04 120 21.5 Neptune No - 25 3 15.36

The P-58 unit is located in the Parque das Baleias field, approximately 

85 km off the coast of Espírito Santo, with a production capacity of up to 180 

thousand barrels of oil per day. It is currently considered one of the most 

important production facilities in Brazil, ranking among the 35 largest oil 

producers in 2025. In this study, this spill was the one that presented the highest 

volume, with approximately 251.8 m³ (  recorded on the morning of 

February 23, 2019. The cause of the event was associated with an offloading 

operation carried out during the oil transfer activity between the platform and the 

vessel São Sebastião. 



decommissioning in 2021. Operated by MODEC under Shell Brasil’s concession, 

area. An official “Incident with Oil Contact on the Coast” report was subsequently 

Case
Duration 

(h)

Oil 

API

Oil

Name

Deflection 

by model

Wind 

Halved

(m/s)

Angle 

Factor 

(º)

Drift 

Factor 

(%)

Oil 

Discharge 

(m3)

M05 140 18.7 Klamono Yes 0 45 4 251.8

G05 140 19.3
Djeno 

Monterey
Yes - 25 4 251.8

M06 140 18.7 Klamono Yes 10 45 4 251.8

G06 140 19.3
Djeno 

Monterey
No - 25 4 251.8

M07 140 18.7 Klamono Yes 0 45 6 251.8

G07 140 19.3
Djeno 

Monterey
Yes - 25 6 251.8

M08 140 18.7 Klamono Yes 10 45 6 251.8

G08 140 19.3
Djeno 

Monterey
No - 25 6 251.8



Case
Durati

on (h)

Oil 

API

Oil

Name

Deflection 

by model

Wind 

Halved

(m/s)

Angle 

Factor 

(º)

Drift 

Factor 

(%)

Oil 

Discharge 

(m3)

M09 300 28.40 Sylvestre Yes No 45 2 122

G09 300 27.8
Djeno 

Phillips
Yes - 45 2 122

M10 300 28.40 Sylvestre Yes 6 45 2 122

G10 300 27.8
Djeno 

Phillips
No - 45 2 122

M11 300 28.40 Sylvestre Yes No 45 3 122

G11 300 27.8
Djeno 

Phillips
Yes - 45 3 122

M12 300 28.40 Sylvestre Yes 6 45 3 122

G12 300 27.8
Djeno 

Phillips
No - 45 3 122



– –

𝜕𝐶𝜕𝑡 + 𝑈. ∇𝐶 =  ∇ . (𝐾∇𝐶) + ∑ 𝑟𝑗𝑀
𝑗=1 (𝑥, 𝐶(𝑥, 𝑡), 𝑡),

𝑟𝑗(𝑥, 𝐶(𝑥, 𝑡), 𝑡) 𝑈𝑢 𝑣 𝐾



–𝑢 𝑣𝑢 𝑣
∆𝑥 =   𝑑𝑥 ∗ √6 ∗ 𝐷10,000 ∗ ∆𝑡1,11 × 105  𝑐𝑜𝑠(𝑦) , ∆𝑦 =  𝑑𝑦 ∗ √6 ∗ 𝐷10,000 ∗ ∆𝑡1,11 × 105  𝑎𝑛𝑑 ∆𝑧 = 0 

Δ𝑡 𝑦1,11 × 105 Δ𝑧 Δ𝑥 Δ𝑦





𝑆𝑅 =  𝑂𝑣𝑒𝑟𝑙𝑎𝑝𝑝𝑖𝑛𝑔 𝑎𝑟𝑒𝑎𝑇𝑜𝑡𝑎𝑙 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑎𝑟𝑒𝑎

𝐹𝑅 =  𝑁𝑜𝑛 − 𝑜𝑣𝑒𝑟𝑙𝑎𝑝𝑝𝑖𝑛𝑔 𝑎𝑟𝑒𝑎𝑇𝑜𝑡𝑎𝑙 𝑚𝑜𝑑𝑒𝑙𝑒𝑑 𝑎𝑟𝑒𝑎

𝐶𝑆𝐼 =  𝑂𝑣𝑒𝑟𝑙𝑎𝑝𝑝𝑖𝑛𝑔 𝑎𝑟𝑒𝑎𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑎𝑟𝑒𝑎 + 𝑀𝑜𝑑𝑒𝑙𝑒𝑑 𝑎𝑟𝑒𝑎



https://www.gov.br/anp/pt-br/assuntos/comunicacao-de-incidentes/relatorios-de-investigacao-de-incidentes
https://www.gov.br/anp/pt-br/assuntos/comunicacao-de-incidentes/relatorios-de-investigacao-de-incidentes
https://www.gov.br/anp/pt-br/assuntos/comunicacao-de-incidentes/relatorios-de-investigacao-de-incidentes


https://www.gov.br/mma/pt-br/assuntos/meio-ambiente-urbano-recursos-hidricos-qualidade-ambiental/emergencias-ambientais/repositorio/cartas-de-sensibilidade-ao-oleo/atlas-cartas-e-mapas
https://www.gov.br/mma/pt-br/assuntos/meio-ambiente-urbano-recursos-hidricos-qualidade-ambiental/emergencias-ambientais/repositorio/cartas-de-sensibilidade-ao-oleo/atlas-cartas-e-mapas
https://www.gov.br/mma/pt-br/assuntos/meio-ambiente-urbano-recursos-hidricos-qualidade-ambiental/emergencias-ambientais/repositorio/cartas-de-sensibilidade-ao-oleo/atlas-cartas-e-mapas
https://obis.org/
https://www.wikiaves.com.br/
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Group
Biological 

resources
Species

Aquatic 

Algae and 

Plants

Seaweed bank

Dictyopteris 

delicatula

Dictyopteris 

plagiogramma

Dictyota menstrualis



Invertebra

tes

Bivalves Euvola ziczac

Ecnodermos

Lytechinus 

variegatus

Astropecten 

brasiliensis

Coscinasterias 

tenuispina

Cephalopods
Doryteuthis 

sanpaulensis

Gastropods
Anachis isabellei

Bostrycapulus odites

Fishes

Demersal

Hydrolagus 

matallanasi

Chaetodon striatus

Abudefduf saxatilis

Scarus zelindae

Demersal/Pelagic

Micropogonias 

furnieri

Cynoscion guatucupa

Reptiles Chelonia
Dermochelys 

coriácea

Mammals
Small cetaceans

Grampus griséus

Lagenodelphis hosei

Peponocephala 

Electra

Stenella longirostris



Large cetaceans

Eubalaena australis 

Megaptera 

novaeangliae

Mysticeti flower

Birds

Wading birds Ciconia maguari  

Diving birds Anhinga anhinga

Ducks
Cairina moschata

Dendrocygna bicolor

Passerines

Formicivora 

littoralis

Mimus gilvus

Sporophila collaris

Non-passerines

Amadonastur 

lacernulatus

Amazona 

rhodocorytha

Touit melanonotus  

Coastal
Sterna hirundinacea  

Thalasseus maximus

Pelagic

Procellaria 

aequinoctialis

Thalassarche 

chlororhynchos
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