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Motivation and background

* Poorly treated or completely untreated wastewater discharges close to the
shoreline can cause serious environmental treat

* Challenges for remote detection of effluent plume: Use a case Study for
reatin n
* Small scale of the events ‘ creating sound
methodology for

* Resolution of the data wastewater detection

* Strong influence of local events

Take the case of a broken
sewage pipe which discharged
significant amount of untreated
wastewater into the Varna lake,
directly connected to the Black
Sea.
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The case of a broken sewage pipe on the Bulgarian Black Sea coastal zone

* In March 2020 Bulgarian media firstly reported about the broken sewage pipe. By May 2020 the
contamination has caused serious environmental impact.
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HAYANC KYPC BBAFAPUR CBAT BMC WHUMAEHTU BMOEC PWBAPCTBO CnoPT BM3HEC KOHTAKTH HHEBH = e - gﬂik("pu (3) s s i Q il

— Bapxerckomo e3epo e 3ambpceHo om .
paspyweH kanaausauyuoxeH koaekmop @ CracCracos

NogBogeH mpuwb6onpoBog uzAuBa (Bugeo)

https://offnews.bg/

OFFNew # OFFNEWS CIIOPT HAVKA JIAMGCTAHJI ABTO > Tepcene e caitran. Q

ELATAPUA | MONWTUKA OBIUECTBO =~ MKOHOMMKA ~TEMWOA 112  AHANM3W  CBAT | 3[PABE 56 HAWMTEABTOPW KYATYPA OFFTOPIC = PA3CNEABAHE
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C Haj 1 MIJIMIOH JIeBa PEMOHTHPAT CKbcaHaTa Tph0a

IoaBoOAeH TPHLOONPOROA H3IHEA XIIAAH JIUTPH OTHA HH BOAH EBE OFFNEWS > BBL/ITAPUS ) OBLLECTBO "
o i g - e PeMOHTBT Ha Tpb6aTa BB BapHeHCKOTO e3epo, Ko ca

KOSITO 3aM'BbPCH BOZATA, Lije MPOABIDKI Mecel] U =

II0JIOBMHA Hau-rojgeMmTe

KOMITaHUM
B Bbarapusa?

Nocnesua npowsua ua 21 wak 2020 8 10:34 ® 2219 9 0

K Ipycom e Had mewma 3a bvazapus u cBema, Ho ako uckame ga caegume AecHO

kak8o gpyzo cu cmpyBa ga 3Haeme, yememe HoBama pybpuka "HoBuu 6e3 koporaBupyc”.
Pa3pywen npeauBHuk Ha kaHaAU3aUUOHHA W3Xma e NPUYUHUA M3wabHo 3ambpeaBake Ha
BapHexckomo e3epo, 4uumo pa3mepu U nocaeguuu menspBa wie ce usscHaBam. 3a moBa
cvobuuxa om PationHama uHcnekyus no okoaHama cpega u Bogume 8 2paga. ABapusma e

cmaxana npu usk gelHocmu, u3BbpwBaHu no peaausauusma Ha npoekm, Buanoker om
obLwuHa BapHa, ce y 8a B ct 1emo. Om npeAuBHama CMeHa Ha pa3pyLueHomo
cvopukeHue

guunu Bogu ca np lcom gukg

https://www.maritime.bg/

3 ommam ca HaBaezau u B8 BapHeHcko esepo.
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https://www.dnevnik.bg/bulgaria/2020/03/12/4040413_goliamo_zamurdsiavane_na_varnenskoto_ezero_e/

Images of areas, affected by the broken sewer

://www.dnevnik.bg/bulgaria

020/03/12/4040413 goliamo za
"murdsiavane na varnenskoto eze &
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estvo/ribata-vav-

varnenskoto-ezero-izmira-
izvazhdat-avariralata-
fekalna-tra-729031.htm
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Methods for detecting sewage discharge from satellite data

* First step: compare two time periods — with and without wastewater discharge, in
order to detect difference in the signal

e Test time period 1: August 2018 — July 2019 — without wastewater discharge

 Time period 2: August 2019 — July 2020 — with discharge from broken sewage pipe

* Analysed satellite data:
* Optical change in ocean colour and inherent optical properties (IOPs) — Sentinel 2

* Change in sea surface roughness — Sentinel 1
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Optical data — Sentinel 2 = time-lapse

2019-08-06

it o

Test time-period: Time-period with accident:
August 2018 — July 2019 August 2019 — July 2020

Videos generated with Sentinelhub — EO browser



https://www.sentinel-hub.com/explore/eobrowser/

Sea surface roughness from SAR — Sentinel 1 = time-lapse

06.08.2018 = - 01.08.2019
Test time-period: Time-period with accident:
August 2018 — July 2019 August 2019 — July 2020

@ cSa Descending pass only; orbit 36; backscattering in dB



[TpekaeBpeMeHH N3BOAN

e Camo UBAT Ha MOPCKaTa NOBBbPXHOCT M pPagapHUN U300paKeHUa He ca AO0CTaTbyHU 33
pasrpaHMYyaBaHe MexKay 3aMbpPCeHU OTnaaHU BOAM N PeYHU BOAM

‘ [MpocnegasaHe Ha npomeHun B Inherent Optical Properties (IOPs) c Bpeme

e 3|0OPs:

* KoedenumeHTt Ha abcopbuma Ha Coloured Dissolved Organic Matter (CDOM) npwu
443nm

* KoedenumeHTt Ha abcopbumsa Ha Phytoplankton pigment npn 443nm

* KoedenumeHT Ha abcopbumsa Ha Detritus npn 443nm

* Total absorption coefficient at 443nm = CDOM + Phytoplankton pigment + Detritus
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RGB komno3ntn ot IOPs npobu

 Kon e poMmmnHupawmaTt abcopbep B KpanbpexHun soan?
‘ Single absorber
Total absorption

CDOM Detritus Phytoplankton pigment

Total absorption’ Total absorption’ Total absorption

‘ Hanpasun RGB komno3utu 3a 31e abcopbumoHHU apobdbu

) CDOM abs.
" Total absorption

Detritus abs. Phytoplankton pigment abs.

G:

" Total absorption Total absorption




RGB colour composites of |OPs fraction

e N

06.08.2018 06.08.2019

Test time-period: Time-period with accident:
August 2018 — July 2019 August 2019 — July 2020

@ esa IOPs calculated from Sentinel 2 data with the C2RCC processor, build in SNAP



OT AHEBHM KbM roAMLLHM OCPEAHEHMN CTOMHOCTM

e [IHEBHUTE CTOMHOCTU BapupaT CUIHO

‘ [MpecmsaTaHe Ha cpeaHu CTOMHOCTM 3a ABaTa nepuoaa:
* [oguwHO cpeaHo
* 4 meceua cpegHo — MapT-HOHUK 33 ABeTe roaAnHN
— MaKCMMYMbBT Ha 3amMmbpcABaHe/n3TUUYaHe belle mexay
MapT1-tOHKn 2020

RGB Komno3utun Ha
BCAKA dpaKLUMA KbM
obuwata abcopbuus,
3a Aa ce Buau
HEWHMA MPUHOC KbM
obuwarta abcopnums

AHaNmn3 Ha BCAKaA
dpakuuna 3a speme /
NPOCTPAHCTBO




Annual mean — IOP fractions to total

Detritus abs. / Total abs. Phyto. pigment abs. / Total abs. CDOM abs. / Total abs.

Test time-
period:

August 2018

July 2019

Position of the
broken sewer

Time-period
with
accident :
August 2019

July 2020
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[TpexaeBpemMeHHM U3BOAN 33 FOANLLHKM OCPEAHEHM

* Han-cunuute KonebaHma mexay ABaTa nepmoaa ce Habnogasat 3a abcopbuma Ha
GUTONNAHKTOH U AeTpUTyC, KonebaHmAaTa Ha CDOM ca MUHUMaANHU

‘ HapacTtBaHe / HamanaBaHe Ha abc. npu AeTPUTYC BOAU A0 HaManABaHe
/ HapacTBaHe Ha abc. GUTONIAaHKTOH

\

B3anmoBpb3KaTa AeTPUTYC — PUTONIAHKTOH Ce
BUXKOA ACHO Ha ocpeAHeHUTe CTOMHOCTU 3a 4
meceua — MapT-HOHu




March-June: 4 months mean — IOP fractions to total

Detritus / Total Phyto. pigment / Total CDOM / Total

Test time-
period:
March

June 2019

"Position of the
broken sewer

Time-period
with
accident :
March

June 2020
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RGB composites annual and 4 months mean — |OP fractions to total

Annual mean 4 months mean

Test time-
period:
August 2018

July 2019

Position of the
Time-period broken sewer

with
accident :
August 2019

July 2020
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3Boaun

* Ot npeamnwHun Halm n3cieaBaHmA 3HaemM, Ye:

* B KpanbpexHu panoHn CDOM e gommnHupallata KOMNOHEHTA; AETPUTYC U
OUTONNAHKTOH MMAT PaBHU PPaAKLMM MOMENKAY CU

* [laneye oT 6pera, B OTKPUTO MOPeE, AOMUHMPALLATA KOMMOHEHTA € AeTPUTYC.

* HabniogaBaHUTe U3TOYHULM OT peKkn/notoum n obpaboTeHn oTnagHM Boau ce
NEeTeKTMpaT No yBe/iInyeHne Ha dpakumaTa Ha PUTONIAHKTOH M HamaABaHe Ha
dpaKkuMAaTa Ha AETPUTYC.
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3Boaun

* B TOBa n3cnegBaHe BnaAxme, Ye HazemeH U3TOYHUK, KaTo e3epo, CBbP3aHO C

MOPETO, B KOETO C€ U3INBAT HENPEYUCTEHN OTNAAHU BOAN, MOXKe Aa ce
Habao4aBa NoO ceaHUTE NAapaMeTPU:

* YBennyeHue Ha GpaKkumaTa Ha noribliaHe Ha PUTONNAHKTOH KbM 00LWOTO
 HamaneHue Ha ppaKkuUMATa Ha NOMNbLLAHE HA AETPUTYC KbM 00LWOTO

* Ppakumnata Ha CDOM Kbm 06LWOTO OCTaBa C e4HAKBM CTOMHOCTU 3a LLenua
nepuos 3a KpanbpexHmna panoH

 OT RGB KOMno3uTe 3a paloHa 3a BapHeHCKKA 3a/1MB NpOMAHaA OT- KbM
- 6 morno ga e cMrHan 3a 3amMbpCceHa Boaa.

* Baunsko po bpera, ysennyeHme B ppakumaTa Ha GUTONNAHKTOH B mornio aa
6bae MHAMKATOP 33 3aMbpCABaHE, aKO HAMA PeYeH U3TOYHUK B BM30CT.
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Future work

* Extend the time period of observation in order to confirm the visibility without
sewage discharge

* Determine the extend of the impact of the local phytoplankton bloom on the
detectable discharge

Thank you for your attention!




