Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy
2022, cild 14, Ne 3, 8. 7-11 2022, vol. 14, no. 3, pp. 7-11
Sadixov I.Z. Sadikhov I.Z.

Calibration of KA-14 LIDAR to Measure the Fluorescence
Spectra of Oils Extracted in VVarious Zones

|.Z. Sadikhov
Azerbaijan National Academy of Aviation (Mardakan ave. 30, Baku, AZ1045, Azerbaijan)

For correspondence:
Sadikhov Ilham / e-mail: mrsadikhov90@gmail.com

Abstract

Laser sensing methods have been used since the 60s, and since the 90s this method has reached a
new level along with the reduction in the cost of the element base, and the development of computer
technology and software. Currently, the laser sensing method has been recognized as one of the most
modern active methods of remote sensing of environment. KA-14 LIDAR (Light Detection and Ranging)
developed at the National Academy of Aviation was successfully tested for the detection of oil pollution,
and based on the analysis of fluorescence spectra of detected oil spills, distinctive features were observed
between the spectra of oil samples extracted in the zones of the Absheron Peninsula. To create a database
based on the spectra of various oil samples belonging to various Oil-Gas-Production Companies (OGPC),
the KA-14 LIDAR calibration process was carried out, and the fluorescence spectra of the mentioned
samples were measured using the calibrated KA-14 LIDAR. Author would like to note that the database
based on these results can be used to determine the ownership of an identified oil leakage in the Absheron
Peninsula.
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Xulasa

Lazer zondlama iisullari 60-c1 illordon baglayaraq istifado olunmaga baglamis vo 90-c1 illordon etibaran bu
tisul element bazasimnin ucuzlagmasi, hesablama texnikasinin vo program tominatimin inkisafi ilo birlikds yeni bir
Saviyyays Yilksaldi. Hazirda lazer zondlama tisulu otraf mihitin an miasir aktiv mosafadon zondlanma tisullarindan
biridir. Milli Aviasiya Akademiyasinda iglonib hazirlanmig KA-14 LIDAR-1 (Light Detection and Ranging) neft
cirklonmalorinin askarlanmasinda ugurla simmaqdan kecirilmis vo askarlanan neft sizintilarnin fliloressensiya
spektrlorinin analizi osasinda Abseron yarimadasinin miixtalif zonalarinda ¢ixarilan neft niimunalorinin spektrlori
arasinda forglondirici xiisusiyyotlor miisahide olunmusdur. Miixtolif NQCI-no moxsus neft niimunslorinin spektrlori
asasinda verilonlar bazasmin yaradilmasi moagsadi ilo KA-14 LIDAR-nin kalibrovka prosesi hoyata kegirilmis vo
kalibrovka edilmis KA-14 LIDAR-1 vasitasi ilo s6zU gedon nlimunalorin fllioressensiya spektrlori 61¢iilmiisdiir. Qeyd
etmok istordik ki, bu spektrlor osasinda yaradilacaq verilonlor bazasi askarlanan neft sizintilarinin Abseron
yarimadasinin hansi zonasina aid olmasinin miisyysnlasdirilmasinds istifads edils bilor.

Acar sozlar: lazer zondlama, LIDAR, fliloressensiya, neft girklonmalori.
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AHHOTALUA

B crarse paccmaTpuBaeTcs METOJ JIa3epHOTO 30HAMPOBAHUSA — OJWH M3 CAMBIX COBPEMEHHBIX aKTHBHBIX Me-
TOZOB TMCTAHIIMOHHOTO 30HAMPOBAHMSI OKpYKaromeh cpeapl. Paspaborannsiii B HaroHanpHON akajgeMun aBUAIH
KA-14 LIDAR (Light Detection and Ranging) 6bu1 ycrenrHo UCIbITaH Ipu 00HApY>KEHUH HEPTIHBIX 3arpA3HEHUH .
Ha ocHoBe aHanmm3a crieKTpoB (ryopecueHInH o0HapyKEHHBIX yTe4eK He(TH HaOII0JaINCh OTIIMIUTENBHBIE 0CO-
OCHHOCTH MEXAY CIEeKTpamMu 0o0pa3oB He(TH, JOOBIBaEMOW B Pa3lIWYHBIX 30HAX ATMIIEPOHCKOTO MOIYOCTPOBA.
C uenpro co3manust 6a3pl JAHHBIX HA OCHOBE CIIEKTPOB 00Pa3IoB He(TH, MPUHAAISKANIUX PA3TUIHBIM HETETra3o-
JOOBIBAIOIIMM KOMITaHHSIM, ObLT npoBezieH npornecc kannopoBku KA-14 LIDAR, u ¢ momoisio ycrpoiictBa Obuin
N3MEPEHBI CIEKTPHI (UIyopeceHINU OTIEIbHBIX 00pasioB. basa naHHBIX, KoTOpas Oy/leT co3JaHa Ha OCHOBE THX
JOKyMEHTOB, MOKET OBITh HCIIOJIb30BAHA JUIS ONPEJICNICHNsI TOT0, K KaKOM KOMIIAaHMM ATIIEPOHCKOTO MOJIyOCTPOBA
OTHOCHTCS BBISIBIICHHAsI yTE€UKa HEPTH.

KaioueBnie cioBa:  nasepHoe 3ouaupoBanue, LIDAR, diyopecuenims, HedTsHbIe 3arps3HeHns .
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Introduction

Rapid and reliable detection of oil
leaks on the water surface is one of the most
important issues in terms of Environmental
Protection in the coastal zones of the seas.
KA-14 LIDAR, developed at the National
Aviation Academy with the financial support
of the State Oil Company of Azerbaijan Re-
public, has been successfully applied in the
detection of oil spills occurring on the surface
of the Caspian Sea and Absheron Peninsula.
The working principle of KA-14 LIDAR is
based on laser-induced fluorescence (LIF) of
oil spots [1-5]. Crude oil is a very broad and
diverse class of substances and complex com-
pounds of hydrocarbons, salts, amines, sulfur
compounds, and metals. It is known that the
main components of crude oil include carbon
(83-87%), hydrogen (11-14%), oxygen (up to
3%), nitrogen (0,1-2%), sulfur (0,05-6%) and
microelements - metals (<0,1%; more com-
mon metals: iron, nickel, copper and vanadi-
um) [6-7]. The basis of fluorescence spectros-
copy applied for oil measurement and identifi-
cation its aromatic compounds and their deriv-
atives, which are the source of fluorescence of
oil. 25 — 75% of the total carbohydrate content
of the oil is made up of aromatic carbohy-
drates, the main of which consists of dual
compounds. These compounds consist of ben-
zene, naphthalene, anthracene, phenanthrene,
fluoranthene, benzpirole, and other polycyclic
aromatic carbohydrates and their derivatives,
as well as porphyrins, which form heavy met-
als. Fluorescence irradiation of crude oils de-
pends on its chemical composition, the con-
centration of fluorophore, and physicochemi-
cal properties of the oil. The fluorescence
spectrum has wavelengths greater than 260
nm, encompassing the ultraviolet and visible

range of light, and is more noticeable in the
spectral range of 270-500 nm [8-10].
Currently, there are 8 OGPC and 4 Joint
ventures located in different zones of Ab-
sheron peninsula in the Republic of Azerbai-
jan. The calibration process of KA-14 LIDAR
and spectra of some samples were presented in
the presented work to measure the fluores-
cence spectra of the oil samples obtained at
the different Oil-Gas Production Companies.

Methodology

The calibration process of KA-14
LIDAR was carried out in the following se-
quence: Laser cooling system checked; The
wavelength of the laser radiation (obtained
from the Collimator and perceived by the tele-
scope) was measured; Energy of laser pulses
IS measured;

Fluorescence spectra have been excited
by the third harmonic’s of the Nd: YAG laser
(A =355nm). Parameters of excitation: the di-
ameter of the laser beam is d=5mm (after col-
limation); pulse frequency f = 20Hz; pulse
duration is T = 7ns.

As a reference in the measurements, oil
stain artificially spilled on asphalt was taken
and fluorescence spectra of oil stain were
drawn by KA-14 LIDAR from different dis-
tances. In Figure 1, the results obtained from a
distance of 50m and 120m are presented.

Spectra presented in Fig.1 were used
from an average of 6 files, with 630 pulses in
each.

Figure 2 presents separate integral spec-
tra of oil, oil on asphalt, and asphalt. The spec-
trum of oil was obtained by the method of
separation of the spectrum of oil on asphalt
from the spectrum of oil on asphalt.
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Figure 1 — Fluorescence spectra of oil stain sprinkled
on asphalt from (spectra were detected by KA-14
LIDAR): a) 50m and b) 120m via KA-14 LIDAR
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Figure 2 — Integral spectra of oil stain, oil and asphalt
on asphalt @) 50m and b) 120m distance drawn

The experiment was carried out in the
bright hours of the day on the territory of the
National Aviation Academy. The energy of
the laser was selected as E=10J and E=12],
respectively.

The results of the measurements made
on the basis of calibration correspond to the
results published in modern literature.

Results

At the next stage, the fluorescence spec-
tra of 7 different samples of oil belonging to
Absheron Peninsula were measured.

Measurements were carried out in labor-
atory conditions, using KA-14 LIDAR in the
following sequence:

- Firstly, background measurements were
made in the closed state of the laser output;

- Secondly, the fluorescence spectrum of
crude oil was measured;

- Finally, the background spectrum was rec-
orded with the removal of the given object
from the fluorescence spectrum.

The signal input time was 120 sec for all
measurements. In Figure 3, fluorescence spec-
tra of oil samples belonging to 7 OGPCs lo-
cated on the Absheron peninsula were investi-
gated.
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Figure 3 — Spectra of 7 different samples of crude oil
belonging to SOCAR Oil-Gas Producing Companies by
KA-14 LIDAR

The main differences between the fluo-
rescence spectra of crude oil samples extracted
from different zones are as follows:

- State of spectrum maximums of radia-
tion;

- Presence of “shoulder” shaped bends
on the sides of short and long waves;

- Width and shape of the irradiation
strip.
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Conclusion

The results of measuerements carried
out by means of calibrated KA-14 LIDAR
confirm that the LIF spectra of crude oil ob-
tained in different zones of the Azerbaijan
Republic are different.

The creation of the database based on
this feature will allow determinaton of which
one of OGPCs belongs this lekage. It should
be noted that currently, work is underway to

measure Raman spectra of crude oil samples
and to include these spectra in the database.
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