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PULSATING ELECTROMAGNETIC SOUNDING METHOD FOR SEARCH
AND INVESTIGATION OF OIL AND GAS DEPOSITS

Technology of pulsating electromagnetic sounding is an improved version of the method of point
electromagnetic sounding with new hardware and software. PEMS Technology is the most efficient
in the construction of a detailed geological model and the design of optimal schemes of development
of hydrocarbon deposits.

Typical processing procedure sequence include noise removal which is automatically done by the
equipment through gated frequency filters. Parametric analysis using the PROFIL software developed
based on solutions to direct problems of unsteady field dipoles in layered medium to obtain
electromagnetic images.

PEMS Technology has been employed for Oil&Gas and Solid minerals exploration and Exploitation
in different geological settings.
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Introduction.
Introducing a new unique high-technology for searching for oil and gas deposits - the
TECHNOLOGY OF PULSATING ELECTROMAGNETIC SOUNDING (PEMS).
Our technology enables high accuracy in a short time to identify and assess the field.
The accuracy of the field location in the space is up to 0,5 m in area and depth. Of the
17 boreholes drilled in Tatarstan on our recommendations, all 17 ones entered the
reservoirs at the specified depth.

In recent years, volumes of research on this technology over other methods of
field geophysics are continuously growing.

Theory of method and means of interpretation are based on algorithms that have
been created and tested for a long time in the production of experimental methods and
search operations. The method was introduced to the production of geological survey
work in 2000-2020.

Our technology enables high accuracy in a short time to identify and assess the
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field. The reliability of our predictions is close to 80%, i.e. three times higher than that
of the seismic survey. The accuracy of the field location in the space is up to 0,5 m on
the area and in the depth. The method is protected by 3 patents.
Fundamentals of PEMS and the distinctive features of all the other are as follows:
All algorithms for primary data processing software have developed on the basis of 30-
year experience with the methods of non-electric character.
Provision of hardware provides the most objective information on the electromagnetic
image for the prospecting area.
*In the electromagnetic interaction equation it is shown that the basis for the existence
of EMF of the Earth is the equality of the kinetic energies of its constituent elements,
namely:
€ m.2= 2mp+tmy) V2gartn (1)
€ 2= 3pbohr V2gam (2),

where me 1s the rest mass of the electron, my is the rest mass of the proton, my is the
rest mass of the neutron, cis the speed of propagation of the electromagnetic field in
vacuum.

oc =299 792 458 m/s, Vearn - speed of propagation of electric field in the medium

VEarth= 4039,297 km/s, pauc - nuclear magneton, pponr - Bohr magneton.
Used equipment:
"Phoenix 10-01 10-01" is own production ("home-made").
The resulting information is many times greater than the information obtained by
standard methods (seismic, electric, gravity, magnetic).
The work produced multicomponent measurements that establish a 3D, 4D system
information.
PEMS method involves the gradual solution of search problems:
1) electromagnetic survey carried out in air or road, or variant from ship and
interpretation of raw materials, are provided by local (Area) depth anomaly of nature,
which may be related to oil and gas;
2) ground (pedestrian version) Industry surveys in previously allocated to the
electromagnetic anomalies, providing a target and deep linking selected objects, specify
the options for their possible nature, is spatially referenced objects allocated in the plan
and in depth, refined versions of their possible nature;
3) the decoding, processing of information in the computer center, the clarification of
the results of the 1 st and the 2 nd phases of adjustment on the ground and determine
the most reliable points laying drill holes.
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The effective use of the PEMS to perform reconnaissance on the profiles, which
connect the prospecting area for the known holes.

Thus, using the PEMS method, we can more effectively plan the exploration,
development and production of hydrocarbons and, ultimately, help the customer to
avoid the expense on drilling the empty boreholes.

Our work is based on the volumetric model (3 D) of oil and gas fields, maps and
profiles, as drill hole as recommendations issued by the points on the laying of drill
holes, indicating the depth of the productive layers.

A pilot-training work was conducted on many areas of the Dnieper-Donets Depression,
led confidently identify hydrocarbons at depths of up to 10 km [4].

We study the temporal features of the induced electromagnetic field of the Earth, which
appears in the following short-term impact of a rectangular pulse of a direct current
transmission installation with a registration response from the receiving installation
(multispiral installation, the perimeter of one cycle of up to 20 cm). Use specially
designed manufactured and tested «Phoenix 10-01» and "Phoenix 10-01 10-01"
equipment with the appropriate software. Depending on the geological, engineering and
other tasks the various components of the induced field were measured and analyzed
with the construction of special maps and sections of electromagnetic parameters of the
surroundings.

When interpreting the PEMS results the Author’s program «Pipe» and the best
interpretation programs are used. The very small size of the equipment using excitation
and reception facilities enables the sounding and measuring the subsurface on almost
any areas and landscapes (lengthways roads, on arable lands, on water, etc.).

Main specifications and characteristics

2.1. Dynamic range of the measured electrical signal - at least 100 dB.

2.2. Maximum measured voltage signal transients - not less than 4 V.

2.3. The range of measurement time of transition - from 100 ns to 30 ps.

2.4. Root-mean-square value of their own noise in the inlet short-circuited channel
determined when the number of stocks is N = 64 and the initial measurement time is 1
us, did not exceed 0.5 pV.

2.5. The power consumed by the PHOENIX 10-01 equipment is no more than 2.5 W at
voltage 12 V.

2.6. Output voltage measuring from 4 to 10 V.

2.7 Duration of the measured current pulse is 100 to 1000 ps.
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2.8. PHOENIX 10-01 equipment provides the synchronization with the time scale to a
precision of satellite navigation system (GPS).

2.9. PHOENIX 10-01 equipment provides data to the computer via the USB port.
2.10. Weight of PHOENIX 10-01 equipment - 6 kg (without batteries).

2.11. Installed nonstop work of the PHOENIX 10-01 equipment - at least 8 hours.

The PEMS is based on the original method of calculating the depth of research. The
experimental studies shown that the propagation velocity of electromagnetic fields in a
geological environment is a constant value.
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Fig. 1 The results of electrical exploration of PEMS 3D volumes
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Results and exploration
Data Processing
*Typical processing procedure sequence include noise removal which is automatically
done by the equipment through gated frequency filters.
*Parametric analysis using the PROFIL software developed based on solutions to direct
problems of unsteady field dipoles in layered medium to obtain electromagnetic
images.

Data Presentation

2-D sections from Profiles or Lines.
*3-D volumes.

*4-D (Time-Lapse).

Merits of the PEMS method

Purely inductive in nature
Ease of deployment

The measurements is in the time domain

The source and receiver are placed both on the surface and the media (car, plane or
ship). Independent of Tx-Rx spacing;

The mathematical apparatus allows you to give information about the formation
depth without inversion;

Effective depth of investigation up to 10km;

Cost effective with respect to other methods.

The vertical section (fig. 2) represents the intensive anomalies of electromagnetic
parameters determined for surroundings in the depth range of oil field position. The
results of study indicate the direct correlation between oil content in seam-traps and
the intensity of electrometric anomalies that may be used to estimate the current
conditions of oil -gas fields.

The electrometric study performed before the borehole drilling at the depth of
1970 - 2050 m has revealed the seam anomaly with the low values of electromagnetic
parameters (red, yellow color), which characterizes the unconsolidated seam-traps.
Prior to drilling the geological information for this part of section (prospect holes have
deepen to 50 m into crystal basement rocks) was absent.

Problem definition
*Hydrocarbon bearing levels within known field.
*Seismic interpretation reveals positive structure in adjacent areas.
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*Occurrence and limit of oil pool with structure unknown so as to warrant exploration
work.

The PEMS studies are used to decide the ecological problems, i.e. detecting and
locating the petroleum product leakages from their storage facilities:

CONCLUSION
PEMS Technology has been employed for Oil&Gas and Solid minerals exploration and

Exploitation in different geological settings.

It has been applied globally with cost efficiency, high degree of accuracy and successful
results e.g. Ukraine, North America, India, Russia, Angola and Nigeria.

Its ease of deployment and application make it a veritable tool for quick and accurate
decisions.
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PEMS Technology can always compliment the use of Seismic data in Oil and Gas
business, at reconnaissance and detailed field study levels.
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I.M. Ckonu4eHko

METOA ITYJbCYIOUYOT O EJIEKTPOMAT'HITHOI'O 30HAYBAHHSA JIA
HOMIYKY TA PO3BIIKH POJOBUIIl HA®THU TA I'A3Y

TexHoNOris MyJAbCYOYOTO €JIEKTPOMAarHiTHOIO 30HAYBAHHS - 1€ BJOCKOHAJEHAa BepCisd
METOJly TOYKOBOI'O €JEKTPOMArHIiTHOTO 30HAYBaHHS 3 HOBUM amapaTHUM Ta MPOrpPaMHUM
3abesneueHHsM. TexHonoriss PEMS e nHaiibinbm edekTuBHOWO mpu MOOYAOBI JeTaabHOI
I'COJIOTIYHOT MOJICNI Ta CTBOPEHHI ONTUMAJIBHUX CXEM PO3POOKH POIOBHII] BYTJICBOIHIB.
TunoBa MocHiIOBHICTh Mpoleayp OOpOoOKHM BKIIOYA€ BUIAICHHS IIYMY, K€ aBTOMAaTHYHO
BUKOHYETHCS 00J1aJHAHHAM uepe3 PUIbTPHU 3 00MeXeHOI0 YacToToro. [lapameTpuunuii ananis
3 BUKOpPUCTaHHSAM mporpamHoro 3abesneueHHs PROFIL, po3po0Giennii Ha OCHOBI pillIeHb
OpSIMUX 337a4 HECTalllOHApHUX IMOJIbOBUX JUIONIB B IIapyBaTOMY CEPEIOBMII IS
OTPUMAaHHS EJIEKTPOMArHITHUX 300paKeHb.

Texnonoriss PEMS BukopucToBYy€eThCS U1 PO3BIIKY Ta eKCIUTyaTallii HaQTH Ta rasy, a Takox
TBEPANX KOPUCHUX KOMAJIHMH Y PI3HUX I'€0JOTTYHUX YMOBaX.

Kniouosi cnosa: mMeTon MyabCYIOUOTO EIEKTPOMArHiTHOTO 30HYBAaHHS, MapaMeTPUYHUIN
aHaJi3

NU.M. CKonu4eHko

METOJA UMITYJIBCHOI'O QJIEKTPOMATI'HUTHOTI'O 30O0HAUPOBAHUSA JJIA
MMOUCKA U PA3BEJIKU 3AJIEXKEA HE®TH U T'A3A
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TexHomorus MYJILCUPYIOIIETO 3JIEKTPOMArHUTHOT O 30HIUPOBAHUS — 3TO
YCOBEPILICHCTBOBAHHAsSI BEPCUSI METOJA TOYEUYHOI'O 3JEKTPOMAarHUTHOI'O 30HIUPOBAHHUS C
HOBBIM IIPOrpPaMMHBIM U ammapaTtHbiM obOecrieueHueM. TexHosnoruss PEMS daBnsercs
HanOosiee 3p(HEKTUBHOM TPHU MOCTPOCHUH ACTAIBHOM T'€OJOTUUECKON MOJACIHU U CO3IaHUU
ONTUMAJIBHBIX CXEM pa3pabOTKH MECTOPOKIACHHUH YTIIeBOJOPOIOB.

TunudHas mocieoBaTeNIbHOCTh Mpolenyp oO0paboTKHU BKIIOUAET B ce0sl yoaleHHe IIyma,
KOTOPOE aBTOMAaTHUYECKH BBINOJIHAETCS OOOPYJOBAaHHMEM C IOMOILIBIO CTPOOMPOBAHHBIX
4acTOTHBIX (uiabTpoB. [lapamerpuueckuil ananus ¢ ucnosb3zoBanuem nporpamMmmsl PROFIL,
pa3paboTaH Ha OCHOBE PEUIEHHM MNpsAMBIX 3a/ady HECTALIMOHAPHBIX IOJIEBBIX JMIIONEH B
CJIOUCTOM cpeie [T TOTyUYeHUs DIIEKTPOMArHUTHBIX U300pasKeHU.

Texnonoruss PEMS ucnonb3oBanach g pa3Belkl U pa3paboTku HeTH U rasza, a Takxke
TBEPABIX MMOJE3HBIX UCKOMAEMBIX B PA3JIMUHBIX F€OJOTUYECKUX YCIOBHSIX.

Knwouegvie  cnosa: MeTon  NyJNbCUPYIOIIETO  AJIEKTPOMArHUTHOTO  30HAMPOBAHUSA,
napaMeTpu4ecKuil aHau3.
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