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Annotation

Complex near surface conditions sometimes provide unacceptable challenge to
traditional seismic processing. This kind of conditions may take place for example if high
level of noises is combined with high amplitude variations of velocities in the upper part of
section. This may be often met in permafrost areas with thawing zones and in mountain areas.

Two main specific procedures from High Definition Seismic (HDS) technology are
applied to fit these challenges. One is iterative wave field analysis instead of usually applied
detection of signals among noises and the other is “Polycor” static correction method with
high resistance to noises. The examples are shown for low frequency static shifts for
mountain relief and midi frequency static shifts for thawing zones in permafrost
surroundings. In the first case static shifts with period of 20 km were determined and in the
second one amplitude of static shifts with period of about 0.5 km was about 60 ms. As the
results of wave field analysis with iterative adjustment of different types of noises and useful
signals reliable reflections were detected in original seismograms with high level of noises
and high amplitude midi frequency static shifts were reliably determined. Coherent velocity
analysis showed that signal to noise ration was increased more than ten times.

The HDS section obtained compared to traditional processing technology showed better
correlation of reflection boundaries in full time range, reliable structural positioning of
productive well and reasonable positioning of projected well.

AHHOTaUA

CnoxHble TOBEPXHOCTHbIe CEHCMOJIOTMUECKHe YCIOBUS MHOTJA IpefCTaB/IsIOT
HepaspeliiMble CJIOXKHOCTH TIpH 00paboTKe JaHHBIX celicMOpa3BeIKW. Takas CHUTyarus
UMeeT MeCTO, HarpuMmep, TIpM KOMOWHALMM  BBICOKOTO YpPOBHSI TIOMeX U
BBICOKOAMITIUTYJHBIX BapHaliii CKOpDOCTell B BepxHel uacTu pa3pe3a, XapakKTepHbIX, B
YaCTHOCTH, /1151 MHOT0JIeTHEMeP3/IbIX 30H C pacTelJIeHUsIMU U TIpe/iITOPHbIX YYacTKOB.

[nst sTuX ycnoBud u3 apceHana TexHosoruii Celicmopassesfikiu Beicokoil UetkocTu
(CBY) mpuMmeHSIIOTCs Crielfuduueckye TpOLeJypbl UTEPaTUBHOTO aHa/k3a I1ePBUUHBIX
BOJIHOBBIX TIOJIEli BMECTO TIIPeMMYIeCTBEHHO HCII0/Ib3yeMbIX MeTO/I0B Bbl/e/IeHNs
MO/Me3HbIX CUTHajJoB Ha (oHe momex u  MerTof, «IlomMkop» € BBICOKOM
MOMEX0YCTOHUMBOCTBIO [I/I1 KOPPEKIMM CTAaTUYeCKUX TOMpaBoK. B paboTe mpuBeneHbI
TIpUMepbl  OTpefiefleHusl CTaTUYeCKUX II0MPaBOK B YCJIOBUSX BBICOKOAMILIUTYAHBIX
HU3KOYACTOTHBIX Bapvalyi, CBS3aHHBIX C TOPHbIM penbedoM M CpefHeuacTOTHBIX
Bapualllii, CBsI3aHHBIX C 30HAaMH pacTellyieHUsl. B miepBoM ciydae Bbljje/leHbI CTaTHUecKHe
TIOTNIpaBKU € NepuofioM mnopsiika 20 KM, BO BTOPOM — aMIUIUTY/ia MOMPaBOK C IepUooM
nopsigxa 0,5 kM focturana 60 mc. B pe3ynbTrare aHanu3a BOJHOBBIX T10JIeM C UTePaTUBHBIM
yTOUHEeHHeM IIOMeX Pa3/MYHOr0 THUIIA U 110JIe3HbIX BOJIH B TEPBUYHBIX BOHOBBIX I0JISIX C



BBICOKOAMITIUTYJHBIMU CPeJHEUaCTOTHBIMHA CTaTUCTUUECKUMM CJBUTaMHd U BBICOKUM
YPOBHEM IIYMOB Bblfle/leHbl JIOCTOBEDHbIe TI0jie3Hble OTpakeHus. Ilo pesysbTaTam
KOrepeHTHOT0 aHa/iM3a CKOpOCTel [JOCTUIHYTOe yiyullleHVe OTHOLIeHUs] CUrHal/oMexa B
MepBUYHBIX CelicMorpaMMax COCTaBIIsieT 0osiee 1ecsTH.

Ha nonyuyenHom BpemeHHOM pa3pe3e CBU B comocraBieHMM C pe3yJibTaTaMU
TPaJIMLIMOHHON 06pabOTKM yIydllleHa MPOCIeXXHUBAEMOCTh OTPayKEHHH BO BCEM JMara3oHe
BpeMeH, YTOYHEHO CTPYKTYDHOe IIOJIO’KeHWe TPOAYKTHBHOW CKBa)KMHBI M OTpefesieHa
TIepCIIeKTUBHAs TOUKA [IJ1s1 3a/I0)KEHUSI TTPOEKTUPYeMOH ITyO0KOM CKBayKUHBI.

Introduction

Many technical innovations were applied to seismic prospecting in last years: azimutally
isotropic, multicoverage 3D geometries with small space increments, multicomponent
acquisition, multinode processing clusters, parallel high speed processing, etc. But the
progress in efficiency of seismic prospecting is not so impressive especially under complex
seismogeologic conditions. For on land surveys frequency band usually doesn’t exceed 3.5
octaves and this means that neither law frequency (vertical gradient for example) nor high
frequency features of geological sections are available for investigation by seismic methods.
No sufficient results were still obtained from shear waves in spite of many investments.
These disadvantages are due to some traditional simplifications in acquisition and processing.

- 3D surveys are really 2D geometries which are not adequate to 3D geological
media;

- Geophones are not clamped to the earth providing resonances on high frequencies;

- Static and dynamic corrections do not describe real time graphs of reflections if
upper part of section is complicated.

- Velocity estimates obtained from hyperbolic scans are very far from real;

- Procedures of detection the useful reflections are not based on fundamental
approaches.

- There are no technologies of reasonable application of shear waves in surface
seismic.

High Definition Seismic approach [1] combines some improvements which provide
correct solutions of the problems and is aimed to achieve not less than 7 octaves.

- 3D+ VSP as 3D acquisition system;

- Clamping of geophones to the earth;

- Application of “Polycor” method [2] to determine more reliable estimate of
smoothing static corrections;

- Tterative wavefield analysis [3] instead of detection of signals;

- Restoration of true time graphs of reflections using static and dynamic shifts as
temporary smoothing factors in process of wavefield analysis;

- Vector migration combining P and PS waves for better inversion.



HDS processing case story

Separate parts of HDS approach may be applied to improve efficiency of seismic
prospecting. Presented case story illustrates advantage of “Polycor” static corrections and
HDS wavefield analysis in subarctic areas of Eastern and Western Syberia. Fig.1. shows that
reliable shot and receiver statics including low frequency component (20 km) may be
obtained and they are similar to each other and relief configuration. The other example (Fig.
2) illustrates determination of shot and receiver statics with strong static anomalies due to
thawing zones beneath the rivers. Amplitude of static variations is approximately 60 ms.
These severe static variations are combined with pure signal to noise ration (Fig.3.).

Wavefield analysis was applied to raw seismograms. The method used was iterative
determination and adjustment of different noises and useful reflections. The last wavefield
was used for calculation of 4 factor statistically consistent prediction error deconvolution
operators which were applied to all components of wavefield. Final result is full deconvolved
wavefields minus all determined noises. Coherent velocity analysis confirms that signal to
noise ration increased more than 10 times.

CDP section obtained without any additional processing (Fig. 4, Fig. 5) compared to
results of traditional processing with the use of top rank software showed sufficient
advantages of HDS processing. Reliable correlation of reflections is achieved for the full time
range. Structural position of productive well is determined. Reasonable criteria are obtained
for positioning of projected well.

Conclusions
Application of HDS approach to processing of seismic data with severe variations of static

shifts combined with extremely law signal to noise ration provides satisfactory results
compared to negative results of traditional processing.
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Fig. 1. Shot-based, receiver-based statics and Fig. 2. Shot-based and receiver-based

relief (Eastern Siberia). statics (Permafrost Western Siberia).



,___,_V,ﬁ,
WA

H A ; \
n_ﬁ.,,__,,.» : / f )

B! v_ i) f J
M ,_ii ,

Time, M5

- residuals).

C

noises,

B

>

Fig. 3. Wavefield analysis (A - raw seismogram,

#o
i)

=1l posing rscommensiation

"W

B - top brand software

ing,

(A - HDS processi

ons

CDP sect

4.

Fig



'Iﬁﬂ". ms

processing).

(A) (B)
Fig. 5. CDP sections fragment (A- HDS processing, B - top brand software
processing).
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