


Time-Depth Curve & Velocity Generation from VSP Data using Python

Theory/ Method

As an initial approach and to get acquainted with
python in geophysics, first an algorithm was written
to read the segy traces. The below code generates

amplitude values for each time sample.

# code for reading seismic data #

import sys
import os
import struct

def getEBCDIC ():
inf=open('/root/Desktop/GMTO1_vz-
OCT.sgy"”, "rb™)
ASCII_txt =" "
for c in range(0,40):
EBCDIC=inf.read(80)
# Format to ascii with extra
new line at end for alligned view
ASCII_txt += codecs.decode(EBCDIC,
ePSOOT) + N
return ASCIll_txt[0:3199]

print(getEBCDIC ())

defibmZieee(ibm):

ifibrm==0:

return 0.0

sign = ibm == 31 & O0x01

exponent = ibm >> 24 & Ox7f

mantissa = ibm & OxOOffffff

mantissa = (mMantissa * 1.0) / pow/(2, 24)

ieee = (1 - 2 * sign) * mMmantissa * pow(16,
exponent -64)

return icee
def segyReport ():

bps = [0,4,4,2,4,4] # bytes per sample for
codes 0,1,2,3,4 at byte 25

fs=os.path.getsize("/root/Desktop/GMTO1_vz-

OCT.sgy") # file size
ins=open("/root/Desktop/GMTO1_vz-

OCT.sgy", "rb™)
ocut=open('/root/Desktop/testl.txt","w")

ehdr=3200 # reel header size
bhdr=400 # binary header size
ins.seek(ehdr+16,0)
si=struct.unpack('=H"', ins.read(2))[0] #
number of samples
si=si/1000
ins.seek(ehdr+20,0)
Nns=struct.unpack('=H", ins.read(2))[0]#
number of samples
ins.seek(ehdr+24,0)
sf=struct.unpack('=H’, ins.read(2))[O] #
sample format 16/24/32 kind
bytes=bps[sf] # number of bytes per
samples
ri=(ns*bytes)+240
thdr=rl
traces=(fs-3600)/thdr

print("\n Sample Interval: ",si,"ms"”,"\n No of
Samples: ",ns."\n Format: ",sf,"\n Traces:
",traces,”"\n Record Length: ",rl,"\n Filesize:
Lfs)

tr=3600

trmno=1

Isampl = [[O] * n foriin range(fs)]

while tr = fs:
ins.seck(tr+188,0)
lline=struct.unpack('=i', ins.read(4))[0]
ins.seck(tr+192,0)
Xlime=struct.unpack('=i', ins.read(4))[0]
print(lline, Xline,file=out)

sr=240

tri=1

while sr = rl:
ins.seek(tr+sr,0)
Isamp=struct.unpack('=L', ins.read(4))[O]

Isamplitrnol(trl] =
int(ibmzieee(lsamp))

Isamplitrnolltril=int(ibmZiece(lsamp))

print(trno,tri,int(ibm2Ziece(lsamp)).file=out)
trli=tril+1
sSr=sr+a
trmno=trno+1
tr=tr-+rl

segyReport ()

Once amplitude values for each time samples were
generated, next approach was for finding the time of
first energy outbreak.

For first break picking, we took help of open source
software available in GitHub called Alpycker. Using
this software, first break picks were generated.

As these pick values are usually in text format in
Alpycker, they were copied into Excel sheet.
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Figure 1: First break picking

In another excel sheet, shot hole depth information
for respective depths were included. By using python
codes, these two excel sheets were linked with the
coordinate information of each shot point available in
observer’s sheet that comes from field. This entire
exercise was done to avoid any type of time shifts
that comes in the data due to variation in shot depth
values or due to variation in offset positions of each
shot point from well head. Most of the time, shots
are taken at various nearby positions so when we
approximate offset distance to a single value and
assign them commonly to all shot points, it brings
time shifts in the data.
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To generate
relationship, an algorithm was
successfully executed which is given below.

H CODE FOR TIME-DEPTH RELATION #

iMmport pandas as p(_l
import numpy as
P ort matplotib pyplot as plt

from pandas import ExcelWriter

dfi=pd.read_excel(’ /rl:lct/l:'csktclp/pll: TO/fina

_ projs . xisx' . sheet__name="'Sheets"

Adfz—pd.read_excel(* /r‘ur_rL/D==.kL(_wp/p|r_ T/ fina

I_projg.xisx'.sheet_name='Sheet2’)

Af7=pd_ read_excel('/root/Desktop/pic_ TDh/fina

_proig.xisx,sheet_name="Sheeta’)

writer -

ExcelWriter{' /root/Desktop/pic__ Th/final_projl
xlsxt)

results—ari.merge(dfz.on—'sHOTLOC"

resultsl=results. merge(df7, on=""D")

results1.to_excel(writer,'Sheet1” )

writersave()

dfa—pd.read excelC/root/ csktop/plc TO/fina
__projl.xisx'.sheet__name='Sheaetl"’

b to_excel(Sroot/Desktop/pic TD—

test/final_projil.xisx')

HrA[SROT = np.sart(((dfafrRex"]-

AFA[T BT T (AFATROEX -dfa [ B 1))+ ((dfa[ " RCY"]

dfa[rc D+ (dfal"RCY"I-dfal["c"1)))

cra

SRE=6.52

WVWRE=14.14

AFA[T="1=((AFA["SD"]-SRE)}/1850)

AFA["TVDBSD " 1=dfa[" MD"] WRE

AFA[TVDSS ] —dfaA[" TVDSD"]+SRE-dfa["SD"

AFA[ VT l=df4[" Tt ]*np.cos(np.arctan(dfa4["sSR

= ]))

loround(6)
- I+dfarTs"]

HAFA[TW T | =dfa[" TWT"].round(&)
dfa.sort_values(["MD"], axis=0,
ascendine=True., inplace=True)
dfa_drop(dfa_columns[dfa_colUmns_ streantains
Cunnamed’ . case =False)],axis = 1Linplace=True)
dfa.to_excel('/root/Desktop/pic_TOD-test/final-
sorted sl
dfa—pd.read_excel('/root/Desktop/pic_TD-
test/final-sorted. xlsx.sheet_name='Sheetl’)
AfA .t excel(' /roct/ Desktop/Bi T -test/Ffirnal-
sorted . xisx')
dratTwT_snat
y.mean()
AFA["TWT_SP1"]= dfa["TwWwT_sSnav]. shlft( =)
AFAlec[O, TWT_ShM1'] =(dfa.laecl(O, TwT']

AFA loc[1. TWT_SRL'] =(dfa.locl 1. TWT' 1)

A 1lec[159, TWT_SRhM1'] =(dfa loc[159, TwWT'])
AFAIoc[160, TWT_SM1'] =(df4.1oc[160, " TWT'])
HAFA[N TV T_Shal
AEA[TTWT_ShM17 ] reund(6)

afa. erD(df4 columnsldfi.columns.strncontains
Cunnamed!’ se —False)].axis — 1.inplace=True)
AFA[TTVDSD" 1 /dfa[ " Tv""]
AFA[TAVIVEL" ] round(O)
—dfa"AvivEL Y l.rolling(window=5

—dfarrTw T lrelling(window—5

daraftAvvELL
y.mean()
dfa["AV\/ELl"]_ ::Ifa["l\\l\/ELl _shift(-2)
: Afa.lec[O, AVNEL ])
dfa.loc[i. A ELL 1 —(df4 locli. AVAVEL'T)
A lee[159, " AVNVELL ] =(dfa_ lac[159, " AVAEL D)
AfA. 1oc[160. AV VELL] =(df4.1oc[160."AVNVEL 1)
forlin ranse(1. |en(df4))_
A Nlec [0, INTVEL:
*(df4 loc[O, TWVDSD" ]/df4 1o [0 TWWT _ShA1']) ™2
dfa.locli, 1INT.VEL'] = ((dfa.loc(i,' TvDsD'] -

L TVDSD D) /AAFA locli, TWT_ShAL1'] -
ATWVT sShAa1])) T2

. len(dara)):

TANVNELL ]2

Aol

dfa.loclo.'vz2'l*dfa.loc[O.'dT']
AFa locli, NMURM ] =

ara. ID([I vzt dfalocli. dT ]

Nsum =

Tsum = o

For i in range(o, Ien(dfa))-
MNsum = NS+

Tsum = Tsurm + df4 oc

dfa loc[i, RMSVEL' ] = (Nsurm/Tsum)* ~o.s

dfa.locli, RMS.VEL'] —

L RMS VEL l.round(O)

NTAVEL" ] . reund(O)

AFA[TAVIVELLT] = dfa WVAELLT ] round(O)

dfa.sort_values(["™MD"], axis=0,

ascending=True, inplace=True)

dfa.to_excel('/root/Desktop/pic_TD-

test/final_projl.x<isx')

AFA. Plot(x="PMD"v="TWT")

Pl show()

AFA PIot(x="TMD , y="INT.VEL ,calar="red")

Plt.xticks(rotation—=90)

Pl yticks{rotation=90)

Ffig — plt.gcf()

fig.set_size_inches(s.3)

[SITRVIE TNTERVAL VELOCITY

plt.xlabel('DERPTH "+ "S[mls

plt.locator_params(axis="'y

plt.show()

Afa. plot(x="NMD" v=— A\IVEL .color="blue’)

Pl xticks(rotatior o)

pPlt.yticks(rotation= so)

fig — plt.gef()

fig.seot_size inches(8,3)

Plt.ylabel(' AVERAGE VELOCITY ', fontsize = "127)

Plt.xlabel' DEPTH ‘+ ‘S[m]S', fontsize = "12°)

plt.show()

Afa_plot(x="TMD' y="RMS VEL color=

plt.xticks(rotation=90)

Pl ytc:ks(rotatuon 20)

Fig tEer()

_inches(=2,2)

RMS VELOCITY ',

Pt xlabel(CDEPTH "+ "Srmils:,

plt.show ()

Foart

fontsize =
SAbins—6)

Ereen’)

interval velocity and time-depth
written

and

The velocity list generated

is given below:;

7N

@
KOCHI2

—— 2020

MD | TVD SD [SHOTLOC| Tt RCK | RCY 50K SCY | SRO Ts [TWDsD | WwT TWT | AVVEL | AV.VELL| INTVEL | RMS.VEL
00 | 10 B 4 | 04655 | 575099 | 1838631 | STH04L | 1838588 |60, 100535 | 04646 | 09575 | 200 | 201 | 2533 | AW
140 | o0 B 4 0473 | 575999 | 1838631 | 576041 | 1838585 |0, 100536 ) 04720 | 09724 | 2109 | 2110 | 2685 | UM
1060 | 1o60 B 4 | 04315 | 575999 | 1838631 | STH0ML | 1838588 | 0. 104536 | 04807 | 09872 | 2113 | 219 | 713 | AW
1080 | 1080 | 305 3 04875 | 575599 | 1838631 | 576038 | 1838551 106586 | 0.4868 | 10011 | 2133 | 219 | 2869 | 251
100 | 100 | 305 3 04955 | 575569 | 1838631 | 576038 | 1838551 108536 | 04948 | 10M5 | 2138 | 2140 | 2998 | 25
0 | 1w | 305 3 05015 | 575599 | 1838631 | 575038 | 1838551 110586 | 05008 | 10275 | 21520 | 2152 | 3068 | AT
140 | 140 | 305 3 0.5075 | 575999 | 1838631 | 575038 | 1838551 112586 | 0.5068 | 10418 | 2166 | 261 | 2781 | 2188
1160 | 1160 B 4 0514 | 573999 | 1838631 | 576041 | 1 0. 114586 05133 | 10557 | 212 | UM | M7 | A%
1180 | 1180 B 4 0522 | 573999 | 1838631 | 576041 | 1 0. 1165.86 | 05213 | 1001 | 17 | U7 | 7M1 | 2
1200 | 1300 B 4 0525 | 573999 | 1838631 | 576041 | 1838588 | 0. 1185.86 | 0.5283 | 10846 | 2185 | 2186 | 2752 | 215
1 | 1m0 B 4 0536 | 575999 | 1838631 | 576041 | 1838588 | 0. 120586 | 05353 | 10985 | 2194 | 2195 | 250 | 15
1a0 | 1m0 n 3 0.5435 | 575999 | 1838631 575038 | 1838551 12586 05429 | 1113 | 24 | 24 | 29 | 15
1260 | 1260 ki 3 055 | 575999 | 1838631 | 576038 | 1838551 |35.86591| 0013232 14586 | 05494 | 11255 | 214 | 24 | 3B | 1%
180 | 180 ki 3 0557 | 575999 [ 1838631 | 576038 | 1838501 | 55.86501)0.013232) 1265.86 | 05564 | 11387 | 20 | 223 | WM | 15
10 | B0 ki 3 0563 | 575999 [ 1838631 | 576038 | 1838501 | 55.86501)0.013232) 1285.86 | 05624 | L1512 | 2034 | 2230 | 2580 | 16
LN | B B 4 0.563 | 575999 | 1838631 | 576041 | 1838566 |50.10824|0.004314) 130585 | 05684 | 11653 | 241 | 2M1 | 30 | W%
L4 | B B 4 0,576 | 575999 | 1838631 | 57041 | 1838585 |0, 130536 05754 | L1777 | 248 | 251 | 300 | &
1360 | 1360 B 4 | 05818 | 575999 | 1838631 | STH04L | 1838588 | G0, 134536 03812 | 11500 | 2060 | 2262 | 3262 | 2300
1330 | 1330 B 4 0.587 | 575999 | 1833631 | 576041 | 1838585 |50.10824|0.004314) 1365.86 | 05864 | 12004 | M | M | 300 | B2
400 | 10 kil 3 05936 | 575599 | 1838631 | 576038 | 1838551 138586 | 05931 | 12143 | 286 | 282 | 3350 | B
40 | kil 3 0.601 | 57599 | 1833831 | 576038 | 138551 140586 | 06005 | 12260 | 2091 | 293 | 3419 | 237
M0 | 40 kil 3 0.6068 | 575399 | 1838631 | 576038 | 1838551 143586 | 06063 | 137 | Bl | B | 3365 | B
1560 | 1460 a1 3 0612 | 573999 | 1838631 | 576038 | 1838551 144586 | 06115 | 10486 | B14 | BM | 3396 | B61
1480 | 1430 a1 3 0.6175 | 575999 | 1838631 | 576038 | 1838551 1465.86 | 06170 | 12613 | B2 | BM | M8 | BM

Figure 2: Velocity listing

The time value for each associated depth is shown
Fig3. Various velocity curves generated is given

Fig4.
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Figure 4: Velocity curves

A comparison was made with the interval velocity
generated from available software and the one
generated by us.
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Figure 5: Comparison of Velocities
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Conclusion

Time-Depth curve and Velocity information are the
main outputs in any VSP survey. Albeit many
software suits are available for VSP data processing
in the industry, a special need exists to use Python for
various reasons explained in the foregoing pages. An
attempt has been made to generate T-D curve and
velocity information using Python and the outputs are
compared with that of existing software. It is found
that the results are perfectly comparable. The way
forward is to continue the work till a complete suite
for VSP data processing is written in Python.
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