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Q-factor estimation of seismic trace

including random noise

Kwon, Jun Seok

Department of Ocean Energy & Resources Engineering
Division of Energy & Resources Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Recently, there are various seismic explorations to develop resources like
oil and gas. The existence of resources can be analyzed through
interpreting the data which is obtained in the seismic explorations, and the

seismic section of high resolution is necessary for the analysis.

The seismic section of high resolution is the most important element about
the interpretation of the data such as seismic property analysis, and there
are many researches about the seismic section of high resolution.
Especially, there are researches to obtain the seismic section of high
resolution by the analysis of seismic attenuation. The analysis of seismic
attenuation is used to recognize the increase of resolution of the seismic

section and the existence of hydrocarbon.
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Collection @ kmou



On this study, I would like to analyze the seismic attenuation by the
estimation of Q-factor because Q-factor is the important element to
recognize the existence of resources in the reservoir, it is used for
analysis of characters of medium, and it is the effective method for

analysis of quality of the seismic section resolution and AVO.

To estimate Q-factor I simulate the real geological structure, add random
noise and employ Spectral ratio method and Peak frequency shift. Spectral
ratio method is often used for the estimation of Q-factor because it is less
effected by S/N. Also, it estimates Q-factor by analysis ratio of amplitude
spectrum between reference data and sample data. Peak frequency shift is
the method to estimate Q-factor through frequency variation which is

reflected.

[ set different geological structures in many times and add random noise
in two methods. In the result of the research, the deviation of Q-factor
through Peak frequency shift is less than the other and it appears the
accuracy in research of the seismic attenuation. Thus, I assume that Peak
frequency shift is the more effective method to obtain the seismic section
of high resolution.

KEY WORDS: Q-factor; Peak Frequency Shift; Spectral ratio method; ¥2+9] %2
g9 Zh4
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Fig. 1 The progressive diminution of energy per unit area caused by

spherical propagation from an energy source at ¥
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< T3} (transmission losses) k5 Ao &2 2 9
Ads dHT #AE Y. aga @rIte 9<% ¥HAKShort  period
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A4 5, 201D.
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Incident ray Ag

1

A
Zy = Vipy Reflected ray A,

S S LSS ST

Z3= Vopy
Transmitted ray A,

\J

Fig. 2 Partitioning of energy of a normally incident ray with amplitude A4,
into reflected and transmitted rays with respective amplitude A4,. Z; and

Z, are the acoustic impedances of the two layers
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2.2 &A1} Q-factor(Quality factor)

g4 ul Ez&2(transmission losses, TL)E 7]8l8HA  &4k<&2l(geometrical
loss)o} wj&del A4 EF 9w xZo we gEkxl= F4(absorption), 4k
(scattering) 5 ©l219] 71E} &2 &7}(osses)Z T3+ 2 (D o] Yepd
4 2l tHKinsler, et al., 2000).

TL= TL(geometrical losses)+ TL(losses = absorption—+ scattering + etc) D

71818 E4 ol9le] EHAHAE AHFoRE Y F o, AT
oMol 7 &S 7+4] A S(attenuation coefficient)® A 2] 3t} A=
A 2olu i miEe 54 5 9F 2 wEt gho] kA7) wiol
AAZ oy BT A Te ‘Filﬂé}oq et 7= o do. weks &4
o] & FH3Y]) Ykl T W<l Q-factor, Q, Q'E F3l ®d
ata A AlgEete] vl AAE 7HA E1r Q-factor7} 4W F55 = HA
dojutal, AeF5 47 a4 dojue SAS 7HA T K] 5, 2014).

Ynkx o 2 Q-factorg 4t=Ests WH e ks WHol EA%o. A Y
oA = Amplitude decay method(Peselnick & Zietiz, 1959), Rise-time
method(Galdwin & Stacey, 1974), Pulse amplitude decay(Brzostowski &
McMechan, 1992), Pulse broadening(Wright & Hoy, 1981) 59| #Ho| Z=)3ic},

Fa J oA = Spectral ratio(Hauge, 1981; Raikes & White 1984; Sams &
Goldberg, 1990; White, 1992), Peak frequency Shift(Zhang & Ulrych 2002),
Improved peak frequency shift(Hu, et al, 2013), Gabor-Morlet joint time
frequency analysis(Singleton, et al., 2006)°] <=z gkt},

HZE <=3 3(Instantaneous frequency)S ©]-&3F Q-factor4atZol] &3k
AF7F "YPF I ok Q-factor A& st AP Y, FuFIdoz Yr
o] Fig. 33 Zo] Yet ATt
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Quality factor
estimation method

Time domain

Frequency domain

Amplitude decay

Rise-time

Spectral ratio

Peak frequency shift
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Pulse amplitude

Pulse broadening

frequency shift

Joint time frequency

Fig. 3 Classification of Quality factor estimation method
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2.3 Spectral ratio method(SRM)

Spectral ratio methodE ©]&st WZ7HE] RS EF3H7] At wHo
A2BHA(F=ma)$t 230 5(F=—kwoZ5H /7271 S8t v
UFoz gdste] 2 (N3 2ol AT 4 Aok 0w ke 2ZH A5 u
= B3PS 9] "ot

2

Fzma:m—fz— U @)
dt
27 dojux] e A A ) Zo] 24 vEWA e duts] FEHZE
x24T 5 lom,
2
mdugt)—i—ku(t):O ®
dt

2 ®)= A (D¢} Zo] 73 =3xlse] dH= FIY 5 Uth
u(t) = Ae™" + Be"" €)

21 (9ol A wjdel dATE Xse & e AAFIr(natural frequency)=

25wy = (k/m)Polm], W= a7t BASHE ASE wzbHel YAt
SET WU Bade] wid Yo &= di;)oﬂ mE Rt 7}

A A0 2ol e 4 Atk

d2u(t) du(t) B
m e +m pm +Eku(t) =0 (10)
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u(t) = A" (pe BaF) (1D

= A~ Bt it Aoe—wot/zQCOS (wyt) (12)

f
£

24 (12014 A5RE 74, 55 AESHT Fig 49 o] AFrs

Mo} AA REo 74 E Jebdth A (12)9 A4 3k4(wave number, k)

ol
O
rlr

)& WSl o> 09 94X 5L 5

) =k, +ia® deE 4 13 o] 1

)
£
1o
i)
Iy
i
i
b

e
i\
o
ofl
Ru)
o

Alz,t) = k) = ¢ omle k) (13)

o1 F 7)8srA shreal Evbel @ UehiE A (193 2ol ehd

Spectral ratio methodE ©]&3Fe] Q-factorS AF&3sl7] 93 W¥He St
Zo] o] Rt} A ade o XF2 2 (159 4 (16)7 Zo] THH

A(f)=G.(f,x)e " Z(%ﬁ ko) . reference data (15)

A(f) =G (f,x)e ™" gk sample data (16)

P

A7NAN AE AZ, f= Fug e A, kk=2nf/v)E 35, vE 9% &
(fv )= 7188tz gat@atel] B3 QA o Fukgo] ©E ZHaA A 4ol

_13_

Collection @ kmou



A G,
ln(A:)—ln( G:)—F(ozs—ar)x (18)
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2.4 Peak frequency shift(PFS)
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T2 7=
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Fig. 5 The time domain expressions (a) and frequency spectra (b) of a
Ricker wavelet with 30Hz dominant frequency at time O(red) and time

t=0.1s in different attenuating mediums with different Q values
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Zhang and Ulrych(2002)= ¥HAME o] Folew ©A1te Fi4 WHIFS &
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Peak frequency shift ®H-S& o] &3] Q-factorE: 4= w] AH&d S99

Ao JAFe 7HA = Fa AR f o] SASA &S B A GHE FstoA
A 78 4 9lTh
fm: \/fplpr(tQ pl_tl pz) (34)
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£ 0.2- ) ) ) | |
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Fig. 6 The peak frequencies of a reflection at two different time location
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35
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Fig. 7 Geometrical ray tracing (a)elements of kinematic ray tracing and

(b)elements of dynamic ray tracing
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Table 1 Seismic survey parameter for offset Om

Parameter Value
Number of sample 1001

Sampling interval(s) 0.001
Shot location(X,Z) 250, 0
Receiver location(X,Z) 250,0

Source wavelet

Ricker wavelet

Central frequency

50Hz

Table 2 Seismic survey parameter for offset 20m

Parameter Value
Number of sample 1001
Sampling interval(s) 0.001
Shot location(X,Z) 700,0
Receiver location(X,Z) 680,0
offset(m) 20

Source wavelet

Ricker wavelet

Central frequency(Hz)

50
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#1 Case

: Normal incidence survey(zero offset)

*
<

4
i
1
1
1
i
1
i
i
i
i W
D ¥
Source
’ D : Depth
¥V Receiver W : Wave propagation
(a)
#2 Case
| : Shot-receiver interval 20m I
\\\ ,ﬂ
\\\\ ,,,l w
D \\/’
Source
’ D : Depth
V Receiver W : Wave propagation

(b)

Fig. 8 A schematic diagram of survey type (a)offset Om (b)offset 20m
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313 &4y 7 FXnFyAd Ay
3.1.3.1 A =9 & Q-factor &7} =»d

3.1.3.11 &4 && v =3

A% AE7t Zojel wel Q-factord] gkol F7bete Rd=E A A
Zol o HEE Fig. 99 Table 33 Zo] Yelygleon, Sd-3x17] 114
0ms} 20m ¥ w Ldojzl dolE = Fig. 1091 2z Yehul At SRM3} PESe]
‘ﬂg o] 83}o] A+&3H Q-factor:= Table 49} Table 59 A3t e AT

3 F719 AG7E S A AVl= AR IHdirect wave)= A A Sk
Q-factorg 4AFZ3tth. AH 37 AAHA w2t SRME $3 Q-factordt=9
AL 120 gk Ar&o] Brlssioh Fig. 11(@3 Fig. 12+ 223 3%, Fig
11(b)¢} Fig. 12(b)& 3% 4%, Fig. 110 Fig. 120+ 453 559 JIZ 2
Eo] diste] 4 282 HE&dtd HaASHA o7 Fag Wt mE
In(4,/4,)9 #AZAHR A48 STHAFYF 50HzE THOR APAAE B
ol& FEAA 1A3| AR S T3k AFoln, AF= Table 40 YR AT

Table 3 A schematic of layered No.l model with physical properties

P-wave(km/s) Density(g/cm?®) Q-factor
1% 1.5 1.0 30
2% 1.8 15 40
3T 2.3 2.0 50
45 2.6 2.5 60
5% 3.0 3.0 70
— 27 —
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Fig. 9 A schematic of layered No.1 model with physical properties,

(a)P-wave velocity, (b)density and (c)Q-factor value
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Fig. 10 Time domain waveform amplitude of resulting from No.1 model
(a)offset Om (b)offset 20m
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Fig. 11 The spectral ratio between layers and linear regression analysis for offset Om
(a)lst layer and 2nd layer, (b)2nd layer and 3rd layer, and (c)3rd layer and 4th layer
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Fig. 12 The spectral ratio between layers and linear regression analysis for offset 20m
(a)lst layer and 2nd layer, (b)2nd layer and 3rd layer, and (c)3rd layer and 4th layer
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Table 4 Experimental result of Q-factor for No. 1 model in case of
offset Om and offset 20m by SRM

offset Om offset 20m
v theoretical Q | calculated Q % theoretical Q | calculated Q
1= - 30 - - 30 -
2% | 0.0042 40 42.95 0.0042 40 43.30
3% | 0.0028 50 50.67 0.0053 50 47.56
43| 0.0029 60 44.52 -0.0066 60 67.36
5% - 70 5 - 70 -

SRMOo. 2 2+&3 Q-factorE A EH MAAHH Q-factor ¢t LA st= BEFS
UERJ 3L T} o] % Fig. 109 YeRt Al 5o tiste] 24 34H)E Fale] Hol 2
Z& A FIFE AN F o, olF HAAHES FIoA FUE
Q-factorE AF&3it},

A Fu4 JRE Fotstr] 98l wavelet 3H-S 351

o AT-FAEE FA Behste BAPPORA £FSY

= 71¥ o] tiTobback, et al., 1996). Toll A= wavelet H3Y
Z ©AIZE FPof] W3 (Short Time Fourier Transform; STFT)S o] 83}t
ol AT HAo tdk Fejo Wgho] AIZPAS ] W33 FHFHEE e
A Fake de Beste] g b4 9 A F, A Fag@d Aol A
of &A= F&~(window function)& o]&3te] zF A|Ftoll el Fu4& T3}

WiHolH Fig. 132 AIZb-Futg PR Fo A& vz #Ex2E&
el Zojth 3 WA WRAOMIE o] %o Ao = ZF o Fho] FdHo=w A
7ol FF wiwol] Fug AEY oUA BEExe AAE UEUA et A
HA o|HEES AAT FH Yehd Fa¢ 429 JdiA £3x+= Fig 149 #ot

rr
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Fig. 13 Q-factor estimation using PFS
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Fig. 14 Q-factor estimation using PFS 1st event exclude
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AR BAS BaA Ao Fukg YRS WBOE 2 (@) g

skl 7z ¥ Q-factorg AF&Este] Table 5ol WEFAATH

Table 5 Experimental result of Q-factor for No. 1 model in case of
offset Om and offset 20m by PFS

offset Om offset 20m
theoretical Q calculated Q theoretical Q calculated Q

1% 30 - 30 -

2% 40 42.66 40 41.18

3% 50 52.00 50 52.76

4% 60 63.41 60 57.79

5% 70 - 70 -

PFS W& o]&sle] Q-factor 4k= Ay} SRMETE A3 A3 ghes IS

T AT SRM3} PFS & S8 ozl A¥= Fig 159 o] YelfAn.
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Fig. 15 Comparison between SRM and PFS for synthetic data No. 1

model (a)Q-factor estimation result of offset Om (b)Q-factor estimation

result of offset 20m
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31312 F&9 &5 TSN = 30dB)

TS R HS5H 2dE dolHo B4 AsAy =239
SeismicUnix(SU)E o] &3] 7249 Fa& F7lstdth A3 HIE/N)e] 3t
o] AW FF5F FdFol o Fo] A&FE FAS FFol AA ALITh
29 S FUHe g9 Edol2~ Am+ Fig 1674 7L3f‘4 T W
o 2 Q-factorg 4F=3} T} Table 63 Table 72 SRM¥} PFS HHH & o] &
Q-factor®] 2+= A3E Yeh At

o o
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Fig. 16 Time domain waveform amplitude add noise S/N=30dB of

resulting from No.1 model (a)offset Om (b)offset 20m
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Table 6 Experimental result of Q-factor for No. 1 model add noise
S/IN=30dB in case of offset Om and offset 20m by SRM

offset Om offset 20m
v theoretical Q | calculated Q % theoretical Q | calculated Q
1% - 30 - - 30 -
2% | 0.0042 40 56.10 0.0029 40 52.44
3% | 0.0053 50 32.48 0.0077 50 36.03
4% | 0.0066 60 15.45 0.0049 60 12.65
5% - 70 - - 70 -
Table 7 Experimental result of Q-factor for No. 1 model add noise
SIN=30dB in case of offset Om and offset 20m by PFS
offset Om offset 20m
theoretical Q calculated Q theoretical Q calculated Q
1% 30 < 30 -
2% 40 35.17 40 32.24
3% 50 43.39 50 40.57
4% 60 48.22 60 54.23
5% 70 - 70 -
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Fig. 17 Comparison between SRM and PFS for synthetic data add noise
SIN=30dB No. 1 model (a)Q-factor estimation result of offset Om

(b) Q-factor estimation result of offset 20m
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Fig. 18 Comparison between SRM and PES for synthetic data add noise
SIN=0, 90, 70, 50, 30, and 10dB No. 1 model in case of offset Om calculated
Q-factor of (a)2nd layer, (b)3rd layer and (c)4th layer
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Fig. 19 Comparison between estimation error of SRM and PFS
for synthetic data add noise S/N=0, 90, 70, 50, 30, and 10dB No. 1 model in
case of offset Om calculated Q-factor of (a)2nd layer, (b)3rd layer and
(0)4th layer
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Fig. 20 Comparison between SRM and PES for synthetic data add noise
SIN=0, 90, 70, 50, 30, and 10dB No. 1 model in case of offset 20m
calculated Q-factor of (a)2nd layer, (b)3rd layer and (c)4th layer
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Fig. 21 Comparison between estimation error of SRM and PFS for synthetic
data add noise S/N=0, 90, 70, 50, 30, and 10dB No. 1 model in case of
offset 20m calculated Q-factor of (a)2nd layer, (b)3rd layer and (c)4th layer
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Table 8 A schematic of layered No.2 model with physical properties

P-wave(km/s) Density(g/cm?) Q-factor
1= 15 1.0 70
2% 1.8 1.5 60
35 2.3 2.0 50
45 2.6 2.5 40
5% 3.0 3.0 30
- 50 —
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Fig. 22 A schematic of layered No.2 model with physical properties,

(a)P-wave velocity, (b)density and (c)Q-factor value
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SRM3#} PFS WY& o]&3sle] 4+&% Q-factor 23+ Table 99} Table
Uelgith F 7HA W 2R A" g AAEE grol AL A sk
< Hola glew, Fig. 23o] YERHAUT

109
3%

Table 9 Experimental result of Q-factor for No. 2 model in case of

offset Om and offset 20m by SRM

offset Om offset 20m
ol theoretical Q | calculated Q v theoretical Q | calculated Q
1% - 70 - - 70 -
2% | 0.0029 60 61.08 0.0029 60 60.73
3% | 0.0025 50 56.90 0.0024 50 59.21
4% | 0.003 40 42.50 0.0032 40 37.95
5% - 30 B = 30 -

Table 10 Experimental result of Q-factor for No. 2 model in case of
offset Om and offset 20m by PFS

offset Om offset 20m
theoretical Q calculated Q theoretical Q calculated Q
1% 70 - 70 -
2% 60 61.40 60 60.38
3% 50 49.14 50 49.80
4% 40 38.91 40 39.30
5% 30 - 30 -
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Fig. 23 Comparison between SRM and PFS for synthetic data No. 2

model (a)Q-factor estimation result of offset Om (b)Q-factor estimation

result of offset 20m
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31322 729 &5 LTSN = 30dB)

TAJAIEAL RIAMRIRALES B8l HASH AR 739 Fees FUHE F
Q-factor 4At&& AASIAT 4=H A= Table 113 Table 120 UERHRA
o} SRMe 71EAE 9} muAFe] NEofuE o] g3te] Q-factor 4H&E3dH= W
HowW 729 Fgor Q3 Fiug HAH &4 F3 7IEAs 9 vluas
o Aol FAAL Be A =
e Al 1EFS 3}

AIRE DL oz g, F A WY o R 4E" A3E Figo 249 vE
i et

.

Table 11 Experimental result of Q-factor for No. 2 model add noise
SIN=30dB in case of offset Om and offset 20m by SRM

offset Om offset 20m
0% theoretical Q | calculated Q ~ theoretical Q | calculated Q
1% - 70 - - 70 -
2% | 0.0029 60 61.43 0.0015 60 100.70
3% | 0.0025 50 53.19 0.0017 50 83.24
473 | 0.003 40 46.00 0.165 40 56.17
5% - 30 - - 30 -
- 55 —
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Table 12 Experimental result of Q-factor for No. 2 model add noise
S/IN=30dB in case of offset Om and offset 20m by PFS

offset Om offset 20m
theoretical Q calculated Q theoretical Q calculated Q
1% 70 - 70 -
2% 60 61.50 60 58.22
3% 50 48.23 50 51.39
4% 40 41.92 40 41.77
5% 30 - 30 -
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Fig. 24 Comparison between SRM and PFS for synthetic data add noise

S/IN=30dB No. 2 model (a)Q-factor estimation result of offset Om (b)Q-factor

estimation result of offset 20m
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3= Q-factor
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Table 14¢} Table 159 WERH ATt

gk W37t & Q-factor =&

Table 13 A schematic of layered No.3 model with physical properties

Coll

-
e

&

10

1@ Kmou

P-wave(km/s) Density(g/cm?) Q-factor
1= 1.5 1.0 100
2% 1.8 1.5 90
3= 2.3 2.0 20
43 2.6 2.5 80
5% 3.0 3.0 70
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Fig. 25 A schematic of layered No.3 model with physical properties,

20

(a)P-wave velocity, (b)density and (c)Q-factor value
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Table 14 Experimental result of Q-factor for No. 3 model in case of
offset Om and offset 20m by SRM

offset Om offset 20m
v theoretical Q | calculated Q % theoretical Q | calculated Q
1= - 100 - - 100 -
2% | 0.0021 90 82.43 0.0021 90 79.66
3% | 0.0066 20 22.29 0.0065 20 23.92
43| 0.0016 80 77.90 0.0024 80 53.51
5% - 70 5 - 70 -

Table 15 Experimental result of Q-factor for No. 3 model in case of
offset Om and offset 20m by PES

offset Om offset 20m
theoretical Q calculated Q theoretical Q calculated Q

1% 100 K 100 -

2% 90 95.62 90 94.61

35 20 22.38 20 20.10

4% 80 80.61 80 82.26

5% 70 - 70 -

Q-factor t= 23 d-53712 kA0l 0mel 5 =doju 3o ofs)
WA= Abeke] G Ao TAStA @4r] wjEol AR I v AT
= UYEl= Aoz a3y d-531719 H40] 20mel 45 Rithz 4bed
of dFor st A ol Holrt Y AlLw dddn. =d-FX1719
+70l 0meY we} 20mY w) HE5H vlolEE B3t doj™ Q-factor 4+ A

—_ 6‘] —_
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Fig. 26 Comparison between SRM and PFS for synthetic data No. 3
model (a)Q-factor estimation result of offset Om (b)Q-factor estimation

result of offset 20m
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HAEA A8 F29 #ASE FU18 FH Q-factor 4FES AA AT &R
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Table 16 Experimental result of Q-factor for No. 3 model add noise
SIN=30dB in case of offset Om and offset 20m by SRM

offset Om offset 20m
ol theoretical Q | calculated Q ~ theoretical Q | calculated Q
1% - 100 F - 100 -
2% | 0.0017 90 106.92 0.0039 90 45.04
3% | 0.0089 20 17.80 0.0112 20 14.54
4% | 0.004 80 29.18 0.0012 80 101.34
5% - 70 4 \ 70 -

Table 17 Experimental result of Q-factor for No. 3 model add noise
SIN=30dB in case of offset Om and offset 20m by PFS

normal incidence 20m
theoretical Q calculated Q theoretical Q calculated Q
1% 100 - 100 -
2% 90 87.64 90 80.89
3T 20 18.662 20 19.07
4% 80 88.24 80 75.39
5% 70 - 70 -
- 63 -
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Fig. 27 Comparison between SRM and PFS for synthetic data add noise
SIN=30dB No. 3 model (a)Q-factor estimation result of offset Om (b)Q-factor

estimation result of offset 20m
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Fig. 28 Map of survey area
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Table 18 Single channel seismic survey parameter of field data

Parameter

Value

Survey type

Single channel reflection survey

Number of sample

2048

Sampling interval(ms) 0.1
Number of shot 615
Shot interval(m) 1

Source

Quad-pulser

Central frequency(Hz)

400
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input data
(bathymetric data)

Swell filter

Muting

Frequency analysis

Frequency filtering

Amplitude recovery

Gain recovery

Spike deconvolution

Gain recovery

Muting

Fig. 29 Flow chart for single channel seismic data processing
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Fig. 30 Seismogram obtained from the Geoje (a)raw data (b)after data processing
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322 % BEAE Hg R B

Al A9 Ao A= AAE M9 A Q-factore]  Fhol
500~1000 A== #3 AE7F Fow, #do] EAstAY thayde] Iy A

¥ Q-factore] #kel 10~100 A== 74 HE7} HoHToksoz, et al., 1979). =
g AU A F2o vad FHEF 5L FEF A9 Q-factore 520
AEE Yep 4ol =7t wl¢- EoHGusmeroli, et al., 2010). Toksoz and
Johnston(1981)oll W= &4 Q-factore= 63,000 AEZ w5 l':"ﬁ‘:—:-_‘ G &
At wekA s B "AbolA slEs SHete
¢ Hormg s ©dut FAF Al B0t %%iil‘%ﬁ Add S47 oY

A Ao 4R A5 shre) Ao =RRrHel RS, 2014),

Table 19= H= gdA49 dHEo] 400HA] kel AHE SRM3I} PFS Wi &
o] g3slo] A=¥ Q-factor Z3}o|g}.

Table 19 Result of calculated Q-factor for field data

Calculated the Calculated the

! Q-factor by SRM Q-factor by PFS
1% 0.003 7.3745 54.451
2% 0.0044 9.2194 29.976
3F 0.0005 36.8836 187.899
4% 0.0003 104.5731 9.826
5% 0.0009 105.3969 5.458
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Table 20 Hamilton(1972)c] EA
Q-factorg 8.°F A2 A5 o|th

Table 20 Q-factor according to sediment classification(Hamilton, 1972)

Sediment type Qp 1/Q, Ap
Sand
Coarse 32 0.031 0.099
29 0.034 0.107
Medium 31 0.032 0.101
55 0.028 0.089
Fine 31 0.032 0.100
31 0.032 0.101
44 0.023 0.071
Very fine 32 0.031 0.093
29 0.034 0.107
Sandy silt 23 0.044 0.138
54 0.018 0.058
Sand-silt-clay 31 0.033 0.102
Clayey silt 104 0.010 0.030
111 0.009 0.028
114 0.009 0.028
118 0.009 0.027
263 0.004 0.012
437 0.002 0.007
Sand-silt-clay 368 0.003 0.009
— 72 —
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