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A new tool for exploration is a data volume of rock properties in a form
compatible with seismic data, but derived from well information. Such volumes
can be prepared for fundamental rock properties such as shale P-wave velocity,
or for derived properties such as gas sand shear wave velocity, normal incidence
reflectivity at a shale-gas sand intertace, or Poisson reflectivity of an oil sand.

Introduction

One of the perennial problems in exploration is putting well
information into a form where it can be easily related to seismic
data. An additional tool for this is now available: data volumes of
rock properties in SEG-Y format, generated from well logs. These
volumes are compatible with all standard seismic interpretation
systems, and can be used by the interpreter to constrain
interpretation of seismic data by giving the probable properties of
rocks in an undrilled prospect.
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FIGURE 2 PROPORTION OF SAND AT 5000 FT (1524 M) USING WHAT IS APPARENTLY A BARELY
ADEQUATE EXTRAPOLATION DISTANCE BETWEEN WELLS. THE INDIVIDUAL WELLS CAN BE SEEN AS
CIRCLES IN MANY PLACES, AND THERE ARE SIGNIFICANT GAPS IN THE DATA.

How the volumes are
generated

The starting point for the rock property volumes is the standard
suite of well logs recorded in most wells. The standard set of rock
properties in a dominantly clastic sequence requires velocity,
density and resistivity logs. Properties computed using {tluid
replacement about
and gas, and
based on the
temperature measurements made while logging, and formation
pressures are estimated from drilling mud weights.

measurements or assumptions
properties of the fluids, especially density of the oil
salinity of the water. Temperatures used are

require

A petrophysicist classifies the rocks penetrated by each well,
separating intervals into water-filled sand, shale, and all other
lithologies (salt, coal, limestone, hydrocarbon-filled sand, etc.).
These last intervals are excluded from the analysis.

Wells are then divided into uniform depth intervals, using an
interval large enough to contain significant quantities of both
shale and water-filled sand, but small enough to adequately
describe systematic variations. If the chosen interval is too small,
many of the intervals will contain only sand, or only shale. If th
interval is too large, there may be significant differences in rock
properties from top to bottom, due to the difference

compaction, and more depth samples will include rocks with
For the Gulf of

1n

widely varying depositional environments.
Mexico, the interval chosen is 200 ft (61 m).

For each interval, the averages of the fundamental properties of
sand and shale are computed, along with the amounts of sand
and shale within the interval and the variation of each property
within the interval (recorded as standard deviation). Additional
rock properties can be computed from the fundamental properties
using standard procedures such as the Greenberg-Castagna,
technique(Greenberg & Castagna, 1992) for computing shear-
wave velocities, inverse Gassmann’s equation (Gassmann, 1951)
for computing dry-rock properties, and Gassmann’s equation
along with the dry-rock properties to compute the properties of
hydrocarbon-filled sands (Hilterman et al, 1999, Hilterman, 1990,
Hilterman et al, 1998).

Once the well database is constructed, the SEG-Y volumes can
be generated. There are several points to be considered:

More questions next poster

What trace interval should
be used for the volume?

A close trace interval is likely to be more useful in comparing
rock properties with seismic data, but may give a misleading
impression of reliable detail. A trace grid exactly matching that
of an existing 3D survey may be particularly useful. Most of the
work done so far involves regional data volumes with a trace
spacing much larger than normally used for seismic data. Where
logs are available from a large number of wells in a developed
field the horizontal sampling by the wells may be comparable to
the seismic sampling. In such cases, the detail in the well data
volume may be as good as that in the seismic volume.

How far should we
interpolate between wells or
extrapolate from a single
well?

In areas with many wells, this is not a critical decision, but in the
deep water areas of the Gulf, for example, where wells are widely
spaced, 1t is an important parameter. Even when interpolation is
adequate at shallow depths (Figure 2) it may not be deeper
(Figure 3). A plot of the valid samples for each trace (Figure 5)
may help the user choose the best compromise: using too large a

istance rapidly increases the computation effort and may give

the impression of reliable information where there is none; and
using too short a distance leaves large gaps in the data volume.
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FIGURE 3 PROPORTION OF SAND AT 10000 FT (3050 M) USING THE SAME EXTRAPOLATION AS
FIGURE 2. AT THIS DEPTH THE EXTRAPOLATION DISTANCE IS CLEARLY INADEQUATE.

What map projection
should be used?

The well locations are defined in latitude and longitude, but a
SEG-Y 3D data volume must be defined in a projection. For a
regional volume, the ditferences between projections can be quite
noticeable: we have generated volumes over most of the Gulf of
Mexico using both the Louisiana South projection and Universal
Transverse Mercator Zone 15 Figure 4). In both cases the area
covered goes well beyond the area normally used for the
projection.
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FIGURE 4 BIN CENTERS COMPUTED ON TWO DIFFERENT PROJECTIONS: LOUISIANA SOUTH STATE
PLANE, AND UNIVERSAL TRANSVERSE MERCATOR ZONE 15
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Should the area of the
volume be limaited?

You might want to do this to restrict computation to a lease line,
or to stop extrapolation of the data into an area of low interest or

FIGURE 5 TOTAL NUMBER OF VALID SAMPLES PER TRACE FOR THE DATA VOLUME SHOWN IN FIGURES
2 AND 3. THE RED VALUES ARE HIGH, AND THE BLUE AND MAGENTA VALUES ARE LOW.

Wath these
How far should we QUBSt’iOTLS

interpolate or extrapolate answered’ wWe Camnm
o ? o
verticaily: start computing
md soml propertics ey be mising. over . depth Tange Soeh , the volume

because there is no sand for several hundred feet. The well
database is carefully constructed to leave gaps where data is
missing, but by producing traces on a regular grid we always

generate values where there are no data. How far do we want to
carry this process? (Figures 6-9)

Compute the X and Y coordinates for each bin center, using the

specified grid: origin, orientation and spacing of

rl
s Up the 9

amines and

crosslines.
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What vertical sample
interval should be used?

FIGURE 11 QC mAP

The wells are sampled at a fixed interval, but there is no reason
why the volume generated should use the same interval. A closer
interval will give a smoother transition in areas where there are
abrupt changes in properties with depth. The volume could also
be generated in reflection time, to match seismic data, if desired.
In most cases there will be adequate velocity control from the
well information alone to do this.
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Another question at the top of the next column
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How the How the

volumes are database was
generated
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FIGURE 16. SAND P-WAVE VELOCITY AT THE TOP OF GEOPRESSURE. THIS MAP IS CREATED BY
MAPPING THE DEPTH TO GEOPRESSURE AS A HORIZON, AND EXTRACTING VALUES FROM THE SAND P-
WAVE VELOCITY VOLUME AGAINST IT.
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FIGURE 17 VERTICAL SECTION THROUGH SAND PERCENTAGEWNSYUME FIGURE 18 VERTICAL SECTION THROUGH SHALE P-wAVE VELOCITY VOLUME
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FIGURE 19 VERTICAL SECTION THROUGH MubD WEIGHT VOLUME

FIGURE 20 DEPTH SLICE THROUGH SHALE P-wAVE VELOCITY VOLUME AT 6000 FT
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The raw well log

-
Q9
2RE s ngxsd e dn e o mmzElE s 5 =
o= -~ ™| = 1L _URPOK R~
8l< ‘ x AL O N
23 -2 B2 =
S| [ S B3 WELL  0CS-G 18245 NO. 1 & =
e R e S ARg B
M REEEERE 2502 [BEEZRR | 2T2
= {3 o=@ 1R | |23 2| FIELD GALVESTON 291 N
g "7 | BREE [= Tk X
5|3 =) S h =
m) - x| COUNTY OFFSHORE STRTE TX o
232 — - 3~
= ors
HHHHHHH P = P P Y = = =
S e bk ENE R EE N 82 | 5 B g o%
bt b1 Rl S e 2 D 4 1 E3 N < =i | s = m 0y
e ! DY S R =/ . =l < 2| === o D Q
= i A RN NEN N NS RN 2 b : 25 E S
S (93 TS | |2 S = oD
= B g |8 ce zZe el te o .
= o > Y Jua) D) Ld o “
nm 2= 33 128 g "‘% 2
- = m o] 0 s e |
22 e s g B B2
B: = 3l I8 ~ £ =
o «n o Z| IS Y ——
3 A lg L8 e =Y Y
b off ~aw 2 = E —
A g B# B sl & A
] =] L g & S 8| jeds v H
o 1 3 = R H R
£ o o - rifs
g 35— o Ul
‘ =
g |z b = =S B
X [ ] _..b"’l
' o a,c ',?*‘I [
P D - -
T o
£ = o =
""""" R —h N O o s
- | D D = &
vwgold | =1 ‘)i' o O o <
- SSER 1= 141 B S s
%4 [=x} Q | S 1 72)
m 2,2 | X — 2
- m = ’ [=]
z 2 x S o =
e = ==
~lml | [®]-|o|e|el {-f- n i 3|
x 0w o
‘ LR

FOLD HERE

SERVICE TICKET NO.: 24516 API SERIAL NO.: N/R PGM VERSION: 1.86
CHANGE IN MUD TYPE OR ADDITIONAL SAMPLES RESISTIVITY SCALE CHANGES
DATE : SAMPLE NO. /7 7 ! s YPE LOG | DEPTH |SCALE UP HOLE |SCALE DOWN HOLE|
DEPTH-DRILLER
TYPE FLUID

IN HOLE
DENS. ! VISC
PH | FLUID LOSS
SOURCE OF SAMPLE RESISTIVITY
RM € MEAS TEMP 0.51 @75 e RUN NO[TOOL TYPE
RMF @ MEARS TEMP |@.33 e7S [] ONE DIL
RMC @ MERS TEMP |8.74 @75
SOURCE: RMF:RMC |CALC :CALC
RM €@ BHT 2.19 ez2e3

MENT DARTA

. u
A UTRON
. NO. I 0. N i NA
o 7 R q SURIAL NO. SERIAL NO.
ODEY NO ¢ NGRT-A NOgiee L |\ [MEREL No. MODEL NO.
) 3.625 ; € DIVAETER. DIAMETER
MOREL NO.|M-1@3 . \ J LOG TYPE LOG_TYPE
P~ A SOURCE_TYPE SOURCE_TYPE
s

SERIAL NO. SERIAL NO.

STRENGTH STRENGTH

LOGGING DATA

w ] AL GAMMA ACOUSTIC DENSITY NEUTRON
ON SCALE SCALE SCALE SCALE
NO_ | FROM| TO [FT/MIN L R L R MATRI XL R ___MATRIX | L R MATRIX

ONE 9486 |3437 |30 %) 109 1S58 Se S7

REMARKS: 1-PRESENTATION AND SCALES CHOSEN BY CLIENT. 2- MAX DEVIATION 2 DEG.
3-1MPROPER DELTA-T RESPONSE B8700-8800 CAUSED BY FIRST ARRIVAL "PICK" FAILURE.
4-TEMP DATA: 283,283,202.

c
=
==
L IBURTON LOGETNG SCRVICES, INC. DULS MOT GUARANTEL THE ACCURACY 0F Ay INTERPRETATION OF LOG DATH. CORNVERSION OF LOG DRTA 10 PYSICAL ROCK = ==
PGP TERS, OF RECOMENDATIONS WHICH MAY BE GIVEN BY WS PERSONREL OB MICH APPLAR O THE LOG OR IN ANY OTHER FORM. MY USER OF SUCK DATA, —
INTERPRETAT IOMS, COMVERSIONS. OR RECOMMENDATIONS GGRECS THAT MLS 15 MOT RESPONSIBLE [XCEPT WHERE DUE TO GROSS MCGLIGENCE OR MILLFUA MISCORDUCT. P
By LOSS, DRPAGES, OR DXPENGLS RESULTING FPOM THE USE THEREGH =
—
J
—

GAMMA 77 DEEP TENSION

%) - API 109 .2 OHM-M 20.| 12000 POUNDS 28089

SP MEDIUM CONDUCTIVITY

-lier+ .2 OHM-M 20.| 4000 MMHO 0.

RWA SHORT GUARRD DELTA T

%] 0H’M—H 1.9 .2 OHM-M 20.|150 USEC/FT Bl

- ~ CSG-—t.-<~
eaZlSe 35004

<
<
|

e e SeacE——E ==X

N

A%

PO T U S S N SR W S
It

[ bt [ 37007
3 ') +

S e SR RERE]
1

i
___+H-
e

AN San i

hA

i ! 51
s ‘,‘ I ,l[l i . I
BEESES i R R s S
B anE e e =
o " r1H I u=tin S le SA ) e
e & : !'iitnh ii RS RS
e e 7 2 HHHN - e T 1 &?,: i
! 1{ 1 L\l :'[: i li, R;’r 1 I 4' f
| Bl |5 HHE B e e,
B A P e  EEmmmii==
e pilee e e
= 1A HH Rauatn ’:')i = / =
e * lj i l;lzg:: H:ﬁ:n o 1 H St
R B o= 4 1 ] =g f,\i: :
F i I 13}'} !:]:.’\& : ‘Irﬁ f:s’ o = 1
R s = oot '§1§f Fioith ;'H?’.;; = e J, 1
e B R P S E = a=s
EEaEi P e e S e e
e - S 3800 = >—— —
! ! . RS = = \;;
HESRERS s e ARSI
! H H :
S S TaE
=

*.YH.._V.KVI..‘

r
Pyt

W

AL AT

Whvy 4

A

I N S B AN -
P71 B

f
[~

had DRI

11
N 5 5 O S
+ '*"_r B ) SuS SN WD N - - In.
AN

/

)"‘_ N4

,,
LN

r

e BE B Raent ma e

L
Sl Vb i de il

7\

< r&"‘,/"‘m\!/""if""“"\;
e g
N

W

A
e S

1
!

g
k4
7
1%,
S
1.

\

INALL

ey

39007

" ]
e SUE

A
AN

| ST N I ST 505 O NV IS O ST T T e & +
=
[%

DAV PNELIBRNEA RS

L

1Y
it

A

r\‘:

Eap e T TTTH-
g 2“'**':**5’3 | %Hi:}.ﬂ i

EREE
£2!
L
"'ﬁ_’_’_‘
‘.Lk
|
1
||
il
1‘“l

: | =
== e <3 1
i (HiSSRY t -
HHE T

gast
T

17

=
i j b g; i

T 4000F——=+
e o mass! |
| ] . 1 ] ;;!‘
I = 1=1 ]

(7 ERY;

M

T I
EEEEnsssssicesiisssassssssssssssfissccossss
A,

AR AAN

A

i 1.
mmﬁmm/\;ﬁs‘td. < = sl 9 NN

] [ < 5 A —HEHEE o <
= ‘ i = ET
I i ! I’:i 5 }' ‘r]% \/T I ; I
S R el W 1 G o A W Y]
- | QL Lr‘Jr’t,B i s Il s 11}] !((\j —t [l
E ) EE—— e e
G e i [ > E==
EsSES: LA | A ESESEs =5
e iy g B EHHI e 13 ':£>iﬁ
e 3 | lﬁii) H37[—§ii 2| o
ARES=ESST = B e e
- \g' 4100 1% —+1 —.j ;/1 ] ‘
EASErS [E2EE: (e R SR A |
z HE i s -
< IS8 SRS R 8=
RS e ot o B | 1
tlﬁ o e
] -1 —— l: \l‘\ 2_ !
1 ——Sa1
| S |

S i o]
SONER N .#&4_.' 4

o T SO |

\ \ 1
NS ENEGTETEEES SR RS FE!

gy

1470(): ! }
i

1
|11
S EDE NS I I

+ 4
-
+—+-
e T b |:1
I ; lEmipgn: i pas:: s r
! =2 Pt o1 - ‘ -
i i PR PR e T o
7 I S AL - L .
press 3 . e ‘:7 :
+ H | g t 7t
' jmE) 8! T g l
L - ' M ) 1T =" 1
. EHE 11 S i
= ! iy | T ==t 1 ——
Pl = 1 l( SSgiit ‘}1; ;(E —-}
=2 ] :»;';r._ o b / —
BESES: FHE o | i
e R ] HEEE— o S HEd
= i i L s
u "f_ __gs'. JEEE N T gf) I H\ 1
L NI T i I
£ I T ] 1
o S G S T iy = Iz
T < — 1 H 1 H o= 5 1
s e i il 1 { . P —T &V; 1
P e e e - i ¥ T+t e T 1 {
- S A 1
e P ] t::}; —H e 2 -
H 5 4300 ":';I asse e =
FieTTd ] REEES Rt ~ b =
= S e I s e s A e T —]
o ;
R N S e = HH s e e I
L= T — l 1] % o e e o e
Bt X £ = i
=ty AL ] T — o i e e e e D I
F R '%[ Ban (st '\’(l.,: i):f
iy I 1 £ e A
} E ‘:;l:' I :;l I B S I N
E . o o £ )
- N | S U U B T r -
= ™~ . T L p o B L/
3 g 1 4 —1 | D . -
¥ 3 i T I = Y =
s g maty | et e S | i\l =t
= = eI {1 el 1 81 et e R :{: -1
3] gy ‘,1: o ',l i
s = 2t I
J[l; < Il 4T 177 I
- »t = :) 1 T e -+
i i:. S - - '8 I = i
! Co_! L{ T ) I
== S e e e
W il —1 4400 111 — ,, - DH
,1 i} : 11T <,—]’ { -
2 2k s 4+ttt - +
“‘—— i TS Ju )| . T _\{—: ’} [

i o = - P e
EAREE: e e = e——=cr
o muns . T T
e 0 S O & l* T A - j -

e i } = T -
o . 7 = ( :

F i 3 T FHHE 1 —
EEEEe S R e R e TR
o e e
BEEES il ESai R EES RN ES:

- 1z »"_ :"i \ 1 L L\.

o FHr A HHHE ol s —

EE=SoEses s S S e +@ F

BRI £1 | S e——ue AR ) —
I o iy TR T I 1= 1

__:‘ .‘J ;r’ - j? F il .._"{_4_4 “; I 1 —1

e e TH s T (?"* H
[ T 7 T 1 — 1= T I -
e s 4 B RS (| =
e e ] T S ]
= St = = ~ ——
= A4 S e | 24 e v
g s o = 4500 Ity mmaan Fam T
e 1“-."2& N EEE | E i ——\( =
\ 2 —t— 4 4= + s — [—
L0 4+ 11 T I MR BT — 1L
{ e s e e
. -1 H 4 H 1 — I 4
ST \ L o 1 2 e e e N
- 1 s el -y L_L\ =
Tt = ‘,’j pu—— )T_;‘, “ T
—-— | ————— I 2 i T
= — e e e
- sy ——— e { -
£ T T e el s e . {
s ERematt i m———0 i e A
= S et e e o e o o e
SR T ———1 - 3 -
1 T T ot - f
% 1 I i s i - _P:{
H - s
—T 2 e < T o { ——
gt '5[ e I S P e e e e S SR
& 0 e B o e s i o
LI o2 [P I 08 A o1 *_L i I I
i 1 — 4600 ——HH——— T = i
s g — 500 T Tt L - 1
=1 B M. || A aEn - T e e e e
I & { ! = ! . -
=3 g = i == i —
— I S
gat S
%‘;L {1 ‘;./ ! ./ 3
44 P } 11
T - i o

FIGURE 13

The data
comes 1n as
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paper log
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format

From well log to database

The edited well log
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The

scanned
image 1S
digitized at
1 ft
intervals
and edited

What goes in the database
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FIGURE 15

Using the
interpreted
sand log,
average values
for each
lithology are
computed for
each 200 ft

Interval

Oy,

Cr
d 9500

Q fabasg’ells ,.n

Shale velocity:
values every 200 1t
from shallowest
velocity log to the
deepest. There is
at least one shale
sample in any 200
ft interval.

Mud weight: values
interpolated every
200 ft from
shallowest
measurement to
the deepest

Temperature:
values interpolated
every 200 it from
shallowest
measurement to

the deepest

Shale density:
values every 200 ft
from shallowest
density log to the
deepest. There is
at least one shale
sample in any 200
ft interval.

Sand velocity:
values are not
every 200 it from
shallowest velocity
log to the deepest.
There is not
always one sand
sample in a 200 ft
interval.

Sand density:
values are not
every 200 ft from
shallowest density
log to the deepest.
There is not
always one sand
sample in a 200 ft
interval.
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Sand P-wave Velocity
Sand Density

Sand Total Footage
Shale P-wave Velocity
Shale Density

Shale Total Footage

Primary Properties
from Logs

SNNNSKNKK

Wet Sand P-wave Velocity Standard
Deviation

Wet Sand Density Standard Deviation

Shale P-wave Velocity Standard
Deviation

Shale Density Standard Deviation
Average P-wave Velocity

Computed from the
Primary Properties

Average P-wave Velocity Standard
Deviation

Average Density
Average Density Standard Deviation

dl Y

Interpolated from Temperature

Well Measurements

SN XXX XX KX

YiuilAJ -~

Computed
properties
(Greenberg-Castagna)

Wet Sand Shear Wave Velocity

Shale Shear Wave Velocity

Live Oil Sand P-wave Velocity
Live Oil Sand Density
Live Oil Sand Shear Wave Velocity

¢ Gas Sand P-wave Velocity

¢ (Gas Sand Density

¢ (Gas Sand Shear Wave Velocity
Computed by ¢ Dead Oil Sand P-wave Velocity
Fluid Substitution ¢ Dead Oil Sand Density

(Gassmann) ¢/ Dead Oil Sand Shear Wave Velocity

o/

o/

o/

Wet Sand P-wave/S-wave Velocity Ratio
Wet Sand Poisson’s Ratio

Wet Sand Acoustic Impedance

Wet Sand Normal Incidence Reflectivity
Wet Sand Delta P-wave Velocity

Wet Sand Delta Density

Wet Sand Delta Poisson’s Ratio

Wet Sand Intercept

Wet Sand Sl()pe Sine squéred of reflection angle
Dead Oil Sand P-wave/S-wave Velocity Ratio

The Poisson reflectivity R, is a pseudo-

B _ ' _ . ' _ _ { ! f_‘: ’ u

we have computed Poigg®n’s ratio o we can
compute Poisson refl¢ctivity:.

I eflectivity

Dead Oil Sand Poisson’s Ratio
Dead Oil Sand Acoustic Impedance
Dead Oil Sand Normal Incidence Reflectivity

Dead Oil Sand Delta P-wave Velocity
Dead Oil Sand Delta Density
Dead Oil Sand Delta Poisson’s Ratio

Dead Oil Sand Intercept

Dead Oil Sand Slope

Live Oil Sand P-wave/S-wave Velocity Ratio
Live Oil Sand Poisson’s Ratio

Live Oil Sand Acoustic Impedance

Live Oil Sand Normal Incidence Reflectivity
Live Oil Sand Delta P-wave Velocity

Live Oil Sand Delta Density

Live Oil Sand Delta Poisson’s Ratio

Live Oil Sand Intercept

Live Oil Sand Slope
Gas Sand P-wave/S-wave Velocity Ratio

Additional
Computed Properties

(Gas Sand Poisson’s Ratio

(Gas Sand Acoustic Impedance

(Gas Sand Normal Incidence Reflectivity
(Gas Sand Delta P-wave Velocity

(Gas Sand Delta Density

Gas Sand Delta Poisson’s Ratio
Gas Sand Intercept

AN U N N N N U N U N U N N N N N N N N N N N N N N U N U N N N D N N N\

(Gas Sand Slope

\ J
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