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Ab stract: Three dif fer ent meth ods of build ing de tailed ve loc ity mod els for seis mic in ter pre ta tion are ex plained
and dis cussed in terms of their ad van tages and lim i ta tions. All of the pro posed meth ods are based on the anal y sis
of acous tic well logs. An ap pli ca tion of acous tic full wave form mea sure ments, as well as the FalaFWS and
Estymacja soft ware, is pre sented as a tool for de ter min ing P-wave and S-wave slow ness (tran sit time in ter val,
ve loc ity re cip ro cal). Well log data from sev eral wells, lo cated near the spe cial re search seis mic transect in the
Pol ish Low land, were pro cessed us ing the meth ods pro posed. The re sults of data anal y sis are pre sented for a depth 
sec tion of up to 3623 m for the lithostratigraphic units, re corded from the Œroda Wielkopolska 5 (SW5) well. The
re sults of P-wave and S-wave slow ness fil ter ing, used to up scale well log data to a seis mic scale of res o lu tion, are
shown for the en tire geo log i cal pro file of the SW5 well.
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IN TRO DUC TION

Acous tic log ging in wells is based on the same phys i cal
prop er ties of rocks and the same elas tic wave field as the
seismic method, al though there is a clear dif fer ence in the
frequencies used in the two meth ods. Both ap proaches dif -
fer in ver ti cal res o lu tion, ow ing to the dif fer ence in fre-
quency range: 15–20 kHz in a stan dard acous tic log and 6
kHz or lower in an acous tic full wave form, re corded with a
di pole source, and 30–60 Hz in the seis mic method (Boyer
and Mari, 1997).

Within the fre quency ranges men tioned above, the ve -
loc i ties of elas tic waves, i.e. the compressional wave ve loc -
ity, the shear wave ve loc ity and the Stoneley wave ve loc ity,
do not show a clear dis per sion. How ever, when a seis mic
ve loc ity model ap pears un sat is fac tory it is worth ap ply ing
the cor rec tion, based on the qual ity fac tor (Q fac tor), which
re duces the ve loc ity of acous tic waves, com pared to the ve -
loc ity of seis mic waves (Aki & Rich ards, 1980). This way,
seis mic re cords can be sup ple mented and im proved by in de -
pend ently ac quired in for ma tion from acous tic well log ging.

This pa per ex plores and de vel ops ap proaches and ideas
pre lim i nary pre sented in au thors’ pre vi ous work on seis mic
ve loc ity cal cu la tions based on well log data (Jarzyna et al.,
2011b). Fur ther stud ies on elas tic waves ve loc ity de ter mi -
na tion were car ried out, us ing data from wells, lo cated near
the spe cial re search seis mic sur vey line, se lected for the
pro ject, “Im prove ment of the ef fec tive ness of seis mic sur -

vey for prospection and ex plo ra tion for nat u ral gas de pos its
in Rotliegend for ma tions” (Górecki et al., 2010). In the pre -
vi ous pa per by the pres ent au thors, based on the re sults of
this pro ject (Jarzyna et al., 2011b), em pha sis was put on
meth od olog i cal as pects show ing the dif fer ence in slow ness
val ues re lated to the re sults of mea sure ments and pro cess -
ing. The out comes were il lus trated with ex am ples from se -
lected wells. In the pres ent pa per, au thors fo cused on ap pli -
ca tion of the meth ods pro posed. Fol low ing a short de scrip -
tion of the meth od ol ogy, the re sults of three meth ods were
pre sented. They were upscaled to seis mic res o lu tion to ob -
tain ve loc ity vs. depth curves and pres ent the dif fer ent ver ti -
cal pre ci sion of the meth ods ap plied. The ex am ples were
cho sen from well Œroda Wielkopolska 5.

Acous tic full wave forms were the ba sis for S-wave ve -
loc ity de ter mi na tions, us ing the FalaFWS ap pli ca tion in the
GeoWin sys tem (Jarzyna et al., 2002, 2007). Re gard less of
the acous tic full wave forms, the ve loc ity of an S-wave was
cal cu lated on the ba sis of the o ret i cal for mu las, us ing the
Estymacja pro gram (Ba³a and Cichy, 2003, 2006). The
Estymacja soft ware was used to cal cu late P-wave ve loc ity,
S-wave ve loc ity and bulk den sity, us ing the re sults of the
com pre hen sive in ter pre ta tion of well logs (in clud ing de ter -
mi na tion of vol ume of se lected rock-form ing min er als and
hy dro car bon sat u ra tion) and as sum ing the o ret i cal val ues of
se lected elas tic pa ram e ters.



P-wave and S-wave slow ness de rived from sonic log -
ging with the FWS tool (Halliburton Log ging Ser vices)
were avail able to the au thors pro vid ing ve loc ity of both
types of elas tic waves. How ever, in slow ve loc ity for ma -
tions, where the bore hole-fluid ve loc ity was higher than the
for ma tion S-wave ve loc ity, the full slow ness data range
could not be re corded (Kimball and Marzetta, 1984). In
these slow ve loc ity depth in ter vals, the spe cial pro cess ing
of the acous tic wave forms was done us ing the FalaFWS ap -
pli ca tion sup ple ment ing the miss ing data with cor rect re -
sults (V-Fala method) (Jarzyna et al., 2010). In the logged
depth sec tions, the po ros ity, min eral com po si tion and hy -
dro car bon sat u ra tion of the for ma tions were de ter mined.
These data were used in the Estymacja pro gram to cal cu late
the ve loc i ties of elas tic waves, bulk den sity val ues and dy -
namic elas tic moduli (V-EST method) (Ba³a and Cichy,
2003, 2006). In sum mary, there were val ues for P-wave ve -
loc ity and S-wave ve loc ity from three in de pend ent sources.

In or der to scale the re sults of in ter pre ta tion of well logs 
to the re quire ments of the seis mic method, the pro cesses of
fil ter ing and av er ag ing, avail able in the FalaFWS ap pli ca -
tion and the FunMat ap pli ca tion from the GeoWin sys tem,
were used (Jarzyna et al., 2007; Górecki et al., 2010).

DATA SET AND GEO LOG I CAL SET TING

Acous tic log data were used as a start ing point for the
con struc tion of ve loc ity mod els for seis mic pro cess ing and
in ter pre ta tion, as well as for seis mic mod el ling (Pietsch et

al., 2012; Marzec et al., 2012). Wells with acous tic log data
were se lected near the seis mic transect ac quired for a re -
search pro ject, fo cused on the res er voir po ten tial of sub-salt
for ma tions in the Pol ish Ba sin (Górecki et al., 2010). The
study area of the pro ject was lo cated in the Permo-Me so zoic 
sed i men tary ba sin sys tem of West ern and Cen tral Eu rope
(Ziegler, 1990; Pha raoh et al., 2010) (Fig. 1). The Mid-Pol -
ish Trough, which is part of this sys tem, was ini ti ated near
the bound ary of Car bon if er ous and Perm ian at the on set of
the Rotliegend vol ca nism and sed i men ta tion. The Perm ian
and Me so zoic sed i ments, de pos ited in the study area, reach
a to tal thick ness of sev eral kilo metres. The seis mic transect
was lo cated across a zone, char ac ter ized by Zechstein eva-
porites with a to tal thick ness of ap prox i mately 1000–1300 m. 
The thick evaporite com plex is cov ered by Me so zoic and
Cainozoicsediments (Wag ner, 1994). The cri te rion used in
the se lec tion of wells was the pres ence of the Rotliegend in
the geo log i cal pro files pen e trated by bore holes.

Acous tic full wave forms were avail able from sev eral
wells near the transect (WG1, SW4, SW5, M3, K1, K2 and
G2; Fig. 1). The pro cess ing of acous tic data em ployed the
same ap proach in all of the wells ana lysed. In this pa per, the
re sults ob tained for the Œroda Wielkopolska 5 (SW5) well
are pre sented to il lus trate the ap pli ca bil ity of the meth od ol -
ogy pro posed. The geo log i cal pro file in the SW5 well is
rep re sen ta tive for the study area. All geo log i cal units iden ti -
fied there (apart from the Cre ta ceous for ma tion) are pres ent
in the geo log i cal pro file of the SW5 well. The to tal thick -
ness of the Rotliegend sed i ments in the SW5 well is greater
than 100 m.
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Fig. 1. Gen eral ge ol ogy of study area. A. Lo ca tion of study area and ma jor struc tural units of Po land. B. Ge ol ogy of study area be low
Caino zo ic cover (Dadlez et al., 2000). Lo ca tion of study area shown as yel low rect an gle and ex per i men tal re gional seis mic line used in
struc tural in ter pre ta tion as pink line. Green colours – Cre ta ceous, blue colours – Ju ras sic, pink colours – Tri as sic (af ter Dadlez et al. 2000;
Pietsch et al. 2012)



METH OD OL OGY FOR DE TER MI NA TION 
OF ELAS TIC PROP ER TIES

A short de scrip tion of the pro posed meth ods is pre -
sented to il lus trate the dif fer ences in the ap proaches ap plied
and their im pact on the vari abil ity of the re sults.

Elas tic pa ram e ters de ter mined from acous tic full
wave forms and FalaFWS com pu ta tions

Acous tic full wave form mea sure ments, as the di rect re -
sult of log ging by means of an FWS de vice, were the most
im por tant source of the P-wave slow ness and S-wave slow -
ness and Stoneley wave slow ness (Kimball and Marzetta,
1984). The mea sure ments pro vided good re sults for P-wave 
slow ness (DTP) in the ma jor ity of cases, but re li able data on 
S-wave slow ness (DTS) were avail able only in the depth
sec tions, where the shear wave ve loc ity (VS) was higher
than the ve loc ity in mud (VM). If this was not the case, blind 
sec tions ap peared in the S-wave ve loc ity pro files (Fig. 2).
Such blind sec tions were vis i ble at depths be tween 1780–
2010 m, 2260–2300 m, 2980–3000 m. The pri mary acous tic 
log ging re sults, i.e. DTP and DTS from the FWS de vice re -
cord ing are treated as the first method (V-FWS) of slow ness 
de ter mi na tion.

In the depth in ter vals where VM>VS, the mod i fied
FalaFWS ap pli ca tion of the GeoWin com puter sys tem was
used to de ter mine S-wave ve loc ity (Jarzyna et al., 2010).
P-wave ve loc ity and Stoneley wave ve loc ity were also de -
ter mined, us ing an im proved FalaFWS ap pli ca tion to con -
firm the good qual ity of FWS de vice re cord ings. The slow -
ness or ve loc ity of acous tic waves, de ter mined from the pro -
cess ing and in ter pre ta tion of acous tic full wave forms with
the use of FalaFWS ap pli ca tion, is the sec ond method (V-
Fala) of slow ness de ter mi na tion.

The com par i son of P-wave slow ness from V-FWS
method and from V-Fala method showed very good agree -
ment of these re sults (Fig. 3). A high value of the de ter mi na -
tion co ef fi cient for the re la tion ship be tween DTP FWS and
DTP Fala dem on strated the sim i lar ity of these re sults.
S-wave slow ness re vealed a slightly worse cor re la tion, but
the re sults were also sat is fac tory (Fig. 3). In both cases, the
dis per sion of data was ob served. A higher dis per sion in the
case of S-waves re sulted from the greater scat ter of S-wave
slow ness (DTS) val ues, ob tained from S-wave pro cess ing,
al though val ues of the sem blance func tion in the S-wave
packet were quite high (Fig. 4). The raw data were re corded
at depth in ter vals of 0.1 m and the pri mary pro cess ing of
raw data was also done with the same depth in ter val. Next,
the re sults were smoothed and the dis per sion was re duced.
Ex am ples of out comes of the FalaFWS com puter pro gram
for the SW5 well in two depth sec tions with di verse litho-
logies are pre sented in Fig ures 4 and 5. Fig ure 4 shows the
re sults for the V-Fala method in the SW5 well, in a sec tion
of the Up per Muschelkalk (lime stones, marlstones). A set of 
out comes from FalaFWS with out av er ag ing, as a re sult of
data re cord ing and pro cess ing at each 0.1 m in ter val, is pre -
sented in the left hand side track. In the mid dle track, the
slow ness of P-wave, S-wave and Stoneley wave af ter use of
an 11-point mov ing av er age are shown to gether with ve loc -

ity ra tio, VP/VS and Pois son ra tio and val ues of sem blance
func tion. In the right-hand track, the same re sults af ter
25-point av er ag ing are shown. Sim i lar re sults are pre sented
(Fig. 5) for the V-Fala method, ap plied to the Lower Tri as -
sic (Lower Bunter Sand stone) for ma tion (cal car e ous clay-
stones, mudstones, sand stones) in the SW5 well. This ex -
am ple il lus trates the in flu ence of li thol ogy on slow ness and
shows that the pro cess ing of acous tic full wave form data at
each mea sured point yields re sults that are too de tailed. The
av er ag ing cal cu la tion, us ing 11 and 25 points for dis tances
of 1 m and 2.5 m, re spec tively, pro duced smoothed curves
that were much more de fin i tive, but still not upscaled to the
seis mic scale.

Au to matic in ter pre ta tion of acous tic full wave forms,
us ing the FalaFWS ap pli ca tion, was the ba sis for slow ness
de ter mi na tions. This was done with a ver ti cal sam pling in -
ter val of 0.1 m in all depth sec tions of the well, where full
wave form acous tic data were avail able (Fig. 3). The re sults
of this in ter pre ta tion were used for the cal cu la tion of ba sic
sta tis ti cal val ues of the elas tic pa ram e ters and for the av er -
ag ing of data to per mit upscaling. Cal cu la tions of compre-
ssional wave slow ness, shear wave slow ness and Stoneley
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Fig. 2. Re sults of V-FWS method in SW5 well; lack of DTS in
some in ter vals, where VP of mud is higher than VS of for ma tion.
Sym bols: L – li thol ogy, J2 – Middle Ju ras sic, J1 – Lower Ju ras sic,
T3 – Upper Tri as sic, T2 – Middle Tri as sic, T1 – Lower Tri as sic,
P3 – Up per Perm ian, P1 – Lower Perm ian, DTS – S-wave slow -
ness, VP – P-wave ve loc ity, VS – S-wave ve loc ity
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Fig. 3. Com par i son of DTP (black) and DTS (red) re sults from V-FWS method in SW5 well (DTP and DTS FWS) and from V-Fala
method (DTP and DTS Fala af ter pro cess ing with FalaFWS ap pli ca tion)

Fig. 4. Re sults of V-Fala method in SW5 well, Up per Muschelkalk (lime stones, marlstones); set of out comes from FalaFWS ap pli ca -
tion with out av er ag ing, data re corded and pro cessed at each 0.1 m (left-hand side), af ter 11 points av er ag ing (mid dle part), af ter 25 points
av er ag ing (right-hand side)



wave slow ness were done in FalaFWS, uti lis ing the sem -
blance al go rithm for six pairs of acous tic wave forms (Kim-
ball and Marzetta, 1984).

Elas tic pa ram e ters de ter mined from Estymacja
pro gram

The third data set, com pris ing P-wave ve loc ity, S-wave
ve loc ity and Stoneley wave ve loc ity and also bulk den sity,
was ob tained from the Estymacja pro gram (Ba³a and Cichy,
2007). Estymacja uti lises the the o ret i cal Biot-Gassmann
model to de scribe po rous me dia (Biot, 1956; Gassmann,
1951). Val ues of compressional wave ve loc ity (VPEQ) and
slow ness (DPEQ) and shear wave ve loc ity (VSEQ) and
slow ness (DSEQ), elas tic moduli (EEQ, KEQ, MIEQ), the
VPEQ/VSEQ ra tio and Pois son’s ra tio (NIEQ), as well as
bulk den sity (RHEQ) were de ter mined from Estymacja
(V-EST method). The re sults of the com pre hen sive in ter -
pre ta tion of well logs were used as in put data for the com -
puter pro gram (Górecki et al., 2010), with re gard to the vol -
umes of in di vid ual min eral com po nents of the ma trix, po -
ros ity and wa ter sat u ra tion. The ad mix ture of ac ces sory
min er als was de ter mined through lab o ra tory in ves ti ga tions,
i.e., Scan ning Elec tron Mi cros copy (SEM), or X-ray Dif -
frac tion (XRD). The ma trix pa ram e ters in cluded: Kma –
bulk modulus of ma trix, MIma – shear modulus of ma trix,
rma – bulk den sity of ma trix, DTma – ma trix slow ness and
bulk moduli of pore wa ter, gas or oil. The ma trix pa ram e ters 
were as signed, ac cord ing to the min eral com po si tion of

each strati graphic unit. The pa ram e ters of min er als and bulk 
moduli of po rous me dia were avail able in the pub lic do main 
(Ba³a, 1994; Halliburton Log ging Ser vices, 1991). The
Estymacja pro gram gen er ated the o ret i cal logs, which were
com pared with the re corded acous tic log and the bulk den -
sity log. This com par i son was done to ac cu rately de fine the
ma trix pa ram e ters for each of the min eral com po nents, thus
min i miz ing the er ror of es ti ma tion (d). The er ror was cal cu -
lated, ac cord ing to the for mula (1):

d = [(DPEQ – DT(PA))/DT(PA)] × 100% (1)

where: DPEQ – P-wave slow ness from the V-EST method,
DT(PA) – P-wave slow ness from stan dard acous tic mea -
sure ments.

Er rors were cal cu lated at each depth and pre sented as
one of the re sult ing curves of the Estymacja pro gram (er ror
track in Fig. 6). The plots of cal cu lated (red) and re corded
data (black) in the Rotliegend sand stone for ma tions in the
SW5 well were pre sented as the re sults of the V-EST
method (Fig. 6). The prop erty ranges are in di cated be low
the header of each col umn. The Rotliegend for ma tion, com -
pris ing brown and red fine-grained and mid dle-grained
sand stones, was ana lysed at depths be tween 3545 and 3648
m. The fol low ing spe cific pa ram e ters were set for the sand -
stone com po nent: rma = 2.65 g/cm3, Kma = 27 GPa, MIma
= 28 GPa, for clay com po nent: rma = 2.65 g/cm3, Kma =
16.829 GPa, MIma = 7.036 GPa, for gas: rg = 0.1 g/cm3, Kg 
= 0.05 GPa, for wa ter: rw = 1.03 g/cm3, Kw = 2.638 GPa.
The se lected unit was as so ci ated with sig nif i cant po ros ity
and wa ter sat u ra tion.
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Fig. 5. Re sults of V-Fala method in SW5 well, Lower Tri as sic (Lower Bunter Sand stone) for ma tion (cal car e ous claystones, mud-
stones, sand stones); set of out comes from FalaFWS ap pli ca tion with out av er ag ing, data re corded and pro cessed at each 0.1 m (left-hand
side), af ter 11 points av er ag ing (mid dle part), af ter 25 points av er ag ing (right-hand side)



His to grams of the VPEQ and VSEQ val ues as well as
the VPEQ/VSEQ ra tio for the Rotliegend for ma tion are
shown in Fig ure 7. All his to grams re vealed the ma jor ity of
data in the first class. This means that low val ues of VPEQ
and VSEQ and RHEQ dom i nated as re sults of V-EST
method. The ma jor ity of VP/VS data also be longed to the
first class, al though it was ob served that the sec ond small
max i mum in the class fo cused around VP/VS = 1.61. The
first group of VP/VS data (around VP/VS = 1.57) was as so -
ci ated with strata that have a rel a tively high gas sat u ra tion,
while the sec ond group was as so ci ated with wa ter sat u rated
sand stones. Sim i lar dis tri bu tions of re sults, ob tained from
the V-EST method, were ob served in other wells (Jarzyna et 
al., 2011a).

A com par i son be tween the re sults of the V-EST method 
and the V-Fala method was done on the ba sis of the data set, 
re lated to the P1 unit (Rotliegend sand stone). The ba sic sta -
tis tics (av er age, min i mum, max i mum, stan dard de vi a tion
val ues) of pa ram e ters from the V-EST method are pre sented 
in Ta ble 1. They are sup ple mented by av er age val ues of the
V-FWS method (DTP FWS, DTS FWS) and RHOB mea -
sure ment and also re sults from the V-Fala method (DTP
Fala, DTP Fala) to make the com par i son and iden tify prop -
er ties of the Rotliegend sand stone.

Each of the meth ods, used to de ter mine in ter val tran sit
time (slow ness) of P-waves and S-waves, had their ad van -
tages and lim i ta tions. The V-FWS method pro vided the
slowness val ues (DTP and DTS) im me di ately af ter the
bore hole mea sure ments. How ever, there were a num ber of
depth in ter vals, where re cords of S-wave slow ness could
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Ta ble 1

Ba sic sta tis tics of Rotliegend sand stones in SW5 well at
depths of 3545–3648 m

P1 - Rotliegend
sandstone

Average Minimum Maximum
Standard
deviation

DPEQ [µs/m] 262 210 352 20

DSEQ [µs/m] 410 322 543 32

EEQ [GPa] 33.44 15.88 57.73 6.60

KEQ [GPa] 16.24 7.28 25.83 3.19

MIEQ [GPa] 14.47 6.99 25.60 2.90

NIEQ 0.16 0.12 0.20 0.02

RHEQ [g/cm3] 2.38 2.06 2.65 0.09

VPEQ [km/s] 3.84 2.84 4.76 0.30

VSEQ [km/s] 2.45 1.84 3.11 0.20

VPVS 1.57 1.52 1.63 0.03

DTP FWS 245 155 308 20

DTS FWS 421 272 484 40

RHOB 2.41 2.21 2.80 0.08

DTP Fala 244 156 294 20

DTS Fala 583 330 709 82

DPEQ, DSEQ, EEQ, KEQ, MIEQ, NIEQ, RHEQ, VPEQ, VSEQ, VPVS –
P-wave slow ness, S-wave slow ness, Young modulus, bulk modulus, shear
modulus, Pois son ra tio, bulk den sity, P-wave ve loc ity, S-wave ve loc ity,
P-wave and S-wave ve loc ity ra tio, re spec tively (from V-EST method),
DTP FWS, DTS FWS, RHOB- P-wave slow ness, S-wave slow ness, bulk
den sity, re spec tively (from V-FWS method), DTP Fala, DTS Fala- P-wave
slow ness, S-wave slow ness, re spec tively (from V-Fala method)

Fig. 6. Pa ram e ters cal cu lated in Estymacja pro gram ex pressed as red lines; logs re corded in Rotliegend for ma tion in SW5 well at
depths 3586–3648 m shown as black lines; pro por tions of sand stone, shale and po ros ity are rep re sented by yel low, green and white
colours, re spec tively; gas sat u ra tion (1-SW) and wa ter sat u ra tion (SW) are shown in rose and blue, re spec tively; curves are as fol lows:
compressional wave slow ness (DTP), shear wave slow ness (DTS), bulk den sity (RHOB), wa ter sat u ra tion (SW), es ti ma tion er ror (d), ve -
loc ity ra tio (VPVSEQ)



not be di rectly ob tained. These depth in ter vals were as so ci -
ated with rock for ma tions with poor elas tic prop er ties, frac -
tured, and with high clay con tent. In such depth sec tions, the 
miss ing re sults were sup ple mented with data in ter preted by
the V-Fala method. Both meth ods yielded re sults only in the 
in ter vals, where the full wave form data was re corded.

The V-EST method pro vided slow ness val ues from all
depth in ter vals, where the com pre hen sive in ter pre ta tion for
li thol ogy, po ros ity and wa ter sat u ra tion was done. Most of -
ten, these sec tions of wells were lon ger than those where the 
avail able data had been re corded di rectly with the FWS
tool. The first two meth ods pro vided slow ness data mea -
sured in situ. Thus, they were in flu enced by the re cord ing
con di tions, such as vari able well di am e ter, changes in bore -
hole fluid pa ram e ters with depth, and a dis torted con fig u ra -
tion of the sonic tool in the well. In or der to per form cal cu la -
tions in the V-EST method, it was nec es sary to set the elas -
tic pa ram e ters of ma trix com po nents and the pa ram e ters re -
lated to the pore flu ids. The ac cu racy of the adopted litho-
log i cal com po si tion and the ma trix pa ram e ters de ter mined
the ac cu racy of the V-EST method re sults. The re sults of in -

ter pre ta tions in the V-Fala method de pended also on the
vertical dis tance be tween re cord ing points and the ver ti cal
sam pling in ter val, adopted for the in ter pre ta tion. Sim i larly,
the ver ti cal sam pling in ter val, adopted for the cal cu la tions
per formed in the V-EST method, af fected the re sults. The
re sults were av er aged at each stage of data pro cess ing and
in ter pre ta tion.

The con sis tency of the P-wave slow ness val ues, de ter -
mined from the V-FWS method (DTP FWS), and the V-
EST method (DPEQ), is high. The co ef fi cient of de ter mi na -
tion of 0.9 in di cated that both sets of val ues could be used.
A sim i lar state ment was true for S-wave slow ness (Fig. 8),
al though here the de ter mi na tion co ef fi cient is not as high.
The dis per sion of re sults around the cor re la tion line is not
sig nif i cant. Sev eral out li ers can be ad justed dur ing the anal -
y sis of the re sults from each strati graphic unit. How ever,
there was a clear con cen tra tion of re sults around the cor re la -
tion line. The re sults for the V-FWS method (DTS FWS)
were lower than those cal cu lated in the V-EST method
(DSEQ). The plots in Fig ure 8 were pre pared, us ing data av -
er aged with a ver ti cal sam pling in ter val of 2.5 m.
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Fig. 7. His to grams of out comes from V-EST method in SW5 well for Rotliegend for ma tion a) ve loc ity of P-wave (VPEQ); b) ve loc ity
of S-wave (VSEQ); c) ve loc ity ra tio (VPVS); d) bulk den sity (RHOB)



Fil tra tion of P-wave slow ness and S-wave slow ness to
con struct ve loc ity model for seis mic in ter pre ta tion

The re sults of the V-Fala method were the ba sis for av -
er ag ing the slow ness of P-waves and S-waves to pre pare a
suit able ve loc ity model for seis mic in ter pre ta tion. Data
from the SW5 well, grouped for in di vid ual strati graphic
units, were used for tests.

The pri mary data from the FWS mea sure ments were
pre sented with 0.1 m depth in ter val. Such re sults gen er ated
a data set of high pre ci sion, but too com plex for the con -
struc tion of a ve loc ity model. Oversampling may cause a
prob lem of re dun dancy and ac cu racy of re sults (Theys,
1999). There fore, av er ag ing was done for a depth win dow
of 8 m and for depth win dows of 10 m, 12 m, 20 m and 30
m. The ba sis for the av er ag ing was a data set, sam pled at in -
ter vals of 2.5 m. Cal cu la tions were per formed for all data,
us ing the V-Fala method (Ta ble 2). Here, a run ning av er age
was adopted as a fil ter for de tailed events noted in the logs,
which were re lated to geo log i cal lay ers of thick ness, con -
sid er ably be low the seis mic scale of res o lu tion. Ta ble 2 jux -
ta poses the val ues of P-wave slow ness and S-wave slow -
ness that were ob tained by the dif fer ent meth ods. The two
main parts of the ta ble show the re sults of FWS mea sure -
ments and av er aged re sults, de rived from the V-Fala
method. Ta ble 2 in cludes sta tis tics for the in ten sity of the
nat u ral ra dio ac tiv ity mea sured in well logs (GR) and bulk
den sity (RHOB) to show the im pact of li thol ogy on the re -
sults ob tained. The stan dard de vi a tion (S.D.) was pre sented
to show the di ver sity in val ues of the pa ram e ters. A mean
value of fil ter ing re sults (M) was in cluded in the last col umn 
of Ta ble 2. The val ues from Ta ble 2 do not show any impor- 
tant difference between the means, calculated for depth win- 
dows from 2.50 m to 30 m (Figs 9, 10).

In the lower part of SW5 well pro file (low rows in Ta -
ble 2), sev eral DTS val ues were re moved af ter fil ter ing, be -
cause a DTS ex ceed ing 500 µs/m was inacceptable for

140 J. JARZYNA ET AL.

Fig. 8. Com par i son of S-wave slow ness V-FWS method (DTS FWS) with data cal cu lated by V-EST method (DSEQ) in SW5 well for
depths 3545–3648 m

Fig. 9. Re sults of av er ag ing of data us ing FalaFWS soft ware in
SW5 well for sec tion com pris ing part of Up per Perm ian, Zech-
stein, Lower Anhydrite (A1D), Zechstein Lime stone (Ca1) and
Rotliegend for ma tion (P1). Sym bols: DTP_P – wave slow ness, L
– li thol ogy, DTP_30m – DTP af ter 30 m av er ag ing, DTP_ 20m –
DTP af ter 20 m av er ag ing, DTP_12m – DTP af ter 12 m av er ag ing, 
DTP_10m – DTP af ter 10 m av er ag ing, DTP_ 8m – DTP af ter 8 m
av er ag ing, DTP_ 2.5m – DTP af ter 2.5 m av er ag ing
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Ta ble 2

Re sults of P-wave slow ness and S-wave slow ness fil ter ing de rived from FalaFWS
for chronostratigraphic units in SW5 well

Log unit
Results of V-FWS method

Results of V-Fala method

Averaging in depth section of meters:

Av Min Max S.D. 30 20 12 10 8 2.5 M

Upper Jurassic, J3 (355-544.9 m), N = 1900

RHOB [g/ccm] 2.39 2.1 2.59 0.08

GR [API] 32 11 67 10

DTP [µs/m] 345 235 449 43 344 343 342 342 342 342 343

DTS [µs/m] 497 494 489 484 479 464 485

Middle Jurassic, J2 (545-655.9 m), N = 1110

RHOB 2.21 1.97 2.77 0.09

GR 68 23 110 15

DTP [µs/m] 413 196 531 54 406 409 412 413 423 414 413

DTS [µs/m] 523 514 515 511 505 468 506

Lower Jurassic, J1 (656-1035.9 m), N = 3800

RHOB 2.27 1.81 2.82 0.1

GR 47 11 114 29

DTP [µs/m] 346 213 528 44 346 346 345 345 345 345 345

DTS [µs/m] 513 509 496 488 482 442 488

Upper Triassic, Rhaetian Tre (1036-1441.9 m), N = 4060

RHOB 2.39 1.75 2.77 0.15

GR 70 30 128 11

DTP [µs/m] 308 201 443 40 304 305 306 306 307 307 306

DTS [µs/m] 460 452 446 441 432 396 438

Upper Triassic, Upper Keuper Tk3G, Upper Gypsum Series (1442-1633.9), N = 1920

RHOB 2.41 1.63 2.98 0.24

GR 75 8 96 15

DTP [µs/m] 283 163 387 34 284 282 282 282 282 281 282

DTS [µs/m] 488 471 429 417 402 358 428

Upper Triassic, Upper Keuper Tk3T, Stuttgart Formation/Schilfsandstein (Reed Sandstone) (1634-1709.9 m), N = 760

RHOB 2.39 1.71 2.63 0.14

GR 54 9 124 29

DTP [µs/m] 281 233 395 20 276 278 279 279 279 279 278

DTS [µs/m] 386 384 383 382 381 369 381

Upper Triassic, Upper Keuper Tk3D, Lower Gypsum Beds (1719-1897.7 m), N = 1880

RHOB 2.44 1.86 2.94 0.26

GR 52 9 106 27

DTP [µs/m] 256 166 341 29 255 254 253 253 253 253 253

DTS [µs/m] 407 323 541 21 386 384 383 382 381 369 381

Upper Triassic, Lower Keuper Tk1 (1898-1988.9 m), N = 910

RHOB 2.5 2.11 2.72 0.1

GR 73 23 106 17

DTP [µs/m] 276 195 355 23 270 272 272 272 273 274 272

DTS [µs/m] 482 477 459 453 447 425 457

Middle Triassic, Upper Muschelkalk Tm3 (1989-2029.9 m), N = 410

RHOB 2.66 2.52 2.76 0.06

GR 49 15 77 15

DTP [µs/m] 223 159 298 41 198 205 213 215 216 221 211

DTS [µs/m] 340 321 385 17 364 341 324 321 321 313 331
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Ta ble 2 con tin ued

Log unit
Results of V-FWS method

Results of V-Fala method

Averaging in depth section of meters:

Av Min Max S.D. 30 20 12 10 8 2.5 M

Middle Triassic, Middle Muschelkalk Tm2 (2030-2078.9 m), N = 490

RHOB 2.78 2.58 2.95 0.09

GR 37 12 64 12

DTP [µs/m] 188 158 239 20 187 187 187 187 188 187 187

DTS [µs/m] 362 297 461 36 354 341 322 320 318 300 326

Middle Triassic, Lower Muschelkalk Tm1 (2079-2256.4 m), N = 1775

RHOB 2.68 2.32 2.76 0.06

GR 33 15 61 11

DTP [µs/m] 187 156 268 15 188 187 186 186 186 185 186

DTS [µs/m] 365 308 501 33 323 318 316 315 313 300 314

Lower Triassic, Upper Bunter Sandstone (Röt Formation) Tp3 (2256.5-2365.4 m), N = 1090

RHOB 2.75 2.56 2.94 0.1

GR 47 15 101 19

DTP [µs/m] 202 157 282 32 202 201 200 200 200 199 200

DTS [µs/m] 366 307 523 50 323 314 310 308 305 299 310

Lower Triassic, Middle Bunter Sandstone Tp2 (2365.5-2579.9 m), N = 2145

RHOB 2.64 2.16 2.76 0.07

GR 79 17 151 40

DTP [µs/m] 218 162 299 30 216 216 217 217 217 218 217

DTS [µs/m] 399 307 525 55 321 315 307 300 293 283 303

Lower Triassic, Lower Bunter Sandstone Tp1 (2580-2918.9 m), N = 3390

RHOB 2.69 2.64 2.75 0.02

GR 92 59 117 8

DTP [µs/m] 222 183 250 9 222 222 221 221 221 221 221

DTS [µs/m] 405 327 471 20 368 359 351 349 346 331 351

Upper Permian, Transition Mudstones IP (2919-2932.9 m), N = 140

RHOB 2.58 2.35 2.80 0.11

GR 77 37 98 19

DTP [µs/m] 234 192 259 14 224 225 228 229 231 233 228

DTS [µs/m] 433 360 498 33 401 387 381 381 382 381 386

Upper Permian, Zechstein, Youngest Halite Na4 (2933-2981.9 m), N = 490

RHOB 2.05 1.83 2.34 0.04

GR 6 3 36 3

DTP [µs/m] 224 215 260 4 244 240 231 228 226 223 232

DTS [µs/m] 408 362 496 19 400 387 381 381 381 381 385

Upper Permian, Zechstein, Pegmatite Anhydrite A4D (2982-2983.1 m), N = 12

RHOB 2.33 2.06 2.5 0.18

GR 9 5 25 6

DTP 217 210 224 5 275 301 345 338 321 224 301

DTS 458 476 485 471 452 402 457

Upper Permian, Zechstein, Red Clay I4 (2983.2-2993.4 m), N = 103

RHOB 2.21 2.08 2.48 0.06

GR 55 19 68 12

DTP [µs/m] 353 228 399 41 254 268 301 315 328 348 302

DTS [µs/m] 442 435 457 463 451 405 442
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Ta ble 2 con tin ued

Log unit
Results of V-FWS method

Results of V-Fala method

Averaging in depth section of meters:

Av Min Max S.D. 30 20 12 10 8 2.5 M

Upper Permian, Zechstein, Younger Halite Na3 (2993.5-3118.9 m), N = 1255

RHOB 2.06 1.98 2.87 0.11

GR 10 5 106 11

DTP [µs/m] 228 199 325 11 220 223 225 225 225 227 224

DTS [µs/m] 408 339 448 10 393 388 388 386 384 354 382

Upper Permian, Zechstein, Main Anhydrite A3 (3119-3151.4 m), N = 325

RHOB 2.92 2.61 2.97 0.03

GR 6 5 10 1

DTP [µs/m] 173 170 205 4 203 194 186 184 181 172 187

DTS [µs/m] 323 315 393 10

Upper Permian, Zechstein, Grey Salt Clay I3 (3151.5-3157.4 m) N = 60

RHOB 2.44 2.27 2.76 0.12

GR 75 15 95 18

DTP [µs/m] 289 183 362 48 231 234 238 242 252 285 247

DTS [µs/m] 406 385 428 14 425 438 469 462 445 398 440

Upper Permian, Zechstein, Screening Anhydrite A2G (3157.5-3158.9 m), N = 15

RHOB 2.87 2.77 2.91 0.04

GR 14 8 33 7

DTP [µs/m] 187 173 223 15 224 224 220 218 215 206 218

DTS [µs/m]

Upper Permian, Zechstein, Older Halite Na2 (3159-3319.9 m), N = 1610

RHOB 2.05 1.98 2.68 0.04

GR 13 4 176 25

DTP [µs/m] 225 199 241 2 220 222 223 223 223 224 222

DTS [µs/m] 407 334 452 6 399 396 394 394 391 371 391

Upper Permian, Zechstein, Basal Anhydrite A2 (3320-3323.9 m), N = 40

RHOB 2.87 2.2 2.94 0.16

GR 9 5 26 4

DTP [µs/m] 177 167 214 12 173 178 186 183 177 174 179

DTS [µs/m] 318 295 330 10

Upper Permian, Zechstein, Main Dolomite Ca2 (3324-3333.4 m), N = 95

RHOB 2.71 2.56 2.95 0.06

GR 42 13 60 11

DTP [µs/m] 190 164 234 21 170 172 186 179 183 187 179

DTS [µs/m] 331 294 393 29

Upper Permian, Zechstein, Upper Anhydrite A1G (3333.5-3400.9 m), N = 675

RHOB 2.91 2.77 2.97 0.03

GR 10 4 43 7

DTP [µs/m] 173 165 195 7 174 173 173 173 172 172 173

DTS [µs/m] 324 306 403 16

Upper Permian, Zechstein, Oldest Halite Na1 (3401-3404.9 m), N = 40

RHOB 2.4 2.08 2.89 0.33

GR 5 4 5 0

DTP [µs/m] 187 160 209 17 181 178 176 175 174 183 178

DTS [µs/m] 374 323 415 35



rocks, en coun tered in the pro file. These data were treated as
out li ers and not used in sub se quent processing.

The anal y sis of av er ag ing re sults plot ted ver sus depth
(Fig. 9) un am big u ously shows that in for ma tion was lost in
the course of the 20 m and 30 m av er ag ing. It is clearly vis i -
ble that all bound aries be tween the dif fer ent strati graphic
units can not be prop erly de ter mined. To keep the slow ness
in for ma tion of rel a tively thin beds at a re al is tic level, fil ter -
ing should be stopped at the level of 12 m. More de tails can
be seen on the se lected sec tion of the P1 strati graphic unit
(Fig. 10). The con clu sions were sim i lar to those obtained
from the analysis of Figure 9.

To ex plore fur ther as pects of fil ter ing ap plied, additio-
nal plots (Fig. 11) were pre pared for the se lected sec tions of
geo log i cal pro file of the SW5 well: Mid dle Tri as sic, Tm3,
1989 m – Lower Tri as sic, Tp1, 2580 m (Ta ble 3). Tri as sic
for ma tions in this sec tion were dif fer en ti ated enough to
show the in flu ence of li thol ogy on the results of averaging.

The anal y sis of plots in Fig ure 11 was the ba sis for the
sim i lar con clu sions which were de rived from Fig ures 9 and
10 and Ta ble 2. The pri mary data (2.5 m depth step) pro -
vided too much de tailed in for ma tion which can not be di -
rectly used for seis mic in ter pre ta tion. Av er ag ing at the level 
of a 30 m depth win dow re sulted in the loss of some lay ers,
dis tinctly dif fer ing in slow ness from those in their im me di -
ate vi cin ity. In such cases, a better ap proach would be cal cu -
lat ing a weighted av er age of slow ness, us ing the thick ness
of se lected lay ers which significantly differed in DT as a
weight.

Tak ing in con sid er ation all of the con clu sions from fil -
ter ing, a mean value of DTP slow ness and DTS slow ness
for each strati graphic unit se lected in SW5 well was cal cu -
lated (Ta ble 2, value M). This mean M was also the ba sis for 
con struct ing the ve loc ity mod els (Fig. 12). In Fig ure 12, the

val ues for the slow ness char ac ter is tic of strati graphic units
were plot ted to il lus trate the vari abil ity of this pa ram e ter.
P-wave slow ness cor rect ness was suc cess fully ver i fied on
the ba sis of the high cor re la tion be tween DTP FWS (the
V-FWS method) and DTP Fala (the V-Fala method).

144 J. JARZYNA ET AL.

Ta ble 2 con tin ued

Log unit
Results of V-FWS method

Results of V-Fala method

Averaging in depth section of meters:

Av Min Max S.D. 30 20 12 10 8 2.5 M

Upper Permian, Zechstein, Lower Anhydrite A1D (3405-3539.4 m), N = 1345

RHOB 2.92 2.69 3.01 0.03

GR 7 2 20 3

DTP [µs/m] 172 160 215 10 176 173 172 171 171 171 172

DTS [µs/m] 318 286 392 19 416 378 348 333 322 297 349

Upper Permian, Zechstein, Zechstein Limestone Ca1 (3539.5-3540.2 m), N = 8

RHOB 2.8 2.79 2.83 0.01

GR 46 27 57 10

DTP [µs/m] 156 154 160 2 235 222 209 199 185 156 201

DTS [µs/m] 289 277 299 8

Lower Permian, Rotliegend P1 (3540.3-3623.5 m), N = 1108

RHOB 2.41 2.21 2.8 0.08

GR 42 26 62 7

DTP [µs/m] 245 155 308 20 247 247 246 246 246 244 246

DTS [µs/m] 421 272 484 40 525 495 477 469 445 330 457

Sym bols: Av – av er age value, Min – min i mum value, Max – max i mum value, S.D. – stan dard de vi a tion value, M – mean value of DTP slow ness and DTS
slow ness for each strati graphic unit, RHOB – bulk den sity [g/cm3], GR – gamma ray [API], DTP – P-wave slow ness, DTS – S-wave slow ness

Ta ble 3

Stra tig ra phy and li thol ogy of for ma tions
from mid dle part of SW5 well

Chrono-
stratigraphic
subdivision

Symbol
Depth of

top
[m]

Depth of
bottom

[m]
Lithology

Middle
Triassic

Tm3 1989.5 2031

Upper Muschelkalk:
limestones, marlstones,
siltstones, mudstones,
sandstones

Tm2 2031 2079
Middle Muschelkalk:
limestones, marlstones

Tm1 2079 2256.5
Lower Muschelkalk:
limestones, marlstones,
mudstones, shales

Lower
Triassic

Tp3 2256.5 2365.5

Upper Bunter Sandstone
(Röt Formation): calcareous 
mudstones, limestones,
marlstones, anhydrites

Tp2 2365.5 2580

Middle Bunter Sandstone:
red and brown mudstones,
marlstones, limestones,
anhydrites

Tp1 2580 2919

Lower Bunter Sandstone:
mudstones, brown
calcareous siltstones,
sandstones, limestones



FRE QUENCY IN FLU ENCE
ON THE VE LOC ITY OF ELAS TIC WAVES 

IN ACOUS TIC LOGS AND SEISMICS

The as sump tion that the ve loc ity of body waves (P and
S) in the fre quency range of elas tic waves used in ap plied
geo phys ics (seis mic and acous tic log) was not dispersive in
many cases caused er rors in ve loc ity de ter mi na tions. Con -
sid er ing the Aki and Rich ards equa tion (1980), em ploy ing a 
qual ity fac tor Q in the re la tion ship be tween ve loc ity of
acous tic wave and ve loc ity of seis mic wave, the dif fer ence
be tween two ve loc i ties could be ana lysed. The Aki and
Rich ards equa tion (1980) was used in the fol low ing form:
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where: VPacous and VPseis were the ve loc i ties of the P –
acous tic wave and P – seis mic wave, re spec tively, Facous
and Fseis were the fre quen cies of the P – acous tic wave and
the P – seis mic wave, re spec tively, and Q was a qual ity fac -
tor, re lated to the at ten u a tion of elas tic waves.

Sev eral val ues of the fac tor were cal cu lated to re cog -
nise the mu tual in flu ence of fre quency and Q on ve loc ity
(Table 4).

Q val ues, re lated to li thol ogy and stra tig ra phy, were
cho sen on the ba sis of the in ter pre ta tion re sults for in di vid -
ual acous tic full wave forms in sev eral wells from the study
area (Górecki et al., 2010; Jarzyna et al., 2011a). The in ter -
pre ta tion of am pli tude spec tra of in di vid ual wave forms in
FalaFWS was the ba sis of Q val ues de ter mi na tion (Cheng,
1989). For the fac tor cal cu la tions, min i mal (Q = 7 for
claystones) and mean (Q = 15–45 for sand stones and lime -
stones) and max i mal Q val ues (Q = 90 re lated to rock salt)
were used (Ta ble 4). The fac tor was con stant for se lected
pa ram e ters (fre quen cies and Q), so it was used to il lus trate
the changes in ve loc ity. In the lower part of Ta ble 4, two ex -
am ples of P-wave ve loc ity, 3000 m/s and 4500 m/s, are
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Fig. 10. Vari abil ity of av er aged P-wave slow ness, DTP, from
V-Fala method, at depths of 3545–3648 m (P1, Rotliegend sand -
stones). Sym bols: L – li thol ogy, P1 – Lower Perm ian, DTP_30m – 
DTP af ter 30 m av er ag ing, DTP_20m – DTP af ter 20 m av er ag ing, 
DTP_12m – DTP af ter 12 m av er ag ing, DTP_10m – DTP af ter 10
m av er ag ing, DTP_8m – DTP af ter 8 m av er ag ing, DTP_2.5m –
DTP af ter 2.5 m av er ag ing

Fig. 11. Com par i son of av er aged S-wave slow ness, DTS, from
V-Fala method at depths of 1989 – 2920 m in SW5 well. Sym bols:
L – li thol ogy, T2 – Middle Tri as sic, T1 – Lower Tri as sic,
DTS_30m – DTS af ter 30 m av er ag ing, DTS_20m – DTS af ter 20
m av er ag ing, DTS_12m – DTS af ter 12 m av er ag ing, DTS_10m –
DTS af ter 10 m av er ag ing, DTS_8m – DTS af ter 8 m av er ag ing,
DTS_2.5m – DTS af ter 2.5 m av er ag ing



shown. They were de ter mined from an acous tic log and se -
lected as typ i cal for many lay ers in the geo log i cal pro file of
the SW5 well. The re spec tive val ues of the seis mic P-wave
ve loc i ties, ac cord ing to fac tors de pend ing on as sumed fre -
quen cies and Q, were in cluded to com pare the change in ve -
loc ity, due to dif fer ent fre quency of acous tic wave and seis -
mic wave and the at ten u a tion abil ity of rock. The anal y sis of 
val ues from Ta ble 4 sug gests that the com bi na tion of wave
fre quency and qual ity fac tor, rather than in di vid ual para-

meters, determine the degree of seismic wave velocity re-
duction by comparison with acoustic wave velocity.

CON CLU SIONS

Sonic log mea sure ments (V-FWS method) pro vide
slow ness val ues di rectly from a bore hole. How ever, in a
num ber of depth in ter vals, re cords of S-wave slow ness can -
not be ob tained. These depth in ter vals are as so ci ated with
rock for ma tions with poor elas tic prop er ties, frac tured, and
with high clay con tent. In such sec tions, the miss ing re sults
can be sup ple mented with data in ter preted from the acous tic 
wave forms, us ing the V-Fala method. Both meth ods pro -
vide re sults only for the in ter vals, where full wave form data
are re corded. Thus, the data are in flu enced by the re cord ing
con di tions, such as vari able well di am e ter, changes in bore -
hole fluid pa ram e ters with depth, or a dis torted con fig u ra -
tion of the sonic tool.

The V-EST method pro vides slow ness data for all
depth in ter vals, where a com pre hen sive in ter pre ta tion for li -
thol ogy and po ros ity is car ried out. Usu ally, these sec tions
of wells are lon ger than those, where the re corded acous tic
full wave forms are avail able. In or der to per form cal cu la -
tions us ing the V-EST method, the elas tic pa ram e ters of ma -
trix com po nents and the pa ram e ters re lated to the pore flu -
ids have to be set. The ac cu racy of the adopted pa ram e ters
de ter mines the accuracy of the V-EST method results.

The re sults of the V-Fala method are de pend ent on the
ver ti cal dis tance be tween re cord ing points and the ver ti cal
sam pling in ter val, adopted for the in ter pre ta tion. Sim i larly,
the ver ti cal sam pling in ter val, ap plied in the cal cu la tions for 
the V-EST method, affect the results.

Fil ter ing (av er ag ing) of re sults can be done us ing a run -
ning av er age on raw data from mea sure ments (V-FWS
method) and on the re sults of the V-Fala method. Depth
win dows for fil ter ing should be care fully se lected ac cord ing 
to the ex pected ver ti cal res o lu tion of seis mic, as well as
strati graphic and lithological data. A depth win dow for av -
er ag ing that is too wide can lead to a loss of in for ma tion.
When thin beds with dif fer ent ve loc i ties are to be in cluded
in a ve loc ity model, the cal cu la tion of a weighted average is
recommended.

The con sis tency of the P-wave slow ness ob tained from
ap pli ca tions of all three meth ods is high, so that the P-wave
data could be used in ter change ably in seis mic in ter pre ta -
tions. A sim i lar con clu sion is true for S-wave slow ness, al -
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Ta ble 4

Re la tion ships be tween var i ous pa ram e ters in flu enc ing ve loc ity

Facous [kHz] 20 20 12 12 10 10 10 6

Fseis [Hz] 40 40 40 40 60 60 60 60

Q 16 45 45 16 10 7 90 45

Factor 1.1237 1.0440 1.0404 1.1135 1.1629 1.2328 1.0181 1.0326

VPseis [m/s] for VPacous = 3000 m/s 2670 2874 2884 2694 2580 2433 2947 2905

VPseis [m/s] for VPacous = 4500 m/s 4005 4310 4327 4041 3870 3650 4420 4358

Fig. 12. Il lus tra tion of vari abil ity of mean val ues of P-wave
slow ness, DTP, and mean S-wave slow ness, DTS, in se lected
lithostratigraphic units in SW5 well. Sym bols: L – li thol ogy, J2 –
Mid dle Ju ras sic, J1 – Lower Ju ras sic, T3 – Up per Tri as sic, T2 –
Mid dle Tri as sic, T1 – Lower Tri as sic, P3 – Up per Perm ian, P1 –
Lower Perm ian



though the scat ter of re sults is con sid er able. Sev eral out li ers 
can be ad justed dur ing the anal y sis of re sults, through the
re moval of un re al is tic or un clear recordings of acoustic full
waveforms.
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