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DETERMINATION OF STATICS

Statik Diizeltmelerin Belirlenmesi

M.A. HALL®

ABSTRACT

The problems associated with static corrections
for seismic data are as old as the hills or, in many
places, as old as the glaciers. Nonetheless, despite
repeated attempts over the years, statics remain as
generally the most serious problem affecting seismic
data acquircd over varying terrain. Not so long ago
computer generated residual statics using the high fold
of modem CDP recording and new algorithms were
thought, at least by a good few, to have laid the
problem to rest. However it was not long before it
was clear that only a partial solution had been found.
Another great note of excitement was struck with the
arrival of refraction statics algorithms on the data
processing scene, again only a partial, albeit more
satisfactory, solution had been found - also this tech-
nique cannot work in every situation.

So here we are in the late 1980's with a lot of
fancy algorithms and computing power - still perfect-
ly capable of drilling statics anomalies or, possibly
worse, missing fields entircly.

All is fortunately not quite so bad, things have
improved a long way, we can use powerful new algo-
rithms in the processing centre, we can make a very
determined stab at solving the problem; gaining
greater confidence in the structural accuracy of our
data. The answer, at least to my knowledge - perhaps
I am missing somethings - does not lie in this or that
panacea but in a logical and rational plan which secks
to use all of the modern processing tools whilst en-
suring that all the data needed for them is gathered
and interpreted correctly.

The statics correction problem is essentially the
seismic problem in microcosm. We need to design the
survey, acquire the data, process it, interpret it and
possibly go back and acquire more data in areas of
doubt. What this paper sets out to do is to outline a
modus operandi for achieving success. It is recognised
that the division of corrections into 'static’ and
‘dynamic’ is overly simplistic and that what is really
needed is a wavefield solution, however we still need
the same basic information i.e. thicknesses and ve-
locities of the near surface layers. Most operators will
probably continue to talk of statics rather than near
surface wavefield corrections for the next few years.

OZET

Kara sismik verilerinde statik diizeltmelerle
ilgili sorunlar, tarih kadar eskidir. Yillar boyu bu
sorunlar1 ¢bzmek igin gosterilen 1srarl: gabalara
ragmen, statikler hala, kara sismik verilerinin
kalitesini ve dogrulugunu etkileyen en ciddi problem
olarak kalmaya devam etmektedir. Kisa siire dnce,
yitksek katlamali CDP yodntemindeki veri bollugunu
ve yeni algoritmalari kullanan bilgisayar-rezidilel
statik metodlari, bazilar: tarafindan (simdi bulunmalan
zor olsa da) soruna ¢dzlim getirmig olarak kabul
edilmistir. Bir diger bilylik heyecan, refraksiyon statik
algoritmalarimin sahneye ¢ikmasiyla yasanmigtir.
Yine yalmizca kismi, fakat tatminkdr, buna ragmen
evrensel olmayan bir ¢6ziim bulunmustur. Béylece,
bugiin bile bitin bilgimize ve bircok algoritma ile
hesaplama gilicimiize ragmen, hald statik anomalilerini
delme, hatta daha da kotiisti biitiin bir sahay1 kagirma
durumlan ile karsi kargtyayiz.

Fakat igler bir hayli gelismig olup; veri iglem
merkezinde ve sahada giiglii yeni algoritmalar
kullanabilir ve belirli tedbirler alindifinda, manukh
bir bagari beklentisi iginde probleme isabetli bir
¢dzim bulabiliriz. Bize gore en tatminkar cevap, su
veya bu ilagta degil, en etkili ¢agdas veri iglem
imkanlarini kullanarak ve gereken verilerin dogru
toplandigindan ve yorumlandigindan emin olarak
yapilacak mantikhh ve akiler planlamadadir.

Statik dtizeltme sorunu, temel olarak, mikro
evrendeki sismik sorunudur. Yapilacak ¢aligmanin
planlanmasi, verilerin toplanmasi, iglenmesi,
yorumlanmas: ve olasilikla geri doniilip kugkulu
béliimlerde daha fazla veri toplanmas: gerekmektedir.
Bu makale, bir bagariya ulagabilme yé&ntemini
6zetlemek amaciyla yazilmistir. Anlasjilmigtir ki,
diizeltmelerin statik ve dinamik olarak ikiye ayrilmasi
fazlasiyla basite indirgemektir ve asil gerekli olan,
olayin dalga alami olarak ¢dziimlenmes:dir. Yine de
sig tabakalarin kalinliklan ve hizlari gibi temel
bilgilere ihtiyacimiz vardir. Onimizdeki birkag yil,
¢ogu operatorler, sif dalga alami dilzeltmeleri yerine
statik diizeltmelerden bahsetmeye devam sdeceklerdir.
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INTRODUCTION

If 5 geophysicists were asked now to compute field
statics they would give at least 6 diffcrent answers, most
of these would contain common threads but would be
biased towards & particular favourite method. There proba-
bly is no perfec: method which will work in any area bul
there are a lot of techniques which can be linked together
to provide the best solution for any given area. The em-
phasis will not be on any particular technique, but on
how to plan a land survey and those peripheral activities
which contribute towards arriving at a satisfactory solu-
tion to the statics problem.

The problem of near surface corrections has been
around for such a long time that it is easy, if not forgiva-
ble, to believe that there is no great problem, that is was
all solved years ago. Few surveys credit the problem as
being worthy of the expense and effort which is usually
required for satisfactory results.

Static, or near surface, corrections represent the seis-
mic process in miniature, there is a planning phase, a
data acquisition phase, a data processing phase and an in-
terpretation phase. This last phase is sometimes over-

_looked, there is a tendency to believe that the statics data
is in some mysterious way more absolute than our regular
seismic data. Thus, in new areas statics are produced for
the first line, and the next and so on as if they existed
entirely in their own right, and then statics are produced
for a line crossing one of those already recorded. It is not
uncommon in such circumstances to find that there are
wildly different near surface models and resultant static
corrections for the two lines, nor should it be in the least
surprising.

In order to see how we should plan ve have to inves-

tigate each phase of the statics route whilst also consider-
ing what will happen to the mainstream seismic data it-

self.

SURVEY DESIGN CONSIDERATIONS

What useful information do we get from our reflec-
tion survey data? What futher information do we need?
How frequently do we need this? Are there specific loca-
tions at which we require such additional information?
How does the processing of the reflection data affect the
manner of data acquisition? What is the ultimate use of
the data?

Statics will be investigated, not just as a field prob-
lem but in their entirety, as a means of solving the struc-
tural problems introduced by near surface anomalies.

Probably the first thing to consider is the actual lay-
out of the lines. Figure 1 shows two ways of tying the
ends of seismic lines. The left hard 'artist's impression’ of
where an interpreter requires lines has occasionally passed
into reality. More often line ties are required to have a
certain fold at such intersections but this does not guaran-
tee a statics tie at this point. Surface consistent residual
statics routines are not reliable beyond the last shot
point and there are no reciprocal paths for refraction
methods to use so these are subject to errors should there
be any dip on the refractors. Line ties should thus be con-
sidered from the viewpoint of statics ties as well as fold.

One way which this is eased is by shooting through
the spread until a full split is obtained rather than using a
tail spread. This has several advantages, the fold of stack
builds up faster, the near offset data does not tail away to
the line ends and source points go to the line ends. Such
an arrangement is shown in figure 2.

Stacking through the spread can not always be ar-
ranged due to permit problems and a tail spread may have
to be used, in such cases some form of information is
nceded to tie the statics at the end of the line. Either a
shot or two or an uphole or an LVL survey, at or off the
line end should be arranged.

If the survey is in an area where refraction data can
be used for computing statics, i.e. it 1s not too badly
plagued by stringers or velocity inversions then care
should be given to maintaining the quality of these
events. This primarily means that source and receiver ar-
rays should not be so long as to severely attenuate the
first breaks. Vibroseis data has been particularly prone to
the use of long arrays, both source and receiver, for at-
tenuating the often substantial ground roll associated
with this surface source.

Figure 3 shows where reflections, refractions and
ground roll appear in F-K space, lengthy arrays which are
essentially tight 'K filters' clobber the ground roll attenu-
ate the higher frequency components of reflection signals
and severely attenuate refraction signals. Shorter arrays
are generally used these days and the health of the refract-
ed arrivals is another good reason for using the Stack Ar-
ray recently popularised by Nigel Anstey. There is some-
thing to be said for single 'phones for recording the
refracted arrivals, either as well as the arrays, or in a re-
vival of the old technique which allows switching from
single to array upon detection of the first arrival. There
are of course other factors affecting Vibroseis first breaks
such as coupling which force control techniques can help
somewhat. The data from this source is still somewhat
prone to the fact that the energy has to transmit through
the often very unconsolidated near surface and suffer se-
vere attenuation and possibly scattering. Force amplitude
control does occasionally result in clearer first breaks due
to better penetration and it is to be hoped that there
should also be further improvement with force phase con-
trol due to generating a signal more in common with that
which is to be used for correlation. Mild non-linear
sweeps can also improve the appearance of first break en-
ergy as in figure 4, this should preferably be accompa-
nied by force control. Following this line of reasoning
first break energy on Vibroseis data can also be improved
by recording individual sweeps in the field, thus lessen-
ing the source array effect.

End of line effects on residual statics routines have
been mentioned. These raise their ugly heads again in
large omissions where the short offset data disappears to
such an extent that large V-cuts arise in the mute zone of
the data and the residual statics routines have no data to
work with. Such ommissions should be filled in by some
means such that the resudial statics routines have adequate
data to work with. Another problem for residual statics
routines is crooked lines in the presence of strong lateral
cross-dip. Figure 5 shows how the data should appear on
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Figure 1. Statics ties require overlap.
Sekil 1. Statik baglantilan igin hattarin kesistikten sonra bir miktar devam etmesi gerekir.

LINE 11

SO1EIS JO uojeUIWIBleq

€Ll



|
l EXCESS FOLD
| DUE TO LONG OFFSETS

a9, |
ot |
| SHOOTING THRU' THE SPREAD
O x X X X X X X X

X
FULL FOLD AT 1 4 SPREAD LENGTH

Plus SHOT/RECEIVER RECIPROCITY AT LINE END
l

! ! ] ] l !

LINE

0L ;
'[ ] T l H ! 1 T 1 1
I

FULL FOLD AT 3/, SPREAD LENGTH

SHOOTING INTO A TAIL SPREAD

X X X

o FOLD

Figure 2. Alternative means of stacking on and off.
Sekil 2. Alternatif yigma sekilleri.
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Figure 3. Spatial filtering cffects in F-K space.
Sekil 3. F-K ortaminda uzaysal siizgeg etkileri.
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Figure 5. 'Crooked Line' section.
Sekil 5. Kirkh hat kesiti.
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a crookea line, residual statics algorithms see this as a
static anomaly, whereas it is an expression of true struc-
ture along the line track. Attempting to deal with this in
an automatic fashion is often hindered by poor statistics
in the cross line sense, the likelihood of time variant
cross dips, and probable poor data quality. From a residu-
al statics viewpoint it is then good practice to attempt to
straighten out severe bends, possibly by taking the line
cross country using whatever source is appropriate.

By the above means we have ensured that residual
and refraction static methods using the reflection seismic
data may be used. Residual statics methods working on
the reflection data can take care of short to medium wave-
length static anomalies, generally up to about one spread
length, prgvided such anomalies do not display large lo-
cal variations. Refraction methods working on the first
breaks from the reflection data can handle large amplitude
local anomalies and long wavelength anomalies, provided
these are represented in the refracted arrivals and provided
there is frequent additional information to act as tie
points.

What kind of additional information is required de-
pends on the type of survey being conducted. Figure 6
shows the two basic cases, dynamite below the weather-
ing and a source such as Vibroseis, weight drop, Hydra-
Pulse etc., acting on the surface. Dynamite surveys are
generally the easiest from the static correction viewpoint
provided a few simple rules are followed. All shots must
be detonated below the weathering, at a precisely known
depth and the time for energy to travel from the shot to
the surface (known as the uphole time) must be accurately
recorded. Even with the best of intentions the depth of
weathering may not always be known beforehand, after
all we are conducting exploratory surveys. It is thus a
wise precaution to drill the occasional deep hole and con-
duct a full uphole survey.

With surface sources we are in a worse position, we
are now forced to know the velocities and thicknesses of
the near surface layers and we get little help from the
reflection data or the first breaks on this for several rea-
sons; we use receiver and probably source arrays and we
have long station intervals and probably also a large ini-
tial offset. It is most usual to run an LVL crew along with
a surface source crew. This crew will generally also use a
surface source or an extremely shallow explosive source
and can provide average estimates of the weathering layer
parameters at localised points. It will of course measure
horizontal velocities and these may well differ from the
vertical velocities we are more interested in from a static
correction viewpoint. Again it is wise to perform a few
upholes where possible, and to combine these with an
LVL survey centred over the hole. This will enable a
measure of the anisotropy to be made and give an indica-
tion of how this varies throughout the prospect area.

Where and how frequently should LVL's or upholes
be sited? It is not possible to generalise but there are a
few simple rules 1o follow for siting of LVL's. They
should be sited at or near line intersections, at line ends,
at any known changes in surface geology and at reason-
ably frequent intervals between these points. Basically
the same rules apply for upholes except that permitting

considerations are more crucial and fewer are needed in

As to how frequent tie points need to be, some idea
can be gained from figure 7 which shows a sequence of
trials for a refraction statics routine on model data from a
crooked line. This example shows the required frequency
of tie points to give relative statics: calculated from mod-
el generated first breaks on the deepest horizon more ab-
solute meaning. The shape of the relative statics curve is
correct but it is floating and needs tying periodically.
Given that in this case the tie points are perfect as they
are merely calculated from the model we might be justi-
fied in requiring a greater density of tie points than
appears adequate here. An average density of 500m for a
25m station interval survey is about right.

Let us now look at the actual mechanics of perform-
ing these operations.

DATA ACQUISITION CONSIDERATIONS

From the residual statics viewpoint and even more
from the refraction statics viewpoint accuracy in survey-
ing in the stations, particularly such things as offset
V.P.'s is very important. For refraction statics it is also
very important to know where the closest geophone to
the shot is in relation to its- station. Figure 8 shows the
corrections which need to be applied to the basic arrival
time information, two of these use the refractor velocity.
If this is 2000m/s and there is a 4m error in where the
end of the array is as opposed to where we think it is,
then we have a time error of 2ms, representing a very
substantial part of the relative static between two sta-
tions. Here again the stack array comes in handy as it is
very easy to check in the field, and it should not be too
difficult to arrange a reporting procedure for any stations
where arrays deviate from normal. Figure 9 shows the
first arrival pattern from a station bunched on one side
and the resulting static profile shown dashed, knowing
the error it can be corrected for; giving the static profile
shown dotted.

There are rules for LVL's also, the aim is measure-
ment of the velocities and thicknesses of all layers down
to some well consolidated layer after which the velocity
profile changes only gradually. This leads to conflicting
requirements in that short group spacings are needed for
the shallow layers but long offsets are needed for the
deeper layers. This is often accommodated by having
close spacings near the source points at each end of the
spread which progressively increase into the centre so
that a reasonable offset may be obtained. Figure 10
shows a typical layout for such a spread as well as a
micro spread for soil velocity determination. When enter-
ing a new area the most important decision to make is
how long an offset is needed to pick up the deep event. It
is possible to measure the velocity of the deep refractor
from the first breaks on the reflection data, it is then a
matter of finding this velocity on the LVL spread.

With usually only 24 channels available it is not
generally possible to meet both of the above require-
ments so additional shots are taken beyond the spread on
each side. If possible the spread and shots should be ar-
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Figure 6. Static corrections.
Sekil 6. Statik diizeltmeler.
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Sekil 7. Baglanu noktasi yogunlugu.
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Sekil 8. Mutlak zaman degerleri igin gerekli diizeltmeler.
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