Santa Barbara Souvenir * 4™ |ASPEI / | AEE International Symposium:

Earthquake Diews
i

Effects of Surface Geology on Seismic Motion

August 23-26, 2011University of California Santa Barbara

CAN HIGH DAILY-VARIATION OF NOISE LEVEL ALTER RESUL TS OF
AMBIENT VIBRATION H/V TECHNIQUE?

Fabrice HOLLENDER *? Marie ANDRE? Cédric GUYONNET-BENAIZE ® Cécile CORNOU, Véronique CAILLOT *,
Pierre-Yves BARD

'CEA Cadarache, |STerre ’LGSRC, “Laue-Langevin Institute
France University of Grenoble Provence University, (ILL), Grenoble,
fabrice.hollender@cea.fr France Marseille, France

France
ABSTRACT

The ambient vibration H/V technique is often useddentify the fundamental frequency of site effdotplemented following the
right procedures from the field acquisition to theerpretation, including signal processing, (éajjlowing the SESAME guidelines)
this method could provide robust results. We penfed the H/V technique trough a Provence (Franca)valley engraved in a
Cretaceous limestone bedrock and filled with Ceigediments. We measured the noise over perio@d dburs per point. During
the night, a very low level of noise was recordethiw the frequency band of the local site effext]0 Hz]. This level is one to two
order of magnitude lower than during the day. Weced that the H/V peak in the valley c an be digantly shifted from night to

day. Only H/V peaks obtained during night measurgmare consistent with the geology. Thus, althaihghH/V peak frequency is
often deemed to be independent of noise level, ighlyh recommend to perform at least one 24-hour HA€asurement per
investigated site to evaluate the daily variatidrthee noise (and the eventual shift of the H/V péaquency) in order to avoid
misinterpretation. Taking into account this corigtrand thus, performing the measurement duringriight, the H/V technique
appears to be, on our case study site, not onbffasient tool to evaluate site effect frequencyt blso a powerful method to “map”
the depth of the bedrock.

INTRODUCTION

Today, the ambient vibration H/V technique is widaked to identify the fundamental frequency ofalcsite effect (Nogoshi and

Igarashi, 1971; Nakamura 1989; Lachet and Bard 1994s also used as a geophysical imagery toaintap the depth of high

impedance contrast within the geological formatidnsplemented following the right procedures frohe tfield acquisition to the

interpretation, including signal processing, (d¢ajlowing the SESAME guidelines, 2004) this methuazlld provide robust results.
This method was applied in the Cadarache Nucleae&eh Center (near Saint Paul lez Durance, SEaoicE) located across an old
valley engraved in a Cretaceous limestone bedieickife 1), filled with Cenozoic sediments (GuyonBehaize et al.2011).

NOISE FEATURES, HIGHLIGHTING THE EMPIRICAL VARIATION IN THE H/V RESPONSE

We recorded ambient vibration during 24 hours mkviat the same point. More than 200 points weresared. During the night,
ambient vibrations show a very low level of noisighim the frequency band of the local site effext{ 10 Hz]. This level is one to
two order of magnitude lower than during the dag.a8Acomparison, the noise recorded in Cadarachiegdilre night is two to three
orders of magnitude lower than the noise recordaihg the night in the Grenoble city. This featimgplies to take further care
during the acquisition (ambient vibrations wereoréed during several hours for one H/V point indte&few tens of minutes in a
more “standard” configuration) and during the pssieg (applying the right taper to time signalsobefperforming Fourier
transform).
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Figure 1: simplified geological map of the Cadarache Research Center and position of H/V profiles.

During the day, the level of noise is higher anchianly due to human activity, especially the wedethworks conducted within the
framework of the future ITER (International Thernuatear Experimental Reactor) facility building. Weticed that the H/V peak in

the Cadarache valley can be significantly shifrednf night to day (Figure 2). This shift is very higrom 4 Hz (day) to 7 Hz (night).

The transition between the two behaviours is vaars. Of course, this variation was not noticeddibthe measuring points, but this
feature occurred for 15-20% of the total of measmets. We will discuss later the cause of suchge litequency shift.
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Figure 2: Variation between night and day of the H/V response and noi se spectrum.

INTERPRETATION OF H/V CURVES TO MAP THE BEDROCK DHP

The Cadarache site gives the opportunity to usada weotechnical and borehole data base. On théewgii®, more than 1000
geotechnical boreholes were drilled since 1960. &l@x, the spatial distribution of these borehddeguiite heterogeneous with a high
density close to nuclear facility and a sparsetridigtion in other areas. From one hand, we catibiae” the H/V interpretation in
area of high borehole density. From the other h#mel H/V method is useful in the area where we dbhave benefit of boreholes
that reached the bedrock.



So, in order to “calibrate” the interpretation, werform H/V measurement at the place where ~ 4@Hmdes that reached the
limestone bedrock were previously drilled. We diganticed that only H/V peaks obtained during tigfeasurements are consistent
with the geology. The Figure 3 shows the typicgpttlogy” of H/V response we noticed on the Cadaeasite: flat response on rock
sites, clearly defined peak in the location whéeelhedrock is relatively flat, broad and uncleaalpim the area where the bedrock is

highly dipping.

We were able to determine a good correlation betwee depth of the bedrock (determined by boreteie)the H/V peak frequency
(figure 4). Using this correlation curve, we canedmine a “mean Vs curve” as a function of the Hept the bedrock and thus,
determine “slice” velocity whithin the paleo-canyblting. In order to validate this curve, we compat to Vs values given by few
tens of crosshole measurements made on the s@tecuitve obtained by H/V data fit well the mean edlo curves obtained by
crosshole (figure 4).
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Figure 3: Typical H/V curves obtained on the Cadarache Center. a. rock sites (flat response), b. sites with a highly sloped bedrock
(broad unclear peak, c. siteswith a flat or moderately sloped bedrock (clear peak).
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Figure 4: a. correlation between H/V peak frequency and bedrock depth (determined only with borehole at the H/V measurement
point) and fit curve. b. Harmonic mean velocity and dlice velocity determined from the previous fit curve. ¢. comparison between slice
velocity determined from H/V data and crosshol e data (only vel ocity value obtained within the basin filling material is plotted here).



Having established that the measurements are Iesliale have conducted a set of profiles perpendictd the palaeo-canyon in
Cadarache. We present here a few of them. Eaclepooisists in approximately twenty measuremermtpoAll H/V curves were
calculated using the vibrations recorded duringrtiglat. We rejected the few measuring points shgwitbroad unclear peak, typical
of a sloped bedrock and using the frequency / degdéttion established above. We were able to déterthe depth the bedrock along
profiles. These results are shown in Figure 5. piudiles were used, with other geological and gesjdal information, in order to
construct a geological 3D model of the CadaractiewéGuyonnet-Benaize, 2011).
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Figure 5: Cross-sections in the Cadarache valley. The bedrock depth determined from H/V measurements.

DISCUSSION ON THE FREQUENCY SHIFT BETWEEN DAY ANDIGHT

So far we have simply observed empirically that thght H/V response was consistent with geologyisitnow important to
understand what may be the cause of this variatios.often assumed that the method H/V produepsaducible results, regardless
of the noise level. SESAME guidelines (2004) alsappses to realize measurements during a few feménoites. This duration does
not allow to appreciate the noise variation betwadgyand night.

However, some works showed that frequency changeisl occur. For exemple, Cara et al. (2010) hawsvsha case study where a
change between day and night was also observed.etal. 2010 explain that the day wavefield is ohated by surface waves and
the H/V response is dominated by the phenomenaatéigh wave ellipticity. Conversely, during the Inigthe wavefield is
dominated by body waves and the H/V response caxpkined by SH waves transfer function. Bonnefidgudet (2004) showed
by simulation that for sites where the velocity rast between sediments and bedrock is low, thechiax@ism of formation” of the
H/V peak could depend on the nature of ambientenois



These authors have shown that in some cases,aheefncy associated with Raleigh wave ellipticitgmpdmenon could be slightly

different from the frequency associated with the B&lies transfer function. This explains the diffees observed by Cara et al.
(2010). In the case of Cadarache, most of thoseeslts are present: low velocity contrast betweelndok and sediments, significant
variation in the nature of the noise between thg @athropogenic noise, dominated by surface wawesl) night (natural noise,

dominated bulk waves). However, the frequency thifiee observed in Cadarache (which can almost r@dattor of 2) can not be

explained only with those elements.

We propose the following hypothesis to completegglanation (summarized on figure 6). At nighg tioise is low, it is dominated
by natural bulk waves. The frequency of the H/Vipean be interpreted as representative of the feafisnction of SH waves. At a
given location, the frequency is representativthefgeology at the vertical of the measuring pdinring the day, the noise is strong,
it is dominated by anthropogenic surface waves.fléguency of the H/V peak can be interpreted pseentative of the phenomena
of Raleigh wave ellipticity. However, the domindrequency of the valley center also influences @ phathe valley edges and the
frequency of the H/V peak is not necessarily repméstive of the geology at the vertical of meagyrpoint. This hypothesis
involving the multidimensional nature of the stutliE@te complements previous explanations.

a. Day. Clear peaks are obtained, even on basin sides and where the bedrock slope is high. The peak frequency correspond
often at the frequency of the center of the basin (lowest frequency). The frequency does not corresponds in all position at the
sediment thickness. The lowest frequency seems to "contaminate” most of measurements.
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b. Night. Clear peaks are obtained where the bedrock slope is not too high. The obtained frequencies are coherent with
sediment thickness and S wave velocity (low frequency in the center of the basin, higher frequency on the sides). Only
where the bedrock slope is high, we obtain broad unclear peak.
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Figure 6: frequency shift between day and night: explanation proposition.

CONCLUSIONS

In the case of Cadarache, the H/V method allowelluitt a reliable mapping of the bedrock depth.sT$tudy has shown however
that, contrary to what is commonly accepted, tla@eecases where the frequency of the H/V peak aangreatly depending on the
noise nature. We therefore recommend to perforieast one long measurement (24 hours) on a nevicsite studied in order to
define the best measuring period (or to ensurettgge is no change between day and night). Moredveur hypothesis about the
explanation of the observed variation in Cadarasheue, it could have implications on how to ipieat the H/V frequency in terms
of depth of bedrock in some multi-dimensional sifEse interpretation should therefore be differdgpending on the H/V response is
dominated by the phenomena of Raleigh wave elitptior SH wave transfer function. We plan to testr diypothesis by
multidimensional simulations of noise.
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