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VAFUABILJTW OF REIATTVE SEISMIC SITE RESPONSE AT LQS ALAMOS, NM

I.Agh House and W. Scott Phillips (Consultant)
MS D4-43

Las Alanma National IdOratmy,
lam AhUIIOS, NM 87545

To etimati the range of eeismic reapenae at low strain of sites within LOSAlamos
‘National hbombxy, ground motion recoidinga were obtained nt 13 aitao from nuclear teste
tied out in Nuvada. The uites are distibutacl within a 10 X 10 km area. The ground
motions ~rded at each uta were cameptually modelled as the result of uource, path, and
uita contitionm. Becauae almoot all of the paths are in common, the variations seen for
aach mm can be ●ttributi to eib responee.

The rntas were monitored in various combinations with ~even nuclear tests; each site
rmmded only a few of the tasta. Because horizontal ground motion is more important for
structuml engineering and was lurger than the vertical, we focum.ed on horizontal sits
respcmae. The range of relative nits respcm~ seen in about a factor of 5 ta 6 at 1.5 Hz,
To~phy has a stron~ affect on response, with sites in canyons being a factor of 3 to 4
lower than nearby si~s on means. Increased depth to seismic basement beneath some
stitions also comelatas witi higher relative sits response, Relative sib response does not
Obviotmly comelati with variation of seismic velocities iri the near surface (e.g. upper few
mete-).

INTRODU~ON

‘w’of ‘xLT:&!a$:Y&& of b,inveutAgataon of 00
Alamos Naticmal I.&mmtory, we sought to eetimati the
r
T

of relative site res nse at mveml locations
rwi ‘n the IAmatary. n ●ddition, we wantml w tat

P
whether re~~n~ s for ● singla uita ●e
repreuentatwe for e entire I_aborata , We used ●n

Jempirical approach, in which we rem ed ueveml
murm at ● number of different titan. !I%is ●pproach
did not

T
‘re that w. know tho details of the geologic

structure noath the sibs, since all wave ropa,gation
effecti ●re continod in tho recorded dab. h
emph+d sppmach wan well mdtal to this tie

%hu.u4 *O ueiamic velocity otructure beneath e uitas
is not known in detail.

W. conceptual decomposed h
L Y

und motion
-rds for each dti in murce path, UI miver
efk’b. Bacmlaa tho aalmo to ald’cul Cliatmcm wore ●ll
much larger than tho difforaxas -em the MWCO
Imtions and between tho etatJon Imnths, wa cdd
uimplify tho analysis by removing th cmmmon ~th
efkta

wmnEuEfid?X.Y~S;vT&Y?;E.
‘I%. uddo frequency ban mordLngB, about ,2
to S Hz, Is namwor than wan ho for Moreovor, It is
rmmower than would be o to mur during any

possible nearby earthquake. Nevetihelem, the relative
ute responses found by this Itudy should be
repreuentitive of the relative sib reqxmmt resulting
f)wm any pmsible ne~-
Rogers,.t.l [llfomd%~~%h%%;~;~;%ninthe
relative site rnspunue seen in recordings o nuclear tiste
comelat.d with the relative site ret nue ueen from the

Ynearby San Fernando earth unke o 1971. The uource ta
%0station distances studied by

f
m, et al, [1] are ~hortar

than thoee wed in this study, e t+equenc band used
iby F@ers, et ●l, is not dramatically waler t an the

t+equency band used in this study,

METHOD
Three-component

IF
ound motion data were

digitally recorded ●t 13 di erent sibs. Various
combinations of the sits recorded ground motion from
won W’orcnt nuclear tautu; no Bits recorded all of the
nuclear -. A tobl of 35 $mmpnnant data recordings
wre UA in the anal sik The m

lo Y
itudes of the

nuckr t4sU ranged m5,0t45, ,
Digital date were recorded ●t a Mmple rata of

10C)uamplodrc-c, with the anti. aliac fib set ●t 12,5 Hz,
Re@rdhga wem fht corrected for instrumental ●ino,
then were windowd ●ccordi

P
fta the wavetype o the

●tival. The dhct ●AvalB, _ and ~, comprhd two
dab windows, with the rema.hdng five taken km
sumwively Iatar times in the ~ COCIA,Figure 1 shown
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an example event record”
Y

, with the start of the data
windowa nti. Data win own were 20,48 eec lon

f(comprising 2048 earoplee). The earliest arrival, , was
b omall b UM in the a.nalyaia, and is marked on he
trace on] for reference.

d y u.ain multiple dati windows that ~rovide

r
oaibly redun C%nt but independent infomnatlon, we

oped ti obtain more stable estimatin of the relative Bite
responwa. Three diffe reI)twave -s were analyzed:

coda. Becauee they consist of quits
%e%nY##ngation modee we arudLIaed da@ from the
different types naparately. ‘l”he ~ c a was anal ed in

rfive separate time windows (Cl ta C5 in Figure 1, with
results from individual window averaged to prowde the
reaulti diamaaetd here.

A window of the aeiamic noise wan taken ahead
of the P ariival to estimata the signal to noise ratio in
each 4 he dab windows. Only data windows with
signal to noia.e ratio greater than 2 wem used. Data
t+om each window were then band-pass flltarad into
aevera.1 octave-width fr uency twmds, centard at

Yfrequencies of O.375, 0,7 , 1.5, and 3.o Hz.
Figure 1 alao shows the Bpectmm of the

hanivd, and the noice spectrum for comparison. 6
s

F
I plots make the band-limitation of the data

c ear; usable aigna.1 eztende from about 0.3 b 3,0 Hz,
The relatively namow data bandwidth largely results
horn the effects of distance from the aourcem, but the
relative] high cultural noise level in the area and the
highly aL mmting near surface volcanic~ aln.o
contnbutad.

Following Phillips ●nd Aki [11, the observed

K:
ound motion recordngs were conceptually represented

where the indices i, j, k, I refer to source, siti wavetyp
(window), and frwuency band res~tivel ; A is tie
otwerved

r
und motion; S in ke murce et?ect; P ic the

efkt of e path; and R is the racaiver (sits) etTect, The
path effect has been writtan aa d~pendin only on the

fwwetype and t+equency, since Lhe seiom c wave paths
were nearly the aarne for all combinations of aourcm and
aitaam

We neglect ●ny
4%

ssible azimuthal effecb in the
source and Iiti tanws, e direction of the seismic rays
fhm the wurcm to ●ll stations was nearl identical,

JSimilarly, the d.iredons of the rays an-i ng ●t the
ahtions wera namly identical for ●ll sources.

By removing the mean mmplitude for a given
source and wavatypa (J.ata window) fkom the ound

Ymotion mordinga, wa can rewiti equation (1 as;

whom r = loglo ~ and the individual tndicas for the
f%quoncy havo bean droppad slnco difforant bands will
ba analywd Individually, ‘h. (ik) suporscrlpt ota.nds for
tho m~an valua holdhg aou.rm and wavetypa indices
flzd.

T%. muroa and path t.mns have kn removed
fmm mnaidoration in quation (2). W. havo assumed
tlw ammos to IMiaotroplc, ●nd tie the offech of the

different sources to be simply differences in recorded
amplitudes. Removing the path term is jwtified
becauae the path effect is in mmmon for all the ground
motion recordings.

From the formulation of equation (2) we ua.ed
J’standard inverse methods to solve for the in ]vidual site

responses relative to the avera
r

for all sites. The
varmnce reduction is 90% for e 1.6 Hz data band,
supporting the u3e of our conceptual model.

RESULTS
The relative ree

RO
rises for the three wavetypes

analyzed have mimilar g apes when combined in arra
Javerages (Figure 2). Relatlve response values plotte in

Figure 2 are arra averages for each wavetype and
fkqwncy band. h e rnot3t impxt.ant features in the
figure are the relative response of the different
components, The conflation coefficients of individual
site moaeurernents of P and Lg are 0.83, 0.91, and 0,90
for the Z, N, and E com#onenti respechvely. Because of

/the hi er relative excitation o honzontil com orient
P fgroun motion the we report here the results o analysis

‘f ’he %’iYdt ‘aarnva’s’e mo t fu.ndamentil result of this study is the
relatively law variation in response at different sites.
From the 13 sites occupied, whwh s an a distance of

fabout 10 km, the relative honzonta response vanes by
about a factor of 5 to 6 at 1,5 Hz (Figure 3). The ~alues

lottad in Figure 3 are b~lo of the response in the 1.5
k z band at each site relative to the average for all sites,
The hi heat relative renponee at 1.5 Hz (+0.45) in at Site

f’7, the owest (-0.35) is at sits PSS; P difference of 0,8 in
1A lo responm which corresponds ta &bout a factor of 6

f!di erence in the relative responoe between the sitas. A
similar study of sih response at microeart.hqm.ke
monitoring sktions in central California [21 found sib
responses that differed by facbma of 5 or more at 1.5 Hz,
Thus, the ran

x
of relative response seen in our study in

not unraaaon 18,
Some sitas that ●re only a few km apart, and

whose ovemll curfare and near surface geological
character are ve~ similar, show a factnr of 2 or more
difference in response, Note the difference in Fi re 3

Pbetween respmse at sitio 7 and 8 (+0.45 and +0, O
relstive ren nae) and the nearby sitas 4 (+0,05), 6

r(+0, 15), an TA-55 (+0.0S). Sitm 7 cnd 8 are on mesas
mparat.ad by intmwening canyons. Sites 4 and 6 are on
the same mesa; TA-66 and Slta 8 ●re both on an

?
a ‘aCent mean, and et show ● large difference in
re ●tiva response, ~ith standard m-rora(l sigma, in
uniti of Lo ~) of the relative reqxmaes of less than

R0.05, the d erancm dimmed here m. dgniflca.nt.
A 8trO~ b

F

●phic efkt can be aeon in the

1
uiti dii%rent rela he responses of nearby canyon (hike
and MC) and moan sitac (sitio 4, TA-55, 6, 7, and 8),

Recponsem ●t the canyon sltas ●re ●s much a- a factor of
2 k 3 lower than ●t nearby mean mtem,

In ●ddition ta invesbgating the slti responaeo ●t
a single

9
uency, we can ●lao txmpara the ret nae am

R’● fbnctlon o fkequency for Individual sitas. In g-ure 4
wa mmpare the responm at mlti 7 with that at siti PSS,
Fi m 4 Aows the response ●t the two slti~ compared

Kto e ●verage of all ~itas ●t each frequent band, We
{w the two extremes of bohav+or - increaB ng response
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with increasing frequency (site 7) and decreasing
respmme with increasing frequency (PSS).

DISCUSS1ON
All of the sites studied are situated on Bandelier

TuiT, which is a 1.1 MY old variably welded ignirnbrite
deposit. Seismic velocities at or near the sites studied
ran e from about 3,000 (siti PHP) ta 15,000 (near siti
I%& feet per second [31. The thickness of the tuH
beneath the mesa top sites ranges from about 200 feet at
sites in the SE (PHP, AMS) ti about 800 feet at sites in
the central and western portion of the area (F%S) [41.

We do not fully unders@nd the causes of the
large differences seen in the relative response of sites.
Several effects may be inflbencin the sib response.

TResonance of the mesas may party explain the
relatively larger response seen at mesa siteb compared
b those in ca.nyorm Differences in the near mu-face
(upper several metms) velocity alone may not be a mqjor
factor, since the near surface velocities probabl do not

Lva~ substantially between nearby sites. Ano er factor
that may influence relative response of different sites
may be the formations beneath the Bandelier Tuff.
Underlying the Bandelier Tuff in the wes@m portion of
the Lslmrati is the Tschicoma Dacih, in the central

%portion is the ye Formation, an alluvial fan deposit,
and in the east is the Cerros del Rio basalt [4].

Site PSS, which shows the lowest response of al]
the sites, is situated on tuffs that are densely welded 131,
The underlying dacite at site PSS may have a low
seismic Q as a result of fracturing as s~n in nearby
outmwp (c.f, [31). Nevertheless, to explaln the defiaency
in high frequency response wen at PSS solel by

{attenuation, the Q in the dacite wouId proba Iy have to
tM unreasonably low.

Interestingly, the conkmrn of site reoponoe seen
in F$ure 3 correlate with the attem of Bou er

f l?”grawty over the study area [5 . Sibs 7 and , which

have the highest relative response, fall within a gravity
low that is mte reted as a graben [4,51. The

3anomalously hi response at those sites may result
fim the greater thickness of sub-Bandelier tti
sediments in the graben. Thus, the observed variations
in site response may result from geologic structures that
are a kilometer or more below sites.

CONCLUSIONS
The factor of 5 tn 6 difference in the seismic

responses at sites situated within 10 km of each other
implies that it would be unreliable to use the response of
a single site b characterize the response of all sites
throughout the IAmratory. From the basis of si~
response alone, sites in the westmm portion of the
Laboratav would appear h be preferable for structures.
Counteracting the favorable site res onse seen there is

?’proximity to a ossible source zone or local
eatihquakes, J e Pqjantc Fault Zone, which passes
within a kilometer of site F%, The recurrence internal
for earthquakes along the Pajanta Fault Zone is not well
known, but may be several thousands of years. The

itudes of the largest earthquakes attributable ta
%?ajarita Fault Zone are also not well known, but
may be as large as 6 ta 7 [31,

The work re orted here is a part of a ~eologic
fand seismologic stu y of earthquake hazards m the area

of Los Alamos National Laborato~. We plan to
calculate res onse spectra for selected sites from

Fr~ordings o local earthquakes. Because of the widely
variable geologic and seismic structure beneath the
Laboratory, those response s ectra may be more reliable

Efor use in structural aesi t an response spectra
rcalculated from models o the structure.
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FIGURE CAF7’IONS

Figure 1. Vetiical component seismogram recorded at site PHP (to ), and the correspondings ectra from the Lg
arrival and a time window of noise fmm before the Pn amival (%0 [ttom), Vertical bars on t e seismogram
mark the start of 20.48 wc time windows used in the analysis of site response, The usable signal
bandwidth is between about 0,3 and 3 Hz,

Figure 2. Plots of relative response averaged horn all sits studied. Traces Iabelled 1 and 2 are the notih, and
cant components, respectively; traces Iabelled Z are the vefiical components. Top: results from the PE
window; middle: for the

‘1
window; bottom: for the five L coda window~, Nota that the

vertical compommt is lower than the h rizontals for the Lg and Lg cock! windows.

Figure 3, Map view showing the locations of the oitas studied and the relative horizontal renponse at 1.5 Hz,
Relative response is shown au IAXIO of the response at the Bite mnpared ta the average for all sibm Notr
thh]arge range of relative reeponse, from .0,3 at IWS ta +0,45 at sib 7 (A Log lo range of 0.75 is a factor of 5

Figure 4. Relative ~iti maponae with frequency fbr sitaa 7 (top) and PSS (bottom), Traces Inbelled 1,2, and 3
me the vertical, north, and east components, reepectivel ,

$
Nubs the different reepmse as a function of

thquency, with Site 7 showing incread reqxmae, and SS showing decreased renponee,
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