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Thl~ paper descrih~s a mirroselsmic survey c~rrierl out by the Los
Alamos National Laboratory ovnr one such cavern (henceforth referred to
as l!M5) In an oil storaqe field operated by the llepartment of Energy’s
Office of Stratmaic Petrrileurn R~serve. Oil in this particular cavern
was stored under a pr,’ssurc 01” 1.1 MPa (16fl psi) above zero surface
level hrin(: pressur~. The oil pressure “mPasured at
reduced to zero wrfa”o lPVC1 hrfne pressure durinq
dcscribcd.

At the time Of dcnres~uri zat.iorl, W contained

million r.uhic metws (r,..] t lfl’ qal) nf oil anti tho

the surface was
the work to be

approxitilatelv 2
if,teqritv of F!M5

WS in dnuht. hccnuw (I’ a pinch-off- nf ttro drill strinq ‘!n t,hp WPll
nriqlnally used In miniml !L:i! ravern, WPII 5. I]il sirlp clcpr~s5uriza-
tlnn from 4.1 MPa (1)’1[1 PSI) ?II ?.rl MPa (44(1 p%ij (approximatplv zer,)
$urf~co hrln[” prcswro) tno~ Ills{.n frnm lQflr] hnurs on Nov*mhPr ?? to
1?15 bnur~ nn Nnvenhc~ ?+, 1~47%.

lF.(1 Inciitinn nf W!I d’ ‘ho Mry.in Mn:md I;I!O ‘c ~hnwfl In } lquro 1.



This cavr?rn Is the nort.herrnnst of five caverns at the site that were
oriqtn~llly leached for brine. Mininq of BM5 was accomplished through
Hell 5. The c~vern is cwnprlsu! of two cells; the lo-r cell is lar-
qer and has a maximum roof sDan of approximately 230 m ( 750 ft ). Cav-
ern pressurr!s during nininq prnhahlmy never sul)stantfally deviated from
that produr.ed hy a g-ound-lev-l brine head. The brine-filled cavern
wa% ccrtlficcl for oil storaqu by the Dcpartrnent ot Encrqy (D(’)E) in ]!17H
hy suhicctinq It tn pr~%%url?s 10% in excess of its expected nominal
opwatirlq prpssure. flil storage was accomplished by brine rilsplace-
mont, which subjec?.e4 th? cavwrn to cyclic high stress~s. ~uring brine
rflspla~vrwnt, th~ hrinn head cycled over a 0.3 MPa (44 psi) prmsure
rdlgm whilo oil injoc?.ion pressures cyclwl nvcr a I._/ MPa (?5!l psi)
rdnqp minstrainrv+ at th[t upp~~r limit hV a rhlxinunu nperatlnrf pumD pres-
SI;rc of 5.? Ml%J (750 psi). The nnminnt st.oraqf? prps%ure in RM5 is 4.1
Mi’a (6Wl p%i) %url,ir[’ nil pr~”%sure.
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~iqurc 5 - Pro.jectinn of microoarthquakr foci onto cast-wrist cross sec-
tion of l\MS that contains Well 5.
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VERTICAL

detectc:l in thn W!4-rI (?WIO-ft) tn liT06-m (33f)()-ft) inturval at depths
cnrrcspnnflinq to ihnw 01 thr lrwrr c~vr!rn CPI1.

WII1{(:E PARi\MEIER ANALYSES

lJsinq .1 model prnpn~rwl by Ilrune [lY7f)], It is pos;ihle to Fstimate
microefirthlluakc snurce prnpertl!?s --sp~clficallv seismic momentr, source
fliml!n%inns, and ttrers drnps--from spcct.ral data. Rrunn’s model pre-
dicts th~t ?.h~ amplitudp snoct.rm of the shonr-wavn displacement data
should hc charactwizd hV two trenl:>: a low-frequpnry, constant-

spectral-arnplltudetrend, and a hlqh-freqtwnry frend in uhich the spec-
tral mq)litllde decrmses at I/f*, where f Is the frequency. Ikinn th@
avrraqr:VJIUR of thn mnstant. low.frequpncv trrnd in ), and t.hc fre-

~11[, r%J=;;;enc:c~f)Jquency of the lntms~ct ion ~~f th~ t~ trends (the corme
it is pn%%ibln to mtirmte sourcp paramctorsm
for tlw %nurc~ dlrwnslr)n (r), tlw seismic momnt. (Hn) arxi the stress
drop (?II) [Tuckf?r ar)d ilrun~, 1973] arc

(1)

411NA0
M. : -m-—

O*

(2)



(3)

wher~, for mr purposn%, R and p are thu shear-wave velocity anti derr-
sity of the salt surrnunrling I?M5, respectively, R is the distance to
the microearthquake focus, R is a correction factor for the detec-
tor’s position within the sh~g#-wave radiation pattern about the micro-
earthquakc focus, and K IS a correction factor for amplification frnm

free burtace reflection. The average salt density (1!400kg/mS or 1.9
g/cm~) near IJH5 was estirrrated frm a Schlumberger drlsity loq taken in
Ucll 5C. A root-rnean-square value of 0.4 was used for R since the
radiation pattern of microearthqualr.es cannot be deduced frofi~thc single
measurement made at th~ qeoDhone package. As the qeophone packaqc was
positioned at depth within t.hn dome and not near ground level, K was
assumed t[~ he equal to 1. N(I attempt was made to take into account. the
effect. O? %p!qmic r,ldiatirrn rpf]~cted at the walls of the cav~rn al-
thoulh this lfldy result in a cnrrrct.ion similar to K.

Si~ismir snurcp p~ramot(:rs Wr’rf: calculated frow amnlitudt} riisplaco-
ment spectra for all of ttw lr)c,ltwl Farthquakns except for t.hnse wltb
identification numh~rs 3[12, 31i?, and 6. Fiqurc 7 !lives examples of the
rii%placement spnctral rbmsity plots. in all ca~ms, except for events
?4 and 4(1. the sper.trm was d~’rivmi from siqnalr W.ectcd cm whichever
of the two horizontal qr!nphnrros had the stronqer S-wave arriv~l. This
W% npl]ropriatv hocauw
74 and 411] wrre,

1111 hlit twn of tho Iocatw! events {in., rwent%
to within ml~,l%llrcrl[’nt (’rror, flircctlv hefl~ath the qF~-

phone pflr.~,]qe. I?QC,lUSP !i-w~vi~ lmrticlc motion is polarized in a l~larln
pernenlliclllar to t.tw r-IV pat!l anl, l)-wavo motion i% always ~~}larirwl i~~
t.hf? dirtlct.lon of qlqndl prr);hiqat.im, th~ use nf th(! t.race frm thli
hurizont,ll qr.nphrm{l% milximir[~’~ th~ S-wav~ dnd minimizrd Lhc P-wavP
partir.lc wntion contrihutlun In th[’ romputwi snectr,].

W: cstlmatpil tlm local magnltudr?s usinq an empirical relationship
betwu~n local m,lqnitudc (M) ~nri seismic moment developwl I),Y Spotti%-
wnod~ .ml McGtlrr fnr micror~lrthqudkcs assrxiatm’ with rock fl]ilurp in {l
fiPf!p qold mine. W chow ttwir fnrmla,

M = q.714 (loq MrI - 17.0)

Iwcausc it was d~velopwi for nlicrocarthquabrs with maqnituclcs r~nqin!i
hetwfwrr -1 and 2 [nnar our ~xpertcd magnitude ranqp) and hecauso (like
t.hc flrydn Muund micro~arthquokns) the events Wf!rf! caused hy cxcavatinq
Iarqe und~rqrourld cnvitl~s. Cln,lrly equation (1) cart qivc iit best only

a rouqtl nstlmate of tlw local miiqnltu(!c. Tahlp I is a sunmar,y nf in-
formation dcrlucpd frnm sp[~ctral studies of Rr.yau Mound microsclsmic
wcnts.
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