
EMPiRICAL mb:M~ RELATiONS
AT TH E NEVADA TEST SITE WITH

~ APPLICATIONS TO mb-YIELD RELATIONS

BR. BIas~ferd. M.F. TiSI ae I OP. it,é~..
Seismic Data Aislysis Csater4

TeIedyae Geotech. 314 Mont~e.ery Street. Alexandria. Vir,iaia 22314 C
2O Ap’i1 1177

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMlc~~~~~~:I. ~

Sponsored by

The Defense Advanced Research Projects A~oncy (DARPA)

ARPA Ordar No. 2551

Monitored By

AFTAC /VSC

312 Mont~emery Street. Alexandria. Vir~lnla 22314

•~0~3 051
- - A



I

Unclassified
S E C U R I T Y  CLASS I F ICATION OF THIS PAGE (When 0.,. Ente red)

R EPORT DOCUM ENTATION PAGE REF ORM

~~~ J~~ DA~~ J~~~~ J 
[2 

GOVT ACCESSION NO. 3. R E C I P I E N T S  C A T A L O G  NUMBER

T I T L E  (end Sub t i t le)  tW~ .I~ k b ‘~‘~ ~~~~~~~~ ~~ bJl _ t~~ORT S PERIOD OVER FO

~~~ PIRICAL(~~~~~~~LATI0NS AT ThE JEVADA~~~ ST t~ 
r-Efr~ \

\JITE WITH yPLICATIONS TO,f~ b7~.IELD~~~ LATIONS . ~ ~~~~~ FORMINc ORG REPORT NUMBER

W.~ s~~rwm ~r.., 8. CONTRAC T OR GRANT N U M B F R S )

~ c~i~i: r 86p6-76-C
7~

’M4~~t//~ f t /  
—.

~~~~~~ 
1~ _ _ _ _ _ _ _ _ _A N I Z A T I O N  NAME AND ADDRESS 10 PROGRAM ELEMENT . fIM-~—-.

AREA A WORK UNIT NUMB ERS
Teledyne Ceotech
314 Montgomery Street VT/6709
Alexandria,_Virginia 22314 ____________________________

II . CONTROLLING OFFICE NA ME AND ADDRESS

Defense Advanced Research Projects Agency 
~~~~2~

’
Z0’AP L JJ

~ 
U7~~

,,
/’

Nuclear Monitoring Research Office ur ~~~~~~~~~~~

1400 Wilson Blvd.—Arlington, Virginia 22209 63
4 MONITORING AGENCY NAME & A OORESS(if diff.r.n t f rom Contro llln4 Office) IS. SECURITY CLASS. (of thi

Unclassifie /2 
~~~~ 9 -.

VELA Seismological Center _____ 
‘

~
312 Montgomery Street Isa ~~~~~~~~~~~~~~~~~~ ~~

Alexandria , Virginia 22314 _____________________________

16 DISTRIBUTION STATEMENT (of th is  Report)

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED.

I7 DISTRIBUTION STATEMENT (of the abstract enfer.d In Block 20. If d i f fer en t  from Report)

IS. SUPPLEMENTARY NOTES

Author’s Report Date. 11/08/76

IA. KEY WORDS (Continue on reverse side if necess ary end ident i fy  by block number)

Magnitude M5
Yield Nevada Test Site

~~~
mb NTS

• 20 A~~5.I,~~~CT (Continue on reverse side If neces sary and Id en ti ty  by block number)

Measurements have been made of first—motion amplitude and of the period
and amplitude of the second peak—to—trough excursion (termed the c phase) for
short—period vertical P—wave signals from approximately 60 Nevada Test Site
(NTS) explosions. They were recorded at the Long—Range Seismic Measurement
(LSRM) and Seismic Data Collection System (SDCS) stations in Houlton, Maine
(HNME) , and Red Lake, Ontario (RKON). Almost all events selected were deto—
nated in saturated tuff or rhyolite. Care was taken to avoid gross errors
and to minimize effects of apparent minor perturbations of the waveforms, —

DD 1 j AN 73 1473 EDITION OF 1 N O V6 5  IS$I738E Q Und1~AA~ 1~ d () 5 1 ~~~~~ 
44’~

• S URI V CLASSIFICATION OF _I S PAGE (Whe n Del fe r r , I I

Ii — —~~~ —~~-~---—~~~~ -‘ ~~~~~~~~~~~~~ —~~ - ________________



IJu~- lass if led
S I C U R I T Y  CL A S S I P I C A T I O N  OF TN~S PA Of(Wh en Del. Enl•r.d)

~~~~~~~~~ wli i ch t’.ItISC zero—crossings , t he so—c a l  led ‘~fa  ise CyC leJ~.

The c—phas e data are p lot ted .I~ ; a function of ~ M5 and are Interpreted to
show amp l i t u de  v a r i a t ion s  of several tenths in magn’itudv wi t h res pect  to an M~ ,:
yield curve wi t h slope of 1.0. These amplitude variations are (toe Ifldepell(IeIlt I v
to : (1) the influence of yield on corner f requency ; (2) interference wi th  the
pP phase; and (3) geographic IOt ’~It Ion wi t hin NTS. Several tenths of a second
variation in per iod can also he traced to the above 3 causes. The var iat ion
wi th  geographic location may he due to varlat ion of the upper 2 km of st rtic tur e
at NTS or to multipathing and ray divergency because of more deep ly seated
structures.

in gene~~ l the data supports the conclusion that the mb: yield curve begins
to bend signific~ nt1y at approxImately 200 kt , as predicted by the w2 granite
reduced displacement potentja l (RI)P) of von Seggern and Blandford. The curva-
ture may not have been det~ctcd earlier at NTS due to scatter In the data from
the three effects mention~d above. Another possibility shown in this report Is
that near the 1000—kt region the slope of log (c/I) versus log (yield) is closer
to 1.0 than is the slope !of log (c) versus log (yield).

I I

The s c a t t e r  of  the ‘data is greater a~ RXON than at HNME, presumably re-
flecting the greater variability of signals at regiona l distances and the
shallow takeoff angles. Network averages of teleseismic stations would certalnl
show less scatter. Despite the greater amount of scatter in single—station data
je feel that the general trends are clear enough to support the conclusions
reached. Use of single—station data Is useful because there are fewer “hidden”
effects of data selection.

/

Unclassified
SECU RITY C L A S S I F I C A T I O N  OF THIS PAGE(Whe n Pet. ~~ Ie,r f~

S .  -.

~~~~~~ 
•~~r ..

~t ________



-n- — —  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

EMPIRICAL mb :Ms RELATIONS AT THE NEVADA TEST

SITE WITH APPLICATION TO m,~—Y IELD RELATIONS

SEISMIC DATA ANALYSIS CENTER REPORT NO.: SDAC—TR— 76—14

AFTAC Project Authorization No.: VELA T/~~69/B/ETR

• Project Title: Seismic Data Analysis Center

ARPA Order No.: 2551

ARPA Program Code No.: 6F10

C

Name of Contractor: TELEDYNE GEOTECH

Contract No.: F08606—76—C—0004

Date of Contract: 01. July 1975

Amount of Contract: $2,319,926

Contract Expiration Date: 30 June 1976

Project Manager: Royal A. Harteaberger
(703) 836—3882

P. 0. Box 334, Alexandria, Virginia 22314

APPROVED FOR PUBLIC RELEASE; D STRIBUTION UNLIMITED .

P ., ,

-
~

I _ •• • , ’ 
~~~~

-

I .

f~~.I ‘ ‘

I ’  •~
- s ’ / -

0AC -TR - 76-~4 / ‘ I~~~~, ~~~
‘ 

~~ /
Overlay in report may be obtained from ~~~ ~~~~~~~ ~~~~~~~ ~~~

-

Teledyne Geotech . - ;
~~~~~~~~~~~~ 

-
~~~

0~,.~~ - ‘s.
I. •,- 

-

8~~~~~ 1~~7&~~~k ’ ~~~~ -



- ~~ T ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~

ABSTRACT

Measurements have been made of first—motion amplitude and of the period

and amplitude of the second peak—to—trough excursion (tensed the c-phase) for

short—period vertical P—wave signals from approximately 60 Nevada Test Site

(NTS) explosions. They were recorded at the Long—Range Seismic Measurement

(LSRM) and Seismic Data Collection System (SDCS) stations in Houlton , Maine

(HNME) , and Red Lake, Ontario (RYON) . Almost all events selected were deto-

nated in saturated tuff or rhyolite. Care was taken to avoid gross errors

and to minimize effects of apparent minor perturbations of the waveforms,

which cause zero—crossings, the so—called “false cycles”.

The c—phase data are plotted as a function of M
~ and are interpreted to

show amplitude variations of several tenths in magnitude with respect to an

!4~: yield curve with slope of 1.0. These amplitude variations are due inde-

pendently to: (1) the influence of yield on corner frequency; (2) interfer-

ence with the pP phase; and (3) geographic location within NTS. Several

• tenths of a second variation in period can also be traced to the above 3

causes. The variation with geographic location may be due to variation of

the upper 2 km of structure at NTS or to multipathing and ray divergency

because of more deeply seated structures.

In general the data supports the conclusion that the mb: yield curve

begins to bend significantly at approximately 200 kt, as predicted by the

granite reduced displacement potential (RDP) of von Seggern and Blandford .

The curvature may not have been detected earlier at NTS due to scatter in the

data from the three effects mentioned above. Another possibility shown in

this report is that near the l000—kt region the slope of log (c/T) versus log

(yield) is closer to 1.0 than is the slope of log (c) versus log (yield).

The scatter of the data is greater at RKON than at HN?IE, presumably re-

flecting the greater variability of signals at regional distances and the

shallow takeoff angles. Network averages of teleseisinic stations would cer—

• tairJ.y show less scatter. Despite the greater amount of scatter in single—

station data, we feel that the general trends are clear enough to support the

conclusions reached. Use of single—station data is useful because there are

fever “hidden” effects of data selection.
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Ftgui e f it  it’ P~ i 1~ t ’

Locat ions ot events dIsctis~ e’d in this report at t he’ Ne’ — lb
vada les t  S I to .  ~:ve’nts a le  indicated by numbers , upper
and lowe r case I ~ ‘ t t e’ rs • and ot her common svmbo Is. i’he
t’vent .tssoc I at c-cl with e.ic h syinbo I is g iv en  in Table I
S vniho S I OC source regions are I nd ~~ ted , as we ’ I 1 as
; imu t h to RKON • The out line o I the Sit en t Canyon Ca 1—

dc-rn , as found by Ork Lid e’ t at  . (I 969) , Is ci rawn a round
the P~ hute ’ Mesa events;  and t he’ so rt  ace trace’ ol Yucc a
Fati It , as mapped by Fe-m a I d et a I . (1969) , Is drawn
t hrough tile’ Yue ca Flat  s events ,  lie I gu t  above the water
tab It’ is ln~I I cat ed in me’ t e’ rs I or the’ non—RAINiER events
above t lie w at e r  table’ .

2 W av e - t o r m s  ot t he’ ev e n ts  CAMEMBERT (a) and KASSERI (I ’ ) as 18
s~~-u .~t HNUE and RKON • Me’:i so rement S j , h, anti c are In—
di cat eel • i-o r reasons di ~~c c i~~se’ ei in the’ t e’ x t  , t he do f in  I—
t Ion for c is one—ha if eve it ’ later t han that usua It v
used. Note that small , h igh— frequency  “t a l so cycles ”
arc ignored in me’asureme’nt S 0 t both amp 1 itude and perIod.

3_ i I’ite ’oit’ t Ica I amp I it ude’—v it’ Id curve’s I or t * — 0, 0.1, 0.2 . 1~0.4 • 0.6 ; gran i t t - , anipi I tude ol I irst  motion , w i t h  no
stil t ace- re f lec t  ion. From Biandford (19 76)

.3h The o re t ic-a l amplitude—v it’ 1 d curVe for t * — 0, 0. 1 , 0. 2 , 20
0. .~ , 0.6; gran I it ’ , ampl i tude ot 11 rs t mot i9n, wit h sli r—

t a c t ’ ro t  tee t ion. pP do I av e’qua I to 0. t ~Y 1 see’ , with V
in k t .  From Blandford ( 1976) .

Ic Theorot ica I amp l it ude—y it’ 1 d curves t or t~ 0, 0. 1 , 0.2 , 21
0.4 , 0.6; granite , one— ha If maximum peak—t o— t rough am—
p1 itude of signal , w it h no so rt  ace ro ll  e’e’t Ion . From
R t a n d i o rd (1976) .

‘I’heoret ical anipi it ude—v ie’ld curves for t* — 0 , 0. 1 , 0.2, 22
0.4 , 0.6; gram i t t’, one—half maximum pt’a k— to—t rough am—
p1 (teide ot signqi , with surface’ reflect Ion. pP delay
eciua t to O.l2Y h,

~
I second, w i t h  V in k i lotons .  From

Blnndford (1976).

Ic I’he’ort’t It-al amp i Etude—yi eld curves I or t~ 0, 0. 1 , 0 .2 , 2 1
0.4 , 0. 6; gram Ito , one— ha it maximum peak— i o— trough am-
pt I t uele’ ol signa l , e’orre’e’ ted for Inst rument response at
measure d period, T, and divided by T~ with no surface re—
I loct ton. From Bianeltord (1976).
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1.1St’ OF Fit  t~ KFS (Con I I

— F’ t gore’ F i t  L~- l’5igc-

It Flie c ’ I c t  I c a  I amp 1 it  u d e —  i ci ci c c i r v e ’ s  I o t ~ 0, 1. I , (I • 2 , 2..
0,4, 0.6 ; granite - , one—ha L I  w ax inicun p c - a k — t c P — t  i ~- cig h .eni—•
I P LI t etele I c ’ i  L C ~II~ I I , c O l t  ~e t ~~d t c . ’ i t l ls( IeIiUe’Iit I e ’ ’I’c ) I iSe  t t
me-astere ’ d per b e t , 1 , and et iv ided by F , w It  Li sui t ~~e’ t e ’t ~~ —

t ion. pP ete ’la~’ e’qua 1 to 0, 12? ~ se-c , wi t h V En kt
From B lanet lo t  ci ( i9,’b l

RFa 1N St a L i on : 1 oc~ Ia)  as a t iinc t ~0fl 01 M
~ 
. Ilie ’ eIas lIe’d 2 7

line’ is the’ I ee~ t —squares l ine’ ol lope 1.0 through a 11
the eta t a • T h e ’ so l iet h u e s  a i e~ I ron Fi gul’e’ Li w ith t * —
0 . ‘4~ w it h c -acli t ine Vt ’  F I I ca l l  ~ act us t t’el by -v e St 1 t ln’v
r espe’ e- t lvi’ lv he -s t  t I t t he- west l’~iLiti t e’ cia La ~iiid .tIl ot h e r
~Lt t .t.

4h Re’s Edtia Es w i t  11 rt’Spe’c’ t to t i ’ t ’  eLt~ tit’ei line’ In F’ I go re - 4.t as 28
a I one t I Ofi 0 t l.t t i t  tide ’ anel long it UtlO at N IS • The’ I t ’ S t et cij Is
.i t W IS t l ,ihu t e’ ! i -t  ~ e b e e n  c ont outed . F v e ’U t S may he i t t  e’n —

I Oct b\ e’onlpar (son with Figure - 1 and I’.ib i t ’ I • So l id dots
a l e  e v e n t s  lack tug any dat a.

‘1.1 RKON S t • * t  toil : i o e ~ ~ a )  .ts a hitict iou 01 Io~~(~’) . ilte 12
das he’et l ine is t lit’ 1 c - u s  I — s q t i . u  l t ’~ - l ine ’ ot  s lope’ 1 .0

LI rough a I I liii ’ eta t a.

RKON St at (on : Kes I eltia I s o I I e~g t~ a’) w it h i c ’s pec 1 t 0 1 ti e ’
eI.i~ hit et ii Ut’ in Fl gui- c’ ‘~u as a I tine t i OIl o l  I at It tide’ 5iflel
t ong I t tide’ at N IS • Event s . I I e  I dent i t  I eel In lal’ to I ttiei
Fi gure’ 1.

RKON St~it Lou : Re’s t e i i i a l s  e ’ t  logGu~ w i t  Ii i c ’s pe ’ct  t o  t h e ’
et l$tlt el 1 t Ile’ t i  F g o re ’ •i s a I ti ne ’ t I Oil cit se ’a Led _‘—wa v
pP 1 rave I t Inc . l’he’ sot let line’ is  hand—d rawn as a sub—

co t t Vt ’ c ’s t tma It’ i t  t lies ma In ehL t j  t re’nels .

Sd RKON St .i I ton : Wave’ t orms e’ I t he’ e’ve ’nt s SCI1l’t ’hI , COMMODORE ,
REX , and TV RI) to show I hit’ ~~.I I ii’ t V ot poss lb Ic s i gna ts .

o as a fune’t ton o t  ~I • ~it RKON. The’ etas hod I ti le’ is the’ 1 e ’ast  I.~
square’s 1 t i leS o~ s lone’ 1 • 0 through all the ~t .i t a • hïit’ so lid
curved lines ~uro t ron Figure’ Ic wi  iii t * — 0.4 and w i t  LI t Lit’
vert teat ~ re1 (f la t 0 aet~~usted Lw t ’Ve ’ Se’ pa lat  ely Icc I it tt~t’ W t ’St
i’ahute ’ and all other data. Note’ that th e ’ Fast pn)~eite data a Iso( i t  this I i tte’r curve’ (In ~‘ont last  to t he’ d a t a  In Ftgure’ ~.t )

bti Residuals ot log tc w i t  Li re’spe’e t t o  t i le ’ eLis hie~ t I tile’ in 18
— Ft go re’ 6a as .i t t ifle ’ I toi’ o t  1 at it ude’ ~ Uet I cing it tide a t  NUS

Events e’ in he’ (dent i t  It ’d Lw e’e Punpa i I son w I t  II F’ tgure’ I and
Table’ I.
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~ t ISt  I es ’ I c e ~ I ~; S I  Oil On —

SI’ KkON Stat I t ill Re’s i t t  iii Is , in t t ’ti I Lis o l a s e t  t ’ i i t t  s • 01 t lit ’ •~
C pe’ I I od ~ it  ii F i S  l’ e ’ e t t o I tie tt.is he - ct I tnt’ iti F’ I gtu’ t - Sa . is
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l2a ~is i t uuie ’ Lion ot M ~it llN~’tF. l’h~’ das he-d I m e  is the ’
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— I’1i ’ so i  Le t cIIt’ V e ’ei line’ s , I Fc ’ Iron F’i gtire ic~ w i t  hi t *  O.ti
auct wi th th e ’ ve’r t. ic - al ordinate ad l usteel separately h’. eve ’
o I it (lie’ West Pahttt e- and t t  I ot tier data

12b c residuals with respect to the dashed 1 [no in Figut e’ l2a S I
~it IINME as 5i t’tinc t ion ot h alt t tide and long it tide ’ t t  NI’S.
Events may be ident it ie’d tc~’ comparison w ith Figttre ’ I anti
Fabl e 1.

13 e p los pP Cc)rret’ t ion for e’ at HNME as a I one I ion 01 M8.
pP ~‘o r re-c -I ion g i Von by the so l i d  l i ne se ’e’fl in Figure lIt ’.
The dashed i i tie’ is the 1 esist—squares line’ of slope 1 .0
through all the data. i’he solid e’urve’d line’s are I torn
Figure Ia with t * = 0.6 and w i t h  tile’ vertical ordinat e’
adj us ted sepa r i t  ely by eve t o 1! t the we’s I Pahu It ’ and a 11
ot her data .

14a Per jod ot  t ’ at UNME as a t une t ion cii Ft . The’ dashed 1 i no 56
is the li-as I—squares rc ’-gre’ss lon on N . 5

I 4b Re’s ldua Is c it the’ c pe’ r I od at UNtIE in I c’nt 115 c it .1 see -one t “i7
wi th respec t to t lie dashed line in F’ iguro l.~a as a I unc’t ion

• of la t i tud e and long it uete. “A” ~otre’~ poi~e1s to 0. 1 0.2
seconds above the 1 tue. Events may he ident it Led by c ’om—

parison wi th Figure’ 1 and Table I.
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I 
I ~~~~ UNM1~ St .it i t ’ l l :  Ees I c t t i . t  I s  • t ui t c’iit his 01 _ 1 s e c c ’itel • 01  lie

c P~~
’ i0ei w i t  ii t e s p e c I C o  I t ie ’ .Lisliocl 1 tnt’ in F’ t g u t  e ’ I ‘4 .1

as .i t W it’ I I cd l  ,iI S. ’ .i C c l  . 2—wjy  PP t I .ivt ’ I t I W e ’ . I’Iie s. - I I d
line i s lt,tU.,t—cl t awn as a sett~ c C  I I Vt ’  es I im.i t ~ e’t I lit ’ ma iii
c I i  t . i  I t OI letS .

I “ .i }IN~tF St it ion : Log (e’/  I’ ‘I • ~~‘ it  Ii c Cc ’t ’ l’ eS’ te ’d I OF I l ist tiifl ie’Iit ‘c ’~
re-spedui se’ at tie’ I’ lOtt I’ • as a I t i u~ e t I .ct i  01 Fl,;. l1i ’ d.i~ uie’d
[ t i l e ’ is the’ ie ’_ t S t — S c lui_ lr ~~s 1 l i l t ’ c it  s lope 1.0 thrc iugh a l l
t lie’ d_ i t .i. The’ se c ii ci Ii ne’ is I reim F’ igure- 1’  w i t  Ii t *
0.8 , w i t h the ’ 1 lule’ vc ’ r t  i c - _ il Iv act It i s t e ’d b’. eve ’ Se ’ lt  host
I i t s  the d .t t i .

I ‘c l x 1INME St at  Ion: Rc ’sidu.i Is ot  log(t ’/ I’~ w i t h u’ e ’spe’ c - t  tO  t i l e ’ Iii )

el is hod I tnt ’ in  F i g eu r e ’ 1 ~c .i as ~i I lilic t Ion of I5i t It tide anti
Long It tide’ S i t  N IS.  l V c ’Ilt 5 a t e ’ icleilt It it’d in T.ih It ’ I and
F I gure- 1

-It 
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to be less than 0.5 units (0.1 < bias < 0.25), and most workers accepting the

existence of 15b bias also think it can be removed by care fu l  a t t en t ion  to de— 
‘

tailed corrections applied to the station magnitudes comprising network mag-

nitude averages. Thus, mb may be a more reliable estimate of yield than K5,
making mb :yield relations worthy of more serious study.

Springer and Hannon (1973) presented mb :yield data for exp losions at

Pahute Mesa. They concluded that the m~ :log(y ie1d) slope is approximately

1.0 for teleseismic distances, and approximately 0.6 for regional distances .

They attributed the difference t~, the total effect of absorption which in-

creases with distance, and then they developed theoretical signal spectra

which implied waveforms that would produce such a change of slope with dis-

tance.

Blandford (1976) computed observed regional spectral ratios for Pahute

Mesa events ranging in magnitude from 0.7 to 1200 kilotons. Using the RAINIER

reduced displacement potential (RDP) for tuff , he found that the spectral ra-

tios and relative amplitudes agreed with the predictions of theory outlined

by von Seggern and Blandford (1972). The same conclusion was reached by

Noponen (1975) in comparing granite RDP to teleseisinic observations of USSR

and NTS explosions and by Lyuke et al. (1976) for regional observations of

USSR explosions. Blandford, like Rodean (1972), calculated theoretical

Springer, D. L., and W . J. Hannon (1973). Amplitude—yield scaling for under-
ground nuclear explosions; Bull. Seism. Soc. Am., 63, 477—500.

Blandford , R. R. (1976). Experimental determination of scaling laws for con-
tained and cratering explosions; SDAC—TR—76—3, Teledyne Geotech, Alexan-
dria, Virginia. DDC: ADA 03635.

von Seggern, D. H., and R. R. Blandford (1972). Source time functions and
snectra for underground nuclear explosions; Geophys. J. R. Astr. Soc.,
31, 83—97.

Noponen, 1. (1975). Compressional wave power spectrum from seismic sources;
Institute of Seismology, University of Helsinki, ISBN 951—45—0538—7,
Contract AFOSR—72—2377 Final Report.

Lyuke, E. I., S. K. Daragan, and V. E. Peregontseva (1976). Forecasting the
seismic wave spectra of large underground detonations from the spectra
of small preliminary detonations ; Phys. Solid Earth (from Izvestiya),
12(2), 103—109.

Rodean, H. C. (1972). Nuclear—Explosion Seismology; U.S. Atomic Energy Com-
mission, Division of Technical Information, Oak Ridge, Tennessee.
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waveforms and the associated mb:vield curves. Using the tuff potential ,

Blandford found that absorption alone could not explain the near—unity mh :

yield teleseisinic slope. He concluded that two RDP’s calculated from

measurements at angles of departure appropriate to regional and teleseismic

distances could not be the same.

This report shows that the granite RDP dot’s Lit, the NTS teleseismic data.

von Seggern and Blandford (1972) and Blandford (1976), using first—motion

data to avoid pP interference e’ifects, detected the decrease in s lope implied

by the granite RDP for events LONGSHOT, MLLROW , and CANNIKIN , detonated at

Aachitka.

Mueller and Murphy (1971) obtained emprical scaling results for events

as a function of depth that implied a fairly strong departure from pure cube—

root scaling (variation of the RN’ as a function of y ield)as depth of the

event changed. Note, however, that material properties of the medium varied

with depth for many of the events used in their regression analyses to de-

termine empirical factors. Using this theory, Murphy (1976) presented theo-

retical spectral ratios for the events REX and SCOTCH, which agree with his

data. However, regional spectral data for these events i resented by bland—

ford (1976) agreed with pure cube—root scaling, and disagreed w i t h  Murphy ’s

data. A possible hypothesis for resolving the conflict in the experimental

data Is to assume large relative values of low—frequency earth noise for

Murphy ’s low—magnitude REX event data, and equally high millimieron noise ,

due to high—frequency system noise, for his large—magnitude SCOTCH event.

Blandford (1976) recognized and discussed such data—biasing effects. The e ’ I—

fect of these noise biases on the SCOTCH/REX spectral ratio is to raise thie

ratio at low frequencies, and lower it at high frequencies. This difference

is exactly that observed between the data presented by Blandforct (1976) and

the data of Murphy (1976). The theories of the two authors differ in the

same way as do their data.

This report treats a greater volume of NTS data than was available to

Springer and Hannon (1973) because it utilizes the Special Data Collection

System (SDCS) data from stations RKON and HNh€. Care is taken to

Mueller, R. A., and J. R. Murphy (1971). Seismic characteristics of under-
ground nuclear detonations: Part I, Seismic spectrum scaling; Bull.
Seism. Soc. Am., 61, 1675—1692.
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measure at each station a common cycle for each event. This is accomplished

by tracing each signal and picking the cycle while all the data are displayed
for comparison. Many potential gross data errors, seemingly inevitable in

projects of this size, were removed by careful reexamination ofT the original

waveforms and calibration logs when plots of the data revealed outlying

points. The data have been stored in a computer file and plots are produced ‘

by computer.
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EVENT SELECTION AND MEAStJREMENTS

Events selected fur study are listed in Table 1. In general they

consist ot exp losions w i t h  y ields g reate r  than about 10 kt (IIANI)CAR , 1 2kt

and IIARPHA’1~, 5.9 kt , are among the smal icr events) and detonated below the

water table. Se~veral event s ron above tht~ water tab le~ are included , but a re S

within a 1—cay ! t v rad i us of the water table. Also Included are events at

Ran j~ r Mesa that are above the water table , but are thoug ht t o  be in or near

layers of perched water (Ramspott and Howard , 1975). A few events well above

he w a t e r  L~u1) 1 e are Inc luded because: (1) either they are events with shot

reports prepared using the SDCS (EDAM , MARCH); (2) they are In dolomite (HAND—

CAR , KAN KAKEE) ; or (3) they are of special interest for other reasons (DURYEA ,

MIN(; VASE)..

Most otT the data In Table I are taken f rom Springer and Kinnaman (1971).

1)ata for events after 1970 have been taken from data synopsis sheets that the’

U.S. Energy Research and I)evelopment Agency (ERDA) issued for cact i of the re—

cent tests. For several of these reports , the average sound velocity from

shot—point to surface was (‘stimated by vibroseis or similar technique. It is

these values which are reported in Table 1. For events before 1970, the

average values for each reg ion (Pahiute Mesa, 2.9 km/see ; Ranier Mesa, 2.6 km/

see ; Yucca Flats , 1.7 km/see) reported by Ramspott and Howard (1975) were

used . Exceptions were made in the case of dolomite and granite , which used

velocities of 2.7 and .5 km/see , respectively. The average regional

values are approximations , and though t h y  probably should not be used

for detailed comparison of individual predictions with observations ,

they may be adequate for the predominantly statistical conclusions reached in

this study. The symbol for cacti event (see Table 1) is the same as plotted

on the map (Figure 1), showing the relative positions otT the events. Small

perturbations have been made In the locations of a few events at Yucca Flats so

1~icir syubols would not overlap, but their relative positions hiave been

~ imspott , L. 1)., and N. W. Hoi-’ard (1975). Average properties of nuclear test
areas and media at the USERDA Nevada Test Site; UCRL—5l948, Lawrence
Livermore Laboratory , Livermore, California.

Springer , D. L. and H. I.. Kinnaman (1971). Seismic source sunmiary for u .S.
underground nuclear explosions , 1961—1970; Bull. Seism. Soc. Am., 61 ,
107 3—1098.
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maintained. For example , if event  A is east of event B on the ground , it is

• also east of event B on the map. Figure 1 is also included as a transparent

overlay in the envelope attached at the back of this report.

Figure 2 gives the definitions of the measurements 1 , b , and c , made for

this study. Note that  the d e f i n i t i o n  fo r measurement c is one swing later

tha n what is used in most o ther  studies.  This de f in i t i on  was chosen so it

mo re ful ly  reflected the influence of pP . In almost every case , this c
measurement is also equal to the maximum peak—to—trou gh measurement in the

first 4 cycles used for calculating mb. Note in Figure 2 how “false cycles”

are ignored in making the measurements of c and I at UNME and RKON for event

CAMEMBERT. The period T for the c measurements is de f ined  as the in terval

between zero—crossings on either side. Note that at HNME, the c measurement

gives close to the maximum amplitude in the signal , but at RKON for KASSERI

the maximum amplitud e occurs 4 cycles into the record. (The RKON signals

vary substantially in character as a function of ep icentral location and many

look more like signals at HNME , which have a simple shape for all events.)
Though these maximum amplitudes have been measured routinely in this study ,

they are ignored in order to analyze portions of the signal that may be pre—

dicted with planar, parallel—layer earth models: these 4— to 6—sec late arri-

vals may correspond to triplications or to mantle—multipaths that cannot pre—

sently be predicted. Measurements were also made for stations WH2YK and FNWV,

and they have been included in the data base. However, the data are sparse

because, unlike HNHE and RKON , the stations WH2YK and FNWV were out of opera—

tion for long periods; therefore, measurements from those 2 stations have not

been analyzed.

Figures 3a through 3f (from Blandford, 1976) show the variation of first

motion (labelled “afl), the maximum peak—to—trough amplitude (labelled “c”),

and the maximum peak—to—trough amplitude divided by period and corrected for

system response at that period (labelled “c/T, corrected for instrument re—

- 
sponse”) as a function of yield , for several values of the absorption para-

meter t* T/Q, where T is the travel time and Q is the average quality fac-
tor along the path. The RDP used in Figures 3a,b,c is for granite (von Seg—
gem and Blandford , 1972) and varies as a function of yield. Although this

potential is, strictly speaking , for granite and not for tuff , which is more
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Figure 3a. Theoretical amplitude—yield curves for t* = 0, 0.1, 0.2, 0.4, 0.6;
granite, amplitude of first motion, with no surface reflection .
From Blandford (1976).
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AN ALYSIS OF RKON AND HNME DATA

RKON

Figure 4a shows a plot of the base—lO logarithm of RKON a—phase ampli-

tude versus M5 from von Seggern (1976). For the smallest events, von Seggern

used ~~NV to determine M5. For larger events , and for events after the 1970

closing of MNNV as an LRSM station, von Seggern used RKON. Data points are

missing for several events after 1970 because: (1) the LR was too weak to be

measured at RKON ; (2) because the RKON short—period data was unavailable; or

(3) because the RKON first—motion amplitude was judged to be severely contam—

m ated by noise.

Figure 4a also includes the least—squares line with fixed slope o 1.0.

Figure 4b shows a plot of the residuals derived from Figure 4a. This is

standard procedure in this paper , except when plotting period T versus M5, in

which case both the slope and intercept are estimated. Reference to Figure 1

(use transparent overlay) and Table I will identify which event is plotted at

each point in Figure 4b. If the magnitude residual lies between —0.1 and

+0.1, then a “0” is plotted on Figure 4b. If the residual is 0.1 to 0.2, a

“1” is plotted ; if 0.2 to 0.3, a “2”; etc. If the residual is —0.1 to —0.2,

then an “A” is plotted on Figure 4b. If the residual is —0.2 to —0.3, a “B”;

etc. Note that in Figure 4b, the amplitudes from events in the western

three—quarters of Pahute Mesa are substantially smaller than the amplitudes

from events in the rest of NTS. Amplitudes from events in the eastern

one—quarter are also smaller than those rom the rest of NTS, but not by as

great a margin. For this reason, Pahute Mesa is divided into two regions:

the western region, for whose events the symbols are plotted within with

an open circle (0); and the eastern region, where events are plotted within

an open circle with a stick at “2 o’clock”. Events shot at Rainier Mesa

are plotted within a square (0) and events shot at Yucca Flats are plotted

within a triangle (A).

In Figure 4a, there are also plotted two curves of the logarithm of
first—motion amplitude versus yield; these are from Figure 3a, with

0.4. The upper line represents the data of Rainier Mesa and Yucca

Flats and the lower line represents the Western Pahute Mesa data.
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The t* value is close to the value determined by Der and McElfresh (1976) for

the NTS—RKON path.

The solid line trending north—south through Yucca Flats in Figure 4b rt’-’

presents the surface trace of Yucca Fault , taken from detailed geologic maps

(Johnson and Hibbard , 1957; or Fernald et al., 1968). Fernald’s map shows

that the hard rock at Yucca Flats is covered by a layer of superficial de-

posits varying in depth from 700 m near COMMODORE (I) to 0 in near BOURBON

(G).

To explain the large variance in residuals at Yucca , velocity and den-

sity profi les  are used for the event OBAR , together wi th  a Haskell matrix ap—

proach_ Results show that for an event just below the surf icial deposits

—— paleozoic interface, the teleseismic amplitude may be reduced by a factor

of 2 or more by cancelling the direct wave by the “internal pP”

wave reflected from the interface. To determine if this type of calculation

could explain the variation observed at Yucca (shown in Figure 4b), special

calculations can be performed for several events at Yucca and then compared

with the predicted and the observed relative amplitudes. As of this writing,

these calculations have not been performed.

Missing also is a convincing explanation for the low amplitude levels in

west Pahute Mesa. However, one explanation might be that if a large high—Q

plug beneath the Silent Canyon Caldera is centered on event GREELEY (E) (sug—

gested by Spence (1973) and by the Caldera surface perimeter, taken from the

map by Orkild et al. (1969) and drawn in Figure 1), then the larger first—

motion values could be interpreted for STILTON (w) and for events in east

Der, Z. A., and T. McElfresh (1976). The effect of attenuation of the spec-
tra of P waves from nuclear explosions in North America; SDAC—TR—76—7,
Teledyne Geotech, Alexandria, Virginia. DDC: ADA 030857.

Johnson, 11. S., and D. E. Hibbard (1957). Geology of the Atomic Energy Com-
mission Nevada Proving Grounds Area, Nevada; U.S. Geological Survey Bul-
letin 1021—K, U.S. Government Printing Office , Washington, DC.

Fernald, A. T., G. S. Corchary, and W. P. Williams (1968). Surf icial geolo-
gic map of Yucca Flats, Nye, and Lincoln counties; U.S. Geological Sur-
vey Map 1—550.

Orkild , P. P., K. A. Sargent, and R. P. Snyder (1969). Geologic map of Pah—
ute Mesa Nevada Test Site and vicinity , Nye County , Nevada; U.S. Geolo-
gical Survey Map 1—567 .
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Pahut e  as showing tha t  they  are’ not  a f f e ct e d , on the path to RKON , by the ef-

fects of the hi gh—Q plug. if , however , the hi gh—Q plug is used to explain

the low first—mot Ion ampl i tudes , the e f f e c t  m u s t  he ’ due to ray r e f r a c t  [em and

divergence. We shall see that the variation is not as large at HN~t1~, poss ib ly

because refractions at the edges of a high— (~ plug do not seriously affect a

more vertically departing ray.

Event TYBO (V) shows the largest deviation from the average M and

shown in Figure 4a. In a personal communication , L. Ramspott stated

that TY~~0 had anomalously large amplitudes at Las Vegas and Mina , Nevada , to

the east , and anoma l o usly  small amplitudes at 3 other Lawrence Livermore

seismic stations at o ther  az imuths . In Figure 4b, the contours which can be’

drawn for west Pahute Mesa suggest that ii similar contours were drawn for

any station of interest , an improved amplitude prediction could  be made be-

cause the contours show TYBO to f i t  the overall pattern for  west Pahute Mesa .

Note that because these contours  cannot, he drawn at HNME , t h i s  smooth ,

dramat ic  va r i a t ion  in contours  is c lea r l y  a s o u r c e — s tat i o n  e f f e c t  f o r  RKON ,

possibly due to the greater angle from the vertical for rays departing to

RKON. This greater angle might enhance the refraction effects as the rays

leave the high—Q plug.

Plots similar to those in Figures 4a ,b have been created with M5 re-

placed with log(yield). Exactly similar conclusions may be reached , as would

be expected from the exceedingl y small ,  M5:yteld scatter found by von Seggern

(1976) for NTS events below the water table. The low variance of von Seg—

gem ’s data can he represented by a plot of M5:y ield for the shots with de-
classified yields, given In Table 1. These data are well represented by the

equation M8 — log(yield) + 2.4. (von Seggern set the absolute level 01 H5,
using a world—wide single—station network (WWSSN) of 10 stations for several

large NTS shots.) The only noticeable change is that events above the water

table move to the right in the m.
~
:log (yield) plot analogous to Figure 4a.

This shif t is expec ted because these events do not couple as well as events
below the water table. Figure 1 indicates the distance (in meters) to the

water table for events above the water table.
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P1LEDRIVER 0) ,  a shot in granite, has a higher amplitude than west Pats—
ute events possibly because of the source medium . Figure 4b shows that the

location of PILEDRIVER also can be used to explain this observation.

Figure 5a is a plot of log(a) versus log(c) at RKON~ The scatter shows

substantial variation in wave shape. Variations appear during comparison of

the waveforms for: SCOTCH (J), COMMODORE (1), REX (5) ,  and TYBO (v) (Figure
Sd). SCOTCH and REX are very similar in wave shape and, like TYBO, have a

small first motion. The small first motion is typical of Pahute Mesa events.

Yucca events, however, have a relatively large first motion that is indicated

by the short—period vertical trace for COMMODORE.

Figures 5a,b show a substantial difference in the log(a) versus log(c)

ratios between Pahute and Yucca. This effect could stem from multipathing

or from the fact that, because the average velocity in the medium is lower

at Yucca than at Pahute, the pP interference with the c amplitude is greater

at Yucca, so that the first motion of the signal appears large in relation to

the rest of the signal.

To test this hypothesis, the log(a) residual versus the theoretical 2—

way travel time (2x depth/average velocity) is plotted (Figure Sc). The tra-

vel time has been normalized by the dominant period which the received F—

wave signal would have if not affected by pP. (This dominant period, a func—

tion of yield, is determined later in this report.) The result shown in Fig—

ure Sc indicates a definite trend , that suggests that pP does have an effect.

Whether the trend follows predicted detailed theory can only be determined

by detailed calculations of complete theoretical waveforms, using techniques

discussed by Blandford (1976).

One possible physical explanation for the behavior plotted in Figure Sc

is that the a amplitude is actually unaffected by pP in any of the measure-

ments. However, for very short, scaled delay times, the c phase is substan—

tially reduced by the reflection of a. Thus, a has a positive residual with

• respect to the expected value for c. At slightly larger delays, the c phase

r is enhanced, while for even larger delays it is again reduced. The fact

that the a minimum (c maximum) occurs at a time delay of approximately 0.5

times the dominant period is consistent with this interpretation .
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Figure 5d. RXON Station: Waveform s of the events SCOTCH , COMMODORE, REX ,
and TYBO to show the variety of possible  si gnals.
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drawn in  Wt ’St P a i c e i t e - . ~ t i I V , t t  t i l e ’ .15  .4 I e t i s e t  L o u  ot  ~ i c ’ lct t s r  t h e ’ fllt ’. tU I ~ lie ’ t o t
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a r elat  Ive ’lv  large m a g n i tu d e .  N ote  in Figure t’h tha t SCOTCH (,1) and CA MFM

RFR T (~ appear  to he in a transition region between east and we’st Pahut ’ .
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~‘t  C ~ e’r sus H . t ’hte ’ plot shows .t st rong t t’e’flci e ’\’ e ’F t h e ’ de’p t c t  Oct l ange ’ et

per ted t, .i bee i t 1 . () to 1. 5 se’c ’) and range el H ( ab ou t —‘ • 7 to S • 5) —— rc setgt: l v
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Note ttit, Li rgt’ seat t &‘ r about  the ’ mc’,in I i  t i e ’ In ~
‘ I gei Fe’ 8u , wh le t s  t he’ au-

thors contend stems (‘ron geograplu Ic location and d e p t h  ot beiria I (via the e’t—

feet of pP I n t e r fer en c e ) .  Fi gu re  8b shows t h e ’  i t’s  I dna Is shout t he’ r c ’g I e ’s s  Ion

line plotted as a f u n c t i o n  u t  h e i e ’ a t  i e s i i  ; the’ t’otlt  Fas t  b t ’t Wt ’t ’it c as t, atid W e-St

Pahute is a p p a r e n t .  Again , e ’ve ’nt ii SCOTCh (,I ) and CAMEUIIER ’I ’ (z )  Set-rn t o  be’ i_n

a t rans i t ion reg ion . in Figure 8c these’ period r e s i d u al s  art’ plotted as a

fun c t ion of of no rm a l i zed  2 —w , iv  p P del ity t i nit ’ atuct a c 1 e’;i r t r en d  is ev i d e n t .

The events at ci ther  cud of the’ t rend art’ Pt IJ~I )~ I VE$-~ ( ) ) 
• and Ct ) BIILER (I’)

P 1LEDR LV~R hats an u n u s u a l l y  slier I st’zl led tie ’  1 .iv t l ine’ bce ’a U ‘it’ oi the hi ghu com-

pression wave ye toe ( t y  in gr atu I t  e ’ , and COIIH!.Ek h a s  a longer  th an expected

delay time because i t  was over hur  ted fo r  i t s  y I t ’  I d and t he  med t urn had a low
compression wave veloci ty.  This graph suggests  tha t t h i ~’ e i h & ’ c ts of pP alone
may change the dominant pe ’r led by as much as 0. 7 S et . N o t e  t h a t  t h is period
correction wi l l  have an ci f c e ’t on mIs . At c on s t ant  a m p l i t u d e  on a s h o r t — p e r —

period LRSM system , t h is  poss ib le ’  ‘0. t~ — sec v a r i a t i o n  in  , t ’r l o d  around 1.2 sec .

A 
corresponds to a range ei’ 0. I/ i magn i t  tide ’ t in i t s  i n  the I at - ror  1 /CT . In stun—

mary , Figure 8a shows I lie o F t  eel  ot  y it ’ id nfl the don I nan t p er I o d .  F igu re’ 8h

shows the e f f e c t  of geog rap h i c  loc at ion , and F I gel re Sc shows the’ t’I t ee ’ t e l I  pP.

While all e f f e c t s  are si g n i f i c a n t , note t h a t  t h e y  are ’ l i n k e d ; f o r  example ’ ,

large events are deep and in P a h ut e  Mesa. O n l y  t’a I e t l  I at tons ci t  each evt~nt

can disentangle these e f f e c t ~ •

Mos t of the t r end toward short  p er -t eids , shown in  F i gur e ’  Se ’ , can he

traced to the 2 granI te  shots.  A lt h o u g h  the per iods na~’ he sho r t  because
of the unique ma te r i a l  p rope r t ies  esf gran i t e ’ , t h a t  a rgumen t  is weak because

t he gran i te  RDP sou r ce seems to be ’ adequate ’ to e x p l a i n  the t t’ lesel smic

magnitude versus y ield curves t o r  w e ’l l — c o n t a i n e d  exp losio ns In a l l  source ’
r egions at NTS . Thus , there Is no clea r  reason to omit the data  from the
shots truly set off  in gran i te,

In Figures 9a, b , are plots similar to those In Figures ha,h. The differ—
* ence is that  in Fi gures 9,i , h the c ampli tude has been csi r e ’cted f o r  system

response at its observed pe r iod , and the’ i’es~ t h t t n g  i t r n p l t t u d e , d iv ided  by T ,

has been plot ted . Considering the’ variety of Influence’s rn observed p eriod

already discussed , p robab ly  no correc t I en t o  r pc’ r ind won 11 have any subs t an—
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tial clear—cut effect on the scatter of the mb :MS diagram ; in fact , Figures

6 and 9 are remarkably alike. However, note that both theoretically (without

pP) and experimentally, log(~/T) has a slope closer to 1.0 near 1000 kt than
does log(~,).

HNME

Figures like the series just studied from RKON I but with data from

HNME will now be examined. From consideration of values derived In Der and

McEIfresh (1976), a value of t* — 0,6 is used. In Figures lOa,b like

Figures 4a.b there Is evidence of amplitude differences between source re—

gions at NTS. Because the signal—to—noise ratio, especially for first motion,

is lower at HNME, the scatter for low magnitudes (Figure lOs) is probably
greater than it would otherwise be. The events with question marks after

their symbols (Figure lOb) have especially questionable first—motion ampLE-’

tudes due to noise.

Figure h a  shows a plot of 1og(~) versus 1og(~) at WINE. Compared to

the equivalent plot for RKON (Figure 5a), the HNME waveform is only weakly
affected by location within NTS. With respect to amplituie, however, by

plotting log(s) versus M8 (Figures 12a ,b), it again appears possible to dis-

tinguish between west Pahute and the remainder of NTS.

The same patterns of results are obtained for the c—phase amplitudes

at both RXON and HNME, a regional and a teleseismic station, suggesting

that network averages would show the same effects. Note , howev er, tha t

RKON and HNHE are similar in dis tance and azimut h, and that the average

results f rom a well—distributed world—wide network might reduce the above—

mentioned effects if they were caused by multipathing in the upper crust

structure.

Note in both Figure lOa and 12a, the west Pahute data , signi f ied by
open circles, forms a curved I%:M line that is much better defined than the

line for the entire population .
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F E gure I I , w h i t -h is  not s i g n  I I c an t  I v it I I I eri’n t I rom 1 ). i  - I’I~ ~ r~ -~ ;i ~ I t  i S i

not  su r pr  is  Ing cons ide r tug t In’ sni.i ii 1,0. magis It ode on t sI m a x i m u m — t i , —

m i n i m u m  t ’xe t t r s io i i  cu rve ’ dr .4 W II  i i i  F i g i i r i ’  I I c .
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I 4h , c ‘1 st’~’ms sonsewIi.tt I ess I or IlNt-W t ba n I or RKO N — i’I~t’ rc’g Fe-S 55 ( o i l  I i 141’

di- awn in Figure’ 14~- (tin’ saint’ drawn  in F I gor e ’  i~c ) Is ; In ’IIl;i l as; ( ( ‘ I i  S i t  (
~~‘l 1 . ~~~
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t hi’ gran (ti ~ p o i n t  —

I t i sp e ’e t i~~n c ’ I  I- I gu i- c’s 8.i anti I -~ .i I 0 I V e ’’~ I i t  I Ic tii atil ~( t h ;i t a i t t  ion
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SUMMARY AND DISCUSSION

In this report , von Seggern ’s ( 1976) near—equivalence of log(y ield) and
M5 has been used to show that both period and amplitude of short—period t e l e—

seismic body waves vary with yield , effects of pP, and geographic location.

The variation from direct proportionality of amplitude versus log(yield) at

megaton levels is on the order of 0.1 to 0.2 magnitude units, and the effects

of pP have been shown to result in a spread of about 0.34 magnitude units.

The variation with geographic region at an indivi’~ual station is different

for RKON and HNME, but a median value comparing west Pahute Mesa with Yucca

Flats might be taker as 0.4 magnitude units.

The period varies from approximately 1.0 sec for a 5 kt explosion to 1.6

sec. for a 1000 kiloton. The period also shows a substantial variation due

to pP effects and local geology. With these facts in mind, one would not

expect it would be advisable to correcL measured amplitudes for the system

response at the measured period if all measurements were made on a common

system. The problem is made worse, of course, if one considers that period

measurements are notoriously difficult and that the signal is not monochroma-

tic.

As reported in this study, magnitude and period effects of the size ob-

served at single stations suggest that routine log(c/T) measurements cannot be

adequate to the task of estimating seismic magnitude if a testing organiza-

tion varies the depth of the events to an appreciable degree. Since the

depth effect would be common to all stations in a network, the resultinc’ hJ~ c

could not be reduced by network averaging.

4
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