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I 

ABSTRACT 

strains  support  the hypothesis^.»^  '^L^^lj?:^^ 
trom oxpIosiüMs and earthquakes  triamr a  local   ret^o    f ^1!mit wvcs. 
(a strain stop),     l-urthcn ore,   trends   [„the J  re'  io.nf    I ^ ^^ 
to be related to  regional   tectonic s  ra n      On t e Xf,'^1" ^'i155,^^1' 
In strain of the order of  1   x   IO-S ./. J,   rcsidu:il  changes 

factors at  Uawhi... M^nuS J SS^Hn •SuK.'^ tla °U K"!.« 

toui.  Ihe sunultaneous occurrence of complex short to,-,,, -.„ t i   * 
ture and pressure Bffmctm   ,•.>„,;,•>•   ^1M »nort-te» and long-term tenpera- 
environment .??  ndu M t  ■      T1" P«««»«1«« procedures to remove 
stri[n st n. • i lnS ln 0rder to stud-v th« d^y  characteristics of 
strain steps.  In an exceptional case, the strain in the winter season at 
Rawhide Mountain was predicted within l v mS «/.      y 'tci season at 

time ot tic strain step Is more strongly influenced by tectonic conditions -it 
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SI'liCIAL REPORT, VT/0703 

ANALYSIS OF DATA FROM SIX PORTARLG SriiAlNMLTLKS 
IN SOUTIlliRN NliVAUA 

1.  INTRÜÜUCTIUN 

1.1 OBJLCTIVES 

This is a special report describing the work undertaken in ^.he period 
15 August 197Ü to 51 August 1971 to operate instruments and analyse data from 
six portable strainmeter systems at six sites on and near the Nevada lest 
Site (NTS). The work was performed under Contract F55(J57-7ü-C-OO4O, Amend- 
ment 4. The report is submitted in accordance with sequence number AUU3 of 
the Contract Data Requirements List. The Statement of Kork is included as 
appendix 1. 

Prior to this contract period, the six strainmeters were operated in the period 
February through April 1970 to evaluate their field operational characteristics 
and to record the llANULLY event.  The work is described in Technical Report 
No. 70-10, Special Report, VT/87Ü5, Evaluation of Field Operational 
Characteristics of the Portable Strainmeter System, dated 51 July 1971. 

Following the I1ANÜLLY event, the six systems were removed and stored in a 
government warehouse at Mercury, Nevada. The strainmeters were left in place 
in order to preserve temperature stability in the tunnels and trenches. 

Operation of the six sites at the locations shown in figure 1 and table 1 was 
resumed in September 1970 under the present contract. One objective of the 
operation was to obtain continuous recording of strain and to analyze long- 
term environmental effects observed during an annual cycle.  Specific goals 
included the following: 

a. Measuring both the short-term and long-term strain characteristics 
at each site; 

b. Evaluating the limitations of shallow tunnel and trench sites in 
terms of strains induced by the tides and temperature changes. 

Another objective was to provide detailed interpretations of strain data 
obtained from significant individual events.  Specific goals included the 
following: 

a. The determination of strain ciuracteristics of signals selected by 
the Project Office; 

TR 71-20 



Figure  1.     Location of strain sit es 
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c.    TT»e aeasureMtit of sit« coupling coefficients. 

The operation was carried out under the follo-ing limitations: 

••    The si. portable strainwter .yst«s -ere naintained by only one «an. 

contractor'rh^^fftc'i! ^ ^ " ^ •Uher * ^ fU,d " "• th* 

recent^r ^ÄST ^r^r^te0;^^^^::/"^1"^ 
SWSÄ1 '35 H;a:ü:rn f^/-'^^^on^^Je^s^.nhe 
^.ienLt;L'th^:;du^repr«;ent,J ••cuur itraint froÄ drwin« «"-«- 
Uetpite these restrictions and obstacles, continuity of recordint »as 
^f.i      I ..l0 tT^ Utabl* data t0 ^ diversity of ^Ztton S    S    V 
*Uth and Hr.   Keiner k.nJ)  and to the University of Nevada    Cr   All« iv.i • 
-nd Ur.   Steve Malone,.    S-itk and Mnd  S^ ^JÄT^Älkto- 
chanie. in the regional secular strain field. ^^   «iMcribing 

I.J    SYSTUI MOÜIFICATIÜNS 

ÜtÜi ■ÜÄ? th# recordln« fo"^ «J • NfcNrtf of changes for the 
per ab , .traln **mU the t.^ period March l9'0 through July 1^1 

Ä^iTÄTÄsar1-1 about ■ s#ptc^r ,9'g the fo,'-4"« 
inn iK*; Jh€/uc, »"PP'y ,*" doubled at each site by the addition of one 
100 b tank of propane and an auto«atic switching valve.  The io°day f!cl swryssr1'to avoia *******in ******* - *&* * 

b. The radio circuit was rewired :o allow application of a S-ninutc 
wnual reference signal at 0.1 * to racilitate plijback or^ctduw. l^ce 
mmg tine search equipment  for IMI is not M^TÄTWSr 

«.h.««.?'    At  t1
,!c •nd of ^«•■»'•r IJ»'0 an interim wide-band low.gain strain 

channe   was added to the syste- by tapping into the secondary stfa n dMM»! 
v«,  ,rPr!CCdin| th' 0•0, HZ fnter and «cording the signal on eiinne? Mo.  3 of the tape recorder.     (See ite» Sb In table :)        » •' ^ *—n 
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fablr RccorUttm format  JIIJ f ;hcUul«? of changer 

Magnetic 
Tape 

Re<corüer 
Channel 

It. 

I 

Prl.  Strain pi 

Pri.  Strain Reset Count Direct 

Kitie-Band Hi-Gain Strain FM 

Tub« Ttmp.  Reset Count Direct 

hide Band Lo-Gain Strain Direct 

Ride Band Lo-Gain Strain M 

Tube Teap ^ 

Sec. Strain K\ 

tnvironaental fM 

fiae Code  (RWB) Direct 

1970 1971 

Site 

Rl-.W 

KP-.W 

qM-XV 

TI-.W 

WISV 

0B-X\ 

(5b) 
Installed Kidr-I>and 
lo-gain strain in 

channel No.  5, direct 
■ode. 0.09 -  3 II: 

o: October 1970 

M October 1970 

01 Üctot>er 1970 

04 October 1970 

04 October 1970 

0b October 1970 

(3c) 

Converted 
channel No.   3 

to FM mou<?. Q . S jja 

-I February 1971 

2H February 1971 

13 February 1971 

06 February 1971 

25 February 1,.»71 

11   February  19~1 

m 
Ins t a 11ed w i de-band 
hi-gain strain in 
channel No.  2,  FM 
mode,  0.015 - 5 II: 

-3 April 1971 

10 April 1971 

21 April I'.ri 

-3 April 1971 

*1 April 1971 

24 April   1971 
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lo- cutoff to dc.     (Se^^teric In^T.^,      Ctr0niC8 t0 eXtend thc Ü-' "2 

in ^l^i^rSÄSi,2I*^S  (Ü0IS t0 S ,U) - ^«allcd 
the interval  U to ^X^ftJ      XTJSS'L'LTt.-'^ SiX $itc» durin« 
thlfc channel   is to furnish data on .^'i ^ tnb,e '•, "^ P"^0^ •• 
and to .erve a. a f[^ oJ JSlStflST'Ä'lS 5" ftra,n ^naI 

low-level sienals at h,»h flT ^ents.     nu, channel accoaodates only 

«M irSia StÄtS SSJT',hc '0"«""-*^ 

1.3    MAINTEXAXCL 

SSÄTls SÄr^i2SÄ4
l2 ;?c art rnr1 ~ 

regained with only .inor adiuat^^ ,SnalS fron a11 ,t<nforj ■«• 
the sealed tunnels ^I^Ä^^ÜJ?/^ ^^ -J ^thout entering 
was satisfactorily „aintaLJ Jj the u c Ü*^'!"!    9y*-*<y •« recording 
paper recordino*      iinw». .,    i »pring-wound Lsterline-Anmis 

output fro. th. thcnwclcctrirXrator.      r^L?^    T'" 0f, '* ,,0,',,r 

broken drive belts and drlve-«?^"" "re. l„ So ,' EÄf" of 

Ärei^ dir":: •ÄS.TÄs-Äi: ",or,■"" oo;r.p.„ve.eeed8tKe Sj i?S^.!-Sr5 CSTjril: 

transducer efecfronUs *• min0 tUftnC, and "P^ng the 
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SUULAI'  SI RAIN 

urc 

^rU]!rr
a

S!h*,in ^f"1^-0!:1* fro- »'» «itc« have bin plotted in figure S 

ggLffyMf «•f.«. .11 .our«, of „„i« l1Tl1l.rLnSJr>IUj!f 

lablc 3.    Secular »trains 

Maxiju. seasonal      Max.^un seasonal    Se^onal  strain^-y^r' 
^JSTTRJ?  .  »      Chanj'e in tubc coefficient    change in 

iL*! strain (Mu«» n'a)      temperature  ('U    ^j»/.^^  _   strain  (XluQ) 

K'J J'1 3.« •lü.O(c) 
S5 . ' -,ü-,tc3 

IU-- 0--' » ♦«.$ (c) 

•Not coaputcJ .. , 
^ (c) coaprcüsion 

(e) extension 

The relative seasonal changes in strain awng the sites arc not explainable 
S he \l%l\ 0f  .tyPC 0f in^ll^n  (trencher tunnel.; L^r! U e Jee^r 
one n, r, ^ht.Mir ir^s hr,css sca,ona, ^tha" s SLiSr 
than e thei'w^'or STr t^nC,   2!i!, Ü"  ,C" 8e-onaI than^  »" "ra.n ,^ .i.    . ,X-     ,hc *ea»onal  change Joe» not  appear to be  rclatrJ 
he ^t  rSr;tUrC XT  ^ thC tUnnC,'  •« af"urcJ "  theTu^e      £ e^Ie 

^\v    1  >n      TnT?i ,train IO tUbe ^-^'"t'-re varies froo 1.4 x  lU-o"^    * 
exolalne/h/i "r    ^ 5 ^    ^  Ur«C J*^rencc»  ,n the ratio are n^t 
Släft    y ifJT'SS! in Sile COUI>nn'J ^fncients. and are not  rMMMblv 
the luel    P|."     ,C JifK

f?r^c'  '" expansion coefficient, uf the  rocrLZ 
the sites      if   is possible, however,  that   the temperature of the tube J^" 

^ron'^rfnn'  rCf,CCt   l" gggS»" of "-  3-   SL; depth    that^t 
^g8 triJn tube t^:;:."0"1""01! Jn thc tunn€,,s- x ^*«3>li«tSLMj •»ng strain,  tube teoperature. and free air temperature over thc 11 month 
operational period is shown in figure o for site Rll-W. 
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Figure 5.  Secular strain at six portable 
strain sites in southern Nevada during 
the period March 1970 through July 1971. 
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Figure 0.     Secular strain  and temperature observations  at Site  RH-NV 
in  the period September  1970  through July   1971 
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essentially the san.e strain measured a yLr earLr      i. Z nt.'    T ?    , 
four tunnel  sites show a mean  resultant'chan c    J straJ    of 8    'Ti  -SV'f the  1-year nerim     wMfi*   ie  /.Q»     r- ^.I ■*.*»*« ur  a.s x  iu u m/     for 

Since Lnneftem^ra ires 1 .vn V f        T™ 0f the niaximum seaso"al  ^ra "s. 
in the annual  c^"tte:jeraureff"c.TPr0X>mately ^ thCir 0ri8inal val- 
substantial  1 - year chin ae^n«^ .        aVe been ruled out as y ^^ of the 
data does no   £i? ^^I?te?n tJat wnuid89"8"1 0f the SitCS-    ^themore. the 
regional strain fie^ ^^^^^VlT ^f ^ T 
resultant change in strain  is a eomMff™      neff"".   it  is Concluded that the 

to subregions It the Irta clllJ^Ts^ltll.^ ^ ^' 0r' " ,"0St' 
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3-  COUPLING OF T1IL TIDliS AND EARTHQUAKES 

In any study involving eartli motion at two or more sites, the degree of 
coupling of the instruments to the earth or of the surface material to the 
rock at depth is of primary interest. In the present investigation, coupling 
factors for each site are needed specifically to determine the correct pro- 
portion of theoretical tidal strain to subtract from observed strain in the 
process of determining the relationship between strain and environmental 
factors.  Initial attempts to suotract the full theoretical tide from the 
observed strain led to difficulty in interpreting results. Several sources 
of error were investigated.  Large errors in calibration were ruled out. since 
two independent methods of calibration are used. The accuracy of the tidal 
data from the program •liRTilTI).' kindly furnished by Dr. Stewart Smith of the 
University of Washington (the program was originally written by Borger and 
Farrell at La Jolla and modified by Smith for use on the CDC computer) was 
compared with a sample of the output of a tidal prediction program furnished 
by Mr. Gerry Cabaniss, Terrestrial Sciences Laboratory, Air Force Cambridge 
Research Laboratory. Differences in amplltuue anproaching 10 percent near 
the peaks were reported by the Seismic Data Laboiatory at Alexandria, where 
the program was run.  The disagreements in the data were considered negligible 
for the purposes of this study. 

Two other factors considered were the possibility that the tidal coupling 
was frequency dependent and the possibility that tidal data were masked by 
environmental effects. Smith and Kind (1971) shed light on the latter 
factor using data from the six portable strain sites from the period 
December 1970 through January 1971.  By comparing absolute values of the Fourier 
transforms of the observed strain and calculated earth tides, they established 
that all stations were coupled to tie crust, although not to the same extent 
They also concluded that most of the stations were affected by thermal and 
barographic effects based on the fact that most sites showed a larger ratio 
of 12-hour to 12.42-hour energy. 

Using the criteria set forth by Smith and Kind, a similar study of tidal 
coupling was carried out for the purpose of comparing the results with the 
coupling of earthquakes.  A typical plot of absolute values of the Fourier 
transform of observed strain and calculated earth tides frr site Rll-NV are 
shown in figure 7.  Coherence and phase, obtained from cross-spectra, are 
also shown. The calculations arc based on observations at 1-hour intervals 
over a 30-day period, starting in October 1970.  Selected portions of the 
spectrum have been replotted on a linear scale for all sites (figure 8).  The 
resolution of tidal peaks for sites KP-NV and TI-NV is poor because of the 
small number of data samples.  The ratio of observed strain to calculated 
earth tides, denoted as apparent tidal coupling factor is listed in column C of 
table 4 at tidal periods of 12.0. 12.42, 24.0, and 25.8 hours, corresponding 
to tidal designators S2, M2, Sj. and Op  It is noted that the 12.0-, 24.0-, 
and 25.8-hour tides are for the most part larger than the 12.42-hour tide, 
a relationship that could exist if the data were contaminated by thermal 
and pressure variations.  Coherence values for the latter three tidal periods 
are in general lower than for the 12.42-hour tidal period, suggesting a 
multi-source generation of energy at those periods. 
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Figure 7.  Absolute values of the Fourier transform of observed strain and 
calculated earth tides along with coherence and phase for site 
Rll-NV from hand-digitized readings at 1-hour intervals over a 
30-day period starting on 12 October 1970.  720 samples, 511 lacs 
Parzen smoothing; 1 sample/hour. 
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a compromise among three requirement,:  (I) use of the earlieit^rJi^u «J 

i5Li,ars SLrs^Ajfiis s Sirsof thc forcgoin8 facto" 
for each of the earthqua^. ^J?^ ^t^r:^^ ^^^'jr^t^^ S 

for'«.! • K 0nlyr SltC that doCS not conlain a ^itxcal ang c t 90-) 
no^ ! 'r TSI frOB any 0f thc car^q"akeS. n.e coupling facors are a I.o 
norm^l^ed to unity for «ite KP-XV which ha, thc highes^relSt ve coupJin« 
It i. noted that WI-NV and OB-NV have Ion coupling factor,. Data for bleich 
wave, arr.ving at an extremely critical azimufhaWangle w^re ZRmtSST^ 
W TJ;    ^ Ca8?.,lI C01"1  iS thc ""P'i"« f^tor for VM-\V for thc event  from 

U.ÜJ5 (table 0) at an approach angle of 083' ffiaurc 9) If th- --i^.i • • 
approach angle (.) were in error by ,ay -. tJ^!^' iJiATO^SJ 
corrected amp itude of the Raylciyh waJe. ^nd ?o^,equenu" ?hc coup i« ^ 

X^/^rpiruc^j^rt^r^a^r Kirjsr SAIL 
wave, contribute, to the  larger »pread.     The  lack of orthogonal  hori-on Tl 
omponent, at a .ite *ike,  it difficult  to resolve the Zrtto.      W? hele,. 

I     .vu>   lii.u,   i».4«.  .4.0, and .S.« hours    from table 4 are compared with 
U^ average relative coupling factor for the earthquake,   lUteHn tabU S 

SirSTSTllfoPSfe1! ■alCh^ rC,atlVC ^•,in« ratio, am^'th; 
Mr' M !*.!,' ■,2 hour) c<«P0''c''t of the earth tide and earthquake 
wrface wave,  indicate, that marked different,  in .ite couplinK do^t and 
tc-.. to di.prov, the exi.tence of frequency-dependent coupling      The 
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Table 5.    Relative coupling factors cuaputcd fro« ttayleigh waves 
 fro« three large, distant earthquakes  

Site 

II 

(i) 
10 Jan 
1971 

U) 
09 July 

1.0 

(3) 
14 July 
1971 

1.0 

Average 
coupling 
factor 

1.0 

Coupling factor 
noraalized to 

unity at KP-.VV 

1.0 u.: 

- S.O - 5.0 1.0 

- S.O 3.0 4.0 0.8 

3.0 3.7 2.2 3.0 i.i 

- 3.5 - 3.5 0.7 

1.3 1.8 OS 1.2 0.2 

(1) Origin Kest New Guinea, 07:17:03.7;, 10/01/71, 3.IS 139.7t, Mu ■ 7.5, 
M$ - 8.0 

(2) Origin Ch le, 03:03:18.7:. 09/07/71, 32.5S 71,91,  % • 6.6 

(3) Origin Xc* Ireland, 00:11:29.12, 14/07/71, 5.5S 153.9L, M, - 7.9 

-Si- 
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Table 6. Relative site coupling factor, co-puted fro« :o.»econd 
Rayl.igh waves froo the \e« Ireland earthquake of 

^^^^ ^         i  ii   _   

Aziauth A:iauthal 
station to Azmulh of Approach correction 

- epicenter stninaetcr angle (a) factor for 
Mty am. (degrees) (decrees) (degrees) Ray 1c ich 

m-s\ 103SO .93 2bS.S 325 60 0.2S 

KP-.W 10247. :s Mi.i 356 91 .001 

QM-XV 1U3S(>. 7«, 26$. S 020 65 .18 

Tl-.NT 1U5U5. 80 :i.s.: 266 1 1.0 

YM-.W 10350. 27 2bS.3 182 &3 .015 

OB-NV 10377. 39 265.7 081 3 .99 

Strain 
Signal Strain Azirrwthal        corrected Relative 

aaplitude    »«"»^Uy     tarth correction for coupling 
aniiuth factor iil« CO        (UlO-y—)      strain factor 

WI-MV 6.5 1...S 7.7 O.JS 30.7 

"•-NV 13.3 1.05 |1.0 0 

<**-W 11.2 1.45 lt..: o.i« 

n-W 14.7 4.7 08.5 1.0 

■WW 0 1.39 0 0.015 

0B-^ n.8 1.16 13.7 0.99 

1.0 

90. 3.0 

*t.5 

• ■ 

13.8 0.5 
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occurrence of abnormally large aBplitudcs at periods of 12.0, 24.0, ami 
2S.K hours relative to 12.42 hours, together Mith a general reduction in 
coherence indicates the presence of teapcraturc and pressure effects. The 
presence of these effects to different Jegrcvs at different sites is indi- 
cated by a wider range of difference« between tidal coupling and earthquake 
coupling at 12.0, 24.0, and 2S.8 hours coapared with the 12.42-hour tide. 

Looking at the '!_. tidal coaponent in figure 10, we note that the coupling 
factor for sites'wi-W and 0B-NV are of the order of a factor of three less 
than the other four sites. Mechanical hysteresis in the strainaeter can be 
discounted as a source of low coupling based on tests involving nanually- 
induced forces on the tube anchor, electroaagnetic forces between anchor and 
tube. Motor-driven displacenents in the trans-iacer. and explosion-induced 
forces between the earth and the strainaeter, using saall dynoaito Jiarges 
at close range. 

The relationship between geological characteristics and coupling factors was 
also Investigated. Listed in table 7 are site features that aigh: have soae 
bearing on site coupling.  Inforaation on rod type, topography, .nJ faulting 
are based on USGS Quadrangle Sheets, whereas, estimated values of relative 
rock competency aaong the sites arc based on on-site observations,  i.stibates 
of coapetency of the rock as related to strain coupling are neither quantitative 
nor exact. The procedure for estimating coapetency is based on a qualitative 
evaluation of the following: 

a. The density and hardness of the rock; 

b. The degree of fracturing and jointing; 

c. The reaction of the rock to the drilling of anchor holes for the 

strainaeter; 

d. The degree of faulting in the vicinity of the site. 

Looking for features common to RM-N\ and OB-.W that would explain the 
occurrence of low coupling, we note fro«, »able 7 that neither the type of 
rock nor the estimated competency appear o bear a logical relationship to 
the degree of signal coupling.  In fact, contrary to expected, site QM-NV is 
well coupled despite the fact that the strainmetcr is poorly anchored in 
strongly altered and highly fractured rock in an area of severe local faultinp. 
If any of the site features in table 7 bear a relationship to site coupling, 
it is topography, where it is noted that both WI-NV and OB-NV arc tunneled 
into sharp ridges - RII-NV at about 50* to the ridge line, and OB-NV normal 
to the ridge line.  The other four sites lie on the sides of cither valleys, 
low hills, or gently sloping terrain. 
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REMOVING TIDE AND TEMPERATURE-INDUCED STRAINS 

In order to determine the decay character of a strain step, the solid earth 
tides and the temperature-induced strains must be removed from the recorded 
data.  In studying the relation between strain and temperature, principal 
attention was given to site Rll-NV which contained auxiliary control instru- 
mentation.  Data in the period 12 October to II November 1970, were selected 
for study initially because of the low seasonal strain rate during this time. 
Power spectral density plots from I44Ü hand digitized data samples of strain, 
along with temperatures measured in the free-air, in the signal control center, 
on the tube of the strainmeter, and on the strain transducer, are shown in 
figure 11.  Semidiurnal and diurnal peaks are common to the five power spectra. 
Coherence and phase between the strain and the temperature observations are 
shown in figure 12. The results clearly indicate that a large percentage of 
the strain is related to temperature measured at the transducer for periods 
through the diurnal cycle.  High coherence between strain and transducer 
temperature in contrast to low coherence between strain and free-air tempera- 
ture indicates that strains at site Rll-NV in the 3Ü-day time period investigated 
are more strongly influenced by changes in temperature of the strainmeter 
rather than by surface strains that arc transmitted to depth. This con- 
clusion is borne out by data from the same time period displayed in the time 
domain.  Changes in strain relative to changes in free-air temperature show 
approximately a 9-hour lag in contrast with essentially a zero lag in relation 
to changes in temperature of either the transducer or the quartz tube.  Looking 
at the phase order of the temperature curves in figure 12, we note that the 
free air temperature leads the other temperatures as expected, and that the 
phase difference becomes small at long time periods as expected.  A positive 
polarity is given to compressional strains and increasing temperatures for the 
data of figure 12,  lirratic phase data for all but the transducer temperature 
have been deleted from the plot in the period interval 1-1Ü hours. 

The relation between strain and atmospheric pressure at Rll-NV was examined using 
data covering a shorter interval of time (,12-21 October IDTO).  Figure 15 
shows power spectral density curves for strain, pressure, and temperature 
using 295 samples at 1-hour intervals.  Coherence and phase between strain and 
the other parameters were obtained using 128 lags. 

Only data points at 12, 24, and over 100 hours corresponding to peaks in the 
power spectral density plot, are plotted in figure 15. The most reliable and 
most significant point is at a period of 24 hours where temperature effects 
will have completed a diurnal cycle and the long term seasonal rate of change 
of strain can be removed. Here, we observe that the strain is in phase with 
pressure. The results indicate that most of the noise in this 5U-day time 
period could be eliminated from the strain recordings by using a Wiener 
optimum filter designed to predict the temperature and pressure-induced noise 
on the strain record. The possibility exists that multichannel filters using 
all the thermistor readings to predict the temperature-induced strain noise 

would be even more effective. 
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Figure 12. Coherence and phase between strain and temperature measured in 
the time period 12 October to 11 November 1970 for site Rll-iW. 
1440 samples, 2 samples/hour, 128 lags, Parzen smoothing. 
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128 lags, 1 sample/hour, Parzen smoothing. 
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Data from WI-\\  in the iiwc interval UM-^o January 1071, «k-ring kliich tiae a 
steep rate of strairi prevailed, were exanineJ tu obtain adJittonal  Infonutlon 
on the strain-pressure relationship an«! to Jetemine whether the troiisJucer 
temperature continues to be a key to eliainating teapcralure  indiKed strain 
from the recording.     Simple  linear regression analysis was u»ed to determine 
controlling factors,  to systematically isolate both short- and  long-tern effects, 
and to derive a relationship between strain and environmental  factors.    Corre- 
lation coefficients were computed for strain as a function of outside air 
tempriature,  tube temperature,  transducer temperature, and atmospheric pressure. 
A series of two variable scatter diagrams along with correlation coefficients 
were obtained for 19 daily obsen.it ions; 48 hourly observations; and Ti 
observations at S-minute intervals. 

A correlation coefficient of -U.7,: for strain versus tube temperature for the 
19 daily observations  is interpreted as a compressional strain of the country 
rock with decreasing seasonal  temperature .t  a rate of approximately 
0 x  1Ü-Ö/*C.     The temperature effect on the tube, which acts in the opposite 
direction at a rate of Ü.S x  IU-b/,t:, ha» not been removed from the 
observations. 

For short-term observations,  the strain-temperature coefficient  changes sign 
but  rctaitts the same  level of correlation.    Hourly observations over a ^-da) 
period   (17-18 January  li»?!)  show an equivalent extensional strain with de- 
creasing tube  temperature at  a  rate of approximately Ü.S x  10-b/*t: as shown 
in the scatter diagram of  figure   14,   m close agreement with a predicted 
strain rate of Ü.8 x  ll»**» "t: for the straiimeter.     iidal  strains and a seasonal 
strain trend of 1.0 x   10-7 per day   (figun-   15) have been removed.    Hourly 
readings of strain,  temperature,  and pressure over the 2-day period are shonn 
in figure  ll>.     The high degree of correlatiun between  strain and tube tempera- 
ture  is evident. 

ilic corrclatio.i coefficient  for strain and atmospheric pressure fluctuations 
for daily readings,   increasing to ü.d for hourly observations and 0.7 for 
observations at  5-minute  intervals  is  lot»   10.12). 

At  an observation rate of 12 per hour,  the strain-temperature  rate  is 
approximately 0.4 x   10**/*C as  shown   in the scatter-diagram of  figure  17 for 
the time period  15(10 to 20402 on  II January  1071.     Tidal  strains and the 
long-term strain  trend have been  removed.     The data are also shown plotted 
as  function of time  in  figure   18. 
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Hourly reauings of strain, temperature, and pressure at 
Rll-W showing high degree of correlation between strain 
and tube temperature. 
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To test the feasibility of using tube temperature measurements to subtract 
temperature effects in orüer to determine the character of the decay of the 
strain step associated with large earthquakes and explosions, a predicted 
strain output was computed using the relationship 

•■•4PIUiU "    * Vll)    •   l«»-5 *  lü-9/IIKJ  x  •]  ♦ 0.34 

where 
A&nDtM) ■ predicted change in strain in a given 

time interval 0 

it ■ change in theoretical tidal strain 
Illl 

0 ■ time interval in hours 

TTUBL * c*ian8c •n temperature of the tube in 
centigrade degrees. 

Predicted strains were computed at 5-minutc intervals for a 3-hour period 
following the original 0-hour period from which the short-term strain tempera- 
ture rate was computed.  As shown in figure li) the predicted strain is within 
1 x 10*9 of the observed strain for 30 minutes into the predicted time period. 
The maximum deviation is 4 x lü"** in the first 1-1/2 hours.  The maximum 
deviation in the period 1-1/J to 3 hours dropped to 2  x 10" . 
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5.     CASL STUlJltiS OF SIGNIFICA.1.!' EVEHTS 

5.1 GHNLRAL 

The analysis of explosiun data has been limited to the following: 

a. A comparison of the explosions CYATllUS and BAXLBLRRY, requested by 
the Project Office; 

b. A report on the San Joaquin Valley earthquake, requested by the 
Project Office. 

c. A case study of the NTS explosion MIN1ATA, demonstrating examination 
of a single event recorded at Six sites. 

d. A comparison of the character of the strain step of an earthquake 
and an explosion; 

e. A study of the relation between direction of the strain step and 
changes in regional strain conditions. 

5.2 EXPLOSIONS CYATllUS AND BANBBERRY 

A report entitled "Preliminary Comparison of NTS Lxplcsions CYATllUS and 
BANliBIiKRY" shown as i^pendix 2  of this report, was prepared at the request 
of the Project Office and forwarded on 14 January 1971. Tht data from the 
two events, which were of equal predicted yield and approximately the same 
epicei.ter, showed a factor of six larger ground amplitude from IANEBERRY than 
from CYATllUS as recorded at Queen Creek, Arizona, a distance of 018 km.  In 
contrast, BANLBLRRY produced about one-half as much earth strain at portable 
strain site YM-NV compared with QM-NV, both at an epiccntral distance of 
approximately 50 km.  Differences in the two explosions were also observed 
in the 1-minute rise time for CYATllUS (attributed to the rise time of the 
0.01 sec filter in the system) and a 2-minute rise time for BANEBERRY. 

Additional information from the short-period strain-incrtial seismograph at 
lloulton, Maine (ILN-Mli) showed BANEBERRY to be clearly recorded at 1.0 Hz at 
a S/N ratio of 4, whereas no signal from CYATllUS was discernible at approxi- 
mately the same background level. 

5.3 THE SAN1 JOAQUIN VALLEY EARTHQUAKE OF 09 FEBRUARY 1971 

Also requested by the Project Office was the report in appendix 5 entitled 
"Preliminary Notes on the San Joaquin Valley liarthquake of 09 February 1971 
from Portable Strain Records," dated 19 May 1971.  The main points of that 
report together with additional observations and conclusions follow. 
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wÄnfrjlntra*;;8^ strain and the 
is noted that, fortuitously the sv^tom!   . NV and QM-NV' ^^pectively.  It 
a magnitude 6.2 earthquake fro^CaUforna

Si
t

1VltleS ^ ideal for rec-ding 
step at YM-NV occurs 15 to 17 seconds a?^; J J- ^ß"lflca'lt ^ "ote that the 
«nctely at the onset of the Rg phase  ?he '     ?f the S8 phase or aPPro^- 
seconds longer than predicted hv the  f ^ P

rinciPal ^ep at YM-NV lasts 10 
1 minute longer thanpredicted   t is in! M^T0

' 
and at ^  las^ 

bating to the duration of the step or lullttl  ^ ^  StrainS are contri- 
more than one phase. P'       the steP 1S being triggered by 

From table 8 the velocitv nf  »k. <-♦ 
agreement and compare f^0raby to th^.f613 '^ f'f and ^'^  are ^ ^lo.. 
reported by Wideman an^Major (BSSA Dec [ofy/^0"^ ^ i0^ km/sec 

a^.plitude of the strain step a both OMXv'iKtZ* Contin™^ P^h.     The 
and Major; whereas, the observed step is o^r ^^^ ^"^  with ^J^an 
higher by a factor of 1.3 at RH-N? P      r by a faCt0r of 2-3 at T*-W and 

Table 8. Observed amplitude and velocitv nf M,« C  • 

Observed            Amplitude of Observed 
amplitude           strain step st 

of strain sten ^ *ldeman velocity 
—■ -i and ^.for (km/sec) 

6-4 x lü'9 • b.4 x 10-9 

ö-5 x lü"9 c o.6 x 10-9 

2-9 x lu-y c 6.8 x 10-9 

8-0x 10"9c 6.2 x 10-9 

5.06 

5.03 

e extension 
c compression 

lon'g-te^ t^tteN^nf haTbai; Sh0Wn f figUrc 22- The ^^ a^ 
negligible abo'ut 100 seconds a e^e^^of t" e.ffeCt °f the filt« - 
maximum quasi-static strain of 7 8 x 10-9 !      Step- The steP has a 
time constant, and a residual strain of S.^ x Iffi™*1*1 ^  Wlth a 7-mi-te 
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Figure 23. Power spectral density in strain-/!!:: of noise and signal 
recorded on the primary strain channel at YM-NV for 3 events 
in 1971. The response of the system is include1. 

The N'yquist frequency is 0.5 llz. Q6BM 

-45- 

TR 71-20 



Power spectral density plots of the SM Joaquin Valley earthquake and two NTS 

In^i^re"^"^ S
at ^ ^ are ^^ f0r thC ^«5 'train chapel in figure .3.  The San Joaquin event which travels a greater distance to YM-NV 

ouenc es XllTVSl ^ ^T^   {0A  t0 ü-5 "*>   ^ « i-er fre 
Sff^-fn (    >   1.IIZ) comParcd with ">• NTS events liARLBLLL and MINIMA 
D ffefences in direction of approach also probably contribute to the spectral 
distribution of the energy, since the strainmeter has a different a:imuthal 
lTrlTnSV°r  l0n^itudinal ^ to transverse waves. Orthogonal hor ^ta 
strain instruments are required for proper analysis. 

wUh^RLBÜLL^nTMTV^ SfT " ^ ^ ^ JoailUin cartl>^ake compared with MARLBLLL and MIMAFA has less strain at frequencies shorter than 001 Hi 
relative to the frequency range 0.01 to Ü. 1 1.= . Vth distance Ld s te^up^ng 
are factors which affect the comparison. The azimuth of approach and local 
strain conditions could also be contributing factors. Therclative power evels 
of the three events at frequencies lower than 0.01 Hi are comparable with step 

MIMATA, San Joaquin Valley, and 1IARLBLLL, respectively. 

5.4 CASE STUDY OF NTS EVENT 'MINIATA' of US JULY 1971 

The event MINIATA of 08 July 1971 has been selected for a case study because 
it is recorded at all sites with a high signal-to-ncise ratio.  In fact the 
signal at 0B-NV exceeded the linear range of the summation amplifier.  Power 
spectral density plots at all sites except OB-.W arc shown for the primary 
strain channel in figure 24.  The response of the system (channel No. 1 in 
figure 3) has not been removed.  With single strainmeters at each site the 
influence of both angle of approach and distance on the spectral distribution 
of the site is again ignored. However, it is noted from the similarity of the 
curves in figure 24 that the spectral distribution of the signal is ncärlv 
equal among the sites at frequencies lower than U.l IL - suggesting that the 
angle between the direction of approach of the signal and the axis of the 
strainmeter might not be an important factor at the longer periods  Hie 
curve for Rll-NV does not match the other four because the signal at Rli-NV is 
at the level of the noise. 

Power plots for the wide-band hi-gain channel for MINIATA are shown in ficure 
25.  A typical noise distribut-jn for the five sites is shown in figure M 
which contains the signal and noise power plots for the wide-band hi-Eain 
strain channel at site QM-NV.  The data, which has a high signal to noise ratio 
at all frequencies between Ü.U8 and 10 H«, contain an anomalous dip in the 
power curve of site Rll-NV in the frequency range 0.2 to 0.7 Hs.  To  termine 
whether this anomaly was related to the apparent low coupling coefficient 
obtained at site Ril-NV from measurements of Rayleigh waves from large distant 
earthquakes, power spectra of the wide-band hi-gain data were computed for the 
Chilean earthquake of 09 July 1971 as shown in figure 27. The low response 
in the region of 0.1 to 0.2 Hi is confirmed.  A low response at frequencies 
below 0.07 Hz relative to frequencies above 0.25 Hz is also evident  The 
Chilean earthquake is at an angle that gives high response to Ravloigh waves 
at RH-NV and KP-NV and high response to Love waves at all sites except RII-.\A. 
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Figure 23.  Power spectral density in strain'/ll: of noise and signal 
recorded on the primary strain channel at YM-.\V for 1 events 
in 1971.  The response of the system is included. 
The Nyquist frequency is 0.5 H:. nesse 
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Power spectral density in strain2/HZ of noise and signal for 
NTS event MINIMA recorded on the primary strain channel at 
5 portable strain sites on 08 July 1971. The Nyquist frequency 
is 0.5 Mz. „ 
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Figure 25.  Wide-band high-gain strain plots of power spectral density 
in strain^/llz for the NTS event MIMATA recorded at 5 portable 
strain sites on 08 July 1971. The Nyquist frequency is 2C llz. 
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Figure 26. Power spectral density in strain2/iiz for the MINIMA signal 
recorded on the wide-band high-gain strain channel at QM-NV 
A plot of system noise at QK-NV which is typical of the 5 sites 
is also shown. The Nyquist frequency is 20 Ilz. 
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Figure 27.  Wide-band high-gain strain power spectral density plots in 
strain~/llz for the Chilean earthquake of 09 July 1971 recorded 
at 5 sites. The Nyquist frequency is 1.0 Hz. 
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However    for the MI , I ATA explosion the angle of approach to Ril-W and KP MV 

are ove"idinC " aPPearS that  faCt0rS 0ther tha" »I»« ** approach 

predondn^t  }7%o «       . o    ^S f*""'  Stained from rnea.. rements of the 

5.5 COMPARISON OF TIIL STRAIN STEP FROM AN EARTIIQUAKL AND AN EXPLOSION 

da^a werl1^-   9    f ^ K
ePicentral Jis^"" «»f Mta from QM-NV       (Epic^ntral 

of Ne"d      jjri'yor Tl^1^ 0f *? ^-smological  Uboratorv.'Sn v    s' ty or ^evaaa    July 1970).     A time constant of  13 minutes  for the earthnuakn 

S^^lfti^^ri^4 ^0-5"  fW tht -P^sion.^The^Lated 
and 49 x lS-9 Vn III P i*      .* l0      '" "session for the earthquake 
nent offJ?      f    compression for the explosion.     The maximum possible perma- 
exnLsffn     'r;    T'15  ' X  10      f0r the carthquake and  10 x  10^ for ll™ 
explosion.     T^e strains vere corrected for the  tidal  trend and the daily 

Ä1^ 1^^^'  Sh0rt-tem "^"^ Cffe-S -re^^tt^ectahle 

5.6    TRENDS  IN DIRECTION OF STRAIN STEP 

iJSStLi regional strain trends is beyond the scope of the current contract 
Nevertheless    even a cursory examination of the direction of the strain stcn 
al ows some significant conclusions to be drawn.    A few nrcfactorv remark. P 

's' Sn"8 1° .^ term;,Strain steP" -e in order at thC po nt    X    "m 
strain step" as used in this report refers to the change in strain  fcom 

ear?hnu^0r eX
H
tenSi?n)  associated with the arrival of surface waJes from" 

exis^nce
keofa"d eXpl0%10nS-    No ^^ * -de to either confirTor denv the 

existence of a propagating strain step,  evidence for which was reported bv 
Wideman and Major  (1967).     The existence of only one component at a station 

älllintl* '^ tm/i meaSUre the rate at «hi'h strairsteps Lcajw    h 
distance,  a subject of debate discussed by Romig.  et al   (1969).    The explosion 
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data presented here shows that if a propagating strain step does exist, it is 
masked by .tram offsets that are clearly not caused by mechanical hysteresis 
In the instruments.  Specifically, the data show strong evidence that the 
strain offsets are a result of local release in the vicinity of the strain- 
a!tef'.?!l,?ffef* discussed by Smith. et al (1969) and supported by Boucher, 
et al (1971), based on a comparison of strain offsets from explosions and 
associated cavity collapses. The results also tend to support tentative con- 
clusions drawn by Smith and Kind (1971) relating observed strain changes to 
regional tectonic stresses.  We can build an argument for the predominance of 
local strain release from the data in table 9, which lists the direction 
compression (+) or extension (-), of the quasi-static strain from 25 NTS* 
explosions recorded in Southern Nevada in the period January 1970 through 
July 1971.  Included in table 9 are two local earthquakes and the San Joaquin 
Valley earthquake of 09 February 1971.  Noting that all explosions listed in 
table 9. except 11ANDLLY, are located in area B in figure 9, a nearly fixed 
azimuth angle from station to epicenter can be assumed for all of the listed 
explosions.  It follows that despite the availability of only one strainmeter 
at each site a comparison of the direction of strain offsets provides meaning- 
ful results without computing the strain ellipse. A definite chronological 
grouping of the direction of the strain step is observed in table 9 
Specifically, we note that a pattern of consistent direction of the'step per- 
sisting for at least a 9-month period is interrupted by a directional change 
at each site between late December 1970 and early in 1971.  In this period 
steps changed from compressional to tensional at sites QM-NV, TI-NV, YM-NV,* 
and OB-NV, and from tensional to compressional at sites RI1-NV and KP-XV 
Whether the occurrence of the San Joaquin Valley earthquake in the same time 
period is significant is a moot question.  However, major changes in tit« strain 
field in Southern Nevada in December 1970 and January 1971 as reported by Smith 
and Kind (1971) and an apparent change in the trend of secular strains at 4 of 
tne 6 sites for a period of several days preceding the San Joaquin Valley 
earthquake of 09 February 1971, as shown in figure 5, bear further investiga- 
tion. 6 

The data of table 9 have been replotted schematically in figure 30 in terms 
of a very approximate relative amplitude of the recorded signal to provide 
a coarse measure of the reliability of tiie estimated direction of trace off- 
set.  Referring now to the data for site OB-NV, we note that within a period 
of a few weeks, a reversal of the strain offset occurs between events 
HAREBELL on 24 June 1971 and MIMATA on US July 1971.  The estimated direction 
is obviously reliable since figure 30 indicates that botii signals were well 
recorded.  Furthermore, if we compute the station-to-epicenter azinuthal angle 
for the two events, we find that the angles differ by only 9 degrees. 
Seasonal effects are ruled out as a contributing factor. 

Perhaps of some significance is the fact that two local earthquakes (one. 
a magnitude 4 event occurring 40 km northeast of QM-NV at 19:52:13.12 on' 
23 March 1970, and the other, an event occurring within 10 km of QM-NV at 
19222 on 06 July 1971), produced offsets in the same direction as for con- 
current explosions.  Furthermore, strain offsets from the San Joaquin ''alley 
earthquake did not differ in direction from the previous recorded explosion' 
at a given site, which tend«, to further substantiate the hypothesis that the 
direction of the strain step is controlled by local stress readjustments 
induced by the dynamic loading of the seismic waves. 
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Table 9. Summary of direction of strain steps measured at portable strain 
sites for events from January 1970 through July 1971 

Date 

01/23/70 
01/30/70 
02/04/70 
02/05/70 
02/11/70 
02/25/70 
02/26/70 
03/06/70 
03/06/70 
03/19/70 
03/23/70 
03/23/70 
03/26/70 
04/21/70 
04/21/70 
05/01/70 
05/01/70 
05/05/70 
10/14/70 
11/05/70 
12/6/70 
12/17/70 
12/18/70 
02/09/71 
06/23/71 
06/24/71 

07/06/71 
07/08/71 

Event 

FOB 
AJO 
GRAPE B 
LABIS 
DIANA MIST 
CUMARIN 
YANNIGAN 
CYAT1IUS 
ARABIS 
JAL 
MAG 4 QUAKE 
S1IAPER 
HANDLEY 
SNUBBER 
CAN 
BEEBALM 
MOD 
MINTLEAF 
TIJERAS 
ABEYTAS 
ARTESIA 
CARPETBAG 
BANiEBERRY 
SA\ JOAQULN 
LACUNA 
HAREBELL 

LOCAL QUAKE 
MIM ATA 

Site 
RH-NV 

0 

0 
+ 

0 

0 

0 

0 
Ü 

0 

KP-NVQM-NV    TI-NV    YM-NV    0B-\V 

+ 

Ü 
+ 

0 
0 

0 
+ 

0 

Ü 

0 
0 

0 
0 

+ 
+ 

+ 

Ü 
+ 

0 

0 

+ 

+ 

+ 

0 
0 

u 
0 
+ 

+ 

0 
+ 

+ 
+ 

0 
+ 

+ 

0 
0 

+ 

+ 

Ü 
+ 

I) 

+ 

+ 

Ü 
+ 

+ 

u 
0 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ compression 
- extension 

0 - no discernible step 
blank - no data 
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It is a!so interesting to note that a strain step was observed at site 
QM-NV at the time of arrival of both the body waves and the surface waves 
for both the San Joaquin Valley earthquake (figure 21) and the local earth- 
quake er Üb July 1971. The phenomenon of a double strain step was also 
reported by IVideman and Major (1967). 
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CONCLUSIONS 

b.1  STRAIN STLPS 

This report presents new information supporting the hypothesis tliat dynamic 
loading by the seismic waves from explosions and earthquakes trigger i local 
release of tectonic strain (a strain step), and that trends in the dii.-ction 
of strain steps appear to be related to regional tectonic strain. 

This hypothesis is supported mainly by five factors: 

1. The direction of the strain steps at any one site show chronological 
patterns that are clearly not related to seasonal effects. 

2. Long-term trends in the direction of the strain steps at a given 
site change without corresponding changes in general epicenter location and 
yield of the explosions. 

5.  Chronological patterns of the direction of the strain steps appear 
to be independent of type of event (explosion or earthquake), and independent 
of size,  distance, or azimuth of approach of the events. 

4. Trends in the direction of the strain steps among the six sites 
appear to be chronologically related. 

5. A major change in the rate of change of secular strain occurred 
at several sites in January and February 1971, near., coincident with changes 
in direction of explosion-induced strain steps at all sites. 

6.2 COUPLIN'C OF EARTHQUAKES AND EARTH TIDES 

Pronounced differences are observed among the six portable strain sites in 
relation to tiie degree of coupling of the instruments to the surface rock or 
of the surface rock to the rock at depth. The relative coupling factors 
among the six littl show the same relationship for earth tides as for earth- 
quakes.  Low coupling factors for both sites Rll-NV and OB-NV could be related 
to the fact that both sites arc located in sharp ridges - tiie only apparent 
geological feature that is common to both sites yet is absent at tiie other 
four. 

0.5 TIIL RELATIVE MERIT OF TRLNCil AND TUNNEL INSTALLATIONS 

As strain data from trench and tunnel installation are compared, together 
with a consideration of site selection problems, several appealing features 
of trench installations come into focus.  In particular, the use of trendies 
does not restrict the selection of sites to locations containing existing 
excavations, as occurs with the use of mine tunnels.  Therefore, more 
accessible locations are available, and there is greater freedom in tiie 
selection of rock conditions, topographical features, and orientation of 
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6.4 PREDICTION ÜF STRAIN 

It has been shown that tidal str-iinc *„*  ♦ 
Ril-NV can be removed f^TtL S^^llTSI^^1!*^ Strains at si^ 
step strains.  However, th procedu e was v'e nt ^c^ eharacteri^ics of 
successfully applied to data frnnTth! was/ery tlme consuming and was 

be equally compLx at othe sxtes because of S**.^  ThC ^CSS *" 
nations of long-term and SL^S^SS!jL^^f4?!?^. * ^^ combin- 
effects. and because of the need for more n^    ,  atmosPhcric Pressure 
coupling factors. 0re Precise ^terminations of tidal 
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7.     REOOMEN'ÜATIONS 

7.1 GLNI.RAI. 

Hie analysis of the strain records for this project has consisted mainly of 
the reduction of data, the development of analysis techniques, the cursory 
cxanination of data trends, and the completion of a few case studies of 
significant events.  A detailed loilow-up study using existing recordings 
is recommended.  Such a study would contrihute greatly to an understanding of 
the relation between such parameters as regional-strain and weather-induced 
phenomena; theoretical and apparent tidal strains; the direction of the step 
strain from events ard regional or local strain conditions; spectral distri- 
bution of energy from events and factors such as distance, type of source, 
and site cond'tions; rise time of the strain step and source factors; duration 
of the strain step and source iypc; and duration of the strain step and site 
conditions.  More importam is the fact that a more detailed and thorough 
study of the aforementioned relations will provide a more accurate assessment 
of the limitations of near-surface strain installations for the study of 
regional strains, tides, and near earthquakes and explosions. 

7.2 OOUPLING OP Till. TIDES AND LAKTIIQUAKI.S 

The ratio of recorded tides to theoretical tides among sites arc in approximate 
agreement witii relative coupling factors determined from large earthquakes. 
Hie possibility has not been ruled out that anomalies exist in tidal strain 
patterns and/or the response to traveling waves.  Additional measurements of 
earthquake coupling and refinement of existing data should be done.  Sites 
Rll-W and UB-NV have the lowest coupling in response to botii earthquakes and 
tides. Only  a cursory comparison of geological features has been made in 
attempting to explain the low coupling factors.  A more rigorous study is 
recommended. 

7.3 PREDICTION OF STRAIN 

In order to study the decay characteristics of strain steps, the degree of 
coupling of '-he earth tides must be determined more precisely, and strain- 
temperature relationships must be investigated further.  The relation between 
observed and theoretical tides should be determined more accurately by 
treating a larger Jata sample and by determining the environmental effect 
more precisely.  Techniques such as measuring the temperature effect at tidal 
zeros and tidal effects at equal temperatures were started late in the program, 
üptimum filtering of the environmental effects has not been done.  Filtering 
to separate the semidiurnal tide from the diurnal tides and diurnal temperature 
effect has not been done either.  It is recommended that these techniques 
be explored in order to improve the interpretation of the data. 
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7.4 SECULAR STRAINS 

secular strain has wTbLTLl^' if U.SefUl informati^ elating to 
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7.5 RISL TINE OF STRAIN STEP 
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7.7    AMPLITUDE OF STEP 
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analysis presented in tins report only demonstrates the approach to the analysis 
of individual events and docs little to establish trends in the events. The 
spectral data also can be presented in a more usable form. For example, tiie 
primary strain and wide gain channels should be combined and the response of 
the system romoved. Future instrumentation should include a channel that is 
flat in tue frequency range 0.01 to Ü.1 Ilz. 

7.1) AUXILIARY 1NSTRUMLNTS 

Accelerometers and inertial seismographs were part of an auxiliary system 
operated at site Rli-iW from May through July 1971. The accelerometers were 
too insensitive to obtain useful recordings of low and low-intermediate yield 
explosions at the distances involved (100-120 km) to use in a survey of step 
strain amplitude as a function of incident energy. Wiere the inertial seismo- 
graphs would have been useful for low and low-intermediate yield explosions, 
the portable strains were not operating at optimum sensitivity, and when large 
magnitude earthquakes were useful in strain coupling studies, the signals on 
the inertial seismographs at RH-NV were clipped. An optimum distance range 
for auxiliary inertial instruments in support of portable strain measurements 
for low and low-intermediate yield events is about 20-40 km. 

7.10 TRENCHES VERSUS TUNNELS 

The relative merits of tunnels and trendies as discussed in section 0.5 
show clearly the advantages of trench sites. The reaction of tunnel sites 
to temperature changes not exceeding diurnal periods in length lias not been 
examined in detail sufficient for reporting of the results.  However, it is 
evident that Tench sites, despite their close proximity to the surface, 
appear to be ^s stable as tunnel sites.  Ik-nioff {1959)  points out that on 
flat earth, surface temperature variations produce stress variations at depth, 
but little or no strain increments.  The fact remains, however, that the 
short-term strains bear no simple relationship to the measured temperatures. 
Therefore, it is recommended that more advanced analysis techniques be applied 
to existing trench data, particularly in view of the advantages noted for the 
use of trenched strainmoter installations. 
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STATEMENT OF WORK TO Bli DONL 

VELA T/0703/B/ASÜ(32) 

Amendment No.   4 

18 September 1970 

d.  Expansion and Extension of Special Projects Actions.  Certain 
actions initiated and conducted under Tasks a, b, and c above require 
extension of the time period originally provided and of the level of effort 
as follows: 

"(1) Operation of the six existing and installed strainmeter 
systems initiated during Aug 1970 is to be continued through the project 
period.  Continuous data recording and subsequent analysis of long-term 
environmental effects observed during this period is required.  Uetaileu 
interpretations of strain data obtained from significant individual events 
are required at a rate of approximately one event per month to be selected 
as data are collected or as specified by the Government." 
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APPENDIX 2 to TECHNICAL REPORT NO. 71-20 

PRELIMINARY COMPARISON OF NTS EXPLOSIONS CYATI1US AND BANEBERRY 



PRliLIMINARY  COMPARISON ÜF NTS LXPLOSIÜNS CYATHUS /\i\iü BiWEBERRY 

by 

Robert C.  Shop land 

This report contains a preliminary comparison of the relative ground motion 
of two NTS explosions, CYATHUS and BANIiBHRRY, which wen? of equal predicted 
yield and occurred at  approximately the same epicenter. 

Conventional  short-period and  long-period pendulum records   from Queen Creek, 
Arizona   (QC-AZ)   at  an epicentral distance of 018 km indicate that the ground 
amplitude of BANEBERRY on   18 December  1970 is  approximately six times  that  of 
CYATHUS on Ü0 March   197U,  as  shown  in figures   1  and 2.     Both events  are played 
back from magnetic tape  at  approximately equal  system magnifications. 
Amplitude ratios between the  two events  are   listed in table   1  for various 
phases. 

To aid in determining the  relative character of the two events,  the short-period 
vertical pendulum outputs have been played back at approximately equal   trace 
amplitude  in  figure  5,     The  Pn  and I'g phases  for the  two evwitl are almost 
identical on the short-period traces.     However,   it  is noted that CYATHUS  is 
recorded on the vertical  trace  (PZS.l  with   less  amplitude variation at periods 
exceeding approximately   1   second,  particularly   in the  coda of i'g and in the 
coda of the surface group.     The vertical   long-period surface wave on  trace PZI. 
in figure 2 has a shorter period for CYATHUS than for BANEBERRY.     However,   the 
character of the   long-period .surface wave  recorded on the  P32SL conponent  of 
figure  5  shows   little difference.     Additional   information  will  be  available 
after a spectral  analysis   is  run.     Inertial  data from the  LRSM site at  lioulton, 
Maine   (ILN-Mli)   and Tonto  Forest  Observatory   (TFO)  will  be evaluated at  a  later 
date  for  the  two events. 

In contrast w** relatively   large ground  amplitudes  recorded at QJ-AZ from 
BANEBERRY,   ..wo  i.KSM portable  st rainmeter sites   (YM-NV  and QM-NV)   at  :.      50 km 
indicate  about  Out-half  as  much earth  strain   from BANEBERRY  as  from CYATHUS, 
as shown  in  figure  4«     Values  of maMinum quasi-static  strain  and the  ratio of 
the strains   for the  two events  arc   listed   in   table  2.     Although   it   is   reasonable 
to question  the  validity  of  the     strain  data on  the basis  that  the amplitude 
of the  signals  are  of  the  order of magnitude  of the background noise,   it   is 
worthy  of note  that   the  strain  steps  correspond  to the  arrival  time  of the 
signal.     Furthermore,   the  start   of the strain  step for BANEBERRY at  sites  YM-NV 
and QM-NV  coincides  with  the  arrival  of  the  S wave.     It   is  also  interesting  to 
note that  the  rise  time for CYATHUS  is  about   1  minute   in duration, whereas 
that  of  BANIiBHRRY   is   about   2  minutes. 
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Table  1.     Ratio  at ma/.imum ground amplitude  of UAMiBliRRY  to CYAT11US 
 for various phases 

Phase .Amplitude  Ratio   (B/VNlBliRRV/LYAIllUS) 

Sliort-Period LoiiK-IVriod 

\ert ical 
(.PIS) 

Mori:  525° 
(PS2SS) 

Vertical 
(I'll.) 

lloriz 525° 
(P325LJ 

Pn 

Pg 

Sf-L| 

LK 

7.5 

0.8 

5.0 

7.0 

0.7 

4.3 

7.. 

4.1 5.8 4.0 
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Portable 
Strain 
Site 

QM-.W 

YM-NV 

Table 2.     Ratio of maximum quasi-static strain  for 
 CVATHUS and BANEBERRY 

S[A™ÜS BANEiEIWY        BANEBERRY/CYATHUS 
Mrain Strain Strain Ratio 

l-S x I»"9 •       0.65 x 10-y      0.43 e 

t.B x 10-9 e        1_1 x l0.9 

TR 71-20, app 2 
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Figure 5.  Location of strain sites 
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PRELIMINARY NOTES ON THE SAN JOAQUIN VALLEY EARTHQUAKE 
OF 09 FEBRUARY 1971 FROM PORTABLE STRAIN RECORDS 



19 May llJ71 

PRliLIMINARY NOTES ON T11H SAN JOAQL'IN VA: LLY 
liARTIIQUAKL OF 09 FEBRUARY 1971 
FROV PORl'ABLL STRAIN RECORDS 

by 

Robert C. Shop land 

The following t:i!)lc summarizes the observations made to date on the 
San Joaquin V; lley earthquake recorded on four of the six portable strain 
seismographs in Nevada.  Listed are the amplitude of the strain step, the 
apparent velocity of the step, the apparent duration of the step, and remarks 
on signal condition and operational status. 

Apparent 
duration 

Strain step       Step velocity principal step 
Site        amplitude (km/sec)      (minutes)       Remarks 

QiM-NV      0.4 x lü-y c       3.UO km/sec       1.0       Good signal 

YM-NV      b.5 x IIT9 C       5.03 km/sec      0.2       Good signal 

TI-NV      2.9 x 10"' C       (not timed yet)    -        Low signal-to- 
noise ratio 

Rll-NV       8.0 x 10'9 C       Cannot be -        Recorded on 
measured Lsterline- 

Angus paper 
record only 

Out of range 

Inoperativo 

KP- •NV Out of rang;- 

OB- -NV Inoperative 

e - ■ extension 
C - - comp ression 

TR 71-20. app .-1 
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The information contained ir. records from QM-NV and YM-NV are of excellent 

^arJia^k .TheThriCm ^^^ ™™  i^l for recording the San Joaquin 
earthquake.  Ihe low-gain wide-band trace contains valuable high-frequency 
information  However. TI-NV is operated at a low sensitivity and. therefore 
had a low si.nal-to-noise ratio.  The signal at RJI-NV. recorded on listerlire 
/\ngus paper, contains only information on direction and amplitude of the st-ain 
S t CJ) a 

The velocity of the strain step for QM-XV and YM-NV are in close agreement 
and compare favorably to the average velocity 3.0 10.3 km/s-c reported by' 
ivideman and Major (BSSA. Dec. 1967).  It is significant to note ?hat tne 
strain step is coincident with the arrival of the Sg phase. The step occurs 
5 to 17 seconds after onset or the Sfe phase and prior to the peaking of the 
long-period component. r    t. «' 

[h!nPnr!;n!^\te^STiated With ^ Sg ^^  at ^"^ lasts lü se^"^ ^"ger than predicted by the filter response, v.nd  at QM-NV lasts 1 minute longer 
than predicted.  It is possible that local strains are contributing to the 

phase!0"      SteP, ^ that the StCp iS being tri88ered by m^e than one 

Additional analysis of the strain signal is required.  The results will be 
reported in a final report on the portable strain operation. 
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