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Mr. Ralph Stein, Acting Director
Licensing and Regulatory Division MAR 1 81988
Office of Geological Repositories
Office of Civilian Radioactive Waste Mgt.
U. S. Department of Energy RW-24
Washington, D. C. 20545

Dear Mr. Stein:

Subject: Summary of February 29 to March 3, 1988 Seismic Monitoring
Program Visit

Enclosed for your information is the summary of the February 29 to March 3,
1988 staff visit concerning the Nevada Nuclear Waste Storage Investigation
seismic monitoring program. The summary itself is identified as Enclosure 1.
Enclosure 2 is a copy of the attendees at the entrance and exit meetings and
Enclosure 3 is a copy of the U. S. Geological Survey (USGS) presentation.

As is discussed in the summary, this was a visit and not an audit; therefore,
the acceptability of the program for licensing will be addressed later after
a detailed staff review. Based on the information presented to it, the staff
found no major problems with the Department and USGS seismic monitoring program.
With respect to quality assurance (QA), DOE and the USGS noted during the pre-
sentation that the QA program was not fully implemented. However, the staff
believes that the QA program is working well for the level at which it is
established.

As a result of the visit, the staff has several suggestions that the Depart-
ment should consider for implementation. The suggestions are contained in
Enclosure 4 and were presented to members of the DOE staff and the USGS during
the March 3, 1988 exit meeting. The NRC staff does not expect a written re-
sponse with regard to the suggestions contained herein. However, in future QA
audits, the NRC staff will include those areas covered by the suggestions.

If you have any additional questions on the summary or site visit, please feel
free to contact the cognizant project manager, Joe Holonich, at FTS 492-3403.

Sincerely,

1S \
B. J. Youngblood, Chief
Operations Branch
Division of High-Level Waste Management
Office of Nuclear Materials Safety

and Safeguards

Enclosures: As stated

cc: G. Gertz
R. Loux
M. Glora
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MAR18 1988

Mr. Ralph Stein, Acting Director
Licensing and Regulatory Division
Office of Geological Repositories
Office of Civilian Radioactive Waste Mgt.
U. S. Department of Energy RW-24
Washington, D. C. 20545

Dear Mr. Stein:

Subject: Summary of February 29 to March 3, 1988 Seismic Monitoring
<. ..~ Program Visit

Enclosed for your information is the summary of the February 29 to March 3,
1988 staff visit concerning the Nevada Nuclear Waste Storage Investigation
seismic monitoring program. The summary itself is identified as Enclosure 1.
Enclosure 2 is a copy of the attendees at the entrance and exit meetings and
Enclosure 3 is a copy of the U. S. Geological Survey (USGS) presentation.

As is discussed in the summary, this was a visit and not an audit; therefore,
the acceptability of the program for licensing will be addressed later after
la detailed staff review. Based on the information presented to it, the staff
found no major problems with the Department and USGS seismic monitoring program.
With respect to quality assurance (QA), DOE and the USGS noted during the pre-
sentation that the QA program was not fully implemented. However, the staff
believes that the QA program is working well for the level at which it is
established.

As a result of the visit, the staff has several suggestions that the Depart-
ment should consider for implementation. The suggestions are contained in
Enclosure 4 and were presented to members of the DOE staff and the USGS during
the March 3, 1988 exit meeting. The NRC staff does not expect a written re-
sponse with regard to the suggestions contained herein. However, in future QA
audits, the NRC staff will include those areas covered by the suggestions.

If you have any additional questions on the summary or site visit, please feel
free to contact the cognizant project manager, Joe Holonich, at FTS 492-3403.

Sincer Ply

B. J You gblood, Chief
npe Stae Branc

.wj .~ Division of High-Level Waste Management
Office f Nuclear Materials Safety

1 ~~~~~~~~~~~~~~and Safeguards

Enclosures: As stated

cc: G. Gertz
R. Loux
M. Glora
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Enclosure I

Summary of Staff Visit on the

XSeismic Monitoring Program

From February 29, 1988 to March 2, 1988, members of the staff met with repre-
sentatives from the Department of Energy (DOE) and its contractors Science
Application (SAIC) and the U. S. Geological Survey (USGS). The purpose of
the visit was for the staff to gain an understanding of the DOE seismic
monitoring network for the Yucca Mountain Site. Also present were represent-
atives from the State of Nevada and its contractor the University of Nevada at
Reno. A list of attendees at the entrance and exit meetings is given in
Enclosure 2.

On Monday February 29, 1988, the staff was briefed by the USGS on the layout
of the network. This presentation included a discussion of the present net-
work as well as a description of planned upgrades to the network. Enclosure
3 is a copy of the USGS presentation on the present network. Planned upgrades
that were discussed included:

(1) making the system broad-band versus the narrow-band, low-frequency that
it is;

(2) having on-scale digital data, digital versus FM analog telemetry, and
near-real-time, single-pass auto processing;

(3) Increased station density; and

(4) both horizontal and vertical seismometers at some stations as opposed to
the mostly vertical seismometers that are presently in place.

During the presentation the staff was asked about the level of quality assur-
ance (QA) that would be needed for the computer programs that are used to
analyze the seismic data. Of particular concern to the USGS was the fact that
it was not possible to provide the degree of documentation for old software
that would be available to QA the new software. It was noted by the USGS that
the older software had been in use for many years and that it had undergone
extensive technical reviews. These reviews provided assurance that the pro-
grams did perform their intended functions. In response to this question, the
staff stated that it was not prepared to present any position; however, the QA
level of documentation should be based on the degree of importance assigned to
a program by DOE and the USGS. Therefore, it was up to the DOE to Justify that
the use of these programs was acceptable.

The morning of Tuesday March 1, 1988 was spent touring the data collection
facility for the Southern Great Basin Network. As part of the tour the staff
was shown the data collection and-calibration instrumentation; the record
storage for the calibration of instruments; and the 1134, 1170, and Vax
computers used to process the data. In the afternoon of March 1 the staff
received a presentation on the QA aspects of the seismic monitoring program.
Areas of the QA program that were covered included: (1) the organization and
reporting authority; (2) a history of the QA Program Plan; (3) a discussion
of how QA is involved in the development of implementing and technical

m procedures; (4) a description of the personnel certification process for
the USGS and training records; and (5) a presentation on the instrument
calibration portion of QA.
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Wednesday March 2, 1988 was spent visiting the USGS Sheep Range seismic station
(SHRG), the Angel Peak seismic station (APKW), and the collection point for
seven additional signals. (Station names and codes are taken from figures and
tables in Enclosure 3.)

Based on the information presented and the station visits, the staff was
impressed with the program and felt that the USGS had adequate coverage of the
seismicity in the Yucca Mountain vicinity. With respect to the QA aspects of
the seismic monitoring program, the staff felt that it appeared to be working
adequately at the level at which it established and that the program was heading
in the proper direction. Because this was only a visit and not an audit, the
acceptability of the program for licensing will be determined later. Therefore,
the staff did not offer any findings on the acceptability of the program.
However, the staff did have several suggestions that DOE and the USGS should
consider. These are contained in Enclosure 4.

The staff conclusions and suggestions were based on the information presented
to the staff during its visit. No detailed staff effort was undertaken prior
to the visit.
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Enclosure 2

Attendees at the February 29 and
March 3. 1988 Meetinas

NRC USGS

J.
M.
L.
P.

Holonich
Blackford
Riddle
Prestholt

DOE

L.
J.
J.
G.
C.
R.
A.
D.
S.
M.
.P.

Hayes*
Willmon
Banth*
Shideler
Bufe*
B. Raup*
Rogers*
Overturf*
Harmsen*
Meremonte*
Chang*

- U.
0.
I.
M.

S. Clanton
Thompson
Alterman
P. Kunich**

SAIC STATE OF NEVADA

J.
F.
M.
M.

King
D. Peters
Lou Brown
Glora

J. Grubb
W. Hicks"

UNIVERSITY OF NEVADA
J. Brune
W. Peppin*WESTON

W. Haslebacher

* Attended February 29, 1988 entrance meeting only.
** Attended March 3, 1988 exit meeting only.
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Figure 4.- eismilcity In the southern Great Basin for the period August 1, 1978,
through Derember 31, 1988.
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TYPICAL IQUIPUIT OF THE GCSN
S8EISC STELEMETRY SYSTEM

A. Field Stations:

Selmometer model S-13 or L4C
Seismic Amplifier, model 4250-1 (special design for telemetry use) or

Selm1c Amplifier, model 42.50 for additional Incoming signals
Voltage Controlled Oscillator model 46.22-1, Including Multiplexer
Voltage Controlled Oscillator, model 46.22, without Multiplexer
Pulse Calibrator, model PC-IO0, for automatic callbration of field

se ismometer.
Multiplexer, model 46.31. Required when more than 3 signals (up to B

from different sources) need to be multiplexed.
Field Package (case) model 49.50 or NEMA enclosure to provide

electrical connections and weather protection to amp VCO,
PC-I00, multiplexer, etc.

Radio Transmitter, VHF model 810-038 or TR-150, as required for
-B - transmission of signal

Antenna, either VHF model CA-150 or model DB-230 as required
Antenna Mast, model L-40 (12 m high) or L-50 (15 0 high)
Battery, usually 80 A/hr capacity
Heavy duty steel enclosure for housing of the Field Case, the battery,

and the transmitter
Solar Panel, model ARCO-M-65, as required, or
Battery Charger for reposition of battery load shere AC power Is

available

B. Radio lepeating Stations:

Radio Receiver(a) VHF model 1810-055 or R-16F as required
Multiplexer, model 46.31
Radio Transmitter, VHF model IR-150 as required

: a Antennas: one for the receiver, another one for the transmitter
Antenna mast (usually two) with mounting hardware
Rechargeable 12 V. battery (usually 80 A/hr capacity)

5 j Heavy duty steel enclosure for Installation of equipment above
Solar Panel, model ARCO M-65, where no AC power Is available
Battery Charger, It AC power Is available at repeating site

C. Central Receiving Site:

Radio Receivers for Incoming signals, VHF model 810-055 or R-16F
Antennas for radio receivers, model CA-150 for VHF operations
Antenna masts, including mounting hardware

4 ,'4 -



D. Central Recording Station:

Discriminators, model 46.12 or 642 ror the conditioning of the Incoming
signals

* Power Control Module, model 48.31B or 48.11, for DC or AC operation
Rack Mount Chassis, model 49.03 or 651 to hold up to 8 or 18 modules

plus the Power Supply Module
Seismic Amplifier, model AR-311, single channel version
Seismic Recorder, model RV-301B, Hellcorder, up to three channels, heat

recording
.*t Seismic Recorder model RF-400 Develocorder

I DEC computer model PDP 11/34 and 11/70
Time Signal Radio Receiver, model TR-1, with antenna model AX-8
Microprocessor Based Timing System, model TG-120, for accurate time and

time marks program
Equlpment Consoles, models El-l and El-2, ror housing of all equipment

at the Central Recording Station
Coaxial cables, Interconnecting wiring, connectors, etc., usually

fabricated and Installed during the Systemizing Service
* Radio Receiver model CS-60 WWVB

GOES satellite clock model 968 FPC

%~r7
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PDP 11/34 Computer Sytem for Seismic Data Acquisition

The PDP 11/34 is an on-line, dedicated seismic data acquisition system In 24-
hour use (except for down time) since September, 1981. The system initially was
designed to monitor up to 64 channels of southern Great Basin data sampled at 104
sps. In February, 1984, additional circuit boards and revised software were Installed
to increase the capacity to 96 channels. The system ues a 'Laboratory Peripheral
Accelerator' (LPA) processor to handle the A-_D conversion and data buffering. The
computer Qperating system Is RSX, version 4.1. Software was originally developed at
the University of Washington and at St. Louis University for their respective network
data processing. The U. S. G. S. system at Golden, Co., is a hybrid of the St. Louis
University seismic system.

A list of component hardware for the seismic data acquisition system Is given in
the table that follows.

PDP 11/34 Hardware for real-time data acquisition

Component Purpose
CPU ystem supervision and computation

LPA-11 Data Buffering
AD-l1K Two analog-to-digital converters
AM-11 32-channel Input board
77-DIS Two 32-channel distribution panels
FP-11A Floating Point processor
KW-1lK LPA clock

DLO& DL1 Two RL01 disk drives
0,MM1, MT Three 1600 bpi tape drives

TTO. Decwriter terminal
Various Output device controllers

H764 Power control, transformer

B1 System maintenance is performed by Telos Field Service Engineering. Contract
2g' c specifies 24-hour response time to problems, and bimonthly preventative maintenance.

..... .-'-1 I
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Telemetry Station Coordinate Determination

* In 1977, the preliminary station distribution was plotted
on 7. minute topo maps

* Actual site locations were plotted on 71 minute topo
maps after geology and R.F. path profiles were tested
in early 1978

* In 1977, stations were located by triangulation methods
using a bruton compass and 72 minute topo maps at
all locations

* In 1985, a Magnavox satellite navigator model mx4102
was purchased jointly with another project and the
stations are being located using this system which
has an accuracy of ±50 meters with 3 satellite fix
solutions
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PDP 11/34 Event-Oriented Detection Algorithm

. Based on a time-domain detectbn algorithm developed by Dr. Carl Johnson, of the
S .?-~.j U. S. G. S., Pasadena, California (his PhD dissertation has details).

II. Essence of algorithm: compare short-term (ft 0.5 sec) rectified signal average,

48

-1X..., .~ I RBARk = X 18,1/48,

with long-term rectified average (f 4.0 sec),

RBRBRt = (RBARt + 7RBRBR&._j),

where si is a digital sample amplitude ('counts') in the kth time window. Remove
'drift'-effects visible In unrectified signal, whose short-term average is

43

SBAR_ s/ 4gl

and whose long-term average Is

SBRBRA =(SBARt + 7SBRBR&._..),

and subtract a global sensitivity constant, ECONST, to obtain the ith station's
momentary "yea or nay' vote, at (q > 0 is a "yea') where

Ilk RBAR& - 2RBRBR& - ISBRBRk -. SBARkl - ECONST

m. Software polls subnets of seismic stations every 0.5 sec to determine if a potentially
seismic event is happening.

A. Subnets composed of S to 10 stations within a limited geographic region
B. Variable sensitivity "triggered' mode of a subnet: fq > 0 at n = 3 to 5 stations

39 If subnet is in a seismically and culturally quiet region;
n 4, If subnet is in a slightly more active region;

6, 6, . ., If wind storms or regional activity are overwhelming system capacity.

Thus, when the analyst Increases n at a subnet, he is decreasing the local sensitivity or
limiting the detection thresiold.

-7 "''''' ' '',A .~~ ~~ ~ ' ' - __________________.________
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Southern Great Basin Seismograph Network Data Flow at Golden

|Telemetered Analog Signal Discrimination |

N < Q6channebl+TimeCode u64 & WWVB In 1988

|PDP 11/34 Computer Develocorders and Helicordersi
f, 1

JA - to - D conversionj .Scan, scale If 11/34 bi down

|Seismic event detection IArchive film and helicorder records

1 Write Prelimina evn tapesi

Print events on versetec plotteri

(Catagorize events) lArchive prelim. event data plots

jLocal earthquake or blast :1 '|Regioonal or tcleseismic event

IScale phases, amplitudes, periods, etc I
Prelim location and ma I.tude| |Archlve on TAR tapes

PIo first motion datafor focal mechanismsl

jirhive local earthquake traces on TAR tapes|

II ansfer phase data to AX computer monthlyI
.1

iRelocate locaearthquakes '

jArchive monthly phase and buiLetin files on VAX tapes|

Scan hypocenters for large and/or near Yucca Mountain teents)

jrutoaed nodal (fault) plae deermintt!!nj \o

Merge with other data (eg, develocorderfflmphases)|

IFurther moetonIc data lyis

lnnualopen -file report preparation&distnrbutionl
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- TV. Software is in use at several other networks in the U. S. (e.g., Universities of Nevada,
, Utah, and Washington, St. Louis University, and Virginia Polytechnic Institute).

Southern Great Basin network uses same/similar parameter settings as other net-
works for triggering sensitivity, length of data record to save, etc.

V. Regional detection threshold is controlled both by parameter settings and seismometer
E - characteristics (density of stations and seismometer quality). For the SGB, the great-

est sensitivity or smallest-event detection threshold is achieved at Yucca Mountain
and vicinity.

A. Earthquakes having ML ft 0.0 have been located at Yucca Mountain.
X B. Regional Ml, minimum is f: 1.0 - 1.5.

SGB seismicity 8/78 thruough 1/88

Xi: -- 'I

X~~~~~

--1 K

*~~~~

L , _, XX X

X -. ."

4 s ~~~~0

Xo. , x

X10 tl1ol Gil 2.04 25 3.01 3.51 4.0 I
Magnitude U.2 unit intervals)
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Network Amplitude Calibrations

I * Station gain settings have been recorded in station
visit logs, station data sheets, and published since
1978

I * Pulse calibrations were conducted from 1978-1981 dur-
ing routine station visits and repair trips

* Harmonic calibration wave train have been used dur-
ing routine station visits and repair trips since 1981

* Individual electronic components were calibrated and
used to construct theoretical nominal system trans-

I - fer functions for each system configuration (1983)

* Biannual station calibrations since 1983

* Automatic calibration triggering algorithm since 1985

* Network polarity calibrations
> Polarity checks usng NTS nuclear tests
> S13 weight lift checks
> 8 hour calibration pulse at S13 stations
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Appendix A
Derivations of the frequency response curs of te eimograph itment pag d In this study

are presented below. The Individual components are first described as analog or digital lters. The com.
plete systems are then described, and finally, figures of some representative southern Great Bua system
calibrations, from selsmometer to playout, are shown.

Seismometer Response

For both 813 and L40 sesmometers, the frequency response Is written as the ratio of saismometer
voltage out, E., to ground displacement (meters) Input, Y1. The complex transfer function Ja(f) is

5g(n SI/jYr - 2u/1snoi*I;27Af(7471f

*r - where . The values of the effective loaded motor constants, 01., the eismometer zatural frequencies,
I. and the ratios of actual to critical damping, A, corresponding to the different seismometers, which appear
in the above equation, ae shown in Tabli Al.

Selsmometer Ol in A

10 77 .. I 1.0 0.70
*~~~~~~~~~~~~~Bs 8771tim La 0.70

SI3Y 868.0 1.0 0.7S

Table Al. The values of constants appropriate for BOB selsmometers.

Ticom 649 AJmplfler/VCO

-X N The frequency repons of the Tfcom 849 amplier Is modeled using a second-order Bessel low pan
fiter (-12 db/octave) cascaded with a third-order Butterworth high pus filter (-1I db/octave). Because this
amplifier is broadband, it is designed by overlapping high and low pass filters. Letting HL () = the low pass
filter, and H,(f) * the high pass filter, the complex tranfer function H2(f) is writtes W

'A wher A - iO(A°), - amplifier gain (d),

HLt(n"I) f/l ):2 + W-t'(1/I)'

where .- 10 Rs (somalal .3 dB point), 1 - 1.274i., di . 1.7J2, and

NRC!) + 'IM) (I - (T4h) 2 4id)4'(Jf,))4

'S ~ whe f-0.1 Us (nominal .3 dB point), f2 1.01., 1. - LOJ,, &ad 4- 1.0.
The fiter design constants In these ad the foDowing formulas ae from Lancaster (1971).

M lcom 042 DisrimInator
The Tricom 042 discriminator is analytically modeled by a . -ordr Bessel low pan Liter having

dropoff of 30 db/octave. This Is factored Into first-order and two second-order Lters, having the complex
transfer function Na(1) as follows:

' '1

wheren fz i0131., 4 .775, 1s- 119f., 4 1.091j f1 J.7f,, and . -14.1 Hs.
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GeoteC h 4250 AiplMhr/VCO

The mathematical Bltersimulating this broadband amplifier Is written u a second-order Bossel low pan
fler (.12 db/octave) cascaded with a second-order Butterworth high pan Biter (.12 db/octav*). etting
HIfl and HarI) represent the low and high pas Bilters, respectlvely, and letting 8l1(f) represent the
ampuler response, we aey*

where A - IOIS. g = ampli-ler gain (db),

g~~~~~~~~~~~~~~ 'I(,) " l(f zfa)S +-idlan/11

wher tO Rb (nominal 4 db point), It 1..274f., da - 1.*82, and

,; M (I/ I 12, +id!, ( '11)

wher j. i 0.2 Ru (nominal - db point), 1.01., and d, . 1.414.

Ceotech 4612 Discilmnator

This component I modeled with a th-rd-order Paynte kw pan flter having a corner freqency, J ., at
22.t Us. The complex frequency response, Hs(I), is given by

' ' 4(J) ( V1- /^ , + id, /1t))(1 + 0/h2))

where J. 22.5 Ns (nominal 3 db point), foG c 1.206/,, 03 2 1.12,and di - 1.203. This ilter was
preferred to that specified by the manufacturer (Buttenrorth, third-order low paw with 2. U25 s), because
the Paynter flter better approximat the observed response of the discrImIoator.

Playout gain/shape - Analog Develocorder

The Dev'locorder Is modeled as a second-order low pas itr having complex rquency response J(i)
given byA

(J n 1-(//1)2 + 2idg (1/a1)'

where A -11.730. 10- meters/volt, I, 18s, and di= a .8.

Plarmt gain/shpe . Hellcorder

The Helicorder has a varble gain, p, and is modeled as foarth- order low pu Bkter. Its complex
response, H,(J), may therefore be written as

sm as lol-'dlo('fft6))

wher # - Helicorder playout gain (dE), and He(f) is defined above, except that, for the Heliorder, fs - 35.0
Hs, and d, = 0.48.

The PDP 11/84 Digital Computer Respons

::: The Frequency response of the 12-bit analog to digital converter, PDP AD/11K, and the subsequent
components on the digital computer, including magnetic tape and software, Is Bat for Input sipals having
frequencies between 0 and 60 Hs, the Nyquist frequency. The system output is In digital counts, such that
*1 volt Input results In d409.6 count output, respectively, for oII frequencies below the Nyquist frequency.
Lettin Rs(f) be the system response of the PDP 11/34 computer, we have

H#() m409. colunt/volt, 0 f 5 o Es, and - 5 volts Ia s s.
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BOB Seismograph Systems

d The entire system from ground motion Input to piayout has a firquency response, R(/), that may be
dzecribed by

y 5(1) - 115(jVM(j)H.(I)HW ) forsystem l40,
.j`3; ~* 5()- 5(f)H2(/)H'3(1)H,(1) for system 5130, and

R(1 = HI(M)14W (1)HI(f) for system Sl YY

where f c 6,7,or 8 depending on the medium on which the playout occure (Develocorder, Helicorder, or
digital computer, respectively) and the parameters Ga, and A ae chosen for the proper seismometer (Table
Al). 8130 refers to 313 instruments other than those oan Yucca Mountain, and 8IYreers to 813 Instruments

on Yucca Mountain.
The constants, Gis, are computed knowing the manufacturer's nominal motor constants, the circuit

design, shunt resistance, and Input impedance to the amplifier. The proper equations have ben derived by
Eiaton (1975). The constants, A, have been measured In the lb.

Calibration

* -I Although each component of these seismograph systems has been individually calibrated ad compared
with its ideal or theoretical performance, in the following we show only several representative examples of
calibrations of the frequency response of complete systems. The first example, shown in Figure Al, is for the
Mark Products L4C seismometer-lricom amplifier system, having nominal gain of 48 dB, with playout being
sampled by a DEC PDP 11/34 digital computer. The lack of agreement between the theoretical response
(solid curve) and the observed system amplification ( x symbols) above about 10 Es is believed to be due
to Interaction (iductilonj between the J4C calibration coil and main coil, and does not represent the actual
sysatem respoase. This interpretation is supported by the fact that shake table calibrations of the JAC do not
show this discrepancy (R. Navarro and D. Overtur, 1970; S. Morrisey, written commun., 1986). That this
differesce arises Is the selmometer and aot In subsequent electronDs.-telemetr was established by examining
the sinoinmeter response alone. The second example, shown In Figure A2, compares theoretical (solid curve)
and observed (x symbols) frequency responses for the Teledyne Geotech 81t selsmometer.Oeotech amplifier
system, with playout on a Nelcorder paper record.
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Southern Great Basin Seismographic Station Field Calibrations

. The SGB network as of February, 1988 deploys 54 vertical- and 10 horizontal-
component seismometers in southern Nevada and California. Six sites have single-
component horizontals (N-S), and the other two, at Yucca Mtn. and Little Skull Mtn.,
have double-component horizontals (N-S and E-W). These seismometers and associated
electronics for signal amplification, telemetry, discrimination, and A-to-D conversion may
be categorized Into one of six systems or 'kinds, summarized In the table below.

KIND SEISMOMETER Motion Amp/VCO Discriminator
1 [AC vertical 7Ticom 649 Tricom 642
2 S13 vertical Tricom 649 Tricom 642
3 S13 vertical Teledyne Geotech 4250 Teledyne 4612
4 L4C vertical Teledyne Geotech 4250 Tricom 642
5 L4C horizontal Teledyne Geotech 4250 Teledyne 4612
6 513 vertical Teledyne Geotech 4250 Tricom 642

During field calibrations, observed system response, monitored on the PDP 11/34
computer in Golden, is compared with expected response in the ground-motion domain.
This is -done at six frequencies, f = 0.1, 1.0, 2.0, 5.0, 10.0, and 20.0 hz, respectively.
Computed ground-motion, Yc, is obtained by deconvolving the appropriate system re-
sponse from the calibration sinusoid telemetered to Golden and scaled from the PDP
11/34 digital record. Expected or equivalent ground-motion, YE, Is

i.Ge
Yv = W sfp

In this equation, YE = equivalent ground displacement for a given calibration current,
i, = current input into calibration coil, G, = cal coil constant, M = transducer mass,
and f = frequency (hz) at which test is being conducted. The discrepency between the.
two Is reported by the computer program UCALEBRATEU as a per-cent difference, D(f),
for each frequency:

D( = 100 x YC(f) - YEW()

Frequency response differences greater than 20 to 30% are reported to our field engineer
so that he may take further action (eg., replace seismometer).
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Program calibrate. Version 1.001. Tech contact: Stove Herasen, USGS-WNWSI
User Initials: PC Run on 12-JAN-68 at 14:60:03
DOte of calibration: ion 6. 1088 J8 Transducer const- 125.5 v o/r
Cal motor const a 0.419 v s/r. Transducer mass (kg)-G.902 Sole serial 3633
STA. TYPE UREO. PK-PK CAIN COUNTS Or.dspl E r. dlspl.0 error
NAME HZ MAMPS 0D POP A->D meteors mtors t9 O(0/E-l)
WRH L4C O.ieo 6.0 0. 1296.0 0.64M4E-02 0.56307E-2 -13.17
WRN L4C 1.000 6.0 48. 2984.0 0.648ME-04 0.51957E-4 -190.6
MN L4C 2.Ge0 6.0 48. 2320.0 O.16212E-04 0.14811E-04 -6.64
RN L4C 5.06 6.0 54. 1976.0 0.25939E-05 *.25993E-5 6.21
MN L4C 1O.N00 0.0 . 1518.0 0.64M48E-0H 0.621SE-OO -4.11
RN L4C 20.0 6.0 6 . 361.0 0.16212E-06 0.044"E-07 -41.77

Program calibrate. Version 1.001. Tech contact: Steve Harasen, USGS-4NfSI
User Initials: PC Run on 12-JAN-68 at 14:02:09
Date of calibration: Jon 6. 1188 J8 Transducer contt- 126.5 v o/m
Cal aotor const a 0.487 w a/r. Transducer mass (kg)-.0oa Sole serial # 3632
STA. TYPE rREO. PK-PK GAIN COUNTS *r.dIspl E gr. dlpl.0 X error
NAME HZ VAMPS 06 PDP A->D oaters mntors l 0.(0/E-1)
CCS L4C 0.110 6.0 68. 2120.0 0.75533E-02 0.02108E-2 22.26
OCS L4C 1.100 6.0 4a. 4012.0 0.7533E-04 0.69857E-04 -7.27
CCS L4C 2.00e 6.0 48. 3576.0 6.1885E-04 0.228U E-04 21.22
CCS L4C 5.000 6.0 54. 5048.0 0.3133E-05 0.4M04E-05 33.05
CCS L4C 10.000 6.0 00. 2508.0 6.7s3ME-os 9.94530E-0 25.49
OCS L4C 26.00e 6.0 60. 682.0 9.185E-o6 0.13127E-0 -36.30

Program calibrate. Version 1.l01. Tech contact: Steve Hlarsten. US-NNhMSI
User Initials: PC Run on 12-JAN-68 at 14:65:35
Date of calIbration: Jan 6. 1088 JO Transducer consta 126.5 v */h
Cal motor const - 0.508 v s/r. Transducer mass (kg)-0.981 Sele serial # 4052
STA. TYPE FREQ. PK-PK CAIN COUNTS gr.dispi E Or. displ.0 S error
NAME H2 MAWWS DO POP A->D metors metors 1680(0/-I)
UTI L4C 0.100 6.0 68. 1216.0 0.78782E-42 0.5291SE-42 -32.76
WTI L4C 1.000 6.6 48. 3168.0 0.78762E-04 0.55022E-£4 -30.09
UTI L4C 2.000 6.0 48. 2428.0 0.19676E-04 0.155O1E-04 -21.22
UTI L4C 5.000 6.0 o 4. 20.0 *.314alE-E5 O.26ME-O5 -16.43
UTI L4C 10.600 6.0 6. 1456.0. 0.78702E-06 0.588214E- -25.26
UTI L4C -2e.000 6.0 66. 216.6 0.19676E-66 0.56483E-67 -71.29

Program calibrate. Version 1.001. Toeh contact: Steve Hararen. USGS-f4WSI
User Initials: PC -Run on 12-JAN-6 at 14:07:25
Date of calibration: Jon 7. 108 Transducer const- 126.5 v o/In
Cal motor const - 0.462 v /rn. Transducer most (kg)u0 980 Selo serial t 3629
STA. TYPE FREQ. PK-PK GAIN COW4TS gr.dltpl o or. displ.0 X error
NAME HZ VA6PS DB PP ters ters E-1)
PN WL4C 0.100 6.0 " . 162S.0 0.71549E-02 0.44U6HE-2 37. 4
NPH L4C 1.006 6.0 4J. 2792.0 0.716U49E-4 0.48614E-*4 -32.15
NPN L4C 2.400 6.0 48. 2164.0 S.17912E.44 0.13615EE4 -22.67
UPN L4C S-000 6.0 54. 1768.0 0.28859E-05 0.23257E-05 -16.65
NPN L4C 16000o 6.0 68. 1360.0 0.71649E-06 0.55708E-46 -22.25
NPN L4C 20.000 NO DATA AVAILABLE

Program calibrate. Version 1.001. Tech contact: Steve HaNnsen, USGS41NNSI
User Initials: PC Run on 12-JAN-68 at 14:08:29
Date of ellbration: Jon 7. 1988 JB Transducer const- 126.5 v os/r
Cal motor const - 0.489 v s/r. Transducer mass (kg)0. 979 Sole serial I 5650
STA. TYPE FRE. PK-PK GAIN COUNTS gr.dlspl O r. dlcpl.0 S error
NAME HZ VAMPS 0D POP A-)D motores etore 190*(0/E-1)
DUU L4C 0.100 6.0 6 1738.0 0.63520E-02 0.75S10E-02 18.68
OLW L4C 1.000 6.0 48 3512.0 9.6320E-$4 0.611S1E-4 -3.73
VLW L4C 2.000 6.0 48. 2768.0 *.1 58E-04 0.17672E-04 11.28
DLM L4C t.000 6.0 54. 2428.0 0.254W8E-05 0.3193aE-0S 25.76
DLM L4C 10.000 6.0 68. 1824.0 0.6SS20E-06 0.74714E-46 17.62
DW L4C 20.000 NO DATA AVAILABLE

Program calibrate. Version .t001. Tech contact: Steve Harmsen, USGS-*NNNSI
User Initials: PC Run on 12-JAN-68 at 14:41:43
Date of calibration: Jon 7, 1088 JO Transducer const- 368.0 v e/m
Cal motor const -0O.195 v so/. Transducer mats (kg)-5.00 Sole .erial I n/a
STA. TYPE FREQ. PK-PK GAIN COLIUS gr.dlspi t Or. dlspI.0 S error
NAME HZ VMAPS D0 POP A-)D msters meters 10098 /E-1)
PRN S13 0.1tO 5.0 72. 522.0 0.50027E-63 0.57072E-03 14.
PRN t13 1.000 5.0 60. 3312.6 0.50027E-,5 0.4911tE-0- -1.63
PRN 613 2.000 5.0 68. 2504.0 0. 12507E-45 0. 12595E-0S 0.71
PRN S13 5.000 6.0 66. 1898.0 *.20011E-4 0.21291E-6 0.40
PfN S13 10.000 5.0 72. 1618.0 0.80027E-67 0.54U4UE-07 6.91
PAN 813 20.000 5.0 78. 666.0 0.12507E-07 0.125S4E-07 0.22
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CIDE STATION

m mergove. Cal.

APX Angels Peak. Nov.

BLT

On

5Col"
C.co

ewi

CTS

cIM

C1P
E0W

(EPR

fr"

GM

Angeis Pooh, Nov.

g19 Butte. Nov.

Veited Range. Nev.

Blakl Mountain. Nto.

Bleck Muountin. Nkw.

Sore Mountain. Nov.

Callco Hi11l. N ow.

CGlleo "III. low.

Cp-1. Nov.

Cootlv. Ptoak. fv.

tolowar Mountalng. N

eho Pealt. Nw.

Etho, Peoko, , v.

East Poabroog t Rg.

rwwrea Mountln., C

Crom take noed, Now

cold Mountain. fNe.

Cold Momtoln. Nov.

STATION INT'RMATION

P cRo0 Of OcRATION LATITU
(QAY HOM/YUR) (DECM MiOUTES)

24/07/78-pre*ont 36 23." N

15/06/73-05/88/833 36 19.17 N

05/89/83-preent. 36 19. 19 N

23/01/79-prseont 37 02.27 N

390/95/r-pro*ont 37 28.93 N

26/02/8801/04/83 37 17.02 N

0l/04/&3-pr*9*nt 37 17.35 N

28/11/79-06/04/81 36 45.76 N

06/02/80-18t /11 1 36 51.62 N

06/62/5o-18/II/8w 36 51.62 N

-/-/77-0/ob3/80. s36 55.80 N

24/94/79-pr~sont 37 39.40 N

00/06/78-pr*ont. 37 36.35 N

02/?9/7-pr*9#nt 37 12.85 N

@6/"6J/8-pr*99nt 37 12.65 N

New 23/01/7 pros*nte 3? t.12 N

a1. 28/11/6-presnt 36S38.38 N

20/11/75-pr*oonts 37 119S N

13/87f79-pregent 3?. 1.01 Nf

3e/07/84-jr*9*nt 37 18.01 N

1,01CITI
(DC WIM S)

116 28.40 W

115 34.46 W

115 35.22 W

116 13.66 W

116 07.35 W

1t1 36.74 W

1i6 38.43 W

116 37.52 W

11e 19.05 W

`16 19.65 W

116 03.33 W

116 43.54 W

114 44.33 W

11 19.42 V

I 19.42 W

1tS 11.19 W

116 46.73 W

lie 01.06 W

11? 15.56 W

11? 15.56 W

ELEVATION SEISkOXITER
(MTERS) MDEL

CAlM
(00)

280

2512

1720

2191

190X@20

1367

1285

Ia"

1730

2265

22t5

13.

125

'435

2155

2155

L-4C 64

S-13 ta 21/3/11
L-4C 21/3/81-nd 64

L-4C 84

L-4C 64

1-dC 64

L-4C 84

1-4C 84

L-4C 84

L-1- (wert.) 9
L-4C 18/11/8Ir - 84

L--3S (beorit.) 106

NDC-21 to 5/8/56
1-4C 5/8/8"r. 54

*-4C 84

L-4C 64

9-13 to 25/4/0
L-4C 2S/4/ft-pe. 84

L-C horizontal 78

L-4C 84

L-C 84

L-4C 64

1.-dC horlzontal 78



POLARITY REVERSALS (PERTAINS TO DEVtLOCORDER FIWS ONLY)

CODE STATION PERIOO or REVERSE POLARITY

(OAYA4THAR)

APK Angols Peak, Nov. 21/3/81 - S05/6/03

APKW Angels Peak, Nov. 65/88/83 - present

COHI Calico Hil, Nov. 3/3/81 to 3/8/81: also 1/12/81 to present

CPX CP-1. N7v. 6Ja/80 to 13/12J8

OLW Delomor UMt., Nov. 25/6/79 to 29/8/79

_' 
toPN cho Peak, Nov.. t 1ll8 lo |es/ae

EPR Cost Pohrenogol Rang*,Nv te/12/79 to 20/20

.> -C SIR Croon Lake Road, Nov. 1/11/78 to 22/279

CIfN Cold Mountoln. Nov. 25J//79 to 29/8/79; also 5/8/80 to 17/12/80

XJ Johnnie, Nov. 1/11/78 to 22/279

LSU Little Skull Mtn., Nov. 17/07/54 to present

LCH Lest Change Rangej Nov. 28/6/79 to 29/8/79

LOA Magruder Mountain. Nov. 20/6/79 to 29/8/79

UTI Mount Irish. Nov. 28/6/79 to 29/8/79

mZP Montoeuma Peak. Nov. 28/6/79 to 29/0/79

NPN Worth Pahroe Range. Nov. 28/6/79 to 29/8/79

PGt Penamint Range. Col. 11/10/84 to present

PPK PIper Mountain. Col. 28/6/70 to 29/8/79

PRN Pahroc Range. Nov. 10/12/70 to 20/2/80: also 28/88/84 to present

X OCS Queen City Summit. Nov. 28/6/79 to 29/8/79

OSU Queen of Sheba Mine, Nov. 28/6/79 to 29/8/79

RYm Reveille Range. Nev. 28/6/79 to 290/8/79

SRC Seaoan Range. Nov. 28/6/79 to 29/8/79

SSP Shoshone Peak. Nov. 28/6/79 to 01/86/80

SYP Silver Peak Rang., Nov. 28/6/79 to 29/8/79

SPK Tollcho Peak. N1v. 11/86/79 to 29/8/79

SPU Tomplute Mountain. Rev. 28/6/79 to 29/a/79

VW Worthington Mt*., Rev. 28/6/79 to 29/8/79

YMTI Yucca MountaIn. HYv. 65/83/81 to present

tYUT2 Yucca MountaIn, Nov. 05/03/81 to present

W .TS Yucco Mountoln. NOv. 05/03/81 to present

WT3 Yucca MountaIn. Nev. 05@/3/81 to present

WMT4 Yucca Mountain. Nov. @1/94/81 to present

* tUTS Yucca Mountain, Nov. $1/04/81 to present

lUT6 Yucca Mountain. New. 1/804/81 to present
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VERSION: 2.0 DATE: 5/15/87
Version 1.0 Is pre-QA

STATION: Yucca Mountain ABBREVIATION: YMT6
DATE OPEN: March 1981 OPERATED BY: U.S. Geol. Survey*1
DATE CLOSED: XXXXXXXXXXXXX ADDRESS: 1711 Illinois Street

tA: Golden, CO 80401
GEOGRAPHIC COORDINATES:

LATITUDE: 36151.51' N.

LONGITUDE: 116024.26' W.

ELEVATION: -1150-m

ADDRESS TO OBTAIN RECORDS: TELEPHONE NO. (303) 236-1603 com.
U.S. Geological Survey or FTS 776-1603
Branch of Geologic Risk Assessment TELEX NO. 5106014123 ESL UD
Room 436, P.O. Box 25046, MS 966
Denver, Colorado 80225 GEOLOGICAL FOUNDATION:

GEOLOGIC AGE:

INSTRUMENTATION:
SEISMOMETER GALVO TYPE OF MAGNIFICATION

TYPE COMP. To Tg RECORDING

S-13 Vert. 1.0 .0625 analog data: 78 db
16 mm film; 66-db 10/81
digital data: 84 db 7/83
magnetic tape

TIMING SYSTEM: IWVB

SYSTEM RESPONSE CURVES: Available on request

HISTORY:

TYPES OF STATION REPORTS DISTRIBUTED BY THE STATION OR THE OPERATING ORGANIZATION;
(CONTINUED ON REVERSE SIDE)

Periodic USGS Open-File Reports
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U.S.G.S. - NEVADA NETWORK
OFFICE OF EARTHQUAKE STUDIES

STATION NOP FREQUENCY 1020 Mr DATE £I1-05-0

AMP/VCO Manufacture
Tri-Con, Inc.

Model No.
-649

Serial No.
- 1

Frequency 1020 Hz
Output Level -7 dbm
Atten. Level S4 dbm

RAD10 Transmitter Frequency 164.8406 Mhz Serial Number 10659 T
Input Level -7 dbm Forward Power 1.5 W SWR .001
Deviation Level 2.5 KC Receiver Site SSP

SEISMOMETER Manufac ture
Iteldyne-stotech

Mode I
S-13

Serial No.
363

MULTIPLEXERS

Input Site
Input Leve
Output Le%

Serial
s I ,, 2
1s
els

No. Output Level
3 4 - 6 7

-- _-

8

Input Sites
Input Levels
Output Levels

Serial
I 2

No. Output Level
- 3 4 5 6 7 8

CALIBRATION
Tine --IB1 9II... Duration -_3 Ji
Att * 60 1tt 48 2tt

O.1I~z 2.5 1H2 6 0 2Hz

Current 11 mA
48 Att 54
4.7 5Hz 4.3

Att _6
10Hz 3 B

Att 66
20Hz 2.5

VOLTAGE Battery _.J175 VD Solar Panel 14.20 VDC Power Supply None

REASON FOR VISIT Preventive maintenance and calibration.

ACTION TAKEN Preventive taintenance and calibration.

REMARKS Same.

Maintenance Time J1.0 hrs,. Travel Time _4.75 hrs.

DEPART TINE 1845GMT SIGNATURE
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ALLEN R. REED
ELECTRICAL CONTRACTOR

}T:~JP. 0. BOX 1276
THOUSAND OAKS, CA 91360

NEVADA NETWORK

Subject: Monthly Technical Report
Contract No. 14-08-0001-22501
Reporting Period: 1 January through 31 January, 1988

Date:. 4 February 1988

A. INTRODUCTION.

X~ This report reflects the monthly activities of our techni-
cians in the conduct of maintenance of 63 Nevada remote seismic
sites.

B. PERSONNEL UTILIZATION

X The personnel utilization for the reporting period was:

Straight Time (Hrs.) Overtime (Brs.)
1st Technician 160 0
2nd Technician 160 0

Per diem days utilized this month - 6

C. FIELD MAINTENANCE.

The sites visited during the reporting month are tabulated
below.

Date Site Visited Action Taken

01/04/8b EPN Reinstalled BMT Monitron receiver.
WT (0.75 hrs.)
TT (6.5 hrs.)

01/04/88 TMO Reseated, repaired, and/or
WT (1.75 hrs.) replaced all bad or faulty
TT (8.25 hrs.) components.

01/05/88 NOP Preventive maintenance and
WT (1.0 hrs.) calibration.
TT (4.75 hrs.)

,,I<-!>..< wXrvO..............>7s ................... ,t..,ayagtFAoJ c -t>4,,ivgt5
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CERTIFICATE OF CALIBRATION

The John Fluke Mfg. Co., Inc. does hereby certify the above listed instrument
meets or exceeds all published specifications and has been calibrated using
standards whose accuracies are traceable to the National Bureau of Standards
within the limitations of the Bureau's Calibration Services, or have been
derived from accepted values of natural physical constants, or have been
derived by the ratio type of self-calibration techniques.

vOL TAGF: 237840
VOI.lTAfiE 2348l77

.-D !STAN&E 2!369F3
:ftPlERAtIRE ZS6:
iEPLIEtC:Y VLF XlWViJ^ TECHNO. 42

CERTIFIED BY

RON VY4C~t~ 05/12/87
SERVICE MANzAGER CAUSRA�ON

CATE
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Representative Computer Software for NNWS1 Earthquake Parameter Determination

Program Name Computer a Author gua Purpose
core PDP 11/34 Various Fortran Seismic data throughput from analog to magnetic tapes
ntrigr 11/34 C. Johnson Fortran Real-time seismic event detection

examin 11/34 Herrmann Fortran Examine and modify 11/34 Image of network parameters
prtcom 11/34 S. Harmen Fortran Print snapshot' of 11/34 Image of seismic network
seismic 11/34 R. Jordan X Command file to run real-time seismic system
ptplot PDP 11/70 D. Hesser Plot 11/34 prelim. event tapes to versetec
Idmux 11/70 S. Malone Demultiplex 11/34 seismic data to filesystem
ping 11/70 Malone et d1 Interactlve phase & amplitude picker
punt 11/70 D. Lver C Plot unmultiplexed traces with phase picks

fastpong 11/70 R. Herrmann Fortran Earthquake hypocenter determination
squash 11/70 S. Malone C uce ize of trace data file by removing uninteresting channe
tpong 11/70 R. Herrmann C Use trace cros-correlation to locate teleseisms
autopa 11/70 A. Rogers Fortran Compute peak wavelet amplitudes for band-filtered traces

tar 11/70 Unknown C Unix tape archiving utility: all local data saved with Wtar
vaxsend 11/70 Oetting C Sends Unix aseil files (eg, local phase data) to VAX/VMX

forn VAXes Harmsen Fortran Convert phase data to HYPO71 input format for relocation
hypo7l VAXes Lee, Lahr Fortran Local earthquake hypocenter determination
hypo7l VAXes Harmsen Fortran hypo7l modifled for variable-thlikness surface layer, etc
epmap VAXes arnnsen Fortran Plots maps of stations, faults, seismicity, geography
epipit VAXes A. Rogers Fortran Plots maps and depth-sections of seismicity

focmec VAXes Snoke et at Fortran Computerized focal mechanism determination
fpfit VAXes F. Klein Fortran Computerized focal mechanism determination from P-polaritis

boorfq VAXes A. Rogers Fortran Synthetic seismogms: variable EQ sizes, attenuation, etc
calibrate VAXes Harmsen ortran E ncy response calibration of semoraph stations
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Magnitude Calculations

*Coda Duration Magnitude

MD = 1.666 log10r + .00227r - 1.28 + STA',

where r = total coda duration (.ecl, from P-onset to return to background, r
hypocentral distance (km), and STAt = kth station correction.

*Wood-Anderson Peak Amplitude Magnitude

MILU = log1 o PWA + 0.833 loglo r + Q.0012SCfr + 0.88 + STAt',

where PWA = pseudo Wood-Anderson amplitude, r = hypocentral distance, C
log10 e, f = peak-amplitude wavelet frequency (hz), and STAt'= station correctio
All terms following the first on the right-hand aide are a regionally calibrated 'log Ao
appropriate to the southern Great Basin.

*Coda-Average. Magnitude (Carl Johnson)7

This magnitude, M.,, may be scaled on a clipped (overdriven) trace. The methc
fits an asymptotic envelope to the post-S coda:

Me, = R(t-tv) + 1.8 loglo(t -tp) -Ao.

Here, R(t - tp) is log1 o of the rectified signal average in a 5-second non-clipped coi
windows, 1.81lglo(t - t,) is a lapse time effect, tp Is the P-arrival time, and Ao is
correction incorporating station sensitivity and site geology. By regressing My agaiu
MbzL, we have obtained Ao for each station and our coda magnitude is

M,,, 0.85Mcj - 1.77 + STAIc.

Magnitude

The reported event magnitude is

ML = 0.5SM&L + 0.25Mc, + 0.25MD,

* if all three magnitudes have been scaled at an event. Other weighted averages are us
for other combinations of magnitudes.
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Reglonal Crustal Velodity Model

_ \4 7 ariab~sin and range surface evion

AI a =3.8 km/sec, ( =2.22 km/sec to 1 km below sea level

a = 5.9 km/sec, 9 = 3.45 km/sec to 8 km below sea-level

a = 6.15 km/sect P = 3.60 km/sec to 24 km below sea-level

2 ta = 6.9 km/sec, i = 4.04 km/sec to 32 km below sea-level

a = 7.8 km/sec, B = 4.56 km/sec beyond Moho discontinuity

IRegional Peak-Amnplitude Attenuation Model for Magnitude Determination

The southern Great Basin shear-wave (or Lf wave) attenuation model used to
estimate earthquake size from peak wavelet amplitude and frequency is

A = Aor-nep-(fr)/(QU)

where A = ground displacement at the station, Ao = ground displacement at the
earthquake source, r = hypocentral distance (kmi), n = geometric spreading expo-
nent = 0.833, f = frequency (hz) of peak ground motion in the S or L9 wavetrain,
Q = attenuation parameter = 720, and U = 3.5 km/sec is the Lg group velocity.
Station/site effects are also removed during routine magnitude determination. A
geometric spreading exponent of rn = 0.833 is a Lg-wave decay-with-distance param-

Wfi eter, so the Q model is selected to correspond with that exponent.l Software used
for routine magnitude calculation is HYPO71, subroutine zfmag& (I one inisted
on using a bodywave geometric spreading parameter, n = 1, then the appropriate
Q-model is Q =1000.)

1Rogers, A. , Harmsen, S. C., lerrmann, R. B, and Meremonte, M. E., 1987, A
study of ground motion attenuation in the southern Great Basin, Nevada-California,
using several techniques for estimates of QologAo, and coda Q, Journad of Gco-
phreibo Reearch, 92, p. 3527-3540. See table 4.
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MARUECANYON EARTHQUAKE

860708 3:02 UTC --

EXAMPLE EVENT TO DEMONSTRATE
P-wave POLARITIES AND

FOCAL MECHANISM.

I?



- _ _ _~~~~

LA4 " 'a"
3 3 49. 156. diI? 1 ".i "57 ,441IN

09s~ 1.1.. V-

7 oil .3 *?
Tc"Wea I1t U

Akvwwo

Act,%119.9
(cet~s %I2'0

99

l

9jI5

3s
70.94
97

92.7
am

-. 097 0
epa

TM

71.16
UCT

71.92

cmW
7 I. 71
93,

74.6

P4.9 1
Ipa

41 7' Tj -".ee
I~~~~P

0.t
1,_w

-. t6 4

OpU;

A . i . z ~ ,% I 'e s S ~ J s j 4 t V % . i f . %I 3

A .~~~~~~

-A 0433 9 U0 ~ b(,4b bI & m.t

* q ,; 4 i * 4k# 4 L , L . L .



N 7 3 3 I 49 7.94n6444 A11SI3.9 123 7 44 IN3

79.94 71l N 1b
7 .13 .3

6.37
PR ' I

ob WIs

nema

ass
31S3
go.e i
lpe

71.09

lpe

33*

M04-
-0.3309

ipe

96

SID
89.62

98

F"
9W.61

1il

Jo"

1 g1

110.4
IS3
-. Wt 2pM

76.7
2S55
*.14 2

O7.3
am.

-042 0
Ape

133.5
31154

.4.13 0

1 I
1I

Ir.Jf I
a"

1113.70
99

II
7... *ij,

"op
, ~~121.14

ii " 96'In~ A
"III.~~~~lmm

euW

136.97
99

t"l."a5

00" I
&PC)

-0.Is I
a"c

.1
£9.,

a4.250

*P .

n.o
1417
.07 1

"A

4



I .1 to

4.
S
&

:9I a
-4
S

a

Ii

a

a

a

Wi

li a 3 s .1 �i -4

.

I.

;-I

berI 3 LW iI 3

a
I

9



7'
U

X,m

CR

v

_



Z£~~~~~~~~~~~~~~~~~~~~~~V

Paaeu ~ 1. 9 Pz,

M W ome tOM 710 p TO-." vM - ab - I

S ~~~~~~~~~~~~~~les lt t" eot o

*~~~~~~~~A s o " I* fo first I

4

a

4 1 211.31, 7.

pied

I SfVive,

no ct

W mulw "M 11od

Pi- ept * I31 4. 319 setels period * 6.14

I r Iw

FMroL WA. V4 Ll ' bA*A%
Da L. IS'.L - <AX



AndW UN(NM71 a

Example Focal Mechanism Determination

Focal mechanisms are routinely computed using computer programs FOCMEC"
and 'FPFITU both in wide use by seismographic network personnel throughout the
U. S. and world. Example solutions for a run of FOCMEC' on the Marble Canyon
earthquake of 860708 3.:02:49 are shown In the table below. For this event, 34 P-wave
polarities and 5 SV/P& amplitude ratios constrained the set of solutions. FOCMEC
searches the universe of potential solutions by incrementing the null vector' and a
corresponding slip vector'. azimuth and plunge by V, and writes solutions that fall

X~ within prescribed error bounds.

860708 3:02 'FOCMEC 3 candidate solutions

Strike Dip' Rake Polarity Ratio (&v)RMS
Errors Errors isfit

231.2 73.3 -25.3 1- PPK 1 - NOP .125
230.3 73.3 -31.2 1- PPK I - NOP .096
232.0 77.8 -27.6 1- PPK 1 - NOP .080
233.1 2.6 -29.2 1- PPK 1 - PPK .168
m 85.8 55.4 24.7 1- TMO 1- MZP _.176

The strike, dip, and slip are for one of the two equally-likely nodal planes that
represent a `zolution.u The final column lists the difference between logarithms of
theoretical and observed SV/P, ratios for the mechanism specified. Final selection of
a single or a few focal mechanisms for publication is based on minimizing this ratio for
a given number of polarity errors. Also, we do not allow solutions that have polarity
errors at nearby stations. For example, the last entry in the table above has a polarity
error at station TMO, which is the second-nearest station to the earthquake. The
P-arrival at TMO is an impulsive compression, so the polarity error there would be
considered a serious deficiency in the solution (notwithstanding the other problem, the
somewhat larger ratio error). For the other solutions in the table above, the polarity
error is at PPK, a station nearly four times as distant as TMO, and the P-arrival is an
emergent dilitation, very near a nodal plane of these solutions.

Although focal mechanism parameters are reported without 'standard errors,'
uncertainty exists In the solutions for a number of reasons. Confidence Intervals of
approximately i5t about the reported strike, dip, and rake angles should be assumed
in all cases for results reported for SGB, or indeed, for any regional, low-station-denuity,
network focal mechanisms.
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azi plunge
P axis 187.20 28.02STOVEPIPE WLST axis 282.50 9.85

DATE/TIME: 860708 3 2 49.47 T axis 30.00 90.00
LAT: 36.645 LONG: 117.195 X axis 238.30 26.95
DEPTH. km: 11.75 +/- 0.5 MLl 2.3 Y axis 141.99 12.20

LoSIO(SVOPJz strike dip rakeObsopvod thewed al DifTOrenoo StfItonSoln 1 231.99 77.80 -27.62CM88 9.7114 -0.0124 M
1.5193 1.6229 -9.1B27 PPK
esss 1.23 0.3421 vNOPeces e .483 09.1227
1.0912 0.N884 .0128 SCP

The RMS wvrI for a11 IItud" is 0.98.
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Rogers, A.M., Vuollet, G.M., 1980, Southern Great Basin Seismological Data
Reportt 1979, prepared for Department of Energy for the Nevada Nuclear
Waste Storage Investigations. 164 p.
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Irfater Resources Investigations Report 83-4105, p. 13-22.
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participated In the writing of this document to advise DOE for the high-
level nuclear waste repository at Yucca Mountain.
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from focal mechanisms--Applications to earthquakes In the Southern Great
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Enclosure 4

Staff Suggestions

(1) In the annual earthquake report issued by the USGS, it may want to
identify those periods of time where data has yet to be hand picked
and reported.

(2) When it is published, the USGS should identify the hand-picked data in
the annual report. (This suggestion was made by Mr. Peppin of the
University of Nevada and the staff agrees.)

(3) The DOE and USGS should consider protection for the develocorder data
since in some cases this data is the only record available.

(4) The USGS should consider developing tighter controls on data that
represents the only available record and is provided to investigators
within and outside of the USGS.

(5) The USGS should address any discrepancies in different data records to
ensure consistency or provide a discussion of the reasons for the
discrepancies.

(6) Although the NRC staff did not review any qualification records, DOE
should ensure that the personnel certification records for the USGS
personnel are sufficiently detailed so that an individual's qualifications
are readily apparent.

(7) The USGS should place "No Calibration" labels on that field equipment
that need not be calibrated. Plus, all field equipment should be
labeled so that.the status is known, even if the equipment is still
under manufacturer calibration warranty.

(8) As the QA program matures, the staff would expect to see an increase in
the number of audits.


