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Summary

Lawrence Livermore National Laboratory (LLNL) developed and tested a
portable, hiqh-quality seismic recording system for monitoring underground nu-

clear explosions. This configurable seismic monitoring system (CSMS) was designed
to satisfy the designated seismic station (DSS) requirements for instrumentation to
be deployed in a vault as set forth in the protocol of the Threshold Test Ban Treaty
(TTBT). As a proof-of-concept test under treaty monitoring conditions, two configu-
rations of this system were built, and each was deployed at a different seismic station
to record the Nevada Test Site (NTS) event Bexar. Both configurations successfully
recorded this event, demonstrating the flexibility and the operation of the basic
design.

Introduction

Designing portable data acquisition systems, 3. The system is simple to install and operate.
such as the CSMS, is part of LLNL's ongoing ef- 4. The system is robust and field tested.
fort to improve the seismic monitoring technolo- 5. The design and operating characteristics are
gies used to verify compliance with underground documented.
nuclear test limitation treaties. This class of in- 6. The system is easy to pack and can be shipped
struments is designed to include the following by commercial carriers.
characteristics: Assembling the two test versions of the CSMS
1. The components are commercially available, required integrating the components, developing
off-the-shelf products, the software to link these components, and
2. The system is modular and can accommodate providing data acquisition, processing, signal
various sensors, digitizers, telemetry, anddata viewing, and archiving capabilities.
archival equipment.

Designated Seismic Stations

The protocol to the Threshold Test Ban of recording universal time, and equipment to
Treaty gives the monitoring country the right to process the data, monitor data quality, and

, place three temporary designated seismic sta- provide the capability to display, store, and
tions in the territory of the testing country, when copy the data recorded. Three implicit
the planned yield of the test is above 50 kilotons, co_ditions are: (1) the equipment must be reliable

. The equipment includes sensors, amplifiers, and, since the system may be operated by
filters, digitizers, recording equipment, c_ble for nonspecialists, (2) it must also be simple to set up,
connecting the components, the ability to control and (3) its software must be "user-friendly," and
and calibrate the sensors and recorders, a means well-documented.



System Description

We assembled two portable seismic station digitizer was deployed at the Air Force Tech-
models. The first model was an adaptation of the nical Applications Center (AFTAC) Pinedale
LLNL Local Seismic Network technology (Zucca, Seismic Research Facility in Pinedale, Wyoming
1988; Peterson et al., 1988) in which we replaced (the Pinedale deployment) (Figs. 2-4). 0
radio telemetry with a direct wire line (for a de- The CSMS units are modular and use commer-
tailed discussion of this model, see Harben et al., cially available, off-the-shelf components. Our

1990). In this paper, we discuss the second model, component integration and software designs are
which consisted of two configurations (one with a flexible enough to allow the substitution of dif-

24-bit digitizer and the other with a 16-bit digi- ferent components, depending on the requirements
tizer) that we designed explicitly for DSS appli- of a particular application. In the configuration
cations (Fig. 1). For a final proof-of-concept test, selected for the DSS application, we use a broad-
we deployed both configurations of the second band Guralp CMG-3ESP, three-component seis-
model to record the NTS event Bexar (April 4, mometer. The passband is set from 0.1 to 10 Hz
1991); the version with the 16-bit digitizer was with the high pass rolloff at 6 dB/octave and
deployed at the Oklahoma Geophysical Obser- the low pass rolloff at 36 dB/octave. The
vatory near Leonard, Oklahoma (the Tulsa digitizers process the seismometer output at 40
deployment), and the version with the 24-bit samples per second per component. Universal
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Figure 1. CSMS system configuration.



Figure 2. AFTAC Pinedale Seismic Research Facility in Wyoming. Entrance
to the 13-meter-deep remote seismometer vault is in the foreground, and the
entrance to the central recording vault is in the distance, near the satellite
dish.

time is provided by the Omega standard. The
seismometer and the digitizer are placed in a
remote seismic vault, and the digitized signal is

transmitted by fiber-optic cable to a central
recording station.

The central station consists of a Sun 3/60 com-

puter workstation, an interface chassis, and a
laser printer. The interface chassis' components
were integrated by LLNL and include a 183-MB
hard disk, a communications board, a SCSI host

adaptor, and dual digital audio tape (DAT)
drives. These dual drives allow the simultaneous

recording of identical data to two tapes, as per
TTBT protocol.

The communications board is a receiver for

the digitized data from the fiber-optic link, and Jit buffers the incoming signals for the Sun 3/60
computer. It is a 68010-based contrcller with 512- Figure 3. Remote seismometer vault at Pinedale.

" kB RAM, and it makes high-speed asynchronous The Guralp sensor is in the foreground, enclosed in
data transfers via the SCSI bus directly to the Styrofoam for thermal insulation, and the white
Sun workstation, box against the wall in the center is the digitizer.

" The primary functions of the CSMS software The fiber-optic cable interface, batteries, and
system are data acquisition, status monitoring, connector cables are also shown.



Figure 4. Central recording and processing facility at Pinedale. The Sun 3/60
computer is on the right, and the chassis containing the disks, DAT drives,
and interface cards is on the left. The laser printer is on top of the interface
chassis.

waveform monitoring, digitizer command and channels. These displays allow the operator to
control, data archiving, and data analysis, monitor data quality during setup and calibra-
The digitized signal is passed from the commu- tion as well as during the experiment itself.
nications board to the Sun 3/60. Monitor pro- The data are displayed, are stored to disk, and

grams provide continuous system statistics and are finally archived to digital audio tape.
a real-time display of the signals from all data

Bexar Deployment

To test and demonstrate the CSMS, we de- DSS, and in the same geological formation. The
ployed the system at two sites to record the NTS vault equipment was identical to the Pinedale in-

event Bexar under treaty monitoring conditions, strumentation with the exception of the 16-bit
At the Pinedale site, the remote seismic digitizer instead of the 24-bit digitizer used in

vault and the central recorder were separated by Pinedale. The central recording equipment was
about 50 meters (Fig. 2). The remote station located 15 meters away from the vault and was

(consisting of the seismometer, the 24-bit digi- identical to the unit at Pinedale with the excep-
tizer, and the fiber-optic coupler) was located in tion of the printer.

a 13-meter-deep vault (Fig. 3). The central Figures 5 and 6 are unprocessed recordings of
recording station was placed in a walk-in vault Bexar from Pinedale and Tulsa, respectively.
and consisted of the Sun 3/60 computer, communi- The seismic traces for the CSMS and DSVS

cations board, disk, archive DAT drives, laser vertical broadband channels are shown in Fig. 7, p

printer, and power line conditioner (Fig. 4). The and the corresponding amplitude spectra are
recording vault was located about 20 meters from shown in Fig. 8. A comparison of the waveforms
the DOE deployable seismic verification system and spectra indicate that the CSMS recorded s

(DSVS) station, data with fidelity equivalent to that of the
At the Tulsa site, the seismometer pier was in DSVS.

a 4-meter-deep vault, 63 meters from the Tulsa



Conclusions

Lawrence Livermore National Laboratory assembled a seismic recording system designed to satisify
the TrBT requirements for a designated seismic station. The CSMS developed and tested by LLNL is
both flexible and integrates all of the functions specified in the TTBT. In addition, the system is re-
liable, easy to set up, and the software is user-friendly. The final deployment of the CSMS to record
the NTS event Bexar under treaty monitoring conditions demonstrated that it is capable of fulfilling

• ali of the functional and operational requirements for a portable, high-quality seismic recording
system.
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Figure 5. Unprocessed recording of Bexar on the CSMS at Pinedale. The top trace is
the vertical component, the middle trace is the north component, and the bottom
trace is the east component.
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Figure 6. Unprocessed recording of Bexar on the CSMS at Tulsa. The top trace is the
vertical component, middle trace is the north component, and the bottom trace is the

east component.
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Figure 7. Comparison of the CSMS vertical component (top) and the DSVS interme-
diate period band vertical component (bottom) at Pinedale.
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