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SEMIANNUAL RLEPORT, PROJUECT 1/4703
SPECLAL DATA COLLECTION SYSTUMS
October lf)]_””__tll_r_t_)y_gll March 1978

1. INTRODUCT1ON

The Special bata Collection System (SDCS) program, Project T/4703, is a
continuation of work begun under the Long-Range Seismic Measurements (LRSM)
program in 1960, This work is directed toward advancing the seismic detec-
tion, tdentification and location techniques necessary to detect and identify
underground nuclear explosions.

This report describes the work pertormed under the SDCS program during the
period from October 1977 through March 1978 and is subwitted in accordance
with Sequence No. A004 of the Contract bata Requirements List.  This veseavch
wias supported by the Advanced Resecarch Projects Agency of the Department of
Detfense and was monitored by AFTAC/VSC, Alexandria, Virginia 22314, under
Contract No. F08606-78-C-0011.

2. FLELD OPERATIONS

2.1 GENERAL

The SDCS program under this contract is an extension of work which began in
1971,  The basic instrumentation tor the SDCS program consists of eleven units
of the Portuble Seismograph System, Geotech Model 19282, This system includes
three-component long-peviod and three-component short-period seismographs re-
cordedd on slow-speed FM magnetic tape, plus necessarvy calibration, timing, and
support equipment. The system is designed for quick deployment and is capable
of collecting laboratory quality data using one qualified electronic technician
as an operator, Other instrumentation assigned to the program inventovy pro-
vides versatility and increased operating capability of the basic portable
system,  Examples of such instvumentation include three Model 36000 Borehole
Seismograph Systems (KS-36000) and five digital data recording systems.

At the beginning of this program, operations of five SDCS units were continu-

ing trom the previous contract. These sites and basic instrumentation ave as
follows:
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Team Site and Designator Instrumentation
52 Tatum Dome, Mississippi Surface SI’, analoyg recording

(TQ-MS)

53 Gasbuggy, New Mexico (GB-NM) Surface SP, analog recording

S8 Houlton, Maine (HN-ME) KS$-30200, 40 m depth, SP § LP
components, analog and digital
recording.

59 Red Lake, Ontario (RK-ON) Surface SP and LP, anatlog and
digital recording.

60 Ouk Springs Butte 2, Surface $P, analog and digital

Nevada (OB2NV) recording; also vertical SP out-

rigger (OB3NV).

In addition, three SDCS units were either enroute or were being prepared for
installation at the following new sites:

Team Site and Designator Instrumentation
51 Island Falls, Maine (1F-ME) Surtace SP, unalog recording
56 Rio Blanco, Colorado (RB-CO) Surface SP, analog and digital
recording.
57 Gold Mecadows, Nevada (GQ-NV) Surface SP, analop recording

The remaining three SDCS units (Teams 50, S4 and 55) are being maintained

in storage at Geotech's Garland, Texas, facility. In addition, one of the
five digital systems and other instrumentation are being retained in storage
tfor future use.

2.2 FIELD LOCATIONS

The function of cach SDCS is to record high quality seismic data. llowever,
cach location differs from the others in the equipwent utitized, the data
recorded and the environmental conditions under which it is operated.

Figure 1 is a map showing the locations of the sites occupied during the
period October 1977 through March 1978, Figure 2 is a map showing the nore
recent SDCS site locations on the Nevada Test Site (NTS). The tollowing
paragraphs summarize the site activities at each SDCS location occupied during
this report period.
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2.2.1 Team 51, lIslm Uls, Maine (1F-M:)

The Islund Falls, Maine (IF-MI) site is located approximately 23 km {14.5 mi)
southwest ot the Houlton, Maine (HN-ME) site. The site was sclected, permitted
and prepared by the HIN-ME site operator and is located on an intrusive igneous
outcrop.  This bedrock is move competent than the wetamorphosed bedvock at the
PN-ME location.  ‘Two 30-gallon oil drums were used as seismometer vaults vather
than the temporarvy wooden box enclosures that ave normally used on a temporary
location as the site was expected to be operated tor seveval months,

The recording of three component short-period data began on 30 Novewber 1977
and continued vivtualbly unintervupted through the remainder of the report
period.  Data ave vecovded in the analog mode only as no commevcial power is
available on site to power a digital vecovder.

From mid-December 1977 through March 1978 site access was possible only by
snowmobile or other sunow vehicle,  No stgnificant access  problems weve exper-
tenced.  The severe weather conditions vesulted in few periods ot lost data,
In one instance, heavy trost tormed between the magnetic and calibration coil
in the shovt-period vertical instvament.  The vemaining data outages were due
to heater taitlures in the site instrumentation shelter allowing the tempeva-
ture of the vecovder euvironwent to fall below operating limits. The site
coordinates ave:

46° 01' 39" N

68" 12 2" w

I

Elevation 232 wmeters (7o ()

2.2.2 Team 52, Tatum Dome, Mississippi (TQ-NMS)

Team 52 was operational at the Tatum Dowme site nntil 31 March 1978, when
operations were teminated mud the svstem veturned to Gavland, Texas. Rontine
recovding of surface, three component short-period data continued throughont
the period.  In Becember 19770 a Model 23900 short-period borehole seismometer
was installed in Well E-7 at a depth ot 285 meters (934 teet). At this depth,
the seismometer was in the anhydrite caprock of the Tatum salt dome.

The surtace recording was routine but the lack of competent bedrock and an
abundance of tall trees lLumited the operating wmagnitication that could be
obtained. lleavy vains tlooded the vanlt on severval occasions which reguired
the seismometers and connectors to be dried.  Several drainage schemes wore
tried to prevent this problem but all werve unsuccesstul,

The operation of the borchole seiswometer was marginal, No satisfactory
frequency response of the instrument could be obtained as the leakage in the
downhole cable was oxcessive due to cvoss-tulk between the data and calibra-
tion lines. Cross-talk also caused evvors in the daily magnitication calibra-
tion, Also, the holelock would not actuate during installation and the
instvument had to be operated resting on the bottom of the hole amud not locked
into the casing. Overall, operation of this instrument resulted in a reduction
of wind notse by o to 12 dB (as compared to surtace data) but there was little
tmprovement in detection  apability at this relatiely noisy site,

-
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2.2.3 Team 53, Gasbuggy, New Mexico (GB-NM) \

3
The recording of three-component short-peried data at the Gﬁsbuggy, New
Mexico, location continued throughout the report period. During February
and March 1978, the recording was intervupted on several occisions when the
operator could not reach the site to re-supply the propane fd{ the thermo-
clectric generators (TEGs) which supply power to the site. The access road
to the site was closed on several occasions due to heavy snowicover and then

o : . . | - -
by deep mud. There were no major equipment failures or malfungtions during
this reporvt period.

i
\
i

Team 56, Rio Blanco, Colorado (RB-CO) \

i
4

\
3
The Team 56 equipment was moved from the NTS in October 1977 to ‘the general
area of the Rio Blanco site.

d.2.9

L " ; \

Site selection and permitting were completed
in November 1977 after a delay in obtaining a satisfactory site leasing
agreement.

The RB-CO site coordinates are:

39° 48' 46" N *
108° 21" 21" W

g : )
Elevation 1996 meters (06550 feet)

1

v
\
1

The site instatlation was completed on {4 Decenber 1977 when analog r%cording

of three-component short-period data was begun. BDigital vecording was delayed

until 27 December as a digital system faiture for which no spare partsiwere
readily availuable occurved when system checkout began. \

A

)

Site operations have been routine with only a short period of outage duelto

)
.~h()lt n th( \““l'lltltl \l“d ((.nltl('l "lllt n l"\ll\h 1.)1 O,

The system vemained
operational at the end of this report period. \
!

\

2.2.5 Team 57, Gold Meadows, Nevada (GQ-NV) \

Team 57 was moved from Yucca Flat, Nevada (YF4NV) on the NTS to the Gold \
Meadows arca on Rainier Mesa also on the NTS on 01 October (377

The site
coordinates for the Gold Meadows, Nevada, site arve:

L)
L)
STLSN W oN

3
A
)
116° 12" 20" W \
1
Elevation 2057 meters (0750 feet) 9
\\“
The site is located on a quartz monzonite stock similar to the Climax Stock \
on which the Oauk Springs Butte, Nevada (OBINV) site is situated. \
The site records three-component short-period data in analog format only. \
Power was supplied by TEGs which required readjustment to provide for efficient \
combustion at the high altitude at GQ-NV. Once the TEGs were satisfactorily 4
adjusted, there were no major equipment problems at the site.

26
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In December, heavy snow on Rainier Mesa made site access increasingly difficult
until at the end of the month the snow cover was so deep that site access by
reasonable effort could not be achieved. The site remained inaccessible for
the remainder of the report period. The site has been inoperative since tate
December 1977 and site operations at GQ-NV will not be vesumed. The equipment
will be vemoved from the area as soon as practical, returned to Garvland, Texas,
for checkout and placed into storage.

2.2.6 Team 58, Houlton, Maine (HN-ME)
Site operation at Houlten, Maine, continued voutinely throughout the report
period with no majov equipment or site problems. Three-component short-peviod
and long-period data from the Model 36000 bovehole seismometev in both analog
and digital formats continued uninterrupted throughout the report periold.

On 04 November 1977, the recording ot surface short-period vertical data was
begun. A Model 18300 short-period vevtical seismometer was tnstalled in a
small metal vault located near the borehole. Data recording from this instru-
ment continued uninterrupted throughout the remainder of the veport period.

2.2.7 Red Luke, Ontario (RK-ON)

The site at Red Lake was opevated routinely until 30 March 1978 when operations
woere terminated. The recording of three component short-period and long-period
data in analog and digital formats had continucd virtuaily uninterrvupted until
site close out.

The major equipment problem at RK-ON concerned powevr generatov mal functions,

At one time, both units were in tor vepair and a rental unit had to be used.

Although the generators seemed to be the souvce of many operational ditticat-
ties, they are considered to be veliabte units. They have been in continued

use since March 1975 and were operating satisfactorvity when the site closed.

The major problem was the distance tvom the site to the vepaiv shop and then

the delay in receiving replacement parts,

The severe winter weather also hawmpeved operations at RK-ON but no data were
lost due to weather. Some digital data may have been lost due to site tnieces-
sibility but analog recording continued unintervupted. The extveme cold and
heavy snow requived frequent snow plowing of the access voad and considerable
modi fication of an operating schedule so that site access was achieved whenever
possible but not atways according to a schedule.

The Red Lake site had been occupied fov several ditfevent operations over the
past several yvears and the site lease and seismometer vaults and bunkev had
been left intact for possible occupation in the future. llowever, when the
site was vacated after this operation, arrangements werve made to have the site
restored to its original condition. The bunker and vaults, generator sheltev
and conerete pads, fuel tanks and operating sheltev were to be removed awd the
site area graded, bermed and resceded. Our site lease will be tevminated when
this work has been completed.

TR 78-2
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<o 8 Team 60, Oak Springs Bntte, Novada (OBINV, QBINV)

The operations at Ouk Springs Botte consisted of recording three-camponent
shovt-peviod data trom OBINV and recovding short-pertod vertleal data throw
QRSNV.  The data were recorded in both ana’og and digital format,  Both OBINV
and ORANV were tocated on the gquartz monzonlte of the Climax Stock,

No major malfunctions or falhares were oxperienced with the equipment during
the operational period continmudng from 1 October 1977 through 12 Febraary 1978
tor the digltal systewm and untit 14 February 1978 for the analog recordor,

The system was veturned to Garland and was belng nsed for equipnent checkont
at the end of this report period.

“8"
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AT

o ENGINEERING sUrrort

J. 1 GENERAL

The engineerving supporvt function in tovland voutinely provides tfov control of

poverument property and veplacement or vepair ot pavts for SDES operations,
In addition, changes te system havdwave are developed to fgprove operation or
to correct deticiencles,  In the tollowing pavagraphs, englneering support
activities during this period ave discussed.

3.2 DIGUTAL RECORDING SYSTEMS

Digital recording systems operated rontinely at four sites duviug this period,
One it was returned to the Gavland office because line power was not avail-
able at the GR-NV site.  ALL systems opevated without major difticulty during
the perviod,  The only veported problem was occasional shut down ot the RE-CO
mit which was traced to noisy start and stop switches on the Ninemetrics

DDS- 1103 syvstem. The switches are not vequired for the system (start aad stop
commands are pencrvated in the Intevtace Mnit) and were theretore vremoved trom
the civeult.  The incidence of shntdown decreased sipnifivantly,

The circuitrey of the DDS- 1103 was studied to develop a moditfication in order
to collect data at rates other than the present format.  The prescout interrupt
mode format (1 channels at the selected vate tollowed by up to tonr channels
at one-twentieth of that rate) can be easily changed to accomwdate an alter
nate format (one channel at the selected rate and tour at one-tenth ot that
vate).  The alternate tormat can be implewented by addition of one inverter
and foue wiving changes.  The intended application is to collect one channel
of high- fregquency data at ot sps and four channels of intermediate-poriod data
at o osps for a special propram (see parvagraph 5.2 below). At these rvates, the
12-second records and one tape per dav features can be retained,

3.3 TIME RECORDING ON M OMAGNETIC TAPLE

ALL SDES stations record standarvd tormat VELA time in binary-coded decimal
(BCIY on channel 14 of the M magnetic tape system. This BCH time is used
during processing tfor tape seavch and event timing.  Durving this peviod a
study was made to determine the causes of variable and intermittent BCD signal
levels from several field sites, 1t was determined that such floctuations
could be cansed by poor quality oe damaged tape, misadjusted tape tension
across the record heads, or improper electronic dvive levels,

ALl teams were instracted to perform mechanical and electronic chechs and to
adjust all parameters to oviglnal specifications,  After these adjustments,

tape data werve checked ain Garland,  One station (RR-C0) had coutimniug prob

lems with intermittent BCD playvback and was instructed to vechech all parvametors,
The other stations had BCD signals with velatively constant amplitudes and
adequate high-to-low level signal raties. UHowever, the amplitudes vavied trom
statlon to station over a two to one ratio, appavently due to oxide chavacter
Istics on tape from varions manufactuvers.,  Such variations should not be a

9.
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problem but do indicate that the magnetic tape characteristics vary signifi-
cantly. This test program showed that proper tape tension is the most
significant factor in properly recording BCD time. T.erefore, checks will
be made at all stations on a regular basis.

3.4  SLEISMOGRAPI CALIBRATION EQUIPMENT

The Control Monitor, Model 19823, is used to perform wagnification calibration
for the SDCS system. During this reporting period, procedures were developed
to correct a wiring error in all these units which was discovered in December
at the TQ-MS site. The problem was that the calibration circuit was improperly
grounded which placed the scismometer calibration coils at several volts above
ground during calibration; even minor calibration-to-data circuit leakage
caused severe crosstalk. A wodification memo was sent to all tcams and all

had completed the work by February.

Another problem with the unit at RK-ON was discovered in late January, Person-
nel at the Seismic Data Analysis Center (SDAC) in Alexandria, Virginia,
requested a check of the calibration parameters at OB2NV and RK-ON. The recason
was that the ratio of event magnitudes had shown a drift of about 0.1 mag units
over several months. The short-period seismometer motor constants (Gs) were
checked at both sites. The Gs at RK-ON were too high hy 6.9 percent and those
at OB2NV were within standard tolerance. Since these parameters are usually
very stable, it was assumed that the calibration meter was in error. A culi-
brated meter and shunt assewbly was sent to RK-ON. The SP Gs were rechecked
and found to be within routine tolerances. Therefore, calculated magntfica-
tions for all RK-ON scismographs (short-period and long-period) were too high
by 6.9 percent for an iundeterminate period through 3 March 1978. As a precau-
tion, calibrated meter und shunt assemblies will be sent to all teams on a
regularly schedulea basis,

3.5 CIHECKQUT OF RETURNED SDCS UNITS

The established procedures for SDCS and velated equipment veturned from a field
assignment are to check out the system completely, perform any required main-
tenance, and store the completely operational unit in the warechouse. This
assures that the equipment is ready for immediate deployment as required with-
out the unecessity of extensive repairs. The OB2NV system was returned to
Garland in February and set up in the laborutory. This system will remain
completely operational in place for use in system tests and development of
system changes. The SDCS umits being rveturned from TQ-MS, RK-ON and GQ-NV

will be checked out and stored in the warchouse.

5.6 SDCS SUPPORT FOR OTHER PROJECTS

The SDCS program has routinely supplied equipment on a loan hasis to support
other government projects as directed by the Project Office. During this
period, equipment was provided to the 1155th TCHOS to verify the effectiveness

-10-
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ot hardware items designed to allow operation of the KS-36000 sensor in a
targe (11-3/4 in.) diameter borechole. The tollowing equipment was supplied
in November 1977

Borchole Seismometer System, Model 36000 1 each
Cable, Type 12 J4068Y BO0 teet
Fitters, Short-Peviod, Model 38850 3 cach
Gyrosurveyor Probe System, Huphrey Model GPO7-0901 I each

ALl equipment is to be returned to Garland in April 1978 at the conclusion
ot the test.
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4.  DATA PROCESSING

The data processing tasks under this contract include routine analog tape
quality control and special playouts of data as required. Digital tape
quality control and event processing tasks are performed in Alexandria,
Virginia, under the SDAC Contract.

4.1 DATA PROCESSING AT GARLAND
4.1.1 bﬁﬂﬂﬁﬁjﬁ;]yﬂﬁnyliﬂﬁgf on 16'@N~FLU“

The requirement to play out magnetic tape from selected SDCS operations weve
continued from the preceding contract. In general, playouts were to be mide
from those stations not equipped with digital recorders (and others as re-
quested) and were to be used by SDAC personnel for preliminary analysis and
selection of data segments for detailed computer analysis. The playouts as
made using the SDCS facilities in Garland. The film recorder operates at
six times normal short-period (SP) film speed (180 mm/min) and the tapes are
veproduced at 20 times real-time (0.6 ips). The resulting film presentation
is a compression of the SP data by 3.33 as comwpared to normal SP films and
the vesolution has been fouud to be adequate.

puring this period, playouts were routinely made of the data trom 1F-ME,
TQ-MS, GB-NM, and OB2NV. In addition, portions of most tapes from RB-CO,
IN-ME, and RK-ON weve playved out (approx. 24 hour-segments), primarily for
quality control checks of the field data. All film data were veviewed in
Garland and a brief log containing information relative to the processing
was prepared.  Films, tapes, and all logs were then routinely sent to the
SDAC for storage and processing.

By the end of the period, the filw production had been established as a rou-
tine task and films weve being produced as the tapes were veceived.  Tapes

and film are generally shipped from Garland within one or two weeks of receipt
from the ficld teams.

4.1.2 Quality Control of the Analog Tapes at Garl and

The quality control (QC) function has received more emphasis during this
period than in the past. For this recason, lo-mm films have been wade for
those sites not specitically vequired for the SDAC analysis effort, such as
IIN-MEE.  In these cases, both SP and LP playouts ave made of the last one or
two days of cach ten-day tape. These improved QC procedures have generally
improved data quality and will be continued.

4.2  DATA PROCESSING AT THE SDAC

The SDAC at Alexandria, Virginia, provides all digital tape QC and data analysis
support for this program under the SDAC contract. In addition, digital tapes
for use at the SDCS sites are provided by the SDAC. At the end of the veport-
ing period, digital systems were operating at only two sites - RB-CO and TIN-ME.
Quality Control checks are being made on an infrequent basis but routine data
processing nsing the digital data has shown that all systems are operating
properly.
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5. SPECIAL PROJECTS

5.1 EVENT DETECTOR FOR THE SDCS DIGITAL RECORDERS

Work on the previous contract demonstrated that a signal detection algovithm
based on one developed by USGS would be usetul for the SDCS digital recorders.
Such a system would decrease tape usage at the field sites and would eliminate
the overtime which has been necessary to change digital tapes seven days per
week. With the approval of the Project Office, a program to develop such @
unit was begun in October,

Preliminarvy specifications and programming were completed in carly November
for the microprocessor-based event detecting circuit., Becaunse the algorithm
is complex, the circuitry required to implement it was considerably more
expensive than originally anticipated. For example, it was determined that a
separate microprocessor would be required for each channel to be processed
(three were envisioned) and another would be required to control the subsystem.
When this complexity was determined the cirvcuitry of the Kinemetvics PDS-1103
digital vecorder was studied in detail. This study showed that the DD5-1103
control civcuitry conld not be easily adapted to that of the cvent detector.
It was also found that continuous vecording of the long-period samples while
routing SP data through the event detector would be an expensive task.  There-
fore, efforts under this project were suspended.

5.2 COLLECT HIGH FREQUENCY DATA

A ‘Task Change Proposal (P-3020) was submitted in Januavy ontlining a program
to use SDCS equipment and personnel to collect special high-trequency (HF)

and intermediate frequency (IF) seismic data at a site near Mchkimey, Texas.
The proposed program would be a cooperative effort with Southern Methodist
University (SMU), Dallas, and would use both SDCS- and SMU-assiguned equipment,
The purpose of the experiment is twofold; first, the KS-36000 should be
operated in the HF seismic band (5 to 20 Hz) to determine its usefulness as

an HI seismometer and second, HE and 1F data need to be studied to detevmine
whether they can be used for discriminating between earthquakes and explosions
at near-regional distances of 150 to 650 kw.

At the end of the reporting peviod, approval to procecd had not been received.

However, preliminary planning to staff the operation and wodify the SDCS equip-
ment was underway.
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