Data Report for “Bringing New Tools and Techniques
to Bear on Earthquake Hazard Analysis and Mitigation”

During July 2013, IRIS held an Advanced Studies Institute in Santo Domingo, Dominican
Republic, that was designed to enable early-career scientists who already have mastered the
fundamentals of seismology to begin collaborating in frontier seismological research. Support for
participants at the Institute, who were drawn from a dozen different countries of Middle America,
was partially funded by NSF award OISE-1242259, with David Simpson as the P.I. and Raymond
Willemann and a co-P.I.

This was the first IRIS institute to combine an instructional short course with field work for data
acquisition. Student participants broke into small teams to acquire data, and teams rotated among
different types of data acquisition so that all of them would have experience with all of the
different types of data collection. All of the data acquisition sites were within the Santo Domingo
urban area, which is situated on limestone terraces.

We used Trillium compact seismometers owned by Baylor University and Reftek 130 data loggers
loaned by PASSCAL under the rules for a RAMP deployment to acquire three-component ambient
noise data for Spatial Auto-Correlation (SPAC) analysis at eight arrays, with ten stations at each
array location. Table 1 provides details about the arrays, including date of deployment, instrument
serial numbers, and array center locations. Within each array, sensors were placed at the vertices of
three nested equilateral triangles — with sizes of 15 meters, 30 meters, and 60 meters on a side —
and at the single center point of all three triangles. Figure I shows an example of the array
geometry, but the array orientations were not measured and varied from site to site. We recorded
for at least an hour at each array location, in each case continuing for 60 minutes beyond the top of
the hour after deployment was completed to ensure synchronized data files at the ten sites of the
array. Work at the SPAC arrays was supervised by Jay Pulliam of Baylor University.

We also used Trillium compact seismometers owned by Baylor University and Reftek 130 data
loggers loaned by PASSCAL under the rules for a RAMP deployment to acquire three-component
ambient noise data for Horizontal to Vertical Spectral Ratio (HVSR) analysis at 61 individual sites
that lie along six sub-parallel profiles and at selected points between the profiles. The profiles are
oriented approximately north-south, perpendicular to the shoreline along the south side of Santo
Domingo. Figure 2 shows the locations of stations along the profiles. Table 2 provides details
about the HVSR sites, including date of deployment, instrument serial numbers, and profile
numbers. The HVSR data acquisition was carried out by two teams working independently, each
with two sets of instrumentation. We recorded for approximately 30 minutes at each site. One team
was supervised by Michael Schmitz of FUNVISIS, Venezuela; the other team was supervised by
Carlos Huerta of the University of Puerto Rico, Mayagiiez.

We used a DALink III 24-channel recorder and RTC 4.5 Hz vertical geophones from Optim to
acquire ambient noise data for Refraction Microtremor (ReMi) analysis at 11 sites, with
supplementary data for active-source Multi-channel Spectral Analysis of Surface Waves (MASW)
analysis at three of them. The geophones were spaced at 10 meters, generally along a straight line,
but along a gently curving road at site “Sur 3”. The orientation of the lines were not measured, and
are known only approximately. Table 3 provides details about each line. At first we recorded 24
channels of data, but after a connector broke at “Este 4” on one of the 12-channel geophone cables,



we recorded only 12 channels. At each location, we used a 12-pound sledge hammer for ten
untimed strikes at a distance of ten meters from each end of the line to enhance data for ReMi
analysis. At the sites selected for MASW analysis, after the ReMi data acquisition and without
moving the geophones, we also struck ten times, timed using a hammer trigger, with the 12-pound
sledge hammer adjacent to each of the 12 or 24 geophones. Work at the geophone lines was
supervised by John Louie of the University of Nevada, Reno, and Travis West of Optim; at least
one of them was at each site, but each of them was absent for some of the sites.

Figure 3 shows an aerial view of Faro a Colon, with the SPAC sites numbered and the
approximate locations of the geophone lines drawn. Figure 4 shows and aerial view of Herrera
Airport and the Subsidence Area, with the center points of the geophone lines marked by stars.
Figure 5 shows a map of the SPAC arrays and geophone lines at Mirador del Sur. Figure 6 shows
an aerial view of the geophone lines Este 3 and Este 4.

The results showed that teams quickly learned to collect high-quality data for each method of
analysis. SPAC and refraction microtremor analysis each demonstrated that dispersion relations
based on ambient noise and from arrays with an aperture of less than 200 meters could be used to
determine the depth of a weak, disaggregated layer known to underlie the fast near-surface
limestone terraces on which Santo Domingo is situated, and indicated the presence of
unexpectedly strong rocks below. All three array methods concurred that most Santo Domingo
sites has relatively high V30 (average shear velocity to a depth of 30 m), generally at the B-C
NEHRP hazard class boundary or higher. HVSR analysis revealed that the general pattern of
resonance was short periods close to the coast, and an increase with distance from the shore line. In
the east-west direction, significant variations were also evident at the highest elevation terrace, and
near the Ozama River. In terms of the sub-soil conditions, the observed pattern of HVSR values,
departs form the expected increase of sediment thickness close to the coast.
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Profile/site
P1/01
P1/02
P1/03
P1/04
P1/05
P1/06
P1/07
P1/08

P2/01
P2/02
P2/03
P2/04
P2/05
P2/06
P2/07
P2/08

P5/01
P5/02
P5/03
P5/04
P5/05
P5/06
P5/07

P6/01
P6/02
P6/03
P6/04
P6/05
P6/06
P6/07
P6/08

Table 2, page 1. Instrument serial numbers (sensor, recorder,
GPS antenna), profile and site number location of ambient
noise measurements in Santo Domingo, Dominican Republic.

Sensor Trillium Compact s/n
1049

1046

N/A

1046

1049

1050

1046

1046

01051
486
01051
486
01051
486
N/A
486

486
403
486
403
403(486)
403(486)
486

1046
1050
1046
1050
1046
1050
1046
1050

Recorder/GPS s/n
949A-1030/NA
92F1-130/NA

N/A

N/A

92F1-130/NA
949A-130/NA
92F1-130/NA
92F1-130/NA

950C/1714
9282/1815
950C/NA
9282/1815
N/A
9282/NA
N/A
9282/1815

950C/1815(1714)
9282/1815
950C/1714
9282/1815
950C/1714
9282/1815
950C/1714

92F1-130/1006
949A-130/1008654
92F1-130/1006
949A-130/1008654
92F1-130/NA
949A-130/NA
NA/NA
949A-130/NA

Julian day, (2013)
199
199
199
199
199
199
199
199

199
199
199
199
199
199
199
199

200
200
200
200
200
200
200; Site repeated= site 03

200
200
200
200
200
200
200
200



Table 2, page 2. Instrument serial numbers (sensor, recorder,
GPS antenna), profile and site number location of ambient
noise measurements in Santo Domingo, Dominican Republic.

Profile/site  Sensor Trillium Compact s/n Recorder/GPS s/n  Julian day, (2013)

P3/01 001053 9282/NA 201
P3/02 00486 950C/NA 201
P3/03 001053 9282/NA 201
P3/04 00486 950C/NA 201
P3/05 001053 9282/1815 201
P3/06 00486 950C/1714 201
P4/01 1050 92F1-130/NA 201
P4/02 1046 949A-130/NA 201
P4/03 1050 92F1-130/NA 201; No site ID (plaza espania)
P4/04 1046 949A/NA 201
P4/05 1050 92F1/NA 201
P4/06 1046 949A/NA 201
P4/07 1050 92F1/NA 201
P4/08 1046 949A-130/NA 201
P4/09 1046 92F1/NA 201
P4/10 1050 949A-130/NA 201
P4/11 1046 92F1/NA 201
P4/12 1050 92F1-130/NA 201
P1-P2/01 1053 9282/1714 202
P1-P2/02 0485 950C/1815 202
P1-P2/03 1053 9282/1815 202
P1-P2/04 486 950C/1714 202
P3-P4/01A 1050 92F1-130/NA 202
P3-P4/02 1050 92F1-130/NA 202
P3-P4/01B 1046 949A/NA 202
P3-P4/03 1046 949A-130/NA 202
P3-P4/04 1050 92F1-130/NA 202
P3-P4/05 001046 949A/1815 202
P3-P4/06 1050 92F1-130/NA 202
P3-P4/07 1046 949A-130/NA 202

PH-P#/##: sites between profiles/site number, N/A: Info. not available on field notes, P#/##: profile
number/site number. Information here described as it appears in the field notes.
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Figure 1. Each SPAC array was nested triangles
with side lengths of 15 m, 30 m, and 60 m, plus
a center element common to the three triangles.
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Figure 2. Sixty-one HVSR sites lie along six sub-parallel
profiles and at selected points between the profiles.

N.0.0.S€

N..0.0.S1
11

600" 0"W

70°0°0"W

80°0'0"W



Figure 3. Aerial view of Faro a Colon, with the
SPAC sites numbered and the approximate
locations of the geophone lines drawn.
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Figure 4. Aerial view of Herrera Airport and the Subsidence Area, with the
center points of the geophone lines and the SPAC arrays marked by stars.
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Figure 5. Map of the SPAC arrays and geophone lines at Mirador del Sur.
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