
.

'[5 rdL
A

! an

i% r *h% United States Department of the Interior
q. W

CR.y/y*.

GEOLOGICAL SURVEY
RESTON, VIRGINIA 22092

In Reply Refer To:
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Mr. Richard P. Denise, Assistant
Director for Site Technology
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Washington, D.C. 20555

Dear Dick:

Transmitted herewith, in response to your letter of November 28, 1978,
is our Status of Review of the North Coast Nuclear Plant, Unit 1,
(NRC Docket No. 50-376) near Arecibo, Puerto Rico.

This status was prepared by Robert H. Morris and Stanley R. Brockman.
Assistance was provided by John Aaron, Louis E. Garrison, James W. Dewey
and James.Devine.

Sincerely,
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Status Review.

NORCO, Puerto Rico
Robert H. Morris
Stanley R. Brockman
December 13, 1978

Puerto Rico Water Resources Authority
North Coast Nuclear Plant, Unit 1

Arecibo, Puerto Rico
NRC Docket No. 50-376

Geology

The USGS (U.S. Geological Survey) has reviewed the geology and

seismology for the North Coast (NORCO) reactor site as reported in the

PSAR (Preliminary Site Analysis Report) Volumes I-XIII and its amendments

(through 30). During the course of the review, numerous meetings conducted

by NRC have been attended and several field examinations of the site and

related geologic features made. The reviewers have had considerable

assistance from other USGS geologists, in particular, John Aaron, formerly

of the San Juan office of the USGS, and Louis F. Garrison, Office of Marine

Geology.
'

The-applicant's consultants have provided considerable geologic

data. In addition to the usual geologic mapping, the applicant has included

marine reflection surveys that encircle Puerto Rico, detailed high-

resolution reflection surveys along the north coast adjacent to the

proposed NORC0 site, side-scan ocean bottom imagery, onshore vibroseis

and gravity surveys. The applicant has also assisted in theinstallation

and running of a seismic network on Puerto Rico and two neighboring

islands, Isla Mona and Isla Desecheo. The abundant data derived frcm

these studies, coupled with the site specific geologic studies, provide the

basis for the applicant's conclusions regarding the geologic suitability

of the NORCO site and the seismic design parameters for the SSE (Safe

Shutdown Earthquake).
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The review of the NORC0 site PSAR and related documents has extended

over several years although during part of this time it was held in

abeyance at the request of the applicant, Puerto Rico Water Resources

Authori ty. Some of the more critical questions or concerns that developed

and were resolved during the review process include:

1. Structure and capability of faults in the shelf area lying

north of Puerto Rico, particularly those that may be extensions

of major faults of the mainland, such as the Great Northern

Puerto Rico fault zone.

2. Solution cavities, sinkholes, and underground drainage in the

karst area of the northern coastal plain.

3. Tectonic model of Puerto Rico and vicinity.

4. Liquefaction potential in the site area.

5. Capable structures on Puerto Rico.
'

6. Seismic-wave velocities and attenuation characteristics of

crustal units.

7. The tectonic stability implications of the relationship

of geomorphic elements to the different sea levels during

the Quaternary.

The applicant's responses and discussions of each of these

concerns have been adequate. The reviewers particularly appreciate

the applicant's cooperation in making available certain elements of

proprietary data necessary for a more complete understanding of tectonic

structures of the NORC0 site and vicinity.
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Several groups of faults were interpreted from the marine seismic

reflection surveys. Two of these, (1) northwest trending zone near

Guajataca, and (2) the flear Shore Fault, an east trending zone lying a

few kilometers offshore from the site were studied in detail. In both

cases continuity of young (Upper Tertiary) strata across these structures

as interpreted from both the sparker and aquapulse surveys precludes

their being of tectonic significance to the site.

On land south of the site, strands of the Great florthern Puerto Rico

fault zone were traced north westward to where they project beneath the

tertiary coastal plain strata. Three detailed studies of these structural

relationships were made and results are illustrated in figures 2.5-12, 13,

14, and 15. Volume II Section 2.5 of the PSAR. A field trip to these areas

was conducted by the applicant and its consultants for the flRC and USGS

reviewers. The applicant's conclusion that the fault strands are old

(pre lower' tertiary) and pass beneath the tertiary strata without structural

dislocation of these strata was verified.

Briggs (1961) postulated an east trending fault in the subsurface

several kilometers south of the site. The applicant conducted extensive

surface mapping and subsurface geophysical studies to determine if the

postulated fault existed. Marine reflection profiles offshore, vibrosies

profiles onshore and geologic mapping demonstrate that the postulated

fault (8riggs Fault) does not exist. (PSAR 2.5-99 to 101A0)
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The applicant has concluded that there are no capable faults or

other restrictive tectonic elements at the NORC0 site or in the vicinity

and that with the proper use of grouting procedures in the limestone

(Camuy and Aymamon Formations of Tertiary age and marine limestones of

Tertiary-Quaternary age) beneath the site, an adequate foundation for a

nuclear plant may be realized.

The applicant has determined the SSE using a tectonic model with

the following elements:

1. A lithospheric slab dipping southward 37 degrees beneath the

island from the edge of the Puerto Rico trench.

2. The width of the rupture zone is 100 km and the length 110 km.

3. A magnitude 8.1 event along the interface of the Caribbean plate

and the dipping slab of the North American plate at a focal distance of

65 km from the plant site.

Although more recent analysis (Fugro,1977) of seismic data suggests

the dip of the lithospheric slab is probably as steep as 50 degrees, the

tectonic model used by the applicant appears to be adequately conservative

based upon available geologic data and in comparison to reasonably similar

tectonic structures elsewhere in the world.

Based upon the geologic data presented, the reviewers concur with

the applicant's conclusions as stated above. No capable faults have been

identified within the site vicinity (30 km) and there are no other restricting

tectonic elements identified. The proper use of grouting procedures

should insure integrity of the facility foundation.
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SEISMOLOGY

Although the Puerto Rico region exhibits a moderately high rate

of seismicity, the hypocenters of the earthquakes have not been, for

the most part, well-known. In an attempt to make the best use of the

data available, the applicant relocated the instrumentally-recorded

events of the past through the use of master-event techniques and

joint hypocentral determinations (Dewey,1971). A good approximation

of the location and angle of the North American plate as it dips

beneath the Caribbean plate and Puerto Rico was mad 9 pessible using

the relocated hypocenters, projected along a north-south hypocenter

pro fil e . A clearer definition of the down-dipping plate was made

possible by the applicant through the installation of a ten-station

seismograph network on the island and additional relocation efforts.

An improved crustal model was derived through a thorough analysis of

the data and the most recent nypocenters have been relocated, using

that model.

Although the seir aic network has been in operation on Puerto Rico

only a relatively si art time, enough data have been obtained to outline

clearly the slab tlat exists at depth beneath the island. We believe

that the location of the interface of the two major tectonic plates has

been determined with sufficient precision to estimate its dip to be about

50 degrees and its closest approach to the site to be about 65 km. The

shallow (0 - 25 km) earthquakes around and beneath Puerto Rico do not

appear to suggest seismically active structures at or near the surface.

As discussed in the Geology portion, there is no evidence of capable faulting

either onshore or offshore within 30 km of the site. The geologic data
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appear to preclude the existence of large shallow structures capable

of generating significant earthquakes or differential ground displace-

ment that could significantly affect the site. It should be noted,

however, that there is a general alignment of epicenters trending

northeast from the northeast corner of the island which appears to have

no identified shallow causal structure. It is possible that it is

either a result of systematic mislocation of epicenters due to the

geometric distribution of seismic stations or a suggestion of a deep,

unidentified structure. However, in light of the earthquakes being

considered in the formulation of the safe shutdown earthquake, this align-

ment should not represent a hazard to the site in excess of the SSE.

The Safe Shutdown Earthquake (SSE) selected by the applicant is a

magnitude 8.1 earthquake which is postualted to occur along the interface

of the lithospheric slab dipping southward beneath Puerto Rico and the

Caribbean plate. The nearest approach of the interface to the NORC0

site is about 65 km. Events similar to the postulated one occur in regions

where the plate motion has a component of subduction that is relatively

greater than the component of motion parallel to the trench. Because

current seismic data suggests that little or no subduction is occurring

at Puerto Rico, the occurrence of a great earthquake such as the 1964

Dominican Republic event (M 8.1) is not considered likely to occur near

Puerto Rico. The plate geometry in the Puerto Rico region has been

compared to the extreme west end of the Aleutians (i.e., Kelleher, et al,

1973; Molnar and Sykes, 1969). Although San Juan has been a population

center for 400 years, no descriptions of great destructive earthquakes

have been reported, (i.e., Reid and Taber,1919). A corresponding
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length of history is not available to us for theWestern Aleutians but

an earthquake greater than magnitude 7.8 has not occurred in the

Commander Islands since the beginning of this century (Kelleher, et al,

1973). The assumed magnitude of 8.1 on this interface is, in our

judgment, appropriate.

In addition to the plate boundary event, two other earthquakes were

considered by the applicant: (1) a magnitude 7-3/4 event in Mona Canyon,

about 65 km from the site; and (2) because of location uncertainties,

the applicant also assumed that a magnitude 7-3/4 event could occur on

one of the faults on the south wall of the Puerto Rico Trench. The

nearest of these was designated as the " South Bounding" Fault, the

closest approach of which is 33 km from the site.

This latter assumption is evidently based on the occurrences of the

magnitude 7-3/4 event of July 29, 1943, the epicenter of which is reported

in the literature as approximately 19 degrees N and 67 degrees W. This

location does not allow the discrimination of the N-S Mr.a Passage

Structure from the E-W South Bounding fault as the generating structure

because it is near the intersection of these two structures. However,

the reports of the intensities in Puerto Rico from this earthquake are

very low relative to the magnitude. Consequently, there is some uncertainty,

in our judgment, as to the manner in which the postulated M 7-3/4 earthquake

anywhere along the South Bounding fault should be used in assessing the

ground motion at the NORC0 site. If such an event is considered as

currently described in the PSAR, ground motions in excess of 0.35g would

be expected if commonly available attentuation curves are used, (i.e.,

Schnable and Seed, 1973, Esteva and Villaverde, 1973, Orphal and Lahoud,

1974, Chashi, M., et al, 1977). In our judgment, the appropriateness of
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the procedure used by the applicant to scale existing seismograms to

the conditions of the M 7-3/4 event is yet to be resolved.

The applicant did not select and describe an earthquake which

might occur randomly or discuss the effect of such an event upon

the site.

The proposed use of an acceleraoion value of 0.35 as the scaling

parameter for the high-frequency end of the_ response spectrum as

described in Safety Guide 1.60, is, in our judgment, sufficient to

represent the ground motion likely to be generated by the occurrence

of the magnitude 8.1 earthquake on the interface of the two major

tectonic plates (65 km beneath the site), and by the occurrence of

the magnitude 7-3/4 earthquake in the Mona Passage structure.

However, the appropriate scaling value for the M 7-3/4 event on the

South Bounding Fault and for the random earthquake near the site are
'

not resolved.
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