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1.0 GENERAL
1.1  Project Description

The Rio Valenciane Dam will be a 30-meter high dam that will close the volley of the generally
north flowing Rio Valenciano at a point about 2.2 kilometers south of Juncos, PR. The reservoir
has a tributary area of 38.8 square kilometers and will supply an average of 14.4 million gallons
of water per day (MGD) for treatment and distribution to municipalities in east central region of
Puerto Rico.

1.2 Purpose of Investigation

This geotechnical investigation was undertaken to provide basic site data for the preparation of
the RFP documents for the Design-Build contract. The investigations provide geologic and
geotechnical data on the foundation conditions at the proposed dam site. This data was used in
the selection of the roller-compacted concrete gravity dam alternative presented in the bid
documents, and to assess the seepage potential through the foundation.

The results of the investigation presented in this report are intended fo be used by the Design-
Build contractor to assist in bid preparation and final design. However, the type of dam to be
built is not finalized, and application of the data to other dam-type alternatives can be made as
appropriate. The extent of available material resources for dam construction was not investigated
and is considered a responsibility of the Design-Build contractor.

1.3 Scope of the Report
The scope of this report is to:

« Present the results of the geotechnical investigation undertaken during February and
March 2000,

o Discuss the engineering considerations resulting from the geotechnical investigation,

¢ Evaluate the likelihood of reservoir induced seismicity, and

¢ Evaluate the stability of the reserveir rim.

14 Sources of Data

Sources of data for this report included the present geotechnical investigation, which
encompassed the following:

Geologic mapping

Air photo interpretation

Soil and rock borings

Field hydraulic conductivity tests

Test pits

e Secismic refraction surveys

e Laboratory testing of soil and rock samples

e @ & @
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In addition, relevant dala was available from the Buck, Seifert and Jost investigation in 1978
along the same dam alignment as this investigation, and the Cerps of Engineers investigation in
1974 where the dam alignment was 800 m downstream from the present location.

2.0 GEOLOGY OF THE RESERVOIR AREA

The Rio Valencio reservoir site lies on the northern edge of the San Lorenzo batholith (Figure 1).
This granitic rock was intruded into volcanic rocks during upper Mastrichtian or lower Paleocene
tinie. Just north of the batholith is one of two major faults crossing Puerto Rico, the northern
Puerto Rico fault zone (NPFRFZ) (Figures 1 and 2). This fault is only 1 to 2 km north of the dam
location. The NPRFZ trends east-southeast, has left lateral strike-slip motion, and can be traced
for about 50 km (Jolly et al., 1998). There are ro geologic units common to both sides of the
fault, therefore, 50 km is assumed to represent the minimum displacement. The major movement
on the NPRFZ has been determined by Jolly (1998), based on the compositions of velcanic
rocks, to have occurred about 85 million years ago (Ma) in the upper Cretaceous. Howcever,
movement on associated strike-slip faults can be seen cutting rocks as young as upper Paleocene
(55 Ma) (Jolly, 1998) indicating movement took place over a prolonged period. Major movement
according to Jolly (1998) would have preceded emplacement of the San Lorenzo batholith, but
minor movements would have postdated it.

A fault has been postulated to cross the reservoir that would appear to be related to the NPRFZ
(Figure 2). Evidence for this fault includes:

¢ The straight and narrow river valley segment that includes the dam location and
extends for over 2 km,

» Shear zone 13,5 wide with fault gouge observed in a Corps of Engincers core boring
located about 500 m downstream of the proposed dam axis.

» A sheared and/or hydrothermally altered dike in the streambed about 100 m north of
the proposed dam location and trending parallel to the river.

» A suspected sheared and/or hydrothermally altered dike in boring BSI-13 near the
river on the proposed dam axis.

¢ A thin dike observed in boring BV-5 adjacent to the river on the danm axis.

This postulated fault most likely strikes along the course of the river to the south where it would
appear to merge with a fault mapped by others parallel to the NFRFZ. To the north, there is
topographic evidence from maps and air photos that this fault continues up to the broad valley
north of Juncos that is the location of the NPRFZ. The orientation of this fault matches almost
exactly the orientation of theoretical reverse faults forming in an area between two right-
stepping, left lateral strike-slip faults such as the NPRFZ and the parallel fault mapped to the
south, The entire NPRFZ system has been inactive for at least 55 million years, and therefore
poses no threat as a seismic source.

The other significant fault zone on the island is the southern Puesto Rico fault zone (SPRFZ)
(Figure 1). This fault has been studied in detail by Erikson et al. (1990). They were able to

06/30/00 2 Black & Vealtch
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conclude that the age of significant deformation along the SPRFZ is constrained to middle
Eocene to early Oligocene (35 Ma). This is also clearly an inactive fault.

3.0 EXPLORATION PROGRAM
3.1 Ceneral

Field exploration and laboratory testing for the Rio Valenciano Reservoir included:

¢ Geologic mapping and air photo interpretation
Soil and rock borings

Hydraulic conductivity tests in boreholes
Groundwater level menitoring

Seismic refraction surveys

Test pits

Laboratory testing

A summary of the scope of each of these investigations is discussed in the following sections.
3.2  Geologic Mapping

Geologic mapping was undertaken to document rock types, identify lithologic contacts, obtain
joint orientations, idemtify shear and fault zones, observe surface weathering, and evaluate
geologic hazards. Mapping included the integration of previous work in the area, field checking
of previous mapping efforts, and evaluation of aerial photography. The geologic map is
presented in Figure 2, and a stereonet of joint orientations is shown on Figure 5.

33  Soil and Core Borings

Six soil and core borings were compieted during this investigation (BV-1, BV-2, BV-4, BV-5,
BV-7, and BV-8). Borings BV-3 and BV-6 were deleted from the original investigation plan due
to schedule constraints. The borings were advanced with a hollow stem auger and sampled with a
split spocn until reaching refusal. Beyond this, the borings were advanced with an NX-size
double tube coring system. These borings are in addition tc 17 borings drilled during the Buck,
Seifert and Jost investigation in 1978. Boring logs from this investigation along with a
description of the procedures used for drilling and sampling are presented in Appendix A. Boring
locations are shown on Figure 3.

3.4  Hydraulic Conductivity Tests
Packer tests were conducled on the five borings drilled along the dam alignment to evaluate in-
sitn hydraulic conductivity of the bedrock. Packer tests were performed generally in intervals 11

feet long, apd successive tests were overlapped by 1 foot, The boreholes were tested from the
bottom of the hele to the top of competent rock.

{6/30/00 3 Bluck & Vcaich
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Five-stage pressure tests were typically performed in each interval. The stages werc generally as
follows:

0.5 Pai.
075 Py
10 Po
075 Puy

05 Py, where Py = baseline pressure (generally t psi per foot of depth)

As can be seen, the first three stages were conducted at increasingly higher pressures, and the
fourth and fifth stages at the same pressure as the second and first stages, respectively. The five-
stage test allowed interpretation of fracture changes during testing such as dilation, washout, and
fracture filling. Test pressures were controlled to produce data most representative of intrinsic
bedrock permeability and did not exceed a pressure factor of 1 psi per foot of hole measured
from the ground surface to the center of the test interval, except in boreholes BV-4 and BV-5,
Boreholes BV-4 and BV-5, located on the valley floor, were tested at pressures commensurate
with the planned reservoir head to evaluate the potential for hydraulic jacking of the rock mass
discontinuities. Packer tests were typically run for 5 minutes at each pressure step.

Water take and pressure data were used to calculate hydraulic conductivity valucs in centimeters
per second and lngeon values for each test. Test procedures and results are included in Appendix
B, and representative lugeon values from each test are presented in tabular form in Section 5.0 of
this report.

3.5  Groundwater Level Monitoring

Groundwater levels were measured once during this investigation. This occurred just prior to
packer testing of the borings. All borings had a minimum of two weeks to equilibrate between
the cessation of dritling activities and the start of packer testing. Three of the borings (BV-1, BV-
5, and BV-8) were completed as monitoring wells for future observation. Well completion logs
are included in Appendix A. Water levels are shown on the dam axis cross-section in Figure 4.

3.6 Seismic Refraction Surveys

Seven seismic refraction surveys were conducted in the dam footprint area in order to estimale
the depth of weathering and the seismic velocities of bedrock materials (Figure 3). Refraction
Jines SR-1, 2, 5, 6, 7 and 8 were essentially perpendicular to the river channel with SR-5 and 6
nearest to the dam centerline, SR-1 and 2 upstream of the dam centerline, and SR-6 and 7
downstream of the dam centerline on the right bank and left banks respectively. Line SR-3
paralleled the river on the right bank. An eighth seismic line, SR-4, intended to parallel the river
on the left bank was not completed because of the highly irregular topography.

For each survey, a 140 pound hammer dropped 8 feet from a drilling tripod to a metal plate
provided the seismic impulse, and the wave arrival times were recorded using a 24-channel
StrataView S-24 exploration seismograph. A 10-foot geophone spacing with the shot points
located about 5-feet from the end geophones in each line provided total survey line lengths of

06/30/00 4 Black & Veateh
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230-fect. The time/distance data, data plots and interpretations for the completed lings arc
contained in Appendix C.

The data obtained from the seismic refraction lines is of limited use. Due to equipment preblems
Channel 12 was not recorded in several of the survey line seismograms, the geophones nearcst
several shot points did not detect the wave arrivals, and arrival data could enly be resolved in one
direction for lines SR-6 and 8. The seismic refraction method works best to resolve distinct
subsurface interfaces between layers of contrasting seismic velocity. Granitic rocks siich as the
granodiorite underlying the dam site typically do not weather to produce distinct contrasting
layers. Weathering penctrates along joinls and fracture zones to produce weathered seams
separating rounded but intact rock corestones with the average seismic velocity of the mass
generally increasing gradually with depth. The sloping irregular topography of the dam site
further complicates interpretation of the seismic refraction data.

What is highlighted by the seismic refraction surveys is the irregularity of the subsurface
materials. The time/distance plots tend to be wavy and rounded without distinct breaks in slope.
The data interpretations obtained from a computer software package show irregular interfaces.
Several of these interpretations are clearly questionable, suggesting that the subsurface
conditions are too complex to be fitted to simple models. The seismic refraction survey results
generally confirm the subsurface conditions indicated by both the carlier Buck, Seifert and Jost
borings and the present drilling program that the weathering profile beneath the dam site is
irregular. Significant retief can be expected on the excavated foundation surface,

3.7 Test Pits

Five test pits were excavated to obtain bulk samples of the soils overlying bedrock at the site.
The pits ranged from 3 to 6 feet deep and were backfilled after completion. All the pits extended
down into extremely weathered and saprolitic bedrock.

The pits were excavated with a small backhoe mounted on 2 Caterpillar rubber tired tractor. A
bench cut at about half the total depth in the deeper pits allowed examination and sketching of
the side walls. Samples of the various materials encountered were stockpiled during excavation
and later put into plastic buckets for delivery to the laberatory for testing. Test pit logs are
presented in Appendix D, and locations are shown on Figure 3.

3.8  Laboratory Testing

Selected soil samples from drilling and test pits, and rock core samples were tested to evaluate
engineering properties. This testing included:

e Sieve and hydrometer tesis

¢ Density tests

e Moisture content

= Atterberg limits

e Standard Procter tests

¢ Unconfined compressicn tests on rock

(36/30/00 5 - Black & Veatch
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Results of these tests are presented in Appendix E.

4.0 GEOLOGIC CHARACTERIZATION
41  Lithology
4,1.1 Granodiorite

The dam foundation area and the entire reservoir inundation area are underlain by the San
Lorenzo batholith (Figure 2). The roughly circular surface exposure area of this intrusive body is
about 17 miles in diameter (Figure 1). The age and boundary conditions of the batholith are
discussed in Section 2.0 of this report.

Based on surface exposures and core from borings, the batholith is predominantly composed of
grancdiorife. The typical slightly weathered to fresh granodiorite is medium- to coarse-grained,
gray, strong, and very hard. The major mineral constituents in order of abundance are feldspar,
quartz, and hornblende. In core there appears to be some areas where the rock grades from
granodiorite into granite due to an increase in the percentage of potassium feldspar at the
expense of plagioclase feldspar, but there are no associated changes in the engineering
characteristics of the rock. The rock is massive with no oriented fabric. A characteristic of the
rock is the abundance of mafic inclusions. These inclusions are generally well-rounded bodies
ranging in size from 0.25 to 3 feet in diameter, and composed of fine-grained feldspar and
hornblende. They are thought to be an early crystallization product of the magma.

4.1.2 Dikes

Two different types of dikes were encountered in the exploration program, One was observed in
bosing BY-7 as a dark gray to black, aphanitic intrusive with black phenocrysts (pyroxene?). The
total length in core was 2.2 feet, and the two contacts with the granodiorite were not parallel.
Although float of similar material was observed in several areas, this type of dike was never
observed in outcrop during field mapping.

The other dike was observed in outcrop just downstream of the diversion dike for the existing
water treatment plant intake. This dike is granitic in composition, and could not be distinguished
from the surrounding granodiorite except by the finer grain size. It was aiso characterized by
banding caused by shearing andfor hydrothermal alteration. The dike appeared to be oriented
parallel to the river, and dipping near vertical. In boring BSJ-[3 a 45-foot interval of
“metamorphic granitic rock” was encountered that is thought to be equivalent {o this dike. The
banding was probably mistaken for a planar metamorphic fabric.

4.2  Weathering Characteristics
The weathering profile observed in field exposures, cores, and test pits consistently shows a

surface layer of topsoil, a clayey sand layer, a variable thickness of saprolite, and little to no
intermediately weathered rock before reaching the top of sound rock. The borings drilied by
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Buck, Seifert and Jost (BSJ) are in general agreement with the B&V borings, however, there are
come inconsistencies in terminology and possible misidentification of materials in the saprolite
and soil sections of the BSJ boring logs.

The soil section of the weathering profile is best described in the test pits, because the boring
locations were all prepared by a dozer. All five test pits contained 0.5 to 1.0 feet of organic rich
topsoil at the top. Below this was a layer of clayey sand to sandy clay that ranged in thickncss
from 0.6 to 3.0 feet, except in BVTP-4, where it was absent. The saprolite below the soil is
extremely weathered and friable granodiorite with the parent rock texture still intact (for an
explanation of rock weathering terms see Appendix A). The saprolite layer observed in the B&V
borings ranged in thickness from O feet in BV-2 to 33.3 feet in BV-4. A similar range in
thickness was observed in the BSJ borings. The transition from saprolite to sound rock or slightly
weathered rock is very abrupt. The intervening layer of moderaiely weathered rock was never
more than 5 feet thick in any of the 23 borings drilled. The depth from the surface to sound rock
for all 23 borings ranged fromt 1.5 to 43 feet, and averaged 18.2 feet.

Another characteristic of weathering in the granodiorite is the formation of core stones. Core
stones are relatively unweathered rock surrounded by weathered seams developed along
fractures that, after exposure to the effects of erosion, will form boulders on the surface, Core
stones could be observed in place in several areas around the reservoir site {Figure 6). and the
residual boulders are ubiquitous throughout the area. The top of sound rock that was determined
in boreholes, and shown on the sections in Figure 4, is most likely the top of core stones.
Evidence of this could be seen in cores as intervals of highly weathered rock with core loss
underlying the upper interval of slightly weathered rock. For instance, in boring BV-1 the top of
slightly weathered rock was encountered at 13.9 feet, but weathered rock and no recovery zones
at 25.6-28.5 feet and 33.2-33.9 feet probably define the boundaries of core stones. This type of
weathering will produce a hummocky excavated surface with highs on the top of corestones and
deeper excavation into the weathered seams separating them.

Seismic refraction surveys were performed to help determine the depth to the top of sound rock
between boreholes. This data was determined to be an unreliable predictor of this interface for
reasons discussed in Section 3.6 of this report. :

43  Rock Strength

Unconfined compressive tests were run on rock core to determine the strength of the rock. A
total of 31 tests were run. Results of these tests are tabulated in Appendix E. Most samples were
taken from the 10 feet just below the top of sound rock. The upper sample in each boring was the
first piece of core greater than 4 in long below the top of sound rock. The average strength of the
31 tests was 18,353 psi, and the range was from 2,311 to 27,241 psi. The low value was from a
piece of core with a partially healed fracture with iron oxide coating the joint surfaces. The next
lowest value was 8,531 psi.

06/30/08 7 Black & Veutch



4.4 Rock Mass Discontinuities

Rock mass discentinuity data was collected from surface outcrops around the dam location. All
data was taken from the San Lorenzo granodiorite. Figure 5 presents the orientation data
collected during field mapping. Four primary joint sets are recognized from this data set:

Joint Set Strike Dip
1 NI4E 84 SE
2 NEW 90
3 NBOE 80 NW
4 N36W 85 SW

A low angle joint set was also observed in the field with dips less than 20°. This joint set is not
represented on Figure 5 because strike orientations are difficult to accurately determine on
surfaces dipping this shallowly. Joint sets 1 and 2, with a difference in average strike orientation
of only 22°, may represent a single joint set. 1§ these joints do represent a single joint set, then the
average strike would be very close to north-south. These joints, oriented close {0 perpendicutar to
the axis of the dam, offer the most direct route for seepage. Grout holes should be oriented to
maximize intersections with these joints.

Since most of the joint sets are steeply dipping, joint spacing must be estintated from surface
exposures with near horizontal surfaces rather than core. Outcrops were generally characterized
by one joint set being dominant with joint spacing on this set generally 1 to 3 1. Subsidiary joint
sets had spacing in the 5 to 10 ft range.

A characteristic seen in all the cores was the presence of quartz and calcite filled discontinuities.
These features were healed and tight. These were common in slightly weathered to fresh cores,
and were generally 0.1 to 0.2 in wide. Comprehensive water quality sampling and testing was
conducted by Black & Veatch from 12/8/99 to 12/31/99, and from 1/13/00 to 1/20/00 on raw
water from the Rio Valenciano. The pH of water from these two time periods ranged from 7.70
to 8.08 and 7.76 to 8.38, respectively. Regular daily alkalinity testing of raw Rio Valenctano
river water taken for the operation of the Ceiba Sur Filiration Plant from October 1998 through
October 1999 had only three tests with a pH under 7.0. USGS data on the Ric Valenciano
collected during the period 3/9/71 to 9/10/85 had an average pH of 7.39, a range of 6.2 to 8.3,
and a standard deviation of 0.53. This data, taken together, indicates that dissolution of calcite in
joints is very unlikely to occur.

Open joints observed in core had slightly rough surfaces coated with iron oxide, and were planar.
Most joints, observed in outcrop and core, appeared very narrow (<0.1 in}).

06/30/00 & Black & Veateh



— o

e

r

— o

eor

—

50 HYDRAULIC CONDUCTIVITY

A total of 15 packer tests were conducted in the five borings along the dam axis. All fests were
below the top of stightly weathered rock. Water takes ranged from O to 84 lugeons, representing
hydrautic conductivity values from 0 to 8.4 x 107 cm/s. Results of these fests are as follows:

Boring No. Test Interval Hydraulic fugeons Test Interval
{depth in ft) Conductivity Measured From Top
{cm/s) of Sound Rock (ft)
BV-1 17-28 3.0x 107 304 3.0 -141
26- 37 23x 107 2.4 2.1-23.1
BvV-4 43 - 54 24 x 107 24 0-11
53-65 0 0.0 10-22
BV-5 22-33 48x 107 48.1 3-14
32-43 42 x 107 42 13-24
42-53 1.9x 107 19.5 2334 |
52-63 2.7x107 27.1 3344
62 - 74 4.6x 107 4.5 43 — 55
BV-7 30-40 2.2x 107 19.1 28-128
40 - 50 0 0.0 {28 -228 ‘j
BV-8 22-33 2.7x10° 15 0.5-11.5
32-43 84 x 107 84.4 10.5-21.5
42-53 ¢ 0.0 205-315
52-63.5 0 0.0 305-42

As can be seen from this data, 6 out of 15, or 40%, of the tests had water takes greater than 5
Jugeons. Of the 6 tests with significant water takes, 3 were in the uppermost test interval and 3
were balow this. Based on this limited data, a grout curtain will be necessary to control both
seepage and uplift pressures. In addition, some consolidation grouting may be necessary since
the upper zone of every boring had some water take.

The Corps of Engineers conducted packer tests at a proposed dam site about 500 m downstream

of the sile investigated for this report. Although this site is somewhat removed, the underlying
rocks are the same. Results of these tests are as follows:

06/30/00 9 Black & Veatch
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‘—}mng No. Test Interval Lugeons ;‘
(depth ft)
(CB-Sl 23-41.5 0
46 - 64.8 ]
CB-t 22 -68.9 2.8
CB-2 32.7-60.3 0
CB-3 5-125 56
25-61.5 0
CB4 10-19.2 45
21 -29 0
29 -39 0
39 -49 0
49 - 59 0
39 -69 0
69-79 0
CB-5 4-15 200
17-27 0
27-37 0
37-47 4.3
47-573 0
57.3-70.7 0
CB-6 53.6-156 7.2
13.6 - 25.6 12.6
35-063.5 0
CB-7 32.9-43.1 0
43,1 -53.1 .2
53.1-63.1 0.7
— T 63.1-8L1 0

Of these tests only 5 out of 26 had water takes greater than 5 tugeons, and of these 5, four of the
tests were at least partially in saprolite. Therefore, to compare these test resulis to those done for
this investigation, the 4 tests with takes in saprolite must be eliminated, In the Biack & Veaich
tests 40% had takes greater than 5 lugeons versus only 5% of the tests done by the Corps. This
indicates that either there is a difference in the hydraulic conductivity of the rock at the two sites,
or the small number of tests does not accurately represent the statistical variation. The lugeon
data from both the Black & Veatch (B&V) and the Corps of Engineers (COE) packer tests are
plotted by depth on Figure 7. Each symbol is placed at the depth of the center of the tested
interval.

06/30/00 10 Black & Vealch



AR H

e

e

—

6.0 GEOLOGIC HAZARDS
6.1 Loca! Fault Considerations

No Holocene faulting (evidence of movement within the past 11,000 vears) is known to exist at
the project site, or within the geologic block between the Northern and Southern Puerte Rico
Fault Zenes (NPRFZ and SPFZ) (Figure 1). Prior to this study, the closest faults mapped in the
area were the faults associated with the Northern Puerto Rico Fault Zone about 2 km to the
northeast of the dam axis, and a small unnamed fault mapped about 3 km to the southeast (Figure
2). Based on observations during this investigation, a fault is thought to trend along the portion
of the Rio Valenciano riverbed that includes the dam location. The strike of this fault, and the
proximity 1o faulting associated with the NPRFZ, suggests that it is telated to the NPRFZ. The
last documented movement of the NPRFZ was Paleocene fime (55Ma). Therefore, it is
anticipated that the local fault crossing the dam axis is inactive and poses no threat as a seismic
source.

There are seismic considerations that must be addressed in the design if the Rio Valenciano dam
due to active tectonics surrounding the istand of Puerto Rico. These issues are addressed in a
separate report entitled: Seismic Hazard Study, Rio Valenciano Reservoir.

6.2  Reservoir Induced Seismicity

Simpson et al. (1988) have identified two causes for reservoir induced seismicity: 1) the elastic
stress due (o the load of the reservoir, and 2) the gradual diffusion of water from the reservoir to
hypocentral depths. Direct loading from the reservoir will cause increase shear stresses at depth,
and increase pore pressures, thereby decreasing the effective normal stress across potential
planes of failure. Likewise, diffusion of reservoir water will also increase pore pressure. In either
case, the predominant energy released in the triggered earthquake is from preexisting tectonic
strain (Yeats, et al., 1997).

Only a small percentage of reservoirs have triggered significant earithquakes. Attempts to
determine the unique characteristics of those that do trigger earthquakes has produced five
significant correlations:

(1) ‘Triggered events are more likely associated with large or deep reservoirs

(2) Triggered events are more likely in areas of normal and strike-slip fauiting
(3) Large events have occurred predominantly in areas of late Quaternary faulting
(4y Triggered events arc more likely during periods of rapid change in water level

(5) Triggered events are more likely to occur in reservoirs on sedimentary rocks

Based on Baecher and Keeney’s (1982) discussion of these characteristics, the following
tzbulation ranks the reservoir characteristic according to the likelihood of having reservoir

triggered scismicity (RTS). Shading indicates classifications inte which the Rio Valenciano
Reservoir falls,

06/30/00 11 Bisck & Vealeh
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Attribute Most Likely RTS Intermediate RTS Least Likely RTS
Depth Very Deep Deep Shallow
> 150 meters 92— 150 m <92m
Volume Very Large Large Small
10" m’ 0.42-1x10"m’ <0.12x 10%m’
State of Stress Shear (strike-slip) Extensional Compressional
Fault Activity Active Fault Present --- No Active Fault
Present
Geology Sedimentary Metamorphic Igneous

The only characteristic that the Rio Valenciano reservoir will share with reservoirs prone to
reservoir induced seismicity is that it is in an area of strike-slip faulting. It is theretore very
unlikely that any reservoir triggered earthquakes witl be occur at this site.

6.3 Landslide Potential

The rim slopes are comprised of granodiorite covered by varfable quantities of saprolite and
topsoil. A review of the reservoir topography reveals that a vast majority of slopes around the
rim are relatively gentle (all less than 2H:1V and most less than 4H:1V).

Aerial photographs were reviewed for areas exhibiting landslide morphology. One suspected
area was identified, but upon field examination no other indications of landsliding were
observed. The gentle slopes and lack of evidence for landslides make it very unlikely that any
slope instability invelving bedrock would oceur in the reservoir slopes, even considering future
saturation and possible ground shaking associated with earthguakes.

There is however a high probability of small scale surficial slumps of soil and saprolite.
Evidence of this type of gravity failure was observed in the field as arcuate scarps up to 5 m long
and 20 cm high with trees that had been rotated downhill. This assessment agrees with the
fandslide susceptibility map of Puerto Rico developed by Monroe (1979). He has mapped the
reservoir site as in an area of moderate landslide susceptibility, but states that no large landslide
has occurred in the intrusive rocks, only smatl slumps of soil and weathered rock. This type of
gravity failure will constitute no danger to the reserveir or problems to the surrounding area. The
only other type of failure that is foreseeable would be granitic boulders relling downslope. The
reservoir will not hasten this ongoing process.

G6/30/00
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7.9 ENGINEERING CONSIDERATIONS
7.1 Foundation Conditions

Foundation conditions are favorable for dam construction. If a gravity type dam is chosen. the
soil and saprolite should be removed and the dam should be founded on sound rock. Deptbs o
sound rock ranged from 1.3 to 43 feet (0.5 to 13 m) and averaged 18 feet (5.5 m) in the 23
borings drilled in the area of the proposed dam. The strength of the saprolite should allow stable
temporary excavation slopes of 1.5H:1V, and possibly 1H:1V.

The foundation surface at the top of sound rock will be uneven due to corestones in the
underlying sound granodiorite. Foundation preparation will require over excavation of the
weathered material between corestones, and backfilling with dental concrete. Additional concrete
1o even the surface between corestones may be required prior to starting RCC placement. There
is a high probability that a fault zone running perpendicular to the axis of the dam exists below
the river. This will also likely require over excavation and backfill with concrete prior 10 starting
dam construction, Depending on the depth and extent of weathering along this feature, stitch
grouting may be required to sufficiently limit seepage.

If an embankment dam is built at this site the saprolite may provide sufficient strength for a
foundation surface based on STP blow counts. This will need to be confirmed by additional
testing in the field and laboratory. If the dam is founded on saprolite, it is recommended that a
cutoff wall socketed into sound rock be included in the desigh.

72 Grouting Recommendations

The primary purpose of foundation grouting will be to limit scepage under the dam. A two-row
grout curtain with shallow consolidation grouting would be acceptable for this purpose. The
consolidation grouting will serve to improve the curtain grouting efticiency by limiting surface
grout leakage.

All the packer tests with lugeon values over 5 were less than 45 feet (13.6 m} below the
anticipated excavation surface at the top of sound rock (see table in Section 5.0). Based on these
results, a grout curtain depth of 25 m will likely be sufficient to inhibit scepage under the dam. [n
peneral, a tight foundation below a depth of 45 fect was confirmed, but with limited data.

Since the foundation granodiorite is not susceptible to solution and cavern formation, the use of
only neat cement grouts is anticipated.

06/30/00 13 Black & Veatch
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Typical weathering of granodicrite into
corestones. Roundsd boulders of
slightly weathered to fresh rock
surrounded by extremely weathered
and frlable saproliie. Length of
hammer handle is 1 foot.,

Figure 6

Photographs of
Corestones
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RIO VALENCIANO RESERVOIR

GEOTECHNICAL REPORT

APPENDIX A
SOIL AND ROCK BORINGS
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Rio Valenciano Reservoir
Geotechnical Report
Appendix A
Soil and Rock Borings

Al Introduciion

Six soil and rock borings were drilled as part of this investigation. An explanation to the
descriptive terms and symbols used on the boring logs is included in this appendix in Section A-
1, and are followed by the boring logs in numerical sequence.

A2 Drilling and Sampling Procedures

The drilling and hydraulic conductivity testing were performed between February 22, 2000 and
March 22, 2000. All drilling, sampling, and field testing operations were supervised by a field
geologist. The borings were drilled by one of two trailer-mounted CME-35 drill rigs owned and
operated by GeoCim Geotechnical Testing. Each boring was advanced using Longyear NX,
swivel-type core barrel. One rig was equipped with a wireline system. and the other used
conventional coring techniques. Both of these systems utilize a double-tube core barrel, and a
2 (Hinch inside diameter diamond-impregnated core bit. Drill fluid consisted of waler and was

puniped through the Tods while coring to flush cuttings and cool the bit.
The inner barrel was retrieved either by wireline or by removing the drill rods alter completion

of each core run, which was typically drilled to a maximum length of 5 fect. The core was
carefully removed and placed in the core box for detailed logging by the field geologist.

A3 Borehole Completion

A two-inch diameter PVC moniioring well was installed in BV-1, BV-3, and BV-8. The
remaining three borings were backfilled via the remie method with a cement grout slurry.
Completion logs for BV-1, BV-5, and BV-5 are included in Section A-2,

App-A.doc A-1 G/29/00
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L KEY TO DESCRIPTIVE TERMS USED ON CORE LOGS

DISCONTINUITY DESCRIPTORS

E!Dip of fracture surface measured relative 1o a plane perpendicular to core axis

.

e 2 | Amount of Infilling: Spacing {feet):
i F - Fault Su - Surface Stain VW - Very Wide (>10)
L J - Joint Sp - Spoity W - Wide (3-1C)
Sh - Shear Pa - Partially Filled MW - Moderately Wide (1-3)
) Fo - FoRation Fi - Filled C - Closa (<0.2-1)
E- vV - Vein No - Nore VG - Very Ciose (<0.2)
B - Bedding
. Aperture {inches): E Planarity:
t W - Wide {0.5-2.0) WA - Wavy
; MW - Moderately Wide (0.1-0.5) Pl - Pianar
N -~ Narrow {0.05-0.1) St - Stepped-
. VN - Very Narrow (<0.05) Ir - trregular
i' T - Tight (0)
E‘ Type of Infilling: E Roughness of Surface:
. Cl - Clay 3k - Sickensided [surface has smooth, glassy finish with visual avidence of
L Ca - Calcite striations]
Ch - Chlerite S - Smoocth [surface appears and feels so to the touch]
Fe - iron Oxide SA - Siightly Rough [asperities cn the discontinuity surfaces arg distinguishable
. Gy - Gypsum/Talc and can be felt]
E H - Headled A - Rough [some ridges and side-angle steps are evident; asperities are clearly
- No - None visible, and discontinuity surface feals very abrasive}-
Qz - Quarkz VR - Very Rough [near-vertical steps and ridges occur on the discontinuity
Sd - Sand surface]
i UK - Unknown

ROCK WEATHERING/ALTERATION

2 Description Recognition
e Residual Original minerals of rock have been entirely decomposad to secondary minerals, and criginal
rock fabric is not apparent; material can be easily broken by hand
E Extremely Weathered/Altered Original minerals of rock have been almost entirely decomposed to secondary minerals,
%. minerals, although original fabric may be intact; material can be granulated by hand
Highly Weathered/Altered More than half of the rock is decompesed; rock is weakened so that minimum 2-inch-diameter

sample can be broken readily by hand across rock fabric

Moderately Weathered/Altered,  Rock Is discolored and noticeably weakened, but less than half is decompased; a minimum 2-
Inch-diameter sample cannot be broken readily by hand acress rock fabric

Siightly Weathered/Altered Hock is slightly discotored or dulled, but ot noticeably lower in strangth than fresh rock

Fresh Rock shows no discoloration, loss of strength, or other effect of weathering/ateration, excep!
on of immediately adjacent to joint surfaces

! ROCK STRENGTH
L Approximate Uniaxial
Description Recognition Compressive Strength {psi)

Extremely Weak FRock Can be indented by thumbnail 35~ 150

[ Very Weak Rock Can be peeled by pocket knife 150 - 700

E Weak Rock Can be peeled with difficulty by pocket knife 700 — 3,500
Moderately Strong Rock Can be indented 5 mm with sharp end of pick 3,500 - 7,000
Strong Rock Requires cne hammer blow 1o fracture 7,000~ 14,600

3 Very Strong Rock Requires many hammer blows to fracture 14,500 — 35,000

. Extremely Strong Rock Can only be chipped with hammer blows »35,000

. SCRATCH HARDNESS

E, Description Recognition
Soft Applicable only to plastic malterial

‘ Friahle Easily crumbiled by hand, pulverized, or reduced to powder; too soft fo be cut by pocket knife

i Low Hardness Can be gouged deeply or carved with a pocket knife

b= Mecderately Hard Can be readily scratched by knife blade; scrateh leaves heavy trace of dust and is readily

visible after powder has been blown away

Hard Can be scraiched with pocket knife only with difficulty; scralch produces little powder; traces of

knifa steel may be visible
Very Hard Cannot be scratched with pocket knife; knife steel marks are iaeft on surface

r



BLACK & VEATCH

LOG OF BORING

BORING NO. BV-1

SHEET 10F 2
CLIENT PAOJECT PROJECT NO.
Infrastructure Financing Authority (AFI) Rio Yaienciano Dam 06829
PROJECT LOCATION COORDINATES ELEVATION (DATUM) TOTAL DEPTH DATE START
Juncos, Puerte Rico N 4198682 E 20635551 102.5 (MSL) 44.0 FEET 03/01/00
SURFACE CONOITIONS LOGSED BY DATE FINISH
East Abuiment, grass, trees, and brush, stoping A.Brainard/0.Mariow 03/02/00
SAMPLING CHECKED BY APPROYED BY
R Brainard R.Brainard
EHIEHEHEHEETH
[ - o w t 3
ORINe w8 CLASSIFICATION OF MATERIAL REMARKS
Q.
- x| «€
SEHEHEH I THHE
(=3
SILT and SAND: brown; moist; Advance boring
STy v 205 [e fuis] ! medium dense; fine grained; trace using 4.25°
2 clay and gravel; with roots hallowstem sugers,
set | 2 | 1o | 30 lsoss]sos | 13 | 2 {Topsoil) sairfltpling 50i) :r:it:m
A . spiit speon s .
]| oo orms o o S e i
SPT | 3 [so/4m 60+ | 03 | § y. very - line 140 b, hammer
55 arained; well graded; trace clay using a 30" drop
| v laslosl ol 710 6 {Saprolite-Extemely Weathered '
: : 7 —‘-(Nsranodiorite} ?ugter éefusa! att 5.5
eet, Convert to
B o Recevery from 5.5 {0 9.7 feet NX size core, using
¥ water as drilfing
0.0 0 - Granodiorite Bouider; gray,brown, fluid.
and black; moderately weathered;
-1 ' Intervals of no
NXp 2 15003 o " hard; weak to moderately strong recovery
2 WNo Recavery from 10.0 to 13.2 feet interpreted as very
B — ' - dense, extemely
— § 7] GRANODIORITE: light gray with weathered
- /} black mottling; moderately to granodiorite washed
5.0 - -1 slightly weathered; hard; out during coring.
NX | 3 |50 |650)]501iw0] w0 1B N/ moderately strong; with dark gray, 100% returns
7 § [}l mafic inclusions: highly fractured _
e DI andbroken from 13.2 to 13.9 fest; Joints:
7] grades to slightly weathered at 13.9 | £:70-90:J:¥n;Fe+H:Su
Ok feet WaiSr-R
na ] :
2.0 = - : - HOVIGF eiSUPL;
2 "1 Joint spacing moderately wide to ZI0VIGE e SuPLSY
NX | 4 50|50 50100100 2 U wice 3804 VnFeSpiPIR
2§10 1:10-30:4:Vn;Fe.SpPy,
N/
23 & 11 R
b/
24 — <1
W
25.0 25 - 1 I:D—IO;J;Vn;Fe;Sp;PI;Sq
NX | 5 Y60 24]i6 14 26 ‘ 2:70-800VnFeSpiM
2 8] % No Recovery from 25.5 to 28.1 Sr
27 feet.
28 RX3 Moderately weathered and highly
84— B i 7 fractured from 28.1 to 28.5 feet.
4 .




BLACK & VEATCH LOG OF BORING BORING SNH?EET?\éF‘;

r—

CLIENT PRAONECT: PROJECT NO.
Intrastructure Financing Authority (AFY) Rio Yalenciano Dam 06628
PROJECT LOCATION COOROINATES ELEVATION (DATLM) TOTAL DEPTH DATE START
Juncos, Puerto Rico N 41986.62 E 2063565 i02.5 (MSL) 440 FEET 43/01/00 °
SURF ACE CONDITIONS LOGGED BY DATE FINISH
East Abutment, grass, trees, and brush, sloping R.8rainard/Q Matlow 03/02/00
SAMPLING CHECKED BY AFPROYED BY
0 " n R.Brainard R.Brainard
b
S TS rTMP
- ™ o lﬁl_-l t 3
[}
CORING A lylg CLASSIFICATION OF MATERIAL REMARKS
o { O
FH I
Q
k}f- 100% returns
Mx | 6 {50|a3jssslsa |7 { ¥ QL
el B
/—
33~ § 1 No Recovery from 33.2 to 33.9 ft,
14— § K
i -1 GRANODIORITE: light gray mottled
3.0 - N 7| with black; fresh; very hard; fine 03/02/00
Nx | 7 {50 5060|0000 |3 L grained; massive; very wide jointing; [ Joints:
37 (; very strong 1:0-20;;VnF e;SuPl
38 — -~ '— ' SY"R
M /_
30 - "} 2:30:J:VnF e SuPlSr
i3
40.0 49 < 3:70-80:0:Vn;Fe;SuFl
o -
wx | 8 |2ala3 |23 |wmeiwo| Q] R
Tl e
423 :J,
Nx s [z [z o Lo oo |43 )L
) o
50 4y -
25 | Eng of boring at
44.0 feet.
46
47 -
48 ~
49 —
50 —
81 —
52 —
§3 —
54 —
65 —|
56 —
57 —
58 —
58 —
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1.LOG OF BORING

BORING NO. BvV-2

. SHEET 1 OF 2
CLIENT PROVECT PROVECT MO
Infrastructure Financing Authority (AFT) Rio Valenciano Dam 968628
PROJECT LOCATION COORDINATES ELEVATION (DATUM) TOTAL DEFTH ODATE START
Juncos, Puerto Rico N 41935.43 E 2086517.80 24,8 {MSL) £0.0 FEET 62/25/00
SURFACE CONDITIONS LOGBED BY DATE FINISH
East Abutment: grass, irees, and brush: sloping R.Brainard/DMarlow 03/01/00
SAMPLING CHECKED BY APPROVED BY
w o " R. Brainard A. Brainard
§E§§m§i§s§=g§§ 5 uwle
w o © Y w|{%io
T ol B
o
CORMNG =B CLASSIFICATION OF MATERIAL REMARKS
s | 8
FIEHEREEHHERHE
]
serl 1| 3| 8 | B} 14|18 \ SILT and SAND: reddish brown; Boring advanced
medivm dense; moist; fine to madium using 4.2%
2 grained; poorly graded frace clay, holtowstem augers.
SPT | 2 [59/81 o1 = 50+ 04 @ . 22 with roots {TOPSOIL) | Sampies taken using
) o ) - SPT sampler driven
N | 120 fto | @ |s0 g0 ) 47 Grapadiorite Bouldec; gray and wlth 140 b, hammer
- M black; moderately weathered; hard ) "
5.0 v 7 Y using a 30 inch
-7 Mo Recovery from 4.0 to 5.0 feet.
wx | 2 |20]30]2s w3 | s7L) [(No Recovery ot eet arop.
74 ¥ 1] GRANOQIORITE: gray, white, and auger retusal at 2.9
. \/T_ black; slightly weathered; very feet. Install 3" I.D.
80 - h /_1 nard: fine grained; massive; with casing to 3.0 feet.
wx | 3 |20 20|26 |00 | 0o | & (I/ occasional healed joints; very Convert to NX size
10.0 1 -~ ] |strond core with diamand
[ /. . bit using water as
11— 7
N | 4 |50 |5801] 47 {100| 84 \} Grading fresh 8.0 feet, driling fuid.
12 P
" 1| occasional dark gray, tine grained 60 to 70% returns
B -1 mafic inclusions up to 2" diameter 100% retuns
TN B , ,
.: U] oint Spacing is wide Lo very wide Joints:
15.0 o e 1.50~-604;N;Fe;5u.PlLS
N N
NX | 6§ |50 50|48 |mo |98 ,,*I’_ 2.80:0:VniFe;SuPLS
i DG 1.40-50;J:VniF e;SuPtB
By A 1.40-50:4;VmF e:SpiPhS
|
18— A 2.40-50;VmNo;SpiPES
20.0 +8 f'
P
wx | 6 | 50|50 50 |me)wol2fK)
22 — \’} 1.40~50;J;¥mNo;No:PIS
23— f 71
I /_
24— 1|7
N o~
25.0 25 /;— 02/28/00
a
x| 7 160 |50 |50 |welwe |28 F 1]
27 — >/I_ Core breaks pretferentially along 1.0=-10:0:¥n-N;Sd;Sp+f e;
s 8 M7 40-50 degree joini set; joints PSR
v
1! healed with while unknoun.
29— 8
@
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BLACK & VEATCH

LOG OF BORING

BORING NO. BY-2

SHEET 2 0F 2
CLIENT PROJECT PROJECT O,
Infrastructure Financing Authority {AF1} Rig Valenciano Dam 266238
PROJECT LOCATION COORDIMATES ELEVATION (DATUM} TOTAL DEFTH  [OATE START
Juncos, Prerto Rico N 4193543 E 2068517.80 24,8 (MSL) §0.0 FEET 02/26/00
SURFACE CONDITIONS LOGGED 8Y DATE FINISH
East Abutment; grass, trees, and brush; sloping R.Brainard/D.Marlow 03/01/Q0
SAMPLING CHECKED BY APPROVED BY
E E E s | R. Brainard R. Brainard
=1F
e |BE (B2 w
gg 55 | = o] Ti© E [ 3
NG LR
CORINE E wle CLASSIFICATION OF MATERIAL REMARKS
o a.
& EiE|l<
Hizg|22|25|8 glyl=ls
suj28 28 3 E Eg g o
ra
e Rl
wx | 8 | 50|50 |50 w0 w03 -
- k[ 100% returns
e N }“ Joints:
- 4 P 1,0;:¥n-N;No:Su+Fe;
35 \//- black, whit PLST
36.0 ¥ 71 GRANODIORITE: gray, Dlack, white
N _— . Y 2.40-50;JiN;NoiSu+F 8
wx | s | salso|s0|wo|w0o0]|3® s and‘ pink; fresh; very hard; flme S
ar 7] grained; very strong, pccasional ol
\’} healed joints at 40-50 degrees 3.60-T0:JishiCEFLPES
Ll B 4.40-50,0VmNOISU+
s DI
LR BY - PLS
in rd
40.0 8 j,‘-
wx | w jso|50]|s0 w00 |wo} 4 j,*l’_
248N
rd ]-
43 — vy
-~ l""
444 R K/
- <1 ]
45.0 45 ./ Q3/01/00
iy .
wx | o | as | as]as|wo|woofee K} Joint:
47 ;’a/ 1.10-30::VNo:Su+Fe
IRV B Hasr
el
FEES N Bl
Ve
495 BV
x|tz | 55155 |50 11006 9 N
51 — /’F
52 — /T"“
e
el Bt Return water turned
e F D7 brown at 53.0 feet.
e
t
=1 ol
£5.0 5 s
nx | 13 | B0 | 50 )60 w00 |00 58 — \//I_
57 — NS
e |” \
81§ N/ End of boring at
Y
e 60.0 feet.
v I-




e oo oo rr

BLACK & VEATCH

LOG OF BORING

BORING NO. BY-4

SHEET 10F 3
CLIENT PROJECT PROJECT NO.
Infrastructure Financing Authority (&F1) Rio Valenciano Dam 95528

PROJECT LOCATION

COORDINATES

ELEVATION (DATUM) TOTAL DEPTH  |DATE START

Juncos, Puerto Rico N 4192298 E 208270.88 83,1 {MSL) 66,0 FEET 03/02/00
SURFACE CONDITIONS LOBGED BY DATE FINISH
East of River; grass and trees, sioping R.Brainard/0 Martow 03/C3/00
SAMPLING CHECKED BY APPROVED BY
E o E R. Brainard R. Brainard
§ gz
RE| 8 ggi=3 Hilw
s E v g - pe b > EI.EJ & §
}..
[
°°“g° - |y 2 CLASSIFICATION OF MATERIAL REMARKS
[V -
b= X 1<
EHE@EEBEEEE 815i3|6
e b o ‘
SPT 1 2 2 3 5 15 ‘ // Sandy (LAY brown mottled with Advance boring with
/ orange: firm; moist; low plasticity | 4,25" 1.0,
2 ,; some silt; with roots (TOPSOIL) hollowstem augers
T | 2 5 7 o | 17 5 3 /: using SPT sampiar
4 /) Clayey SAND: light brown; medium driven with 140
/ dense: moist; fine to medium pound hammey using
5 i grained; poorly graded; trace silt a 30" drop.
SPT | 3 | W |5 p 2| 3615 g 41 | (Residual Soil of Granodiorite)
7 ’CC SILT and SANLL gray, brown, and
se7 | 4 |sos| - - leos lo3 | 8 4] orange; dense; moist; fine to coarse
o 41} grained; well graded; trace clay
Il (Extremely Weathered Granodiorite
10 A im - Saprolite)
ST | & | 30 |so/8"| - |80+ |08} 0 —\-G ‘
A - rading very dense and dry
12 e
C o
1 b K3
14 3
e
15 X
5PT | 6 | 28 [BO/S"| - jEO+ | OO ) . | iﬁq
7
18 — CC
- d-
20 ’cc
spT | 7 | o7 |s0/8"] - |90+ | 08 21 i) ]
]
24 b
34 [
b [
24 — 1
26 he
seT | 8 | 34 |so/8f - |50+ | 08 N
28 e
-
b 1
28— 1A
20 — CO.
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BLACK & VEATCH

LOG OF BORING

BORING NO. BV-4

SHEET 2 OF 3
CLIENT PROJECT PROJECT NC.
Infrastructure Financing Authority {AFI) Rio Yalenciang Dam 96528
PROJECT LOCATION COORDINATES ELEVATION (DATUK) TOTAL DEFTH OATE START
Junces, Puerto Rico N 4192218 E 208270.06 831 ML) 5.0 FEET 03/02/00
SURFACE CONDITIONS LOGGED BY DATE FINISH
East of River; grass and trees, sloping R.Brainard/D Matiow 03/03/00
SAHPLING CHECKED BY APPROYED BY
o » | R. Brainard R. Brainard
ge¥8indadall-y¥e 7.,
= e o o T|F@| £ 8
oz
RN 2y 2 CLASSIFICATION OF MATERIAL REMARKS
[
B z TFVHHE
HEHHEHEHHEREAHT
SPT | 8 | 40 [s0/4"| - |50+ ]| 08 ] Grading wet with vertical parting Auger refusal at
=g 35.2 teet, Instal
32 - e 35 feet of casing,
34 [ Convert to NX size
34 - E::C core with diamond
4 bit using water as
SFT 9 1sgsa 35_‘2 - 50+ 1 0.2 | ag o drilling fiuid,
nx | 1 {80 |45 |o7s| e0 | s j36— | p] GRANRDIORITES gray, orange, and No Recover
37 \ 7| white; highly weathered: soit to 18.4-38.8 fl’: and
i s trimnloe £ . .
R B¢ /| moderately hard; friable; fine to 38.8 16 39.0 ft.
3B F 2] medium grained; iron stained; with
39 - @ pccasional fine grainad dark gray
" ~ L mafic inclusions; very weak
40.0 4o e Joints:
NX > |50 |so)os |00 s | 4 /} Grading moderately weathered, 1.50~80:J:N:Na:Su+Fe
a9 - moderately hard, moderately PI'S ‘
N~ | strong,
a4 2.70:J;¥n—-N;No;Su+F g
4q /{_ Grading slightly weathered with iron PL:S
1| stained joint surfaces: massive;
45.0 al || very hard; very strong 2A.TO:N;Ca+FeFiPl
N .
NX | 3 [ 43|43 |43 {100 |00 |48 ] L S
a- I br 3.4:30~BO;N:No;SU+F g
@ PIS
4B — |
10 /} 140N NoiSuPLS
— —E0O PN A S P
NX | 4 | g7 ;’g?g 70 Jwo [ TH(E 2.40-50:5:N;No;SUPLS
' . ”J_" Grading Fresh; with accasiona 100% returns
- 9 P . .
NX 1 % | 50 150 | 50 ] 100 | 100 -1 fuints surfaces with surface iron 40 VRNo Su+Fe;s
52 — 71 stain
&
Al BN
sa— k0]
N /-_
co /I
§5.0 55 P 03/03/00
N | & (50|50 (50000 |51 1.70-80:d;VoiF e SuiPy,
sT— /1] Sr
N /_
58— H |7 2.80-80;J;¥YnFe;Sulr
NS .
sa— B |- R
N i
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BLACK & VEATCH

LOG OF BORING

BORING NO. BY-4

SHEET 30F 2

CLIENT

Infrastructure Financing Authority (AFI}

PROJECT
Rip Valenclano Dam

PROJECT NO,
96628

PROJECT LOCATIDN
Juncos, Puerio Rico

COORDINATES
N 4162218 £ 208270.96

ELEYATION (DATUM)
B3l {MSL)

TOTAL DEPTH
66.0 FEET

DATE START
03/92/00

SURFACE CONDITIONS

East of River; grass and trees, sloping

LOGGED BY
R.Brainard/D.Marlow

CATE FINISH
03/33/00

SAMPLING

CHECKED BY

St

VALUE

R. Brainard

APPROVED BY
R. Brainard

5

RECOVERY

CORING

LIEHEHES §§

RECOVERY
RAD

DEPTH IN FEET
SAMPLE TYPE

CLASSIFICATION OF MATERIAL

REMARKS

WX 7 50 | 41 4

~] GRAPHIC LOG

rd

o
N\

82

83 —

o
%)
I
NN
NN

¥

64 —

-3

oL 0

W

No Recovery B4.1-65.0 ft.

Left 0.9 feet of
core in bottom of
borehole, could net
recover.

56 —
67
88 —
69 —
70 —
71—
72 —
73
74—
75
78
77
78 —
78 -
80 —
Bl —
82
83—
84 —
85 —|

87 —
88 -
88 —

End of boring at
65.0 feet.
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BLACK & VEATCH

LOG OF BORING

BORING NO. BY-5

Py

SHEET 10OF 3
CLIENT PROJECT PROJECT NO.
Infrastruciure Financing Authority (AFY) Rio Valenciano Dam G8B28
PROJECT LOCATION COORDINATES ELEVATION (DATUM)  |TOTAL DEFTH  |DATE START:
Juncos, Puerto Rico W 4188591 E 206229.9 77.7 (MSL) 740 FEET gz/es/00
SURFACE CONDITIONS LOGGED BY DATE FINISH
Grass, trees, sioping R.Brainard/0.Mariow g2/28/00Q
SAMPLING CHECKED BY APPROVED BY
o E 9.Brangd R.Brainard
W
ge99)58 a8 im0\ 4|88 5 [els
« o © = F | Blw | &2
3 b Eg '
ORING 2y 2 CLASSIFICATION OF MATERIAL REMARKS
E E Elg b
42§ HENERHE:
FE EHEHEHH R IHE
SPT | ! 2 5 9 | ta | 15 1 SILT: trown; moist; nonplastic; with Advance bering
organics (TOPSOQIL) Y using 2,0"1.0.
2 hollowstem auger
Silty SAND: brown; medium dense; olow 249
SPT | 2 s lelw|w|w]|? moist: fine grained; poorly graded sampling with SPT
4 ’ ’ sampler driven with
140 pound hammar
5 using a 30" drop.
SPT t 3 :! 18 [ 32 | 50 | 15 e | SANLD and SiLT: gray, brown, and
i ] orange: very dense; moist; fine to
7 OC medium grained:; (Extremely
SpT | 4 g | s0 1 ~ |80+ 10 & H Weathered Granodiorite‘Sapmlite) Auger refusal at
a4 4 14,0 feet. Advance
W0 b1 casing to 14 feet,
el - \
se1 | 5 | 26 | 32 | 44 | 78 | 15 g% Canver‘t to NX size
n A core with diamond
12 ie bit using water as
-l G crilling fluid.
I
19 ) “ light hit
- GRANQOIORITE: light gray, white,
N | 18027 | @ psaqo ) BT \/,"_ and black: mod. to highly whrd; 100% returns
- | [ L] mod. hard; fine to med. grained; Joints:
74 0 1 with occ. small matic inclusions; mod | 1.0-20,J:N;Fe+ClL5d:F
5 — | . strang +5U,PLSF
R 6.7 19, .
0.0 15 . o Recovery 16.7-18.0 ft L 2.40—50:J;N;FE+C|+ST;
P H H =]}
wx | 2 lsolso | at o] s 204K } _lGrades to slightly weathered o Fi+SuPl;5r
21 — ’; Grades to fresh, very harg and 3.0-20:0:N:F e+C1+Sd;
20— & 7] strong, massive FI+Su:Pl:Sr
7
23§ 0] 1.75:0:vniF e;SuPLS
N/
24.0 24 1] 2. 704 N;CHFe;FilPLsr
N
nx | 3 |50 |60 j4ds |wo|es |BE 1] 3.0-200 Vi e;5uiPhS
- | 7
a7 7 /T— 1.36::VmFeSu;PLSr A
28 1 /"- 2.16:0:T:H+Qz;FiPEST
29.0 29 ,T... 3.50;5, T;H+QzFLPSr




S

Q/i BLACK & VEATCH

LOG OF BORING

BORING NO. BV-5

SHEET 2 OF 3
CLIENT PROJECT PROJECT NO. |
Infrastructure Financing Authority {AFD) Rio Valenciano Dam 98628
PROJECT LOCATION COORDINATES ELEVATION (DATUM) TOTAL DEFTH DATE START
Juncos, Puerto fico N 4180181 E 206229.8! 77.7 {MSL) 74.0 FEET 02/25/00
SURFACE CONDITIONS LOGGED BY OATE FINISH
Grass, trees, sloping R.Brainard/D.Marlow 02/28/00
SAMPLING CHECKED BY : APPROVED BY
» | SBrand A.Brainard
gplsBdleding|-2lE2
o "™ ™ >\ E E g g
ORING s t S
¢ - & Wi CLASSIFICATION OF MATERIAL REMARKS
z 2K
EIEHHAE Bl 5|55
a
y - Joints:
35 - \/’:— Grades moderately weathered 1.30-50:5VnF ;SuPLbr
. 7] 2.00;:N:Fe+Qz:FiPSI
Grades highly to extemely 3.50-70;;VrF eI Sun;Sr
34,0 . ‘\-:eathered
Nx | 5 |50 |20 ftss| 58| |3 ¢ Recovery 32.8-36.1 tt.
8- ¥
47 - 1] Grades moderately weathered
b
LR Rl .
/| Grades slightly weathered to fresh
36.0 3% |
N
nx | & |50 |a3faz]es s |90y 1.BO:VRF e Suslnvy
NS
41— u 2.20-30:J;Vn;F e;SuPiSr
42 };—
N/
43 L
44,0 nd No Recovery 43.3—-44.65 ft, 02/26/00;02/27/00;
Ne | 7 | B0 (435 35 [ 8T |70 |45 ‘;,‘i’- 02/28/00
48 —| ‘\//_ LIS JN:Gz+GrnUnk;Fl
Tl B } PLOr .
P
i
48 ’ 2.10-20;0:VniFe;SpiPLR
N
48.0 43 p 3,505V Fe;SuPlSr
~
Ny | 8 [s0 134 - |es | - |50 )
SER @) 1.BC; VI Fe;SuaR
s2— B [1] 2.50;0;VriFe;SuPR
53 — No Recovery 52.4-54.0 ft,
54.0 4 7]
wx | o |so |50 485|100 | 83 |55 :} 1.70-90;4N;Fe+BrnUrk+Q
g5 110 FiWnR
N
57— B 71
h /___
55 — /} L0 YR Fe;SuPLR
N
59.0 58 1]
I
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%l BLACK & VEATCH LOG OF BORING

BORING NO. BV-5

SHEET 3 0OF 3
CLIENT PROJECT PROJECT NO.
Infrasiructure Financing Authority (AFI} Rio Valenciano Dam 96628
PROJECT LOCATION CCODRDINATES ELEVATION {DATUM) TOTAL DEPTH DATE START
Juncos, Puerle Rico N 4180191 E 206229.0} 77.7 (MS1) 74.0 FEET (12/25/00
SURFACE CONDITIONS LDGSED BY UOATE FINISH
Grass, frees, sloping R.Brainard/D Marlow Qz/28/00
SAMPLING CHECKED BY APPROYED BY
; E E g E S.Brand R.Brainard
P [
ggagﬁog,g, gga K
w [
o
CORINE - Zly|g CLASSIFICATION OF MATERIAL REMARKS
3 5} E Sl %
BH|2g/53(25 2 Blg |25
8 ¥
| e
80.5 o = No Recovery 80.5-60.75 ft. Joints;
e AR YR E e Cme D
N omo 1 abjaesiae pes |4, PR Grades moderately weathered LO-8CiJVmFeiSpiFisy
83 ¢l
>|/~ Grades slightly weathered to fresh
84.0 &4 N
P
N | 2 |50 |50 )50 wo|oo (B fL) 1L.35:J;VeiNo;NoPLR
ss— L) 2,450V n;FeiSuPLST
2SN Bl
N /|
68 — -
d
eet * () Grad deratel thered
K rades moderately weathere
NX | 13 |60 |50 [40 |00 |8 |70} |- y < LI0=90;5VniFeSp:Phsr
71— ‘;‘I’_ Grades slightly weathered to fresh
72 ,T !
73— “;,’]'_
RN 74 2 01 Grades highly to extremely =
75 weathered End of boring st
74.0 feet.
78 — Grades slightly weathered to fresh ‘
77—
78
78 —
80 —
Bl —
2 —
B3 —|
B4 —
B85 —
86 —
87 —
Ba —|
50 —
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%l BLACK & VEATCH

LOG OF BORING

BORING NO. BV-7

SHEET 1 OF 2
CLIENT PROJECT PROJECT WG
Infrasiructure Financing Avthority {AFC) Rio Valenciano Dam 86628
PROJECT LOCATION COORDINATES ELEVATION (DATUM}  |TOTAL DEPTH  |OATE START
Juncos, Puerta Rico N 4186470 E 208134.18 80.2 (MsL) 50.0 FEET 02/22/00
SURFACE CONDITIONS LOGGED BY DATE FINISH
West Abuiment; grass and trees, sloping R.Brainard/D Marlow D2/24/00
SAMPLING CHECKED BY APPROYED BY
» | S.Brand R.Brainard
]
B EINE
ol o ™ @ 5 E E ot
0
CORING - g CLASSIFICATION OF MATERIAL REMARKS
G | .
AR EHEEEHEREHE
b [EHEE 5|38
s 0 fa [ w ol by ] / Clayey SAND: yeliowish crange; Boring advanced
1 medium dense; moist; fine grained with 2LD.
2 hollowstem augers
seT ] oz ol )3 [s0 s 3 Siity SAND; yeliowish orange; very and sampiing with
4 dense; moist; fine grained (Residual S?T sampler driven
Soil of Granodiorite) with 140 pound
e hammer using a 30
SPT | 3 | M [ 80| - {80+ |10 _ | drop.
7_.....
spT | 4 | 32 |30 [ 50 | B8R |15 | B
9—.
10— Auger refusal at 1.0
SPT | 6 | 23 | 80 | - 190% 140 1 feet. Install casing
' 2 GRANQOIORITE: yeilow, brown, to 1.0 feet.
NX 11 |40 p1e - 22 - orange, white: extremely weathered; | Convert to NX size
13 soft and friable; fine grained; core with diamond
14 — - saprolitie bit using water as
5.0 5 Z o Recovery 1.0-14.1 ft. driliing fluid.
) ; S 02/23/00
w | 2 1solael - leo]| - | ighly ffacturefi. Jomt‘ §urfaces
P B heavily iron-stained; filling between
‘;,{. fregements is clay with cccasional
8= | }rrocts (Boulder/Cabbles) Joints:
o~ (|| INo Recovery 16.0-17.0 it. 110-30,;N:F 84 Sd+CI
20.6 28 < Wighly fractured; highly weathered: Su+FLPLEST
wx | 2 lsalie| - |se | - | 2 scft; friable; heavy iron stain with 2 70::IN:Fe+Ci+5d;
22— clay tilllng with occaslonal roots Su+Fi:PhSr
MBOUMEHCOI}D}ES)
& R 7] No Recovery 20.0-23.1 ft.
_ I RETCY PR ey gy, 1
24 \ 7 [“Highty fractured; highly weathered; EALTR AT
25.0 25 \/,', Miron stained; with clay and rocts 7]
NX | 4 [50]50|33]|w0es |26 \’} GRANCDIORITE: gray, white, black; 4.80:hVnFe+WhUnk;
37— |1 moderately weathered; mod. hard; SpiPiR
o5 )fn-]fine to med. grained; weak 7
29 /;— Grading slightly weathered; moed,
h #| hard; mod. strong
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BLACK & VEATCH LOG OF BORING BORING NO. BV-7
SHEET 2 OF 2

T

e

o

CLIENT PROJECT PROJECT NO.
Infrastructure Financing Authority (AFC) Rio Valenciano Oam 06628
PROJECT LOCATIQN CODOROINATES ELEVATION (DATUM) TOTAL DEPTH [ATE START
Mncos, Peerto Rico N 41864.79 E 208194.18 BO.2 (MSL) £0.0 FEEV g2/22/00
SURFAEE CONDITIORS L.OGGED BY DATE FINISH
West Abutment; grass and trees, sloping R.Brainard/0.Marlow Q2/24/00
SAMPLING CHECKED BY APPROVED BY
v w 2| S.Brand R.Brainard
HH RS e
= © = w0
CORING = (g
< . ; w E CLABSSIFICATION OF MATERIAL REMARKS
¥yz8s ggggég AEAHE
§ S W H n|o
Ny
N ad i 1.BO;J;Vn,Fe+5rnUnk;
X1 5 |s50!s0fs50|w0]|1wo v SuPLST
- )
33 \,T— 2.30:J;¥yniFe:Sp.PLR
14 >/_ 3.60:;Vn,Fe+WhUnk;
S } Su;PL;Sr
35.0 -35 B
s 4,750, T;HFePILSr
NX | 8 | 68|50 |50 100 00|38 4]
N~
7 L 02/23/00
38 >T* o _ 1.70:4;Vn;F2+Grnlnk;
Several healed joints filled with B
30 — P /_ SD,PI.S?’
-] quartz and green unknown.
40.0 *5 ! dark gray 1.O-10:hVnF&:Su,PLR
s INTRUSIVE DIKE: :
NX |7 [ 50|60 |48 |00 | e | 41 , aphanitic with black phenccrysts; 2.70,JiN;Fe+CLSUPLS
24 & :
& very bard; very strong .
43 - /’L GRANODIORITE: gray,black,and .20V FeSpiPi-Ir
aa—-| L] white; stightly weathered to fresh; R-Vr
450 s N very hard; tine to medium grained;
) h ,'; massive; very strong
N | 8 lsolt2! - {28 | - |46~ L 1.80;4:VmFe;SpiPlSr
4+ Left 3.7 feet of
48 — core in borehole,
ag ] No Recovery 46.3-50.0 ft. attempted retrieval
but failed.
500 58
51 End ot Boring at
50.0 feet.
52 —
53 —
54 ~
55 —
58
57 —
58 —|
59 —




BLACK & VEATCH LOG OF BORING BORING NS%EEQ/D;%

F

CLIENT FROJECT PROJECT NO.
Infrastructure Financing Authority [AFI) Rio Valenciane Dam 06628
PROJECT LOCATION COORDINATES ELEVATION (DATUM)  [TOTAL DEPTH  |DATE START
Juncos, Puerto Rico N 41837.95 E 208158.53 102,23 (MsL) %30 FEET 02/22/00
SURFACE CONDITIONS LOGGED BY DATE FINISH
Grass and frees, sioping 8.Brainard/0Marlow 02/24/00
SAMPLING CHECKED BY AFPROVED BY
- » | R.Brand R.Brainard
W
S BT IMP
© o o - E ’|: 3
CORING 2 |u E CLASSIFICATION OF MATERIAL REMARKS
E E T %
Eﬁﬁgégégﬁgég B5|%|8
[=] :
el o1y [ e lee s | F<H- SILT and SAND: brown; dry; fine
K| | grained; poorly graded; with roots
2 ¥ £ (TOPSOIL)
1N
SPT| 2 |80 | - [ - [s0+] 04| 37| SAND: gray, brown, and black;
4 dof - medium dense; dry; fine to medium Auger Refusal at
J . 5 . grained; iren stained; trace to some 1 5.4 feet, Convert
=713 |50/5 5.4 S0+ 0.4 ' silt; friable [Extremely Weathered to NX size core with
X 1 laal o _ o - € Granodiorite - Saprolite) a diamond blt using
[An LGrading very dense water as drilling
8 —\No Recovery 5.4-10.0 ft. fluid.
8 :
0.0 =5~ i00% returns
N o1 - - | M
2| 501188 3 , No Recovery 10.0-13.35 ft.
13 —
N S .
CEl I GRANQDIORITE; highly weathered: Joints:
15.0 15 p 21 firm; very weak (Boulder) o 1.60-80JTFeiSy;
) Pi:S
Nx | 3 |50 |33 - [er | - | ® —No Recovery 15.0-16.65 {1
. 7 - Tl W
17 > I__ G.E-AM-QD—IQB-IIE; ||th gray and LQU,J.T,H,NB.Sf
18 //__ black; moderately weathered; 2.0-7TG;8: TFe:Sy;
] Ll moderately hard; medium grained: PI-5
19 \ :
n L 7| iron stained; strong 3.0-30:0:VoiFe:Sp;lr
20.0 = /_ ) Wy ' . 3
/F ,Sf""R
NY | 4 |50 )485({25 |93 |s0o ] 278K
L~ I'"
20 ] 180 H.Unk;Fe;
2 7| Grading slightly weathered; hard . FeiSp
23 — L . 5-5r
\, ~| and strong
=il
A 1
25.0 i N /_d
Nx | s |50 |30 - |80} - |?8 /} L.5C-60;4:T:Fe;Sp;
a4 1T no Recovery 24.65-25.0 ft. PLS
Gl R vs
20~ |~ No Recovery 27.0-28.0 1t. and

28.0-30.7 ft.
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BLACK & VEATCH

LOG OF BORING

BORING NO. BV-8

SHEET 2 OF 3
CLIERT PROJECT PROJECT WO,
Infrasiructure Financing Authority {AFT} Rig Valenciano Dam 95628
PROJECT LOCATION CODROINATES ELEVATION (DATUM)  |TOTALDEPTH  :DATE START |
Juncos, Puerto Rico N 41337.05 E 206158.53 102,23 {(MSL) §3.0 FEET Q2722400
SURFACE CONDITIONS LOBGED BY DATE FINISH
Brass and trees, sloping R.Brainard/0.Marlow 02/24/00
SAMPLING CHECKED BY APPROVED BY
- on » | R.Brand R.Brainard
¢|2B\ng|RE|RE|=2 (55| &
3 =|1aQ| 4 &8
ORING Z |w| 8|  CLASSIFICATION OF MATERIA REMARKS
= E ik
y|z§ 32 E SHE
SIEHEREEFFRAEREE:
. -~ 02/23/00
Nx | )80 43|28 | B8 | 50 -7 1.60~T0::TiHiFT; PIS
32 - b/
rd l_
33 N/
- l_
34— L\
- < 1]
35.0 35 —
N/ . .
nx 1 7 | 50|40 23|80 |46 |31 Lost circuiation
- § LA 38.0-37.0 1t
&
38 \/l_ 160-TOLVniF e
sad | M7 : SUPLS
- Slag from burned up bit
a0, 48 —
‘ Mile 02/24/00
N | 8 |50l 50|50 |1w00]|100 \,}w 2 40-50:0:VrF 8+Mg:
21 SuiP1S
43 -~ N/ .
-~ I—
44— F N7 50:VniHFEFLS
P .
45.0 45 \'/ Approx. BBX
46 — _ G_BANSMQB.IE.. garay, black, and returns
NX | 9 |38 35|38 |00 ) 100 N /| white; fresh; hard; medium to coarse
ar—{ B IL}] grained: massive; with oce. mafic 1.B0~T O VmUnk;
48 — :I/ inclusions Pa:Wa;S-5r
48,6 29 - :‘I:
hx | o | 16§42 103 |80 128 e 5 (60-TOM:VAURK;
e PaWa;S-Sr
e 1ot | as | aalaaoe e :’; e
52 — ]
'
53 — <7 140 TUknFEPTIS
54— ‘,/l—«
NS
54.8 55§ )]
nx | 12 | 26|25 |20 98 ] B0 |56 \/’!’_
st [ M 1.0-40.:Vn-NiFe;
57.3 < .
e5 — Y Su+SpPLST
Nx | 13 |32 | 32|32 |0 |00 21
58 — N -
rs I_




BLACK & VEATCH

LOG OF BORING

BORING NO. BV-8

SHEET 3 0OF 3

CLIENT

Infrastructure Financing Authority (AFI)

PROJECT
Rio Valenciano Dam

PROJECT WO,
26628

PROJECT LOCATION
Juncos, Puerte Rico

COORDINATES
N 41B37.85

E 206158,53

ELEVATION (DATUM)
102.23 (M5L}

TOTAL DEPTH
63.0 FEET

DATE START
02/22/00

SURFACE CONDITIONS
Grass and trees, sloping

LOGBED BY
R.Brainard/D Mariow

BATE FINISH
Q2/24/00

-~ r

SAMPLING

EH{HEHE

CHECKED BY
R.Brand

APPROVED BY

R.Brainard

YALUE

sujsfzfjzl s

PERCENT

RECOVERY

DEPTH IN FEET

SAMPLE TYPE
GRAPHIC LOG

CLASSIFICATION OF MATERIAL

REMARKS

NN
rl\-—l\—'!\

N

75 |
78 -
77—
78 —
79
BO —
81—
82
83 —
B4 —
85 —
88 —
87 —
88 ~
89 ~

Left 0.3'0f core in borehole could
jnot recover,

PI;5

LI0-20;¥nHiFi

b

£nd of Boring at
63.0 feet.
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PIEZOMETER BV-1

4" % 4" STEEL PROTECTIVE

el CASING

a

GROUT R (6

| GROUND
LEVEL
it

3/4" SCHEDULE 40

BENTONYTE

SAND

PVC PIPE

20’

26.4°

2!

8" MIN. HOLE. DIAMETER

FOLYETHYLENE PORQUS TP
24"x 1 1/2" DIAM.

BOTTOM.

24

TYPICAL PIEZOMETER INSTALLATION DETAIL

EAST CENTRAL REGIONAL A

QUEDUCT - JUNCOS P.R.

b/

5;ff?$?§::igt§

aTE:
3/2B/2K

DRE. BY:

JOB, NO: ‘Sl‘_ﬂ.E:
G.0.G.

CED. B l
M.R.Q.T. | 2431-99

FIG. KO

N.T.S. 1




U3/ 20700 BED LE:

12 FAA [BLI53U

[LTACLPN R |

ARV

PIEZOMETER BV-3

2.5

4" X 4" STEEL PROTECTIVE

CASING

W@WW

GROUND
J LEVEL

3/4" SCHEDULE 40

GROUT _._- PVC PIPL ™) =
l - pd —_— N -
7 3
BENTONYTE 1 i L
5" MIN. HOLE. DIAMETER
SAND |
1.
0
W

I
- -

24"x 1 1/2" DIAM.

BOTTOM.

POLYETHYLENE POROUS TP
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HYDRAULIC CONDUCTIVITY TESTS
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Rio Valenciano Reservoir
Geotechnical Report
Appendix B
Hydraulic Conductivity Tests

B.1 Introduction

Water pressure lesis (packer tests) were conducted in the five borings drilled along the dam axis
to provide data for assessing the in-situ hydraulic conductivity characteristics of the bedrock. In
general, the test involves injecting water into a discrete borehole interval at a series of different
(increasing and then decreasing) pressures. The results of the test provide for interpretations ol
foundation permeability and flow patterns, and are useful for developing seepage remediation
design. The test data were reduced to yield average field hydraulic conductivity values in cm/s
and water takes in lugeons.

B.2 Methodology
B.2.1 Equipment

The standard packer testing equipment included a water-supply lank, water pump, vibrating-wire
pressure transducer and readout-box, flow meter, the borehole packer assembly and compressed
nitrogen boitle. Double pneumatic packers with a 10-foot, perforated-pipe test section were used
to test the majority of the borehole. The pressure transducer sensing tube was placed midway
between the packers to monitor water pressure at the center of the test section. The bottom
portion of the boring was tested with a single packer at the {op of the test interval.

B.2.2 Test Procedures

Borings were tested by lowering the packer assembly, via 1-inch diameter galvanized pipe, to the
desired test interval, The packers were usually inflated to a pressure of al least 50 psi over (he
anticipated maximum lest pressure. Water was then pumped down the pipe string and into the
sealed test interval.

The test was begun by increasing the flow to the lowest required test pressure. In general, a
series of 5 consecutive test steps, at increasing and then decreasing pressures, was performed in
each interval. The pressures were selected as a factor (F) of a baseline pressure (Py,), defined as
1 psi per foot of depth from ground surface to the center of the test interval. Each of the two
decreasing pressure steps was performed at approximately the same pressure as the initial,
increasing step to determine if the hydraulic conductivity of the rock was either temporarily or
permanently changed as a result of higher pressure testing. The typical series of test pressures is
as follows:

App-B.doc B-I - 6128700
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Step F

1: 0.5 Py,
2: 0.75 Py,
3: 1.0 Py
4: .75 Py,
5: 0.5 Py,

The last two steps were commonly omitted when no recorded flow occurred during the first three
pressure steps.

Readings of pressure and flow rate were recorded at 1-minute increments afler a steady {low rate
was achieved at the desired pressure. Each test step was run for a minimum of 5 minutes afler
consistent flow and pressure measurements were attained.

Each boring was typically tested upward at 10-foot increments, with each test interval
overlapping the upper foot of the preceding interval. The botlom interval was tested with a single
packer. Packer testing was completed within each boring to the top of sound rock, which is the
approximate depth of surface casing in the borehole.

B.3 Data Reduction

The hydraulic conductivity of the rock in each tested interval was calculated in Systéme
International units (cm/s) using the formula shown below. The formula is generally considered
valid where the length of the test section is more than 10 times the radius of the boring. This
requirement was met {or all tests conducted for this investigation.

k= 9 1n(£)x30.48
2A4.H ¥
where: k = hydraulic conductivity, ci/s

Q = constant rate of flow in the hole, ft'/s

L = length of the test section, ft

H = differential head on the test section, fi

r = radius of the hole, ft

and 30.48 is the conversion factor from feet to centimeters,

A siandardized water take of 1 lugeon is defined as a water take of 1 liter per minute per meter
of test interval at a pressure of 1 MPa. Calculations shown on the attached data reduction sheets

were made by the following formula;

Water take in lugeons = Q. 1801.27

L P
where: Q = Constant rate of flow from the borehole in gailons/minute
App-B.doc ' B-2 Gf28/G0
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Length of test interval in feet
Pressure in the test interval in psi

1801.27 is a conversion factor

B.4 Interpretation

Representative lugeon values were selected based on the method described by Houlsby (1976)

for each test interval.
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Rio Valencianc Raservolr

Packer Test Data
Boring Number: BV-1 Tested By: GeoCim Groundwater Cepth: 25.8 feat
Date Started: 3/18/00 . Tolal Tests: 2 Inclination: D degrees
Date Completed: 3/18/C0 Hote Diam: 2.93  inches Surlzce Elevatlon: 335.2 feet
Test intarval Footage Transducer Not Rate of Hydraulic Water
Footage Length ta Stage Pressure Pressure Injection Conductivity| Teke
tcp bottom| fest Transducer| No. | feet | psl teet | psi fi*3/min| gpm cmfs lugeons
260 370 110 335 1 2 11 19 g 0o DO 0.0E+00 00
26.0 37.0 11.0 335 2 55 24 a3 21 . 0.0 0.2 1.8E-05 19
26.0 37.0 11.0 335 3 ' T8 34 72 N 0.1 0.7 3.9E-05 3.9
25.0 37.0 110 335 4 58 25 51 22 00 0.4 2.6E-05 2.8
260 3370 110 33.5 5 28 2 .o g 0.6 0.1 23E-05 24
17.0 28.0 1.0 235 1 32 14 Pos2 14 03 26 3.0E-04 304
17.0 28.0 0 1.0 23.5 2 48 20 46 20 05 3.8 31E-04 310
170 280 ° 110 23.5 a g2 27 . B2 27 08 - 69 426-04 420
17.0 28.0 11.0 23.5 4 48 21 ! 48 21 . oA 3.1 24E-04 24.2
7.0 280 110 23.5 5 23 12 ¢ 28 12 G2 1.4 1.9E-04 1BS8
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Rie Valencianc Reservoir
Packer Test Data

Boring Number: BvV-4 Tested By: GeoCim Groundwater Depth: 27.0 fest
Date Started: 3/20/00 Total Tasts: 2 Inclination: D degrees
Date Completed: 3/20/00 Hole Diam: 2.93 inches Surface Elevation: 272 4 feet
Test Interval Footage Transducer hiet Rate of Hydraulic Water
Footage Length to Stage Pressure Prossure Injection Conductivity] Take
lop  botiom] feet |Transducer No. | feat | psi feet | psi [1"3/min] gpm cmis lugeons
53.0 5.0 12.0 59.0 1 a5 37 53 22 0.0 0.3 5.0E-06 0.5
530 650 120 500 | 2 127 55 . 95 ai 0.0 0.0 0.0E+00 0.0
530 650 120 590 3 {52 6 120 52 00 0O D.DE+0D 0.0
530 650 120 59.0 4 a7 38 - 55 24 0.0 0.0 D.0E+00 0.0
53.0 850 . 120 58.0 5 - # as 4@ 2 00 00 0.0E+00 0.0
a30 540 110 485 1 i m a5 e 26 | 00 04 23€:05 2.3
430 540 110 a55 . 2 123 53 11 a4 01 08 21E-05 21
430 540 110 485 | 3 , &7 72 148 63 01 1.0 27805 27
43.0 54.0 .o 48.5 o4 | 121 53 - 100 43 01 a6 2.4E-05 2.4
43.0 54.0 11.0 48.5 5 g2 38 61 26 a.1 0.4 2,3E-05 2.3




—

Ric Valencizno Reservoir
packer Test Data

Boring Numbar: BV-5 Tested By: GeoCim Groundwater Depth: 14.4 feet
Date Started: 3/21/00 Total Tests: 5 ' Inclination: 0 degrees
Date Completed: 3/22/00 Hole Diam: 293  Inches Surface Elevation: 255 teet
Tast Imterval Foutage Transducer Met Rate of Hydrauiic Water
Footage Length io Stage Pressure Pressure Injection Conductivity] Take
top botiom] feet | Transducer| No. | fect | psi fest § psi |t 3/min] gpm cm/s lugeons
g20 740 120 880 1 78 34 28 1" 0,0 0.0 0.0E+00 0.0
620 740 120 8B.0 2 123 B3 69 20 a1 07 3.7E05 3.7
620 740 120 68,0 3 w2 70 - 108 47 o1 - 11 3.5E-05 3.4
62.0 740 | 12D 680 4 123 54 : 70 30 , ot 0.7 36E05 36
620 740 ' 120 68.0 5 87 s . 34 15 0 0.4 4.GE-05 45
_ | |
520 638 1.0  57.5 1 s 28 | 2 10 | 00 0O 0.0E+00 00
520 630 : 110 57.5 2 o 43 | 5 24 | 04 2B 1.96-04 188
520 630 110 57.5 3 . 128 55 1 84 a7 | 05 3.8 1704 168
520 6306 110 57.5 4 102 44 - 59 25 : D4 2.9 1.6E-04 185
520 830 M0 57.5 5 68 29 | 25 11 1 o2 1.8 2,7E-04  27.1
i .

420 530 11.0 485 1 54 23 20 8 ' 00 0.0 0.0E+0D 0.0
420 530 110 485 2 80 39 55 24 0.3 2.1 1.4E-04 142
420 530 110 48.5 3 115 50 81 a5 o4 33 15804 152
420 530 110 4B.5 4 89 3 55 24 0.3 24 1.6E-04 16.2
420 530 110 28.5 5 60 26 26 11 0.2 1.3 1.9E-04 135
32.0 430 ¢ 110 38.5 1 59 26 s 15 g0 . 04 40E-05 4.0
a0 430 1.0 385 2 85 37 61 26 61 07 4.2E-05 4.3
320 430 1.0 385 3 114 48 | 90 as o 1.0 40E-05 4.0
320 430 110 38.5 4 87 38 63 27 ' o 0.7 40E-C5 4.0
320 430 10 38.5 5 58 26 3 15 0.1 05 48E-05 48
220 330 110 285 1 ' ss 2 a4 18 03 20 17608 174
220 330 | 110 28.5 2 85 37 71 3| 0.5 4.1 22E-04 218
22,0 330 . 110 28.5 3 108 47 94 41 13 _ 99 4.0E-04 39.9
220 330 ¢ 110 28.5 4 B7 38 73 32 1.0 7.7 30E04 397
220 330 110 28.5 B 50 22 3 18 0.6 4.8 4.BE-04 481
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Ale Valenciano Resarveir

Packer Test Data

Boring Number: BV-7 Tested By: GeoCim Groundwater Depth: 287 feot
Date Started: 3/22/00 Total Tests: 2 Inclination: O degrees
Date Completed: 3/22/00 Hola Diam: 293  Inches Surface Elevation: 297.6 fext
Tesi Intorval Footage Transducer Net Rate of Hydraulic Water
Footage length to Stage Pressure Pressure Injection Conductivity] Take
top bottom| feet |Transducer No. | fest ] psi fast | psi ft"3/minj gpm omjs lugeons
40.0 500 10.0 45.0 1 58 25 42 18 0.0 0.0 0.0E+00 0.0
a00 500 100 450 2 T 33 &0 26 . 00 0.0 0.0E+00 0.0
40.0 500 100 45.0 3 102 a4 36 a7 0.0 0.0 0.0E+00 0.0
ao.0 500 200 365 1 a7 20 | 3 17 02 18 11E-04 97
30.0 50.0 20.0 36.5 2 69 30 & 61 27 0.4 2.7 1.1E-04 9.2
30.0 50.0 20.0 36.5 3 87 38 . 78 34 0.5 3.9 1.2E-04 104
30.0 50.0 20.0 365 4 &9 30 . 62 27 0.4 2.9 1,1E-04 9.7
300 500 200 365 5 44 18 ¢ 36 16 0.2 1.5 1.0E-D4 &7

Nole: Because there was no take in tha 1st iest, all takes in the 2nd test securad over a 10 ft interval.

Therefore, actual lugean vakes are double what |s shown in the table.
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Rio Valenciano Reservoir
Packer Test Data

Boring Number: BV-8 Tested By: GaoCim Groundwater Depth: 33.9 fest
Date Started: 3/20/00 Total Tasts: 2 Inclination: { degrees
Date Completed: 3/20/00 Hole Diam: 2.93 inches Surface Eievation: 3353 feel

Test Inlerval Footage Transducer Net Rate of Hydraulic Water
Footage Length to Stage Pressure Pressure Injection Conductivity} Take

op  botiom] fest |Transducer Mo. { fest | psi feet | psi it"3imin| gpm cmis lugeons
52,0 635 15 58.0 1 T2 k3| 48 21 0.0 0.0 0.0E+00 0.0
52.0 &35 1.5 58.0 2 104 a5 80 35 0.0 0.0 0.0E+00 0.0
520 635 1.5 §8.0 3 135 58 111 48 0.0 0.0 9.2E-07 0.1
52.0 5a.5 11.5 58.0 4 111 43 B7 38 0.0 0.0 0.0E+00 ¢.0
120 635 2135 48.5 1 52 23 33 16 0.0 0.0 0.0E+00 0.0
42.0 635 215 48.5 4 86 37 72 a 0.0 0.0 0.CE+00 0.0
420 635 21.5 48.5 3 123 54 109 47 0.0 0.0 QOE+DD 0.0
42.0 63.5 215 48.5 4 Gt 27 47 20 0.0 0.0 0.0E+00 0.0
320 430 1.0 385 3 59 26 54 24 1.6 121 B4E-04  B44
320 436 1.0 385 2 49 21 44 19 . 08 6.6 55E-D4 558
220 330 © 1.0 28.5 0 34 15 34 15 0.0 0.0 0.0E+00 0.0
220 330 110 28.5 0 52 22 52 22 2.0 0.0 0.0E+00 0.0
2z.0 330 1.0 28.5 [ &5 28 65 28 0.0 0.3 3.7E-05 1.6
22.0 33.0 1LD 28.5 0 82 22 52 22 0.0 0.2 2.7E-05 1.5
22.0 33.0 : 110 28.5 1] 34 15 39 15 0.0 0.0 0.0E+00 0.0
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P-5T-0384

BLACK & VEATCH TEST PIT NQ. 1
Q’l CONSULTING ENGINEERS LOG OF TEST PIT SHEET © OF °
CLIERT PROJECT PROJECT WO,

AFI Rio Valenciano 096628
PROJECT LOCATION —_ |COORDINATES ZLEVATION [DATUH) TOTAL DEFTH | DATE
1.4 km south of Juncos,PR | Not surveyed 6 ft 03/07/00
SURFACE COND|TIDHS TNSPECTOR

Undisturbed matural slope Norm Holst

HETHOD OF EXCAYATIOH
Small backhoe mounted on Cat rubber tired tractor

CHECKED BY APPROVED BY
PLAN VIEW SKETCH, D_er.EHSIDHS, AND HORTH ARROW FROFILE \HEH SXETCH AND DlHEHSiOHS
DA
o S s
3%35 EP CLASSIFICATION AND DESCRIPTION OF MATERIAL
= @ |xzuw =
E:g EE STATION INTFERVALS a
wrx | a
[ ad o
l | | ] | t | ] !
4 t i o i ; H ' ¢ ;
It} - ; ] : East|Wall . i : ; i ~
st | \ f | TopSoil | e 7 ! : ]
u o e oo mmed N o e e S and e Gl ay-& —Clavev-Gand ' e — - o
#152 | A | ' , | -
2 : ; ! ' /i = !
: 'E % | ] a E : 3
Bulk { 3 = —— T : Saﬁd - : ; : .
#3 4:m—~ i i i ; i } / ; o i .
I Hﬁ_ﬂ,\_,ﬁ o VA E
oo
- | .i =j f | : z | .
s AU S S | | -
1 Topsoll (SP) _1ight brown, dry to moist,| loose to medium dense, § -
] Efine graiﬁéﬁ} srganic Wlth abundant roots:: [~
7 Sandy Clay (CL) yellow1sh orange, molst medlum stlff_— §;;;E£_¥{ -
_ --Clayey Sand L8Cha. . yellaw1sh.ﬂrange,_malﬁt,mmeﬂAunLdense fgl;_graﬁed, m
- - fine to medlum gralned Sample #h ) -
. _Sand {SW}: yellowish orange, moist, medium dense_to deuse, well graded N
" : flne £0 medlum gralned (Saprollte) Sﬁmple #3 ‘ -
_ e : 4]
: 7] 1 1 ! ] i l 1 I B
REHARK S

Located approximately 70 ft bearing 5 35 E of BV = 4

Photos #21 & #22 with scale in NW corner




P-3T-0384

l%’ BLACK & VEATCH L0c OF TEST PIT TEST PIT HG. 1
CONSULTING ENGINEERS SHEET 2 oF °
CLIENT PROJECT FROJECT NQ,
ATT Rio Valenciano 096628
PROJECT LOCATION - COORDINATES } ELEVATION [DATUM]} TOTAL DEPTH DATE
1.4 km south of Juncos,PR| Not surveyed 6 ft 03/07/00
SURFACE COMDEITIONS INSPEGTOR
Undisturbed natural slope Nerm Holst
METHOD OF EXCAVATION
Small backhoe mounted on Cat rtummer tired tractor
CHECKED BY AFPRGVED BY

PLAN YIEW SKETEH, DIMENSIONS, AND NORTH ARROW

PROFILE VIEN SKETCH AND DIHEHSIOHS

Located approximately 70 ft bearing S 35

3%3? EP CLASSIFICATION AND DESCRIPTION OF MATERIAL
=
P = STATION IHTERVALS e
BE= & 2
(=]
| ! 1 1 | | | | |
- : : o E { ' : } n
5 ] e West:Wall ! -
. \ i : Topseil | i f& ; i
S A N san'dy Clay & Clayey Sand_ ! | N
2T = — 7/ -
31— Forth- : : : — . N
A | /o z 1 -
B / ‘ ! ! N
5 - f /
A R —— L S
RS P A M U :
N , See Sheet .1 for desarlptlons and Aample#}pcationsf ) ' : -
s T
e e : L]
] i f | | L I I ] R I
REMARKS:

Photos #21 & #22 with scale Iin NW corner
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BLACK & VEATCH TEST PIT NO, 2
E}’ CONSULTING ENGINEERS LOG OF TEST PIT SHEET 1 OF 1
CLIENT PROJECT PRDJECf NC,
AFT Rio Valencianc 0966283
PROJECT LOCATIONR _— COORDIXATES ELEYATION (DATUM) TOTAL DEFTH DATE
1.4 km south of Juncos,PR | Not surveyed 6 fr 03/07/00

SURFACE CONDITIONS
Undisturbed natural slope

INSPECTOR
Norm Holsgt

METHOD OF EXCAYATION

Small backhoe mounted on Cat rubber tired tractor

CHECKED BY

APPROYED BY

PLAN VIEW SKETCH, DIMENSIOHS, A

ND HRORTH ARROW

PROFILE VlEH SKETCH AHD DIHENSIOHS

m{:"ﬁ E|_ CLASSIFICATION AND DESCRIPTION OF MATERTAL
-l =
I g STATION INTERVALS E
5 o= o b [T}
a’i:" g =)
| | | | H ] | | |
5 L  South'Wall i % ' ' -
i \ i Topseil i /I -
}_ j - . ‘ ) . i i / ; I .l.__...___ ]
- 24" L : : ? ; : | :
Bulk - : \\ ! Clayey Sand ! 1 // ; ! [ B
#1 3 \ ‘ — — : / ‘ ‘ |
i i | - .
A PO, » : , - !
= - i Band with 8ilt ! ! : -
Bul‘k 5 a— - - .‘t"- e R - e —— .,_.-—:________ ..... ,_‘——:_.._.._m.,.,-.-_— JUSEEPAY ——r, —_— . —
#2 6 A o N : ' ot S N
o S R i ? ' S
i : - i ; ) N
1 e _.Topsoil (SWy: _11 ﬂhmwn,__d.ny__tﬂ_mmat .lonse_ tn_me.dlu.m. dense, o )
- : well graded, fine to wedium grainef, organlc with f -
7 T T _'E'i;{na'ént fots. - "':
1 clayey"ééﬁﬁ_fgﬁj “'ﬁéftled"§EEESG§£E-E§££§E_;5&W}ed moist, medium | -
it '“‘“‘stlff weTl graded, Ting to medium gfﬁiﬁéﬁ“‘sampiﬁ“#f'"—
~ Sand w1tﬁ'sllt (sw SM)'"";EIIE%IEEMEEQHQE;‘ﬁAEEET"aéEIEEJHEHEE_Eo'""“””"':
= - demse-welt graded ;- fimerromedium- grained- -
- _ (Saprolite). Sample #2 __ _ . . ... |
1 T ) o o - o
: N 1 1 | [ B ] I ] I B
REMARKS:

Located approximately 8 ft.NE of BV - 3 location e

Photos #19 & #20 with scale in

SW corner
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BLACK & VEATCH TEST PIT NO, 3
%l LOG OF TEST PIT )
CONSULTING ENGINEERS SHEET 1 OF 1
CLIENT PROJECT PROJEC& N0,
AFY Ric Valenciano 096628
PROJECT LOCATION - COORDYRATES ELEVATION (DATUM) TOTAL DEPTH DATE
1.4 km south of Juncos,PR| Not surveyed 6 ft 03/07/00
SURFACE COMDITIONS INSPECTOR
Undisturbed natural slope Norm Holst

METHOD OF EXCAVATION
Small backhoe mounted on Cat rubber tired tracfor

CHECKED BY

APPROYED BY

PLAN VIEW SKETCH, DIMENSIONS, AND NORTH ARRCW

PROFILE VIEW SKETCH AND DIRENSIONS

.6'

3%5 f'_ CLASSIFICATION AND DESCRIPTION OF MATER |AL
-
$uwl |EW STATION INTERVALS =
“«ao 2 | & Lk
I'ni: g [=1

] ] i B | ] j I |
i ' . South Wall . _ ' : L N i
Topsoil -
Bulk e e e e e e |
#1 oot Glayey Sand . . ]
4 : j. - e
Bulk ] : N
#2 ] \ ' N
= A - . R S
N Topsoil (SW): ..light brown, dry to moist, loose to medium dense, . _ ]
- well graded, fine to medium grained, organle with -
~ abundant Toots. BT LT e 1
B Clayey Sand (SC): mottled yellowish orange and 1ight brown, moist, T4
7 oo medium derise, well graded, fine to medium grained. =[]
_ Sample #1 ]
— Sand (SW): vellowish orange, moist, medium dense to -dense, wekl - - o
i graded, fine to medium grained (Saprolite). Sample #2 i
* 1 | | ] ' i | [ i ] [
REMARKS: . s .
Located approximately 10 ftsouth of initial BV - 2 locaticn :
Photos #17 & #18 with scale in SW corner
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BLACK & VEATCH
CONSULTING ENGINEERS

LOG OF TEST PIT TEST PIT NO.

SHEET 1 OF 1
CLIENT FROJECT PROJECf WO,
AFI Rio Valenciano 096628
PROJECT LOCATION e COORDINATES ELEVATION (DATUM) TCTAL DEPTH DATE
1.4 km south of Juncos,PR| Not surveyed 3 ft 03/07/00
SURFACE COKDITIONS IKSPECTOR
GCround stripped of vegetation Norm Holst

HETHOD OF EXCAVATION

Small backhos mounted onm Cat rubber tired tractor

CHECKED BY

APPROVED BY

PLAN VIEW SKETCH, DIMENSIONS,

[z

AND NORTH ARROW PROFILE YIEW SKETCH AND DIHMERSIONS

! e

6!

m.%a E}_ CLASSIFICATION AND DESCRIPTION QF MATERITAL -
s | hd
.2 |=zu STATION INTERVALS =
-f D, o - B L Ll
tﬂ;: g =
] | ] i I i ] | 1
0 - S, . - = - e e
- "~ : Topsoil -
1 — . - - - e b
= Sand —
Bulk | 2 ‘_‘ - T T ]
{1 3 - - -
A 7 7 ‘ o _ _ =
1 Topsoil (SW - SM): llght brown, dry to mcxlst, loose to medlum dense, =
~ ‘well graded, fine to medium grained sand with some :
— - gilt, organics--and abundant TOGES- - e mm e e
- ‘Sand ‘(SW)": vellowish orange, woist, medium dense, well graded “fing” ]
— S ~- to medium grained (Saprolite). - Sample #1- Coee e -
. I
. -
N ] l { i I i ' I i | |
REMARKS:

Located approximately 70 ft east of BV - 8

Photos #1 & #2 of south & nerth walls respectively




BLACK & VEATCH TEST PIT HO. 5
| Q/\ LOG OF TEST PIT
i CONSULTING ENG!INEERS 6 OF TE SNEET 1 OF 1
. CLIERT PROJECT PROJECT WO,
L AFI Rio Valenciaro 056628
PROJECT LOCATION = COORDINATES ELEVATION [DATUM] TOTAL DEPTH | DATE
1.4 km south of Juncos,PR| Not surveyed 3! 03/07/08
¥ [SURFacE coNDITIONS INSPECTOR
¥ Ground stripped of vegetation Norm Holst
HETHOD OF EXCAVATION
Small backhoe mounted om Cat rubber tired tractor
L CHECKED BY APPROYED BY
PLAN YIEW SKETCH, DIMENSIONS, AND NORTH ARROW PROFILE YIEW SXETCK ARD DEMENSICKS
v SR i
L ..,.:;:5 Ei_ CLASSIFICATION ARD DESCRIPTICN OF MATERIAL
- =
TwP|Eu STATION INTERVALS ‘ N
] B b al
w3 .): = Ig o
L 1 1 1 i ! ! | n L
0 - e | West Wall _ i ; : e i -
L s D N | Topsoil ! . .
Bulk . . North \ Sand with Clayey Lenses / : .
RR2 2 wd - N : - ; — 1 : ‘
i Bulk 3 — e et e \: Sa‘fld / - | , '
: #2 I — P ! : .
. East Wsll . : |
¥ 0 T ~_ T T Topgoil T~ |
s. 1 ] ey e et 2 ————— R e o : - i
4 North Sand with Clayey Leases : / ]
e - e : " . j )
L_ 5 - . R~ = /Sfand_LBntLQm._haIdj__ﬂi e} .
- ) : : ] : : I ]
L 7] Topsoil (SP = "5MJ :"""]:ig‘h’t;"br‘own“,*dry"’to‘"mcsist',—‘l"o'dsa'“tc""mo‘d‘emar];y‘
o e e denge, poorly. grade, mestly fine with some ... ]
, - medium grained, some silt, organic with abundant -
t '-"'- s - - - T """_;"'—"'—'rno'dt's‘:’_""__’_—"-"'_""—'——"“ i et = s i e T URR A sy A SR T - l-ﬂ:
| 1 " gand with Clayey Lenses: sand (SW) with few lenses (to 2 inch thick) |-
L - ' I | of clayey sand (SC), mettled yellowtsh grange
: - .. to light brown, maist, moderately dense, well | J
- graded, fine to medium grained. Sample #1 -
E... ) Sand (SW): .yellowish. orange, moist,. medium dense. to. dense,_ well.: __.__m;
- graded, fine to medium grained (Saprolite). Sample #2 .
% I I T
__’i REMR“} Located approximately 60 ft. south of BV - 5
E _ Pictures #3 & #4 of west & east walls respectively
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MONITORING WELL COMPLETION LOGS




APPENDIX C

MEMORANDUM ON
DESIGN OF PROPOSED DAM AND RESERVOIRON THE RIO VALENCIANO
-BUCK, SEIFERT, AND JOST-



PUERTO RICO AQUEDUCT AND SEWER AUTHORITY

MEMORANDUM

ON
BESIGN OF
PROPOSED DAM AND RESERVOIR

ON T
RI0O VALENCIANO

JULY 16, 1971

. BUCK, SEIFERT AND J0ST
Consu1ting Engineers
. : Sylvan Avenye
" Englewood Cliffs, New Jersey
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MEMORANDUM
ON
DESIGN OF
PROPOSED DAM AND RESERVOIR
ON THE
RIO VALENCIANO

Mr. Wilfredo Vivoni, Executive Director
Puerto Rico Aqueduct and Sewer Authority
Post Office Box 7066

Barrio Obrero Station

San Juan, Puerto Rico 00916

Dear Mr, Vivoni:

This memorandum is prepared to summarize our analysis of
the design of the proposed dam on the Rio Valenciano, to deseribe briefly
the type of structure selected with its design criteria, and to present our
latest estirnate of construction cost of the dam and intake.

'LOCATION

The site for the proposed dam across the Rio Valenciano is at
a2 narrow place in the river valley, approximately 1.4 kilometers upstream
from the bridge over the Rio Valenciano at Juncos. The selection of this

site was covered in our Memorandum on Rio Valenciano Impoundinz Reservoir

dated May, 1969,



;.i."he watershed tributary to the site' of the proposed Ric Valenciano
‘ dam.is 14, B85 square miles. | ‘
VOLUME OF STORAGE AND YIELD
Only a few strearn flow measurements were made at the dam

site by the Authority during 1966 and 1967. Daily strearn flow records for
the period begﬁing in 1959 are available for the recording stream flow
-stations maintained by the U.S. Geological Sur;rey on the Rio Gurabo, 4.9
' miles downstream from the mouth of the Rio Valenciano and on the Rio Grande
de Loiza at Cagua.s.' These records were used to develop a- symtﬁesized
record of probable monthly average flow at the dam site for thé sarne period.

~ Based on our study of these records, we have determined the

yield in addition to the natural flow of the stream when operated in conjunction 7

with the Carraizo Reservoir downstream is as follows:

Drought A
- Period MGD Increase
5 Months ©21.9 v ]
6 Months 18.3 '
7 Months 15.6
8 Months 13.7 -
\

SILTATION

H
i

Siltation is a problem in most reservoirs in Puerto Rico and '

must be considered in determining the total volume of storage required for

the Rio Valenciano Reservoir. Siltation rates for some of the resérvoirs

in Puerto Rico have been as follows:



Original Capacity Siltation in

Per Square Mile Million Gallons
. : . of Watershed Per Year

Reservoir In Million Gallons Per Square Mile
Guayabal ' 72.5 , 1.18
Coamo 16. 9 - 0.27
Carite "t 390, 0. 36
. Patillag : 18. 8 0.22
" Comerio 12.1 : 0. 38
Loiza = ' 31.6 - 0. 50

' The rate for the proposed reservoir probably will be about
LY

7 mlllmn gallons per year,
FLO'W L;IQE OoF RESERVOI.R

The capac1ty of the proposed reservoir basin and the corres- -
ponding ~ﬂooded area are shown in Diagram No. 1. These were computed
;from aerial maps at 2 scale of 1:2000 with cdn'.:ours at 2 meter intervals,

We have seclected a flow line at elevation 100. 0 meters as the
lmost abpropriate for the development. At thls elevatmn, without S}.ltl atmn
the capacity of the reservoir will be about 3 750 m1111on crallons The excess

P
| stora.ge of some 350 million gallons will b; adequa.te to maintain the yield
as stated on Page 2 with the siltation anticipated to occur over 50 years.
QUALITY OF WATER | o

Sampling and aﬁalysis by the USGS of the samples .collected on
the Rio Valenciano at Junces and the Rio Gurabo at Gurabo were made between
1958 and 1963. A total of 31 sam'ples at Juncos and 322 at Gurabo were
collected and a.naly'z;sd. The results of thesé analyses are summarized in
Table No. 1. Although the analyses were mr:;de in the prior decadé there has

been no development w1thm the watershed that would have a major effect on

water. qua.hty.



Based on the average reaults obtained for these samples, it
gpp;aars the natural raw water of the stream is moderately turbid and
colered. The chemical balance nf the alicalinity, free carbon dioxide and
pH value indicate the water is not inclined t\:; be corrosive, The iron coniéﬁt
is below that kmown to cause difficultios with staining problems, 'I:eats for
manﬂanese content were not made, The chlorlda content and hardnese are
normal, The water {e not greatly different from that now antering the
Lolza Reservoir and is entirely suitable for treatment by standard filtrution
methods,

FLOOQ FLOWS

In connection with the design of the dam, it is necessary to
determine the magnitude of floods that are likely to be experienced., This
was done and discussed in our Memorandum on Ril-) Valenciano hnpou;xding
Reservoir of May, 196‘;7‘ and will not be repéated herein, It is sufficient for
the purposes of this zﬁemorandum to state that a flood with a pealk diacharze
of about 40, 000 cubic feet per eecond, a magnitude expected to occur about
once in 100 ygar%. wag adonted 'as the recommended flood for prevantingr
damage tb-;-;_r;:ate prc.perty; along the raservoizf." shores, generauy proparty
lying z;bove';slevation 101.00. The recommended probable maximurm flood
for us.e in design of the structures against failure, to provent da.maae to

downastream settlements, was estimated to be of the general magmtude of

60,000 cubie teet per second,

et



GEOLOGY

The geology in the vicinity of the dam site indicates the bedrock
forma.t@_qns are relatively ym-x;:g and the region does not have a lonz and
complex geological history, It is probable that ne buried 3orges underlie
the stream and that bedrock lies at shallow depth beneath the rwer. The
bedrock is genera.lly hard, sound a.nd impermaable.

A vmual inspection of the site ahows that the rock, principally
granite, ontcropsgnear the top of the proposed dam on the left banl-..

Bormg data indicate a fault crosses the dam ot about a 45 degreue .
a:ngle near the base of the valley and bears nort 1westez‘-1y downstream, . Data
obtained from bormcra leads to the opinion the fau.lt does not constitute a
zone of weaknesa since ther;-. is no indication of the presence of @ weak or
. deeplyadecayec_l crushed zone. The fault will be sealed by pressure grouting
to prevent seepage from the reservolr,

‘A geries of test borings were ma.c_le at the site, one line on the
proposed centerline of the dam, one line approximately 25 meters upstream
from the centerline and a third line approximately 25 meters downstream
..f.rom the ce:nterlinc. The line of borings upstream and downstrea:n from tuc
centerlme were made to determine if any erratic c:han'res occur in the leval
of the t0p of souzd beurock. o

. The test borings indicateq layers of soil, sands aﬁd 'gravel overlay

rocXk in the valley and extend \ip the valley sides. The borings confirm the

fact that the bedrock is of granite, It has adequate strensath to support any



“s
[ ¥

dar-n' structure that reasonably might be placed on it. The bedrock itsclf
is not sélui:le' nor ig it characterized b} solution channels or éa.verhous
conditions., Jointing in upper surfxcr’ml part of the bedrock Lndwa.tes that
t.ha Iounda.tmn should be grouted to provent undﬂrseepacre.

The masximum thickness of sands, gravels, _cla.}s and décayed
rock over the bedrock is approximate - feet,
TYPE OF DAM |

It would be possible to conatruct an carth.fill type of dam at
the site. “ The clay ﬁnd sands in the valley are a.der:-uate for the mass secttons
of suélx a da.r?. | ﬁov:ever, this typ;a'of dam would reqﬁire additional la.;xd fer
a side channel spillway and would introduce difficul: design'and construction
problems in providing the necessary spillwa).r capacity. This would increase

the cost of this type of construction materially,

The valley {5 too wide for z thin arch type of dam. Mansive

abutments would be required on both sides.

ARRANGEMENT OF SPILLWAY

On.ly one epillway arrangement has been considered for the

¥
.‘

gravitvityne concrete and earth fill abutments dam dus to limitations of

crestl;(_l'ength and the need to contro! maximum pool level at flood flows



To overcome the objections of the Tainter gate and wheel gate
:.spillwé.yé as determined in the studies for.the Rio de la Plata Dam, a
bascule type of gate for installation in each spillwuy bay has been a.dOpted.
—Enis type of gate is constructed of structural steel and ateel plate. It is
h.inge'd at the bottom, at the crest of the apillway, and is ralsed or lowered
" by hydraulic _cylindérs loca—ted in the dam section. When the gate is in its
fully lowered position it {s recessed within the dﬁm and fcnﬁs a part ;::E the
c;geé surface for the' spillway. The operation can be manually controlled or
can be automatically controlled by sens.ing the ele'.ra.tionl of the water in the
reservca.i-r.. The automatic cox_:trols would be set t.o maintain the wa.tér '
surfz.ic; in the reservoir at elevation 100. 0 under all norraal conditicns, the
_gate raising or lowering to permit water to pa;as over the top or to be
iﬁzpbunded iﬁ the resorvoir as requlred. " This type of gate would require
four api!lway ba.yf_.J each 15 24 me‘cers wide. Since the height of this type

) M -
- of nata is 11mited the crest of the spillway would be ut elevahon 96. 00

mcters. The maximum flow line at the spillway crest would be elevation
101, 4 meters with the maximum esti;'nated flood of 60,000 cubic -feet pe-r
second passing over the spillway. The top of the dam would be at elevétian
103, 0 meters.

With the basculo type of gate ineta.lled with the reservoir at
elevation 100, 0 meters, the reservolr will irapound alrnost 3, 750 million

L

gallons, with safe yields as set forth on Page 2.
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.'I'YIfE OF SPII_;I_.WA.Y SELECTED

An ungated eplllway gives exccllent operation under adverse
conditions but is the most expensive to construct. Also, it requires the
purchasze of much more land, the relocation of greater lengths of. highways

iy

and the acquisition of more houres.

3
§

W -

. Thle'bascule type gate is favorable .:for .o;:;;;';t;i.o-n ‘uncll.é'r.adverse o
conditions _%ut is not posrible of unwatering exdept if 2 floating caisson is
provided. ‘This is nc.>t considered necessary for this type of gate since the
0per'a.ting mechanisms are within the dam structure and are a.cc;essible at .
all times and under all conditions. These gates, being low in height, have
a much greater chance of the elevation of the reservolr being at or below
the c'rest of the spillway, when théy can be examined, rapaired and maintained.
A curve showing the capacity of the epillway sectlon ﬁrdpﬁsed is
sha;vn in Diagram No. 2. The plan, downs!géam elevation and uections of
~ the da.n:; as l;roposed are shown in Diagrams Nos. 3, 4 and 5 respectively,
INTAKE AND FLOW REGULATION
As previously mentioned, the intake forms an integral part of
. the dam, belng a part of the nnn-overﬂoﬁv section of the dam, located near
the center of the existing stream. The bascule gates control mechanismas,
inta.ke'dischar.rge control valves and tunnel dewatering equipment also will ba
housed in this section. |

Three 48-inch di;:;_met_er intake ports are provided in the upstreém

-face of the intake chamber, spaced about elght meters apart vertically

(20



beiw'c-:en elevation 80,0 and 96.25 metera. FEach intake port is to be protected
on tho outside with a fabricated wrought iron trash rack and controlled on

ts inside face b}-'a 43-inch diameter butterfly valve, hand wheel operated,
The flow from the intake chamber passes through a 48-inch pipe, through a
48.inch butterfly valve, and discharges to atmosphera through a 48-inch
Howell? Bungar valve. The Hov;r-'el!. Bunger .va.'lx‘re provides discharges flow
rcgulat.ion. The 48-inch pipe from the intake charsber, through a tee immae.

diately upstream of the 48-inch butterfly valve, is extended to the lefit bank

of the river for direct connection to a future filtration plant.

BACKWATER CURVES

]

Studies of the probable elevations of the backwater curves for

for the 100 year fHood

of 40,000 cubic feet per second have been made, The profiles of these two

t L._ . i - ’
intersect the normal backwater curve without the construction of tiae dam

ﬂrl

‘some 4. 5 kilometers upstream from the dam. The backwater curve for the

design'. flood, which is anticipated will have a 100 year occurrence, will be at

elevation 100, 4 meters over the spillway crest, It will intersect the normal

. [ — - . .
backwatexr curve without the construction of the dam about 4, 3 kilomsters
: : . _ i

vpstream from the dam.

' These elevations are based on free flow over the spillway crest,

with tke gates in thelr lowest position, maling available the mazimum
E p g

1

9



capacity af the spillway. In actual operation, the gates will operate to
control the elavation of the water surface and malntain it at 100, 0 meters, -

CONSTRUCTION COST

Our estimate of the construction cost of the Rio Valonclano |
Dam is shown in Table No. 4, We estimate that the cost, including an allow-

ance for contiﬁgencics, is §5, 800, 000,

y T - - : Respectiully submitted,
e - ' ' BUCK, SEIFERT AND JOST
| Fawin H. Hartman
o P -
July 16; 1971 7 e



" Alkalinity

Hardness

: pH
.T.ron'
.Cfxlori_de

Sulfate

The water is moderately hard, contains sufficient alkalinity for

TABLE NO, 1

. CHEMICAL ANALYSES BY U.S. G.S.

1958 TO 1963

Rio Valenciano
at Juncos

.No-. of Min Max Median

Obs.
7 62 150 91
7 50 69 60

7 6.9 T.8 1.5
1 - - o2

7 18 22 18

~ No. of

Obs.
58
56
58
46
58.

46

Rio - Gurabo
at Gurabo

Min Max
25 160
24 114
6.9 8.1

.00 .04
6 26
22

- T.6

Median
118
20
. 00.

20

16

normal treatment pr'ocesses, and is not greatly different from that of the

Rio Gurabo now entering Loiza Reservoir.

11
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GEOLOGIC REPORT

1. INTRODUCTION. A considered dam on the Rio Valenciano has been studied
by the U. S. Army Corps of Engineers as a flood control project with secondary
benefits to be derived from water storage for municipal use and as a recrea-
tional area. The Rio Valenciano Dam site is located approximately 1.1 km
south of the town of Juncos in the eastern part of Puerto Rico. The Rio
Valenciano is a tributary of the Rio Gurabo which in turn is a tributary

of the kio Grande De lLoiza. Though the drainage area of the Rio Valenciano
is relatively small, just over 15 square miles, it can contribute signifi-
cantly to fleoding downstream on the Rio Grande De Leiza. In the flood

of September 6, 1960, the Rio Valenciano runoff was 37,100 c.f.s. The
foundation exploration program conducted by the Corps of Engineers was

for a dam to have a crest elevation of 109.5 meters and a spillway eleva-
tion of 104.8 meters with the base of the dam at an elevation of approxi-

mately 71 meters.



2. Reaional geology. a. Geologic setting. The Isiand of Puerto Rico,

with an area of 3,400 square miles, is the smallest and most easterly of the
Greater Antilies. The Island is just under 110 miles long by 40 miles wide
with the longitudinal axis running east-west. A central backbone of
mountains rising to a maximum altitude of 4,398 feet extends east-west through
the Istand. Extending north and south.of the mountain range are foothills and
the coastal plains, both of which are much broader on the north side of the
Island as the crest of the watershed lies nearer the south coast.

b. Geologic history. The oldest rocks of Puerto Rico are Jurassic age

agglomerates composed of both intrusive and extrusive rocks cemented by
andesite porphyritic material. Rocks of Cretaceous age rest conformably upon
the Jurassic agglomerates. The Cretaceous was a perieod of volcanic activity
with the deposition of great thickness of pyroclastics, and lava flows.
Also, advances of the sea aliowed the formation of some limestones and

shales.

Orngenic disturbances and active plutonism occurred between the end of
the Cretaceous and Lower Eocene producing a mountainous terrain which was
rapidly eroded down into hilly terrain by Middle Eocene time. The San Lorenzo
batholith, which is the major geo]ogic feature in the project area, is a
product of this period of plutonism. Late Eocene through Lower Oligocene was
a period of volcanism and marine advances which produced a series of limestones
and shales intermingling with pyroclastic rocks. Igneous activity had

ceased by the end of Lower Oligocene time.



Puerto Rico was raised and tilted by a series of uplifts occurring
during Middle Miocene, Early Pliocene and at the end of Pliocene time.
This brought about erosional cycles which produced landforms that are
evident today. The Quaternary was a period of gentle uplift and tilting
to the north and east along with fluctuations of sea level. The Quaternary

was predaminantly a period of erosion,

¢. Structure. In Puerto Rico, as throughout most of the West Indies,
the broad structural elements are clear but the details are obscure, The
general structural framework of the Islands is a core of extensively folded
pyroclastics and some sediments, with intrusions and lava flows. The core
is unconformably f]énked to the north and south by tilted Tertiaries, pro-
gressively younger towards the coasts. Detailed structural interpretations
are made difficult or impossible because, in the Cretaceous and older Tertiary
rocks, strike and dip readings are scarce and unreljabie. Within an area
of a square mile strikes can swing through 180° and dips fluctuate greatly
without ‘any apparent reason.

d. Regional faulting. The rocks in Puerto Rico, not being brittle,

tend to fold rather than fault when subjected to diastrophism. The large
faults which do occur are usually of the normal fault type or strike slip
type. Evidence of faulting, such as sudden change in strike and dip or
offsetting of topographic features, can be detected in the field. However,
interpretation of data obtained from seismic and geophysical records has
provided the best picture of faulting on the island and adjacent submarine
areas. In January 1973, the Puerto Rico Water Resources Authority
camissioned an extensive and comprehensive study to identify areas

suitable for nuclear power plant siting. Onshore geclogic mapping and
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engineering studies were conducted by Fugro Inc. Western Geophysical
Company was commissioned to conduct offshore seismic reflection and
magnetometer surveys to locate faults and to relate them to the tectonic
and seismic history of Puerto Rico. On the island, two major fauit zones
have been delineated. They are The Great Northern Puerto Rico Fault Zone
and The Great Southern Puerto Rico Fault Zone (see figure 1). The Great
Southern Fault, which has been traced for a total length of about 180 km.,
has been intermittently active since early Cretaceous. Both vertical and
left laferal movement has occurred. The lateral displacement may be as
much as 60 km. Grabens and horsts occur within the fault zone. There is
no evidence on land that indicates this fault zone is presently active
capable but inactivity has not been conclusively demonstrated. Inactivity,
is indicated in the following evidence: (1)} It is terminated on the
northwest and southeast by northeast-southwest trending high angle faults;
(2) The last known age of movement is Niocene; (3) Nowhere does the zone
offset Quaternary sediments; (4) There are no historic or recorded seismic
events associated with any of the faults in the zone.

The Great Northern Fault Zone which is closer to the project site has
similar characteristics to the southern fault. However, it is definitely
considered to be inactive. It is overlain by a thick sequence of middle
to late Tertiary strata which is unbroken across the fault zone. It should
not affect the project. |

e. Folds. Although folding is present everywhere in the (retaceous
and older Tertiary rocks there are few indications of an intense degree
of folding. Few folds are symmetric, but recumbent folding is not common.
The symmetric folds have their axial surfaces inclined southward with

steeper 1imbs to the north, indicative of thrusting from the south.
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f. Flexures, Several broad, low warps can be detected, both in the
younger Tertiaries and the older rocks. The general trend of these warps
is north-south but they vary from north-northwest to north-northeast.
A large broad downwarp can be traced across the Island from near Quebradillas

to near Ponce.

g. Unconformities. Several unconformities are known to exist in

Puerto Rico. Undoubtedly, the most pronounced is between the Upper
Cretaceous and the younger Tertiaries. Other known unconformities do not
show the same marked difference between the rocks in juxtaposition.

h. Seismology. (1) Historical seismicity. Plate boundary movement,

epicenter records, and historical data were analyzed by Western
Geophysical Company and Fugro, Inc., in the preyiously mentioned study
for the Puerto Rico Water Resources Authority. It is from their report
that the following information is derived, The seismic pattern shows
an arcuate band of earthquakes along the Lesser Antilles Island Arc and
scattered earthquakes along the coast of Venezuela, Many shallow-focus
éarthquakes have occurred in the Puerto Rico Trench, in Mona Passage,
under Hispaniola and a few along the Cayman Trough. A few intermediate-
focus earthquakes (70-140 km) occur along the western margin of the Lesser
Antilles Belt and beneath eastern Hispaniola. Focal-mechanism determina-
tions substantiate the general regional interpretation of left lateral
movement a]oqg the Puerto Rico Trench and Cayman Trough, right lateral
movement aiong the E1 Pilar fault of Venezuela and underthrusting beneath
the Lesser Antilles.

On Puerto Rico, only three or four low-magnitude earthquakes have been

recorded with hypocenters beneath the jsiand. Depth of focus for these



events is greater than 30 km, which is the reported crustal thickness.
However, because solutions do not exist for these earthquakes, the nature
of the fault motion prodﬁcing them is unknown.

Unlike on or beneath the island, the large number of earthquakes in
the Puerto Rico Trench, the Anegada Gap and Mona Passage clearly reveal
that the Puerto Rico-Virgin Island crustal block is bounded by active
zones of movement. However, just south of Puerto Rico, the Muertos Trough
has had only three small recorded earthquakes. The area around Mona Canyon
off the northwest coast is particularly active. It was in this region that
a magnitude 7.5 earthquake took place in 1918. This earthquake produced
a tsunami that did some damage and resulted in several deaths along the
northwest coast. The epicenter for this event, as well as those from
other smaller events in the Mona Canyon area and along the south side of
the Puerto Rico Trench, is located adjacent to fault zones mapped from
the seismic reflection profiles by Western Geophysicai Co.

Although the earthquake activity along the Puerto Rico Trench lies
along the plate boundary, the activity in Mona Canyon and along the west
side of Mona Passage does mot. This may suggest that the Caribbean Plate,
which is rather small is under strain along lineations other than its
boundaries from the much larger plates around it; and some rotation may
be involved.

Recently the United States Geological Survey has established a "Puerto
Rico Seismic Program" on behalf of the Puerto Rico Water Resources Authority.
For the peribd of August 16, 1974 through June 30, 1975, the five seismo-
graph stations operating in the Puerto Rico Seismic Program reported a

total of twenty minor tremors located in and around Puerto Rico. The strength



of the tremors was mild with only three reported as being "“felt." The
time and location of the tremors can be found in the U.S5.G.S. Seimological
Data Report - Open File Report 76-369. To date, the U.S.G.S5. has not
compiled enough data to make a reliable prediction as to the frequency or
strength of tremors which could affect the area.

Overall, the seismic history indicates the island will experience
occasional shocks of slight to moderate intensity from submarine seismic
activity in the area west and northwest of the island and 10 to 60 miles
offshore. Though seismic shocks have also been recorded in an area off
of the eastern coast of Puerto Rico, they occur infrequently.

(2) Seismic instrumentation. Installation of a microseismic instrument

at the damsite should be installed so data can be compiled before, during,
and after construction. The early records will provide a basis for
comparison with the records obtained as the lake fills up. Upon comple-
tion of construction three surface type accelerographs and one peak
accelerograph should be installed in accordance with EM 1110-2-1908.

i. Economic geology. In Puerto Rico there are metallic mineral

occurrences, but in seemingly small quantities, and therefore mining

has not offered attractive possibilities. Gold occurs in the Island

and was actively exploited by the Spaniards who extracted a total

4 million dollars of placer gold. Silver extraction has been almost nil.
In recent years base metals have become more important that the precious
metals. In modern time, only iron, manganese, and most recently copper
have been seriously considered by mining personnel in Puerto Rico. Unlike
the metalliferous deposits in Cuba, the bauxite in Jamaica and oil in

Trinidad, Puerto Rico has offered 1ittle attraction to the mining industry.



(1) Gold. Placer gold was produced from the Fajardo, Luguillo,
Mameyes, Grande, and Sabana Grande Rivers. All of these rivers are on
the nortﬁ side of the Island.

(2) Manganese. Manganese deposits are widely scattered throughout
the interior of the Island but only the deposits at Juana Diaz have
undergone intensive study and development. Here the ore, psilomelane,
pyrolusiée, and manganite occurs in solution-enlarged fissures in the
Guayabal limestone. The deposit was mined from 1915 to 1939 with
80,000 tons averaging 60 percent manganese produced.

(3) Iron. In Puerto Rico iron occurs as magnetite and limonite. To
date on]y'the magnetite has been worked. The best known magnetite
deposits are in the Juncos-las Piedras district, near Humacao, Arroyo,
Adjuntas, and Ponce. The Juncos-las Piedras district contains the largest
known deposits and the only one which has been developed. This deposit, the
keystone mine, also called La Mina, La Esperanza or the Juncos mine, lies a
few miles north of the Rio Valenciano Project Site. The mineralization
occurs as lenticular deposits in an altered limestone which crops out
Just north of the San Lorenzo batholith. The ore bodies are metasomatic
replacements of the limestone lenses. The principal ore mineral is
magnetite but hematite and a little malachite, azurite and chrysocolla
are present. The chief gangue minerals are garnet, epidote and unidentified
calc-silicate minerals. Studies between 1904 and 1951 indicated an estimated
reserve of 850,000 long tons of direct shipping ore and concretrates could
be obtained by open pit mining. Between 1951 and 1953 the deposit was
mined by the West Indies Mining Company which shipped approximately
220,000 tons of ore reported to contain a minimum of 60 percent iron.

The keystone mine consists of an open pit 30 by 170 meters and a small



open cut 40 meters east of the main pit. The mineralization extends
750 meters eastward from the keystonermine.

(4) Copper. In recént yeafs a porphyry copper deposit near the
Rio Vivi in the western central part of the IsTand has been extensively
studied. The deposit is reportedly of sufficient size and grade to be profit-
able exploited but has not been developed due to ecological concern.

3. Geologic Investigations. a. Previous Investigations. A geologic

map showing the iron and copper prospects in the Juncos Quadrangle, Puerto
Rico wag prepared by Carl H., Broedel of the USGS in 1961. This map pro-
vides the basic geologic information for the dam site and reservoir area.
The Puerto Rico Aqueduct and Sewer Authority has investigated a possible
dam site located aﬁproximately 2,500 feet upstream from the site of this
investigation. This upstream site was for a smaller dam impounding considerably

less water than called for in the present plans. In 1970 seventeen borings



were drilled at the upstream site utilizina a standard split spoon in the
overburden and a HX core harrel in rock. The.borinqs varied in depth from

22 feet to 110 feet with an averane depth of 48 feet. These borings encountered
"granitic” rock beneath the overburden and decomposed rock layer which averaaed
17 feet in thickness.

The Jacksonville District conducted a field reconnaissance investigation
of the proposed dam site in January 1970. The geologist who conducted the
investiqation wrote a brief but comprehensive report which concluded the site
was a favorable location for a dam.

b. Present investigation. Present geologic investigations included

a review of the available aeologic literature, previous field reconnaissance
report, and the Aqueduct and Sewer Authority's core boring loas. A ceneral
reconnaissance of the dam site, reservoir area and borrow area was made.

Pue to the availability of area ceoloaic maps, no qeolaqic mappinn of the
reservoir area was deemed necessary. However, in the rocks outcropning at
the dam site, the strikes and dips of the fractures were checked. The geoloay
of the area is shown on Plate 3, the Geologic Map.

Twelve borings were drilled at selected locations to obtain data relative
. to the dam foundation, spiliway section and borrow area. Eight core borinas
were drilled at the dam site, six were along the centerline of the dam. one on
the tieback dike and one in the spitlway area. The borings were drilled using
a standard split spoon in the overburden and 4 x 5-1/2" and NX core barrels in
the rock. Uhere possible, the borings were pressure tested. The pressure test
results are shown on the core loqs. Overburden samples from four of fhe core
borings were sent to the South Atlantic Division Laboratory for analysis. The

borina lons and laboratory test results are shown in Appendix “A" and "B“. The
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core boring locations are shown on Plate 1. The boring data is araphically
denicted on the neologic cross section Plate 2. The cores are stored at the
Corps of Engineers office in San Juan. Puerto Rico. Four auaer borinns were
drilled in the proposed borrow area and representative samples of the material
vere sent to the South Atlantic Division Laboratory for analysis. The borrow
area bofinq Tons and laboratory test results are included. The borrow area
borina locations are shown on Plate 3.

A possible alternate dam alinement, approximately 1,000 feet unstream
from the nresent alinement, and alternate borrow areas located within the
reservoir area approximately two miles upstream from the dam site were visually
examined in the field but were not studied.

c. Future investiaations. Future investinations should include additional

core borings at the dam and spillway sites to more completely determine sub-
surface conditions and the rock and overburden characteristics.

An alternate dam alinement, aprroximately 1,000 feet upstream from the
present site, should be studied, as it would eliminate the necessary expensive
acquisition of a large building. Core borinas would be needed to determine
subsurface conditions along the alternate alinement.

In the borrow area sufficient auger borinds will be necessary to
delineate the material to be excavated. Bulk samples of the impervious
borrow material will be collected for testina. Possible alternate borrow
areas, located within the reservoir area two miles above the dam site, will
also be investigated.

It will be necessary to construct a test embankment section to check

the material characteristics and compaction under field conditions.
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A small section of the natural embankment midway up the east side of the
raservoir consists of a low narrow ridge. Investiacation of this area.
nossibly including core borings, will be necessary to determine leakage
probability and corrective measures if needed.

4. Project Geology. a. Location and topography. The project area is

tocated near the town of Juncos in eastern central Puerto Rico. The oroposed
irpervious borrow areas lies on the eastern edge of tovn in an alluvial terrace
area which has been used for sugar cane farmina. The dam site is located in
hilly terrain approximately 3/4 of a mile south of town with the reservoir
extending about 3-1/2 miles farther south. The area is mostly open pasture
used for cattle arazing. At the dam site the valley is narrow and the hills
forminc the east abutment are very steep while on the west abutment the slopes
are moderate near the river and gentle away from the river. Upstream from the
dam site the valley broadens and flattens somewhat. Throughout the reservoir
area the river has a moderate aradient. The slope of the hiliy terrain is
generally moderate to gentle thouah steep slopes are found adjacent to some
drainages. Scattered rock outcrops occur along the steeper streams and slopes.
Residual boulders are scattered throughout the area.

b. Lithology. The dam site and reservoir area is entirely underlain by
the San Lorenzo batholith, a large mass of plutonic rock, predominantly arano-
diorite which in some areas grades locally into quartz diorite. The batholith
is cut by irresular dikes of dark gray volcanic rock which are readily observed
in the core but are obscure at the surface. Bordering the batholith to the
north of the town of Juncos are metamorphosed volcanic rocks and impure lime-

stones, probably of cretaceous age, into which the batholith intruded. The
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plutonism probably took place at the close of the Cretaceous. The Cretaceous
volcanics and 1imestones which occur a few miles north of the project site are
iocally mineralized with iron and some copper mineralization. The plutonic
rocks underlying the project site are barren of mineralization. The
proposed borrow area, located on the east side of Juncos, thounh verv close
to the mineralized area, is in alluvial terrace deposits barren of mineralization.

Field identification of core samples at the dam site indicate the rock is
mostly arancdiorite though some appeared to be quartz diorite. Differentation
between the two rock types is dependent upon the amount of K feldspar present
and visual classification is sometimes guestionable. Precise identification is
only of academic importance since physical character of the two rock types are
the same. The fresh rock is aray in color, very hard, medium qrained and com-
posed of quartz, feldspar and ferro-maqnesian minerals. The ferro-magnesian
minerals, which appears to compose about 15 percent of the rock, consist of
hornblende and biotite with the hornblende predominant.

¢. Soils. At the dam site the rock is overlain bv a thick layer of
saprolite capped with a thin laver of topsail. The topsoil layer is generally
less than 18 inches thick. however, the total section of soft materials classi-
fied as soif, saprolite, and decomposed or intensely weathered rock averages
about 15.5 feet thick reaching a maximum thickness of 26.3 feet in borina
RVD-CB~2 and a minimum of 10.7 feet in RVD-CB-3. A very noticeable feature
is the abrupt change from the intensely weathered zone into sound rock with
little or no intermediate weathered zone. The decomposed rock and weathered
rock is brown to gray brown in color due to iron stain from the décomposed
ferro~magnesian minerals. In the borrow area both saprolitic soils and locally

transported soils of terrace deposits were encountered. For rock weathering
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definitions refer to the sheet of core borina notes.

The soils were classified according to the linified Classification System.
Classifications of the borrow area material is accordina to test results from
the Sounth Atlantic Division Laboratory. Lab tests shown in Appendix "B". Soils
samples at the dam site were classified by visual observation and suppiemented
by laboratory tests of representative samples.

d. Fractures. In the weathered zone the core is broken along numerqus
natural frqcture planes. These fractures are aenerally steeper than 45° trom
the horizontal and some are near vertical. Few fractures show sians of
solutionina however, wnere present, it was most apparent on the near vertical
fractures and at shallow depths. The fracture freguency varied from several
per foot in the urper part of the borinas to several teet apart decper in sound
rock. Pressure-test results indicate very 1ittle or no water loss in the zones
of sound rock even thouoh fractures were present. “nere the hinhly fractured
weathered zone was tested water Toss was less than expected. Though tractured,
the rock is sﬁronn. Where it crops out it forms natural cliffs and cuts
excavatea in the rock should nold up on vertical or near vertical slopes.

Joints ohserved in the rock outcrops in the river just downstream from
tne dam centerline snow a pattern of primary and secondary joints whose
strikes differ about 80°. MNear the dam tne major joint pattern strikes ME and
Aips about 54° NW, however, a few hundred feet dowﬁstream the strike shifts to
N, dips 72° to 82° MW. The secondary joint pattern strikes near east and dips
steeply to the south. It is expected that the strike of joints will vary from
nlace to place. Fault qouge and a shear zone was observed in borinas RYD-CB-3,

which is lecated in the river. No sions of this fault were observed at the
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surface. Study of aerial nhotos show no alinement or offset of surface
features which would indicate major faultina.

5. Site suitability. Construction materials. Construction materials are

readily available. Rock for dam construction would be quarried from the
spillway section and if needed the adjacent hilltop. Large quantities of
impervious fill are available within a few miles of the dam site. 9nly sand
for makina concrete is not readily available and would probably have to be
purchased from iocal sources.

b. Foundation conditions. Foundation conditions are favorabie Ffor dam

construction. Weathering does not extend tn a areat depth. Strona, sound rock
is generally encountered above a depth of 25'. The weathered tection consists
mostly of decomposed rock of sandy clay or clayey sand character though field
identification shows some sandy clavey silt in boring RVD-CE-1. This residual
material should present no excavation problems and is strong enouah to stand
with moderately steep slopes. Under the embankment section it will be necessary
to strip off the topsoil and overburden to the depth that the vegetation root
system extends. A cutoff trench along the centerline should extend down to
sound rock. Pressure test water loss in the sound rock section was minor and
an exploratory arout curtain on 10 ft. centers extending 25 feet into sound rock
would be inciuded in foundation desian.

Excavation or tunneling in the sound rock should not present any major
probiems. Though the rock is fractured, the fractures are tiaht and support

or rock boltinag, if needed, should be minor.
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c. Seismic considerations. The seismic history of Puerto Rico indicate

tremors are to be expected but should be minor. Seismic tremors must

be taken into consideration in the dam design.
5. Conclusions. The Rio Valenciano site studied is a good dam site.

There are no known conditions which would make it unfavorable.
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DRE BOREING NOTES

BNRTNG LOCATINNS ARE SHNWN ON PLATE 1.

RLS/0.5 FT. REFERS TN THE NUMBER OF HAMMER BLNWS RENUIPED TO ADVANCL A
SPLIT-SPOOY (1-3/8" [.D. X 2" 0.D.) ONE-HALF FDOT. THE SPNON IS 2.0 FEET
LONG AND DRIVEN COMTINUNUSLY ONE AND ONE-HALF FEET WHERE POSSIBLE.

(SP} AND (SM) ETC., REFERS TR THE CORPS OF ENGINEERS UNIFIED SDILS
CLASSIFICATION SYSTEM. CLASSIFICATIAN OF MATERIALS IS BASED ON VISUAL
CXAMINATION.

GROUNN WATER ELEVATIONS WERE OBSERVED NN THE COMPLETION DATES OF THE BORINGS
AND ARE SUBJECT TO FLUCTUATIONS. WHERE GROUND WATER ELEVATINNS WERE NOY

NRSERVED OR NOT RECORDED, IT DOES NNT NECESSARILY IRDICATE THAT GROUND WATER
WILL HOT BE EHCOUNTERED AT THE LOCATIAN AND THROUGHOUT THE DEPTH f}F THE HNLE.

QNCK IARNMESS IS DEFINED BY THE FOLLOWING:
SOFT - CAN BE SCRATCHED WITH FINGERNAIL.

MENIUM HARD - CAN BE SCRATCHED EASILY WITH KNIFE;
CANNOT BE SCRATCHED WITH FINGERNAIL.

HARD - DIFFICULT TO SCRATCH WITIL KNIFE.
VERY HARD - CANNOT BE SCRATCHED WITH KNIFE.

n.T. 14 MIN. ETC., REFERS TO THE TIME IN MINUTES, RENUIRED TH NRILL THROUGH
THUE VERTICAL REACH SHOWN.

B.P. 50 P.S.}. ETC., REFERS TO THE HYDRAULIC PRESSURE, IN POUNDS PER SNUARE INCH,
APPLIED T0O THE DRILL BIT WHILE DRILLING THRAURH THE VERTICAL REACH SHOWN,

PRESSURE TESTS WERE CONDUCTEN IN THE FOLLOWING MANNER: WHERE COMDITION 0F THE
RNCK PERMITTEN,AN INFLATABLE PACKER WAS SET T0 SEAL OFF THE PORTION OF THE
BORING TN BE TESTED AND WATER WAS PUMPED INTN THE TEST INNE, PUMP PRESSURE WAS
REGULATED SN THC PUMP PRESSURE PLUS THE PRESSURE NF THE STATIC HEAD OF THE
COLUMN OF WATER ABOVE THE WATER TABLE WOULD ENUAL 1 POUND PER FOOT OF DEPTH AT
THE TOP OF THE TEST ZONE. -A WATER METER WAS USED TO MEASURE THE FLOW OF WATER
IHTN THE TEST ZOME. WATER LOSS OVER THE INTERVAL TESTED 15 SHOWN 11 GPM/PSI.

RCY, NEATHERTNG DEFINED. THE CRITERIA USEP TO INENTIFY THE TIEGREE T
HEATHERTH THDTCATED N THE CORE RORING LOGS AND GEOLOGIC SECTINNS ARE DEFINED

AS FOLLAYS:

IHTENSELY WEATHERED - BREAKS DN ALMOST GOMPLETELY INTO SOIL URNER LIGHT,
HAMMER BLOWS DR COMPACTION ENUTPMENT. EASILY EXCAVATIN WITH PAUER ENUIPMENT.
LITTLE OR N0 TRACE NF ARIGINAL CRYSTALLIME ROCK STRICTVRE REMAINS. SCATTERED
PESINUAL BNULDERS NF LESS WEATUERED RNCK MAY BE PRFSEMT.

WEATHERED - PARTLY BREAKS noul [NTN SNTL DHOER JEAVY HAMMER BLOWS OR WITH
SHEEPS FOAT ROLLER., EXCAVATINN REMUIRES USE DF A SINGLF TNATI RIPPEP ANR A
BILLNNZER OF N.8 PNHER CAPABILITY. STATHED THROVGHOIT , PARTIALLY DECOMPNSED
ALONG FRACTURES. SIGNS OF ORIGINAL CRYSTALLINC STRUCTURF PPESENT EXCEPT ALMA
FRACTURES.

SOUND - M0 SPIL PRNDUCED UNDER HEAVY HAMMER RLAMS 0D COMPACTION ENUEPMENT.
[XCAVATIUN REM!IRES BLASTING. MIHOR STAINING MAY BE PRESENT ALONG FRACTURES.
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